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The article discusses the methods of satellite image classification to determine general types of forest ecosystems, as 

well as the long-term monitoring of ecosystems changes using satellite imagery of medium spatial resolution and the 
daily data of space monitoring of active fires. The area of interest of this work is 100 km footprint of the Zotino Tall 
Tower Observatory (ZOTTO), located near Zotino settlement, Krasnoyarsk region. The study area is located in the 
middle taiga subzone of Western Siberia, and presented by the left and right banks of the Yenisei river. 
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For Landsat satellite imagery supervised classification by the maximum likelihood method was made using ground-
based studies over the last fifteen years. The results are the identification of the 10 aggregated classes of land surface 
and composition of the study area thematic map. 

Operational satellite monitoring and analysis of spatial information about ecosystem in the 100-kilometer footprint 
of the ZOTTO tall tower allows to monitor the dynamics of forest disturbance by fire and logging over a long time pe-
riod and to estimate changes in forest ecosystems of the study area. Data on the number and area of fires detected in 
the study region for the 2000–2014 have been received in the work. Calculations show that active fires have burned 
more than a quarter of the footprint area over the study period. Fires have a significant impact on the redistribution of 
classes of land surface. The area of all types of plant ecosystems declined dramatically under the influence of fires, 
whereas industrial logging does not have a serious impact on it. 

The results obtained in our work indicate the highest occurrence of fires for lichen forest types within study region, 
probably due to their high natural fire danger, which is consistent with other studies. The least damage the fire caused 
to the wetland ecosystem due to high content of moisture and the presence of a large number of fire breaks in the form 
of open water. 

 
Keywords: satellite images, supervised classification, forest fires, monitoring of forest ecosystems. 
 
)��/����. J TRQWLb�UU DZU[b NZPTbWL QVPWRWX, 

VWL LMTP[ Pk _cRDT�� `RhWLZLD NLWUNcUTPb hcP[RWR 
uU[cP bDcbUWQb ^DUcPVPDR��RbQb hLTwUTWZRwPb D RW[L- 
Q`UZU NRZTPhLD�� _RkLD, D WL[ VPQcU ^_cUhPQcL_L _RkR 
($�2). �hLQPQWU[� $PyPZP, QLQWRDcb��PU LhLcL 1/5 
[PZLDLx cUQLNLhZ�WLx NcL�RMP, bDcb�WQb TRPyLcUU 
[L�T�[ ZUkUZD^RZL[ ^_cUZLMR P P_ZR�W DRqT^� ZLcX 
D _cLyRcXTL[ wPhcU ^_cUZLMR, DcPbb TR hcP[RW uU[cP [1]. 

�UQT�U NLqRZ�, bDcbbQX TULW�U[cU[�[ `RhWLZL[ 
MPTR[PhP cUQT�� shLQPQWU[, DTLQbW Q^�UQWDUTT�x 
DhcRM D s[PQQPP ^_cUZLMR D RW[LQ`UZ^. J NLQcUMTPU 
TUQhLcXhL MUQbWPcUWPx VRQWLWR DLkTPhTLDUTPb NLqR-
ZLD D yLZURcXT�� cUQR� DLkZLQcR [2]. vbM PQQcUMLDR-
TPx NLhRk�DRUW DLk[LqTLQWX MRcXTUx�U_L ^DUcPVU-
TPb VRQWLW� NLqRZLD D ^QcLDPb� _cLyRcXTL_L Pk[UTU-
TPb hcP[RWR [3–5]. 

lRhP[ LyZRkL[, DRqTLx kRMRVUx bDcbUWQb LwUThR 
Pk[UTUTPx, NZLPQ�LMb�P� D QLQWRDU RW[LQ`UZ�, 
DQcUMQWDPU ^DUcPVUTPb s[PQQPx $�2, D�kDRTT�� cUQ-
T�[P NLqRZR[P. 

�MTP[ Pk QNLQLyLD ZU�UTPb MRTTLx kRMRVP bDcb-
UWQb PTWU_ZRwPb MRTT�� RW[LQ`UZT�� PQQcUMLDRTPx, 
TRkU[T�� TRyc�MUTPx P QN^WTPhLD�� MRTT��. KZUM-
QWRDcUTTRb TPqU ZRyLWR bDcbUWQb VRQWX� PQQcUMLDR-
TPb, D hLWLZL[ D�NLcTbUWQb QLNZbqUTT�x RTRcPk PT-
`LZ[RwPP L QLQWLbTPP TPqTUx VRQWP QcLb RW[LQ`UZ�, 
NLc^VRU[Lx TR Pk[UZPWUcXTLx [RVWU [UqM^TRZLMTLx 
LyQUZDRWLZPP ZOTTO, MRTT�� TRkU[T�� LyQcUMLDR-
TPx, D�NLcTUTT�� D kLTU L�DRWR [RVW�, P MRTT��  
L QLQWLbTPP NLMQWPcR��Ux NLDUZ�TLQWP, NLc^VUTT�� 
TR LQTLDRTPP QN^WTPhLDLx Q�U[hP. 

J ZRyLWU ZRQQ[RWZPDR�WQb DLNZLQ� hcRQQP`PhR-
wPP QN^WTPhLD�� PkLyZRqUTPx Q wUcX� D�MUcUTPb 
LQTLDT�� WPNLD NLMQWPcR��Ux NLDUZ�TLQWP, P[U�-
�P� ycPkhPU �RZRhWUZPQWPhP NL kRNRQ^ ^_cUZLMR  
D `PWL[RQQU, P RTRcPkR [TL_LcUWTUx MPTR[PhP QL-
QWLbTPb cUQT�� shLQPQWU[ WUZZPWLZPP PQQcUMLDRTPb. 

��(�� �++"�/�����#. J�yLZ ZRxLTR PQQcUMLDRTPb 
MRTTLx ZRyLW� yRkPZ^UWQb TR [UQWLNLcLqUTPP Pk[U-
ZPWUcXTLx D��hP (D�QLWR 302 [) ~UqM^TRZLMTLx Ly-
QUZDRWLZPP ZOTTO [6], hLWLZRb ^QWRTLDcUTR D ZRxLTU 
NLQ. uLWPTL (zZRQTLbZQhPx hZRx, 60º48¸ Q. �., 89º21¸ D. M.). 
�R LyQUZDRWLZPP DUM^WQb hZ^_cLQ^WLVT�U Pk[UZUTPb 
hLTwUTWZRwPx NRZTPhLD�� _RkLD, ZRMPRwPLTT��  
P [UWULZLcL_PVUQhP� NRZR[UWZLD D NZPkU[T�� QcLb� 
RW[LQ`UZ�. 

J�MUcUTPU LQTLDT�� WPNLD NLMQWPcR��Ux NL-
DUZ�TLQWP P LwUThR MPTR[PhP P� QLQWLbTPb NZLDLMP-
cRQX D 100-hPcL[UWZLDLx kLTU L�DRWR [RVW� ZOTTO. 
}QQcUM^U[Rb WUZZPWLZPb ZRQNLcLqUTR D QZUMTUWRUq-
TLx NLMkLTU uRNRMTLx $PyPZP, NZUMQWRDcUTR cUD�[  
P NZRD�[ yUZU_R[P Z. ¶TPQUb. �QTLDT�[P `RhWLZR[P 
TRZ^�UTPb MRTTLx WUZZPWLZPP bDcb�WQb cUQT�U  
NLqRZ� P Z^yhR cUQR. 

�"�++�!�����# +�%������92 �3�D��-���(.  
$ wUcX� D�MUcUTPb LQTLDT�� WPNLD NLMQWPcR��Ux 
NLDUZ�TLQWP TR WUZZPWLZPP PQQcUMLDRTPb PQNLcXkL-
DRT� [^cXWPQNUhWZRcXT�U QN^WTPhLD�U QTP[hP 
LandsatETM+, NLc^VUTT�U D WUVUTPU DU_UWRwPLTTL_L 
NUZPLMR 2000 _LMR. }QNLcXk^U[�U QTP[hP Landsat 
NZL�cP QWRTMRZWT^� NZUMDRZPWUcXT^� LyZRyLWh^, 
Dhc�VR��^� NZLwUM^Z� ZRMPL[UWZPVUQhLx P _UL-
[UWZPVUQhLx hLZZUhwPP QPQWU[RWPVUQhP� PQhRqUTPx 
QUTQLZR. zcRQQP`PhRwPb QN^WTPhLD�� PkLyZRqUTPx 
Mcb hRZWL_ZR`PZLDRTPb WPNLD kU[TLx NLDUZ�TLQWP 
bDcbUWQb LMTLx Pk LQTLDT�� LycRQWUx NZP[UTUTPb 
MRTT�� MPQWRTwPLTTL_L kLTMPZLDRTPb P �PZLhL NZP-
[UTbUWQb DL DQU[ [PZU [7]. $LD[UQWTLU PQNLcXkLDRTPU 
QN^WTPhLD�� P TRkU[T�� MRTT�� NLD��RUW WLVTLQWX 
hcRQQP`PhRwPP P NLkDLcbUW yLcUU NLcTL RTRcPkPZL-
DRWX NZLQWZRTQWDUTTLU ZRQNZUMUcUTPU WPNLD kU[TLx 
NLDUZ�TLQWP [8]. 

J TR�Ux ZRyLWU y�cR NZLDUMUTR ^NZRDcbU[Rb RD-
WL[RWPVUQhRb hcRQQP`PhRwPb QN^WTPhLD�� PkLyZRqU-
TPx [UWLML[ [RhQP[RcXTL_L NZRDMLNLMLyPb. ~UWLM 
[RhQP[RcXTL_L NZRDMLNLMLyPb bDcbUWQb TRPyLcUU 
VRQWL PQNLcXk^U[�[ P TRPyLcUU WLVT�[ Mcb WRhL_L 
ZLMR kRMRV [9]. J hRVUQWDU Ly^VR��Ux D�yLZhP PQ-
NLcXkLDRT� TRkU[T�U MRTT�U, NLc^VUTT�U D �LMU NL-
cUD�� ZRyLW, NZLDLMP[�� TR PQQcUM^U[Lx WUZZPWLZPP 
D 2000–2014 _LMR�. �RkU[T�U MRTT�U QLQWLbW Pk 350 
NLQWLbTT�� NZLyT�� NcL�RMUx, kRcLqUTT�� TR TRP-
yLcUU ZUNZUkUTWRWPDT�� ^VRQWhR� MZUDLQWLUD, Mcb 
hLWLZ�� NZP PQNLcXkLDRTPP [UWLMLD NUZUVPQcPWUcX-
TLx WRhQRwPP NLMZLyTL LNPQRT� �RZRhWUZPQWPhP cUQ-
T�� TRQRqMUTPx P ZRQQVPWRTL QLMUZqRTPU ^_cUZLMR  
D QWDLcLDLx MZUDUQPTU P hZ^NT�� MZUDUQT�� LQWRWhR�. 
JQb TRkU[TRb PT`LZ[RwPb �ZRTPWQb D PT`LZ[RwPLT-
TLx QPQWU[U Forest, Dhc�VR��Ux QUyb $j]� P I}$-
QPQWU[^, P MLQW^NTR ^MRcUTTL NL RMZUQ^ http://forest. 
sfukras.ru [10; 11]. 
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�y�Rb NcL�RMX WUZZPWLZPP PQQcUMLDRTPb LwUTP-
DRUWQb D 3140 W�Q. _R. J ZUk^cXWRWU RTRcPkR QN^WTPhL-
DLx PT`LZ[RwPP TR WUZZPWLZPP L�DRWR D�QLWTLx [RV-
W� D�MUcUTL 10 R_ZU_PZLDRTT�� hcRQQLD kU[TLx NL-
DUZ�TLQWP. �R LQTLDU sWP� hcRQQLD y�cR NLc^VUTR 
WU[RWPVUQhRb hRZWR TRkU[TL_L NLhZLDR Pk^VRU[L_L 
ZRxLTR. KZP sWL[ ^QWRTLDcUTL, VWL NLhZ�WRb cUQL[ 
NcL�RMX QLQWRDcbUW LhLcL 76 % WUZZPWLZPP PQQcUML-
DRTPb. �R 2000-U _LM� QZUMP hcRQQLD Q cUQTLx ZRQWP-
WUcXTLQWX� ML[PTPZ^��UU NLcLqUTPU NL NcL�RMP 
kRTP[R�W WU[TL�DLxT�U TRQRqMUTPb (UcXTPhP, NP�-
WRVP, hUMZRVP) – 48 %. �R cPQWDUTT�U TRQRqMUTPb 
(yUZUkTbhP P LQPTTPhP), Q`LZ[PZLDRTT�U TR D�Z^y-
hR� P _RZb�, NZP�LMPWQb 12 % NcL�RMP. �hLcL 16 % 
WUZZPWLZPP kRTP[R�W QLQTLD�U yPL_ULwUTLk�, NZUMQWRD- 
cUTT�U QLQTbhR[P cP�RxTPhLD�[P P kUcUTL[L�T�-
[P. ]LcLWT�U shLQPQWU[� kRTP[R�W 11 % WUZZPWLZPP. 
KcL�RMX QDUqP� D�Z^yLh P _RZUx QLQWRDPcR 3 P 5 % 
QLLWDUWQWDUTTL. 

������ +�+��#��# "�+�92 \��+�+���. $N^WTPhL-
D�U MRTT�U QZUMTU_L NZLQWZRTQWDUTTL_L ZRkZU�UTPb 
�PZLhL PQNLcXk^�WQb Mcb [LTPWLZPT_R QLQWLbTPb 
cUQT�� shLQPQWU[ [12; 13]. J TR�Ux ZRyLWU D wUcb� 
Pk^VUTPb [TL_LcUWTP� Pk[UTUTPx ZRQWPWUcXTL_L NL-
hZLDR Pk^VRU[Lx WUZZPWLZPP NZP[UTbcPQX MRTT�U 
LandsatETM+, TM P OLI. ]�cL PQNLcXkLDRTL yLcUU  
20 QwUT, NLc^VUTT�� QL QN^WTPhLD QUZPP Landsat  
D NUZPLM Q 2000 NL 2014 __. ¾RZRhWUZTLx VUZWLx NZL-
_ZR[[� Landsat bDcbUWQb TRQcUMLDRTPU QNUhWZRcXT�� 
MPRNRkLTLD, D hLWLZ�� DUMUWQb Q�U[hR, VWL LyUQNUVP-
DRUW NZUU[QWDUTTLQWX P QLD[UQWP[LQWX MRTT��, NLc^-
VUTT�� ZRkT�[P QN^WTPhR[P QUZPP Landsat D WUVUTPU 
DQU_L NUZPLMR MUxQWDPb NZL_ZR[[�. 

�U�P`ZPZLDRTPU ^VRQWhLD cUQR, NL_Py�P� LW Z^-
yLh P cUQT�� NLqRZLD, LQTLD�DRcLQX TR kTRVUTPb� 
QNUhWZRcXTLx bZhLQWP NLMQWPcR��Ux NLDUZ�TLQWP, 
NLc^VUTT�� NL PT`LZ[RwPP QN^WTPhR Landsat. zRh 
PkDUQWTL, Pk[UTUTPU `PkPLcL_PVUQhL_L QLQWLbTPb 
ZRQWUTPx DUMUW h Pk[UTUTP� P� QNUhWZRcXT�� �RZRh-
WUZPQWPh [14]. �WL NZLPQ�LMPW kR QVUW QTPqUTPb NL-
_cL�UTPb QLcTUVTL_L QDUWR �cLZL`PccL[ P, hRh QcUM-
QWDPU, ^DUcPVUTPb hLs``PwPUTWR LWZRqUTPb D DPMP-
[Lx LycRQWP scUhWZL[R_TPWTL_L QNUhWZR, R WRhqU 

DQcUMQWDPU NLDZUqMUTPb WhRTUx cPQWXUD, DUM^�U_L  
h QTPqUTP� hLs``PwPUTWR LWZRqUTPb D ycPqTUx PT-
`ZRhZRQTLx LycRQWP [15; 16]. �RTT�U QDLxQWDR ZRQWP-
WUcXTLQWP NZP[UTb�WQb NZP MU�P`ZPZLDRTPP QN^W-
TPhLD�� PkLyZRqUTPx. 

KZP MU�P`ZPZLDRTPP ^VRQWhLD cUQR, NZLxMUT-
T�� L_TU[, PQNLcXkLDRT� QcUM^��PU hZPWUZPP: QNUh-
WZRcXT�U �RZRhWUZPQWPhP D DPMP[L[ P PT`ZRhZRQTL[ 
MPRNRkLTR� TR NLQcUNLqRZT�� QTP[hR� Landsat; NZL-
QWZRTQWDUTT�U NZPkTRhP (TRcPVPU ZUkhL LVUZVUTTLx 
_ZRTPw�); TRcPVPU Mcb ^VRQWhR D RZ�PDU zZRQTLbZQhL-
_L wUTWZR hLQ[PVUQhL_L [LTPWLZPT_R NLcP_LTLD MUx-
QWD^��P� NLqRZLD (WUZ[LWLVUh). KLcP_LT� RhWPDT�� 
NLqRZLD D�VPQcb�WQb UqUMTUDTL D WUVUTPU DQU_L NL-
qRZLLNRQTL_L QUkLTR NL QN^WTPhLD�[ MRTT�[ Terra, 
Aqua/Modis. �cb MUWUhWPZLDRTPb RhWPDT�� NLqRZLD  
D zZRQTLbZQhL[ wUTWZU hLQ[PVUQhL_L [LTPWLZPT_R 
PQNLcXk^UWQb NLZL_LD�x Rc_LZPW[ zR^`[RTR, LQTL-
DRTT�x TR LQLyUTTLQWb� Pkc^VUTPb NcR[UTP NLqRZR  
D QZUMTU[ P MRcXTU[ PT`ZRhZRQTL[ MPRNRkLTU [17].  

J WRycPwU NZUMQWRDcUT� MRTT�U L hLcPVUQWDU  
P NcL�RMP NLqRZP�, D�bDcUTT�� TR PQQcUM^U[Lx 
WUZZPWLZPP kR 2000–2014 _LM�. zRh DPMTL Pk WRycPw�, 
Q^[[RZTRb NcL�RMX, NZLxMUTTRb L_TU[, QLQWRDPcR 
852 560,28 _R. �UhLWLZ�U ^VRQWhP NZP sWL[ y�cP 
NZLxMUT� L_TU[ yLcUU LMTL_L ZRkR. K^WU[ Ly�UMPTU-
TPb NLcP_LTLD NLqRZP�, NLc^VUTT�� kR DQU _LM�,  
D LMPT QcLx [� PQhc�VPcP M^ycPZLDRTPU NcL�RMUx 
NLqRZP� P NLc^VPcP Ly�^� NcL�RMX, NZLxMUTT^� 
L_TU[ kR 2000–2014 _LM�, hLWLZRb QLQWRDPcR  
830 037,61 _R. lRhP[ LyZRkL[, kR NLQcUMTPU 15 cUW  
L_TU[ NZLxMUTL LhLcL 26 % PQQcUM^U[Lx WUZZPWLZPP. 

$L_cRQTL NLc^VUTT�[ MRTT�[, kR PQQcUM^U[�x 
NUZPLM y�cL LW[UVUTL 2 NPhR RhWPDTLx _LZP[LQWP –  
D 2006 P 2012 __. uR NLqRZLLNRQT�x QUkLT 2006 _LMR 
L_TU[ NZLxMUTL yLcUU 2 % PQQcUM^U[Lx WUZZPWLZPP, 
kR QUkLT 2012 _. – LhLcL 23 %. KL QLQWLbTP� TR 2014 _. 
NLqRZ� DTUQcP kTRVPWUcXT�x DhcRM D QWZ^hW^Z^ cUQ-
TL_L `LTMR P NZPDUcP h Q^�UQWDUTTL[^ Pk[UTUTP� 
NcL�RMUx, kRTP[RU[�� ZRQWPWUcXT�[P shLQPQWU[R[P 
TR WUZZPWLZPP PQQcUMLDRTPb, NL QZRDTUTP� Q 2000 _. 
(Q[. ZPQ^TLh). 

 
��"�0�+��� � �"�]�/' ��-���] � 2000–2014 >�/�2 

 

ILM KcL�RMX NLqRZP�, _R zLcPVUQWDL NLqRZLD 
2000 8 025,12 3 
2001 702,00 1 
2002 0 – 
2003 2 133,83 3 
2004 6 606,16 8 
2005 1 610,27 4 
2006 73 412,47 22 
2007 467,50 2 
2008 653,60 1 
2009 0 – 
2010 0 – 
2011 18 271,99 18 
2012 711 063,53 33 
2013 23 708,90 8 
2014 5 904,91 9 

}WL_L kR 2000–2014 852 560,28 112 
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}k[UTUTPU NcL�RMUx, kRTP[RU[�� ZRQWPWUcXT�[P shLQPQWU[R[P  
TR WUZZPWLZPP PQQcUMLDRTPb, D 2000–2014 _LMR� 

  
zRh DPMTL Pk ZPQ^ThR, NcL�RMX NLqRZP� PQQcU-

M^U[Lx WUZZPWLZPP kTRVPWUcXTL ^DUcPVPcRQX D NUZP-
LM Q 2000 NL 2014 _LM� P QLQWRDPcR LhLcL 980 W�Q. _R. 
KcL�RMX D�Z^yLh ^DUcPVPcRQX Q 82 ML 117 W�Q. _R. 
KcL�RMX DQU� WPNLD ZRQWPWUcXT�� shLQPQWU[ QLhZR-
WPcRQX: QLQTbhLD cP�RxTPhLD�� Q 239 ML 123 W�Q. _R; 
QLQTbhLD kUcUTL[L�T�� Q 260 ML 153 W�Q. _R; WU[TL-
�DLxT�� TRQRqMUTPx Q 1502 ML 1094 W�Q. _R; cPQWDUT-
T�� TRQRqMUTPx Q 386 ML 248 W�Q. _R; yLcLWT�� shL-
QPQWU[ Q 328 ML 255 W�Q. _R. uTRVPWUcXTUx DQU_L 
^[UTX�PcRQX NcL�RMX WU[TL�DLxT�� TRQRqMUTPx, 
NZULycRMR��P� TR MRTTLx WUZZPWLZPP. 

���"?0����. �NUZRWPDT�x QN^WTPhLD�x [LTPWL-
ZPT_ P RTRcPk NZLQWZRTQWDUTTLx PT`LZ[RwPP L QL-
QWLbTPP shLQPQWU[ D 100-hPcL[UWZLDLx kLTU L�DRWR 
[RVW� ZOTTO MRUW DLk[LqTLQWX LWQcUMPWX MPTR[Ph^ 
TRZ^�UTTLQWP cUQLD NLqRZR[P P Z^yhR[P kR McPWUcX-
T�x DZU[UTTLx NUZPLM P LwUTPWX Pk[UTUTPb cUQT�� 
shLQPQWU[ ZRxLTR PQQcUMLDRTPb. J ZUk^cXWRWU NZLDU-
MUTT�� PQQcUMLDRTPx Mcb Pk^VRU[Lx WUZZPWLZPP y�-
cL D�MUcUTL 10 LQTLDT�� hcRQQLD NLMQWPcR��Ux NL-
DUZ�TLQWP. KL QN^WTPhLD�[ QTP[hR[ Landsat NZLDU-
MUT [TL_LcUWTPx RTRcPk TRZ^�UTTLQWP ZRQWPWUcXT�� 
shLQPQWU[ NLqRZR[P P D�Z^yhR[P. jQWRTLDcUTL, VWL 
NcL�RMX NLqRZP� kR Pk^VRU[�x NUZPLM (Q 2000 NL 
2014 _LM�) kTRVPWUcXTL DLkZLQcR P D TRQWLb�UU DZU[b 
QLQWRDcbUW LhLcL 30 % WUZZPWLZPP. KZL[��cUTTRb 
kR_LWLDhR MZUDUQPT� TU DTLQPW Q^�UQWDUTTL_L DhcRMR 
D Ly�^� hRZWPT^ TRZ^�UTTLQWP WUZZPWLZPP, P Ly�Rb 
NcL�RMX D�Z^yLh D TRQWLb�Px [L[UTW QLQWRDcbUW 
NLZbMhR 4 %. KcL�RMX DQU� WPNLD ZRQWPWUcXT�� shL-
QPQWU[ kTRVPWUcXTL QLhZRWPcRQX. KZP sWL[ QLQTbhP 
cP�RxTPhLD�U NLWUZbcP 49 % QDLUx NUZDLTRVRcXTLx 
NcL�RMP, QLQTbhP kUcUTL[L�T�U – 41 %, cPQWDUTT�U 
TRQRqMUTPb – 36 %, WU[TL�DLxT�U TRQRqMUTPb – 27 %, 
yLcLWT�U shLQPQWU[� – 22 %. 

}kDUQWTL, VWL TR _LZP[LQWX cUQLD LhRk�DRUW DcPb-
TPU ZbM `RhWLZLD, WRhP� hRh WPN cUQR, DLkZRQW TRQRq-
MUTPx, hLcPVUQWDL DcR_P, QhLZLQWX DUWZR P W. M. [18; 
19]. vUk^cXWRW�, NLc^VUTT�U D TR�Ux ZRyLWU, QDPMU-
WUcXQWD^�W L TRPyLcUU D�QLhLx _LZP[LQWP cP�RxTP-
hLD�� WPNLD cUQR TR Pk^VRU[Lx WUZZPWLZPP, VWL QL-

_cRQ^UWQb Q cPWUZRW^ZT�[P MRTT�[P P Ly^QcLDcUTL, 
LVUDPMTL, P� D�QLhLx NZPZLMTLx NLqRZTLx LNRQTL-
QWX�. �RP[UTX�Px ^�UZy NLqRZ� TRTUQcP yLcLWT�[ 
shLQPQWU[R[, VWL Ly�bQTbUWQb NLD��UTT�[ QLMUZqR-
TPU[ DcR_P P TRcPVPU[ yLcX�L_L hLcPVUQWDR NLqRZ-
T�� ZRkZ�DLD D DPMU LWhZ�WLx DLM�. 

&"�>�/����+��. vRyLWR NLMMUZqRTR _ZRTWL[ v�Y 
´ 14-24-00113, R WRhqU _ZRTWL[ vYY} ´ 13-05-41506. 
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Reducing the dimensionality of datasets and configuring learning algorithms for solving particular practical tasks 

are the main problems in machine learning. In this work we propose the multi-objective optimization approach to fea-
ture selection and base learners hyper-parameter optimization. The effectiveness of the proposed multi-objective ap-
proach is compared to the single-objective approach. We chose emotion recognition problem by audio-visual data as a 
benchmark for comparing the two mentioned approaches. Also we chose neural network as a base learning algorithm 
for testing the proposed approach to parameter optimization. As a result of multi-objective optimization applied to pa-
rameter configuration we get the Pareto set of neural networks with optimal parameter values. In order to get the single 
output, the Pareto optimal neural networks were combined into an ensemble. We tried several ensemble model fusion 
techniques including voting, average class probabilities and meta-classification. According to the results, multi-



 
 
 

������� ������. ��� 16,  � 4 
 

 820

objective optimization approach to feature selection provided an average 2.8 % better emotion classification rate on the 
given datasets than single-objective approach. Multi-objective approach is 5.4 % more effective compared to principal 
components analysis, and 13.9 % more effective compared to not using any dimensionality reduction at all. Multi-
objective approach applied to neural networks parameter optimization provided on average 7.1 % higher classification 
rate than single-objective approach. The results suggest that the multi-objective optimization approach proposed in this 
article is more effective at solving considered emotion recognition problem. 

 
Keywords: multi-objective optimization, emotion recognition, data fusion, model fusion, human-machine interaction 

(HMI), neural network. 
 
)��/����. �R QU_LMTb�TPx MUTX WRhPU LycRQWP, 

hRh [R�PTTLU Ly^VUTPU P LyTRZ^qUTPU kTRTPx D MRT-
T��, QLQWRDcb�W DRqTUx�^� VRQWX ZRkZRyLWhP PTWUc-
cUhW^RcXT�� QPQWU[. J�yLZ T^qTL_L Rc_LZPW[R [R-
�PTTL_L Ly^VUTPb Mcb hLThZUWTLx kRMRVP DRqUT Mcb 
NLQWZLUTPb s``UhWPDT�� [LMUcUx. �Z^_Lx hc�VUDLx 
[L[UTW – sWL TRQWZLxhR NRZR[UWZLD D�yZRTTL_L Rc_L-
ZPW[R Mcb MLQWPqUTPb TRPyLcX�Ux s``UhWPDTLQWP. 

$^�UQWD^UW [TL_L QNLQLyLD TRQWZLxhP NRZR[UWZLD 
Rc_LZPW[R Ly^VUTPb. $R[�[ NZLQW�[ bDcbUWQb Z^VTRb 
TRQWZLxhR, TL LTR s``UhWPDTR WLcXhL NZP TUyLcX�L[ 
VPQcU NRZR[UWZLD P hL_MR P[UUWQb MLQWRWLVTRb PT-
`LZ[RwPb L DcPbTPP NRZR[UWZLD Rc_LZPW[R TR s``Uh-
WPDTLQWX ZU�UTPb kRMRVP. �cb yLcX�PTQWDR Rc_LZPW-
[LD MRTT�U ^QcLDPb TU D�NLcTb�WQb, NLsWL[^ Z^VTRb 
TRQWZLxhR QWRTLDPWQb TUNZP_LMTLx P wUcUQLLyZRkTUU 
PQNLcXkLDRWX MZ^_PU [UWLM�. 

lZRMPwPLTT�U [UWLM� LNWP[PkRwPP NRZR[UWZLD 
Rc_LZPW[LD – NLPQh NL QUWhU, yRxUQLDQhRb LNWP[PkR-
wPb, Qc^VRxT�x NLPQh P _ZRMPUTWTRb LNWP[PkRwPb. 
lRhqU PQNLcXk^�WQb yLcUU QcLqT�U Rc_LZPW[� LNWP-
[PkRwPP Mcb D�yLZR LNWP[RcXTL_L TRyLZR kTRVUTPx 
NRZR[UWZLD Rc_LZPW[R. 

J MRTTLx ZRyLWU NZUMcLqUT [UWLM [TL_LhZPWUZP-
RcXTLx LNWP[PkRwPP NRZR[UWZLD Rc_LZPW[R Ly^VUTPb. 
}QNLcXk^�WQb [TL_LhZPWUZPRcXT�U _UTUWPVUQhPU 
Rc_LZPW[� Mcb LNWP[PkRwPP NRZR[UWZLD TUxZLTTLx 
QUWP. KZUMcLqUTT�x [TL_LhZPWUZPRcXT�x [UWLM 
QZRDTPDRUWQb Q hcRQQPVUQhP[ LMTLhZPWUZPRcXT�[ 
[UWLML[ LNWP[PkRwPP NRZR[UWZLD TR WUQWLDLx kRMRVU 
ZRQNLkTRDRTPb s[LwPx VUcLDUhR NL R^MPL- P DPMULkR-
NPQP. 

J LMTLhZPWUZPRcXTLx NLQWRTLDhU NRZR[UWZ� TUx-
ZLTTLx QUWP, WRhPU hRh VPQcL TUxZLTLD P VPQcL PWU-
ZRwPx Ly^VUTPb QUWP, y�cP PQNLcXkLDRT� D hRVUQWDU 
D�LMT�� NUZU[UTT�� kRMRVP, R WLVTLQWX hcRQQP`PhR-
wPP s[LwPx QLLWDUWQWD^��Ux TUxZLTTLx QUWX� –  
D hRVUQWDU [RhQP[PkPZ^U[L_L hZPWUZPb. vUk^cXWRW 
LNWP[PkRwPP – TUxZLTTRb QUWX Q LNWP[RcXT�[P kTR-
VUTPb[P NRZR[UWZLD. J [TL_LhZPWUZPRcXTLx NLQWR-
TLDhU y�c MLyRDcUT DWLZLx ([PTP[PkPZ^U[�x) hZPWU-
ZPx – VPQcL TUxZLTLD QUWP. vUk^cXWRW LNWP[PkRwPP – 
[TLqUQWDL TUxZLTT�� QUWUx Q NRZUWL-LNWP[RcXT�[P 
TRQWZLxhR[P. ~� Ly�UMPTPcP MRTT�U TUxZLQUWP  
D hLccUhWPD, VWLy� NLc^VPWX UMPTQWDUTT�x, LyLy-
�UTT�x D��LM QPQWU[� hcRQQP`PhRwPP. ]�cL LNZL-
yLDRTL TUQhLcXhL [UWLMLD QcPbTPb hcRQQP`PhRWLZLD 
hLccUhWPDR: [UWLM _LcLQLDRTPb, ^QZUMTUTPU RNLQWUZP-
LZT�� DUZLbWTLQWUx hcRQQLD, [UWRhcRQQP`PhRwPb [U-
WLML[ LNLZT�� DUhWLZLD. 

�Z^_Lx hc�VUDLx RQNUhW NZP ZU�UTPP kRMRV [R-
�PTTL_L Ly^VUTPb QDbkRT Q LWyLZL[ PT`LZ[RWPDT�� 

NZPkTRhLD P QTPqUTPU[ ZRk[UZTLQWP MRTT��. ~LMU-
cP, NLQWZLUTT�U TR MRTT�� Q [UTX�P[ VPQcL[ NZP-
kTRhLD, yLcUU NZLQW�U P ZLyRQWT�U, R QcUMLDRWUcXTL, 
LyUQNUVPDR�W c^V�PU LyLy�R��PU QDLxQWDR P WZU-
y^�W [UTX�P� D�VPQcPWUcXT�� kRWZRW. J�MUcb�W  
2 QNLQLyR QTPqUTPb ZRk[UZTLQWP – WZRTQ`LZ[RwPb 
NZPkTRhLD P LWyLZ NZPkTRhLD. 

J [UWLMR�, PQNLcXk^��P� QNLQLy WZRTQ`LZ[RwPP 
NZPkTRhLD, hRh P QcUM^UW Pk TRkDRTPb, [TLqUQWDL NZP-
kTRhLD NL TUhLWLZ�[ NZRDPcR[ LWLyZRqRUWQb D MZ^-
_LU, [UTX�UU [TLqUQWDL NZPkTRhLD. $R[�x PkDUQWT�x 
[UWLM sWL_L hcRQQR – [UWLM _cRDT�� hL[NLTUTW 
(principal components analysis, PCA). 

J [UWLMR�, PQNLcXk^��P� QNLQLy LWyLZR NZPkTR-
hLD, Pk TRVRcXTL_L [TLqUQWDR NZPkTRhLD D�yPZRUWQb 
NLM[TLqUQWDL TRPyLcUU PT`LZ[RWPDT�� NZPkTRhLD.  
J [UWLMR� MRTTL_L hcRQQR kRVRQW^� PQNLcXk^�WQb 
LMTLhZPWUZPRcXT�U LNWP[PkRwPLTT�U NZLwUM^Z� Mcb 
TR�LqMUTPb LNWP[RcXTL_L NLM[TLqUQWDR NZPkTRhLD. 
J MRTTLx ZRyLWU [� NZUMcR_RU[ PQNLcXkLDRWX [UWLM� 
[TL_LhZPWUZPRcXTLx LNWP[PkRwPP Mcb LWyLZR NZP-
kTRhLD. z WZRMPwPLTTL[^ [RhQP[PkPZ^U[L[^ hZPWU-
ZP� – WLVTLQWP hcRQQP`PhRwPP, [� MLyRDcbU[ DWLZLx 
([PTP[PkPZ^U[�x) hZPWUZPx – VPQcL D�yZRTT�� NZP-
kTRhLD. �LyRDcbb MRTT�x hZPWUZPx, [� ^QPcPDRU[ 
s``UhW QTPqUTPb ZRk[UZTLQWP. �R WUQWLDLx kRMRVU 
QZRDTPDRUWQb s``UhWPDTLQWX LMTLhZPWUZPRcXTL_L  
P [TL_LhZPWUZPRcXTL_L [UWLMR h LWyLZ^ NZPkTRhLD, 
[UWLMR _cRDT�� hL[NLTUTW, R WRhqU Qc^VRb yUk QTP-
qUTPb ZRk[UZTLQWP. 

uRMRVR ZRQNLkTRDRTPb s[LwPx PQNLcXk^UWQb D hR-
VUQWDU WUQWLDLx Mcb QZRDTUTPb s``UhWPDTLQWP ZRQ-
Q[RWZPDRU[�� [UWLMLD. vRQNLkTRDRTPU s[LwPx – DRq-
TRb VRQWX QPQWU[ VUcLDUhL-[R�PTTL_L DkRP[LMUxQW-
DPb (�~J). �cb NLQWZLUTPb PTWUccUhW^RcXTL_L PT-
WUZ`UxQR [UqM^ [R�PTLx P NLcXkLDRWUcU[ [R�PTR 
MLcqTR LycRMRWX hRh [LqTL yLcUU NLcTLx PT`LZ[R-
wPUx L NLcXkLDRWUcU, WRhLx hRh NLc NLcXkLDRWUcb, U_L 
DLkZRQW, s[LwPLTRcXTLU QLQWLbTPU P MZ. $U_LMTb Q^-
�UQWD^UW [TLqUQWDL ZRyLW ZRkcPVT�� PQQcUMLDRWUcUx 
D LycRQWP QLkMRTPb MPRcL_LD�� QPQWU[, DRqTUx�Ux 
VRQWX� hLWLZ�� bDcbUWQb QyLZ PT`LZ[RwPP L NLcXkL-
DRWUcU. 

vRQNLkTRDRTPU VUcLDUVUQhP� s[LwPx – TRPyLcUU 
QcLqTRb VRQWX _cLyRcXTLx kRMRVP NLQWZLUTPb s``Uh-
WPDTLx MPRcL_LDLx QPQWU[�. $cLqTLQWP DLkTPhR�W 
DQcUMQWDPU WL_L, VWL VUcLDUVUQhPU s[LwPP kRVRQW^� 
DTU�TU QcRyL D�ZRqUT� P y�QWZL [UTb�WQb. lU[ TU 
[UTUU, D MRTTLx ZRyLWU [� MUcRU[ NLN�Wh^ NLQWZLPWX 
QPQWU[^, ZRQNLkTR��^� s[LwPP VUcLDUhR NL _LcLQ^  
P DPMULkRNPQP cPwR. 
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�D3�� 3��0��92 �%D"�����(. ~UWLM, LNPQRTT�x 
D MRTTLx QWRWXU, LQTLDRT TR PQNLcXkLDRTPP NZLwUM^-
Z� [TL_LhZPWUZPRcXTLx LNWP[PkRwPP. �PqU [� NZP-
DUMU[ LykLZ TRPyLcUU kTRVP[�� QLDZU[UTT�� sDLc�-
wPLTT�� [UWLMLD [TL_LhZPWUZPRcXTLx LNWP[PkRwPP. 

�c_LZPW[ [TL_LhZPWUZPRcXTLx LNWP[PkRwPP 
Strength Pareto Evolutionary algorithm (SPEA) y�c 
NZUMcLqUT ¿PwcUZL[ P lPcU[ [1]. J TU[ TRNZb[^� 
PQNLcXk^UWQb PMUb ML[PTPZLDRTPb NL KRZUWL Mcb DU-
MUTPb NLPQhR D TRNZRDcUTPP `ZLTWR KRZUWL. vRkTLLy-
ZRkPU NLN^cbwPP ZU�UTPx NLMMUZqPDRUWQb ycR_LMRZb 
DQWZLUTTLx NZLwUM^ZU hcRQWUZPkRwPP. Non-dominated 
Sorting Genetic algorithm (NSGA) – U�U LMPT PkDUQW-
T�x Rc_LZPW[ [TL_LhZPWUZPRcXTLx LNWP[PkRwPP, 
ZRkZRyLWRTT�x �UyL[ P MZ. [2]. }MUb Rc_LZPW[R kR-
hc�VRUWQb D TUML[PTPZ^U[Lx QLZWPZLDhU ZU�UTPx 
NLN^cbwPP. K^QWX P[UUWQb TUhLWLZRb NLN^cbwPb ZU-
�UTPx. $TRVRcR TR�LMbW QZUMP TP� TUML[PTPZ^U[�U, 
NZPQDRPDR�W P[ ZRT_ 1 P PQhc�VR�W Pk NLN^cbwPP. 
uRWU[ QZUMP LQWRD�P�Qb ZU�UTPx WRhqU P�^W TUML-
[PTPZ^U[�U, NZPQDRPDR�W P[ ZRT_ 2, PQhc�VR�W  
Pk NLN^cbwPP. �RTTRb NZLwUM^ZR NZLMLcqRUWQb ML WU� 
NLZ, NLhR hRqML[^ ZU�UTP� NLN^cbwPP TU y^MUW NZP-
QDLUT ZRT_. KLQcU TUML[PTPZ^U[Lx QLZWPZLDhP  
D�NLcTb�WQb QWRTMRZWT�U _UTUWPVUQhPU LNUZRWLZ� – 
QUcUhwPb (DUZLbWTLQWX D�yLZR ZU�UTPx Q [UTX�P[ 
ZRT_L[ yLcX�U), QhZU�PDRTPU, [^WRwPb, scPWPk[. 
Vector Evaluated Genetic algorithm (VEGA), NZUMcL-
qUTT�x ÃR`UZL[ [3], bDcbUWQb hcRQQPVUQhP[ Rc_L-
ZPW[L[ [TL_LhZPWUZPRcXTLx LNWP[PkRwPP, LWTLQb-
�P[Qb h hcRQQ^ sDLc�wPLTT�� Rc_LZPW[LD. J TU[ 
PQNLcXk^UWQb PMUb QUcUhwPP NL hRqML[^ hZPWUZP�  
D LWMUcXTLQWP, D QcUM^��UU NLhLcUTPU NUZU�LMPW 
VRQWX ZU�UTPx, LNWP[RcXT�� NL NUZDL[^ hZPWUZP�, 
VRQWX – NL DWLZL[^ P W. M. 

}MUb PQNLcXkLDRTPb Rc_LZPW[LD LNWP[PkRwPP Mcb 
TRQWZLxhP Rc_LZPW[LD [R�PTTL_L Ly^VUTPb TU TLDR. 
zcRQQPVUQhPU [UWLM� PQNLcXk^�W _ZRMPUTWT�U Rc_L-
ZPW[� LNWP[PkRwPP. �L D Qc^VRU, hL_MR TU P[UUWQb 
bDTL kRMRTTLx `^ThwPLTRcXTLx kRDPQP[LQWP [UqM^ 
NRZR[UWZR[P Rc_LZPW[R P U_L s``UhWPDTLQWX�, D�-
VPQcUTPU _ZRMPUTWR TUDLk[LqTL, QcUMLDRWUcXTL, TRML 
PQNLcXkLDRWX NLPQhLD�U Rc_LZPW[� T^cUDL_L NLZbM-
hR, D hLWLZ�� WZUy^UWQb WLcXhL D�VPQcUTPU LNWP[P-
kPZ^U[Lx `^ThwPP, yUk D�VPQcUTPb UU NZLPkDLMT��. 

�RPyLcX�UU VPQcL PQQcUMLDRTPx D LycRQWP LNWP-
[PkRwPP NRZR[UWZLD Rc_LZPW[LD [R�PTTL_L Ly^VUTPb 
y�cL NZLDUMUTL NZP[UTPWUcXTL h TUxZLQUWb[. ]UZ_-
QWZR P ]UTMqPL D QDLUx ZRyLWU [4] NLhRkRcP, VWL Qc^-
VRxT�x NLPQh QWRWPQWPVUQhP yLcUU s``UhWPDUT Mcb 
TRQWZLxhP TUxZLTT�� QUWUx P QUWUx _c^yLhL_L Ly^VU-
TPb, VU[ NLPQh NL QUWhU P NLPQh DZ^VT^�. �TP kRbDP-
cP, VWL D NZLDUMUTT�� shQNUZP[UTWR� NZP PQNLcXkL-
DRTPP ZRkT�� D�yLZLh MRTT�� TR s``UhWPDTLQWX ZR-
yLW� TUxZLQUWP LhRk�DRcP DcPbTPU ZRkT�U NRZR[UW-
Z�, NZPVU[ VPQcL NRZR[UWZLD, DcPb��P� TR s``Uh-
WPDTLQWX, TUDUcPhL. �RTTLU TRyc�MUTPU MUcRUW NLPQh 
NL QUWhU TUNZP_LMT�[ Mcb TRQWZLxhP TUxZLQUWUx  
TR TLD�� MRTT��. 

�RZL�UcX P MZ. [5] PQNLcXkLDRcP qRMT^� NLQcLx-
T^� NZLwUM^Z^ Mcb Ly^VUTPb [TL_LQcLxTLx QUWP _c^-
yLhL_L Ly^VUTPb. �TP ZRkMUcPcP NZLwUQQ TRQWZLxhP 

NRZR[UWZLD QUWP TR MDR sWRNR. �R NUZDL[ sWRNU  
TRQWZRPDR�WQb NRZR[UWZ� QUWP, QLLWDUWQWD^��PU 
LWMUcXT�[ QcLb[. �R DWLZL[ sWRNU DQU NRZR[UWZ� 
QUWP TRQWZRPDR�WQb, PQNLcXk^b Rc_LZPW[ LyZRWTL_L 
ZRQNZLQWZRTUTPb L�PyhP P _ZRMPUTWT�x QN^Qh  
NL _cLyRcXTLx `^ThwPP PkMUZqUh. KRZR[UWZ� QUWP, 
TRxMUTT�U TR NUZDL[ sWRNU, PQNLcXk^�WQb D hRVUQWDU 
TRVRcXTL_L NZPycPqUTPb TR DWLZL[ sWRNU. 

J ZRyLWU Opitz, Shavlik [6] RDWLZ� PQNLcXkLDRcP 
_UTUWPVUQhPx Rc_LZPW[ Mcb NLPQhR NLN^cbwPP s``Uh-
WPDT�� TUxZLQUWUx, hLWLZ�U NZP sWL[ y�cP TUQ�LMT� 
MZ^_ Q MZ^_L[. �UQ�LqUQWX LNZUMUcbUWQb hRh MPQNUZ-
QPb [UqM^ D��LML[, NZLPkDLMP[�[ QUWX�, P D��L-
ML[, NZLPkDLMP[�[ RTQR[ycU[ TUxZLQUWUx NLN^cb-
wPP. KZP_LMTLQWX hRqMLx QUWP D�VPQcbUWQb hRh DkDU-
�UTTRb Q^[[R UU WLVTLQWP P TUQ�LqUQWP LWTLQPWUcX-
TL MZ^_P� QUWUx. zLTUVTRb NLN^cbwPb QUWUx Ly�UMP-
TbUWQb D RTQR[ycX, Pk D��LMLD QUWUx `LZ[PZ^UWQb 
DkDU�UTTRb Q^[[R, _MU DUQ hRqMLx QUWP NZLNLZwPLTR-
cUT UU WLVTLQWP. 

$[PW P �qPT D QDLUx ZRyLWU [7] NZUMcLqPcP _Py-
ZPMT�x [TL_LhZPWUZPRcXT�x sDLc�wPLTT�x Rc_L-
ZPW[ Mcb LNWP[PkRwPP QWZ^hW^Z� ZUh^ZZUTWT�� TUx-
ZLQUWUx, PQNLcXk^U[�� Mcb RTRcPkR DZU[UTT�� ZbMLD. 
�TP PQNLcXk^�W TUQhLcXhL [UWLMLD D�yLZR ZU�UTPx 
Pk TRxMUTTL_L [TLqUQWDR KRZUWL. J NUZDL[ [UWLMU 
D�yPZR�WQb DQU ZU�UTPb TPqU LNZUMUcUTTL_L NLZL-
_LDL_L kTRVUTPb, DL DWLZL[ – NL L�PyhU Ly^VUTPb. 
lRhqU D�yPZR�WQb ZU�UTPb DycPkP WLVhP NUZU_PyR 
`ZLTWR KRZUWL P ZU�UTPb, LWcPVR��PUQb LW MZ^_P� 
ZU�UTPx NLN^cbwPP. �DWLZ� kRbDcb�W, VWL WRhLx 
_PyZPMT�x NLM�LM h QUcUhwPP ZU�UTPx NZUDLQ�LMPW 
NL s``UhWPDTLQWP LWMUcXTL DkbW�U NUZD�x P DWLZLx 
[UWLM. 

�WyLZ NZPkTRhLD – sWL sWRN NZUMLyZRyLWhP MRTT�� 
D kRMRVR� [R�PTTL_L Ly^VUTPb. �WyLZ NZPkTRhLD 
TRPyLcUU RhW^RcUT D kRMRVR� Q yLcX�P[ VPQcL[ NZP-
kTRhLD. �RTTRb NZUMLyZRyLWhR MRTT�� NZLPkDLMPWQb  
Q wUcX� ^NZL�UTPb y^M^�Ux [LMUcP, VWL NZPDLMPW  
h ^[UTX�UTP� D�VPQcPWUcXT�� kRWZRW P h c^V�P[ 
LyLy�R��P[ QDLxQWDR[ [LMUcP. J QcLqT�� kRMRVR� 
[R�PTTL_L Ly^VUTPb VPQcL NZPkTRhLD D PQNLcXk^U-
[Lx D�yLZhU [LqUW y�WX DUcPhL, NLsWL[^ PQQcUMLDR-
WUcP PQNLcXk^�W Rc_LZPW[� _cLyRcXTLx LNWP[PkRwPP 
Mcb NLPQhR LNWP[RcXTL_L NLM[TLqUQWDR NZPkTRhLD. 
~UWLM� LWyLZR NZPkTRhLD, D hLWLZ�� PQNLcXk^�WQb 
NZLwUM^Z� LNWP[PkRwPP, TRk�DR�WQb [UWRsDZPQWPVU-
QhP[P [UWLMR[P. �RTT�U [UWLM� ZRkMUcb�W TR WZP 
_Z^NN� NL WL[^, hRh D TP� Ly�UMPTbUWQb Rc_LZPW[ 
LWyLZR NZPkTRhLD P NLQWZLUTPU [LMUcP: `PcXWZLD�U 
[UWLM� (filter), LyUZWLVT�U [UWLM� (wrapper) P DQWZLUT-
T�U [UWLM� (embedded). YPcXWZLD�U [UWLM� LWyPZR�W 
NZPkTRhP LWMUcXTL LW NLQWZLUTPb [LMUcP. �yUZWLV-
T�U [UWLM� LwUTPDR�W NLM[TLqUQWDR NZPkTRhLD [8]. 
�WL NLkDLcbUW D�bDcbWX DkRP[TLU DcPbTPU NZPkTRhLD, 
TL ^DUcPVPDRUW DZU[b D�VPQcUTPx. JL DQWZLUTT�� 
[UWLMR� D Rc_LZPW[ Ly^VUTPb ^qU DQWZLUT Rc_LZPW[ 
LWyLZR NZPkTRhLD [9]. �WL ^[UTX�RUW DZU[b D�VPQcU-
TPx, TL TRcR_RUW TUhLWLZ�U L_ZRTPVUTPb TR ZU�RU-
[^� kRMRV^: Rc_LZPW[ Ly^VUTPb MLcqUT kRZRTUU LycR-
MRWX PT`LZ[RwPUx L WL[, hRhLx TRyLZ NZPkTRhLD bD-
cbUWQb «�LZL�P[ D�yLZL[» Mcb ZU�RU[Lx kRMRVP. 
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uRMRVR ZRQNLkTRDRTPb s[LwPx WRhqU LQDU�RcRQX  
D QWRWXb� TUhLWLZ�� PQQcUMLDRWUcUx. J QWRWXU vR�PMR 
P MZ. [10] NZUMcR_RUWQb Ly�UMPTbWX R^MPL- P DPMUL-
NZPkTRhP NZP ZRQNLkTRDRTPP s[LwPx. }k R^MPLNLWLhR 
LT PkDcUhRUW NZLQLMPVUQhPU NZPkTRhP P [Uc-
VRQWLWT�U hUNQWZRcXT�U hLs``PwPUTW�. �cb DPMUL 
NZP[UTb�WQb Rc_LZPW[� LyTRZ^qUTPb cPwUD�� NZP-
kTRhLD (TLQ, ZLW, _cRkR P W. N.), P� hLLZMPTRW� LyZRk^-
�W DPMULNZPkTRhP. �cb QTPqUTPb ZRk[UZTLQWP DPMUL-
NZPkTRhLD PQNLcXk^UWQb [UWLM PCA. KLQcU sWL_L  
TR R^MPL- P DPMULD�yLZhR� PQNLcXk^UWQb [^cXWPhcRQ-
QLD�x [UWLM LNLZT�� DUhWLZLD P NZLPkDLMPWQb QcPb-
TPU D��LMLD NLQWZLUTT�� hcRQQP`PhRWLZLD. KLQWZL-
PD hcRQQP`PhRWLZ TR R^MPLMRTT��, RDWLZ MLQWP_ WLV-
TLQWP hcRQQP`PhRwPP 67,39 %, TR DPMULMRTT�� – 
74,15 %. �y�UMPTUTPU R^MPL- P DPMULMRTT�� ^DUcP-
VPcL WLVTLQWX ML 80,27 %. 

zR�^ P MZ. D QDLUx ZRyLWU [11] LNPQRcP [UWLM, hL-
WLZ�x LTP Q hLccU_R[P PQNLcXkLDRcP D 2013 _LM^ Mcb 
^VRQWPb D QLZUDTLDRTPP NL ZRQNLkTRDRTP� s[LwPx 
(Emotion Recognition in the Wild Challenge). ~UWLM 
Ly�UMPTbc TUQhLcXhL QUWUx _c^yLhL_L Ly^VUTPb, 
Dhc�VRb _c^yLhPU hLTDLc�wPLTT�U TUxZLTT�U QUWP 
(CNN) Mcb RTRcPkR D�ZRqUTPb cPwR NL DPMUL, deep 
belief network (DBN) Mcb RTRcPkR R^MPLPT`LZ[RwPP, 
deep autoencoder Mcb [LMUcPZLDRTPb NZLQWZRTQWDUT-
TL-DZU[UTTLx PT`LZ[RwPP L VUcLDUVUQhP� MUxQWDPb� 
P TU_c^yLhPU QUWP (shallow network architecture) Mcb 
RTRcPkR LycRQWP ZWR LQTLDTL_L Q^y�UhWR RTRcPkPZ^U-
[Lx QwUT�. �DWLZ� PQNLcXkLDRcP D�yLZh^ cPw  
lLZLTWL (Toronto Face Dataset), QLMUZqR�^� 4178 
PkLyZRqUTPx, DZ^VT^� NL[UVUTT�� PkLyZRqUTT�[P 
TR TP� s[LwPb[P, R WRhqU D�yLZh^ PkLyZRqUTPx, Pk-
DcUVUTT^� Pk NLPQhR PkLyZRqUTPx Google (35887 PkL-
yZRqUTPx, 7 hcRQQLD s[LwPx). JQU PkLyZRqUTPb y�cP 
^[UTX�UT� ML ZRk[UZR 48 × 48 P NUZUDUMUT� D VUZTL-
yUc�x `LZ[RW. ]�cP LNZLyLDRT� TUQhLcXhL [UWLMLD 
PTWU_ZRwPP NUZUVPQcUTT�� D��U QPQWU[: ^QZUMTUTPU 
NZUMQhRkRTT�� DUZLbWTLQWUx hcRQQLD, [UWRhcRQQP`P-
hRwPb [UWLML[ LNLZT�� DUhWLZLD (SVM) P [TL_L-
QcLxT�[ NUZQUNWZLTL[ (MLP). �RPc^V�Rb MLQWP_T^-
WRb P[P WLVTLQWX hcRQQP`PhRwPP TR WUQWLDLx D�yLZhU 
hLTh^ZQR – 41,03 %. 

J QWRWXU zZ^kR P MZ. [12] PQNLcXkLDRTR PMUb [LMU-
cPZLDRTPb Pk[UTUTPx NZPkTRhLD. $TRVRcR NZLPkDL-
MPWQb PkDcUVUTPU cPwR Pk NUZDLTRVRcXTL_L PkLyZRqU-
TPb P PkDcUhR�WQb _PQWL_ZR[[� LocalPhase-
Quantization (LPQ) Pk hRqMLx LycRQWP n >. IPQWL_ZR[-
[� Ly�UMPTb�WQb P `LZ[PZ^�W DUhWLZ NZPkTRhLD, 
D�VPQcbUWQb NZLPkDLMTRb NZPkTRhLD. �RTT�U NLMR�W-
Qb TR D�LM cPTUxTL_L SVM, Pk[UTUTPb NZPkTRhLD [L-
MUcPZ^�WQb QhZ�W�[P [RZhLDQhP[P [LMUcb[P. KZUM-
cLqUTT�x [UWLM y�c NZLWUQWPZLDRT TR D�yLZhU hLT-
h^ZQR Audio/Visual Emotion Challenge 2011 _LMR, hLWL-
ZRb QLMUZqPW 63 DPMUL 13 VUcLDUh, NZL�LMb�P� PT-
WUZDX�. �DWLZ� kRbDcb�W, VWL P[ ^MRcLQX ^c^V�PWX 
WLVTLQWX hcRQQP`PhRwPP TR PQQcUM^U[�� MRTT��  
TR 13 %. 

J QWRWXU Soleymani P MZ. [13] RDWLZ� PQNLcXk^�W 
sTwU`RcL_ZR[[^, ZURhwP� kZRVhLD P MRcXTLQWX Dk_cb-
MR Mcb hcRQQP`PhRwPP DLky^qMUTTLQWP Q^y�UhWR  
TR WZP hcRQQR – QNLhLxT�x, QZUMTUDLky^qMUTT�x, 

RhWPDT�x, R WRhqU TRQWZLUTPb Q^y�UhWR TR WZP hcRQ- 
QR – NcL�LU, TUxWZRcXTLU, �LZL�UU. }QNLcXk^U[�U 
MRTT�U Dhc�VR�W D QUyb 20 DPMUL s[LwPLTRcXTL_L 
QLMUZqRTPb, DkbW�� Pk hPTL`PcX[LD. �LQWP_T^WRb 
WLVTLQWX hcRQQP`PhRwPP TRQWZLUTPb – 68,5 %, DLky^-
qMUTTLQWP – 76,4 %. 

]^QQL P MZ. [14] WRhqU PQQcUMLDRcP PMU� PTWU_ZR-
wPP Rh^QWPVUQhLx PT`LZ[RwPP P D�ZRqUTPb cPwR. 
�TP PQNLcXkLDRcP yRk^ MRTT�� DPMULkRNPQUx RhWZP-
Q�, VPWR��Ux 258 NZUMcLqUTPx Q D�ZRqUTPU[ s[L-
wPx. ]�cP NLQWZLUT� hcRQQP`PhRWLZ�, PQNLcXk^�-
�PU WLcXhL R^MPLMRTT�U (WLVTLQWX 70,9 %) P WLcXhL 
DPMULMRTT�U (85 %). �DWLZ� LNZLyLDRcP PTWU_ZRwP� 
R^MPL- P DPMULPT`LZ[RwPP TR ^ZLDTU MRTT��, W. U. 
QLUMPTPD D�yLZhP D UMPT^� D�yLZh^ P NLQWZLPD TR UU 
LQTLDU hcRQQP`PhRWLZ (90 %), P TR ^ZLDTU hcRQQP`P-
hRWLZLD, W. U. NLQWZLPD LWMUcXT�U hcRQQP`PhRWLZ�  
NL R^MPL- P DPMULMRTT�[ P Ly�UMPTPD P� D��LM� 
(84–89 %). 

���/�"�>�#. J MRTTLx ZRyLWU [� NZUMcR_RU[ 
NZP[UTPWX [TL_LhZPWUZPRcXTLx NLM�LM h LNWP[PkR-
wPP NRZR[UWZLD Rc_LZPW[LD [R�PTTL_L Ly^VUTPb  
P h LWyLZ^ NZPkTRhLD. 

KZUMcLqUTT�x [UWLM LWyLZR NZPkTRhLD, PQNLcX-
k^��Px [TL_LhZPWUZPRcXT^� LNWP[PkRwP�, LWTLQPW-
Qb h hcRQQ^ LyUZWLVT�� [UWLMLD. ~� QZRDTPcP U_L  
Q [UWLML[ PCA P LMTLhZPWUZPRcXT�[ LWyLZL[ NZP-
kTRhLD. ~UWLM� LWyLZR NZPkTRhLD, LQTLDRTT�U TR 
LNWP[PkRwPP, y�cP QNZLUhWPZLDRT� QcUM^��P[ Ly-
ZRkL[. J�LMb�PU NUZU[UTT�U NZUMQWRDcb�W QLyLx 
yPTRZT�x DUhWLZ McPT� m, _MU m – sWL PQ�LMTLU VPQ-
cL NZPkTRhLD D�yLZhP. zRqM�x yPW WRhL_L DUhWLZR 
NZPTP[RUW kTRVUTPU 1 cPyL 0, _MU 1 LkTRVRUW, VWL QL-
LWDUWQWD^��Px NZPkTRh D�yZRT Mcb MRcXTUx�U_L 
Dhc�VUTPb D [LMUcX, 0 – TU D�yZRT. J LMTLhZPWUZP-
RcXTLx NLQWRTLDhU WLVTLQWX hcRQQP`PhRwPP bDcbUWQb 
[RhQP[PkPZ^U[�[ hZPWUZPU[ P kRMRUWQb QcUM^��P[ 
LyZRkL[: 
 100 %cR N N� �( / ) , (1) 
_MU Nc – VPQcL DUZTL hcRQQP`PwPZLDRTT�� Ly�UhWLD 
D�yLZhP; N – Ly�UU VPQcL Ly�UhWLD D�yLZhP; R – 
WLVTLQWX hcRQQP`PhRwPP. 

J [TL_LhZPWUZPRcXTLx NLQWRTLDhU MLyRDcbUWQb 
DWLZLx ([PTP[PkPZ^U[�x) hZPWUZPx – VPQcL D�yZRT-
T�� NZPkTRhLD. }MUb MRTTL_L hZPWUZPb D WL[, VWL [L-
MUcP, NLQWZLUTT�U TR D�yLZhR� Q [UTX�P[ hLcPVUQW-
DL[ NZPkTRhLD, NZL�U, R QcUMLDRWUcXTL, LycRMR�W 
c^V�Ux LyLy�R��Ux QNLQLyTLQWX�. 

~� D�yZRcP hcRQQ sDLc�wPLTT�� Rc_LZPW[LD  
LNWP[PkRwPP Mcb ZU�UTPb kRMRVP LWyLZR NZPkTRhLD D 
D��UNZPDUMUTTLx NLQWRTLDhU, NLWL[^ VWL Rc_LZPW[� 
MRTTL_L hcRQQR NLkDLcb�W s``UhWPDTL TR�LMPWX _cL-
yRcXT�x LNWP[^[ P Mcb P� PQNLcXkLDRTPb TU WZUy^UW-
Qb PT`LZ[RwPb L NLDUZ�TLQWP LNWP[PkPZ^U[Lx `^Th-
wPP. 

J LMTLhZPWUZPRcXTLx NLQWRTLDhU [� PQNLcXkLDR-
cP hLsDLc�wPLTT�x _UTUWPVUQhPx Rc_LZPW[ (I�). 
�RTT�x Rc_LZPW[ Ly�UMPTbUW TUQhLcXhL QWRTMRZWT�� 
I�, ^ hLWLZ�� ZRkcPVR�WQb kTRVUTPb NRZR[UWZLD. 
$WRTMRZWT�U I� NRZRccUcXTL ZRyLWR�W TUhLWLZLU 
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hLcPVUQWDL PWUZRwPx, NLQcU VU_L Ly[UTPDR�WQb PTMP-
DPMR[P [UqM^ QLyLx ([P_ZRwPb PTMPDPMLD) P QL�ZR-
Tb�W c^V�PU TRxMUTT�U ZU�UTPb (scPWPk[). lRhLx 
Rc_LZPW[ LQDLyLqMRUW PQQcUMLDRWUcb LW TRQWZLxhP 
NRZR[UWZLD QWRTMRZWTL_L I�, TUNZRDPcXTRb TRQWZLxhR 
hLWLZ�� [LqUW kRVRQW^� NZPDUQWP h TU^MLDcUWDLZP-
WUcXT�[ ZUk^cXWRWR[ LNWP[PkRwPP. 

J [TL_LhZPWUZPRcXTLx NLQWRTLDhU [� PQNLcXkL-
DRcP Rc_LZPW[ SPEA. uTRVUTPb NRZR[UWZLD Rc_LZPW-
[LD LNWP[PkRwPP NZUMQWRDcUT� D WRyc. 1. JUZLbW-
TLQWX QhZU�PDRTPb P [^WRwPP ^hRkRTR hRh TPkhRb. 
zLcPVUQWDUTTL MRTT�U DUZLbWTLQWP D�VPQcbcPQX  
NL QcUM^��Ux `LZ[^cU: 

 1
,

| |
p

k P
�

�
 (2) 

_MU k = 3 D TR�P� shQNUZP[UTWR�, TL [LqUW NZPTP[RWX 
P MZ^_PU MUxQWDPWUcXT�U TULWZPwRWUcXT�U kTRVUTPb; 
| |P  – ZRk[UZ NLN^cbwPP; p – kTRVUTPU DUZLbWTLQWP. 

~TL_LhZPWUZPRcXT�x NLM�LM y�c WRhqU NZP[UTUT 
Mcb LNWP[PkRwPP NRZR[UWZLD TUxZLTTLx QUWP. �Ux-
ZLTTRb QUWX NZb[L_L ZRQNZLQWZRTUTPb y�cR D�yZRTR  
D hRVUQWDU Rc_LZPW[R Ly^VUTPb NL TUQhLcXhP[ NZPVP-
TR[. JL-NUZD��, TUxZLTT�U QUWP ZRTUU ^QNU�TL NZP-
[UTbcPQX Mcb ZU�UTPb NZRhWPVUQhP� kRMRV RTRcPkR 
PkLyZRqUTPx. JL-DWLZ��, s``UhWPDTLQWX TUxZLTT�� 
QUWUx D kTRVPWUcXTLx [UZU kRDPQPW LW TRQWZLxhP P� 
NRZR[UWZLD. ]�cR PQNLcXkLDRTR LMTLQcLxTRb TUxZLT-
TRb QUWX Q NUZU[UTT�[ VPQcL[ TUxZLTLD P QP_[LPM-
TLx RhWPDRwPLTTLx `^ThwPUx. 

J LMTLhZPWUZPRcXTLx NLQWRTLDhU D�LMb�PU NUZU-
[UTT�U Dhc�VR�W Ly�UU VPQcL TUxZLTLD QUWP Nn 
(_ZRTPw� Pk[UTUTPb 2 50,nN � ) P VPQcL PWUZRwPx 

Ly^VUTPb QUWP Nt (_ZRTPw� Pk[UTUTPb 2 200,tN � ). 
�NWP[PkPZ^U[�x hZPWUZPx – WLVTLQWX hcRQQP`PhR-
wPP, hRh P D kRMRVU LWyLZR NZPkTRhLD. 

J [TL_LhZPWUZPRcXTLx NLQWRTLDhU LWcPVPU kR-
hc�VRUWQb D WL[, VWL MLyRDcbUWQb DWLZLx ([PTP[PkP-
Z^U[�x) hZPWUZPx – VPQcL TUxZLTLD QUWP. �RTT�x 
hZPWUZPx LMTLDZU[UTTL bDcbUWQb NUZDLx D�LMb�Ux 
NUZU[UTTLx. 

 
����!� 1 

���0���# ���������� >�����0�+��2 �">������� 
 

KRZR[UWZ _UTUWPVUQhP�  
Rc_LZPW[LD uTRVUTPU 

vRk[UZ NLN^cbwPP 50 
�PQcL PWUZRwPx 50 

JUZLbWTLQWX QhZU�PDRTPb �PkhRb 
lPN QhZU�PDRTPb vRDTL[UZT�x 

JUZLbWTLQWX [^WRwPP �PkhRb 
~RhQP[RcXT�x ZRk[UZ  

DTU�TU_L [TLqUQWDR (SPEA) 50 

}TWUZDRc RMRNWRwPP 5 
vRk[UZ �WZR`R  

(% LW ZRk[UZR NLN^cbwPP) 10 

~PTP[RcXT�x  
_RZRTWPZLDRTT�x ZRk[UZ  

NLN^cbwPP (% LW TRVRcXTL_L ZRk-
[UZR NLN^cbwPP) 

10 

�cb ZU�UTPb Q`LZ[^cPZLDRTT�� kRMRV LNWP[PkR-
wPP WRhqU y�cP PQNLcXkLDRT� sDLc�wPLTT�U Rc_L-
ZPW[� LNWP[PkRwPP: D LMTLhZPWUZPRcXTLx NLQWRTLD-
hU – hLsDLc�wPLTT�x I�, D [TL_LhZPWUZPRcXTLx NL-
QWRTLDhU – SPEA, NSGA-2, VEGA P SelfCOMOGA [15]. 
J Rc_LZPW[U SelfCOMOGA Rc_LZPW[� SPEA, NSGA-2 
P VEGA ZRyLWR�W NRZRccUcXTL P VUZUk `PhQPZLDRT-
TLU VPQcL PWUZRwPx NZLPkDLMbW NZLwUM^Z^ [P_ZRwPP 
PTMPDPMLD P scPWPk[R NLMLyTL WL[^, hRh sWL MUcRUWQb 
D hLsDLc�wPLTTL[ I�. �cb ZRTqPZLDRTPb PTMPDPMLD 
NZLPkDLMPWQb P� TUML[PTPZ^U[Rb QLZWPZLDhR, hLWL-
ZRb bDcbUWQb LyLy�UTPU[ Ly�VTLx QLZWPZLDhP  
TR Qc^VRx [TL_P� hZPWUZPUD. 

J LMTLhZPWUZPRcXTLx NLQWRTLDhU ZU�UTPU[ kRMR-
VP bDcbUWQb TUxZLTTRb QUWX Q TRxMUTT�[P LNWP[RcX-
T�[P kTRVUTPb[P NRZR[UWZLD. J [TL_LhZPWUZPRcXTLx 
qU NLQWRTLDhU [� NLc^VRU[ [TLqUQWDL KRZUWL LNWP-
[RcXT�� TUxZLTT�� QUWUx. �cb WL_L VWLy� [LqTL 
y�cL QZRDTPDRWX MDR sWP NLM�LMR, NLc^VRU[LU NRZUWL-
LNWP[RcXTLU [TLqUQWDL TUxZLQUWUx Ly�UMPTbUWQb  
D hLccUhWPD. ~� LNZLyLDRcP WZP [UWLMR Ly�UMPTUTPb 
hcRQQP`PhRWLZLD D hLccUhWPD: 

1. ~UWLM _LcLQLDRTPb. 
2. jQZUMTUTPU DUZLbWTLQWUx hcRQQLD – NLc^VRU[�U 

TR D��LMU hcRQQP`PhRWLZR DUZLbWTLQWP hcRQQLD ^Q-
ZUMTb�WQb NL DQU[ hcRQQP`PhRWLZR[ hLccUhWPDR. 

3. ~UWRhcRQQP`PhRwPb – Ly^VR��^� D�yLZh^ 
ZRkMUcb�W TR 2 VRQWP, NUZDRb VRQWX PQNLcXk^UWQb Mcb 
Ly^VUTPb hcRQQP`PhRWLZLD hLccUhWPDR. KLc^VRU[�U 
TR D��LMU hcRQQP`PhRWLZLD DUZLbWTLQWP hcRQQLD  
PQNLcXk^�W D hRVUQWDU D�LMb�P� NUZU[UTT�� MLNLc-
TPWUcXTL_L [UWRhcRQQP`PhRWLZR, hLWLZ�x Ly^VR�W  
TR DWLZLx VRQWP D�yLZhP. ~UWRhcRQQP`PhRWLZ TR D�-
�LMU D�MRUW hcRQQ, NZUMQhRkRTT�x Mcb MRTTL_L Ly�Uh-
WR D�yLZhP. 

JQU PQNLcXkLDRTT�U D TR�Ux ZRyLWU Rc_LZPW[� 
LNWP[PkRwPP y�cP NZL_ZR[[TL ZURcPkLDRT� TR bk�hU 
C#. lRhqU y�cR PQNLcXkLDRTR _LWLDRb ZURcPkRwPb TR 
bk�hU R- Rc_LZPW[LD TUxZLTTRb QUWX, [UWLM LNLZT�� 
DUhWLZLD P [UWLM PCA. 

J hRVUQWDU PQ�LMT�� MRTT�� PQNLcXkLDRcRQX  
R^MPLDPk^RcXTRb yRkR MRTT�� s[LwPx SAVEE [16]. 
vRQNZUMUcUTPU hcRQQLD s[LwPx D yRkU MRTT�� NZUM-
QWRDcUTL TR ZPQ. 1. �cb WL_L VWLy� [LqTL y�cL QWZL-
PWX hLcPVUQWDUTT�U [LMUcP, Pk «Q�Z��» MRTT�� y�cP 
PkDcUVUT� hLcPVUQWDUTT�U R^MPL- P DPMULNZPkTRhP. 
�cb PkDcUVUTPb R^MPLNZPkTRhLD [� PQNLcXkLDRcP 
NZL_ZR[[^ openSMILE – QDLyLMTL ZRQNZLQWZRTbU[LU 
K� Mcb PkDcUVUTPb NZPkTRhLD Pk R^MPL P DPMUL  
(Eyben P MZ., [17]). JPMULNZPkTRhP y�cP PkDcUVUT� 3 
Rc_LZPW[R[P (Q[. ZPQ^TLh): 

1) Quantized Local Zernike Moments (QLZM)  
(Sariyanidi P MZ., [18]); 

2) Local Binary Patterns (LBP) (Ojala P MZ., [19]); 
3) Local Binary Patterns on Three Orthogonal Planes 

(LBP-TOP) (Zhao, Pietikäinen, [20]). 
~� D�yZRcP Rc_LZPW[� QLZM P LBP-TOP, NLWL-

[^ VWL LTP QLDZU[UTT� P ^QNU�TL PQNLcXkLDRcPQX 
MZ^_P[P PQQcUMLDRWUcb[P NZP RTRcPkU PkLyZRqUTPx  
P DPMUL. �c_LZPW[ LBP D�yZRT, NLWL[^ VWL sWL hcRQ-
QPVUQhPx Rc_LZPW[ Mcb RTRcPkR PkLyZRqUTPx, hLWL-
Z�x [LqUW Qc^qPWX hRh TPqTbb LwUThR s``UhWPDTL-
QWP NLQWZLUTTLx QPQWU[� ZRQNLkTRDRTPb, Q hLWLZLx 
^MLyTL QZRDTPDRWX MZ^_PU [UWLM�. 
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�c_LZPW[� QLZM P LBP PkDcUhR�W NZPkTRhP Pk 
hRqML_L NLQcUMLDRWUcXTL_L hRMZR DPMULkRNPQP, WL_MR 
hRh LBP-TOP ^VPW�DRUW Pk[UTUTPU NPhQUcUx hRMZLD 
DL DZU[UTP P PkDcUhRUW DUhWLZ NZPkTRhLD Pk TUQhLcX-
hP� NLQcUMLDRWUcXTL PM^�P� hRMZLD. JUhWLZ� NZP-
kTRhLD, PkDcUVUTT�U Rc_LZPW[R[P QLZM P LBP,  
^QZUMTbcPQX NL DQUx McPTU DPMULkRNPQP. ~� WRhqU 
Ly�UMPTPcP PkDcUVUTT�U R^MPL- P DPMULNZPkTRhP  
D UMPT^� D�yLZh^, VWLy� NZLDUZPWX, NL[LqUW cP Ly�-
UMPTUTPU R^MPL- P DPMULNZPkTRhLD D ^c^V�UTPP  
s``UhWPDTLQWP ZRQNLkTRDRTPb s[LwPx. zLcPVUQWDL 
PkDcUVUTT�� R^MPL- P DPMULNZPkTRhLD NZUMQWRDcUTL  
D WRyc. 2. �y�UMPTUTTRb D�yLZhR R^MPL- P DPMULNZP-
kTRhLD LyLkTRVUTR hRh «R^MPL + DPMUL». zLcPVUQWDL 
PkDcUVUTT�� NZPkTRhLD DUcPhL, NLsWL[^ sWRN NZUMLy-
ZRyLWhP MRTT�� Q wUcX� LWyLZR PT`LZ[RWPDT�� NZP-
kTRhLD P[UUW Q[�Qc. 

��3%"'���9 \�+����������. vUk^cXWRW� shQNU-
ZP[UTWLD NL QTPqUTP� ZRk[UZTLQWP P LWyLZ^ PT`LZ-

[RWPDT�� NZPkTRhLD NLhRkRT� D WRyc. 2. ~� NZLDUcP 
QZRDTUTPU WZU� [UWLMLD QTPqUTPb ZRk[UZTLQWP: PCA, 
LWyLZ NZPkTRhLD [UWLML[ LMTLhZPWUZPRcXTLx P [TL-
_LhZPWUZPRcXTLx LNWP[PkRwPP. KL ZUk^cXWRWR[ DPM-
TL, VWL [TL_LhZPWUZPRcXT�x [UWLM LWyLZR NZPkTRhLD 
NZUDkL�Uc MZ^_PU [UWLM� NL s``UhWPDTLQWP  
TR D�yLZhR� QLZM, LBP-TOP, R^MPL P R^MPL + DPMUL 
(4 Pk 5 ZRQQ[LWZUTT�� D�yLZLh), NZLP_ZRD LMTLhZP-
WUZPRcXTL[^ [UWLM^ TUkTRVPWUcXT�U 0,3 %  TR D�yLZ-
hU LBP. 

�hQNUZP[UTW� NL LNWP[PkRwPP NRZR[UWZLD TUx-
ZLTT�� QUWUx NZLDLMPcPQX Mcb hRqMLx P[U��UxQb 
D�yLZhP MRTT��, ZRkcPVT�� Rc_LZPW[LD LNWP[PkRwPP 
P ZRkcPVT�� [UWLMLD Ly�UMPTUTPb hLccUhWPDR hcRQ-
QP`PhRWLZLD. KZP[UZ NLc^VUTTL_L [TLqUQWDR NRZUWL-
LNWP[RcXT�� TUxZLTT�� QUWUx Q NL[L�X� Rc_LZPW[R 
[TL_LhZPWUZPRcXTLx LNWP[PkRwPP NSGA-2 NZUMQWRD-
cUT D WRyc. 3. 

 

 
 

vRQNZUMUcUTPU hcRQQLD D yRkU MRTT�� s[LwPx 
 

����!� 2 
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J�yLZhR �^MPL QLZM LBP LBP-TOP �^MPL + 
DPMUL 

�PQcL NZPkTRhLD 991 656 59 177 1883 
JQU NZPkTRhP 28,542 10,506 20,486 22,847 19,732 

~UWLM _cRDT�� hL[NLTUTW 35,923 / 131 21,458 / 36 23,75 / 4 32,017 / 10 31,718 / 180 
�MTLhZPWUZPRcXTRb 

LNWP[PkRwPb 38,095 / 476 20,208 / 301 25,3972 / 33 40,278 / 77 33,661 / 902 

lLVTLQWX  
hcRQQP`PhRwPP  
NLQcU QTPqUTPb 

ZRk[UZTLQWP 
�WyLZ  

NZPkTRhLD ~TL_LhZPWUZPRcXTRb 
LNWP[PkRwPb 39,702 / 484 24,911 / 319 25,694 / 31 45,694 / 90 35,893 / 885 

 
����!� 3 

������-������"'��� ���-�+��� ��(����92 +���(, ���>���������"'��# ��+�������,  
�%/��/���9�, �">����� ������3���� NSGA-2 

 

´ �PQcL TUxZLTLD �PQcL PWUZRwPx Ly^VUTPb lLVTLQWX hcRQQP`PhRwPP 
1 10 119 10,88 
2 12 20 29,49 
3 13 113 30,34 
4 24 150 33,38 
5 14 73 33,69 
6 11 119 15,88 
7 29 100 35,38 
8 39 144 32,02 
9 15 51 15,44 
10 23 74 27,89 
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J WRyc. 4 NZUMQWRDcUT� LyLy�UTT�U ZUk^cXWRW� 
shQNUZP[UTWLD NL LNWP[PkRwPP NRZR[UWZLD TUxZLQU-
WUx. uR[UWP[, VWL Ly�UMPTUTPU NRZUWL-LNWP[RcXT�� 
TUxZLTT�� QUWUx, NZUMQWRDcUTT�� D WRyc. 3, D hLccUh-
WPD ^DUcPVPcL WLVTLQWX hcRQQP`PhRwPP s[LwPx  
ML 39,76 %. $L_cRQTL NLc^VUTT�[ ZUk^cXWRWR[, [TL-
_LhZPWUZPRcXT�x [UWLM LNWP[PkRwPP NRZR[UWZLD 
TUxZLTT�� QUWUx NZP[UTPWUcXTL h kRMRVU ZRQNLkTRDR-
TPb s[LwPx NZUDLQ�LMPW LMTLhZPWUZPRcXT�x [UWLM 
TR DQU� 5 ZRQQ[LWZUTT�� D�yLZhR� MRTT��. 

~� TU [LqU[ MRWX LNZUMUcUTT�� ZUhL[UTMRwPx 
NL NLDLM^ WL_L, hRhLx [TL_LhZPWUZPRcXT�x Rc_LZPW[ 
LNWP[PkRwPP c^V�U PQNLcXkLDRWX, WRh hRh hRqM�x Pk 
TP� LyUQNUVPc TRPc^V�^� WLVTLQWX TR ZRkT�� D�-
yLZhR� MRTT��. ~UWRhcRQQP`PhRwPb NL ZUk^cXWRWR[ 
shQNUZP[UTWLD LhRkRcRQX TRPyLcUU s``UhWPDT�[ [U-
WLML[ Ly�UMPTUTPb hLccUhWPDR hcRQQP`PhRWLZLD, 
LyUQNUVPD c^V�^� WLVTLQWX hcRQQP`PhRwPP TR 4 Pk 5 
D�yLZhR�. lLW `RhW, VWL TR ZRkT�� D�yLZhR� c^V�PU 
ZUk^cXWRW� y�cP NLc^VUT� ZRkT�[P Rc_LZPW[R[P 
[TL_LhZPWUZPRcXTLx LNWP[PkRwPP, TL LMPTRhLD�[ 
[UWLML[ Ly�UMPTUTPb NRZUWL-LNWP[RcXT�� hcRQQP-
`PhRWLZLD D hLccUhWPD, LkTRVRUW, VWL [UWLM [UWRhcRQ-
QP`PhRwPP PTDRZPRTWUT h D�yLZ^ Rc_LZPW[R LNWP[P-
kRwPP. 

~� Ly�UMPTPcP DQU NLc^VUTT�U TR[P ZUk^cXWRW� 
NL ZU�UTP� kRMRVP ZRQNLkTRDRTPb s[LwPx D WRyc. 5, 
D�MUcPD TRPyLcUU s``UhWPDT�U PQNLcXkLDRTT�U [U-
WLM�. $R[�x s``UhWPDT�x Pk LNZLyLDRTT�� TR[P 
[UWLMLD – PQNLcXkLDRTPU [TL_LhZPWUZPRcXTL_L NLM-
�LMR h LNWP[PkRwPP NRZR[UWZLD TUxZLQUWUx TR D�-
yLZhU MRTT�� LBP-TOP, NLc^VUTTRb WLVTLQWX hcRQ-
QP`PhRwPP s[LwPx – 45,7 %. ]RkLDRb [LMUcX, hLWLZRb 
Mcb DQU� Ly�UhWLD WUQWLDLx D�yLZhP NZUMQhRk�DRUW 
hcRQQ, TRPyLcUU VRQWL DQWZUVR��PxQb D Ly^VR��Ux 
D�yLZhU, Mcb MRTTLx kRMRVP LyUQNUVPDRUW WLVTLQWX  
25 %. jVPW�DRb QcLqTLQWX ZU�RU[Lx kRMRVP ZRQNL-
kTRDRTPb s[LwPx, NLc^VUTTLU ^c^V�UTPU WLVTLQWP 
ZRQNLkTRDRTPb bDcbUWQb kTRVPWUcXT�[. 

���"?0����. J MRTTLx ZRyLWU PQNLcXkLDRT [UWLM 
[TL_LhZPWUZPRcXTLx LNWP[PkRwPP Mcb LWyLZR NZP-

kTRhLD P LNWP[PkRwPP NRZR[UWZLD TUxZLTT�� QUWUx, 
NZUMcLqUTT�x [UWLM RNZLyPZLDRT TR kRMRVU ZRQNL-
kTRDRTPb s[LwPx. 

$L_cRQTL NLc^VUTT�[ ZUk^cXWRWR[, [TL_LhZPWU-
ZPRcXT�x [UWLM LWyLZR NZPkTRhLD LyUQNUVPc D QZUM-
TU[ NL D�yLZhR[ TR 2,8 % c^V�^� WLVTLQWX hcRQQP-
`PhRwPP, VU[ LMTLhZPWUZPRcXT�x [UWLM. lRhqU [� 
^QWRTLDPcP, VWL [TL_LhZPWUZPRcXT�x [UWLM LWyLZR 
NZPkTRhLD TR 5,4 % s``UhWPDTUU, VU[ Rc_LZPW[ PCA, 
P TR 13,9 % s``UhWPDTUU, VU[ PQNLcXkLDRTPU PQ�LM-
TL_L TRyLZR NZPkTRhLD Mcb NLQWZLUTPb QPQWU[� hcRQ-
QP`PhRwPP. lRhP[ LyZRkL[, NZUMcLqUTT�x [TL_LhZP-
WUZPRcXT�x [UWLM LWyLZR NZPkTRhLD LhRkRcQb QR[�[ 
s``UhWPDT�[ Pk ZRQQ[LWZUTT�� Mcb ZU�UTPb kRMRVP 
ZRQNLkTRDRTPb s[LwPx. ~� ZUhL[UTM^U[ PQNLcXkL-
DRWX U_L D MRcXTUx�P� ZRyLWR� NL ZRQNLkTRDRTP� 
s[LwPx, R WRhqU D Q[UqT�� kRMRVR� [R�PTTL_L Ly^-
VUTPb. 

lRhqU D ZRyLWU NZP[UTUT [TL_LhZPWUZPRcXT�x 
[UWLM Mcb LNWP[PkRwPP NRZR[UWZLD TUxZLQUWUx.  
KLc^VUTT�U ZUk^cXWRW� MLhRk�DR�W, VWL Ly�UMPTU-
TPU TUxZLQUWUx Q NRZUWL-LNWP[RcXT�[P TRQWZLxhR[P 
D hLccUhWPD NLkDLcbUW NLc^VPWX c^V�^� WLVTLQWX 
hcRQQP`PhRwPP s[LwPx, VU[ PQNLcXkLDRTPU LMTLx 
TUxZLQUWP Q LNWP[RcXT�[P TRQWZLxhR[P, TRxMUTT�[P 
Q NL[L�X� LMTLhZPWUZPRcXTLx LNWP[PkRwPP. vRkTPwR 
D s``UhWPDTLQWP QLQWRDcbUW 7,1 %. ~� QLDUW^U[  
PQNLcXkLDRWX [UWRhcRQQP`PhRwP� D hRVUQWDU [UWLMR 
Ly�UMPTUTPb NRZUWL-LNWP[RcXT�� hcRQQP`PhRWLZLD  
D hLccUhWPD, WRh hRh MRTT�x [UWLM D �LMU NZLDUMUTPb 
shQNUZP[UTWLD LyUQNUVPc c^V�^� WLVTLQWX hcRQQP-
`PhRwPP s[LwPx TR 4 Pk 5 D�yLZLh. �MTRhL TULy�L-
MP[L NZLDUQWP MRcXTUx�UU PQQcUMLDRTPU TR MZ^_P� 
kRMRVR� [R�PTTL_L Ly^VUTPb, VWLy� MLhRkRWX QNZR-
DUMcPDLQWX NLc^VUTT�� D MRTTLx ZRyLWU ZUk^cXWRWLD. 

&"�>�/����+��. vRyLWR NLMMUZqRTR _ZRTWL[ 
KZUkPMUTWR vLQQPxQhLx YUMUZRwPP (~z-3285.2015.9). 
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�RTT�U �c_LZPW[ 
LNWP[PkRwPP 

(VPQcL  
hZPWUZPUD) 

$�U[R QcPbTPb D�-
�LMLD RTQR[ycb  �^MPL QLZM LBP LBP-TOP �^MPL + 

DPMUL 

zLsDLc�wPLT-
T�x I� (1) – 35,923 21,458 23,75 32,917 31,718 

ILcLQLDRTPU 31,012 16,319 16,667 34,167 27,292 
jQZUMTUTPU  

DUZLbWTLQWUx hcRQQLD 16,994 10,903 16,458 39,583 14,256 SPEA (2) 

~UWRhcRQQP`PhRwPb 28,631 16,042 18,264 34,583 25,06 
ILcLQLDRTPU 29,226 21,181 19,236 33,403 24,554 
jQZUMTUTPU  

DUZLbWTLQWUx hcRQQLD 29,435 14,722 16,667 17,639 23,571 NSGA-2 (2) 

~UWRhcRQQP`PhRwPb 39,762 11,528 17,5 38,125 34,94 
ILcLQLDRTPU 33,839 17,5 24,514 32,639 22,5 
jQZUMTUTPU  

DUZLbWTLQWUx hcRQQLD 27,262 24,306 20,069 21,042 15,119 VEGA (2) 

~UWRhcRQQP`PhRwPb 38,899 13,958 29,167 36,736 37,292 
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����+���� ���. 4 
�RTT�U �c_LZPW[ 

LNWP[PkRwPP 
(VPQcL  

hZPWUZPUD) 

$�U[R QcPbTPb D�-
�LMLD RTQR[ycb  �^MPL QLZM LBP LBP-TOP �^MPL + 

DPMUL 

ILcLQLDRTPU 26,577 20,347 33,125 36,25 19,94 
jQZUMTUTPU  

DUZLbWTLQWUx hcRQQLD 23,244 15,935 25,417 22,708 17,768 SelfCOMOG
A (2) 

~UWRhcRQQP`PhRwPb 36,518 26,756 38,333 36,319 29,405 
 

����!� 5 
�D�D]����� ���-�������� ����/�"�>�( � /���92,  

+ ����]'? �����92 D9"� ��"%0��� ���D�"'��# ��0��+�' ��+��3������# \����( 
 

vRT_ ~UWLMLcL_Pb �RTT�U lLVTLQWX hcRQQP`PhRwPP, 
% 

1 �WyLZ NZPkTRhLD,  
[TL_LhZPWUZPRcXTRb LNWP[PkRwPb LBP-TOP 45,694 

2 
�NWP[PkRwPb TUxZLQUWP, NSGA-2, Q�U[R QcPbTPb 
D��LMLD: [UWRhcRQQP`PhRwPb [UWLML[ LNLZT�� 

DUhWLZLD 
�^MPL 39,762 

3 �WyLZ NZPkTRhLD,  
[TL_LhZPWUZPRcXTRb LNWP[PkRwPb �^MPL 39,702 

4 �NWP[PkRwPb TUxZLQUWP, SPEA, Q�U[R QcPbTPb 
D��LMLD: ^QZUMTUTPU DUZLbWTLQWUx hcRQQLD LBP-TOP 39,583 

5 
�NWP[PkRwPb TUxZLQUWP, SelfCOMOGA, Q�U[R 
QcPbTPb D��LMLD: [UWRhcRQQP`PhRwPb [UWLML[ 

LNLZT�� DUhWLZLD 
LBP 38,333 

6 
�NWP[PkRwPb TUxZLQUWP, VEGA, Q�U[R QcPbTPb 
D��LMLD: [UWRhcRQQP`PhRwPb [UWLML[ LNLZT�� 

DUhWLZLD 
�^MPL + DPMUL 37,292 

7 �WyLZ NZPkTRhLD,  
[TL_LhZPWUZPRcXTRb LNWP[PkRwPb �^MPL + DPMUL 35,893 
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NUMERICAL SIMULATION OF ELECTRON-BEAM WELDING  

WITH A LONGITUDINAL OSCILLATION OF THE BEAM BASED  
ON THE EXPERIMENTAL DETERMINATION OF THE KEYHOLE FORM 

 
G. L. Permyakov, D. N. Trushnikov, V. Ya. Belenkiy, T. V. Olshanskaya 

 
Perm National Research Polytechnic University 

 29, Komsomolskiy Av., Perm, 614990, Russian Federation 
 

The research examines the process of electron-beam welding in the keyhole mode with the use of beam oscillations 
with different focusing regimes on the example of stainless steel – grade 502. We study the impact of longitudinal beam 
oscillation and their parameters on the shape of the keyhole, the character of the processes of heat and mass transfer 
and weld’s parameters, to develop methodological recommendations for electron-beam welding with oscillation. 

A numerical three-dimensional mathematical model of electron beam welding is presented. The model was devel-
oped on the basis of the combined solution of heat conduction equation and Navier–Stokes equation in the moving 
coordinate system with taking into account phase transitions at the interface of solid and liquid phase. The boundary 
conditions at the free surface of the weld pool and on the keyhole walls are presented by thermocapillary convection 
(Marangoni effect). As input parameters the form of keyhole and distribution of the beam energy on the keyhole walls 
based on experimental data on the parameters of the secondary signal in the plasma over the welding zone by using the 
method of a synchronous accumulation are used. The keyhole was approximated by an oblique elliptical cone with  
a spherical apex. Such an approach eliminates the need to take into account all the complex factors that affect the  
formation of the keyhole. Calculations of thermal and hydrodynamic processes have been carried on a cluster using a 
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simulation package COMSOL Multiphysics. Comparison of the calculated and experimental cross sections of the welds 
showed good agreement. With the help of the proposed method during the research characteristic features of the beam 
power distribution for different focus modes were identified. The analysis of the significance of various factors on the 
formation of the keyhole geometry has been conducted. 

 
Keywords: electron-beam welding, beam oscillation, the mathematical model, the method of a synchronous accumu-

lation. 
 
)��/����. J TRQWLb�UU DZU[b �PZLhL PkDUQWT� 

^QNU�P, MLQWP_T^W�U D LycRQWP VPQcUTTL_L [LMUcPZL-
DRTPb scUhWZLTTL-c^VUDLx P cRkUZTLx QDRZhP [1–3]. 
�MTRhL DQU ZUk^cXWRW� QDbkRT� Q [LMUcPZLDRTPU[ 
QDRZhP QWRWPVUQhP[ N^VhL[. uRhLTVUTT�U MPTR[PVU-
QhPU [LMUcP QDRZhP Q LQwPccbwPb[P N^VhR LWQ^WQW-
D^�W ML QP� NLZ. zL[NcUhQT�x �RZRhWUZ, D�QLhRb 
QhLZLQWX NZLWUhRTPb NZLwUQQLD, D�QLhPU kTRVUTPb 
_ZRMPUTWLD WU[NUZRW^Z P [TL_L`RhWLZTLQWX NZLwUQ-
QLD MUcR�W TUNLQZUMQWDUTTLU VPQcUTTLU [LMUcPZLDR-
TPU D ^QcLDPP NUZPLMPVUQhP� DLkMUxQWDPx hZRxTU 
kRWZ^MTPWUcXT�[ MRqU Q PQNLcXkLDRTPU[ QLDZU[UT-
T�� D�VPQcPWUcXT�� ZUQ^ZQLD [1]. �QTLDTRb WZ^M-
TLQWX NZP [LMUcPZLDRTPP – LNZUMUcUTPU `LZ[� hRTR-
cR NZLNcRDcUTPb.  

�cb ZU�UTPb sWLx NZLycU[� ZRTUU y�cR NZUMcL-
qUTR [UWLMPhR shQNUZP[UTWRcXTL_L LNZUMUcUTPb 
`LZ[� hRTRcR NZLNcRDcUTPb NZP scUhWZLTTL-c^VUDLx 
QDRZhU Q LQwPccbwPUx N^VhR NL NRZR[UWZR[ DWLZPVTL-
_L QP_TRcR [4]. zZL[U `LZ[� hRTRcR NZLNcRDcUTPb 
^hRkRTTRb [UWLMPhR MRUW MLNLcTPWUcXT^� PT`LZ[R-
wP� L NZLwUQQR� D hRTRcU NZLNcRDcUTPb. J VRQWTLQWP, 
MRTTRb [UWLMPhR NLkDLcbUW LNZUMUcPWX ZRQNZUMUcUTPU 
sTUZ_PP N^VhR NL QWUThR[ hRTRcR NZLNcRDcUTPb [5]. 
lRhLx NLM�LM PkyRDcbUW LW TULy�LMP[LQWP ^VUWR DQU� 
QcLqT�� `RhWLZLD, LhRk�DR��P� DLkMUxQWDPU TR `LZ- 
[PZLDRTPU hRTRcR NZLNcRDcUTPb.  

¿UcX� MRTTL_L PQQcUMLDRTPb bDcbUWQb PQNLcXkL-
DRTPU MRTT�� NRZR[UWZLD D hRVUQWDU D�LMT�� Mcb 
NZLDUMUTPb [RWU[RWPVUQhP� ZRQV�WLD, LNZUMUcUTPU 
DcPbTPb ZRkcPVT�� LQwPccbwPx N^VhR P P� NRZR[UW-
ZLD TR `LZ[^ hRTRcR NZLNcRDcUTPb, NZLWUhRTPU NZL-
wUQQLD WUNcL[RQQLNUZUTLQR P NRZR[UWZ� �DLD Mcb 
ZRkZRyLWhP [UWLMPVUQhP� ZUhL[UTMRwPx. 

vRQV�W� WUNcLD�� P _PMZLMPTR[PVUQhP� NZLwUQ-
QLD NZLPkDLMPcPQX TR hcRQWUZU Q PQNLcXkLDRTPU[  
NRhUWR [LMUcPZLDRTPb COMSOL Multiphysics. J ZU-

k^cXWRWU ZRQV�WLD y�cR NLc^VUTR _UL[UWZPb QDRZTL_L 
�DR, NLcb WU[NUZRW^Z P QhLZLQWUx WUVUTPb ZRQNcRDR. 

�������0�+��# ��/�"'. �R ZPQ. 1 NLhRkRTR Q�U-
[R [LMUcP. KRZR[UWZ� NZLwUQQR P `PkPVUQhPU NRZR-
[UWZ� QWRcP 15¾5~ NZUMQWRDcUT� D WRyc. 1 P 2 QLLW-
DUWQWDUTTL. $cUM^��PU ^NZL�UTPb y�cP QMUcRT� 
NZP [LMUcPZLDRTPP NZLwUQQR QDRZhP: 

– cR[PTRZTLU WUVUTPU ZRQNcRDR; 
– TLZ[RcXTLU ZRQNZUMUcUTPU sTUZ_PP D N^VhU; 
– cPTUxT�x, DMLcX LQP X, PQWLVTPh WUNcR; 
– [LMUcPZLDRTPU `RkLDL_L NUZU�LMR Q NL[L�X� 

QhRVhR DbkhLQWP P DDUMUTPb QhZ�WLx WUNcLW� `RkLDL-
_L NUZU�LMR; 

– `LZ[R P ZRk[UZ hRTRcR NZLNcRDcUTPb y�cP  
LNZUMUcUT� Pk shQNUZP[UTWRcXT�� MRTT��; hRTRc 
RNNZLhQP[PZLDRcP ^QUV�TT�[ hLT^QL[ QL Q`UZPVU-
QhLx DUZ�PTLx. 

�����+��%���# !���9 ����"�. vUhLTQWZ^hwPb 
`LZ[� hRTRcR NZLNcRDcUTPb P NLc^VUTPU MRTT��  
L ZRQNZUMUcUTPP sTUZ_PP D TU[ LQ^�UQWDcbcPQX NL-
QZUMQWDL[ ZU_PQWZRwPP DWLZPVT�� Pkc^VUTPx Pk kLT� 
QDRZhP [UWLML[ QPT�ZLTTL_L TRhLNcUTPb [6; 7].  
�R ZPQ. 2 NZUMQWRDcUT� ZUk^cXWRW� ZUhLTQWZ^hwPP 
`LZ[� hRTRcR NZP scUhWZLTTL-c^VUDLx QDRZhU Q LQ-
wPccbwPUx DMLcX QW�hR TR WZU� ZUqP[R� `Lh^QPZLDhP 
[3; 4]. �cb TR_cbMTLQWP [RQ�WRy DMLcX DUZWPhRcXTLx 
P _LZPkLTWRcXTLx LQUx D�yZRT TULMPTRhLD�[. JPMTL, 
VWL NZP Pk[UTUTPP ZUqP[R `Lh^QPZLDhP Pk[UTbUWQb 
�RZRhWUZ DkRP[LMUxQWDPb N^VhR QL QWUThR[P hRTRcR 
NZLNcRDcUTPb. KZP QDRZhU TR TUML`Lh^QPZLDRTTL[ 
ZUqP[U scUhWZLTT�x N^VLh DkRP[LMUxQWD^UW D LQTLD-
TL[ Q NUZUMTUx QWUThLx hRTRcR NZLNcRDcUTPb, TR NU-
ZU`Lh^QPZLDRTTL[ – Q NUZUMTUx P kRMTUx QWUThR[P 
NZRhWPVUQhP LMPTRhLDL. KLc^VUTTRb `LZ[R hRTRcR 
NZLNcRDcUTPb P ZRQNZUMUcUTPU sTUZ_PP N^VhR D TU[ 
PQNLcXkLDRcPQX NZP [LMUcPZLDRTPP D hRVUQWDU D�LM-
T�� NRZR[UWZLD. 

 

 
 

vPQ. 1. IUL[UWZPb [LMUcP, TRVRcXT�U P _ZRTPVT�U ^QcLDPb 
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����!� 1 
��������9 �����++� 

 

KRZR[UWZ� N^VhR KRZR[UWZ� LQwPccbwPP lPN  
LQwPccbwPP ~L�TLQWX Q, 

hJW Min ZRMP^Q, [[ �[NcPW^MR, [[ �RQWLWR, Iw 
$hLZLQWX QDRZhP  

VQD, [[/Q 

KZLMLcXTRb 3 0,25 0,75 645 5 
 

����!� 2 
��3�0�+��� 2��������+���� +��"� 15�5 

 

¾RZRhWUZPQWPhR �yLkTRVUTPU  JUcPVPTR 
�RVRcXTRb WU[NUZRW^ZR T0 [K] 293,15 
�PhDPM^Q TL [K] 1730 
$LcPM^Q TS [K] 1700 
$hZ�WRb WUNcLWR NcRDcUTPb  Lf [�q·h_–1] 700 
�PTR[PVUQhRb DbkhLQWX Î [KR·Q] 0,007 
KcLWTLQWX Ï [h_·[–3] 7750  
jMUcXTRb WUNcL�[hLQWX c [�q·h_–1·K–1] 483  
lUNcLNZLDLMTLQWX Ð [JW·[–1·K–1] 37  

 

   
� � � 

vPQ. 2. vUk^cXWRW� ZUhLTQWZ^hwPP hRTRcR NZLNcRDcUTPb (NZLMLcXTRb 
NZLUhwPb) NL NRZR[UWZR[ DWLZPVTL_L QP_TRcR NZP scUhWZLTTL-c^VUDLx 
QDRZhU Q LQwPccbwPUx DMLcX QW�hR Mcb ZRkcPVT�� ZUqP[LD `Lh^QPZLDhP:  

� – NUZU`Lh^QPZLDRTT�x; � – LQWZ�x `Lh^Q; � – TUML`Lh^QPZLDRTT�x 
 

�+����9� %�������#. ~LMUcX LQTLDRTR TR QL-
D[UQWTL[ ZU�UTPP WUNcLDLx P _PMZLMPTR[PVUQhLx 
kRMRVP LyWUhRTPb qPMhP[ [UWRccL[ hRTRcR NZLNcRD-
cUTPb D WZU�[UZTLx NLQWRTLDhU. vRQQ[LWZP[ LQTLD-
T�U ^ZRDTUTPb Mcb ZRQVUWLD [1; 8]. 

lUVUTPU qPMhL_L [UWRccR LNPQ�DRUWQb ^ZRDTU-
TPb[P TUNZUZ�DTLQWP P MDPqUTPb Mcb TUQqP[RU[Lx 
qPMhLQWP D NLMDPqTLx QPQWU[U hLLZMPTRW: 

 0,u� �
�  (1) 

 � � 2Ï Ï Î ,u u u u P F
t

�
	 �� � �� 
� 	

�

� � � �  (2) 

_MU � – NcLWTLQWX; u�  – DUhWLZ QhLZLQWP WUVUTPb ZRQ-
NcRDR; � – MPTR[PVUQhRb DbkhLQWX; P – MRDcUTPU; F – 
QcR_RU[LU, NZUMQWRDcUTTLU D DPMU 

 � � Ñâ3
1

Ï Ò Ï ,L
ref

L

f uF g T T C u V
xf B

 �
 �
� 
 
 	� �� � �	� �

��  (3) 

_MU g – ^QhLZUTPU QDLyLMTL_L NRMUTPb; � – hLs``PwP-
UTW WUZ[PVUQhL_L ZRQ�PZUTPb; T – RyQLc�WTRb WU[NU-
ZRW^ZR; Tref – PQ�LMTRb WU[NUZRW^ZR, NZPTbWRb hRh 
WU[NUZRW^ZR QLcPM^QR (TS); VQD – QhLZLQWX QDRZhP. 

KUZD�x VcUT ^ZRDTUTPb NZUMQWRDcbUW WUZ[L_ZRDP-
WRwPLTT^� hLTDUhwP�, DWLZLx VcUT ^ZRDTUTPb NZUM-
QWRDcbUW MPQQPNRwP� sTUZ_PP D MD^�`RkTLx kLTU  
D QLLWDUWQWDPP Q ^ZRDTUTPU[ zRZ[RTR–zLkUTP [9; 10], 
_MU B – TUyLcX�Rb D�VPQcPWUcXTRb NLQWLbTTRb – DDU-
MUTR Mcb PkyU_RTPb MUcUTPb TR TLcX; C – hLTQWRTWR 
^V�WR [LZ`LcL_PP MD^�`RkTLx kLT� (D MRTT�� PQQcU-
MLDRTPb� PQNLcXkLDRcRQX DUcPVPTR, ZRDTRb 1,6·104 [10]); 
fL – qPMhRb QLQWRDcb��Rb [11]: 

 � � � �
1                                 

   
0                                

,

,

,

L

L S L S S L

S

T T
f T T T T T T T

T T

��
�� 
 
 � ��
� ��

 (4) 

_MU TL P TS  – WU[NUZRW^ZR cPhDPM^QR P QLcPM^QR QLLW-
DUWQWDUTTL. 

KLQcUMTPx VcUT ^ZRDTUTPb (3) LNPQ�DRUW MDPqU-
TPU kR_LWLDhP LWTLQPWUcXTL scUhWZLTTL_L N^VhR. 

vRQNZUMUcUTPU WUNcLDLx sTUZ_PP PQWLVTPhR D kR-
_LWLDhU [LqUW y�WX LNPQRTL Q NL[L�X� MP``UZUT- 
wPRcXTL_L ^ZRDTUTPb NUZUTLQR sTUZ_PP: 
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2 2 2

2 2 2 ,
T T T T T Qa u
t x cx y z

 �� � � � �
� � 	 	 	 	� �� �� � �� � �� �

 (5) 

_MU T – RyQLc�WTRb WU[NUZRW^ZR; Ð Ïeffa C� �  –  
hLs``PwPUTW WU[NUZRW^ZLNZLDLMTLQWP; u – QhLZLQWX 
WUVUTPb ZRQNcRDR; c – WUNcL�[hLQWX; � – NcLWTLQWX;  
Q – NLMDLMP[Rb WUNcLDRb [L�TLQWX. 

$hZ�WRb WUNcLWR NcRDcUTPb P hZPQWRccPkRwPP 
^VPW�DRcRQX DDUMUTPU[ s``UhWPDTLx WUNcLU[hLQWP   

 

2

0
exp[ (( ) / ( )) ]

,
( )
melt L S

eff f
L S

T T T T
� � H

T T

 
 


� 	
� 


 (6) 

_MU �0 – WUNcLU[hLQWX D kRDPQP[LQWP LW WU[NUZRW^Z�; 
Hf – QhZ�WRb WUNcLWR NcRDcUTPb; Tmelt – WU[NUZRW^ZR 
NcRDcUTPb, hLWLZRb NZPTbWR QZUMTUx D PTWUZDRcU  
LW WU[NUZRW^Z� QLcPM^QR ML cPhDPM^QR. 

�R DUZ�TUx NLDUZ�TLQWP QDRZLVTLx DRTT� P TR 
QWUThR� hRTRcR NZLNcRDcUTPb MUxQWD^UW s``UhW  
~RZRT_LTP. �cb sWP� NLDUZ�TLQWUx D NZLUhwPb�  
TR LQP X, Y P Z  [LqTL kRNPQRWX [12–15]: 

 
     

               

L L

L

u d T v d Tf f
z dT x z dT y

w d Tf
z dT z

� � � � � �
� � � �
� � � �

� � �
� �
� �

; ;

,

 (7) 

_MU u, v, w – hL[NLTUTW� QhLZLQWP DMLcX LQUx X, Y P Z 
QLLWDUWQWDUTTL; � – MPTR[PVUQhRb DbkhLQWX; fL – qPM-
hRb QLQWRDcb��Rb; d dT�  – WU[NUZRW^ZT�x hLs``P-
wPUTW NLDUZ�TLQWTL_L TRWbqUTPb; T – RyQLc�WTRb 
WU[NUZRW^ZR. 

��3%"'���9. �R ZPQ. 3 NZUMQWRDcUT� shQNUZP[UT-
WRcXT�U P ZRQV�WT�U QUVUTPb QDRZT�� �DLD NZP QDRZ-
hU Q NZLMLcXTLx LQwPccbwPUx Mcb ZRkcPVT�� ZUqP[LD 
`Lh^QPZLDhP. 

�hQNUZP[UTWRcXT�U P ZRQV�WT�U MRTT�U Mcb LQW-
ZL_L `Lh^QR P NUZU`Lh^QPZLDRTTL_L ZUqP[R �LZL�L 
QL_cRQ^�WQb. vRkcPVPb [UqM^ ZRQV�WR[P P shQNUZP-

[UTWL[ Mcb NUZU`Lh^QPZLDRTTL_L ZUqP[R D�kDRT� 
L�PyhR[P NZP LNZUMUcUTPP _c^yPT� hRTRcR NZLNcRD-
cUTPb. 

KZLDUMUT RTRcPk kTRVP[LQWP DcPbTPb ZRkcPVT�� 
`RhWLZLD TR `LZ[PZLDRTPU _UL[UWZPP NZLNcRDcUTPb 
P TR DUZLbWTLQWX `LZ[PZLDRTPb MU`UhWLD NZP scUh-
WZLTTL-c^VUDLx QDRZhU Q LQwPccbwPUx scUhWZLTTL_L 
N^VhR. �MTLx Pk NZPVPT QNUwP`PVUQhLx `LZ[� NZL-
NcRDcUTPb Q ^�PZUTPU[ D DUZ�TUx VRQWP bDcb�WQb 
hLTDUhWPDT�U bDcUTPb D qPMhLx `RkU (�RZRhWUZT�U 
kTRVUTPb VPQUc ~RZRT_LTP P vscUb QLQWRDPcP 5Ó103  
P 2Ó103). }TWUTQPDTLQWX sWP� bDcUTPx kRDPQPW LW ZRQ-
NZUMUcUTPb DDLMP[Lx sTUZ_PP D hRTRcU NZLNcRDcUTPb 
P, hRh QcUMQWDPU, LW ZUqP[R `Lh^QPZLDhP. jQWRTLDcU-
TL, VWL PTWUTQPDTLQWX hLTDUhWPDT�� WUVUTPx, Ly^-
QcLDcUTT�� s``UhWL[ ~RZRT_LTP, NLD��RUWQb NZP 
NUZU�LMU LW TUML`Lh^QPZLDRTTL_L ZUqP[R h NUZU`L-
h^QPZLDRTTL[^. }TWUTQPDTLQWX WUZ[L_ZRDPWRwPLTTLx 
hLTDUhwPP NZP sWL[ TUQhLcXhL QTPqRUWQb. 

)9��/9. ~RWU[RWPVUQhRb [LMUcX NLkDLcbUW  
NZLRTRcPkPZLDRWX DcPbTPU NRZR[UWZLD LQwPccbwPx TR 
_UL[UWZP� �DLD VUZUk Pk^VUTPU DcPbTPb _UL[UWZPP 
hRTRcR TR WUNcL[RQQLNUZUTLQ D qPMhLx DRTTU. 

~UWLMPhR, LNPQRTTRb D QWRWXb� [4; 5], [LqUW y�WX 
PQNLcXkLDRTR Mcb LNZUMUcUTPb _UL[UWZPP hRTRcR NZL-
NcRDcUTPb. 

&"�>�/����+��. vRyLWR D�NLcTbcRQX NZP NLMMUZqhU 
_ZRTWLD vLQQPxQhL_L `LTMR `^TMR[UTWRcXT�� PQQcUMLDR-
TPx vYY} ´ 13-08-00397, 14-08-96008 P NZP `PTRT-
QLDLx NLMMUZqhU ~PTPQWUZQWDR LyZRkLDRTPb P TR^hP 
vLQQPxQhLx YUMUZRwPP D ZR[hR� yRkLDLx VRQWP _LQ^-
MRZQWDUTTL_L kRMRTPb (NZLUhW ´ 01201460538). 
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2���+� �"&������&��� ������$�!�� (BB�) $��'+����( � ��#�%����� ���%����� ���# ����&��#  
� ���&��# �����"��� �� ���	������!�� )���� ���%�����. � �������� ���� ��� �	���%��� ���%����� 
)���������# �����+����# � )��'!�����# ���	����� �( BB� � ��/���������� ��	�������� (� +�����-
���, �� ��$� ���	����� )��'!�����# ��	������, 	�( +����! (PSO), �����	��!��&��� )��'!�� � �	.).  
� �� %� �	��(, ������ �	����+����� $���+� ������$�!�� +���� ����	%�� ��	������� �����&��# 	�$��# 
�����, ��'+�( !��+�������, 	�������, ����	��� � �	. � ����� �"+�� ��	������� ��	����(��( � ������� 
���"' �$ *��, ���+�� ����&$"���( ����	��� �	���������� 	�*����. 3 ��%����', ������( �������+�� 
)���������# ���#���� �( BB� � ����	��� �	����������� �� �	���%���. �"/����"'/�� 	�*���( � ��-
������ ��$�	"'��( �� ��/�# ���(# ������ ��* (niching). ���� ����, ��$������ �	����� ����	� ���#��(/�-
�� ���	���� � ������ ����	���� ��� ��	����	�� ��� ����	���"' $���+" BB�. 9	���%�� ����� ���#��, 
���������� �� ����)�	������ �( ����	����( ������+������ ���	����, ��'+�'/��� ������ ��	������ 
������. 9	���%����� ���#�� ��$��(�� "�	��(�& �$������������� �����&��# ��������# ���	����� (	�$-
��# ������+����# ���	����� �( BB�) � ������+����� ����������"	�	"���� 	�*���� $���+� � ��	��	� ��-
�$������� ��	"��"	�� (������$�!�( «+�	���� (/���»). 9	��������� 	�$"&���� +������# )����	������� 
� �	������� � �	"���� �$�������� ���#����� �� ���%����� �	���!�����# �������# $���+ BB� � $���+�#, 
�	���%����# �� ����"	�� �� BB� � 	����# �����	��!�� CEC’2013. 9	���%����� ���#�� �������	�	"�� 
)�����������& "+*"', +�� ������	���� ���#���, ���������� �� ���� ��*, � �	�����"' � ���	�������� 
"����	*������������� ���	������. ����������&' � �	���"/������ �	���%������ ���#��� (�(���( ��, 
+�� �� �� �	��"�� �	���+���( ��������&��# )����	���# $�����, ��� ��� 	������� � ��������$�	����-
���, ����������"	�	"���� 	�%���. 
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SELF-CONFIGURING ENSEMBLE OF GENETIC ALGORITHMS  

FOR MULTIMODAL OPTIMIZATION PROBLEMS 
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Multimodal optimization (MMO) is the problem of finding a set of all global and local optima or a good approxima-
tion of that set. In recent years many efficient nature-inspired and evolutionary techniques (based on ES, PSO, DE and 
others) have been proposed for real-valued problems. At the same time, many real-world problems contain variables of 
many different types, including integer, rank, binary and others. In this case, the weakest representation (namely binary 
representation) is used. Unfortunately, there is a lack of efficient approaches for problems with binary representation. 
Existing techniques are usually based on general ideas of niching. Moreover, there exists the problem of choosing  
a suitable algorithm and fine tuning it for a certain problem. In this study, a novel approach based on a metaheuristic 
for designing multi-strategy genetic algorithm is proposed. The approach controls the interactions of many search tech-
niques (different genetic algorithms for MMO) and leads to the self-configuring solving of problems with a priori  
unknown structure (“black-box” optimization). The results of numerical experiments and of comparison with other 
popular techniques for classical benchmark problems and benchmark problems from the CEC’2013 competition on 
MMO are presented. The proposed approach has demonstrated efficiency better than standard niching techniques and 
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comparable to modern advanced algorithms. The main feature and advantage of the approach is that it does not require 
the participation of the human-expert, because it operates in an automated, self-configuring way. 

 
Keywords: multimodal optimization, self-configuration, genetic algorithm, metaheuristic, niching. 
 
)��/����. ~TL_PU NZPhcRMT�U kRMRVP LNWP[PkR-

wPP P[U�W yLcUU LMTL_L LNWP[RcXTL_L ZU�UTPb, PcP 
Q^�UQWD^UW LMPT _cLyRcXT�x LNWP[^[ P [TLqUQWDL 
cLhRcXT�� LNWP[^[LD D MLN^QWP[Lx LycRQWP NZL-
QWZRTQWDR NLPQhR. lRhPU kRMRVP LNWP[PkRwPP TRk�DR-
�WQb [TL_LshQWZU[RcXT�[P PcP [^cXWP[LMRcXT�[P. 
¿UcX kRMRVP [^cXWP[LMRcXTLx LNWP[PkRwPP (~~�) – 
TRxWP [TLqUQWDL DQU� _cLyRcXT�� P cLhRcXT�� LNWP-
[^[LD PcP ZUNZUkUTWRWPDT^� RNNZLhQP[RwP� sWL_L 
[TLqUQWDR. 

�DLc�wPLTT�U Rc_LZPW[� (��) D wUcL[ P _UTUWP-
VUQhPU Rc_LZPW[� (I�) D VRQWTLQWP MU[LTQWZPZ^�W 
D�QLh^� s``UhWPDTLQWX Mcb [TL_P� QcLqT�� kRMRV 
LNWP[PkRwPP. �� P I� s``UhWPDT� P NZP ZU�UTPP 
[TL_LshQWZU[RcXT�� kRMRV, WRh hRh PQNLcXk^�W QWL-
�RQWPVUQhPx NLN^cbwPLTT�x NLPQh D[UQWL NLQcUML-
DRWUcXTL_L ^c^V�UTPb UMPTQWDUTTL_L ZU�UTPb. J WL 
qU DZU[b WZRMPwPLTT�U �� P I� P[U�W WUTMUTwP� 
Q�LMPWXQb h c^V�U[^ TRxMUTTL[^ ZU�UTP� P WUZb�W 
ZRkTLLyZRkPU NLN^cbwPP. 

J NLQcUMTPU _LM� kRMRVR ~~� QWRTLDPWQb yLcUU 
NLcbZTLx, y�cL NZUMcLqUTL [TLqUQWDL s``UhWPDT�� 
yPLTPVUQhP� P sDLc�wPLTT�� NLM�LMLD Mcb ~~�. 
KZRhWPVUQhP DQU Rc_LZPW[� NLQWZLUT� TR PMUU NLM-
MUZqhP ZRkTLLyZRkPb NLN^cbwPP, TL LWcPVR�WQb QNL-
QLyR[P PQQcUMLDRTPb NZLQWZRTQWDR NLPQhR, LyTRZ^-
qUTPb P PMUTWP`PhRwPP LycRQWUx NZPWbqUTPb LNWP-
[^[LD. �R QU_LMTb�TPx MUTX yLcX�PTQWDL Rc_LZPW-
[LD P TRPc^V�PU ZUk^cXWRW� NLc^VUT� Mcb kRMRV 
~~� Q DU�UQWDUTT�[P NUZU[UTT�[P [1]. �QTLDTRb 
NZPVPTR – c^V�UU NLTP[RTPU P PQNLcXkLDRTPU 
QDLxQWD cRTM�R`WR wUcUDLx `^ThwPP D DU�UQWDUTTL[ 
NZLQWZRTQWDU NLPQhR. J PWL_U, y�cL ZRkZRyLWRTL [TL-
qUQWDL �LZL�L LyLQTLDRTT�� sDZPQWPh. 

z QLqRcUTP�, [TL_PU NZRhWPVUQhPU kRMRVP ~~� 
Ly�VTL bDcb�WQb kRMRVR[P WPNR «VUZTL_L b�PhR», VWL 
kRWZ^MTbUW NZP[UTUTPU Rc_LZPW[LD ~~�. ]LcUU WL_L, 
[TL_PU NZRhWPVUQhPU kRMRVP LNWP[PkRwPP VRQWL  
QLMUZqRW NUZU[UTT�U TUQhLcXhP� ZRkT�� WPNLD, 
Dhc�VRb wUcLVPQcUTT�U, ZRT_LD�U, yPTRZT�U P MZ.  
J WRhL[ Qc^VRU NUZU[UTT�U NUZUDLMbWQb D TRPyLcUU 
QcRy^� Pk �hRc, Ly�VTL PQNLcXk^UWQb yPTRZTLU NZUM-
QWRDcUTPU ZU�UTPx. z QLqRcUTP�, QU_LMTb MLQWRWLVTL 
s``UhWPDT�� NLM�LMLD Mcb ~~� Q yPTRZT�[ NZUM-
QWRDcUTPU[ TU NZUMcLqUTL. $^�UQWD^��PU ZU�UTPb 
D LQTLDTL[ yRkPZ^�WQb TR Ly�P� PMUb� [UWLMR TP� 
(niching) P ZRkMUcUTPb NZP_LMTLQWP (fitness sharing). 
�DZPQWPhP Pk s``UhWPDT�� Rc_LZPW[LD Mcb ~~�  
Q DU�UQWDUTT�[ NZUMQWRDcUTPU[ ZU�UTPx TU [L_^W 
y�WX TRNZb[^� NZP[UTUT� Mcb kRMRV Q yPTRZT�[ 
NZUMQWRDcUTPU[ Pk-kR ZRkTLQWP QDLxQWD DU�UQWDUTTL-
_L P yPTRZTL_L NZLQWZRTQWD NLPQhR. 

J MRTTLx ZRyLWU NZUMcLqUT TLD�x NLM�LM, LQTL-
DRTT�x TR [UWRsDZPQWPhU Mcb NLQWZLUTPb _UTUWPVU-
QhL_L Rc_LZPW[R, Dhc�VR��U_L [TL_PU QWZRWU_PP NL-
PQhR. �QTLDTRb PMUb – QLkMRWX RTQR[ycX Pk TUQhLcX-
hP� ~~�-Rc_LZPW[LD P RMRNWPDTL ^NZRDcbWX P� 

DkRP[LMUxQWDPU[. lRhLx NLM�LM LyUQNUVPW QR[LhLT-
`P_^ZPZ^U[LU ZU�UTPU kRMRV ~~� Q RNZPLZP TUPk-
DUQWTLx QWZ^hW^ZLx. 

��+��#��� �++"�/�����( � �D"�+�� �. uRMR-
VR PMUTWP`PhRwPP [TL_P� shQWZU[^[LD Q^�UQWD^UW  
Q [L[UTWR NLbDcUTPb ��. J ZRTTP� ZRyLWR� LQLyUTTL-
QWP ~~� ^VPW�DRcPQX Mcb ^QPcUTPb QWRTMRZWT�� �� 
P I� NZP TR�LqMUTPP _cLyRcXTL_L LNWP[^[R D [^cX-
WP[LMRcXTLx QZUMU. 

$U_LMTb kRMRVR ~~� P[UUW hRh [PTP[^[ 3 NLQWR-
TLDhP [2]: 

– NLPQh UMPTQWDUTTL_L (_cLyRcXTL_L) LNWP[^[R 
[TL_LshQWZU[RcXTLx kRMRVP; 

– NLPQh DQU� _cLyRcXT�� LNWP[^[LD; 
– NLPQh DQU� LNWP[^[LD (_cLyRcXT�� P cLhRcX-

T��) PcP P� ZUNZUkUTWRWPDTL_L NLM[TLqUQWDR. 
�VUDPMTL, VWL 2 P 3 NLQWRTLDhP yLcUU PTWUZUQT� 

hRh Q WULZUWPVUQhLx, WRh P NZRhWPVUQhLx WLVUh kZUTPb. 
}TWUZUQ h ~~� D NLQcUMTUU MUQbWPcUWPU Q^�UQWDUT-
TL NLD�QPcQb. KLQcUMTPU MLQWPqUTPb D sWLx LycRQWP 
D LQTLDTL[ Q`Lh^QPZLDRT� TR kRMRVU NLPQhR [TL_P� 
LNWP[^[LD kRMRVP, NZUMcLqUTL yLcX�LU hLcPVUQWDL 
ZRkcPVT�� s``UhWPDT�� sDZPQWPh. J 2013 _LM^ QLQ- 
WLbcQb _cLyRcXT�x hLTh^ZQ NL ~~� D ZR[hR� ~Uq-
M^TRZLMTLx hLT`UZUTwPP IEEE CEC’13 [3], _MU y�cP 
Q`LZ[^cPZLDRT� WUQWLD�U kRMRVP, WZUyLDRTPb Mcb 
QZRDTUTPb s``UhWPDTLQWP Rc_LZPW[LD ~~� P NZUM-
QWRDcUT� QLDZU[UTT�U NLM�LM� h ZU�UTP� QcLqT�� 
kRMRV ~~�. 

$NPQLh TRPyLcUU NLN^cbZT�� P �LZL�L PQQcUML-
DRTT�� NLM�LMLD Dhc�VRUW [1; 4; 5]: 

1) yRkLD�U sDZPQWPhP: 
– NRZRccUcXT�x P NLQcUMLDRWUcXT�x [UWLM TP� 

(niching); 
– ZRkMUcUTPU NZP_LMTLQWP (fitness sharing), [UWLM 

«LVPQWhP» NLN^cbwPP (clearing) P [UWLM TP�, LQTL-
DRTT�x TR hcRQWUZPkRwPP (Qluster-based niching); 

– hLTWZLcX QhLNcUTPb (crowding); 
– W^ZTPZTRb QUcUhwPb Q L_ZRTPVUTPU[ (restricted 

tournament selection (RTS)); 
– L_ZRTPVUTPU QNRZPDRTPb (mating restriction); 
– QL�ZRTUTPU LQLyUx (species conservation); 
2) QNUwPRcXT�U NLM�LM�: 
– [UWLM TP� Q cLhRcXT�[ NLPQhL[ (niching 

memetic algorithm); 
– [TL_LTRwPLTRcXTRb [LMUcX �� (multinational 

EA); 
– MD^�hZPWUZPRcXT�x �� Mcb ~~� (bi-objective 

MMO EA); 
– �� Mcb ~~� Q PQNLcXkLDRTPU[ hcRQWUZPkRwPP 

(clustering-based MMO EA); 
– NLN^cbwPLTT�x [UWLM TP� (population-based 

niching); 
– WLNLcL_PVUQhPU Rc_LZPW[� (topological 

algorithms); 
3) MZ^_PU yPLTPVUQhPU Rc_LZPW[�, [LMP`PwPZL-

DRTT�U Mcb ZU�UTPb kRMRV ~~�: [UWLM ZLb VRQWPw 
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(PSO), sDLc�wPLTT�U QWZRWU_PP (ES), MP``UZUTwP-
RcXTRb sDLc�wPb (DE), Rc_LZPW[ [^ZRDXPTLx hLcLTPP 
(ant colony optimization) P MZ. 

9	���+����. �RcUU D QWRWXU y^M^W PQNLcXkLDRWXQb LZP-
_PTRcXT�U TRkDRTPb NLM�LMLD P Rc_LZPW[LD P P� QNUwP`PV-
T�� NRZR[UWZLD TR RT_cPxQhL[ bk�hU, WRh hRh TU DQU TRkDR-
TPb P[U�W hL[NRhWT�x NUZUDLM, QL�ZRTb��Px PQ�LMT�x 
Q[�Qc, R Ly�UNZPTbWLx WUZ[PTLcL_PP TR Z^QQhL[ bk�hU 
NLhR TUW.  

]PTRZT�U P yPTRZPkLDRTT�U kRMRVP ~~� Ly�VTL 
ZU�R�WQb Q NL[L�X� I�, PQNLcXk^��P� yRkLD�U 
sDZPQWPhP. �UhLWLZ�U QNUwPRcXT�U NLM�LM� NZP[U-
Tb�WQb, TL VRQWL P� QDLxQWDR D yPTRZTL[ NZLQWZRTQW-
DU NLPQhR WUZb�WQb. z QLqRcUTP�, [TL_PU s``UhWPD-
T�U yPLTPVUQhPU Rc_LZPW[� Mcb ~~� TU P[U�W  
yPTRZTLx [LMP`PhRwPP P TU [L_^W y�WX yUk NLWUZX 
NZULyZRkLDRT� Mcb kRMRV Q yPTRZT�[ NZUMQWRDcUTPU[ 
ZU�UTPx. 

}QQcUMLDRTPb D LycRQWP ~~� NLhRk�DR�W, VWL  
TR WUh^�Px [L[UTW TU NZUMcLqUTL ^TPDUZQRcXTL_L 
NLM�LMR, hLWLZ�x y� s``UhWPDTL QNZRDcbcQb Q NZLPk-
DLcXT�[P (PcP �LWb y� [TL_P[P) kRMRVR[P ~~�. 
~TL_PU PQQcUMLDRWUcP NZUMNLVPWR�W ZRkZRyRW�DRWX 
_PyZPMT�U Q�U[�, hLWLZ�U Ly�UMPTb�W NLPQhLD�U 
Rc_LZPW[� P ZRkcPVT�U sDZPQWPhP Mcb ^c^V�UTPb 
[UWLMR TP�. J hRVUQWDU NZP[UZR [LqTL NZPDUQWP  
4 Rc_LZPW[R-NLyUMPWUcb Q hLTh^ZQR NL ~~�  
CEC’13: 

– Niching the CMA-ES via Nearest-Better Clustering 
(NEA2);  

– A Dynamic Archive Niching Differential Evolution 
algorithm (dADE/nrand/1;  

– CMA-ES with simple archive (CMA-ES); 
– Niching Variable Mesh Optimization algorithm (N-

VMO) [6]. 
�Z^_Lx NLM�LM – hL[yPTRwPb [TL_P� ~~�-

Rc_LZPW[LD, hLWLZ�U ZU�R�W kRMRV^ NRZRccUcXTL, 
Ly[UTPDR�WQb PTMPDPMR[P P LyLy�R�W ZUk^cXWRW�.  
J [7] NZP[UTbUWQb LQWZLDTRb [LMUcX, D hLWLZLx LQWZL-
DR PWUZRWPDTL NUZULNZUMUcb�WQb D kRDPQP[LQWP  
LW _UTUWPVUQhLx ycPkLQWP PTMPDPMLD. J [8] VUW�ZU 
Rc_LZPW[R TR yRkU [UWLMR TP� ZRyLWR�W NRZRccUcXTL 
P NZLPkDLMbW NLWL[hLD, hLWLZ�U QLyPZR�WQb D Ly�Px 
N^c Mcb ZURcPkRwPP �R_R kR[U�UTPb. J [9] RTRcL_PV-
TRb Q�U[R ZURcPkLDRTR Q Rc_LZPW[L[ «LVPQWhP». 

zLTwUNwPb NZLUhWPZLDRTPb Rc_LZPW[R ~~� D DP-
MU RTQR[ycb bDcbUWQb DUQX[R NUZQNUhWPDTLx. ~UWRsD-
ZPQWPhR, hLWLZRb Dhc�VRUW ZRkcPVT�U NLM�LM� Mcb 
~~� (ZRkcPVT�U QWZRWU_PP NLPQhR), MLcqTR QNZRD-
cbWXQb Q ZRkcPVT�[P WPNR[P kRMRV ~~�. lRhRb [UWR-
sDZPQWPhR [LqUW y�WX QR[LhLT`P_^ZPZ^U[Lx kR QVUW 
RMRNWPDTL_L ^NZRDcUTPb DkRP[LMUxQWDPU[ Rc_LZPW[LD 
D NZLwUQQU ZRyLW�. 

J [10] y�c NZUMcLqUT QR[LhLT`P_^ZPZ^U[�x _U-
TUWPVUQhPx Rc_LZPW[ TR yRkU [TL_P� QWZRWU_Px NLPQ-
hR, bDcb��PxQb _PyZPML[ LQWZLDTLx [LMUcP hLTh^-
ZPZ^��Ux P hLLNUZRwPLTTLx hLsDLc�wPP. KLM�LM 
LQTLDRT TR NRZRccUcXTLx P TUkRDPQP[Lx ZRyLWU [TL-
_P� ZRkcPVT�� I�, ZURcPk^��P� ZRkcPVT�U QWZRWU-
_PP NLPQhR. lRhLx NLM�LM NLkDLcbUW ZU�RWX kRMRVP 
LNWP[PkRwPP Q ZRkcPVT�[P QDLxQWDR[P (D ZR[hR� LN-
ZUMUcUTTL_L hcRQQR kRMRV). KLM�LM NZLMU[LTQWZPZL-
DRc �LZL�PU ZUk^cXWRW� Mcb kRMRV [TL_LhZPWUZPRcX-
TLx P TUQWRwPLTRZTLx LNWP[PkRwPP. 

�������!�>%���%��9( ��+��D"' $� �.  
J LycRQWP NZPhcRMTLx QWRWPQWPhP P [R�PTTL_L Ly^-
VUTPb VRQWL PQNLcXk^UWQb [UWLM RTQR[ycUx Rc_LZPW-
[LD Mcb NLD��UTPb TRMUqTLQWP NZPTbWPb ZU�UTPx.  
J QZUMTU[ hLccUhWPDTLU ZU�UTPU Pk VRQWT�� ZU�U-
TPx [TL_P� Rc_LZPW[LD MRUW c^V�PU ZUk^cXWRW�, VU[ 
NLc^VUTT�U LW TP� NL LWMUcXTLQWP. �W^ hLTwUNwP� 
[LqTL NZP[UTPWX P Mcb yPLTPVUQhP� Rc_LZPW[LD,  
P, D VRQWTLQWP, Mcb I�. �QTLDTRb PMUb – Dhc�VPWX  
D RTQR[ycX ZRkT�U QWZRWU_PP NLPQhR P LZ_RTPkLDRWX 
s``UhWPDTLU ^NZRDcUTPU P� DkRP[LMUxQWDPU[. �QTLD- 
TRb _PNLWUkR – ZRkcPVT�U I� ^VPW�DR�W ZRkcPVT�U 
LQLyUTTLQWP kRMRV LNWP[PkRwPP P NZUMTRkTRVUT� Mcb 
NZULMLcUTPb ZRkcPVT�� WZ^MTLQWUx D �LMU ZRyLW�. 
JUZLbWTLQWX WL_L, VWL DQU I� TU QNZRDbWQb Q TUhLWL-
ZLx QPW^RwPUx DL DZU[b ZU�UTPb kRMRVP, hZRxTU TPk-
hR. ]LcUU WL_L, DkRP[LMUxQWDPU Rc_LZPW[LD [LqUW 
LyUQNUVPWX RTQR[ycX TLD�[P QDLxQWDR[P, hLWLZ�U 
LWQ^WQWD^�W ^ VRQWT�� Rc_LZPW[LD (QPTUZ_UWPVUQhPx 
s``UhW). 

$WZ^hW^ZR QR[LhLT`P_^ZPZ^U[L_L I� TR yRkU 
[TL_P� QWZRWU_Px NLPQhR, NZUMcLqUTTL_L D [10], 
NZUMQWRDcUTR TR ZPQ. 1. �y�Rb Q�U[R [UWRsDZPQWPhP 
LyLkTRVRUWQb hRh Self*GA, _MU QP[DLc kDUkM� kR[U- 
TbUWQb TR QQ�ch^ TR hLThZUWT�x hcRQQ kRMRV LNWP[P-
kRwPP NZP `LZ[PZLDRTPP hLccUhWPDR I�. 

 

 
 

vPQ. 1. �y�Rb Q�U[R Self*GA 
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�y�Px ZRk[UZ NLN^cbwPP TRk�DRUWQb D�VPQcP-
WUcXT�[ ZUQ^ZQL[. vUQ^ZQ ZRQNZUMUcbUWQb [UqM^ Rc-
_LZPW[R[P, hLWLZ�U ZRyLWR�W NRZRccUcXTL P TUkRDP-
QP[L D WUVUTPU LNZUMUcUTTL_L VPQcR NLhLcUTPx (hL-
WLZLU TRk�DRUWQb «NUZPLM RMRNWRwPP»). KLQcU ZRQ-
NZUMUcUTPb ZUQ^ZQLD hRqM�x I� D QLQWRDU RTQR[ycb 
P[UUW QDL� QLyQWDUTT^� NLN^cbwP�, TU NUZUQUhR�-
�^�Qb Q NLN^cbwPb[P MZ^_P� I�. KZP PTPwPRcPkR-
wPP DQU Rc_LZPW[� NLc^VR�W ZRDT�U NLZwPP D�VPQ-
cPWUcXTL_L ZUQ^ZQR. �WR hLTwUNwPb QLLWDUWQWD^UW 
LQWZLDTLx [LMUcP I�, _MU hRqM�x LQWZLD ZURcPk^UW 
QDL� QLyQWDUTT^� QWZRWU_P� NLPQhR. 

KL LhLTVRTPP RMRNWRwPLTTL_L NUZPLMR LwUTPDR-
�WQb NLhRkRWUcP s``UhWPDTLQWP VRQWT�� Rc_LZPW[LD, 
Rc_LZPW[� ZRTqPZ^�WQb. I�, NLhRkRD�PU yLcUU D�-
QLh^� s``UhWPDTLQWX, ^DUcPVPDR�W QDLx D�VPQcP-
WUcXT�x ZUQ^ZQ (ZRk[UZ� QDLP� NLN^cbwPx) kR QVUW 
[UTUU s``UhWPDT�� Rc_LZPW[LD. J WL qU DZU[b DQU 
Rc_LZPW[� P[U�W LNZUMUcUTTLU hLcPVUQWDL ZUQ^ZQR, 
hLWLZLU TU NUZUZRQNZUMUcbUWQb, VWLy� MRWX �RTQ [U-
TUU s``UhWPDT�[ Rc_LZPW[R[ NZLbDPWX QUyb D y^M^-
�U[ D MZ^_P� QPW^RwPb�. �WR hLTwUNwPb QLLWDUWQWD^-
UW hLTh^ZPZ^��Ux hLsDLc�wPP. 

�RcUU D�NLcTb�WQb Qc^VRxT�U [P_ZRwPP PTMPDP-
MLD, VWLy� ^ZRDTbWX QWRZWLD�U NLkPwPP Rc_LZPW[LD 
TR QcUM^��Px NUZPLM RMRNWRwPP. J kRDPQP[LQWP  
LW LNWP[PkRwPLTTLx kRMRVP, WRhPU [P_ZRwPP [L_^W 
y�WX MUWUZ[PTPZLDRTT�U, LQTLDRTT�U TR LNUZRWLZU 
QUcUhwPP PcP Qc^VRxT�U. �WR hLTwUNwPb QLLWDUWQWD^-
UW hLLNUZRWPDTLx hLsDLc�wPP. 

�RTT�x NLM�LM NLkDLcbUW PkyRDPWXQb LW TULy�L-
MP[LQWP D�yLZR NLM�LMb�Ux QWZRWU_PP NLPQhR NLM 
hLThZUWT^� kRMRV^ LNWP[PkRwPP, WRh hRh D�yLZ c^V-
�P� Rc_LZPW[LD NZLPQ�LMPW RDWL[RWPVUQhP D NZLwUQ-
QU NLPQhR. 

�TRcL_PVTL [LqTL NLQWZLPWX RTQR[ycX Mcb kRMRV 
~~�. lRhLx Rc_LZPW[ [LqUW y�WX TRkDRT 
SelfMMOGA (MMO – multimodal optimization).  
�R NUZDL[ sWRNU LNZUMUcb�WQb PTMPDPM^RcXT�U Rc_L-
ZPW[�, Dhc�VUTT�U D QLQWRD RTQR[ycb. J MRTTLx ZR-
yLWU PQNLcXk^�WQb �UQWX yRkLD�� NLM�LMLD, hLWLZ�U 
�LZL�L PQQcUMLDRT� [1; 11] P [L_^W NZP[UTbWXQb Mcb 
kRMRV Q yPTRZT�[ NZUMQWRDcUTPU[. ~LWPDRwPb WRhL_L 
D�yLZR: UQcP SelfMMOGA s``UhWPDUT Q RTQR[ycU[ 
yRkLD�� Rc_LZPW[LD, WL D y^M^�U[ Rc_LZPW[ [LqTL 
^QPcPWX yLcUU QLDUZ�UTT�[P NLM�LMR[P. 

�c_LZPW[� P P� QNUwP`PVT�U NRZR[UWZ� NZUM-
QWRDcUT� D WRyc. 1. �cb kTRVUTPx NRZR[UWZLD ZRMP^-
QLD P ZRQQWLbTPx PQNLcXk^UWQb [UWZPhR ¾U[[PT_R Mcb 
kRMRV Q yPTRZT�[ NZUMQWRDcUTPU[ P UDhcPMLDR [UW-
ZPhR – Mcb DU�UQWDUTT�� NUZU[UTT��. 

KUZPLM RMRNWRwPP bDcbUWQb TRQWZRPDRU[�[ NRZR-
[UWZL[ Rc_LZPW[R, U_L kTRVUTPU kRDPQPW LW L_ZRTPVU-
TPx TR D�VPQcPWUcXT�x ZUQ^ZQ (VPQcL D�VPQcUTPx 
`^ThwPP NZP_LMTLQWP). 

JRqT�[ [L[UTWL[ D c�yLx hLsDLc�wPLTTLx Q�U-
[U bDcbUWQb QNLQLy LwUThP s``UhWPDTLQWP LWMUcXT�� 
Rc_LZPW[LD. �cb kRMRV ~~� hZPWUZPP MLcqT� Dhc�-
VRWX LwUTh^ hLcPVUQWDR TRxMUTT�� LNWP[^[LD P WL, 
hRh NLN^cbwPb ZRQNZUMUcUTR D NZLQWZRTQWDU NLPQhR.  
z QLqRcUTP�, �LZL�PU [UWZPhP NZUMcLqUT� WLcXhL 
Mcb WUQWLD�� kRMRV ~~�, D hLWLZ�� VPQcL LNWP[^-
[LD P P� �RZRhWUZPQWPhP PkDUQWT�. $NLQLy� LwUThP 
s``UhWPDTLQWP Mcb kRMRV ~~�, bDcb��P�Qb [LMU-
cX� «VUZTL_L b�PhR», ML QP� NLZ LyQ^qMR�WQb. �UhL-
WLZ�U ZUhL[UTMRwPP [LqTL TRxWP D [12]. J sWLx ZRyL-
WU PQNLcXk^�WQb QcUM^��PU hZPWUZPP. 

KUZDRb [UWZPhR – BR (Basin Ratio) LNZUMUcbUW 
VPQcL PMUTWP`PwPZLDRTT�� LycRQWUx NZPWbqUTPb 
LNWP[^[LD, hLWLZ�U TRxMUT� Ly�Ux NLN^cbwPUx 
(DQU[P PTMPDPMR[P DQU� Rc_LZPW[LD). ~UWZPhR  
TU WZUy^UW NZUMDRZPWUcXT�� kTRTPx Ly LNWP[^[R� 
kRMRVP, WRh hRh QWZLPWQb P� RNNZLhQP[RwPb D NZLwUQQU 
ZRyLW�. BR D�VPQcbUWQb QcUM^��P[ LyZRkL[: 

 BR( ) ,
lpop
k

�  (1) 

1
1min , ( , ) ,

i

k

i
i x pop

x z

l b x z
� �

�

� �
� �

� �  
� �
� !

" "  

1
0

, ( )
( , ) ,

,

if x basi n z
b x z

otherwise
��

� �
�

 

_MU pop – NLN^cbwPb LwUTPDRU[L_L I�; k – VPQcL 
PMUTWP`PwPZLDRTT�� LycRQWUx NZPWbqUTPb; l – PTMP-
hRWLZ NLhZ�WPb LycRQWP NZPWbqUTPb Rc_LZPW[L[;  
b – `^ThwPb, LNZUMUcb��Rb NLNRMRTPU PTMPDPMR  
D LycRQWX NZPWbqUTPb LNWP[^[R. 

�cb PQNLcXkLDRTPb [UWZPhP (1) TULy�LMP[L D�-
yZRWX QNLQLy PMUTWP`PhRwPP LycRQWUx NZPWbqUTPb 
LNWP[^[LD P LNZUMUcPWX `^ThwP� b(x,z). 

 
����!� 1 

�">�����9 � +�+���� SelfMMOGA � �2 ��������9 
 

�yLkTRVUTPU �c_LZPW[ KRZR[UWZ� 

Alg1 Clearing Clearing radius, Capacity of a niche 

Alg2 Sharing Niche radius, Ò 

Alg3 Clustering Number of clusters, min distance to centroid,  
max distance to centroid 

Alg4 Restricted Tournament Selection (RTS) Window size 

Alg5 Deterministic Crowding – 

Alg6 Probabilistic Crowding – 
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�cb DU�UQWDUTT�� kRMRV ~~� LycRQWP NZPWbqU-
TPb [L_^W y�WX LNZUMUcUT� Q NL[L�X� ZRkcPVT�� 
NZLwUM^Z hcRQWUZPkRwPP, TRNZP[UZ, Rc_LZPW[LD  
�qRDPQR–KRWZPhR, ycPqRx�U_L–c^V�U_L P MZ. [13].  
J MRTTLx ZRyLWU Mcb kRMRV ~~� Q yPTRZT�[ NZUM-
QWRDcUTPU[ PQNLcXk^UWQb QcUM^��Px NLM�LM. }QNLcX-
k^UWQb Ly�Rb NLN^cbwPb (Ly�UMPTUTPU NLN^cbwPx 
DQU� Rc_LZPW[LD SelfMMOGA). �cb hRqML_L PTMPDP-
MR ZRQQ[RWZPDRUWQb NZUMLNZUMUcUTTLU hLcPVUQWDL S 
U_L ycPqRx�P� QLQUMUx (D [UWZPhU ¾U[[PT_R). ¶QcP 
NZP_LMTLQWX D�yZRTTL_L PTMPDPMR c^V�U, LT NL[UVR-
UWQb hRh cLhRcXT�x LNWP[^[ P wUTWZ PMUTWP`PwPZL-
DRTTLx LycRQWP NZPWbqUTPb. �PQcL ycPqRx�P� QLQU-
MUx bDcbUWQb TRQWZRPDRU[�[ NRZR[UWZL[. �cb NZP-
hcRMT�� kRMRV kTRVUTPU [LqUW D�yPZRWXQb Pk NZRhWP-
VUQhP� QLLyZRqUTPx. KQUDMLhLM NZLwUM^Z� P[UUW 
QcUM^��Px DPM: 

Z=#; 
for all (x � �����_����	�
��) 
{ 
   for i=1,..,S 
      yi=�	�����_�����(x); 
   if (fitness(x) > fitness(yi)) for all yi  
   { 
      Z=Z+x; 
   }; 
}; 
Y^ThwPb b(x,z) LNZUMUcbUW, TR�LMPWQb cP PTMPDPM 

x D NZUMLNZUMUcUTTL[ ZRMP^QU LWTLQPWUcXTL wUTWZR 
LycRQWP NZPWbqUTPb z. vRMP^Q bDcbUWQb TRQWZRPDRU-
[�[ NRZR[UWZL[. J MRTTLx ZRyLWU ZRMP^Q LNZUMUcb-
UWQb hRh 

 total population sizeradius
k

�  (2) 

_MU k – VPQcL PMUTWP`PwPZLDRTT�� LycRQWUx NZPWb-
qUTPb ( k Z� ). 

JWLZRb [UWZPhR – SDNN (Sum of Distances to 
Nearest Neighbour) LNZUMUcbUWQb hRh Q^[[R ZRQQWLb-
TPx ML ycPqRx�P� QLQUMUx. �WLW hZPWUZPx TU WZUy^UW 
PT`LZ[RwPP Ly LNWP[^[R� P LycRQWb� NZPWbqUTPb  
P PQNLcXk^UWQb hRh �WZR` kR NLWUZ� ZRkTLLyZRkPb 
(hcRQWUZPkRwP� ZU�UTPx). ~UWZPhR SDNN [LqUW 
y�WX D�VPQcUTR QcUM^��P[ LyZRkL[: 

 
1

SDNN( ) ( , ),
pop size

nn i
i

pop d x pop
�

� "  (3) 

$ %
\{ }

( , ) min ( , ) ,nn i y pop x
d x pop dist x y

�
�  

_MU dnn – ZRQQWLbTPU ML ycPqRx�U_L QLQUMR; dist – [UW-
ZPhR ¾U[[PT_R. 

~UWZPhP BR P SDNN Ly�UMPTb�WQb D PTWU_ZRcX-
T�x hZPWUZPx K: 

 BR 1 SDNN( ) ( ) ( ),K pop pop� � � 	 
� �  (4) 

_MU SDNN  – TLZ[RcPkLDRTTLU kTRVUTPU SDNN; Ò LN-
ZUMUcbUW DUQ VRQWT�� hZPWUZPUD D Q^[[U ( 0 1[ , ]�� ). 

�RcUU TULy�LMP[L LNZUMUcPWX Q�U[^ NUZUZRQNZU-
MUcUTPb D�VPQcPWUcXTL_L ZUQ^ZQR: LNZUMUcb�WQb ZRk-
[UZ� NLN^cbwPx hRqML_L I� TR QcUM^��Px NUZPLM 
RMRNWRwPP. J MRTTLx ZRyLWU DQU Rc_LZPW[� LWMR�W 

Rc_LZPW[^-NLyUMPWUc� kRMRTT�x NZLwUTW ZRk[UZR 
QDLP� NLN^cbwPx Q ^VUWL[ [PTP[RcXTL _RZRTWPZLDRT-
TL_L kTRVUTPb ZUQ^ZQR, hLWLZ�x TU ZRQNZUMUcbUWQb. 

�R hLLNUZRwPLTTLx QWRMPP DL [TL_P� hLsDLc�wP-
LTT�� Rc_LZPW[R� NZP[UTbUWQb Q�U[R, hL_MR TLD�x 
NUZPLM RMRNWRwPP TRVPTRUWQb Q LMPTRhLD�� QWRZWL-
D�� WLVUh NL NZPTwPN^ «c^V�PU D�WUQTb�W �^M�P�». 
�cb kRMRV ~~� c^V�PU ZU�UTPb LNZUMUcb�WQb PMUT-
WP`PwPZLDRTT�[P cLhRcXT�[P LNWP[^[R[P. KLQhLcX-
h^ RNNZLhQP[RwPb [TLqUQWDR LNWP[^[LD ^qU D�NLc-
TUTR TR NZUM�M^�P� �R_R� ([TLqUQWDL Z), PTMPDPM� 
Pk Z hLNPZ^�WQb D NLN^cbwPP VRQWT�� Rc_LZPW[LD, 
kR[U�Rb TRPyLcUU ycPkhP� h TP[ PTMPDPMLD. 

zZPWUZPP LQWRTLDR D SelfMMOGA WRhPU qU, hRh  
D QWRTMRZWTL[ I�: L_ZRTPVUTPU TR VPQcL D�VPQcUTPx 
wUcUDLx `^ThwPP, VPQcL NLhLcUTPx yUk ^c^V�UTPx, 
QWR_TRwPb P W. M. 

��3%"'���9 0�+"���92 \�+����������. �cb LwUT-
hP NZUMcLqUTTL_L NLM�LMR PQNLcXkLDRcPQX QcUM^�-
�PU TRyLZ� WUQWLD�� kRMRV: 

1. ÃUQWX yPTRZT�� kRMRV ~~�, NZUMcLqUTT��  
D [8]. �RTT�U kRMRVP LQTLDRT� TR `^ThwPP NLMQVUWR 
UMPTPw (the unitation functions) P bDcb�WQb Q^�UQWDUT-
TL [^cXWP[LMRcXT�[P P MUQUNWPDT�[P. 

2. JLQU[X DU�UQWDUTT�� kRMRV ~~�, NZUMcLqUT-
T�� TR hLTh^ZQU NL ~~� D ZR[hR� [UqM^TRZLMTLx 
hLT`UZUTwPP IEEE CEC’13 [6]. 

J WRyc. 2 NZUMQWRDcUT� LyLkTRVUTPb P TUhLWLZ�U 
MUWRcP WUQWLD�� kRMRV. 

 
����!� 2 

	�D�� ��+���92 3�/�0 
 

�yLkTRVUTPU 
kRMRVP 

�PQcL  
LNWP[^[LD 

vRk[UZTLQWX  
kRMRVP* 

binaryF11 32 global 30 
binaryF12 32 global 30 
binaryF13 27 global 24 
binaryF14 32 global 30 
binaryF15 32 global 30 
binaryF16 32 global 30 

cecF1 2 global + 3 local 9, 12, 15, 19, 22 
cecF2 5 global 4, 7, 10, 14 ,17 
cecF3 1 global + 4 local 4, 7, 10, 14 ,17 
cecF4 4 global 14, 22, 28, 34, 42 
cecF5 2 global + 2 local 11, 17, 24, 31, 37 
cecF6 18 global + 742 local 16, 22, 30, 36, 42 
cecF7 36 global 14, 20, 28, 34, 40 
cecF8 12 global 8, 14, 20, 28, 34 

 
* JU�UQWDUTT�U kRMRVP NZUMDRZPWUcXTL y�cP yPTRZPkL-

DRT�, PQNLcXk^b QWRTMRZWTLU yPTRZTLU hLMPZLDRTPU Q 5 ^ZLD-
Tb[P WLVTLQWP. 

 
�cb LwUThP s``UhWPDTLQWP SelfMMOGA TR WUQWL-

D�� kRMRVR� Q DU�UQWDUTT�[P NUZU[UTT�[P PQNLcX-
kLDRT� QcUM^��PU hZPWUZPP: 

– PR (Peak Ratio) – NZLwUTW LNWP[^[LD, TRxMUT-
T�� Rc_LZPW[L[ (5); 

– SR (Success Rate) – NZLwUTW ^QNU�T�� kRN^QhLD 
Rc_LZPW[R, hL_MR y�cP TRxMUT� DQU LNWP[^[� kRMRVP: 
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$ %

PR
( , )

,
nnq Q d q pop

k
� & � '

�  (5) 

_MU $ %1 2, ,..., kQ q q q�  – [TLqUQWDL DQU� PkDUQWT�� 
LNWP[^[LD; Ô – ^ZLDUTX WLVTLQWP. 

~RhQP[RcXTLU VPQcL D�VPQcUTPx wUcUDLx `^Th-
wPP P ^ZLDTP WLVTLQWP Mcb D�VPQcUTPb PR – D QLLW-
DUWQWDPP Q NZRDPcR[P hLTh^ZQR CEC [6]. �PQcL TUkR-
DPQP[�� kRN^QhLD Rc_LZPW[R – 50. 

J Qc^VRU yPTRZT�� kRMRV ^ZLDTP WLVTLQWP Mcb PR 
TU [L_^W y�WX LNZUMUcUT�, NLsWL[^ TULy�LMP[L TRx-
WP hLThZUWT^� WLVh^ D NZLQWZRTQWDU NLPQhR. zZPWU-
ZPx SR y�c kR[UTUT [UWZPhLx PD (Peak Distance), 
hLWLZRb NLhRk�DRUW QZUMTUU ZRQQWLbTPU LW PkDUQWTL_L 
LNWP[^[R ML ycPqRx�U_L PTMPDPMR D NLN^cbwPP [12]: 

 
1

1PD ( , ).
k

nn i
i

d q pop
k �

� "  (6) 

�cb TR_cbMTL_L NZUMQWRDcUTPb NZLwUQQR ^NZRDcU-
TPb DkRP[LMUxQWDPU[ I� D SelfMMOGA y�c D�yZRT 
P DPk^RcPkPZLDRT NZLPkDLcXT�x kRN^Qh Rc_LZPW[R TR 
kRMRVU cecF1. IZR`Ph Pk[UTUTPb NLN^cbwPx (NUZUZRQ-
NZUMUcUTPU ZUQ^ZQLD) NLhRkRT TR ZPQ. 2. �y�Px ZRk-
[UZ NLN^cbwPP ZRDUT 200 PTMPDPMR[, ZRk[UZ _RZRTWP-
ZLDRTTL_L ZUQ^ZQR – 10. ~RhQP[RcXTLU VPQcL NLhLcU-
TPx – 200, NUZPLM RMRNWRwPP – 10. lRhP[ LyZRkL[,  
TR _LZPkLTWRcXTLx LQP _ZR`PhR LW[UVUTL 20 NUZPLMLD 
RMRNWRwPP, TR DUZWPhRcXTLx – kTRVUTPU ZRk[UZR NLN^-
cbwPP hRqML_L I�. 

zRh [� DPMP[, TUW TP LMTL_L Rc_LZPW[R, hWL y� 
«D�P_Z�DRc» DQU DZU[b. �R NUZD�� MD^� NUZPLMR� 
c^V�^� s``UhWPDTLQWX NLhRkRcP Alg2 (Sharing)  
P Alg1 (Clearing). �RPyLcX�UU hLcPVUQWDL ZUQ^ZQR 
NLc^VPc Alg3 (Clustering) TR 10-[ NUZPLMU RMRNWRwPP. 
�R `PTRcXT�� sWRNR� c^V�PU ZUk^cXWRW� NLhRkRc 
Alg5 (Deterministic Crowding). 

vUk^cXWRW� LwUThP s``UhWPDTLQWP SelfMMOGA  
TR [TLqUQWDU kRMRV Q yPTRZT�[ NZUMQWRDcUTPU[ NZUM-
QWRDcUT� D WRyc. 3. lRycPwR QLMUZqPW kTRVUTPb  
NL [UWZPhR[ PR, SR P PR, ^QZUMTUTT�[ NL 50 TUkRDP-

QP[�[ kRN^QhR[ Rc_LZPW[R. vUk^cXWRW� QZRDTUT�  
Q ZUk^cXWRWR[P ZURcPkRwPP RTQR[ycb ZRkcPVT�� Rc_L-
ZPW[LD TR LQTLDU [UWLMR TP� (ENA), NZUMcLqUTTL_L 
D [8]. �yR Rc_LZPW[R P[UcP ZRDTLU L_ZRTPVUTPU  
TR [RhQP[RcXTLU VPQcL D�VPQcUTPx wUcUDLx `^Th-
wPP, Mcb Rc_LZPW[R ENA D NUZDLPQWLVTPhU NZUMQWRD-
cUT� WLcXhL kTRVUTPb NL [UWZPhU SR. 

�RQWZLxhP SelfMMOGA QcUM^��PU: 
– [RhQP[RcXTLU VPQcL D�VPQcUTPx wUcUDLx `^Th- 

wPP – 50 000 (hRh P ^ ENA); 
– ZRk[UZ Ly�Ux NLN^cbwPP (Q^[[R ZRk[UZLD NL-

N^cbwPx DQU� I�) – 200 (ENA PQNLcXk^UW 500); 
– NUZPLM RMRNWRwPP – 10 NLhLcUTPx 25 ZRk; 
– DQU QWRTMRZWT�U NRZR[UWZ� I� bDcb�WQb QR[L-

TRQWZRPDRU[�[P – PQNLcXk^UWQb PMUb, NZUMcLqUTTRb  
D [14]. 

vUk^cXWRW� NLhRk�DR�W, VWL yPTRZT�U NZLycU[� 
LhRkRcPQX TU WRhP[ QcLqT�[P Mcb SelfMMOGA  
P ENA. �cb yLcUU MUWRcXTL_L RTRcPkR D WRyc. 4 ZU-
k^cXWRW� ZRyLW� SelfMMOGA QZRDTUT� Q ZUk^cXWR-
WR[P hRqML_L Pk U_L VRQWT�� Rc_LZPW[LD, ZURcPkL-
DRTT�� NL LWMUcXTLQWP. lRhqU D�VPQcUTL QZUMTUU 
kTRVUTPU (QWLcyUw «Mean») NL NLhRkRWUcb[ 6 VRQWT�� 
Rc_LZPW[LD. �wUTh^ QZUMTU_L [LqTL ZRQQ[RWZPDRWX 
hRh QZUMT�� s``UhWPDTLQWX NZP Qc^VRxTL[ D�yLZU 
Rc_LZPW[R (Pk NZUMQWRDcUTT�� 6). lRhRb LwUThR DUQX-
[R NLcUkTR, WRh hRh D Qc^VRU kRMRV ~~�, bDcb��P�Qb 
«VUZT�[ b�PhL[», PQQcUMLDRWUcX TU P[UUW PT`LZ[R-
wPP L kRMRVU P, hRh QcUMQWDPU, TU [LqUW D�yZRWX  
NLM�LMb�Px I�. ¶QcP s``UhWPDTLQWX SelfMMOGA 
LhRk�DRUWQb D��U QZUMTUx s``UhWPDTLQWP Rc_LZPW-
[LD D U_L QLQWRDU, WL D�yLZ SelfMMOGA y^MUW NZUM-
NLVWPWUcXTUU. 

zRh DPMTL Pk WRyc. 4, SelfMMOGA TR yPTRZT�� 
kRMRVR� DL DQU� Qc^VRb� NZUDLQ�LMPW QZUMTUU kTRVU-
TPU. ]LcUU WL_L, D kRMRVR� F15 P F16 TP LMPT Pk VRQW-
T�� Rc_LZPW[LD TU MLQWP_ kTRVUTPb SR, ZRDTL_L 1,  
TL P� RTQR[ycX D SelfMMOGA NLhRkRc [RhQP[RcXT^� 
s``UhWPDTLQWX. 

 

 
 

vPQ. 2. KZP[UZ ^NZRDcUTPb ZRk[UZL[ NLN^cbwPx D SelfMMOGA 
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����!� 3 
��3%"'���9 \�+���������� �� ��D��� D�����92 3�/�0 

 

SelfMMOGA ENA 
uRMRVR 

PR SR PD SR 

binaryF11 1,00 1,00 0,00 1,00 

binaryF12 1,00 1,00 0,00 1,00 

binaryF13 1,00 1,00 0,00 1,00 

binaryF14 1,00 1,00 0,00 1,00 

binaryF15 1,00 1,00 0,00 1,00 

binaryF16 1,00 1,00 0,00 0,99 
 

����!� 4 
����"�3�������9� ��3%"'���9 \�+���������� �� ��D��� D�����92 3�/�0 

 

 Alg1 Alg2 Alg3 Alg4 Alg5 Alg6 Mean Self-MMOGA 

uRMRVR: binaryF11 
PR 0,94 0,84 0,91 1,00 0,97 0,78 0,91 1,00 
SR 0,90 0,84 0,88 1,00 0,94 0,80 0,89 1,00 

PD 2,40 3,37 2,40 0,00 2,33 3,30 2,30 0,00 

uRMRVR: binaryF12 
PR 0,97 0,97 1,00 1,00 0,97 0,84 0,96 1,00 
SR 0,96 0,98 1,00 1,00 0,94 0,84 0,95 1,00 
PD 2,00 1,00 0,00 0,00 1,67 3,62 1,38 0,00 

uRMRVR: binaryF13 

PR 1,00 0,96 0,96 0,93 0,96 0,89 0,95 1,00 

SR 1,00 0,96 0,94 0,90 0,94 0,84 0,93 1,00 

PD 0,00 2,50 2,67 2,80 2,67 3,37 2,34 0,00 

uRMRVR: binaryF14 

PR 0,91 0,81 0,91 1,00 0,94 0,75 0,89 1,00 
SR 0,92 0,92 0,90 1,00 0,94 0,80 0,91 1,00 

PD 3,25 2,50 2,60 0,00 2,67 3,20 2,37 0,00 

uRMRVR: binaryF15 

PR 0,88 0,88 0,84 0,88 0,88 0,72 0,84 1,00 
SR 0,88 0,86 0,84 0,86 0,84 0,64 0,82 1,00 

PD 2,33 2,57 2,62 2,71 2,37 3,06 2,61 0,00 

uRMRVR: binaryF16 
PR 0,84 0,75 0,84 0,88 0,78 0,56 0,78 1,00 

SR 0,84 0,80 0,86 0,84 0,76 0,66 0,79 1,00 

PD 3,25 2,80 3,00 2,87 3,08 3,47 3,08 0,00 
 
 

vUk^cXWRW� LwUThP s``UhWPDTLQWP SelfMMOGA  
TR DU�UQWDUTT�� kRMRVR� NZUMQWRDcUT� D WRyc. 5–7. 
lRyc. 5 QLMUZqPW MUWRcXT^� PT`LZ[RwP�, WRyc. 6 
MU[LTQWZPZ^UW NLhRkRWUcP D QZRDTUTPP Q MZ^_P[P 
PkDUQWT�[P Rc_LZPW[R[P, D WRyc. 7 QZRDTPDRU[�U Rc-
_LZPW[� NZLZRTqPZLDRT� NL hZPWUZPb[. 

JQU hZPWPVT�U TRQWZLxhP P L_ZRTPVUTPb Rc_LZPW-
[LD NZP ZU�UTPP kRMRV LNZUMUcUT� NZRDPcR[P hLT-
h^ZQR CEC’13. �cb hRqMLx kRMRVP PQNLcXk^�WQb 5 
^ZLDTUx WLVTLQWP Mcb LNZUMUcUTPb NLNRMRTPb D Ly-

cRQWX NZPWbqUTPb LNWP[^[R (Ô = {1e-01, 1e-02,…,  
1e-05}). lRhP[ LyZRkL[, hRqMRb kRMRVR y�cR yPTRZP-
kLDRTR 5 ZRk (ZRk[UZTLQWP yPTRZTL_L NZLQWZRTQWDR 
NLPQhR NZUMQWRDcUT� D WRyc. 2). 

vUk^cXWRW� ZRyLW� SelfMMOGA QZRDTUT� Q LwUT-
hR[P s``UhWPDTLQWP MZ^_P� s``UhWPDT�� Rc_LZPW-
[LD, NZUMQWRDcUTT�� TR hLTh^ZQU CEC’13: 
DE/nrand/1/bin and Crowding DE/rand/1/bin [6],  
N-VMO [15], dADE/nrand/1 [16] P PNA-NSGAII [17]. 
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����!� 5 
��3%"'���9 \�+���������� �� ��D��� 3�/�0 CEC’13  

 

cecF1 cecF2 cecF3 cecF4 jZLDUTX WLVTLQWP Ô PR SR PR SR PR SR PR SR 
1e-01 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 
1e-02 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 
1e-03 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 
1e-04 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 
1e-05 1,000 1,000 1,000 1,000 1,000 1,000 0,887 0,623 

cecF5 cecF6 cecF7 cecF8 jZLDUTX WLVTLQWP Ô PR SR PR SR PR SR PR SR 
1e-01 1,000 1,000 0,843 0,540 0,851 0,540 1,000 1,000 
1e-02 1,000 1,000 0,834 0,536 0,792 0,223 1,000 1,000 
1e-03 1,000 1,000 0,814 0,378 0,762 0,029 0,966 0,775 
1e-04 1,000 1,000 0,560 0,140 0,731 0,000 0,964 0,753 
1e-05 1,000 1,000 0,000 0,000 0,687 0,000 0,954 0,670 
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SelfMMOGA DE/nrand/1/bin cDE/rand/1/bin N-VMO dADE/nrand/1 PNA-NSGAII 
Ô 

PR SR PR SR PR SR PR SR PR SR PR SR 
1e-01 0,962 0,885 0,850 0,750 0,963 0,875 1,000 1,000 0,998 0,938 0,945 0,875 
1e-02 0,953 0,845 0,848 0,750 0,929 0,810 1,000 1,000 0,993 0,828 0,910 0,750 
1e-03 0,943 0,773 0,848 0,748 0,847 0,718 0,986 0,813 0,984 0,788 0,906 0,748 
1e-04 0,907 0,737 0,846 0,750 0,729 0,623 0,946 0,750 0,972 0,740 0,896 0,745 
1e-05 0,816 0,662 0,792 0,750 0,642 0,505 0,847 0,708 0,835 0,628 0,811 0,678 

$ZUMTUU 0,916 0,780 0,837 0,750 0,822 0,706 0,956 0,854 0,956 0,784 0,893 0,759 
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vRTqPZLDRTPU NL hZPWUZP� PR �c_LZPW[ vRTqPZLDRTPU NL hZPWUZP� SR �c_LZPW[ 
1 N-VMO and dADE/nrand/1 1 N-VMO 
2 SelfMMOGA 2 dADE/nrand/1 
3 PNA-NSGAII 3 SelfMMOGA 
4 DE/nrand/1/bin 4 PNA-NSGAII 
5 cDE/rand/1/bin 5 DE/nrand/1/bin 
– – 6 cDE/rand/1/bin 

 
�RQWZLxhP SelfMMOGA QcUM^��PU: 
– [RhQP[RcXTLU VPQcL D�VPQcUTPx wUcUDLx `^Th- 

wPP – 50000 (Mcb kRMRV cecF1-cecF5) P 200000 (Mcb 
cecF6-cecF8); 

– ZRk[UZ Ly�Ux NLN^cbwPP (Q^[[R ZRk[UZLD NL-
N^cbwPx DQU� I�) – 200; 

– NUZPLM RMRNWRwPP – 10 NLhLcUTPx 25 ZRk (Mcb 
kRMRV cecF1–cecF5) P 25 NLhLcUTPx 40 ZRk (Mcb cecF6–
cecF8); 

– DQU QWRTMRZWT�U NRZR[UWZ� I� bDcb�WQb QR[L-
TRQWZRPDRU[�[P. 

zRh DPMTL Pk WRyc. 5–7, SelfMMOGA MU[LTQWZP-
Z^UW ZUk^cXWRW�, QZRDTP[�U Q PkDUQWT�[P P �LZL�L 
PQQcUMLDRTT�[P NLM�LMR[P. �T ^QW^NRUW Rc_LZPW[R[ 
dADE/nrand/1 P N-VMO, TL QWLPW LW[UWPWX, VWL sWP 
NLM�LM� kRTbcP TR hLTh^ZQU CEC’13  2 P 4 [UQWL QL-
LWDUWQWDUTTL. J WL qU DZU[b QZUMTUU kTRVUTPU s``Uh-
WPDTLQWP ycPkhL h NUZD�[ 2 Rc_LZPW[R[, NZUDLQ�LMPW 
PNA-NSGAII, CrowdingDE P DE, hLWLZ�U kRTbcP 7, 8 
P 9 [UQWR TR CEC’13. 

J MRTTLx ZRyLWU [� Dhc�VPcP D Rc_LZPW[ WLcXhL 6 
yRkLD�� NLM�LMLD Mcb ~~�. lU[ TU [UTUU, LTP MU-

[LTQWZPZ^�W D�QLh^� s``UhWPDTLQWX, ycR_LMRZb 
hLccUhWPDTLx ZRyLWU D RTQR[ycU. IcRDTLx LQLyUTTL-
QWX� NZUMcLqUTTL_L NLM�LMR bDcbUWQb WL, VWL LT ZR-
yLWRUW D RDWL[RWPkPZLDRTTL[, QR[LhLT`P_^ZPZ^U[L[ 
ZUqP[U. KLsWL[^ SelfMMOGA bDcbUWQb �LZL�Ux  
RcXWUZTRWPDLx NZP ZU�UTPP QcLqT�� kRMRV ~~�, 
bDcb��P�Qb [LMUcX� «VUZTL_L b�PhR». 

���"?0����. J ZRyLWU NZUMcLqUT TLD�x I� Mcb 
~~�, TRkDRTT�x SelfMMOGA. �T yRkPZ^UWQb TR [U-
WRsDZPQWPhU, PQNLcXk^��Ux P RMRNWPDTL ^NZRDcb�-
�Ux TUQhLcXhP[P ZRkT�[P QWZRWU_Pb[P NLPQhR D kR-
MRVR� ~~�. SelfMMOGA NLkDLcbUW ZU�RWX QcLqT�U 
kRMRVP ~~�, bDcb��PUQb [LMUcb[P «VUZTL_L b�P-
hR», WRh hRh TU PQNLcXk^UW D bDTL[ DPMU RNZPLZT^� 
PT`LZ[RwP� L kRMRVU P UU QDLxQWDR�. �c_LZPW[  
PQNLcXk^UW yPTRZTLU NZUMQWRDcUTPU ZU�UTPx, VWL 
NLkDLcbUW NZP[UTbWX U_L D NZRhWPVUQhP� NZPcLqU- 
TPb� Q NUZU[UTT�[P NZLPkDLcXTL_L WPNR (Dhc�VRb 
Q[U�RTT�U). 

�R MRTTL[ sWRNU D SelfMMOGA y�cP Dhc�VUT� 
WLcXhL 6 yRkLD�� NLM�LMLD ~~�, VWLy� NLhRkRWX 
s``UhWPDTLQWX [UWRsDZPQWPhP. �``UhWPDTLQWX NLM�LMR 
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NZLMU[LTQWZPZLDRTR TR [TLqUQWDU WUQWLD�� kRMRV  
Q yPTRZT�[P NUZU[UTT�[P P TR kRMRVR� Q DU�UQWDUT-
T�[P NUZU[UTT�[P, NZUMQWRDcUTT�[ TR _cLyRcXTL[ 
hLTh^ZQU NL ~~� D ZR[hR� ~UqM^TRZLMTLx hLT`U-
ZUTwPP IEEE CEC’2013. KZUMcLqUTT�x NLM�LM MU-
[LTQWZPZ^UW s``UhWPDTLQWX, QZRDTP[^� Q MZ^_P[P 
PkDUQWT�[P Rc_LZPW[R[P. 

�hQNUZP[UTW� NLhRk�DR�W, VWL SelfMMOGA NZU-
DLQ�LMPW QZUMT�� s``UhWPDTLQWX VRQWT�� Rc_LZPW-
[LD, Dhc�VUTT�� D U_L RTQR[ycX. �WL LkTRVRUW, VWL 
s``UhWPDTLQWX NLM�LMR D QZUMTU[ D��U, VU[ s``Uh-
WPDTLQWX Qc^VRxTL D�yZRTTL_L I� Mcb ~~�. �WL 
QDLxQWDL DUQX[R DRqTL Mcb kRMRV WPNR «VUZTL_L b�P-
hR», WRh hRh PQQcUMLDRWUcX TU P[UUW DLk[LqTLQWP D�-
yZRWX NLM�LMb�Px Rc_LZPW[ P WLThL TRQWZLPWX U_L 
NRZR[UWZ�. SelfMMOGA qU TU WZUy^UW ^VRQWPb shQ-
NUZWR P ZU�RUW kRMRVP ~~� D RDWL[RWPkPZLDRTTL[, 
QR[LhLT`P_^ZPZ^U[L[ ZUqP[U. 

J MRcXTUx�P� ZRyLWR� NcRTPZ^UWQb PQQcUMLDRWX 
ZRyLW^ SelfMMOGA Q yLcUU QcLqT�[P NLM�LMR[P  
D RTQR[ycU. 

&"�>�/����+��. vRyLWR NLMMUZqRTR _ZRTWL[ 
KZUkPMUTWR vLQQPxQhLx YUMUZRwPP (~z-3285.2015.9). 
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9	�������� ������������� ���#�� � �	����$�!�� �������� ������$���	��, ���������� �� ���	�+�# 
��%�" ��������. � #��� ������$�!������� �	�!���� ������ ��������'��( "+*��� 	�*���(��, �	� )��� 
"+*�� ������ ��"+�'� ��&*� 	��"	��� � ��	�� ���	�+. �	��� ������� ���	��� *���& ������+����# ���-
	����� � 	�$�+���� ���	���	��� � �	� 	�$�+��# ���	���� 	�( +����!. 9	���%����� ����� ����-
������� 	�*���( ������$�!�����# $���+ �	������ �( ��	��	�����( ��+����� ��$� �	���. 8�+����( ��$� 
�	��� �����(� �$ �����	�������� +��� �	���, �( ��%��� ��	������� ��%���� �	���� �"��!�( �	����-
�%����� $�������& � ����/&' ��"# ��������&��# �"��!��. 9	� )��� ����	"����� ��	����	��� ��� 
��+�� �����%���( ���������� 0 � 1, ��� +�� $���+� ����	����( ��$� ��+����# �	��� �������& � $���+� 
��/��������� ������$�!��. ���� ��/��������# ��	����	�� �	� )��� $������ �� 	�$��	����� �������-
��!������ $���+�. Q�����������& ���	���� �	��������& � ��������	����'/���( ������+����� ���	��-
���, 	�*�'/�� �" %� $���+" ��	��	�����( ��+����� ��$� �	���. 9	� )��� ��+����� ���������!�� �!�-
������& �� ���+��� ��+�����, ����	�� 	�$������& �� ��"+�'/"' � ������"' � ������*���� 70 �� 30.  
� ��+����� ���������!�����# $���+ ���	��� *���& $���+ � 	���$���	��� KEEL � UCI, � �# +��� $���+� 
�	�������� ���	����, ����!������ �����������, 	����$������( ������� � ��	� $;	��. U( �	������( ���%� 
��� ���	��� ��� �	"��# ������ ���������!��, � +��������, ��*��� ���	��# �����	�� (SVM) � �/; ���� 
����� ��	��	�����( ��+����# ������, � ����	�� ����	�����& ����	� ��+����# ��	���. 9� 	�$"&����� 
�����	�����( ��%�� �������&, +�� ������������� ���	��� ����$� )�����������&, �	�����"' � �	"��-
�� �������� �	� 	�*���� ��%��# ������$�!�����# $���+. 
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MULTIAGENT ALGORITHM FOR FUZZY RULE BASES DESIGN  

FOR CLASSIFICATION PROBLEM 
 

V. V. Stanovov*, S. S. Bezhitskii, E. A. Bezhitskaya, E. A. Popov 
 

Reshetnev Siberian State Aerospace University 
31, Krasnoyarskiy Rabochiy �v., Krasnoyarsk, 660037, Russian Federation 

*E-mail: vladimirstanovov@yandex.ru 
 

In this article a multiagent approach for organizing an ensemble of optimizers, based on the meetings between algo-
rithms is presented. During the optimization process the agents exchange with best solutions and better algorithms re-
ceive more resources in the form of meetings. Among agents the six genetic algorithms with different operators and 
three particle swarm optimizers have been selected. The proposed approach of ensemble-based optimization problems 
solving is applied to the problem of designing a fuzzy rule base. The fuzzy rule base consisted of a fixed number of 
rules, for every variable and every rule the membership function was defined with two sigmoidal functions. The encoded 
parameters were the points where sigmoids reached 0 and 1, so that the problem of designing a fuzzy rule base reduced 
to a real-valued optimization problem. The number of real-valued parameters depended on the dimension of the classi-
fication problem. The effectiveness of the algorithm was compared to the self-configured genetic algorithm, solving the 
same problem of designing a fuzzy rule base. The classification quality was estimated using the accuracy values; the 
sample was split with 70 and 30 ratio. As classification problems, six problems have been selected from KEEL and UCI 
repositories, including credit scoring problems, medical diagnostics problems, banknote recognition and seeds’ forms. 
Two more classification methods have been selected for comparison, more precisely, support vector machines (SVM) 
and another fuzzy classification method, in which the term numbers were encoded. According to the testing results,  
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it should be mentioned that the multiagent algorithm has shown the effectiveness, comparable to other method when 
solving complex optimization problems. 

 
Keywords: evolutionary algorithms, particle swarm optimization, fuzzy logic, machine learning, genetic fuzzy sys-

tems, classification. 
 
)��/����. �R QU_LMTb�TPx MUTX LMTP[ Pk NLN^-

cbZT�� [UWLMLD [R�PTTL_L Ly^VUTPb bDcb�WQb QPQ-
WU[� TR TUVUWhLx cL_PhU. �MTRhL `LZ[PZLDRTPU WR-
hP� QPQWU[ QDbkRTL Q ZU�UTPU[ QcLqT�� LNWP[PkRwP-
LTT�� kRMRV, �RZRhWUZPk^��P�Qb yLcX�P[ VPQcL[ 
NUZU[UTT��, R WRhqU TRcPVPU[ NUZU[UTT�� ZRkcPV-
T�� WPNLD, W. U. DU�UQWDUTT��, wUcLVPQcUTT�� P yP-
TRZT��. KL sWLx NZPVPTU Mcb ZU�UTPb NLMLyT��  
LNWP[PkRwPLTT�� kRMRV PQNLcXk^�WQb sDLc�wPLTT�U 
Rc_LZPW[�, D VRQWTLQWP, _UTUWPVUQhPx Rc_LZPW[ (I�) 
P U_L [LMP`PhRwPP. 

�cb `LZ[PZLDRTPb TUVUWhLx yRk� NZRDPc TULy�L-
MP[L LNZUMUcPWX TUVUWhPU WUZ[�, W. U. NLcLqUTPb 
TUVUWhP� [TLqUQWD P P� hLcPVUQWDL, TL[UZR hcRQQLD, 
QLLWDUWQWD^��PU hRqML[^ NZRDPc^, hLcPVUQWDL NZR-
DPc, R WRhqU TL[UZR TUVUWhP� WUZ[LD, QLLWDUWQWD^�-
�P� hRqMLx NUZU[UTTLx D hRqML[ NZRDPcU. J MRTTLx 
ZRyLWU NZUMcR_RUWQb QDUMUTPU DQU� NZPDUMUTT�� kRMRV 
h kRMRVR[ DU�UQWDUTTLx LNWP[PkRwPP TR UMPTPVTL[ 
_PNUZh^yU. 

lRhLU NZUMQWRDcUTPU kRMRVP `LZ[PZLDRTPb yRk� 
NZRDPc NLkDLcbUW PQNLcXkLDRWX c�y�U LNWP[PkRwP-
LTT�U NZLwUM^Z�, QNLQLyT�U ZU�RWX kRMRVP DU�UQW-
DUTTLx LNWP[PkRwPP. J VRQWTLQWP, D MRTTLx ZRyLWU 
Mcb LNWP[PkRwPP y�c PQNLcXkLDRT [TL_LR_UTWT�x 
Rc_LZPW[, hL[yPTPZ^��Px TUQhLcXhL _UTUWPVUQhP� 
Rc_LZPW[LD P Rc_LZPW[LD ZLb VRQWPw (PSO). ~TL_L-
R_UTWT�x Rc_LZPW[ LQTLDRT TR PMUU DQWZUV [UqM^ 
NLMNLN^cbwPb[P, D �LMU hLWLZ�� LTP [L_^W Ly[UTP-
DRWXQb c^V�P[P ZU�UTPb[P. KL LhLTVRTPP DQWZUV 
R_UTW� ZRyLWR�W TUhLWLZLU DZU[b TUkRDPQP[L, N�WR-
bQX ^c^V�PWX ZU�UTPb. lU R_UTW�, VUx ZUQ^ZQ (hLcP-
VUQWDL MLQW^NT�� DQWZUV) kRhRTVPDRUWQb, D�y�DR�W 
Pk LNWP[PkRwPLTTLx NZLwUM^Z�. 

~TL_LR_UTW�x Rc_LZPW[ LNWP[PkRwPP y�c QZRDTUT 
NL s``UhWPDTLQWP Q QR[LhLT`P_^ZPZ^U[�[ _UTUWPVU-
QhP[ Rc_LZPW[L[, hLWLZ�x ZRTUU PQNLcXkLDRcQb Mcb 
ZU�UTPb MRTTLx kRMRVP. 

�QWRcXTRb VRQWX QWRWXP LZ_RTPkLDRTR QcUM^��P[ 
LyZRkL[: «lULZUWPVUQhPx RTRcPk» QLMUZqPW LNPQRTPU 
[UWLMPhP NZUMQWRDcUTPb TUVUWhP� yRk NZRDPc P `LZ-
[^cPZLDh^ kRMRVP LNP[PkRwPP, R WRhqU LNPQRTPU QR-
[LhLT`P_^ZPZ^U[L_L I� P [TL_LR_UTWTL_L Rc_LZPW-
[R; «~UWLMLcL_Pb» QLMUZqPW LNPQRTPU [UWLMLcL_PP 
ZURcPkRwPP P WUQWPZLDRTPb Rc_LZPW[LD; «�hQNUZP-
[UTWRcXTRb VRQWX» QLMUZqPW QNPQLh kRMRV P ZUk^cXWR-
W� ZRyLW� Rc_LZPW[LD, R WRhqU P� RTRcPk; D kRhc�VU-
TPU NZPDUMUT QNPQLh PQNLcXkLDRTTLx cPWUZRW^Z�. 

�������0�+��( ���"�3. zcRQQP`PhRwPb Ly�UhWLD 
QLQWLPW D NZPNPQ�DRTPP Ly�UhW^ F-[UZTL_L NZL-
QWZRTQWDR FR  TUhLWLZL_L hcRQQR jC  Pk kRZRTUU  

kRMRTTL_L [TLqUQWDR 1{ ,  ..., }kC C C� . K^QWX 

1{ ,  ..., }FX X X�  – TRyLZ D�LMT�� NUZU[UTT�� kRMR-
VP, R fU , 1,  ..., ,f F�  – LycRQWX LNZUMUcUTPb f-x NU-

ZU[UTTLx. �cb hRqMLx NUZU[UTTLx hRqML_L NZRDPcR 
kRMRUWQb TUVUWhLU [TLqUQWDL ,f mA , 1,  ..., ;f F�  

1,  ..., ,m M�  _MU M – VPQcL NZRDPc. 
�UVUWhLU NZRDPcL ,  1,  ...,mR m M� , Ly�VTL P[UUW 

DPM 

1 1, ,: ÙÚËÜ ýÝî Þ  ... Þ ýÝî ßÎ ýÝî ,m m F F m mR X A X A Y C  

_MU Y – D��LM, mC �C  – TL[UZ hcRQQR Mcb m-_L NZR-
DPcR, R , [1, ]m f fj T�  – sWL TL[UZ TUVUWhL_L [TLqUQWDR 
Pk ZRkyPUTPb Pf , D�yZRTT�x Mcb NUZU[UTTLx Xf . 

uRMRMP[ Mcb hRqMLx NUZU[UTTLx D hRqML[ NZRDP-
cU yRk� NL MDU `^ThwPP, LNPQ�DR��PU QWUNUTP NZP-
TRMcUqTLQWP QP_[LPMRcXTL_L WPNR. uRMRMP[ QP_[LP-
MRcXT^� `^ThwP� WRhP[ LyZRkL[, VWLy� LTR P[UcR 3 
RZ_^[UTWR x, y P z. uMUQX x – WUh^�UU kTRVUTPU NUZU-
[UTTLx, y – NLcLqUTPU TR LQP X, D hLWLZL[ `^ThwPb 
NZPTP[RUW T^cUDLU kTRVUTPU, z – NLcLqUTPU TR LQP X, 
D hLWLZL[ `^ThwPb NZPTP[RUW UMPTPVTLU kTRVUTPU. 
zLTw� `^ThwPP LhZ^_cUT� ML 0 P 1 NLQcU y P z . 
Y^ThwPP NZUMQWRDcb�WQb `LZ[^cLx 
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zLTQWRTW� P[U�W kTRVUTPb 15, 0,1c k� � . KZP[UZ 
MD^� WRhP� `^ThwPx NZUMQWRDcUT TR ZPQ. 1. 
 

 
 

vPQ. 1. $P_[LPMRcXT�U `^ThwPP 
 

Y^ThwPb y�cR [LMP`PwPZLDRTR Mcb WL_L, VWLy� 
PkyUqRWX TULy�LMP[LQWP ZU�UTPb kRMRVP ^QcLDTLx 



 
 
 

������� ������. ��� 16,  � 4 
 

 844

LNWP[PkRwPP, WRh hRh kTRVUTPb y P z cUqRW D LycRQWP 
LNZUMUcUTPb NUZU[UTTLx P [L_^W y�WX PQNLcXkLDRT� 
TRNZb[^� D Rc_LZPW[U LNWP[PkRwPP. 

KRZR `^ThwPx Mcb hRqMLx Pk NUZU[UTT�� hLMP- 
Z^UW UMPTQWDUTT�x TUVUWhPx WUZ[ Mcb hLThZUWTLx 
NUZU[UTTLx hLThZUWTL_L NZRDPcR. �MTRhL ZRkcPVT�U 
hL[yPTRwPP NLcLqUTPx QP_[LPMRcXT�� `^ThwPx  
NLkDLcb�W NLc^VRWX DQUDLk[LqT�U `LZ[� TUVUWhP� 
WUZ[LD, Ly�VTL TUMLQWPqP[�U NZP PQNLcXkLDRTPP 
MZ^_P� Rc_LZPW[LD. KZP sWL[ D NZLwUM^ZU TUVUWhL_L 
D�DLMR PQNLcXk^UWQb [PTP[^[ Pk kTRVUTPx MD^� 
`^ThwPx NZPTRMcUqTLQWP. KZP[UZ� DLk[LqT�� DR-
ZPRTWLD ZRQNLcLqUTPb MD^� QP_[LPMRcXT�� `^ThwPx 
P QLLWDUWQWD^��PU `LZ[� TUVUWhP� [TLqUQWD (D�MU-
cUT� qPZT�[) NZUMQWRDcUT� TR ZPQ. 2. 

zRh [LqTL DPMUWX, hL[yPTRwPb MD^� QP_[LPM  
NLkDLcbUW NLc^VRWX hcRQQPVUQhPU `LZ[� TUVUWhP� 
WUZ[LD, hRh, TRNZP[UZ, DRZPRTW� 3, 4, 6, WRh P WRhPU 
ZUMhL PQNLcXk^U[�U `LZ[�, hRh 1 PcP 5. 

JRZPRTW 2 ( 1 1 1 2 2 2min( ( , , ), ( , , )) 0s x y z s x y z� � �  
Mcb DQU� x) NZUMQWRDcbUW LQLy�x PTWUZUQ, WRh hRh  
D sWL[ Qc^VRU NZP c�yL[ kTRVUTPP NUZU[UTTLx NZL-
wUM^ZR TUVUWhL_L D�DLMR y^MUW NLc^VRWX T^cUDLU kTR-
VUTPU `^ThwPP NZPTRMcUqTLQWP. �WLW DRZPRTW D Rc_L-
ZPW[U ZRQQ[RWZPDRUWQb hRh P_TLZPZLDRTPU kTRVUTPx 
NUZU[UTTLx, P D sWL[ Qc^VRU DLkDZR�RU[LU kTRVUTPU 
QWUNUTP NZPTRMcUqTLQWP ZRDTL UMPTPwU. 

J MRTTL[ Rc_LZPW[U WRhqU PQNLcXk^UWQb LNZU- 
MUcUTPU TL[UZR hcRQQR NL NZPTwPN^ NZRDPcR-
NLyUMPWUcb. J Ly�U[ DPMU sW^ NZLwUM^Z^ [LqTL  
kRNPQRWX QcUM^��P[ LyZRkL[: 

$ %$ %1 1 2 2
, , , ,arg max min min( ( , , ), ( , , ))j i j i j j i j i jj Fi M

R s X y z s X y z
��

� , 

_MU B – VPQcL NZRDPc; F – VPQcL NUZU[UTT�� D kRMRVU. 
�cb kRMRTPb TUVUWhLx yRk� NZRDPc hLMPZ^�WQb 

kTRVUTPb y1, z1, y2, z2 Mcb hRqMLx NUZU[UTLx hRqML_L 
WUZ[R, WRhP[ LyZRkL[, Ly�UU VPQcL NUZU[UTT�� ZRDTL 
4 N M� � . $WLPW LW[UWPWX, VWL D sWL[ NLM�LMU TU PQ-
NLcXk^UWQb TUhLWLZ�x Ly�Px TRyLZ `^ThwPx NZPTRM-

cUqTLQWP, hRqMLU NZRDPcL NLc^VRUW QDL� hL[yPTR-
wP� QP_[LPM. �L[UZ hcRQQR hLMPZ^UWQb LWMUcXTL Mcb 
hRqML_L NZRDPcR, WRh VWL PWL_LDLU VPQcL NUZU[UTT�� 
D kRMRVU ZRDTL 4 N M M� � 	 . �cb hLMPZLDRTPb TL[UZR 
NZRDPcR PQNLcXk^UWQb LhZ^_cUTPU D QWLZLT^ ycPqRx-
�U_L TL[UZR hcRQQR. z NZP[UZ^, Mcb 3 hcRQQLD MPRNR-
kLT Pk[UTUTPb NUZU[UTTLx, hLMPZ^��Ux hcRQQ, kRMRUW-
Qb ZRDT�[ [0,1], NZP sWL[ kTRVUTPb LW 0 ML 0,333 LkTR-
VR�W NUZD�x hcRQQ, LW 0,333 ML 0,666 – DWLZLx,  
LW 0,666 ML 1 – WZUWPx. KLMZLyTUU L [UWLMR� hL[yP-
TPZLDRTPb _UTUWPVUQhP� Rc_LZPW[LD P TUVUWhP� QPQ-
WU[ [LqTL ^kTRWX D [1]. 

KZP PQNLcXkLDRTPP _UTUWPVUQhL_L Rc_LZPW[R Mcb 
LNWP[PkRwPP TUVUWhLx yRk� NZRDPc PQNLcXkLDRcQb 
[UWLM QR[LTRQWZLxhP, LNPQRTT�x D [2; 3]. $R[ _UTU-
WPVUQhPx Rc_LZPW[ PQNLcXkLDRc WZP WPNR QUcUhwPP 
(NZLNLZwPLTRcXTRb, ZRT_LDRb, W^ZTPZTRb Q ZRk[UZL[ 
W^ZTPZR 2), WZP WPNR QhZU�PDRTPb (LMTLWLVUVTLU, 
MD^�WLVUVTLU, ZRDTL[UZTLU) P WZP WPNR [^WRwPP (QcR-
yRb, QZUMTbb, QPcXTRb). �PqU NZPDUMUTL hZRWhLU LNP-
QRTPU [UWLMR QR[LTRQWZLxhP. 

KZP[UTUTT�x [UWLM QR[LTRQWZLxhP LQTLD�DRUWQb 
TR NLL�ZUTPP WL_L LNUZRWLZR, hLWLZ�x MLQWRDPc TRP-
yLcX�^� Q^[[RZT^� NZP_LMTLQWX TR MRTTL[ NLhLcU-
TPP. K^QWX z – VPQcL ZRkcPVT�� LNUZRWLZLD i-_L WPNR. 
�RVRcXT�U kTRVUTPb DUZLbWTLQWUx ^QWRTRDcPDR�WQb  
pi = 1/z. �wUThR s``UhWPDTLQWP hRqML_L LNUZRWLZR 
hRqML_L WPNR NZLPkDLMPWQb TR LQTLDRTPP ^QZUMTUT-
T�� kTRVUTPx NZP_LMTLQWP: 

1

1

, 1,  2,  ...,  ,
1

i

i

n

ij
j

i n

j

f
AvgFit i z�

�

� �
"

"
 

_MU ni – hLcPVUQWDL NLWL[hLD, D `LZ[PZLDRTPP hLWL-
Z�� NZPTbc ^VRQWPU i-x WPN LNUZRWLZR; fij – NZP_LM-
TLQWX j-_L NLWL[hR, NLQWZLUTTL_L Q NL[L�X� i-_L LNU-
ZRWLZR; AvgFiti – QZUMTbb NZP_LMTLQWX ZU�UTPx,  
NLQWZLUTT�� NZP NL[L�P i-_L LNUZRWLZR.  

 

 
 

vPQ. 2. KZP[UZ� DLk[LqT�� `LZ[ TUVUWhP� WUZ[LD,  
NLc^VRU[�� NZP hL[yPTRwPP QP_[LPMRcXT�� `^ThwPx 
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KLQcU sWL_L DUZLbWTLQWX NZP[UTUTPb LNUZRWLZR, 
VXU kTRVUTPU AvgFiti bDcbUWQb TRPyLcX�P[ QZUMP DQU� 
LNUZRWLZLD WRhL_L WPNR, ^DUcPVPDRUWQb TR (z·K–K)/(z·N), 
R DUZLbWTLQWP NZP[UTUTPb LQWRcXT�� LNUZRWLZLD 
^[UTX�R�WQb TR K/(z·N), _MU N – kRMRTTLU [RhQP[RcX-
TLU VPQcL NLhLcUTPx _UTUWPVUQhL_L Rc_LZPW[R; K – 
hLTQWRTWR, U� kTRVUTPU ^QWRTRDcPDRcLQX ZRDT�[ 0,5. 

~TL_LR_UTWT�x Rc_LZPW[, PQNLcXkLDRTT�x D MRT-
TLx ZRyLWU, y�c ZURcPkLDRT Q ^VUWL[ PMUx, LNPQRTT�� 
D [4] P [5]. �_UTWR[P D [TL_LR_UTWTL[ Rc_LZPW[U  
bDcb�WQb TUQhLcXhL _UTUWPVUQhP� Rc_LZPW[LD [6]  
P Rc_LZPW[LD PSO.  

IZ^NNR _UTUWPVUQhP� R_UTWLD: 
1) GA1 – W^ZTPZTRb QUcUhwPb, NLyPWLDLU QhZU�P-

DRTPU, QPcXTRb [^WRwPb; 
2) GA2 – W^ZTPZTRb QUcUhwPb, ZRDTL[UZTLU QhZU-

�PDRTPU, QZUMTbb [^WRwPb; 
3) GA3 – NZLNLZwPLTRcXTRb QUcUhwPb, MD^�WLVUV-

TLU QhZU�PDRTPU, QPcXTRb [^WRwPb; 
4) GA4 – NZLNLZwPLTRcXTRb QUcUhwPb, NLyPWLDLU 

QhZU�PDRTPU, QPcXTRb [^WRwPb; 
5) GA5 – ZRT_LDRb QUcUhwPb, ZRDTL[UZTLU QhZU-

�PDRTPU, QcRyRb [^WRwPb; 
6) GA6 – ZRT_LDRb QUcUhwPb, NLyPWLDLU QhZU�PDR-

TPU, QPcXTRb [^WRwPb. 
IZ^NNR R_UTWLD PSO QLQWLPW: 
– PSO1 – hRTLTPVUQhPx PSO (Q1 = Q2 = 1,49,  

w = 0,7298) [7]; 
– PSO2 – FIPS [8]; 
– PSO3 – [LMP`PwPZLDRTT�x hRTLTPVUQhPx PSO 

(Q1 = Q2 = 1,49, wi = random(0;1)), D hLWLZL[ PTUZwPb 
QhLZLQWP – Qc^VRxTLU PTMPDPM^RcXTLU Mcb hRqML_L 
R_UTWR VPQcL D MPRNRkLTU LW 0 ML 1. 

KRZR[UWZ� R_UTWLD y�cP LMPTRhLD�[P DL DQU� 
ZRQQ[RWZPDRU[�� kRMRVR� NLPQhLDLx LNWP[PkRwPP. 
�c_LZPW[ LQWRTRDcPDRc ZRyLW^, hRh WLcXhL MLQWP_RcQb 
NZUMUc VPQcR D�VPQcUTPx wUcUDLx `^ThwPx, ^QWRTLD-
cUTT�x Mcb hRqMLx kRMRVP. 

zc�VUD�[P �RZRhWUZPQWPhR[P R_UTWLD bDcb�WQb 
DkRP[LMUxQWDPU, DZU[b qPkTP P yLZXyR kR ZUQ^ZQ�. 
KLbQTP[ PMU� `^ThwPLTPZLDRTPb R_UTWLD. vUQ^ZQR[P 
bDcb�WQb hLcPVUQWDL hLTWRhWLD PcP DQWZUV (DkRP[L-
MUxQWDPb) R_UTWLD. �PQcL DQWZUV kRMRUWQb NLcXkLDRWU-
cU[ [TL_LR_UTWTLx QPQWU[�. zRqMRb DQWZUVR NZUM-
QWRDcbUW QLyLx Ly[UT LN�WL[ [UqM^ R_UTWR[P. �_UT-
W� DQWZUVR�WQb NRZR[P. KRZ� `LZ[PZ^�WQb Qc^VRx-
T�[ LyZRkL[. J hRqMLx NRZU Ly[UT LN�WL[ kRhc�VR-
UWQb D NUZUMRVU [UTUU ^MRVTL[^ R_UTW^ c^V�U_L ZU-
�UTPb LW yLcUU ^MRVTL_L R_UTWR. jMRVTLQWX R_UTWR 
�RZRhWUZPk^UWQb TRcPVPU[ ^ TU_L c^V�U_L ZU�UTPb, 
VU[ ^ LNNLTUTWR NZP DQWZUVU. $cUMLDRWUcXTL, NL ZU-
k^cXWRW^ DQWZUVP [UTUU ^MRVcPD�x R_UTW NLc^VRUW 
U�U yLcUU c^V�UU ZU�UTPU, VU[ ^ TU_L P[U��PUQb, 
TL D Ly[UT TR ZU�UTPU D�T^qMUT NLMUcPWXQb P[U�-
�P[Qb ZUQ^ZQL[, W. U. LWMRWX LMT^ DLk[LqT^� DQWZU-
V^. lRhP[ LyZRkL[, NLQcU ZRQQWRDRTPb LyR R_UTWR 
P[U�W D�_LM^, LMPT NLc^VPc yLcUU c^V�UU ZU�UTPU, 
R DWLZLx NLc^VPc DLk[LqTLQWX U�U MLNLcTPWUcXTLx 
DQWZUVP D y^M^�U[, WRh hRh TR WUh^�Ux DQWZUVU U[^ 
^c^V�PWX QDLP ZU�UTPb TU ^MRcLQX. J Qc^VRU, hL_MR 
R_UTW� DQWZUVR�WQb P P� c^V�PU ZU�UTPb LMPTRhLD�, 
VPQcL DQWZUV QLhZR�RUWQb TR LMT^ ^ LyLP� R_UTWLD, 

VWL _LDLZPW L yUQNLcUkTL[ DkRP[LMUxQWDPP. zRh  
NZRDPcL, yUQNLcUkT�U DQWZUVP NZLPQ�LMbW h hLTw^ 
NZLwUQQR NLPQhR, hL_MR kTRVUTPU wUcUDLx `^ThwPP  
TU ^MRUWQb ^c^V�PWX, MRqU UQcP R_UTW� NLMUcPcPQX 
QDLP[P c^V�P[P ZU�UTPb[P. $cUMLDRWUcXTL, DZU[b 
qPkTP R_UTWR kRDPQPW LW WL_L, TRQhLcXhL NLcUkUT  
LT y�c D ZUk^cXWRWU DkRP[LMUxQWDPb (Ly[UTR PT`LZ-
[RwPUx) Q MZ^_P[P R_UTWR[P. 

A�+���������"'��# 0�+�'. zRVUQWDL hcRQQP`P-
hRwPP, NLc^VUTTLU NLQcU Ly^VUTPb QR[LhLT`P_^ZP-
Z^U[�[ P [TL_LR_UTWT�[ Rc_LZPW[R[P, QZRDTPDRcLQX 
NL kTRVUTPb[ Ly�Ux WLVTLQWP hcRQQP`PhRwPP. KZP 
sWL[ D�yLZhR ZRkyPDRcRQX TR Ly^VR��^� P WUQWLD^� 
D QLLWTL�UTPP 70:30. J�NLcTbcLQX 25 NZL_LTLD Rc_L-
ZPW[R Mcb hRqMLx kRMRVP. �y^VR��Rb D�yLZhR TLZ-
[PZLDRcRQX TR PTWUZDRcU [0,1], TR hLWLZL[ kRMRDRcPQX 
QP_[LPMRcXT�U `^ThwPP. lUQWLDRb D�yLZhR TLZ[PZL-
DRcRQX Q PQNLcXkLDRTPU[ NRZR[UWZLD TLZ[PZLDhP, 
NLc^VUTT�� Mcb Ly^VR��Ux D�yLZhP. 

�c_LZPW[� y�cP ZURcPkLDRT� TR bk�hU C++ D QZUMU 
Embarcadero RAD Studio XE. lUQWPZLDRTPU NZLPkDL-
MPcLQX TR TL^Wy^hU Q NZLwUQQLZL[ Intel Core i5-2410M 
(2 bMZR, 2,3 IIw) P 8 I] LNUZRWPDTLx NR[bWP. 

�cb WUQWPZLDRTPb y�cL D�yZRTL 6 kRMRV Q ZUNLkP-
WLZPUD UCI [9] P KEEL [10]. $ZUMP TP�: 

1) Banknote – kRMRVR Ly LNZUMUcUTPP MLQWLDUZTL-
QWP yRThTLW NL PkLyZRqUTPb[; 

2) Column 2c – kRMRVR hcRQQP`PhRwPP kRyLcUDRTPx 
NLkDLTLVTPhR 2 hcRQQR; 

3) Liver – kRMRVR L kRyLcUDRTPb� NUVUTP; 
4) Seeds – kRMRVR hcRQQP`PhRwPP k�ZUT NL P� `LZ[U; 
5) Austrlian credit – kRMRVR L NLMLkZPWUcXT�� LNU-

ZRwPb� Q yRThLDQhP[P hRZWR[P; 
6) German credit – kRMRVR L hcRQQP`PhRwPP hcPUT-

WLD yRThR. 
�cb QR[LhLT`P_^ZPZ^U[L_L _UTUWPVUQhL_L Rc_L-

ZPW[R ^QWRTRDcPDRcPQX QcUM^��PU NRZR[UWZ�: VPQcL 
PTMPDPMLD – 700, VPQcL NLhLcUTPx – 700, [RhQP[RcX-
TLU VPQcL NZRDPc – 10, [PTP[RcXTRb DUZLbWTLQWX 
NZP[UTUTPb LNUZRWLZLD – 0,02. �cb [TL_LR_UTWTL_L 
Rc_LZPW[R PQNLcXkLDRcPQX QcUM^��PU NRZR[UWZ�: 
VPQcL PTMPDPMLD D _UTUWPVUQhP� Rc_LZPW[R� – 78, 
VPQcL VRQWPw D PSO – 78 (Ly�UU VPQcL ZU�UTPx – 
702), VPQcL NLhLcUTPx/PWUZRwPx ML DQWZUVP – 10, TR-
VRcXT�x ZUQ^ZQ DQWZUV – 200. ~RhQP[RcXTLU VPQcL 
D�VPQcUTPx `^ThwPP NZP_LMTLQWP L_ZRTPVPDRcLQX 
DUcPVPTLx 490000. 

vUk^cXWRW� QZRDTUTPb Rc_LZPW[LD NZUMQWRDcUT� D 
WRyc. 1. $R[LhLT`P_^ZPZ^U[�x _UTUWPVUQhPx Rc_L-
ZPW[ LyLkTRVUT SCGA, [TL_LR_UTWT�x Rc_LZPW[ – 
Multi-agent. KL ZUk^cXWRWR[ QZRDTUTPb [LqTL kRhc�-
VPWX, VWL TR Ly^VR��Ux D�yLZhU I� NLhRk�DRUW c^V-
�PU ZUk^cXWRW� Mcb 4 kRMRV Pk 6, TR LMTLx kRMRVU ZU-
k^cXWRW� NZRhWPVUQhP TULWcPVP[�, P TR LMTLx kRMRVU 
[TL_LR_UTWT�x Rc_LZPW[ NLhRk�DRUW c^V�PU ZUk^cX-
WRW�. KZP sWL[ TR WUQWLDLx D�yLZhU I� NLhRk�DRUW 
c^V�PU ZUk^cXWRW� cP�X TR 2 kRMRVR� Pk 6, NZPVU[ 
LWQWRDRTPU [TL_LR_UTWTL_L Rc_LZPW[R TU QWLcX kTRVP-
WUcXTL. �R LMTLx kRMRVU [TL_LR_UTWT�x Rc_LZPW[ 
NZUDLQ�LMPW NL WLVTLQWP QR[LhLT`P_^ZPZ^U[�x I�, 
TR LQWRcXT�� WZU� kRMRVR� ZUk^cXWRW� QWRWPQWPVUQhP 
TULWcPVP[�. 
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�UQ[LWZb TR WL, VWL [TL_LR_UTWT�x Rc_LZPW[ NL-
hRk�DRUW �^M�PU ZUk^cXWRW� D Q[�QcU Ly�Ux WLVTL-
QWP, ZRkTPwR [UqM^ WLVTLQWX� TR Ly^VR��Ux P WUQWL-
DLx D�yLZhR� Mcb MRTTL_L Rc_LZPW[R [UTX�U, VWL 
QDPMUWUcXQWD^UW L WL[, VWL LT [UTX�U NUZULy^VRUWQb. 

�R ZPQ. 3 NZPDUMUT _ZR`Ph Pk[UTUTPb ZUQ^ZQLD 
R_UTWLD D [TL_LR_UTWTL[ Rc_LZPW[U. 

J MRTTL[ Qc^VRU c^V�P[ Rc_LZPW[L[ LhRkRcQb 
GA2, �LZL�PU ZUk^cXWRW� NLhRkRc WRhqU PSO1. ¾^M-
�PU ZUk^cXWRW� y�cP NZLMU[LTQWZPZLDRT� Rc_LZPW-
[L[ GA3, hLWLZ�x WUZbc ZUQ^ZQ� NLVWP DQU_MR. �Q-
WRcXT�U Rc_LZPW[� DUM^W yLZXy^ kR ZRQNZUMUcbU[�U 
ZUQ^ZQ�. �W[UWP[, VWL sWL _ZR`PhP Mcb hLThZUWTLx 
kRMRVP, Mcb MZ^_P� kRMRV _ZR`PhP [L_^W y�WX MZ^_P[P 
P P[UTR ^MRVT�� P TU^MRVT�� R_UTWLD WLqU [L_^W 
y�WX MZ^_P[P.  

�cb QR[LTRQWZRPDR��U_LQb Rc_LZPW[R D QLLWDUW-
QWDPP Q [UWLMPhLx, ZRkZRyLWRTTLx D  [11], NLQWZLUT� 
_ZR`PhP Pk[UTUTPb DUZLbWTLQWUx NZP[UTUTPb LNUZR-
WLZLD [^WRwPP Mcb kRMRVP German (ZPQ. 4). 

zRh [LqTL kR[UWPWX, _ZR`PhP Mcb [TL_LR_UTWTL_L 
Rc_LZPW[R P QR[LTRQWZRPDR��U_LQb Rc_LZPW[R LWcP-
VR�WQb. J VRQWTLQWP, Mcb QR[LTRQWZRPDR��U_LQb TU-
hLWLZ�U Pk LNUZRWLZLD LhRk�DR�WQb s``UhWPDT�[P 
TR WU� PcP PT�� sWRNR� ZRyLW� Rc_LZPW[R, D WL DZU[b 
hRh D [TL_LR_UTWTL[ Rc_LZPW[U PkTRVRcXTRb WUTMUT-
wPb NL Ly[UT^ DQWZUVR[P QL�ZRTbUWQb TR NZLWbqUTPP 
NLVWP DQU_L NZLwUQQR LNWP[PkRwPP. 

J WRyc. 2 NZUMQWRDcUTL QZRDTUTPU [TL_LR_UTWTL_L 
P QR[LTRQWZRPDR��U_LQb Rc_LZPW[LD TR WUQWLDLx D�-
yLZhU Q MZ^_P[P [UWLMR[P [R�PTTL_L Ly^VUTPb. �cb 
QZRDTUTPb y�cP D�yZRT� [R�PT� LNLZT�� DUhWLZLD 
(SVM), ZURcPkLDRTT�U D QZUMU Statistica 10. J�yLZhR 
WRhqU ZRkyPDRcRQX TR Ly^VR��^� P WUQWLD^� D QLLW-
TL�UTPP 70:30, NZLPkDLMPcLQX 25 kRN^QhLD. lRhqU 
Mcb QZRDTUTPb NZPDUMUT MZ^_Lx [UWLM NLQWZLUTPb 
TUVUWhP� yRk NZRDPc QR[LhLT`P_^ZPZ^U[�[ _UTUWP-
VUQhP[ Rc_LZPW[L[, D hLWLZL[ hLMPZ^�WQb TL[UZR 
TUVUWhP� WUZ[LD (SCGA+FL2) [12]. 

 
����!� 1 

��������� ��0��+�� �"�++�!������ +������!�>%���%���>� � ���>��>�����>� �">������ 
 

�y^VR��Rb Multi-agent SCGA lUQWLDRb Multi-agent SCGA 

Australian 0,893 0,909 Australian 0,853 0,852 

Banknote 1,000 0,999 Banknote 0,993 0,995 

Column_2c 0,938 0,931 Column_2c 0,808 0,807 

Liver 0,701 0,854 Liver 0,673 0,629 

German 0,753 0,806 German 0,701 0,709 

Seeds 0,989 0,992 Seeds 0,906 0,917 

 
 

 

 
 

vPQ. 3. KZP[UZ Pk[UTUTPb ZUQ^ZQLD R_UTWLD, kRMRVR German 
 

 
 

vPQ. 4. KZP[UZ Pk[UTUTPb DUZLbWTLQWUx [^WRwPP D I�, kRMRVR German 
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����!� 2 
��������� ��0��+�� �"�++�!������ c /�%>��� �">��������, ��+����# �9D���� 

 

�y^VR��Rb Multi-agent SCGA SVM SCGA+FL2 

Australian 0,853 0,852 0,864 0,840 

Banknote 0,993 0,995 0,987 0,942 

Column_2c 0,808 0,807 0,784 0,777 

Liver 0,673 0,629 0,682 0,568 

German 0,701 0,709 0,753 0,707 

Seeds 0,906 0,917 0,968 0,883 

 
 

KL ZUk^cXWRWR[ QZRDTUTPb [LqTL LW[UWPWX, VWL 
[R�PT� LNLZT�� DUhWLZLD NLhRkRcP c^V�PU ZUk^cX-
WRW� TR yLcX�PTQWDU kRMRV. KZP sWL[ TR kRMRVR� 
Banknote P Column_2c ZRkZRyLWRTT�U Rc_LZPW[�  
NLhRkRcP c^V�PU ZUk^cXWRW�. vRkTPwR D WLVTLQWP 
hcRQQP`PhRwPP D LQTLDTL[ Ly^QcLDcUTR QcLqTLQWX� 
LNWP[PkRwPLTTLx kRMRVP NLQWZLUTPb TUVUWhLx yRk� 
NZRDPc P, h WL[^ qU, TU WRh ^q P DUcPhR. �MTRhL, �LWb 
Rc_LZPW[ SVM VR�U NLhRk�DRUW yLcUU D�QLh^� WLV-
TLQWX, TULy�LMP[L LWMRDRWX QUyU LWVUW, VWL LT MRUW 
TR[TL_L [UTX�U PT`LZ[RwPP L ZU�RU[Lx kRMRVU, VU[ 
NZUMcLqUTT�x D MRTTLx ZRyLWU NLM�LM. SVM MRUW 
cP�X D�VPQcPWUcXT^� NZLwUM^Z^ [13], R NZUMcLqUT-
T�x NLM�LM _UTUZPZ^UW yRk^ cPT_DPQWPVUQhP� NZRDPc, 
hLWLZRb [LqUW y�WX PTWUZNZUWPZLDRTR VUcLDUhL[-
shQNUZWL[ P, WU[ QR[�[, MRWX TLD�U P NLcUkT�U kTR-
TPb L NZPVPTTL-QcUMQWDUTT�� QDbkb� D RTRcPkPZ^U-
[�� MRTT�� [14], VU_L SVM MRWX TU [L_^W. �UkTRVP-
WUcXTLU QTPqUTPU VPQcUTTLx WLVTLQWP ZU�UTPx  
Ly�bQTbUWQb WU[, VWL NZUMcLqUTT�[ D MRTTLx ZRyLWU 
Rc_LZPW[R[ D�MUcUT� ZRDT�U Q yLcUU NZLQW�[P Rc_L-
ZPW[R[P D�VPQcPWUcXT�U ZUQ^ZQ�, �LWb Q P� NL[L-
�X� Pk yRk� MRTT�� PkDcUhRUWQb TR[TL_L yLcX�U 
PT`LZ[RwPP. ]LcUU NLhRkRWUcXT�[ bDcbUWQb WLW `RhW, 
VWL NZUMcLqUTT�[ D MRTTLx ZRyLWU NLM�LML[ _UTUZP-
Z^�WQb yRk� cPT_DPQWPVUQhP� NZRDPc, MR��PU yLcUU 
D�QLh^� WLVTLQWX hcRQQP`PhRwPP, VU[ yRk� cPT_DPQ-
WPVUQhP� NZRDPc, NLc^VUTT�U MZ^_P[P [UWLMR[P (W. U. 
SCGA+FL2). 

���"?0����. vRkDPWPU NZUMcLqUTTL_L D MRTTLx 
ZRyLWU NLM�LMR MLcqTL y�WX TRNZRDcUTL TR ZRQ�PZU-
TPU DLk[LqTLQWP NZP[UTUTPb Rc_LZPW[LD NLQWZLUTPb 
TUVUWhP� QPQWU[, D VRQWTLQWP, PQNLcXkLDRTPU P� TU 
WLcXhL Mcb NZLUhWPZLDRTPb hcRQQP`PhRWLZLD, TL P 
Mcb RDWL[RWPVUQhL_L NLQWZLUTPb TUVUWhP� QPQWU[ 
^NZRDcUTPb QcLqT�[P Ly�UhWR[P [15]. 

&"�>�/����+��. vRyLWR NLMMUZqRTR _ZRTWL[ KZU-
kPMUTWR vY TR 2014–2015 __. (~z-5391.2014.9). 
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�������	��� 	�$"&���� ���"	��# )����	������� �� ����������' "	����� ��$�������( �����+����� 

�	��� �� �����+����� ����	��� (3�), �	�������# � ����/&' ����	��"	� ������	����, 	�$	���������  
� �����	�!�� � ���"/��� � ������ ������ 	���������� 855. ����$ 	�$"&����� )���"���!�� 3� ���+���-
������� � $�	"��%���� �	��$������� ����$����� ���+�� $��+���&��� ������� ��		�(!�� �"+��� �����&-
��� 	����� 3� � ��	��!�(�� ����+��� ����������, ������������ ��$�"/������&' �����+����� �	���,  
� ���%� ��#��������� "����(�� )���"���!�� 3�. ��	"��"	� � �������� )��� ��#�������� �	���, ��$�-
������ ����������� ���*��� �������	�� (���) �����+������ ����	���, $������ ��� �� ������������ ���-
��	"�!�� � 	����� ��	����# ������ 3�, ��� � �� ���%����� �	"��# �����	�� �����+������ �����. ��-
������ ���"&���� ����+����� ��	�$�����( ��� (�(���( ��	"( ���!����	��# ��$�����# ��������� ���-
���� ��		��!�� 3�. 8��"	��( )���"���!�( 3� �	���#���� � ��	"��"	��# �����(# ����������	�, $���-
�����# ��$���, 	�$�+�'/���( ������ )��	����+������ #�	����	�������� � ���!���	�!���. 3� 	�$	������ 
�� «5��» �"��!����	"'� �� �����&��# ����# �	���, ��	�����'/�# �	����+���� ��� ������ ����$������ 
�����+������ �	���	������. 3	��� ����, �"��!����	������ 3� �	���#���� � ��$���� �	���, ��	��	"'/���( 
$� �+�� �	�!����� ��$��������( � �"����!�� �����	"�!�����# ����	���� 3�, "��+�� ��$�� �$ ��"�	����# 
������� � 	����� 	�$�+���� ���	"������( 3�. U����� �	����� ������(��( ����� ���"�&���� � ��($�  
� "���+����� �	��� ��������� �"/���������( 3�, "��%������ � ������'	�$�!��� ��	����� ����	��"	�, 
����&$������� � �� ������� +"�������&��# ��"�	����������# )������� ������� ������� �����	�!��, 
"���+����� )��	�����	"%������� 3�, "���+����� +��� � ��/����� �	����-��	���'/�# "��	�����. ���"-
�� ���%� �������&, +�� ����	��!�( �� "	���(# ��$�������( �����+����� �	���, ��"+����( � 3� � 	�%��� 
	��&���� �	�����, �	���� ����#����� �	� ����$� �����&��# ���"�!�� �� ��	�" 3� � �( �	��(��( ���	�-
�����# 	�*���� �� �# "�	�����'. 
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This article presents full-scale experimental results, which study how space environment levels influence space-

crafts. Such experiments were carried out with special monitoring equipment designed in cooperation with the special-
izing key Russian research institutes. Operation results analysis for Russian and non-Russian satellites show the pres-
ence of significant correlation between anomalous operation of satellites and variations of solar activity, geomagnetic 
disturbances of space environment and man-induced satellite operation conditions. The full-scale satellites operation is 
carried out in the magnetosphere structural areas filled with plasma, which vary in its energetic characteristics and 
concentration. ISS satellites operate in several orbit types covering almost all domains of near-Earth space. Also 
spacecraft operation performs in gas environment, caused by construction material gassing and sublimation process, 
inner modules gas leakage and equipment work. The structure and dynamics of this man-induced environment called 
satellite-surrounding atmosphere (SSA) depends on both peculiarities of satellite on-board systems’ design and operation, 
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and on many other flight factors. Main pulse SSA source is stationary plasma thruster stream of the spacecraft correc-
tion system. Described problems are actual due to increased lifetime of satellites, increased complexity and miniaturi-
zation of on-board equipment based on LSI sensitive semiconductor elements, increased satellite power-to-weight ratio, 
increased number and power of receivers and transmitters. Also it’s marked, that real-time information about space-
craft environment influence is especially necessary in case of anomalous on-board situations and for efficient space-
craft control. 

 
Keywords: spacecraft, on-board equipment, space factors. 
 
)��/����. $NUhWZ `RhWLZLD, DLkMUxQWD^��P�  

TR hLQ[PVUQhPx RNNRZRW (z�) D NZLwUQQU U_L LZyP-
WRcXTLx shQNc^RWRwPP, VZUkD�VRxTL �PZLh. J ZUk^cX-
WRWU P� DLkMUxQWDPb, D [RWUZPRcR� hLTQWZ^hwPP z�  
P scU[UTWR� yLZWLDLx RNNRZRW^Z� (]�) NZLWUhR�W 
ZRkTLLyZRkT�U `PkPhL-�P[PVUQhPU NZLwUQQ�, NZPDL-
Mb�PU h ^�^M�UTP� P� shQNc^RWRwPLTT�� NRZR[UW-
ZLD, R WRhqU h DLkTPhTLDUTP� RTL[RcXT�� QPW^RwPx  
D ZRyLWU ]� P hRWRQWZL`PVUQhP[ LWhRkR[ yLZWLD�� 
QPQWU[ z�. 

KLsWL[^ LMTLx Pk LQTLDT�� NZLycU[ D LycRQWP 
NZPhcRMTLx hLQ[L`PkPhP NZP QLkMRTPP P LyUQNUVU-
TPP TRMUqTL_L `^ThwPLTPZLDRTPb z� bDcbUWQb NZL-
ycU[R LyUQNUVUTPb U_L QWLxhLQWP h DLkMUxQWDP� `Rh-
WLZLD hLQ[PVUQhL_L NZLQWZRTQWDR P `RhWLZLD WU�TL-
_UTTL_L �RZRhWUZR. 

vRyLW� NL PQQcUMLDRTP� DcPbTPb hLQ[PVUQhLx 
QZUM� TR z� D TR�Ux QWZRTU NLM NRWZLTRqU[ vLQhLQ-
[LQR P vLQQPxQhLx RhRMU[PP TR^h NZLDLMbWQb ^qU 
TUQhLcXhL MUQbWPcUWPx. J �� «}$$» P[UUWQb [TL_L-
cUWTPx LN�W [LTPWLZPT_R NRZR[UWZLD hLQ[PVUQhLx 
QZUM�, ZUk^cXWRWL[ hLWLZL_L bDcbUWQb ^WLVTUTPU `P-
kPhP P [U�RTPk[LD DLkMUxQWDPb hLQ[PVUQhLx QZUM� TR 
z�, ZRkZRyLWhR P LWZRyLWhR [UWLMLD P QZUMQWD kR�P-
W�, NZP[UTUTPU hLWLZ�� NLkDLcbUW LyUQNUVPWX McP-
WUcXT�x QZLh RhWPDTL_L Q^�UQWDLDRTPb ZRkZRyRW�-
DRU[�� z� (ML 15 cUW). vRyLW� NZLDLMbWQb D WUQTL[ 
QLWZ^MTPVUQWDU Q DUM^�P[P D MRTTLx LycRQWP ZLQQPx-
QhP[P �}} [1–15]. 

�+����9� \���9 ��3����# +�+���9 ���������>�. 
�QTLDT�U sWRN� ZRkDPWPb QPQWU[� [LTPWLZPT_R DcPb-
TPb hLQ[PVUQhLx QZUM� TR z� ZRkZRyLWhP �� «}$$» 
NZUMQWRDcUT� D WRycPwU.  
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lPN LZyPW� 
JZU[b  

NZLDUMUTPb  
shQNUZP[UTWLD 

vU_PQWZPZ^U[�U NRZR[UWZ�  
hLQ[PVUQhLx QZUM� �QTLDT�U ZUk^cXWRW� PQQcUMLDRTPx 

zZ^_LDRb, 
1000 h[ 1968–1971 __. 

KLWLhP scUhWZLTLD P NZLWLTLD 

J�QLhRb  
sccPNWPVU-
QhRb LZyPWR 

(J��) 

1968–1975 __. 

KLWLhP scUhWZLTLD P NZLWLTLD, NL_cL-
�UTTRb MLkR 

jWLVTUTR [LMUcX ZRMPRwPLTT�� NLbQLD 
uU[cP, NLc^VUT� MRTT�U L NcRTUWRZTL[ 
ZRQNZUMUcUTPP QLcTUVT�� hLQ[PVUQhP� 
c^VUx ($z�) 

IULQWRwPL-
TRZTRb  

LZyPWR (I$�) 
1976–1977 __. �RWVPhP MRDcUTPb 

KZLDUMUT� Pk[UZUTPb MPTR[PhP Pk[UTU-
TPb `LTLDL_L MRDcUTPb DLhZ^_ z� 

I$� 1978 _. 
KLWLhP scUhWZLTLD P NZLWLTLD, NL_cL-
�UTTRb MLkR, scUhWZPVUQhPU NLcb, 
DTU�Tbb NL[U�LDRb LyQWRTLDhR 

KLMWDUZqMUTPU _PNLWUk� L DcPbTPP TR z� 
`RhWLZLD scUhWZPkRwPP 

1983–1994 __. 
KLWLhP scUhWZLTLD P NZLWLTLD, NL_cL-
�UTTRb MLkR, scUhWZPVUQhPU NLcb, 
DTU�Tbb NL[U�LDRb LyQWRTLDhR  

}QQcUMLDRT� NZLwUQQ� `LZ[PZLDRTPb 
[R_TPWLQ`UZTLx NcRk[� 

I$� 

1990 _. 

�cUhWZPVUQhPU NLcb, NL[U�LDRb LyQWR-
TLDhR TR yLZW^ z� 

�WZRyLWRT� [UWLM� RhWPDTLx NcRk[UTTLx 
kR�PW� z� LW DLkMUxQWDPb `RhWLZLD scUh-
WZPkRwPP, D LQTLDTL[ ZRkZRyLWRT� P DTU-
MZUT� NRQQPDT�U [UWLM� P QZUMQWDR kR-
�PW� LW ZRMPRwPP P scUhWZPkRwPP 

1983–1994 __. 

KLWLhP scUhWZLTLD P NZLWLTLD, NL_cL-
�UTTRb MLkR, scUhWZPVUQhPU NLcb, ZRk-
TLQWP NLWUTwPRcLD, DTU�Tbb NL[U�LDRb 
LyQWRTLDhR 

jWLVTUTR [LMUcX ZRMPRwPLTT�� NLbQLD 
uU[cP, LNZUMUcUTR `PkPhR DLkMUxQWDPb 
NZLWLTLD $z� TR QLcTUVT�U yRWRZUP, PQ-
QcUMLDRT� LycRQWP NZLTPhTLDUTPb $z� 
TR MRTT�U D�QLW� 

zZ^_LDRb, 
20 000 h[ 

1993 _. 
�cUhWZPVUQhPU NLcb, NL[U�LDRb LyQWR-
TLDhR TR yLZW^ z� 

�WZRyLWRTR P DTUMZUTR kR�PWR z� LW ZRk-
TLQWP NLWUTwPRcLD NL QPQWU[U sTUZ_LNP-
WRTPb  
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lPN LZyPW� 
JZU[b  

NZLDUMUTPb  
shQNUZP[UTWLD 

vU_PQWZPZ^U[�U NRZR[UWZ�  
hLQ[PVUQhLx QZUM� �QTLDT�U ZUk^cXWRW� PQQcUMLDRTPx 

I$� 1994–2000 __. 

KLWLhP scUhWZLTLD P NZLWLTLD, NL_cL-
�UTTRb MLkR, ZRkTLQWP NLWUTwPRcLD, 
TRZ^qTRb NL[U�LDRb LyQWRTLDhR, NLWL-
hP [PhZL[UWULZPWLD 

KLc^VUT� kRhLTL[UZTLQWP DRZPRwPP PT-
WUTQPDTLQWP NLWLhLD scUhWZLTLD P MLk� D 
NUZPLM� [R_TPWT�� y^ZX, D�bDcUTL DcPb-
TPU WU�TL_UTT�� `RhWLZLD TR ZRyLWLQNL-
QLyTLQWX ]� (NcRk[R MDP_RWUcXT�� ^QWR-
TLDLh, QLyQWDUTTRb RW[LQ`UZR P W. M.) 

I$� 2000–2003 __. 

KLWLhP scUhWZLTLD P NZLWLTLD, DT^W-
ZUTTbb P TRZ^qTRb NL[U�LDRb LyQWR-
TLDhR, NRZR[UWZ� NcRk[� P QLyQWDUT-
TLx RW[LQ`UZ� 

J�bDcUTL, VWL QLcTUVTRb P _UL[R_TPWTRb 
RhWPDTLQWX D�k�DRUW kTRVPWUcXT�U (TR 
TUQhLcXhL NLZbMhLD) TUNZL_TLkPZ^U[�U 
Pk[UTUTPb ^ZLDTUx ZRMPRwPLTTL_L DLk-
MUxQWDPb, ^DUcPVUTPU `c^hW^RwPP _UL[R_-
TPWTL_L NLcb. �RVRWR ZRkZRyLWhR hL[-
NcUhQTLx [LMUcP DLkMUxQWDPb TR z� `Rh-
WLZLD WU�TL_UTTL_L �RZRhWUZR, ZRkZRyLWhR 
[UWLMLD P QZUMQWD kR�PW� 

J�� 2001–2003 __. 
KLWLhP scUhWZLTLD P NZLWLTLD, NL_cL-
�UTTRb MLkR, NL[U�LDRb LyQWRTLDhR 

KZLDUMUT� ZRyLW� NL ^WLVTUTP� [LMUcP 
hLQ[PVUQhL_L NZLQWZRTQWDR 

2006–2015 __. 

KLWLhP scUhWZLTLD P NZLWLTLD, NL_cL-
�UTTRb MLkR, scUhWZPVUQhPU NLcb, ZRk-
TLQWP NLWUTwPRcLD, DTU�Tbb NL[U�LDRb 
LyQWRTLDhR 

KZLDUMUTL ^WLVTUTPU [LMUcP ZRMPRwPLT-
T�� NLbQLD uU[cP 

zZ^_LDRb, 
20 000 h[ 

Q 2017 _. 

KLWLhP scUhWZLTLD P NZLWLTLD, WbqU-
c�� kRZbqUTT�� VRQWPw (lu�), NL_cL-
�UTTRb MLkR, scUhWZPVUQhPU NLcb, 
DTU�Tbb NL[U�LDRb LyQWRTLDhR, MRDcU-
TPU QLyQWDUTTLx DTU�TUx RW[LQ`UZ� 
($J�) QTRZ^qP P DT^WZP NZPyLZTL_L 
LWQUhR z� 

jWLVTUTPU [LMUcP hLQ[PVUQhL_L NZL-
QWZRTQWDR P [U�RTPk[LD U_L DLkMUxQWDPb 
TR z� 

J�� Q 2017 _. 
KLWLhP scUhWZLTLD P NZLWLTLD, lu�, 
NL_cL�UTTRb MLkR, NL[U�LDRb LyQWR-
TLDhR DT^WZP NZPyLZTL_L LWQUhR 

jWLVTUTPU [LMUcP hLQ[PVUQhL_L NZL-
QWZRTQWDR P [U�RTPk[LD U_L DLkMUxQWDPb 
TR z� 

I$� Q 2017 _. 
KL_cL�UTTRb MLkR, NL[U�LDRb LyQWR-
TLDhR, MRDcUTPU $J� DT^WZP NZPyLZTL-
_L LWQUhR 

jWLVTUTPU [LMUcP hLQ[PVUQhL_L NZL-
QWZRTQWDR P [U�RTPk[LD U_L DLkMUxQWDPb 
TR z� 

 
zZL[U WL_L, �� «}$$» NZPTP[RcL ^VRQWPU D QcU-

M^��P� [UqM^TRZLMT�� NZLUhWR� NL LZyPWRcXTL[^ 
PQQcUMLDRTP� hLQ[PVUQhLx QZUM� QLD[UQWTL Q ¶DZL-
NUxQhP[ hLQ[PVUQhP[ R_UTWQWDL[ (ESA): CEDRE (PQ-
QcUMLDRTPU [U�RTPk[R LyZRkLDRTPb NcUTLh kR_ZbkTUTPb 
NLM DLkMUxQWDPU[ hLQ[PVUQhLx QZUM�) (1994–1995 __.), 
GORID (Pk[UZUTPU NLWLhLD [PhZL[UWULZPWLD TR I$�) 
(1996–1997 __.) P NLM_LWLDhR shQNUZP[UTWR DDE NL 
PQQcUMLDRTP� DT^WZUTTUx kRZbMhP z� (1998–1999 __.). 

��3%"'���9 ���%��92 \�+����������. �VUDPM-
TL, VWL LQTLDT�[ NLhRkRWUcU[ MLQWRWLVTLQWP [UWLMLD 
P QZUMQWD kR�PW� z� LW DLkMUxQWDPb hLQ[PVUQhLx 
QZUM�, PQNLcXkLDRTT�� TR QWRMPb� NZLUhWPZLDRTPb, 
Pk_LWLDcUTPb P TRkU[TLx shQNUZP[UTWRcXTLx NLM_L-
WLDhP, bDcbUWQb U_L TLZ[RcXTLU `^ThwPLTPZLDRTPU  
P yUQQyLxTLU TRMUqTLU D�NLcTUTPU QDLP� wUcUD�� 
`^ThwPx D NZLwUQQU TRW^ZTLx shQNc^RWRwPP. �MTRhL 
NZP TRcPVPP Qc^VRUD RTL[RcXTL_L `^ThwPLTPZLDRTPb 
yLZWLD�� QPQWU[ NLbDcbUWQb TULy�LMP[LQWX D�bDcU-
TPb P� NZPVPT Q wUcX� ZRkZRyLWhP P NZP[UTUTPb ML-
NLcTPWUcXT�� [UZ kR�PW�. 

$^�UQWD^UW MDR QNLQLyR PMUTWP`PhRwPP RTL[RcX-
TL_L `^ThwPLTPZLDRTPb ]� Q ^ZLDTb[P DLkMUxQWDPb 
`RhWLZLD hLQ[PVUQhL_L NZLQWZRTQWDR. KUZD�x Pk TP� 
LQTLDRT TR NZL_TLkPZLDRTPP QLQWLbTPb NcRk[UTTL_L 
LhZ^qUTPb z� Q NL[L�X� LNZUMUcUTPb LycRQWP [R_-
TPWLQ`UZ�, _MU D MRTT�x [L[UTW TR�LMPWQb z�,  
R WRhqU MPR_TLQWPhU [R_TPWLQ`UZT�� DLk[^�UTPx  
D DPMU [R_TPWLQ`UZT�� Q^yy^ZX. �WL bDcbUWQb ML-
DLcXTL QcLqTLx kRMRVUx, NLQhLcXh^ VUWhRb NZPDbkhR 
[UQWR TR�LqMUTPb z� D [L[UTW TRyc�MUTPb RTL[RcX-
T�� QPW^RwPx LWTLQPWUcXTL QWZ^hW^ZT�� LycRQWUx 
[R_TPWLQ`UZ� kRWZ^MTUTR D QDbkP Q DZU[UTTLx `c^h-
W^RwPUx P� _ZRTPw, R WRhqU TRcPVPU[ NUZU�LMT�� 
LycRQWUx; MPR_TLQWPhR qU TRVRcR Q^yy^ZUD�� DLk[^-
�UTPx D WLVhU TR�LqMUTPb z� WZUy^UW LZ_RTPkRwPP 
VUWhLx Qc^qy� ZRkDUWDcUTTLx QUWP TRkU[T�� QWRTwPx 
TRyc�MUTPb. 

JWLZLx QNLQLy bDcbUWQb yLcUU NZUMNLVWPWUcXT�[ 
D QDbkP Q U_L _LZRkML yLcX�Ux WLVTLQWX� P [UTX�P[P 
kRWZRWR[P. �T LQTLDRT TR PQNLcXkLDRTPP yLZWLDLx 
MRWVPhLDLx MPR_TLQWPVUQhLx RNNRZRW^Z� hLTWZLcb, 
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LyUQNUVPDR��Ux Pk[UZUTPU ^ZLDTUx DLkMUxQWDPb 
hLQ[PVUQhLx QZUM� TR ]� P z�. �ULy�LMP[L LW[U-
WPWX, VWL hLcPVUQWDUTTLU LNZUMUcUTPU s``UhWPDTLQWP 
NZP[UTUTT�� QZUMQWD kR�PW� D TRW^ZT�� ^QcLDPb� 
WRhqU DLk[LqTL cP�X Q NL[L�X� yLZWLDLx RNNRZRW^-
Z� hLTWZLcb. 

�NPQRTPU LQTLDTL_L QLQWRDR MRWVPhLDLx RNNRZR-
W^Z�, NZUMTRkTRVUTTLx Mcb [LTPWLZPT_R ZRMPRwPLT-
TLx LyQWRTLDhP TR LZyPWU z� ZRkZRyLWhP �� «}$$», 
D MRTTLx ZRyLWU MRUWQb TR LQTLDU hL[NcUhWRwPP RNNR-
ZRW^Z� hLTWZLcb DTU�TUx QZUM� (�zJ$), ^QWRTLD-
cUTTLx TR z� «IcLTRQQ». J QLQWRD �zJ$ D�LMPW ycLh 
MUWUhWLZLD, NLkDLcb��Px NLc^VRWX PT`LZ[RwP�  
L NZLQWZRTQWDUTTL[ P DZU[UTTL[ ZRQNZUMUcUTPP  
NLWLhLD scUhWZLTLD P NZLWLTLD ZRMPRwPLTT�� NLbQLD 
P QLcTUVT�� hLQ[PVUQhP� c^VUx. zZL[U WL_L, D QLQWRD 
�zJ$ D�LMPW ycLh P MRWVPhP Mcb Pk[UZUTPb NL_cL-
�UTTLx MLk� DT^WZP NZPyLZTL_L LWQUhR, QLkMRDRU[Lx 
ZRkcPVT�[P DPMR[P PLTPkPZ^��P� Pkc^VUTPx TR 
WZRUhWLZPP LZyPWRcXTL_L MDPqUTPb z�, R WRhqU ycLh 
P MRWVPhP hLTWZLcb ^ZLDTUx kRZbMhP, PTWUTQPDTLQWP 
ZRkZbMT�� NZLwUQQLD P NL[U�LDLx LyQWRTLDhP. 

�R ZPQ. 1 NZUMQWRDcUT DZU[UTTLx �LM NLWLhLD QLc-
TUVT�� NZLWLTLD, kRZU_PQWZPZLDRTT�� TR z� GOES-11 
P «IcLTRQQ» [15]. �cb z� «IcLTRQQ» NZPDUMUT� QZUM-
TPU kTRVUTPb NLWLhLD, TRyc�MRD�P�Qb DTU ZRMPRwP-
LTT�� NLbQLD. KZLyUc� D NZL`Pcb� MRTT�� z� «IcL-
TRQQ» LWTLQbWQb h NZLcUWR[ VUZUk ZRMPRwPLTT�U NLb-
QR. JPMTL �LZL�UU QLDNRMUTPU NZL`PcUx TR LyLP� 
QN^WTPhR�. 

}TWUTQPDTLQWX kRZbMTL-ZRkZbMT�� NZLwUQQLD, NL-
WUTwPRc QN^WTPhR P LWMUcXT�� U_L PkLcPZLDRTT�� 

VRQWUx [LqTL LNZUMUcPWX, TUNLQZUMQWDUTTL PQ�LMb Pk 
NZb[�� Pk[UZUTPx TRNZbqUTTLQWP scUhWZPVUQhL_L 
NLcb D ZRkcPVT�� WLVhR� TR NLDUZ�TLQWP. 

�RPyLcUU Ly�P[ NRZR[UWZL[, QLNZLDLqMR��P[ 
scUhWZPkRwP� P �RZRhWUZPk^��P[ ^ZLDTP UU DLkMUx-
QWDPb TR z�, bDcbUWQb TRNZbqUTTLQWX scUhWZPVUQhL_L 
NLcb, hLWLZRb LMTLkTRVTL QDbkRTR Q NLDUZ�TLQWTLx 
NcLWTLQWX� kRZbMR. }k[UTUTPU TRNZbqUTTLQWP scUh-
WZPVUQhL_L NLcb D ZRkT�� WLVhR� z� NLkDLcbUW LwU-
TPWX hRh QZUMTPx NLWUTwPRc U_L hLTQWZ^hwPP, WRh  
P TULMTLZLMTLQWX NLDUZ�TLQWTLx kRZbMhP z�. zZL[U 
WL_L, DUcPVPTR TRNZbqUTTLQWP LNZUMUcbUW DUZLbWTLQWX 
DLkTPhTLDUTPb scUhWZLQWRWPVUQhP� ZRkZbMLD [10]. 

$cUMQWDPU[ scUhWZLQWRWPVUQhP� ZRkZbMLD bDcb�W-
Qb D�QLhLVRQWLWT�U NL[U�LD�U QP_TRc�, TRDLMP[�U  
D yLZWLDLx hRyUcXTLx QUWP P scUhWZLTT�� Q�U[R� ]�, 
hLWLZ�U [L_^W D�kDRWX QyLP P LWhRk� D ZRyLWU ]�  
P z� D wUcL[. ¶�U LMTP[ NRZR[UWZL[ scUhWZPkRwPP, 
hZPWPVT�[ Mcb ZRyLWLQNLQLyTLQWP z�, bDcbUWQb  
TRDUMUTPU hDRkPQWRWPVUQhLx ZRkTLQWP NLWUTwPRcLD 
[UqM^ PkLcPZLDRTT�[P VRQWb[P hLTQWZ^hwPP z�. 

]LcX�PTQWDL NZPyLZLD Mcb Pk[UZUTPb TRNZbqUT-
TLQWP scUhWZPVUQhL_L NLcb LQTLDRT� TR bDcUTPP 
scUhWZLQWRWPVUQhLx PTM^hwPP. �R sWL[ NZPTwPNU  
Q ^VUWL[ kTRVPWUcXTL_L MU`PwPWR [RQQ� P [L�TLQWP 
y�c ZRkZRyLWRT [RcL_RyRZPWT�x MRWVPh TRNZbqUTTL-
QWP scUhWZPVUQhL_L NLcb DPyZRwPLTTL_L WPNR. �cb 
Pk[UZUTPb hDRkPQWRWPVUQhLx ZRkTLQWP NLWUTwPRcLD 
[UqM^ �PTR[P NPWRTPb P hLZN^QL[ z� PQNLcXkLDRc-
Qb [LMP`PwPZLDRTT�x MRWVPh TRNZbqUTTLQWP scUh-
WZPVUQhL_L NLcb. �cb Pk[UZUTPb PTWUTQPDTLQWP NL[U� 
PQNLcXk^�WQb MDU ZRkTLDPMTLQWP ZU_PQWZRWLZLD. 

 

 
 

vPQ. 1. JZU[UTTLx �LM NLWLhLD QLcTUVT�� NZLWLTLD TR z� «IcLTRQQ-z» P GOES-11 kR NUZPLM 
5–18 MUhRyZb 2006 _. (NL LQP LZMPTRW NZPDUMUTR NcLWTLQWX NLWLhLD QLcTUVT�� NZLWLTLD J,  
 

hZPD�U 1–7 QLLWDUWQWD^�W NcLWTLQWP NLWLhLD NZLWLTLD D ZRkcPVT�� MPRNRkLTR� sTUZ_Px) 
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¾LZL�P[ NZP[UZL[, MU[LTQWZPZ^��P[ MUxQW-
DUTTLQWX PQNLcXkLDRTPb ZRkZRyLWRTT�� MRWVPhLD 
scUhWZPVUQhL_L NLcb, bDcb�WQb ZUk^cXWRW� TRW^ZTL_L 
shQNUZP[UTWR, NZLDUMUTTL_L TR yLZW^ z� «IcLTRQQ». 

$ wUcX� QL�ZRTUTPb ZRyLWLQNLQLyTLQWP ]� shQNU-
ZP[UTW NZLDLMPcQb D QNLhLxT�� _UL[R_TPWT�� ^QcL-
DPb�. �ULy�LMP[L LW[UWPWX, VWL D NUZPLM _UL[R_TPW-
T�� DLk[^�UTPx ZRkTLQWX NLWUTwPRcLD [UqM^ �PTR-
[P NPWRTPb P hLZN^QL[ z� TR hZ^_LDLx LZyPWU MLQWP-
_RcR TUQhLcXhP� QLWUT DLcXW. 

�``UhWPDTLQWX Dhc�VUTPb `PcXWZR �LZL�L Pcc�-
QWZPZ^UWQb ZPQ. 2, _MU NLhRkRTR WPNPVTRb kRDPQP[LQWX 
NLhRkRTPx MRWVPhR ZRkTLQWP NLWUTwPRcLD ML Dhc�VU-
TPb `PcXWZR P NLQcU Dhc�VUTPb `PcXWZR. �R _ZR`PhU 
NL LQP LZMPTRW D cL_RZP`[PVUQhL[ [RQ�WRyU NZPDU-
MUT� kTRVUTPb Pk[UZbU[Lx ZRkTLQWP NLWUTwPRcLD [U-
qM^ �PTLx NPWRTPb P hLZN^QL[ z�. 

zRh DPMTL Pk NZPDUMUTTL_L _ZR`PhR, D ZRQQ[RWZP-
DRU[�x NUZPLM DZU[UTP NLhRkRTPb MRWVPhR ZRkTLQWP 
NLWUTwPRcLD ML Dhc�VUTPb `PcXWZR QLQWRDcbcP LhLcL 
30 J. KLQcU Dhc�VUTPb `PcXWZR NLhRkRTPb MRWVPhR 
TR�LMPcPQX D MPRNRkLTU LhLcL 10 J P MRcUU TR NZLWb-
qUTPP DQU_L DZU[UTP TRyc�MUTPx TR�LMPcPQX D sWL[ 
NZUMUcU. 

�QTLDT�[ [L[UTWL[ D NZLDUMUTPP TRW^ZT�� shQ-
NUZP[UTWLD bDcbUWQb NLQWLbTT�x McPWUcXT�x [LTP-
WLZPT_ ZRMPRwPLTT�� ^ZLDTUx DLkMUxQWDPb, TR LQTL-
DRTPP hLWLZL_L DLk[LqTR hLZZUhWPZLDhR PQNLcXk^U-
[�� [LMUcUx DLkMUxQWDPb.  

�R ZPQ. 3 NZUMQWRDcUT� MRTT�U L NL_cL�UTTLx  
MLkU, TRhLNcUTTLx MLkP[UWZR[P TR z� «IcLTRQQ»  
kR LNZUMUcUTTLx kR�PWLx, Q TRVRcR NZLDUMUTPb [LTP-
WLZPT_R D 2007 _LM^ [16]. �R DUZ�TUx NRTUcP – PTMUhQ 
[UQbVTL_L VPQcR QLcTUVT�� NbWUT RI Q TRVRcR hLQ[P-
VUQhLx sZ�; TPqU – WLW qU PTMUhQ Mcb NUZPLMR [LTP-
WLZPT_R; U�U TPqU – Q^WLVT�U MLk� Q ycLhLD ZRMPL-
[UWZLD MLk� RNNRZRW^Z� �zJ$, MRcUU – ^QZUMT�TTRb 
NL _LM^ Q^WLVTRb MLkR Pk NZUM�M^�Ux NRTUcP Q N^ThWPZ-
T�[P [LMUcXT�[P ^ZLDTb[P, TPqU – PTMUhQ� Kp P Dst. 

vPQ. 3 QDPMUWUcXQWD^UW, VWL [LMUcX �LZL�L ^VPW�-

DRUW DUZ�TPU NZUMUc� TRyc�MRU[�� NLWLhLD, cP�X  
D 2012 _LM^ Pk[UZUTTRb QZUMTU_LMLDRb MLkR D��cR  
kR ^ZLDUTX [LMUcP AE8-MAX. lL, VWL MLkR D WUVUTPU 
VUW�Z�� cUW (Q 2008 NL 2011 __.) TR�LMPWQb LhLcL [P-
TP[^[R P cUqPW TPqU ^ZLDTb AE8-MIN, Ly�bQTbUWQb 
^TPhRcXTL McPTT�[ [PTP[^[ QLcTUVTLx RhWPDTLQWP. 

���"?0����. lRhP[ LyZRkL[, [LqTL hLTQWRWPZL-
DRWX, VWL ^qU NZP NUZD�� NLcUWR� PQh^QQWDUTT�� 
QN^WTPhLD uU[cP y�cP Q`LZ[^cPZLDRT� MDR NZPhcRM-
T�� TRNZRDcUTPb wUcUDL_L PQNLcXkLDRTPb QPQWU[� 
[LTPWLZPT_R: 

– ^WLVTUTPU ^QcLDPx shQNc^RWRwPP z�; 
– Pk^VUTPU [U�RTPk[LD P ^ZLDTUx DLkMUxQWDPb 

hLQ[PVUQhLx QZUM� TR z�, QLDUZ�UTQWDLDRTPU [UWL-
MLD P QZUMQWD kR�PW�. 

vLQQPxQhLx hLQ[PVUQhLx LWZRQcX� TRhLNcUT yL_R-
WUx�Px LN�W D NZLDUMUTPP PQQcUMLDRTPx `RhWLZLD 
hLQ[PVUQhL_L NZLQWZRTQWDR P P� DcPbTPb TR yLZWLD�U 
QPQWU[� z�. lRh, kR NUZPLM Q hLTwR 1960-� _LMLD ML 
TRQWLb�U_L DZU[UTP WLcXhL �� «}$$» D hLLNUZRwPP 
Q DUM^�P[P LWUVUQWDUTT�[P �}} NLM_LWLDcUT� P 
NZLDUMUT� MUQbWhP TRW^ZT�� shQNUZP[UTWLD, �ZLTL-
cL_Pb P LQTLDT�U ZUk^cXWRW� hLWLZ�� NZPDUMUT� D��U. 

uR sWL DZU[b y�c NZLDUMUT L_ZL[T�x hL[NcUhQ PQ-
QcUMLDRWUcXQhP� P NZLUhWT�� ZRyLW, ZUk^cXWRWL[ VU_L 
bDPcLQX: 

– LNZUMUcUTPU WPNLD P NRZR[UWZLD MUQWRyPcPkP-
Z^��P� `RhWLZLD hLQ[PVUQhL_L NZLQWZRTQWDR, TU_R-
WPDTL DcPb��P� TR z�; 

– ^WLVTUTPU [LMUcUx DLkMUxQWDPb PLTPkPZ^��U_L 
Pkc^VUTPb hLQ[PVUQhL_L NZLQWZRTQWDR; 

– D�yLZ, QLkMRTPU P LWZRyLWhR MRWVPhLDLx RNNR-
ZRW^Z� [LTPWLZPT_R; 

– QLkMRTPU QZUMQWD kR�PW� LW TU_RWPDTL_L DLk-
MUxQWDPb `RhWLZLD hLQ[PVUQhLx QZUM� Mcb z�. 

$cUM^UW WRhqU LW[UWPWX, VWL PT`LZ[RwPb Ly ^ZLD-
Tb� DLkMUxQWDPb hLQ[PVUQhLx QZUM�, NLc^VRU[Rb Q z� 
D ZUqP[U ZURcXTL_L DZU[UTP, hZRxTU TULy�LMP[R NZP 
RTRcPkU RTL[RcXT�� QPW^RwPx TR yLZW^ z� P Mcb 
NZPTbWPb LNUZRWPDT�� ZU�UTPx NL P� ^NZRDcUTP�. 

 

 
 

vPQ. 2. KLhRkRTPb MRWVPhR ZRkTLQWP NLWUTwPRcLD [UqM^ �PTLx NPWRTPb P hLZN^QL[ z�, NLc^-
VUTT�U D NZLwUQQU TRW^ZTL_L shQNUZP[UTWR TR hZ^_LDLx LZyPWU, NZLDLMP[L_L Q wUcX� LWZR- 
 

yLWhP s``UhWPDTLQWP QZUMQWD kR�PW� z� D DPMU RC-`PcXWZR 



 
 
 

������� ������. ��� 16,  � 4 
 

 854

 
 
vPQ. 3. ¿Phc� QLcTUVTLx RhWPDTLQWP (VPQcL QLcTUVT�� NbWUT RI) (DDUZ�^); 7,5-cUWTPx ZbM Pk-
[UZUTPx ZRMPRwPLTTLx MLk� TR z� «IcLTRQQ» (DTPk^); PTMUhQ� Kp P Dst (Kp-PTMUhQ – sWL 
NcRTUWRZT�x PTMUhQ _UL[R_TPWTLx RhWPDTLQWP [R_TPWLQ`UZ� uU[cP, Dst-PTMUhQ NZUMQWRDcbUW 
QLyLx LQUQP[[UWZPVT^� LWTLQPWUcXTL _UL[R_TPWTL_L MPNLcb hL[NLTUTW^ DLk[^�UTTL_L  
[R_TPWTL_L NLcb P LNZUMUcbUWQb TR LQTLDU Pk[UZUTPx [R_TPWTL_L NLcb TR VUW�ZU� NZPshDRWL- 
 

ZPRcXT�� QWRTwPb�) 
 

&�D"��>��!�0�+��� ++9"�� 
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LhZ^qR��Ux QZUM�: TLD�U bDcUTPb P NLM�LM�. 1997. 
l. 2. 143 Q. 

2. }k[UZUTPb _LZbVUx NcRk[� [R_TPWLQ`UZ�  
TR _ULQWRwPLTRZTLx LZyPWU P kRZbMT�� s``UhWLD /  
z. z. zZ^NTPhLD [P MZ.] // ~LMUcPZLDRTPb LhZ^qR��Ux 
QZUM� Mcb hLQ[PVUQhP� NZP[UTUTPx : WUkPQ� QP[NL-
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��	����	�� ��"+���(, "���&*�( �	��( 	����� � ��+�����&�"' ���	"$�". 5���&$������ ������	����� ��-
���� ��"+���( ���	����� ���� – ��	������ 	���	���	�����( �*���� – ������� ��	��������� ��������-
����, ����	�� +����+�� "��	��('��( � ����/&' ����&$�����( )��'!������� ���	���� ������$�!��. 
3	��� ����, ��+����� 	�*���( $���+� � ����/&' ���	��+��� ���	����� ���� �"/�������� $������ �� �� 
��	"��"	�, ����	�( ��%� ��%�� ����& ��>����� ����	���� � ����/&' )��'!�����# ���	�����. � 	�-
���� ����&$���� ����������"	�	"���� ������+����� ���	��� SelfCGA �( ����	���� ��	"��"	� � ������# 
��)���!������ ���	��+��� ���	����� ����. �����	������ ��"+����� ������� ��� �	������� �� $���+� 
����������!�� ��$	���� +������ �� �����	����.  
 

3'+���� ����: ���	��+��� ���	����� ����, )��'!������ ���	����, ����������"	�	������, ����&'-
��	��� $	����, ��*����� ��"+����, ����������!�(. 
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Computer technology development has opened great opportunities for researchers in the field of dynamic systems 

optimization offering new algorithms and ways of their combination into complex and powerful intelligent information 
technologies. A great interest in the field of machine learning has been given to dynamic objects identification and pat-
tern recognition in computer vision systems in particular recently. Computer vision problems arise in various fields: 
industry, security and surveillance systems, data acquisition and processing systems, computer-human interaction sys-
tems, etc. Neural networks are widely and successfully used for solving machine learning tasks. Neural networks are 
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computer models based on network of nerve cells of a living organism. Using classical neural network causes major 
difficulties for solving computer vision tasks as they require significant computational and/or time resources for learn-
ing as well as they lose important information about topology of  the original data. For this kind of tasks a special type 
of neural network called convolutional neural network was developed. Convolutional neural network (CNN) is the part 
of subfield of machine learning called deep learning. CNN is used as the main technology in this paper. It allows to 
build complex hierarchies of features and perform objects identification based on them. Using of the pooling layers 
provides invariance to size of the image and concept of parameters sharing can significantly reduce the number of pa-
rameters that have to be adjusted and therefore save computational costs and time. Standard training method for neural 
network (back propagation) has certain weaknesses that can be partially eliminated by using a evolutionary optimiza-
tion algorithm. The quality of the solution depends on the neural network structure, which can also be adjusted using 
evolutionary algorithms. In this paper, the self-configuring genetic algorithm SelfCGA is used for CNN’s structure and 
weighting coefficients adjustment. Proposed system is tested on the task of age identification based on the person’s 
photo. 

 
Keywords: convolutional neural network, evolutionary algorithms, self-configuring, computer vision, machine 

learning, identification. 
 
)��/����. $LDZU[UTT�x [PZ �RZRhWUZPk^UWQb 

QWZU[PWUcXT�[ ZRkDPWPU[ WU�TLcL_Px. uTRVPWUcXTLU 
^DUcPVUTPU D�VPQcPWUcXTLx [L�TLQWP P QTPqUTPU UU 
QWLP[LQWP, NZLPkL�UM�PU kR NLQcUMTPU TUQhLcXhL 
cUW, NLkDLcPcP yLcUU �PZLhL NZP[UTbWX QcLqT�U 
hL[yPTRwPP Rc_LZPW[LD Mcb ZU�UTPb ZRkcPVT��  
kRMRV. J[UQWU Q NLD��UTPU[ [L�TLQWUx, ^DUcPVPcQb 
P Ly�U[ MRTT��, LWhZ�DRb L_ZL[T�U DLk[LqTLQWP 
PQQcUMLDRWUcb[ D LycRQWP RTRcPkR MRTT��. KZP[UTU-
TPU Rc_LZPW[LD [R�PTTL_L Ly^VUTPb, D VRQWTLQWP, 
ZRQNLkTRDRTPb LyZRkLD, NZLVTL DL�cL D qPkTX QLDZU-
[UTTL_L VUcLDUhR D DPMU _LcLQLD�� NL[L�TPhLD (Siri, 
Cortana, Google Now), QUZDPQLD �ZRTUTPb `LWL_ZR`Px, 
LQ^�UQWDcb��P� RDWL[RWPVUQhLU LNZUMUcUTPU cPwR, 
NLPQh NL�LqP� PkLyZRqUTPx P W. M. lZ^MTL NZUMQWR-
DPWX QUyU hL[NX�WUZT^� QPQWU[^, DkRP[LMUxQWD^�-
�^� Q VUcLDUhL[, TU PQNLcXk^��^� Rc_LZPW[� [R-
�PTTL_L Ly^VUTPb. ]LcX�Lx PTWUZUQ NZUMQWRDcbUW 
WRhLx ZRkMUc [R�PTTL_L Ly^VUTPb, hRh hL[NX�WUZTLU 
kZUTPU. vUk^cXWRW� PQQcUMLDRTPx D sWLx LycRQWP  
^QNU�TL NZP[UTb�WQb D NZL[��cUTTLQWP (QPQWU[R� 
^NZRDcUTPb NZLwUQQR[P), QPQWU[R� DPMULTRyc�MUTPb, 
QyLZR PT`LZ[RwPP P W. M. 

�MTP[ Pk VRQWL PQNLcXk^U[�� [UWLMLD [LMUcPZL-
DRTPb D [R�PTTL[ Ly^VUTPP bDcbUWQb TUxZLTTRb QUWX, 
hLWLZRb P[UUW [TLqUQWDL ZRkTLDPMTLQWUx, ZRkZRyL-
WRTT�� D QLLWDUWQWDPP Q DLkTPhR��P[P NUZUM PQQcU-
MLDRWUcb[P kRMRVR[P. J�LMT�[P MRTT�[P D hcRQQP-
VUQh^� TUxZLTT^� QUWX bDcbUWQb DUhWLZ NRZR[UWZLD, 
hLWLZ�x �RZRhWUZPk^UW Ly�UhW RTRcPkR. KZP ZU�UTPP 
kRMRV hL[NX�WUZTL_L kZUTPb (ZRQNLkTRDRTPb Ly�Uh-
WLD) D�LML[ bDcbUWQb PkLyZRqUTPU, hLWLZLU TU [LqUW 
y�WX LyZRyLWRTL hcRQQPVUQhLx TUxZLTTLx QUWX� yUk 
NZUMDRZPWUcXT�� NZULyZRkLDRTPx. �MTP[ Pk DRZPRT-
WLD bDcbUWQb ZRkcLqUTPU PkLyZRqUTPb (WRycPw� PT-
WUTQPDTLQWP NPhQUcUx) D DUhWLZ, TL NZP sWL[ WUZbUWQb 
kTRVPWUcXTRb VRQWX PT`LZ[RwPP, WRh hRh TRZ^�RUWQb 
WLNLcL_Pb PQ�LMT�� MRTT��. KL[P[L WZ^MTLQWUx  
Q NZUMDRZPWUcXTLx LyZRyLWhLx PT`LZ[RwPP, hcRQQP-
VUQhLx TUxZLTTLx QUWP Mcb LyZRyLWhP PkLyZRqUTPx 
NLWZUy^UWQb WRhqU yLcX�LU VPQcL [UqTUxZLTT�� 
QDbkUx, VWL NZPDUMUW h D�QLhP[ D�VPQcPWUcXT�[ WZU-
yLDRTPb[ PcP kRWZRWR[ DZU[UTP. �cb ZU�UTPb NLMLy-
T�� kRMRV NLM�LMPW QDUZWLVTRb TUxZLTTRb QUWX, hLWL-
ZRb TU P[UUW LNPQRTT�� D��U TUMLQWRWhLD.  

������0�9� ��(����9� +���. }MUb QDUZWLVT�� TUx-
ZLTT�� QUWUx y�cR NZUMcLqUTR D 1980 _LM^ P NLc^VP-
cR �PZLhLU ZRQNZLQWZRTUTPU D hLTwU 1990-� ycR_LMR-
Zb ZRyLWR[ ÌTR �Uz^TR P �qL�^R ]UTqPL [1–4]. 
$DUZWLVTRb TUxZLTTRb QUWX QWZLPWQb TRNLMLyPU  
QPQWU[� TUxZLTLD kZPWUcXTLx hLZ� _LcLDTL_L [Lk_R  
P NLkDLcbUW s``UhWPDTL ZU�RWX kRMRVP ZRQNLkTRDRTPb 
LyZRkLD, TRZbM^ Q RTRcPkL[ ZUVP P DZU[UTT�� ZbMLD [5]. 
J MRTTLx ZRyLWU y^MUW LNPQRTR QDUZWLVTRb TUxZLTTRb 
QUWX Mcb RTRcPkR PkLyZRqUTPx. $DUZWLVT�U TUxZLT-
T�U QUWP NLkDLcb�W QWZLPWX QcLqT�U PUZRZ�PP NZP-
kTRhLD TR LQTLDU PQ�LMT�� MRTT��, hLWLZ�U D MRcX-
TUx�U[ PQNLcXk^�WQb Mcb hcRQQP`PhRwPP. zc�VUD�[ 
NLTbWPU[ D WULZPP QDUZWLVT�� TUxZLTT�� QUWUx bD-
cbUWQb QDUZWhR. $DUZWhLx TRk�DRUWQb [RWU[RWPVUQhRb 
LNUZRwPb, LWZRqR��Rb NL�LqUQWX LMTLx `^ThwPP TR 
LWZRqUTT^� P QMDPT^W^� hLNP� MZ^_Lx. �Z�PWUhW^ZR 
QDUZWLVTLx TUxZLTTLx QUWP NZUMQWRDcbUW QLyLx VUZU-
MLDRTPU QDUZWLVT�� P Q^yMPQhZUWPkPZ^��P� QcLUD. 
�R QDUZWLVT�� QcLb� D�NLcTbUWQb LNUZRwPb QDUZWhP 
D�LMTLx hRZW� NZPkTRhLD Q bMZL[ QDUZWhP, hLWLZLU 
LNZUMUcb�W DUQLD�U hLs``PwPUTW� TUxZLTR. J�LM-
TLx hRZWLx NZPkTRhLD Mcb TUxZLTLD NUZDL_L QcLb bD-
cbUWQb PQ�LMTLU PkLyZRqUTPU. �R ZPQ. 1 NLhRkRT ZU-
k^cXWRW QDUZWhP PkLyZRqUTPb  x Q bMZL[  k.  

�cb ^MLyQWDR NZUMQWRDcUTPb bMZL k y�cL LWZRqUTL 
NL _LZPkLTWRcP P DUZWPhRcP, WRhP[ LyZRkL[ QDUZWh^ 
MRTT�� PkLyZRqUTPx [LqTL ZRQQ[LWZUWX D hRVUQWDU 
hLZZUcbwPP x P k*: [LMP`PwPZLDRTTLU bMZL QDUZWhP 
NUZU[U�RUWQb NL PkLyZRqUTP� x, `LZ[PZ^b QLLWDUW-
QWD^��PU kTRVUTPb D��LMTLx hRZW� NZPkTRhLD c. 
�cU[UTW� PkLyZRqUTPb c ZRQQVPW�DR�WQb NL QcU-
M^��Ux `LZ[^cU:  

, , ,
,

i j i p j q r p r q
p q

c c c	 	 
 
� �" , , 0,  1,  ...,  1,p q r� 
  

_MU r – ZRk[UZ bMZR QDUZWhP. zRZWR NZPkTRhLD, NLc^-
VUTTRb D ZUk^cXWRWU QDUZWhP, NZL�LMPW VUZUk RhWPDR-
wPLTT^� `^ThwP�, ZUk^cXWRW hLWLZLx QWRTLDPWQb 
D��LML[ TUxZLTR QDUZWLVTL_L QcLb P, QLLWDUWQWDUTTL, 
D�LML[ Mcb TUxZLTR Q^yMPQhZUWPkPZ^��U_L QcLb.  

$cLP Q^yMPQhZUWPkRwPP, QcUM^��PU NLQcU QDUZ-
WLVT��, ^[UTX�R�W ZRk[UZTLQWX hRZW� NZPkTRhLD  
P LyUQNUVPDR�W PTDRZPRTWTLQWX h [RQ�WRy^. J LWcPVPU 
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LW QDUZWLVT�� QcLUD, LTP P[U�W LMPT ZU_^cPZ^U[�x 
NRZR[UWZ – `RhWLZ Q^yMPQhZUWPkRwPP, hLWLZ�x LNZU-
MUcbUW, DL QhLcXhL ZRk y^MUW ^[UTX�UTL PkLyZRqUTPU. 
$^�UQWD^�W ZRkcPVT�U QNLQLy� ^[UTX�UTPb ZRk[UZR 
hRZW� NZPkTRhLD Q NL[L�X� QcLUD Q^yMPQhZUWPkRwPP. 
J�LMTRb hRZWR NZPkTRhLD ZRkyPDRUWQb TR NLMLycRQWP  
D QLLWDUWQWDPP Q `RhWLZL[ Q^yMPQhZUWPkRwPP. �RNZP-
[UZ, UQcP `RhWLZ ZRDUT 2, WL hRZWR NZPkTRhLD ZRkyP-
DRUWQb TR LycRQWP ZRk[UZL[ 2 TR 2. KLQcU sWL_L D hRq-
MLx LycRQWP NL LNZUMUcUTTL[^ NZPTwPN^ D�yPZRUWQb 
PcP ZRQQVPW�DRUWQb kTRVUTPU, hLWLZLU QWRTLDPWQb 
scU[UTWL[ TLDLx, D��LMTLx hRZW� NZPkTRhLD. �MTP[ 
Pk NZP[UZLD NZRDPcR ZRQVUWR kTRVUTPx [LqUW y�WX 
^QZUMTUTPU kTRVUTPx DT^WZP LycRQWP (ZPQ. 2). 

}MUb QDUZWLVTLx TUxZLTTLx QUWP NZUMNLcR_RUW 
PQNLcXkLDRTPU ZRkMUcbU[�� DUQLD, W. U. NZP[UTUTPU 
LMTP� P WU� qU DUQLD�� hLs``PwPUTWLD Mcb ZRkcPV-
T�� [UqTUxZLTT�� QDbkUx. �RTT�x NLM�LM NLkDLcbUW 
kTRVPWUcXTL QLhZRWPWX hLcPVUQWDL TRQWZRPDRU[�� 
NRZR[UWZLD P ^QhLZPWX Ly^VUTPU TUxZLTTLx QUWP [6]. 
KLQcU NZL�LqMUTPb TUQhLcXhP� QcLUD hRZWR NZPkTR-
hLD ZRQhcRM�DRUWQb D DUhWLZ, hLWLZ�x PQNLcXk^UWQb  
D hRVUQWDU D�LMR Mcb hcRQQP`PhRWLZR. �y�^� RZ�P-
WUhW^Z^ QDUZWLVTLx TUxZLTTLx QUWP Q MD^[b QDUZWLV-
T�[P QcLb[P, QLMUZqR�P[P 5 P 10 TUxZLTLD QLLWDUW-
QWDUTTL, [LqTL PkLyZRkPWX D DPMU Q�U[�, NZUMQWRD-
cUTTLx TR ZPQ. 3. vRk[UZ D�LMTL_L PkLyZRqUTPb – 
28×28 NPhQUcUx, ZRk[UZ bMZR QDUZWhP – 5×5, hLcPVUQW-
DL hcRQQLD – 10, `RhWLZ Q^yMPQhZUWPkRwPP – 2. 

 

 
 

vPQ. 1. KZP[UZ QDUZWhP PkLyZRqUTPx 
 

 
 

vPQ. 2. KZP[UZ ZRyLW� QcLb Q^yMPQhZUWPkRwPP 
 
 

 
 

vPQ. 3. �Z�PWUhW^ZR QDUZWLVTLx TUxZLTTLx QUWP 
 

$DUZWhR 
$DUZWhR$^yMPQhZUWPkRwPb

$^yMPQhZUWPkRwPb

zcRQQP`PhRwPb

�ZP_PTRcXTLU 
}kLyZRqUTPU 
vRk[UZ: 1@28×28 

zRZWR NZPkTRhLD 1 
vRk[UZ: 5@24×24 

$qRWRb hRZWR 
NZPkTRhLD 1 
vRk[UZ: 5@12×12 

zRZWR NZPkTRhLD 2 
vRk[UZ:10@8×8 

$qRWRb hRZWR 
NZPkTRhLD 2 
vRk[UZ: 10@4×4 

JUhWLZ NZPkTRhLD 
vRk[UZ: 1@160 

JUhWLZ hcRQQLD  
(D��LM hcRQQP`PhRWLZR) 
vRk[UZ: 1@10 
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KLQhLcXh^ NZP PQNLcXkLDRTPP QDUZWLVTLx TUx-
ZLTTLx QUWP kTRVPWUcXTL QLhZR�RUWQb hLcPVUQWDL 
TRQWZRPDRU[�� DUQLD�� hLs``PwPUTWLD, DLk[LqTL 
yLcUU _PyhLU P [UTUU D�VPQcPWUcXTL kRWZRWTLU NZP-
[UTUTPU Rc_LZPW[LD Mcb Ly^VUTPb TUxZLTTLx QUWP. 
lRhqU TR s``UhWPDTLQWX ZRyLW� TUxZLTTLx QUWP 
DcPbUW UU QWZ^hW^ZR, hLWLZRb MLcqTR NLMyPZRWXQb  
RDWL[RWPVUQhP NLM hRqM^� NLQWRDcUTT^� kRMRV^. �cb 
ZU�UTPb sWP� kRMRV D MRTTLx ZRyLWU PQNLcXk^UWQb 
_UTUWPVUQhPx Rc_LZPW[. 

�������!�>%���%��9( >�����0�+��( �">�����. 
}MUb _UTUWPVUQhL_L Rc_LZPW[R, hRh P TUxZLTT�� QU-
WUx, kRP[QWDLDRTR ^ NZPZLM�. J LQTLDU _UTUWPVUQhL_L 
Rc_LZPW[R cUqPW hLTwUNwPb sDLc�wPP: LWyLZ TRPyL-
cUU NZPQNLQLycUTT�� PTMPDPMLD, QhZU�PDRTPU P [^-
WRwPb. IUTUWPVUQhPU Rc_LZPW[� �PZLhL NZP[UTb�WQb 
D QcLqT�� kRMRVR� LW�QhRTPb _cLyRcXTL_L LNWP[^[R, 
D VRQWTLQWP, NZP LWQ^WQWDPP VUWhLx [RWU[RWPVUQhLx 
[LMUcP. 

IUTUWPVUQhPx Rc_LZPW[ P[UUW NRZR[UWZ�, LNZUMU-
cb��PU �RZRhWUZ U_L ZRyLW�, hLWLZ�U kTRVPWUcXTL 
DcPb�W TR s``UhWPDTLQWX ZU�UTPb NLQWRDcUTTLx kR-
MRVP. �RTT�U NRZR[UWZ� TU WLcXhL LWcPVR�WQb Mcb 
hRqMLx ZU�RU[Lx kRMRVP, TL WRhqU WZUy^�W shQNUZW-
T�� kTRTPx LW NLcXkLDRWUcb. KZP PQNLcXkLDRTPP 
WLcXhL QWRTMRZWT�� LNUZRWLZLD NLc^VRUWQb yLcUU 100 
P� hL[yPTRwPx, VWL MUcRUW kRMRV^ D�yLZR LNZUMUcUT-
TL_L TRyLZR MLQWRWLVTL QcLqTLx [7–9]. 

KLQhLcXh^ LNWP[RcXT�U kTRVUTPb NRZR[UWZLD Rc-
_LZPW[R TU PkDUQWT� kRZRTUU, P[UUWQb TULy�LMP[LQWX 
D LZ_RTPkRwPP NZLwUM^Z� RDWL[RWPVUQhL_L NLPQhR 
WRhP� kTRVUTPx Mcb NLD��UTPb hRVUQWDR ZU�UTPb  
kRMRVP. �RTTRb NZLwUM^ZR ZURcPkLDRTR D QR[LhLT`P-
_^ZPZ^U[L[ _UTUWPVUQhL[ Rc_LZPW[U SelfCGA [10]. 
JUZLbWTLQWP NZP[UTUTPb LNZUMUcUTT�� WPNLD LNUZR-

WLZLD D SelfCGA ZRQQVPW�DR�WQb PQ�LMb Pk P� ^Q-
NU�TLQWP TR NZUM�M^�P� NLhLcUTPb�. KZP ZRyLWU 
Rc_LZPW[R TU WZUy^UWQb �ZRTUTPU PT`LZ[RwPP L NZU-
M�M^�P� NLhLcUTPb� (hZL[U NLQcUMTU_L), D QDbkP  
Q sWP[ TU TRhcRM�DR�WQb WZUyLDRTPb h yLcX�P[  
ZUQ^ZQR[ Mcb �ZRTUTPb MRTT�� [11]. KL[P[L sWL_L, 
DUZLbWTLQWP NZP[UTUTPb LNUZRWLZLD TU Dhc�VUT�  
D �ZL[LQL[^ P TU bDcb�WQb Ly�UhWL[ sDLc�wPP, WU[ 
QR[�[ PQhc�VRb ^DUcPVUTPU NZLQWZRTQWDR LNWP[PkR-
wPP. J�VPQcPWUcXT�U ZUQ^ZQ�, WZUy^U[�U Mcb ZRyLW� 
Rc_LZPW[R, TU ^DUcPVPDR�WQb Q ZLQWL[ VPQcR NLhLcUTPx. 

�NPQRTT�U D��U NZUP[^�UQWDR Rc_LZPW[R SelfCGA 
NLkDLcb�W ^QNU�TL PQNLcXkLDRWX U_L D QLVUWRTPP Q 
MZ^_P[P PTWUccUhW^RcXT�[P PT`LZ[RwPLTT�[P WU�-
TLcL_Pb[P, TRNZP[UZ, Q TUxZLTTLx QUWX� [12–17]. 

]cLh Q�U[R QR[LhLT`P_^ZPZ^U[L_L Rc_LZPW[R 
SelfCGA NZUMQWRDcUTR TR ZPQ. 4. 

	�+���(�� ��(�����( +��� + ����]'? >�����-
0�+��>� �">������. zRh LW[UVRcLQX ZRTUU, hRVUQWDL 
ZU�UTPb kRMRVP Q NL[L�X� TUxZLTTLx QUWP kTRVP-
WUcXTL kRDPQPW LW D�yZRTTLx QWZ^hW^Z� P Rc_LZPW[R 
Ly^VUTPb. lZRMPwPLTTL TUxZLTT�U QUWP Ly^VR�WQb Q 
NL[L�X� [UWLMR LyZRWTL_L ZRQNZLQWZRTUTPb L�PyhP 
[18], hLWLZ�x NZP[UTP[ P D Qc^VRU QDUZWLVTLx TUx-
ZLTTLx QUWP Q TUhLWLZ�[P NLNZRDhR[P, D�kDRTT�[P 
QNUwP`PhLx ZRyLW� TUxZLTLD QcLUD QDUZWhP P Q^yMP-
QhZUWPkRwPP. �MTRhL Rc_LZPW[ LyZRWTL_L ZRQNZLQWZR-
TUTPb L�PyhP bDcbUWQb _ZRMPUTWT�[ [UWLML[ P [L-
qUW NZPDLMPWX h NLNRMRTP� D cLhRcXT�x LNWP[^[, 
LQLyUTTL NZP QcLqTLx NLDUZ�TLQWP `^ThwPP L�PyhP. 
JL PkyUqRTPU WRhLx QPW^RwPP QcUM^UW NZP[UTPWX _U-
TUWPVUQhPx Rc_LZPW[ Mcb LNZUMUcUTPb TRVRcXT�� 
kTRVUTPx DUQLD�� hLs``PwPUTWLD TUxZLTTLx QUWP, 
NLQcU VU_L PQNLcXkLDRWX [UWLM LyZRWTL_L ZRQNZLQWZR-
TUTPb L�PyhP Mcb yLcUU WLThLx P� TRQWZLxhP. 

 

 
 

vPQ. 4. ]cLh-Q�U[R QR[LhLT`P_^ZPZ^U[L_L _UTUWPVUQhL_L Rc_LZPW[R SelfCGA  

�R 

�UW

�RVRcL 

}TPwPRcPkRwPb 
NLN^cbwPP 

J�yLZ hL[yPTRwPP 
NRZR[UWZLD 

YLZ[PZLDRTPU 
TLDLx NLN^cbwPP 

zLTUw 

J�NLcTbUWQb 
hZPWUZPx 
LQWRTLDR? 

uRMRTPU TRVRcXT�� 
DUZLbWTLQWUx 

KZP[UTUTPU D�yZRTT�� 
_UTUWPVUQhP� LNUZRWLZLD 

�wUThR NLWL[hLD 

KUZUQVUW DUZLbWTLQWUx 
Mcb LNUZRWLZLD 
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J�yLZ QWZ^hW^Z� QDUZWLVTLx TUxZLTTLx QUWP 
NLMZRk^[UDRUW TRQWZLxh^ WRhP� NRZR[UWZLD, hRh  
hLcPVUQWDL NRZ QcLUD QDUZWhP P Q^yMPQhZUWPkRwPP, 
LNZUMUcUTPU hLcPVUQWDR TUxZLTLD D hRqML[ QcLU,  
ZRk[UZ bMZR QDUZWhP P kTRVUTPU `RhWLZR Q^yMPQhZUWP-
kRwPP. 

������� 3�/�0� ����/�"���# ��3��+�� 0�"����� 
�� !���>��!��. KZLDUZhR s``UhWPDTLQWP NZUMcR_RU-
[L_L NLM�LMR y^MUW NZLPkDUMUTR TR kRMRVU LNZUMUcU-
TPb DLkZRQWR VUcLDUhR NL U_L `LWL_ZR`PP. J PQNLcX-
k^U[Lx yRkU MRTT�� QLMUZqPWQb 646 NZP[UZLD. �ULy-
�LMP[L LNZUMUcPWX DLkZRQWT^� _Z^NN^ VUcLDUhR  
TR `LWL_ZR`PP Pk QcUM^��P�: 

1) 18–23 _LMR; 
2) 23–27 cUW; 
3) 25–36 cUW; 
4) 32–49 cUW; 
5) 46–60 cUW; 
6) 58–70 cUW; 
7) >70 cUW. 
�cb ZU�UTPb MRTTLx kRMRVP Mcb TUxZLTTLx QUWP 

y�cR D�yZRTR QcUM^��Rb QWZ^hW^ZR NL ^[LcVRTP�:  
3 QhZ�W�� QcLb, 7 TUxZLTLD TR hRqML[ QcLU, ZRk[UZ 
bMZR QDUZWhP – 5, `RhWLZ Q^yMPQhZUWPkRwPP – 2, hLcP-
VUQWDL sNL� Ly^VUTPb – 300. 

�cb D�yLZR TRVRcXT�� DUQLD PQNLcXkLDRcQb Rc_L-
ZPW[ SelfCGA QL QcUM^��P[P NRZR[UWZR[P: VPQcL 
PTMPDPMLD – 50, VPQcL NLhLcUTPx – 100. KLQcU NZUM-
DRZPWUcXTLx TRQWZLxhP DUQLD Ly^VUTPU TUxZLTTLx 
QUWP NZLPQ�LMPcL Q yLcX�Ux QhLZLQWX�, VWL NLD�QP-
cL s``UhWPDTLQWX QPQWU[�. 

KLMyLZ QWZ^hW^Z� TUxZLTTLx QUWP Q NL[L�X�  
_UTUWPVUQhL_L Rc_LZPW[R bDcbUWQb D�VPQcPWUcXTL 
kRWZRWT�[ NZLwUQQL[, D QDbkP Q sWP[ y�cP PQNLcXkL-
DRT� QcUM^��PU NRZR[UWZ�: VPQcL PTMPDPMLD – 8, 
VPQcL NLhLcUTPx – 10. KZP NLMyLZU QWZ^hW^Z� QDUZ-
WLVTLx TUxZLTTLx QUWP TRyc�MRcPQX QcUM^��PU WUT-
MUTwPP: 

1. ]LcX�Ux s``UhWPDTLQWX� NZP MRTT�� NRZR-
[UWZR� Ly^VUTPb LycRMR�W QWZ^hW^Z� QL QZUMTP[ 
VPQcL[ TUxZLTLD. ]LcX�LU VPQcL TUxZLTLD D QcLU 
NZPDLMPW h TU�DRWhU ZUQ^ZQLD Mcb Ly^VUTPb. $LLWDUW-
QWDUTTL, Mcb Ly^VUTPb WRhP� QUWUx TULy�LMP[L PQ-
NLcXkLDRWX yLcX�UU hLcPVUQWDL sNL�, VWL Q^�UQWDUT-
TL NLD��RUW D�VPQcPWUcXT^� QcLqTLQWX. 

2. ]LcX�Ux s``UhWPDTLQWX� LycRMR�W QWZ^hW^Z�, 
D hLWLZ�� ZRk[UZ bMZR QDUZWhP ^[UTX�RUWQb Q ^DUcP-
VUTPU[ TL[UZR QcLb. �RNZP[UZ, 3 QcLb QL QcUM^��P-
[P ZRk[UZR[P bMUZ QDUZWhP: 7, 5, 3. 

3. KLcLqPWUcXTL TR s``UhWPDTLQWP QhRk�DRUWQb 
^DUcPVUTPU hLcPVUQWDR TUxZLTLD D QcLU Q ^DUcPVU- 
TPU[ U_L TL[UZR. �RNZP[UZ, 3 QcLb Q 5, 7, 10 TUxZLTR-
[P QLLWDUWQWDUTTL. 

vUk^cXWRW� WUQWPZLDRTPb QDUZWLVTLx TUxZLTTLx 
QUWP Mcb ZU�UTPb kRMRVP LNZUMUcUTPb DLkZRQWR  
NL `LWL_ZR`PP NZUMQWRDcUT� D WRycPwU. $DUZWLVTRb 
TUxZLTTRb QUWX LyLkTRVUTR RyyZUDPRW^ZLx CNN. 

�R LQTLDRTPP MRTT��, NZUMQWRDcUTT�� D WRycPwU, 
[LqTL QMUcRWX D�DLM, VWL hL[yPTPZLDRTPU QDUZWLV-
TLx TUxZLTTLx QUWP Q QR[LhLT`P_^ZPZ^U[�[ _UTUWP-
VUQhP[ Rc_LZPW[L[ Mcb TRQWZLxhP QWZ^hW^Z� P TR-
VRcXT�� DUQLD�� hLs``PwPUTWLD NLkDLcbUW NLD�QPWX 

s``UhWPDTLQWX ZRyLW� TUxZLTTLx QUWP NZP ZU�UTPP 
kRMRVP PMUTWP`PhRwPP. 

 
��3%"'���9 ��+��������# +�����0��( ��(�����( +��� 

 

 CNN CNN + SelfCGA 
(DUQR) 

CNN + SelfCGA
(DUQR  

P QWZ^hW^ZR) 
lLVTLQWX 
hcRQQP-

`PhRwPP 

57,61 % 
[54,11–58,22]

61,97 % 
[59,56–64,38] 

65,01 % 
[62,33–66,44] 

 
���"?0����. }QNLcXkLDRTPU QDUZWLVT�� TUxZLT-

T�� QUWUx D hRVUQWDU [LMUcUx NZP ZU�UTPP kRMRV 
PMUTWP`PhRwPP, D VRQWTLQWP, ZRQNLkTRDRTPb LyZRkLD  
D QPQWU[R� hL[NX�WUZTL_L kZUTPb, NLkDLcbUW QWZLPWX 
_PyhPU P s``UhWPDT�U [LMUcP. zL[yPTPZLDRTPU 
QDUZWLVTLx TUxZLTTLx QUWP Q QR[LhLT`P_^ZPZ^U[�[ 
_UTUWPVUQhP[ Rc_LZPW[L[ Mcb TRQWZLxhP DUQLD��  
hLs``PwPUTWLD P NLMyLZR QWZ^hW^Z� NLcLqPWUcXTL 
QhRk�DRUWQb TR hRVUQWDU ZU�UTPb kRMRV. 

&"�>�/����+��. vRyLWR D�NLcTUTR D ZR[hR�  
NZLUhWR ´ 72/14 «vRkDPWPU [UWLMLD PMUTWP`PhRwPP  
P ^NZRDcUTPb MPTR[PVUQhP[P QPQWU[R[P TR LQTLDU 
sDLc�wPLTT�� QWZRWU_Px» WU[RWPVUQhL_L NcRTR ¶u� 
$PyI�j. 
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�������	��� �	�!����, �	�����'/�� �	� ��#�%����� ���������# ����� � "��������� � ��$�"*��� 
�	��� � 	�$�+��� ��%����&'. � �����+����# ����	���# (3�) +���� �	����('��( 	�$�+��� �����	��� 
����	���, � ��� +��� ���������� ����� � "���������. �������	� ������ �$ �����$�!�����# ����-
	���� �( ������+���( �	��"���# 	������#��+����# #�	����	����� ���	���'� ������ ��	�%�'/�� ��-
�� �����, ���+�� �'����(. U( ���'+���( ��$��%��� ��		�$�� ���������� ��( �� �����# ����	���# 
����#����� $���& ���+����� ����, ����	%�/���( � ��>��� ����	���. 9	� ��������/���� ����������� 
������� � "����������� �	���#���� ����"$�( ����" ����, ����	%�/�#�( � �������	�, � ��>�� ����-
	���. U( ��	������( ���+����� � �������� ��	�!�� ����, ����	%�/���( � ��	"%�'/�� ��$�"#�, ����&-
$����� ��������+����( ����&, ��������( }����. 8� ������ "	������( }��� � "�����, ��$����'/�# �	� ��-
��	����� ����� �( �����# �����	��# ����	����, ��"+��� "	������� �( 	��+��� �������� ��������-
/���( �����	���� ����	�����.  

9� ��"+����� ����� ��������/���( ��%�� ��	�����& ��)���!����� ����"$�� ����	���� �"��� 
��	���	������	�+������ ����$� � �����������( ��"+����# 	�$"&����� � ������ ����&'.  

9�"+���� � ����	 ����	���� � ����%����� $��+����� ��������/���( – )�� ��	���������� ���	���-
��� � ����	���������� �	�������&�� � 	������-�����+����� ���	�. B���	��� � ���� ���+������ ��-
��/����� ���� ��$��('� �	��$�����& 3� � ���� ����&��� �	���� ��������� �"/���������( � ����#�-
���� �( ��	���������# ����	����, � ����������� � �	�������� ���	"��������. 
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Vestnik SibGAU 
Vol. 16, No. 4, P. 864–867 

 
MODEL OF MOISTURE ABSORPTION MATERIALS USED  

IN THE MANUFACTURE OF SPACECRAFT ANTENNAS 
 

I. V. Bashkov1, R. �. Ermolaev1, 2, �. B. Kuznetsov1, A. E. Miheev2*, A. V. Girn2 
 

1JSC “Information satellite systems” named after academician M. F. Reshetnev”  
52, Lenin St., Zheleznogorsk, 662972, Russian Federation  

2Reshetnev Siberian State Aerospace University  
31, Krasnoyarsky Rabochy Av., Krasnoyarsk, 660037, Russian Federation 

*¶-mail: michla@mail.ru  
 

In this case study the processes occurring in finding the polyimide films and carbon plastic in the air with different 
humidity have been analyzed. Various polymeric materials including polyimide film and carbon fiber are used in space-
craft (SC) manufacture. 

For achievement of desired radio characteristics for composite reflector antennas are coated with a thin reflective 
metal layer, usually aluminum. It is necessary to know the volume of moisture contained in the bulk material, for elimi-
nation of corrosion risk for the sprayed layer. 

In case of moisture-absorption of the polyimide film and CFRP, the diffusion of water molecules contained in the 
atmosphere into the material occurs. 

Fick’s mathematical model is used to determine the amount and sorption kinetics of moisture contained in the ambi-
ent air. On the basis of the Fick's equation and conditions arising in the construction of models for thin polymeric mate-
rials the equation for calculating the dynamics of moisture absorption polymeric materials was obtained. 

According to the resulting model of moisture absorption, the diffusion coefficients of materials by thermo gravimet-
ric analysis and comparison of the results obtained, with this model can be determined. 
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The production and selection of material with low moisture absorption value is a trans-promising direction in mate-
rials applied to the rocket and space industry. The materials with a small amount of moisture absorbed by the SC allow 
a longer active life (CAC) and the need for future up-formulations, in particular – with cryogenic equipment. 

 
Keywords: Polyimide film, carbon fiber, diffusion, sorption. 
  
)��/����. J QLQWRD RTWUTT hLQ[PVUQhL_L RNNRZRWR 

D�LMbW D�QLhLWLVT�U ZRk[UZLQWRyPcXT�U ZU`cUhWLZ� 
Pk hL[NLkPwPLTT�� [RWUZPRcLD, h hLWLZ�[ NZUM�bD-
cb�WQb D�QLhPU WZUyLDRTPb NL WLVTLQWb[ D ZRkcPV-
T�� WU[NUZRW^ZT�� ^QcLDPb� shQNc^RWRwPP. �RP-
yLcX�Px DhcRM D LWhcLTUTPb ZRyLVUx NLDUZ�TLQWP LW 
WULZUWPVUQhLx `LZ[� DTLQbW WUZ[L^NZ^_PU MU`LZ[R-
wPP, Ly^QcLDcUTT�U DcPbTPU[ WU[NUZRW^ZTL_L NUZU-
NRMR, ZRkcPVPU[ hLs``PwPUTWLD cPTUxTL_L WUNcLDL_L 
ZRQ�PZUTPb [RWUZPRcLD ZU`cUhWLZR (Ly�PDLh, QLWL-
DL_L kRNLcTPWUcb, hcUUD), Q�U[ RZ[PZLDRTPb NLcP[UZ-
T�� hL[NLkPwPLTT�� [RWUZPRcLD [1]. vU`cUhWLZ� 
RTWUTT Pk hL[NLkPwPLTT�� [RWUZPRcLD, ZRyLWR��PU 
D D�QLhLVRQWLWT�� MPRNRkLTR� (Ka, Ku, Q P D��U), 
Mcb LyUQNUVUTPb WZUy^U[�� ZRMPLWU�TPVUQhP� �RZRh-
WUZPQWPh NLhZ�DR�WQb WLThP[ (LhLcL 1 [h[) LWZR-
qR��P[ QcLU[ [UWRccR, hRh NZRDPcL, Rc�[PTPb. 

J ^QcLDPb� hLQ[PVUQhL_L NZLQWZRTQWDR ZU`cUhWL-
Z� RTWUTT NLMDUZ_R�WQb DLkMUxQWDP� ZRkcPVT�� `Rh-
WLZLD, D WL[ VPQcU D�QLhP� P QDUZ�TPkhP� WU[NUZRW^Z 
P QDUZ�D�QLhL_L DRh^^[R. �cb WUZ[LQWRyPcPkRwPP 
ZU`cUhWLZLD NZP[UTbUWQb shZRTTL-DRh^^[TRb WUNcL-
PkLcbwPb (�Jl}), NZUMQWRDcb��Rb QLyLx NRhUW shZR-
TLD, ZRkMUcUTT�� [UqM^ QLyLx cU_hLx WUNcLPkLcP-
Z^��Ux NZLhcRMhLx (TRNZP[UZ, NLcPs`PZTLx PcP 
RZR[PMTLx QUWhLx). �hZRT� �Jl} Pk_LWRDcPDR�W Pk 
NLcP[UZT�� NcUTLh N^WU[ TRN�cUTPb TR TP� WUNcL-
LWZRqR��P� NLhZ�WPx Pk [UWRccLD. �cb ^[UZUTT�� 
WU[NUZRW^Z (ML 150–300 °C) Ly�VTL NZP[UTb�WQb 
NcUTLVT�U shZRT� Pk NLcPsWPcUTWUZU`WRcRWTLx PcP 
NLcPP[PMTLx NLMcLqhP Q LMTLQWLZLTTP[ PcP MD^-
QWLZLTTP[ Rc�[PTPUD�[ NLhZ�WPU[ [2]. 

KZP �ZRTUTPP Pk_LWLDcUTTLx NcUThP PcP ZU`cUh-
WLZR Pk ^_cUNcRQWPhR Q TRN�cUTPU[  [LqUW DLkTPhRWX 
hLZZLkPb TRN�cUTTL_L QcLb, D WL[ VPQcU P Pk-kR DcR_P, 
QLMUZqR�UxQb D Ly�U[U PQ�LMTLx NcUThP (^_cUNcR-
QWPhR), PcP Pk-kR DcR_P, NZPLyZUWUTTLx Ly�U[L[ [R-
WUZPRcR ^qU NLQcU TRN�cUTPb. lRhqU TRcPVPU DcR_P, 
RMQLZyPZLDRTTLx [RWUZPRcL[, [LqUW NZPDLMPWX h kTR- 
VPWUcXTL[^ DhcRM^ D QLQWRD QLyQWDUTTLx DTU�TUx 
RW[LQ`UZ� z� [LcUh^c DLM� NZP _RkLD�MUcUTPP [R-
WUZPRcR[P DL DZU[b TR�LqMUTPb D ^QcLDPb� hLQ[LQR, 
VWL ^�^M�RUW WUZ[LLNWPVUQhPU QDLxQWDR scU[UTWLD 
hZPL_UTTL_L LyLZ^MLDRTPb P U_L WUNcLPkLcbwPP [3]. 
�WL ^DUcPVPDRUW kRWZRW� sTUZ_PP TR NLMMUZqRTPU 
WU[NUZRW^Z� LyLZ^MLDRTPb P QTPqRUW s``UhWPDTLQWX 
wUcUDLx RNNRZRW^Z� (TRNZP[UZ, ZU`cUhWLZLD kUZhRcX-
T�� RTWUTT, LNWPVUQhLx QPQWU[� WUcUQhLNR). 

KZP DcR_LNL_cL�UTPP NLcPP[PMT�[P NcUThR[P  
P ^_cUNcRQWPhR[P NZLPQ�LMPW MP``^kPb [LcUh^c DL-
M� D Ly�U[ [RWUZPRcR [4–8]. �cb ^[UTX�UTPb MU_ZR-
MRwPP TRN�cUTTL_L QcLb P QL�ZRTUTPb LNWPVUQhP� 
hLs``PwPUTWLD ZRkZRyLWRTT�� NLhZ�WPx TULy�LMP[L 
D�yPZRWX NcUThP P ^_cUNcRQWPhP Q TRP[UTX�P[ kTR-
VUTPU[ DcR_LNL_cL�UTPb P LNWP[PkPZLDRWX WU�TLcL-

_PVUQhPU NZLwUQQ� NZLPkDLMQWDR P WZRTQNLZWPZLDhP 
Mcb [PTP[PkRwPP DLkMUxQWDPb RW[LQ`UZTLx DcR_P.  

lRhP[ LyZRkL[, TULy�LMP[L kTRWX RyQLc�WTLU 
kTRVUTPU P hPTUWPh^ DcR_LNL_cL�UTPb Mcb LNZUMUcU-
TPb P� DZU[UTT�� P hLcPVUQWDUTT�� NRZR[UWZLD. 

�������0�+��� ���+���� �����++� /�!!%3��. 
KUZDLU hLcPVUQWDUTTLU LNPQRTPU NZLwUQQLD MP`- 
`^kPP y�cL MRTL TU[UwhP[ `PkPLcL_L[ �. YPhL[  
D 1855 _LM^. 

jZRDTUTPU YPhR [9; 10], LNPQ�DR��UU TUQWRwPL-
TRZT�x NZLwUQQ MP``^kPP, NLhRk�DRUW Pk[UTUTPU 
hLTwUTWZRwPP DU�UQWDR D ZRkcPVT�� WLVhR� NZL-
QWZRTQWDR PkLWZLNTLx QZUM� hRh `^ThwP� DZU[UTP. 
�y�Px DPM ^ZRDTUTPb YPhR 

 
2

2 ,dc d cD
dt dx

�  (1) 

_MU D – hLs``PwPUTW MP``^kPP; c – hLTwUTWZRwPb 
DU�UQWDR. 

vU�Rb MRTTLU ^ZRDTUTPU Mcb Qc^VRb QLZywPP NcU-
TLh WLc�PTLx L, TRxMU[ hLcPVUQWDL DU�UQWDR, NZL-
TPh�U_L D WUcL h [L[UTW^ DZU[UTP, QLLWDUWQWDUTTL 
ZRDTLU [11; 12]: 

2
2

0 2 2 2
0

8 1 (2 1)1 exp ,
(2 1)k

kQ c l Dt
k l

)

�

� �* +	� �� � 
 
 � ��  , -
� 	� �. /� !
"  (2) 

_MU Q – hLcPVUQWDL DU�UQWDR; l – WLc�PTR NcUThP;  
t – DZU[b NZLTPhTLDUTPb DU�UQWDR. 

KUZU�LMb h yLcUU NZPD�VT�[ LyLkTRVUTPb[ [RQ-
Q�, NLc^VP[ ^ZRDTUTPU (3), NL hLWLZL[^ [LqTL TRxWP 
[RQQ^ DU�UQWDR [13–15], QLZyPZLDRTTL_L LyZRkwL[  
h [L[UTW^ DZU[UTP t: 
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                              ( , )
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"
 (3) 

_MU Mê – ZRDTLDUQTRb [RQQR QLZyPZLDRTTL_L DU�UQW-
DR; Mt – [RQQR QLZyPZLDRTTL_L DU�UQWDR D [L[UTW 
DZU[UTP t. 

�cb ^MLyQWDR ZRQVUWR ZRkcLqP[ Q^[[^ ML 3-_L 
VcUTR P kRNP�U[ TLDLU ^ZRDTUTPU: 
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8     1 exp
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 (4) 

jZRDTUTPU (4) NLkDLcbUW NLQWZLPWX _ZR`Ph kRDP-
QP[LQWP NZPLyZUWUTTLx [RQQ� LW DZU[UTP QLZywPP 
[RWUZPRcL[. 

KZP ZRQVUWR� _ZR`PhLD `^ThwPx DcR_LNL_cL�UTPb 
TULy�LMP[L ^VPW�DRWX ^QcLDPb, NZP hLWLZ�� ZURcXTL 
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y^MUW NZLPQ�LMPWX QLZywPb DcR_P NLcPP[PMT�[P 
NcUThR[P P MZ^_P[P [RWUZPRcR[P. lRh hRh WLc�PTR 
NcUThP [TL_L [UTX�U UU McPT� P �PZPT�, WL [� TU 
^VPW�DRU[ DhcRM yLhLD�� NLDUZ�TLQWUx NcUThP D Ly-
�UU kTRVUTPU DcR_LNL_cL�UTPb. lRhqU NZP LNZUMUcU-
TPP kTRVUTPx QLZywPP TULy�LMP[L ^VPW�DRWX, VWL 
ZRQVUW NZLPkDLMPWQb Mcb MP``^kPP WLcXhL Q LMTLx 
QWLZLT� NcUThP. KZP ZRQVUWR�, D hLWLZ�� LyZRkUw 
TR�LMPWQb NLcTLQWX� D QZUMU RyQLZyRWR, TULy�LMP[L 
NZLPkDLMPWX ZRQVUW� Q ^VUWL[ MD^QWLZLTTUx RyQLZywPP. 

KLc^VUTTLU ^ZRDTUTPU NLkDLcbUW ZRQQVPWRWX hPTU-
WPh^ QLZywPP Mcb WLThP� NLcP[UZT�� [RWUZPRcLD 
(yUk ^VUWR QLZywPP VUZUk yLhLD�U QWUThP), WRhP� hRh 
NLcPP[PMT�U NcUThP P ^_cUNcRQWPhP.  

J hRVUQWDU NZP[UZR NZP[UTUTPb PQNLcXk^U[Lx [L-
MUcP DcR_LNL_cL�UTPb NLhRkRT� _ZR`PhP QZRDTUTPb 
DcR_LNL_cL�UTPb Mcb NLcPP[PMTLx NcUThP P ^_cU-
NcRQWPhR, NLc^VUTT�U D �LMU TRW^ZT�� PQN�WRTPx,  
P ZRQVUWT�U _ZR`PhP Q NZP[UTUTPU[ MRTTLx [LMUcP 
(ZPQ. 1, 2). 

zRh DPMTL Pk NZUMQWRDcUTT�� ZPQ^ThLD, [LMUcX 
YPhR LNPQ�DRUW Q D�QLhLx WLVTLQWX� MPTR[Ph^ DcR-
_LNL_cL�UTPb ^_cUNcRQWPhR P NLcPP[PMT�� NcUTLh. 

vRQQVPWRTT�U hZPD�U QLZywPP NLkDLcb�W LNZUMU-
cbWX ^QcLDPb �ZRTUTPb P WZRTQNLZWPZLDhP, LNWP[PkP-
ZLDRWX sWRN� NZLPkDLMQWDR [RWUZPRcLD Mcb ^[UTX�U-
TPb hLcPVUQWDR NZPLyZUWRU[Lx [RWUZPRcL[ DcR_P. 

lRhqU Q NL[L�X� MRTTLx [RWU[RWPVUQhLx [LMUcP 
DLk[LqTL LNZUMUcUTPU hLs``PwPUTWR MP``^kPP [R-
WUZPRcR. �cb LNZUMUcUTPb hLs``PwPUTWR MP``^kPP 
[RWUZPRcR TULy�LMP[L NZLDUMUTPU WUZ[L_ZRDP[UWZP-
VUQhL_L RTRcPkR [RWUZPRcR P NLQcUM^��Rb [RWU[RWP-
VUQhRb LyZRyLWhR P QLNLQWRDcUTPU NLc^VUTT�� hZP-
D�� Q [RWU[RWPVUQhLx [LMUcX�. 

���"?0����. J ZRyLWU NLhRkRTR DLk[LqTLQWX PQ-
NLcXkLDRTPb [LMUcP YPhR Mcb LNZUMUcUTPb hLs``P-
wPUTWLD MP``^kPP P NRZR[UWZLD DcR_LNL_cL�UTPb hRh 
Mcb NLcPP[PMT�� NcUTLh, WRh P Mcb ^_cUNcRQWPhLD. 
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vPQ. 2. uRDPQP[LQWP [RQQ� NL_cL�UTTLx DcR_P LW DZU[UTP NL_cL�UTPb NLcPP[PMTLx NcUThLx,  
NLc^VUTT�U D TRW^ZT�� PQN�WRTPb� P Q NL[L�X� [LMUcP YPhR 
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lRhP[ LyZRkL[, NZUMcLqUTR [UWLMPhR ZRQVUWR hL-
cPVUQWDR DcR_P, QLMUZqR�UxQb D [RWUZPRcR�, NZP[U-
TbU[�� D RTWUTTR� z�, hLcPVUQWDL hLWLZLx kRDPQPW 
LW NZPZLM� [RWUZPRcR, DZU[UTP TR�LqMUTPb D RW[LQ`U-
ZU NRZLD DLM� P _UL[UWZPVUQhP� ZRk[UZLD [RWUZPRcR. 

KZUMcLqUT NZLQWLx [UWLM LNZUMUcUTPb hLs``P-
wPUTWR MP``^kPP NLcP[UZT�� [RWUZPRcLD Q NL[L�X� 
LNPQRTTLx [RWU[RWPVUQhLx [LMUcP P NZLDUMUTPb WUZ-
[L_ZRDP[UWZPVUQhL_L RTRcPkR [RWUZPRcR. 

&"�>�/����+��. vRyLWR D�NLcTUTR NZP `PTRT- 
QLDLx NLMMUZqhU ~PTPQWUZQWDR LyZRkLDRTPb vLQ- 
QPxQhLx YUMUZRwPP, _LQ^MRZQWDUTT�x hLTWZRhW  
´ 2.G2531.0043, 2014/211, 9.447.2014/h. 
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ANTENNA MODULES OF GNSS USER EQUIPMENT: INNOVATIVE APPROACHES 
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An original engineering conception of the navigation antenna module design, involving the idea that a dielectric 

substrate of the antenna element is made of a ceramic in the form of a turned cup provided with the patch on its top and 
metalized cavity, in which all active elements are placed, is suggested. The cup-shaped antenna element has additional 
advantages against the patch antenna of a traditional form: it has a wider matching band, higher radiation efficiency,  
a wider radiation pattern, and a wider (up to 1.5 times) meridian angle range, with circular field polarization. Metama-
terial, used in the antenna element of an all-ceramic type antenna module, allows obtaining a circular field polarization 
even at low elevation angles, which only a quadrifilar antenna has. To work with all operating GNSS systems (in the 
extended bandwidth), an antenna element, which has two planar axial elements placed on the common substrate,  
is proposed. The antenna element can also be designed to work in 2 bands, for example, in L1 and L2 GLONASS/GPS 
or in L1 and L2 GPS/GALILEO. A multi frequency stacked antenna design method with opposite feeding of the antenna 
elements, which provides the antenna element isolation of more than 25 dB and identical radiation patterns is sug-
gested. It is proposed to use for multipath mitigating a special type of the EBG-metamaterial and, as well, a special 
method of multipath mitigating ground plane mounting, which doesn’t narrow antenna element radiation pattern and 
doesn’t spoil phase center stability. 

 
Keywords: antenna modules, GNSS antennas, patch antennas, active antennas. 
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9	��������� �	�����&��( ���!��!�( �	�����	�����( ������!�����# �������# ���"��, ���������( �� 

���, +�� ����%�� ��������� )������ �����(���( �$ ��	����� � ��	�� ��	���	�"��� +�*�, � ��������� 
������� �� ����� ���*��� ���	��� � �����$�	������� ��"�	����� �����&', � ����	�� 	�$��/�'��( ��� 
�������� )������. �������� )����� � ��	�� ��	���	�"��� +�*� ����� ���%� ��������&��� �	���"-
/����� �	�� ��������� �	���!������� ����: ���� *�	��"' ����" �� ����������', ��&*"' )�������-
����& �$"+���(, 	��*�	���"' ����	���" ���	��������� � ���� *�	���� (�� ��"��	� 	�$) �����$�� "��� 
����	���� ���	���������, � ����	�� ��#	��(���( �	"����( ��(	�$�!�(. 9	�������� ��������	��� � ���-
��	"�!�� ��������� )������ !�&����	���+������ ��������� ���"( ��$��(�� ��"+��& �	"���"' ��(	�-
$�!�' ��%� �� ��$��# "��# �����, +�� (�(���( ��������� ��&�� �*& ����	���(	��# ������. U( ����-
��+���( 	����� �� ����� ��"��������� ������!������� ��������� (� 	��*�	����� ����� +�����) �	���-
%��� �����	"�!�( ������� � ��"�( �����&��-������	�+���� )��������, 	�����%������ �� ��/�� ���-
�%��. 3����	"�!�( )���� ��������� )������ ���%� ��%�� ���& ������	����� �( 	����� � ��"# �����-
$���#, ���	���	, � L1 � L2 GLONASS/GPS �� � L1 � L2 GPS/GALILEO. 9	�������� ����� �	�����	�����( 
�����+�������# ������ )��%�	�+���� ���� � �	���$������� �������# )�������, ������+���'/�� 	�$�($-
�" ��%�" ��������� )�������� ���� 25 �� � ������+����& �# ����	��� ���	���������. U( ����+�� 
�����"+������ �	���%��� ����&$����& ���!��&�"' ������-$��	�%��'/"' ��	"��"	" ��������	���. 
���%� �	�������� ���!��&��� ����� �	�������( ����� ��	"��"	�, ����	�� ��$��(�� �$��%��& ��"%�-
��( ����	���� ���	��������� � �� ��	��� �����&����& ��$����� !���	� ��������� )������. 

 
3'+���� ����: �������� ���"�, ������� GNSS, ��+����� �������, �������� �������.  
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Introduction. In our days in the world practice stan-
dard antenna module design approaches and methods are 
formed. In the paper our methods and solutions, which 
differ from the conventional ones, are presented. 

During the navigation antennas design a trend of inte-
grating of antenna element, filters, low noise amplifier 
(LNA) and also a receiver chipset into a union device, 
named active navigation antenna or navigation antenna 
module (NAM) is seen.  

Usually a microstrip (or patch) antenna (MSA) acts as 
an antenna element of a NAM, as a mostly compact [1–3].  

Navigation antenna modules design innovative ap-
proaches. An original conception of the NAM was sug-
gested by our company, according which a dielectric sub-
strate of the antenna element is made of a ceramic in the 
form of turned cup provided with the patch on its top and 
metalized inner hollow, in which all active elements are 
placed [4; 5]. This technology of NAM production was 
named “uncased” or “full-ceramic”. 

A cup-shape antenna element and navigation natenna 
module, made basing on it and using uncased technology, 
are presented on fig. 1. 

As a result of this way of  NAM design, their strength 
was significantly increased and size was optimized, as 
well the production cost was reduced for a module be-
cause of its high manufacturability. Also, turned-cup 
shape antenna has additional advantages comparing with 
traditional patch antenna. It has 1.5–2 times wider work-
ing band, its radiation efficiency is about 6 % higher, 
wider radiation pattern and wider (up to 1.5 times) merid-
ian angle range in which circle field polarization persists 
(fig. 2). These advantages give an opportunity of the total 
NAM miniaturization. 

Besides, parameters of cup-shaped antenna elements 
depend much less on the additional shield size, on which 
they can be placed [2; 5]. Consequently, NAM, made 
using uncased technology, can be used even without addi-
tional shield. 

Usage of metamaterials in antenna element and total 
full-ceramic antenna module construction gives additional 
advantages. Basically, usage of metamaterials in the ele-
ments of antenna technique improve such parameters as 
coupled bandwidth, gain, selectivity, back radiation re-
ductions and others. 

                              

               
 

a       b 
 

Fig. 1. A cup-shape antenna element construction (a) and navigation natenna module ASNK-1,  
based on it (b), having dimentions 48×44×19 mm 

 

    
a                                                                                                         b 

 
Fig. 2. Amplitude (a) and polarization (b) radiation patterns of traditional (1) and uncased (2) antenna modules 
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a                                                                      b 
 

Fig. 3. A metamaterial-based antenna element construction (a) and navigation natenna module ASNK-3,  
based on it (b), having dimentions 30×30×12 mm 

 
 
On fig. 3 a construction of a metamaterial-made an-

tenna element and an uncased type antenna module, based 
on it are presented. This antenna element construction 
allows using substrates with the lower value of permittiv-
ity, what provides higher radiation efficiency. Also pre-
sented metamaterial-made antenna element has a meridian 
angle range with the axial ratio of  less than 5 dB up to  
–80º…+80º (fig. 4), which only quadrifillar antennas also 
have [6]. Due to usage of low permittivity materials for 
the substrate, the presented antenna module has a lower 
weight and cost value. The antenna module has a flat and 
compact planar construction and due to this fact it can be 
implemented into any compact onboard or even on-body 
devices.  

On fig. 5 an embedded receiving antenna module with 
a receiver chipset, made using uncased technology (fig. 5, a) 
and an analog of the module made using traditional tech-
nologies (fig. 5, b) are presented. Advantages of the  
uncased module are its complete tightness, simultaneous 
operation in L1 GLONASS/GPS, E1 GALILEO and  
B1 BEYDOU bands and better navigation signal recep-
tion, what is caused by the cup-shaped antenna element. 

In our days the number of GNSS systems increases 
because of GALILEO and BEYDOU operation start, and 
also number of GNSS operating bands increases. Thus 
appears a necessity of creation of multifunctional devises, 
which simultaneously work with maximum number of 
GNSS in various (ideally in all) bands. It forces creation 
of patch antennas with extended operating band or multi-
band MSA. Usually the bandwidth of coupling with low 
noise amplifier is achieved by using the so called prox-
imity antenna feeding [7; 8]. But this method forces mul-
tilayer PCB design.  

For operation in widened bend (with more number of 
operating GNSS) we have proposed an antenna element, 
which has two planar segments with symmetry around the 
center of MSA [9; 10]. The first segment is a patch lo-
cated in the center of the ceramic surface, while the sec-
ond one is a square frame surrounding the first segment. 
Two segments have a distributed mutual coupling, what 

allows achieving antenna element matching with 50-Ohm 
feeding and invariable radiation pattern in L1 GLON-
ASS/GPS, E1 GALILEO and B1 BEYDOU bands.  

The proposed antenna element can be also designed to 
work in 2 bands, for example L1 and L2 GLONASS/GPS 
or L1 and L2 GPS/GALILEO. 

The designed active GNSS module based on the pro-
posed antenna element which also contains a low noise 
amplifier with filters and overload protection for opera-
tion in L1,  GLONASS/GPS, E1 GALILEO and B1 BEI-
DOU bands is presented on fig. 6. It can be seen, that the 
antenna element VSWR is lower than 3 in the band 1504–
1631 MHz (fig. 6, b) and its axial ratio is not higher than 
3 in the band 1540–1600 MHz (fig. 6, c). 

The designed antenna module can be used as an inde-
pendent embedded element of GLONASS/GPS/GALILEO 
navigation receivers, and also as a basic part of external 
antennas and antenna arrays. 

During design of an antenna module, which is able to 
work simultaneously in all GLONASS/ GPS/ GALILEO/ 
BEYDOU GNSS operating bands it is possible to imple-
ment more complicated antenna element – a stacked  
MSA [11]. In the stacked antennas antenna elements for 
different bands are placed one above another in the way 
that antenna for higher frequencies are placed above  
antennas for lower frequencies. Each mentioned antenna 
serves as a ground plane for the antenna, placed above.  

The main deficiency of multi frequency stacked MSA 
antennas is a high mutual influence of the antenna ele-
ments what causes radiation pattern distortion in each 
band and low mutual isolation of the antenna inputs.  
The mutual isolation of antenna inputs can be sometimes 
improved when using the special multi frequency MSA 
feeding nets, but the problem is not solved generally.  

We have suggested a multi frequency stacked antenna 
design method with cross feeding of the antenna elements 
(fig. 7), which provides the antenna element isolation 
more than 25 dB and identical radiation patterns in sepa-
rated bands (fig. 8). 
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a                                                                                          b 
 

Fig. 4. Measured amplitude (a) and polarization (b) radiation patterns of navigation antenna module ASNK-3 
 

                
a                                                                      b 

 
Fig. 5. Full-ceramic antenna module PAM-2 (30×30×10 mm) (a)  
and similar traditionally made ceaseless module (22×22×8) (b) 

 
 

 
a 

    
 

b                                                                                    c 
 

Fig. 6. Dual band navigation antenna module ASNP-8 (30×30×10 mm) (a),  
the antenna element VSWR (b) and axial ratio (c) 
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Fig. 7. Stacked patch antenna with cross feeding of antenna elements 
 

    
a                                                                   b 

 
Fig. 8. Radiation patterns of the module AA2-KKS, based on stacked antenna  

with antenna elements cross feeding on the frequencies 1600 (a) and 1247 (b) MHz 
 
 

In especial GNSS antenna application it is very impo-
tent not to receive multipath signals. Multipath signal  
is a signal from the satellite, which was received by the 
antenna not directly, but after some reflections from earth 
or any constructions, which surround the antenna. This  
is the cause of a phase noise, which increases the mistake 
in determining co-ordinates.  

Usually choke ring ground planes are used for multi-
path mitigating. But these constructions have a disadvan-
tage of big size and weight. EBG metamaterials allow 
obtaining compact ground planes for GNSS antenna mul-
tipath mitigating [12–14]. 

But all multipath mitigating ground planes have  
a common deficiency – they spoil the antenna element 
phase center stability. In our antenna module ASNG-3  
a special type of a EBG metamaterial (fig. 9) and a special 
method of EBG metamaterial multipath mitigating ground 
plane mounting is used, which has no such a deficiency [15]. 

The antenna module radiation patterns, taken on the 
frequencies 1590 MHz and 1236 MHz are presented on 
fig. 10. Diagrams show the wide radiation pattern in the 
top hemisphere and the maximum down-up ratio value 
minus 40 dBi in L1 band and minus 35 dBi in L2 band. 

Using two antenna modules, installed stationary with 
the base between them 0.538 m, measurements of router 
point coordinates within 24 hours were made. On fig. 11 
router point latitude and longitude deviations are pre-
sented as well. 

It is seen from the diagram that most part of deviations 
are within ±2 mm what means that antenna phase center 
stability is not greater than 2 mm. 

Conclusion. Thus, navigation antenna module design 
innovative approaches, provided in the paper, allow with 
the use of their combination obtaining devises with almost 
any characteristics collection for implementation in vari-
ous GNSS equipment. 
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Fig. 9. EBG metamaterial ground plane 
 

   
a                                                                     b 

 
Fig. 10. Radiation patterns of the module ASNG-3 on the frequencies 1236 (a) and 1590 (b) MHz 

 
 

 
 

Fig. 11. Router point latitude and longitude deviations 
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�������	��� ��$��%����& ���	�� ��#��+����� ������������� (��) � �����+����� ��#���� � ���	����-

�������&��# �	������#, � ���%� �	����� �	�����	�+������ ��"+��-��#��+������ �	��	����. �������	�-
�� �	���	� ������'	�$�!�� )���	����� ����	��"	� � 	����)���	����# �$���(#, � ���%� ��$��� )��-
�"���!������ ������������� � �	�����	�����. U( 	�*���( �������# �	���� ��� ���������� �������-
���"'/�� ��"+��� � ��%���	��-�	����+����� ��$��%����� ���	�� ��#��+����� ������������� �	�����-
��&�� � ���	����-�������&��� �	�������. � ������� )��# �	����� 	������	��� � �����+����� ����	��� 
��($�. ������� ���(��� «��#���+����( ������������&» � ������� �	�������+��� 	��+��� �� )���� �	�-
����	�����(. 9	��������� ���	�( ������+����# 	��+;��� �� )���� �	�����	�����( �( ��	������( �	�+��-
��� �����	"�!��, ��+�����( 	�$�������# +����� � ���	"$��, ��$����'/�# � �	�!���� )���"���!��. ���-
����	��� �	�������� ������� �� �	������ � ��$��%����&' ��������( ����������� �� ��������� "	����-
��� ���	��%�. 9	�������� �	���	 �����	"�	�����( � "+���� ���	�� ��#��+����� ������������� �( ���-
��+����# ����	����. �������	��� �	���� �����	"�	�����( �$���� 3�, ��� ����������( +������ �����	"�-
!�� �� ��%�� ��#����&�( � �����	� +����� ���*��# ��$��������. ���������� ����#�������& 	�$	������ 
�	�!�$������ �����	"�!�� � ������� 	�$��	������&����&'. 9	�������� �	���	 ������ ���$��	����� ���-
+���� �����	"�!�� �( "�������� �	���	�� ���. 9	������ �	���	 	��+���� �� %�������& �( ������ ���-
$��	����� ���+���� �����	"�!�� �$ �����$�!�����# ����	���� � ����&$������� �	��	������� ������+���(. 
9	��������� $��+���( )���������# ���� � +����� �����	"�!��. �������	��� ��$��%����� "���&*���( 
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The paper presents the ability of a technical compatibility theory application at space engineering and rescue 

equipment. The examples of the miniaturization of electronic equipment in the radio-electronic products, as well as low 
interoperability in urban planning are given. For the solution of similar problems the corresponding scientific and en-
gineering and practical capabilities of the theory of technical compatibility in relation for Emergency and rescue means 
were investigated. In the composition of means examined spacecrafts are considered. The concept “mechanical com-
patibility” and the most problematic calculations at a design stage are described. The authors describe dynamic analy-
sis theory that can be used at design phase to determinate structural robustness of construction and to calculate reso-
nant frequencies and exploitation loading. The application of methods in practice to perform investigations on the basis 
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of Lagrange equations is presented. The example design based on the theory of technical compatibility for spacecraft is 
given. The rules of designing of products KA where there shouldn’t be their own frequency of a design are considered 
in a range of frequencies of external influences. The necessity of development of precision construction with high-
dimensionally is presented. The example power anisogamy mesh design for installation of SOS devices is presented. An 
example of the calculations for stiffness anisogamy power grid structure made of composite materials using the soft-
ware is given. The values of the effective mass and frequency structure are presented. The possibility of reducing the 
influence of mechanical effect by increasing the mechanical strength and rigidity of components is considered. 

 
Keywords: theory of technical compatibility, rescue tools, dynamic calculations, mathematical model of construction. 
  
)��/����. �hW^RcXTLQWX ZRyLW� LNZUMUcbUWQb 

LyLkTRVUTT�[P RDWLZR[P NZLycU[R[P, NLc^VPD�P[P 
LWLyZRqUTPU D TRkDRTPP `LZ[^cPZLDhP wUcUx, kRMRV  
P NZPhcRMT�� ZU�UTPx. 

�TRcPkPZ^b qPkTUTT�x wPhc QWRTLDcUTPb P `LZ-
[PZLDRTPb WULZPP WU�TPVUQhP� QPQWU[ hRh TLDL_L 
TR^VTL-WU�TPVUQhL_L kTRTPb, [LqTL hLTQWRWPZLDRWX 
`RhW ^QhLZUTTL_L U_L ZRkDPWPb, TRVPTRb QL DWLZLx 
NLcLDPT� NZL�cL_L DUhR. �WL QDbkRTL Q NZLWPDLZUVP-
DLQWX� TR^VTL-WU�TPVUQhL_L NZL_ZUQQR, NLZLqMR�-
�U_L, Q LMTLx QWLZLT�, NZPTwPNPRcXTL TLD�U WU�TP-
VUQhPU ZU�UTPb, R Q MZ^_Lx – TLD�U NZLycU[� NL [U-
WLMLcL_PVUQhL[^ LyUQNUVUTP� NZLwUQQR NZRhWPVUQhL-
_L NZP[UTUTPb sWP� ZU�UTPx [1]. lRh, [PTPRW�ZPkR-
wPb scUhWZLTTLx RNNRZRW^Z� NLkDLcbUW kTRVPWUcXTL 
^c^V�PWX WRhWPhL-WU�TPVUQhPU �RZRhWUZPQWPhP ZR-
MPLscUhWZLTT�� PkMUcPx, TL D WL qU DZU[b NLZLqMRUW 
QUZX�kT�U WZ^MTLQWP Mcb [UWLMPVUQhL_L LyUQNUVUTPb 
P� WUNcLD�� ZUqP[LD (WUNcLDLx QLD[UQWP[LQWP), NL-
qRZTLx yUkLNRQTLQWP P scUhWZL[R_TPWTLx QLD[UQWP-
[LQWP [2].  

$LDZU[UTTRb QWZLPWUcXTRb WU�TPhR NLkDLcbUW DLk-
DLMPWX kMRTPb MRqU D QLWTP sWRqUx. �L VU[ yLcX�U 
sWRqTLQWX kMRTPx, WU[ NZLycU[RWPVTUU LTP QWRTLDbW-
Qb D LWTL�UTPP NLqRZLyUkLNRQTLQWP, R WRhqU D Qc^VR-
b� LWhRkR P ZU[LTWR cP`WLD [3]. 

J NZPDUM�TT�� NZP[UZR� Ly�Ux NZPVPTLx bDcbUW-
Qb TPkhRb shQNc^RWRwPLTTRb QLD[UQWP[LQWX ZURcPkL-
DRTT�� ZRkZRyLWLh. �WL LMTR Pk [LWPDRwPx kR[UWTL_L 
Pk[UTUTPb LWTL�UTPb PTqUTUZPP P TR^hP h NZLycU[U 
LyUQNUVUTPb l$. 

KLQcUMTUU LyQWLbWUcXQWDL NLy^MPcL RDWLZLD QWR-
WXP PQQcUMLDRWX QLLWDUWQWD^��PU TR^VT�U P PTqU-
TUZTL-NZRhWPVUQhPU DLk[LqTLQWP WULZPP l$ NZP[U-
TPWUcXTL h RDRZPxTL-QNRQRWUcXT�[ QZUMQWDR[. J QL-
QWRDU sWP� QZUMQWD ZRQQ[LWZUT� P hLQ[PVUQhPU RNNR-
ZRW� QDbkP (z�$), QLkMRDRU[�U �� «}T`LZ[RwPLTTL-
QN^WTPhLD�U QPQWU[�» P[UTP RhRMU[PhR ~. Y. vU-
�UWT�DR» (_. �UcUkTL_LZQh), hRh LMPT Pk TRPyLcUU 
NUZQNUhWPDT�� NZUWUTMUTWLD Mcb NLQWZLUTPb QLDZU-
[UTTLx LWUVUQWDUTTLx QPQWU[� hLQ[PVUQhL_L [LTP-
WLZPT_R VZUkD�VRxT�� QPW^RwPx (�$) [4–7]. zZL[U 
WL_L, z�$ DNLcTU [L_^W Qc^qPWX NZP[UZL[ Mcb NLM-
ZRqRTPb D DLNZLQR� LyUQNUVUTPb hRVUQWDR P s``Uh-
WPDTLQWP MRqU D ^QcLDPb� q�QWhL_L NZUQQPT_R hLTh^-
ZUTWLD.  

}kcLqUTT�U D QWRWXU [RWUZPRc� [L_^W MRWX QL-
WZ^MTPhR[ ~�$ NLcUkT�U QDUMUTPb NL LyUQNUVUTP� 
[U�RTPVUQhLx QLD[UQWP[LQWP NZP QLkMRTPP QLDZU-
[UTTLx hLQ[PVUQhLx WU�TPhP [8].  

�����# ��2��0�+��( +����+����+��. ~U�RTPVU-
QhRb QLD[UQWP[LQWX (~�$) – QNLQLyTLQWX PkMUcPx 

`^ThwPLTPZLDRWX Q WZUy^U[�[ hRVUQWDL[ NZP DLkMUx-
QWDPP MPTR[PVUQhP� [U�RTPVUQhP� TR_Z^kLh ([U�DLk-
MUxQWDPx) D ZURcXT�� ^QcLDPb� shQNc^RWRwPP [9; 10]. 

�R WU�TPh^ D NZLwUQQU shQNc^RWRwPP DLkMUxQWD^�W 
DPyZRwPP, ^MRZT�U TR_Z^khP P cPTUxT�U ^QhLZUTPb. 
�WP TR_Z^khP [L_^W NLDcUVX MU`LZ[RwPP (LQWRWLVT�U 
P ^NZ^_PU), DNcLWX ML ZRkZ^�UTPb hLTQWZ^hWPDT�� 
scU[UTWLD. �RqU ^NZ^_Rb MU`LZ[RwPb [LqUW NZPDUQWP 
h NLbDcUTP� ^QWRcLQWT�� NLcL[Lh, R D scUhWZLZRMPL-
RNNRZRW^ZU – U�� P NZUZ�DPQWL_L (yc^qMR��U_L) 
scUhWZPVUQhL_L hLTWRhWR, M^_LDL_L ZRkZbMR, LyZRkLDR-
TPb ZRMPLNL[U�. 

J LyUQNUVUTPP ~�$ QLDZU[UTTLx WU�TPhP TRPyL-
cUU NZLycU[RWPVT�[P bDcb�WQb MPTR[PVUQhPU ZRQV�-
W� TR sWRNU NZLUhWPZLDRTPb Mcb LNZUMUcUTPb NZLVTL-
QWP hLTQWZ^hwPP, D�VPQcUTPb ZUkLTRTQT�� VRQWLW  
P TR_Z^kLh, DLkTPhR��P� D NZLwUQQU shQNc^RWRwPP. 
KZP sWL[ NZUqMU DQU_L D�yPZRUWQb MPTR[PVUQhRb 
(`PkPVUQhRb) [LMUcX NZLUhWPZ^U[Lx hLTQWZ^hwPP 
(QLDLh^NTLQWX PTUZwPLTT��, ^NZ^_P� P MU[N`PZ^�-
�P� scU[UTWLD) Q ^V�WL[ QNUhWZRcXT�� QLQWRDcb�-
�P� MPTR[PVUQhL_L DLkMUxQWDPb. uRWU[ ZRkZRyRW�- 
DRUWQb [RWU[RWPVUQhLU LNPQRTPU sWLx [LMUcP, W. U. 
[RWU[RWPVUQhRb [LMUcX hLTQWZ^hwPP, hLWLZRb MLcqTR 
QLMUZqRWX kR[hT^W^� QPQWU[^ LQTLDT�� ^ZRDTUTPx,  
R WRhqU QNLQLy� kRMRTPb TRVRcXT�� P _ZRTPVT�� ^Q-
cLDPx. $cLqTLQWX hLTQWZ^hwPx QLDZU[UTTLx WU�TPhP 
WRhLDR, VWL [LMUcPZ^��PU P� ^NZ^_PU QPQWU[� bDcb-
�WQb QPQWU[R[P Q yUQhLTUVT�[ VPQcL[ QWUNUTUx QDL-
yLM� PcP QPQWU[R[P Q ZRQNZUMUc�TT�[P NRZR[UWZR-
[P, PQQcUMLDRTPb hLWLZ�� DUQX[R QcLqT� P NZLDL-
MbWQb [UWLMR[P [RWU[RWPVUQhLx `PkPhP PcP DRZPR- 
wPLTT�[P [UWLMR[P. �R NZRhWPhU Ly�VTL NZPyU_R�W 
h ^NZL�UTPb[, NZUM^Q[RWZPDR��P[ NUZU�LM LW QcLq-
TLx QPQWU[� h yLcUU NZLQWLx, shDPDRcUTWTLx QPQWU[U 
Q LMTLx PcP Q hLTUVT�[ VPQcL[ QWUNUTUx QDLyLM�, 
bDcb��UxQb QPQWU[Lx Q QLQZUMLWLVUTT�[P NRZR[UW-
ZR[P, NLkDLcb��Ux D�NLcTbWX PQQcUMLDRTPb TR LQTL-
DRTPP ^ZRDTUTPx �R_ZRTqR. 

KZP NLQWRTLDhU kRMRVP NL LNZUMUcUTP� MPTR[PVU-
QhP� DLkMUxQWDPx, TRVRcXT�� P _ZRTPVT�� ^QcLDPx  
D hRVUQWDU `PkPVUQhLx [LMUcP Ly�VTL ZRQQ[RWZPDR�W 
hLcUyRTPb QWUZqTUx P NcRQWPT, NLQhLcXh^ NLQcUMTPU 
TRPyLcUU VRQWL NZP[UTb�WQb D TUQ^�P� hLTQWZ^hwPb�. 
�RcUU TR�LMbW _ZRTPVT�U ^QcLDPb D kRDPQP[LQWP  
LW kRhLTR MDPqUTPb hLTwR QWUZqTb P `LZ[PZ^�W 
hZRUD�U kRMRVP Mcb ^ZRDTUTPb hLcUyRTPx Q ^V�WL[ 
_ZRTPVT�� ^QcLDPx. J [LTL_ZR`PP [17] NLMZLyTL 
LNPQRT� �R_P ZU�UTPb kRMRVP NL LNZUMUcUTP� MPTR-
[PVUQhP� DLkMUxQWDPx, TRVRcXT�� P _ZRTPVT�� ^QcLDPx.  

J NZRhWPhU hLTQWZ^PZLDRTPb DPyZLTR_Z^khP kRMR�W-
Qb DNLcTU LNZUMUcUTT�[P, TUZUMhL TUQhLcXhP[P, 
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MPRNRkLTR[P VRQWLW. lRh, Mcb hLQ[PVUQhP� RNNRZRWLD 
QDbkP ZRQV�W� LQ^�UQWDcb�WQb NL MPRNRkLTR[ VRQWLW 
QZUMQWD WZRTQNLZWPZLDhP (RDWL[LyPcb, qUcUkTLML-
ZLqTL_L WZRTQNLZWR, QR[Lc�WR) P QZUMQWD D�DUMUTPb. 

J NZRDPcXTL QhLTQWZ^PZLDRTTL[ PkMUcPP QLyQW-
DUTTRb VRQWLWR f0 hLTQWZ^hwPP TU MLcqTR TR�LMPWXQb 
D QNUhWZU VRQWLW DTU�TP� DLkMUxQWDPx. ¾LWb c�yRb 
hLTQWZ^hwPb LycRMRUW TUQhLcXhP[P kTRVUTPb[P QLy-
QWDUTT�� VRQWLW, ZRQV�W D�NLcTbUWQb WLcXhL Mcb TPk-
�U_L kTRVUTPb f0. ¶QcP TPk�UU kTRVUTPU f0 D�LMPW  
D MPRNRkLT DTU�TP� DLkMUxQWDPx, WL hLTQWZ^hwP� 
MLZRyRW�DR�W Q wUcX� ^DUcPVUTPb sWL_L kTRVUTPb f0  
P D��LMR U_L Pk QNUhWZR VRQWLW DTU�TP� DLkMUxQWDPx. 
�cb ^DUcPVUTPb DPyZLNZLVTLQWP D hLTQWZ^hwPb� DDL-
MbWQb MLNLcTPWUcXT�U hZUNcUTPb, Z�yZR P ZUcXU`� 
q�QWhLQWP, LWyLZWLDhP, PQNLcXk^�WQb [RWUZPRc�  
Q D�QLhP[P MU[N`PZ^��P[P QDLxQWDR[P, MU[N`PZ^�- 
�PU NLhZ�WPb, R WRhqU QNUwPRcXT�U R[LZWPkRWLZ�. 

������ ��2���0�+��( +����+����+��. vRQQ[LW-
ZP[ NZP[UZ ZRkZRyLWhP hLTQWZ^hwPP Mcb ^QWRTLDhP 
NZPyLZLD QPQWU[� LZPUTWRwPP P QWRyPcPkRwPP ($�$) 
[11]. J Qc^VRU TUDLk[LqTLQWP D�NLcTUTPb WZUyLDRTPb 
NL TUNLNRMRTP� scU[UTWLD D kLT^ LykLZR (NcLWTRb 
hL[NLTLDhR NZPyLZLD, RTWUTT P MZ.), NZP ZRk[U�UTPP 
NZPyLZLD $�$ TUNLQZUMQWDUTTL TR RQWZLNcRWU LNWP-
[RcXT�[ ZU�UTPU[ bDcbUWQb NLMTbWPU RNNRZRW^Z�  
TR LNZUMUcUTT^� D�QLW^. KZP sWL[ NLbDcbUWQb TULy-
�LMP[LQWX ZRkZRyLWhP NZUwPkPLTT�� ZRk[UZLQWR-
yPcXT�� hLTQWZ^hwPx Q MLQWRWLVTL D�QLhP[P �RZRh-
WUZPQWPhR[P NL NZLVTLQWP P qUQWhLQWP. KZLUhWPZL-
DRTPU ZRk[UZLQWRyPcXT�� hLQ[PVUQhP� hLTQWZ^hwPx 
QU_LMTb NZUMQWRDcbUW QLyLx QR[LQWLbWUcXT�x hcRQQ 
kRMRV, ZUk^cXWRW� hLWLZ�� �PZLhL DLQWZUyLDRT� QL-
DZU[UTTLx NZL[��cUTTLQWX�. KZP[UZR[P WRhP� hLT-
QWZ^hwPx bDcb�WQb hZ^NTL_RyRZPWT�U hLQ[PVUQhPU 
RTWUTT�, NcRW`LZ[� P MZ^_PU TUQ^�PU hLTQWZ^hwPP 
Mcb ZRk[U�UTPb D�QLhLWLVTLx wUcUDLx RNNRZRW^Z�, 
hLZN^Q� QN^WTPhLD�� WUcUQhLNLD P `LWLRNNRZRWLD. 
JL DQU� sWP� Qc^VRb� LQTLDT�[ WZUyLDRTPU[, LNZUMU-

cb��P[ ZRyLWLQNLQLyTLQWX hLTQWZ^hwPP, bDcbUWQb 
QL�ZRTUTPU kRMRTT�� ZRk[UZLD NZP Pk[UTUTPP ZRk-
cPVT�� �RZRhWUZPQWPh LhZ^qR��Ux QZUM� (D NUZD^� 
LVUZUMX, WU[NUZRW^Z�) [12; 13]. 

J Q^�UQWD^��P� ZRkZRyLWhR� �� «}$$» NLMMUZ-
qPDR��PU hLTQWZ^hwPP ZURcPk^�WQb cPyL D DPMU [U-
WRccPVUQhP� hZLT�WUxTLD (NZP TUyLcX�Lx D�QLWU 
NLMTbWPb NZPyLZLD $�$ TRM RQWZLNcRWLx), cPyL  
D DPMU hLZN^QR Pk QLWLNRTUcUx Q hL[NLkPWT�[P Ly-
�PDhR[P (ZPQ. 1). 

lRhRb hLTQWZ^hwPb NLkDLcbUW D�NLcTbWX [LTWRq 
NZPyLZLD $�$ TR kTRVPWUcXTL[ ZRQQWLbTPP LW RQWZL-
NcRW�, D�NLcTbb NZP sWL[ WZUyLDRTPb NL NZLVTLQWP  
P qUQWhLQWP. J[UQWU Q WU[ MRTTLU ZU�UTPU P[UUW ZbM 
TUMLQWRWhLD: D�QLhRb WZ^MLU[hLQWX Pk_LWLDcUTPb P QyLZ- 
hP; TULy�LMP[LQWX ^QWRTLDhP MLNLcTPWUcXT�� scU-
[UTWLD hZUNcUTPb Mcb D�NLcTUTPb [LTWRqR yLZWLDLx 
hRyUcXTLx QUWP NL hLTQWZ^hwPP; MLQWRWLVTL D�QLhRb 
[RQQR hLTQWZ^hwPP.  

$ wUcX� ZRkZRyLWhP hLTQWZ^hwPP, cP�UTTLx NUZU-
VPQcUTT�� TUMLQWRWhLD, y�cR ZRQQ[LWZUTR QPcLDRb 
RTPkL_ZPMTRb QUWVRWRb hLTQWZ^hwPb Pk hL[NLkPwPLT-
TL_L [RWUZPRcR, PQNLcXk^U[Rb D NcRW`LZ[R� z� «�hQ-
NZUQQ-1000» P «�hQNZUQQ-2000» [14]. 

$UWVRWRb hLTQWZ^hwPb LyZRkLDRTR Pk NLDWLZb�-
�P�Qb NL WLc�PTU QWUThP LyLcLVhP QcLUD QPQWU[ NU-
ZUhZU�PDR��P�Qb QNPZRcXT��, NZLMLcXT�� P hLcX-
wUD�� cUTW Pk LMTLTRNZRDcUTT�� TPWUx, QhZUNcUTT�� 
NLcP[UZT�[ QDbk^��P[, LyZRk^��P� QNPZRcXT�U, 
hLcXwUD�U, NZLMLcXT�U P MLNLcTPWUcXT�U ZUyZR.  
�LNLcTPWUcXT�U ZUyZR LZPUTWPZLDRT� D NZLMLcXTL[ 
TRNZRDcUTPP. �LNLcTPWUcXT�U ZUyZR hLZLVU McPT� 
LyZRk^��Ux P TUZRDTL[UZTL ZRQNZUMUcUT� NL McPTU 
P NUZP[UWZ^. $UWVRWRb LyLcLVhR Pk hL[NLkPwPLTT�� 
[RWUZPRcLD QLMUZqPW QNPZRcXT�U, NZLMLcXT�U, hLcX-
wUD�U P MLNLcTPWUcXT�U ZUyZR, R WRhqU MLNLcTPWUcX-
T�U ZUyZR Q �PZPTLx, LWcPVR��UxQb LW �PZPT� QNP-
ZRcXT��, NZLMLcXT�� P hLcXwUD�� ZUyUZ (ZPQ. 2) [15; 16]. 

 

 
 

vPQ. 1. KLMMUZqPDR��Rb hLTQWZ^hwPb Pk QLWLNRTUcUx  
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���"�3 ��+0���� �� -�+���+�'. J ZR[hR� ZRyLW 
NL QLkMRTP� TLDLx hLTQWZ^hwPP y�cR D�N^�UTR  
3D-[LMUcX hLTQWZ^hwPP (ZPQ. 3) P NZLDUMUT� ZRQVUW� 
TR qUQWhLQWX (WRyc. 1) Q PQNLcXkLDRTPU[ NZL_ZR[[TL-
_L LyUQNUVUTPb UAI (Femap). vUyZR QUWVRWLx QWZ^hW^-
Z� LNPQ�DR�WQb MD^�^kcLD�[P yRcLVT�[P scU[UTWR-
[P, TPqTPx �NRT_L^W – NcLQhP[P VUW�ZU�^kcLD�[P 
scU[UTWR[P. KZP ZRQVUWR� TPqTPx WLZUw qUQWhL kR-
hZUNcbUWQb, h DUZ�TU[^ TR_Z^khR NZPhcRM�DRUWQb VU-
ZUk qUQWhPx scU[UTW. �RNZbqUTTL-MU`LZ[PZLDRTTLU 
QLQWLbTPU hLTQWZ^hwPP NZP Pk_PyU NLhRkRTL TR ZPQ. 3, 
R �hRcR QNZRDR LyLkTRVRUW QPc^, NZPcLqUTT^�  
D DUZ�TUx VRQWP sWLx hLTQWZ^hwPP. 

KLc^VUTT�U ZUk^cXWRW� NLhRkRcP, VWL VRQWLWR 
QLyQWDUTT�� hLcUyRTPx hLTQWZ^hwPP – 20 Iw. �RTTLU 

kTRVUTPU bDcbUWQb TUMLQWRWLVT�[ Q WLVhP kZUTPb WZU-
yLDRTPx NL qUQWhLQWP (WRyc. 1). uTRVUTPb X, Y, Z – 
NUZU[U�UTPb NL LQb[; RX, RY, RZ – Q^[[RZT�x DUhWLZ 
NUZU[U�UTPx QLLWDUWQWDUTTL. 

�MTP[ Pk QNLQLyLD NLD��UTPb QLyQWDUTTLx VRQ-
WLW� hLTQWZ^hwPP bDcbUWQb DDUMUTPU LyLcLVhP. KLQcU 
DDUMUTPb LyLcLVhP MRTTRb hLTQWZ^hwPb LWDUVRUW WZU-
yLDRTPb[ NL qUQWhLQWP. 

�cb LNZUMUcUTPb LNWP[RcXT�� WLc�PT ZUyUZ  
P LyLcLVhP y�c NZLDUMUT [U�RTPVUQhPx RTRcPk TRP-
yLcUU TR_Z^qUTT�� ^kcLD ([UQWR hZUNcUTPb hLTQW-
Z^hwPP h RQWZLNcRWU) QZUMQWDR[P [LM^cb _UTUZRWPD-
TL_L RTRcPkR NZLVTLQWP D Femap. 

J ZUk^cXWRWU y�cP LNZUMUcUT� kTRVUTPb Mcb ZUyUZ 
4×4 [[, Mcb LyLcLVhP 1,2 [[ (WRyc. 2). 

 

  
 

vPQ. 2. $UWVRWRb hLTQWZ^hwPb Mcb ^QWRTLDhP  
NZPyLZLD $�$, D�NLcTUTTRb Pk ^_cUNcRQWPhR  

 
vPQ. 3. ~LMUcX QUWVRWLx hLTQWZ^hwPP Mcb ^QWRTLDhP  

NZPyLZLD $�$ D 3D-PkLyZRqUTPP D TR_Z^qUTTL[ QLQWLbTPP 

 
����!� 1  

���0���# \!!������92 ��++ � 0�+��� ���+��%���� 
 

�``UhWPDT�U [RQQ�, % lLT N �RQWLWR, Iw X Y Z RX RY RZ 
1 20,65 22,38 64,62 – 74,41 25,36 – 
2 20,65 64,62 22,38 – 25,36 74,41 – 
3 128,26 – – 27,38 – – 50,66 

}WL_L 87,00 87,00 27,38 99,77 99,77 50,66 
 

����!� 2  
���0���# \!!������92 ��++ � 0�+��� ���+��%���� + �D�"�0��( 

 

�``UhWPDT�U [RQQ�, % lLT N �RQWLWR, Iw 
X Y Z RX RY RZ 

1 115,72 90,22 1,35 – 1,48 98,52 – 
2 115,72 1,35 90,22 – 98,52 1,48 – 
3 1164,66 – – 95,42 – – 50,66 

}WL_L 91,58 91,58 95,42 100,00 100,00 0,00 
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���"?0����. J ZR[hR� ZRyLW NL QLkMRTP� TLDLx 
hLTQWZ^hwPP y�cR D�N^�UTR 3D-[LMUcX hLTQWZ^hwPP 
P NZLDUMUT� ZRQVUW� TR qUQWhLQWX Q PQNLcXkLDRTPU[ 
NZL_ZR[[TL_L LyUQNUVUTPb UAI (Femap).  

KLc^VUTT�U ZUk^cXWRW� NLhRkRcP, VWL VRQWLWR QLy-
QWDUTT�� hLcUyRTPx hLTQWZ^hwPP 20 Iw bDcbUWQb TU-
MLQWRWLVTLx. �cb WL_L, VWLy� NLD�QPWX QLyQWDUTT^� 
VRQWLW^ hLTQWZ^hwPP, DDUcP LyLcLVh^. �cb LNZUMUcU-
TPb LNWP[RcXT�� WLc�PT ZUyUZ P LyLcLVhP y�c NZL-
DUMUT [U�RTPVUQhPx RTRcPk TRPyLcUU TR_Z^qUTT�� 
^kcLD. J ZUk^cXWRWU y�cP LNZUMUcUT� kTRVUTPb Mcb 
ZUyUZ 4×4 [[, Mcb LyLcLVhP 1,2 [[. 

�TRcPk LNPQRTT�� hLTQWZ^hwPx NLhRkRc, VWL TRP-
yLcUU ^TPDUZQRcXTLx bDcbUWQb QUWVRWRb hL[NLkPWTRb 
hLTQWZ^hwPb Q LyLcLVhLx. J�QLhPU �RZRhWUZPQWPhP 
NL NRZR[UWZR[ qUQWhLQWP, NZLVTLQWP, DRZPRTWTLQWP 
PQNLcTUTPb P ZRk[UZLQWRyPcXTLQWP D QLVUWRTPP  
Q TPkhLx [RQQLx NLkDLcb�W PQNLcXkLDRWX U� TR z�, 
ZRkcPVT�� hRh NL WPN^ ([Rc�U, QZUMTU_L hcRQQR, Wb-
qUc�U), WRh P NL QZUMQWDR[ D�DUMUTPb [14].  

j[UTX�UTPb DcPbTPb [U�DLkMUxQWDPx MLyPDR�WQb 
NLD��UTPU[ [U�RTPVUQhLx NZLVTLQWP P qUQWhLQWP 
QLQWRDT�� VRQWUx P PkMUcPx D wUcL[. jDUcPVUTPU q�-
QWhLQWP QLQWRDT�� hLTQWZ^hwPx MLQWP_RUWQb QPcLDLx 
kRWbqhLx ^kcLD QLVcUTUTPb, ^DUcPVUTPU[ NcL�RMP 
LNLZT�� NLDUZ�TLQWUx P q�QWhLQWP MUWRcUx TR ^VRQW-
hR� QLNZbqUTPb. 

zZRWhPx shQh^ZQ D QcLqTUx�PU, WZ^ML�[hPU WUL-
ZUWPVUQhPU ZRQV�W� NL LyUQNUVUTP� [U�RTPVUQhLx 
QLD[UQWP[LQWP QLDZU[UTTLx WU�TPhP NLhRkRc, VWL 
kMUQX, hRh P Mcb WULZPP DLLy�U, NLQcUMTUU QcLDL kR 
shQNUZP[UTWL[, NLMWDUZqMR��P[ NZRDPcXTLQWX sWP� 
ZRQV�WLD. lRh, Mcb z�$ Pk_LWRDcPDRUWQb P PQN�W�DR-
UWQb TR MPTR[PVUQhP� QWUTMR� LWMUcXT�x WU�TLcL_P-
VUQhPx LyZRkUw RNNRZRWR. JL DZU[b sWP� PQN�WRTPx 
kRMR�WQb DUQX MPRNRkLT DLk[LqT�� shQNc^RWRwPLTT�� 
MPTR[PVUQhP� TR_Z^kLh. 

$cUM^UW LW[UWPWX, VWL LWUVUQWDUTT�U QNUwPRcPQW� 
NZUDLQ�LMTL LyUQNUVPDR�W WRhLx DRqT�x NLhRkRWUcX 
~�$ TR�Ux WU�TPhP, hRhP[ bDcbUWQb NZLVTLQWX. �WL 
DPMTL TR NZP[UZR� LyUQNUVUTPb NZLVTLQWP ZRhUW-
TLQPWUcUx P RDPRwPLTTLx WU�TPhP, RDWLWZRTQNLZWR  
(D WL[ VPQcU NLqRZTL_L TRkTRVUTPb), [U�RTPVUQhLx 
RDRZPxTL-QNRQRWUcXTLx WU�TPhP. �L _cRDTRb NZLycU[R 
kMUQX kRhc�VRUWQb D TULy�LMP[LQWP kTRVPWUcXTL_L 
^c^V�UTPb _RyRZPWTL-DUQLD�� �RZRhWUZPQWPh WU�TP-
VUQhP�, D WL[ VPQcU RDRZPxTL-QNRQRWUcXT��, QZUMQWD. 
vU�UTPU sWLx NZLycU[� DUM�W h NLD��UTP� [LyPcX-
TLQWP, ^MLyQWD^ shQNc^RWRwPP, QTPqUTP� sTUZ_LNL-
WZUycUTPb QZUMQWD P, hLTUVTL, [LqUW y�WX D�NLcTUTL 
WLcXhL N^W�[ LNWP[PkRwPP P� hLTQWZ^hWPDTL_L NL-
QWZLUTPb, ^VPW�DR��Ux ZUk^cXWRW� shQNUZP[UTWRcX-
TL-WU�TLcL_PVUQhLx LWZRyLWhP. 

~RQ�WRyT^� NZLycU[^ NZUMQWRDcbUW QTPqUTPU 
~�$ NL NZPVPTU TUhRVUQWDUTTL_L WU�TPVUQhL_L Ly-
Qc^qPDRTPb P ZU[LTWR WU�TPhP D NZLwUQQU U� shQNc^R-
WRwPP. KZP sWL[ PkDUQWT� MRqU Qc^VRP, hL_MR PkTL-
�UTT�U MUWRcP LyLZ^MLDRTPb QR[LcUWLD kR[UTbcP 
ZRTUU PkTL�UTT�[P MUWRcb[P, DLQQWRTLDcUTT�[P 
h^QWRZT�[ QNLQLyL[ D y�WLD�� ^QcLDPb�. 

KZUMLWDZR�UTPU WRhP� P P[ NLMLyT�� Qc^VRUD, 
ZRk^[UUWQb, D�LMPW D VPQcL DRqT�� kRMRV NZLwUQQR 

LyUQNUVUTPb ~�$ TR sWRNU shQNc^RWRwPP WU�TPVUQhP� 
QZUMQWD c�yL_L TRkTRVUTPb [17]. 
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�������	��� �������� 	�$"&���� ��������� ;���# ��	��� )���	����# ����������� (Q3) �� ��$�-
��� )������ ����&���� ��$�������������� ��$�������( ����$�	"'/�# �$"+���� �����+������ �	���	��-
����. 5���&$"���� ���#�� ������+����� )����	������&��-	��+���"' �!���" �	�������� 	����!������� 
$����� ���������� � ����	��"	� �� )���� ������������( ��	����� ����	��"	� �����+������ ����	���. 
5�������&��� ������� �( ����	�+��# ��������� ;���# ��	��� Q3 ��'+��� � ���( ��� �����-
"�������� ����	������ ���� � 	��"�	����� ��/����� ��$� �����-�$"+���( ��-60 � �����$��� �� 0,1  
�� 0,01 	��/�, � ���%� ������" ��$����	�� �( ����	���� ��( �����-�$"+���( �� ����/����� ��$� � �	��-
��� � ����	���������&' �� ���� 2,5 %. ��$"&���� ��������� �( ����(	��# ����������� 	���������� 
�	��$������� ����$��, +�� 	����!�����( ��������& ����������� � $���������� �� ��/����� ��$� ��%�� 
����& 	�$�+��� #�	����	, ��	�%�'/���( ��� � "���+����, ��� � � ���%���� 	����!������ ��������� �	� 
"���&*���� ��/����� ��$�. ����	"%��� )��$���+����� �"+�� ������	��	"���# �$������� � ��#������ 
�	��$������� �����������, �	���#��(/�� � ��+���� �	����� ����� ���� � �	����(/�� � �$������(� � 	����-
!������ ��������� �� ��$���� )������� �� ��	(��� ���+���. 9	� ����/����� ��$� ��%� 30 �	�� � ����-
(	��# Q3 )����� ��/����� ��$� ��%�� �	�(�(�&�( ���'+���&�� � ����*����� ���	���� ����������-
��( ��	����	�� Q3 ���� ��"+���( �	� ������� ��/����� ��$� � �	�!���� �����"'/��� ��%��� �	� ���-
������ �� ����*����� �� 100 °� �����	��"	�. ����������, +�� � "����(# ��	������� �� �	����� ��/��-
��� ��$�, �����	"'/�� ���������( ��/��� ����*�� �� ���!�, � Q3 ����(	��� ��#������, ����	�� #�-
	����	�$"'��( )�������, �	��������%��� )�����" ELDRS, ���'�����( �	������� ��	����	�+����� 
����$. ����	"%����� ��$���� )������ �	���%��� �	������& �� �������� �	� ��		����	���� ������	�-
��# ������� ���������. 
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The main results for radiation testing electronic parts of flight lots on dose effects of long-time low-intensive influ-
ence of space ionizing radiation is observed. Such test approach provides for the given component a computational-
experimental radiation design margin estimation, which is based on part's experimental radiation hardness determina-
tion at the stage of the spacecraft onboard equipment acquisition. The test complex includes two Co-60 panoramic 
gamma apparatuses with adjustment of gamma-radiation dose rate in a range from 0,1 rad/s to 0,01 rad/s, and a do-
simetry system for calibration of a gamma-radiation field in terms of the dose absorbed in silicon with uncertainty  
no more than 2,5 %. The results of testing bipolar parts manufactured in Russia have shown that as the dose rate 
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 decreases, radiation hardness depending on the change in the dose rate may either increase or decrease. Incidental 
uncontrollable changes in the production technologies of parts occurring within a period of time less than a year and 
causing changes in radiation hardness of parts on dose effects to an order of magnitude are found out. If the absorbed 
dose is less 30 krad for bipolar parts the dose rate effect can be found out on the basis of a higher recovery rate of parts 
parameters after irradiation at high dose rate in the course of the subsequent annealing at room or raised to 100 °� 
temperature. It is shown that under the conditions of the time-varying dose rate that models aftereffects of high-power 
Sun flash, the bipolar parts characterized by the effect opposite to ELDRS, temporary parametric failure is detected. 
The discovered dose effects are offered to be taken into consideration when updating the standard test methods. 

 
Keywords: onboard equipment, spacecraft, electronic parts, flight lots, radiation test. 
  
)��/����. J [PZLDLx NZRhWPhU, TRVPTRb Q hLTwR 

1990-� _LMLD, NZLDUMUTPU ZRMPRwPLTT�� PQN�WRTPx 
c�WT�� NRZWPx (RLAT) scUhWZLTT�� hL[NLTUTWLD 
(�z) LQ^�UQWDcbUWQb DUM^�P[P hLQ[PVUQhP[P hLZNL-
ZRwPb[P D ZR[hR� QLkMRTT�� sWP[P hLZNLZRwPb[P 
QPQWU[ _RZRTWPP ZRMPRwPLTTLx QWLxhLQWP yLZWLDLx 
RNNRZRW^Z� (]�) hLQ[PVUQhP� RNNRZRWLD (z�) [1]. 
�Z_RTPkRwPb WRhP� PQN�WRTPx D ZR[hR� LMTLx hLZNL-
ZRwPP y�cR D�kDRTR [TL_LVPQcUTT�[P `RhWR[P Q^-
�UQWDUTTL_L (ML NLZbMhR DUcPVPT�) ZRkyZLQR ZRMPR-
wPLTTLx QWLxhLQWP �z c�WT�� NRZWPx LW NRZWPP  
h NRZWPP P DT^WZP NRZWPP Pk-kR TUQWRyPcXTLQWP WU�-
TLcL_PP NZLPkDLMQWDR, R WRhqU Pk-kR DcPbTPb TR ZR- 
MPRwPLTT^� QWLxhLQWX �z MLNLcTPWUcXT�� WUZ[L-
DLkMUxQWDPx, WRhP� hRh scUhWZLWUZ[LWZUTPZLDhR,  
D NZLwUQQU NZLDUMUTPb MLNLcTPWUcXT�� LWyZRhLDLV-
T�� PQN�WRTPx, NZLDLMP[�� D QNUwPRcPkPZLDRTT�� 
PQN�WRWUcXT�� wUTWZR�. KZP sWL[ ZRkyZLQ QWLxhLQWP 
�z c�WT�� NRZWPx h McPWUcXTL[^ TPkhLPTWUTQPDTL[^ 
DLkMUxQWDP� PLTPkPZ^��P� Pkc^VUTPx hLQ[PVUQhL_L 
NZLQWZRTQWDR (}}zK) LhRkRcQb QPcXTL kRDPQb�P[ LW 
DRZPRwPx NZLwUQQLD LhQPMPZLDRTPb P hLZN^QPZLDRTPb 
[PhZLQ�U[ hRqMLx NRZWPP. J TRQWLb�UU DZU[b PQN�-
WRTPb c�WT�� NRZWPx �z QWRcP DRqT�[ ^QcLDPU[ _R-
ZRTWPP QWLxhLQWP ]� h MLkLD�[ s``UhWR[ McPWUcXTL-
_L TPkhLPTWUTQPDTL_L PLTPkPZ^��U_L DLkMUxQWDPb. 
�TP NZLDLMbWQb, UQcP NL ZUk^cXWRWR[ QUZWP`PhRwPLT-
T�� PQN�WRTPx �z c�WT�� NRZWPx hLs``PwPUTW NZL-
UhWTL_L ZRMPRwPLTTL_L kRNRQR Mcb ZRk[U�UTPb sWP� 
�z D yLZWLDLx RNNRZRW^ZU [UTX�U TULy�LMP[L_L kTR-
VUTPb. J TRQWLb�UU DZU[b ZRkZRyLWRT� QWRWPQWPVU-
QhPU [UWLM� LwUThP ZRMPRwPLTTLx QWLxhLQWP �z  
kRh^NRU[�� NRZWPx Mcb hL[NcUhWLDRTPb ]�, LQTLDRT-
T�U TU WLcXhL TR RNZPLZT�� MRTT�� QUZWP`PhRwPLT-
T�� PQN�WRTPx, TL WRhqU TR TRhLNcUTT�� MRTT�� NZP 
NZUM�M^�P� PQN�WRTPb� c�WT�� NRZWPx sWP� �z [2; 3]. 
lRhPU [UWLM� ^VPW�DR�W NLc^VUTT^� NZP PQN�WRTP-
b� c�WT�� NRZWPx QWRWPQWPh^ hLcUyRTPx ZRMPRwPLT-
TLx QWLxhLQWP LW NRZWPP h NRZWPP P DT^WZP NRZWPP. 
J[UQWU Q WU[ NLMWDUZqMUTL, VWL WLcXhL TUNLQZUMQW-
DUTTLU D�yLZLVTLU PQN�WRTPU �z kRh^NcUTTLx c�W-
TLx NRZWPP MRUW TRPyLcUU MLQWLDUZT^� LwUTh^ NZL-
UhWTL_L ZRMPRwPLTTL_L kRNRQR (RDM) sWL_L �z D hLT-
hZUWTL[ hLQ[PVUQhL[ NZLUhWU. �RcUU LZ_RTPkRwPLT-
T�U P [UWLMPVUQhPU DLNZLQ� PQN�WRTPx c�WT�� NRZ-
WPx �z ZRQQ[RWZPDR�WQb TR NZP[UZU PTWU_ZPZLDRT-
TLx PQN�WRWUcXTLx QWZ^hW^Z�, QLkMRTTLx D _. lL[QhU 
D ZR[hR� QPQWU[� _RZRTWPP ZRMPRwPLTTLx QWLxhLQWP 
]� z� hLLNUZRwPP NZUMNZPbWPx �� «}T`LZ[RwPLT-
T�U QN^WTPhLD�U QPQWU[�» P[UTP RhRMU[PhR  
~. Y. vU�UWT�DR». 

5�"� �+�9����( "B��92 �����( A�. �QTLDTLx 
wUcX� PQN�WRTPx c�WT�� NRZWPx �z bDcbUWQb LwUThR 
NZLUhWTL_L ZRMPRwPLTTL_L kRNRQR sWP� �z Mcb ^QWR-
TLDhP D yLZWLD^� RNNRZRW^Z^ Q ^VUWL[ TRW^ZTLx ZR-
MPRwPLTTLx LyQWRTLDhP Mcb ZRkZRyRW�DRU[L_L hLQ[P-
VUQhL_L NZLUhWR, hLTQWZ^hWPDTL_L PQNLcTUTPb yLZWL-
DLx RNNRZRW^Z� z�, R WRhqU hL[NLTLDhP P scUhWZPVU-
QhL_L ZUqP[R �z D QLQWRDU RNNRZRW^Z�. }Q�LMb  
Pk TRhLNcUTTL_L LN�WR PQN�WRTPx c�WT�� NRZWPx �z 
h MLkLD�[ s``UhWR[, D LWcPVPU LW NZLDUMUTPb WPNL-
D�� QUZWP`PhRwPLTT�� PQN�WRTPx, QcUM^UW ^VPW�-
DRWX, VWL NZLwUM^Z� PQN�WRTPx c�WT�� NRZWPx �z 
MLcqT� LyUQNUVPDRWX: 

– LwUTh^ ZRMPRwPLTTLx QWLxhLQWP �z D NRZWPP NL 
hLcPVUQWDUTTL[^, R TU NL hRVUQWDUTTL[^ NZPkTRh^, 
VWL MR�W DLk[LqTLQWX D�NLcTUTPb hL[NLTLDhP RNNR-
ZRW^Z� Q ^V�WL[ shZRTPZLDhP [UTUU QWLxhP� �z yLcUU 
QWLxhP[P, R WRhqU LyUQNUVPDRUW DLk[LqTLQWX LyLQTL-
DRTTL_L D�yLZR cLhRcXTLx ZRMPRwPLTTLx kR�PW�; 

– hLcPVUQWDUTT^� LwUTh^ ZRMPRwPLTTLx QWLxhL-
QWP �z c�WTLx NRZWPP D scUhWZPVUQhP� ZUqP[R� shQ-
Nc^RWRwPP TR yLZW^ z� (hLWLZ�U [L_^W LWcPVRWXQb LW 
ZUhL[UTMRwPP D lj); 

– LwUTh^ DcPbTPb scUhWZPVUQhL_L P WUNcLDL_L 
(LWqP_ NZP NLD��UTTLx P TLZ[RcXTLx WU[NUZRW^ZU) 
ZUqP[LD TR `^ThwPLTPZLDRTPU �z NLQcU MLQWPqUTPb 
ZRMPRwPLTTL_L NRZR[UWZPVUQhL_L LWhRkR PcP MLQWP-
qUTPb TLZ[� PQN�WRTPx Q wUcX� NLc^VUTPb PT`LZ-
[RwPP L DLk[LqTLQWP DLQQWRTLDcUTPb NRZR[UWZPVU-
QhL_L kRNRQR ZRyLWLQNLQLyTLQWP �z ZU_^cPZLDhLx 
scUhWZPVUQhL_L P WUNcLDL_L ZUqP[LD NZP shQNc^RWR-
wPP sWP� �z D QLQWRDU ]�; 

– LwUTh^ ZRkyZLQR QWLxhLQWP �z D c�WTLx NRZWPP 
P LW NRZWPP h NRZWPP Q LNZUMUcUTPU[ DLk[LqTLQWP 
PTMPDPM^RcXTLx ZRkyZRhLDhP �z D hRqMLx NRZWPP  
NL P� ZRMPRwPLTTLx QWLxhLQWP; 

– LwUTh^ DcPbTPb TR ZRMPRwPLTT^� QWLxhLQWX �z 
s``UhWLD TPkhLx [L�TLQWP MLk�. 

lRhP[ LyZRkL[, NZP ^hRkRTT�� D��U wUcUD�� ^Q-
WRTLDhR� _RZRTWPb QWLxhLQWP ]� LyUQNUVPDRUWQb 
QDLUDZU[UTT�[ ^WLVTUTPU[ NZLUhWTL_L ZRMPRwPLTTL-
_L kRNRQR PQN�W^U[L_L �z c�WTLx NRZWPP Mcb hLT-
hZUWTLx ]�. 

�+�D����+�� �+�9����( "B��92 �����( A�. 
�QLyUTTLQWP PQN�WRTPx c�WT�� NRZWPx �z TR MLkL-
D�U s``UhW� McPWUcXTL_L TPkhLPTWUTQPDTL_L PLTP-
kPZ^��U_L DLkMUxQWDPb LNZUMUcb�WQb, Q LMTLx QWL-
ZLT�, TRW^ZT�[P ZRMPRwPLTT�[P ^QcLDPb[P �^M�U_L 
Qc^VRb P, Q MZ^_Lx QWLZLT�, DLk[LqTLQWb[P [UWLMLD 
^QhLZUTTLx hLcPVUQWDUTTLx LwUThP QWLxhLQWP �z  
h MLkLD�[ s``UhWR[ D QZLhP, NZUM^Q[LWZUTT�U  
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ZRkZRyLWhLx ]�. ~UWLMPhR PQN�WRTPx �z c�WT�� 
NRZWPx MLcqTR Dhc�VRWX NZLwUM^Z� hLcPVUQWDUTTLx 
LwUThP ZRMPRwPLTTLx QWLxhLQWP �z, R PQN�WRWUcXTLU 
LyLZ^MLDRTPU MLcqTL y�WX NZUMQWRDcUTL PQN�WR-
WUcXT�[P QWUTMR[P Q �PZLhP[ MPRNRkLTL[ ZU_^cP-
ZLDhP [L�TLQWP MLk� Mcb LwUThP DLk[LqT�� s``Uh-
WLD TPkhLx [L�TLQWP MLk�. �ybkRWUcXT�[ bDcbUWQb 
TRcPVPU D�QLhLWLVTLx QPQWU[� MLkP[UWZPP, QNLQLy-
TLx ZRyLWRWX D ZUqP[U on-line, R WRhqU RNNRZRW^Z� 
Mcb hLTWZLcb scUhWZPVUQhP� NRZR[UWZLD P `^ThwPL-
TPZLDRTPb PQN�W^U[�� �z ZRkcPVTL_L ^ZLDTb PTWU-
_ZRwPP Q TULy�LMP[�[ NZL_ZR[[T�[ LyUQNUVUTPU[. 

J QDbkP Q WU[, VWL WUZ[LDLkMUxQWDPb WPNR scUhWZL-
WUZ[LWZUTPZLDLh, NZLDLMP[�� D NZLwUQQU MLNLcTP-
WUcXT�� LWyZRhLDLVT�� PQN�WRTPx �z D QNUwPRcPkP-
ZLDRTT�� PQN�WRWUcXT�� wUTWZR�, [L_^W DcPbWX  
TR NZLbDcUTPU s``UhWLD TPkhLx [L�TLQWP MLk� P TR 
ZRkyZLQ QWLxhLQWP �z NL MLkLD�[ s``UhWR[ DT^WZP 
NRZWPP Mcb �z hRh yPNLcbZTLx WU�TLcL_PP [4], WRh  
P z~�K-WU�TLcL_PP [5], TULy�LMP[L ZRMPRwPLTT�U 
PQN�WRTPb c�WT�� �z NZLDLMPWX NLQcU LhLTVRTPb 
MLNLcTPWUcXT�� LWyZRhLDLVT�� PQN�WRTPx D QNUwPR-
cPkPZLDRTTL[ PQN�WRWUcXTL[ WU�TPVUQhL[ wUTWZU. 
zRh PkDUQWTL, c�WT�U NRZWPP �z NLMDUZ_R�WQb ML-
NLcTPWUcXT�[ LWyZRhLDLVT�[ NZLwUM^ZR[ D RhhZUMP-
WLDRTT�� PQN�WRWUcXT�� WU�TPVUQhP� wUTWZR�, 
Dhc�VRb: 

– scUhWZLWUZ[LWZUTPZLDh^ D QLQWRDU LWyZRhLDLV-
T�� PQN�WRTPx P MPR_TLQWPVUQhPx TUZRkZ^�R��Px 
hLTWZLcX hRqMLx NRZWPP �z, NZUMTRkTRVUTTLx Mcb 
NZP[UTUTPb D c�WTL[ hL[NcUhWU ]�; 

– ZRkZ^�R��Px `PkPVUQhPx RTRcPk, NZLDLMP[�x 
D QLLWDUWQWDPP Q WZUyLDRTPb[P �l� TR D�yLZhU  
Pk kRh^NcUTTLx NRZWPP �z.  

KZP D�yLZU DUZ�TU_L NZUMUcR [L�TLQWP NL_cL-
�UTTLx MLk� 0,1 ZRM/Q NZPTP[RcRQX DL DTP[RTPU [Rh-
QP[RcXTRb [L�TLQWX MLk� PLTPkPZ^��U_L Pkc^VUTPb, 
hL_MR-cPyL TRyc�MRD�RbQb D TRW^ZT�� ^QcLDPb� NL-
QcU [L�TLx DQN��hP TR $LcTwU. 

�R ZPQ. 1 NZPDUMUTR DZU[UTTRb kRDPQP[LQWX [6] 
Pk[UTUTPx [L�TLQWP NL_cL�UTTLx MLk� (NL hZU[-
TP�) TR _ULQWRwPLTRZTLx LZyPWU kR shDPDRcUTWTLx 
ZRMPRwPLTTLx kR�PWLx Pk 2,54 [[ Rc�[PTPb D ZU-
k^cXWRWU [L�TUx�Ux QLcTUVTLx DQN��hP D LhWbyZU 
1989 _LMR. JPMTL, VWL NLQcUMQWDPb QLcTUVTLx DQN��-
hP TRyc�MRcPQX D DPMU [TL_LMTUDT�� DRZPRwPx [L�-
TLQWP MLk� D MPRNRkLTU LW 0,001 ML 0,1 ZRM/Q Q [RhQP-
[RcXT�[ kTRVUTPU[ D LycRQWP 0,1 ZRM/Q P MLNLcTP-
WUcXT�[P [RhQP[^[R[P D LycRQWP 0,01 ZRM/Q NZP NL-
QcUM^��U[ QNRMU TPqU 0,001 ZRM/Q. KLsWL[^ TPqT�� 
_ZRTPw^ LQTLDTL_L MPRNRkLTR [L�TLQWP MLk� NZP 
TRkU[T�� PQN�WRTPb� wUcUQLLyZRkTL D�yZRWX ZRDTLx 
0,01 ZRM/Q, D WL[ VPQcU Mcb LyUQNUVUTPb NZPU[cU[�� 
QZLhLD PQN�WRTPx. lRhLx qU MPRNRkLT [L�TLQWP MLk� 
(LW 0,1 ML 0,01 ZRM/Q) NZPTbW D QWRTMRZWU ESA  
´ 22900 D hRVUQWDU TPqTU_L yRkLDL_L MPRNRkLTR Mcb 
NZPU[LVT�� PQN�WRTPx NRZWPx �z. $ MZ^_Lx QWLZL-
T�, QWRTMRZW MIL-STD-883J (Method 1019.9) ZUhL[UT-
M^UW Mcb PQN�WRTPx TUPk[UTT^� [L�TLQWX MLk�  
0,01 ZRM/Q. �MTRhL TUMRDTL NZLDUMUTT�U QZRDTPWUcX-
T�U PQQcUMLDRTPb PQN�WRTPx NL MUxQWD^��P[ QWRT-

MRZWR[ ´ 22900 P MIL-STD-883J (Method 1019.9) [7] 
NLhRkRcP, VWL �^M�Px Qc^VRx NZP PQN�WRTPb� yPNL-
cbZT�� �z [LqUW ZURcPkLDRWXQb TU WLcXhL NZP [L�-
TLQWP MLk� 0,01 ZRM/Q, TL NZP 0,1 ZRM/Q. 

 

 
 

vPQ. 1. }k[UTUTPb [L�TLQWP NL_cL�UTTLx MLk� 
(NL hZU[TP�) TR _ULQWRwPLTRZTLx LZyPWU kR kR�P-
WLx 2,54 [[ Al NLQcU DQN��hP TR $LcTwU D LhWbyZU  
 

1989 _LMR 
 
¶QcP PQ�LMPWX Pk WPNPVTL_L Mcb _ULQWRwPLTRZTLx 

LZyPW� WZUyLDRTPb h ZRMPRwPLTTL[^ ZUQ^ZQ^ �z  
D 100 hZRM, WL MPRNRkLT ZU_^cPZLDhP [L�TLQWP MLk�  
D NZUMUcR� LW 0,1 ML 0,01 ZRM/Q LyUQNUVPDRUW kR 3 [U-
QbwR TRyLZ ^hRkRTTLx NL_cL�UTTLx MLk� 100 hZRM NZP 
Lyc^VUTPP Q [L�TLQWX� MLk� 0,01 ZRM/Q P TRyLZ NL-
_cL�UTTLx MLk� 1 ~ZRM NZP Lyc^VUTPP Q [L�TLQWX� 
MLk� 0,1 ZRM/Q. �WL_L MLQWRWLVTL Mcb ZURcPkRwPP NZP 
hL[NLTLDhU ]� NZPTwPNR [PTP[PkRwPP [RQQ� ZRMPR-
wPLTTLx kR�PW� TR LQTLDU shZRTPZLDhP [UTUU QWLx-
hP� hL[NLTUTWLD yLcUU QWLxhP[P. �R sWL[ qU ZPQ. 1 
NZPDUMUTR DZU[UTTRb kRDPQP[LQWX [L�TLQWP NL_cL-
�UTTLx MLk� NZP P[PWRwPP QLcTUVTLx DQN��hP  
D cRyLZRWLZT�� ^QcLDPb� _R[[R-Pkc^VUTPU[ ZRMPL-
T^hcPMR $L-60. 

�Z^_PU LQLyUTTLQWP [UWLMLcL_PP PQN�WRTPx c�WT�� 
NRZWPx �z LyQ^qMR�WQb TPqU TR NZP[UZU QNUwPRcXTL 
ZRkZRyLWRTTL_L [LMUcPZ^��U_L _R[[R-hL[NcUhQR 
«vRMPRT». 

jVPW�DRb Q`LZ[^cPZLDRTT�U D��U WZUyLDRTPb  
h MPRNRkLT^ [L�TLQWP MLk� Mcb NZLDUMUTPb PQN�WR-
TPx c�WT�� NRZWPx, y�c ZRkZRyLWRT [LMUcPZ^��Px 
_R[[R-hL[NcUhQ «vRMPRT», LQTLDLx hLWLZL_L QWRcR 
ZRMPRwPLTTRb _LcLDhR _R[[R-WUZRNUDWPVUQhL_L RNNR-
ZRWR «vLh^Q», PQNLcXk^U[Rb hRh Pkc^VRWUcX NRTLZR[-
TL_L WPNR. J Qc^VRU kRZbMhP «vRMPRTR» _R[[R-PQWLVTP-
hL[ $L-60 RhWPDTLQWX� ML 8,2 hz�ZP [LqTL kR QVUW 
_UL[UWZPVUQhLx ZRQ�LMP[LQWP _R[[R-N^VhR, N^WU[ 
ZU_^cPZLDhP ZRQQWLbTPb ML Ly�UhWR Lyc^VUTPb, LyUQ-
NUVPWX TULy�LMP[LU Pk[UTUTPU [L�TLQWP MLk�, L�DR-
W�DR��UU ML WZU� NLZbMhLD DUcPVPT�. KZP sWL[ kR 
QVUW TRVRcXTLx ^_cLDLx ZRQ�LMP[LQWP N^VhR _R[[R-
Pkc^VUTPb LyUQNUVUT� MLQWRWLVTL yLcX�PU ZRk[UZ� 
NcL�RMP Lyc^VUTPb Mcb PQN�W^U[�� D�yLZLh �z, 
NLMDUZ_RU[�� McPWUcXTL[^ TPkhLPTWUTQPDTL[^ Lyc^-
VUTP�. �y�Px DPM MPQWRTwPLTTL-^NZRDcbU[L_L Pkc^-
VRWUcb _R[[R-hL[NcUhQR «vRMPRT» NZUMQWRDcUT TR ZPQ. 2. 
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vPQ. 2. KRTLZR[TL_L WPNR $L-60 _R[[R-Pkc^VRWUcX hL[NcUhQR «vRMPRT» 
  

$PQWU[R MLkP[UWZPP yRkPZ^UWQb TR PQNLcXkLDRTPP 
MD^� LyZRkwLD�� MLkP[UWZLD ^TPDUZQRcXT�� �z$-101, 
QTRyqUTT�� [PTPRW�ZTLx PLTPkRwPLTTLx hR[UZLx 
WPNR ]~z-06 Ly�U[L[ 0,6 Q[3. KZP Pk[UZUTPP NL_cL-
�UTTLx MLk� PLTPkRwPLTTRb hR[UZR ZRQNLcR_RUWQb  
TR NcRWU [UqM^ PQN�W^U[�[P �z P LyUQNUVPDRUW  
NL_ZU�TLQWX Pk[UZUTPb NL_cL�UTTLx MLk� 2 %  
(NL hZU[TP�). �cb Pk[UZUTPb ZRMPRcXTL_L ZRQNZUMU-
cUTPb N^VhR _R[[R-Pkc^VUTPb PQNLcXk^UWQb MLkP[UW-
ZPVUQhRb QPQWU[R, QLQWLb�Rb Pk LyZRkwLDL_L MLkP[UW-
ZR ^TPDUZQRcXTL_L �z$-101 Q [PTPRW�ZTLx PLTPkR-
wPLTTLx hR[UZLx WPNR ]~z-06 P hLLZMPTRWTL-
NLkPwPLTPZ^��U_L ^QWZLxQWDR (NcRT�UWR) WPNR  
jzK-1510, hLWLZ�U ZRyLWR�W NLM ^NZRDcUTPU[ UMP-
TLx NZL_ZR[[�, LyUQNUVPDRb RDWL[RWPVUQhLU NZLDU-
MUTPU Pk[UZUTPx Q kRMRTT�[ �R_L[ NL MD^[ hLLZMP-
TRWT�[ TRNZRDcUTPb[. lLVTLQWX NLkPwPLTPZLDRTPb 
PLTPkRwPLTTLx hR[UZ� ZRDTR 0,5 [[, R QhLZLQWX NZL-
_ZR[[TL_L NUZU[U�UTPb PLTPkRwPLTTLx hR[UZ� 
DMLcX hLLZMPTRWT�� TRNZRDcUTPx MLQWP_RUW 100 [[/Q. 

KZP PQN�WRTPb� QZUMTbb [L�TLQWX MLk� P [RhQP-
[RcXTRb TUZRDTL[UZTLQWX NLcb Pkc^VUTPb Mcb PQN�-
W^U[Lx D�yLZhP �z, TR�LMb�UxQb D MRTTLx QUhwPP 
hLTWUxTUZR, TR�LMbWQb NL ZUk^cXWRWR[ Pk[UZUTPx 
[L�TLQWP MLk� D 5 WLVhR� NcRW� (VUW�ZU� NUZP`U-
ZPxT�� P LMTLx wUTWZRcXTLx). 

YLZ[PZLDRTPU P [UWZLcL_PVUQhRb RWWUQWRwPb NLcb 
_R[[R-Pkc^VUTPb _R[[R-hL[NcUhQR «vRMPRT» MUWRcXTL 
LNPQRT� D ZRyLWU [8]. KL ZUk^cXWRWR[ [UWZLcL_PVU-
QhLx RWWUQWRwPP QWUTMR «vRMPRT» TULNZUMUcUTTLQWX 
hRcPyZLDhP NLcb _R[[R-Pkc^VUTPb NL [L�TLQWP NL-
_cL��TTLx MLk� D hZU[TPP QLQWRDPcR 2,5 % D MPRNR-
kLTU LW 0,1 ML 0,01 ZRM/Q. 

zLTWZLcXTLU P Pk[UZPWUcXTLU LyLZ^MLDRTPU Mcb 
WUQWPZLDRTPb NRZR[UWZLD PQN�W^U[�� �z (Dhc�VRb 
PTWU_ZRcXT�U [PhZLQ�U[� ZRkcPVTL_L ^ZLDTb PTWU-
_ZRwPP) QLQWLPW Pk LyLZ^MLDRTPb PQN�WRWUcXTL_L 
WU�TPVUQhL_L wUTWZR �� «�K¿ «KLc�Q», LyLZ^MLDR-
TPb _R[[R-hL[NcUhQR «vRMPRT», LyUQNUVPDR��U_L 
Pk[UZUTPb D ZUqP[U on-line, P ^TPDUZQRcXTL_L Pk[U-
ZPWUcXTL_L LyLZ^MLDRTPb, TR�LMb�U_LQb D NL[U�U-
TPP, Q[UqTL[ Q _R[[R-hL[NcUhQL[ «vRMPRT». jTP-
DUZQRcXTLU hLTWZLcXTL-Pk[UZPWUcXTLU LyLZ^MLDRTPU 
QLQWLPW Pk RTRcL_LDLx Pk[UZPWUcXTLx QPQWU[�, NL-

QWZLUTTLx TR yRkU Pk[UZPWUcXTL_L hL[NcUhQR �~l-
419 (`PZ[� DMT), P wP`ZLDLx QPQWU[� WUQWPZLDRTPb 
TR yRkU ATE-IC 52 `PZ[� National Instruments. �yU 
QPQWU[� `^ThwPLTPZ^�W hRh TUkRDPQP[L, WRh P NL 
UMPTLx hL[NcUhQTLx NZL_ZR[[U, NLkDLcbb WUQWPZL-
DRWX [PhZLQ�U[� NZRhWPVUQhP c�yLx QcLqTLQWP, Pk-
_LWLDcUTT�U NL c�yLx WU�TLcL_PP (LW [PhZLNZLwUQ-
QLZLD P K�}$ ML LNUZRwPLTT�� ^QPcPWUcUx P MPQ-
hZUWT�� scU[UTWLD). 

�LNLcTPWUcXTLU PQN�WRWUcXTLU LyLZ^MLDRTPU 
LyUQNUVPDRUW NZLwUM^Z^ LWqP_R PQN�W^U[Lx D�yLZhP 
�z D RhWPDTL[ scUhWZPVUQhL[ ZUqP[U NZP NLD��UT-
TLx WU[NUZRW^ZU NLQcU LhLTVRTPb NL�R_LDL_L Lyc^-
VUTPb. 

$PQWU[R LNUZRWPDTL_L hLTWZLcb kR PQN�WRTPb[P 
QTRyqUTR QNUwPRcXT�[ NZL_ZR[[T�[ LyUQNUVUTPU[, 
hLWLZLU MRUW LNUZRWLZ^ WUh^�^� PT`LZ[RwP� L WPNU 
PQN�W^U[L_L �z, TL[UZU NZLPkDLMQWDUTTLx NRZWPP, 
TL[UZU [RZ�Z^WTL_L cPQWR, hLLZMPTRWR� ZRk[U�UTPb 
D NLcU Lyc^VUTPb (TL[UZU hLTWUxTUZR), TLZ[U PQN�-
WRTPx, WUh^�Ux P QcUM^��Ux �R_LDLx MLkU, DZU[UTP 
ML Pk[UZUTPb NRZR[UWZLD TR LVUZUMTL[ �R_U Lyc^VU-
TPb, DZU[UTP LhLTVRTPb ZRMPRwPLTT�� PQN�WRTPx, R 
WRhqU L QLQWLbTPP RNNRZRW^Z� Mcb NLMMUZqRTPb kR-
MRTTL_L RhWPDTL_L scUhWZPVUQhL_L ZUqP[R sWL_L �z. 

}QNLcXk^U[�x NLM�LM NZP PQN�WRTPb� c�WT�� 
NRZWPx �z, D LWcPVPU LW [UWLMPhP QUZWP`PhRwPLTT�� 
PQN�WRTPx, �RZRhWUZPk^UWQb ZbML[ LQLyUTTLQWUx, QDb-
kRTT�� Q U� wUcUD�[P ^QWRTLDhR[P P, D VRQWTLQWP, Q 
TULy�LMP[LQWX� hcRQQP`PhRwPP PQN�W^U[Lx NRZWPP 
�z NL QcUM^��Ux �hRcU: QWLxhLQWX Q^�UQWDUTTL TP-
qU TLZ[� lj, QWLxhLQWX QLLWDUWQWD^UW TLZ[U lj P 
QWLxhLQWX Q^�UQWDUTTL NZUD��RUW TLZ[^ lj. �WL 
LyUQNUVPDRUW MLQWPqUTPU wUcUDLx ^QWRTLDhP LyTRZ^-
qUTPb RTL[RcXTL «NcL�P�» P RTL[RcXTL «�LZL�P�» 
kRh^NcUTT�� NRZWPx �z Q D�MRVUx ZRkZRyLWVPhR[ ]� 
z� TULy�LMP[Lx PT`LZ[RwPP Mcb ZRQVUWR cLhRcXTLx 
kR�PW� �z, P[U��P� RTL[RcXTL TPkh^� QWLxhLQWX, R 
WRhqU NLc^VUTPb TULy�LMP[Lx PT`LZ[RwPP Mcb LN-
WP[PkRwPP hL[NLTLDhP z� Q shZRTPZLDRTPU[ RTL-
[RcXTL TUQWLxhP� �z RTL[RcXTL QWLxhP[P. KLsWL[^ 
DRqTLx LQLyUTTLQWX� [UWLMPhP bDcbUWQb LybkRWUcX-
T�x NL�R_LD�x TRyLZ MLk� P, NL DLk[LqTLQWP, hLcP-
VUQWDUTTRb, R TU hRVUQWDUTTRb LwUThR QWLxhLQWP �z 
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PQN�W^U[Lx c�WTLx NRZWPP �z h MLkLD�[ s``UhWR[. 
�cb sWL_L NL�R_LDLU Lyc^VUTPU PQN�W^U[Lx D�yLZhP 
�z NZLDLMPWQb ML MLQWPqUTPb NRZR[UWZPVUQhL_L  
LWhRkR DQU� �z D�yLZhP PcP ML MLQWPqUTPb MLk�,  
QLLWDUWQWD^��Ux WRh TRk�DRU[L[^ PTWUZUQ^��U[^ 
^ZLDT� Lyc^VUTPb, hLWLZ�x Q^�UQWDUTTL NZUD��RUW 
TLZ[^ PQN�WRTPx. KL ZUk^cXWRWR[ PQN�WRTPx LwUThR 
QWLxhLQWP NRZWPP �z D�NLcTbUWQb TR LQTLDU QZRDTU-
TPb LMTLQWLZLTTU_L WLcUZRTWTL_L NZUMUcR, D�VPQ-
cbU[L_L TR LQTLDU QWRWPQWPVUQhLx LyZRyLWhP MRTT�� 
PQN�WRTPx, TRNZP[UZ, NL I�$l v }$� 16269-6–2005 [9] 
Q MLN^QWP[�[ kTRVUTPU[ hZPWUZPRcXTL_L NRZR[UWZR 
�z. $WRTMRZWTRb QWRWPQWPVUQhRb LyZRyLWhR ZUk^cXWR-
WLD PQN�WRTPx c�WT�� NRZWPx [1] QLQWLPW Pk QcUM^�-
�P� NZLwUM^Z: 

1. �R hRqML[ �R_U NL NL_cL�UTTLx MLkU Pk Pk[U-
ZUTTL_L ZRQNZUMUcUTPb kTRVUTPx hZPWUZPRcXTL_L NR-
ZR[UWZR LNZUMUcb�WQb QZUMTUU D�yLZLVTLU kTRVUTPU 
NRZR[UWZR IQZ P QZUMTUhDRMZRWPVTLU LWhcLTUTPU S. 

2. J kRDPQP[LQWP LW WZUyLDRTPx NL TRMUqTLQWP 
RNNRZRW^Z� D�yPZRUWQb DUZLbWTLQWX QL�ZRTUTPb ZR-
yLWLQNLQLyTLQWP �z D ^QcLDPb� NZP[UTUTPb (TRNZP-
[UZ, PS = 0,99) P MLDUZPWUcXTLQWX (TRNZP[UZ, � = 0,9). 

3. �cb hRqML_L �R_R NL TRyZRTTLx MLkU DUcPVPTR 
LMTLQWLZLTTU_L WLcUZRTWTL_L NZUMUcR TR�LMPWQb  
NL `LZ[^cU 

Ñï ( , , ) ,tol SI I K P C N S� 1 �  

_MU kTRh Nc�Q QLLWDUWQWD^UW NRZR[UWZ^, DLkZRQWR�-
�U[^ NL [UZU ^DUcPVUTPb MLk� Lyc^VUTPb, kTRh [P-
T^Q QLLWDUWQWD^UW ^y�DR��U[^ NRZR[UWZ^. zLs``P-
wPUTW ( , , )SK P C N kRDPQPW LW MLDUZPWUcXTLQWP �, DU-

ZLbWTLQWP D�qPDRTPb PS, Ly�U[R PQN�W^U[Lx D�yLZ-
hP N = 10 P LNZUMUcbUWQb NL WRycPVT�[ kTRVUTPb[. 

4. lLVhR NUZUQUVUTPb cPTPP LMTLQWLZLTTU_L WL-
cUZRTWTL_L NZUMUcR Q MLN^QWP[�[ NL lj kTRVUTPU[ 
NRZR[UWZR (TR ZPQ. 3 sWL QLLWDUWQWD^UW MLkU 32 hZRM) 
MR�W kTRVUTPU MLk�, Mcb hLWLZLx 99 % hL[NLTUTWLD 
MRTTLx NRZWPP D�qPD^W Q DUZLbWTLQWX� 90 %. 

KZP[UZ LwUThP QWLxhLQWP }$ TR LQTLDU hZPWUZPb 
LMTLQWLZLTTU_L WLcUZRTWTL_L NZUMUcR, NLQWZLUTTL_L 
Mcb MLDUZPWUcXTLQWP 0,9 P DUZLbWTLQWP D�qPDRTPb  
99 % Q ^VUWL[ Ly�U[R PQN�W^U[Lx D�yLZhP N = 10, 
NZUMQWRDcUT TR ZPQ. 3, _MU PkLyZRqUTR NL�R_LDRb ML-
kLDRb kRDPQP[LQWX D�LMTL_L WLhR LNUZRwPLTTL_L ^QP-
cPWUcb, bDcb��U_LQb hZPWUZPRcXT�[ NRZR[UWZL[ NL 
ZUk^cXWRWR[ PQN�WRTPx TR MLkLD�U s``UhW�.  

¶�� LMTLx LQLyUTTLQWX� [UWLMPhP PQN�WRTPx 
c�WT�� NRZWPx �z bDcbUWQb NZLDUMUTPU MLNLcTPWUcX- 
T�� NZLwUM^Z, QcUM^��P� kR NZLwUM^ZR[P LwUThP 
ZRMPRwPLTTLx QWLxhLQWP �z. �WP NZLwUM^Z� TRNZRD- 
cUT� TR LNZUMUcUTPU DLk[LqTLQWP DLQQWRTLDcUTPb 
ZRyLWLQNLQLyTLQWP �z NLQcU NZLPkL�UM�P� hZPWP- 
VUQhP� ZRMPRwPLTT�� Pk[UTUTPx NRZR[UWZLD �z TR 
LQTLDU Pk[UTUTPb scUhWZPVUQhL_L ZUqP[R NPWRTPb,  
R WRhqU kR QVUW D�MUZqhP NZP NLD��UTTLx ML 100 º$ 
WU[NUZRW^ZU (WPNPVTL D WUVUTPU 168 VRQLD). �WR 
PT`LZ[RwPb [LqUW LhRkRWXQb NLcUkTLx NZP DLkTPh- 
TLDUTPP TU�WRWTLx QPW^RwPP TR yLZW^ z�. zZL[U 
WL_L, MLNLcTPWUcXTRb D�MUZqhR �z D RhWPDTL[ 
scUhWZPVUQhL[ ZUqP[U NZP hL[TRWTLx WU[NUZRW^ZU 
NLQcU LhLTVRTPb NL�R_LDL_L Lyc^VUTPb D WUVUTPU 
DZU[UTP LW 24 VRQLD ML TUQhLcXhP� Q^WLh [LqUW  
MRWX NLcUkT^� PT`LZ[RwP� L DcPbTPP TR LwUTh^ 
ZRMPRwPLTTLx QWLxhLQWP DZU[bkRDPQP[�� s``UhWLD. 

 

 
 

vPQ. 3. KZP[UZ LwUThP ZRMPRwPLTTLx QWLxhLQWP �z NRZWPP [UWLML[ LMTLQWLZLTTU_L  
WLcUZRTWTL_L NZUMUcR [1] 

 
 



 
 
 

������� ������. ��� 16,  � 4 
 

 886

�wUThR s``UhWLD TPkhLx [L�TLQWP MLk� DRqTR 
Mcb shQWZRNLcbwPP shQNUZP[UTWRcXT�� ZUk^cXWRWLD 
NZLDUMUTT�� ^QhLZUTT�� PQN�WRTPx TR TRW^ZT�U 
^QcLDPb McPWUcXTL_L TPkhLPTWUTQPDTL_L DLkMUxQWDPb. 
KZP[UZL[ [LqUW Qc^qPWX VRQWL TRyc�MRU[�x D �z 
yPNLcbZTLx WU�TLcL_PP s``UhW ELDRS, Mcb ^VUWR 
hLWLZL_L D �l� NZUMcR_RUWQb PQNLcXkLDRWX QWUNUTTLx 
kRhLT NUZUQVUWR ZUk^cXWRWLD ^QhLZUTT�� PQN�WRTPx 
yPNLcbZT�� �z TR TRW^ZT�U ^QcLDPb P� NZP[UTUTPb: 

Í ÜÜ ßÓ ÝóÚ ÜÚô ,n nD D � P� �  

_MU D�}} – ^ZLDUTX QWLxhLQWP �z NZP TPkhLx 
[L�TLQWP NL_cL�UTTLx MLk�, QLLWDUWQWD^��Ux 
^QcLDPb[ shQNc^RWRwPP, ZRM; Dlj – ^ZLDUTX QWLxhLQWP 
�v} D QLLWDUWQWDPP Q WU�TPVUQhP[P ^QcLDPb[P (lj) 
PcP L`PwPRcXT�[P QNZRDLVT�[P MRTT�[P, ZRM;  
n – hLs``PwPUTW RNNZLhQP[RwPP kRDPQP[LQWP ^ZLDTb 
QWLxhLQWP PQN�W�DRU[�� LyZRkwLD LW [L�TLQWP 
MLk�, hLWLZ�x D QLLWDUWQWDPP Q �l� Mcb yPNLcbZT�� 
}$ P[UUW ZUhL[UTM^U[LU kTRVUTPU 0,26. KL ZUk^cX- 
WRWR[ D�yLZLVT�� PQN�WRTPx D RhWPDTL[ scUhWZP- 
VUQhL[ ZUqP[U c�WT�� NRZWPx �z yPNLcbZTLx WU�TL- 
cL_PP ZLQQPxQhL_L NZLPkDLMQWDR TR PQN�WRWUcXTL[ 
_R[[R-hL[NcUhQU «vRMPRT» y�cR ^QWRTLDcUTR kRhLTL- 
[UZTLQWX, hRQR��RbQb LyTRZ^qUTPb Mcb TUhLWLZ�� 
�z s``UhWR TPkhLx [L�TLQWP MLk�, NZLWPDLNLcLq- 
TL_L s``UhW^ ELDRS. 

KZP[UZL[ [PhZLQ�U[ yPNLcbZTLx WU�TLcL_PP, 
MU[LTQWZPZ^��P� s``UhW TPkhLx [L�TLQWP MLk�, 
NZLWPDLNLcLqT�x s``UhW^ ELDRS, bDcbUWQb LNUZR-
wPLTT�x ^QPcPWUcX (�j) WPNR 140j�26�$1Jz �$~. 
vUk^cXWRW� PQN�WRTPx 140j�26�$1Jz �$~ NZP 
Pk[UTUTPP [L�TLQWP MLk� _R[[R-Pkc^VUTPb D MPRNR-
kLTU LW 0,01 ML 0,29 ZRM(Si)/Q NZUMQWRDcUT� TR ZPQ. 4. 

 

 
 

vPQ. 4. �U[LTQWZRwPb s``UhWR RTWP-ELDRS Mcb 
MLkLDLx kRDPQP[LQWP ^QZUMTUTTL_L NL PQN�W^U[Lx 
D�yLZhU hL``PwPUTWR ^QPcUTPb �j 140j�26�$1Jz 
NZP Lyc^VUTPP Q [L�TLQWX� MLk� D MPRNRkLTU  
 

LW 0,01 ML 0,29 ZRM(Si)/Q 
 
}QN�WRTPb[ NLMDUZ_RcPQX WZP NRZWPP 

140j�26�$1Jz D�N^QhR 2010 _LMR Q ZRkyZLQL[ D 
MRWU Pk_LWLDcUTPb D NZUMUcR� 18 TUMUcX. zZL[U WL_L, 
NZP [L�TLQWP MLk� 0,01 ZRM(Si)/Q y�cR MLNLcTPWUcXTL 
PQN�WRTR NRZWPb 140j�26�$1Jz D�N^QhR 2012 _LMR. 
JPMTL, VWL ZRMPRwPLTTRb QWLxhLQWX ZRQWUW NL [UZU 
^[UTX�UTPb [L�TLQWP MLk� Lyc^VUTPb. �cPWUcXT�x 
(168 VRQLD) LWqP_ NZP WU[NUZRW^ZU 100 º$, D�NLcTUTT�x 

NLQcU LhLTVRTPb Lyc^VUTPb 140j�26�$1Jz �$~, 
NLhRkRc, VWL NLQcU Lyc^VUTPb NZP yLcUU D�QLhLx 
[L�TLQWP MLk� D NZLwUQQU LWqP_R TU TRyc�MRUWQb 
NLcTLx LyZRWP[LQWP ZRMPRwPLTT�� Pk[UTUTPx hLs`-
`PwPUTWR ^QPcUTPb. �cb s``UhWR, NZLWPDLNLcLqTL_L 
s``UhW^ ELDRS, NLhRkRWUcX QWUNUTP D `LZ[^cU, LNP-
Q�DR��Ux QWUNUTTLx kRhLT DcPbTPb [L�TLQWP MLk� 
Pkc^VUTPb TR ZRMPRwPLTT^� QWLxhLQWX, QWRTLDPWQb 
LWZPwRWUcXT�[, P NZP[UTP[LQWX ^hRkRTTL_L QWUNUT-
TL_L kRhLTR Mcb NUZUQVUWR QWLxhLQWP h TRW^ZT�[ ^Q-
cLDPb[ shQNc^RWRwPP WZUy^UW LWMUcXTL_L NLMWDUZ-
qMUTPb. 

�yTRZ^qUTPU RTL[RcXTL «NcL�P�» c�WT�� NRZWPx 
�z Q hLcPVUQWDUTTLx LwUThLx ZRMPRwPLTTLx QWLxhL-
QWP – DRqTUx�Rb wUcUDRb ^QWRTLDhR PQN�WRTPx c�W-
T�� NRZWPx �z. KZLwUM^ZR hLcPVUQWDUTTLx LwUThP 
ZRMPRwPLTTLx QWLxhLQWP LyUQNUVPDRUW DLk[LqTLQWX 
D�yLZR MLNLcTPWUcXTLx cLhRcXTLx kR�PW� �z Pk 
«NcL�Lx» NRZWPP D Qc^VRU NZP[UTUTPb U� D yLZWLDLx 
RNNRZRW^ZU NZP TUQLLWDUWQWDPP TLZ[U PQN�WRTPx  
P NZP LWQ^WQWDPP shDPDRcUTWTLx kR[UT� TR MZ^_PU 
yLcUU ZRMPRwPLTTL QWLxhPU �z. 

�LZ[RWPDT�U MLh^[UTW� NL [UWLMR[ PQN�WRTPx 
TR MLkLD�U s``UhW� �z yPNLcbZTLx WU�TLcL_PP NZU-
M^Q[RWZPDR�W NUZPLMPVTLQWX PQN�WRTPx NRZWPx �z 
QZLhL[ D 1 _LM, UQcP D NZLwUQQU NZLPkDLMQWDR TU NZL-
DLMPWQb hLTWZLcX ZRMPRwPLTTLx QWLxhLQWP. J NZLwUQ-
QU PQN�WRTPx c�WT�� NRZWPx �z TR[P y�cP ^QWRTLD-
cUT� sNPkLMPVUQhPU Qc^VRP TUhLTWZLcPZ^U[�� Pk[U-
TUTPx D WU�TLcL_PP NZLPkDLMQWDR, NZLPQ�LMb�PU  
D WUVUTPU DZU[UTP [UTUU _LMR P NZPDLMb�PU h TUkTR-
VPWUcXT�[ Pk[UTUTPb[ D ZRMPRwPLTTLx QWLxhLQWP �z 
NL MLkLD�[. 

KZP[UZ kTRVPWUcXT�� DRZPRwPx ZRMPRwPLTTLx 
QWLxhLQWP �z LW NRZWPP h NRZWPP TR NZP[UZU PQWLV-
TPhR LNLZTL_L TRNZbqUTPb �$~ �142¶�19 NZUM-
QWRDcUT D ZRyLWU [10]. 

�wUThR DLkMUxQWDPb TR �z yPNLcbZTLx WU�TLcL_PP 
NLQcUMQWDPx [L�TLx DQN��hP TR $LcTwU P[UUW kTR-
VUTPU Mcb �z Q RTL[RcXT�[ s``UhWL[ [L�TLQWP MLk�. 

uRhLTL[UZTLQWP ZRMPRwPLTT�� Pk[UTUTPx NRZR-
[UWZLD yPNLcbZT�� �z NZP Q^�UQWDUTTLx DRZPRwPP 
(D QWLZLT^ ^DUcPVUTPb) [L�TLQWP MLk�, P[PWPZ^�-
�Ux, D VRQWTLQWP, NLQcUMQWDPb DQN��hP TR $LcTwU, 
[LqTL NZLQcUMPWX TR NZP[UZU LNUZRwPLTTL_L ^QPcP-
WUcb 140j�25�$1Jz. �Ryc�MRU[�U NZP ^DUcPVUTPP 
[L�TLQWP NL_cL�UTTLx MLk� LW 0,01 ML 0,1 ZRM/Q ZR-
MPRwPLTT�U Pk[UTUTPb NRZR[UWZLD �j D�ZRqR�WQb D 
ZUkhL[ ZLQWU TRNZbqUTPb Q[U�UTPb P D�LMT�� WLhLD, 
R WRhqU D ZUkhL[ ^DUcPVUTPP ZRkyZLQR NRZR[UWZLD �j 
D PQN�W^U[Lx D�yLZhU. �R ZPQ. 5 NZUMQWRDcUT ZUk^cX-
WRW PQN�WRTPx D�yLZhP �j 140j�25�$1Jz Ly��[L[ 
10 LyZRkwLD Q NUZUhc�VUTPU[ [L�TLQWP MLk� Q 0,01 
TR 0,1 ZRM/Q NLQcU TRyLZR MLk� 17,7 hZRM. 

�R sWL[ qU ZPQ^ThU NZPDUMUT� ZUk^cXWRW� LWqP_R 
�j NZP hL[TRWTLx P NLD��UTTLx WU[NUZRW^ZU NLQcU 
LhLTVRTPb Lyc^VUTPb, hLWLZ�U QDPMUWUcXQWD^�W L 
DLkDZRWU D�LMTL_L WLhR D NZUMUc� MLN^QhR D NZLwUQQU 
LWqP_R. lRhP[ LyZRkL[, D ZUk^cXWRWU DLkMUxQWDPb, 
P[PWPZ^��U_L NLQcUMQWDPb DQN��hP TR $LcTwU, kR 
hLZLWhLU DZU[b �j NUZU�LMPW D TUQWRyPcXTLU QLQWLb-
TPU, �RZRhWUZPk^��UUQb Q[U�UTPU[ NRZR[UWZLD kR 
NZUMUc� TLZ[� NZP[UZTL TR NUZPLM DZU[UTP McP-
WUcXTLQWP sWL_L DLkMUxQWDPb. 
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vPQ. 5. }k[UTUTPU Q D��LML[ kR MLN^QWP[�U NZUMUc� D�LMTL_L WLhR 140j�25�$1Jz  
NZP ZLQWU D NZLwUQQU Lyc^VUTPb [L�TLQWP MLk� Q 0,01 ML 0,1 ZRM/Q 

 
�D+%-/���� ��3%"'����� �++"�/�����(. KLc^-

VUTT�U ZUk^cXWRW� PQQcUMLDRTPx ZRMPRwPLTTLx QWLx-
hLQWP �z c�WT�� NRZWPx h MLkLD�[ s``UhWR[ QDPMU-
WUcXQWD^�W L WL[, VWL: 

– Pk[UTUTPU ZRMPRwPLTTLx QWLxhLQWP ZRkcPVT�� 
WPNLD �z yPNLcbZTLx WU�TLcL_PP NL [UZU NZPycPqU-
TPb h TRW^ZT�[ ^QcLDPb[ kR QVUW ^[UTX�UTPb [L�-
TLQWP MLk� PLTPkPZ^��U_L Pkc^VUTPb [LqUW P[UWX 
ZRkcPVT^� TRNZRDcUTTLQWX, NZPDLMb hRh h ^[UTX�U-
TP�, WRh P h ^DUcPVUTP� ZRMPRwPLTTLx QWLxhLQWP �z 
h MLkLD�[ s``UhWR[; 

– NZP NLcTLx MLkU Lyc^VUTPb TPqU 30 hZRM, hL_MR 
U�� LWQ^WQWD^UW NZLbDcUTPU s``UhWR ELDRS, kTRVP-
WUcXTRb MLcb ZRMPRwPLTT�� Pk[UTUTPx NRZR[UWZLD 
yPNLcbZT�� �z [LqUW LWqP_RWXQb NZP hL[TRWTLx PcP 
NLD��UTTLx ML 100 °$ WU[NUZRW^ZU NLQcU LhLTVRTPb 
Lyc^VUTPb NZP D�QLhLx [L�TLQWP MLk� Lyc^VUTPb,  
D WL DZU[b hRh NLQcU Lyc^VUTPb ML sWLx qU MLk� NZP 
TPkhLx [L�TLQWP MLk�, W. U. D ^QcLDPb�, yLcUU NZP-
ycPqUTT�� h TRW^ZT�[ ^QcLDPb[, kTRVPWUcXT�x  
LWqP_ NRZR[UWZLD NLQcU Lyc^VUTPb LWQ^WQWD^UW; 

– Pk[UTUTPb D WU�TLcL_PP NZLPkDLMQWDR yPNL-
cbZT�� �z [L_^W sNPkLMPVUQhP NZPDLMPWX h hZRWhL-
DZU[UTT�[ TUkTRVPWUcXT�[ DRZPRwPb[ ZRMPRwPLTTLx 
QWLxhLQWP �z h MLkLD�[ s``UhWR[ LW NRZWPP h NRZWPP 
P DT^WZP NRZWPP; 

– Mcb �z yPNLcbZTLx WU�TLcL_PP, �RZRhWUZP-
k^��P�Qb s``UhWL[, NZLWPDLNLcLqT�[ s``UhW^ 
ELDRS, NLQcUMQWDPb DQN��hP TR $LcTwU [L_^W NZL-
bDcbWXQb D NRZR[UWZPVUQhL[ LWhRkU NZLMLcqPWUcXTL-
QWX�, LNZUMUcbU[Lx McPWUcXTLQWX� DRZPRwPx ZRMPR-
wPLTT�� ^QcLDPx TR LZyPWU. 

z TRQWLb�U[^ DZU[UTP ZRkZRyLWRTL TUQhLcXhL [L-
MUcUx, LNPQ�DR��P� LWhcPh NLc^NZLDLMTPhLD�� 
hZU[TPUD�� [PhZLQ�U[ TR MLkLD�U DLkMUxQWDPb NZP 
TPkhLx [L�TLQWP MLk� PLTPkPZ^��U_L Pkc^VUTPb.  
J QDLUx LQTLDU DQU sWP [LMUcP ^VPW�DR�W ZRMPR- 
wPLTTLU Pk[UTUTPU NRZR[UWZLD [PhZLQ�U[ kR QVUW 

LyZRkLDRTPb Ly�U[T�� kRZbMLD D Ly�U[U PkLcPZ^�-
�P� QcLUD [PhZLQ�U[ (WPNPVTL sWL QWZ^hW^ZR – WUZ-
[PVUQhPx MPLhQPM hZU[TPb TR hZU[TPP) P NLDUZ�TL-
QWT�� cLD^�Uh kRZbMR TR _ZRTPwU Q hZU[TPU[. vRTUU 
D�NLcTUTT�U shQNUZP[UTWRcXT�U PQQcUMLDRTPb NLhR-
kRcP [11; 12], VWL NZP hL[TRWTLx WU[NUZRW^ZU P D��U 
cLD^�hP kRZbMR TR _ZRTPwU ZRkMUcR Q hZU[TPU[, hRh 
NZRDPcL, TU `LZ[PZ^�WQb NZb[�[ DkRP[LMUxQWDPU[ 
MU`UhWLD RWL[TLx QWZ^hW^Z� Q M�ZhR[P, MLQWP_R�-
�P[P _ZRTPw� ZRkMUcR, R D�VPQcUTPb TR LQTLDU WUL-
ZPP `^ThwPLTRcR NcLWTLQWP NLMWDUZMPcP, VWL QLLW-
DUWQWD^��Rb ZURhwPb TU bDcbUWQb sTUZ_UWPVUQhP D�-
_LMTLx [13]. J[UQWL sWL_L `LZ[PZLDRTPU kRZbMR D DP-
MU LyLZDRTT�� QDbkUx TR _ZRTPwU ZRkMUcR Si/SiO2 LN-
ZUMUcbUWQb TUQhLcXhP[P ZURhwPb[P, hLWLZ�U MLcqT� 
NZLPkLxWP kRZRTUU, VWLy� LQDLyLMPWX NZLWLT� Pk c�-
y�� QLMUZqR�P� DLMLZLM MU`UhWLD (WRhPU, TRNZP[UZ, 
hRh _PMZL_UTPkPZLDRTTRb hPQcLZLMTRb DRhRTQPb) PcP 
Pk [LcUh^cbZTL_L DLMLZLMR, NLQWLbTTL TR�LMb�U_LQb 
D DPMU NZP[UQP DTUMZUTPb. uRWU[ NZLWLT�, NUZU[U-
�RU[�U kR QVUW MZUx`R D scUhWZPVUQhL[ NLcU PcP 
MP``^kPP, [L_^W DkRP[LMUxQWDLDRWX Q NRQQPZLDRTT�-
[P DLMLZLML[ LyLZDRTT�[P QDbkb[P TR NLDUZ�TLQWP 
ZRkMUcR Si/SiO2, LQWRDcbb D PWL_U NLcLqPWUcXTL kRZb-
qUTT^� LyLZDRTT^� QDbkX NZP NLDUZ�TLQWP ZRkMUcR 
(DB+

INT) P [LcUh^c^ DLMLZLMR [14]. KcLWTLQWX LyLZ-
DRTT�� (NLDPQ�P�) RWL[T�� QDbkUx TR NLDUZ�TLQWP 
ZRkMUcR Q hZU[TPU[ PkDUQWTR hRh NcLWTLQWX cLD^�Uh 
_ZRTPw� ZRkMUcR Nit. 

�L TUMRDTU_L DZU[UTP RTRcPWPVUQhPU NLM�LM�  
h [LMUcPZLDRTP� s``UhWR ELDRS Ly�VTL NLcR_RcPQX 
TR QPQWU[� ^ZRDTUTPx, hLWLZ�U cPyL Dhc�VR�W TU-
QhLcXhL TU^NZRDcbU[�� NLM_LTbU[�� NRZR[UWZLD [15], 
cPyL LyUQNUVPDR�W WLcXhL hRVUQWDUTTLU LNPQRTPU 
TRyc�MRU[�� bDcUTPx DQcUMQWDPU ^NZL�UTTL_L TRyL-
ZR ZURhwPx [16], cPyL LNZUMUcb�W NRZR[UWZ� [LMUcP 
NLc^s[NPZPVUQhP[ LyZRkL[ [17]. z TRQWLb�U[^ DZU[U-
TP ZRkZRyLWRT� RTRcPWPVUQhPU [LMUcP, yRkPZ^��PUQb 
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TR MLQWRWLVTL NLcTLx QPQWU[U ^ZRDTUTPx, hLWLZ�U,  
Q LMTLx QWLZLT�, LNPQ�DR�W _UTUZRwP�, ZUhL[yPTR-
wP�, WZRTQNLZW P Ly[UT Q cLD^�hR[P TUZRDTLDUQT�� 
TLQPWUcUx kRZbMR D Ly�U[U LhQPMR hZU[TPb Q ^VUWL[ 
U_L PQ�LMTLx P ZRMPRwPLTTL-PTM^wPZLDRTTLx MU-
`UhWTLQWP, R Q MZ^_Lx QWLZLT�, LNPQ�DR�W LyZRkLDR-
TPU cLD^�Uh kRZbMR TR _ZRTPwU Q hZU[TPU[ D DPMU 
LyLZDRTT�� (QDPQR��P�) QDbkUx hZU[TPb, hLWLZLU 
PTPwPPZ^UWQb QDLyLMT�[P NZLWLTR[P, MLQWP_R��P-
[P _ZRTPw� ZRkMUcR P DkRP[LMUxQWD^��P[P Q MU`Uh-
WR[P RWL[TLx QWZ^hW^Z� _ZRTPw� ZRkMUcR, LyZRkLDRT-
T�[P NRQQPDRwPUx DLMLZLML[ LyLZDRTT�� QDbkUx 
hZU[TPb [18]. KZP sWL[ LyUQNUVPDRUWQb LyLQTLDRTT�x 
D�yLZ WPNLD MU`UhWLD RWL[TLx QWZ^hW^Z� LhQPMR 
hZU[TPb, hLWLZ�U QLkMR�WQb TR LQTLDU hPQcLZLMT�� 
DRhRTQPx D LhQPMU hZU[TPb NZP Pk_LWLDcUTPP [PhZL-
Q�U[ P hLWLZ�U QNLQLyT� NZPTP[RWX ^VRQWPU D yLcUU 
VU[ 20-WP WPNR� hDRkP�P[PVUQhP� ZURhwPx, NZLWU-
hR��P� [UqM^ sWP[P MU`UhWR[P P TUZRDTLDUQT�[P 
TLQPWUcb[P kRZbMR, NZPDLMb, D hLTUVTL[ PWL_U, h MU-
_ZRMRwPP NRZR[UWZLD [PhZLQ�U[. �wUThR DUZLbWTLQWP 
NZLWUhRTPb WLx PcP PTLx hDRkP�P[PVUQhLx ZURhwPP 
NLc^VUTR N^WU[ LNZUMUcUTPb DUcPVPT� sTUZ_UWPVU-
QhP� yRZXUZLD NZb[Lx P LyZRWTLx ZURhwPP TR LQTLDU 
NUZD�� NZPTwPNLD D�VPQcUTPx (W. U. TR LQTLDU WULZPP 
`^ThwPLTRcR NcLWTLQWP). jQWRTLDcUTL, VWL LQTLDT�-
[P PQWLVTPhR[P NZLWLTLD, NZPDLMb�P[P h kRZbMhU 
_ZRTPw� ZRkMUcR Q hZU[TPU[, bDcb�WQb MDU ZURhwPP: 
ZURhwPb hZUhPT_R (ZRQ�UNcUTPb) [19] P ZURhwPb NZb-
[L_L LQDLyLqMUTPb NZLWLTR [20], hLWLZ�U NZLWUhR�W 
TR LQTLDU kR�DRWR QDLyLMT�� M�ZLh. KLhRkRTL, VWL 
�RZRhWUZ kRDPQP[LQWP ZRMPRwPLTTL_L Pk[UTUTPb NR-
ZR[UWZLD yPNLcbZT�� [PhZLQ�U[, LNZUMUcbU[Lx 
scUhWZPVUQhP[P kRZbMR[P D Ly�U[U LhPQcR P TR _ZR-
TPwU ZRkMUcR Q hZU[TPU[, QcLqT�[ LyZRkL[ kRDPQPW 
LW PQ�LMTLx MU`UhWTLQWP NLcUDL_L (PkLcPZ^��U_L) 
LhQPMR hZU[TPb, QLMUZqRTPb D TU[ DLMLZLMR (D TR-
VRcXTLx hLTwUTWZRwPP P NZP NLQW^NcUTPP Pk NLMhLZ-
N^QTL_L NZLQWZRTQWDR), WU[NUZRW^Z�, NL_cL�UTTLx 
MLk� P [L�TLQWP MLk� PLTPkPZ^��U_L Pkc^VUTPb. 
�hRkRcLQX, VWL Ly�U[T�x kRZbM D LhQPMU hZU[TPb NZP 
TPkhL[ QLMUZqRTPP DLMLZLMR LNZUMUcbUWQb M�ZhR[P, 
kR�DRVUTT�[P D cLD^�hP, R NZP D�QLhL[ QLMUZqRTPP 
DLMLZLMR LNZUMUcbUWQb DLMLZLMT�[P hL[NcUhQR[P, 
QLMUZqR�P[P kR�DRVUTT�U NZLWLT� H+. KLhRkRTL, VWL 
ZUhL[UTM^U[�U TUhLWLZ�[P Z^hLDLMb�P[P MLh^[UT-
WR[P P yRkLD�[P [UWLMPhR[P ^QhLZUTT�U ZRMPRwPLT-
T�U PQN�WRTPb yPNLcbZT�� �z TR LQTLDU Lyc^VUTPb 
NZP NLD��UTTLx WU[NUZRW^ZU TU DQU_MR LyUQNUVPDR�W 
MLQWLDUZT^� LwUTh^ ZLQWR cLD^�Uh TR _ZRTPwU ZRkMU-
cR Si/SiO2 NL QZRDTUTP� Q PQN�WRTPb[P Lyc^VUTPU[ 
NZP TPkhLx [L�TLQWP MLk�, NLQhLcXh^ [U�RTPk[�, 
L_ZRTPVPDR��PU ZLQW cLD^�Uh D sWP� Qc^VRb�, ZRk-
cPVT� [21]. 

�TRcPk LycRQWUx NZP[UTUTPb ZRkcPVT�� [LMUcX-
T�� [U�RTPk[LD s``UhWR ELDRS D�NLcTUT D ZRyLWU 
[22], _MU NLhRkRTL, D VRQWTLQWP, VWL ZUhL[yPTRwPLT-
T�x [U�RTPk[ ELDRS ZRyLWRUW WLcXhL D LycRQWP 
[L�TLQWP MLk� yLcUU 100 ZRM/Q. 

���"?0����. �NPQRTT�U D TRQWLb�Ux ZRyLWU ZU-
k^cXWRW� D�yLZLVT�� PQN�WRTPx c�WT�� NRZWPx �z D 
wUcL[ TU NZLWPDLZUVRW NZPDUMUTT�[ D��U D�DLMR[ 

RTRcPWPVUQhL_L [LMUcPZLDRTPb, NLMZRk^[UDR��U_L 
yLcX�LU ZRkTLLyZRkPU WLNLcL_PP [PhZLQ�U[ P PQ�LM-
TLx MU`UhWTLQWP MPLhQPMR hZU[TPb, QDbkRTTLx Q LQL-
yUTTLQWb[P WU�TLcL_PP Pk_LWLDcUTPb hRqML_L WPNR 
�z. �cb NLQWZLUTPb hLcPVUQWDUTTLx [LMUcP TU[LTL-
WLTTL_L MLkLDL_L Pk[UTUTPb NRZR[UWZLD TULy�LMP[L 
MUWRcXTLU kTRTPU WLNLcL_PP P WU�TLcL_PP Pk_LWLDcU-
TPb MRTTL_L �j. 

�yTRZ^qUTT�x TR[P D yPNLcbZT�� �z ZLQQPxQhL-
_L NZLPkDLMQWDR s``UhW DLQQWRTLDcUTPb kTRVPWUcXTLx 
MLcP ZRMPRwPLTT�� Pk[UTUTPx NRZR[UWZLD D NZLwUQQU 
LWqP_R NZP hL[TRWTLx P NLD��UTTLx ML 100 °$ WU[-
NUZRW^ZU NLQcU [RcLMLkLDL_L Lyc^VUTPb D ^QcLDPb� 
D�QLhLx [L�TLQWP MLk�, NZP LWQ^WQWDPP kTRVPWUcX-
TL_L LWqP_R NLDZUqMUTPx NLQcU WRhL_L qU Lyc^VUTPb 
D ^QcLDPb� TPkhLx [L�TLQWP MLk�, NLMWDUZqMRUWQb 
ZUk^cXWRWR[P ZRyLW� [23], D�NLcTUTTLx TR yPNLcbZ-
T�� �z kRZ^yUqTL_L NZLPkDLMQWDR. J sWLx ZRyLWU 
^WDUZqMRUWQb, VWL NLQcU Lyc^VUTPb yPNLcbZT�� �z D 
^QcLDPb� ZUhL[UTM^U[Lx QWRTMRZWR[P D�QLhLx [L�-
TLQWP MLk� NZPycPkPWUcXTL 50 % NLDZUqMUTPx LWqP-
_R�WQb NZP hL[TRWTLx WU[NUZRW^ZU. �ULqPMRTTLU 
DLQQWRTLDcUTPU Q^�UQWDUTTLx MLcP ZRMPRwPLTT�� 
Pk[UTUTPx NRZR[UWZLD �z NLQcU NZLDUMUTPb PQN�WR-
TPx NZP D�QLhLx [L�TLQWP MLk� WZUy^UW ^VUWR  
D QWRTMRZWR� P yRkLD�� [UWLMPhR� PQN�WRTPx TR ML-
kLD�U s``UhW�. 

z TRQWLb�U[^ DZU[UTP NZLDUMUT� PQN�WRTPb  
TR MLkLD�U s``UhW� yLcUU 1000 c�WT�� NRZWPx �z. 
�N�W PQN�WRTPx c�WT�� NRZWPx �z LhRkRcQb NLcLqP-
WUcXT�[. ]�cP LyTRZ^qUT� Qc^VRP TUQLLWDUWQWDPb 
ZRMPRwPLTTLx QWLxhLQWP �z TLZ[R[ lj kR QVUW sNP-
kLMPVUQhP� TUhLTWZLcPZ^U[�� Pk[UTUTPx D WU�TLcL-
_PP NZLPkDLMQWDR. �Ryc�MRU[�U [TL_LVPQcUTT�U, TL 
TUkTRVPWUcXT�U NL DUcPVPTU, Qc^VRP D��LMR NRZR[UW-
ZLD LWMUcXT�� �z PQN�W^U[�� D�yLZLh kR TLZ[� lj 
NL MLkLD�[ s``UhWR[, DLk[LqTL, bDcb�WQb ZUk^cXWR-
WL[ NZUM�UQWD^��Ux ZRMPRwPLTT�[ PQN�WRTPb[ 
scUhWZLWUZ[LWZUTPZLDhP D QNUwPRcPkPZLDRTTL[ PQ-
N�WRWUcXTL[ wUTWZU, NLQhLcXh^, hRh PkDUQWTL, NLD�-
�UTTRb WU[NUZRW^ZR NZPDLMPW h ^DUcPVUTP� hLTwUT-
WZRwPP _PMZL_UTPkPZLDRTT�� MU`UhWLD LhQPMR hZU[-
TPb TR LQTLDU hPQcLZLMT�� DRhRTQPx, bDcb��P�Qb 
PQWLVTPhL[ QDLyLMT�� NZLWLTLD. 
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The article describes the development of methods for improving the noise immunity of user’s equipment through the 

integration of global navigation satellite systems receivers and inertial sensors. 
The disadvantages of satellite navigation systems include the low reliability of angular measurements, quite a long 

time carrier-phase ambiguity resolution, insufficient baseline length of the interferometer which directly affect the 
measurement uncertainty of spatial orientation. The method of integration of sensor data with goniometric equipment of 
satellite navigation systems, which allows to increase the efficiency of using goniometric equipment consumer due to 
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the fact that these systems define the parameters of the spatial position of the object. In addition, this method allows you 
to narrow bandwidth tracking systems satellite navigation systems to a minimum, ensuring the accuracy and noise im-
munity of the close to potential. In integrated inertial-satellite navigation systems, the aggregation allow to eliminate 
instrumental errors, such as drift of the gyro sensors, reduces to a minimum the time of initial exhibition. The use of 
closely related integrated inertial-satellite navigation systems with integration on output parameters is the most appro-
priate as this system parameters close to optimal and do not require substantial processing of the hardware resources. 
In turn, closely related system requires further development of hardware and software, like inertial navigation systems 
and satellite navigation systems at all levels. If such completion is impossible, for example, using imported equipment, 
the aggregation provides only secondary treatment or at the level of the output data. In the first case it is a loosely cou-
pled system, and the second case is an open system. 

 
Keywords: aggregation, phase shift, navigation equipment. 
  
)��/����. J NLQcUMTPU _LM� DQU yLcX�U DTP[RTPb 

^MUcbUWQb DLNZLQR[ NZUwPkPLTTL_L (D�QLhLWLVTL_L) 
TRDP_RwPLTTL_L LyUQNUVUTPb, Dhc�VRb ^_cLD^� LZPUT-
WRwP� Ly�UhWLD, D QcLqTLx scUhWZL[R_TPWTLx LyQWR-
TLDhU, W. U. NL[U�LkR�P�UTTLx RNNRZRW^Z�. 

J QLDZU[UTTLx WU�TPhU PQNLcXk^�WQb ZRkcPVT�U 
TRDP_RwPLTT�U QPQWU[� – PTUZwPRcXT�U, QN^WTPhL-
D�U, yRZLD�QLWL[UZ�, ZRMPLcLhRwPLTT�U, QPQWU[� 
cLhRcXTLx ZRMPLTRDP_RwPP P NZ. zRqMRb Pk TP� P[UUW 
QDLP NZUP[^�UQWDR P TUMLQWRWhP. KLQhLcXh^ [TL_PU 
kRMRVP, ZU�RU[�U sWP[P QPQWU[R[P, QLDNRMR�W,  
WL P[UUW Q[�Qc Ly�UMPTPWX P� D UMPT^� TRDP_RwPLT-
T^� QPQWU[^. lRhRb PTWU_ZRwPb NLkDLcPW PQNLcXkL-
DRWX MLQWLPTQWDR hRqMLx Pk QPQWU[ P hL[NUTQPZLDRWX 
TUMLQWRWhP, NZPQ^�PU LWMUcXT�[ QPQWU[R[, kR QVUW 
NZUP[^�UQWD MZ^_P�. 

J TRQWLb�UU DZU[b PTWUTQPDTL ZRkDPDRUWQb TRNZRD-
cUTPU, LQTLDRTTLU TR PTWU_ZRwPP PTUZwPRcXT��  
P QN^WTPhLD�� ZRMPLTRDP_RwPLTT�� QPQWU[. 

J hRVUQWDU QPQWU[� D�QLhLWLVTL_L NLkPwPLTPZL-
DRTPb P LNZUMUcUTPb LZPUTWRwPP NLMDPqT�� Ly�Uh-
WLD DLk[LqTL PQNLcXkLDRTPU [TL_LhRTRcXT�� NZPU[-
TPhLD QP_TRcLD I�$$ I����$$ TLDL_L NLhLcUTPb, 
QNLQLyT�� Pk[UZbWX NZLQWZRTQWDUTT^� LZPUTWRwP� 
Ly�UhWR PTWUZ`UZL[UWZPVUQhP[P [UWLMR[P, VWL QLyLx 
NZUMQWRDcbUW hL[NcUhQPZLDRTPU. 

���3�������"'�9� ����>��������9� ������-
�"'��-+�%������9� ����>������9� +�+���9. zL[-
NcUhQPZLDRTPU – QLD[UQWTLU NZP[UTUTPU ZRkcPVT�� 
NL DPM^ P QNLQLy^ `LZ[PZLDRTPb `PkPVUQhP� NLcUx 
Mcb D�ZRyLWhP Q NL[L�X� ZRkTLZLMT�� MRWVPhLD  
TLDLx NL hRVUQWD^ TRDP_RwPLTTLx PT`LZ[RwPP.  

zL[NcUhQPZLDRTPU [LqUW LyUQNUVPWX: 
– NLD��UTPU WLVTLQWT�� �RZRhWUZPQWPh hL[NcUh- 

QPZLDRTTLx RNNRZRW^Z� NL QZRDTUTP� Q WLVTLQWT�[P 
�RZRhWUZPQWPhR[P UU QLQWLDcb��P�; 

– NLD��UTPU NL[U�L^QWLxVPDLQWP P TRMUqTLQWP 
ZRyLW� hL[NcUhQPZ^U[Lx RNNRZRW^Z�; 

– TUNZUZ�DTLQWX LNZUMUcUTPb hLLZMPTRW NZP TR-
Z^�UTPb� LMTLZLMTLQWP PcP TUNZUZ�DTLQWP TRDP_R-
wPLTT�� NLcUx; 

– ^c^V�UTPU MPTR[PVUQhP� �RZRhWUZPQWPh Pk[U-
ZPWUcUx; 

– QLhZR�UTPU DZU[UTP D��LMR RNNRZRW^Z� D ZR-
yLVPx ZUqP[.  

vRQQ[LWZP[ hL[NcUhQPZLDRTPU TR NZP[UZU PQNLcX-
kLDRTPb WUQTL QDbkRTTLx PTWU_ZPZLDRTTLx PTUZwP-
RcXTL-QN^WTPhLDLx TRDP_RwPLTTLx QPQWU[� (}}$�$) 
Q PTWU_ZRwPUx NL D��LMT�[ NRZR[UWZR[. lRhPU QPQ-

WU[� NL NRZR[UWZR[ ycPkhP h LNWP[RcXT�[ P TU WZU-
y^�W hRZMPTRcXTLx NUZUZRyLWhP RNNRZRWT�� QZUMQWD. 

zL[NcUhQPZLDRTPU TR ^ZLDTU D��LMT�� MRTT�� 
P[UUW QcUM^��PU NZUP[^�UQWDR: 

– [PTP[RcXTLU VPQcL NRZR[UWZLD D PTWUZ`UxQU 
Ly[UTR MRTT�[P; 

– [PTP[RcXTL DLk[LqTRb QhLZLQWX Ly[UTR, LNZU-
MUcbU[Rb MPTR[PhLx Ly�UhWR; 

– DLk[LqTLQWX ZRkMUcUTPb `^ThwPx [UqM^ PTUZ-
wPRcXT�[P TRDP_RwPLTT�[P QPQWU[R[P (}�$) P QN^W-
TPhLD�[P ZRMPLTRDP_RwPLTT�[P QPQWU[R[P ($v�$), 
PQNLcXkLDRTPU WZRMPwPLTT�� Rc_LZPW[LD NUZDPVTLx 
LyZRyLWhP; P[UUWQb DLk[LqTLQWX NLsWRNTL_L hL[-
NcUhQPZLDRTPb, TRNZP[UZ, LMTLQWLZLTTU_L hL[NcUh-
QPZLDRTPb (PQNLcXkLDRTPU MRTT�� $v�$ D }�$ PcP, 
TRLyLZLW, PQNLcXkLDRTPU MRWVPhLD }�$ D $v�$); NZP 
sWL[ QWUNUTX PTWU_ZRwPP [LqUW y�WX TR ^ZLDTU NUZ-
DPVTLx LyZRyLWhP; 

– [PTP[RcXTRb MLZRyLWhR RNNRZRW^Z�, DLk[Lq-
TLQWX PQNLcXkLDRTPb ZRkcPVT�� WPNLD }�$ P $v�$. 

�cb NLD��UTPb NL[U�L^QWLxVPDLQWP TULy�LMP[L 
hL[NcUhQPZLDRWX TRDP_RwPLTT^� RNNRZRW^Z^ NLWZU-
yPWUcb (��K) P }�$ TR ^ZLDTU NUZDPVTLx LyZRyLWhP, 
NLQhLcXh^ P[UTTL WR[ NZLPkDLMPWQb QcUqUTPU kR QP_-
TRcR[P TRDP_RwPLTT�� QPQWU[, P ^kc� sWL_L ^ZLDTb 
yLcUU DQU_L NLMDUZqUT� DLkMUxQWDP� NL[U�. zL[-
NcUhQPZLDRTPU wUcUQLLyZRkTL NZLDLMPWX TR ^ZLDTU 
TPkhLVRQWLWT�� ^QWZLxQWD, D NZLWPDTL[ Qc^VRU VZUk-
[UZTL DLkZRQWRUW Ly�U[ NUZUMRDRU[�� MRTT�� P ^DU-
cPVPDR�WQb D�VPQcPWUcXT�U kRWZRW�. 

�RPyLcUU wUcUQLLyZRkTL PQNLcXkLDRWX MRTT�U 
}�$ D `PcXWZR� Q�U[� QcUqUTPb kR kRMUZqhLx P TU-
Q^�Ux NL Q�U[U, hRh NLhRkRTL TR ZPQ. 1. 

J RDWLTL[TL[ ZUqP[U Q�U[R QcUqUTPb kR TUQ^�Ux 
QLMUZqPW hLZZUcbWLZ, D hLWLZL[ NZLPkDLMPWQb QDUZW-
hR NQUDMLQc^VRxTLx NLQcUMLDRWUcXTLQWP, PTWU_ZRWLZ 
P MLNLcTPWUcXT�x `PcXWZ zRc[RTR. JZU[b TRhLNcU-
TPb QP_TRcR D PTWU_ZRWLZU [LqUW y�WX D NZUMUcR� LW 1 
ML 10 [Q. jDUcPVUTPU DZU[UTP TRhLNcUTPb yLcX�U 10 [Q 
DQWZUVRUW kRWZ^MTUTPb Pk-kR TRcPVPb D QP_TRcU wP`-
ZLDLx PT`LZ[RwPP. 

�WTL�UTPU QP_TRc/�^[ TR D��LMU hLZZUcbWLZR 
LNZUMUcbUWQb NL `LZ[^cU 

 
c 0

,
/
B

P N
' �  (1) 

_MU � – NLcLQR VRQWLW PTWU_ZRWLZR; Pc – [L�TLQWX 
QP_TRcR; N0 – QNUhWZRcXTRb NcLWTLQWX [L�TLQWP �^[R. 



 
 
 

����!�����( � 	������-�����+����( ��#���� 
 

 893

 
 

 
 

vPQ. 1. $WZ^hW^ZR hDRkPLNWP[RcXTLx QPQWU[� Q hL[NcUhQPZLDRTPU[ NL D��LMR[ 
 
  

KZP � = 100 Iw, Pc/N0 = 40 M]/Iw LWTL�UTPU QP_-
TRc/�^[ TR D��LMU PTWU_ZRWLZR QLQWRDcbUW 20 M]. 

�LNLcTPWUcXT�x `PcXWZ zRc[RTR P[UUW s``Uh-
WPDT^� NLcLQ^, LNZUMUcbU[^� MPTR[PhLx Ly�UhWR. 
�cb TUNLMDPqTL_L Ly�UhWR NLcLQR `PcXWZR [LqUW 
QLQWRDcbWX 5–10 Iw, Mcb MPTR[PVUQhP� Ly�UhWLD –  
50–100 Iw. 

�LNLcTPWUcXTRb `PcXWZRwPb Mcb TUNLMDPqTL_L 
Ly�UhWR Q^qRUW NLcLQ^ NZLN^QhRTPb QcUMb�Ux QPQWU-
[� D 10 ZRk, VWL MRUW NLD��UTPU LWTL�UTPb QP_-
TRc/�^[ TR D��LMU QcUMb�Ux QPQWU[� 10 M]. KZP 
hL[NcUhQPZLDRTPP Q }�$ D ��K NLQW^NRUW PT`LZ[R-
wPb L MPTR[PhU Ly�UhWR, hLWLZ^� [LqTL PQNLcXkL-
DRWX D Q�U[U QcUqUTPb kR kRMUZqhLx. uR QVUW ^VUWR 
MPTR[PhP DLk[LqTL Q^qUTPU s``UhWPDTLx NLcLQ� 
`PcXWZLD ML ^ZLDTb 1 Iw hRh Mcb TUNLMDPqT��, WRh P 
Mcb MPTR[PVT�� Ly�UhWLD. KZP s``UhWPDTLx NLcLQU 
`PcXWZLD 1 Iw LWTL�UTPU QP_TRc/�^[ ^DUcPVPDRUWQb 
TR 20 M]. �TRcL_PVTL NLD��RUWQb LWTL�UTPU QP_-
TRc/�^[ P D hRTRcU QcUqUTPb kR TUQ^�Ux. 

J RNNRZRW^ZU WPNR ~vz D `PcXWZR� QcUqUTPb  
kR kRMUZqhLx PQNLcXk^UWQb PT`LZ[RwPb L NZPZR�U-
TPP `Rk� TUQ^�Ux VRQWLW� QP_TRcR TRDP_RwPLTTL_L 
hLQ[PVUQhL_L RNNRZRWR, W. U. PT`LZ[RwPb L MPTR[PhU 
NZPTP[RU[L_L QP_TRcR D `PcXWZ� Q�U[� QcUqUTPb kR 
kRMUZqhLx NLQW^NRUW Pk Q�U[� QcUqUTPb kR TUQ^�Ux. 
J ZUk^cXWRWU s``UhWPDTRb NLcLQR Q�U[� QcUqUTPb  
kR TUQ^�Ux Q^qRUWQb ML MLcUx _UZw, kR QVUW VU_L kTR-
VPWUcXTL ^[UTX�RUWQb Qc^VRxTRb QLQWRDcb��Rb NL-
_ZU�TLQWP Pk[UZUTPb NQUDMLMRcXTLQWP. �MTRhL NZP 
sWL[ NLcLQR `PcXWZLD Q�U[� QcUqUTPb kR TUQ^�Ux 

LQWRUWQb NZUqTUx, NZP DLkMUxQWDPP NL[U� QDUZ� TUhL-
WLZL_L ^ZLDTb NZLPQ�LMPW QZ�D hRh D hRTRcU QcUqU-
TPb kR TUQ^�Ux, WRh P D hRTRcU QcUqUTPb kR kRMUZq-
hLx, W. U. NL[U�L^QWLxVPDLQWX TU ^c^V�RUWQb [1–4]. 

����"��+�������� �������"'��( � +�%�����-
��( ��/������>�������( �������%�9 ��� �3����-
��� ���+����+������( ����������. KZP hL[NcUh-
QPZLDRTPP Q }�$ PT`LZ[RwP� L MPTR[PhU Ly�UhWR 
QcUM^UW PQNLcXkLDRWX D Q�U[U QcUqUTPb kR TUQ^�Ux, R 
LWW^MR MRTT�U L MPTR[PhU Ly�UhWR NLQW^NR�W D Q�U[^ 
QcUqUTPb kR MRcXTL[UZT�[ hLML[.  

�LQWLDUZTLQWX P TRMUqTLQWX ZRyLW� ^_cL[UZTLx 
RNNRZRW^Z� [LqTL Q^�UQWDUTTL NLD�QPWX kR QVUW 
hL[NcUhQPZLDRTPb $v�$ Q PTUZwPRcXTLx – _PZLQhL-
NR[P P RhQUcUZL[UWZR[P. �RPyLcUU «WLThLU» [UQWL 
Rc_LZPW[LD LNZUMUcUTPb ^_cLDLx LZPUTWRwPP – sWL 
ZRkZU�UTPU `RkLDLx TULMTLkTRVTLQWP. }[UTTL NZP 
ZRkZU�UTPP `RkLDLx TULMTLkTRVTLQWP DLk[LqT� _Z^-
y�U L�PyhP. �cb LyUQNUVUTPb MLQWLDUZTLQWP P TR-
MUqTLQWP NUZUyLZT�� Rc_LZPW[LD [LqTL Q^kPWX MPR-
NRkLT NLPQhR wUc�� wPhcLD, TL Mcb sWL_L WZUy^�WQb 
RNZPLZT�U QDUMUTPb Ly ^_cLDLx LZPUTWRwPP Ly�UhWR. 

KLc^VPWX RNZPLZT�U QDUMUTPb Ly ^_cLDLx LZPUT-
WRwPP Ly�UhWR [LqTL TUQhLcXhP[P QNLQLyR[P. �MTP[ 
Pk WRhP� QNLQLyLD bDcbUWQb NZP[UTUTPU MPTR[PVU-
QhP� Rc_LZPW[LD, LMTRhL LTP WZUy^�W TUhLWLZL_L 
DZU[UTP, P NZP QyLb� ZRyLWLQNLQLyTLQWX DLQQWRTRD-
cPDRUWQb WLcXhL VUZUk TUQhLcXhL [PT^W. �Z^_Lx QNL-
QLy – hL[NcUhQPZLDRTPU ^_cL[UZTLx RNNRZRW^Z�  
Q _PZLQhLNPVUQhP[P MRWVPhR[P. J sWL[ Qc^VRU D NZL-
wUQQU ZRyLW� RNZPLZT�U MRTT�U [LqTL NLc^VPWX  
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Q _PZLQhLNR, kR PQhc�VUTPU[ TRVRcXTL_L NUZPLMR NL-
QcU Dhc�VUTPb. KLQcU Dhc�VUTPb NPWRTPb _PZLQhLN 
WZUy^UW TRVRcXTLx ^QWRTLDhP, NLsWL[^ D TRVRcXT�x 
NUZPLM DZU[UTP RNZPLZT�� MRTT�� Q _PZLQhLNR TR 
^_cL[UZT^� RNNRZRW^Z^ TU NLQW^NRUW, P NZLycU[R 
ZRkZU�UTPb `RkLDLx TULMTLkTRVTLQWP LQWRUWQb. 

�cb NLc^VUTPb RNZPLZT�� MRTT�� Ly ^_cLDL[ NL-
cLqUTPP Ly�UhWR [LqTL PQNLcXkLDRWX QPQWU[^ RhQU-
cUZL[UWZPVUQhP� MRWVPhLD. �y�VTL QPQWU[R Pk WZU� 
LZWL_LTRcXTL ZRQNLcLqUTT�� RhQUcUZL[UWZLD D�LMPW 
D QLQWRD ]}�$ P NZP[UTbUWQb Mcb LNZUMUcUTPb WUh^-
�U_L NLcLqUTPb P DUhWLZR QhLZLQWP Ly�UhWR. ¶QcP 
PQNLcXkLDRTPU ]}�$ NL hRhP[-cPyL NZPVPTR[ (_RyR-
ZPW�, QWLP[LQWX P MZ.) kRWZ^MTUTL, WL Mcb MRTT�� wU-
cUx [LqTL NZP[UTbWX WDUZMLWUcXT�U RhQUcUZL[UWZ�, 
P[U��PU [Rc�U _RyRZPW� P QWLP[LQWX [5; 6]. 

�hQUcUZL[UWZPVUQhPx MRWVPh QLQWLPW Pk WZU� RhQU-
cUZL[UWZLD, ZRQNLcLqUTT�� DMLcX WZU� DkRP[TL LZWL-
_LTRcXT�� LQUx cUDLQWLZLTTUx QPQWU[� hLLZMPTRW 
(ZPQ. 2). �y�VTL TR Ly�UhWU MRWVPh ^QWRTRDcPDR�W 
WRhP[ LyZRkL[, VWLy� RhQUcUZL[UWZ� ZRQNLcR_RcPQX 
DMLcX LQUx Ly�UhWR. $ NL[L�X� MRWVPhR Pk[UZbUWQb 
DUhWLZ ^QhLZUTPb Ly�UhWR, R kRWU[ Q NL[L�X� PTWU_-
ZPZLDRTPb D�VPQcbUWQb DUhWLZ QhLZLQWP P WUh^�PU 
hLLZMPTRW� Ly�UhWR. 
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vPQ. 2. �NZUMUcUTPU [UQWTLx DUZWPhRcP  
Q NL[L�X� RhQUcUZL[UWZLD 

 
KLQhLcXh^ QhLZLQWX Ly�UhWR TU [LqUW TUL_ZRTP-

VUTTL DLkZRQWRWX, WL QZUMTUU ^QhLZUTPU Ly�UhWR  
kR MLQWRWLVTL McPWUcXT�x NUZPLM DZU[UTP ycPkhL  
h T^c�. jQZUMTbb NLhRkRTPb MRWVPhLD, [LqTL TRxWP 
DUhWLZ QPc� WbqUQWP D [UQWTLx QDbkRTTLx Q Ly�UhWL[ 
QPQWU[U hLLZMPTRW P WU[ QR[�[ LNZUMUcPWX LMPT  
Pk NRZR[UWZLD LZPUTWRwPP Ly�UhWR [7; 8].  

lRhP[ LyZRkL[, NL NLhRkRTPb[ RhQUcUZL[UWZLD 
[LqTL ^QWRTLDPWX TRNZRDcUTPU DUZWPhRcP D QDbkRT-
TLx QPQWU[U hLLZMPTRW. 

KZP yLcX�P� L�PyhR� Pk[UZUTPb [UQWTLx DUZWP-
hRcP LNZUMUcUTPU ^_cLDLx LZPUTWRwPP NL LMTL[^ TR-
DP_RwPLTTL[^ QN^WTPh^ (�$) [LqUW P[UWX WRhqU 
yLcX�^� NL_ZU�TLQWX, NZP hLWLZLx NZLDUZhR ZU�U-
TPb NL DQU[^ QLkDUkMP� �$ P ^WLVTUTPU ^_cLDLx LZP-
UTWRwPP QWRTLDbWQb TUDLk[LqT�[P. lRhRb QPW^RwPb 
[LqUW P[UWX [UQWL, TRNZP[UZ, NZP TRcPVPP RNZPLZ-
T�� QDUMUTPx L WL[, VWL Ly�UhW ZRQNLcLqUT D _LZP-

kLTWRcXTLx NcLQhLQWP Q TUhLWLZ�[ MLN^QhL[ NL MRT-
TL[^ NRZR[UWZ^. J sWL[ Qc^VRU QWRDPWQb kRMRVR [Rh-
QP[RcXTL PQNLcXkLDRWX RNZPLZT�U MRTT�U Mcb Q^qU-
TPb MPRNRkLTR NLPQhR TULMTLkTRVTLQWP NL MD^[ 
(WZU[) �$ Mcb NLc^VUTPb TRVRcXTL_L TRyLZR DLk[Lq-
T�� ZU�UTPx [9]. 

zLLZMPTRW� [UQWTLx DUZWPhRcP kRMR�WQb D QDb-
kRTTLx QPQWU[U hLLZMPTRW. KL PkDUQWTLx hLT`P_^ZR-
wPP RTWUTTLx QPQWU[� [LqTL D�VPQcPWX ^_Lc [UqM^ 
DUhWLZL[-yRkLx P [UQWTLx DUZWPhRcX� P DUZWPhRcX-
T^� QLQWRDcb��^� hLLZMPTRW DUhWLZR-yRk� (ZPQ. 2). 
�ycRQWX DLk[LqT�� NLcLqUTPx DUhWLZR-yRk� NZUM-
QWRDcbUW QLyLx LhZ^qTLQWX Q NLQWLbTTLx D�QLWLx TRM 
_LZPkLTWRcXTLx NcLQhLQWX� (ZPQ. 3). vRMP^Q LhZ^qTL-
QWP ZRDUT NZLUhwPP DUhWLZR-yRk� TR _LZPkLTWRcXT^� 
NcLQhLQWX. KLPQh `RkLDLx TULMTLkTRVTLQWP QDLMPWQb 
h NUZUyLZ^ DQU� DLk[LqT�� NLcLqUTPx DUhWLZR-yRk� 
TR MRTTLx LhZ^qTLQWP. KLQhLcXh^ LycRQWX DLk[Lq-
T�� NLcLqUTPx DUhWLZR-yRk� P[UUW LMT^ QWUNUTX QDL-
yLM� NL ^_c^ h^ZQR, WL VPQcL NUZUyLZLD MLcqTL y�WX 
NZLNLZwPLTRcXTL McPTU yRk�. �WL QTP[RUW DQU L_ZR-
TPVUTPb NUZUyLZTL_L Rc_LZPW[R TR McPT^ yRk� [10; 11]. 
 

X

Y
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vPQ. 3. �ycRQWX DLk[LqT�� NLcLqUTPx DUhWLZR-yRk� 
 
�cb PQQcUMLDRTPb NUZUyLZTL_L Rc_LZPW[R NL MD^[ 

(WZU[) �$ TULy�LMP[L NLQWZLPWX cPTP� QP_TRcLD  
D NZLQWZRTQWDU `RkLD�� QMDP_LD. �PTPb QP_TRcLD  
D sWL[ NZLQWZRTQWDU, NL-DPMP[L[^, y^MUW NZUMQWRD-
cbWX QLyLx sccPNQ. KZP kRMRTTL[ kTRVUTPP `RkLDLx 
TULMTLkTRVTLQWP NL LMTL[^ �$ `RkLD�x QMDP_ MZ^_L-
_L �$ [LqUW NZPTP[RWX WLcXhL MDR kTRVUTPb; D sWP� 
WLVhR� D�VPQcbUWQb ^_cLDRb LZPUTWRwPb DUhWLZR-yRk� 
P D�NLcTbUWQb NZLDUZhR P ^WLVTUTPU ^_cLDLx LZPUT-
WRwPP NL DQU[^ QLkDUkMP� �$. 

YRkLD�x QMDP_ QP_TRcR �$ LNPQ�DRUWQb D�ZRqU-
TPU[ 
 ö .x y zk x k y k z� 	 	  (2) 

J l¿$z PkDUQWTR DUZWPhRcXTRb hLLZMPTRWR DUhWLZR-
yRk�, NLsWL[^ D�ZRqUTPU (2) [LqTL NUZUNPQRWX D DPMU 
 ÷ö ö .y x zk y k x k z
 � � 	  (3) 

Y 

Z X 

BY
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KZLTLZ[PZ^U[ TRNZRDcb��PU hLQPT^Q� TRNZRD-
cUTPx TR �$ D _LZPkLTWRcXTLx NcLQhLQWP WRh, VWLy� 
McPTR _LZPkLTWRcXTLx NZLUhwPP ZRDTbcRQX 1: 

 ÷2 2 2

ö
ö

1 1 1
y x z

y y y

k y k kx z
k k k



� � 	


 
 

 (4) 

PcP 
 ÷ ÷ ÷ .x zk x k z2 � 	  (5) 

J�ZRqUTPU (5) – sWL ^ZRDTUTPU PTWUZ`UZL[UWZR, 
cUqR�U_L D _LZPkLTWRcXTLx NcLQhLQWP, NZPVU[ PQ-
WLVTPh Pkc^VUTPb WRhqU cUqPW D _LZPkLTWRcXTLx 
NcLQhLQWP. �TRcL_PVTLU ^ZRDTUTPU [LqTL kRNPQRWX P 
Mcb DWLZL_L �$. �PTPb DLk[LqTL_L NLcLqUTPb DUhWL-
ZR-yRk� NZUMQWRDcbUW QLyLx LhZ^qTLQWX Q ZRMP^QL[, 
ZRDT�[ McPTU NZLUhwPP DUhWLZR-yRk� TR _LZPkLT-
WRcXT^� NcLQhLQWX: 

 2 2
÷ .B x z� 	  (6) 

�PTPb DLk[LqTL_L NLcLqUTPb DUhWLZR-yRk� PTDR-
ZPRTWTR LWTLQPWUcXTL NLDLZLWLD, NLsWL[^ [LqTL D�-
yZRWX QPQWU[^ hLLZMPTRW X0Z WRh, VWLy� TRNZRDcUTPb 
TR �$ D _LZPkLTWRcXTLx NcLQhLQWP y�cP QP[[UWZPV-
T� LQP X (ZPQ. 4). 
 

X

Z

k1 k2

�PTPb DLk[LqTL_L NLcLqUTPb

�/2 �/2

 
 

vPQ. 4. KLQWZLUTPU cPTPP QP_TRcLD 
 
�cb NLQWZLUTPb cPTPP QP_TRcLD TULy�LMP[L 

QNZLUwPZLDRWX WLVhP cPTPP DLk[LqT�� NLcLqUTPx TR 
LQP k1 P k2 P D�ZRkPWX k1 VUZUk k2. KZLUhwPP cPTPP 
DLk[LqT�� NLcLqUTPx TR LQP k1 P k2 `^ThwPLTRcXTL 
QDbkRT� Q `RkLD�[P QMDP_R[P QP_TRcLD 1-_L P 2-_L 
�$ D�ZRqUTPb[P (2)–(4). 

JUhWLZ�-TRNZRDcUTPb TR �$: 
 k1 = cos �/2�x + sin �/2�z, (7) 

k2 = cos �/2�x – sin �/2�z, 
_MU � – ^_Lc [UqM^ DUhWLZR[P. 

jZRDTUTPU cPTPP DLk[LqTL_L NLcLqUTPb [LqTL 
kRNPQRWX D DPMU 

 2 2 2.x z B	 �  (8) 
J�ZRkP[ Pk ^ZRDTUTPb (7) k1 P k2 VUZUk x P z: 

 x = (k1 + k2)/ cos �/2, (9) 
 z = (k1 – k2)/ sin �/2. 

KLMQWRDPD ^ZRDTUTPU (8) D (9), NLc^VP[ 

 � � � �2 2
1 2 1 2 2

2 2 .
cos / 2 sin / 2
k k k k

Â
	 


	 �
� �

 (10) 

�PTPb DLk[LqTL_L NLcLqUTPb D QPQWU[U hLLZMP-
TRW (k1, k2) NZUMQWRDcbUW QLyLx cPTP� QP_TRcLD. zLLZ-
MPTRW� (k1, k2) WLVhP TR cPTPP QP_TRcLD – sWL `RkLD�U 
QMDP_P 2_, NLQhLcXh^ LTP NZUMQWRDcb�W NZLUhwPP DUh-
WLZR-yRk� TR DUhWLZ-TRNZRDcUTPU �$ (ZPQ. 5). 
 

 
 

vPQ. 5. �PTPb QP_TRcLD 
 
�PTPb QP_TRcLD NZUMQWRDcbUW QLyLx sccPNQ, LQP 

hLWLZL_L NZL�LMbW NL ^_cL[ 453, R McPTR LQUx 

 1 cos Ò.D B� � �  (11) 

jZRDTUTPU (10) [LqTL NUZUNPQRWX D DPMU 

 

� � � �
� �

2 22 2
1 2 1 2

2 2 2 2
1 1 2 2

2 2 2 2 2
1 1 2 2

cos Ò/2 sin Ò/2

2 cos Ò/2 sin Ò/2

  2 cos Ò sin Ò.

k k k k

k k k k

k k k k B


 	 	 �

� 
 
 	 �

� 
 	 �

 (12) 

�PTPb QP_TRcLD D NZLQWZRTQWDU k1, k2 NZPDUMUTR TR 
ZPQ. 5. 

J�ZRkP[ k1 Pk ^ZRDTUTPb (12) VUZUk k2: 

 2 2
1 2 2cos sin .k k B k� �1 �� 
  (13) 

�cb NLQWZLUTPb cPTPP QP_TRcLD D NZLQWZRTQWDU 
`RkLD�� QMDP_LD �$ QcUM^UW D�NLcTPWX LyZRWT�U 
NZULyZRkLDRTPb: 

 1,2
1,2÷ 2

1,2

.
1 y

k
k

k
�



 (14) 

�WQ�MR 

 1,2
1,2÷ 2

1,2

.
1 y

k
k

k
�



 (15) 

�RcUU 
ö ,yk k y� 	  
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2
1,2 1,2÷ 1,2 1,21 ,y yk k k y2 � 
 	  

 1,2 1,2
1,2÷ 2

1,2

.
1

y

y

k y
k

k

2 

�



 (16) 

�PTP� QP_TRcLD D NZLQWZRTQWDU (21, 22) NLc^VP[, 
NLMQWRDPD D�ZRqUTPU (16) D (12): 

2

2 2 2 221 1
2 2 2
1 2 2

ö öö
cos sin ,

1 1 1
y y

y y y

k y k yk y
B

k k k

 �
 

 � �� � 1 � � 

� �� �
 
 
� �

 

   

� ��

� � � �

1 2 2

2
2 12 2

2 2 2 12
2

                   ö ö cos

1
sin 1 ö .

1

y

y
y y

y

k y

k
B k k y k y

k

� 
 �1


�
1 �� 
 
 
 	�

� 


 (17) 

¶QcP [UQWTRb DUZWPhRcX kRMRTR Q NL_ZU�TLQWX� 
45, WL ^_Lc [UqM^ DUhWLZL[-yRkLx WRhqU kRMRUWQb  
Q NL_ZU�TLQWX�, VWL NZPDLMPW h NL_ZU�TLQWP RNZPLZ- 
T�� QDUMUTPx L DUZWPhRcXTLx QLQWRDcb��Ux DUhWLZR-
yRk�, NZP sWL[ cPTPb QP_TRcLD Q[U�RUWQb. �R ZPQ. 6 
NZPDUMUT� WZP cPTPP QP_TRcLD, QLLWDUWQWD^��P� 
^_cR[ WRT_RqR 03, 53 P –53 (LycRQWX NLPQhR ZU�UTPb 
kR�WZP�LDRTR). KZP Pk[UTUTPP ^_cR WRT_RqR cPTPb 
QP_TRcLD Q[U�RUWQb DMLcX MPR_LTRcP, NZP sWL[ Pk[U-
Tb�WQb ZRk[UZ� sccPNQR [12–15]. 

lRh, UQcP TRNZRDcUTPU DUZWPhRcP kRMRTL Q NL_ZU�-
TLQWX�, WL ^_Lc WRT_RqR WRhqU y^MUW kRMRT Q NL_ZU�-
TLQWX�; NZP sWL[ LycRQWX NUZUyLZR y^MUW TR�LMPWXQb 
[UqM^ MD^[b cPTPb[P QP_TRcLD, QLLWDUWQWD^��P� 
MD^[ hZRxTP[ Qc^VRb[. 
 

 
 

vPQ. 6. �ycRQWX NLPQhR ZU�UTPb  
NZP TUWLVTL[ kRMRTPP [UQWTLx DUZWPhRcP 

 
lRh, UQcP TRNZRDcUTPU DUZWPhRcP kRMRTL Q NL_ZU�-

TLQWX�, WL ^_Lc WRT_RqR WRhqU y^MUW kRMRT Q NL_ZU�-
TLQWX�; NZP sWL[ LycRQWX NUZUyLZR y^MUW TR�LMPWXQb 
[UqM^ MD^[b cPTPb[P QP_TRcLD, QLLWDUWQWD^��P� 
MD^[ hZRxTP[ Qc^VRb[.  

���"?0����. �yLy�Rb PkcLqUTTLU D��U, LW[U-
WP[ QcUM^��UU: 

1. zL[NcUhQPZLDRTPU MRTT�� PTUZwPRcXT�� MRW-
VPhLD Q ^_cL[UZTLx RNNRZRW^ZLx $v�$ NLkDLcbUW 

kTRVPWUcXTL NLD�QPWX TRMUqTLQWX ^_cLD�� Pk[UZU-
TPx, QLhZRWPWX DZU[b ZRkZU�UTPb `RkLDLx TULMTL-
kTRVTLQWP, ^DUcPVPWX McPT^ yRkLD�� cPTPx PTWUZ`U-
ZL[UWZR, VWL, D QDL� LVUZUMX, NLkDLcbUW ^[UTX�PWX 
NL_ZU�TLQWX Pk[UZUTPx NZLQWZRTQWDUTTLx LZPUTWRwPP. 

2. zL[NcUhQPZLDRTPU }�$ P $v�$ TRPyLcUU s`-
`UhWPDTL NZP PQNLcXkLDRTPP ^_cL[UZTLx RNNRZRW^Z� 
NLWZUyPWUcUx, WRh hRh sWP QPQWU[� LNZUMUcb�W LMTP  
P WU qU NRZR[UWZ� NZLQWZRTQWDUTTL_L NLcLqUTPb 
Ly�UhWR P NLsWL[^  ^QWZRTb�W TUMLQWRWhP MZ^_ MZ^_R 
TR ^ZLDTU NUZDPVT�� NRZR[UWZLD. 

3. KLc^VUTT�U D QL_cRQLDRTTL[ `PcXWZU NRZR[UW-
Z� MDPqUTPb Ly�UhWR PQNLcXk^�WQb hRh D `PcXWZR� 
}�$, WRh P D `PcXWZR� NUZDPVTLx LyZRyLWhP QP_TRcLD 
$v�$, VWL NLkDLcbUW Q^kPWX NLcLQ� NZLN^QhRTPb QcU-
Mb�P� QPQWU[ $v�$ ML [PTP[^[R, LyUQNUVPDRb WLV-
TLQWX P NL[U�L^QWLxVPDLQWX, ycPkhPU h NLWUTwPRcXT�[. 
J }}$�$ hL[NcUhQPZLDRTPU NLkDLcbUW ^QWZRTPWX 
PTQWZ^[UTWRcXT�U NL_ZU�TLQWP, TRNZP[UZ MZUx` 
_PZLQhLNPVUQhP� MRWVPhLD, ML [PTP[^[R QLhZR�RUW 
DZU[b TRVRcXTLx D�QWRDhP. 

4. �RPyLcUU wUcUQLLyZRkTL PQNLcXkLDRTPU WUQTL 
QDbkRTTLx }}$�$ Q PTWU_ZRwPUx NL D��LMT�[ NRZR-
[UWZR[ – WRhPU QPQWU[� NL NRZR[UWZR[ ycPkhP h LN-
WP[RcXT�[ P TU WZUy^�W hRZMPTRcXTLx NUZUZRyLWhP 
RNNRZRW^ZT�� QZUMQWD. 

5. lUQTL QDbkRTTRb QPQWU[R WZUy^UW MLZRyLWhP  
RNNRZRW^ZT�� P NZL_ZR[[T�� QZUMQWD hRh }�$, WRh  
P $v�$ TR DQU� ^ZLDTb�. ¶QcP WRhRb MLZRyLWhR TUDLk-
[LqTR, TRNZP[UZ NZP PQNLcXkLDRTPP P[NLZWTLx RN-
NRZRW^Z�, WL hL[NcUhQPZLDRTPU LyUQNUVPDRUWQb WLcX-
hL DWLZPVTLx LyZRyLWhLx PcP TR ^ZLDTU D��LMT�� 
MRTT��. J NUZDL[ Qc^VRU sWL QcRyLQDbkRTTRb QPQWU[R, 
R DL DWLZL[ – ZRkL[hT^WRb QPQWU[R. 

&"�>�/����+��. vRyLWR D�NLcTUTR NZP Y¿K «}Q-
QcUMLDRTPb P ZRkZRyLWhP NL NZPLZPWUWT�[ TRNZRDcU-
TPb[ ZRkDPWPb TR^VTL-WU�TPVUQhL_L hL[NcUhQR vLQ-
QPP TR 2014–2020 _LM�» (QL_cR�UTPU ´ 14.574.21. 
0131). 
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DESTRUCTIVE EFFECTS OF ENVIRONMENTAL FACTORS  
ON THE PROPERTIES OF RADIO REFLECTIVE COATING  

FOR ANTENNA REFLECTORS FROM THE POLYMERIC COMPOSITE MATERIALS 
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In this case study the influence of destructive environmental factors such as humidity, temperature and UV radiation 
on the adhesive strength, microstructure and properties of coatings of radio-reflectivity antenna reflectors made of 
polymeric composite materials (PCM) has been analyzed. For the test samples we used carbon and fiberglass units with 
various reinforcement schemes. 

Radio-reflective coated surfaces are multi-layer composition, which has been applied by vacuum metallization 
method via magnetron usage. For the coating we’ve designed the layout drawing for the vacuum chamber, which en-
ables a multi-layer coating process to be applied to large surface area of a product per load. This helps to improve the 
quality and performance of the coating process. 
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Sputtering of one- and two-layer coatings on samples of carbon fiber and fiberglass has been made for the research 
purposes. When the coating process was completed, the samples were tested in climatic chamber. 

Studies of adhesion strength of coated samples before and after environmental tests have shown that the double-
layered coated samples have greater cohesive strength than the monolayer. In single-layer coating adhesion is 1–
2score at the bilayer – 0–1 score in ISO 2490. 

A noticeable influence of destructive factors on the adhesion strength is not revealed. Morphology and elemental 
analysis of the coating showed that the coating is distributed uniformly over the surface and noticeable changes after 
the test in a climatic chamber have been detected. 

Therefore, it could be concluded that the coatings deposited according to the proposed technology are resistant to 
the environment and can be used as coatings radio-reflectivity terrestrial reflector antenna. 

 
Keywords: vacuum deposition, coating stack reflector antennas, polymeric composites. 
  
)��/����. �cb ZRkDPWPb QLDZU[UTTLx WUcUhL[[^-

TPhRwPLTTLx WU�TPhP TULy�LMP[L ZU�PWX NZLycU[^ 
QLkMRTPb R_ZU_RWLD Q TLD�[P QLVUWRTPb[P QDLxQWD, 
hLWLZ�U TUcXkb LyUQNUVPWX, NZP[UTbb WLcXhL [UWRcc� 
P WZRMPwPLTT�U WU�TLcL_PVUQhPU [UWLM�. �cb LyUQ-
NUVUTPb D�QLhL_L ^ZLDTb TR^VT�� ZRkZRyLWLh P LyUQ-
NUVUTPb hLTh^ZUTWT�� NLkPwPx LWUVUQWDUTT�� NZL-
PkDLMPWUcUx TRkU[T�� QPQWU[ QDbkP TULy�LMP[L ZRk-
ZRyRW�DRWX NUZQNUhWPDT�U [UWLM� NZLUhWPZLDRTPb  
P WU�TLcL_PVUQhPU NZLwUQQ� Pk_LWLDcUTPb RTWUTT�� 
ZU`cUhWLZLD.  

�QTLDTLx kRMRVUx, QWLb�Ux NUZUM RTWUTT�[ ZU`-
cUhWLZL[, bDcbUWQb ^QPcUTPU QP_TRcR. �``UhWPDTLQWX 
ZU�UTPb sWLx kRMRVP kRDPQPW LW MD^� LQTLDT�� `Rh-
WLZLD: WLVTLQWX PQNLcTUTPb LWZRqR��Ux NLDUZ�TL-
QWP ZU`cUhWLZLD, kRMRDRU[Rb QZUMTP[ kTRVUTPU[ 
hDRMZRWPVTL_L LWhcLTUTPb ($z�) ZURcXTLx NLDUZ�TL-
QWP LW _UL[UWZPVUQhLx, P hLs``PwPUTW LWZRqUTPb 
NLDUZ�TLQWP ZU`cUhWLZR. KZP sWL[ DRqT�[ bDcbUWQb 
TU WLcXhL MLQWPqUTPU kRMRTT�� kTRVUTPx $z�,  
TL P QL�ZRTUTPU sWP� �RZRhWUZPQWPh NZP ZRkcPVT�� 
^QcLDPb� shQNc^RWRwPP RTWUTTL_L ZU`cUhWLZR D ^QcL-
DPb� MUQWZ^hWPDT�� `RhWLZLD LhZ^qR��Ux QZUM�. 

�QTLDT�[P MUQWRyPcPkPZ^��P[P `RhWLZR[P, 
DLkMUxQWD^��P[P TR RTWUTT�x ZU`cUhWLZ, bDcb�WQb 
DUWUZ, MLqMUDRTPU, WUNcLD�U hLcUyRTPb, ^cXWZR`PL-
cUWLDLU DLkMUxQWDPU. 

J TRQWLb�UU DZU[b RTWUTT�U hLTQWZ^hwPP, QWLxhPU 
h DUWZLD�[ TR_Z^khR[, MLqMUDRTP�, wPhcPVUQhL[^ 
Pk[UTUTP� WU[NUZRW^Z�, LycRMR��PU D�QLhLx qUQW-
hLQWX�, NZLVTLQWX�, ycPkhP[ h T^c� hLs``PwPUTWL[ 
WU[NUZRW^ZTL_L ZRQ�PZUTPb, QLkMR�WQb, hRh NZRDPcL, 
Pk hL[NLkPwPLTT�� [RWUZPRcLD TR NLcP[UZTLx LQTL-
DU. KZLVTLQWX WRhP� [RWUZPRcLD NLkDLcbUW kR[UTPWX 
P[P [TL_PU [UWRccPVUQhPU MUWRcP, R P� D�QLhPU 
^MUcXT�U �RZRhWUZPQWPhP – kTRVPWUcXTL ^[UTX�PWX 
[RQQ^ PkMUcPx. J QDbkP Q sWP[ D NLQcUMTUU DZU[b NUZ-
QNUhWPDT�[ TRNZRDcUTPU[ TR^hP P WU�TPhP bDcbUWQb 
Pk_LWLDcUTPU ZU`cUhWLZLD Pk Kz~ (^_cUNcRQWPhR  
P QWUhcLNcRQWPhR). jTPhRcXTLx DLk[LqTLQWX� NLcP-
[UZT�� ^_cUNcRQWPhLD bDcbUWQb bZhL D�ZRqUTTRb 
RTPkLWZLNPb QDLxQWD RZ[PZLDRTT�� QcLUD, hLWLZRb 
TRZbM^ Q TRcPVPU[ yLcX�P� WU�TLcL_PVUQhP� DLk-
[LqTLQWUx NL ZURcPkRwPP NZRhWPVUQhP c�y�� Q�U[ 
RZ[PZLDRTPb NLkDLcbUW NLc^VRWX hLTQWZ^hwPP Q yLcX- 
�P[ LWZPwRWUcXT�[ hLs``PwPUTWL[ cPTUxTL_L WUZ-
[PVUQhL_L ZRQ�PZUTPb, VU[ z�lv PQ�LMTL_L RZ[PZL-
DRTTL_L QcLb [1; 2]. 

�TRcPk cPWUZRW^ZT�� MRTT�� ^hRk�DRUW TR TUQhLcX-
hL DRqT�� [L[UTWLD. KUZD�x [L[UTW QDbkRT Q WU[, 
VWL yLcX�Rb VRQWX ZRyLW NL MRTTLx WU[RWPhU NLQDb-
�UTR hLQ[PVUQhL[^ TRkTRVUTP� RTWUTT�� ZU`cUhWL-
ZLD [3–5]. �Z^_P[ DRqT�[ [L[UTWL[ bDcbUWQb WLW 
`RhW, VWL NZP TRcPVPP TR Z�ThU RTWUTT�� ZU`cUhWL-
ZLD Pk Kz~ TRkU[TL_L PQNLcXkLDRTPb TRyc�MRUWQb 
LVUTX [RcLU hLcPVUQWDL N^ycPhRwPx NL DLNZLQR[ 
DcPbTPb ^QcLDPx shQNc^RWRwPP WRhP� ZU`cUhWLZLD TR 
hRVUQWDL QDbkP. JQU sWL Ly^QcLDcPDRUW RhW^RcXTLQWX 
TRQWLb�U_L PQQcUMLDRTPb. 

J QLQWRD Pk_LWRDcPDRU[�� QLDZU[UTT�� QPQWU[ 
QDbkP D�LMbW D�QLhLWLVT�U ^_cUNcRQWPhLD�U ZU`cUh-
WLZ� RTWUTT MPR[UWZL[ LW 0,6 ML 3,0 [, ZRyLWR��PU  
D D�QLhLVRQWLWT�� (3u-, 3-, 3�-) MPRNRkLTR�. }� NZU-
P[^�UQWDL kRhc�VRUWQb D WL[, VWL [Rc�U McPT� DLcT 
P D�QLhRb VRQWLWR NUZUMRVP P NZPU[R PT`LZ[RwPP 
NLkDLcb�W NUZUMRDRWX yLcX�PU Ly�U[� PT`LZ[RwPP, 
NZUMLQWRDcbWX yLcUU hRVUQWDUTT�U ^Qc^_P QDbkP. zZL[U 
WL_L, kRTbWLQWX yLcUU TPkhP� MPRNRkLTLD VRQWLW Q hR-
qM�[ _LML[ ZRQWUW, D�T^qMRb LNUZRWLZLD QPQWU[ QDb-
kP NUZU�LMPWX TR yLcUU D�QLhPU VRQWLW� [3–6]. $LyQW-
DUTTLU LWZRqUTPU ZRMPLQP_TRcR ^ ^_cUNcRQWPhR D D�-
QLhLVRQWLWTL[ MPRNRkLTU TUMLQWRWLVTLU (85–92 %). 
�cb NLD��UTPb s``UhWPDTLQWP RTWUTTL-`PMUZT�� 
QPQWU[ TULy�LMP[L LyUQNUVPWX [RhQP[RcXTLU LWZR-
qUTPU ZRMPLPkc^VUTPb ZU`cUhWLZR[P RTWUTT Q wUcX� 
^DUcPVUTPb [L�TLQWP Pkc^VUTPb P LWTL�UTPb QP_-
TRc/�^[. �RTUQUTPU TR ZRyLV^� NLDUZ�TLQWX ZU`cUh-
WLZR WLThLNcUTLVTL_L NLhZ�WPb Pk [UWRccR Q D�QLhLx 
scUhWZLNZLDLMTLQWX� MLcqTL NZPMRWX WZUy^U[LU kTR-
VUTPU hLs``PwPUTWR LWZRqUTPb NLDUZ�TLQWP ZU`cUh-
WLZR. lLThLNc�TLVTLU NLhZ�WPU NZUMQWRDcbUW QLyLx 
[TL_LQcLxT^� QWZ^hW^Z^, _MU hRqM�x QcLx LWDUVRUW 
kR LNZUMUc�TT^� `^ThwP� [7–9]. KZP QLkMRTPP ZR-
MPLLWZRqR��U_L NLhZ�WPb TULy�LMP[L ^VPW�DRWX 
[TLqUQWDL `RhWLZLD, TUNLQZUMQWDUTTL DcPb��P� TR 
DLk[LqTLQWX NZP[UTUTPb ZRkZRyLWRTTLx Q�U[� D hLT-
QWZ^hwPP �Y$, TRVPTRb QL QWZ^hW^Z� (PkLWZLNTLQWP) 
NLDUZ�TLQWP ^_cUNcRQWPhLDLx NLMcLqhP, QLQWRDR, 
WLc�PT� [RWUZPRcLD QcLUD ZRMPLLWZRqR��U_L NLhZ�-
WPb, QL_cRQLDRTPb P� scUhWZL�P[PVUQhP�, WUNcLD��, 
RM_UkPLTT��, NZLVTLQWT�� �RZRhWUZPQWPh P kRhRTVP-
DRb QWRyPcXTLQWX� �RZRhWUZPQWPh NLhZ�WPx h DLkMUx-
QWDP� MUQWZ^hWPDT�� `RhWLZLD. 

lU�TLcL_Pb Pk_LWLDcUTPb ZU`cUhWLZT�� RTWUTT 
NZUMNLcR_RUW, VWL [UWLM LQRqMUTPb NLhZ�WPb MLcqUT 
LyUQNUVPDRWX ZRDTL[UZTLQWX U_L WLc�PT� NL DQUx 
NcL�RMP NLMcLqhP. J NUZD^� LVUZUMX sWL QDbkRTL  
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Q WU[, VWL WLThPU NcUThP NZP ZRkT�� WLc�PTR� [L_^W 
LWcPVRWXQb ^ZLDTU[ NZLDLMP[LQWP, VWL TRNZb[^� 
DcPbUW TR hLs``PwPUTW LWZRqUTPb Pkc^VUTPb [7]. 

J WUVUTPU shQNc^RWRwPP NLDUZ�TLQWX ZRMPLLWZR-
qR��P� NLhZ�WPx RTWUTT�� ZU`cUhWLZLD NLMDUZ- 
_RUWQb ZRkcPVT�[ DLkMUxQWDPb[, hLWLZ�U [L_^W ^�^M-
�RWX shQNc^RWRwPLTT�U �RZRhWUZPQWPhP NLhZ�WPb,  
R WRhqU QR[L_L ZU`cUhWLZR. lRh, LQTLDT�[P `RhWLZR-
[P DLkMUxQWDPb bDcb�WQb DcR_R, Ly[UZkRTPU NLDUZ�-
TLQWP ZU`cUhWLZR, DLkMUxQWDPU N�cX�, NUQhL[ PcP 
MZ^_P[P VRQWPwR[P [10]. J QDbkP Q sWP[ Q^�UQWD^UW 
NLWZUyTLQWX PQQcUMLDRTPb DcPbTPb MUQWZ^hWPDT�� 
`RhWLZLD TR �RZRhWUZPQWPhP NLhZ�WPx ZU`cUhWLZLD. 

A�+���������"'�9� �++"�/�����#. �cb NZLDU-
MUTPb PQQcUMLDRTPx y�cL NZLDUMUTL TRN�cUTPU LMTL- 
P MD^�QcLxT�� NLhZ�WPx TR LyZRkw� Pk ^_cUNcRQWP-
hLD P QWUhcLNcRQWPhLD. �MTLQcLxTLU NLhZ�WPU QL-
QWLbcL WLcXhL Pk ZRMPLLWZRqR��U_L QcLb – Rc�[P-
TPb. J MD^�QcLxT�� NLhZ�WPb� NUZD�x QcLx [RWUZPR-
cR – sWL NLMQcLx, QDbk�DR��Px LQTLDTLx `^ThwPL-
TRcXT�x QcLx P NLMcLqh^, R DWLZLx – LQTLDTLx `^Th-
wPLTRcXT�x QcLx [RWUZPRcR, D�NLcTb��Px `^ThwP� 
ZRMPLLWZRqUTPb. KLMQcLx D�NLcTbUW MDU `^ThwPP: 
LyUQNUVPDRUW NZLVT^� RM_UkPLTT^� QDbkX Q [RWUZPR-
cR[P NLMcLqhP P LQTLDTL_L NLhZ�WPb P _RcXDRTPVU-
QhP ZRkMUcbUW ^_cUZLMQLMUZqR�^� NLMcLqh^ (^_cU-
NcRQWPh) P Rc�[PTPx. �R[P y�c D�yZRT TP�ZL[, 
P[U��Px D�QLhPU RM_UkPLTT�U �RZRhWUZPQWPhP  
h TU[UWRccR[ P [UWRccR[, �P[PVUQh^� ^QWLxVPDLQWX, 
hLs``PwPUTW WU[NUZRW^ZTL_L ZRQ�PZUTPb, NZL[Uq^-
WLVT�x NL QZRDTUTP� Q ^_cUNcRQWPhL[ P Rc�[PTPU[, 
TPkh^� QWLP[LQWX, MLQW^NTLQWX P �LZL�PU WU�TLcL-
_PVUQhPU QDLxQWDR. lLc�PTR NLMQcLb Pk TP�ZL[R 
NZUMDRZPWUcXTL LNZUMUcUTR D ^hRkRTTL[ ZRTUU [4] 
MPRNRkLTU: LW 50 ML 200 T[. J�yLZ WLc�PT� ZRMPLLW-
ZRqR��U_L QcLb Rc�[PTPb NZLDUMUT Q ^VUWL[ ZUk^cX-
WRWLD NZUM�M^�P� ZRyLW [11]. 

�cb kR�PW� hL[NLkPwPP LW DTU�TP� `RhWLZLD 
[LqUW NZP[UTbWXQb WZUWPx, kR�PWT�x, ZRMPLNZLkZRV-
T�x QcLx, kR�P�R��Px ZRMPLLWZRqR��Px QcLx LW 
[U�RTPVUQhP�, hLZZLkPLTT�� P NZLVP� NLDZUqMUTPx. 
�WLW QcLx [LqUW y�WX D�NLcTUT Pk LhQPMLD [UWRccLD 
P TU[UWRccLD PcP NLcP[UZLD. J yLcX�PTQWDU Qc^VRUD 
Mcb kR�PW� RTWUTT hLQ[PVUQhP� RNNRZRWLD LW PQWPZR-

TPb NZP[UTb�W NLhZ�WPb Pk LhQPMR hZU[Tb WLc�PTLx 
10 ML 200 T[. }QN�WRTPU shQNUZP[UTWRcXT�� LyZRk-
wLD [10; 12; 13] NLhRkRcP, VWL QcLx LhQPMR hZU[TPb 
DDPM^ U_L [RcLx WLc�PT� TU MRUW s``UhWPDTLx kR�P-
W� RTWUTT�� ZU`cUhWLZLD TRkU[T�� QPQWU[ QDbkP LW 
MUQWZ^hWPDT�� `RhWLZLD LhZ^qR��Ux QZUM�, R WRhqU 
MRTT�x [UWLM bDcbUWQb kRWZRWT�[, NLsWL[^ D hRVUQWDU 
kR�PWTL_L QcLb wUcUQLLyZRkTUU PQNLcXkLDRWX ZRMPL-
NZLkZRVT�U NLcP[UZT�U NLhZ�WPb. 

�cb LWZRyLWhP WU�TLcL_Px DRh^^[TL_L TRTUQUTPb 
NLhZ�WPx y�cR Pk_LWLDcUTR QUZPb LyZRkwLD ZRMPLLW-
ZRqR��P� NLhZ�WPx TR ^_cUNcRQWPhU P QWUhcLNcR-
QWPhU [UWLML[ [R_TUWZLTTL_L ZRQN�cUTPb. }k_LWLD-
cUTT�U LyZRkw� NZUMQWRDcUT� TR ZPQ. 1. 

�cb TRTUQUTPb ZRMPLLWZRqR��P� NLhZ�WPx y�cR 
ZRkZRyLWRTR P Pk_LWLDcUTR DRh^^[TRb ^QWRTLDhR [R_-
TUWZLTTL_L PQNRZUTPb, NLkDLcb��Rb TRTLQPWX [TL_L-
QcLxT�U NLhZ�WPb P NZLDLMPWX MU_RkRwP� P LVPQWh^ 
NLMcLqhP kR LMPT wPhc. �RTTRb ^QWRTLDhR [LqUW TR-
TLQPWX ZRkcPVT�U [UWRcc� P P� QLUMPTUTPb, R WRhqU 
NLkDLcbUW ZRyLWRWX D ZRkcPVT�� ZUqP[R� P MPRNRkL-
TR� ZRyLW�. 

J TRQWLb�UU DZU[b QR[�[ NUZQNUhWPDT�[ QNLQL-
yL[ Mcb TRTUQUTPb ZRMPLLWZRqR��U_L QcLb TR ZU`-
cUhWLZ� RTWUTT bDcbUWQb PLTTL-NcRk[UTT�x [7; 14–17]. 
�RTT�x QNLQLy NLkDLcbUW TRTLQPWX hRh LMTLQcLxT�U, 
WRh P [TL_LQcLxT�U NLhZ�WPb yUk PkDcUVUTPb PkMUcPb 
Pk DRh^^[TLx hR[UZ�, VWL NZPDLMPW h NLD��UTP� 
hRVUQWDR NLc^VRU[L_L QcLb, NLkDLcbUW hLTWZLcPZLDRWX 
QhLZLQWX TRTUQUTPb P WLc�PT^ NLhZ�WPb, R WRhqU MRUW 
DLk[LqTLQWX TRTLQPWX ZRkcPVT�U QLUMPTUTPb [UWRc-
cLD (LhQPM�, hRZyPM�, TPWZPM�). lU�TLcL_Pb PLTTL-
NcRk[UTTL_L TRTUQUTPb [TL_LQcLxT�� ZRMPLLWZR-
qR��P� NLhZ�WPx TR PkMUcPb ZRkcPVTLx _UL[UWZPP P 
yLcX�Lx NcL�RMP DUQX[R QcLqTR. �TR WZUy^UW DkRP-
[LMUxQWDPb [TL_P� QPQWU[ P R_ZU_RWLD D�QLhLDRh^-
^[TLx ^QWRTLDhP (QPQWU[� WUZ[PVUQhL_L LWqP_R, [R_-
TUWZLTLD P PLTT�� PQWLVTPhLD, TRN^QhR ZRyLVU_L 
_RkR, [U�RTPVUQhP� NZPDLMLD, QPQWU[ hLTWZLcb P W. M.) 
D ZURcXTL[ [RQ�WRyU DZU[UTP [8; 14; 17–19]. JQU sWL 
Ly^QcLDcPDRUW TULy�LMP[LQWX QLkMRTPb RDWL[RWPVU-
QhLx QPQWU[� ^NZRDcUTPb ^QWRTLDhLx P `LZ[^cPZ^UW 
WZUyLDRTPb h TUx. 

 

  
 

vPQ. 1. �yZRkw� Q NLhZ�WPU[ (cPwUDRb QWLZLTR P W�cXTRb QWLZLTR) 
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vRkZRyLWRTTRb ^QWRTLDhR QLQWLPW Pk DRh^^[TLx 
hR[UZ� Pk TUZqRDU��Ux QWRcP Q L�cRqMR��P[ hLT-
W^ZL[ (ZPQ. 2). JT^WZUTTPU ZRk[UZ� hR[UZ�: MPR[UWZ – 
800 [[; D�QLWR – 1100 [[. 

�QTLDLx ^QWRTLDhP bDcb�WQb MDR DRh^^[T�� TRQL-
QR – `LZDRh^^[T�x P W^ZyL[LcUh^cbZT�x, hLWLZ�U 
NLkDLcb�W QLkMRDRWX D ^QWRTLDhU DRh^^[ TR ^ZLDTU 
10–4 KR. J QLQWRD ZRkZRyLWRTTL_L ZRyLVU_L LyLZ^ML-
DRTPb Mcb TRTUQUTPb NLhZ�WPx TR ZU`cUhWLZ� RTWUTT 
D�LMPW NZLWbqUTTRb [R_TUWZLTTRb ZRQN�cPWUcXTRb 
QPQWU[R APEL-ML-1000 Q _RyRZPWT�[P ZRk[UZR[P 
40×140×940 [[. 

$�U[R DRh^^[TLx ^QWRTLDhP P ZRQNLcLqUTPU ZRyL-
VP� scU[UTWLD NLhRkRTL TR ZPQ 3. KLMcLqhP Q LyZRk-
wR[P, ^QWRTRDcPDR�WQb TR [RTPN^cbWLZ, hLWLZ�x hZU-
NPWQb TR DUZ�TU[ `cRTwU hR[UZ� VUZUk PkLcPZLDRT-
T�x DLMLL�cRqMRU[�x DRh^^[T�x D�DLM. ~RTPN^cb-
WLZ Q NLMcLqhR[P DZR�RUWQb DLhZ^_ ^QWRTLDcUTTL_L  
D wUTWZU LyLZ^MLDRTPb NZP NL[L�P �R_LDL_L MDP_R-
WUcb. lRhP[ LyZRkL[, [LqUW LQ^�UQWDcbWXQb Pk[UTU-
TPU NLcLqUTPb NLMcLqUh LWTLQPWUcXTL [R_TUWZLTLD, 
PLTTL_L PQWLVTPhR P TR_ZUDRWUcb. 

}LTT�x PQWLVTPh NZUMTRkTRVUT Mcb LVPQWhP NL-
DUZ�TLQWP NLMcLqhP NLWLhL[ PLTLD NUZUM LQRqMUTP-
U[ NLhZ�WPb, WRh hRh �P[PVUQhRb LWVPQWhR TU PQhc�-
VRUW LQWRWLVT�� Dhc�VUTPx TR NLDUZ�TLQWP LyZRkwLD, 
VWL DcPbUW TR hRVUQWDL TRTUQUTTL_L QcLb. 

�R_ZUDRWUcXT�x scU[UTW NLkDLcbUW WUZ[PVUQhP 
DLkMUxQWDLDRWX TR NLMcLqhP Q wUcX� ^c^V�UTPb RM_U-
kPLTTLx NZLVTLQWP [UqM^ NLhZ�WPU[ P NLMcLqhLx. 
KZLwUM^ZR LQRqMUTPb ZRMPLLWZRqR��U_L NLhZ�WPb 
TR NLDUZ�TLQWX ZU`cUhWLZR TR ^QWRTLDhU Dhc�VRUW D 
QUyb QcUM^��PU LNUZRwPP:  

– WUNcLDRb MU_RkRwPb ZU`cUhWLZR; 
– LVPQWhR NLDUZ�TLQWP ZU`cUhWLZR Q NL[L�X� 

PLTTL_L N^VhR;  
– LQRqMUTPU RM_UkPLTTL_L QcLb Pk QNcRDR Ni–Cr; 
– LQRqMUTPU Nc�ThP Rc�[PTPb. 

KRZR[UWZ� LyZRyLWhP DRZXPZLDRcPQX D QcUM^��P� 
NZUMUcR�: 

– [L�TLQWX 0,5–1,5 hJW; 
– WLh 1–4 �; 
– TRNZbqUTPU 350–432 J; 
– MRDcUTPU D hR[UZU 1,8·10–1–3,1·10–1 KR; 
– DZU[b 60–1200 Q. 
�cb TRN�cUTPb PQNLcXkLDRcP [P�UTP Pk TP�ZL[R 

¾20H80 I�$l 10994 P Rc�[PTPb VPQWLWLx 99,999  
NL I�$l 25905. 

KLQcU TRTUQUTPb NLhZ�WPx TR LyZRkwR� Pk Kz~ 
y�cP NZLDUMUT� ^QhLZUTT�U hcP[RWPVUQhPU PQN�WR-
TPb (jz}). �cb LNZUMUcUTPb DcPbTPb MUQWZ^hWPDT�� 
`RhWLZLD LhZ^qR��Ux QZUM� ML P NLQcU jz} y�cR 
NZLDUMUTR LwUThR RM_UkPLTTLx NZLVTLQWP, Pk[UZUTPU 
WLc�PT� P [RQQ� LyZRkwLD Q NLhZ�WPU[ P PQQcUMLDR-
TR [LZ`LcL_Pb P QWU�PL[UWZPVUQhPx QLQWRD NLhZ�WPx. 

}QQcUMLDRTPb DcPbTPb MUQWZ^hWPDT�� `RhWLZLD 
LhZ^qR��Ux QZUM� TR LyZRkw� Pk Kz~ NZLDLMPcP  
D PQN�WRWUcXTLx hcP[RWPVUQhLx hR[UZU ATLAS 
Weather-Ometer Ci 3000+, DTU�TPx DPM P Q�U[R hLWL-
ZLx NZPDUMUT� TR ZPQ. 4. zR[UZR NLkDLcbUW [LMUcPZL-
DRWX DLkMUxQWDPU NLD��UTTLx WU[NUZRW^Z� P LWTLQP-
WUcXTLx DcRqTLQWP DLkM^�R, MLqMUD�� LQRMhLD P QLc-
TUVTL_L Pkc^VUTPb. �yLZ^MLDRTPU LQTR�UTL hQUTLTL-
D�[P cR[NR[P, P[U��P[P TRPyLcUU ycPkhPx QNUhWZ 
Pkc^VUTPb h MTUDTL[^ QDUW^, VWL LycU_VRUW hLZZUcb-
wP� Q shQNLkPwPb[P NZP MTUDTL[ QDUWU. 

}QN�WRTPb NZLDLMPcPQX QL_cRQTL I�$l vJ 20.57.416 
[12; 13] D WUVUTPU 120 V, Q NUZUZ�DL[ NL 16 V. }TWUT-
QPDTLQWX Pkc^VUTPb QLQWRDPcR NLZbMhR 300–800 T[, P 
PTWU_ZRcXTRb NcLWTLQWX WUNcLDL_L NLWLhR – 1120 JW/[2, 
Dhc�VRb Pkc^VUTPU, LWZRqRU[LU LW QWUTLh hR[UZ�. 
}TWUTQPDTLQWX jY-Pkc^VUTPb y�cR ZRDTR 69 JW/[2. 
}QN�WRTPb NZLDLMPcPQX NZP DcRqTLQWP ML 98 %  
P WU[NUZRW^ZU ML +70 °C. vRk[U�UTPU LyZRkwLD D hR-
[UZU PkLyZRqUTL TR ZPQ. 5. 

 
 

 
 

vPQ. 2. JTU�TPx DPM DRh^^[TLx ^QWRTLDhP 
 

 
vPQ. 3. JkRP[TLU ZRk[U�UTPU hL[NLTUTWLD  

DRh^^[TLx hR[UZ�: 
1 – NLMcLqhP; 2 – [R_TUWZLT�; 3 – PLTT�x 

PQWLVTPh; 4 – TR_ZUDRWUcXT�x scU[UTW 
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vPQ. 4. JTU�TPx DPM (�) P Q�U[R (�) hcP[RWPVUQhLx hR[UZ�: 

1 – LyZRkw�; 2 – DZR�R��PxQb yRZRyRT Q kRhZUNcUTT�[P 
TR TU[ LyZRkwR[P; 3 – hQUTLTLDRb cR[NR 

 
 

 
 

vPQ. 5. JZR�R��PxQb yRZRyRT Q ZRk[U�UTT�[P  
TR TU[ LyZRkwR[P Pk ^_cUNcRQWPhR P QWUhcLNcRQWPhR 

 
J NUZUVUTX LNZUMUcbU[�� NLhRkRWUcUx ML P NLQcU 

jz} D�LMPW: 
– DTU�TPx DPM ZRMPLLWZRqR��U_L NLhZ�WPb; 
– Pk[UTUTPU [RQQ� LyZRkwR hLTWZLcPZLDRcP  

TR DUQR� J��� -20 _; 
– WLc�PT^ TRN�cUTT�� QcLUD Rc�[PTPb P TP-

�ZL[R LNZUMUcbcP TR QWUhcbTT�� LyZRkwR�-QDPMUWU-
cb� TR [PhZLPTWUZ`UZL[UWZU ~}}-4; 

–  LNZUMUcUTPU RM_UkPLTTLx NZLVTLQWP LNZUMUcb-
cP [UWLML[ NLNUZUVT�� TRMZUkLD Q NL[L�X� WUQWUZR 
RM_UkPP ELCOMETR-107; 

– PQQcUMLDRTPU [LZ`LcL_PP LQ^�UQWDcbcLQX  
TR TPkhLDRh^^[TL[ QhRTPZ^��U[ scUhWZLTTL[ [Ph-
ZLQhLNU l~-3000 (Hitachi); 

– PQQcUMLDRTPb �P[PVUQhL_L QLQWRDR NLhZ�WPb 
NZLDLMPcP Q NL[L�X� sTUZ_LMPQNUZQPLTTL_L QNUh-

WZL[UWZR Q QPQWU[Lx [PhZLZUTW_UTLQNUhWZRcXTL_L 
RTRcPkR Quantax-70 (Bruker); 

– hLs``PwPUTW ZRMPLLWZRqUTPb Pk[UZbcP DLcTL-
DLMT�[ [UWLML[ Q NL[L�X� _UTUZRWLZR Anritsu 
MG3696B, RWWUT�RWLZR �3-35 P Pk[UZPWUcXTLx cPTPP 
v1-30. 

��3%"'���9 � �D+%-/���#. �Q[LWZ DTU�TU_L DP-
MR LyZRkwLD ZRMPLLWZRqR��P� NLhZ�WPx NLhRkRc, VWL 
NLQcU NZLDUMUTT�� ^QhLZUTT�� PQN�WRTPx DTU�TPx 
DPM NLhZ�WPx TU Pk[UTPcQb. }k[UZUTPU [RQQ� LyZRk-
wLD P WLc�PT� NLhZ�WPx ML P NLQcU jz} NLhRkRcP, 
VWL LTP LQWRcPQX TUPk[UTT�[P, D NZUMUcR� NL_ZU�-
TLQWP NZPyLZLD. �R LyZRkwR� ZRMPLLWZRqR��P� NL-
hZ�WPx TR ^_cUNcRQWPhU yUk RM_UkPLTTL_L NLMQcLb 
TRyc�MRUWQb TUkTRVPWUcXTLU ^�^M�UTPU RM_UkPP. lRh, 
^ LMTLQcLxTL_L NLhZ�WPb RM_UkPb QLQWRDcbUW 1–2 yRc-
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cR NL ISO 2490, D WL DZU[b hRh MD^�QcLxTLU NLhZ�WPU 
«TP�ZL[ + Rc�[PTPx» P[UUW RM_UkP� 0–1 yRcc. JLk-
[LqTL, sWL [LqUW y�WX Ly�bQTUTL DLkTPhTLDUTPU[ 
scUhWZL�P[PVUQhL_L DkRP[LMUxQWDPb Rc�[PTPb P ^_-
cUDLcLhTR, VWL NZPDLMPW h hLZZLkPLTT�[ NLDZUqMU-
TPb[. J WL qU DZU[b ^[UTX�UTPU RM_UkPP NLQcU jz} 
TU TRyc�MRUWQb TP ^ MD^�QcLxT��, TP ^ LMTLQcLxT�� 
NLhZ�WPx. �MTL- P MD^�QcLxT�U NLhZ�WPb TR LyZRk-
wR� QWUhcLNcRQWPhR P[U�W �LZL�^� RM_UkPLTT^� 
NZLVTLQWX hRh ML, WRh P NLQcU jz}. J QZUMTU[ LTR 
QLQWRDcbUW 0–1 yRcc NL ISO 2490.  

}QQcUMLDRTPb [LZ`LcL_PP P �P[PVUQhL_L QLQWRDR 
NLhZ�WPx NZLDLMPcP TR TPkhLDRh^^[TL[ QhRTPZ^�-
�U[ scUhWZLTTL[ [PhZLQhLNU l~-3000 (Hitachi)  
QL DQWZLUTT�[ sTUZ_LMPQNUZQPLTT�[ QNUhWZL[UWZL[ 
P QPQWU[Lx [PhZLZUTW_UTLQNUhWZRcXTL_L RTRcPkR 
Quantax-70 (Bruker) (PkLyZRqUTPb NLc^VRcP D LyZRWTL 
LWZRqUTT�� scUhWZLTR� NZP ^QhLZb��U[ TRNZbqUTPP 
15 hJ). vUk^cXWRW� NZUMQWRDcUT� TR ZPQ. 6–10. 

J�bDcUTL, VWL LyZRkw� Q NLhZ�WPb[P P[U�W MU-
`UhW� D DPMU NLZ ZRk[UZR[P 1–10 [h[, D�QW^NR��P� 
DLcLhLT TR NLDUZ�TLQWX [RWUZPRcR, TUZLDTLQWUx P NZ. 
(ZPQ. 6, �). �RTT�U MU`UhW� DLkTPhcP TR sWRNU NZLPk-

DLMQWDR ^_cUNcRQWPhLD P QWUhcLNcRQWPhLD P LVUDPMTL 
QDbkRT� Q TUQLDUZ�UTQWDL[ WU�TLcL_PP NLc^VUTPb 
LyZRkwLD Pk Kz~. �R ^VRQWhR� [RWUZPRcR, _MU LWQ^W-
QWD^�W MU`UhW�, NLhZ�WPU TRTUQUTL ZRDTL[UZTL,  
MU`UhWLD TR NLhZ�WPb� TU D�bDcUTL (ZPQ. 6, �). 

¾P[PVUQhPx RTRcPk LyZRkwLD ML jz}, ZUk^cXWRW� 
hLWLZL_L NZUMQWRDcUT� TR ZPQ. 7, 8 NLhRkRc, VWL D NL-
hZ�WPb� UQWX yLcX�LU hLcPVUQWDL Rc�[PTPb P hPQcL-
ZLMR, R WRhqU ^_cUZLMR, hLWLZ�x D�LMPW D QLQWRD 
Kz~. JQcUMQWDPU WL_L, VWL TRTUQUTT�U QcLP P[U�W 
[Rc^� WLc�PT^, TR ZUk^cXWRW� QWU�PL[UWZPVUQhL_L 
RTRcPkR yLcX�LU DcPbTPU LhRk�DRUW QLQWRD LyZRkwLD 
Pk Kz~ (^_cUZLM, RkLW), WU[ TU [UTUU RTRcPk LWVUWcP-
DL NLhRk�DRUW ZRDTL[UZTLU ZRQNZUMUcUTPU Rc�[PTPb 
TR NLDUZ�TLQWP LyZRkwR (ZPQ. 8). �RcPVPU hPQcLZLMR 
Ly�bQTbUWQb NZPQ^WQWDPU[ LhQPMTLx NcUThP TR NL-
DUZ�TLQWP Rc�[PTPb. 

�R scUhWZLTTL-[PhZLQhLNPVUQhP� PkLyZRqUTPb� 
LyZRkwLD NLQcU NZLDUMUTPb jz} NLZ� D NLhZ�WPP 
WRhqU TU D�bDcUT�, NLhZ�WPU ZRDTL[UZTLU, QcUM� 
hLZZLkPLTTL_L ZRkZ^�UTPb P LWQcRPDRTPU NLhZ�WPb 
TU LyTRZ^qUTL. 

 

  
� � 

 
vPQ. 6. KLDUZ�TLQWX LMTLQcLxTL_L NLhZ�WPb TR LyZRkwU Pk ^_cUNcRQWPhR ML jz}: 

�100 (�); �1000 (�) 
 

 
 

vPQ. 7. vUk^cXWRW� �P[PVUQhL_L RTRcPkR LyZRkwR Pk Kz~ ML jz}  
(ZRQNZUMUcUTPU scU[UTWLD NL NLDUZ�TLQWP) 
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vPQ. 8. vRQNZUMUcUTPU �P[PVUQhP� scU[UTWLD  
NL NLDUZ�TLQWP LyZRkwR Q NLhZ�WPU[ ML jz} 

 

  
� � 

 
vPQ. 9. KLDUZ�TLQWX LMTLQcLxTL_L NLhZ�WPb TR LyZRkwU Pk ^_cUNcRQWPhR NLQcU jz}: 

�100 (�); �1000 (�) 
 

 
vPQ. 10. vUk^cXWRW� �P[PVUQhL_L RTRcPkR LyZRkwR Pk Kz~ NLQcU jz}  

(ZRQNZUMUcUTPU scU[UTWLD NL NLDUZ�TLQWP) 
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$cUM^UW LW[UWPWX TUkTRVPWUcXTLU ^DUcPVUTPU QLMUZ- 
qRTPb hPQcLZLMR D LyZRkwR� NLQcU NZLDUMUTPb jz}. 

}k[UZUTPb hLs``PwPUTWLD ZRMPLLWZRqUTPb NLhR-
kRcP, VWL NZP VRQWLWU 24 IIw hLs``PwPUTW� ZRMPLLW-
ZRqUTPb DQU� LyZRkwLD ML P NLQcU jz} QLLWDUWQWD^�W 
NZUM�bDcbU[�[ WZUyLDRTPb[ P QLQWRDcb�W LhLcL 0,98. 

���"?0����. J ZUk^cXWRWU ZRyLW� y�cR ZRkZRyL-
WRTR Q�U[R hL[NLTLDhP LyLZ^MLDRTPb DRh^^[TLx hR-
[UZ�, NLkDLcb��Rb NLc^VRWX yLcUU hRVUQWDUTT�U 
[TL_LQcLxT�U NLhZ�WPb. ]cR_LMRZb ^DUcPVUTP� hL-
cPVUQWDR [R_TUWZLTLD P LNWP[RcXTL[^ ZRQNLcLqUTP� 
[RTPN^cbWLZR Q NLMcLqhR[P, kRTP[R��U_L [RhQP-
[RcXT�x Ly�U[, ^DUcPVUTL hLcPVUQWDL LMTLDZU[UTTL 
TRN�cbU[�� LyZRkwLD. KZP NL[L�P PLTTL_L Pkc^VR-
WUcb P TR_ZUDRWUcXTL_L scU[UTWR DLk[LqTR TRPyLcUU 
NLcTRb NLM_LWLDhR NLDUZ�TLQWP NLMcLqhP NUZUM TR-
TUQUTPU[ NLhZ�WPb, VWL ycR_LNZPbWTL DcPbUW TR RM_U-
kP�, R kTRVPW, TR hRVUQWDL TRN�cbU[L_L NLhZ�WPb.  

]�cP NLc^VUT� LyZRkw� Pk Kz~ Q ZRMPLLWZR-
qR��P[ NLhZ�WPU[, QLQWLb�P[ Pk MD^� QcLUD, Mcb 
ZU`cUhWLZLD RTWUTT TRkU[TL_L PQNLcXkLDRTPb. KLc^-
VUTT�U LyZRkw� y�cP PQQcUMLDRT� TR DLkMUxQWDPU 
MUQWZ^hWPDT�� `RhWLZLD Q NL[L�X� ^QhLZUTT�� 
hcP[RWPVUQhP� PQN�WRTPx, y�cR NZLDUMUTR LwUThR 
RM_UkPLTTLx NZLVTLQWP P PQQcUMLDRTR [LZ`LcL_Pb  
P QWU�PL[UWZPVUQhPx QLQWRD NLhZ�WPb. KLc^VUTT�U 
ZUk^cXWRW� NLkDLcb�W QMUcRWX QcUM^��PU D�DLM�: 

– ZRMPLLWZRqR��UU NLhZ�WPU TR ^_cUNcRQWPhU  
P QWUhcLNcRQWPhU P[UUW �LZL�^� RM_UkPLTT^� NZLV-
TLQWX, D QZUMTU[ LTR QLQWRDcbUW 0–1 yRcc NL ISO 2490; 
NLQcU NZLDUMUTPb jz} ^[UTX�UTPU RM_UkPP TU TR-
yc�MRcLQX; 

– LyZRkw� Q NLhZ�WPb[P P[U�W MU`UhW� D DPMU 
NLZ ZRk[UZR[P 1–10 [h[, D�QW^NR��P� DLcLhLT  
TR NLDUZ�TLQWX [RWUZPRcR, TUZLDTLQWUx P NZ., hLWL-
Z�U DLkTPhcP TR sWRNU NZLPkDLMQWDR ^_cUNcRQWPhLD  
P QWUhcLNcRQWPhLD. �R ^VRQWhR� [RWUZPRcR, _MU LWQ^W-
QWD^�W MU`UhW�, NLhZ�WPU TRTUQUTL ZRDTL[UZTL, MU-
`UhWLD TR NLhZ�WPb� TU D�bDcUTL. �R [PhZL`LWL_ZR-
`Pb� LyZRkwLD NLQcU NZLDUMUTPb jz} NLZ� D NLhZ�-
WPP WRhqU TU D�bDcUT�, NLhZ�WPU ZRDTL[UZTLU, QcU-
M� hLZZLkPLTTL_L ZRkZ^�UTPb P LWQcRPDRTPU NLhZ�-
WPb TU LyTRZ^qUT�. 

– �P[PVUQhPx RTRcPk LyZRkwLD ML jz} NLhRkRc  
D NLhZ�WPb� yLcX�LU hLcPVUQWDL Rc�[PTPb P hPQcL-
ZLMR, R WRhqU ^_cUZLMR, hLWLZ�x D�LMPW D QLQWRD Kz~. 

– hLs``PwPUTW� ZRMPLLWZRqUTPb DQU� LyZRkwLD 
ML P NLQcU jz} QLLWDUWQWD^�W NZUM�bDcbU[�[ WZU-
yLDRTPb[ P QLQWRDcb�W LhLcL 0,98. 

&"�>�/����+��. vRyLWR D�NLcTUTR NZP `PTRT- 
QLDLx NLMMUZqhU ~PTPQWUZQWDR LyZRkLDRTPb vLQ- 
QPxQhLx YUMUZRwPP, _LQ^MRZQWDUTT�x hLTWZRhW  
´ 2.G2531.0043, 2014/211, 9.447.2014/h.  
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��+�����. ��#	���� �������( ��	����	�� ��������� ��+���( ��$���'� «������$�"���» �� ��#	���� �����. 
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Studies in the problem of the liquid rocket engine reliability and service life increasing have a great importance.  
In this paper the key objective is to reduce the hydrodynamic vibration of screw-centrifugal pump, which is caused by 
pressure pulsations in the pump flow path. Due to the uneven impeller outlet flow pressure pulsations occur at a blade 
passing frequency and its harmonics. These oscillations cause dynamic loads on the pump housing, causing it to vi-
brate, so the calculation of the amplitudes of pressure pulsations in a screw-centrifugal pump at an early development 
stage is an urgent task. In determining the pressure pulsation generated by three-dimensional vortex flow in the screw-
centrifugal pump one must take account of their dual nature. Inhomogeneous distribution of the flow at the outlet of the 
impeller generates acoustic disturbances that spread with the speed of sound in the working fluid. At the same time 
there are eddy disturbances that convert with the main flow. Vortex fluctuations in the parameters of the main flow is 
called “pseudosound” or vortex mode. The oscillation amplitude of the vortex mode can be determined with the un-
steady flow computation using the incompressible fluid model. However, this model is not applicable for acoustic fluc-
tuations spreading in the pressure pipe. In this article a three-dimensional acoustic-vortex method is developing for 
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calculation the pressure pulsations, which provides the possibility of determining the acoustic mode amplitude. There is 
outlined derivation of acoustic vortex equations and example of calculation the amplitude of the pressure pulsations at 
the screw-centrifugal pump outlet of liquid rocket engine. The amplitude of pressure pulsations at the first harmonic of 
blade passing frequency varies depending on the flow rate through the pump. Application boundary condition in the 
form of acoustic impedance for the long outlet pipe leads to an underestimation of the amplitude in comparison with 
known experimental values. 
 

Keywords: screw, centrifugal pump, outlet device, pressure pulsations, acoustic-vortex. 
  
)��/����. J TRQWLb�UU DZU[b DQU yLcX�UU kTRVU-

TPU NZPMRUWQb PQQcUMLDRTP� NZLycU[ NLD��UTPb 
TRMUqTLQWP P ZUQ^ZQR qPMhLQWT�� ZRhUWT�� MDP_RWU-
cUx (�v�). J sWLx QDbkP NLD��UTPU TRMUqTLQWP QPQ-
WU[� NLMRVP hL[NLTUTWLD WLNcPDR �v�, NZUqMU DQU-
_L W^ZyLTRQLQT�� R_ZU_RWLD (l��), bDcbUWQb hc�VU-
DLx NZLycU[Lx. jkcLD�[ scU[UTWL[ l�� bDcbUWQb 
LQTLDTLx D�QLhLLyLZLWT�x �TUhLwUTWZLyUqT�x 
TRQLQ hL[NLTUTWR WLNcPDR (LhPQcPWUcb PcP _LZ�VU_L), 
LyUQNUVPDR��Px NLMRV^ ZRyLVUx qPMhLQWP D hR[UZ^ 
Q_LZRTPb P _RkL_UTUZRWLZ NZP D�QLhL[ MRDcUTPP 
(QD��U 100 yRZ). ÃTUhLwUTWZLyUqT�x TRQLQ bDcbUWQb 
LQTLDT�[ PQWLVTPhL[ _PMZLMPTR[PVUQhLx DPyZRwPP 
QPQWU[� NLMRVP QLDZU[UTT�� �v�. IPMZLMPTR[PVU-
QhRb DPyZRwPb wUTWZLyUqTL_L TRQLQR bDcbUWQb QUZXUk-
TLx NZLycU[Lx TR N^WP NLD��UTPb U_L TRMUqTLQWP P 
ZUQ^ZQR TR NZLWbqUTPP McPWUcXTL_L DZU[UTP. KUZD�U 
^NL[PTRTPb Ly sWLx NZLycU[U NLbDcb�WQb D 60-� _L-
MR� NZL�cL_L DUhR D QDbkP Q ZRkZ^�UTPU[ hZ^NT�� 
TRQLQLD [1; 2]. IPMZLMPTR[PVUQhRb DPyZRwPb DLky^q-
MRUWQb N^cXQRwPb[P MRDcUTPb, DLkTPhR��P[P D NZL-
WLVTLx NLcLQWP TRQLQR DQcUMQWDPU ZRkT�� NL QDLUx 
NZPZLMU _PMZLMPTR[PVUQhP� NZPVPT [3; 4], hLWLZ�U 
Dhc�VR�W DP�ZULyZRkLDRTPU, ZUwPZh^cbwP� NLWLhR, 
hRDPWRwP�, �R_LD^� TUZRDTL[UZTLQWX NRZR[UWZLD 
NLWLhR TR D��LMU wUTWZLyUqTL_L hLcUQR. KLQcUMTPx 
`RhWLZ Ly^QcLDcPDRUW _UTUZRwP� N^cXQRwPx MRDcUTPb 
TR WRh TRk�DRU[�� cLNRWLVT�� VRQWLWR� PcP TR VRQ-
WLWU QcUMLDRTPb cLNRWLh (�$�) P UU D�Q�P� _RZ[LTP-
hR� P hL[yPTRwPLTT�� VRQWLWR�. �WP hLcUyRTPb MRD-
cUTPb bDcb�WQb TULW�U[cU[Lx VRQWX� ZRyLVU_L NZL-
wUQQR wUTWZLyUqTL_L TRQLQR. J wUTWZLyUqT�� TRQL-
QR� LTP P[U�W D�QLh^� R[NcPW^M^ DQcUMQWDPU LQL-
yUTTLQWUx `LZ[PZLDRTPb �R_LDLx TULMTLZLMTLQWP 
NLWLhR D wUTWZLyUqTLx cLNRWLVTLx ZU�UWhU. ¾LZL�L 
PkDUQWTL, VWL `PkPVUQhRb NZPZLMR N^cXQRwPx MRDcU-
TPb D wUTWZLyUqTL[ TRQLQU NZUMQWRDcbUW QLyLx Q^[-
[RZTLU NZLbDcUTPU NQUDMLkD^hLD�� P Rh^QWPVUQhP� 
hLcUyRTPx. KQUDMLkD^hLD�U hLcUyRTPb y�QWZL kRW^-
�R�W DTPk NL WUVUTP� LW ZLWLZR [5], LQWRDcbb D TR-
NLZTL[ WZ^yLNZLDLMU WLcXhL Rh^QWPVUQh^� [LM^ hL-
cUyRTPx MRDcUTPb. �NZUMUcUTPU R[NcPW^M� N^cXQR-
wPx MRDcUTPb D �TUhLwUTWZLyUqTL[ TRQLQU TR ZRTTUx 
QWRMPP NZLUhWPZLDRTPb bDcbUWQb RhW^RcXTLx kRMRVUx. 
J LNZUMUcUTPP N^cXQRwPx MRDcUTPb, _UTUZPZ^U[�� 
WZU�[UZT�[ DP�ZUD�[ WUVUTPU[ D �TUhLwUTWZLyUq-
TL[ TRQLQU, TULy�LMP[L NZPTP[RWX DL DTP[RTPU,  
VWL TULMTLZLMTLU ZRQNZUMUcUTPU NRZR[UWZLD NLWLhR 
TR D��LMU wUTWZLyUqTL_L hLcUQR _UTUZPZ^UW Rh^QWP-
VUQhPU DLk[^�UTPb, hLWLZ�U ZRQNZLQWZRTb�WQb QL 
QhLZLQWX� kD^hR D ZRyLVUx qPMhLQWP. �MTLDZU[UTTL 
NZPQ^WQWD^�W DP�ZUD�U DLk[^�UTPb, hLWLZ�U hLT-
DUhWPZ^�WQb LQTLDT�[ WUVUTPU[. lRhPU hLcUyRTPb 

NRZR[UWZLD LQTLDTL_L WUVUTPb TRk�DR�W «NQUDMLkD^-
hL[» [6; 7] PcP DP�ZUDLx [LMLx [8–10]. 

�R MDLxQWDUTT^� NZPZLM^ N^cXQRwPx MRDcUTPb  
D wUTWZLyUqT�� TRQLQR� ^hRk�DRcLQX U�U D ZRTTP� 
ZRyLWR� KLhZLDQhL_L [3], MRcUU ^hRkRTT�x NLM�LM 
TRVRc ZRkDPDRWXQb D ZRyLWR� lP[^�UDR P QLRDWLZLD 
[11] NZP[UTPWUcXTL h MD^[UZTLx NLQWRTLDhU kRMRVP 
LNZUMUcUTPb N^cXQRwPx MRDcUTPb D wUTWZLyUqTL[ 
TRQLQU Q yUkcLNRWLVT�[ MP``^kLZL[ P QNPZRcXTLx 
^cPWhLx. lUVUTPU D QLDZU[UTT�� �TUhLwUTWZLyUq-
T�� TRQLQR� �v� P[UUW Q^�UQWDUTT�x WZU�[UZT�x 
�RZRhWUZ, NLsWL[^ DLkTPhRUW TULy�LMP[LQWX D RMRNWR-
wPP Rh^QWPhL-DP�ZUD�� ^ZRDTUTPx Mcb WZU�[UZTL_L 
Qc^VRb. 

�/������# ��%+����-��2����>� ����/� /"# ���2- 
�����>� ��0���#. J MRTTLx ZRyLWU [UWLM ZRQVUWR 
N^cXQRwPx MRDcUTPb Q PQNLcXkLDRTPU[ NLM�LMLD D�-
VPQcPWUcXTLx _PMZLMPTR[PhP P Rh^QWPhP ZRkDPDRUWQb 
Mcb Qc^VRb WZU�[UZTL_L NLWLhR D �TUhLwUTWZLyUqTL[ 
TRQLQU Q TRNZRDcb��P[ RNNRZRWL[ P QNPZRcXT�[ 
QyLZTPhL[.  

KZP sWL[ PQNLcXk^UWQb NZUMQWRDcUTPU TUQWRwPL-
TRZTL_L MDPqUTPb QNcL�TLx QZUM� hRh QLDLh^NTLQWP 
Rh^QWPVUQhLx P DP�ZUDLx [LM MDPqUTPb. 

YPkPhL-[RWU[RWPVUQhRb [LMUcX _UTUZRwPP Rh^QWPhL-
DP�ZUD�� hLcUyRTPx LQTLDRTR TR NZUMQWRDcUTPb�, 
D�MDPT^W�� �RTMR^, ]cL�PTwUD�[, �ZWR[LTLD�[ [1–3], 
c NZP[UTUTPU[ MUhL[NLkPwPP _ZRTPVT�� ^QcLDPx  
Q PQNLcXkLDRTPU[ hL[NcUhQTL_L Rh^QWPVUQhL_L P[NU-
MRTQR [11]. 

zRh ^qU LW[UVUTL D��U, NZP pRkpRyLWhU `PkPhL-
[RWU[RWPVUQhLx [LMUcP N^cXQRwPLTTL_L WUVUTPb  
D �TUhLwUTWZLyUqTL[ TRQLQU TULy�LMP[L ^VPW�DRWX 
TUcPTUxT�x �RZRhWUZ NZLwUQQR _UTUZRwPP hLcUyRTPx 
TUQWRwPLTRZT�[ NLWLhL[ P Rh^QWPVUQhPx �RZRhWUZ P� 
ZRQNZLQWZRTUTPb D NZLWLVTLx VRQWP TRQLQR.  

KZPTbW� QcUM^��PU MLN^�UTPb: 
– NLWLh MLkD^hLDLx; 
– WUVUTPU PkLsTWZLNPxTLU; 
– DbkhRb MP``^kPb TU ^VPW�DRUWQb Mcb ZRQNZL-

QWZRTUTPb Rh^QWPVUQhP� hLcUyRTPx; 
– Rh^QWPVUQhPU hLcUyRTPb (DQcUMQWDPU QqP[RU[L-

QWP QZUM�) Q^�UQWDUTTL [UTX�U NL QZRDTUTP� Q DP�-
ZUD�[P hLcUyRTPb[P (DP�ZUDL_L P NLQW^NRWUcXTL_L 
MDPqUTPb qPMhLQWP). 

JDLMPWQb Rh^QWPVUQhRb P DP�ZUDRb [LM� MDPqUTPb 
ZRyLVUx qPMhLQWP, WRh hRh TR LQTLDRTPP WULZU[� 
zL�P–IUcX[_LcXwR QhLZLQWX MDPqUTPb QqP[RU[Lx 
qPMhLQWP [LqTL NZUMQWRDPWX D DPMU DUhWLZTLx Q^[-
[� LQTLDTL_L NLQW^NRWUcXTL_L P DZR�RWUcXTL_L MDP-
qUTPb qPMhLQWP hRh TUQqP[RU[Lx QZUM� (DP�ZUDLx 
[LM�) P [Rc�� hLcUyRTPx, Ly^QcLDcUTT�� QqP[RU[L-
QWX� QZUM� (Rh^QWPVUQhLx [LM�). 
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J hRVUQWDU LQTLDTLx `PkPVUQhLx NZPVPT� TUQWR-
wPLTRZTL_L NZLwUQQR _UTUZPZLDRTPb N^cXQRwPx MRD-
cUTPb D �TUhLwUTWZLyUqTL[ TRQLQU TR VRQWLWR� QcU-
MLDRTPb ZRyLVP� cLNRWLh ZRQQ[RWZPDRUWQb NUZUTLQ 
DP�ZUD�� DLk[^�UTPx, hLWLZ�U DLkTPhR�W D ZUk^cX-
WRWU MDPqUTPb NUZPLMPVUQhP TULMTLZLMTL_L NLWLhR  
Q LhZ^qTLx QhLZLQWX� U2 wUTWZLyUqTL_L hLcUQR  
LWTLQPWUcXTL LWDLMb�U_L ^QWZLxQWDR. lRhRb [LMUcX 
_UTUZRwPP hLcUyRTPx D cPWUZRW^ZU TRk�DRUWQb DkRP-
[LMUxQWDPU[ «ZLWLZ–QWRWLZ». uRW^�RTPU Rh^QWPVUQhP� 
DLk[^�UTPx, Ly^QcLDcUTT�� DbkhLQWX�, R WRhqU WUN-
cLD�U bDcUTPb P[U�W kMUQX DWLZLQWUNUTTLU kTRVUTPU, 
P Mcb ^NZL�UTPb QLLWDUWQWD^��PU VcUT� TU y^M^W 
^VPW�DRWXQb D ^ZRDTUTPb� MDPqUTPb, WUVUTPU QVPWR-
UWQb PkLsTWZLNPVUQhP[. �QTLDT�U ^ZRDTUTPb MDPqU-
TPb QqP[RU[Lx QZUM� kRNPQ�DR�WQb D QcUM^��U[ 
DPMU: 

 � �
2

,
2

V P
t

� �
	� 
�� �� � 


� �
V V  (1) 

 � � 0,
t

��
	� � �

�
V  (2) 

 s = const. (3) 
 22 ( ) .3p� � 
 	 � � �P S V E  (4) 

J PkLsTWZLNPVUQhL[ WUVUTPP NZPZR�UTPb sTWRcX-
NPP, MRDcUTPb P NcLWTLQWP QDbkRT� WUZ[LMPTR[PVU-
QhP[P QLLWTL�UTPb[P 

 2, ,dPdi dP a d� � �
�

 (5) 

_MU a – QhLZLQWX kD^hR D ZRyLVUx QZUMU. 
$ ^VUWL[ QLLWTL�UTPx (5), NZUTUyZU_Rb DbkhLQWX� 

D kLTU ZRQNZLQWZRTUTPb DLk[^�UTPx, NUZUNP�U[ 
^ZRDTUTPb (1) P (2) D `LZ[U, ^MLyTLx Mcb MRcXTUx�P� 
NZULyZRkLDRTPx: 

 � �
2

,
2

V i
t

�
	� 
�� �� � 
�

�
V V  (6) 

 � �2
1 0.i i

ta
� �	 � 	� �� ��� �

V V  (7) 

�R LQTLDRTPP WULZU[� zL�P–IUcX[_LcXwR TUQWR-
wPLTRZT^� QhLZLQWX qPMhLQWP [LqTL LNZUMUcPWX  
D DPMU Q^[[� QhLZLQWP U DP�ZUDLx [LM� (NLQW^NR-
WUcXTL_L P DZR�RWUcXTL_L MDPqUTPb RyQLc�WTL TU-
QqP[RU[Lx QZUM�) P QhLZLQWP Rh^QWPVUQhL_L MDPqU-
TPb Va. 

JDUMU[ QhRcbZT^� `^ThwP� – Rh^QWPVUQhPx NL-
WUTwPRc 2. lL_MR Rh^QWPVUQhRb QhLZLQWX 
 .aV � �2  (8) 

lRhP[ LyZRkL[, Mcb QhLZLQWP qPMhLQWP NLc^VRUWQb 
QcUM^��UU D�ZRqUTPU: 
 .aV� 	�2 � 	V U U  (9) 

~UWLM ZRkcLqUTPb ^ZRDTUTPx MDPqUTPb QNcL�TLx 
QZUM� D `LZ[U (9) �PZLhL NZP[UTbUWQb D kRMRVR�  
RsZLRh^QWPhP [12] P _PMZLMPTR[PVUQhLx ^QWLxVPDL-
QWP. J ZRyLWU �ZWR[LTLDR [8], lP[^�UDR [11] NZLDU-
MUT� NZULyZRkLDRTPb LQTLDT�� ^ZRDTUTPx MDPqUTPb 
D TRPyLcUU NLcTL[ DPMU. 

]^MU[ ZRQQ[RWZPDRWX MLkD^hLDLU WUVUTPU M =  
= U/a << 1 Q [Rc�[P Rh^QWPVUQhP[P hLcUyRTPb[P  
(Va << a). uRNP�U[ WRhqU QcUM^��PU LVUDPMT�U QL-
LWTL�UTPb: 
 0, ,� � �� � �� � 6U V U  (10) 
WRh hRh  
 0.aV�� 7 ���2 7  (11) 

lRhP[ LyZRkL[ DP�ZUD�U DLk[^�UTPb NLWLhR  
LNZUMUcb�WQb QhLZLQWX� TUQqP[RU[L_L WUVUTPb. KLM-
QWRDP[ WUNUZX QLLWTL�UTPU (9) D ^ZRDTUTPU (6). KLQcU 
TUQcLqT�� NZULyZRkLDRTPx ^ZRDTUTPU (6) NZPDLMPWQb 
h DPM^ 

 ,d j
dt

� 
� 	 84 	�2�6
U U  (12) 

_MU  

 � �21 ,
2

dj i
dt
2

� 	 	 �2  (13) 

 .d
dt t

�
� 	 �
�

U  (14) 

J ^ZRDTUTPP (12) VcUT �2 � 9 LWZRqRUW DkRP[L-
MUxQWDPU Rh^QWPVUQhLx P DP�ZUDLx [LM. J sWL[ ^ZRD-
TUTPP ^VPW�DRUWQb MUxQWDPU DbkhP� QPc, hLWLZ�U ^VR-
QWD^�W D `LZ[PZLDRTPP TULMTLZLMTLQWP ZRQNZUMUcU-
TPb NRZR[UWZLD WUVUTPb NL �R_^ cLNRWLVTLx ZU�UWhP 
ZRyLVU_L hLcUQR. 

lUNUZX, D�ZRkPD i Pk `LZ[^c� (13) P NLMQWRDPD  
D ^ZRDTUTPU (7), LMTLDZU[UTTL ZRkMUcbb D TU[ QhL-
ZLQWX V TR Rh^QWPVUQh^� P DP�ZUD^� [LM�, NLc^VP[: 

 

� �

� �

2

2

2

2 2

1            
2

1 1 .
2

d d
dt dta

d dj j
dt dta a

 ��22� �	 
 42	
� �
� �

 ��22  �� �	 �2� 	 � 	�2�� �� � � �� �

 (15) 

$ ^VUWL[ ZRTUU NZPTbW�� MLN^�UTPx [LqTL cP-
TURZPkLDRWX ^ZRDTUTPU (15) LWTLQPWUcXTL 2, P LTL 
NZP[UW DPM 

 
2

2 2 2
1 1 .d dj

dta dt a
2

42 �  (16) 

}k ^ZRDTUTPx (15) P (16) DPMTL, VWL TUQWRwPLTRZ-
TLU DP�ZUDLU MDPqUTPU qPMhLQWP _UTUZPZ^UW Rh^QWP-
VUQhPU hLcUyRTPb. J hRVUQWDU PQWLVTPhR Rh^QWPVUQhP� 
hLcUyRTPx D TULMTLZLMTL[ DLcTLDL[ Rh^QWPVUQhL[ 
^ZRDTUTPP D�QW^NRUW D NZRDLx VRQWP ^ZRDTUTPb VcUT 

2
1 dj

dta
. 

J WL qU DZU[b sTUZ_Pb Rh^QWPVUQhLx [LM� [LqUW 
VRQWPVTL NUZU�LMPWX D sTUZ_P� DP�ZUDL_L MDPqUTPb, 
VWL D�ZRqRUWQb VcUTL[ �2 � 9  D ^ZRDTUTPP (12). 

J MRTTLx [LMUcP VcUT �2 � 9 LN^QhRUWQb, VWL  
Q^�UQWDUTTL ^NZL�RUW kRMRV^ VPQcUTTL_L ZU�UTPb 
WZU�[UZT�� Rh^QWPhL-DP�ZUD�� ^ZRDTUTPx TR hL[NX�-
WUZU. 

$ ^VUWL[ NLQcUMTU_L MLN^�UTPb P cPTURZPkRwPP 
NL 2 QLLWTL�UTPb (12), (13) kRNPQ�DR�WQb D QcUM^�-
�U[ DPMU: 
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 ,d j
dt

� 
� 	 84
U U  (17) 

 .d i j
dt
2


 � 
  (18) 

lRhP[ LyZRkL[, ^ZRDTUTPb (17), (18) LyUQNUVPDR�W 
ZU�UTPU kRMRVP ZRQ�UNcUTPb LQTLDT�� ^ZRDTUTPx 
MDPqUTPb QqP[RU[Lx qPMhLQWP TR DP�ZUD^� P Rh^-
QWPVUQh^� [LM�. jZRDTUTPU (17) LNPQ�DRUW DP�ZUDLU 
W^Zy^cUTWTLU MDPqUTPU TUQqP[RU[Lx DbkhLx qPMhL-
QWP NLM MUxQWDPU[ TUQWRwPLTRZTL_L _ZRMPUTWR MRDcU-
TPb �Pv = Ï0�j. 

KZLMP``UZUTwPZ^U[ ^ZRDTUTPU (15), DkbD NLcT^� 
NZLPkDLMT^� NL DZU[UTP, P NLMQWRDP[ D TU_L D�ZR-
qUTPU Mcb d2 : dt  Pk `LZ[^c� (18). KLQcU TUQcLqT�� 
NZULyZRkLDRTPx NLc^VRU[ 

 
2

2 2
1 .d i i j
a dt


 4 � 
4  (19) 

JLk[^�R��^� `^ThwP� D NZRDLx VRQWP ^ZRDTU-
TPb (19) [LqTL D�ZRkPWX VUZUk NLcU QhLZLQWUx DP�ZU-
DLx [LM� Pk ^ZRDTUTPb  (17): 

 � � 21 .
2

j  � �
4 � � � � � � 
 �6� �� �
� �� �

U U U U  (20) 

KZUTUyZU_Rb hLTDUhWPDT�[P VcUTR[P [11] D NZL-
PkDLMTLx NL DZU[UTP ^ZRDTUTPb (19), NLc^VRU[: 

 
2

2 2
1 ,i i S
a t

�

 4 �

�
 (21) 

_MU VUZUk S LyLkTRVUTR DLk[^�R��Rb `^ThwPb, LNZU-
MUcbU[Rb Pk NLcb QhLZLQWUx TUQqP[RU[L_L NLWLhR: 

 21 .
2

S U � �� � � 
 �6� �� �
� �� �

U   (22) 

KUZUxMU[ h yUkZRk[UZT�[ NUZU[UTT�[. J hRVUQW-
DU NZLQWZRTQWDUTTL_L [RQ�WRyR P �RZRhWUZTLx QhLZL-
QWP DLkX[U[ ZRMP^Q R2 P LhZ^qT^� QhLZLQWX u2  
TR D��LMU wUTWZLyUqTL_L hLcUQR. lL_MR yUkZRk[UZT�U 
DUcPVPT� kRNP�^WQb D QcUM^��U[ DPMU: 

 

� �

� �
� �

2 2

1 2
2 2

1 2

           ; ;

; .
2 b

xx
R u

t it tf i
R u

z u

� �

� � �
�

UU

� �  (23) 

JDUMU[ ; – yUkZRk[UZT^� VRQWLW^, PcP VPQcL 
IUcX[_LcXwR: 

 1 2 1 22 2 2

2
1

.b b

b

f R f RR R u
M St

a a a uf
; � � � � �

<
�  (24) 

zRh NZRDPcL, D wUTWZLyUqT�� TRQLQR� ; < 0,3, NL-
sWL[^ Mcb TPkhP� _RZ[LTPh R[NcPW^M N^cXQRwPx MRD-
cUTPb �$� hLTDUhWPDT�U VcUT� D DLcTLDL[ ^ZRDTU-
TPP [LqTL TU ^VPW�DRWX: 

 �
2

2
2 .i i S

t
;

�

4 �

�

� �
�

 (25) 

�cb TUDLk[^�UTTL_L NLWLhR Rh^QWPVUQhPx NLWUT-
wPRc 2 = 0 P  

 �
00 .i j��  (26) 

Y^ThwPP  i P  j [LqTL D�ZRkPWX VUZUk QZUMTPU DU-
cPVPT� P N^cXQRwPLTT�U QLQWRDcb��PU: 

 � �0 0; .i i h j j g� 	 � 	� �  (27) 

�[NcPW^MR N^cXQRwPx MRDcUTPb D LWDLMU �TUhL-
wUTWZLyUqTL_L TRQLQR TR NLZbMLh TPqU QZUMTU_L MRD-
cUTPb, NLsWL[^ Mcb hLcUyRTPx sTWRcXNPP [LqTL NZP-
ycPqUTTL kRNPQRWX 

 
� �0

2 2
0 2 0 2

.
P P Ph

u u



= �
�

>

�
 (28) 

�TRcL_PVTL Mcb hLcUyRTPx DP�ZUDLx [LM� g  

 
'

2
0 2

.vP
g

u
=
�

 (29) 

jVPW�DRb QLLWTL�UTPb (27)–(29), [LqTL NZULyZR-
kLDRWX `LZ[^c^ (18) h DPM^ 

 ' ' '
0 .v v a

dP P P P
dt

�> 2
� 
� 	  (30) 

KLQcUMTUU D�ZRqUTPU TR_cbMTL NLhRk�DRUW, VWL 
N^cXQRwPP MRDcUTPb ZRyLVUx qPMhLQWP D LWDLMU �TU-
hLwUTWZLyUqTL_L TRQLQR ZRDT� Q^[[U N^cXQRwPx LW 
TUQWRwPLTRZTL_L DP�ZUDL_L MDPqUTPb (hRh TUQqP[RU-
[Lx QZUM�) – «NQUDMLkD^hR» P Rh^QWPVUQhP� hLcUyR-
TPx. 

KZPTP[Rb DL DTP[RTPU `LZ[^c� (28), (29), Pk (25) 
NLc^VP[ ^ZRDTUTPU NUZDL_L NZPycPqUTPb Mcb hLcU-
yRTPx MRDcUTPb: 

 
�

�
� �

2
2

2 ,h h S
h

�

 4 � >;

�
 (31) 

_MU �S g> � 
4  – TUQWRwPLTRZTRb VRQWX `^ThwPP S. 

�cb ^NZL�UTPb kRNPQP MRcUU kTRh «�» D `LZ[^cR� 
LN^QhRUWQb, P DUkMU, _MU sWL TU L_LDLZUTL LQLyL, ZRQ-
Q[RWZPDR�WQb yUkZRk[UZT�U NUZU[UTT�U. 

vU�UTPU ^ZRDTUTPb (31) ZRkMUcbUWQb TR MDU kRMRVP: 
ZRQVUW TUQWRwPLTRZTL_L WUVUTPb Mcb [LMUcP TUQqP-
[RU[Lx QZUM�, hLWLZLU LNZUMUcbUW DLk[^�R��^� 
`^ThwP�, P ZU�UTPU TULMTLZLMTL_L DLcTLDL_L ^ZRD-
TUTPb LWTLQPWUcXTL N^cXQRwPx MRDcUTPb h. �TRcL-
_PVT�x NLM�LM PQNLcXk^UWQb, TRNZP[UZ, D ZRyLWU [13]. 

J�ZRqRU[ DLk[^�R��^� `^ThwP� VUZUk NLcU 
QhLZLQWUx TUQqP[RU[L_L WUVUTPb Pk `LZ[^c�: 

 � � ,S U U� � �
� �

 (32) 

 .

x x x
x y z

y y y
x y z

z z z
x y z

U U U
U U U

x y z
U U U

S U U U
x y z

U U UU U U
x y z

� � �
� � �
� � �

� �
� � �
� � �
� � �

 (33) 
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KLQcU NZULyZRkLDRTPx TR LQTLDU QLLWTL�UTPx 
DUhWLZTLx Rc_UyZ� NLc^VRU[: 

 

2 2

2

2 2

22

2 2

2

2

2

yx x x
x

x x xz
y z

y yx
x

y y yz
y z

yx z z z
x

z z
y

UU U U
S U

x x yx

U U UUU U
x y x z x z

U UUUy U
x y x y y

U U UU
U U

y z z yy
UU U U U

U
z x x z z y

U U
U

y z z

� �� � �
� 	 	 � 	� �� � ��� �

� � ��
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� � � � � �

� � ���
	 � 	 	 	� �

� � � � �� �

� � ��
	 	 � 	 	

� � � ��

�� � � �
	 � 	 	 � 	

� � � � � �

 �� �
	 	 �� � ��

2 2

2 .z
z

U
U

z
�

	�
��

  (34) 

jVPW�DRb ^ZRDTUTPU TUZRkZ�DTLQWP Mcb TUQqP-
[RU[Lx QZUM�, 

 

22 2

2

22 2

2

22 2

2

0;

0;

0.

yx z
x x x

yx z
y y y

yx z
z z z

UU UU U U
x y x zx

UU U
U U U

x y y zy

UU UU U U
z x z y z

�� �
	 	 �

� � � ��

�� �
	 	 �

� � � ��

�� �
	 	 �

� � � � �

 (35) 

�hLTVRWUcXTL NLc^VRU[ QcUM^��UU D�ZRqUTPU: 

 

2

    .

y yx xz z

y yx x z z

U UU UU U
S

x y x z y z

U UU U U U
x y x z y z

� � � �� �
� � 	 � 	 � 
�

� � � � � ��
� � �� � � �


 � 
 � 
 � �
� � � � � � �

 (36) 

uRNP�U[ Rh^QWPhL-DP�ZUDLU ^ZRDTUTPU D MUhRZWL-
DLx QPQWU[U hLLZMPTRW: 

 
2 2 2 2

2
2 2 2 2 '.h h h h S

t x y z
� � � �


 

�

; 
 �
� � �

 (37) 

JLk[^�R��Rb `^ThwPb D NZRDLx VRQWP ^ZRDTU- 
TPb NZUMQWRDcbUW QLyLx TUQWRwPLTRZT^� VRQWX `^Th-
wPP S (36). 

zLTUVTL-ZRkTLQWT�U RTRcL_P MP``UZUTwPRcXT�� 
^ZRDTUTPx D MUhRZWLDLx QPQWU[U hLLZMPTRW NLc^VR�W-
Qb PTWU_ZPZLDRTPU[ Rh^QWPhL-DLcTLDL_L ^ZRDTUTPb  
NL NZLQWZRTQWD^ P DZU[UTP Q DDUMUTPU[ hLTUVT�� 
Ly�U[LD. 

JQU NLcU WUVUTPb NLhZ�DRUWQb NZb[L^_LcXTLx QUW-
hLx. zRqML[^ ^kc^ QUWhP QWRDPWQb D QLLWDUWQWDPU WZP 
VPQcR (i, j, k), hLWLZ�U LNZUMUcb�W NLZbMhLD�x TL[UZ 
hLTUVTL_L Ly�U[R (bVUxhP) TR |-, Y- P Z-hLLZMP- 
TRWT�� LQb�. IZRTPw� [UqM^ QLQUMTP[P bVUxhR[P 
NZL�LMbW VUZUk QUZUMPT� �R_LD QUWhP. 

zZL[U WL_L, DDUMU[ DZU[UTT^� QUWh^ Q DUZ�TP[ 
PTMUhQL[ (m) P ZRDTL[UZT�[ �R_L[ NL DZU[UTP 4t,  
D hLWLZLx hRqML[^ [L[UTW^ DZU[UTP QLLWDUWQWD^UW 
TL[UZ m WRh, VWL 

 ( 1) .t t m t	 4 � 	 4  (38) 

vRQQ[LWZP[ D�DLM hLTUVTL-ZRkTLQWT�� ^ZRDTUTPx 
Mcb DT^WZUTTP� ^kcLD QUWhP (bVUxhR 1). �cb ^ZRDTUTPb 
(37) PQNLcXk^U[ PTWU_ZRcXT�x [UWLM [14]. KZLPTWU_-
ZPZ^U[ ^ZRDTUTPU (37) NL NZLQWZRTQWD^ P DZU[UTP  
D NZUMUcR� LMTLx bVUxhP P LMTL_L �R_R NL DZU[UTP: 

 

2 2 2

1 1 1

2 2 2 22
2

2 2 2 2

2

                   0,

tt x y z

t x y zt

h h h h S
t x y z

t x y z

4
	

4



 �� � � �

 
 
 
 �� �� �� �

>;
� �� �

�� � � � �

0 0 0 0  (39) 

kMUQX Mcb DT^WZUTTUx bVUxhP 1 NZUMUc� PTWU_ZPZLDR-
TPb NL Ly�U[^ 

 

1 1
1 12 2

1 1
1 22 2

1 1
2 22 2

, , 
,  , 
,  .

x x x y y y
z z z x x x
y y y z z z

� 
 4 � 
 4

� 
 4 � 	 4

� 	 4 � 
 4

 (40) 

]^MU[ QVPWRWX, VWL MRDcUTPU, U_L DWLZRb NZLPkDLM-
TRb NL DZU[UTP P DLk[^�R��Rb `^ThwPb NLQWLbTT� 
DT^WZP Ly�U[R bVUxhP. lL_MR [LqTL kRNPQRWX Mcb hR-
qMLx _RZ[LTPhP �$� 

 

2 2 2

1 1 1

2 2 2

1 1 1

2 2 2

1 1 1

22
2 2

2

2

2 2 22

2 2 2

2

2

2

           

             ' 0.

tt x y z

t x y zt

tt x y z

t x y zt

tt x y z

t x y zt

hl t d x d y d z
t

h h h d x d yd z dt
x y z

S d x d y d z

4
	

4



4
	

4



4
	

4



�
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 � �� � �� �
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 �

0 0 0 0

0 0 0 0

0 0 0 0

 (41) 

$ ^VUWL[ `LZ[^c Mcb hLTUVTL-ZRkTLQWT�� RTRcL-
_LD NZLPkDLMT�� 

 

22 2

22
1 1

1 1

     

2
  ,

t tt t

tt tt

m m m m
i jk i jk i jk i jk

m m m
i jk i jk i jk

h hd t
t t

h h h h
t t

h h h
t

4 4	 	

44 



	 


	 


� �
� �

� �


 

� 
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4 4


 	
�

4

0

 (42) 

P ^ZRDTUTPU (41) NZULyZRk^UWQb h DPM^ 

 1 1
2 22 2 ,m m m

ijk ijk ijk c
th h h

l V
	 
 4

� 
 	 ?
;

  (43) 

_MU l – TL[UZ _RZ[LTPhP �$�; V – Ly�U[ bVUxhP; 
`^ThwPb ùc (c – WPN bVUxhP) LNZUMUcbUWQb D�ZRqUTPU[ 

22 2

1 1 1

22 2

1 1 1

2 22

2 2

2

2 22

2 2

2

  

tt xy z

c
t y z xt

tt yz x

t z x yt

h h d y dz d t
x x

h h d zd x d t
y y
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, -� �� �� �. /
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, -� �� �� �. /
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22 2

1 1 1

2 2 2

1 1 1

2 22

2 2

2

2

2

  

          ' 0

tt zy x

t y x zt

tt x y z

t x y zt

h h d yd x dt
z z

S t d x d y d z

4
	

4



4
	

4



* + �� �, -� �	 
 	
, -� �� �� �. /
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0 0 0

0 0 0 0

  (44) 

P kRDPQPW LW WPNR bVUxhP, WRh hRh  x1, y1, z1, x2, y2, z2  
ZRkcPVT� Mcb ZRkT�� WPNLD bVUUh. 

�cb DT^WZUTTP� bVUUh WPNR 1 (ZPQ. 1) 

 
1

2

1, , , , , , 1, ,   .
x m m m m

i j k i j k i j k i j k

x

h h h hh h
x x x x

	 

 
� �
� �

� 4 � 4
  (45) 

�RNZP[UZ, Mcb bVUUh, TR�LMb�P�Qb TR QWUThU, TLZ-
[RcXTLx h LQP X QNZRDR, NLc^VRU[ 

 
1

2

, , 1, ,0    ,
x m m

i j k i j k

x

h hh h
x x x



� �
� �

� � 4
 (46) 

R Mcb bVUUh, TR�LMb�P�Qb TR D�LMTLx _ZRTPwU Q TLZ-
[RcX� n, 

 
1 1

.
2

n m m

l l

h l h h g l g
n Z t n Z t

	 
 �� 
 � �
� 
 	 	� �� �� 4 � �� �

 (47) 

lRhP[ LyZRkL[, QLLWDUWQWD^��Rb NZLPkDLMTRb LW 
h NL TLZ[RcP h _ZRTPVTLx NLDUZ�TLQWP LNZUMUcbUWQb 
VUZUk NZLPkDLMT^� NL DZU[UTP P ^MUcXT�x hL[NcUhQ-
T�x Rh^QWPVUQhPx P[NUMRTQ Zi TR MRTTLx _ZRTPwU Mcb 
QLLWDUWQWD^��Ux _RZ[LTPhP �$�. KZLPkDLMT�U LW 
hLcUyRTPx DP�ZUDLx [LM� PkDUQWT� Pk ZU�UTPb Mcb 
TUQWRwPLTRZTL_L WUVUTPb TUQqP[RU[Lx DbkhLx QZUM�.  

���/ ��+0��� ��2����( ��/9. vRQVUW TUQWRwPL-
TRZTL_L WUVUTPb D [LMUcP TUQqP[RU[Lx QZUM� Q PQ-
NLcXkLDRTPU[ ^ZRDTUTPb �RDXU–$WLhQR (48) P ^ZRDTU-

TPb TUZRkZ�DTLQWP (49) NZPTbW Mcb NUZDL_L �R_R Rh^-
QWPhL-DP�ZUDL_L [UWLMR:  

 
               ( )

1 (( )( ( ) ),T
t

t
P

�
	� @ �

�
�

� 
 	 � � 	� � 	 �
� �

V V V

V V
 (48) 

 0.�� �V  (49) 
�WP ^ZRDTUTPb MLNLcTUT� ^ZRDTUTPb[P k-' (W^Z-

y^cUTWTRb sTUZ_Pb – QhLZLQWX MPQQPNRwPP) [LMUcP 
W^Zy^cUTWTLQWP. J MRTTLx [LMUcP W^Zy^cUTWTLQWP 
[15] W^Zy^cUTWTRb DbkhLQWX �t D�ZRqRUWQb VUZUk DUcP-
VPT�  k  P  '  QcUM^��P[ LyZRkL[: 

 
2

.t
kC�� � �
'

 (50) 

jZRDTUTPb Mcb k  P  ': 

 1( ) ( ),t
ini

k

k Gk k
t

 � ���
	� � � � 	 � 	 
 ' 
 '� �� �� �� � A �� �� �

V  (51) 

 

1 2

1( )

    ( ) ,

t

ini

t

GC C
k

'

 � ���'
	 � ' � � � 	 �' 	� �� �� �� � A� �� �

 �'
	 
 ' 
 '� ��� �

V
 (52) 

_MU ini'  – TRVRcXTLU kTRVUTPU W^Zy^cUTWTLx MPQQPNR-
wPP; VUZUk G LyLkTRVUTL D�ZRqUTPU 

 .ji i
eff

j j i

VV V
G

x x x
 ��� �

� � 	� �� �� � �� �
 (53) 

uTRVUTPb NRZR[UWZLD k-Ô-[LMUcP ZRDT�: 
 1;kA �  1,3;'A �  0, 09;C� �  1 1, 44;C �  2 1,92.C �  (54) 

 
 

 
 

vPQ. 1. lPN bVUxhP:  
� – DT^WZUTTbb; � – QWUThR; � – P[NUMRTQTRb _ZRTPwR 

 

�     x2 – x1 = úx 

�     x2 – x1 = 1
2
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�     x2 – x1 = 1
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IZRTPVTLU ^QcLDPU Mcb QhLZLQWP qPMhLQWP D W^Z-
y^cUTWTL[ WUVUTPP TR QWUThU kRMRUWQb Q PQNLcXkLDR-
TPU[ VPQcUTTLx RNNZLhQP[RwPP cL_RZP`[PVUQhL_L 
kRhLTR Mcb WRT_UTwPRcXTLx hL[NLTUTW� QhLZLQWP TR 
QWUThU [16]. �PQcUTT�x [UWLM ZURcPkLDRT TR NZb[L-
^_LcXTLx QUWhU Q cLhRcXTLx RMRNWRwPUx P NLMQUWLV-
T�[ ZRkZU�UTPU[ QcLqTLx _UL[UWZPP. JL DQUx ZRQ-
VUWTLx LycRQWP DDLMPWQb NZb[L^_LcXTRb QUWhR. J�MU-
cb�WQb NLMLycRQWP Q LQLyUTTLQWb[P _UL[UWZPP PcP 
WUVUTPb, D hLWLZ�� TULy�LMP[L NZLDUQWP ZRQVUW TR 
yLcUU [UchLx, VU[ PQ�LMTRb, QUWhU. KZP sWL[ ZRQVUW-
TRb bVUxhR, D hLWLZ^� NLNRcR D�MUcbU[Rb LQLyUT-
TLQWX, MUcPWQb TR 8 ZRDT�� bVUUh. �RcUU, UQcP TULy�L-
MP[L, bVUxhP MUcbWQb U�U ZRk, P WRh ML MLQWPqUTPb 
TULy�LMP[Lx WLVTLQWP. ÌVUxhP TRVRcXTLx QUWhP TR-
k�DR�WQb bVUxhR[P ^ZLDTb 0, bVUxhP, NLc^VRU[�U 
Pk[UcXVUTPU[ ^ZLDTb 0, TRk�DR�WQb bVUxhR[P ^ZLDTb 1 
P W. M. KZP _UTUZRwPP QUWhP TRhcRM�DRUWQb ^QcLDPU, 
VWL _ZRTb[P P ZUyZR[P [L_^W _ZRTPVPWX MZ^_ Q MZ^_L[ 
WLcXhL bVUxhP Q TL[UZR[P ^ZLDTUx, LWcPVR��P[PQb 
TU yLcUU VU[ TR UMPTPw^. ~UWLM NLMQUWLVTL_L ZRkZU-
�UTPb _UL[UWZPP NZUMTRkTRVUT Mcb RNNZLhQP[RwPP 
hZPDLcPTUxT�� _ZRTPw TR NZb[L^_LcXTLx QUWhU, D WL[ 
VPQcU P QDLyLMTLx _ZRTPw� qPMhLQWP. ÌVUxhP, VUZUk 
hLWLZ�U NZL�LMPW _ZRTPwR, ZRQ�UNcb�WQb TR 2, 3 P W. M. 
bVUUh. KZP sWL[ LTP WUZb�W QDL� NUZDLTRVRcXT^� 
`LZ[^ NRZRccUcUNPNUMR P NZUDZR�R�WQb D [TL_L-
_ZRTTPhP NZLPkDLcXTLx `LZ[�. jZRDTUTPb [RWU[RWP-
VUQhLx [LMUcP RNNZLhQP[PZ^�WQb Mcb sWP� [TL_L-
_ZRTTPhLD yUk hRhP�-cPyL ^NZL�UTPx. lRhLx NLM�LM 
LyUQNUVPDRUW WLVTLQWX ZRQVUWLD D kLTU D�QLhP� _ZR-
MPUTWLD NRZR[UWZLD TUQWRwPLTRZTL_L NLWLhR (D kLTU 
DkRP[LMUxQWDPb cLNRWLVT�� ZU�UWLh), R WRhqU s`-
`UhWPDTLU ZU�UTPU DLcTLDL_L Rh^QWPhL-DP�ZUDL_L 
^ZRDTUTPb, PQNLcXk^b [PTP[RcXT�U D�VPQcPWUcXT�U 
ZUQ^ZQ�.  

$�������# �����0��( 0�+�� � +����. �cb QL-
D[U�UTPb VPQcUTT�� ZU�UTPx D ZLWLZU P QWRWLZU TR-
QLQR NZP[UTbUWQb [UWLM QhLcXkb�P� QUWLh. J sWL[ 
Qc^VRU DQb LycRQWX ZRQVUWR ZRkMUcbUWQb TR TUQhLcXhL 
NLMLycRQWUx, VRQWX Pk hLWLZ�� ZU�RUWQb DL DZR�R�-

�UxQb QPQWU[U LWVUWR. KUZUMRVR NRZR[UWZLD NLWLhR Pk 
DZR�R��UxQb D TUNLMDPqT^� LycRQWX ZRQVUWR NZLPk-
DLMPWQb VUZUk QNUwPRcXT�x PTWUZ`UxQ «QhLcXkb�Rb 
NLDUZ�TLQWX», hLWLZ�x LyUQNUVPDRUW PTWUZNLcbwP� 
NRZR[UWZLD NLWLhR Q ^VUWL[ «DPZW^RcXTL_L» ^_cLDL_L 
Q[U�UTPb QUWLh ZLWLZR P QWRWLZR. J NZLwUQQU ZU�U-
TPb Rh^QWPhL-DP�ZUDL_L DLcTLDL_L ^ZRDTUTPb QhLcX-
kb�PU NLDUZ�TLQWP PQNLcXk^�WQb NZP NLQWRTLDhU 
_ZRTPVT�� P[NUMRTQT�� ^QcLDPx Mcb Rh^QWPVUQhLx 
[LM� N^cXQRwPx MRDcUTPb. 

�y[UT MRTT�[P [UqM^ ZLWLZL[ P TUNLMDPqT�[P 
NLMLycRQWb[P D�NLcTbUWQb Q NL[L�X� PTWUZNLcbwPP 
TR _ZRTPwU NLMLycRQWUx – TR «QhLcXkb�P�» NLDUZ�TL-
QWb�. �cb sWL_L DZU[UTTLx �R_ PWUZRwPLTTLx NZLwU-
M^Z� D�yPZRUWQb WRh, VWLy� D WUVUTPU LMTLx PWUZR-
wPP DkRP[TLU Q[U�UTPU NLMLycRQWUx TU NZUD��RcL 
ZRk[UZLD bVUxhP hLTUVTL-ZRkTLQWTLx QUWhP D kLTU 
QhLcXkb�P� NLDUZ�TLQWUx.  

vRQVUWTRb LycRQWX D [RWU[RWPVUQhL[ NZLQWZRTQWDU 
QLQWLPW Pk WZU� NLMLycRQWUx (ZPQ. 2): NLMDLMR, ZLWLZR 
P QWRWLZR, hLWLZ�U DPZW^RcXTL Ly�UMPTb�WQb VUZUk 
QhLcXkb�PU NLDUZ�TLQWP, ZRQNLcLqUTT�U TR D�LMU  
P D��LMU �TUhLwUTWZLyUqTL_L hLcUQR P TR LWDUWT�� 
NLDUZ�TLQWb� NLMLycRQWUx NLMDLMR P QWRWLZR. 

�RTTRb ZRQVUWTRb LycRQWX NLhZ�DRUWQb TRVRcXTLx 
NZb[L^_LcXTLx QUWhLx, hLWLZRb RMRNWPZ^UWQb h LQL-
yUTTLQWb[ _UL[UWZPP (ZPQ. 3), LyUQNUVPDRb TULy�LMP-
[^� WLVTLQWX ZRQVUWR.  

JQU WZP NLMLycRQWP DPZW^RcXTL Ly�UMPTUT� NL 
QhLcXkb�P[ NLDUZ�TLQWb[. lRhP[ LyZRkL[, ZRQVUWTRb 
LycRQWX RMUhDRWTL LWZRqRUW ZURcXT�U ^QcLDPb WUVU-
TPb ZRyLVUx qPMhLQWP, ^VPW�DRb _PMZLMPTR[PVUQhLU 
DkRP[LMUxQWDPU DQU� scU[UTWLD NZLWLVTLx VRQWP, 
Dhc�VRb TRNZRDcb��PU ZUyZR D NLMDLMU, DZR�R�-
�^�Qb cLNRWLVT^� QPQWU[^ ZLWLZR Q WZU�kR�LMT�[ 
NZUMDhc�VUTT�[ �TUhL[ P wUTWZLyUqT�[ hLcUQL[, 
P[U��P[ MLNLcTPWUcXT�U ^hLZLVUTT�U cLNRWhP 
(QU[X LQTLDT�� P QU[X MLNLcTPWUcXT�� cLNRWLh),  
R WRhqU MDUTRMwRWPhRTRcXT�x (WZ^yVRW�x) TRNZRD-
cb��Px RNNRZRW. 

 

 
 

vPQ. 2. vRQVUWTRb LycRQWX  



 
 
 

������� ������. ��� 16,  � 4 
 

 914

 
 

vPQ. 3. vRQVUWTRb QUWhR DWLZL_L ^ZLDTb RMRNWRwPP  
D [UZPMPLTRcXTLx NZLUhwPP 

 
�PQcUTTLU [LMUcPZLDRTPU DP�ZUDLx [LM� NZLDL-

MPWQb TUQWRwPLTRZT�[ PWUZRwPLTT�[ [UWLML[ LW 
T^cUD�� TRVRcXT�� ^QcLDPx. �cb D��LMR TR QWRwPL-
TRZT�x (hLcUyRWUcXT�x) ZUqP[ WUVUTPb D sWL[ Qc^VRU 
WZUy^UWQb LyUQNUVPWX TU [UTUU �UQWP NLcT�� LyLZL-
WLD wUTWZLyUqTL_L hLcUQR. $WRwPLTRZT�x ZUqP[ ZR-
yLW� MLQWP_RUWQb Mcb ZRQVUWTLx QUWhP NZP [PTP[RcX-
TLx RMRNWRwPP NUZDL_L ^ZLDTb Q wUcX� shLTL[PP 
NZLwUQQLZTL_L DZU[UTP P ZUQ^ZQLD. J hRVUQWDU TR-
VRcXT�� ^QcLDPx D LycRQWP qPMhL_L Ly�U[R kRMR�WQb 
T^cUD�U kTRVUTPb QhLZLQWP P MRDcUTPb. vRQVUW DUMUW-
Qb hRh NZLwUQQ «ZRQhZ^WhP» TRQLQR ML MLQWPqUTPb 
Q�LMP[LQWP h NUZPLMPVUQhL[^ LQwPccPZ^��U[^ ZU-
�UTP�. zRh NZRDPcL, �UQWP–MUQbWP NLcT�� LyLZLWLD 
ZRyLVU_L hLcUQR MLQWRWLVTL Mcb NLc^VUTPb NUZPLMP-
VUQhL_L ZU�UTPb. �RcUU [LqTL NLc^VPWX LQZUMTUTPU[ 
sTUZ_UWPVUQhPU NRZR[UWZ� TRQLQR P QP_TRc� P QNUh-
WZ� N^cXQRwPx MRDcUTPb D ZRkT�� WLVhR� NZLWLVTLx 
VRQWP TRNZRDcb��U_L RNNRZRWR. $�LMP[LQWX VPQcUT-
TL_L ZU�UTPb hLTWZLcPZ^UWQb NL TRNLZ^ TRQLQR. 

JZU[UTTLx �R_ TUQWRwPLTRZTL_L ZRQVUWR QLQWRD-
cbUW 0,00001 Q. KZLwUQQLZTLU DZU[b ZRQVUWR LMTL_L 
NLcTL_L LyLZLWR ZLWLZR QLQWRDcbUW LhLcL 2 V. jWUVhP 
D ^NcLWTUTPb� hLcUQR P QyZLQ ^WUVhP TR D�LMU ZRyLVU-
_L hLcUQR TU [LMUcPZLDRcPQX. IZRTPVTLU ^QcLDPU kR-
MRTTL_L ZRQ�LMR NZP[UTUTL D D��LMTL[ QUVUTPP  
TRQLQR. KLQcUMTUU LyUQNUVPcL DLk[LqTLQWX [LMUcP-
ZLDRTPb LyZRWT�� WLhLD TR D�LMU �TUhR NZP [Rc�� 
NLMRVR�. $WRWPVUQhLU MRDcUTPU D ZRQVUWR� LWVPW�DRUW-
Qb LW LNLZTLx DUcPVPT� 101000 KR. JL D�LMTL[ QUVU-
TPP ZRQVUWTLx LycRQWP kRMRTL QWRWPVUQhLU MRDcUTPU. 

��3%"'���9 0�+"����>� ��/�"�������#. KZLDU-
MUTL VPQcUTTLU [LMUcPZLDRTPU TUQWRwPLTRZTL_L WU-
VUTPb D �PZLhL[ MPRNRkLTU Pk[UTUTPb ZRQ�LMR LWTL-
QPWUcXTL ZRQVUWTL_L kTRVUTPb.  

KZP QTPqUTPP ZRQ�LMR TRyc�MRUWQb NUZUQWZLxhR 
WUVUTPb D NZLWLVTLx VRQWP TRQLQR hRh D NLMDLMU, WRh  
P D LWDLMb�U[ ^QWZLxQWDU. J NLMDLMU TR ZUqP[R� 0,65 
P LQLyUTTL 0,3 LWTLQPWUcXTL_L ZRQ�LMR `PhQPZ^�WQb 
LyZRWT�U WLhP TR D�LMU D �TUh. �R ZUqP[U 0,3 LWTL-
QPWUcXTL_L ZRQ�LMR LyZRWT�U WLhP NZLTPhR�W _c^yL-
hL DDUZ� NL NLWLh^, TUQ[LWZb TR TRcPVPU ZRkMUcP-
WUcXTL_L TRNZRDcb��U_L ZUyZR. lRhLx �RZRhWUZ WUVU-
TPb D�k�DRUW MLNLcTPWUcXT�U TUQWRwPLTRZT�U TR-
_Z^khP TR hLZN^Q TRQLQR P ZLWLZ. zZL[U WL_L, LyZRW-

T�U WLhP D�k�DR�W hZ^_LD^� TULMTLZLMTLQWX NLWLhR 
D ZLWLZU, VWL NZPDLMPW h ^QPcUTP� _UTUZRwPP hLcUyR-
TPx TR ZLWLZTLx VRQWLWU P TR hL[yPTRwPLTT�� VRQWLWR�. 

vRQQ[RWZPDRb LQTLDT�U WLTRcXT�U QLQWRDcb��PU 
QNUhWZLD D hRTRcR� TRNZRDcb��U_L RNNRZRWR, [LqTL 
LW[UWPWX, VWL Q^�UQWDUTTLU Pk[UTUTPU R[NcPW^M� 
WLTRcXT�� hL[NLTUTW NZLPQ�LMPW NZP kTRVUTPb� LW-
TLQPWUcXTL_L ZRQ�LMR 0,65–0,8, _MU NZP QTPqUTPP 
ZRQ�LMR R[NcPW^M� LQTLDTLx cLNRWLVTLx VRQWLW�  
P hL[yPTRwPLTTLx _RZ[LTPhP TR VRQWLWU 4 fr ZUkhL 
DLkZRQWR�W. KZP MRcXTUx�U[ QTPqUTPP ZRQ�LMR  
P ^QPcUTPP PTWUTQPDTLQWP LyZRWT�� WLhLD R[NcPW^-
M� cLNRWLVT�� VRQWLW P hL[yPTRwPLTTLx _RZ[LTPhP 
QTPqR�WQb. J ZRQVUWR� PQNLcXk^UWQb LWTLQPWUcXTRb 
R[NcPW^MR, NZPDUMUTTRb h NZLPkDUMUTP� NcLWTLQWP 
ZRyLVUx qPMhLQWP TR hDRMZRW LhZ^qTLx QhLZLQWP TR 
DTU�TU[ MPR[UWZU wUTWZLyUqTL_L hLcUQR. J hRTRcR� 
TRNZRDcb��U_L RNNRZRWR LWTLQPWUcXTRb R[NcPW^MR 
NUZDLx _RZ[LTPhP �$� (7 fr) TR ZRQVUWTL[ ZUqP[U 
QLQWRDcbUW 0,0061. �R ZPQ. 4 NLhRkRTL Pk[UTUTPU LW-
TLQPWUcXTLx R[NcPW^M� N^cXQRwPx MRDcUTPb NUZDLx 
_RZ[LTPhP �$� (7 fr) NZP Pk[UTUTPP ZRQ�LMR NL ZU-
k^cXWRWR[ Rh^QWPhL-DP�ZUDL_L [LMUcPZLDRTPb TR D�-
�LMU TRQLQR. �R ZRQVUWTL[ ZUqP[U ZRQVUWTRb DUcPVP-
TR LWTLQPWUcXTLx R[NcPW^M� QLQWRDcbUW 0,00083. �WL 
D 7 ZRk TPqU, VU[ D TRNZRDcb��U[ RNNRZRWU. }kDUQW-
T�x shQNUZP[UTWRcXT�x ^ZLDUTX R[NcPW^M� N^cXQR-
wPx MRDcUTPb TR D��LMU QLQWRDcbUW 0,002. lRhLU TUQL-
LWDUWQWDPU [LqUW y�WX QDbkRTL Q ZUkLTRTQT�[ ^DUcP-
VUTPU[ hLcUyRTPx D ZURcXTL[ WZ^yLNZLDLMU, WRh hRh D 
ZRQVUWU PQNLcXkLDRTL _ZRTPVTLU ^QcLDPU Rh^QWPVU-
QhL_L P[NUMRTQR yUQhLTUVTL McPTTLx WZ^y�. KZP  
LWTLQPWUcXTL[ ZRQ�LMU LW 0,8 ML 1,35 LW ZRQVUWTL_L 
TRyc�MRUWQb NcRDT�x ZLQW R[NcPW^M�. J kLTU ZRQ�L-
MR [UTUU 0,8 R[NcPW^MR N^cXQRwPx TR MRTTLx VRQWLWU 
DUMUW QUyb TUQWRyPcXTL. ¶QWX WZUTM h ^DUcPVUTP� R[-
NcPW^M� NZP QTPqUTPP ZRQ�LMR ML 0,3 LW ZRQVUWTL_L. 
lRhRb TUQWRyPcXTLQWX ZRQVUWT�� DUcPVPT R[NcPW^M�, 
LVUDPMTL, QDbkRTR Q TUMLQWRWLVT�[ LQZUMTUTPU[ PQ-
WLVTPhLDLx `^ThwPP Rh^QWPhL-DP�ZUDL_L ^ZRDTUTPb: 
LNZUMUcUTPU PQWLVTPhLDLx `^ThwPP NZLPkDLMPWQb  
D WUVUTPU LMTL_L NUZPLMR MDPqUTPb cLNRWLVTLx  
ZU�UWhP. KZP TRcPVPP DLk[^�UTPx yLcUU TPkhP� VRQ-
WLW, VWL �RZRhWUZTL Mcb ZUqP[LD Q LyZRWT�[P WLhR[P, 
WLVTLQWX LNZUMUcUTPb R[NcPW^M� PQWLVTPhLDLx 
`^ThwPP QTPqRUWQb. 
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vPQ. 4. }k[UTUTPU LWTLQPWUcXTLx R[NcPW^M� N^cXQRwPx MRDcUTPb TR NUZDLx _RZ[LTPhU �$� [KR]  
D kRDPQP[LQWP LW LWTLQPWUcXTL_L ZRQ�LMR VUZUk TRQLQ 

 
���"?0����. �WTLQPWUcXTRb R[NcPW^MR N^cXQR-

wPx MRDcUTPb �$� TR D��LMU TRQLQR (0,00083) D QU[X 
ZRk TPqU, VU[ D hRTRcR� TRNZRDcb��U_L RNNRZRWR 
(0,0061). uTRVUTPU R[NcPW^M� TR D��LMU kRTPqUTL NL 
QZRDTUTP� Q PkDUQWT�[ shQNUZP[UTWRcXT�[ ^ZLDTU[ 
R[NcPW^M� (0,002) DQcUMQWDPU DcPbTPb D��LMTL_L 
Rh^QWPVUQhL_L P[NUMRTQR. KZP QTPqUTPP LWTLQPWUcX-
TL_L ZRQ�LMR ML kTRVUTPx 0,65–0,8 R[NcPW^MR N^cXQR-
wPx MRDcUTPb �$� ZUkhL DLkZRQWRUW D TRNZRDcb��U[ 
RNNRZRWU P TR D��LMU TRQLQR. 
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The article focuses on the creation of dimensionally stable integrated thin-walled structures made of polymer com-
posite materials by the binder partially cross-linking. The relevance of the work lies in the increased requirements for 
aerospace structures: an increase in structural strength and reduce its weight. A partial cross-linking method allows 
you to create integrated design with a low weight due to lack of mechanical fasteners. The partial cross-linking method 
allows you to create integrated design with high strength, stiffness and dimensional stability due to lack of additional 
materials besides matrix and reinforcement. It allows to get the principle of continuity of the final material. The addi-
tional advantage of the partial cross-linking method is molding structure in one process cycle. This article describes 
the current state of the partial cross-linking manufacturing technology and research results identified previous work. 
We analyzed the curing step of the hot temperature polymer binder and determined optimal parameters of cure for 
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solve the problem about maximum adhesion between two part of integrated structure and minimal cycle time for organ-
ize of serial production. In this article we have shown a mold construction for production composite material by RTM 
with the partial cross-linking method and heat exchanger construction to heat extraction from partial cross-linking 
area. We conducted a thermal design for different heat exchanger construction and we chose the best construction for 
this case. We produced the mold for resin transfer molding and we get a sample of material with partial cross-linked 
area. 

  
Keywords: integrated design, polymer composites, partial cross-linking. 
    
)��/����. �UWRcP Pk NLcP[UZT�� hL[NLkPwPLT-

T�� [RWUZPRcLD (Kz~) bDcb�WQb LQTLDT�[P scU[UT-
WR[P NZP QLkMRTPP hLTQWZ^hwPx Q D�QLhP[P ^MUcX-
T�[P �RZRhWUZPQWPhR[P NZLVTLQWP, qUQWhLQWP Mcb 
ZRkcPVT�� Ly�UhWLD RDPRwPLTTLx P hLQ[PVUQhLx WU�-
TPhP. KUZQNUhWPDT�[ TRNZRDcUTPU[ PQNLcXkLDRTPb 
Kz~ bDcbUWQb QLkMRTPU PTWU_ZRcXT�� hLTQWZ^hwPx. 
$LQWRDT�U VRQWP WRhP� hLTQWZ^hwPx [L_^W y�WX  
QLUMPTUT� [U�RTPVUQhP[P ^QWZLxQWDR[P PcP NZP NL-
[L�P QhcUPDRTPb. ~U�RTPVUQhLU hZUNcUTPU NZUM^-
Q[RWZPDRUW TULy�LMP[LQWX D�NLcTUTPb LWDUZQWPx  
D hL[NLkPWTL[ [RWUZPRcU, bDcb��P�Qb MLNLcTPWUcX-
T�[P hLTwUTWZRWLZR[P TRNZbqUTPx. KL[P[L sWL_L, 
hLTWRhW [UWRccPVUQhL_L hZUNUqR P ^_cUZLMT�� DLcL-
hLT NZPDLMPW h hLZZLkPP [UWRccR P, hRh QcUMQWDPU,  
h TULy�LMP[LQWP PQNLcXkLDRTPb PkLcPZ^��P� QcLUD 
PcP [RWUZPRcLD Q D�QLhP[ QWRTMRZWT�[ scUhWZLMT�[ 
NLWUTwPRcL[.  

�R MRTT�x [L[UTW D hLQ[PVUQhLx WU�TPhU QyLZhR 
PTWU_ZRcXT�� hLTQWZ^hwPx VR�U DQU_L LQ^�UQWDcbUW-
Qb QhcUxhLx Q NL[L�X� RM_UkPDLD. ~UWLM LWTLQP-
WUcXTL NZLQW P TU WZUy^UW kTRVPWUcXT�� kRWZRW, LMTR-
hL NZP QLUMPTUTPP Q^yQWZRWR P RM_UkPDR NZLPQ�LMPW 
ZbM `PkPhL-�P[PVUQhP� NZLwUQQLD, DTLQb�P� QDLx 
DhcRM D [U�RTPVUQhPU QDLxQWDR DQUx hLTQWZ^hwPP. 
}kDUQWTL, VWL Q^�UQWD^�W ZRkcPVT�U [U�RTPk[�  
RM_UkPP [UqM^ Q^yQWZRWL[ P RM_UkPDL[, LNZUMUcb�-
�PUQb hRh [Uq[LcUh^cbZT�[P DkRP[LMUxQWDPb[P, WRh 
P �P[PVUQhP[P QDbkb[P. �yZRk^��PUQb NZP [Uq[L-
cUh^cbZTL[ DkRP[LMUxQWDPP QDbkP P[U�W TPkh^� 
NZLVTLQWX P cU_hL ZRkZ^�R�WQb NLM DcPbTPU[ DTU�-
TP� `RhWLZLD. ¾P[PVUQhPU QDbkP D QLWTP ZRk NZLVTUU, 
LMTRhL P� LyZRkLDRTPU P NZLbDcUTPU [RhQP[RcXT�� 
DLk[LqTLQWUx WZUy^�W QLkMRTPb ycR_LNZPbWT�� ^Q-
cLDPx. ~RWUZPRc� Q^yQWZRWR P RM_UkPDR MLcqT� 
P[UWX ycPkh^� [LcUh^cbZT^� NZPZLM^ Mcb DLkTPhTL-
DUTPb MP``^kPP [UqM^ TP[P. lRhqU RM_UkPD MLcqUT 
LycRMRWX D�QLhLx WUh^VUQWX� P LycRMRWX Q[RVPDR�-
�Ux QNLQLyTLQWX� NL LWTL�UTP� h NLDUZ�TLQWP Q^y-
QWZRWR. zZL[U WL_L, NZP NZLDUMUTPP LNUZRwPx WZRMP-
wPLTTLx QhcUxhP NLDUZ�TLQWX Q^yQWZRWR MLcqTR y�WX 
LyZRyLWRTR, LMTRhL P D sWL[ Qc^VRU TRyc�MRUWQb 
QLZywPb NLDUZ�TLQWX� N�cP, DcR_P P MZ^_P� kR_Zbk-
TUTPx [1; 2]. 

��+������� 3�/�0�. KZP QLkMRTPP PTWU_ZRcXT�� 
hLTQWZ^hwPx Pk NLcP[UZT�� hL[NLkPWT�� [RWUZPR-
cLD TRPyLcUU NUZQNUhWPDT� [UWLM�, PQNLcXk^��PU 
[UWLM VRQWPVTL_L LWDUZqMUTPb QDbk^��U_L [3; 4]. 
vRkZRyLWhR[P NLMLyT�� QNLQLyLD kRTP[RUWQb hL[NR-
TPb Aerotec, MLVUZTUU NZUMNZPbWPU Airbus Group [5]. 
~UWLM kRhc�VRUWQb D Pk_LWLDcUTPP MUWRcUx PkMUcPb Q 
ZRkcPVTLx QWUNUTX� LWDUZqMUTPb NLcP[UZTLx [RWZP-
w� hL[NLkPwPLTTL_L [RWUZPRcR Q DLk[LqT�[ hLT-

WZLcU[ QWUNUTP LWDUZqMUTPb Q NL[L�X� MPscUhWZP-
VUQhP� QUTQLZLD. vRkcPVPU D QWUNUTP LWDUZqMUTPb 
NLcP[UZTLx [RWZPw� MLQWP_RUWQb hLTWZLcPZ^U[�[ 
L�cRqMUTPU[ LNZUMUcUTT�� kLT MUWRcP (WLThLQWUTTLx 
LyLcLVhP), hLWLZ�U D MRcXTUx�U[ y^M^W QLUMPTUT�  
Q TULWDUZqMUTT�[P kLTR[P MZ^_Lx MUWRcP (NLMhZUN-
cb��P[P scU[UTWR[P – ZUyZR[P qUQWhLQWP). lRhP[ 
LyZRkL[, QhcUPDRTPU P WU[NUZRW^ZTRb LyZRyLWhR scU-
[UTWLD hLTQWZ^hwPP NZLPQ�LMPW TUNLQZUMQWDUTTL  
D WU�TLcL_PVUQhLx LQTRQWhU. J QDbkP Q sWP[ NZP Pk_L-
WLDcUTPP NZUwPkPLTT�� `LZ[LQWRyPcXT�� hLTQWZ^h-
wPx TU WZUy^UWQb NZLDUMUTPU MLNLcTPWUcXT�� LNUZR-
wPx NL QhcUxhU P LyZRyLWhU MUWRcUx, R NLc^VRU[LU 
WRhP[ LyZRkL[ hcUUDLU QLUMPTUTPU LQWRUWQb TU [UTUU 
NZLVT�[ P MLc_LDUVT�[, VU[ QR[L PkMUcPU.  

KZLPkDLMQWDL PkMUcPx Pk Kz~ Q PQNLcXkLDRTPU[ 
VRQWPVTL_L LWDUZqMUTPb QDbk^��U_L bDcbUWQb MLQWR-
WLVTL QcLqT�[, WZUy^��P[ LyUQNUVUTPb LNZUMUcUT-
T�� NRZR[UWZLD WU�NZLwUQQR P qUQWhL_L hLTWZLcb 
kTRVUTPx sWP� NRZR[UWZLD. }kDUQWT� QLDZU[UTT�U 
PQQcUMLDRTPb, TRNZRDcUTT�U TR LNZUMUcUTPU LNWP-
[RcXT�� ZUqP[LD QhcUPDRTPb MUWRcUx Pk Kz~, LQTL-
DRTT�U TR ZRkcPVT�� QWUNUTb� LWDUZqMUTPb N^WU[ 
Pk[UZUTPx Q PQNLcXkLDRTPU[ MP``UZUTwPRcXTLx  
QhRTPZ^��Ux hRcLZP[UWZPP (�$z) [6; 7]. $^�UQWD^UW 
[UWLM MPscUhWZPVUQhL_L RTRcPkR, NLkDLcb��Px NZL-
DLMPWX [LTPWLZPT_ NZLwUQQR LWDUZqMUTPb TUNLQZUM-
QWDUTTL NZP Pk_LWLDcUTPP MUWRcP [8–10]. �hW^RcXTLx 
kRMRVUx bDcbUWQb LNZUMUcUTPU LNWP[RcXT�� ZUqP[LD 
LWDUZqMUTPb QDbk^��U_L P QWZL_LU P� QLLWDUWQWDPU 
WZUy^U[Lx WU[NUZRW^ZU TR_ZUDR D ZRkcPVT�� kLTR� 
WU�TLcL_PVUQhLx LQTRQWhP Mcb NLc^VUTPb kLT Q ZRk-
cPVTLx QWUNUTX� LWDUZqMUTPb.  

��3�0�+��� �����++9 � ��2��"�>�0�+��� ����-
��#. J �LMU D�NLcTUTPb ZRyLW� y�cL ^QWRTLDcUTL, 
VWL Mcb NZLPkDLMQWDR `LZ[LQWRyPcXT�� hLTQWZ^hwPx 
QcLqTLx `LZ[� TULy�LMP[L PQNLcXkLDRWX QDbk^�-
�PU, P[U��PU D LWDUZqMUTTL[ QLQWLbTPP LNZUMUcUT-
T�x TRyLZ hLTUVT�� QDLxQWD, WRhP� hRh TPkhPx hLs`-
`PwPUTW WUZ[PVUQhL_L ZRQ�PZUTPb, TPkhRb RMQLZywPb 
DcR_P, D�QLhRb WU[NUZRW^ZR WUNcLDLx MU`LZ[RwPP, 
[PTP[RcXTLU QLMUZqRTPU [PhZLWZU�PT, D�QLhPU 
NZLVTLQWT�U �RZRhWUZPQWPhP P MZ. z WRhP[ QDbk^�-
�P[ D yLcX�Ux QWUNUTP LWTLQbWQb wPRTRWs`PZT�U 
QDbk^��PU (TRNZP[UZ, TenCate, EX-1510) P TUhLWL-
Z�U QDbk^��PU TR sNLhQPMTLx LQTLDU (TRNZP[UZ, 
Hexcel, RTM-6). 

KZLwUQQ NZLPkDLMQWDR PkMUcPx Pk Kz~, D VRQWTL-
QWP [UWLML[ RTM (WZRTQ`UZTLU `LZ[LDRTPU), NLM-
ZRkMUcbUWQb TR ZRkcPVT�U NLMNZLwUQQ�, hRqM�x NR-
ZR[UWZ hLWLZ�� TULy�LMP[L LNZUMUcbWX P hLTWZLcP-
ZLDRWX Mcb NLQWZLUTPb QPQWU[� RMRNWPDTL_L ^NZRDcU-
TPb NZLwUQQL[ [11–15]. J MRTTLx ZRyLWU LQTLDT�[ 
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ZRQQ[RWZPDRU[�[ NLMNZLwUQQL[ bDcbUWQb NZLwUQQ 
LWDUZqMUTPb QDbk^��U_L. KZLwUQQ �RZRhWUZPk^UWQb 
`^ThwPLTRcXT�[ D�LMT�[ NRZR[UWZL[, hLcPVUQWDUT-
TL �RZRhWUZPk^��P[ NZLwUQQ LWDUZqMUTPb – MPTR[P-
hLx Pk[UTUTPb PLTTLx DbkhLQWP NLcP[UZTLx [RWZPw� 
D NZLwUQQU LWDUZqMUTPb. }LTTRb DbkhLQWX (LyZRWTRb 
DUcPVPTR PLTTLx NZLDLMP[LQWP) LNZUMUcbUWQb Pk MP-
scUhWZPVUQhP� �RZRhWUZPQWPh QDbk^��U_L – MPscUh-
WZPVUQhLx NZLTPwRU[LQWP, MPscUhWZPVUQhL_L `RhWLZR 
NLWUZX P NZLMLcqPWUcXTLQWP NZLwUQQR LWDUZqMUTPb. 
KL [UZU NZLWUhRTPb �P[PVUQhLx ZURhwPP LWDUZqMU-
TPb (^DUcPVUTPU QWUNUTP Q�PDhP [RhZL[LcUh^c) NZL-
PQ�LMPW ^[UTX�UTPU QU_[UTWRcXTLx NLMDPqTLQWP 
kDUTXUD [RhZL[LcUh^c P, hRh QcUMQWDPU, ^[UTX�UTPU 
NLMDPqTLQWP PLTLD NZP[UQUx, hLWLZ�U D Qc^VRU qPM-
hL_L QLQWLbTPb QDbk^��U_L LZPUTWPZLDRcPQX NL TR-
NZRDcUTP� NZPcLqUTTL_L scUhWZPVUQhL_L NLcb LWTL-
QPWUcXTL QDLyLMTL. lRhP[ LyZRkL[, NL [UZU LWDUZ-
qMUTPb QDbk^��U_L NZLPQ�LMPW ^DUcPVUTPU PLTTLx 
DbkhLQWP (^[UTX�UTPU PLTTLx NZLDLMP[LQWP). 

KZP ZURcPkRwPP VRQWPVTL_L LWDUZqMUTPb NLQcU  
kRDUZ�UTPb sWRNR NZLNPWhP DRqTL ^QWRTLDPWX LNWP-
[RcXT�U ZUqP[� LWDUZqMUTPb NLcP[UZTL_L [RWUZPR-
cR. $ WLVhP kZUTPb LyUQNUVUTPb [RhQP[RcXTLx [LTL-
cPWTLQWP PTWU_ZRcXTLx hLTQWZ^hwPP P [PTP[RcXTL_L 
DZU[UTP wPhcR TULy�LMP[L, VWLy� WR VRQWX QDbk^�-
�U_L, hLWLZRb TR�LMPWQb DTU kLT� L�cRqMUTPb,  
LWDUZqMRcRQX NL D�yZRTTL[^ ZUqP[^ D��U WLVhP 
_UcULyZRkLDRTPb, R L�cRqMRU[Rb VRQWX kR sW^ WLVh^  
TU NUZU�LMPcR. KZP WRhL[ ^QcLDPP TR sWRNU QhcUxhP 
PTWU_ZRcXT�� hLTQWZ^hwPx DLk[LqTL LQ^�UQWDcUTPU 
TU WLcXhL `PkPhL-[U�RTPVUQhL_L DkRP[LMUxQWDPb 
«Q^yQWZRW–RM_UkPD», TL P [RhQP[RcXTL DLk[LqTL_L 
�P[PVUQhL_L QwUNcUTPb [UqM^ [LcUh^cR[P QDbk^��U_L.  

}kDUQWTL, VWL NLQcU QWRMPP _UcULyZRkLDRTPb NZL-
wUQQ `LZ[PZLDRTPb ZRkDUWDcUTTLx wUNP NLcP[UZR 
TLQPW MP``^kPLTT�x �RZRhWUZ, NLsWL[^ QhLZLQWX 
NZLwUQQR NLQcU _UcX-WLVhP ZUkhL kR[UMcbUWQb P QDL-
MPWQb h [PTP[^[^. zRh DPMTL Pk _ZR`PhR (ZPQ. 1, ^VR-

QWLh 1), NLc^VUTTL_L Q NL[L�X� MPscUhWZPVUQhL_L 
RTRcPkRWLZR P LWZRqR��U_L hPTUWPh^ LWDUZqMUTPb 
QDbk^��U_L, TR NUZDLTRVRcXTL[ sWRNU NLD��UTPb 
WU[NUZRW^Z� NZLPQ�LMPW ^[UTX�UTPU hRh PLTTLx 
DbkhLQWP, WRh P MPTR[PVUQhLx, LNZUMUcUTTLx Q NL[L-
�X� DPQhLkP[UWZR ]Z^h`PcXMR (ZPQ. 2), D�kDRTTLU 
ML[PTPZ^��P[ �RZRhWUZL[ WUNcLDL_L MDPqUTPb  
[LcUh^c QDbk^��U_L. �R sWL[ sWRNU LQTLDTLx DhcRM  
D MPscUhWZPVUQhPU �RZRhWUZPQWPhP DTLQbW PLT�, QDL-
yLMTL LZPUTWPZ^��PUQb NLM MUxQWDPU[ scUhWZPVU-
QhL_L NLcb MPscUhWZPVUQhL_L QUTQLZR, D QDbkP Q sWP[ 
sWLW ^VRQWLh �RZRhWUZPk^UWQb WRhqU ^DUcPVUTPU[ 
PLTTLx NZLDLMP[LQWP. �WRN 2 TR ZPQ. 1 QLLWDUWQWD^UW 
ZRDTLDUQP� DLkMUxQWDPb QPc WUNcLDL_L MDPqUTPb [L-
cUh^c P QhLZLQWP ZLQWR [RhZLwUNP TR MPscUhWZPVU-
QhPU �RZRhWUZPQWPhP. jVRQWLh 3 LWZRqRUW LyZRkLDRTPU 
MLQWRWLVTL_L hLcPVUQWDR QDbkUx P McPT� [RhZL[LcU-
h^c Mcb L_ZRTPVUTPb QLyQWDUTTLx NLMDPqTLQWP  
P NLMDPqTLQWP PLTLD. $R[P qU [RhZL[LcUh^c� NLM 
MUxQWDPU[ WUNcLDL_L NLcb NZP kRDUZ�UTPP NZLwUQQR 
LycRMR�W cP�X QU_[UTWRcXTLx NLMDPqTLQWX�. J sWL[ 
Qc^VRU NZP DLkMUxQWDPP scUhWZPVUQhL_L NLcb NZLPQ-
�LMPW NLcbZPkRwPb MPscUhWZPhR.  

J hRVUQWDU WUZ[LZURhWPDTLx [RWZPw� Mcb Kz~ 
y�cL D�yZRTL sNLhQPMTLU QDbk^��UU _LZbVU_L LW-
DUZqMUTPb. uR WLVh^ _UcULyZRkLDRTPb TR _ZR`PhU Pk-
[UTUTPb PLTTLx DbkhLQWP NZPTP[RUWQb WLVhR [RhQP-
[RcXTLx QhLZLQWP NZPZR�UTPb `^ThwPP, LNZUMUcbU-
[Rb NZLPkDLMTLx dlg�/ dt [16]. lRhP[ LyZRkL[, DZU[b 
_UcULyZRkLDRTPb Mcb QPQWU[� Araldite LY 8615/Aradur 
8615 QLQWRDcbUW 56 [PT NZP QhLZLQWP TR_ZUDR 1 °$/[PT. 
J hRVUQWDU NLMWDUZqMUTPb sWLx DUcPVPT� NZPDUMUT 
_ZR`Ph MPTR[PVUQhLx DbkhLQWP (ZPQ. 2).  

$WLPW LW[UWPWX ^VRQWLh 4 TR ZPQ. 1, LWZRqR��Px 
DLk[LqTLQWX kTRVPWUcXTL_L ^DUcPVUTPb QWUNUTP LW-
DUZqMUTPb QDbk^��U_L NZP WU[NUZRW^ZU 180 °$, hLWL-
ZRb NLkDLcbUW LQ^�UQWDPWX NZPU[ QyLZhP PTWU_ZRcX-
TLx hLTQWZ^hwPP [UWLML[ VRQWPVTL_L LWDUZqMUTPb. 

 

 
 

vPQ. 1. zPTUWPhR NZLwUQQR LWDUZqMUTPb QDbk^��U_L  
_LZbVU_L LWDUZqMUTPb 
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vPQ. 2. zPTUWPhR LWDUZqMUTPb QDbk^��U_L _LZbVU_L LWDUZqMUTPb  
ML WLVhP _UcULyZRkLDRTPb 

 
lRhPU D�LMT�U NRZR[UWZ� (ZUqP[� NUZUZRyLWhP) 

`LZ[PZ^�W LNZUMUcUTT�U WZUyLDRTPb h WU�TLcL_PVU-
QhL[^ LQTR�UTP� NZLwUQQR NZLPkDLMQWDR. J NUZD^� 
LVUZUMX sWL hRQRUWQb NRZR[UWZLD WU�TLcL_PVUQhLx 
LQTRQWhP. KZP ZRkZRyLWhU LQTRQWhP Mcb Pk_LWLDcUTPb 
PkMUcPx Q kLTR[P ZRkcPVTLx QWUNUTP LWDUZqMUTPb 
TULy�LMP[L ZU�UTPU TUQhLcXhP� kRMRV. J kRDPQP[L-
QWP LW D�yZRTTL_L [RWUZPRcR (QDbk^��U_L) P U_L WU�-
TLcL_PVUQhP� QDLxQWD hLTQWZ^hWLZQhPU ZU�UTPb [L-
_^W y�WX ZRkcPVT�[P. 

JL-NUZD��, TULy�LMP[L LNZUMUcPWX hLTQWZ^hwP� 
WUNcLLy[UTTPhR, DL-DWLZ��, kTRWX ZRQNZUMUcUTPU 
WU[NUZRW^Z DT^WZP PkMUcPb, VWLy� NLTP[RWX QWUNUTX 
LWDUZqMUTPb QcLUD, ZRQNLcLqUTT�� DycPkP Q WUNcL-
Ly[UTTPhL[. J-WZUWXP�, TULy�LMP[L D�yZRWX PkLcb-
WLZ�, ZRyLWR��PU NZP ZUqP[R� WU[NUZRW^ZTLx LyZR-
yLWhP QDbk^��U_L P ^MLDcUWDLZb��PU WZUyLDRTPb[ 
NLQWRDcUTTLx kRMRVP, R WRhqU �RZRhWUZPQWPhR[ �LcL-
MPcXTLx [R�PT�. 

lRhqU Mcb ^NZRDcUTPb WU�NZLwUQQL[ TULy�LMP[L 
LyUQNUVPWX TUNLQZUMQWDUTT�x hLTWRhW MPscUhWZPVU-
QhP� MRWVPhLD QL QDbk^��P[ [RWUZPRcL[. ~LTPWL-
ZPT_ kR NZLwUQQL[ LWDUZqMUTPb DQU_L PkMUcPb DLk[L-
qUT cP�X D WL[ Qc^VRU, UQcP MPscUhWZPVUQhPU MRWVP-
hP y^M^W ZRk[U�UT� NL DQUx PQQcUM^U[Lx NLDUZ�TL-
QWP PkMUcPb. 

J MRTTLx ZRyLWU NZP D�yLZU hLTQWZ^hwPP WUNcL-
Ly[UTTPhR y�cL NZLDUMUTL [LMUcPZLDRTPU ZRkcPVT�� 
hLTQWZ^hwPx. vRQQ[RWZPDRcPQX hLTQWZ^hwPP Q L�cRq-
MUTPU[ NLDUZ�TLQWP NLQZUMQWDL[ ZRMPRWLZR Q WZ^y-
hR[P P �UcUDL_L WUNcLLy[UTTPhR. KL NZUMDRZPWUcX-
T�[ ZRQVUWR[ ^QWRTLDcUTL, VWL ZRMPRWLZ Q WZ^yhR[P 
TU QNLQLyUT LyUQNUVPWX TULy�LMP[�U WU[NUZRW^Z�  
TR NLDUZ�TLQWP PkMUcPb. 

�RPyLcUU LNZRDMRTT�[ bDcbUWQb ZU�UTPU, NZP hL-
WLZL[ hLT`P_^ZRwPb WUNcLLy[UTTPhR QLLWDUWQWD^UW 
`LZ[U P ZRQNLcLqUTP� kLT Q ZRkcPVTLx QWUNUTX� 
LWDUZqMUTPb. $�U[R WU�TLcL_PVUQhLx LQTRQWhP NZUM-
QWRDcUTR TR ZPQ. 3. lUNcLLy[UTTPh QLQWLPW Pk MD^� 
VRQWUx: ZRMPRWLZR P hZ��hP. �R LyUP� VRQWb� P[U�W-
Qb ZUyZR �PZPTLx 1 [[, �PZPTR hRTRcR [UqM^ ZUyZR-

[P – 1,4 [[. $LLWDUWQWDUTTL, �PZPTR hRqML_L WUNcL-
Ly[UTTL_L hRTRcR QLQWRDcbUW 0,2 [[. J�QLWR hRTRcR – 
10 [[. vRQQWLbTPU LW MTR hRTRcR ML QcUMb�Ux NLDUZ�-
TLQWP – 2 [[. vRQ�LqMUTPU [UqM^ �PZPTLx hRTRcLD  
TU NZUD��RcL 0,003 [[. lUNcLLy[UTTPh y�c Pk_LWLD-
cUT Pk Rc�[PTPUDL_L QNcRDR Q hLs``PwPUTWL[ WUNcL-
NZLDLMTLQWP TU [UTUU 150 JW/([·z).  
 

 
 

vPQ. 3. vRkZUk WU�TLcL_PVUQhLx LQTRQWhP Mcb ZURcPkRwPP 
WU�TLcL_PP VRQWPVTL_L LWDUZqMUTPb NLcP[UZTLx [RWZPw�:  
1 – WU�TLcL_PVUQhRb LQTRQWhR (N^RTQLT); 2 – WUNcLPkLcb-
wPLTT�x hLq^� WUNcLLy[UTTPhR; 3 – hRTRcXTL-�UcUDLx 
WUNcLLy[UTTPh; 4 – `LZ[^U[LU PkMUcPU; 5 – D�LMTLx/ 
 

D��LMTLx hLccUhWLZ WUNcLLy[UTTPhR 
 

�cb RTRcPkR ZRQNZUMUcUTPb WU[NUZRW^Z� DT^WZP 
PkMUcPb NZLDUMUTL [LMUcPZLDRTPU NZLwUQQR L�cRqMU-
TPb (ZPQ. 4). ]�cL ^QWRTLDcUTL, VWL PQNLcTUTPU kR-
hcRMTL_L scU[UTWR Q WUNcLPkLcPZ^��P[ [RWUZPRcL[ 
NLkDLcbUW Q^�UQWDUTTL QTPkPWX ZRQNZUMUcUTPU WU[NU-
ZRW^Z NL NLDUZ�TLQWP LQTRQWhP, WU[ QR[�[ PkLcPZ^b 
L�cRqMRU[�x hLTW^Z P NLMMUZqPDRb LNZUMUcUTT^� 
WU[NUZRW^Z^ DT^WZP sWL_L hLTW^ZR. jQWRTLDcUTL, VWL 
hLs``PwPUTW WUNcLNZLDLMTLQWP PkLcbwPLTTL_L [RWU-
ZPRcR MLcqUT y�WX D NZL[Uq^WhU LW 0,035–0,08 JW/([·z). 
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KZP PQN�WRTPb� WU�TLcL_PVUQhLx LQTRQWhP ^QWR-
TLDcUTL, VWL hLcUyRTPb WU[NUZRW^Z� NL hLTW^Z^ L�-
cRqMUTPb QLQWRDcb�W LW 11 ML 13 °$. }k[UZUTPU NZL-
DLMPcLQX Q PQNLcXkLDRTPU[ }z-hR[UZ� FLIR A615 SC. 
lU[NUZRW^ZR LQWRcXT�� NLDUZ�TLQWUx LQTRQWhP LQWR-
UWQb D NZUMUcR� 22–23 °$. lRhP[ LyZRkL[, shQNUZP-
[UTWRcXTL ^QWRTLDcUTL, VWL NZP D�yZRTT�� D�LMT�� 
NRZR[UWZR� QDbk^��U_L Pk_LWLDcUTT�x WUNcLLy[UT-
TPh Q WUNcLPkLcPZ^��P[ hLq^�L[ NZP_LMUT Mcb  
Pk_LWLDcUTPb PkMUcPx Q kLTR[P ZRkcPVTLx QWUNUTP 
LWDUZqMUTPb. 
 

 
 

vPQ. 4. vRQNZUMUcUTPU WU[NUZRW^Z� D PkMUcPP 
 

�cb RNZLyRwPP [UWLMR QyLZhP PTWU_ZRcXT�� hLT-
QWZ^hwPx Pk NLcP[UZT�� hL[NLkPwPLTT�� [RWUZPR-
cLD Q NL[L�X� VRQWPVTL_L LWDUZqMUTPb QDbk^��U_L 
y�c NZLDUMUT shQNUZP[UTW Q PQNLcXkLDRTPU[ QDb-
k^��U_L _LZbVU_L LWDUZqMUTPb. J WU�TLcL_PVUQh^� 
LQTRQWh^ Q NLcLQWX� ZRk[UZL[ 250×250×1 [[ QL_cRQ-
TL Q�U[U RZ[PZLDRTPb ^hcRM�DRcRQX ^_cUWhRTX 
Porcher, RZWPh^c 3198. KLQcU LQ^�UQWDcUTPb NZLNPW-
hP RZ[PZ^��U_L NRhUWR NZLDLMPcQb ZRDTL[UZT�x 
TR_ZUD QDbk^��U_L DTU kLT� L�cRqMR��U_L hLTW^ZR 
ML WLVhP _UcULyZRkLDRTPb. z L�cRqMR��U[^ hLTW^Z^ 
WU�TLcL_PVUQhLx LQTRQWhP D WUVUTPU DZU[UTP UU TR-
_ZUDR LQ^�UQWDcbcQb TUNZUZ�DT�x NLMDLM L�cRq-
MR��U_L R_UTWR. J ZUk^cXWRWU y�c NLc^VUT LyZRkUw 
[RWUZPRcR, NZUMQWRDcUTT�x TR ZPQ. 5, Q ZRkcPVTLx 
QWUNUTX� LWDUZqMUTPb, NZP_LMT�x Mcb QyLZhP NL kL-
TR[ VRQWPVTL_L LWDUZqMUTPb.  
 

 
 

vPQ. 5. �yZRkUw [RWUZPRcR  
Q kLTR[P ZRkcPVTLx QWUNUTP LWDUZqMUTPb 

��/�0� /�"'��(��2 �++"�/�����(. }Q�LMb  
Pk Q�LMTL_L TRkTRVUTPb MD^� ^NL[bT^W�� WU�TLcL_P-
VUQhP� NZPU[LD QhcUxhP, TULy�LMP[L NZLDUQWP QZRD-
TUTPU NZLVTLQWT�� P WUNcL`PkPVUQhP� �RZRhWUZPQWPh 
MUWRcUx, QLyZRTT�� MD^[b [UWLMR[P: WZRMPwPLTTRb 
QhcUxhR P NZP NL[L�P VRQWPVTL_L LWDUZqMUTPb QDb-
k^��U_L. $cUM^��P[ sWRNL[ D�NLcTUTPb ZRyLW�  
D ZR[hR� PQQcUMLDRTPb QNLQLyR VRQWPVTL_L LWDUZqMU-
TPb P TR�LqMUTPb LNWP[RcXT�� ^QcLDPx NZP[UTUTPb 
y^MUW bDcbWXQb Pk[UZUTPU QPc� RM_UkPP P WUNcL`PkP-
VUQhP� �RZRhWUZPQWPh NLc^VUTTL_L [RWUZPRcR. J QDL� 
LVUZUMX, QPc� RM_UkPP [L_^W y�WX Pk[UZUT� ZRyLWLx 
ZRkZ�DR NZP QMDP_U MD^� QhcUUTT�� DTR�cUQW ^_cU-
NcRQWPhLD�� NcRQWPT Q ZRk[UZL[ NcL�RMP QhcUxhP 
12,5×10 [[ P WLc�PTLx RM_UkPDR 0,3 [[.  

KL[P[L PQN�WRTPx TR QMDP_, TULy�LMP[L NZLDUQ-
WP PQN�WRTPb TR LNZUMUcUTPU WUNcLNZLDLMTLQWP 
hcUUDL_L QLUMPTUTPb. 

�R LQTLDU NLc^VUTT�� ZUk^cXWRWLD PQN�WRTPx 
[LqTL Q^MPWX L WUTMUTwPP D NLDUMUTPP hLTQWZ^hwPP 
NZP MUxQWDPP `RhWLZLD hLQ[PVUQhL_L NZLQWZRTQWDR,  
L NLD��UTPP ZRk[UZLQWRyPcXTLQWP P TRMUqTLQWP  
Pk_LWRDcPDRU[L_L NL WU�TLcL_PP VRQWPVTL_L LWDUZ-
qMUTPb PkMUcPb. $ZRDTPWUcXTL c^V�Px ZUk^cXWRW NZP 
QMDP_U P WUNcLNZLDLMTLQWP NcRQWPT, QLUMPTUTT�� 
[UWLML[ VRQWPVTL_L LWDUZqMUTPb, y^MUW QDPMUWUcXQW-
DLDRWX L yLcUU ZRDTL[UZTL[ TR_ZUDU hLTUVTL_L PkMU-
cPb NLM MUxQWDPU[ WU[NUZRW^Z�, [PTP[PkRwPP LyZR-
kLDRTPb cLhRcXT�� TRNZbqUTPx, QL�ZRTUTPP QDLUx 
`LZ[� P ZRk[UZLD. 

J sWL[ Qc^VRU PQNLcXkLDRTPU [UWLMR VRQWPVTL_L 
LWDUZqMUTPb y^MUW yLcUU s``UhWPDT�[, VU[ [UWLM 
WZRMPwPLTTL_L QhcUPDRTPb. 

���"?0����. J MRTTLx ZRyLWU LWZRqUT� LQTLDT�U 
NLcLqUTPb, TULy�LMP[�U Mcb NZLUhWPZLDRTPb NZL-
wUQQLD NZLPkDLMQWDR PkMUcPx [UWLML[ VRQWPVTL_L 
LWDUZqMUTPb, NZLDUM�T RTRcPk hPTUWPhP NLcP[UZPkR-
wPP sNLhQPMTLx QPQWU[� Araldite LY 8615/Aradur 
8615, ZRkZRyLWRTR P Pk_LWLDcUTR WU�TLcL_PVUQhRb  
LQTRQWhR, NLkDLcb��Rb NZLPkDLMPWX PkMUcPb Pk Kz~ 
Q PQNLcXkLDRTPU[ [UWLMR VRQWPVTL_L LWDUZqMUTPb. 
�hQNUZP[UTWRcXTL ^QWRTLDcUTL, VWL NZP LyUQNUVUTPP 
NRZR[UWZLD WU�NZLwUQQR DLk[LqTL Pk_LWLDcUTPU Pk-
MUcPx Q kLTR[P ZRkcPVTLx QWUNUTP LWDUZqMUTPb. 

&"�>�/����+��. vRyLWR NLMMUZqRTR ~PTPQWUZQW-
DL[ LyZRkLDRTPb P TR^hP vLQQPxQhLx YUMUZRwPP,  
´ 02.G25.31.0043. 
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This article examines the possibility of applying domestic public remote modules of communication devices with the 
object (USO) distributed automati-lizirovania systems of control of technological process (ACS TP) for a responsible 
governmental applications of thermal power plants of low and medium capacities from the point of view of the import 
substitution policy which is one of the most important objectives of the Government of the Russian Federation for de-
velopers and manufacturers of equipment for domestic industry and energy the main normative-technical documents 
(national standards, standards organizations, and guidance documents) that define the requirements for subsystems of 
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technological protections and protection of  locks APCS in thermal power plants are described. The market research of 
the Russian public developers and manufacturers of remote input / output modules with the possibility of use them in the 
subsystems of collection and primary processing of information distributed automated process control systems for criti-
cal applications is performed. A comparative analysis of the main technical characteristics has been conducted. The 
compliance of the national remote input / output modules in the sub systems of technological protection and protective 
interlocks APCS thermal power plants of low and medium capacities of regulatory documents, reglamentary appropri-
ate construction and composition of such systems taking into account regulatory requirements (in particular RTN) from 
the point of view of application objects controlled by him have been reviewed. The parallel of the possibility of using 
remote input / output modules, produced by domestic-owned companies, along with foreign counterparts, as well as 
advantages over them in terms of technical support and Russian operating conditions has been done. 

 
Keywords: technological process, automated control system, the remote module, the communication device with the 

object. 
    
)��/����. ~UWLMLcL_Pb NLQWZLUTPb �$j lK Mcb 

LQLyL LWDUWQWDUTT�� NZP[UTUTPx ^DUZUTTL ZRkDPDR-
UWQb D QWLZLT^ NLQWZLUTPb ZRQNZUMUcUTT�� �$j lK 
hRh RcXWUZTRWPD� wUTWZRcPkLDRTT�[, VU[^ QNLQLyQW-
D^UW QWZU[PWUcXTLU ^MU�UDcUTPU P ^DUcPVUTPU D�-
VPQcPWUcXTLx [L�TLQWP [PhZLNZLwUQQLZLD, cUqR�P� 
D LQTLDU RDWLTL[T�� D�VPQcPWUcUx D hRqML[ Pk ^k-
cLD �$j lK, ZRQNLcLqUTT�� D TUNLQZUMQWDUTTLx 
ycPkLQWP LW PQNLcTPWUcXT�� ^QWZLxQWD P NUZDPVT�� 
NZULyZRkLDRWUcUx.  

KLbDcUTPU ZRQNZUMUcUTT�� �$j lK Mcb WRh TRk�-
DRU[�� LQLyL LWDUWQWDUTT�� NZP[UTUTPx NLZLMPcL 
TULy�LMP[LQWX ZRkZRyLWhP QNUwPRcXT�� QUWUD�� ZU-
�UTPx, LZPUTWPZLDRTT�� TR shQNc^RWRwP� D QcLqT�� 
^QcLDPb� ZRyLW� l�$. �QTLDT�[P WZUyLDRTPb[P  
h WRhP[ QPQWU[R[ bDcb�WQb D�QLhRb NL[U�LkR�P�UT-
TLQWX P TRMUqTLQWX, MLQWRWLVTRb QhLZLQWX NUZUMRVP 
MRTT�� P TPkhRb QWLP[LQWX hRyUcXTLx NZLM^hwPP. 

���"�3 %/�"���92 ��/%"�( <�� ��/+�+��� 
+D��� � �����0��( �D��D���� ��!������� /"# 
�+�D� �����+�����92 ���������(. KLMQPQWU[� WU�-
TLcL_PVUQhP� kR�PW P kR�PWT�� ycLhPZLDLh (luPu]) 
bDcb�WQb LMTLx Pk DRqTUx�P� NLMQPQWU[ �$j lK 
WUNcLD�� scUhWZLQWRTwPx (l�$) QZUMTUx P yLcX�Lx 
[L�TLQWP. �TR LyUQNUVPDRUW kR�PW^ NUZQLTRcR P WU-
NcLsTUZ_UWPVUQhL_L LyLZ^MLDRTPb D Qc^VRU DLkTPhTL-
DUTPb RDRZPxTLx PcP NZUMRDRZPxTLx QPW^RwPP N^WU[ 
shQWZUTTL_L RDWL[RWPVUQhL_L NUZUDLMR kR�P�RU[L_L 
LyLZ^MLDRTPb D yUkLNRQTLU QLQWLbTPU. lZUyLDRTPb, 
ZU_cR[UTWPZ^��PU NLQWZLUTPU NLMQPQWU[ luPu], 
QWLbW TR LMTLx cPTUxhU Q WZUyLDRTPb[P [UqM^TRZLM-
T�� QWRTMRZWLD NL NLQWZLUTP� H-F-QPQWU[, W. U.  
QPQWU[ Q NLD��UTTLx TRMUqTLQWX�. J vLQQPxQhLx 
YUMUZRwPP ZRkZRyLWRT TRwPLTRcXT�x QWRTMRZW  
I�$l v ~�z 61508–2007 (2014) [1], LNZUMUcb��Px 
WZUyLDRTPb `^ThwPLTRcXTLx yUkLNRQTLQWP QPQWU[ 
(scUhWZPVUQhP�, scUhWZLTT��, scUhWZLTT�� NZL_ZR[-
[PZ^U[��), QDbkRTT�� Q yUkLNRQTLQWX�. $LLWDUWQW-
DUTTL, h �$j lK l�$, ZURcPk^��P[ `^ThwPP NLM-
QPQWU[� luPu], NZUM�bDcb�WQb WU qU WZUyLDRTPb, VWL 
P h �$j lK LQLyL LWDUWQWDUTT�� NZP[UTUTPx.  

�MTLx Pk DRqTUx�P� kRMRV D ZRQNZUMUcUTT�� 
�$j lK bDcbUWQb QyLZ P NUZDPVTRb LyZRyLWhR  
PT`LZ[RwPP L WU�TLcL_PVUQhL[ NZLwUQQU (Ly�UhWU) 
Mcb DDLMR UU D P[N^cXQT^� VRQWX NLMQPQWU[� luPu]. 
¶U ZU�UTPU LyUQNUVPDR�W ^MRcUTT�U ^QWZLxQWDR QDb-
kP Q Ly�UhWL[ (WRh TRk�DRU[�U ^MRcUTT�U [LM^cP 
j$�). 

�cb LwUThP DLk[LqTLQWUx PQNLcXkLDRTPb LWUVUQW-
DUTT�� [LM^cUx ^MRcUTT�� j$� D �$j lK l�$ Mcb 
LQLyL LWDUWQWDUTT�� NZP[UTUTPx LyZRWP[Qb h TLZ[R-
WPDT�[ MLh^[UTWR[, ZU_cR[UTWPZ^��P[ ZRkZRyLWh^ 
P NLQWZLUTPU NLMQPQWU[ luPu], D�NLcTUTT�� TR yRkU 
[PhZLNZLwUQQLZTLx WU�TPhP, Mcb WUNcLD�� scUhWZL-
QWRTwPx. 

�R QU_LMTb�TPx MUTX LQTLDT�[P MLh^[UTWR[P  
bDcb�WQb: 1) «lU�TPVUQhPU WZUyLDRTPb h NLMQPQWU[U 
WU�TLcL_PVUQhP� kR�PW, D�NLcTUTT�� TR yRkU [PhZL-
NZLwUQQLZTLx WU�TPhP», v� 153-34.1-35.137-00, ZRk-
ZRyLWRTT�U hLccUhWPDL[ PTqPTPZPT_LDLx `PZ[� 
«�vIv�$» P DDUMUTT�U D 2000 _LM^; 2) «�DWL[RWPkP-
ZLDRTT�U QPQWU[� ^NZRDcUTPb WU�TLcL_PVUQhP[P 
NZLwUQQR[P (�$j lK) l�$, ^QcLDPb QLkMRTPb, TLZ[� 
P WZUyLDRTPb», $l� 70238424.27.100.010–2011, ZRk-
ZRyLWRTT�U JQUZLQQPxQhP[ MDRqM� LZMUTR lZ^MLDL_L 
zZRQTL_L uTR[UTP WUNcLWU�TPVUQhP[ TR^VTL-PQQcUML- 
DRWUcXQhP[ PTQWPW^WL[ (��� «Jl}») P DDUMUTT�U  
D MUxQWDPU TUhL[[UZVUQhP[ NRZWTUZQWDL[ «}�J��» 
D 2011 _LM^ [2; 3]. J��U^hRkRTT�U MLh^[UTW� y�cP 
ZRkZRyLWRT� P DDUMUT� Q ZRkTPwUx D 11 cUW. �cb NZP-
[UTUTPb $l� 70238424.27.100.010–2011 TULy�LMP[L 
DQW^NPWX D TUhL[[UZVUQhLU NRZWTUZQWDL «}�J��»,  
R NLQhLcXh^ [TL_PU l�$ TU bDcb�WQb D TRQWLb�UU 
DZU[b VcUTR[P }�J��, LyR MLh^[UTWR P[U�W QWRW^Q 
MUxQWD^��P�.  

�ULy�LMP[L LW[UWPWX, VWL VcUTQWDL D TUhL[[UZ-
VUQhL[ NRZWTUZQWDU «}�J��» TU bDcbUWQb LybkRWUcX-
T�[, R NZPQLUMPTUTPU h TU[^ LQ^�UQWDcbUWQb TR MLy-
ZLDLcXTLx LQTLDU. �UNZPQLUMPTPD�PUQb LZ_RTPkRwPP 
NL-NZUqTU[^ Z^hLDLMQWD^�WQb D QDLUx ZRyLWU NZP 
NLQWZLUTPP NLMQPQWU[ luPu] ZRQNZUMUcUTT�� �$j 
lK l�$ Z^hLDLMb�P[P MLh^[UTWR[P v� 153-34.1-
35.137-00 [2].  

�TRcPk ^MRcUTT�� [LM^cUx j$� NLMQPQWU[ QyLZR 
P NUZDPVTLx LyZRyLWhP PT`LZ[RwPP Mcb LQLyL LWDUW-
QWDUTT�� NZP[UTUTPx (W. U. Mcb NLMQPQWU[ luPu]) 
y^MU[ NZLPkDLMPWX QL_cRQTL WZUyLDRTPb[ Mcb ^MR-
cUTT�� [LM^cUx j$�, LWZRqUTT�[ D D��U^hRkRTT�� 
MLh^[UTWR�, TL Q ^VUWL[ MLNLcTPWUcXT�� WZUyLDRTPx 
v� 153-34.1-35.127-2002, v� 153-34.1-35.145-2003, 
I�$l v 51841–2001 (~�z 61131-2-92), R WRhqU WZU-
yLDRTPx vLQWU�TRMkLZR TR NZP[UTUTPU WU�TPVUQhP� 
^QWZLxQWD, h hLWLZ�[ LWTLQbWQb P �$j lK, TR LNRQ-
T�� NZLPkDLMQWDUTT�� Ly�UhWR� (hLWc�, QLQ^M�, WZ^-
yLNZLDLM� P W. M.) l�$ P ZUhL[UTMRwPx, LWZRqUTT�� 
D hTP_U ç. �. YUMLZLDR «KLZbMLh QLkMRTPb, [LMUZTP-
kRwPP P QLNZLDLqMUTPb �$j lK» [4–8]. 
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JQU D��UNUZUVPQcUTT�U MLh^[UTW� D NLcTLx [U-
ZU ZU_cR[UTWPZ^�W NLQWZLUTPU ZRQNZUMUcUTT�� �$j 
lK Mcb l�$ Mcb LQLyL LWDUWQWDUTT�� NZP[UTUTPx.  

¶�U y^hDRcXTL TUMRDTL NZP NZLUhWPZLDRTPP ZRQ-
NZUMUcUTT�� �$j lK Q ZURcPkRwPUx NLMQPQWU[� 
luPu] TR yRkU [PhZLNZLwUQQLZTLx WU�TPhP TR Qc^�^ P 
«hRZRTMR�R�» NZLUhWPZLD�PhLD y�cP WLcXhL TRP[U-
TLDRTPb kRZ^yUqT�� `PZ[-«WbqUcLDUQLD», WRhP� hRh 
�BB, Siemens, Honeywell P, hLTUVTL qU, Yokogawa – 
NZPkTRTT�x cPMUZ D ZRkZRyLWhU P NZLPkDLMQWDU LyL-
Z^MLDRTPb Mcb ZRQNZUMUcUTT�� �$j lK l�$. 

J QDbkP Q DDUMUTPU[ QRThwPx D LWTL�UTPP sTUZ_U-
WPVUQhLx LWZRQcP vLQQPxQhLx YUMUZRwPP P NZLDUMU-
TPU[ KZRDPWUcXQWDL[ vY NLcPWPhP P[NLZWLkR[U�U-
TPb DLkTPhRUW TULy�LMP[LQWX NZLRTRcPkPZLDRWX DLk-
[LqTLQWP NZUMNZPbWPx – ZRkZRyLWVPhLD P NZLPkDLMP-
WUcUx LWUVUQWDUTT�� [LM^cUx ^MRcUTT�� j$� Mcb 
NLMQPQWU[ luPu] �$j lK (LWDUWQWDUTT�� NZP[UTU-
TPx) l�$.  

�R QU_LMTb�TPx MUTX LyLZ^MLDRTPU Mcb �$j lK 
l�$ ZRkZRyRW�DRUW P NZLPkDLMPW TU LMPT MUQbWLh 
LWUVUQWDUTT�� `PZ[. ]LcX�Rb ZRyLWR NL RTRcPk^ ^MR-
cUTT�� [LM^cUx j$� ZLQQPxQhP� NZLPkDLMPWUcUx 
D�NLcTUTR �. �UhZRQLD�[ D U_L QWRWXU «zLTWZLccUZ� 
P j$� ZLQQPxQhP� NZLPkDLMPWUcUx», D hLWLZLx MRT 
NLMZLyT�x RTRcPk ^MRcUTT�� [LM^cUx j$� QLD[UQW-
TL Q hLTWZLccUZT�[ LyLZ^MLDRTPU[ Mcb wUTWZRcPkL-
DRTT�� �$j lK [9].  

�R Z�ThU LWUVUQWDUTT�� NZLPkDLMPWUcUx ^MRcUT-
T�� [LM^cUx j$� Mcb LQLyL LWDUWQWDUTT�� NZP[UTU-
TPx D �$j lK Mcb l�$ D Ly�Ux QcLqTLQWP TRQVPW�-
DRUWQb NLZbMhR 32 ZLQQPxQhP� NZLPkDLMPWUcUx.  
}k MRTTL_L QNPQhR PQhc�VUT� LZ_RTPkRwPP, TU ZRkZR-
yRW�DR��PU P TU NZLPkDLMb�PU ^MRcUTT�U [LM^cP 
j$� Mcb �$j lK l�$ QZUMTUx P yLcX�Lx [L�TLQWP. 
lRhqU Pk sWL_L QNPQhR y�cP PQhc�VUT� NZLPkDLMPWU-
cP ^MRcUTT�� [LM^cUx j$�, TU P[U��PU ZRkZU�P-
WUcXT�� MLh^[UTWLD TRMkLZTL_L LZ_RTR (vLQWU�TRMkLZR) 
TR NZP[UTUTPU TR Ly�UhWR�, U[^ NLMhLTWZLcXT��, PcP 
TU P[U��PU MLh^[UTWLD, NLMWDUZqMR��P� QLLWDUW-
QWDPU WU�TPVUQhP[ ZU_cR[UTWR[ lR[LqUTTL_L QL�kR. 

lRhP[ LyZRkL[, Pk Ly�U_L QNPQhR 32 NZLPkDLMPWU-
cUx j$� [LqTL D�MUcPWX VUW�ZU DUM^�P� hL[NRTPP: 

1. zL[NRTPb «~LM^cXT�U QPQWU[� lLZTRML», ZRk-
ZRyRW�DR��Rb P NZLPkDLMb�Rb QUZP� ^MRcUTT��  
[LM^cUx j$� MIRage-N ��� (_. �LDLQPyPZQh) [10–15]. 

2. �� «�Jl-�DWL[RWPhR», bDcb��UUQb ZRkZRyLW-
VPhL[ P NZLPkDLMPWUcU[ QUZPP ^MRcUTT�� [LM^cUx 
j$� «�Z[hLTW �4» (_. ~LQhDR) [16]. 

3. IZ^NNR hL[NRTPx «lUhLT», ZRkZRyRW�DR��Rb  
P NZLPkDLMb�Rb QUZP� ^MRcUTT�� [LM^cUx j$�  
«lUhLTPh» (_. ~LQhDR) [17]. 

4. zL[NRTPb «lv�û-¾LcMPT_», bDcb��RbQb ZRk-
ZRyLWVPhL[ P NZLPkDLMPWUcU[ QUZPP ^MRcUTT�� [L-
M^cUx j$� hLTWZLccUZLD TREI-5B-05 (_. KUTkR) [18]. 

���"�3 ��2��0�+��2 2��������+��� ���0�+�-
����92 %/�"���92 ��/%"�( <��. �TRcPk NZLDL-
MPcQb NL QcUM^��P[ NRZR[UWZR[: 

1. KL TL[PTRcXTLx WU[NUZRW^ZU DLkMUxQWDPb Lh-
Z^qR��Ux QZUM� cPMUZL[ bDcb�WQb ^MRcUTT�U [LM^-
cP j$� QUZPP MIRage-N ��� NZLPkDLMQWDR hL[NRTPP 
«~LM^cXT�U QPQWU[� lLZTRML», ^QWLxVPDL ZRyLWR�-

�PU NZP WU[NUZRW^ZU LhZ^qR��Ux QZUM� ML 70 º$  
NZP WZUyLDRTPP TLZ[RWPDTL-WU�TPVUQhP� MLh^[UTWLD – 
50 º$ [10–15]. 

2. KL NZPU[^ MPQhZUWT�� QP_TRcLD NL NLQWLbTTL[^ 
TRNZbqUTP� 220 J Q LWhcLTUTPU[ D +10 % P D – 15 % 
NZP WLhU 5 [� TUW bDTL_L cPMUZR. JQU VUW�ZU hL[NR-
TPP NZLPkDLMbW QLLWDUWQWD^��PU ^MRcUTT�U [LM^cP 
j$� Q ^NL[bT^W�[P �RZRhWUZPQWPhR[P. 

3. KL LyUQNUVUTP� TRMUqTLQWP wP`ZLDLx QDbkP 
(^MRcUTT�x [LM^cX j$�, ^QWRTLDcUTT�x D «NLcU» – 
[LM^cX wUTWZRcXTL_L NZLwUQQLZR, ZRQNLcLqUTT�x  
TR �PWU ^NZRDcUTPb) [LqTL LW[UWPWX WZU� NZLPkDL-
MPWUcUx: «~LM^cXT�U QPQWU[� lLZTRML», �� «�Jl-
�DWL[RWPhR», «lv�û-¾LcMPT_», P[U��PU D QDLU[ 
QLQWRDU M^ycPZLDRTT�U PTWUZ`UxQ� (Ethernet-[LM^cP 
QUZPP MIRage-N ���; RS-485 – TREI-5B-05 P «�Z[-
hLTW �4»), VWL kTRVPWUcXTL NLD��RUW TRMUqTLQWX 
cPTPx NZPU[R-NUZUMRVP MRTT�� ^MRcUTT�� [LM^cUx 
j$� D NLMQPQWU[U luPu], LMTP[ Pk WZUyLDRTPx hLWL-
ZLx bDcbUWQb [RhQP[RcXTRb TRMUqTLQWX cPTPx QDbkP 
[10–16]. �RqU LyZ�D cPTPP QDbkP TU MLcqUT NZPDUQWP 
h PQhc�VUTP� Pk ZRyLW� DQU_L Pk[UZPWUcXTL_L hRTR-
cR. 

4. KL QhLZLQWP LyZRyLWhP QP_TRcLD (NZPU[ QP_TR-
cR – D�MRVR ^NZRDcb��U_L QP_TRcR) D�yZRWX cPMUZR 
LVUTX QcLqTL, WRh hRh sW^ kRMRV^ DLk[LqTL ZU�PWX 
WLcXhL D NUZPLM� NZLDUMUTPb TRcRMLVT�� ZRyLW NZP 
QLkMRTPP �$j lK. ~LM^cP wUTWZRcXTL_L NZLwUQQLZR 
~912¶ lREI-5J-05, ^MRcUTT�U [LM^cP j$� QUZPP 
«�Z[hLTW �4» (NZLPkDLMPWUcX – �� «�Jl-
�DWL[RWPhR») (0,2 Q – MLhRkRTL shQNUZP[UTWRcXTL TR 
zZRQTLbZQhLx Iv�$-2 D [RU 2015 _. NZP NZLDUMUTPP 
PQN�WRTPx kR�PW� NL LWhc�VUTP� _UTUZRWLZR LW QU-
WP, Dhc�VUTP� �~J QPQWU[� ZU_^cPZLDRTPb P QZRyR-
W�DRTP� scUhWZL[R_TPWLD _PMZRDcPVUQhL_L RDWL[RWR 
yUkLNRQTLQWP) NLNRMR�W D MPRNRkLT WZUyLDRTPx QhL-
ZLQWP NLc^VUTPb P D�MRVP QP_TRcLD [15; 18]. KL ^MR-
cUTT�[ [LM^cb[ j$� MZ^_P� NZLPkDLMPWUcUx MRTT�U 
NL QhLZLQWP LyZRyLWhP QP_TRcLD LWQ^WQWD^�W. 

5. KL TRkTRVUTTL[^ QZLh^ Qc^qy� 15 cUW, NZUMNP-
QRTTL[^ NLcLqUTPb[P v� 153-34.1-35.137-00, cPMU-
ZL[ bDcbUWQb «lv�û-¾LcMPT_» Q TRZRyLWhLx TR LWhRk 
150000 V (17 cUW) [18]. 

�R DWLZL[ [UQWU NL TRkTRVUTTL[^ QZLh^ Qc^qy� 
bDcb�WQb ^MRcUTT�U [LM^cP j$� NZLPkDLMQWDR hL[-
NRTPP «~LM^cXT�U QPQWU[� lLZTRML» QL QZLhL[ TR-
ZRyLWhP TR LWhRk 15 cUW [10–15]. 

�R WZUWXU[ [UQWU – LyLZ^MLDRTPU hL[NRTPP  
�� «�Jl-�DWL[RWPhR» Q DZU[UTU[ TRZRyLWhP TR LW-
hRk 11 cUW [16]. 

KL ^MRcUTT�[ [LM^cb[ j$� «lUhLTPh» MRTT�U 
NL TRZRyLWhU TR LWhRk LWQ^WQWD^�W. 

6. KL QhLZLQWP NUZUMRVP LyZRyLWRTT�� MRTT��  
NL wP`ZLDL[^ hRTRc^ [LM^cP wUcUQLLyZRkTL QZRDTP-
DRWX NZP ZRyLWU NL NZLWLhLc^ ModBus RTU. 

KZP ZRyLWU NL sWL[^ NZLWLhLc^ ^MRcUTT�U [LM^cP 
j$� WZU� NZLPkDLMPWUcUx – «lv�û-¾LcMPT_»,  
�� «�Jl-�DWL[RWPhR», _Z^NN� hL[NRTPx «lUhLT» 
QLNLQWRDP[� NL QhLZLQWP (115 zyPW/Q NL RS-485 NZP 
McPTU 1200 [) [16–18]. 

jMRcUTT�U [LM^cP j$� «~LM^cXT�U QPQWU[� 
lLZTRML» NL QhLZLQWP NUZUMRVP MRTT�� 100 ~yPW/Q  
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P NZLWLhLcR ModBus TCP yUk^QcLDTL LNUZUqR�W  
LQWRcXT�� [10–15]. �L TUcXkb kRy�DRWX, VWL VUWhRb P 
TRMUqTRb ZRyLWR NL NUZUMRVU MRTT�� D QUWP Ethernet 
D�NLcTbUWQb D NZUMUcR� 100 [, R NZP yLcX�P� ZRQ-
QWLbTPb� WZUy^UWQb ^QWRTRDcPDRWX MLNLcTPWUcXTLU 
QUWUDLU LyLZ^MLDRTPU. 

7. KL TRcPVP� QWLZLqUDL_L WRx[UZR TULy�LMP[L 
LW[UWPWX MDU hL[NRTPP – �� «�Jl-�DWL[RWPhR»  
P _Z^NN^ hL[NRTPb «lUhLT». jMRcUTT�U [LM^cP j$�, 
P[P NZLPkDLMP[�U, P[U�W M^ycPZLDRTT�x QWLZLqU-
DLx WRx[UZ [16; 17]. 

�DU MZ^_PU hL[NRTPP («lv�û-¾LcMPT_» P «~L-
M^cXT�U QPQWU[� lLZTRML») WRhqU P[U�W QWLZLqUDLx 
WRx[UZ, TL TUM^ycPZLDRTTL_L PQNLcTUTPb [10–14]. 

8. KL [UqNLDUZLVTL[^ PTWUZDRc^ [LM^cP ZRQNZU-
MUcPcPQX QcUM^��P[ LyZRkL[: 

– 2 _LMR – QUZPb [LM^cUx hL[NRTPP «lv�û-
¾LcMPT_»; 

– 2 _LMR – QUZPb ^MRcUTT�� [LM^cUx j$� «lUhL-
TPh» [17]; 

– 1 _LM – QUZPb [LM^cUx hL[NRTPP �� «�Jl-
�DWL[RWPhR» [16]. 

~UqNLDUZLVT�x PTWUZDRc ^MRcUTT�� [LM^cUx 
j$� Q QR[�[ [RhQP[RcXT�[ QZLhL[ 3 _LMR WLcXhL  
^ LyLZ^MLDRTPb hL[NRTPP «~LM^cXT�U QPQWU[� lLZ-
TRML» [10–15].  

9. KL DZU[UTP D�DLMR PT`LZ[RwPP TR shZRT NLQcU 
NLc^VUTPb NZPkTRhR RDRZPxTLx QPW^RwPP ^QWZLxQWDR 
DQU� D��UNUZUVPQcUTT�� NZLPkDLMPWUcUx NLNRMR�W  
D WZUy^U[�x MPRNRkLT 0,5 Q. 

���"?0����. KZLMUcRTTRb LwUThR WU�TPVUQhP� 
�RZRhWUZPQWPh P NZRhWPhR PQNLcXkLDRTPb NLhRkRcP, 
VWL ^MRcUTT�U [LM^cP j$�, NZLPkDLMP[�U ZbML[ 
LWUVUQWDUTT�� hL[NRTPx, LyUQNUVUT� TRMUqTLx QL-
DZU[UTTLx scU[UTWTLx yRkLx P WU�TLcL_PUx NZLPk-
DLMQWDR, LWZRyLWRTT�[P hLTQWZ^hWPDT�[P P Q�U[T�-
[P ZU�UTPb[P, ZRkDPW�[P QZUMQWDR[P QR[LMPR_TL-
QWPhP, TU ^QW^NR�W kRZ^yUqT�[ RTRcL_R[ kRZ^yUqT�� 
`PZ[-«WbqUcLDUQLD», WRhP�, TRNZP[UZ, hRh �BB, 
Siemens, Honeywell P Yokogawa, P MRqU NZUDLQ�LMbW 
P� NL TUhLWLZ�[ NRZR[UWZR[. �TP c^V�U NZPQNLQLy-
cUT� h ZLQQPxQhP[ ^QcLDPb[ shQNc^RWRwPP P P[U�W 
yLcUU hRVUQWDUTT^� P TRMUqT^� NLMMUZqh^.  

jMRcUTT�U [LM^cP j$�, NZLPkDLMP[�U D��U^hR-
kRTT�[P LWUVUQWDUTT�[P NZLPkDLMPWUcb[P, LWhZ�-
DR�W yLcX�PU DLk[LqTLQWP Mcb NLQWZLUTPb ZRQNZUMU-
cUTT�� �$j lK Mcb LWDUWQWDUTT�� NZP[UTUTPx WUN-
cLscUhWZLQWRTwPx yLcX�Lx P QZUMTUx [L�TLQWP. KZP 
sWL[ hRh kRhRkVPh, WRh P NZLUhWPZLD�Ph MLcqT� PQ-
�LMPWX TU WLcXhL Pk LQLyUTTLQWUx hLThZUWTL_L WU�TL-
cL_PVUQhL_L LyLZ^MLDRTPb, TL P ^VPW�DRWX WL LyQWLb-
WUcXQWDL, VWL QZUMQWDR QyLZR MRTT�� P ^NZRDcUTPb 
D��UNUZUVPQcUTT�� NZLPkDLMPWUcUx LWDUVR�W WZUyL-
DRTPb[ QLLWDUWQWD^��P� TLZ[RWPDT�� MLh^[UTWLD P 
^qU P[U�W NLcLqPWUcXT�x LN�W DTUMZUTPb TR l�$. 
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In present paper we consider magnetization reversal of layered nanocomposite magnetic film FM/NM/FM/AFM. 

Magnetic film consists of magnetic sandwich structure FM/NM/FM applied to antiferromagnetic substrate (AFM). 
Nonmagnetic spacer (NM) divides magnetic sandwich involving two ferromagnetic layers (FM). Differential equations 
describe magnetization distributions in each magnetic layer of magnetic sandwich. We use the following boundary con-
ditions in pointed task. Fixed boundary condition specifies the boundary between ferromagnetic layer and antiferro-
magnetic substrate and free end boundary condition specifies the boundary between ferromagnetic layer and vacuum. 
In addition to that two boundary conditions simulate nonmagnetic layer. One of them is nonlinear. Landau–Lifshitz 
differential equation describes magnetization process. We wrote this equation in coordinate system bounded with mag-
netization rotation angle and distance from ferromagnetic-antiferromagnetic boundary to simplify calculations.  
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Carrying out our investigation we obtain algebraic equation defining magnetization threshold fields, construct  
applied field projection of magnetization graph. Magnetization curve shows hysteresis caused by uniaxial anisotropy. 
We obtain a graph showing a hysteresis loop thickness depends on nonmagnetic spacer physical characteristics to 
demonstrate how nonmagnetic spacer has effect on magnetic hysteresis properties of multilayer magnetic film. Investi-
gation results could be used for prediction of some physical characteristics of magnetic FM/NM/FM/AFM films. 

 
Keywords: magnetic sandwich, magnetic film, nonmagnetic spacer. 
    
)��/����. ~R_TPWT�U NcUThP Q LMTLLQTLx RTPkL-

WZLNPUx PQNLcXk^�WQb NZP hLTQWZ^PZLDRTPP QcLP-
QW�� TRTLhL[NLkPWLD, NZUMQWRDcb��P� QLyLx [R_-
TPWT�x QsTMDPV Pk MD^� `UZZL[R_TPWT�� QcLUD,  
ZRkMUcUTT�� TU[R_TPWTLx NZLQcLxhLx (FM/NM/FM), 
TR RTWP`UZZL[R_TPWTLx NLMcLqhU (FM/NM/FM/AFM). 
}k^VUTP� WRhP� [R_TPWT�� QPQWU[ NLQDb�UTL [TL-
qUQWDL ZRyLW (Q[., TRNZP[UZ, LykLZ [1]). lRhPU QPQWU-
[� TR�LMbW NZP[UTUTPU D hRVUQWDU LQTLD� Mcb ZRk-
cPVT�� ^QWZLxQWD QNPTWZLTPhP, TRNZP[UZ, QNPTLD�� 
DUTWPcUx, ZRyLWR hLWLZ�� yRkPZ^UWQb TR s``UhWU  
_P_RTWQhL_L [R_TPWLQLNZLWPDcUTPb. vRkcPVT�U QDLx-
QWDR, D WL[ VPQcU [R_TPWT�U, WRhP� QWZ^hW^Z shQNUZP-
[UTWRcXTL Pk^VRcPQX DL [TLqUQWDU ZRyLW, kMUQX NZP-
DUMU[ TUhLWLZ�U Pk NLQcUMTP� PQQcUMLDRTPx [2–6].  
J ZRyLWU [2] shQNUZP[UTWRcXTL Pk^VR�WQb [R_TPWT�U 
QDLxQWDR QNPTLD�� DUTWPcUx NiFe/Cu/NiFe/IrMn, NZP-
DLMbWQb kRDPQP[LQWP DUcPVPT� Ly[UTTL_L Q[U�UTPb 
LW WLc�PT� NZLQcLxhP, hZPD�U TR[R_TPVPDRTPb.  
J ZRyLWU [3] Pk^VRUWQb `UZZL[R_TPWT�x ZUkLTRTQ  
D ^hRkRTT�� D��U NcUThR�. ~R_TPWT�U QDLxQWDR QsT-
MDPVUx Co/Cu/Co Pk^VR�WQb D ZRyLWR� [4; 5]. J ZRyLWU [6] 
Pk^VRUWQb s``UhW _P_RTWQhL_L [R_TPWLQLNZLWPDcUTPb 
D QNPTLD�� DUTWPcb� NiFe/CoFe/Cu/CoFe/IrMn. 

�RQWLb�Rb ZRyLWR bDcbUWQb NZLMLcqUTPU[ ZRyLW, 
NLQDb�UTT�� RTRcPWPVUQhL[^ LNPQRTP� NZLwUQQR 
NUZU[R_TPVPDRTPb ^hRkRTT�� QcLPQW�� [R_TPWT�� 
NcUTLh Q Ly[UTTLx QDbkX� [7–15]. 

��+������� 3�/�0�. ~� y^MU[ ZRQQ[RWZPDRWX 
ZRQNLcLqUTT�x TR AFM-NLMcLqhU [R_TPWT�x QsT-
MDPV FM/NM/FM, DUZ�TPx `UZZL[R_TPWT�x QcLx hL-
WLZL_L P[UUW LMTLLQT^� RTPkLWZLNP�. �cb TR�U_L 
ZRQVUWR DDUMU[ MUhRZWLD^ QPQWU[^ hLLZMPTRW Mcb ZRQ-
Q[RWZPDRU[Lx NcUThP (ZPQ. 1). ~� y^MU[ NZUMNLcR-
_RWX, VWL NZLwUQQ� Pk[UTUTPb TRNZRDcUTPb TR[R_TP-
VUTTLQWP NZLPQ�LMbW D DUZ�TU[ P TPqTU[ QcLb� QsT-
MDPVR. �cb hRqML_L QcLb DDLMPWQb QLyQWDUTTRb QPQWU-
[R hLLZMPTRW. zRh NLhRkRTL TR ZPQ. 1, [R_TPWT�x DUh-
WLZ, _ZRTPVR�Px Q NLMcLqhLx, kRhZUNcUT D TRNZRDcU-
TPP LQP x1. �RNZRDcUTPU DTU�TU_L [R_TPWTL_L NLcb H 
NZLWPDLNLcLqTL ^hRkRTTLx LQP P QLDNRMRUW Q LQX� 
cU_hL_L TR[R_TPVPDRTPb. 

KZP WRhLx NLQWRTLDhU kRMRVP, hRh NLhRk�DRcLQX D 
NZPDUMUTT�� D��U ZRyLWR�, NLM MUxQWDPU[ DTU�TU_L 
[R_TPWTL_L NLcb H D QcLb� y^MUW P[UWX [UQWL TULM-
TLZLMTLU ZRQNZUMUcUTPU TR[R_TPVUTTLQWP NL WLc�P-
TU NcUThP. KZUMNLcR_RU[, VWL ZRk[R_TPVPDR��Px 
`RhWLZ DMLcX LQP z MLQWRWLVTL DUcPh Mcb WL_L, VWLy� 
QLZPUTWPZLDRWX TR[R_TPVUTTLQWX NcUThP D UU NcLQhL-
QWP, NLsWL[^ NZLUhwPUx TR[R_TPVUTTLQWP TR LQX z 
NZUTUyZU_RU[. J QLLWDUWQWDPP Q ^hRkRTT�[P D��U 
MLN^�UTPb[P L `PkPVUQhP� �RZRhWUZPQWPhR� QcLUD 
[LqTL QcUM^��P[ LyZRkL[ kRNPQRWX ^ZRDTUTPb, LN-
ZUMUcb��PU ^_c� NLDLZLWR ö1 P ö2 DUhWLZLD TR[R_TP-

VUTTLQWP LWTLQPWUcXTL LQP x QLLWDUWQWDUTTL D TPq-
TU[ P DUZ�TU[ QcLb�, �RZRhWUZPk^U[�� WLc�PTR[P d1, 
d2, hLTQWRTWR[P DT^WZUTTU_L Ly[UTR Ò1, Ò2, TR[R_TP-
VUTTLQWb[P TRQ��UTPb M1 P M2:  

 
2 2

1 1
12

11

sin 0,
d hd
d
2

	 2 �
�6

 (1) 

 
2 2 2

2 2 2
2 2 22

2 22

sin sin cos 0,
d hd d
d
2 B C

	 2 
 2 2 �
� �6

 (2) 

_MU h = H / M1, ü = M1 / M2. KRZR[UWZL[ þ �RZRhWUZP-
k^UWQb LMTLLQTRb RTPkLWZLNPb DUZ�TU_L QcLb. KZPDU-
MUTT�U ^ZRDTUTPb NLc^VR�WQb Pk PkDUQWTL_L ^ZRDTU-
TPb �RTMR^–�P`�PwR N^WU[ NUZU�LMR D QPQWU[^  
hLLZMPTRW, QDbkRTT^� Q ^_cR[P DZR�UTPb DUhWLZR 
TR[R_TPVUTTLQWP DLhZ^_ LQP z D NcLQhLQWP xy. J ^ZRD-
TUTPb� (1) P (2) PQNLcXk^�WQb TLZ[PZLDRTT�U yUk-
ZRk[UZT�U NUZU[UTT�U ÿ1 = z/d1 P ÿ2 = z/d2. jZRDTUTPU, 
^VPW�DR��UU LMTLLQT^� RTPkLWZLNP� (2), ZRQQ[RWZP-
DRcLQX ZRTUU D ZRkT�� `LZ[R� kRNPQP D ZRyLWR� [7–9], 
NLQDb�UTT�� NZLwUQQR[ NUZU[R_TPVPDRTPb P QNPT-
DLcTLDL_L ZUkLTRTQR D NcUThR� FM/AFM Q LMTLTR-
NZRDcUTTLx RTPkLWZLNPUx. 

j_c� ö1 P ö2 QDbkRT� Q NZLUhwPb[P TR[R_TPVUTTL-
QWP TR LQP x P y QcUM^��P[P QLLWTL�UTPb[P: 
 M1x = M1 cos ö1, M1y = M1 sin ö1, (3) 
 M2x = M2 cos ö2, M2y = M2 sin ö2. (4) 

z ^ZRDTUTPb[ (1), (2) QWRDbWQb _ZRTPVT�U ^QcLDPb [10] 
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 (6) 

_MU � = Ò2/Ò1 – LWTL�UTPU Ly[UTT�� NLQWLbTT��; ds – 
WLc�PTR NZLQcLxhP; Òs – s``UhWPDTRb NLQWLbTTRb 
[UqQcLxTL_L Ly[UTTL_L DkRP[LMUxQWDPb. KUZDLU ^Q-
cLDPU D (6) bDcbUWQb TUcPTUxT�[ P D�ZRqRUW TUZRDUT-
QWDL NZP_ZRTPVT�� ^_cLD NLDLZLWR DUhWLZR TR[R_TP-
VUTTLQWP. J WRhL[ DPMU ^hRkRTTLU ^QcLDPU NLc^VRUWQb 
ycR_LMRZb TUcPTUxTL[^ DhcRM^ D NLcT^� sTUZ_P� 
NcUThP sTUZ_PP [UqQcLxTL_L DkRP[LMUxQWDPb, kRNP-
QRTTLx D QcUM^��U[ DPMU: 

 1 2
s

s
s

U
d
�

� 
 M M . (7) 

$PT^Q ZRkTLQWP ^_cLD D (6) NLbDcbUWQb NZP DRZXP-
ZLDRTPP sTUZ_PP (7). 
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vPQ. 1. $PQWU[R hLLZMPTRW: DUhWLZ TR[R_TPVUTTLQWP M1 TR _ZRTPwU FM/AFM  
QVPWRUWQb TUNLMDPqT�[ P LZPUTWPZLDRTT�[ RTWPNRZRccUcXTL DTU�TU[^ NLc� H 

 
����9� ������>��0�����# � ����>��9� ��"#. 

vU�UTPU ^ZRDTUTPb (1) [LqTL NZUMQWRDPWX D QcUM^�-
�U[ DPMU: 

 
2
1

1 1 1 1 1
1

2arcsin sn , ,
hdk F k

* + �
, -� �2 � 6 	

� ��, -� �. /
 (8) 

_MU sn – sccPNWPVUQhPx QPT^Q ÌhLyP; k1 – sccPNWPVU-
QhPx [LM^cX; F1 – hLTQWRTWR PTWU_ZPZLDRTPb. vU�U-
TPU ^ZRDTUTPb (2) NZUMQWRDP[ D DPMU 

 
2
2

2 2 2 2
2

2arctg cn ,c
hdt A F k

* + �B, -� �2 � 6 	
� ��, -� �. /

, (9) 

_MU cn – sccPNWPVUQhPx hLQPT^Q ÌhLyP; k2 – sccPNWP-
VUQhPx [LM^cX; tc = tg(ö2c/2), _MU ö2� – kTRVUTPU ^_cR 
NLDLZLWR DUhWLZR TR[R_TPVUTTLQWP TR _ZRTPwU DUZ�-
TU_L QcLb NcUThP Q DRh^^[L[. �ccPNWPVUQhPx [LM^cX 
k2 QDbkRT Q NRZR[UWZL[ tc NZPDUMUTT�[ TPqU QLLWTL-
�UTPU[: 

 
� � � �

2 2 2
Ñ Ñ Ñ2

2 2 2 2
Ñ Ñ Ñ

1 2
.

1 1 2 1

t t B t
k

t t B t

* +	 	. /�
* +	 	 	 
. /

 (10) 

J (9) P (10) y�cP PQNLcXkLDRT� QcUM^��PU LyL-
kTRVUTPb: 

 
2
Ñ

2
Ñ

2 ( 1)
1,

1
B t

A
t



� 
 	
	

 (11) 

 .
2

B
h
C

�
B

 (12) 

}k D�ZRqUTPb (10) QcUM^UW, VWL sccPNWPVUQhPx 
[LM^cX k2 cUqPW D NZUMUcR� LW 0 ML 1, hRh P WZUy^UWQb 
Mcb sccPNWPVUQhP� `^ThwPx. vU�UTPU (9) ^ZRDTUTPb (2) 
D TRQWLb�Ux ZRyLWU kRNPQRTL RTRcL_PVTL [7]. lRhRb 
`LZ[R kRNPQP D TRQWLb�Ux QWRWXU PQNLcXkLDRTR D wU-
cb� ^NZL�UTPb NZP[UTUTPb _ZRTPVT�� ^QcLDPx QL-
NZbqUTPb QcLUD. 

�cb ^NZL�UTPb MRcXTUx�P� D�ZRqUTPx NZP[U[ 
QcUM^��PU LyLkTRVUTPb: 

 1 ,
4 u

hq
h

�
�     2

2
1

,
4 u

d hq A
d h

� B
�

�
  

 
2

1
2
1

.
2 4uh

d
�� �� � �

� �
 (13) 

JUcPVPTR hu NZUMQWRDcbUW QLyLx NLZL_LDLU NLcU 
TRVRcR NZLwUQQR NUZU[R_TPVPDRTPb NcUThP WLc�PTLx 
2d1 P DDUMUTR Mcb NLQcUM^��U_L QZRDTUTPb Q NLc^-
VUTT�[P D NZUM�M^�P� ZRyLWR� ZUk^cXWRWR[P. KZP-
[UTbb _ZRTPVT�U ^QcLDPb (5) h ZU�UTPb[ (8) P (9), 
NLc^VP[ F1 = 0, F2 = – q2. $ ^VUWL[ sWL_L D�ZRqUTPb 
Mcb ^_cLD NLDLZLWR DUhWLZR TR[R_TPVUTTLQWP D QcLb� 
[LqTL kRNPQRWX QcUM^��P[ LyZRkL[: 
 ö1 = 2 arcsin [k1 sn (q1ÿ1, k1)], (14) 
 ö2 = 2 arctg [tc cn (q2(ÿ2 – 1), k2)]. (15) 

�UPkDUQWT�U tc P k1 LNZUMUcb�WQb Pk _ZRTPVT�� 
^QcLDPx (6). KLQcU NLMQWRTLDhP (14) P (15) D (6) NLc^-
VP[: 
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� �
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2 1 1 1 1 1 21

1 1 1 2 2
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2
2 22

1 1 1 2 2 2 2
1

1 2 1
,
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k q cn

d t cn

d
k q cn t cn t q sn dn

d
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�
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(16) 

_MU sn1 = sn(q1, k1), sn2 = sn(q2, k2), cn1 = cn(q1, k1),  
cn2 = cn(q2, k2), dn1 = dn(q1, k1), dn2 = dn(q2, k2). 

�cb LNZUMUcUTPb NLZL_LD�� kTRVUTPx TRVRcR NZL-
wUQQR DUUZTL_L DZR�UTPb TR[R_TPVUTTLQWP D QcLb� 
NUZUxMU[ h NZUMUc^ k1�0, tc�0 (k2�0). lL_MR sccPN-
WPVUQhPU `^ThwPP QDUM^WQb h WZP_LTL[UWZPVUQhP[,  
P QPQWU[R ^ZRDTUTPx (16) NUZUxMUW D cPTUxT^� Rc_Uy-
ZRPVUQh^� QPQWU[^ ^ZRDTUTPx LWTLQPWUcXTL k1 P t�: 

 
� �1 1 1 1 2

2
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1 1 1 2 2
1

cos sin cos 0,

cos sin 0,
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_MU PQNLcXkLDRTL LyLkTRVUTPU  
 Ï = Ò1ds / (Òsd1). (18) 

�NZUMUcPWUcX QPQWU[� ^ZRDTUTPx (17), NZPZRD-
TUTT�x h T^c�, MRQW ^ZRDTUTPU, LNZUMUcb��UU NLZL-
_LD�U kTRVUTPb DTU�TU_L NUZU[R_TPVPDR��U_L NLcb: 

 2
2

1

                tg
4 4

ctg 1 ,
4

th th

u
th

thu th

h h

d
h

d hh

� � �B� 	 �� �
� �

 �CB � B
� 
� �� �B �� B
C � �

 (19) 

_MU hth – NLZL_LDLU NLcU NUZU[R_TPVPDRTPb, TLZ[PZL-
DRTTLU TR hu; þu = þ/hu. KZP LWQ^WQWDPP RTPkLWZLNPP  
P TU[R_TPWTLx NZLQcLxhP NLc^VP[ ^qU PkDUQWTLU [11] 
D�ZRqUTPU Mcb NLZL_LDL_L NLcb NcUThP FM/AFM 
WLc�PTLx 2d1: 

 
2

1
2
1

.
2 4thh

d
�� �� � �

� �
 (20) 

�RcUU D hRVUQWDU VRQWTL_L Qc^VRb y^MU[ ZRQQ[RW-
ZPDRWX ZRQNLcLqUTT�x TR RTWP`UZZL[R_TPWTLx NLM-
cLqhU QsTMDPV FM/NM/FM, Dhc�VR��Px MDR `UZZL-
[R_TPWT�� QcLb, LWcPVR��P�Qb WLcXhL TRcPVPU[  
LMTLLQTLx RTPkLWZLNPP D DUZ�TU[ QcLU. }QNLcXk^b (3) 
P (4), [LqTL kRNPQRWX NZLUhwP� QZUMTU_L kTRVUTPb  
x-hL[NLTUTW� TLZ[PZLDRTTLx TR[R_TPVUTTLQWP NcUT-
hP, hLWLZRb TRyc�MRUWQb D shQNUZP[UTWR� NL NUZU-
[R_TPVPDRTP� [R_TPWT�� NcUTLh:  

 

� �� �

� �� �
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1 1 1
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1
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1 1 am , ,
2

1 cn 1 ,1 .
2 1 cn 1 ,

x

c

c

m E q k k
q

t q z k
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t q z k

� 
 	 	


 

	

	 
0
. (21) 

vU�Rb QPQWU[^ ^ZRDTUTPx (16) LWTLQPWUcXTL k1 P t� 
NZP ZRkT�� kTRVUTPb� LWTL�UTPb h/hu P PQNLcXk^b 
(21), NLc^VP[ kRDPQP[LQWX QZUMTUx TR[R_TPVUTTLQWP 
NcUThP LW DTU�TU_L NLcb. vUk^cXWRW� NZPDUMUT�  
D DPMU _ZR`PhLD TR ZPQ. 2. vRQVUW� NZLDLMPcPQX NZP 
ZRkT�� kTRVUTPb� LWTL�UTPb þ/hu P NZP kTRVUTPP 
Ï = 3. lRhLU kTRVUTPU Mcb NRZR[UWZR Ï y�cL D�yZRTL 
Pk WU� QLLyZRqUTPx, VWL NZLwUQQ hDRkPQWRWPVUQhL_L 
NUZU[R_TPVPDRTPb NZP WRhL[ kTRVUTPP TLQPW �RZRh-
WUZ MD^�NLZL_LDLx NLWUZP ^QWLxVPDLQWP [10], hLWLZRb 
D�ZRqRUWQb D QcUM^��U[. KZP MLQWPqUTPP TUhLWLZL-
_L NLZL_LDL_L kTRVUTPb DTU�TU_L [R_TPWTL_L NLcb 
TRVPTRUWQb NZLwUQQ DZR�UTPb TR[R_TPVUTTLQWP  
D LyLP� `UZZL[R_TPWT�� QcLb�, TR[R_TPVUTTLQWX  
D hLWLZ�� PkTRVRcXTL LZPUTWPZLDRTR RTWPNRZRccUcX-
TL TRNZRDcUTP� DTU�TU_L NLcb. KZP NLQcUMLDRWUcX-
TL[ ^DUcPVUTPP DTU�TU_L [R_TPWTL_L NLcb TRQW^NRUW 
[L[UTW, hL_MR TR[R_TPVUTTLQWX DUZ�TU_L QcLb LZPUT-
WPZ^UWQb NL NLc�, R TR[R_TPVUTTLQWX TPqTU_L QcLb, 
TRNZLWPD, LZPUTWPZLDRTR NZLWPD NLcb. �R ZPQ. 2 QLLW-
DUWQWD^��UU kTRVUTPU NLcb LyLkTRVUTL WLVhLx A TR 
hZPDLx 1. �RcUU QcUM^UW PTWUZDRc kTRVUTPx DTU�TU_L 
[R_TPWTL_L NLcb (LW WLVhP A ML WLVhP B), TR hLWLZL[ 
TU NZLPQ�LMPW DZR�UTPU TR[R_TPVUTTLQWP; P NLQcU 
MLQWPqUTPb TUhLWLZL_L DWLZL_L NLZL_LDL_L kTRVUTPb 
TRVPTRUWQb NZLwUQQ DZR�UTPb TR[R_TPVUTTLQWP  
D TPqTU[ QcLU. 

zRh DPMTL Pk ZPQ. 2, hZPD�U 2 P 3 P[U�W _PQWUZU-
kPQ D TRVRcU NZLwUQQR NUZU[R_TPVPDRTPb NZP NLcb� 
[UTX�P� cPyL NLZbMhR hu. KUWcb _PQWUZUkPQR ZRQhZ�-
DRUWQb NZP kTRVUTPP þ/hu > 1/4 [8; 11]. C TUhLWLZL_L 
kTRVUTPb DUcPVPT� DTU�TU_L NLcb, LyLkTRVUTTL_L 
WLVhLx B TR ZPQ. 2, hZPD�U QcPDR�WQb, VU_L P QcUMLDR-
cL LqPMRWX, NLQhLcXh^ [� ZRQQ[RWZPDRU[ Qc^VRx, LW-
cPVR��PxQb WLcXhL NLQWLbTTLx LMTLLQTLx RTPkLWZL-
NPUx D DUZ�TU[ QcLU. 

 
 

 
 

vPQ. 2. uRDPQP[LQWX QZUMTUx TR[R_TPVUTTLQWP LW DTU�TU_L NLcb: 
1 – þ/hu = 0; 2 – þ/hu = 0,38; 3 – þ/hu = 0,75 
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vPQ. 3. uRDPQP[LQWX �PZPT� NUWcP _PQWUZUkPQR LW NRZR[UWZR Ï: 
1 – þ/hu = 0,75; 2 – þ/hu = 1,00 

 
�R ZPQ. 3 NZPDUMUTR kRDPQP[LQWX �PZPT� NUWcP 

_PQWUZUkPQR 4h LW NRZR[UWZR Ï NZP ZRkcPVT�� kTRVU-
TPb� DUcPVPT� LMTLLQTLx RTPkLWZLNPP. KLQhLcXh^ 
NRZR[UWZ Ï kRDPQPW LW WLc�PT� NZLQcLxhP (18),  
WL, hRh DPMTL Pk ZPQ. 3, Q ^DUcPVUTPU[ WLc�PT� NZL-
QcLxhP �PZPTR NUWcP _PQWUZUkPQR ^DUcPVPDRUWQb. 

���"?0����. J TRQWLb�Ux QWRWXU y�cL NLc^VUTL 
Rc_UyZRPVUQhLU ^ZRDTUTPU, LNZUMUcb��UU NLZL_LD�U 
NLcb NUZU[R_TPVPDRTPb, P Rc_UyZRPVUQhPU ^ZRDTUTPb 
Mcb TR�LqMUTPb hLTQWRTW PTWU_ZPZLDRTPb, LNZUMU-
cb��P� ZRQNZUMUcUTPU TR[R_TPVUTTLQWP D [R_TPW-
TL[ QsTMDPVU FM/NM/FM. ]�cP NLQWZLUT� hZPD�U 
NUZU[R_TPVPDRTPb D Qc^VRU QcRyLx Ly[UTTLx QDbkP 
[R_TPWT�� QcLUD NZP ZRkT�� kTRVUTPb� NRZR[UWZR 
LMTLLQTLx RTPkLWZLNPP. KLhRkRTL, VWL hZPD�U NUZU-
[R_TPVPDRTPb P[U�W _PQWUZUkPQ. ]�cP NZLMUcRT� 
ZRQVUW� �PZPT� NUWcP _PQWUZUkPQR NZP ZRkcPVT�� 
kTRVUTPb� hLTQWRTW� LMTLLQTLx RTPkLWZLNPP P `PkP-
VUQhP� �RZRhWUZPQWPh TU[R_TPWTLx NZLQcLxhP. 
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3'+���� ����: ����+����!�, ���	#����������"(	��� ���)����, ���������$���, ��$�� �"������ 

	�$	(�� ��$���� ������(, �	������+����� ��������. 
    
Introduction. Interest in the new available nano- 

composites (NCs) is due to the possibility of controlling 
their physicomechanical and tribological characteristics 
under the operating conditions of friction units in various 
machines and mechanisms. This progressively developing 
direction is considered to be almost the only method for 
producing functional materials, which makes it possible to 
form articles with improved performance characteristics 
[1–5]. Nanocomposites are currently widely used as 
structural and tribological materials, which replace 
traditional ferrous metals and alloys; they play an 

important role in reducing material consumption in the 
manufacture of machines and mechanisms, as well as in 
enhancing their reliability and durability. 

A low cost and the availability of thermoplastic 
polymers and powdered nanofillers, as well as the 
possibility of using traditional methods and equipment to 
produce NCs, ensure high efficiency of their manufacture 
and the introduction of these materials into machine 
building [6; 7]. 

Designing promising NCs is based on an analysis of 
the operating conditions of friction units, such as bearings 
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and seals of various machines. For friction units that do 
not undergo impact loads, composite materials can be 
modified by spherical strengthening particles without 
using fibrous materials [8; 9]. This makes it possible to 
use plasma-chemical methods most efficiently to modify 
and synthesize the original materials for NCs. 

In the course of designing NCs, the problem of 
selecting a polymer matrix and a nanofiller (particles of a 
strengthening phase) is solved. The polymer matrix 
should meet the requirements, such as a high or sufficient 
mechanical strength, resistance to aggressive media, 
satisfactory tribological (primarily, antifriction) charac-
teristics, as well as sufficient thermal and wear resistance. 

In order to improve the mechanical strength of a 
polymer matrix, a nanofiller should have higher hardness 
and strength than the material of the matrix, high or 
satisfactory antifriction characteristics, a high thermal 
conductivity, and a satisfactory adhesion to the material 
of the matrix or a chemical bond with it. 

In this work, results of studying the vacuum plasma-
arc modification of UHMWPE on the mechanical and 
tribological characteristics of polymer composites are 
presented. 

Experimental. Ticona Ultra-high-molecular-weight 
polyethylene (UHMWPE) (Germany) with a molecular 
weight of 2–7 mln carbon units and composite materials 
on its basis were studied. Specimens were produced by 
hot compaction at a pressure of 10 MPa, a temperature of 
190 °C, and a rate of subsequent cooling of 3–4 K/min. 

The vacuum plasma-arc modification of UHMWPE 
was carried out using the method described in [10–12]. 
This method makes it possible to preliminarily treat 
original UHMWPE powder by ions of an inert gas in 
glow discharge, as well as to simultaneously CuO 
nanopowder and to deposit in onto surfaces of UHMWPE 
particles. Thus, powdered composite mixtures of the 
polymer matrix and filler with various mass ratios were 
prepared; both untreated mixtures and mixtures 
preliminarily treated in glow discharge were used. 

The wear resistance and the coefficient of sliding 
friction were determined using a Tribometer instrument 
(CSM Instruments, Switzerland) with the pin-on-disc 
arrangement. The counterbody was a polished ball made 
from the 100Sgb steel, which was an analog of the 
ShKh15 steel with a hardness of 1550 HV. 

Young’s modulus of 220 GPa, and a density of 3.0–
3.2 g/sm3. 

The test conditions were as follows: the counterbody 
was a polished ball3 mm in diameter, the counterbody 
material was 100Sgb steel, the normal load was 1 N, the 
radius of the wear ring was 9–11 mm, the linear velocity 
was 20 cm/s, and the specified duration of the test was 
5000 rev. 

After the tests, the diameter of a wear spot on the 
counterbody (the stationary ball) and the width of a wear 
groove on the rotating specimen were visually determined 
using MBS-10 and AXIOVERTCA25 (Karl Zeiss, 
Germany) microscopes. The depth of the wear groove 
was measured using a WYKONT 1100 optical profilo- 
meter (VEECO, United States). The depth and width of 
the grooves were measured in four to six diametrically 
and orthogonally opposite regions and then averaged. The 

test results were used to determine the wear rate I (the 
ratio of the thickness of the worn layer to the friction 
path), the coefficient of friction f, and the microhardness 
of the friction surface H. 

The mechanical characteristics of the polymer 
composites (PCs) with various concentrations of the filler 
were determined according to GOST 11262-80. During 
the tensile tests, the modulus of elasticity Ep, the ultimate 
strength �pp, and the relative elongation Ôpp were 
measured. 

Results and discussion. Fig. 1–3 show the 
dependences of the physicochemical characteristics of the 
PCs in tension on the concentration of CuO in these 
composites. The effect of the method for preliminary 
plasma-chemical treatment on the characteristics of the 
PCs was studied. An analysis of the dependences of �pp 
and Ôpp has shown that they have fairly pronounced 
extreme points. For the ultimate tensile strength, these 
extreme points correspond to a concentration of CuO of 
approximately 2–3 %. For both untreated NCs and NCs 
preliminarily treated by glow discharge, the curves of the 
dependences of the ultimate strength on the concentration 
of CuO are almost identical. With an increase in the 
concentration of CuO powder, the modulus of elasticity 
Ep rises from ~ 500 MPa to 3500 MPa or higher. 

 

 
 

Fig. 1. Ultimate strength of NCs based  
on UHMWPE and CuO: 

1 – after preliminary ion treatment; 2 – untreated 
 

 
 

Fig. 2. Ultimate relative elongation of NCs based  
on UHMWPE and CuO:  

1 – after preliminary ion treatment; 2 – untreated 
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Fig. 3. Modulus of elasticity in tension of NCs based on 
UHMWPE and CuO:  

1 – after preliminary ion treatment; 2 – untreated 
 
The nonmonotonous dependence of the modulus of 

elasticity on the concentration of CuO is also confirmed 
by the fact that, at very high concentrations of CuO, 
single values of the modulus of elasticity of 6000 and 
even 8000 MPa can be recorded. 

The observed effects are apparently due to changes in 
molecular mobility (the flexibility of chains) that result 
from the effect of various factors, primarily the degree of 
crystallinity and the pattern of supramolecular structures [13]. 
In addition, the pattern of supramolecular structures in 
filled crystalline polymers also determines the mechanism 
of the fracture of a polymer, such as the propagation of 
cracks, as well as adhesive or cohesive fracture, which is 
also governed by the concentration of a filler. In 
connection with this, reactions of the polymer with the 
filler, which are usually considered as the necessary 
condition for the reinforcing effect of the filler to occur, 

can lead to either an increase or decrease in the strength 
characteristics depending on the degree of change in the 
molecular mobility of chains in surface layers. 

Fig. 4 shows the dependences of the coefficient of 
friction on the applied load. It can be seen in these 
dependences that the optimum concentration of the filler 
at which the minimum values of the coefficient of friction 
are observed is 2 and 3 wt % for the NCs preliminarily 
treated by glow discharge and the untreated NCs, 
respectively. For unfilled UHMWPE treated by glow 
discharge, the coefficient of friction exceeds by 1.6–2 times 
the minimum values of the coefficient of friction obtained 
for the filled materials; for the specimen produced by 
compacting original (not subjected to any treatment) 
UHMWPE, the values off are substantially higher than 
for the preliminarily treated UHMWPE specimen. 

Fig. 5 shows the concentration dependences off I, and 
H obtained at a maximum load of 19 N. With an increase 
in the concentration of the filler, the wear rate decreases 
and the microhardness of the surface rises. The specimens 
preliminarily treated in glow discharge have substantially 
lower values of the wear rate, the microhardness, and the 
coefficient of friction. 

As follows from an analysis of the results obtained, 
the regularities of the contact and friction of the PCs are 
in line with the molecular-mechanical theory of friction 
and wear. Friction results in the wear of the NCs, which is 
the mode of surface fracture typical of a composite. The 
wear of the materials under study occurs apparently due 
to both adhesion and deformation. For the majority of the 
specimens tested, elastic deformation can be considered 
as the dominant mode of the friction and rupture of 
friction junctions. During the running-in of the 
preliminarily ion-treated specimens under the maximum 
load, plastic deformation accompanied by fatigue wear 
occurred. When the tests continued, this mode of contact 
changed into the elastic deformation of the contact of the 
specimen with the rigid surface of the disc. 

 
 

 
 

Fig. 4. Dependences of coefficient of friction on applied load at various concentrations of CuO, wt %:  
a – after preliminary treatment in glow discharge: 1 (1); 2 (2); 4 (3); 0 (4);  

and original UHMWPE (5); b – untreated: 1 (1); 2 (2); 3 (3) 

� b 
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Fig. 5. Dependences of: 
a – coefficient of friction; b – wear rate; c – micro- 
hardness on concentration of CuO under a load of 19 N: 
untreated (1); after preliminary treatment in glow discharge  
 

(2); calculated wear rate (3) 
 

The calculation estimate of the wear rate of a 
nanocomposite material is based on considering numerous 
factors, such as the physicomechanical characteristics of 
the material of a surface being worn out, the parameters 
of the roughness of the rigid surface of the disc, the 
parameters that characterize the loading of the contact, 
and the frictional fatigue of the material. 

An analysis of the results of this study has allowed us 
to assume that the parameters that govern the wear of the 
specimens of the polymer composite material are the 
contact pressure p, the coefficient of friction f, the 
hardness of the surface H, the average values of the 
maximum peak-to-valley height R, and the curvature 
radius of peaks r, as well as the parameters b and of the 
power approximation of the initial portion of the bearing 
ratio curve. 

The wear rate I of the specimens of the PCs that were 
synthesized without preliminary ion treatment and 
contained 1–4 wt % CuO is satisfactorily described by the 
following analytical dependence (fig. 5, curve 3) [14; 15]: 
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the results of studying the parameters of the roughness of 
the disk friction surface using profilometry. It can be seen 
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from the data in fig. 5 that the calculated values of I 
nearly coincide with the experimental values. 

Conclusion. The results of studying the effect of the 
vacuum plasma-arc modification of UHMWPE on the 
mechanical and tribological characteristics of the polymer 
composites are presented. It has been found that the 
deformation and strength characteristics of the NCs 
depend on the concentration of CuO; at concentrations of 
nanopowder of 1–2 %, a substantial influence of 
preliminary treatment in glow discharge is observed. 

It has been established that, with an increase in the 
concentration of the filler, the wear rate decreases; at a 
concentration of CuO of up to 1 %, the wear rate drops 
sharply. The microhardness of the surface simultaneously 
increases. The wear rate, the microhardness, and the 
coefficient of friction of the specimens preliminarily 
treated in glow discharge are substantially lower. The 
results obtained can form a basis for developing 
compositions of polymers with nanofillers in order to 
produce polymer composite materials with the UHMWPE 
matrix and required characteristics. 
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The article discusses the reliability of automated control systems. The approach to the classification systems for 

health States is analyzed. This approach can be traditional binary approach, operating with the concept of 
“serviceability”, and other variants of estimation of the system state. This article provides such option, providing 
selective evaluation of components for the reliability of the entire system. The description of various automatic control 
systems and their elements from the point of view of health and risk, mathematical method of determining the transition 
object from state to state, their difference from each other in the implementation of the objective function are 
introduced. The interplay of elements in different States, the aggregate state of the elements connected in series or in 
parallel is explored. There are the tables of various logic States and the principles of their calculation in series and 
parallel connection. Through simulation the proposed approach is illustrated by finding the probability of getting into 
the system state data in parallel and serially connected elements, with their different probabilities of moving from state 
to state. In general, the materials of article will be useful for analyzing of the reliability of the automated control 
systems and engineering of the highly-reliable systems. Thus, this mechanism determined the State of the system 
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provides more detailed information about it and allows a selective approach to the reliability of the system as a whole. 
Detailed results when assessing the reliability of the automated control systems allow the engineer to make an informed 
decision when designing means of improving reliability. 

 
Keywords: reliability, states, faultlessness, workability. 
    
)��/����. �RMUqTLQWX QWZ^hW^ZTL-QcLqT�� QPQ-

WU[ RDWL[RWPVUQhL_L ^NZRDcUTPb – LycRQWX PQQcUML-
DRTPx, hLWLZRb LycRMRUW �PZLhP[ QNUhWZL[ DLk[Lq-
T�� [UWLMLD P NZPTwPNLD PQQcUMLDRTPx P D�VPQcU-
TPx. J QLLWDUWQWDPP Q WZRMPwPLTT�[ NLM�LML[ TR-
MUqTLQWX – sWL QDLxQWDL Ly�UhWR QL�ZRTbWX DL DZU[U-
TP D ^QWRTLDcUTT�� NZUMUcR� kTRVUTPb DQU� NRZR[UW-
ZLD, �RZRhWUZPk^��P� QNLQLyTLQWX D�NLcTbWX WZU-
y^U[�U `^ThwPP [1–4]. 

�RMUqTLQWX hRqML_L scU[UTWR [LqTL D�ZRkPWX 
kTRVUTPU[ �i – DUZLbWTLQWP yUkLWhRkTLx ZRyLW�,  
R QLQWLbTPU – WZRMPwPLTTL cL_PVUQhLx NUZU[UTTLx Si, 
NZPTP[R��Ux kTRVUTPU 1 D Qc^VRU PQNZRDTLQWP scU-
[UTWR P 0 D Qc^VRU U_L TUPQNZRDTLQWP. 

�NZUMUcbUW qU TRQW^NcUTPU QLQWLbTPb Qc^VRxTLU 
QLy�WPU, D�ZRqR��UUQb VPQcL[ Ri, NZPTP[R��P[ 
Qc^VRxTLU kTRVUTPU Pk PTWUZDRcR (0…1). $cUMLDR-
WUcXTL, Mcb LNZUMUcUTPb QLQWLbTPb DLk[LqTL NZP[U-
TPWX QcUM^��PU D�ZRqUTPb [5]: 
 Si = 1, NZP Ri < Pi, (1) 
 Si = 0, NZP Ri > Pi. (2) 

}, QLyQWDUTTL, QLQWLbTPU DQUx QPQWU[� D�ZRqRUW-
Qb N^W�[ D�VPQcUTPb cL_PVUQhLx `LZ[^c� QPQWU[�, 
RZ_^[UTWR[P hLWLZLx y^M^W QLQWLbTPb LWMUcXT�� 
scU[UTWLD. lRhP[P QLQWLbTPb[P NZPD�VTL TRk�DR�W-
Qb ZRyLWLQNLQLyTLU P TUZRyLWLQNLQLyTLU. lRhLx  
M^RcXT�x NLM�LM NLkDLcbUW NZP[UTbWX h ZRQVUW^ `Rh-
WPVUQhL_L QLQWLbTPb Ly�hTLDUTT^� y^cUD^ cL_Ph^. 

��+��#��# +�+���9 + ��0�� 3����# ���+��+��. 
$R[ TRyLZ QLQWLbTPx LWT�MX TU bDcbUWQb VU[-WL  
RyQLc�WTL DUZT�[ P yUQQNLZT�[. KZUMQWRDcbUWQb 
DLk[LqT�[ ZRQ�PZPWX NZUMQWRDcUTPU L QLQWLbTPb� 
scU[UTWLD/QPQWU[�. JUMX NL[P[L NZPD�VT�� NZUM-
QWRDcUTPx L QLQWLbTPP hRh PQNZRDTL/TUPQNZRDTL,  
Q^�UQWD^�W P MZ^_PU hcRQQP`PhRwPP QLQWLbTPx [6]. 

J QLLWDUWQWDPP Q NLM�LML[ yUkLNRQTLQWP QPQWU[, 
NLD��Rb TRMUqTLQWX scU[UTWLD, DDLMb QWZ^hW^ZT^�  
P DZU[UTT^� Pky�WLVTLQWX, NZP[UTbb DkRP[LkR[UTbU- 
[LQWX, DLQQWRTRDcPDRU[LQWX P PT�U [UZ� NLD��UTPb 
TRMUqTLQWP QcLqTLx QPQWU[�, [� LyUQNUVPDRU[ LWhR-
kL^QWLxVPDLQWX. �L P[UTTL Mcb QcLqT�� QPQWU[ �R-
ZRhWUZTLx bDcbUWQb DLk[LqTLQWX [TL_LhZRWT�� hL[-
yPTRwPx LWhRkLD, hRqMRb Pk hLWLZ�� TUDUZLbWTL [RcR, 
R D Q^[[U WRhP� TUDUZLbWT�� QLQWLbTPx TRhRNcPDRUW-
Qb MLQWRWLVTL, VWLy QPQWU[R NLNRcR D LNRQTLU QLQWLb-
TPU – QLQWLbTPU, D hLWLZL[ DLkTPhRUW ^�UZy yLcX�L-
_L [RQ�WRyR. 

J NZLycU[U yUkLNRQTLQWP TR NUZD�x NcRT D��LMbW 
TU ^VPW�DRU[�U D WULZPP TRMUqTLQWP hL[NLTUTW� – 
QZUMR, D hLWLZLx `^ThwPLTPZ^UW QPQWU[R, kR�PWT�U 
QLLZ^qUTPb, TUycR_LNZPbWT�U DTU�TPU DLkMUxQWDPb, 
^[��cUTT�U PcP yUkLWDUWQWDUTT�U MUxQWDPb c�MUx. 
��WhLU kTRTPU ^QcLDPx DLkTPhTLDUTPb sWP� TUycR_L-
NZPbWT�� ^QcLDPx NLkDLcbUW, Q LMTLx QWLZLT�, NZP-
TbWX kRycR_LDZU[UTTL QLLWDUWQWD^��PU [UZ� kR�P-

W�, R Q MZ^_Lx – ZRkZRyLWRWX yUkLNRQT�x Rc_LZPW[ 
^NZRDcUTPb QPQWU[Lx. 

J ZRyLWU [7] MRT� LQTLDT�U LNZUMUcUTPb, hLWLZ�U 
PQNLcXk^�WQb TR[P NZP ZRQQ[LWZUTPP MRTTL_L DLNZLQR. 

�L TRZbM^ Q NLM�LML[, LwUTPDR��P[ QLQWLbTPb 
yUkLNRQTLQWP QPQWU[�, [TLqUQWDUTTLQWX QLQWLbTPx 
[LqUW ZRQQ[RWZPDRWXQb P NZP LwUThU PQNZRDTLQWP 
QPQWU[�. 

��+���� �90�+"���( +�+��#��(. �cb LNUZPZL-
DRTPb ZRkTLLyZRkT�[P QLQWLbTPb[P TULy�LMP[L 
NZP[UTbWX QNUwP`PVUQh^� QPQWU[^ D�VPQcUTPx, �LWb 
LTR DL [TL_L[ y^MUW LQTLDRTR TR NZPD�VTLx y^cUDLx 
cL_PhU. �WcPVPU[ NZUMcR_RU[Lx QPQWU[� y^MUW yLcX�UU 
VPQcL DLk[LqT�� kTRVUTPx NUZU[UTT�� QLQWLbTPb. 

�cb Pcc�QWZRwPP ^TPDUZQRcXTLQWP MRTTL_L NLM-
�LMR ZRQQ[LWZP[ TUQhLcXhL QLQWLbTPx V1, V2, V3, V4,  
D hLWLZ�� [LqUW NZUy�DRWX hRh QPQWU[R, WRh P LWMUcX- 
T�U U� scU[UTW�. 

$LQWLbTPU V1 – TUZRyLWLQNLQLyTLU QLQWLbTPU.  
J MRTTL[ QLQWLbTPP scU[UTW NLcTLQWX� TU D�NLcTbUW 
QDL� `^ThwP�, P DQU U_L NRZR[UWZ� TU QLLWDUWQWD^�W 
WZUy^U[�[. 

$LQWLbTPU V2 – TUPQNZRDTLU. J T�[ scU[UTW D�-
NLcTbUW QDL� `^ThwP�, TL Q hRhLx-WL NL_ZU�TLQWX�, 
L�PyhLx. 

$LQWLbTPU V3 – ZRyLWLQNLQLyTLU. J T�[ QLLWDUWQW-
D^�W WZUyLDRTPb[ TLZ[RWPDTL-WU�TPVUQhLx P hLTQW-
Z^hWLZQhLx MLh^[UTWRwPP kTRVUTPb DQU� WU�TPVUQhP� 
NRZR[UWZLD scU[UTWLD, hRVUQWD, �RZRhWUZPk^��P� P� 
QNLQLyTLQWX D�NLcTPWX kRMRTT�U `^ThwPP. uTRVUTPb 
LQWRcXT�� NRZR[UWZLD [L_^W MLh^[UTWRwPP TU QLLW-
DUWQWDLDRWX. 

$LQWLbTPU V4 – PQNZRDTLU QLQWLbTPU. J T�[ scU-
[UTW QLLWDUWQWD^UW DQU[ WZUyLDRTPb[ TLZ[RWPDTL-
WU�TPVUQhLx P hLTQWZ^hWLZQhLx MLh^[UTWRwPP [1; 8]. 

�cU[UTW� QPQWU[� [L_^W y�WX QLUMPTUT� ZRkcPV-
T�[ LyZRkL[. $cLqTLQWX QWZ^hW^Z� QPQWU[� [LqUW 
LyUQNUVPWX NLD��UTPU U� TRM�qTLQWP N^W�[ NZP[U-
TUTPb NZPTwPNR ZUkUZDPZLDRTPb. KLM ZUkUZDPZLDRTP-
U[ NLTP[RUWQb NZP[UTUTPU LNZUMUcUTT�� WU�TPVU-
QhP� QZUMQWD Q wUcX� LyUQNUVUTPb ZRyLWLQNLQLyTLQWP 
Ly�UhWR NZP LWhRkU [9]. J QPQWU[R� Q ZUkUZDPZLDRTPU[ 
D�MUcb�W LQTLDTLx P ZUkUZDT�x scU[UTW�: NUZD�x 
NZUMQWRDcbUW QLyLx scU[UTW QWZ^hW^Z� Ly�UhWR, LWhRk 
hLWLZL_L NZP LWQ^WQWDPP ZUkUZDPZLDRTPb NZPDLMPW  
h NLWUZU ZRyLWLQNLQLyTLQWP Ly�UhWR, DWLZLx – scU-
[UTW, NZUMTRkTRVUTT�x Mcb LyUQNUVUTPb ZRyLWLQNL-
QLyTLQWP Ly�UhWR D Qc^VRU LWhRkR LQTLDTL_L scU[UT- 
WR [10; 11]. 

��D"��9 +�+��#��( ��+"�/�����"'�92 � ����"- 
"�"'�92 \"�������. }Q�LMb Pk D��UQhRkRTTL_L, 
LNP�U[, hRh DkRP[LMUxQWD^�W ZRkcPVTL QLUMPT�TT�U 
scU[UTW�. 

KZP NLQcUMLDRWUcXTL[ QLUMPTUTPP cL_PVUQhRb 
`^ThwPb y^MUW NLMLyTR hLT��ThwPP scU[UTWLD (WRyc. 1): 
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����!� 1 
��D"��� +�+��#��(  

��+"�/�����"'�� +��/��B��92 \"������� 
 

S1 S2 S1 P S2 
V1 V1 V1 
V1 V2 V1 
V1 V3 V1 
V1 V4 V1 
V2 V1 V1 
V2 V2 V2 
V2 V3 V2 
V2 V4 V2 
V3 V1 V1 
V3 V2 V2 
V3 V3 V3 
V3 V4 V3 
V4 V1 V1 
V4 V2 V2 
V4 V3 V3 
V4 V4 V4 

 
KZP NRZRccUcXTL[ – MPk��ThwPP (WRyc. 2), kR[U-

WP[, VWL Mcb DUZTLx ZRyLW� QPQWU[� TULy�LMP[� ML-
NLcTPWUcXT�U scU[UTW�, LNZUMUcb��PU QLQWLbTPb 
scU[UTWLD, Q�U[� «_LcLQLDRTPb» [12; 13]. 
 

����!� 2 
��D"��� +�+��#��(  

����""�"'�� +��/��B��92 \"������� 
 

S1 S2 S1 PcP S2 
V1 V1 V1 
V1 V2 V2 
V1 V3 V3 
V1 V4 V4 
V2 V1 V2 
V2 V2 V2 
V2 V3 V3 
V2 V4 V4 
V3 V1 V3 
V3 V2 V3 
V3 V3 V3 
V3 V4 V4 
V4 V1 V4 
V4 V2 V4 
V4 V3 V4 
V4 V4 V4 

zRqM�x scU[UTW QPQWU[� [LqUW NUZU�LMPWX Pk QL-
QWLbTPb D QLQWLbTPU Q LNZUMUc�TTLx DUZLbWTLQWX�. 
KLsWL[^ ZRQVUW TRMUqTLQWP QPQWU[� [LqUW D�NLc-
TbWXQb hRh NL ^qU P[U��P[Qb QLQWLbTPb[, WRh P NL 
DUZLbWTLQWb[ NLNRMRTPb scU[UTWLD D MRTT�U QLQWLbTPb. 

������ ��+0B�� +�+��#��# +��/�����# \"����-
���. KZLPcc�QWZPZ^U[ NZP[UZ ZRQVUWR (Q[. ZPQ^TLh), 
ZRQQ[LWZUD QPQWU[^, QLQWLb�^� Pk TUhP� scU[UTWLD 
B1, B2, B3, QLUMPTbU[�� NLQcUMLDRWUcXTL P NRZRc-
cUcXTL. 

J Qc^VRU NZP[UTUTPb h ZRQQ[LWZUTP� yLcUU VU[ 
MD^� QLQWLbTPx QPQWU[�, ZRQVUW DUZLbWTLQWP NZUy�-
DRTPb QPQWU[� D TP� D�NLcTbUWQb Mcb hRqML_L QL-
QWLbTPb. KLsWL[^ TULy�LMP[L NLc^VPWX P NZP[UTbWX 
D ZRQVUWU DUZLbWTLQWP NLNRMRTPb D hRqMLU QLQWLbTPU 
hRqML_L scU[UTWR. $DUM�[ P� D WRyc. 3. 

 
����!� 3 

)���#���+�� ���D9����# \"������� � ����/�"B��92 
+�+��#��#2 

 

 Ps1 Ps2 Ps3 Ps4 
B1 0,001 0,05 0,45 0,4990 
B2 0,0001 0,02 0,5 0,4799 
B3 0,0005 0,03 0,6 0,3695 

 
uMUQX Psn – DUZLbWTLQWX QLQWLbTPb n. 
�TRcPWPVUQhP DUZLbWTLQWX NLNRMRTPb QPQWU[�  

D c�yLU QLQWLbTPU PLy� D�ZRqRUWQb `LZ[^cLx 
 PLy� = (1 – (1 – Pm1)2·(1 – Pm2

2 ))·(1 – (1 – Pm3)). (3) 
J ZUk^cXWRWU D�VPQcUTPx NLc^VRU[ QcUM^��PU 

kTRVUTPb (WRyc. 4): 
– DUZLbWTLQWX TUZRyLWLQNLQLyTLQWP QPQWU[� 

0,000002; 
– DUZLbWTLQWX TUPQNZRDTLQWP QPQWU[� 0,00578; 
– DUZLbWTLQWX WLcXhL ZRyLWLQNLQLyTLQWP QPQWU[� 

0,4838; 
– DUZLbWTLQWX PQNZRDTLQWP QPQWU[� 0,5104. 
 

����!� 4 
)���#���+�� ���D9����# +�+���9 � +�+��#��#2 

 

Ps1 Ps2 Ps3 Ps4 
0,000002 0,005784 0,483825 0,5104 

 
�cb Pcc�QWZRwPP DkRP[LMUxQWDPb QLQWLbTPx QPQ-

WU[� NZLDUM�[ P[PWRwPLTTLU [LMUcPZLDRTPU, Q_UTU-
ZPZLDRD TRyLZ Qc^VRxT�� QLQWLbTPx [14; 15]. 

 

 
$WZ^hW^ZR QPQWU[� 

 

B1.1 

B1.2 

B2.1 B2.2 

B3.1 

B3.2 
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����!� 5 
��3%"'���9 �����������>� ��/�"�������# +�+��#��( 

 

$LQWLbTPU B1.1 $LQWLbTPU B1.2 $LQWLbTPU B2.1 $LQWLbTPU B2.2 $LQWLbTPU B3.1 $LQWLbTPU B3.2 
2 3 4 3 2 3 

 
�QLyUTTLQWX ZRQQ[RWZPDRU[Lx cL_PhP D WL[, VWL 

TRM kTRVUTPb[P QLQWLbTPx, hZL[U cL_PVUQhP�, [LqTL 
D�NLcTbWX U�� P [RWU[RWPVUQhPU D�VPQcUTPb. J NZL-
wUQQU _UTUZRwPP [� ZRkyPDRU[ NZL[Uq^WLh LW T^cb ML 
UMPTPw� TR VUW�ZU DcLqUTT�� PTWUZDRcR P ^DUcPVP-
DRU[ QV�WVPh NZP NLNRMRTPP scU[UTWR D hRqM�x  
PTWUZDRc. $_UTUZPZLDRD TRyLZ, ZRQQVPWRU[ QLVUWRTPU 
QLQWLbTPx D QLLWDUWQWDPP Q TR�Ux cL_PhLx (WRyc. 5). 

�L_PVUQhRb `^ThwPb QPQWU[� P[UUW DPM 
 (B1.1 D B1.2 D (B2.1 & B2.2))E& (B3.1 D B3.2),  (4) 
 B2.1 & B2.2 = V4 & V3 = V3,  (5) 

KRZRccUcXTL QLUMPT�TT�U scU[UTW� B2 y^M^W  
D QLQWLbTPP V3, ZRyLWLQNLQLyTL[: 
 B1.1 D B1.2 D (B2.1 & B2.2) = V2 D V3 D V3 = V3.  (6) 

KUZDLU NRZRccUcXTLU QLUMPTUTPU – WLqU D ZRyLWL-
QNLQLyTL[ QLQWLbTPP: 
 B3.1 D B3.2 = V2 D V3 = V3. (7) 

JWLZLU NRZRccUcXTLU QLUMPTUTPU – WLqU D ZRyLWL-
QNLQLyTL[ QLQWLbTPP. 

}, D QDL� LVUZUMX: 
(B1.1 D B1.2 D (B2.1 & B2.2))E & (B3.1 D B3.2) = 

 = V3 & V3 = V3. (8) 
JQb QPQWU[R y^MUW D ZRyLWLQNLQLyTL[ QLQWLbTPP. 
���"?0����. KLMLyT�x MP``UZUTwPZLDRTT�x 

NLM�LM h TRMUqTLQWP LycRMRUW [TL_P[P NZUP[^�UQW-
DR[P. JL-NUZD��, WZRMPwPLTT�x NLM�LM, LNZUMUcb�-
�Px WLcXhL MDR QLQWLbTPb QPQWU[� – ZRyLVUU P TUZR-
yLVUU, QcP�hL[ _Z^y. uTRb, VWL QPQWU[R TR�LMPWQb  
D ZRyLVU[ QLQWLbTPP, [� NZPLyZUWRU[ V^DQWDL ^DUZUT-
TLQWP D TUx, hLWLZLU VRQWL y�DRUW cLqT�[, WRh hRh 
NZP ZRyLVU[ QLQWLbTPP QPQWU[� [� TU kTRU[, QLLW-
DUWQWD^�W cP TLZ[R[ TU`^ThwPLTRcXT�U NRZR[UWZ�, 
kRVRQW^� LNZUMUcb��PU [TL_PU NLhRkRWUcP QPQWU[�. 

� ZRkMUcUTPU ZRyLVU_L QLQWLbTPb TR ZRyLWLQNL-
QLyTLU P PQNZRDTLU NLkDLcbUW TR_cbMTL ^DPMUWX,  
y^MUW cP QPQWU[R DUZLbWTUU DQU_L NLMMUZqPDRWX DQU 
QDLP NRZR[UWZ� PcP WLcXhL NRZR[UWZ�, �RZRhWUZP-
k^��PU QNLQLyTLQWX D�NLcTPWX kRMRTT�U `^ThwPP. 

JL-DWLZ��, NLbDcbUWQb DLk[LqTLQWX yLcUU NLM-
ZLyTL_L ZRQQ[LWZUTPb QLQWLbTPx. }kyPZRWUcXTLQWX  
D NLM�LMU h ZRyLWLQNLQLyTLQWP QPQWU[� NLkDLcbUW 
WLVTUU D�yZRWX qUcRWUcXT�U U� scU[UTW� P, D NLQcU-
M^��U[, NZUMNLcR_RU[LU QLQWLbTPU QPQWU[�. JUMX 
kRVRQW^� QPQWU[� NLMZRkMUcb�WQb NL QDLUx DRqTLQWP 
D �PZLhP� NZUMUcR�, P LNZUMUc�TTLU QLQWLbTPU [LqUW 
y�WX TU^MLDcUWDLZPWUcXT�[ Mcb LMTLx QPQWU[�,  
h NZP[UZ^, QPQWU[� ^NZRDcUTPb hLQ[PVUQhP[ RNNRZR-
WL[, TL ^MLDcUWDLZPWUcXT�[ Mcb MZ^_Lx, TRNZP[UZ 
y�WLDLx QPQWU[�. 

lRhP[ LyZRkL[, DDUM�TTLU TR[P LNZUMUcUTPU  
QLQWLbTPb QPQWU[� MR�W yLcUU NLcT^� PT`LZ[RwP�  
L TUx P NLkDLcbUW LyUQNUVPWX PkyPZRWUcXT�x NLM�LM  
h TRMUqTLQWP QPQWU[� D wUcL[. 
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"����( �	�������( ����	�& ����&��# ��	����	�� 	������	� ������� �	��������� ��������"	� ����-
$����� ��+�����. 8�������"	� ��������� �� ��������� �	�������� ��	�������� � ��#��+����� ���"���-
��!�� �� �$���� � ��'+��� �������� #�	����	������, ��('/�� �� 	���������������& "��	������.  

B������� $��'+����( � 	��+��� ����������� ����$���( ��+����� �$���(. 3��������� ����$���& 
��+����� ��	���(���( � ����/&' �����	��!��&���� ������, $��'+�'/����( � ������������ �����+�-
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�( *��� ������	�� �!����, ���������( �� �	��!��� ABC-����$� � �	���� 9�	��� � �����(/�( �$ �	�# 
������	��.   

U����� ����$���& (�(���( ���+��������� �!����� ��+����� 	������	� � ��%�� ����&$����&�(  
� ��&���*�� �( ����$� � "�	�����( ��#�����+����� �	�!����� �$��������( �$����.  

� ��������� � �������� �	������ �	���	 	��+���� � �!���� "	���( ��+����� �( 	������	� Ku-+�����- 
���� �����$��� �( �����+����# ������ ��($� �$ �����	���� �����$�!������� ����	���. 9	�������� 	�$	�-
�������� �������� (�(���( ��%��� "������ ������+���( ��	����	������� �!���� "	���( ��+����� 	��-
����	�, ����	*����������( ��#������ � �	�����	�/���( ��(����( �	��������# �$����. 

 
3'+���� ����: ����	�&, "�	������ ��+������, 	������	, �������� �!����. 
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The paper proposes an antenna reflector’s quality assurance method for space communication systems. It requires 

meeting a specified condition for the method’s application, which includes matching the tolerance by the standard  
deviation of reflector surface geometry and reflection coefficient values. After meeting the condition control of other 
reflector parameters from listed quality indices nomenclature can be permitted. The nomenclature is based on require-
ments of standard and technical product documentation and including device working ability’s base characteristics. 

The method consists of complex quality index calculation. Complex quality index can be calculated by using differ-
ential method, comprising in a comparison between real and standard (ideal) values of reflector parameters from the 
listed nomenclature. The actual data for the calculation are collected during quality control and testing. The summary 
formula of the complex quality index is introduced for the purposes of determining the product quality level value for 
impersonal technological process evaluation. 

For comparative assessment of complex quality index within a single production lot, this paper proposes rating 
scale categories based on ABC analysis and Pareto principles and includes three categories.  
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This index is a quantitative estimate of reflector quality and can be used for further analysis purposes and managing 
of production manufacture’s technological process. 

In addition to the method implementation example of the calculation algorithm for space receiver system reflector 
from polymer composite material of Ku-frequency is demonstrated. The developed method application is a crucial pre-
condition for quality assessment level of reflector, technology improvement and for defective products prevention. 
 

Keywords: control, quality management, reflector, assessment method. 
    
)��/����. J TRQWLb�Ux ZRyLWU NZLMLcqUTR QUZPb 

PQQcUMLDRTPx NL [LMUcPZLDRTP�, NRZR[UWZPkRwPP  
P hLTWZLc� ZU`cUhWLZLD RTWUTT [1–4]. �R MRTTL[ 
sWRNU wUcX� bDcbUWQb ZRkZRyLWhR QPQWU[� NLhRkRWUcUx 
P LwUThR _LWLDL_L PkMUcPb TR QLLWDUWQWDPU ^QWRTLD-
cUTT�[ WZUyLDRTPb[.  

$L_cRQTL QWRTMRZW^ I�$l 15467 ^ZLDUTX hRVUQWDR 
NZLM^hwPP – sWL «LWTLQPWUcXTRb �RZRhWUZPQWPhR hR-
VUQWDR NZLM^hwPP, LQTLDRTTRb TR QZRDTUTPP kTRVUTPx 
NLhRkRWUcUx hRVUQWDR LwUTPDRU[Lx NZLM^hwPP Q yRkL-
D�[P kTRVUTPb[P QLLWDUWQWD^��P� NLhRkRWUcUx». 
¶_L LwUThR NLkDLcbUW LWTLQPWUcXT�[ [UWLML[ ^QWR-
TLDPWX QWUNUTX QLDUZ�UTQWDR MLQWP_T^WL_L ZUk^cXWR-
WR NL LWTL�UTP� h sWRcLTTL[^ LyZRkw^ PkMUcPb.  
�NZUMUcUTPU ^ZLDTb hRVUQWDR LQ^�UQWDcbUWQb TR LQ-
TLDU QLyZRTTLx D ZUk^cXWRWU hLTWZLcb PT`LZ[RwPP  
NL ^WDUZqMUTTLx TL[UThcRW^ZU NLhRkRWUcUx, wUcX� 
MRTTL_L NZLwUQQR bDcbUWQb NLc^VUTPU [RhQP[RcXTL 
Ly�UhWPDTLx LwUThP hRVUQWDR PkMUcPb. 

J ZR[hR� MRTTLx ZRyLW� NZLDUMUTL QLQWRDcUTPU 
TL[UThcRW^Z� NLhRkRWUcUx ZU`cUhWLZLD RTWUTT  
P NZUMLQWRDcUTPU [UWLMPhP LNZUMUcUTPb ^ZLDTb hRVU-
QWDR PkMUcPb NLQZUMQWDL[ ZRQVUWR hL[NcUhQTL_L  

NLhRkRWUcb hRVUQWDR (zKz) [5], TU kRDPQb�Ux  LW WPNR 
[RWUZPRcR, _UL[UWZPVUQhP� NRZR[UWZLD, PQNLcTUTPb 
ZU`cUhWLZR P W. M.  

����/�"#?]�( ����3���"' ��0�+���. �NZUMU-
cb��Px NLhRkRWUcX hRVUQWDR QL_cRQTL I�$l 15467 – 
sWL «NLhRkRWUcX hRVUQWDR NZLM^hwPP, NL hLWLZL[^ 
NZPTP[R�W ZU�UTPU LwUTPDRWX UU hRVUQWDL». J LWTL-
�UTPP ZU`cUhWLZLD LNZUMUcb��P[P NLhRkRWUcb[P 
[6–11] bDcb�WQb QZUMTUhDRMZRWPVUQhLU LWhcLTUTPU 
_UL[UWZPP ZRyLVUx NLDUZ�TLQWP P hLs``PwPUTW ZR-
MPLLWZRqUTPb, NLQhLcXh^ sWL LQTLDT�U `^ThwPL-
TRcXT�U NLhRkRWUcP PkMUcPb. �wUTPD MRTT�U NRZR-
[UWZ� P ^QWRTLDPD P� QLLWDUWQWDPU TLZ[RWPDT�[, 
[LqTL NZPQW^NRWX h LNZUMUcUTP� zKz. 

���/��� ������ %����# ��0�+���. �cb LwUThP 
WU�TPVUQhL_L ^ZLDTb hRVUQWDR ZU`cUhWLZR [12–16] 
WZUy^UWQb ^QWRTLDPWX TL[UThcRW^Z^ UMPTPVT�� NLhR-
kRWUcUx hRVUQWDR PkMUcPb TR LQTLDRTPP WZUyLDRTPx, 
QLyZRTT�� Pk TLZ[RWPDTLx P WU�TPVUQhLx MLh^[UTWR-
wPP TR PkMUcPU. KLc^VUTT�x NUZUVUTX NLhRkRWUcUx 
QWZ^hW^ZPZLDRT D QLLWDUWQWDPP Q hcRQQP`PhRwPUx 
NLhRkRWUcUx P NZPDUMUT D `LZ[U MUZUDR NLhRkRWUcUx 
hRVUQWDR NZLM^hwPP D WRyc. 1. 

����!� 1 
������ ����3���"�( ��0�+��� ��!"������ 

 

0 ^ZLDUTX 1 ^ZLDUTX 2 ^ZLDUTX 3 ^ZLDUTX 
1.1. ~RQQR  

1.2. ÃUZL�LDRWLQWX NLDUZ�TLQWP  
1.3. KcLWTLQWX  
1.4. KLZPQWLQWX  

1.5. �``UhWPDTRb NcL�RMX ZRQQUbTPb  

1. Y^ThwPL-
TRcXT�U 

1.6. $LyQWDUTTRb VRQWLWR hLcUyRTPx  
2.1.1. KLD��UTTLx WU[NUZRW^Z� 
2.1.2. KLTPqUTTLx WU[NUZRW^Z� 

2.1.3. KLD��UTTL_L Pky�WLVTL_L MRDcUTPb 
2.1.4. KLTPqUTTL_L MRDcUTPb 

2.1.5. �PTR[PVUQhLU DLkMUxQWDPU  
N�cP/NUQhR 

2.1.6. JLkMUxQWDPU PTUb 
2.1.7. �WTLQPWUcXTLx DcRqTLQWP 

2.1.8. $LcTUVTLx ZRMPRwPP 
2.1.9. JUWZLDLx TR_Z^khP 

2.1. jQWLxVPDLQWX h DTU�TP[  
hcP[RWPVUQhP[ DLkMUxQWDPb[ (JzJ) 

2.1.10. �W[LQ`UZT�� LQRMhLD 
2.2.1. KZUMUc NZLVTLQWP NZP QMDP_U 
2.2.2. KZUMUc NZLVTLQWP NZP QqRWPP 

2.2.3. KZUMUc NZLVTLQWP  
NZP NLNUZUVTL[ Pk_PyU 
2.2.4. ~LM^cX ^NZ^_LQWP  
NZP NLNUZUVTL[ Pk_PyU 
2.2.5. ~LM^cX ^NZ^_LQWP  

NZP ZRQWbqUTPP 7u 

2.2. jQWLxVPDLQWX h [U�RTPVUQhP[  
DLkMUxQWDPb[ (~J) 

2.2.6. KZUMUc NZLVTLQWP  
NZP ZRQWbqUTPP �E  

zL[NcUhQT�x 
NLhRkRWUcX 
hRVUQWDR 

2. �RMUqTLQWP

2.3. zLs``PwPUTW cPTUxTL_L WUNcLDL_L 
ZRQ�PZUTPb (z�lv) 
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�R T^cUDL[ ^ZLDTU MUZUDR TR�LMPWQb zKz, W. U. 
LyLy�UTTRb hLcPVUQWDUTTRb LwUThR ^ZLDTb hRVUQWDR 
PkMUcPb. �T `LZ[PZ^UWQb PQ�LMb Pk NLhRkRWUcUx NUZDL-
_L ^ZLDTb, hLWLZ�U, D QDL� LVUZUMX, Dhc�VR�W D QUyb 
_Z^NN� DWLZL_L ^ZLDTb P WZUWXU_L QLLWDUWQWDUTTL.  

���/ ��+0��� ����"��+�92 ����3���"�(. �cb 
NLQcUM^��P� ZRQVUWLD kTRVUTPx NLhRkRWUcUx, D QLLW-
DUWQWDPP Q P� LNZUMUcUTPU[, D yLcX�PTQWDU Qc^VRUD 
NZP[UTP[ MP``UZUTwPRcXT�x [UWLM [17], LQTLD�-
DR��PxQb TR QLNLQWRDcUTPP `RhWPVUQhL_L ^ZLDTb  
P yRkLDL_L (sWRcLTTL_L), ^QWRTLDcUTTL_L D WU�TPVU-
QhLx MLh^[UTWRwPP:  

1. J Qc^VRU, UQcP kRMRT MPRNRkLT MLN^QWP[�� kTR-
VUTPx Pmin � Pi � Pmax, WL kTRVUTPU NLhRkRWUcb LNZUMU-
cbU[ NL `LZ[^cU 

Ki = 1 – 
2

Ñï
2

( )
,

(0,5 )
iP P

ITP




	 4
  

_MU PQZ – QUZUMPTR MPRNRkLTR MLN^QWP[�� kTRVUTPx; 
ITP – MLN^Qh TR ZRk[UZ (Pmax – Pmin); � – NL_ZU�TLQWX 
Pk[UZUTPb NRZR[UWZR. 

KZP QLLWDUWQWDPP Pi = PQZ kTRVUTP� NLhRkRWUcb 
NZPQDRPDRUWQb 1. 

2. J Qc^VRU, UQcP kRMRTL [RhQP[RcXTLU MLN^QWP[LU 
kTRVUTPU Pi � Pmax, TL TU ^hRkRTL [PTP[RcXTLU,  
WL ZRQVUW NLhRkRWUcb LQ^�UQWDcbUWQb NL `LZ[^cU 

Ki = 1 – 
2

min
2

( )
,

( )
iP P

ITP



	 4
  

_MU Pmin – [PTP[RcXTL MLN^QWP[LU kTRVUTPU NRZR[UW-
ZR, NLc^VUTTLU D MRTTL[ WU�TLcL_PVUQhL[ NZLwUQQU. 

3. J Qc^VRU, UQcP kRMRTL [PTP[RcXTL MLN^QWP[LU 
kTRVUTPU Pi � Pmin, TL TU ^hRkRTL [RhQP[RcXTLU,  
WL ZRQVUW NLhRkRWUcb NZLDUMU[ NL `LZ[^cU 

Ki = 1 – 
2

max
2

( )
,

( )
iP P

ITP



	 4
 

_MU Pmax – [RhQP[RcXTL MLQWPqP[LU kTRVUTPU NRZR-
[UWZR, NLc^VUTTLU D MRTTL[ WU�TLcL_PVUQhL[ NZLwUQQU. 

�cb ZRQVUWR hL[NcUhQTL_L QDLMTL_L (3QD) NLhR- 
kRWUcb hRVUQWDR NZP[UTP[ hLs``PwPUTW hRVUQWDR  
J. �. lZRNUkTPhLDR [18]: 

KQD = 
1

,
n

i
i

K
�
F  

_MU n – hLcPVUQWDL NLhRkRWUcUx hRVUQWDR D _Z^NNU; i – 
NLZbMhLD�x TL[UZ NLhRkRWUcb hRVUQWDR. 

�RTTRb `LZ[^cR LycRMRUW QDLxQWDL[ «DUWL», QDLMb 
D TLcX zKz NZP TUQLLWDUWQWDPP �LWb y� LMTL_L Pk 

NLhRkRWUcUx WZUyLDRTPb[. �MTRhL MRTTRb `LZ[^cR 
NZP yLcX�L[ hLcPVUQWDU NUZU[UTT�� QTPqRUW PWL_L-
DLU kTRVUTPU hLs``PwPUTWR, D QDbkP Q VU[ TULy�LMP-
[L MLNLcTPWX UU: 

KQD = 
1

.
n

n i
i

K
�
F  

�RTTRb `LZ[^cR NZP[UTbUWQb Mcb ZRQVUWR hL[-
NcUhQT�� NLhRkRWUcUx DWLZL_L P WZUWXU_L ^ZLDTb,  
R WRhqU PWL_LDL_L hL[NcUhQTL_L NLhRkRWUcb: 

zKz = 4 6 10 6
1 2.1 2.2 2.3( ).K K K K� � �F F F  

KLc^VUTTRb `LZ[^cR LWZRqRUW Ly�Px �LM ZRQVUWR 
^ZLDTb hRVUQWDR ZU`cUhWLZR, PQ�LMb Pk kRMRTT��  
NLhRkRWUcUx. 

lRhP[ LyZRkL[, P[Ub hLcPVUQWDUTT�U kTRVUTPb 
NLhRkRWUcUx hRVUQWDR ZU`cUhWLZR, QLyZRTT�U D NZL-
wUQQU hLTWZLcb, DLk[LqTL NLc^VUTPU hL[NcUhQTLx 
LwUThP ^ZLDTb hRVUQWDR PkMUcPb P QLNLQWRDcUTPU U_L  
Q sWRcLTT�[. �WRcLTT�x zKz ZRDUT UMPTPwU.  

<����"���� ��0�+���� ����3��/+��� ��!"����-
���. �cb QZRDTPWUcXTLx LwUThP PWL_LDL_L zKz NZUM-
cR_RUWQb NZPTbWX MPRNRkLT� kTRVUTPx MLN^QhRU[L_L 
^ZLDTb hRVUQWDR. uR LQTLD^ MUcUTPb LwUTLh TR hRWU_L-
ZPP DkbW NZPTwPN ABC-RTRcPkR, hLWLZ�x D NZPcLqU-
TPP h MRTTLx QPW^RwPP PTWUZNZUWPZ^UWQb QcUM^��P[ 
LyZRkL[: TRPyLcUU hRVUQWDUTT�U PkMUcPb Pk NRZWPP 
QLQWRDcb�W 20 % (hRWU_LZPb 1), NZL[Uq^WLVTRb hRWU-
_LZPb 2 QLMUZqPW QcUM^��PU 30 %, R hRWU_LZPb 3 – 
LQWRcXT�U 50 % PkMUcPx.  

�RTT�x NLM�LM bDcbUWQb ZRkTLDPMTLQWX� �PZLhL 
PkDUQWTL_L NZRDPcR KRZUWL 80/20 [19], NLDQU[UQWTL 
NZP[UTbU[L_L D QWRWPQWPVUQhL[ RTRcPkU. vRQQ[RWZP-
DRb D QLDLh^NTLQWP sWP MDR NLM�LMR, LQTLDRTT��  
TR WULZPP L QWUNUTTL[ ZRQNZUMUcUTPP DUZLbWTLQWUx, 
[LqTL ZRQNZUMUcPWX hRWU_LZPP LwUTLh, hRh NZUMQWRD-
cUTL D WRyc. 2. 

KUZDRb hRWU_LZPb D MRTTL[ ZRTqPZLDRTPP bDcbUW-
Qb wUcUDLx Mcb QPQWU[� ^NZRDcUTPb hRVUQWDL[.  

������ ��+0��� ��� ��!"������ Ku-/����3��� 
�3 ��"�����92 �����3������92 �������"��. 
�RTT�U Mcb ZRQVUWLD NZPDUMUT� D WRyc. 3. �L[PTRcX-
T�U kTRVUTPb NZPTbW� Pk WU�TPVUQhL_L kRMRTPb TR 
PkMUcPU P TLZ[RWPDTLx MLh^[UTWRwPP. �WTLQPWUcX-
T�x NLhRkRWUcX ZRQQVPWRT QL_cRQTL NZPDUMUTT�[ 
D��U `LZ[^cR[. 

�PR_ZR[[R hL[NcUhQT�� NLhRkRWUcUx hRVUQWDR 
_Z^NN NLhRkRWUcUx NZPDUMUTR TR ZPQ^ThU. 

 
����!� 2 

���-�������� ������ %����# ��0�+��� 
 

zRWU_LZPb uTRVUTPU zKz �wUThR ^ZLDTb hRVUQWDR 

1 � 0,8 �WcPVTL 

2 0,5 < zKz < 0,8 jMLDcUWDLZPWUcXTL 
3 � 0,5 �U^MLDcUWDLZPWUcXTL 
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����!� 3 
����9� �� ��3%"'����� ������"# /"# ��+0���� ����"��+��>� ����3���"# ��0�+��� 

 

KLhRkRWUcX �L[PTRcXTLU  
kTRVUTPU 

YRhWPVUQhLU  
kTRVUTPU 

�WTLQPWUcXT�x 
NLhRkRWUcX 

1.1. ~RQQR, h_ 0,140 ± 5 % 0,146 0,43 
1.2. ÃUZL�LDRWLQWX NLDUZ�TLQWP, Ra � 0,05 0,02 0,98 

1.3. KcLWTLQWX, _/Q[3 1,86 ± 0,05 1,88 0,84 
1.4. KLZPQWLQWX, % � 3,5 2,1 0,82 

1.5. �``UhWPDTRb NcL�RMX ZRQQUbTPb, [2 0,035–0,49 0,08 0,35 
1.6. $LyQWDUTTRb VRQWLWR hLcUyRTPx, Iw � 60 62 0,69 

2.1.1. KLD��UTTLx WU[NUZRW^Z�, °$ � +140 +160 0,91 

2.1.2. KLTPqUTTLx WU[NUZRW^Z�, °$ vRDTL TPqU –160 –173 0,87 

2.1.3. KLD��UTTL_L Pky�WLVTL_L MRDcUTPb � 0,20 $z� 0,12 0,96 

2.1.4. KLTPqUTTL_L MRDcUTPb � 0,14 $z� 0,07 0,95 

2.1.5. �PTR[PVUQhLU DLkMUxQWDPU N�cP/NUQhR � 0,14 $z� 0,05 0,98 

2.1.6. JLkMUxQWDPU PTUb � 0,14 $z� 0,09 0,89 

2.1.7. �WTLQPWUcXTLx DcRqTLQWP, % 98 ± 2 % 98 1 

2.1.8. $LcTUVTLx ZRMPRwPP, JW/[2 � 1120  1140  0,43 
2.1.9. JUWZLDLx TR_Z^khP � 0,04 $z� 0,04 0,75 

2.1.10. �W[LQ`UZT�� LQRMhLD � 0,04 $z� 0,02 0,97 

2.2.1. KZUMUc NZLVTLQWP NZP QMDP_U, ~KR 80–120 91,2 0,80 
2.2.2. KZUMUc NZLVTLQWP NZP QqRWPP, IKR � 2 4,23 0,85 

2.2.3. KZUMUc NZLVTLQWP NZP NLNUZUVTL[ Pk_PyU, IKR � 0,88 0,92 0,89 

2.2.4. ~LM^cX ^NZ^_LQWP NZP NLNUZUVTL[ Pk_PyU, IKR 40–43 41,6 0,99 

2.2.5. ~LM^cX ^NZ^_LQWP NZP ZRQWbqUTPP, IKR 70,5–73 71,8 0,99 
2.2.6. KZUMUc NZLVTLQWP NZP ZRQWbqUTPP, IKR � 4 5,6 0,62 

2.3. zLs``PwPUTW cPTUxTL_L WUNcLDL_L ZRQ�PZUTPb, 1/z (1,5–1,65)·10–6 (1,5–1,65)·10–6 1 

 

1

0,64

0,85

0,85

0 0,2 0,4 0,6 0,8 1 1,2

Y^ThwPLTRcXT�U

jQWLxVPDLQWX h
JzJ

jQWLxVPDLQWX h
~J

z�lv

K i

 
 

$ZRDTUTPU _Z^NNLD�� hL[NcUhQT�� NLhRkRWUcUx 
 

KL ZUk^cXWRWR[ ZRQVUWLD NLc^VUT zKz ^ZLDTb hR-
VUQWDR ZU`cUhWLZR, ZRDT�x 0,82, VWL QLLWDUWQWD^UW 1 
hRWU_LZPP P ^ZLDT� hRVUQWDR «LWcPVTL». 

��������"'�9( ���"�3 \��"���92 ���. �cb 
QLNLQWRDcUTPb ^ZLDTb hRVUQWDR PMUTWPVT�� sWRcLT-
T�� PkMUcPx, LWcPVR��P�Qb WU�TLcL_PVUQhP[ NZL-
wUQQL[ Pk_LWLDcUTPb, MLQWRWLVTL y^MUW kRD�QPWX WZU-
yLDRTPb h MLN^QhRU[�[ TLZ[RWPDT�[ kTRVUTPb[ 
TRPyLcUU LWDUWQWDUTT�� NLhRkRWUcUx. jqUQWLVUTPU 

MLN^QhLD h ZbM^ NRZR[UWZLD NLTPkPW ZRQVUWTLU kTR-
VUTPU PWL_LDL_L zKz P NLkDLcPW QZRDTPWX sWRcLTT�U 
PkMUcPb. 

���"?0����. KLc^VUTTRb [UWLMPhR LwUThP ^ZLDTb 
hRVUQWDR ZU`cUhWLZR NLkDLcbUW ZRQQVPWRWX hL[NcUhQ-
T�x NLhRkRWUcX hRVUQWDR PkMUcPb PQ�LMb Pk NZUMcL-
qUTTLx TL[UThcRW^Z� NLhRkRWUcUx, R WRhqU ZUk^cXWR-
WLD hLTWZLcb P PQN�WRTPx, Ly�UhWPDTL LwUTPWX ^ZL-
DUTX hRVUQWDR PkMUcPb P QNLQLyQWD^UW MRcXTUx�U[^ 
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NLD��UTP� s``UhWPDTLQWP NZLPkDLMQWDR. uTRVUTPU 
zKz WZUy^UWQb Mcb QZRDTPWUcXTLx LwUThP QLLWDUWQW-
DPb PkMUcPb sWRcLT^ P QWRWPQWPVUQhL_L RTRcPkR WU�-
TLcL_PVUQhL_L NZLwUQQR. 

KZUMLQWRDcUTT�x NZP[UZ ZRQVUWR zKz TR_cbMTL 
Pcc�QWZPZ^UW [UWLMPh^ P PTWUZNZUWRwP� ZUk^cXWRWLD. 

zLcPVUQWDUTTRb LwUThR ^ZLDTb hRVUQWDR QL_cRQTL 
MRTTLx [UWLMPhU TULy�LMP[R Mcb wUcUx hL[NcUhQTL_L 
^NZRDcUTPb QLLWDUWQWDPU[ NZLM^hwPP P bDcbUWQb LQ-
TLDT�[ sWRNL[ D ZR[hR� [LMUcP LyUQNUVUTPb hRVUQW-
DR TR NZUMNZPbWPP.  

&"�>�/����+��. vRyLWR NLMMUZqRTR ~PTPQWUZQW-
DL[ LyZRkLDRTPb P TR^hP vLQQPxQhLx YUMUZRwPP,  
´ 02.G25.31.0043. 
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9	���%��� "����	*�����������( �����	"�!�( 	�������&���� "��	������ )���	��"������ �����-

$���	�. � 	�$"&���� ����&'��	���� �����	�����( � ����&$������� ������ SolidWorks Flow Simulation �� 
�	����;� ��$�������+����� ����$ �	�!���� �������( �� )���	��"����� �����$���	� QB-17 � !�&' ���-
�$� �����	��, ��('/�# �� �	�!��� 	�������(. ��� ��(���� ���������� �	���*������ )���	�����-
�$���	� (��&*�� "�� 	�����, ��$��( ���	���& � �������&����& ������) � �	���%��� ��� �����	"����-
��� �$������(. ��� 	�$	������� "����	*�����������( �����	"�!�( 	�������&���� "��	������, � ����-
	�� �	���%��� ����&$����& ���� �� ��"����, �%���'/�� ������"' ��	"', ������� ��$�"#�. U( ���-
���	%����( ���	���+����# ����������� �� �$������� )����	������&��� ��	�$�! 	�������&���� "��-
	������ "����	*������������ �����	"�!��. � #��� �	��������# ��������� ��� "���������, +�� "�� 	��-
��� ���$��( � 45°–60° �� 15°–20°, ����+���� ��$�������+������ ������ ���� ���� �����&��� � 	����-
��	���. �	������&��� ����$ �	��$������&����� �������( ����$�, +�� �	� 	����� "����	*���������-
���� �����$���	� ��� "���+���& � �	����� �� 25 %. 9	������� �	������&��� )����	������&��� ����-
������( �� �������' 	�$�+��# ����	����. � 	�$"&���� ��� ��(���� $���������� ��	������� � �	�+-
����� �!�����( �� ��#�����+����# ��	����	�� �������(. B�����	���+����� ����������( ��������# 
��	�$!�� ����$��, +�� ���	���(, ��"+����� "����	*������������ �����$���	��, (�('��( ���� 	��-
����	���� � ���'� ���&*"' ��	������&. B��	����	����& )��# ���	���� ����� ���� ������� $��+���(. 
����+���& �	�+����& �!�����( ���	���( � ������� �� 30 % � ��		�$�����( ��������& �� 15 %. ����&*�-
��& ��	������& ���	���( �� 20–30 %. 3�)���!���� ����&$�����( ����	���� "���+��( � 0,6 �� 0,85. 

 
3'+���� ����: )���	��"����( �����$�!�(, ����, ���	����, ����$�(, ��$�������+����� ����$. 
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In this case study an improved design of the spray-gun electric arc metallizer has been analyzed. 
To analyze the factors affecting the process of spraying a computer simulation with SolidWorks Flow Simulation  

to analyze gas-dynamic of spraying process of the electric arc metallizer EM-17 has been conducted. 
After analysis of identified weaknesses for industrial electrometallization device (large spray angle, low speed and 

flow instabilities) several construction design changes were offered. 
We proposed an upgrade design of spray device which is used as a nozzle with a cocurrent, compressing the main 

stream of the air stream. To confirm the theoretical research an experimental model of a spray device with improved 
design was made. 

During the tests it has been found that the spray angle dropped from 45°–60° to 15°–20°, efflux was more stable 
and uniform. Comparative analysis of the performance of the deposition showed that when using the advanced-gun,  
it increased by an average of 25 %. 

Comparative experimental study on deposition of different materials has been conducted.  
Metallographic studies sprayed samples showed that the coatings provide improved metallizer are more uniform 

and have less porosity. The microhardness of the coating has a higher value. 
Increased strength of adhesion of the coating to the substrate is 30 %, and corrosion resistance increased by 15 %. 

Decreased porosity of the coating is 20–30 %. The utilization of materials increased from 0.6 to 0.85. 
 
Keywords: arc spraying nozzle, coating adhesion, gas-dynamic analysis.    
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)��/����. KLWUZP [UWRccR LW PkTLQR P hLZZLkPP 
[UWRccLhLTQWZ^hwPx QLQWRDcb�W LhLcL 30 % LW P� 
[RQQ�. �cb ZU[LTWR P DLQQWRTLDcUTPb PkTL�UTT�� 
MUWRcUx NZP[UTb�WQb [UWLM� _RkLWUZ[PVUQhL_L  
TRN�cUTPb: LQRqMUTPU Pk _RkLDLx `Rk�, TRNcRDhR, 
scUhWZLM^_LDRb [UWRccPkRwPb (��~), R WRhqU _RkL-
NcR[UTTLU, MUWLTRwPLTTLU P NcRk[UTTLU TRN�cUTPU 
[1–6]. �RPyLcUU �PZLhLU NZP[UTUTPU NZP QLkMRTPP 
hLZZLkPLTTL-QWLxhP� NLhZ�WPx NLc^VPcR scUhWZLM^-
_LDRb [UWRccPkRwPb. �QTLDT�[ NZUP[^�UQWDL[ [UWL-
MR bDcbUWQb U_L D�QLhRb NZLPkDLMPWUcXTLQWX, MLQWP-
_R��Rb 50 h_/V.  

KZP M^_LDLx [UWRccPkRwPP LyZRkLDRTPU NLWLhR 
TRN�cbU[�� VRQWPw NZLPQ�LMPW kR QVUW NcRDcUTPb 
ZRQN�cbU[L_L [RWUZPRcR scUhWZPVUQhLx M^_Lx. �cb 
MPQNUZ_PZLDRTPb ZRQNcRDcUTTL_L [UWRccR PQNLcXk^�W 
QhLZLQWTLx NLWLh QqRWL_L _RkR. �RPyLcX�UU ZRQNZL-
QWZRTUTPU Mcb TRN�cUTPb NLhZ�WPx NLc^VPcR MD^�-
scUhWZLMTRb Q�U[R. vRQN�cbU[�x [RWUZPRc D DPMU 
MD^� NZLDLcLh MPR[UWZL[ 1–5 [[ NLMRUWQb D kLT^ _L-
ZUTPb M^_P [U�RTPk[L[ NLMRVP. �RNZbqUTPU TR NZL-
DLcLhP NLMRUWQb LW PQWLVTPhR NPWRTPb.  

KZP QL^MRZUTPP ZRQNcRDcUTT�� VRQWPw Q NLDUZ�-
TLQWX� LQTLD� `LZ[PZ^UWQb NLhZ�WPU. $LUMPTUTPU 
TRN�cUTTL_L NLhZ�WPb Q LQTLDLx LQ^�UQWDcbUWQb 
NZUP[^�UQWDUTTL kR QVUW [U�RTPVUQhL_L QwUNcUTPb 
TRN�cbU[�� VRQWPw Q D�QW^NR[P P DNRMPTR[P TR NL-
DUZ�TLQWP LQTLD�. vRQNcRDcUTT�U VRQWPw� NcLWTL 
cLqRWQb MZ^_ TR MZ^_R P, ZRQWUhRbQX, kRNLcTb�W  
TUZLDTLQWP �UZL�LDRWLx NLDUZ�TLQWP. ]cR_LMRZb D�-
QLhLx WU[NUZRW^ZU VRQWPw D kLTU hLTWRhWR DLkTPhR�W 
^VRQWhP Q�DRW�DRTPb (NZPDRZPDRTPb), P VRQWPw� NZLV- 
TL QLUMPTb�WQb [UqM^ QLyLx P Q LQTLDLx Q LyZRkLDR-
TPU[ QcLqTLx QWZ^hW^Z� NLhZ�WPb.  

�RZbM^ Q MLQWLPTQWDR[P P[U�WQb P TUMLQWRWhP 
[UWLMR: kTRVPWUcXT�U ZRk[UZ� (yLcUU 100 [h[) TRN�-
cbU[�� VRQWPw P P� TUD�QLhRb QhLZLQWX (50–100 [/Q), 
yLcX�Lx ^_Lc ZRQN�cR (40°–60°), TPkhPx hLs``PwPUTW 
PQNLcXkLDRTPb [UWRccR (30–50 %), NLD��UTTLU LhPQ-
cUTPU [UWRccR P D�_LZRTPU cU_PZ^��P� scU[UTWLD. 
JQU sWL QhRk�DRUWQb TR hRVUQWDU TRTLQP[�� NLhZ�WPx 
(TPkhRb NZLVTLQWX QwUNcUTPb, kTRVPWUcXTRb NLZPQ-
WLQWX P �P[PVUQhRb TULMTLZLMTLQWX), VWL L_ZRTPVPDR-
UW LycRQWX NZP[UTUTPb ��~.  

J TRQWLb�UU DZU[b PQQcUMLDRTPb NL ^QLDUZ�UTQW-
DLDRTP� NZLwUQQR ��~ TRNZRDcUT� TR kR[UT^  
DLkM^�TL_L NLWLhR PTUZWT�[P _RkR[P [7–10], DUMUTPU 
NZLwUQQR D hR[UZR� Q Ly�Ux kR�PWLx PTUZWT�[P  
_RkR[P [11–13], NLD��UTPU MRDcUTPb D PQWUhR��Ux 
QWZ^U [13; 14], NLML_ZUD NLMcLqhP [15–17]. ¿UcX� 
MRTTLx ZRyLW� bDcbUWQb ^QLDUZ�UTQWDLDRTPU hLTQW-
Z^hwPP QLNcR scUhWZLM^_LDL_L [UWRccPkRWLZR �~-17 
P NZLDUMUTPU shQNUZP[UTWRcXT�� PQQcUMLDRTPx, NLM-
WDUZqMR��P� UU s``UhWPDTLQWX. 

�������0�+��# 0�+�'. uR LQTLD^ ZRyLW NL ^QLDUZ-
�UTQWDLDRTP� ZRQN�cPWUcXTL_L ^QWZLxQWDR [UWRc-
cPkRWLZR y�cR DkbWR hLTQWZ^hwPb QUZPxTL_L [UWRccP-
kRWLZR �~-17, �PZLhL NZP[UTbU[Rb D NZL[��cUTTL-
QWP D hL[NcUhWU Q PQWLVTPhL[ z�~-2. �cb RTRcPkR 
`RhWLZLD, DcPb��P� TR NZLwUQQ ZRQN�cUTPb, y�cR 
ZRkZRyLWRTR P NZLRTRcPkPZLDRTR 3D-[LMUcX [UWRccP-
kRWLZR �~-17 Q PQNLcXkLDRTPU[ NRhUWLD [RWU[RWPVU-
QhL_L [LMUcPZLDRTPb SolidWorks P Flow Simulation 
(ZPQ. 1).  

 
 

vPQ. 1. IRkLMPTR[PVUQhPx RTRcPk  
[UWRccPkRWLZR �~-17 

 
�TRcPk [LMUcPZLDRTPb NLhRkRc, VWL [UWRccPkRWLZ 

�~-17 P[UUW yLcX�Lx ^_Lc ZRQN�cR, TPkh^� QhLZLQWX 
D��LMR NLWLhR Pk QLNcR, TUQWRyPcXTLQWX WUVUTPb _RkL-
DL_L NLWLhR. �WL QDbkRTL Q WU[, VWL hLTQWZ^hwPb QLNcR 
QNLQLyQWD^UW D�QLhLx W^Zy^cUTWTLQWP NLWLhR, VWL 
NZPDLMPW h TUQWRyPcXTLQWP PQWUVUTPb. �UMLQWRWhL[ 
QLNcR WRhqU bDcbUWQb WL, VWL TR LyZRkLDRTPU W^Zy^-
cUTWT�� kRDP�ZUTPx kRWZRVPDRUWQb kTRVPWUcXTRb 
VRQWX sTUZ_PP QWZ^P, P UU ZRQN�cb��Rb QNLQLyTLQWX 
QTPqRUWQb. 

�R LQTLDU [RWU[RWPVUQhL_L RTRcPkR P NZLDUMUT-
T�� shQNUZP[UTWRcXT�� PQQcUMLDRTPx ZRkcPVT�� 
DRZPRTWLD hLTQWZ^hwPx QLNUc y�cR ZRkZRyLWRTR ^QL-
DUZ�UTQWDLDRTTRb hLTQWZ^hwPb ZRQN�cPWUcXTL_L ^QW-
ZLxQWDR. $ wUcX� ^QPcUTPb _RkLMPTR[PVUQhL_L DLk-
MUxQWDPb TR NUZP`UZPxT�U LycRQWP QWZ^P [UWRccR 
y�cL NZUMcLqUTL PQNLcXkLDRWX hLcXwUDLU QLNcL QL 
QN^WT�[, QqP[R��P[ LQTLDT^� QWZ^� NLWLhL[ DLk-
M^�R. 

}QNLcXkLDRTPU MLNLcTPWUcXTLx NLMRVP QqP[R�-
�U_L NLWLhR DLkM^�R NLkDLcPcL NLD�QPWX QhLZLQWT�U 
�RZRhWUZPQWPhP PQWUVUTPb, QWRyPcXTLQWX NLWLhR  
P ^[UTX�PWX ^_Lc ZRQN�cR. 

A�+���������"'��# 0�+�'. �cb NZLDUMUTPb shQ-
NUZP[UTWRcXT�� PQQcUMLDRTPx y�c Pk_LWLDcUT LyZR-
kUw ZRQN�cPWUcXTL_L ^QWZLxQWDR ^QLDUZ�UTQWDLDRT-
TLx hLTQWZ^hwPP.  

KZLwUQQ TRN�cUTPb Q PQNLcXkLDRTPU[ MRTTLx hLT-
QWZ^hwPP NZUMQWRDcUT TR ZPQ. 2. KZLDUMUT� QZRDTP-
WUcXT�U PQQcUMLDRTPb NL TRN�cUTP� ZRkcPVT�� [R-
WUZPRcLD MD^[b [UWRccPkRWLZR[P. J hRVUQWDU NLMcLq-
hP PQNLcXkLDRcPQX LyZRkw� Pk QWRcP $W3 P Rc�[PTPb 
�~_6. J hRVUQWDU TRN�cbU[L_L [RWUZPRcR PQNLcXkL-
DRcRQX QWRcXTRb (j8) P Rc�[PTPUDRb (�~_6) NZLDLcL-
hP MPR[UWZR[P 1,5–3 [[. 

�RN�cUTPU NZLPkDLMPcLQX NZP QcUM^��P� ZUqP[R�: 
– TRNZbqUTPU M^_P U = 25–45 J;  
– QPcR WLhR I = 400 �;  
– QhLZLQWX NLMRVP NZLDLcLhP n = 1–4 [/[PT;  
– ZRQQWLbTPU LW QZUkR QLNcR ML LyZRkwR l = 90–110 [[; 
– MRDcUTPU NLMRVP ZRQN�cb��U_L _RkR P = 0,4– 

0,6 ~KR;  
– QhLZLQWX NUZU[U�UTPb [UWRccPkRWLZR t = 1–5 Q[/Q. 
J �LMU NZLDUMUTT�� PQN�WRTPx y�cL ^QWRTLDcUTL, 

VWL ^_Lc ZRQN�cR QTPkPcQb Q 45°–60° ML 15°–20°. �R-
ZbM^ Q sWP[ NZLPkL�cL ^DUcPVUTPU QhLZLQWT�� NLhR-
kRWUcUx. }QWUVUTPU QWRTLDPWQb yLcUU QWRyPcXT�[  
P ZRDTL[UZT�[. zLTwUTWZRwPb ZRQN�cbU[�� VRQWPw 
TR�LMPWQb NL LQP QLNcR. �TRcPk shQNUZP[UTWRcXT�� 
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PQQcUMLDRTPx NLhRk�DRUW, VWL DDUMUTT�U D hLTQWZ^h-
wP� ^c^V�UTPb Q^�UQWDUTTL QhRk�DR�WQb TR hRVUQW-
DU TRTLQP[�� NLhZ�WPx.  

����3��/���"'��+�' ���9"���#. J QDbkP Q WU[, 
VWL TR ^QLDUZ�UTQWDLDRTTL[ [UWRccPkRWLZU y�c ^DU-
cPVUT hLs``PwPUTW PQNLcXkLDRTPb [RWUZPRcR P NL-
D��UT� QhLZLQWT�U �RZRhWUZPQWPhP ZRQN�cbU[L_L 
NLWLhR, kTRVPWUcXTL NLD�QPcRQX NZLPkDLMPWUcXTLQWX. 
vUk^cXWRW� shQNUZP[UTWR NL LNZUMUcUTP� NZLPkDLMP-
WUcXTLQWP NZUMQWRDcUT� TR ZPQ. 3. 

vUk^cXWRW� NLhRk�DR�W, VWL NZP kRMRTT�� QPcU 
WLhR (I) P TRNZbqUTPP (U) NZLPkDLMPWUcXTLQWX NZP 
ZRyLWU ^QLDUZ�UTQWDLDRTTL_L [UWRccPkRWLZR ^DUcP-
VPcRQX D QZUMTU[ TR 25 %. 

���""�>��!�#. }k^VUTPU [PhZLQWZ^hW^Z� LyZR-
yLWRTTL_L LyZRkwR NZLDLMPcP Q NL[L�X� [PhZLQhLNR 
Neophot 32. jDUcPVUTPU [PhZLQhLNR QLQWRDcbUW LW 10 
ML 2000 ZRk.  

�R ZPQ. 4 NZUMQWRDcUTR [PhZLQWZ^hW^ZR NLhZ�WPx, 
TRTUQUTT�� Rc�[PTPUDLx NZLDLcLhLx (�~_6) TR QWRcX-
TLx LyZRkUw ($W3). 

�RTUQUTPU NLhZ�WPb LQ^�UQWDcbcLQX NZP QcUM^�-
�U[ ZUqP[U ZRyLW�: U = 35 J; I = 400 �; n = 2 [/[PT; 
l = 100 [[; P = 0,6 ~KR; t = 5 Q. �R `LWL_ZR`Pb� [Ph-
ZL�cP`LD [LqTL TRyc�MRWX DcPbTPU WU�TLcL_PVU-
QhL_L NZLwUQQR TR QWZ^hW^Z^ TRN�cUTTL_L NLhZ�WPb. 
JPMTL, VWL NLhZ�WPU, NLc^VUTTLU Q NL[L�X� ^QL-
DUZ�UTQWDLDRTTL_L [UWRccPkRWLZR, bDcbUWQb yLcUU 
ZRDTL[UZT�[, VWL QNLQLyQWD^UW �LZL�Ux NZLVTLQWP 
QwUNcUTPb P TPkhLx NLZPQWLQWP.  

���0��+�' +���"���#. �cb NZLDUMUTPb PQN�WR-
TPx TR NZLVTLQWX QwUNcUTPb NLhZ�WPU TRTLQPcLQX  
TR wPcPTMZPVUQhPU QWRcXT�U _ZPyhP. }k[UTbU[�[P 
NRZR[UWZR[P NZLwUQQR TRTUQUTPb NLhZ�WPb y�cP  
MRDcUTPU NLWLhR DLkM^�R P ZRQQWLbTPU ML LyZRkwR. �cb 
LNZUMUcUTPb NZLVTLQWP QwUNcUTPb PQNLcXkLDRcP ZRk-
Z�DT^� [R�PT^ Ibertest Eurotest T-50.  

�R ZPQ. 5 NZUMQWRDcUT� _ZR`PhP kRDPQP[LQWP 
NZLVTLQWP QwUNcUTPb Rc�[PTPUDL_L NLhZ�WPb TR 
QWRcXTLx NLMcLqhU LW ZRQQWLbTPb ML LyZRkwR. 

 

 
vPQ. 2. KZLwUQQ TRN�cUTPb Q PQNLcXkLDRTPU[ QWRTMRZWTL_L [UWRccPkRWLZR �~-17 (QcUDR)  

P ^QLDUZ�UTQWDLDRTTLx hLTQWZ^hwPP (QNZRDR) 
 

 

 
 

vPQ. 3. $ZRDTPWUcXT�x RTRcPk NZLPkDLMPWUcXTLQWP QWRTMRZWTL_L  
P ^QLDUZ�UTQWDLDRTTL_L [UWRccPkRWLZLD 
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               �               � 

 
vPQ. 4. ~PhZLQWZ^hW^ZR Rc�[PTPUDL_L NLhZ�WPb TR QWRcXTL[ LyZRkwU NZP ^DUcPVUTPP D 400 ZRk:  

� – QWRTMRZWTRb hLTQWZ^hwPb; � – ^QLDUZ�UTQWDLDRTTRb hLTQWZ^hwPb 
 

 
 

vPQ. 5. uRDPQP[LQWX NZLVTLQWP QwUNcUTPb LW ZRQQWLbTPb ML LyZRkwR 
 

�NZUMUcUTL LNWP[RcXTLU ZRQQWLbTPU LW M^_P  
ML LyZRkwR, ZRDTLU 100 [[. KZP MRTTL[ ZRQQWLbTPP 
TRyc�MRUWQb QR[Rb D�QLhRb NZLVTLQWX QwUNcUTPb.  

lRhqU y�cP NZLDUMUT� PQQcUMLDRTPb NL DcPbTP� 
QhLZLQWP NLWLhR TR NZLVTLQWX QwUNcUTPb NLhZ�WPb  
Q LQTLDLx. $hLZLQWX NLWLhR ZU_^cPZLDRcRQX Pk[UTU-
TPU[ MRDcUTPb NLMRVP LQTLDTL_L NLWLhR QqRWL_L DLk-
M^�R. KZP ^DUcPVUTPP QhLZLQWP ZRQNcRDcUTT�� VRQ-
WPw MLQWP_RUWQb yLcUU D�QLhRb NZLVTLQWX QwUNcUTPb. 
vUk^cXWRW� NZLDUMUTT�� PQQcUMLDRTPx NZUMQWRDcUT� 
D WRyc. 1. 

KZP NLMRVU QqRWL_L DLkM^�R LMPTRhLDL_L MRDcU-
TPb D LyR ^QWZLxQWDR TR ^QLDUZ�UTQWDLDRTTL[ [UWRc-
cPkRWLZU TRyc�MRUWQb ^DUcPVUTPU QhLZLQWP NLWLhR, 
VWL NZPDLMPW h NLD��UTP� NZLVTLQWP QwUNcUTPb NL-
hZ�WPb Q NLMcLqhLx. 

��������/�+�'. �R NZPyLZU K~l-3 y�cP  
NZLDUMUT� Pk[UZUTPb [PhZLWDUZMLQWP NLhZ�WPb.  
�R QWRcXTLx LyZRkUw ($W3) y�cL TRTUQUTL NLhZ�WPU 
Pk QWRcP (j8), R TR Rc�[PTPUD�x LyZRkUw (�~_6) y�-

cR TRTUQUTL NLhZ�WPU Pk WL_L qU [RWUZPRcR (�~_6). 
vUk^cXWRW� Pk[UZUTPx [PhZLWDUZMLQWP NZUMQWRDcUT� 
TR ZPQ. 6. 

KZP TRN�cUTPP Rc�[PTPUDL_L NLhZ�WPb U_L WDUZ- 
MLQWX NLc^VRUWQb [UTX�U, VU[ ^ LQTLD�. �WL QDbkRTL 
Q WU[, VWL NLhZ�WPU NLc^VRUWQb NLZPQW�[. J QDbkP  
Q WU[, VWL WDUZMLQWX QWRcP j8 D��U, VU[ ^ QWRcP $W3, 
TRN�cUTTLU NLhZ�WPU NZUDLQ�LMPW NL WDUZMLQWP  
LQTLD^, MRqU TUQ[LWZb TR U_L NLZPQWLQWX. jQWRTLDcU-
TL, VWL NLhZ�WPb, NLc^VUTT�U Q NL[L�X� ^QLDUZ-
�UTQWDLDRTTL_L [UWRccPkRWLZR, P[U�W yLcUU D�QLhPU 
kTRVUTPb [PhZLWDUZMLQWP. 

�����3�����# +��(��+�'. }QQcUMLDRTPb TR hLZ-
ZLkPLTT^� QWLxhLQWX TRN�cbU[�� NLhZ�WPx NZLDL-
MPcPQX D ZRQWDLZU DLM� Q QLMUZqRTPU[ NaCl 3 %, 
�2�2 0,1 %. vUk^cXWRW� NZLDUMUTT�� PQQcUMLDRTPx 
NZUMQWRDcUT� D WRyc. 2. 

JPMTL, VWL TR ^QLDUZ�UTQWDLDRTTL[ [UWRccPkRWL-
ZU NLhZ�WPb NLc^VR�WQb yLcUU hLZZLkPLTTL-QWLxhPU, 
VU[ TR QWRTMRZWTL[.  
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����!� 1 
��3%"'���9 �++"�/�����# �� ���0��+�' +���"���# 

 

$WRTMRZWT�x [UWRccPkRWLZ jQLDUZ�UTQWDLDRTT�x [UWRccPkRWLZ �RDcUTPU NLMRVP  
LQTLDTL_L NLWLhR, ~KR $hLZLQWX  

NLWLhR, [/Q 
KZLVTLQWX  

QwUNcUTPb, ~KR 
$hLZLQWX NLWLhR,  

[/Q 
KZLVTLQWX  

QwUNcUTPb, ~KR 
0,4 350 28 602 30 

0,5 535 29,5 705 31,5 

0,6 670 34,5 830 36 
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vPQ. 6. vUk^cXWRW� Pk[UZUTPb [PhZLWDUZMLQWP NLhZ�WPx 
 

����!� 2 
��3%"'���9 �++"�/�����( �� �����3����%? +��(��+�' 

 

KRZR[UWZ $WRTMRZWT�x [UWRccPkRWLZ jQLDUZ�UTQWDLDRTT�x [UWRccPkRWLZ 
KLWUZb [RQQ� 0,25 % 0,11 % 
zLZZLMPZ^U[Rb NLDUZ�TLQWX 57 % 27 % 
KLWUZb WLc�PT� 27 % 16 % 

 
���"?0����. J ZRyLWU y�c NZLRTRcPkPZLDRT QWRT-

MRZWT�x [UWRccPkRWLZ �~-17 P D�bDcUT� U_L TUMLQ-
WRWhP, WRhPU hRh yLcX�Lx ^_Lc ZRQN�cR P TPkhRb QhL-
ZLQWX ZRQN�cbU[�� VRQWPw. �cb ^c^V�UTPb NZLwUQQR 
scUhWZLM^_LDLx [UWRccPkRwPP P NLc^VUTPb yLcUU  
hRVUQWDUTT�� NLhZ�WPx ZRkZRyLWRTR ^QLDUZ�UTQWDL-
DRTTRb hLTQWZ^hwPb [UWRccPkRWLZR. �R sWLx hLTQW-
Z^hwPP y�cP NZLDUMUT� shQNUZP[UTWRcXT�U PQQcUML-
DRTPb DcPbTPb WU�TLcL_PVUQhP� NRZR[UWZLD TR hRVU-
QWDL NLhZ�WPx. jQWRTLDcUTL, VWL NZP TRN�cUTPP  
^QLDUZ�UTQWDLDRTT�[ [UWRccPkRWLZL[ NLc^VR�WQb 
yLcUU hRVUQWDUTT�U NLhZ�WPb. jDUcPVPcPQX NZLV-
TLQWX QwUNcUTPb NLhZ�WPb Q LQTLDLx TR 30 % P hLZZL-
kPLTTRb QWLxhLQWX TR 15 %. j[UTX�PcRQX NLZPQWLQWX 
NLhZ�WPb TR 20–30 %. zLs``PwPUTW PQNLcXkLDRTPb 
[RWUZPRcLD ^DUcPVPcQb Q 0,6 ML 0,85. 

&"�>�/����+��. vRyLWR D�NLcTUTR NZP `PTRTQL-
DLx NLMMUZqhU ~PTPQWUZQWDR LyZRkLDRTPb vLQQPxQhLx 
YUMUZRwPP, _LQ^MRZQWDUTT�x hLTWZRhW ´ 2.G2531. 
0043, 2014/211, 9.447.2014/h. 
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ASSESSMENT OF INFLUENCE OF AIR POLLUTION PRODUCED  

BY ENGINEERING ENTERPRISES ON HUMAN HEALTH 
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Production, operation and service of mechanical and aerospace engineering systems can be the source of danger-
ous pollutants. This work investigates the improvement of scientific and methodical bases to manage the cancerigenic 
danger to population health from air pollution caused by stationary and non-stationary emission sources.  The analyses 
of epidemiological data showed that cancer mortality has grown by 30 % concerning total mortality in Krasnoyarsk 
from 2000 to 2012. The analysis of air pollution showed that concentrations of some cancerigenic substances increased 
significantly during 12 years according to the data of state network of monitoring posts.  The pollutants that give the 
greatest contribution to mortality of various cancers were revealed. This pollutant emission sources are analysed. It is 
difficult to blame a single source as being responsible for the high levels of air pollution with cancerigenic effect on 
human health in Krasnoyarsk city. The cancer latency period has been estimated by statistical methods. The correlation 
analysis applied to determine the most sensitive organs and systems of the person influenced by cancerigenic pollutants. 
Benzopyrene has influence on the greatest number of target organs and systems: digestive system (stomach, liver, phar-
ynx), immune system (limphoma), brain and nervous system. The assessment of a time lag for cancer of various organs 
and systems is executed with using the cross correlation functions. The longest effect with time lag 12 years is observed 
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for digestive and respiratory cancer. The offered approach allows us to carry out an operative assessment of impact of 
carcinogenic effect on health of the plant's staff and inhabitants of the surrounding. 

 
Keywords: carcinogens, cancer, precursor of cancer, latent period, mortality, correlation analysis.    
 

1. )��/���� 
 

J NZLwUQQU NZLPkDLMQWDR, shQNc^RWRwPP P LyQc^-
qPDRTPb Ly�UhWLD [R�PTLQWZLUTPb P ZRhUWTL-
hLQ[PVUQhP� QPQWU[ DLk[LqT� D�yZLQ� LNRQT�� kR-
_ZbkTb��P� DU�UQWD D LhZ^qR��^� QZUM^, QNLQLyQW-
D^��P� DLkTPhTLDUTP� P NLD��UTP� shLcL_PVUQhP� 
ZPQhLD Mcb TRQUcUTPb NZL[��cUTT�� ZU_PLTLD [1; 2]. 
KZP sWL[ TRPyLcX�^� LNRQTLQWX NZUMQWRDcb�W hRT-
wUZL_UTT�U DU�UQWDR, D�k�DR��PU kcLhRVUQWDUTT�U 
TLDLLyZRkLDRTPb [3]. 

J NLQcUMTPU MUQbWPcUWPb LW[UVRUWQb Q^�UQWDUT-
T�x ZLQW P «L[LcLqUTPU» LThLcL_PVUQhP� kRyLcUDR-
TPx. $^�UQWDUTT�[P NZPVPTR[P ZLQWR kcLhRVUQWDUT-
T�� TLDLLyZRkLDRTPx bDcb�WQb, Q LMTLx QWLZLT�, 
^�^M�UTPU QLwPRcXTL-shLTL[PVUQhP� ^QcLDPx, QTP-
qUTPU qPkTUTTL_L ^ZLDTb TRQUcUTPb, h^ZUTPU, RchL-
_LcPk[ P kR_ZbkTUTPU LhZ^qR��Ux QZUM�, Q MZ^_Lx 
QWLZLT�, TUMLQWRWLVT�x ^ZLDUTX NZL`PcRhWPVUQhP� 
[UZLNZPbWPx D Q`UZU LThLcL_PP, TUMLQWRWhP D LZ_RTP-
kRwPP P hRVUQWDU [UMPwPTQhLx NL[L�P yLcXT�[.  
�L 80 % Qc^VRUD ZRhR QDbkRTL Q DLkMUxQWDPU[ DZUMT�� 
`RhWLZLD LhZ^qR��Ux QZUM� P TUNZRDPcXT�[ LyZR-
kL[ qPkTP [4; 5]. 

J wUcL[ ZRh QVPWRUWQb yLcUkTX� cPw D LQTLDTL[ 
QWRZ�U_L DLkZRQWR, hL_MR TRhLNcUTR MLQWRWLVTRb shQ-
NLkPwPLTTRb MLkR, P[U�WQb NZUMZRhLD�U kRyLcUDRTPb, 
LQcRycUT P[[^TPWUW P MZ. �MTRhL UQcP LThL_UTTRb 
TR_Z^khR TR LZ_RTPk[ ZRQWUW, cRWUTWT�x NUZPLM QL-
hZR�RUWQb, P c�MP kRyLcUDR�W ZRhL[ D yLcUU ZRTTU[ 
DLkZRQWU [6]. 

�cU[UTW� LwUThP shLcL_PVUQhL_L ZPQhR Dhc�VUT� 
D QPQWU[^ [UWLMLD RTRcPkR shLcL_PVUQhLx P QRTPWRZTL-
sNPMU[PLcL_PVUQhLx QPW^RwPP, D QWZ^hW^Z^ QLwPRcXTL-
_P_PUTPVUQhL_L [LTPWLZPT_R [1; 7; 8].   

vRyLWR NLQDb�UTR RTRcPk^ hL[NcUhQTL_L DLkMUx-
QWDPb `RhWLZLD kR_ZbkTUTPb RW[LQ`UZ� TR Q[UZWTLQWX 
LW LThLcL_PVUQhP� kRyLcUDRTPx TRQUcUTPb _. zZRQTL-
bZQhR. J�bDcUT� kR_ZbkTb��PU DU�UQWDR, LhRk�DR�-
�PU TRPyLcX�UU DcPbTPU TR Q[UZWTLQWX LW ZRkcPVT�� 
DPMLD TLDLLyZRkLDRTPx. ~UWLMR[P hLZZUcbwPLTTL_L 
RTRcPkR LNZUMUcUT� LZ_RT� P QPQWU[� VUcLDUhR, TRP-
yLcUU V^DQWDPWUcXT�U h DLkMUxQWDP� hRTwUZL_UTT�� 
kR_ZbkTPWUcUx RW[LQ`UZTL_L DLkM^�R. J�NLcTUTR 
LwUThR DZU[UTTL_L kRNRkM�DRTPb DcPbTPb hRTwUZL_U-
TLD TR LThLcL_PVUQhPU kRyLcUDRTPb ZRkcPVTLx cLhR-
cPkRwPP. 

 
2. 5�"' � 3�/�0� 

 
¿UcX ZRyLW� 
 LwUThR DcPbTPb kR_ZbkTUTPb RW[L-

Q`UZTL_L DLkM^�R TR Q[UZWTLQWX qPWUcUx _. zZRQTLbZ-
QhR LW LThLcL_PVUQhP� kRyLcUDRTPx. 

�cb MLQWPqUTPb NLQWRDcUTTLx wUcP ZU�RcPQX QcU-
M^��PU kRMRVP: 

1. �TRcPk MPTR[PhP QLMUZqRTPb hRTwUZL_UTT�� 
DU�UQWD D DLkM^�U _. zZRQTLbZQhR. 

2. �TRcPk QWZ^hW^Z� Q[UZWTLQWP LW LThLcL_PVU-
QhP� kRyLcUDRTPx ZRkcPVTLx cLhRcPkRwPP P D�bDcU-
TPU kRDPQP[LQWP LWMUcXT�� DPMLD ZRhR LW hRTwUZL_U-
TLD D RW[LQ`UZTL[ DLkM^�U. 

3. �wUThR LWQZLVhP DcPbTPb kR_ZbkTb��P� RW[L-
Q`UZ^ DU�UQWD TR NLhRkRWUcP Q[UZWTLQWP LW LThLcL-
_PVUQhP� kRyLcUDRTPx. 

J ZRyLWU PQNLcXkLDRcPQX MRTT�U QZUMTU_LMLD�� 
hLTwUTWZRwPx NLc�WRTWLD, �RZRhWUZPk^��P� hRTwU-
ZL_UTT^� LNRQTLQWX kR_ZbkTUTPb RW[LQ`UZTL_L DLk-
M^�R _. zZRQTLbZQhR, NL MRTT�[ _LQ^MRZQWDUTTLx TR-
yc�MRWUcXTLx QUWP, NZUMLQWRDcUTT�[ zZRQTLbZQhP[ 
wUTWZL[ NL _PMZL[UWULZLcL_PP P [LTPWLZPT_^ LhZ^-
qR��Ux QZUM� Q ZU_PLTRcXT�[P `^ThwPb[P $ZUMTU-
QPyPZQhL_L jI~$, kR NUZPLM TRyc�MUTPx Q 2000 NL 
2012 __. [9]. KLhRkRWUcP Q[UZWTLQWP LW LThLcL_PVU-
QhP� kRyLcUDRTPx kR WLW qU NUZPLM NZUMLQWRDcUT� 
WUZZPWLZPRcXT�[ LZ_RTL[ `UMUZRcXTLx Qc^qy� _LQ^-
MRZQWDUTTLx QWRWPQWPhP NL zZRQTLbZQhL[^ hZR� 
(zZRQTLbZQhQWRW).  

 
3. �+�D����+�� ��3���������#  

� ���������# ����"�>�0�+��2 3�D�"�����( 
 
�����/9 ��3����# ��%2�"���>� ��+��. vRkDPWPU 

kcLhRVUQWDUTT�� TLDLLyZRkLDRTPx LW TLZ[RcXTL_L 
QLQWLbTPb hcUWhP ML kRyLcUDRTPb NZL�LMPW ZbM NLQcU-
MLDRWUcXT�� QWRMPx, hLWLZ�U QLQWRDcb�W MLQWRWLVTL 
NZLMLcqPWUcXT�x DZU[UTTLx PTWUZDRc. �R hRqMLx Pk 
sWP� QWRMPx NRWLcL_PVUQhPx NZLwUQQ �RZRhWUZPk^UWQb 
QLLWDUWQWD^��P[P [LZ`LcL_PVUQhP[P Pk[UTUTPb[P, 
VWL TR�LMPW LWZRqUTPU D hcPTPVUQhLx hRZWPTU kRyL-
cUDRTPb [10]. 

lU[N� ^MDLUTPb ZRkcPVT�� DPMLD LN^�LcP kRDPQbW 
LW PTMPDPM^RcXT�� LQLyUTTLQWUx LN^�LcP P LZ_RTPk-
[R, D WL[ VPQcU LW cLhRcPkRwPP, hZLDLQTRyqUTPb, DLk-
ZRQWR, QWUNUTP [LZ`LcL_PVUQhLx MP``UZUTwPZLDhP 
LN^�LcUD�� hcUWLh P MZ. [11]. 

$ hcPTPVUQhP� NLkPwPx NZLwUQQ ZRkDPWPb TLDLLy-
ZRkLDRTPb [LqTL ZRkMUcPWX TR WZP NUZPLMR: 1) NZUM-
ycRQWL[RWLkTLU QLQWLbTPU (NZUMLN^�LcUDLU kRyLcUDR-
TPU); 2) MLhcPTPVUQhLU QLQWLbTPU – LZ_RT NLZRqUT 
LN^�LcUD�[ NZLwUQQL[, R hcPTPVUQhP� NZPkTRhLD 
sWL_L NLZRqUTPb TUW; 3) hcPTPVUQhRb QWRMPb, TR hLWL-
ZLx NLbDcb�WQb NZPkTRhP TRZ^�UTPb `^ThwPP LZ_RTR, 
NLbDcb�WQb QP[NWL[� yLcUkTP. J NLMRDcb��U[ 
yLcX�PTQWDU Qc^VRUD yLcXT�U QL kcLhRVUQWDUTT�[P 
LyZRkLDRTPb[P LyZR�R�WQb h DZRV^ D WZUWXU[ NUZPL-
MU yLcUkTP, VWL NLkDLcbUW D�NLcTPWX P[ ZRMPhRcXT�U 
LNUZRwPP cP�X D 10–50 % Qc^VRUD [12]. 

KLM DLkMUxQWDPU[ ZbMR `RhWLZLD ZRkDPDRUWQb ZRQ-
NZLQWZRTUTTLU Pk[UTUTPU WhRTUx, NZLbDcb��UUQb 
^QhLZUTT�[ ZRkZRQWRTPU[ hcUWLVT�� scU[UTWLD.  
z TP[ LWTLQbW _UTUWPVUQh^� hLTQWPW^wP� VUcLDUhR, 
U_L _LZ[LTRcXT�x yRcRTQ, TUNZRDPcXTL LZ_RTPkLDRT-
TLU NPWRTPU, NZPQ^WQWDPU D LhZ^qR��Ux QZUMU QNU-
wP`PVUQhP� P TUQNUwP`PVUQhP� DZUMT�� `RhWLZLD, 
Pk[UTb��P� DT^WZUTT�� QZUM^ LZ_RTPk[R [13]. 



 
 
 

��#�����+����� �	�!���� � ����	��� 
 

 960

KZUMZRhLD�U kRyLcUDRTPb (ZLQW hcUWLh TUDLQNRcP-
WUcXTL_L �RZRhWUZR, NZUM�UQWD^��Px ZRh^) �RZRhWU-
ZPk^�WQb McPWUcXT�[ WUVUTPU[. ]LcX�PTQWDL NZUML-
N^�LcUD�� kRyLcUDRTPx NZUMQWRDcb�W QLyLx cP�X 
ycR_LNZPbWT�x `LT Mcb DLkTPhTLDUTPb kcLhRVUQWDUT-
TLx LN^�LcP, TL sWL DLkTPhTLDUTPU TULybkRWUcXTL.  

¶QWX P WRhPU NZUMLN^�LcUD�U NZLwUQQ�, hLWLZ�U 
LybkRWUcXTL DUM^W D hLTUVTL[ QVUWU h kcLhRVUQWDUT-
TL[^ ZLQW^. �WP� kRyLcUDRTPx TU[TL_L. z kRyLcUDR-
TPb[ Q NLD��UTTLx DLk[LqTLQWX� DLkTPhTLDUTPb 
kcLhRVUQWDUTTL_L ZLQWR P WZUy^��P� QNUwPRcXT�� 
[UWLMLD LNZUMUcUTPb TRVRcR LN^�LcUDL_L ZLQWR LWTL-
QbWQb bkDR qUc^MhR, LVR_LD�x _RQWZPW, QU[UxT�x  
NLcPNLk WLcQWL_L hP�UVTPhR, �ZLTPVUQhPx yZLT�PW, 
VRQWL NLDWLZb��RbQb NTUD[LTPb, yZLT�LshWRWPVUQhRb 
yLcUkTX, sZLkPb �UxhP [RWhP, [RQWLNRWPb. 

�LhcPTPVUQhPx NUZPLM ZRkDPWPb kcLhRVUQWDUTTLx 
LN^�LcP L�DRW�DRUW NZL[Uq^WLh LW [L[UTWR DLkTPh-
TLDUTPb NUZD�� hcUWLh kcLhRVUQWDUTTLx LN^�LcP ML 
NLbDcUTPb NUZD�� hcPTPVUQhP� NZPkTRhLD kRyLcUDR-
TPb. KZLMLcqPWUcXTLQWX sWL_L NUZPLMR DRZPRyUcXTR, 
kRDPQPW LW yPLcL_PVUQhP� QDLxQWD LN^�LcP, QLQWLbTPb 
LZ_RTPk[R kRyLcUD�U_L, PTL_MR McPWUcXTLQWX U_L Pk-
[UZbUWQb _LMR[P. lLcXhL LN^�LcP, MLQWP_�PU ZRk[U-
ZLD 0,5–1,0 Q[ ZRQNLkTR�WQb hcPTPVUQhP DL DZU[b 
LNUZRWPDTL_L D[U�RWUcXQWDR, sTMLQhLNPVUQhL_L, 
ZUTW_UTLcL_PVUQhL_L PQQcUMLDRTPb. �N^�LcP Q^�UQW-
D^�W D WUVUTPU 2–3 cUW, NZUqMU VU[ [L_^W y�WX D�bD-
cUT� hcPTPVUQhP[P [UWLMR[P.  

j yLcX�PTQWDR yLcXT�� MPR_TLk ^QWRTRDcPDRUWQb 
D hcPTPVUQhL[ NUZPLMU kcLhRVUQWDUTT�� LN^�LcUx, 
hL_MR NZLbDcb�WQb [TL_LVPQcUTT�U P ZRkTLLyZRkT�U 
QP[NWL[�.  

�R LQTLDRTPP ZUk^cXWRWLD PQQcUMLDRTPx _UTLD 
LN^�LcUx, [UVUT�� ZRMPLRhWPDT�[P [RZhUZR[P, P sNP- 
MU[PLcL_PVUQhP� MRTT�� y�c QMUcRT D�DLM, VWL [Uq-
M^ DLkMUxQWDPU[ R_UTWR P ZRkDPWPU[ LN^�LcP P[UUWQb 
McPWUcXT�x cRWUTWT�x NUZPLM, MLQWLDUZTLU LNZUMU-
cUTPU hLWLZL_L bDcbUWQb MLQWRWLVTL QcLqTLx kRMR- 
VUx [14]. 

 
�D]�� 3����������+�� /�(+���# 2���0�+��2 

�������>���92 ��]�+��. �L 80–90 % DQU� `LZ[ ZRhR 
^ VUcLDUhR – ZUk^cXWRW MUxQWDPb `RhWLZLD LhZ^qR�-
�Ux QZUM� 
 �P[PVUQhP� DU�UQWD, DPZ^QLD, `PkPVU-
QhP� R_UTWLD P W. M. JL [TL_P� Qc^VRb� ZRkDPWPU LN^-
�LcP [LqUW y�WX QDbkRTL Q DLkMUxQWDPU[ hRTwUZL_U-
TLD, QZUMP hLWLZ�� TRPyLcUU RhWPDT�[P QVPWR�WQb 
NLcPwPhcPVUQhPU RZL[RWPVUQhPU ^_cUDLMLZLM�, RZL-
[RWPVUQhPU R[PT� P R[PM�, TPWZLQLUMPTUTPb, L`cR-
WLhQPT� [15]. J TRQWLb�UU DZU[b PkDUQWTL yLcUU 1500 
�P[PVUQhP� QLUMPTUTPx, LycRMR��P� hRTwUZL_UTT�[ 
s``UhWL[. KZP sWL[ N^WP NLNRMRTPb sWP� DU�UQWD  
D LZ_RTPk[ VUcLDUhR [L_^W y�WX ZRkcPVT�[P. 

zZL[U WL_L, Q^�UQWD^�W QNUwP`PVUQhPU `RhWLZ�, 
Q LNZUMUcUTTLx DUZLbWTLQWX� ^DUcPVPDR��PU ZPQh 
NLbDcUTPb LN^�LcUx hLThZUWTL_L LZ_RTR PcP QPQWU[�. 
z P� VPQc^ LWTLQbW, D NUZD^� LVUZUMX, h^ZUTPU (ML 30 % 
DcPbTPb) P NPWRTPU (35 %). JcPbTP� WRhP� `RhWLZLD, 
hRh DLkMUxQWDPU NZL`UQQPLTRcXT�� DZUMTLQWUx,  
TRQcUMQWDUTTRb NZUMZRQNLcLqUTTLQWX, sTMLhZPTT�U 

TRZ^�UTPb, LWDLMbW D QLDLh^NTLQWP LhLcL 17 %.  
�R �P[PVUQhPU hRTwUZL_UT� NZP�LMPWQb LhLcL 18 % [16]. 

JQU �P[PVUQhPU hRTwUZL_UTT�U QLUMPTUTPb LycR-
MR�W ZbML[ Ly�P� VUZW MUxQWDPb TUkRDPQP[L LW P� 
QWZ^hW^Z� P `PkPhL-�P[PVUQhP� QDLxQWD. KZUqMU 
DQU_L, Mcb hRTwUZL_UTLD �RZRhWUZUT McPWUcXT�x cR-
WUTWT�x NUZPLM MUxQWDPb: PQWPTT�x, PcP yPLcL_PVU-
QhPx, P hcPTPVUQhPx cRWUTWT�U NUZPLM�. �N^�LcUDRb 
WZRTQ`LZ[RwPb TRVPTRUWQb TU QZRk^ NLQcU hLTWRhWR 
hRTwUZL_UTR Q hcUWhLx: DTRVRcU hRTwUZL_UTTLU DU�U-
QWDL NLMDUZ_RUWQb yPLWZRTQ`LZ[RwPP, D ZUk^cXWRWU 
LyZRk^�WQb hRTwUZL_UTT�U [UWRyLcPW�, hLWLZ�U DTU-
MZb�WQb D hcUWh^, Pk[UTb�W UU _UTUWPVUQhPx RNNRZRW, 
Ly^QcLDcPDRb [RcP_TPkRwP�.  

�cb [TL_P� hRTwUZL_UTLD �RZRhWUZTR �P[PVUQhRb 
PTUZWTLQWX, NZP sWL[ NLVWP DQU bDcb�WQb WLcXhL NZL-
hRTwUZL_UTR[P. �WLy� QWRWX PQWPTT�[P hRTwUZL_U-
TR[P, LTP MLcqT� NLMDUZ_T^WXQb D LZ_RTPk[U WRh TR-
k�DRU[Lx RhWPDRwPP, D ZUk^cXWRWU hLWLZLx [L_^W DLk-
TPhT^WX [UWRyLcPW� Q ycRQWL[L_UTTLx RhWPDTLQWX� [17]. 

zRTwUZL_UTT�x s``UhW LNZUMUcbUWQb QLLWTL�UTP-
U[ MLk� P DZU[UTP shQNLkPwPP DU�UQWDR. �cb DU�UQWD 
QZUMTUx hRTwUZL_UTTLx RhWPDTLQWP NUZPLM [UqM^ 
TRVRcL[ MUxQWDPb hRTwUZL_UTTL_L R_UTWR P DLkTPhTL-
DUTPU[ kcLhRVUQWDUTTLx LN^�LcP QLQWRDcbUW LhLcL 
13–18 cUW. �U[ D��U RhWPDTLQWX hRTwUZL_UTR, WU[ 
hLZLVU cRWUTWT�x NUZPLM [18; 19].  

J wUcL[ McPWUcXTLQWX cRWUTWTL_L NUZPLMR [LqUW 
QLQWRDcbWX LW 10 ML 50 % NZLMLcqPWUcXTLQWP qPkTP 
VUcLDUhR P qPDLWT�� [20]. 

lRh, DLkTPhTLDUTPU LQWZL_L cUxhLkR yUk NZUM�UQW-
D^��P� Pk[UTUTPx NUZP`UZPVUQhLx hZLDP QDbk�DR�W 
Q McPWUcXT�[ (yLcUU 5–10 cUW) hLTWRhWL[ Q yUTkLcL[, 
MRqU QN^QWb TUQhLcXhL cUW NLQcU NZUhZR�UTPb hLT-
WRhWR Q TP[. $ DLkTPhTLDUTPU[ ZRhR NLcLQWP TLQR  
P NZPMRWLVT�� NRk^� QDbk�DR�W DcPbTPU NZLM^hWLD, 
D�MUcb��P�Qb NZP ZR`PTPZLDRTPP TPhUcb, R WRhqU 
NZP LyZRyLWhU MUZUDR D MUZUDLLyMUcLVTL[ P LQLyUTTL 
[UyUcXTL[ NZLPkDLMQWDR�. �UxQWDPU sWP� DU�UQWD NZL-
bDcbUWQb D ZRkT�U QZLhP, PTL_MR QN^QWb 20–25 cUW [21]. 

�cb _. zU[UZLDL y�cP NLc^VUT� kTRVUTPb DZU[UTP 
kRNRkM�DRTPb DLkTPhTLDUTPb kRyLcUDRTPx LW kR_Zbk-
TUTPb DLkM^�R Mcb QcUM^��P� DPMLD ZRhR: ZRh cU_hL_L – 
LW 6 ML 9 cUW ^ qUT�PT P LW 8 ML 14 cUW ^ [^qVPT, ZRh 
qUc^MhR 
 LW 9 ML 16 cUW ^ qUT�PT P LW 8 ML 14 cUW  
^ [^qVPT, ZRh �PWLDPMTLx qUcUk� – LW 9 ML 16 cUW  
^ qUT�PT P LW 10 ML 15 cUW ^ [^qVPT. vRkyZLQ D kTR-
VUTPb� cR_R D�kDRT DcPbTPU[ ZRkT�� PQWLVTPhLD D�-
yZLQLD hRTwUZL_UTT�� DU�UQWD [22].  

KL ZUk^cXWRWR[ hLZZUcbwPLTTL_L RTRcPkR NLhRkR-
WUcUx kcLhRVUQWDUTT�� TLDLLyZRkLDRTPx hLqP P Ly-
�U_L QLMUZqRTPb LkLTR D vUQN^ycPhU ]^ZbWPb [RhQP-
[RcXT�x cR_ QLQWRDPc 10 cUW [23]. 

�cb ]Uc_LZLMQhLx LycRQWP NUZPLM� LWQZLVUTTL_L 
DLkMUxQWDPb TUhLWLZ�� RTWZLNL_UTT�� kR_ZbkTPWUcUx 
DLkM^�R P NLVD� TR kRyLcUDRU[LQWX kcLhRVUQWDUTT�[P 
TLDLLyZRkLDRTPb[P QLQWRDPcP: Mcb QDPTwR 
 3 _LMR, 
Mcb qUcUkR P [RZ_RTwR 
 2 _LMR, Mcb LhPQcLD RkLWR  
P ^_cUDLMLZLMLD 
 3 _LMR, Mcb [PTUZRcXT�� ^MLyZU-
TPx 
 1
2 _LMR [24]. �WP kTRVUTPb bDTL QDPMUWUcXQW-
D^�W L QLhZR�UTPP cRWUTWT�� NUZPLMLD ZRkDPWPb 
ZRhLD. 
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A��/����"�>�0�+��� ����/9 �++"�/�����# "�-
������>� �����/� �����92 ��%2�"�(. }QQcUMLDR-
TPb[P cRWUTWTL_L NUZPLMR ZRhLD�� kRyLcUDRTPx kR-
TP[RUWQb LThLsNPMU[PLcL_Pb. J kRDPQP[LQWP LW NLM-
�LMLD h Pk^VUTP� P [UWLMLD D�MUcb�W MDR TRNZRDcU-
TPb: LNPQRWUcXTRb P RTRcPWPVUQhRb LThLsNPMU[PLcL-
_Pb [18].  

�NPQRWUcXTRb sNPMU[PLcL_Pb Pk^VRUW LQLyUTTLQWP 
ZRQNZLQWZRTUTPb LWMUcXT�� `LZ[ kcLhRVUQWDUTT�� 
LN^�LcUx D hLThZUWT�� _Z^NNR� TRQUcUTPb. KZUM[UW 
Pk^VUTPb LNPQRWUcXTLx sNPMU[PLcL_PP 
 kRyLcUDRU-
[LQWX P Q[UZWTLQWX D ZRkT�� _UL_ZR`PVUQhP� ZU_PL-
TR� P TRQUcUTT�� N^ThWR� QZUMP ZRkcPVT�� _Z^NN 
TRQUcUTPb, R WRhqU QDbkX (RQQLwPRwPb) [UqM^ ZRkcPV-
T�[P �RZRhWUZPQWPhR[P ZU_PLTR P NLhRkRWUcb[P VRQ-
WLW� kcLhRVUQWDUTT�� LN^�LcUx. �NPQRWUcXTRb sNP-
MU[PLcL_Pb LNUZPZ^UW hRWU_LZPb[P, LQTLD^ hLWLZ�� 
QLQWRDcbUW WUZZPWLZPRcXT�x ^VUW LThLcL_PVUQhP� 
kRyLcUDRTPx [25]. KZLPkDLMPWQb ZRQVUW P RTRcPk NLhR-
kRWUcUx Q[UZWTLQWP, kRyLcUDRU[LQWP P yLcUkTUTTLQWP 
hRh D wUcL[ Mcb DQU_L TRQUcUTPb P Mcb DQU� kcLhRVUQW-
DUTT�� TLDLLyZRkLDRTPx, WRh P Mcb kRyLcUD�P�  
P ^[UZ�P� Q ^VUWL[ cLhRcPkRwPP P ZRkTLDPMTLQWP 
LN^�LcP, hcPTPVUQhLx _Z^NN� P QWRMPP NZLwUQQR. 
}k^VR�WQb WRhqU NLhRkRWUcP VRQWLW� DNUZD�U D�bD-
cUTT�� kRyLcUDRTPx, s``UhWPDTLQWP MPQNRTQUZPkR-
wPP QLLWDUWQWD^��P� hLTWPT_UTWLD, hRVUQWDR MPR_TL-
QWPhP P QNUwPRcXTLx WUZRNPP P LwUThR LWMRcUTT�� 
ZUk^cXWRWLD cUVUTPb. 

J QDbkP Q LyTRZ^qUTPU[ NLD��UTTLx kRyLcUDRU-
[LQWP ZRhL[ TR ZbMU NZLPkDLMQWD, kRTbW�� TR NUZUZR-
yLWhU ZbMR [PTUZRcLD (TPhUcX, �ZL[, yUZZPcPx, hRM-
[Px, hLyRcXW, [��Xbh P MZ.), LyTRZ^qPD�P� D shQNU-
ZP[UTWU hRTwUZL_UTT�U QDLxQWDR, �PZLhLU ZRkDPWPU 
NLc^VPcL PQQcUMLDRTPU WRh TRk�DRU[L_L NZL`UQQPL-
TRcXTL_L ZRhR. KUZDLU LNPQRTPU NZL`UQQPLTRcXTL_L 
ZRhR y�cL QMUcRTL U�U D 1775 _LM^ RT_cPxQhP[ DZR-
VL[ KLWWL[ NZP LyTRZ^qUTPP Qc^VRUD ZRhR hLqP  
^ WZ^yLVPQWLD. �UZUk 120 cUW (D 1895 _LM^) y�c LNPQRT 
ZRh [LVUDL_L N^k�Zb ^ ZRyLVP� RTPcPTLhZRQLVTLx 
NZL[��cUTTLQWP, D TRVRcU XX DUhR – ZRh cU_hP�  
^ _LZTLZRyLVP� [26]. 

JRqT�[ sWRNL[ PQQcUMLDRTPb NZL`UQQPLTRcXTL_L 
ZRhR bDcbUWQb hLcPVUQWDUTTRb LwUThR ^ZLDTb P McP-
WUcXTLQWP DLkMUxQWDPb hRTwUZL_UTTL_L R_UTWR TR Pk^-
VRU[�x hLTWPT_UTW TR LQTLDU QZUMTU_LMLD�� hLTwUT-
WZRwPx hRTwUZL_UTLD D DLkM^�U ZRyLVUx kLT�, R WRhqU 
N^WP P� NLQW^NcUTPb D LZ_RTPk[. �R LQTLDRTPP sWP� 
PQQcUMLDRTPx MUcR�WQb D�DLM� L McPWUcXTLQWP  
cRWUTWTL_L NUZPLMR DLkTPhTLDUTPb ZRhLDLx LN^�LcP 
[26–28]. 

�MTR Pk hc�VUD�� NZLycU[ RTRcPWPVUQhLx sNPMU-
[PLcL_PP kRhc�VRUWQb D WL[, VWLy� TR^VPWXQb D�bD-
cbWX NLWUTwPRcXT�U hRTwUZL_UTT�U R_UTW�, LNZUMU-
cbWX QWUNUTX P� ZPQhR Mcb c�MUx, LNZUMUcbWX DZU[b 
cRWUTWTL_L NUZPLMR, R WRhqU LQ^�UQWDcbWX NLPQh WU� 
`RhWLZLD, hLWLZ�U NZUNbWQWD^�W hRTwUZL_UTUk^ PcP 
^QPcPDR�W U_L.  

�wUThR P NZL_TLkPZLDRTPU NLWUTwPRcXTL_L ZPQhR 
Mcb kMLZLDXb VUcLDUhR bDcbUWQb LMTLx P� DRqTUx�P� 
QLwPRcXTL-shLcL_PVUQhP� NZLycU[ P QDbkRTR Q TULy-
�LMP[LQWX� Pk^VUTPb NZPVPTTL-QcUMQWDUTT�� QDbkUx 

NLhRkRWUcUx kMLZLDXb TRQUcUTPb P MU[L_ZR`PVUQhLx 
MPTR[PhP Q ^ZLDTU[ RTWZLNL_UTTLx TR_Z^khP TR Lh-
Z^qR��^� QZUM^ [29]. �wUThR QLwPRcXTL-shLcL_PVUQ- 
hP� ZPQhLD [LqUW y�WX PQNLcXkLDRTR Mcb NZLDUMUTPb 
wUcUTRNZRDcUTTLx shLcL_PVUQhLx NLcPWPhP P NLcPWP-
hP D LycRQWP L�ZRT� kMLZLDXb TRQUcUTPb, D�MUcUTPb 
NZPLZPWUWT�� WUZZPWLZPx P _Z^NN TRQUcUTPb NLD�-
�UTTL_L ZPQhR, T^qMR��P�Qb D NUZDLLVUZUMT�� NZP-
ZLMLL�ZRTT�� P cUVUyTL-NZL`PcRhWPVUQhP� [UZL-
NZPbWPb�. zLTwUNwPb LwUThP ZPQhR ZRQQ[RWZPDRUWQb  
D hRVUQWDU _cRDTL_L [U�RTPk[R ZRkZRyLWhP P NZPTbWPb 
^NZRDcUTVUQhP� ZU�UTPx hRh TR [UqM^TRZLMTL[,  
_LQ^MRZQWDUTTL[ P ZU_PLTRcXTL[ ^ZLDTb�, WRh P TR 
^ZLDTU LWMUcXTL_L NZUMNZPbWPb [30; 31]. 

�NZUMUcUTPU DUcPVPT� kRNRkM�DRTPb NZLPkDLMPW-
Qb NL hZLQQhLZZUcbwPLTT�[ `^ThwPb[ D�LMT�� `Rh-
WLZLD (^ZLDTP hLTwUTWZRwPx DZUMT�� hRTwUZL_UTT�� 
DU�UQWD D RW[LQ`UZTL[ DLkM^�U) Q D��LMT�[P NLhR-
kRWUcb[P (NLhRkRWUcP Q[UZWTLQWP DkZLQcL_L TRQUcUTPb 
LW ZRhLD�� kRyLcUDRTPx ZRkcPVTLx cLhRcPkRwPP). 
zZLQQhLZZUcbwPLTTRb `^ThwPb [LqUW Qc^qPWX QZUM-
QWDL[ PQQcUMLDRTPb MPTR[PhP `PkPLcL_PVUQhP� NZL-
wUQQLD P P� DkRP[T�� ZU_^cbwPx [28; 32; 33]. 

J QDbkP QL QcLqTLQWX� QWZ^hW^Z� hRTwUZL_UTTLx 
QPW^RwPP NZP[UTb�W ZRkcPVT�U [TL_L`RhWLZT�U  
[LMUcP, hLWLZ�U QWZLbWQb hRh NL NZLQWZRTQWDUTTLx 
PT`LZ[RwPP, WRh P NL ZbMR[ MPTR[PhP [3; 8; 34–37]. 
KLQcUMTUU DZU[b Mcb sWP� wUcUx RhWPDTL PQNLcXk^�W-
Qb WU�TLcL_PP PQh^QQWDUTTL_L PTWUccUhWR P PQh^QQW-
DUTT�U TUxZLTT�U QUWP [38–42]. 

�QTLDTRb PMUb [TL_L`RhWLZTL_L NZL_TLkPZLDRTPb 
kRhc�VRUWQb D D�bDcUTPP WUTMUTwPx kRDPQP[LQWP Pk^-
VRU[L_L bDcUTPb (kRyLcUDRU[LQWP ZRhL[) LW LNZUMU-
cb��P� U_L `RhWLZLD TR LQTLDU WUTMUTwPx ZRkDPWPb 
QR[P� `RhWLZLD. $WRWPQWPVUQhRb LwUThR kRDPQP[LQWP 
Pk[UTUTPx Pk^VRU[L_L bDcUTPb LW WUTMUTwPx ZRkDPWPb 
DL DZU[UTP `RhWLZT�� NZPkTRhLD LQ^�UQWDcbUWQb  
Q NL[L�X� hLs``PwPUTWLD ^ZRDTUTPb [TLqUQWDUT-
TLx ZU_ZUQQPP. KZP PQQcUMLDRTPP [TL_L`RhWLZT�� 
[LMUcUx ^VUQWX DQU DkRP[LQDbkRTT�U `RhWLZ� TU 
NZUMQWRDcbUWQb DLk[LqT�[, NLsWL[^ NZLPkDLMPWQb 
LWyLZ TRPyLcUU �RZRhWUZT�� `RhWLZLD Q NL[L�X� 
LwUThP QPc� DcPbTPb P VRQWT�� hLs``PwPUTWLD  
MUWUZ[PTRwPP [43]. 

�UZRDTL[UZTLQWX WU[NLD ZRkDPWPb LWMUcXT�� 
hL[NLTUTWLD QPQWU[� QLkMRUW WZ^MTLQWP Mcb QLNLQ-
WRDcUTPb DL DZU[UTP P LwUThP ZUk^cXWRWLD QLD[UQWTL-
_L DLkMUxQWDPb hL[NcUhQR `RhWLZLD LhZ^qR��Ux QZU-
M� TR Pk[UTUTPU kRyLcUDRU[LQWP. uTRVUTPU DZU[UTP 
kRNRkM�DRTPb LwUTPDRUWQb WRh qU, hRh P D LMTL`Rh-
WLZT�� [LMUcb�, Q NL[L�X� hLs``PwPUTWLD hZLQQ-
hLZZUcbwPP. 

 
4. ��3%"'���9 � �D+%-/���� 

 
���"�3 3�>�#3����# ��3/%2� �������>�����.  

J DLkM^�U _. zZRQTLbZQhR DQWZUVRUWQb yLcX�LU hLcP-
VUQWDL ZRkcPVT�� hRTwUZL_UTT�� kR_ZbkTPWUcUx,  
TL TR NLQWR� TRyc�MUTPb RTRcPkPZ^UWQb MRcUhL TU 
NLcT�x P� NUZUVUTX [9; 44]. $ZUMTUQPyPZQhP[ jI~$ 
D DLkM^�U _. zZRQTLbZQhR D�NLcTb�WQb Pk[UZUTPb 
�UQWP DU�UQWD: hRM[Px, QDPTUw, yUTkLc, sWPcyUTkLc, 
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`LZ[RcXMU_PM, yUTk(R)NPZUT. �MTRhL hLTwUTWZRwPb 
hRM[Pb TR NZLWbqUTPP NZLMLcqPWUcXTL_L VPQcR cUW 
ZRDTR T^c�.  

�WTUQUTPU NLc�WRTWLD h _Z^NNU hRTwUZL_UTLD PcP 
TUhRTwUZL_UTLD TULMTLkTRVTL NL MRTT�[ ZRkcPVT�� 
kRZ^yUqT�� P LWUVUQWDUTT�� LZ_RTPkRwPx, kRTP[R�-
�P�Qb Pk^VUTPU[ ZRhR. lRh, QL_cRQTL ZLQQPxQhP[ 
TLZ[RWPDT�[ MLh^[UTWR[ sWPcyUTkLc TU bDcbUWQb 
hRTwUZL_UTL[ [25]. �U LWTLQPW U_L h _Z^NNU hRTwUZL-
_UTT�� DU�UQWD P EPA (Environmental protection 
agency, $Ã�) [45]. �L NL MRTT�[ ~UqM^TRZLMTL_L 
R_UTWQWDR PQQcUMLDRTPb ZRhR (~�}v) sWPcyUTkLc D�-
k�DRUW kcLhRVUQWDUTT�U TLDLLyZRkLDRTPb ZRkcPVT�� 
[UQW cLhRcPkRwPP ^ hZ�Q P [��Ux, DLk[LqUT hRTwU-
ZL_UTT�x s``UhW P Mcb VUcLDUhR (_Z^NNR 2J) [46]. 
KLsWL[^ D MRTTLx ZRyLWU sWPcyUTkLc y�c LWTUQUT D 
_Z^NN^ hRTwUZL_UTLD. 

�TRcPk _LMLDLx MPTR[PhP hRTwUZL_UTT�� DU�UQWD 
NL MRTT�[ $ZUMTUQPyPZQhL_L jI~$ NLhRkRc, VWL  
Q 2000 NL 2012 __. TRyc�MRcQb ZLQW QLMUZqRTPb D DLk-
M^�U _. zZRQTLbZQhR sWPcyUTkLcR (D 1,7 ZRkR), `LZ-
[RcXMU_PMR (D 3,7 ZRkR) P yUTk(R)NPZUTR (D 2 ZRkR)  
(Q[. ZPQ^TLh). $LMUZqRTPU sWP� DU�UQWD NZUD��RcL 
_P_PUTPVUQhPU TLZ[RWPD� D WUVUTPU DQU_L NUZPLMR. 
zLTwUTWZRwPP yUTkLcR P TPhUcb kTRVPWUcXTL TU [UTb-
cPQX P ^QWRTLDcUTT�U K�z TU NZUD��RcP. 

KL MRTT�[ WL[LD K�J Mcb _. zZRQTLbZQhR kR 2012 _. 
y�cP D�bDcUT� LQTLDT�U PQWLVTPhP NZL[��cUTT�� 
D�yZLQLD RTRcPkPZ^U[�� hRTwUZL_UTLD (WRyc. 1). 

$cUM^UW LW[UWPWX, VWL Ly�Px PQWLVTPh D�yZLQLD – 
NZUMNZPbWPb LyZRyRW�DR��Ux LWZRQcP – UQWX WLcXhL 
^ `LZ[RcXMU_PMR P sWPcyUTkLcR, P LWDUVRUW LT DQU_L 
cP�X kR WZUWX DQU� D�yZLQLD sWP� DU�UQWD. �QWRcXT�U 
DU�UQWDR P[U�W QDLP ML[PTPZ^��PU PQWLVTPhP D�-
yZLQLD D RW[LQ`UZT�x DLkM^� _. zZRQTLbZQhR. �WL 
NLMWDUZqMRUW TULy�LMP[LQWX ^VUWR hRqML_L Pk sWP� 
DU�UQWD D ZU�RU[Lx kRMRVU. 

 
����3���"� +������+�� �� 3"���0�+�����92 

�����D��3�����( % -���"�( >. ���+��#�+��. $L_cRQTL 
UqU_LMTPhR[ zZRQTLbZQhQWRWR [5], D NUZPLM Q 2000  
NL 2012 __. D _. zZRQTLbZQhU ^[UZcL LW DQU� NZPVPT 
Q[UZWP LhLcL 150 W�Q. VUcLDUh. }k TP� LW TLDLLyZRkL-
DRTPx – LhLcL 25 W�Q. VUcLDUh, VWL QLQWRDcbUW 16,7 % 
LW DQU� ^[UZ�P� kR 12 cUW (WRyc. 2).  

�TRcPk MRTT�� NLhRk�DRUW, VWL D wUcL[ Q[UZW-
TLQWX LW LThLcL_PVUQhP� kRyLcUDRTPx Q 2000  
NL 2012 __. D�ZLQcR TR 30 % LWTLQPWUcXTL NLhRkRWUcb 
Ly�Ux Q[UZWTLQWP. vRQNZUMUcUTPU NL LWMUcXT�[ DP-
MR[ NZPVPT Q[UZWTLQWP Q^�UQWDUTTL TU Pk[UTPcLQX, 
LQTLDTRb MLcb NZP�LMPWQb TR kcLhRVUQWDUTT�U TLDL-
LyZRkLDRTPb qUc^MLVTL-hP�UVTL_L WZRhWR P LZ_RTLD 
M��RTPb P QLQWRDcbUW NZP[UZTL NL 20 % TR hRqM^� 
_Z^NN^. �Lcb ^[UZ�P� LW yLcUkTUx ZUNZLM^hWPDTLx 
QPQWU[� Pk[UTPcRQX kR ZRQQ[RWZPDRU[�x NUZPLM TU-
kTRVPWUcXTL. JhcRM cUxhU[PP D sW^ QWZ^hW^Z^ WRhqU 
TU NZUWUZNUc Pk[UTUTPx P QLQWRDPc LhLcL 3 %. �hLcL 
45 % QLQWRDPcP yLcUkTP, NL hLWLZ�[ TUW MLQWRWLVT�� 
LQTLDRTPx Mcb LWTUQUTPb P� h _Z^NNU shLcL_L-
kRDPQP[��. 

 

 
 

$LMUZqRTPU hRTwUZL_UTT�� DU�UQWD D DLkM^�U _. zZRQTLbZQhR 
 

����!� 1 
�+����9� �+��0���� �9D��+�� �������>���92 ��]�+�� � >. ���+��#�+�� [47] 

 

 ]UTkLc �WPcyUTkLc YLZ[RcXMU_PM ]UTk(R)NPZUT �PhUcX 
�u$ 45 % 3 % 
 
 
 
�yZRyRW�DR��PU  
NZLPkDLMQWDR 
 28 % 24 % 
 3,5 % 

�c�[PTPUDRb  
NZL[��cUTTLQWX 
 
 
 97 % 
 

�DWLWZRTQNLZW 
 
 65 % 0,5 % 
 
~R�PTLQWZLUTPU 
 
 
 
 94 % 
uR�LZLTUTPU l]� 
 61 % 
 
 
 
�QWRcXT�U NZUMNZPbWPb 55 % 8 % 11 % 1,5 % 2,5 % 
JQU_L, W/_ 7,2 5,2 81,1 1,9 0,004 
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���"�3 �"�#��# 3�>�#3�#?]�2 ��]�+�� �� ���-
0��9 +������+��. �cb LwUThP DcPbTPb kR_ZbkTb�-
�P� DU�UQWD TR NLhRkRWUcP Q[UZWTLQWP LW ZRhR ZRQ-
QVPW�DRcPQX hLs``PwPUTW� hLZZUcbwPP [UqM^ QZUM-
TU_LMLD�[P hLTwUTWZRwPb[P hRTwUZL_UTT�� DU�UQWD 
P VPQcUTTLQWX� ^[UZ�P� NL hRqMLx _Z^NNU kRyLcUDRTPx.  

KZLDUZhR kTRVP[LQWP hLs``PwPUTWR hLZZUcbwPP 
LwUTPDRcRQX NL hZPWUZP� $WX�MUTWR Q ^ZLDTU[ MLDU-
ZPWUcXTLx DUZLbWTLQWP 0,95 [12]. 

KL ZUk^cXWRWR[ ZRQVUWLD kTRVP[�� hLZZUcbwPLT-
T�� QDbkUx [UqM^ kR_ZbkTUTPU[ RW[LQ`UZTL_L DLkM^-
�R yUTkLcL[ P NLhRkRWUcb[P Q[UZWTLQWP LW LThLcL_P-
VUQhP� kRyLcUDRTPx TU D�bDcUTL, �LWb RTRcPk cPWUZR-
W^ZT�� MRTT�� NLMWDUZqMRUW DcPbTPb yUTkLcR TR WU-
VUTPU WRhP� kRyLcUDRTPx, hRh cP[`LZUWPh^cbZTRb 
QRZhL[R, cUxhLk, cUxhU[Pb, cP[`L[� P yLcUkTP hZL-
DUTLQTLx QPQWU[� [49; 50; 52]. 

�UQ[LWZb TR WL, VWL TUW LMTLkTRVTL_L NLMWDUZ-
qMUTPb hRTwUZL_UTTLQWP sWPcyUTkLcR Mcb LZ_RTPk[R 
VUcLDUhR, y�cR LyTRZ^qUTR QWRWPQWPVUQhP kTRVP[Rb 
QDbkX [UqM^ U_L QLMUZqRTPU[ D DLkM^�U P ZRhL[ wUcL-
_L ZbMR LZ_RTLD-[P�UTUx (ZLWLDRb NLcLQWX, NUVUTX, 
bPVTPhP).  

�cb MRcXTUx�U_L RTRcPkR y�cP D�yZRT� WLcXhL WU 
DPM� ZRhR, QDbkX hLWLZ�� Q ZRQQ[RWZPDRU[�[P kR-

_ZbkTPWUcb[P NLMWDUZqMUTR MRTT�[P ZRkcPVT��  
cPWUZRW^ZT�� PQWLVTPhLD, D WL[ VPQcU Z^hLDLMQWDL[ 
NL LwUThU ZPQhR (WRyc. 3) [53]. 

 
���"�3 "�>�. �wUThR DUcPVPT� kRNRkM�DRTPb  

D�NLcTbcRQX NL hZLQQhLZZUcbwPLTT�[ `^ThwPb[, 
LNZUMUcbU[�[ [UqM^ hLTwUTWZRwPb[P hRTwUZL_UTLD 
D RW[LQ`UZTL[ DLkM^�U P NLhRkRWUcb[P Q[UZWTLQWP 
DkZLQcL_L TRQUcUTPb LW ZRhLD�� kRyLcUDRTPx ZRkcPV-
TLx cLhRcPkRwPP.  

vUk^cXWRW� ZRQVUWLD NLhRkRcP, VWL TRPyLcX�UU 
VPQcL LZ_RTLD-[P�UTUx QDbkRTL Q DcPbTPU[ yUTk(R)- 
NPZUTR. �cPWUcXT�x s``UhW Q kRMUZqhLx ML 12 cUW 
TRyc�MRUWQb Mcb LZ_RTLD qUc^MLVTL-hP�UVTL_L WZRh-
WR P LZ_RTLD M��RTPb (WRyc. 4). �yTRZ^qUTT^� QPcX-
T^� QDbkX kR hLZLWhPU NUZPLM� DZU[UTP QcUM^UW, DU-
ZLbWTL, LWTLQPWX TU QWLcXhL h DLkTPhTLDUTP� P ZRk-
DPWP� kRyLcUDRTPx, QhLcXhL h QTPqUTP� hRTwUZL-
^QWLxVPDLQWP TR `LTU ^qU P[U��P�Qb LThLcL_PVU-
QhP� kRyLcUDRTPx. zLZLWhPx DZU[UTTLx cR_ QhLZUU 
QDPMUWUcXQWD^UW L DcPbTPP TR Ly�UU QLQWLbTPU P[-
[^TTLx QPQWU[�, VWL [LqUW NZPDLMPWX h ^QhLZUTP� 
WUVUTPb yLcUkTP. 

 
����!� 2 

�������+�' �� ����"�>�0�+��2 3�D�"�����( +��/� -���"�( >. ���+��#�+�� 
 

�Lcb ^[UZ�P� NL _Z^NNR[,  
% LW DQU� ^[UZ�P� LW kcLhRVUQWDUTT�� TLDLLyZRkLDRTPx 

ILM 
�Lcb ^[UZ�P�  

LW TLDLLyZRkLDRTPx,  
% LW Ly�Ux Q[UZWTLQWP �Uc^MLVTL- 

hP�UVT�x WZRhW 
�Z_RT�  
M��RTPb 

vUNZLM^hWPDTRb  
QPQWU[R �UxhU[Pb 

2000 14,5 20,6 23,0 12,1 2,3 
2001 15,0 24,4 21,9 12,7 2,9 
2002 13,9 21,0 23,9 12,0 2,5 
2003 14,3 22,9 21,4 13,4 2,4 
2004 16,4 21,3 19,7 13,1 2,9 
2005 15,4 21,2 19,1 14,3 3,9 
2006 17,4 19,9 20,3 15,2 3,4 
2007 18,0 20,4 20,5 13,4 2,7 
2008 18,5 20,7 20,1 14,0 2,5 
2009 18,8 21,0 19,3 14,2 3,0 
2010 18,5 21,5 20,4 14,0 2,7 
2011 18,6 20,0 17,4 14,0 2,9 
2012 18,9 19,7 19,6 13,8 3,2 

 
����!� 3 

����0��' �������>���� � +������+��%?]�� �� ��>��9-������ 
 

�Z_RT-[P�UTX  
JU�UQWDL 

vRQVUWT�U MRTT�U �PWUZRW^ZT�U MRTT�U 
]UTk(R)NPZUT ~LcLVTRb qUcUkR, c�_hPU, qUc^MLh, 

NZUMQWRWUcXTRb qUcUkR, NP�UDLM 
~LcLVTRb qUcUkR [45] 
��_hPU, qUc^MLh, �PWLDPMTRb qUcUkR [48]  
KZUMQWRWUcXTRb qUcUkR, NP�UDLM [16]  

YLZ[RcXMU_PM �UxhU[Pb, _LZWRTX $cPkPQWRb LyLcLVhR DUZ�TP� M��RWUcXT�� N^WUx, TLQL_cLW-
hR, cUxhU[Pb [46] 
jQPcPDRUW hRTwUZL_UTUk, D�kDRTT�x yUTk(R)NPZUTL[ [49] 

�PhUcX �U_hPU, qUc^MLh, _LZWRTX �LQL_cLWhR, cU_hPU [50] 
�Uc^MLh, _LZWRTX, TLQL_cLWhR [51] 

�WPcyUTkLc vLWLDRb NLcLQWX, NUVUTX, bPVTPhP j cRyLZRWLZT�� qPDLWT�� 
 NLcLQWX TLQR P ZWR, NUVUTX, 
cU_hPU, NLVhP, �PWLDPMTRb qUcUkR, bPVTPhP [46] 
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����!� 4 
)������9� "�>� ��3/�(+���# 3�>�#3�#?]�2 ��]�+�� 

�� +������+�' �� ����"�>�0�+��2 3�D�"�����( 
 

zRTwUZL_UTTLU DU�UQWDL,  
DZU[UTTLx cR_ (_LM�) �Z_RT-[P�UTX 

]UTk(R)NPZUT YLZ[RcXMU_PM �PhUcX �WPcyUTkLc 
KP�UDLM 0,3 
 
 
 
�Uc^MLh 8
12 
 9
11 
 
lZR�Ub, yZLT�P, cU_hPU 5
6 
 2,5 
 
IZ^MTRb qUcUkR 0
2 
 
 
 
KZUMQWRWUcXTRb qUcUkR 0
3 
 
 
 
�UxhU[Pb 
 2, 4, 7–9 
 
 
ILZWRTX 
 7 7 
 
vLWLDRb NLcLQWX 
 
 
 3 
KUVUTX 
 
 
 0
3 
ÌPVTPhP 
 
 
 0
1 

 
lRhqU D�bDcUT� kRDPQP[LQWP [UqM^ QLMUZqRTPU[ 

TPhUcb P kRyLcUDRTPb[P TUhLWLZ�� LZ_RTLD-[P�UTUx, 
NZPVU[ Q kRMUZqhLx TR NUZPLM LW 5 ML 11 cUW, TUQ[LW-
Zb TR WL, VWL hLTwUTWZRwPP sWL_L DU�UQWDR TU NZUD�-
�RcP K�z. ¾LWb Ly�Rb [UWLMLcL_Pb LwUThP ZPQhR 
hRh ZRk NZPMUZqPDRUWQb PMUP L yUQNLZL_LDL[ DcPbTPP 
hRTwUZL_UTLD TR kMLZLDXU VUcLDUhR [53]. 

 
5. ���"?0���� 

 
KZLDUMUTT�U PQQcUMLDRTPb NLhRk�DR�W, VWL D�-

MUcPWX LMPT PQWLVTPh, LWDUWQWDUTT�x kR hRTwUZL_UT-
TLU kR_ZbkTUTPU RW[LQ`UZTL_L DLkM^�R D _. zZRQTLbZ-
QhU, D wUcL[ TU NZUMQWRDcbUWQb DLk[LqT�[. zRTwUZL-
_UTTRb LNRQTLQWX D�yZLQLD NZUMNZPbWPx [R�PTL-
QWZLPWUcXTLx LWZRQcP �RZRhWUZPk^UWQb TRcPVPU[ TP-
hUcb, NZUMNZPbWPx Rc�[PTPUDLx NZL[��cUTTLQWP – 
yUTk(R)NPZUTR. �WP DU�UQWDR [LqTL ZRQQ[RWZPDRWX 
hRh PTMPhRWLZ� D�yZLQLD QLLWDUWQWD^��P� LWZRQcUx 
NZL[��cUTTLQWP. KZP sWL[ TULy�LMP[L NZPTP[RWX 
DL DTP[RTPU, VWL TPhUcX P yUTk(R)NPZUT – TU UMPTQW-
DUTT�U hL[NLTUTW� D D�yZLQR� sWP� NZUMNZPbWPx, 
LycRMR��PU hRTwUZL_UTT�[ s``UhWL[ Mcb kMLZLDXb 
TRQUcUTPb. �L D QPQWU[U _LQ^MRZQWDUTTL_L [LTPWL-
ZPT_R hRVUQWDR RW[LQ`UZTL_L DLkM^�R MZ^_PU hRTwU-
ZL_UTT�U DU�UQWDR, QDbkRTT�U Q sWP[P PQWLVTPhR[P, 
TU LNZUMUcb�WQb. 

�RcPVPU kTRVP[Lx QDbkP NLhRkRWUcUx Q[UZWTLQWP 
TRQUcUTPb Q D�yZLQR[P DU�UQWD, ^ hLWLZ�� hLTwUT-
WZRwPP TU NZUD��R�W ^QWRTLDcUTT�U TLZ[RWPD�  
(TRNZP[UZ, TPhUcX P sWPcyUTkLc), LkTRVRUW, VWL NZP 
LwUThU NLhRkRWUcUx kMLZLDXb P Q[UZWTLQWP TRQUcUTPb 
LNPZRWXQb TR kTRVUTPb K�z TUMLQWRWLVTL. 

vUk^cXWRW� ZRQVUWLD NLhRkRcP, VWL hRqMLU DcPb�-
�UU DU�UQWDL P LZ_RT-[P�UTX QDbkRT� LNZUMUcUTT�[ 
�RZRhWUZT�[ DZU[UTT�[ cR_L[. �WL LkTRVRUW, VWL 
LwUThR QPQWU[� «LhZ^qR��Rb QZUMR – kMLZLDXU VUcL-
DUhR» MLcqTR NZLDLMPWXQb Q ^VUWL[ DZU[UTP «kRNRk-
M�DRTPb» PcP DZU[UTTL_L cR_R.  

J �LMU MRcXTUx�P� PQQcUMLDRTPx NZUMNLcR_RUWQb 
PQNLcXkLDRTPU [UWLMLD [TL_L[UZTLx QWRWPQWPhP  
P PTWUccUhW^RcXTLx LyZRyLWhP MRTT�� Mcb LwUThP 

NLhRkRWUcUx QLQWLbTPb kMLZLDXb TRQUcUTPb NLM DcPb-
TPU[ DQU_L NUZUVTb LNZUMUcbU[�� D DLkM^�U _LZLMR 
kR_ZbkTb��P� DU�UQWD [54]. 

&"�>�/����+��. vRyLWR D�NLcTbUWQb NZP NLM-
MUZqhU vLQQPxQhL_L `LTMR `^TMR[UTWRcXT�� PQQcU-
MLDRTPx (NZLUhW 14-06-00256).  
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The paper deals with modeling of elemental composition and properties of heterogeneous layers in multilayered 

shields to protect spacecraft onboard equipment from radiation emitted by the natural Earth’s radiation belt. This ra-
diation causes malfunctioning of semiconductor elements in electronic equipment and may result in a failure of the 
spacecraft as a whole. We consider four different shield designs and compare them to the most conventional radiation-
protective material for spacecraft – aluminum. Out of light and heavy chemical elements we chose the materials with 
high reaction cross sections and low density. The mass attenuation coefficient of boron-containing compounds is 20 % 
higher than that of aluminum. Heterogeneous shields consist of three layers: a glass cloth, borated material and nickel. 
With a protective shield containing heavy metal the output bremsstrahlung can be reduced. The amount of gamma rays 
that succeed to penetrate the shield is 4 times less compared to aluminum. The shields under study have the thicknesses 
of 5.95 and 6.2 mm. A comparative analysis of homogeneous and multilayered protective coatings of the same chemical 
composition has been performed. A heterogeneous protective shield has been found to be advantageous in weight and 
shielding properties over its homogeneous counterparts and aluminum. The dose characteristics and transmittance 
were calculated by the Monte Carlo method. The results of our study lead us to conclude that a three-layer boron  
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carbide shield provides the most effective protection from radiation. This shield ensures twice as low absorbed dose 
and 4 times less the number of penetrated gamma-ray photons compared to its aluminum analogue. Moreover, a het-
erogeneous shield will have a weight 10 % lighter than aluminum, with the same attenuation coefficient of the electron 
flux. Such heterogeneous shields can be used to protect spacecraft launched to geostationary orbit. Furthermore, a pro-
tective boron-containing and nickel coating can be deposited onto a finished housing frame of space equipment. 

 
Keywords: radiation protection, composite material. modeling, the flow of electrons, the shielding ability.    
 
)��/����. �ULy�LMP[LQWX kR�PW� scUhWZLTT�� 

ycLhLD QN^WTPhLD Ly^QcLDcUTR DcPbTPU[ hLQ[PVUQhL-
_L Pkc^VUTPb TR LZyPWU, QNLQLyTL_L TRZ^�PWX ZRyLW^ 
TRDP_RwPLTT�� P WUcUhL[[^TPhRwPLTT�� QPQWU[ 
hLQ[PVUQhL_L RNNRZRWR (z�) [1; 2]. KLMZRkMUc YUMU-
ZRcXTLx hLQ[PVUQhLx NZL_ZR[[� vLQQPP «zLQ[PVU-
QhPU QZUMQWDR Mcb `^TMR[UTWRcXT�� hLQ[PVUQhP� 
PQQcUMLDRTPx» NZUM^Q[RWZPDRUW NZLDUMUTPU [UZLNZPb- 
WPx NL QLkMRTP� «hLQ[PVUQhP� hL[NcUhQLD P NZPyL-
ZLD Mcb PQQcUMLDRTPb YLyLQR, ~RZQR, JUTUZ�, �^T�». 
$WZRT� ¶DZLN�, $Ã� P zPWRx Q^�UQWDUTTL RhWPDP-
kPZ^�W ZRyLW� NL NLM_LWLDhU NPcLWPZ^U[�� NLcUWLD 
h �^TU, ~RZQ^, R WRhqU NL NLQcUM^��U[^ LQDLUTP� 
sWP� hLQ[PVUQhP� WUc. �MPT Pk DRqT�� sWRNLD WRhLx 
NLM_LWLDhP kRhc�VRUWQb D [LMUcPZLDRTPP DLkMUxQW-
DPx PLTPkPZ^��P� Pkc^VUTPx TR ZRkcPVT�U [RWUZPR-
c� Q wUcX� ZRkZRyLWhP TLD�� hL[yPTRwPx kR�PWT�� 
shZRTLD [3–8].  

J yLcX�PTQWDU Qc^VRUD D hRVUQWDU kR�PWTL_L sh-
ZRTR PQNLcXk^UWQb hLZN^Q scUhWZLTTL_L ycLhR, Pk_L-
WLDcUTT�x Pk Rc�[PTPb PcP U_L QNcRDLD. uRMRVR PQ-
QcUMLDRWUcXQhP� ZRyLW D LycRQWP kR�PW� z� LW PLTP-
kPZ^��U_L Pkc^VUTPb QLQWLPW D WL[, VWLy� QLkMRWX 
shZRT, LycRMR��Px c^V�P[P kR�PWT�[P QDLxQWDR[P 
P [UTX�Ux [RQQLx, VU[ Rc�[PTPUD�x RTRcL_ [9]. KZP 
RTRcPkU QDLxQWD [RWUZPRcLD D hRVUQWDU LQTLDT�� D�-
yPZR�WQb �RZRhWUZPQWPhP, WRhPU hRh NL_cL�UTTRb 
MLkR, [RQQLDRb WLc�PTR, [RQQLD�x hLs``PwPUTW  
LQcRycUTPb, hLcPVUQWDL NZL�UM�P� VRQWPw. 

���/��� \�+���������. �cb LyUQNUVUTPb TR-
MUqTLQWP QPQWU[ ^NZRDcUTPb QN^WTPhR s``UhWPDTUU 
DQU_L NZP[UTbWX _UWUZL_UTT�U kR�PWT�U shZRT�, Pk-
_LWLDcUTT�U Pk [RWUZPRcLD, QNLQLyT�� NL_cL�RWX 
PcP ZRQQUPDRWX Pkc^VUTPU [10]. �RPyLcUU LNRQT�[  
TR _ULQWRwPLTRZTLx LZyPWU bDcbUWQb PLTPkPZ^��UU 
Pkc^VUTPU NLWLhR scUhWZLTLD UQWUQWDUTT�� ZRMPRwP-
LTT�� NLbQLD uU[cP [11]. zLcPVUQWDL QLcTUVT��  
P _RcRhWPVUQhP� VRQWPw TR[TL_L [UTX�U, VWL NLkDL-
cbUW NLc^VRWX ^MLDcUWDLZPWUcXT�U MRTT�U NZP [LMU-
cPZLDRTPP Pkc^VUTPb hRh N^VhR scUhWZLTLD Q sTUZ-
_Pb[P 0,04–5 ~sJ [UWLML[ ~LTWU zRZcL. 

KZP D�yLZU [RWUZPRcLD TULy�LMP[L ^VPW�DRWX P� 
`PkPVUQhPU QDLxQWDR, D VRQWTLQWP, QUVUTPb ZURhwPP 
[12]. KZP ^DUcPVUTPP RWL[TL_L TL[UZR �P[PVUQhL_L 
scU[UTWR ^DUcPVPDR�WQb NLWUZP sTUZ_PP NUZDPVT�[P 
scUhWZLTR[P, TL D WL qU DZU[b D [RWUZPRcR� Pk WbqU-
c�� scU[UTWLD Q ^DUcPVUTPU[ WLc�PT� DLkTPhRUW 
WLZ[LkTLU Pkc^VUTPU. lRhP[ LyZRkL[, NZP [LMUcPZL-
DRTPP kR�PWTL_L shZRTR P[UUW Q[�Qc ZRQQ[RWZPDRWX 
scU[UTW� ZRkT�� _Z^NN [13]. $LkMRTPU _UWUZL_UTTL_L 
shZRTR QL QcLb[P ZRkcPVTLx NcLWTLQWP NLkDLcbUW QLk-
MRWX shZRT, LycRMR��Px NZUP[^�UQWDR[P, hLWLZ�U 
ZRQQ[LWZUT� TR NZP[UZU MD^� [LMUcUx.  

uR�PWT�x shZRT QLQWLPW Pk WZU� QcLUD (WRyc. 1), 
DU�UQWDR D hLWLZL[ ZRQNLcR_R�WQb NL [UZU DLkZRQWR-
TPb NcLWTLQWP. �cb DTU�TU_L QcLb (hLTQWZ^hwPLTTL-
_L) PQNLcXkLDRcRQX QWUhcLWhRTX [RZhP l-10 [14], QL-
MUZqR�Rb D QDLU[ �P[PVUQhL[ QLQWRDU LhQPM� Rc�-
[PTPb, hZU[TPb, yLZR P P[U��Rb yLcX�Px hLs``PwP-
UTW LQcRycUTPb, VU[ Rc�[PTPx. JWLZLx QcLx – QLUMP-
TUTPU Q yLZL[ (ZRQQ[LWZUT� shZRT� Q hRZyPML[ yLZR 
P WUWZRyLZRWL[ TRWZPb). $cLx Pk TPhUcb LycRMRUW 
TRPyLcX�Ux NcLWTLQWX� P, QLLWDUWQWDUTTL, ZRQNLcL-
qUT NLQcUMTP[. J�yLZ MRTT�� [RWUZPRcLD Ly^QcLD-
cUT kTRVUTPb[P QUVUTPx ZURhwPx D sWP� DU�UQWDR�.  
}k TUMLZL_P�, cU_hP� P MLQW^NT�� [RWUZPRcLD QR[LU 
yLcX�LU QUVUTPU kR�DRWR `LWLTLD, ZRDTLU 0,0092·10–24 Q[2, 
P QUVUTPU ZRQQUbTPb (3,6·10–24 Q[2) P[UUW yLZ [12]. 
�PhUcX LycRMRUW c^V�P[P �RZRhWUZPQWPhR[P: QUVUTPU 
kR�DRWR, ZRDTLU 4,43·10–24 Q[2, QUVUTPU ZRQQUbTPb 
17,3·10–24 Q[2, VWL TR NLZbMLh yLcX�U kTRVUTPx QUVU-
TPx ZURhwPx MZ^_P� WbqUc�� scU[UTWLD, TRNZP[UZ 
[UMP, NZP NZPycPkPWUcXTL LMTLx NcLWTLQWP DU�UQWD. 
]cR_LMRZb WRhP[ NRZR[UWZR[ TPhUcX bDcbUWQb �LZL�P[ 
[RWUZPRcL[ kR�PW� LW _R[[R-Pkc^VUTPb P NLsWL[^ 
s``UhWPDUT D hRVUQWDU NLQcUMTU_L QcLb kR�PW� [15]. 

 
����!� 1  

���%��%�� 3�]���92 \������ 
 

�hZRT/QcLP 1,7 [[ 2,75/2,5 [[ 1,75 [[ 
1 $WUhcLWhRTX B4C Ni 
2 $WUhcLWhRTX B4Na2�7 Ni 

 
lLc�PT� QcLUD QLLWDUWQWD^�W QcLb[ NLcLDPTTL_L 

LQcRycUTPb P QLQWRDcb�W 2,75 / 2,5 [[ Mcb yLZLQL-
MUZqR�U_L NLhZ�WPb, 1,75 [[ – Mcb QcLb Q PQNLcXkL-
DRTPU[ TPhUcb, 1,7 [[ – Mcb QWUhcLWhRTP.  

$Dbk^��P[ DU�UQWDL[ y�cR D�yZRTR sNLhQPMTRb 
Q[LcR, QLQWRDcb��Rb 20–30 % LW DQU_L shZRTR.  

��3%"'���9 � �D+%-/����. �hZRTPZ^��PU QDLxQW-
DR PQNLcXk^U[�� [RWUZPRcLD NZUMQWRDcUT� D WRyc. 2. 
�cb TPhUcb P yLZLQLMUZqR�P� DU�UQWD ZRQVUW� NZL-
DUMUT� Q ^VUWL[ DUQLDL_L QLMUZqRTPb sNLhQPMTLx 
Q[Lc� (25 % D QcLb� Q yLZL[, 20 % D QcLU Q TPhUcU[). 
zLcPVUQWDL NZL�UM�P� VRQWPw VUZUk shZRT TLZ[PZ^-
UWQb TR LMT^ VRQWPw^.  

~RQQLD�x hLs``PwPUTW LQcRycUTPb ^[UTX�RUWQb 
Q ZLQWL[ NcLWTLQWP DU�UQWDR (U_L [RQQLDLx WLc�PT�) 
P ^DUcPVPDRUWQb NZP ^[UTX�UTPP hLcPVUQWDR NZL-
�UM�P� VRQWPw. ]LZLQLMUZqR�PU [RWUZPRc� P QWUh-
cLWhRTX P[U�W yLcX�Px [RQQLD�x hLs``PwPUTW LQ-
cRycUTPb NLWLhR scUhWZLTLD, VU[ Rc�[PTPx, VWL NLM-
WDUZqMRUW wUcUQLLyZRkTLQWX PQNLcXkLDRTPb P� D kR-
�PWTL[ shZRTU. �PhUcX Pk-kR D�QLhLx NcLWTLQWP �^-
qU DkRP[LMUxQWD^UW Q scUhWZLTR[P, TL P[UUW MZ^_PU 
NZUP[^�UQWDR, ZRQQ[LWZUTT�U TPqU.  
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lRhqU QZRDTUTPU QDLxQWD [RWUZPRcLD NLhRkRcL, 
VWL LMTLZLMT�x shZRT Q RTRcL_PVT�[ _UWUZL_UTTL[^ 
�P[PVUQhP[ QLQWRDL[ P[UUW [RQQLD�x hLs``PwPUTW 
LQcRycUTPb TR 20 % D��U, VU[ Rc�[PTPx. 

�cb Pk^VUTPb DhcRMR hRqML_L QcLb D LQcRycUTPU 
Pkc^VUTPb y�cR ZRQQ[LWZUTR kRDPQP[LQWX VPQcR NZL-
�UM�P� VRQWPw (scUhWZLTLD) LW WLc�PT� shZRTR  
(ZPQ. 1). ]cPkhPx ^_Lc TRhcLTR ^VRQWhLD, QLLWDUWQW-
D^��P� ZRkcPVT�[ QcLb[, QDPMUWUcXQWD^UW Ly P� LN-
WP[PkPZLDRTTL[ D�yLZU NL WLc�PTU. 

J WRyc. 3 NZUMQWRDcUT� VPQcUTT�U kTRVUTPb hLcP-
VUQWDR NZL�UM�P� scUhWZLTLD (TLZ[PZLDhR TR 1 VRQ-
WPw^) P [RQQLD�U hLs``PwPUTW� LQcRycUTPb hRqML_L 
QcLb. lRhqU D�VPQcUT� �RZRhWUZPQWPhP LMTLZLMT�� 
shZRTLD. uTRVUTPb [RQQLD�� hLs``PwPUTWLD LQcRycU-
TPb ycPkhP MZ^_ h MZ^_^, NLsWL[^ NZP D�yLZU QWZ^h-
W^Z� y^M^W ^VPW�DRWXQb WU�TLcL_PVUQhPU `RhWLZ�. 
$cLP Q yLZLQLMUZqR�P[ [RWUZPRcL[ P TPhUcU[ [L_^W 
TRTLQPWXQb TR ^qU Pk_LWLDcUTT�U hLZN^QR NZPyLZLD 
hLQ[PVUQhP� RNNRZRWLD, VWL MUcRUW _UWUZL_UTT�x sh-
ZRT yLcUU ^TPDUZQRcXT�[. J QZRDTUTPP Q �RZRhWUZP-
QWPhR[P shZRTR Pk Rc�[PTPb DQU ZRQQ[LWZUTT�U hL[-
NLkPwPP P[U�W NZUP[^�UQWDL. 

J PQQcUMLDRTPP NRZR[UWZLD kR�PWT�� shZRTLD NZP 
LMPTRhLDL[ LQcRycUTPP NLWLhR scUhWZLTLD y�cP ZRQ-
Q[LWZUT� hLs``PwPUTW� LWTL�UTPb NL DWLZPVTL[^ 
Pkc^VUTP� (MLcU NZL�UM�P� VUZUk DQU QcLP _R[[R-

hDRTWLD) P NL_cL�UTTLx MLkU. �QcRycUTP� D 106 ZRk 
NLWLhR scUhWZLTLD QLLWDUWQWD^UW shZRT Pk Rc�[PTPb 
WLc�PTLx 6 [[. KZP WRhLx WLc�PTU NL_cL�UTTRb ML-
kR QLQWRDcbUW 1,6E-11, R _UWUZL_UTT�U shZRT� P[U�W 
kTRVUTPb TR NLZbMLh [UTX�U. J WRyc. 4 NZUMQWRDcUT� 
hLs``PwPUTW�, ZRDT�U LWTL�UTP� QLLWDUWQWD^��P� 
NRZR[UWZLD ^ _UWUZL_UTT�� shZRTLD h Rc�[PTPUDL[^.  

lRhqU y�cP ZRQQ[LWZUT� LMTLZLMT�U shZRT�.  
�hZRT Q WUWZRyLZRWL[ TRWZPb P[UUW LQcRycUTPU NL 
NL_cL�UTTLx MLkU TR 10 % [UTX�U, VU[ Rc�[PTPx, 
WL_MR hRh _UWUZL_UTT�U shZRT� NZUDLQ�LMbW U_L kTR-
VUTPU D 2 ZRkR. 

}QQcUM^U[�U shZRT� NZLN^QhR�W D 4–5 ZRk [UTX�U 
_R[[R-hDRTWLD, LyZRkLDRTT�� D ZUk^cXWRWU WLZ[LkTL-
_L Pkc^VUTPb. �WL Ly^QcLDcUTL TRcPVPU[ D QLQWRDU 
shZRTLD WbqUcL_L [UWRccR – TPhUcb. �R ZPQ. 2 DPMTL, 
VWL VPQcL VRQWPw DWLZPVTL_L Pkc^VUTPb ZUkhL ^[UTX-
�RUWQb TR NZL[Uq^WhU LW 4,2 [[, VWL QLLWDUWQWD^UW 
QcL� TPhUcb. 

�cb QZRDTUTPb shZRTLD NL MLcU NZL�UM�P� scUh-
WZLTLD y�cR D�VPQcUTR ZURcXTRb WLc�PTR QcLb Rc�-
[PTPb (WRyc. 5). �TR ZRDTR Q^[[U WLc�PT, QLLWDUWQW-
D^��P� [RQQLDLx WLc�PTU hRqML_L QcLb D [TL_L-
QcLxTL[ shZRTU. KZP WLc�PTU D 5,3 [[ Rc�[PTPx 
kRMUZqPDRUW scUhWZLT� D 1,7–2 ZRkR �^qU, VU[ PQQcU-
M^U[�U _UWUZL_UTT�U shZRT�. 

 
����!� 2 

��������� +��(+�� �������"�� 
 

JU�UQWDL KcLWTLQWX, 
h_/[3 lLc�PTR, [ ~RQQLDRb WLc�PTR, 

h_/[2 

�Lcb  
NZL�UM�P� 
scUhWZLTLD 

~RQQLD�x  
hLs``PwPUTW  

LQcRycUTPb, [2/h_ 
B4Na2O7 1904 0,001 1,904 0,0069 2,6088 

B4C 1881 0,001 1,881 0,0079 2,5684 
l-10 1596 0,001 1,596 0,0071 3,0270 
Ni 3898 0,001 3,898 0,0006 1,9044 
Al 2700 0,001 2,7 0,0031 2,1384 

�MTLZLMT�x 
shZRT Q B4Na2O7 

2156,4 0,001 2,1564 0,0044 2,5146 

�MTLZLMT�x 
shZRT Q B4C 2134,4 0,001 2,1344 0,0032 2,6873 

 

 
 

vPQ. 1. uRDPQP[LQWX VPQcR scUhWZLTLD LW WLc�PT�  
_UWUZL_UTTL_L shZRTR Q PQNLcXkLDRTPU[ B4Na2O7 (TLZ-
[PZLDhR TR 1 VRQWPw^; [RQ�WRy NL LQP LZMPTRW cL_R- 
 

ZP`[PVUQhPx) 
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����!� 3 
��+"�(��� +�������� +��(+�� �������"�� � >�����>���92 \�����2 

 

�hZRT JU�UQWDL KcLWTLQWX, 
h_/[3 

lLc�PTR, [[ ~RQQLDRb 
WLc�PTR, 

h_/[2 

�Lcb  
NZL�UM�P� 
scUhWZLTLD 

~RQQLD�x  
hLs``PwPUTW  

LQcRycUTPb, [2/h_ 
$WUhcLWhRTX 1596 1,70 2,7132 2,541E-03 2,202 

B4Na2O7 1904 2,50 4,76 3,388E-02 0,711 
Ni 3898 1,75 6,8215 3,840E-05 1,491 

1 

JUQX shZRT 2156,4* 5,95 12,8306* 1,301E-06 1,056* 
$WUhcLWhRTX 1596 1,70 2,7132 2,541E-03 2,202 

B4C 1881 2,75 5,1726 3,143E-02 0,669 
Ni 3898 1,75 6,8215 3,801E-05 1,492 

2 

JUQX shZRT 2134,4* 6,20 13,2333* 1,195¶-06 1,031* 
3 �MTLZLMT�x shZRT 

Q B4Na2O7 
2156,4 5,95 12,8306 2,900E-06 0,994 

4 �MTLZLMT�x shZRT 
Q B4C 

2134,4 6,20 13,2333 1,022E-06 1,042 

5 �c�[PTPx 2700 5,29 14,2947 2,641E-06 0,899 

* – QZUMTUU kTRVUTPU. 
 

����!� 4 
��������� �����0��>� �3"%0���# � ��>"�]����( /�39 

 

JU�UQWDL lLc�PTR, 
[[ 

�Lcb  
NZL�UM�P� 

_R[[R-hDRTWLD 

KL_cL�UTTRb  
MLkR, [hIZ 

�WTL�UTPU  
NL DWLZPVTL[^ 

Pkc^VUTP� 

�WTL�UTPU  
NL NL_cL�UTTLx 

MLkU 
�c�[PTPx 6 1,46¶-3 1,55E-11   

B4Na2O7+l10+Ni 5,95 4,3¶-4 7,82E-12 3,4068 1,9873 

B4C+l10+Ni 6,2 3,4¶-4 7,19E-12 4,2826 2,1590 

�MTLZLMT�x shZRT  
Q B4Na2O7 

5,95 3,2¶-4 1,65E-11 4,6256 0,9398 

�MTLZLMT�x shZRT  
Q B4C 6,2 2,5¶-4 6,06E-12 5,8462 2,5643 

 

 

 
 

vPQ. 2. uRDPQP[LQWX VPQcR _R[[R-hDRTWLD LW WLc�PT� 
_UWUZL_UTTL_L yRZXUZR Q PQNLcXkLDRTPU[ B4C (TLZ[P-
ZLDhR TR 1 VRQWPw^; [RQ�WRy NL LQP LZMPTRW cL_RZP`- 
 

[PVUQhPx) 
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����!� 5 
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JU�UQWDL lLc�PTR, [[ �Lcb NZL�UM�P�  
scUhWZLTLD 

~RQQLD�x hLs``PwPUTW 
LQcRycUTPb, [2/h_ 

�WTL�UTPU  
NL kR�PWU 

�c�[PTPx 5,33 2,64E-06 0,899 

B4Na2O7+l10+Ni 5,95 1,30E-06  
2,03 

B4C+l10+Ni 6,20 1,19E-06  

�c�[PTPx 5,45 2,10E-06 0,889 
1,76 

 
 

JRqTLx �RZRhWUZPQWPhLx bDcbUWQb [RQQR kR�PWTL-
_L shZRTR, WRh hRh LW UU DUcPVPT� kRDPQPW QWLP[LQWX 
D�DLMR QN^WTPhR TR LZyPW^ P, hRh QcUMQWDPU, DLQWZU-
yLDRTTLQWX TR Z�ThU MRTTL_L [RWUZPRcR. �cb NLc^VU-
TPb hLThZUWT�� kTRVUTPx D hRVUQWDU NZP[UZR ZRQ-
Q[RWZPDRcRQX [LMUcX D DPMU wPcPTMZR ZRMP^QL[ 5 Q[. 
J�QLWR wPcPTMZR QLLWDUWQWD^UW ZRk[UZR[ Pk WRyc. 5.  

$ZRDTUTPU y�cL NZLDUMUTL Mcb shZRTLD Q LMTP[ 
hLcPVUQWDL[ NZL�UM�P� VUZUk kR�PW^ scUhWZLTLD 
(10–6 VRQWPw�). zLs``PwPUTW LWTL�UTPb NL [RQQU 
_UWUZL_UTTL_L shZRTR h Rc�[PTPUDL[^ QLQWRDPc 0,9 
(WRyc. 6). 

����!� 6 
��������� ��++ ��� �/��( /�"�  

����%]���92 \"��������, N = 10–6 
 

JU�UQWDL ~RQQR, _ �WTL�UTPU  
NL [RQQU 

�c�[PTPx 127,23  

B4Na2O7+l10+Ni 112,27 0,8823 

B4C+l10+Ni 115,51 0,9078 

 
}k ZRQVUWLD DPMTL, VWL NZP DQU� ZRTUU ZRQQ[LW-

ZUTT�� NZUP[^�UQWDR� PQQcUM^U[�U shZRT� bDcb�W-
Qb yLcUU cU_hP[P, VU[ Rc�[PTPUD�U. 

���"?0����. J ZUk^cXWRWU PQQcUMLDRTPb y�cP 
ZRQQ[LWZUT� P ZRQQVPWRT� D NZL_ZR[[U «zL[NX�WUZ-
TRb cRyLZRWLZPb» [16] 5 ZRkcPVT�� hL[yPTRwPx kR-
�PWT�� shZRTLD Pk [RWUZPRcLD, P[U��P� D�QLh^� 
shZRTPZ^��^� QNLQLyTLQWX P [RQQLD�x hLs``PwP-
UTW LQcRycUTPb. �cb LMTLZLMT�� P _UWUZL_UTT��  
shZRTLD LQTLDT�[ NZUP[^�UQWDL[ NL LWTL�UTP�  
h Rc�[PTP� bDcbUWQb [UTX�UU WLZ[LkTLU Pkc^VUTPU 
P [UTX�Rb [RQQR. �hZRT� Q PQNLcXkLDRTPU[ hRZyPMR 
yLZR P[U�W yLcUU D�QLhPU NLhRkRWUcP, VU[ Rc�[P-
TPx, NL DQU[ ZRQQ[LWZUTT�[ �RZRhWUZPQWPhR[.  

&"�>�/����+��. vRyLWR NLMMUZqRTR ~PTPQWUZQW-
DL[ LyZRkLDRTPb P TR^hP vLQQPxQhLx YUMUZRwPP,  
´ 169/14, P zI�j «zZRQTLbZQhPx hZRUDLx `LTM NLM-
MUZqhP TR^VTLx P TR^VTL-WU�TPVUQhLx MUbWUcXTL-
QWP». 
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�������	��� 	�$	������ ��#������ ����# �����	��# ����	����, ����#�����# �(  ��$�+"�������&��# 
�	���	��, �	����(���# � 	�������	�����. ��&' ������ 	����� (�(���( �$"+���� ��(��( ����	�����( 	�$-
����������� ��������� �� �	������	���+���"' ��	"��"	", ��)���	�+����� � )���	�+����� �������� 
��	�#�	���� ���������( Bi2Sn2O7, �����'/���  ���������� �$��	���&����&' � ��$��.  

B������ ���	����$���� �����$� ���	��� �����$�	����� ���������( Bi2(Sn1-xMex)2O7, ��� Me = Mn, Cr,  
x = 0, 0,05, ��#��(/���( �	�$" � ��"# �����	���# ��������!�(# – �	��	����+����� � �"��+�����. � ���	��# 
	�����	�# Bi2(Sn0,95Cr0,05)2O7 ������� �����	"'/�� ���	����	�� ����	"%��� ��� ����# ��	"��"	��# ��	�-
#���, �� �	������' �� ��������� ����"�� Bi2Sn2O7. 5��� Mn4+ ������� ��$���� �	���!� �����	���#  
��	�#���� � ���	��" ���&*�# �����	��"	, � ��$���� ���-��	�#�� ���� 370 3, #�	����	��� �(  
Bi2(Sn1-xCrx)2O7, ��� x = 0, 0,05, ������� ��+�� ������&'. 9����	���� ��	�#�� �	� � = 543 3  
�( Bi2(Sn0,95Mn0,05)2O7 �	������� � ��������� ����, � ���+�� �� Bi2(Sn1-xCrx)2O7, ��� x = 0, 0,05. 

5��������� �$������($& ��	"��"	��#, )���	�+����# � ��)���	�+����# �������. ���������� ������� 
� �����	��"	��� $���������� )���	����	�������( � ��)���	�+����� �	���!������� (������ � 	��&��� 
+���(��) ��� � ������ ��$��# �����	��"	, ��� � �	� ������# �����	��"	�#. Q�� ����������� ��>(��('��( 
� 	����# ����� ��	��������# ��$���# ��	�#����. B������ �����	"'/�� ���	����	�� ������� �����	�-
�"	� ��	"��"	��# ��$���# ��	�#����, ����	�� ��		��	"'� � ������(�� )���	����	�������( � ����	-
��� �����	��"	 300 < T < 1000 3 �( Bi2(Sn1-xCrx)2O7, # = 0, 0,05.  
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The goal of this work is to develop a new technology of sensor materials required for gas sensing devices used 
in missile. The aim of this work is to study the effect of doping cations with different valency on the crystallographic 
structure, dielectric and electrical properties of pyrochlore compound Bi2Sn2O7 with selectivity to gases. Polycrystal-
line compounds Bi2(Sn1-xMex)2O7, where Me = Mn, Cr, x = 0, 0.05 have been synthesized by conventional solid-state 
reaction. According to the X-ray powder diffraction research, our sample consists of two polymorphs phases: cubic and 
rhombic. Two new structural transition are found in Bi2 (Sn0.95Cr0.05)2O7 solid solutions by scanning calorimetry,  
as compared to bismuth pyrostannate Bi2Sn2O7. Ions Mn4+ leads to shift of phase boundary of polymorphic transitions 
towards lower temperatures, and the phase ���-transition at about 370 K, which is characteristic for  
Bi2(Sn1-xCrx)2O7, where x = 0, 0.05 is suppressed. The polymorphic transition at T = 543 K for Bi2(Sn0.95Mn0.05)2O7 
occurs with calorification, in contrast to Bi2(Sn1-xCrx)2O7, where x = 0, 0.05. 

The relationship between structural, electrical and dielectric properties is investigated. Anomalies in the tempera-
ture dependence of electrical resistivity and dielectric permeability (real and imaginary part) as in the low region  
temperatures as in the high region temperature are found. These features are explained within a model of martensitic 
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phase transitions. The temperature of the structural phase transitions correlates with temperature of maximum of the 
electrical resistivity in the temperature range 300 < T < 1000 K for Bi2(Sn1-xCrx)2O7, x = 0, 0.05 was found by scanning 
calorimetry method. 

 
Keywords: polymorphic transitions, dielectric permeability, cation substitution, electrical resistivity, differential 

scanning calorimetry.    
 
)��/����. $LkMRTPU TLD�� [RWUZPRcLD Q [RhQP-

[RcXTL D�QLhLx scUhWZLTTLx NZLDLMP[LQWX� bDcbUW-
Qb DRqTUx�Ux NZLycU[Lx QLDZU[UTTL_L [RWUZPRcLDU-
MUTPb D QDbkP Q ZRkZRyLWhLx TLD�� PQWLVTPhLD sTUZ-
_PP, NZULyZRk^��P� �P[PVUQh^� sTUZ_P� D scUhWZP-
VUQh^�. lRhPU [RWUZPRc� [L_^W y�WX PQNLcXkLDRT� 
Mcb ZRkTLLyZRkT�� scUhWZL�P[PVUQhP� NZPcLqUTPx, 
Dhc�VR��P� [U[yZRT� Mcb D�MUcUTPb hPQcLZLMR, 
_RkLD�U QUTQLZ�. �cb sWP� wUcUx NZP[UTb�W TU WLcX-
hL NZLQW�U LhQPM� [UWRccLD, _cRDT�[ LyZRkL[, NUZU-
[UTTLx DRcUTWTLQWP, TL P P� QLUMPTUTPb, TRNZP[UZ 
CaZrO3, SrCeO3, BiFeO3, Bi2Sn2O7, BaTiO3,  
BaTi1-xSnxO3. �MTP[ Pk TRNZRDcUTPx NZP[UTUTPb QUT-
QLZT�� [RWUZPRcLD bDcbUWQb ZRhUWL- P QR[LcUWL-
QWZLUTPU. lRh, ^hRkRTT�U DU�UQWDR Qc^qRW Mcb Pk_L-
WLDcUTPb QUTQLZLD, ^QWLxVPD�� h ZRMPRwPP, Mcb RTR-
cPkR DTU�TUx P DT^WZUTTUx QZUM� hLQ[PVUQhL_L  
RNNRZRWR, LNZUMUcUTPb `PkPhL-�P[PVUQhP� �RZRhWU-
ZPQWPh NcRTUW P P� QN^WTPhLD, LNZUMUcUTPb QLQWLbTPb 
QZUM� WU�TPVUQhP� P qPc�� [LM^cUx hLQ[PVUQhP� 
RNNRZRWLD. �cb qPkTULyUQNUVUTPb shPNRqUx cUWR-
WUcXT�� RNNRZRWLD Pk ^hRkRTT�� [RWUZPRcLD [L_^W 
Pk_LWRDcPDRWXQb _RkLD�U `PcXWZ�. �QLyL NUZQNUhWPD-
T�[P bDcb�WQb NLc^NZLDLMTPhLD�U _RkLRTRcPWPVU-
QhPU NZPyLZ�, NLkDLcb��PU QLVUWRWX D�QLh^� _RkL-
D^� V^DQWDPWUcXTLQWX Q PQhc�VPWUcXTL [Rc�[P _RyR-
ZPWR[P P sTUZ_LNLWZUycUTPU[.  

J QDbkP Q sWP[ Mcb MRcXTUx�U_L NZL_ZUQQR D sWLx 
LycRQWP TR^hP P WU�TPhP WZUy^UWQb ZRQ�PZPWX hZ^_ 
[RWUZPRcLD, LycRMR��P� QUTQLZT�[P QDLxQWDR[P,  
P NL-TLDL[^ NLMLxWP h ZU�UTP� NZLycU[ �P[PVUQhP� 
QUTQLZLD TR LQTLDU LhQPMLD [UWRccLD. �MTP[ Pk NLM-
�LMb�P� Mcb sWP� wUcUx bDcbUWQb NPZLQWRTTRW DPQ[^-
WR Bi2Sn2O7, P[U��Px wUTTLU NZRhWPVUQhLU NZP[UTU-
TPU D _RkLD�� QUTQLZR� hRh MRWVPh TR LNZUMUcUTPU 
^_RZTL_L _RkR, R[[PRhR, QUZLDLMLZLMR D NZPQ^WQWDPP 
MZ^_P� _RkLD [1], NLsWL[^ TR QU_LMTb�TPx MUTX  
Pk^VUTPU U_L QDLxQWD bDcbUWQb RhW^RcXTLx kRMRVUx. 
�^DQWDPWUcXT�U scU[UTW� MRWVPhLD P [^cXWPQUTQL-
ZLD TR LQTLDU QPQWU[� Bi2O3–SnO2 [2; 3] ZRyLWR�W 
NZP WU[NUZRW^ZR� TR_ZUDRWUcb 100–400 °$. 

KPZLQWRTTRW DPQ[^WR Bi2Sn2O7 LWTLQPWQb h QU[Ux-
QWD^ NPZL�cLZLD Q Ly�Ux �P[PVUQhLx `LZ[^cLx 
�2J2¾7. J yLcX�PTQWDU Qc^VRUD [4] hZPQWRccPVUQhRb 
QWZ^hW^ZR sWP� QLUMPTUTPx LWTLQPWQb h h^yPVUQhLx  
Q NLQWLbTTLx ZU�UWhP LhLcL 1,0 T[ Q DLQU[X� `LZ-
[^cXT�[P UMPTPwR[P D scU[UTWRZTLx bVUxhU [5; 6]. 
]LcX�Lx �-PLT ZRQNLcLqUT D 16d-NLkPwPb� P DLQX[P-
hZRWTL hLLZMPTPZLDRT PLTR[P hPQcLZLMR, D WL DZU[b 
hRh [UTX�Px J-PLT TR�LMPWQb D LhWRsMZPVUQhL[ Lh-
Z^qUTPP hPQcLZLMR (16c-NLkPwPP) P P[UUW �UQWP-
hZRWT^� hLLZMPTRwP�. J QLUMPTUTPb� A2Sn2O7 DQU 
QDbkP Sn–O shDPDRcUTWT�, LyZRk^�W NLMZU�UWh^ 
Sn2O6 Pk SnO6-LhWRsMZLD, QLUMPTUTT�� hPQcLZLMT�[ 
[LQWPhL[ Sn–O–Sn NLM ^_cL[ 135° D kP_kR_LLyZRkT�U 

wUNP [7]. zRWPLT �2 LyZRk^UW NLMZU�UWh^ �2�' Pk wU-
NLVUh �-�'. zRWPLT�  �  P  J  D QWZ^hW^ZU NPZL�cLZLD 
LyZRk^�W NLMZU�UWh^ QDbkRTT�� WUWZRsMZLD. 

KPZLQWRTTRW DPQ[^WR Bi2Sn2O7 Q^�UQWD^UW  
D WZU� hZPQWRccL_ZR`PVUQhP� `RkR�: WUWZR_LTRcXTLx 
Ò-Bi2Sn2O7 – � = 21,328 Å, � = 21,545 Å, Q^�UQWD^�-
�Ux ML 90 º$; h^yPVUQhLx þ-Bi2Sn2O7 – � = 21,4 Å,  
Q^�UQWD^��Ux [UqM^ 90 P 680 º$ P h^yPVUQhLx _ZR-
TUwUTWZPZLDRTTLx �-Bi2Sn2O7 – � = 10,73 Å, Q^�UQW-
D^��Ux D��U 680 º$ [5; 8]. JLk[LqTL WRhqU LMTLDZU-
[UTTLU Q^�UQWDLDRTPU MD^� NLcP[LZ`T�� [LMP`PhR-
wPx D Bi2Sn2O7 – LZWLZL[yPVUQhLx P h^yPVUQhLx [9]. 

KLc^NZLDLMTPhLD�x �RZRhWUZ Ly�U[TLx NZLDLMP-
[LQWP LhQPMLD [UWRccLD D kTRVPWUcXTLx QWUNUTP LN-
ZUMUcbUWQb MU`UhWTLQWX� hZPQWRccPVUQhLx ZU�UWhP, 
hLWLZ^� [LqTL wUcUTRNZRDcUTTL Pk[UTbWX, NZLDLMb 
kR[U�UTPb D hRWPLTTLx NLMZU�UWhU. �WL LMPT Pk MLQ-
W^NT�� [UWLMLD ^NZRDcbU[L_L DcPbTPb TR `PkPVUQhPU 
QDLxQWDR yRkPQTL_L QLUMPTUTPb, TRNZP[UZ, DcPbTPU 
cU_PZLDRTPb 3-d-scU[UTWR[P TR [R_TPWT�U QDLxQWDR 
LhQPMT�� QLUMPTUTPx [10; 11]. J ZRyLWR� [12; 13]  
NLhRkRTL DcPbTPU kR[U�UTPb PLTLD Sn TR PLT� 3-d-
scU[UTWLD, Mn P Cr TR [R_TPWT�U QDLxQWDR.  

KRZR[R_TPWTRb WU[NUZRW^ZR z�ZP, LNPQ�DRU[Rb 
kRhLTL[ z�ZP–JUxQQR, Mcb Bi2(Sn0,95Cr0,05)2O7 [12] 
LNZUMUcUTR Mcb ^VRQWhR WU[NUZRW^Z 0 < � < 40 z  
P ZRDTR � 	 2 z. ~R_TPWTRb DLQNZPP[VPDLQWX NZP WU[-
NUZRW^ZU 165 z [UTbUW kTRh Q NLcLqPWUcXTL_L TR LW-
ZPwRWUcXT�x, P NZP hL[TRWTLx WU[NUZRW^ZU QLUMPTU-
TPU Bi2(Sn0,95Cr0,05)2O7 bDcbUWQb MPR[R_TUWPhL[, VWL 
Ly�bQTbUWQb MUcLhRcPkRwPUx scUhWZLTLD TR TRTL[RQ-
�WRyR� D LhZUQWTLQWP PLTLD �ZL[R, RTRcL_ �P[PVU-
QhL_L `RkLDL_L ZRQQcLUTPb. KLcUDRb kRDPQP[LQWX [R_-
TPWTL_L [L[UTWR NZP � = 4,2 z P[UUW TUcPTUxT�x 
�RZRhWUZ, P c^V�UU QL_cRQPU Q shQNUZP[UTWRcXT�[P 
MRTT�[P ~(�) NZP LNPQRTPP `^ThwPUx ]ZPcc�sTR 
M/N�ÎB = SBS(gSÎB H/kBT) MLQWP_RUWQb Mcb QNPTR  
PLTR �ZL[R,  S = 3/2, N� – VPQcL �DL_RMZL,  g = 2 – g-
`RhWLZ, S = 3/2 – QNPT, kB – NLQWLbTTRb ]LcXw[RTR. 
~R_TPWT�U Pk[UZUTPb NLMWDUZqMR�W WZU�DRcUTWT�x 
�RZRhWUZ PLTLD �ZL[R.  

�RcPVPU PLTLD �ZL[R D WZU�DRcUTWTL[ QLQWLbTPP 
TRyc�MRcLQX D hZPQWRccR� LiNdO3 [14]. KZP D�LqMU-
TPP D TPLyPUD�x LhWRsMZ PLT Cr+3 D�k�DRUW MU`LZ[R-
wP� sWL_L LhWRsMZR, hLWLZRb [LqUW NZLPQ�LMPWX MD^-
[b N^Wb[P [15]: hRh Q Pk[UTUTPU[ NLcLqUTPb hPQcL-
ZLMT�� PLTLD DLkcU TUNLMDPqTL_L Cr+3, WRh P D ZU-
k^cXWRWU Q[U�UTPb Cr+3 Pk NLcLqUTPb Nb+5 h wUTWZ^ 
LhWRsMZR. J ZRyLWU [14] shQNUZP[UTWRcXT�[P P WULZU-
WPVUQhP[P MRTT�[P NLMWDUZqMUTR MU`LZ[RwPb  
TPLyPUDL_L LhWRsMZR NZP D�LqMUTPP D TU_L WZU�DR-
cUTWTL_L PLTR �ZL[R. �WLy� QLyc�MRcRQX kRZbMLDRb 
TUxWZRcXTLQWX D Bi2(Sn0,95Cr0,05)2O7, kR[U�UTPU PLTLD 
Sn4+ TR Cr3+, DLk[LqTL, NZLPQ�LMPW NL QcUM^��Ux 
Q�U[U: 3Sn4+�4Cr3+, NLMLyTRb Q�U[R ZURcPk^UWQb  
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D QLUMPTUTPb� QPQWU[� Bi2O3–ZnO–SnO2–Nb2O5 [16]. 
J sWLx ZRyLWU NLhRkRTL, VWL Sn4+, Zn2+, Nb5+ kRTP[R�W 
J-NLkPwPP, P kRZbMLDRb TUxWZRcXTLQWX LQ^�UQWDcbUW-
Qb QcUM^��P[ LyZRkL[:  3Sn4+�Zn2+ + 2Nb5+.  

lU[NUZRW^ZTRb kRDPQP[LQWX [R_TPWTLx DLQNZPP[-
VPDLQWP Bi2(Sn0,95Mn0,05)2O7 [13] P[UUW RTL[RcP� NZP 
WU[NUZRW^ZU � = 155 z. lU[NUZRW^ZTRb kRDPQP[LQWX 
LyZRWTLx [R_TPWTLx DLQNZPP[VPDLQWP LNPQ�DRUWQb 
kRhLTL[ z�ZP–JUxQQR D PTWUZDRcU 0 < � < 150 z,  
P NRZR[R_TPWTRb WU[NUZRW^ZR z�ZP TR sWL[ ^VRQWhU 
P[UUW QcRyL LWZPwRWUcXTLU kTRVUTPU � = –0,7 z.  
zZPDRb NLcUDLx kRDPQP[LQWP [R_TPWTL_L [L[UTWR  
NZP WU[NUZRW^ZU � = 4,2 z, WRhqU hRh P Mcb 
Bi2(Sn0,95Cr0,05)2O7, P[UUW TUcPTUxT�x �RZRhWUZ.  
¾RZRhWUZ NLDUMUTPb shQNUZP[UTWRcXTLx hZPDLx P[UUW 
WUTMUTwP� h TRQ��UTP�, VWL QL_cRQ^UWQb Q WULZUWP-
VUQhP[P ZRQVUWR[P Q PQNLcXkLDRTPU[ `^ThwPP  
]ZPcc�sTR M/N� ÎB = $gSBS(gSÎB H/kBT) Mcb PLTR 
Mn+4 QL QNPTL[ S = 3/2.  

J MRTTLx ZRyLWU Mcb ZU�UTPb NZLycU[� ^DUcPVUTPb 
V^DQWDPWUcXTLQWP, QUcUhWPDTLQWP, QWRyPcXTLQWP �P-
[PVUQhP� QUTQLZLD TR[P QPTWUkPZLDRT ZbM QLUMPTU-
TPx TR LQTLDU NPZLQWRTTRWR DPQ[^WR Bi2(Sn1-xMex)2O7, 
_MU Me = Mn, Cr, x = 0, 0,05, Pk^VUT� QWZ^hW^ZT�U, 
MPscUhWZPVUQhPU P scUhWZPVUQhPU QDLxQWDR.  

�����3 � /�!!�������"'��# +�����%?]�#  
��"��������#. $PTWUk QLUMPTUTPx Bi2(Sn1-xMex)2O7, 
_MU Me = Mn, Cr, x = 0, 0,05, LQ^�UQWDcbcQb [UWLML[ 
WDUZML`RkTLx ZURhwPP NL QcUM^��Ux Q�U[U: 

2 SnO2 + Bi2O3�Bi2Sn2O7 

P NLMZLyTL LNPQRT D [9; 12; 13]. $L_cRQTL ZUTW_UTLQW-
Z^hW^ZTL[^ RTRcPk^ NZP hL[TRWTLx WU[NUZRW^ZU  
LyZRkw� QLLWDUWQWD^�W �P[PVUQhLx `LZ[^cU Bi2Sn2O7 
P TR�LMbWQb D MD^� NLcP[LZ`T�� [LMP`PhRwPb�,  
h^yPVUQhLx P LZWLZL[yPVUQhLx, QLQ^�UQWD^��P� 
LMTLDZU[UTTL, NZPVU[ h^yPVUQhRb `RkR NL NZLwUTW-
TL[^ QLLWTL�UTP� NZUDLQ�LMPW LZWLZL[yPVUQh^�.  

$WZ^hW^ZT�U NUZU�LM�, NZLWUhR��PU D QLUMPTU-
TPb�, QLNZLDLqMR�WQb D�MUcUTPU[ PcP NL_cL�UTPU[ 
WUNcR, P LNZUMUcPWX P� [LqTL, PQNLcXk^b [UWLM  
MP``UZUTwPRcXTLx QhRTPZ^��Ux hRcLZP[UWZPP. 
zL[NcUhQT�x WUZ[PVUQhPx RTRcPk LyZRkwLD Bi2(Sn1-x 
Mex)2O7, _MU Me = Mn, Cr, x = 0, 0,05, NZLDUMUT  
TR ^QWRTLDhU STA 449 C Jupiter (`PZ[� NETZSCH), 
QLD[U�UTTLx Q hDRMZ^NLcXT�[ [RQQ-QNUhWZL[UWZL[ 
QMS 403 C Aeolos (`PZ[� NETZSCH) Mcb RTRcPkR 
_RkLD, D�MUcb��P�Qb NZP TR_ZUDRTPP LyZRkwLD. �RT-
TRb [UWLMPhR QLVUWRUW LMTLDZU[UTTLU `PhQPZLDRTPU 
Pk[UTUTPb [RQQ� (WUZ[L_ZRDP[UWZPb, TG) P WUNcLD�� 
NLWLhLD (MP``UZUTwPRcXTRb QhRTPZ^��Rb hRcLZP[UW- 
ZPb, DSC). }QQcUMLDRTPb D�NLcTbcPQX D NcRWPTL-
ZLMPUD�� WP_cb� Q hZ��hR[P, P[U��P[P LWDUZQWPb, 
D WU[NUZRW^ZTL[ PTWUZDRcU 310–1073 z – D ZUqP[U 
TR_ZUDRTPb P 1073–523 z – L�cRqMUTPU D MPTR[PVUQhLx 
RW[LQ`UZU RZ_LTR QL QhLZLQWX� NLWLhR 40 ml/min. 
$hLZLQWX TR_ZUDRTPb P L�cRqMUTPb QLQWRDcbcR  
10 grad/min. zZPD�U DSC (ZPQ. 1) Mcb Bi2Sn2O7 (ZPQ. 1, 
a, hZPDRb 1) P Bi2(Sn0,95Cr0,05)2O7 (ZPQ. 1, �, hZPDRb 1) 
P[U�W TUQhLcXhL sTMLWUZ[PVUQhP� NPhLD NZP TR_ZU-
DRTPP LyZRkwLD.  

KZLDUMUTT�x [RQQ-QNUhWZL[UWZPVUQhPx RTRcPk  
_RkLD, D�MUcb��P�Qb NZP TR_ZUDRTPP Bi2Sn2O7  
P Bi2(Sn0,95Cr0,05)2O7, NLhRkRc, VWL NZP QhRTPZLDRTPP 
NL [RQQLD�[ VPQcR[ hPQcLZLMQLMUZqR�P� PLTLD (16–
18, 32) Pk[UTUTPb PTWUTQPDTLQWP QP_TRcLD TU LyTRZ^-
qUTL. �R hZPDLx DSC TR_ZUDRTPb Bi2Sn2O7 (hZPDRb 1, 
ZPQ. 1, �) TRyc�MR�WQb WZP sTMLWUZ[PVUQhP� s``UhWR 
NZP WU[NUZRW^ZR� 370, 548, 872 z. KZP NLQcUM^��U[ 
L�cRqMUTPP Bi2Sn2O7 (hZPDRb 2, ZPQ. 1, �) TR hZPDLx 
DSC NZPQ^WQWD^UW WLcXhL LMPT NPh NZP WU[NUZRW^ZU 
865,4 z. �RcPVPU NPhLD TR hZPDLx DSC QDPMUWUcXQW-
D^UW L NZL�LqMUTPP `RkLD�� NUZU�LMLD. }kDUQWTL, 
VWL QWRTTRW DPQ[^WR Bi2Sn2O7 NZUWUZNUDRUW ZbM NLcP-
[LZ`T�� NUZU�LMLD: Ò-Bi2Sn2O7 – WUZ[LMPTR[PVUQhP 
QWRyPcXTRb `RkR NZP hL[TRWTLx WU[NUZRW^ZU, D MPRNR-
kLTU 130–630 °$ Q^�UQWD^UW þ-Bi2Sn2O7, R D��U  
630 °$ NZULycRMRUW h^yPVUQhRb _ZRTUwUTWZPZLDRTTRb 
�-Bi2Sn2O7 `RkR. �R� LyZRkUw, QL_cRQTL MRTT�[ ZUTW-
_UTLQWZ^hW^ZTL_L RTRcPkR, NZP hL[TRWTLx WU[NUZRW^-
ZU [9] ^qU TR�LMPWQb D MD^� hZPQWRccL_ZR`PVUQhP� 
NLcP[LZ`T�� [LMP`PhRwPb� – h^yPVUQhLx P LZWL-
ZL[yPVUQhLx, NLsWL[^ `RkLD�x Ò�þ-NUZU�LM LhLcL 
370 z ZRQWbT^W NL WU[NUZRW^ZU. $cUM^��Px s``UhW, 
NZLWUhR��Px Q NL_cL�UTPU[ WUNcLW� NZP 548 z,  
_LDLZPW U�U Ly LMTL[ `RkLDL[ NUZU�LMU, NZP hLWLZL[ 
LZWLZL[yPVUQhRb `RkR NLcTLQWX� NUZU�LMPW D h^yP-
VUQh^�. J LhZUQWTLQWP sWLx WU[NUZRW^Z� LyTRZ^qUT� 
RTL[RcPP D WU[NUZRW^ZT�� kRDPQP[LQWb� [TP[Lx 
VRQWP MPscUhWZPVUQhLx NZLTPwRU[LQWP P scUhWZLQL-
NZLWPDcUTPb Bi2Sn2O7 [9]. lZUWPx VUWhL D�ZRqUTT�x 
sTMLWUZ[PVUQhPx NPh NZP � = 872 z bDcbUWQb LyZRWP-
[�[, TR hZPDLx DSC L�cRqMUTPb (hZPDRb 2, ZPQ. 1, �) 
P[UUWQb QLLWDUWQWD^��Px shkLWUZ[PVUQhPx NPh NZP  
� = 865 z. lUNcLWR, D�MUcbU[Rb NZP sWL[, Q = 0,48 J/g, 
ycPkhR NL QDLU[^ kTRVUTP� WUNcLWU, NL_cL�RU[Lx 
NZP TR_ZUDRTPP, Q = –0,54 J/g. ]cPkLQWX kTRVUTPx 
WU[NUZRW^Z P WUNcLW NZUDZR�UTPb WZUWXU_L s``UhWR 
NLkDLcbUW PTWUZNZUWPZLDRWX U_L hRh LyZRWP[�x `RkL-
D�x NUZU�LM, NZP hLWLZL[ Q^�UQWD^UW h^yPVUQhRb 
`RkR Bi2Sn2O7. 

vUk^cXWRW� PQQcUMLDRTPb DSC TR_ZUDRTPb LyZRkwR 
Bi2(Sn0,95Cr0,05)2O7 NZUMQWRDcUT� TR ZPQ. 1, �, hZPDRb 1, 
_MU P[U�WQb TUQhLcXhL sTMLWUZ[PVUQhP� [RhQP[^[LD 
NZP WU[NUZRW^ZR� 367, 473, 553, 646 z, hLZZUcPZ^�-
�P� Q RTL[RcPb[P WU[NUZRW^ZTLx kRDPQP[LQWP ^MUcX-
TL_L scUhWZLQLNZLWPDcUTPb. $LLWDUWQWDPU WU[NUZRW^Z 
NPhLD � = 367, 553 z Mcb Bi2(Sn0,95Cr0,05)2O7 P � = 370, 
548 z Mcb Bi2Sn2O7 _LDLZPW Ly P� LMPTRhLDLx NZPZL-
MU, `RkLDL[ QWZ^hW^ZTL[ NUZU�LMU D Ò�þ-`Rk^ P Pk 
LZWLZL[yPVUQhLx `Rk� D h^yPVUQh^�. �RcPVPU U�U 
MD^� sTMLWUZ[PVUQhP� NPhLD, DLk[LqTL, QDbkRTL  
Q LyZRkLDRTPU[ cLhRcXT�� MU`LZ[RwPx LZWLZL[yPVU-
QhLx P h^yPVUQhLx QWZ^hW^Z, hLWLZ�U TU hLZZUcPZL-
DRT� [UqM^ QLyLx P TU LyTRZ^qPDR�WQb D ZUTW_UTL-
QWZ^hW^ZTL[ RTRcPkU, TL D WZRTQNLZWT�� QDLxQWDR� 
LTP [L_^W NZLbDPWXQb. �yZRWT�x �LM hZPDLx DSC, 
L�cRqMUTPU, D�bDPcP NcL�L D�ZRqUTT�U shkLs``Uh-
W� NZP WU[NUZRW^ZR� 924 P 977 z. 

zZPDRb DSC TR_ZUDRTPb Bi2(Sn0,95Mn0,05)2O7 (ZPQ. 1, 
hZPDRb 2), P[UUW LWcPVPb LW shQNUZP[UTWRcXT��  
ZUk^cXWRWLD Mcb Bi2Sn2O7 P Bi2(Sn0,95Cr0,05)2O7. JcPb-
TPU PLTLD [RZ_RTwR NZLbDPcLQX D Q[U�UTPP _ZRTPw 
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NLcP[LZ`T�� NUZU�LMLD, VWL D�ZRkPcLQX D LWQ^WQW-
DPP sTMLWUZ[PVUQhL_L NPhR NZP � = 367–370 z, TR-
yc�MRU[�� D Bi2(Sn1-�Cr0,05)2O7, � = 0, 0,05. J LycRQWP 
WU[NUZRW^Z 548 z Mcb Bi2Sn2O7 P 553 z Mcb 
Bi2(Sn0,95Cr0,05)2O7 TRyc�MRUWQb sTMLWUZ[PVUQhPx WUN-
cLDLx s``UhW, R Mcb Bi2(Sn0,95Mn0,05)2O7 – shkLWUZ[P-
VUQhPx. ]cPkLQWX WU[NUZRW^Z P �RZRhWUZ sWP� s``Uh-
WLD _LDLZPW Ly P� LMPTRhLDLx NZPZLMU P QLLWDUWQWD^UW 
QWZ^hW^ZTL[^ NUZU�LM^ Pk LZWLZL[yPVUQhLx `Rk�  
D h^yPVUQh^�.  

�cb Bi2(Sn1-�Cr0,05)2O7, � = 0, 0,05, NLcP[LZ`TLU 
NZUDZR�UTPU Pk LZWLZL[yPVUQhLx D h^yPVUQh^� `Rk^ 
QLNZLDLqMRUWQb NL_cL�UTPU[ WUNcR P LNPQ�DRUWQb 
sTMLWUZ[PVUQhP[ s``UhWL[ NZP WU[NUZRW^ZU � = 534 z. 
KZP cU_PZLDRTPP QWRTTRWR DPQ[^WR [RZ_RTwU[ LyZR-
k^��PxQb WDUZM�x ZRQWDLZ Bi2(Sn0,95Mn0,05)2O7, DUZLbW-
TL, TR�LMPWQb D [UWRQWRyPcXTL[ QLQWLbTPP P QLMUZ-
qPW Pky�WLVT^� sTUZ_P�, hLWLZRb D�MUcbUWQb NZP 
NUZU�LMU D ZRDTLDUQT^� h^yPVUQh^� `Rk^. KLsWL[^  
D MRTTL[ Qc^VRU [� TRyc�MRU[ shkLWUZ[PVUQhPx  

s``UhW NZP WU[NUZRW^ZU � = 534 z Mcb NLcP[LZ`TL_L 
NZUDZR�UTPb LZWLZL[yPVUQhLx `Rk� D h^yPVUQh^�. 

��\"�����0�+��� +��(+���. }QQcUMLDRTPb MPscUh-
WZPVUQhLx NZLTPwRU[LQWP y�cP D�NLcTUT� TR ^QWR-
TLDhU LCR-829 METER D WU[NUZRW^ZTL[ PTWUZDRcU 
100–500 z TR VRQWLWU 100 kHz.  

�cb LyZRkwR Bi2Sn2O7 �RZRhWUZUT ZLQW MPscUhWZP-
VUQhLx NZLTPwRU[LQWP Q ZLQWL[ WU[NUZRW^Z� (ZPQ. 2). 
�R WU[NUZRW^ZTLx kRDPQP[LQWP ZURcXTLx VRQWP MPscUh-
WZPVUQhLx DLQNZPP[VPDLQWP Re(Ô), PkLyZRqUTTLx  
TR ZPQ. 2, �, TRyc�MRUWQb [RhQP[^[ D LhZUQWTLQWP 
WU[NUZRW^Z� 450 z P Pk[UTUTPU ^_cR TRhcLTR Re(Ô) (�) 
NZP 200 z. lU[NUZRW^ZTRb kRDPQP[LQWX [TP[Lx VRQWP 
MPscUhWZPVUQhLx NZLTPwRU[LQWP Im (Ô) (ZPQ. 2, �) 
P[UUW TUQhLcXhL PkcL[LD, �LZL�L NZLbDcb�WQb [Rh-
QP[^[� NZP WU[NUZRW^ZR� LhLcL 200, 340 P 450 z. 

lU[NUZRW^ZTRb RTL[RcPb MPscUhWZPVUQhLx NZLTP-
wRU[LQWP D ZRxLTU 340 z hLZZUcPZ^UW Q TRVRcL[ shkL-
WUZ[PVUQhL_L s``UhWR TR hZPDLx DSC (ZPQ. 1, �),  
QLLWDUWQWD^��Ux Ò�þ-NUZU�LM^. 

 
 

         
 

         �                � 
 

vPQ. 1. �P``UZUTwPRcXTRb QhRTPZ^��Rb hRcLZP[UWZPb: 
� – hZPD�U DSC Mcb Bi2Sn2O7; � – hZPDRb 1 – DSC Mcb 
Bi2(Sn0,95Cr0,05)2O7, hZPDRb 2 – DSC Mcb Bi2(Sn0,95Mn0,05)2O7 
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vPQ. 2. lU[NUZRW^ZTRb kRDPQP[LQWX MPscUhWZPVUQhLx 
NZLTPwRU[LQWP Bi2Sn2O7 TR VRQWLWU 
 = 100 kHz:  

a – ZURcXTRb VRQWX; � – [TP[Rb VRQWX 
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vPQ. 3. lU[NUZRW^ZTRb kRDPQP[LQWX MPscUhWZPVUQhLx  
NZLTPwRU[LQWP Bi2(Sn0,95Cr0,05)2O7 TR VRQWLWU 
 = 100 kHz: 

a – ZURcXTRb VRQWX; � – [TP[Rb VRQWX 
 
lU[NUZRW^ZTRb kRDPQP[LQWX MPscUhWZPVUQhLx NZL-

TPwRU[LQWP Bi2(Sn1-�Cr0,05)2O7 P[UUW TUcPTUxT�x  
�RZRhWUZ, Q ZLQWL[ WU[NUZRW^Z� TRyc�MRUWQb ZLQW 
MPscUhWZPVUQhLx NZLTPwRU[LQWP (ZPQ. 3). vURcXTRb 
VRQWX (ZPQ. 3, �) MPscUhWZPVUQhLx NZLTPwRU[LQWP  
P[UUW RTL[RcP� D PTWUZDRcU WU[NUZRW^Z 200–300 z  
P ZUkhPx NLM�U[ LW � = 310 z. ~TP[Rb VRQWX (ZPQ. 3, �) 
MPscUhWZPVUQhLx NZLTPwRU[LQWP P[UUW WLVh^ NUZU_P-
yR NZP � = 205 z P ZUkhPx ZLQW LW � = 313 z. KZP WU[-
NUZRW^ZU � = 330–340 z hRh Mcb ZURcXTLx, WRh P Mcb 
[TP[Lx VRQWUx WU[NUZRW^ZTLx kRDPQP[LQWP MPscUh-
WZPVUQhLx NZLTPwRU[LQWP kR`PhQPZLDRTR QW^NUTXhR, 
Mcb [TP[Lx VRQWP LTR QcRyL D�ZRqUTR, VWL QLLWDUWQW-
D^UW TRVRc^ shkLWUZ[PVUQhL_L s``UhWR TR hZPDLx 
DSC (ZPQ. 1, �, hZPDRb 1). 

�PscUhWZPVUQhRb NZLTPwRU[LQWX Bi2(Sn0,95Mn0,05)2O7 
[LTLWLTTL ZRQWUW Q ^DUcPVUTPU[ WU[NUZRW^Z�. lU[-
NUZRW^ZT�U kRDPQP[LQWP ZURcXTLx Re(Ô) P [TP[Lx Im (Ô) 
VRQWUx MPscUhWZPVUQhLx NZLTPwRU[LQWP P[U�W TUyLcX- 
�Lx [RhQP[^[ LhLcL � = 350 K. 

A"�����0�+��� +��(+���. �cb PQQcUMLDRTPb `RkL-
D�� _ZRTPw NLcP[LZ`T�� NUZU�LMLD D Bi2(Sn1-xMex)2O7, 
_MU Me = Mn, Cr, x = 0, 0,05, y�cR D�yZRTR [UWLMPhR 
Pk[UZUTPb WU[NUZRW^ZTLx kRDPQP[LQWP scUhWZLQLNZL-
WPDcUTPb. �RTTRb [UWLMPhR TR_cbMTL LWZRqRUW NZLPQ-
�LMb�PU D [RWUZPRcU `RkLD�U NZUDZR�UTPb. }k[UZU-
TPU scUhWZPVUQhP� QDLxQWD D�NLcTUT� VUW�ZU�kLTML-
D�[ [UWLML[ TR ^QWRTLDhU ~ultimeter 344 10A Agllent 
Technologies D WU[NUZRW^ZTLx LycRQWP 300–900 z.  

�R hZPDLx WU[NUZRW^ZTLx kRDPQP[LQWP ^MUcXTL_L 
scUhWZLQLNZLWPDcUTPb Bi2Sn2O7 (ZPQ. 4) TRyc�MRUWQb 
ZUkhLU NRMUTPU LW Ï ~ 108 Ohm·cm ML Ï ~ 105 Ohm·cm  
D PTWUZDRcU WU[NUZRW^Z 200–330 z, NZPVU[ NZP 245–
290 z P[U�WQb RTL[RcPP. J PTWUZDRcU WU[NUZRW^Z 
330–600 z P[UUWQb �PZLhPx [RhQP[^[ LhLcL 450 z 
[17]. ~PTP[^[ scUhWZLQLNZLWPDcUTPb, � = 330 z, 
hLZZUcPZ^UW Q WUNcLD�[ shkLWUZ[PVUQhP[ s``UhWL[ 
DSC D ZRxLTU WU[NUZRW^Z� 370 z (ZPQ. 1, �), QLLWDUW-
QWD^��P[ Ò�þ-NUZU�LM^.         

JUcPVPTR sTUZ_PP RhWPDRwPP �E1 = 0,23 eV  
ZRQQVPWRTR Pk WU[NUZRW^ZTLx kRDPQP[LQWP lg(Ï/103T), 

LNPQ�DRU[Lx cPTUxTLx `^ThwPUx lgÏ = lgÏ01 +  
+ (�E1/kBT), _MU kB – NLQWLbTTRb ]LcXw[RTR. j[UTX-
�UTPU DUcPVPT� sTUZ_PP RhWPDRwPP, NL QZRDTUTP�  
Q WULZUWPVUQhP[P MRTT�[P [8], Ly^QcLDcUTL NZP[UQ-
T�[ WPNL[ NZLDLMP[LQWP. 
 

 
 

vPQ. 4. lU[NUZRW^ZTRb kRDPQP[LQWX ^MUcXTL_L scUh-
WZLQLNZLWPDcUTPb Bi2Sn2O7: 1 – Ï = Ï01exp(�E1/kBT), 
2 – Ï = Ï02exp(�E2/kBT), 3 – Ï = Ï0exp(�E/kBT)  
c Ï0 = 5·105, �E = 0,28 eV, Ï01 = 6,2 Ohm·cm, �E1 =  
 

= 0,23 eV, Ï02 = 5,2 Ohm·cm, �E2 = 0,51 eV 
 
�WhcLTUTPU QLNZLWPDcUTPb LW shQNLTUTwPRcXTLx 

kRDPQP[LQWP NLMLyTL NLDUMUTP� scUhWZLQLNZLWPDcU-
TPb D QNcRDR� IUxQcUZR QPQWU[� Ni2MnX (X = Ga, Sn, 
In, Co) [18; 19] P QDbk�DRUWQb Q WU[, VWL TR ^VRQWhU 
WU[NUZRW^Z 200–450 z D Bi2Sn2O7 NZLPQ�LMPW [RZWUT-
QPWT�x NUZU�LM Pk LZWLZL[yPVUQhLx `Rk� D h^yPVU-
Qh^�. �RcPVPU ZUkhP� RTL[RcPx TR sWL[ ^VRQWhU _L-
DLZPW L WL[, VWL D QWZ^hW^ZU P[U�WQb ML[UT� D DPMU 
kUZUT Q ZRkcPVTLx LZPUTWRwPUx D LyZRkwU. lRhRb Q�U[R 
�RZRhWUZTR Mcb [RZWUTQPWT�� NUZU�LMLD hRh [UWRc-
cLD, WRh P NLc^NZLDLMTPhLD. �RNZP[UZ, NLcPhZPQWRc-
cPVUQhPx La0,275Pr0,35Ca0,375MnO3 [20] NZP WU[NUZRW^ZU 
300 z P[UUW h^yPVUQh^� hZPQWRccPVUQh^� ZU�UWh^,  
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R NZP � ~ 210 z NZLPQ�LMPW LyZRkLDRTPU kRZLM��Ux  
P ZLQW cPTkLLyZRkT�� P NcRQWPTVRW�� ML[UTLD D hR-
qML[ kUZTU. $ MRcXTUx�P[ L�cRqMUTPU[ ^DUcPVPDR-
UWQb ZRkcPVPU `LZ[ ML[UTLD, VWL bDcbUWQb ZUk^cXWR-
WL[ QWZ^hW^ZT�� MU`LZ[RwPx. J sWLx ZRyLWU ^QWRTLD-
cUTR kRDPQP[LQWX WZRTQNLZWT�� QDLxQWD LW ZRk[UZR 
kUZTR Pk WU[NUZRW^ZTLx kRDPQP[LQWP ^MUcXTL_L QL-
NZLWPDcUTPb. 

�TUZ_Pb RhWPDRwPP QWRTTRWR DPQ[^WR D h^yPVUQhLx 
`RkU QLQWRDcbUW �E2 = 0,51 eV NZP � > 450 K P ^DUcP-
VPDRUWQb D 1,8 ZRkR NL QZRDTUTP� Q LZWLZL[yPVUQhLx 
QWZ^hW^ZLx. vLQW QLNZLWPDcUTPb D PTWUZDRcU WU[NUZR-
W^Z 320 z < T < 450 z Ly�bQTbUWQb D [LMUcP QLQ^�U-
QWDLDRTPU[ MD^� `Rk, hL_MR NZLWUhRTPU NL LZWLZL[-
yPVUQhLx `RkU PQVUkRUW, R D h^yPVUQhLx `RkU Q^�UQW- 
D^�W LQWZLDhP [RZWUTQPWTLx (TPkhLWU[NUZRW^ZTLx) 
`Rk�. �ycRQWX sWP� LQWZLDhLD ^[UTX�RUWQb Q ZLQWL[ 
WU[NUZRW^Z�, R �PZPTR NLWUTwPRcXTL_L yRZXUZR, Ly-
ZRkLDRTTL_L h^yPVUQhLx `RkLx Q yLcX�P[ QLNZLWPD-
cUTPU[, ^DUcPVPDRUWQb. �WL [LqTL NZUMQWRDPWX D DPMU 
[LMUcP NLWUTwPRcXT�� b[ Q ^[UTX�R��P[Qb cPTUx-
T�[ ZRk[UZL[ P VPQcL[ scUhWZLTLD D b[U. KLWUTwP-
RcXT�x yRZXUZ Q ZLQWL[ WU[NUZRW^Z� ^DUcPVPDRUWQb  
P NZUMNLcLqPWUcXTL y^MUW [UTbWXQb NL cPTUxTL[^ 
kRhLT^ �E = (�E2 – �E1)(T/T* – 1). KLMDPqTLQWX TLQP-
WUcUx kRZbMR, QDbkRTTRb Q NUZUQhLhL[ scUhWZLTLD  
NL LQWZLDhR[, y^MUW LNZUMUcbWXQb W^TTUcPZLDRTPU[ 
scUhWZLTLD Î ~ exp(–�E/kT). $LNZLWPDcUTPU y^MUW 
^DUcPVPDRWXQb Q ZLQWL[ WU[NUZRW^Z�, hRh PkLyZRqUTL 
TR ZPQ. 4 N^ThWPZTLx cPTPUx, ML WU[NUZRW^Z� � = 450 z, 
hL_MR NLMDPqTLQWX TLQPWUcUx D [RWZPwU QZRDTbUWQb  
Q NLMDPqTLQWX� W^TTUcPZ^��P� scUhWZLTLD. �R sWL[ 
qU ZPQ^ThU NZUMQWRDcUT� ZUk^cXWRW� ZRQVUWR QLNZLWPD-
cUTPb Q NLM_LTLVT�[P NRZR[UWZR[P Ï = Ï0 exp(�E/kBT)  
c Ï0 = 5·105, �E = 3280 K, T* = 325 z. ~LMUcX ^MLDcU-
WDLZPWUcXTL Ly�bQTbUW shQNUZP[UTWRcXT�U MRTT�U  
P QL_cRQ^UWQb Q ZUk^cXWRWR[P QWZ^hW^ZT�� PQQcUMLDR-
TPx [21], QL_cRQTL hLWLZ�[ QWRTTRW DPQ[^WR Bi2Sn2O7 
TR�LMPWQb D LMTL`RkTL[ QLQWLbTPP Q h^yPVUQhLx  
þ-`RkLx D LycRQWP D�QLhP� WU[NUZRW^Z. 

�R ZPQ. 5, � NZPDUMUTR WU[NUZRW^ZTRb kRDPQP[LQWX 
scUhWZLQLNZLWPDcUTPb Bi2(Sn0,95Cr0,05)2O7, _MU TRyc�-
MR�WQb [RhQP[^[� scUhWZLQLNZLWPDcUTPb D LhZUQW-

TLQWP QWZ^hW^ZT�� NUZU�LMLD, TRPyLcX�Px [RhQP[^[ 
R ~ 106 Ohm NZP � = 350 z QLLWDUWQWD^UW Ò�þ QWZ^h-
W^ZTL[^ NUZU�LM^. KUZU�LM�, TRyc�MRU[�U TR hZP-
D�� DSC (ZPQ. 1, �, hZPDRb 1), NZP � = 473, 553 z  
QLDNRMR�W Q WU[NUZRW^ZR[P [PTP[^[LD TR hZPDLx 
WU[NUZRW^ZTLx kRDPQP[LQWP scUhWZLQLNZLWPDcUTPb. 
$P[[UWZPb hZPQWRccPVUQhLx QWZ^hW^Z� LNZUMUcbUW 
scUhWZLTT^� QWZ^hW^Z^ NLc^NZLDLMTPhR, �PZPT^  
kRNZU�UTTLx kLT� P NLcLqUTPU NZP[UQT�� ^ZLDTUx  
D TUx. KZP TRcPVPP TUQhLcXhP� `Rk scUhWZLTTRb NcLW-
TLQWX QLQWLbTPx P[UUW [RhQP[^[� P [PTP[^[�.  
}k[UTUTPU hZPQWRccPVUQhLx QWZ^hW^Z� PTM^wPZ^UW 
QMDP_ hZRb NLMDPqTLQWP, [UTbUWQb NcLWTLQWX QLQWLb-
TPx TLQPWUcUx kRZbMR, NLMDPqTLQWX P DUcPVPTR scUh-
WZLQLNZLWPDcUTPb D TUQhLcXhL ZRk.  

�cUhWZLT� Bi 6s-LyLcLVhP P � 2p-LyLcLVhP D h^-
yPVUQhLx QWZ^hW^ZU QWRTTRWR DPQ[^WR Bi2Sn2O7 TR�L-
MbWQb D yLcX�Ux VRQWP D DUZ�TUx DRcUTWTLx kLTU, D WL 
DZU[b hRh scUhWZLT� Sn 5s-LyLcLVhP, � 2p-LyLcLVhP  
P Bi 6p-LyLcLVhP kRTP[R�W MTL kLT� NZLDLMP[LQWP. 
vRkcPVT�U DhcRM� scUhWZLTLD Sn 5s- P Bi 6s-QLQWLbTPx 
DRcUTWTLx kLT� P kLT� NZLDLMP[LQWP NZLbDcb�WQb 
hRh D RWL[TLx sTUZ_PP QDbkP, WRh P D QPcU DkRP[LMUx-
QWDPb hRWPLTLD [UWRccR Q RTPLTR[P hPQcLZLMR. [22]. 
}LT� �ZL[R NZUP[^�UQWDUTTL kRTP[R�W LhWRsMZPVU-
QhPU NLkPwPP [23–25], NLsWL[^ [LqTL NZUMNLcLqPWX, 
VWL D TR�U[ LyZRkwU Cr+3 kR[U�RUW PLT� LcLDR.  
�WL[^ QNLQLyQWD^UW hLT`P_^ZRwPb NPZL�cLZ-ZU�UWhP. 
J ZUk^cXWRWU DycPkP MTR kLT� NZLDLMP[LQWP DLk[Lq-
TL LyZRkLDRTPU NZP[UQTLx NLMkLT� Pk PLTLD �ZL[R.  

zZPDRb WU[NUZRW^ZTLx kRDPQP[LQWP scUhWZLQLNZL-
WPDcUTPb Bi2(Sn0,95Mn0,05)2O7 (ZPQ. 5, �) ZRQWUW ML  
R ~ 108 Ohm Q NLQcUM^��P[ QTPqUTPU[ NZP � 	 550 z. 
�R hZPDLx DSC P[UUWQb shkLWUZ[PVUQhPx NPh D ZRx-
LTU sWLx WU[NUZRW^Z�, hLWLZ�x _LDLZPW L NUZUQWZLx-
hU D hZPQWRccL_ZR`PVUQhLx ZU�UWhU P NUZU�LMU D ^Q-
WLxVPDLU h^yPVUQhLU QLQWLbTPU. �WQ^WQWDPU RTL[RcPx 
TR hZPD�� scUhWZLQLNZLWPDcUTPb P DSC NZP � = 370 z, 
D LWcPVPU LW shQNUZP[UTWRcXT�� MRTT�� Mcb 
Bi2(Sn0,95Cr0,05)2O7, QDPMUWUcXQWD^UW L DcPbTPP PLTLD 
Mn4+ TR QWZ^hW^ZT�U NUZU�LM�, �RZRhWUZT�U Mcb 
Bi2Sn2O7.  JUcPVPTR sTUZ_PP RhWPDRwPP �E = 0,7 eV  
D PTWUZDRcU WU[NUZRW^Z 620–880 z. 

 

 
            a       � 
 

vPQ. 5. lU[NUZRW^ZT�U kRDPQP[LQWP scUhWZLQLNZLWPDcUTPb: 
a – Bi2(Sn0,95Cr0,05)2O7; � – Bi2(Sn0,95Mn0,05)2O7 
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���"?0����. J QLUMPTUTPb� Bi2(Sn1-xMex)2O7, _MU 
Me = Mn, Cr, x = 0, 0,05, LyTRZ^qUTL TRcPVPU LMTL-
DZU[UTTL_L MD^�`RkTL_L QLQWLbTPb Q LZWLZL[yPVU-
QhLx P h^yPVUQhLx QWZ^hW^ZLx NZP hL[TRWTLx WU[NU-
ZRW^ZU. KLcP[LZ`T�U NUZU�LM� P NUZU�LM Pk LZWL-
ZL[yPVUQhLx D h^yPVUQh^� `Rk^ QLNZLDLqMR�WQb 
[RhQP[^[R[P D WU[NUZRW^ZTL[ NLDUMUTPP scUhWZLQL-
NZLWPDcUTPb, D�kDRTT�[P NUZUQWZLxhLx scUhWZLTTLx 
QWZ^hW^Z�. jQWRTLDcUTR DkRP[LQDbkX [UqM^ DPML[ 
kR[U�R��U_L PLTR P U_L QWZ^hW^ZT�[P, MPscUhWZPVU-
QhP[P P scUhWZPVUQhP[P QDLxQWDR[P. J WDUZM�� ZRQ-
WDLZR� Bi2(Sn0,95Cr0,05)2O7 [UWLML[ QhRTPZ^��Ux  
hRcLZP[UWZPP LyTRZ^qUTL MDR TLD�� QWZ^hW^ZT�� 
NUZU�LMR, NL QZRDTUTP� QL QWRTTRWL[ DPQ[^WR Bi2Sn2O7. 
}LT� Mn4+ Q[UQWPcP `RkLD�U _ZRTPw� NLcP[LZ`T�� 
NUZU�LMLD D QWLZLT^ [UTX�P� WU[NUZRW^Z, R `RkLD�x 
Ò�þ-NUZU�LM LhLcL 370 z, �RZRhWUZT�x Mcb  
Bi2(Sn1-xCrx)2O7, _MU x = 0, 0,05, NLMRDPcP NLVWP NLc-
TLQWX�. KLcP[LZ`T�x NUZU�LM NZP � = 543 z  
Mcb Bi2(Sn0,95Mn0,05)2O7 NZLWUhRUW Q D�MUcUTPU[ WUNcR, 
D LWcPVPU LW Bi2(Sn1-xCrx)2O7, _MU x = 0, 0,05. 

&"�>�/����+��. vRyLWR D�NLcTUTR NZP `PTRTQL-
DLx NLMMUZqhU vLQQPxQhL_L `LTMR `^TMR[UTWRcXT�� 
PQQcUMLDRTPx, _ZRTW ´ 15-42-04099 Z_QPyPZX_R,  
P _LQ^MRZQWDUTTL_L kRMRTPb ´ 114090470016. 

Acknowledgments. This work was supported  
by the Russian Foundation for Basic Research projects 
no. 15-42-04099 r_siberia_a and government work  
no. 114090470016. 
 

&�D"��>��!�0�+��� ++9"�� 
 
1. Sarala Devi G., Manoraoma S. V., Rao V. J. SnO2: 

Bi2O3 based CO sensors: Laser-Raman, temperature pro-
grammed desoption and X-ray photoelectron spectro-
scopic studies // Sensors and Actuators B. 1999. Vol. 56. 
P. 98–105.  

2. Semiconductor Sensors in Physico-Chemical Stud-
ies / L. Yu. Kupriyanov (Ud.). Handbook of Sensors and 
Actuators Series. M., 1999. 234 p. 

3. Chemical Sensors Technology / T. Selyama (Ud.). 
Amsterdam : Kodansha Elsevier, Publ., 1998. 459 p. 

4. Ling H. C., Yan M. F., Rhodes W. W. High dielec-
tric constant and smoll temperature coefficient bismuth-
based dielectric compositions // J. Mater. Res. 1990.  
Vol. 5(8). P. 1752–1762. 

5. Brisse F., Knor O. Pyrochlores. III. X-Ray, neutron, 
infrared, and dielectric studies of A2Sn2O7 stannates // 
Can. J. Chem. 1968. Vol. 46. P. 859–873. 

6. Minervini L., Grimes R. W., Sickafus K. E. Disor-
der in Pyrochlore Oxides // J. Am. Ceram. Soc. 2000. 
Vol. 83(8). P. 1873–1878. 

7. Brown S., Gupta H. C. Lattice dynamic study of 
optical modes in Tl2Mn2O7 and In2Mn2O7 pyrochlores // 
Phys. Rev. B. 2004. Vol. 69. P. 054434-6. 

8. Walsh A. and Watson. W. G. Polymorphism in 
Bismuth Stannate: A First-Principles Study // Chem. 
Mater. 2007. Vol. 19. P. 5158–5164. 

9. �PscUhWZPVUQhPU P scUhWZPVUQhPU QDLxQWDR  
NLcP[LZ`TL_L NPZLQWRTTRWR DPQ[^WR Bi2Sn2O7 /  
�. J. jMLM [P MZ.] // Yll. 2014. l. 56. $. 1267–1271. 

10. Effect of Ni-substitution on magnetic phase tran-
sition in CuB2O4 / G. A. Petrakovskii [et al.] // JMMM. 
2006. Vol. 300. P. e476–e478. 

11. Effect of Substitution on the Magnetic Properties 
of CuB2O4 / G. A. Petrakovskii [et al.] // The Physics of 
Metals and Metallography. 2005. Vol. 99(1). P. S53–S56. 

12. zLZZUcbwPb [R_TPWT�� P WZRTQNLZWT�� QDLxQWD 
Q NLcP[LZ`T�[P NUZU�LMR[P D NPZLQWRTTRWU DPQ[^WR 
Bi2(Sn1�xCrx)2O7 / $. $. �NcUQTPT [P MZ.] // Yll. 2015. 
l. 57. C. 1590–1595. 

13. Effect of Mn Doping on Magnetic and Dielectric 
Properties of Bi2Sn2O7 / L. V. Udod [et al.] // Solid State 
Phenomena. 2015. Vol. 233–234. P. 105–108. 

14. l^[RUD ¶. �., �DRMLD z. $. �NWPVUQhPU QDLxQW-
DR PLTLD WZU�DRcUTWTL_L �ZL[R D hZPQWRccU LiNbO3 // 
Yll. 2011. l. 53. $. 518–523. 

15. Yang Z. Y., Rudowicz C., Qin J. The effect of 
disorder in the local lattice distortions on the EPR and 
optical spectroscopy parameters for a new Cr3+ defect 
center in Cr3+: Mg2+: LiNbO3 // Physica B. 2002.  
Vol. 318(2–3). P. 188–197. 

16. Huiling Du, Xi Yao, Liangying Zhang. Structure, 
IR spectra and dielectric properties of Bi2O3–ZnO–SnO2–
Nb2O5 quarternary pyrochlore // Ceramics International. 
2002. Vol. 28. P. 231–234. 

17. Electrical and Dielectrical Propeties of Gas-
Sensor Resistive Type Bi2Sn2O7 / L. V. Udod [et al.] // 
Solid State Phenomena. 2014. Vol. 215. P. 503–506. 

18. Large magnetoresistance in single-crystalline 
Ni50Mn50�xInx alloys (x = 14–16) upon martensitic trans-
formation / S. Y. Yu [et al.] // Appl. Phys. Lett. 2006. 
Vol. 89. P. 162503-3. 

19. Large magnetoresistance in Ni50Mn34In16 alloy / 
V. R. Sharma [et al.] // Appl. Phys. Lett. 2006. Vol. 89.  
P. 222509-3. 

20. Martensitic accommodation strain and the metal-
insulator transition in manganites / V. Podzorov [et al.] // 
Phys. Rev. B. 2001. Vol. 64. P. 140406(R). 

21. Shannon R. D., Beirlein J. D., Gillon J. L. Poly-
morphism in Bi2Sn2O7 // J. Phys. Chem. Solids. 1980. 
Vol. 41. P. 117–122. 

22. Walsh Aron, Graeme W. Watson, David J. Payne. 
A theoretical and experimental study of the distorted  
pyrochlore Bi2Sn2O7 // J. Mater. Chem. 2006. Vol. 16.  
P. 3452–3458. 

23. Jenlrzejewska I., Mroziski J., Zajdel P. X-Ray and 
magnetic investigations of the polycrystalline compounds 
with general formula ZnxSnyCrzSe4 // Archives of Metal-
lurgy and Materials. 2009. Vol. 54. P. 723–730. 

24. Weiss A., Witte H. Kristallstrukture und chemische 
Bindung. Weinheim : Verlag Chemie, 1983. 

25. Pandit A. A., More S. S., Dorik R. G. Structural 
and magnetic properties of Co1+ySnyFe2–2y–xCrxO4 ferrite 
system // Bull. Mater. Sci., 2003. Vol. 26. P. 517–521. 

 
References 

 
1. Sarala Devi G., Manoraoma S. V., Rao V. J. SnO2: 

Bi2O3 based CO sensors: Laser-Raman, temperature pro-
grammed desoption and X-ray photoelectron spectro-
scopic studies. Sensors and Actuators B. 1999, Vol. 56,  
P. 98–105.  



 
 
 

��#�����+����� �	�!���� � ����	��� 
 

 982

2. Kupriyanov L. Yu. (Ed.). Semiconductor Sensors 
in Physico-Chemical Studies Handbook of Sensors and 
Actuators Series, Moscow, 1999, 234 p. 

3. Selyama T. (Ed.). Chemical Sensors Technology. 
Amsterdam: Kodansha Elsevier, Publ., 1998, 459 p. 

4. Ling H. C., Yan M. F., Rhodes W. W. High dielec-
tric constant and smoll temperature coefficient bismuth-
based dielectric compositions. J. Mater. Res. 1990, Vol. 
5(8), P. 1752–1762. 

5. Brisse F., Knor O. Pyrochlores. III. X-Ray, neu-
tron, infrared, and dielectric studies of A2Sn2O7 stannates. 
Can. J. Chem. 1968, Vol. 46, P. 859–873. 

6. Minervini L., Grimes R. W., Sickafus K. E. Disor-
der in Pyrochlore Oxides. J. Am. Ceram. Soc. 2000, Vol. 
83(8), P. 1873–1878. 

7. Brown S., Gupta H. C. Lattice dynamic study of 
optical modes in Tl2Mn2O7 and In2Mn2O7 pyrochlores. 
Phys. Rev. B 2004, Vol. 69, P. 054434-6. 

8. Walsh A. and Watson. W. G. Polymorphism in 
Bismuth Stannate: A First-Principles Study. Chem. Mater. 
2007, Vol. 19. P. 5158–5164. 

9. Udod L. V., Aplesnin S. S., Sitnikov M. N., Mo-
lokeev M. S. Dielectric and Electrical Properties  
of Polymorphic Bismuth Pyrostanate Bi2Sn2O7. Physics  
of the Solid State. 2014, Vol. 56, P. 1315–1319. 

10. Petrakovskii G. A., Sablina K. A., Udod L. V. 
Pankrats A. I., Velikanov D. A., Szymczak R., Baran M., 
Bondarenko G. V. Effect of Ni-substitution on magnetic 
phase transition in CuB2O4. JMMM. 2006, Vol. 300,  
P. e476–e478. 

11. Petrakovskii G. A., Sablina K. A., Udod L. V. et 
al. Effect of Substitution on the Magnetic Properties of 
CuB2O4. The Physics of Metals and Metallography. 2005, 
Vol. 99(1), P. S53–S56. 

12. Aplesnin S. S., Udod L. V., Sitnikov ~. N. et al. 
[Correlation of magnetic and transport properties with 
polymorphic transitions in pirostannate bismuth 
Bi2(Sn1�xCrx)2O7]. Fizika Tverdogo Tela. 2015, Vol. 57, 
P. 1590–1595 (In Russ.). 

13. Udod L. V., Aplesnin S. S., Eremin E. V., Sit-
nikov M. N., Molokeev M. S. Effect of Mn Doping on 
Magnetic and Dielectric Properties of Bi2Sn2O7. Solid 
State Phenomena. 2015, Vol. 233-234, P. 105–108. 

14. Tumaev E. N., Avadov K. S. [Optical properties 
of trivalent chrome ions in crystal LiNbO3]. Fizika Tver-
dogo Tela. 2011, Vol. 53, P. 518–523 (In Russ.). 

15. Yang Z. Y., Rudowicz C., Qin J. The effect of 
disorder in the local lattice distortions on the EPR and 
optical spectroscopy parameters for a new Cr3+ defect 
center in Cr3+: Mg2+: LiNbO3. Physica B. 2002,  
Vol. 318(2–3), P. 188–197. 

16. Huiling Du, Xi Yao, Liangying Zhang. Structure, 
IR spectra and dielectric properties of Bi2O3–ZnO–SnO2–
Nb2O5 quarternary pyrochlore. Ceramics International. 
2002, Vol. 28, P. 231–234. 

17. Udod L. V., Sitnikov M. N., Aplesnin S. S.,  
Molokeev M. S. Electrical and Dielectrical Propeties  
of Gas-Sensor Resistive Type Bi2Sn2O7. Solid State Phe-
nomena. 2014, Vol. 215, P. 503–506. 

18. Yu S. Y., Liu Z. H., Liu G. D., Chen J. L., Cao Z. X., 
Wu G. H., Zhang B., Zhang X. X. Large magnetoresis-
tance in single-crystalline Ni50Mn50�xInx alloys (x = 14–16) 
upon martensitic transformation. Appl. Phys. Lett. 2006, 
Vol. 89, P.162503-3. 

19. Sharma V. R., Chattopadhyay M. R., Shaeb R. Y. B., 
Chouhan A., Roy S. B. Large magnetoresistance  
in Ni50Mn34In16 alloy. Appl. Phys. Lett. 2006, Vol. 89,  
P. 222509-3. 

20. Podzorov V., Kim B. G., Kiryukhin V., Gershen-
son M. E., Cheong S.-W. Martensitic accommodation 
strain and the metal-insulator transition in manganites. 
Phys. Rev. B. 2001, Vol. 64, P. 140406(R). 

21. Shannon R. D., Beirlein J. D., Gillon J. L. Poly-
morphism in Bi2Sn2O7. J. Phys. Chem. Solids. 1980,  
Vol. 41, P. 117–122. 

22. Aron Walsh, Graeme W. Watson, David J. Payne. 
A theoretical and experimental study of the distorted  
pyrochlore Bi2Sn2O7. J. Mater. Chem. 2006, Vol. 16,  
P. 3452–3458. 

23. Jenlrzejewska I., Mroziski J., Zajdel P. X-Ray and 
magnetic investigations of the polycrystalline compounds 
with general formula ZnxSnyCrzSe4. Archives of Metal-
lurgy and Materials, 2009, Vol. 54, P. 723–730. 

24. Weiss A., Witte H. Kristallstrukture und 
chemische Bindung. Verlag Chemie, Weinheim, 1983. 

25. Pandit A. A., More S. S., Dorik R. G. Structural 
and magnetic properties of Co1+ySnyFe2–2y–xCrxO4 ferrite 
system. Bull. Mater. Sci. 2003, Vol. 26, P. 517–521. 

 
 
 

© jMLM �. J., $PWTPhLD ~. �., 2015 
 
 

 



 
 
 

��#�����+����� �	�!���� � ����	��� 
 

 983

j�z 537.525.5 
 

JUQWTPh $PyI�j 
l. 16, ´ 4. $. 983–989 

 
���	
�; 
�	
��5

 ) �����	� �*�	� )��<<	�_ �<$
 

 
�. J. j�RhLD1, 2, }. J. zRZNLD1, 2*, �. �. �UNU�UD2, 3 

 
1$PyPZQhPx _LQ^MRZQWDUTT�x RsZLhLQ[PVUQhPx ^TPDUZQPWUW P[UTP RhRMU[PhR ~. Y. vU�UWTUDR 

vLQQPxQhRb YUMUZRwPb, 660037, _. zZRQTLbZQh, NZLQN. P[. _Rk. «zZRQTLbZQhPx ZRyLVPx», 31 
2$PyPZQhPx `UMUZRcXT�x ^TPDUZQPWUW 

vLQQPxQhRb YUMUZRwPb, 660041, _. zZRQTLbZQh, NZLQN. $DLyLMT�x, 79 
3zZRQTLbZQhPx TR^VT�x wUTWZ $� v�� 

vLQQPxQhRb YUMUZRwPb, 660036, _. zZRQTLbZQh, �hRMU[_LZLMLh, 50 
*E-mail: sfu-unesco@mail.ru 

 
� 	����# �	������-����"$������� �	���������( 	������	������( ����& ��������� �(��� ���""���� 

�"��. 5���&$������ �	������-����"$������� �	���%���( �$���(�� �� ����#�������� 	��+��� �"��!�� 
	���	������( +����! �� )��	��(�, � ���%� "+��� 	�$�+��# )��	����+����# 	���!��, ����	�� �� ���	���%-
��'��( �$�������� $�	(�� +����!. 9���$���, +�� ���	(%������& ��( ��$������� ����� �"/�������� ��-
��%���. ��� ���� ��	"%�� ��>����� $�	(��� �������# ���%���&��# �����, ������+���'/�� �����"' 
���	(%������& ��( ��	�� ���. 8� ������ ���	��	����*����( ��$������� ���� ����$�!�( �����+������ 
��	� ���� �	���"/�������� � ������ ��� ��	�� ������ �����, � � ����� �	�������� 	��������!�( �����. 

 
3'+���� ����: ���""���( �"��, �������� �(���, �	������-����"$������ �	����������. 

 
Vestnik SibGAU 

Vol. 16, No. 4, P. 983–989 
 

MODELING OF METAL VAPOR IONIZATION PROCESSES  
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In this paper the model of the cathode spot of a vacuum arc is considered in the framework of the drift-diffusion rep-

resentation. The use of the drift-diffusion approximation allows doing without calculation of the functions of particle 
distribution by energy, as well as without taking into account different energy reactions, which are not associated with 
change in particle charge. Using the average characteristics of positively and negatively charged ions, while their pa-
rameters are taken from experiment, eliminates the need to take into account a large number of basic reactions of in-
teraction between the various components of metal vapor. It is shown that the field intensity of the plasma column is 
significantly reduced. The given column is surrounded by the bulk charge of slow positive ions, providing high field 
intensity in front of it. While forming a plasma reaction zone, ionization of the metal vapor occurs mainly in a thin layer 
in front of the ion cloud, and the ion recombination predominates in this column. Ionization provides a constant elonga-
tion of conducting plasma column and moving the bulk charge layer on the outer boundary of the current state, i.e., 
towards the cathode. This, in turn, leads to a displacement of the local maximum of the electric field and to the dis-
placement of the zone of intense ionization, and provides the movement of the so-called ionization wave. The field inten-
sity in the plasma channel is less than in front of it. The field intensity it is too low and the impact of ionization in the 
channel does not occur. The key role is played by the loss of electrons due to recombination process. 

 
Keywords: Vacuum arcs, Cathode spots, vacuum, drift-diffusion approximation.    
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)��/����. KLD��UTPU hLTh^ZUTWLQNLQLyTLQWP Pk-
MUcPx D RsZLhLQ[PVUQhLx LWZRQcP D kTRVPWUcXTLx QWU-
NUTP QDbkRTL Q ZRkZRyLWhLx, QLkMRTPU[ P PQNLcXkLDR-
TPU[ NUZQNUhWPDT�� [RWUZPRcLD ZRkcPVTL_L `^Th-
wPLTRcXTL_L TRkTRVUTPb. z DRqTUx�P[ MLQWPqUTPb[ 
[RWUZPRcLDUMUTPb hLTwR XX QWLcUWPb, QNLQLyQWD^�-
�P[ ZRkDPWP� QNUwPRcXTL_L [R�PTLQWZLUTPb, TRZbM^ 
Q NLc^VUTPU[ hL[NLkPWLD TR LQTLDU QWUhcL-, ^_cU-  
P yLZDLcLhLT, [RWUZPRcLD Q NR[bWX� `LZ[�, Q^NUZ-
QNcRDLD, qRZLQWLxhP� NLZPQW�� hUZR[Ph P MZ. QcUM^UW 
LWTUQWP ZRkZRyLWh^ TLDL_L hcRQQR NZUwUkPLTT�� 
QNcRDLD – R[LZ`T�� P TRTLhZPQWRccPVUQhP� [RWUZPR-
cLD. �QLyUTTLQWX� WRhP� [RWUZPRcLD bDcbUWQb D�QL-
hPx ^ZLDUTX �P[PVUQhP�, [U�RTPVUQhP�, scUhWZL[R_-
TPWT��, hRWRcPWPVUQhP� P MZ^_P� QDLxQWD, R _cRDTLU – 
P� ^TPhRcXTLU QLVUWRTPU, hLWLZLU TU MLQWP_RUWQb  
D WZRMPwPLTT�� hZPQWRccPVUQhP� QNcRDR�. 

�MTP[ Pk NUZQNUhWPDT�� TRNZRDcUTPx ^c^V�UTPb 
�RZRhWUZPQWPh [RWUZPRcLD bDcbUWQb MLyRDcUTPU h LQ-
TLDTLx [RWZPwU TUyLcX�Lx MLcP TRTL[LMP`PhRWLZLD, 
LQTLD^ hLWLZLx QLQWRDcb�W TRTLVRQWPw� PcP P� Q[U-
QP Q kRMRTTLx MPQNUZQTLQWX�, QWZ^hW^ZLx P `PkPhL-
�P[PVUQhP[P QDLxQWDR[P. J ZUk^cXWRWU sWL NZPDLMPW 
h NLD��UTP� shQNc^RWRwPLTT�� �RZRhWUZPQWPh PkMU-
cPx P ZRQ�PZUTP� QNUhWZR P� `^ThwPLTRcXTL_L TR-
kTRVUTPb. 

J QDbkP Q sWP[ DLkTPhR�W kRMRVP NL ZRkZRyLWhU 
D�QLhLs``UhWPDT�� QNLQLyLD P [UWLMLD NLc^VUTPb 
TRTLNLZL�hLD. �MTP[ Pk WRhP� [UWLMLD bDcbUWQb NL-
c^VUTPU TRTLNLZL�hLD D NcRk[U M^_LDL_L ZRkZbMR 
TPkhL_L MRDcUTPb. KZP PQNLcXkLDRTPP MRTTL_L [UWLMR 
DLkTPhR�W kRMRVP NL WULZUWPVUQhL[^ PQQcUMLDRTP� 
NZLwUQQLD, NZLPQ�LMb�P� D hRWLMTL[ NbWTU, P D�MU-
cUTP� NRZR[UWZLD, LhRk�DR��P� TRPyLcX�UU DcPbTPU 
TR `PkPhL-�P[PVUQhPU QDLxQWDR TRTLNLZL�hLD [1–9].  

¶�U ML ZRkZRyLWhP DRh^^[T�� TRQLQLD NLTbWPU 
DRh^^[TLx M^_P y�cL DNUZD�U DDUMUTL ~RxhUcXQLTL[ 
P ~PcPhUTL[ D 1900 _LM^. J 1904 _LM^ cLZML[ zUcX-
DPTL[ y�cL MRTL NUZDLU ZRk^[TLU Ly�bQTUTPU sWL[^ 
QcLqTL[^ bDcUTP�. $ `PkPVUQhLx WLVhP kZUTPb, LM-
TRhL, M^_^ yLcUU WLVTL �RZRhWUZPk^�W MZ^_PU UU QDLx-
QWDR [10]: 

1) LWTLQPWUcXTL TPkhLU TRNZbqUTPU _LZUTPb ZRk-
ZbMR, NZPycPqR��UUQb D hLZLWhP� M^_R� h DUcPVPTU 
PLTPkRwPLTTL_L NLWUTwPRcR RWL[LD [UWRccR hRWLMR 
PcP QZUM�; 

2) VZUkD�VRxTL yLcX�Rb NcLWTLQWX WLhR ^ NLDUZ�-
TLQWP hRWLMR, MLQWP_R��Rb 106 �/Q[2 P yLcUU; 

3) D�QLhPU hLTwUTWZRwPP VRQWPw D hRWLMTLx  
LycRQWP ZRkZbMR. 

KUZDRb Pk ^hRkRTT�� LQLyUTTLQWUx TRDUcR ÃWRZhR 
TR [�QcX MRWX LNZUMUcUTPU M^_P hRh ZRkZbMR, D hLWL-
ZL[ PLTPkRwPb _RkR LQ^�UQWDcbUWQb PQhc�VPWUcXTL 
scUhWZLTR[P [10]. }k sWL_L LNZUMUcUTPb D�WUhRcL 
TUNLQZUMQWDUTTL, VWL PkDUQWTRb VRQWX scUhWZLTLD, 
NZPTP[R��P� ^VRQWPU D ZRkZbMU, MLcqTR s[PWPZL-
DRWXQb hRWLML[ [11]. lRhP[ LyZRkL[, PQhc�VPWUcXTLU 
kTRVUTPU Mcb NLTP[RTPb [U�RTPk[R M^_P NZPLyZUWRcP 
NZLwUQQ�, NZLPQ�LMb�PU ^ hRWLMR. JQU NLQcUM^��UU 
Pk^VUTPU M^_P NLMWDUZMPcL, VWL LQTLDTLx RNNRZRW 
sWL_L ZRkZbMR, LyUQNUVPDR��Px ZU_UTUZRwP� kRZbMLD, 
QLQZUMLWLVUT D WLThL[ QcLU [UWRccPVUQhL_L NRZR  
^ NLDUZ�TLQWP hRWLMR [12]. 

�cb NLTP[RTPb [U�RTPk[R M^_P LhRk�DRUWQb Q^�U-
QWDUTT�[ TULMTLZLMTLU ZRQNZUMUcUTPU scUhWZPVUQhL-
_L NLcb [UqM^ scUhWZLMR[P [13]. JQcUMQWDPU LyZRkL-
DRTPb NLcLqPWUcXTL_L Ly�U[TL_L kRZbMR ^ hRWLMR 
DLkTPhRUW WRh TRk�DRU[Rb LycRQWX hRWLMTL_L NRMUTPb, 
NZPTP[R��Rb TR QUyb kTRVPWUcXT^� VRQWX Ly�U_L 
NUZUNRMR TRNZbqUTPb [UqM^ scUhWZLMR[P [14]. KZP 
sWL[, hRh P D WcU��U[ ZRkZbMU, [RhQP[RcXTRb TRNZb-
qUTTLQWX NLcb, TR[TL_L NZUD��R��Rb QZUMTPU kTR-
VUTPb, LhRk�DRUWQb TUNLQZUMQWDUTTL ^ NLDUZ�TLQWP 
hRWLMR [15]. �MTRhL hRWLMTLU NRMUTPU D M^_LDL[ ZRk-
ZbMU NZP[UZTL TR NLZbMLh TPqU, VU[ D WcU��U[,  
P NZPycPqRUWQb h PLTPkRwPLTTL[^ NLWUTwPRc^ _RkLD 
PcP NRZLD [UWRccR, D RW[LQ`UZU hLWLZ�� NLMMUZqP- 
DRUWQb ZRkZbM. 

vUkhLU ^[UTX�UTPU DUcPVPT� hRWLMTL_L NRMUTPb 
TRNZbqUTPb NZP NUZU�LMU LW WcU��U_L ZRkZbMR h M^-
_LDL[^ MLcqTL LkTRVRWX, VWL [U�RTPk[ ZU_UTUZRwPP 
kRZbMLD NZP sWL[ NUZU�LMU QWRTLDPWQb yLcUU s``Uh-
WPDT�[ [16]. �y sWL[ QDPMUWUcXQWD^�W P NLZRkPWUcXTL 
D�QLhPU NcLWTLQWP WLhR ^ hRWLMR M^_P [17]. KLQcUMTUU 
LyQWLbWUcXQWDL MLNLcTPWUcXTL ^hRk�DRUW TR WL, VWL 
DycPkP NLDUZ�TLQWP hRWLMR MLcqTR Q^�UQWDLDRWX Ly-
cRQWX Q VZUkD�VRxTL D�QLhLx hLTwUTWZRwPUx RWL[LD. 
J ZRkZbMU TPkhL_L MRDcUTPb, R WU[ yLcUU D DRh^^[TLx 
M^_U, UMPTQWDUTT�[ PQWLVTPhL[ TULy�LMP[Lx D�QL-
hLx hLTwUTWZRwPP VRQWPw D hRWLMTLx LycRQWP ZRkZbMR 
[LqUW Qc^qPWX PQNRZUTPU hRWLMR P D�MUcUTPU NL_cL-
�UTT�� P[ _RkLD. 

J MRTTLx ZRyLWU D ZR[hR� MZUx`LDL-MP``^kPLT- 
TL_L NZUMQWRDcUTPb ZRQQ[RWZPDRUWQb [LMUcX hRWLMTL-
_L NbWTR DRh^^[TLx M^_P. 

JQU ^hRk�DRUW TR WL, VWL ^ M^_LD�� ZRkZbMLD [TL_L 
Ly�U_L Q PQhZLD�[P ZRkZbMR[P, LMTRhL Pk-kR TUyLcX-
�Lx NZLWbqUTTLQWP hRWLMTL_L NbWTR PQNLcXkLDRWX 
WZRMPwPLTT�U [LMUcP WR^TMQUTMLDQhL_L cRDPTTL-QWZP- 
[UZTL_L [U�RTPk[R NZLPkDLMQWDR NcRk[� TUcXkb. 

$PQWU[R MP``UZUTwPRcXT�� ^ZRDTUTPx D VRQWT�� 
NZLPkDLMT�� ZU�RcRQX D NZL_ZR[[TL[ NRhUWU Comsol 
[UWLML[ hLTUVT�� scU[UTWLD. 

��+������� 3�/�0�. KLQhLcXh^ DQU NZLwUQQ�, 
NZLWUhR��PU D hRWLMTL[ NbWTU, P[U�W �RZRhWUZT�U 
DZU[UTR 5–100 TQ, WL Mcb ZU�UTPb kRMRVP Ly PLTPkR-
wPP MLQWRWLVTL ZU�PWX MZUx`LDL-MP``^kPLTT�U ^ZRD- 
TUTPb �UZTQWR–KcRThR–�xT�WUxTR, MLNLcTUTT�U 
^ZRDTUTPU[ K^RQQLTR, NZUTUyZU_Rb NZLwUQQR[P LyZR-
kLDRTPb NcRk[�, scUhWZLTUxWZRcXTLQWP P W. M., VWL 
NLkDLcPcL D�bDPWX DcPbTPU LWMUcXT�� [U�RTPk[LD 
PLTPkRwPP TR QWZ^hW^Z^ P MPTR[Ph^ ZRkDPWPb hRWLM-
TL_L NbWTR:  
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_MU ne, n+ – hLTwUTWZRwPP scUhWZLTLD P PLTLD 
QLLWDUWQWDUTTL; ö – scUhWZPVUQhPx NLWUTwPRc. 
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Y^ThwPb PQWLVTPhLD Mcb scUhWZLTLD ^VPW�DRUW 
ZLqMUTPU kR QVUW ^MRZTLx PLTPkRwPP Q VRQWLWLx 
�ion(E), _PyUcX NZP NZPcPNRTPP Q VRQWLWLx �att(E), 
_PyUcX NZP scUhWZLT-PLTTLx ZUhL[yPTRwPP Q hLs``P- 
wPUTWL[ cee. Y^ThwPb PQWLVTPhR Mcb NLcLqPWUcXT�� 
PLTLD ^VPW�DRUW ZLqMUTPU kR QVUW ^MRZTLx PLTPkRwPP 
P _PyUcX NZP scUhWZLT-PLTTLx ZUhL[yPTRwPP (Mcb 
NLQcUMTUx kRMRT hLs``PwPUTW cee).  

�cb D�bDcUTPb DcPbTPb ZRkT�� PQWLVTPhLD PLTP-
kRwPP TR QWZ^hW^Z^ P MPTR[Ph^ hRWLMTL_L NbWTR DcPb-
TPU[ `LWLPLTPkRwPP NZUTUyZU_RcP (Sph = 0, Sun = 0). 
KLWLhP hLTwUTWZRwPP PLTLD P scUhWZLTLD 

e e e e eN D n n E� 
 � 
�
��

, N D n n E	 	 	 	 	� 
 � 
�
��

 ^VPW�-
DR�W QLLWDUWQWDUTTL MP``^kPLTT^� P MZUx`LD^� 
QLQWRDcb��^�. 

$LLWTL�UTPU �xT�WUxTR LNPQ�DRUW QDbkX [UqM^ 
NLMDPqTLQWX� VRQWPw P P� hLs``PwPUTWL[ MP``^-
kPP, LTL D�NLcTbUWQb D ^QcLDPb� WUZ[LMPTR[PVUQhL_L 
ZRDTLDUQPb, hL_MR ^ VRQWPw [RhQDUccLDQhLU ZRQNZUMU-
cUTPU NL sTUZ_PP. �WL ^QcLDPU NZP TU QcP�hL[ D�QL-
hP� NLcb� �LZL�L D�NLcTbUWQb Mcb PLTLD P QLDUZ-
�UTTL TU D�NLcTbUWQb Mcb scUhWZLTLD. KLsWL[^ Mcb 
NLcLqPWUcXT�� P LWZPwRWUcXT�� PLTLD hLs``PwPUTW 
MP``^kPP LwUTPDRcQb NL `LZ[^cU 

i
i i

kT
D b

e
� � , 

_MU Ti P bi – WU[NUZRW^ZR P NLMDPqTLQWX PLTLD.  
KLQhLcXh^ ZRQQ[RWZPDRU[�U NZL[Uq^WhP DZU[UTP  
TU yLcUU 10 TQ, WL kR sWL DZU[b, QL_cRQTL NZPDUMUTTLx 
D��U `LZ[^cU, PLT� Q[UQWbWQb [RhQP[^[ TR 1 [h[, 
NLsWL[^ MP``^kPb P NLMDPqTLQWX PLTLD D TU QcP�-
hL[ yLcX�P� NLcb� [LqTL QVPWRWX NLQWLbTTLx P ZRD-
TLx 3,7·10–3 [2/Q.  

�RQWLWR P hLs``PwPUTW PLTPkRwPP QDbkRT� `LZ-
[^cLx: 

� � � � � �, , , .ion e iona E P b E P v E P� �  
 

KLcR_Rb, VWL D M^_LDL[ ZRkZbMU LWQ^WQWD^�W LWZP-
wRWUcXT�U PLT�, L VU[ QDPMUWUcXQWD^�W P [TL_LVPQ-
cUTT�U PQQcUMLDRTPb, hLs``PwPUTWL[ NZPcPNRTPb 
[LqTL NZUTUyZUVX.  

j hLs``PwPUTWR ZUhL[yPTRwPP scUhWZLTR Q NZL-
QW�[P PLTR[P (��i) LQTLDTLx hRTRc ZUhL[yPTRwPP – 
MPQQLwPRWPDT�x. KZP [LMUcPZLDRTPP kRMRDRcLQX NL-
QWLbTTLU kTRVUTPU ��i = 10–13 [3/Q, WRh hRh LT QcRyL 
[UTbUWQb D PQQcUM^U[L[ MPRNRkLTU TRNZbqUTTLQWP 
scUhWZPVUQhL_L NLcb. 

J [LMUcP ZU�RcRQX TUQWRwPLTRZTRb LMTL[UZTRb 
kRMRVR Q LMTLZLMT�[ NLcU[. $�U[R ZRQVUWTLx LycRQWP 
NZPDUMUTR TR ZPQ. 1. �[PQQPb scUhWZLTLD LQ^�UQWDcb-
cRQX Pk hRWLMR 1 P y�cR NLQWLbTTR DL DZU[UTP. �[PQ-
QPb scUhWZLTLD ^VPW�DRcRQX D DPMU TUkTRVPWUcXTLx 
(1016 [–3) TRVRcXTLx hLTwUTWZRwPP TR _ZRTPwU 1. 
KZUMNLcR_RcLQX, VWL s[PQQPLTT�U scUhWZLT� bDcb�W-
Qb «kRWZRDLVT�[P» Mcb TRVRcR LQTLDT�� PLTPkRwPLT-
T�� NZLwUQQLD. KZLwUQQ� PLTPkRwPP P ZUhL[yPTRwPP 
NZLPQ�LMPcP D ZRkZbMTL[ NZL[Uq^WhU P ^VPW�DRcPQX 
D DPMU QhLZLQWP ZURhwPP. �RVRcXTRb hLTwUTWZRwPb 
PLTLD y�cR D�yZRTR Pk QLLyZRqUTPx LQTLDTL_L NRMU-
TPb NLWUTwPRcR TR ZRkZbMTL[ NZL[Uq^WhU P TR�LMPW-
Qb D LycRQWP 2. �RVRcXTRb hLTwUTWZRwPb PLTLD P scUh-
WZLTLD D ZRkZbMTL[ NZL[Uq^WhU ZRDTR T^c�. 

 
 

vPQ. 1. $�U[R ZRQVUWTLx LycRQWP  
Mcb LMTL[UZTLx TUQWRwPLTRZTLx [LMUcP 

 
IZRTPVT�U ^QcLDPb Mcb hRWLMTLx LycRQWP  NZUM-

QWRDcUT� D DPMU 

0,e e e en D n n E* +
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 � 
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IZRTPVT�U ^QcLDPb Mcb LycRQWP 2 y�cP DkbW�  
Pk ^QcLDPx NZLwUQQLD PLTPkRwPP P ZUhL[yPTRwPP,  
R WRhqU MP``^kPLTT�� P MZUx`LD�� NZLwUQQLD D ZRk-
ZbMTL[ NZL[Uq^WhU. �RNZP[UZ, [LqTL NZUMQWRDPWX 
P� QcUM^��P[ LyZRkL[: 0e e e e en D n n E N* +
 
 � 
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0n D n n E N	 	 	 	 	* +
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, _MU 0eN  P 0N 	  NLQWLbT-

T�U DL DZU[UTP DUcPVPT� NLWLhP PLTLD P scUhWZLTLD. 
��3%"'���9 � �D+%-/����. KZLRTRcPkPZ^U[ LQ-

TLDT�U sWRN� ZRkDPWPb M^_LDL_L ZRkZbMR. �R ZPQ. 2–7 
NLhRkRTL ZRkDPWPU M^_LDL_L ZRkZbMR D ZRkcPVT�U [L-
[UTW� DZU[UTP. �R ZPQ. 2 NLhRkRTL Pk[UTUTPU hLT-
wUTWZRwPP scUhWZLTLD, s[PWPZ^U[�� hRWLML[ D NZL-
wUQQU MDPqUTPb h PLTTL[^ LycRh^. zLcPVUQWDL scUh-
WZLTLD D TU[ NLQWUNUTTL TRZRQWRUW NLM MUxQWDPU[ 
^MRZTLx PLTPkRwPP, R ZRMP^Q LycRhR ^DUcPVPDRUWQb 
Pk-kR MP``^kPP. �y�U[T�x kRZbM NLhR QcP�hL[ [Rc, 
VWLy� kR[UWTL Pk[UTPWX scUhWZPVUQhLU NLcU. �WL TR-
VRcXTRb `RkR. 

J NZLwUQQU ZRkDPWPb ZRkZbMR LWVUWcPDL NZLbDcb-
�WQb MDR [RhQP[^[R hLTwUTWZRwPP scUhWZLTLD. KUZ-
D�x, LQTLDTLx, [RhQP[^[ – D NZPhRWLMTLx LycRQWP, 
DWLZLx – ZbML[ Q PLTT�[ LycRhL[. KLbDcUTPU DWLZL-
_L [RhQP[^[R D�kDRTL NUZD�[P TU[TL_LVPQcUTT�[P 
scUhWZLTR[P, MLQWP_�P[P PLTTL_L LycRhR. }k-kR 
MP``^kPP LWMUcXT�U scUhWZLT� MLQWP_R�W U_L ZRTX-
�U, VU[ ML TU_L ML�LMPW LQTLDTRb VRQWX scUhWZLTLD. 
�WP scUhWZLT� Pk-kR D�QLhLx TRNZbqUTTLQWP NLcb 
DycPkP PLTLD P, hRh QcUMQWDPU, D�QLhLx VRQWLW�  
PLTPkRwPP, NZPDLMbW h y�QWZL[^ NLD��UTP� hLTwUT-
WZRwPx TUNLQZUMQWDUTTL ^ PLTTL_L LycRhR. �WLW  
[RhQP[^[ y�QWZL Ly_LTbUW NUZD�x NL DUcPVPTU  
P D [L[UTW t = 2,8 TQ QWRTLDPWQb kR[UWT�[ TR U_L `L-
TU. lU[ TU [UTUU, NLQhLcXh^ QhLZLQWX PLTPkRwPLTT�� 
NZLwUQQLD kTRVPWUcXTL D��U QhLZLQWP MZUx`R scUh-
WZLTLD, NUZD�x [RhQP[^[ TRVPTRUW PTWUTQPDTL ZRQWP, 
P D [L[UTW DZU[UTP 4,2 TQ LTP QZRDTPDR�WQb. 
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vPQ. 2. IZR`PhP Pk[UTUTPb hLTwUTWZRwPP scUhWZLTLD D NZPhRWLMTLx LycRQWP  
D [L[UTW� DZU[UTP LW 2 ML 5 TQ Q �R_L[ 0,1 TQ 

 

 
 

vPQ. 3. IZR`PhP Pk[UTUTPb hLTwUTWZRwPP PLTLD D NZPhRWLMTLx LycRQWP  
D [L[UTW� DZU[UTP LW 2 ML 5 TQ Q �R_L[ 0,1 TQ 

 

 
 

vPQ. 4. IZR`PhP PTWUTQPDTLQWP PLTPkRwPP D NZPhRWLMTLx LycRQWP  
D [L[UTW� DZU[UTP LW 2 ML 5 TQ Q �R_L[ 0,1 TQ 
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]cR_LMRZb PTWUTQPDTLx PLTPkRwPP D NZPhRWLMTL[ 
QcLU NLQWUNUTTL TRhRNcPDRUWQb TUQhL[NUTQPZLDRT-
T�x NLcLqPWUcXT�x kRZbM (ZPQ. 5), hLWLZ�x VUZUk 
TUhLWLZLU DZU[b TRVPTRUW Q^�UQWDUTTL DcPbWX TR 
DTU�TUU scUhWZPVUQhLU NLcU (ZPQ. 6, 7), D�WUQTbb  
U_L Pk LycRQWP NLD��UTTLx hLTwUTWZRwPP scUhWZLTLD 
TR _ZRTPw^ sWLx LycRQWP. l^MR qU Q[U�RUWQb P LycRQWX 
NLD��UTTLx PLTPkRwPP (Q[. ZPQ. 4). �WL NZPDLMPW  
h NLD��UTP� hLTwUTWZRwPP PLTPkLDRTT�� VRQWPw 
NUZUM _ZRTPwR[P (Q[. ZPQ. 3), P LycRQWX NLD��UTTLx 
hLTwUTWZRwPP kRZbqUTT�� VRQWPw DTLDX Pk[UTbUW 
QDLP _ZRTPw�. �W PLTTL_L LycRhR TRVPTRUW NZLZRQ-
WRWX scUhWZLTTLU LycRhL TRDQWZUV^ hRWLM^, D sWL[ 
Q[�QcU U_L [LqTL TRkDRWX «LWZRqUTT�[» scUhWZLT-
T�[ LycRhL[. KZP sWL[ LycRQWX NLD��UTTLx hLTwUT-
WZRwPP scUhWZLTLD NUZU�LMPW D QLQWLbTPU NcRk[� – 
NLcU LWW^MR D�WUQTUTL, Ly�U[TL_L kRZbMR NZRhWPVU-
QhP TUW.  

�WL QLLWDUWQWD^UW QcLqPD�P[Qb NZUMQWRDcUTPb[ L 
QWZ^hW^ZU Q`LZ[PZLDRD�U_LQb hRWLMTL_L NbWTR, Mcb 
hLWLZL_L �RZRhWUZTL TRcPVPU NcRk[UTTL_L hRTRcR, 
NLcU Pk hLWLZL_L D�WUQTUTL TR DTU�T�� _ZRTPw^ 
hRTRcR [10]. ~RhQP[^[ NLcb NZP sWL[ LhRk�DRUWQb TR 

NUZUMTUx _ZRTPwU hRWLMTLx LycRQWP P PLTTL_L LycRhR 
(ZPQ. 6). ¶QcP M^_LDLx ZRkZbM ZRkDPDRcQb D NLcU, LyZR-
kLDRTTL[ scUhWZLMR[P, NZRhWPVUQhP TU DcPbb TR TU_L, 
WL Q [L[UTWR LyZRkLDRTPb NcRk[UTTL_L hRTRcR NZLDL-
Mb�Rb LycRQWX NZLZRQWRUW kR QVUW DTLDX LyZRk^��Ux-
Qb NcRk[�, MU`LZ[PZ^b NZP sWL[ NLcU, LyZRk^b 
«NcRk[UTT�x hLWUc». �WP [RhQP[^[� QWRTLDbWQb TL-
D�[P wUTWZR[P PLTPkRwPLTT�� NZLwUQQLD, D hLWLZ�� 
D hRVUQWDU kRWZRDLVT�� scUhWZLTLD ^VRQWD^�W s[PQ-
QPLTT�U scUhWZLT�. J ZUk^cXWRWU PLTPkRwPP DLkTPhR-
UW TLDRb NcRk[UTTRb LycRQWX Q D�QLhLx hLTwUTWZRwP-
Ux scUhWZLTLD, ^McPTb��Rb P Q^qR��Rb NcRk[UTT�x 
hRTRc, D�WUQTbb NZP sWL[ scUhWZPVUQhLU NLcU. lRh 
MDPqUWQb DLcTR PLTPkRwPP. 

$hLZLQWX TRZRQWRTPb WLhR M^_LDL_L ZRkZbMR – sWL 
QhLZLQWX DLcT� PLTPkRwPP, hLWLZRb [LqUW y�WX kTR-
VPWUcXTL D��U QhLZLQWP NUZU[U�UTPb PLTLD [13]. 

�RNZbqUTTLQWX NLcb D NcRk[UTTL[ hRTRcU [UTX�U, 
VU[ TR `ZLTWU. KLcU D TU[ QcP�hL[ TPkhLU, P ^MRZ-
TLx PLTPkRwPP D hRTRcU TU NZLPQ�LMPW, kMUQX hc�VU-
D^� ZLcX P_ZRUW _PyUcX scUhWZLTLD D ZUk^cXWRWU ZU-
hL[yPTRwPP. 

 

 
 

vPQ. 5. IZR`PhP ZRQNZUMUcUTPb Ly�U[TL_L kRZbMR [zc/[3]  
D NZPhRWLMTLx LycRQWP D [L[UTW� DZU[UTP LW 2 ML 5 TQ Q �R_L[ 0,1 TQ 

 

 
 

vPQ. 6. IZR`PhP TRNZbqUTTLQWP scUhWZPVUQhL_L NLcb [J/[]  
D NZPhRWLMTLx LycRQWP D [L[UTW� DZU[UTP LW 2 ML 5 TQ Q �R_L[ 0,1 TQ 
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vPQ. 7. IZR`PhP scUhWZPVUQhL_L NLWUTwPRcR [J] D NZPhRWLMTLx LycRQWP  
D [L[UTW� DZU[UTP LW 2 ML 5 TQ Q �R_L[ 0,1 TQ 

 
���"?0����. J ZRyLWU D ZR[hR� hL[NX�WUZTLx 

[LMUcP hRWLMTL_L NbWTR ZRQQVPWRTR QWZ^hW^ZR NcRk-
[UTTL_L QWLcyR D LMTLZLMTL[ NLcU. 

�QTLDT�[ NZUP[^�UQWDL[ MRTTLx [LMUcP bDcbUW-
Qb PQNLcXkLDRTPU [PTP[RcXTL DLk[LqTL_L hLcPVUQW-
DR ^ZRDTUTPx Mcb LNPQRTPb DQU� LQTLDT�� NRZR[UWZLD 
hRWLMTL_L NbWTR DRh^^[TL_L M^_LDL_L ZRkZbMR.  
}QNLcXkLDRTPU MZUx`LDL-MP``^kPLTTL_L NZPycPqU-
TPb PkyRDcbUW LW TULy�LMP[LQWP ZRQVUWR `^ThwPx 
ZRQNZUMUcUTPb VRQWPw NL sTUZ_Pb[, R WRhqU ^VUWR ZRk-
cPVT�� sTUZ_UWPVUQhP� ZURhwPx, hLWLZ�U TU QLNZL-
DLqMR�WQb Pk[UTUTPU[ kRZbMR VRQWPw. }QNLcXkLDRTPU 
^QZUMTUTT�� �RZRhWUZPQWPh NLcLqPWUcXTL P LWZPwR-
WUcXTL kRZbqUTT�� PLTLD, NRZR[UWZ� hLWLZ�� yUZ^W-
Qb Pk shQNUZP[UTWR, PkyRDcbUW LW TULy�LMP[LQWP ^VP-
W�DRWX yLcX�LU hLcPVUQWDL LQTLDT�� ZURhwPx DkRP-
[LMUxQWDPb [UqM^ ZRkcPVT�[P hL[NLTUTWR[P [UWRc-
cPVUQhL_L NRZR. 

KLhRkRTL, VWL TRNZbqUTTLQWX NLcb NcRk[UTTL_L 
QWLcyR Q^�UQWDUTTL NLTPqUTR. $R[ QWLcy LhZ^qUT 
Ly�U[T�[ kRZbML[ [UMcUTT�� NLcLqPWUcXT�� PLTLD, 
LyUQNUVPDR��P[ D�QLh^� TRNZbqUTTLQWX NLcb NUZUM 
TP[. �R QWRMPP Q`LZ[PZLDRD�U_LQb NcRk[UTTL_L hLW-
cR PLTPkRwPb [UWRccPVUQhL_L NRZR PMUW NZUP[^�UQW-
DUTTL D WLThL[ QcLU NUZUM LycRhL[ PLTLD, R D QWLcyU 
NZULycRMRUW ZUhL[yPTRwPb PLTLD. 

}LTPkRwPb LyUQNUVPDRUW NLQWLbTTLU ^McPTUTPU 
NZLDLMb�U_L NcRk[UTTL_L QWLcyR P NUZU[U�UTPU QcLb 
Ly�U[TL_L kRZbMR TR DTU�T�� _ZRTPw^ WUh^�U_L QL-
QWLbTPb, W. U. D TRNZRDcUTPP LW hRWLMR. �WL, D QDL� 
LVUZUMX, NZPDLMPW h NUZU[U�UTP� cLhRcXTL_L [Rh-
QP[^[R scUhWZPVUQhL_L NLcb P kLT� PTWUTQPDTLx PL-
TPkRwPP P LyUQNUVPDRUW MDPqUTPU WRh TRk�DRU[Lx 
DLcT� PLTPkRwPP. 

&"�>�/����+��. �RTTRb ZRyLWR D�NLcTUTR NZP 
VRQWPVTLx `PTRTQLDLx NLMMUZqhU vYY}. KZLUhW  
´ 15-08-02132 «}QQcUMLDRTPU DRh^^[T�� NcRk[L�P-
[PVUQhP� NZLwUQQLD PQNRZUTPb P hLTMUTQRwPP [RWU-
ZPRcR D NRZLNcRk[UTT�� NLWLhR� Q NLQcUM^��P[ 
`LZ[PZLDRTPU[ TRTLVRQWPw Q ^TPhRcXT�[P `PkPhL-
�P[PVUQhP[P QDLxQWDR[P». 
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Rocket and space industry is in a very promising area of activity, bringing a major contribution to the economy and 

defense capability in different countries. The strategy of development of the domestic space industry, a number of state 
and federal target program envisage the formation of economically sustainable, competitive, diversified industry, the 
achievement of technological leadership and the need for the presence of our country in space.  

The problems identified by this strategy require concentration of efforts in many areas of the aerospace industry. 
The complexity of these tasks is associated with overcoming the problems that have accumulated in the industry and 
organizational mistakes made in the process of reforming of the space industry. Inherited from the Soviet era rocket and 
space complex was too bulky and very heavy, its reform is to reduce the size of the complex while maintaining the most 
effective and strategically important areas.  

Organizational changes have taken place in the reform process, only partially solved the problems of the industry. 
Currently, there was a need in the new stage of further improving the structure of the rocket and space industry, which 
justifies the relevance of the work.  
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An analysis of the reform of the national rocket and space industry, highlighted in its basic stages, marked the in-
dustry’s problems. Based on the issues identified the necessity of carrying out restructuring of the space industry in 
terms of creating a corporate structure. Also provided are the main directions of restructuring of the corporate struc-
ture of the industry. 

 
Keywords: enterprise restructuring, enterprise reform, rocket and space industry, corporate structure. 
    
)��/����. vLQQPb bDcbUWQb LMTLx Pk TU[TL_P� 

QWZRT D [PZU, LycRMR��Ux ^TPhRcXTLx ZRhUWTL-
hLQ[PVUQhLx NZL[��cUTTLQWX�, hLWLZRb LyUQNUVPDRUW 
yUkLNRQTLQWX _LQ^MRZQWDR, QLwPRcXTL-shLTL[PVUQhLU 
ZRkDPWPU TR^hP, QWZRT� P [UqM^TRZLMTL_L QLWZ^MTP-
VUQWDR, _RZRTWPZLDRTT�x MLQW^N P TULy�LMP[LU NZP-
Q^WQWDPU TR�Ux QWZRT� D hLQ[PVUQhL[ NZLQWZRTQWDU. 
vRhUWTL-hLQ[PVUQhRb NZL[��cUTTLQWX (vzK) �RZRh-
WUZPk^UWQb TR^hLU[hP[P NZLPkDLMQWDUTT�[P NZLwUQ-
QR[P, D�QLhLWU�TLcL_PVT�[P QLkMRDRU[�[P PkMU-
cPb[P P LycRMRUW D�QLhP[P PTTLDRwPLTT�[P DLk-
[LqTLQWb[P, s``UhWPDTRb ZURcPkRwPb hLWLZ�� QNL-
QLyTR LhRkRWX Q^�UQWDUTTLU DcPbTPU TR ZRkDPWPU shL-
TL[PhP vLQQPP [1]. 

$WZRWU_PUx ZRkDPWPb vzK, YUMUZRcXTLx hLQ[PVU-
QhLx NZL_ZR[[Lx, _LQ^MRZQWDUTT�[P NZL_ZR[[R[P  
D LycRQWP hLQ[PVUQhLx MUbWUcXTLQWP P DLLZ^qUTPb, 
ZbML[ `UMUZRcXT�� wUcUD�� NZL_ZR[[ LNZUMUcUT� 
kRMRVP NL QLkMRTP� ZRhUWTL-hLQ[PVUQhLx WU�TPhP 
TLDL_L NLhLcUTPb, ZRkDUZW�DRTP� P NLMMUZqRTP� 
TULy�LMP[L_L QLQWRDR hLQ[PVUQhP� RNNRZRWLD TR^V-
TL_L P QLwPRcXTL-shLTL[PVUQhL_L TRkTRVUTPb, QL�ZR-
TUTP� hLTh^ZUTWT�� NZUP[^�UQWD TR [PZLDL[ Z�ThU 
N^QhLD�� ^Qc^_ ZLQQPxQhP� QZUMQWD D�DUMUTPb, LyUQ-
NUVUTP� [UqM^TRZLMTL_L QLWZ^MTPVUQWDR D LycRQWP 
PQNLcXkLDRTPb hLQ[PVUQhL_L NZLQWZRTQWDR [2–4]. 

�RTT�U kRMRVP WZUy^�W hLTwUTWZRwPP ^QPcPx, TR-
NZRDcUTT�� TR WU�TPVUQhLU NUZUDLLZ^qUTPU P [LMUZ-
TPkRwP� vzK, ZRkZRyLWh^ P DTUMZUTPU NZL[��cUT-
T�� hZPWPVUQhP� WU�TLcL_Px [PZLDL_L ^ZLDTb, TRZR-
�PDRTPU [RQ�WRyLD _LQ^MRZQWDUTTLx NLMMUZqhP hLQ-
[PVUQhLx MUbWUcXTLQWP. 

�MTLDZU[UTTL, QcLqTLQWX ZU�UTPb sWP� kRMRV 
QDbkRTR Q NZULMLcUTPU[ TRhLNPD�P�Qb NZLycU[,  
D�kDRTT�� TUMLQWRWhL[ `PTRTQLD�� ZUQ^ZQLD, L_ZR-
TPVUTT�� ^khP[P ZR[hR[P _LQkRhRkR P `UMUZRcXT�� 
wUcUD�� NZL_ZR[[, D�QLhP[P kRWZRWR[P TR TR^VT�U 
ZRkZRyLWhP LWMUcXT�� NZUMNZPbWPx, LZ_RTPkRwPLT-
T�[P L�PyhR[P, MLN^�UTT�[P D NZLwUQQU ZU`LZ[P-
ZLDRTPb NZUMNZPbWPx vzK.  

 
��!����������� ���. J QLDUWQhLU DZU[b hLLZ-

MPTRwPb MUbWUcXTLQWP DQU� NZUMNZPbWPx P LZ_RTPkR-
wPx vzK, kRMUxQWDLDRTT�� D QLkMRTPP P NZLPkDLMQWDU 
ZRhUWTL-hLQ[PVUQhLx WU�TPhP, LyUQNUVPDRcRQX kR QVUW 
VUWhLx QPQWU[� NcRTLD�� kRMRTPx, NZPLZPWUWTL_L 
LyUQNUVUTPb ZUQ^ZQR[P, NLD��UTTL_L hLTWZLcb QL QWL- 
ZLT� _LQ^MRZQWDR, hLWLZLU D NLcTL[ Ly�U[U NLhZ�DR-
cL ZRQ�LM� NZUMNZPbWPx LWZRQcP. J NUZPLM NUZU-
QWZLxhP [TL_PU QDbkP NZUMNZPbWPx P LZ_RTPkRwPx 
y�cP ZRkZ^�UT�. �WQ^WQWDPU _LQ^MRZQWDUTTL_L LyLZLT-
TL_L kRhRkR, TULy�LMP[L_L `PTRTQPZLDRTPb, DLkTPh-
�PU MLc_P NZUMNZPbWPx kRQWRDPcP P� PQhRWX D��LM Pk 
QLkMRD�U_LQb NLcLqUTPb D LMPTLVh^. ~TL_PU NZUM-
NZPbWPb y�cP Dhc�VUT� D NZPDRWPkRwP�, D ZUk^cXWRWU 
hLWLZLx _LQ^MRZQWDL VRQWPVTL ^WZRWPcL DLk[LqTLQWX 
^NZRDcUTPb ZRhUWTL-hLQ[PVUQhLx LWZRQcX� [5].  

J 1990-� __. `PTRTQPZLDRTPU LWZRQcP Q^�UQWDUTTL 
QLhZRWPcLQX NL [TL_P[ TRNZRDcUTPb[ yLcUU VU[ D 15 
ZRk, hLQ[PVUQhRb _Z^NNPZLDhR QLhZRWPcRQX D 2,5 ZRkR, 
kTRVPWUcXTL QTPkPcPQX Ly�U[� PTDUQWPwPx, WU[N� 
LyTLDcUTPb LQTLDT�� `LTMLD ^NRcP NZRhWPVUQhP ML 
T^cb, NZLPkL�Uc PTWUTQPDT�x LWWLh hDRcP`PwPZL-
DRTTL_L NUZQLTRcR [6]. �WL NLDcUhcL kR QLyLx NLML-
ZLqRTPU ZRkZRyLWLh WU�TPVUQhL_L P WU�TLcL_PVUQhL_L 
�RZRhWUZR, QTPqUTPU hRVUQWDR P TRM�qTLQWP NZLPkDL-
MP[Lx WU�TPhP P LyLZ^MLDRTPb, ^WZRW^ ^TPhRcXT�� 
hc�VUD�� WU�TLcL_Px hLQ[PVUQhL_L [R�PTLQWZLUTPb.  

J TRVRcU 2000-� __. TRVRcLQX NLQWUNUTTLU DLQQWR-
TLDcUTPU vzK, `PTRTQPZLDRTPU _LQ^MRZQWDUTTL_L 
LyLZLTTL_L kRhRkR ^DUcPVPDRcLQX hRqM�x _LM, Q`LZ-
[PZLDRcRQX ^QWLxVPDRb WUTMUTwPb ^hZUNcUTPb TR^V-
TL_L, NZLPkDLMQWDUTTL-WU�TLcL_PVUQhL_L P hRMZLDL_L 
NLWUTwPRcLD. �L MLQWRD�PxQb LW QLDUWQhP� DZU[UT 
ZRhUWTL-hLQ[PVUQhPx hL[NcUhQ LhRkRcQb QcP�hL[ 
_ZL[LkMhP[ P TUNLM�U[T�[, NLsWL[^ NLQcUM^��PU 
NZULyZRkLDRTPb QDLMPcPQX h MRcXTUx�U[^ QLhZR�U-
TP� U_L ZRk[UZLD Q QL�ZRTUTPU[ TRPyLcUU s``UhWPD-
T�� P QWZRWU_PVUQhP DRqT�� TRNZRDcUTPx.  

$^�UQWDUTTLU DcPbTPU TR sWL LhRkRcR _LQ^MRZQW-
DUTTRb NLcPWPhR ZU`LZ[PZLDRTPb LyLZLTTLx LWZRQcP, 
hLWLZRb NZUM^Q[RWZPDRcR PTWU_ZRwP� NZUMNZPbWPx 
vzK Q LyZRkLDRTPU[ hZ^NT�� NZLUhWTL-NZLPkDLMQW- 
DUTT�� QWZ^hW^Z, LZPUTWPZLDRTT�� TR ZRkZRyLWh^  
P NZLPkDLMQWDL ZRhUWTL-hLQ[PVUQhLx WU�TPhP NLD�-
�UTTLx TRMUqTLQWP, LQ^�UQWDcUTPU ^Qc^_ D Q`UZU 
hLQ[PVUQhLx MUbWUcXTLQWP. �ULy�LMP[L LW[UWPWX, VWL 
LQTLDT�[P NZUMNLQ�chR[P P� PTWU_ZRwPP bDcbcPQX: 
^QPcUTPU Z�TLVTLx hLTh^ZUTwPP; QWZU[cUTPU h QTP-
qUTP� NZLPkDLMQWDUTT�� PkMUZqUh; WZUyLDRTPb  
h QTPqUTP� ZPQhLD kR QVUW MPDUZQP`PhRwPP MUbWUcX-
TLQWP; wUTWZRcPkRwPb D�NLcTUTPb Qy�WLDLx `^ThwPP; 
NLD��UTPU s``UhWPDTLQWP NZLPkDLMQWDR; ZRQ�PZUTPU 
Z�ThLD Qy�WR; NZPDcUVUTPU PTDUQWPwPx; TULy�LMP-
[LQWX `PTRTQLDL_L LkMLZLDcUTPb NZUMNZPbWPx [7]. 

J QDL� LVUZUMX, QLkMRTPU hZ^NT�� PTWU_ZPZLDRT-
T�� QWZ^hW^Z NLkDLcPcL LNZUMUcPWX LQTLDT�U kRMRVP 
D LycRQWP P� ZRkDPWPb:  

– DLQQWRTLDcUTPU QDbkUx NZUMNZPbWPx, kRMUxQWDLDRT- 
T�� D QLkMRTPP P NZLPkDLMQWDU hLTUVTLx NZLM^hwPP;  

– LyUQNUVUTPU UMPTQWDR WU�TLcL_PVUQhLx wUNLVhP 
LW kRZLqMUTPb PMUP ML Pk_LWLDcUTPb NZLM^hwPP;  

– NZLDUMUTPU UMPTLx WU�TPVUQhLx NLcPWPhP;  
– s``UhWPDTLU ^NZRDcUTPU NZLwUQQL[ QLkMRTPb  

P NZLPkDLMQWDR ZRhUWTL-hLQ[PVUQhLx WU�TPhP;  
– ^[UTX�UTPU NLWUZX N^WU[ ^QWZRTUTPb M^ycPZL-

DRTPb PQQcUMLDRTPx, ZRkZRyLWLh P hLTwUTWZRwPP ^QP-
cPx TR NZLZ�DT�� TRNZRDcUTPb�;  

– NLQWLbTTRb ZRyLWR NL QLkMRTP� kRMUcR TLD�� 
ZRkZRyLWLh;  

– PQNLcXkLDRTPU MDLxT�� WU�TLcL_Px D NZLPkDLM-
QWDU _ZRqMRTQhLx NZLM^hwPP;  

– NZPDcUVUTPU MLNLcTPWUcXT�� PTDUQWPwPx D QLk-
MRTPU P NZLPkDLMQWDL ZRhUWTL-hLQ[PVUQhLx WU�TPhP. 
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JUQX NZLPQ�LMb�Px Q ZRhUWTL-hLQ[PVUQhLx LWZRQ-
cX� NZLwUQQ ZU`LZ[PZLDRTPb [LqTL LyLkTRVPWX WZU-
[b sWRNR[P. �R NUZDL[ sWRNU (2001–2006 __.) QLkMRDR-
cPQX �LcMPT_LD�U hL[NRTPP kR QVUW Ly�UMPTUTPb  
_LcLDT�� NZUMNZPbWPx vzK Q LQTLDT�[P NLQWRD�P-
hR[P hL[NcUhW^��P� Mcb NZLPkDLMQWDR ZRhUWTL-
hL[PVUQhLx WU�TPhP. KZP[UZR[P QLkMRTT�� QWZ^hW^Z 
�LcMPT_LDL_L WPNR bDcb�WQb ��� «JKz «�K� [R�P-
TLQWZLUTPb»; ��� «}T`LZ[RwPLTT�U QN^WTPhLD�U 
QPQWU[�»; ��� «Iv¿ P[. Rh. J. K. ~RhUUDR»;  
��� «vLQQPxQhPU hLQ[PVUQhPU QPQWU[�»; ��� «�Kz 
«zLQ[PVUQhPU QPQWU[� [LTPWLZPT_R, PT`LZ[RwPLT-
TL-^NZRDcb��PU P scUhWZL[U�RTPVUQhPU hL[NcUhQ�»; 
��� «�Kz $KK». J[UQWU Q WU[ D QLkMRTT�� �LcMPT-
_LD�� QWZ^hW^ZR� TU y�cP NLcTLQWX� ZU�UT� kRMRVP 
NL WU�TLcL_PVUQhLx hLLNUZRwPP, DkRP[LQDbkP DQU� 
kDUTXUD UMPTLx WU�TLcL_PVUQhLx wUNLVhP [8]. 

JWLZLx sWRN ZU`LZ[PZLDRTPb vzK (2007–2012 __.) 
NZUM^Q[RWZPDRc Ly�UMPTUTPU �LcMPT_LD�� hL[NRTPx  
Q TR^VTL-PQQcUMLDRWUcXQhP[P P hLTQWZ^hWLZQhP[P  
LZ_RTPkRwPb[P (D QWZRTR� ¶DZLN� P $Ã� QLkMRDRcPQX 
hLZNLZRWPDT�U QWZ^hW^Z� D DPMU MPDUZQP`PwPZLDRT-
T�� TRwPLTRcXT�� P WZRTQTRwPLTRcXT�� hLZNLZRwPx 
[9–10]). KUZDLx hLZNLZRwPUx D vzK QWRcR vzz «�TUZ-
_Pb» P[. $. K. zLZLcUDR», Ly�UMPTPD�Rb 4 NZUMNZP-
bWPb. J NUZPLM Q 2010 NL 2012 __. y�cP LyZRkLDRT� 
��� «zLZNLZRwPb «~}l», ��� «zLZNLZRwPb hLQ-
[PVUQhP� QPQWU[ QNUwPRcXTL_L TRkTRVUTPb «zL[UWR», 
��� «zLZNLZRwPb «$WZRWU_PVUQhPU N^ThW� ^NZRDcU-
TPb» [11].  

J NZLwUQQU ZU`LZ[PZLDRTPb y�cL QLkMRTL 14 PT-
WU_ZPZLDRTT�� QWZ^hW^Z [12] D `LZ[U �LcMPT_LD  
P hLZNLZRwPx, ML[PTPZ^��^� ZLcX D QLkMRTPP hLWL-
Z�� P_ZRcP LZ_RTPkRwPLTT�U [UZ� ZU`LZ[PZLDRTPb 
NZUMNZPbWPx, NUZUZRQNZUMUcUTPU kRhRkLD P `PTRTQL-
D�� NLWLhLD. z LQLyUTTLQWb[ P� QLkMRTPb QcUM^UW 
LWTUQWP: 


 D�QLh^� QWUNUTX _LQ^MRZQWDUTTL_L ^VRQWPb  
D Q^�UQWD^��P� LZ_RTPkRwPLTT�� `LZ[R� NZUMNZP-
bWPx, D�LMb�P� D QLQWRD LWZRQcP; 


 PQWLZPVUQhP QcLqPD�UxQb hL[NcUhQT�x �RZRh-
WUZ NZLPkDLMQWDUTTL-�LkbxQWDUTTLx MUbWUcXTLQWP NZUM-
NZPbWPx; 


 �PZLh^� DT^WZPLWZRQcUD^� P [UqLWZRQcUD^� 
hLLNUZRwP�, yLcX�LU VPQcL QLPQNLcTPWUcUx D NZL-
wUQQU NZLUhWPZLDRTPb, Pk_LWLDcUTPb P PQN�WRTPb Pk-
MUcPx; 


 ^MRcUTTLQWX NZUMNZPbWPx D hLZNLZRWPDT�� 
QWZ^hW^ZR� vzK TR WUZZPWLZPP vY; 


 QLVUWRTPU DLUTTL_L P _ZRqMRTQhL_L NZLPkDLM-
QWDR NZLM^hwPP; 


 D�QLhPx ^ZLDUTX WZUyLDRTPx h hRVUQWD^, TRMUq- 
TLQWP, ZUQ^ZQ^ PkMUcPx, h^cXW^ZU NZLPkDLMQWDR.  

lZUWPx sWRN ZU`LZ[PZLDRTPb (2013–2015 __.) NZUM-
NLcR_RUW ^qU MZ^_Lx �RZRhWUZ ^QPcPx D ZRkDPWPP vzK 
P WZUy^UW yLcUU hDRcP`PwPZLDRTT�� ^NZRDcUTVUQhP� 
ZU�UTPx TR Z�ThR� ZRhUWTL-hLQ[PVUQhLx WU�TPhP, 
_ZRqMRTQhLx NZLM^hwPP P hRNPWRcR. �W _LQ^MRZQWDR 
LqPMRUWQb RhWPDTRb ZRyLWR NL QWP[^cPZLDRTP� Z�ThLD 
NZLM^hwPP TLD�� MPDUZQP`PwPZLDRTT�� hLZNLZRwPx, 
LZ_RTPkRwPb DkRP[LMUxQWDPb Q VRQWT�[ yPkTUQL[ D ZR[-
hR� QLD[UQWTL_L ^NZRDcUTPb NZUMNZPbWPb[P vzK [13]. 

�RTT�x sWRN TR�Uc DLNcL�UTPU D QLkMRTPP �y�UMPTUT- 
TLx ZRhUWTL-hLQ[PVUQhLx hLZNLZRwPP (��� «�vzz»), 
hLWLZRb ZURcPk^UW UMPT^� WU�TPVUQh^� NLcPWPh^ 
QLkMRTPb QLDZU[UTTLx ZRhUWTL-hLQ[PVUQhLx WU�TPhP, 
wUTWZRcPk^UW kRh^NhP scUhWZLTTLx hL[NLTUTWTLx 
yRk� P LyUQNUVPDRUW hL[NcUhQTLU ZU`LZ[PZLDRTPU 
ZRhUWTL-hLQ[PVUQhLx LWZRQcP.  

J TRQWLb�UU DZU[b NcRTPZ^UWQb QLkMRTPU _LQ^MRZ-
QWDUTTLx hLZNLZRwPP TR yRkU ��� «�vzz» P YUMU-
ZRcXTL_L hLQ[PVUQhL_L R_UTWQWDR, hLWLZRb Ly�UMPTPW 
D QUyU ^NZRDcUTVUQhPU P �LkbxQWDUTT�U `^ThwPP, VWL 
NLkDLcPW ZU�RWX QcLqT�U, [TL_LNcRTLD�U kRMRVP, 
QWLb�PU NUZUM hLQ[PVUQhLx LWZRQcX�. 

��+��%��%��3���# ���/���#��( ���. J wUcL[ 
QLkMRTPU hLZNLZRWPDT�� QWZ^hW^Z vzK [LqTL QVP-
WRWX kRDUZ�UTT�[. �RTT�x NZLwUQQ LQ^�UQWDcbcQb  
D LQTLDTL[ kR QVUW LZ_RTPkRwPLTT�� [UZLNZPbWPx, 
_cRDT�[P kRMRVR[P hLWLZ�� bDcbcPQX NZPQLUMPTUTPU 
P ^hZ^NTUTPU ZRkZLkTUTT�� NZUMNZPbWPx LWZRQcP, 
ZU�UTPU `PTRTQLD�� NZLycU[.  

KZLPkL�UM�PU LZ_RTPkRwPLTT�U Pk[UTUTPb cP�X 
VRQWPVTL ZU�PcP NZLycU[� LWZRQcP. J TRQWLb�UU 
DZU[b DLkTPhcR TULy�LMP[LQWX D TLDL[ sWRNU MRcX-
TUx�U_L QLDUZ�UTQWDLDRTPb QWZ^hW^Z� vzK. �WZRQcX 
Q^�UQWD^UW kR QVUW NZL�c�� TR^VTL-WU�TPVUQhP�, 
hLTQWZ^hWLZQhP� P WU�TLcL_PVUQhP� kRMUcLD. uRNRQ 
sWP� kRMUcLD TU^hcLTTL PQWL�RUWQb Pk-kR TUMLQWRWhR 
`PTRTQLD�� ZUQ^ZQLD, L_ZRTPVUTT�� ^khP[P ZR[hR[P 
_LQkRhRkR P `UMUZRcXT�� wUcUD�� NZL_ZR[[, P NZPDL-
MPW h NZPLQWRTLDhU NUZQNUhWPDT�� PQQcUMLDRTPx  
P ZRkZRyLWLh, P� ^MLZLqRTP� [14; 15]. �R^VT�U ZRk-
ZRyLWhP QWRTLDbWQb QcP�hL[ kRWZRWT�[P, DQcUMQWDPU 
VU_L NZUMNZPbWPb[ vzK DQU WZ^MTUU hLTh^ZPZLDRWX  
Q kRNRMT�[P hLZNLZRwPb[P. �cb WL_L VWLy� ZRwPL-
TRcXTL D�QWZLPWX QPQWU[^ ^NZRDcUTPb P NZLPkDLMQWDL 
DQUx hLZNLZRWPDTLx QWZ^hW^Z� vzK, WZUy^UWQb ZUQW-
Z^hW^ZPkRwPb hRqML_L Pk UU NZUMNZPbWPx.  

$cUM^UW LW[UWPWX, VWL D 1990–2000 __. NZLycU[R ZU-
QWZ^hW^ZPkRwPP hLQT^cRQX [TL_P� NZL[��cUTT�� 
NZUMNZPbWPx. KLsWL[^ D WLW NUZPLM MRTTL[^ NZLwUQQ^ 
^MUcbcLQX yLcX�LU DTP[RTPU. �U DQU NZUMNZPbWPb 
Q[L_cP NUZUQWZLPWXQb TR N^WX Z�TLVTLx shLTL[PhP. 
}� yRThZLWQWDL, [UZ� _LQ^MRZQWDUTTLx NLMMUZqhP, 
hLWLZ�U TU DQU_MR NZPTLQPcP LqPMRU[L_L s``UhWR, 
ZLQW PkTLQR LQTLDT�� QZUMQWD, ^WUVhR hRMZLD WZUyL-
DRcP QUZXUkT�� [UZ NL ZUQWZ^hW^ZPkRwPP. vUQWZ^hW^-
ZPkRwPb bDcbcRQX Ly�Ux NZLycU[Lx NZRhWPVUQhP DQU� 
NZUMNZPbWPx P D QLLWDUWQWDPP Q sWP[ D�k�DRcR NZP-
QWRcXTLU DTP[RTPU ^VUT��. �QTLDT�U DLNZLQ� ZUQW-
Z^hW^ZPkRwPP NZUMNZPbWPx, NZRhWPhR UU NZLDUMUTPb, 
ZRQQ[LWZUT� D ZRyLWR� �. K. ]Uc��, ~. �. YUMLWLDLx, 
}. }. ~Rk^Z, J. �. ÃRNPZL, J. �. lZUTUDR, J. I. ]RcR-
�LDR, �. J. ¶ZL�PTR, �. J. �P`RUDLx, ]. �. �DMLTPTR, 
�. �. ]UchLDQhL_L, }. ~. ~^ZRhRUDR, ~. $P[^WLDR,  
¶. ç. ¾Z^QWRcUDR, �. YRcPVUDR, �. YZLcLDR P MZ^_P� 
RDWLZLD. �UQ[LWZb TR kTRVPWUcXTLU hLcPVUQWDL D�-
NLcTUTT�� PQQcUMLDRTPx, QUZXUkT�U ZRyLW�, LWZR-
qR��PU ZUQWZ^hW^ZPkRwP� NZUMNZPbWPx NZP QLkMR-
TPP hLZNLZRWPDT�� QWZ^hW^Z, LWQ^WQWD^�W, VWL NL-
kDLcbUW yLcUU LQTLDRWUcXTL NLMLxWP h D�yZRTTLx 
WU[U. 
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�W[UWP[, VWL NZUMNZPbWPb vzK QWZU[PcPQX hRh 
[LqTL NLcTUU LyUQNUVPWX DUQX wPhc ZRkZRyLWhP  
P NZLPkDLMQWDR NZLM^hwPP. �WL NLkDLcbUW LyUQNUVPWX 
D�QLhPx ^ZLDUTX TRMUqTLQWP ZRyLW�, TL QLDUZ�UTTL 
TU NLM�LMPW Mcb ZRyLW� D Z�TLVT�� ^QcLDPb�. KUZUM 
[TL_P[P NZUMNZPbWPb[P QWLPW NZLycU[R ^�LMR LW 
«TRW^ZRcXTL_L �LkbxQWDR» P NUZU�LMR h NLcTLwUTTL[^ 
PQNLcXkLDRTP� DT^WZUTTU_L R^WQLZQPT_R, hLWLZ�x 
NLkDLcPW NZUMNZPbWPb[ MLQWPVX D�QLhLx s``UhWPD-
TLQWP NZLPkDLMQWDR ycR_LMRZb ZRwPLTRcXTL[^ PQNLcX-
kLDRTP� ^QWRTLDcUTT�� [L�TLQWUx P yLcUU QLDUZ-
�UTTL[^ PQNLcXkLDRTP� P[U��P�Qb ZUQ^ZQLD. 

J TRQWLb�UU DZU[b QLkMRTT�[ hLZNLZRWPDT�[ 
QWZ^hW^ZR[ vzK TULy�LMP[L ZRwPLTRcXTL D�QWZRP-
DRWX QPQWU[^ ^NZRDcUTPb QDLP[P NZUMNZPbWPb[P, 
NZLDLMPWX MPDUZQP`PhRwP� NZLPkDLMQWDR TR LQTLDU 
PTWU_ZRwPP DLUTTL_L P _ZRqMRTQhL_L NZLPkDLMQWDR, 
VWL NLkDLcPW LyUQNUVPWX D�QLhPx ^ZLDUTX TRMUqTL-
QWP ZRyLW� hLZNLZRWPDTLx QWZ^hW^Z�.  

�Z_RTPkRwPb NZLPkDLMQWDR ZRhUWTL-hLQ[PVUQhLx 
WU�TPhP D hLZNLZRWPDTLx QWZ^hW^ZU vzK NL UMPTLx 
WU�TLcL_PVUQhLx wUNLVhU NZPDUMUW h PQhc�VUTP� 
M^ycPZLDRTPb NLDWLZb��P�Qb DPMLD NZLPkDLMQWD, 
QTPqUTP� PkMUZqUh D�NLcTUTPb _LQ^MRZQWDUTTL_L 
LyLZLTTL_L kRhRkR N^WU[ hLTQWZ^hWLZQhLx P WU�TLcL-
_PVUQhLx ^TP`PhRwPP, ZRwPLTRcXTL_L ZRkMUcUTPb 
WZ^MR, D�DUMUTPb Pky�WLVT�� [L�TLQWUx Pk Q`UZ� 
DLUTTL_L NZLPkDLMQWDR P TUPQNLcXk^U[L_L P[^�UQWDR 
Pk LyLZLWR. 

lRhqU TULy�LMP[L QLDUZ�UTQWDLDRWX QPQWU[^ 
NLM_LWLDhP P kRhZUNcUTPb hRMZLD TR NZUMNZPbWPb� 
vzK Q wUcX� NLD��UTPb NZL`UQQPLTRcPk[R P hDRcP-
`PhRwPP ZRyLWTPhLD NZUMNZPbWPx D hLZNLZRWPDTLx 
QWZ^hW^ZU.  

vRkZRyLWhR UMPT�� WZUyLDRTPx h ^NZRDcUTP� P LZ-
_RTPkRwPP NZLPkDLMQWDR N^WU[ QLkMRTPb UMPTLx hLZ-
NLZRWPDTLx NLcPWPhP D LycRQWP [UTUMq[UTWR hRVUQW-
DR NLkDLcPW NLD�QPWX hLTh^ZUTWLQNLQLyTLQWX ZRhUW-
TL-hLQ[PVUQhLx NZLM^hwPP TR [PZLDL[ hLQ[PVUQhLx 
Z�ThU. 

J hLZNLZRWPDT�� QWZ^hW^ZR� TULy�LMP[L QLDUZ-
�UTQWDLDRWX `PTRTQLDL-shLTL[PVUQhPx [U�RTPk[  
Q wUcX� s``UhWPDTL_L PQNLcXkLDRTPb hLTQLcPMPZL-
DRTT�� `PTRTQLD Mcb `PTRTQPZLDRTPb ZRkZRyLWLh 
hLQ[PVUQhP� QPQWU[ TLDL_L NLhLcUTPb DLUTTL_L  
P _ZRqMRTQhL_L TRkTRVUTPb, NZLDUMUTPb NLPQhLD��  
P NZPhcRMT�� �}�zv, [LMUZTPkRwPP Q^�UQWD^��P� 
QPQWU[ P NLD��UTPb `PTRTQLDLx ^QWLxVPDLQWP hLZ-
NLZRWPDTLx QWZ^hW^Z�. 

���"?0����. vU�UTPU LyLkTRVUTT�� NZLycU[ ZR-
hUWTL-hLQ[PVUQhLx NZL[��cUTTLQWP WZUy^UW LNZUMU-
cUTPb TLD�� NL�LMLD h NZLwUQQ^ ZUQWZ^hW^ZPkRwPP 
NZUMNZPbWPx, `LZ[PZLDRTPb TLD�� �LkbxQWDUTT�� 
LWTL�UTPx, RMUhDRWT�� DTU�TUx P DT^WZUTTUx QZUMU, 
QhcRM�DR��P�Qb D NZLwUQQU NZLPkDLMQWDUTTLx MUb-
WUcXTLQWP hLZNLZRwPP.  
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In the article the factors influencing innovative development of the economy of the territory as the condition of their 

rapid development taking into account peculiarities of the development of local administrative-territorial entities are 
examined from positions of territorial competitiveness. Traditional and new trends, laws and legal conditions for the 
development of local administrative-territorial entities are explored. We formulate a new approach to achieve priority 
development areas, show the role of the state as a subject of management and examine existing organizational forms of 
the development management local administrative-territorial entities. The features of self-organization of closed 
administrative-territorial units (CATU) reveal the sources of their funding and determine conditions of transformation 
of the individual CATU in the territory of advancing socio-economic development (AASED). The need to establish  
a special legal regime of entrepreneurial activity of CATU in order to create favorable conditions for attracting 
investments, ensuring accelerated socio-economic development in accordance with the Federal law of December 29, 
2014 � 473-FZ “About territories of advancing socio-economic development in the Russian Federation” is revealed.  
It is noted that for increasing the competitiveness it is necessary to ensure sufficient economic freedom and economic 
initiatives of local administrative-territorial entities. The rationale for the development of new organizational forms of 
management of development of territories, formed on the basis of economic autonomy, building systemic import 
substitution and innovative development that determine the competitiveness of the territory is considered. Some 
recommendations concerning the choice of measures of regional economic policy implemented in accordance with the 
principles of import substitution, to ensure economic independence of the territory, subject to the requirements of the 
market, the use of the internal resources of the territory are discussed. It gives the opportunity to provide a solution  
to the problem of increasing economic efficiency and competitiveness of local administrative-territorial entities. 

 
Keywords: local administrative-territorial entity, the new organizational forms of management, the rapid 

development of closed administrative-territorial education, innovative development of the closed administrative-
territorial formation. 

    
)��/����. J TRQWLb�UU DZU[b PTTLDRwPLTTLU ZRk-

DPWPU shLTL[PhP vLQQPxQhLx YUMUZRwPP P UU RM[PTP-
QWZRWPDTL-WUZZPWLZPRcXT�� LyZRkLDRTPx TU D NLcTLx 
[UZU QLLWDUWQWD^UW QcLqPD�P[Qb [PZLD�[ WUTMUTwP-
b[ `LZ[PZLDRTPb QWZ^hW^Z� shLTL[PhP. �Lcb vLQQPP 
D Ly�U[ Ly�U[U [PZLDL_L Z�ThR TR^hLU[hLx NZLM^h-
wPP LQWRUWQb TUkTRVPWUcXTLx. $cLqPD�RbQb QPW^RwPb 
D PTTLDRwPLTTL[ ZRkDPWPP shLTL[PhP QWZRT� Ly^-
QcLDcUTR [TL_P[P NZPVPTR[P, P LMTLx Pk TP� bDcbUW-
Qb NZLycU[R TPkhLx s``UhWPDTLQWP Q^�UQWD^��P� 
`LZ[ LZ_RTPkRwPP ^NZRDcUTPb PTTLDRwPLTT�[ ZRkDP-
WPU[ shLTL[PhP cLhRcXT�� RM[PTPQWZRWPDTL-WUZZP- 
WLZPRcXT�� LyZRkLDRTPx. �NZUMUcbb NUZQNUhWPD� 
MPDUZQP`PhRwPP shLTL[PhP vLQQPP D ^QcLDPb� hZPkP-
QR [UqM^TRZLMT�� LWTL�UTPx TR [PZLDL[ Z�ThU, 
TULy�LMP[L LW[UWPWX TRcPVPU TRQ^�TLx NLWZUyTLQWP 
D ZRkDPWPP P[NLZWLkR[U�UTPb D DUM^�P� LWZRQcb� 
LWUVUQWDUTTLx NZL[��cUTTLQWP, VWL Ly^QcLDcPDRUW 
TULy�LMP[LQWX `LZ[PZLDRTPb TLD�� `LZ[ LZ_RTPkR-
wPP ^NZRDcUTPb PTTLDRwPLTT�[ ZRkDPWPU[ cLhRcX-
T�� RM[PTPQWZRWPDTL-WUZZPWLZPRcXT�� LyZRkLDRTPx, 
LyUQNUVPDR��P� P� LNUZUqR��UU ZRkDPWPU.   

��>���3������9� !���9 %����"���# ������-
�����9� ��3������ "���"'�92 ����������"'�92 
�D��3�����(. �TRcPk LWUVUQWDUTT�� P kRZ^yUqT�� 
ZRkZRyLWLh D LycRQWP ZU_PLTRcXT�� PQQcUMLDRTPx 
NLkDLcPc RDWLZR[ QMUcRWX D�DLM L WL[, VWL TULy�L-
MP[�[ ^QcLDPU[ s``UhWPDTLQWP ZRkDPWPb shLTL[PhP 
cLhRcXT�� RM[PTPQWZRWPDTL-WUZZPWLZPRcXT�� LyZR-
kLDRTPx bDcbUWQb ZRwPLTRcXTRb QPQWU[R LZ_RTPkRwPP 
^NZRDcUTPb P� QLwPRcXTL-shLTL[PVUQhP[ ZRkDPWPU[  
P LNUZUqR��UU ZRkDPWPU shLTL[PVUQhP� RThcRDLD, 
PTTLDRwPLTTRb RhWPDTLQWX hLWLZ�� QNLQLyQWD^UW 

ZRkZRyLWhU TLDLDDUMUTPx [1]. J TRQWLb�UU DZU[b LQ-
TLDT�[P LZ_RTPkRwPLTT�[P `LZ[R[P ^NZRDcUTPb 
PTTLDRwPLTT�[ ZRkDPWPU[ cLhRcXT�� WUZZPWLZPRcX-
T�� LyZRkLDRTPx bDcb�WQb: 

1. �``�LZTRb kLTR. ¶U LQTLDTLx LQLyUTTLQWX� 
bDcb�WQb NLTPqUTT�U QWRDhP NL TRcL_R[, QWP[^cP-
Z^��PU ^QhLZUTT�x NZPWLh PTLQWZRTT�� hRNPWRcLD. 
J vLQQPP �PZLhL_L ZRQNZLQWZRTUTPb MRTTRb LZ_RTP-
kRwPLTTRb `LZ[R ^NZRDcUTPb TU NLc^VPcR. �WL QDbkR-
TL Q WU[, VWL NLhR TU ^MRUWQb s``UhWPDTL ^DbkRWX  
TR NZRhWPhU QTPqUTPU TRcL_LD P TR sWLx LQTLDU ZLQW 
PTDUQWPwPx. }[U��PxQb NZPWLh D L``�LZT�U kLT� 
TRcL_LNcRWUcX�PhLD Pk MZ^_P� ZU_PLTLD MRUW P[ LN-
ZUMUcUTT�U D�_LM� NZP LMTLDZU[UTT�� NLWUZb� Mcb 
sWP� ZU_PLTLD. zZL[U WL_L, L``�LZT�U kLT� QWRcP 
[UQWL[ «LW[�DRTPb» TUcU_RcXT�� ML�LMLD. 

2. $DLyLMTRb shLTL[PVUQhRb kLTR. $DLyLMTRb shL-
TL[PVUQhRb kLTR ($�u) – sWL L_ZRTPVUTT�x ^VRQWLh 
WUZZPWLZPP, D NZUMUcR� hLWLZL_L ^QWRTRDcPDRUWQb 
LQLy�x ZUqP[ NZUMNZPTP[RWUcXQhLx MUbWUcXTLQWP 
Mcb hL[[UZVUQhP� LZ_RTPkRwPx, kRZU_PQWZPZLDRTT�� 
D MRTTLx kLTU. $�u QLkMRUWQb _cRDT�[ LyZRkL[ Mcb 
NZPDcUVUTPb PTLQWZRTTL_L hRNPWRcR, NUZUMLD�� WU�-
TLcL_Px, ZRkDPWPb shQNLZWTL_L NLWUTwPRcR. 

$�u NLMZRkMUcb�WQb TR QcUM^��PU WPN�: 
– kLT� shQNLZWTL_L NZLPkDLMQWDR – ^VRQWTPhP 

kLT� D�DLkbW kR NZUMUc� QWZRT� yLcUU 50 % WLDRZLD 
QDLU_L NZLPkDLMQWDR (NZLM^hwPb LyZRyRW�DR��P� 
LWZRQcUx); 

– QDLyLMT�U WR[LqUTT�U kLT� NZLPkDLMQWDUTTL-
_L WPNR – QLkMR�WQb D [UQWR� Q ZRkDPWLx NZLPkDLMQW-
DUTTLx P WZRTQNLZWTLx PT`ZRQWZ^hW^ZLx PcP MZ^_P-
[P ycR_LNZPbWT�[P ^QcLDPb[P; 
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– kLT� WLZ_LDL_L WPNR – QLkMR�WQb D NLZWR�, TR 
qUcUkTLMLZLqT�� ^kcR�, D RsZLNLZWR� P MZ^_P� N^Th-
WR�, VUZUk hLWLZ�U ZU_^cbZTL NUZUDLkbWQb shQNLZWTL-
P[NLZWT�U _Z^k�; 

– MZ^_PU kLT� – WU�TPhL-DTUMZUTVUQhPU, WZRTQ-
_ZRTPVTL_L LhRkRTPb ^Qc^_ P MZ. 

vU�UTPU L QLkMRTPP $�u NZPTP[RUWQb KZRDPWUcX-
QWDL[ vY, P[ qU ^WDUZqMRUWQb NLcLqUTPU L QDLyLM-
TLx shLTL[PVUQhLx kLTU. 

J $�u Mcb PTLQWZRTT�� PTDUQWLZLD P NZUMNZP-
bWPx ^QWRTRDcPDRUWQb cX_LWT�x TRcL_LD�x ZUqP[, 
NLTPqUTT�U QWRDhP NcRW� kR kU[c� P NZPZLMT�U ZU-
Q^ZQ�, LQLy�x WR[LqUTT�x ZUqP[, ^NZL�UTT�x NL-
ZbMLh D�UkMR P D�UkMR _ZRqMRT, ZU_PQWZRwPP NZUMNZP-
bWPb. J `UMUZRcXTL[ y�MqUWU D QLQWRDU wUcUD�� 
QZUMQWD NL LhRkRTP� `PTRTQLDLx NLMMUZqhP ZU_PL-
TR[ ^VPW�DR�WQb QZUMQWDR, TRNZRDcbU[�U TR LyUQNU-
VUTPU `^ThwPLTPZLDRTPb $�u. 

$L_cRQTL kRNRMT�[ QWRTMRZWR[ Mcb Ly^QWZLxQWDR 1 h[2 
shQNLZWTL-NZLPkDLMb�Ux kLT� WZUy^UWQb 40–45 [cT MLcc. 
KLsWL[^ yLcX�Rb VRQWX NZLPkDLMQWDUTT�� kLT L_ZR-
TPVUTR NZUMUcR[P NZUMNZPbWPx P NZLPkDLMQWDUTT�� 
hL[NcUhQLD DycPkP _LZLMLD, LyUQNUVUTT�� Ly�UhWR[P 
PT`ZRQWZ^hW^Z� P Z�ThLD Qy�WR; NcL�RMX NZL[��-
cUTTL-NZLPkDLMQWDUTTLx kLT� Ly�VTL QLQWRDcbUW TU 
yLcUU 10 h[2. uLT�, NZUMQWRDcb��PU _LZLM PcP ZRxLT, 
DQWZUVR�WQb ZUMhL. J LQTLDTL[ sWL TUyLcX�PU ^VRQW-
hP, _MU D�_LMTL kRTP[RWXQb NZUMNZPTP[RWUcXQWDL[. 

3. �QLyRb shLTL[PVUQhRb kLTR. J LWMRcUTT��  
P TR�LMb�P�Qb D QNUwP`PVUQhP� _ULNLcPWPVUQhP� 
^QcLDPb� ZU_PLTR� LQ^�UQWDcbUWQb _LQ^MRZQWDUTTLU 
^NZRDcUTPU D ZUqP[U LQLyLx shLTL[PVUQhLx kLT� 
(��u). KLcTL[LVPb NL DLNZLQR[ `^ThwPLTPZLDRTPb 
��u LQ^�UQWDcb�W LZ_RT� NZUMQWRDPWUcXTLx P PQ-
NLcTPWUcXTLx DcRQWP Q^y�UhWR vY, RM[PTPQWZRwPb 
Q^y�UhWR vY D�NLcTbUW `^ThwPP RM[PTPQWZRwPP ��u. 

J ��u ^QWRTRDcPDRUWQb cX_LWT�x ZUqP[ PTDUQWP-
wPx P NZUMNZPTP[RWUcXQhLx MUbWUcXTLQWP, D WL[ VPQ-
cU DTU�TUshLTL[PVUQhLx. �M[PTPQWZRwPb ��u DNZR-
DU NZLDLMPWX NZb[�U NUZU_LDLZ� Q ZLQQPxQhP[P  
P PTLQWZRTT�[P PTDUQWLZR[P P NZUMNZPTP[RWUcb[P 
Mcb kRhc�VUTPb ML_LDLZLD NL ZURcPkRwPP kLTRcXT�� 
PTDUQWPwPLTT�� NZLUhWLD. 

jNLcTL[LVUTT�U LZ_RT� Q^y�UhWR vY, TR WUZZP-
WLZPP hLWLZL_L LyZRkLDRTR ��u, DNZRDU kRhc�VRWX 
QL_cR�UTPb Ly shLTL[PVUQhL[, TR^VTL-WU�TPVUQhL[, 
h^cXW^ZTL[ P QNLZWPDTL[ QLWZ^MTPVUQWDU QL �WRWR-
[P, NZLDPTwPb[P, kU[cb[P P MZ^_P[P RM[PTPQWZR-
WPDTL-WUZZPWLZPRcXT�[P LyZRkLDRTPb[P PTLQWZRT-
T�� _LQ^MRZQWD, hLWLZ�U, LMTRhL, TU [L_^W ZRQQ[RW-
ZPDRWXQb hRh [UqM^TRZLMT�U ML_LDLZ� vY. 

J LWTL�UTPP DkP[RTPb WR[LqUTT�� NL�cPT P PT�� 
NcRWUqUx, D WL[ VPQcU TRcL_LD, ^NcRVPDRU[�� NZP 
WR[LqUTTL[ L`LZ[cUTPP DDLkP[�� P D�DLkP[�� WL-
DRZLD, ��u ZRQQ[RWZPDRUWQb hRh TR�LMb�RbQb D ZUqP-
[U QDLyLMTLx WR[LqUTTLx kLT�. 

uU[cUNLcXkLDRTPU PTLQWZRTT�[ �ZPMPVUQhP[ P `P-
kPVUQhP[ cPwR[ TR WUZZPWLZPP ��u NZUMLQWRDcbUWQb 
TR LQTLDRTPP ML_LDLZLD RZUTM� yUk NZRDR D�h^NR.  
J LQLyLx shLTL[PVUQhLx kLTU TU WZUy^UWQb cPwUTkP-
ZLDRTPU NZUMNZPTP[RWUcXQhLx MUbWUcXTLQWP, kR PQhc�-
VUTPU[ Qc^VRUD, NZUM^Q[LWZUTT�� kRhLTLMRWUcXQWDL[. 

$LkMRTPU ��u TU MLcqTL QDLMPWXQb h NLc^VUTP� 
MLNLcTPWUcXT�� cX_LW, hL_MR ycR_LNLc^VPU MLQWP_R-
UWQb kR QVUW TUMLNcRW MZ^_P[ ZU_PLTR[. �UZUMhL 
NZUMNZPTP[RWUcP ZU_PQWZPZ^�WQb D ��u, R NZLPkDLM-
QWDUTTL-`PTRTQLD^� MUbWUcXTLQWX DUM^W D MZ^_L[ 
ZU_PLTU. 

�wUTPDRb NUZQNUhWPD� ��u D vLQQPP, T^qTL ^VP-
W�DRWX, VWL P� LQTLDTLU TRkTRVUTPU – y�WX LQWZLDR[P 
shLTL[PVUQhLx QDLyLM� – NLWUZbcL RhW^RcXTLQWX. JQb 
vLQQPb bDcbUWQb shLTL[PVUQhP QDLyLMTLx QWZRTLx. 
KZRDPWUcXQWDL DkbcL h^ZQ TR QLkMRTPU LQLy�� shLTL-
[PVUQhP� kLT Q ^VUWL[ QLDZU[UTT�� WZUyLDRTPx.  
�QTLDT�[P P� WPNR[P bDcb�WQb: NZL[��cUTTL-
NZLPkDLMQWDUTT�U, WU�TPhL-DTUMZUTVUQhPU, NLZWLD�U, 
W^ZPQWQhL-ZUhZURwPLTT�U. ��u QLkMR�WQb TR LQTLDU 
hLTh^ZQLD, hLWLZ�U Ly�bDcb�WQb QZUMP ZU_PLTLD. 
�QLy�U ^QcLDPb QcUM^UW QLkMRDRWX WR[, _MU sWL U�U 
TULy�LMP[L, TRNZP[UZ, Mcb ZRkDPWPb `^TMR[UTWRcX-
TLx, NZPhcRMTLx TR^hP P WU�TPVUQhL_L NZL_ZUQQR. 

4. �R^hL_ZRM. J NLQcUMTPU _LM� NLbDPcRQX TLDRb 
`LZ[R WUZZPWLZPRcXTL_L ^NZRDcUTPb �LkbxQWDL[ – 
TR^hL_ZRM�, NZUMQWRDcb��PU LQLyLU [^TPwPNRcXTLU 
LyZRkLDRTPU, D hLWLZL[ _ZRMLLyZRk^��^� ZLcX P_ZR-
UW TR^VTL-NZLPkDLMQWDUTT�x hL[NcUhQ. lRhLx QWRW^Q 
[^TPwPNRcXTL[^ LyZRkLDRTP� NZPQDRPDRUWQb QNUwP-
RcXT�[ ZU�UTPU[ KZRDPWUcXQWDR vY, D QLLWDUWQWDPP 
Q hLWLZ�[ ZRkZRyRW�DRUWQb P ^WDUZqMRUWQb `UMUZRcX-
TRb wUcUDRb NZL_ZR[[R, R TR UU LQTLDRTPP LQ^�UQWD-
cbUWQb NLMMUZqhR ZRkDPWPb TR^hL_ZRMR. J NZL_ZR[[U 
LZ_RTPVUQhP Ly�UMPTb�WQb DQU LQTLDT�U kDUTXb hL[-
NcUhQR: TR^VTRb, TR^VTL-WU�TPVUQhRb, PTTLDRwPLTTRb 
MUbWUcXTLQWX, shQNUZP[UTWRcXT�U ZRkZRyLWhP, NLM_L-
WLDhR hRMZLD. 

$WRW^Q TR^hL_ZRMR NZPQDRPDRUWQb ^hRkL[ KZUkP-
MUTWR vY D wUcb� QLkMRTPb ^QcLDPx Mcb ZRkDPWPb  
TR^VTL-WU�TPVUQhL_L NLWUTwPRcR Q LNZUMUcUTPU[ NZP-
LZPWUWT�� TR^VT�� TRNZRDcUTPx. �R^hL_ZRM – sWL 
[^TPwPNRcXTLU LyZRkLDRTPU QL QWRW^QL[ _LZLMQhL_L 
LhZ^_R, P[U��UU D�QLhPx TR^VTL-WU�TPVUQhPx NL-
WUTwPRc, Q _ZRMLLyZRk^��P[ TR^VTL-NZLPkDLMQWDUT- 
T�[ hL[NcUhQL[ (�Kz). $WRW^Q TR^hL_ZRMR NLMWDUZ-
qMRUWQb QcUM^��P[P hZPWUZPb[P: 

– TU [UTUU 15 % ZRyLWR��P� [^TPwPNRcXTL_L Ly-
ZRkLDRTPb kRTbW� D TR^VTL-NZLPkDLMQWDUTTL[ hL[-
NcUhQU; 

– TU [UTUU 50 % DQUx NZLM^hwPP �LkbxQWD^��P� 
Q^y�UhWLD [^TPwPNRcXTL_L LyZRkLDRTPb NL QWLP[LQWP 
NZLPkDUMUTL D �Kz; 

– TU [UTUU 50 % DQU� LQTLDT�� `LTMLD �LkbxQW-
D^��P� Q^y�UhWLD [^TPwPNRcXTL_L LyZRkLDRTPb 
(hZL[U �z¾ P Ly�UhWLD QLwPRcXTLx Q`UZ�) NZPTRM-
cUqPW �Kz. 

J �Kz D�LMbW NZLPkDLMQWDUTT�U LZ_RTPkRwPP,  
^ hLWLZ�� MLcb TR^hLU[hLx NZLM^hwPP D NZUM�M^�PU 
WZP _LMR QLQWRDcbUW TU [UTUU 50 %, R WRhqU kRZU_PQW-
ZPZLDRTT�U TR^VT�U LZ_RTPkRwPP, D^k�, PTTLDRwPLT-
T�U, shQNUZP[UTWRcXT�U LZ_RTPkRwPP. 

J TRQWLb�UU DZU[b QWRW^Q TR^hL_ZRMR vLQQPxQhLx 
YUMUZRwPP P[U�W QcUM^��PU [^TPwPNRcXT�U LyZR-
kLDRTPb: _. �yTPTQh zRc^qQhLx LycRQWP, _LZLMR zL-
ZLcUD, �^yTR, vU^WLD, YZbkPTL ~LQhLDQhLx LycRQWP, 
N. zLcXwLDL �LDLQPyPZQhLx LycRQWP, _. ~PV^ZPTQh 
lR[yLDQhLx LycRQWP. 
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�R^hL_ZRM� NZPkDRT� y�WX LNLZT�[P WLVhR[P 
ZRkDPWPb NZPLZPWUWT�� TRNZRDcUTPx TR^hP P WU�TP-
hP. J TR^hL_ZRMU _LQ^MRZQWDL yUZUW NLM kR�PW^ LNZU-
MUcUTT^� WUZZPWLZP�, LhRk�DRUW _LQ^MRZQWDUTT^� 
NLMMUZqh^ P _RZRTWPZ^UW DLQWZUyLDRTTLQWX TR^VTLx 
NZLM^hwPP, VWL T^qTL TU QWLcXhL MRTTL[^ _LZLM^, 
QhLcXhL DQUx QWZRTU. J TR^hL_ZRMU D�MUcb�WQb MDR 
TRNZRDcUTPb MUbWUcXTLQWP: 

– ZU�UTPU TR^VT�� NZLycU[ `UMUZRcXTL_L ^ZLD-
Tb, hLWLZLU LNcRVPDRUWQb _LQ^MRZQWDL[ P TU QDbkRTL  
Q NZLPkDLMQWDL[ _LZLMR;  

– QLkMRTPU PTTLDRwPLTT�� `PZ[ TR^VTL-
WU�TPVUQhLx LZPUTWRwPP, hLWLZ�U NZPkDRT� LyUQNU-
VPDRWX LQTLDT^� VRQWX NLQW^NcUTPx D y�MqUW _LZLMR. 

jNZRDcUTPU TR^hLx LQWRUWQb NZUZL_RWPDLx _LQ^-
MRZQWDR (vLQQPxQhLx RhRMU[PP TR^h). KZRDPWUcXQWDL 
vY LNZUMUcbUW NZPLZPWUWT�U TRNZRDcUTPb TR^VTLx  
P PTTLDRwPLTTLx MUbWUcXTLQWP TR^hL_ZRMR, R WRhqU 
NZL_ZR[[^ ZRkDPWPb _LZLMR D hRVUQWDU TR^hL_ZRMR, _MU 
NZP[UTbUWQb WUZZPWLZPRcXT�x, R TU LWZRQcUDLx NLM-
�LM h ^NZRDcUTP�. }QNLcXk^�WQb TLD�U `LZ[� 
^NZRDcUTPb: _LZLMQhPU TR^VTL-WU�TPVUQhPU QLDUW�, 
DUTV^ZT�U `LTM�. �Z_RTPk^�WQb hL[NcUhQT�U PQQcUML-
DRTPb TUQhLcXhP� hZ^NT�� TR^VTL-PQQcUMLDRWUcXQhP� 
PTQWPW^WLD, ^VZUqMUTPb v�� LyUQNUVPDR�W WU�TLcL-
_PVUQhPU ZU�UTPb P NZLPkDLMQWDL TR^VTL_L NZLM^hWR. 

ILZLMQhLU QR[L^NZRDcUTPU QLkMRUW ^QcLDPb Mcb 
ZRkDPWPb TR^VTL_L WDLZVUQWDR, NLMMUZqPDRUW TR MLcq- 
TL[ ^ZLDTU QLwPRcXT^� Q`UZ^. �cb `PTRTQPZLDRTPb 
hLThZUWT�� NZLUhWLD kRhc�VR�WQb QL_cR�UTPb. �R^V-
T�U LZ_RTPkRwPP LQDLyLqMUT� NLVWP LW DQU� TRcL_LD, 
NLQW^NcUTPb LW TP� D [UQWT�x y�MqUW TUkTRVPWUcX-
T�, NLsWL[^ TR^hL_ZRM� y�cP P LQWR�WQb MLWRwPLT-
T�[P. KL ZRkcPVT�[ LwUThR[ D QWZRTU 69 [^TPwP-
NRcXT�� LyZRkLDRTPx, hLWLZ�U [L_^W QWRWX TR^hL_ZR-
MR[P, D TP� NZLqPDRUW 2,5 [cT VUc. 

5. uRhZ�WLU RM[PTPQWZRWPDTL-WUZZPWLZPRcXTLU LyZR-
kLDRTPU. uRhZ�W�[ RM[PTPQWZRWPDTL-WUZZPWLZPRcXT�[ 
LyZRkLDRTPU[ bDcbUWQb WUZZPWLZPRcXTLU LyZRkLDRTPU, 
D NZUMUcR� hLWLZL_L ZRQNLcLqUT� NZL[��cUTT�U 
NZUMNZPbWPb NL ZRkZRyLWhU, �ZRTUTP� P ^WPcPkRwPP 
LZ^qPb [RQQLDL_L NLZRqUTPb, NUZUZRyLWhU ZRMPLRh-
WPDT�� P MZ^_P� [RWUZPRcLD, DLUTT�U P PT�U Ly�Uh-
W�, Mcb hLWLZ�� ^QWRTRDcPDRUWQb LQLy�x ZUqP[ yUkL-
NRQTL_L `^ThwPLTPZLDRTPb P L�ZRT� _LQ^MRZQWDUT-
TLx WRxT�, Dhc�VRb QNUwPRcXT�U ^QcLDPb NZLqPDR-
TPb _ZRqMRT. 

}TWUZUQ� _LQ^MRZQWDR WZUy^�W QLkMRTPb D LNZUMU-
cUTT�� ZU_PLTR� kRhZ�W�� RM[PTPQWZRWPDTL-WUZZP- 
WLZPRcXT�� LyZRkLDRTPx (u�l�). KLZbMLh P� `^Th-
wPLTPZLDRTPb LNZUMUcUT uRhLTL[ «� kRhZ�WL[ RM[P-
TPQWZRWPDTL-WUZZPWLZPRcXTL[ LyZRkLDRTPP» ´ 144-Yu, 
Q Pk[UTUTPb[P P MLNLcTUTPb[P LW 28 TLbyZb 1995 _. 

z LQTLDT�[ LQLyUTTLQWb[ LZ_RTPkRwPP QR[L-
^NZRDcUTPb u�l� LWTLQbWQb QcUM^��PU NLcLqUTPb: 

1) u�l� TRMUcbUWQb QWRW^QL[ _LZLMQhL_L LhZ^_R; 
2) ZU�UTPU L QLkMRTPP (^NZRkMTUTPP) u�l� NZP-

TP[RUWQb KZUkPMUTWL[ vY; 
3) NZP NZPTbWPP ZU�UTPb Ly ^NZRkMTUTPP u�l� 

LNZUMUcb�WQb sWRNTLQWX P QZLhP QTbWPb LQLyL_L  
ZUqP[R yUkLNRQTL_L `^ThwPLTPZLDRTPb NZUMNZPbWPx 
P Ly�UhWLD (QW. 2 N. 2 kRhLTR L u�l�); 

4) u�l� TR�LMPWQb D DUMUTPP `UMUZRcXT�� LZ_R-
TLD _LQ^MRZQWDUTTLx DcRQWP NL DLNZLQR[: 

– ^QWRTLDcUTPb RM[PTPQWZRWPDTLx NLMVPTUTTL-
QWP, _ZRTPw ^hRkRTTL_L LyZRkLDRTPb P kU[UcX, LWDL-
MP[�� NZUMNZPbWPb[ P Ly�UhWR[; 

– LNZUMUcUTPb NLcTL[LVPx LZ_RTLD _LQ^MRZQW-
DUTTLx DcRQWP Q^y�UhWLD vY D LWTL�UTPP ^hRkRTTL_L 
LyZRkLDRTPb; 

– LyUQNUVUTPb LQLyL_L ZUqP[R yUkLNRQTL_L 
`^ThwPLTPZLDRTPb NZUMNZPbWPx P Ly�UhWLD, Dhc�-
VR��U_L QNUwPRcXT�U ^QcLDPb NZLqPDRTPb _ZRqMRT, 
L�ZRT� Ly�UQWDUTTL_L NLZbMhR P LyUQNUVUTPb NZLWP-
DLNLqRZTLx yUkLNRQTLQWP; DQU ZU�UTPb NL D��U^hR-
kRTT�[ DLNZLQR[ NZPTP[R�WQb KZRDPWUcXQWDL[ vY 
(QW. 1 kRhLTR L u�l�); 

5) ^QWRTRDcPDR�WQb L_ZRTPVUTPb TR NZRDL DUMU-
TPb �LkbxQWDUTTLx P NZUMNZPTP[RWUcXQhLx MUbWUcX-
TLQWP, DcRMUTPb, NLcXkLDRTPb P ZRQNLZbqUTPb kU[cUx, 
NZPZLMT�[P ZUQ^ZQR[P, TUMDPqP[�[ P[^�UQWDL[; 

6) D y�MqUW u�l� kRVPQcb�WQb DQU TRcL_P P QyL-
Z�, NLc^VUTT�U Q sWLx WUZZPWLZPP; 

7) kU[cP u�l� TR�LMbWQb D DUMUTPP [^TPwPNRcX-
TL_L LyZRkLDRTPb, kR PQhc�VUTPU[ kU[UcX `UMUZRcX-
TLx QLyQWDUTTLQWP; 

8) ^VRQWPU D NZPDRWPkRwPP [^TPwPNRcXTL_L P[^-
�UQWDR NZPTP[R�W WLcXhL WU _ZRqMRTU, hWL NLQWLbTTL 
WR[ NZLqPDRUW P kRZU_PQWZPZLDRT; 

9) hL[NUWUTwPb LZ_RTLD [UQWTL_L QR[L^NZRDcU-
TPb u�l� ZRQ�PZUTR; h TP[ LWTLQbWQb: 

R) DLNZLQ� LyUQNUVUTPb yUkLNRQTLQWP _ZRqMRT; 
y) DLNZLQ� yUkLNRQTLQWP D ^QcLDPb� DLkTPhTLDU-

TPb VZUkD�VRxT�� QPW^RwPx; 
D) NZLycU[� QLyc�MUTPb LQLyL_L ZUqP[R WUZZP-

WLZPP; 
_) DLNZLQ� ^VRQWPb D ZUqP[TL[ NZLwUQQU (NZL-

N^Qh) P W. N; 
10) NZLqPDRTPU PcP ZRyLWR _ZRqMRT D ^QcLDPb� 

LQLyL_L ZUqP[R u�l� NLMcUqRW Ly�Ux QLwPRcXTLx 
hL[NUTQRwPP, hLWLZRb Dhc�VRUW NLD��UTT�x ^ZLDUTX 
y�MqUWTLx LyUQNUVUTTLQWP TRQUcUTPb, [UZ� QLwP-
RcXTLx kR�PW�, cX_LW� D LNcRWU WZ^MR, _LQ^MRZQWDUT-
TLU QWZR�LDRTPU P _RZRTWPP; [UZ� Ly�Ux QLwPRcXTLx 
hL[NUTQRwPP ^QWRTRDcPDR�WQb `UMUZRcXT�[P kRhL-
TR[P, R WRhqU ZU�UTPb[P KZRDPWUcXQWDR vY. 

uRhZ�W�U RM[PTPQWZRWPDTL-WUZZPWLZPRcXT�U Ly-
ZRkLDRTPb `^ThwPLTPZ^�W D _LZLMR� P NLQUchR�,  
D hLWLZ�� TR�LMbWQb Ly�UhW� ~PTPQWUZQWDR LyLZLT� 
P YUMUZRcXTL_L R_UTWQWDR NL RWL[TLx sTUZ_PP Q LQL-
y�[ ZUqP[L[ MUbWUcXTLQWP. lRhP� TRQUcUTT�� N^Th-
WLD D vLQQPP TRQVPW�DRUWQb LhLcL QLZLhR, P TR�LMbWQb 
LTP D 21 Q^y�UhWU vLQQPxQhLx YUMUZRwPP. }� _ZRTP-
w� [L_^W TU DNPQ�DRWXQb D Q^�UQWD^��UU RM[PTPQW-
ZRWPDTL-WUZZPWLZPRcXTLU MUcUTPU. JQU LTP P[U�W 
LZ_RT� [UQWTL_L QR[L^NZRDcUTPb P ZRQNLcR_R�W LQL-
yLx QPQWU[Lx `PTRTQPZLDRTPb P QLwPRcXTLx NLM-
MUZqhP TRQUcUTPb.  

}kTRVRcXTL u�l� QLkMRDRcPQX Mcb NLMMUZqhP 
LyLZLTT�� NZUMNZPbWPx P DLUTTLx TR^hP. J TRQWLb-
�UU DZU[b WZPMwRWX u�l� TR�LMbWQb D QPQWU[U ~PT-
LyLZLT� vLQQPP. �UbWUcXTLQWX `UMUZRcXT�� LZ_RTLD, 
QDbkRTT^� Q `^ThwPLTPZLDRTPU[ u�l�, hLLZMPTPZ^UW 
~PTshLTL[ZRkDPWPb vLQQPP. �UhLWLZ�U u�l� bDcb�WQb 
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NL Q^�UQWD^ TR^hL_ZRMR[P, �LWb P TU P[U�W sWL_L 
QWRW^QR. J u�l� QLQZUMLWLVUT� ^TPhRcXT�U hRMZ� 
^VUT�� P PTqUTUZLD, P[UUWQb D�QLhRb WU�TPVUQhRb 
LQTR�UTTLQWX, Q^�UQWD^�W DLk[LqTLQWP WDLZVUQhL_L 
ZLQWR. 

uU[cP, kRTP[RU[�U NZUMNZPbWPb[P, NL DPM^ MUb-
WUcXTLQWP hLWLZ�� QLkMRTL u�l�, TR�LMbWQb D `UMU-
ZRcXTLx QLyQWDUTTLQWP P NUZUMR�WQb NZUMNZPbWPb[  
D NLQWLbTTLU (yUQQZLVTLU) NLcXkLDRTPU. $LkMRTPU  
TR WUZZPWLZPP u�l� NZUMNZPbWPx Q PTLQWZRTT�[P 
PTDUQWPwPb[P MLN^QhRUWQb NL ZU�UTP� LZ_RTLD [U-
QWTL_L QR[L^NZRDcUTPb, QL_cRQLDRTTL[^ Q KZRDPWUcX-
QWDL[ vY. J u�l� NLMMUZqPDRUWQb NLZbMLh LyUQNU-
VUTPb LQLyL_L ZUqP[R yUkLNRQTLQWP NZUMNZPbWPx  
P Ly�UhWLD. 

KZUMNZPbWPb, D�NLcTb��PU _LQ^MRZQWDUTT�x 
LyLZLTT�x kRhRk, P[U�W DLk[LqTLQWX NZLPkDLMPWX 
LWVPQcUTPb D y�MqUW u�l� Mcb MLNLcTPWUcXTL_L 
`PTRTQPZLDRTPb NZL_ZR[[ NL shLcL_PP P kMZRDLL�ZR-
TUTP� D ZRk[UZU 1 % LW Ly�U[R `PTRTQPZLDRTPb.  
�RcL_LD�U P PT�U NLQW^NcUTPb LW �ZPMPVUQhP� cPw, 
TR�LMb�P�Qb D _ZRTPwR� u�l�, TRNZRDcb�WQb D [UQW-
T�x y�MqUW. �WP QZUMQWDR PQNLcXk^�WQb TR QLkMRTPU 
TLD�� ZRyLVP� [UQW, QLwPRcXTLU ZRkDPWPU, PT`ZR-
QWZ^hW^Z^, shLcL_P�, TR ^[UTX�UTPU MLWRwPx Pk `UMU- 
ZRcXTL_L y�MqUWR. 

uRhZ�W�[ RM[PTPQWZRWPDTL-WUZZPWLZPRcXTL[ LyZR- 
kLDRTPb[ Q ^VUWL[ `PTRTQPZLDRTPb MLNLcTPWUcXT�� 
ZRQ�LMLD, QDbkRTT�� Q LQLy�[ ZUqP[L[ yUkLNRQTL_L 
`^ThwPLTPZLDRTPb, D�MUcb�WQb hL[NUTQRwPP, MU`P-
wPW P� y�MqUWR NLhZ�DRUWQb kR QVUW QZUMQWD `UMU-
ZRcXTL_L y�MqUWR. ~Uqy�MqUWT�U WZRTQ`UZW� LyUQ-
NUVPDR�W [UZ� QLwPRcXTLx kR�PW� TRQUcUTPb D ^QcL-
DPb� L_ZRTPVUTPb NZRDR DUMUTPb �LkbxQWDUTTLx MUb-
WUcXTLQWP, DcRMUTPb, NLcXkLDRTPb P ZRQNLZbqUTPb 
kU[cUx, NZPZLMT�[P ZUQ^ZQR[P, TUMDPqP[�[ P[^�U-
QWDL[. JQU DLNZLQ� MUbWUcXTLQWP u�l�, hZL[U TR�L-
Mb�P�Qb D DUMUTPP `UMUZRcXT�� LZ_RTLD P LZ_RTLD 
[UQWTL_L QR[L^NZRDcUTPb, ZU�R�WQb RM[PTPQWZRwPUx 
Q^y�UhWR vY. 

6. lUZZPWLZPb LNUZUqR��U_L QLwPRcXTL-shLTL[P- 
VUQhL_L ZRkDPWPb. $L_cRQTL YUMUZRcXTL[^ kRhLT^  
LW 29 MUhRyZb 2014 _. ´ 473-Yu «� WUZZPWLZPb� LNU-
ZUqR��U_L QLwPRcXTL-shLTL[PVUQhL_L ZRkDPWPb D vLQ- 
QPxQhLx YUMUZRwPP» Q 1 bTDRZb 2015 _LMR D vLQQPP 
QLkMR�WQb LQLy�U NcL�RMhP ZRkDPWPb Mcb PTDUQWLZLD 
Q Q^�UQWDUTT�[P TRcL_LD�[P P RM[PTPQWZRWPDT�[P 
NZU`UZUTwPb[P. KPcLWT�[ ZU_PLTL[ Mcb QLkMRTPb 
WUZZPWLZPx LNUZUqR��U_L QLwPRcXTL-shLTL[PVUQ- 
hL_L ZRkDPWPb (l�$�v) QWRTUW �RcXTPx JLQWLh. uRhLT 
LNZUMUcbUW WUZZPWLZP� LNUZUqR��U_L QLwPRcXTL-
shLTL[PVUQhL_L ZRkDPWPb hRh VRQWX WUZZPWLZPP Q^y�-
UhWR vLQQPxQhLx YUMUZRwPP, TR hLWLZLx, D QLLWDUWQW-
DPP Q ZU�UTPU[ KZRDPWUcXQWDR vY, ^QWRTLDcUT LQL-
y�x NZRDLDLx ZUqP[ LQ^�UQWDcUTPb NZUMNZPTP[R-
WUcXQhLx P PTLx MUbWUcXTLQWP D wUcb� `LZ[PZLDRTPb 
ycR_LNZPbWT�� ^QcLDPx Mcb NZPDcUVUTPb PTDUQWPwPx, 
LyUQNUVUTPb ^QhLZUTTL_L QLwPRcXTL-shLTL[PVUQhL_L 
ZRkDPWPb P QLkMRTPb hL[`LZWT�� ^QcLDPx Mcb LyUQNU-
VUTPb qPkTUMUbWUcXTLQWP TRQUcUTPb. jQWRTLDcUTPU 
QWRW^QR l�$�v LNZUMUcUTL WRhqU KZRDPWUcXQWDL[ vY 
D [LTL_LZLMR� D ZR[hR� ILQhLNLZRwPP «vLQRWL[» ^qU 

D WUh^�U[ _LM^. lRhP[ LyZRkL[, NLM WUZZPWLZPUx 
LNUZUqR��U_L QLwPRcXTL-shLTL[PVUQhL_L ZRkDPWPb 
NLTP[RUWQb WUZZPWLZPb Q^y�UhWLD �RcXTUDLQWLVTL_L 
`UMUZRcXTL_L LhZ^_R P LWMUcXT�� WUZZPWLZPx vY – 
[^TPwPNRcXT�� LyZRkLDRTPx – [LTL_LZLMLD ILQhLZ-
NLZRwPP «vLQRWL[», TR hLWLZ�� D QLLWDUWQWDPP Q ZU-
�UTPU[ KZRDPWUcXQWDR vY D wUcb� ZRkDPWPb ^QWRTLD-
cUT� LQLy�U NZRDLD�U ZUqP[� LQ^�UQWDcUTPb NZUM-
NZPTP[RWUcXQhLx P PTLx MUbWUcXTLQWP [2; 3]. 

YPTRTQPZLDRTPU QLkMRTPb PT`ZRQWZ^hW^Z� l�$�v 
LQ^�UQWDcbUWQb kR QVUW QZUMQWD y�MqUWLD `UMUZRcX-
TL_L, ZU_PLTRcXTL_L P [UQWTL_L ^ZLDTUx, DTUy�MqUW-
T�� PQWLVTPhLD, R WRhqU PT�� PQWLVTPhLD `PTRTQP-
ZLDRTPb. �cb [LTPWLZPT_R ZRyLW� WUZZPWLZPP LNUZU-
qR��U_L ZRkDPWPb QLkMRUWQb TRyc�MRWUcXT�x QLDUW, 
h^MR D WL[ VPQcU D�LMbW NZUMQWRDPWUcP DQU� ^ZLDTUx 
DcRQWP P NZUMQWRDPWUcP NZL`QL�kLD, hLWLZ�U, QZUMP 
NZLVU_L, ^VRQWD^�W D ZU�UTPP DLNZLQLD NZPDcUVUTPb 
PTLQWZRTT�� QNUwPRcPQWLD. $L_cRQTL MRTTL[^ TLZ-
[RWPDTL-NZRDLDL[^ RhW^ _LQ^MRZQWDUTTRb NLMMUZqhR 
LQ^�UQWDcbUWQb N^WU[ QLkMRTPb P ^QWRTLDcUTPb LQL-
y�� NZRDLD�� ZUqP[LD LQ^�UQWDcUTPb NZUMNZPTP[R-
WUcXQhLx P PTLx MUbWUcXTLQWP TR WRhP� WUZZPWLZPb�. 

YPTRTQLD�U PTQWZ^[UTW� ZU_^cPZLDRTPb MUbWUcX-
TLQWP l�$�v LNZUMUcUT� `UMUZRcXT�[ kRhLTL[  
LW 29 TLbyZb 2014 _. ´ 380-Yu «� DTUQUTPP Pk[UTU-
TPx D VRQWX DWLZ^� �RcL_LDL_L hLMUhQR vLQQPxQhLx 
YUMUZRwPP» D QDbkP Q NZPTbWPU[ D��UTRkDRTTL_L 
`UMUZRcXTL_L kRhLTR. �QTLDT�[P Pk TP� bDcb�WQb: 

– Q^yQPMPRZTLU `PTRTQPZLDRTPU MUbWUcXTLQWP 
l�$�v Pk QZUMQWD y�MqUWLD `UMUZRcXTL_L, ZU_PL-
TRcXTL_L P [UQWTL_L ^ZLDTUx, R WRhqU DTUy�MqUWT�� 
PQWLVTPhLD; 

– ^QWRTLDcUTPU NLTPqUTTLx TRcL_LDLx QWRDhP 
TRcL_R TR NZPy�cX, NLMcUqR�Ux kRVPQcUTP� D y�M-
qUW� Q^y�UhWLD vLQQPxQhLx YUMUZRwPP, LW MUbWUcX-
TLQWP, LQ^�UQWDcbU[Lx NZP PQNLcTUTPP QL_cR�UTPb 
Ly LQ^�UQWDcUTPP MUbWUcXTLQWP TR WUZZPWLZPP LNU-
ZUqR��U_L QLwPRcXTL-shLTL[PVUQhL_L ZRkDPWPb NZP 
D�NLcTUTPP P[P LNZUMUcUTT�� ^QcLDPx; 

– LWQZLVhR D QZLhR� TRVPQcUTPb TRcL_LD D Qc^VRU, 
UQcP TRcL_LNcRWUcX�Ph – ZUkPMUTW WUZZPWLZPP LNU-
ZUqR��U_L QLwPRcXTL-shLTL[PVUQhL_L ZRkDPWPb –  
TU NLc^VPc NZPy�cX LW MUbWUcXTLQWP D WUVUTPU WZU� 
TRcL_LD�� NUZPLMLD, TRVPTRb Q TRcL_LDL_L NUZPLMR,  
D hLWLZL[ LT y�c Dhc�VUT D ZUUQWZ ZUkPMUTWLD WUZZP-
WLZPP LNUZUqR��U_L QLwPRcXTL-shLTL[PVUQhL_L ZRk-
DPWPb; 

– ^QWRTLDcUTPU ZRk[UZR TRcL_LDLx QWRDhP TRcL_R, 
NLMcUqR�U_L kRVPQcUTP� D y�MqUW� Q^y�UhWLD vY, 
TU NZUD��R��Ux 5 % D WUVUTPU NbWP TRcL_LD��  
NUZPLMLD, TRVPTRb Q TRcL_LDL_L NUZPLMR, D hLWLZL[  
D QLLWDUWQWDPP Q MRTT�[P TRcL_LDL_L ^VUWR y�cR NL-
c^VUTR NUZDRb NZPy�cX LW MUbWUcXTLQWP, LQ^�UQWD-
cbU[Lx NZP PQNLcTUTPP QL_cR�UTPx Ly LQ^�UQWDcUTPP 
MUbWUcXTLQWP TR WUZZPWLZPP LNUZUqR��U_L QLwPRcXTL-
shLTL[PVUQhL_L ZRkDPWPb; QcUM^��PU NbWX TRcL_LD�� 
NUZPLMLD MRTTRb QWRDhR MLcqTR y�WX TU [UTUU 10 %.  

J TRQWLb�Px [L[UTW DTUQUT� Pk[UTUTPb D YUMU-
ZRcXT�x kRhLT LW 29 MUhRyZb 2014 _. ´ 473-Yu (ZUM. 
LW 13.07.2015 ´ 213-Yu), D QLLWDUWQWDPP Q hLWLZ�[P 
TR WUZZPWLZPb� u�l� l�$�v [L_^W QLkMRDRWXQb, TR-
VPTRb Q 1 bTDRZb 2016 _LMR. 
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J wUcb� QLkMRTPb P LyUQNUVUTPb hLTh^ZUTWT�� ^Q-
cLDPx MUbWUcXTLQWP WUZZPWLZPx LNUZUqR��U_L QLwP-
RcXTL-shLTL[PVUQhL_L ZRkDPWPb NZUMNLcR_RUWQb PQ-
NLcXkLDRTPU [UqM^TRZLMTL_L LN�WR MUbWUcXTLQWP 
TRPyLcUU ^QNU�T�� RTRcL_PVT�� WUZZPWLZPx D QWZR-
TR� �kPRWQhL-lP�LLhURTQhL_L ZU_PLTR, WRhP� hRh 
çqTRb zLZUb, zPWRx, $PT_RN^Z. Y^ThwPLTPZ^��PU 
TR WUZZPWLZPP ^hRkRTT�� _LQ^MRZQWD LQLy�U WUZZPWL-
ZPP MUxQWD^�W, hRh NZRDPcL, TR LQTLDRTPP LWMUcXTL_L 
NZRDLDL_L RhWR D�Q�Ux �ZPMPVUQhLx QPc�, hLWLZ�x 
QLMUZqPW Q^�UQWDUTT�U Pk�bWPb Pk Ly�P� NZRDPc 
ZU_^cPZLDRTPb D Q`UZU kU[UcXT�� LWTL�UTPx, NZUM-
NZPTP[RWUcXQhLx, PTDUQWPwPLTTLx MUbWUcXTLQWP,  
TRcL_LD��, WR[LqUTT�� ZUqP[LD P W. M. [4; 5].  

J LQTLDU NZRDLDL_L ZU_^cPZLDRTPb QLkMRTPb  
P `^ThwPLTPZLDRTPb WUZZPWLZPx LNUZUqR��U_L QL-
wPRcXTL-shLTL[PVUQhL_L ZRkDPWPb y�c PQNLcXkLDRT 
RTRcL_PVT�x c^V�P[ ZLQQPxQhP[ P [UqM^TRZLMT�[ 
NZRhWPhR[ NLM�LM.  

���������9� ���/����� ��3����# "���"'�92 
�/����+��������-����������"'�92 �D��3�����(. 
vRkDPWPU PTTLDRwPLTTLx shLTL[PhP Mcb vLQQPP 
hZRxTU RhW^RcXTL, WRh hRh vLQQPb D ZRkDPWPP QLyQW-
DUTTLx shLTL[PhP LWQWRcR LW DUM^�P� QWZRT TR 1–2 
^hcRMR (NbW�x-�UQWLx ^hcRM D ZRkDPW�� QWZRTR�  
P NZUP[^�UQWDUTTL WZUWPx-VUWDUZW�x – D vLQQPP). 
lRh, D shLTL[PhR� ZRkDPW�� QWZRT ML[PTPZ^�W yPL-
WU�TLcL_PP, TRTLWU�TLcL_PP, PT`LZ[RwPb P W. M., D WL 
DZU[b hRh LWUVUQWDUTTRb shLTL[PhR TR�LMPWQb DQU 
U�U TR PTM^QWZPRcXTLx QWRMPP. ¶QcP WRhLU NLcLqUTPU 
QL�ZRTPWQb, WL ZRkZ�D D shLTL[PVUQhL[ ZRkDPWPP y^-
MUW TUPkyUqTL TRZRQWRWX, P vLQQPb [LqUW LhRkRWXQb TR 
DWLZLQWUNUTT�� ZLcb� D [PZLDLx QWZ^hW^ZU ZRQNZUMU-

cUTPb WZ^MR. jqU QUxVRQ D ZRkDPW�� QWZRTR� [PZR  
75–90 % NZPZLQWR JJK LyUQNUVPDR�WQb kR QVUW ZLQWR 
PTTLDRwPLTTL_L QUhWLZR, R D vLQQPP NLhR MRTT�x  
NLhRkRWUcX NL LwUThR[ shQNUZWLD TR�LMPWQb WLcXhL  
TR ^ZLDTU 10 %, VWL TU_RWPDTL QhRk�DRUWQb TR Ly�Ux 
s``UhWPDTLQWP shLTL[PhP. lRh, NL Q^�UQWD^��P[ 
NLQcUMTP[ LwUThR[ ^N^�UTTRb D�_LMR vLQQPP LW PT-
TLDRwPLTTL_L LWQWRDRTPb QLQWRDcbUW 1214 [cZM MLcc. 
D _LM [6; 7]. 

�cb shLTL[PhP vLQQPP �RZRhWUZTR TUZRDTL[UZ-
TLQWX hLTwUTWZRwPP shLTL[PVUQhL_L NZLQWZRTQWDR  
P LVR_LDLU ZRkDPWPU shLTL[PhP [8]. J sWP� QNUwP`P-
VUQhP� ^QcLDPb� DRqTRb ZLcX D PTTLDRwPLTTL[ ZRkDP-
WPP TRwPLTRcXTLx shLTL[PhP LWDLMPWQb cLhRcXT�[ 
RM[PTPQWZRWPDTL-WUZZPWLZPRcXT�[ LyZRkLDRTPb[  
P, D VRQWTLQWP, kRhZ�W�[ RM[PTPQWZRWPDTL-WUZZPWL- 
ZPRcXT�[ LyZRkLDRTPb[. }[UTTL D sWP� QWZ^hW^ZR�  
(R WRhqU D TR^hL_ZRMR�) QLQZUMLWLVUT� NUZUMLD�U  
P NZLZ�DT�U WU�TLcL_PVUQhPU PTTLDRwPP, P s``Uh-
WPDTLQWX P� shLTL[PhP DL [TL_L[ LNZUMUcbUW hLTh^-
ZUTWLQNLQLyTLQWX vLQQPP D wUcL[ TR [PZLD��  
Z�ThR�.  

�QTLDT�U NLhRkRWUcP PQWLVTPhLD `PTRTQPZLDRTPb 
shLTL[PhP u�l�, NLMhLTWZLcXT�� ILQhLZNLZRwPP 
«vLQRWL[», �RZRhWUZPk^�WQb MRTT�[P, NZUMQWRDcUT-
T�[P D WRycPwU. 

�TRcPk PQWLVTPhLD `PTRTQPZLDRTPb PTTLDRwPLT-
TLx MUbWUcXTLQWP u�l� QDPMUWUcXQWD^UW L WL[, VWL 
DQU u�l� bDcb�WQb D�QLhLMLWRwPLTT�[P P MLWPZ^-
�WQb Pk QZUMQWD `UMUZRcXTL_L y�MqUWR, NZP sWL[ 
Ly�U[� PTDUQWPwPx PkDTU WUZZPWLZPP D hZ^NT�U hL[-
NRTPP QLPk[UZP[� PcP NZUD��R�W ZRk[UZ� y�MqU-
WLD u�l�. 
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KRZR[UWZ� [UQWTL_L y�MqUWR,  
[cT Z^y. 

´ 
N\N 

�RP[UTLDR-
TPU u�l� 

$^y�UhW vY $ZUMTU_LMLDRb 
VPQcUTTLQWX 
TRQUcUTPb, 
W�Q. VUc. 

�y�U[ PTDUQWPwPx  
kR QVUW DQU� PQWLVTP-
hLD `PTRTQPZLDRTPb, 

[cT Z^y. 
�L�LM� vRQ�LM� �LWRwPb  

Pk `UMUZRcXTL_L 
y�MqUWR 

1 �UcUkTL-
_LZQh 

zZRQTLbZQhPx 
hZRx 94,2 11032,6 5330,0 5328,1 1075,5 

2 uUcUTL_LZQh zZRQTLbZQhPx 
hZRx 63,9 1260,3 2314,3 2385,6 577,4 

3 $RZLD �PqU_LZLM-
QhRb LycRQWX 94,2 2330,8 3100,9 3183,0 618,9 

4 uRZUVT�x KUTkUTQhRb 
LycRQWX 64,5 1405,8 2281,6 2326,0 1262,4 

5 �UQTLx $DUZMcLDQhRb 
LycRQWX 51,5 743,5 2004,2 2233,8 132,0 

6 �LDL^ZRcXQh $DUZMcLDQhRb 
LycRQWX 85,6 5800,0 4518,5 3551,8 518,2 

7 $UDUZQh lL[QhRb  
LycRQWX 115,2 2498,0 3810,0 3888,4 969,4 

8 �kUZQh �UcbyPTQhRb 
LycRQWX 90,6 6002,2 3029,0 3166,4 583,3 

9 $TUqPTQh �UcbyPTQhRb 
LycRQWX 50,0 – 2108,4 2118,3 542,6 

10 lZU�_LZT�x �UcbyPTQhRb 
LycRQWX 32,7 1730,0 919,5 1147,3 269,0 

*}QWLVTPh – MRTT�U Iz «vLQRWL[». 
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J �LMU ZRyLW� RDWLZR[P PQQcUMLDRTL QLQWLbTPU 
shLTL[PhP u�l� _. �UcUkTL_LZQh zZRQTLbZQhL_L 
hZRb, hLWLZ�x MPTR[PVTL ZRkDPDRUWQb P bDcbUWQb 
hZ^NT�[ PTTLDRwPLTT�[ hcRQWUZL[ zZRQTLbZQhL_L 
hZRb P vLQQPP [2].  

vRkDPWPU D zZRQTLbZQhL[ hZRU hcRQWUZR PTTLDRwP-
LTT�� WU�TLcL_Px u�l� _. �UcUkTL_LZQh LQ^�UQWD-
cbUWQb Q wUcX� NLD��UTPb WU�TLcL_PVUQhLx hLTh^-
ZUTWLQNLQLyTLQWP Q^�UQWD^��U_L yPkTUQR P NZUM-
NZPbWPx bMUZTLx P hLQ[PVUQhLx LWZRQcP. IZRMLLyZR-
k^��PU NZUMNZPbWPb u�l� _. �UcUkTL_LZQh – YIjK 
«ILZTL-�P[PVUQhPx hL[yPTRW» P ��� «}T`LZ[RwP-
LTT�U QN^WTPhLD�U QPQWU[�» P[UTP RhRMU[PhR  
~. Y. vU�UWTUDR» – `LZ[PZ^�W bMZL MRTTL_L hcRQWU-
ZR. J zZRQTLbZQhL[ hZRU ZRkZRyLWRTR NZL_ZR[[R ZRk-
DPWPb hcRQWUZR hRh wUTWZR PTTLDRwPLTTL_L ZRkDPWPb, 
LNZUMUcUTL U_L DkRP[LMUxQWDPU Q NRZWTUZR[P, QNLQLy-
QWD^��UU RhWPDPkRwPP ZRQNZLQWZRTUTPb PTTLDRwPx. 
J ZUk^cXWRWU ZURcPkRwPP NZL_ZR[[� ZRkDPWPb hcRQWU-
ZR LqPMRUWQb ZLQW DRcLDL_L WUZZPWLZPRcXTL_L NZL-
M^hWR u�l� _. �UcUkTL_LZQhR Q 32 [cZM Z^y.  
D 2014 _. ML 70 [cZM Z^y. – h 2020 _. 

J �UcUkTL_LZQhU D�N^QhRUWQb 70 % ZLQQPxQhP� 
QN^WTPhLD _ZRqMRTQhL_L TRkTRVUTPb, QLkMRTR [L�TRb 
NZLPkDLMQWDUTTRb yRkR Mcb NZL[��cUTTL_L P _ZRq-
MRTQhL_L QWZLPWUcXQWDR, R LQTLDT�[P TRNZRDcUTPb[P 
MUbWUcXTLQWP bDcb�WQb ZRkDPWPU bMUZT�� P hLQ[PVU-
QhP� WU�TLcL_Px. 

¿UcX hcRQWUZR – QLkMRTPU PTTLDRwPLTTLx WUZZPWL-
ZPP, QNLQLyTLx ^QPcPDRWX «bMZR» hcRQWUZR, QNLQLyQW-
D^b P� ZRkDPWP� P LyUQNUVUTP� _cLyRcXTLx hLTh^-
ZUTWLQNLQLyTLQWP, P QLkMRDRWX PTTLDRwPLTT�U yPkTU-
Q� DLhZ^_ «bMUZ» hcRQWUZR _. �UcUkTL_LZQhR.  

�RcPVPU _ZRMLLyZRk^��U_L NZUMNZPbWPb YIjK 
«ILZTL-�P[PVUQhPx hL[yPTRW» Iz «vLQRWL[» LyLQTL-
D�DRUW NLc^VUTPU u�l� QWRW^QR WUZZPWLZPP LNUZU-
qR��U_L QLwPRcXTL-shLTL[PVUQhL_L ZRkDPWPb D QLLW- 
DUWQWDPP Q YUMUZRcXT�[ kRhLTL[ vLQQPxQhLx YUMU-
ZRwPP LW 29 MUhRyZb 2014 _. ´ 473-Yu «� WUZZPWLZPb� 
LNUZUqR��U_L QLwPRcXTL-shLTL[PVUQhL_L ZRkDPWPb  
D vLQQPxQhLx YUMUZRwPP». 

�LhRcXT�U RM[PTPQWZRWPDTL-WUZZPWLZPRcXT�U LyZR- 
kLDRTPb WPNR u�l� ycR_LMRZb RhWPDTL[^ `PTRTQPZL-
DRTP� P NLMMUZqhU _LQ^MRZQWDR LNZUMUcb�W PTTLDR-
wPLTTLU ZRkDPWPU LWUVUQWDUTTLx shLTL[PhP. J WL qU 
DZU[b DQU Q^�UQWD^��PU LZ_RTPkRwPLTT�U `LZ[� 
^NZRDcUTPb P� PTTLDRwPLTT�[ ZRkDPWPU[ QLkMRT�  
P NZLMLcqR�W ZRkDPDRWXQb NL PTPwPRWPDU LZ_RTLD 
_LQ^MRZQWDUTTL_L ^NZRDcUTPb, VWL TU QNLQLyQWD^UW 
`LZ[PZLDRTP� P� shLTL[PVUQhLx QR[LQWLbWUcXTLQWP 
P [LWPDLD h Pk�QhRTP� DT^WZUTTP� ZUkUZDLD PTTLDR-
wPLTTL_L ZRkDPWPb, LNZUMUcbU[�� Z�TLVTLx QPW^RwPUx. 
KZP sWL[ yLcX�PTQWDL NZLycU[ D PTTLDRwPLTTL[ 
ZRkDPWPP vY P UU ZU_PLTRcXT�� QLwPRcXTL-shLTL[P- 
VUQhP� QPQWU[ QDbkRT� Q cLhRcPkRwPUx PTTLDRwPLT-
T�� NZLwUQQLD P TUMLQWRWLVTL ZRkDPWLx PTTLDRwPLT-
TLx PT`ZRQWZ^hW^ZLx. �RTTRb QPW^RwPb D NLQcUMTUU 
DZU[b LQcLqTUTR L_ZRTPVUTPU[ MLQW^NR ZLQQPxQhL_L 
yPkTUQR h [PZLD�[ Z�ThR[, D QDbkP Q VU[ Mcb NLcTL-
wUTTL_L LyUQNUVUTPb LWUVUQWDUTTL_L NZLPkDLMQWDR 
Q�ZXU[ P WLDRZR[P TULy�LMP[L ZRkDPDRWX QPQWU[^ 
P[NLZWLkR[U�UTPb [9]. 

�ULy�LMP[L LW[UWPWX, VWL `LZ[PZLDRTPU kRhZ�-
W�� _LZLMLD D QLDUWQhLU DZU[b y�cL NZLMPhWLDRTL  
TU WLcXhL ZUqP[R[P yUkLNRQTLQWP, TL P NZUMNLcR_RcL 
WU�TLcL_PVUQhPx NUZUMUc NZLM^hwPP. zRqMLU  
Pk NZUMNZPbWPx Pk_LWRDcPDRcL NZLM^hW, hLWLZ�x y�c 
PQ�LMT�[ NZLM^hWL[ Mcb QcUM^��U_L sWRNR NUZUMUcR 
D MZ^_L[ u�l�. �R WL[ sWRNU ZRkDPWPb Ly�UQWDR ML-
[PTPZLDRcL QLkMRTPU NLcTL_L wPhcR WLDRZLD P Q�ZXb 
Mcb QLkMRTPb LyLZLTTLx NZLM^hwPP. J TRQWLb�UU 
DZU[b wPhc QLDUWQhL_L NZLPkDLMQWDR NZLM^hwPP ZRk-
Z^�UT. 

J ZR[hR� NZL_ZR[[� ZRkDPWPb PTTLDRwPLTTL_L 
hcRQWUZR «u�l� _. �UcUkTL_LZQh» TR[UWPcRQX WUT-
MUTwPb NL QLkMRTP� wUNLVUh MLyRDcUTTLx QWLP[LQWP 
[UqM^ NZUMNZPbWPb[P RWL[TLx P hLQ[PVUQhLx LWZRQ-
cP, VWL TUDLk[LqTL y�cL QMUcRWX D QLDUWQhLU DZU[b, 
WRh hRh hLLNUZRwPb y�cR DLk[LqTR WLcXhL D ZR[hR� 
LMTLx LWZRQcP, W. U. DUZWPhRcXTL. $LkMRTPU D u�l�  
_. �UcUkTL_LZQh NcL�RMhP WUZZPWLZPRcXTL_L PTTLDR-
wPLTTL_L hcRQWUZR P NZL`UQQPLTRcXTLx QZUM� ZRkZR-
yLWVPhLD NLkDLcPcL hL[NUWUTwPP LMTL_L NZUMNZPbWPb 
PQNLcXkLDRWX D ZR[hR� MZ^_L_L P D�QWZLPWX _LZPkLT-
WRcXT�U QDbkP. vURcPkRwPb MRTT�� NZLUhWLD QWRcR 
DLk[LqTLx D ZR[hR� `LZ[PZLDRTPb NZL_ZR[[ P[NLZ-
WLkR[U�UTPb NZLM^hwPP. lRh, D u�l� _. �UcUkTL-
_LZQh TR_cbMT�[ NZP[UZL[ bDcbUWQb ZRkZRyLWhR yUWR-
DLcXWRPVUQhLx yRWRZUP – NZLM^hWR QLkMRTTL_L Pk hL[-
NUWUTwPx RWL[TLx LWZRQcP, U_L NZLPkDLMQWDL NLMMUZ-
qRTL PTqUTUZT�[P ZRkZRyLWhR[P �� «}$$». 

J sWLx QDbkP WZUy^�W RTRcPkR P QLDUZ�UTQWDLDR-
TPb Q^�UQWD^��PU LZ_RTPkRwPLTT�U `LZ[� P [UWL-
M� ^NZRDcUTPb PTTLDRwPLTT�[ ZRkDPWPU[ TR ZU_PL-
TRcXTL[ ^ZLDTU, hLWLZ�U MLcqT� QLLWDUWQWDLDRWX 
NZPTbWLx D [PZLDLx P LWUVUQWDUTTLx NZRhWPhU QPQWU-
[U ^NZRDcUTPb Q ^VUWL[ LQLyUTTLQWUx P QNUwP`PhP 
PTTLDRwPLTTL_L ZRkDPWPb cLhRcXT�� QLwPRcXTL-shL- 
TL[PVUQhP� QPQWU[ vY. KZLDUMUTT�x RTRcPk LyLQTL-
D�DRUW TULy�LMP[LQWX ZRkZRyLWhP TLDLx QPQWU[� 
Dk_cbMLD, MLNLcTb��Ux TR^VT^� hLTwUNwP� ^NZRD-
cUTPb PTTLDRwPLTT�[ ZRkDPWPU[ cLhRcXT�� RM[PTP-
QWZRWPDTL-WUZZPWLZPRcXT�� LyZRkLDRTPx D ^QcLDPb� 
TUZRDTL[UZTLQWP ZRkDPWPb shLTL[PhP P NLkDLcb��Ux 
D�bDPWX hRVUQWDUTTL TLD�U kRhLTL[UZTLQWP P� PTTL-
DRwPLTTL_L ZRkDPWPb Q ^VUWL[ PQNLcXkLDRTPb QPQWU[-
TLQWP D `LZ[PZLDRTPP LZ_RTPkRwPLTT�� QWZ^hW^Z, 
LyUQNUVPDR��P� RhWPDPkRwP� PTTLDRwPLTT�� NZL-
wUQQLD P NZLwUQQLD P[NLZWLkR[U�UTPb [10; 11]. 

���+������9 ������������>� ��3����# � ��-
�����3���]���#. YLZ[PZLDRTPU PTTLDRwPLTTLx 
shLTL[PhP PMUW NL N^WP P[NLZWLkR[U�UTPb PTTLDR-
wPLTTLx NZLM^hwPP TR DT^WZUTTU[ Z�ThU QWZRT� P UU 
shQNLZWLLZPUTWRwPP TR DTU�TP� Z�ThR�. KZP sWL[ 
PTTLDRwPLTTRb NZLM^hwPb, WU�TPhR, TLD�U [RWUZPR-
c�, WU�TLcL_PP D [UMPwPTU, LyZRkLDRTPP P W. M. Rhh^-
[^cPZ^�W TLD�U kTRTPb, PQNLcXkLDRTPU hLWLZ��  
D NZLPkDLMQWDU NLkDLcbUW shLTL[PWX Q�ZXU, LQTLDTLx 
P VUcLDUVUQhPx hRNPWRc, NLD��RWX hRVUQWDL qPkTP 
c�MUx. vRkDPWPU P[NLZWLkR[U�R��P� NZLPkDLMQWD 
NZUMNLcR_RUW DLQQWRTLDcUTPU hLTh^ZUTWLQNLQLyTLQWP 
ZLQQPxQhLx NZLM^hwPP TR DT^WZUTTU[ Z�ThU. J LWcP-
VPU LW sWL_L ZLQW shQNLZWTL LZPUTWPZLDRTTL_L NZLPk-
DLMQWDR yRkPZ^UWQb TR DTU�TUshLTL[PVUQhLx WLZ_LDLx 



 
 
 

������� ������. ��� 16,  � 4 
 

 1004

shQNRTQPP TR Z�ThP MZ^_P� QWZRT. �y�P[ ^QcLDPU[ 
bDcbUWQb NLD��UTPU hLTh^ZUTWLQNLQLyTLQWP NZLM^h-
wPP D LycRQWP hRVUQWDR P wUT� ML ^ZLDTb WZUyLDRTPx 
hLThZUWTL_L QWZRTLDL_L Z�ThR. 

}[NLZWLLZPUTWPZLDRTT�x N^WX QWZ^hW^ZTL-WU�TL- 
cL_PVUQhLx [LMUZTPkRwPP P[UUW hRh NLkPWPDT�U, WRh 
P TU_RWPDT�U NLQcUMQWDPb. KLkPWPDT�U NLQcUMQWDPb – 
cPhDPMRwPb WU�TPVUQhL_L LWQWRDRTPb, ZLQW hRVUQWDR 
NZLM^hwPP, NZLPkDLMPWUcXTLQWP WZ^MR, sTUZ_LQyUZU-
qUTPb D LWZRQcb� – NLcXkLDRWUcb� WU�TPhP. �U_RWPD-
T�U NLQcUMQWDPb – hZPkPQ P QLhZR�UTPU NZLPkDLMQWDR 
LWUVUQWDUTTL_L LyLZ^MLDRTPb, ^DUcPVUTPU TR_Z^khP 
TR MLy�V^ TU`WP P _RkR, TR Q�ZXUDLx shQNLZW [PTUZR-
cLD, R WRhqU NLWUZb TR^VTL-WU�TPVUQhP� hL[NUWUTwPx, 
WRh hRh NZPhcRMT�U (LWZRQcUD�U) �}�zv D LWZRQcb� 
[R�PTLQWZLUTPb QDUZW�DR�WQb. J _Z^NN^ P[NLZWLkR-
[U�R��P� NZLPkDLMQWD [L_^W y�WX LWTUQUT� ZLQQPx-
QhPU WLDRZ�, P[U��PU kTRVPWUcXT�x NL Ly�U[R[ P[-
NLZW, TL ZRQNLcR_R��PU MLNLcTPWUcXT�[P DLk[Lq-
TLQWb[P Mcb U_L hLTh^ZUTWTL_L D�WUQTUTPb P DLQQWR-
TLDcUTPb _LQNLMQWD^��P� NLkPwPx TR DT^WZUTTU[ 
Z�ThU [12]. z WRhP[ DPMR[ NZLPkDLMQWD, NL [TUTP� 
RDWLZPWUWT�� ^VUT��, [L_^W y�WX LWTUQUT�: 

1. �DPRwPLTTRb NZL[��cUTTLQWX. �hQNLZW ZLQ-
QPxQhLx RDPRWU�TPhP – sWL NZUP[^�UQWDUTTL NZLM^h-
wPb DLUTTL_L TRkTRVUTPb: PQWZUyPWUcP, DUZWLcUW�  
P MZ. J P[NLZWU NZULycRMR�W cUWRWUcXT�U RNNRZRW� 
_ZRqMRTQhL_L TRkTRVUTPb. vLQQPxQhPx RDPRNZL[ 
NZRhWPVUQhP D�WUQTUT Q DT^WZUTTU_L Z�ThR RDPRWU�-
TPhP: TR U_L MLc� NZP�LMPWQb DQU_L LhLcL 4-� % ZLQ-
QPxQhL_L NRQQRqPZLLyLZLWR. vLQQPxQhPx RDPRNZL[ – 
LMPT Pk QR[�� hZ^NT�� Pk MUQbWhR QWZRT, P[U��P� 
ZRkDPWLU QR[LcUWLQWZLUTPU. 

2. $^MLQWZLPWUcXTRb NZL[��cUTTLQWX. J [PZL-
DL[ DLUTTL[ hLZRycUQWZLUTPP vLQQPb kRTP[RUW 2-U 
[UQWL NLQcU $Ã� P NZLPkDLMPW 12 % DQUx NZLM^hwPP 
Q^MLQWZLUTPb. KL Ly�U[R[ _ZRqMRTQhL_L Q^MLQWZLU-
TPb vLQQPb kRTP[RUW 21-U [UQWL D [PZU. �y�UhWL[ 
P[NLZWR Q^MLQWZLPWUcXTLx NZL[��cUTTLQWP NZU-
P[^�UQWDUTTL bDcbUWQb NZLM^hwPb _ZRqMRTQhL_L Q^-
MLQWZLUTPb, R shQNLZWR – Q^MR LyLZLTTL_L TRkTRVUTPb, 
D WL[ VPQcU NLMDLMT�U cLMhP. JLk[LqTLQWP Mcb y^-
M^�U_L P[NLZWLkR[U�UTPb P ZRkDPWPb shQNLZWR LW-
hZ�DRUW ^DUcPVUTPU NZLPkDLMQWDR D Q^MNZL[U hLTh^-
ZUTWLQNLQLyTLx NZLM^hwPP _ZRqMRTQhL_L TRkTRVUTPb. 

3. �DWLNZL[. JLk[LqTLQWP P[NLZWLkR[U�UTPb 
NLQWRDLh cU_hLD�� RDWL[LyPcUx bDcb�WQb D vLQQPP 
LVUTX yLcX�P[P, R NUZQNUhWPD� ZLQQPxQhL_L RDWL-
NZL[R NZUM^Q[RWZPDR�W ZRkDPWPU NZLPkDLMQWDR PTL-
[RZLh. �L_LTb��Px WPN ZRkDPWPb LWUVUQWDUTTL_L 
RDWLNZL[R N^WU[ QLkMRTPb QyLZLVT�� NZUMNZPbWPx 
P[UUW NZUP[^�UQWDL NL QZRDTUTP� Q P[NLZWL[, WRh 
hRh NLkDLcbUW QLkMRWX TLD�U ZRyLVPU [UQWR, PQNLcXkL-
DRWX ZLQQPxQh^� scUhWZLsTUZ_P�, [UWRcc P NLQWUNUT-
TL cLhRcPkLDRWX NZLPkDLMQWDL Q PQNLcXkLDRTPU[ ZLQ-
QPxQhP� hL[NcUhW^��P� MUWRcUx. �MTRhL hRh  
P[NLZW PTL[RZLh, WRh P P� QyLZLVTLU NZLPkDLMQWDL  
D vLQQPP y^M^W D�k�DRWX QDUZW�DRTPU yZUTMLD ZLQ-
QPxQhP� RDWL_P_RTWLD, L VU[, D VRQWTLQWP, QDPMUWUcX-
QWD^UW TPkhPx ^ZLDUTX hLs``PwPUTWR PQNLcXkLDRTPb 
P� NZLPkDLMQWDUTT�� [L�TLQWUx. vRkDPWPU shQNLZWTL 

LZPUTWPZLDRTT�� NZLPkDLMQWD NZUMNLcR_RUW shQNRT-
QP� TR Z�ThP QWZRT ycPqTU_L P MRcXTU_L kRZ^yUqXb. 

}k LWZRQcUx LyZRyRW�DR��Ux NZL[��cUTTLQWP 
kTRVPWUcXT�[ LN�WL[ shQNLZWR NZLM^hwPP ZRQNLcR-
_R�W LyLZLTTRb, RWL[TRb NZL[��cUTTLQWX P _RkLTU`-
WU�P[Pb. 

1. �yLZLTTRb NZL[��cUTTLQWX. J TRQWLb�UU DZU-
[b [TL_PU DPM� LWUVUQWDUTT�� DLLZ^qUTPx TR�LMbW-
Qb TR QR[L[ D�QLhL[ [PZLDL[ ^ZLDTU. $�MR LWTLQbW-
Qb [UqhLTWPTUTWRcXT�U ZRhUW� P ZRhUWT�U hL[NcUh-
Q�, RWL[T�U NLMDLMT�U cLMhP, ZLQQPxQhPU PQWZUyPWU-
cP, TLD�U yLUD�U DUZWLcUW� P MZ. ~PZLDLx Z�TLh 
QDPMUWUcXQWD^UW L D�QLhLx hLTh^ZUTWLQNLQLyTLQWP 
ZLQQPxQhLx LyLZLTTLx NZL[��cUTTLQWP, NLkDLcb�-
�Ux NZL_TLkPZLDRWX DLk[LqTLQWX LyUQNUVUTPb LyL-
ZLTTLx MLQWRWLVTLQWP QWZRT�, NZRhWPVUQhP TU NZP- 
yU_Rb h P[NLZW^ DLLZ^qUTPx. KZP sWL[ ZRkDPWPU LyL-
ZLTTLx NZL[��cUTTLQWP LWZRkPWQb TR ZLQWU PTTLDR-
wPLTTL_L NLWUTwPRcR Q[UqT�� LWZRQcUx P NZLPk-
DLMQWD. 

2. �WL[TRb sTUZ_UWPhR. vLQQPb – LMPT Pk [PZLD�� 
cPMUZLD NL NZLUhWPZLDRTP�, QLLZ^qUTP� P shQNc^R-
WRwPP ��$, LyL_R�UTP� P NLQWRDhR[ bMUZTL_L WLN-
cPDR. J TRQWLb�UU DZU[b D vLQQPP P kR Z^yUqL[ ILQ-
hLZNLZRwPb «vLQRWL[» QWZLPW 15 ��$. Iz «vLQRWL[» 
NZPTRMcUqPW 40 % [PZLDL_L Z�ThR ^Qc^_ NL LyL_R-
�UTP� ^ZRTR, 17 % bMUZTL_L WLNcPDR.  

3. IRkLTU`WU�P[Pb. IRkLTU`WU�P[PVUQhRb NZL-
[��cUTTLQWX vLQQPP �RZRhWUZPk^UWQb MLQWRWLVTL 
D�QLhP[ ^ZLDTU[ hLTh^ZUTWLQNLQLyTLQWP QDLUx NZL-
M^hwPP TR [PZLDL[ Z�ThU. 

vRQQ[LWZUTT�U LycRQWP PTTLDRwPLTT�� NZLZ�DLD 
MRcUhL TU PQVUZN�DR�W DQU� DLk[LqT�� TRNZRDcUTPx 
PTTLDRwPLTTL_L cPMUZQWDR. ¶QcP TLZ[RWPDTL NLMLxWP 
h qUcRU[�[ PTTLDRwPLTT�[ NZLZ�DR[, WL D P� NUZU-
VUTX [LqTL MLyRDPWX NZLM^hwP� yPLWU�TLcL_Px, 
hL[NLkPWT�U [RWUZPRc�, y�WLD^� scUhWZLTPh^, hL[-
NX�WUZ� P NcRT�UW�, TRTLWU�TLcL_PP, ZLyLWLWU�TP-
h^, WU�TPh^ [LyPcXTLx QDbkP, cUhRZQWDR, QcLqT^� 
[UMWU�TPh^ P [TL_PU MZ^_PU PTTLDRwPLTT�U NZLM^h-
W�, NLWZUyTLQWP D hLWLZ�� QUxVRQ D kTRVPWUcXTLx 
QWUNUTP ^MLDcUWDLZb�WQb P[NLZWL[. zRqMRb PTTLDR-
wPb, NZUqMU VU[ QWRWX Ly�UhWL[ NZL[��cUTTLx NLcP-
WPhP, DTRVRcU MLcqTR ^QNU�TL NZLxWP DQU QWRMPP TR-
^VTL-WU�TPVUQhLx NLcPWPhP. zLTh^ZUTWLQNLQLyTLQWX 
TLDLx NZLM^hwPP MLcqTR y�WX MLhRkRTR TR MLhL[[UZ-
VUQhLx QWRMPP DTRVRcU D �LMU PQN�WRTPx,  
MU[LTQWZRwPLTT�� PcP LN�WT�� LyZRkwLD NZLM^h-
wPP, R DQcUM kR WU[ NLc^VPWX NZPkTRTPU TR [PZLDL[ 
Z�ThU. lLcXhL NLQcU NLMWDUZqMUTPb hLTh^ZUTWLQNL-
QLyTLQWP P QNZLQR TR DT^WZUTTU[ P DTU�TP� Z�ThR� 
sWR NZLM^hwPb [LqUW QWRWX NZPLZPWUWL[ NZL[��cUT-
TLx NLcPWPhP. ~LqTL ^WDUZqMRWX, VWL ZRkDPWPU hLT-
h^ZUTWLQNLQLyTL_L NZLPkDLMQWDR _ZRqMRTQhP� QR[L-
cUWLD P Q^MLD, QyLZLVTL_L NZLPkDLMQWDR cU_hLD�� 
PTL[RZLh Q NLQcUM^��Ux U_L cLhRcPkRwPUx, shQNLZWR 
QLDZU[UTT�� DLLZ^qUTPx, Ly�UhWLD RWL[TLx sTUZ_U-
WPhP, NZLM^hwPP _RkLTU`WU�P[PP Q^�UQWDUTTL ^hZU-
NPW cPMUZQhPU NLkPwPP vLQQPP D [PZLDLx PTTLDRwP-
LTTLx QPQWU[U [13]. 

KZRhWPVUQhRb ZURcPkRwPb NZPLZPWUWLD NZL[��-
cUTTLx P TR^VTL-WU�TPVUQhLx NLcPWPhP Q^�UQWDUTTL 
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^DUcPVPW PTTLDRwPLTT�x scU[UTW ZLQQPxQhLx shLTL-
[PhP. �cb ZURcPkRwPP NLQWRDcUTTLx kRMRVP TULy�L-
MP[ TLD�x NLM�LM h `LZ[PZLDRTP� TLD�� LZ_RTPkR-
wPLTT�� `LZ[ P[NLZWLkR[U�UTPb, ZRkDPWP� P[NLZ-
WLkR[U�R��P� NZLPkDLMQWD P D�yLZ^ [UZ ZU_PLTRcX-
TLx shLTL[PVUQhLx NLcPWPhP, TRNZRDcUTT�� TR LyUQ-
NUVUTPU shLTL[PVUQhLx QR[LQWLbWUcXTLQWP cLhRcX-
T�� RM[PTPQWZRWPDTL-WUZZPWLZPRcXT�� LyZRkLDRTPx 
hRh QR[LQWLbWUcXT�� Q^y�UhWLD Z�ThR. 

J�MUcPD LQTLDT�U TRNZRDcUTPb P[NLZWLkR[U�U-
TPb Mcb ZLQQPxQhLx shLTL[PhP, TULy�LMP[L LNZUMU-
cPWX TRNZRDcUTPb QLDUZ�UTQWDLDRTPb _LQ^MRZQWDUT-
TLx NLcPWPhP, ZU_^cPZ^��Ux  MRTT�x NZLwUQQ [14]. 
�cb WL_L VWLy� NZLPkDLMPWUcX TRVRc MLc_LQZLVTL 
PTDUQWPZLDRWX (D WL[ VPQcU P hZUMPWT�U ZUQ^ZQ�) D 
ZRkDPWPU WZRMPwPLTTL_L NZLPkDLMQWDR P NZLPkDLMQWDL 
PTTLDRwPLTTLx NZLM^hwPP, MLcqT� QLyc�MRWXQb QcU-
M^��PU ^QcLDPb: 

– MLcqTR y�WX Q`LZ[^cPZLDRTR _LQ^MRZQWDUTTRb 
QWZRWU_Pb ZRkDPWPb P[NLZWLkR[U�UTPb, TU WLcXhL kR-
bDcUTTRb, TL P PQNLcTbU[Rb LZ_RTR[P _LQ^MRZQWDUT-
TLx DcRQWP, D�ZRqR��RbQb hRh D [LTPWLZPT_R� P RTR-
cPWPhU, WRh P ZURcXT�� [RWUZPRcXTL-`PTRTQLD��  
NLWLhR�, hLWLZ�U LDU�UQWDcb�W _LQ^MRZQWDUTT^� 
NLMMUZqh^ hLThZUWT�� P[NLZWLkR[U�R��P� LWZRQ-
cUx P NZLPkDLMQWD; 

– MLcqUT y�WX LyUQNUVUT MLQW^NT�x DT^WZUTTPx 
hZUMPW NL NZPU[cU[�[ QWRDhR[ (kMUQX [L_^W Q�_ZRWX 
DRqT^� ZLcX _LQNLMMUZqhR D NcRTU Q^yQPMPx TR `P-
TRTQPZLDRTPU VRQWP NZLwUTWT�� NcRWUqUx P RhWPDTRb 
NZLwUTWTRb NLcPWPhR ZU_^cbWLZR), D TULy�LMP[�� 
Ly�U[R� P TR MLQWRWLVTL McPWUcXT�U QZLhP; 

– MLcqTR y�WX ZURcPkLDRTR _LQ^MRZQWDUTTRb NL-
cPWPhR, TRNZRDcUTTRb TR LycU_VUTPU NLPQhR TLD�� 
DTU�TP� PQWLVTPhLD Q�ZXb, NLc^NZLM^hWLD P _LWLD�� 
PkMUcPx, TULy�LMP[�� Mcb ZRkDPWPb P[NLZWLkR[U-
�R��U_L NZLPkDLMQWDR TR TRVRcXTL[ sWRNU, D DPMU 
TLD�� [UqNZRDPWUcXQWDUTT�� QL_cR�UTPx (PcP Pk[U-
TUTPb ^QcLDPx MUxQWD^��P�) QL QWZRTR[P, TU DL�UM-
�P[P D QPQWU[^ QRThwPx, P W. M.; 

– NZLPkDLMPWUcX MLcqUT y�WX ^DUZUT D MLc_L-
QZLVTL[ �RZRhWUZU _LQ^MRZQWDUTTLx NLcPWPhP; yUk 
sWLx ^DUZUTTLQWP TPhRhPU PTQWZ^[UTW� NLMMUZqhP 
yPkTUQR, LZPUTWPZLDRTTL_L TR DT^WZUTTUU NLWZUycU-
TPU, TU y^M^W ZRyLWRWX.  

�RTTRb NLcPWPhR MLcqTR QWZLPWXQb Q ^VUWL[ 
NZPTwPNLD P[NLZWLkR[U�UTPb, PTTLDRwPLTTLx [L-
MUZTPkRwPP, ZRkZRyLWhP P NZLPkDLMQWDR NZLZ�DT�� 
PTTLDRwPx, ZRkDPWPb PT`ZRQWZ^hW^Z� NL hL[[UZwPR-
cPkRwPP PTTLDRwPx, ^VUWR P� DLQWZUyLDRTTLQWP  
TR Z�ThU, PQNLcXkLDRTPb DT^WZUTTP� ZUkUZDLD [15]. 

���"?0����. vU�UTPU NLQWRDcUTT�� kRMRV DLk-
[LqTL NZP LyUQNUVUTPP MLQWRWLVTLx shLTL[PVUQhLx 
QR[LQWLbWUcXTLQWP Q^�UQWD^��P� cLhRcXT�� RM[P-
TPQWZRWPDTL-WUZZPWLZPRcXT�� LyZRkLDRTPx, LNZUMU-
cb��P� PTTLDRwPLTTLQWX ZRkDPWPb LWUVUQWDUTTLx 
shLTL[PhP. �MTRhL ZRQQ[RWZPDRb [U�RTPk[ `^ThwPL-
TPZLDRTPb NLQcUMTUx Pk Q^�UQWD^��P� LZ_RTPkRwP-
LTT�� `LZ[ ^NZRDcUTPb (l�$�v) D ZR[hR� Q^�UQW-
D^��P� [Uqy�MqUWT�� LWTL�UTPx vY, TULy�LMP[L 
LW[UWPWX, VWL MRTTRb LZ_RTPkRwPLTTRb `LZ[R WRhqU 
TU LyUQNUVPDRUW �LkbxQWDUTT^� P `PTRTQLD^� QR[L-

QWLbWUcXTLQWX WUZZPWLZPx P TU `LZ[PZ^UW QPQWU[^ 
[LWPDRwPP Mcb Pk�QhRTPb DT^WZUTTP� ZUkUZDLD  
UU ZRkDPWPb. 

}Q�LMb Pk D��UPkcLqUTTL_L, [LqTL QMUcRWX QcU-
M^��PU D�DLM�. 

1. vRkTLLyZRkPU LZ_RTPkRwPLTT�� `LZ[ ^NZRDcU-
TPb cLhRcXT�[P WUZZPWLZPRcXT�[P LyZRkLDRTPb[P 
Ly^QcLDcUTL ZRkcPVPU[ PQWLZPVUQhP�, NLcPWPVUQhP�, 
shLTL[PVUQhP�, QLwPRcXT�� P NZPZLMT�� NZUMNLQ�-
cLh D ZRkcPVT�� ZU_PLTR� vLQQPxQhLx YUMUZRwPP. 

2. �WhRk LW RM[PTPQWZRWPDTL-hL[RTMTL_L ^NZRD-
cUTPb DL [TL_L[ NZUMLNZUMUcPc Q^�TLQWX P LZ_RTP-
kRwPLTT�U `LZ[� ^NZRDcUTPb D ^QcLDPb� shLTL[PVU-
QhP� (Z�TLVT��) [UWLMLD �LkbxQWDLDRTPb. 

3. $^�UQWD^��PU LZ_RTPkRwPLTT�U `LZ[� 
^NZRDcUTPb PTTLDRwPLTT�[ ZRkDPWPU[ cLhRcXT�� 
WUZZPWLZPRcXT�� LyZRkLDRTPx, Dhc�VRb NLQcUMTPU 
(l�$�v), TU LyUQNUVPDR�W shLTL[PVUQhLx QR[LQWLb-
WUcXTLQWP hRh ZU_PLTLD (Q^y�UhWLD YUMUZRwPP) D wU-
cL[, WRh P D�LMb�P� D P� QLQWRD LWMUcXT�� cLhRcX-
T�� RM[PTPQWZRWPDTL-WUZZPWLZPRcXT�� LyZRkLDRTPx, 
WRh hRh LQTLDT�[ `PTRTQLD�[ [U�RTPk[L[ ZU_^cPZL-
DRTPb [Uqy�MqUWT�� LWTL�UTPx LQWRUWQb NZUMLQ-
WRDcUTPU `PTRTQLDLx NL[L�P VUZUk [Uqy�MqUWT�U 
LWTL�UTPb, Q_cRqPDR��UU QLwPRcXTL-shLTL[PVUQhPU 
ZRkcPVPb [UqM^ ZU_PLTR[P P QNLQLyQWD^��UU D�ZRD-
TPDRTP� P ^QhLZUTP� �LkbxQWDUTTL_L ZRkDPWPb. �QL-
yUTTLQWP NZLDLMP[Lx ZU_PLTRcXTLx y�MqUWTLx NL-
cPWPhP Ly^QcLDcPDR�W NLWLhP `PTRTQLD�� ZUQ^ZQLD 
Pk wUTWZR D ZU_PLT� P QNLQLyQWD^�W hLTwUTWZRwPP 
`PTRTQLD�� QZUMQWD D _LQ^MRZQWDUTTL[ (`UMUZRcX-
TL[) y�MqUWU, WL_MR hRh [UQWT�U y�MqUW� LQWR�WQb, 
hRh NZRDPcL, MLWRwPLTT�[P. 

4. vU_PLTRcXTRb QLwPRcXTL-shLTL[PVUQhRb QPQWU-
[R P[UUW DT^WZUTTPU ZUkUZD� PcP «TUDPMP[�U RhWP-
D�», hLWLZ�U TULy�LMP[L [LyPcPkLDRWX Mcb ZU�UTPb 
NLQWRDcUTT�� TR QLDZU[UTTL[ sWRNU kRMRV, QDbkRTT�� 
Q MPDUZQP`PhRwPUx LWUVUQWDUTTLx shLTL[PhP, PTTL-
DRwPLTT�[ ZRkDPWPU[ P P[NLZWLkR[U�UTPU[.  

�LDPkTR NZUMcR_RU[L_L NLM�LMR h ^NZRDcUTP� PT-
TLDRwPLTT�[ ZRkDPWPU[ WUZZPWLZPx QLQWLPW D ZRkZR-
yLWhU RDWLZR[P ^QcLDPx, U_L LNZUMUcb��P�, R P[UTTL: 

– Mcb MPTR[PVTL_L ZRkDPWPb LWUVUQWDUTTLx shL-
TL[PhP P NZULyZRkLDRTPb UU QWZ^hW^Z� TULy�LMP[L 
LyUQNUVUTPU LNUZUqR��U_L ZRkDPWPb cLhRcXT��  
RM[PTPQWZRWPDTL-WUZZPWLZPRcXT�� LyZRkLDRTPx, D WL[ 
VPQcU u�l�; 

– ^QWRTLDcUTPU LQLyL_L NZRDLDL_L ZUqP[R LQ^-
�UQWDcUTPb NZUMNZPTP[RWUcXQhLx MUbWUcXTLQWP D wUcb� 
`LZ[PZLDRTPb ycR_LNZPbWT�� ^QcLDPx Mcb NZPDcUVU-
TPb PTDUQWPwPx, LyUQNUVUTPb ^QhLZUTTL_L QLwPRcXTL-
shLTL[PVUQhL_L ZRkDPWPb D QLLWDUWQWDPP Q YUMUZRcX-
T�[ kRhLTL[ LW 29 MUhRyZb 2014 _. ´ 473-Yu «� WUZ-
ZPWLZPb� LNUZUqR��U_L QLwPRcXTL-shLTL[PVUQhL_L 
ZRkDPWPb D vLQQPxQhLx YUMUZRwPP» MLcqTL QLNZLDL-
qMRWXQb LyUQNUVUTPU[ MLQWRWLVTLx shLTL[PVUQhLx 
QDLyLM� P �LkbxQWDUTTLx PTPwPRWPD� cLhRcXT��  
RM[PTPQWZRWPDTL-WUZZPWLZPRcXT�� LyZRkLDRTPx; 

– QLkMRTPU TLD�� LZ_RTPkRwPLTT�� (PcP hLZZUh-
WPZLDhP Q^�UQWD^��P�) `LZ[ ^NZRDcUTPb PTTLDRwP-
LTT�[ ZRkDPWPU[ WUZZPWLZPx, `LZ[PZ^U[�� TR LQTL-
DU NLQWZLUTPb QPQWU[TLQWP P[NLZWLkR[U�UTPb,  
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NLkDLcPW LyUQNUVPWX ZU�UTPU NZLycU[� NLD��UTPb 
s``UhWPDTLQWP shLTL[PhP P hLTh^ZUTWLQNLQLyTLQWP 
cLhRcXTL_L RM[PTPQWZRWPDTL-WUZZPWLZPRcXTL_L LyZR-
kLDRTPb P LWUVUQWDUTTLx shLTL[PhP D wUcL[. 
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� ��	�����	�������'/�( �	���*������&, ��*�����	����� � �	���	�(��( �����+����� � ���	����� �	�-
��*�������. 5���������� ������!������ ��(��&����� �	���	�(��� � �	����$�!�� ����$��, +�� �	��� 
	������� ������ 3	����(	���� �	�� ����� �������+�� #�	�*�� 	�$"&����, ��� �� �����, ��#�����+����( 
����	��$�!�( �	���*������ �������� 	������ �	��"�� ��&���*��� 	�$����(. 8���� ��$��%����� �( 
	�*���( ������ $���+� ���	����� ����&$������ ������+������ ���#���.  

� 2014 �. ����� �$ �	��	������ ���"��	�������� ������� �. 9"��� ���$��+� 8�!����&�"' ��#�����-
+���"' ���!�����", � 	����# ����	�� ���������� ��	�����+����# ���!����� ��� 	�$	������� �	��	���� 
��	 �� ��	��	�����' �	��!����&�� ����# 	����� � ��$����' "����� �( ����&���� ��#�����+������  
���	���� ������ � 2035 ���".  

������+���� ����"	��������������� 	������� ����	� �	��"�� �	�������( ������# ��#������. ��		���-
	�( 3	����(	����� �	�( �	�������&�� �( 	���$�!�� 	(�� ���	������ 8�!����&��� ��#�����+����� ���-
!������, �	�%�� �����, 	�$����( ������� ����������� ��$�"*���� �	�����	�� (AeroNet). U��� �������-
��!�( ���������# �����&��# ����	���� (�9��). ��	������ �	����� 	�$����( ���������� ��#���� 
�	�%�������� �	�������( � �}. B����!����� #�	����	 $���+, 	�*����# �������� AeroNet, ���	����� *�-
	���� ��$��%����� �	�������( ������+������ ���#��� � �; �"��!����	�����'. � +��������, 	(� ����	��-
!�����# $���+ ��%�� ��"/����(�&�( �� ������ ����� �	�����	����� �9��. 9	��������( �	�����*�( 
����&, ��	�%�'/�( ����� ���#��.  
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The technological development enterprises of regional industrial complex are one of the fundamental factors of 
growth of the economy of the Russian Federation. The article highlighted the factors which influence industry 
development; proposed the definition of technological development of regional industrial complex. 

Krasnoyarsk region has implemented the concept of transition from export-raw to innovative socially oriented type 
of development. Nonferrous metallurgy, forestry and woodworking industry, engineering and enterprise space are the 
basis of region industry. The innovation activities study of enterprises and organizations showed that Krasnoyarsk 
region has good results among other Russian regions; however, technological modernization of regional industrial 
complex is required further development. New solution for this problem is to use a logistic approach. 
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In 2014, one of the priorities of state policy of Vladimir Putin outlined the “National technology initiative”, under 
which the Agency for strategic initiatives has developed a program of measures for the formation fundamentally new 
markets and create conditions for global technological leadership of Russia to 2035. 

 Siberian economy can become high-competitive only on a base of prospective technologies. Krasnoyarsk territory 
is attractive for implementation of a majority of National Technological Initiative directions. The most outstanding 
amidst is a network of pilot-free air transport (AeroNet). Multitasking of this system opens wide possibilities for 
logistical approach implementation. A set of tasks in collection, processing and delivery of information can be joined 
with transportational objectives. The paper reveals the simplest model to illustrate this cooperation 

 
Keywords: regional industrial complex, logistic approach, national technology initiative, unmanned aerial vehicles. 
    
)��/����. J TRQWLb�UU DZU[b TR _LQ^MRZQWDUTTL[ 

^ZLDTU NLQWRDcUTR kRMRVR `LZ[PZLDRTPb PTM^QWZPRcX- 
TLx LQTLD� hLTh^ZUTWLQNLQLyTLx PTTLDRwPLTTLx 
shLTL[PhP. �MTRhL NUZU�LM TR PTTLDRwPLTT^� [L-
MUcX ZRkDPWPb D vLQQPP LQ^�UQWDcbUWQb hZRxTU TUMLQ-
WRWLVT�[P WU[NR[P. �R QLDZU[UTTL[ sWRNU PTTLDR-
wPLTTL-WU�TLcL_PVUQhLU QLQWLbTPU ZU_PLTLD vLQQPP 
P[UUW WUTMUTwPP P kRhLTL[UZTLQWP, hLWLZ�U LWZRqR�W 
P� LWQWRDRTPU hRh LW DUM^�P� QWZRT [PZR, WRh P LW 
QWZRT ¿UTWZRcXTL-JLQWLVTLx ¶DZLN� NL NLhRkRWUcb[ 
PTTLDRwPLTTLx RhWPDTLQWP NZUMNZPbWPx, WU�TLcL_P-
VUQhL[^ ^ZLDT� NZLPkDLMQWDR, WU�TLcL_PVUQhLx DLQ-
NZPP[VPDLQWP P MZ. �MTLx Pk NZPVPT QcLqPD�UxQb 
QPW^RwPP bDcbUWQb TUD�QLhRb _LWLDTLQWX yPkTUQR, PT-
QWPW^wPLTRcXTLx P QLwPLh^cXW^ZTLx QZUM� NLMMUZ-
qRWX [LMUZTPkRwPLTT�U NZULyZRkLDRTPb, NZUMcR_RU-
[�U _LQ^MRZQWDL[. zZL[U WL_L, NZP NZLDUMUTPP  
[LMUZTPkRwPP NZLycU[� DLkTPhR�W D QDbkP Q ZU_PL-
TRcXTLx QNUwP`PhLx. lRh, ^ ZU_PLTLD $PyPZP, D WL[ 
VPQcU P zZRQTLbZQhL_L hZRb, P[U��P� Q�ZXUD^� TR-
NZRDcUTTLQWX, DLkTPhR�W NZLycU[� NZP `LZ[PZLDR-
TPP PTTLDRwPLTTLx shLTL[PhP DQcUMQWDPU Ly�UhWPD-
TLx TULy�LMP[LQWP QL�ZRTUTPb MLy�DR��P� LWZRQ-
cUx, LWZRQcUx NL NUZDPVTLx NUZUZRyLWhU ZUQ^ZQLD, 
WZRMPwPLTTL TU bDcb��P�Qb cPMUZR[P PTTLDRwPLT-
TL_L ZRkDPWPb, D QDbkP Q LQLyUTTLQWb[P ZRQNLcLqUTPb 
P QcLqPD�UxQb D QLDUWQhPU DZU[UTR QWZ^hW^ZLx NZL-
[��cUTTL_L QUhWLZR, ^WZRWPD�Ux QDL� s``UhWPD-
TLQWX D ^QcLDPb� Z�ThR TRVRcR XXI DUhR. 

KLsWL[^ RhW^RcXTLx bDcbUWQb kRMRVR NLPQhR TLD�� 
DLk[LqTLQWUx Mcb NLD��UTPb s``UhWPDTLQWP NUZU-
DLMR NZL[��cUTT�� hL[NcUhQLD ZU_PLTLD vY Q ^VU-
WL[ D�bDcUTT�� LQLyUTTLQWUx P NZLycU[ TR PTTLDR-
wPLTT^� [LMUcX ZRkDPWPb. $ sWLx wUcX� �_UTWQWDL[ 
QWZRWU_PVUQhP� PTPwPRWPD y�cR ZRkZRyLWRTR NZL-
_ZR[[R [UZ NL `LZ[PZLDRTP� D vLQQPP NZPTwPNP-
RcXTL TLD�� Z�ThLD P QLkMRTP� ^QcLDPx Mcb ZURcP-
kRwPP QWZRWU_PP MLQWPqUTPb _cLyRcXTL_L cPMUZQWDR. 
lUZZPWLZPb zZRQTLbZQhL_L hZRb NZPDcUhRWUcXTR Mcb 
ZURcPkRwPP ZbMR TRNZRDcUTPx �RwPLTRcXTLx WU�TLcL-
_PVUQhLx PTPwPRWPD�, NZUqMU DQU_L, ZRkDPWPb QPQWU-
[� yUQNPcLWTL_L DLkM^�TL_L WZRTQNLZWR (AeroNet).  

��2��"�>�0�+��� ��3����# ����9�"����>� 
����"��+� ���+��#�+��>� ���#. J zZRQTLbZQhL[ 
hZRU MLcb NZL[��cUTTLQWP QLQWRDcbUW 80 %, R ML�LM� 
hZ^NTUx�P� NZL[��cUTT�� NZUMNZPbWPx D 2013 _. 
MLQWP_cP 1,045 WZcT Z^y. [1].  

�QTLD^ NZL[��cUTTLQWP hZRb QLQWRDcb�W wDUWTRb 
[UWRcc^Z_Pb, cUQTRb P MUZUDLLyZRyRW�DR��Rb NZL-
[��cUTTLQWX, [R�PTLQWZLUTPU P [UWRccLLyZRyLWhR, 
_LZTLMLy�DR��Rb P �P[PVUQhRb NZL[��cUTTLQWX, 

NZP sWL[ ^MUcXT�x DUQ MLy�DR��Ux P LyZRyRW�DR�-
�Ux NZL[��cUTTLQWP MLQWP_RUW 30,4 %.  

�TRcPk TR^VTLx cPWUZRW^Z� [2–5] NLkDLcPc D�MU-
cPWX ZbM `RhWLZLD, LhRk�DR��P� DcPbTPU TR ZRkDPWPU 
NZL[��cUTTLQWP: 

– TR^VTL-WU�TPVUQhPx NZL_ZUQQ; 
– shLTL[PVUQhRb NLcPWPhR _LQ^MRZQWDR; 
– LyUQNUVUTTLQWX ZUQ^ZQR[P; 
– WZRMPwPLTTL QcLqPD�RbQb QNUwPRcPkRwPb; 
– LWZRQcUDRb QWZ^hW^ZR hRNPWRcXT�� DcLqUTPx, 

`PTRTQPZ^U[�� Pk ZRkcPVT�� PQWLVTPhLD. 
KLD��UTPU s``UhWPDTLQWP P hLTh^ZUTWLQNLQLy-

TLQWP ZLQQPxQhLx NZL[��cUTTLQWP TUDLk[LqTL yUk 
WU�TLcL_PVUQhP�, LZ_RTPkRwPLTT�� P ^NZRDcUTVUQhP� 
Pk[UTUTPx, LyUQNUVPDR��P� ZRkDPWPU P hLTh^ZUTW-
TLU NZUP[^�UQWDL NUZQNUhWPDT�� LWZRQcUx NZL[��-
cUTTL_L hL[NcUhQR. 

KLM WU�TLcL_PVUQhP[ ZRkDPWPU[ NZL[��cUTTL_L 
hL[NcUhQR ZU_PLTR [LqTL NLTP[RWX  NZLwUQQ NUZUDL-
MR QLDLh^NTLQWP NZUMNZPbWPx NZL[��cUTTLQWP, ZRQ-
NLcLqUTT�� TR LMTLx WUZZPWLZPP, D P� WUQTLx WU�TL-
cL_PVUQhLx DkRP[LQDbkP P DkRP[LMUxQWDPP, TR D�QL-
hLWU�TLcL_PVT�x ^ZLDUTX Q wUcX� MLQWPqUTPb TRP-
yLcX�U_L WU�TLcL_PVUQhL_L QLLWDUWQWDPb ZRkcPVT�� 
NZLPkDLMQWDUTT�� kDUTXUD [RhQP[RcXTL D�QLhL[^ 
^ZLDT� [6].  

zLTwUNwPUx QLwPRcXTL-shLTL[PVUQhL_L ZRkDPWPb 
vLQQPxQhLx YUMUZRwPP TR NUZPLM ML 2020 _LMR QWRDP-
cRQX kRMRVR NUZU�LMR ZLQQPxQhLx shLTL[PhP LW shQ-
NLZWTL-Q�ZXUDL_L h PTTLDRwPLTTL[^ QLwPRcXTL LZP-
UTWPZLDRTTL[^ WPN^ ZRkDPWPb [7]. J zZRQTLbZQhL[ 
hZRU LQ^�UQWDcbUWQb NLQcUMLDRWUcXTRb ZURcPkRwPb 
MRTTL_L NLcLqUTPb: ^WDUZqMUTR QWZRWU_Pb PTTLDRwP-
LTTL_L ZRkDPWPb zZRQTLbZQhL_L hZRb TR NUZPLM ML 
2020 _LMR «}TTLDRwPLTT�x hZRx – 2020», y�c NZPTbW 
kRhLT zZRQTLbZQhL_L hZRb «� TR^VTLx, TR^VTL-
WU�TPVUQhLx P PTTLDRwPLTTLx MUbWUcXTLQWP D zZRQ-
TLbZQhL[ hZRU», MLc_LQZLVTRb wUcUDRb NZL_ZR[[R 
«vRkDPWPU PTTLDRwPLTTLx MUbWUcXTLQWP TR WUZZPWL-
ZPP zZRQTLbZQhL_L hZRb» TR 2012–2014 _LM�.  

vUk^cXWPZ^��P[ NLhRkRWUcU[ s``UhWPDTLQWP PT-
TLDRwPLTTLx MUbWUcXTLQWP bDcbUWQb NLhRkRWUcX Ly�U-
[R PTTLDRwPLTT�� WLDRZLD, ZRyLW P ^Qc^_. �RPyLcX-
�Px ^MUcXT�x DUQ D Ly�U[U PTTLDRwPLTT�� WLDRZLD, 
ZRyLW, ^Qc^_ D $Y� kRTP[RUW zZRQTLbZQhPx hZRx – 
23,5 %, QcUML[ – zU[UZLDQhRb LycRQWX Q 19,1 % P }Z-
h^WQhRb LycRQWX – 17,0 %  [8]. 

J wUcL[ QZUMP ZU_PLTLD vLQQPP D zZRQTLbZQhL[ 
hZRU MLQWRWLVTL �LZL�PU ZUk^cXWRW� PTTLDRwPLTTLx 
MUbWUcXTLQWP, TUQ[LWZb TR sWL, WU�TLcL_PVUQhRb  
[LMUZTPkRwPb NZL[��cUTTL_L hL[NcUhQR ZU_PLTR 
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WZUy^UW MRcXTUx�U_L ZRkDPWPb. �LD�U DLk[LqTLQWP 
Mcb ZU�UTPb MRTTLx kRMRVP LWhZ�DRUW PQNLcXkLDRTPU 
cL_PQWPVUQhL_L NLM�LMR.  

�L_PQWPVUQhPx NLM�LM – sWL hL[NcUhQTLU NZUM-
QWRDcUTPU NLWLhLD�� NZLwUQQLD D shLTL[PVUQhLx MUb-
WUcXTLQWP ZU_PLTR TR LQTLDU NLQWZLUTPb cL_PQWPVU-
QhP� QPQWU[ P wUNUx Q wUcX� UU QLDUZ�UTQWDLDRTPb. 
~PZLDLx LN�W NLhRk�DRUW, VWL NZP[UTUTPU cL_PQWP-
VUQhL_L NLM�LMR NLkDLcbUW QTPkPWX PkMUZqhP NZP NU-
ZUDLkhR�, NL_Z^kLVTL-ZRk_Z^kLVT�� ZRyLWR�, �ZRTU-
TPP [RWUZPRcXT�� ZUQ^ZQLD P _LWLDLx NZLM^hwPP  
P MZ. kR QVUW QLD[UQWP[LQWP LyLZ^MLDRTPb, NZP[UTU-
TPb PT`LZ[RwPLTT�� WU�TLcL_Px. zZRQTLbZQhPx hZRx 
LQWRUWQb ZU_PLTL[, TUMLQWRWLVTL kRWZLT^W�[ cL_P-
QWPVUQhLx RhWPDTLQWX�. 

���>����� “	������"'��# ��2��"�>�0�+��# 
����������” ��� �+���� �D�+��0���# >"�D�"'��>� 
��2��"�>�0�+��>� "�/��+��� � ��++��. 4 MUhRyZb 
2014 _. NZUkPMUTW vLQQPP J. K^WPT D NLQcRTPP h YU-
MUZRcXTL[^ $LyZRTP� LyLkTRVPc LMPT Pk NZPLZPWU-
WLD _LQ^MRZQWDUTTLx NLcPWPhP: «�R LQTLDU MLc_L-
QZLVTL_L NZL_TLkPZLDRTPb TULy�LMP[L NLTbWX, Q hR-
hP[P kRMRVR[P vLQQPb QWLchTUWQb VUZUk 10–15 cUW, 
hRhPU NUZUMLD�U ZU�UTPb NLWZUy^�WQb Mcb WL_L, VWL-
y� LyUQNUVPWX TRwPLTRcXT^� yUkLNRQTLQWX, hRVUQWDL 
qPkTP c�MUx, ZRkDPWPU LWZRQcUx TLDL_L WU�TLcL_PVU-
QhL_L ^hcRMR» [9]. 

�_UTWQWDL[ QWZRWU_PVUQhP� PTPwPRWPD y�cR kRN^-
�UTR NZL_ZR[[R [UZ NL `LZ[PZLDRTP� NZPTwPNPRcX-
TL TLD�� Z�ThLD P QLkMRTP� ^QcLDPx Mcb _cLyRcXTL-
_L WU�TLcL_PVUQhL_L cPMUZQWDR vLQQPP h 2035 _LM^, 
NLc^VPD�Rb TRkDRTPU «�RwPLTRcXTRb WU�TLcL_PVU-
QhRb PTPwPRWPDR» [10]. J ZR[hR� MRTTLx NZL_ZR[[� 
ZRkZRyRW�DR�WQb MLZLqT�U hRZW� NL ZRkDPWP� QU[P 
NUZQNUhWPDT�� Z�ThLD P WZU� PT`ZRQWZ^hW^ZTL-
WU�TLcL_PVUQhP� TRNZRDcUTPx, NZPkDRTT�� D NUZD^� 
LVUZUMX LyUQNUVPWX Z�ThP QNUwPRcPQWR[P TLD�� 
NZL`UQQPx [11].  

�QLy�x PTWUZUQ Mcb shLTL[PVUQhL_L hL[NcUhQR 
zZRQTLbZQhL_L hZRb NZUMQWRDcb�W QcUM^��PU _Z^NN� 
Z�ThLD: 

– AeroNet – ZRQNZUMUcUTT�U QPQWU[� yUQNPcLW-
T�� cUWRWUcXT�� RNNRZRWLD; 

– MariNet – ZRQNZUMUcUTT�U QPQWU[� [LZQhL_L 
WZRTQNLZWR yUk shPNRqR; 

– AutoNet – ZRQNZUMUcUTTRb QUWX RDWLWZRTQNLZWR 
yUk DLMPWUcb; 

– HealthNet – Z�TLh QPQWU[, yRkPZ^��P�Qb TR MLQ- 
WPqUTPb� D TR^hR� L qPkTP P LyUQNUVPDR��P� ZLQW 
NZLMLcqPWUcXTLQWP qPkTP, R WRhqU NLc^VUTPU TLD�� 
s``UhWPDT�� QZUMQWD cUVUTPb WbqUc�� kRyLcUDRTPx; 

– NeuroNet – Z�TLh QZUMQWD VUcLDUhL-[R�PTT�� 
hL[[^TPhRwPx, LQTLDRTT�� TR NUZUMLD�� ZRkZRyLW-
hR� D TUxZLWU�TLcL_Pb� P NLD��R��P� NZLM^hWPD-
TLQWX VUcLDUhL-[R�PTT�� QPQWU[, NZLPkDLMPWUcX-
TLQWX NQP�PVUQhP� P [�QcPWUcXT�� NZLwUQQLD; 

– EnergyNet – Z�TLh sTUZ_PP, LQTLDRTT�x TR WU�-
TLcL_PVUQhP� ZU�UTPb�, LyUQNUVPDR��P� PTWUccUh-
W^RcPkRwP� P ZRQNZUMUcUTT�x �RZRhWUZ sTUZ_UWPVU-
QhP� QUWUx (smart grid); 

– FoodNet – Z�TLh NZLMLDLcXQWDPb, LyUQNUVUT-
T�x PTWUccUhW^RcPkRwPUx, RDWL[RWPkRwPUx P ZLyLWP-

kRwPUx WU�TLcL_PVUQhP� NZLwUQQLD TR DQU[ NZLWbqU-
TPP qPkTUTTL_L wPhcR NZLM^hWLD LW NZLPkDLMQWDR  
ML NLWZUycUTPb, R WRhqU ZRkDPWPU[ yPLWU�TLcL_Px. 

$WRDhR TR MRTT�U TRNZRDcUTPb NLkDLcPW LyZRWPWX 
_UL_ZR`PVUQh^� ^MRc�TTLQWX WUZZPWLZPP, U� QcLqT�x 
ZUcXU` P Q^ZLD�U hcP[RWPVUQhPU ^QcLDPb D hLTh^-
ZUTWT�U NZUP[^�UQWDR hRh TR ZLQQPxQhL[ ^ZLDTU, WRh 
P D Ly�U[PZLDL[ [RQ�WRyU. 

J ZR[hR� MRTTLx QWRWXP LQWRTLDP[Qb TR ZRQQ[LW-
ZUTPP DLNZLQLD ZRkDPWPb Z�ThR yUQNPcLWT�� cUWR-
WUcXT�� RNNRZRWLD, ZURcPkRwPP cL_PQWPVUQhP� DLk-
[LqTLQWUx P� shQNc^RWRwPP D ZU_PLTU. 

���"�3���# "�>�+��0�+��2 ��3��-��+��( \�+-
�"%������ &��� � ��>����. vRkZRyLWhR P NZLPkDLM-
QWDL yUQNPcLWT�� RDPRwPLTT�� QPQWU[ D TRQWLb�UU 
DZU[b bDcb�WQb TRPyLcUU NZL_ZUQQPZ^��P[ QU_[UT-
WL[ [PZLDLx RDPRwPLTTLx LWZRQcP. vRQ�LM� TR QLkMR-
TPU TLD�� P [LMUZTPkRwP� Q^�UQWD^��P� yUQNPcLW-
T�� RDPRwPLTT�� QPQWU[ TUNZUZ�DTL ZRQW^W MRqU  
D NUZPLM� Ly�U_L QTPqUTPb MUcLDLx P NZL[��cUT-
TLx RhWPDTLQWP D RDPRQWZLUTPP. KL MRTT�[ [RZhU-
WPT_LD�� PQQcUMLDRTPx DUM^�P� PTLQWZRTT�� hL[-
NRTPx, Ly�U[ Z�ThR D 2014 _LM^ QLQWRDPc 6,76 [cZM 
MLcc. $Ã�. }k TP� NZPycPkPWUcXTL 66 % Z�ThR  
LWTLQPWQb h QU_[UTW^ DLUTTL_L NZP[UTUTPb, 20 % –  
h QU_[UTW^ LyUQNUVUTPb yUkLNRQTLQWP P WLcXhL 14 % – 
h QU_[UTW^ _ZRqMRTQhL_L P hL[[UZVUQhL_L NZP[UTU-
TPb yUQNPcLWT�� RDPRwPLTT�� QPQWU[ [12]. 

J �LMU `LZQRxWTLx ZRyLW� D ZR[hR� �RwPLTRcX-
TLx WU�TLcL_PVUQhLx PTPwPRWPD�, PQ�LMb Pk LwUThP 
Q^�UQWD^��P� NLWZUyTLQWUx, TR^VTL-WU�TPVUQhL_L 
NLWUTwPRcR P hL[NUWUTwPx LWUVUQWDUTT�� hL[NRTPx, 
QLwPRcXTLx kTRVP[LQWP QNUwPRcPQWR[P y�cP D�MUcU-
T� QcUM^��PU NZPLZPWUWT�U TRNZRDcUTPb ZRkDPWPb 
LWZRQcP D vLQQPxQhLx YUMUZRwPP:  

1) MPQWRTwPLTTLU kLTMPZLDRTPU uU[cP P [LTPWL-
ZPT_;  

2) NZP[UTUTPU D QUcXQhL[ �LkbxQWDU;  
3) NUZUDLkhP;  
4) NLPQh P QNRQRTPU.  
zRh LW[UVRUWQb D MLZLqTLx hRZWU NL ZRkDPWP� 

Z�ThR «�sZL�sW», QU_[UTW NUZUDLkhP NLkDLcbUW ZUR-
cPkLDRWX hc�VUDLU WU�TLcL_PVUQhLU NZUP[^�UQWDL 
yUQNPcLWT�� RDPRwPLTT�� QPQWU[ – DLk[LqTLQWX  
y�QWZLx RMZUQTLx PTMPDPM^RcXTLx MLQWRDhP WLDRZLD 
P _Z^kLD TUNLQZUMQWDUTTL NLWZUyPWUc� yUk PQNLcXkL-
DRTPb WZRMPwPLTTLx WZRTQNLZWTLx PT`ZRQWZ^hW^Z� 
(MLZLqTLx QUWP, QhcRMQhP� WUZ[PTRcLD, cLhRcXT�� 
MPQWZPyX�WLZQhP� N^ThWLD, h^ZXUZLD), VWL LWZRqRUW 
Q^�TLQWX cL_PQWPVUQhL_L NLM�LMR. vU�Rb NZLycU[^ 
«NLQcUMTUx [PcP», yUQNPcLWT�U cUWRWUcXT�U RNNRZR-
W� LQ^�UQWDcb�W MLQWRDh^ NLWZUyPWUc� D WUVUTPU 
[PT^W, WL_MR hRh WZRMPwPLTTRb h^ZXUZQhRb MLQWRDhR 
LQ^�UQWDcbUWQb D WUVUTPU MTb. KL[P[L WZRMPwPLTTLx 
shQNZUQQ-MLQWRDhP LMTP[ Pk QU_[UTWLD Z�ThR [LqUW 
QWRWX MLQWRDhR [UMPhR[UTWLD P yPL[RWUZPRcLD.  

lRhP[ LyZRkL[, TR QLDZU[UTTL[ sWRNU ZRkDPWPb 
yUQNPcLWTLx WU�TPhP Z�TLh hL[[UZVUQhP� NZP[UTU-
TPx yUQNPcLWT�� RDPRwPLTT�� QPQWU[ TR�LMPWQb  
D QWRMPP `LZ[PZLDRTPb. �UQ[LWZb TR WL, VWL RyQL-
c�WT�U NLhRkRWUcP Ly�U[R D�NLcTbU[�� ZRyLW NLhR 
TUD�QLhP, VPQcL ^VRQWTPhLD Z�ThR TUNZUZ�DTL ZRQ-
WUW, _UL_ZR`Pb ZRQ�PZbUWQb, hLcPVUQWDL NZP[UTUTPx 
NL LWZRQcb[ ^DUcPVPDRUWQb. 
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JRqTLU [UQWL D yUQNPcLWT�� RDPRwPLTT�� QPQWU-
[R� kRTP[R�W yUQNPcLWT�U cUWRWUcXT�U RNNRZRW� 
(]K��). �TRcPk TR^VTLx cPWUZRW^Z� NLkDLcPc NZL-
DUQWP hcRQQP`PhRwP� ]K�� NL Q`UZU PQNLcXkLDRTPb 
(ZPQ. 1) [13–15]. 

J TRQWLb�UU DZU[b QNUwPRcPQW� D�MUcb�W ZbM 
NZLycU[ ZRkDPWPb yUQNPcLWTLx WU�TPhP _ZRqMRTQhL_L 
NZP[UTUTPb D vY. 

lU�TPVUQhRb NZLycU[R QLQWLPW D WL[, VWL NLWUT- 
wPRcXT�� kRhRkVPhLD PTWUZUQ^�W TU ]K��, N^QWX  
P Q ^TPhRcXT�[P �RZRhWUZPQWPhR[P, R NLcTLwUTT�U 
QPQWU[�, hLWLZ�U D�NLcTb�W LNZUMUcUTT^� `^Th-
wP� P TU WZUy^�W hDRcP`PwPZLDRTTL_L LyQc^qPDR-
TPb. JWLZRb NZLycU[R QDbkRTR Q NUZDLx P TLQPW QWZ^h-
W^ZT�x �RZRhWUZ. ]LcX�PTQWDL hL[[UZVUQhP� kRhRk-
VPhLD �LWUcL y� NLh^NRWX TU yUQNPcLWT�U QPQWU[�,  
R ^Qc^_P (TRNZP[UZ, cUWT�U VRQ�) ^ QNUwPRcPkPZLDRT-
T�� hL[NRTPx. �RTT�U NZLycU[� [L_^W y�WX ZU�UT� 
NL [UZU WL_L, hRh _ZRqMRTQhP[P yUQNPcLWT�[P RDPR-
wPLTT�[P QPQWU[R[P TRVPTR�W kRTP[RWXQb hZ^NT�U 
NZL[��cUTT�U hL[NRTPP, P[U��PU QLLWDUWQWD^�-
�PU ZUQ^ZQ P LN�W. �RPyLcUU kTRVP[Lx NZLycU[Lx 
bDcbUWQb TULy�LMP[LQWX QLkMRTPb TLZ[RWPDTL-
NZRDLDLx yRk� Mcb QUZWP`PhRwPP ]K�� P P� PTWU_ZR-
wPP D Q^�UQWD^��^� QPQWU[^ ^NZRDcUTPb DLkM^�-
T�[ MDPqUTPU[. zL[NcUhQTL sWR NZLycU[R TU ZU�UTR 
TP_MU D [PZU, TUQ[LWZb TR kTRVPWUcXT�U ^QPcPb.  

J QLLWDUWQWDPP Q NZL_TLkR[P ZRkDPWPb Z�ThR  
«�sZL�sW», TRM WUZZPWLZPUx vLQQPxQhLx YUMUZRwPP  
h 2035 _LM^ NLQWLbTTL (D ZUqP[U 24/7/365) [L_^W  
TR�LMPWXQb D DLkM^�U TU [UTUU 100 000 ]K��, Ly�U-
MPTUTT�� D UMPT^� QPQWU[^ NZUMLQWRDcUTPb ZRyLW  
P ^Qc^_ Mcb ^MLDcUWDLZUTPb ZRkcPVT��, NLQWLbTTL 
DLkZRQWR��P� NLWZUyTLQWUx shLTL[PhP [12]. 

KUZQNUhWPDR cRDPTLLyZRkTL_L ZLQWR VPQcR yUQNP-
cLWT�� cUWRWUcXT�� RNNRZRWLD D ycPqRx�U[ y^M^-

�U[ QWRDPW NZLycU[^ ZRwPLTRcPkRwPP DLkM^�TL_L 
MDPqUTPb, PkyU_RTPb WZRTQNLZWT�� kRWZ^MTUTPx. �M-
TP[ Pk QZUMQWD U� ZU�UTPb DPMPWQb Ly�UMPTUTPU D 
LMTL[ NLc�WU kRMRV WZRTQNLZWPZLDhP P kRMRV NZPQ^W-
QWDPb. �UxQWDPWUcXTL, LQTLDT�[P wUcb[P shQNc^RWR-
wPP ]K�� D [PZT�� wUcb� bDcb�WQb MLQWRDhR _Z^kLD 
P NZUy�DRTPU RNNRZRWR D DLkM^�U D LNZUMUc�TTL[ 
ZRxLTU � Mcb Q��[hP P PTL_L NLc^VUTPb PT`LZ[RwPP, 
ZUWZRTQcbwPP QP_TRcLD P MZ^_P� MUxQWDPx, TU QDbkRT-
T�� Q NUZU[U�UTPU[ VU_L-cPyL [RWUZPRcXTL_L. 

�UWRWUcXT�x RNNRZRW NL[P[L LQTLDTLx NLcUkTLx 
TR_Z^khP [LqUW yZRWX TR yLZW LyLZ^MLDRTPU, TULy�L-
MP[LU Mcb Q��[hP WUZZPWLZPP D WL[ PcP PTL[ MPRNR-
kLTU, ZRkMRVP [LyPcXTLx QDbkP P ZU�UTPb MZ^_P� RTR-
cL_PVT�� kRMRV DL DZU[b NLc�WR NL NcRTPZ^U[L[^ 
[RZ�Z^W^. lRhP[ LyZRkL[, LNZUMUc�TTRb VRQWX WUZZP-
WLZPP Q WLx PcP PTLx NUZPLMPVTLQWX� LhRk�DRUWQb D 
kLTU NLhZ�WPb cUWRWUcXT�� RNNRZRWLD. J sWL[ Qc^VRU 
LWQ^WQWD^UW TULy�LMP[LQWX kRN^QhRWX QNUwPRcXT�x 
]K��, VWL NLWUTwPRcXTL shLTL[PW QZUMQWDR. zRqM�x 
^VRQWLh WUZZPWLZPP NZUM�bDcbUW QDL� NLWZUyTLQWX D 
QLLWDUWQWD^��U[ LyQc^qPDRTPP, VWL D�ZRqRUWQb 
[RhQP[RcXTL MLN^QWP[�[ DZU[UTT�[ PTWUZDRcL[ 
[UqM^ RhWR[P NZPQ^WQWDPb TRM TUx DLkM^�TL_L Q^MTR. 
�RNZP[UZ, ^VRQWLh _RkLNZLDLMR MLcqUT PTQNUhWPZL-
DRWXQb, QhRqU[, hRqM�U �UQWX VRQLD. KZP sWL[ VRQWX 
PTQNUhwPx [LqUW y�WX NZLDUMUTR WZRTQNLZWT�[P 
yUQNPcLWTPhR[P, QcUM^��P[P ycPkhP[ h^ZQL[, R Mcb 
MZ^_Lx VRQWP TRyc�MUTPx TULy�LMP[L kRN^QhRWX QLy-
QWDUTT�U RNNRZRW�. �UhLWLZLU LWhcLTUTPU LW NZb[L-
_L h^ZQR ZRMP NZPQ^WQWDPb D TR�LMb�P�Qb TUMRcUhL P 
MRDTL TU TRDU�RD�P�Qb WLVhR� LNZRDM�DRUWQb DLkTR-
_ZRqMUTPU[, NLc^VRU[�[ LNUZRWLZL[ ZUxQR LW LNUZR-
WLZR PT`LZ[RwPLTTLx kRMRVP. 

 

 
 

vPQ. 1. zcRQQP`PhRwPb ]K�� NL TRkTRVUTP� 

J�NLcTbU[�U `^ThwPP 

$`UZ� PQNLcXkLDRTPb ]K�� 

KZPhcRMT�U �R^VT�U 

JLUTT�U IZRqMRTQhPU 

~LTPWLZPT_ P NLMLyT�U 
kRMRVP 

KZUkUTWRwPP, ZUhcR[R, ZRkDcUVU-
TPb, WDLZVUQWDL 

vUWZRTQcbwPb QP_TRcLD  
P NLMLyT�U kRMRVP 

jNZRDcUTPU NLDUMUTPU[ qPD�� 
Ly�UhWLD 

�LQWRDhR _Z^kLD  
P NLMLyT�U kRMRVP 
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KZUMQWRDcUTT�U QLLyZRqUTPb Ly^QcLDcPDR�W  
LNZUMUcUTPU D hRVUQWDU wUcUDL_L hZPWUZPb [LMUcP 
[PTP[^[ QLDLh^NT�� kRWZRW PT`LZ[RwPLTTL_L LNU-
ZRWLZR TR «NLh^Nh^» NZLc�WLD WZRTQNLZWT�� ]K��, 
TUQ^�P� TULy�LMP[LU LyLZ^MLDRTPU, TRM NLMhLT-
WZLcXTLx WUZZPWLZPUx P TR LQ^�UQWDcUTPU QDLP� 
«NRWZ^cXT��» ZUxQLD. jNZRDcbU[�[P NUZU[UTT�[P 
[LMUcP y^M^W ZRk[UZ� DLkTR_ZRqMUTPx (L`UZW�)  
kR NZLc�W TRM hLThZUWT�[ [UQWL[. }� DUcPVPT� TR-
NZb[^� kRDPQbW LW DZU[UTP, NZL�UM�U_L Q NZUM�M^-
�Ux PTQNUhwPP, P TU [L_^W NZUDLQ�LMPWX QLyQWDUTT�� 
kRWZRW TR LQ^�UQWDcUTPU QLLWDUWQWD^��P� NLc�WLD. 

~RZ�Z^WTRb [LMUcX [LqUW y�WX NLQWZLUTR hRh TR 
hLLZMPTRWTLx QUWhU, WRh P TR _ZR`U. �L_PhR LZ_RTPkR-
wPP DLkM^�TL_L MDPqUTPb ]K��, cPTUxTRb hLT`P_^-
ZRwPb [TL_P� NLMcUqR�P� PT`LZ[RwPLTTL[^ LyQc^-
qPDRTP� TRkU[T�� Ly�UhWLD, QZRDTPWUcXTRb NZLQWLWR 
[LMUcPZLDRTPb LWMR�W NUZUDUQ NLM�LM^, LQTLDRTTL[^ 
TR _ZR`U. KZLQWUx�Rb [LMUcX D sWL[ Qc^VRU y^MUW 
D�_cbMUWX QcUM^��P[ LyZRkL[. 

}[UUWQb [TLqUQWDL P = {p1, p2, …, pn} WLVUh,  
bDcb��P�Qb N^ThWR[P LWNZRDcUTPb P TRkTRVUTPb 
]K��. �cb c�y�� MD^� ZRkcPVT�� U_L scU[UTWLD LN-
ZUMUcUTR PTWUTQPDTLQWX QLLy�UTPb (QZUMTUU VPQcL 
D�cUWLD D kRMRTTL[ TRNZRDcUTPP D WUVUTPU VRQR,  
Q^WLh P W. M.). KLQcUMTPx NLhRkRWUcX [LqUW NZPTP[RWX 
Mcb TUhLWLZ�� NRZ  P T^cUD�U kTRVUTPb (LWQ^WQWDPU 
NZb[L_L QLLy�UTPb). ~TLqUQWDL P’ = {pn+1, pn+2, …, 
pn+m} NZUMQWRDcbUW QLyLx QLDLh^NTLQWX ^kcLD�� WLVUh 
QPQWU[� TRDP_RwPP ]K��. �WP WLVhP bDcb�WQb QDLU_L 
ZLMR NUZUhZ�QWhR[P DLkM^�TL_L QLLy�UTPb. 

~TLqUQWDL L = {l1, l2, …, lk} LyZRk^U[LU TUhLWL-
Z�[P NRZR[P scU[UTWLD [TLqUQWDR P U P’, NZUMQWRD-
cbUW QLyLx QLDLh^NTLQWX scU[UTWRZT�� QU_[UTWLD, W. U. 
LWZUkhLD [UqM^ WLVhR[P, NZPTRMcUqR�P[P [TLqUQW-
DR[ P P P’. �QTLDT�[ RWZPy^WL[ scU[UTWR [TLqUQWDR 
L bDcbUWQb U_L McPTR, hLWLZRb NZP TULy�LMP[LQWP  
P Q ^V�WL[ ZRkcPVT�� kTRVP[�� `RhWLZLD [LqUW y�WX 
hLTDUZWPZLDRTR D kRWZRWTLQWX NZL�LqMUTPb MRTTLx 
M^_P _ZR`R. �Z^_Lx RWZPy^W NZUMQWRDcbUW [RhQP[RcX-
TL MLN^QWP[LU DZU[b [UqM^ NZLc�WR[P NL sWLx M^_U. 
jV�W sWL_L `RhWLZR NLkDLcbUW kRMRWX Mcb scU[UTWLD 
[TLqUQWDR L NcRW�qT^� `^ThwP� ui(li,i), _MU i – DZU-
[b, NZL�UM�UU Q [L[UTWR NZUM�M^�U_L NLQU�UTPb 
ZUyZR li. 

�cb hRqML_L scU[UTWR MUhRZWLDR NZLPkDUMUTPb 
[TLqUQWDR P hZL[U _cRDTLx MPR_LTRcP QLLWDUWQW-
D^��Ux [RWZPw� LNZUMUcUTL [TLqUQWDL [RZ�Z^WLD 
�ij = {Rijs}, _MU i – TL[UZ N^ThWR LWNZRDcUTPb; j – TL-
[UZ N^ThWR TRkTRVUTPb; s – TL[UZ wUNP, QLUMPTb��Ux 
QLLWDUWQWD^��PU WLVhP _ZR`R. zLcPVUQWDL WRhP� wU-
NUx bDcbUWQb ZRkT�[ Mcb ZRkT�� DUZ�PT, LMTRhL Mcb 
^MLyQWDR [LMUcPZLDRTPb wUcUQLLyZRkTL kRMRWX [Rh-
QP[RcXTLU hLcPVUQWDL DRZPRTWLD N^WP [UqM^ MD^[b 
WLVhR[P. KZP sWL[ Mcb TUhLWLZ�� i P j, TRVPTRb Q TU-
hLWLZL_L s, [UTX�U_L sWL_L [RhQP[^[R, y^MUW QNZR-
DUMcPD�[ WLqMUQWDL Rijs � Rijs+1. 

lRhP[ LyZRkL[, Mcb c�yL_L [RZ�Z^WR D hLThZUW-
T�x [L[UTW DZU[UTP [LqTL LNZUMUcPWX kRWZRW� TR 
U_L NZL�LqMUTPU P ML�LM, NLc^VRU[�x LNUZRWLZL[ 
NLc�WR D Qc^VRU TRNZRDcUTPb ]K�� NL MRTTLx wUNP. 
~RZ�Z^W, LyUQNUVPDR��Px [RhQP[RcXT�x VPQW�x 
ML�LM, P y^MUW NZLxMUT. 

KZLPcc�QWZPZ^U[ ^hRkRTT�U QLLyZRqUTPb TR NZP- 
[UZU NZLQWUx�Ux [LMUcP (ZPQ. 2). 

 

                       
 

vPQ. 2. zLT`P_^ZRwPb NZLQWUx�Ux  
WZRTQNLZWTLx QUWP 

 
~UqM^ N^ThWR[P A1, A2 P A3 LZ_RTPkLDRTL WZRTQ-

NLZWTLU QLLy�UTPU. vUxQ� [L_^W D�NLcTbWXQb TRNZb-
[^� cPyL VUZUk WLVh^ � NZP TRcPVPP QLLWDUWQWD^�-
�U_L PTWUZUQR ^ NUZUDLkVPhR. zRqMLU Pk �UQWP Z�yUZ 
NLMcUqPW NUZPLMPVUQhLx PTQNUhwPP. uRMRTR McPTR 
hRqML_L ZUyZR (PcP kRWZRW� TR U_L NZULMLcUTPU). 

zDRTWP`PhRwPb [LMUcP NL DZU[UTP MLcqTR LyUQ-
NUVPWX LZMPTRZTLQWX NLWLhR ZUxQLD, W. U. DZU[UTTLx 
PTWUZDRc QcUM^UW yZRWX WRhP[, VWLy� QMUcRWX NZUTUy-
ZUqP[L [RcLx DLk[LqTLQWX LMTLDZU[UTTL_L D�NLc-
TUTPb MD^� PcP yLcUU ZUxQLD NZP QLLWDUWQWD^��P� 
PTWUTQPDTLQWb� NLc�WLD. KZP WRhL[ ^QcLDPP ZRk[UZ 
[LMUcXTL_L PTWUZDRcR DZU[UTP MLcqUT QLQWRDcbWX 
QLW�U MLcP LW PTWUTQPDTLQWUx. J LWTL�UTPP hRqML_L 
Pk �UQWP QU_[UTWLD ^QWRTRDcPDRUWQb QV�WVPh NUZPL-
MLD DZU[UTP Q [L[UTWR NZUM�UQWD^��U_L NLQU�UTPb. 
J kRDPQP[LQWP LW «MRDTLQWP» [UTbUWQb wUTR, NZUMcR-
_RU[Rb kR NZLc�W TRM MRTT�[ QU_[UTWL[. J [LMUcP 
^QWRTLDcUT� WZP PTWUZDRcR, MUcb�P� [RhQP[RcXTL 
MLN^QWP[LU DZU[b [UqM^ PTQNUhwPb[P TR ZRDT�U VRQ-
WP. KZP sWL[ D NUZD^� WZUWX NcRWR TU NZUMcR_RUWQb 
DLDQU D QPc^ TPkhLx RhW^RcXTLQWP LVUZUMTL_L NLQU-
�UTPb QU_[UTWR, R D MRcXTUx�U[ LTR ZRQW�W, NZPycP-
qRbQX h QWLP[LQWP QR[LQWLbWUcXTL_L PTQNUhwPLTTL_L 
D�cUWR. KLQcUMTPx LybkRWUcXTL LQ^�UQWDcbUWQb  
D Qc^VRU, UQcP D WUVUTPU [UqPTQNUhwPLTTL_L PTWUZ-
DRcR WRh P TU TR�cLQX NLN^WTL_L ZUxQR. 

$ NL[L�X� _UTUZRWLZR Qc^VRxT�� VPQUc D [LMUcP 
ZURcPkLDRTL NLbDcUTPU «NZUMcLqUTPx» TR NLc�W� 
[UqM^ DQU[P WZU[b LQTLDT�[P WLVhR[P.  

�cb hRqML_L [RZ�Z^WR QZRDTPDR�WQb MDR DRZPRTWR 
U_L NZL�LqMUTPb – TRNZb[Ph P VUZUk WLVh^ �, P MUcRUW-
Qb D�yLZ D NLcXk^ TRPyLcUU D�_LMTL_L N^WP QcUMLDR-
TPb. $V�WVPh DZU[UTP Mcb WLcXhL VWL TRDU��TTL_L 
QU_[UTWR LyT^cbUWQb. 

~LMUcX NLMQVPW�DRUW Ly�Px ZRk[UZ NcRW� kR PT-
QNUhwP� QU_[UTWLD QWLZLTTP[P ]K�� P DUcPVPT^ 
kRWZRW TR LZ_RTPkRwP� QLyQWDUTT�� ZUxQLD. ~RTPN^-
cPZ^b «WRZP`T�[P NcRTR[P», W. U. ZRk[UZR[P DLkTR-
_ZRqMUTPx R^WQLZQUZR[ kR D�NLcTUTPU PT`LZ[RwPLT-
TLx kRMRVP TRM QLLWDUWQWD^��P[P QU_[UTWR[P D QL-
LWDUWQWD^��PU DZU[UTT�U PTWUZDRc�, [LqTL MLyPWX-
Qb [PTP[PkRwPP QLDLh^NT�� kRWZRW. 

A3 

A2 

O 

A1 
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z LVUDPMT�[ TRNZRDcUTPb[ ZRkDPWPb [LMUcP QcU-
M^UW LWTUQWP ^DUcPVUTPU LNLZT�� WLVUh P QU_[UTWLD, 
DRZXPZLDRTPU PTWUTQPDTLQWUx NLc�WLD D kRDPQP[LQWP 
LW [LMUcXTL_L DZU[UTP, kRMRTPU TRNZRDcUTPx NLc�WLD, 
MP``UZUTwPRwP� cUWRWUcXT�� RNNRZRWLD NL WPN^, [RQ-
QU P MZ^_P[ �RZRhWUZPQWPhR[. 

���"?0����. ÃPZLhRb hLLNUZRwPb D PQNLcXkLDR-
TPP yUQNPcLWT�� cUWRWUcXT�� RNNRZRWLD, LyUQNUVU-
TPU [TL_L`^ThwPLTRcXTLQWP P� ZRyLW� y^M^W QLMUx-
QWDLDRWX ZURcPkRwPP TRwPLTRcXTLx WU�TLcL_PVUQhLx 
QWZRWU_PP D LycRQWP AeroNet P LyUQNUVPW D�QLhPU 
WU[N� ZRkDPWPb NZL[��cUTTL_L hL[NcUhQR zZRQTLbZ- 
QhL_L hZRb P MZ^_P� ZU_PLTLD $PyPZP.  

 
&�D"��>��!�0�+��� ++9"�� 
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Formation of innovative economy in Russia requires a theoretical understanding of the innovative space category 

which is poorly understood by economists. This is especially important in the formation of post-industrial socio-
economic structure, which entirely depends on the scale of innovative activity, growth in the number of innovation-
oriented objects, their spatial extension based on the horizontal and vertical spatial relations. 
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The purpose of this article is to look for possible methodological approaches to categorical definition of innovative 
space as a special economic category. In this regard, three possible admissions to the study of innovative space were 
proposed, in accordance with which a generalizing definition of this economic category was made. 

As a first methodological technique a systematic set of spatial principles, in order to characterize the basic 
properties of innovative space from the point of view of natural science concepts of space is used. The second 
methodological technique, proposed in the article, is based on the use of ideas about the properties of the innovative 
environment, which largely determine the properties of the innovation space. 

To study the structural composition and spatial coordination of innovative space objects it is proposed to use 
another methodological technique based on the application of systemic principles. The article focuses on the fact that 
innovation space is an open self-organizing system, and therefore this is the object of study on the basis of system 
approach. The result has been substantiated backbone element and innovative system-function space, defining its single 
functional purpose. 

The main conclusion of this work is expanded definition of considered economic categories, according to which 
innovation space is defined as a system’s form of organization of innovation activity objects based on socio-economic 
relations that are innovative and aimed at the transformation of reality, characterized by an appropriate structure, 
configuration and territorial extent. 

The problem of innovative space research and the ways of its organization have significance for any of the sectors 
of the economy, including for the space industry (RCO). This is so that the spatial organization of innovation sphere  
of RCO, which involves finding solutions for the coordination of innovative infrastructure objects with varying degrees 
of remoteness from each other, as well as broken or not formed over different integration links. 

 
Keywords: innovation space, spatial principles as a method to study spatial organization of objects of innovation 

activity. 
    
)��/����. }MUb PTTLDRwPLTTL_L NZLQWZRTQWDR bD-

cbUWQb `^TMR[UTWRcXTLx hRh Mcb shLTL[PVUQhLx WUL-
ZPP, WRh P Mcb [PZLNLTP[RTPb D wUcL[, NLQhLcXh^ LTR 
LWZRqRUW Q^�TLQWX _c^yPTT�� Pk[UTUTPx, NZLPQ�L-
Mb�P� D shLTL[PVUQhL[ P D Ly�UQWDUTTL[ ZRkDPWPP 
VUcLDUVUQWDR. }k[UTUTPx, D�kDRTT�� NUZU�LML[  
LW PTM^QWZPRcXTLx wPDPcPkRwPP Q NZULycRMR��P[ 
PQNLcXkLDRTPU[ TUDLkLyTLDcbU[�� NZPZLMT�� ZUQ^Z-
QLD h NLQWPTM^QWZPRcXTL[^ ZRkDPWP�, LQTLDRTTL[^ 
TR PTTLDRwPLTTL[ LyTLDcUTPP Ly�UQWDR P DQU� U_L 
QPQWU[, R WRhqU TR ZRkDUZW�DRTPP D NZLQWZRTQWDU  
P DZU[UTP [PZLDL_L PTTLDRwPLTTL_L NZLwUQQR. �MTR-
hL D TRQWLb�UU DZU[b, TUQ[LWZb TR PTWUTQPDTLU ZRk-
DPWPU PTTLDRWPhP hRh QR[LQWLbWUcXTLx LWZRQcP TR^V-
TL_L kTRTPb, Pk^VR��Ux kRhLTL[UZTLQWP PTTLDR- 
wPLTT�� Pk[UTUTPx D [RhZL- P [PhZLshLTL[PVUQhP� 
QPQWU[R�, NLhR U�U TU Q`LZ[PZLDRcLQX NZUMQWRDcUTPU 
L Q^�TLQWP MRTTLx `^TMR[UTWRcXTLx hRWU_LZPP, P TUW 
wUcLQWTLx hLTwUNwPP LZ_RTPkRwPP PTTLDRwPLTTL_L 
NZLQWZRTQWDR.  

KLTbWPU «PTTLDRwPLTTLU NZLQWZRTQWDL», TUQ[LWZb 
TR U_L �PZLhLU PQNLcXkLDRTPU D shLTL[PVUQhLx cPWU-
ZRW^ZU, ^NLWZUycbUWQb yLcX�PTQWDL[ PQQcUMLDRWUcUx 
_cRDT�[ LyZRkL[ D hLTWUhQWTL[ NcRTU, yUk QLLWDUWQW-
D^��U_L WULZUWPVUQhL_L LyLQTLDRTPb, VWL `RhWPVU-
QhP TU NLkDLcbUW ^QWRTLDPWX hRVUQWDUTT^� LNZUMU-
cUTTLQWX MRTTLx shLTL[PVUQhLx hRWU_LZPP, NZUMQWR-
DPWX UU Q^�TLQWTLU QLMUZqRTPU. KZP sWL[ NLTP[RTPU 
^QWZLxQWDR PTTLDRwPLTTL_L NZLQWZRTQWDR, U_L LQTLD-
T�� QDLxQWD P kRhLTLD NLkDLcPcL y� LyUQNUVPWX ZU-
�UTPU RhW^RcXT�� NZLycU[ U_L LZ_RTPkRwPP, R [TL_PU 
NLTbWPb PTTLDRWPhP [L_cP y� ZRQhZ�WXQb QLDUZ�UT-
TL Q PTLx QWLZLT� Q ^VUWL[ PQNLcXkLDRTPb yLcUU _c^-
yLhL_L QLMUZqRTPb sWLx hRWU_LZPP. 

����>���# ���+����+��� � �D]���%0��� ���/-
+���"����. �cb WL_L VWLy� hRWU_LZPRcXTL LNZUMUcPWX 
PTTLDRwPLTTLU NZLQWZRTQWDL, DLQNLcXk^U[Qb, D NUZ-
D^� LVUZUMX, MLQWRWLVTL �LZL�L Pk^VUTT�[P UQWUQW-

DUTTL-TR^VT�[ P `PcLQL`QhP[ NZUMQWRDcUTPb[P  
L NZLQWZRTQWDU. lRh, Q `PcLQL`QhLx WLVhP kZUTPb NZL-
QWZRTQWDL UQWX Ly�UhWPDTRb DQULy�Rb `LZ[R y�WPb 
[RWUZPRcXTL_L [PZR, �RZRhWUZPk^��Rb U_L NZLWbqUT-
TLQWX, QWZ^hW^ZTLQWX, QLQ^�UQWDLDRTPU P DkRP[LMUx-
QWDPU U_L DT^WZUTTP� scU[UTWLD [1].  

KL[P[L sWL_L, UQWUQWDUTTRb TR^hR, ^MUcbD�Rb MLQ-
WRWLVTL NZPQWRcXTLU DTP[RTPU hRWU_LZPP NZLQWZRTQWDR–
DZU[UTP, TRhLNPcR ZbM NLcLqUTPx, hLWLZ�U [L_^W 
y�WX NZUMQWRDcUT� LNZUMUcUTTLx QLDLh^NTLQWX� 
NZLQWZRTQWDUTT�� NZPTwPNLD P PQNLcXkLDRT� Mcb 
PQQcUMLDRTPb LQTLDT�� QDLxQWD PTTLDRwPLTTL_L NZL-
QWZRTQWDR.  

~LqTL D�MUcPWX MUQbWX LQTLDT�� NZLQWZRTQWDUT-
T�� NZPTwPNLD, LWZRqR��P� �RZRhWUZT�U QDLxQWDR 
NZLQWZRTQWDR hRh TR^VTLx hRWU_LZPP. 

1. �y�UhWPDTLQWX, W. U. Q^�UQWDLDRTPU NZLQWZRT-
QWDR TUkRDPQP[L LW DLQNZPbWPb Q^y�UhWR.  

2. JQULy�TLQWX, W. U. U_L RyQLc�WTLQWX P wUcLQW-
TLQWX.  

3. �UZRkZ�DTLQWX Q [RWUZPUx, W. U. TUDLk[LqTLQWX 
U_L Q^�UQWDLDRTPb DTU [RWUZPP P MDPqUTPb.  

4. �ULWMUcP[LQWX LW DZU[UTP. 
5. ]UQhLTUVTLQWX PcP TUL_ZRTPVUTTLQWX NZLQWZRT-

QWDR, NZLPQWUhR��Rb Pk yUQhLTUVTLQWP [RWUZPRcXTL_L 
[PZR. 

6. KZLWbqUTTLQWX, LWZRqR��Rb ZRk[UZ� NZLQWZRT-
QWDR.  

7. �UNZUZ�DTLQWX, �RZRhWUZPk^��RbQb LWQ^WQWDP-
U[ D NZLQWZRTQWDU ZRkZ�DLD P N^QWLW P LyZRk^��Rb 
MPRcUhWPVUQhLU UMPTQWDL Q MPQhZUWTLQWX� (NZUZ�D-
TLQWX�), NZUMQWRDcUTTLx ZRkTLLyZRkPU[ P TUNLDWL-
ZP[LQWX� QWZ^hW^ZT�� hL[NLTUTWLD [RWUZPP, `LZ-
[PZ^��P� NZLQWZRTQWDL, WUQTRb DkRP[LQDbkX hLWL-
Z��, UMPTQWDL P wUcLQWTLQWX Ly^QcLDcPDR�W Q^�UQW-
DLDRTPU TUNZUZ�DTLQWP. 

8. �WTLQPWUcXTLQWX, W. U. Q^�UQWDLDRTPU NZLQWZRT-
QWDR D hLThZUWT�� `LZ[R� QLLWDUWQWDUTTL `LZ[R[ 
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MDPq^�UxQb [RWUZPP. KZLQWZRTQWDL, bDcbbQX `LZ[Lx 
QDbkP Ly�UhWLD [RWUZPRcXTL_L [PZR, NZPTP[RUW hLT-
`P_^ZRwP� sWLx [RWUZPP. �RTTLU LyQWLbWUcXQWDL LW-
[UVUTL ZUcbWPDPQWQhLx hLTwUNwPUx NZLQWZRTQWDR, 
LQTLDRTTLx TR WULZPP LWTLQPWUcXTLQWP �. �xT�WUxTR, 
QL_cRQTL hLWLZLx NZLQWZRTQWDL P DZU[b Q^�UQWD^�W 
NLQWLcXh^, NLQhLcXh^ Q^�UQWD^UW [RWUZPb, D QDbkP  
Q VU[ NZLQWZRTQWDL UQWX LWTL�UTPU PcP QPQWU[R LW-
TL�UTPx [UqM^ `PkPVUQhP[P Ly�UhWR[P [RWUZPRcX-
TL_L [PZR.  

9. vRk[UZTLQWX ([TL_L[UZTLQWX) – sWL LMTL Pk `^T-
MR[UTWRcXT�� QDLxQWD NZLQWZRTQWDR, PQ�LMb Pk hLWL-
ZL_L D NZLwUQQU ZRkDPWPb [RWUZPP NZLPQ�LMPW hRVUQW-
DUTTLU ^QcLqTUTPU DT^WZUTTU_L QLQWRDR [RWUZPRcX-
T�� Ly�UhWLD, Dhc�VUTT�� D NZLQWZRTQWDL. �y�Rb 
WULZPb LWTLQPWUcXTLQWP �. �xT�WUxTR, LW[UVRb, VWL 
NZLQWZRTQWDL TU Q^�UQWD^UW LWMUcXTL hRh TUVWL NZL-
WPDLNLcLqTLU «WL[^, VWL kRNLcTbUW NZLQWZRTQWDL  
P VWL kRDPQPW LW hLLZMPTRW» [2], WU[ QR[�[ NLhRk�DRUW 
kRDPQP[LQWX QR[L_L NZLQWZRTQWDR LW QPQWU[� hLLZMP-
TRW. lL UQWX NZLQWZRTQWDL �RZRhWUZPk^UWQb LNZUMU-
cUTTLx ZRk[UZTLQWX� P MRqU [TL_L[UZTLQWX�, DT^W-
ZUTTUx QhLLZMUTPZLDRTTLQWX� QLQWRDcb��P� U_L 
Ly�UhWLD. 

10. �yZRWP[LQWX – U�U LMTL, TU [UTUU DRqTLU 
QDLxQWDL NZLQWZRTQWDR, QL_cRQTL hLWLZL[^ D hRqM^� 
WLVh^ NZLQWZRTQWDR [LqTL DLkDZR�RWXQb QTLDR P QTL-
DR, W. U. NZLQWZRTQWDL bDcbUWQb LyZRWP[�[, D LWcPVPU 
LW TUZRkZ�DTL QDbkRTTL_L Q TP[ TULyZRWP[L_L DZU[U-
TP, NLQhLcXh^ TUcXkb DLkDZRWPWXQb TRkRM D hRh^�-
cPyL WLVh^ DZU[UTP P TUcXkb NUZUQhLVPWX VUZUk hR-
hLx-cPyL DZU[UTTLx NZL[Uq^WLh D y^M^�UU.  

KZP[UTUTPU MRTT�� NZLQWZRTQWDUTT�� NZPTwPNLD 
h LNZUMUcUTP� �RZRhWUZT�� QDLxQWD PTTLDRwPLTTL_L 
NZLQWZRTQWDR NZUMQWRDcUTL D WRycPwU. 


������������ ���+����+��� ��� +����!�0�-
+��# \������0�+��# ����>���#. �cb WL_L VWLy� MRWX 
ZRkDUZT^WLU LNZUMUcUTPU PQhL[L[^ NLTbWP�, TULy�L-
MP[L ^WLVTPWX, VWL PTTLDRwPLTTLU NZLQWZRTQWDL bD-
cbUWQb QNUwP`PVUQhLx shLTL[PVUQhLx hRWU_LZPUx, 
hLWLZRb TU [LqUW y�WX LNPQRTR WLcXhL N^WU[ UQWUQW-
DUTTL-TR^VT�� NZUMQWRDcUTPx, [RWU[RWPVUQhP� PcP 
`PkPVUQhP� `LZ[^c cPyL Q VPQWL _UL_ZR`PVUQhP�  
NLkPwPx D WUZZPWLZPRcXTL[ hLTWUhQWU. �WL QDbkRTL  
Q WU[, VWL LWTL�UTPb [UqM^ Ly�UhWR[P, `LZ[PZ^�-
�P[P PTTLDRwPLTTLU NZLQWZRTQWDL, LycRMR�W DNLcTU 
LNZUMUcUTT�[P QDLxQWDR[P P Ly�UMPTb�W D UMPTLU 
wUcLU TR^h^, NZLPkDLMQWDL P hLTUVTLU NLWZUycUTPU – 
DU�P, hRkRcLQX y�, TUQLD[UQWT�U D LMTLx Q[�QcLDLx 
hRWU_LZPP. 

}TTLDRwPLTTRb MUbWUcXTLQWX yRkPZ^UWQb, NZUqMU 
DQU_L, TR TR^VT�� PQQcUMLDRTPb� P ZRkZRyLWhR�, W. U. 
yUk _UTUZRwPP, ZURcPkRwPP P ZRQNZLQWZRTUTPb TLD�� 
PMUx PTTLDRwPLTTLU NZLQWZRTQWDL TU [LqUW y�WX 
LZ_RTPkLDRTL. J sWL[, Q LMTLx QWLZLT�, P kRhc�VRUWQb 
QNUwP`PhR MRTTLx hRWU_LZPP, NLQhLcXh^ PMUP, [�QcP, 
kTRTPb, PT`LZ[RwPb hRh LQTLDLNLcR_R��PU scU[UTW� 
PTTLDRwPP TU P[U�W [RWUZPRcXTL-DU�UQWDUTTL_L  
QLMUZqRTPb, W. U. bDcb�WQb RyQWZRhWT�[P, R QcUMLDR-
WUcXTL, TU [L_^W y�WX LNPQRT� NZLQWZRTQWDUTT�[P 
�RZRhWUZPQWPhR[P, NLQhLcXh^ NZLQWZRTQWDL – sWL RW-
ZPy^W [RWUZPP, hRh y�cL ^hRkRTL D��U, D UQWUQWDUTTL-
TR^VTL[ NZUMQWRDcUTPP L NZLQWZRTQWDU. 

 
����/�"���� +��(+�� ������������>� ���+����+���  
� +������+���� + ���+����+�����9�� ���������� 

 
$DLxQWDL NZLQWZRTQWDR $DLxQWDL PTTLDRwPLTTL_L NZLQWZRTQWDR  

�y�UhWPDTLQWX 
 

$^�UQWD^UW TUkRDPQP[L LW Q^y�UhWPDTL_L DLQNZPbWPb, VWL NZLbDcUTL D Ly�UhWPDTLx MLQ-
W^NTLQWP PTTLDRwPx 

JQULy�TLQWX ��DRW�DRUW DQU VUcLDUVUQWDL D QPc^ DLQWZUyLDRTTLQWP PTTLDRwPx D Ly�UQWDU 
�UZRkZ�DTLQWX Q [RWUZPUx KZPDbkRTTLQWX h Ly�UhWR[ PTTLDRwPLTTLx PT`ZRQWZ^hW^Z�, TRNZRDcUTTLx TR QLkMRTPU, 

DTUMZUTPU P ZRQNZLQWZRTUTPU PTTLDRwPx 

�ULWMUcP[LQWX LW DZU[UTP uRDPQP[LQWX PTTLDRwPLTTL_L NZLQWZRTQWDR LW DZU[UTTó_L `RhWLZR, L_ZRTPVUTTLQWX PTTL-
DRwPx DL DZU[UTP, P� y�QWZLU [LZRcXTLU ^QWRZUDRTPU. �PTR[PVTLQWX, TUcPTUxTLQWX PTTL-
DRwPLTTL_L NZLQWZRTQWDR, NLWZUyTLQWX D Pk[UTUTPb� 

]UQhLTUVTLQWX ]UQhLTUVTLU ZRQ�PZUTPU PTTLDRwPLTTL_L NZLQWZRTQWDR, L_ZRTPVUTTLQWX hLWLZL_L QDbkRTR 
WLcXhL Q WU�TPVUQhP[P DLk[LqTLQWb[P PTTLDRwPLTTLx PT`ZRQWZ^hW^Z� 

KZLWbqUTTLQWX IcLyRcXT�U [RQ�WRy� PTTLDRwPLTTL_L NZLQWZRTQWDR, NZLPQ�LMb�PU Pk _cLyRcXTL_L �RZRh-
WUZR PTTLDRwPLTTL_L QNLQLyR NZLPkDLMQWDR. �WhZ�W�U PTTLDRwPP, L�DRW�DR��PU DQU QWZRT� 

�UNZUZ�DTLQWX / MPQhZUW-
TLQWX (NZUZ�DTLQWX) 

¿UcLQWTLQWX P QDbkTLQWX PTTLDRwPLTTL_L NZLQWZRTQWDR. �UDLk[LqTLQWX Q^�UQWDLDRTPb 
D ^QcLDPb� ZRkZ�DLD P N^QWLW.  
�ULMTLZLMTLQWX PTTLDRwPLTTL_L NZLQWZRTQWDR, NZLbDcb��RbQb D Q_^�UTPb� P ZRkZbqUTPb�, 
R WRhqU D TRcPVPP bMZR PTTLDRwPLTTLx RhWPDTLQWP 

�WTLQPWUcXTLQWX $LDZU[UTT�U `LZ[� Q^�UQWDLDRTPb PTTLDRwPLTTL_L NZLQWZRTQWDR QLLWDUWQWD^�W Ly�P[ 
WUTMUTwPb[ P kRhLTL[UZTLQWb[ ZRkDPWPb [PZLDL_L PTTLDRwPLTTL_L NZLwUQQR 

vRk[UZTLQWX ([TL_L[UZ-
TLQWX) 

$WZ^hW^ZR PTTLDRwPLTTL_L NZLQWZRTQWDR yRkPZ^UWQb TR hRZhRQU, Dhc�VR��U[ D QUyb 4 Pk-
[UZUTPb: _UTUZRwPb kTRTPx – NZLPkDLMQWDL PTTLDRwPx – PTDUQWPwPLTT�x QUhWLZ – _LQ^MRZ-
QWDUTTLU ZU_^cPZLDRTPU [3] 

�yZRWP[LQWX $NPZRcUDPMTLU, wPhcPVUQhLU ZRkDPWPU QL QNLQLyTLQWX� NLQcU LNZUMUc�TTL_L wPhcR DLk-
DZR�RWXQb TR yLcUU D�QLh^� QWRMP�  
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$ MZ^_Lx QWLZLT�, Q^�TLQWX PTTLDRwPP QLQWLPW  
D WL[, VWL LTR bDcbUWQb TU NZLQWL LWDcUVUTTLx PMUUx, 
TL PMUUx, DLNcL�UTTLx D hLThZUWTL[ Ly�UhWU, DTU-
MZUTTL[ D NZLPkDLMQWDL. ]Uk TR^VTLx, ZRwPLTRcPkR-
WLZQhLx, TLDRWLZQhLx PMUP TU [LqUW y�WX PTTLDRwPP, 
TL P QR[R NL QUyU c�yRb TR^VTRb PMUb U�U TU bDcbUWQb 
PTTLDRwPUx ML NZLwUQQR UU Ly�UhWPDRwPP P NLQcU-
M^��U_L DTUMZUTPb. IUTUZRwPb kTRTPx QL QWLZLT� 
TR^VTLx LWZRQcP TU LkTRVRUW RDWL[RWPVUQhLx LZ_RTP-
kRwPP PTTLDRwPLTTL_L NZLQWZRTQWDR. } kMUQX ^[UQWTL 
LyZRWPWXQb h LWUVUQWDUTTL[^ LN�W^, hL_MR TRcPVPU 
kTRVPWUcXT�� TR^VT�� ZUk^cXWRWLD D QWZRTU, hLNPD-
�P�Qb MLc_PU _LM� U�U QL DZU[UT QLDUWQhL_L NZL-
�cL_L, TU QWRcL kRcL_L[ y�QWZL_L `LZ[PZLDRTPb  
P ZRkDPWPb PTTLDRwPLTTLx shLTL[PhP D TLDLx vLQ-
QPP. ]LcX�Lx TR^VT�x kRMUc TU NLkDLcPc TR[ D hZRW-
VRx�PU QZLhP Q`LZ[PZLDRWX PTTLDRwPLTTLU NZL-
QWZRTQWDL D QWZRTU.  

J PTTLDRwPP PkTRVRcXTL RyQWZRhWTRb PMUb LyZUWRUW 
DNLcTU LNZUMUcUTT^� [RWUZPRcXTL-DU�UQWDUTT^� 
LyLcLVh^, R kRWU[ NZPTP[RUW QLLWDUWQWD^��^� shL-
TL[PVUQh^� `LZ[^ WLDRZR Q hLThZUWT�[P NLWZUyP-
WUcXQhP[P hRVUQWDR[P (ZPQ. 1). 

�WL NZLPQ�LMPW ycR_LMRZb QLNZPhLQTLDUTP� PMUP 
Q wUc�[ ZbML[ Ly�UhWLD, TR�LMb�P�Qb D LNZUMUcUT-
T�� LWTL�UTPb� P QDbkb� [UqM^ QLyLx, kRMUxQWDLDRT-
T�� D NZLwUQQU QDLULyZRkTL_L PTTLDRwPLTTL_L `LZ-
[LLyZRkLDRTPb, LyUQNUVPDR��P� MLDUMUTPU RyQWZRhW-
TLx PMUP ML UU [RWUZPRcXTL_L DLNcL�UTPb D `LZ[U 
TLD�UQWDR, R NLQcU U_L DTUMZUTPb – D `LZ[U PTTLDRwPP, 
DLQWZUyLDRTTLx QL QWLZLT� Ly�UQWDR P shLTL[PhP.  

lRhP[ LyZRkL[, PMUb QWRTLDPWQb PTTLDRwPUx D ^Q-
cLDPb� ����� �	��� LyPWRTPb, LycRMR��Ux QLLWDUWQW-
D^��P[P QDLxQWDR[P, hLWLZRb kRNLcTbUW PTTLDRwP-
LTTLU NZLQWZRTQWDL P NZUMQWRDcbUW QLyLx ��	�����-
��� ���%����� �$����������"'/�# ��%�" ����� 
������!����� �	�����	������# ��>�����, � ���%� 
���"����"'/�# �� �	�!����� � (�����. z scU[UTWR[ 
PTTLDRwPLTTLx QZUM�, QL_cRQTL PQQcUMLDRTPb[  
�. $. ]UTMX, LWTLQbWQb QLkMRWUcP TLD�UQWD – PTTLDR-
WLZ�, Q^y�UhW� TLDLDDUMUTPx (kRhRkVPhP); NZUMNZPb- 
WPb – Pk_LWLDPWUcP TLDLx WU�TPhP, PTTLDRwPLTT�U 
NLQZUMTPhP, PTDUQWLZ�, _LQ^MRZQWDL P NLWZUyPWUcP 
TLD�UQWD, R WRhqU QLDLh^NTLQWX kRhLTLMRWUcXT�� 
TLZ[, `LZ[RcXT�� P TU`LZ[RcXT�� NZRDPc, DcPb�-
�P� TR DkRP[LMUxQWDPU [UqM^ TP[P [4]. J. $. ILxcL, 
LNPQ�DRb NZLwUQQ D�ZRyLWhP TLD�� PMUx, ^hRk�DRc 
NL[P[L NZLVU_L TR TULy�LMP[LQWX LyUQNUVUTPb «TU-
DU�T�� ^QcLDPx ^[QWDUTTL_L WZ^MR» [5], QDLULyZRk-
TLx «TLLQ`UZ�» TR ZRyLVU[ [UQWU PQQcUMLDRWUcb, VWL 
WRhqU [LqTL LWTUQWP h TULy�LMP[�[ scU[UTWR[ PT-

TLDRwPLTTLx QZUM� PcP h bDcUTPb[, QLN^WQWD^��P[ 
Ly�UhWR[ PTTLDRwPLTTL_L NZLQWZRTQWDR. 


������������ ���+����+��� ��� +�+����: 
+��%��%��9( +�+��� � �+����9� +��(+���. KZUM-
QWRDcUTPU Ly PTTLDRwPLTTL[ NZLQWZRTQWDU hRh L `LZ[U 
QDbkP Ly�UhWLD [RWUZPRcXTL_L [PZR, Dhc�VUTT��  
D U_L QWZ^hW^Z^, NLkDLcbUW LNZUMUcPWX MRTT^� shLTL-
[PVUQh^� hRWU_LZP� VUZUk QPQWU[^ LWTL�UTPx P QDb-
kUx D QLwPRcXTL-shLTL[PVUQhLx Q`UZU [UqM^ LNZUMU-
cUTT�[ [TLqUQWDL[ Ly�UhWLD, bDcUTPx, NZLwUQQLD, 
DLDcUVUTT�� D PTTLDRwPLTT^� MUbWUcXTLQWX, W. U. 
LZPUTWPZLDRTT�� TR PTTLDRwPP. � NZPTwPN TUZRk-
Z�DTLQWP NZLQWZRTQWDR P DZU[UTP NLkDLcbUW L�RZRh-
WUZPkLDRWX PTTLDRwPLTTLU NZLQWZRTQWDL hRh QcLqT^� 
QLwPRcXTL-shLTL[PVUQh^� QPQWU[^, QLQWLb�^� Pk LNZU- 
MUcUTTL_L [TLqUQWDR DkRP[LQDbkRTT�� Ly�UhWLD  
P NZUy�DR��^� D NLQWLbTTL[ MDPqUTPP DL DZU[UTP, 
NUZPLMPVUQhP [UTb��^� QDL� «NZPZLM^» D QLLWDUW-
QWDPP Q Pk[UTUTPb[P, NZLPQ�LMb�P[P TR ^ZLDTU 
Dhc�VUTT�� D TUU Ly�UhWLD.  

zRh y�cL LW[UVUTL D��U, [TLqUQWDL DkRP[LMUx-
QWD^��P� [UqM^ QLyLx PTTLDRwPLTTL LZPUTWPZLDRT-
T�� Ly�UhWLD, R WRhqU QLN^WQWD^��P� P[ NZLwUQQLD 
P bDcUTPx – Q^WX PTTLDRwPLTTRb QZUMR, `LZ[PZ^��Rb 
PTTLDRwPLTTLU NZLQWZRTQWDL. }TTLDRwPLTTLU NZL-
QWZRTQWDL TR�LMPWQb D LWTL�UTPP DkRP[LDcPbTPb  
QL QZUMLx, U_L TRNLcTb��Ux, W. U. QL DQU[ WU[, VWL 
LZ_RTPk^UW sWL NZLQWZRTQWDL. KLsWL[^ QDLxQWDR QZUM� 
LNZUMUcb�W QDLxQWDR NZLQWZRTQWDR, U� LyZRkLDRTTL-
_L, ycR_LMRZb VU[^ LNPQRTPU LQTLDT�� QDLxQWD PTTL-
DRwPLTTLx QZUM� MUcRUW DLk[LqT�[ ^QWRTLDcUTPU 
�RZRhWUZR PTTLDRwPLTTL_L NZLQWZRTQWDR. z WRhP[ 
QDLxQWDR[ [LqTL y�cL y� LWTUQWP QcUM^��PU [6]: 

1) LWhZ�WLQWX; 
2) R^WLNLxUkPQ (QR[LQLkPMRTPU, QR[LMLQWZRPDR-

TPU, QR[LLZ_RTPkRwPb); 
3) QPTUZ_Pk[; 
4) DLQNZPP[VPDLQWX h PTTLDRwPb[. 
J QLLWDUWQWDPP Q sWP[ PTTLDRwPLTTLU NZLQWZRTQW-

DL [LqUW y�WX NZUMQWRDcUTL hRh LWhZ�WRb, QR[LLZ_R-
TPk^��RbQb, QL QNLQLyTLQWX� h QPTUZ_PP P DLQNZP-
P[VPDRb h PTTLDRwPb[ QPQWU[R. 

�WhZ�WLQWX PTTLDRwPLTTL_L NZLQWZRTQWDR D�ZR-
qRUWQb DL DkRP[LMUxQWDPP QLQWRDcb��P� U_L Ly�Uh-
WLD Q DTU�TP[ [PZL[, VWL NLkDLcbUW U[^ Ly[UTPDRWX-
Qb sTUZ_PUx, DU�UQWDL[ P PT`LZ[RwPUx QL QDLP[  
LhZ^qUTPU[. }Q�LMb Pk sWL_L QDLxQWDR, PTTLDRwPLT-
TLU NZLQWZRTQWDL �����( �� ��"�	����� � ���*��� 
N^WU[ LNZUMUcUTTL_L ZRk_ZRTPVUTPb, VWL NLMVUZhPDRUW 
DRqTLQWX ^QWRTLDcUTPb NZLQWZRTQWDUTT�� _ZRTPw, 
bDcb��P�Qb Q^�UQWDUTTLx �RZRhWUZPQWPhLx MRTTLx 
hRWU_LZPP.  

 
 

 
 

vPQ. 1. KZLwUQQ `LZ[LLyZRkLDRTPb PTTLDRwPP 
 

~RWUZPRcXTL-DU�UQWDUTTLU 
QLMUZqRTPU 

�hLTL[PVUQhRb 
`LZ[R 

}�¶Ì ��JÃ¶$lJ� }���J�¿}Ì

YLZ[R LWZRqUTPb 
LhZ^qR��U_L [PZR 

l�J�v/j$�jI�
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J�bDcUTPU _ZRTPw PTTLDRwPLTTL_L NZLQWZRTQWDR, 
R QcUMLDRWUcXTL, U_L hLT`P_^ZRwPP PcP DTU�TU_L 
LVUZWRTPb, NZLPQ�LMb�U_L Pk DkRP[TL_L ZRQNLcLqU-
TPb Ly�UhWLD, L�DRVUTT�� PTTLDRwPLTT�[P LWTL�U-
TPb[P, NLkDLcbUW LNZUMUcPWX LQLyUTTLQWP QWZ^hW^Z-
TL_L NLQWZLUTPb PTTLDRwPLTTL_L NZLQWZRTQWDR. 
$WZ^hW^ZTLQWX hRh y�cL NLMVUZhT^WL D��U, bDcbUWQb 
LMTP[ Pk DRqTUx�P� RWZPy^WLD [RWUZPP P D�ZRqRUW 
^NLZbMLVUTTLQWX UU Q^�UQWDLDRTPb, R WRhqU hLThZUW-
T�U `LZ[� NZLQWZRTQWDR, D hLWLZ�� LTR NZLbDcbUWQb. 
}[UTTL ycR_LMRZb QWZ^hW^ZU Ly�UhW�, Dhc�VUTT�U  
D PTTLDRwPLTTLU NZLQWZRTQWDL, LyZRk^�W LNZUMUcUT-
T^� wUcLQWTLQWX, NZP hLWLZLx hRqM�x Ly�UhW, ^VRQW-
D^��Px D PTTLDRwPLTT�� NZULyZRkLDRTPb�, D PWL_U 
LhRk�DRUWQb QDbkRTT�[ Q LQWRcXT�[P, R U_L QDLxQWDR 
TU [L_^W y�WX ZRQhZ�W� yUk ^VUWR DLkTPh�P� QDbkUx. 
�WP QDbkP, bDcb��PUQb TRPyLcUU ^QWLxVPD�[P, TR-
NZRDcUTT�U TR NLc^VUTPU P ZRQNZLQWZRTUTPU PTTLDR-
wPx, LZ_RTPk^�W QWZ^hW^Z^ PTTLDRwPLTTL_L NZL-
QWZRTQWDR P LyUQNUVPDR�W ^NLZbMLVUTTLQWX DQU� TR-
NLcTb��P� U_L Ly�UhWLD. 

$WZ^hW^ZR PTTLDRwPLTTL_L NZLQWZRTQWDR [LqUW 
TR�LMPWXQb D NZLwUQQU NUZ[RTUTWTL_L Pk[UTUTPb, bD-
cbbQX NLMDUZqUTTLx DcPbTP� DTU�TP� QPc, VWL NZP-
DLMPW h NUZPLMPVUQhL[^ Pk[UTUTP� P [LMP`PhRwPP 
DT^WZUTTUx Q^�TLQWP, NZPZLM� PTTLDRwPLTTL_L NZL-
QWZRTQWDR. �RTTLU LyQWLbWUcXQWDL LWZRqUTL QcUM^�-
�P[ QDLxQWDL[ – R^WLNLxUkPQL[, ycR_LMRZb hLWLZL[^ 
PTTLDRwPLTTLU NZLQWZRTQWDL TU WLcXhL MDPqUWQb  
h NLQWZLUTP� QUyb, QLyQWDUTTLx QR[LLZ_RTPkRwPP,  
TL P h NUZUQWZLxhU cPyL h Pk[UTUTP� QDLUx QWZ^hW^-
Z�, ^QcLqTUTP� P MLQWZRPDRTP� UU NLM DTU�TP[ 
DLkMUxQWDPU[. �R NZRhWPhU sWL [LqUW y�WX NZUMQWRD-
cUTL VUZUk Pk[UTUTPU _ZRTPw P hLT`P_^ZRwPP PTTL-
DRwPLTTL_L NZLQWZRTQWDR NZP MLNLcTUTPP PcP QLhZR-
�UTPP NRZR[UWZLD PTTLDRwPLTTLx MUbWUcXTLQWP  
D kRDPQP[LQWP LW QNZLQR TR PTTLDRwPP P NZ.  

J QDbkP Q sWP[ LZ_RTPkRwPb PTTLDRwPLTTL_L NZL-
QWZRTQWDR UQWX QR[LZRkDPDR��PxQb, QR[LDLQNZLPkDL-
Mb�PxQb DL DZU[UTP NZLwUQQ, NZPDLMb�Px h sDLc�-
wPLTPZLDRTP� QLQWRDcb��P� U_L Ly�UhWLD P QDbkUx 
[UqM^ TP[P, NUZU�LM^ NZLQWZRTQWDR hRh LNZUMUcUT-
TLx wUcLQWTLQWP h TLDL[^ Q^yQWRTwPLTRcXTL[^ hRVU-
QWD^. �^WLNLxUkPQ, PcP QR[LLZ_RTPkRwPb PTTLDRwP-
LTTL_L NZLQWZRTQWDR, QL_cRQ^UWQb Q ZRQQ[LWZUTTLx 
D��U UQWUQWDUTTL-TR^VTLx WLVhLx kZUTPb, NZUMQWRD-
cUTTLx NZPTwPNL[ NZLQWZRTQWDUTTLx [TL_L[UZTLQWP, 
LWZRqR��Ux hRVUQWDUTTLU ^QcLqTUTPU DT^WZUTTUx 
QWZ^hW^Z� NZLQWZRTQWDR D NZLwUQQU U_L ZRkDPWPb, NL-
bDcUTPU U_L Q^�TLQWTL_L ZRkTLLyZRkPb. KZP QR[LLZ-
_RTPkRwPP Pk[UTUTPb D QWZ^hW^ZTL[ QLQWRDU PTTLDR-
wPLTTL_L NZLQWZRTQWDR NZLPQ�LMbW hRh NL DUZWPhRcP, 
WRh P NL _LZPkLTWRcP ^NLZbMLVUTT�� Ly�UhWLD D QLLW-
DUWQWDPP Q NZPTwPNR[P Q^yLZMPTRwPP P hLLZMPTRwPP, 
kRWZR_PDRb hRqM�x Pk ^ZLDTUx, kRTP[R��P� QLLWDUW-
QWD^��UU [UQWL D NZLQWZRTQWDUTTLx QPQWU[U hLLZ- 
MPTRW. 

vRkDPWPU PTTLDRwPLTTL_L NZLQWZRTQWDR VUZUk [L-
MP`PhRwP� U_L DT^WZUTTP� QDbkUx P Pk[UTUTPU DT^W-
ZUTTU_L QLQWRDR, NZPDLMb�UU h NLbDcUTP� TLD�� 
`LZ[ NZLQWZRTQWDUTTLx LZ_RTPkRwPP, [TLqUQWDR NZL-
QWZRTQWDUTT�� Pk[UZUTPx, TU LkTRVRUW ZRkZ^�UTPb 

wUcLQWTLQWP. }k[UZUTPb, QL_cRQTL PQQcUMLDRTPb[  
J. �. �cW^�LDR, NZUMQWRDcb�W QLyLx «QZUk» wUcL_L  
NL LNZUMUcUTTL[^ LQTLDRTP� P bDcb�WQb «TUQcPD-
�UxQb NZPZLMLx wUcL_L» [7]. KZPVU[ TUZRkZ�DTRb 
QDbkX ZRkTLLyZRkT�� `LZ[, DLkTPhR��P� P ZRkDP-
DR��P�Qb D ZR[hR� sWL_L wUcL_L, NLMMUZqPDRUWQb  
kR QVUW PTWU_ZRWPDTL_L hRVUQWDR hRh UQWUQWDUTTL_L 
NZLbDcUTPb wUcLQWTLQWP. ]cR_LMRZb PTWU_ZRwPP [TL-
_L[UZT�U `LZ[� D ZR[hR� UMPTL_L wUcLQWTL_L NZL-
QWZRTQWDR QDbkRT� [UqM^ QLyLx WRhP[ LyZRkL[, VWL 
Q^[[PZ^��Px s``UhW LW P� DkRP[LMUxQWDPb Q^�UQW-
DUTTL NZUDLQ�LMPW s``UhW, NLc^VRU[�x LW hRqMLx  
D LWMUcXTLQWP. }[UTTL sWL LNZUMUcbUW QNLQLyTLQWX 
PTTLDRwPLTTL_L NZLQWZRTQWDR _UTUZPZLDRWX QPTUZ-
_P�, VWL LyLkTRVUTL D��U hRh WZUWXb NZLQWZRTQWDUT-
TRb �RZRhWUZPQWPhR, NZLPQWUhR��Rb Pk QDLxQWD PTTL-
DRwPLTTLx QZUM�.  

$PTUZ_UWPVUQhPx s``UhW DLkTPhRUW N^WU[ PTWU-
_ZRwPP NL LNZUMUcUTTL[^ NZPkTRh^ LyLQLycUTT��, 
^TPhRcXT�� NL QDLUx NZPZLMU Ly�UhWLD, VUZUk D�MU-
cUTPU TUhLU_L wUTWZR, NRZR[UWZR ^NLZbMLVUTTLQWP, 
DLhZ^_ hLWLZL_L P TRVPTRUW ZRkDLZRVPDRWXQb DLDTU 
QcLqTRb QPQWU[R, D�ZRQWRb Pk DTU�TU_L �RLQR.  
KL LyZRkTL[^ D�ZRqUTP� $. K. zRNPw�, WRhLx LZ_R-
TPk^��Px wUTWZ, DcPb��Px TR NLDUMUTPU QWLcX ZRk-
T�� NL QDLU[^ �RZRhWUZ^ P `^ThwPb[ Ly�UhWLD D ZR[-
hR� TUhLx wUcLQWTLQWP, NL�Lq TR MPZPqUZR, ^NZRD-
cb��U_L LZhUQWZL[, D hLWLZL[ «hRqM�x ^VRQWTPh [L_ 
y� DUQWP QDL� NRZWP�, QVPWRb QUyb QLcPQWL[, PcP  
MLhRk�DRWX QDLx Q^DUZUTPWUW hLccU_R[». �UQ[LWZb  
TR L_ZRTPVUTPb, TRhcRM�DRU[�U QL QWLZLT� MPZPqUZR 
TR DLk[LqTLQWP hRqML_L Pk LZhUQWZRTWLD, D LZ_RTP-
kLDRTTLx wUcLQWTLQWP, NZUMQWRDcUTTLx LZhUQWZL[,  
«NLbDcbUWQb QLDUZ�UTTL TLDLU hRVUQWDL – QNLQLy-
TLQWX DUQWP QUyb QL_cRQLDRTTL, NZLQWL, _RZ[LTPVTL». 
KZP sWL[ ^VUT�x NLMVUZhPDRUW, VWL «MPZPqUZ» TPhU[ 
TU TRkTRVRUWQb, «LT DLkTPhRUW D �LMU QR[LLZ_RTPkR-
wPP, LWyPZR��Ux Pk LhURTR DLk[LqTLQWUx TPVWLqT^� 
WLcPh^ P ^NLZbMLVPDR��Ux NLDUMUTPU QPQWU[�» [8]. 

JRqTLQWX D�MUcUTPb wUTWZR LZ_RTPkRwPP NZL-
QWZRTQWDR LW[UVRcP TU WLcXhL NZUMQWRDPWUcP WLVT�� 
TR^h, TL P _^[RTPWRZPP. uRMLc_L ML $. zRNPw� Z^Q-
QhPx `PcLQL` XIX DUhR K. �. YcLZUTQhPx NZP PQQcU-
MLDRTPP NLTbWPb �^MLqUQWDUTTL_L NZLQWZRTQWDR,  
P D VRQWTLQWP, NZLQWZRTQWDR [�QcP, �RZRhWUZPkLDRc 
U_L TU WLcXhL hRh «DTUNLcLqTLQWX, W. U. TR�LqMUTPU 
WU� PcP MZ^_P� LWMUcXTLQWUx DTU MZ^_ MZ^_R», TL P hRh 
^TPDUZQRcXT�x �����	"'/�� ������""�, «[TLqUQWDL 
TUNZUZ�DTL NZP[�hR��P� MZ^_ h MZ^_^ scU[UTWLD» 
NL LNZUMUcUTTL[^, `PhQPZLDRTTL[^ NZPkTRh^ [9].  

J WULZPP QPQWU[ ZLcX wUTWZR, NZPDLMb�U_L ZRk-
ZLkTUTT�U scU[UTW� h LZ_RTPkRwPP D QPQWU[^, P_ZRUW 
QPQWU[LLyZRk^��Px scU[UTW, D�bDcUTPU hLWLZL_L 
bDcbUWQb LMTP[ Pk LQTLDT�� sWRNLD QPQWU[TL_L [LMU-
cPZLDRTPb. lRhqU P D QPTUZ_UWPVUQhL[ NLTP[RTPP 
wUcLQWTLQWX [LqUW y�WX hLTQWPW^PZLDRTR NL kRMRT-
TL[^ NZPkTRh^ PcP QDLxQWD^, D�NLcTb��U[^ `^Th-
wP� UMPTLx [UZ�, hLWLZRb MUcRUW QLLWTLQb�PUQb [U-
qM^ QLyLx VRQWP P wUcLU QLPk[UZP[�[P. 

KZP LNZUMUcUTPP PcP LZ_RTPkRwPP PTTLDRwPLTTL_L 
NZLQWZRTQWDR WRhP[ wUTWZL[ [LqUW QWRWX hRhLU-cPyL 
TLD�UQWDL, DLhZ^_ hLWLZL_L TRVTUW ZRkDLZRVPDRWXQb 
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QPQWU[R scU[UTWLD, QDbkRTT�� WZPUMPTLx kRMRVUx NL 
QLkMRTP�, NZLPkDLMQWD^ P ZURcPkRwPP sWL_L TLD�UQW-
DR. �PyL sWL [LqUW y�WX ^qU Q^�UQWD^��Rb PTTLDR-
wPLTTRb QPQWU[R, hLWLZRb y^MUW MLQWZRPDRWXQb N^WU[ 
Dhc�VUTPb D TUU TLD�� Ly�UhWLD, ZRQNLcLqUTT��  
D ZRkTLx QWUNUTP ^MRcUTTLQWP LW TUU, ^DUcPVPDR��P� 
UU NLWUTwPRc D wUcL[, R WRhqU ZRQ�PZb��P� DLk[Lq-
TLQWP MUxQWD^��P� P DTLDX DL�UM�P� D TUU hL[NL-
TUTWLD. } kMUQX kRhLTL[UZUT DLNZLQ L NZLWbqUTTLQWP 
PTTLDRwPLTTL_L NZLQWZRTQWDR. 

����#-����+�' ������������>� ���+����+���. 
�cb ZRkZU�UTPb DLNZLQR L ZRk[UZR� PcP NZLWbqUTTL-
QWP PTTLDRwPLTTL_L NZLQWZRTQWDR TULy�LMP[L PQ�L-
MPWX Pk NZUMQWRDcUTPb Ly LZ_RTPkLDRTTLx wUcLQWTL-
QWP NZLQWZRTQWDR, NZP hLWLZLx Ly�UhW�, D�LMb�PU  
D QLQWRD NZLQWZRTQWDUTTLx LZ_RTPkRwPP, QL_cRQLDRTTL 
QLQ^�UQWD^�W MZ^_ Q MZ^_L[ ycR_LMRZb Ly�UMPTb�-
�P[ P� LWTL�UTPb[ P QDbkb[. KZP sWL[ Pk DQUx QLDL-
h^NTLQWP QDbkUx PcP, PT�[P QcLDR[P, `^ThwPx Ly�Uh-
WLD, QWZ^hW^ZPZ^��P� hLT`P_^ZRwP� NZLQWZRTQWDR, 
TULy�LMP[L D�MUcPWX WU, hLWLZ�U LWZRqR�W LNZUMU-
cUTT^� Ly�TLQWX sWP� Ly�UhWLD P, D hLTUVTL[ PWL_U, 
NZPDLMbW h `LZ[PZLDRTP� kRMRTTLx wUcLQWTLQWP.  
�WL _LDLZPW L TULy�LMP[LQWP NLPQhR `^ThwPP, hLWL-
ZRb bDcbcRQX y� Ly�Ux Mcb DQU� Ly�UhWLD PTTLDRwP-
LTTL_L NZLQWZRTQWDR P LNLQZUMLDRcR NZPVPTTL-
QcUMQWDUTT�U QDbkP U_L Q^�UQWDLDRTPb, kRMRDRb WU[ 
QR[�[ U_L `^ThwPLTRcXT^� wUcLQWTLQWX. J�bDcUTPU 
WRhLx PQ�LMTLx `^ThwPP, QDbk�DR��Ux DQU hL[NL-
TUTW� PTTLDRwPLTTL_L NZLQWZRTQWDR D UMPTLU wUcLU, 
bDcbUWQb QcUM^��P[ sWRNL[ NLQcU NLPQhR LZ_RTP-
k^��U_L wUTWZR (QPQWU[LLyZRk^��U_L scU[UTWR) NZP 
Pk^VUTPP PcP LZ_RTPkRwPP ([LMUcPZLDRTPP) PTTLDR-
wPLTTL_L NZLQWZRTQWDR. 

Y^ThwPb, bDcbbQX Q^�UQWDUTTLx �RZRhWUZPQWPhLx 
ZRkcPVT�� Ly�UhWLD, [LqUW y�WX PQQcUMLDRTR Q NL-
[L�X� `^ThwPLTRcXTL_L NLM�LMR hRh LMTL_L Pk LQ-
TLDT�� WPNLD TR^VTL_L NLkTRTPb. KLQhLcXh^ PTTLDR-
wPLTTLU NZLQWZRTQWDL NZUMQWRDcbUW QLyLx QcLqT^� 
wUcUTRNZRDcUTTL LZ_RTPkLDRTT^� QPQWU[^, WL LTL 
TR�LMPWQb D NLcU `^ThwPLTRcXTL_L PQQcUMLDRTPb, WRh 
hRh `^ThwPLTRcXT�x NLM�LM (D LWcPVPU LW QWZ^hW^Z-

TL_L, hRk^RcXTL_L P MZ.) NZP[UTP[ D LQTLDTL[ h TR-
NZRDcUTTL LZ_RTPkLDRTT�[ QPQWU[R[ [10]. �MTP[  
Pk [UWLMLD `^ThwPLTRcXTL_L PQQcUMLDRTPb bDcbUWQb 
[UWLM «VUZTL_L b�PhR», NZP hLWLZL[ LQ^�UQWDcbUWQb 
WUQWPZLDRTPU `^ThwPLTRcXTL_L NLDUMUTPb Ly�UhWR  
Q WLVhP kZUTPb DTU�TU_L [PZR, NZP hLWLZL[ TU PQ-
NLcXk^UWQb kTRTPU L DT^WZUTTU[ ^QWZLxQWDU WUQWP-
Z^U[L_L Ly�UhWR. ~UWLM NLkDLcbUW Pk^VRWX NLDUMUTPU 
Ly�UhWLD, QPQWU[, W. U. P� ZURhwPx TR ZRkTLLyZRkT�U 
DTU�TPU DLkMUxQWDPb, P D WL qU DZU[b RyQWZR_PZL-
DRWXQb LW P� DT^WZUTTU_L ^QWZLxQWDR. 

Y^ThwPb kRMRUWQb Ly�UhW^ PkDTU P LWZRqRUW ZLcX, 
D�NLcTbU[^� P[ NL LWTL�UTP� h QPQWU[U yLcUU  
D�QLhL_L NLZbMhR, D hLWLZ^� LT Dhc�VUT QLQWRDTLx 
VRQWX� TRZbM^ Q MZ^_P[P Ly�UhWR[P, D�QW^NR��P[P 
Mcb TU_L DTU�TUx QZUMLx. KZUMNLcLqP[, VWL Mcb PT-
TLDRwPLTTL_L NZLQWZRTQWDR WRhP[P DTU�TP[P Ly�Uh-
WR[P-QPQWU[R[P bDcb�WQb MZ^_PU NZLQWZRTQWDR,  
D�NLcTb��PU PT�U `^ThwPLTRcXT�U TRkTRVUTPb,  
Q hLWLZ�[P LTL NZUQUhRUWQb P hLWLZ�U D QLDLh^NTL-
QWP QLQWRDcb�W Mcb TU_L QPQWU[^ yLcUU D�QLhL_L NL-
ZbMhR (ZPQ. 2). �LN^QWP[ WRhqU, VWL yLcUU �PZLhLx 
QPQWU[Lx NL LWTL�UTP� h PTTLDRwPLTTL[^ NZLQWZRT-
QWD^ bDcbUWQb [RhZLQPQWU[R, NZUMQWRDcUTTRb TLDLx 
Ly�UQWDUTTL-shLTL[PVUQhLx `LZ[RwPUx (NL WUZ[P-
TLcL_PP z. ~RZhQR) NLQWPTM^QWZPRcXTL_L WPNR, LQTL-
DRTTRb TR QLkPMRWUcXT��, WDLZVUQhP� QNLQLyTLQWb� 
VUcLDUhR; PT`LZ[RwPP hRh QWZRWU_PVUQhL[ ZUQ^ZQU 
QLwPRcXTL-shLTL[PVUQhL_L ZRkDPWPb; PTTLDRwPLTTL[ 
QNLQLyU NZLPkDLMQWDR; TLD�� LWTL�UTPb� QLyQWDUT-
TLQWP [11; 12]. 

J sWL[ Qc^VRU [LqTL LNZUMUcPWX PQ�LMT^� `^Th-
wP�, hLWLZRb kRMRUWQb PkDTU P bDcbUWQb Ly�UMPTb�-
�P[ LWTL�UTPU[ [UqM^ PTTLDRwPLTT�[ NZLQWZRTQW-
DL[ P LhZ^qR��P[P U_L Ly�UhWR[P-QPQWU[R[P. lRhP[ 
PQ�LMT�[ LWTL�UTPU[ Mcb PTTLDRwPLTTL_L NZLQWZRT- 
QWDR, D QLLWDUWQWDPP Q NZUMQWRDcUTPU[ Ly LQTLDT�� 
`^ThwPb� PTTLDRwPP P PQ�LMb Pk NZUMQWRDcUTPb  
L QPQWU[T�� hRVUQWDR� `LZ[PZ^��UxQb NLQWPTM^QW-
ZPRcXTLx sNL�P, bDcbUWQb `^ThwPb Pk[UTUTPb PcP 
NZULyZRkLDRTPb. 

 

 
 

vPQ. 2. }TTLDRwPLTTLU NZLQWZRTQWDL D QPQWU[U DTU�TP� QDbkUx  
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KLQhLcXh^ PTTLDRwPLTTLU NZLQWZRTQWDL [LqUW 
y�WX NZUMQWRDcUTL QLDLh^NTLQWX� Ly�UhWLD, LZPUT-
WPZLDRTT�� TR QLkMRTPU, NZLPkDLMQWDL P ZRQNZLQWZR-
TUTPU PTTLDRwPx (hRh y�cL LW[UVUTL D��U), WL TR-
kTRVUTPU PTTLDRwPLTTL_L NZLQWZRTQWDR, U_L QPQWU[L-
LyZRk^��Rb `^ThwPb kRhc�VRUWQb D WRhLx LZ_RTPkR-
wPP sWL_L [TLqUQWDR Ly�UhWLD, NZP hLWLZLx QWRTLDPW-
Qb DLk[LqT�[ PTTLDRwPLTTLU NZULyZRkLDRTPU MUxQW-
DPWUcXTLQWP (R QcUMLDRWUcXTL, QLNZbqUTT�� Q PTTL-
DRwPLTT�[ NZLQWZRTQWDL[ PT`LZ[RwPLTTLx, QLwP-
RcXTLx, shLTL[PVUQhLx P NZLVP� QLQWRDcb��P�). 

�ULy�LMP[L LW[UWPWX, VWL MRcUhL TU DQU Ly�UhW� 
LhZ^qR��Ux MUxQWDPWUcXTLQWP NLMDUZqUT� PTTLDR-
wPLTT�[ Pk[UTUTPb[, VWL _LDLZPW TU QWLcXhL  
L TRZ^�UTPP wUcLQWTLQWP, QhLcXhL L TULMTLZLMTLQWP 
PTTLDRwPLTTL_L NZLQWZRTQWDR. �ULMTLZLMTLQWX PTTL-
DRwPLTTL_L NZLQWZRTQWDR UQWX ZUk^cXWRW ZRkcPVTLx 
DLQNZPP[VPDLQWP h PTTLDRwPb[. $L_cRQTL [13], _LWLD-
TLQWX Ly�UQWDR DLQNZPTP[RWX P ZURcPkLD�DRWX PTTL-
DRwPLTT�U ZU�UTPb (QWUNUTX DLQNZPP[VPDLQWP PTTL-
DRwPx) DL [TL_L[ LNZUMUcbUWQb LyZRkLDRWUcXT�[ 
^ZLDTU[ QLkMRWUcUx P NLWZUyPWUcUx PTTLDRwPx,  
R WRhqU ^ZLDTU[ NLc^VRU[�� P[P ML�LMLD. 

�ULMTLZLMTLQWX PTTLDRwPLTTL_L NZLQWZRTQWDR, 
hRh NZRDPcL, D�ZRqRUWQb D DLkTPhTLDUTPP Ly�UhWLD  
P QPQWU[, yLcUU NZLMDPT^W�� D PTTLDRwPLTTL[ NcRTU, 
Q^�UQWDLDRTPP PTTLDRwPLTTL_L ZRkZ�DR [UqM^  
ZRkDPW�[P P ZRkDPDR��P[PQb _LQ^MRZQWDR[P. lRh,  
ç. J. ÌhLDUw LW[UVRUW: «JLcT� PTTLDRwPLTTLx Rh-
WPDTLQWP TUZRDTL[UZTL ZRQNZUMUcUT� D NZLQWZRTQWDU, 
NUZPLMPVUQhP [UTb�WQb P� sNPwUTWZ� P cPMUZ�  
PTTLDRwPLTTLx RhWPDTLQWP. �NL�RcXT�U P yRkPQT�U 
PTTLDRwPP QDbkRT� Q hZ^NT�[P DcLqUTPb[P D WZRTQ-
`LZ[RwP� Ly�UQWDUTT�� QPQWU[ P WZUy^�W QhLNcU-
TPb TR ^khL[ NZLQWZRTQWDU NZUMNLQ�cLh P ^QcLDPx 
WRhP� DkZ�DLD, hLWLZ�U kRWU[ ZRQNZLQWZRTb�WQb  
NL DQU[^ [PZ^. zRqM�x PTTLDRwPLTT�x NUZUDLZLW 
P[UUW QDL� PQ�LMT^� _UL_ZR`PVUQh^� WLVh^ (sNP-
wUTWZ). }TPwPRWLZL[ NUZUDLZLWR Qc^qRW LMTR PcP 
TUQhLcXhL cPMPZ^��P� LWZRQcUx, DTLDX NLbDPD�P�Qb 
PcP ZRMPhRcXTL WZRTQ`LZ[PZLDRTT��. J sNPwUTWZU 
[L_^W y�WX QhLTwUTWZPZLDRT� NUZDLPQWLVTPhP PTTL-
DRwPLTTL_L LyTLDcUTPb Ly�UQWDR» [14]. 

J wUcL[, bDcUTPU TULMTLZLMTLQWP PTTLDRwPLTTL_L 
NZLQWZRTQWDR TU NZLWPDLZUVPW NZLQWZRTQWDUTTL[^ 
NZPTwPN^, LWZRqR��U[^ MPRcUhWPVUQhLU UMPTQWDL 
TUNZUZ�DTLQWP P NZUZ�DTLQWP (MPQhZUWTLQWP), L hLWL-
ZL[ _LDLZPcLQX D��U. KLsWL[^ TULMTLZLMTLQWX PT-
TLDRwPLTTL_L NZLQWZRTQWDR TU DcPbUW TR �RZRhWUZP-
QWPh^ NZLWbqUTTLQWP, hLWLZRb D QLLWDUWQWDPP Q UQWU-
QWDUTTL-TR^VT�[ NZUMQWRDcUTPU[ L NZLQWZRTQWDU 
ZRQQ[RWZPDRUWQb hRh yUQhLTUVTLQWX. 

� yUQhLTUVTLQWP PTTLDRwPLTTL_L NZLQWZRTQWDR-
[LqTL WRhqU [LqTL Q^MPWX NL _cLyRcXTL[^ �RZRhWUZ^ 
PTTLDRwPLTTL_L QNLQLyR NZLPkDLMQWDR, QLQWRDcb��U-
_L LQTLD^ NLQWPTM^QWZPRcXTLx Ly�UQWDUTTL-
shLTL[PVUQhLx `LZ[RwPP. J LWcPVPU LW PTM^QWZPRcX-
TL_L QNLQLyR NZLPkDLMQWDR, hLWLZ�x QTRVRcR L�DRW�-
DRc NUZUMLD�U QWZRT�, Pk hLWLZ�� D MRcXTUx�U[ ZRQ-
NZLQWZRTbcQb TR MZ^_PU QWZRT� (shLTL[PVUQhPx P[-
NUZPRcPk[), PTTLDRwPLTT�x QNLQLy NZLPkDLMQWDR TU 
P[UUW �RZRhWUZPQWPh wUcLQWTLQWP DTU _cLyRcXT�� 

hLLZMPTRW, bDcbbQX [PZLQPQWU[T�[. KZP PTTLDRwP-
LTTL[ QNLQLyU NZLPkDLMQWDR [UTb�WQb TU WLcXhL 
NZLPkDLMPWUcXT�U QPc�, NZUMQWRDcUTT�U TLD�[P 
WU�TPhL-WU�TLcL_PVUQhP[P DLk[LqTLQWb[P P hRVUQW-
DUTTL TLD�[P WZUyLDRTPb[P h Q^y�UhW^ WZ^MR, NZLPk-
DLMQWDUTT�U LWTL�UTPb hRh [UqM^ Q^y�UhWR[P NZL-
PkDLMQWDR, WRh P [UqM^ NZLPkDLMPWUcb[P P NLWZUyP-
WUcb[P PTTLDRwPLTTL_L NZLM^hWR, TL WRhqU P QR[P 
NLWZUyPWUcP PTTLDRwPLTTLx NZLM^hwPP, WRh hRh LTR 
Pk[UTbUW ^qU TU WLcXhL [PZ DLhZ^_ VUcLDUhR,  
TL P QR[L_L VUcLDUhR, D�T^qMUTTL_L NLD��RWX QDLx 
PTWUccUhW^RcXT�x ^ZLDUTX Mcb LDcRMUTPb WU�TPhL-
WU�TLcL_PVUQhP[P, QLwPRcXT�[P, ^NZRDcUTVUQhP[P  
P NZLVP[P PTTLDRwPb[P [15]. lRhP[ LyZRkL[, [PZ 
Pk[UTbUWQb _cLyRcXT�[ LyZRkL[ NLM DcPbTPU[ PTTL-
DRwPx, hLWLZ�U kRWZR_PDR�W NZRhWPVUQhP DQU QLwPRcX-
T�U QcLP, DQU WUZZPWLZPP,  _UL_ZR`PVUQhPU Ly�UhW� 
kU[TL_L �RZR.  

���"?0����. KLMDLMb PWL_, [LqTL QMUcRWX QcU-
M^��PU D�DLM�: 


 ^DUcPVUTPU [RQ�WRyR PTTLDRwPLTTLx MUbWUcX-
TLQWP, ^QcLqTUTPU QWZ^hW^Z� [UqhLZNLZRwPLTT��, 
[UqZU_PLTRcXT��, [UqLWZRQcUD��, [UqQWZRTLD��  
P NZLVP� Ly�UMPTUTPx, ZRkDPWPU P� DT^WZUTTP� P DTU�- 
TP� QDbkUx D Q`UZU PTTLDRwPx ZRQ�PZbUW NZLQWZRTQW-
DL PTTLDRwPLTTLx MUbWUcXTLQWP: 


 D TRQWLb�UU DZU[b shLTL[PVUQhRb TR^hR PQN�-
W�DRUW TUMLQWRWLh WULZUWPhL-[UWLMLcL_PVUQhP� PTQW-
Z^[UTWLD PQQcUMLDRTPb PTTLDRwPLTTL_L NZLQWZRTQWDR; 


 `LZ[PZLDRTPU WZUy^U[�� WULZUWPhL-[UWLMLcL- 
_PVUQhP� NLcLqUTPx MLcqTL LNPZRWXQb TR TR^VTL 
LyLQTLDRTTLU LNZUMUcUTPU PTTLDRwPLTTL_L NZL-
QWZRTQWDR, QNUwP`PVTLQWX hLWLZL_L WZUy^UW PQNLcXkL-
DRTPb QLDLh^NTLQWP NZLQWZRTQWDUTT�� P QPQWU[T�� 
NZPTwPNLD, NLkDLcbb ZRQhZ�WX `^ThwPLTRcXTLU TR-
kTRVUTPU, DT^WZUTTUU ^QWZLxQWDL P �RZRhWUZT�U QDLx-
QWDR MRTTLx shLTL[PVUQhLx hRWU_LZPP; 


 PTTLDRwPLTTLU NZLQWZRTQWDL – sWL LQTLDRTTRb 
TR QLwPRcXTL-shLTL[PVUQhP� LWTL�UTPb� QPQWU[TRb 
`LZ[R LZ_RTPkRwPP Ly�UhWLD PTTLDRwPLTTLx MUb-
WUcXTLQWP, TRNZRDcUTTRb TR PTTLDRwPLTTLU NZULyZR-
kLDRTPU MUxQWDPWUcXTLQWP, P[U��Rb LNZUMUcUTT^� 
QWZ^hW^Z^ P hLT`P_^ZRwP�, QLLWDUWQWD^��^� P[ WUZ- 
ZPWLZPRcXT^� NZLWbqUTTLQWX P NLMDUZqUTTRb NUZPL-
MPVUQhL[^ PTTLDRwPLTTL[^ LyTLDcUTP� D ZUk^cXWRWU 
MDPqUTPb DL DZU[UTP.  

KZUMcLqUTTLU LNZUMUcUTPU hRWU_LZPP «PTTLDRwP-
LTTLU NZLQWZRTQWDL» Dhc�VRUW D QUyb NZPTwPN TUZRk-
Z�DTLQWP NZLQWZRTQWDR–[RWUZPP, NZUMQWRDcUTPU L `^Th- 
wPLTRcXTL[ TRkTRVUTPP, DT^WZUTTU[ ^QWZLxQWDU  
P DTU�TU[ LVUZWRTPP PTTLDRwPLTTL_L NZLQWZRTQWDR, 
R WRhqU NLMVUZhPDRUW P[[RTUTWTLQWX DZU[UTTó_L 
`RhWLZR PTTLDRwPLTTL[^ NZLQWZRTQWD^, VWL QLLWDUW-
QWD^UW wPhcPVUQhP[ DLkkZUTPb[ LQTLDLNLcLqTPhR 
PTTLDRWPhP �. �. zLTMZRWXUDR, MLhRkRD�U_L DRqTLQWX 
DZU[UTP hRh QR[LQWLbWUcXTLx shLTL[PVUQhLx hRWU_LZPP.  
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8���( *����( ��#�����+����( ����	��&�����( ���� (3-����) �����������( �� ��+�� ����� ������"-

!����&��� ���� (5-����), �	�����	������� �� ����&$������ ���	+������ +����+������ �����!���, )���-
��+���� ���	���'/�� )��������. ��%���*�� ���������� "���*���� ��	��	�����( 3-���� � 5-���� – 
�	�%�� ����� ���	���	"��"	� $����� � ����	��!�����# ����� � ����	��$�	������( )��������, ���+��  
� ��� ��������#�����+���� (�	�. � �����(/�� �	��( � ���������� }���	�!�� ��	����������� (�(���( $���-
+� ��	��	�����( ��*���$�����# )������� ���	���	"��"	�. 9	� )��� �'+���� (�(���( �	����� ��#��� 
�$ ��������� �����(��( �"�>����� 	��&���� �����	� )�������� � ��$����� ������ ��($� ����# ��/���� 
���	���	"��"	� � ��������#�����+��#, ��"��;���# ������!�����# �������� � 	��&��� �������$�!��� 
��>����� �������"�&��� ������������� � ��'+����� �# � 	���+��� «����	��� ���	��». �������	��� 
�"�� �����	��!�� ��>����� �������"�&��� ������������� � ����	 � 	������	��� ������ �!���� ����-
���"�&���� �������. ������� ����� ������ �!���� �������"�&���� �������, ��� �!���� ��������� 
����	���� $����, �	����, �������, ������	� �� ��	���+" ��"-#�". ������� ������, ��$��('/�� ��	�����& 
���+��" �������"�&���� ������� � !���, ��$ "+��� ��������� ����&��# ��� )�������, � ������:  
����� 	���+��� �������$�!��, 	��+�� ��)���!����� ������. � ���%� �	���%��� �$��	���� ���+��� 
�������"�&���� ������� �� ������ ����	��!������ �	��$������&�����. ��$"&���� �	�������( ����-
��� �!���� ��>����� �������"�&��� ������������� ������(��( ���	��� ����	��!������ ��$�� �	� ����-
���!������ ����$� � ������	%����� 	��&��� ��������� ������	��&���� ������ �� ��$� �!���� )����-
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�, ��������������, ��������& �	��$��������� �������"�&���� ������� ���������( �+������� � ����-
��� �( �������( � 	���+��� ���	��. 9	���	�(��( 	������-�����+����� �	���*������� (�('��( �����-
����� ������!������� 	�$����( 	��������� )��������, ��)���" �	����� �!���� � ����	�����( ������-
�"�&���� ������� ���	(�"' ��($��� � �# ��(��&����&'. 

 
3'+���� ����: ������!��, ��>��� �������"�&��� �������������, ���	���	"��"	�, ��������#���-

��+���, ��"�������, �������"�&��� ������, �������$�!�( �������. 
 

Vestnik SibGAU 
Vol. 16, No. 4, P. 1022–1028 

 
INTELLECTUAL CAPITAL ASSESSMENT AND PLANNING TOOLS,  

STIMULATING TRANSITION FROM A LATENT STATE TO THE ECONOMIC TURNOVER 
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A new technological sixth Kondratiev wave (K-wave) is superimposed on the beginning of the new institutional wave 

(I-wave), based on the use of creative human potential, eco-storage Economics. The most important components of K-
waves and I-waves successful formation first of all are the knowledge infrastructure and information networks, and 
modernized the economy, the presence of high-tech core. Now in the Russian Federation the primary task is to form the 
above-mentioned elements of infrastructure. The key is the problem of exit from “latent” status of the economy real 
sector subjects and the close links establishment of new sites infrastructure and high-tech, science-intensive, innovative 
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companies with a real capitalization of intellectual property objects and their inclusion in market “goods turnover”.  
In the article the ways of conversion of intellectual property in the goods and the intellectual capital evaluation 
methods are considered. In the article the intellectual capital estimation methods are selected as a trademark, brand, 
patent, contracts on know-how transfer valuation. The authors described methods to determine the intellectual capital 
value as a whole, excluding the cost of its individual elements, namely: the market capitalization method; the Tobin 
coefficient calculation. The intellectual capital value measurement on the basis of information productivity is proposed. 
The results of intellectual property evaluation methods application becomes the reference information base for the 
investment analysis and the intangible asset real value confirmation on the basis of the intellectual capital elements 
evaluations, reducing thus the uncertainty in the company assets capitalization and, accordingly, the intellectual capital 
value becomes apparent and ready for introduction on the market turnover. The rocket and space industry enterprises 
are the driving force of the Russian economy innovative development, so the intellectual capital assessment and 
planning problem is directly connected with their activities. 

 
Keywords: innovations, intellectual property, infrastructure, high-tech, knowledge-based, intellectual capital, 

capitalization of assets. 
    
)��/����. ]LcX�PTQWDL QWZRT Q TRVRcR WUh^�U_L 

QWLcUWPb NZL�LMbW MLQWRWLVTL PTWUTQPDT�x NUZPLM 
NLM_LWLDhP h TLDLx WU�TLcL_PVUQhLx DLcTU. �LDRb 
�UQWRb WU�TLcL_PVUQhRb hLTMZRWXUDQhRb DLcTR (z-DLcTR), 
LZPUTWPZLDRTTRb TR [UMPwPT^, yPL-, _UTTL- P TRTL-
WU�TLc_PP, TLD�U hDRTWLD�U NZPTwPN� ZRyLW� hL[-
NX�WUZLD, TLD^� sTUZ_UWPh^, TLD�U P hL[NLkPwPLT-
T�U [RWUZPRc�, TRhcRM�DRUWQb TR TRVRcL TLDLx PT-
QWPW^wPLTRcXTLx DLcT� (}-DLcTR), LZPUTWPZLDRTTLx 
TR PQNLcXkLDRTPU WDLZVUQhL_L VUcLDUVUQhL_L NLWUT-
wPRcR, shLcL_PVUQhP QyUZU_R��Ux shLTL[PhP [1].  
�W[UWP[, VWL z-DLcT� NZL�LMbW cRWUTWT�x NUZPLM, 
kRTP[R��Px 15–20 cUW. }[UTTL WL_MR kRhcRM�DRUWQb 
P NLQWUNUTTL RhW^RcPkPZ^UWQb NLWUTwPRc. JRqTUx�PU 
hL[NLTUTW� ^QNU�TL_L `LZ[PZLDRTPb z-DLcT�  
P }-DLcT�, hRh QVPWR�W PQQcUMLDRWUcP �. zcUNRV  
P I. z^ZRTLD, QcUM^��PU: hRVUQWDUTTLU LyZRkLDRTPU; 
TRcPVPU QLDZU[UTT�� ^TPDUZQPWUWLD P WU�TLcL_PVU-
QhP� wUTWZLD NL WPN^ YPkWU�R P ~}Yl 50-� _LMLD 
NZL�cL_L QWLcUWPb; ZRkDPWRb PT`ZRQWZ^hW^ZR,  
TU WLcXhL WZRTQNLZWTRb, TL P NZUqMU DQU_L kTRTPx  
P PT`LZ[RwPLTT�� QUWUx; [LMUZTPkPZLDRTTRb shLTL-
[PhR, TRcPVPU D TUx D�QLhLWU�TLcL_PVTL_L bMZR. 

J ZLQQPxQhLx shLTL[PhU WRhP[ D�QLhLWU�TLcL-
_PVT�[ bMZL[ bDcb�WQb NZUMNZPbWPb ZRhUWTL-hLQ[P- 
VUQhLx NZL[��cUTTLQWP. lUTMUTwPP P� ZRkDPWPb  
D NLQcUMTUU MUQbWPcUWPU QDPMUWUcXQWD^�W L WL[, VWL 
NZUMNZPbWPb vzK y�cP P LQWR�WQb cLhL[LWPDL[  
PTTLDRwPLTTL_L ZRkDPWPb DQU� LWZRQcUx TRZLMTL_L 
�LkbxQWDR. KZLycU[R LwUThP P NcRTPZLDRTPb PTWUc-
cUhW^RcXTL_L hRNPWRcR TRNZb[^� QDbkRTR Q MUbWUcX-
TLQWX� NZUMNZPbWPx ZRhUWTL-hLQ[PVUQhLx NZL[��-
cUTTLQWP. 

���D"��9 ������������>� ��3����#. �R QU_L-
MTb�TPx MUTX TUW QL[TUTPx, VWL vLQQPxQhRb YUMUZR-
wPb TR�LMPWQb D cRWUTWTL[ NUZPLMU kRhcRM�DRTPb 
NLWUTwPRcR shLTL[PhP, P NUZDLQWUNUTTLx bDcbUWQb 
kRMRVR `LZ[PZLDRTPb D��UTRkDRTT�� scU[UTWLD PT-
`ZRQWZ^hW^Z�. ]RkLD�U LQTLD� kRcLqUT� hRh D Q`UZU 
shLTL[PVUQhLx NLcPWPhP, WRh P D TLZ[RWPDTL-NZRDL- 
DLx QPQWU[U P, QLLWDUWQWDUTTL, NZLMLcqR�W QDLU ZRk-
DPWPU, NZLMPhWLDRTTLU MPTR[PVTL [UTb��P[PQb 
shLTL[PVUQhP[P ^QcLDPb[P.  

�RNZP[UZ, hRh ^hRk�DRUWQb D MLh^[UTWU NLM TR-
kDRTPU[ «�QTLDT�U TRNZRDcUTPb TRcL_LDLx NLcPWPhP 
TR 2015 _LM P NcRTLD�x NUZPLM 2016 P 2017 _LMLD» 

(LMLyZUT� KZRDPWUcXQWDL[ vY 01.07.2014), NUZQNUh-
WPD� shLTL[PVUQhL_L ZLQWR D QZUMTUQZLVTL[ NUZPLMU 
D kTRVPWUcXTLx QWUNUTP kRDPQbW LW QhLZLQWP P NLQcU-
MLDRWUcXTLQWP ZURcPkRwPP TULy�LMP[�� QWZ^hW^ZT�� 
NZULyZRkLDRTPx P QNLQLyTLQWP shLTL[PhP NZULMLcU-
DRWX DT^WZUTTPU PT`ZRQWZ^hW^ZT�U P ZUQ^ZQT�U L_-
ZRTPVUTPb, QDbkRTT�U D WL[ VPQcU Q TUycR_LNZPbWT�-
[P MU[L_ZR`PVUQhP[P WUTMUTwPb[P [2]. �QTLDT�[ 
PQWLVTPhL[ shLTL[PVUQhL_L ZLQWR D QZUMTUQZLVTLx 
NUZQNUhWPDU MLcqTL QWRWX NLD��UTPU NZLPkDLMP-
WUcXTLQWP WZ^MR, VWL TUDLk[LqTL yUk DLQQWRTLDcUTPb 
PTDUQWPwPLTTLx RhWPDTLQWP. zc�VUD�[P ^QcLDPb[P 
Mcb NZULMLcUTPb QNRMR PTDUQWPwPx bDcb�WQb QTPqU-
TPU shLTL[PVUQhLx TULNZUMUcUTTLQWP, D WL[ VPQcU  
kR QVUW MLQWPqUTPb TPkhLx P QWRyPcXTLx PT`cbwPP,  
P ^c^V�UTPU MUcLDL_L hcP[RWR [2]. 

�TRcPk TLZ[RWPDTL-NZRDLDLx yRk� PT`ZRQWZ^h-
W^ZT�� LQTLD shLTL[PhP NLhRk�DRUW U� `^TMR[UT-
WRcXT^� kRhLTVUTTLQWX. uRcLqUT� ^QcLDPb Mcb `LZ-
[PZLDRTPb PTM^QWZPRcXT�� (NZL[��cUTT��) NRZhLD, 
hcRQWUZTLx NLcPWPhP, NLcPWPhP `LZ[PZLDRTPb LQL-
y�� shLTL[PVUQhP� kLT. ¶�U LMPT �R_ – QLkMRTPU 
WUZZPWLZPx LNUZUqR��U_L ZRkDPWPb QL_cRQTL 473-Yu 
«� WUZZPWLZPb� LNUZUqR��U_L QLwPRcXTL-shLTL[P- 
VUQhL_L ZRkDPWPb D vLQQPxQhLx YUMUZRwPP» [3–5]. 

KZP Ly�P� shLTL[PVUQhP� P NZRDLD�� WUTMUTwPb� 
NLMMUZqhP _LQ^MRZQWDL[ TRZLqMR��UxQb TLDLx shL-
TL[PhP P ZRkDPWPP QNUwPRcXTLx PT`ZRQWZ^hW^Z� 
hc�VUDLx bDcbUWQb NZLycU[R D��LMR Pk cRWUTWTL_L 
QLQWLbTPb Q^y�UhWLD ZURcXTL_L QUhWLZR shLTL[PhP  
P QLkMRTPU WUQTLx QDbkP TLD�� NcL�RMLh PT`ZR-
QWZ^hW^Z� P D�QLhLWU�TLcL_PVT��, TR^hL�[hP� PT-
TLDRwPLTT�� hL[NRTPx [6; 7], WRh TRk�DRU[�� TLD�� 
scU[UTWLD, DLkTPhR��P� D NUZPLM sWP� wPhcLD  
LyTLDcUTPb shLTL[PhP, Q P� ZURcXTLx hRNPWRcPkRwPUx 
P Dhc�VUTPU[ D Z�TLVT�x «WLDRZT�x LyLZLW». �QL-
yUTTL sWL DRqTL D NUZPLM NUZUqPDRTPb shLTL[PhLx 
^QcLDPx NLD��UTT�� NLcPWPVUQhP� P shLTL[PVUQhP� 
ZPQhLD 2014–2015 __. 

$ZUMP NZLycU[, hLWLZ�U NZP�LMPWQb ZU�RWX MRT-
T�[ hL[NRTPb[, [LqTL LyLkTRVPWX QcUM^��PU: 
QcLqTLQWX NZPDcUVUTPb PTDUQWLZLD; kRhc�VUTPU  
QL_cR�UTPx D NUZPLM MUxQWDPb QRThwPx; ZURcPkRwPb  
P hRNPWRcPkRwPb QLkMRTT�� PTTLDRwPx D QcLqPD�P�-
Qb shLTL[PVUQhP� ^QcLDPb�; LQLyUTTLQWP LwUThP LW-
MUcXT�� Ly�UhWLD PTWUccUhW^RcXTLx QLyQWDUTTLQWP. 
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����������# ����""���%�"'��( +�D+������+�� 
� �����. vU�UTPU D��UTRkDRTT�� NZLycU[ TRVPTRUW-
Qb Q kR�P�UTTLQWP NRWUTWL[ NLcUkTLx [LMUcP, WLZ_L-
DLx [RZhP, hLTQWZ^hwPP, RDWLZQhP� NZRD PcP QLN^WQW-
D^��P� NZRD. lRhRb kR�P�UTTLQWX VRQWL bDcbUWQb 
�LZL�P[ PTMPhRWLZL[ NLWUTwPRcR NZUMNZPbWPb Mcb 
LQ^�UQWDcUTPb LNUZRwPx TR Z�ThU. �RqU NLTbWPU 
«PTTLDRwPb» QWLcX �PZLhL PQNLcXk^UWQb D ZRkT�� 
WZRhWLDhR�, VWL LVUTX WbqUcL ^cLDPWX Q[�Qc, LQLyUTTL 
UQcP PTTLDRwP� TULy�LMP[L `PTRTQPZLDRWX. $U_LMTb 
MUxQWD^�W ZRkcPVT�U `LZ[� NLMMUZqhP PTTLDRwPLT-
TLx MUbWUcXTLQWP, R `PTRTQLD�U P shLTL[PVUQhPU 
Qc^qy� ZRQQ[RWZPDR�W PTTLDRwP� P Q^[[^, TR hLWL-
Z^� QVPWRUWQb Q^yQPMPb, NL `LZ[RcXTL[^ NZPkTRh^, 
MLh^[UTWRcXTL NLMWDUZqMUTT�[P kRWZRWR[P TR PQ-
NLcTUTPU. KLZLx LVUTX QcLqTL ^QWRTLDPWX ZURcXT�x 
s``UhW LW PTTLDRwPP. 

�WL WRhLU PTTLDRwPb D hLThZUWTL[ LyZRkwU, NZLPk-
DLMQWDUTTL[ NZLwUQQU PcP NZPyLZU? zRhP[ LyZRkL[ 
LTR LwUTUTR? KL hRhP[ NZPkTRhR[ ^QWRTLDPWX LZ_RTP-
kRwPLTT^� PTTLDRwP�, hRh NLQVPWRWX kRWZRW� PTWUc-
cUhW^RcXTL_L WZ^MR QNUwPRcPQWLD, P Q hRhLx NUZPL-
MPVTLQWX� sWP kRWZRW� DLkTPhR�W, MRqU UQcP sWL PT-
MPDPM^RcXTRb PTTLDRwPb? zRh LyQWLbW MUcR Q PTTLDR-
wPb[P D ZURcXTL[ QUhWLZU shLTL[PhP P TR^hLU[hP� 
LWZRQcb�? �WP ZUNUZT�U WLVhP NZLwUQQLD DcPbTPb 
PTTLDRwPLTTLx shLTL[PhP TR ZURcXT�x DRcLDLx NZL-
M^hW DUQX[R yLcUkTUTT� P NLZLx «ZRk[�W�» D hLTUVTL[ 
`PTRTQLDL[ ZUk^cXWRWU MUbWUcXTLQWP hL[NRTPP [8]. 

KZRDPWUcXQWDR D _LQ^MRZQWDR� ¶DZLNUxQhL_L QL�-
kR, ÌNLTPP, $Ã� NLL�Zb�W P NLMMUZqPDR�W TRVPTR-
TPb NZUMNZPbWPx D LycRQWP D�QLhP� WU�TLcL_Px  
NLQZUMQWDL[ _ZRTWLD, _RZRTWPx, Q^yQPMPx P/PcP QQ^M 
TR cX_LWT�� ^QcLDPb�, NZUMLQWRDcbU[�� ZRkcPVT�[P 
`PTRTQLD�[P `LTMR[P P yRThR[P, hLWLZ�U NZb[L PcP 
hLQDUTTL NZPkTR�W DRqTLQWX PTWUccUhW^RcXT�� RhWP-
DLD. JQU sWL QDPMUWUcXQWD^UW L WL[, VWL D NUZPLM  
Q 2010–2015 __. PTWUccUhW^RcXTRb QLyQWDUTTLQWX QWRcR 
hLTDUZWPZ^U[�[ WLDRZL[. $^�UQWD^UW TUQhLcXhL 
QNLQLyLD MLQWPqUTPb NLMLyTL_L ZUk^cXWRWR. lRh,  
PTWUccUhW^RcXTRb QLyQWDUTTLQWX [LqUW y�WX NZLMRTR, 
cPwUTkPZLDRTR, PQNLcXkLDRTR D hRVUQWDU kRcL_R NZP 
hZUMPWLDRTPP, PcP qU [LqUW NLQc^qPWX MLNLcTP-
WUcXT�[ LQTLDRTPU[ Mcb NZPDcUVUTPb NUZDLTRVRcX-
TL_L RhwPLTUZTL_L hRNPWRcR. 

$L_cRQTL QW. 1225 VRQWP VUWDUZWLx IZRqMRTQhL_L 
hLMUhQR vY (Iz vY), ZUk^cXWRWR[P PTWUccUhW^RcXTLx 
MUbWUcXTLQWP P NZPZRDTUTT�[P h TP[ QZUMQWDR[P 
PTMPDPM^RcPkRwPP �ZPMPVUQhP� cPw, WLDRZLD, ZRyLW, 
^Qc^_ P NZUMNZPbWPx, hLWLZ�[ NZUMLQWRDcbUWQb NZR-
DLDRb L�ZRTR, W. U. PTWUccUhW^RcXTLx QLyQWDUTTLQWX�, 
bDcb�WQb NZLPkDUMUTPb TR^hP, cPWUZRW^Z� P PQh^QQW-
DR; NZL_ZR[[� Mcb scUhWZLTT�� D�VPQcPWUcXT��  
[R�PT; yRk� MRTT��; PQNLcTUTPb; `LTL_ZR[[�;  
QLLy�UTPU D s`PZ PcP NL hRyUc� ZRMPL PcP WUcUNUZU-
MRV (DU�RTPU LZ_RTPkRwPx s`PZTL_L PcP hRyUcXTL_L 
DU�RTPb); PkLyZUWUTPb; NLcUkT�U [LMUcP; NZL[��-
cUTT�U LyZRkw�; QUcUhwPLTT�U MLQWPqUTPb; WLNLcL-
_PP PTWU_ZRcXT�� [PhZLQ�U[; QUhZUW� NZLPkDLMQWDR 
(TL^-�R^); `PZ[UTT�U TRP[UTLDRTPb; WLDRZT�U kTRhP 
P kTRhP LyQc^qPDRTPb; TRP[UTLDRTPb [UQW NZLPQ�Lq-
MUTPb WLDRZLD; hL[[UZVUQhPU LyLkTRVUTPb [9]. 

J TRQWLb�UU DZU[b, hL_MR LQTLDT�U QZUMQWDR 
yLcX�PTQWDR LWUVUQWDUTT�� NZUMNZPbWPx ^QWRZUcP  
P TU NZUMQWRDcb�W PTWUZUQR D hRVUQWDU DLk[LqTL_L 
LyUQNUVUTPb LybkRWUcXQWD, P[UTTL PQhc�VPWUcXT�U 
NZRDR [L_^W NZPDcUVX DTP[RTPU kTRVPWUcXTL_L VPQcR 
NLWUTwPRcXT�� hZUMPWLZLD [10]. �RTT�x DPM kRcL_R 
MLQWRWLVTL _PyLh, LT MRUW DLk[LqTLQWX TRxWP LNWP-
[RcXT�x DRZPRTW D hRqML[ LWMUcXTL[ Qc^VRU P LyUQ-
NUVPWX QLD[U�UTPU NZRD hZUMPWLZLD Q DLk[LqTLQWX� 
kRcL_LMRWUcb s``UhWPDTL PQNLcXkLDRWX NZUM[UW kRcL-
_R D QDLUx NZLPkDLMQWDUTTL-�LkbxQWDUTTLx MUbWUcX-
TLQWP [11–13]. 

zRh NZRDPcL, hZUMPW NLM kRcL_ NZRD TR Ly�UhW� 
PTWUccUhW^RcXTLx QLyQWDUTTLQWP TULy�LMP[ NZRDL-
LycRMRWUcb[ Mcb LyUQNUVUTPb NLcTL_L Ly�U[R `PTRT-
QPZLDRTPb kRWZRW TR LN�WTL-hLTQWZ^hWLZQh^� MLZR-
yLWh^, MLDUMUTPU PkLyZUWUTPx P MZ^_P� Ly�UhWLD 
NZL[��cUTTLx QLyQWDUTTLQWP ML QWRMPP DTUMZUTPb. 
�L QU_LMTb ZRk^[TUU _LDLZPWX L hZUMPWU NLM kRcL_ 
^qU ZURcPkLDRTT�� P NZPTLQb�P� NZPy�cX Ly�UhWLD 
PTWUccUhW^RcXTLx QLyQWDUTTLQWP. lL UQWX RhWPD MLc-
qUT «ZRyLWRWX» P NZPTLQPWX NZPy�cX. 

J Qc^VRU NZPTbWPb ZU�UTPb L hZUMPWLDRTPP �ZP-
MPVUQhL_L cPwR NLM kRcL_ PQhc�VPWUcXT�� NZRD DLk-
[LqTL DLkTPhTLDUTPU ZbMR NZLycU[: DL-NUZD��, 
WZ^MTL NZLPkDUQWP RMUhDRWT^� LwUTh^ QWLP[LQWP  
RhWPDR Mcb wUcUx kRcL_R; DL-DWLZ��, DUZLbWT� QcLq-
TLQWP Q MRcXTUx�Ux ZURcPkRwPUx NZUM[UWR kRcL_R, 
NLQhLcXh^ Z�TLh Ly�UhWLD PTWUccUhW^RcXTLx QLyQW-
DUTTLQWP _LZRkML yLcUU L_ZRTPVUT, VU[ Z�TLh TUMDP-
qP[LQWP PcP LyLZ^MLDRTPb. �UcXkb PQhc�VPWX LyUQ-
wUTPDRTPU NZUM[UWR kRcL_R. 

���/9 ������ �D������ ����""���%�"'��( 
+�D+������+��. KZP LwUThU WLDRZTL_L kTRhR, NZPLy-
ZUWRU[L_L NZUMNZPbWPU[ ^ MZ^_Lx `PZ[�, NZUMNLVWP-
WUcXTL PQNLcXkLDRWX ML�LMT�x NLM�LM, R P[UTTL, [U-
WLM NZUP[^�UQWDR D NZPy�cP. �cb sWL_L MLQWRWLVTL 
ZRQQVPWRWX NZPZLQW VPQWL_L ML�LMR NZUMNZPbWPb 
DQcUMQWDPU ^DUcPVUTPb wUT� P ZRQ�PZUTPb Z�ThR 
Qy�WR P D�VUQWX MLNLcTPWUcXT�U ZRQ�LM� TR ^MLDcU-
WDLZUTPU WZUyLDRTPx LycRMRWUcb WLDRZTL_L kTRhR. 
$WLP[LQWX WLDRZTL_L kTRhR QLDNRMRUW Q NZUP[^�UQW-
DL[ D NZPy�cP. KZUP[^�UQWDL D NZPy�cP LNZUMUcbUW-
Qb WLcXhL D NUZD�x _LM PQNLcXkLDRTPb WLDRZTL_L kTRhR, 
WRh hRh D MRcXTUx�U[ `PZ[R-NLh^NRWUcX ^qU QR[R y^MUW 
ZRyLWRWX TR WLDRZT�x kTRh, W. U. ^DUcPVPDRWX (D c^V-
�U[ Qc^VRU) PcP ^[UTX�RWX U_L QWLP[LQWX [14; 15]. 

~UWLM� kRWZRWTL_L NLM�LMR, hRh NZRDPcL, NLhRk�-
DR�W QWLP[LQWX Ly�UhWR LwUThP Q NLkPwPx NZL�c�� 
PcP TRQWLb�P� kRWZRW TR QLkMRTPU LwUTPDRU[L_L Ly�-
UhWR PTWUccUhW^RcXTLx QLyQWDUTTLQWP PcP NZPLyZUWU-
TPU kR[U�R��U_L RTRcL_PVTL_L NL TRkTRVUTP� P D�-
NLcTbU[�[ `^ThwPb[ Ly�UhWR. �WL D NLcTLx [UZU 
LWTLQPWQb P h WLDRZT�[ kTRhR[. ¶QcP LwUThR NZLPk-
DLMPWQb TU D [L[UTW QLkMRTPb WLDRZTL_L kTRhR, WL DQU 
kRWZRW� TULy�LMP[L NZPDUQWP h WUh^�Ux QWLP[LQWP. 

KZP LwUThU yZUTMR kRWZRWT�x NLM�LM bDcbUWQb QR-
[�[ NZLQW�[ QNLQLyL[, NZUM^Q[RWZPDR��P[ ^VUW 
kRWZRW TR U_L QLkMRTPU P NLMMUZqRTPU [2]. KLQhLcXh^ 
QZUMQWDR [L_^W WZRWPWXQb TUs``UhWPDTL, sWLW NLhRkR-
WUcX MLQWRWLVTL ^QcLDUT. $ZRDTPWUcXT�x NLM�LM 
LNPZRUWQb TR MDR RTRcL_PVT�� NZLM^hWR, R P[UTTL, 
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yZUTMLD�x P TU P[U��Px yZUTMR. J�VPQcbUWQb NZP-
y�cX, NLc^VUTTRb LW NZLMRqP sWP� WLDRZLD kR hRhLx-
WL NUZPLM DZU[UTP, PcP NZPy�cX kR LNZUMUcUTTLU hL-
cPVUQWDL �W^h. KZPy�cX LW TUyZUTMLDL_L WLDRZR D�-
VPWRUWQb Pk NZPy�cP LW WLDRZR yZUTMLDL_L. �WR ZRk-
TPwR P UQWX QWLP[LQWX yZUTMR. ¶QWUQWDUTTL, TU DQU_MR 
[LqTL TRxWP RTRcL_PVT�x yUkyZUTMLD�x WLDRZ. lL_MR 
D ZRQVUWR� ^VPW�DRUWQb DcPbTPU DTU�TP� Z�TLVT�� 
`RhWLZLD, TRNZP[UZ, NZPy�cXTLQWX MRTTL_L QUhWLZR 
Z�ThR. �L�LMT�x NLM�LM NZUMNLcR_RUW QLQWRDcUTPU 
MD^� DRZPRTWLD NZL_TLkR ZUk^cXWRWLD MUbWUcXTLQWP 
hL[NRTPP. �MPT PQ�LMPW Pk TRcPVPb yZUTMR, MZ^_Lx – 
Pk U_L LWQ^WQWDPb. vRkTPwR P UQWX s``UhW TRcPVPb 
yZUTMR PcP U_L wUTTLQWX Mcb MUxQWD^��U_L NZUM- 
NZPbWPb. 

JRqTR LwUThR ML_LDLZR TR NUZUMRV^ TL^-�R^, WRh 
hRh TL^-�R^ P[UUW ZURcXT^� wUTTLQWX WLcXhL D Qc^VRU 
TRMUqTLx kR�PW� U_L LW ZRQhZ�WPb. KLsWL[^ ZRQVUW 
QWLP[LQWP TL^-�R^ P[UUW Q[�Qc LQTLD�DRWX TR PQ-
NLcXkLDRTPP NZPy�cP kR TUQhLcXhL cUW. �cb LwUThP 
TL^-�R^ [LqTL NZP[UTbWX [UWLM ZLbcWP. �MTRhL NZP 
ZRQVUWU QcUM^UW ^WLVTPWX, VWL NZUMNLcR_RUWQb LwUThR 
NRWUTWR TR WU�TLcL_P�. KRWUTW NZUMNLcR_RUW NUZUMR-
V^ NZRDR QLyQWDUTTLQWP, WL_MR hRh cPwUTkPb ZRkZU�R-
UW PQNLcXkLDRTPU TU[RWUZPRcXTL_L RhWPDR TR LNZUMU-
cUTT�x D TUx QZLh P TU NZUMNLcR_RUW NUZU�LMR NZRDR 
QLyQWDUTTLQWP. 

KZLycU[R LNZUMUcUTPb NcRWUqUx kR PQNLcXkLDRTPU 
TL^-�R^ kRhc�VRUWQb D WL[, VWL Mcb U_L DTUMZUTPb  
D NZLPkDLMQWDL WZUy^�WQb PTDUQWPwPP. �PQW�x ML�LM 
LW PQNLcXkLDRTPb TL^-�R^ PcP PkLyZUWUTPb bDcbUWQb 
VRQWX� VPQWL_L ML�LMR LW ZURcPkRwPP PTDUQWPwPLTTL-
_L NZLUhWR. KLsWL[^ QTRVRcR ZRkZRyRW�DRUWQb PTDU-
QWPwPLTT�x NZLUhW, QLQWRDcbUWQb yPkTUQ-NcRT, D hL-
WLZL[ ZRQQVPW�DR�W LqPMRU[�x UqU_LMT�x VPQW�x 
ML�LM. uRWU[ D�MUcb�W W^ VRQWX VPQWL_L ML�LMR,  
hLWLZ^� [LqTL LWTUQWP h PQNLcXk^U[L[^ Ly�UhW^ 
PTWUccUhW^RcXTLx QLyQWDUTTLQWP. KZP[UTbU[�x Mcb 
ZRQVUWR MLcUDLx hLs``PwPUTW LNZUMUcbUWQb Q ^VUWL[ 
`RhWLZR NLc^VUTPb shLTL[PP. JLW sWR QLQWRDcb��Rb 
P QLkMRUW ^QcLDPb Mcb ZRQVUWR P kRhcRM�DRTPb D NcR-
T� `PZ[� [LWPDRwPLTT�� zK� [16; 17]. 

lRh, NZP[UTUTPU TL^-�R^ PcP PkLyZUWUTPb MRUW 
NZPZLQW VPQWL_L ML�LMR NZUMNZPbWPb kR QVUW WRhP� 
`RhWLZLD, hRh QTPqUTPU QUyUQWLP[LQWP NZLM^hwPP, 
^DUcPVUTPU Ly�U[R NZLMRq, ^DUcPVUTPU wUT� kR NZL-
M^hwP� kR QVUW ZLQWR hRVUQWDR, QTPqUTPU TRcL_R  
TR NZPy�cX. �RcUU TRML ZU�PWX, hRhRb VRQWX ZRQQVP-
WRTTL_L ML�LMR NLxMUW D LNcRW^ LycRMRWUc� (RDWLZ^) 
TL^-�R^ PcP PkLyZUWUTPb. JLW sWR DUcPVPTR P y^MUW 
PQNLcXkLDRTR D `LZ[^cU hRh VPQW�x ML�LM. �QLyLU 
DTP[RTPU QcUM^UW LyZRWPWX TR D�yLZ QWRDhP MPQhLTWR. 
�y�VTL QWRDhR MPQhLTWR QhcRM�DRUWQb Pk yUkZPQhLDLx 
QWRDhP P NZU[PP kR ZPQh. zL_MR LwUTPDR�WQb Ly�UhW� 
PTWUccUhW^RcXTLx QLyQWDUTTLQWP, NZU[Pb kR ZPQh D�-
yPZRUWQb NLD��UTTLx, WRh hRh DcLqUTPb D sWP Ly�Uh-
W� LWcPVR�WQb yLcX�Lx ZPQhLDRTTLQWX�. 

$ZLh NLcUkTL_L NZP[UTUTPb Ly�UhWR PTWUccUhW^-
RcXTLx QLyQWDUTTLQWP LwUTPDRUWQb NZUMNZPbWPU[ QR-
[LQWLbWUcXTL P kRDPQPW LW QZLhLD QWRZUTPb NUZUMR-
DRU[�� kTRTPx (LN�WR) P DLk[LqTL_L ZRQhZ�WPb  
P� hLT`PMUTwPRcXTLQWP. �WLW NUZPLM QLLWDUWQWD^UW 

20-cUWTU[^ NUZPLM^ MUxQWDPb NRWUTWR vY TR PkLyZU-
WUTPU. KZP LNZUMUcUTPP QZLhR MUxQWDPb ML_LDLZR  
TR NUZUMRV^ TL^-�R^ D [UqM^TRZLMTLx NZRhWPhU NZP-
TbW�[ QVPWRUWQb QZLh, ZRDT�x NbWP _LMR[, R NL LW-
MUcXT�[ ML_LDLZR[ LT Pk[UTbUWQb D NZUMUcR� LW MD^� 
ML MUQbWP cUW. 

J _ZRTPwR� WULZPP LwUThP PTWUccUhW^RcXTL_L hRNP-
WRcR Q^�UQWD^�W [UWLM�, NLkDLcb��PU LNZUMUcPWX 
DUcPVPT^ PTWUccUhW^RcXTL_L hRNPWRcR D wUcL[, yUk 
^VUWR QWLP[LQWP LWMUcXT�� U_L scU[UTWLD, R P[UTTL [2]:  

1. ~UWLM Z�TLVTLx hRNPWRcPkRwPP; QWLP[LQWX PT-
WUccUhW^RcXTL_L hRNPWRcR ZRDTR ZRkTPwU [UqM^ Z�-
TLVTLx wUTLx NZUMNZPbWPb P yRcRTQLDLx QWLP[LQWX� 
U_L [RWUZPRcXT�� RhWPDLD. 

2. zLs``PwPUTW lLyPTR; LT D�ZRqRUW LWTL�UTPU 
Z�TLVTLx QWLP[LQWP hL[NRTPP h yRcRTQLDLx QWLP[L-
QWP UU VPQW�� RhWPDLD: 

q> = 
A÷
V , 

_MU V – Z�TLVTRb QWLP[LQWX RhwPx hL[NRTPP; �V – 
QWLP[LQWX VPQW�� RhWPDLD NZUMNZPbWPb. KZP sWL[, 
UQcP q> � 1, PTWUccUhW^RcXT�x hRNPWRc NZUMNZPbWPb 
NZUMQWRDcbUW QLyLx LWZPwRWUcXT^� DUcPVPT^. �WL 
kTRVPW, VWL Q WLVhP kZUTPb Z�ThR NZUMNZPbWPU QWLPW 
MU�UDcU, VU[ RhWPD�, hLWLZ�[P LTL LycRMRUW,  
P D Qc^VRU U_L cPhDPMRwPP TR MRTT�x [L[UTW y^MUW 
WUZNUWX ^y�WhP; q> � 1, NZUMNZPbWPU LycRMRUW NLcLqP-
WUcXT�[ NL QDLUx DUcPVPTU PTWUccUhW^RcXT�[ hRNP-
WRcL[; q> = 1, PTWUccUhW^RcXT�x hRNPWRc ZRDUT T^c�, 
W. U. Z�TLh LwUTPDRUW QWLP[LQWX NZUMNZPbWPb D DUcP-
VPT^, ZRDT^� QWLP[LQWP U_L QLyQWDUTT�� QZUMQWD. 

zZL[U sWL_L, hLs``PwPUTW q [LqUW �RZRhWUZPkL-
DRWX QWUNUTX shDPDRcUTWTLQWP P D�_LMTLQWP WLDRZTL-
_L Ly[UTR. �RNZP[UZ, NZP q = 2, hL_MR Z�TLVTRb 
QWLP[LQWX NZUMNZPbWPb DMDLU MLZLqU QWLP[LQWP U_L 
_PNLWUWPVUQhLx kR[UT�, LTL PkDcUhRUW Pk sWL_L DPMR 
QLyQWDUTTLQWP D�_LM^ D��U QZUMTUx D sWL[ DPMU MUb-
WUcXTLQWP. J sWL[ Q[�QcU q bDcbUWQb NLhRkRWUcU[ 
QNLQLyTLQWP NZUMNZPbWPb NLc^VRWX yLcUU D�QLh^� 
NZPy�cX ycR_LMRZb WL[^, VWL ^ TU_L UQWX TUVWL WRhLU, 
VU_L TUW ^ MZ^_P�: hDRcP`PhRwPb QLWZ^MTPhLD, LWTL-
�UTPb Q hcPUTWQhLx QUWX� P W. N. �WL P UQWX L�^WP[LU 
NZLbDcUTPU TU^VWUTT��, TUPMUTWP`PwPZLDRTT�� TU-
[RWUZPRcXT�� ZUQ^ZQLD hL[NRTPP, QLkMR��P� MLNLc-
TPWUcXT^� QWLP[LQWX. 

$R[ �. lLyPT Ly�bQTbc ZRkZ�D [UqM^ sWP[P DUcP-
VPTR[P TUQLDNRMUTPU[ NLcPWPhP hRNPWRcPkRwPP  
P R[LZWPkRwPP LQTLDT�� `LTMLD: UQcP LyLZ^MLDRTPU 
NZLMLcqRUW ZRyLWRWX, kMRTPb NZLMLcqR�W shQNc^RWP-
ZLDRWXQb NLQcU WL_L, hRh P� QWLP[LQWX NLcTLQWX� 
R[LZWPkPZLDRTR, WL q > 1, R UQcP NZUMNZPbWPU NZPLy-
ZUWRUW D hZUMPW TLDLU LyLZ^MLDRTPU, WL q < 1 [18]. 


3������� ��"�0��9 ����""���%�"'��>� ����-
��"� �� �+���� ��!����������( ����3��/���"'��-
+��. �cb �RZRhWUZPQWPhP c�y�� PTWUccUhW^RcXT�� 
MUxQWDPx, QLDUZ�RU[�� D NZLwUQQU ^NZRDcUTPb NZUM-
NZPbWPU[ (NUZU_LDLZ�, NcRTPZLDRTPU, kRhc�VUTPU 
hLTWZRhWLD P W. M.), PQNLcXk^UWQb NLTbWPU «PT`LZ[R-
wPLTT�x [UTUMq[UTW». J hRVUQWDU [UZ� Pk[UZUTPb 
s``UhWPDTLQWP NZUMcR_RUWQb PQNLcXkLDRWX ROM 
(Return On Management), hLWLZ�x LNZUMUcbUWQb  
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LWTL�UTPU[ ML�LMR, MLyRDcUTTL_L PT`LZ[RwPUx,  
h PkMUZqhR[ PT`LZ[RwPLTTL_L [UTUMq[UTWR [18; 19].  

�cb WL_L VWLy� LNZUMUcPWX sW^ DUcPVPT^, TULy�L-
MP[L ZRQQVPWRWX: 

1) PkMUZqhP PT`LZ[RwPLTTL_L [UTUMq[UTWR,  
hLWLZ�U QhcRM�DR�WQb Pk PkMUZqUh NL ZURcPkRwPP 
^Qc^_, ^NZRDcUTP� `PZ[Lx, ZRQ�LMLD TR PQQcUMLDRTPb 
P ZRkDPWPU P W. N., TL TU Dhc�VR�W kRWZRW�, QDbkRTT�U 
TUNLQZUMQWDUTTL Q NZLPkDLMQWDL[ NZLM^hwPP P ^Qc^_; 

2) ML�LM, MLyRDcUTT�x PTWUccUhW^RcXT�[ hRNP-
WRcL[, W. U. Pky�WLVT�x ML�LM, NLc^VRU[�x DQcUMQW-
DPU D�QLhLx ML�LMTLQWP hRNPWRcR.  

�RQWX VPQWL_L ML�LMR, LWTLQP[Rb TR PTWUccUhW^-
RcXT�U ZUQ^ZQ�, LNZUMUcbUWQb hRh ZRkTPwR [UqM^ 
NZPy�cX� NZUMNZPbWPb P QZUMTP[ ML�LML[, hLWLZ�x 
ZRQQVPW�DRUWQb PQ�LMb Pk QWLP[LQWP U_L RhWPDLD  
P QZUMTUx NZLwUTWTLx QWRDhP, �RZRhWUZPk^��Ux QZUM-
T�� ML�LMTLQWX hRNPWRcR. KZP sWL[ DUQX Pky�WLh 
VPQWL_L ML�LMR TRM U_L QZUMTP[ ^ZLDTU[ [LqUW y�WX 
LWTUQUT h s``UhW^ PT`LZ[RwPLTTL_L [UTUMq[UTWR. 
�wUThR VRQWP VPQWL_L ML�LMR NZUMNZPbWPb, LWTLQP-
[Lx TUNLQZUMQWDUTTL TR DhcRM PTWUccUhW^RcXTL_L 
hRNPWRcR, NLkDLcbUW ZRQQVPWRWX [UWLML[ MPQhLTWPZL-
DRTPb U_L QWLP[LQWX [19]. 

$WLPW kR[UWPWX, VWL NLMLyT�[ LyZRkL[ LNZUMUcb-
UWQb QWLP[LQWX MUcLDLx ZUN^WRwPP [UWLML[ Pky�WLV-
T�� NZPy�cUx. vRkTPwR QLQWLPW cP�X D WL[, VWL  
Pky�WLh VPQWL_L ML�LMR TRM U_L QZUMTP[ ^ZLDTU[  
(NL LWZRQcP) D MRTTL[ Qc^VRU MPQhLTWPZ^UWQb,  
R TU hRNPWRcPkPZ^UWQb. 

���"?0����. KZP LwUThU PTDUQWPwPLTT�[ PTQWP-
W^WL[ PcP yRThL[ PTDUQWPwPLTTL_L NZLUhWR TR^hLU[-
hLx hL[NRTPP, NZP MLDUMUTPP zK� TR NZUMNZPbWPP  
P `LZ[RcPkRwPP P� NZP[UTUTPb, ZUk^cXWRW� NZP[UTU-
TPb [UWLMLD LwUThP Ly�UhWLD PTWUccUhW^RcXTLx QLy-
QWDUTTLQWP QWRTLDbWQb LNLZTLx PT`LZ[RwPLTTLx  
yRkLx NZP PTDUQWPwPLTTL[ RTRcPkU P NLMWDUZqMUTPP 
ZURcXTLx QWLP[LQWP TU[RWUZPRcXTL_L RhWPDR TR yRkU 
LwUTLh scU[UTWLD PTWUccUhW^RcXTL_L hRNPWRcR, QTP-
qRb WU[ QR[�[ TULNZUMUcUTTLQWX D hRNPWRcPkRwPP 
RhWPDLD hL[NRTPP, P, QLLWDUWQWDUTTL, QWLP[LQWX NZL-
PkDUMUTTL_L PTWUccUhW^RcXTL_L hRNPWRcR QWRTLDPWQb 
LVUDPMTLx P _LWLDLx Mcb DDUMUTPb D Z�TLVT�x LyL-
ZLW. lU[ yLcUU VWL hc�VUD�[P ^QcLDPb[P Mcb NZU-
LMLcUTPb PTDUQWPwPLTTL_L QNRMR D shLTL[PhU bDcb-
�WQb QTPqUTPU shLTL[PVUQhLx TULNZUMUcUTTLQWP,  
D WL[ VPQcU kR QVUW MLQWPqUTPb TPkhLx P QWRyPcXTLx 
PT`cbwPP, P ^c^V�UTPU MUcLDL_L hcP[RWR TR NZUM-
NZPbWPb� kR QVUW DDUMUTPb TU[RWUZPRcXT�� RhWPDLD  
D Z�TLVT�x LyLZLW. 
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The modern period, defined as the transition to a post-industrial type of development, enhanced rapid globalization 

of the economy and its crisis manifestations encourages as Russia as a whole and its regions seek new opportunities to 
strengthen the innovative products of its economy and its competitiveness in domestic and global markets and increase 
living standards. One of these possibilities is networking business enterprises, government, science and education in the 
framework of production and regional clusters or regional technological platforms, enabling better to concentrate 
resources on promising directions to obtain economic results and its synergistic effect. 

The paper analyzes the factors of innovative development in the Krasnoyarsk region, features and individual 
advantages. The necessity and the possibility of activity regional technology platforms as a connection format business 
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resources, territory, public bodies and authorities are considered. The general direction of development of European, 
Russian and regional platforms is shown. It expands the practice of interaction of subjects of innovative development of 
the technology platforms, including the role and place of social and professional structures on the example of the 
Association “Siberian Research and Education Consortium”. RTP forms of association and real projects in cooperative 
interaction are shown. The most fruitful regional technology platforms manifest themselves in the direction of 
information and telecommunication technologies and space for innovative development of Siberia, as part of the same 
federal technology platform. On the basis of the analysis a strategic vector of innovative development of the region as 
the inclusion of the major industries in the global project Asia–Sibir–Evropa is considered. 

 
Keywords: innovative development, clusters, regional technology platforms (RTP) RTP projects, global projects, 

commercialization. 
    
)��/����. �cb vLQQPP, P LQLyUTTL UU hL[NcUhQTL 

ZRkDPW�� WUZZPWLZPx, NZRhWPhR QLQZUMLWLVUTPb ZU-
Q^ZQLD bDcbUWQb TU TLDLx. ¶�U D NUZPLM _LQ^MRZQW-
DUTT�� QLDTRZ�LkLD D LWMUcXT�� WUZZPWLZPb�, D WL[ 
VPQcU D zZRQTLbZQhL[ hZRU, y�cR Q`LZ[PZLDRTR DkR-
P[TL QDbkRTTRb QWZ^hW^ZR NZUMNZPbWPx LW ZRkZRyLWhP 
Q�ZXb ML hLTUVTL_L NZLM^hWR, VWL D TRQWLb�UU DZU[b 
[LqUW �RZRhWUZPkLDRWXQb hRh QPQWU[R NZL[��cUTT�� 
hcRQWUZLD. lRh, TR LQTLDU LMTL_L Pk _cRDT�� ZUQ^ZQLD – 
cUQR y�cP Q`LZ[PZLDRT� wUNLVhP NZUMNZPbWPx: kR_L-
WLDhR, NUZDPVTRb NUZUZRyLWhR, _c^yLhRb NUZUZRyLWhR, 
NLc^VUTPU wUcc�cLk�, QNPZWR, NZLPkDLMQWDL NLZL�LD, 
�PT, �P[PVUQhP� DLcLhLT, PQh^QQWDUTTL_L �UchR, 
WhRTUx, y^[R_P P MZ. �TRcL_PVT�U WUZZPWLZPRcXTL-
NZLPkDLMQWDUTT�U hL[NcUhQ� y�cP P LNZRDMRcP QUyb 
P TR [TL_P� MZ^_P� TRNZRDcUTPb� shLTL[PhP [1]. 

KLPQh TLD�� DLk[LqTLQWUx DkRP[LMUxQWDPb Mcb 
MLQWPqUTPb c^V�U_L ZUk^cXWRWR NZLMLcqRUWQb D `LZ-
[RWR� WUZZPWLZPRcXT�� hcRQWUZLD, VWL �RZRhWUZTL Mcb 
ZbMR ZU_PLTLD vLQQPP, D NZRhWPhU y�MqUWTL_L NZLUh-
WPZLDRTPb NZUM^Q[LWZUTL `LZ[PZLDRTPU `UMUZRcX-
T�� P ZU_PLTRcXT�� wUcUD�� NZL_ZR[[, LWZRQcUD�� 
NZL_ZR[[ P MZ. �UNLQZUMQWDUTTL yPkTUQ P�UW DLk-
[LqTLQWP DkRP[LMUxQWDPb N^WU[ `LZ[PZLDRTPb DUZ-
WPhRcXTL PTWU_ZPZLDRTT�� �LcMPT_LD P MZ^_P� 
QWZ^hW^Z PcP QUWUDL_L DkRP[LMUxQWDPb. �MTP[ Pk 
`LZ[RWLD hLLZMPTRwPP ZUQ^ZQLD QWRcP `UMUZRcXT�U 
WU�TLcL_PVUQhPU NcRW`LZ[� (YlK), R kRWU[ D LWMUcX-
T�� Qc^VRb�, hRh D zZRQTLbZQhL[ hZRU, ZU_PLTRcXT�U 
WU�TLcL_PVUQhPU NcRW`LZ[� (vlK).  

���%��%�� \�������� ��>���� � !����������� 
��>����"'�92 ��2��"�>�0�+��2 �"��!���. �cb 
zZRQTLbZQhL_L hZRb �RZRhWUZT�[ LQWRUWQb hL[NcUhQ-
TLU [TL_LLWZRQcUDLU ZRkDPWPU U_L LWMUcXT�� WUZZP-
WLZPx P LMTLDZU[UTTL [LTLZRkDPWPU LWMUcXT�� WUZ-
ZPWLZPx [2]. lRh, TLZPcXQhPx NZL[��cUTT�x ZRxLT  
D LQTLDTL[ ZRkDPDRUW NZLPkDLMQWDL wDUWT�� [UWRccLD – 
[UMX, TPhUcX, MZR_LwUTT�U P ZUMhLkU[UcXT�U [UWRc-
c�. �cb QUDUZT�� WUZZPWLZPx �RZRhWUZT� LVR_LD�U 

DR�WLD�U NLQUchP TU`WU_RkLZRkDUMhP P MLy�VP, LW-
MUcXT�U NLQUcUTPb [UQWT�� TRZLMLD, DUM^�P� L�LW-
TPVPx NZL[�QUc P Z�yT^� cLDc�. $ZUMTPx $UDUZ 
hZRb (�UQLQPyPZQh, ¶TPQUxQh, �PqTUU KZPRT_RZXU) – 
kR_LWLDhR P NUZUZRyLWhR cUQR, `LZ[PZLDRTPU NZUM-
NZPbWPx NL MLy�VP Q�ZXb P U_L NUZDPVTLx NUZUZRyLW-
hP. uMUQX UQWX TULy�LMP[Rb PT`ZRQWZ^hW^ZR: ]L_^VRT-
QhRb I�$, qUcUkTRb P RDWL[LyPcXT�U MLZL_P [1].  
J wUTWZU ZU_PLTR QLQZUMLWLVUT� D�QLhLWU�TLcL_PV-
T�U NZUMNZPbWPb LyLZLTTL_L P hLQ[PVUQhL_L NZL`P-
cb, sTUZ_UWPhP, LZ_RTPkRwPP TR^hP P LyZRkLDRTPb.  
J NZLwUQQU shLTL[PVUQhP� NZULyZRkLDRTPx P NZPDR-
WPkRwPP kTRVPWUcXTRb _Z^NNR NZUMNZPbWPx ZU_PLTR 
DL�cP D hZ^NT�U ZLQQPxQhPU PcP WZRTQTRwPLTRcXT�U 
hLZNLZRwPP (vj$��, $j�z, «]RcWPhR» P MZ.), PTWU-
ZUQ� P� ZRkDPWPb QLLWTLQbWQb Q hLZNLZRWPDTLx QWZR-
WU_PUx P QcRyL QDbkRT� Q PTWUZUQR[P WUZZPWLZPP ZRk-
[U�UTPb. J ZUk^cXWRWU NZL[��cUTT�U NZUMNZPbWPb 
ZU_PLTR NZRhWPVUQhP TU QDbkRT� Q WU�TLcL_PVUQhLx 
wUNLVhLx sWP� hLZNLZRwPx, TU NLQWRDcb�W Q�MR QDL� 
NZLM^hwP�, QcRyL QDbkRT� Q P� LyQc^qPDRTPU[. �RqU 
NZLM^hW� NPWRTPb D LQTLDTL[ NLQWRDcb�WQb D TL-
ZPcXQhPx NZL[��cUTT�x ZRxLT, D ZRxLT� TU`WUZRk-
DUMhP P MLy�VP Pk MZ^_P� WUZZPWLZPx, D WL[ VPQcU Pk-
kR Z^yUqR. KZPTbW�U NZLWPD vLQQPP QRThwPP P TR�P 
LWDUWT�U [UZ� QLkMR�W DLk[LqTLQWX ZRkDLZLWR sWP� 
hZ^NT�� hLZNLZRwPx h QLWZ^MTPVUQWD^ Q NZUMNZPb- 
WPb[P ZU_PLTR. J wUcL[ PTTLDRwPLTT�U NZLM^hW� P 
^Qc^_P D ZU_PLTU P vLQQPP QcRyL NZUMQWRDcUT� (WRyc. 1). 

vUk^cXWRW� PTTLDRwPLTTLx RhWPDTLQWP NZUMNZPb- 
WPx P LZ_RTPkRwPx zZRQTLbZQhL_L hZRb RTRcL_PVT� 
QZUMTP[ NLhRkRWUcb[ NL vLQQPP, P, TUQ[LWZb TR NZP-
TP[RU[�U ^QPcPb P RhWPDTLU ZRkDPWPU QWZ^hW^Z, PT-
TLDRwPLTTLU ZRkDPWPU LWZRQcUx PMUW [UMcUTTL. 

zRh NLhRk�DR�W PQQcUMLDRTPb, Q^�UQWDUTTL LWcP-
VR�WQb NL ^ZLDT� PTTLDRwPLTTLx RhWPDTLQWP NZUM-
NZPbWPb P LZ_RTPkRwPP NL `LZ[R[ QLyQWDUTTLQWP  
P DPMR[ MUbWUcXTLQWP (WRyc. 2). 

 
����!� 1  


����������9� �����9 � %+"%>� � �� � 2010–2012 >>. 
 

KLhRkRWUcP PTTLDRwPLTTLx MUbWUcXTLQWP 2010 _. 2012 _. 
jMUcXT�x DUQ LZ_RTPkRwPx, LQ^�UQWDcbD�P� WU�TLcL_PVUQhPU PTTLDRwPP, D Ly�U[ VPQcU LZ_RTPkRwPx 9,3 9,9 
jMUcXT�x DUQ PTTLDRwPLTT�� WLDRZLD, ZRyLW, ^Qc^_ D Ly�U[ Ly�U[U LW_Z^qUTT�� WLDRZLD, D�NLc-
TUTT�� ZRyLW, ^Qc^_ 

4,9 7,8 

jMUcXT�x DUQ kRWZRW TR WU�TLcL_PVUQhPU PTTLDRwPP D Ly�U[ Ly�U[U LW_Z^qUTT�� WLDRZLD, D�NLc-
TUTT�� ZRyLW, ^Qc^_ 

1,5 1,8 

jMUcXT�x DUQ LZ_RTPkRwPx, P[UD�P� TR^VTL-PQQcUMLDRWUcXQhPU, NZLUhWTL-hLTQWZ^hWLZQhPU NLMZRk-
MUcUTPb, D Ly�U[ VPQcU LZ_RTPkRwPx 

10,2 10,9 
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����!� 2  

�����������# �������+�' ��>���3���( �� !����� +�D+������+�� 3� 2012 >�/ 

 

KL WPNR[ PTTLDRwPx JPM QLyQWDUTTLQWP 
 

$DLMT�x 
^ZLDUTX lU�TLcL_PVUQhPU ~RZhUWPT_LD�U �Z_RTPkRwPLTT�U 

ILQ^MRZQWDUTTRb `UMUZRcXTRb 18,1 16,9 3,0 4,9 
ILQ^MRZQWDUTTRb ZU_PLTRcXTRb 5,8 4,7 0,7 1,7 
~^TPwPNRcXTRb 3,1 2,5 0,3 0,7 
�RQWTRb  11,5 10,2 2,3 3,3 
$[U�RTTRb Q _LQ^MRZQWDUTTLx QLyQWDUTTLQWX�  19,4 17,4 3,5 6,3 
ILQ^MRZQWDUTT�� hLZNLZRwPx  36,6 34,8 5,6 13,0 

 
�cb QZRDTUTPb PQNLcXkLDRT� NLhRkRWUcP NL NZUM-

NZPbWPb[ LWZRQcUx, TRPyLcUU �RZRhWUZT�� Mcb zZRQ-
TLbZQhL_L hZRb: MLy�DR��PU, LyZRyRW�DR��PU NZLPk-
DLMQWDR; NZLPkDLMQWDL P ZRQNZUMUcUTPU sTUZ_PP, _RkR, 
DLM�; QDbkX, MUbWUcXTLQWX, QDbkRTTRb Q PQNLcXkLDRTP-
U[ D�VPQcPWUcXTLx WU�TPhP P PT`LZ[RwPLTT�� WU�-
TLcL_Px; TR^VT�U PQQcUMLDRTPb P ZRkZRyLWhP; NZU-
MLQWRDcUTPU NZLVP� DPMLD ^Qc^_. JL DQU� Qc^VRb� 
NZUMNZPbWPb ZU_PLTRcXTL_L P LQLyUTTL [^TPwPNRcX-
TL_L ^ZLDTb Q^�UQWDUTTL LWQWR�W LW RTRcL_PVT�� 
`UMUZRcXT�� PcP Q[U�RTTLx QLyQWDUTTLQWP, P LQL-
yUTTL LW NZUMNZPbWPx _LQ^MRZQWDUTT�� hLZNLZRwPx. 
J wUcL[ hZRxTU [RcL [RZhUWPT_LD�� P LZ_RTPkRwPLT-
T�� PTTLDRwPx. �WL NZP WL[, VWL kR NUZPLM Q 2007  
NL 2014 _LM� TR PTTLDRwPLTT�U PT`ZRQWZ^hW^Z�  
_LQ^MRZQWDL[ y�cL NLWZRVUTL 684,4 [cZM Z^y. `UMU-
ZRcXTL_L P ZU_PLTRcXTL_L y�MqUWLD. KZP sWL[ kTRVP-
WUcXT�U _LQ^MRZQWDUTT�U ZRQ�LM� TU y�cP NLMMUZ-
qRT� kRNcRTPZLDRTT�[P Ly�U[R[P DTUy�MqUWTL_L 
`PTRTQPZLDRTPb, R ZLQW kRWZRW TU QLNZLDLqMRcQb QL-
LWDUWQWD^��P[ ZLQWL[ ML�LMLD LW MUbWUcXTLQWP Ly�-
UhWLD PTTLDRwPLTTLx PT`ZRQWZ^hW^Z� P ^DUcPVUTPU[ 
P� DhcRMR D shLTL[Ph^ [5, Q. 4]. 

J [PZU VR�U DQU_L NZP[UTbUWQb «QNPZRcXT�x» 
NLM�LM `LZ[PZLDRTPb PTTLDRwPLTT�� QPQWU[, TR LQ-
TLDU LWhZ�W�� ycLhLD ZRkDPWPb TR^hP, LyZRkLDRTPb, 
yPkTUQR, DcRQWP P Ly�UQWDR. �cb sWL_L NLMMUZqPDR�W-
Qb `LZ[PZLDRTPb: 

– «LZ_RTPkRwPx-_PyZPMLD» – PTQWPW^W� ZRkDPWPb, 
NZUMNZPTP[RWUcXQhPU ^TPDUZQPWUW�, ~}K�, PQQcU-
MLDRWUcXQhPU hLZNLZRwPP P MZ.; 

– hRTRcLD Ly[UTR – PTWUZ`UxQ�, LyUQNUVPDR��PU 
Ly[UT P NLc^VUTPU PT`LZ[RwPP, hRNPWRcR, c�MUx, 
kTRTPx, LN�WR; 

– ^VRQWTPhLD-«RhWLZLD» – NZUMNZPTP[RWUcXQhPU 
LZ_RTPkRwPP, RQQLwPRwPP, QL�k� P MZ. D `LZ[U hcR-
QWUZLD, WU�TLcL_PVUQhP� NcRW`LZ[, hLTQLZwP^[LD. 

�R sWLx LQTLDU ^QhLZbUWQb NZLwUQQ NLc^VUTPb hL-
TUVT�� PTTLDRwPLTT�� ZUk^cXWRWLD – TLD�� NZLM^h-
WLD, WU�TLcL_Px, wUNLVhP QWLP[LQWP, DPM� MUbWUcXTL-
QWP, ^Qc^_. 

�R sWL[ `LTU ZRkDPWPU `LZ[RWLD, NLkDLcb��P� 
DTU kRDPQP[LQWP LW LWZRQcUDLx P hLZNLZRWPDTLx NZP-
TRMcUqTLQWP Ly�UMPTbWX ZUQ^ZQ� TR kRPTWUZUQLDRT-
T�� Mcb ZU_PLTR, NZUMNZPbWPx P LZ_RTPkRwPx TRNZRD-
cUTPb�, QWRTLDPWQb kTRVP[�[ DRqT�[ scU[UTWL[ 
DkRP[LMUxQWDPb P MLQWPqUTPb QPTUZ_UWPVUQhL_L ZU-
k^cXWRWR. �QLyLU DTP[RTPU MLcqTL y�WX TRNZRDcUTL 
TR NZUMNZPbWPb ZU_PLTRcXTLx P [^TPwPNRcXTLx QLy-
QWDUTTLQWP. 

J QLDZU[UTTLx NZRhWPhU Mcb ZURcPkRwPP PTTLDR-
wPLTTL_L TRNZRDcUTPb ZRkDPWPb PQNLcXk^UWQb �PZL-
hPx QNUhWZ PTQWZ^[UTWLD (WRyc. 3). 

J ZUk�[U LWVUWR L MUbWUcXTLQWP NZLUhWTL_L L`PQR 
��� «vJz» P ~PTshLTL[ZRkDPWPb «KLDUQWhR ZRkDP-
WPb PTTLDRwPLTTLx PT`ZRQWZ^hW^Z� D vLQQPxQhLx 
YUMUZRwPP», D KZPcLqUTPP ´ 3 «JPM� Ly�UhWLD PT-
TLDRwPLTTLx PT`ZRQWZ^hW^Z� D vLQQPxQhLx YUMUZR-
wPP (hZRWhPx _cLQQRZPx)» [5, Q. 22] RDWLZ� D�MUcb�W 
35 DPMLD (WUZ[PTLD) PTTLDRwPLTT�� PT`ZRQWZ^hW^Z, 
D WL[ VPQcU TR LQTLDU ZRQNLZbqUTPx KZRDPWUcXQWDR 
vY MR�WQb MDR LNZUMUcUTPb WU�TLcL_PVUQhP[ NcRW-
`LZ[R[: 

– hL[[^TPhRwPLTT�x PTQWZ^[UTW, TRNZRDcUTT�x 
TR RhWPDPkRwP� ^QPcPx NL QLkMRTP� NUZQNUhWPDT�� 
hL[[UZVUQhP� WU�TLcL_Px, TLD�� NZLM^hWLD (^Qc^_), 
NZPDcUVUTPU MLNLcTPWUcXT�� ZUQ^ZQLD Mcb NZLDUMU-
TPb PQQcUMLDRTPx P ZRkZRyLWLh TR LQTLDU ^VRQWPb 
DQU� kRPTWUZUQLDRTT�� QWLZLT (yPkTUQR, TR^hP, _LQ^-
MRZQWDR P _ZRqMRTQhL_L Ly�UQWDR), R WRhqU TR ^QL-
DUZ�UTQWDLDRTPU TLZ[RWPDTL-NZRDLDLx yRk� D LycRQ-
WP TR^VTL-WU�TLcL_PVUQhL_L P PTTLDRwPLTTL_L ZRkDP-
WPb [6]; 

– LZ_RTPkRwPLTT�U `LZ[� ZURcPkRwPP _LQ^MRZQW-
DUTTL-VRQWTL_L NRZWTUZQWDR P PTQWZ^[UTW LQ^�UQWD-
cUTPb TR^VTL-WU�TPVUQhLx P PTTLDRwPLTTLx NLcPWP-
hP D NZPLZPWUWT�� TRNZRDcUTPb� WU�TLcL_PVUQhLx 
[LMUZTPkRwPP ZU_PLTRcXTLx shLTL[PhP [7]. 

$cUM^UW LW[UWPWX, VWL NZPDUMUTT�U LNZUMUcUTPb 
WU�TLcL_PVUQhP� NcRW`LZ[ LWZRqR�W WLcXhL `LZ[^ 
UU NZLbDcUTPb. uMUQX TUW LWZRqUTPb P� QDbkP Q WUh^-
�P[ P QWZRWU_PVUQhP[ NcRTPZLDRTPU[ P y�MqUWPZL-
DRTPU[ hRh D YUMUZRwPP, WRh P D ZU_PLTR�. $cUM^UW 
^VUQWX, VWL PQNLcXk^U[�U D NZRhWPhU MLc_LQZLVT�U 
wUcUD�U NZL_ZR[[�, LWZRQcUD�U NZL_ZR[[�, `UMU-
ZRcXT�U wUcUD�U P MZ^_PU `LZ[� QWZRWU_PVUQhL_L 
ZRkDPWPb NZRhWPVUQhP TU ZRQQ[RWZPDR�WQb P TU Dhc�-
VUT� D Ly�^� QPQWU[^ y�MqUWPZLDRTPb.  

zZRQTLbZQhPx hZRx – LMPT Pk ZU_PLTLD D vLQQPP, 
_MU PMUW NLQWLbTT�x NLPQh N^WUx NUZUDLMR shLTL[PhP 
TR PTTLDRwPLTT�x N^WX. J 2008 _LM^ D ZU_PLTU NZPTbW 
kRhLT zZRQTLbZQhL_L hZRb LW 10.07.2008 _. ´ 6-2000 
«� _LQ^MRZQWDUTTLx NLMMUZqhU TR^VTLx, TR^VTL-
WU�TPVUQhLx P PTTLDRwPLTTLx MUbWUcXTLQWP TR WUZZP-
WLZPP zZRQTLbZQhL_L hZRb [8], D 2011 _LM^ ^hRkL[  
I^yUZTRWLZR hZRb ^WDUZqMUTR $WZRWU_Pb PTTLDRwPLT-
TL_L ZRkDPWPb zZRQTLbZQhL_L hZRb TR NUZPLM  
ML 2020 _LMR «}TTLDRwPLTT�x hZRx – 2020» [9]. $WZR-
WU_Pb LNZUMUcbUW wUcP, kRMRVP P TRNZRDcUTPb ZRkDPWPb 
PTTLDRwPLTTLx MUbWUcXTLQWP D zZRQTLbZQhL[ hZRU  
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P LWZRqRUW LQTLDT�U NLcLqUTPb NZLUhWR «$WZRWU_Pb 
PTTLDRwPLTTL_L ZRkDPWPb vLQQPxQhLx YUMUZRwPP TR 
NUZPLM ML 2020 _LMR». �R P� LQTLDU D ZU_PLTU TR�cP 
ZRkDPWPU ZU_PLTRcXT�U WU�TLcL_PVUQhPU NcRW`LZ[� 
NL LQTLDT�[ TRNZRDcUTPb[ ZRkDPWPb shLTL[PhP hZRb.  

J TRQWLb�Px [L[UTW, Q ZRkT�[ ^ZLDTU[ ^QNU�TL-
QWP D hZRU Q`LZ[PZLDRT� 11 ZU_PLTRcXT�� WU�TLcL-
_PVUQhP� NcRW`LZ[, hLWLZ�U ^WDUZqMUT� TR $LDUWU 
NL PTTLDRwPLTTL[^ ZRkDPWP� NZP I^yUZTRWLZU hZRb. 
zZRQTLbZQhPU vlK D QLDLh^NTLQWP Ly�UMPTb�W 134 
NZL[��cUTT��, TR^VT��, LyZRkLDRWUcXT�� LZ_RTPkR-
wPx NL hc�VUD�[ TRNZRDcUTPb[ shLTL[PhP ZU_PLTR: 
PT`LZ[RwPLTTL-WUcUhL[[^TPhRwPLTT�U P hLQ[PVU-
QhPU WU�TLcL_PP; sTUZ_UWPhR, sTUZ_Ls``UhWPDTLQWX  
P sTUZ_LQyUZUqUTPU; PTTLDRwPLTT�U WU�TLcL_PP cUQ-
TL_L hL[NcUhQR; [R�PTLQWZLUTPb; QWZLPWUcXTL_L 
hL[NcUhQR; [UWRcc^Z_PP; �P[PVUQhL_L P TU`WU_RkLDL-
_L hL[NcUhQR; LQDLUTPb [UQWLZLqMUTPx WDUZM�� NL-
cUkT�� PQhLNRU[��; WZRTQcbwPLTTRb [UMPwPTR; NZL-
MLDLcXQWDUTTRb yUkLNRQTLQWX; LyZRkLDRWUcXT�U PTTL-

DRwPLTT�U WU�TLcL_PP. vU_PLTRcXT�U WU�TLcL_PVU-
QhPU NcRW`LZ[� QLQZUMLWLVUT� TR 52 TRNZRDcUTPb�  
P NZUMQWRDcUT� D `LZ[RWU 62 hL[NcUhQT�� NZLUhWLD 
[10]. �R sWL[ sWRNU ZRkDPWPb TUNLQZUMQWDUTT�[P  
hLLZMPTRWLZR[P NL `LZ[PZLDRTP� P ZRyLW� vlK 
D�QW^NPcP ^TPDUZQPWUW� P PTQWPW^W� D WUQTL[ QL-
WZ^MTPVUQWDU Q TR^hLx, P NZUqMU DQU_L PTQWPW^W� 
z�¿ $� v��, Z^hLDLMPWUcP DUM^�P� NZUMNZPbWPx 
ZU_PLTR, QL�k� NZL[��cUTTPhLD, NZUMNZPTP[RWUcUx, 
[R�PTLQWZLPWUcUx, QWZLPWUcUx, [RcL_L P QZUMTU_L 
yPkTUQR. �hWPDTL ^VRQWDLDRcP D `LZ[PZLDRTPP vlK 
LWZRQcUD�U [PTPQWUZQWDR NZRDPWUcXQWDR ZU_PLTR.  
}TQWZ^[UTWL[ QLLZ_RTPkRwPP ^QPcPx kRPTWUZUQLDRT-
T�� QWLZLT NL ZRkDPWP� vlK hRh kTRVP[Lx QLQWRD-
cb��Ux DQUx PTTLDRwPLTTLx QUWP ZU_PLTR QWRcR RQ-
QLwPRwPb «$PyPZQhPx TR^VTL-LyZRkLDRWUcXT�x hLT-
QLZwP^[». �TR ^VZUqMUTR DQU[P kRPTWUZUQLDRTT�[P 
QWLZLTR[P PTTLDRwPLTTL_L NZLwUQQR, LWZRqRUW P� 
PTWUZUQ� P D�QW^NRUW kR hL[NcUhQT�x NLM�LM h ZRk-
DPWP� (ZPQ. 1). 

 
����!� 3 
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�RNZRDcUTPb ~U�RTPk[� 
vU_PLT ~^TPwPNRcPWUW� �WZRQcP 

�wUThR PQNLcXkLDRTPb 

lU�TLcL_PVUQhPU NcRW`LZ[� + – +, – 11 vlK, QcRyRb ZURcPkRwPb NZLUhWLD vlK 
}TTLDRwPLTT�U hcRQWUZ� + – + $`LZ[PZLDRT �UcUkTL_LZQhPx PTTLDRwPLT-

T�x hcRQWUZ 
zLTQLZwP^[� (NZL[-
hcRQWUZ�) 

– + + vURcXTL Q^�UQWD^�W, `LZ[RcXTL TU L`LZ[-
cUT� 

KZL`QLLy�UQWDR (QL�k�,  
RQQLwPRwPP) 

+ + + �MTR Pk RhWPDT�� QWLZLT PTTLDRwPLTTL_L 
ZRkDPWPb 

zLT`UZUTwPP NLQWRD�PhLD + + + KZRhWPh^�W LWMUcXT�U NZUMNZPbWPb P ZU_PLT 
NL LWMUcXT�[ WLDRZR[ 

}TTLDRwPLTTRb PT`ZRQWZ^h-
W^ZR 

+ +, –  vRkDPDRUWQb hZRUDRb, zZRQTLbZQhR P �UcUk-
TL_LZQhR, D MZ^_P� WUZ. ~}¿� 

�QQLwPRwPP + – – ]LcUU 15  
 

 
 

vPQ. 1. vU_PLTRcXT�U WU�TLcL_PVUQhPU NcRW`LZ[� zZRQTLbZQhL_L hZRb  
P RQQLwPRwPb «$PyPZQhPx TR^VTL-LyZRkLDRWUcXT�x hLTQLZwP^[» 
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zc�VUD�[P kRMRVR[P RQQLwPRwPP «$��z» bDcbUW-
Qb QLMUxQWDPU ZRQ�PZUTP� P ZRkDPWP� QU_[UTWR PT-
TLDRwPLTTLx shLTL[PhP zZRQTLbZQhL_L hZRb TR LQTL-
DU s``UhWPDTLx hLLNUZRwPP P PTWU_ZRwPP ^VRQWTPhLD 
ZU_PLTRcXTLx PTTLDRwPLTTLx QPQWU[� (v}$), `LZ[P-
ZLDRTPU shQNUZWTL_L QLLy�UQWDR P hZURWPDTL_L hcRQ-
QR, LyUQNUVPDR��P� ZU_PLT^ QWZRWU_PVUQhPU ZLcP  
D TLDLx [PZLDLx shLTL[PhU.  

~LqTL QVPWRWX, VWL vlK [L_^W y�WX s``UhWPDTLx 
`LZ[Lx LZ_RTPkRwPP VRQWTL-_LQ^MRZQWDUTTL_L NRZW-
TUZQWDR, LQTLDLx `LZ[PZLDRTPb NZL[��cUTT�� hcR-
QWUZLD P hLLZMPTRwPP PQNLcXkLDRTPb ZUQ^ZQLD Mcb 
ZRkDPWPb DRqTUx�P� TRNZRDcUTPx shLTL[PhP ZU_PLTR.  

J hZRU TRZbM^ Q vlK ZURcPk^�WQb 53 MLc_LQZLV-
T��, 16 DUML[QWDUTT�� (LWZRQcUD��) wUcUD�� NZL-
_ZR[[. ]LcX�PTQWDL sWP� NZL_ZR[[ TRNZRDcUT�  
TR ZU�UTPU hLThZUWT�� kRMRV LWZRQcP. z WRhP[ LWTL-
QbWQb: LWZRQcUDRb NZL_ZR[[R «vRkDPWPU cUQTL_L hL[-
NcUhQR zZRQTLbZQhL_L hZRb TR 2015–2017 _LM�» [11], 
LWZRQcUDRb NZL_ZR[[R «vRkDPWPU WZRTQNLZWR zZRQTL-
bZQhL_L hZRb TR 2015–2017 _LM�» [12], MLc_LQZLVTRb 
wUcUDRb NZL_ZR[[R «�TUZ_LQyUZUqUTPU P NLD��UTPU 
sTUZ_UWPVUQhLx s``UhWPDTLQWP D zZRQTLbZQhL[ hZRU 
TR 2010–2012 _LM� P TR NUZPLM ML 2020 _LMR»; «vRkDP-
WPU QPQWU[� kMZRDLL�ZRTUTPb zZRQTLbZQhL_L hZRb TR 
2013–2015 _LM�» P ZbM MZ^_P� wUcUD�� P LWZRQcUD�� 
NZL_ZR[[.    

JkRP[LMUxQWDPU D ZR[hR� vlK LQ^�UQWDcbUWQb  
TR LQTLDU NLQWLbTTLx hLLZMPTRwPP ZRyLW� $LDUWR  
NL PTTLDRwPLTTL[^ ZRkDPWP� NZP I^yUZTRWLZU zZRQ- 
TLbZQhL_L hZRb, LWZRQcUD�� [PTPQWUZQWDR P R_UTWQWDR 
ZU_PLTR, NZRDcUTPx vlK, $LDUWR ZUhWLZLD zZRQ- 
TLbZQhL_L hZRb, RQQLwPRwPP «$��z». 

�cb QZRDTUTPb TRNZRDcUTPx PTTLDRwPLTTL_L ZRk-
DPWPb, TR hLWLZ�� QLQZUMLWLVUT� QLDZU[UTT�U `LZ-
[� ZURcPkRwPP _LQ^MRZQWDUTTL-VRQWTL_L NRZWTUZQWDR, 
QZRDTP[ NUZUVUTX P TRNZRDcUTPb PTTLDRwPLTT�� 
^QPcPx UDZLNUxQhP�, ZLQQPxQhP� P hZRUD�� ZU_PL-
TRcXT�� NcRW`LZ[ (WRyc. 4). 

KZLDUMUTTLU QZRDTUTPU UDZLNUxQhP� WU�TLcL_PVU-
QhP� NcRW`LZ[, WU�TLcL_PVUQhP� NcRW`LZ[ D vY  
P ZU_PLTRcXT�� WU�TLcL_PVUQhP� NcRW`LZ[ zZRQ- 
TLbZQhL_L hZRb (WRyc. 4) NLhRk�DRUW, VWL ZU_PLTRcX-
T�U NcRW`LZ[� Q`LZ[PZLDRT� TR DUM^�P� WU�TLcL-
_PVUQhP� TRNZRDcUTPb� QLDZU[UTTL_L ZRkDPWPb. �TP 
LWZRqR�W Ly�UUDZLNUxQhPU P ZLQQPxQhPU WUTMUTwPP. 
�MTLDZU[UTTL [LqTL D�MUcPWX LQLyUTTLQWX DQU_L 
hL[NcUhQR vlK ZU_PLTR – LTP NZUM^Q[RWZPDR�W yLcUU 
hL[NcUhQT�x DRZPRTW DkRP[LMUxQWDPb, NZUqMU DQU_L 
kR QVUW RhWPDTL_L ^VRQWPb D^kLD, P, QLLWDUWQWDUTTL, 
`LZ[PZLDRTPU DLhZ^_ vlK P Mcb P� ZURcPkRwPP NZL-
UhWLD TLDL_L LyZRkLDRWUcXTL_L NZLQWZRTQWDR, D WL[ 
VPQcU QUWUD�� TR^VTL-LyZRkLDRWUcXT�� hcRQWUZLD  
Q RhWPDT�[ ^VRQWPU[ D TP� QW^MUTWLD, RQNPZRTWLD, 
MLhWLZRTWLD, _Z^NN ^TPDUZQPWUWLD, P NLM_LWLDPWUcX-
T�x sWRN – QLWZ^MTPVUQWDL QL �hLcR[P, NZUqMU DQU_L 
NZLPkDLMQWDUTT�[P P UQWUQWDUTTL-TR^VT�[P hcRQQR-
[P, QLD[UQWTRb ZRyLWR Q TRVRcXT�[ P QZUMTUNZL`UQ-
QPLTRcXT�[ LyZRkLDRTPU[.  

J ZU_PLTU QcLqPcRQX QWZ^hW^ZR DkRP[LMUxQWDPb 
^VRQWTPhLD vlK (ZPQ. 2). 

�wUThP ZUk^cXWRWPDTLQWP MUbWUcXTLQWP vlK MLQ-
WRWLVTL NZLWPDLZUVPD�, P ZRkT�[P RDWLZR[P LW[UVR�W-
Qb P� ZRkcPVT�U QWLZLT�. lRh, RTRcPkPZ^b WRyc. 4, [� 
LW[UVRU[ P� D�QLh^� WZRTQNRZUTWTLQWX Q TRNZRDcU-
TPb[P ZRkDPWPb D [PZU, ¶DZLNU P vLQQPP. IUTUZRcXT�x 
MPZUhWLZ vLQQPxQhLx hLZNLZRwPP PTWUccUhW^RcXTLx 
QLyQWDUTTLQWP (v�}}}$) NZL`UQQLZ J. �. �LNRWPT 
NZPDLMPW QZRDTUTPU LMTL_L Pk TRNZRDcUTPx vlK  
P NLhRk�DRUW Q^�UQWDUTTLU LWQWRDRTPU ZU_PLTRcXTLx 
PTTLDRwPLTTLx QWZ^hW^Z� NL ZUk^cXWRWR[ PTWUccUh-
W^RcXTLx NZLM^hwPP LW QLLWDUWQWD^��P� ZUk^cXWR-
WLD. ]LcUU WL_L, RDWLZ NLhRk�DRUW QLhZR�UTPU TR^V-
T�� P TR^VTL-PQQcUMLDRWUcXQhP� LZ_RTPkRwPx D hZRU 
TR `LTU P� ZLQWR D $PyPZQhL[ `UMUZRcXTL[ LhZ^_U, 
_MU D yLcX�PTQWDU ZU_PLTLD (hZL[U �LDLQPyPZQhR P 
lL[QhR) ^QcLDPb Mcb P� ZRkDPWPb [LqTL LwUTPDRWX 
yLcUU TPkhP[P, VU[ D hZRU [13] (WRyc. 5). 
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KZPLZPWUWT�U LycRQWP  lK D ¶$ – 36 lK vY – 31 vlK ZU_PLTR – 11 

~UMPwPTQhPU P yPLWU�TLcL_PP 2 3 1 
}T`LZ[RwPLTTL-hL[[^TPhRwPLTT�U WU�TLcL_PP 2 2 2 
YLWLTPhR 1 2 – 
�DPRhLQ[PVUQhPU WU�TLcL_PP 3 3 2 
ÌMUZTL-ZRMPRwPLTT�U WU�TLcL_PP 1 3 – 
�TUZ_UWPhR  6 3 2 
lU�TLcL_PP WZRTQNLZWR 3 2 – 

lU�TLcL_PP [UWRcc^Z_PP P TLD�� [RWUZPRcLD 2 2 2 
�Ly�VR NLcUkT�� ZUQ^ZQLD P TU`WU_RkLNUZUZRyLWhR 1 3 2 

�cUhWZLTTLU [R�PTLQWZLUTPU 4 4 1 
KZL[��cUTT�U WU�TLcL_PP QWZLPWUcXQWDR 3 1 1 
$UcXQhLU �LkbxQWDL, NP�UDRb NZL[��cUTTLQWX 1 1 1 

�UQTLU �LkbxQWDL P cUQLNUZUZRyLWhR  –  

�hLcL_PVUQhLU ZRkDPWPU  2 1  
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vPQ. 2. JkRP[LMUxQWDPU Q^y�UhWLD vlK D TR^VTL-PQQcUMLDRWUcXQhL[,  
WU�TLcL_PVUQhL[ P LyZRkLDRWUcXTL[ NZLQWZRTQWDU 
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´ 
N/N 

KLhRkRWUcP �LDLQPyPZQhRb LycRQWX 
(2014 _.) 

zZRQTLbZQhPx hZRx  
(2013 _.) 

1 �y�PU ZRQ�LM� TR �}�zv, [cT Z^y. 19300 (17 %) 11700 /31000 
2 zLc-DL LZ_RTPkRwPx D NZLDUMUTPP �}�zv/ hLc-DL 

PQQcUMLDRWUcUx 
430/21368 53/6300 

3 �R^VT�x NLWUTwPRc  1632 M-ZR TR^h, 3780 hRTM. 
TR^h, 3216 RQN., 117000 QW^M. 

554 M-ZR TR^h, 2046 hRTM. 
TR^h, 1990 RQN., 62611 QW^M. 

4 vUk^cXWRW� PTWUccUhW^RcXTLx MUbWUcXTLQWP 970 NRWUTWLD, 6397 �K, 86 
K�J~, 7 ]�, 28 TL^-�R^ 

624 NRWUTWR, 4712 �K, 298 
K�J~, 18 ]�, 12 TL^-�R^ 

5 �U[RWUZPRcXT�U RhWPD� 344 [cT Z^y. D WL[ VPQcU 
hRkTR – 0,4 [cT Z^y. (105 
Ly�UhWLD) 

3,5 [cT Z^y. (576 Ly�UhWLD 
^VUWR)  

 
JRqT�U D�DLM� MUcRUW ~. $. �PNUwhRb, MPZUhWLZ 

`LTMR ¿$v «$UDUZL-uRNRM» D MLhcRMU «KLM�LM�  
h NZLUhWPZLDRTP� ZU_PLTRcXTLx PTTLDRwPLTTLx 
QWZ^hW^Z� zZRQTLbZQhL_L hZRb» [14]. �TR NLhRk�DRUW, 
VWL D TRQWLb�UU DZU[b NZRhWPVUQhP DQU LZ_RTPkRwPP 
v}$ [RcLRhWPDT� P TU DPMbW UMPT�� wUcUx. $WLZLT-
TPhR[P Pk[UTUTPx bDcb�WQb ^TPDUZQPWUW�, �}}, 
PTQWPW^W� N^ycPVTL_L RM[PTPQWZPZLDRTPb (DcRQWP). 
KZP MRcXTUx�U[ ZRkDPWPP v}$ RhWPDTLQWX D ZRkDP-
WPP PTTLDRwPx NUZUxMUW h WU�TLcL_PVUQhL[^ yPkTUQ^, 
R QLDZU[UTT�U PTPwPRWLZ� QL�ZRTbW RhWPDTLU ^VRQWPU.  

}Q�LMb Pk NZPDUMUTT�� RTRcPkLD, DQU[ ^VRQWTP-
hR[ ZU_PLTRcXTLx PTTLDRwPLTTLx QWZ^hW^Z� TULy�L-
MP[� _c^yLhPU Pk[UTUTPb hRh `LZ[, WRh P QLMUZqR-
TPb ZRyLW�.  

	��9( �93�� ������������( ��!��+��%��%�� 
��>����. vRyLWR TR TLDL[ sWRNU NL LyUQNUVUTP� PT-
TLDRwPLTTL_L ZRkDPWPb shLTL[PhP ZU_PLTR WZUy^UW 
^VUWR _c^yLhP� Pk[UTUTPx, hLWLZ�U NZLPkL�cP D NL-

cPWPVUQhL[ P shLTL[PVUQhL[ TRNZRDcUTPb�. J ^QcL-
DPb� NZPTbW�� QRThwPx NZLWPD vY P TR�P� LWDUWT�� 
[UZ kTRVUTPU hL[[UZwPRcPkRwPP P D�N^QhR NZLM^h-
wPP TR LQTLDU NZLUhWLD vlK Q^�UQWDUTTL DLkZLQcL. 
KL ZbM^ TRNZRDcUTPx sWL QWRcL DRqT�[ `RhWLZL[ 
ZRkDPWPb P QL�ZRTUTPb QWRyPcXTLQWP. lRh, D R_ZLNZL-
[��cUTTL[ hL[NcUhQU ZU_PLTR NLbDPcPQX TLD�U DLk-
[LqTLQWP Mcb NZLPkDLMQWDR hRVUQWDUTTLx NZLM^hwPP 
P D��LMR TR Z�ThP ZU_PLTR P QWZRT�. $^�UQWDUTTL 
DLkZLQcP LqPMRTPb QUcX�LkNZLPkDLMPWUcUx NL TLD�[ 
WU�TLcL_Pb[ D qPDLWTLDLMQWDU P NLcUDLMQWDU. �QLyLU 
kTRVUTPU P[UUW QhLLZMPTPZLDRTTRb ZRyLWR NL `LZ[P-
ZLDRTP� QLDZU[UTT�� QPQWU[ NUZUZRyLWhP P cL_PQWPhP. 
�R sWL[ `LTU _Z^NNLx ^VUT�� NZLZRyRW�DR�WQb DLk-
[LqTLQWP hL[NcUhQTL_L ZRkDPWPb WUZZPWLZPx hZRb TR 
LQTLDU hLLNUZRwPP P PTWU_ZRwPP ZUQ^ZQLD P QLkMRTPb 
ZU_PLTRcXT�� LNWLDL-cL_PQWPVUQhP� wUTWZLD [15; 16]. 

$^�UQWDUTTL Pk[UTPcPQX ^QcLDPb D hRqMLx  
WU�TLcL_PVUQhLx NcRW`LZ[U D ^QcLDPb� QRThwPx,  
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P LQLyUTTL D QDbkP Q NLPQhL[ DLk[LqTLQWUx ZLQQPx-
QhLx shLTL[PhP NL ^VRQWP� D ZURcPkRwPP _cLyRcXT�� 
[U_RNZLUhWLD, PTPwPPZLDRTT�� hRh zPWRU[, WRh  
P QLMZ^qUQWDL[ QWZRT D ZR[hR� ]v}z$ P Ã�$.  
J [U_RNZLUhWU «�LD�x �UchLD�x N^WX» Q[L_^W ^VRQW-
DLDRWX ML 60 QWZRT Pk VUW�ZU� hLTWPTUTWLD uU[cP  
Q Ly�P[ VPQcL[ qPWUcUx, QLQWRDcb��P� yLcUU NLcL-
DPT� TRQUcUTPb NcRTUW�. �WLW NZLUhW DTLQPW Q^�UQW-
DUTT�U Pk[UTUTPb P D QPyPZQh^� WZRTQNLZWT^� PT-
`ZRQWZ^hW^Z^. KZLMLcqPWQb ZRkDPWPU lZRTQQPyPZ-
QhLx [R_PQWZRcP, UU DWLZLx DUWhP ]�~ – �RcXTPx 
JLQWLh, ZRkDPWPU _RkLNZLDLMR «$PcR $PyPZP» NLkDL-
cPW NLQWRDcbWX _Rk TR WUZZPWLZP� ZU_PLTR P MZ^_P� 
ZU_PLTLD $PyPZP. vRkDPWPU $UDUZTL_L [LZQhL_L N^WP 
P U_L NZPNLcbZTLx WZRQQ� QLkMRUW DLk[LqTLQWP ZRk-
DPWPb ZbMR WUZZPWLZPx hZRb. �R sWL[ `LTU vlK  
[R�PTLQWZLPWUcXTL_L, sTUZ_UWPVUQhL_L, PT`LZ[R- 
wPLTTL-hLQ[PVUQhL_L, [UWRcc^Z_PVUQhL_L P ZbMR MZ^-
_P� TRNZRDcUTPx P[U�W DLk[LqTLQWX Dhc�VPWXQb  
D ZURcPkRwP� hZ^NTUx�P� NZLUhWLD NL P[NLZWLkR[U-
�UTP� Mcb TU`WU_RkLD�� NZUMNZPbWPx, NZUMNZPbWPx 
wDUWTLx [UWRcc^Z_PP, MLy�VP NLcUkT�� PQhLNRU[��, 
_c^yLhLx NUZUZRyLWhP cUQR, NLQWRDhP LWMUcXT�� Pk-
MUcPx TR sWP NZLUhW�, ZRkDPWPb NZLMLDLcXQWDUTTL_L 
TRNZRDcUTPb «uUcUTRb NZLM^hwPb $PyPZP» P MZ.  

$^�UQWDUTTL DLkZRQWRUW ZLcX TR^VTL-LyZRkLDR- 
WUcXTLx QLQWRDcb��Ux hRqMLx vlK. �cb TLD�� NZLPk-
DLMQWD WZUy^�WQb D�QLhLhDRcP`PwPZLDRTT�U QNUwPR-
cPQW�, hLWLZ�� QcUM^UW _LWLDPWX Q NZPwUcL[ TR P� 
^VRQWPU D ZURcPkRwPP [U_RNZLUhWLD. �WL LkTRVRUW, VWL 
QcUM^UW ^MUcPWX DTP[RTPU DLQWLVT�[ bk�hR[, Pk^VU-
TP� NZRhWPh DUMUTPb yPkTUQR, NcRTPZLDRTPb, PTDU-
QWPZLDRTPb, QL_cRQLDRTP� QWRTMRZWLD sWP� QWZRT  
Q ZLQQPxQhP[P P MZ. �W QL_cRQLDRTT�� ^QPcPx ^TP-
DUZQPWUWLD P TR^VTL-LyZRkLDRWUcXT�� LZ_RTPkRwPx – 
^VRQWTPhLD vlK ZU_PLTR y^MUW kRDPQUWX DLk[LqTLQWX 
NZP_cR�UTPb Ly^VUTPb D ZU_PLTU QW^MUTWLD, [R_PQW-
ZLD P RQNPZRTWLD Pk QWZRT-^VRQWTPhLD [U_RNZLUhWLD 
NL DLQWZUyLDRTT�[ shLTL[PhLx P� QWZRT TRNZRDcUTP-
b[. �UcRWUcXTL ZRkDPWPU [Uq^TPDUZQPWUWQhP� PQQcU-
MLDRTPx, QUWUD�� `LZ[ Ly^VUTPb P MZ.  

$LDZU[UTT�U TRNZRDcUTPb QLDUZ�UTQWDLDRTPb 
MUbWUcXTLQWP vlK D ^QcLDPb� _cLyRcXT�� NZLUhWLD 
MLcqT� QLQZUMLWLVPWXQb:  

– TR D�yLZU wUcUD�� Z�ThLD TR DLcTU TLDL_L ZRk-
DPWPb;  

– `LZ[PZLDRTPP PTTLDRwPLTTLx PT`ZRQWZ^hW^Z� 
PTWU_ZPZLDRTTLx QZUMLx; 

– QWRDhU TR RhWPDTLQWX NZUMNZPbWPx-cPMUZLD P P� 
NLMMUZqh^; 

– `LZ[PZLDRTPP PTTLDRwPLTT�� hL[NcUhQLD  
TR LQTLDU hLLNUZRwPP P PTWU_ZRwPP ZUQ^ZQLD – NZLPk-
DLMQWDR, NUZUZRyLWhP, ZURcPkRwPP; 

– LWhZ�WLQWP kRZ^yUqT�[ NRZWTUZR[ P ZRkDPWPP 
DTU�TP� Z�ThLD QPyPZQhLx NZLM^hwPP; 

– _c^yLhLx [RZhUWPT_LDLx ZRyLWU TR TLD�� Z�ThR�; 
– NUZUL`LZ[cUTPP TR TLD�U wUcP yLcX�PTQWDR 

NZLUhWLD, ZURcPk^U[�� D vlK.  
KUZDLQWUNUTTLU kTRVUTPU NZPLyZUWRUW ZRkDPWPU 

TLD�� ZU_PLTRcXT��, [UqZU_PLTRcXT�� P [UqM^TR-
ZLMT�� Z�ThLD hRh D NZUMUcR� ¶��$, WRh P NZUqMU 

DQU_L TR Z�ThR� QWZRT NLbQR «TLDL_L �UchLDL_L N^WP» 
P MZ.  

�cb LyUQNUVUTPb hLLNUZRwPP, TRcRqPDRTPb hL[- 
[^TPhRwPLTT�� [UqLWZRQcUD�� QDbkUx, Mcb LZ_RTP-
kRwPP MUbWUcXTLQWP vlK, D WL[ VPQcU D TLDL[ `LZ[R-
WU QLL^VRQWPb D [U_RNZLUhWR� �kPb–$PyPZX–¶DZLNR 
(�$¶), Q^�UQWDUTT�[ bDcbUWQb `^ThwPb hLLZMPTRWL-
ZR vlK. J ZLcP PTWU_ZRWLZR P hLLZMPTRWLZR MUbWUcX-
TLQWP vlK D ZU_PLTU D�QW^NRUW RQQLwPRwPb «$PyPZ-
QhPx TR^VTL-LyZRkLDRWUcXT�x hLTQLZwP^[» ($��z). 

zc�VUD�[P QWZRWU_PVUQhP[P TRNZRDcUTPb[P MUb- 
WUcXTLQWP hLTQLZwP^[R hRh QLQWRDTLx VRQWP Ly�Ux 
ZU_PLTRcXTLx PTTLDRwPLTTLx QWZ^hW^Z� ZU_PLTR [L-
_^W y�WX: 

– ^VRQWPU hLTQLZwP^[R D QLwPRcXTL-shLTL[PVUQ- 
hP� NZL_ZR[[R� P NZLUhWR� zZRQTLbZQhL_L hZRb;  
D `LZ[RWU vlK LyUQNUVUTPU hLLNUZRwPP ZUQ^ZQLD  
TR PTTLDRwPLTT�� NZLUhWR� ZU_PLTR P D�LqMUTPU  
D _cLyRcXT�U NZLUhW� – WZRTQQPyPZQhPx WZRTQNLZW-
T�x hLZPMLZ, «TLD�x �UchLD�x N^WX», $UD[LZN^WX, 
DkRP[LMUxQWDPU NL ZURcPkRwPP NZLUhWLD QWZRT Ã�$  
P ]v}z$; 

– LZ_RTPkRwPb hL[[^TPhRwPLTTLx NcL�RMhP, 
LyUQNUVPDR��Ux NZUMQWRDPWUcXQWDL kRPTWUZUQLDRTT�� 
QWLZLT, [UqM^ yPkTUQL[, TR^hLx, LyZRkLDRWUcXT�[P 
LZ_RTPkRwPb[P P DcRQWX� Q wUcX� QLMUxQWDPb D D�ZR-
yLWhU P RhW^RcPkRwPP [UZLNZPbWPx NL ZRkDPWP�  
PTTLDRwPLTTLx QZUM� hZRb, ZURcPkRwPP NZLUhWLD  
NL LZ_RTPkRwPP hLLNUZRwPLTT�� P PTWU_ZRwPLTT�� 
`LZ[ VRQWTL-_LQ^MRZQWDUTTL_L NRZWTUZQWDR;  

– LZ_RTPkRwPLTTLU, hL[[^TPhRwPLTTLU P ZUQ^ZQ-
TLU LyUQNUVUTPU ZU�UTPb kRMRV NLM_LWLDhP hRMZLD 
Mcb ZU_PLTRcXTLx PTTLDRwPLTTLx QPQWU[� hZRb  
TR LQTLDU [Uq^ZLDTUDLx PTWU_ZRwPP LyZRkLDRWUcXT�� 
LZ_RTPkRwPx, shQNUZWTLU QLNZLDLqMUTPU DLNZLQLD 
PTWU_ZRwPP Ly�U_L, NZL`UQQPLTRcXTL_L P D�Q�U_L 
LyZRkLDRTPb, ZRkDPWPU PTWUZTRwPLTRcPkRwPP QPQWU[� 
LyZRkLDRTPb ZU_PLTR; 

– DQUQWLZLTTbb NLMMUZqhR WRcRTWLD TR DQU� ^ZLD-
Tb� Ly^VUTPb P hDRcP`PwPZLDRTT�� QNUwPRcPQWLD TR 
LQTLDU Dhc�VUTTLQWP D yPkTUQ-NZLwUQQ�, QLMUxQWDPU 
`LZ[PZLDRTP� shLTL[PVUQhLx RhWPDTLQWP, hZURWPD-
T�� QLLy�UQWD P hZURWPDTL_L hcRQQR D wUcL[ D ZU_PL-
TU NLM PTTLDRwPLTT^� shLTL[Ph^, LNUZRWLZ hZRUDL_L 
NZLUhWR «KLcPWU�TPVUQhRb �hLcR», ZRkDPWPU QUWP 
PTqUTUZT��, QNUwPRcPkPZLDRTT�� hcRQQLD.  

�cb s``UhWPDTLx ZURcPkRwPP PTTLDRwPLTTLx NL-
cPWPhP D ZU_PLTU TULy�LMP[L: 

– TRMUcUTPU `^ThwPLTRcXT�[P NLcTL[LVPb[P 
NZL`PcXT�� [PTPQWUZQWD hZRb NL NLMMUZqhU P ZURcP-
kRwPP PTTLDRwPLTT�� NZLUhWLD, D WL[ VPQcU NZLUhWLD 
vlK, Dhc�VUTP� yRkLD�� NZLUhWLD D LWZRQcUD�U MLc-
_LQZLVT�U wUcUD�U NZL_ZR[[�, LhRkRTP� QLMUxQWDPb 
(cLyyPZLDRTP�) P� D�LqMUTPb D NZL_ZR[[� vY;  

– MLNLcTPWX `^ThwPLTRcXT�U LybkRTTLQWP [PTP-
QWZLD P Z^hLDLMPWUcUx R_UTWQWD P P� kR[UQWPWUcUx  
D VRQWP LWDUWQWDUTTLQWP ZRkDPWPb PTTLDRwPLTTLx 
QLQWRDcb��Ux shLTL[PhP NL LWZRQcb[, ZURcPkRwPP 
NZLUhWLD D ZR[hR� WU�TLcL_PVUQhP� hcRQWUZLD P vlK, 
Q`LZ[PZLDRWX NLhRkRWUcP PTTLDRwPLTTL_L ZRkDPWPb 
LWZRQcUx; 
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´ N/N jQcLDPb Mcb NLc^VUTPb NLMMUZqhP �RcPVPU PcP LWQ^WQWDPU sWP� ^QcLDPx D ZU_PLTU 
1 �yUQNUVUTPU QLkMRTPb P ZRkDPWPb Ly�UhWLD 

PTTLDRwPLTTLx PT`ZRQWZ^hW^Z�  
zu ´ 6-2000, 2008 _., $WZRWU_Pb «}TTLDRwPLTT�x zZRQTLbZQh – 
2020», 11 vlK 

2 vRkDPWPU hL[[UZwPRcPkRwPP ZUk^cXWRWLD 
PTWUccUhW^RcXTLx MUbWUcXTLQWP  

$cRyLU ZRkDPWPU. zL[[UZwPRcPkRwPb LWMUcXT�� NZLUhWLD 

3 $WP[^cPZLDRTPU NZLPkDLMQWDR 
PTTLDRwPLTTLx NZLM^hwPP  

�U LNZUMUcb�WQb DPM� PTTLDRwPLTTLx NZLM^hwPP, TUW _LQkRhRkR 

4 vURcPkRwPb NZL_ZR[[ PTTLDRwPLTTL_L ZRkDPWPb KZL_ZR[[� QLQZUMLWLVUT� TR `LZ[PZLDRTPP Q^y�UhWLD v}$,  
R TU TR NZLM^hWR� 

5 KLN^cbZPkRwPb PTTLDRwPLTTLx MUbWUcXTLQWP $cRyLU ZRkDPWPU. lLcXhL TR MTb� TR^hP hZRb P `UQWPDRcU 
«ÃhLcXTRb TR^hR» 

6 vURcPkRwPb NZL_ZR[[ P NZLUhWLD 
PTTLDRwPLTTL_L ZRkDPWPb WUZZPWLZPx 

�UcUkTL_LZQhPx hcRQWUZ, Q^y�UhW� v}$ D zZRQTLbZQhU, ~}¿� 
D WUZZPWLZPb� 

7 KLMMUZqhR LyZRkLDRWUcXT�� NZL_ZR[[ �RVRcL `LZ[PZLDRTPb NZL[��cUTT�� P UQWUQWDUTTL-TR^VT�� 
hcRQQLD, NZL`UQQPx D $K� 

8 vRkDPWPU QPQWU[� `PTRTQPZLDRTPb 
PTTLDRwPLTTLx MUbWUcXTLQWP  

$^yQPMPP Q^y�UhWR[ v}$, _ZRTW� LWMUcXT�[ ZRkZRyLWVPhR[.  
J LWZRQcb� LWQ^WQWD^UW RTRcPk PTTLDRwPLTT�� NZLM^hWLD 

9 KLMMUZqhR DTU�TUshLTL[PVUQhLx 
MUbWUcXTLQWP 

J QDbkP Q PTTLDRwPLTT�[P WLDRZR[P P ^Qc^_R[P NLMMUZqhP TUW 

 
– DTUQWP QLLWDUWQWD^��PU Pk[UTUTPb D kRhLT 

zZRQTLbZQhL_L hZRb LW 1 MUhRyZb 2011 _LMR ´ 13-6629 
«� TR^VTLx, TR^VTL-WU�TPVUQhLx P PTTLDRwPLTTLx 
MUbWUcXTLQWP D zZRQTLbZQhL[ hZRU» (JUML[LQWP D�Q-
�P� LZ_RTLD _LQ^MRZQWDUTTLx DcRQWP zZRQTLbZQhL_L 
hZRb, 22 MUhRyZb 2011 _LMR, ´ 68 (509)), LNZUMUcPD 
`^ThwPLTRcXT�U LybkRTTLQWP [PTPQWUZQWD P DUML[QWD, 
MLNLcTPWX NUZUVUTX Q^y�UhWLD PTTLDRwPLTTL_L ZRk-
DPWPb TLD�[P QLQWRDcb��P[P, D WL[ VPQcU ZU_PL-
TRcXT�[P WU�TLcL_PVUQhP[P NcRW`LZ[R[P, RQQLwPR-
wPUx «$��z», �UcUkTL_LZQhP[ PTTLDRwPLTT�[ hcR-
QWUZL[. Jhc�VPWX NZLUhW� vlK D wUcUD�U NZL_ZR[[� 
P NZL_ZR[[T�x y�MqUW hZRb, LNZUMUcPWX DLk[LqTL-
QWP Q^yQPMPZLDRTPb ZURcXT�� NZLUhWLD (NZUMcLqUTPb 
NL MLNLcTUTP� kRhLTR Q`LZ[PZLDRT�); 

– QLkMRTPU ^QcLDPx Mcb kRhRkR D ZR[hR� _LQ^- 
MRZQWDUTT�� P [^TPwPNRcXT�� kRh^NLh PTTLDRwPLT-
TLx NZLM^hwPP P ^Qc^_ ZU_PLTRcXT�� NZLPkDLMPWUcUx 
TU [UTUU 15 % LW Ly�P� Q^[[ kRh^NLh, VWL NLkDLcPW 
QWP[^cPZLDRWX NZLPkDLMQWDL PTTLDRwPLTT�� NZLM^h-
WLD [15; 16]. 

J 2015 P NLQcUM^��PU _LM� ZU_PLT�, NZUWUT- 
M^��PU TR `UMUZRcXT^� NLMMUZqh^ NPcLWT�� 
PTTLDRwPLTT�� hcRQWUZLD, MLcqT� NZLMU[LTQWZP- 
ZLDRWX hL[NcUhQT�x NLM�LM h NLMMUZqhU PTTLDRwPx. 
KZLRTRcPkPZ^U[ _LWLDTLQWX ZU_PLTR h WRhL[^ ZRk- 
DPWP� (WRyc. 6). 

���"?0����. }k NZLDUMUTTL_L RTRcPkR DPMTL, VWL 
ZU_PLTRcXT�U WU�TLcL_PVUQhPU NcRW`LZ[� hRh LMTR 
Pk `LZ[ hLLNUZRwPP ZUQ^ZQLD yPkTUQR, Ly�UQWDR  
P DcRQWP Mcb ZURcPkRwPP PTTLDRwPLTT�� kRMRV 
ZU_PLTR `LZ[PZ^�W yRk^ Mcb QyRcRTQPZLDRTTL_L 
ZRkDPWPb, TL WZUy^�W U�U kTRVPWUcXT�� ^QPcPx NL 
`LZ[PZLDRTP� kRhLTLMRWUcXTLx yRk�, QLLZ_RTPkRwPP 
MUbWUcXTLQWP. KL yLcX�PTQWD^ NRZR[UWZLD ZU_PLT 
MLcqUT ^QPcPWX QDL� ZRyLW^ P NLc^VPWX DLk[LqTLQWX 
RhWPDTL QLWZ^MTPVRWX Q `UMUZRcXT�[P QWZ^hW^ZR[P 
NL LyUQNUVUTP� QDLU_L PTTLDRwPLTTL_L ZRkDPWPb  
P D�LqMUTP� D _cLyRcXT�U NZLUhW�, VWL P MLcqTL 
UqUMTUDTL ZURcPkLD�DRWXQb DQU[P ^VRQWTPhR[P 
PTTLDRwPLTTL_L NZLwUQQR. 
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The article discusses the ways of forming and improving the efficiency of the mechanism of regulation of the  
regional socio-economic systems, which allows to achieve the main objectives of state regulation of socio-economic 
development, on the example of Krasnoyarsk region. 

The subject of the study, the results of which are reflected in this material are management relations arising in the 
process of regulation of socio-economic development of the region. 

The purpose of this article is to make recommendations on formation of the mechanism of state regulation of socio-
economic development, adapted to the needs of a particular territory, the Krasnoyarsk territory, the region with pro-
nounced signs of commodity specialization, as well as offer ways to improve the efficiency of the mechanism of state 
regulation of regional socio-economic development.  

Theoretical and methodological basis of the research, the results of which are reflected in the article, was the fun-
damental works of foreign and domestic authors in the field of the theory and practice of state regulation of socio-
economic development of regions. 

The study showed that today in Krasnoyarsk region there are significant challenges to sustainable socio-economic 
development of the region, in particular, a lack of development of high-tech industries (except aerospace, development 
experience which can be successfully used in the formation of strategies for the development of other industries), as 
well as insufficient innovative activity. Identified problems require the intervention of the state and cannot be solved 
only by market methods. Thus, the formation and implementation of an effective mechanism of state regulation is one of 
the priority tasks of the state authorities of the Krasnoyarsk territory. 

In the result of the study, the results of which are reflected in the article, recommendations on formation of the 
mechanism of state regulation of socio-economic development of Krasnoyarsk region, taking into account the specific 
problems of the region, revealed by the authors of the analysis, propose ways to improve the efficiency of the mecha-
nism through the introduction of program-target approach. The results of the study will serve as a basis for the forma-
tion of an effective mechanism of state regulation of socio-economic development of the Krasnoyarsk region and can be 
used in the formation of mechanisms of state regulation of socio-economic development of other regions of the material 
orientation. 

 
Keywords: state regulation, socio-economic development, region, mechanism of regulation, result-oriented ap-

proach. 
    
)��/����. KZLycU[� QLwPRcXTL-shLTL[PVUQhL_L 

ZRkDPWPb ZU_PLTLD bDcb�WQb TR QU_LMTb�TPx MUTX 
LMTLx Pk TRPyLcUU RhW^RcXT�� WU[ TR^VT�� PQQcUML-
DRTPx. KLPQh ZU�UTPx, NLkDLcb��P� MLyPWXQb NLcL-
qPWUcXT�� ZUk^cXWRWLD NZP NUZU�LMU ZU_PLTR h ^Q-
WLxVPDL[^ QLwPRcXTL-shLTL[PVUQhL[^ ZRkDPWP�, 
QWRTLDPWQb LMTLx Pk hc�VUD�� kRMRV hRh TR^VTL_L 
QLLy�UQWDR, WRh P ZU_PLTRcXT�� RM[PTPQWZRwPx. 

}TWUZUQ TR^VTL_L QLLy�UQWDR h DLNZLQR[ _LQ^MRZ-
QWDUTTL_L ZU_^cPZLDRTPb ZU_PLTRcXTL_L QLwPRcXTL-
shLTL[PVUQhL_L ZRkDPWPb MLQWRWLVTL D�QLh. KZLycU-
[� _LQ^MRZQWDUTTL_L ZU_^cPZLDRTPb P ^NZRDcUTPb  
D QDLP� PQQcUMLDRTPb� �PZLhL LQDU�R�W hRh kRZ^-
yUqT�U [1, Q. 83], WRh P LWUVUQWDUTT�U ^VUT�U [2–6].  

zc�VUD�[ scU[UTWL[ QPQWU[� _LQ^MRZQWDUTTL_L 
ZU_^cPZLDRTPb QLwPRcXTL-shLTL[PVUQhL_L ZRkDPWPb 
bDcbUWQb [U�RTPk[ ZU_^cPZLDRTPb, NZUMQWRDcb��Px 
QLyLx QPQWU[^ scU[UTWLD, NLkDLcb��P� TRNZRDcbWX 
QLwPRcXTL-shLTL[PVUQhLU ZRkDPWPU ZU_PLTR D QLLW-
DUWQWDPP Q wUcb[P ZU_^cPZLDRTPb. J�ZRyLWhR s``Uh-
WPDTL_L [U�RTPk[R _LQ^MRZQWDUTTL_L ZU_^cPZLDRTPb 
QLwPRcXTL-shLTL[PVUQhL_L ZRkDPWPb, NLkDLcb��U_L 
QLVUWRWX ^QWLxVPDLU shLTL[PVUQhLU ZRkDPWPU P Z�-
TLVT�U [U�RTPk[� `^ThwPLTPZLDRTPb shLTL[PhP, 
bDcbUWQb TR QU_LMTb�TPx MUTX NUZDLQWUNUTTLx kRMR-
VUx _LQ^MRZQWDUTTL_L ZU_^cPZLDRTPb ZRkDPWPb ZU_PL-
TRcXT�� QLwPRcXTL-shLTL[PVUQhP� QPQWU[. 

5�"� ��2���3�� >�+%/��+������>� ��>%"�����-
��# +����"'��-\������0�+��>� ��3����# ��>����. 
zRh NLhRkRc RTRcPk [PZLDL_L LN�WR _LQ^MRZQWDUTTL_L 
ZU_^cPZLDRTPb ZU_PLTRcXT�� QLwPRcXTL-shLTL[PVUQ- 
hP� QPQWU[, wUcP [U�RTPk[R _LQ^MRZQWDUTTL_L ZU_^-
cPZLDRTPb QLwPRcXTL-shLTL[PVUQhL_L ZRkDPWPb  

ZU_PLTR LQTLD�DR�WQb TR MPR_TLQWPhU NZLycU[, TRP-
yLcUU LQWZL QWLb�P� NUZUM hLThZUWT�[ ZU_PLTL[  
P NZUNbWQWD^��P� ZURcPkRwPP TR U_L WUZZPWLZPP 
QWZRWU_PP ^QWLxVPDL_L QLwPRcXTL-shLTL[PVUQhL_L 
ZRkDPWPb. 

J ZR[hR� TRQWLb�U_L PQQcUMLDRTPb TR[P y�c NZL-
DUMUT RTRcPk QLwPRcXTL-shLTL[PVUQhL_L NLcLqUTPb 
LMTL_L Pk hZ^NTUx�P� ZU_PLTLD TR�Ux QWZRT� – 
zZRQTLbZQhL_L hZRb. �TRcPk NZLDLMPcQb Q PQNLcXkL-
DRTPU[ [UWLMR SWOT-RTRcPkR, RTRcPkR LQTLDT��  
QLwPRcXTL-shLTL[PVUQhP� NLhRkRWUcUx, R WRhqU  
RTRcPkR TR LQTLDRTPP ZRkZRyLWRTTLx TR[P QPQWU[� 
PTMPhRWLZLD ^QWLxVPDL_L QLwPRcXTL-shLTL[PVUQhL_L 
ZRkDPWPb. J �LMU RTRcPkR y�cL D�bDcUTL, VWL TRPyL-
cUU LQWZ�[P NZLycU[R[P D QLwPRcXTL-shLTL[PVUQhL[ 
ZRkDPWPP zZRQTLbZQhL_L hZRb, WZUy^��P[P ZU�UTPb 
NZP NL[L�P s``UhWPDTL_L [U�RTPk[R _LQ^MRZQWDUT-
TL_L ZU_^cPZLDRTPb QLwPRcXTL-shLTL[PVUQhL_L ZRk-
DPWPb, bDcb�WQb QcUM^��PU: 

– D�QLhPx ^ZLDUTX QNUwPRcPkRwPP NZL[��cUT-
TLQWP D Q`UZU NZPZLMLNLcXkLDRTPb;  

– D�QLhRb QWUNUTX [LTLNLcPkRwPP NZL[��cUT-
TL_L hL[NcUhQR; 

– TPkhPx ^ZLDUTX ZRkDPWPb NZL[��cUTTLQWP  
D Q`UZU _c^yLhLx NUZUZRyLWhP P D�QLhLWU�TLcL_PV-
T�� NZLPkDLMQWD;  

– QNRM NZLPkDLMQWDR D QUcXQhL�LkbxQWDUTTLx LW-
ZRQcP; 

– TUMLQWRWLVT�x ^ZLDUTX ZRkDPWPb ZU_PLTRcXTLx 
`PTRTQLDL-hZUMPWTLx QPQWU[�;  

– TUMLQWRWLVT�x ^ZLDUTX PTTLDRwPLTTLx RhWPD-
TLQWP;  

– TUycR_LNZPbWTRb shLcL_PVUQhRb LyQWRTLDhR;  
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– D�QLhPx ^ZLDUTX MP``UZUTwPRwPP ML�LMLD;  
– LWWLh D�QLhLhDRcP`PwPZLDRTT�� hRMZLD DDPM^ 

TPkhP� WU[NLD ZRkDPWPb D�QLhLWU�TLcL_PVT�� NZLPk-
DLMQWD, TUMLQWRWLVT�x ^ZLDUTX LyZRkLDRTPb kRTbW�� 
D shLTL[PhU ZU_PLTR;  

– D�QLhRb MLcb ^y�WLVT�� NZUMNZPbWPx P LZ_R-
TPkRwPx D Ly�U[ hLcPVUQWDU NZUMNZPbWPx P LZ_RTP-
kRwPx ZU_PLTR; 

– TUMLQWRWLVT�x ^ZLDUTX ZRkDPWPb WZRTQNLZWTLx 
PT`ZRQWZ^hW^Z� [7, Q. 153–157]. 

KL TR�U[^ [TUTP�, TR LQTLDRTPP D��UPkcLqUT-
TL_L, h hc�VUD�[ wUcb[ [U�RTPk[R _LQ^MRZQWDUTTL_L 
ZU_^cPZLDRTPb QLwPRcXTL_L-shLTL[PVUQhL_L ZRkDPWPb 
ZU_PLTR [LqTL LWTUQWP QcUM^��PU: 

– `LZ[PZLDRTPU MPDUZQP`PwPZLDRTTLx QWZ^hW^-
Z� NZL[��cUTTL_L NZLPkDLMQWDR TR WUZZPWLZPP  
ZU_PLTR; 

– QLkMRTPU WRh TRk�DRU[�� NLc�QLD ZLQWR  
TR WUZZPWLZPP ZU_PLTR, Dhc�VR��P� NZL[��cUTT�U 
hcRQWUZ� P kLT� s``UhWPDTL_L NZUMNZPTP[RWUcXQWDR; 

– NLD��UTPU hLTh^ZUTWLQNLQLyTLQWP NZLM^hwPP 
ZU_PLTRcXT�� NZLPkDLMPWUcUx; 

– `LZ[PZLDRTPU s``UhWPDTLx QPQWU[� NLMMUZq-
hP ZU_PLTRcXT�� NZLPkDLMPWUcUx QUcXQhL�LkbxQWDUT-
TLx NZLM^hwPP; 

– ^QPcUTPU PTWU_ZRwPP NZL[��cUTTL_L P `PTRT- 
QLDL-hZUMPWTL_L QUhWLZLD ZU_PLTR; 

– `LZ[PZLDRTPU s``UhWPDTLx QPQWU[� NLMMUZq-
hP [RcL_L P QZUMTU_L yPkTUQR TR WUZZPWLZPP ZU_PLTR; 

– ^c^V�UTPU shLcL_PVUQhLx LyQWRTLDhP; 
– ZLQW kRTbWLQWP P ML�LMLD TRQUcUTPb ZU_PLTR; 
– `LZ[PZLDRTPU QPQWU[� DkRP[LMUxQWDPb LyZR-

kLDRWUcXT�� LZ_RTPkRwPx ZU_PLTR P LZ_RTPkRwPx-
ZRyLWLMRWUcUx, NLkDLcb��Ux LQ^�UQWDcbWX NLM_LWLD-
h^ D�QLhLhDRcP`PwPZLDRTT�� hRMZLD, DLQWZUyLDRT-
T�� D ZU_PLTU; 

– QLkMRTPU ^QcLDPx Mcb NLD��UTPb s``UhWPDTL-
QWP MUbWUcXTLQWP LZ_RTPkRwPx P NZUMNZPbWPx ZU_PL-
TR, ZRyLWR��P� D TPkhL[RZqPTRcXT�� Q`UZR�; 

– `LZ[PZLDRTPU QPQWU[� `PTRTQPZLDRTPb PT-
`ZRQWZ^hW^ZT�� NZLUhWLD TR ^QcLDPb� VRQWTL-
_LQ^MRZQWDUTTL_L NRZWTUZQWDR. 

���#/�� ��3��D���� ��2���3�� >�+%/��+����-
��>� ��>%"�������# +����"'��-\������0�+��>� 
��3����# ��>����. �R LQTLDRTPP ZUk^cXWRWLD LwUThP 
WUh^�U_L QLQWLbTPb ZU_PLTR P D�bDcUTPb NZLycU[, 
TRPyLcUU LQWZL QWLb�P� NUZUM ZU_PLTRcXTLx DcRQWX�, 
TULy�LMP[L QNcRTPZLDRWX TUNLQZUMQWDUTTL [U�RTPk[ 
_LQ^MRZQWDUTTL_L ZU_^cPZLDRTPb QLwPRcXTL-shLTL[P- 
VUQhL_L ZRkDPWPb ZU_PLTR. �R[ NZUMQWRDcbUWQb, VWL 
LQTLDT�[P sWRNR[P ZRkZRyLWhP WRhL_L [U�RTPk[R 
bDcb�WQb: 

– NcRTPZLDRTPU wUcUD�� NLhRkRWUcUx QLQWLbTPb 
ZU_PLTR, hLWLZ�� TULy�LMP[L MLQWPVX NLQZUMQWDL[ 
NZP[UTUTPb QPQWU[� [UZ; NcRTPZLDRTPU QZLhLD MLQ-
WPqUTPb NLhRkRWUcUx; LNZUMUcUTPU kRMRV, WZUy^��P� 
ZU�UTPb D ZR[hR� MLQWPqUTPb wUcUD�� NLhRkRWUcUx; 

– `LZ[PZLDRTPU QPQWU[� [UZ _LQ^MRZQWDUTTL_L 
ZU_^cPZLDRTPb QLwPRcXTL-shLTL[PVUQhL_L ZRkDPWPb 
ZU_PLTR, NLkDLcb��P� ZU�PWX NLQWRDcUTT�U kRMRVP  
P MLQWPVX wUcUD�� NLhRkRWUcUx ^ZLDTb ZRkDPWPb  
ZU_PLTR; 

– `LZ[PZLDRTPU QPQWU[� LwUTLVT�� NRZR[UW-
ZLD, NLhRkRWUcUx, [UWLMLD LwUThP, NLkDLcb��P�  
LNZUMUcPWX ^ZLDUTX MLQWPqUTPb wUcUD�� NLhRkRWUcUx 
P s``UhWPDTLQWX NZP[UTbU[L_L [U�RTPk[R _LQ^MRZQW-
DUTTL_L ZU_^cPZLDRTPb QLwPRcXTL-shLTL[PVUQhL_L 
ZRkDPWPb ZU_PLTR;  

– ^QWRTLDcUTPU QZLhLD P NUZPLMPVTLQWP LwUThP. 
KZUMcLqUTT�x NLZbMLh NLkDLcbUW, DL-NUZD��, 

LQ^�UQWDPWX D�ZRyLWh^ [U�RTPk[R _LQ^MRZQWDUTTL_L 
ZU_^cPZLDRTPb, LWDUVR��U_L NLWZUyTLQWb[ hLThZUW-
TL_L ZU_PLTR, P, DL-DWLZ��, LQ^�UQWDcbWX QDLUDZU-
[UTT^� LwUTh^ U_L s``UhWPDTLQWP D wUcb� LNUZRWPD-
TLx hLZZUhWPZLDhP. 

A"�����9 ��2���3�� >�+%/��+������>� ��>%-
"�������# +����"'��-\������0�+��>� ��3����#  
��>����. J QLLWDUWQWDPP Q wUcb[P, ^hRkRTT�[P TR[P 
D hRVUQWDU hc�VUD�� NZP D�ZRyLWhU [U�RTPk[R _LQ^-
MRZQWDUTTL_L ZU_^cPZLDRTPb QLwPRcXTL-shLTL[PVUQ- 
hL_L ZRkDPWPb zZRQTLbZQhL_L hZRb, D hRVUQWDU hLT-
hZUWT�� [UZ ZU_^cPZLDRTPb [� NZUMcR_RU[ QcUM^��PU:  

– QWP[^cPZLDRTPU ZRkDPWPb TR WUZZPWLZPP ZU-
_PLTR NZLPkDLMQWD NZLM^hwPP D�QLhP� NUZUMUcLD,  
R WRhqU D�QLhLWU�TLcL_PVTLx P PTTLDRwPLTTLx NZL-
M^hwPP NZP NL[L�P NZLUhWTL_L `PTRTQPZLDRTPb, 
Dhc�VUTPU MRTT�� WPNLD NZLPkDLMQWD D ZU_PLTRcXT�U 
P `UMUZRcXT�U wUcUD�U NZL_ZR[[�;  

– ^VRQWPU D `PTRTQPZLDRTPP QLkMRTPb TR WUZZP-
WLZPP ZU_PLTR NZL[��cUTT�� hcRQWUZLD, LQLy�� 
shLTL[PVUQhP� kLT P W. M.;  

– `LZ[PZLDRTPU QPQWU[� VRQWTL_L PTDUQWPZLDR-
TPb D LWZRQcP NZL[��cUTTLQWP, TU QDbkRTT�U Q LQ-
DLUTPU[ NZPZLMT�� ZUQ^ZQLD ZU_PLTR, N^WU[ NZUMLQ-
WRDcUTPb DTLDX QLkMRDRU[�[ PcP [LMUZTPkPZ^U[�[ 
NZUMNZPbWPb[ TRcL_LD�� cX_LW, NLZ^VPWUcXQWD _LQ^-
MRZQWDR NZP NLc^VUTPP ^hRkRTT�[P NZUMNZPbWPb[P 
hZUMPWLD D hL[[UZVUQhP� yRThR� P NZ.; 

– QLkMRTPU ^QcLDPx Mcb ZRkDPWPb ZU_PLTRcXTLx 
`PTRTQLDL-hZUMPWTLx QPQWU[�, D�ZRqUTTLU D NZUMLQ-
WRDcUTPP ZU_PLTRcXT�[ yRThR[ NZU`UZUTwPx NZP 
ZRQQ[LWZUTPP P� D hRVUQWDU NRZWTUZLD [Rc�� P QZUM-
TP� PTDUQWPwPLTT�� NZLUhWLD, ZURcPk^U[�� RM[PTP-
QWZRwPUx ZU_PLTR, NUZUMRVR NZRDR ZRQVUWTL-hRQQLDL_L 
LyQc^qPDRTPb LZ_RTPkRwPx, LWhZ�DRU[�� NZP _LQ^-
MRZQWDUTTLx NLMMUZqhU ZU_PLTRcXT�� DcRQWUx,  
ZU_PLTRcXT�[ yRThR[; 

– TRNZRDcUTPU NLD��UTT�� ML�LMLD, NLc^VRU-
[�� kR QVUW shQNc^RWRwPP NZPZLMT�� ZUQ^ZQLD ZU_PL-
TR, D VRQWP, NLQW^NR��Ux D ZU_PLTRcXT�x y�MqUW, TR 
ZRkDPWPU PT`ZRQWZ^hW^ZT�� NZLUhWLD P QWP[^cPZLDR-
TPU TR^VT�� PQQcUMLDRTPx D LycRQWP PTTLDRwPx. 

$PQWU[R wUcUD�� NLhRkRWUcUx P QPQWU[R PTMPhR-
WLZLD, NZP[UTbU[�� NZP [LTPWLZPT_U s``UhWPDTLQWP 
ZURcPk^U[L_L TR WUZZPWLZPP ZU_PLTR [U�RTPk[R _LQ^-
MRZQWDUTTL_L ZU_^cPZLDRTPb QLwPRcXTL-shLTL[PVUQ- 
hL_L ZRkDPWPb, WRhqU MLcqT� ^VPW�DRWX QNUwP`PVU-
QhPU VUZW� hLThZUWTL_L ZU_PLTR P ^MLDcUWDLZbWX QcU-
M^��P[ WZUyLDRTPb[: 

– QLLWDUWQWDLDRWX wUcb[, ^QWRTLDcUTT�[ ZU_PL-
TRcXT�[P P Ly�U_LQ^MRZQWDUTT�[P NZL_ZR[[R[P 
ZRkDPWPb; 

– NLkDLcbWX LQ^�UQWDcbWX LNUZRWPDT^� LwUTh^ P 
RTRcPk WU[NLD ZURcPkRwPP [U�RTPk[R _LQ^MRZQWDUT-
TL_L ZU_^cPZLDRTPb ZU_PLTRcXTL_L ZRkDPWPb; 
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– Dhc�VRWX D ZRQVUW� MLQW^NT�U, Pk[UZP[�U  
P MLQWLDUZT�U MRTT�U; 

– y�WX V^DQWDPWUcXTLx h Pk[UTUTPb[ D ZRkcPV-
T�� NZLwUQQR�, NZLPQ�LMb�P� D ZU_PLTU P _LQ^MRZQW-
DU D wUcL[; 

– P[UWX L_ZRTPVUTTLU hLcPVUQWDL PTMPhRWLZLD. 
}QNLcXkLDRTPU TR NLQWLbTTLx LQTLDU QPQWU[� PT-

MPhRWLZLD ^ZLDTb ZRkDPWPb ZU_PLTR, ZRkZRyLWRTTLx 
Mcb hLThZUWTLx WUZZPWLZPP, NLkDLcPW LNUZRWPDTL 
hLZZUhWPZLDRWX PQNLcXk^U[�U [UZ� _LQ^MRZQWDUTTL_L 
^NZRDcUTPb P [U�RTPk[ ^NZRDcUTPb D wUcL[, R WRhqU 
LwUTPDRWX, D hRhLx QWUNUTP ZU_PLT NZPycPkPcQb h TR-
[UVUTT�[ wUcb[. 

lRhP[ LyZRkL[, D�ZRyLWhR scU[UTWLD [U�RTPk[R 
_LQ^MRZQWDUTTL_L ZU_^cPZLDRTPb, QLLWDUWQWD^��P� 
QNUwP`PhU P NZLycU[R[ ZU_PLTR, NLkDLcbUW Q`LZ[P-
ZLDRWX [U�RTPk[ _LQ^MRZQWDUTTL_L ZU_^cPZLDRTPb 
QLwPRcXTL-shLTL[PVUQhL_L ZRkDPWPb.  

�%�� ���9����# \!!�������+�� ��2���3�� 
>�+%/��+������>� ��>%"�������# ��>����"'��( 
+����"'��-\������0�+��( +�+���9. zRh NLhRk�DRUW 
LN�W, LQTLDLx s``UhWPDTL_L [U�RTPk[R _LQ^MRZQW-
DUTTL_L ZU_^cPZLDRTPb ZU_PLTRcXTLx QLwPRcXTL-
shLTL[PVUQhLx QPQWU[� bDcbUWQb NUZUVUTX hLThZUW-
T�� [UZLNZPbWPx, `LZ[PZ^��P� QLwPRcXTL-
shLTL[PVUQhPU NZLwUQQ� N^WU[ Ly�UMPTUTPb VRQWT�� 
P _LQ^MRZQWDUTT�� ZUQ^ZQLD P TRNZRDcUTPb P� TR MLQ-
WPqUTPU wUcUx [U�RTPk[R. 

J wUcb� NLD��UTPb s``UhWPDTLQWP [U�RTPk[R _L-
Q^MRZQWDUTTL_L ZU_^cPZLDRTPb QLwPRcXTL-shLTL[P- 
VUQhL_L ZRkDPWPb ZU_PLTR TULy�LMP[L Dhc�VRWX D U_L 
QLQWRD P[UTTL WU [UZLNZPbWPb, hLWLZ�U QLLWDUWQWD^-
�W D�bDcUTT�[ TR sWRNU RTRcPkR NZLycU[R[ ZU_PLTR. 

�TRcPk [UqM^TRZLMTL_L P LWUVUQWDUTTL_L LN�WR 
ZURcPkRwPP ZRkcPVT�� [U�RTPk[LD _LQ^MRZQWDUTTL_L 
ZU_^cPZLDRTPb QLwPRcXTL-shLTL[PVUQhL_L ZRkDPWPb 
ZU_PLTLD NLhRkRc [8–13], VWL LMTP[ Pk TRPyLcUU  
s``UhWPDT�� [UWLMLD, NZP[UTbU[�� D ZU_PLTR�, 
QWRchPDR��P�Qb Q NZLycU[R[P QLwPRcXTL-shLTL- 
[PVUQhL_L ZRkDPWPb, D�bDcUTT�[P TR[P D zZRQTLbZ-
QhL[ hZRU, bDcbUWQb NZL_ZR[[TL-wUcUDLx NLM�LM. 

vRkZRyLWhR P ZURcPkRwPb wUcUD�� NZL_ZR[[ bDcb-
UWQb TR QU_LMTb�TPx MUTX MLQWRWLVTL ZRQNZLQWZRTUT-
T�[ PTQWZ^[UTWL[ _LQ^MRZQWDUTTL_L ^NZRDcUTPb. 
$cUM^UW LW[UWPWX, VWL MRTT�x [UWLM TU bDcbUWQb TL-
D�[, P TR QU_LMTb�TPx MUTX TRhLNcUT MLQWRWLVTL 
Ly�PZT�x LN�W NZP[UTUTPb ZRkcPVT�� wUcUD�� NZL-
_ZR[[ hRh D vLQQPxQhLx YUMUZRwPP, WRh P kR Z^yUqL[. 

�QLyUTTLQWX� ZU_PLTRcXT�� wUcUD�� NZL_ZR[[ 
bDcbUWQb WL, VWL LTP ^VPW�DR�W QNUwP`PVUQhPU LQL-
yUTTLQWP hLThZUWTL_L ZU_PLTR, TR ZRkDPWPU hLWLZL_L 
LTP TRNZRDcUT�, R WRhqU TRwUcUT� TR ZU�UTPU NZL-
ycU[, RhW^RcXT�� Mcb MRTTL_L ZU_PLTR. 

�``UhWPDTRb ZU_PLTRcXTRb wUcUDRb NZL_ZR[[R 
QWZLPWQb TR ZbMU LQTLDLNLcR_R��P� NZPTwPNLD, yUk 
^VUWR hLWLZ�� TUDLk[LqTL MLQWPqUTPU wUcUx ZURcP-
kRwPP NZL_ZR[[�. z WRhP[ NZPTwPNR[, NL TR�U[^ 
[TUTP�, QcUM^UW LWTUQWP: 

– DkRP[L^DbkRTTLQWX DQU� scU[UTWLD NZL_ZR[[�; 
– ^VUW DcPbTPb [UZLNZPbWPx NZL_ZR[[� TR DQU 

Q`UZ� Ly�UQWDUTTLx qPkTP, PQhc�VUTPU TU_RWPDTL_L 
DcPbTPb shQWUZTRcPx; 

– TRcPVPU RcXWUZTRWPDT�� DRZPRTWLD ZURcPkRwPP 
NZL_ZR[[�; 

– LNZUMUcUTTLQWX PQWLVTPhLD P Ly�U[LD `PTRT-
QPZLDRTPb; 

– VUWhLU ZRQNZUMUcUTPU `^ThwPLTRcR [UqM^ PQ-
NLcTPWUcb[P P Z^hLDLMPWUcb[P ZURcPkRwPP NZL_ZR[[�; 

– Pk[UZP[LQWX, MLQW^NTLQWX P MLQWLDUZTLQWX 
MRTT�� Mcb LQ^�UQWDcUTPb hLTWZLcb ZURcPkRwPP NZL-
_ZR[[�; 

– DLk[LqTLQWX LNUZRWPDTLx hLZZUhWPZLDhP NZL-
_ZR[[� NL ZUk^cXWRWR[ hLTWZLcb [14, Q. 237]. 

�R[ NZUMQWRDcbUWQb, VWL Q^�UQWDUTTL NLD�QPWX 
s``UhWPDTLQWX `LZ[PZ^U[L_L TR WUZZPWLZPP zZRQTL-
bZQhL_L hZRb [U�RTPk[R _LQ^MRZQWDUTTL_L ZU_^cPZL-
DRTPb QLwPRcXTL-shLTL[PVUQhL_L ZRkDPWPb DLk[LqTL 
Q NL[L�X� ZURcPkRwPP TR WUZZPWLZPP ZU_PLTR QcU-
M^��P� wUcUD�� NZL_ZR[[:  

1) MPDUZQP`PhRwPP NZL[��cUTTL_L QUhWLZR ZU-
_PLTR; 

2) QWP[^cPZLDRTPb QUcXQhL�LkbxQWDUTTL_L QUhWL-
ZR ZU_PLTR; 

3) ZRkDPWPb ZU_PLTRcXTLx `PTRTQLDL-hZUMPWTLx 
QPQWU[�; 

4) shLcL_PVUQhLx NZL_ZR[[�; 
5) NZL_ZR[[� ZRkDPWPb TR^VTL-LyZRkLDRWUcXTL_L 

QUhWLZR ZU_PLTR; 
6) `LZ[PZLDRTPb ycR_LNZPbWTL_L QLwPRcXTL_L 

hcP[RWR D ZU_PLTU; 
7) ZRkDPWPb WZRTQNLZWTLx PT`ZRQWZ^hW^Z�.  
KZUMcLqUTT�x TR[P NUZUVUTX NZL_ZR[[ P [UZ, 

yUk^QcLDTL, TU bDcbUWQb PQVUZN�DR��P[. J �LMU ZUR-
cPkRwPP WLx PcP PTLx NZL_ZR[[� y^MUW NZLPQ�LMPWX 
UU MZLycUTPU TR ZbM yLcUU [UchP� NLMNZL_ZR[[, ML-
NLcTUTPU TLD�[P NZL_ZR[[R[P, ZRQ�PZUTPU NUZUVTb 
[UZ, Dhc�VUTT�� D NZL_ZR[[^. zZL[U WL_L, NZP MU-
WRcXTLx ZRkZRyLWhU hRqMLx Pk NZL_ZR[[, TRNZRDcUT-
T�� TR ZU�UTPU hc�VUD�� Mcb ZU_PLTR NZLycU[ QLwP-
RcXTL-shLTL[PVUQhL_L ZRkDPWPb, TULy�LMP[L LNZUMU-
cPWX PQWLVTPhP `PTRTQPZLDRTPb [UZLNZPbWPx.  
KL[P[L y�MqUWTL_L `PTRTQPZLDRTPb TULy�LMP[L 
ZRQ�PZbWX ^VRQWPU hL[[UZVUQhL_L QUhWLZR ZU_PLTR  
D ZURcPkRwPP NZL_ZR[[, TRNZRDcUTT�� TR `LZ[PZLDR-
TPU DUhWLZR ^QWLxVPDL_L QLwPRcXTL-shLTL[PVUQhL_L 
ZRkDPWPb zZRQTLbZQhL_L hZRb, QLkMRDRWX ^QcLDPb,  
D hLWLZ�� LWhRk hL[[UZVUQhP� NZUMNZPbWPx LW ^VR-
QWPb D WRhP� NZL_ZR[[R� y^MUW TUD�_LMUT hRh Q WLVhP 
kZUTPb WUh^�U_L `PTRTQLDL_L ZUk^cXWRWR, WRh P Q WLV-
hP kZUTPb NUZQNUhWPD ZRkDPWPb yPkTUQR TR WUZZPWLZPP 
ZU_PLTR. KL[P[L NUZUVPQcUTT�� PQWLVTPhLD `PTRT-
QPZLDRTPb NZP ZURcPkRwPP wUcUD�� NZL_ZR[[, TR-
NZRDcUTT�� TR NUZU�LM ZU_PLTR h ^QWLxVPDL[^ ZRkDP-
WP�, TU QcUM^UW NZUTUyZU_RWX P ZRkcPVT�[P DPMR[P 
_LQ^MRZQWDUTT�� kRP[QWDLDRTPx. 

���"?0����. KZLDUMUTTLU TR[P PQQcUMLDRTPU NL-
hRkRcL, VWL TR QU_LMTb�TPx MUTX QLwPRcXTL-
shLTL[PVUQhLU ZRkDPWPU ZU_PLTLD T^qMRUWQb D s``Uh-
WPDTL[ _LQ^MRZQWDUTTL[ ZU_^cPZLDRTPP. ~U�RTPk[ 
_LQ^MRZQWDUTTL_L ZU_^cPZLDRTPb ZU_PLTRcXTL_L  
QLwPRcXTL-shLTL[PVUQhL_L ZRkDPWPb MLcqUT LQTLD�-
DRWXQb TR QNUwP`PVUQhP� NZLycU[R� WUZZPWLZPP  
P LycRMRWX TRNZRDcUTTLQWX�, NLkDLcb��Ux ZU�PWX 
sWP NZLycU[� D TRPyLcUU QqRW�U QZLhP P Q TRP[UTX-
�P[P kRWZRWR[P. 
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�cU[UTWL[ [U�RTPk[R _LQ^MRZQWDUTTL_L ZU_^cP-
ZLDRTPb ZU_PLTRcXTL_L QLwPRcXTL-shLTL[PVUQhL_L 
ZRkDPWPb, kRZUhL[UTMLDRD�P[ QUyb hRh LMPT Pk TRP-
yLcUU s``UhWPDT�� D vLQQPP P kR Z^yUqL[, bDcbUWQb 
NZL_ZR[[TL-wUcUDLx NLM�LM. vRkZRyLWhR ZU_PLTRcX-
T�� wUcUD�� NZL_ZR[[, LZPUTWPZLDRTT�� TR ZU�UTPU 
hLThZUWT�� NZLycU[ ZU_PLTR, NLkDLcbUW LhRk�DRWX 
hLTwUTWZPZLDRTTLU DcPbTPU TR `LZ[PZLDRTPU ycR_L-
NZPbWT�� QLwPRcXTL-shLTL[PVUQhP� ^QcLDPx TR WUZ-
ZPWLZPP ZU_PLTR. 

$cUM^UW LyZRWPWX LQLyLU DTP[RTPU TR WLW `RhW, 
VWL ZU_PLTRcXT�U DcRQWP TU LycRMR�W MLQWRWLVT�[P 
NLcTL[LVPb[P P `PTRTQLD�[P ZUQ^ZQR[P Mcb LyUQ-
NUVUTPb NZb[L_L PTDUQWPZLDRTPb D ZURcPkRwP� WLx 
PcP PTLx wUcUDLx NZL_ZR[[� [15, Q. 213]. J QDbkP  
Q sWP[ LQTLDTLx kRMRVUx RM[PTPQWZRwPP ZU_PLTR  
D MRTTL[ Qc^VRU QWRTLDPWQb, DL-NUZD��, QLkMRTPU NZP-
DcUhRWUcXT�� ^QcLDPx Mcb `LZ[PZLDRTPb QPQWU[� 
PTDUQWPZLDRTPb QL QWLZLT� VRQWTL_L hRNPWRcR,  
R P[UTTL, ZRkcPVT�U [UZ� `PQhRcXTL_L �RZRhWUZR, 
TU`PTRTQLDLU QWP[^cPZLDRTPU (hLTQ^cXWRwPLTTRb 
NLMMUZqhR, PT`LZ[RwPLTTRb NLMMUZqhR, QLMUxQWDPU  
D NLc^VUTPP kRU[T�� QZUMQWD N^WU[ NZUMLQWRDcUTPb 
_LQ^MRZQWDUTT�� _RZRTWPx P W. M.), NZUMLQWRDcUTPU 
cX_LW P Q^yQPMPx NZUMNZPbWPb[ [RcL_L P QZUMTU_L 
yPkTUQR, LQ^�UQWDcb��P[ MUbWUcXTLQWX D Q`UZR�, 
LyLkTRVUTT�� D hRVUQWDU hc�VUD�� Mcb ^QWLxVPDL_L 
QLwPRcXTL-shLTL[PVUQhL_L ZRkDPWPb ZU_PLTR, P, DL-
DWLZ��, RhWPDTLU ^VRQWPU D ZRkcPVT�� `UMUZRcXT�� 
wUcUD�� NZL_ZR[[R�, NLkDLcb��P� NLc^VPWX `PTRT-
QPZLDRTPU, PQWLVTPhLD hLWLZL_L TUW D ZU_PLTRcXTL[ 
y�MqUWU. 

KZLDUMUTTLU PQQcUMLDRTPU NLkDLcbUW QMUcRWX D�-
DLM L WL[, VWL `LZ[PZLDRTPU P ZURcPkRwPb s``UhWPD-
TL_L [U�RTPk[R _LQ^MRZQWDUTTL_L ZU_^cPZLDRTPb  
ZU_PLTRcXTL_L QLwPRcXTL-shLTL[PVUQhL_L ZRkDPWPb 
bDcbUWQb NZPLZPWUWTLx kRMRVUx DQU� ^ZLDTUx DcRQWP  
P NLkDLcPW ZU_PLT^ Q D�ZRqUTTLx Q�ZXUDLx QNUwPR-
cPkRwPUx shLTL[PhP Pk[UTPWX DUhWLZ QLwPRcXTL-
shLTL[PVUQhL_L ZRkDPWPb P QLkMRWX ^QcLDPb Mcb ^Q-
WLxVPDL_L ZRkDPWPb. 
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CONCEPTIONAL APPROACH AND MANAGEMENT TECHNIQUE TO MANAGE RISKS  

OF INNOVATIONS IN THE SPACE INDUSTRY 
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Innovation growth in the Russian Federation is accompanied by the high level of risks. A significant number of the 
world rankings which do not suppose Russia to be a leader confirms this fact. It is necessary to take into account risks 
that each process includes dealing with innovations in the space industry due to the rapid growth of the negative conse-
quences of violations in the “normal” functioning of economic processes. Building up the risk management of innova-
tions in the space industry should be implemented based on the need to solve the following problems: to set up a unified 
regulatory framework, to have an ability to predict the results, to organize clear and timely communication, qualifica-
tion and training of plant staff. To solve these problems there is a provided conceptual approach of risk management of 
innovations in the space industry. The conceptual approach is formed on the basis of the goals set by the company in 
the field of risk innovation management. Implementation of the conceptual approach involves adherence to certain 
principles at work. As a part of the approach it is supposed to manage risks through their identification, formation of 
risk management strategies, process optimization based on a strategy of innovation risk management. Optimization of 
the process should be carried out using the introduced method of innovation risk management in the space industry. 
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The technique includes an analysis of the processes that are vulnerable to innovation risks using tensor method of risk 
analysis.  
 

Keywords: Innovative risks, space industry enterprises, Gabriel Kron tensor method, conceptional approach and 
management technique to manage risks. 

    
)��/����. }QWLZPVUQhP PTTLDRwPLTT�U LWZRQcP 

[L_^W y�WX L�RZRhWUZPkLDRT� hRh LWZRQcP Q NLD�-
�UTT�[ ^ZLDTU[ ZPQhLD D QZRDTUTPP Q LQWRcXT�[P. 
�RTT�x WUkPQ NZP[UTP[ P h hLQ[PVUQhLx NZL[��-
cUTTLQWP. J vLQQPxQhLx YUMUZRwPP ^ZLDUTX ZPQhLD 
PTTLDRwPLTTLx MUbWUcXTLQWP LQLyUTTL D�QLh, VWL 
NLMWDUZqMRUWQb kTRVPWUcXT�[ hLcPVUQWDL[ [PZLD�� 
ZUxWPT_LD, D hLWLZ�� vLQQPb kRTP[RUW MRcUhL TU cP-
MUZQhPU NLkPwPP [1]. 

J MLNLcTUTPU h D��UQhRkRTTL[^, NZLwUQQ� QL-
DZU[UTTL_L [R�PTLQWZLUTPb NLQWLbTTL ^QcLqTb�WQb, 
NZP sWL[ P� QcLqTLQWX ZRQWUW NL shQNLTUTWU. $cLq-
TLQWX Q^�UQWD^��P� NZLwUQQLD D TRQWLb�UU DZU[b 
MLQWP_cR WRhL_L ^ZLDTb D QPc^ DTU�TP� P DT^WZUTTP� 
^QcLDPx DUMUTPb yPkTUQR, VWL NZRhWPVUQhP TUDLk[Lq-
TL DQWZUWPWX NZLwUQQ, kR[hT^W�x TR LMTL[ NLMZRkMU-
cUTPP PcP QLWZ^MTPhU. 

JQU NZLwUQQ� WZUy^�W NLQWLbTTL_L RhWPDTL_L 
DkRP[LMUxQWDPb [TLqUQWDR NLMZRkMUcUTPx P NLMQPQ-
WU[, VWL TU DQU_MR NZL�LMPW PMURcXTL PcP WRhP[ LyZR-
kL[, hRh NZUMNLcR_RcLQX NUZDLTRVRcXTL. �MTRhL DLk-
TPhRUW DkRP[TRb LWDUWQWDUTTLQWX kR ZUk^cXWRW NZL-
wUQQR [UqM^ DQU[P U_L ^VRQWTPhR[P [2].  

�TRcPk NZLwUQQLD P P� LWhcLTUTPx [LqUW NZP[U-
TbWXQb NZP yPkTUQ-[LMUcPZLDRTPP, ZUPTqPTPZPT_U, 
`^ThwPLTRcXTL-QWLP[LQWTL[ RTRcPkU, RDWL[RWPkRwPP 
WU�TLcL_PVUQhP� NZLwUQQLD [3; 4].  

�ULy�LMP[LQWX ^V�WR ZPQhLD D NZLwUQQR� PTTLDR-
wPLTTLx MUbWUcXTLQWP hLQ[PVUQhLx LWZRQcP, hRh TRP-
yLcUU PTTLDRwPLTTLx D TRQWLb�UU DZU[b, bDcbUWQb 
DRqT�[ ^QcLDPU[ `^ThwPLTPZLDRTPb NZUMNZPbWPb  
D QDbkP Q y�QWZ�[ ZLQWL[ LWZPwRWUcXT�� NLQcUMQW-
DPx TRZ^�UTPx «TLZ[RcXTL_L» `^ThwPLTPZLDRTPb 
shLTL[PVUQhP� NZLwUQQLD. �RNZP[UZ, ZURhwPb TR NL-
D��UTPU QcLqTLQWUx D Q`UZU Qy�WR P QTRyqUTPb, VWL 
NZPDUcL h ZRkDPWP� WRhP� TRNZRDcUTPx, hRh cL_PQWPhR 
P [RZhUWPT_ [5]. lRhqU ZPQh TULy�LMP[L ^VPW�DRWX  
D QDbkP Q ^DUcPVUTPU[ TULy�LMP[LQWP P DLk[LqTLQWP 
DLDcUVUTPb scU[UTWLD, LycRMR��P� D�QLhLx QWUNU-
TX� TULNZUMUc�TTLQWP, D NZLwUQQ NZPTbWPb ^NZRDcUT-
VUQhP� ZU�UTPx [6]. 

JDPM^ NLQcUMTP� [PZLD�� WUTMUTwPx TULy�LMP[L 
ZRQQ[RWZPDRWX NZLwUQQ� TU WLcXhL Q WLVhP kZUTPb 
yPkTUQ-NLhRkRWUcUx, TL P Q WLVhP kZUTPb ZPQhLD, hLWLZ�U 
TUQUW D QUyU NZLwUQQ PcP hRhLx-cPyL U_L sWRN [7; 8].  
J sWLx QDbkP DLkTPhRUW TULy�LMP[LQWX NUZU�LMR LW 
QPQWU[� «yPkTUQ-hLLZMPTRW», D hLWLZLx Pk[UZbUWQb 
NZLwUQQ, h QPQWU[U «ZPQh-hLLZMPTRW», NZP[UTbb hLWL-
Z^�, QNUwPRcPQW^ [LqTL y^MUW QMUcRWX QLLWDUWQW-
D^��PU D�DLM� L ZPQhLDRTTLQWP NZLwUQQR PcP U_L 
sWRNR [9]. 

�������%�"'�9( ��/2�/ � %����"���? ��+��-
�� ������������( /�#��"'��+��. z VPQc^ LQTLDT�� 
NZLycU[, hLWLZ�U TULy�LMP[L ^VPW�DRWX NZP ZU�U-
TPP kRMRV, QWLb�P� NUZUM NZUMNZPbWPU[ hLQ[PVUQhLx 
LWZRQcP NZP NLQWZLUTPP QPQWU[� ^NZRDcUTPb ZPQhR[P 

PTTLDRwPLTTLx MUbWUcXTLQWP NZUMNZPbWPb, RDWLZ� 
LWTLQbW QcUM^��PU: 

1. �WQ^WQWDPU ^ QNUwPRcPQWLD NZUMNZPbWPx hLQ-
[PVUQhLx LWZRQcP UMPTL_L NLTbWPxTL_L RNNRZRWR  
D LycRQWP ZPQh-[UTUMq[UTWR, VWL NZPDLMPW h WZ^MTL-
QWb[ D ZRkZRyLWhU, QL_cRQLDRTPP P ^WDUZqMUTPP ZRk-
cPVT�� [RWUZPRcLD P MLh^[UTWLD [UqM^ ZPQh-[UTUM- 
qUZR[P P QNUwPRcPQWR[P MZ^_P� NLMZRkMUcUTPx. 

2. KZLycU[R NZL_TLkPZLDRTPb NLc^VRU[�� ZUk^cX-
WRWLD. KLQWLbTT�x ZUqP[ hLTWZLcXT�� [UZLNZPbWPx 
NLkDLcbUW kRycR_LDZU[UTTL D�bDPWX NLWUTwPRcXT�U 
ZPQhP, LwUTPWX ^ZLDUTX P� DLk[LqTL_L TU_RWPDTL_L 
DcPbTPb TR yPkTUQ-ZU_PQWZRWLZR, QDLUDZU[UTTL D�ZR-
yLWRWX [UZ� NL NZUMLWDZR�UTP� ZURcPkRwPP TUycR-
_LNZPbWT�� QLy�WPx cPyL LyUQNUVPWX NZLDUMUTPU 
MUxQWDUTT�� [UZ NL QTPqUTP� TU_RWPDTL_L DcPbTPb 
^qU ZURcPkLDRD�P�Qb ZPQhLD. jNZRDcbb PTTLDRwPLT-
T�[P ZPQhR[P, NZUMNZPbWPU hLQ[PVUQhLx LWZRQcP 
DNUZD�U Q TP[P QWRchPDRUWQb, D QDbkP Q VU[ TU P[UUW 
MLQWRWLVTLx PT`LZ[RwPLTTLx P QWRWPQWPVUQhLx yRk� 
Mcb ZURcPkRwPP s``UhWPDTL_L `^ThwPLTPZLDRTPb 
NZL_TLkTLx `^ThwPP QPQWU[� ^NZRDcUTPb ZPQhR[P. 

3. $cLqTLQWX hL[[^TPhRwPx D Q`UZU ^NZRDcUTPb 
PTTLDRwPb[P, VWL DcUVUW kR QLyLx «LWZ�D LW hLZTUx», 
W. U. LW WL_L TR^VTL-NZRhWPVUQhL_L `^TMR[UTWR,  
TR hLWLZL[ DLkTPh QLDZU[UTT�x ZPQh-[UTUMq[UTW. 
�WL NZPDLMPW h WL[^, VWL QNUwPRcPQW� NZUMNZPbWPx 
hLQ[PVUQhLx LWZRQcP NUZPLMPVUQhP y^M^W «LWhZ�DRWX 
^qU LWhZ�W^� �[UZPh^». ]^M^W cP LTP ^kTRDRWX, VWL 
sWL ^qU y�cL ZRTUU LWhZ�WL, PcP TUW, kRDPQPW LW MLQ-
WP_T^WLx hDRcP`PhRwPP P TRcRqUTTLx QPQWU[� hL[-
[^TPhRwPx. 

4. KZLycU[R hDRcP`PhRwPP NUZQLTRcR D Q`UZU 
^NZRDcUTPb ZPQhR[P. KLQWZLUTPU s``UhWPDTLx QPQ-
WU[� ^NZRDcUTPb ZPQhR[P PTTLDRwPLTTLx MUbWUcXTL-
QWP D kTRVPWUcXTLx QWUNUTP kRDPQPW LW TRcPVPb QLLW-
DUWQWD^��P� ^QcLDPx NL NLMyLZ^ NZL`PcXT�� QNU-
wPRcPQWLD. z QLqRcUTP�, D TRQWLb�UU DZU[b D vLQQPP 
LWQ^WQWD^UW TRcRqUTTRb QPQWU[R NLM_LWLDhP P NUZU-
NLM_LWLDhP QNUwPRcPQWLD D Q`UZU ^NZRDcUTPb ZPQhR-
[P. J TUhLWLZ�� ^VUyT�� kRDUMUTPb�, D VRQWTLQWP 
��¾ NZP KZRDPWUcXQWDU vY P MZ., NZUMNZPTP[RcPQX 
NLN�WhP NL NUZULy^VUTP� D ZR[hR� NZL_ZR[[ NLD�-
�UTPb hDRcP`PhRwPP. �L sWL_L TUMLQWRWLVTL: T^qTR 
wUcXTRb NZL_ZR[[R NZL`UQQPLTRcXTLx NLM_LWLDhP 
«vPQh-[UTUMq[UTW TR NZUMNZPbWPP», hLWLZRb NLkDL-
cPcR y� LQ^�UQWDPWX wUcUD^� NLM_LWLDh^ ZPQh-
[UTUMqUZLD, LWDUVR��P� QLDZU[UTT�[ WZUyLDRTPb[ 
Z�TLVTLx shLTL[PhP. J LNZUMUcUTTLx QWUNUTP ZU�U-
TPU hRMZLDLx NZLycU[� DPMPWQb P D NUZUQ[LWZU D^kR-
[P QDLP� ^VUyT�� NcRTLD Ly^VUTPb shLTL[PVUQhP[ 
QNUwPRcXTLQWb[ Q DDUMUTPU[ hRh TLD�� MPQwPNcPT 
(WRhP� hRh «YPTRTQLDRb PTqUTUZPb», «jNZRDcUTPU 
`PTRTQLD�[P P NZUMNZPTP[RWUcXQhP[P ZPQhR[P», 
«KZPTbWPU `PTRTQLD�� ZU�UTPx D ^QcLDPb� ZPQhR  
P TULNZUMUcUTTLQWP» P W. M.), WRh P Q D�MUcUTPU[  
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D ZR[hR� Q^�UQWD^��P� MPQwPNcPT QNUwPRcXT�� 
NLMZRkMUcLD (TRNZP[UZ, WRhP� hRh «�TRcPk `PTRTQLD�� 
ZPQhLD» D MPQwPNcPTU «YPTRTQLD�x RTRcPk» P W. N.). 

KLQWRTLDhR NZLycU[ D MRTTL[ RQNUhWU LNZUMUcbUW 
wUcP NZUMNZPbWPb hLQ[PVUQhLx LWZRQcP, QLQWLb�PU  
D LyUQNUVUTPP QPQWU[� ^NZRDcUTPb ZPQhR[P PTTLDR-
wPLTTLx MUbWUcXTLQWP ZUQ^ZQR[P P NLcTL[LVPb[P, 
hLWLZ�U NLkDLcbW: 

– Q`LZ[PZLDRWX UMPT^� TLZ[RWPDT^� yRk^ NZUM-
NZPbWPb hLQ[PVUQhLx LWZRQcP D Q`UZU ^NZRDcUTPb 
ZPQhR[P PTTLDRwPLTTLx MUbWUcXTLQWP; 

– ZRkZRyLWRWX P DTUMZPWX PTQWZ^[UTW� hRVUQW-
DUTTL_L P s``UhWPDTL_L NZL_TLkPZLDRTPb NLc^VRU-
[�� ZUk^cXWRWLD, R WRhqU QyLZR MRTT�� L NZLwUQQR� 
ZURcPkRwPP PTTLDRwPx; 

– LyUQNUVPWX hRVUQWDUTT^� P s``UhWPDT^� DUZ-
WPhRcXT^�, _LZPkLTWRcXT^� P MPR_LTRcXT^� hL[[^-
TPhRwP� D Q`UZU ^NZRDcUTPb ZPQhR[P PTTLDRwPx hRh 
DT^WZP NZUMNZPbWPb hLQ[PVUQhLx LWZRQcP, WRh P QZUMP 
NZUMNZPbWPx LWZRQcP Q _LQ^MRZQWDUTT�[P LZ_RTR[P, 
kRPTWUZUQLDRTT�[P cPwR[P; 

– ZRkDPDRWX PTQWPW^wPLTRcXT^� QZUM^ P QPQWU[^ 
PTWUccUhW^RcXTL_L hRNPWRcR WRhP[ LyZRkL[, VWLy� 
QLkMRWX TRPc^V�PU PTQWPW^wPLTRcXT�U P LZ_RTPkR-
wPLTT�U ^QcLDPb DT^WZP NZUMNZPbWPb hLQ[PVUQhLx 
LWZRQcP (NL QZRDTUTP� Q hLTh^ZUTWR[P). 

�cb MLQWPqUTPb hL[NcUhQR NLQWRDcUTT�� wUcUx 
TULy�LMP[R ZRkZRyLWhR [UWLMLcL_PP `LZ[PZLDRTPb, 
PQNLcXkLDRTPb, ZRkDPWPb P ^NZRDcUTPb ZPQhR[P PTTL-
DRwPLTTLx MUbWUcXTLQWP NZUMNZPbWPb hLQ[PVUQhLx 
LWZRQcP [10]. �RTTRb [UWLMLcL_Pb MLcqTR y�WX  
TRNZRDcUTR TR [PTP[PkRwP� ^�UZyR LW ZURcPkRwPP 
PTTLDRwPLTT�� ZPQhLD, VWL, D QDL� LVUZUMX, NZPDL-
MPW h `LZ[PZLDRTP� [U�RTPk[R [RhQP[RcXTL QWR-
yPcXTL_L PTTLDRwPLTTL_L ZRkDPWPb yPkTUQR [11]. 

�cb ZRkDPWPb QPQWU[� ^NZRDcUTPb ZPQhR[P PTTL-
DRwPLTTLx MUbWUcXTLQWP NZUMNZPbWPb hLQ[PVUQhLx 
LWZRQcP RDWLZL[ NZUMcLqUT P Q`LZ[^cPZLDRT hLT-
wUNW^RcXT�x NLM�LM, Q^�TLQWX hLWLZL_L kRhc�VRUWQb 
D QcUM^��U[:  

1. �NZUMUcUTPU Q^�UQWDUTT�� DPMLD ZPQhLD Mcb 
NZUMNZPbWPb hLQ[PVUQhLx LWZRQcP NL hRqML[^ TR-
NZRDcUTP� MUbWUcXTLQWP. J wUcb� PQQcUMLDRTPb NLM 
Q^�UQWDUTT�[P ZPQhR[P NLTP[R�WQb WRhPU ZPQhP, 
TU_RWPDT�U NLQcUMQWDPb LW ZURcPkRwPP hLWLZ�� LhR-
k�DR�W Q^�UQWDUTTLU DcPbTPU TR `PTRTQLD�x  
ZUk^cXWRW P/PcP hRNPWRc, P/PcP cPhDPMTLQWX, P/PcP 
ZUN^WRwP� NZUMNZPbWPb. 

2. vRkZRyLWhR QWZRWU_PP NZUMNZPbWPb hLQ[PVUQhLx 
LWZRQcP D ^NZRDcUTPP ZPQhR[P PTTLDRwPLTTLx MUb-
WUcXTLQWP, ^QWRTRDcPDR��Ux LQTLDT�U wUcP P kRMRVP, 
QWLb�PU NUZUM QPQWU[Lx ^NZRDcUTPb ZPQhR[P PTTLDR-
wPLTTLx MUbWUcXTLQWP.  

3. �NWP[PkRwPb P QLDUZ�UTQWDLDRTPU NZLwUQQLD 
NZUMNZPbWPb hLQ[PVUQhLx LWZRQcP Q ^VUWL[ wUcUx  
P kRMRV, ^QWRTLDcUTT�� QWZRWU_PUx. 

jNZRDcUTPU ZPQhR[P PTTLDRwPx bDcbUWQb QcLq-
T�[ [TL_L`RhWLZT�[ bDcUTPU[, Mcb hLWLZL_L DRqT� 
LQTLDT�U scU[UTW�, LyUQNUVPDR��PU s``UhWPDTLQWX 
^NZRDcUTPb:  


 QWZ^hW^ZTLU NLMZRkMUcUTPU, LyUQNUVPDR��UU 
^NZRDcUTPU Q^�UQWDUTT�[ DPML[ ZPQhR; 


 hLccU_PRcXT�x LZ_RT, LQ^�UQWDcb��Px ^NZRD-
cUTPU Q^�UQWDUTT�[ DPML[ ZPQhR; 


 PTQWZ^[UTW�, WRhPU hRh [LMUcP, NZL_ZR[[TLU 
LyUQNUVUTPU P W. N., Ly^QcLDcPDR��PU DLk[LqTLQWX 
^NZRDcUTPb Q^�UQWDUTT�[ DPML[ ZPQhR; 


 ZU_cR[UTW�, [UWLMPhP, WU�TLcL_PVUQhPU Q�U[� 
P PT�U DT^WZUTTPU TLZ[RWPDT�U MLh^[UTW� hL[NR-
TPP, LNZUMUcb��PU NLZbMLh `^ThwPLTPZLDRTPb QPQ-
WU[� ^NZRDcUTPb Q^�UQWDUTT�[ DPML[ ZPQhR.  

J wUcL[ [LqTL Q`LZ[^cPZLDRWX QcUM^��PU NL-
cLqUTPb, hLWLZ�U MLcqT� y�WX LybkRWUcXTL Dhc�VU-
T� D TLZ[RWPDT^� yRk^ NZUMNZPbWPb: 


 wUcP P kRMRVP ^NZRDcUTPb ZPQhR[P NZUMNZPbWPb; 

 LZ_RTPkRwPLTTRb QWZ^hW^ZR ^NZRDcUTPb ZPQhR-

[P P NZPTwPN� NZPTbWPb ZU�UTPx NL ZPQhR[; 

 TRyLZ hc�VUD�� NLhRkRWUcUx ZPQhLD NZUMNZPbWPb; 

 h^cXW^ZR ^NZRDcUTPb ZPQhL[ P cP[PW� NL hc�-

VUD�[ ZPQhR[ hL[NRTPP; 

 TRyLZ QNLQLyLD NLhZ�WPb ZPQhLD, PQNLcXk^U-

[�� NZUMNZPbWPU[, P NLcPWPhR D LWTL�UTPP hRqML_L 
QNLQLyR; 


 NZPTwPN� LWVUWTLQWP P ZRQhZ�WPb PT`LZ[RwPP 
NL ZPQhR[. 

}Q�LMb Pk Q^WP QLQWRDcb��Ux hLTwUNW^RcXTL_L 
NLM�LMR, hLWLZ�x bDcbUWQb LQTLDT�[ NZPTbW�[ TR-
NZRDcUTPU[ ZURcPkRwPP QPQWU[� ^NZRDcUTPb ZPQhR[P 
PTTLDRwPLTTLx MUbWUcXTLQWP, NLMZRk^[UDRUWQb DTU-
MZUTPU P QLyc�MUTPU LNZUMUcUTT�� NZPTwPNLD 
`^ThwPLTPZLDRTPb ^hRkRTTLx QPQWU[� ^NZRDcUTPb 
ZPQhR[P PTTLDRwPLTTLx MUbWUcXTLQWP NZUMNZPbWPb 
hLQ[PVUQhLx LWZRQcP. 

z VPQc^ WRhP� NZPTwPNLD `LZ[PZLDRTPb QPQWU[� 
^NZRDcUTPb ZPQhR[P PTTLDRwPLTTLx MUbWUcXTLQWP 
RDWLZ� LWTLQbW QcUM^��PU: 


 NZPTwPN NZLRhWPDTLQWP, hLWLZ�x NZUM^Q[RWZP-
DRUW, VWL QPQWU[R ^NZRDcUTPb ZPQhR[P PTTLDRwPLTTLx 
MUbWUcXTLQWP TRNZRDcUTR TR ZURcPkRwP� TU WLcXhL 
PkDUQWT�� ZPQhLD, TL P TR LNZUMUcUTPU P PQhc�VUTPU 
DLk[LqTLQWP ZURcPkRwPP NLWUTwPRcXT�� ZPQhLD; 


 NZPTwPN TUNZUZ�DTLQWP MUbWUcXTLQWP QPQWU[� 
^NZRDcUTPb ZPQhR[P PTTLDRwPLTTLx MUbWUcXTLQWP, 
hLWLZ�x NLMZRk^[UDRUW `^ThwPLTPZLDRTPU WRhLx 
QPQWU[� TR NLQWLbTTLx LQTLDU D ZR[hR� QNUwPRcXTL 
QLkMRTTLx LZ_RTPkRwPLTTLx QWZ^hW^Z� TR NZUMNZPb- 
WPP hLQ[PVUQhLx LWZRQcP; 


 NZPTwPN Lh^NRU[LQWP, D ZR[hR� hLWLZL_L QPQ-
WU[R ^NZRDcUTPb ZPQhR[P LyUQNUVPDRUW [PTP[PkRwP� 
ZPQhLD D ZRk[UZU yLcX�U[, VU[ kRWZRVUTL QZUMQWD  
TR sW^ [PTP[PkRwP�; 


 NZPTwPN DLDcUVUTTLQWP, QL_cRQTL hLWLZL[^  
D NZLwUQQ ^NZRDcUTPb ZPQhR[P PTTLDRwPLTTLx MUb-
WUcXTLQWP MLcqT� y�WX Dhc�VUT� DQU QLWZ^MTPhP 
NZUMNZPbWPb D QPc^ QDLP� DLk[LqTLQWUx P D ZR[hR� 
QDLP� NLcTL[LVPx P MLcqTLQWT�� LybkRTTLQWUx; 


 NZPTwPN ZRkMUcUTPb LWDUWQWDUTTLQWP, QL_cRQTL 
hLWLZL[^ LWDUWQWDUTTLQWX kR ZURcPkRwP� ZPQhR TUQUW 
NLMZRkMUcUTPU – DcRMUcUw NZLwUQQR. 

���/��� %����"���# ��+���� ������������( 
/�#��"'��+��. J QLLWDUWQWDPP Q NZUMcLqUTT�[  
hLTwUNW^RcXT�[ NLM�LML[ RDWLZR[P NZUMcR_RUWQb  
h PQNLcXkLDRTP� [UWLMPhR ^NZRDcUTPb ZPQhR[P  



 
 
 

Q�������� 
 

 1047

PTTLDRwPLTTLx MUbWUcXTLQWP NZUMNZPbWPx hLQ[PVU-
QhLx LWZRQcP. ~UWLMPhR Dhc�VRUW D QUyb RTRcPk NZL-
wUQQLD, NLMDUZqUTT�� ZPQhR[ PTTLDRwPLTTLx MUb-
WUcXTLQWP Q NZP[UTUTPU[ WUTkLZTL_L [UWLMR RTRcPkR 
ZPQhLD [12–14]. IZR`PVUQhLU LNPQRTPU [UWLMPhP 
NZUMQWRDcUTL TR ZPQ^ThU.  
 

 
 

]cLh-Q�U[R [UWLMPhP ^NZRDcUTPb ZPQhR[P  
yPkTUQ-NZLwUQQLD PTTLDRwPLTTLx MUbWUcXTLQWP 

 
�WRN� [UWLMPhP: 
1. J�yLZ NZLwUQQR Mcb RTRcPkR. KZLwUQQ LNZUMU-

cbUWQb Q ^VUWL[ PkcLqUTTL_L D hLTwUNwPP NLM�LMR  
h LNZUMUcUTP� Q^�UQWDUTT�� DPMLD ZPQhR. ¿UcUQLLy-
ZRkTL LNZUMUcbWX NZLwUQQ, TRPyLcUU NLMDUZqUTT�x 
LMTL[^ Pk Q^�UQWDUTT�� DPMLD ZPQhR. 

2. KLQWZLUTPU hRZW� NZLwUQQR NL TLWRwPP IDEF [15]. 
YLZ[PZ^UWQb hRZWR NZLwUQQR Q ^hRkRTPU[ NLQcUMLDR-
WUcXTLQWP P DkRP[LQDbkUx [UqM^ sWRNR[P NZLwUQQR.  
J ZR[hR� sWRNR LQ^�UQWDcbUWQb WRhqU QyLZ QWRWPQWP-
VUQhP� MRTT�� P kR[UZ� NZLwUQQR NL kRZRTUU LNZUMU-
cUTT�[ NRZR[UWZR[. 

3. KZULyZRkLDRTPU NZLwUQQR Mcb NZP[UTUTPb WUT-
kLZTL_L [UWLMR. zRZWR NZLwUQQR hLZZUhWPZ^UWQb  
Q ^VUWL[ TLZ[RWPDT�� WZUyLDRTPx [UWLMR. 

4. KZP[UTUTPU WUTkLZTL_L [UWLMR Mcb LNZUMUcU-
TPb sWRNLD NZLwUQQR, TRPyLcUU NLMDUZqUTT�� ZPQh^.  

5. �NZUMUcUTPU DPMLD ZPQhLD, D�bDcUTT�� TR NZLy-
cU[TL[ sWRNU NZLwUQQR. 

6. KZPTbWPU ZU�UTPb NL [PTP[PkRwPP ZPQhR. 
���"?0����. lRhP[ LyZRkL[, NLQWZLUTPU QPQWU[� 

^NZRDcUTPb ZPQhR[P PTTLDRwPLTTLx MUbWUcXTLQWP  
TR NZUMNZPbWPP hLQ[PVUQhLx LWZRQcP MLcqTL y�WX 
ZURcPkLDRTL D QLLWDUWQWDPP Q NZUMcLqUTT�[ hLTwUN-
W^RcXT�[ NLM�LML[, Q`LZ[PZLDRTT�[ TR LQTLDRTPP 
QWLb�P� NUZUM NZUMNZPbWPU[ wUcUx D LycRQWP ^NZRD-
cUTPb ZPQhR[P PTTLDRwPLTTLx MUbWUcXTLQWP. vURcP-
kRwPb hLTwUNW^RcXTL_L NLM�LMR NLMZRk^[UDRUW QcUML-
DRTPU LNZUMUcUTT�[ D ZRyLWU NZPTwPNR[ P D ZR[hR� 
NZP[UTUTPb WUTkLZTL_L [UWLMR RTRcPkR yPkTUQ-
NZLwUQQR [LqUW y�WX DTUMZUTR TR NZUMNZPbWPP hLQ-
[PVUQhLx LWZRQcP D QLQWRDU NZUMcR_RU[Lx [UWLMPhP 
^NZRDcUTPb ZPQhR[P PTTLDRwPLTTLx MUbWUcXTLQWP. 

 
&�D"��>��!�0�+��� ++9"�� 

 
1. IZRVUDR ~. J., �bNPTR $. ç. �TRcPk P ^NZRD- 

cUTPU ZPQhR[P PTTLDRwPLTTLx MUbWUcXTLQWP : ^VUy. 
NLQLyPU. ~. : ç�}l}-����, 2006. 351 Q. 

2. �RcX_PUD �. z. $. vRkDPWPU NZLwUQQTL_L ^NZRD-
cUTPb. ~. : ~�z$ KZUQQ, 2004. 22 Q.  

3. �x�[RT ¶. I., KLNLD �. J. vUPTqPTPZPT_ yPk-
TUQR: vUPTqPTPZPT_ LZ_RTPkRwPx P PT`LZ[RwPLTT�U 
WU�TLcL_PP. ~. : YPTRTQ� P QWRWPQWPhR, 1997. 336 Q. 

4. vRNLNLZW ]. ~., $h^yVUThL �. }. }TqPTPZPT_ P 
[LMUcPZLDRTPU yPkTUQR. ~. : lRTMU[ : �h[LQ, 2001. 
240 Q. 

5. ]RcRyRTLD }. I. vPQh-[UTUMq[UTW. ~. : YPTRT-
Q� P QWRWPQWPhR, 1996. 196 Q. 

6. v�qPhLDR �. �. jNZRDcUTPU ZPQhR[P PTTLDR- 
wPLTT�� NZLUhWLD // �^MPW P `PTRTQLD�x RTRcPk. ~. : 
�$~ KZUQQ. 2009. ´ 1. $. 368–371. 

7. zLVUWLD �. I. �LDRwPLTT�U yPkTUQ-NZLwUQQ�. 
KL�R_LDRb WU�TLcL_Pb ZRkZRyLWhP, DTUMZUTPb P hLT-
WZLcb D�NLcTUTPb. ~. : �hQ[L, 2009. 144 Q. 

8. lULZUWPVUQhPx RTRcPk D TR^VT�� shLTL[PVU-
QhP� PQQcUMLDRTPb�: RTRcPk LQTLDLNLcR_R��P� NLTb-
WPx : [UWLM. NLQLyPU Mcb RQNPZRTWLD, [R_PQWZLD  
P QW^MUTWLD / I. $. ~P�RcUD ; $��. zZRQTLbZQh, 2000, 
60 Q. 

9. ]RZWLT l., ÃUThUZ j., jLhUZ K. zL[NcUhQT�x 
NLM�LM h ZPQh-[UTUMq[UTW^: QWLPW cP sWP[ kRTP[RWX-
Qb : NUZ. Q RT_c. ~. : JPcXb[Q, 2003. 208 Q. 

10. �UZTLDR I. J., z^MZbDwUD �. �. jNZRDcUTPU 
ZPQhR[P : ^VUy. NLQLyPU. ~. : JUcyP : KZLQNUhW, 2005. 
160 Q. 

11. Ic^�UThL J. vPQhP PTTLDRwPLTTLx P PTDU-
QWPwPLTTLx MUbWUcXTLQWP D ^QcLDPb� _cLyRcPkRwPP. 
�UcUkTLMLZLqT�x : l�� �K¿ «zZ�cXb», 2006. 232 Q. 

12. zZLT I. }QQcUMLDRTPU QcLqT�� QPQWU[  
NL VRQWb[ – MPRhLNWPhR. ~. : �R^hR, 1972. 542 Q. 

13. JUZUDhPTR ¶. J., �UDPT �. �., KUWZLD ~. �. 
lUTkLZTRb [UWLMLcL_Pb PQQcUMLDRTPb TRMUqTLQWP 
yPkTUQ-NZLwUQQLD : TR^V. PkM. 2-U PkM., MLN. zZRQ- 
TLbZQh : �}} $jJKl, 2006. 135 Q.  

14. JUZUDhPTR ¶. J., �UDPT �. �., KUWZLD ~. �. 
lUTkLZTRb [UWLMLcL_Pb PQQcUMLDRTPb TRMUqTLQWP 
yPkTUQ-NZLwUQQLD. zZRQTLbZQh : �}} $jJKl, 2006. 
135 Q. 



 
 
 

������� ������. ��� 16,  � 4 
 

 1048

15. $WZ^hW^ZT�x RTRcPk QPQWU[. IDEF-WU�TLcL_PP / 
$. J. �UZU[T�� [P MZ.]. ~. : YPTRTQ� P QWRWPQWPhR, 
2001. 208 Q. 

 
References 

 
1. Gracheva M. V. [et al.]. Analiz i upravlenie ris-

kami innovatsionnoi deyatel’nosti [Risk analysis and 
management of innovation]. Moscow, YuNITI-DANA 
Publ., 2006, 351 p. 

2. Nal’giev A. K. S. Razvitie protsessnogo uprav-
leniya. [Process management development]. Moscow, 
MAKS Press Publ., 2004, 22 p. 

3. Oikhman E. G., Popov E. V. Reinzhiniring 
biznesa: Reinzhiniring organizatsii i informatsionnye 
tekhnologii. [Reengineering Business: Reengineering  
organizations and information technology]. Moscow,  
Finansy i statistika Publ., 1997, 336 p. 

4. Rapoport B. M., Skubchenko A. I. Inzhiniring i 
modelirovanie biznesa. [Engineering and Business Mod-
eling]. Moscow, Tandem, Ekmos Publ., 2001, 240 p. 

5. Balabanov I. G. Risk-menedzhment. [Risk Man-
agement]. Moscow, Finansy i statistika Publ., 1996, 196 p. 

6. Ryzhikova O. N. [Risk Management of innovative 
projects]. Audit i fin. analiz. 2009, No. 1. 368–371 p. (In 
Russ.). 

7. Kochetov A. G., Novatsionnye biznes-protsessy. 
Poshagovaya tekhnologiya razrabotki, vnedreniya i kon-
trolya vypolneniya. [Novation business processes. Turn-
based technology development, implementation and 
monitoring of the implementation]. Moscow, Eksmo 
Publ., 2009, 144 p. 

8. Mikhalev G. S. Teoreticheskii analiz v nauchnykh 
ekonomicheskikh issledovaniyakh: analiz osnovopolaga-
yushchikh ponyatii: [Theoretical analysis of scientific 

economic research: the analysis of the fundamental con-
cepts]. Krasnoyarsk, SAA Publ., 2000, 60 p. 

9. Barton T., Shenker U., Uoker P. Kompleksnyi 
podkhod k risk-menedzhmentu: stoit li etim zanimat’sya: 
Per. s angl. [A comprehensive approach to risk manage-
ment: is it worth doing it: Translated from English]. Mos-
cow, Vil’yams Publ., 2003, 208 p. 

10. Chernova G. V., Kudryavtsev A. A. Upravlenie 
riskami [Risk management]. Moscow, TK Velbi, Prospekt 
Publ., 2005, 160 p. 

11. Glushchenko V. Riski innovatsionnoi i investit-
sionnoi deyatel’nosti v usloviyakh globalizatsii. [Risks of 
innovation and investment in the globalization context]. 
Zheleznodorozhnyi, Kryl’ya Publ., 2006, 232 p. 

12. Kron G. Issledovanie slozhnykh sistem po chast-
yam – diakoptika. [Investigation of complex systems in 
parts – diacoptics]. Moscow, Nauka Publ., 1972, 542 p. 

13. Verevkina E. V., Levin D. N., Petrov M. N. Ten-
zornaya metodologiya issledovaniya nadezhnosti biznes-
protsessov [Tensor research methodology of reliability of 
business processes]. Krasnoyarsk, NII SUVPT Publ., 
2006. 135 p.  

14. Verevkina E. V., Levin D. N., Petrov M. N. Ten-
zornaya metodologiya issledovaniya nadezhnosti 
byuiznes-protsessov. [Tensor research methodology reli-
ability business processes]. Krasnoyarsk, NII SUVPT 
Publ., 2006, 135 p. 

15. Cheremnykh S. V. et al. Strukturnyi analiz sis-
tem. IDEF-tekhnologii. [Structural analysis systems. 
IDEF-technology]. Moscow, Finansy i statistika Publ., 
2001, 208 p. 

 
 

© ~P�PT K. �., �TWR[L�hPT �. �.,  
�TWR[L�hPTR ¶. �., 2015 

 
   

 



 
 
 

Q�������� 
 

 1049

j�z 347.77 
 

JUQWTPh $PyI�j 
l. 16, ´ 4. $. 1049–1059 

 
��)��=�	��)�)�	
� �
���; �����		�$� ��	����* ��)���), 

��������
� �&����; 
	�������<��X	�_ ��&��)�		���
 
 

$. }. $UTR�LD, $. �. v^MX 
 

$PyPZQhPx _LQ^MRZQWDUTT�x RsZLhLQ[PVUQhPx ^TPDUZQPWUW P[UTP RhRMU[PhR ~. Y. vU�UWTUDR 
vLQQPxQhRb YUMUZRwPb, 660037, _. zZRQTLbZQh, NZLQN. P[. _Rk. «zZRQTLbZQhPx ZRyLVPx», 31 

E-mail: mrgreywolfdx@gmail.com 
 
����������( ������� ����%������ ����	�( ��>����� �������"�&��� ������������� � �} � �� ��-

��� � ��%�"��	����� ������� $�/��� ��>����� �������"�&��� �������������. ������� �#��� ��	���-
/���( ����	��, ����	%�/�# ��>���� �������"�&��� �������������, +�	�$ ����%���"' �	���!" ����-
%������ ��'$�. ���$��� �������� 	�$�+�( ������� ����%������ ����	�( ��>����� �������"�&��� 
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We described the system of customs control of intellectual property and its place in international system of 

intellectual property protection. The algorithm of transfer of goods containing intellectual property objects across the 
customs border of the Customs Union has been described. There are listed major differences of customs control 
 of intellectual property in the Russian Federation in comparison with the Agreement on Trade-Related Aspects  
of Intellectual Property Rights (TRIPS). The statistics of the Federal Customs Service of Russian Federation was used 
with regard to revenues to the federal budget of the Russian Federation and the composition of these revenues.  
We proposed some methodical regulations for the improvement of the system of customs control of goods containing 
intellectual property. Among these methodical regulations it was proposed to expand the list of intellectual property, 
which is subject to the authority of the Federal Customs Service of Russian Federation, such as patents, in connection 
with this there was proposed amendments to the regulations. Next suggested the introduction customs fees for the 
introduction of intellectual property rights in the customs register, an analogy with the charges of Rospatent was made 
and some calculations to validate the proposed formulas were done. We proposed some adjustments to the scheme of 
customs control of the terms of actions of customs officials in accordance with the ex-officio procedure. The algorithm 
of transfer of goods containing intellectual property objects across the customs border of the Customs Union has been 
updated. In conclusion we formulated of the final results of the problem study 
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)��/����. KZLycU[R kR�PW� PTWUccUhW^RcXTLx 
QLyQWDUTTLQWP (}$) D T�TU�TUU DZU[b P[UUW hLcLQ-
QRcXT^� RhW^RcXTLQWX P kTRVP[LQWX. �LQWRWLVTL LQW-
ZL QWLPW DLNZLQ L TULy�LMP[LQWP ^QPcUTPb ZLcP _L-
Q^MRZQWDR D kR�PWU }$, hLWLZRb, y^M^VP Dhc�V�TTLx 
D shLTL[PVUQhPx LyLZLW, kRWZR_PDRUW Ly�UTRwPL-
TRcXT�U PTWUZUQ� DL [TL_P� NZLbDcUTPb�. �R MRTT�x 
[L[UTW LMT^ Pk hc�VUD�� ZLcUx D kR�PWU }$ P_ZR�W 
WR[LqUTT�U LZ_RT�. �WL D�kDRTL kTRVPWUcXT�[ ^DU-
cPVUTPU[ Ly�U[LD [UqM^TRZLMTLx WLZ_LDcP hLTWZR-
`RhWTLx NZLM^hwPP. �QTLDTLx MUbWUcXTLQWX� `UMU-
ZRcXTLx WR[LqUTTLx Qc^qy� vY D sWLx LycRQWP bDcb-
UWQb ZRkZRyLWhR Pk[UTUTPx P MLNLcTUTPx D WR[LqUT-
TLU kRhLTLMRWUcXQWDL, R WRhqU QLkMRTPU TLZ[RWPDTL-
NZRDLDLx yRk� D VRQWP ZU_^cPZLDRTPb DLNZLQLD kR�P-
W� }$ WR[LqUTT�[P LZ_RTR[P.  

KLQWLbTTLU QLDUZ�UTQWDLDRTPU TLZ[RWPDTL-NZR- 
DLDLx yRk� _LDLZPW Ly RhW^RcXTLQWP P ZRkDPWPP MRT-
TL_L TRNZRDcUTPb.  

~UZ� NL kR�PWU }$ NZPTP[R�WQb D LWTL�UTPP 
WLDRZLD, QLMUZqR�P� QcUM^��PU Ly�UhW�: 

– Ly�UhW� RDWLZQhP� NZRD; 
– Ly�UhW� Q[UqT�� NZRD; 
– WLDRZT�U kTRhP; 
– kTRhP LyQc^qPDRTPb; 
– TRP[UTLDRTPb [UQW NZLPQ�LqMUTPb WLDRZR [1]. 
JQU sWP Ly�UhW�, NL kRbDcUTP� NZRDLLycRMRWUcb, 

Dhc�VR�WQb D WR[LqUTT�x ZUUQWZ Ly�UhWLD }$. 
�LcqTLQWT�U cPwR WR[LqUTT�� LZ_RTLD DNZRDU NZP-
TP[RWX [UZ� NL kR�PWU NZRD TR Ly�UhW� }$ NL QLyQW-
DUTTLx PTPwPRWPDU. �RTTRb NZLwUM^ZR TLQPW TRkDRTPU 
ex-officio P ^WDUZqMUTR QL_cR�UTPU[ NL WLZ_LD�[ 
RQNUhWR[ PTWUccUhW^RcXTLx QLyQWDUTTLQWP (lv}K$). 

KZRDLLycRMRWUcX, P[U��Px MLQWRWLVT�U LQTLDR-
TPb NLcR_RWX, VWL [LqUW P[UWX [UQWL TRZ^�UTPU U_L 
NZRD, D QLLWDUWQWDPP Q kRhLTLMRWUcXQWDL[ vY, D QDbkP 
Q DDLkL[ PcP D�DLkL[ WLDRZLD Pk vLQQPxQhLx YUMUZR-
wPP cPyL NZP QLDUZ�UTPP PT�� MUxQWDPx Q WLDRZR[P, 
TR�LMb�P[PQb NLM WR[LqUTT�[ hLTWZLcU[, DNZRDU 
NLMRWX D YUMUZRcXT^� WR[LqUTT^� Qc^qy^ kRbDcUTPU 
L Dhc�VUTPP QLLWDUWQWD^��U_L Ly�UhWR }$ D WR[L-
qUTT�x ZUUQWZ Ly�UhWLD }$. �UxQWDPb, NZUM^Q[LW-
ZUTT�U WR[LqUTT�[ kRhLTLMRWUcXQWDL[ vY P lR[L-
qUTTL_L QL�kR, LW P[UTP NZRDLLycRMRWUcb [LqUW 
LQ^�UQWDcbWX U_L NZUMQWRDPWUcX [1]. 

vRQQ[LWZUTTRb D��U QPQWU[R WR[LqUTTL_L hLT-
WZLcb WLDRZLD, QLMUZqR�P� Ly�UhW� PTWUccUhW^RcXTLx 
QLyQWDUTTLQWP, TRVRcR ZRyLWRWX Q 1 bTDRZb 2004 _LMR  
Q DQW^NcUTPU[ D QPc^ lR[LqUTTL_L hLMUhQR vY [2].  
J 2010 _LM^ Q DDLML[ D MUxQWDPU lR[LqUTTL_L hLMUh-
QR lR[LqUTTL_L QL�kR y�cP DTUQUT� Q^�UQWDUTT�U 
Pk[UTUTPb, D WL[ VPQcU DDUMUT� NLcTL[LVPb WR[L-
qUTT�� LZ_RTLD NL NZPLQWRTLDcUTP� D�N^QhR WLDR-
ZLD NL QLyQWDUTTLx PTPwPRWPDU. �R ZPQ. 1 PkLyZRqUTR 
Q�U[R WR[LqUTTL_L hLTWZLcb WLDRZLD, QLMUZqR�P� 
Ly�UhW� }$. 

J 2010 _LM^ y�cL NZLDUMUTL PQQcUMLDRTPU J�Q-
�Ux �hLc� shLTL[PhP, hRQR��UUQb yLZXy� Q hLTWZR-
`RhWTLx NZLM^hwPUx TR ZLQQPxQhL[ Z�ThU NLWZUyP-
WUcXQhP� WLDRZLD [3]. J PQQcUMLDRTPP LW[UVRUWQb, VWL 
TR sWLW [L[UTW WR[LqUTT�x ZUUQWZ bDcbUWQb LQTLD-
T�[ QZUMQWDL[ kR�PW� NZRD TR }$, LQLyUTTL D VRQWP 

hLTWZR`RhWTLx NZLM^hwPP. J 2004–2005 __. YUMU-
ZRcXTRb WR[LqUTTRb Qc^qyR LyZRyLWRcR 170 kRbDcU-
TPx L Dhc�VUTPP D WR[LqUTT�x ZUUQWZ Ly�UhWLD PT-
WUccUhW^RcXTLx QLyQWDUTTLQWP. KL 23 kRbDcUTPb[ y�c 
LWhRk, WRh hRh MRTT�U kRbDcUTPb QLMUZqRcP NRWUTW� 
TR PkLyZUWUTPb, VWL TU bDcbUWQb NZUM[UWL[ WR[LqUT-
TL_L hLTWZLcb. J QUZUMPTU 2004 _LMR D ZUUQWZU y�cL 
122 Ly�UhWR, D hLTwU 2005 _. – 488 Ly�UhWLD. 

z TRVRc^ 2010 _LMR D WR[LqUTTL[ ZUUQWZU QLMUZ-
qPWQb 1838 Ly�UhWLD PTWUccUhW^RcXTLx QLyQWDUTTL-
QWP, Pk TP� 1811 WLDRZT�� kTRhLD, 26 Ly�UhWLD RDWLZ-
QhL_L NZRDR, 1 TRP[UTLDRTPU [UQWR NZLPQ�LqMUTPb 
WLDRZLD. ¾LWb hLcPVUQWDL Ly�UhWLD ZRQW�W, MRTT�U 
NLhRkRWUcP QcP�hL[ [Rc� NL QZRDTUTP� Q hLcPVUQW-
DL[ kRZU_PQWZPZLDRTT�� WLDRZT�� kTRhLD D vLQNRWUT-
WU (YUMUZRcXTLx Qc^qyU NL PTWUccUhW^RcXTLx QLyQW-
DUTTLQWP, NRWUTWR[ P WLDRZT�[ kTRhR[), _MU D TRVRcU 
2015 _LMR kRZU_PQWZPZLDRTL yLcX�U NbWPQLW W�QbV 
Ly�UhWLD. $WRWPQWPhR ZU_PQWZRwPP Ly�UhWLD }$  
(TR NZP[UZU WLDRZT�� kTRhLD) D WR[LqUTTL[ ZUUQWZU 
P D vLQNRWUTWU NZUMQWRDcUTR D WRyc. 1. 

��������"'��# 2��������+���� ��"�-���( 
+�+���9 ����-����>� ������"# �� + ��>"�����-
�� ��
��. $L_cR�UTPU NL WLZ_LD�[ RQNUhWR[ }$ 
(MRcUU – $L_cR�UTPU) [6] hRh LMTL Pk yRkLD�� QL_cR-
�UTPx JQU[PZTLx WLZ_LDLx LZ_RTPkRwPP bDcbUWQb 
LQTLDLx Mcb QLkMRTPb TLZ[RWPDTL-NZRDLD�� RhWLD 
QWZRT – VcUTLD LZ_RTPkRwPP D LycRQWP kR�PW� Ly�Uh-
WLD }$. lR[LqUTT�x hLTWZLcX D MRTTL[ $L_cR�UTPP 
P_ZRUW TU[RcLDRqT^� ZLcX. 

KZP NZLDUMUTPP QZRDTPWUcXTLx �RZRhWUZPQWPhP 
$L_cR�UTPb lv}K$ D LycRQWP kR�PW� Ly�UhWLD }$ 
NZP NUZUQUVUTPP _ZRTPw� Q QPQWU[Lx WR[LqUTTL_L 
hLTWZLcb WLDRZLD, QLMUZqR�P� Ly�UhW� }$, D vLQ-
QPxQhLx YUMUZRwPP y�cP D�bDcUT� Q^�UQWDUTT�U 
ZRkcPVPb. �RcUU D ZRyLWU NLxMUW ZUVX L hLThZUWT�� 
ZRkcPVPb� sWP� QPQWU[, R WRhqU, D hRhLx QWUNUTP  
NLDcPb�W NLQcUM^��PU Pk[UTUTPb MRTT�� [L[UTWLD 
TR ZRyLW^ YUMUZRcXTLx WR[LqUTTLx Qc^qy� P D Ly-
�U[ TR Q`UZ^ kR�PW� }$ D vY.  

�cb TR_cbMTLQWP hLThZUWT�U ZRkcPVPb $L_cR�U-
TPb lv}K$ P ZLQQPxQhLx WR[LqUTTLx QPQWU[� y^M^W 
NZUMQWRDcUT� D DPMU WRyc. 2–4. 

JDPM^ LQLyL_L NLcLqUTPb Ly�UhWLD }$ P P� ZRk-
cPVPx D QZRDTUTPP MZ^_ Q MZ^_L[ WR[LqUTT�U LZ_RT� 
NZPTP[R�W kRbDcUTPb P PT`LZ[RwP� QWZL_L LyLQLy-
cUTTL D LWTL�UTPP hRqML_L DPMR Ly�UhWLD }$. J TR-
QWLb�UU DZU[b QNPQLh WRhP� Ly�UhWLD TRQVPW�DRUW  
TU DQU DPM� }$.  

�WL NZPDLMPW h ^�^M�UTP� ZRyLW� WR[LqUTT�� 
LZ_RTLD D LycRQWP kR�PW� }$ D QDbkP Q WU[, VWL QNP-
QLh WLDRZLD, D�N^Qh hLWLZ�� [LqUW y�WX NZPLQWR-
TLDcUT, kTRVPWUcXTL QLhZR��T D QZRDTUTPP Q NLcLqU-
TPb[P $L_cR�UTPb lv}K$. J TU_L TU D�LMbW NZL-
[��cUTT�U LyZRkw�, NRWUTW�, WLNLcL_PP [PhZLQ�U[, 
kRhZ�WRb PT`LZ[RwPb.  

�R NZRhWPhU hLTWZLcX kR WLDRZR[P, QLMUZqR�P[P 
D��UNZPDUMUTT�U Ly�UhW� }$, bDcbUWQb WZ^MLU[hP[ 
P hL[NcUhQT�[ NZLwUQQL[. �MTRhL D LWTL�UTPP NR-
WUTWLD, NZL[��cUTT�� LyZRkwLD P WLNLcL_Px [PhZL-
Q�U[ DDPM^ TRcPVPb [RWUZPRcXTL-DU�UQWDUTTLx `LZ-
[� WR[LqUTT�x hLTWZLcX NZP NUZUQUVUTPP _ZRTPw� 
DNLcTU LQ^�UQWDP[. 
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vPQ. 1. $PQWU[R WR[LqUTTL_L hLTWZLcb WLDRZLD, QLMUZqR�P� Ly�UhW� }$ vY 
 

����!� 1 
�������� ��>�+������ �D������ ����""���%�"'��( +�D+������+��  

� ����-����� ���+��� � ��+������� 
 

lR[LqUTT�x ZUUQWZ [4] vLQNRWUTW [5] ILM 
vU_PQWZRwPx kR _LM JQU_L vU_PQWZRwPx kR _LM JQU_L 

2004 404 404 27540 138409 
2005 148 552 29447 167856 
2006 223 775 29199 197055 
2007 205 980 30724 207562 
2008 355 1335 36617 222208 
2009 239 1574 36436 246607 

KUZU[U�UTPU WLDRZLD, QLMUZqR�P�  
Ly�UhW� }$, VUZUk WR[LqUTT^� _ZRTPw^  

lR[LqUTTL_L QL�kR 

�y�UhW }$  
D WR[LqUTTL[ ZUUQWZU 

KZPLQWRTLDcUTPU D�N^QhR WLDRZLD TR 10 MTUx  
(NZLwUM^ZR ex-officio) 

�RZ^�UTPU  
NLMWDUZMPcLQX 

�yZR�UTPU NZRDLLycRMRWUcb D Q^M  
PcP PT�U ^NLcTL[LVUTT�U LZ_RT�  

Mcb kR�PW� U_L NZRD TR Ly�UhW� }$ 

�RZ^�UTPU  
NLMWDUZqMUTL Q^ML[ 

}k�bWPU PcP RZUQW WLDRZLD, QLMUZqR�P� TRZ^�UTPb 
kRhLTLMRWUcXQWDR L kR�PWU }$ 

lLDRZ NLMcUqPW  
^TPVWLqUTP� 

jTPVWLqUTPU WLDRZLD D QLLWDUWQWDPP  
Q kRhLTLMRWUcXQWDL[ vY 

}T`LZ[PZLDRTPU MUhcR-
ZRTWR P NZRDLLycRMRWUcb 

L NZPLQWRTLDcUTPP  
D�N^QhR WLDRZLD,  

QLMUZqR�P� TRZ^�UTPb 
NZRD TR Ly�UhW� }$ 

MUhcRZRTWR P NZRDLLycR-
MRWUcb L NZPLQWRTLDcU-
TPP D�N^QhR WLDRZLD, 

QLMUZqR�P� TRZ^�UTPb 
NZRD TR Ly�UhW� }$ 

KLMRVR kRbDcUTPb  
D Yl$ vY L kR�PWU NZRD 

TR Ly�UhW� }$  
P ZRQQ[LWZUTPU  

D WUVUTPU [UQbwR 
 

uRDUZ�UTPU  
WR[LqUTTL_L 
L`LZ[cUTPb 

uRDUZ�UTPU  
WR[LqUTTL_L 
L`LZ[cUTPb 

uRDUZ�UTPU  
WR[LqUTTL_L 
L`LZ[cUTPb 

uRDUZ�UTPU  
WR[LqUTTL_L 
L`LZ[cUTPb 

�R 

�UW 

�UW 

�UW 

�UW 

�R 

�R 

�R 
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����+���� ���. 1 

lR[LqUTT�x ZUUQWZ [4] vLQNRWUTW [5] ILM 
vU_PQWZRwPx kR _LM JQU_L vU_PQWZRwPx kR _LM JQU_L 

2010 264 1838 35178 268165 
2011 418 2257 35954 281784 
2012 322 2580 40106 296631 
2013 487 3068 37813 312392 
2014 487 3556 – – 
02.2015 13 3570 – – 

 
����!� 2 

�D����9 ����""���%�"'��( +�D+������+�� 
 

$PQWU[R WR[LqUTTL_L hLTWZLcb vY $PQWU[R WR[LqUTTL_L hLTWZLcb lv}K$ 

J QPQWU[U WR[LqUTTL_L hLTWZLcb vY Q^�UQWD^�W WZP 
Ly�UhWR PTWUccUhW^RcXTLx QLyQWDUTTLQWP (N. 2 QW. 305 
uRhLTR «� WR[LqUTTL[ ZU_^cPZLDRTPP») [7]: 

– Ly�UhW� RDWLZQhL_L NZRDR P Q[UqT�� NZRD; 
– WLDRZT�U kTRhP P kTRhP LyQc^qPDRTPb; 
– TRP[UTLDRTPb [UQW NZLPQ�LqMUTPb WLDRZLD 
 

$L_cR�UTPU lv}K$ LNPQ�DRUW 7 Ly�UhWLD PTWUccUh-
W^RcXTLx QLyQWDUTTLQWP, VWL WRhqU LWTLQPWQb P h WR[LqUT-
TL[^ hLTWZLc�: 

– Ly�UhW� RDWLZQhL_L NZRDR P Q[UqT�� NZRD; 
– WLDRZT�U kTRhP; 
– _UL_ZR`PVUQhPU ^hRkRTPb; 
– NZL[��cUTT�U LyZRkw�; 
– NRWUTW�; 
– WLNLcL_PP PTWU_ZRcXT�� [PhZLQ�U[; 
– kRhZ�WRb PT`LZ[RwPb 

 
����!� 3 

<�"��� ����-���92 +D���� 
 

$PQWU[R WR[LqUTTL_L hLTWZLcb vY $PQWU[R WR[LqUTTL_L hLTWZLcb lv}K$ 
KZP NLMRVU kRbDcUTPb NZRDLLycRMRWUcU[ L Dhc�VUTPP 

Ly�UhWLD PTWUccUhW^RcXTLx QLyQWDUTTLQWP D WR[LqUTT�x 
ZUUQWZ ^NcRWR QyLZLD TU NZLPkDLMPWQb (N. 1 QW. 307 uRhLTR 
«� WR[LqUTTL[ ZU_^cPZLDRTPP») [1] 

$L_cR�UTPU lv}K$ TU QLMUZqPW LybkRWUcXQWD NL ^N-
cRWU hRhP�-cPyL QyLZLD 

 

 
����!� 4 

������� ex-officio 
 

$PQWU[R WR[LqUTTL_L hLTWZLcb vY $PQWU[R WR[LqUTTL_L hLTWZLcb lv}K$ 
lR[LqUTT�x hLMUhQ lR[LqUTTL_L QL�kR P uRhLT vY 

«� WR[LqUTTL[ ZU_^cPZLDRTPP», NZPTbW�U D 2010 _., 
^NLcTL[LVPcP WR[LqUTT�U LZ_RT� NZP LyTRZ^qUTPP NZP-
kTRhLD NZRDLTRZ^�UTPb NZPLQWRTRDcPDRWX D�N^Qh WLDRZLD, 
QLMUZqR�P� Ly�UhW� PTWUccUhW^RcXTLx QLyQWDUTTLQWP, TU 
DTUQUTT�U D WR[LqUTT�x ZUUQWZ. lR[LqUTT�U LZ_RT� 
P[U�W NZRDL kRNZR�PDRWX TULy�LMP[^� PT`LZ[RwP� ^ 
NZRDLLycRMRWUcb, R WRhqU TUQ^W LWDUWQWDUTTLQWX kR TUNZR-
DL[UZT�U MUxQWDPb MLcqTLQWT�� cPw 

$W. 58 $L_cR�UTPb lv}K$ NZUM^Q[RWZPDRUW [UZ� NL 
NZPLQWRTLDcUTP� D�N^QhR WLDRZLD, LycRMR��P� NZPkTR-
hR[P hLTWZR`RhWT��, NL PTPwPRWPDU DcRQWUx (NZLwUM^ZR 
ex-officio). JcRQWP [L_^W kRNZLQPWX c�y^� WZUy^U[^� PT-
`LZ[RwP�. KZP TUNZRDL[UZTL[ LQ^�UQWDcUTPP MRTT�� 
[UZ MLcqTLQWT�U cPwR TUQ^W LWDUWQWDUTTLQWX, kR PQhc�VU-
TPU[ Qc^VRUD, hL_MR MUxQWDPb QLDUZ�RcPQX «MLyZLQLDUQW-
TL». 

 
lR[LqUTT�U LZ_RT� N�WR�WQb ^c^V�PWX NLcLqU-

TPU NZRDLLycRMRWUcUx, TU ^QWRTRDcPDRb hRhP�-cPyL 
QyLZLD kR Dhc�VUTPU Ly�UhWLD }$ D ZUUQWZ. KL TR�U-
[^ [TUTP�, QyLZ� TU LhRkRcP y� TU_RWPDTL_L DLkMUx-
QWDPb P, DUZLbWTL, [L_cP y� D NLcLqPWUcXTL[ NcRTU 
LWZRkPWXQb TR kR�PWU }$ D vY. $yLZ kR Dhc�VUTPU 
Ly�UhWR }$ D WR[LqUTT�x ZUUQWZ [L_ y� hL[NUTQPZL-
DRWX kRWZRW� WR[LqUTT�� LZ_RTLD D LycRQWP kR�PW� 
Ly�UhWLD }$, VWL, D QDL� LVUZUMX, [L_cL NLDcPbWX  
TR hRVUQWDL WRhLx kR�PW�. �WLW QyLZ D�NLcTbc y�  
P `PQhRcXT^� `^ThwP�. 

�UxQWDPb MLcqTLQWT�� cPw WR[LqUTT�� LZ_RTLD 
NL QLyQWDUTTLx PTPwPRWPDU hZRxTU TULy�LMP[�.  
vRTUU WR[LqUTT�U LZ_RT� TU P[UcP NZRDR TR NZPLQ-
WRTLDcUTPU D�N^QhR WLDRZLD, LWQ^WQWD^��P� D WR[L-
qUTTL[ ZUUQWZU. lR[LqUTT�U LZ_RT� [L_cP TRkTR-
VPWX hR[UZRcXT^� PcP D�UkMT^� NZLDUZh^, TL sWL 

kRTP[RcL TU[Rc�U QZLhP, VWL TU_RWPDTL DcPbcL  
TR s``UhWPDTLQWX ZRyLW� D MRTTLx LycRQWP WR[LqUT-
TL_L hLTWZLcb WLDRZLD.  

JUQL[^� ZLcX P_ZR�W QZLhP DTUQUTPb Ly�UhWR }$ 
D WR[LqUTT�x ZUUQWZ. $UxVRQ QZLh ZRQQ[LWZUTPb  
kRbDcUTPb NZRDLLycRMRWUcb P NZPTbWPb ZU�UTPb  
L DTUQUTPP Ly�UhWR }$ D WR[LqUTT�x ZUUQWZ QLQWRD-
cbUW LMPT [UQbw. �WL LWTLQPWQb P h NZPLQWRTLDcUTP� 
D�N^QhR WLDRZLD NL NZLwUM^ZU ex-officio P NLQcUM^�-
�Ux NLMRVU kRbDcUTPb L DTUQUTPP Ly�UhWR D WR[LqUT-
T�x ZUUQWZ.  

�R QU_LMTb�TPx MUTX ZRkDPWPU WU�TLcL_Px P TR-
hLNcUTT�x LN�W Yl$ vLQQPP ^hRk�DR�W TR WL, VWL 
QZLhP DTUQUTPb Ly�UhWLD }$ D WR[LqUTT�x ZUUQWZ 
MLcqT� y�WX QLhZR�UT� ML [PTP[RcXTL DLk[LqT��. 
KZP sWL[, UQcP NZP[UTbUWQb NZLwUM^ZR U�-officio, 
DDUMUTPU ^QhLZUTTLx NZLwUM^Z� DTUQUTPb Ly�UhWR  
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D WR[LqUTT�x ZUUQWZ NLcLqPWUcXTL y� NLDcPbcL TR 
s``UhWPDTLQWX ZRyLW� WR[LqUTT�� LZ_RTLD D Q`UZU 
kR�PW� }$.  

��3��D���� ����/�0�+��2 ��"�-���( �� +����-
���+�������? +�+���9 ����-����>� ������"# 
�������, +�/��-�]�2 �D����9 
�. KZLDUMb RTRcPk 
QPQWU[� WR[LqUTTL_L hLTWZLcb WLDRZLD, QLMUZqR�P� 
Ly�UhW� }$, D vY, R WRhqU NLcLqUTPx $L_cR�UTPb 
lv}K$, [LqTL NZUMcLqPWX QcUM^��PU NLcLqUTPb  
P ZUhL[UTMRwPP Mcb MRcXTUx�U_L ZRkDPWPb Q`UZ� 
kR�PW� Ly�UhWLD }$ D vY. 

1. vRQ�PZUTPU QNPQhR Ly�UhWLD }$, NLMcUqR�P� 
WR[LqUTTL[^ hLTWZLc�. zLcPVUQWDL Ly�UhWLD }$, 
NLMcUqR�P� WR[LqUTTL[^ hLTWZLc�, bDcbUWQb LMTP[ 
Pk _cRDT�� `RhWLZLD, DcPb��P� TR s``UhWPDTLQWX 
kR�PW� }$ WR[LqUTT�[P LZ_RTR[P vY. ]LcUU NLc-
T�x QNPQLh Ly�UhWLD }$ ZRQ�PZPW DcPbTPU WR[LqUT-
TL_L hLTWZLcb TR MLNLcTPWUcXT�U _Z^NN� WLDRZLD, 
VWL D c^V�^� QWLZLT^ QhRqUWQb TR yLZXyU Q TRZ^�U-
TPb[P D LycRQWP kR�PW� }$. 

JQU[PZTRb WR[LqUTTRb LZ_RTPkRwPb ($LDUW WR[L-
qUTTL_L QLWZ^MTPVUQWDR) (Jl�/$l$) NZP NUZUVPQcU-
TPP Ly�UhWLD }$, NLMcUqR�P� kR�PWU WR[LqUTT�[P 
LZ_RTR[P, TU QWRDPW L_ZRTPVUTPx NL ZRQ�PZUTP� 
MRTTL_L QNPQhR. KZP sWL[ DDLMPWQb TLD�x Ly�UhW WR-
[LqUTTL_L hLTWZLcb NZP NUZUQUVUTPP WR[LqUTTLx 
_ZRTPw� – ^QWZLxQWDR Mcb DkcL[R NRZLcUx P PT�� 
QZUMQWD kR�PW� PT`LZ[RwPP. ]LcUU �PZLhL ZRQhZ�-
DRUWQb NLZbMLh WR[LqUTTL_L hLTWZLcb TRP[UTLDRTPx 
[UQW NZLPQ�LqMUTPb WLDRZLD [8].  

KLsWL[^ [LqTL QVPWRWX, VWL WR[LqUTT�U LZ_RT� 
[L_^W hLTWZLcPZLDRWX TR _ZRTPwU c�yLx WLDRZ, QL-
MUZqR�Px hRhLx-cPyL Pk DLk[LqT�� Ly�UhWLD }$. 

�R LQTLDRTPP NLcLqUTPx $L_cR�UTPb lv}K$, 
TLZ[ [LMUcP kRhLTLMRWUcXQWDR Jl�/$l$ P LN�WR 
MZ^_P� QWZRT, QNPQLh Ly�UhWLD }$, D LWTL�UTPP hL-
WLZ�� WR[LqUTT�U LZ_RT� [L_^W NZP[UTbWX kR�PW-
T�U [UZ�, MLcqUT y�WX ZRQ�PZUT. �RTT�U Pk[UTUTPb 
TUQ^W `^TMR[UTWRcXT�x �RZRhWUZ P D QDbkP Q sWP[ 
[L_^W DDLMPWXQb NLQWUNUTTL.  

JRqTUx�P[ Ly�UhWL[ }$, hLWLZ�x TU kR�P�RUWQb 
WR[LqUTT�[ LZ_RTR[P, bDcbUWQb NRWUTW. �Z^_PU  
Ly�UhW� }$ WRhqU [L_^W y�WX Dhc�VUT� D QNPQLh 
kR�P�RU[��, DUMX hRqM�x Pk TP� P[UUW TLZ[RWPD-
T^� yRk^ NL kR�PWU TUNLQZUMQWDUTTL TR WUZZPWLZPP 
vY. �WR TLZ[RWPDTRb yRkR [LqUW QWRWX LQTLDLx Mcb 
ZRkZRyLWhP NLcLqUTPx L DTUQUTPP MRTT�� Ly�UhWLD  
D WR[LqUTT�x ZUUQWZ Ly�UhWLD }$ Q ^VUWL[ P� LQL-
yUTTLQWUx. 

�RcUU ZRQQ[LWZP[ DLk[LqTLQWX DTUQUTPb NRWUTWLD 
D QNPQLh Ly�UhWLD }$, NLMcUqR�P� WR[LqUTTL[^ 
hLTWZLc� D vY TR QLDZU[UTTL[ sWRNU.  

�y�UhWR[P NRWUTWTL_L NZRDR QVPWR�WQb ZUk^cXWR-
W� PTWUccUhW^RcXTLx MUbWUcXTLQWP, QLLWDUWQWD^��PU 
WZUyLDRTPb[ h PkLyZUWUTPb[ P NLcUkT�[ [LMUcb[, 
^QWRTLDcUTT�[ IZRqMRTQhP[ hLMUhQL[ vY (Iz vY), R 
WRhqU ZUk^cXWRW� PTWUccUhW^RcXTLx MUbWUcXTLQWP D 
LycRQWP _ZR`PVUQhL_L NZLUhWPZLDRTPb, LWDUVR��PU 
WZUyLDRTPb[ h NZL[��cUTT�[ LyZRkwR[ D QLLWDUWQW-
DPP Q Iz vY. 

$cUM^��PU Ly�UhW� TU NLMcUqRW NRWUTWLDRTP� 
(QW. 1349 Iz vY): QNLQLy� hcLTPZLDRTPb VUcLDUhR; 

QNLQLy� [LMP`PhRwPP _UTUWPVUQhLx wUcLQWTLQWP 
hcUWLh kRZLM��UDLx cPTPP VUcLDUhR; PQNLcXkLDRTPU 
VUcLDUVUQhP� s[yZPLTLD D NZL[��cUTT�� P hL[[UZ-
VUQhP� wUcb�; PT�U ZU�UTPb, NZLWPDLZUVR�PU Ly�U-
QWDUTT�[ PTWUZUQR[, NZPTwPNR[ _^[RTTLQWP P [LZR-
cP [9]. 

9����� �� �$��	������ L�ZRTbUW WU�TPVUQhLU 
ZU�UTPU D hRhLx-cPyL LycRQWP D LWTL�UTPP NZLM^hWR 
(^QWZLxQWDR, DU�UQWDR, �WR[[R [PhZLLZ_RTPk[R P NZ.) 
cPyL QNLQLyR (NZLwUQQR DLkMUxQWDPb TR Ly�UhW NZP 
NL[L�P LNZUMUcUTT�� [UWLMLD P QZUMQWD). �T P[UUW 
MUxQWDPU D WUVUTPU 20 cUW Q [L[UTWR NLMRVP kRbDhP TR 
D�MRV^ NRWUTWR.  

�cb D�MRVP NRWUTWR PkLyZUWUTPU MLcqTL QLLWDUW-
QWDLDRWX WZU[ LQTLDT�[ hZPWUZPb[ NRWUTWLQNLQLyTLQWP: 

– TLDPkTR (PkLyZUWUTPU TU PkDUQWTL Pk Q^�UQW-
D^��U_L ^ZLDTb WU�TPhP); 

– TRcPVPU PkLyZUWRWUcXQhL_L ^ZLDTb (ZU�UTPU 
bDcbUWQb TULVUDPMT�[ Mcb QNUwPRcPQWR D QLLWDUWQW-
D^��Ux LycRQWP WU�TPhP); 

– NZL[��cUTTRb NZP[UTP[LQWX (DLk[LqTLQWX 
PQNLcXkLDRTPb PkLyZUWUTPb D NZL[��cUTTLQWP, kMZR-
DLL�ZRTUTPP, QUcXQhL[ �LkbxQWDU P NZ.). 

ILQ^MRZQWDUTTRb shQNUZWPkR D�bDcbUW TRcPVPU 
WZU� MRTT�� hZPWUZPUD, P NZP D�NLcTUTPP DQU� NZL-
VP� ^QcLDPx kRbDPWUc� D�MR�WQb NRWUTW TR PkLyZUWU-
TPU. 

9����� �� ���$�"' ����& L�ZRTbUW WU�TPVUQhLU 
ZU�UTPU D LWTL�UTPP hRhL_L-cPyL ^QWZLxQWDR. J MRT-
TL[ Qc^VRU NRWUTW D�MRUWQb NZP TRcPVPP TLDPkT� 
[LMUcP P UU NZL[��cUTTLx NZP[UTP[LQWP. lZUyLDR-
TPU PkLyZUWRWUcXQhL_L ^ZLDTb TU NZUM�bDcbUWQb h NL-
cUkTLx [LMUcP, D QDbkP Q VU[ c�yLU ^QWZLxQWDL, MRqU 
LVUDPMTLU Mcb QNUwPRcPQWR D LkTRVUTTLx LycRQWP 
WU�TPhP, [LqUW L�ZRTbWXQb NRWUTWL[. �`LZ[cUTPU 
kRbDhP TR WRhLx NRWUTW NZLPQ�LMPW RTRcL_PVTL NRWUT-
W^ TR PkLyZUWUTPU. 

9����� �� �	���*����� ��	�$�! L�ZRTbUW ZU-
�UTPU NZL[��cUTTL_L PcP h^QWRZTL-ZU[UQcUTTL_L 
NZLPkDLMQWDR, LNPQ�DR��UU DTU�TPx DPM PkMUcPb. 
JL [TL_P� kRNRMT�� QWZRTR� NZL[��cUTT�x LyZRkUw 
TRk�DR�W MPkRxTL[. KZL[��cUTT�x LyZRkUw MLcqUT 
LycRMRWX NZPkTRhR[P LZP_PTRcXTLQWP P TLDPkT�  
D VRQWP sQWUWPVUQhP� P sZ_LTL[PVUQhP� QDLxQWD PkMU-
cPb P U_L DTU�TU_L DPMR (ZPQ^TLh, LZTR[UTW, `LZ[R  
P NZ.). KRWUTWL[ TR NZL[��cUTT�x LyZRkUw L�ZR- 
TbUWQb DTU�TPx DPM PkMUcPb, LNZRDMRTTLQWX U_L 
`LZ[, wUcLQWTLQWX P sZ_LTL[PVTLQWX PQNLcTUTPb. 

�RcUU ZRQQ[LWZUTL DTUQUTPU Pk[UTUTPx D NZPhRk 
YUMUZRcXTLx WR[LqUTTLx Qc^qy� vY LW 13.08.2009 _. 
´ 1488 «�y ^WDUZqMUTPP �M[PTPQWZRWPDTL_L ZU_cR-
[UTWR YUMUZRcXTLx WR[LqUTTLx Qc^qy� NL PQNLcTU-
TP� _LQ^MRZQWDUTTLx `^ThwPP NL DUMUTP� WR[LqUT-
TL_L ZUUQWZR Ly�UhWLD }$» [10]. 

J NZPcLqUTPU ´ 1 «KUZUVUTX QDUMUTPx Ly Ly�Uh-
WR� }$, ^hRk�DRU[�� NZP NLMRVU kRbDcUTPb L NZPTb-
WPP WR[LqUTT�[P LZ_RTR[P [UZ, QDbkRTT�� Q NZPLQ-
WRTLDcUTPU[ D�N^QhR WLDRZLD» QcUM^UW MLyRDPWX QcU-
M^��Px N^ThW: 

«�cb NRWUTWLD TR PkLyZUWUTPU, NLcUkT^� [LMUcX P 
NZL[��cUTT�x LyZRkUw: 

– NRWUTW TR PkLyZUWUTPU, NLcUkT^� [LMUcX PcP 
NZL[��cUTT�x LyZRkUw; 
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– _ZR`PVUQhLU PkLyZRqUTPU NRWUTW^U[L_L PkMUcPb; 
– PT`LZ[RwPb L MLh^[UTWU, NLMWDUZqMR��U[ 

DDUMUTPU NZRDLLycRMRWUcU[ PcP NZP U_L QL_cRQPP  
PkMUcPb D _ZRqMRTQhPx LyLZLW D vY; 

– PT`LZ[RwPb L cPwUTkPb� P cPwUTkPLTT��  
ML_LDLZR�, ML_LDLZR� L ZRQNLZbqUTPP P LWV^qMUTPP 
PQhc�VPWUcXTL_L NZRDR TR PkLyZUWUTPU, NLcUkT^� 
[LMUcX P NZL[��cUTT�x LyZRkUw; 

– PT`LZ[RwPb L ML_LDLZR� hL[[UZVUQhLx hLTwUQ-
QPP TR PkLyZUWUTPU, NLcUkT^� [LMUcX P NZL[��cUT-
T�x LyZRkUw». 

J NZPcLqUTPU ´ 2 «KUZUVUTX MLh^[UTWLD, NZUM-
QWRDcbU[�� D Yl$ vY D hRVUQWDU NLMWDUZqMR��P� 
TRcPVPU NZRD TR Ly�UhW� }$ NZP NLMRVU kRbDcUTPb  
L NZPTbWPP WR[LqUTT�[P LZ_RTR[P [UZ, QDbkRTT��  
Q NZPLQWRTLDcUTPU[ D�N^QhR WLDRZLD», QcUM^UW MLyR-
DPWX QcUM^��Px N^ThW: 

«�cb NRWUTWLD TR PkLyZUWUTPU, NLcUkT^� [LMUcX  
P NZL[��cUTT�x LyZRkUw: 

– NRWUTW TR PkLyZUWUTPU, NLcUkT^� [LMUcX PcP 
NZL[��cUTT�x LyZRkUw; 

– MLh^[UTW, QLMUZqR�Px QDUMUTPb L NRWUTWU  
Pk QLLWDUWQWD^��P� ZUUQWZLD vLQNRWUTWR; 

– cPwUTkPP P cPwUTkPLTT�U ML_LDLZ�, ML_LDLZ� 
L ZRQNLZbqUTPP P LWV^qMUTPP PQhc�VPWUcXTL_L NZR-
DR TR PkLyZUWUTPU, NLcUkT^� [LMUcX P NZL[��cUT-
T�x LyZRkUw; 

– ML_LDLZ� hL[[UZVUQhLx hLTwUQQPP TR PkLyZU-
WUTPU, NLcUkT^� [LMUcX P NZL[��cUTT�x LyZRkUw; 

– MLh^[UTW, NLMWDUZqMR��Px DDUMUTPU NZRDLLy-
cRMRWUcU[ PcP NZP U_L QL_cRQPP PkMUcPb D _ZRqMRT-
QhPx LyLZLW D vY». 

2. lR[LqUTT�x QyLZ kR DTUQUTPU Ly�UhWR }$  
D WR[LqUTT�x ZUUQWZ. J LWTL�UTPP MRTTL_L RQNUhWR 
DRqTL LW[UWPWX [UqM^TRZLMT�x LN�W. J z�v Q^�U-
QWD^UW QyLZ kR DTUQUTPU Ly�UhWR }$ D ZUUQWZ, R WRhqU 

NcRWR NZP NZPLQWRTLDcUTPP D�N^QhR hLTWZR`RhWT�� 
WLDRZLD. JQU[PZTRb WR[LqUTTRb LZ_RTPkRwPb WRhqU 
MRUW DLk[LqTLQWX DDUMUTPb WR[LqUTT�� QyLZLD Mcb 
hL[NUTQPZLDRTPb kRWZRW WR[LqUTT�� LZ_RTLD D Ly-
cRQWP kR�PW� }$. 

lR[LqUTT�U LZ_RT� NZP LQ^�UQWDcUTPP MUbWUcX-
TLQWP NL kR�PWU Ly�UhWLD }$ TUQ^W RM[PTPQWZRWPD-
T�U ZRQ�LM�, QDbkRTT�U Q ZRQQ[LWZUTPU[ kRbDcUTPb P 
DTUQUTPU[ Ly�UhWLD }$ D WR[LqUTT�x ZUUQWZ. lRhqU 
Q�MR [LqTL LWTUQWP kRZRyLWT�U NcRW� MLcqTLQWT�� 
cPw P MZ^_PU QLN^WQWD^��PU ZRQ�LM�. J QDbkP Q sWP[ 
DDUMUTPU WR[LqUTTL_L QyLZR [L_cL y� NLcLqPWUcXTL 
NLDcPbWX TR s``UhWPDTLQWX ZRyLW� WR[LqUTT��  
LZ_RTLD D MRTTLx Q`UZU. 

�MTLx Pk LQTLDT�� `^ThwPx WR[LqUTT�� LZ_RTLD 
bDcbUWQb NLNLcTUTPU `UMUZRcXTL_L y�MqUWR. lR[L-
qUTT�U NcRWUqP ZRTUU QLQWRDcbcP TU [UTUU 40 % LW 
Ly�U_L NLQW^NcUTPb D y�MqUW, R Q 2010 _LMR LMTLDZU-
[UTTL Q QLkMRTPU[ lR[LqUTTL_L QL�kR Ly�U[ WR[L-
qUTT�� NcRWUqUx, NUZUVPQcUTT�� D `UMUZRcXT�x 
y�MqUW, NZUD�QPc NcRTh^ D 50 % LW Ly�U_L Ly�U[R. 
lR[LqUTT�U LZ_RT� s``UhWPDTL PQNLcTb�W `PQhRcX-
T^� `^ThwP�, VWL LWZRqUTL D QWRWPQWPhU Yl$ vLQQPP 
[11] TR ZPQ. 2 P 3. 

�hW^RcXTLQWX DDUMUTPb QyLZR DRqTR DDPM^ DQW^N-
cUTPb vY D Jl�, VWL D MRcXTUx�U[ NZPDUMUW h QTP-
qUTP� QWRDLh WR[LqUTT�� NL�cPT P TRcL_LD. �NP-
Q�DRU[�x MRcUU WR[LqUTT�x QyLZ NZPkDRT ^c^V�PWX 
NLhRkRWUcP NLNLcTUTPb `UMUZRcXTL_L y�MqUWR, R WRh-
qU hL[NUTQPZLDRWX DLk[LqT�x ^�UZy y�MqUW^ D QDb-
kP Q ^[UTX�UTPU[ QWRDLh WR[LqUTT�� NL�cPT. KZP 
sWL[ DLk[LqUT DRZPRTW, hL_MR NLQW^NR��PU MUTUqT�U 
QZUMQWDR [LqTL TRNZRDPWX D `LTM LyUQNUVUTPb MUb-
WUcXTLQWP WR[LqUTT�� LZ_RTLD NL kR�PWU Ly�UhWLD 
PTWUccUhW^RcXTLx QLyQWDUTTLQWP, Dhc�VRb WU�TPVU-
QhPU QZUMQWDR P kRZRyLWT^� NcRW^ MLcqTLQWT�� cPw. 

 

 
 

vPQ. 2. KUZUVPQcUTPU WR[LqUTT�� NcRWUqUx  
D `UMUZRcXT�x y�MqUW D 2014 _., [cZM Z^y. 
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vPQ. 3. �PTR[PhR NUZUVPQcUTPx WR[LqUTT�� NcRWUqUx  
D `UMUZRcXT�x y�MqUW D 2010–2014 __. 

 
JRqTL LNZUMUcPWX ZRk[UZ WRhL_L QyLZR P yRk^ U_L 

TRVPQcUTPb. $yLZ TU MLcqUT QWRWX NZUNbWQWDPU[ Mcb 
MUbWUcXTLQWP NZRDLLycRMRWUcUx, NZP sWL[ TRkTRVUT-
TRb U[^ `^ThwPb MLcqTR D�NLcTbWXQb D NLcTLx [UZU. 
KZPDUMU[ ZRQVUW� Mcb LwUThP shLTL[PVUQhLx D�_LM� 
hRh _LQ^MRZQWDR D wUcL[, WRh P WR[LqUTT�� LZ_RTLD  
D VRQWTLQWP. 

lR[LqUTT�x QyLZ kR DTUQUTPU Ly�UhWR }$ D ZUUQWZ 
[LqUW P[UWX `PhQPZLDRTT�x ZRk[UZ kR LMTL kRbDcU-
TPU, QLMUZqR�UU WLcXhL LMPT Ly�UhW PTWUccUhW^RcX-
TLx QLyQWDUTTLQWP. KZP sWL[ DLk[LqUT DRZPRTW,  
hL_MR D kRbDcUTPP [LqUW y�WX TUQhLcXhL Ly�UhWLD 
}$, P kR NLQcUM^��PU Ly�UhW�, hZL[U NUZDL_L, y^MUW 
DkP[RWXQb MLNLcTPWUcXTRb NcRWR D ZRk[UZU LNZUMU-
cUTTL_L NZLwUTWR LW LQTLDTL_L QyLZR. lRhqU D wUcb� 
QWP[^cPZLDRTPb ZLQQPxQhP� NZRDLLycRMRWUcUx ZRk[UZ 
QyLZR [LqTL ^[UTX�PWX Mcb ZUkPMUTWLD, hRh, TRNZP-
[UZ, MUcRUW vLQNRWUTW. 

KZUMNLcLqP[, VWL WR[LqUTT�x QyLZ kR NUZD�x 
Ly�UhW }$ D kRbDcUTPP P[UUW `PhQPZLDRTT^� DUcP-
VPT^, R NLQcUM^��PU Ly�UhW� – ^[UTX�UTT^�  
D QZRDTUTPP Q NUZD�[. lRhqU QyLZ� P[U�W ZRkT^� 
DUcPVPT^ Mcb ZUkPMUTWLD P TUZUkPMUTWLD. 

�RcUU NZUMQWRDcUTR `LZ[^cR Mcb ZRQVUWR WR[L-
qUTTL_L QyLZR: 

a = (b + c · n) · d, 
_MU a – DUcPVPTR WR[LqUTTL_L QyLZR NL hLThZUWTL[^ 
kRbDcUTP�; b – DUcPVPTR WR[LqUTTL_L QyLZR kR NUZ-
D�x Ly�UhW D kRbDcUTPP; c – DUcPVPTR WR[LqUTTL_L 
QyLZR kR NLQcUM^��PU Ly�UhW� D kRbDcUTPP; d –  
hLs``PwPUTW ^DUcPVUTPb (^[UTX�UTPb) QyLZR Mcb 
ZRkcPVT�� cPw; n – hLcPVUQWDL MLNLcTPWUcXT��  
Ly�UhWLD D kRbDcUTPP. 

vRk[UZ QyLZLD [LqUW kRDPQUWX LW [TL_P� `RhWL-
ZLD, D WL[ VPQcU LW kRWZRW WR[LqUTT�� LZ_RTLD  
TR ZRQQ[LWZUTPU kRbDcUTPb, D�TUQUTPU ZU�UTPb, 
QZUMQWDR QDbkP, kRZRyLWT^� NcRW^ QLWZ^MTPhLD P W. M. 
lRhqU Q�MR [LqTL LWTUQWP P MLNLcTPWUcXT^� TRhL-
NPWUcXT^� VRQWX QZUMQWD Mcb ZRQ�LMLD TR MRcXTUx�UU 
QLDUZ�UTQWDLDRTPU QPQWU[� WR[LqUTTL_L hLTWZLcb 
Ly�UhWLD }$. �cb QZRDTUTPb NZPDUMU[ NZP[UZ, hRh 

ZRQQVPW�DR�WQb NRWUTWT�U P PT�U NL�cPT� D vLQNR-
WUTWU [12]. 

$WLP[LQWX ZRQQ[LWZUTPb vLQNRWUTWL[ kRbDcUTPx 
TR ZU_PQWZRwP� NRWUTWR TR PkLyZUWUTPU P NZPTbWPU NL 
TP[ ZU�UTPx QLQWRDcbUW 1650 Z^y. (+ 250 Z^y. kR hRq-
M�x N^ThW `LZ[^c� PkLyZUWUTPb QD��U 25), TR NL-
cUkT^� [LMUcX 850 Z^y. (+ 100 Z^y. kR hRqM�x N^ThW 
`LZ[^c� NLcUkTLx [LMUcP QD��U 25), TR NZL[��-
cUTT�x LyZRkUw 850 Z^y. (+ 100 Z^y. kR hRqM�x N^ThW 
NUZUVTb Q^�UQWDUTT�� NZPkTRhLD NZL[��cUTTL_L 
LyZRkwR QD��U 1), WLDRZTL_L kTRhR P kTRhR LyQc^qP-
DRTPb 2700 Z^y.  

KRWUTWT�U NL�cPT� ML LNZUMUc�TTL_L DZU[UTP 
P[UcP ZRkT^� DUcPVPT^ Mcb ZUkPMUTWLD P TUZUkPMUT-
WLD vY. vU�UTPU[ J�Q�U_L RZyPWZRqTL_L Q^MR vY  
LW 28.08.2012 _. ´ J�$-5123/12 [13] MP``UZUTwPRwPb 
NL�cPT y�cR LW[UTUTR. KLDLML[ Mcb ZRQQ[LWZUTPb 
MUcR bDPcLQX kRbDcUTPU NZUMNZPTP[RWUcb ÌTR lLNLcR 
(�U�QhRb vUQN^ycPhR) h KZRDPWUcXQWD^ vY. $^M 
^MLDcUWDLZPc WZUyLDRTPb PTLQWZRTwR, NZPkTRD, VWL 
TLZ[RWPDT�x RhW NZLWPDLZUVPW TLZ[R[ [UqM^TRZLM-
TL_L NZRDR [14]. 

KZUMQWRDcUTTRb D��U `LZ[^cR LWZRqRUW QPW^R-
wP�, hL_MR kRhLTLMRWUcXQWDL[ ^QWRTLDcUTR `PhQPZL-
DRTTRb DUcPVPTR WR[LqUTTL_L QyLZR kR NUZD�x Ly�UhW 
D kRbDcUTPP P ^[UTX�UTTRb DUcPVPTR kR NLQcUM^�-
�PU. lRhqU D `LZ[^cU NZPQ^WQWD^UW hLs``PwPUTW 
^DUcPVUTPb PcP ^[UTX�UTPb QyLZR Mcb ZRkcPVT�� 
Q^y�UhWLD kR�PW� }$, WRhP� hRh ZUkPMUTW� P TUZUkP-
MUTW�, `PkPVUQhPU P �ZPMPVUQhPU cPwR, NZRDLLycRMR-
WUcP, P[U��PU cX_LW�, [LcLM�U NZUNLMRDRWUcP  
P ^VUT�U P W. M. KZP sWL[, hRh y�cL ^NL[bT^WL D��U, 
MP``UZUTwPRwPb NL�cPT Mcb ZUkPMUTWLD P TUZUkP-
MUTWLD NZLWPDLZUVPW TLZ[R[ [UqM^TRZLMTL_L NZRDR, 
TL shLTL[PVUQhRb P NLcPWPVUQhRb QPW^RwPb TUNZU-
Z�DTL Pk[UTbUWQb, VWL [LqUW y�WX TULy�LMP[L ^VUQWX 
D MRcXTUx�U[. 

�R NZP[UZU NL�cPT vLQNRWUTWR [LqTL NZLDUQWP 
NZLyT�U ZRQVUW� Mcb NLhRkRTPb shLTL[PVUQhLx s`-
`UhWPDTLQWP WR[LqUTTL_L QyLZR kR DTUQUTPU Ly�UhWR 
}$ D WR[LqUTT�x ZUUQWZ. jQWRTLDP[, TRNZP[UZ,  
DUcPVPT^ QyLZR kR NUZD�x Ly�UhW }$ D kRbDcUTPP 
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2000 Z^y., NLQcUM^��PU – 1000 Z^y. �LN^QWP[, �ZP-
MPVUQhLU cPwL NLMRUW kRbDcUTPU TR DTUQUTPU 3 Ly�Uh-
WLD }$ D WR[LqUTT�x ZUUQWZ, NZP sWL[ hLs``PwPUTW 
Pk[UTUTPb ZRDUT 1:  

lR[LqUTT�x QyLZ =  
= (2000 Z^y. + 1000 Z^y. · 2) · 1 = 4000 Z^y. 

�RcUU QcUM^UW ZRQQ[LWZUWX DLk[LqTLU hLcPVUQWDL 
NLMRDRU[�� kRbDcUTPx TR DTUQUTPU Ly�UhWLD }$  
D WR[LqUTT�x ZUUQWZ. J WULZPP hLcPVUQWDL kRbDcUTPx 
TRNZb[^� QDbkRTL Q hLcPVUQWDL[ kRZU_PQWZPZLDRTT�� 
vLQNRWUTWL[ Ly�UhWLD }$, DLDcUVUTT�� DL DTU�TU-
shLTL[PVUQh^� MUbWUcXTLQWX. J QDbkP Q sWP[, VU[ 
yLcX�U Ly�UhWLD y^MUW DTUQUTL D ZUUQWZ, WU[ yLcUU 
s``UhWPDTL y^MUW LQ^�UQWDcbWXQb WR[LqUTT�x hLT-
WZLcX kR NUZU[U�UTPU[ VUZUk WR[LqUTT^� _ZRTPw^ 
WLDRZLD, QLMUZqR�P� Ly�UhW� PTWUccUhW^RcXTLx QLy-
QWDUTTLQWP. KZP DTUQUTPP Ly�UhWR D ZUUQWZ NZUMLQ-
WRDcbUWQb NLcTRb PT`LZ[RwPb, QNLQLyQWD^��Rb NZUM- 
LWDZR�UTP� NZRDLTRZ^�UTPx D Q`UZU kR�PW� }$. 

�cb TRVRcR QcUM^UW LNZUMUcPWX hLcPVUQWDL kRZU_P-
QWZPZLDRTT�� Ly�UhWLD }$ D vLQNRWUTWU. KL MRTT�[, 
LN^ycPhLDRTT�[ TR QRxWU YUMUZRcXTL_L PTQWPW^WR 
NZL[��cUTTLx QLyQWDUTTLQWP [15], TR [RZW 2015 _. 
Ly�UU hLcPVUQWDL kRZU_PQWZPZLDRTT�� NRWUTWLD QL-
QWRDcbUW 553104 Ly�UhWR, NLcUkT�� [LMUcUx – 151156, 
NZL[��cUTT�� LyZRkwLD – 55821, WLDRZT�� kTRhLD – 
462577. �y�UU hLcPVUQWDL QLQWRDcbUW 1222658 Ly�Uh-
WLD }$. 

KZUMNLcLqP[, VWL NL hZRxTUx [UZU NLcLDPTR  
Pk sWP� Ly�UhWLD bDcbUWQb DLDcUVUTTLx D J��, VWL 
QLQWRDcbUW 611329 Ly�UhWLD. lRhqU [LqTL QMUcRWX 
MLN^�UTPU, VWL TU [UTUU 50 % LW hLcPVUQWDR DLDcU-
VUTT�� D J�� Ly�UhWLD }$ y^MUW DTLQPWXQb D WR[L-
qUTT�x ZUUQWZ (305664). �RTT�U MLN^�UTPb LQTLD�-
DR�WQb TR NLbDcUTPP NZLwUM^Z� ex-officio, R WRhqU  
TR NZUMcLqUTPP RDWLZLD L DDUMUTPP ^QhLZUTTLx NZL-
wUM^Z� DTUQUTPb Ly�UhWLD }$ D WR[LqUTT�x ZUUQWZ.  

�cb ZRQVUWR UMPTLDZU[UTTLx shLTL[PVUQhLx  
D�_LM� DLQNLcXk^U[Qb NZLQWLx `LZ[^cLx 

�hLTL[PVUQhRb D�_LMR =  
= lR[LqUTT�x QyLZ · zLcPVUQWDL kRbDcUTPx. 

JUcPVPT^ WR[LqUTTL_L QyLZR DLkX[U[ Pk NZUM-
QWRDcUTT�� D��U ZRQVUWLD. zLcPVUQWDL NLWUTwPRcX-
T�� kRbDcUTPx NZUMQWRDcUTL D RTRcPkU MRTT�� vLQNR-
WUTWR D��U: 

�hLTL[PVUQhRb D�_LMR =  
= 4000 Z^y. · 305664 = 1222656000 Z^y. 

KLc^VPD�PxQb ZUk^cXWRW bDcbUWQb DNLcTU Q^�UQW-
DUTT�[ Mcb LyUQNUVUTPb MUbWUcXTLQWP WR[LqUTTLx 
LZ_RTLD NL kR�PWU Ly�UhWLD }$, R WRhqU Mcb NLNLc-
TUTPb ML�LMTLx VRQWP `UMUZRcXTL_L y�MqUWR vY.  

KZP ZRQVUWU shLTL[PVUQhLx D�_LM� DRqTL ^VUQWX, 
VWL kRbDcUTPU L DTUQUTPP Ly�UhWR }$ D WR[LqUTT�x 
ZUUQWZ P[UUW L_ZRTPVUTT�x QZLh MUxQWDPb. $LLWDUW-
QWDUTTL, WR[LqUTT�U LZ_RT� NZP[UTb�W [UZ� NL 
kR�PWU Ly�UhWLD }$ D WUVUTPU MRTTL_L QZLhR. �R MRT-

T�x [L[UTW ZLQQPxQhP[ kRhLTLMRWUcXQWDL[ ^QWRTLD-
cUT QZLh 2 _LMR Q DLk[LqTLQWX� [TL_LhZRWTL_L NZL-
McUTPb QZLhR kR�PW� TR 2 _LMR (QW. 329 lR[LqUTTL_L 
hLMUhQR lR[LqUTTL_L QL�kR). }Q�LMb Pk D��UQhRkRT-
TL_L, hRqM�x LNZUMUcUTT�x QZLh shLTL[PVUQhRb D�-
_LMR y^MUW DLkLyTLDcbWXQb. 

KLMDLMb PWL_P NL MRTTL[^ DLNZLQ^, Q ^DUZUTTLQWX� 
[LqTL QhRkRWX, VWL DDUMUTPU QyLZR NLcLqPWUcXTL LW-
ZRkPWQb TR kR�PWU Ly�UhWLD PTWUccUhW^RcXTLx QLyQW-
DUTTLQWP WR[LqUTT�[P LZ_RTR[P vY, R WRhqU QWRTUW 
shLTL[PVUQhP D�_LMT�[ Mcb _LQ^MRZQWDR D wUcL[  
P YUMUZRcXTLx WR[LqUTTLx Qc^qy� D VRQWTLQWP. 

3. KZLwUM^ZR ex-officio. $ DDUMUTPU[ NZLwUM^Z� 
ex-officio NLcTL[LVPb WR[LqUTT�� LZ_RTLD D VRQWP 
hLTWZLcb WLDRZLD, QLMUZqR�P� Ly�UhW� PTWUccUhW^-
RcXTLx QLyQWDUTTLQWP, ZRQ�PZPcPQX. KZP sWL[ LNUZR-
WPDTLQWX MUxQWDPx LQWRcRQX D NZUqTU[ QLQWLbTPP. 
KZUMcR_RUWQb QLhZRWPWX QZLh ZRQQ[LWZUTPb kRbDcUTPb 
ML 5 ZRyLVP� MTUx, VWL TR QU_LMTb�TPx MUTX DNLcTU 
DLk[LqTL DDPM^ ZRkDPWPb QZUMQWD QDbkP P DDUMUTPb 
scUhWZLTTL_L MUhcRZPZLDRTPb. �WLW QZLh PMURcXTL 
NLM�LMPW Mcb ZRQQ[LWZUTPb MLcqTLQWT�[ cPwL[ kR-
bDcUTPb P TUkR[UMcPWUcXTLx kR�PW� PTWUZUQLD NZR-
DLLycRMRWUcb. �R ZPQ. 4 NLhRkRTR ^c^V�UTTRb QPQWU[R 
WR[LqUTTL_L hLTWZLcb WLDRZLD, QLMUZqR�P� Ly�UhW� }$. 

J QLDZU[UTTLx LyQWRTLDhU QZLhP LWDUWT�� MUxQW-
DPx WR[LqUTT�� LZ_RTLD D LycRQWP kR�PW� }$ MLcq-
T� y�WX ^[UTX�UT�. KLQcU DTUQUTPb Pk[UTUTPx, NL 
TR�U[^ [TUTP�, yLcX�U NZRDLLycRMRWUcUx y^M^W 
LyZR�RWXQb D WR[LqUTT�U LZ_RT� Mcb kR�PW� QDLP� 
PTWUZUQLD, P yLcX�UU hLcPVUQWDL Ly�UhWLD }$ y^MUW 
DTUQUTL D WR[LqUTT�x ZUUQWZ. JDPM^ NZUMcLqUTPx L 
DDUMUTPP WR[LqUTTL_L QyLZR, LNPQRTTL_L D��U, sWL 
WRhqU NZPDUMUW h NZPDcUVUTP� MLNLcTPWUcXT�� 
QZUMQWD Mcb ZRkDPWPb QPQWU[� WR[LqUTTL_L hLTWZLcb 
Ly�UhWLD }$ P NLNLcTUTP� `UMUZRcXTL_L y�MqUWR. 

���"?0����. vU�UTPU NZUMQWRDcUTT�� D��U NZL-
ycU[ NLkDLcPW NLD�QPWX hRVUQWDUTT�x ^ZLDUTX ZRyL-
W� QPQWU[� WR[LqUTTL_L hLTWZLcb WLDRZLD, QLMUZ-
qR�P� Ly�UhW� }$.  

$PQWU[R WR[LqUTTL_L hLTWZLcb WLDRZLD, QLMUZ-
qR�P� Ly�UhW� }$, Q`LZ[PZLDRTR P `^ThwPLTPZ^UW. 
}[U�WQb NLcLqPWUcXT�U ZUk^cXWRW� D ZRyLWU WR[L-
qUTT�� LZ_RTLD D MRTTLx LycRQWP. KZP sWL[ DDPM^ 
NL-NZUqTU[^ D�QLhL_L ^ZLDTb hLTWZR`RhWTLQWP NZL-
M^hwPP, NUZU[U�RU[Lx VUZUk WR[LqUTT^� _ZRTPw^ 
lR[LqUTTL_L QL�kR, YUMUZRcXTRb WR[LqUTTRb Qc^qyR 
vY TU LQWRTRDcPDRUWQb TR MLQWP_T^WL[. KZLDUMb RTR-
cPk ZRyLW� WR[LqUTT�� LZ_RTLD, [LqTL ^DPMUWX 
QWZU[cUTPU h MRcXTUx�P[ MLNLcTUTPb[ P Pk[UTUTPb[ 
MRTTLx QPQWU[� Mcb MLQWPqUTPb yLcUU hZ^NT��  
P DRqT�� ZUk^cXWRWLD D hRVUQWDUTT�� P hLcPVUQWDUT-
T�� �RZRhWUZPQWPhR� ZRyLW� Yl$ D wUcL[ P QPQWU[� 
WR[LqUTTL_L hLTWZLcb WLDRZLD, QLMUZqR�P� Ly�UhW� 
PTWUccUhW^RcXTLx QLyQWDUTTLQWP, D VRQWTLQWP.  

KLcLqPWUcXT�U ZUk^cXWRW� ZRyLW� WR[LqUTT�� 
LZ_RTLD D LycRQWP kR�PW� }$ NLcLqPWUcXTL NLDcPb�W 
TR shLTL[Ph^ vY, R WRhqU QLQWRDbW NZPDcUhRWUcXT�x 
LyZRk TR�Ux QWZRT� D [UqM^TRZLMTL[ QLLy�UQWDU.   
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vPQ. 4. jQLDUZ�UTQWDLDRTTRb QPQWU[R WR[LqUTTL_L hLTWZLcb WLDRZLD,  
QLMUZqR�P� Ly�UhW� }$ 
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Reorganization of the rocker and space industry management, the penetration of the Russian enterprises in the 
commercial market and increase of federal funding were the key factors in the development of Russian rocket and space 
industry enterprises in the last decade. With the development of space technologies and the desire of mankind to 
commercialize space, Russia needs to develop global commercial market of space products and services to hold the 
lead in space industry. Obstacles for efficient capture of commercial markets is the lack of investment resources for the 
implementation of advanced and revolutionary projects, the lack of balance in the innovation and investment and the 
subsequent failure to complete product development in time. 
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This sets the problem of a proper choice of innovative projects, search for sources of investment and effective 
coordination of investment flows and stages of innovation. The study of theoretical positions in determining the nature 
of innovation and the innovation process, investments and the investment process has allowed to formulate the concept 
of innovation and investment in the rocket and space industry. Investigation of the features of Russian rocket and space 
industry enterprises helped to identify the key characteristics of their investment and innovation activities, so the 
balance was determined by the nature of the investment and innovation with regard to their specificity. This allowed to 
most accurately define the goal of balanced development of innovation and investment in the RCP, which is to increase 
the effectiveness of the company and capture of commercial markets through the introduction of a competitive 
innovative products and increasing the profitability of investments, as well as in the preservation of skills and effective 
and timely updating of production assets. It is concluded that the creation of a planning innovation and investment 
activity balance involves the development of approach, which will allow companies to harmonize the goals of the RCP 
and to provide structured performance. 

 
Keywords: innovative activity, investment activity, balance, rocket and space industry. 
    
)��/����. vURcPkRwPb D shLTL[PhU vLQQPxQhLx 

YUMUZRwPP [LMUcP PTTLDRwPLTTL_L ZRkDPWPb D[UQWU  
Q PQNLcXkLDRTPU[ WZRMPwPLTTL_L sTUZ_LQ�ZXUDL_L 
QUhWLZR NZUMNLcR_RUW QLkMRTPU TLD�� ^QcLDPx shLTL-
[PVUQhL_L ZLQWR, LQTLDRTT�� TR D�QLhLWU�TLcL_PV-
T�� LWZRQcb� shLTL[PhP P TRZR�PDRTPP VUcLDUVUQhL-
_L NLWUTwPRcR. JRqTLU kTRVUTPU D ZU�UTPP sWLx kRMR-
VP P[UUW ZRhUWTL-hLQ[PVUQhRb NZL[��cUTTLQWX 
(vzK), LycRMR��Rb D�QLhLx TR^hL�[hLQWX� P QUZX�k- 
T�[ PTTLDRwPLTT�[ NLWUTwPRcL[.  

vRhUWTL-hLQ[PVUQhRb NZL[��cUTTLQWX QU_LMTb – 
sWL LhLcL 100 NZUMNZPbWPx, 48 Pk hLWLZ�� Ly�UMPTU-
T� D 10 PTWU_ZPZLDRTT�� QWZ^hW^Z. �R NZUMNZPbWPb� 
vzK kRTbWL LhLcL 300000 VUcLDUh. $ZUMTPx DLkZRQW 
PTqUTUZTL-WU�TPVUQhP� QLWZ^MTPhLD NZUD��RUW 45 cUW, 
NZP sWL[ D TR^VT�� LZ_RTPkRwPb� MLQWP_RUW P 60.  
�QTLDT�U `LTM� PQWL�UT�, LyLZ^MLDRTPb [cRM�U  
10 cUW – [UTUU 10 % [1]. �UQ[LWZb TR TUhLWLZ�U TU_R-
WPDT�U `RhW�, vzK TR MRTT�x [L[UTW – sWL cPMUZ  
D PTTLDRwPLTT�� WU�TLcL_Pb� QWZRT�, LQTLDTLx NL-
QWRD�Ph TR^hL�[hP� P WU�TPVUQhP QcLqT�� PkMUcPx. 
vLQQPb NZLMLcqRUW LQWRDRWXQb DUM^�Ux hLQ[PVUQhLx 
MUZqRDLx, QLDUZ�Rb yLcX�U DQU_L N^QhLD ZRhUW-
TLQPWUcUx D _LM P LQ^�UQWDcbb PTWUTQPDT^� hLQ[P-
VUQh^� MUbWUcXTLQWX. �MTRhL QWLPW LW[UWPWX, VWL TR 
[PZLDL[ hL[[UZVUQhL[ Z�ThU (PQhc�VRb N^QhLD�U 
^Qc^_P) MLcb LWUVUQWDUTT�� NZUMNZPbWPx QLQWRDcbUW 
0,6 %, VWL QDbkRTL Q Ly�Ux TUZRkDPWLQWX� LWUVUQW-
DUTTLx scUhWZLTTLx P hL[NLTUTWTLx yRk�, TPkhP[ 
^ZLDTU[ scUhWZLTPhP Space P Military, TRcPVPU[ hRVU-
QWDUTT�� P kRVRQW^� yLcUU MU��D�� NZUMcLqUTPx  
QL QWLZLT� [TL_LVPQcUTT�� hLTh^ZUTWLD [2]. �cb 
^QNU�TL_L NLhLZUTPb hL[[UZVUQhL_L hLQ[PVUQhL_L 
Z�ThR, LNUZUqR��U_L ZLQWR LWZRQcP P ^QWZRTUTPb 
TUMLQWRWhLD Q^�UQWD^��P� WU�TLcL_Px NZUMNZPbWPb 
ZRhUWTL-hLQ[PVUQhLx NZL[��cUTTLQWP MLcqT� TU-
NZUZ�DTL QLkMRDRWX PTTLDRwPLTT�U kRMUc� TR^VTL-
WU�TPVUQhL_L, WU�TLcL_PVUQhL_L �RZRhWUZR P NLQWLbT-
TL QLDUZ�UTQWDLDRWX NZLPkDLMP[^� NZLM^hwP�.  

�UNZUZ�DT�x PTTLDRwPLTT�x NZLwUQQ WZUy^UW 
Rhh^[^cPZLDRTPb kTRVPWUcXTL_L Ly��[R ZUQ^ZQLD. JL 
DZU[UTR $$$v vzK NLcTLQWX� `PTRTQPZLDRcRQX kR 
QV�W _LQ^MRZQWDR. $ NZP�LML[ hRNPWRcPk[R Q^�UQW-
D^��Rb NRZRMP_[R ^NZRDcUTPb P `PTRTQPZLDRTPb 
hLQ[PVUQhLx LWZRQcP Pk[UTPcRQX: WUNUZX yLcX�Rb 
VRQWX QR[LQWLbWUcXT�� ZRkZRyLWLh NZUMNZPbWPx vzK 
`PTRTQPZ^UWQb kR QV�W QLyQWDUTT�� QZUMQWD, NLc^-

VRU[�� kR QV�W ZURcPkRwPP NZLPkDLMP[Lx NZLM^hwPP 
P ^Qc^_, VWL QWRDPW NZUMNZPbWPU NUZUM TUc�_hP[ D�-
yLZL[ ZRQNZUMUcUTPb L_ZRTPVUTT�� PTDUQWPwPLTT�� 
ZUQ^ZQLD NL PTTLDRwPLTT�[ NZLUhWR[.  

lRhP[ LyZRkL[, MPQyRcRTQ T�TU�TU_L QLQWLbTPb 
ZRhUWTL-hLQ[PVUQhLx NZL[��cUTTLQWP P QLDZU[UT-
T�� WZUyLDRTPx h TUx NZPDLMPW h WL[^, VWL LyUQNUVU-
TPU QyRcRTQPZLDRTTL_L ZRkDPWPb PTTLDRwPLTTLx  
P PTDUQWPwPLTTLx MUbWUcXTLQWP TR NZUMNZPbWPb�  
ZRhUWTL-hLQ[PVUQhLx NZL[��cUTTLQWP bDcbUWQb  
RhW^RcXTLx TR^VTLx kRMRVUx, ZU�UTPU hLWLZLx P[UUW 
DRqTLU TRZLMTL-�LkbxQWDUTTLU kTRVUTPU. �WL TU WLcX-
hL NLMMUZqRTPU LyLZLTLQNLQLyTLQWP QWZRT�,  
TL P ^DUcPVUTPU MLcP LWUVUQWDUTT�� NZUMNZPbWPx TR 
[UqM^TRZLMT�� hL[[UZVUQhP� Z�ThR� hLQ[PVUQhLx 
NZLM^hwPP P ^Qc^_.  

KZP NcRTPZLDRTPP QyRcRTQPZLDRTTL_L ZRkDPWPb 
PTDUQWPwPLTTLx P PTTLDRwPLTTLx MUbWUcXTLQWP ZR-
hUWTL-hLQ[PVUQhLx NZL[��cUTTLQWP DRqTL V�WhL 
LNZUMUcPWX, VWL WRhLU PTTLDRwPLTTRb MUbWUcXTLQWX  
P PTDUQWPwPLTTRb MUbWUcXTLQWX, R WRhqU, VWL LkTRVRUW 
P� QyRcRTQPZLDRTTLQWX. 

�%]��+�' ������� «��������#». JNUZD�U WUZ-
[PT «PTTLDRwPb» DQWZUVRUWQb DL `ZRTw^kQhL[ bk�hU  
D hLTwU ¾III DUhR, D RT_cPxQhL[ – D ¾VI DUhU P LNZU-
MUcbUW NLbDcUTPU TLD�UQWD D QLwPRcXTL-h^cXW^ZT�� 
Q`UZR� MUbWUcXTLQWP. J TRVRcU XX D. WUZ[PT «PTTL-
DRwPb» y�c DLQNZPTbW shLTL[PVUQhLx TR^hLx. ]LcX-
�Lx DhcRM D ZRkDPWPU sWL_L NLTbWPb DTUQcP kRZ^yUq-
T�U shLTL[PQW� �. zLTMLZQU, z. ~RZhQ, �. vPhRZML, 
�. $[PW [3–6]. $^�TLQWX PTTLDRwPx �. zLTMLZQs 
LyLkTRVPc hRh DkRP[LQDbkX TR^hP P NZL[��cUTTLQWP, 
D[UQWU Q sWP[ �. vPhRZML PQQcUMLDRc DLkMUxQWDPU PT-
TLDRwPx D ZRkDPWPP kU[cUMUcPb, z. ~RZhQ qU D 3 WL[U 
«zRNPWRcR» ZRQQ[RWZPDRUW PTTLDRwPP hRh TRNZRDcUT-
TLU «^MU�UDcUTPU scU[UTWLD NLQWLbTTL_L hRNPWRcR». 
zRh shLTL[PVUQh^� hRWU_LZP� WUZ[PT «PTTLDRwPb» 
DDUc D TR^VT�x LyLZLW û. Ã^[NUWUZ [7]. J 1912 _LM^ 
D QDLUx ZRyLWU «lULZPb shLTL[PVUQhL_L ZRkDPWPb» 
NLM NLTbWPU[ «PTTLDRwPb» LT NLTP[RUW DDUMUTPU 
TLD�� NZLwUQQLD, LWhZ�WPU TLD�� Z�ThLD, DDUMUTPU 
TLD�� LZ_RTPkRwPLTT�� `LZ[; yLcUU WL_L, LT QDbk�-
DRUW sWL NLTbWPU Q yPkTUQL[. $WLPW LW[UWPWX, VWL LN-
ZUMUcUTPU, MRTTLU Ã^[NUWUZL[, TU bDcbUWQb PQVUZ-
N�DR��P[. J shLTL[PVUQhLx cPWUZRW^ZU, hRh LWUVU-
QWDUTTLx, WRh P kRZ^yUqTLx, Q^�UQWD^UW [TLqUQWDL 
WZRhWLDLh NLTbWPb «PTTLDRwPb», VWL LkTRVRUW LWQ^W-
QWDPU UMPTLx WUZ[PTLcL_PP D sWLx LycRQWP. uRVRQW^� 
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RDWLZ� DhcRM�DR�W ZRkcPVT�x Q[�Qc D NLTbWPU «PT-
TLDRwPP». KZPDUMUTT�U D WRyc. 1 LNZUMUcUTPb Q`LZ-
[PZLDRcP `^TMR[UTWRcXT�U LQTLD� WULZPP PTTLDRwPx. 

$ ZRkDPWPU[ TR^hP ZRQ�PZbcPQX P _ZRTPw� NLkTR-
TPb Q^�TLQWP PTTLDRwPLTTLx MUbWUcXTLQWP. �RPyL-
cUU NLcT�U LNZUMUcUTPb NLbDcb�WQb DL DWLZLx NLcL-
DPTU XX DUhR, hL_MR WUZ[PT «PTTLDRwPP» Pk^VRcP 
WRhPU ^V�T�U-shLTL[PQW�, hRh �. zLxZU, K. uRDcPT, 
�. }. �RNPT, ]. $RTWL, v. �. YRW�^MMPTLD, VXP [TUTPb 
LWZRqUT� D WRyc. 2. 

�TRcPkPZ^b D��UPkcLqUTT�U [TUTPb, [LqTL QMU-
cRWX D�DLM, VWL PTTLDRwPb – sWL ZUk^cXWRW hRVUQWDUT-
TL_L Pk[UTUTPb, DLkTPhR��Px ycR_LMRZb DTUMZUTP� 
TLD�� WU�TLcL_Px, PkMUcPx, TRNZRDcUTT�x TR ^MLDcU-
WDLZUTPU NLWZUyTLQWUx P MR��Px NLcUkT�x shLTL[P-
VUQhPx s``UhW. }TTLDRwPb TU [LqUW y�WX NZLwUQQL[, 
NLQhLcXh^ DTUMZUTPU TLD�UQWD P[UUW QDLUx wUcX� 
NLc^VUTPU hLTUVTL_L ZUk^cXWRWR, c^V�U ^MLDcUWDL-
Zb��U_L ZRkcPVT�U Ly�UQWDUTT�U NLWZUyTLQWP. }T-
TLDRwPLTT�x NZLwUQQ qU Dhc�VRUW D QUyb DQU QWRMPP 
ZRkZRyLWhP P QLkMRTPb TLDL_L NZLM^hWR PcP WU�TLcL-
_PP LW PMUP ML P� NZRhWPVUQhL_L PQNLcXkLDRTPb,  
R PTTLDRwPLTTRb MUbWUcXTLQWX – sWL TRPyLcUU Ly�UU 
LNZUMUcUTPU, hLWLZLU [LqUW Dhc�VRWX D QUyb TU-
QhLcXhL PTTLDRwPLTT�� NZLwUQQLD. 

�RPyLcUU NLcT�[ Mcb NZUMNZPbWPx ZRhUWTL-
hLQ[PVUQhLx NZL[��cUTTLQWP NZUMQWRDcbUWQb LNZU-

MUcUTPU PTTLDRwPLTTLx MUbWUcXTLQWP hRh MUbWUcXTL-
QWP, NZUMNLcR_R��Ux hL[NcUhQ LZ_RTPkRwPLTT��, 
`PTRTQLD��, TR^VT�� P WU�TLcL_PVUQhP� [UZLNZPb-
WPx, TRNZRDcUTT�� TR NLPQh P ZRkZRyLWh^ NUZQNUh-
WPDT�� PMUx, R WRhqU DTUMZUTPU P hL[[UZwPRcPkRwP� 
ZUk^cXWRWLD NZLDUM�TT�� PQQcUMLDRTPx Mcb ^c^V�U-
TPb NLWZUyPWUcXQhP� QDLxQWD D�N^QhRU[Lx NZLM^h-
wPP P WU�TLcL_PP U� Pk_LWLDcUTPb, Q NLQcUM^��P[ 
DTUMZUTPU[ P ZURcPkRwPUx TR hL[[UZVUQhP� Z�ThR�. 

�%]��+�' ������� «����+����#». lUZ[PT «PT-
DUQWPwPb» NZLPQ�LMPW LW cRWPTQhL_L �nvest, VWL LkTR-
VRUW «DhcRM�DRWX». }TTLDRwPLTTRb MUbWUcXTLQWX WUQ-
TL QDbkRTR Q PTDUQWPwPb[P, NLQhLcXh^ WZRTQ`LZ[RwPb 
PMUP D hLTUVT�x NZLM^hW TRNZb[^� kRDPQPW LW hRNP-
WRcXT�� DcLqUTPx. zRh P D Qc^VRU Q PTTLDRwPb[P,  
D WLchLDRTPP MRTTL_L WUZ[PTR QcUM^UW LW[UWPWX Q^-
�UQWDUTT�U ZRkcPVPb, ML QP� NLZ TU ZRkZRyLWRTL ^TP-
DUZQRcXTLU LNZUMUcUTPU, hLWLZLU y� ^MLDcUWDLZbcL 
NLWZUyTLQWb[ hRh WULZPP, WRh P NZRhWPhP. vRkDPWPU 
Z�TLVT�� LWTL�UTPx D vLQQPP P NLbDcUTPU ZRyLW 
kRNRMT�� RDWLZLD TR Z^QQhL[ bk�hU NLDcPbcL TR �P-
ZLhLU ZRQNZLQWZRTUTPU WUZ[PTR «PTDUQWPwPP» D LWU-
VUQWDUTTLx TR^hU. �cb WL_L, VWLy� Q`LZ[^cPZLDRWX 
LNZUMUcUTPU PTDUQWPwPx D TRPyLcUU LyLy��TTL[  
DPMU, NZLRTRcPkPZ^U[ ZRkcPVT�U LWUVUQWDUTT�U  
P kRZ^yUqT�U PQWLVTPhP (WRyc. 3). 
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�DWLZ $LMUZqRTPU LNZUMUcUTPb 

�. zLTMLZQU  lU�TLcL_PVUQhPU TLD�UDQWDR, NLbDcb��PUQb kR QV�W TR^hP, QNLQLyT�U ^QhLZPWX U� NZL_ZUQQ 

z. ~RZhQ 
}TTLDRwPP, D�QDLyLqMR��PU LQTLDTLx hRNPWRc, LNZUMUcb�WQb hRh c�yLU ^QLDUZ�UTQWDLDRTPU, 
NLkDLcb��UU ZRQ�PZPWX TRyLZ DQNL[L_RWUcXT�� PTQWZ^[UTWLD, QLhZRWPWX TULy�LMP[^� ZRyLV^� 
NcL�RMX cPyL NZLMcPWX QZLh Qc^qy� [R�PT P LyLZ^MLDRTPb 

�. vPhRZML 

�LD�UQWDR, QyUZU_R��PU hRNPWRc P WZ^M, hLWLZ�U QLhZR�R�W MLk� hRNPWRcR P WZ^MR, WZUy^��PU-
Qb Mcb NZLPkDLMQWDR MRTTL_L Ly�U[R D�N^QhR TR MRTTLx NcL�RMP kU[cP, WRhPU hRh «^c^V�UTPb D 
kU[cUMUcXVUQhP� LZ^MPb�... shLTL[Pb D PQNLcXkLDRTPP cL�RMUx D QUcXQhL[ �LkbxQWDU, c^V�UU 
kTRhL[QWDL Q DUWUZPTRZT�[ PQh^QQWDL[» 

�. $[PW 
�LD�U WU�TLcL_PP, TRPyLcUU s``UhWPDT�[ QNLQLyL[ ^MLDcUWDLZb��PU DTLDX DLkTPhR��PU NL-
WZUyTLQWP 

û. Ã^[NUWUZ  
}TTLDRwPP – TLD�U hL[yPTRwPP NZLPkDLMQWDUTT�� `RhWLZLD, [LWPDPZLDRTT�U NZUMNZPTP[R-
WUcXQhP[ M^�L[, Q wUcX� DTUMZUTPb P PQNLcXkLDRTPb TLD�� DPMLD WLDRZLD, TLD�� QNLQLyLD P [U-
WLMLD NZLPkDLMQWDR, TLD�� PQWLVTPhLD Q�ZXb, LQDLUTPb TLD�� Z�ThLD 
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�DWLZ $LMUZqRTPU LNZUMUcUTPb 

�. zLxZU }TTLDRwPb – ZRkDPWPU PMUP D TLD�x PcP ^c^V�UTT�x NZLM^hW PcP NZLPkDLMQWDUTT�x NZLwUQQ, 
NLcXk^��PxQb QNZLQL[ TR Z�ThU 

K. uRDcPT [8] }TTLDRwPb – PQNLcXkLDRTPU D WLx PcP PTLx Q`UZU Ly�UQWDR ZUk^cXWRWLD TR^VTLx MUbWUcXTLQWP, 
TRNZRDcUTT�� TR QLDUZ�UTQWDLDRTPU NZLPkDLMQWDUTT�� P MZ^_P� NZLwUQQLD 

�. }. �RNPT [9] }TTLDRwPb – hL[NcUhQT�x NZLwUQQ, [LWPDPZLDRTT�x TR [RhQP[RcXTLU ZRQNZLQWZRTUTPU TLD�U-
QWDR P ^MLDcUWDLZUTPU VUZUk TU_L TLDLx PcP ^qU Q^�UQWD^��Ux NLWZUyTLQWP 

]. $RTWL }TTLDRwPb – sWL WU�TPVUQhL-shLTL[PVUQhPx NZLwUQQ, hLWLZ�x NZPDLMPW VUZUk NZRhWPVUQhLU PQ-
NLcXkLDRTPU PMUx P PkLyZUWUTPx h QLkMRTP� ^c^V�UTT�� WU�TLcL_Px, DU�Ux 

v. �. YRW�^MMPTLD [10] 
}TTLDRwPb – sWL hLTUVT�x ZUk^cXWRW DTUMZUTPb TLD�UQWDR Q wUcX� Pk[UTUTPb Ly�UhWR ^NZRDcU-
TPb P NLc^VUTPb shLTL[PVUQhL_L, QLwPRcXTL_L, shLcL_PVUQhL_L, TR^VTL-WU�TPVUQhL_L PcP MZ^_L-
_L DPMR s``UhWR 
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�DWLZ $LMUZqRTPU LNZUMUcUTPb 

�q. zUxTQ  
}DUQWPwPP – sWL WUh^�Px NZPZLQW wUTTLQWUx hRNPWRcXTL_L P[^�UQWDR D ZUk^cXWRWU NZLPkDLMQW-
DUTTLx MUbWUcXTLQWP MRTTL_L NUZPLMR, VRQWX ML�LMR kR MRTT�x NUZPLM, hLWLZRb TU y�cR PQNLcX-
kLDRTR Mcb NLWZUycUTPb 

�q. �L^TQ 
}TDUQWPwPP – sWL PQNLcXkLDRTPU hRNPWRcR Q wUcX� NLc^VUTPb MLNLcTPWUcXT�� QZUMQWD cPyL 
N^WU[ DcLqUTPb D NZPDcUhRWUcXT�U PTDUQWPwPLTT�U NZLUhW� (ML�LMT�U NZUMNZPbWPb), cPyL 
Q NL[L�X� ^VRQWPb D ZPQhLDRTTL[ (DUTV^ZTL[) NZLUhWU, TRNZRDcUTTL[ TR NLc^VUTPU NZPy�cP 

�. $[PW }TDUQWPwPP – NZLwUQQ TRhLNcUTPb hRNPWRcR, QDbkRTT�x Q `LZ[PZLDRTPU[ ML�LMLD 

]. ~. �RTPcP�PT,  
J. I. YUMLZUThL [11] 

}TDUQWPwPP – sWL kRWZRW� QZUMQWD, VRQWX ML�LMR, hLWLZRb PQNLcXk^UWQb TU TR WUh^�UU NLWZUycU-
TPU, R TR DLQNZLPkDUMUTPU DQU_L Ly�UQWDUTTL_L P PTMPDPM^RcXTL_L hRNPWRcR, hLTUVTLx wUcX� 
hLWLZ�� bDcbUWQb NLc^VUTPU TLD��, yLcUU D�QLhP� ML�LMLD PcP QLwPRcXTL_L s``UhWR D y^M^-
�U[ 

Ì. $. ~UZh^cLD 
$ `PTRTQLDLx P shLTL[PVUQhLx WLVUh kZUTPb PTDUQWPZLDRTPU [LqUW y�WX LNZUMUcUTL hRh MLc-
_LQZLVTLU DcLqUTPU shLTL[PVUQhP� ZUQ^ZQLD Q wUcX� QLkMRTPb P NLc^VUTPb VPQWLx NZPy�cP D 
y^M^�U[, NZUD��R��Ux Ly�^� TRVRcXT^� DUcPVPT^ PTDUQWPwPx 

~. ç. ~RhLDUwhPx [12] 
}TDUQWPwPP – sWL DcLqUTPb QyUZUqUTPx DQU� ^VRQWTPhLD shLTL[PVUQhLx QPQWU[� hRh D Ly�UhW� 
NZUMNZPTP[RWUcXQhLx P MZ^_P� DPMLD MUbWUcXTLQWP, WRh P D wUTT�U y^[R_P P PT�U RhWPD� 
Q wUcX� PkDcUVUTPb ML�LMR (NZPy�cP) PcP MLQWPqUTPb NLcLqPWUcXTL_L (QLwPRcXTL_L) s``UhWR 

 
zRh DPMTL, yLcX�PTQWDL RDWLZLD D hRVUQWDU PTDU-

QWPwPLTT�� ZUQ^ZQLD ZRQQ[RWZPDR�W WLcXhL MUTUq-
T�U QZUMQWDR. �L hRNPWRc [LqUW PTDUQWPZLDRWXQb P D 
MZ^_P� `LZ[R�, TRNZP[UZ, D DPMU PTWUccUhW^RcXTLx 
QLyQWDUTTLQWP, LyLZ^MLDRTPb, MDPqP[L_L P TUMDPqP-
[L_L P[^�UQWDR, wUTT�� y^[R_, TU[RWUZPRcXT�� Rh-
WPDLD. lRhqU TU DL DQU� LNZUMUcUTPb� D�MUcbUWQb  
P ZUk^cXWRWPDTLQWX DcLqUTPx. vUk^cXWRWL[ PTDUQWP-
ZLDRTPb [LqUW y�WX TU WLcXhL NZPy�cX, TL P, TRNZP-
[UZ, NLc^VUTPU NLcLqPWUcXTL_L QLwPRcXTL_L, shLcL-
_PVUQhL_L PcP NLcPWPVUQhL_L s``UhWR. lRhP[ LyZR-
kL[, ^VPW�DRb ^hRkRTT�U kR[UVRTPb, PTDUQWPwPLTTRb 
MUbWUcXTLQWX NZUMNZPbWPx vzK – sWL McPWUcXT�x  
P TUNZUZ�DT�x NZLwUQQ DcLqUTPb `PTRTQLDL_L, PT-
WUccUhW^RcXTL_L P MZ^_L_L hRNPWRcR D PTTLDRwPLTT�U 
P PT�U NZLUhW�, D [LMUZTPkRwP� P LyTLDcUTPU LQ-
TLDT�� `LTMLD Q wUcX� NLc^VUTPb ML�LMR cPyL DTU-
shLTL[PVUQhL_L s``UhWR D y^M^�U[, TUQ^�Px D QUyU 
scU[UTW ZPQhR. 

�%]��+�' ���#��# «+D�"��+��������+�'». }Q-
�LMb Pk Q`LZ[^cPZLDRTT�� D��U LNZUMUcUTPx PTTL-
DRwPLTTLx P PTDUQWPwPLTTLx MUbWUcXTLQWP D hLTWUh-
QWU NZUMNZPbWPx ZRhUWTL-hLQ[PVUQhLx NZL[��cUTTL-
QWP, [LqTL NUZUxWP h `LZ[^cPZLDRTP� hLTwUNwPP P� 
QyRcRTQPZLDRTTLQWP. �cb sWL_L TULy�LMP[L MRWX LN-
ZUMUcUTPU NLTbWPb QyRcRTQPZLDRTTLQWP P ZRQQ[LWZUWX 
QNUwP`Ph^ NZUMNZPbWPx ZRhUWTL-hLQ[PVUQhLx NZL-
[��cUTTLQWP. 

}_LZX �TQL`` U�� D 1979 _. D QDLUx ZRyLWU ZRQ-
Q[RWZPDRc NLTbWPU «QyRcRTQPZLDRTTLQWX» DL DZU[b 
QLkMRTPb [LMUcP DTU�TUx QZUM�. ~LMUcX �TQL``R 
P[UUW _ZRMRwP� Pk NbWP ^ZLDTUx: LW QcRyL_L P cU_hL-
NZL_TLkPZ^U[L_L ^ZLDTb h Pk[UTVPDL[^ P QcLqTL-
NZL_TLkPZ^U[L[^. KL U_L [TUTP�, Mcb hRqML_L Pk 
sWP� ^ZLDTUx [LqTL NLMLyZRWX WRh^� hL[yPTRwP� 
QWZRWU_PVUQhP� scU[UTWLD, NZP hLWLZLx ^QNU� `PZ[� 
y^MUW LNWP[RcUT Q NLkPwPP kRWZRW�/ML�LM/DZU[b. �WL 
P y^MUW QyRcRTQPZLDRTTLU ZRkDPWPU hL[NRTPP. lRqU, 
NL [TUTP� ^VUTL_L, QyRcRTQPZLDRTTLQWX D hLTWUhQWU 
QWZRWU_PVUQhL_L NcRTPZLDRTPb – sWL LyUQNUVUTPU TU-

NZUZ�DTL_L ZLQWR P NZPy�cXTLQWP `PZ[� N^W�[ 
^c^V�UTPb QLVUWRU[LQWP qPkTUTT�� wPhcLD QNZLQR P 
WU�TLcL_PP. �VUDPMTL, VWL }. �TQL`` LNZUMUcbUW 
QyRcRTQPZLDRTTLQWX hRh LNWP[RcXTLQWX DT^WZP`PZ-
[UTT�� NZLwUQQLD, DUM^�P� h [RhQP[PkRwPP s``Uh-
WPDTLQWP MUbWUcXTLQWP hL[NRTPP.  

$. �. z^kTUwLD D yLcX�L[ WLchLDL[ QcLDRZU Z^Q-
QhL_L bk�hR ZRQhZ�DRUW QyRcRTQPZLDRTTLQWX QcUM^�-
�P[ LyZRkL[: QyRcRTQPZLDRTTLQWX – sWL QLLWTL�UTPU 
DkRP[TL Ly^QcLDcUTT�� VRQWUx, scU[UTWLD, LyUQNUVP-
DR��UU TLZ[RcXTLU Q^�UQWDLDRTPU, `^ThwPLTPZLDR-
TPU, ZRyLW^ VU_L-cPyL. 

J. ~. vbyLD NLM QyRcRTQPZLDRTTLQWX� NLTP[RUW 
NZLNLZwPLTRcXTLU ZRkDPWPU DQU� QWZ^hW^ZT��  
scU[UTWLD NZUMNZPbWPb, LyUQNUVPDR��UU ZU�UTPU  
NLQWRDcUTT�� NUZUM NZUMNZPbWPU[ kRMRV [13]. 

v. zRNcRT P �. �LZWLT, ZRkZRyRW�DRb [UWLMPh^ 
QyRcRTQPZLDRTTLx QPQWU[� NLhRkRWUcUx, LNZUMUcPcP 
QyRcRTQPZLDRTTLQWX hRh yRcRTQ [UqM^ `PTRTQLD�[P 
P TU`PTRTQLD�[P PTMPhRWLZR[P ^QNU�R, [UqM^ DT^W-
ZUTTP[P P DTU�TP[P hL[NLTUTWR[P LZ_RTPkRwPP, 
[UqM^ kRNRkM�DR��P[P P LNUZUqR��P[P PTMPhRWL-
ZR[P [14]. 

�QTLD�DRbQX TR NZPDUM�TT�� D��U LNZUMUcUTPb�, 
[LqTL NUZUxWP h RTRcPk^ QyRcRTQPZLDRTTLQWP D hLT-
WUhQWU PTTLDRwPLTTL-PTDUQWPwPLTTLx MUbWUcXTLQWP 
NZUMNZPbWPx. zRh LNWP[RcXTLU QLVUWRTPU PTDUQWPwPx 
D ZRkZRyLWh^ NLsWRNT��, NZLZ�DT�� P ZRMPhRcXT�� 
ZU�UTPx TR DQU� TRNZRDcUTPb� PTTLDRwPLTTLx MUb-
WUcXTLQWP NLTP[R�W QyRcRTQPZLDRTTLQWX �. ~RhTR-
[RZR, �. �RxLTQ P ¶. �ZcLDQhPx [15]. �W[UWP[, VWL 
WRhRb NLkPwPb LNZRDMRTTR, NLQhLcXh^ QyRcRTQPZLDRT-
TLQWX PTTLDRwPLTTLx P PTDUQWPwPLTTLx MUbWUcXTLQWP 
NZUMNZPbWPb WZUy^UW, DL-NUZD��, LNZUMUcUTPb TRPyL-
cUU s``UhWPDT�� TRNZRDcUTPx ZURcPkRwPP wUcUx PT-
DUQWPZLDRTPb NZP D�yLZU Ly�UhWLD PTTLDRwPLTTLx 
MUbWUcXTLQWP, R DL-DWLZ��, LNZUMUcUTPb MLQWRWLVTL_L 
Ly��[R WZUy^U[�� PTDUQWPwPLTT�� ZUQ^ZQLD.  

lRhP[ LyZRkL[, [LqTL QMUcRWX D�DLM L WL[, VWL 
QyRcRTQPZLDRTTLQWX PTDUQWPwPLTTLx P PTTLDRwPLTTLx 
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MUbWUcXTLQWP TR NZUMNZPbWPP MLQWP_RUWQb kR QV�W QL-
_cRQLDRTPb P DkRP[LLy^QcLDcUTTLQWP PTTLDRwPLTT�� 
P PTDUQWPwPLTT�� NZLwUQQLD, D�ZRqR��P�Qb D LNWP-
[RcXTL[ D�yLZU hL[yPTRwPP PTTLDRwPLTT�� NZLUh-
WLD P WZUy^U[�� PTDUQWPwPLTT�� ZUQ^ZQLD, LWDU-
VR��P� DLk[LqTLQWb[ P wUcb[ NZUMNZPbWPb. 

�+�D����+�� ����+��������-������������>� 
�����++� �� ���/���#��#2 ���. ~� ZRQQ[LWZUcP 
NLTbWPU QyRcRTQPZLDRTTL_L ZRkDPWPb PTTLDRwPLTTLx 
P PTDUQWPwPLTTLx MUbWUcXTLQWP. KUZUM WU[ hRh Q`LZ-
[^cPZLDRWX QyRcRTQPZLDRTTLQWX D hLTWUhQWU ZRhUWTL-
hLQ[PVUQhLx NZL[��cUTTLQWP, TULy�LMP[L LNZUMU-
cPWX QNUwP`PVUQhPU LQLyUTTLQWP PTDUQWPwPLTTLx  
P PTTLDRwPLTTLx MUbWUcXTLQWP D sWLx LWZRQcP.  

}QWLZPVUQhP QcLqPcRQX QPW^RwPb, D hLWLZLx LWU-
VUQWDUTT�U NZUMNZPbWPb vzK LQ^�UQWDcb�W MUbWUcX-
TLQWX NL NZLPkDLMQWD^ TR^hL�[hLx P ZUQ^ZQL�[hLx 
NZLM^hwPP D ^QcLDPb� TU�DRWhP `PTRTQLD�� ZUQ^Z-
QLD. JL DZU[UTR $$$v TU y�cL TULy�LMP[LQWP y�WX 
hLTh^ZUTWLQNLQLyT�[P TR DT^WZUTTU[ Z�ThU: NZUM-
NZPbWPb NLcTLQWX� `PTRTQPZLDRcPQX Pk _LQ^MRZQW-
DUTTL_L y�MqUWR P ZRyLWRcP TRM Ly�P[P kRMRVR[P  
P NZLycU[R[P. KLQcU ZRQNRMR $LDUWQhL_L $L�kR `P-
TRTQPZLDRTPU ZUkhL QLhZRWPcLQX, R ^ vzK DLkTPhcR 
TULy�LMP[LQWX D��LMR TR hL[[UZVUQhPU Z�ThP, D�-
MUZqPDRWX hLTh^ZUTWT^� yLZXy^ TR hLWLZ�� LTR y�cR 
TU _LWLDR. YUMUZRcXT�U wUcUD�U NZL_ZR[[� `PTRT-
QPZ^�W hLThZUWT�U NZLUhW�, ZUMhL LWTLQb�PUQb  
h hL[[UZVUQhP[, D QDbkP Q VU[ NZUMNZPbWPb vzK D�-
T^qMUT� ZRkZRyRW�DRWX TLD�U WU�TLcL_PP P PkMUcPb, 
R WRhqU [LMUZTPkPZLDRWX _ZRqMRTQh^� NZLM^hwP� kR 
QV�W NZPy�cP, NLc^VUTTLx LW ZURcPkRwPP LQDLUTT�� 
�}�zv.  

z QNUwP`PhU vzK LWTLQPWQb P QWZL_Rb kRDPQP-
[LQWX LW QZLhLD ZURcPkRwPP PTTLDRwPLTT�� NZLUhWLD. 
�WL Ly�bQTbUWQb WU[, VWL NZLM^hwPb NZLPkDLMPWQb  
D WUVUTPU McPWUcXTL_L QZLhR, NZLM^hwPb �W^VTRb,  
P, hRh NZRDPcL, U� ZURcPkRwPb P[UUW kRDPQP[LQWX  
LW _ZR`PhR N^QhR ZRhUW-TLQPWUcUx. �WL LVUTX DRqTL, 
NLQhLcXh^ NZLQZLVhR D sWLx Q`UZU DcUVUW L_ZL[T�U 
^y�WhP Mcb kRhRkVPhR, D QDbkP Q VU[ Q^MUyT�U PQhP  
h NZUMNZPbWPb[ vzK, MLN^QWPD�P[ kRMUZqh^, [L_^W 
MLQWP_RWX [PccPRZMLD Z^ycUx. lRhqU NZLQZLVhR LkTR-
VRUW QUZX�kT�U ZUN^WRwPLTT�U NLWUZP, VWL D ^QcLDPb� 
QPcXTLx hLTh^ZUTwPP TR hL[[UZVUQhL[ Z�ThU [LqUW 
NZPDUQWP h TULyZRWP[�[ NLQcUMQWDPb[.  

�R NZUMNZPbWPb� vzK P[UUW [UQWL MP``^kPb PT-
TLDRwPx. KZLM^hwPb, ZRkZRyLWRTTRb P NZLPkDUM�TTRb 
NL kRhRk^ ~PTLyLZLT� vY, VRQWPVTL [LqUW NUZUhL-
VUDRWX D _ZRqMRTQh^� Q`UZ^ P NLc^VPWX D��LM TR 
hL[[UZVUQhPx Z�TLh. $WRTMRZWT�x qPkTUTT�x wPhc 
PTTLDRwPP TR NZUMNZPbWPP vzK D�_cbMPW QcUM^�-
�P[ LyZRkL[: 

– DLkTPhTLDUTPU PMUP; 
– `^TMR[UTWRcXT�U P NZPhcRMT�U PQQcUMLDRTPb; 
– hLTQWZ^hWLZQhPU ZRyLW�; 
– cRyLZRWLZT�U P QWUTMLD�U PQN�WRTPb; 
– NUZULyLZ^MLDRTPU NZLPkDLMQWDR; 
– NZLPkDLMQWDL PTTLDRwPLTTLx NZLM^hwPP; 
– ZURcPkRwPb PTTLDRwPLTTLx NZLM^hwPP. 
JL DZU[b MP``^kPP DLUTTLx ZRkZRyLWhP D _ZRq-

MRTQhPx QUhWLZ `RhWPVUQhPx qPkTUTT�x wPhc WRhLx 
PTTLDRwPP QLhZR�RUWQb TR QWRMP� �}�zv, NLQhLcX-
h^ TUW TULy�LMP[LQWP PTDUQWPZLDRWX QLyQWDUTT�U 
QZUMQWDR NZUMNZPbWPb D sWLW McPWUcXT�x NZLwUQQ, 

QZUMQWDR TRNZRDcb�WQb cP�X TR MLZRyLWh^ WRhLx NZL-
M^hwPP NLM _ZRqMRTQhPU T^qM�.  

�MTLx Pk QR[�� _cRDT�� LQLyUTTLQWUx MUbWUcXTL-
QWP NZUMNZPbWPx vzK bDcbUWQb D�QLhRb McPWUcXTLQWX 
P D�QLhRb QWLP[LQWX �}�zv D QWZ^hW^ZU qPkTUTTL_L 
wPhcR PTTLDRwPP. �RPyLcX�Rb MLcb QWLP[LQWP hL-
TUVTLx NZLM^hwPP `LZ[PZ^UWQb P[UTTL TR QWRMPP 
`^TMR[UTWRcXT�� P NZPhcRMT�� PQQcUMLDRTPx, D WL 
DZU[b hRh NUZDRb NZPy�cX, NLc^VUTTRb LW QLkMRTTLx 
PTTLDRwPP, NLQW^NRUW kTRVPWUcXTL NLkqU. $LLWDUWQW-
DUTTL, QNUwP`PVT� P LQ^�UQWDcb��PUQb D MRTTLx 
LWZRQcP sWRN� PTDUQWPwPLTTL_L NZLwUQQR. �R NZUM-
NZPbWPb� vzK TUQhLcXhL ^DUcPVUTR McPWUcXTLQWX 
NUZDL_L sWRNR PTDUQWPwPLTTL_L NZLwUQQR (D�yLZ  
DRZPRTWLD DcLqUTPx QZUMQWD), U�� yLcX�U DZU[UTP 
kRTP[RUW DWLZLx sWRN (TUNLQZUMQWDUTTLU TRNZRDcUTPU 
PTDUQWPwPLTT�� NLWLhLD), WZUWPx sWRN �RZRhWUZPk^-
UWQb yLcUU hLZLWhP[P QZLhR[P (NZLPkDLMQWDL P ZURcP-
kRwPb NZLM^hwPP). uRMRVR [UTUMq[UTWR QLQWLPW  
D ZU_^cPZLDRTPP PTDUQWPwPLTT�� NLWLhLD D ^QcLDPb� 
ZURcPkRwPP TUQhLcXhP� PTTLDRwPLTT�� NZLUhWLD Mcb 
LyUQNUVUTPb yUQNUZUyLxTL_L `PTRTQPZLDRTPb hRh 
�}�zv, WRh P NZLPkDLMQWDUTTLx QWRMPP. KZLDRc�  
D `PTRTQPZLDRTPP ycR_LMRZb D�QLhLx TUNZUMQhRk^U-
[LQWP �}�zv [L_^W NZPDUQWP h NZPLQWRTLDhU ZRkZR-
yLWLh TR TULNZUMUc�TT�x QZLh.  

}Q�LMb Pk RTRcPkR, NZLDUM�TTL_L D��U, NZUMQWR-
DP[ PTDUQWPwPLTTL-PTTLDRwPLTT�x NZLwUQQ D DPMU 
Q�U[� (Q[. ZPQ^TLh). 

�W[UWP[, VWL NL[P[L PTDUQWPZLDRTPb D PTTLDR-
wPLTT^� MUbWUcXTLQWX NZUMNZPbWPb[ vzK WRhqU  
TULy�LMP[L PTDUQWPZLDRWX D LyTLDcUTPU P [LMUZTP-
kRwP� LQTLDT�� NZLPkDLMQWDUTT�� `LTMLD, R WRhqU  
D Ly^VUTPU P NLD��UTPU hDRcP`PhRwPP WZ^MLDL_L 
hRNPWRcR. �WP QWRWXP kRWZRW P[U�W yLcX�^� MLc�  
D QWZ^hW^ZU PTDUQWPwPLTTL_L NLZW`Ucb, TUQ[LWZb  
TR WL, VWL kTRVPWUcXTL [UTX�U PTDUQWPwPx D PTTLDR- 
wPLTT�U NZLUhW�.  

���"?0����. ¿UcX� QyRcRTQPZLDRTTL_L ZRkDPWPb 
PTTLDRwPLTTLx P PTDUQWPwPLTTLx MUbWUcXTLQWP TR 
NZUMNZPbWPb� vzK bDcbUWQb ^DUcPVUTPU s``UhWPDTL-
QWP MUbWUcXTLQWP, D�ZRqR��UUQb D kR�DRWU hL[[UZVU-
QhP� Z�ThLD kR QV�W DTUMZUTPb hLTh^ZUTWLQNLQLyTLx 
PTTLDRwPLTTLx NZLM^hwPP P ^DUcPVUTPb ZUTWRyUcX-
TLQWP DcLqUTPx, R WRhqU D QL�ZRTUTPP hDRcP`PhRwPP 
hRMZLD P s``UhWPDTL[ P QDLUDZU[UTTL[ LyTLDcUTPP 
NZLPkDLMQWDUTT�� `LTMLD. $cUMLDRWUcXTL, QyRcRTQP-
ZLDRTTLQWX� PTTLDRwPLTTLx P PTDUQWPwPLTTLx MUb-
WUcXTLQWP TR NZUMNZPbWPb� ZRhUWTL-hLQ[PVUQhLx 
NZL[��cUTTLQWP y^M^W bDcbWXQb WRhPU QL_cRQLDRTT�U 
P DkRP[LLy^QcLDcUTT�U QWZRWU_PP TRNZRDcUTPb PTDU-
QWPwPLTT�� ZUQ^ZQLD P D�yLZR PTTLDRwPLTT�� NZL-
UhWLD, NZP hLWLZ�� NZUMNZPbWPU Q[LqUW MLQWPVX QDLP 
QWZRWU_PVUQhPU wUcP NZP ^QcLDPb� TUNZUZ�DTLQWP 
PTTLDRwPLTTL_L NZLwUQQR P yUQNUZUyLxTLQWP U_L `P-
TRTQPZLDRTPb, VWL NLkDLcPW NZUMNZPbWP� vzK NZUM-
cR_RWX TLD�U ZRkZRyLWhP P [LMUZTPkPZLDRTT^� NZL-
M^hwP� DLDZU[b, LWDUVRb TR WZUyLDRTPb QL QWLZLT� 
kRhRkVPhLD D yLcUU QLDUZ�UTTLx NZLM^hwPP.  

lRhP[ LyZRkL[, QLkMRTPU [U�RTPk[R NcRTPZLDRTPb 
QyRcRTQPZLDRTTLQWP PTTLDRwPLTTLx P PTDUQWPwPLT-
TLx MUbWUcXTLQWP NZUMNLcR_RUW D�ZRyLWh^ WRhL_L 
NLM�LMR, hLWLZ�x NLkDLcPW _RZ[LTPkPZLDRWX wUcP 
NZUMNZPbWPx vzK P LyUQNUVPWX QWZ^hW^ZPZLDRTTLQWX 
NLhRkRWUcUx s``UhWPDTLQWP. 
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$�U[R PTDUQWPwPLTTL-PTTLDRwPLTTL_L NZLwUQQR TR NZUMNZPbWPb� vzK: 
N1–N4 – PTTLDRwPLTT�U NZLUhW�; x1–x6 – QWRMPP qPkTUTTL_L wPhcR PTTLDRwPP; QWLcyw�  
x1–x5 – TULy�LMP[�x Ly��[ PTDUQWPwPLTT�� ZUQ^ZQLD; QWLcyw� x6 – NZPy�cX, NLc^VUTTRb  
 

D ZUk^cXWRWU ZURcPkRwPP PTTLDRwPLTTL_L NZLM^hWR/^Qc^_P 
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The authors analyzed the determination of the concept of innovation activities offered by domestic and foreign 
authors. Innovative activity in enterprises of space-rocket industry can be considered as a process designed to the 
embodiment of the results of scientific research and development or other scientific and technological achievements 
into a new or improved product, sold on the market or a new or improved technological process used in practice 
activities. This activity is diverse, includes market research, evaluation of the competitiveness of new products or 
technologies, their consumer properties, distribution and circulation of new products and technologies, methods of 
organization of production. Therefore, the innovative activity of the enterprise can not be measured by several 
indicators, specified in the operating methodologies. 

The authors proposed to determine the effectiveness of the innovation activity of the aerospace industry enterprise 
through a system of indicators. The methodology offers to count economic efficiency indicators, production efficiency, 
financial efficiency and social efficiency. Indicators describing each type of efficiency are listed. This system of 
indicators allows to take into account that in the implementation of innovation activities employs a large number of 
staff, not only the company itself, but also employees of design, engineering and research organizations, and that the 
creation, production and exploitation of new products and technologies is carried out over a fairly long period of time. 
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)��/����. J TRQWLb�UU DZU[b DTUMZUTPU TLD�� 
PkMUcPx P WU�TLcL_Px D MUbWUcXTLQWX NZUMNZPbWPb 
TUDLk[LqTL yUk PQNLcXkLDRTPb LyLQTLDRTTLx [UWL-
MPhP LwUThP s``UhWPDTLQWP PTTLDRwPLTTLx MUbWUcX-
TLQWP. �QLyUTTL DRqT�[ sWLW DLNZLQ bDcbUWQb Mcb 
NZUMNZPbWPx ZRhUWTL-hLQ[PVUQhLx NZL[��cUTTLQWP 
Q wUcX� LyUQNUVUTPb ^QWLxVPDLQWP P� ZRyLW� D QLDZU- 
[UTT�� ^QcLDPb�, ^QPcUTPb hLTh^ZUTWT�� NZUP[^-
�UQWD P RhWPDPkRwPP PTTLDRwPLTTLx MUbWUcXTLQWP. 

�cb ZU�UTPb MRTTLx NZLycU[� TULy�LMP[L Q`LZ-
[PZLDRWX QPQWU[^ [UWLMLD shLTL[PVUQhL_L, PTDUQWP-
wPLTTL_L RTRcPkR, LNZUMUcPWX, Q NL[L�X� QPQWU[� 
hRhP� NLhRkRWUcUx DLk[LqTR WRhRb LwUThR. �WQ^WQWDPU 
[UWLMPhP LwUThP s``UhWPDTLQWP [LqUW NZPDUQWP  
h WL[^, VWL NZUMNZPbWPU [LqUW LWhRkRWXQb LW DTUMZU-
TPb PTTLDRwPx Pk-kR TUDLk[LqTLQWP LNZUMUcUTPb hL-
TUVT�� shLTL[PVUQhP� P `PTRTQLD�� ZUk^cXWRWLD. 


�����������# /�#��"'��+�' ���/���#��#: 
+%]��+�', ���#���, +�/��-����. J QLDZU[UTTLx cP-
WUZRW^ZU ZRQQ[RWZPDRUWQb P RTRcPkPZ^UWQb QLMUZqR-
TPU NLTbWPx «PTTLDRwPb» P «PTTLDRwPLTTRb MUbWUcX-
TLQWX NZUMNZPbWPb». }TTLDRwPP D ZRhUWTL-hLQ[PVUQ- 
hLx NZL[��cUTTLQWP – sWL TLD�U NZLM^hW� PcP ^Qc^-

_P, TR^hLU[hPU WU�TLcL_PVUQhPU NZLwUQQ�. $R[^ PT-
TLDRwP� [LqTL ZRQQ[RWZPDRWX hRh DTUMZUTTLU TLD-
�UQWDL, LyUQNUVPDR��UU hRVUQWDUTT�x ZLQW s``Uh-
WPDTLQWP NZLwUQQLD PcP NZLM^hwPP, DLQWZUyLDRTTLU 
Z�ThL[, LTR bDcbUWQb hLTUVT�[ ZUk^cXWRWL[ PTWUc-
cUhW^RcXTLx MUbWUcXTLQWP VUcLDUhR, U_L `RTWRkPP, 
WDLZVUQhL_L NZLwUQQR, LWhZ�WPx, PkLyZUWUTPx P ZRwPL- 
TRcPkRwPP [1]. 

J TRQWLb�UU DZU[b LWUVUQWDUTT�[P P kRZ^yUqT�-
[P RDWLZR[P NZUMcLqUT� ZRkcPVT�U LNZUMUcUTPb 
NLTbWPb PTTLDRwPLTTLx MUbWUcXTLQWP NZUMNZPbWPb 
(Q[. WRycPw^). 

�RPyLcUU WLVT�[, Q TR�Ux WLVhP kZUTPb, Mcb 
NZUMNZPbWPb ZRhUWTL-hLQ[PVUQhLx NZL[��cUTTLQWP 
bDcbUWQb QcUM^��UU LNZUMUcUTPU. 5�����!�����( 
��(��&����& – sWL NZLwUQQ, TRNZRDcUTT�x TR DLNcL- 
�UTPU ZUk^cXWRWLD TR^VT�� PQQcUMLDRTPx P ZRkZRyL-
WLh cPyL PT�� TR^VTL-WU�TPVUQhP� MLQWPqUTPx D TL-
D�x PcP ^QLDUZ�UTQWDLDRTT�x NZLM^hW, ZURcPk^U[�x 
TR Z�ThU, cPyL D TLD�x PcP ^QLDUZ�UTQWDLDRTT�x 
WU�TLcL_PVUQhPx NZLwUQQ, PQNLcXk^U[�x D NZRhWPVU-
QhLx MUbWUcXTLQWP [12]. 

 
 

����/�"���� +�/��-���# ���#��# «������������# /�#��"'��+�'» 
 

�DWLZ �NZUMUcUTPU 

KPWUZ Y. �Z^hUZ [2] }TTLDRwPLTTRb MUbWUcXTLQWX – sWL LQLy�x PTQWZ^[UTW, NLkDLcb��Px NZUMNZPTP[RWU-
c� PQNLcXkLDRWX NUZU[UT� P NZUDZR�RWX P� D TLD�U DLk[LqTLQWP, TRNZP[UZ, Mcb LW-
hZ�WPb TLDL_L yPkTUQR PcP LhRkRTPb TLDLx ^Qc^_P. JQU sWL [LqTL NZUMQWRDPWX hRh 
LWMUcXT^� LWZRQcX kTRTPx, sWL[^ [LqTL TR^VPWXQb, R kRWU[ PQNLcXkLDRWX D QDLUx 
NZRhWPVUQhLx MUbWUcXTLQWP 

z. zZPQWUTQUT,  
~. vUxTLZ [3; 4] 

}TTLDRwPLTTRb MUbWUcXTLQWX NZUMNZPbWPb – sWL MUbWUcXTLQWX, TRNZRDcUTTRb TR PQ-
NLcXkLDRTPU ZUk^cXWRWLD TR^VT�� PQQcUMLDRTPx P ZRkZRyLWLh Mcb LyTLDcUTPb TL[UTh-
cRW^Z� P ^c^V�UTPb hRVUQWDR D�N^QhRU[Lx NZLM^hwPP, QLDUZ�UTQWDLDRTPb WU�TLcL-
_PP UU Pk_LWLDcUTPb 

J. K. ]RZRTVUUD, �. K. ~RQcUT-
TPhLDR, J. ~. ~P�PT [5] 

}TTLDRwPLTTRb MUbWUcXTLQWX – sWL WZRTQ`LZ[RwPb P PQNLcXkLDRTPU TLD�UQWDR – ZRyL-
WR TRM TLDLDDUMUTPU[ 

I. K. ]UcbhLD, $. J. ¶ZU[UUDR 
[6] 

}TTLDRwPLTTRb MUbWUcXTLQWX MLcqTR y�WX TRNZRDcUTR TR LQDLUTPU TLD�� Z�ThLD P 
ZUQ^ZQLQyUZU_R��P� WU�TLcL_Px NZLPkDLMQWDR NZLM^hwPP, UU s``UhWPDTLQWX LNZUMU-
cbUWQb NZPDcUhRWUcXTLQWX� WU� LWZRQcUx, D hLWLZ�� y^M^W QLkMRDRWXQb TLDLDDUMUTPb, R 
WRhqU QNLQLyTLQWX� PTTLDRwPLTTLx PT`ZRQWZ^hW^Z� LyUQNUVPDRWX s``UhWPDT^� 
hL[[UZwPRcPkRwP� ZUk^cXWRWLD TR^VTL-WU�TPVUQhLx MUbWUcXTLQWP 

KZPhRk vLQQWRWR LW 19.08.2011 
_. ´ 367 [7] 

}TTLDRwPLTTRb MUbWUcXTLQWX – DPM MUbWUcXTLQWP, QDbkRTT�x Q WZRTQ`LZ[RwPUx PMUx 
(Ly�VTL ZUk^cXWRWLD TR^VT�� PQQcUMLDRTPx P ZRkZRyLWLh cPyL PT�� TR^VTL-
WU�TPVUQhP� MLQWPqUTPx) D WU�TLcL_PVUQhP TLD�U PcP ^QLDUZ�UTQWDLDRTT�U NZLM^h-
W� PcP ^Qc^_P, DTUMZUTT�U TR Z�ThU, D TLD�U PcP ^QLDUZ�UTQWDLDRTT�U WU�TLcL_PVU-
QhPU NZLwUQQ� PcP QNLQLy� NZLPkDLMQWDR (NUZUMRVP) ^Qc^_, PQNLcXkLDRTT�U D NZRhWP-
VUQhLx MUbWUcXTLQWP 

�. �. lZP`PcLDR [8] }TTLDRwPLTT^� MUbWUcXTLQWX NZPTbWL �RZRhWUZPkLDRWX hRh NZLwUQQ, TRNZRDcUTT�x TR 
DLNcL�UTPU ZUk^cXWRWLD TR^VT�� PQQcUMLDRTPx P ZRkZRyLWLh cPyL PT�� TR^VTL-
WU�TPVUQhP� MLQWPqUTPx D TLD�x PcP ^QLDUZ�UTQWDLDRTT�x NZLM^hW, ZURcPk^U[�x TR 
Z�ThU, D TLD�x PcP ^QLDUZ�UTQWDLDRTT�x WU�TLcL_PVUQhPx NZLwUQQ, PQNLcXk^U[�x D 
NZRhWPVUQhLx MUbWUcXTLQWP 

}. �. l^hhUcX, $. �. ILc^yUD, 
�. J. $^ZPTR [9] 

}TTLDRwPLTTRb MUbWUcXTLQWX NZUMNZPbWPb NZUMQWRDcbUW Q^�UQWDUTT^� VRQWX ZRkZR-
yLWhP QWZRWU_PVUQhP� TRNZRDcUTPx MUbWUcXTLQWP NZUMNZPbWPb, NLkDLcb��P� PQNLcX-
kLDRWX WU�TLcL_PVUQhPU PTTLDRwPP Q ^VUWL[ wUcUx P kRMRV ^QWLxVPDL_L ZRkDPWPb NZUM-
NZPbWPb 

�. J. ¶Z�_PTR, v. $. $UZM�h 
[10; 11] 

}TTLDRwPLTTRb MUbWUcXTLQWX – QLDLh^NTLQWX WZ^MLD�� MUxQWDPx, DUM^�P� h QLkMR-
TP�, PQNLcXkLDRTP� P ZRQNZLQWZRTUTP� �RZRhWUZPk^��P�Qb TR^VTL-WU�TPVUQhLx 
TLDPkTLx WU�TLcL_Px 
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}TTLDRwPLTTRb MUbWUcXTLQWX NL[P[L ZRkZRyLWhP 
P LQDLUTPb PTTLDRwPx Dhc�VRUW D QUyb WRhqU [RZhU-
WPT_LD�U PQQcUMLDRTPb Z�ThR, LwUTh^ hLTh^ZUTWL-
QNLQLyTLQWP TLD�� NZLM^hWLD PcP WU�TLcL_Px,  
P� NLWZUyPWUcXQhP� QDLxQWD, Pk^VUTPU DLk[LqTLQWP 
ZRkDPWPb Q`UZ� ^Qc^_ P W. M. [13]. JRqT�[ ^QcLDPU[ 
LQ^�UQWDcUTPb PTTLDRwPLTTLx MUbWUcXTLQWP bDcbUWQb 
ZRQNZLQWZRTUTPU P WPZRqPZLDRTPU TLD�� PkMUcPx  
P WU�TLcL_Px, [UWLMLD LZ_RTPkRwPP NZLPkDLMQWDR. 
�cb sWL_L TULy�LMP[L QLkMRTPU LNZUMUcUTTLx PTTL-
DRwPLTTLx QZUM�, LcPwUWDLZUTPU[ hLWLZLx bDcbUWQb 
hL[NUWUTWT�x P hDRcP`PwPZLDRTT�x NZLPkDLMQWDUT-
T�x NUZQLTRc. 

��+���� ����3���"�( ������ \!!�������+�� 
������������( /�#��"'��+�� ���/���#��#.  
KZUMcR_RU[�U [UWLMPVUQhP[P ZUhL[UTMRwPb[P  
NL LwUThU s``UhWPDTLQWP PTDUQWPwPLTT�� NZLUhWLD 
LW 21.06.1999 ´ Jz 477 NLhRkRWUcP s``UhWPDTLQWP TU 
QLDQU[ NLM�LMbW Mcb PQNLcXkLDRTPb P� D LWTL�UTPP 
PTTLDRwPLTTLx MUbWUcXTLQWP [14]. }QNLcXk^U[�U  
D TUx [UWLM� LQTLD�DR�WQb TR hL[[UZVUQhP� NLhRkR-
WUcb� s``UhWPDTLQWP P TU LNZUMUcb�W, hRh y^M^W Pk-
[UTbWXQb ZUk^cXWRWPDT�U shLTL[PVUQhPU P `PTRTQL-
D�U NLhRkRWUcP MUbWUcXTLQWP NZUMNZPbWPb. 

�wUThR s``UhWPDTLQWP PTTLDRwPLTTLx MUbWUcXTL-
QWP MLcqTR NZLDLMPWXQb Q NL[L�X� wUcLx QPQWU[� 
NLhRkRWUcUx. KZP sWL[ MLcqTR ^VPW�DRWXQb UU TRZLM-
TL-�LkbxQWDUTTRb s``UhWPDTLQWX Q NLhRkRWUcb[P ZLQ-
WR DRcLDL_L ML�LMR, QTPqUTPb PkMUZqUh, shLTL[PP 
hRNPWRcXT�� DcLqUTPx [15], NZLPkDLMQWDUTTRb s`-
`UhWPDTLQWX Q NLhRkRWUcb[P NLD��UTPb WU�TPVUQhL_L 
^ZLDTb PkMUcPx, NLD��UTPb NZLPkDLMPWUcXTLQWP  
P TRMUqTLQWP WU�TPVUQhP� QPQWU[, `PTRTQLDRb s`-
`UhWPDTLQWX Q NLhRkRWUcb[P Pk[UTUTPb VPQWL_L ML�L-
MR, NZPy�cP, ZUTWRyUcXTLQWP NZLM^hwPP, PTDUQWPwP-
LTTRb s``UhWPDTLQWX Q NLhRkRWUcb[P shLTL[PVUQhL_L 
s``UhWR, QZLhR Lh^NRU[LQWP hRNPWRcXT�� DcLqUTPx, 
ZUTWRyUcXTLQWP hRNPWRcXT�� DcLqUTPx. zZL[U sWL_L, 
TULy�LMP[L LNZUMUcbWX QLwPRcXT^� s``UhWPDTLQWX Q 
^VUWL[ ZLQWR ML�LMLD TRQUcUTPb, QTPqUTPb ^ZLDTb 
yUkZRyLWPw� P shLcL_PVUQh^�, NZUMQWRDcb��^� 
^c^V�UTPU hRVUQWDR LhZ^qR��Ux QZUM�, QTPqUTPU 
hLcPVUQWDR DZUMT�� D�yZLQLD D RW[LQ`UZ^ P W. M. 

vRQQ[LWZUTTRb QPQWU[R NLhRkRWUcUx NLkDLcPW 
^VUQWX WLW `RhW, VWL NZP LQ^�UQWDcUTPP PTTLDRwPLT-
TLx MUbWUcXTLQWP kRTbWL yLcX�LU hLcPVUQWDL ZRkTL-
LyZRkTL_L NUZQLTRcR TU WLcXhL QR[L_L NZUMNZPbWPb, 
TL P QLWZ^MTPhLD NZLUhWT��, hLTQWZ^hWLZQhP� P PQ-
QcUMLDRWUcXQhP� LZ_RTPkRwPx, R WRhqU WL, VWL QLkMR-
TPU, NZLPkDLMQWDL P shQNc^RWRwPb TLD�� DPMLD NZL-
M^hwPP P WU�TLcL_Px NZLDLMPWQb D WUVUTPU MLQWRWLV-
TL McPWUcXTL_L NUZPLMR DZU[UTP, DRqTLx wUcX� WR-
hLx MUbWUcXTLQWP bDcbUWQb MLQWPqUTPU yLcUU D�QLhP� 
ZUk^cXWRWLD NL QZRDTUTP� Q RTRcL_R[P. 

���"?0����. lRhP[ LyZRkL[, D LWUVUQWDUTTLx  
P kRZ^yUqTLx NZRhWPhU NZLDUMUTL [TL_L PQQcUMLDR-
TPx, TL ZbM WULZUWPVUQhP� DLNZLQLD, ^VPW�DR��P� 
LQLyUTTLQWP NZUMNZPbWPx, WZUy^UW WULZUWPVUQhLx 
NZLZRyLWhP PcP ^QLDUZ�UTQWDLDRTPb Mcb P� shLTL[P-
VUQhL_L ZRkDPWPb D ^QcLDPb� hLTh^ZUTwPP P TULy�L-
MP[LQWP ZRQ�PZUTPb DTUMZUTPb PTTLDRwPx. �cb NZL-
MDPqUTPb PTTLDRwPx TR Z�TLh P DLk[LqTLQWP LNZU-

MUcUTPb shLTL[PVUQhP� ZUk^cXWRWLD P� DTUMZUTPb 
TULy�LMP[R LwUThR P� s``UhWPDTLQWP Q NL[L�X� 
QPQWU[� NLhRkRWUcUx, LNZUMUcb��P� P� TRZLMTL-
�LkbxQWDUTT^�, NZLPkDLMQWDUTT^�, `PTRTQLD^�, PT-
DUQWPwPLTT^� P QLwPRcXT^� s``UhWPDTLQWX.  
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In the proposed article the authors described the problem of shortage of skilled workers in Russia. They considered 
the main causes of this problem. They described an example of preparation of personnel in Germany on the basis of the 
dual training. The authors present brief description of the project of the Agency for Strategic Initiatives for training 
workers, meet the requirements of high-tech industries, based on the dual education. They described in order of the 
Government of the Russian Federation on a range of measures aimed at improving the system of vocational education, 
as well as providing increased productivity, creation and modernization of high-performance workstations. The article 
noted that without government support the modernization of the system of secondary vocational education is 
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impossible. In addition to state support of development of secondary vocational education it is necessary to consolidate 
the resources of business, government and education. The authors listed proposals to change the legislation of the 
Russian Federation aimed at motivating companies to participate in the practice-oriented (dual) model, the training of 
highly skilled workers. They assessed the participation of companies and universities of the Krasnoyarsk Territory in 
the project for dual education. They examined the effects of the dual vocational training in the preparation of highly 
qualified personnel in the innovative development of industrial enterprises. The article noted that the project on the 
transition system of vocational education in the regions of Russia on the practice-oriented (dual) training will form on 
innovative enterprises is staffing, which will ensure increased productivity, and will contribute to the acceleration of the 
bottom of the process of creation and modernization of high-performance work places. At the same time, enterprises 
can take advantage of not only the state system of training, but also to get government support to offset their own costs. 

 
Keywords: dual education, vocational education, innovative development, work performance, government support, 

consolidation of resources. 
    
)��/����. $U_LMTb D QPQWU[U ZLQQPxQhL_L NZL`- 

LyZRkLDRTPb Ly^VR�WQb 3,5 [cT ^VR�P�Qb, R D D�Q�P� 
^VUyT�� kRDUMUTPb� – 7,5 [cT QW^MUTWLD. KRZRMLhQ 
QPW^RwPP QLQWLPW D WL[, VWL QNZLQ TR D�N^QhTPhLD 
hLccUMqUx P ^VPcP� D��U, VU[ D�N^QhTPhLD D^kLD. 
}[UTTL LWQ^WQWDPU ZRyLVP� hRMZLD, NL [TUTP� shL-
TL[PQWLD, QMUZqPDRUW ZRkDPWPU wUc�� LWZRQcUx  
P ZU_PLTLD [1]. 

~TL_PU hRh ZLQQPxQhPU, WRh P kRZ^yUqT�U hL[NR-
TPP _LM LW _LMR DQU LQWZUU L�^�R�W TU�DRWh^ D vLQ-
QPP �LZL�L NLM_LWLDcUTT�� NZL`UQQPLTRcXT�� hRM-
ZLD. $L_cRQTL RTRcPWPVUQhP[ PQQcUMLDRTPb[, NZLDU-
MUTT�[ vLQQPxQhL-IUZ[RTQhLx DTU�TUWLZ_LDLx NRcR-
WLx D vLQQPxQhLx YUMUZRwPP [2], QPQWU[R NZL`UQQPL-
TRcXTL_L LyZRkLDRTPb TU LWDUVRUW RhW^RcXT�[ shLTL-
[PVUQhP[ P QLwPRcXT�[ WZUyLDRTPb[ QWZRT�, R TU-
[UwhPU NZUMNZPbWPb QVPWR�W TUMLQWRWLh hDRcP`PwP-
ZLDRTT�� hRMZLD _cRDT�[ NZUNbWQWDPU[ Mcb P� MRcX-
TUx�U_L ZRkDPWPb D vLQQPP. �Ryc�MRU[�x QU_LMTb 
MU[L_ZR`PVUQhPx WZUTM [LqUW NZPDUQWP h WL[^, VWL 
TR NZLWbqUTPP ycPqRx�P� MUQbWP cUW VPQcUTTLQWX 
ZRyLVUx QPc�, MLQW^NTLx TR Z�ThU WZ^MR, QLhZRWPWQb 
TR 10 [cT VUcLDUh. 

JLkZLQ�Rb NLWZUyTLQWX D �LZL�L Ly^VUTT�� QNU-
wPRcPQWR� Ly^QcLDcUTR QWZU[PWUcXT�[ shLTL[PVU-
QhP[ ZLQWL[ NLQcUMTU_L MUQbWPcUWPb. zZL[U WL_L, 
DLkTPh�Rb NZLycU[R Ly�bQTbUWQb QZUMP NZLVU_L TU-
MLQWRWLVTL `^ThwPLTPZ^��Ux QPQWU[Lx NZL`UQQPL-
TRcXTL_L LyZRkLDRTPb. �WL NZLbDcbUWQb, NZUqMU DQU_L, 
D QcUM^��U[: 

– QPQWU[R NZL`UQQPLTRcXTL_L LyZRkLDRTPb TUML-
`PTRTQPZLDRTR P TU LZPUTWPZLDRTR TR NLWZUyTLQWP 
[RcL_L P QZUMTU_L yPkTUQR; 

– cP�X 50 % NZUNLMRDRWUcXQhP� hRMZLD P[U�W 
MLQWRWLVT^� hDRcP`PhRwP�; 

– WLZ_LDL-NZL[��cUTT�U NRcRW� P Ly�UMPTUTPb 
NZUMNZPTP[RWUcUx TUMLQWRWLVTL DLDcUVUT� D NZLwUQQ 
`LZ[PZLDRTPb QPQWU[� NZL`UQQPLTRcXTL_L LyZRkLDRTPb. 

J LWcPVPU LW sWL_L D IUZ[RTPP, _MU MUxQWD^UW 
NZPTwPN M^RcXTL_L NZL`UQQPLTRcXTL_L LyZRkLDRTPb, 
MUcRUWQb QWRDhR TR NZPDcUVUTPU VRQWTL_L yPkTUQR, 
hLWLZ�x UqU_LMTL PTDUQWPZ^UW QD��U 23 [cZM UDZL  
D NLM_LWLDh^ QNUwPRcPQWLD T^qTL_L NZL`Pcb P NLQcU 
LhLTVRTPb NUZPLMR Ly^VUTPb NLc^VRUW D�_LM� LW D�-
QLhL_L hRVUQWDR NLM_LWLDcUTT�� hRMZLD. 

�hQNUZW� �_UTWQWDR QWZRWU_PVUQhP� PTPwPRWPD 
(�$}) D�MUcb�W VUW�ZU hc�VUD�� NZLycU[� LWQ^W-
QWDPb ZRyLVP� hRMZLD WZUy^U[Lx hDRcP`PhRwPP [3]: 

– NZLPkDLMPWUcXTLQWX WZ^MR NL ZRyLVP[ NZL`UQ-
QPb[ D vLQQPP Q^�UQWDUTTL TPqU, VU[ D TRPyLcUU  
ZRkDPW�� QWZRTR� [PZR (NL ZbM^ LWZRQcUx NZLPkDL- 
MPWUcXTLQWX WZ^MR D vLQQPP QLQWRDcbUW 15–25 %  
LW ^ZLDTb $Ã�); 

– TUQ[LWZb TR MLQWRWLVTL D�QLhPx ^ZLDUTX LyZR-
kLDRTPb, ZLQQPxQhPU ZRyLVPU TU LycRMR�W NZRhWPVU-
QhP[P TRD�hR[P, TULy�LMP[�[P Mcb WL_L, VWLy� LWU-
VUQWDUTT�U NZUMNZPbWPb [L_cP hLTh^ZPZLDRWX TR [P-
ZLDL[ Z�ThU; 

– NZP sWL[ hRVUQWDL QZUMTU_L NZL`UQQPLTRcXTL_L 
LyZRkLDRTPb NZLMLcqRUW ^�^M�RWXQb, LWQ^WQWD^UW 
s``UhWPDTLU NZL`UQQPLTRcXTLU Ly^VUTPU; 

– PTDUQWLZ� TU _LWLD� NZP�LMPWX D ZU_PLT�,  
D hLWLZ�� LWQ^WQWD^UW ZRyLVRb QPcR TULy�LMP[L_L 
^ZLDTb NLM_LWLDhP P hDRcP`PhRwPP. 

�Z^_Lx QWLZLTLx NZLycU[� bDcbUWQb Q^�UQWDUT-
T�x [LZRcXT�x PkTLQ ZRyLVP� [UQW LQTLDTL_L NUZQL-
TRcR hRh hZ^NT�� NZUMNZPbWPx NZL[��cUTTLQWP, WRh 
P WZRTQNLZWR P QDbkP.  

�cb WL_L, VWLy� ZRyLVPU [UQWR TR NZL[��cUTT�� 
NZUMNZPbWPb� QLLWDUWQWDLDRcP WZUyLDRTPb[ [PZLD�� 
NZL_ZUQQPDT�� NZLPkDLMQWDUTT�� WU�TLcL_Px, TULy-
�LMP[L TU WLcXhL QWP[^cPZLDRTPU WU�TLcL_PVUQhL_L 
LyTLDcUTPb NZUMNZPbWPx, TL P NLM_LWLDhR ZRyLVP� 
hRMZLD, QNLQLyT�� ZRyLWRWX TR QLDZU[UTTL[ D�QLhL-
NZLPkDLMPWUcXTL[ LyLZ^MLDRTPP. 

J 2014 _LM^ D vLQQPP �$} NZLDUcL hLTh^ZQ  
NL ZURcPkRwPP NZLUhWR «KLM_LWLDhR ZRyLVP� hRMZLD, 
QLLWDUWQWD^��P� WZUyLDRTPb[ D�QLhLWU�TLcL_PVT�� 
LWZRQcUx NZL[��cUTTLQWP, TR LQTLDU M^RcXTL_L Ly-
ZRkLDRTPb», D hLWLZL[ NZPTbcP ^VRQWPU 23 Q^y�UhWR 
vY. ~PTPQWUZQWDL LyZRkLDRTPb P TR^hP _RZRTWPZLDR-
cL, VWL DQU ^VRQWD^��PU D NZLUhWU LyZRkLDRWUcXT�U 
^VZUqMUTPb NLc^VRW QWRW^Q `UMUZRcXT�� PTTLDRwP-
LTT�� NcL�RMLh. ~PTNZL[WLZ_ P ~PTWZ^M WRhqU 
D�ZRkPcP _LWLDTLQWX NLMMUZqPDRWX WU hL[NRTPP,  
hLWLZ�U y^M^W ^VRQWDLDRWX D NZL_ZR[[U M^RcXTL_L 
LyZRkLDRTPb [4].  

KLyUMPWUcb[P hLTh^ZQR P ^VRQWTPhR[P NZLUhWR 
QWRcP MUQbWX Q^y�UhWLD vLQQPxQhLx YUMUZRwPP: vUQ-
N^ycPhR lRWRZQWRT, zZRQTLbZQhPx P KUZ[QhPx hZRb,  
R WRhqU JLc_L_ZRMQhRb, zRc^qQhRb, ~LQhLDQhRb, �P-
qU_LZLMQhRb, $DUZMcLDQhRb, jcXbTLDQhRb, ÌZLQcRD-
QhRb LycRQWP. J ZURcPkRwPP NZLUhWR NZPTP[R�W ^VR-
QWPU MUQbWhP NZUMNZPbWPx P ^VUyT�� kRDUMUTPx [5]. 

vRkZRyLWVPhP NZLUhWR LqPMR�W QcUM^��PU s`-
`UhW� LW U_L ZURcPkRwPP [3]: 
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– NLD��UTPU PTDUQWPwPLTTLx NZPDcUhRWUcXTLQWP 
ZU_PLTLD vLQQPP kR QVUW NLM_LWLDhP ZRyLVP� hRMZLD, 
QLLWDUWQWD^��P� WZUyLDRTPb[ D�QLhLWU�TLcL_PVT�� 
LWZRQcUx NZL[��cUTTLQWP, TR LQTLDU M^RcXTL_L Ly-
ZRkLDRTPb; 

– NUZUZRQNZUMUcUTPU `PTRTQPZLDRTPb hLZNLZR-
WPDT�� NZL_ZR[[ NUZUNLM_LWLDhP hRMZLD D NLcXk^ 
QPQWU[� _LQ^MRZQWDUTTL_L LyZRkLDRTPb (NLM_LWLDhP) 
hRMZLD; 

– kTRVPWUcXT�x ZLQW hDRcP`PhRwPP ZRyLVP� hRM-
ZLD P NLD��UTPU NZUQWPqR ZRyLVP� NZL`UQQPx D ZU-
k^cXWRWU ZRkDPWPb TLD�� `LZ[ LyZRkLDRTPb. 

KZL_ZR[[R WRhqU NZUM^Q[RWZPDRUW ^VRQWPU NZUM-
NZPbWPb D `PTRTQPZLDRTPP NLM_LWLDhP hRMZLD P QUWU-
DLU DkRP[LMUxQWDPU ^VUyTL_L kRDUMUTPb P ZRyLWLMRWUcb. 

JQU sWL WZUy^UW hLTQWZ^hWPDTL_L RTRcPkR P s``Uh-
WPDTL_L PQNLcXkLDRTPb c^V�U_L TU WLcXhL LWUVUQW-
DUTTL_L, TL P kRZ^yUqTL_L LN�WR. �R hLTwUNW^RcXTL[ 
^ZLDTU sWL DLk[LqTL LQ^�UQWDPWX NLQZUMQWDL[ QZRD-
TPWUcXTLx NUMR_L_PhP, WULZUWPVUQhL_L PQQcUMLDRTPb 
`^TMR[UTWRcXT�� LQTLD, LQLyUTTL ZLQQPxQhLx NZL-
`UQQPLTRcXTLx �hLc� P NZL[��cUTT�� NZUMNZPbWPx. 

�%�"'��# !���� �D��3�����#. jDUZUTTLU NLDU-
MUTPU TR Z�ThU WZ^MR NLkDLcPcL LyZRWPWXQb h M^RcX-
TL[^ Ly^VUTP�. lRhRb QPQWU[R NLM_LWLDhP hRMZLD, 
LQLyUTTL ZRyLVP�, MRDTL ZRyLWRUW D IUZ[RTPP, ÃDUx-
wRZPP, _MU MUxQWD^UW ~UqM^TRZLMT�x PTQWPW^W [L-
TPWLZPT_R hRVUQWDR ZRyLVUx QPc�. $ TR^VTLx WLVhP 
kZUTPb Pk DQUx WPNLcL_PP QPQWU[� NZL`UQQPLTRcXTL-
_L LyZRkLDRTPb YvI LQLyUTTL RhW^RcXT�[ NZUMQWRD-
cbUWQb PQQcUMLDRTPU QPQWU[� M^RcXTL_L Ly^VUTPb 
ZRyLVP� hRMZLD. ¶� PQWLhP yUZ^W TRVRcL D QPQWU[U 
^VUTPVUQWDR, hLWLZLU y�cL ZRQNZLQWZRTUTL D RZRy-
QhP�, RkPRWQhP�, UDZLNUxQhP� QWZRTR� [PZR D QR[�U 
ZRTTPU PQWLZPVUQhPU sNL�P, TL D NZLwUQQU ZRkDPWPb 
NZPLyZUcL D IUZ[RTPP TRwPLTRcXT�U LQLyUTTLQWP. 
$`LZ[PZLDRD�RbQb NLkMTUU, LQLyUTTL NLM DcPbTPU[ 
ZU`LZ[RWLZQhL_L MDPqUTPb D UDZLNUxQhLx NUMR_L_PhU 
TR Z^yUqU XIX–XX DUhLD, DLk_cRDcbU[L_L TU[UwhP[ 
NUMR_L_L[-PQQcUMLDRWUcU[ IULZ_L[ zUZ�UT�WUxTU-
ZL[, hLTwUNwPb M^RcXTLx `LZ[� NZL`UQQPLTRcXTL_L 
LyZRkLDRTPb y�cR kRhLTLMRWUcXTL NZPTbWR D MLDLUT-
TLx IUZ[RTPP hRh LQTLDTLx [UWLM NLM_LWLDhP P DLQ-
NPWRTPb [LcLM�� ZRyLVP�. 

�^RcXTRb `LZ[R NZL`UQQPLTRcXTL_L LyZRkLDRTPb, 
hRh NP�UW D QDLUx MLhWLZQhLx MPQQUZWRwPP I. �. YU-
MLWLDR, �RZRhWUZPk^UWQb hRh LyZRkLDRWUcXT�x NZL-
wUQQ, QLVUWR��Px NZRhWPVUQhLU Ly^VUTPU Q VRQWPVTLx 
kRTbWLQWX� TR NZLPkDLMQWDU P Ly^VUTPU D WZRMPwPLT-
TL[ LyZRkLDRWUcXTL[ ^VZUqMUTPP [6]. 

�^RcXTRb `LZ[R NZL`UQQPLTRcXTL_L LyZRkLDRTPb 
ZRQQ[RWZPDRUWQb TU WLcXhL hRh NUMR_L_PVUQhRb RcX-
WUZTRWPDR, TL P hRh ^QNU�TL RMRNWPZLDRTT�x h ^QcL-
DPb[ Z�TLVTLx shLTL[PhP LyZRkLDRWUcXT�x `UTL[UT, 
LhRkRD�Px hRh NZb[LU, WRh P LNLQZUMLDRTTLU DcPbTPU 
TR ZRkDPWPU NZL`UQQPLTRcXTLx NUMR_L_PhP ZRkcPVT�� 
QWZRT, Dhc�VRb vLQQP�. ¶U DLkTPhTLDUTPU LkTR[UTL-
DRcL Q[UT^ WZRMPwPx, hL_MR DkR[UT ZRwPLTRcPQWPVU-
QhLx QZUMTUDUhLDLx NZ^QQhLx WZRMPwPP NZL`UQQPL-
TRcXTLx NLM_LWLDhP [RQWUZL[ LWMUcXTL_L P «QUyU NL-
MLyTL_L» ^VUTPhR, shLTL[PhR DLQWZUyLDRcR TLD^� 
`LZ[^ NLM_LWLDhP hDRcP`PwPZLDRTT�� ZRyLWTPhLD 

TR LQTLDU WUQTL_L DkRP[LMUxQWDPb NZUMNZPbWPx  
P NZL`UQQPLTRcXT�� �hLc. 

KZLDUMUTT�x RTRcPk TR^VT�� N^ycPhRwPx NL PQ-
QcUM^U[Lx NZLycU[U kR NLQcUMTPU 20 cUW NLkDLcbUW 
^WDUZqMRWX, VWL TP LMTR TRwPLTRcXTRb LyZRkLDRWUcX-
TRb [LMUcX TU NZPDcUhcR WRhL_L NZPQWRcXTL_L DTP[R-
TPb ^VUT��, QNUwPRcPQWLD P NUMR_L_LD, hRh M^RcXTRb 
`LZ[R NZL`UQQPLTRcXTL_L LyZRkLDRTPb, P NZUqMU 
DQU_L D IUZ[RTPP. ]LcX�PTQWDL PQQcUMLDRWUcUx NZP-
kTR�W TUDLk[LqTLQWX UU NZb[L_L hLNPZLDRTPb, TL 
LMTLDZU[UTTL Q�LMbWQb D WL[, VWL RTRcPk M^RcXTLx 
`LZ[� QLkMRUW NZUMNLQ�chP DTUMZUTPb TRPyLcUU s`-
`UhWPDT�� UU scU[UTWLD D QPQWU[� NZL`UQQPLTRcXTL-
_L LyZRkLDRTPb QWZRT Q Z�TLVTLx shLTL[PhLx. 

�TRcPk hLTwUNwPP M^RcXTLx `LZ[� NZL`UQQPL-
TRcXTL_L LyZRkLDRTPb NZUMNLcR_RUW RTRcPk P QWZ^hW^-
ZPZLDRTPU QLDLh^NTLQWP UU DUM^�P� PMUx. �NZUMU-
cb��Ux QZUMP TP� bDcbUWQb WUQTRb kRDPQP[LQWX QPQ-
WU[� NZL`UQQPLTRcXTL_L LyZRkLDRTPb LW Z�ThR WZ^MR 
P ZRyLWLMRWUcUx, UU `^ThwPLTPZLDRTPU TR LQTLDU QL-
wPRcXTL_L NRZWTUZQWDR. 

J WL qU DZU[b, TUQ[LWZb TR Ly�U[PZLD^� PkDUQW-
TLQWX M^RcXTLx `LZ[� NZL`UQQPLTRcXTL_L Ly^VUTPb, 
ML TRQWLb�U_L DZU[UTP D vY LWQ^WQWD^�W UU `^TMR-
[UTWRcXT�U PQQcUMLDRTPb, R RDWLZ� TR^VT�� WZ^MLD 
NL sWLx NZLycU[U L_ZRTPVPDR�WQb RTRcPkL[ cP�X  
UU LWMUcXT�� RQNUhWLD. 

J�QLhRb qPkTUQNLQLyTLQWX P TRMUqTLQWX M^RcX-
TLx QPQWU[�, DPMP[L, Ly�bQTbUWQb WU[, VWL LTR LWDU-
VRUW hZLDT�[ PTWUZUQR[ DQU� ^VRQWD^��P� D TUx QWL-
ZLT – NZUMNZPbWPx, ZRyLWTPhLD, _LQ^MRZQWDR. �cb 
NZUMNZPbWPb M^RcXTLU LyZRkLDRTPU – sWL DLk[LqTLQWX 
NLM_LWLDPWX Mcb QUyb hRMZ� WLVTL «NLM kRhRk», LyUQ-
NUVPD P� [RhQP[RcXTLU QLLWDUWQWDPU DQU[ QDLP[ WZU-
yLDRTPb[, shLTL[b TR ZRQ�LMR� TR NLPQhU P NLMyLZU 
ZRyLWTPhLD, P� NUZU^VPDRTPP P RMRNWRwPP. z WL[^ qU 
UQWX DLk[LqTLQWX LWLyZRWX QR[�� c^V�P� ^VUTPhLD, 
DUMX kR WZP _LMR DQU P� QPcXT�U P QcRy�U QWLZLT� 
QWRTLDbWQb LVUDPMT�[P. J QDL� LVUZUMX, WRhLx NLM-
�LM [LWPDPZ^UW ^VR�P�Qb ^VPWXQb TU Mcb _RcLVhP [7]. 

�LDPVhP [L_^W QZRk^ ZRyLWRWX Q NLcTLx LWMRVUx P 
NZLPkDLMPWUcXTLQWX�, LTP �LZL�L kTR�W qPkTX 
NZUMNZPbWPb P V^DQWD^�W QUyb TR TU[ «QDLP[P». JQU 
sWL D QLDLh^NTLQWP QNLQLyQWD^UW kRhZUNcUTP� hRMZLD 
P ^[UTX�UTP� WUh^VUQWP, VWL Mcb NZLPkDLMQWDR TU[R-
cLDRqTL. 

jVRQWPU D NLM_LWLDhU hRMZLD NLcLqPWUcXTL  
QhRk�DRUWQb TR ZUN^WRwPP NZUMNZPbWPb P U_L P[PMqU 
hRh ZRyLWLMRWUcb TR Z�ThU WZ^MR (WRh TRk�DRU[L[ 
HR-yZUTMU hL[NRTPP). KZP sWL[ kR TP[ LQWRUWQb NZR-
DL D�yLZR, P LTL QR[L ZU�RUW, LZ_RTPkLD�DRWX cP ^ 
QUyb Ly^VUTPU. �cb [UchP� NZUMNZPbWPx, qUcR��P� 
NZLDLMPWX Ly^VUTPU, TL TU P[U��P� DLk[LqTLQWP 
LyLZ^MLDRWX QLyQWDUTT�U [RQWUZQhPU, WLZ_LDL-
NZL[��cUTT�U NRcRW� QLkMR�W [UqNZLPkDLMQWDUT-
T�U ^VUyT�U wUTWZ� [7]. 

lRh NUZ[QhPx LN�W, Q hLWLZ�[ _^yUZTRWLZ hZRb 
JPhWLZ ]RQRZ_PT LkTRhL[Pc _cRD^ _LQ^MRZQWDR J. K^-
WPTR, y�c LMLyZUT KZUkPMUTWL[ vLQQPP [8]. 

�UQ[LWZb TR �LZL�PU ZUk^cXWRW� M^RcXTL_L Ly^-
VUTPb, LTL DTUMZbUWQb LVUTX [UMcUTTL. IcRDTRb NZP-
VPTR – LWQWRDRTPU LyZRkLDRWUcXT�� QWRTMRZWLD, hLWLZ�U 
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LZPUTWPZLDRT� TR kTRVPWUcXTLU NZUD��UTPU WULZU-
WPVUQhL_L Ly^VUTPb TRM NZLPkDLMQWDUTT�[, hLWLZLU 
QLQWRDcbUW NZP[UZTL 65–70 % TRM 30–35 %. KZP MRT-
TLx QPW^RwPP L hRVUQWDU NZLPkDLMQWDUTTL_L Ly^VUTPb 
_LDLZPWX TU NZP�LMPWQb. 

JTUMZUTPU M^RcXTL_L Ly^VUTPb NLWZUy^UW TU WLcX-
hL ZRkZRyLWhP LyZRkLDRWUcXT�� QWRTMRZWLD, TL P D 
wUcL[ hL[NcUhQTL_L NLM�LMR h hRVUQWDUTTLx NLM_L-
WLDhU hRMZLD. �MPT Pk DRqTUx�P� scU[UTWLD – sWL 
NLD��UTPU hDRcP`PhRwPP TU WLcXhL NZUNLMRDRWUcUx, 
TL P [RQWUZLD NZLPkDLMQWDUTTL_L Ly^VUTPb, Z^hLDL-
MPWUcUx ^VUyT�� kRDUMUTPx QZUMTU_L NZL`UQQPLTRcX-
TL_L LyZRkLDRTPb. �ULy�LMP[L Pk�QhRWX `PTRTQLD�U 
ZUQ^ZQ� Mcb P� kRZ^yUqTLx QWRqPZLDhP, WRh hRh ZLQ-
QPxQhRb QPQWU[R NZL`UQQPLTRcXTL_L LyZRkLDRTPb Q^-
�UQWDUTTL LWQWRUW LW UDZLNUxQhLx. vLQQPxQhPx ^VR-
QWTPh «hLTh^ZQR [RQWUZLD», NZL�LMPD�U_L D 2013 
_LM^ D �UxNwP_U, ZRQQhRk�DRc, VWL ZLQQPxQhPU hR[UT-
�PhP NL QWRZPThU hLc�W hPZNPV WLNLZL[, D WL DZU[b 
hRh UDZLNUxQhPU [RQWUZR ZUq^W U_L cRkUZL[ [9]. 

lRhP[ LyZRkL[, D ZR[hR� M^RcXTL_L LyZRkLDRTPb 
MLcqT� y�WX ^c^V�UT� ^QcLDPb Mcb ^VRQWPb NZUM-
NZPbWPx. KZUMNZPbWPU, D VRQWTLQWP, TUQUW kTRVPWUcX-
T�U ZRQ�LM� TR NLM_LWLDh^ P hDRcP`PhRwP� PTQWZ^h-
WLZQhL_L QLQWRDR, D�NcRVPDRUW MUTUqT�U DLkTR_ZRq-
MUTPb, R WRhqU QLkMRUW [RWUZPRcXTL-WU�TPVUQhPU  
^QcLDPb Mcb [UQW Ly^VUTPb (cRyLZRWLZPb, [RQWUZQ- 
hRb P W. M.). J LWcPVPU LW ZRQ�LMLD TR h^ZQ� NLD��U-
TPb hDRcP`PhRwPP Mcb QLWZ^MTPhLD NZUMNZPbWPx, 
ZRQ�LM� TR M^RcXTLU NZL`UQQPLTRcXTLU LyZRkLDRTPU 
TU LycR_R�WQb TRcL_R[P, LTP LNcRVPDR�WQb Pk VPQWLx 
NZPy�cP NZUMNZPbWPb. 

	���������� � �������� �D�+��0����. KZRDP-
WUcXQWDL vLQQPxQhLx YUMUZRwPP D NLQcUMTPU _LM� 
^MUcbUW yLcX�LU DTP[RTPU TU WLcXhL NLD��UTP� 
NZLPkDLMPWUcXTLQWP WZ^MR, QLkMRTP� P [LMUZTPkRwPP 
D�QLhLNZLPkDLMPWUcXT�� ZRyLVP� [UQW, TL P NLN^cb-
ZPkRwPP ZRyLVP� P PTqUTUZT�� NZL`UQQPx, R WRhqU 
QLDUZ�UTQWDLDRTP� QPQWU[� QZUMTU_L NZL`UQQPL-
TRcXTL_L LyZRkLDRTPb. 

vRQNLZbqUTPU[ KZRDPWUcXQWDR vLQQPxQhLx YUMU-
ZRwPP LW 09 P�cb 2014 _. ´ 1250-Z ^WDUZqMUT NcRT 
[UZLNZPbWPx NL LyUQNUVUTP� NLD��UTPb NZLPkDLMP-
WUcXTLQWP WZ^MR, QLkMRTP� P [LMUZTPkRwPP D�QLhL-
NZLPkDLMPWUcXT�� ZRyLVP� [UQW [10]. J TU[ kRMR�WQb 
ZR[hP P sWRN� QLkMRTPb _LQ^MRZQWDUTTLx NZL_ZR[[� 
vLQQPxQhLx YUMUZRwPP, QL_cRQTL hLWLZLx MPTR[PhR 
NZLPkDLMPWUcXTLQWP WZ^MR D RDPRwPLTTLx NZL[��-
cUTTLQWP D NUZPLM Q 2014 NL 2020 __. MLcqTR P[UWX 
UqU_LMT�x NZPZLQW D 14–15 %. 

J sWL[ qU ZRQNLZbqUTPP ZRQNPQRT� [UZLNZPbWPb 
NL �UQWP LQTLDT�[ TRNZRDcUTPb[. J QWP[^cPZLDRTPP 
PTDUQWPwPx Mcb LyTLDcUTPb P [LMUZTPkRwPP NZLPk-
DLMQWDR ^NZL�UTR NZLwUM^ZR LWyLZR PTDUQWPwPLTT�� 
NZLUhWLD P NLZbMhR NZUMLQWRDcUTPb _LQ^MRZQWDUTT�� 
_RZRTWPx NZP P� ZURcPkRwPP. $LkMRT [U�RTPk[ NZL-
UhWTL_L `PTRTQPZLDRTPb Q LyUQNUVUTPU[ hLTUVTLx 
NZLwUTWTLx QWRDhP Mcb kRU[�PhR TU D��U ^ZLDTb 
QWRDhP ZU`PTRTQPZLDRTPb ]RThR vLQQPP Nc�Q 1 % 
_LMLD��.  

�cb QWP[^cPZLDRTPb WU�TLcL_PVUQhL_L LyTLDcU-
TPb D P�cU 2014 NZPTbW `UMUZRcXT�x kRhLT D VRQWP 

QLDUZ�UTQWDLDRTPb TLZ[PZLDRTPb D LycRQWP L�ZRT� 
LhZ^qR��Ux QZUM� P DDUMUTPb [UZ shLTL[PVUQhL_L 
QWP[^cPZLDRTPb �LkbxQWD^��P� Q^y�UhWLD Mcb DTU-
MZUTPb TRPc^V�P� MLQW^NT�� WU�TLcL_Px. jWDUZqMUT 
_ZR`Ph NLsWRNTL_L NZPTbWPb LWZRQcUD�� QNZRDLVTP-
hLD TRPc^V�P� MLQW^NT�� WU�TLcL_Px. KZPhRkL[ 
~PTNZL[WLZ_R D [RZWU 2015 _LMR LQ^�UQWDcUTR ^Dbk-
hR NZUMLQWRDcbU[�� [UZ NLMMUZqhP NZL[��cUTT�� 
NZUMNZPbWPx Q WZUyLDRTPb[P NL DTUMZUTP� NZL_ZUQ-
QPDT�� NZLPkDLMQWDUTT�� WU�TLcL_Px [11]. 

�cb QWP[^cPZLDRTPb kR[UT� ^QWRZUD�P� ZRyLVP� 
[UQW D MUhRyZU 2014 _LMR DTUQUT� Pk[UTUTPb D kRhL-
TLMRWUcXT�U RhW� vLQQPxQhLx YUMUZRwPP, LNZUMU-
cb��PU NLTbWPU QNUwPRcXTLx LwUThP ZRyLVU_L [UQWR 
LQTLDTL_L NUZQLTRcR hZ^NT�� NZUMNZPbWPx NZL[��-
cUTTLQWP, WZRTQNLZWR P QDbkP. J MUhRyZU 2014 NZPTbWL 
ZU�UTPU L NZLDUMUTPP D 2015–2016 _LMR� QNUwPRcX-
TLx LwUThP ZRyLVP� [UQW LQTLDTL_L NUZQLTRcR hZ^N-
T�� NZUMNZPbWPx NZL[��cUTTLQWP, WZRTQNLZWR P QDb-
kP. J P�TU 2015 _LMR ^WDUZqMUTR [UWLMPhR QNUwPRcX-
TLx LwUThP ZRyLVU_L [UQWR LQTLDTL_L NUZQLTRcR, P ML 
MUhRyZb 2016 _LMR NcRTPZ^UWQb NZLDUMUTPU QNUwPRcX-
TLx LwUThP sWP� [UQW. KZPTbWL ZU�UTPU NL NZLDUMU-
TP� D 2015 _LM^ NUZULwUThP D y^�_RcWUZQhL[ ^VUWU 
hZ^NT�� P QZUMTP� NZUMNZPbWPx NZL[��cUTTLQWP, 
WZRTQNLZWR P QDbkP LWMUcXT�� hRWU_LZPx LQTLDT�� 
`LTMLD (LyLZ^MLDRTPb) Q PQWUh�P[ QZLhL[ NLcUkTL_L 
PQNLcXkLDRTPb. 

�L P�cb 2017 _LMR NcRTPZ^UWQb QLkMRWX [U�RTPk-
[� QWP[^cPZLDRTPb kR[UT� ^QWRZUD�P� ZRyLVP� [UQW 
NL PWL_R[ QNUwPRcXTLx LwUThP ZRyLVP� [UQW. KLM_L-
WLDcUT� NZUMcLqUTPb NL DTUQUTP� Pk[UTUTPx D �R-
cL_LD�x hLMUhQ vLQQPxQhLx YUMUZRwPP, NZUM^Q[RWZP-
DR��P� NLD��UTPU ^ZLDTb TRcL_LLycLqUTPb LZ_RTP-
kRwPx, P[U��P� LQTLDT�U `LTM� (LyLZ^MLDRTPU)  
Q PQWUh�P[ QZLhL[ NLcUkTL_L PQNLcXkLDRTPb. 

�cb QLkMRTPb ^QcLDPx Mcb NZL`UQQPLTRcXTL_L ZRk-
DPWPb ZRyLWTPhLD ZRkZRyLWRT P MLcqUT UqU_LMTL Rh-
W^RcPkPZLDRWXQb TRwPLTRcXT�x hcRQQP`PhRWLZ (NUZU-
VUTX) DPMLD NZL`UQQPLTRcXTLx MUbWUcXTLQWP Q ^VUWL[ 
P� DLQWZUyLDRTTLQWP TR Z�ThU WZ^MR. jQWRTLDcUT� 
wUcUD�U NLhRkRWUcP NL ^WDUZqMUTP� NZL`UQQPLTRcX-
T�� QWRTMRZWLD, R WRhqU NL ZRkZRyLWhU P RhW^RcPkR-
wPP `UMUZRcXT�� _LQ^MRZQWDUTT�� LyZRkLDRWUcXT�� 
QWRTMRZWLD NZL`UQQPLTRcXTL_L LyZRkLDRTPb. �R[UVUTL 
NZLDUMUTPU NZL`UQQPLTRcXTL-Ly�UQWDUTTLx RhhZUMP-
WRwPP NZL`UQQPLTRcXT�� LyZRkLDRWUcXT�� NZL_ZR[[. 

J VRQWP TLZ[RWPDTL-NZRDLDL_L LyUQNUVUTPb  
NZL`UQQPLTRcXTL_L ZRkDPWPb ZRyLWTPhLD NcRTPZ^UWQb 
ZRkZRyLWhR P NZPTbWPU `UMUZRcXTL_L kRhLTR L QPQWU[U 
TUkRDPQP[Lx QUZWP`PhRwPP hDRcP`PhRwPx Q QLkMRTP-
U[ LWZRQcUD�� QLDUWLD NL NZL`UQQPLTRcXT�[ hDRcP-
`PhRwPb[, TUkRDPQP[�� wUTWZLD QUZWP`PhRwPP hDR-
cP`PhRwPx, hLWLZ�U y^M^W TRMUcUT� NLcTL[LVPb[P, 
LWZRQcUD�[P QLDUWR[P NL NZL`UQQPLTRcXT�[ hDRcP-
`PhRwPb[. �WLW kRhLT NZUM^Q[RWZPDRUW NLMWDUZqMU-
TPU hDRcP`PhRwPP ZRyLWTPhLD P QNUwPRcPQWLD D TUkR-
DPQP[�� wUTWZR� QUZWP`PhRwPP hDRcP`PhRwPx.  

lRhqU NZUM^Q[LWZUTL DTUQUTPU Pk[UTUTPx D TRcL-
_LDLU kRhLTLMRWUcXQWDL vLQQPxQhLx YUMUZRwPP,  
TRNZRDcUTT�� TR [LWPDRwP� NZUMNZPbWPx h ^VRQWP� 
D NZRhWPhL-LZPUTWPZLDRTTLx (M^RcXTLx) [LMUcP  
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NLM_LWLDhP D�QLhLhDRcP`PwPZLDRTT�� ZRyLVP� hRM-
ZLD. �R[UVUT� LQTLDT�U [UZ� NL NLD��UTP�  
[LyPcXTLQWP WZ^MLD�� ZUQ^ZQLD. 

~UZ� NL NLD��UTP� NZLPkDLMPWUcXTLQWP WZ^MR  
D hL[NRTPb� Q _LQ^MRZQWDUTT�[ ^VRQWPU[ NZUM^Q[RW-
ZPDR�W LZ_RTPkRwP� `UMUZRcXTL_L QWRWPQWPVUQhL_L 
TRyc�MUTPb NLhRkRWUcUx, �RZRhWUZPk^��P� NZLPkDL-
MPWUcXTLQWX WZ^MR NL hZ^NT�[ P QZUMTP[ NZUMNZP-
bWPb[ QUhWLZR TU`PTRTQLD�� hLZNLZRwPx Q _LQ^MRZ-
QWDUTT�[ ^VRQWPU[. �WP NLhRkRWUcP y^M^W Dhc�VUT� 
D QPQWU[^ hc�VUD�� NLhRkRWUcUx s``UhWPDTLQWP Z^-
hLDLMPWUcUx RhwPLTUZT�� Ly�UQWD, D hLWLZ�� vLQ-
QPxQhRb YUMUZRwPb DcRMUUW yLcUU 50 % RhwPx, R WRhqU 
`UMUZRcXT�� _LQ^MRZQWDUTT�� ^TPWRZT�� NZUMNZPbWPx. 

vRQNLZbqUTPU[ KZRDPWUcXQWDR vLQQPxQhLx YUMU-
ZRwPP LW 05 [RZWR 2015 _. ´ 366-Z ^WDUZqMUT NcRT 
[UZLNZPbWPx, TRNZRDcUTT�� TR NLN^cbZPkRwP� ZRyL-
VP� P PTqUTUZT�� NZL`UQQPx [12]. J TU[ NZUM^Q[LW-
ZUTL UqU_LMTLU NZLDUMUTPU DQUZLQQPxQhLx LcP[NPR-
M� NZL`UQQPLTRcXTL_L [RQWUZQWDR Ly^VR��P�Qb NL 
NZL`UQQPb[ P QNUwPRcXTLQWb[ QZUMTU_L NZL`UQQPL-
TRcXTL_L LyZRkLDRTPb, R WRhqU NZLMLcqUTPU UqU_LM-
TL_L JQUZLQQPxQhL_L hLTh^ZQR NZL`UQQPLTRcXTL_L 
[RQWUZQWDR «�^V�Px NL NZL`UQQPP» D QLLWDUWQWDPP  
Q NLQWRTLDcUTPU[ KZRDPWUcXQWDR vLQQPxQhLx YUMUZR-
wPP «� JQUZLQQPxQhL[ hLTh^ZQU NZL`UQQPLTRcXTL_L 
[RQWUZQWDR «�^V�Px NL NZL`UQQPP» [13]. 

�QLyLU DTP[RTPU ^MUcbUWQb NZLDUMUTP� �RwPL-
TRcXTL_L VU[NPLTRWR QhDLkT�� ZRyLVP� NZL`UQQPx 
D�QLhLWU�TLcL_PVT�� LWZRQcUx NL [UWLMPhU 
WorldSkills c ^VUWL[ [UZLNZPbWPx JuniorSkills, R WRhqU 
LWZRQcUD�� VU[NPLTRWLD vLQQPP. �cb ^QNU�TL_L ^VR-
QWPb D [PZLD�� VU[NPLTRWR� ZRyLVP� NZL`UQQPx NcR-
TPZ^UWQb LZ_RTPkRwPb P NZLDUMUTPU DQUZLQQPxQhL_L 
WZUTPZLDLVTL_L cR_UZb hRTMPMRWLD D TRwPLTRcXT^� 
QyLZT^� ~UqM^TRZLMTL_L VU[NPLTRWR WorldSkills 
International. 

J sWL[ NLQWRTLDcUTPP vLQ[LcLMUqP NLZ^VUTL  
QLMUxQWDPU D NZLDUMUTPP [UqM^TRZLMTL_L hLTh^ZQR 
QZUMP LZ_RTPkRwPx TR c^V�^� QPQWU[^ ZRyLW� Q [L-
cLMUqX� TR NZUMNZPbWPb�.  

vRQNLZbqUTPU KZRDPWUcXQWDR vLQQPxQhLx YUMUZR-
wPP LW 03.03.2015 ´ 349-Z ^WDUZqMRUW hL[NcUhQ [UZ, 
TRNZRDcUTT�� TR QLDUZ�UTQWDLDRTPU QPQWU[� QZUMTU_L 
NZL`UQQPLTRcXTL_L LyZRkLDRTPb, TR 2015–2020 _LM� 
[14]. J sWL[ ZRQNLZbqUTPP NUZDLLVUZUMTLU DTP[RTPU 
^MUcUTL LyUQNUVUTP� QLLWDUWQWDPb hDRcP`PhRwPP 
D�N^QhTPhLD WZUyLDRTPb[ QLDZU[UTTLx shLTL[PhP.  

�cb sWL_L DUMUWQb ZRyLWR NL NLM_LWLDhU QNPQhR 
NUZQNUhWPDT�� P DLQWZUyLDRTT�� TR Z�ThU WZ^MR 
NZL`UQQPx P QNUwPRcXTLQWUx, WZUy^��P� QZUMTU_L 
NZL`UQQPLTRcXTL_L LyZRkLDRTPb, Q D�MUcUTPU[ 50 
TRPyLcUU NUZQNUhWPDT�� P DLQWZUyLDRTT�� NZL`UQ-
QPx P QNUwPRcXTLQWUx. �cb sWP� NZL`UQQPx P QNUwP-
RcXTLQWUx NcRTPZ^UWQb ZRkZRyLWhR P RhW^RcPkRwPb 
NZL`UQQPLTRcXT�� QWRTMRZWLD, D WL[ VPQcU D QLLWDUW-
QWDPP Q c^V�P[P kRZ^yUqT�[P QWRTMRZWR[P P NUZU-
MLD�[P WU�TLcL_Pb[P.  

$NPQLh Pk 50 TRPyLcUU NUZQNUhWPDT�� NZL`UQQPx 
MLcqUT y�WX LMLyZUT �RwPLTRcXT�[ QLDUWL[ NZP 
KZUkPMUTWU vLQQPxQhLx YUMUZRwPP NL NZL`UQQPLTRcX-
T�[ hDRcP`PhRwPb[ DL DWLZLx NLcLDPTU 2015 _LMR. 

�RcUU MLcqT� y�WX RhW^RcPkPZLDRT� NZL`UQQPL-
TRcXT�U QWRTMRZW�, R kRWU[ Q ^VUWL[ WZUyLDRTPx NZL-
`UQQPLTRcXT�� QWRTMRZWLD RhW^RcPkPZLDRT� P ^WDUZ-
qMUT� `UMUZRcXT�U _LQ^MRZQWDUTT�U LyZRkLDRWUcX-
T�U QWRTMRZW� QZUMTU_L NZL`UQQPLTRcXTL_L LyZRkL-
DRTPb NL 50 TRPyLcUU NUZQNUhWPDT�[ P DLQWZUyLDRT-
T�[ NZL`UQQPb[ P QNUwPRcXTLQWb[. uRDUZ�R��P[ 
sWRNL[ [UWLMPVUQhLx NZLZRyLWhP MLcqTL QWRWX Dhc�-
VUTPU D ZUUQWZ NZP[UZT�� LQTLDT�� LyZRkLDRWUcXT�� 
NZL_ZR[[ NZP[UZT�� LyZRkLDRWUcXT�� NZL_ZR[[ 
QZUMTU_L NZL`UQQPLTRcXTL_L LyZRkLDRTPb. 

�ybkRWUcXT�[ ^QcLDPU[ bDcbUWQb NLQcUMLDRWUcX-
TLU DTUMZUTPU D QZUMTU[ NZL`UQQPLTRcXTL[ LyZRkL-
DRTPP NZRhWPhL-LZPUTWPZLDRTTLx (M^RcXTLx) [LMUcP 
Ly^VUTPb D NUZPLM Q 2016 NL 2020 __. 

�cb sWL_L MLcqTR y�WX QLkMRT� P RNZLyPZLDRT� 
[LMUcP NLM_LWLDhP NUMR_L_PVUQhP� hRMZLD Mcb QPQWU-
[� QZUMTU_L NZL`UQQPLTRcXTL_L LyZRkLDRTPb D LZ_R-
TPkRwPb� D�Q�U_L LyZRkLDRTPb, NZL`UQQPLTRcXT�� 
LyZRkLDRWUcXT�� LZ_RTPkRwPb� P LZ_RTPkRwPb� ML-
NLcTPWUcXTL_L NZL`UQQPLTRcXTL_L LyZRkLDRTPb.  

KZUM^Q[LWZUTR LZ_RTPkRwPb MLNLcTPWUcXTL_L 
NZL`UQQPLTRcXTL_L LyZRkLDRTPb Z^hLDLMPWUcUx NZL-
`UQQPLTRcXT�� LyZRkLDRWUcXT�� LZ_RTPkRwPx, LQ^-
�UQWDcb��P� NLM_LWLDh^ hRMZLD NL 50 TRPyLcUU NUZ-
QNUhWPDT�[ P DLQWZUyLDRTT�[ NZL`UQQPb[ P QNUwP-
RcXTLQWb[. 

KL ZUk^cXWRWR[ NZLDUMUTPb VU[NPLTRWLD NZL`UQ-
QPLTRcXTL_L [RQWUZQWDR, DQUZLQQPxQhP� LcP[NPRM P 
hLTh^ZQLD NL NUZQNUhWPDT�[ P DLQWZUyLDRTT�[ NZL-
`UQQPb[ P QNUwPRcXTLQWb[, D WL[ VPQcU TRwPLTRcXTL-
_L VU[NPLTRWR «JLZcMQhPccQ vLQQPb», JQUZLQQPxQhL-
_L hLTh^ZQR NZL`UQQPLTRcXTL_L [RQWUZQWDR «�^V�Px 
NL NZL`UQQPP», MLcqT� y�WX NLM_LWLDcUT� [UWLMP-
VUQhPU ZUhL[UTMRwPP NL QLDUZ�UTQWDLDRTP� QZUMTU-
_L NZL`UQQPLTRcXTL_L LyZRkLDRTPb. 

]Uk _LQ^MRZQWDUTTLx NLMMUZqhP [LMUZTPkRwPb 
QPQWU[� QZUMTU_L NZL`UQQPLTRcXTL_L LyZRkLDRTPb 
TUDLk[LqTR. �WR NLMMUZqhR DLk[LqTR D `LZ[U Q^yQP-
MPx, NZUMLQWRDcbU[�� Q^y�UhWR[ vLQQPxQhLx YUMUZR-
wPP TR ZURcPkRwP� ZU_PLTRcXT�� NZL_ZR[[ ZRkDPWPb 
QZUMTU_L NZL`UQQPLTRcXTL_L LyZRkLDRTPb. 

KL[P[L _LQ^MRZQWDUTTLx NLMMUZqhP ZRkDPWPb 
QPQWU[� QZUMTU_L NZL`UQQPLTRcXTL_L LyZRkLDRTPb 
TULy�LMP[R hLTQLcPMRwPb ZUQ^ZQLD yPkTUQR, _LQ^MRZ-
QWDR P Q`UZ� LyZRkLDRTPb. �cb sWL_L T^qTL QLDUZ-
�UTQWDLDRTPU NZL`UQQPLTRcXTLx LZPUTWRwPP Ly^-
VR��P�Qb D Ly�ULyZRkLDRWUcXT�� LZ_RTPkRwPb�  
P ZRkDPWPU QPQWU[� QZUMTU_L NZL`UQQPLTRcXTL_L Ly-
ZRkLDRTPb Q ^VUWL[ QLD[U�UTPb WULZUWPVUQhLx NLM_L-
WLDhP Q NZRhWPVUQhP[ Ly^VUTPU[ TR NZUMNZPbWPP. 

JTUQUTPU Pk[UTUTPx D �RcL_LD�x hLMUhQ vLQQPx-
QhLx YUMUZRwPP NLD�QPW [LWPDRwP� NZUMNZPbWPx  
h ^VRQWP� D NZRhWPhL-LZPUTWPZLDRTTLx (M^RcXTLx) 
[LMUcP NLM_LWLDhP D�QLhLhDRcP`PwPZLDRTT�� ZRyL-
VP� hRMZLD, D WL[ VPQcU h ZRkDPWP� [RWUZPRcXTL-
WU�TPVUQhLx yRk� NZL`UQQPLTRcXT�� LyZRkLDRWUcX-
T�� LZ_RTPkRwPx. 

�ULy�LMP[L DTUQUTPU Pk[UTUTPx D YUMUZRcXT�x 
kRhLT «�y LyZRkLDRTPP D vLQQPxQhLx YUMUZRwPP»  
D VRQWP ZRQ�PZUTPb LQTLDT�� wUcUx MUbWUcXTLQWP 
NZL`UQQPLTRcXT�� LyZRkLDRWUcXT�� LZ_RTPkRwPx. 
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lZUy^UWQb QLDUZ�UTQWDLDRTPU ^VRQWPb NZUMQWRDP-
WUcUx ZRyLWLMRWUcUx D NLNUVPWUcXQhP� P TRyc�MR-
WUcXT�� QLDUWR� NZL`UQQPLTRcXT�� LyZRkLDRWUcXT�� 
LZ_RTPkRwPx [14]. 

�cb LwUThP hRVUQWDR NLM_LWLDhP hRMZLD TULy�L-
MP[L QLkMRTPU QPQWU[� [LTPWLZPT_R, D hLWLZLx LM-
TP[ Pk hZPWUZPUD hRVUQWDR NLM_LWLDhP hRMZLD bDcb-
�WQb ZUk^cXWRW� ^VRQWPb ZU_PLTRcXT�� P LWZRQcUD�� 
hL[RTM D TRwPLTRcXT�� VU[NPLTRWR� NZL`UQQPLTRcX-
TL_L [RQWUZQWDR, D WL[ VPQcU D TRwPLTRcXTL[ VU[-
NPLTRWU «JLZcMQhPccQ vLQQPb» [14]. 

$PQWU[R M^RcXTL_L LyZRkLDRTPb NZUMNLcR_RUW QL-
D[UQWTLU `PTRTQPZLDRTPU NZL_ZR[[ NLM_LWLDhP hRM-
ZLD NLM hLThZUWTLU ZRyLVUU [UQWL hL[[UZVUQhP[P 
NZUMNZPbWPb[P, kRPTWUZUQLDRTT�[P D hDRcP`PwPZL-
DRTTL[ NUZQLTRcU, P ZU_PLTRcXT�[P LZ_RTR[P DcRQWP, 
kRPTWUZUQLDRTT�[P D ZRkDPWPP shLTL[PhP P NLD��U-
TPP ^ZLDTb qPkTP D ZU_PLTU.  

�cb UU ZURcPkRwPP TULy�LMP[� QPQWU[T�U Pk[U-
TUTPb TR hRqML[ sWRNU Ly^VUTPb. lRh, NZP `LZ[PZL-
DRTPP kRhRkR TR TRyLZ P Ly^VUTPU QW^MUTWLD NZP ZRQ-
NZUMUcUTPP y�MqUWT�� [UQW D LyZRkLDRWUcXT�� ^V-
ZUqMUTPb� TULy�LMP[ ^VUW NLWZUyTLQWUx hL[NRTPx 
hLThZUWTL_L ZU_PLTR PcP hRhLx-cPyL D�QLhLWU�TLcL-
_PVTLx LWZRQcP vLQQPP D wUcL[ (TRNZP[UZ, vLQRWL[R 
PcP vLQhLQ[LQR). KZP sWL[ kRhRk `LZ[PZ^UWQb NZUM-
NZPbWPU[ TR 5–10 cUW DNUZUM P LyQ^qMRUWQb TR ^ZLDTU 
QLDUWR MPZUhWLZLD D QLLWDUWQWDPP Q WUh^�P[ QLQWLb-
TPU[ �WRWTL_L ZRQNPQRTPb P NUZQNUhWPDR[P ZRkDPWPb. 

�y^VUTPU MLcqTL DUQWPQX NL `UMUZRcXT�[ LyZR-
kLDRWUcXT�[ QWRTMRZWR[ NZL`UQQPLTRcXTL_L LyZRkL-
DRTPb, ZRkZRyLWRTT�[ TR LQTLDU NZL`UQQPLTRcXT�� 
QWRTMRZWLD. YLZ[PZLDRTPU ^VUyTLx NZL_ZR[[� P TR-
yLZ MPMRhWPVUQhP� UMPTPw hLThZUWTLx MPQwPNcPT� 
MLcqT� y�WX QL_cRQLDRT� Q NZUMNZPbWPU[-kRhRkVP- 
hL[. �y^VUTPU MLcqTL y�WX [RhQP[RcXTL LZPUTWPZL-
DRTL TR hLThZUWTLU NZLPkDLMQWDL, R yLcX�Rb VRQWX 
NZRhWPVUQhP� kRTbWPx MLcqTR NZL�LMPWX D wUTWZU 
Ly^VUTPb P wU�R� NZUMNZPbWPx. 

���+��#�+��( ���( – %0�+���� �������. zZRQ-
TLbZQhPx hZRx QWRc LMTP[ Pk ^VRQWTPhLD-NLyUMPWUcUx 
NL PWL_R[ hLTh^ZQTL_L LWyLZR «NPcLWT��» ZU_PLTLD 
NL NLM_LWLDhU ZRyLVP� hRMZLD TR LQTLDU M^RcXTL_L 
LyZRkLDRTPb. jVRQWTPhR[P NZLUhWR D zZRQTLbZQhL[ 
hZRU bDcb�WQb NZUMNZPbWPb [R�PTLQWZLPWUcXTL_L 
hL[NcUhQR – �� «zZRQ[R�», �� «}$$», �� «�KK 
«vRMPLQDbkX» P LyZRkLDRWUcXT�U ^VZUqMUTPb – $P-
yPZQhPx _LQ^MRZQWDUTT�x RsZLhLQ[PVUQhPx ^TPDUZ-
QPWUW P[UTP RhRMU[PhR ~. Y. vU�UWTUDR, $PyPZQhPx 
`UMUZRcXT�x ^TPDUZQPWUW, $LQTLDLyLZQhPx RDWL[U-
�RTPVUQhPx WU�TPh^[, zZRQTLbZQhPx WU�TPh^[ NZL-
[��cUTTL_L QUZDPQR, zZRQTLbZQhPx hLccUMq ZRMPL-
scUhWZLTPhP, shLTL[PhP P ^NZRDcUTPb.  

23 P�cb 2014 _. D��Uc NZPhRk ~PTLyZTR^hP vLQ-
QPP ´ 780, D QLLWDUWQWDPP Q hLWLZ�[ QWRW^Q «YUMU-
ZRcXTRb PTTLDRwPLTTRb NcL�RMhR» (Y}K) y�c NZP-
QDLUT 59 NZL`UQQPLTRcXT�[ LyZRkLDRWUcXT�[ LZ_R-
TPkRwPb[, ^VRQWD^��P[ D ZURcPkRwPP NZLUhWR «KLM-
_LWLDhR ZRyLVP� hRMZLD, QLLWDUWQWD^��P� WZUyLDRTP-
b[ D�QLhLWU�TLcL_PVT�� LWZRQcUx NZL[��cUTTLQWP, 
TR LQTLDU M^RcXTL_L LyZRkLDRTPb» [15]. 

$PyPZQhPx _LQ^MRZQWDUTT�x RsZLhLQ[PVUQhPx 
^TPDUZQPWUW P[UTP RhRMU[PhR ~. Y. vU�UWTUDR NLc^-
VPc QWRW^Q Y}K TR 2014–2016 _LM� P NZPQW^NPc  
D �sZLhLQ[PVUQhL[ hLccUMqU h NLM_LWLDhU QNUwPRcP-
QWLD NL QPQWU[U M^RcXTL_L LyZRkLDRTPb QZUMTU_L  
NZL`UQQPLTRcXTL_L LyZRkLDRTPb. J ZR[hR� NZLUhWR 
ZRkZRyLWRT� NZL`UQQPLTRcXT�U LyZRkLDRWUcXT�U  
NZL_ZR[[� NL NZL`UQQPb[ «�NUZRWLZ QWRThLD Q NZL-
_ZR[[T�[ ^NZRDcUTPU[», «lLhRZX», «YZUkUZLD�Ph». 
vURcPkRwPb sWL_L NZLUhWR LQ^�UQWDcbUWQb QLD[UQWTL  
Q NZUMNZPbWPb[P LyLZLTTL-NZL[��cUTTL_L hL[NcUh-
QR zZRQTLbZQhL_L hZRb �� «}T`LZ[RwPLTT�U QN^W-
TPhLD�U QPQWU[� P[UTP RhRMU[PhR ~. Y. vU�UWTUDR» 
P �� «zZRQ[R�». 

���"?0����. vURcPkRwPb NZLUhWR NL NUZU�LM^ 
QPQWU[� NZL`UQQPLTRcXTL_L LyZRkLDRTPb D ZU_PLTR� 
vLQQPP TR NZRhWPhL-LZPUTWPZLDRTTLU (M^RcXTLU) Ly^-
VUTPU NLkDLcPW Q`LZ[PZLDRWX TR PTTLDRwPLTT�� 
NZUMNZPbWPb� WRhLU hRMZLDLU LyUQNUVUTPU, hLWLZLU 
NLkDLcPW LyUQNUVPWX NLD��UTPU NZLPkDLMPWUcXTLQWP 
WZ^MR, R WRhqU y^MUW QNLQLyQWDLDRWX ^QhLZUTP� QTPk^ 
NZLwUQQR QLkMRTPb P [LMUZTPkRwPP D�QLhLNZLPkDLMP-
WUcXT�� ZRyLVP� [UQW. KZP sWL[ NZUMNZPbWPb [L_^W 
DLQNLcXkLDRWXQb TU WLcXhL _LQ^MRZQWDUTTLx QPQWU[Lx 
NLM_LWLDhP hRMZLD, TL P NLc^VPWX _LQ^MRZQWDUTT^� 
NLMMUZqh^ NL hL[NUTQRwPP QLyQWDUTT�� kRWZRW.  
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In the world literature there are hundreds of definitions of the term “innovation”, but their essence comes down to 
the fact that innovation is the transformation of scientific achievements, new real physical and intellectual products and 
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services possessing new qualities, resulting from the process of translating a new idea or method in practice that can 
improve the quality of life is an investment in the economy, provides a change of equipment and technologies; new 
techniques, technology, which is the result of scientific and technological progress. Determinant of innovation is the 
development of inventions, rationalization, and the emergence of major discoveries. Thus, the main condition of 
demand of economy on an innovation is competition, which makes us look for the best technological decisions, to 
update production. The basis of economic growth is a successful entrepreneur, and entrepreneurs are contributing a 
creative element in their work, provide breakthroughs in the economy. A high level of education of the Russian 
population, a huge legacy of fundamental science, the presence of engineering schools, preserved in many industries 
base pilot production – can successfully learn new innovative directions. However, innovation can only occur under 
certain prevailing financial conditions and the availability of qualified personnel. With regard to innovation in the 
aerospace industry that can be expressed in the form of patenting of development, in 2014 Russia is among the five 
world leaders in the field of scientific and technological developments for space exploration, and in the number of 
patent included the leaders of the JSC “Information satellite systems” named after M. F. Reshetnev” and Khrunichev 
State Research and Production Space Center, Omsk branch of which is PA “Polyot”, where great importance is 
attached to the inventive activity of employees, preparation of engineering and innovative personnel. 

 
Keywords: innovation, aerospace industry, patenting of inventions. 
    
)��/����. �MTP[ Pk NUZD��, hWL Q`LZ[^cPZLDRc 

WRh^� shLTL[PVUQh^� hRWU_LZP�, hRh «PTTLDRwPb», 
y�c PkDUQWT�x shLTL[PQW û. �. Ã^[NUWUZ [1]. KLM 
PTTLDRwPUx LT NLTP[Rc DTUMZUTPU TLD�� NZLM^hWLD, 
^Qc^_, LWhZ�WPx [UQWLZLqMUTPx P W. N. z TRQWLb�U[^ 
DZU[UTP D [PZLDLx cPWUZRW^ZU TRQVPW�DRUWQb yLcX- 
�LU hLcPVUQWDL LNZUMUcUTPx NLTbWPb «PTTLDRwPP», 
TL Q^WX P� DQU� QDLMPWQb h WL[^, VWL PTTLDRwPP – sWL 
NZUDZR�UTPU NLWUTwPRcXTL_L TR^VTL-WU�TPVUQhL_L 
NZL_ZUQQR, TR^VT�� MLQWPqUTPx D TLD�U ZURcXT�U 
«`PkPVUQhPU» P PTWUccUhW^RcXT�U NZLM^hW� P ^Qc^_P, 
LycRMR��PU TLD�[P hRVUQWDR[P [2]. KZP sWL[ LNZU-
MUcb��P[ `RhWLZL[ PTTLDRwPP bDcbUWQb ZRkDPWPU 
ZRwPLTRcPkRwPP, PkLyZUWRWUcXQWDR, NRWUTWLDRTPU  
P DTUMZUTPU kRNRWUTWLDRTT�� ZRkZRyLWLh. 


��������. J�QLhPx ^ZLDUTX LyZRkLDRTPb TRQU- 
cUTPb vLQQPP, L_ZL[TLU TRQcUMPU `^TMR[UTWRcXTLx 
TR^hP, TRcPVPU PTqUTUZT�� �hLc, QL�ZRTPD�RbQb  
DL [TL_P� LWZRQcb� yRkR LN�WTL_L NZLPkDLMQWDR  
NLkDLcb�W ^QNU�TL LQDRPDRWX TLD�U PTTLDRwPLTT�U 
TRNZRDcUTPb. IcRDT�[ `RhWLZL[ ^QNU�R NZP sWL[  
bDcb�WQb hRMZ� – TR^VTL-PTqUTUZT�x NLWUTwPRc, 
hLWLZ�[ ZRQNLcR_RUW QWZRTR, P QWUNUTX s``UhWPDTL-
QWP U_L PQNLcXkLDRTPb, VWL LQLyUTTL LWVUWcPDL NZL-
QcUqPDRUWQb NZP RTRcPkU ZRyLW� NZUMNZPbWPx LyL-
ZLTTL-NZL[��cUTTL_L hL[NcUhQR [3]. J `^TMR[UT-
WRcXTL[ PQQcUMLDRTPP «$WZRWU_Pb–2020» [4] NZUM-
QWRDcUT� LQTLDT�U DLk[LqT�U QwUTRZPP PTTLDRwP-
LTTL_L ZRkDPWPb NZP[UTPWUcXTL h vLQQPP. 

«KZL_ZUQQLZQhPx QwUTRZPx» NZUM^Q[RWZPDRUW 
`LZQPZLDRTTLU DQWZRPDRTPU D _cLyRcXT^� shLTL[Ph^ 
TR NLQWPTM^QWZPRcXTL[ sWRNU. KZP sWL[ PTTLDRwPP 
kRhc�VR�WQb D ZRkZRyLWhU P DTUMZUTPP NRhUWLD PTQW-
Z^[UTWLD QWP[^cPZLDRTPb QNZLQR TR PTTLDRwPP P 
NLMMUZqhU P� NZUMcLqUTPb. 

$L_cRQTL ^[UZUTTL[^ QwUTRZP� MLcqTL NZLPQ�L- 
MPWX NLQWUNUTTLU TRZR�PDRTPU PTTLDRwPLTTL_L ZRk-
DPWPb, hLWLZLU MLcqTL kRhc�VRWXQb D NZPDcUVUTPP 
DTUy�MqUWT�� QZUMQWD, D NLMMUZqhU hZURWPDTL_L 
(creative – WDLZVUQhPx, QLkPMRWUcXT�x, PkLyZUWRWUcX-
T�x) hcRQQR P Ly�UshLTL[PVUQhLx QZUM�. 

KZP ZURcPkRwPP PTUZwPLTTL_L QwUTRZPb QL�ZRTb-
UWQb QcLqPD�UUQb QLQWLbTPU shLTL[PhP D ^QcLDPb� UU 
[UMcUTTL_L ZLQWR, Q�ZXUDLx LZPUTWRwPP P kRDPQP[L-

QWP LW DTU�TUx hLT��ThW^Z�. }TTLDRwPP NZP sWL[ 
RhwUTWPZ^�WQb TR QPW^RwPLTT�� ZU�UTPb� P [b_hP� 
ZU`LZ[R� NZP RMRNWRwPP _LWLD�� WU�TLcL_Px P NZL-
PkDLMQWD. 

KZP sWL[ hRqM�x Pk sWP� QwUTRZPUD [LqUW y�WX 
ZURcPkLDRT WLcXhL Q NL[L�X� QLLWDUWQWD^��P[ Ly-
ZRkL[ NLM_LWLDcUTT�� hRMZLD. zLTUVTLx wUcX� ZUR-
cPkRwPP c�yL_L Pk LNPQRTT�� QwUTRZPUD bDcbUWQb 
^QWLxVPDLU `^ThwPLTPZLDRTPU NZL[��cUTTL_L NZUM- 
NZPbWPb, LQTLDT�U NLcLqUTPb hLWLZL_L ZRQQ[LWZUT� 
D ZRyLWU [5] P hLWLZ�U RhW^RcXT� P D TRQWLb�UU DZU[b. 


�������� � �\����+��0�+��( ����+"�. $ZUMP 
MZ^_P� LWZRQcUx NZL[��cUTTL_L NZLPkDLMQWDR LQL- 
yUTTL LQWZL T^qMRUWQb D D�QLhLhDRcP`PwPZLDRTT�� 
hRMZR� LyLZLTTRb NZL[��cUTTLQWX [3], Dhc�VRb  
P RsZLhLQ[PVUQhLU [R�PTLQWZLUTPU [6], ^QNU�TRb 
MUbWUcXTLQWX hLWLZL_L NZRhWPVUQhP NLQWZLUTR TR PT-
TLDRwPb�. KZLPkDLMQWDUTTRb MUbWUcXTLQWX ZRhUWTL-
hLQ[PVUQhP� NZUMNZPbWPx LWcPVRUWQb LW MZ^_P� [R-
�PTLQWZLPWUcXT�� NZUMNZPbWPx wUc�[ ZbML[ LQL-
yUTTLQWUx, LQTLDT�[P Pk hLWLZ�� QcUM^UW QVPWRWX 
shQWZU[RcXT�U ^QcLDPb shQNc^RWRwPP hLQ[PVUQhP� 
RNNRZRWLD [7], VWL MPhW^UW TULy�LMP[LQWX NZP[UTU-
TPb NUZUMLD�� WU�TLcL_Px P NLQWLbTTL_L P� QLDUZ-
�UTQWDLDRTPb [8], hLWLZ�U MLcqT� yRkPZLDRWXQb  
TR PTTLDRwPLTTL[ NLM�LMU [3]. 

�cb ^QNU�TLx ZRyLW� D sWL[ TRNZRDcUTPP QcUM^UW 
Z^hLDLMQWDLDRWXQb jhRkL[ KZUkPMUTWR vY LW 7 P�cb 
2011 _. ´ 899 «�y ^WDUZqMUTPP NZPLZPWUWT��  
TRNZRDcUTPx ZRkDPWPb TR^hP, WU�TLcL_Px P WU�TPhP  
D vLQQPxQhLx YUMUZRwPP P NUZUVTb hZPWPVUQhP�  
WU�TLcL_Px vLQQPxQhLx YUMUZRwPP» [9], D hLWLZL[ 
NZUM^Q[LWZUTL 8 NZPLZPWUWT�� TRNZRDcUTPx, QZUMP 
hLWLZ�� D�MUcUT N. 7. «lZRTQNLZWT�U P hLQ[PVUQhPU 
QPQWU[�», R D NUZUVTU hZPWPVUQhP� WU�TLcL_Px, QL-
QWLb�U[ Pk 27 NLkPwPx, NZPDUMUT N. 24 «lU�TLcL_PP 
QLkMRTPb ZRhUWTL-hLQ[PVUQhLx P WZRTQNLZWTLx WU�TP-
hP TLDL_L NLhLcUTPb». 

�cb ZURcPkRwPP NZPLZPWUWT�� TRNZRDcUTPx _LQ^-
MRZQWDL D�MUcbUW kTRVPWUcXT�U QZUMQWDR, P Ly�UhWPD-
TLx LwUThLx NLc^VUTT�� WU�TPVUQhP� ZUk^cXWRWLD 
bDcb�WQb NLc^VUTT�U NRWUTW� TR ZRkZRyLWhP, hLWL-
Z�U bDcb�WQb L`PwPRcXT�[ NZPkTRTPU[ [PZLDLx 
TLDPkT� NLc^VUTTL_L ZUk^cXWRWR, NZRhWPVUQhL_L 
DhcRMR D ZRkDPWPU PTTLDRwPLTTLx shLTL[PhP [10]. 
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ILM 2003 2005 2007 2009 2011 2013 2015 
KLMRTL kRbDLh TR NRWUTWLDRTPU 33 36 57 55 77 87 57 
KLc^VUTL NRWUTWLD 31 34 55 50 70 14 57 
JTUMZUTL 11 18 15 14 19 2 22 
uRbDhP TR ZU_PQWZRwP� D Y}K$ – – – – – 73 10 
vU_PQWZRwPb NZL_ZR[[ Mcb �J~ P yRk MRTT�� – 22 18 – 72 37 6 

 
�WL hRQRUWQb PTTLDRwPx D RsZLhLQ[PVUQhLx LWZRQ-

cP vLQQPP, hLWLZ�U [LqTL D�ZRkPWX D DPMU NRWUTWL-
DRTPb ZRkZRyLWLh, WL NL NLQcUMTP[ MRTT�[ (2014 _LM) 
¿UTWZRcXTL_L shLTL[PhL-[RWU[RWPVUQhL_L PTQWPW^WR 
v�� [11] vLQQPb D�LMPW D NbWUZh^ [PZLD�� cPMUZLD  
D LycRQWP TR^VTL-WU�TPVUQhP� ZRkZRyLWLh Mcb hLQ[LQR, 
NZPVU[ NRWUTWT�[P cPMUZR[P D hcRQQU B64, NLMhcRQ-
QU B64G (DLkM^�LNcRDRTPU, RDPRwPb, hLQ[LTRDWPhR) 
bDcb�WQb: 1) vzz «�TUZ_Pb» P[UTP $. K. zLZLcUDR»; 
2) �� «}T`LZ[RwPLTT�U QN^WTPhLD�U QPQWU[�» P[U- 
TP ~. Y. vU�UWTUDR». �R sWP� NZUMNZPbWPb� yLcX�LU 
kTRVUTPU NZPMRUWQb PkLyZUWRWUcXQhLx MUbWUcXTLQWP.  

JQU_L D �� «}$$» NL QLQWLbTP� TR 1 [Rb 2015 
_LMR QLkMRTL 4207 ZUk^cXWRWLD PTWUccUhW^RcXTLx MUb-
WUcXTLQWP (v}�), NLc^VPD�P� NZRDLD^� L�ZRT^. }k 
TP� NL QLQWLbTP� TR QU_LMTb�TPx MUTX NLMMUZqP- 
DRUWQb 685 v}�, D WL[ VPQcU: 398 NRWUTWLD TR PkLyZU-
WUTPb, 7 NRWUTWLD TR NLcUkT�U [LMUcP, 16 NRWUTWLD TR 
NZL[��cUTT�U LyZRkw�, 254 QDPMUWUcXQWDR L _LQ^-
MRZQWDUTTLx ZU_PQWZRwPP NZL_ZR[[ Mcb �J~, 8 QDP-
MUWUcXQWD L _LQ^MRZQWDUTTLx ZU_PQWZRwPP yRk MRTT��, 
2 QDPMUWUcXQWDR L _LQ^MRZQWDUTTLx ZU_PQWZRwPP  
WLDRZT�� kTRhLD. JTUMZUTPU LW L�ZRTbU[�� v}� QL-
QWRDPcL kR 10 cUW 30 %. �TRcPk MPTR[PhP QLkMRTPb 
NRWUTWLQNLQLyT�� v}� kR NUZPLM 2003–2015 __. NZP-
DUMUT D WRycPwU. 


����������9� ��/�9. J hRVUQWDU NZP[UZR QPQ-
WU[TL_L PTTLDRwPLTTL_L NLM�LMR h ZU�UTP� hRMZL-
DL_L DLNZLQR D sWLx LWZRQcP [LqTL NZPDUQWP P NZP-
[UZ RsZLhLQ[PVUQhL_L NZUMNZPbWPb K� «KLcUW» – 
`PcPRcR YIjK «Iz�K¿ P[UTP ~. J. ¾Z^TPVUDR» [12], 
D hLWLZL[ ZRkZRyLWRTR hLTwUNwPb NL LWyLZ^ P NLM_L-
WLDhU [LcLM�� hRMZLD NL LQTLDT�[ TRNZRDcUTPb[ 
hLTQWZ^PZLDRTPb, NZLPkDLMQWDR P shQNc^RWRwPP hLQ-
[PVUQhP� RNNRZRWLD ZRkcPVTL_L TRkTRVUTPb. �TRcPk 
sWLx hLTwUNwPP NLhRk�DRUW, VWL LTR bDTL LWTLQPWQb h 
«NZL_ZUQQLZQhL[^ QwUTRZP�», NLM_LWLDhR PTqUTUZ-
T�� hRMZLD NL hLWLZL[^ kRhc�VRUWQb D QLDUZ�UTQW-
DLDRTPP P ZRkDPWPP NZL`UQQPLTRcXT�� hL[NUWUTwPx 
TR ^ZLDTU scPWTL_L LyZRkLDRTPb [13], NLM hLWLZ�[ 
NLTP[R�W LyZRkLDRTPU, hLWLZLU LyUQNUVPDRUW TRcP-
VPU �LZL�P� `^TMR[UTWRcXT�� kTRTPx P ^[UTPU NZL-
M^hWPDTL P[P ZRQNLZbqRWXQb, NLc^VRb NZP sWL[ TL-
D�U, NLZLx TULVUDPMT�U, ZUk^cXWRW�, R WRhqU `LZ[P-
Z^UW QNLQLyTLQWX h MRcXTUx�U[^ QR[LZRkDPWP� P QR-
[LLyZRkLDRTP� D kRDPQP[LQWP LW Pk[UTb��P�Qb WZU-
yLDRTPx Ly�UQWDR, VWL P [LqTL LWTUQWP h PTTLDRwP-
LTTL[^ LyZRkLDRTP� [14]. KZP[UZL[ PTTLDRwPLTTL_L 
RsZLhLQ[PVUQhL_L LyZRkLDRTPb [LqUW Qc^qPWX QPQWU-
[R NLM_LWLDhP hRMZLD Mcb RsZLhLQ[PVUQhLx LWZRQcP, 
ZRkZRyLWRTTRb $PyPZQhP[ _LQ^MRZQWDUTT�[ RsZLhLQ-
[PVUQhP[ ^TPDUZQPWUWL[ P[UTP RhRMU[PhR ~. Y. vU-
�UWTUDR» ($PyI�j) QLD[UQWTL Q �� «}T`LZ[R- 
wPLTT�U QN^WTPhLD�U QPQWU[�» P[UTP RhRMU[PhR  

~. Y. vU�UWTUDR» P zZRQTLbZQhP[ TR^VT�[ wUTWZL[ 
$PyPZQhL_L LWMUcUTPb v��, hLWLZRb ^QNU�TL NZP[U-
TbUWQb D $PyI�j NZP ZRkZRyLWhU QW^MUTWR[P ZURcX-
T�� scU[UTWLD P ^QWZLxQWD Mcb QN^WTPhLD [15]. KZL-
�UM�PU sW^ �hLc^ D�N^QhTPhP $PyI�j D LQTLDTL[ 
ZRyLWR�W D RsZLhLQ[PVUQhLx LWZRQcP, h^MR LTP NZP-
�LMbW NZRhWPVUQhP _LWLD�[P D�QLhLhDRcP`PwPZL-
DRTT�[P QNUwPRcPQWR[P. 

J TRNZRDcUTPP PTWUTQP`PhRwPP PTTLDRwPLTTLx 
NRWUTWTLx MUbWUcXTLQWP D K� «KLcUW» s``UhWPDTL 
MUxQWD^UW NZL_ZR[[R «�hLcR G D^k G NZUMNZPbWPU», 
wUcX� hLWLZLx bDcbUWQb LWyLZ P NZPDcUVUTPU NUZ-
QNUhWPDT�� [LcLM�� c�MUx h NZLPkDLMQWDUTTLx MUb-
WUcXTLQWP N^WU[ PQNLcXkLDRTPb PTTLDRwPLTT��  
[UWLMPh [16]. uRMRVR NLM_LWLDhP PTTLDRwPLTT�� hRM-
ZLD Mcb K� «KLcUW» LQLyUTTL DRqTR D QDbkP Q TULy-
�LMP[LQWX� NLQWLbTTL_L QLDUZ�UTQWDLDRTPb P LQ-
DLUTPb TLDLx WU�TPhP, D VRQWTLQWP, D QDbkP Q ZU�UTP-
U[ h hLTw^ 2015 _LMR LQDLPWX NLcT^� QyLZh^ ZRhUW�-
TLQPWUcb «�T_RZR» [17]. 

���"?0����. KLM WUZ[PTL[ «PTTLDRwPb» NLTP[R-
UWQb DDUMUTPU D LyZR�UTPU TLD�� NZLM^hWLD P ^Qc^_, 
hLWLZ�U NLkDLcb�W shLTL[PWX ZUQ^ZQ�, LNWP[PkPZL-
DRWX NZLwUQQ� NZLPkDLMQWDR, NZUMQWRDcbWX TR Z�ThU 
TLD�U PMUP P LWhZ�DRWX TLD�U DLk[LqTLQWP, PkDcUhRb 
MLNLcTPWUcXT^� NZPy�cX. �NZUMUcb��P[ `RhWLZL[ 
PTTLDRwPP bDcbUWQb ZRkDPWPU PkLyZUWRWUcXQWDR. jQNU�-
TRb PTTLDRwPLTTRb MUbWUcXTLQWX NLhRkRTR TR NZP[UZU 
TUhLWLZ�� NZUMNZPbWPx RsZLhLQ[PVUQhLx LWZRQcP. 
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	�*����, � ���%� � !�&' ���!���	�!�� "���� � 	��"	��� �( ��������( ��"+��-����������&���#  
� ������-�����	"���	���# 	����, ����+�'/�# ���	������� �	�������(�. ��	������ �	�������(  
� ��	�����+�����" "�	�����' 	������-�����+����� ��	��&' ���������� }���	�!�� � ��	��� �� 
	���	��	�����(. �������	��� ���(��� ��	������ � �������� ���#��� � ��� ��	������'. ��(����, +�� 
����$��+���� � "����	��&���� ���(��( ��	������ ���, ������ ��%�� � "��	������&' ����	��& � ��� 
���+��������� � ��+��������� ��	�%���(#. ���+���� ��	������� ���(��( «��	�����(» ����" 
�	���#��(/�# ��	"��"	��# �$������� � 	������-�����+����� ��	���. ��	����� #�	����	 �$�����������( 
��	������ ��%�" "	���(�� "�	�����( �( 	�$�+��# ����� �"��!����&��# ��	������. ���������� 
����#�������& � 	�$	������ ���!��!�� ��	��	�����( �������	������# ��	������ � 	������-�����+����� 
��	���. � ��($� � )��� ��	������ �������� �	��!��� ���!��!�� ��	��	�����( �������	������# 
��	������, � ������: �	��!�� �������	��������� �� �"��!����&��� ��	�����(�; �	��!�� ���'����( 
"����� ���������� "����+������ �/�� ����	��$������� ������!������� �����!���; �	��!�� 
�������	��������� �"��!����&��# ��	������ �� ����*���' � ���	� �	��$������� �( ���"��	��������� 
$���$�; �	��!�� "+��� ��	���+����# ���������# 	��"	���, ����(���# �� ���"��	�������� ���	����� $���$. 

 
3'+���� ����: 	������-�����+����( ��	��&, ��>��������( 	������-�����+����( ��	��	�!�(, ��	���-

��(, ��	�����+����� "�	������. 
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At present a great attention is paid to the problem of increasing the efficiency of Russian rocket and space industry 
control. In this article we discuss the structure of the United Rocket and Space Corporation. This corporation was 
established in order to exclude the duplication of functions and technical solutions and to concentrate on efforts and 
resources for implementation of scientific-research and experimental-design works meeting the modern requirements. 
We identified the requirements in the strategic management of the Russian rocket and space industry during the period 
of its reform. We reviewed the notion of the “strategy” and the main approaches to its definition. It was revealed that 
there is no unambiguous and universal notion of strategy, however, we certainty can say about its quantitative and 
qualitative terms. We tried to clarify the definition of the notion “strategy”, in view of the ongoing structural changes in 
the rocket and space industry. The character of the interaction between the levels of management strategies for various 
types of functional strategies was defined. We have defined the necessity of developing of the concept of balanced 
strategies to the Russian rocket and space industry. The main principles of the concept of balanced strategies will be: 
the principle of balance of functional strategies; compliance with the principle of financial stability and reproduction of 
innovation capacity; the principle of balance of functional strategies in relation to the production for the state defense 
order; the principle of limited financial resources allocated to the state defense order. 
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)��/����. vLQQPxQhRb ZRhUWTL-hLQ[PVUQhRb LWZRQcX 
D wUcL[ kRTP[RUW TR Z�ThU NZLPkDLMQWDR ZRhUWTL-
hLQ[PVUQhLx WU�TPhP MLQWRWLVTL ^QWLxVPD^� TP�^, 
^QW^NRb WLcXhL $Ã� P ¶DZLNU [1]. 

J TRQWLb�UU DZU[b, DDPM^ QcLqPD�UxQb [RhZL-  
P [PhZLshLTL[PVUQhLx QPW^RwPP, D vLQQPxQhLx 
YUMUZRwPP ^MUcbUWQb yLcX�LU DTP[RTPU NZLycU[U 
NLD��UTPb s``UhWPDTLQWP ^NZRDcUTPb WLx PcP PTLx 
LWZRQcX�. } ZRhUWTL-hLQ[PVUQhRb LWZRQcX TU bDcbUWQb 
PQhc�VUTPU[. 

���%��%�� �D��/������( �������-��+��0�+��( 
����������. JPwU-NZU[XUZ �[PWZPx vL_LkPT 2 P�cb 
2013 _LMR NZUMcLqPc ZU`LZ[PZLDRWX ZRhUWTL-
hLQ[PVUQh^� LWZRQcX N^WU[ QLkMRTPb RhwPLTUZTL_L 
Ly�UQWDR «�y�UMPTUTTRb ZRhUWTL-hLQ[PVUQhRb 
hLZNLZRwPb», 100 % RhwPx hLWLZL_L y^M^W NZPTRMcU- 
qRWX _LQ^MRZQWD^ [2]. ¿UcX� ZU`LZ[PZLDRTPb ZRhUWTL-
hLQ[PVUQhLx LWZRQcP vLQQPxQhLx YUMUZRwPP bDcbUWQb 
PQhc�VUTPU M^ycPZLDRTPb `^ThwPx P WU�TPVUQhP� 
ZU�UTPx. �y�UMPTUTTRb ZRhUWTL-hLQ[PVUQhRb hLZNL- 
ZRwPb (�vzz) y^MUW NZPTP[RWX Ly�PU WU�TPVUQhPU 
ZU�UTPb P NZUM�bDcbWX LMPTRhLD�U WZUyLDRTPb  
h NZUMNZPbWPb[, VWL ^QWZRTPW hLTh^ZUTwP� [UqM^ 
TP[P TR DT^WZUTTU[ Z�ThU P ^QPcPW P� DcPbTPU  
TR DTU�TU[. �LcqTR NZLPkLxWP hLTwUTWZRwPb ^QPcPx 
Mcb D�NLcTUTPb TR^VTL-PQQcUMLDRWUcXQhP� P LN�WTL-
hLTQWZ^hWLZQhP� ZRyLW, LWDUVR��P� QLDZU[UTT�[ 
WZUyLDRTPb[. 

KZUkPMUTW vLQQPP JcRMP[PZ K^WPT 2 MUhRyZb  
2013 _LMR NLMNPQRc jhRk ´ 874 «� QPQWU[U 
^NZRDcUTPb ZRhUWTL-hLQ[PVUQhLx LWZRQcX�». 5 [RZWR 
2014 _LMR D vLQQPP kRZU_PQWZPZLDRTR �y�UMPTUTTRb 
ZRhUWTL-hLQ[PVUQhRb hLZNLZRwPP. 

J QLQWRD �y�UMPTUTTLx ZRhUWTL-hLQ[PVUQhLx hLZ-
NLZRwPP MLcqT� DLxWP 10 PTWU_ZPZLDRTT�� hLZNLZR-
WPDT�� QWZ^hW^Z, QLQWLb�P� Pk 48 NZUMNZPbWPx,  
R WRhqU 14 QR[LQWLbWUcXT�� LZ_RTPkRwPx ZRhUWTL-
hLQ[PVUQhLx LWZRQcP, D WL[ VPQcU 8 RhwPLTUZT�� Ly-
�UQWD P 6 `UMUZRcXT�� _LQ^MRZQWDUTT�� ^TPWRZT�� 
NZUMNZPbWPx NLQcU P� NZULyZRkLDRTPb D LWhZ�W�U 
RhwPLTUZT�U Ly�UQWDR; 100 % RhwPx �vzz TR�LMPWQb 
D `UMUZRcXTLx QLyQWDUTTLQWP. $WZ^hW^ZR �y�UMPTUT-
TLx ZRhUWTL-hLQ[PVUQhLx hLZNLZRwPP NZUMQWRDcUTR 
TR ZPQ^ThU [3]. 

KL QLQWLbTP� TR 10 LhWbyZb 2014 _LMR D QLQWRD 
�y�UMPTUTTLx ZRhUWTL-hLQ[PVUQhLx hLZNLZRwPP ^qU 
DL�cP 6 PTWU_ZPZLDRTT�� hLZNLZRWPDT�� QWZ^hW^Z: 
�� «}T`LZ[RwPLTT�U QN^WTPhLD�U QPQWU[�»  
P[. RhRMU[PhR ~. Y. vU�UWTUDR»; ��� «�R^VTL-NZLPk- 
DLMQWDUTTRb hLZNLZRwPb «$PQWU[� NZUwPkPLTTL_L 
NZPyLZLQWZLUTPb»; ��� «�R^VTL-NZLPkDLMQWDUTTRb 
hLZNLZRwPb «zLQ[PVUQhPU QPQWU[� [LTPWLZPT_R, 
PT`LZ[RwPLTTL-^NZRDcb��PU P scUhWZL[U�RTPVUQhPU 
hL[NcUhQ�» P[. �. I. }LQP`XbTR»; ��� «vLQQPxQhRb 
hLZNLZRwPb ZRhUWTL-hLQ[PVUQhL_L NZPyLZLQWZLUTPb  
P PT`LZ[RwPLTT�� QPQWU[»; �� «ILQ^MRZQWDUTT�x 
ZRhUWT�x wUTWZ P[. RhRMU[PhR J. K. ~RhUUDR»;  
��� «vRhUWTL-hLQ[PVUQhRb hLZNLZRwPb «�TUZ_Pb» 
P[. $. K. zLZLcUDR», R WRhqU 5 QR[LQWLbWUcXT�� 
LZ_RTPkRwPx: ��� «�K� «�TUZ_L[R�» P[. RhRMU[PhR 
J. K. Ic^�hL»; ��� «}TQWPW^W NLM_LWLDhP hRMZLD 
[R�PTLQWZLUTPb P NZPyLZLQWZLUTPb»; K�� «�R^VTL-

NZLPkDLMQWDUTTLU Ly�UMPTUTPU «}QhZR»; ��� «~R�P- 
TLQWZLPWUcXT�x kRDLM «�ZQUTRc»; ��� «zL[NLkPW». 
�hwPP NUZUVPQcUTT�� D��U LZ_RTPkRwPx NUZUMRT�  
D ^QWRDT�x hRNPWRc �vzz.  

3 MUhRyZb 2014 _. KZUkPMUTW vLQQPP JcRMP[PZ K^-
WPT NLMNPQRc ^hRk ´ 750 «� TUhLWLZ�� DLNZLQR�  
LWhZ�WL_L RhwPLTUZTL_L Ly�UQWDR «�y�UMPTUTTRb 
ZRhUWTL-hLQ[PVUQhRb hLZNLZRwPb». jhRk ZRkZRyLWRT 
Mcb QL�ZRTUTPb P ZRkDPWPb TR^VTL-NZLPkDLMQWDUTTL_L 
NLWUTwPRcR NZUMNZPbWPx ZRhUWTL-hLQ[PVUQhLx NZL-
[��cUTTLQWP vLQQPP P NZUM^Q[RWZPDRUW NLD��UTPU 
ZLcP �vzz D `LZ[PZLDRTPP LZ_RTLD ^NZRDcUTPb LZ-
_RTPkRwPx NZL[��cUTTLQWP P D�ZRyLWhU ZU�UTPx, 
QDbkRTT�� Q ZURcPkRwPUx NLcTL[LVPx QLyQWDUTTPhR 
YIjKLD. jhRk ^QWRTRDcPDRUW DLk[LqTLQWX ^VRQWPb 
�vzz D ^NZRDcUTPP ��, RhwPP hLWLZ�� U�U TU DTU-
QUT� D ^QWRDT�x hRNPWRc hLZNLZRwPP. lRhqU D QLLW-
DUWQWDPP Q ^hRkL[ �vzz ^VRQWD^UW D D�ZRyLWhU `UMU-
ZRcXT�[P LZ_RTR[P PQNLcTPWUcXTLx DcRQWP ZU�UTPx 
NL NLM_LWLDhU NZLUhWLD MLh^[UTWLD QWZRWU_PVUQhL_L 
NcRTPZLDRTPb P NZLUhWR _LQ^MRZQWDUTTL_L LyLZLTTL-
_L kRhRkR; wUcUQLLyZRkTLQWP P WU�TPVUQhLx DLk[LqTL-
QWP ZURcPkRwPP NZLUhWLD ZRkZRyLWhP P QLkMRTPb hLQ-
[PVUQhLx WU�TPhP, TR^VTL-WU�TPVUQhP�, PTDUQWPwP-
LTT�� P MZ^_P� NZL_ZR[[ [3]. 

$ LMTLx QWLZLT�, QLkMRTPU �vzz MLcqTL NZPDUQ- 
WP h PTWU_ZRwPP ZRkZRyLWVPhLD P NZLPkDLMPWUcUx 
ZRhUWTL-hLQ[PVUQhLx WU�TPhP D UMPT^� QWZ^hW^Z^, 
hLWLZRb NLkDLcPW yLcUU s``UhWPDTL PQNLcXkLDRWX 
P[U��PUQb ZUQ^ZQ� NZUMNZPbWPx [4]. 

$ MZ^_Lx QWLZLT�, Mcb NZUMNZPbWPx, D�LMb�P�  
D QLQWRD Ly�UMPTUTTLx hLZNLZRwPP, Q^�UQWD^UW 
DUZLbWTLQWX L_ZRTPVUTPb P� QR[LQWLbWUcXTLQWP. �WL 
[LqUW NLDcPbWX TR DLk[LqTLQWX PQNLcXkLDRTPb P[P 
MLNLcTPWUcXT�� ZUQ^ZQLD, VWL [LqUW ^�^M�PWX NLhR- 
kRWUcP s``UhWPDTLQWP QPQWU[ ^NZRDcUTPb NZUMNZPb- 
WPb[P [4]. 

�MTRhL ^qU 21 bTDRZb 2015 _LMR KZUkPMUTWL[ vLQ-
QPP JcRMP[PZL[ K^WPT�[ y�cL NLMMUZqRTL NZUMcL-
qUTPU NZU[XUZ-[PTPQWZR �[PWZPb ~UMDUMUDR L QLk-
MRTPP _LQhLZNLZRwPP TR yRkU YUMUZRcXTL_L hLQ[PVU-
QhL_L R_UTWQWDR P �vzz. 

13 P�cb 2015 _LMR y�c NLMNPQRT YUMUZRcXT�x kR-
hLT ´ 215-Yu «� ILQ^MRZQWDUTTLx hLZNLZRwPP NL 
hLQ[PVUQhLx MUbWUcXTLQWP «vLQhLQ[LQ». $L_cRQTL 
MRTTL[^ kRhLT^, kR TLDLx QWZ^hW^ZLx kRhZUNcUT� 
`^ThwPP _cRDTL_L ZRQNLZbMPWUcb y�MqUWT�� QZUMQWD, 
NLc^VRWUcb y�MqUWT�� QZUMQWD, _cRDTL_L RM[PTPQWZR-
WLZR ML�LMLD y�MqUWR, RM[PTPQWZRWLZR ML�LMLD 
y�MqUWR, _LQ^MRZQWDUTTL_L kRhRkVPhR, _LQ^MRZQWDUT-
TL_L kRhRkVPhR – hLLZMPTRWLZR, LWDUWQWDUTTL_L PQ-
NLcTPWUcb _LQ^MRZQWDUTTLx NZL_ZR[[� DLLZ^qUTPb, 
_LQ^MRZQWDUTT�� NZL_ZR[[ vLQQPxQhLx YUMUZRwPP, 
NZUkPMUTWQhP� NZL_ZR[[, YUMUZRcXTLx hLQ[PVUQhLx 
NZL_ZR[[� vLQQPP, [Uq_LQ^MRZQWDUTT�� P `UMUZRcX-
T�� wUcUD�� NZL_ZR[[, _LQ^MRZQWDUTTL_L LyLZLTTL_L 
kRhRkR, `UMUZRcXTLx RMZUQTLx PTDUQWPwPLTTLx NZL-
_ZR[[�, NZL_ZR[[ QL�kTL_L _LQ^MRZQWDR P NZL_ZR[[ 
[UqM^TRZLMTL_L QLWZ^MTPVUQWDR D LycRQWP hLQ[PVU-
QhLx MUbWUcXTLQWP [5]. 

JDPM^ NZLPQ�LMb�P� QWZ^hW^ZT�� Pk[UTUTPx  
D ZRhUWTL-hLQ[PVUQhLx LWZRQcP NUZUM D��UQWLb�Ux 
LZ_RTPkRwPUx DLkTPhRUW QcLqTRb kRMRVR NLD��UTPb 
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s``UhWPDTLQWP ^NZRDcUTPb PTWU_ZPZLDRTT�[P hLZ-
NLZRWPDT�[P QWZ^hW^ZR[P P QR[LQWLbWUcXT�[P LZ_R-
TPkRwPb[P ZRhUWTL-hLQ[PVUQhLx LWZRQcP, NZPVU[  
DLNZLQ NLD��UTPb s``UhWPDTLQWP P[UTTL QWZRWU_PVU-
QhL_L ^NZRDcUTPb bDcbUWQb LMTP[ Pk hc�VUD��  
RQNUhWLD MRTTLx kRMRVP. 

����/�"���� ���D�����( � +�����>�0�+���% 
%����"���? �������-��+��0�+��( ����+"'? � �����/ 
�� ��!����������#. $ NLbDcUTPU[ TLDLx ^NZRDcb��Ux 
QWZ^hW^Z� D ZRhUWTL-hLQ[PVUQhLx LWZRQcP DLk[LqT� 
Pk[UTUTPb kRMRV P [UWLMLD `LZ[PZLDRTPb QWZRWU_PP. 
�cb LwUThP sWP� Pk[UTUTPx TULy�LMP[L NZLDUQWP 
RTRcPk QLMUZqRTPb NLTbWPb «QWZRWU_Pb».  

KLTbWPU «QWZRWU_Pb» DLQ�LMPW D QDLUx sWP[LcL_PP 
h _ZUVUQhL[^ QcLD^ strategia, QLQWLb�U[^ Pk VRQWUx 

 

stratos – DLxQhL P ago – DUM^, W. U. NL NZLPQ�LqMUTP� 
bDcbUWQb DLUTT�[ WUZ[PTL[. 

J QR[L[ Ly�U[ DPMU QWZRWU_Pb – sWL _UTUZRcXTLU 
TRNZRDcUTPU MUxQWDPb LZ_RTPkRwPP, QcUMLDRTPU 
hLWLZL[^ D MLc_LQZLVTLx NUZQNUhWPDU MLcqTL 
NZPDUQWP UU h MLQWPqUTP� QWLb�Ux NUZUM TUx wUcP [6]. 

�R LQTLDU ZRkcPVT�� TRPyLcUU PkDUQWT�� LNZUMU-
cUTPx QWZRWU_PP RDWLZ� ^VUyTL_L NLQLyPb «$WZRWU_P-
VUQhPx [UTUMq[UTW» [7] NZLQcUqPDR�W, hRh NL [UZU 
DLkZRQWRTPb WZUyLDRTPx DTU�TUx QZUM� Pk[UTbcPQX 
NZPTwPN� `LZ[PZLDRTPb QWZRWU_PVUQhL_L NLDUMUTPb 
�LkbxQWD^��P� Q^y�UhWLD. �UhLWLZ�U LNZUMUcUTPb 
NLTbWPb «QWZRWU_Pb», LWZRqR��PU ^QcLqTb��Px �R-
ZRhWUZ ZRkDPWPb NLM�LMLD NL QWZRWU_PVUQhL[^ ^NZRD-
cUTP�, NZPDUMUT� D WRyc. 1. 

 

 
 

$WZ^hW^ZR �y�UMPTUTTLx ZRhUWTL-hLQ[PVUQhLx hLZNLZRwPP 
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����!� 1 
 

����/�"���# ���#��# «+�����>�#», ����-�?]�� %+"�-�#?]�( 2������� ��3����# ��/2�/��  
�� +�����>�0�+���% %����"���? 

 

´ N/N �NZUMUcUTPU QWZRWU_PP �DWLZ �QTLDTLx NLM�LM 

1 

$WZRWU_Pb hRh [UWLM ^QWRTLDcUTPb MLc_LQZLVT�� 
wUcUx LZ_RTPkRwPP, NZL_ZR[[� UU MUxQWDPx P NZP-
LZPWUWT�� TRNZRDcUTPx NL ZRk[U�UTP� ZUQ^ZQLD 
[8] 

�. �RTMcUZ, 1962 _.

�Lc_LQZLVT�U wUcP ZRkZRyRW�DR�WQb P TU 
NLMcUqRW NUZUQ[LWZ^ ML Pk[UTUTPb DTU�TP� 
PcP DT^WZUTTP� ^QcLDPx QZUM� `^ThwPLTP-
ZLDRTPb LZ_RTPkRwPP 

2 $WZRWU_Pb hRh [UWLM LNZUMUcUTPb hLTh^ZUTWT�� 
wUcUx LZ_RTPkRwPP 

IRZDRZMQhRb �hLcR 
yPkTUQR, 1965 _. 

$WZRWU_Pb LNZUMUcbUW LQTLDT�U Q`UZ� yPk-
TUQR, hLWLZ�U hL[NRTPb y^MUW NZLMLcqRWX 
P/PcP TRVTUW LQ^�UQWDcbWX 

3 
$WZRWU_Pb hRh QNLQLy ZURhwPP TR DTU�TPU DLk-
[LqTLQWP P ^_ZLk�, DT^WZUTTPU QPcXT�U P QcRy�U 
QWLZLT� [9] 

~. KLZWUZ, 
1980–1985 __. 

�QTLDTRb kRMRVR QWZRWU_PP kRhc�VRUWQb D 
MLQWPqUTPP LZ_RTPkRwPUx MLc_LQZLVT�� 
hLTh^ZUTWT�� NZUP[^�UQWD TRM QLNUZTPhR-
[P D hRqMLx Q`UZU yPkTUQR 

4 
$WZRWU_Pb hRh QNLQLy ^QWRTLDcUTPb wUcUx Mcb 
hLZNLZRWPDTL_L, MUcLDL_L P `^ThwPLTRcXTL_L 
^ZLDTUx [10–12] 

}. �TQL``, 1965 _.,
�. $WUxTUZ, 1977 _.,
K. �LZRTq, 1977 _.,

P MZ^_PU RDWLZ� 

KZP ZRkZRyLWhU QWZRWU_PP QcUM^UW D�MUcbWX 
hLZNLZRWPDT�U, MUcLD�U P `^ThwPLTRcXT�U 
wUcP Q WLVhP kZUTPb ZRkcPVTL_L P� DcPbTPb 
TR NZLwUQQ� ^NZRDcUTPb D LZ_RTPkRwPP 

5 
$WZRWU_Pb hRh NLQcUMLDRWUcXTRb, QL_cRQLDRTTRb P 
PTWU_ZPZLDRTTRb QWZ^hW^ZR ^NZRDcUTVUQhP� ZU�U-
TPx [13] 

I. ~PTwyUZ_,  
1987 _. 

KZP ZRkZRyLWhU QWZRWU_PP LQTLDTLU DTP[R-
TPU ^MUcbUWQb `LZ[PZLDRTP� NcRTLD, hLWL-
Z�U Qc^qRW Mcb wUcUx hLTWZLcb NL s``Uh-
WPDTLQWP MLQWPqUTPb QWZRWU_PVUQhP� LZPUT-
WPZLD 

6 

$WZRWU_Pb hRh QNLQLy LNZUMUcUTPb shLTL[PVUQhP� 
P TUshLTL[PVUQhP� NZUP[^�UQWD, hLWLZ�U LZ_R-
TPkRwPb TR[UZUDRUWQb NZUMLQWRDPWX LQTLDT�[ 
kRPTWUZUQLDRTT�[ _Z^NNR[ 

– 

$WZRWU_Pb NZPLyZUWRUW QLwPRcXT^� TRNZRD-
cUTTLQWX P ZRQQ[RWZPDRUWQb Q WLVhP kZUTPb 
hLZNLZRWPDTLx `PcLQL`PP P LZ_RTPkRwPLT-
TLx h^cXW^Z� 

7 $WZRWU_Pb hRh QNLQLy ZRkDPWPb hc�VUD�� hLTh^-
ZUTWT�� NZUP[^�UQWD LZ_RTPkRwPP [14] 

I. ¾R[Uc,  
1989 _. 

�QTLD^ hLTh^ZUTWLQNLQLyTLQWP QLQWRDcb�W 
LQLy�U QNLQLyTLQWP `PZ[� P DT^WZUTTPU 
ZUQ^ZQ� 

8 $WZRWU_Pb hRh TRyLZ MUxQWDPx P NLM�LMLD NL MLQ-
WPqUTP� kRMRTT�� NLhRkRWUcUx MUbWUcXTLQWP [15]

�. lL[NQLT, 
1995 _. 

$WZRWU_Pb LMTLDZU[UTTL bDcbUWQb NZURhWPD-
TLx (^NZUqMR��Ux) P ZURhWPDTLx (RMRNWP-
Z^��UxQb) 

 
}k WRyc. 1 DPMTL, VWL LMTLkTRVTL_L P ^TPDUZ- 

QRcXTL_L NLTbWPb QWZRWU_PP TUW. �MTRhL [LqTL  
Q ^DUZUTTLQWX� QhRkRWX, VWL NZP DQU[ QDLU[ [TL_L- 
LyZRkPP NLTbWPU «QWZRWU_Pb» P[UUW hRh hLcPVUQWDUT- 
TLU, WRh P hRVUQWDUTTLU D�ZRqUTPU. zLcPVUQWDUTTLU 
D�ZRqUTPU NLTbWPb «QWZRWU_Pb» kRhc�VRUWQb D WL[, 
VWL hL_MR [� _LDLZP[ L QWZRWU_PP, [� NLMZRk^[UDRU[ 
VUWh^� ^Dbkh^ NL `PTRTQR[, DZU[UTP, ZUQ^ZQR[  
P PQNLcTPWUcb[, W. U. [� NLMZRk^[UDRU[ TUhPx VUWhPx 
NcRT, PQNLcTUTPU hLWLZL_L QDPMUWUcXQWD^UW Ly ^QNU�- 
TLx ZURcPkRwPP QWZRWU_PP. zRVUQWDUTTLU qU D�ZRqU- 
TPU NLTbWPb «QWZRWU_Pb» PQ�LMPW Pk WL_L, VWL ^ Z^hL- 
DLMQWDR c�yLx LZ_RTPkRwPP UQWX LNZUMUcUTTLU DPMU- 
TPU, h^MR MLcqTR MDP_RWXQb LZ_RTPkRwPb D y^M^�U[,  
P Mcb hLLZMPTRwPP sWL_L MDPqUTPb Z^hLDLMQWDL[ LZ-
_RTPkRwPP LNZUMUcb�WQb TUhPU NZPTwPN� («LZPUT- 
WPZ�»), QcUMLDRTPU hLWLZ�[ MLcqTL NZPDUQWP h MLQ- 
WPqUTP� NLQWRDcUTT�� wUcUx. 

�WWRchPDRbQX LW WL_L, VWL �y�UMPTUTTRb ZRhUWTL-
hLQ[PVUQhRb hLZNLZRwPb D MRTT�x [L[UTW bDcbUWQb 
D��UQWLb�Ux LZ_RTPkRwPUx ZRhUWTL-hLQ[PVUQhLx LWZRQ- 
cP, cL_PVTL NZUMNLcLqPWX, VWL NZP QWZRWU_PVUQhL[ 
^NZRDcUTPP NLM QWZRWU_PUx y^MUW NLTP[RWXQb TUhPx 
TRyLZ NZPTwPNLD («LZPUTWPZLD»). �L, PQ�LMb Pk ^QWRD- 
T�� wUcUx �vzz, QWRTLDPWQb LVUDPMT�[, VWL Z^hLDL-
MQWDL �vzz y^MUW NLcXkLDRWXQb LyLP[P NLM�LMR[P h 
LNZUMUcUTP� NLTbWPb «QWZRWU_Pb» NZP LQ^�UQWDcUTPP 

QWZRWU_PVUQhL_L ^NZRDcUTPb PTWU_ZPZLDRTT�[P hLZNL-
ZRWPDT�[P QWZ^hW^ZR[P P QR[LQWLbWUcXT�[P LZ_RTP-
kRwPb[P ZRhUWTL-hLQ[PVUQhLx LWZRQcP. JLk[LqTL, VWL 
TR ^ZLDTU hLZNLZRwPP QWZRWU_Pb y^MUW NZUMQWRDcUTR D 
`LZ[U NZPTwPNLD, R TR ^ZLDTU LWMUcXT�� NZUMNZP-
bWPx – D `LZ[U NcRTR. 

KLQhLcXh^ wUcX� ZRkZRyLWhP QWZRWU_PP D Ly�U[ 
Q[�QcU bDcbUWQb D�bDcUTPU _cRDT�� TRNZRDcUTPx 
MRcXTUx�U_L `^ThwPLTPZLDRTPb NZUMNZPbWPb TR LQTL-
DU [RhQP[RcXTL_L PQNLcXkLDRTPb TR^VTL-WU�TPVUQhL_L, 
NZLPkDLMQWDUTTL_L, hRMZLDL_L NLWUTwPRcR P Q TRP-
yLcUU NLcT�[ ^VUWL[ DcPbTPb [PhZL- P [RhZLQZUM� 
[16], WL LW WL_L, hRh y^MUW DLQNZPTP[RWXQb NLTbWPU 
«QWZRWU_Pb» NZP LQ^�UQWDcUTPP QWZRWU_PVUQhL_L 
^NZRDcUTPb LZ_RTPkRwPb[P ZRhUWTL-hLQ[PVUQhLx  
LWZRQcP, Q^�UQWDUTT�[ LyZRkL[ kRDPQPW D�yLZ hRh 
[UWLMLD UU ZRkZRyLWhP, WRh P `LZ[ UU NZUMQWRDcUTPb. 

}Q�LMb Pk sWL_L, NLM QWZRWU_PUx ^NZRDcUTPb LZ_R-
TPkRwPb[P ZRhUWTL-hLQ[PVUQhLx LWZRQcP RDWLZR[P 
QWRWXP NZUMcR_RUWQb NLTP[RWX [U�RTPk[ (QNLQLy)  
^QWRTLDcUTPb hLTh^ZUTWT�� NZUP[^�UQWD LZ_RTPkR-
wPx ZRhUWTL-hLQ[PVUQhLx LWZRQcP TR [PZLDL[ Z�ThU 
P LyUQNUVUTPb P� ^QWLxVPDLQWP D MLc_LQZLVTLx NUZ-
QNUhWPDU NZP LQ^�UQWDcUTPP ^NZRDcUTVUQhLx NLcPWP-
hP, N^WU[ QPTWUkR NcRTLDL_L NLM�LMR P NLM�LMR  
TR LQTLDU ^QWRTLDcUTPb «LZPUTWPZLD». KLM ^QWLxVPDL-
QWX� NLTP[RUWQb QNLQLyTLQWX LZ_RTPkRwPx RMUhDRWTL 
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ZUR_PZLDRWX TR Pk[UTUTPU `RhWLZLD DTU�TUx P DT^W- 
ZUTTUx QZUM� (Pk[UTUTPU QNZLQR P NZUMcLqUTPb TR Z�T-
hU, Pk[UTUTPb TR Z�ThU WZ^MLD�� ZUQ^ZQLD, NLbDcUTPU 
TLD�� WU�TLcL_Px, Pk[UTUTPU kRhLTLMRWUcXQWDR P W. M.). 

¶QcP [� _LDLZP[ L QNLQLyTLQWP LZ_RTPkRwPx ZR-
hUWTL-hLQ[PVUQhLx LWZRQcP ZUR_PZLDRWX TR Pk[UTUTPU 
DTU�TP� P DT^WZUTTP� ^QcLDPx, WL D NUZD^� LVUZUMX 
[� MLcqT� LyZRWPWX DTP[RTPU TR DkRP[LQDbkX QWZR-
WU_Px D��UQWLb�Ux LZ_RTPkRwPP ZRhUWTL-hLQ[PVUQ- 
hLx LWZRQcP QL QWZRWU_Pb[P PTWU_ZPZLDRTT�� hLZNL-
ZRWPDT�� QWZ^hW^Z P QR[LQWLbWUcXT�� LZ_RTPkRwPx 
NL `^ThwPLTRcXTL[^ NZPkTRh^. �cb sWL_L LNZUMUcP[ 
�RZRhWUZ DkRP[LMUxQWDPb QWZRWU_Px [UqM^ ^ZLDTb[P 
^NZRDcUTPb Mcb ZRkcPVT�� WPNLD `^ThwPLTRcXT�� 
QWZRWU_Px (WRyc. 2). 

KLQhLcXh^ DkRP[LMUxQWDPU QWZRWU_Px LQ^�UQWD- 
cbUWQb TU WLcXhL NL `^ThwPLTRcXT�[ TRNZRDcUTPb[,  
TL P NL ^ZLDTb[ ^NZRDcUTPb, DLkTPhRUW TULy�LMP-
[LQWX LyUQNUVUTPb QyRcRTQPZLDRTTLQWP QWZRWU_Px 
LZ_RTPkRwPx ZRhUWTL-hLQ[PVUQhLx LWZRQcP [UqM^ 
QLyLx. �cb ZU�UTPb sWLx kRMRVP TULy�LMP[L LNZUMU-
cPWX Q`UZ� QyRcRTQPZLDRTTLQWP P Q`LZ[^cPZLDRWX 
NZPTwPN� `LZ[PZLDRTPb QyRcRTQPZLDRTT�� QWZRWU-
_Px, hLWLZ�U D QDL� LVUZUMX y^M^W LNZUMUcbWX QWU-
NUTX hLLNUZRwPP [UqM^ PTWU_ZPZLDRTT�[P hLZNLZR-
WPDT�[P QWZ^hW^ZR[P P QR[LQWLbWUcXT�[P LZ_RTPkR-
wPb[P.  

���"?0����. lRhP[ LyZRkL[, Mcb ^QNU�TLx ZUR- 
cPkRwPP UMPTLx WU�TPVUQhLx NLcPWPhP QLkMRTPb QL-
DZU[UTTLx ZRhUWTL-hLQ[PVUQhLx WU�TPhP, LyUQNUVP-
DR��Ux _cLyRcXT^� hLTh^ZUTWLQNLQLyTLQWX NZLM^h-
wPP ZRhUWTL-hLQ[PVUQhLx LWZRQcP vLQQPP, TULy�LMP-
[L ZRkZRyLWRWX hLTwUNwP� `LZ[PZLDRTPb QyRcRTQP-
ZLDRTT�� QWZRWU_Px. [4] �QTLDT�[P NZPTwPNR[P sWLx 
hLTwUNwPP MLcqT� QWRWX: 

1. $yRcRTQPZLDRTTLQWX NL `^ThwPLTRcXT�[ QWZR-
WU_Pb[. J hRqMLx LZ_RTPkRwPP ZRhUWTL-hLQ[PVUQhLx 
LWZRQcP Q^�UQWD^UW QDLb `^ThwPLTRcXTRb QWZRWU_Pb,  
D hLWLZLx PMUW VUWhRb ^DbkhR NL WRhP[ QLQWRDcb��P[, 
hRh `PTRTQ�, DZU[b, ZUQ^ZQ�, PQNLcTPWUcP. } UQcP 
NZUMNLcLqPWX, VWL D��UQWLb�Rb LZ_RTPkRwPb LWZRQcP 
NLNZLy^UW NZLQWL QcLqPWX TRyLZ sWP� QWZRWU_Px  
DLUMPTL, WL s``UhW y^MUW TU NZLQWL ZRDUT T^c�,  

LT y^MUW LWZPwRWUcUT, NLQhLcXh^ ZRhUWTL-hLQ[PVUQ- 
hRb LWZRQcX MLcqTR NLQWLbTTL ZRkDPDRWXQb P QLDUZ-
�UTQWDLDRWXQb, R «NZLy^hQLDhR», QDbkRTTRb Q TUD�-
NLcTUTPU[ MRTTL_L NZPTwPNR, [LqUW NZPDUQWP h NL-
WUZU hLTh^ZUTWT�� NZUP[^�UQWD. J MRTTL[ Qc^VRU 
DLkTPhRUW QDLxQWDL s[UZMqUTWTLQWP, W. U. Q^[[R LN-
WP[RcXT�� QWZRWU_Px PTWU_ZPZLDRTT�� hLZNLZRWPD-
T�� QWZ^hW^Z (LWMUcXT�� hL[NRTPx) TU y^MUW bDcbWXQb 
LNWP[RcXTLx QWZRWU_PUx QLDLh^NTLQWP. 

2. $Lyc�MUTPU ^QcLDPx `PTRTQLDLx ^QWLxVPDLQWP 
P/PcP DLQNZLPkDLMQWDL PTTLDRwPLTTL_L NLWUTwPRcR. 
KLQhLcXh^ D QLQWRD D��UQWLb�Ux LZ_RTPkRwPP ZRhUWTL-
hLQ[PVUQhLx LWZRQcP D�LMPW TUQhLcXhL MUQbWhLD  
LZ_RTPkRwPx, WL Q^�UQWD^UW DUZLbWTLQWX, VWL VRQWX  
Pk TP� D LNZUMUcUTT�x [L[UTW DZU[UTP [LqUW y�WX 
TUZUTWRyUcXTR. uMUQX QcUM^UW ^QWRTLDPWX TUh^� NcRTh^, 
TPqU hLWLZLx kTRVUTPb `PTRTQLD�� NLhRkRWUcUx PT-
WU_ZPZLDRTT�� hLZNLZRWPDT�� QWZ^hW^Z (LWMUcXT�� 
hL[NRTPx) TU y^M^W LN^QhRWXQb. 

3. $yRcRTQPZLDRTTLQWX `^ThwPLTRcXT�� QWZRWU_Px 
NL LWTL�UTP� h Q`UZU NZLPkDLMQWDR Mcb _LQ^MRZQW-
DUTTL_L kRhRkR (LWcPVPWUcXTRb LQLyUTTLQWX LyLZLTTL-
NZL[��cUTTL_L hL[NcUhQR vLQQPP). �WcPVPWUcXTLx 
LQLyUTTLQWX� ZRhUWTL-hLQ[PVUQhLx LWZRQcP vLQQPP 
bDcbUWQb WL, VWL NLMRDcb��UU yLcX�PTQWDL D QWZ^h-
W^ZU kRhRkLD LZ_RTPkRwPx QLQWRDcbUW _LQ^MRZQWDUTT�x 
kRhRk. $Lyc�MUTPU MRTTL_L NZPTwPNR NZP QWZRWU_PVU-
QhL[ ^NZRDcUTPP PTWU_ZPZLDRTT�[P hLZNLZRWPDT�[P 
QWZ^hW^ZR[P P QR[LQWLbWUcXT�[P LZ_RTPkRwPb[P NL-
kDLcPW NLD�QPWX s``UhWPDTLQWX PQNLcXkLDRTPb TU 
WLcXhL NZLPkDLMQWDUTT�� [L�TLQWUx NZUMNZPbWPx 
ZRhUWTL-hLQ[PVUQhLx LWZRQcP, TL P y�MqUWT�� QZUMQWD. 

4. jVUW L_ZRTPVUTT�� `PTRTQLD�� ZUQ^ZQLD, 
D�MUcbU[�� TR _LQ^MRZQWDUTT�x LyLZLTT�x kRhRk. 
zRh LW[UVRcLQX ZRTUU, �vzz y^MUW ^VRQWDLDRWX  
D D�ZRyLWhU `UMUZRcXT�[P LZ_RTR[P PQNLcTPWUcXTLx 
DcRQWP ZU�UTPx NL NLM_LWLDhU NZLUhWR _LQ^MRZQWDUT- 
TL_L LyLZLTTL_L kRhRkR. KLQhLcXh^ L_ZRTPVUTTLQWX 
`PTRTQLD�� ZUQ^ZQLD bDcbUWQb LMTP[ Pk LQTLDT�� 
ZPQhLD c�yL_L NZLUhWR, WL MRTT�x NZPTwPN bDcbUWQb 
TULy�LMP[�[ ^QcLDPU[ NZP `LZ[PZLDRTPP QyRcRTQP- 
ZLDRTT�� QWZRWU_Px D ZRhUWTL-hLQ[PVUQhLx LWZRQcP. 
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jZLDUTX ^NZRDcUTPb 
lPN QWZRWU_PP 

zLZNLZRwPb }TWU_ZPZLDRTTRb hLZNLZRWPDTRb 
QWZ^hW^ZR PcP �� 

KZLPkDLMQWDUTTRb QWZRWU_Pb zLcPVUQWDUTTLU D�ZRqUTPU (NcRT) zLcPVUQWDUTTLU D�ZRqUTPU (NcRT) 

�Z_RTPkRwPLTTRb QWZRWU_Pb  zRVUQWDUTTLU D�ZRqUTPU (NZPTwPN) zRVUQWDUTTLU D�ZRqUTPU (NZPTwPN) 

~RZhUWPT_LDRb QWZRWU_Pb zLcPVUQWDUTTLU D�ZRqUTPU (NcRT) zLcPVUQWDUTTLU D�ZRqUTPU (NcRT) 

YPTRTQLDRb QWZRWU_Pb  zLcPVUQWDUTTLU D�ZRqUTPU (NcRT) zLcPVUQWDUTTLU D�ZRqUTPU (NcRT) 

�}�zv zRVUQWDUTTLU D�ZRqUTPU (NZPTwPN) zRVUQWDUTTLU D�ZRqUTPU (NZPTwPN) 

$WZRWU_Pb ^NZRDcUTPb NUZQLTRcL[ zRVUQWDUTTLU D�ZRqUTPU (NZPTwPN) zRVUQWDUTTLU D�ZRqUTPU (NZPTwPN) 
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vURcPkRwPb NZUMcLqUTT�� NZPTwPNLD WZUy^UW ZRk-
ZRyLWhP LNZUMUcUTT�� PTQWZ^[UTWLD `LZ[PZLDRTPb 
QyRcRTQPZLDRTT�� QWZRWU_Px, hLWLZ�U NLkDLcbW LyUQNU-
VPWX MLQWPqUTPU wUcP QyRcRTQPZLDRTTLQWP P y^M^W  
WRhqU TRNZRDcUT� TR LyUQNUVUTPU NLQW^NRWUcXTL_L  
P ^QWLxVPDL_L ZRkDPWPb ZRhUWTL-hLQ[PVUQhLx LWZRQcP 
vLQQPxQhLx YUMUZRwPP Q ^VUWL[ DcPbTPb [PhZL-  
P [RhZLQZUM�, L_ZRTPVUTTLQWP ZUQ^ZQLD, DZU[UTT�� 
`RhWLZLD P W. M. 
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hLZNLZRwPb» – �R^VTL-PQQcUMLDRWUcXQhPx PTQWPW^W hLQ[PVUQhL_L NZPyLZLQWZLUTPb. E-mail: npk6@mail.ru. 

��0%�� ���>�( $��>��'���0 – MLwUTW, hRTMPMRW WU�TPVUQhP� TR^h, kR[UQWPWUcX _UTUZRcXTL_L hLTQWZ^hWL-
ZR NL scUhWZPVUQhL[^ NZLUhWPZLDRTP� P QPQWU[R[ ^NZRDcUTPb hLQ[PVUQhP� RNNRZRWLD, �� «}T`LZ[RwPLTT�U 
QN^WTPhLD�U QPQWU[�» P[UTP RhRMU[PhR ~. Y. vU�UWTUDR». E-mail: kochura@iss-reshetnev.ru. 

��%����� $����2 $����"���0 – MLhWLZ WU�TPVUQhP� TR^h, NZL`UQQLZ, _cRDT�x TR^VT�x QLWZ^MTPh, }T-
QWPW^W D�VPQcPWUcXTL_L [LMUcPZLDRTPb $� v��. E-mail: genry@icm.krasn.ru.  

�%3����� �"��+��/� �"��+����0 – MLhWLZ `PkPhL-[RWU[RWPVUQhP� TR^h, NZL`UQQLZ, MPZUhWLZ }TQWPW^WR 
hLQ[PVUQhP� PQQcUMLDRTPx P D�QLhP� WU�TLcL_Px, $PyPZQhPx _LQ^MRZQWDUTT�x RsZLhLQ[PVUQhPx ^TPDUZQPWUW 
P[UTP RhRMU[PhR ~. Y. vU�UWTUDR. E-mail: kuznetsov@sibsau.ru. 

�%3����� �"��+��/� &���+���0 – TRVRcXTPh _Z^NN� LWMUcR [RWUZPRcLDUMUTPb, �� «}T`LZ[RwPLTT�U 
QN^WTPhLD�U QPQWU[�» P[UTP RhRMU[PhR ~. Y. vU�UWTUDR».    

�%3����� ���� �����"'���0 – RQQPQWUTW hR`UMZ� RDWL[RWPkRwPP NZLPkDLMQWDUTT�� NZLwUQQLD, $PyPZ-
QhPx _LQ^MRZQWDUTT�x WU�TLcL_PVUQhPx ^TPDUZQPWUW. ¶-mail: forubox@yandex.ru. 

�%���� ������( �"�>���0 – RQNPZRTW hR`UMZ� WLZ_LDL_L MUcR P [RZhUWPT_R, $PyPZQhPx `UMUZRcXT�x 
^TPDUZQPWUW.  

�%���� )�+�"�( )�+�"'���0 – MLhWLZ shLTL[PVUQhP� TR^h, NZL`UQQLZ, NZL`UQQLZ hR`UMZ� WLZ_LDL_L MU-
cR P [RZhUWPT_R, $PyPZQhPx `UMUZRcXT�x ^TPDUZQPWUW; PQNLcTPWUcXT�x MPZUhWLZ, RQQLwPRwPb «$PyPZQhPx 
TR^VTL-LyZRkLDRWUcXT�x hLTQLZwP^[». E-mail: kuimov1945@mail.ru. 

�%���#���� �"�+# ��/������ – PTqUTUZ; $PyPZQhPx _LQ^MRZQWDUTT�x RsZLhLQ[PVUQhPx ^TPDUZQPWUW 
P[UTP RhRMU[PhR ~. Y. vU�UWTUDR. E-mail: kupriyanova1809@gmail.com.  

�%2������ �"��+��/� ���>����0 – hRTMPMRW WU�TPVUQhP� TR^h, QWRZ�Px TR^VT�x QLWZ^MTPh, `PcPRc  
��� «�y�UMPTUTTRb ZRhUWTL-hLQ[PVUQhRb hLZNLZRwPb» – �R^VTL-PQQcUMLDRWUcXQhPx PTQWPW^W hLQ[PVUQhL_L 
NZPyLZLQWZLUTPb. E-mail: npk6@mail.ru. 

����� )�"���( �����"'���0 – MLhWLZ WU�TPVUQhP� TR^h, MLwUTW, MPZUhWLZ PTQWPW^WR hLQ[PVUQhLx WU�TP-
hP, $PyPZQhPx _LQ^MRZQWDUTT�x RsZLhLQ[PVUQhPx ^TPDUZQPWUW P[UTP RhRMU[PhR ~. Y. vU�UWTUDR. E-mail: 
levko@sibsau.ru.  

������� �����"�( �"��+��/����0 – MLhWLZ WU�TPVUQhP� TR^h, DUM^�Px TR^VT�x QLWZ^MTPh, $PyPZQhPx 
`UMUZRcXT�x ^TPDUZQPWUW. E-mail: alepeshev@yandex.ru. 

��+�� )�+�"�( )"�/�������0 – hRTMPMRW WU�TPVUQhP� TR^h, MLwUTW hR`UMZ� RDWL[RWPkRwPP NZLPkDLMQW-
DUTT�� NZLwUQQLD, $PyPZQhPx _LQ^MRZQWDUTT�x WU�TLcL_PVUQhPx ^TPDUZQPWUW. ¶-mail: basilos@mail.ru. 

�%�'#���� ���� �"��+��/����� – MLhWLZ shLTL[PVUQhP� TR^h, NZL`UQQLZ, kRDUM^��Px hR`UMZLx [U-
TUMq[UTWR LZ_RTPkRwPP, zZRQTLbZQhPx _LQ^MRZQWDUTT�x NUMR_L_PVUQhPx ^TPDUZQPWUW P[UTP J. K. �QWR`XUDR. 
E-mail: aaluk110@mail.ru. 

�?�92 8��( �"��+��/����0 – MLhWLZ shLTL[PVUQhP� TR^h, NZL`UQQLZ, kRDUM^��Px hR`UMZLx kU[cU^QW-
ZLxQWDR P hRMRQWZ�, zZRQTLbZQhPx _LQ^MRZQWDUTT�x R_ZRZT�x ^TPDUZQPWUW. 

�#0�� )"�/���� 
������0 – MLhWLZ shLTL[PVUQhP� TR^h, NZL`UQQLZ, kRDUM^��Px hR`UMZLx shLTL[PhP, 
$PyPZQhPx _LQ^MRZQWDUTT�x RsZLhLQ[PVUQhPx ^TPDUZQPWUW P[UTP RhRMU[PhR ~. Y. vU�UWTUDR. ¶-mail: 
kafedra701@yandex.ru. 

��+���� 
>��' �"��+��/����0 – MLhWLZ WU�TPVUQhP� TR^h, TRVRcXTPh LWMUcR, �� «}T`LZ[RwPLTT�U 
QN^WTPhLD�U QPQWU[�» P[UTP RhRMU[PhR ~. Y. vU�UWTUDR». E-mail: maximov@iss-reshetnev.ru. 

��+���� 8��( )��������0 – RQNPZRTW; kR[UQWPWUcX _UTUZRcXTL_L MPZUhWLZR NL hRVUQWD^, �� «}T`LZ-
[RwPLTT�U QN^WTPhLD�U QPQWU[�» P[UTP RhRMU[PhR ~. Y. vU�UWTUDR». E-mail: qmaximov@iss-reshetnev.ru. 

���9��� )�+�"�( �"��+��/����0 – PTqUTUZ, $PyPZQhPx _LQ^MRZQWDUTT�x RsZLhLQ[PVUQhPx ^TPDUZQP-
WUW P[UTP RhRMU[PhR ~. Y. vU�UWTUDR. E-mail: martynov.vasiliy@gmail.ru. 

�/��/�� �"��+��/� )�+�"'���0 – MLhWLZ `PkPhL-[RWU[RWPVUQhP� TR^h, NZL`UQQLZ hR`UMZ� QPQWU[TL_L 
RTRcPkR P PQQcUMLDRTPb LNUZRwPx, }TQWPW^W PT`LZ[RWPhP P WUcUhL[[^TPhRwPx, $PyPZQhPx _LQ^MRZQWDUTT�x 
RsZLhLQ[PVUQhPx ^TPDUZQPWUW P[UTP RhRMU[PhR ~. Y. vU�UWTUDR. 

�2��� �����"�( �>�����0 – MLhWLZ WU�TPVUQhP� TR^h, NZL`UQQLZ, kRDUM^��Px hR`UMZLx cUWRWUcXT�� 
RNNRZRWLD, $PyPZQhPx _LQ^MRZQWDUTT�x RsZLhLQ[PVUQhPx ^TPDUZQPWUW P[UTP RhRMU[PhR ~. Y. vU�UWTUDR.  
E-mail: michla@mail.ru. 

�2�� ���� �"�>���0 – RQNPZRTW, $PyPZQhPx _LQ^MRZQWDUTT�x RsZLhLQ[PVUQhPx ^TPDUZQPWUW P[UTP RhR-
MU[PhR ~. Y. vU�UWTUDR. E-mail: mkhnptr@gmail.com. 

���3�� �>�� �"��+��/����0 – TRVRcXTPh ^NZRDcUTPb PT`LZ[RwPLTTL_L LyUQNUVUTPb, �� «}T`LZ[R- 
wPLTT�U QN^WTPhLD�U QPQWU[�» P[UTP RhRMU[PhR ~. Y. vU�UWTUDR». E-mail: morozov@iss-reshetnev.ru. 



 1092

�"'���+��# ���'#�� )�+�"'���� – hRTMPMRW WU�TPVUQhP� TR^h, MLwUTW hR`UMZ� QDRZLVTL_L NZLPkDLMQWDR 
P WU�TLcL_PP hLTQWZ^hwPLTT�� [RWUZPRcLD, KUZ[QhPx TRwPLTRcXT�x PQQcUMLDRWUcXQhPx NLcPWU�TPVUQhPx 
^TPDUZQPWUW. E-mail: TVO66@rambler.ru. 

�2��3�� )"�/���� �!���+'���0 – MLhWLZ WU�TPVUQhP� TR^h, NZL`UQQLZ, NZL`UQQLZ hR`UMZ� NZPhcRMTLx 
[RWU[RWPhP, $PyPZQhPx _LQ^MRZQWDUTT�x RsZLhLQ[PVUQhPx ^TPDUZQPWUW P[UTP RhRMU[PhR ~. Y. vU�UWTUDR.  
E-mail: okhorzin@mail.ru.  

���!�"�� 
"'# �"��+��/����0 – hRTMPMRW WU�TPVUQhP� TR^h, MLwUTW hR`UMZ� QPQWU[TL_L RTRcPkR P PQQcU-
MLDRTPb LNUZRwPx, $PyPZQhPx _LQ^MRZQWDUTT�x RsZLhLQ[PVUQhPx ^TPDUZQPWUW P[UTP RhRMU[PhR ~. Y. vU�UW-
TUDR. E-mail: crook_80@mail.ru. 

��+�0��� ����"" ����"'/���0 – PTqUTUZ, $PyPZQhPx _LQ^MRZQWDUTT�x RsZLhLQ[PVUQhPx ^TPDUZQPWUW 
P[UTP RhRMU[PhR ~. Y. vU�UWTUDR. E-mail: kir.nik@mail.ru. 

������ ��/��( )"�/�������0 – RQNPZRTW; PTqUTUZ, �� «}T`LZ[RwPLTT�U QN^WTPhLD�U QPQWU[�» P[U-
TP RhRMU[PhR ~. Y. vU�UWTUDR». E-mail: patskov@iss-reshetnev.ru. 

������� �"��� $���>����� – PTqUTUZ, �� «}T`LZ[RwPLTT�U QN^WTPhLD�U QPQWU[�» P[UTP RhRMU[PhR  
~. Y. vU�UWTUDR». E-mail: lenysik1404@mail.ru.  

����#��� $"�D �'����0 – RQNPZRTW hR`UMZ� QDRZLVTL_L NZLPkDLMQWDR P WU�TLcL_PP hLTQWZ^hwPLTT�� 
[RWUZPRcLD, KUZ[QhPx TRwPLTRcXT�x PQQcUMLDRWUcXQhPx NLcPWU�TPVUQhPx ^TPDUZQPWUW. ¶-mail 
gleb.permyakov@yandex.ru. 

��������� ���+���� ���+���������� – [cRM�Px TR^VT�x QLWZ^MTPh TR^VTL-PQQcUMLDRWUcXQhL_L ^NZRD-
cUTPb, $PyPZQhPx _LQ^MRZQWDUTT�x RsZLhLQ[PVUQhPx ^TPDUZQPWUW P[UTP RhRMU[PhR ~. Y. vU�UWTUDR. ¶-mail: 
kleniks@mail.ru. 

����� ��>���( �"��+��/����0 – MLhWLZ `PkPhL-[RWU[RWPVUQhP� TR^h, NZL`UQQLZ, NZL`UQQLZ hR`UMZ� 
QPQWU[TL_L RTRcPkR P PQQcUMLDRTPb LNUZRwPx, $PyPZQhPx _LQ^MRZQWDUTT�x RsZLhLQ[PVUQhPx ^TPDUZQPWUW P[U-
TP RhRMU[PhR ~. Y. vU�UWTUDR. E-mail: epopov@bmail.ru. 

���9"��9�� �"��� 	���"����� – RQQPQWUTW hR`UMZ� PTqUTUZTLx shLcL_PP, `Rh^cXWUW [R�PTLDUMUTPb  
P [U�RWZLTPhP, $PyPZQhPx _LQ^MRZQWDUTT�x RsZLhLQ[PVUQhPx ^TPDUZQPWUW P[UTP RhRMU[PhR ~. Y. vU�UWTUDR.  
E-mail: Leonova_en@mail.ru. 

���������0 ������( �"��+����0 – hRTMPMRW shLTL[PVUQhP� TR^h, MLwUTW hR`UMZ� cL_PQWPhP, $PyPZ-
QhPx _LQ^MRZQWDUTT�x RsZLhLQ[PVUQhPx ^TPDUZQPWUW P[UTP RhRMU[PhR ~. Y. vU�UWTUDR. E-mail: dmap@mail.ru. 

���+�%���� ���>�( ���������0 – NUZD�x kR[UQWPWUcX _cRD� RM[PTPQWZRwPP u�l� _. �UcUkTL_LZQh,  
�M[PTPQWZRwPb u�l� _. �UcUkTL_LZQh. E-mail: proskurnin@adm k26.ru.  

����/��� ���'# )"�/�������� – RQNPZRTW, $PyPZQhPx _LQ^MRZQWDUTT�x RsZLhLQ[PVUQhPx ^TPDUZQPWUW 
P[UTP RhRMU[PhR ~. Y. vU�UWTUDR. E-mail: Dashaorlova12@yandex.ru 

�%/' ���>�( 	���"����0 – RQNPZRTW, $PyPZQhPx _LQ^MRZQWDUTT�x RsZLhLQ[PVUQhPx ^TPDUZQPWUW P[UTP 
RhRMU[PhR ~. Y. vU�UWTUDR. E-mail: mrgreywolfdx@gmail.com. 

�9-�# ���� ��/������ – RQNPZRTW, $PyPZQhPx _LQ^MRZQWDUTT�x RsZLhLQ[PVUQhPx ^TPDUZQPWUW P[UTP 
RhRMU[PhR ~. Y. vU�UWTUDR. E-mail: bel_anutik@mail.ru. 

��%��� )����� 	���"����0 – hRTMPMRW WU�TPVUQhP� TR^h, MLwUTW, DUM^�Px TR^VT�x QLWZ^MTPh,  
$PyPZQhPx _LQ^MRZQWDUTT�x RsZLhLQ[PVUQhPx ^TPDUZQPWUW P[UTP RhRMU[PhR ~. Y. vU�UWTUDR. E-mail: 
telegin@sibsau.ru, 8-391-291-9071. 

������� ���>�( 
������0 – MLhWLZ `PkPhL-[RWU[RWPVUQhP� TR^h, NZL`UQQLZ, kRDUM^��Px hR`UMZLx  
PT`LZ[RwPLTT�� shLTL[PVUQhP� QPQWU[, $PyPZQhPx _LQ^MRZQWDUTT�x RsZLhLQ[PVUQhPx ^TPDUZQPWUW P[UTP 
RhRMU[PhR ~. Y. vU�UWTUDR. E-mail: sen@sibsau.ru. 

���/?� ����� ���>����0 – RQNPZRTW, $PyPZQhPx _LQ^MRZQWDUTT�x RsZLhLQ[PVUQhPx ^TPDUZQPWUW P[UTP 
RhRMU[PhR ~. Y. vU�UWTUDR. E-mail: dodgesrs@mail.ru. 

�������� ��+�� 	���"����0 – RQNPZRTW, $PyPZQhPx _LQ^MRZQWDUTT�x RsZLhLQ[PVUQhPx ^TPDUZQPWUW 
P[UTP RhRMU[PhR ~. Y. vU�UWTUDR. ¶-mail: kineru@mail.ru. 

�����/���� ����� )���"'���0 – RQNPZRTW, $PyPZQhPx _LQ^MRZQWDUTT�x RsZLhLQ[PVUQhPx ^TPDUZQPWUW 
P[UTP RhRMU[PhR ~. Y. vU�UWTUDR. ¶-mail: rs105826@gmail.com. 

�����/����� 	���"'# 
������� – hRTMPMRW shLTL[PVUQhP� TR^h, MLwUTW, MLwUTW hR`UMZ� `PTRTQLD  
P hZUMPWR, $PyPZQhPx _LQ^MRZQWDUTT�x RsZLhLQ[PVUQhPx ^TPDUZQPWUW P[UTP RhRMU[PhR ~. Y. vU�UWTUDR.  
¶-mail: smr439@yandex.ru. 

����� ��>���( �"��+��/����0 – hRTMPMRW WU�TPVUQhP� TR^h, MLwUTW hR`UMZ� QPQWU[TL_L RTRcPkR P PQ-
QcUMLDRTPb LNUZRwPx, $PyPZQhPx _LQ^MRZQWDUTT�x RsZLhLQ[PVUQhPx ^TPDUZQPWUW P[UTP RhRMU[PhR ~. Y. vU-
�UWTUDR. E-mail: evgenysopov@gmail.com. 

�������� )"�/���� )�/�����0 – RQNPZRTW, $PyPZQhPx _LQ^MRZQWDUTT�x RsZLhLQ[PVUQhPx ^TPDUZQPWUW 
P[UTP RhRMU[PhR ~. Y. vU�UWTUDR. E-mail: vladimirstanovov@yandex.ru. 

�%>�� ��>���( )��������0 – MLhWLZ WU�TPVUQhP� TR^h, NZL`UQQLZ hR`UMZ� PTqUTUZTLx shLcL_PP,  
`Rh^cXWUW [R�PTLDUMUTPb P [U�RWZLTPhP, $PyPZQhPx _LQ^MRZQWDUTT�x RsZLhLQ[PVUQhPx ^TPDUZQPWUW P[UTP 
RhRMU[PhR ~. Y. vU�UWTUDR. E-mail: sugak@mail.ru. 
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��+�(�� �"'>� )��������� – hRTMPMRW `PkPhL-[RWU[RWPVUQhP� TR^h, MLwUTW hR`UMZ� PTqUTUZTLx shLcL-
_PP, `Rh^cXWUW [R�PTLDUMUTPb P [U�RWZLTPhP, $PyPZQhPx _LQ^MRZQWDUTT�x RsZLhLQ[PVUQhPx ^TPDUZQPWUW 
P[UTP RhRMU[PhR ~. Y. vU�UWTUDR. E-mail: taseiko@gmail.com. 

��?�+��( �����"�( 
������0 – MLhWLZ shLTL[PVUQhP� TR^h, NZL`UQQLZ, MPZUhWLZ, }TQWPW^W NZLycU[ TU-
NZUZ�DTL_L LyZRkLDRTPb v��. ¶-mail: naukaobr@mail.ru. 

��"�>�� ���>�( )"�/�������0 – hRTMPMRW WU�TPVUQhP� TR^h, MLwUTW, MLwUTW hR`UMZ� WU�TPVUQhLx `PkP-
hP, $PyPZQhPx _LQ^MRZQWDUTT�x RsZLhLQ[PVUQhPx ^TPDUZQPWUW P[UTP RhRMU[PhR ~. Y. vU�UWTUDR. E-mail: 
telegin@sibsau.ru.  

��+���/�� 	���"�( �"��+����0 – VcUT-hLZZUQNLTMUTW v��, MLhWLZ WU�TPVUQhP� TR^h, NZL`UQQLZ, _UTU-
ZRcXT�x MPZUhWLZ, �� «}T`LZ[RwPLTT�U QN^WTPhLD�U QPQWU[�» P[UTP RhRMU[PhR ~. Y. vU�UWTUDR». E-mail: 
office@iss-reshetnev.ru. 

����2���0 �"��+��/� ���������0 – hRTMPMRW NUMR_L_PVUQhP� TR^h, MLwUTW hR`UMZ� yUkLNRQTLQWP PT-
`LZ[RwPLTT�� WU�TLcL_Px, }TQWPW^W PT`LZ[RWPhP P WUcUhL[[^TPhRwPx, $PyPZQhPx _LQ^MRZQWDUTT�x RsZL-
hLQ[PVUQhPx ^TPDUZQPWUW P[UTP RhRMU[PhR ~. Y. vU�UWTUDR. E-mail: TAStepanich@yandex.ru. 

���%��� ���>�( ��/�����0 – MLhWLZ WU�TPVUQhP� TR^h, kRDUM^��Px hR`UMZLx ZRhUWT�� MDP_RWUcUx, ~LQhLD-
QhPx RDPRwPLTT�x PTQWPW^W (TRwPLTRcXT�x PQQcUMLDRWUcXQhPx ^TPDUZQPWUW). E-mail: irico.harmony@gmail.com. 

��"+��( ������( �����"'���0 – RQNPZRTW, zZRQTLbZQhPx _LQ^MRZQWDUTT�x NUMR_L_PVUQhPx ^TPDUZQPWUW 
P[UTP J. K. �QWR`XUDR; kR[UQWPWUcX PQNLcTPWUcXTL_L MPZUhWLZR, RQQLwPRwPb «$PyPZQhPx TR^VTL-LyZRkLDR-
WUcXT�x hLTQLZwP^[».  

��%����� ���'#�� )"�/�������� – RQQPQWUTW hR`UMZ� cUWRWUcXT�� RNNRZRWLD, $PyPZQhPx _LQ^MRZQW-
DUTT�x RsZLhLQ[PVUQhPx ^TPDUZQPWUW P[UTP RhRMU[PhR ~. Y. vU�UWTUDR. E-mail: Tatyana.si@mail.ru. 

��%������ ������( 	���"����0 – hRTMPMRW WU�TPVUQhP� TR^h, QWRZ�Px TR^VT�x QLWZ^MTPh hR`UMZ� 
QDRZLVTL_L NZLPkDLMQWDR P WU�TLcL_PP hLTQWZ^hwPLTT�� [RWUZPRcLD, KUZ[QhPx TRwPLTRcXT�x PQQcUMLDRWUcX-
QhPx NLcPWU�TPVUQhPx ^TPDUZQPWUW. E-mail: trdimitr@yandex.ru.  

</�/ �?D��' )��������� – hRTMPMRW `PkPhL-[RWU[RWPVUQhP� TR^h, MLwUTW hR`UMZ� `PkPhP, $PyPZQhPx 
_LQ^MRZQWDUTT�x RsZLhLQ[PVUQhPx ^TPDUZQPWUW P[UTP RhRMU[PhR ~. Y. vU�UWTUDR; TR^VT�x QLWZ^MTPh,  
}TQWPW^W `PkPhP P[UTP �. J. zPZUTQhL_L $PyPZQhL_L LWMUcUTPb vLQQPxQhLx RhRMU[PP TR^h. E-mail: 
luba@iph.krasn.ru.  

<����� �����"�( )�+�"'���0 – hRTMPMRW WU�TPVUQhP� TR^h, MLwUTW, QWRZ�Px TR^VT�x QLWZ^MTPh,  
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