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APPLICATION OF NON-PARAMETRIC MODELING  

IN SOLVING PROBLEMS OF ENVIRONMENTAL MONITORING 
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The analysis of the air quality in Russia showed the invalidity of existing methods of the air control and observation 

systems. The analysis of the main objectives of environmental monitoring can be solved by using satellite remote 
sensing data. The system of environmental monitoring in Krasnoyarsk city is developing. But nowadays it is important 
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to apply modeling techniques in the evaluation of the environmental situation to integrate a number of factors 
(parameters of the emissions sources, current meteorological situation, the air dispersion conditions, the pollutant 
properties and others.). 

This paper shows the availability of H-models using for creating a model of ecological situation in Krasnoyarsk 
city. The using of appropriate non-parametric indicators is necessary to construct the parametric models with using 
“tubular” processes. 

This research analyses the issue of identification in the “narrow” and “broad” sense. Also, this paper discusses the 
standard way of modeling the environmental situation and describes the complexities in the modeling process with 
“tubular” structure by using of parametric methods.  

The model of the environmental situation forecast in Krasnoyarsk city was developed with using the methods of non-
parametric modeling by the help of nuclear grade. The results of modeling characterize the spatial distribution  
of carbon monoxide. 

The using of this approach is efficient for the environment management in real time. The necessity of development  
of regional monitoring networks demands to solve the problem of choosing observation points and optimization 
program of air quality monitoring. For this purpose it is necessary to consider all influencing factors in totality, and 
also to use new technologies (including the remote environmental monitoring methods). 

The proposed approach will optimize the decision-making procedure in the field of environmental management.  
The improvement of the model can be connected with calculating of the time and space distribution of pollutants, and 
increasing of the accuracy of environmental quality forecasts. 

 
Keywords: environmental situation modeling, nonparametric modeling, 5-processes, urban air pollution, satellite 

view. 
 
�����#��. K UT�Q NUQ MNUMy Ql `hTCU�� lTzMX  

WVhMCVWVRXCT RXThT ujMhM`Qc. �UM`QV \V[� PM zM[YzV 
R ujMhM`QWVRjQ\Q P[MzhV\T\Q _sV P[QUcX� \Q[MC�\ 
RMMz�VRXCM\, PMNjh�WT�XRc Q RMC[V\VUU�V C�RMjM-
XV�UMhM`QWU�V [Tl[TzMXjQ, MNUMy Ql jMXM[�� cChcVXRc 
jMR\QWVRjQy \MUQXM[QU`. 

�MUQXM[QU` P[MxVRRMC, P[MQR�MNc�Q� UT vV\hV, 
MR_�VRXChcV\�y Ql jMR\MRT, PM\M`TVX z�RX[M [VT`Q-
[MCTXY UT P[MQR�MNc�QV Ql\VUVUQc. �u[MjMR\QWV-
RjQV (NQRXTUxQMUU�V) \VXMN� ujMhM`QWVRjM`M \MUQ-
XM[QU`T, Cjh�WT��QV RQRXV\_ UTzh�NVUQc P[Q PM\M- 
�Q RT\MhVXU��, Tu[MRXTXU�� R[VNRXC, RP_XUQjMC  
Q RP_XUQjMC�� RQRXV\, T XTjsV RQRXV\_ Mz[TzMXjQ 
NTUU�� NQRXTUxQMUUM`M lMUNQ[MCTUQc, PMlCMhc�X 
MPV[TXQCUM C�cChcXY MWT`Q Q �T[TjXV[ Ql\VUVUQy 
Mj[_sT��Vy R[VN�, P[MRhVsQCTXY QUXVURQCUMRXY 
P[MxVRRMC Q T\PhQX_N� ujMhM`QWVRjQ� RNCQ`MC, Ql_-
WTXY ClTQ\MNVyRXCQV XV�UM`VUU�� RQRXV\ [1]. 

�TUU�V NQRXTUxQMUUM`M lMUNQ[MCTUQc PMlCMhc�X 
[V�TXY \UMsVRXCM lTNTW jMUX[Mhc RMRXMcUQc Mj[_-
sT��Vy R[VN� [1]: 

– MP[VNVhVUQV \VXVM[MhM`QWVRjQ� �T[TjXV[QRXQj: 
CV[XQjThYU�V P[MbQhQ XV\PV[TX_[�, QUXV`[ThYU�V 
�T[TjXV[QRXQjQ ChTsUMRXQ, �T[TjXV[ MzhTWUMRXQ Q X. N.; 

– jMUX[MhY NQUT\QjQ TX\MRbV[U�� b[MUXMC, _[T-
`TUMC, PMh_WVUQV jT[X j[_PU�� RXQ�QyU�� zVNRXCQy; 

– MP[VNVhVUQV XV\PV[TX_[� PMNRXQhT��Vy PMCV[�-
UMRXQ, MPV[TXQCU�y jMUX[MhY Q jhTRRQbQjTxQc lT`[cl-
UVUQy PMWC� Q CMNUMy PMCV[�UMRXQ; 

– MzUT[_sVUQV j[_PU�� QhQ PMRXMcUU�� C�z[M-
RMC P[M\��hVUU�� P[VNP[QcXQy; 

– jMUX[MhY NQUT\QjQ RUVsU�� PMj[MCMC Q lT`[cl-
UVUQy RUVsUM`M PMj[MCT C lMUT� ChQcUQc P[M\��-
hVUU�� P[VNP[QcXQy. 

³jMhM`QWVRjTc RQX_TxQc C wMRRQyRjMy ZVNV[TxQQ 
_�_N�TVXRc R jTsN�\ `MNM\: PM MbQxQThYU�\ NTU-
U�\ 15 % XV[[QXM[QQ (uXM ©C[MPVyRjTc WTRXY wZ, 
LMCMhsYV, k[Th), `NV P[MsQCTVX 60 % UTRVhVUQc,  

UV MXCVWT�X X[VzMCTUQc\ ujMhM`QWVRjMy zVlMPTRUM-
RXQ [2].  

�T RV`MNUc�UQy NVUY RM�[TUcVXRc UVP[QV\hV\M 
C�RMjQy [QRj Nhc UTRVhVUQc Q ujMRQRXV\. ³jMhM`QWV-
RjQy \MUQXM[QU`, Mz�VjXT\Q jMXM[M`M C PV[C_� MWV-
[VNY cChc�XRc TX\MRbV[T, PMCV[�UMRXU�V CMN� R_�Q, 
MjVTUMC Q \M[Vy, PMNlV\U�V CMN�, j[QMRbV[T, cChcVX-
Rc UVMz�MNQ\�\ lCVUM\ MzVRPVWVUQc ujMhM`QWVRjM`M 
zThTURT UT vV\hV. 

K RX[_jX_[_ ujMhM`QWVRjM`M \MUQXM[QU`T Cjh�WV-
U� UV XMhYjM UTzh�NVUQc Q MxVUjT bTjXQWVRjM`M RM-
RXMcUQc TUThQlQ[_V\My R[VN�, UM Q P[M`UMl RMRXMc-
UQc, MxVUjT P[M`UMlQ[_V\M`M RMRXMcUQc Q [V`_hQ[M-
CTUQV jTWVRXCT R[VN�.  

�Tzh�NVUQV lT RMRXMcUQV\ P[Q[MNUMy R[VN�  
Q P[MQR�MNc�Q\Q C UVy P[MxVRRT\Q PMN ChQcUQV\ 
bTjXM[MC TUX[MPM`VUUM`M CMlNVyRXCQc X[Vz_VX QR-
PMhYlMCTUQc [TlUMRXM[MUUVy Q NVXThYUMy QUbM[\T-
xQQ M Vµ RMRXMcUQQ.  

wVP[VlVUXTXQCUMRXY UTzh�NVUQy lT RMRXMcUQV\ lT-
`[clUVUQc TX\MRbV[� C `M[MNV lTCQRQX MX P[TCQhYUM-
RXQ [TRPMhMsVUQc P_UjXMC MXzM[T P[Mz UT MzRhVN_V-
\My XV[[QXM[QQ [3; 4].  

�UThQl MPQRTUU�� C hQXV[TX_[V \VXMNMC [Tl\V-
�VUQc P_UjXMC UTzh�NVUQc C RQRXV\T� jMUX[Mhc  
TX\MRbV[UM`M CMlN_�T PMlCMhcVX RNVhTXY C�CMN, WXM, 
CM-PV[C��, CM CRV� [TRR\MX[VUU�� [TzMXT� MXR_XRXC_VX 
VNQU�y PMN�MN, CM-CXM[��, RMlNTUQV _UQCV[RThYUMy 
\VXMNQjQ P[MRX[TURXCVUUM`M [Tl\V�VUQc RXTUxQQ 
cChcVXRc RhMsUMy lTNTWVy C RQh_ �T[TjXV[T [TRPMhM-
sVUQc `M[MNMC, RCMVMz[TlQc QRXMWUQjMC C�z[MRMC, 
MRMzVUUMRXVy lTRX[MyjQ Q X. N. wV�VUQV VV R_�VRX-
CVUUM lTCQRQX MX b_UjxQy, jMXM[�V NMhsUT C�PMh-
UcXY RQRXV\T \MUQXM[QU`T [5; 6]. L[M`[T\\� UTzh�-
NVUQy bM[\Q[_�XRc PM P[QUxQP_ C�zM[T P[QM[QXVX-
U�� (PMNhVsT�Q� PV[CMMWV[VNUM\_ MP[VNVhVUQ�) 
lT`[clUc��Q� CV�VRXC Q QUXV`[ThYU�� (MX[TsT��Q� 
`[_PP_ cChVUQy, P[MxVRRMC, CV�VRXC) �T[TjXV[QRXQj. 
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^MhY�QURXCM \VXMNQj UMRQX RjM[VV [VjM\VUNT-
XVhYU�y Q Mz�VMPQRTXVhYU�y �T[TjXV[, WV\ TUThQXQ-
WVRjQy, NTVX Mz�QV [VjM\VUNTxQQ P[Q C�zM[V P_Uj-
XMC UTzh�NVUQc R _WVXM\ PhTUQ[MCjQ Q lTRX[MyjQ 
[TyMUMC `M[MNT, \VRXMPMhMsVUQc QRXMWUQjMC lT`[cl-
UVUQc Q [VhYVbT \VRXUMRXQ, WXMz� MXzQ[TV\�V P[Mz� 
CMlN_�T �T[TjXV[QlMCThQ UV hMjThYUMV, T Mz�VV lT-
`[clUVUQV CMlN_�UM`M zTRRVyUT `M[MNT. �VjMXM[�V 
\VXMNQjQ QRPMhYl_�X RXTXQRXQWVRjQy TUThQl [Vl_hY-
XTXMC UTzh�NVUQy, UT MRUMCTUQQ jMXM[M`M MP[VNV- 
hcVXRc [TxQMUThYUMV [TRRXMcUQV \VsN_ RXTUxQc\Q, 
jMhQWVRXCM RXTUxQy UT VNQUQx_ PhM�TNQ Q X. N. 

�T RV`MNUc�UQy NVUY C {[TRUMc[RjV R_�VRXC_�X 8 
RXTxQMUT[U�� P_UjXMC \MUQXM[QU`T bVNV[ThYUMy 
UTzh�NTXVhYUMy RVXQ – NCT C �VUQURjM\ [TyMUV  
Q PM MNUM\_ CM CRV� MRXThYU��. �VR\MX[c UT XM, WXM  
C PMRhVNUQV `MN� RXThQ PMcChcXYRc NMPMhUQXVhYU�V 
PMRX� UTzh�NVUQc (XVPV[Y Q� _sV 5) [7], \VRXT Nhc Q� 
[Tl\V�VUQc C�zQ[T�X C RMMXCVXRXCQQ R XV\Q sV UM[-
\TXQCU�\Q NMj_\VUXT\Q, WXM Q Nhc bVNV[ThYUMy RVXQ. 
�RUMCU�V X[VzMCTUQc j [Tl\V�VUQ� PMRXMC UTzh�-
NVUQc [Tl[TzMXTU� C 60-� ``. P[M�hM`M CVjT, Q UMC�� 
NM RQ� PM[ UV R_�VRXC_VX.  

$hMsU�y [VhYVb \VRXUMRXQ, jMhQWVRXCM Q [Tl\V-
�VUQV MRUMCU�� P[M\��hVUU�� Q X[TURPM[XU�� QR-
XMWUQjMC, T XTjsV \VXVM[MhM`QWVRjQV _RhMCQc \M`_X 
lUTWQXVhYUM PMChQcXY UT [TRP[VNVhVUQV jMUxVUX[T-
xQy PMhh�XTUXMC C P[VNVhT� [TRR\TX[QCTV\My lMU�  
Q RNVhTXY V`M R_�VRXCVUUM UV[TCUM\V[U�\. �hc [V-
�VUQc uXQ� lTNTW P[MCMNcX \TXV\TXQWVRjMV \MNVhQ-
[MCTUQV [TRP[MRX[TUVUQc P[Q\VRVy, jMXM[MV PMlCMhcVX 
MxVUQXY RXVPVUY lT`[clUVUQc TX\MRbV[� C lTNTUUMy 
XMWjV \VRXUMRXQ, UV P[MCMNc C UVy UTX_[U�� Ql\V[VUQy.  

�MNVhQ[MCTUQV X[Vz_VX jM\PhVjRUM`M _WVXT \UM-
`Q� bTjXM[MC, XTjQ� jTj PT[T\VX[� QRXMWUQjMC C�-
z[MRMC Q XVj_�V`M \VXVM[MhM`QWVRjM`M RMRXMcUQc 
TX\MRbV[�, _RhMCQc [TRRVQCTUQc Nhc NTUUMy \VRXUM-
RXQ, RCMyRXCT \MNVhQ[_V\�� CV�VRXC Q N[. [8]. K PM-
RhVNUVV C[V\c UT[TRXTVX XVUNVUxQc QRPMhYlMCTUQc 
\VXMNMC UVPT[T\VX[QWVRjM`M \MNVhQ[MCTUQc Nhc [V-
�VUQc PMNMzUM`M [MNT lTNTW. K RXTXYV P[VNRXTChVUT 
\MNVhY, PMRX[MVUUTc P[Q PM\M�Q \VXMNT cNV[UM`M 
R`hTsQCTUQc, – MNUM`M Ql UVPT[T\VX[QWVRjQ� \VXMNMC 
\MNVhQ[MCTUQc. 


��#%�2���-�� � */��' � $�"���' �')���. 
L[Q \MNVhQ[MCTUQQ [TlUMMz[TlU�� NQRj[VXUM-UVP[V- 
[�CU�� P[MxVRRMC C UTRXMc�VV C[V\c NM\QUQ[_VX 
XVM[Qc QNVUXQbQjTxQQ C _ljM\ R\�RhV. �RUMCUTc VV 
QNVc RMRXMQX C XM\, WXM UT PV[CM\ uXTPV R QRPMhYlMCT-
UQV\ Q\V��VyRc TP[QM[UMy QUbM[\TxQQ MP[VNV- 
hcVXRc PT[T\VX[QWVRjQy jhTRR MPV[TXM[T Mz�VjXT �¶,  
UTP[Q\V[: 

 ( ) ( ( ), )x t A u t�
� � �� , (1) 

`NV A�  – PT[T\VX[QWVRjTc RX[_jX_[T \MNVhQ; ¶ – CVj-
XM[ PT[T\VX[MC.  

�T CXM[M\ uXTPV MR_�VRXChcVXRc MxVUjT PT[T\VX-
[MC ¶ UT MRUMCV Q\V��VyRc C�zM[jQ { , , 1, };i ix u i s�   
s  – Mz�V\ C�zM[jQ. kRPV� [V�VUQc lTNTWQ QNVUXQbQ-
jTxQQ C uXM\ Rh_WTV R_�VRXCVUUM lTCQRQX MX XM`M, 
UTRjMhYjM «_NTWUM» MP[VNVhVU MPV[TXM[ (1). 

q[TNQxQMUUM P[Q MxVUQCTUQQ ujMhM`QWVRjMy Mz-
RXTUMCjQ QRPMhYl_�X MP[VNVhVUQV QNVUXQbQjTxQQ  
C _ljM\ R\�RhV [9]. 

~NVUXQbQjTxQc C �Q[MjM\ R\�RhV P[VNPMhT`TVX 
MXR_XRXCQV uXTPT C�zM[T PT[T\VX[QWVRjM`M jhTRRT 
MPV[TXM[T. ¹TRXM MjTl�CTVXRc lUTWQXVhYUM P[M�V MP-
[VNVhQXY jhTRR MPV[TXM[MC UT MRUMCV RCVNVUQy jTWV-
RXCVUUM`M �T[TjXV[T, UTP[Q\V[, hQUVyUMRXQ P[MxVRRT 
QhQ XQPT UVhQUVyUMRXQ, MNUMlUTWUMRXQ hQzM UVMNUM-
lUTWUMRXQ Q N[. K uXM\ Rh_WTV lTNTWT QNVUXQbQjTxQQ 
RMRXMQX C MxVUjV NTUUM`M MPV[TXM[T UT MRUMCV C�zM[-
jQ { , , 1, }i ix u i s�  [10; 11]. 

L[Q QNVUXQbQjTxQQ C �Q[MjM\ R\�RhV �M[M�VV 
jTWVRXCM C�zM[jQ Q\VVX MRMz_� lUTWQ\MRXY. LMN jT-
WVRXCM\ lNVRY PMN[Tl_\VCTVXRc Q XMWUMRXY Ql\V[cV-
\�� NTUU��, Q [TCUM\V[UMRXY [TRP[VNVhVUQc CM C[V-
\VUQ (PM CVjXM[_ u(t)). {TWVRXCM NTUU�� Q\VVX UTQ-
zMhY�_� lUTWQ\MRXY, XTj jTj zVl PT[T\VX[QWVRjM`M 
jhTRRT MPV[TXM[T MxVUjT z_NVX MR_�VRXChcXYRc XMhYjM 
PM NTUU�\, RMMXCVXRXCVUUM \MNVhY z_NVX P[VNRXTChV-
UT RhVN_��Q\ Mz[TlM\ (2):  

 

 ( ) ( ( ), , )s s s sx t A u t x u�
� �� , (2) 

`NV 1 2 1 2( , ,  ..., ), ( , ,  ..., )s s s sx x x x u u u u� �
� �  – CVjXM[�, 

lTCQRc�QV MX C[V\VUUMy PV[V\VUUMy. �xVUjT MPV[T-
XM[T sA  \MsVX z�XY C�PMhUVUT R[VNRXCT\Q UVPT[T-
\VX[QWVRjMy RXTXQRXQjQ zVl  C�zM[T PT[T\VX[QWVRjMy 
RX[_jX_[� [12; 13]. ³XM PMlCMhcVX _XCV[sNTXY, WXM 
QNVUXQbQjTxQc XTjM`M [MNT (CT[QTUX QNVUXQbQjTxQQ 
C �Q[MjM\ R\�RhV) cChcVXRc zMhVV TNVjCTXUMy [VThY-
U�\ lTNTWT\ P[TjXQjQ. 

��#��#)� �����#�� � «%"*53�%)�» 0"�-����� 
(�-0"�-���)). L[Q \MNVhQ[MCTUQQ [TlUM`M [MNT P[M-
xVRRMC WTRXM CMlUQjTVX RQX_TxQc, jM`NT C�MNU�V CMl-
NVyRXCQc RXM�TRXQWVRjQ lTCQRQ\�, P[QWV\ �T[TjXV[ 
uXMy lTCQRQ\MRXQ WT�V CRV`M UVQlCVRXVU. LMNMzUTc 
RQX_TxQc XQPQWUT Nhc NQRj[VXUM-UVP[V[�CU�� P[M-
xVRRMC, NM\QUQ[_��Q� C \VXThh_[`QQ, _`MhYUMy 
P[M\��hVUUMRXQ, RX[MyQUN_RX[QQ Q \UM`Q� N[_`Q�. 
�MNVhQ[MCTUQV NQRj[VXUM-UVP[V[�CU�� P[MxVRRMC 
P[Q UVPMhUMy QUbM[\TxQQ P[MNMhsTVX MRXTCTXYRc 
MNUMy Ql TjX_ThYUVy�Q� P[MzhV\ XVM[QQ QNVUXQbQ-
jTxQQ. $h_WTy, jM`NT C�MNU�V PV[V\VUU�V MjTl�CT-
�XRc RXM�TRXQWVRjQ lTCQRQ\�\Q, P[VNRXTChcVX RPVxQ-
ThYU�y QUXV[VR Q \MsVX z�XY MXUVRVU j jTXV`M[QQ 
UMC�� lTNTW QNVUXQbQjTxQQ. LMRhVNUVV P[QCMNQX  
j XM\_, WXM QRRhVN_V\�y P[MxVRR C P[MRX[TURXCV 
C�MNU��-C��MNU�� PV[V\VUU�� P[MXVjTVX UV XMhYjM 
C \UM`M\V[UM\ j_zV, UM C UVjMXM[My V`M PMNMzhTRXQ, 
Q\V��Vy «X[_zWTX_�» RX[_jX_[_. LMNMzU�V P[MxVR-
R� z�hQ UTlCTU� H-P[MxVRRT\Q [14; 15]. 

�VPT[T\VX[QWVRjTc XVM[Qc C MXhQWQV MX PT[T\VX-
[QWVRjMy P[VNPMhT`TVX, WXM QlCVRXU� XMhYjM jTWVRX-
CVUU�V �T[TjXV[QRXQjQ P[MxVRRT. ~RPMhYlMCTUQV UV-
PT[T\VX[QWVRjMy XVM[QQ PMlCMhcVX PMhUMRXY� _yXQ 
MX CMP[MRT MP[VNVhVUQc PT[T\VX[QWVRjMy RX[_jX_[� 
Mz�VjXT. 

1. wTRR\MX[Q\ lTNTW_ QNVUXQbQjTxQQ, P[VNRXTC-
hVUU_� UT [QR. 1, `NV P[QUcX� MzMlUTWVUQc: u(t) – uXM 
CVjXM[ C�MNU�� _P[TChcV\�� PV[V\VUU�� C \M\VUX 
C[V\VUQ t; º(t) – CVjXM[ C�MNU�� UV_P[TChcV\��  
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PV[V\VUU�� C \M\VUX C[V\VUQ t; x(t + ¼) – CVjXM[  
C��MNU�� PV[V\VUU�� C \M\VUX C[V\VUQ (t + ¼);   
¼ – lTPTlN�CTUQV; ¾(t) – PM\V�Q, NVyRXC_��QV UT Mz�VjX; 
hu(t), hx(t), hº(t) – PM\V�Q C jTUThT� RCclQ;  u = (u1, 
 u2, …, uk,) �  À(u)�  R�, �   ui �  [ai, bi], T  x �  [c, d]. 
L[Q QRRhVNMCTUQQ [VThYU�� P[MxVRRMC lUTWVUQc jMub-
bQxQVUXMC  {ai, bi, c, d}, i = (1, …, k) CRV`NT QlCVRXU�. 

q[TNQxQMUUMy Nhc MPQRTUQc PMNMzU�� P[MxVRRMC 
cChcVXRc RhVN_��Tc \MNVhY: 

 ( ) ( ( ), ( ), ).s sx t A u t t� � ��  (3) 

L[Q RXM�TRXQWVRjQ lTCQRQ\�� C�MNU�� CMlNVyRXCQc� 
UT Mz�VjX P[MxVRR Q\VVX «X[_zWTX_�» RX[_jX_[_  
(H-P[MxVRR). 

qMWjT � UT [QR. 2 P[Q C�MNU�� lUTWVUQc� u = (u1, 
u2, …, uk) �  À(u) RMMXCVXRXC_VX CVhQWQUV C��MNUMy 
PV[V\VUUMy Ql MzhTRXQ À5(u1, u2, x). qTjQ\ Mz[TlM\, 
P[Q u = (u1, u2, …, uk) �  À5(u) Mz�VjX Q\VVX lUTWVUQc 
C��MNT Ql MzhTRXQ À5(u1, u2, x). qMWjT K – XMWjT, jMXM[Tc 
P[Q C�MNU�� lUTWVUQc� u = (u1, u2, …, uk) �  À(u),  
UM UV P[QUTNhVsQX À5(u1, u2, x), �MXc UT�MNQXRc  
C P[VNVhT� À(u1, u2, x). ³XM P[MQR�MNQX PMXM\_, WXM  
u = (u1, u2, …, uk) �  À5(u). �M P[Q MPQRTUU�� Rh_WTc� 

P[MxVRR UV C��MNQX lT [T\jQ À(u1, u2, x). L[Q TUThQlV 
XMWjQ $ MWVCQNUM, WXM  u = (u1, u2, …, uk) �  À(u),  
UM & �  À(u1, u2, x). 

�RMzVUUMRXY P[Q [TzMXV R 5-P[MxVRRT\Q lTjh�- 
WTVXRc C RhVN_��V\: P[Q PMP�XjV PMRX[MVUQc 
PT[T\VX[QWVRjMy \MNVhQ Nhc uXQ� P[MxVRRMC, zVl 
_WVXT XM`M, WXM MUQ cChc�XRc «X[_zWTX�\Q», z_N_X 
QRPMhYlMCTXYRc XMhYjM XV XMWjQ, jMXM[�V P[QUTNhV-
sTX ÀH(u, x). K WTRXUM\ Rh_WTV, VRhQ P[VNRXTCQXY RVzV 
P[c\_� C P[MRX[TURXCV, XM \MNVhVy XTjM`M P[MxVRRT  
C CQNV PhMRjMRXQ \MsVX z�XY RjMhY _`MNUM \UM`M, 
PMRjMhYj_ WV[Vl P[c\_� C P[MRX[TURXCV \MsUM P[M-
CVRXQ zVRjMUVWUMV WQRhM PhMRjMRXVy ([QR. 3). K Rh_-
WTV, VRhQ lTCQRQ\MRXY UMRQX UVhQUVyU�y �T[TjXV[,  
PM [TlhQWU�\ QR�MNU�\ NTUU�\ CMRRXTUTChQCTV\�� 
PMCV[�UMRXVy \MsVX z�XY XTjsV RjMhY _`MNUM \UM`M. 

�T [QR. 4 P[VNRXTChVU� MRUMCU�V RhMsUMRXQ, jM-
XM[�V \M`_X CMlUQjU_XY P[Q PMP�XjV P[M`UMlQ[MCT-
UQc 5-P[MxVRRT. wTRR\MX[Q\ XMWj_ �, C jMXM[My u1  
Q u2 �  À(u), UM u1 Q u2 �  ÀH(u). $ QRPMhYlMCTUQV\  
5-\MNVhQ P[M`UMl� \M`_X z�XY bQlQWVRjQ UV[VThY-
U�\Q [16]. 

 

 
 

wQR. 1. ~RRhVN_V\�y P[MxVRR 
 

 
 

wQR. 2. «q[_zWTX�y» P[MxVRR 
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wQR. 3. LT[T\VX[QWVRjQV \MNVhQ «X[_zWTX��» P[MxVRRMC (H-P[MxVRR) 
 

 
 

wQR. 4. L[M`UMlQ[MCTUQV 5-P[MxVRRMC 
 

�hc MPQRTUQc PMNMzU�� P[MxVRRMC C R_�VRXC_�-
�_� \MNVhY (3) UVMz�MNQ\M Cjh�WQXY QUNQjTXM[U_� 
b_UjxQ� I(u(t), º(t)): 

 ( ) ( ( ), ( ), ) ( ( ), ( )))s sx t A u t t I u t t� � � �� , (4) 
`NV 

 

1 1

1

1 1

1

0, Â ÃëÄ Ô

Ô 0,

( ( ), ( ))

1, Â ÃëÄ Ô

Ô 0.
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sj

iks
j j

i sj

in
j j

sj

u u
c

c
I u t t

u u
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� �
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 ��
 � ��

� � � �

 � � ��
� �� �
� � � �� � �


 ��
� �� � � � �



 �� ��
� �� � � � � ��

��

�

��

�

 (5) 

�WVCQNUM, WXM VRhQ QRRhVN_V\�y P[MxVRR UV cChcVX-
Rc 5-P[MxVRRM\, XM QUNQjTXM[UTc b_UjxQc z_NVX CRV`NT 
Q\VXY lUTWVUQV 1, Q \MNVhY (4) z_NVX Q\VXY CQN (3).  

qTjQ\ Mz[TlM\, 5-\MNVhY Cjh�WTVX C RVzc RXTU-
NT[XU_� \MNVhY QNVUXQbQjTxQQ, T UThQWQV QhQ MX-
R_XRXCQV lTCQRQ\MRXQ \VsN_ C�MNU�\Q PV[V\VUU�\Q 
UV ChQcVX UT XMWUMRXY PMRX[MVUUMy MxVUjQ. 

���5�##��%� �5"�5�%)���')� ��##)�. K [TzMXV 
P[MCMNQXRc \MNVhQ[MCTUQV ujMhM`QWVRjMy RQX_TxQQ  
C `. {[TRUMc[RjV R QRPMhYlMCTUQV\ Th`M[QX\T cNV[UMy 
TPP[MjRQ\TxQQ [17]. �NUQ\ Ql MRUMCU�� PT[T\VX[MC 
C NTUUM\ Th`M[QX\V cChcVXRc CVjXM[ jMubbQxQVUXT 
[Tl\�XMRXQ cN[T. qMWUMRXY PMRX[MVUUMy \MNVhQ UT-
P[c\_� lTCQRQX MX jTWVRXCT UTRX[MyjQ NTUUM`M CVj-
XM[T. �PXQ\QlTxQc CVjXM[T jMubbQxQVUXT [Tl\�XMRXQ 
cN[T (V`M UTRX[MyjT) C�PMhUVUT P[Q PM\M�Q Th`M-
[QX\T �VNhV[T–�QNNT [18; 19]. 

�TUU�V Mz ujMhM`QWVRjMy MzRXTUMCjV C `. {[TR- 
UMc[RjV PMh_WVU� R PMRXMC UTzh�NVUQc lT lT`[clUV-
UQV\ TX\MRbV[� $[VNUVRQzQ[RjM`M kJ�$, [TRP[VNV-
hVUQV jMXM[�� UT XV[[QXM[QQ `M[MNT MX\VWVUM UT RP_X- 
UQjMCM\ RUQ\jV ([QR. 5). 
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wQR. 5. wTRPMhMsVUQV PMRXMC UTzh�NVUQc lT lT`[clUVUQV\ TX\MRbV[� C `. {[TRUMc[RjV 
 

�T PMRXT� C�PMhUc�XRc Ql\V[VUQc jMUxVUX[TxQy 
RhVN_��Q� CV�VRXC: SO2, R_hYbTX, CO, NO2, NO, H2S, 
CS2, bVUMh, HF, Cl2, HCl, NH3, zVUlMh, jRQhMh, XMh_Mh, 
uXQhzVUlMh. qTjsV MP[VNVhc�XRc XV\PV[TX_[T Q ChTs- 
UMRXY CMlN_�T, UTP[TChVUQV Q RjM[MRXY CVX[T. �XzM[ 
P[Mz MR_�VRXChcVXRc 4 [TlT C R_XjQ C _RXTUMChVUUMV 
C[V\c: 01.00, 07.00, 13.00 Q 19.00.  

�TUU�V \MUQXM[QU`T RMRXMcUQc Mj[_sT��Vy R[V-
N�, j RMsThVUQ�, UV CRV`NT PMhU�. $_�VRXC_�X P[M-
P_RjQ NTUU�� jTj PM lUTWVUQc\ \VXVMPT[T\VX[MC, XTj 
Q PM lUTWVUQc\ jMUxVUX[TxQy C[VNU�� CV�VRXC. �UM-
`QV PMRX� Q\V�X zMhY�_� _NThVUUMRXY N[_` MX N[_`T 
([QR. 5). kCVhQWVUQV WTRXMX� MXzM[T P[Mz UV P[QCVNVX 
j _CVhQWVUQ� Mz_WT��Vy C�zM[jQ (C VV RXTUNT[XUMy 
QUXV[P[VXTxQQ), XTj jTj Ql\V[VUQc P[MCMNcXRc C MNUQ� 
Q XV� sV XMWjT�. 

KRhVNRXCQV C��VMPQRTUUMy P[MzhV\� P[Q QR-
PMhYlMCTUQQ RXTUNT[XUM`M cN[T \UM`QV XMWjQ z_N_X 
Q\VXY U_hVCMy CVR, WXM UVNMP_RXQ\M P[Q XTjM\ Mz�V-
\V C�zM[jQ. �hc QRjh�WVUQc uXMy P[MzhV\� QRPMhY-
lMCThMRY `T_RRMCM cN[M, jMXM[MV lTNTVXRc bM[\_hMy 

 � �
21

2Ô (2 ) exp .
2
x; =

� 
 ��
� � �� �

� �
  (6) 

L[Q PM\M�Q NTUUM`M cN[T z_N_X MP[VNVhVU� CVRT 
XTjQ\ C�MNU�\ PT[T\VX[T\, jTj �Q[MXT Q NMh`MXT. 
�[_`QV C�MNU�V PT[T\VX[� NTUUMy lTNTWQ UV PMNCV[-
sVU� ChQcUQ� C��VMPQRTUUMy P[MzhV\�, CRhVNRXCQV 
uXM`M Nhc Q� _WVXT z_NVX QRPMhYlMCTXYRc RXTUNT[XUMV 
X[V_`MhYUMV cN[M. 

qTjQ\ Mz[TlM\, \MNVhY z_NVX Q\VXY RhVN_��Qy 
CQN: 

1, 1 1, 2, 1 2, 1
1 1 2

1 2 31
1

1, 1 1, 2, 1 2, 1
1 1 2

1 2 31

Ô Ô Ô
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Ô Ô Ô
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 � �
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(7) 

`NV u1,i – NMh`MXT XMWjQ Ql\V[VUQc; u2,i – �Q[MXT XMWjQ 
Ql\V[VUQc; ti – C[V\c Ql\V[VUQc; 1i ..s� – UM\V[ Ql-
\V[VUQc; Z1 – `T_RRMCM cN[M (6); Z2 – X[V_`MhYUMV 
cN[M (8): 

 

1 1

3 31

3 1

3

1 ; 1,
Ô

0; 1.
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t t t t
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c t t

c

� �

�

�

	 � �
� �


 �� 
�� �

�� �  �
�

 

(8) 

�TP[TChVUQV Q RjM[MRXY CVX[T XTjsV _WQX�CT�XRc. 
~l\VUcc jMubbQxQVUX� [Tl\�XMRXQ cNV[ c1 Q c2, 
\MsUM \VUcXY bM[\_ «jMhMjMhT», PMN jMXM[�y z_N_X 
PMPTNTXY XMWjQ Nhc PMRX[MVUQc \MNVhQ. �TP[Q\V[, 
V`M \MsUM C�XcU_XY CNMhY MRVy u1 QhQ u2 C lTCQRQ\M-
RXQ MX RjM[MRXQ CVX[T. �TP[TChVUQV _WQX�CTVXRc P[M-
RX�\ PMCM[MXM\ jMM[NQUTXUMy RVXjQ UT U_sU�y _`Mh, 
XM`NT jMM[NQUTX� P_UjXMC UTzh�NVUQc PV[VRWQX�- 
CT�XRc PM RhVN_��Q\ bM[\_hT\: 

 1 1 2' * cos( ) *sin( ),u u u�  �   (9) 

 2 2 1' *cos( ) *sin( ),u u u�  �   (10) 

`NV 1 'u  Q 2 'u  – jMM[NQUTX� XMWVj C RQRXV\V jMM[NQ-
UTX, PMCV[U_XMy UT _`Mh Æ. 

��/*��%�%) '�����"���#��. $ PM\M�Y� P[VN-
hMsVUUMy \MNVhQ z�hQ C�PMhUVU� RxVUT[U�V [TRWV-
X� RMNV[sTUQc CO C TX\MRbV[UM\ CMlN_�V `. {[TR- 
UMc[RjT. �jRQN _`hV[MNT UTQzMhVV WTRXM QRPMhYl_�X  
C jTWVRXCV P[M`UMlQ[_V\M`M PT[T\VX[T C \MNVhc� jT-
WVRXCT CMlN_�T C RQh_ V`M �Q\QWVRjMy QUV[XUMRXQ. 
K[V\c UT�MsNVUQc C CMlN_�V uXM`M CV�VRXCT zVl CRX_-
PhVUQc C �Q\QWVRjQV [VTjxQQ NMRXQ`TVX 5 NUVy. wTR-
P[VNVhVUQV jMUxVUX[TxQy $� PM XV[[QXM[QQ `. {[TR-
UMc[RjT C [TlU�V PV[QMN� PM [Vl_hYXTXT\ \TXV\TXQ-
WVRjM`M \MNVhQ[MCTUQc P[VNRXTChVUM UT [QR. 6–9. 

$M`hTRUM C�PMhUVUU�\ [TRWVXT\ ([QR. 6, 7), UTQ-
zMhY�QV _[MCUQ lT`[clUVUQc UTzh�NT�XRc C xVU-
X[ThYUM\ [TyMUV `M[MNT, WXM Mz�cRUcVXRc UTQzMhY�Vy 
PhMXUMRXY� C xVUX[V `M[MNT TCXMX[TURPM[XU�� PMXM-
jMC, cChc��Q�Rc MRUMCU�\ QRXMWUQjM\ C�z[MRMC 
MjRQNT _`hV[MNT P[Q zhT`MP[QcXU�� \VXVM_RhMCQc� 
(MXR_XRXCQV XV\PV[TX_[U�� QUCV[RQy). 

�T RVCV[M-CMRXMjV `M[MNT _[MCVUY lT`[clUVUQc 
\MsVX PMC��TXYRc lT RWVX C�z[MRMC q³Ç Q Th�\Q-
UQVCM`M lTCMNT ([QR. 7).  
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wQR. 6. L[MRX[TURXCVUUMV [TRP[VNVhVUQV $� C `. {[TRUMc[RjV  
14.01.2004 `., 13.00 W ([TRWVXU�V NTUU�V) 

 

 
 

wQR. 7. L[MRX[TURXCVUUMV [TRP[VNVhVUQV $� C `. {[TRUMc[RjV  
10.02.2004 `., 13.00 W ([TRWVXU�V NTUU�V) 

 

 
 

wQR. 8. L[MRX[TURXCVUUMV [TRP[VNVhVUQV $� C `. {[TRUMc[RjV  
08.05.2004 `., 13.00 W ([TRWVXU�V NTUU�V) 

 

 
 

wQR. 9. L[MRX[TURXCVUUMV [TRP[VNVhVUQV $� C `. {[TRUMc[RjV  
15.01.2004 `., 19.00 W ([TRWVXU�V NTUU�V) 
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�T [QR. 8 MX[TsVUT RQX_TxQc, P[Q jMXM[My _[MCVUY 
lT`[clUVUQc _CVhQWQCTVXRc lT RWVX [V`QMUThYUM`M PV-
[VUMRT. 

K xVhM\, [Vl_hYXTX� [TRWVXMC RM`hTR_�XRc R NTU-
U�\Q UTX_[U�� UTzh�NVUQy.  

KRhVNRXCQV XM`M, WXM \MNVhY cChcVXRc UVPT[T\VX-
[QWVRjMy, Vµ PMRX[MVUQV RCMNQXRc j P[MRX�\ C�WQR-
hVUQc\, T _WQX�CTc XMX bTjX, WXM NTUU�� Nhc [TRWVXT 
UV\UM`M (8 XMWVj C VNQUQx_ C[V\VUQ), Vµ [TRWVX P[M-
QR�MNQX \VUVV WV\ lT 1 R. qTjTc RjM[MRXY \MNVhQ[MCT-
UQc PMlCMhcVX QRPMhYlMCTXY NTUU�y \VXMN C [VsQ\V 
[VThYUM`M C[V\VUQ. 

qTjsV RXMQX _NVhQXY MXNVhYUMV CUQ\TUQV CMl\Ms-
UMRXQ P[Q\VUVUQc NTUU�� RP_XUQjMC�� RQRXV\ Nhc 
_XMWUVUQc PMRX[MVUUMy \MNVhQ ujMhM`QWVRjMy MzRXT-
UMCjQ (C XM\ WQRVh RjM[MRXY Q UTP[TChVUQV CVX[MCM`M 
PMXMjT, CV[XQjThYU�V P[MbQhQ XV\PV[TX_[�, QUXV-
`[ThYU�V �T[TjXV[QRXQjQ ChTsUMRXQ, �T[TjXV[ MzhTW-
UMRXQ, [VhYVb \VRXUMRXQ). �ThYUVy�VV _RMCV[�VURX-
CMCTUQV \MNVhQ CMl\MsUM R P[Q\VUVUQV\ Tu[MRUQ\-
jMC Q xQb[MC�� NTUU��, PMh_WTV\�� C �MNV NQRXTU-
xQMUUM`M lMUNQ[MCTUQc, R _WVXM\ Q� zMhY�My MzlM[-
UMRXQ Q MNUM\M\VUXUMRXQ, CMl\MsUMRXQ NTCTXY QU-
XV`[Q[MCTUUMV Q C\VRXV R XV\ `VUV[ThQlMCTUUMV QlM-
z[TsVUQV CRV� uhV\VUXMC lV\UMy PMCV[�UMRXQ, WXM 
PMlCMhcVX CQNVXY Q� RX[_jX_[_ Q RCclQ, CMl\MsUMRXQ 
bQjRTxQQ RMRXMcUQc Mz�VjXMC C [TlU�V \M\VUX� C[V-
\VUQ Q CMl\MsUMRXY P[MRhVsQCTUQc Q� NQUT\QjQ 
[20]. K jTWVRXCV NMPMhUQXVhYU�� C�MNU�� PT[T\VX[MC 
\MsVX z�XY QRPMhYlMCTUT QUbM[\TxQc RM RP_XUQjM-
C�� RUQ\jMC C QUb[Tj[TRUM\ RPVjX[V, XTj jTj [TRP[V-
NVhVUQV XV\PV[TX_[� PMCV[�UMRXVy Q\VVX RQhYU_� 
lTCQRQ\MRXY R NQUT\QjMy P[Q\VRVy C CMlN_�V.  

����^3�#��. K [TzMXV P[VNhMsVUT \MNVhY P[M-
`UMlT ujMhM`QWVRjMy RQX_TxQQ C `. {[TRUMc[RjV, P[Q-
CVNVU� [Vl_hYXTX� \MNVhQ[MCTUQc P[MRX[TURXCVUUM`M 
[TRP[VNVhVUQc MjQRQ _`hV[MNT. �MNVhY \MsVX z�XY 
QRPMhYlMCTUT Nhc h�z�� N[_`Q� lT`[clUc��Q� CV-
�VRXC (P[Q [TRWVXT� RMNV[sTUQc �Q\QWVRjQ TjXQCU�� 
CV�VRXC Vµ UVMz�MNQ\M NMPMhUcXY zhMjM\, _WQX�-
CT��Q\ X[TURbM[\TxQQ C TX\MRbV[UM\ CMlN_�V `M[M-
NT). K NThYUVy�V\ CMl\MsUM [TR�Q[VUQV \MNVhQ, WXM 
PMlCMhQX [TRRWQX�CTXY [TRP[MRX[TUVUQV lT`[clUVUQc 
UV XMhYjM C P[MRX[TURXCV, UM Q CM C[V\VUQ Q _CVhQWQX 
XMWUMRXY P[M`UMlMC.  

�WVCQNUT UVMz�MNQ\MRXY P[Q\VUVUQc NTUUM`M 
PMN�MNT C P[QUcXQQ _P[TChVUWVRjQ� [V�VUQy, [V`_-
hQ[_��Q� ujMhM`QWVRj_� MzRXTUMCj_, C [VsQ\V [V-
ThYUM`M C[V\VUQ. �TQzMhVV TjX_ThYUMy PM-P[VsUV\_ 
MRXTVXRc lTNTWT C�zM[T P_UjXMC UTzh�NVUQc Q MPXQ-
\QlTxQQ P[M`[T\\� \MUQXM[QU`T jTWVRXCT TX\MRbV[-
UM`M CMlN_�T C RCclQ R UVMz�MNQ\MRXY� [TlCQXQc [V-
`QMUThYU�� RVXVy \MUQXM[QU`T, T XTjsV QRPMhYlMCT-
UQc UMCVy�Q� XV�UMhM`Qy (C XM\ WQRhV P[Q\VUVUQc 
NQRXTUxQMUU�� \VXMNMC ujMhM`QWVRjM`M \MUQXM[QU`T). 
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�������	������( ������ ������������( ����������� /%��'�� #������� ��	�(������ ��#	�	����� �%-

������ ������� #� �������� ����������� ����	��. 4����%���( #���	����� #	���'������ �'���� /%��'�� 
#������� ��	�(������ � �%���, ����� ����	�� /%��'�� #������� f(x) �� �%���	%���(, �. �. /%��'�( f(x)  
�� #	�����6�� /%��'����$���% ��$��	���% #	���	�����% L2. � !��� �%��� �� ��#��(���( %����� �&�-
������� �'���� � �������� #������� ��6� #	� ��#�$������� �#����$��& ��!//�'������. <%��'�� 
#������� ��	�(������, �� #	�����6�*�� L2, ���	���+��( %6� % ����$��& 	��#	�������, ��#	���	,  
% 	��#	������( &�-����	�� � ����� ���#���� ������� k = 1. >( 	�"���( !��� ������ �������( /%��'��-
��$��� #	���	������ L2,w, (�(+*���( 	��"�	����� #	���	������ L2. 4����%+��( �������� ��������� #	�-
��	������. )�������, ��� �( +��� #��6���$��� ����	���� #� ?����% /%��'�� w(x) ��� ���6� (�(���( 
��$��	�����. 0	��� ����, #	� 	��"�	���� L2 �� L2,w ��&	��(���( 	���������$ !�������. >������� %�-
��	6����� � ���, ��� #������$ ��	�(������ +��� ��#	�	����� �%������ ������� #	�����6�� ����-
��	��% #	���	�����% L2,w. )	� !��� �������$ ��6��� %��������$ ��#�	���$����$ ��������� #	���	��-
����, ��� ��� �"$ � !��� �%��� #���������$����$ #	���'�����& �'���� �&�����( � �'��������� /%��'��. 
>�������, ��� +��� #	���	������ ���� L2,w, ����	6�*�� L2, (�(���( ��#�	���$���, ��� ��@� �����6-
����$ ��	���$ #	���'����%+ �'���% /%��'�� #������� ��	�(������ � !��� #	���	������. ������������ 
���	��������� 	��%$���� ��� #	���	��� �� ��	�� �������& !��#�	�������. � ����$+ ��+���� 	��%$-
���� �'�������( #������� ��	�(������ �%������ �������, #�����@���� �����% 	��#	������( &�-����	��, 
� ���6� �%������ �������, % ����	�� #������$ ��	�(������ �� #	�����6�� L2 � ����	6�� ��� �����, 
 � ����	�& /%��'�( ��	�����( � +!. ���%$���� 	���@��� #����(+� �����$ ����� � ���, ��� #	���-
6����� ����� ��6�� ���$ ��#�$����� #	� �'�������� /%��'�� #������� ��	�(������ ��6� � �%��(&, 
����� ��� �� #	�����6�� L2. 
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The task of recovering probability density function of continuous random variable from finite independent sample is 

considered in the paper. The author investigates the building of projective estimation of probability density function in 
the case when probability density f(x) is not square integrable, i. e. function f(x) is outside of the functional Hilbert 
space L2. In this case a convergence condition of density estimation to true density doesn’t hold even with using optimal 
coefficients. Probability density functions, which is outside the L2 space, occurs even in model distributions, for 
example, in chi-square distribution with number of freedom k = 1. For solving this task one introduces an L2,w 
functional space, which is expansion of the L2 space. Properties of the introduced space are investigated in the paper. 
One shows that for any positive Lebesgue measurable function w(x) it is also Hilbert. Moreover, discernibility  
of elements remains true in expansion from L2 to L2,w. A statement that probability density function of any continuous 
random variable belongs to some L2,w space is proved. Besides, establishing separability of the introducing space 
 is found important, because only in this case sequence of projective estimations converges to true density. The author 
proved that any space of L2,w kind, which contains L2, is separable, so it is possible to build projective estimation  
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of probability density function in this space. Obtained theoretical results were tested on series of numerical 
experiments. Results are included in the paper. This paper contains the results which are about estimating of 
probability density function of chi-square distributed random variable and also variate which has probability density 
that is outside L2 and contains two points where it converges to +!. The results let us make a conclusion that suggested 
method can be used in probability density function estimating even in cases when that density is outside  L2. 
 

Keywords: probability density function, projective estimation, Hilbert space, separability, statistical estimation. 
 
�����#��. �hc [V�VUQc lTNTW jhTRRQbQjTxQQ, 

[TRPMlUTCTUQc, NQT`UMRXQjQ XV�UQWVRjQ� RQRXV\ Q N[., 
CMlUQjT��Q� C XM\ WQRhV C Tu[MjMR\QWVRjMy MX[TRhQ, 
zMhY�MV lUTWVUQV Q\VVX jTWVRXCM CMRRXTUMChVUQc 
UVQlCVRXUMy b_UjxQQ PhMXUMRXQ CV[McXUMRXQ UVP[V-
[�CU�� Rh_WTyU�� CVhQWQU. vTWTRX_� lTjMU [TRP[V-
NVhVUQc QRRhVN_V\�� Rh_WTyU�� CVhQWQU Q\VVX 
RhMsU_� RX[_jX_[_: PhMXUMRXY CV[McXUMRXQ [Tl[�CUT, 
\UM`MujRX[V\ThYUT Q X. N. K XTjQ� _RhMCQc� WTRXM 
P[Q\VUc�XRc UVPT[T\VX[QWVRjQV \VXMN� MxVUQCTUQc 
b_UjxQQ PhMXUMRXQ CV[McXUMRXQ, MRUMCTUU�V UT MxVU- 
jT� �. wMlVUzhTXXT Q ³. LT[lVUT [1–3]. qTjsV zMhY-
�MV [TRP[MRX[TUVUQV PMh_WQhT P[MVjxQMUUTc MxVUjT, 
P[VNhMsVUUTc �. �. ¹VUxMC�\ [4]. L[VNPMhT`TVXRc, 
WXM MxVUQCTV\Tc b_UjxQc PhMXUMRXQ CV[McXUMRXQ f(x) 
P[QUTNhVsQX `QhYzV[XMC_ P[MRX[TURXC_ L2 b_UjxQy, 
QUXV`[Q[_V\�� PM �VzV`_ R jCTN[TXM\ UT CRVy WQRhM-
CMy P[c\My [5]. K uXM\ Rh_WTV b_UjxQc f(x) P[VNRXT-
CQ\T C CQNV 
 0 0 1 1 2 2( ) ( ) ( ) ( ) ...f x x x x� � " �� " �� " �  (1) 

`NV {"k} – PMhUTc M[XMUM[\ThYUTc RQRXV\T b_UjxQy 
(zTlQR) P[MRX[TURXCT L2; jMubbQxQVUX� �k UT�MNcXRc 
PM bM[\_hV: 

 � �, ( ) ( )k k kf f x x dx
!

�!

�

� � " � "# . 

L[MVjxQMUUTc MxVUjT fN(x) b_UjxQQ f(x) P[VNRXTC-
hcVX RMzMy N-� WTRXQWU_� R_\\_ [cNT (1): 
 0 0 1 1( ) ( ) ( ) ... ( )N N Nf x x x x� � " �� " � �� " . (2) 

©RhQ CMRRXTUTChQCTV\Tc b_UjxQc f � L2, XM P[Q 
UVM`[TUQWVUUM\ _CVhQWVUQQ N MxVUjT (2) R�MNQXRc  
j QRXQUUMy PhMXUMRXQ f(x) C R[VNUV\ jCTN[TXQWUM\: 

lim 0NN
f f

$!
� � . 

K [6] _jTlTUM, WXM VRhQ, j[M\V XM`M, b_UjxQc f(x) 
cChcVXRc UVP[V[�CUMy Q Q\VVX M`[TUQWVUUMV Ql\VUV-
UQV, XM MxVUjT (2) R�MNQXRc [TCUM\V[UM. qT\ sV [TR-
R\TX[QCTVXRc MxVUjT (2), C jMXM[My C jTWVRXCV b_Uj-
xQy "k(x) ClcX� \UM`MWhVU� ³[\QXT. wTzMXT [6] z�hT 
C�PMhUVUT P[Q PMNNV[sjV T`VUXRXCT NASA. 

K [TzMXT� [7; 8] [TRR\MX[VU� UVjMXM[�V MzMz�V-
UQc MxVUjQ (2), Q\V��QV CQN 

0
( ) ( )

N

N j j j
j

f x x
�

� % � "�� , 

`NV CVRMC�V jMubbQxQVUX� %j C�zQ[T�XRc Ql NMPMh-
UQXVhYU�� RMMz[TsVUQy. 

�NUTjM X[VzMCTUQV f � L2 UV C�PMhUcVXRc _sV Nhc 
UVjMXM[�� \MNVhYU�� lTjMUMC [TRP[VNVhVUQc. �TP[Q-
\V[, [TRP[VNVhVUQV &2 R WQRhM\ RXVPVUVy RCMzMN� 1 
(X. V. [TRP[VNVhVUQV Rh_WTyUMy CVhQWQU�, P[VNRXTC-

hc��Vy RMzMy jCTN[TX UM[\ThYUM [TRP[VNVhµUUMy 
Rh_WTyUMy CVhQWQU� R PT[T\VX[T\Q � = 0 Q Ù = 1) 
Q\VVX PhMXUMRXY CV[McXUMRXQ [9] 

 

1
2 21 , 0,( ) 2

0, Äí Ú÷Â .

x

x e xf x
� �	

�
� �
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 (3) 

L[Q uXM\ 

0

2 1( )
2

,x
dxf x dx
xe

� �! !

�!

!
�

� � �# #  

X. V. f � L2, RhVNMCTXVhYUM, P[MVjxQMUUTc MxVUjT 
PhMXUMRXQ CV[McXUMRXQ UV R�MNQXRc j f(x) C \VX[QjV 
P[MRX[TURXCT L2. 

K [TzMXV P[VNhT`TVXRc PMRX[MVUQV RVPT[TzVhYU�� 
`QhYzV[XMC�� P[MRX[TURXC, cChc��Q�Rc [TR�Q[VUQc-
\Q P[MRX[TURXCT L2, C jMXM[�� Q\VVXRc CMl\MsUMRXY 
RX[MQXY P[MVjxQMUU�V MxVUjQ b_UjxQy PhMXUMRXQ 
CV[McXUMRXQ, UV C�MNc�Q� C L2. 

�0"�����#�� � ��#��#)� ���!�%�� 0"��%"�#�%-
�� L2,w. L_RXY w(x) – PMhMsQXVhYUTc Ql\V[Q\Tc b_Uj-
xQc. �P[VNVhQ\ P[MRX[TURXCM L2,w jTj \UMsVRXCM NVy-
RXCQXVhYU�� b_UjxQy, Nhc jMXM[��  

 2 ( ) ( )f x w x dx
!

!

�

�

!� �# . (4) 

�hc h�z�� NC_� b_UjxQy f, g � L2,w MP[VNVhVUM WQRhM 

 ( , ) ( ) ( ) ( )wf g f x g x w x dx
�

�

!

!

� # . (5) 

�VyRXCQXVhYUM, Nhc NVyRXCQXVhYU�� b_UjxQy f(x) 
Q g(x) C�PMhUcVXRc UV[TCVURXCM 

� �2 21( ) ( ) ( ) ( ) ( ) ( ) ( ) .
2

f x g x w x f x w x g x w x� �  

LMuXM\_ Ql (4) RhVN_VX, WXM QUXV`[Th C (5) P[QUQ-
\TVX jMUVWUMV lUTWVUQV. �WVCQNUM, NC_�\VRXU�y 
b_UjxQMUTh (5) _NMChVXCM[cVX TjRQM\T\ RjThc[UM`M 
P[MQlCVNVUQc. L[QWµ\ _RhMCQV (4) MlUTWTVX jMUVW-
UMRXY UM[\� b_UjxQQ f, QUN_xQ[MCTUUMy uXQ\ RjT-
hc[U�\ P[MQlCVNVUQV\. $hVNMCTXVhYUM, P[MRX[TURXCM 
L2,w cChcVXRc `QhYzV[XMC�\. L[Q w(x) ' 1 P[MRX[TURX-
CM L2,w RMCPTNTVX R P[MRX[TURXCM\ L2. LMNzQ[Tc [Tl-
hQWU�V b_UjxQQ w(x), PMh_WQ\ [TlhQWU�V P[MRX[TU-
RXCT L2,w, P[QWµ\ RP[TCVNhQCM RhVN_��VV _XCV[sNV-
UQV. 

������	�
�� 1. ©RhQ w1(x) � w2(x), XM  

2 12, 2,w wL L( . 

K WTRXUMRXQ, P[Q w(x) � 1 P[MRX[TURXCM L2,w Cjh�-
WTVX C RVzc P[MRX[TURXCM L2. 
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>�������$����. kXCV[sNVUQV RhVN_VX Ql XM`M, WXM 
VRhQ Nhc b_UjxQQ f(x) C�PMhUVUM _RhMCQV  

2
2( ) ) ,(f x w x dx

!

�!

�

� �!#  

XM  

2 2
1 2( ) ( ) ( ) .( )f x w x dx f x w x dx

� �! !

! �!�

!� � �# #  

������	�
�� 2. ©RhQ Nhc b_UjxQy w1(x) Q w2(x) 
R_�VRXC_�X XTjQV jMURXTUX� m Q M, WXM  

1

2
( ;

( )
,

( )
), 0

wmx x M
w x

� � � ��! �! � �!�  

XM P[MRX[TURXCT [TCU� 

1 22, 2,w wL L� . 

>�������$����. ~l _RhMCQc XVM[V\� RhVN_VX, WXM 

1 2 2 1
1( ) ( ), ( ) ( ).w x Mw x w x w x
m

� �  

qM`NT 

2 2
1 2( ) ( ) ( ) ( )f x w x dx f x Mw x dx

� �

�

! !

! !�

� �# #  

 2
2 ( ) ( ) ,M f x w x dx

!

�!

�

� #  (6) 

2 2
2 1

1( ) ( ) ( ) ( )f x w x dx f x w x dx
m

� �

� �

! !

! !

� �# #  

 2
1

1 ( ) ( ) .f x w x dx
m �!

�!

� #  (7) 

~l (6) RhVN_VX Cjh�WVUQV 
2 12, 2,w wL L( , Ql (7) – 

Cjh�WVUQV 
1 22, 2,w wL L( . kXCV[sNVUQV NMjTlTUM. 

~l _XCV[sNVUQc 2 RhVN_VX, WXM Nhc bTjXQWVRjM`M 
[TR�Q[VUQc P[MRX[TURXCT (X. V. Nhc 

2 12, 2,w wL L� )  
UVMz�MNQ\M, WXMz� 

1

2

( )
inf 0,

( )x

w x
w x

�  

QhQ, WXM XM sV RT\MV, 
2

1

( )
up

)
.s

(x

w x
w x

� �!  

vT\VXQ\ NThVV, WXM P[Q XTjM\ [TR�Q[VUQQ RM�[T-
UcVXRc [TlhQWQ\MRXY uhV\VUXMC, jTj PMjTl�CTVX RhV-
N_��VV _XCV[sNVUQV. 

������	�
�� 3. L_RXY w1(x) Q w2(x) – NCV Ql\V-
[Q\�V PMhMsQXVhYU�V b_UjxQQ, f – b_UjxQc, P[QUTN-
hVsT�Tc MzMQ\ P[MRX[TURXCT\ 

12,wL  Q 
22, .wL  qM`NT 

 
1 2

0 0.w wf f� ) �  

>�������$����. L_RXY, UTP[MXQC, P[Q UVjMXM[�� 
w1(x) Q w2(x) R_�VRXC_VX XTjTc b_UjxQc 

1 22, 2, ,w wf L L� �  Nhc jMXM[My  

 
1

0,wf �  (8) 

UM 

2
0.wf �  

qM`NT 

2
2( ) ( ) 0.f x w x dx

!

�!

�

�#  

qTj jTj PMN�UXV`[ThYUTc b_UjxQc UVMX[QxTXVhY-
UT, XM MXR�NT RhVN_VX, WXM MUT [TCUT 0 PMWXQ CR�N_. 
�M w2(x) CR�N_ PMhMsQXVhYUT, PMuXM\_ PMWXQ CR�N_ 
[TCUT 0 b_UjxQc f 2(x), Ql WV`M RhVN_VX, WXM 

2
1( ) ( ) 0.f x w x dx

!

�!

�

�#  

LMh_WTV\ P[MXQCM[VWQV R (8), WXM NMjTl�CTVX _X-
CV[sNVUQV. 

~l _XCV[sNVUQc 3 RhVN_VX, C WTRXUMRXQ, WXM VRhQ 
NCV b_UjxQQ f(x) Q g(x) P[QUTNhVsTX MzMQ\ P[MRX[TU-
RXCT\ 

12,wL  Q 
22, ,wL  XM MUQ C uXQ� P[MRX[TURXCT�  

MNUMC[V\VUUM [TlhQWT�XRc QhQ UVX: 

1 2
0 0.w wf g f g� � ) � �  

�jTl�CTVXRc, Nhc h�zMy b_UjxQQ PhMXUMRXQ CV[McX- 
UMRXQ f(x) \MsUM PMRX[MQXY XTjMV [TR�Q[VUQV L2,w 
P[MRX[TURXCT L2, jMXM[MV z_NVX RMNV[sTXY b_UjxQ� f(x). 

������	�
�� 4. L_RXY f(x) – b_UjxQc PhMXUMRXQ 
CV[McXUMRXQ UVjMXM[My UVP[V[�CUMy Rh_WTyUMy CVhQ-
WQU�. qM`NT R_�VRXC_VX XTjTc PMhMsQXVhYUTc Ql\V-
[Q\Tc b_UjxQc w(x), WXM C�PMhUcVXRc Cjh�WVUQV 

2,wf L� . 

>�������$����. {Tj b_UjxQc PhMXUMRXQ CV[McX-
UMRXQ, f(x) QUXV`[Q[_V\T UT CRVy WQRhMCMy P[c\My, 
P[QWµ\ 

( ) 1.f x dx
!

!

�

�

�#  

qM`NT R_�VRXC_VX (jMUVWU�y QhQ zVRjMUVWU�y) 
QUXV`[Th  

2 ( ) .I f x dx
�!

�!

� #  

L[Q uXM\ VRhQ I < +Ü, XM f � L2,w P[Q w(x) ' 1. ©RhQ 
I = +Ü, XM b_UjxQ� w(x) \MsUM PMRX[MQXY RhVN_�-
�Q\ Mz[TlM\: 

 
1 , ( ) 1,
( )( )

1, ( ) 1.

f x
f xw x

f x

	 �� �
 ��

 (9) 

K RQh_ Ql\V[Q\MRXQ b_UjxQQ f(x) \UMsVRXCT 

1 | ({ ) 1}fX x x� � ��  Q 2 | ({ ) 1}fX x x� � ��  

Ql\V[Q\�, PMuXM\_ Ql\V[Q\T Q PMRX[MVUUTc b_UjxQc 
w(x). {[M\V XM`M, 

1

2 1 2

2 2

2 2

      ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ;

X

X X X

f x w x dx f x w x dx

f x w x dx f x dx f x dx

!

!

�

�

� �

� � �

# #

# # #
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1

( ) ( ) 1;
X

f x dx f x dx
!

!

�

�

� �# #  

2 2

2 ( ) ( ) ( ) 1.
X X

f x dx f x dx f x dx
!�

�!

� � �# # #  

qTjQ\ Mz[TlM\, PMh_WTV\, WXM  

2 ( ) ( ) ,f x w x dx
!

�!

�

� �!#  

PMuXM\_ f � L2,w. kXCV[sNVUQV NMjTlTUM. 
=��%"��#�� 2*#�-�� 0��%#��%� ��"��%#��%�, 

#� 0"�#����;�A�! ��##�'* 0"��%"�#�%�* L2,w. {Tj 
PMjTl�CTVX _XCV[sNVUQV 4, Nhc h�zMy b_UjxQQ PhMX-
UMRXQ CV[McXUMRXQ f(x) \MsUM PMRX[MQXY RMNV[sT�VV 
Vµ `QhYzV[XMCM P[MRX[TURXCM L2,w. K�zQ[Tc CRµ \VUY-
�QV b_UjxQQ w(x), \MsUM PMh_WTXY CRµ zMhVV �Q[M-
jQV P[MRX[TURXCT L2,w. �NUTjM UV R_�VRXC_VX P[M-
RX[TURXCT L2,w, jMXM[MV RMNV[sThM z� CRµ \UMsVRXCM 
b_UjxQy PhMXUMRXQ CV[McXUMRXQ h�z�� UVP[V[�CU�� 
Rh_WTyU�� CVhQWQU. �VyRXCQXVhYUM, RP[TCVNhQCM RhV-
N_��VV _XCV[sNVUQV. 

������	�
�� 5. L_RXY w(x) – PMhMsQXVhYUTc Ql-
\V[Q\Tc b_UjxQc. qM`NT R_�VRXC_VX UVP[V[�CUTc 
Rh_WTyUTc CVhQWQUT, _ jMXM[My b_UjxQc PhMXUMRXQ 
CV[McXUMRXQ f(x) XTjMCT, WXM 

2 ( ) ( ) .f x w x dx
!

�!

�

� �!#  

>�������$����. L_RXY w(x) _NMChVXCM[cVX _RhM-
CQ� _XCV[sNVUQc. qM`NT R_�VRXC_VX XTjMV * > 0, WXM 
\UMsVRXCM  

{ | ( ) }A x w x� � � *�  

Q\VVX PMhMsQXVhYU_� \V[_. �P[VNVhQ\ UT uXM\ \UM-
sVRXCV b_UjxQ� "(x), MzhTNT��_� RCMyRXCT\Q: 

( ) ,
A

x dx" � �!#  2 ( ) .
A

x dx" � �!#  

vT\VXQ\, WXM \UMsVRXCM A \MsVX Q\VXY CVRY\T 
RhMsU_� RX[_jX_[_, C XM\ WQRhV z�XY UQ`NV UVPhMX-
U�\ [10]. 

qTj jTj RQRXV\T Ql\V[Q\�� \UMsVRXC P[MRX[TURX-
CT NVyRXCQXVhYU�� WQRVh � cChcVXRc Ù-Th`Vz[My,  
XM h�zMV \UMsVRXCM PMhMsQXVhYUMy \V[� Ql uXMy 
RQRXV\� \MsUM P[VNRXTCQXY C CQNV Mz�VNQUVUQc 
RWµXUM`M \UMsVRXCT PMPT[UM UVPV[VRVjT��Q�Rc V`M 
PMN\UMsVRXC PMhMsQXVhYUMy \V[�. K WTRXUMRXQ, Nhc 
\UMsVRXCT A Q\VV\ 

1
,i

i
A A

!

�

��  0,iA� �  i jA A � +�  P[Q i j, . 

wcN, RMRXTChVUU�y Ql \V[ \UMsVRXC A, MWVCQNUM, 
R�MNQXRc, P[QWµ\ 

 
1

.n
n

A A
!

�

� � ��  (10) 

�zMlUTWQ\ WV[Vl ßn MRXTXMj [cNT (10) PMRhV n-`M 
WhVUT: 

 
1

.n n
k n

A
�

!

�

- � ��  

qTj jTj [cN (10) PMhMsQXVhYU�y, XM RM`hTRUM [V-
l_hYXTX_ k. �QUQ [11, c. 319] [cN 

 
1
2
1

1
n n

n
A

�!

�
�

� -�  

R�MNQXRc, C XM C[V\c jTj [cN 

1
1

1
n n

n
A �

!

�
�

� -�  

[TR�MNQXRc. ~RPMhYl_c uXM RCMyRXCM, Nhc jTsNM`M 
\UMsVRXCT An PMRX[MQ\ b_UjxQ�  

1
2
1,( )

0,
,n

n

nn
A

x
x

Ax
�

� �
	

�

-" � �
�

 

Q MP[VNVhQ\ b_UjxQ� "(x) RhVN_��Q\ Mz[TlM\: 

1
( ) ( ).n

n
x x

!

�

" � "�  

L[Q uXM\  

1

1
2
1

1 1

       

( ;

 ( ) ( )

)

n

n

nA A

n n n
n nA

x dx x dx

x dx A

!

!

�

�

�
�

!

�

" � " �

� " � � - � �!

�# #

� �#
 

2 2

1

2 1
1

1 1

 

.

     ( ) ( )

( )

n

n

nA A

n n n
n nA

x dx x dx

x dx A

!

!

�

�
�

� �

!

" � " �

� !" � � - � �

�# #

� �#
. 

Z_UjxQ� f(x) z_NV\ QRjTXY C CQNV 

( ) ,
( )(

0, ,

,
)

x x
k w xf x

x

A

A

�
"	

� �
 ��

 

`NV jMubbQxQVUX k MP[VNVhQ\ Ql _RhMCQc UM[\Q[MCjQ:  

1 ( )( ) 1.
( )A

xf x dx dx
k w x

!

!

�

�

"
� �# #  

vT\VXQ\, WXM QUXV`[Th C PMRhVNUV\ C�[TsVUQQ 
R�MNQXRc, XTj jTj 

( ) 1 .( )
( )A A

x dx x dx
w x
"

� "
*

!� �# #  

qM`NT PMh_WTV\ 

( ) .
( )A

xk dx
w x
"

� #  

qTjQ\ Mz[TlM\, b_UjxQc f(x) cChcVXRc b_UjxQVy 
PhMXUMRXQ CV[McXUMRXQ UVjMXM[My Rh_WTyUMy CVhQWQ-
U�. L[Q uXM\  
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2
2

2

2
2

1 ( )( ) ( ) ( )
( )

1        .( )

A

A

xf x w x dx w x dx
w xk

x dx
k

!

!

�

�

"
� �

� " �!�

# #

#
 

kXCV[sNVUQV NMjTlTUM. 
��0�"�5���#��%� 0"��%"�#�%�� L2,w. {Tj PMjTl�-

CTVX _XCV[sNVUQV 5, UV R_�VRXC_VX UVjMV`M _UQCV[-
RThYUM`M `QhYzV[XMCT P[MRX[TURXCT, P[Q`MNUM`M Nhc 
MxVUQCTUQc h�zMy \�RhQ\My b_UjxQQ PhMXUMRXQ 
CV[McXUMRXQ. {[M\V XM`M, P[Q [TRR\MX[VUQQ P[M-
RX[TURXCT L2,w MWVUY CTsU�\ cChcVXRc _RXTUMChVUQV 
V`M RVPT[TzVhYUMRXQ, XTj jTj C uXM\ Rh_WTV _ uXM`M 
P[MRX[TURXCT `T[TUXQ[MCTUM R_�VRXCMCTUQV RWµXUM`M 
zTlQRT Q CMl\MsUMRXY P[VNRXTChVUQc h�zM`M uhV\VU-
XT P[MRX[TURXCT C CQNV (1). qTjQ\ Mz[TlM\, VRhQ 
b_UjxQc PhMXUMRXQ CV[McXUMRXQ P[QUTNhVsQX RVPT[T-
zVhYUM\_ P[MRX[TURXC_ L2,w, XM Vµ P[MVjxQMUUTc MxVU-
jT R�MNQXRc j UVy. wTRR\MX[Q\ RhVN_��_� XVM[V\_. 

������. L_RXY 2 2, .wL L(  qM`NT P[MRX[TURXCM 2L  
PhMXUM C P[MRX[TURXCV 2, .wL  

�hc NMjTlTXVhYRXCT uXMy XVM[V\� RbM[\_hQ[_V\ 
RhVN_��_� hV\\_. 

�����. L_RXY h(x) – Ql\V[Q\Tc b_UjxQc, M[XM`M-
UThYUTc P[MRX[TURXC_ L2: 

2 ( , ) 0.ff hL� ��  

qM`NT h(x) [TCUT 0 PMWXQ CR�N_. 
>�������$����. L_RXY, UTP[MXQC, h(x) M[XM`M-

UThYUT P[MRX[TURXC_ L2 Q MXhQWUT MX 0 UT UVjMXM[M\ 
\UMsVRXCV A PMhMsQXVhYUMy \V[�: 

{ | 0.( ) 0}A x h x� ,� � �� �  

wTlMzYµ\ \UMsVRXCM A UT NCT PMN\UMsVRXCT 

2

1 | ( ) 0},
| ( ) 0}.

{
{

h x
A x

x
x h

A � �
� � �
� �

�
. 

�WVCQNUM, WXM \V[T �MXc z� MNUM`M Ql UQ� PMhM-
sQXVhYUT. qM`NT Ql A1 QhQ A2 \MsUM C�NVhQXY M`[T-
UQWVUUMV PMN\UMsVRXCM PMhMsQXVhYUMy \V[�. �zMl- 
UTWQ\ uXM PMN\UMsVRXCM WV[Vl B. �WVCQNUM, UT \UM-
sVRXCV B b_UjxQc h(x) RM�[TUcVX lUTj. �P[VNVhQ\ 
b_UjxQ� f(x) RhVN_��Q\ Mz[TlM\: 

1, ,
( )

0, .
x B

f x
x B
�	

� � ��
. 

Z_UjxQc f(x) P[QUTNhVsQX P[MRX[TURXC_ L2, Q, j[M\V 
XM`M, 

( , ) ( ) ( ( ) 0) .
B

f h f x h x dx h x dx
�

�

!

!

� � ,# #  

LMh_WTV\ P[MXQCM[VWQV R M[XM`MUThYUMRXY� b_Uj- 
xQQ h(x) P[MRX[TURXC_ L2. �V\\T NMjTlTUT. 

>�������$���� ���	���. L_RXY, UTP[MXQC, L2  
UV cChcVXRc PhMXU�\ C L2,w. ~lCVRXUM, WXM Nhc XM`M, 
WXMz� hQUVyUMV \UM`MMz[TlQV M z�hM PhMXU�\  
C `QhYzV[XMCM\ P[MRX[TURXCV H, UVMz�MNQ\M Q NMRXT-
XMWUM, WXMz� C H UV R_�VRXCMCThM UVU_hVCM`M uhV-
\VUXT, M[XM`MUThYUM`M CRV\ uhV\VUXT\ Ql M [12]. �X-
R�NT RhVN_VX, WXM C L2,w R_�VRXC_VX UVU_hVCMy uhV-
\VUX g, M[XM`MUThYU�y P[MRX[TURXC_ L2: 

2 ( , ) ( ) ( ) ( ) 0.wf L f g f x g x w x dx
�!

�!

� � � �#  

~l NMjTlTUUMy hV\\� P[Q\VUQXVhYUM j h(x) =  
= g(x)w(x) RhVN_VX, WXM b_UjxQc g(x)w(x) [TCUT 0 PMW-
XQ CR�N_. qTj jTj w(x) > 0, XM PMWXQ CR�N_ [TCUT 0 
b_UjxQc g(x), WXM P[MXQCM[VWQX XM\_, WXM g – UVU_hV-
CMy uhV\VUX P[MRX[TURXCT L2,w. qVM[V\T NMjTlTUT. 

~l NMjTlTUUMy XVM[V\� RhVN_VX, WXM P[MRX[TURXCM 
L2 PhMXUM C h�zM\ RMNV[sT�V\ V`M P[MRX[TURXCV L2,w. 
qM`NT Ql RVPT[TzVhYUMRXQ L2 RhVN_VX RVPT[TzVhYUMRXY 
h�zM`M XTjM`M L2,w. K RMCMj_PUMRXQ R _XCV[sNVUQV\ 4 
PMh_WTV\, WXM Nhc h�zMy b_UjxQQ PhMXUMRXQ CV[McX-
UMRXQ \MsUM PMRX[MQXY P[MVjxQMUU_� MxVUj_, R�M-
Nc�_�Rc C UVjMXM[M\ P[MRX[TURXCV L2,w. 

��/*��%�%) 3����##)� `��0�"�'�#%��. LMRX[M-
Q\ P[MVjxQMUU_� MxVUj_ PhMXUMRXQ CV[McXUMRXQ  
UVjMXM[�� Rh_WTyU�� CVhQWQU, UV P[QUTNhVsT�Q� 
P[MRX[TURXC_ L2. �hc uXM`M R PM\M�Y� bM[\_h� (9) 
PMRX[MQ\ CVRMC_� b_UjxQ� w(x) Q Nhc RMMXCVXRX-
C_��V`M P[MRX[TURXCT L2,w PMRX[MQ\ M[XMUM[\Q[M-
CTUU�y zTlQR \VXMNM\ M[XM`MUThQlTxQQ J[T\\T–
Í\QNXT [13]. {MubbQxQVUX� �k C C�[TsVUQQ (2) MxV-
UQ\ PM bM[\_hV [14] 

 
1

1 ( ) ( ).
n

k k i i
i

a x w x
n �

� "�  (11) 

�hQU_ [cNT N PMh_WQ\ \QUQ\QlTxQVy lUTWVUQc 

 " "
� �

� �� �2 2

0 0

2ˆ ,
k k

N N

N
k k

W s m
n

 0,  ..., ,k N�  (12) 

`NV 

1

1 ( ) ( ),
k

n

k k i i
i

m a x w x
n"

�

� � "�  

� �22

1

1 ( ) ( ) ,
1k k

n

k i i
i

s x w x m
n" "

�

� " �
� �  

jMXM[MV cChcVXRc (R XMWUMRXY� NM PMRXMcUUM`M RhT-
`TV\M`M) UVR\V�µUUMy MxVUjMy b_UjxQMUThT jTWVRXCT 

. / . /� �
2ˆ ˆ
w

Q f M f f  

MxVUjQ PhMXUMRXQ CV[McXUMRXQ [15]. 
������ 1. �hc b_UjxQQ (3) PhMXUMRXQ CV[McXUM-

RXQ Rh_WTyUMy CVhQWQU�, PMNWQUµUUMy lTjMU_ [TR-
P[VNVhVUQc &2, b_UjxQc w(x) Q\VVX CQN 

(0;0,139),2 ,( )
1, Äí Ú÷Â .

x xw xx e	 �� �
�
�

 

�xVUj_ z_NV\ RX[MQXY UT h_WV [0; +!), Nhc WV`M  
C jTWVRXCV RQRXV\� hQUVyUM UVlTCQRQ\�� b_UjxQy 
CMlY\µ\ PMRhVNMCTXVhYUMRXY 

2, , , ..., , ...x x x n xe xe x e x e� � � �  

LMRhV P[Q\VUVUQc P[MxVRRT J[T\\T–Í\QNXT z�h 
PMRX[MVU zTlQR, UVRjMhYjM PV[C�� uhV\VUXMC jMXM[M-
`M Q\V�X CQN 

0 1

2
2

( ) 1, 482 , ( ) ( 1,611 2,954 ) ,

 (1,7      ( 3 6,138 2,945 .) ) , ..

x

x

xx e x

x x e

x e

x

� �

�

0"

" 0 �

" � �0

�
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�xVUjT PhMXUMRXQ CV[McXUMRXQ RX[MQhTRY PM UVlT-
CQRQ\My C�zM[jV Rh_WTyUMy CVhQWQU� Mz�µ\T 
n = 300. �xVUjQ ak jMubbQxQVUXMC, T XTjsV Q� MPXQ-
\ThYU�V lUTWVUQc lTUVRVU� C XTzh. 1. 

K XTzh. 2 P[QCVNVU� lUTWVUQc ˆ
NW . 

~l XTzh. 2 CQNUM, WXM \QUQ\ThYUMV lUTWVUQV ˆ
NW  

NMRXQ`TVXRc P[Q N = 15. J[TbQj RMMXCVXRXC_��Vy 
MxVUjQ P[QCVNµU UT [QR. 1. 

{TWVRXCM MxVUQCTUQc P[Q uXM\ RMRXTChcVX 

� 0
2ˆ 0,045.
w

f f  

������ 2. wTRR\MX[Q\ UVP[V[�CU_� Rh_WTyU_� 
CVhQWQU_, lTNTUU_� RhVN_��Vy PhMXUMRXY� CV[McX-
UMRXQ: 

 

1 , 0 1,
4

1( ) , 1 2,
4 1

0, Äí Ú÷Â .

x
x

f x x
x

	
� �




� � ��
�



�

 (13) 

{CTN[TX uXMy b_UjxQQ UV R_\\Q[_V\ C Mj[VRXUM-
RXQ NC_� XMWVj x = 0 Q x = 1, RhVNMCTXVhYUM, f � L2. 
LMRX[MQ\ RMNV[sT�VV uX_ b_UjxQ� P[MRX[TURXCM 
L2,w. �hc uXM`M CCVNµ\ CVRMC_� b_UjxQ� 

10; ,
16
171; ,
16

4 ,

( ) 4 1,

1, Äí Ú÷Â .

x x

w x x x


 ��� �
� �

 ��� �
�

	




��
�

�



�

 

LMRX[MQ\ P[MVjxQMUU_� MxVUj_ b_UjxQQ PhMXUM-
RXQ CV[McXUMRXQ C QUXV[CThV (0; 2). �hc PMRX[MVUQc 
zTlQRT CMlY\µ\ hQUVyUM UVlTCQRQ\_� RQRXV\_ 

, ..1, c ., cos , oscos
2

, ...
2

nx xx� �
�  

Q PM UVlTCQRQ\My C�zM[jV uXMy Rh_WTyUMy CVhQWQU� 
Mz�µ\T n = 300 PMRX[MQ\ P[MVjxQMUU_� MxVUj_ PhMX-
UMRXQ CV[McXUMRXQ. wVl_hYXTX WQRhVUUM`M ujRPV[Q-
\VUXT P[QCVNµU UT [QR. 2. 

����'� 1 
�-�#�� (11) ��`22�-��#%�� � �� �0%�'���#)� /#�3�#��  

0"� ����%�#����#�� 0��%#��%� ��"��%#��%� (3) 
 

k 0 1 2 3 4 5 6 7 8 9 
ak 0,633 –0,135 0,166 –0,117 0,104 –0,097 0,085 –0,066 0,051 –0,038 
�k 0,636 –0,133 0,148 –0,1 0,088 –0,075 0,067 –0,061 0,056 –0,052 
k 10 11 12 13 14 15 16 17 18 19 
ak 0,033 –0,034 0,034 –0,031 0,028 –0,025 0,023 –0,029 –0,029 –0,03 
�k 0,048 –0,045 0,042 –0,04 0,038 –0,036 0,034 –0,043 –0,043 –0,043 

 
����'� 2 

�#�3�#�� �-�#�� (12) 2*#�-��#��� ��3��%��  
0"� ����%�#����#�� 0��%#��%� ��"��%#��%� (3) 

 

N 1 2 3 4 5 6 7 8 9 
ˆ
NW  –0,416492 –0,442569 –0,455039 –0,464734 –0,473139 –0,479536 –0,483056 –0,484753 –0,485328 

N 10 11 12 13 14 15 16 17 18 
ˆ
NW  –0,485565 –0,485918 –0,486332 –0,486598 –0,486696 –0,486703 –0,48666 –0,48659 –0,486517 

 
 

wQR. 1. wVl_hYXTX CMRRXTUMChVUQc b_UjxQQ PhMXUMRXQ CV[McXUMRXQ Rh_WTyUMy CVhQWQU�,  
PMNWQUµUUMy lTjMU_ [TRP[VNVhVUQc &2 P[Q k = 1 
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wQR. 2. wVl_hYXTX CMRRXTUMChVUQc b_UjxQQ PhMXUMRXQ CV[McXUMRXQ Rh_WTyUMy CVhQWQU�,  
PMNWQUµUUMy lTjMU_ [TRP[VNVhVUQc (13) 

 
{TWVRXCM MxVUQCTUQc P[Q uXM\ RMRXTCQhM 

� 0
2ˆ 0,102.
w

f f  

�ThQWQV [Tl[�CT CXM[M`M [MNT CU_X[Q MzhTRXQ 
MxVUQCTUQc lUTWQXVhYUM _�_N�QhM jTWVRXCM TPP[Mj-
RQ\TxQQ PM R[TCUVUQ� R P[Q\V[M\ 1. 

����^3�#��. ~l NMjTlTUU�� RCMyRXC P[MRX[TURXCT 
L2,w RhVN_VX, WXM Nhc b_UjxQQ PhMXUMRXQ CV[McXUMRXQ 
h�zMy UVP[V[�CUMy Rh_WTyUMy CVhQWQU� \MsUM PM-
RX[MQXY P[MVjxQMUU_� MxVUj_, R�MNc�_�Rc C uXM\ 
P[MRX[TURXCV P[Q MP[VNVhµUUM\ C�zM[V CVRMCMy 
b_UjxQQ w(x). ¹QRhVUU�V ujRPV[Q\VUX� PMNXCV[NQhQ, 
WXM P[VNhMsVUU�y RPMRMz MxVUQCTUQc PhMXUMRXQ  
CV[McXUMRXQ \MsVX z�XY QRPMhYlMCTU C Rh_WTc�, jM`NT 
jCTN[TX MxVUQCTV\My b_UjxQQ f(x) UV R_\\Q[_VXRc,  
X. V. f � L2.  
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MULTI-OBJECTIVE GENETIC ALGORITHMS AS AN EFFECTIVE TOOL  
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Feature selection is a quite important step in data analysis. Extracting relevant attributes may not only decrease the 

dimensionality of the dataset and, consequently, reduce time costs spent on the next stages, but also contribute to the 
quality of the final solution. In this paper we demonstrate some positive effects of the usage of a heuristic feature selec-
tion scheme which is based on a two-criterion optimization model. The approach proposed is applied to the speech-
based emotion recognition problem, which is currently one of the most important issues in human-machine interactions. 
A number of high-dimensional multilingual (English, German, Japanese) databases are involved to investigate the ef-
fectiveness of the technique presented. Three different multi-objective genetic algorithms and their cooperative modifi-
cations are applied as optimizers in combination with classification models such as a Multilayer Perceptron, a Support 
Vector Machine and Logistic Regression. In most cases we may observe not only a dimensionality reduction, but also 
an improvement in the recognition quality. To avoid choosing the most effective multi-objective genetic algorithm and 
the best classifier, we suggest applying a heterogeneous genetic algorithm based on several heuristics and an ensemble 
of diverse classification models. 

 
Keywords: feature selection, multi-objective genetic algorithm, island model, speech-based emotion recognition. 
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Introduction. Nowadays due to the tremendous  
capacity of data storage it has become possible to collect  
a huge amount of information. But the crucial question 
which needs to be answered by researchers is how to use 
all this data in an effective way? In the international  
scientific community there are plenty of discussions about 
proper solutions. Generally, two common directions 
might be distinguished. The first way is extensive, which 
implies a constant increase in computer power and  
the usage of as much data as possible. The second one  
is intensive, which is based on the subtle methodology  
of choosing the most relevant data such as instance  
or feature selection. From our perspective, the intensive 
approach seems to be more preferable because it refers  
to the thorough pre-processing of the source data which is 
considered to be an essential stage before the application 
of any mathematical model.  

In this paper we discuss one of the possible ap-
proaches for selecting informative attributes from datasets 
in the framework of classification problems. We propose 
a heuristic feature selection scheme based on a two-
criterion optimization model as an alternative to conven-
tional methods (Principal Component Analysis (PCA) or 
Factor Analysis). Various multi-objective genetic algo-
rithms (MOGAs) and their modifications are used as 
optimizers; a Multilayer Perceptron, a Support Vector 
Machine and Logistic Regression are involved as classifi-
cation models.  

In the human-machine communication sphere lots of 
high-dimensional feature sets are gathered too. Speech 
records are now used to train machines to reveal the 
speaker state: there is a wide spectrum of different classi-
fication problems such as gender, age or emotion recogni-
tion. However, the number of acoustic characteristics 
which might be extracted from the speech signal varies 
from several hundred to thousands. Therefore, it is neces-
sary to select a subsystem of informative features related 
to each problem. And in this study we investigate the ef-
fectiveness of the approach proposed on the emotion rec-
ognition problem using a set of multilingual corpora 
(English, German, and Japanese). 

The rest of the paper is organized as follows: the next 
section contains a brief description of the approach pro-
posed. Then, some details of MOGAs and their modifica-
tions are presented. Further, we introduce the speech-
based emotion recognition problem and the corpora used. 
Next, we continue with the experiments conducted and 
the results obtained. The conclusion includes some infer-
ences and future plans. 

Heuristic feature selection. Previously, it was dem-
onstrated [1] that for the speech-based emotion recogni-
tion problem selecting informative features with the con-
ventional PCA led to a tremendous decrease in the classi-
fier performance. Therefore, based on the experimental 
results [2], we highlight the necessity of developing some 
effective alternative methods. 

In recent times there has been a growing interest in the 
sphere of Evolutionary Machine Learning. The integra-
tion of an evolutionary search into the machine learning 
field allows researchers to develop more universal algo-
rithmic schemes which might be applied for high-
dimensional problems with different types of variables in 
the dynamic environment. Taking into account these posi-

tive effects, we decided to engage genetic algorithms 
(GAs) in the feature selection procedure.  

Firstly, a two-criterion optimization model was de-
signed based on the feature selection scheme called filter 
[3]. This approach is referred to the pre-processing stage 
because it uses information extracted from datasets and 
reduces the number of attributes, taking into consideration 
such measures as consistency, dependency and distance. 
Possible criteria which characterize the dataset relevance 
are Attribute Class Correlation, Inter- and Intra- Class 
Distances, Laplasian Score, Representation Entropy and 
the Inconsistent Example Pair measure [4]. We should 
also emphasize that in the framework of this approach the 
information about classifier performance and a learning 
algorithm is ignored totally, therefore, feature selection 
procedures based on the filter scheme might be effectively 
used in combination with an ensemble of diverse classifi-
ers, which is quite reasonable in such a case when we do 
not know one particular reliable and effective model. 

The two-criterion model, which we propose using, 
contains the Intra-class distance (IA) and the Inter-class 
distance (IE) as optimized criteria: 

 � �
1 1

1 , min,
rnk

r
j r

r j
IA d p p

n � �

� $��  (1) 

 � �
1

1 , max,
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IE n d p p
n �
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where r
jp  is the j-th example from the r-th class; p is the 

central example of the dataset; (...,  ...)d  denotes the 
Euclidian distance; pr  and nr represent the central exam-
ple and the number of examples in the r-th class. 

To define possible solutions, we suggest applying a 
MOGA which operates with binary strings, where unit 
and zero correspond to a relevant attribute and an irrele-
vant one respectively. In contrast to one-criterion GAs, 
the outcome of MOGAs is a set of non-dominated points 
which form the Pareto set approximation. Non-dominated 
candidate-solutions cannot be preferred to each other and, 
taking into account this fact, we propose a way to derive 
the final solution based on all the points from the Pareto 
set (fig. 1). 

In the experiments the sample should be divided into 
the training and test parts. It is assumed that the outcome 
of a MOGA, which is executed on the training examples, 
is N binary strings (the set of non-dominated solutions). 
Each chromosome should be decoded into reduced data-
bases (training and test parts), according to the rule: if  
a gene is equal to ‘0’ then eliminate the corresponding 
attribute, and if a gene is equal to ‘1’ then include the 
respective feature in the reduced database. In short, we 
obtain N different sets of features and train N various 
classifiers based on this data. For each test example the 
engaged models vote for different classes according to 
their own predictions. The final decision is defined as  
a collective choice based on the majority rule.  

Taking into consideration the predictions of several 
classifiers is a good alternative to choosing one particular 
solution from the set of non-dominated points. In fact, 
candidates, which demonstrate high effectiveness on the 
training data, might often be the worst on the test data. 
Therefore, to avoid such cases, we use the scheme de-
scribed. 
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Fig. 1. The general scheme of the approach proposed 
 

In most cases the quality of the final solution, found 
with a MOGA, depends on the algorithm settings. For the 
problem considered the effectiveness of different heuris-
tics might vary significantly. Therefore, in this study we 
apply a number of MOGAs which are based on diverse 
heuristic mechanisms. Moreover, we are also trying to 
improve the performance of conventional MOGAs by 
implementing their cooperative modifications. The next 
section provides a concise description of the algorithms 
used.   

Multi-objective genetic algorithms and their coop-
erative modifications. The common scheme of any 
MOGA includes the same steps as any conventional one-
criterion GA: 

Designing a MOGA, researchers are faced with some 
issues which are related to fitness assignment strategies, 
diversity preservation techniques and ways of elitism im-
plementation. Therefore, in this paper we investigate the 
effectiveness of MOGAs, which are based on various 
heuristics, from the perspective of the feature selection 
procedure. Non-Sorting Genetic Algorithm II (NSGA-II) 
[5], Preference-Inspired Co-Evolutionary Algorithm with 
goal vectors (PICEA-g) [6] and Strength Pareto Evolu-
tionary Algorithm 2 (SPEA2) [7] are used as tools to op-
timize the introduced criteria (1), (2). In tab. 1 there are 
the basic features of each method. 

However, it is almost impossible to know in advance 
which algorithm is the most effective for the current prob-
lem. On the one hand, a series of experiments might be 
conducted to find the best MOGA, which is quite a time-
consuming way. On the other hand, different algorithms 
might be combined in a cooperation to avoid the choice of 
the most effective one. Actually, this kind of modification 
is easily implemented based on an island model.    

The island model [8] of a GA implies the parallel work 
of several algorithms: they might be the same or different. 
The initial number of individuals M is spread across L 
subpopulations: Mi = M/L, i = 1, …, L. At each T-th gen-
eration algorithms exchange the best solutions (migration). 
There are two parameters: migration size, the number of 
candidates for migration, and migration interval, the num-
ber of generations between migrations. It is also necessary 
to define the island model topology, in other words, the 
scheme of migration. We use the fully connected topology 
that means each island shares its best solutions with all 
other islands included in the model. This multi-agent 
model is expected to preserve a higher level of genetic 
diversity.  



 
 
 

*���
�� 0��123. '�� 17,  5 1 
 

 30

Table 1 
Basic features of the MOGA used 

 

MOGA Fitness Assignment Diversity Preservation Elitism 

NSGA-II Pareto-dominance (niching mechanism) and 
diversity estimation (crowding distance) Crowding distance Combination of the previous popu-

lation and the offspring 

PICEA-g Pareto-dominance (with generating goal vec-
tors) 

Nearest neighbour tech-
nique 

The archive set and combination 
of the previous population and the 
offspring 

SPEA2 
Pareto-dominance (niching mechanism) and 
density estimation (the distance to the k-th 
nearest neighbour in the objective space) 

Nearest neighbour tech-
nique The archive set  

 
Firstly, conventional NSGA-II, PICEA-g, and SPEA2 

have been implemented to be used as optimizers in the 
feature selection procedure. 

Secondly, we have achieved a number of homogeneous 
cooperative algorithms: in each case the island model has 
the same three components: they are NSGA-II, PICEA-g 
or SPEA2. In addition to diversity preservation, another 
benefit of this model is the possibility to reduce the com-
putational time due to the parallel work of islands. 

Finally, a heterogeneous cooperative algorithm has 
been developed. Three different MOGAs (NSGA-II, 
PICEA-g and SPEA2) have been included in this model as 
its components at once. The benefits of the particular algo-
rithm (NSGA-II, PICEA-g or SPEA2) could be advanta-
geous at different stages of optimization [9].  

To sum up, there are three main categories of MOGAs 
which are used in this study and they are portrayed in fig. 2. 

Speech-based emotion recognition and corpora de-
scription. One of the obvious ways to improve the intel-
lectual abilities of spoken dialogue systems is related to 
their personalization. While communicating, machines 
should perceive the qualities of the user (as people usually 
do) such as age, gender and emotions to adapt their an-
swers for the particular speaker.  

In this paper we consider one particular aspect of the 
personalization process that is speech-based emotion rec-
ognition. Generally, any approach used to solve this rec-
ognition problem consists of three main stages.  

At first, it is necessary to extract acoustic characteris-
tics from the collected utterances. At the “INTERSPEECH 
2009 Emotion Challenge” an appropriate set of acoustic 
characteristics representing any speech signals was intro-
duced. This set of features includes attributes such  
as power, mean, root mean square, jitter, shimmer, 12 
MFCCs and 5 formants. The mean, minimum, maximum, 
range and deviation of the following features are also 
used: pitch, intensity and harmonicity. The number of 
characteristics is 384. To get the conventional feature set 
introduced at INTERSPEECH 2009, the Praat [10] or 
OpenSMILE [11] systems might be used. Secondly, all 
extracted attributes or the most relevant of them should be 
involved in the supervised learning process to adjust  
a classifier. At the final stage, the signal that has to be ana-
lysed is transformed into an unlabelled feature vector (also 
with the usage of the Praat or OpenSMILE systems) and 
then the trained classification model receives it as the input 
data to make a prediction. 

In the study a number of multilingual speech data-
bases have been used and here we provide their brief  
description. 

The Emo-DB emotional database (German) [12] was 
recorded at the Technical University of Berlin and con-
sists of labelled emotional German utterances which were 
spoken by 10 actors (5 female). Each utterance has one of 
the following emotional labels: neutral, anger, fear, joy, 
sadness, boredom or disgust. 

The SAVEE (Surrey Audio-Visual Expressed Emo-
tion) corpus (English) [13]�was recorded as a part of an 
investigation into audio-visual emotion classification 
from four native English male speakers. The emotional 
label for each utterance is one of the standard set of emo-
tions (anger, disgust, fear, happiness, sadness, surprise 
and neutral). 

The UUDB (The Utsunomiya University Spoken Dia-
logue Database for Paralinguistic Information Studies) 
database (Japanese) [14] consists of spontaneous Japanese 
human-human speech. The task-oriented dialogue pro-
duced by seven pairs of speakers (12 female) resulted  
in 4.737 utterances in total. Emotional labels for each 
utterance were created by three annotators on a five-
dimensional emotional basis (interest, credibility, domi-
nance, arousal and pleasantness). For this work, only the 
pleasantness and arousal axes are used. The correspond-
ing quadrant (anticlockwise, starting in the positive quad-
rant, and assuming arousal as abscissa) can also be as-
signed emotional labels: happy-exciting, angry-anxious, 
sad-bored and relaxed-serene. 

There is a statistical description of the used corpora  
in tab. 2. 

Performance assessment. The effectiveness of the 
proposed feature selection technique was estimated  
in combination with three classification models [15]: 

1. Support Vector Machine (SMO). To design a hy-
perplane separating sets of examples Sequential Minimal 
Optimization (SMO) is used for solving the large scale 
quadratic programming problem. 

2. Multilayer Perceptron (MLP). A feedforward 
neural network with one hidden layer is trained with the 
error backpropagation algorithm (BP). 

3. Linear Logistic Regression (Logit). This linear 
model describes the relationship between labels and inde-
pendent variables using probability scores. 
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Fig. 2. The three categories of algorithms used 
 

Table 2 
Statistical description of the used corpora 

 

File level duration 
Database Language Full length 

(min) 
Number  

of emotions Mean (sec) Std. (sec) 
Notes 

Emo-DB German 24.7 7 2.7 1.02 Acted 
SAVEE    English 30.7 7 3.8 1.07 Acted 
UUDB Japanese 113.4 4 1.4 1.7 Non-acted 

 
In all experiments the F-score metric [16] was as-

sessed to compare the quality of classification (the more 
effective the classifier used, the higher F-score value ob-
tained). To derive more statistically significant results, the 
6-fold cross-validation procedure was implemented for 
each database.  

Firstly, all these classifiers were applied without any 
feature selection procedure at all. We obtained their pre-
dictions separately to assess the F-score value for each 
model. Then these classifiers were included in the ensem-
ble of models and the final prediction was formed based 
on the majority rule.  

Secondly, conventional MOGAs were engaged for 
feature selection. All algorithms were provided with the 
same amount of resources (90 generations and 150 indi-
viduals in populations). For each MOGA the following 
settings were defined: binary tournament selection,  
uniform recombination and the mutation probability  
pm = 1/n, where n is the length of the chromosome. In the 
final set of non-dominated points we had 30 binary 
strings. After the feature selection stage all of the classifi-
ers mentioned above and their ensembles were applied. 

In this paper we do not compare the proposed feature 
selection technique with some conventional methods be-
cause the main purpose is to accomplish the thorough 
investigation of MOGAs and their cooperative modifica-
tions as optimizers in the framework of the discussed ap-
proach. Some results related to the comparison with a 
number of conventional feature selection techniques 
might be found in [2].  

 Then, in the next experiments we used cooperative 
modifications of MOGAs to select informative features. 
We applied three homogeneous algorithms (NSGA-II – 
NSGA-II – NSGA-II; PICEA-g – PICEA-g – PICEA-g; 
SPEA2 – SPEA2 – SPEA2) and the heterogeneous one 
(NSGA-II – PICEA-g – SPEA2). For each MOGA all is-
lands had an equal amount of resources (90 generations 
and 150/3 = 50 individuals in populations), the migration 
size was equal to 10 (in total each island got 20 points 
from two others), and the migration interval was equal  
to 10 generations. The genetic operators were the same  
as in the previous experiment.   

The results obtained are presented below in the dia-
grams (fig. 3–5). 

Firstly, these diagrams demonstrate that on full data-
sets the most effective classifiers for EMO-DB, SAVEE 
and UUDB are not the same (when they are applied sepa-
rately). Moreover, we may find that the ensemble of clas-
sifiers (SMO, MLP, and LOGIT) outperforms any of 
these models for all of the corpora. Therefore, the prob-
lem of choosing the most effective model might be solved 
with the application of classifier ensembles. 

Predominantly for EMO-DB and SAVEE the usage  
of MOGAs for selecting informative features leads to an 
improvement in F-score values. For UUDB in some cases 
we may observe a minor decrease in this metric, but it is 
not statistically significant (� t-test with a significance 
level p = 0.05).  
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Fig. 3. The experimental results for the EMO-DB database 
 
 
 



 
 
 

����������, ��	�
���, �
�������� 
 

 33

 

 

 
 

Fig. 4. The experimental results for the SAVEE database 
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Fig. 5. The experimental results for the UUDB database 
 

Talking about various categories of MOGAs (conven-
tional, homogeneous and heterogeneous), we may note: 

– for different corpora various combinations of clas-
sifiers (SMO, MLP, LOGIT) and conventional MOGAs 
are the best; 

– the homogeneous modification of a MOGA often 
demonstrates worse results in terms of F-score in com-
parison with the same conventional MOGA. However, 
due to the parallel structure, these algorithms require less 
time spent on their execution. On average, for all of the 
corpora time costs for feature selection are decreased 
roughly by a factor of 2.55 (the additional time is spent on 
the migration process);    

– the heterogeneous MOGA might be effectively 
used in combination with the ensemble of classifiers, 

which allows us to avoid the choice of the most effective 
MOGA and the best classification model for the problem 
considered. For each corpus we compared the F-score 
value achieved by the heterogeneous MOGA and the en-
semble of classifiers with the best value of this metric 
obtained with any MOGA and any classifier. As a result, 
we revealed that this difference is not significant statisti-
cally (� t-test with a significance level p = 0.05). 

Generally, for diverse MOGAs the average number of 
selected features in the reduced databases varies: for 
EMO-DB from 159.5 to 180.9, for SAVEE from 162.0 to 
186.1, for UUDB from 139.1 to 167.5 (initially there are 
384 features). 

Conclusion. Based on the results obtained, we may 
conclude that the proposed feature selection technique is 
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an effective alternative to the conventional PCA because 
in most cases the application of any MOGA leads to an 
improvement in the classifier performance and a signifi-
cant dimensionality reduction.  

We investigated the effectiveness of different MOGAs 
and their modifications in the framework of the approach 
presented and found that it was reasonable to use the het-
erogeneous MOGA and the ensemble of classifiers to 
eliminate the choice of the most effective heuristic algo-
rithm and the best model without detriment to the classifi-
cation quality.  

In comparison with conventional MOGAs, homoge-
neous modifications are often preferable only in the sense 
of time costs, whereas the heterogeneous one shows high 
F-score values, especially in combination with the ensem-
ble of classifiers. 

Finally, the promising results prove that the proposed 
algorithmic scheme might be applied to solve some other 
problems related to the speech-based recognition of hu-
man qualities such as gender or speaker identification. 
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5� ��		���	�� 0	����(	����� �	�( � 4	�%����� ������ � ������ #	���������( ������ %�( ���	���� 

�#������. � !��& 	������& �� �������$��� #�*��� ������%+� 13 �	%#��& %��$��& ��	$�	��. ���	���� 
��	��� 	����� �����(� �������$��� %	�� ��	%6�+*�� #	�	����� �	���. ������������� !������ � �����& 
������ %�( #	������(� #%��� #	���������� 	���� #� 	��%$����'�� ��	%"����& ����$. )	������$ ���-
�	�$ �� ���������� �����(��( #	�	����& ���"�/��� � �����& ������ %�( ��6�� ���������� !//�����-
�� � ��#�$�������� �	����� ������'������� �����	�����( Q���. )� 	��%$����� ������'������� �����	�-
����( %��������� �����	������� �	���� � �	���/�	��'�� ���$��& !�������� �� ��	��������& %����-
��& 4	"�-W�	��������� � ��������� %��$��& �����	�6�����. )�%������ 	��%$���� ����	(� � ���, ��� 
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�%$����'�� �� #�	����& �����&, ��	��������& #	� ��	������ 4	"�-W�	��������� � ��������� �%	�%��$-
��& �����	�6�����. 5� ����$�� �#���	������& #���	&����(& #�	����& ������ #	���&���� ��	�������� 
��	����, ����	�� #	� 	��"�	���� �& 	����	�� �������� %�����6�+� 	��%$���� 	���� #� ����� 	��%$��-
��'��. � ��#�$�������� 	��%$����� ������'������� �����	�����( ���������� �������	��� #�*��� ��	�-
�������& ������%+*�& ��	����, � ���6� %��������� ������� ���	���+*���( ������	������� /�	�� ��	�-
��� � #���. � '��� 	��%$���� ������'������� �����	�����( � #����& ����������� ����	(� � ���, ��� 
���%�'�( � ����� 	��%$����'��� � �����%���& 	�����& � '��� ����#	�(���( � (�(���( �������	������� 
� #��� /�	��	�����( ����& !�������� �� ��	��������& ��		���	�(& %��$��& �����	�6�����. ������ 
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������& ������ � #����(��� 	��"�	(+*����( 	����	���. 
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On the territory of Krasnoyarsk region and Irkutsk region in Russia the extraction of coal by opencast methods is 
produced. In these regions there are 13 large coal pits. Open-pit mining causes significant damage to the environment. 
Ecological restoration in areas of coal pit is produced through the production of work on recultivation of disturbed 
lands. Carrying out monitoring of the changing state of natural landscapes in areas of coal mining can be quite 
effective with the use of remote sensing of the Earth. According to the results of remote sensing, long-term trends in the 
transformation of local ecosystems on the waste sections of the Irsha-Borodino and Azejskiy coal deposits have been 
built. The results show that the artificial forest plantations in the forestry reclamation gradually pass into the category 
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of mixed forest with birches, willows, etc. The paper presents the results of forest reclamation on spoil piles formed 
during the mining of the Irsha-Borodino lignite and Azejskiy coal deposits. On the perfectly-planned surfaces of spoil 
dumps, the formation of gullies partially destroys the results of work on forest reclamation. With the use of remote-
sensing results, catchment of educated, active gullies are investigated; the most common geometric shape of the ravines 
in the plan is observed. Overall, the results of remote sensing and field studies suggest that the situation with forest 
intensive reclamation in the studied areas is generally favorable and is balanced in shaping forest ecosystems at 
abandoned areas of coal deposits. However, in the course of mining-ecological monitoring untoward conditions 
involving the water erosion on the relief areas with forestation have been marked, which ultimately leads to the 
formation of gully systems, with ever-expanding dimensions. 

 
Keywords: open pit mining, waste dumps, forest reclamation, remote sensing, environmental performance, coal 

mines, forming ravines. 
 
�����#��. �T�Q QRRhVNMCTUQc C�PMhUVU� C RMMX-

CVXRXCQQ R MRUMCU�\Q PMhMsVUQc\Q `MR_NT[RXCVUUMy 
PMhQXQjQ wMRRQyRjMy ZVNV[TxQQ C MzhTRXQ jMR\QWV-
RjMy NVcXVhYUMRXQ UT PV[QMN NM 2030 `. Q NThYUVy�_� 
PV[RPVjXQC_, _XCV[sNVUU�\Q L[VlQNVUXM\ wMRRQy-
RjMy ZVNV[TxQQ MX 19 TP[Vhc 2013 `., ¨ L[-906. $hV-
N_c [VThQlTxQQ Q [VR_[RUM\_ MzVRPVWVUQ� \V[MP[Qc-
XQy JMRP[M`[T\\� «{MR\QWVRjTc NVcXVhYUMRXY wMR-
RQQ UT 2013–2020 `MN�», MP[VNVhc��Vy QRPMhYlMCT-
UQV jMR\QWVRjQ� R[VNRXC NQRXTUxQMUUM`M lMUNQ[MCT-
UQc vV\hQ C ujMhM`QWVRjM\ \MUQXM[QU`V, T XTjsV  
C RMMXCVXRXCQQ R JMR_NT[RXCVUUMy P[M`[T\\My wMR-
RQyRjMy ZVNV[TxQQ «wTlCQXQV hVRUM`M �MlcyRXCT UT 
2013–2020 `MN�», C [T\jT� MRUMCUM`M \V[MP[QcXQc PM 
hVRMCMRRXTUMChVUQ� P[VNPMhT`TVXRc CRVRXM[MUUVV 
RMNVyRXCQV VRXVRXCVUUM\_ CMRRXTUMChVUQ� hVRMC,  
T XTjsV hVRUMy [Vj_hYXQCTxQQ UT NV`[TNQ[MCTUU�� 
XV[[QXM[Qc�, C XM\ WQRhV Q PMRhV lTCV[�VUQc MXj[�- 
X�� `M[U�� [TzMX P[Q [Tl[TzMXjV \VRXM[MsNVUQy [Tl- 
hQWU�� PMhVlU�� QRjMPTV\��. 

K UTRXMc�VV C[V\c {[TRUMc[RjQy j[Ty Q ~[j_X-
RjTc MzhTRXY cChc�XRc [V`QMUT\Q RM lUTWQXVhYUMy 
XV�UM`VUUMy UT`[_ljMy, Q j XM\_ sV Q\ P[QUTNhVsQX 
MRMzTc [MhY hQNV[MC C ujMUM\QWVRjM\ [TlCQXQQ wZ. 
�T UT� Cl`hcN, uXQ\ XV[[QXM[Qc\ NMhsVU z�XY MXNTU 
P[QM[QXVX C [Tl[TzMXjV P[M\��hVUU�� XV�UMhM`Qy, 
UTP[TChVUU�� UT RUQsVUQV XV�UM`VUUMy UT`[_ljQ UT 
Mj[_sT��_� P[Q[MNU_� R[VN_. �T XV[[QXM[QQ uXQ� 
[V`QMUMC [Tl\V�VU� 13 _`MhYU�� jT[YV[MC.  

����%�#����#�� +�"#�0"�')$��##)� ��#�-
$�2%�� #� *+���#)� ��"��"��. $PVxQThQRXT\ C Mz-
hTRXQ ujMhM`QQ `M[UM`M P[MQlCMNRXCT X[_N� [MRRQy-
RjQ� _WVU�� NMRXTXMWUM QlCVRXU�, Q MRXTUTChQCTXYRc 
UT MzlM[V uXQ� X[_NMC UV Q\VVX R\�RhT. �[_`MV NVhM – 
X[_N� lT[_zVsU�� QRRhVNMCTXVhVy-ujMhM`MC. wV�VUQc 
TjX_ThYU�� ujMhM`QWVRjQ� P[MzhV\ C MzhTRXQ RM�[TUV-
UQc zQM[TlUMMz[TlQc, [Vj_hYXQCTxQQ `M[UMP[M\��-
hVUU�� hTUN�TbXMC P[Q CVNVUQQ MXj[�X�� `M[U�� 
[TzMX RMNV[sTXRc C \UM`MWQRhVUU�� UT_WU�� X[_NT� 
lT[_zVsU�� QRRhVNMCTXVhVy [1–23]. qTjsV Q\V�XRc 
X[_N� C MzhTRXQ [V�VUQc ujMhM`QWVRjQ� P[MzhV\  
R QRPMhYlMCTUQV\ R[VNRXC NQRXTUxQMUUM`M lMUNQ[MCT-
UQc vV\hQ [24–27]. �M, UVR\MX[c UT zMhY�My Mz�V\ 
UT_WU�� [TzMX, PM-P[VsUV\_ R_�VRXC_�X [VlV[C�  
C PMC��VUQQ ujMhM`QlTxQQ MXj[�X�� `M[U�� [TzMX 
P[Q [Tl[TzMXjV _`MhYU�� \VRXM[MsNVUQy UT XV[[QXM-
[QQ ÇVUX[ThYUMy Q KMRXMWUMy $QzQ[Q, T Q\VUUM, NM RQ� 
PM[ UV [V�VU� ujMhM`QWVRjQV P[MzhV\� C hVRUMy  
[Vj_hYXQCTxQQ.  

K wMRRQyRjMy ZVNV[TxQQ MRUMCU�V \M�UMRXQ  
PM NMz�WV _`hc MXj[�X�\ RPMRMzM\ RMR[VNMXMWVU�  
C [V`QMUT� $QzQ[Q. K {_lzTRRV VsV`MNUM NMz�CT�X 
150 \hU X _`hc UT _`MhYU�� [Tl[VlT� [TlhQWUMy \M�-
UMRXQ (MX 0,5 NM 10 \hU X C `MN). K {[TRUMc[RjM\ j[TV 
VNQUQWUTc \M�UMRXY [Tl[VlMC Ql\VUcVXRc MX 200 X�R. X 
NM 17 \hU X C `MN. K ~[j_XRjMy MzhTRXQ C NC_� [Ty-
MUT� CzhQlQ `M[MNMC q_h_U Q ¹V[V\�MCM [TRPMhMsV-
U� j[_PU�V _`MhYU�V [Tl[Vl� R_\\T[UMy \M�UMRXY� 
PM NMz�WV _`hc 12,0 \hU X. K lTCQRQ\MRXQ MX `M[UM-
`VMhM`QWVRjQ� _RhMCQy lThV`TUQc _`MhYU�� PhTRXMC 
MXCTh� CRj[��U�� PM[MN [Tl\V�T�X jTj C C�[TzM-
XTUUM\ P[MRX[TURXCV jT[YV[T, XTj Q lT P[VNVhT\Q 
jT[YV[UMy C�V\jQ. K h�zM\ Rh_WTV UT MXCThT� P[MCM-
NcX [Vj_hYXQCTxQ�, QR�MNc Ql _RhMCQy P[VNCT[QXVhY-
U�� NM`MCM[VUUMRXVy R TN\QUQRX[TxQc\Q [TyMUMC,  
UT WYQ� XV[[QXM[Qc� P[MQlCMNQXRc [Tl[TzMXjT \VRXM-
[MsNVUQc _`hc. 

{ UTRXMc�V\_ C[V\VUQ UT _`MhYU�� [Tl[VlT�  
UTjMPhVU zMhY�My MP�X C [VThQlTxQQ [TlhQWU��  
UTP[TChVUQy [Vj_hYXQCTxQQ UT[_�VUU�� lV\VhY.  
�VR\MX[c UT Q\V��QVRc PMhMsQXVhYU�V [Vl_hYXTX�  
C uXMy MzhTRXQ, C hVRUMy [Vj_hYXQCTxQQ Q\VVX \VRXM 
[cN ujMhM`QWVRjQ� P[MzhV\, jMXM[�V UVMz�MNQ\M 
RCMVC[V\VUUM [V�TXY, QRPMhYl_c PMh_WVUU�y MP�X. 
L[Q C�zM[V Mz�VjXMC QRRhVNMCTUQc QRPMhYlMCTU� 
RhVN_��QV j[QXV[QQ: CMl[TRX [Tl[VlT, PhM�TNY UT[_- 
�VUU�� lV\VhY, P[MQlCMNRXCM [TzMX PM hVRUMy [Vj_hY- 
XQCTxQQ. K uXMy RCclQ \� MRXTUMCQhQRY UT NC_� XV[-
[QXM[Qc� MX[TzMXTUU�� z_[M_`MhYU�� \VRXM[MsNV-
UQy: ~[�T-^M[MNQURjMV (_`MhYU�y [Tl[Vl «^M[MNQU-
RjQy», {[TRUMc[RjQy j[Ty) Q �lVyRjMV z_[M_`MhYUMV 
\VRXM[MsNVUQV (CMRXMWUVV `. q_h_UT, ~[j_XRjTc Mzh., 
_`MhYU�V [Tl[Vl� «q_h_URjQy» Q «�lVyRjQy») ([QR. 1, 2). 

�T[_�VUQc lV\UMy PMCV[�UMRXQ UT QRRhVN_V\�� 
XV[[QXM[Qc� RMRXTCQhQ 4000 Q 6527 `T RMMXCVXRXCVUUM 
Nhc [Tl[VlT «^M[MNQURjQy» (1949 `.) Q [Tl[VlMC  
«q_h_URjQy» (1946 `.) Q «�lVyRjQy» (1972 `.). K QR-
RhVNMCTUQc� \� QRPMhYlMCThQ [Vl_hYXTX� NQRXTUxQ-
MUUM`M lMUNQ[MCTUQc vV\hQ, PMh_WVUU�V C [TlUMV 
C[V\c R jMR\QWVRjQ� hVXTXVhYU�� TPPT[TXMC (1987–
2014 ``.), T XTjsV [Vl_hYXTX� PMhVC�� ujRPVNQxQy. 

�X\VXQ\ `M[UM-`VMhM`QWVRjMV RX[MVUQV uXQ� \V-
RXM[MsNVUQy jTj P[MRXMV – `M[QlMUXThYUM lThV`T�-
�QV _`MhYU�V PhTRX� R UVlUTWQXVhYUMy PM \M�UMRXQ 
XMh�Vy CRj[��U�� PM[MN. ³XM MzRXMcXVhYRXCM hV`hM 
C MRUMC_ P[Q\VUVUQc MNUMzM[XMC�� RQRXV\ [Tl[TzMX-
jQ R PV[VCThjMy CRj[��Q UVPMR[VNRXCVUUM C C�[TzM-
XTUUMV P[MRX[TURXCM UT �lVyRjM\ \VRXM[MsNVUQQ  
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Q R C�CMljMy CRj[��Q R QRPMhYlMCTUQV\ sVhVlUMNM-
[MsUM`M X[TURPM[XT UT ~[�T-^M[MNQURjM\ \VRXM[M-
sNVUQQ. k`MhYU�V PhTRX� MX[TzTX�CT�X [MXM[U�\Q 
(³w-1250, ³wL-2500) Q MNUMjMC�MC�\Q ujRjTCTXM[T-
\Q ³{J-4_ R PM`[_ljMy Q� C lTzMV C sVhVlUMNM[Ms-
U�y X[TURPM[X. L[MQlCMNRXCVUUTc \M�UMRXY [Tl[VlT 
MP[VNVhcVXRc [�UMWU�\ RP[MRM\ UT _`MhY. K �MNV 
MX[TzMXjQ \VRXM[MsNVUQy R 1970 `. PM 2014 ``. P[MCM-
NQhQ jM\PhVjR [TzMX PM RVhYRjM�MlcyRXCVUUMy, CMN-
UMy (Mz_RX[MyRXCM zV[V`MC CMNMV\T UT �lVyRjM\  
\VRXM[MsNVUQQ) Q hVRUMy [Vj_hYXQCTxQQ.  

wTzMX� PM hVRUMy [Vj_hYXQCTxQQ UT [Tl[VlV «^M[M- 
NQURjQy» P[MQlCMNQhQ R 2000 `MNT, Q R 1970 `MNT –  
UT [Tl[VlT� «q_h_URjQy» Q «�lVyRjQy». �T CRV� [Tl-
[VlT� XTjsV P[MCMNQhQ RVhYRjM�MlcyRXCVUU_� [V-
j_hYXQCTxQ�, jMXM[Tc, jTj QlCVRXUM, MjTlThTRY UV CMR-
X[VzMCTUUMy RM RXM[MU� P[VNP[QcXQy T`[MP[M\��-
hVUUM`M jM\PhVjRT. 

K UT�Q� QRRhVNMCTUQc� XV[[QXM[Qc MX[TzMXTUU�� 
\VRXM[MsNVUQy, `NV P[MCMNQhQRY [TzMX� PM hVRUMy 
[Vj_hYXQCTxQQ, _RhMCUM [Tl`[TUQWVUT RhVN_��Q\ 
Mz[TlM\. �T CU_X[VUUQ� PM[MNU�� MXCThT� [Tl[VlT 
«^M[MNQURjQy» C�NVhVU� lTPTNU�y RVjXM[, xVUX[ThY- 
UTc WTRXY Q CMRXMWU�y RVjXM[. qV[[QXM[Qc �lVyRjM`M 
\VRXM[MsNVUQc CMRXMWUVV `. q_h_UT z�hT _RhMCUM 
[TlNVhVUT UT X[Q _WTRXjT: xVUX[ThYU�y RVjXM[ R \Tj-
RQ\ThYUMy PhM�TNY� – UT�MNQXRc CMRXMWUVV `. q_h_-
UT, RVCV[UTc \_hYNT R X[V\c C�VlNU�\Q X[TU�Vc\Q  
Q _WTRXMj RMC[V\VUU�� `M[U�� [TzMX. 

�T [Tl[VlV «^M[MNQURjQy» PhM�TNQ PMN hVRUMy 
[Vj_hYXQCTxQVy (`M[QlMUXThYU�V _WTRXjQ) RMRXTCQhQ 
113, 55 Q 30 `T UT XV[[QXM[QQ lTPTNUM`M RVjXM[T,  
C xVUX[ThYUMy WTRXQ Q CMRXMWUM\ RVjXM[V CU_X[VUUQ� 
MXCThMC RMMXCVXRXCVUUM. {[M\V XM`M, C�RTsVU� XMPM-
hc Q jhVU� UT MXjMRT� MXCThMC UT PhM�TNQ 1,1 `T.

 

 
 

wQR. 1. kWTRXjQ hVRUMy [Vj_hYXQCTxQQ UT PM[MNU�� MXCThT� 
_`MhYUM`M [Tl[VlT «^M[MNQURjQy» 

 

 
  

wQR. 2. Z[T`\VUX jMR\QWVRjM`M RUQ\jT XV[[QXM[QQ [Tl[TzMXjQ MXj[�X�\ 
RPMRMzM\ �lVyRjM`M z_[M_`MhYUM`M \VRXM[MsNVUQc (~[j_XRjTc MzhTRXY, wZ) 

 

 
 

wQR. 3. Z[T`\VUX� hVRUMy [Vj_hYXQCTxQQ UT [Tl[VlV «^M[MNQURjQy» 
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�T [Tl[VlV «^M[MNQURjQy» P[TjXQWVRjQ PMCRV\V-
RXUM MX\VWVUT RQX_TxQc PV[V�MNT QRj_RRXCVUUM PMRT-
sVUUM`M RMRUMCM`M hVRT C R\V�TUU�y hVR. K bM[\Q-
[MCTUQQ PMRhVNUV`M TjXQCUM P[QUQ\T�X _WTRXQV zV-
[VlT, MzhVPQ�T, XThYUQj (CV[zT), WXM MX\VWVUM UT [QR. 3. 
LM UT�Q\ QRRhVNMCTUQc\ j 2015 `. P[Q\V[UM 60 % 
(118 `T) PhM�TNQ _WTRXjMC R hVRUMy [Vj_hYXQCTxQVy 
PV[V�hQ C jTXV`M[Q� «R\V�TUU�y hVR». K Ql\VUVUQQ 
PhM�TNQ _WTRXjMC, UT jMXM[�� P[MQl[TRXTVX R\V�TU-
U�y hVR, MX\VWVU CMl[TRXT��Qy X[VUN, X. V. VsV`MNUM 
_NVhYU�y CVR R\V�TUUM`M hVRT UT PhM�TNQ CRV� _WT-
RXjMC R QRj_RRXCVUU�\Q PMRTNjT\Q RMRU� _CVhQWQCT-
VXRc, T PhM�TNY WQRXM`M RMRUMCM`M hVRT, UTMzM[MX, 
RMj[T�TVXRc. 

K xVUX[ThYUM\ RVjXM[V MX[TzMXTUUM`M �lVyRjM`M 
\VRXM[MsNVUQc UT `M[QlMUXThYU�� _WTRXjT� C �MNV 
hVRUMy [Vj_hYXQCTxQQ C�RTsQCThQ RMRU�. ~\VUUM  
C uXM\ RVjXM[V UT�MNcXRc QRj_RRXCVUU�V WQRX�V RMR- 
UMC�V zM[� C CMl[TRXV 18–20 (Q zMhVV) hVX zVl lTRVhV-
UQc Q� P[VNRXTCQXVhc\Q hQRXCVUUM`M hVRT uXM`M `VM-
`[TbQWVRjM`M [TyMUT – zV[Vl�, MRQU� Q X. P. ([QR. 4). 

 

 
 

 
 

wQR. 4. Z[T`\VUX� hVRUMy [TRXQXVhYUMRXQ UT PM[MN-
U�� MXCThT� MX[TzMXTUUMy WTRXQ �lVyRjM`M _`MhY-
UM`M \VRXM[MsNVUQc C xVUX[ThYUM\ RVjXM[V: � – VR-
XVRXCVUUMV lTRVhVUQV R\V�TUU�\ hVRM\; � – hVRUTc 
[Vj_hYXQCTxQc (RMRUMC�y zM[) 
 
�T [QR. 4, � R\V�TUU�y hVR bM[\Q[_VXRc lT RWVX 

PV[VUMRT RV\cU NV[VCYVC, RUTzsVUU�� j[�hM\ – hQRX-
CVUUQxT, zV[VlT, MRQUT, RMRUT Q N[. LMRhVNUQV cChc�X- 
Rc XQPQWU�\Q P[VNRXTCQXVhc\Q R\V�TUU�� hVRMC, 
UT�MNc�Q�Rc CzhQlQ PM[MNU�� MXCThMC Q CUV lMU� 
CVNVUQc `M[U�� [TzMX. J_RXMXT hVRUM`M PMj[MCT cC- 
hcVXRc CPMhUV TNVjCTXUMy VRXVRXCVUUM\_ lT[TRXTUQ�. 
$MRUMC�y zM[ zVl lTRVhVUQc V`M P[VNRXTCQXVhc\Q hQ-
RXCVUUM`M hVRT UT RV`MNUc�UQy NVUY Q\VVX NCT cCUM 
C�[TsVUU�� c[_RT: CV[�UQy (PV[C�y) – Cl[MRhTc  

RMRUT Q �M[M�M [TlCQX�y UQsUQy, WVXCV[X�y, [TRXQ-
XVhYU�y c[_R ([QR. 4, �). 

�T XV[[QXM[QQ RVCV[UMy \_hYN� C �MNV hVRUMy �
[Vj_hYXQCTxQQ z�hQ C�RTsVU� \MhMN�V RMRU�, jMXM-
[�V C zMhY�QURXCV RCMV\ PM`QzhQ. ³XM P[MQlM�hM, �
UT UT� Cl`hcN, PM P[QWQUV CVRVUUV`M PMsT[T, CMlUQj-
�V`M C [Vl_hYXTXV PMNsM`T R_�My X[TC�. $VjXM[ P[M-
QlCMNRXCT `M[U�� [TzMX P[TjXQWVRjQ UV lTRVhVU [TR-
XQXVhYUMRXY�, Q uXM CPMhUV UM[\ThYUM, PMRjMhYj_ 
C[V\VUUMy MX[VlMj Nhc bM[\Q[MCTUQc _RXMyWQCMy 
ujMRQRXV\� CVRY\T \Th. K\VRXV R XV\ C CMRXMWUMy 
WTRXQ RCVsVMXR�PTUU�� PM[MNU�� MXCThMC C \VhjQ� 
RjhTNjT� [VhYVbT UTzh�NTVXRc PMRVhVUQV N[VCVRUM-
j_RXT[UQjMCMy [TRXQXVhYUMRXQ. 

��/*��%�%) ���%�#-��##�+� /�#��"���#�� ���%��- 
#�� ���#�! "��*��%���-��. �T�Q jMhhVjXQC� [Tl-
CQCT�X UMCMV UTP[TChVUQV C `VMujMhM`QQ `M[UMNMz�-
CT��Vy P[M\��hVUUMRXQ wZ R QRPMhYlMCTUQV\ [V-
l_hYXTXMC NQRXTUxQMUUM`M lMUNQ[MCTUQc vV\hQ (�vv). 
K uXMy RCclQ \� P[VNRXTCQhQ C�zM[MWUM [Vl_hYXTX� 
Mz[TzMXjQ jMR\MRUQ\jMC R b[T`\VUXT\Q MX[TzTX�-
CTV\�� \VRXM[MsNVUQy. �VMz�MNQ\M z�hM PMh_WQXY 
[Vl_hYXTX� [TzMX PM MRUMCU�\ UTP[TChVUQc\ [Vj_hY-
XQCTxQQ: NQUT\Qj_ PhM�TNQ QRj_RRXCVUU�� hVRMUT-
RTsNVUQy, CMl\MsUMV bM[\Q[MCTUQV R\V�TUUM`M hVRT 
UT XV[[QXM[QQ hVRUMy [Vj_hYXQCTxQQ Q N[. K RXTXYV 
\� P[VNRXTCQhQ MXP[TCU_� (UTWThM QRRhVNMCTUQy)  
Q lTCV[�T��_� XMWj_ C \MUQXM[QU`V R P[Q\VUVUQV\ 
R[VNRXC �vv – 1987 Q 2014 ``. ([QR. 5). 

 

 
 

wQR. 5. Z[T`\VUX� jMR\MRUQ\jMC  
R C�NVhVUQV\ CQNMC ujMRQRXV\�: 

�, � – C 1987 `.; �, � – C 2014 `. 
 
�T [QR. 5, �, � RMMXCVXRXC_��Q\Q xCVXT\Q Q MXXVU-

jT\Q PMjTlTU� `M[U�V C�[TzMXjQ zVl lTRVhVUQc  
Q� [TRXQXVhYUMRXY�, lV[jThM XV�UM`VUU�� CMNMV\MC, 
Mz[TlMCTUU�� C RjhTNjT� QRj_RRXCVUUM`M [VhYVbT 
(C�VlNU�V X[TU�VQ, MRXTXMWUTc jT[YV[UTc C�V\jT), 
X[TCcUQRXM-j_RXT[UQjMCTc [TRXQXVhYUMRXY, R\V�TU-
U�y hVR Q hVRUTc [Vj_hYXQCTxQc.  

�TQzMhVV ubbVjXQCUM hVRUTc [Vj_hYXQCTxQc P[M-
CVNVUT _`MhYU�\Q [Tl[VlT\Q C xVUX[ThYUM\ RVjXM[V. 
�T XV[[QXM[QQ RVCV[UMy \_hYN� NM 1987 `. UT�MNQhRc 
R\V�TUU�y hVR, Q PMRhV VV MX[TzMXjQ [Tl[VlM\ P[MCV-
NVUT \ThMubbVjXQCUTc hVRUTc [Vj_hYXQCTxQc. LM RMRXMc-
UQ� UT 2014 `. Cl[MRh�V NV[VCYc UV P[MR\TX[QCT�XRc, 
j XM\_ sV UT lUTWQXVhYUMy PhM�TNQ RMRUMC�y zM[ QhQ 
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R\V�TUU�y hVR P[MRXM MXR_XRXC_VX. K UTRXMc�VV C[V-
\c UT XV[[QXM[QQ PM[MNU�� MXCThMC RVCV[UMy \_hYN� 
P[MQl[TRXTVX UV_P[TChcV\MV RMMz�VRXCM – X[TCcUQ-
RXM-j_RXT[UQjMCTc [TRXQXVhYUMRXY. �T XV[[QXM[QQ 
_WTRXjT, `NV C UTRXMc�VV C[V\c P[MQlCMNcXRc MXj[�-
X�V `M[U�V [TzMX�, [TUVV P[MQl[TRXTh R\V�TUU�y 
hVR, jMXM[�y z�h PMhUMRXY� _UQWXMsVU. { 2014 `. 
PM[MNU�V MXCTh� RXMcX zVl [TRXQXVhYUMRXQ. �T� P[M-
`UMl PM uXM\_ _WTRXj_ – UVMz�MNQ\ C[V\VUUMy PV[QMN 
PM[cNjT 7–10 hVX Nhc CMRRXTUMChVUQc hVRUMy ujMRQ-
RXV\�. 

~XTj, C �MNV Mz[TzMXjQ [Vl_hYXTXMC �vv uXM`M  
[TyMUT PMh_WVUT NQUT\QjT jTWVRXCVUU�� Q jMhQWVRX-
CVUU�� �T[TjXV[QRXQj bM[\Q[_V\M`M C [TlU�V `MN� 
`M[UMP[M\��hVUUM`M hTUN�TbXT UT XV[[QXM[QQ MX-
[TzMXTUUMy WTRXQ �lVyRjM`M z_[M_`MhYUM`M \VRXM[M-
sNVUQc ([QR. 6). 

¹QRX�y RMRUMC�y hVR (RMRUMC�y zM[) RMRXTChcVX 
CRV`M 197 `T. $\V�TUU�y hVR UT�MNQXRc UT PhM�TNQ 
636 `T, C XM\ WQRhV Q UT _WTRXjT� hVRUMy [Vj_hYXQCT-
xQQ. ©RhQ _WVRXY, WXM hVRUTc [Vj_hYXQCTxQc P[MCVNV-
UT UT PhM�TNQ 809 `T (PM NTUU�\ [Tl[VlT), j UTRXMc-
�V\_ C[V\VUQ R\V�TUU�y hVR UT�MNQXRc UT 75 % 
PhM�TNQ CRV� _WTRXjMC R hVRUMy [Vj_hYXQCTxQVy. ³XM 
`MCM[QX M XM\, WXM UT�MNc�QVRc [cNM\ R\V�TUU�V 
hVRT C P[Q[MNUM\ UVX[MU_XM\ RMRXMcUQQ MjTl�CT�X 
RT\MV UVPMR[VNRXCVUUMV ChQcUQV UT bM[\Q[MCTUQV 
hVRU�� ujMRQRXV\, P[VNRXTChc��Q� QlUTWThYUM  

QRj_RRXCVUU�V hVRMPMRTNjQ, PMRjMhYj_ RV\VUT NV-
[VCYVC MRUMCU�� P[VNRXTCQXVhVy uXQ� hVRMC, RUTz-
sVUU�V j[�hM\, [TlUMRcXRc CVX[M\ CVRY\T ubbVjXQC-
UM UT zMhY�QV [TRRXMcUQc. �zhTNTc �M[M�Vy P[QsQ-
CTV\MRXY�, RV\VUT NT�X sQlUY NV[VCxT\ UT XV[[QXM-
[QQ _WTRXjMC R hVRUMy [Vj_hYXQCTxQVy. qTjQ\ Mz[T-
lM\, P[MQR�MNQX PV[V�MN _WTRXjMC R QRj_RRXCVUUMy 
hVRMPMRTNjMy C R\V�TUU�y hVR.  

K UTRXMc�VV C[V\c UT WTRXQ \VRXM[MsNVUQy PhM-
�TNY� 990 `T, `NV P[MQlCMNcXRc MXj[�X�V `M[U�V [T-
zMX�, UTzh�NTVXRc CchMV RT\MCMRRXTUMChVUQV hVRUMy 
ujMRQRXV\� UT PM[MNU�� MXCThT�, MXR�PTUU�� 5–7 hVX 
UTlTN. 

$X[_jX_[T RbM[\Q[MCTUUMy j UTRXMc�V\_ C[V\V-
UQ \MhMNMy UTlV\UMy ujMRQRXV\� P[VNRXTChVUT  
UT [QR. 7. �TQzMhY�_� PhM�TNY lTUQ\TVX X[TCcUQRXM-
j_RXT[UQjMCTc [TRXQXVhYUMRXY – 59 % PhM�TNQ UT[_-
�VUU�� lV\VhY. $\V�TUU�y hVR – zV[VlT, RMRUT,  
hQRXCVUUQxT, MRQUT Q N[. – lTUQ\TVX PhM�TNY 9,8 %,  
C XM\ WQRhV Q UT XV[[QXM[QQ hVRUMy [Vj_hYXQCTxQQ. 
LhM�TNY XV�UM`VUU�� CMNMV\MC lTUQ\TVX 9,5 %. ¹QRX�y 
RMRUMC�y zM[ UT�MNQXRc UT PhM�TNQ 3 %. LM UT�V\_ 
\UVUQ�, RMCV[�VUUM UVCTsU�\ cChcVXRc XM, WXM  
UT zMhY�Vy XV[[QXM[QQ R hVRUMy [Vj_hYXQCTxQVy 
P[MQl[TRXTVX R\V�TUU�y hVR, T UV WQRX�y RMRUMC�y 
zM[. K RQX_TxQQ R hVRMCMRRXTUMChVUQV\ zMhVV lUTWQ-
\M UV NMP_RXQXY CVRVUUQy PMNsM` R_�My X[TC�, WXM 
\MsVX RCVRXQ UT UVX _RQhQc [Tl[VlT. 

 
 

wQR. 6. ~l\VUVUQV PhM�TNQ _WTRXjMC CMNUMy, [TRXQXVhYUMy Q hVRUMy ujMRQRXV\  
UT MX[TzMXTUUMy WTRXQ �lVyRjM`M z_[M_`MhYUM`M \VRXM[MsNVUQc 

 

 
 

wQR. 7. $X[_jX_[T ujMRQRXV\� UT MX[TzMXTUUMy WTRXQ �lVyRjM`M \VRXM[MsNVUQc 
PM NTUU�\ jMR\QWVRjM`M lMUNQ[MCTUQc C 2014 `. 
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�)����#�� `����+�3����� 0"�5��' � ���#�! 
"��*��%���-�� � 0"�'�#�#��' �"���%� ���%�#-�-
�##�+� /�#��"���#�� ��'��. �X[TzMXTUUTc WTRXY 
~[�T-^M[MNQURjM`M z_[M_`MhYUM`M \VRXM[MsNVUQc  
R `VM`[TbQWVRjQ\Q jMM[NQUTXT\Q xVUX[ThYUMy WTRXQ 
550 51/ 54// R.; 940 54/ 44// C., jMXM[My C UT�Q� QRRhVNM-
CTUQc� z�hM _NVhVUM RT\MV P[QRXThYUMV CUQ\TUQV, 
Q\VVX [Tl\V[� 7200×4200 \. �VRUTc [Vj_hYXQCTxQc UT 
[Tl[VlV P[MCMNQhTRY C X[V� RVjXM[T� CU_X[VUUQ� PM-
[MNU�� MXCThMC: C lTPTNUM\ RVjXM[V, xVUX[ThYUMy 
WTRXQ Q C CMRXMWUM\ RVjXM[V CU_X[VUUQ� PM[MNU�� 
MXCThMC. K lTPTNUM\ RVjXM[V MXCThMC [TRPMhMsVU� 
PMRTNjQ RMRU� C CMl[TRXV 14–15 hVX. wVhYVb PMCV[�UM-
RXQ MXCThMC C uXM\ RVjXM[V RPMjMyU�y R PhTCU�\Q hM-
jThYU�\Q PMUQsVUQc\Q Q CMlC��VUUMRXc\Q R UVzMhY-
�Q\ _jhMUM\ C 3º–40º. qV\P� [MRXT RMRU� UT uXM\ 
_WTRXjV RMRXTChc�X MX 22 NM 60 R\ _ MXNVhYU�� MRM-
zVy Q C R[VNUV\ [TCU� 38 R\/`MN. K UTRXMc�VV C[V\c 
PhM�TNY hVRMPMRTNMj RMRXTChcVX P[Q\V[UM 100 `T. 

K �MNV PMhVC�� ujRPVNQxQy z�hM MX\VWVUM, WXM  
C hVRUMy [Vj_hYXQCTxQQ Q\V�X \VRXM ujMhM`QWVRjQV 
P[MzhV\�, Q C MRUMCUM\ uXM jTRTVXRc [Tl[_�VUQc xV-
hMRXUMRXQ [VhYVbT `M[UMP[M\��hVUU�� hTUN�TbXMC. 
{ CTsUVy�Q\ Ql UQ� \MsUM MXUVRXQ UThQWQV PMCV[�-
UMRXU�� CMNMXMjMC, C�l�CT��Q� CMNU_� u[MlQ� `M-
[QlMUXThYU�� _WTRXjMC Q MXjMRMC PM[MNU�� MXCThMC. 
K [Vl_hYXTXV C xVUX[ThYUMy WTRXQ MXCThMC C \VRXT� 
P[MRVNTUQc Q� RPhTUQ[MCTUUMy PMCV[�UMRXQ R UV-
zMhY�Q\ _jhMUM\ R lTPTNT UT CMRXMj C RXM[MU_ V`M 
PMC��VUQc P[MQlM�hQ RM C[V\VUV\ _RTNMWU�V P[M-
xVRR� C XVhV MXCThT. ³XM P[MQlM�hM j[TyUV UV[TCUM-
\V[UM, PMRjMhYj_ XVhM MXCThT RhMsVUM `M[U�\Q PM-
[MNT\Q [TlhQWUMy \M[bMhM`QQ. JhQUQRX�V PM[MN� 
cChc�XRc PhTRXQWU�\Q Q MzhTNT�X RPMRMzUMRXY�  
j Ql\VUVUQ� `VM\VX[QWVRjMy bM[\� PMN NVyRXCQV\ 
CUV�UQ� bTjXM[MC (CUV�UVV NTChVUQV, UTR��VUQV 
CMNMy Q N[.). LVRWTU�V PM[MN� P[Q Qlz�XMWUM\ _C-
hTsUVUQQ Q UTR��VUQQ ChT`My P[QMz[VXT�X RCMyRXCT 
XVj_WVRXQ. {[_PUMMzhM\MWU�y \TXV[QTh, RMRXMc�Qy 
Ql j[VPjQ� ThVC[MhQXMC Q T[`QhhQXMC, P[TjXQWVRjQ RM 
C[V\VUV\ UV _PhMXUcVXRc, WXM P[QCMNQX j XM\_, WXM  
C \VRXT� _jhTNjQ j[VPjQ� PM[MN MXCTh UV P[MRTsQ- 
CTVXRc, Q C uXQ� \VRXT� bM[\Q[_�XRc CMNMXMjQ. �TWTC 
NCQsVUQV PM UTjhMUUM\_ MRUMCTUQ�, CMNT PV[V\V�T-
VXRc PM UV\_, NMRXQ`Tc P[Q uXM\ XV� _WTRXjMC, jMXM-
[�V RhMsVU� WVXCV[XQWU�\Q PM[MNT\Q, P[Q uXM\ UT-
WQUTVXRc Q� [Tl\�C. qTj C uXM\ \VRXV PMcChcVXRc MC-
[T`, [Tl\V[� jMXM[M`M RM C[V\VUV\ UTWQUT�X _CVhQ-
WQCTXYRc. wVl_hYXTX� CMNUMy u[MlQQ – NVyRXC_��QV 
MC[T`Q – �M[M�M P[MR\TX[QCT�XRc UT jMR\MRUQ\jT�, 
P[VNRXTChVUU�� UT [QR. 8, 9. 

KMNMRzM[U�V PhM�TNQ Q\V�X [Tl\V[� 2,2, 1,54 Q 
2,35 `T RMMXCVXRXCVUUM Nhc MC[T`MC ¨ 1, 2 Q 3 ([QR. 8). 
L[Q \M�UMRXQ RUVsUM`M PMj[MCT MX 30 NM 50 R\ \TRRT 
CMN�, P[M�MNc�Tc PM MC[T`T\, \MsVX RMRXTChcXY 600–
1000 X lT PV[QMN MX 7 NM 12 NUVy C lTCQRQ\MRXQ MX 
XV\PV[TX_[� Mj[_sT��Vy R[VN�. �T [QR. 8 C UQsUVy 
WTRXQ PMjTlTU� jMUX_[� C�UVRVUU�� Ql XVhT MXCThT 
`M[U�� PM[MN. qTjTc RQX_TxQc, jTj z�hM P[VNRXTChVUM 
C [TUUQ� [TzMXT�, P[QCMNQX j RMj[T�VUQ� [Vj_hYXQ-
CQ[MCTUU�� lV\VhY UT UQsUV\ c[_RV MXCThT, T XTjsV j 
RMj[T�VUQ� PhM�TNQ lV\VhY, UT jMXM[�� P[MQlCVNV-
U� PMRTNjQ RMRU� Q VhQ. 

�UThM`QWUTc jT[XQUT UTzh�NTVXRc Q UT PM[MNU�� 
MXCThT� [Tl[VlT «�lVyRjQy», `NV C xVUX[ThYUMy V`M 
WTRXQ Q\VVXRc _WTRXMj [Tl\V[M\ 480×480 \, xVUX[ 
jMXM[M`M Q\VVX `VM`[TbQWVRjQV jMM[NQUTX� 540 29/ 01// R.; 
1000 41/ 25// C. ([QR. 9). �T XV[[QXM[QQ uXM`M _WTRXjT 
�M[M�M P[MR\TX[QCT�XRc 13 NVyRXC_��Q� MC[T`MC. 
qTjTc RQX_TxQc Mz�cRUcVXRc PhTUQ[MCjMy PMCV[�UM-
RXQ MXCThT R PMRXMcUU�\ _jhMUM\ R C�RMXUMy MX\VXjQ 
542 \ NM MX\VXjQ 506 \, T XTjsV _jhTNjMy CRj[��U�� 
PM[MN [TlUMy \M[bMhM`QQ C XVhM MXCThT, jMXM[�V 
Q\V�X [TlhQWU_� RXVPVUY _PhMXUVUQc. 

 

 
 

wQR. 8. Z[T`\VUX _WTRXjT hVRUMy [Vj_hYXQCTxQQ 
C xVUX[ThYUM\ RVjXM[V CU_X[VUUQ� PM[MNU��  
 

MXCThMC [Tl[VlT «^M[MNQURjQy» 
 

 
 

wQR. 9. Z[T`\VUX _WTRXjT hVRUMy [Vj_hYXQCTxQQ  
Q bM[\Q[_��Q�Rc MC[T`MC UT CU_X[VUUV\  
 

PM[MNUM\ MXCThV [Tl[VlT «�lVyRjQy» 
 
L[Q P[MCVNVUQQ PMhVC�� ujRPVNQxQy UT PM[MNU�� 

MXCThT� [Tl[VlT «^M[MNQURjQy» C PV[QMN R 2000  
PM 2015 ``. _RXTUMChVU� `VM\VX[QWVRjQV bM[\� NVy-
RXC_��Q� MC[T`MC ([QR. 10). KRV`M z�hM C�cChVUM 43 
MC[T`T [TlhQWUMy P[MXcsVUUMRXQ Q `h_zQU�. KRV MUQ 
RQRXV\TXQWVRjQ Q zVlMRXTUMCMWUM CM C[V\VUQ _CVhQ-
WQCT�XRc C [Tl\V[T�, PMRjMhYj_ P[Q[MNU�V bTjXM[� 
(RUV`MC�V Q NMsNVC�V MRTNjQ, WV[VNMCTUQV MX[QxT-
XVhYU�� Q PMhMsQXVhYU�� XV\PV[TX_[ Q N[.) NVyRX-
C_�X j[_`hM`MNQWUM. 

�C[T`Q UT [QR. 10, � PM [Tl\V[T\ UVzMhY�QV Q lT 
QRjh�WVUQV\ MC[T`T UT MXCThV «vTPTNU�y» WT�V CRV-
`M Q\V�X PhM�TNY 0,5 `T. �C[T`Q PhM�TNY� MX 0,5 `T 
NM 1 `T bM[\Q[_�XRc PM R�V\T\ UT [QR. 10, �, �. �C[T`Q 
UT [QR. 10, �, [TlCVXChVUU�V C PhTUV, Q\V�X PhM�TNY 
zMhVV 1 `T. { UTRXMc�V\_ C[V\VUQ jMhQWVRXCM MC[T`MC 
UT PM[MNU�� MXCThT� [Tl[VlT «^M[MNQURjQy» RMRXTC-
hcVX 29, 7, 2 Q 5 RMMXCVXRXCVUUM Nhc R�V\ UT [QR. 10. 
KMNMRzM[U�V PhM�TNQ MC[T`MC jM[[VRPMUNQ[_�XRc  
R Q� bM[\T\Q, X. V. RT\�V \TjRQ\ThYU�V CMNMRzM[U�V 
PhM�TNQ _ MC[T`MC UT [QR. 10, �, �, � Q RT\�V \QUQ-
\ThYU�V – _ MC[T`MC UT [QR. 10, �. Z[T`\VUX� NVyRX-
C_��Q� MC[T`MC, C �MNV [TlCQXQc jMXM[�� _UQWXMsT-
�XRc [Vl_hYXTX� hVRUMy [Vj_hYXQCTxQQ, C�zM[MWUM 
P[VNRXTChVU� UT [QR. 11, 12. 
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wQR. 10. $�V\� MC[T`MC, RbM[\Q[MCTUU�� UT PM[MNU�� MXCThT�: � – hQUVyUTc bM[\T; 
� – MNUMRXM[MUUVV MXCVXChVUQV; � – NC_RXM[MUUVV MXCVXChVUQV; � – CQhMWUTc bM[\T 

 
�T [QR. 11 UT NUV MC[T`T UT�MNcXRc \MhMN�V NV-

[VCxT (RMRUT, VhY), jMXM[�V P[Q [TlCQXQQ MC[T`T MjT-
lThQRY C lMUV PMCV[�UMRXU�� CMNMXMjMC. K QXM`V MUQ 
RM C[V\VUV\ PV[VUVR_XRc CMNMy C UQsUQy RVjXM[ MC-
[T`T R j[_PUMMzhM\MWU�\ \TXV[QThM\, `NV PMRXVPVU-
UM _RM�U_X Q PM`QzU_X. 

 

 
  

wQR. 11. Z[T`\VUX [TR�MNc�V`MRc MC[T`T CQhMWUMy bM[\� 
 

 
 

�
 

wQR. 12. Z[T`\VUX� MC[T`MC hQUVyUMy bM[\� 
 

K P[MVjXT� UT [Vj_hYXQCTxQ� P[QUQ\T�XRc C MR-
UMCUM\ C�RTNjT RTsVUxVC C [cN�. wTRRXMcUQV \VsN_ 
[cNT\Q MP[VNVhcVXRc C 3 Q 4 \. {MhQWVRXCM NV[VCYVC 

P[Q Q� C�RTNjV PM P[c\M_`MhYUMy RVXjV 3×4, 4×4 \, 
jMXM[�V PMPTNT�X C jMUX_[� MC[T`T, P[VNRXTChVU�  
UT `[TbQjV ([QR. 13). 

  

 
 
wQR. 13. {MhQWVRXCM C�RTsVUU�� P[Q [Vj_hYXQCT-
xQQ NV[VCYVC, _UQWXMsTV\�� P[Q bM[\Q[MCTUQQ  
 

Q [TlCQXQQ MC[T`MC UT PM[MNU�� MXCThT� 
 
$XMQ\MRXY hVRUMy [Vj_hYXQCTxQQ C lTCQRQ\MRXQ 

MX jMhQWVRXCT C�RTsVUU�� RMRVU UT VNQUQx_ PhM�TNQ 
MXCThT P[VNRXTChVUT UT [QR. 14. L[Q MP[VNVhVUQQ lT-
X[TX UT hVRU_� [Vj_hYXQCTxQ� _WQX�CThQRY RhVN_�-
�QV VV RMRXTChc��QV: xVUT RTsVUxVC C hVRMPQXM\UQ-
jT�, RXMQ\MRXY Q� NMRXTCjQ Ql PQXM\UQjT NM Mz�VjXT 
[Vj_hYXQCTxQQ, lTX[TX� UT PMRTNj_ RTsVUxVC, lTX[TX� 
UT _�MN lT RTsVUxT\Q C XVWVUQV 2–3 hVX PMRhV Q� C�-
RTNjQ. 

  

 
 

wQR. 14. ~l\VUVUQV RXMQ\MRXQ hVRUMy [Vj_hYXQCTxQQ 
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wVhYVb PM[MNU�� MXCThMC RM`hTRUM J�$q 17.5.3.04–83 
Nhc P[MCVNVUQc hVRUMy [Vj_hYXQCTxQQ NMhsVU MzVR-
PVWQCTXY ubbVjXQCUMV QRPMhYlMCTUQV \V�TUQlQ[M-
CTUUMy jMhVRUMy XV�UQjQ. LMRhV PhTUQ[MCjQ PMCV[�-
UMRXY MXCThT UV NMhsUT RMNV[sTXY hMjThYU�� PMUQ-
sVUQy. L[Q P[MCVNVUQQ PMhVC�� QRRhVNMCTUQy [TRXQ-
XVhYUM`M \Q[T UT PMCV[�UMRXQ MXCThT C�cChVU� MRM-
zVUUMRXQ hMjThYUM`M bQXMxVUMlT. K PV[C_� MWV[VNY 
UVMz�MNQ\M z�hM C�WhVUQXY Ql CRV`M CQNMCM`M [TlUM-
Mz[TlQc jT[jTR bQXMxVUMlT. ©`M RMRXTChc��QV RhV-
N_��QV: Ql X[TCcUQRX�� [TRXVUQy P[VMzhTNT�X P�-
[Vy PMhl_WQy (elytrigia repens), PMh�UY Mz�jUMCVUUTc 
(artemisia vulgaris), MRMX (sMnchus), PQs\T Mz�jUMCVU-
UTc (tanacetum vulgare), Ql N[VCVRUM-j_RXT[UQjMC�� – 
XMPMhY WV[U�y (populus nigra), MzhVPQ�T j[_�QUMCQN-
UTc (hippophae rhamnoides), XThYUQj (QCT, STlix).  

�RMX P[MQl[TRXTVX RV\VyRXCT\Q MX 2–3 NM 30–40 VN 
Q RVhQXRc C MRUMCUM\ UT _WTRXjT� R RMNV[sTUQV\ `_-
\_RT zMhVV 3 %. L�[Vy PMhl_WQy Mz[Tl_VX `_RXMPV[V-
PhVXVUU�V RXVzhVC�V Q jM[UVCQ�U�V lT[MRhQ XTjsV 
UT _WTRXjT�, MXR�PTUU�� P[VQ\_�VRXCVUUM WVXCV[-
XQWU�\Q MXhMsVUQc\Q. LMh�UY Mz�jUMCVUUTc RVhQX-
Rc MXNVhYU�\Q PMhcUT\Q PhM�TNY� MX 0,5 NM 2–3 \2,  
T XTjsV P[MQl[TRXTVX C RMWVXTUQQ RM CRV\Q CQNT\Q 
PQMUV[UM`M bQXMxVUMlT. ^�hM MzUT[_sVUM Q XM, WXM 
UT MXCThV P[MQl[TRXT�X hVjT[RXCVUU�V X[TC� MXNVhY-
U�\Q MRMzc\Q: X�RcWVhQRXUQj, �TCVhY jMURjQy Q X. P. 
�zhVPQ�T CRX[VWTVXRc WT�V C 2-3 [TlT UT RjhMUT�, 
Mz[T�VUU�� UT RVCV[, WV\ UT �sU�� RjhMUT�. qMPMhY 
P[MQl[TRXTVX [VNjM Q [TCUM\V[UM UT CRVy XV[[QXM[QQ 
MzRhVNMCTUU�� MXCThMC. 

L[MN_jXQCUMRXY uXQ� CQNMC [TRXVUQy PM CVR_ UTN-
lV\UMy WTRXQ _ CRV� MRMzVy [TlUTc, UM Q\VUUM PV[V-
`UQC�QV MRXTXjQ cChc�XRc QRXMWUQjM\ PQXTUQc jM[-
UVC�� RQRXV\ NV[VCYVC, C�RTsVUU�� C �MNV hVRUMy 
[Vj_hYXQCTxQQ UT PM[MNU�V MXCTh�.  

wVl_hYXTX� PMhVC�� ujRPVNQxQy PM QRRhVNMCTUQ� 
[Vl_hYXTXMC hVRUMy [Vj_hYXQCTxQQ UT MX[TzMXTUU�� 
XV[[QXM[Qc� ~[�T-^M[MNQURjM`M Q �lVyRjM`M _`MhY-
U�� \VRXM[MsNVUQy PMlCMhc�X RNVhTXY RhVN_��QV 
C�CMN�: NMRXMCV[UM NMjTlTUM, WXM bM[\T [VhYVbT  
PM[MNUM`M MXCThT C CQNV QNVThYUM RPhTUQ[MCTUUMy 
PMCV[�UMRXQ RPMRMzRXC_VX CMlUQjUMCVUQ� MC[T`MC, 
P[M[VlT��Q� jTj `M[QlMUXThYU�V PMCV[�UMRXQ, XTj  
Q MXjMR� MXCThMC. ZM[\Q[_��QVRc MC[T`Q, Q\V��QV 
XVUNVUxQ� j _CVhQWVUQ� [Tl\V[MC, WTRXQWUM _UQW-
XMsT�X [Vl_hYXTX� [TzMX PM hVRUMy [Vj_hYXQCTxQQ, 
P[QCMNcX j RMj[T�VUQ� PhM�TNQ [Vj_hYXQCQ[_V\�� 
MXCThMC, T XTjsV RPMRMzRXC_�X _UQWXMsVUQ� NV[VCY-
VC, C�RTsVUU�� C �MNV [TzMX PM hVRUMy [Vj_hYXQCT-
xQQ. K uXMy RCclQ CMlUQjTVX UVMz�MNQ\MRXY C [Tl[T-
zMXjV XV�UMhM`QQ bM[\Q[MCTUQc [VhYVbT PM[MNU�� 
MXCThMC Nhc hVRUMy [Vj_hYXQCTxQQ, P[TjXQWVRjTc [VT-
hQlTxQc jMXM[My z_NVX RPMRMzRXCMCTXY _h_W�VUQ�  
VV [Vl_hYXTXMC. 

K hQUVyjV \VRXM[MsNVUQy uXM`M XQPT (`M[QlMU-
XThYUMV lThV`TUQV _`MhYU�� PhTRXMC – \VRXM[MsNVUQc 
{[TRUMc[RjM`M j[Tc, ~[j_XRjTc MzhTRXY, vTzTyjThY-
RjQy j[Ty) PMjTlTXVhQ hVRUMy [Vj_hYXQCTxQQ UT PM-
[MNU�� MXCThT� QRRhVN_V\�� [Tl[VlMC \M`_X QRPMhY-
lMCTXYRc jTj QUNQjTXM[U�V, X. V. PMjTlTXVhYU�V Nhc 
N[_`Q� _`MhYU�� [Tl[VlMC RM R�MNU�\Q `M[UM-
`VMhM`QWVRjQ\Q _RhMCQc\Q, C�MNc�Q� C q³{ wZ.  

����^3�#��. wTl[TzMXTUUMV QUbM[\TxQMUUMV 
MzVRPVWVUQV [Vl_hYXTXMC [TzMX PM hVRUMy [Vj_hYXQCT-
xQQ, T XTjsV PMhVC�V QRRhVNMCTUQc `MCM[cX M XM\, WXM 
RQX_TxQc R hVRUMy [Vj_hYXQCTxQVy C QRRhVN_V\�� 
[TyMUT� C xVhM\ zhT`MP[QcXUTc Q cChcVXRc RzThTURQ-
[MCTUUMy C PhTUV bM[\Q[MCTUQc hVRU�� ujMRQRXV\ UT 
MX[TzMXTUU�� XV[[QXM[Qc� _`MhYU�� \VRXM[MsNVUQy. 
K lTjh�WVUQV MX\VXQ\, WXM j UTRXMc�V\_ C[V\VUQ  
UT XV[[QXM[QQ PM[MNU�� MXCThMC, [TRPMhMsVUU��  
C C�[TzMXTUUM\ P[MRX[TURXCV ~[�T-^M[MNQURjM`M  
Q �lVyRjM`M z_[M_`MhYU�� \VRXM[MsNVUQy UT _WTRX-
jT� R hVRUMy [Vj_hYXQCTxQVy bM[\Q[_�XRc R\V�TU-
U�V hVRT, jT[jTR jMXM[�� RMRXTChc�X QRj_RRXCVUU�V 
hVRMPMRTNjQ. qTjsV C �MNV ujMhM`QWVRjM`M \MUQXM-
[QU`T MX\VWVUT UVzhT`MP[QcXUTc RQX_TxQc, RCclTUUTc 
R CMlNVyRXCQV\ CMNUMy u[MlQQ UT [VhYVb _WTRXjMC  
R hVRMUTRTsNVUQc\Q, WXM C QXM`V P[QCMNQX j Mz[TlM-
CTUQ� MC[TsUM-zThMWU�� RQRXV\ R PMRXMcUUM [TR�Q-
[c��Q\QRc [Tl\V[T\Q. K\VRXV R uXQ\, UT UT� Cl`hcN, 
P[Q [Tl[TzMXjV ujMhM`QWVRjMy RX[TXV`QQ P[VNP[QcXQy 
(_`MhYU�V [Tl[Vl� «^M[MNQURjQy» Q «�lVyRjQy») UV-
Mz�MNQ\T MPXQ\QlTxQc C MzhTRXQ hVRUMy [Vj_hYXQCT-
xQQ UT[_�VUU�� lV\VhY, PMRjMhYj_ UV CRµ, WXM NVhT-
VXRc UT [Tl[VlV R PMlQxQQ ujMhM`QQ, C QXM`V (PM P[M-
�VRXCQQ UVjMXM[M`M C[V\VUQ) C�`hcNQX XTj, jTj uXM 
P[VNPMhT`ThMRY QlUTWThYUM, PM j[TyUVy \V[V, C P[M-
VjXT�. �T�Q P[VNhMsVUQc PM MPXQ\QlTxQQ ujMhM`QWV-
RjMy PMhQXQjQ P[VNP[QcXQc C MzhTRXQ CMRRXTUMChVUQc 
UT[_�VUU�� lV\VhY z_N_X, P[Q UVMz�MNQ\MRXQ, UT-
P[TChVU� UT R_�VRXCVUUMV RUQsVUQV lTX[TX UT P[MQl-
CMNRXCM [TzMX PM hVRUMy [Vj_hYXQCTxQQ lV\VhY R MN-
UMC[V\VUU�\ PMh_WVUQV\ ujMhM`QWVRjQ� [Vl_hYXT-
XMC, R�MsQ� R PMjTlTXVhc\Q _sV CMRRXTUMChVUU�� 
`M[UMP[M\��hVUU�� hTUN�TbXMC. 
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In this paper we apply multi-objective optimization approach to find a Pareto optimal ensemble of neural network 

classifiers, which is used for solving the emotion recognition problem. Pareto set of neural networks is found by opti-
mizing two conflicting criteria: maximizing emotion classification rate and minimizing the number of neural network 
neurons. We implemented several ensemble fusion schemes – voting, averaging class probabilities and adding auxiliary 
meta-classification layer. The number of audio and video features extracted from raw video sequences for analysis is 
quite large, so we also applied multi-objective approach in order to find the optimal subset of features. The optimized 
criteria in this case are maximizing classification rate and minimizing the number of features. The multi-objective ap-
proach to neural network parameter optimization and to feature selection was compared to the classic single-objective 
optimization approach on several datasets. According to experimental results, multi-objective approach to neural net 
optimization provided on average 7.1 % higher emotion classification rate than single-objective optimization. Applying 
multi-objective approach to feature selection as well helped to improve the classification rate by 2.8 % compared to 
single-objective approach, by 5.4 % compared to using principal components analysis, and by 13.9 % compared to not 
using dimensionality reduction at all.  Taking into account the obtained results, we suggest using multi-objective ap-
proach to machine learning algorithms optimization and feature selection in further research connected with emotion 
recognition problem and other complex classification tasks. 
 

Keywords: ensemble, neural network, multi-objective optimization, emotion recognition. 
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)	������ #��&�� ������	���	��$��� �#������'��, ����� ����� #�	���-�#����$��� ������� ���-
	����& �����, ��#�$�%���& �( 	�"���( ������ 	��#��������( !��'��. )���� #�	���-���6����� ���	������ 
������( #%��� �#������'�� ��%& #	�����	�����& �	���	���: ���������	%���( �������$ 	��#��������( 
!��'�� � ��������	%���( ���� ���	���� ����. ���������� �����$�� ������� ��(��( �����/�����	��  
� ��������: ����������, %�	������� ��	�(������� ������, ��������� ��#�������$���� ��( ���������-
/���'��. ��� ��� ��������� ���������& �( ������ �%���- � �����#	������� ���������� �����, ���6� 
#	������ ������	���	��$��� #��&�� �( ��&�6����( �#����$���� #�����6����� #	�������. � ������ 
�%��� �#������	%+��( ���%+*�� �	���	��: ���������	%���( �������$ �����/���'�� � ��������	%���( 
��������� #	�������. 8�����	���	��$��� #��&�� � �#������'�� #�	����	�� ���	������ � � ����	% #	�-
������ �� �	����� � ����������� �����	���	��$��� #��&���� �� �����$��& ����	��&. ������� #�%���-
��� !��#�	������$��� 	��%$�����, � #���*$+ ������	���	��$���� ������ �#������'�� ���	����&  
����� %����$ ������$ � �	����� �� 7,1 % %�"�� �������� �����/���'�� !��'��, ��� � #���*$+ �����	�-
��	��$���� ������. )	�������� ������	���	��$���� ������ � ����	% ��/�	�������& #	������� ���6� 
#������ %%�"��$ �������$ �����/���'�� �� 2,8 % #� �	������+ � �����	���	��$��� �������, �� 5,4 % 
#� �	������+ � ��#�$�������� ������ �����& ���#����� � �� 13,9 % #� �	������+ � ��#�$�������� ���& 
#	�������, ��� #	�'��%	� ���6���( 	����	�����. W�	( �� �������� #�%������ 	��%$����, 	������������ 
��#�$�����$ ������	���	��$��� #��&�� �( �#������'�� ���	����� ��"������ ��%����( � �( ����	� 
��/�	�������& #	������� � ��$���"�& ����������(&, ��(�����& � ������� 	��#��������( !��'�� � �	%���� 
��6���� �������� �����/���'��. 
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Introduction. The problem of configuring machine 
learning algorithms is crucial for finding effective solu-
tions to practical machine learning and data analysis prob-
lems. There has been much research done on developing 
the algorithms for configuring machine learning algo-
rithms parameters and structure. In this work we apply 
multi-objective optimization method to neural networks 
parameter optimization and compare it to the single-
objective optimization method. The emotion recognition 
problem by audio-visual features serves as a benchmark 
problem. There are to conflicting optimized criteria: emo-
tion classification rate (maximized) and the number of 
neural network neurons (minimized). In such optimization 
formulation we end up with finding a Pareto optimal set 
of neural networks, some of which may naturally have  
a complex structure (more neurons) and a better classifi-
cation rate on a train set (overfitting), while some may 
have a simpler structure and worse classification rate, but 
at the same time have a lower generalization error (under-
fitting). The idea proposed in this work is to combine 
such diverse Pareto optimal neural networks into an en-
semble, that would, hopefully, yield a better classification 
rate on the test set. 

Another important step performed in machine learning 
is the feature space dimensionality reduction. In this work 
we also apply multi-objective optimization method to find 
the optimal subset of features. The optimized criteria are: 
emotion classification rate (maximized) and the total 
number of features chosen for further analysis (mini-
mized). The proposed multi-objective optimization ap-
proach to feature selection is compared to single-objective 
optimization approach and to principal components analy-
sis (PCA). 

The problem of emotion recognition is a part of  
a more global problem of human-machine interaction 
(HMI). The systems that provide means of HMI are called 
dialogue systems (DS). Dialogue systems consist of sev-
eral modules: speech analysis, intelligence gathering, tak-
ing actions. The gathered intelligence includes person’s 
gender, age, emotional state, ethnicity and other informa-
tion that might be valuable for making decision about the 
actions. In this work we focus on the problem of person 
emotional state classification by the available audio and 
video information of person’s face. 

Significant related work. The paper by Rashid et al. [1] 
explores the problem of human emotion recognition and 
proposes the solution of combining audio and visual fea-
tures. First, the audio stream is separated from the video 
stream. Feature detection and 3D patch extraction are 
applied to video streams and the dimensionality of video 
features is reduced by applying PCA. From audio streams 
prosodic and mel-frequency cepstrum coefficients 
(MFCC) are extracted. After feature extraction the authors 
construct separate codebooks for audio and video modali-
ties by applying the K-means algorithm in Euclidean 
space. Finally, multiclass support vector machine (SVM) 
classifiers are applied to audio and video data, and deci-
sion-level data fusion is performed by applying Bayes 
sum rule. By building the classifier on audio features the 
authors received an average accuracy of 67.39 %, using 
video features gave anaccuracy of 74.15 %, while com-
bining audio and visual features on the decision level im-
proved the accuracy to 80.27 %. 

Kahou et al. [2] described the approach they used for 
submission to the 2013 Emotion Recognition in the Wild 
Challenge. The approach combined multiple deep neural 
networks including deep convolutional neural networks 
(CNNs) for analyzing facial expressions in video frames, 
deep belief net (DBN) to capture audio information,deep 
autoencoder to model the spatio-temporal information 
produced by the human actions, and shallow network ar-
chitecture focused on theextracted features of the mouth 
of the primary human subject in the scene. The authors 
used the Toronto Face Dataset, containing 4.178 images 
labelled with basic emotions and with only fully frontal 
facing poses, and a dataset harvested from Google image 
search which consisted of 35.887 images with seven  
expression classes. All images were turned to grayscale of 
size 48×48. Several decision-level data integration tech-
niques were used: averaged predictions, SVM and multi-
layer perceptron (MLP) aggregation techniques,and ran-
dom search for weighting models. The best accuracy they 
achieved on the competition testing set was 41.03 %. 

In the work by Cruz et al. [3] the concept of modelling 
the change in features is used, rather than their simple 
combination. First, the faces are extracted from the origi-
nal images, and Local Phase Quantization (LPQ) histo-
grams are extracted in each n × n local region. The histo-
grams are concatenated to form afeature vector. The de-
rivative of features is computed by two methods: convolu-
tion with the difference of Gaussians (DoG) filter and 
thedifference of feature histograms. A linear SVM  
is trained to output posterior probabilities and the changes 
are modelled with a hidden Markov model. The proposed 
method was tested on theAudio/Visual Emotion Chal-
lenge 2011 dataset, which consists of 63 videos of 13 dif-
ferent individuals, where frontal face videos are taken 
during an interview where the subject is engaged in  
a conversation. The authors claim thatthey increased the 
classification rate on the data by 13 %. 

In [4] the authors exploit the idea of using electroen-
cephalogram, pupillary response and gaze distance to 
classify the arousal of a subject as either calm, medium 
aroused, or activated and valence as either unpleasant, 
neutral, or pleasant. The data consists of 20 video clips 
with emotional content from movies. The valence classi-
fication accuracy achieved is 68.5 %, and thearousal clas-
sification accuracy is 76.4 %. 

Busso et al. [5] researched the idea of acoustic and fa-
cial expression information fusion. They used a database 
recorded from an actress reading 258 sentences express-
ing emotions.Separate classifiers based on acoustic data 
and facial expressions were built, with classification accu-
racies of 70.9 % and 85 % respectively. Facial expression 
features include 5 areas: forehead, eyebrow, low eye, 
right and left cheeks. The authors covered two data fusion 
approaches: decision level and feature level integration. 
On the feature level,audio and facial expression features 
were combined to build one classifier, giving 90 % accu-
racy. On the decision level, several criteria were used to 
combine posterior probabilities of the unimodal systems: 
maximum – theemotion withthe greatest posterior prob-
ability in both modalities is selected; average – theposte-
rior probability of each modalityis equally weighted and 
the maximum is selected; product – posterior probabilities 
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are multiplied and the maximum is selected; weight – 
different weights are applied to the different unimodal 
systems. The accuracies of decision-level integration bi-
modal classifiers range from 84 % to 89 %, product com-
bining being the most efficient. 

Methodology. The process of solving the emotion 
recognition problem, as well as any other classification 
problem. consists of the following steps: 

1. Raw data gathering, in our case obtaining the data-
base of labeled video recordings with emotional content. 

2. Feature extraction, in order to perform quantitative 
analysis, we need quantitative features to base upon. 

3. Dimensionality reduction, performed when the 
number of features is too large, for higher generalizability 
and lower computational costs. 

4. Training classifier, using the train set. 
5. Making predictions, using the test set. 
Completion of each step is crucial for successful clas-

sification problem solving. While gathering valuable data 
and using the right technique for feature extraction are the 
most important and time consuming steps, usually it turns 
out that researchers do not have the ability to collect their 
own data, or are forced to work with the data that was 
provided to them. In such cases what really matters, are 
steps 3 and 4, that are actually about taking as much as 
you can from available data and implementing the right 
classifier in order to make accurate predictions. In this 
work we focus on achieving these two goals. 

But let us begin from the beginning. We are using 
SAVEE emotional database [6] as a data source for our 
analysis. It contains 480 video recordings of 4 male indi-
viduals reading a set of sentences expressing 7 basic emo-
tions: anger, happiness, disgust, neutral, fear, surprise, 
sadness. We apply openSMILE software [7] for extracting 
audio features, and 3 video feature extraction methods: 

1) Quantized Local Zernike Moments (QLZM) [8]; 
2) Local Binary Patterns (LBP) [9]; 
3) Local Binary Patterns on Three Orthogonal Planes 
(LBP-TOP) [10]. 
After that goes dimensionality reduction step, which 

can be performed in several ways. There are two groups 
of algorithms used for dimensionality reduction: 

1. Feature transformation methods, that take the large 
number of features and transform them to less number of 
more informative features. Principal components analysis 
(PCA) is a popular method of this group. 

2. Feature selection methods, that take the large num-
ber of features and select the optimal (in some sense) sub-
set of features. 

The classic approach in feature selection is to use sin-
gle-objective optimization algorithms for finding the op-
timal features that, when used with a proper classifier, 
would provide the highest classification rate. We went 
further and applied multi-objective optimization algo-
rithms for solving this problem. The first optimized objec-
tive is the same as in single-objective formulation, the 
classification rate, which is defined as follows: 
 ( / ) 100 %,cR N N� �  (1) 

where Nc is the number of correctly classified instances;  
N is the total number of dataset instances; R is the classi-
fication rate. The second objective is the minimization of 

the number of selected features, because this is the es-
sence of dimensionality reduction step: 
 | | min,F $  (2) 

where F is the subset of selected features. Support vector 
machine (SVM) algorithm was used for classification 
purposes. Other objectives may be used for optimization 
during feature selection procedure, like intra-class and 
inter-class distances [11]. 

The next step, training the classifier, involves choos-
ing the classification algorithm and adjusting its parame-
ters. We chose feed-forward single-layer neural network 
algorithm with sigmoid activation function. The popular 
approach to neural network parameter adjustment is based 
on using the optimization algorithms for finding the opti-
mal neural net parameter values. In our optimization for-
mulation, the input variables include the overall number 
of network neurons and the number of iterations for net-
work training. The input variables vary in the following 
borders. Number of network neurons 2 : 50nN � , number 
of network training iterations 2 : 200tN � . 

We applied the multi-objective optimization approach 
to neural network parameter optimization. The optimized 
criteria are as follows: maximizing the classification rate 
and minimizing the number of network neurons. As  
a result of multi-objective optimization, we obtain  
a Pareto optimal set of neural networks. In order to make 
possible the comparison of single and multi-objective 
approaches, we combine Pareto optimal neural network 
classifiers into an ensemble, fusing the outputs of multiple 
neural networks by several techniques: 

1. Voting, the class that was predicted by the majority 
of neural nets is chosen as a final prediction. 

2. Averaging the class probabilities over all networks, 
posterior class probabilities for each class are averaged 
over all neural networks in the ensemble. 

3. Adding auxiliary meta-classification layer, training 
dataset is divided into two parts, the first part is used to 
train the ensemble classifiers. The output posterior class 
probabilities of all ensemble classifiers are treated as  
input variables, and the second part of the training dataset 
is used to train an auxiliary SVM meta-classifier, which 
outputs the resulting class prediction. 

The class of genetic algorithms was chosen for solving 
the optimization tasks described above. We used  
Co-evolutionary Genetic algorithm for single-objective 
optimization, and several algorithms for multi-objective 
optimization: Strength Pareto Evolutionary algorithm 
(SPEA) [12], Non-dominated Sorting Genetic algorithm 
(NSGA-2) [13], Vector Evaluated Genetic algorithm 
(VEGA) [14] and Self-configuring Co-evolutionary 
Multi-objective Genetic algorithm (SelfCOMOGA) [15]. 

Experimental results. We performed a series of ex-
periments on using the proposed multi-objective optimi-
zation approach to feature selection and neural networks 
parameter optimization. The experiments were conducted 
on 5 different datasets, including audio features dataset,  
3 video features datasets, namely QLZM, LBP and LBP-
TOP datasets, and audio-visual dataset that is merely  
a combination of the audio and 3 video features datasets. 
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Emotion classification rate, as well as the reduced 
number of features obtained by different dimensionality 
reduction techniques can be found in tab. 1. As can be 
observed, multi-objective approach to feature selection 
provides the highest classification rate on 4 out of 5 data-
sets, leaving the second place to single-objective approach 
to feature selection, and the third one to PCA. The highest 
achieved emotion classification rate is 45.7 %. 

Tab. 2 contains results on the comparison of single 
and multi-objective approaches to neural network parame-
ter optimization. Different ensemble fusion schemes and 
multi-objective optimization algorithms were tried.  
According to the results, multi-objective optimization 
approach outperformed single-objective optimization ap-
proach on all 5 datasets. The highest achieved emotion 

classification rate is 39.8 %, which is still high enough for 
such a complex problem, taking into account that the 
baseline model, that is, always predicting the most fre-
quently observed class label from the train set, would 
yield the 25 % accuracy. 

Conclusion. In this work we addressed two crucial 
steps of building an emotion recognition system – dimen-
sionality reduction and classifier training. We applied the 
multi-objective optimization approach to these two steps, 
which helped to achieve the 45.7 % classification rate. 

As a result of our research, we defined that the pro-
posed approach proved to be useful in both feature selec-
tion and neural network parameter optimization proce-
dures, so we recommend using it in further research con-
nected with emotion recognition. 

 
Table 1 

Emotion classification rate (%), dimensionality reduction approaches comparison 
 

Dataset Audio QLZM LBP LBP-TOP Audio + 
video 

Initial number of features 991 656 59 177 1883 
All features 28.542 10.506 20.486 22.847 19.732 

Principal components analysis 35.923 / 131 21.458 / 36 23.75 / 4 32.017 / 10 31.718 / 180

Single-objective 
optimization 38.095 / 476 20.208 / 301 25.972 / 33 40.278 / 77 33.661 / 902

Emotion classifica-
tion rate / reduced 
number of features Feature  

selection Multi-objective 
optimization 39.702/ 484 24.911 / 319 25.694 / 31 45.694 / 90 35.893/ 885

 
Table 2  

Emotion classification rate (%), neural networks optimization and ensemble forming 
 

Dataset Optimization  
Algorithm (number 

of objectives) 

Ensemble Classifiers 
Output Fusion 

Scheme Audio QLZM LBP LBP-TOP Audio + video 
Co-evolutionary 

GA (1) – 35.923 21.458 23.75 32.917 31.718 

Voting 31.012 16.319 16.667 34.167 27.292 

Average class 
probabilities 16.994 10.903 16.458 39.583 14.256 SPEA (2) 

SVM meta-classifier 28.631 16.042 18.264 34.583 25.06 

Voting 29.226 21.181 19.236 33.403 24.554 

Average class 
probabilities 29.435 14.722 16.667 17.639 23.571 NSGA-2 (2) 

SVM meta-classifier 39.762 11.528 17.5 38.125 34.94 

Voting 33.839 17.5 24.514 32.639 22.5 

Average class 
probabilities 27.262 24.306 20.069 21.042 15.119 VEGA (2) 

SVM meta-classifier 38.899 13.958 29.167 36.736 37.292 

Voting 26.577 20.347 33.125 36.25 19.94 

Average class 
probabilities 23.244 15.935 25.417 22.708 17.768 SelfCOMOGA (2) 

SVM meta-classifier 36.518 26.756 38.333 36.319 29.405 
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In this article we develop causes of occurrence of integration necessity for information systems used on aerospace 
enterprises. We also show the main tools of product life cycle control and information systems for general enterprise 
administration. Moreover we define sources of negative influence on administrative reactions quality and represent the 
decision which can increase control efficiency. The approach to design of the integrated information control system is 
suggested and its core is described. General aspect of all functional tools is defined to represent it as a link between 
different information systems. Possibility of development of a new abstract level is described to integrate through it 
different functional information systems used on the enterprise where the term of work is proposed as a logical 
integration link. A positive effect of suggested approach for integration of information control system is illustrated. 
Possibility of classification of all enterprise perform activities by the main manufacturing phases and product structure 
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belonging is considered by the example of ISS methodical documents.  The examples of classifiers developed on the 
base of ISS normative documents are given and their advantages are explained. Necessity to expanse functional of the 
project control system which heads the suggested tool which is the base for integration of information systems used on 
the enterprise is pointed out. A positive effect reached by the contact phase coordination at the top control level with 
performer activities is discussed and the possibility of accumulated data usage to specify and justify project 
characteristics at the contract award stage is defined. Conclusions about usage practicability of suggested approach to 
enterprise control system integration are made.  

 
Keywords: information system integration, enterprise control systems, uniform information field, project control, 

product life cycle. 
 
�����#��. L[VNP[QcXQc [TjVXUM-jMR\QWVRjMy MX-

[TRhQ (w{�) MXhQWT�XRc MX P[VNP[QcXQy, P[MQlCMNc-
�Q� P[MN_jxQ� \TRRMCM`M RP[MRT, [cNM\ �T[TjXV[Q-
RXQj [1]. ^MhY�My Mz�V\ UT_WUM-QRRhVNMCTXVhYRjQ�  
Q MP�XUM-jMURX[_jXM[RjQ� [TzMX, VNQUQWUMV P[MQl-
CMNRXCM, CM \UM`Q� Rh_WTc� MXR_XRXCQV RXTUNT[XU�� 
XV�P[MxVRRMC Q X[_NUM UM[\Q[_V\�V [TzMX� QUXVh-
hVjX_ThYUM`M �T[TjXV[T UV PMlCMhc�X QRPMhYlMCTXY  
C _P[TChVUQQ P[VNP[QcXQV\ P[VNhT`TV\�V UT [�UjV 
`MXMC�V QUbM[\TxQMUU�V RQRXV\� jM\PhVjRUMy  
TCXM\TXQlTxQQ. $MC[V\VUU�V [MRRQyRjQV P[VNP[Qc- 
XQc w{� cChc�XRc jMUj_[VUXMRPMRMzU�\Q CM \UM`M\ 
lT RWVX RMzRXCVUUMy \MNVhQ _P[TChVUQc, [Tl[TzTX�-
CTV\My CU_X[Q RT\Q� P[VNP[QcXQy. ~URX[_\VUXT\Q  
sV, PMNNV[sQCT��Q\Q P[QUcX_� \MNVhY _P[TChVUQc, 
cChc�XRc TNTPXQ[MCTUU�V PMN UVV b_UjxQMUThYU�V 
QUbM[\TxQMUU�V RQRXV\�, jMXM[�V R [TlCQXQV\ XV�-
UQWVRjQ� CMl\MsUMRXVy PMRXMcUUM \MNV[UQlQ[_�XRc, 
Q CM \UM`Q� Rh_WTc� UVlTCQRQ\M N[_` MX N[_`T. K U�-
UV�UQ� [VThQc�, R PMCRV\VRXU�\ RMj[T�VUQV\ lTX[TX 
Q PV[V�MNM\ j P[QUxQPT\ _P[TChVUQc zV[VshQC�\ 
P[MQlCMNRXCM\, X[Vz_VXRc PMRXMcUUMV UThQWQV TjX_-
ThYUMy Q UVP[MXQCM[VWQCMy QUbM[\TxQQ M RMRXMcUQQ 
CRV� P[M�MNc�Q� UT P[VNP[QcXQQ P[MxVRRMC [2]. �hc 
uXM`M UVMz�MNQ\M [Tl[TzTX�CTXY RPMRMz� Q PMN�MN� 
j QUXV`[TxQQ [TlhQWU�� QURX[_\VUXMC Nhc bM[\Q[M-
CTUQc VNQUM`M QUbM[\TxQMUUM`M P[MRX[TURXCT. 

="��0��)��� ��/��#�� ��'0����#�! �#2�"'�-
-��##�! ���%�') *0"����#�� 0"��0"��%��'.  
K _P[TChVUQQ RMC[V\VUU�\ P[VNP[QcXQV\ [TjVXUM-
jMR\QWVRjMy MX[TRhQ lTNVyRXCMCTUM \UMsVRXCM  
QUbM[\TxQMUU�� RQRXV\, M[QVUXQ[MCTUU�� UT RMP[M-
CMsNVUQV MP[VNVhVUU�� CQNMC NVcXVhYUMRXQ. ¹TRXM 
uXQ RQRXV\� R_�VRXC_�X UT [TlhQWU�� _[MCUc� 
_P[TChVUQc Q UV Q\V�X \VsN_ RMzMy QUXV`[TxQMUU�� 
RCclVy, T QRPMhUQXVhQ, [TzMXT��QV C UQ�, CCMNc  
Q PMNNV[sQCTc XMhYjM RCM� QUbM[\TxQ�, UV lUT�X  
Q UV _WQX�CT�X ChQc��Q� bTjXM[MC Ql N[_`Q� QU-
bM[\TxQMUU�� QRXMWUQjMC. Z_UjxQMUThYUTc RX[_j-
X_[T _P[TChVUQc RPMRMzRXC_VX [TlCQXQ� UT P[VNP[Q-
cXQc� [TlhQWU�� QURX[_\VUXMC, PMNNV[sQCT��Q� UT 
P[QV\hV\M\ _[MCUV Nhc jMUj[VXUM`M P[MxVRRT UVMz-
�MNQ\�y Mz�V\ QUbM[\TxQQ. {Tj P[TCQhM, uXQ QU-
bM[\TxQMUU�V RQRXV\� [TzMXT�X TCXMUM\UM, RM RCM-
Vy UM[\TXQCUMy Q RP[TCMWUMy QUbM[\TxQVy Q RMlNT-
U� R P[Q\VUVUQV\ [TlhQWU�� XV�UMhM`Qy Q RPMRMzMC 
�[TUVUQc NTUU�� [3]. ©RhQ C QUbM[\TxQMUUMy RQRXV-
\V, PMNNV[sQCT��Vy jTjMy-hQzM P[MxVRR, X[Vz_VXRc 
QUbM[\TxQc Ql N[_`Q� _WVXU�� RQRXV\, XM, jTj P[TCQ-
hM, Nhc Q� QUXV`[TxQQ QRPMhYl_�XRc [TlhQWU�V  
MXWVXU�V bM[\�, PMN`MXMChVUU�V C P[VN�N_�Q� P[M-
xVRRT�. ³XQ C�MNU�V NTUU�V lT`[_sT�XRc C[_WU_� 

hQzM WV[Vl P[M`[T\\�-lT`[_lWQjQ. L[Q XTjMy XV�UM-
hM`QQ [TzMX� R QUbM[\TxQVy lTX[_NUVU�, T C UVjMXM-
[�� Rh_WTc� UVCMl\MsUM ChQcXY UT P[VN�VRXC_��QV 
P[MxVRR�, P[MXVjT��QV C N[_`M\ QUbM[\TxQMUUM\ 
PMhV Q PMNNV[sQCTV\�V N[_`Q\Q b_UjxQMUThYU�\Q 
PMN[TlNVhVUQc\Q [4]. 

�RUMCU�\ QURX[_\VUXM\ Nhc [Tl[TzMXjQ jMR\QWV-
RjMy XV�UQjQ UT P[VNP[QcXQc� w{� cChc�XRc RQRXV\� 
TCXM\TXQlQ[MCTUUM`M P[MVjXQ[MCTUQc ($�Lw), `NV 
RMlNTVXRc xQb[MCTc \MNVhY QlNVhQc, RMRXMc�Tc Ql 
M`[M\UM`M jMhQWVRXCT NVXThVy RzM[MWU�� VNQUQx. 
KCQN_ PMC��VUUMy RhMsUMRXQ b_UjxQMUThT XTjQ� 
RQRXV\, MUQ cChc�XRc PMj_PU�\Q, Q jTj P[TCQhM –  
_ QUMRX[TUU�� P[MQlCMNQXVhVy. LMRhV P[MVjXQ[MCT-
UQc NVXThVy, _lhMC MbM[\hcVXRc [TzMWTc NMj_\VUXT-
xQc, jMXM[Tc �[TUQXRc MP[VNVhVUU�\ Mz[TlM\ C RQR-
XV\T� uhVjX[MUUM`M T[�QCT Q PV[VNTVXRc C RQRXV\_ 
_P[TChVUQc P[MQlCMNRXCM\ Nhc PhTUQ[MCTUQc P[MxVR-
RT Ql`MXMChVUQc \TXV[QThYUMy WTRXQ. LM\Q\M RMzRX-
CVUUM`M P[MQlCMNRXCT P[Q RMlNTUQQ jMR\QWVRjMy XV�-
UQjQ lTNVyRXCMCTU� \UM`MWQRhVUU�V jMUX[T`VUX�, 
C�PMhUc��QV Nhc P[VNP[QcXQc MP[VNVhVUU�V _Rh_`Q, 
T XTjsV PMRXTC�QjQ \TXV[QThMC Q PMj_PU�� QlNVhQy. 
�hc _P[TChVUQc uXQ\Q P[MxVRRT\Q QRPMhYl_�XRc _sV 
RQRXV\� RjhTNRjM`M _WVXT, _P[TChVUQc lTj_PjT\Q, 
ClTQ\MMXUM�VUQc\Q R jMUX[T`VUXT\Q Q X. P. LV[VWQR-
hVUU�V QUbM[\TxQMUU�V RQRXV\�, P[VNRXTChVUU�V 
UT [QR. 1, MXUMRcXRc j UVPMR[VNRXCVUUMy [Tl[TzMXjV  
Q RMlNTUQ� `MXMCM`M QlNVhQc UT P[VNP[QcXQc� w{�, 
Q� \MsUM MXUVRXQ j _[MCU� QRPMhUQXVhVy. LM UQ\ 
MXRhVsQCTVXRc sQlUVUU�y xQjh P[MN_jxQQ. 

LM\Q\M _PM\cU_X�� C��V QURX[_\VUXMC, Nhc Mz-
�V`M _P[TChVUQc P[VNP[QcXQV\ QRPMhYl_�XRc QU-
bM[\TxQMUU�V RQRXV\� ujMUM\QWVRjM`M PhTUQ[MCT-
UQc Q z�NsVXQ[MCTUQc, _P[TChVUQc bQUTURT\Q, _WVXT 
Q PMN`MXMCjQ jTN[MC, _P[TChVUQc [QRjT\Q Q X. P. [5]. 
kWQX�CTc PMlTjTlU�y, WTRXM �X_WU�y, XQP P[MQlCMN-
RXCT Q MRMzVUUMRXQ [TRR\TX[QCTV\�� P[VNP[QcXQy, 
UVMz�MNQ\�\ cChcVXRc QRPMhYlMCTUQV RQRXV\� _P[TC- 
hVUQc P[MVjXT\Q R b_UjxQc\Q [TRP[VNVhVUQc [VR_[-
RMC, T XTjsV RCclTUUMy R UVy RQRXV\� jMUX[Mhc Q QR-
PMhUVUQc PM[_WVUQy. K RCM� MWV[VNY, �MlcyRXCVUUTc 
NVcXVhYUMRXY h�zM`M P[VNP[QcXQc _WQX�CTVXRc C RQR-
XV\V z_�`ThXV[RjM`M _WVXT, jMXM[�y cChcVXRc MRUMCT-
UQV\ Nhc CRV� bM[\ MXWVXUMRXQ Q _PhTX� MzclTXVhY-
U�� PhTXVsVy CM CRV `MR_NT[RXCVUU�V RX[_jX_[�.  
qTjMy UTzM[ MRUMCU�� QUbM[\TxQMUU�� RQRXV\  
lTNVyRXCMCTU C P[MxVRRV _P[TChVUQc [MRRQyRjQ\Q 
P[VNP[QcXQc\Q w{�. wTlhQWUTc b_UjxQMUThYUTc P[Q-
UTNhVsUMRXY uXQ� RQRXV\, [TlhQWU�V Mz�VjX� _WVXT  
C UQ�, MXR_XRXCQV _UQbQxQ[MCTUUM`M PMN�MNT j TUThQl_ 
QUbM[\TxQQ UV`TXQCUM ChQc�X UT jTWVRXCM _P[TC- 
hVUWVRjQ� [V�VUQy UT CRV� _[MCUc� [_jMCMNRXCT. 
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�hc PMC��VUQc jTWVRXCT Q ubbVjXQCUMRXQ MPV[T-
XQCUM`M _P[TChVUQc P[VNP[QcXQV\ X[Vz_�XRc TCXM\T-
XQlQ[MCTUU�V QUbM[\TxQMUU�V RQRXV\� _P[TChVUQc 
XV�UMhM`QWVRjQ\Q P[MxVRRT\Q, PMlCMhc��QV M[`TUQ-
lMC�CTXY PMRhVNMCTXVhYU_� Q� _Cclj_ PM QV[T[�QWV-
RjQ\ _[MCUc\ R CMl\MsUMRXY� UTjTPhQCTXY Q TUThQ-
lQ[MCTXY QUbM[\TxQ� C VNQUMy RQRXV\V RzM[T Q Mz[T- 
zMXjQ NTUU��. �hc MPXQ\ThYU�� Q ClCV�VUU�� [V�V-
UQy UVMz�MNQ\M Q\VXY VNQUMV QUbM[\TxQMUUMV PMhV 
RX[_jX_[Q[MCTUU�� NTUU��, jMXM[�V \MsUM z_NVX 
TUThQlQ[MCTXY R [TlhQWU�� XMWVj l[VUQc [6]. LV[C�\ 
Q UTQzMhVV P[MRX�\ [V�VUQV\ MPQRTUUMy P[MzhV\� 
z_NVX PMj_PjT QhQ RMlNTUQV P[MN_jXT jM\PhVjRUMy 
TCXM\TXQlTxQQ, C jMXM[M\ _WXVU� CRV U�TUR� sQlUV-
NVcXVhYUMRXQ P[VNP[QcXQc. ³XMX RPMRMz XVM[VXQWVRjQ 
P[MRX, UM P[TjXQWVRjQ Nhc [MRRQyRjQ� P[VNP[QcXQy 
w{� CCQN_ Q� MRMzVUUMRXVy PMWXQ UVCMl\MsVU [7]. 
KXM[�\ RPMRMzM\ \MsVX RXTXY QUXV`[TxQc R_�VRX-
C_��Q� QUbM[\TxQMUU�� RQRXV\ \VsN_ RMzMy  
Q _PM[cNMWQCTUQV QUbM[\TxQQ PM UVMz�MNQ\�\ j[Q-
XV[Qc\ [6]. 

=����� � ��/��#�^ �#%�+"�"���##�! �#2�"'�-
-��##�! ���%�') *0"����#�� 0"��0"��%��'. �hc 
M[`TUQlTxQQ VNQUM`M QRXMWUQjT QUbM[\TxQQ R TjX_-
ThYU�\Q Q UVP[MXQCM[VWQC�\Q NTUU�\Q UVMz�MNQ\M 

MP[VNVhQXY Mz�_� RMRXTChc��_� CM CRV� b_UjxQM-
UThYU�� QURX[_\VUXT� Q P[VNRXTCQXY Vµ C CQNV RCcljQ 
\VsN_ [TlhQWU�\Q QUbM[\TxQMUU�\Q RQRXV\T\Q. 
�P[VNVhQC hM`QWVRj_� QUXV`[TxQMUU_� RCclY, PMcC-
hcVXRc CMl\MsUMRXY RMlNTXY UMC�y TzRX[TjXU�y _[M-
CVUY, Rh_sT�Qy Nhc QUXV`[TxQQ WV[Vl UV`M `MXMC�� 
QUbM[\TxQMUU�� RQRXV\, QRPMhYl_V\�� UT P[VNP[Q-
cXQQ [8]. �hc P[VNP[QcXQy w{� C jTWVRXCV XTjMy QU-
XV`[TxQMUUMy RMRXTChc��Vy \MsUM QRPMhYlMCTXY 
PMUcXQV [TzMX� QhQ lTNTWQ, C�PMhUcV\My QRPMhUQXV-
hV\ Nhc PMh_WVUQc jTjM`M-XM [Vl_hYXTXT. LMUcXQV 
«[TzMXT» \MsVX MzhTNTXY \UMsVRXCM\ �T[TjXV[QRXQj, 
UVjMXM[�V Ql jMXM[��, UVMz�MNQ\�V Nhc PMRhVN_�-
�V`M TUThQlT, z_N_X _PM[cNMWQCTXYRc C VNQUM\ �[T-
UQhQ�V zTl� NTUU��, T [Vl_hYXTX� [TzMX Q PMP_XUTc 
QUbM[\TxQc M Vµ RCMyRXCT� z_N_X NMRX_PU� C RCMQ� 
b_UjxQMUThYU�� RQRXV\T�. L[Q XTjMy M[`TUQlTxQQ 
NTUU�� UT UMCM\ _[MCUV TzRX[TjxQQ bM[\Q[_VXRc 
PMN`MXMChVUUMV j CRVRXM[MUUV\_ TUThQl_ QUbM[\T-
xQMUUMV PMhV, T VRhQ X[Vz_VXRc NMPMhUQXVhYUTc QU-
bM[\TxQc Mz Mz�VjXV QRRhVNMCTUQc, Vµ \MsUM NMz�XY 
PM M[`TUQlMCTUUMy RR�hjV Ql RMMXCVXRXC_��Q� QR-
XMWUQjMC [6; 8; 9]. ÇVUX[ThYU�y _lVh QUbM[\TxQMU-
UMy RQRXV\� P[VNRXTChVU UT [QR. 2. 

 
 

wQR. 1. �RUMCU�V QURX[_\VUX� _P[TChVUQc sQlUVUU�\ xQjhM\ RMlNTUQc P[MN_jxQQ 
 

 
 

wQR. 2. ÇVUX[ThYU�y _lVh QUbM[\TxQMUUMy RQRXV\� P[VNP[QcXQc 
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{Tj P[TCQhM, lTNTUQc Q PM[_WVUQc Nhc MXNVhMC  
QRPMhUQXVhVy UT P[VNP[QcXQc� w{� bM[\Q[_�XRc  
UT CV[�UV\ _[MCUV _P[TChVUQc, T ClTQ\MNVyRXCQV  
R QRPMhUQXVhc\Q MR_�VRXChcVXRc WV[Vl «z_\TsU�y» 
NMj_\VUXMMzM[MX: uXM [TzMWQV PhTU�, Rh_sVzU�V lT-
PQRjQ, MPV[TXQCU�V lTNTUQc Q X. P. L[Q QRPMhYlMCT-
UQQ C \VUVNs\VUXV P[VNP[QcXQy QUbM[\TxQMUU�� 
RQRXV\ PM _P[TChVUQ� P[MVjXT\Q UVRCclTUU�� P[M-
`[T\\U�\ Mz[TlM\ R QURX[_\VUXT\Q QRPMhUQXVhVy, 
MXR_XRXC_VX CMl\MsUMRXY TCXM\TXQWVRjQ PMh_WTXY 
NTUU�V M �MNV C�PMhUVUQc [TzMX R UQsUQ� _[MCUVy, 
CMlUQjT�X QUbM[\TxQMUU�V [Tl[�C�, P[QCMNc�QV  
j RUQsVUQ� jTWVRXCT Q RCMVC[V\VUUMRXQ _P[TChVUWV-
RjQ� [V�VUQy [10]. LV[VWQRhVUU�V P[MzhV\� PMRh_-
sQhQ XMhWjM\ j [Tl[TzMXjV UMCM`M PMN�MNT j RMlNT-
UQ� QUbM[\TxQMUUMy RQRXV\� _P[TChVUQc P[VNP[Q-
cXQV\, R_XY jMXM[M`M lTjh�WTVXRc C RMlNTUQQ TzRX-
[TjXUM`M _[MCUc RX[_jX_[Q[MCTUU�� Q UVP[MXQCM[V-
WQC�� NTUU�� M [TzMXT� QhQ P[MxVRRT�, PMNNV[sQ-
CT��Q�Rc C RCMyRXCVUU�� Q\ b_UjxQMUThYU�� RQR-
XV\T�.  

�hc hM`QWVRjMy _CcljQ [TzMX \VsN_ [TlhQWU�\Q 
QUbM[\TxQMUU�\Q RQRXV\T\Q _P[TChVUQc P[VNhT- 
`TVXRc QRPMhYlMCTXY MX[TRhVC�V RP[TCMWUQjQ. qTj, 
Nhc P[VNP[QcXQy w{� CRV MRUMCU�V [TzMX� \MsUM 
jhTRRQbQxQ[MCTXY UT MRUMCU�V uXTP� PM RMlNTUQ� 
jMR\QWVRjMy XV�UQjQ, MP[VNVhVUU�V C RMzRXCVUU�� 
\VXMNQWVRjQ� NMj_\VUXT�. �TP[Q\V[, Nhc �� «~$$» 
C \VXMNQWVRjQ� NMj_\VUXT� _WXVU� CRV RXTNQQ P[MQl-
CMNRXCT, MX Mz�V`M \VUVNs\VUXT Q P[MVjXQ[MCTUQc NM 
_XQhQlTxQQ `MXMCM`M QlNVhQc [11; 12]. K XTzh. 1 P[VNRXTC-
hVU P[Q\V[, NV\MURX[Q[_��Qy R_XY RP[TCMWUQjT MR-
UMCU�� RXTNQy C�PMhUVUQc [TzMX Nhc P[VNP[QcXQy w{�. 

$T\M QlNVhQV \MsUM NVXThQlQ[MCTXY UT RXTUNT[X-
U�V QhQ P[Q[TCUVUU�V j UQ\ RMRXTCU�V WTRXQ, _PM[c-
NMWQC Q� XTjQ\ Mz[TlM\ PM NV[VC_ RMRXTCT QlNVhQc. 
$T\ RP[TCMWUQj RMRXTCT QlNVhQc \MsVX z�XY MzMz-
�T��Q\ Nhc \UM`Q� [TlUMCQNUMRXVy C�P_RjTV\My 
P[MN_jxQQ Q Q\VXY UVMz�MNQ\_� Nhc TUThQlT \UMsV-
RXCT [TzMX, R _WVXM\ MX[TRhVCMy RPVxQbQjQ, NVXThQlT-
xQ� [11; 12]. L[Q\V[, NV\MURX[Q[_��Qy R_XY M[`TUQ-
lTxQQ RP[TCMWUQjT MzMz�VUUM`M RMRXTCT RP_XUQjMCMy 
RQRXV\�, P[VNRXTChVU C XTzh. 2. 

 
����'� 1 

�%���� �)0��#�#�� "�5�%  
 

{MN �zMlUTWVUQV �TQ\VUMCTUQV 
01 � �VUVNs\VUX 
01.01 �.qw K�P_Rj XV�UQWVRjQ� [V�VUQy, PhTU-`[TbQjMC, P[QjTlMC, MPV[TXQCU�� lTNTUQy Q N[. 
01.02 �.� vTjh�WVUQV NM`MCM[MC, NMPMhUQXVhYU�� RM`hT�VUQy 
01.03 �.q$ L[MCVNVUQV XV�UQWVRjQ� RMCV�TUQy [TlhQWUM`M _[MCUc 
02 �~w �T_WUM-QRRhVNMCTXVhYRjQV [TzMX� 
02.01 �~w.~� K�P_Rj QR�MNU�� NTUU�� UT P[MCVNVUQV �~w 
02.02 �~w.LL K�P_Rj PhTU-P[MRPVjXT MXWVXT PM �~w, P[MCVNVUQV �~w 
02.03 �~w.� K�P_Rj MXWVXT PM �~w 
03 �L �CTUP[MVjX (XV�UQWVRjMV P[VNhMsVUQV) 
04 ³L ³RjQlU�y P[MVjX 
05 w� wTl[TzMXjT [TzMWVy NMj_\VUXTxQQ UT MP�XU�V QlNVhQc, \TjVX� 
06 �~ ~l`MXMChVUQV \TjVXMC Q MP�XU�� QlNVhQy 
06.01 �~.qLL qV�UMhM`QWVRjTc PMN`MXMCjT P[MQlCMNRXCT 
07 �~ ~l`MXMChVUQV MP�XU�� QlNVhQy Q jM[[VjXQ[MCjT w� 
08 �~ �VXU�V QRP�XTUQc 
09 L� LMN`MXMCjT NMj_\VUXTxQQ UT QlNVhQc RV[QyUM`M P[MQlCMNRXCT 
10 $~ LMN`MXMCjT Q MRCMVUQV RV[QyUM`M P[MQlCMNRXCT 
10.01 $~.LL LMN`MXMCjT P[MQlCMNRXCT RV[QyU�� QlNVhQy 
10.02 $~.�L �RCMVUQV P[MQlCMNRXCT RV[QyU�� QlNVhQy 
10.03 $~.~l ~l`MXMChVUQV RV[QyU�� QlNVhQy 
10.04 $~.~ ~RP�XTUQc RV[QyU�� QlNVhQy 
10.05 $~.{� {M[[VjXQ[MCjT NMj_\VUXTxQQ RV[QyU�� QlNVhQy 
11 11 KCMN C ujRPh_TXTxQ� 
12 12 ³jRPh_TXTxQc 
13 13 kXQhQlTxQc 

 
����'� 2 

�5�5A�##)! ���%�� �0*%#�����! ���%�') 
 

{MN �zMlUTWVUQV �TQ\VUMCTUQV 
1 $$ $P_XUQjMCTc RQRXV\T 
1.1 {$ {MR\QWVRjQy RV`\VUX 
1.1.1 w{{ wTjVXUM-jMR\QWVRjQy jM\PhVjR 
1.1.1.01 w� wTjVXT-UMRQXVhY 
1.1.1.02 w^ wTl`MUU�y zhMj 
1.1.1.03 {� {MR\QWVRjQy TPPT[TX 
1.1.1.03.01 {�.L� LMhVlUTc UT`[_ljT 
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��������� ���. 2 
{MN �zMlUTWVUQV �TQ\VUMCTUQV 

1.1.1.03.01.01 {�.L�.^wqw ^M[XMCMy [VX[TURhcXM[ 
1.1.1.03.01.01.01 {�.L�.^wqw.Ç� ÇVhVCTc TPPT[TX_[T 
1.1.1.03.01.01 …. {�.L�.^wqw …. …. 
1.1.1.03.01.02 {�.L�.�Zk �UXVUUM-bQNV[U�V _RX[MyRXCT 
1.1.1.03.01.02.01 {�.L�.�Zk.$^ �Zk C RzM[V 
….. ….. ….. 
1.1.1.03.02 {�.$$ $h_sVzU�V RQRXV\� 
1.1.1.03.02.01 {�.$$.^{k ^M[XMCMy jM\PhVjR _P[TChVUQc 
….. ….. ….. 

 
$P[TCMWUQjQ M[`TUQlMCTU� C N[VCMCQNUMy bM[\V, 

WXM P[VNMRXTChcVX CMl\MsUMRXY TUThQlQ[MCTXY RMlNT-
CTV\�y Mz�V\ [TzMX PM [TlU�\ _[MCUc\ NVXThQlTxQQ 
RMRXTCT QlNVhQc, T XTjsV [TlNVhcXY [TzMX� PM Q� P[Q-
UTNhVsUMRXQ j [TlhQWU�\ CQNT\ Q PMNCQNT\. �T[jQ-
[_c [TzMX� C xVUX[ThYUM\ QUbM[\TxQMUUM\ _lhV 
RR�hjT\Q UT RMRXTC Q RXTNQ� [TzMX, PMcChcVXRc CMl-
\MsUMRXY MPV[TXQCUM Q R C�RMjMy RXVPVUY� _CV[VU-
UMRXQ _P[TChcXY jTj sQlUVUU�\ xQjhM\ P[MN_jxQQ 
PM jMUj[VXU�\ P[MVjXT\, XTj Q lT`[_ljMy CRV`M P[VN-
P[QcXQc R _WVXM\ M`[TUQWVUUMRXQ C [VR_[RT�. ~URX-
[_\VUX _P[TChVUQc P[MVjXT\Q C MPQR�CTV\M\ PMN�M-
NV Q`[TVX PV[CMMWV[VNU_� [MhY, XTj jTj Q\VUUM C UV\, 
UT CV[�UV\ _[MCUV \VUVNs\VUXT, [MsNT�XRc MzMz-
�T��QV [TzMX� R P[QCcljMy j MPQRTUU�\ RP[TCMW-
UQjT\ [13]. K NThYUVy�V\, UT [TzMWQ� \VRXT� QRPMh-
UQXVhVy MUQ NVXThQlQ[_�XRc Q _XMWUc�XRc PM RP[T-
CMWUMy jhTRRQbQjTxQQ, XV\ RT\�\ C�RX[TQCTc NV[V-
CYc [TzMX PM [TlhQWU�\ uhV\VUXT\ RMRXTCT QlNVhQc.  

$XMQ\MRXU�V PMjTlTXVhQ [TzMX RXTUMCcXRc MRUM-
CTUQV\ Nhc RQRXV\ ujMUM\QWVRjM`M PhTUQ[MCTUQc  
Q z�NsVXQ[MCTUQc [14–16], WXM NTVX CMl\MsUMRXY 
M[`TUQlTxQQ UT P[VNP[QcXQQ XMWUM`M xVhVCM`M bQ-
UTURQ[MCTUQc, X[Vz_V\M`M MRUMCU�\Q `MR_NT[RXCVU-
U�\Q lTjTlWQjT\Q. kCcljT [TzMX MX jMUX[TjXUM`M uXT-
PT NM UVPMR[VNRXCVUUM`M QRPMhUQXVhc PMlCMhQX UT�M-
NQXY MXCVX� UT h�z�V CMP[MR� _P[TChc��Q� M[`TUQ-
lTxQy Q lTjTlWQjMC. KMChVWVUUMRXY QRPMhUQXVhVy  
C PhTUQ[MCTUQV Q jMUX[MhY [TzMX PMlCMhcVX RMRXTC-
hcXY zMhVV XMWU�V [TzMWQV PhTU�, MPV[TXQCUM ChQcXY 
UT Ql\VUVUQc jTj CUV�UVy, XTj Q CU_X[VUUVy R[VN�, 
XV\ RT\�\ PMC��Tc jTWVRXCM _P[TChVUQc P[VNP[Q-
cXQV\. �TjMPhVUUTc  RXTXQRXQjT R lTNTUUMy NVXThQlT-
xQVy \MsVX QRPMhYlMCTXYRc Nhc [TRWVXT XV�UQjM-
ujMUM\QWVRjM`M MzMRUMCTUQc UT uXTPT� lTjh�WVUQc 
jMUX[TjXMC. 

����^3�#��. L[VNhMsVUU�y C RXTXYV PMN�MN  
j RMlNTUQ� QUXV`[Q[MCTUUMy QUbM[\TxQMUUMy RQR-
XV\� PMlCMhcVX PM�T`MCM, UV Ql\VUcc P[QC�WU�V 
QURX[_\VUX� [TzMX� QRPMhUQXVhVy, RMlNTXY UMC_� 
QUbM[\TxQMUU_� RQRXV\_ C jTWVRXCV xVUX[ThYUM`M 
_lhT, RCclTUUM`M RM CRV\Q _WVXU�\Q RQRXV\T\Q C VNQ-
UM\ QUbM[\TxQMUUM\ P[MRX[TURXCV. KUVN[VUQV uXMy 
RQRXV\� PMC�RQX P[Ml[TWUMRXY C PhTUQ[MCTUQQ Q 
jMUX[MhV UTN [TzMXT\Q, T XTjsV jTWVRXCM Q ubbVjXQC-
UMRXY C RbV[V _P[TChVUQc P[VNP[QcXQV\. 
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We suggest an equilibrium search methodology under uncertainty conditions using the example of gas transporta-

tion model of Russia. This model includes gas producers and consumers that are joined by the network. Two-stage  
approach to finding the network equilibrium is described in details. For the first stage we investigate the method of de-
mand and supply functions forming for gas consumers and producers that let us to find the equilibrium price as well  
as production and consumption volumes of gas. On the second stage we formulate a problem of finding the optimal plan 
of gas transportation with the network constraints. Then we add to our model the case of demand uncertainty and state 
a problem of finding the stochastic equilibrium in the gas transportation model. Gas production volume and price 
which provide demand satisfaction with specified probability is determined in our model. Described method of finding 
the stochastic equilibrium is applied to the gas transportation model of Russia. Results of numerical calculations are 
also given in this paper.  
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Introduction. We consider a gas network system  
in conditions of deregulated operation. This means that 
we have to take into account different (not necessarily 
antagonistic) aims of the participants of the system. The 
below suggested model is based on game-theoretical  
approach (see also [1]). The key point is consideration of 
stochastic gas demand uncertainty. In general, uncertainty 
is one of the main problems in energy system modelling 
[2]. We assume that uncertainty has stochastic nature, i. e. 
all uncertain parameters are random variables with known 

distributions. Different approaches are used for studying 
games with stochastic uncertainty. In [3] authors base 
their investigations on Markov chains and stochastic  
dynamic programming. Random variational inequalities 
are used for finding the Wardrop traffic equilibria in [4]. 
Among other interesting and relevant topics the following 
can be mentioned: stochastic differential equations [5], 
stochastic Stackelberg games [6], generalization of the 
maxmin strategy [7; 8], stochastic Cournot models [9], 
two-stage stochastic programming model [10]. In our 
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approach we use standard stochastic programming tech-
nique [11; 12] and basic knowledge of probability theory 
[13]. Recent investigation concerning the paper topic can 
be found in [14] and [15].  

The standard transportation model that joins gas pro-
ducers and consumers and takes into account network 
constraints is considered. Minimizing total network costs, 
we obtain optimal gas transportation plan as a solution of 
the following mathematical programming problem: 

 � �
1

min , , .
n

j j
j

c x Ax b d x d
�

	 1 � � � �� 2
 � 3
�  (1) 

Here A is an m×n incidence matrix, which defines  
relations between m nodes and n transportation lines; xj – 
volume of the gas, transporting on the line j; cj(xj) – trans-
portation costs; bi – volume of the gas production or con-
sumption in the node i; dj – capacity of the line j. 

Two stage approach to finding the network equi-
librium. We assume that the considering model reflects 
operation in the market conditions. It means that supply 
and demand functions are given in every production and 
consumption node respectively. Having that data, we can 
build total demand and supply functions that let us to find 
an equilibrium price, production and consumption vol-
umes of gas in corresponding nodes. 

Let Ip be node set of producers, Ic – node set of con-
sumers, I0 – set of the branching nodes. Production costs 
have nonlinear structure in general and for our purposes 
we represent it as the quadratic functions that practically 
appropriate: 

 � � 2 , ,i i i i i i i pz b b b i I� � �4 � - �  (2) 

where 0,i� �  0,i4 �  0i- � , pi I�  – specified constants. 

Consumption linearly depends on market price p: 

� � , ,i i i cb p k r p i I� � �  

where 0,ik �  0ir � , ci I�  – specified constants. The 
following explanation can be given here to make justifica-
tion to introduced functions representations. Production 
cost form is our assumption as the model designer, 
whereas consumption function form is standard assump-
tion that reflects inverse dependency of the consumption 
volume from the price level.  

In the branch nodes we have 0,ib �  0.i I�  
One can naturally suppose that producers maximize 

their profit: 

 
2 max,

, ,
i i i i i i

i i i p

pb b b

b b b i I

	 �� �4 � - $
�

� � ��
 (3) 

where p – market price on the product. Then using (2), (3) 
we can build supply function of every producer: 

 � �*

, 2 ,

, 2 2 ,
2

, 2 , .

i i i i

i
i i i i i i i

i

i i i i p

b p b

p
b p b p b

b p b i I

	 � � �4

 �4

� � �4 � � � �4� �
 � � �4 ��

 (4) 

Total supply equals to 

 *( ) = ( ).
p

i
i I

S p b p
�
�  (5) 

Total demand function equals to 
( ) = = ( ) = .i i i i i

i I i I i I i Ic c c c

D p b k r p k p r
� � � �

� �� � � �  

Intersection point of total supply and demand func-
tions defines an equilibrium price  p*, which is set on the 
market of gas production and consumption: 

 � � � �* * *: = .p S p D p  (6) 

We consider (6) as the key condition in defining the 
state of the network equilibrium in the represented model. 
Situation on the market of gas production and consump-
tion in which total volume of production equals to the 
total volume of consumption taking into account network 
constraints will be understood to be the network equilib-
rium. 

Note that considering market conditions it is quite rea-
sonable to divide searching the network equilibrium into 
two stages. On the first stage we find equilibrium market 
price and also equilibrium volumes of gas production and 
consumption. To do this we need to implement next se-
quence of steps: 

1. Considering gas production costs build supply 
function of each gas producer in the form of (4). 

2. Build total supply function S(p). 
3. Build total demand function D(p). 
4. Using the relation (6) find the equilibrium price p*. 
5. Determine equilibrium volumes of gas production 

for each provider:  

� �* * * , .i i pb b p i I� �  

6. Determine equilibrium volumes of gas demand for 
each consumer: 

* *, .i i i cb k r p i I� � �  

On the second stage we optimize gas transportation 
volumes considering throughput of each transport line and 
demand satisfaction in every consumption node. We can 
represent mathematical model of this problem in the next 
form: 

 

*

*

0

( ) min,

, ,

, ,

0, ,
,

i
i p

i
i c

i

c x

a x b i I

a x b i I

a x i I
d x d

$	


� �


� � ��


� �
� � ��

 (7) 

where *,ib  1,  ...,i m�  – equilibrium volumes of gas pro-
duction and consumption that were obtained on the first 
stage. Solution of the problem (7) is optimal plan of gas 
transportation in the market conditions with network con-
straints. 

Network equilibrium with demand uncertainty. 
Sometimes we can come across the difficulty in determi-
nation of consumers demand functions. In this case we 
can consider its uncertainty. 
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In our model demand functions have the form 
= ,i i i cb k r p i I� � . Now let the parameters ik  and ir  be 

random variables with normal distribution and known 
expectations and variances. Hence, ( ),i cb p i I�  and 

( )D p  become random variables as well with normal dis-
tribution. This representation of demand function includes 
a particular case, when parameters 0,ir �  ci I� . Then 
demand value of each consumer will be determined by the 
random variable ik , ci I� with normal distribution.  

In the uncertainty conditions we can set the problem 
of searching such price and corresponding gas production 
volumes that provide satisfaction gas consumption with 
the probability not less than given positive constant æ.  
It means that we move to finding stochastic equilibrium in 
our model. We can write this condition formally in the 
next form: 

 

 { ( ) ( ) 0} .P S p D p� � � 5  (8) 
 
We can rewrite (8) as ( ( ))F S p � 5 , where ( ( ))F S p  – 

is the distribution function of the random variable ( )D p  
with fixed price. 

It is well known that the probability of random vari-
able realization from the interval (0, )x  can be found us-
ing Laplace function [13]: 

 

2

0

1 /2( ) = .
2

x
zx e dz�6

� #  

 
To use Laplace function we need to normalize the 

random variable ( )D p , that is count expression 

� �( ) [ ( )] / [ ( )],S p M D p D p� 7  where [ ( )]M D p  and 
[ ( )]D p7  – are expectation and variance of the random 

variable ( )D p  accordingly.  
Using Laplace function we have 
 

 ( ) [ ( )]( ( )) = ,
[ ( )]

S p M D pS p
D p


 ��
6 6 � 5� �� �7� �

 (9) 

 
transform the expression (9): 
 

( ) [ ( )] [ ( )],S p M D p S D p5� � 7   

or ( ) [ ( )] [ ( )],S p M D p S D p5� � 7  
 
where : ( ) = .S F S5 5 5  

Total demand will be entirely satisfied with the  
probability not less then æ with the price 

: ( ) = [ ( )] [ ( )]p S p M D p S D p5� 7� � � � . 
Following the two stage approach of finding the sto-

chastic equilibrium in describing model, now we need to 
solve gas transportation problem, using the obtained price 
and gas production volume. For this purpose it is quite 
convenient to use statement of the convex programming 
problem with chance constraints [11; 12]: 

 

� �

. /

2

*

0

min,

= ( ), ,

( ) ,  ,  (0,1),

= 0, ,
,

0.

i
ci I

i
i p

i
i i c i

i

S S

a x b p i I

P a x b p i I

a x i I
y d x y d

y

5 5
�

	 � $

 �



� � � 5 � 5 ��

 �
� � � � �
 ��

�

�

�  (10) 

Here on the one hand, expressions 

. /( ) ,i
i iP a x b p� � � 5�  ci I�  – are chance constraints, 

reflecting the requirement of demand satisfaction in each 
consumption node with the determine probabilities i5 , 

ci I�  and with fixed price p� . On the other hand, this 
constraints may be considered as distribution functions of 
the random variables � � ,ib p�  ci I� . 

It is important to note that for each consumption node 
the probability of demand satisfaction differs from the 
probability which is set on the first stage problem. It is 
related with weaker condition of demand satisfaction for 
whole model in general in comparison with the condition 
of demand satisfaction for each consumption node with 
the same probability. In order to find probabilities of de-
mand satisfaction in every consumption node, we con-
sider i5 , ci I�  to be the variables, that we try to ap-
proximate to the probability of demand satisfaction of the 
first stage problem as close as possible. Note that 
throughput constraints may prevent us from obtaining the 
solution of the problem (10), that is why we add variables 

jy , 1,  ...,j n� , which give us the possibility to broaden 
throughput of transport lines if it is necessary. 

After determination of the values i5 , ci I� , we can 
use the Laplace function for moving to the determine 
equivalent in the next form: 

 

=1 1

*

0

( ) min,

= ( ), ,

, ,

= 0, ,
,

0,

n n

j j j j
j j

i
i p

i
i c

i

c x h y

a x b p i I

a x b i I

a x i I
y d x y d

y

�

	
� $


 �
�� � �


�
� � � � �
 ��

� �

�
 (11) 

where � � � �ii i ib M b p S b p5� � 78 9 8 9: ; : ;� � , ci I� . Constants 

jh , 1,  ...,j n�  – are capital costs for broaden transport 
line  j. Solution of the problem (11) is the optimal plan  
of gas transportation in the market conditions with the 
demand uncertainty. 

Stochastic network equilibrium in the gas trans-
portation model of Russia. Described approach to find-
ing the stochastic equilibrium was applied to gas transpor-
tation model of Russia, which includes 70 transport lines 
and 51 nodes. There are 9 of these nodes that contain gas 
producers, 41 nodes with consumers and 4 branch nodes 
(fig. 1).  
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Fig. 1. Gas transportation system of Russia 
 

Basic data of the model let us to set the production 
cost in the form (2) for every gas producer and build sup-
ply functions and total supply function in the form (5). 

The demand functions were set for each consumer in 
two variants. In the first variant we set the deterministic 
parameters of the demand functions and then we obtained 
and solved deterministic problem of the finding the net-
work equilibrium. In this case demand functions were 
formed automatically with using special technique de-
scribed in [16] by means of solving next mathematical 
programming problem: 

 

2

0

min,

,

,

,
.

p

i i i i i
i I

i
i p

i
i c

i
i

b b

a x b i I

a x b i I

a x b i I
d x d

�

� �4 � - $

� �

� �

� �

� � �

�

 (12) 

We can define dual variables for equalities i
ia x b� , 

1,  ...,i m�  from the solution of the problem (12). These 
variables or shadow prices reflect the resource value for 
producers and consumers and equal for them out of the 
problem properties (matrix A is the incidence matrix). 
Denote this price as p̂ . We can assume that the demand 
elasticity 0.07e � �  is known (almost inelastic demand). 
Moreover we know the desirable consumption level from 
basic data of the model, denote it as ˆ

ib , ci I� . To set the 
consumption functions in the form � �i i ib p k r p� � , 

,ci I�  we need to find parameters ik  and ir , ci I�  from 
the following equations system: 

 
	 � � � �

�

�
�

ˆˆ( ) ( ) , ,

( )
.

( )

i i i i c

i

i

b p k r p b i I

db p p
e

dp b p

 (13) 

For instance we need to deliver 27 units of gas to 
Tyumen, elasticity of demand equals 0.07�  and shadow 
price obtained from problem (12) equals 44.3 conven-
tional units. Use the system (13): 

1 1 1

1

1 1

(44.3) 44.3 27,

0.07 .

b k r
r p

k r p

� � �	


��� � ��

 

Finally we get 1 28.89k �  and 0.043ir � . Consump-
tion function in Tyumen equals to b1(p) = 28.89 – 0.043p. 

Second variant of our gas system modeling included 
stochastic uncertainty of the demand functions that led to 
another solution of the stochastic network equilibrium 
problem. Both variants of problems were solved using 
program complex GAMS [17], the results are demon-
strated in the fig. 2, where it is showed how demand un-
certainty influence the main parameters of our model. 

We obtained the following results for deterministic 
model: ( ) ( ) 354.3S p D p� �  billions m3, price for billion 
m3 of gas equals to 33.9 conventional units. For stochastic 
model we set the level of demand satisfaction with the 
probability equals to 90 % and we got ( ) 370.4S p �  bil-
lions m3 and price equals to 36.7 conventional units. As 
we can see, considering demand uncertainty increase the 
price, supply of the gas and the network load in the trans-
port model. We received 4.5 % of the price growth, 8.3 % 
of the supply volume growth and 37.5 % of the network 
load growth under uncertainty conditions with the 90 % 
of demand satisfaction probability (fig. 2). 
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Fig. 2. How demand uncertainty influence the main parameters of the model 
 

Conclusion. We represented the methodology of the 
finding of stochastic network equilibrium with specified 
probability level for natural gas demand volumes. Our 
approach consists of two stages. On the first stage we 
defined the equilibrium volumes of natural gas consump-
tion and supply and equilibrium price. On the second 
stage we obtained the optimal plan of gas transportation. 
To consider the gas consumption uncertainty we modified 
our two-stage approach to finding the network equilib-
rium and obtained problem statement for finding the sto-
chastic network equilibrium that included convex pro-
gramming problem with chance constraints. This problem 
was solved by program complex GAMS. Our method of 
finding the stochastic network equilibrium was success-
fully applied to the gas transportation model of Russia. 
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The process of urban power supply network development is connected with need calculation and accounting a large 

number of parameters, possible development ways and complexity of their assessment. These circumstances require the 
introduction of new technologies for solving specified task. 

Declaration of author’s developed computer-aided design system (CAD system) ELNET for the task solution auto-
mation of perspective urban power supply network development is presented in article. Description of models, methods 
and algorithms based in the CAD system are given. 

CAD allows to create, correct, calculate parameters, look through and print models of urban power supply net-
works. ELNET consists of six connected modules: graphic module, control module (dispatcher), input/output module, 
solutions module, calculations module, reference data base. System possesses the friendly graphical interface allowing 
ease using. 

In CAD ELNET mathematical basis puts designed by author mathematical model of urban power supply network 
presentation as directed weighted graph and two methods of solving urban power supply network development task: the 
reduction method to the set of enclosed global minimization tasks and decomposition method. Both methods suggest 
dividing a given task into three subtasks of smaller dimension: 1. Subtask of definition the number and locations of new 
substations. 2. Subtask of definition the connection way of new consumers to network. 3. Subtask of definition the opti-
mum connection way of new substations to the existing network. 

The optimization algorithms of subtasks solution are realized by the author. For solving subtask 1 three algorithms 
are designed and realized: algorithm based on the k-averages method; algorithm realizing the method of dividing clus-
tering; heuristic algorithm. For solving subtask 3 three algorithms are also offered: heuristic algorithm of the reduced 
enumeration; genetic algorithm; algorithm based on constructing Voronoi diagrams. To solve subtask 3 the genetic 
algorithm is applied. 

Technical solutions represented in the article allow reducing time of design and increasing the quality of design  
decisions. 

 
Keywords: CAD system, modeling, reduction method, decomposition method, urban power distribution network, 

perspective power supply network development task. 
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Introduction. Urban power distribution network 
(UPDN) of megalopolis is a difficult system of non-
uniform structure. It represents a set of distributive and 
step-down substations, feeders and distribution lines, cur-
rent-using equipment. UPDNs cover all city consumers, 
including industrial enterprises, electric transport etc.  

Now UPDNs consist of elements which are tens of 
thousands and which differ in their purpose and character-
istics. Considering modern rates of city development, the 
economic and reliable UPDN building problem is now 
especially current. Thus, the process of such networks 
design is connected with need of accounting and calculat-
ing a large number of parameters, possible development 
ways and complexity of their assessment [1; 2]. 

Thus, the necessity of introducing new technologies 
for the specified task solution is obvious [3]. The author 
has developed the computer-aided design system (CAD 
system) “ELNET” for the task solution automation of 
perspective power supply network development 
(PPSND).  

UPDN model. The mathematical PPSND task formu-
lation is represented in the article [4]. 

UPDNs contain two types of objects united with cable 
lines (CL, type L): a transformer substation (TS, type T) 
and a distributive substation (DS, type D). Upon solving 
the PPSND task a great number of electric power con-
sumers connected to UPDN is set. 

The original UPDN with the supplied load (all con-
sumers connected to it) represents the directed graph  

� �= ,G R, T, L  
where D, T, L are the given UPDN set assemblies of D, T 
and L types respectively. The elements of sets D, T are 
the graph points, elements of set L correspond to its arcs. 

Many of all consumers connected to UPDN define the 
set  = high low<� � � , where ,high�  low�  are sets of con-
sumers connected to UPDN at the voltage levels of 10 kV 
and 0,4 kV respectively. 

Objects of each type are characterized by a set  
of parameters. The vector varied parameters structure  
is expanded. It contains such characteristics of UPDN 

elements as objects geographical coordinates, CL length 
and section, required power of consumers, etc. 

The UPDN fragment model is presented in fig. 1. 
 

 
 

Fig. 1. The UPDN fragment model: 
 – DS;  – TS;  – CL;    –  consumer 

 
UPDN design problem. The PPCND task lies in de-

fining such way of UPDN development, where a high 
level of power supply reliability and transferred electric 
power quality will be provided with the smallest costs  
of construction and operation of its elements. 

Defining a way of the UPDN development means: 
– to define the number and locations of new electrical 

power objects (TS, DS); to define the way and parameters 
of their inclusion into the existing UPDN; 

– to define the connection way of new consumers  
to UPDN. 

The vector of the task varied parameters is presented as  

� �í î â í î â,  1 ,  2 ,  ( , ),  ,  ,R T
i j j k kX X X x y X X�X  

where iX  is an unknown number of DS/TS, which a con-
sumer i�  will be connected to; 1 ,jX  2 jX  are the num-

bers of DS/TS, which TS jT
 
is connected to; ( , )k kx y  

are the geographical coordinates of new DS/TS; 
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í î â í î â,  R TX X
 
are the numbers of new DS and TS, construc-

tion of which should be for connection of all new con-
sumers  (set � ) to UPDN.  

The values of the parameters ,iX 1 ,jX 2 jX  are ele-
ments of a discrete set of unique numbers DS and TS; the 
coordinates ( ,  )k kx y  are chosen out of the final value set 
of possible new DS/TS construction place. The variables 

í î â í î â,  R TX X  are integral valued. Thus, the UPDN task 
belongs to the discrete programming tasks class.  

Basic (obligatory) and user (additional) restrictions are 
imposed upon a number of parameters of UPDN objects 
of R, T, L types. They are like equalities and inequalities 
which define basic �D  and user UD  areas of admissible 
varied parameters vector values. 

Partial criteria of the UPDN development optimality 

� �1 2( ) ( ),   ( ),  ...,   ( )ZZ Z Z�Z X X X X
 
are defined. $riteria 

restrictions are imposed upon the first Z . They forming 
an area of admissible varied parameters ZD  vector values.  

Represent the PPCND task in the form 

X D
min
�

�*Z(X ) Z(X) , 

where *X  is optimum values of the varied parameters vec-
tor components; X U Z� = =D D D D  is a total set of the 
vector admissible values. 

PPCND task solving. The PPCND task belongs to the 
class of structural and parametrical synthesis problems. 
The task also differs in big dimension: thus, for calcula-
tion UPDN of a megalopolis district the vector dimension 
X can reach 3000–5000. In case each element of the vec-
tor takes one or the other possible value, the number  
of the task solution versions will be 3000 50002 2� . Thus, the 
specified task solution with complete enumeration method 
is not possible and it demands the development of effec-
tive approximate methods of its solution [5; 6]. 

Two methods for solving the PPCND task are devel-
oped by author: 

– the reduction method to the set of enclosed global 
minimization tasks (the reduction method) [7]; 

– the decomposition method [8]. 
The detailed description of the specified methods  

is provided in the article [9]. 
Both methods suggest dividing a given task into three 

subtasks of smaller dimension: 
Subtask 1. The number and locations of new TS and 

DS definition. 
Subtask 2. The connection way of new consumers  

to UPDN definition. 
Subtask 3. The optimum connection way of new TS  

to the existing UPDN definition. 
In the reduction method it is the consecutive solution 

of subtasks 1–3. At that, the solution of each subsequent 
subtask is executed on the dragged area of admissible 
varied parameters vector values which are received  
by fixation of solution values of previous subtasks.  

The second method – a decomposition method – as-
sumes dividing of the PPCND optimization task into the 
same three subtasks and the coordination task. The coor-
dination task carries out calculating coordination parame-

ters, defining the subtasks solution sequence and the cal-
culating end moment. We carry out the coordination of 
subtasks by means of vectors of limiting and stimulating 
parameters. The two-dimensional vector of limiting coor-
dination parameters is considered in the article. Compo-
nents of this vector make sense of the minimum numbers 
of TS, DS which have to be constructed. The vector di-
mension of stimulating parameters is equal to the number 
of possible TS, DS construction sites. The vector compo-
nents of stimulating parameters make sense of  “useful-
ness” of constructing new TS, DS in the specified places. 

For the solution of subtasks 1–3 various optimization 
algorithms and various iteration end conditions can be 
used. 

The following solution algorithms of subtasks 1–3 are 
realized by author. 

Subtask 1. The given data for a subtask is the great 
number of consumers for whom there are no connection 
options to UPDN. The result solution of a subtask is many 
TS and DS, which construction needs to be for connection 
of all consumers to UPDN.

Algorithm based on the k-averages method. It realizes 
the clustered k-averages method the main idea of which is 
a task of some given dividing of new consumers into clus-
ters with the subsequent change of cluster centers (sup-
posed DS/TS construction sites) and redistribution of new 
consumers [10].  

Algorithm realizing the method of dividing clustering. 
The algorithm basis is the hierarchical clustering method 
which advantage, in comparison with the k-averages 
method, is no need of defining the number of clusters. 
The main algorithm idea is that at the first solution task 
stage all new consumers are located in one cluster which 
consistently divides into subclusters before fulfillment of 
the dividing end conditions. 

Heuristic algorithm. The idea of the approach applied 
in it is consecutive singling groups out of many new con-
sumers connected to UPDN including the greatest possi-
ble number of consumers for whom DS/TS can be con-
structed [11].  

Subtask 2. The given data for a subtask are data  
on initial UPDN topology and connected consumers, and 
many TS and DS defined in the course of the solution  
of subtask 1.

Heuristic algorithm of the reduced enumeration.  
The basic algorithm principle is to add the first possible 
connection way of a consumer with sorting in accordance 
with the decreasing order of connection costs. This algo-
rithm can be referred to the so-called “greedy” algorithms 
class of solving optimizing tasks. 

Genetic Algorithm (GA). We associate one chromo-
some gene with each connected consumer. The gene 
value (allele) is the number of DS/TS, which a consumer 
will be connected to. The chromosome length is equal to 
the number of connected consumers [12].  

Algorithm based on constructing Voronoi diagrams. 
The algorithm is reduced to consecutive constructing  
Voronoi diagrams for all TS of UPDN with subsequent 
connection attempts of all consumers who are in the TS 
area. At the next stages of constructing Voronoi diagrams 
TS is excluded, the connection of consumers to them is 
not possible [13]. 
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Subtask 3. The given data for a subtask is the TS set, 
constructed in the course of solution of subtask 1. To find 
a connection way of new TS to UPDN is required.

To solve subtask 3 the genetic algorithm is applied.  
In it each new TS corresponds to two chromosome genes 
which define the numbers of TS/DS to which it is neces-
sary to connect a new TS. Beforehand a set of such possi-
ble ways is given for each new TS. 

CAD system ELNET. ELNET allows to create, cor-
rect, look through and print UPDN models. The system 
also allows to make calculation of parameters of UPDN 
elements, to find optimum UPDN development ways tak-
ing into account the city development prospects. ELNET 
has T friendly interface for a user and the system interac-
tion and the UPDN models visualization system. 

Electrotechnical calculations in ELNET are made by 
techniques offered in [14; 15] and meet requirements of 
Rules for electric equipment. 

Decomposition end reduction methods are the basis 
for mathematical ELNET apparatus. Optimizing algo-
rithms (algorithm of limited enumeration, genetic algo-
rithm, parallel threshold clustering algorithm, k-averages 
clustering algorithm) are developed to solve each subtask. 
The analysis of their efficiency is carried out. 

ELNET consists of six following modules (fig. 2). 
 

Control module
(dispatcher)

Reference data base

Calculations
module

Solutions
module

Graphic module
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USER

 
 

Fig. 2. ELNET modules 
 
The graphic module realizes the window interaction 

“user and system” interface. This module is also respon-
sible for visualization of the UPDN models. The control 
module (dispatcher) is intended for interaction of all sys-
tem modules among themselves. It processes received 
orders/requests of modules and coordinates the task solu-
tion process by means of producing operating signals. The 
module is also responsible for maintaining the register of 
operations and error messages. The input/output module 
carries out functions of reading and temporary storage of 
the UPDN data. 

Besides, after ending the task solution the module 
forms the final text file. The solutions module is the main 
computing ELNET module which realizes methods and 
algorithms of the task solution. The calculations module 
is intended for calculating the UPDN parameters, check-
ing fulfillment of restriction conditions, calculating the 

objective function value, etc. In this module all calcula-
tions which are general for the solution methods and algo-
rithms of subtasks are included. The reference data base 
contains reference data which are necessary for calculat-
ing UPDN modes, and parameters of the task solution 
methods and algorithms. 

ELNET possesses the graphic interface allowing to 
exercise control and setting of necessary values of calcu-
lation parameters, and to display results of calculations. 
The ELNET screen form consists of three main areas: the 
control field consisting of a toolbar and setup panel of 
calculation parameters; the network model display area 
and the calculations results display area (fig. 3).  

 

 
 

Fig. 3. ELNET main screen form 
 

�onclusion. The ELNET application for the PPCND 
task solution will allow to reduce time of receiving and 
comparison of network development ways significantly 
and, therefore, gives a chance of obtaining the optimum 
solution in the course of an acceptable time limit. 
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In this article the integrated approach for automatic formation ensembles of neural networks is proposed. The ap-

plying multi-criteria “Self-configurable” genetic programming is described. To each new generated network the most 
efficient (“best”) network is added, which by two criteria were estimated on the first stage of the algorithm. Thus  
a population of neural network ensembles is created. The criterion of effectiveness of new networks is the third criterion – 
the effectiveness of ensemble decision, which includes in this network ensemble. The final ensemble with selected net-
works by third criteria is created. Also in this article the approach for formation of ensemble decision using the deci-
sions of an added neural networks – Scheme ED1 is applied. Proposed method on different tasks with different amount 
of inputs and outputs signals (neurons) in ANN was tested. In the result this method shows high efficiency. 
 

Keywords: forecasting problems, ensembles of artificial neural networks, self-configurable multi-criteria genetic 
programming. 
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�������	������( ���#������ #��&�� �( ����������	�������� #	�����	�����( �������� ���	�����- 

��& ������. )	��������( #	�������� ������	���	��$���� �������/��%	�	%����� ������������� #	��	��-
��	�����(. 0 ��6��� ����� �����	�	������� ���� �����(+��( ������� !//�������� (“%�"��”) ����, �'�-
������ #� ��%� �	���	�(� �� #�	��� !��#� ���	����. ����� ��	���� ��������( #�#%('�( ��������. ���-
���� ����	� ����& �����	�	������& ����� (�(���( !//���������$ 	�"���( ����� ������(, � ����	�� �&�-
��� !�� ���$, – �	���� �	���	��. )��� ��������( !��+'������ #	�'��%	� � /���$��� ������$ #�#���-
+� ����, ����	����� #� �	��$��% �	���	�+. ���6� #	���6�� #��&�� � /�	��	�����+ 	�"���( ������( 
�� ������ 	�"���� �&��(*�& � ���� ����� – �&��� Scheme ED1. )	���6����� ����� �� #	������	����  
�� ������& #	������	�����( � 	������� ���������� �&����& � ��&����& ������� (���	����) � ����. ���%$-
���� #�����	6��+� �����%+ !//���������$.    
  

0+����� ����: #	������	������, ������� ���	�������& ������, �������/��%	�	%���� ������������ 
#	��	����	������. 
 

Introduction. At the present time, data analysis sys-
tems based on the Intelligent Information Technologies 
(IIT) became more popular in many sectors of human 
activity. Therefore became more urgent question of the 
development methods for automatic design and adaptation 
IIT for specific tasks. Such methods could allow eliminate 
expensive design IIT and reduce the time, which is re-
quired for the development of intelligent systems. One of 
the most perspective and popular technology is an artifi-
cial neural networks (ANN) (fig. 1). The range of tasks 
which are solved by artificial neural networks is wide [1; 2]. 

One of them is forecasting task. The relevance of fore-
casting problems in modern world is the quite high. The 
quality of their decisions have greatly influence to a deci-
sion in various fields (in the sphere of economy, industry, 
etc.). The approach to improve the efficiency of systems 
based on the neural networks is the using of neural net-
work ensembles (ENN) [3; 4]. Using ENN is a good way 
to counteract the networks retraining and to improve their 
ability to generalize. Important question is design optimal 
ENN by different criteria of the efficiency with minimum 
architecture, high precision of the forecasting and the 
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optimal network parameters [5–7]. To satisfy these 
requirements in this paper a multi-criteria [8] “Self-
configuring” genetic programming was used. Genetic 
programming (GP) [9] have been successfully used in 
solving a lot of real tasks. Genetic programming is look-
ing for a solution in the space of trees. The using “Self-
configuring” technique allows to find “best” combination 
of evolutionary operators automatically. It allows to re-
duce computationally resources and requires to the end 
users. The description of proposed approach stages 
(SelfCGP algorithm) below is described.   

Formation ANN by genetic programming. For ap-
plying GP technique is necessary to encoding ANN in the 
form of the tree [10; 11]. The tree is a directed graph 
which consists of nodes and end vertices (leaves). In the 
leaves is one operator from the multiplicity T {IN1, IN2, 
IN3, ..., INn – the input neurons; F1, F2, ..., FN – activation 
functions (neurons)} and in the nodes is one operator 
from multiplicity F{+,<}. Signs from multiplicity F are 
indicators what is necessary to perform during the 
formation of the ANN. Sign “+” means formation all 
neurons in one layer and “<” means formation all layers 
in one ANN [12; 13]. The amount of input and output 
neurons in ANN consists of the task. Example for encod-
ing ANN in the form of the tree on fig. 2 is shown. 

The first stage of SelfCGP algorithm: automated 
ANN design. The automated design of ANN using the 
SelfCGP algorithm works as follows:  

Step 1. Generation a population of individuals – trees. 
Each individual is a ANN.   

Step 2. An important step is the optimization of the 
neural network weighting factors. In this research the 
Backpropagation method was used. The criterion for 

stopping the optimization process is the minimization  
of the prediction error.    

Step 3. Setting the equal probabilities for all confi- 
guration options for each type of operator (except 
selection operator). Initial probability for all operators, 
except crossing, are defined as follows [14]: 

 1 ,i
i

P
Z

�   (1) 

� 1,3i � , where iZ  – amount of operators i-th type, iP  – 
probability for using i-th type of the operator. 

Step 4. Choosing operators for recombination (one-
point, two-point) and mutation (strong, week). The operator 
for selection is the elite. 

Step 5. Selection parents for recombination.   
Step 6. Estimation of each individual in population 

according to two criteria:  
1. The first criteria is the error of the forecasting. The 

minimum error value can be investigate by minimization 
of deviation between the reference and calculated (cur-
rent) output values of ANN. Evaluation is carried out 
according to the fitness function, which is calculated  
by the formula (3): 
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  (3) 

where N  – the amount of output values; y* – the refe- 
rence values; ŷ  – current output values of ANN or of an 
ensemble.   

 

 
 

Fig. 1. Type of ANN 
 

 
 

Fig. 2. Endoding ANN into the tree structure 
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2. The second criteria is complexity of the ANN 
structure. Evaluation is carried out according to the fitness 
function, which is equal to (4):  

 
1

1 1
1

Fit2 ,
L

i i L
i

n N N N N l
�

�
�

� � � � ��    (4) 

where n – amount of input neurons in the first layer;  
Ni – amount of neurons in the i-th layer; i – number of 
hided layer; L – the amount of hided layers in neural 
network; l – the amount of neurons on the last layer.  

Selection of trees with the minimal value by two 
criteria according to the following scheme is realized. The 
fitness values calculated by the first criterion from 
minimum to maximum are sorted. The difference between 
two values through pairwise is looked. Checking the 
condition for selection one individual from the pair:     

– if the difference between two values exceeds the 
threshold 50 %n7 � , need to choose an individual 
whose fitness value is minimum; 

– if the threshold 50 %n7 � , need to choose one 
individual from the pair by the second fitness function 
with minimum value of complexity. 

Step 7. Recombinantion of selected individuals (parents).   
Step 8. Mutation of a descendant. 
Step 9. Evaluation of a new descendant. 
Step 10. Updating the probabilities for operators using 

the average fitness of offspring obtained by the operator. 
Check the values of probabilities by these conditions:  

 i iP P�  | 1
l i

l
P P

z N
� �

�
  (5) 

and  

 i iP P� | 1
l i

l
P P

z N
� �

�
 (6) 

for �  1,k N� , 1,3l � . Further the probabilities will 
change on: 

 new old
l lP P� | new

l lP P� | new old 1
l l

l
P P

z N
� �

�
 (7) 

where 3
10l

l
P

z
�

�
 for lz – amount of operators i-th type, 

1,k N� , N – amount of generations.  
Choose operator with the highest value of fitness for 

all individuals on each iteration calculated by this formula (8): 

 
(Fit _1 Fit _ 2 )

max

n n
k k

i
i k

i
I

��
�

 (8) 

where 1,k N� , N – amount of generations, Fit _1 ,ki  
Fit _ 2ki  – fitness value of n-th individual on k-generation, 
I – amount of operators i-th type on k-generation. 

Step 11. If the algorithm reached the predetermined 
value of accuracy or exhausted the computational 
resources – go to step 12, otherwise go to step 2. 

Step 12. Selection the “best” individual (ANN). For K 
“best” ANN described procedure is carried out K times 
(steps 1–12).  

The second stage of SelfCGP algorithm: formation 
ensembles of ANN. In the second stage of SelfCGP algo-
rithm the selection of effectiveness ANN in the final 
ensemble (SelfCGP + ENN) is realized. The third 
criterion is the error of a ensemble decision. The 
ensemble decision by Scheme ED1 (Scheme for creation 
an Ensemble Decision 1) is created. The second part of 
algorithm works as follows:   

Step 1. Generation new population of individuals. 
Each individual is an ensemble. Ensemble with one 
randomly generated individual and the “best” individuals 
is formed. The amount of the additional “best” individuals 
in ensemble may be different, each of them is found by 
the first stage of algorithm (steps 1–12).   

Step 2. The optimization of the neural network weight-
ing factors. In this research Backpropagation method was 
used. The criterion for stopping the process of selecting 
the parameters is also the minimization of the prediction 
error. 

Step 3. Setting the equal probabilities for all 
configuration options for each type of operator (except 
selection operator). Initial probability for all operators, 
except crossing, are defined by the formula (1).  

Step 4. Choosing operation for recombination (one-
point, two-point) and mutation (strong, week). The 
selection operator is the elite.  

Step 5. Estimation new population by third criteria. 
The third criteria is the precision of an ensemble 
(individual) forecasting in which the solutions of its indi-
vidual members are considered. The fitness function is 
calculated by the formula (3). The Scheme ED1 for 
creation a ensemble decision below is described:      

1. Applying the train inputs for each model in the en-
semble. To calculate the deviation between received and 
reference outputs to search for minimum value between 
outputs. If the minimum is found, then to determinate 
number of the model in the ensemble, which was re-
ceived.     

2. Applying the test inputs for each model in ensem-
ble to determinate output values. To calculate the devia-
tion between received and reference outputs to search for 
the minimum value between them. If the minimum is 
found, then to determinate number of the point (position) 
where it was received.  

3. Creation new data base. This data base consists of 
the test values (results) from each models in ensemble. 
But in this data base are only certain values, which were 
defined by information about the number of model and 
the number of point for determination the placement of 
that value. The number of model is found in step 1, the 
number of point in step 2 is found. 

Step 6. Recombination of two individuals (parents). 
Step 7. Mutation of a descendent. 
Step 8. Evaluation of a new descendant. 
Step 9. Updating the probabilities for operators using 

the average fitness of offspring obtained by the operator. 
Check the values of probabilities by the formulas (5), (6). 
Further the probabilities will change and new probabili-
ties are calculated by the formula (7). Choose operator 
with the highest value of fitness for all individuals on 
each iteration by the formula (8). 
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Step 10. If the algorithm reached the predetermined 
value of accuracy or exhausted the computational 
resources – go to step 11, otherwise go to step 2. 

Step 11. Selection the most effectiveness K individuals 
for the final ensemble.  

Data bases description. The proposed multi-criteria 
genetic programming for formation ANN ensembles with 
“Self-configurable” procedure (SelfCGP + ENN) on two 
data bases was tested. For the first task in tab. 1 is data set 
with the figures of the turbine state. The first 11 meas-
urements in the data set – the process parameters that are 
expected to be related to vibration signals. Next 12 meas-
urements – vibration signals in the different parts of the 
turbine were measured. The data base has 1000 values. 

For the second task the electricity consumption data 
base of the Siberian Federal Region of the 2012–2014 
years was used, with the figures: every month, every day 
and every hour of the day, payment for electricity con-
sumption, etc. The features available in the database: 
electricity consumption of the region, of the district, of 
the city. The data base has 8000 values [15]. 

Results of the study. The initial settings for 
optimization procedure by the evolutionary algorithm are 
following: the amount neurons is 8; the maximum amount 
of layers – 8. Each data bases were divided into two parts. 
There are train and test values in proportion 80 % / 20 % 
accordingly. Each result is the minimum error value after 
20 runs for each type of initial settings. 

The error of ensemble forecasting in the percentage 
ratio by the formula (9) are converted:   

 %� �
�max min

Error 100 ,
ˆ ˆ( )

E

y y
 (9) 

where E is a value, which by formula (2) was calculated; 
expression � ��max minˆ ˆy y  is a deference between maxi-

mum and minimum values of an ensemble decision 
(output values).  

The final ensemble consists of the tree “best” neural 
network model. The results of the forecasting precision 
(error) in tab. 2, 3 with different amount of “best” ANN 
and individuals for both task accordantly are represented.

Table 1  
Data of the turbine state* 

 

A    L a   m 
pp1.1    pp1.11 vp1.1   vp1.12 

         
pp1400.1    pp1400.11 vp1400.1   vp1400.12 

 
*ppi, j – j-th process parameter in the i-th data set (i = 1, ..., 1000; j = 1, ..., 11), vpi, j – j-th vibration signal in the i-th data set (i = 1, ..., 
1000; j = 1, ..., 12).  

 
Table 2  

Minimum error values for the first task with different amount of additional “best” ANN-individuals  
on the second stage (step 1) of SelfCGP + ENN algorithm were calculated 

 

Amount of output neurons in ANN 
Error, % 1 2 3 4 5 6 7 8 9 10 11 12 

1 1.5 5.4 9.2 6.2 10 1.2 1.4 2.2 3.3 3.2 2.9 2.4 
2 2.6 5.7 8.3 6.7 9.7 1.4 1.1 2.5 2.6 2.6 2.39 2.6 
3 1.8 5.4 8.4 5.8 11 0.9 2.2 2.2 2.1 3.7 3.2 3.1 
4 2.4 5.4 8.1 6.5 10 1 1.1 2.8 2.7 3.1 3.83 2.9 
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5 2.9 6 8.1 6.6 10 1.4 1.2 2.6 3.7 2.9 3 2.6 
 

Table 3  
Minimum error values for the second task with different amount of additional “best” ANN-individuals  

on the second stage (step 1) of SelfCGP + ENN algorithm and with different amount of individuals were calculated  
 

Amount of individuals 80 160 240 
Amount of additional ANN-individuals : 1 

Number of Layers 5 6 8 The average value  
of ANN models 

complexity in ensemble Number of Neurons 7 7 5 
Error, % 2.19 2.41 3.58 

Amount of additional ANN-individuals : 2 
Number of Layers 6 6 7 The average value  

of ANN models 
complexity in ensemble Number of Neurons 6 5 6 

Error, % 3.46 3.7 2.13 
Amount of additional ANN-individuals : 3 

Number of Layers 4 5 5 The average value  
of ANN models 

complexity in ensemble Number of Neurons 7 8 6 

Error, % 2.44 2.1 2.8 
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End tab. 3 
Amount of individuals 80 160 240 

Amount of additional ANN-individuals : 4 

Number of Layers 6 5 7 The average value  
of ANN models 

complexity in ensemble Number of Neurons 6 5 4 
Error, % 2.53 1.88 2.68 

Amount of additional ANN-individuals : 5 

Number of Layers 6 7 7 The average value  
of ANN models 

complexity  
in ensemble Number of Neurons 7 5 5 

Error, % 4.04 1.95 3.24 
 
The algorithm with Visual Studio C# program was re-

alized and on a laptop with 1 terabyte of memory was 
tested with the four-core processor Intel Core i5-2410 
(2.10 GHz).  

Conclusion. The results of statistical studies show that 
offers a comprehensive approach for the design of neural 
network ensembles is demonstrated high efficiency for all 
used test tasks. In the result can conclude that the pro-
posed method is not less effective than the widely used 
method based on the genetic algorithm. The advantage of 
the proposed method is reducing the cost of the solution 
by automatically choosing evolutionary operators, also 
find compact neural networks structure with height preci-
sion: the average modeling error in the range 1–6 % for 
the first task with 12 outputs, and in the rage 2–5 % for 
the second task with one output. According to the results 
the greatest deviation is in the fifth exit for the first task 
(tab. 2). It means that the result directly depends on the 
level of variation in the inputs data sets. In the fifths out-
put the variation value is sufficiently high. After testing 
notice, that increasing number of inputs and outputs de-
crease the speed of the data processing, also necessary  
to optimize more parameters and increasing the number  
of iterations. But the positive dynamic is the reduction  
of complexity of neural network models: the reduction  
is in average for neurons – 30 % and for layers – 20 %  
if to compare with the initially sets, also the precision 
rates for two tasks are satisfactory in average are about 6 %. 
The proposed approach can effectively automatically  
generate ensembles of neural networks. Therefore, this 
approach may be used to improve the efficiency to solve 
complex applications tasks. 
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This paper describes a new methodological approach to development of planar aeronautical constructions 

reinforced by curvilinear fibers sets. The structural model of composite in terms of the planar non-homogeneous 
thermoelasticity problem in the case of curvilinear coordinates is used to simulate the problem. The resolving system of 
differential equations is obtained. The direct problem and the inverse problem of a material reinforcement are stated on 
the basis of this system. The boundary conditions are defined for curvilinear coordinates. The resolving system of 
differential equations with radial and circular movement’s variables is obtained for an axisymmetric problem. This 
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system is a second-order differential equations system, highest derivatives of which are not isolated. The effective 
numerical method which takes into account the factors of the resolving system for a reinforced material is designed. 
Different mixed configurations of two sets of curvilinear trajectories are considered for the direct problem when  
a planar construction is under conditions of axisymmetric strain. The following examples are described: the 
logarithmic spiral trajectories set and the set of trajectories isogonal to it (to logarithmic spiral), the  Archimedean 
spiral trajectories set and the “wheel spokes” trajectories  set, the logarithmic spiral trajectories set and the “wheel 
spokes” trajectories set. Effective reinforcement structures and reasonable reinforcement structures are studied. The 
reinforcement power is considered with subject to additional conditions of fibers cross-sections constancy.  
It corresponds to the industrial process conditions. The reinforcement effectiveness integral characteristic is defined.   
It is called an “armature spending”. Its properties are studied for different initial states of an industrial process and for 
different curvilinear trajectories of reinforcement by two curvilinear fibers sets. The inverse problem for a plate which 
is symmetric with respect to its median surface is stated. A plate consists of a binding material layer and an armature 
layer. Layers are thin. A plate has a plain stress condition. The temperature is constant across a plate cross-section.  
A binding material layer is isotropic and equal cracking resistant. 

 
Keywords: reinforcement, structural model, curvilinear trajectories, thermoelastic, cracking resistance, breaking 

strains. 
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(�;(���( ����������!�� ���/����+�!�� �������-
;���. �+������< � ���+������< ��;�	����!| 	��+�-
/���� �+����;(���( ��+�� �������! (���	;�-, ����-, 
��;�- � ��������;�	��) � �����) (+�;�����!|, ��;�-
����!|, ����;;�#��	�|, 	�����#��	�|), ���+��<�  
�| �/�����������( � 	��+�/���, � ��	�� ��;�� �����-
����( ��������;<�� ��+���;���� ����������(. ���-
+�/��! ��;����� ����( �����(�� �������������� – 
��	���������������<� (�����;��, ������;���!�  
�/ ��;�	�� � ��(/������) � ��	���������������<� 
(�;�����( ����	����, ������;����( �/ �����;���,  
� +���/��;<��� �	;��	�� +� ��;���� +�	���). ������ 
��� ��+���;���( � ��|���	� 	��+�/����: ��	��-  
� ��	����|���	�. 
�#������ ��	��- � ��	������	��� 
	��+�/��� �  /���#� �+����/�)�� +���(���� ������(( 
������ 	�;;�	���� /�������!| ������� [1]. ^;( /���-
������ ;��������! |���	����� ��;�#�� ��;<&��� 
	�;�#����� ����� +� 	��+�/����, �+��!�����| ��+��- 
�+������< +�� ��;���� 	���#�!| ��~����)��,  
��+����� [2; 3]. 
���	�����-�����������( ����� +� 
������ ~�/�	�-��|���#��	��� +�������� /��#���;<-
�� ����#� ����������� �������;�. %�/������/�� ��/-
����!| �����)�� � +��)���� ��~����������( � ��/-
��&���( 	��+�/���� ��;��� �/�#���� "��| �������-
;�� +���;�	���;<�!� �;( �+�)��;����� �/ ��/�!| 
��;����� ��|���	� �������� ��;�. `�+�����, � ��;�	-
����!| 	��+�/���| �� ������ ���������| ";������� 
������ ������( ��	����~�	�! – ������!, ����;��-
;���!� �� ��;<	� �������&������� ��|��;����,  
�� � �����+;����� �� ����;�/��������� ����;� ��-
�����;�. ������;<�!� �������� � ��|���	� ��;�	-
����!| 	��+�/���� (�;(���( ����������!� �#�� 
����	���! �������;� �� ������ ���������| ";����-
��� – �����(��;<����, �� |���	������ �;( 	;����#�-
�	�� ��|���	� �������� ��;�. `� ������ ���������| 
";������� ��/�����( ��|���#��	�� �������� ����-
���;�; �+���;(( �	;��	�� ��;�	��, ����� � �+����-
;���!| +����;�| �+���;(�< +�;(�� ��+�����;���( 
�������;�, «+���������(» �| +�� ����������� ���-
;�(. ����� +��|�� +��������( ��|���	� ��;�	��-
��!| 	��+�/���� +�������;�� � �������~�� [4].  

� �����(��� ����( ��/�������� ������������� 
+������� +��#�����!| |���	�������	 ���;��, �;���-

����!|, �������!| � �������!| �+;���� +��	��#��	� 
��#��+��!, � +�"���� �;( /��#���;<���� �;�#&���( 
��|��#��	�| +��������� � ����	��| �������������� 
��/��#���( ����|����� ��+�;</����< ��/������/�!� 
�+�	�� ���������!| 	��+�/���!| �������;��, ��#�-
�����| �!��	�� ���;<��� +��#����< � ����	���<  
� ������� )���!�� 	�#�������: �!��	�� ��|��;���#-
����<� �/�����;���( 	������	)�� �/ ��|, +��!&��-
��� ����	���<� 	 ���������!� ������. 

� ����������� �"��	����#��	�� +���!&;������� 
&���	� ��+�;</����( ���	������!� ";�����! �/ ��-
;�	����!| 	��+�/���!| �������;��. ��;�	������ 
����������� +�/��;(�� +�����(�< ���!� +���)�+! 
+���	��������( � �/�����;���( �/��;��, ��������!� 
�� ���, #�� �������; � �/��;�� ��/�����( �������-
����� � ���	�| ������� ��|��;���#��	��� +��)����. 
� ��/�;<���� +�;�#����( �/��;�� � ���!�� ���	�;<-
�!�� "	�+;����)����!�� 	�#�������. ^� ��������� 
������� ����������� ��������;(;��< +���������-
����� +�(��;�����!�� ��;�	����. ��	�� ����	���! 
����������( �� ����� �!�< "~~�	����! �;( 	����-
��	)�� � ��;<&��� ����������� +�;�� ��+�(�����  
� ��~����)�� � /��� ��������� � +���|���!| ";����-
���, #���� �����#����|�( +�� ��/����� ���;<�!| 
����	���. � "��� �;�#�� ����|����� ��/�����< 	����-
��	)�� �� �+�)��;<�!�� 	����;�����!�� ����	��-
���� ����������(, ���;�������!�� � ���;<�!�� ���-
������(�� "	�+;����)�� ��������������| �/��;��.  

�#$%&!#�'& (&�&)". � ������| [5; 6] �~����;���-
���� +;��	�( /���#� ������������ ����! � 	����;�-
����!| ��������;<�!| 	���������| ( ,> ? ), 	�����( 
�	;�#��� ��������( ���������(, ��������!� /�	�� 
^����;(–`������ � ��;���(| ������+������ ���/����+-
���� ��~����������( [7–9], ������&���( �;( ��+�(-
����� � ��;�	�� �� ������ ����	������ ����;� [10]. 
����< ����������� �!+�;���� k  ����������� ��;�-
	��, �m – ��;! ����������( m-� ���������� ��;�	�� 
( 1,  ...,m k� ), (�;(���( ��+���!��!�� ~��	)�(�� 
	��������, �m –��~����)�( � ��;�	��, �m – ��������-
����< ����������( m-� ���������� ��;�	��. ^�~����-
)�� � ��;�	�� �+����;�� +� ����	������ ����;� [10]  

 
2 2 0

11 1 22 2 12 1 2 ,m m m m ml l l l* � * � * � *  (1)  
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��� 1 2cos ,  sin ,m m m ml l� " � "  a
m� �  	�"~~�)���� ;�-

������� ���+���������� ���&�����( �������;� m-�� 
��������� ��;�	��; ' – /������( +����(���( ���+���-
����. `�+�(����� � ��;�	�� �m ��|���� +� ~����;� 

 
2 2

11 22

12

( cos sin

       cos sin ) ,
m m m m

T
m m m

E@ � * " � * " �

� * " " � @
 (2) 

��� Qm – ����;< ���� �������;� m-�� ��������� ��-
;�	��; T a

m m mE T@ � � . 
�(/< ��+�(����� �ij � ��~��-

��)�� �ij �;( ������������� ������������� ����-

���;� /�+�&�� � ���� 
1

,
k

c
ij ij m m mi mj

m
a l l

�

@ � @ � @ A�  

��� ��+�(����( � ��(/����� c
ij@  �+����;�� +� ~��-

��;�� � �#���� +�;( ���+������ [7]: 

� �� �2 1 ,
(1 )

c c
ii ii jj

E T@ � * � B* �� � B
�B

 

� �
,

1
c
ij ij

E
@ � *

� B
3 ,  1,  2,j i i� � �  

��� , , cE B � �  �������������� ����;< ����, 	�"~-

~�)���� �������� � 	�"~~�)���� ;�������� ���+�-
��������� ���&�����( ��(/������ �������;�; 

1
1

k

m
m

a
�

� � A ��  ���;<��( ������������< +���;��	 

��(/������ ����� ����������� �;�(��. `�+�(����( 
� �#���� ����	����!| |���	�������	 ����� ��� [5; 6] 

 
11 11 11 12 22 12 12 14

22 12 11 22 22 23 12 24

12 13 11 23 22 33 12 34

,
,
.

a a a a
a a a a
a a a a

@ � * � * � * �
@ � * � * � * �

@ � * � * � * �
 (3) 

�������� 	�"~~�)����! � (3) ,  1,3,  1,4,ija i j� �  

�#��!������ ��� ����	����!� |���	�������	� � �;�(- 
��� +�;( ���+������:  
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*

*

*

*

*
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1
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1
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4
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3
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2 2
33 2

1

     cos ,

sin cos ,

    cos sin ,

      sin ,

     cos sin ,

sin cos ,

m

m m m
m

m

m m m m
m

m

m m m m
m

m

m m m
m

m

m m m m
m

m

m m m m
m

a m E

a m E

a E

a m E

a E

a m E

�

�

�

�

�

�

� � A "

� B � A " "

� A " "

� � A "

� A " "

� � A " "

�

�

�

�

�

�

 (4) 

2
14 1

2
24 1

cos ,

sin ,

T T
m m m

T T
m m m

a m L

a m L

� � � @ A "

� � � @ A "
 

34 1 sin cos ,T T
m m m ma m L� � � @ A " "  

1 22 ,  ,  
11

        (1 ) .T c

E Em a m a

L T

� �
� B� B

� � � B
 

��� ��;������ ��+�;����;<�!| ��;���� +����-
(����� ��#���� ��;�	��, #�� ������������� ��;���(� 
��|��;���#��	��� +��)����, ������������< ��������-
��( mA  ����;�����(�� �;������� ������&���(� [11] 

 
2 1( cos ) ( sin ) 0.m m m mH HC C
A " � A " �

C> C?
 (5) 

{�����������< mA  �+����;(���( �/ (5) +��;� �!-
#��;���( ��;�� ����������( +�� /������ ��������� 
	��	����!| ����	����� ����������( � ��#�;<�!| 
��;���� �!|��� �������!. � ������ [12] +�������! 
�/�����;<�!� ����	����� 	 ����!� ���������� +;�-
�	�| 	���!|, #�� ���&��(�� ���������/�� ��+���!�-
�!| 	����;�����!| ����	�����. 

� ���	�| +�(��� /���#� (�/������ ����	���� ��-
��������() /��	����( ��/��&����( ������� ~����-
;������( ��������;<�� 	��+����� ���/��� ��~����-
)��, +�����;��� 	�����( /���#� � 	����;�����!| 	�-
��������| [5; 6]. ��"~~�)����! ������! � 	����!| 
��;���� �������� ��� ����	����!� |���	�������	� 
	��+�/���: /�����!� ��;! ����������(, ��������-
����< ����������(, ��|���#��	�� |���	�������	� 
�������;�� ��(/������ � �������!. � �;�#�� ���-
��������#��	�� /���#� (	��)�����#��	�� 	�;<)�) 
����������� +��������( �����, ����( � ����( ��-
��������� ��;�	��, +�������;(���| ����� �;���-
���#��	�� �+���;� � �� �/�����;<�!� ����	����� 
[12]. %�/��&����( ������� ~����;������( � +�����-
����(| � +������� 	 	������ /���#� �;( ������! 
��!	������!| ��~~����)��;<�!| ��������� ����-
����;<�� �����;<���� � �	������� +����������. 
����������< +�;�#����� ������! ������� � ���, #�� 
��� (�;(���( ��������, ����/��&����� ��������;<�� 
����&�� +���/������. `� ������ �������~�� [13] �;( 
��	�� ������! ��/������� ���!� "~~�	����!� #��-
;���!� �����, �#��!������ ����������� ������-
������ ����! � ����<&����� �&��	� #��;������ 
�#��� [14]. ��	�� +��|�� +�/��;(�� ��&��< /���#� � 
	����;������ ����������!| ��������|�( ���	�|, 
(�;(���|�( ";�������� 	������	)�� �������������� 
��/��#���( [15]. 


!&*"( +,"(!&'& «,&$/#� &,0&%1,2». ^;( ���-
;�/� "~~�	�������� 	������	)�� �������( |���	��-
�����	� ����������( – ���|�� �������! [11]. ���-
/��#�� �� �����;�� *. ^;( ����������( 	�;<)���� 
+;�����! ����( ����������� ��;�	�� � +�;(���� 
������� 	�������� ���|�� �������! �+����;(���( +� 
~����;� 

2

1

1 2( ( ) ( )) ,
R

R

B R R R dR� A �A�  

��� R – ;�����!� ��/��� +;�����!, D 1 2, ]R R R� ;  
�1 – ������������< ����������( +���!� ���������� 
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��;�	��; �2 – ������������< ����������( ����!� 
���������� ��;�	��. ���������( ���;�/ /���������� 
B  �� ��#�;<�!| ������ ��|��;���#��	��� +��)���� – 
��#�;<�!| �������������� ����������( ����( ��-
��������� ���������| ��;�	�� �;( ��/;�#�!| 
����	��� ����������(. 

{������������ ����������( �;( ����!| ����	��� 
������! � ���;���#��	�� ���� 	�	 ��&���� /���#� 
��&� ��~~����)��;<�!| ���������, +�������;(�-
��| ��;���( +����(����� ��#���� ��;�	�� (5). ��� 
�+����;(���( +� �;������� ~����;�� �;( ������-
����( ���������� ;�����~��#��	�| �+���;�� � ��-
�������� «�+�)! ��;�	�;���»: 

� �� �
� �� �

10 1
1

1
22 4

20 1 1 0
2 1

22 4
1 1 0

                ,

sin
.

sin

R
R

R R R

R R R

A
A �

A �  
A �

�  

 

^;( ����������( ���;< ����	����� ��������� 
�+���;� �|����� ������������< ����� ��� 

2 2 2
30 1 0

3 2
0

tg
,

1 tg

R R

R

A � "
A �

� "
 �;( ����	�����, �/�����;<-

�!| 	 ��������� ;�����~��#��	�| �+���;��, �����-
�������< ����������( /������( ~����;�� 

40 1
4 ,

R
R

A
A � ��� 10 20 30 40, , ,A A A A �  ��#�;<�!� ��-

����������� ����������( ����������� ��;�	��; 
0 0, " � ��#�;<�!� ��;! �!|��� �������!. 

`� �����	� � ��(| �������������� ����������( 
1A , 2A  +�	�/��� �;�(��� �!�����!| ��#�;<�!|  

��;���� ��|��;���#��	��� +��)���� (� ������������  
� ���;�)��) �� +��/��	 *  «���|�� �������!» �;( ��/-
;�#�!| 	����;�����!| ����	��� ����������(. 

%�/������!� +��|�� � ���	�| ������ �!#��;�-
��;<��� �|��! +�/��;(�� �+���;(�< ���������� ��-
;�	������� 	��+�/���, ��/�����< "~~�	����!� � ��-
)����;<�!� +���	�! �;( +;��	�| 	������	)�� 	�	 
";������� 	������	)�� �������������� ��/��#���(. 


~����;��������( +;��	�( /���#� ������������ 
����! � 	����;�����!| ��������;<�!| 	���������| 
+�/��;(�� ��&��< � �������� /���#� +� �+����;���� 
"~~�	������ ��)����;<��� ����	���!, ��;� 	 ��� 
�������< ���������( �������~������������ ��;�	�� 
�;� ����������������	���� � ��(/����� +� 	����-
��� ��;������ [16].  

�#$%&!#�'& (&�&)" #3 &,0",#�&!!#4 +*&$%"!�  
$ ,&�!#4 %,�5"!#$%#4'#$%67 $�8(175�9#. %��-
�����������( +;������, +�;�#����( �/ ������ +���- 
;��	 ��(/������ � +���;��	 �������!, ��������#-
�!| ��������;<�� ��������� +����|�����. ����;��-
	� ���	��, +�"���� ���;�/����( +;��	�� ��+�(������ 
�����(���. ����< ���+������� constT �  +����(���( 
+� ��;���� +;�����!. 

��+�&�� +�;�!� ��~����)�� 11 22 12,  ,  * * *  � ��-
	������� ������� 	�������� 	�	 ����� ��|���#��	�|  
� ��+;��!| ��~����)��: 

 
mech mech mech

11 11 22 22 12 12,  ,  .c c cT T T* � * � � * � * � � * � * � �  

 
�&,&0�%,2 %�/!#*#9")�$'#9# +,#:�$$& 

 

01A � ��#�;<��( ������������< ����-
������( +������ ��������� ��;�	�� 

02A � ��#�;<��( ������������< ����-
������( ������� ��������� ��;�	�� 

0 �  ��#�;<�!� ���; �!|��� 
��������� «�+�)! ��;�	�;���» 

0,3 0,3 / 4�  
0,05 0,376 /12�  
0,1 0,318 5 / 4�  
0,51 0,18 7 / 4�  

 
 

 
 
                                     �                                     �                       � 

 
%��|�� �������! *  (��< �++;�	��) �;(: � – ����	���! ����������( «��������� ;�����~��#��	�| 

�+���;��» � «�+�)! ��;�	�;���»; � – ����	���! «��������� �+���;�� �|�����» � «�+�)! ��;�- 
	�;���»; � – ��������� ;�����~��#��	�| �+���;�� � �� �/�����;<�!| ����	����� 
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�����)��;<��( "�����( � +���;��	�| �/����+���� 
��(/������ ����� 

mech mech mech
11 11 22 22 12 122 ,c c �W � @ * � @ * � @ *  

��� ��+�(����( � ��(/����� /����! ������&���(�� 

 

mech mech
11 11 11 12 22

11 11 12 22 11 12
mech mech

22 11 22 12 11

12 11 11 22 11 12

12 13 12

     

( ) ,

     

( ) ,

                 .

�

c

�

c

c

d d

d d d d T

d d

d d d d T

d

@ � * � * �

� * � * � � �

@ � * � * �

� * � * � � �

@ � *

 (6) 


 �#���� (6) +����)��;<��( "�����( /�+�&���( 	�	 

 
2 2 2

11 11 12 22 13 12 14 11 22

15 11 16 22 17   const.c

W b b b b
b b b W

� * � * � * � * * �

� * � * � � �
 (7) 

��"~~�)����! � (7) �;( �/����+���� ��(/������ 
����� ��� 

� �

11 12 132

14 152 2

2

16 172

 ,  ,
2(1 )1

2 2   ,  ,
1 1

22 ,  .
11

c

cc

E Eb b b

E T Eb b

T EE Tb b

� � �
� B�B

B � B
� � �

�B � B

��
� � �

�B�B

 

��;���� ������������ ��~����)�� � ��	������� 
������� 	�������� ����� ��� 

 
2 2 2

11 22 12
2 2 .

x yy x
C * C * C *

� �
C CC C

 (8) 

����< 2h – ��;���� +;�����!, �1 – ��;���� ����-
������� �;�( +������ ��+���;���( �1  � ����������-
��<� ����������( �1, �2 – ��;���� ����������� 
�;�( ������� ��+���;���( �2  � ������������<� ��-
��������( �2. ����� ���;�( /�+�&�� � ���� 

11 1 2 11 1 1 11 1 1

2 2
1 2 2 11 2 2 2

22 1 2 22 1 1 22 1 1

2 2
1 2 2 22 2 2 2

12 1 2 12 1

 2( ) 2 (1 )

     cos 2 (1 ) cos ,

 2( ) 2 (1 )

     sin 2 (1 ) sin ,

 2( ) 2 (1

c c a

c a

c c a

c a

c

N h

N h

N h

8 9� � 5 � 5 @ � 5 �A @ �A @ �: ;
8 9� " � 5 �A @ �A @ ": ;

8 9� � 5 � 5 @ � 5 �A @ �A @ �: ;
8 9� " � 5 �A @ �A @ ": ;

� � 5 � 5 @ � 5 � 1 12 1 1

1 1 2 2 12 2 2 2 2

)

sin cos 2 (1 ) sin cos ,

c a

c a

8 9A @ �A @ �: ;
8 9� " " � 5 �A @ �A @ " ": ;

 

��� 1 2,a a@ @  – ��+�(����( � ��;�	��| �������! +����-
�� � ������� ��������� ��������������. {| /�����-
����< �� ���+������! /������( � ���� 

1 1 1 1 2 2 2 2( ),  ( ),a a a aE T E T@ � * �� @ � * ��  

��� ��~����)�� � ��;�	��| �+����;(���( +� ~����;� 
(1). ��������( ���������( � ���;�(| /�+�&���( 	�	 

 11 12 12 220,  0.
N N N N
x y x y

C C C C
� � � �

C C C C
 (9) 

�������( ��;���� +����(����� ��#���� ��;�	�� 
(5) � ��	������� ������� 	��������, � ������: 

 
1 1 1 1

2 2 2 2

( cos ) ( sin ) 0,

( cos ) ( sin ) 0.

x y

x y

C C
A " � A " �

C C
C C

A " � A " �
C C

 (10) 


���	�+����< ��������� (7)–(10) +�/��;(�� ��-
&��< /���#� � ��|������� ��+���;���� ���������| 
�;��� ��������������� +;�����! � ��;���(| �����-
�+������ ��~����������(, �. �. ��&��< ��������  
/���#� � ��+�;����;<�!� ��;����� ������ �������-
����	���� ��(/������. ��� �������� ��#�;<�!|  
��;���� �� ������������� ����������( � 	����!| 
��;���� �� ���&��� 	������ +�;�#��� /��	����� 
������� +� �+����;���� ����	����� ����������(. 

�&'*7)�!"�. %�/������!� +��|�� � ���	�| ���-
��� �!#��;���;<��� �|��! +�/��;(�� �+���;(�< 
���������� ��;�	������� 	��+�/���, ��/�����< "~-
~�	����!� � ��)����;<�!� +���	�! �;( +;��	�| 	��-
����	)�� 	�	 ";������� 	������	)�� �������������� 
��/��#���(. 

�*&9#�&,!#$%". %����� �!+�;���� +�� +������	� 
������� %������	��� ~���� ~���������;<�!| ���;�-
�������  � 14-01-90400 �	�_�. 

Acknowledgments. The work was performed with the 
financial support of the Russian Foundation for Basic 
Research (grant �14-01-90400 Ucr_a). 

 
�"3*"#9,&;")�$'"� $$2*'" 

 
1. Multi-scale design of composite materials and 

structures for maximum natural frequencies / Zhi Hao 
Zuoa [et al.] // Materials & Design. 2013. Vol. 51.  
P. 1023–1034. 

2. Azimuthal shear of a transversely isotpic elastic 
solid / F. Kassianides [et al.] // Math. Mech. Solids. 2008. 
Vol. 13. P. 690–724. 

3. Jog C. S. The equation of equilibrium in 
orthogonal curvilinear reference Coordinates // Journal of 
Elasticity. 2011. Vol. 104. P. 385–395. 

4. Vasiliev V. V., Morozov E. V. Advanced Mechanics 
of Composite Materials. Elsevier, Oxford, 2007. 505 p. 

5. `�������	�� �. �., $������� `. . ������-
��#��	�� ����;�������� +;��	�| 	������	)�� �/ ��-
��������!| ��;�	����!| �������;�� : �������~�( / 

$�. ������(��	,  2010. 136 �.  

6. `�������	�� �. �., $������� `. . {��;���-
����� ��)����;<�!| ����	��� 	����;�������� ����-
������( � +�;(���� ������� 	�������� // �����.  

����. ���. ��|�. ��-��. 
��. ~�/.-���. ���	. 2013.  
� 1(30). 
. 233–244.  

7. ����;��	� . ^. �������� � ������+������<.  
���� : `��	. ���	�, 1965. 204 �. 

8. Modeling of thermomechanical behavior  
of layered plates at technological thermal radiation /  
A. Gachkevich [et al.] // Manufacturing processes. Actual 
problems. Vol. 2. Modelling and optimization  
of manufacturing processes / Ed. by: M. Gajek,  
O. Hachkevych, A. Stanik-Besler. Opole : OWPO, 2013. 

. 221–234. 

9. `�������	�� �. �., ���;�)	�� %., $������� `. . 
�����;<�!� ��~����)�� ������+����| +;��	�|  



 
 
 

*���
�� 0��123. '�� 17,  5 1 
 

 78

	������	)�� � 	����;�����!� ������������ //  
%�&������	�� #����( : �������;! XIX ��������. 
���#.-+��	. 	��~. (10–14 ��(�. 2015, �. ������(��	).  
� 2 #. �. 2. / +��. ���. ���. �. �. �������� ; 
��. ���. 
�"��	����#. ��-�. ������(��	, 2015. 
. 130–131. 

10. Nemirovsky Yu. V. On the elastic behavior  
of the reinforced layer // Int. J. Mech.  Sci. 1970. Vol. 12. 
P. 898–903. 

11. ��&����� 
. �., `�������	�� �. �. �+��-
��;<��� ����������� +;����� +�� +;��	�� ��+�(���-
��� �����(��� // ���	;. ��|���	� � ��|�. ~�/�	�. 1983. 
� 5. 
. 158–165. 

12. $������� `. . ����;�������� �/�����;<�� 
����������!| 	�;<)��!| +;����� � +�;(���� ������� 
	�������� // �����; 
�����	��� ~�����;<���� ������-
������. 
��. «��������	� � ~�/�	�». 2011. � 4(3).  

. 400–405. 

13. �����	� �. {. �����! #��;������ ���;�/�.  
�. : `��	�, 1986. 740 �. 

14. $������� `. . ���������� "~~�	������� 
#��;������ ������ ��&���( �����������#��	�� /���-
#� ������������ ����! // ���;���!� �����! ��&�-
��( /���# ������ �+������� � +;����#����� : ��/��! 
��	;���� XXIV ������. 	��~. (2–4 ���( 2015, �. ���	) / 
+�� ���. �	. �. �. $�����. `���������	, 2015.  

. 200–204. 

15. `�������	�� �. �., $������� `. . �����;<-
��� ��~����������� ���	�� ��/��!| � ����������� 
+�� ��/;�#�!| ����	����| ����������( // {/�����( 
�!�&�| �#���!| /��������. $�/�	�. 2013. �. 56,  
� 7/3. 
. 191–196.  

16. `�������	�� �. �., %�/��	�� �. 
. ���#����< 
";������� 	������	)�� �/ 	��+�/���!| �������;��. 
`���������	 : `��	�, 1986. 165 �. 

 
References 

 
1. Zhi Hao Zuoa, Xiaodong Huanga, Jian Hua 

Rongb, Yi Min Xie. Multi-scale design of composite 
materials and structures for maximum natural frequencies. 
Materials & Design, 2013, Vol. 51, P. 1023–1034.  

2. Kassianides F., Ogden R. W., Merodio J., Pence T. J. 
Azimuthal shear of a transversely isotpic elastic solid. 
Math. Mech. Solids, 2008, Vol. 13, P. 690–724.  

3. Jog C. S. The equation of equilibrium in 
orthogonal curvilinear reference Coordinates. Journal  
of Elasticity, 2011, Vol. 104, P. 385–395.  

4. Vasiliev V. V., Morozov E. V. Advanced Mechanics 
of Composite Materials. Elsevier, Oxford, Great Britain, 
2007, 505 p.  

5. Nemirovsiy Yu. V., Feodorova N. A. Matemati- 
cheskoe modelirovanie ploskikh konstruktsii iz armi- 
rovann’ykh voloknist’ykh materialov. [Mathematical 
modeling of the plane constructions from reinforced 
fibrous materials]. Krasnoyarsk, Sib. Fed. Univ. Publ., 
2010, 136 p. (in Russ.). 

6. Nemirovsiy Yu. V., Feodorova N. A. [Study of 
curvilinear reinforcement rational structures in polar 

coordinate system]. Vestn. Samar. Gos. Techn. Univ. Ser. 
Fiz.-Mat. Nauki. 2013, No 1 (30), P. 233–244 (In Russ.). 

7. Kovalenko A. D. Vvedenie v termouprugost. 
[Introduction to thermoelasticity]. Kiev, Naukova Dumka 
Publ., 1965, 204 p. (In Russ.). 

8. Gachkevich A., Kushnir R., Nemirovsky Yu., 
Terletsky R., Tury O. Modeling of thermomechanical 
behavior of layered plates at technological thermal 
radiation.  Manufacturing processes. Actual problems – 
2013, vol. 2. Modeling and optimization of manufacturing 
processes Ed. by: M. Gajek, O. Hachkevych, A. Stanik-
Besler / Studia i monografie, z. 365. Glava 17. Opole : 
OWPO, 2013, P. 221–234.  

9. Nemirovsky Yu. V., Terletsky R., Feodorova N. A. 
[Breaking strains of planar thermoelastic constructions 
reinforced by curvilinear structures] Reshetnevskie 
chteniya : materialy XIX Mezhdunar. nauch.-prak. Konf. 
(10–14 noyab. 2015, g. Krasnoyarsk) [Reshetnev 
Readings: proceedings of VII Intern. scientific-practical. 
Conf. (Nov 10–14, 2015, Krasnoyarsk.)]. 2015, 
Krasnoyarsk, SibSAU Publ. Ch. 2. P. 130–131 (In Russ.). 

10. Nemirovsky Yu. V. On the elastic behavior  
of the reinforced layer. Int. J. Mech. Sci., Vol. 12, 1970, 
P. 898–903. 

11. Bushmanov S. B., Nemirovskij Ju. V. [Optimum 
reinforcing of plates at a flat tension]. Prikl. mekhanika  
i tekhn. fizika. 1983, No. 5, P. 158–165 (In Russ.). 

12. Feodorova N. A. [Modeling for Reinforced  
with Isogonal Trajectories Ring-Shaped Lames in Polar 
Coordinate System]. Journal of Siberian Federal 
University. Mathematics&Phisics, 2011, 4(3), P. 400–405 
(In Russ.). 

13. Babenko K. I. Osnovy chislennogo analiza. 
[Bases of the numerical analysis]. Moscow, Nauka Publ., 
1986, 740 p. 

14. Feodorova N. A. [Creation of an effective 
numerical method of the solution of an 
osesimmetrichesky problem of the reinforced 
environment]. Chislennye metody resheniya zadach teorii 
uprugosti i plastichnosti : Tezisy dokladov XXIV 
Vserossiyskoy konferentsii. Omsk, 2–4 iyunya, 2015. Pod 
redaktsiey akademika V. M. Fomina. [Numerical methods 
for solving problems of the theory of elasticity and 
plasticity: Abstracts of XXIV All-Russian Conference. 
Omsk, June 2–4, 2015]. Novosibirsk, 2015, P. 200–204 
(In Russ.). 

15. Nemirovsiky Yu. V., Feodorova N. A. [The limit 
deformation disks of gas and water turbines at various 
reinforcement structures]. Izvestia vuzov. Phisics, 2013, 
Vol. 56, No 7/3, P. 191–196 (In Russ.). 

16. Nemirovskiy Yu. V., Reznikov B. S. Prochnost’ 
elementov konstruktsiy iz kompozitnykh materialov 
[Strength of elements of designs from composite 
materials]. 1986, Novosibirsk, Nauka Publ., 165 p. (In Russ.). 

 
 
 
 

© `�������	�� �. �., $������� `. ., 2016 
 

 
�



 
 
 

8���������, ��&�����, ��/�	������ 
 

 79

UDC 517.958:52/59 
Vestnik SibGAU 

Vol. 17, No. 1, P. 79–83 
  

A MATHEMATICAL MODEL OF OIL PRICE ASSESSMENT 
 

K. V. Safonov 
 

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

E-mail: safonovkv@rambler.ru 
                                                                                                 
The article deals with the development of the mathematical model of oil price assessment. The methodological 

foundation is determined for developing the mathematical model: two axioms stating the unique properties of oil as  
a commodity. The first one claims that oil is a commodity being determined at auctions and is not related to its value as 
a measure of abstract labor invested, the second axiom states that the markdown in oil price will not cause the increase 
in the demand for it, as the demand is determined only by the economy state of the demander. Among the factors of oil 
pricing an imbalance of oil supply and demand in the world market is chosen to be the dominant factor. The 
mathematical model is represented in two models. The first one assumes that for any excess of supply over demand, the 
price of oil tends to zero, i. e. for a sufficiently large number of auctions it becomes lower than any predefined level. 
The second theorem states that in the case of the excess of demand over supply oil price tends to infinity (a finite 
number of sessions exceeds any predefined level) in case of the dominance of imbalance. The most likely forecast 
resulting from the hypothesis that the developed mathematical model is correct is the trend of the price decrease 
reaching its extremely low level and a further transition into a long-term period characterized by the price increase 
trend.  
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Introduction. In the middle of 2014 the process of a 
markdown in oil price commenced. It became in the focus 
of public attention as the value of oil prices for the 
economies of oil-producing countries is very large [1–10]. 
When estimating, experts talk about a “fair” price level at 
which the markdown may stop. Initially the levels of $90, 
$80 and $60 per Brent oil barrel were mentioned, 
gradually $50 and $40 were spoken of, currently  
a possibility of $30 and even lower prices are predicted.  

The forecasts of upcoming price increase or at least its 
pegging given by media are positively received by the 
society. Meanwhile, the markdown is running on, which 
actualizes the search of a reasonable and, finally, well-
thought-out model of oil price forming describing the 
current state of affairs from the middle of 2014 to the 
present day. The feasibility of such models will allow  
to hope that the forecasting subsequent upon these models 
is likely to come true.  

Needless to say, the public are aware of the range  
of factors currently encouraging the markdown. The 
following factors are unanimously claimed to work  
in such a way: excess of oil supply over demand on the 
world market, the change in values of the US dollar due to 
the actions of The Federal Reserve System of the USA, 
different steps taken by OPEC members, current oil 
reserves information, the number of drilling rigs in the 
USA, weather forecasts, etc.  

Nevertheless, the lack of holistic comprehension  
of oil price forming process model in the media is 
acknowledged. In fact, under the conditions of 
progressing markdown factors, it is desirable to 
understand what the reasons, frequently mentioned by the 
experts, for upcoming price increase to any “fair” level are. 

At least judging by the information presented in the 
media, it makes sense to speak about the fact that the 
contribution of each markdown factor is not differentiated 
enough; its importance is not fairly appreciated. 

As a result, the majority of people interested in oil 
price as a factor affecting social policy of oil-producing 
countries expect positive course of events in the nearest 
future and the issue of excess of oil supply over demand 
seems to them quite solvable. Many people, for example, 
think that if oil supply exceeds demand by 5 %, the price 
will soon consequently reduce by 5 % and, as a result,  
a new “fair” price making 95 % of the previous one will 
be set which will eliminate the problem.  

Of course, it is not so. Anticipating, we should note 
that 5 % excess of supply over demand will lead to 
longtime sequential multiple-stage markdown. As a result, 
at least theoretically, it may make 5 % of the staring price, 
so the reduction may make 95 % – the price will  
be decreased by 20 times! This is, as we will ensure, the 
mechanism of oil price forming.  

Coming back to the feasibility of forecasting, we state 
that one of the ways of adequate understanding of current 
state of affairs is to develop a mathematical model of oil 
price forming.  

The mathematical model should reasonably describe 
the markdown since the middle of 2014, explain its causes 
and forecast further price forming. Naturally, the model 
actuality should be viewed approximately, as a trend.  

The aim of this article is developing and analysis of 
the mathematical model of oil price forming.  

Developing the mathematical model of oil price 
forming. It should be noted that mathematical model 
method is a general-purpose and powerful instrument of 
human perception, especially efficacious in the cases 
when experiment conduction is impossible. Mathematical 
model method allows to study a phenomenon basing on 
the development and analysis of its mathematical model – 
an approximate description in mathematical parlance [11]. 

Mathematical model development implies a certain 
simplification of a complex phenomenon, its particular 
idealization basing on the identification of major factors 
which characterize the evolvement of the phenomenon 
and on neglecting minor, less important factors [12–15]. 

Neglecting minor factors allows developing the 
mathematical model basing on major dominant factors 
and hereafter it is sufficient to study the model 
thoroughly. As a result, the model response is determined 
approximately, as a trend fixed by major factors; the trend 
presumes inconspicuous movements caused by the 
influence of minor factors.  

Mathematical modeling normally includes the 
following range of stages: 

– Development of the mathematical model of the 
phenomenon based on its simplification, identification of 
dominant factors which cause this phenomenon; 

– Exploration of the model by means of 
mathematical methods, gaining the information which 
describes the further evolvement of the phenomenon; 

– Comparing of the theoretically forecast model 
response with what will actually occur; 

– Specification and correcting of the mathematical 
model in case there is a difference between theoretical 
and practical aspects;   

– Exploration of the specified model, description  
of its response; 

– Repeated correcting of the mathematical model 
basing on the comparison of theory and practice etc. 

It should be realized that mathematical model 
development is to be relied on solid methodological 
foundation, well-proven facts and information. In our case 
such a foundation can be represented by the unique 
properties of oil as a commodity which make it different 
from many other commodities. It seems reasonable to 
associate oil price behavior with its specific commodity 
properties as many other commodity prices, unlike oil 
price, do not show sustained drop.  

What are the unique properties of such a commodity 
as oil, or, to be more precise, the specific properties of its 
price forming which can be used as a methodological 
foundation of the prospective mathematical model? 

In fact, these commodity properties of oil are well-
known, however, it is essential to see their true value. We 
suggest using these properties as the following prime 
postulates which act as the axioms describing oil price 
forming principles.  

The following two statements are suggested as such 
axioms. 

Axiom 1. Oil is a commodity which price is 
determined at auction sellings on several fixed venues and 
is not directly related to its cost as a measure of abstract 
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labor invested and to the market price of other 
commodities which, unlike oil price, are determined  
by millions of market transactions.  

The essence of axiom 1 seems to be well-known.  
We pay attention to the fact that it underlines the weak 
connection of a forming oil price with its actual cost 
which is determined by average production expenses. 
Thus, the possibility of a considerable gap between  
the price and the cost, both downward and upward,  
is postulated.  

Axiom 2. Oil price markdown does not trigger 
increase in demand, as it is determined by the economy 
state of a demander; increase in demand is possible only 
at a low price for oil reservation purposes, however, the 
extra demand exists only provided that oil price is low 
and reduces as soon as the price rises.  

The content of Axiom 2 is also well-known. We will 
note that this property of oil differs from many other 
commodities, cheapening of which leads to expansion  
of consumption.  

The emphasis is laid on the fact that these statements 
are empiric basing on the experience of human activity 
related to oil extraction and marketing, they have been 
proved through practice over decades, they are axioms 
from the logical point of view and require no further 
proof.  

The aggregate of these two simple axioms is almost 
sufficient for understanding the main trends in price 
forming. The missing link for developing the 
mathematical model of oil price forming is, as it was 
mentioned before, the identification of major and minor 
price-forming factors.  

In our opinion, the major foremost factor of oil price 
change is the imbalance of supply and demand; the value 
of this factors significantly prevails over all the other 
ones, making it dominant.  

In case market oil supply exceeds demand, this very 
factor becomes the basic one leading to the markdown;  
in case supply is lower than demand, the main trend 
shows price increase.  

Relying on Axioms 1 and 2 and considering the 
imbalance of supply and demand to be dominant,  
we obtain the mathematical model of oil price forming  
by two basic theorems.  

The first one corresponds to the current state of affairs 
of exceeding supply over demand, namely, the following 
theorem describing the main trend in price forming is fair: 

Theorem 1. If oil market supply exceeds demand for 
any arbitrarily small value ñ1 > 0, realized by market 
participants, in the process of repeated auction selling  
oil price tends to zero, i. e. in finite number of steps  
it becomes lower than any predefined level.  

In case demand exceeds supply, price forming  
is described by the following theorem. 

Theorem 2. If oil market demand exceeds supply for 
any arbitrarily small value ñ2 > 0, realized by market 
participants, in the process of repeated auction selling oil 
price tends to infinity, i. e. in finite number of steps it will 
exceed any predefined level becoming nonproportionally 
high in relation to the cost of other commodities.  

Naturally, these theorems are provable. The proof of 
theorem 1. As supply exceeds demand, the auction 

participants are forced to agree on the price lowering by a 
certain value, for example, by $0.5 in order to sell their oil 
volumes. According to axiom 1, both demanders and 
suppliers, determining oil price at the next session of 
auction selling, will see that, according to Axiom 2, the 
demand does not increase, which still means �1 > 0, 
leading suppliers to the necessity of reducing the price by 
$0.5. As a result of the iterative process, in finite number 
of steps the oil price will arbitrarily tend to zero.  

The prove to theorem 2. If supply is lower than 
demand, the demanders at auction selling agree on  
a certain price increase, say, at $0.5 in order to purchase 
required amounts of oil. In compliance with axiom 1, both 
demanders and suppliers, determining oil price at the next 
session of auction selling, will see that the demand does 
not reduce, which still means �2 > 0, leading demanders 
to the necessity of agreeing on a $0.5 price increase again. 
As a result of repeating auctions, in a finite number  
of trading sessions oil price may exceed, at least 
theoretically, any predefined level.  

We should underline the fact that, firstly, oil price is 
determined by the results of auctions that is why these 
results depend mainly on supply and demand balance. For 
example, if milk price were determined in the same way, 
it would differ from the one we see in shops, it could take 
on surprising values.  

Secondly, the theorems say about the supply  
and demand im/balance value “realized by market 
participants”. We imply that market participants realize 
and weigh all the aggregate of factors affecting the price 
including oil reserves information, the number of drilling 
rigs in the USA, Chinese economy state information, 
geopolitical events, weather forecasts, etc. Evaluation of 
excess supply over demand is conducted with regard to all 
the minor factors and definitely includes emotional 
component.  

Analysis of the developed mathematical model. We 
will show what conclusions can be drawn when analyzing 
the developed mathematical model. Relating to the 
current state of events, the price forming mechanism 
described by theorem 1 results in the following 
statements.  

Firstly, it is not correct to speak about, as it occurs 
sometimes, oil price slump; the price lowers quite 
smoothly, without leaps, which proves once again that the 
main reason is quite explainable and is the excess  
of supply over demand.  

Secondly, there is no a priori certain fair price. Being 
launched due to certain conditions (excess of supply over 
demand), price reduction process cannot cease on its own 
accord while the condition is fulfilled. The cease can 
occur only when supply and demand are balanced and the 
price formed under such a condition can be considered 
fair.  

Thirdly, the current market situation is characterized 
by a significant steady excess of supply over demand. As 
it becomes clear, there is no use expecting the price to 
stop as a result of imbalance elimination. As the result of 
decrease process the price may reach an extremely low 
level and stop just right after it because further decrease  
is impossible. In practice this level may be about $10  
(for oil price it is a “physical” zero, further decrease bears 
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no sense). To some extent, it would be the fair price 
corresponding to the situation. Reaching this level may 
occur in a relatively short period of time, for example, 
within half-year.  

When experts say that the fair price is $40 or $50, they 
surreptitiously compare the price with minimal production 
expenses, i. e. with the cost which, as we see, has nothing 
to do with oil price.  

Fourthly, price decrease process can be controlled 
only by decreasing oil supply on the world market.  

Fifthly, the most important conclusion is related to the 
answer to the key question: what will happen when the 
price reaches “zero level”, but supply still exceeds 
demand?  

Theorem 1 cannot be applied in this case as the price 
can no longer decrease. There is also no reason to forecast 
a small price bounce and further retrieval to the zero 
level. It seems that such a situation should be described 
within a framework of a special mathematical model 
which is beyond the scope of this article.  

Anyway, logical and practical way out of the situation 
of reaching a rock bottom price level may be to 
acknowledge one of the scenarios: either supply stops 
exceeding demand, or supply excess ceases being  
a dominant factor, which has been mentioned above, and 
another factor becomes dominant.  

In the first case, when supply reduces, the conditions 
of theorem 2 will start acting, according to which the 
price will start increasing unrestrictedly.  

In the second case other dominant factors will appear. 
Basing on the hypothesis that this mathematical model is 
correct, market participants are very likely to change the 
behavior. Indeed, black marketers play an important role 
making profit on oil price changes. The situation in which 
they are not able to move down will lead to their necessity 
to gain profit from the realization of price increase 
sustained trend. Thus, in both cases the commence of 
unrestricted price increase process is most likely to 
happen. According to the developed theory and the 
standing practice it can be forecast that the maximum 
markdown and moving to increase period is possible in 
the period from six months to one year.  

The increase period duration, as it can be assumed, 
will be sufficient enough for the price to reach a high 
level stage by stage.  

Sixthly, the represented mathematical model allows to 
derive a range of conclusions, for example, that  longtime 
pricing at the level of approximately $50 under the 
condition of imbalance is impossible for a long period of 
time, say, one year. At the same time it should be noted 
that the average price for this period can be quite high  
due to the fact that a significant markdown can be 
compensated by a considerable increase. 

Conclusion. This article presents and works out the 
problem of developing the mathematical model of oil 
price forming.  

The methodological foundation is determined for  
the development of such a mathematical model. The  
two axioms stating the unique properties of oil as  
a commodity are chosen as the basis. The first axiom says 
that oil is the commodity which price is determined  
at auctions on 2–3 world venues and is not directly related 

to its cost as a measure of abstract labor invested and the 
prices of other commodities which are determined as  
a result of a great number of market transactions.  

The weak connection of the forming oil price with its 
actual cost which is objectively determined by average 
market production expenses postulates the possibility of  
a considerable gap between the price and the cost, both 
downward and upward.  

The second axiom states that the markdown in oil 
prices involves no demand increase for it, as the demand 
is determined by the economy state of a demander; 
market demand increase is possible at a lower price  
as a part of demanders can purchase oil for reservation 
purposes, however, extra demand exists only under 
condition of a low price and it vanishes if the price 
increases. This commodity property of oil is essential as it 
differs oil from the majority of commodities, cheapening 
of which leads to a significant increase of consumption.  

These statements are empirical basing on the long-
term experience of oil extracting and marketing and are 
axiomatic from the logical point of view.  

Among the factors that determine oil price the 
imbalance of supply and demand on the world market  
is chosen as a major dominant factor.  

Neglecting multiple minor factors allows to develop 
the mathematical model basing on the mentioned 
dominant factor and to analyze it. As a result, the 
mathematical model response is described approximately, 
presuming inconspicuous movements which are generated 
by the influence of minor factors. 

The mathematical model is presented in two theorems. 
The essence of the first one is that oil price becomes 
lower than any predefined level in a considerable number 
of auctions under every excess of supply over demand. 

The second theory claims that oil price will exceed 
any predefined level in a finite number of trading sessions 
under the condition of exceeding demand over supply.  

The developed mathematical model, as it must be, 
provides a certain simplification, idealization of oil price 
forming process. Nevertheless, it is simple, it has a clear 
reasoning and is practically confirmed: it is the only 
model to adequately describe the current state of events 
on the oil market. 

The most likely forecast resulting from the developed 
mathematical model is the decrease of the price reaching 
its extremely low level and a further transition into a long-
term multiple-stage period of its increase.  

Of course, if the oil supply will be limited and become 
lower than its demand, price markdown will cease and, 
according to theorem 2, the price will be increasing. 
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Speech is the main modality for human communication. It can tell a lot about its owner: their emotions, intelligence, 

age, psychological portrait and others properties. Such information can be useful in different fields: in call centres for 
improvement in the quality of service, in designing Spoken Dialogue Systems for better adaptation of a system to users’ 
behaviour, in the automatization of some processes for analysing people’s psychological state in a situation with a high 
level of responsibility, for example, in a space programme. One such characteristic is the Interaction Quality. The  
Interaction Quality is a quality metric, which is used in the field of Spoken Dialogue Systems to evaluate the quality  
of human-computer interaction. As well as in Spoken Dialogue Systems, the Interaction Quality can be applied for esti-
mating the quality of human-human conversations. As with any investigation in the field of speech analytics, for model-
ling the Interaction Quality for human-human conversations a specific corpus of task-oriented dialogues is required. 
Although there is a large number of speech corpora, for some tasks, as, for example, for Interaction Quality modelling, 
it is still difficult to find appropriate specific corpora. That is why we decided to generate our own corpus based  
on dialogues between the customers and agents of one company. In this paper we describe the current state of this cor-
pus. It contains 53 dialogues, corresponding to 1165 exchanges. It includes audio features, paralinguistic information 
and experts’ labels. We plan to extend this corpus both in the feature set and in the observations. 
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1. Introduction 

Speech analytics is applied to extract different infor-
mation from speech data. Human speech can tell a lot 
about a person: their emotions, intelligence, age, psycho-
logical portrait and other properties. On the dialogue level 
it can determine for example cooperativeness between 
speakers, the involvement of each speaker in the dialogue 
and the topic of the discussion. 

Speech analytics is useful for call centres in such tasks 
as estimating customer satisfaction and detecting prob-
lems in the agent’s work. Moreover, such characteristics 
as customer satisfaction, emotions, Interaction Quality 
(IQ) and others are important for designing Spoken Dia-
logue Systems (SDS) for better adaptation of such sys-
tems to user behaviour through the dialogue. Besides, 
these characteristics can be used for the automatic assess-
ing of relationships between people using speech. It is 
especially it is important for different space programmes, 
where the crew members spend a lot of time in a small 
space inside the space station. 

The IQ is a quality metric, which is used in the field of 
SDS to evaluate the quality of human-computer (HC) 
interaction. The IQ metric was proposed by Schmitt et al. 
in [1]. This metric can be useful not only for measuring 
the quality of the interaction between humans and com-
puters, but for human-human (HH) dialogues as well. The 
model of the IQ for HH task-oriented conversations can 
help then make SDS more flexible, more human-like and 
friendlier. 

As for each investigation in the field of speech ana-
lytics, for modelling the IQ for HH conversations a spe-
cific corpus of task-oriented dialogues is required. Such a 
corpus can be developed based on calls from call centers 
offering support, information or help services. It is diffi-
cult to get access to such a database of calls as these calls 
contain the private information of speakers. 

This is why we tried to develop the speech corpus 
based on a call database. This corpus consists of the calls 
between company workers and customers. In this paper 
we present a first overview on this corpus. 

This paper is organized as follows. A brief description 
of related work (existing HH task-oriented conversation 
corpora) is presented in Section 2. Section 3 gives infor-
mation about the developed HH task-oriented conversa-
tion corpus for the IQ modelling for HH dialogues. Sec-
tion 4 introduces a description of manually annotated 
variables in the corpus and presents a comparison of the 
rules for annotating the IQ for HC and HH task-oriented 
spoken dialogues. In section 5 we describe future work 
for extending this corpus both in terms of variables  
and observations. Finally we present our conclusion in 
Section 6. 

2. Related work: existing corpora  

Such organisations as ERLA (European Language Re-
sources Association) [2] and LDC (Linguistic Data Con-

sortium) [3] offer huge corpora databases for different 
purposes in the field of speech analytics such as:  

– emotion recognition;  
– speech recognition; 
– language identification; 
– speaker identification; 
– speaker segmentation; 
– speaker verification; 
– topic detection and others. 
Although there is a huge number of corpora, some re-

searchers are forced to develop specific corpora for their 
research. 

DECODA is a call centre human-human spoken con-
versation corpus consisting of dialogues from the call 
centre of the Paris public transport authority. It consists  
of 1514 dialogues, corresponding to about 74 hours  
of speech [4]. 

The corpus described in [5; 6] consists of 213 manu-
ally transcribed conversations of a help desk call centre in 
the banking domain. Unfortunately it includes text data 
without audio files. 

Another example of a task-oriented corpus is de-
scribed in [7]. The EDF (French power supply company) 
CallSurf corpus consists of almost 5800 calls (620 hours) 
between customers and operators of an EDF Pro call centre. 

There are many other corpora, which are described in 
different papers, but some of them are difficult to find or 
to get access to. Some existing corpora in the field of HH 
task-oriented conversations are not appropriate for our 
task of IQ modelling for different reasons and some  
of them are not accessible. 

The main reasons, which forced us to design our own 
corpus are as follows: 

– such corpora as DECODA and CallSurf are  
in French, which makes the labelling process difficult 
without knowing French; 

– some corpora, such as the corpus described in [5; 6], 
do not include audio files, which leads to a loss in infor-
mation enclosed in audio features; 

– some corpora, unfortunately, are not accessible  
to the public because the content is private information. 

3. Corpus description 

The current state of the corpus consists of 53 task-
oriented dialogues in English between the customers and 
agents of one company, corresponding to about 87 min-
utes of signal. The raw audio data was presented in mono 
audio format. The average duration of a dialogue  
is 99.051 seconds. The distribution of dialogue duration  
is presented in fig. 1. 

First of all it was required to perform speaker diariza-
tion. Speaker diarization consists of speaker segmentation 
and speaker clustering, in other words, it helps to under-
stand who speaks in each speech fragment. We tried  
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to implement such open-source diarization toolkits  
as LIUM [8] and SHoUT [9]. Unfortunately, the results of 
diarization were not suitable for us, because we needed 
diarization without errors. That is why the diarization was 
performed manually with the help of the Audacity com-
puter software application, a free open source, cross-
platform software for recording and editing sounds [10]. 
Then the audio files were split by FFmpeg, a free soft-
ware project, which includes libraries for working with 
multimedia data [11]. Thus 1791 audio-file fragments, 
which contain the speech of customers or agents or each 
overlapping, were extracted. In this stage such informa-
tion as gender, type of speaker (customer, agent) and 
overlapping speech was extracted manually, although it 
could be done automatically, but with some error. 

Fig. 1. Distribution of the dialogues  
by their duration 

In the next stage all these fragments were manually 
joined into exchanges. Each exchange consists of the 
turns of a customer and an agent. All fragment concatena-
tions can be divided into three groups: sequential, chain 
and mixed. 

For example, we can have such a scheme of a dia-
logue: ACACAC, where A is the agent’s turn and C is the 
customer’s turn. The sequential type of concatenation will 
look like this: AC-AC-AC. If we speak about the chain 
type of concatenation, it will be like this: AC-CA-AC-
CA-AC. An example of the mixed type of concatenation 
can be like this: AC-CA-CA-AC. 

To concatenate turns into exchanges we applied the 
mixed type. Thus we retrieved 1165 exchanges. 

For extracting features for the IQ modelling for HH 
conversation we used the three different parameter levels 
described in [12]. This approach consists of the three levels:  

– exchange level, containing information about  
the current exchange; 

– window level, containing information about  
the last  n exchanges; 

– dialogue level, containing information from the 
beginning of the dialogue up to the current exchange. 

The scheme of the three different parameter levels  
is depicted in fig. 2. 

On the exchange level there are four blocks of fea-
tures:  

– features, describing an exchange on the whole; 
– features, describing the speech of the agent in this 

exchange; 
– features, describing the speech of the customer  

in this exchange; 
– features, describing overlapping speech in this  

exchange. 
The list of the features on the exchange level is pre-

sented in tab. 1. 
The list of the features on the window level and dia-

logue level is the same and is presented in tab. 2. The 
difference remains only in the number of exchanges in the 
computation. 

Fig. 2. This figure from [12] represents three parameter levels

Table 1 
Features on the exchange level 

Feature Description 
Features, describing an exchange on the whole 

Agent_speech Is there an agent’s speech in the exchange? 
Customer_speech Is there a customer’s speech in the exchange? 
Overlapping Is there overlapping speech in the exchange? 
{#} overlapping_exchange Number of overlapping speech moments in the exchange 
Start_time The time elapsed from the beginning of the dialogue before the start of the exchange 
First_speaker Who starts the exchange? 
Duration Duration of the exchange 
First_exchange Is the exchange first in the dialogue? 
Pause_duration Total duration of the pauses between a customer’s and agent’s speech in the exchange 
{%} pause_duration The percentage of the total pauses duration in the exchange 
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End tab. 1 
Feature Description 

Type_of_turns_concatenation 
�
�
	

otherwise 0,
 timeby the exchangecurrent  theintersect  exchange previous  theif 1,

 

Pause_before_duration Duration of the pause between the current and previous exchanges 
Features, describing agent speech/customer speech/overlapping speech 

Audio features 

All audio features were extracted by OpenSMILE (Speech & Music Interpretation by Large 
Space Extraction), an open source features extraction utility for automatic speech, music, para-
linguistic recognition research [13]. For extracting features we have applied the openSMILE 
configuration emo_IS09.conf. It contains 384 features, as a result of applying statistical func-
tionals to 16 low-level descriptor contours  

Split_duration Duration of the agent’s/customer’s/overlapping speech in the exchange 
Split_overlapping Is there overlapping speech in the speech of an agent or customer 

Start_time_split The time elapsed from the beginning of the dialogue before the start of the 
agent’s/customer’s/overlapping speech 

{%} duration The percentage of agent’s/customer’s/overlapping speech duration in the exchange 
Gender Gender of the agent and customer 

 
Table 2 

Features on window/exchange level 
 

Feature Description 

Total_duration Total duration of exchanges 
Mean_duration Mean duration of exchange 
A_duration, 
C_duration, 
O_duration 

Total duration of the agent’s/customer’s/overlapping speech 

Pauses_duration Total duration of the pauses between customer’s and agent’s speech in the exchanges 
A_mean_duration, 
C_mean_duration, 
O_mean_duration 

Mean duration of the agent’s/customer’s/overlapping speech 

Pause_mean_duration Mean duration of the pause between customer’s and agent’s speech in the exchanges 
A_percent_duration, 
C_ percent _duration, 
O_ percent _duration 

The percentage of the agent’s/customer’s/overlapping speech duration 

Pauses_percent_duration Percentage of the pause duration between customer’s and agent’s speech 
#A_start_dialogue, 
#C_ start_dialogue, 
#O_ start_dialogue 

Number of exchanges where the first speech is agent’s/customer’s/overlapping speech 

#overlapping Number of the fragments with overlapping speech 
Mean_num_overlapping Mean number of the overlaps 
Pauses_between_exchanges_duration Total duration of pauses between exchanges 

 
The manually annotated variables, such as emotions 

and the IQ will be discussed in the next section. 
 

4. Annotation (Target variables) 
 

The corpus has been manually annotated with a num-
ber of target variables, such as emotions and IQ score. 

Emotions. Three sets of emotion categories were  
selected from [14]. The first set consists of: angry (1), sad 
(2), neutral (3) and happy (4). The second set includes 
such emotions as anxiety (1), anger (2), sadness (3), dis-
gust (4), boredom (5), neutral (6) and happiness (7). The 
third set contains fear (1), anger (2), sadness (3), disgust 
(4), neutral (5), surprise (6) and happiness (7). All audio 
fragments were annotated by one expert rater. The distri-
bution of the emotion labels for each set is presented  
in fig. 3. 

For emotion labelling a web form was designed. This 
form is presented in fig. 4. 

The web form depicted above has also been used to 
join split audio fragments into an exchange. For visualiz-
ing diarization results we used Flotr2, a library for draw-
ing HTML5 charts and graphs [15]. 

IQ labels. For IQ score annotation we used adopted 
rater guidelines from [1]. Due to the fact that for HC in-
teraction IQ labelling always starts with “5” and for HH 
conversations it can lead to a loss of useful information, 
we add the scale of IQ changes, which mirror the value of 
the change between the previous and current exchange. 
The rater guidelines both for the absolute scale and for the 
scale of changes is described in tab. 3. 

All exchanges were annotated with IQ scores by one 
expert rater. For IQ labelling we designed the web form 
depicted in fig. 5. 
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Fig. 3. Distributions of the emotion label for three sets of emotions 
 

 
 

Fig. 4. The web form for emotion annotation and manually joining agent/customer turns into an exchange  
 

Table 3 
Rater guidelines for annotating the IQ in the absolute scale and in the scale of changes 

 

¨ The absolute scale The scale of changes 

1 The rater should try to assess the interaction on the whole as objectively as possible, but pay more attention to the customer 
point of view in the interaction 

2 An exchange consists of the agent and the customer turns 

3 

The IQ score is deòned on a 5-point scale with “1=bad”, 
“2=poor”, “3=fair”, “4=good” and “5=excellent” 

The IQ score is deòned on a 6-point scale with “–2”, “–1”, 
“0”, “1”, “2” and “abs 1”. The first five points of the scale 
reflect changes in the IQ from the previous exchange to the 
current exchange.  “abs 1” means “1=bad” in the absolute 
scale 

4 The IQ is to be rated for each exchange in the dialogue. The history of the dialogue should be kept in mind when assigning 
the score. For example, a dialogue that has proceeded fairly poorly for a long time should require some time to recover 

5 A dialogue always starts with an IQ score of “5” A dialogue always starts with an IQ score of “0” 

6 In general, the score from one exchange to the following exchange is increased or decreased by one point at the most 

7 Exceptions, where the score can be decreased by two points are e. g. hot anger or sudden frustration. The rater’s perception 
is decisive here 
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End tab. 3 
¨ The absolute scale The scale of changes 

8 

Also, if the dialogue obviously collapses due to agent or 
customer behaviour, the score can be set to “1” immediately. 
An example therefore is a reasonable frustrated sudden 
hang-up 

Also, if the dialogue obviously collapses due to agent or 
customer behaviour, the score can be set to “abs 1” imme-
diately. An example therefore is a reasonable frustrated 
sudden hang-up 

9 Anger does not need to influence the score, but can. The rater should try to figure out whether anger was caused by the 
dialogue behaviour or not 

10 
In the case of a customer realizing that he should adapt his dialogue strategy to obtain the desired result or information and 
succeeded that way, the IQ score can be raised up to two points per turn. In other words, the customer realizes that he 
caused the poor IQ by himself 

11 
If a dialogue consists of several independent queries, the quality of each query is to be rated independently. The former 
dialogue history should not be considered when a new query begins. However, the score provided for the first exchange 
should be equal to the last label of the previous query 

12 If a dialogue proceeds fairly poorly for a long time, the rater should consider increasing the score more slowly if the dia-
logue starts to recover. Also, in general, he should observe the remaining dialogue more critically 

13 If a constantly low-quality dialogue finishes with a reasonable result, the IQ can be increased 
 

 
 

Fig. 5.The web form for annotating the IQ in absolute scale and scale of changes by the expert rater 
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Fig. 6. Distributions of the IQ score 

 
Then we converted the scale of changes into the abso-

lute scale. The distributions of IQ score for both scale 
(absolute scale and absolute scale, converted from the 
scale of changes) are presented in fig. 6. 

 
5. Future work 

 
We plan to extend this corpus both in the feature set 

and in observations. The feature set will be extended, for 
example, by adding some audio features, such as schim-

mer, jitter, formants and others, computed in openSMILE 
or PRAAT [16], by adding manually annotated features  
as task completion. Moreover, we plan to apply automatic 
speech recognition software to our audio files. 

The use of two scales (absolute scale and scale of 
changes) has revealed that applying the method of IQ 
estimation starting with “5” for HH conversations can 
lead to a possible loss of information in the modelling 
process. An example of such a situation is depicted  
in fig. 7. 
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Fig. 7. An example of possible loss of information due to IQ estimations starting with “5” 
 
In HH task-oriented conversations, for example, in 

call centres, there are a number of reasons why the dia-
logue cannot start with the IQ label “5”: the great waiting 
time, customer claims against the company with custom-
ers’ aggressive behaviour due to which the IQ initially 
cannot be good. 

Moreover, in the form presented above the IQ is a very 
subjective estimation. That is why we plan to change the 
rater guidelines for the IQ annotation: describe all possible 
situations in each category of the IQ and transitions from 
one category to another. It helps to decrease subjectivity 
in the assessment of the IQ. Also for decreasing subjectiv-
ity we plan to increase the number of expert raters. 

 
6. Conclusion 

 
Although there are a large number of speech corpora, 

for some tasks from speech analysis, such as the IQ mod-
elling for HH task-oriented conversations, it is still diffi-
cult to find appropriate specific corpora. In this paper we 
described the current version of the corpus for the IQ 
modelling for HH task-oriented conversations. In spite of 
some drawbacks it can be useful for investigations.  

Extension of this corpus helps to design a more accu-
rate model for the IQ, which in turn can help to improve 
the quality of service in the call centres, to make SDS 
friendlier, more flexible and more human-like, and to 
automatize some processes of analysing the psychological 
state of people in a situation with a high level of responsi-
bility, for example, in different space programmes. 
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We consider an approach that allows reducing Nash equilibrium problem to a minimax problem for rather wide 

class of games using the so-called Nikaido–Isoda function. One can reformulate minimax problem as an optimization 
problem with nonconvex and implicitly defined objective function in general case. In other words, the set of Nash equi-
libria of the game is coincide with the set of global solutions of derived optimization problem. In present paper we in-
vestigate such an approach as applied to bilinear two-person game with quadratic loss functions and independent 
strategy spaces in view of an assumption that loss functions are strictly convex with respect to own players’ variables. 
In this case we suggest to replace “inner” optimization problem in minimax problem by Lagrange dual one. Such a way 
leads to presentation of the objective function as a difference of two convex functions (d.c-decomposition of the objec-
tive function). The very function in d.c-decomposition, that forms concave part, is defined implicitly as well as the ob-
jective function. We propose a method for linearization of concave term. That allows using the well-known local search 
method for d.c-functions, where the next iteration point is a solution of convex optimization problem with the objective 
function, which gained from initial objective by linearization of concave term in d.c-decomposition. Since the concerned 
problem is nonconvex, we offer to use local search in combination with multistart. The results of computational experi-
ment are provided in the paper. 
 

Keywords: Nash equilibrium, Nikaido-Isoda function, d.c-decomposition. 
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�������	������( #��&��, #����(+*�� � #���*$+ /%��'�� 5������–4���� ������ �����% #����� 	������-

��( #� 5!"% � ����������� ������ �( ���������� "�	����� ����� ��	. )	� !��� ����������( ������ ��-
6�� ���$ ��#����� ��� ������ �#������'�� �, ����*� ����	(, ����#%��� � ��(��� �������� '����� /%��'�-
��. ����� ��	����, ���6����� 	��������� #� 5!"% ��&����� ��	� ���#����� � ���6������ ����$��&  
	�"���� #�%������ ������ �#������'��. >( ��������� ��	� ��%& �' � ����	�������� /%��'�(�� #���	$  
� ������������ ���6������� ��	������ ������( #	��#��6���� � ��	���� ��#%����� /%��'�� #���	$ 
 #� ����������� #�	������� ��	����, � ����� � ����������� ������ «��%�	���((» !���	���$��( ��#%��( 
������ �����(���( ������������ #� ?��	��6% �������. ����� ��	����, '����( /%��'�( #	������(���(  
� ���� 	������� ��%& ��#%��& /%��'�� (d.c-	���6���� '����� /%��'��), ���� �� ����	�&, ��	��%+*�( ��-
��%�%+ ����$, #�-#	�6���% ������ ��(���. )	��������( �#���� ����	���'�� ����%���� ��������� �, �� ��-
���� !����, #	�������� ���������� ���	�������� ������ ���$���� #����� �( d.c-/%��'��. � ������ ����-
�� ���$���� #����� ���	����( ����� ����	����( ��� 	�"���� ��#%��� ������ �#������'��, � ����	��  
'����( /%��'�( #�%�����( �� ��&����� '����� /%��'�� #%�@� ����	���'�� ����%���� ��������� � d.c-
	���6����. � ��% ����#%����� 	������	������� ���� ������, #	��������( ��#�$�����$ ���$��� #���� 
� ��������� � �%$�����	���. � ����	"���� #	��������� 	��%$���� ��������� !��#�	������. 
 

0+����� ����: 	��������� #� 5!"%, /%��'�( 5������–4����, d.c-	���6����. 
 

Introduction. In present paper we consider bilinear 
games in the sense of the definition given in [1]. It means 
that we investigate bilinear games with loss functions, 
which are quadratic with respect to own players’ vari-

ables. Bilinear games represent a rather wide class, which 
includes in particular mixed extension of bimatrix games 
as well as of polymatrix games (see for details and more 
examples [2]). A lot of investigations were devoted  
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to computing mixed Nash equilibrium in bimatrix games 
and related topics (see, for example [3]). Another ap-
proach can be found in [4]. In [5] one can find method for 
solving mixed extension of finite games with three play-
ers. Research in [2] is devoted to existence and construct-
ing of polynomial time algorithms for bilinear games with 
fixed rank of the sum of player’s payoff (loss) matrices. 
In what follows we assume that the loss function of each 
player is strictly convex with respect to its strategy. 
Hence, by the well-known facts from game theory there 
exists a solution of the game. However, even under these 
assumptions we have a very difficult computational prob-
lem. The bimatrix game is a particular case of the game 
considered in our paper. In [6] it was shown that bimatrix 
game could have an exponential number of equilibrium 
points.  

Problem statement. Let us consider bilinear two-
person game [1] 
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where X1 and X2 are non-empty, compact, convex sets  
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Here 1
1

md R� , 2
2

md R� , 1
1

qb R� , 2
2

qb R�  and ma-
trices C1, C2, B1, B2, A1, A2 have sizes 1 2m m� , 2 1m m� , 

1 1m m� , 2 2m m� , 1 1q m� , 2 2q m�  respectively. Without 
loss of generality, we suppose B1 and B2 to be symmetric 
matrices. R is a set of real numbers. In contrast to the 
game statement in [2], we add quadratic part to the each 
loss function and do not make any assumptions about 
rank of matrices in bilinear part. 

Reduction and algorithm. Consider a function 

� � � � � �11 2 1 2 22 11 2, ,, , ,x x y F x y F y xy6 � �  

and denote � �1 2,x x x� , � �1 2,y y y� . Let us introduce the 
Nikaido–Isoda function [7; 8] 

� � � � � �, , , ,x y y y x yE � 6 �6  

which is real-valued function defined on the Cartesian 
product X X� , where 1 2X X X� � . 

Theorem [6]. The point �ŷ X  is a Nash equilibrium 
in the game (1) if and only if 
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From theorem equivalent optimization problem for 
Nash equilibrium problem (1) immediately follows: 

 

 ( ) max ( , ) min .
y Xx X

P y x y
��

� E $  (2) 

The function P is nonconvex in general case; there-
fore, search of equilibrium in original game is reduced to 
search of a global minimum of P. Problem (2) was intro-
duced in [9] and [10] for mixed extension of bimatrix 
games and then used, for example, in [2; 3]. In [4] the 
statement (2) is used for computing equilibrium points as 
well. Reduction of polymatrix games to optimization 
problem of form (2) was discussed in [11]. In these papers 
the inner problem in (2) (maximization õ in x) can be 
solved analytically, i. e. we can get an explicit form of the 
function P. 

Another example of equilibrium problems, which ad-
mit reducing to optimization problem with explicit objec-
tive function, represents the so-called potential games 
[12]. In this case we also obtain an explicit global optimi-
zation problem. Investigations of potential equilibrium 
problems in the frame of the Cournot model with noncon-
vexities were performed in [13; 14]. In [15] it was pointed 
out that in the general case one can use auxiliary support 
nonlinear functions, which always are available in explicit 
forms. Within such approach implicit problem (2) is ap-
proximated by a sequence of auxiliary (still nonconvex) 
explicit problems. More detailed description of noncon-
vex optimization with nonlinear support functions is 
given in [16]. 

Note that equivalence of reduction of game (1) to 
problem (2) is correct only for games, where each 
player’s strategy set is independent of other players’ 
choices. In games with coupled strategy sets, Nash equi-
libria might exist, which are not solutions for (2) (see ex-
ample 7 in [8]). However, such kind of games is not in the 
scope of our present examination. 

By definition, � � 0P y �  for any y X� . Hence, if 
inequality 

� �min 0
y X

P y
�

�  

holds, it means that game (1) has no Nash equilibrium 
points. On the other hand, the set of global minimizers  
for P, where P equals to zero, coincides with the set  
of Nash equilibria for (1). 

Denote 
1 1 1

2 2 2

1 1

2 2

0 0
= , = , = ,

0 0

0
           = , = .

0

C B d
C B d

C B d

A b
A b

A b


 � 
 � 
 �
� � � � � �
� � � � � �


 � 
 �
� � � �
� � � �

 

Then problem (2) for the game (1) has the form 

 
� � � �

� �

1       
2

1 ,max min2

T T

T T

y Xx X

P y y Cy d y By

x Cy d x Bx
��

� � � �

8 9� � � � $F G: ;

 (3) 

where . /|m x bX x R A� � �  and 1 2m m m� � . 

Now we claim for strict convexity of players’ loss 
functions F1 and F2 on X1 and X2 respectively. It is 
equivalent to the condition that matrices B1 and B2 are 
positive definite. From positive definiteness of B1 and B2 
immediately follows positive definiteness of matrix B. In 
other words, our assumption implies strict concavity of 
“inner” maximization problem in (3): 
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� �( ) max

         for some fixe

1

d .
2 x X

T Tx Cy dx x

y X

Bx
�

" � $�

�

� �
 

Moreover, taking into account non-emptiness, com-
pactness, and convexity of strategy spaces X1 and X2 one 
can conclude that equilibrium point of game (1) always 
exists due to Kakutani’s fixed point theorem. It means 
that � �min 0

y X
P y

�
� . 

Since ø is strictly concave function and set X is de-
fined by linear constraints, we have 

0
max ( ) min max ( , ) for any ,

mx X x R
x L x y X

%�� �
" � % �  

where qR%�  is a vector of Lagrange multipliers, 
1 2q q q� � , and 

� � 1)( , ( )
2

T T TL x x Cy d x Bx Ax b% � � %� � � �  

is Lagrange function. Obviously, L attains its maximum 
over mR  in the point, where the first derivative with  
respect to variable x equals to zero. Then in view of non-
singularity of matrix B, which is ensured by its positive 
definiteness, we have � �1 TC dB y AxH � � �� � %  such as 

 
0

max ( ) min ( , ) for any .
x X

x L x y XH

%��
" � % �  (4) 

Executing substitution, we get: 

 
� � � �

� �

1

1 1

       ( , 1)
2

1 .
2

T

T T T T T

Cy d B Cy d

Cy d B A AB b

L

A

xH �

� �

% � � � �

� � % � % % � %
 (5) 

Then equalities (4) and (5) imply 

 

� � � �

� �

1

           

1 1

0

1       max ( )
2

1min
2

                                 .

T

T

x

T T

X

T T

x Cy d B Cy d

Cy d B A AB A b

y X

�

�

� �

%�

" � � � �

8 9� � % � % % � %F G: ;
� �

  (6) 

With respect to (6) the problem (3) may be rewritten 
as 
 � � ( ) ( ) ,min

y X
P y g y h y

�
� � $  (7) 

where 

 

� �
� �

� �

� �

1

1 1

0

1 1

1

1 1
2 2

1 ,
2

  ( )

    

min , ,

1,
2

            

( )

.

T T

T T T

T T T

T

g y y C y

y C

h y

AB

b

B C B C

B d d d B d

y

y Cy

B

AB A

dA

�

� �

%�

� �

�

�

�

I

1
 �� � ��

%

I % � % �

� � � 


� � 
� � 2




�
3

% % �

� %

 (8) 

Next, we formulate the statement that allows us to 
proceed to numerical method for solving (7).  

Statement. Functions g and h are convex. 

Proof. Using the symmetry of matrix B and denoting 
( )z B C y� � , quadratic part of g can be easily repre-

sented as 

� � � �

1

1 1

1 1        
2 2

1 1 .
2 2

T T

TT T

y B C B C y

y B C B B C y z B z

C �

� �


 �� �� �
� �

� � � �

�
 

Since B is positive definite, then 1 0Tz B z� �  for any 
non-zero z and 1( 0) ( )Tz zy B y� �  for any y. Hence, g  
is convex. Function ù is linear with respect to y then h  
is convex too. 

Thus, we represent P as a difference of two convex 
functions (d.c-decomposition). Our further suggestion is 
to use for solving problem (7) the well-known iterative 
local search d.c. algorithm [17]. Its main idea is a lineari-
zation of concave term of objective in current iteration 
point and solving derived convex optimization problem. 
In such a way, original nonconvex problem reduces  
to series of convex problems. Next, we describe the steps 
of that algorithm as it applies to (7). The main difficulty 
lies in implicit definiteness of objective function. How-
ever, we can realize linearization of concave implicit term 
using the fact that ù is linear with respect to variable y.  
In this case, linearization naturally arises. 

Algorithm. 
Step 0. Set 0k � . Choose numbers 1 0* � , 2 0* �  

and initial point ky X� . 
Step 1. Get 1k�%  as a solution of convex minimization 

problem:  

� �1

0
arg min , .k ky�

%�
% � I %  

Step 2. Get 1ky �  as a solution of convex linearized 
problem: 

� � � �1 1arg min , .k k

y X
gy y y� �

�
8 9� �I %: ;  

Step 3. If 1
1( )kP y � � *  then STOP: 1ky �  is a global 

solution for (7) and is a Nash equilibrium for (1). Else if 
1

2
k kyy � � � *  then STOP: 1ky �  is a local solution and 

is not an equilibrium for (1). Otherwise, set 1k k� �  and 
go to the step 1. 

Next, we place a simple numerical example with dem-
onstration of algorithm’s iterations. 

Illustrative example. Let us consider example of bi-
linear game with scalar variables of each player, and loss 
functions � � 2

1 2 11 1 2, 5 0.5xF x x x x� � , and � �2 1 2,F x x �  
2

1 2 26 0.5xx x� � � . Strategy sets are similar for each 
player, and represent closed intervals 1 2X X� �  

[ 10,  10]� � . Therefore, parameters of the problem are as 
follows: 

0 5 1 0
  = , = ,

6 0 0 1

0 1 1 0 0
= , = ,

0 0 0 1 1

T

C B

d A


 � 
 �
� � � ��� � � �

�
 � 
 �
� � � ��� � � �

 

� �= 10 10 10 10 .Tb  
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Substitution to (8) gives us 2 2
1 2( ) 18. 15 3g y y y�� � y1y2, 

and 

� �

0 5
0 5
6 0

6 0

10
10

          ,

1 1 0 0
1 1 0 01

0 0 1 1
.

12 0
0 0 1 01 1

T

T T

y yI % � % �

�
 �
� ��


 �
� ��� �
� ��
�

� �� % % � %
� ��
� �

�

�
� �


 �
� �
� �
�
�

��

�
�

��

 

Following the steps of the algorithm from initial point 
y0 = (10, 10), we obtain results, which are placed to the 
tab. 1. Here k denotes a number of iteration, ú* is a vector 
of Lagrange multipliers that solves optimization problem 
on the step 1 of the algorithm, 1 2( , )y y  is a current itera-
tion point that solves problem on the step 2, and P is an 
objective value for (7) in current iteration point. It is easy 
to see, that the algorithm finishes its work in equilibrium 
point y* = (0, 0). 

Computational experiment. In the final part of our 
paper, we present computational results based on ran-
domly generated problems. For all the problems we set 
the following general presumptions: players have the 
same number of variables, i. e. 1 2 / 2mm m� � , and set X 
has the form 

. /| 10 10, 1,  , .m
iX x xR i m� � � � � J�  

Also we set 4
1 2 10��* � * . Local search algorithm 

was joined with multistart with randomly generated initial 
points from X. Program was composed in GAMS [18]. 
Quadratic convex optimization problems on steps 1 and 2 

were handled by CPLEX solver. Also note, that steps 1 
and 2 of the algorithm were parallelized by standard 
GAMS grid facilities with respect to multistart. Experi-
ment was conducted on the PC with AMD FX-8350 4.00 
GHz CPU. 

Results are gathered in the tab. 2, where every row 
corresponds to a single particular problem. Notation in the 
tab. 1 is as follows: MS – number of algorithm’s starts; 
Iaver – average number of iterations for single algorithm’s 
start; NE – number of starts gained Nash equilibria 
(where objective P equals to zero); LOC – number of 
starts, which gives “non-equilibrium” local minima 
(where objective P has strictly positive value); NEuniq – 
number of unique Nash equilibria obtained by the 
multistart; LOCuniq – number of unique “non-equilibrium” 
local minima obtained by the multistart; Time – overall 
time spent for all starts for one problem (h:min:sec). 

Conclusions. Present paper gives an approach for 
finding Nash equilibria in bilinear two-person game with 
strictly convex players’ losses using versatile Nikaido–
Isoda function and local search based on d.c-decompo- 
sition of objective function. Moreover, it is not difficult to 
see that such an approach can be generalized to games 
with an arbitrary number of players (see also [2; 7]). 

Computational experiment with several random prob-
lems shows that proposed local search algorithm in com-
bination with multistart allows finding more than one 
unique equilibrium point. The time of computation con-
siderably depends on the given problem’s parameters as 
well as on chosen initial point. At this time, the algorithm 
is capable to handle only small dimension games and it is 
in need of further improving. Finally should be noted that, 
of course, there is no guarantee that local search necessar-
ily gain at least one equilibrium. The task of such a kind 
needs global search techniques. 

Table 1 
Iterations of the algorithm 

k ú* (y1,y2) P 
1 (0, 40.00, 50.00, 0) (8.32, 8.01) 900.05 
2 (0, 30.06, 39.95, 0) (6.64, 6.04) 700.30 
3 (0, 20.18, 29.85, 0) (4.95, 4.07) 500.72 
4 (0, 10.36, 19.70, 0) (3.25, 2.12) 301.29 
5 (0, 0.59, 9.51, 0) (1.55, 0.17) 101.99 
6 (0, 0, 0,0) (0.00, 0.00) 0.00 

 

Table 2 
Computational results 

m MS Iaver NE LOC NEuniq LOCuniq Time 
2 20 1 20 0 1 – 0:00:02 
2 40 2 40 0 1 – 0:00:08 
4 10 14 10 0 1 – 0:00:40 
4 10 4 10 0 1 – 0:00:05 
4 20 8 20 0 1 – 0:00:19 
4 40 18 36 4 1 2 0:01:24 
6 10 18 10 0 1 – 0:00:30 
6 10 864 10 0 2 – 0:31:58 
6 10 102 10 0 3 – 0:03:50 
6 10 6 9 1 1 1 0:00:14 
6 20 214 20 0 1 – 0:08:34 
8 5 425 5 0 3 – 0:10:48 
8 10 522 6 4 3 3 0:04:23 
8 10 266 2 8 1 2 0:02:55 
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End tab. 2 
m MS Iaver NE LOC NEuniq LOCuniq Time 

8 10 814 10 0 1 – 0:07:04 
10 5 188 1 4 1 2 0:04:32 
10 10 391 7 3 4 2 0:15:13 
10 10 3521 2 8 1 3 1:29:08 
12 5 1090 3 2 1 2 0:41:47 
12 10 1053 5 5 2 5 0:44:12 
14 5 4088 1 4 1 2 2:05:48 
16 5 516 3 2 3 2 0:11:20 
18 10 1293 2 8 2 6 0:48:43 
20 15 3013 13 2 3 1 1:11:01 
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The paper describes the problem of finding an optimal control strategy for the manpower control system. The equi-

librium condition for the strict hierarchical manpower system control is stated which enables development of optimal 
strategy algorithm for one state example. Based on the equilibrium condition, the novel approach to the determination 
of optimal control in such system is described. Optimal tracking algorithm is described by example, which is imple-
mented in MathematicaTM. The tracking algorithm is able to find the optimal values of the transition coefficients, so that 
the system achieves the desired value in one step. For the case when the desired value is not achievable in one step due 
to the boundary conditions, additional two algorithms are considered which bring state values to the desired ones in 
several steps. Two variants of the algorithm are considered, when the desired value is lower or greater than the initial 
value. 
 

Keywords: manpower system, equilibrium condition. 
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Introduction. Panning the human resource management 
process affects the whole organizational structure. The 
common way of addressing such kind of problems is us-

ing modeling and simulation methods, which have shown 
promising results. In our work the System Dynamics 
Methodology [1; 2] was used. In [3] the resource assignment 



 
 
 

*���
�� 0��123. '�� 17,  5 1 
 

 98

language has been proposed, providing automatic answers 
to the problem of resource management at a given time 
period. In [4] the problem of workspace scheduling,  
taking into consideration employee’s preferences for retail 
stores was considered, and the mixed integer program-
ming model was successfully used to solve this problem. 
The stochastic modeling has also been applied to deter-
mine the most appropriate promotion time in [5]. This 
research also considered the survival rates in different 
classes, varying the class sizes and considering the main 
goal the main goal to be the time until the next promotion. 
However, the main obstacles which appear during the 
restructuring process appear to be the organization barri-
ers, which were considered in [6]. This research shows 
that the technological factors have less importance than 
the organizational ones. 

In our previous research in the field of hierarchical 
manpower system control [7; 8] the system was defined 
as ( 1) ( ) ( )k k k� � �x Ax Bu  [7] which is convenient for 
the simulation examination [9]. State vector x represents 
the number of men in particular rank whereas matrix of 
coefficients A represents promotion factors r and wastage 
factors f which are combined. Recruitment as the input to 
the system is represented by the Bu(k) term in the discrete 
state space. 

Approaches with the evolutionary and biologically in-
spired algorithms [10–13] have been promising however, 
understanding of the procedure of how to determine opti-
mal solution [14] might contribute to development of 
more efficient heuristic algorithms. When considering 
such system in terms of optimality the “curse of complex-
ity” soon arises. By careful examination of optimal solu-
tion determination algorithm, several propositions can be 
included in optimal trajectory heuristic search. 

Methodology consideration. Strict hierarchical man-
power system represents a delay chain where elements 
depend on previous states. Structure of the system can be 
best represented graphically as in fig. 1. The system in our 
case consists of eight state elements which are intercon-
nected with flows (Rates). First rate element on the left 
side of fig. 1 represents recruitment and is the only input 
to the system. From each state the fluctuations are possible, 
i. e. the case that a person leaves the system (wastage). 
Between the ranks the promotions are represented with 
the flows. In the last element on the right side of fig. 1 the 
retirement is represented by the last flow element. Each 
transition is determined by the parameter, whether  
parameter of fluctuation or parameter of promotion or 
retirement. 

For the system in fig. 1 the equilibrium condition is 
dependent on the Lower and Upper parameter Boundary 
which can be stated as: 

 0
*LB LB UB UBn n n n
n

R
r f r f

X
� � � � , (1) 

where 
LBnr is Lower Boundary for coefficient of promo-

tion for rank n; 
LBnf is Lower Boundary for coefficient  

of fluctuation for rank n; 0R is Recruitment; *
nX  is de-

sired value of state n; 
UBnr  is Upper Boundary for coeffi-

cient of promotion for rank n; 
UBnf  is Upper Boundary 

for coefficient of fluctuation for rank n. 
Eq. (1) is mandatory condition if one would like to 

achieve equilibrium in all states i.e. that the desired values 
for all states are achieved and structure is constant, 0�X� . 

The Recruitment 0R  should be therefore bonded by 
the interval: 

 * *
0( ) ( )

LB LB UB UBn n n n n nX r f R X r f� � � �  (2) 

or stated differently: 

 * *
0 0[ , ] ( ), ( )

LB UB LB LB UB UBn n n n n nR R X r f X r f8 9� � �: ; . (3) 

The equilibrium conditions determine, whether the 
system could be put into the stable condition at the end of 
transition. If there is no sufficient recruitment available 
and the boundary conditions are too stiff, the desired val-
ues in particular states could not be achieved. The interval 
stated by Eq. (3) should be considered at the policy design. 

Development of Algorithm and Results. When de-
veloping the optimal solution algorithm the backward 
computation approach of Bellman dynamic programming 
was applied. The algorithm was developed on the tracking 
example for one state element. In our case, the initial 
value on the state element was set to 4 then peaks to 14 
and settles back again at approximate value of 4. If the 
system should behave optimally the difference between 
the desired and actual values should always be 0. By that 
consideration we compute the solutions for the transition 
coefficient r from the final time to the initial time 0. At 
the determination of the optimal strategy we consider, that 
the recruitment should be put as low as possible. The 
backward computation is performed by the following 
equation: 

* *
0

* *
1 1

( 1) ( ) [ ( )

( ) ( ) ( ) ( )].
n n

n n

X k X k t R k

r k X k f k X k

� � � 7 �

� �
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Fig. 1. Example of strict hierarchical system of eight ranks 
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In the next frame the developed algorithm is shown 
which provides optimal solution. There are several differ-

ent optimal solutions since the criterion is zero deviation 
between desired and actual trajectory:   

 
Lz={4,11,13,14,13,11,10,9,8,6,4} Vector of desired values 
R0LB={1,1,1,1,1,1,1,1,1,1,1} LowerBoundary Recruitment vector 
R0UB={10,10,10,10,10,10,10,10,10,10,10} UpperBoundary Recruitment vector 
r1LB ={0,0,0,0,0,0,0,0,0,0,0} LowerBoundary Transition coefficient vector 
r1UB={0.5,0.5,0.5,0.5,0.5,0.5,0.5,0.5,0.5,0.5,0.5} UB Transition coefficient v. 
f1LB={0.05,0.05,0.05,0.05,0.05,0.05,0.05,0.05,0.05,0.05,0.05} LB fluctuation v. 
f1UB={0.15,0.15,0.15,0.15,0.15,0.15,0.15,0.15,0.15,0.15,0.15} UB fluctuation v. 
t={0,1,2,3,4,5,6,7,8,9,10} Time vector 
 
Do[ 
  a=Lz[[ii+1]]; In optimum values of state equal desired values 
  b=Lz[[ii]]; We take two adjacent points 
  R=R0LB[[ii]]; Recruitment is set to lowest possible value, i.e. LB 
  f1=f1UB[[ii]]; Fluctuation is set to maximum possible value, i.e. UB 
  H=Solve[a b+R-r1*b-f1*b,{r1}]; Solve in order to get transition coeff. 
                                  Here we use two adjacent time points 
  xx=H[[All,1,2]]; Get values 
    While[ 
    Until r=xx[[1]] less than 0, i.e. negative, we increase recruitment for 1 
    (R++) until we reach positive value 
    xx[[1]]<0, 
    R++; Increase recruitment for 1 
    H=Solve[a b+R-r1*b-f1*b,{r1}]; Another solution of the system 
    xx=H[[All,1,2]]; Extract the value 
     
    ]; 
 
  AppendTo[R0,R]; Gather the results 
  AppendTo[S,xx] Extract values 
  , 
  {ii,10,1,-1} Perform backward computation 
] 

 
However, if one considers that the input to the system, 

i. e. recruitment should be kept as low as possible, promo-
tions should be kept as low as possible too and the fluc-
tuations should be kept as high as possible, the unique, 
optimal solution is determined by the algorithm in tracking 
mode. This means, that the trajectory is changing in time. 

Fig. 2 shows the results of the response of the system 
when optimal algorithm is applied as described. The rec-
tangles represent the desired values of the state and the 
diamonds represent the actual values. In our case, the dif-
ference for all time points was 0. 

 

 
 

Fig. 2. Tracking the desired value – optimal solution example,  
error equals zero (square – desired, diamond – response) 
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If the tracking case, the backward computation yields 
optimal solution. However, in the case, that the system 
state is too far from the desired value, the system cannot 
be in optimal state, i. e. the deviation is not 0. For the 
case, where the desired value is higher than the current 
state the algorithm was developed which is printed out in 

the next frame. If the needed value of recruitment is 
higher than upper boundary value for recruitment, we set 
the recruitment value to the upper boundary and proceed 
to the next step. Notice, that in this case, the solution goes 
forward in time: 

 
Do[ 
  
 a=Lz[[ii+1]]; Next value as desired value 
 b=L[[ii]]; Initial value as the state value (L) 
  
 r=r1LB[[ii]]; Transitions are set to LowerBoundary LB 
 f1=f1LB[[ii]]; Fluctuation is set to the lowest possible value i.e. LB 
 CC=a-b+r*b+f1*b; Calculation of needed recruitment 
 If [CC> R0UB[[ii]], If the needed value of recruitment is higher than R0UB[i]
                     we set R0 on UpperBoundary UB 
  L[[ii+1]]=L[[ii]]+1*(R0UB[[ii]]-r*b-f1*b); Calculation of state 
  AppendTo[R0,R0UB[[ii]]]; Adding to recruitment result vector 
  AppendTo[rr,r]; Adding transition coefficients r 
  AppendTo[ff,f1] Adding fluctuation coefficients f 
  , 
  L[[ii+1]]=L[[ii]]+1*(CC-r*b-f1*b) ; On other case, calculated CC is used for
                                      R0, i.e. input recruitment 
  AppendTo[R0,CC]; Collecting Recruitment data 
  AppendTo[rr,r]; Colleccting transition coefficients data 
  AppendTo[ff,f1] Collecting fluctuation coefficients data 
  ] 
 
,  
 {ii,1,10,1} Computing from time 1 onward 
] 

 
Fig. 3 shows the results of the response of the system 

when described optimal algorithm is applied. The rectan-
gles represent the desired values of the state and the dia-
monds represent the actual values. In our case, the differ-

ence for all time points is not 0. At the first part of the 
response, the difference between actual and desired state 
is significant. This is due to the boundaries of the parame-
ters which do not allow to approach the goal faster. 

 

 
 

Fig. 3. Tracking the desired value which is higher than initial state  
(square – desired, diamond – response) 
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The algorithm for the case, where the desired value  
is below the initial state value is shown in the next frame. 
In the loop, we calculate the needed value for recruitment 
R and if calculated recruitment is lower than the boundary 

value for recruitment in particular step, we set recruitment 
equal to LB (i. e. we cannot go lower than the state  
LowerBoundary for the parameter): 

 
Do[ 
  
 a=Lz[[ii+1]]; Value in next time step equals to desired value 
 b=L[[ii]]; Initial value is taken out of state vector 
 r=r1UB[[ii]]; Transition coefficient is set to LB 
 f1=f1UB[[ii]]; Fluctuation coefficient is set to the lowest value i.e. UB 
 CC=a-b+r*b+f1*b; Calculate the needed value for recruitment R0 
 If [CC< R0LB[[ii]], If we indicate, that the recruitment must be lower than 
                     LB then we set R0 equal to LB 
  L[[ii+1]]=L[[ii]]+1*(R0LB[[ii]]-r*b-f1*b); Calcualte the next state value 
  AppendTo[R0,R0LB[[ii]]]; Collect the results for recruitment 
  AppendTo[rr,r]; Collect the results for transition coefficients 
  AppendTo[ff,f1] Collect the results for fluctuation coefficients 
  , 
   
  L[[ii+1]]=L[[ii]]+1*(CC-r*b-f1*b) ; In other case, we use previously 
                                      computed value CC for R0 (recruitment) 
  AppendTo[R0,CC]; Collecting Recruitment data 
  AppendTo[rr,r]; Colleccting transition coefficients data 
  AppendTo[ff,f1] Collecting fluctuation coefficients data 
   
  ] 
 
{ii,1,10,1} Computing from time 1 onward 
 ] 

 
Fig. 4 shows the results of the response of the system 

when above, optimal algorithm is applied. The rectangles 
represent the desired values of the state and the diamonds 
represent the actual values. In our case, the difference for 
all time points is not 0. At the first part of the response, 

the difference between actual and desired state is also 
significant. This is, again, due to the boundaries of the 
parameters which do not allow to approach the goal 
faster. 

 

 
 

Fig. 4. Tracking the desired value which is lower than initial state  
(square – desired, diamond – response) 

 
In case if there are two ranks, the system becomes 

more complex, and another algorithm for finding the op-
timal strategy should be developed. The problem here is 

that for two states, there can be 9 different variants of 
initial situations, i. e. for each of the states there can be 3 
different situations, when the desired value is greater, 



 
 
 

*���
�� 0��123. '�� 17,  5 1 
 

 102

equal or less than the initial value, resulting in 9 different 
variants. For larger number of states the number of vari-
ants increases exponentially. 

The most important feature of the system with the 
number of states larger than 2 is that the states become 
depended on each other, i. e. to optimize the value in state 
2 we must change the output from state 1, which also 
changes the value in state 1. 

Conclusion. Knowing the system optimal solution 
[15] is important for the development of heuristic algo-
rithms and might contribute to the more efficient algo-
rithm design. In our case, we have successfully developed 
optimal control algorithm for one state element case.  
The approach of backward computation was appropriate 
for the optimal strategy determination. In the case of the 
desired values which are not achievable in one step or fall 
outside the system reach due to the parameter limitations, 
the development of algorithm is more challenging. 
In further development the combinatorial approach should 
be considered in connection to the interval limitations of 
parameters. 
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'��� )���	�. )�%���� /�	�%� �( #	���6������ ��������( #����6���� ���������� �#����$���� %#	��-
���( � �'���� �( ��#%������� #��	�"����� #� �#����$���% %#	�����+. )	������� /�	�%� �( #	���-
6������ ��������( ���������� �#����$���� #	�'���� � ������$���� �������( /%��'����� ��������.  
)�%������ 	��%$���� ���%� ����� ��$���"�� #	�������� � 	������� �������������� ���	��  
���������� �#����$���� %#	�����( ��������� � 	��#	��������� #�	����	��� #	� ������ #����6��& 
����������. 

 
0+����� ����: #�	���������� %	�������, #����6��( �������( ������, ����&������ %����( �#����$-

����� %#	�����(, ����������$ %#	�����(,  ��������'�( /%��'�����. 
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In studying many problems of nonlinear optimal control for heat conduction often we have to take into account the 

auxiliary elements, without which it is impossible to control the studying process. These elements have usually lumped 
parameters. The behavior of such systems is generally described by a set of nonlinear ordinary differential equations 
and parabolic equations with initial value and boundary value conditions. It is studied the questions of analytical and 
approximation solving the nonlinear dot mobile point problem of nonlinear optimal control for a system with parabolic 
and ordinary differential equations in the case of presence of several dot mobile sources. At that time, the parabolic 
equation is considered with initial-nonlocal conditions, while ordinary differential equation is considered with initial 
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value condition. A distinctive feature of this work is that nonlocal boundary conditions with respect to the second 
variable in the parabolic equation is simplified the application of the Fourier method of separation of variables. 
Functional of quality has nonlinear type and it additionally depends from the square of solution of the given ordinary 
differential equation. First, it is proved that the function of the state belongs to the class of Sobolev functions. On the 
base of maximum principle it is formulated the necessary conditions for nonlinear optimal control. Determination of the 
optimal control function is reduced to the complex functional-integral equation, the solving process of which is 
composed of solutions of two different equations: nonlinear functional equations and nonlinear integral equations.  
In the proof of the one-valued solvability of integral equations the method of successive approximations in combination 
it with the method of compressing mapping is applied. As iterations the Picard iterative process is taken. The formula 
for approximation calculating the dot mobile nonlinear optimal control and the estimate for the permissible error with 
respect to optimal control are obtained. The formulas for approximation calculating the nonlinear optimal process and 
the minimum value of the functional of quality are given. The results obtained in this work can find further application 
in the development of the mathematical theory of nonlinear optimal control of distributed parameter systems in the 
presence of mobile sources. 

 
Keywords:  Parabolic equation, dot mobile point problem, necessary conditions for optimal control, nonlinearity  

of control, functional minimization. 
 

�����#��. �TXV\TXQWVRjMV \MNVhQ[MCTUQV \UM`Q� 
P[MxVRRMC, P[MQR�MNc�Q� C [VThYUM\ \Q[V, P[QCMNQX 
j Ql_WVUQ� P[c\�� Q Mz[TXU�� lTNTW Nhc _[TCUVUQy  
C WTRXU�� P[MQlCMNU��, UV Q\V��Q� TUThM`MC C jhTR-
RQWVRjMy \TXV\TXQWVRjMy bQlQjV. qVM[Qc R\V�TUU�� 
lTNTW Nhc _[TCUVUQy C WTRXU�� P[MQlCMNU�� C RQh_  
VV P[QjhTNUMy CTsUMRXQ C UTRXMc�VV C[V\c cChcVXRc 
MNUQ\ Ql CTsUVy�Q� [TlNVhMC XVM[QQ NQbbV[VUxQ-
ThYU�� _[TCUVUQy C WTRXU�� P[MQlCMNU��. 

�NUQ\ Ql jhTRRMC jTWVRXCVUUM UMC�� lTNTW Nhc 
NQbbV[VUxQThYU�� _[TCUVUQy C WTRXU�� P[MQlCMN-
U�� cChc�XRc UVhMjThYU�V lTNTWQ. �VhMjThYU�V  
lTNTWQ C CQNV QUXV`[ThYU�� _RhMCQy CRX[VWT�XRc P[Q 
\TXV\TXQWVRjM\ \MNVhQ[MCTUQQ cChVUQy [TlhQWUMy 
P[Q[MN�, C Rh_WTV, jM`NT `[TUQxT MzhTRXQ P[MXVjTUQc 
P[MxVRRT UVNMRX_PUT Nhc UVPMR[VNRXCVUU�� Ql\V[V-
UQy. L[Q\V[M\ \M`_X Rh_sQXY lTNTWQ, CMlUQjT��QV 
P[Q QRRhVNMCTUQQ NQbb_lQQ WTRXQx C X_[z_hVUXUMy 
PhTl\V, P[MxVRRMC [TRP[MRX[TUVUQc XVPhT, P[MxVRRT 
ChT`MPV[VUMRT C jTPQhhc[UM-PM[QRX�� R[VNT�. 

$ N[_`My RXM[MU�, XVM[Qc MPXQ\ThYUM`M _P[TChV-
UQc Nhc RQRXV\ R [TRP[VNVhVUU�\Q PT[T\VX[T\Q PM-
h_WQhT z_[UMV [TlCQXQV. { RQRXV\T\ R [TRP[VNVhVU-
U�\Q PT[T\VX[T\Q MXUMRcXRc lTNTWQ Tu[M`TlMNQUT\Q-
jQ, �Q\QWVRjQ� [VTjxQy, NQbb_lQQ, bQhYX[TxQQ, P[M-
xVRRMC `M[VUQc, UT`[VCT Q X. N. [1–7]. 

wTl[TzTX�CT�XRc ubbVjXQCU�V WQRhVUU�V \VXMN� 
Q P[M`[T\\U�V R[VNRXCT Nhc [V�VUQc lTNTW NQUT\QjQ 
Q _P[TChVUQc. L[Q P[QzhQsVUUM\ [V�VUQQ lTNTW  
MPXQ\ThYUM`M _P[TChVUQc RQRXV\T\Q R [TRP[VNVhVU-
U�\Q PT[T\VX[T\Q QRPMhYl_VXRc �Q[MjQy RPVjX[ 
[TlU�� \VXMNMC (R\. [8–15]).  

�NUQ\ Ql UTP[TChVUQy XVM[QQ MPXQ\ThYUM`M 
_P[TChVUQc RQRXV\T\Q R [TRP[VNVhVUU�\Q PT[T\VX-
[T\Q cChcVXRc [Tl[TzMXjT \VXMNMC [V�VUQc lTNTW MP-
XQ\ThYUM`M _P[TChVUQc P[Q UThQWQQ PMNCQsU�� QR-
XMWUQjMC [16]. KM \UM`Q� lTNTWT� UVhQUVyUM`M MPXQ-
\ThYUM`M _P[TChVUQc P[MxVRRM\ XVPhMPV[VNTWQ WTRXM 
P[Q�MNQXRc _WQX�CTXY CRPM\M`TXVhYU�V uhV\VUX�, 
zVl jMXM[�� UVCMl\MsUM _P[TChcXY P[MxVRRM\. ³XQ 
uhV\VUX� Mz�WUM Q\V�X RMR[VNMXMWVUU�V PT[T\VX[�. 
LMCVNVUQV XTjQ� RQRXV\ C Mz�V\ Rh_WTV MPQR�CTVXRc 
RMCMj_PUMRXY� UVhQUVyU�� Mz�jUMCVUU�� NQbbV-
[VUxQThYU�� _[TCUVUQy Q PT[TzMhQWVRjQ� _[TCUVUQy 
P[Q UTWThYU�� Q `[TUQWU�� _RhMCQc�. 

K NTUUMy [TzMXV [TRR\TX[QCT�XRc CMP[MR� TUThQ-
XQWVRjM`M Q P[QzhQsVUUM`M [V�VUQc UVhQUVyUMy  
lTNTWQ MPXQ\ThYUM`M _P[TChVUQc Nhc MNUMy RQRXV\�  
R PT[TzMhQWVRjQ\ Q Mz�jUMCVUU�\ NQbbV[VUxQThY-
U�\Q _[TCUVUQc\Q P[Q R\V�TUU�� Q UTWThYUM\  
_RhMCQc� Q R jCTN[TXQWU�\ j[QXV[QV\ MPXQ\ThYUMRXQ. 
L[Q uXM\ P[VNPMhT`TVXRc R_�VRXCMCTUQV UVRjMhYjQ� 
PMNCQsU�� XMWVWU�� QRXMWUQjMC.  

=��%�#���� /���3�. wTRR\MX[Q\ C MzhTRXQ D  
UVhQUVyU_� lTNTW_ _P[TChVUQc P[MxVRRM\ [TRP[M-
RX[TUVUQc XVPhT PM RXV[sU� jMUVWUMy NhQU�  
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xu t x u t y d y� � �#  (3) 

`NV ( , ) ( )k k Tf t p � D� �K  – b_UjxQQ CUV�UV`M  

QRXMWUQjT; ( ) ( )k Tp t � D�  – _P[TChc��QV b_UjxQQ, 

1,k m� ; ( , )u t x  – b_UjxQc RMRXMcUQc _P[TChcV\M`M 
P[MxVRRT; ( )x"  – b_UjxQc [TRP[VNVhVUQc XVPhT  
PM RX[VsU� C UTWThYU�y \M\VUX C[V\VUQ, 0( ) 0,xx �" �  

3( ) ( );lx � D" �  � �( )kx t5 �@  – NVhYXT-b_UjxQc  

�Q[TjT, 1, ;k m�  D þ DT × Dl, D L0, ;TD T'  

0 , ,M H8 9K ' : ;  0 ;M H� � !  D L0, ;lD l'  0 < T < Ü, 

0 .l� � !  
Z_UjxQQ ( ) ( )k Tt C D@ �  MPQR�CT�X Ql\VUVUQc 

PMhMsVUQc PMNCQsU�� XMWVWU�� QRXMWUQjMC C P[VNV-
hT� MX U_hc NM l Q MP[VNVhc�XRc jTj [V�VUQV RhV-
N_��Vy lTNTWQ {M�Q: 
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K NTUUMy [TzMXV P[Q bQjRQ[MCTUU�� _P[TChVUQc� 
( )k� t  QRPMhYl_VXRc \VXMN [TlNVhVUQc PV[V\VUU��, 

MRUMCTUU�y UT PMQRjV [V�VUQc R\V�TUUMy lTNTWQ 
(1)–(3) C CQNV [cNT Z_[YV 
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( , ) ( ) ( ),i i
i

u t x a t b x
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`NV 2 2( ) sin , , 1,  2, ...i i i
ib x x i

l l
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��	���. �TyXQ XTjQV _P[TChc��QV b_UjxQQ  

. /( ) : ( ) , 1, ,k k k Tp t p p t M k m t DH� � � �  

Q RMMXCVXRXC_��VV Q\ RMRXMcUQV ( , )u t x  – [V�VUQV 
R\V�TUUMy lTNTWQ (1)–(3), WXM NMRXTChc�X \QUQ\_\ 
b_UjxQMUTh_ 
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`NV ( )x>  – lTNTUUTc b_UjxQc XTjTc, WXM ( )x> �  
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0
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l

i iy b y d y> � >#  (0) 0,> �  0 < ¶, 

const.4 �  
K [TzMXV UT MRUMCV P[QUxQPT \TjRQ\_\T bM[\_-

hQ[_�XRc UVMz�MNQ\�V _RhMCQc MPXQ\ThYUMRXQ,  
C�WQRhc�XRc _P[TChc��QV b_UjxQQ Q [V�TVXRc  
RMMXCVXRXC_��Tc R\V�TUUTc lTNTWT (1)–(3). �TUUTc 
[TzMXT cChcVXRc NThYUVy�Q\ [TlCQXQV\ [TzMX� [17]. 

�'�$�##�� /���3� (1)–(3).  
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vT\�jTUQV uXM`M P[MRX[TURXCT PM UM[\V  
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H Du u t x d t
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MzMlUTWQ\ ( ).H D  
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RXCV  2�  QRPMhYl_VXRc RhVN_��Tc UM[\T: 
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� 3
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{[M\V XM`M, C NTUUMy [TzMXV QRPMhYl_�XRc  
RhVN_��QV MzMlUTWVUQc. {hTRR b_UjxQy, M`[TUQWVU-
U�� PM UM[\V WQRhM\ M, MzMlUTWQ\ WV[Vl Bnd ( ).M  
{hTRR b_UjxQy, _NMChVXCM[c��Q� _RhMCQ� �QP�QxT 
PM PV[V\VUU�\ , ,...u M  R jMubbQxQVUXM\ N,  MzMlUT-

WQ\ WV[Vl . /, ,...Lip .uN M  � Nhc b_UjxQy MNUMy PV[V-

\VUUMy QUNVjR MP_RjTVXRc. 

{Tj Q C [TzMXV [13], \MsUM _zVNQXYRc, WXM [V�VUQV 
R\V�TUUMy lTNTWQ (1)–(3) P[Q bQjRQ[MCTUU�� lUTWV-
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� � � �
1

10

                   ( , ) ( )

( , ) ( ) , ( ) ( ),

i
i

t m

i i k k k i
k

u t x t

G t s b s f s p s d s b x

!

�

�

	� A ��
�

1� @ �2
3

�

�#
 (7) 

`NV 
2

( ) ;i t
i it e�%A � "

2 ( )( , ) ;i t s
iG t s e�% ��

0

( ) ( ) .
l

i iy b y dy" � "#  

L[VNPMhMsQ\, WXM UVhQUVyU�V b_UjxQQ 

� �, ( )k kf t p t  _NMChVXCM[c�X RhVN_��Q\ _RhMCQc\: 

 � � 0 0, ( ) Bnd ( ), 0 const;k k k kf t p t M M� � �  (8) 

 � �, ( ) 0,k p kf t p t ,  (9) 

`NV  � � � �, ( )
, ( ) , 1, .k k

k p k
k

f t p t
f t p t k m

p

C
� �

C
 

������ 1. L_RXY 2( ) ( )lx L D" �  Q b_UjxQQ 

� �, ( ) , 1,k kf t p t k m�  _NMChVXCM[c�X _RhMCQc\ (8), (9). 

qM`NT Nhc b_UjxQQ (7) RP[TCVNhQCM ( , ) ( )u t x H D� . 
>�������$����. �VyRXCQXVhYUM, Q\VV\ 

2

0 0

( , )
T l

u t y d y d t �# #  

� �

� �

1 10 0 0

2

( ) ( , ) ( )

    , ( ) ( )

T l t m

i i i k
i k

k k i

t G t s b s

f s p s ds b y dy dt

!

� �

	 8� A � @ �F�
F :�

19� � �2G; 3

� �# # #
 

1
22 2

1 10

2 ( ) 2 ( )
T

i i
i i

t t
! !

� �

	 
 � 8 9 8 9� A � A �� �� : ; : ;� �� � �
� �#  

� � � �
1

2 2

1 10

( , ) ( ) , ( )
t m

i i k k k
i k

G t s b s f s p s d s
!

� �


 �8 9� �� @ �F G� �F G: ;� �
� �#  

� � � �
2

1 10

( , ) ( ) , ( )
t m

i i k k k
i k

G t s b s f s p s ds dt
!

� �

18 9 � @ �F G 2
F G : ; 3

� �#  

2 02
1 2 31

1
2

03
2 3

1

2 4 2

    4 ,

m

k
k

m

k
k

TM T M M M M

T M M M

�

�

� � �


 �
� � !� �

� �

�

�
 

`NV  

. /
2

1
22

1 ( )
1

max ( ) ( ) ,
T

i B Tt Di
M t t

!

��

8 9
� A � AF G
: ;
�  



 
 
 

������� ������. ��� 17,  � 1 
 

 106

22 ( )( , ) ,B TM G t s�   

� �
2

3 ( )
( ) , 1, .k B T

M b t k m� @ �  

�XR�NT RhVN_VX _XCV[sNVUQV XVM[V\�. ~ P[Q uXM\ 
UVX[_NUM _zVNQXYRc, WXM P[Q C�PMhUVUQQ _RhMCQy 
uXMy XVM[V\� b_UjxQc (7) cChcVXRc VNQURXCVUU�\ 
MzMz�VUU�\ [V�VUQV\ R\V�TUUMy lTNTWQ (1)–(3) P[Q 
bQjRQ[MCTUU�� lUTWVUQc� b_UjxQy ( ) ,kp t  ( ),k t@  

1, .k m�  
=��%"��#�� �0%�'���#�+� *0"����#��. L_RXY 
( )kp t  cChc�XRc MPXQ\ThYU�\Q _P[TChVUQc\Q 
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`NV  ( ) ( ) ( ), 1, .k k Tp t p t H D k m� 7 � �  
�VX[_NUM PMjTlTXY, WXM P[Q\VUVUQV P[QUxQPT 

\TjRQ\_\T P[QCMNQX j RhVN_��Q\ UVMz�MNQ\�\  
_RhMCQc\ MPXQ\ThYUMRXQ [4]: 
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`NV ( , )t xM  – MzMz�VUUMV [V�VUQV RhVN_��Vy lTNTWQ:  

( , ) ( , ) 0, ( , ) ,t x xt x t x t x DM �M � �  

D L( , ) 2 ( , ) ( ) ,t x u T x xM � � � >   

0

( ,0) 0, ( , ) 0,
l

t t y d yM � M �#  

RMP[csVUUMy R lTNTWVy (1)–(3), Q MP[VNVhcVXRc PM bM[- 
\_hV 

 
� �

� �

1 10

( , ) 2 ( )  ( , ) ( )

           , ( ) ( , ) ( ).

T m

i i i k
i k

k k i i i

t x T G T s b s

f s p s d s G T t b x

!

� �

8
M � � A � @ �F

:

9
� � > G

;

� �#
 (12) 

$ _WVXM\ _RhMCQy (8), (9) _RhMCQc MPXQ\ThYUMRXQ 
(10), (11) PV[VPQ�V\ C RhVN_��V\ CQNV: 

 12 ( ) ( , ( )) ( , ( )),k k kk pp t f t p t t t�� � M @  (13) 

 
( )

( , ( )) 0, 1, .
( , ( ))

k

k
kk p

k p k p

p t
f t p t k m

f t p t


 �
� � � �
� �
� �

 (14) 

$ _WVXM\ (14) Ql (12) Q (13)  PMh_WTV\ 
1( ) ( , ( ))k kk pp t f t p t�� �  

� � � �2

1 10

( , ) ( , ) ( ) , ( )
T m

i i i k k k
i k

G T t G T s b s f s p s ds
!

� �

� @ �� �#  

� � � �
1

( ) ( , ) ( )i i i i k
i

T G T t b t
!

�

� A �> @�  

QhQ 

1

1 0

( ) ( , ( )) ( , ) ( , ( )) ( ),
Tm

k k k kk p
k

p t f t p t Q t s f s p s ds F t�

�

� � ��#  (15) 

`NV  

2

1
( , ) ( , ) ( , ) ( ( )),i i i k

i
Q t s G T t G T s b s

!

�

� @�  

� � � �
1

( ) ( ) ( , ) ( ) , 1, .i i i i k
i

F t T G T t b t k m
!

�

� A �> @ ��  

K _[TCUVUQV (15) PMhMsQ\ 
1( ) ( , ( )) ( ), 1, ,k k kk pp t f t p t g t k m�� � �  

`NV ( )kg t  – PMjT UVQlCVRXU�V b_UjxQQ, UM \� Nhc 
UTWThT P[VNPMhMsQ\, WXM MUQ lTNTU�. qM`NT Q\VV\ 
RhVN_��QV b_UjxQMUThYU�V _[TCUVUQc: 

 
( )

( ) ( , ( )), 1, .k
k kk p

g t
p t f t p t k m� �

�
 (16) 

L_RXY C�PMhUcVXRc RhVN_��VV _RhMCQV: 

� � . /1 1 |

1 1

, ( ) Bnd ( ) Lip ,

         1, , 0 , const .

kk p k pf t p t M N

k m N M

� =

� � �
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NQXRc Ql RhVN_��V`M QXV[TxQMUUM`M P[MxVRRT: 

 1 ( )
( ) ( , ( )), 1, , 1,  2,...n nk

k kk p
g t

p t f t p t k m n� � � �
�

 (17) 

³XM [V�VUQV MzMlUTWQ\ XTj: 

 ( ) ( , ( )), 1, .k k kp t h t g t k m� �  (18) 

qVPV[Y Nhc MP[VNVhVUQc b_UjxQQ ( )kg t , PMNRXTC-

hcc (18) C (15), PMh_WTV\ QUXV`[ThYU�V _[TCUVUQc 
Z[VN`MhY\T 

� �� �
1 0

( ) ( , ) , , ( ) ( ), 1, .
Tm

k k k k
k

g t Q t s f s h s g s ds F t k m
�

� � ��#  (19) 

K jTWVRXCV UM[\� Nhc P[MQlCMhYUMy b_UjxQQ 
( ) ( )Tt C DI �  QRPMhYl_V\ VCjhQNMC_ UM[\_ 

( ) max ( ) .
T

C t D
t t

�
I � I  

������ 2. L_RXY: 
1) K�PMhUc�XRc _RhMCQc XVM[V\� 1 Q _RhMCQV (14); 
2) 2( ) ( );lx L D> �  

3) � � . /1 1 |, ( ) Bnd ( ) Lip ,
kk k k k gh t g t M N� =  

1 10 , const;k kN M� �  

4) � � . /2 2 |, ( ) Bnd ( ) Lip ,
kk k k k gf t h t M N� =  

2 20 , const;k kN M� �  

5) � � 2
2 3 1 2

1
1.

m

k k
k

M M T N N
�

N � ��  

qM`NT UVhQUVyU�V QUXV`[ThYU�V _[TCUVUQc Z[VN-
`MhY\T CXM[M`M [MNT (19) Q\V�X VNQURXCVUUMV [V�V-
UQV ( ) ( ).k Tg t C D�  
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>�������$����. $UTWThT lT\VXQ\, WXM b_UjxQQ 
( , )Q t s  Q ( )F t  M`[TUQWVU�  

2 2

1
( , ) ( , ) ( ( ))i i k

i
Q t s G T t b t

!

�

� @ ��  

 
� �

2

1

2 2
2 3

1

           max ( , )

max ( ( )) ;

T

T

it Di

i kt Di

G T t

b t M M

!

��
!

��

� �

� @ � � !

�

�
 (20) 

1

2( ) ( ) ( , )i i i
i

F t T G T t
l

!

�

� A �> ��  

 

� �2

1 1
2 22 2

1 1

1 2

2 ( ) ( , )

2               .

i i i
i i

T G T t
l

M M
l

! !

� �


 � 
 �
� A �> �� � � �� � � �

� � � �

� � > � !

� �

�

 (21) 

$ _WVXM\ MxVUMj (20) Q (21) [TRR\MX[Q\ RhVN_�-
�Qy QXV[TxQMUU�y P[MxVRR: 

� �� �

� �� �

1

1 0

1

1 0

( ) ( , ) , ,0 ( ),

( ) ( , ) , , ( ) ( ),

1,  2,...

Tm

k kk
k

Tm
n n

k kk k
k

g t Q t s f s h s ds F t

g t Q t s f s h s g s ds F t

n

�

�

�

	
� �



 � ��

 �
�

�#

�#   (22) 

K RQh_ _RhMCQy XVM[V\� Ql (22) PMh_WTV\ RhVN_�- 
�QV MxVUjQ: 

� �� �1

1 0

( ) ( ) ( , ) , ,0
Tm

k kk C k C

g t F t Q t s f s h s d s
�

� � ��#  

    � � � �
2

2
1 2 2 3 2

1

2 ;
m

k
k

M M M M M T
l �

� � > � � !��  (23) 

1 ( ) ( )n n
k k C

g t g t� � �  

� �� �
� �� �

1 0

1

( , ) , , ( )

   , , ( )

Tm
n

k k k
k

n
k k k

C

Q t s f s h s g s

f s h s g s d s

�

�

� �

� �

�#
 

� � � � � �2 1
2 3 2

1
, ( ) , ( )

m
n n

k k k kk Ck
M M T N h s g s h s g s�

�

� � ��
 

 1 1( ) ( ) ( ) ( ) .n n n n
k k k kC C

g t g t g t g t� �� N � � �  (24) 

~l MxVUMj (23) Q (24) RhVN_VX, WXM UVhQUVyU�V  
QUXV`[ThYU�V _[TCUVUQc Z[VN`MhY\T CXM[M`M [MNT 
(19) Q\V�X VNQURXCVUUMV [V�VUQV ( ) ( ),k Tg t C D�  

1, .k m�  qVM[V\T NMjTlTUT. 
{[M\V XM`M, Ql (19) Q (22) TUThM`QWUM (23) Q (24) 

\MsUM PMh_WQXY, WXM RP[TCVNhQCT MxVUjT 

� � � �
2

2
1 2 2 3 2

1

                           ( ) ( )

2 .
1

n
k k C

n m

k
k

g t g t

M M M M M T
l �

� �

8 9N
� � > �F G�N : ;

��

 

�XR�NT R _WVXM\ (18) Q CXM[M`M _RhMCQc XVM[V\� 2 
Nhc PM`[V�UMRXQ P[QzhQsVUUM`M C�WQRhVUQc _P[TC-
hc��Q� b_UjxQy PMh_WTV\ MxVUj_ 

 � �

� �

21 2

2
2 3 2 1

1 1

         ( ) ( )

2
1

.

n
k k C

n

m m

k k
k k

p t p t

M M
l

M M M T N
� �

� �

8N
� � > �F

�N :
9

� G
;

� �

�  (25) 

=��%"��#�� �0%�'���#�+� 0"�-���� � �)3����-
#�� '�#�'���#�+� /#�3�#�� 2*#�-��#���. $M`hTR-
UM (7) MPXQ\ThYU�y P[MxVRR UT�MNQ\ PM bM[\_hV 

 
� �

� � /
1 1 0

( , ) ( ) ( , ) ( )

            , ( ) ( ).

tm

i i i k
i k

k k i

u t x t G t s b s

f s p s d s b x

!

� �

	� A � @ ��
�

� �

� �#
 (26) 

�PXQ\ThYU�y P[MxVRR (26) \MsUM P[QzhQsVUUM 
UTyXQ R PM\M�Y� QXV[TxQMUUM`M P[MxVRRT LQjT[T 

 
� �

� � /
1 1 0

( , ) ( ) ( , ) ( )

               , ( ) ( ).

tn m
n n

i i i k
i k

n
k ik

u t x t G t s b s

f s p s ds b x

� �

	� A � @ ��
�

� �

� �#
 (27) 

�QUQ\ThYUMV lUTWVUQV b_UjxQMUThT, RM`hTRUM 
bM[\_hT\ (6) Q (26), UT�MNQXRc Ql RhVN_��Vy bM[\_h�: 

� �

� �

1 10 0

2

[ ] ( ) ( , ) ( )

       , ( ) ( )

l Tm

k i i i k
i k

k k i i

J p T G T s b s

f s p s d s b y d y

!

� �

8 	� A � @ �F �
F �:

91
� � > � �2 G

3 ;

� �# #
 

 � � � �
2 2

1 10 0

( ) ( ) .
T Tm m

k k
k k

p t dt t dt
� �

� � �4 @� �# #  (28) 

~l [TzMX� [18], C WTRXUMRXQ, RhVN_VX, WXM lTNTWT 
{M�Q (4) P[Q C�PMhUVUQQ _RhMCQc 

� � . /4 3 |

4 3

, ( ) Bnd ( ) Lip ,

        1, , 0 , const

kk kq t t M N

k m M N

@@ � =

� � �
 

Q\VVX VNQURXCVUUMV [V�VUQV ( ) ( ), 1,k Tt C D k m@ � � . 
������ 3. L_RXY C�PMhUc�XRc _RhMCQc XVM[V\� 2. 

qM`NT b_UjxQMUTh (28) P[QUQ\TVX jMUVWUMV lUTWVUQV. 
>�������$����. kWQX�CTc NMjTlTXVhYRXCT XVM[V\ 

1 Q 2, Ql (28) PMh_WTV\ 

� �
� � � �

2

2

2

1

20
1 2 3

1

        [ ] 2

2

k

m

k
k

J p M

T M M M M
�

� � > �

� � > ��

�

�
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� �
2

202 2 2
2 3

1
 2   .

m

k
k

T M M M T mM Tm lH

�


 �
� � � � 4 � !� �

� �
�  

�XR�NT RhVN_VX, WXM b_UjxQMUTh (28) P[QUQ\TVX 
jMUVWUMV lUTWVUQV. qVM[V\T NMjTlTUT.  

L[QzhQsVUUMV lUTWVUQV b_UjxQMUThT C�WQRhcVX-
Rc PM RhVN_��V\_ QXV[TxQMUUM\_ P[MxVRR_: 

� �
1 10 0

[ ] ( ) ( , ) ( )
l Tn m

n n
i i i kk

i k
J p T G T s b s

� �

8 	� A � @ �F �
F �:
� �# #  

� �
2

, ( ) ( )n
i ikf s p s ds b y dy

91
� � > � �2 G

3 ;
 

� � � �2 2

1 10 0

 ( ) ( ) , 1,2,3, ...;
T Tm m

n n
kk

k k
p t dt t dt n

� �

� � �4 @ �� �# # (29) 

( ), 1,k t k m@ �  MP[VNVhcVXRc Ql RhVN_��V`M QXV[T- 
xQMUUM`M P[MxVRRT: 

 � �1 0

0

( ) , ( ) , 1, .
t

n n
k k k kt q s s ds k m�@ � @ � @ �#  (30) 

����^3�#��. K [TzMXV P[VNhT`TVXRc \VXMNQjT  
[V�VUQc MNUMy XMWVWUMy PMNCQsUMy lTNTWQ UVhQUVy-
UM`M MPXQ\ThYUM`M _P[TChVUQc Nhc MNUMy RQRXV\�  
R PT[TzMhQWVRjQ\ Q Mz�jUMCVUU�\ NQbbV[VUxQThY-
U�\Q _[TCUVUQc\Q P[Q R\V�TUU�� UVhMjThYU��  
Q UTWThYUM\ _RhMCQc�. $UTWThT QRPMhYl_VXRc \VXMN 
Z_[YV [TlNVhVUQc PV[V\VUU��. �T MRUMCV P[QUxQPT 
\TjRQ\_\T bM[\_hQ[_�XRc UVMz�MNQ\�V _RhMCQc 
MPXQ\ThYUMRXQ _P[TChVUQy P[Q jCTN[TXQWU�� j[QXV-
[Qc�. �MjTl�CTVXRc MNUMlUTWUTc [Tl[V�Q\MRXY MPXQ-
\ThYU�� _P[TChVUQy. L[Q uXM\ QRPMhYl_VXRc \VXMN 
PMRhVNMCTXVhYU�� P[QzhQsVUQy C RMWVXTUQQ V`M  
R \VXMNM\ RsQ\T��Q� MXMz[TsVUQy. LMh_WTVXRc 
bM[\_hT Nhc P[QzhQsVUUM`M C�WQRhVUQc PMNCQsU�� 
MPXQ\ThYU�� _P[TChVUQy Q MxVUjT Nhc NMP_RjTV\My 
PM`[V�UMRXQ PM MPXQ\ThYU�\ _P[TChVUQc\. L[QCM-
NcXRc bM[\_h� Nhc P[QzhQsVUUM`M C�WQRhVUQc MP-
XQ\ThYUM`M P[MxVRRT Q \QUQ\ThYUM`M lUTWVUQc b_Uj-
xQMUThT. L[Q uXM\ QRPMhYl_�XRc QXV[TxQMUU�V P[M-
xVRR� (17), (22), (27), (29) Q (30). LMh_WVUU�V [Vl_hY-
XTX� \M`_X UTyXQ NThYUVy�VV P[Q\VUVUQV C [TlCQXQQ 
\TXV\TXQWVRjMy XVM[QQ UVhQUVyUM`M MPXQ\ThYUM`M 
_P[TChVUQc RQRXV\T\Q R [TRP[VNVhVUU�\Q PT[T\VX-
[T\Q P[Q UThQWQQ PMNCQsU�� QRXMWUQjMC. 
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ABOUT RESTORY OF ANALYTIC FUNCTIONS IN THE MITTAG-LEFFLER’S SPIRAL STAR  

BY THE VALUES ON A SET OF UNIQUENESS 
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In the case of one complex variable, many traditional set of uniqueness in the class of analytic functions is the set 
containing the limit point. The most famous variety of uniqueness in the multivariate case is a “real” neighborhood of  
a point. For a certain class of many domains of uniqueness in the multidimensional case can be reduced. For example, 
in the works of S. V. Znamenskii a countable subset on the skeleton of polydisc, the value of a holomorphic function 
 is restored throughout polydisc are specified. 

Perhaps the function can be continued in a larger area. In the works of J. Hadamard, G. Mittag-Lefler, Le Roy, Lin-
delof the so-called summation methods that give good results for analytic continuation of a power series in the case  
of star fields of the complex plane have been proposed. Further, for the one-dimensional case, in the works of  
N. At. Arakelyan the restoration of the analytical element using the universal matrix methods of summation in class 
helical regions was obtained. 

The present work is devoted to the restoration of analytic functions defined on a countable set of uniqueness skele-
ton of polydisc, in the helical region, called (m,�) is the star of the Mittag-Lefler of this function. Recovery is carried 
out using multidimensional matrix methods of summation of multiple power series, which are constructed using  
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one-dimensional matrix methods of summation of power series. While testing a multivariate matrix methods of summa-
tion of multiple power series are performed using a one-dimensional exponentially. 

 
Keywords: multiple power series, a lot of uniqueness, the star of the Mittag-Leffler, the main star, analytic continua-

tion, summation of multiple power series matrix methods of summation, spiral region, the area effective summability. 
 

�����#��. L[Q\V[UM RMXU� hVX UTlTN _WVU�V UT-
WThQ QRPMhYlMCTXY XVM[Q� b_UjxQy jM\PhVjRU�� PV-
[V\VUU�� Nhc MPQRTUQc UV[TCUM\V[U�� PMhVy, Nhc 
\MNVhQ[MCTUQc RhMsU�� PMXMjMC, Nhc MPQRTUQc C[T-
�T��Q�Rc PMhVy Q RXThQ PMh_WTXY \MNVhQ jM\PhVjR-
U�� PV[V\VUU��, jMXM[�V lUTWQXVhYUM P[M�V MPQR�-
CT�X RhMsU�V Mz�VjX� Q cChVUQc, UVsVhQ \MNVhQ 
NVyRXCQXVhYU�� PV[V\VUU��. vTNTWQ `QN[MNQUT\QjQ 
Q `TlMCMy NQUT\QjQ, TCQTRX[MVUQV, RT\MhVXMRX[MVUQV 
Q [TjVXMRX[MVUQV QRPMhYl_�X jM\PhVjRU�V PV[V\VU-
U�V jTj MRUMCUMy \TXV\TXQWVRjQy QURX[_\VUX \MNV-
hQ[MCTUQc. �TP[Q\V[, XVM[Qc PMN�V\UMy RQh� j[�hT 
RT\MhVXT MPQ[TVXRc UT PMRX[MVUQV TUThQXQWVRjMy 
b_UjxQQ, jMXM[Tc UMRQX Q\c «NVN_�jQ» [_RRjMy 
TCQTxQQ å_jMCRjM`M. qVM[V\T VNQURXCVUUMRXQ MP[V-
NVhcVX MNUM Ql jhTRRQWVRjQ� RCMyRXC TUThQXQWVRjQ� 
b_UjxQy. ©RhQ Ql Mz[T�VUQc TUThQXQWVRjMy b_UjxQQ 
UT \UMsVRXCV RhVN_VX VV XMsNVRXCVUUMV [TCVURXCM 
U_h�, XM Mz�WUM XTjMV \UMsVRXCM UTl�CT�X \UMsV-
RXCM\ VNQURXCVUUMRXQ.  

K Rh_WTV n-\V[UM`M jM\PhVjRUM`M P[MRX[TURXCT �n  
\UMsVRXCM\ VNQURXCVUUMRXQ cChcVXRc «CV�VRXCVU-
UTc» Mj[VRXUMRXY XMWjQ. K lTCQRQ\MRXQ MX CQNT MzhTR-
XQ [Tl\V[UMRXY \UMsVRXCT VNQURXCVUUMRXQ \MsVX 
z�XY _\VUY�VUT. �z�WUM uXM UTzh�NTVXRc Nhc XV� 
MzhTRXVy C �n, _ jMXM[�� `[TUQxT ÍQhMCT MzhTRXQ 
cChcVXRc RMzRXCVUUMy WTRXY� `[TUQx� RT\My MzhTRXQ. 
�RMzVUUM UT`hcNUM uXM PMh_WTVXRc C Rh_WTV PMhQxQ-
hQUN[T. {hTRRQWVRjTc bM[\_hT {M�Q CMRRXTUTChQCTVX 
lUTWVUQV b_UjxQQ, `MhM\M[bUMy C PMhQNQRjV,  
PM VV lUTWVUQc\ UT MRXMCV PMhQNQRjT. K [TzMXT� [1; 2] 
$. K. vUT\VURjM`M _jTl�CTVXRc RWVXUMV PMN\UMsVRXCM 
UT MRXMCV PMhQNQRjT, PM lUTWVUQ� UT jMXM[M\ `MhM-
\M[bUTc b_UjxQc CMRRXTUTChQCTVXRc CM CRV\ PMhQ-
NQRjV.  

K UVjMXM[�� Rh_WTc� b_UjxQc \MsVX z�XY P[M-
NMhsVUT C zMhY�_� MzhTRXY. KMP[MRT\ TUThQXQWVRjM-
`M P[MNMhsVUQc RXVPVUUM`M [cNT, C WTRXUMRXQ P_XV\ 
PV[V[TlhMsVUQc [cNT, C Rh_WTV MNUM`M PV[V\VUUM`M 
PMRCc�VUT \MUM`[TbQc [3], RMNV[sT�Tc  RMMXCVXRX-
C_��_� zQzhQM`[TbQ�. K NThYUVy�V\, zMhVV ubbVj-
XQCU�V \VXMN� R_\\Q[MCTUQc RXVPVUUM`M [cNT (TUT-
hQXQWVRjM`M P[MNMhsVUQc R PM\M�Y� \TX[QWU��  
\VXMNMC) z�hQ P[VNhMsVU� �QXXT`-�VbbhV[M\, �QU-
NVhVbM\, �V w_T Q N[_`Q\Q \TXV\TXQjT\Q (R\., UT-
P[Q\V[, [3–5]). �hc  n = 1 C Rh_WTV lCVlNU�� MzhTRXVy 
NMRXTXMWUM PMN[MzUTc zQzhQM`[TbQc Q\VVXRc C [6–8], 
Nhc Rh_WTc RPQ[ThYU�� MzhTRXVy – C [9]. K NThYUVy-
�V\, �[TjVhcU_ [9] _NThMRY PMjTlTXY, WXM TUThQXQWV-
RjMV P[MNMhsVUQV MNUMj[TXUM`M RXVPVUUM`M [cNT  
R PM\M�Y� \TX[QWU�� \VXMNMC R_\\Q[MCTUQc CMl-
\MsUM XMhYjM C RPQ[ThYU�V MzhTRXQ.  

K Rh_WTV \UM`Q� PV[V\VUU�� C [TzMXT� [10–13] 
P[VNhT`T�XRc [TlhQWU�V \VXMN� R_\\Q[MCTUQc j[TX-
UM`M RXVPVUUM`M [cNT Nhc lCVlNU�� MzhTRXVy. K [14] 
P[VNhMsVU \VXMN, PMlCMhc��Qy R_\\Q[MCTXY j[TX-

U�y RXVPVUUMy [cN C Rh_WTV PT[TzMhQWVRjQ lCVlNU�� 
MzhTRXVy (R\. UQsV MP[VNVhVUQV 1, P[Q ¶ = (0, …, 0)). 
K [TzMXV [15] P[VNhT`T�XRc \VXMN� R_\\Q[MCTUQc 
j[TXUM`M RXVPVUUM`M [cNT, PMlCMhc��QV R_\\Q[MCTXY 
uXMX [cN C jhTRRV MzhTRXVy C �n, VRXVRXCVUU�\ Mz[T-
lM\ MzMz�T��Q� jTj RPQ[ThYU�V, XTj Q lCVlNU�V. 

~RPMhYl_c bM[\_h_ Ql [1; 2], CMRRXTUTChQCT��_� 
TUThQXQWVRj_� b_UjxQ� C VNQUQWUM\ PMhQNQRjV PM 
RWVXUM\_ \UMsVRXC_ VNQURXCVUUMRXQ UT MRXMCV PMhQ-
NQRjT, C UTRXMc�Vy [TzMXV PM lUTWVUQc\ b_UjxQQ UT 
NQRj[VXUM\ \UMsVRXCV VNQURXCVUUMRXQ, [TRPMhMsVU-
UM\ UT MRXMCV PMhQNQRjT, b_UjxQc CMRRXTUTChQCTVXRc 
C P[MQlCMhYUMy RPQ[ThYUMy lCVlNV �QXXT`-�VbbhV[T 
PM R�V\V, P[VNhMsVUUMy C [15]. 

��#��#)� �5�/#�3�#�� � 2�"'*��"����. �zM-
lUTWQ\ z = (z1, …, zn) – XMWjQ n-\V[UM`M jM\PhVjRUM`M 
P[MRX[TURXCT �n, . /1: ; 0,  ..., 0n n

nR x R x x� � � � � , 

. /: ;n
r j jz C z rO � � �  1( ,  ..., )nk k k�  – \_hYXQQUNVjR�, 

1|| || ... nk k k� � � , 1! !... !nk k k� , 1
1 ... nk kk

nz z z� � � , 

. /1( ,  ..., ) :n n
r n j jU U r r z C z r� � � � , (1,  ...,1)nU U� , 

: : .mQ m n N
n�

	 1� �� 2
� 3

. 

L_RXY  

 1
11 ... 1

|| || 0
( ,  ..., ) ... nkk

n k k n n
k

f z z a z z
�

� � – (1) 

n-j[TXU�y RXVPVUUMy [cN, jMXM[�y R�MNQXRc C UVjM-
XM[M\ PMhQNQRjV rU  C �n. Z_UjxQQ, `MhM\M[bU�V  

C rU  Q UVP[V[�CU�V CPhMXY NM lT\�jTUQc rU , MzM-
lUTWQ\ ( )rA U . �hc XTjQ� b_UjxQy jhTRRQWVRjTc bM[-
\_hT {M�Q PMlCMhcVX CMRRXTUTChQCTXY Q� lUTWVUQc 
CU_X[Q PMhQNQRjT PM lUTWVUQc\ b_UjxQQ UT MRXMCV. 

K [1; 2] [V�TVXRc lTNTWT CMRRXTUMChVUQc b_UjxQQ 
Ql ( )A U  PM lUTWVUQc\ uXMy b_UjxQQ UT NQRj[VXUM\ 
\UMsVRXCV VNQURXCVUUMRXQ, [TRPMhMsVUUM\ UT MRXMCV 
VNQUQWUM`M PMhQNQRjT U . L_RXY PMhMsQXVhYU�V 
WQRhT 1,  ..., nb b  C�z[TU� XTj, WXM CVhQWQU� ln b1, … 
...,  ln nb  C\VRXV R WQRhM\ ÿ hQUVyUM UVlTCQRQ\�  
UTN jMhYxM\ xVh�� WQRVh, XM`NT UTzM[ XMWVj 

. / . /1 ,  ...,iv iv iv
nv v

b b b
! !

��! ��!
4 � �  cChcVXRc \UMsVRX-

CM\ VNQURXCVUUMRXQ Nhc b_UjxQQ, `MhM\M[bUMy  
C VNQUQWUM\ PMhQNQRjV U  Q UVP[V[�CUMy CPhMXY  
NM V`M MRXMCT. ZM[\_hT, CMRRXTUTChQCT��Tc b_UjxQ� f 
PM UTzM[_ �, TUMURQ[MCTUT $. K. vUT\VURjQ\ C [1], VV 
PMN[MzUMV NMjTlTXVhYRXCM QlhMsVUM C [2]. L[QCVNV\ 
PMhU_� bM[\_hQ[MCj_ XVM[V\� Ql [2].    

������ � ([2], R. 47, XVM[V\T 1). L_RXY ( )f A U� . 

qM`NT P[Q z U�  
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1

( ) ( )
1 1

                      ( ,  ..., )

1 ( )lim ,
2 (1 )...(1 )

n
ikm

k km k m n n

f z z

f b
m z b z b5 5$! ��

�

�
� �

�
 (2) 

`NV PMRhVNMCTXVhYUMRXY ( )k5 MP[VNVhcVXRc C�zM[M\ �. 
L[Q ( )k ik5 ' �  bM[\_hT CV[UT Nhc CRV� z U� . 

������
�� 1. ZM[\_hT (2) CMRRXTUTChQCTVX b_Uj-
xQ� ( )f z  C lT\�jTUQQ VNQUQWUM`M PMhQNQRjT  
PM NQRj[VXUM\_ \UMsVRXC_ �, PMRhVNMCTXVhYUMRXY 

( )k5 MP[VNVhcVXRc C�zM[M\ �. �hc CU_X[VUUQ� XMWVj 
PMhQNQRjT \MsUM ClcXY ( )k ik5 ' � . LMuXM\_ C NThY-
UVy�V\ z_NV\ RWQXTXY ( )k ik5 ' � . 

������
�� 2. ZM[\_h_ (2) R PM\M�Y� lT\VU� UV-
RhMsUM C�PQRTXY Nhc P[MQlCMhYUM`M PMhQNQRjT 

1( ,  ..., )n
r nU U r r�  R [TNQ_RT\Q 1( ,  ..., )nr r : 

1

( )1 1 ( )
1 1 1

                          ( ,..., )

1 ( )lim .
2 (1 )...(1 )

n
ikm

k km k m n n n

f z z

f rb
m z r b z r b5� � 5$! ��

�

�
� �

�
 

vTNTWT TUThQXQWVRjM`M P[MNMhsVUQc b_UjxQQ,  
lTNTUUMy j[TXU�\ RXVPVUU�\ [cNM\, C RPQ[ThYU_� 
MzhTRXY R PM\M�Y� MNUM\V[U�� \TX[QWU�� \VXMNMC 
[V�VUT C [15]. �hc bM[\_hQ[MCjQ MRUMCUM`M [Vl_hY-
XTXT UTRXMc�Vy [TzMX� P[QCVNV\ MP[VNVhVUQV jhTRRT 
MzhTRXVy Ql [15].  

����	���
�� 1. L_RXY nx ��R , n��R . �UMsVRX-
CM G C �n  UTlMCV\ (&, ¶)-RPQ[ThYU�\ MXUMRQXVhYUM 
UTWThT jMM[NQUTX, VRhQ C\VRXV R jTsNMy XMWjMy 

0 0 0
1( ,  ..., )nz z z�  C \UMsVRXCV G RMNV[sQXRc (&, ¶)-

MX[VlMj 

1 1
10

(1 )( , ) 0
1

(1 )0

: { : ,  ...

..., , [0,1]} .n n
n

x ix n
z

x i
n

L z C z z t

z z t t G

� ��

� �

� � �

� � �
 

©RhQ b_UjxQc f(z) `MhM\M[bUT C UVjMXM[My Mj[V-
RXUMRXQ UTWThT jMM[NQUTX C �n, XM \TjRQ\ThYU_�  
(&, ¶)-RPQ[ThYU_� MzhTRXY , ,x

fG �  C jMXM[_� `MhM-
\M[bUM \MsUM P[MNMhsQXY b_UjxQ� f, UTlMCV\ (&, ¶)-
RPQ[ThYUMy lCVlNMy �QXXT`-�VbbhV[T b_UjxQQ f, QhQ 
P[MRXM (&, ¶)-lCVlNMy. �TjRQ\ThYUTc lCVlNUTc MzhTRXY 
G, C jMXM[_� `MhM\M[bUM P[MNMhsTVXRc [cN (1),  
UTl�CTVXRc lCVlNMy �QXXT`-�VbbhV[T (QhQ `hTCUMy 
lCVlNMy) [cNT (1) QhQ b_UjxQQ f(z). 

LMUcXQV (&, ¶)-RPQ[ThYUMy lCVlN� �QXXT`-�VbbhV- 
[T �Q[V PMUcXQc lCVlN� �QXXT`-�VbbhV[T. $MMXCVX-
RXC_��QV P[Q\V[� Q\V�XRc C [13–15]. �hc n = 1 
jhTRR (&, ¶)-RPQ[ThYU�� MzhTRXVy PV[V�MNQX C RPQ-
[ThYU�V MzhTRXQ (R\. [3], R. 40  Q [9], R. 38). 

ÇVhY UTRXMc�Vy [TzMX�, MPQ[TcRY UT P[VNRXTChVUQV 
b_UjxQQ C VNQUQWUM\ PMhQNQRjV Ql [2], bM[\_h_ (2)  
Q [Vl_hYXTX� Ql [15], – NMjTlTXY bM[\_h_, PMlCMhc�-
�_� CMRRXTUMCQXY b_UjxQ� f C VV 1( ,  ..., ;nx x  

,  ..., )� � -lCVlNV �QXXT`-�VbbhV[T PM lUTWVUQc\ uXMy 
b_UjxQQ UT NQRj[VXUM\ \UMsVRXCV VNQURXCVUUMRXQ, 
[TRPMhMsVUUM\ UT MRXMCV VNQUQWUM`M PMhQNQRjT U. 
�RUMCU�\ [Vl_hYXTXM\ [TzMX� cChcVXRc RhVN_��Tc 
XVM[V\T. 

������ 1. L_RXY ( ),f A U�  .nx Q��  qM`NT Nhc 
( , )x
fz G ��  RP[TCVNhQCT bM[\_hT 
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x n nm k m
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f b T z b z b
m � NN$N $! ��
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 (3) 

`NV \VXMN R_\\Q[MCTUQc ( ; )xT �  PMRX[MVU PM MNUM\V[-

UM\_ \VXMN_ T�  Ql jhTRRT S PM bM[\_hV (6). 
���	����� 1. ZM[\_hT Nhc P[MQlCMhYUM`M PMhQ-

NQRjT R [TNQ_RT\Q 1( ,  ..., )nr r r� Q\VVX CQN 
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������
�� 3. ©RhQ z� \MsUM z�hM PV[VRXTCQXY 
\VRXT\Q P[VNVh� (T uXM lTCVNM\M \MsUM RNVhTXY 
CU_X[Q PMhQNQRjT) Q PV[VyXQ j P[VNVh_ PM �, XM \� 
PMh_WQhQ z� bM[\_h_ (2) Nhc PMhQNQRjT Ql XVM[V\� A. 

L[QCVNV\ UVMz�MNQ\�V Nhc NMjTlTXVhYRXCT XVM[V-
\� 1 bM[\_hQ[MCjQ Q PMUcXQc Ql [15].  

L_RXY . /P � N  – \UMsVRXCM UT CV�VRXCVUUMy MRQ, 
Q\V��VV P[VNVhYU_� XMWj_ �0 XTj_�, WXM 0 PN � ,  
Q P_RXY  

 1
1... 1

|| || 0 || || 0
( ) ( ) ( ) ... nk kk

k k k n n
k k

T z c z c z zP
� �

� N � N� �  (4) 

RXVPVUUMy [cN, jMubbQxQVUX� jMXM[M`M lTCQRcX  
MX P[MQlCMhYUM`M PN� , R�MNc�QyRc C �n. 

����	���
�� 2. ^_NV\ `MCM[QXY, WXM \TX[QxT 
. / . /1...( ) ( )k k k nT c c� N � N  QhQ \TX[QWU�y \VXMN � R_\-

\Q[_VX [cN (1) C MzhTRXQ ( ( ))f HK � K , VRhQ: 
1) jM\PMlQxQc �NT\T[T [cNMC (1) Q (4)  

1
1 1... ... 1

|| || 0 || || 0
* ( ) ( ) ( ) ... nk kk

k k k kn k kn n
k k

T f z c a z c a z zP
� �

� N � N� �  (5) 

P[Q bQjRQ[MCTUUM\ PN�  TzRMh�XUM R�MNQXRc C UV-
jMXM[My PMhUMy, hM`T[Qb\QWVRjQ C�P_jhMy, MzhTRXQ, 
RMNV[sT�Vy ;K  

2) hMjThYUM [TCUM\V[UM C À ([TCUM\V[UM UT h�-
zM\ jM\PTjXV Ql À) C�PMhUcVXRc [TCVURXCM 

0
( ) lim * ( ), .f z T f z zN

N$N
� � �K                     

������
�� 4. �MsUM [TRR\TX[QCTXY jhTRR \TX[QW-
U�� \VXMNMC �, jMXM[�V P[Q PN�  UV lTNT�X xVh_� 
b_UjxQ�, UM C�PMhUcVXRc _RhMCQV 1. ³XM R_�VRXCVU-
UM [TR�Q[QX jhTRR [TRR\TX[QCTV\�� \VXMNMC,  
UM C�lMCVX MP[VNVhVUU�V X[_NUMRXQ P[Q P[MCV[jV 
_RhMCQc 1. ©RhQ [cN (1) R�MNQXRc C UVP_RXMy Mj[VRX-
UMRXQ 0 Q \TX[QWU�y \VXMN � P[Q PN�  lTNTVX xVh_� 
b_UjxQ�, XM`NT _RhMCQV 1 UV X[Vz_VX P[MCV[jQ, MUM 
C�PMhUcVXRc TCXM\TXQWVRjQ. ¹XM Q P[VNPMhT`TVXRc  
C UTRXMc�Vy [TzMXV.  

�hc MNUM\V[UM`M Rh_WTc XVM[V\T �jTNT [6; 9] PM-
lCMhcVX TP[MzQ[MCTXY jTsN�y Ql \TX[QWU�� \VXMNMC 
hQ�Y UT `VM\VX[QWVRjMy P[M`[VRRQQ. ©RhQ \TX[QWU�y 
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\VXMN R_\\Q[_VX `VM\VX[QWVRj_� P[M`[VRRQ� C VV  
¶-RPQ[ThYUMy lCVlNV �QXXT`-�VbbhV[T, XM uXMX \VXMN 
R_\\Q[_VX h�z_� b_UjxQ� C VV ¶-RPQ[ThYUMy lCVlNV 
�QXXT`-�VbbhV[T. �hc \UM`M\V[UM`M Rh_WTc CT[QTUX 
XVM[V\� �jTNT Nhc Rh_WTc lCVlNU�� MzhTRXVy P[VN-
hMsVU C [13]. 

�PQ�V\ jhTRR MNUM\V[U�� \VXMNMC R_\\Q[MCT-
UQc, UVMz�MNQ\�� Nhc PMRX[MVUQc \UM`M\V[U�� \V-
XMNMC, QRPMhYl_V\�� C XVM[V\V 1.  

����	���
�� 3. �zMlUTWQ\ WV[Vl S jhTRR MNUM\V[-
U�� \VXMNMC R_\\Q[MCTUQc (PMh_UVP[V[�CU�� \TX-
[QWU�� \VXMNMC)  . /( ),kT T P�

� � N N�  RM RCMyRXCT\Q: 

1. Z_UjxQc 
0

( ) ( ) k
k

k
T

!
�

P
�

6 % � N %�  cChcVXRc xVhMy 

Nhc P[MQlCMhYUM`M ,  PN� %�C . 
2. �TX[QWU�y \VXMN �¶  R_\\Q[_VX `VM\VX[QWV-

Rj_� P[M`[VRRQ� 1( ) (1 )g �% � �%  CR�N_ C VV ¶-RPQ- 

[ThYUMy lCVlNV �QXXT`-�VbbhV[T 1(1 )
G �

�
�%

. qM VRXY 

hMjThYUM [TCUM\V[UM C�PMhUcVXRc [TCVURXCM  
1

0

1 1
(1 )

(1 ) lim *(1 ) , .T G �
� � �

P �%P$P
� % � �% �%�  

L[MQlCMhYUM\_ \TX[QWUM\_ \VXMN_ Ql jhTRRT S  
Q nx Q�� �  \MsUM PMRXTCQXY C RMMXCVXRXCQV \UM`M\V[-
U�y \TX[QWU�y \VXMN PM P[TCQh_ 

 . /( ; ) ,: ( ), ,x k mT T P�
� � �� N N�  (6) 

`NV 1( ,  ..., )nm m m�  – PV[CTc xVhMWQRhVUUTc XMWjT  
R PMhMsQXVhYU�\Q jMM[NQUTXT\Q, hVsT�Tc UT h_WV, 
C��MNc�V\ Ql U_hc Q P[M�MNc�V\ WV[Vl XMWj_ &. �hc 
NThYUVy�V`M QlhMsVUQc UT\ UVMz�MNQ\T XVM[V\T  
Mz TUThQXQWVRjM\ P[MNMhsVUQQ R PM\M�Y� \TX[QW-
U�� \VXMNMC. L[QCVNV\ VV PMhU_� bM[\_hQ[MCj_ Ql 
[15] C _NMzUM\ Nhc NThYUVy�V`M QRPMhYlMCTUQc CQNV.  

������ B. L_RXY b_UjxQc f lTNTUT j[TXU�\ RXV-
PVUU�\ [cNM\ (1), R�MNc�Q\Rc C Mj[VRXUMRXQ U_hc  

C �n, ,nx Q��  ( , )x
fG �  – VV 1( ,  ..., ;  ,  ..., )nx x � � -

RPQ[ThYUTc lCVlNT �QXXT`-�VbbhV[T Q \UM`M\V[U�y  
\VXMN ( ; )xT �  PMRX[MVU PM MNUM\V[UM\_ \VXMN_ T�   

Ql jhTRRT S PM bM[\_hV (6). qM`NT CR�N_ C ( , )x
fG �  \V-

XMN ( ; )xT �  hMjThYUM [TCUM\V[UM R_\\Q[_VX b_UjxQ� f.  
qM VRXY RP[TCVNhQCT bM[\_hT 
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jM\PMlQxQc �NT\T[T [cNT (1) Q [cNT 
1

( ; ) , 1
|| || 0

( ) ( ) ... , .nkk
x k m n

k
T z T z z PP �

� � �
�

� N N��  

$ PM\M�Y� XVM[V\� _NMzUM jMURX[_Q[MCTXY \UM-
`M\V[U�V \TX[QWU�V \VXMN� PM MNUM\V[U�\. { RM-
sThVUQ�, R_\\Q[MCTXY XTjQV \VXMN� \M`_X j[TXU�V 
RXVPVUU�V [cN� C RPQ[ThYU�� lCVlNT� XMhYjM R jM`V-
[VUXUMy \UQ\My WTRXY�, X. V. P[Q 1 ... n� � � � � � .  

��#��#)� ����/�%����%��. qVM[V\T K  PMlCMhcVX 
CMRRXTUTChQCTXY b_UjxQ� PM VV lUTWVUQc\ UT NMRXT-
XMWUM «XMUjQ�» Q NTsV NQRj[VXU�� \UMsVRXCT� CM 
CRVy RPQ[ThYUMy lCVlNV �QXXT`-�VbbhV[T. �hc NMjT-
lTXVhYRXCT XVM[V\� 1 UT\ PMX[Vz_VXRc hV\\T. 

�����. L_RXY nx Q�� , ( )rf A U� , ( , )x
fG �  – VV 

1( ,  ..., ;  ,  ..., )-nx x � � RPQ[ThYUTc lCVlNT �QXXT`-�VbbhV-
[T Q \UM`M\V[U�y \VXMN ( ; )xT �  PMRX[MVU PM MNUM\V[-

UM\_ \VXMN_ T�  Ql jhTRRT S PM bM[\_hV (6). qM`NT CR�-

N_ C ( , )x
fG �  RP[TCVNhQCT bM[\_hT 
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 (8) 

ZM[\_hT RP[TCVNhQCT Nhc CRV� XMWVj C ( , )x
fG �  

1 1( ,  ..., ;  ,  ..., )-n nx x � � lCVlNV f. vNVRY 1 ... n� � � � � � . 
������
�� 4. �V\\T PMjTl�CTVX, WXM b_UjxQ� 

\MsUM CMRRXTUMCQXY C RPQ[ThYUMy lCVlNV PM lUTWV- 
UQc\ UT MRXMCV PMhQNQRjT. ©RhQ z� \MsUM z�hM PV[V-
RXTCQXY \VRXT\Q P[VNVh Q QUXV`[Th, XM \� PMh_WQhQ 
z� QUXV`[ThYUMV P[VNRXTChVUQV {M�Q Nhc PMhQNQRjT. 

������������ �����. �hc CU_X[VUUMRXQ PMhQ-
NQRjT rU  bM[\_hT NMjTl�CTVXRc P[MRX�\ [TlhMsVUQ-
V\ C [cN� PMN�UXV`[ThYU�� b_UjxQy R PMRhVN_��Q\ 
Q� PV[V\UMsVUQV\ Q PMWhVUU�\ QUXV`[Q[MCTUQV\. 
�hc XMWVj, P[QUTNhVsT�Q� 1( ,  ..., ;  ,  ..., )nx x � � -lCVlNV f, 
RhVN_VX CMRPMhYlMCTXYRc XVM[V\My K Ql RXTXYQ [15]  
M R_\\Q[MCTUQQ \TX[QWU�\Q \VXMNT\Q C RPQ[ThYUM-
jM`V[VUXUMy MzhTRXQ. 

wTRR\MX[Q\ QUXV`[Th C P[TCMy WTRXQ bM[\_h� (8)  
Q [TlhMsQ\ PMN�UXV`[ThYUMV C�[TsVUQV C RXVPVUU�V 
[cN�:  
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K PMN�UXV`[ThYUM\ C�[TsVUQQ PV[C�y [cN R�M-
NQXRc TzRMh�XUM, T CXM[My P[VNRXTChcVX xVh_� b_Uj-
xQ�, PMuXM\_ Q� PMWhVUUMV P[MQlCVNVUQV P[VNRXTC-
hcVX RXVPVUUMy [cN, R�MNc�QyRc [TCUM\V[UM Q TzRM-
h�XUM PM PV[V\VUU�\ Q  UT MRXMCV PMhQNQRjT P[Q 

P[MQlCMhYUM\ nz �C . $hVNMCTXVhYUM, [cN, PMh_WVU-
U�y P[MQlCVNVUQV\ _jTlTUU�� [cNMC, \MsUM PMWhVU-
UM P[MQUXV`[Q[MCTXY PM MRXMC_ PMhQNQRjT. KMRPMhY-
l_V\Rc QlCVRXUMy bM[\_hMy  

1 1
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K RQh_ bM[\_h� (7) XVM[V\� K 

0

( , )( ) lim * ( ), .x
ff z T f z z G �

NN$N
� � �   

�V\\T NMjTlTUT. 
����/�%����%�� %��"�') 1. $hVN_c hV\\V, P[VN-

RXTCQ\ b_UjxQ� f(z) PM bM[\_hV (8), lNVRY PMhQNQRj  
rO  jM\PTjXUM hVsQX CU_X[Q VNQUQWUM`M PMhQNQRjT. 

LMuXM\_ PMN�UXV`[ThYU_� b_UjxQ� \MsUM lT\VUQXY 
PM bM[\_hV (2) Ql XVM[V\� �:  
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1 1

1                  ( ,  ..., ) lim
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qTj jTj R_\\T P[Q jTsNM\  � jMUVWUT, PMN�UXV-
`[ThYUMV C�[TsVUQV UVP[V[�CUM lTCQRQX MX  �, QUXV-
`[Th R�MNQXRc [TCUM\V[UM Q TzRMh�XUM, T XTjsV PV-
[V\VUU�V QUXV`[Q[MCTUQc UV lTCQRcX MX P[VNVhYUM`M 
PV[V�MNT P[Q P[MQlCMhYUM\  z  Ql UVjMXM[M`M jM\PTj-
XT, XM \MsUM lUTj P[VNVhT Q R_\\� C�UVRXQ lT lUTj 
QUXV`[ThT: 
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K PMN�UXV`[ThYUM\ C�[TsVUQQ PV[C�y RM\UMsQ-
XVhY \MsUM [TlhMsQXY PM RXVPVUc\ ,Q  Q PMh_WVUU�y 
RXVPVUUMy [cN z_NVX R�MNQXYRc TzRMh�XUM Q [TCUM-
\V[UM UT MRXMCV PMhQNQRjT rO . KXM[My RM\UMsQXVhY 
P[VNRXTChcVX xVh_� b_UjxQ� PM PV[V\VUU�\ Q   

UT MRXMCV uXM`M PMhQNQRjT P[Q P[MQlCMhYUM\ nz �C . 
LMWhVUUMV P[MQlCVNVUQV uXQ� NC_� [cNMC P[VNRXTChc-
VX RXVPVUUMy [cN, R�MNc�QyRc [TCUM\V[UM Q TzRMh�X-
UM PM PV[V\VUU�\ Q  UT MRXMCV PMhQNQRjT P[Q P[MQl-

CMhYUM\ nz �C . �NUTjM RhVN_VX lT\VXQXY, WXM PM-
N�UXV`[ThYUMV C�[TsVUQV z_NVX [TCUM\V[UM M`[TUQ-
WVUM hQ�Y P[Q ( , )x

fz G �� . $hVNMCTXVhYUM, [cN, PMh_-
WVUU�y P[MQlCVNVUQV\ _jTlTUU�� [cNMC, \MsUM  
PMWhVUUM P[MQUXV`[Q[MCTXY PM MRXMC_ PMhQNQRjT. 
KMRPMhYl_V\Rc bM[\_hMy (9). LMRhV QUXV`[Q[MCTUQc 
Nhc rz U�  P[TCTc WTRXY, MWVCQNUM, z_NVX RX[V\QXYRc 

j ( )f z . K RQh_ XVM[V\� K, Nhc CRV� ( , )x
fz G ��  P[TCTc 

WTRXY z_NVX [TCUM\V[UM M`[TUQWVUT P[Q P[MQlCMhY-
U�� � Q  ú. �PQ[TcRY UT XVM[V\_ �MUXVhc (P[QUxQP 
jM\PTjXUMRXQ TUThQXQWVRjQ� b_UjxQy), PMh_WQ\ 
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qVM[V\T 1 NMjTlTUT. 
����^3�#��. $ PM\M�Y� bM[\_h� (3) Ql XVM[V\� 1 

\MsUM CMRRXTUTChQCTXY `MhM\M[bU_� b_UjxQ� CU_X-

[Q RPQ[ThYUMy lCVlN� �QXXT`-�VbbhV[T, lUTc VV lUT-
WVUQc UT RWVXUM\ \UMsVRXCV VNQURXCVUUMRXQ, [TRPM-
hMsVUUM\ UT MRXMCV VNQUQWUM`M PMhQNQRjT. $hVNRX-
CQV 1 PMlCMhcVX PV[VyXQ j PMhQNQRj_ R P[MQlCMhYU�-
\Q [TNQ_RT\Q.   
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The paper presents the results of designing the advanced micro series space platforms and the small satellites 
created on their basis. The objective of this scientific work is creation of the series unified space platforms, which will 
fully comply with the world trends of space technology progress and the current technical requirements. The unified 
platforms are intended to subsequent payload mounting and adaptation on them and providing all conditions for the 
payload required for operation and performance of the small satellite objectives. The small satellites designing based 
on advanced unified platforms featuring the certain versatility, which includes the permanent-type basic design and the 
proven equipment of on-board subsystems, results in reducing development time and cost of manufacturing and launch 
of the small satellite. 

Series of basic unified space platforms is developed in JSC “Information satellite systems” named after 
academician M. F. Reshetnev” in common with R&P Small Satellites Center LLC and includes three unified platforms 
– NT-50, NT-100 and NT-400. Each platform from NT series features the high technical performances and the new 
engineering solutions. Series of advanced unpressurized space platforms is intended to creation of the new small 
satellites for different purposes on their basis, such as communication small satellites, the Earth remote sensing small 
satellites, research and development and technological small satellites. Space platform on-board subsystems are based 
on devices and equipment manufactured in the Russian Federation. The small satellites based on platforms from NT 
series could be launched into low circular operational orbit by single launch (including concurrent launch), as well as 
by tandem launch as part of several small satellites unit. 

 
Keywords: small satellite, spacecraft, space platform.  
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�����#��. K UTRXMc�VV C[V\c jMR\QWVRjQV XV�UM-
hM`QQ UT�MNcX CRV zMhVV �Q[MjMV P[Q\VUVUQV CM CRV� 
MzhTRXc� WVhMCVWVRjMy NVcXVhYUMRXQ. wTRX_�QV PMX[Vz- 
UMRXQ C QRPMhYlMCTUQQ jMR\QWVRjMy XV�UQjQ C [Tl-
hQWU�� RbV[T� X[Vz_�X RMlNTUQc CRV zMhVV RMCV[-
�VUU�� jMR\QWVRjQ� TPPT[TXMC ({�), RPMRMzU��  
[V�TXY CRVCMl\MsU�V lTNTWQ.  

�RMzVUUM TjX_ThYU�\ C PMRhVNUVV C[V\c RXThM RMl- 
NTUQV \Th�� jMR\QWVRjQ� TPPT[TXMC (�{�), uXM RCclTU-
UM R [cNM\ P[VQ\_�VRXC �{� PV[VN zMhY�Q\Q {�. 

$ XMWjQ l[VUQc [Tl[TzMXjQ, RMlNTUQc Q lTP_RjT 
RP_XUQjT \ThTc \TRRT MzVRPVWQCTVX [cN P[VQ\_�VRXC 
ujMUM\QWVRjM`M �T[TjXV[T. 

�NUQ\ Ql uXQ� P[VQ\_�VRXC cChcVXRc [VUXTzVhY-
U�y lTP_Rj. K�CMN RP_XUQjT UT M[zQX_ X[Vz_VX lUTWQ-
XVhYUMy WTRXQ R[VNRXC MX Mz�Vy RXMQ\MRXQ P[MVjXT. 
ÇVUT [TRRWQX�CTVXRc, QR�MNc Ql C�RMX� M[zQX�, CVRT 
RP_XUQjT, RXMQ\MRXQ [TjVX�-UMRQXVhc (uXMX PT[T\VX[ 
lTCQRQX UV XMhYjM MX jhTRRT – XcsVh�V, R[VNUQV Q hV`-
jQV w�, UM Q MX RX[TU�-Ql`MXMCQXVhc). 

K�CMN TPPT[TXMC \ThMy \TRR� MR_�VRXChcVXRc  
UT UQljQV M[zQX� R PM\M�Y� zMhVV NV�VC�� R[VNRXC 
hV`jM`M QhQ R[VNUV`M jhTRRT, C XM\ WQRhV [MRRQyRjQ� 
jMUCV[RQMUU�� [TjVX, P[VNUTlUTWVUU�� Nhc _XQhQlT-
xQQ P_XV\ lTP_RjT R PMhVlUMy UT`[_ljMy. {[M\V XM`M, 
WTRXM \Th�V RP_XUQjQ lTP_RjT�XRc UV PMMNQUMWjV,  
T xVhMy `[_PPMy C RMRXTCV zhMjT Ql UVRjMhYjQ� �{�, 
WXM _NV�VChcVX RVzVRXMQ\MRXY lTP_RjT MNUM`M TPPT-
[TXT. qTjsV CMl\MsVU «PMP_XU�y lTP_Rj» C jTWVRXCV 
RMP_XRXC_��Vy UT`[_ljQ j zMhY�M\_ RP_XUQj_. 

©�V MNUQ\ P[VQ\_�VRXCM\ �{� PV[VN zMhY�Q\Q 
{� cChc�XRc RsTX�V R[MjQ RMlNTUQc (1–3 `MNT C\VRXM 
5–10 hVX). $Mj[T�VUQV P[MQlCMNRXCVUUM`M xQjhT RCc-
lTUM R _ljMy RPVxQThQlTxQVy RP_XUQjT, QRPMhYlMCTUQ-
V\ RV[QyU�� jM\PMUVUXMC, _UQbQxQ[MCTUU�� PhTX-
bM[\, X[TNQxQMUU�� jMURX[_jXM[RjQ� Q XV�UMhM`QWV-
RjQ� X[VzMCTUQy j [Tl[TzMXjV, RMlNTUQ�, lTP_Rj_  
Q ujRPh_TXTxQQ. $sTX�V R[MjQ RMlNTUQc RPMRMzRXC_�X 
RjM[Vy�V\_ CMlC[TX_ QUCVRXQxQy. 

©�V MNUQ\ Ph�RM\ �{� cChcVXRc xVUMCTc P[Q-
ChVjTXVhYUMRXY. L[MxVRR RMlNTUQc \ThM`M RP_XUQjT, 
P[VNUTlUTWVUUM`M Nhc [V�VUQc RV[YVlU�� P[QjhTN-
U�� lTNTW, XTjQ� jTj �vv, UVhYlc UTlCTXY NV�VC�\,  
C NTUUM\ Rh_WTV C UTlCTUQQ jMUxVPxQQ _\VRXUM lT\V-
UQXY XV[\QU «NV�VC�y» UT «UVNM[M`My». qV\ UV \VUVV, 
xVUT TUThM`QWUM`M zMhY�M`M RP_XUQjT MjTl�CTVXRc  
C [Tl� zMhY�V.  

K UTRXMc�VV C[V\c X[VUN [TlCQXQc zMhY�Q� RP_X-
UQjMC QNVX PM P_XQ [VThQlTxQQ \TjRQ\ThYU�� �T[Tj-
XV[QRXQj PM MRUMCU�\ PMX[VzQXVhYRjQ\ PT[T\VX[T\ 
MNUMC[V\VUUM. �hc \Th�� {� [Tl[TzMXWQjQ UV RX[V-
\cXRc [VThQlMCTXY P[VNVhYU�V �T[TjXV[QRXQjQ R[Tl_ 
PM CRV\ UTP[TChVUQc\, T RMR[VNMXMWQCT�XRc UT MNUM\ 
QhQ UVRjMhYjQ� Ql uXQ� PT[T\VX[MC, [VThQl_c jM\\V[-
WVRjQ P[QChVjTXVhYU�y Nhc PMX[VzQXVhVy �{� [1; 2]. 

�hc RMlNTUQc RMC[V\VUU�� \Th�� jMR\QWVRjQ� 
TPPT[TXMC [TlhQWUM`M xVhVCM`M UTlUTWVUQc C NMRXT-
XMWUM RsTX�V R[MjQ xVhVRMMz[TlUM QRPMhYlMCTXY 
_UQbQxQ[MCTUU�V jMR\QWVRjQV PhTXbM[\� (k{L).  

L[MVjXQ[MCTUQV RP_XUQjT R QRPMhYlMCTUQV\ k{L, 
MzhTNT��Vy MP[VNVhµUUMy RXVPVUY� _UQCV[RThYUM-
RXQ, C RMRXTC jMXM[My C�MNQX UVQl\VUUTc zTlMCTc jMU-

RX[_jxQc Q MX[TzMXTUUTc TPPT[TX_[T zM[XMC�� MzVR-
PVWQCT��Q� RQRXV\, CVNVX j RMj[T�VUQ� C[V\VUQ 
[Tl[TzMXjQ Q RUQsVUQ� RXMQ\MRXQ Ql`MXMChVUQc Q lTP_R- 
jT �{�. 

k{L P[VNUTlUTWVUT Nhc NThYUVy�Vy _RXTUMCjQ  
Q TNTPXTxQQ UT UVy PMhVlUMy UT`[_ljQ (L�) Q MzVRPV-
WVUQc Vµ CRV\Q _RhMCQc\Q Nhc �XTXUM`M b_UjxQMUQ-
[MCTUQc Q C�PMhUVUQc PMRXTChVUU�� PV[VN �{�  
lTNTW [3–9]. 

$V\VyRXCM PV[RPVjXQCU�� jMR\QWVRjQ� PhTXbM[\ 
UV`V[\VXQWUM`M jMURX[_jXQCUM`M QRPMhUVUQc MzVRPV-
WQX RMlNTUQV UT Q� zTlV \Th�� jMR\QWVRjQ� TPPT[T-
XMC [TlhQWUM`M xVhVCM`M UTlUTWVUQc RM RXT[XMCMy 
\TRRMy MX 40 j` (UT zTlV PhTXbM[\� �q-50) NM 400 j` 
(UT zTlV PhTXbM[\� �q-400). ^M[XMC�V RQRXV\� 
PhTXbM[\ PMRX[MVU� UT P[QzM[T� Q MzM[_NMCTUQQ, 
P[MQlCVNVUU�� C wMRRQyRjMy ZVNV[TxQQ. 

$V\VyRXCM PhTXbM[\ �q [Tl[TzTX�CTVXRc �� «~$$» 
C jMMPV[TxQQ R ��� «�LÇ «�{� – $QzJ�k»  
Q Cjh�WTVX C RVzc X[Q CQNT jMR\QWVRjQ� PhTXbM[\ – 
�q-50, �q-100 Q �q-400.  

{TsNTc Ql C��VPV[VWQRhVUU�� PhTXbM[\ PMN�M-
NQX Nhc RMlNTUQc UT VV zTlV �{� [TlhQWUM`M xVhVCM`M 
UTlUTWVUQc. �ThVV [TRR\MX[Q\ PMN[MzUM jTsN_� 
PhTXbM[\_ Ql RV\VyRXCT �q, T XTjsV PV[RPVjXQCU�V 
�{� UT Q� zTlV. 

���'�3����� 0��%2�"'� 	�-50. kUQbQxQ[MCTU-
UTc jMR\QWVRjTc PhTXbM[\T UV`V[\VXQWUM`M jMURX-
[_jXQCUM`M QRPMhUVUQc �q-50 Rh_sQX Nhc RMlNTUQc 
UT VV zTlV �{� RM RXT[XMCMy \TRRMy MX 40 NM 80 j`. 
�TUUTc PhTXbM[\T PMN�MNQX Nhc RMlNTUQc �{� UT_WUM-
ujRPV[Q\VUXThYUM`M Q XV�UMhM`QWVRjM`M UTlUTWVUQc. 
LhTXbM[\T Q\VVX C RCMV\ RMRXTCV `[_z_� X[V�MRU_� 
RQRXV\_ M[QVUXTxQQ Q RXTzQhQlTxQQ ($�$) UT zTlV 
\T`UQXM\VX[T Q X[V� uhVjX[M\T`UQXU�� _RX[MyRXC, 
RPMRMzU_� MzVRPVWQCTXY XMWUMRXY M[QVUXTxQQ PM jT-
sNMy Ql MRVy ±10°. ~RPMhYlMCTUQV XTjM`M PMRX[MVUQc 
$�$ lUTWQXVhYUM _\VUY�TVX RXMQ\MRXY PhTXbM[\�. 
{MR\QWVRjTc PhTXbM[\T �q-50 PMN�MNQX Nhc P[MCV-
NVUQc UT_WU�� ujRPV[Q\VUXMC, MX[TzMXjQ UMCVy�Vy 
TPPT[TX_[�, jCThQbQjTxQQ PV[RPVjXQCU�� P[QzM[MC, 
T XTjsV Nhc Mz[TlMCTXVhYU�� xVhVy [10–12]. 

{[M\V XM`M, P[MRXMXT PMRX[MVUQc, \Th�y CVR  
Q RsTX�V R[MjQ RMlNTUQc PhTXbM[\� NVhT�X VV P[Q-
ChVjTXVhYUMy Nhc UVzMhY�Q� WTRXU�� M[`TUQlTxQy  
Q Mz[TlMCTXVhYU�� _W[VsNVUQy. 

�RUMCU�V XV�UQWVRjQV �T[TjXV[QRXQjQ PhTXbM[-
\� �q-50 PMjTlTU� C XTzh. 1. 

K UTRXMc�VV C[V\c UT zTlV PhTXbM[\� �q-50 RMl-
NTVXRc \Th�y jMR\QWVRjQy TPPT[TX. K lTNTWQ �{� 
z_NVX C�MNQXY P[MCVNVUQV [cNT ujRPV[Q\VUXMC, MzVR-
PVWVUQV hVXUMy jCThQbQjTxQQ PhTXbM[\� Q MX[TzMX-
jT PV[RPVjXQCU�� P[QzM[MC. vTP_Rj �{� lTPhTUQ[M-
CTU C 2017 `. 

KUV�UQy CQN PhTXbM[\� �q-50 PMjTlTU UT [QR. 1. 
���'�3����� 0��%2�"'� 	�-100. {MR\QWVRjTc 

PhTXbM[\T �q-100 P[VNUTlUTWVUT Nhc RMlNTUQc UT VV 
zTlV �{� \TRRMy MX 130 NM 220 j`. K NTUUMy PhTX-
bM[\V P[Q\VUVUT TjXQCUTc X[V�MRUTc RQRXV\T M[QVU-
XTxQQ Q RXTzQhQlTxQQ, MRUMCUMy jMUX_[ jMXM[My PM-
RX[MVU UT zTlV lCVlNU�� NTXWQjMC Q _P[TChc��Q� 
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NCQ`TXVhVy-\T�MCQjMC. qTjMV XV�UQWVRjMV [V�VUQV 
PMlCMhcVX QRPMhYlMCTXY jMR\QWVRjQV TPPT[TX�  
UT zTlV PhTXbM[\� �q-100 Nhc [V�VUQc lTNTW C�RM-
jMXMWUMy R�µ\jQ PMCV[�UMRXQ vV\hQ C [TlhQWU�� 

MPXQWVRjQ� Q [TNQMNQTPTlMUT�, T XTjsV P[MQlCMNQXY,  
C Rh_WTV UVMz�MNQ\MRXQ, PV[VUTxVhQCTUQV RP_XUQjT 
Nhc R�µ\jQ Mz�VjXMC, UV M�CTX�CTV\�� PMNRP_XUQjM-
CMy PMhMRMy MzlM[T [13–14]. 

����'� 1 
��#��#)� %��#�3����� ��"��%�"��%��� 0��%2�"') 	�-50 

 

ËT[TjXV[QRXQjT vUTWVUQV 

�TRRT PhTXbM[\�, j` 30 

�TRRT, C�NVhcV\Tc Nhc PMhVlUMy UT`[_ljQ, j` �M 50 

LQjMCTc \M�UMRXY, KX 90 
$[VNUVCQXjMCTc \M�UMRXY, KX 30 

{MURX[_jXQCUMV QRPMhUVUQV �V`V[\VXQWUMV 

$QRXV\T M[QVUXTxQQ Q RXTzQhQlTxQQ: 
XQP M[QVUXTxQQ 
XMWUMRXY M[QVUXTxQQ PM X[V\ MRc\, `[TN 

 
q[V�MRUTc TjXQCUTc 
±10 

$QRXV\T uhVjX[MPQXTUQc: 
UTP[csVUQV PQXTUQc zM[XMCMy TPPT[TX_[�, K  

 
27,0 ± 0,5 

^M[XMC�V [TNQMhQUQQ: 
{~$, jzQX/R 
$w� (S-band), jzQX/R 

 
2,5 
2×32 

$�$ {� UT zTlV PhTXbM[\�, hVX 1–3 

$[VNRXCT C�CVNVUQc K�CVNVUQV UT h�zM\ XQPV w�, C XM\ 
WQRhV Q PMP_XUMy UT`[_ljMy 

 

 
 

wQR. 1. {MR\QWVRjTc PhTXbM[\T �q-50 
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K RMRXTC PhTXbM[\� C�MNQX $qw UT zTlV XVPhMC�� 
X[_z Q uhVjX[MMzM`[VCTXVhVy, jMXM[Tc P[VNUTlUTWVUT 
Nhc PMNNV[sTUQc C X[Vz_V\�� NQTPTlMUT� XV\PV[TX_-
[� [TRPMhMsVUU�� C P[QzM[U�� MXRVjT� zhMjMC Rh_-
sVzUMy Q xVhVCMy zM[XMCMy TPPT[TX_[�, T XTjsV Nhc 
MzVRPVWVUQc XVPhMCM`M [VsQ\T [cNT P[QzM[MC, _RX-
[MyRXC Q uhV\VUXMC jMURX[_jxQQ, [TRPMhMsVUU�� CUV 
P[QzM[U�� MXRVjMC, UT CRV� uXTPT� b_UjxQMUQ[MCTUQc. 

K RMRXTC RQRXV\� uhVjX[MPQXTUQc ($³L) C�MNcX 
T[RVUQN-`ThQVC�V bMXMP[VMz[TlMCTXVhQ, hQXQy-
QMUUTc Tjj_\_hcXM[UTc zTXT[Vc (�^) Q TCXM\TXQjT 
$³L. $QRXV\T uhVjX[MPQXTUQc MzVRPVWQCTVX UVP[V-

[�CUMV PQXTUQV zM[XMCMy TPPT[TX_[� �{� UT zTlV 
PhTXbM[\� PMRXMcUU�\ XMjM\ UT CRV� uXTPT� b_Uj-
xQMUQ[MCTUQc. 

qTjsV PhTXbM[\T Q\VVX C RCMV\ RMRXTCV RQRXV\_ 
jM[[VjxQQ UT zTlV XV[\MjTXThQXQWVRjMy NCQ`TXVhYUMy 
_RXTUMCjQ, WXM PMlCMhcVX MzVRPVWQXY $�$ TPPT[TXMC 
UT zTlV PhTXbM[\� UV \VUVV 5 hVX UT UQljMy j[_`MCMy 
M[zQXV C�RMXMy 450 j\. 

�RUMCU�V XV�UQWVRjQV �T[TjXV[QRXQjQ PhTXbM[-
\� PMjTlTU� C XTzh. 2. 

KUV�UQy CQN PhTXbM[\� �q-100 C RXT[XMCM\  
Q [TzMWV\ PMhMsVUQQ PMjTlTU UT [QR. 2. 
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��#��#)� %��#�3����� ��"��%�"��%��� 0��%2�"') 	�-100 

ËT[TjXV[QRXQjT vUTWVUQV 
�TRRT PhTXbM[\�, j` 120 
�TRRT, C�NVhcV\Tc Nhc PMhVlUMy UT`[_ljQ, j` 100 
LQjMCTc \M�UMRXY, C�NVhcV\Tc Nhc PMhVlUMy UT`[_ljQ, KX 120 
{MURX[_jXQCUMV QRPMhUVUQV �V`V[\VXQWUMV 
$QRXV\T M[QVUXTxQQ Q RXTzQhQlTxQQ: 
XQP M[QVUXTxQQ 
XMWUMRXY M[QVUXTxQQ, `[TN: 
   – j[VU 
   – XTU`Ts 
   – [�RjTUQV  

XMWUMRXY RXTzQhQlTxQQ R PM`[V�UMRXY� PM jTsNMy Ql MRVy, `[TN/R 

 
q[V�MRUTc TjXQCUTc 

 
±0,08 
±0,08 
±0,08 

 
0,0004 

$QRXV\T uhVjX[MPQXTUQc: 
UTP[csVUQV PQXTUQc zM[XMCMy TPPT[TX_[�, K  

27 ± 0,5 

$QRXV\T jM[[VjxQQ 
XQP �k 
XQP XMPhQCT 
\TRRT XMPhQCT  

 
qV[\MjTXThQXQWVRjTc 

JQN[TlQU 
8 j` 

^M[XMC�V [TNQMhQUQQ: 
jM\TUNUTc  
xVhVCTc 

 
10 �zQX/R 

2×120 �zQX/R 
$�$ {� UT zTlV PhTXbM[\�, hVX 5 
$[VNRXCT C�CVNVUQc w{� «$XT[X-1»,  

w� «$M�l-2 1K»,  
w� «�U`T[T-1.2» 

 

 
 

wQR. 2. {MR\QWVRjTc PhTXbM[\T �q-100 C RXT[XMCM\ Q [TzMWV\ PMhMsVUQQ 
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���'�3����� 0��%2�"'� 	�-400. kUQbQxQ[M-
CTUUTc jMR\QWVRjTc PhTXbM[\T �q-400 RMlNTVXRc  
R xVhY� PMRX[MVUQc UT VV zTlV \Th�� jMR\QWVRjQ� 
TPPT[TXMC \TRRMy NM 400 j`, RPMRMzU�� [V�TXY �Q[M-
jQy RPVjX[ lTNTW: 

– MzVRPVWVUQV [TlhQWU�� CQNMC RCclQ; 
– UTzh�NVUQV PMCV[�UMRXQ vV\hQ, RzM[ NTUU��  

M jMR\QWVRjM\ P[MRX[TURXCV; 
– P[MCVNVUQV UT_WU�� Q ujRPV[Q\VUXThYU�� [TzMX; 
– C�PMhUVUQV CRVCMl\MsU�� lTNTW C QUXV[VRT� 

�QUQRXV[RXCT MzM[MU�. 
K MRUMC_ [Tl[TzMXjQ PhTXbM[\� PMhMsVU P[QUxQP 

\TjRQ\ThYUMy P[VV\RXCVUUMRXQ R zMhVV [TUUQ\Q [Tl-
[TzMXjT\Q PhTXbM[\ �� «~$$» C WTRXQ QRPMhYlMCT-
UQc P[QzM[MC Q jMURX[_jXQCU�� [V�VUQy. 

^M[XMC�V RQRXV\� PhTXbM[\� �q-400 PMRX[MVU� 
UT P[QzM[T� Q MzM[_NMCTUQQ, P[MQlCVNVUU�� C wMR-
RQyRjMy ZVNV[TxQQ. LhTXbM[\T MzVRPVWQCTVX RMlNT-
UQV jMR\QWVRjQ� TPPT[TXMC RM RXT[XMCMy \TRRMy  
NM 400 j`, P[Q uXM\ \TRRT PMhVlUMy UT`[_ljQ RMRXTC-
hcVX UV \VUVV 50 % MX Mz�Vy \TRR� RP_XUQjT, WXM 
PMhUMRXY� RMMXCVXRXC_VX \Q[MC�\ TUThM`T\. 

K PhTXbM[\V P[Q\VUVUT TjXQCUTc X[V�MRUTc RQR-
XV\T M[QVUXTxQQ Q RXTzQhQlTxQQ, MRUMCUMy jMUX_[ 
jMXM[My PMRX[MVU UT zTlV lCVlNU�� NTXWQjMC Q _P[TC-
hc��Q� NCQ`TXVhVy-\T�MCQjMC. qTjMV XV�UQWVRjMV 
[V�VUQV PMlCMhcVX QRPMhYlMCTXY jMR\QWVRjQV TPPT[T-
X� UT zTlV PhTXbM[\� �q-400 Nhc [V�VUQc lTNTW C�-
RMjMXMWUMy R�µ\jQ PMCV[�UMRXQ vV\hQ, T XTjsV P[M-
QlCMNQXY, C Rh_WTV UVMz�MNQ\MRXQ, PV[VUTxVhQCTUQV 
RP_XUQjT Nhc R�µ\jQ Mz�VjXMC, UV M�CTX�CTV\�� PMN-
RP_XUQjMCMy PMhMRMy MzlM[T. 

{[�hYc RMhUVWU�� zTXT[Vy Q\V�X CMl\MsUMRXY 
Ql\VUcXY _`Mh MXUMRQXVhYUM jM[P_RT PhTXbM[\�, WXM 

PMlCMhcVX QRPMhYlMCTXY PhTXbM[\_ Nhc RMlNTUQc {�, 
[TzMXT��Q� UT UQljQ� j[_`MC�� M[zQXT� R h�z�\ 
UTjhMUVUQV\. 

qTjsV PhTXbM[\T Q\VVX C RCMV\ RMRXTCV RQRXV\_ 
jM[[VjxQQ UT zTlV XV[\MjTXThQXQWVRjMy NCQ`TXVhYUMy 
_RXTUMCjQ, WXM PMlCMhcVX MzVRPVWQXY $�$ TPPT[TXMC 
UT zTlV PhTXbM[\� UV \VUVV 5 hVX.  

�hc MzVRPVWVUQc MPV[TXQCUMRXQ NMRXTCjQ QUbM[-
\TxQQ UT UTlV\U�V jM\PhVjR� P[QV\T PhTXbM[\T  
�q-400 Q\VVX C RCMV\ RMRXTCV \VsRP_XUQjMC_�  
hQUQ� RCclQ R {�-[VX[TURhcXM[M\ XQPT «�_W». 

�RUMCU�V XV�UQWVRjQV �T[TjXV[QRXQjQ PhTXbM[-
\� PMjTlTU� C XTzh. 3 [15]. 

LhTXbM[\T MzVRPVWQCTVX CMl\MsUMRXY MNQUMWUM`M 
Q `[_PPMCM`M C�CVNVUQc �{� UT UQljQV M[zQX�  
UT [TlhQWU�� XQPT� w� hV`jM`M, R[VNUV`M Q XcsVhM`M 
jhTRRMC. 

{MR\QWVRjTc PhTXbM[\T �q-400 PMlCMhQX C \TjRQ-
\ThYUM RsTX�V R[MjQ P[Q MXUMRQXVhYUM UVzMhY�My 
RXMQ\MRXQ RMlNTCTXY �{� [TlhQWUM`M xVhVCM`M UT-
lUTWVUQc: 

– �{� RCclQ; 
– �{� C QUXV[VRT� �QUQRXV[RXCT MzM[MU�; 
– �{� �vv C QUXV[VRT� [TlhQWU�� lTjTlWQjMC 

(XTjQ� jTj \QUQRXV[RXCT Q CVNM\RXCT wZ, QRPMhUQ-
XVhYU�V M[`TU� ChTRXQ C [V`QMUT� wZ, _P[TChc��QV 
RX[_jX_[� Q R_z�VjX� ujMUM\QWVRjMy NVcXVhYUMRXQ, 
[V`QMUThYU�V xVUX[� jMR\QWVRjQ� _Rh_` Q QUbM[\T-
xQMUUM-TUThQXQWVRjQV xVUX[�, P[VNP[QcXQc `M[UMNM-
z�CT��Vy P[M\��hVUUMRXQ, RVhYRjM`M, hVRUM`M Q [�z- 
U�� �MlcyRXC Q X. N.). 

KUV�UQy CQN PhTXbM[\� �q-400 C [TzMWV\ PMhM-
sVUQQ PMjTlTU UT [QR. 3. 

 
����'� 3 

��#��#)� %��#�3����� ��"��%�"��%��� 0��%2�"') 	�-400 
 

ËT[TjXV[QRXQjT vUTWVUQV 

�TRRT PhTXbM[\�, j` 170 
�TRRT, C�NVhcV\Tc Nhc PMhVlUMy UT`[_ljQ, j` �M 230 
LQjMCTc \M�UMRXY, C�NVhcV\Tc Nhc PMhVlUMy UT`[_ljQ, KX �M 385 
$MzRXCVUUMV R[VNUVCQXjMCMV uUV[`MPMX[VzhVUQV �^ PhTXbM[\�, KX 150 
{MURX[_jXQCUMV QRPMhUVUQV �V`V[\VXQWUMV 
$QRXV\T M[QVUXTxQQ Q RXTzQhQlTxQQ: 
XQP M[QVUXTxQQ 
XMWUMRXY M[QVUXTxQQ PM X[V\ MRc\, `[TN 
XMWUMRXY RXTzQhQlTxQQ, `[TN/R: 
– PM XTU`Ts_ Q j[VU_ 
– PM [TlCM[MX_ 
RjM[MRXY PV[VUTxVhQCTUQc PhTXbM[\�, `[TN/R 

 
q[V�MRUTc TjXQCUTc 

0,05 
 

0,0005 
�V zMhVV 0,01 

2 
$QRXV\T uhVjX[MPQXTUQc: 
UTP[csVUQV PQXTUQc zM[XMCMy TPPT[TX_[�, K  

 
27,0 ± 0,5 

$QRXV\T jM[[VjxQQ: 
XQP �k 
XQP XMPhQCT 
\TRRT XMPhQCT, j` 

 
qV[\MjTXThQXQWVRjTc 

JQN[TlQU 
8 

^M[XMC�V [TNQMhQUQQ: 
{~$ (S-band) 
$w� (X-band) 
�{� – {� w ({�-band) 

 
32 jzQX/R 

2×150 �zQX/R 
300 �zQX/R 

$�$ {� UT zTlV PhTXbM[\�, hVX 5 

 



 
 
 

����'�����( � 	������-����������( ��&���� 
 

 123

 
 

wQR. 3. {MR\QWVRjTc PhTXbM[\T �q-400 C [TzMWV\ PMhMsVUQQ 
 
����^3�#��. kUQbQxQ[MCTUU�V jMR\QWVRjQV 

PhTXbM[\� RV[QQ �q \M`_X z�XY QRPMhYlMCTU� Nhc 
RMlNTUQc \Th�� jMR\QWVRjQ� TPPT[TXMC RXT[XMCMy 
\TRRMy MX 40 NM 400 j` C MzVRPVWVUQV [V�VUQc CRV-
CMl\MsU�� xVhVC�� lTNTW, XTjQ� jTj lTNTWQ RCclQ, 
�vv, UT_WUM-ujRPV[Q\VUXThYU�V Q QRRhVNMCTXVhYRjQV. 
~RPMhYlMCTUQV PV[RPVjXQCU�� PhTXbM[\ RV[QQ �q  
C jTWVRXCV _UQbQxQ[MCTUUMy jMR\QWVRjMy PhTXbM[\� 
R\MsVX RMj[TXQXY C[V\c RMlNTUQc �{� Q R_�VRXCVU-
UM RUQlQXY V`M RXMQ\MRXY. {[M\V XM`M, zM[XMC�V RQR-
XV\� PhTXbM[\ RV[QQ �q PMRX[MVU� UT P[QzM[T�  
Q MzM[_NMCTUQQ, P[MQlCVNVUU�� C wMRRQyRjMy ZVNV-
[TxQQ, WXM cChcVXRc CTsU�\ bTjXM[M\ C RMC[V\VUUMy 
`VMPMhQXQWVRjMy RQX_TxQQ. 
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�������� ��6��"������ �������������( #� ����% ��	% �� ���� �� ���	��%�$ ����'����%+ ��	��$.  
��� �������� �� ������ ������� ��6�% ��"����� ��� %�����( �������. ��� �������$�� %#	�*��� #	�'��� 
������	���� ��������. )	�������� ���#	������& ����� ��(�� #����(�� ��%*����(�$ ����	�$ %������& 
��������, ��+��( #����6���. ����� �� ����& ����� ��(�� (�(���( GSM-��(�$. W�����	( ��������$�� "�-
	����% #��	���+ ��(�$ GSM ��#�$�%���( �( #�	����� �����& �����#��6���( � �������� #����6���� 
�������. ������ ��		���	�( ���������� <���	�'�� ����� ��#���� �&��� GSM-��(�$+. >( ������	���� 
����%"��& �%��� � ����& 	�����& ����&����� ������������$ �#%������%+ ��(�$. )	���6��� ��#�$�����$ 
�#%������%+ �	%##�	���% ���#���� Iridium �( ����#�����( ����%#� � ��(�� � �	%�������%#��& 	�����& #�-
���� ����%"��& �%���. 0+����( ����������$ �#%������ Iridium, � ������ #���� �&��� ������ #���	&�����, 
���� �#	���(+*�� #	� ����	� 	���	����� �#����� ��(��. 

8��%$ #�	����� �����& Iridium 9602 ����������%�� #���������� ����	��� 	����� �	�������(�  
� %��	�����%. )�	����� #����� �����& #� 340 ���� #����(�� ������$ ���	��� �� �#%������%+ ��(�$.  
� ����� �	���( !�����������& #��������� �#����$��� 	�"����� ���� 	���	��	������ ����� Iridium 
GSM-��(��. � #�	�%+ ���	��$, !�� ��(���� �� ��������$+ %�%� #� #	����������+ ��(��. ����� ��	����,  
#	� ������%#��� ����� GSM �%��� ������������ ���� Iridium. ��������� !�������� !��#�	������$���� 
%��	������ (�(+��( ���	�����	��	, �#%�������� ����� Iridium 9602, ���%$ GSM, ���%$ 
GPS/�?�5��� MGGS2217, ��������������� #	�����( � #�	���+*�� �������. �����*���� %��	������  
������	���� �� ��	�% ����%"���� �%��� #������ � ����� %����������� ����	���� #�%���$ ������ ��-
���#��6���( � ���	����. ����� 	���� ���������& %��	����� #�����, ��� �������� � ������������ ���� 
��(�� � ����& ����& – ��(�$ GSM. W���, ����*����� ���%(�� �#%�������� ��(��, #�	���+� ������ ��	�� 
�#%����� Inmarsat, ��(�$ � ����	��� ���	%�����$�� � #	�#�(	��& 	�����&.  

 
0+����� ����: Iridium, %��	������ ������	����, GPS, �?�5���, GSM. 
 

Vestnik SibGAU 
Vol. 17, No. 1, P. 125–130 

 
DEVELOPMENT OF ONBOARD DEVICE  

FOR SATELLITE MONITORING OF AIRCRAFT 
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The development of “Machine-to-machine” interaction couldn’t but affect aviation sphere worldwide. It is based  

on the data exchange between machines without participation of a person. It considerably simplifies the process  
of monitoring of objects. Application of wireless types of communication allows to provide control of remote objects, 
including the mobile. One of such types of communication is GSM communication. Thanks to rather wide covering, 
communication of GSM is used for the data transmission of location and sensors of mobile object. However the 
territory of the Russian Federation has incomplete coverage by GSM communication. For monitoring of aircrafts it is 
necessary to involve satellite communication in such areas. It is offered to use satellite group of the Iridium company 
for ensuring access to communication in remote areas of flights of aircrafts. The key feature of Iridium satellites, full 
coverage of a terrestrial surface, became the communication defining at a choice of a reserve way. 

The module of data transmission Iridium 9602 conforms to the requirements put by the authors of work to the 
device. Transfer of a package of data on 340 bytes allows to lower costs of satellite communication. From the point  
of view of economic indicators, reservation by the communication Iridium of GSM became the optimum decision. First 
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of all, it is connected with the cost of services in providing communication. Thus, at the inaccessible GSM channel the 
Iridium channel will be involved. Basic elements of the experimental device are: the microcontroller, the satellite 
Iridium 9602 modem, the GSM module, the GPS/GLONASS MGGS2217 module, a high-frequency reception and the 
transferring antennas. Placement of the device of monitoring onboard the aircraft will allow to receive these locations 
and speeds with precisely established interval. The analysis of the market of similar devices showed that the main and 
only communication channel in such blocks – communication of GSM. The devices equipped with modules of satellite 
communication transmit data through Inmarsat satellites communication with which is difficult in subpolar areas. 

 
Keywords: Iridium, monitoring device, GPS, GLONASS, GSM.  

 
�����#��. $P_XUQjMC�y \MUQXM[QU` PMNCQsU�� 

Mz�VjXMC CRµ WT�V UT�MNQX RCMV P[Q\VUVUQV _ X[TUR-
PM[XU�� jM\PTUQy. �U MRUMCTU UT TjXQCUM [TlCQ-
CT��V\Rc RPMRMzV Mz\VUT QUbM[\TxQVy \VsN_ Mz�-
VjXT\Q – \T�QUUM\ ClTQ\MNVyRXCQQ Machine-to-
machine (M2M). �TUU�y RPMRMz P[Q\VUcVXRc Nhc  
h�z�� Mz�VjXMC, RUTzsµUU�� _RX[MyRXCT\Q, R jMXM-
[�� UVMz�MNQ\M PMh_WTXY MPV[TXQCU_� QUbM[\TxQ�.  
{ XTjQ\ _RX[MyRXCT\ MXUMRcXRc NTXWQjQ XV\PV[TX_[� 
MXNThµUU�� Mz�VjXMC, RVyR\MNTXWQjQ, RWVXWQjQ zTU-
jM\TXMC Q X. N. LM RMRXMcUQ� UT 2010 `., C \Q[V QR-
PMhYlMCThQRY \QhhQT[N� _RX[MyRXC, RPMRMzU�� CVRXQ 
Mz\VU NTUU�\Q \VsN_ RMzMy [1]. �hc \MzQhYU��  
Q MXNThVUU�� Mz�VjXMC \MUQXM[QU`T P[Q\VUcVXRc 
zVRP[MCMNUMy RPMRMz Mz\VUT NTUU�\Q. qTjMy RPMRMz, 
jTj P[TCQhM, PMN[Tl_\VCTVX QRPMhYlMCTUQV GSM-
RCclQ Nhc PV[VNTWQ NTUU�� UT P_UjX \MUQXM[QU`T. 
wVsV P[Q\VUcVXRc [TNQMRCclY Q RVXQ Wi-Fi. JhTCU�\ 
P[VQ\_�VRXCM\ QRPMhYlMCTUQc GSM-RCclQ PV[VN PM-
RhVNUQ\Q cChcVXRc �Q[MjMV PMj[�XQV Q P[VNMRXTChV-
UQV MPV[TXM[T\Q RMXMCMy RCclQ RPVxQThYU�� _RhMCQy 
Nhc PMhYlMCTXVhVy [2]. ¹V[Vl jTUTh GSM UT WTRXMXU�� 
NQTPTlMUT� 850/900/1800/1900 �Jx CMl\MsUM PV[VNT-
CTXY NTUU�V M \VRXMPMhMsVUQQ _RX[MyRXCT \MUQXM-
[QU`T, [Tl\V�VUUM`M UT PMNCQsUM\ Mz�VjXV. �VRXM-
PMhMsVUQV _RX[MyRXCT MP[VNVhcVXRc PM RQ`UThT\ 
RP_XUQjMC GPS Q J����$$. {MM[NQUTX� Mz�VjXT 
P[QCclTU� j PMjTlTUQc\ NTXWQjMC. qTjQ\ Mz[TlM\, 
UVRjMhYjQ\ XMWjT\ UT jT[XV, MP[VNVhc��Q\ \VRXMPM-
hMsVUQV PMNCQsUM`M Mz�VjXT, RMMXCVXRXC_�X [TlhQW-
U�V PMjTlTUQc NTXWQjMC. LV[VNTW_ NTUU�� PM jTUTh_ 
GSM MR_�VRXChc�X GSM-\MN_hQ, Q\V��QV �Q[MjMV 
P[Q\VUVUQV C RMC[V\VUU�� M2M-RQRXV\T� [3]. qQPM-
CMy GSM-\MN_hY RMNV[sQX PM[X� CCMNT/C�CMNT, QU-
XV[bVyR SIM-jT[X�, C��MN PQXTUQc, TUXVUU_, C�MN 
TUThM`MCM-xQb[MCM`M P[VMz[TlMCTXVhc, MXhTNMWU�y 
QUXV[bVyR. �NUTjM Nhc MR_�VRXChVUQc PMhUMxVUUM`M 
\MUQXM[QU`T CMlN_�U�� R_NMC MNUM`M hQ�Y GSM-
jTUThT UVNMRXTXMWUM Ql-lT M`[TUQWVUUM`M PMj[�XQc. 
�RMzVUUM TjX_ThYUMy uXT P[MzhV\T RXTUMCQXRc Nhc 
CMRXMWU�� [V`QMUMC wMRRQyRjMy ZVNV[TxQQ, Cjh�WTc 
P[QPMhc[U�V lMU� [4]. �TQzMhVV QlCVRXU�V jM\PTUQQ 
RP_XUQjMCMy RCclQ Iridium Q Inmarsat P[VNMRXTChc�X 
RCMQ _Rh_`Q Nhc RQRXV\ M2M [5; 6]. �XhQWQV lTjh�WTVX-
Rc C [TRPMhMsVUQQ RP_XUQjMC�� `[_PPQ[MCMj. $QRXV-
\T Iridium Q\VVX 66 UQljMM[zQXThYU�� RP_XUQjMC Q 6 
NMPMhUQXVhYU��. LV[VNTWT NTUU�� MR_�VRXChcVXRc 
WV[Vl \VsRP_XUQjMC�V RCclQ Q UV X[Vz_VX P[M\Vs_-
XMWU�� RXTUxQy, T M�CTX lV\UMy PMCV[�UMRXQ RMRXTC-
hcVX 100 % [7; 8]. Inmarsat Q\VVX 11 `VMRXTxQMUT[U�� 
RP_XUQjMC, RCclY R jMXM[�\Q RXTUMCQXRc UVNMRX_PUMy 
UT �Q[MXT� ±85° [9]. $P_XUQjMCTc RQRXV\T Iridium 

MXCVWTVX PMRXTChVUU�\ P[Q [Tl[TzMXjV _RX[MyRXCT 
X[VzMCTUQc\, T Q\VUUM, \TjRQ\ThYUM CMl\MsU�y M�-
CTX lV\UMy PMCV[�UMRXQ Nhc lT\V�VUQc RQRXV\� GSM 
C Rh_WTV MXR_XRXCQc Vµ RQ`UThT. 

�"�#����" Iridium 9602. q[TURQCV[ Iridium 9602 
P[VNRXTChcVX RMzMy zhMj R [Tl�µ\T\Q Nhc TUXVUU GPS 
Q Iridium. LV[VNTWT NTUU�� UT \MN_hY MR_�VRXChcVXRc 
UT PM[X RS-232 C RMRXTCV 20-jMUXTjXUM`M [Tl�µ\T. 
�XNVhYUM X[TURQCV[ P[VNUTlUTWVU Nhc P[QV\T PTjVXMC 
NTUU�� R jMUX[MhhV[T Nhc PV[VNTWQ WV[Vl RP_XUQjM-
C�y jTUTh Iridium. {MUbQ`_[TxQc MzM[_NMCTUQc, 
Cjh�WT��Tc PQXTUQV, \Qj[MjMUX[MhhV[ Nhc _P[TChV-
UQc, TUXVUU_, MP[VNVhcVXRc [Tl[TzMXWQjM\ _RX[MyRXC 
UT zTlV \MN_hc; 20-jMUXTjXU�y [Tl�µ\ RMNV[sQX C�-
CMN� uhVjX[MRUTzsVUQc PMRXMcUU�\ XMjM\, _P[TChV-
UQV PQXTUQV\, QUXV[bVyR NTUU��, NMRX_P RVXQ, QUNQ-
jTxQ� PQXTUQc [10]. �RMzVUUMRXc\Q \MN_hc cChc�XRc: 

– \Th�V `TzT[QXU�V [Tl\V[�; 
– VNQU�y Th�\QUQVC�y jM[P_R; 
– MXR_XRXCQV SIM-jT[X�; 
– \TjRQ\ThYU�y [Tl\V[ NTUU�� Nhc MXP[TCjQ – 

340 zTyX; 
– \TjRQ\ThYU�y [Tl\V[ NTUU�� Nhc PMh_WVUQc – 

270 zTyX. 
$PVxQThYU�y P[MXMjMh RMzQ[TVX NTUU�V M UVRjMhY-

jQ� XMWjT� \VRXMPMhMsVUQc, jMXM[�V P[Q NMRXQsVUQQ 
Mz�V\T C 340 zTyX MXP[TChc�XRc PM jTUTh_ Iridium. 
³XM Mz�cRUcVXRc NMRXTXMWUM C�RMjMy RXMQ\MRXY� 
RP_XUQjMCM`M X[TbQjT [11], jMXM[Tc UV PMlCMhcVX  
QRPMhYlMCTXY P[MXMjMh� RsTXQc, TUThM`QWU�V GSM,  
Q MXP[TChcXY NTUU�V R C�RMjMy PV[QMNQWUMRXY�.  
ÇVhVRMMz[TlUM c ujMUM\QWVRjMy XMWjQ l[VUQc QRPMhY-
lMCTXY jTUTh Iridium Nhc PV[VNTWQ NTUU�� \VRXMPMhM-
sVUQc XMhYjM P[Q UT�MsNVUQQ _RX[MyRXCT CUV lMU� 
PMj[�XQc RVXQ GSM. 

�T [QR. 1 QlMz[TsVUT R�V\T PV[VNTWQ SBD (Short 
Bust Data) X[TbQjT PM jTUTh_ Iridium [12]. �NQU PTjVX 
RMNV[sQX QUbM[\TxQ� M PMjTlTUQc� NTXWQjMC, P[QCc-
lTUU�� j UVRjMhYjQ\ jMM[NQUTXT\. L[Q NMRXQsVUQQ 
[Tl\V[T PTjVXT 340 zTyX MR_�VRXChcVXRc V`M MXP[TCjT 
UT UTlV\U�y jM\PhVjR _P[TChVUQc (�{k). qTjQ\ Mz-
[TlM\, P[Q PMh_WVUQQ RV[CV[M\ NTUU�� RM RP_XUQjMC 
MUQ [TRPTjMC�CT�XRc, Q UT �{k PV[VNTVXRc QUbM[-
\TxQc R[Tl_ M UVRjMhYjQ� XMWjT� UT jT[XV. qTjMy \V-
XMN PV[VNTWQ NTUU�� PMlCMhcVX R_�VRXCVUUM RUQlQXY 
lTX[TX� UT MXP[TCj_ NTUU��. 

="��'#)! '��*�� MGGS2217. �MN_hY MGGS2217 
P[VNRXTChcVX RMzMy PhTX_ R MNUMRXM[MUUQ\ \MUXTsM\ 
lTj[�XM`M QRPMhUVUQc R 28 jMUXTjXU�\Q PhM�TNjT\Q 
[13]. �MN_hY CVNVX PT[ThhVhYU�y P[QV\ Q Mz[TzMXj_ 
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RQ`UThMC R jMM[NQUTXT\Q Q RjM[MRXY� MX RP_XUQjMC 
GPS Q J����$$ UT WTRXMXT� 1575–1610 �Jx. LV[V-
NTWT QUbM[\TxQQ RM RP_XUQjMC UT \Qj[MjMUX[MhhV[ 
PM _\MhWTUQ� P[MQlCMNQXRc R WTRXMXMy 1 Jx. $MC\V-
RXUMV QRPMhYlMCTUQV RQ`UThMC GPS/J����$$ _CVhQ-
WQCTVX XMWUMRXY MP[VNVhVUQc \VRXMPMhMsVUQc Mz�Vj-
XT \MUQXM[QU`T [14–16]. L[QV\ NTUU�� RM RP_XUQjT 
\MsVX MzVRPVWQCTXYRc WV[Vl PTRRQCU_� Q TjXQCU_� 
TUXVUU�, PMNjh�WTV\�V j C�RMjMWTRXMXUM\_ [Tl�V-
\_. {h�WVC�V MRMzVUUMRXQ \MN_hc: 

– R\VUT [VsQ\T [TzMX� WV[Vl PV[RMUThYU�y 
jM\PY�XV[; 

– 80 jTUThMC C [VsQ\V PMQRjT Q 20 – C [VsQ\V 
RhVsVUQc; 

– C[V\c MP[VNVhVUQc \VRXMPMhMsVUQc P[Q �M-
hMNUM\ RXT[XV – 25 R; 

– UThQWQV UART-QUXV[bVyRT.  

q�%"�!�%�� '�#�%�"�#+�. KlcXTc lT MRUMC_ jMU-
bQ`_[TxQc _RX[MyRXCT \MUQXM[QU`T Cjh�WTVX C RVzc 
TUXVUU_ J����$$/GPS, _P[TChc��Qy \Qj[MjMU-
X[MhhV[ Q \MN_hY GSM. �TUU�V M \VRXMPMhMsVUQQ 
C\VRXV R PMjTlTUQc\Q NTXWQjMC PV[VNT�XRc UT �{k. 
K [TzMXV [17] Nhc \MUQXM[QU`T zVRPQhMXUM`M hVXT-
XVhYUM`M TPPT[TXT (^L��) TCXM[T\Q P[VNhT`ThMRY 
QRPMhYlMCTXY Iridium 9602 jTj MRUMCUMy \MN_hY Nhc 
PV[VNTWQ jMM[NQUTX Q C�RMXUM-RjM[MRXU�� PT[T\VX-
[MC ^L��. �NUTjM RXMQ\MRXY MXP[TCjQ PTjVXMC NTU-
U�� WV[Vl MNU_ XMhYjM RP_XUQjMC_� RCclY \MsVX PM-
RXTCQXY PMN CMP[MR ujMUM\QWVRj_� xVhVRMMz[TlUMRXY 
PMNMzUM`M \MUQXM[QU`T [11] P[Q zMhY�My P[MNMhsQ-
XVhYUMRXQ PMhµXMC. �hc `[TsNTURjMy TCQTxQQ QhQ 
`MR_NT[RXCVUUMy TCQTxQQ, C WTRXUMRXQ TCQTxQQ �¹$, 
UVMz�MNQ\M RP_XUQjMC�y jTUTh QRPMhYlMCTXY C jTWV-
RXCV [VlV[CUM`M. �T [QR. 2 QlMz[TsVUT RX[_jX_[UTc 
R�V\T _RX[MyRXCT R X[TURQCV[M\ Iridium 9602. 

 

 
 

wQR. 1. $�V\T PV[VNTWQ NTUU�� PM jTUTh_ Iridium [13] 
 

 
 

wQR. 2. $X[_jX_[UTc R�V\T _RX[MyRXCT \MUQXM[QU`T K$ 
 



 
 
 

������� ������. ��� 17,  � 1 
 

 128

 
 

wQR. 3. KUV�UQy CQN PhTX� _RX[MyRXCT \MUQXM[QU`T 
 
�hc PV[VNTWQ NTUU�� M C�RMXV, RjM[MRXQ Q jMM[-

NQUTXT� K$ �{ bM[\Q[_VX PTjVX� NTUU��, PMh_WVU-
U�� R P[QV\UM`M \MN_hc MGGS 2217. {TsN�V 5 \Q-
U_X �{ MP[T�QCTVX X[TURQCV[ Iridium Q \MN_hY GSM. 
K Rh_WTV MXR_XRXCQc GSM-RQ`UThT �{ bM[\Q[_VX 
PTjVX NTUU�� [Tl\V[M\ 340 zTyX Q MXP[TChcVX V`M  
UT X[TURQCV[, jMXM[�y, C RCM� MWV[VNY, PV[VNTµX  
Q� UT RP_XUQj. ~RPMhYlMCTUQV CXM[M`M jTUThT XTjsV 
PMC��TVX UTNVsUMRXY _RX[MyRXCT [18]. LQXTUQV _RX-
[MyRXCT MzVRPVWQCTVXRc zM[XMCMy RVXY� PMRXMcUUM`M 
XMjT UTP[csVUQV\ 27 K. �T [QR 3 QlMz[TsVUT PhTXT 
ujRPV[Q\VUXThYUM`M CT[QTUXT _RX[MyRXCT, RMz[TUUTc 
UT zTlV _RX[MyRXCT \MUQXM[QU`T UTlV\UM`M X[TURPM[-
XT �¹$ kqL-�-01-8.004 [19] R NMPMhUQXVhYUM _RXT-
UMChVUU�\ TCXM[T\Q \MN_hV\ Iridium 9602. LhTXT 
[Tl\V�TVXRc C lTj[�XM\ jM[P_RV. { NC_\ C�RMjMWTR-
XMXU�\ [Tl�V\T\ PMNjh�WT�XRc TUXVUU�V bQNV[� 
GPS/J����$$ Q Iridium. �TUUTc \MNVhY RMz[TUT 
TCXM[T\Q QRjh�WQXVhYUM C ujRPV[Q\VUXThYU�� xVhc� 
UT zTlV �¹$ Q UV PMNhVsQX RV[QyUM\_ P[MQlCMNRXC_. 

����^3�#��. $MCV[�VURXCMCTUQV \MUQXM[QU`T 
CMlN_�U�� R_NMC RXThM UVQlzVsU�\ zVl P[Q\VUVUQc 
RP_XUQjMC�� RQRXV\ RCclQ. �WVCQNUM, WXM [TNQ_R NVy-
RXCQc UTlV\U�� RXTUxQy RCclQ M`[TUQWVU, Q UVX CMl-
\MsUMRXQ PM XV�UQjM-ujMUM\QWVRjQ\ P[QWQUT\ [Tl-
\VRXQXY Q� UT CRVy PMCV[�UMRXQ vV\hQ [20]. ³jRPV[Q-
\VUXThYUTc \MNVhY zhMjT Mz�VNQUcVX C RVzV QRPMhY-
lMCTUQV UTlV\U�� RXTUxQy GSM jTj MRUMCU�� Nhc 
\MUQXM[QU`T Q C jTWVRXCV [VlV[CUM`M jTUThT – RP_X-
UQjMCMy RCclQ Iridium. KlcXMV lT MRUMC_ `MXMCMV _RX-
[MyRXCM kqL-�-01-8.004 Q\VhM XMhYjM GSM-jTUTh 
Nhc PV[VNTWQ jMM[NQUTX. LM [Vl_hYXTXT\ P[MCVNVUUM-
`M ujRPV[Q\VUXT, P[Q jMXM[M\ _RX[MyRXCM [Tl\V�T-
hMRY UT zM[X_ CV[XMhVXT �~-8 �¹$, z�hM C�cChVUM, 
WXM P[Q PMhVXT� UT j[VyRV[RjMy RjM[MRXQ MzVRPVWQCT-
VXRc CMl\MsUMRXY PV[VNTWQ jMM[NQUTX \VRXMPMhMsV-
UQc UT NQRPVXWV[RjQy P_UjX PM MzMQ\ jTUThT\ – GSM 

Q Iridium. �XhQWQV lTjh�WThMRY C XM\, WXM QRPMhYlM-
CTUQV jTUThT Iridium, jTj Q MsQNThMRY, P[QCMNQhM  
j zMhY�Vy lTNV[sjV MXP[TCjQ NTUU�� R zM[XT K$. 
qTjQ\ Mz[TlM\, TCXM[T\Q [TzMX� P[VNhMsVU Q MP[M-
zMCTU UT K$ \VXMN \MUQXM[QU`T R QRPMhYlMCTUQV\ 
RP_XUQjMCM`M jTUThT Iridium. $hVN_��Qy uXTP [Tl[T-
zMXjQ _RX[MyRXCT X[Vz_VX MP[MzMCTUQc ujRPV[Q\VU-
XThYUMy \MNVhQ UT K$ R zMhY�Vy j[VyRV[RjMy RjM[M-
RXY� Q PM [Vl_hYXTXT\ ujRPV[Q\VUXT – P[QUcXQc  
[V�VUQc M RMCV[�VURXCMCTUQQ uhV\VUXUMy zTl�. 
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PLATFORM OF AUTOMATION OF COMPONENT WEIGHT COMPENSATION SYSTEM  

FOR LARGE SPACECRAFT REFLECTOR 
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The design and logic of opening large convertible antenna are considered in this article. The necessity of weight 
component compensation in the assembly and testing of the design is discovered. Taking into the account the logic of 
the movement elements of power spokes, it has been concluded that the use of the tracking system compensates the 
weight component. 

The analysis of the existing equipment and control systems has been conducted. The selection of the manufacturer of 
automated equipment that meets the stated objectives of management and control was made. It is concluded that the 
design component of the weight compensation system based on servo controllers and sensors combined platform 
automation, controlled by special software. 

The structure of the platform automation, consistent workflow testing, has been developed. It defines the principles 
of interaction between subsystems of the weight compensation component for receiving, processing and monitoring of 
process parameters testing. It is concluded that the proposed system can be integrated into the automation system and 
the perspective of process control testing of disclosure of large spacecraft. 

 
Keywords: spacecraft, bulky reflector, automation, system weight component compensation controller.  
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	����#��	�| ;�����;<�!| �++������ 	��+���������-
�!| ��|���#��	�| ������ ��/��	;� ����|�������< 
+���	� ���!|, �� +�� "��� �������#�� +����!| � "~-
~�	����!| �+������ �������	� ����!| ��|���#��	�| 
������ �� "��+� ��/����� "	�+��������;<��� ����-
���	�, ��	 	�	 +��������� �����)����!| ������� 
;��� �� ����;�����(�� +����(�;(��!� ���������(�, 
;��� ����/����� ��+�;</����< �| �/-/� 	������	���-
�!| ������������.  

`� ��/;�#�!| 	����#��	�| �++�����| (�) +����-
��� �(� "	�+��������� +� ��/����!����� 	��+����-
������!| ������!| 	������	)��. ��;�/ ������-
�����| �� ������� �!�	� �����~��������!| 	��+-
����������!| ��~;�	����� +�	�/�;, #��, �������(  
�� �+����;���!� ���������( � "��� ��;����, ;�&< 
�������� �/ ��| �+�����! � ����������� ����+�#��< 
��#����< �����������( /������� ~���! � ����|���-
��� ����	���< 	������	)��. `� ������ ������( ��-
���<�( � �| ��������� ���	�!��(. ���#��� � ����-
&���� ��|��;���� �� ;���� �/ �;������| "��+��:  

– �/�����;���� ����;�� � �/;�� � �#���� ������-
�!| |���	�������	 	������	)��;  

– �!��	���#��( ����	� �� ��������� 	��+;�	��;  
– ��������� ������������ ������!. 
^;( ���| �����������| �� ����!� ������ 	��-

��#��	�| �++������ �� "��+� �������	� ����|����� 
+�������< �(� ��+!�����, � |��� 	����!| ��������( 
����+�#��< ;�	����)�� ������� ������;(���� ";�-
������ 	������	)�� �;( ���������( �� ��~����)�� 
�;� ��/��&���( +�� ��������� ��;! �(�����. ^;( 
�!+�;����( ������� ��;���(  +�����(���( ������! 
	��+����)�� ������� ������;(����. ^���!� ������! 
����� ����� ���� +��������� +�� +�����	� ~��	)��-
��������( ��|���#��	�| ������, +�� �������	� +��)��-
��� ���	�!��( �����~��������!| ������, ~������!| 
��~;�	����� ��/�!| ~��� � ��/�����, ��;��#�!|  
������� � �����| �����/����!| 	������	)�� [1–4].   

�&(!&)�!"�. 
������ 	��+����)�� ������� ������- 
;(���� +�����/��#��� �;( 	��+����)�� �������� 
��;, ����������| ��������;<�� 	�������� &�����-
���� �/;�, ��������;<�� +��������#���� &��������� 
�/;�, ��������;<�� &��������� �/;� +��	��� �+�)! 
�� ���� /���<�� � +������!| #����� ��~;�	����,  
� ��� #��;� ����;<�� �� ~��������/����� ����	��-
�!, �� ;��� ��|���/�� ���	�!��(, ����+�;���� � ���-
��| ����������!| 	������	����!| ";������� ��~-
;�	����, �������	� � +�����	� ~��	)����������( 
��~;�	���� [5]. 


������ 	��+����)�� ������� ������;(���� 
��;��� ����+�#����< ������ � ��~;�	�����, ������!� 
";������� ������� 	������	)�� 	������� (�;(���( 
��;��!� �+�)! (���. 1), 	����!� �+����;(�� ������-
��� �����;<����< ����#�� +����|����� +�� ��/���-
������ ~�	����� "	�+;����)��. %��������� ������!� 
+���)�+! �����! ������! 	��+����)�� ������� ��-
����;(���� �� +������ ������ ����;(, ����|�����-
�� �;( ����+�#���( 	��+����)�� ������� ������;(�-
��� ";������� ��;���� �+�)! ������!. 

^;( ����+�#���( �������!| ��������� � �����+��-
������#��� +�;������ ��;���( �+�)� ����� �����-
~���������� 	������	)�� � +��������( � ����#�� 
+�;������ � +����<� ��|���/�� �!������� ��#�! 
[6–8]. ^;( +��������( ����	����� �������( )������ 
���� �� ����( ���	�!��( �+�)! ������;��� ���;�)� 
+� 20-�� +�;�����(� /���<�� � +��	��� ��������;<�� 
���� ����� � +��)���� ���	�!��( ������!. {/ ���~�	� 
(���. 2) �;�����, #�� ����	����� �������( /���<��  
� +��	��� �������#�� �;���!�, ��������� +������-
��( �;��(��� ������! �;( 	��+����)�� ������� ��-
����;(���� "��| ";������� � +��)���� �������	� 
���	�!��( ������! � ��/���!| ��;���(| [9–11]. 

�&�&)& 1+,&�*�!"8 $"$%�0#4. ^;( ���;�/�)�� 
	��+����)�� ������� ������;(���� ��;���� �+�)! 
�� ����( ����	� � ��+!����� ����|����� ������/�-
���< ��� ��#	� ��(/�, ��|��(����( � �������#��	�| 
)�����| ���� 	��������, 	��)����� � ��	������ 
/���<�� � ����;�� ������! 	��+����)�� ������� ��-
����;(����. ������/�)�( ��(/� /���<�� � ��+�;��-
��;<�!�� �;��(���� ��|���/���� ������! 	��+��-
��)�� ������� ������;(���� ����� ���;�/����� #���/ 
���	�� ��;���� ������(����� ����+�. 

{�+�;����;<�!�� ��|���/���� ������! 	��+��-
��)�� ������� ������;(���� ����� (�;(�<�( ���  
	����	�, +������������( +� ��+���;(���� � ����-
+�#������� �+����;����� /������� ��	;������ ���-
	�� ����+! �� �����	�;�, � ��	�� ��� +������ �����-
#�	� ���	�� ����+!, +�/��;(���� 	��+���������< 
�/������( �;��! ���	�� ����+! +�� �/�������  
	�������� )������ ���� /���<��. {/ ���+�;�����( 
)������ ���� /���<�� � �| ����	����� �	;��!�����( 
��+�����!� |��! 	�����	 ������! 	��+����)�� ��-
����� ������;(���� (��. ���;�)�). 

�� ����!� ���;�)! +������� ���~�	 �������( 
)������ ���� (��) 	������� �+�)!, 	��)���� �+�)! 
� +��	��� (���. 2). 

 

 
 

%��. 1. 
�;���( �+�)�: 1 – 	������� /����; 2 – 	��)���� /����; 3 – ��	����� /����; 
4 – +��������#�!� &������!� �/�;; 5 – 	������� &������!� �/�; 
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��#,�%")�$'"� +&,&0�%,2 '"!�0&%"'" ��">�!"8 $+":2  
" "(0�!�!"8 +#*#>�!"8 :�!%,& 0&$$ �# �,�08 ,&$',2%"8 $+":2 

 

��;! ���	�!��( 
+�)� 	������( 
+�)� 	��)���( ���	�� ��;����� 
+�;������ 

/���<�� �+�)! �1 �2 Y, �� X, �� Y, �� X, �� Y, �� X, �� 

1 0 0 2,48 2313,37 167,1 2330,16 271,39 1534,75 
2 0 10,247 2,48 2313,37 465,55 2371,19 709,66 1607,02 
3 9,024 10,247 365,31 2284,35 831,72 2268,82 952,95 1475,81 
4 15,143 20 606,71 2232,4 1355,26 2180,68 1526,52 1396,96 
5 20,827 30 824,85 2161,32 1856,49 2070,93 2086,24 1302,31 
6 26,143 40 1021,52 2075,62 2328,41 1948,97 2620,16 1201,69 
7 31,043 50 1195,08 1980,78 2768,04 1827,27 3125,07 1108,88 
8 35,301 60 1338,88 1886,56 3167,92 1728,72 3595,02 1049,65 
9 38,624 70 1445,95 1805,8 3519,72 1685,15 4022,89 1060,35 

10 41 80 1519,57 1744,3 3822,27 1713,52 4403,89 1161 
11 42,875 90 1575,84 1693,64 4084,82 1794,79 4738,68 1330,01 
12 44,751 100 1630,45 1641,13 4318,52 1894,75 5031,51 1527,03 
13 46,902 110 1690,88 1578,8 4529,99 1988,05 5286,52 1721,15 
14 49,401 120 1758,12 1503,57 4721,07 2061,81 5505,96 1895,95 
15 52,239 130 1830,41 1414,67 4891,15 2110,11 5690,6 2043,4 
16 55,518 140 1908,33 1307,66 5043,81 2118,17 5845,57 2145,91 
17 59,556 150 1995,67 1170,04 5189,93 2051,64 5886,04 2797,27 
18 64,682 160 2092,22 987,06 5336,97 1873,35 5967,21 2675,42 
19 71,247 170 2191,29 741,58 5482,94 1543,53 6064,13 2381,61 
20 79,906 180 2278 403 5613 991,2 6174,5 1842,6 

 
&�����
��. �1 – ���; ����� ��<� ��#�! � �+�)�� 	�������; �2 – ���; ����� �+�)�� 	������� � �+�)�� 	��)����. 

 

 
 

%��. 2. ^������� �� 	������� �+�)!, 	��)���� �+�)! � +��	��� 
 
����;< ������! 	��+����)�� ������� ������-

;(���� ��;��� ����;�����(�< �;������� ������!� 
��;���(�: ����+�#���� +���������( /�������� ���-
;�( � ���	�| ����+�| � ��� 	�����;<, ���;�������� 
��	;�����( ���	�� ����+! �� �����	�;� � 	�����;< 
��;� ��	;�����( �� ���� ����	����� �������( )��-
���� ���� /���<��. %��	)�( ��+�;����;<�!| ��|�- 

��/��� ������! ��;��� ����+�#����< ����|������  
������	� � +��)���� ���	�!��( ������! [4; 9]. 

�,��*&9&�0&8 +*&%;#,0& &�%#0&%"(&:"". ��-
;�/ ���#���������� � /���������� �!�	� ��������/�-
��������� �����������( +�	�/�;, #�� � ���#��������-
�� +���/������;( ����������� ����|�����( �����	;�-
����. 
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�zM[_NMCTUQV, _NMChVXCM[c��VV UVMz�MNQ\�\ 
_RhMCQc\, P[MQlCMNQXRc XMhYjM bQ[\T\Q Siemens, 
Rockwell Automation Q Mitsubishi Electric. 

�UThQl MzM[_NMCTUQc bQ[\� Siemens PMjTl�CTVX, 
WXM MUM UV _NMChVXCM[cVX \TRRM`TzT[QXU�\Q PT[T-
\VX[T\Q Q \VXMNT\ PMRX[MVUQc SCADA-RQRXV\�. 

wTRR\MX[VUM MzM[_NMCTUQV bQ[\� Rockwell 
Automation. �QRX[QzY�XM[� uXM`M MzM[_NMCTUQc  
`MXMC� V`M PMRXTCQXY, UM UV lTUQ\T�XRc XV�UQWVRjMy 
PMNNV[sjMy Q RMP[MCMsNVUQV\ P[MVjXMC. 

�UThQl MzM[_NMCTUQc cPMURjMy bQ[\� Mitsubishi 
Electric PMjTlTh, WXM MUM RMMXCVXRXC_VX UVMz�MNQ\�\ 
X[VzMCTUQc\ PM `TzT[QXU�\ PT[T\VX[T\, XV�UQWVRjQ\ 
�T[TjXV[QRXQjT\ Q P[M`[T\\U�\ P[MN_jXT\, RPMRMz-
U�\ [VThQlMCTXY RMMXCVXRXC_��_� RQRXV\_ _P[TChV-
UQc Q P[M`[T\\U_� MzMhMWj_ MPV[TXM[T Nhc RQRXV\� 
jM\PVURTxQQ CVRMCMy RMRXTChc��Vy [12]. 

�hc [VThQlTxQQ jM\PVURTxQQ CVRMCMy RMRXTChc�-
�Vy P[VNhT`TVXRc TCXM\TXQlQ[MCTUUTc RQRXV\T  
UT MRUMCV PhTXbM[\� TCXM\TXQlTxQQ MELSEC System 
Q Mitsubishi Electric. LhTXbM[\T Mitsubishi System Q 
MRUMCTUT UT P[M`[VRRQCUMy \UM`MP[MxVRRM[UMy XV�-
UMhM`QQ: MNUT RQRXV\T z_NVX Q\VXY UVRjMhYjM P[MxVR-
RM[MC: P[MxVRRM[ P[M`[T\\Q[_V\M`M jMUX[MhhV[T, 
P[MxVRRM[ _P[TChVUQc NCQsVUQV\, P[MxVRRM[ _P[TC-
hc��Vy P[M`[T\\� UT MRUMCV SCADA-RQRXV\�  
R CMl\MsUMRXY� PMhUMy QUXV`[TxQQ lTP[MRMC PM 
_P[TChVUQ� Q Mz\VU_ NTUU�\Q UT VNQUMy PhTXbM[\V. 
{[M\V XM`M, MzVRPVWQCTVXRc C�RMjTc RXVPVUY `MXMCUM-
RXQ RQRXV\� lT RWVX QRPMhYlMCTUQc [VlV[CQ[MCTUQc 
CVN_�Q� _RX[MyRXC C jM\\_UQjTxQMUU�� RVXc�,  
T XTjsV [TRPMlUTCTUQc Mz[�CT hQUQy Q RPMRMzUMRXQ  
j «`M[cWVy lT\VUV», WXM PMlCMhcVX P[MQlCMNQXY lT\V-
U_ \MN_hVy P[c\M CM C[V\c [TzMX� RQRXV\�. 

L[MxVRRM[U�y \MN_hY _P[TChVUQc NCQsVUQV\ 
_P[TChcVX Q RQU�[MUQlQ[_VX PMNjh�WVUU�V j UV\_ 
RV[CM_RQhQXVhQ, RV[CMNCQ`TXVhQ Q UTzM[ UVMz�MNQ-
\�� RVURM[MC, QUXV`[Q[MCTUU�� C RQRXV\_ _P[TChV-
UQc Nhc b_UjxQQ UVP[V[�CUMy CQl_ThQlTxQQ Q RhVsV-
UQc lT PMlQxQc\Q xVUX[MC \TRR lCVUYVC RPQx.  

$X[_jX_[UTc R�V\T TCXM\TXQlTxQQ P[VNRXTChVUT  
UT [QR. 3. 

{TsN�y \MN_hY Cjh�WTVX C RVzc MXNVhYU�y zhMj 
_P[TChVUQc, RMRXMc�Qy Ql L�{, \MN_hc _P[TChVUQc 
NCQsVUQV\, \MN_hc TUThM`MC�� C�MNMC, \MN_hc xQb-
[MC�� C�MNMC, \MN_hc C��MNMC, QRXMWUQjT PQXTUQc  
Q RV[CM_RQhQXVhVy, [TRPMhMsVUU�� UT zTlMCM\ �TRRQ. 
KRV \MN_hQ RMVNQUVU� R zTlMCMy _P[TChc��Vy RXTU-
xQVy R[VNRXCT\Q Ethernet. ^TlMCTc _P[TChc��Tc RXTU-
xQc RMRXMQX Ql L�{, \MN_hc MES-QUXV[bVyRT, jM\-
\_XTxQMUUM`M \MN_hc Ethernet Q PV[RMUThYUM`M jM\-
PY�XV[T R MPV[TxQMUUMy RQRXV\My Nhc jMUX[MhhV[MC 
PMlQxQMUQ[MCTUQc Q SCADA-RQRXV\�. 

SCADA-RQRXV\T [VThQlMCTUT UT �Ë4 SCADA – 
PMhUMb_UjxQMUThYUMy RQRXV\V jMUX[Mhc Q RzM[T NTU-
U��, MRUMCTUUMy UT QUXV[bVyRV Windows, WXM lUTWQ-
XVhYUM RMj[T�TVX RjM[MRXY Mz_WVUQc, NTCTc CMl\Ms-
UMRXY PMhYlMCTXVh� z�RX[M P[QRPMRTzhQCTXYRc Q [VT-
`Q[MCTXY UT Ql\VUVUQc C P[MxVRRV. K  SCADA-RQRXV\V 
lTP[M`[T\\Q[MCTU� MRUMCU�V b_UjxQQ, Cjh�WTc zhM-
jQ[MCj_, RQ`UThQlTxQ�, T[�QC NTUU�� Q MXWVX�, 
MzVRPVWQCT�XRc P[MRX�V, UM CTsU�V `MXMC�V [V�VUQc 
[12; 13]. 

KQl_ThQlTxQc [TzMX� R _P[TChc��Vy P[M`[T\\My 
C�PMhUVUT UT PTUVhQ MPV[TXM[T Mitsubishi Electrical 
GOT2000, jMXM[Tc MzVRPVWQCTVX WVhMCVjM-\T�QUU�y 
QUXV[bVyR, P[VNMRXTChcVX NMRX_P j XV�UMhM`QWVRjQ\ 
NTUU�\, PMlCMhcVX MXRhVsQCTXY, _P[TChcXY Q PM \V[V 
UVMz�MNQ\MRXQ Ql\VUcXY PT[T\VX[� P[MxVRRT  
jM\PVURTxQQ CVRMCMy RMRXTChc��Vy. �CXM\TXQWVRjMV 
_P[TChVUQV P[MxVRRM\ jM\PVURTxQQ CVRMCMy RMRXTC-
hc��Vy PMRX[MVUM XTjQ\ Mz[TlM\, WXM UT uj[TUV jM\-
PY�XV[T MXMz[TsTVXRc `hTCUMV \VU� RQRXV\�, RMNV[-
sT�VV b_UjxQMUThYU�V lMU�: 

– [VsQ\ RzM[jQ; 
– [VsQ\ QRP�XTUQy; 
– RXTXQRXQjT; 
– UTRX[MyjT Q NQT`UMRXQjT; 
– TjXQCU�V TCT[QQ; 
– T[�QC. 

 

 
 

wQR. 3. $X[_jX_[T PhTXbM[\� TCXM\TXQlTxQQ 
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�������#��	�� �+���;���� 	��+����)��� ����-
��� ������;(���� /�	;�#����( � 	�����;� � +�����-
����� �������!| /��#���� +��������� +��)���� +�-
��� �+���;���( ��������, ������� ��+�;����;<�!| 
��|���/��� �, +�� ����|��������, � +���(��� ��-
+�;����;<�!| ��� +� �+���;���� +��)�����.  

��� &����!| ��+!����(| �+���	���������( ���-
���� �������� +� �~������������� �;�������, +��-
�������( ��;�#��� �+����;������ ���;�( � �����-
	�;<��� +�;������ ���	�� ��(/� +� ���� ����	����� 
���	�!��( �+�) ������!, � ��	�� �#��!���� �;�(��� 
������#��	�| �!�	�� � +��+�����!� �������!� ��-
���)��. 

%����� ������! �+���;���( +�������� ��	�� ����-
/��, #�� � �+���;(���� +�������� /������( ������!� 
+�������! +��)���� 	��+����)�� ������� ������-
;(����: 

– ��;�#��! ���������� ���(����( ���	�| ����+; 
– ����|����!� �	������ (�;� /�	��! �/������( 

�	������) ������������;��, ���;��������| �����-
	�;<��� +�;������ ���	�� ����+!. 


�����������;� +�/��;(�� ���������< ;���� �/ 
�/�����!| /�	���� ����;�������( � /����< ;��!� 
+�������! ��/����-���������(, ����|����!� �;( +;��- 
���� �������(-��������, �������	� �����;�� � ���#�-
	�� �/������( ��;� � �����/������;<�!| (#��	.  

�&'*7)�!"�. �� ��/�;<����� ������ ����<� ���-
;�� �!��� � ���, #�� +���;������( ������� ������ 
�!�< ������������� � +���+�	������ ������� ����-
����/�)�� � �+���;���( ��|��;���#��	�� +��)����� 
+��������( ��+!����� ���	�!��( 	��+����������!| 
������ 	����#��	�| �++������. 

%�/�������� ����	���� +;��~���! ��������/�)�� 
������! 	��+����)�� ������� ������;(����, ����-
����������( +���(���� +��)���� +��������( ��+!-
�����. %�/������� ���������� +��(��!� #�;���	�-
��&���!� �����~��� � ��/�������<� ������)���-
���� �+���;���( � 	�����;( /�����!| +���������.  

{�+�;</������ �!������� +;��~���! ��������-
/�)�� +�/��;�� ��&��< +�����;����� /���#� �+���-
;���( �������� 	��+����)�� ������� ������;(����, 
	�����( +��!��� �' ���'�����<, ���&���� ~��	)��-
��;<�!� ��/��������, ����� ������ � ��+�;</������, 
���;�#�� +���/������;<����< ���#'��� � ��	����� 
#��;� �&���	 �+��������, ��������� ���������� 
�����( �+����������� �����! ������! � )�;��. ��	�( 
�)��	� +�/��;(�� � ����������<� ���������< � 	�#�-
�������� �;�#&���� ������! 	��+����)�� ������� 
������;(����, 	�����( ����� ��;����< ��;<&�� ���-
	���<�, ���������<� � ��/��	�/����<�.  
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MODELING OF PROCESSES OF HEAT AND MASS TRANSFER IN MICROCHANNEL HEAT 
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The work is devoted to the study of heat transfer in microchannels on the basis of filamentary monocrystals of 
silicon of the heat exchange elements for telecommunication systems, space technology, management module land-
based. The aim of this work is to develop mathematical models and conduct numerical modeling of heat and mass 
transfer for a microchannel heat exchanger hybrid thermal protection system on the basis of silicon single crystals. The 
thermal protection system must ensure stable operation of the electronic equipment in a wide range of ambient 
temperatures (from minus 40 to plus 60 °C) and temperature control should be within ±0.1 °C. The overall dimensions 
of heat exchanger are correlated with the size of electronic components. A variant of the heat exchanger based on the 
matrix of filamentary crystals of silicon that allows you to create a large surface area providing high heat removal of 
up to 100 W/cm2 is offered. By the developed technology prototypes have been produced. The mathematical model that 
best describes the processes of heat and mass transfer in microchannel heat exchangers, defined the proper boundary 
conditions has been developed. Numerical modeling of heat and mass transfer has been conducted. The dependences  
of the differential pressure, temperature, flow cooler, identified approaches for determining geometric characteristics 
of effective edge-based single crystals have been built. The dependences of the temperatures of single-crystal fin from 
its height and spatial location have been determined. The critical modes of the system have been researched.  
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To optimize the thermal and hydraulic characteristics of the proposed new design of heat-exchange elements made of 
single crystal silicon for further research has been offered. 

 
Keywords: compact heat exchanger, the extended heat exchange surface, whiskers of silicon, temperature control 

system, thermal protection. 
  
�����#��. K PMRhVNUQV `MN� TjXQCUMV [TlCQXQV 

XTjQ� MX[TRhVy, jTj jMR\QWVRjTc XV�UQjT, uUV[`VXQjT 
Q uhVjX[MUQjT, P[QCMNQX j PMC��VUQ� XVPhMC�� UT-
`[_lMj [TlhQWU�� uhV\VUXMC MzM[_NMCTUQc, C�MNc�V-
`M C RMRXTC jMR\QWVRjQ�, uUV[`VXQWVRjQ� Q XVhVjM\-
\_UQjTxQMUU�� RQRXV\. K RCclQ R uXQ\ QRRhVNMCTUQV 
RPMRMzMC QUXVURQbQjTxQQ XVPhMuUV[`VXQWVRjQ� P[M-
xVRRMC cChcVXRc TjX_ThYUMy lTNTWVy P[Q RMlNTUQQ 
RXTzQhYU�� RQRXV\ MXCMNT XVPhMX�. �RMzMV \VRXM 
MXCMNQXRc XV[\MRXTXQ[MCTUQ�, jMXM[MV lTjh�WTVXRc  
C [Tl[TzMXjV XV�UMhM`Qy MzVRPVWVUQc XV\PV[TX_[� 
P[QzM[MC Q _RX[MyRXC XVhVjM\\_UQjTxQMUU�� RQRXV\ 
UTlV\UM`M zTlQ[MCTUQc R C�RMjMy XVPhMCMy RXTzQhY-
UMRXY� (±0,1 °$). 

=��%�#���� /���3�. �hc UTNVsUM`M b_UjxQMUQ-
[MCTUQc MzM[_NMCTUQc C _RhMCQc� PMC��VUUM`M XVP-
hMC�NVhVUQc uhV\VUXMC, T XTjsV P[Q C�RMjQ� XV\PV-
[TX_[T� Mj[_sT��V`M CMlN_�T UT[cN_ R PTRRQCU�\Q 
QRPMhYl_�X TjXQCU�V RQRXV\� XVPhMCMy lT�QX�  
R [TlCQX�\Q PMCV[�UMRXc\Q XVPhMMz\VUT. �NUQ\  
Ql ubbVjXQCU�� RPMRMzMC QUXVURQbQjTxQQ XVPhMPV-
[VUMRT cChcVXRc QRPMhYlMCTUQV PM[QRX�� Q \Qj[MjT-
UThYU�� XVPhMMz\VUUQjMC. ~RRhVNMCTUQc\ P[MxVRRMC 
XVPhM\TRRMPV[VUMRT C _jTlTUU�� C��V RQRXV\T�  
PMRCc�VU� \UMsVRXCVUU�V [TzMX� MXVWVRXCVUU��  
Q lT[_zVsU�� TCXM[MC [1; 2]. 

L[Q W[VlC�WTyUM C�RMjQ� XVPhMC�� PMXMjT�, 
zMhY�Q� XV\PV[TX_[U�� UTPM[T�, RhMsUMy jMURX[_j-
xQQ QhQ \ThMy NMRX_PUMRXQ PMCV[�UMRXQ PM[QRXMV  
Q \Qj[MjTUThYUMV M�hTsNVUQV – UTQzMhVV PMN�MNc-
�Qy \VXMN XVPhMCMy lT�QX�. L[Q uXM\ lTWTRX_� [Tl-
\V[� XVPhMMz\VUUQjT NMhsU� z�XY RMQl\V[Q\�  
R XVPhMC�NVhc��Q\ uhV\VUXM\, WXM CVNVX j sVRXjQ\ 
X[VzMCTUQc\ \TRRM`TzT[QXU�� �T[TjXV[QRXQj. 

ÍQ[MjQy NQTPTlMU RX[_jX_[U��, XVPhMbQlQWV-
RjQ�, `QN[TChQWVRjQ�, �Q\QWVRjQ�, MPXQWVRjQ� Q N[_-
`Q� RCMyRXC PM[QRX�� Q \Qj[MjTUThYU�� \TXV[QThMC, 
CMl\MsUMRXY Ql`MXMChVUQc Ql UQ� uhV\VUXMC jMURX-
[_jxQy, C�RMjTc QUXVURQCUMRXY XVPhMMz\VUT – CRV uXM 
NTVX CMl\MsUMRXY QRPMhYlMCTXY _jTlTUU�V XVPhMMz-
\VUU�V uhV\VUX� C _RhMCQc� NVyRXCQc C�RMjQ� XVP-
hMC�� UT`[_lMj Q XV\PV[TX_[, XT\, `NV N[_`QV CQN� 
M�hTsNVUQc jMURX[_jxQy MjTl�CT�XRc \ThMubbVj-
XQCU�\Q. qTj, UTP[Q\V[, C RQRXV\T� XVPhMCMy lT�QX� 
sQNjMRXU�� [TjVXU�� NCQ`TXVhVy, RCV[�lC_jMC�� 
M`UVRX[_yU�� [VlTjMC, PhTl\MX[MUMC, T XTjsV zhMjMC 
PQXTUQc, \Qj[MR�V\, RMC[V\VUU�� P[MxVRRM[MC, RXTU-
xQy zTlMCMy, RP_XUQjMCMy Q jMR\QWVRjMy RCclQ, XVP-
hMCMy PMXMj C jMXM[�� RMRXTChcVX 100 KX/R\2 Q C��V 
[3–5], z�hQ [Tl[TzMXTU� Q _RPV�UM TP[MzQ[MCTU� 
PM[QRX�V XVPhMMz\VUUQjQ R \VsjTUThYUMy X[TURPQ-
[TxQVy M�hTNQXVhc [6; 7]. 

$hVN_VX MX\VXQXY, WXM UT P[MxVRR XVPhMPV[VUMRT 
MjTl�CTVX UVPMR[VNRXCVUUMV ChQcUQV UV XMhYjM jMU-
CVjXQCUTc RMRXTChc��Tc, UM Q XVPhMbQlQWVRjQV RCMy-
RXCT RT\M`M XVPhMMXCMNc�V`M uhV\VUXT, T XTjsV  

XV[\QWVRjMV RMP[MXQChVUQV \VsN_ «`M[cWVy» PMCV[�-
UMRXY� Q M�hTNQXVhV\. qTj, P[Q CVhQWQUV jMub- 
bQxQVUXT CU_X[QPM[MCM`M XVPhMMz\VUT, [TCUMy h� =  
= 109–1011 KX/(\3·{), ubbVjXQCU�y jMubbQxQVUX  
XVPhMP[MCMNUMRXQ \VNUMy \TX[Qx� RMRXTChcVX  
160 KX/(\·{), T _NVhYUMV XV[\QWVRjMV RMP[MXQChVUQV 
\VsN_ UT`[VXMy PMCV[�UMRXY� Q XVPhMMz\VUUQjM\ 
RMRXTChcVX PM[cNjT MX 10–3 NM 10–2 (\·{)/KX, WXM C xV-
hM\ RCMNQX UT UVX ubbVjXQCUMRXY PM[QRXM`M M�hTsNVUQc.  

�NUQ\ Ql [V�VUQy NTUUMy P[MzhV\� cChcVXRc QR-
PMhYlMCTUQV \Qj[MjTUThYU�� uhV\VUXMC UT MRUMCV 
\MUMj[QRXThhMC j[V\UQc. L[Q\VUVUQV NTUUMy XV�UM-
hM`QQ P[Q Ql`MXMChVUQQ _RX[MyRXC M�hTsNVUQc PMlCM-
hcVX RUQlQXY P[TjXQWVRjQ NM U_hc Q NTsV QRjh�WQXY  
C P[QUxQPV XV[\QWVRjMV RMP[MXQChVUQV \VsN_ PMN-
hMsjMy Q XVPhMMz\VUU�\Q uhV\VUXT\Q. 

��/"�5�%�� '���%�� %�0���5'�##����. ^�hQ 
[Tl[TzMXTU� Q RMlNTU� XVPhMMz\VUU�V TPPT[TX�  
R XVPhMMXCMNc�Q\Q uhV\VUXT\Q C CQNV \TX[Qx� UQXV-
CQNU�� j[QRXThhMC j[V\UQc, jMXM[�V C�[T�VU�  
UT PMNhMsjV PMh_P[MCMNUQjT Q Mz[Tl_�X [TlCQX_� 
PMCV[�UMRXY XVPhMMz\VUT [8]. wV�VUQV M P[Q\VUVUQQ 
C jTWVRXCV \TXV[QThT \MUMj[QRXThhQWVRjM`M j[V\UQc 
Mz_RhMChVUM V`M C�RMjQ\ jMubbQxQVUXM\ XVPhMP[M-
CMNUMRXQ, T XTjsV PV[RPVjXQCU�\Q [Tl[TzMXjT\Q  
C MzhTRXQ uhVjX[MUQjQ C WTRXQ C�[T�QCTUQc UT MNUMy 
RXM[MUV j[V\UQVCMy PMNhMsjQ uhVjX[MUU�� WQPMC,  
T UT N[_`My RXM[MUV – �QPMC lTNTUUMy jMUbQ`_[TxQQ, 
P[VNRXTChc��Q� RMzMy RQRXV\_ \Qj[MjTUThMC RQRXV-
\� XVPhMCMy lT�QX�, WXM C xVhM\ PMlCMhcVX QRjh�-
WQXY XV[\QWVRjMV jMUXTjXUMV RMP[MXQChVUQV \VsN_ 
XVPhMMz\VUUQjM\ Q QRXMWUQjM\ XVPhMC�NVhVUQc. 

�NQU Ql \TjVXMC XVPhMMz\VUUQjT R XVPhMMXCMNc-
�Q\Q uhV\VUXT\Q Ql UQXVCQNU�� j[QRXThhMC j[V\-
UQc, C�[T�VUU�� UT PMNhMsjV PMh_P[MCMNUQjT, 
P[VNRXTChVU UT [QR. 1. 

~l`MXMChVUQV \Qj[MjTUThYUM`M XVPhMMz\VUUQjT 
UT MRUMCV \MUMj[QRXThhMC j[V\UQc lTjh�WTVXRc  
C RhVN_��V\. �QXVCQNU�V j[QRXThh� j[V\UQc C�[T-
�QCT�XRc UT j[V\UQVC�� \MUMj[QRXThhQWVRjQ� PMN-
hMsjT� C PVWQ R `M[QlMUXThYU�\ [TRPMhMsVUQV\ 
X[_zWTXM`M jCT[xVCM`M [VTjXM[T C MXj[�XMy �hM[QN-
UM-CMNM[MNUMy R[VNV. LMRhV [Tl[T�QCTUQc j[QRXThhMC 
PMNTWT XVX[T�hM[QNT j[V\UQc C [VTjxQMUU_� lMU_ 
P[Vj[T�TVXRc, T [VTjXM[ R C�[T�VUU�\Q Mz[TlxT\Q 
UQXVCQNU�� j[QRXThhMC M�hTsNTVXRc NM jM\UTXUMy 
XV\PV[TX_[�. �M[bMhM`QWVRjQV QRRhVNMCTUQc C�PMh- 
Uc�XRc \VXMNT\Q RjTUQ[_��Vy lMUNMCMy \Qj[MRjMPQQ. 

�hc QRRhVNMCTUQc z�hQ [Tl[TzMXTU� Q RMlNTU� 
XVPhMMz\VUU�V TPPT[TX� R XVPhMMXCMNc�Q\Q uhV\VU-
XT\Q ([QR. 2) C CQNV \TX[Qx� UQXVCQNU�� j[QRXThhMC 
j[V\UQc, jMXM[�V C�[T�VU� UT PMNhMsjV PMh_P[M-
CMNUQjT Q Mz[Tl_�X [TlCQX_� PMCV[�UMRXY XVPhMMz-
\VUT R RQRXV\My jMhhVjXM[MC Q P[MUQxTV\�� PV[V`M-
[MNMj [8]. 
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� � 

wQR. 1. �Qj[MjTUThYU�y XVPhMMz\VUUQj R XVPhMMXCMNc�Q\Q UQXVCQNU�\Q \MUMj[QRXThhT\Q j[V\UQc:  
� – Mz�Qy CQN; � – bMXM`[TbQc PMNhMsjQ 

 

   
� � � 

wQR. 2. �Qj[MjTUThYU�V XVPhMMXCMNc�QV uhV\VUX� UT MRUMCV \TX[Qx� UQXVCQNU�� \MUMj[QRXThhMC j[V\UQc: 
� – R lQ`lT`MMz[TlU�\ P[c\M_`MhYU�\ [TRPMhMsVUQV\; � – R lQ`lT`MMz[TlU�\ jhQUMCQNU�\ [TRPMhMsVUQV\;  

� – RM RPhM�U�\ [TRPMhMsVUQV\ 
 
K XTjM\ CT[QTUXV uhV\VUX� M�hTsNVUQc Mz[Tl_�X 

\MUMhQXU_� jMURX[_jxQ� C\VRXV R XVPhMC�NVhc�-
�Q\ uhV\VUXM\, P[Q uXM\ QRjh�WTVXRc XV[\QWVRjMV 
RMP[MXQChVUQV, jMXM[MV P[QR_XRXC_VX C CT[QTUXV P[Q 
[TlNVhYUM\ QRPMhUVUQQ XVPhMMz\VUUQjT Q XVPhMC�-
NVhc��V`M uhV\VUXT.  

�%�'�%�3����� '�����"���#��. K UTRXMc�VV 
C[V\c P[TjXQWVRjQ MXR_XRXC_�X [Vl_hYXTX� \TXV\T-
XQWVRjM`M Q WQRhVUUM`M \MNVhQ[MCTUQc P[MxVRRMC 
XVPhM\TRRMPV[VUMRT C \Qj[MjTUThYU�� RX[_jX_[T� 
PMNMzUM`M [MNT [3; 9; 10]. L[Q\VUVUQV \TXV\TXQWV-
RjQ� \MNVhVy Q j[QXV[QThYU�� _[TCUVUQy XVPhM\TR-
RMPV[VUMRT \Tj[M\MNVhVy, C XM\ WQRhV MzXVjTUQV 
P_WjMC X[_z C XVPhMMz\VUUQjT�, Nhc MxVUjQ P[MxVR-
RMC C \Qj[M\TR�XTzT� NTVX UV_NMChVXCM[QXVhYU�V 
[Vl_hYXTX�. ~RPMhYlMCTUQV \MNVhQ QNVThYUMy PM[QR-
XMy R[VN� Nhc P[M`UMlQ[MCTUQc [TzMX� \Qj[MjTUThY-
U�� uhV\VUXMC XTjsV cChcVXRc UVRMCV[�VUUMy, WXM 
lTjh�WTVXRc C RV[YVlUM\ [TR�MsNVUQQ [Vl_hYXTXMC 
WQRhVUUM`M Q ujRPV[Q\VUXThYUM`M \MNVhQ[MCTUQc. 

³XM RCclTUM R XV\, WXM UVMz�MNQ\M QRRhVNMCTUQV 
MRMzVUUMRXVy P[MxVRRMC `QN[MNQUT\QjQ Q XVPhMMz-
\VUT C \Qj[MjTUThT�, jM`NT RhVN_VX _WQX�CTXY P[Q-
RXVUMWU�V XVWVUQc CzhQlQ RXVUMj Q �QPMC, T XTjsV 
[TlCQX�V XVWVUQc C RCMzMNUM\ P[MRX[TURXCV. $_�VRX-
CVUU�y `[TNQVUX XV\PV[TX_[ \VsN_ �QPM\ Q M�hTNQ-
XVhV\ XTjsV CUMRQX RCMQ jM[[VjXQC� C XMWUMRXY \M-
NVhQ[MCTUQc P[MxVRRMC `QN[MNQUT\QjQ, C XM\ WQRhV  
Q UT UVRXTxQMUT[U�� [VsQ\T� [TzMX�. �VjM[[VjX-
UMRXY R_�VRXC_��Q� \MNVhVy CVNVX j PMXV[V XMWUM-

RXQ C MxVUjV P[MxVRRMC XVPhM\TRRMPV[VUMRT C [Tl[T-
zTX�CTV\�� uhV\VUXT� XVPhMCMy lT�QX�, WXM \MsVX 
P[QCVRXQ j VV [Tl[_�VUQ� P[Q j[QXQWVRjQ� [VsQ\T� 
[TzMX� Q RzM� C [TzMXV UTlV\U�� XVhVjM\\_UQjTxQ-
MUU�� RQRXV\. 

~\V�XRc QRRhVNMCTUQc P[MxVRRMC XVPhM\TRRMPV-
[VUMRT C \Qj[MjTUThT�, UT PMCV[�UMRXc� R [VhYVbM\ 
Ql UTUMWTRXQx P[Q UThQWQQ bTlMCM`M PV[V�MNT,  
UM C zMhY�Vy WTRXQ MUQ Q\V�X ujRPV[Q\VUXThYU�y 
�T[TjXV[ Nhc jMUj[VXU�� \MNVhVy [11–13]. 

L[Q PMRX[MVUQQ \TXV\TXQWVRjMy \MNVhQ z�h P[Q-
UcX [cN NMP_�VUQy [14–17]: [TzMWQy T`VUX RWQXTVXRc 
CcljMy UVRsQ\TV\My R[VNMy (CMNT); XVWVUQV PMXMjT – 
X[V�\V[UMV RXTxQMUT[UMV; XVPhMbQlQWVRjQV RCMyRXCT 
PMXMjT P[QUQ\T�XRc PMRXMcUU�\Q Q [TCU�\Q R[VN-
UQ\ lUTWVUQc\ C QRRhVN_V\M\ QUXV[CThV XV\PV[TX_[; 
UT C�MNV C [TRWVXU_� MzhTRXY Q\VVXRc PMhUMRXY� [Tl-
CQXMV XVWVUQV R QlMX[MPUMy X_[z_hVUXUMRXY�; XVPhM-
Mz\VU R Mj[_sT��Vy R[VNMy MXR_XRXC_VX (UT CUV�UVy 
RXM[MUV C�PMhUcVXRc _RhMCQV TNQTzTXUMRXQ). 

$QRXV\T _[TCUVUQy �TCYV–$XMjRT Nhc MPQRTUQc 
X_[z_hVUXUM`M NCQsVUQc CcljMy UVRsQ\TV\My UY�XM-
UMCRjMy sQNjMRXQ P[Q MXR_XRXCQQ \TRRMC�� RQh 
P[VNRXTChVUT C CVjXM[UM-XVUlM[UMy bM[\V: 
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K RjThc[UM-XVUlM[UMy bM[\V _[TCUVUQc UV[Tl[�C-
UMRXQ Q Ql\VUVUQc jMhQWVRXCT NCQsVUQc lTPQR�CT�X-
Rc jTj 

 0,j

j

u
x

C
�

C
 (3) 

 
1 1 .k k

jk
j k j

u u pu
t j x x x

C C C C
� � � � P

C C NC N C
 (4) 

$ _WVXM\ _[TCUVUQc UV[Tl[�CUMRXQ (3) _[TCUVUQV (4) 
\MsVX z�XY P[VNRXTChVUM C CQNV 

 � � 1 1 .k
j k jk

j k j

u pu u
t x x x

C C C C
� � � � P

C C NC N C
 (5) 

K _[TCUVUQc� (1)–(4) QRPMhYl_V\�V QUNVjR� MP[V-
NVhc�X UTP[TChVUQc NVjT[XMCMy RQRXV\� jMM[NQUTX 

jx  (lNVRY 1,  2,  3;j �  1,  2,  3;k �  ,  k ju u  – NVjT[XMC�V 
RMRXTChc��QV RjM[MRXQ C UTP[TChVUQQ RMMXCVXRX-
C_��Q� MRVy; 	 – NTChVUQV; t – C[V\c; � – PhMXUMRXY 
sQNjMRXQ; jkP  – RMRXTChc��QV XVUlM[T CcljQ� UTP[c-
sVUQy; º – jMubbQxQVUX NQUT\QWVRjMy (\MhVj_hc[-

UMy) CcljMRXQ; V
$

 – CVjXM[ \VRXUMy RjM[MRXQ PMXMjT, 

;i iV e u
$ $
�  ie

$
 – VNQUQWU�V CVjXM[�; S  – MPV[TXM[ 

JT\QhYXMUT; ku tC C  – P[MQlCMNUTc PM C[V\VUQ; 

� ��jk j k k ju x u xP � � C C � C C . 

KMP[MR� lT\�jTUQc PMh_WVUUMy RQRXV\� _[TCUV-
UQy [V�T�XRc UT [TlhQWUM\ _[MCUV RhMsUMRXQ. L[M-
RXVy�Qy P_XY – QRPMhYlMCTUQV u\PQ[QWVRjMy QUbM[-
\TxQQ M �T[TjXV[QRXQjT� X_[z_hVUXUMRXQ, UTQzMhVV 
RhMsU�y P_XY lTjh�WTVXRc C C�CMNV _[TCUVUQy MXUM-
RQXVhYUM [VyUMhYNRMC�� UTP[csVUQy. 

L[Q \MNVhQ[MCTUQQ `QN[MNQUT\QjQ XVWVUQc M�hT-
NQXVhc QRPMhYlMCThTRY NC_�RhMyUTc \MNVhY SST.  
©µ C�zM[ Mz_RhMChVU �M[M�Vy R�MNQ\MRXY� Nhc  
lTNTW, `NV UVMz�MNQ\M _WQX�CTXY jTj _RhMCQc XVWVUQc 
M�hTNQXVhc CM C�MNc�V\ PMXMjV, XTj Q C PM`[TUQWUM\ 
RhMV CzhQlQ �QPMC, MzVRPVWQCTc P[Q uXM\ P[QV\hV-
\_� R�MNQ\MRXY [V�VUQc [14; 16]. �UT MXUMRQXRc  
j \MNVhQ R NC_\c NQbbV[VUxQThYU�\Q _[TCUVUQc\Q, 
_WQX�CT��Vy XTjQV \MNVhQ, jTj k �A  Q k � * , Q MzVR-

PVWQCTVX PhTCU�y PV[V�MN MX \MNVhQ k �A  C P[QRXV-
UMWU�� MzhTRXc� j \MNVhQ k � *  CNThQ MX XCV[N�� RXVUMj. 

$QRXV\T _[TCUVUQy Nhc UVQlMXV[\QWVRjM`M (R XVPhM-
Mz\VUM\) XVWVUQc UVRsQ\TV\My sQNjMRXQ C NVjT[XMC�� 
P[c\M_`MhYU�� jMM[NQUTXT� z_NVX RMRXMcXY Ql _[TC-
UVUQy UV[Tl[�CUMRXQ (6), NCQsVUQc (7) Q uUV[`QQ (8): 
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`NV J VRXY [Vl_hYXQ[_��Qy CVjXM[ \TRRMC�� RQh;  
� – jQUV\TXQWVRjTc CcljMRXY R[VN� ( / );B � � N  a – jMub- 
bQxQVUX XV\PV[TX_[MP[MCMNUMRXQ ( / )pa c� % N . 

K XVUlM[U�� MzMlUTWVUQc� RQRXV\T (6)–(8) C�`hc-
NQX jTj 
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L[Q [Tl[TzMXjV \TXV\TXQWVRjMy \MNVhQ Q WQRhVU-

UM`M \MNVhQ[MCTUQc P[MxVRRMC `QN[TChQjQ Q XVPhM-
Mz\VUT C [TzMXV [TRR\MX[VU CT[QTUX \TX[Qx�, QlM-
z[TsVUU�y UT [QR. 2, �. ^�hT RMlNTUT \MNVhY MzhTRXQ 
XVWVUQc M�hTNQXVhc WV[Vl 1/5 WTRXY XVPhMMXCMNc�V`M 
uhV\VUXT ([QR. 3) R xVhY� _RjM[VUQc P[MxVRRMC [TRWV-
XT. �TUU�V \MNVhQ z�hQ RMlNTU� C `[TbQWVRjM\ PT-
jVXV Siemens NX. JVM\VX[QWVRjQV [Tl\V[� MNUM`M 
«�QPMCTUUM`M» [Vz[T RMRXTCQhQ 20�4 \\. K�RMXT 
�QPMC z�hT P[QUcXT 1 \\.  
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wQR. 3. �MNVhY MzhTRXQ XVWVUQc: � – `[TUQWU�V _RhMCQc; � – [TRPMhMsVUQV �QPMC 
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�hc \TXV\TXQWVRjM`M \MNVhQ[MCTUQc QRPMhYlM-
CThRc [TRWVXU�y jM\PhVjR Ansys Fluent. ~RPMhYlMCT-
hTRY NC_�RhMyUTc \MNVhY SST, MzVRPVWQCT��Tc, jTj 
_sV _jTl�CThMRY, �M[M�_� R�MNQ\MRXY Nhc lTNTW, `NV 
UVMz�MNQ\M _WQX�CTXY jTj _RhMCQc XVWVUQc M�hTNQ-
XVhc CM C�MNc�V\ PMXMjV, XTj Q C PM`[TUQWUM\ RhMV 
CzhQlQ �QPMC [14]. �T C�MNV C [TRWVXU_� MzhTRXY  
lTNTCThRc PMRXMcUU�y [TR�MN Q XV\PV[TX_[T 25 º$.  
wTzMWQy T`VUX RWQXTVXRc CcljMy UVRsQ\TV\My R[VNMy 
(CMNT), T XVWVUQV PMXMjT – X[V�\V[UMV RXTxQMUT[UMV. 
LMNCMN XVPhT z�h lTNTU `[TUQWU�\Q _RhMCQc\Q CXM-
[M`M [MNT UT UQsUVy PMCV[�UMRXQ [TRWVXUMy \MNVhQ 
([QR. 3, �). �T C��MNV Ql [TRWVXUMy MzhTRXQ lTNT�XRc 
«\c`jQV» `[TUQWU�V _RhMCQc (_RhMCQV P[MNMhsVUQc 
[V�VUQc). �T MRXThYU�� PMCV[�UMRXc� lTNT�XRc _RhM-
CQc P[QhQPTUQc Q TNQTzTXUMRXQ. $XVPVUY UTWThYUMy 
X_[z_hVUXUMRXQ 5 %, C jMUxV – 10 %. wTRWVX P[MQlCM-
NQhRc Nhc [TlhQWU�� [VsQ\MC [TzMX�, �T[TjXV[Ql_V-
\�� [TlhQWU�\Q [TR�MNT\Q M�hTNQXVhc. 

qVPhMCMy PMXMj z�h C�z[TU QR�MNc Ql `VM\VX[QQ 
XVPhMUTP[csVUUM`M uhV\VUXT (2�2 R\) Q RMRXTCQh  
100 KX/R\2. ~RRhVN_V\�y NQTPTlMU [TR�MNMC M�hTNQ-
XVhc RMRXTCQh MX 3,0�10–4 NM 12,0�10–4 j`/R. K PV[VRWVXV 
UT 1/5 WTRXY uhV\VUXT R UQXVCQNU�\Q \MUMj[QRXThhT-
\Q j[V\UQc XVPhMCMy PMXMj RMRXTCQh 80 KX. 

JVM\VX[QWVRjQV [Tl\V[� Q R�V\T [TRPMhMsVUQc 
\MUMj[QRXThhMC j[V\UQc UT PMNhMsjV MNUM`M Ql [V-
zV[ P[VNRXTChVU� UT [QR. 3, �. 

qVPhMMXCMNc�QV uhV\VUX� [TRPMhMsVU� C �T�-
\TXUM\ PM[cNjV, [TRRXMcUQV \VsN_ xVUX[T\Q �QPMC 
PM MRQ TzRxQRR Q PM MRQ M[NQUTX RMRXTCQhM 600 \j\. 
kjTlTUUMV lUTWVUQV �T`T �QPMC MzMRUMCTUM XV�UMhM-
`QVy Ql`MXMChVUQc \Qj[MjTUThYU�� uhV\VUXMC UT MR-
UMCV \MUMj[QRXThhMC j[V\UQc. 

�hc P[MCVNVUQc \TXV\TXQWVRjM`M \MNVhQ[MCTUQc 
QRPMhYlMCThRc RPVxQThQlQ[MCTUU�y [TRWVXU�y jM\-
PhVjR Ansys Fluent v. 15, P[VNUTlUTWVUU�y Nhc WQR-
hVUUM`M [V�VUQc _[TCUVUQy NCQsVUQc sQNjMRXQ  
Q XVPhMMz\VUT C QUXV[VR_V\My [TRWVXUMy MzhTRXQ, WXM 
PMlCMhQhM RUQlQXY X[_NMV\jMRXY Q RMj[TXQXY NhQ-
XVhYUMRXY [TRWVXMC. 

�h`M[QX\ QRPMhYlMCTUQc Ansys Fluent Nhc [V�V-
UQc PMRXTChVUUMy lTNTWQ lTjh�WTVXRc C RhVN_��V\. 
�T PV[CM\ uXTPV MR_�VRXChcVXRc Q\PM[X PMRX[MVUUMy 
3D-\MNVhQ QRRhVN_V\M`M Mz�VjXT C [V�TXVhY Fluent; 

UT CXM[M\ – NVjM\PMlQxQc [TRWVXUMy MzhTRXQ Q PM-
RX[MVUQV RVXjQ, MxVUQCTVXRc VV jTWVRXCM; UT X[VXYV\ 
uXTPV UVMz�MNQ\M MP[VNVhQXY `[TUQWU�V _RhMCQc, 
C�z[TXY PT[T\VX[� [TRWVXT, RCMyRXCT \TXV[QThMC, 
C�zM[ NMPMhUQXVhYU�� \MNVhVy Nhc \MNVhQ[MCTUQc 
X_[z_hVUXUMRXQ; UT WVXCV[XM\ P[MQlCMNQXRc [V�VUQV 
PMRXTChVUUMy lTNTWQ. $ xVhY� jM[[VjXUMRXQ [TRWVXMC 
_WQX�CThMRY ChQcUQV PMNCMNc�Q� Q MXCMNc�Q� jMh-
hVjXM[MC. 

�hc [TRWVXUMy MzhTRXQ z�hT R`VUV[Q[MCTUT RVXjT, 
Q\V��Tc RhVN_��QV PT[T\VX[�: XQP RVXjQ – XVX[T`M-
UThYUTc; [Tl\V[� cWVVj – min 3,793176·10–17 \,  
max 2,098848·10–11 \; PT[T\VX[ NMRXTXMWUMRXQ RVXjQ 
(aspect ratio) – max 20,157. 

��/*��%�%) 3����##�+� '�����"���#��. LM [V-
l_hYXTXT\ P[MCVNVUUM`M C�WQRhQXVhYUM`M ujRPV[Q-
\VUXT z�hQ PMh_WVU� jT[XQU� [TRP[VNVhVUQc NTC- 
hVUQc, RjM[MRXQ Q XV\PV[TX_[� M�hTNQXVhc Nhc [Tl-
hQWU�� MzhTRXVy Q UVRjMhYjQ� [VsQ\MC [TzMX�.  
�T [QR. 4–12 P[VNRXTChVU� [Vl_hYXTX� Nhc [TR�MNT 
0,00065 j`/R. �UThM`QWU�V [Vl_hYXTX� z�hQ PMh_WVU� 
Nhc NQTPTlMUT [TR�MNMC MX 3�10–4 NM 12�10–4 j`/R. 

wVl_hYXTX� PMjTl�CT�X, WXM UTzh�NTVXRc RQ\\VX-
[QWUMV XVWVUQV M�hTNQXVhc MXUMRQXVhYUM RXVUMj. L[Q 
\Th�� [TR�MNT� XVWVUQV UMRQX hT\QUT[U�y �T[TjXV[. 
LM \V[V [MRXT [TR�MNT UTzh�NT�XRc MXNVhYU�V MX-
[�CU�V XVWVUQc CzhQlQ �QPMC, UM C xVhM\ UV UTzh�-
NTVXRc PV[V�MNT j X_[z_hVUXUM\_ XVWVUQ�. kRXTUMC-
hVUM CMlUQjUMCVUQV P[MXcsVUU�� lTRXMyU�� lMU XV-
WVUQc lT lTNUVy PMCV[�UMRXY� �QPT. L[Q uXM\ Q� CV-
hQWQUT \MsVX NMRXQ`TXY [TRRXMcUQc \VsN_ �QPT\Q. 
$Mj[T�VUQV lTRXMyUMy lMU� (P[Q\V[UM NM 1/2 [TR-
RXMcUQc \VsN_ �QPT\Q) CMl\MsUM lT RWVX _CVhQWVUQc 
[TR�MNT M�hTNQXVhc hQzM lT RWVX zMhVV WTRXMy «C�-
RTNjQ» �QPMC UT PMNhMsjV. kRXTUMChVUM, WXM XV\PV-
[TX_[T �QPMC R_�VRXCVUUM MXhQWTVXRc MX XV\PV[TX_-
[� M�hTNQXVhc, WXM \MsVX P[QCMNQXY j hMjThYUM\_ 
PV[V`[VC_. 

�T [QR. 9 P[VNRXTChVU� lTCQRQ\MRXQ PV[VPTNT 
NTChVUQc C XVPhMMz\VUUQjV Q R[VNUVy XV\PV[TX_[� 
jT[jTRT Q PMXMjT M�hTNQXVhc, P[QWV\ XV\PV[TX_[T 
PMXMjT M�hTNQXVhc MP[VNVhchTRY PM R[VNUV\_ lUTWV-
UQ� UT PhM�TNQ C��MNT M�hTNQXVhc, T XV\PV[TX_[T 
jT[jTRT – PM R[VNUV\_ lUTWVUQ� XV\PV[TX_[� C V`M 
PMhUM\ Mz�V\V. 

 

 
 

wQR. 4. wTRP[VNVhVUQV NTChVUQc C PMXMjV (CQN RCV[�_) 
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wQR. 5. wTRP[VNVhVUQV RjM[MRXVy C PMXMjV (CQN RCV[�_) 
 

 
 

wQR. 6. wTRP[VNVhVUQV XV\PV[TX_[ C PMXMjV (CQN RCV[�_) 
 

 
 

wQR. 7. wTRP[VNVhVUQV XV\PV[TX_[ C PMXMjV (CQN RPV[VNQ) 
 

 
 

wQR. 8. wTRP[VNVhVUQV XV\PV[TX_[ C jT[jTRV (CQN RPV[VNQ) 
 
�hc MxVUjQ «[TzMXMRPMRMzUMRXQ» �QPMC Q R xVhY� 

NThYUVy�Vy MPXQ\QlTxQQ C�RMX� �QPMC z�hQ ClcX� 
MXNVhYUM C�z[TUU�V �QP�, U_\V[TxQc jMXM[�� P[VN-
RXTChVUT UT [QR. 10. 

wTRP[VNVhVUQV XV\PV[TX_[ CNMhY xVUX[ThYUMy MRQ 
�QPT Nhc MNUM`M Ql [VsQ\MC [TzMX� ([TR�MN M�hTNQ-
XVhc 0,00035 j`/R) P[VNRXTChVUM UT [QR. 11. 

L[MCVNVUU�V QRRhVNMCTUQc PMjTlThQ, WXM \Qj[M-
jTUThYU�V XVPhMMz\VUUQjQ UT MRUMCV UQXVCQNU�� 
\MUMj[QRXThhMC j[V\UQc MzhTNT�X zMhY�Q\ PMXVU-
xQThM\ XVPhMR�V\T, WV\ Q� TUThM`Q UT MRUMCV PM[QR-
X�� XVPhMMz\VUU�� uhV\VUXMC. 

LMh_WVUU�V NTUU�V PMjTl�CT�X, WXM _CVhQWVUQV 
[TR�MNT M�hTNQXVhc UV CRV`NT CVNVX j ubbVjXQCUM\_ 
M�hTsNVUQ� XVPhMUTP[csVUU�� PMCV[�UMRXVy XVPhM-
Mz\VUUQjT, XTj jTj P[M`[VC XVPhMUMRQXVhc QNVX XMhY-
jM C UQsUVy V`M WTRXQ, WXM RMlNTVX P[VNPMR�hjQ Nhc 

[Tl[TzMXjQ zMhVV ubbVjXQCUMy jMURX[_jxQQ XVPhMMz-
\VUUQjT, C XM\ WQRhV PV[V\VUUM`M �T`T �QPMC UT 
[TlhQWU�� _WTRXjT�. ^MhY�Tc C�RMXT XVPhMMXCMNc�Q� 
uhV\VUXMC R _CVhQWVUQV\ [TR�MNT M�hTNQXVhc NThVjM 
UV CRV`NT PMC��TVX ubbVjXQCUMRXY M�hTsNVUQc,  
T lTWTRX_� P[QCMNQX j NMPMhUQXVhYU�\ lTX[TXT\ UT 
X[TURPM[XQ[MCj_ M�hTNQXVhc WV[Vl \TX[Qx_ \MUMj[Q-
RXThhMC j[V\UQc. 

�WVCQNUM, WXM P[Q [TR�MNT� M�hTNQXVhc C NQTPT-
lMUV MX 3�10–4 NM 12�10–4 j`/R UTzh�NTVXRc R_�VRXCVU-
UMV [TlhQWQV \VsN_ XV\PV[TX_[My M�hTNQXVhc Q �Q-
PT. K MzhTRXc� R C�RMjQ\ [TR�MNM\, RC��V 9�10–4 j`/R, 
XV\PV[TX_[T �QPT UV P[VC��TVX 100 T$, WXM NVhTVX 
[TzMX_ uhV\VUXT M�hTsNVUQc MNUMbTlUMy Q P[QCMNQX 
j UTNVsUM\_ M�hTsNVUQ�. L[Q uXM\ CVhQWQUT `QN-
[TChQWVRjM`M RMP[MXQChVUQc C TzRMh�XUM\ C�[T- 
sVUQQ RXTUMCQXRc RMPMRXTCQ\My R RMP[MXQChVUQV\  
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PM[QRX�� XVPhMMz\VUU�� uhV\VUXMC R \VsjTUThYUMy 
X[TURPQ[TxQVy M�hTNQXVhc. wV�VUQV NTUUMy P[MzhV-
\� \MsVX z�XY _RX[TUVUM lT RWVX P[Q\VUVUQc XVPhM-
Mz\VUU�� uhV\VUXMC R \VsjTUThYUMy X[TURPQ[TxQVy 
M�hTNQXVhc (R\. [QR. 2). 

K MzhTRXQ zMhVV UQljQ� [TR�MNMC UTzh�NTVXRc PM-
C��VUQV XV\PV[TX_[� �QPT zMhVV 100 T$. �WVCQNUM, 
WXM C NTUUM\ Rh_WTV UVMz�MNQ\M PMC��TXY RXTXQWV-

RjMV NTChVUQV C RQRXV\V hQzM Ql\VUcXY `VM\VX[QWV-
RjMV [TRPMhMsVUQV �QPMC CM QlzVsTUQV hMjThYUM`M 
PV[V`[VCT Q CMl\MsUM`M bTlMCM`M PV[V�MNT C MzhTR-
Xc�, zhQljQ� j MzhTRXQ UT`[VCT. L[Q uXM\ R[VNUcc 
XV\PV[TX_[T PMXMjT UV P[VC��TVX XV\PV[TX_[_ bTlM-
CM`M PV[V�MNT. wTRP[VNVhVUQV XV\PV[TX_[� M�hTNQXV-
hc lT �QPT\Q PMjTlTUM UT [QR. 12. 

 

 
 

wQR. 9. J[TbQj lTCQRQ\MRXVy XV\PV[TX_[ Q PV[VPTNT NTChVUQy 
 

 
 

wQR. 10. �_\V[TxQc Q [TRPMhMsVUQV QRRhVN_V\�� �QPMC 
 

 
 

wQR. 11. vTCQRQ\MRXY XV\PV[TX_[� �QPMC MX C�RMX� 

t, TC 7p, LT 

G�10
–6

, j`/R 
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wQR. 12. vTCQRQ\MRXY XV\PV[TX_[� M�hTNQXVhc lT �QPT\Q PM C�RMXV jTUThT 
 
~l `[TbQjT CQNUM, WXM \TjRQ\ThYUMV Ql\VUVUQV 

XV\PV[TX_[� M�hTNQXVhc P[MQR�MNQX P[Q C�RMXV  
jTUThT MX 0,3 NM 0,7 \\ Q zMhVV. 

����^3�#��. qTjQ\ Mz[TlM\, C�RMXT \MUMj[Q-
RXThhQWVRjM`M �QPT RC��V 0,7 \\ PMlCMhcVX XVPhM-
Mz\VUUQj_ [TzMXTXY P[Q MXUMRQXVhYUM UVzMhY�M\ 
`QN[TChQWVRjM\ RMP[MXQChVUQQ, P[Q uXM\ R_�VRXCVU-
UM UV ChQcc UT XVPhMPV[VUMR Q MXCMNQ\�y XVPhMCMy 
PMXMj. �T UTWThYUM\ `QN[MNQUT\QWVRjM\ _WTRXjV  
C�RMXT �QPT \MsVX z�XY RUQsVUT NM CVhQWQU� MX 0,2 
NM 0,3 \\, WXM PMC��TVX Mz�_� ubbVjXQCUMRXY [TzM-
X� \Qj[MjTUThYUM`M XVPhMMz\VUUQjT. 

$hQ�jM\ zMhY�My PMNCMNQ\�y XVPhMCMy PMXMj  
Q UVC�RMjTc RjM[MRXY NCQsVUQc M�hTNQXVhc \M`_X 
P[QCVRXQ j V`M lTjQPTUQ�, WXM UVNMP_RXQ\M C NTUUM\ 
Rh_WTV. K Rh_WTV bTlMCM`M PV[V�MNT C j[QXQWVRjQ� 
[VsQ\T� [TzMX� jMURX[_jxQc NMhsUT MzVRPVWQCTXY 
UTNVsU�y MXCMN `TlMMz[TlUMy bTl�, QRjh�WTc hMjThY- 
U�V PV[V`[VC�. ³XM XTjsV RMlNTVX P[VNPMR�hjQ Nhc 
NThYUVy�Vy MPXQ\QlTxQQ jMURX[_jxQQ. 

���+���"#��%�. wTzMXT PMNNV[sTUT �QUQRXV[RX-
CM\ Mz[TlMCTUQc Q UT_jQ wMRRQyRjMy ZVNV[TxQQ,  
¨ 14.577.21.0202. 
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In the article the authors present the result of calculating of combined optical system for a satellite laser ranging 

station. The calculated system includes extender of laser rays and lens of control-camera in optical band. The extender 
of laser rays is a catadioptric system over 320 millimeters and has sevenfold increase for the lengths of waves from 400 
to 2000 nm without refocusing. In reverse the motion of rays the extender of laser of bunch is used as a part of camera 
lens in optical band. Equivalent focal length of a lens is 1753 mm. The authors presented two options of a lens  
of camera: lens containing usual optical glass and lens containing optical glass with special dispersion path: special 
crown (OK4) and special flint (OF1).  

The calculated systems can be used for a location of satellites by two laser lengths of waves. This method allows 
 to define distance from satellite to us more precisely. 

In the article the analysis of the RMS spot diameter and radial energy distribution of spot has been shown. In our 
optical system we use Coude focus, therefore all equipment is separated from rotator. All surfaces of lenses in system 
are spherical. We take radiuses of surfaces from GOST 1807–75 of the Russian Federation. Due to the chosen radiuses 
and glasses from catalogue of the LZOS the cost of production will become less. 

 
Keywords: Satellite Laser Ranging, camera lens, extender of laser. 
  
�����#��. K UTRXMc�VV C[V\c UTQzMhY�_� XMW-

UMRXY C Ql\V[VUQQ NThYUMRXQ NM jMR\QWVRjM`M TPPT-
[TXT NT�X RP_XUQjMC�V hTlV[U�V hMjTxQMUU�V RXTU-
xQQ (RP_XUQjMC�V hTlV[U�V NThYUM\V[�). LM Ql\V-
[VUUMy NThYUMRXQ Q \M\VUXT\ C[V\VUQ Ql\V[VUQc 

MP[VNVhcVXRc CVjXM[ RMRXMcUQc RP_XUQjT Nhc NThY-
UVy�V`M P[M`UMlT V`M \VRXMPMhMsVUQc [1]. K RCM� 
MWV[VNY, QRPMhYlMCTUQV NQRPV[RQMUUM`M \VXMNT C MP-
[VNVhVUQQ PMP[TCjQ R[VNUV`M jMubbQxQVUXT P[VhM\-
hVUQc TX\MRbV[�, MRUMCTUUM`M UT MNUMC[V\VUUMy 
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hMjTxQQ hTlV[U�\Q Q\P_hYRT\Q, [TlUVRVUU�\Q  
PM NhQUV CMhU�, PMlCMhcVX PMC�RQXY XMWUMRXY C MP[V-
NVhVUQQ NThYUMRXQ RP_XUQjT [2]. �hc P[Q\VUVUQc NQR-
PV[RQMUUM`M \VXMNT UVMz�MNQ\ [TRWVX MPXQWVRjQ� 
RQRXV\ NThYUM\V[T, [TzMXT��Q� MNUMC[V\VUUM UT 
NC_� NhQUT� CMhU zVl NMPMhUQXVhYUMy PV[VbMj_RQ-
[MCjQ.  

�PXQWVRjTc RMRXTChc��Tc RP_XUQjMC�� hTlV[U�� 
NThYUM\V[MC C�PMhUcVX RhVN_��QV lTNTWQ [3–5]:  
T) [TR�Q[cVX (jMhhQ\Q[_VX) hTlV[U�y P_WMj; z) P[Q-
UQ\TVX MX[TsVUU�V MX RP_XUQjT hTlV[U�V Q\P_hYR�; 
C) MR_�VRXChcVX CQl_ThYUMV RMP[MCMsNVUQV RP_XUQjT. 
�hc C�PMhUVUQc uXQ� lTNTW CMl\MsUT [VThQlTxQc MP-
XQWVRjQ� RQRXV\ jTj MXNVhYU�\Q zhMjT\Q, XTj Q jM\-
zQUQ[MCTUU�\Q. L[Q\V[M\ PMzhMWUMy [VThQlTxQQ 
cChcVXRc hTlV[U�y NThYUM\V[ ��-2 [6]. K UV\ MPXQWV-
RjTc RMRXTChc��Tc [VThQlMCTUT C X[V� MXNVhYU�� 
zhMjT�: [TR�Q[QXVhY (jMhhQ\TXM[) hTlV[UM`M P_WjT, 
NCT [VbhVjXM[T Nhc [V`QRX[TxQQ u�M-RQ`UThT Q XVhV-
RjMP Nhc CQl_ThYUM`M RMP[MCMsNVUQc xVhQ. K NThYUM-
\V[V «$TsVUY-q�» [TR�Q[QXVhY hTlV[UM`M P_WjT, 
P[QV\UTc MPXQWVRjTc RQRXV\T Q MPXQWVRjTc RQRXV\T 
Nhc RMP[MCMsNVUQc RP_XUQjT C�PMhUVU� C CQNV MNUM-
`M MPXQWVRjM`M zhMjT. �QT\VX[ RQRXV\� P[Q uXM\ MP-
[VNVhcVXRc TPV[X_[My MPXQWVRjMy RQRXV\�, P[QUQ-
\T��Vy MX[TsVUU�V MX RP_XUQjT u�M-RQ`UTh�. ~ MXNVhY-
UM C�PMhUVU MPXQWVRjQy zhMj `QNQ[MCTUQc, jMXM[�y 
PMlCMhcVX PM c[jQ\ lCVlNT\ RMMXUVRXQ QUV[xQThYU_� 
RQRXV\_ jMM[NQUTX R RQRXV\My jMM[NQUTX hTlV[UM`M 
NThYUM\V[T [7].  

K MPXQWVRjMy R�V\V NThYUM\V[T «$Q\VQl-1873» 
{[�\RjMy TRX[MbQlQWVRjMy MzRV[CTXM[QQ, [TRPMhM-
sVUUM`M UT `M[V {M�jT, [MhY [TR�Q[QXVhc hTlV[UM`M 
P_WjT C�PMhUcVX P[QV\UTc MPXQWVRjTc NC_�lV[jThY-
UTc RQRXV\T NQT\VX[M\ 1 \2 [8], P[QWV\ C�P_jhMV 
CXM[QWUMV lV[jThM C�PMhUVUM C CQNV MX[QxTXVhYUMy 
hQUl� �TUsVUT. K NTUUM\ NThYUM\V[V hTlV[U�y Ql-
h_WTXVhY R [TRRVQCT��Vy hQUlMy Q bMXMNVXVjXM[ u�M-
RQ`UThT R RMzQ[T��Vy hQUlMy [TRPMhMsVU� C bMj_RV 
{_NV, jMXM[�y bQjRQ[MCTU C P[MRX[TURXCV. ³XM PMl- 
CMhcVX QRPMhYlMCTXY TPPT[TX_[_, _RXTUMChVUU_� RXT-
xQMUT[UM. 

wTl[TzMXjT Q [TRWVX MPXQWVRjQ� jM\zQUQ[MCTUU�� 
RQRXV\ Nhc hTlV[U�� NThYUM\V[MC, [TzMXT��Q� C �Q-
[MjM\ NQTPTlMUV NhQU CMhU, P[VNRXTChcVX NMCMhYUM 
QUXV[VRU_� lTNTW_, Q VV [V�VUQV PMlCMhcVX _CVhQWQXY 
XMWUMRXY MP[VNVhVUQc NThYUMRXQ jMR\QWVRjM`M TPPT-
[TXT Q \QUQ\QlQ[MCTXY `TzT[QXUM-\TRRMC�V �T[TjXV-
[QRXQjQ hTlV[UM`M RP_XUQjMCM`M NThYUM\V[T. 

ÇVhY� [TzMX� cChchRc [TRRWVX jM\zQUQ[MCTUUMy 
MPXQWVRjMy RQRXV\�, jMXM[Tc Cjh�WTVX [TR�Q[QXVhY 
hTlV[UM`M P_WjT, MPXQj_ P[QV\T u�M-RQ`UThT Q MPXQ-
WVRj_� RQRXV\_ CQl_ThYUM`M RMP[MCMsNVUQc Nhc �Q-
[MjMy MzhTRXQ RPVjX[T.  

�%"*�%*"#�� ���'�. �hc NMRXQsVUQc xVhQ z�hM 
[V�VUM P[MQlCVRXQ [TRWVX MPXQWVRjMy RQRXV\� PM 
RX[_jX_[UMy R�V\V, P[QCVNVUUMy UT [QR. 1. $X[_jX_[-
UTc R�V\T P[VNRXTChcVX jM\zQUQ[MCTUU_� MPXQWV-
Rj_� RQRXV\_, Cjh�WT��_� C RVzc [TR�Q[QXVhY hT-
lV[UM`M P_WjT Nhc NQTPTlMUT NhQU CMhU MX 400 NM 2000 U\, 
NVXVjXM[ u�M-RQ`UThT R bMj_RQ[_��Vy hQUlMy Q Mz�Vj-

XQC jT\V[� RMP[MCMsNVUQc Nhc MPXQWVRjM`M NQTPTlM-
UT 480–644 U\. 

 

 
 

wQR. 1. $X[_jX_[UTc R�V\T jM\zQUQ[MCTUUMy MPXQ-
WVRjMy RQRXV\� RP_XUQjMCM`M hTlV[UM`M NThYUM\V[T:  
1 – [TR�Q[QXVhY hTlV[UM`M P_WjT; 2 – QUXV[bV[VU-
xQMUU�y bQhYX[; 3 – NVXVjXM[ u�M-RQ`UThT; 4 – 
Mz�VjXQC jT\V[� RMP[MCMsNVUQc; �L – hTlV[U�y 
P_WMj; w�L – [TR�Q[VUU�y �L; ³$ – u�M-RQ`UTh; 
 

�~ – MPXQWVRjMV Qlh_WVUQV 
 
�TlV[U�y P_WMj �L ([QR. 1) P[M�MNQX WV[Vl [TR-

�Q[QXVhY hTlV[UM`M P_WjT 1, cChc��QyRc, jTj P[TCQhM, 
TbMjThYUMy MPXQWVRjMy RQRXV\My. L[Q P[M�MsNVUQQ 
WV[Vl UV`M P[MQR�MNQX _CVhQWVUQV TPV[X_[� hTlV[UM-
`M h_WT. wTR�Q[VUU�y C NQT\VX[V hTlV[U�y P_WMj 
w�L UTP[TChVU C RXM[MU_ RP_XUQjT, UT jMXM[M\ _RXT-
UMChVU� _`MhjMC�V MX[TsTXVhQ MPXQWVRjM`M NQTPTlM-
UT. LMRhV MX[TsVUQc u�M-RQ`UTh ³$ UTP[TChVU C Mz-
[TXUM\ UTP[TChVUQQ (C RXM[MU_ hTlV[UM`M NThYUM\V-
[T). �ThVV ³$ P[M�MNQX WV[Vl MPXQWVRj_� RQRXV\_ 
[TR�Q[QXVhc C Mz[TXUM\ �MNV h_WVy, P[M�MNQX WV[Vl 
QUXV[bV[VUxQMUU�y bQhYX[ 2 Q bQjRQ[_VXRc NVXVj-
XM[M\ u�M-RQ`UThT 3, MRXTUTChQCTc P[Q uXM\ RWVXWQj 
C[V\VUU�� QUXV[CThMC. �T[cN_ R ³$ WV[Vl MPXQj_ 
[TR�Q[QXVhc C Mz[TXUM\ �MNV h_WVy P[QUQ\TVXRc MP-
XQWVRjMV Qlh_WVUQV �~ CRV`M MPXQWVRjM`M NQTPTlMUT. 
�~, UV P[MyNc WV[Vl bQhYX[ 2, UTP[TChcVXRc C Mz�Vj-
XQC jT\V[� RMP[MCMsNVUQc 4.  

���$�"�%��� ��/�"#�+� 0*3��. K jTWVRXCV [TR-
�Q[QXVhc hTlV[UM`M P_WjT QRPMhYl_VXRc [TRRWQXTU-
U�y UT\Q [TUVV lV[jThYUM-hQUlMC�y [TR�Q[QXVhY [9], 
jMXM[�y cChcVXRc lV[jThYUM-hQUlMCMy TbMjThYUMy 
MPXQWVRjMy RQRXV\My ([QR. 2). 

 

 
 

wQR. 2. �PXQWVRjTc R�V\T [TR�Q[QXVhc hTlV[UM`M 
P_WjT, QRPMhYl_V\M`M C jM\zQUQ[MCTUUMy R�V\V Nhc  
 

RP_XUQjMCM`M hTlV[UM`M NThYUM\V[T: 
1 – Mj_hc[U�y X[V�hQUlMC�y zhMj; 2 – PhMRjMV NQT-
`MUThYUMV lV[jThM; 3 – lV[jThYUMV PMj[�XQV xVU-
X[ThYUMy WTRXQ TPV[X_[UM`M \VUQRjT; 4 – lV[jThM 
�TUsVUT; 5 – lV[jThYUMV PMj[�XQV lV[jThT �TUsV- 
 

UT; 6 – TPV[X_[U�y \VUQRj 
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�TlV[U�y P_WMj PMRhV P[M�MsNVUQc Mj_hc[UM`M 
zhMjT 1 UTWQUTVX [TR�MNQXYRc. LMRhV MX[TsVUQc UT 
lV[jThV 2 UTP[TChVUQV [TR�MNc�V`MRc hTlV[UM`M P_W-
jT \VUcVXRc UT 90° C RXM[MU_ TPV[X_[UMy hQUl� 6, 
xVUX[ThYUTc WTRXY jMXM[My Q\VVX MX[TsT��VV PMj[�-
XQV 3. �X[TlQC�QRY MX PMj[�XQc 3, P[MyNc WV[Vl hQUl_ 
�TUsVUT 4 Q MX[TlQC�QRY MX lV[jThYUM`M PMj[�XQc 5, 
hTlV[U�y h_W RXTUMCQXRc RhTzM[TR�MNc�Q\Rc. LMRhV 
P[M�MsNVUQc WV[Vl TPV[X_[U�y \VUQRj 6 P_WMj RXT-
UMCQXRc PT[ThhVhYU�\ Q _CVhQWVUU�\ C NQT\VX[V. 

�RUMCU�V �T[TjXV[QRXQjQ [TR�Q[QXVhc hTlV[UM`M 
P_WjT P[QCVNVU� C XTzh. 1. 

 
����'� 1 

��#��#)� ��"��%�"��%��� "��$�"�%���  
��/�"#�+� 0*3�� 

 

�QT\VX[ C�MNUM`M l[TWjT, \\ 42,8 
�QT\VX[ C��MNUM`M l[TWjT, \\ 300 
�QTPTlMU NhQU CMhU, U\ 400–2000 
wTR�MNQ\MRXY h_WT 

400 U\, [TN 
1064 U\, [TN 

 
~2,5×10–5 

~11,6×10–5 
kCVhQWVUQV, j[TX 7 
LMhV l[VUQc, T 0,4 

 
�TUU�y [TR�Q[QXVhY P[Q NQT\VX[V TPV[X_[UMy 

hQUl� 320 \\ Q RV\Qj[TXUM\ _CVhQWVUQQ C Mz[TXUM\ 
�MNV h_WVy R_sTVX RCVXMCMy PMXMj NM NQT\VX[T 42,8 \\. 
³XM PMlCMhcVX QRPMhYlMCTXY V`M UV XMhYjM jTj PQXT�-
�_� MPXQj_ Nhc NVXVjXM[T u�M-RQ`UThT, UM Q jTj PQ-
XT��_� MPXQj_ Nhc Mz�VjXQCT RMP[MCMsNVUQc. wTR-
�MNQ\MRXY h_WT Nhc CRV`M MPXQWVRjM`M NQTPTlMUT  
Q zhQsUV`M QUb[Tj[TRUM`M (NM 2000 U\) – NQb[TjxQMU-
UTc Q UV X[Vz_VX NMPMhUQXVhYUMy PV[VbMj_RQ[MCjQ, 
WXM PMlCMhcVX V`M QRPMhYlMCTXY P[Q MNUMC[V\VUUM\ 
[TR�Q[VUQQ hTlV[U�� P_WjMC R [TlUVRVUU�\Q NhQUT-
\Q CMhU. L[Q uXM\ UT C�MNV UVPT[ThhVhYUMRXY hTlV[-
UM`M P_WjT R MPXQWVRjMy MRY� [TR�Q[QXVhc C P[VNV-
hT� ±0,2° UV RjTl�CTVXRc UT V`M [TR�MNQ\MRXY P[Q C�-
�MNV Ql [TR�Q[QXVhc. �QT`MUThYUMV lV[jThM 2 UT [QR. 2 
C�UMRQX Mj_hc[U�y zhMj C bMj_R �VR\QXT, WXM CPM-
RhVNRXCQQ PMlCMhQX QRPMhYlMCTXY bMj_R {_NV C hTlV[-
UM\ NThYUM\V[V. K NTUUM\ [TR�Q[QXVhV CRV PMCV[�-
UMRXQ hQUl Q lV[jTh RbV[QWVRjQV lT QRjh�WVUQV\ 
PhMRjM`M lV[jThT �2. �PV[X_[U�y \VUQRj Q lV[jThM 
�TUsVUT Ql`MXMChVU� Ql MPXQWVRjM`M RXVjhT \T[jQ 
�{7, hQUl� Mj_hc[UM`M zhMjT – Ql RXVjhT \T[Mj �{7, 
{8, qZ10 [10–12]. 

�XRVjTXVhQ PT[TlQXU�� h_WVy C CQNV _RVWVUU�� 
jMU_RMC (Mz�WUM _RXTUTChQCT�X C NC_�lV[jThYU�� 
RQRXV\T� XQPT jTRRV`[VUT) C [TR�Q[QXVhV hTlV[UM`M 
P_WjT UV X[Vz_�XRc, XTj jTj NQT`MUThYUMV lV[jThM 2 
(R\. [QR. 2) Q\VVX \VUY�Qy [Tl\V[, WV\ [Tl\V[ RVWV-
UQc XVUVCM`M jMU_RT Nhc PT[TlQXU�� h_WVy. 

�5���%�� ��'�") ��0"���;��#��. �CXM[T\Q 
[TRRWQXTU Mz�VjXQC jT\V[� RMP[MCMsNVUQc C NC_� 
CT[QTUXT�. �RUMCUMV [TlhQWQV CT[QTUXMC MPXQWVRjQ� 
RQRXV\ RMRXMQX C jMhQWVRXCV hQUl C RQRXV\V Q C \T[-
jT� QRPMhYl_V\M`M MPXQWVRjM`M RXVjhT. K PV[CM\ CT-
[QTUXV QRPMhYl_�XRc Mz�WU�V RXVjhT, T CM CXM[M\ 
CT[QTUXV RMNV[sTXRc hQUl�, Ql`MXMChVUU�V Ql RXVjhT 
R MRMz�\ �MNM\ NQRPV[RQQ: MRMz�y bhQUX �Z1 [13]  
Q MRMz�y j[MU �{4 [14]. �RUMCU�V �T[TjXV[QRXQjQ 
Mz�VjXQCMC, C RMRXTC jMXM[�� C�MNQX C��VMPQRTUU�y 
[TR�Q[QXVhY hTlV[UM`M P_WjT C Mz[TXUM\ �MNV h_WVy, 
P[QCVNVU� C XTzh. 2. 

�T [QR. 3 P[QCVNVU� NCT CT[QTUXT MPXQWVRjQ� 
R�V\ jT\V[� RMP[MCMsNVUQc C MPXQWVRjM\ NQTPTlMUV. 
wTR�Q[QXVhY hTlV[UM`M P_WjT C PMhUM\ Mz�V\V UT 
R�V\T� UV PMjTlTU, XTj jTj MU [TRR\TX[QCThRc C��V. 
�T R�V\T� MzMlUTWVUT hQ�Y V`M WTRXY – Mj_hc[U�y 
X[V�hQUlMC�y zhMj 1.  

L[QUxQP [TzMX� [TRRWQXTUU�� Mz�VjXQCMC RhV-
N_��Qy. �TlV[U�y QRXMWUQj �~ `VUV[Q[_VX hTlV[-
U�y P_WMj �L, jMXM[�y R PM\M�Y� PhMRjQ� lV[jTh 
�1 Q �2 UTP[TChcVXRc C Mj_hc[U�y X[V�hQUlMC�y zhMj 
[TR�Q[QXVhc hTlV[UM`M P_WjT. �TlV[U�y Q\P_hYR PM-
RhV P[M�MsNVUQc [TR�Q[QXVhc, MX[TsVUQc MX _`MhjM-
C�� MX[TsTXVhVy u�M-RQ`UThM\ P[M�MNQX C Mz[TXUM\ 
�MNV h_WVy WV[Vl [TR�Q[QXVhY, MX[TsTVXRc MX lV[jThT 
�2 Q P[M�MNQX WV[Vl P[Ml[TWU�y Nhc UV`M NQT`MUThY-
U�y bQhYX[_��Qy uhV\VUX �Z³. �QUlT 2 bMj_RQ[_VX 
³$ UT [V`QRX[Q[_��Vy PMCV[�UMRXQ bMXMNVXVjXM[T, 
jMXM[�y NTVX jM\TUN_ UT lTCV[�VUQV RWVXT QUXV[CT-
hMC C[V\VUQ. ZMj_RUMV [TRRXMcUQV hQUl� 2 MP[VNVhc-
VXRc jMURX[_jXQCU�\Q [Tl\V[T\Q.  

�NUMC[V\VUUM R ³$ C [TR�Q[QXVhY C Mz[TXUM\ �M-
NV h_WVy PMRX_PTVX MPXQWVRjMV Qlh_WVUQV, jMXM[MV, 
P[MyNc WV[Vl [TR�Q[QXVhY, PMRX_PTVX UT PhMRjMV lV[-
jThM �2. �X[TlQC�QRY MX UV`M Q MX PMCV[�UMRXQ �Z³, 
R PM\M�Y� hQUl bMj_RQ[_��V`M zhMjT MPXQWVRjM`M 
Qlh_WVUQc 3 MPXQWVRjMV Qlh_WVUQV bMj_RQ[_VXRc UT 
[V`QRX[Q[_��Vy PMCV[�UMRXQ P[QzM[T R lT[cNMCMy 
RCclY� Lv$.  

LMuhV\VUXU�V �T[TjXV[QRXQjQ bMj_RQ[_��V`M 
zhMjT 3 ([QR. 3) Nhc PV[CM`M Q CXM[M`M CT[QTUXT P[Q-
CVNVU� C XTzh. 3 Q 4 RMMXCVXRXCVUUM. K XTzhQxT� _jT-
lTU� [TNQ_R� j[QCQlU� PMCV[�UMRXVy, RCVXMCMy NQT-
\VX[ hQUl Q Q� XMh�QUT, lUTWVUQV CMlN_�U�� P[M\V-
s_XjMC \VsN_ hQUlT\Q Q \T[jT RXVjhT, Ql jMXM[M`M 
MUQ Ql`MXMChVU�. �XRWVX UM\V[MC PMCV[�UMRXVy bM-
j_RQ[_��V`M zhMjT MPXQWVRjM`M Qlh_WVUQc 3 UT [QR. 3 
UTWQUTVXRc R PV[CMy PMCV[�UMRXQ MX NQT`MUThYUM`M 
bQhYX[_��V`M uhV\VUXT �Z³ C UTP[TChVUQQ bMjThYUMy 
PhMRjMRXQ. wTNQ_R j[QCQlU� Nhc CRV� RbV[QWVRjQ� 
PMCV[�UMRXVy C�z[TU Ql RPQRjT J�$q 1807–75 [15].  

 
����'� 2 

�5A�� ��"��%�"��%��� �5���%��� ��'�") ��0"���;��#�� 
 

KT[QTUX ËT[TjXV[QRXQjT ¨ 1 ¨ 2 
�QT\VX[ C�MNUM`M l[TWjT, \\ 319,5 319,5 
³jCQCThVUXUMV bMj_RUMV [TRRXMcUQV, \\ 1752,6 1753,6 
ZMjThYUMV MXUM�VUQV 5,49 5,49 
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��������� ���. 2 
KT[QTUX ËT[TjXV[QRXQjT ¨ 1 ¨ 2 

�TR�XTz C bMjThYUMy PhMRjMRXQ, \j\  /  U 8,5 8,5 
�RUMCUMy RPVjX[ThYU�y NQTPTlMU, U\ 480–644 480–644 
{[QCQlUT PMhc l[VUQc LhMRjMRXY LhMRjMRXY 
k`hMCMy NQT\VX[ PMhc l[VUQc, `[TN_R� 0,3 0,3 
�QUVyU�y NQT\VX[ PMhc l[VUQc, \\ 9,2 9,2 
vTNUQy MX[VlMj, \\ 117,01 225,12 
$[VNUVjCTN[TXQWVRjQy NQT\VX[ QlMz[TsVUQc XMWVWUM`M QRXMWUQjT (xVUX[ PMhc / 
j[Ty PMhc), \j\ 7,5 / 12,0 5,5 / 6,7 

�QT\VX[ PcXUT [TRRVcUQc, C P[VNVhT� jMXM[M`M UT�MNQXRc 80 % RCVXMCMy uUV[`QQ 
QlMz[TsVUQc XMWVWUM`M QRXMWUQjT (xVUX[ PMhc / j[Ty PMhc), \j\ 8,6 / 14,4 7,9 / 7,8 

qQP� PMCV[�UMRXVy $bV[T $bV[T 
{MhQWVRXCM hQUl 5 4 
�T[jQ QRPMhYl_V\�� RXVjMh qZ10, �{7 �Z1, �{4, Lh. jCT[x 
ZMjThYUTc PMCV[�UMRXY LhMRjMRXY LhMRjMRXY 

 

 
 

wQR. 3. �z�VjXQC jT\V[� RMP[MCMsNVUQc: 
� – CT[QTUX ¨ 1 R 5-hQUlMC�\ bMj_RQ[_��Q\ zhMjM\; � – CT[QTUX ¨ 2 R 4-hQUlMC�\ bMj_RQ[_��Q\ zhMjM\;  
1 – Mj_hc[U�y X[V�hQUlMC�y zhMj [TR�Q[QXVhc hTlV[UM`M P_WjT; 2 – bMj_RQ[_��Tc hQUlT Nhc u�M-RQ`UThT ³$;  
3 – hQUl� bMj_RQ[_��V`M zhMjT MPXQWVRjM`M Qlh_WVUQc �~; �~ – hTlV[U�y Qlh_WTXVhY; �L – hTlV[U�y P_WMj; 
�1, �2 – PhMRjQV lV[jThT; �Z³ – NQT`MUThYU�y bQhYX[_��Qy uhV\VUX, P[Ml[TWU�y Nhc ³$; Z� – bMXMNVXVjXM[; 
 

Lv$ – P[QzM[ R lT[cNMCMy RCclY� 

����'� 3 
=�`��'�#%#)� ��##)� 2��*��"*^A�+� 5���� ��� 0�"��+� ��"��#%� �5���%��� 

 

¨ PMCV[�UMRXQ wTNQ_R j[QCQlU�, \\ $CVXMCMy NQT\VX[, \\ qMh�QUT, \\ �TPMhUVUQV, \TXV[QTh 

1 205,10 74,8 7 qZ10 
2 134,90 73,6 9,2 KMlN_� 
3 126,47 75,6 15 �{7 
4 –281,80 75,1 11,22 KMlN_� 
5 –136,77 73,0 7 �{7 
6 –168,27 73,1 104,36 KMlN_� 
7 128,23 52,5 10 �{7 
8 444,60 50,4 25 KMlN_� 
9 389,00 42,1 5 qZ10 
10 227,00 40,9 117,11 KMlN_� 
11 !    

 
����'� 4 

=�`��'�#%#)� ��##)� 2��*��"*^A�+� 5���� ��� �%�"�+� ��"��#%� �5���%��� 
 

¨ PMCV[�UMRXQ wTNQ_R j[QCQlU�, \\ $CVXMCMy NQT\VX[, \\ qMh�QUT, \\ �TPMhUVUQV, \TXV[QTh 

1 143,22 74,9 7,0 �Z1 
2 71,12 73,0 2,82 KMlN_� 

� � 
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��������� ���. 4 
¨ PMCV[�UMRXQ wTNQ_R j[QCQlU�, \\ $CVXMCMy NQT\VX[, \\ qMh�QUT, \\ �TPMhUVUQV, \TXV[QTh 

3 59,16 75,5 8,0 {CT[x Ph. 
4 62,52 73,9 4,09 KMlN_� 
5 75,86 75,5 25,0 �{4 
6 –69,82 73,7 2,49 KMlN_� 
7 –63,10 71,9 8,0 {CT[x Ph. 
8 –216,80 70,6 225,12 KMlN_� 
9 !    

 
����'� 5 

���%��%�%��� '�"�� �%���� 0� ��%���+* ���� '�"��' �%���� /�"*5�;#)� 0"��/����%���! 
 

�T[jT RXVjhT 
�v�$ Í�qq (SCHOTq) �Ë�w� (OHARA) 
�{7 FK FSL 
{8 K{7 BSL7 

qZ10 – – 
�Z1 KF NSL 
�{4 FK FPL 

 
�hQUT lTNUV`M MX[VljT ([TRRXMcUQV MX PMRhVNUVy 

MPXQWVRjMy PMCV[�UMRXQ NM P[QV\UQjT Qlh_WVUQc)  
C MzMQ� Rh_WTc� NMRXTXMWUT Nhc _RXTUMCjQ _lhT bMj_-
RQ[MCjQ, RCVXMbQhYX[MC Q RT\M`M bMXMP[QV\UQjT.  

$QRXV\T lV[jTh, RMRXMc�Tc Ql lV[jThT 2 (R\. [QR. 2)  
Q lV[jThT �2 (R\. [QR. 3), PMlCMhcVX QRPMhYlMCTXY  
bMj_R {_NV. qMWjT bMj_RT C RQRXV\V {_NV UVPMNCQs-
UT MXUMRQXVhYUM PMCV[�UMRXQ vV\hQ. ~lMz[TsVUQV, 
PMRX[MVUUMV MPXQWVRjMy RQRXV\My C bMjThYUMy PhMR-
jMRXQ, P[VXV[PVCTVX C[T�VUQV MXUMRQXVhYUM MPXQWV-
RjMy MRQ CM C[V\c RMP[MCMsNVUQc xVhQ. ~RPMhYlMCT-
UQV bMj_RT {_NV PMlCMhcVX QRPMhYlMCTXY RXTxQMUT[UM 
_RXTUMChVUU_� TPPT[TX_[_: NVXVjXM[ u�M-RQ`UThT  
R bMj_RQ[_��Vy hQUlMy, Mz�VjXQC jT\V[� RMP[MCMs-
NVUQc R bMXMNVXVjXM[M\ MPXQWVRjM`M QlMz[TsVUQc  
Q hTlV[U�y QRXMWUQj. kRXTUMCjT MzM[_NMCTUQc  
UT RXTUQUV hTlV[UM`M NThYUM\V[T RUQsTVX UT`[_lj_ UT 
MPM[UM-PMCM[MXUMV _RX[MyRXCM (�Lk), WXM PMlCMhcVX 
RUQlQXY CVR �Lk. 

L[Q [TRWVXV Mz�VjXQCMC QRPMhYlMCThQRY \T[jQ 
RXVjhT �{7, qZ10, �Z1, �{4, Ql`MXTChQCTV\�V  
UT ��XjT[QURjM\ lTCMNV MPXQWVRjM`M RXVjhT, Q PhTC-
hVU�y jCT[x. $MMXCVXRXCQV RXVjMh PM jTXThM`_ �v�$ 
\T[jT\ RXVjhT lT[_zVsU�� P[MQlCMNQXVhVy P[VNRXTC-
hVUM C XTzh. 5 [16]. L[Q lT\VUV MXVWVRXCVUU�� RXVjMh 
UT RXVjhT lT[_zVsU�� P[MQlCMNQXVhVy CMl\MsUT  
UVzMhY�Tc jM[[VjxQc XMh�QU hQUl Q [TRRXMcUQy  
\VsN_ UQ\Q. 

�#���/ �/�5"�;�#�� %�3�3#)� ��%�3#����. 
�QT`[T\\� Mz�VjXQCT Nhc XMWVWU�� QRXMWUQjMC, [TR-
PMhMsVUU�� UT MRQ, UT _`hMCM\ [TRRXMcUQQ 0,075°  
Q 0,15° MX MRQ, P[QCVNVU� UT [QR. 4. K CV[�UV\ P[TCM\ 
_`h_ _jTlTU _`Mh PMhc. $XM[MUT jCTN[TXT [TCUT 0,05 \\. 
�zMlUTWVUQc h_WVy: j[VRXQjQ – NhQUT CMhU� 479,9914 U\, 
j[_` – 546,074 U\, X[V_`MhYUQjQ – 643,8469 U\.  

$_\\T[UMV [TRP[VNVhVUQV uUV[`QQ C QlMz[TsVUQQ 
XMWVWUM`M QRXMWUQjT P[QCVNVUM UT [QR. 5. {[_`h�\ 
\T[jV[M\ MzMlUTWVUT j[QCTc [TRP[VNVhVUQc UT MRQ, 
X[V_`MhYU�\ – UT [TRRXMcUQQ 0,075T MX MRQ, Q j[VRXQ-
jM\ – UT _`hV 0,15T MX MRQ. K MzMQ� Rh_WTc� 100 % 
RCVXMCMy uUV[`QQ _jhTN�CTVXRc C j[_sMj NQT\VX[M\ 
~30 \j\. 

��%�0"��'#��. �TlUTWVUQV bMXMP[QV\UQjT RCM-
NQXRc j XM\_, WXMz� P[VMz[TlMCTXY QlMz[TsVUQV  
C MPXQWVRjM\ NQTPTlMUV C XVhVCQlQMUU�y RQ`UTh  
Q PV[VNTXY V`M UT CUV�UQV _RX[MyRXCT C�CMNT Nhc 
jMUX[Mhc C [VThYUM\ C[V\VUQ RhTzMRCVXc�Q�Rc  
Mz�VjXMC C UMWUMV C[V\c Q Mz�VjXMC C _RhMCQc� UMW-
UM`M MRCV�VUQc. L[VNPMhT`TVXRc, WXM bMXMP[QV\UQ-
jM\ \M`_X Rh_sQXY \TX[QWU�V Lv$-P[QV\UQjQ R jTN-
[MC�\ PV[VUMRM\ XQPT ELCM1079 P[MQlCMNRXCT  
�LL «³��w», wMRRQc. �TUU�y P[QV\UQj P[VNRXTChc-
VX \TX[QWU�y P[QzM[ R lT[cNMCMy RCclY� R jTN[MC�\ 
PV[VUMRM\, RMNV[sT�Qy RVjxQ� UTjMPhVUQc 578 
RX[Mj PM 578 uhV\VUXMC [Tl\V[M\ 22 \j\, R jCTUXMCMy 
ubbVjXQCUMRXY� 40–55 %, UT NhQUT� CMhU 400–700 U\ 
(NTUU�y RVURM[ RCVXMW_CRXCQXVhVU C NQTPTlMUV MX 250 
NM 1000 U\, UM Q\VVX \VUY�_� jCTUXMC_� ubbVjXQC-
UMRXY) [17]. kWVX XVPhMC�� XMjMC (�_\MC) CMl\MsVU 
P[Q RXTzQhYUMy XV\PV[TX_[V RVURM[T zhT`MNT[c uhV-
\VUX_ LVhYXYV, jMXM[�y _RXTUMChVU C `TlMUTPMhUVU-
UMy jT\V[V C\VRXV R \TX[QWU�\ Lv$-P[QV\UQjM\.  
K NTUUM\ P[QzM[V C�MNUMV MjUM jT\V[� C�PMhUVUM  
Ql MPXQWVRjM`M jCT[xVCM`M RXVjhT XMh�QUMy 2,8 \\. 
�TUUTc PhMRjMPT[ThhVhYUTc PhTRXQUT CUMRQX C RQRXV-
\_ NMPMhUQXVhYU_� RbV[QWVRj_� TzV[[TxQ�. $ PM\M-
�Y� PV[VbMj_RQ[MCjQ C�zQ[TVXRc PMhMsVUQV MPXQ-
\ThYUM`M bMj_RT. �hc CT[QTUXT ¨ 1 RhVN_VX _\VUY-
�QXY [TRRXMcUQc MX PMRhVNUVy hQUl� Mz�VjXQCT  
NM PV[CMy PMCV[�UMRXQ jCT[xVCM`M MjUT Lv$-P[QV\UQjT 
UV UT CVhQWQU_ XMh�QU� jCT[xVCMy PhTRXQU�, T NM 
lUTWVUQc 115,10 \\. ³XM PMlCMhQX PMh_WQXY PcXUT 
[TRRVcUQc Nhc QUXV`[ThYUM`M RCVXT C PhMRjMRXQ MPXQ-
\ThYUMy bMj_RQ[MCjQ Nhc U_hVCM`M h_WT – 7,4 \j\, 
Nhc PMhc 0,075T – 9,5 \j\ Q UT j[T� PMhc 0,15T – 11,8 \j\. 
�hc CXM[M`M CT[QTUXT [TRRXMcUQV MX PMRhVNUVy PMCV[�-
UMRXQ Mz�VjXQCT NM MjUT P[QV\UQjT NMhsUM RMRXTC-
hcXY 223,21 \\. K uXM\ PMhMsVUQQ PcXUM [TRRVcUQc 
z_NVX Nhc PMhc 0T – 6,2 \j\, Nhc PMhc 0,75T – 5,6 \j\ 
Q UT j[T� PMhc 0,15T – 5,9 \j\. L[Q [Tl\V[V PQjRVhc 
22 \j\ NTUUTc \TX[QxT C RMWVXTUQQ R [TRRWQXTUU�\ 
Mz�VjXQCM\ Q\VVX \TR�XTz 2,6 U/ PQjRVhY. 
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wQR. 4. qMWVWU�V NQT`[T\\� XMWVWUM`M QRXMWUQjT Nhc NC_� CT[QTUXMC [TRWVXT:  
� – PV[C�y CT[QTUX [TRWVXT Mz�VjXQCT; � – CXM[My CT[QTUX [TRWVXT 

 

 
 

wQR. 5. $_\\T[UMV [TRP[VNVhVUQV RCVXMCMy uUV[`QQ C QlMz[TsVUQQ  
XMWVWUM`M QRXMWUQjT RCVXT UT MRQ Q UT _`hMCM\ [TRRXMcUQQ 0,075T Q 0,15T MX UVV:  
� – [TRP[VNVhVUQV Nhc PV[CM`M CT[QTUXT; � – [TRP[VNVhVUQV Nhc CXM[M`M CT[QTUXT 

 
L[Q QRPMhYlMCTUQQ N[_`Q� \TX[QWU�� bMXMP[Q-

V\UQjMC, C lTCQRQ\MRXQ MX XMh�QU� Q \TXV[QThT 
C�MNUM`M MjUT, RhVN_VX PV[VRWQX�CTXY PMhMsVUQV 
PhMRjMRXQ UTQh_W�Vy bMj_RQ[MCjQ.  

����^3�#��. wTRRWQXTUU�V UT\Q CT[QTUX� Mz�Vj-
XQCT RMP[MCMsNVUQc Nhc hTlV[UM`M NThYUM\V[T PMlCM-
hc�X PMh_WQXY C jM\zQUQ[MCTUUMy R�V\V R [TR�Q[Q-
XVhV\ hTlV[UM`M P_WjT QlMz[TsVUQV XMWVWUM`M QRXMW-
UQjT UT MRQ [Tl\V[M\ 7,5 \j\ (CT[QTUX R Mz�WU�\Q 
MPXQWVRjQ\Q RXVjhT\Q) Q 5,5 \j\ (CT[QTUX R MRMz�\Q 
RXVjhT\Q, Q\V��Q\Q MRMz�y �MN NQRPV[RQQ). �hc 
CXM[M`M CT[QTUXT jTWVRXCM QlMz[TsVUQc MRXTVXRc zVl-
TzV[[TxQMUU�\ UT PMhMCQUV PMhc l[VUQc. {M\zQUQ-
[MCTUUTc MPXQWVRjTc RQRXV\T PMlCMhcVX \QUQ\QlQ[M-
CTXY `TzT[QXU�V Q \TRRMC�V �T[TjXV[QRXQjQ MPXQWV-
RjMy RMRXTChc��Vy hTlV[UM`M RP_XUQjMCM`M NThYUM-
\V[T. 

ZMj_R {_NV PMlCMhcVX QRPMhYlMCTXY RXTxQMUT[UM 
_RXTUMChVUU_� TPPT[TX_[_, X. V. Nhc UVV P[TjXQWVRjQ 
UVX M`[TUQWVUQc PM CVR_.  

wTRRWQXTUU�V RQRXV\� PMlCMhc�X jMhhQ\Q[MCTXY 
hTlV[U�y P_WMj C NQTPTlMUV MX 400 NM 2000 U\ zVl 
NMPMhUQXVhYUMy PV[VbMj_RQ[MCjQ. ^hT`MNT[c uXM\_ 
CMl\MsUM QRPMhYlMCTUQV NC_h_WVCMy hMjTxQQ jMR\Q-
WVRjQ� TPPT[TXMC, WXM PMlCMhcVX MP[VNVhQXY PMP[TCj_ 
C MP[VNVhVUQQ R[VNUV`M jMubbQxQVUXT P[VhM\hVUQc 
TX\MRbV[� NQRPV[RQMUU�\ \VXMNM\. 

kP[M�VUQ� Q _NV�VChVUQ� P[MxVRRT Ql`MXMChV-
UQc MPXQWVRjQ� jM\PMUVUXMC Mz�VjXQCT RPMRMzRXC_VX 
MXR_XRXCQV TRbV[QWVRjQ� PMCV[�UMRXVy; UTQzMhVV 
_PMX[VzQXVhYU�V [TNQ_R� j[QCQlU� Nhc RbV[QWVRjQ� 
PMCV[�UMRXVy Ql RPQRjT J�$q 1807–75; \T[jQ MPXQ-
WVRjM`M RXVjhT Nhc hQUl, jMXM[�V C�z[TU� Ql jTXThM-
`T MXVWVRXCVUUM`M P[MQlCMNQXVhc. 
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��& � ����������& %����(& ��%��������& &�	����	����� �����& %�������� ����& �������& �������� 
8�4-2238 � F30, �����+*�&�( ��$�� ������	��� ������ �, ��������������, ��	%6���� ���	���(�� #	� 
#����(���� ������� �	�*���( ������. ��������( �'���� ����	%���( �� #�%!�#�	������� ������ 	������ 
"%�� ����%"��& ������. � 	��%$���� ��#������& ����������� %���������, ��� ���������$��� %���$"�-
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�� �!	������������� ���	%��� ������(�� 1,2 �W. ������� 	�������& � !��#�	������$��& �����& ���(��(-
���( ���, ��� #	� 	������ �� %��������$ ������(+*�( "%�� ����� �� ���������(. 5� ��������� #�%!�-
#�	������� ����� "%�� ����%"���� ����� #�%���� ������"���� �( �#	������( ��(��( ������	� ����� 
�� ��	��������%+ ������(+*%+ "%�� ����� �� �!	������������� ���	%��� #	� %����� ������	��������  
� �!	�������������� #�����( ������, � ���6� #	� %����� #����(����� ������� �	�*���(. �	�������  
%	����� ��%����� ��*����� ���������������� "�	���#������� ��%����( (1000–5000 �') �� �������� 
8�4-2238 � F30, ���+*�& �!	������������ #������� ����� 	������ ������	�, #������, ��� 	������ 
� %	���(& ��%����� ��*����� ��6�� ���$ ��(���� �� ��$�� � 	������� � ������	�& ������, �� � � ������� 
��#�����$��& ���������� ����	�'�� "%��, ��(�����& � ���#������� ���������	��� ������ %��������  
�� ������� (� ���������, ��������� ���%������� #������ �� ����� ����%&�����	���� ����	������	� 
�������(). 
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EVALUATION OF THE INFLUENCE OF DIAMETER PROPELLER  

ON THE ACOUSTICS CHARACTERISTIC OF THE POWER PLANT BY THE LIGHT AIRCRAFT  
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The article presents the results of the performed computational and experimental studies of the influence of the 
propeller diameter on the acoustic characteristics of the power plant (PP) by the light aircraft to determine the method 
of community aircraft noise reduction of this class of aircraft by changing the diameter of the propeller while 
maintaining the aerodynamic and geometric similarity and propellers invariance of the rotation frequency.  
The experimental method is based on a comparative analysis of the measured under static conditions of acoustic 
characteristics by the power plants of light propeller aircraft MAI-223M and F30, differing only in the propeller 
diameter and thus tip speeds at a constant frequency of rotation propellers. Calculated estimate is based  
on semiempirical method for calculating propellers noise. As a result of the research it has been found that a slight 
decrease in the diameter of the propellers on the 3.3 % leads to the reduce of the total noise power plant light aircraft 
by 1.5 dB. At the same time the estimated value of the expected reduction of tonal loading propeller noise is 1.2 dB.  
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The difference between the calculated and experimental data is explained by the fact that the calculation does not take 
into account the thickness noise. Based on semiempirical model propeller noise ratio is obtained to determine the effect 
of the propeller diameter on the load propeller noise on the condition of the geometric and aerodynamic similarity 
propellers, and at a constant rotation frequency. Comparison of sound power levels of high-frequency broadband 
radiation (1000–5000 Hz) PP aircraft MAI-223M and F30, with aerodynamically similar propellers of different 
diameters, showed that the difference in the sound power level may be related not only to the difference in the diameter 
of the propellers but the presence of other sources of noise generation related to the arrangement of the power plant for 
propeller aircraft (particularly wrap inductive flow from the propeller the inlet oil cooler of the engine). 

 
Keywords: propeller noise, propeller power plant noise, light propeller aircraft noise, community aircraft noise. 
  
�����#��. L[MzhV\T _RXTUMChVUQc \VXMNMC RUQ-

sVUQc �_\T UT \VRXUMRXQ hV`jM\MXM[U�� RT\MhVXMC 
Mz�V`M UTlUTWVUQc cChcVXRc TjX_ThYUMy C RCclQ R NVy-
RXCQV\ Q PMRXMcUU�\ _sVRXMWVUQV\ UTxQMUThYU��  
Q \VsN_UT[MNU�� UM[\ UT P[VNVhYUM NMP_RXQ\�V 
_[MCUQ �_\T XTjQ� RT\MhVXMC UT \VRXUMRXQ [1; 2]. 
�[_`My TRPVjX TjX_ThYUMRXQ P[MzhV\� RUQsVUQc �_-
\T CQUXM\MXM[U�� RQhMC�� _RXTUMCMj lTjh�WTVXRc  
C RUQsVUQQ RXVPVUQ Tj_RXQWVRjMy lT\VXUMRXQ \ThM-
[Tl\V[U�� zVRPQhMXU�� hVXTXVhYU�� TPPT[TXMC  
R CQUXM\MXM[UMy RQhMCMy _RXTUMCjMy, QRPMhYl_V\�� 
Nhc [V�VUQc lTNTW RPVxQThYUM`M UTlUTWVUQc. 

K lT[_zVsU�� [TzMXT� UT RV`MNUc�UQy NVUY MP_z-
hQjMCTU� RhVN_��QV P[VNRXTChVUQc M ChQcUQQ NQT-
\VX[T UT Tj_RXQWVRjQV �T[TjXV[QRXQjQ CMlN_�U�� 
CQUXMC [3–5]. L[Q _CVhQWVUQQ NQT\VX[T CQUXT UT`[_l-
jT UT hMPTRXQ _\VUY�TVXRc, WXM P[QCMNQX j _\VUY�V-
UQ� `T[\MUQWVRjMy RMRXTChc��Vy �_\T MX Tu[MNQ-
UT\QWVRjMy UT`[_ljQ. LMuXM\_ _CVhQWVUQV NQT\VX[T 
P[QCMNQX j RUQsVUQ� �_\T UT ClhVXUM\ [VsQ\V [T-
zMX� $k. K XM sV C[V\c P[Q UQljMy Mj[_sUMy RjM[M-
RXQ RhVN_VX MsQNTXY zMhVV C�RMjQy {L� _ CQUXT  
R _CVhQWVUU�\ NQT\VX[M\, Q PMuXM\_ Nhc lTNTUUMy 
Xc`Q X[Vz_VXRc \VUY�Tc [TRPMhT`TV\Tc \M�UMRXY RQ-
hMCMy _RXTUMCjQ. kCVhQWVUQV NQT\VX[T CQUXT \MsVX 
RMWVXTXYRc R _\VUY�VUQV\ Mj[_sUMy RjM[MRXQ C jMU-
xVCM\ RVWVUQQ hMPTRXQ CQUXT Nhc zMhVV R_�VRXCVUUM-
`M RUQsVUQc �_\T. 

K XM sV C[V\c PMNMzU�V lTjh�WVUQc RP[TCVNhQC� 
P[Q R_�VRXCVUUM\ Ql\VUVUQQ CVhQWQU� NQT\VX[T 
CQUXT. ~UXV[VRUM [TRR\MX[VXY RQX_TxQ� UVlUTWQ-
XVhYUM`M _\VUY�VUQc QhQ _CVhQWVUQc NQT\VX[T CQUXT 
UT 3–5 % Q MxVUQXY P[Q uXM\ ChQcUQV NQT\VX[T CQUXT 
UT Tj_RXQWVRjMV PMhV $k P[Q _RhMCQQ RM�[TUVUQc 
lTjMUMC [TRP[VNVhVUQc PM [Tl\T�_ hMPTRXQ MRUMCU�� 
`VM\VX[QWVRjQ� PT[T\VX[MC (�M[NT, j[_XjT Q XMh�QUT). 
$hVN_VX MX\VXQXY, WXM P[Q UVlUTWQXVhYUM\ _\VUY�V-
UQQ NQT\VX[T UVMz�MNQ\M UVlUTWQXVhYUM _CVhQWQXY 
�T` CQUXT Nhc MzVRPVWVUQc RM�[TUVUQc Xc`Q UT ClhVX-
UM\ [VsQ\V [TzMX� $k PM R[TCUVUQ� R CQUXM\ zMhY-
�V`M NQT\VX[T. 

q������ �)0��#�#�� �-�#�� ����#�� ���- 
'�%"� ��#%� #� ��*�%�3����� ��"��%�"��%��� �q. 
�xVUjT ChQcUQc NQT\VX[T UT Tj_RXQWVRjQV �T[TjXV[Q-
RXQjQ CQUXT C UTRXMc�Vy [TzMXV C�PMhUcVXRc P[Q 
RhVN_��Q� _RhMCQc� R[TCUVUQc: 

– P[QUxQP [TCVURXCT Xc`Q R[TCUQCTV\�� CQUXMC; 
– P[QUxQP RM�[TUVUQc Tu[MNQUT\QWVRjM`M PMNM-

zQc (jCTlQPMRXMcURXCM WQRhT wVyUMhYNRT UT MXUMRQ-
XVhYUM\ [TNQ_RV hMPTRXQ 0,75r �  (Re0,75)); 

– _RhMCQV PMRXMcURXCT WTRXMX� C[T�VUQc CQUXMC.  

�QsV P[MCMNQXRc MxVUjT ChQcUQc NQT\VX[T CQUXT 
UT V`M Tj_RXQWVRjQV �T[TjXV[QRXQjQ R PM\M�Y� ujR-
PV[Q\VUXThYUM`M Q [TRWVXUM`M \VXMNMC. ³jRPV[Q\VU-
XThYU�y \VXMN MRUMCTU UT R[TCUQXVhYUM\ TUThQlV 
Ql\V[VUU�� C RXTXQWVRjQ� _RhMCQc� Tj_RXQWVRjQ� 
�T[TjXV[QRXQj RQhMC�� _RXTUMCMj �K$, MXhQWT��Q�-
Rc XMhYjM NQT\VX[T\Q CQUXMC Q, RMMXCVXRXCVUUM,  
Mj[_sU�\Q RjM[MRXc\Q P[Q PMRXMcUUMy WTRXMXV C[T-
�VUQc CQUXMC. wTRWVXUTc MxVUjT zTlQ[_VXRc UT PMh_-
u\PQ[QWVRjM\ \VXMNV [TRWVXT �_\T CMlN_�U�� CQU-
XMC [6; 7]. 

(��0�"�'�#%���#�� ���������#�� ����#�� ���- 
'�%"� ��#%� #� `#�"+�%�3����� ��"��%�"��%��� 
��*�%�3����+� �/�*3�#�� �q. $[TCUQXVhYU�y TUT-
hQl Tj_RXQWVRjQ� �T[TjXV[QRXQj CQUXMC [TlUM`M NQT-
\VX[T P[MCMNQXRc UT P[Q\V[V RQhMC�� _RXTUMCMj NC_� 
hV`jQ� CQUXMC�� RT\MhVXMC ��~-223� Q F30. �z�Qy 
CQN RT\MhVXMC P[VNRXTChVU UT [QR. 1 Q 2. $QhMC�V 
_RXTUMCjQ RT\MhVXMC ��~-223� Q F30 Cjh�WT�X  
C RVzc PM[�UVC�V NCQ`TXVhQ ROTAX-912ULS, lTjh�-
WVUU�V C jTPMX, Q XcU_�QV X[V�hMPTRXU�V CMlN_�U�V 
CQUX� bQjRQ[MCTUUM`M �T`T P[MQlCMNRXCT «{QVC-
L[MP» NQT\VX[T\Q 1,8 Q 1,74 \ RMMXCVXRXCVUUM [8; 9]. 
k\VUY�VUQV NQT\VX[T RMRXTChcVX � 3,3 %. vTjMU� 
[TRP[VNVhVUQc PM [Tl\T�_ hMPTRXQ MRUMCU�� `VM\VX-
[QWVRjQ� PT[T\VX[MC (�M[NT, j[_XjT Q XMh�QUT) cC-
hc�XRc P[TjXQWVRjQ UVQl\VUU�\Q. $hVN_VX MX\VXQXY, 
WXM �T` CQUXT \VUY�V`M NQT\VX[T PM NTUU�\ [Tl[T-
zMXWQjMC NTUU�� RT\MhVXMC (�${^³$ ��~) CMl[MR 
NM 1,3 C R[TCUVUQQ R 1,25 _ CQUXT zMhY�V`M NQT\VX[T. 
�VlUTWQXVhYUMV _CVhQWVUQV �T`T CQUXT UVMz�MNQ\M 
Nhc MzVRPVWVUQc RM�[TUVUQc UVQl\VUUMy Xc`Q UT ClhVX- 
UM\ [VsQ\V [TzMX�. 

�j_RXQWVRjQV QRP�XTUQc P[MCVNVU� Nhc �VRXQ 
[TlhQWU�� [VsQ\MC [TzMX� RQhMC�� _RXTUMCMj RT\M-
hVXMC, MP[VNVhcV\�� WTRXMXMy C[T�VUQc jMhVUCThT 
NCQ`TXVhc. �TUU�V M [VsQ\T� [TzMX� NCQ`TXVhc 
ROTAX-912ULS P[VNRXTChVU� C XTzhQxV. 
 

��;�') "�5�%) ���+�%��� �� �"�'� ��0)%�#�! 
 

¨ [VsQ\T ¹TRXMXT C[T�VUQc jMhVUCThT, Mz/\QU 

1 4000 
2 4200 
3 4400 
4 4600 
5 4800 
6 5000 
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wQR. 1. �z�Qy CQN RT\MhVXT ��~-223� 
 

 
 

wQR. 2. �z�Qy CQN RT\MhVXT F30 
 

 
 

wQR. 3. $�V\T [TRPMhMsVUQc XMWVj Ql\V[VUQc �_\T  
UT N_`V Mj[_sUMRXQ [TNQ_RM\ 30 \ 

 
KM C[V\c QRP�XTUQy Ql\V[chMRY lC_jMCMV NTChV-

UQV C 13-XQ XMWjT� Tj_RXQWVRjM`M PMhc, [TRPMhMsVU-
U�� UT N_`V Mj[_sUMRXQ [TNQ_RM\ 30 \ Q R �T`M\ 15° 
([QR. 3). ÇVUX[ Mj[_sUMRXQ RMCPTNTh R P[MVjxQVy 
CX_hjQ CQUXT UT lV\U_� PMCV[�UMRXY. �TP[TChVUQV 0° 
RMMXCVXRXCMCThM Qlh_WVUQ� C PV[VNU�� PMh_RbV[_  
C PhMRjMRXQ, P[M�MNc�Vy WV[Vl MRY CQUXT, T UTP[TChV-
UQV 90° RMMXCVXRXCMCThM UTP[TChVUQ� Qlh_WVUQc  
C PhMRjMRXQ NQRjT CQUXT. ~l\V[QXVhYU�V XMWjQ [TR-
PMhT`ThQRY UT _[MCUV lV\UMy PMCV[�UMRXQ, WXM PMlCM-
hchM QRjh�WQXY ChQcUQV QUXV[bV[VUxQQ lC_jT UT Ql-
\V[cV\�V _[MCUQ �_\T. 

�hc [V`QRX[TxQQ Tj_RXQWVRjQ� Ql\V[VUQy Q PMRhV- 
N_��Vy Mz[TzMXjQ NTUU�� QRPMhYlMCThTRY Ql\V[Q-
XVhYUTc RQRXV\T PORTABLE. �RUMCU�V PT[T\VX[� 
[V`QRX[TxQQ RQ`UThT UT xQb[MCM\ \T`UQXMbMUV: WTR-
XMXT jCTUXMCTUQc RQ`UThT – 51200 Jx, P[MXcsVUUMRXY 
lTPQRQ UT MNUM\ [VsQ\V – 30 R, [V`QRX[TxQc PMhVlUM`M 
RQ`UThT MR_�VRXChchTRY PT[ThhVhYUM R 13-XQ Ql\V[Q-
XVhYU�� jTUThMC. �z[TzMXjT Ql\V[VUUM`M lC_jMCM`M 
NTChVUQc Cjh�WThT C RVzc PMh_WVUQV _ljMPMhMRU�� 

RPVjX[MC R �Q[QUMy PMhMR� 1,56 Jx C NQTPTlMUV WTR-
XMX 0–10000 Jx Q X[VXYMjXTCU�� RPVjX[MC lC_jMCM`M 
NTChVUQc C NQTPTlMUV WTRXMX 16–10000 Jx. 

KM C[V\c QRP�XTUQy P[MCMNQhMRY Ql\V[VUQV PT-
[T\VX[MC TX\MRbV[� (XV\PV[TX_[�, NTChVUQc Q MXUM-
RQXVhYUMy ChTsUMRXQ), T XTjsV RjM[MRXQ Q UTP[TChV-
UQc CVX[T. 

LMRjMhYj_ NQT\VX[� _ [TRR\TX[QCTV\�� CQUXMC 
[TlhQWT�XRc UVlUTWQXVhYUM ([TR�MsNVUQV UV P[VC�-
�TVX 3,5 %), XM \MsUM MsQNTXY, WXM MzMz�VUU�V P[M-
RX[TURXCVUU�V Q RPVjX[ThYU�V �T[TjXV[QRXQjQ CQU-
XMC UT R�MNU�� [VsQ\T� [TzMX� XTjsV z_N_X zhQljQ-
\Q. LMuXM\_ UQsV P[VNRXTChVU� [Vl_hYXTX� TUThQlT 
ChQcUQc NQT\VX[T CQUXT XMhYjM UT uUV[`VXQWVRjQV 
�T[TjXV[QRXQjQ Tj_RXQWVRjM`M Qlh_WVUQc RQhMCMy 
_RXTUMCjQ. 

³UV[`VXQWVRjQy TUThQl Tj_RXQWVRjM`M Qlh_WVUQc 
RQhMCMy _RXTUMCjQ RT\MhVXT C�PMhUVU UT MRUMCTUQQ 
Ql\V[VUU�� C 13-XQ XMWjT� Tj_RXQWVRjM`M PMhc X[VXY-
MjXTCU�� Q _ljMPMhMRU�� RPVjX[MC _[MCUVy lC_jMCM-
`M NTChVUQc. $_\\T[U�y _[MCVUY lC_jMCMy \M�UMRXQ 
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$k, T XTjsV _[MCUQ lC_jMCMy \M�UMRXQ MXNVhYU�� 
RMRXTChc��Q� Qlh_WVUQc CMlN_�UM`M CQUXT [TRRWQ-
X�CThQRY C RMMXCVXRXCQQ R RMMXUM�VUQV\ [10]: 

 2 /10

0

10lg( 10 sin( ) ),L
WL R d

�

� � " "#  (1) 

`NV R – [TRRXMcUQV MX QRXMWUQjT NM XMWjQ Ql\V[VUQc 
�_\T; ø – _`Mh UTP[TChVUQc Qlh_WVUQc Q RMMXCVXRX-
C_��Qy V\_ _[MCVUY lC_jMCM`M NTChVUQc L. 

�T [QR. 4 PMjTlTU� Nhc RXTXQWVRjQ� _RhMCQy lTCQ-
RQ\MRXQ R_\\T[U�� _[MCUVy lC_jMCMy \M�UMRXQ $k 
RT\MhVXMC ��~-223� R CQUXM\ NQT\VX[M\ 1,8 \  
Q F30 R CQUXM\ NQT\VX[M\ 1,74 \ MX [VsQ\T [TzMX� 
$k, �T[TjXV[Ql_V\M`M WTRXMXMy C[T�VUQc CMlN_�UM`M 

CQUXT. �MsUM CQNVXY, WXM UT R�MNRXCVUU�� [VsQ\T� 
[TzMX� $k R_\\T[U�y _[MCVUY lC_jMCMy \M�UMRXQ 
$k R CQUXM\ NQT\VX[M\ 1,8 \ UT ~1,5 N^ C��V, WV\ 
R_\\T[U�y _[MCVUY lC_jMCMy \M�UMRXQ $k R CQUXM\ 
NQT\VX[M\ 1,74 \, Q uXM RMMXUM�VUQV RP[TCVNhQCM Nhc 
CRV� [TRR\TX[QCTV\�� [VsQ\MC. 

�T [QR. 5 P[VNRXTChVU� lTCQRQ\MRXQ _[MCUVy lC_-
jMCMy \M�UMRXQ Qlh_WVUQc UT WTRXMXT�, j[TXU�� WTR-
XMXV RhVNMCTUQc hMPTRXVy CQUXT (LW1C, LW2C, LW3C),  
T XTjsV _[MCUVy R_\\T[UMy lC_jMCMy \M�UMRXQ PV[-
C�� �VRXQ `T[\MUQj �_\T C[T�VUQc CQUXT (LW1–6C)  
MX [VsQ\T [TzMX� $k P[Q [TlhQWU�� lUTWVUQc� NQT-
\VX[T CQUXT.  

 

 
 

wQR. 4. $UQsVUQV R_\\T[UM`M _[MCUc lC_jMCMy \M�UMRXQ CQUXT 
P[Q _\VUY�VUQQ V`M NQT\VX[T P[Q _RhMCQQ RM�[TUVUQc UVQl\VU-
U�\Q Xc`Q Q WTRXMX� C[T�VUQc P[Q [TlhQWU�� [VsQ\T� [TzMX� $k 

 

     
�       � 

 

     
�      � 

 
wQR. 5. $UQsVUQV R_\\T[UM`M _[MCUc lC_jMCMy \M�UMRXQ MXNVhYU�� RMRXTChc��Q� Qlh_WVUQc CMl-
N_�UM`M CQUXT P[Q _\VUY�VUQQ V`M NQT\VX[T P[Q _RhMCQQ RM�[TUVUQc UVQl\VUU�\Q Xc`Q Q WTRXMX� 
C[T�VUQc P[Q [TlhQWU�� [VsQ\T� [TzMX� $k: � – _[MCUQ lC_jMCMy \M�UMRXQ Qlh_WVUQc UT WTRXMXV  
1-y `T[\MUQjQ �_\T C[T�VUQc CQUXT, LW1C; � – _[MCUQ lC_jMCMy \M�UMRXQ Qlh_WVUQc UT WTRXMXV 2-y 
`T[\MUQjQ �_\T C[T�VUQc CQUXT, LW2C; � – _[MCUQ lC_jMCMy \M�UMRXQ Qlh_WVUQc UT WTRXMXV 3-y `T[-
\MUQjQ �_\T C[T�VUQc CQUXT, LW3C; � – _[MCUQ R_\\T[UMy lC_jMCMy \M�UMRXQ PV[C�� �VRXQ `T[\UQj  
 

�_\T C[T�VUQc CQUXT, LW1–6C 
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�MsUM CQNVXY ([QR. 5, �, �), WXM P[Q NTUU�� _RhM-
CQc� R[TCUVUQc _\VUY�VUQV NQT\VX[T P[QCMNQX  
j _\VUY�VUQ� _[MCUVy lC_jMCMy \M�UMRXQ Qlh_WV-
UQc UT WTRXMXV PV[CMy Q X[VXYVy `T[\MUQj �_\T C[T-
�VUQc UT 0–2 Q 1–5 N^ RMMXCVXRXCVUUM, C lTCQRQ\MRXQ 
MX [VsQ\T [TzMX� $k. L[Q uXM\ _\VUY�VUQV _[MCUc 
lC_jMCMy \M�UMRXQ Qlh_WVUQc UT WTRXMXV CXM[My  
`T[\MUQjQ �_\T C[T�VUQc CQUXT RMRXTChcVX 4 N^,  
Q uXM RMMXUM�VUQV RP[TCVNhQCM CM CRV\ NQTPTlMUV 
[TRR\TX[QCTV\�� [VsQ\MC [TzMX� ([QR. 5, �). K XM sV 
C[V\c _\VUY�VUQV R_\\T[UM`M _[MCUc lC_jMCMy 
\M�UMRXQ PV[C�� �VRXQ `T[\MUQj �_\T CQUXT  
RMRXTChcVX 1–2 N^ ([QR. 5, �), WXM RCQNVXVhYRXC_VX  
M NM\QUQ[_��Vy [MhQ PV[CMy `T[\MUQjQ C `T[\MUQ-
WVRjMy RMRXTChc��Vy �_\T C[T�VUQc CQUXT.  

�T [QR. 6 [TRR\MX[VU� `[TbQjQ Ql\VUVUQc _[MC-
UVy lC_jMCMy \M�UMRXQ �Q[MjMPMhMRUM`M C�RMjMWTR-
XMXUM`M Qlh_WVUQc C NQTPTlMUV WTRXMX 1000–5000 Jx 
RQhMC�� _RXTUMCMj RT\MhVXMC ��~-223� Q F30 P[Q 
[TlhQWU�� [VsQ\T� [TzMX� $k. �MsUM CQNVXY, WXM  
_ RT\MhVXT �~-223� R_\\T[U�V _[MCUQ lC_jMCMy 
\M�UMRXQ �Q[MjMPMhMRUM`M Qlh_WVUQc P[VC��T�X 
UT 1,5–4 N^ RMMXCVXRXC_��QV _[MCUQ lC_jMCMy \M�-
UMRXQ RT\MhVXT F30. KMl\MsUM, WXM NM\QUQ[_��Q\ 
QRXMWUQjM\ �Q[MjMPMhMRUM`M Tj_RXQWVRjM`M Qlh_WV-
UQc C Rh_WTV $k RT\MhVXT ��~-223� cChcVXRc MzXV-
jTUQV CMlN_�MlTzM[UQjT [TNQTXM[T NCQ`TXVhc QUN_j-
XQCU�\ PMXMjM\ MX CQUXT, `TzT[QX� jMXM[M`M lT\VXUM 
zMhY�V, WV\ _ RT\MhVXT F30 (R\. [QR. 1 Q 2).  
 

 
 

wQR. 6. $UQsVUQV R_\\T[UM`M _[MCUc lC_jMCMy \M�UM-
RXQ �Q[MjMPMhMRUM`M Qlh_WVUQc (1000–5000 Jx) CMl-
N_�UM`M CQUXT P[Q _\VUY�VUQQ V`M NQT\VX[T P[Q _RhM-
CQQ RM�[TUVUQc UVQl\VUU�\Q Xc`Q Q WTRXMX� C[T�VUQc  
 

P[Q [TlhQWU�� [VsQ\T� [TzMX� $k 
 
wTUVV z�hM PMjTlTUM [11–15], WXM R[VNQ MRUMCU�� 

QRXMWUQjMC �_\T CMlN_�UM`M CQUXT C�NVhcVXRc XTj 
UTl�CTV\�y �_\ C[T�VUQc, QRXMWUQjM\ jMXM[M`M 
cChcVXRc NVyRXC_��Tc UT hMPTRXY CQUXT Tu[MNQUT\Q-
WVRjTc UT`[_ljT, �_\, Mz_RhMChVUU�y C�XVRUVUQV\ 
R[VN� XVhM\ hMPTRXQ, T XTjsV �_\ CQ�[VCM`M P[MQR-
�MsNVUQc, MNUQ\ Ql QRXMWUQjMC jMXM[M`M cChcVXRc 
X_[z_hVUXU�y RhVN lT hMPTRXc\Q. K �_\V CQUXM\M-
XM[UMy $k RT\MhVXT, PM\Q\M CQUXT Q NCQ`TXVhc, \M-
sVX Q\VXY \VRXM NMPMhUQXVhYU�y QRXMWUQj Tj_RXQWV-
RjM`M Qlh_WVUQc, RCclTUU�y R MzXVjTUQV\ QUN_jXQC-
U�\ PMXMjM\ MX CQUXT uhV\VUXMC jMURX[_jxQQ PhTUV-
[T RT\MhVXT (UTP[Q\V[, MzXVjTUQV CMlN_�MlTzM[UQjT 
[TNQTXM[T (R\. [QR. 1)). $[TCUVUQV _[MCUVy lC_jMCMy 
\M�UMRXQ C�RMjMWTRXMXUM`M �Q[MjMPMhMRUM`M Qlh_-
WVUQc (1000–5000 Jx) $k RT\MhVXMC ��~-223�  

Q F30, Q\V��Q� Tu[MNQUT\QWVRjQ PMNMzU�V CQUX� 
[TlUM`M NQT\VX[T, PMjTlThM, WXM [TlhQWQV C _[MCUc� 
lC_jMCMy \M�UMRXQ \MsVX z�XY RCclTUM UV XMhYjM  
R [TlhQWQV\ C NQT\VX[T� CQUXMC, UM Q R UThQWQV\ NM-
PMhUQXVhYU�� QRXMWUQjMC `VUV[TxQQ �_\T, RCclTUU�� 
R jM\PMUMCjMy CQUXM\MXM[UMy RQhMCMy _RXTUMCjQ. 

���3�%#�� �-�#�� ����#�� ���'�%"� ��#%� #� 
�+� /�*���*^ '�A#��%�. wTUVV P[Q TUThQlV PMh_u\-
PQ[QWVRjMy \MNVhQ �_\T CQUXT [6; 7; 14] z�hM _RXT-
UMChVUM, WXM \M�UMRXY Tj_RXQWVRjM`M Qlh_WVUQc \T-
hMUT`[_sVUUM`M CMlN_�UM`M CQUXT, _ jMXM[M`M NM\Q-
UQ[_��Q\Q cChc�XRc QRXMWUQjQ NQPMhYUM`M XQPT  
MX Tu[MNQUT\QWVRjMy UT`[_ljQ, P[MPM[xQMUThYUT 
WQRh_ �T�T �T[TjXV[UMy RjM[MRXQ MzXVjTUQc P[MbQhc 
hMPTRXQ C CMRY\My RXVPVUQ 8

î �	 ,�  jCTN[TX_ jMubbQ-
xQVUXT Xc`Q CQUXT  ¶2 Q jMubbQxQVUX_ \M�UMRXQ  �: 

 
� �
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1 3 2 3
0 ý

,
2

P

MaW c n d
c z br

8 9
N 4F G� � �F G
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 (2) 

`NV c1 – u\PQ[QWVRjQy jMubbQxQVUX P[MPM[xQMUThY-
UMRXQ; d – NQT\VX[ CQUXT, \; a – \TjRQ\ThYUTc XMh�Q-
UT Tu[MNQUT\QWVRjM`M P[MbQhc CQUXT UT ubbVjXQC-
UM\ [TNQ_RV, \; r  – MXUMRQXVhYU�y [TNQ_R CQUXT;  
c0 – RjM[MRXY lC_jT, \/R; z – WQRhM hMPTRXVy; bu – �M[NT 
hMPTRXQ C ubbVjXQCUM\ RVWVUQQ, \; � – PhMXUMRXY 
CMlN_�T, j`/\3; n – WTRXMXT C[T�VUQc CMlN_�UM`M CQU-
XT, Mz/R. 

�X\VXQ\, WXM CQUX� [TRR\TX[QCTV\�� RT\MhVXMC 
cChc�XRc `VM\VX[QWVRjQ Q Tu[MNQUT\QWVRjQ PMNMzU�-
\Q, T [VsQ\� Q� [TzMX� RMMXCVXRXC_�X TCXM\MNVhY-
U�\ [VsQ\T\. K uXM\ Rh_WTV, QRPMhYl_c C�[TsVUQV (2), 
\MsUM MxVUQXY ChQcUQV NQT\VX[T UT lC_jMC_� \M�-
UMRXY `T[\MUQWVRjMy RMRXTChc��Vy �_\T C[T�VUQc 
CMlN_�UM`M CQUXT MX Tu[MNQUT\QWVRjMy UT`[_ljQ.  

�RUMCU�\ _RhMCQV\ R[TCUVUQc Tj_RXQWVRjQ�  
�T[TjXV[QRXQj NC_� CQUXMC cChcVXRc [TCVURXCM Q� Xc` 
UT R�MNRXCVUU�� [VsQ\T� [TzMX�, X. V.: 

 
2 4

2 2 2
2 4

1 1 1

1.
n d
n d

�
�

�
 (3) 

k CQUXT RT\MhVXT F30 P[Q \VUY�V\ NQT\VX[V d1 
�T` _CVhQWVU UT 4 %, Q, RhVNMCTXVhYUM, C��V lUTWV-
UQV jMubbQxQVUXT Xc`Q, X. V.  ¶1 > ¶2. ©RhQ NMP_RXQXY, 
WXM C RMMXUM�VUQQ (3) _CVhQWVUQV �T`T CQUXT RT\MhV-
XT F30 UT 4 % PMhUMRXY� jM\PVURQ[_VXRc RMMXCVXRX-
C_��Q\ _\VUY�VUQV\ NQT\VX[T UT 3,3 %, XM P[Q [T-
CVURXCV WTRXMX C[T�VUQc n2 = n1 WQRhM �T�T Mj[_s-

UMy RjM[MRXQ CQUXT î �	
0

dnM
c


 ��
�� �

� �
 RT\MhVXT F30 XTjsV 

_\VUY�QXRc UT 3,3 %. K uXM\ Rh_WTV, C RMMXCVXRXCQQ  
R RMMXUM�VUQV\ (2), Nhc RMRXTChc��Vy �_\T C[T�V-
UQc CQUXT MX Tu[MNQUT\QWVRjMy UT`[_ljQ MXUM�VUQV 
\M�UMRXVy Tj_RXQWVRjM`M Qlh_WVUQc CQUXMC RT\MhV-
XMC ��~-223� Q F30 z_NVX [TCUM: 

 
2 2 6 8 2 6
2 î �	2 2 22 2 2
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 (4) 

L[Q _RhMCQQ, WXM \ThMV Ql\VUVUQV NQT\VX[T  
UV ChVWVX lT RMzMy lT\VXUM`M Ql\VUVUQc P[MRX[TURX-
CVUU�� Q WTRXMXU�� �T[TjXV[QRXQj Tj_RXQWVRjM`M 
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Qlh_WVUQc CQUXT, MsQNTV\MV [TRWVXUMV Ql\VUVUQV 
_[MCUc QUXVURQCUMRXQ �_\T lT RWVX Ql\VUVUQc NQT-
\VX[T CQUXT Q RMMXCVXRXC_��V`M Ql\VUVUQc Mj[_sUMy 
RjM[MRXQ P[Q _RhMCQQ PMRXMcURXCT WTRXMX� C[T�VUQc 
CQUXMC (n1 = n2) Q Xc`Q z_NVX [TCUM:   

 2 2
2 1

1 1
20lg 60lg ,W W W

d UL L L
d U

7 � � � �  (5) 

`NV 1 1 1,U d n� �  2 2 2U d n� �  – Mj[_sU�V RjM[MRXQ 
R[TCUQCTV\�� CQUXMC. 

LMRhV PMNRXTUMCjQ C C�[TsVUQV (5) lUTWVUQy NQT-
\VX[MC CMlN_�U�� CQUXMC RT\MhVXMC ��~-223�  
(d1 = 1,8 \) Q F30 (d2 = 1,74 \) Q Mj[_sU�� RjM[MRXVy 
PMh_WQ\, WXM Nhc [TRR\TX[QCTV\�� _RhMCQy R[TCUV-
UQc MsQNTV\MV [TRWVXUMV RUQsVUQV _[MCUc lC_jMCMy 
\M�UMRXQ RMRXTChc��Vy �_\T C[T�VUQc MX Tu[MNQUT-
\QWVRjMy UT`[_ljQ CQUXT RT\MhVXT F30 PM R[TCUVUQ� 
R CQUXM\ RT\MhVXT ��~-223� RMRXTChcVX ~1,2 N^. 

³bbVjX RUQsVUQc �_\T C[T�VUQc CQUXT MX Tu[M-
NQUT\QWVRjMy UT`[_ljQ P[Q PMRXMcURXCV WTRXMX� 
C[T�VUQc lT RWVX _\VUY�VUQc NQT\VX[T lTjh�WTVXRc, 
PM-CQNQ\M\_, C RUQsVUQQ QUXVURQCUMRXQ �_\T  
QRXMWUQjMC NQPMhYUM`M XQPT lT RWVX _\VUY�VUQc  
Mj[_sUMy RjM[MRXQ (C Mz�V\ Rh_WTV QUXVURQCUMRXY 
�_\T NQPMhc P[MPM[xQMUThYUT Mj[_sUMy RjM[MRXQ 
CQUXT C �VRXMy RXVPVUQ), T XTjsV, CMl\MsUM, lT RWVX 
UVjMXM[M`M R\V�VUQc XMWjQ P[QhMsVUQc [TCUMNVyRX-
C_��Vy Tu[MNQUT\QWVRjMy UT`[_ljQ zhQsV j CX_hjV 
CQUXT UVPMR[VNRXCVUUM CRhVNRXCQV _\VUY�VUQc NQT-
\VX[T. 

³jRPV[Q\VUXThYUM _RXTUMChVUUMV RUQsVUQV R_\-
\T[UM`M _[MCUc lC_jMCMy \M�UMRXQ RQhMCMy _RXTUMC-
jQ RT\MhVXT F30 PM R[TCUVUQ� R CQUXM\ RT\MhVXT 
��~-223� (R\. [QR. 4) RMRXTChcVX ~1,5 N^. wTRWVXUMV 
lUTWVUQV RUQsVUQc �_\T CQUXT lT RWVX _\VUY�VUQc 
NQT\VX[T Q RMMXCVXRXC_��V`M _\VUY�VUQc Mj[_sUMy 
RjM[MRXQ UVRjMhYjM UQsV PMh_WVUUM`M C ujRPV[Q\VU-
XV. ³XM, CMl\MsUM, RCclTUM R XV\, WXM C [TRWVXUMy 
MxVUjV UV _WQX�CThTRY [MhY RMRXTChc��Vy �_\T 
C[T�VUQc CQUXT MX «C�XVRUVUQc». 

����^3�#��. �M�UMRXY Tj_RXQWVRjM`M Qlh_WVUQc 
$k hV`jM`M CQUXMCM`M RT\MhVXT R XcU_�Q\ CQUXM\ 
lTCQRQX MX QUXVURQCUMRXQ Tj_RXQWVRjM`M Qlh_WVUQc 
CQUXT NCQ`TXVhc Q MX Tu[MNQUT\QWVRjMy jM\PMUMCjQ 
T`[V`TXMC NCQ`TXVhc. �hc RT\MhVXT F30 lUTWQXVhYUMV 
RUQsVUQV R_\\T[UM`M _[MCUc lC_jMCMy \M�UMRXQ 
RQhMCMy _RXTUMCjQ PM R[TCUVUQ� R $k RT\MhVXT 
��~-223� UT CVhQWQU_ NM 1,5 N^ P[Q P[MWQ� [TCU�� 
_RhMCQc� Mz�cRUcVXRc RUQsVUQV\ �_\T CQUXT MX Tu[M- 
NQUT\QWVRjMy UT`[_ljQ. L[Q uXM\ [TRWVXUMV MsQNTV-
\MV RUQsVUQV _[MCUc lC_jMCMy \M�UMRXQ `T[\MUQWV-
RjMy RMRXTChc��Vy �_\T C[T�VUQc CQUXT MX Tu[MNQ-
UT\QWVRjMy UT`[_ljQ, RCclTUUMy R _\VUY�VUQV\ NQT-
\VX[T CQUXT UT 0,06 \ Q RMMXCVXRXC_��Q\ _\VUY�V-
UQV\ Mj[_sUMy RjM[MRXQ C jMUxVCM\ RVWVUQQ hMPTRXQ 
CQUXT, P[Q PMRXMcUUMy WTRXMXV C[T�VUQc CQUXT RM-
RXTChcVX 1,2 N^. �VjMXM[MV [TR�MsNVUQV [TRWVXU��  
Q ujRPV[Q\VUXThYU�� NTUU�� Mz�cRUcVXRc, CMl\MsUM, 
XV\, WXM P[Q [TRWVXUMy MxVUjV UV _WQX�CThTRY [MhY 
RMRXTChc��Vy �_\T CQUXT MX «C�XVRUVUQc». 

qTjQ\ Mz[TlM\, P[Q\VUVUQV UT RT\MhVXV  
��~-223� CMlN_�UM`M CQUXT \VUY�V`M NQT\VX[T  
PM R[TCUVUQ� RM �XTXU�\ \MsUM [TRR\TX[QCTXY jTj 
jMURX[_jXQCU�y RPMRMz RUQsVUQc �_\T UT \VRXUMRXQ 
NTUUM`M RT\MhVXT. L[Q uXM\ UVMz�MNQ\M _WQX�CTXY 
XTjsV ChQcUQV jM\PMUMCjQ T`[V`TXMC NCQ`TXVhc  
UT `VUV[TxQ� �Q[MjMPMhMRUM`M Tj_RXQWVRjM`M Qlh_-
WVUQc $k C xVhM\. 

�T MRUMCTUQQ PMh_u\PQ[QWVRjMy \MNVhQ �_\T 
CQUXT PMh_WVUM RMMXUM�VUQV Nhc MP[VNVhVUQc ChQc-
UQc NQT\VX[T CQUXT UT _[MCVUY lC_jMCMy \M�UMRXQ 
$k P[Q _RhMCQQ `VM\VX[QWVRjM`M, Tu[MNQUT\QWVRjM`M 
PMNMzQc CQUXMC Q PMRXMcURXCV WTRXMX� C[T�VUQc. 
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Solar thermal propulsion (STP) with thermal energy storage (TES) using high-temperature heat-accumulating 

materials (HAM) with high specific heat of fusion is considered. These HAM possess power advantages over solid-state 
graphitic accumulators. TES is structurally combined with “concentrator-absorber” system (CAS) and is intended to 
accumulation of thermal energy from the mirror-image solar concentrator during the periods of space vehicle motion at 
passive legs of multi-burn trajectory. Firings of the STP are realized at apsidal areas of the transfer orbits at the 
expense of the thermal discharge of the TES, heating the propulsive mass (hydrogen) up to high temperatures and 
providing high specific impulse. Independence of processes of precise orientation of the CAS to the Sun during the 
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periods of passive motion of the space vehicle for charge of TES, and thrust vector control is thus provided at 
accumulator discharge at active legs of the trajectory. Areas of firings of the STP thus do not depend on illuminance 
conditions. Such refractory HAM as beryllium oxide and binary eutectic B*Si and 3BeO*2MgO with fusion 
temperature above 2000 K and specific heat of fusion higher than 2 MJ/kg are considered. The problem of inter-orbital 
transfer of space vehicle from LEO to GEO within 60 days is observed. Payload mass as a criterion of efficiency flight 
is maximized by optimization of relevant parameters of CAS and TES. It is possible to consider such relevant 
parameters as the ratio of masses of the concentrator and the TES and parameter of accuracy of the pseudo-paraboloid 
concentrator. Joint optimization of relevant parameters is conducted. Their expedient values for each of the considered 
HAM are shown. It is shown that at use of B*Si alloy the payload mass can be higher in comparison with other 
considered materials. The CAS tracking conditions to the Sun thus corresponds enough to modern technical 
feasibilities. The gain in payload mass can exceeds 1.5 times of efficiency of launchers with the state-of-the-art upper 
stages, and allows to use of smaller class launchers. 

 
Keywords: solar thermal propulsion, thermal energy storage, heat-accumulating materials, high-temperature 

“concentrator–absorber” system, geostationary orbit, payload mass. 
  
�����#��. $UQsVUQV RXMQ\MRXQ C�CVNVUQc PMhVl-

U�� `[_lMC UT C�RMjQV M[zQX� cChcVXRc TjX_ThYUMy 
lTNTWVy, [V�VUQV jMXM[My \MsVX z�XY MR_�VRXChVUM 
P_XV\ QRPMhYlMCTUQc [TjVX-UMRQXVhVy zMhVV hV`jM`M 
jhTRRT, MRUT�VUU�� uUV[`VXQWVRjQ zMhVV ubbVjXQC-
U�\Q, WV\ X[TNQxQMUU�V, CV[�UQ\Q RX_PVUc\Q ([Tl-
`MUU�\Q zhMjT\Q). { XTjQ\ R[VNRXCT\ C�CVNVUQc 
\MsUM MXUVRXQ [Tl`MUU�V zhMjQ R NCQ`TXVhYU�\Q _RXT- 
UMCjT\Q, QRPMhYl_��Q\Q CUV�UQV [VR_[R� jMR\QWV-
RjM`M P[MRX[TURXCT, C WTRXUMRXQ, RMhUVWU_� uUV[`Q� 
jTj UTQzMhVV NMRX_PU_�.  

wTUVV z�hM PMjTlTUM, WXM [Tl`MUU�y zhMj R RMh-
UVWU�\ XVPhMC�\ [TjVXU�\ NCQ`TXVhV\ ($qwj�) PM-
lCMhcVX lUTWQXVhYUM (NM NC_� [Tl) PMC�RQXY PMhVlU_� 
UT`[_lj_ (L�), C�CMNQ\_�, UTP[Q\V[, UT `VMRXTxQM-
UT[U_� M[zQX_ (J$�) [1; 2]. K[V\c C�CVNVUQc P[Q 
uXM\ RMRXTChcVX 30–60 R_XMj R QRPMhYlMCTUQV\ \UM-
sVRXCVUU�� P[V[�CQRX�� X[TVjXM[Qy P[Q Cjh�WVUQQ 
NCQ`TXVhc PV[QMNQWVRjQ C PV[Q`VV jTsNMy PV[V�MNUMy 
M[zQX� Q lTXV\, PMRhV bM[\Q[MCTUQc `VMPV[V�MNUMy 
M[zQX�, P[Q Cjh�WVUQQ $qwj� C TPM`VV jTsN�y [Tl 
Nhc bM[\Q[MCTUQc J$� [1–4]. K Rh_WTV QRPMhYlMCT-
UQc Mz�jUMCVUUM`M $qwj� CMlUQjT�X CMP[MR� C�zM-
[T PMhUMRXY� MRCV�VUU�� TPRQNThYU�� TjXQCU�� 
_WTRXjMC, T XTjsV UVMz�MNQ\MRXY MNUMC[V\VUUM`M 
_P[TChVUQc CVjXM[M\ Xc`Q Q NMRXTXMWUM XMWUM`M UTCV-
NVUQc RQRXV\� «jMUxVUX[TXM[–P[QV\UQj» ({L) UT $Mh- 
UxV C XVWVUQV jTsNM`M TjXQCUM`M _WTRXjT. ³XM P[VN-
RXTChcVX MXNVhYU_� RV[YVlU_� XV�UQWVRj_� P[MzhV-
\_, X[Vz_��_� xVhM`M jM\PhVjRT NMRXTXMWUM RhMs-
U�� XV�UQWVRjQ� [V�VUQy. 

K [TzMXT� [2; 5] [TRR\MX[VU� CT[QTUX� $qwj�  
R RQRXV\My {L, Cjh�WT��Vy XVPhMCMy Tjj_\_hcXM[ 
(q�) C RMRXTCV RCVXMP[QV\UQjT, UTjTPhQCT��Qy XVP-
hMC_� uUV[`Q� UT MRCV�VUU�� PTRRQCU�� _WTRXjT� 
jTsNMy PV[V�MNUMy X[TVjXM[QQ Q MXNT��Qy VV [TzM-
WV\_ XVh_ (CMNM[MN_) C \M\VUX Cjh�WVUQc NCQ`TXVhc  
C TPRQNThYU�� MzhTRXc�. ³XM MzVRPVWQCTVX _P[M�V-
UQV lTNTW C�zM[T TjXQCU�� _WTRXjMC CUV lTCQRQ\MRXQ 
MX _RhMCQy MRCV�VUUMRXQ Q _P[M�TVX X[Vz_V\MV  
UTCVNVUQV RQRXV\� {L UT $MhUxV. 

K jTWVRXCV Tjj_\_hcXM[T XVPhT \M`_X z�XY QR-
PMhYlMCTU� XTjQV \TXV[QTh�, jTj RQhQxQ[MCTUU�y 
`[TbQX XQPT �LJ-6, lTPTRT��Qy XVPhM lT RWVX XVPhM-
V\jMRXQ, T XTjsV C�RMjMXV\PV[TX_[U�V bTlMPV[V�MN-
U�V XVPhMTjj_\_hQ[_��QV \TXV[QTh� (q��), UTjTP-

hQCT��QV XVPhMC_� uUV[`Q� lT RWVX C�RMjMy _NVhY-
UMy XVPhMX� PhTChVUQc [6; 7].  

wTl[TzMXjQ RMhUVWUMy uUV[`MNCQ`TXVhYUMy _RXT-
UMCjQ R q� UT MRUMCV `[TbQXT P[MCMNcXRc C ÇVUX[V 
Q\. {VhN��T [3; 4], T XTjsV C $Í� (NASA, Boeing  
Q N[. [2]). ³XM Mz�cRUcVXRc zMhVV P[MRXMy jMURX[_jxQVy 
XCV[NMXVhYU�� q� PM R[TCUVUQ� R bTlMPV[V�MNU�\Q 
Tjj_\_hcXM[T\Q. qV\ UV \VUVV, bTlMPV[V�MNU�V q�� 
MzhTNT�X R_�VRXCVUU�\Q uUV[`VXQWVRjQ\Q P[VQ\_-
�VRXCT\Q PM R[TCUVUQ� R `[TbQXMCMy XVPhMTjj_\_-
hQ[_��Vy \TX[QxVy (R\., UTP[Q\V[, [7; 8]). $hVN_VX, 
MNUTjM, MX\VXQXY Q UVNMRXTXjQ RT\Q� bTlMPV[V�MNU�� 
q��, RCclTUU�V R Q� jM[[MlQMUUMy TjXQCUMRXY�  
C [TRPhTChVUUM\ RMRXMcUQQ, lUTWQXVhYU�\ Ql\VUVUQV\ 
Mz�V\T C xQjhT� «PhTChVUQV–lTXCV[NVCTUQV», UQljMy 
XVPhMP[MCMNUMRXY� Q UVMNUM[MNUMRXY� [TRP[VNVhV-
UQc [TRPhTCT C jTPR_hV q� C _RhMCQc� UVCVRM\MRXQ, 
WXM \MsVX P[QCVRXQ j PV[V`[VC_ MzMhMWjQ q�, RM-
C\V�VUUM\_ R P[QV\UQjM\ jMUxVUX[Q[MCTUUM`M RMh-
UVWUM`M Qlh_WVUQc. ³XQ CMP[MR� X[Vz_�X NMPMhUQ-
XVhYUM`M Ql_WVUQc. wTzMX� C uXM\ UTP[TChVUQQ CVN_X-
Rc C JMR�~~ �L� «�_W», �L� «{CTUX» Q N[. [8; 9]. 

K UTRXMc�Vy [TzMXV [TRR\TX[QCTVXRc ubbVjXQC-
UMRXY QRPMhYlMCTUQc bTlMPV[V�MNU�� q�� jTj MzhT-
NT��Q� C�RMjQ\Q uUV[`VXQWVRjQ\Q PMjTlTXVhc\Q  
Q UV \VUc��Q� [TzMW_� XV\PV[TX_[_ CM C[V\c TjXQC-
UMy [TzMX� NCQ`TXVhc P[Q [Tl[cNV q�.  


�0���/���#�� �� � ���%��� �����. L[VNRXTC-
hVUU�V [TUVV [TzMX� PM MxVUjV ubbVjXQCUMRXQ 
$qwj� R q� [5; 10] PMjTlThQ V`M C�RMj_� ubbVjXQC-
UMRXY jTj R[VNRXCT \VsM[zQXThYUMy X[TURPM[XQ[MCjQ. 
qTjMy NCQ`TXVhY Q\VVX RQRXV\_ {L \VUY�Vy [Tl\V[-
UMRXQ, T P[Q V`M Cjh�WVUQc� `[TCQXTxQMUU�V PMXV[Q 
RjM[MRXQ \M`_X RUQsTXYRc PM R[TCUVUQ� R zTlMC�\ 
$qwj� zVl q� CRhVNRXCQV CMl\MsUM`M z�RX[M`M [Tl-
[cNT Tjj_\_hcXM[T Q zMhY�Vy [TRPMhT`TV\My Xc`Q.   

K\VRXV R XV\ R_�VRXC_VX P[MzhV\T C�zM[T xVhVRM-
Mz[TlU�� q�� jTj MzVRPVWQCT��Q� UTQh_W�VV [V-
�VUQV lTNTWQ NMRXTCjQ PMhVlUM`M `[_lT UT C�RMjQV 
M[zQX�. qTj, UVMz�MNQ\M C�z[TXY q��, XV\PV[TX_[T 
PhTChVUQc jMXM[M`M P[QzhQsVUT j MPXQ\ThYUMy XV\-
PV[TX_[V UT`[VCT CMNM[MNT, MP[VNVhcV\My NMRX_PUMy 
XMWUMRXY� lV[jThYUM`M PT[TzMhMQNUM`M jMUxVUX[TXM-
[T. L[Q uXM\ PT[T\VX[ XMWUMRXQ lV[jThT [11] XTjsV 
cChcVXRc MNUQ\ Ql MPXQ\QlQ[_V\�� PT[T\VX[MC,  
MX jMXM[M`M lTCQRQX \TRRT PMhVlUM`M `[_lT. kNVhYUTc 
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XVPhMXT PhTChVUQc q�� NMhsUT z�XY NMRXTXMWUM C�-
RMjMy Nhc RM�[TUVUQc jMUj_[VUXU�� P[VQ\_�VRXC 
XTjM`M $qwj� jTj R[VNRXCT \VsM[zQXThYUMy X[TUR-
PM[XQ[MCjQ PM R[TCUVUQ� R N[_`Q\Q PV[RPVjXQCU�\Q 
NCQ`TXVhc\Q jMR\QWVRjM`M UTlUTWVUQc. 

K [TzMXT� [5; 7; 10; 12] [TRR\MX[VU� XTjQV bTlMPV-
[V�MNU�V \TXV[QTh�, jTj MjRQN zV[QhhQc, zQUT[UTc 
uCXVjXQjT 3BeO*2MgO, \VXThhQWVRjQy zV[QhhQy, 
`QN[QN hQXQc Q N[_`QV \TXV[QTh� R C�RMjMy _NVhYUMy 
uUV[`MV\jMRXY�. ËT[TjXV[QRXQjQ [TRR\TX[QCTV\��  
C UTRXMc�Vy [TzMXV C�RMjMXV\PV[TX_[U�� q�� Nhc 
$qwj� P[VNRXTChVU� C XTzhQxV. 

 
��"��%�"��%��� �)����%�'0�"�%*"#)�  

2�/�0�"����#)� �� 
  

q�� qV\PV[TX_[T 
PhTChVUQc, { 

kNVhYUTc XVPhMXT 
PhTChVUQc, j�s/j` 

3BeO*2MgO 2153 2088 
B*Si 2320 2540 
BeO 2804 2840 

 
wTRR\TX[QCTV\�V C�RMjMXV\PV[TX_[U�V q�� 

Q\V�X P[VQ\_�VRXCM UTN \VUVV X_`MPhTCjQ\Q CV�V-
RXCT\Q CRhVNRXCQV zMhVV C�RMjM`M _NVhYUM`M Q\P_hYRT 
$qwj�, RCVXMP[QV\UQj-Tjj_\_hcXM[ jMXM[M`M [TzM-
XTVX P[Q PMC��VUU�� XV\PV[TX_[T�. �NUTjM uXM  
UV MlUTWTVX, WXM lNVRY UT�MNQXRc lMUT MPXQ\_\T  
UT`[VCT [TzMWV`M XVhT, PMRjMhYj_ P[Q C�RMjQ� XV\PV-
[TX_[T� _CVhQWQCT�XRc X[Vz_V\Tc XMWUMRXY lV[jThY-
UM`M jMUxVUX[TXM[T Q V`M _NVhYUTc \TRRT, RUQsTVXRc 
{L� RQRXV\� {L Q, RMMXCVXRXCVUUM, CMl[TRXTVX PhM-
�TNY Q PMhUTc \TRRT lV[jThT, WXM _\VUY�TVX \TRR_ 
C�CMNQ\M`M `[_lT. {Tj PMjTl�CTVX P[MCVNVUU�y TUT-
hQl, PMQRj q�� R MPXQ\ThYU�\Q XV\PV[TX_[T\Q 
PhTChVUQc RhVN_VX P[MQlCMNQXY C MzhTRXQ \VsN_  
C�RMjMXV\PV[TX_[U�\Q q�� XQPT MjRQNT zV[QhhQc  
Q \VUVV X_`MPhTCjQ\Q CV�VRXCT\Q XQPT uCXVjXQjQ 
3BeO*2MgO. { XTjQ\ CV�VRXCT\ R P[M\Vs_XMWUMy 
XV\PV[TX_[My PhTChVUQc Q C�RMjMy _NVhYUMy uUV[`M-
V\jMRXY� \MsVX z�XY MXUVRVU, C WTRXUMRXQ, RPhTC 
zM[T R j[V\UQV\ B*Si. LMuXM\_ C NTUUMy [TzMXV [TR-
R\TX[QCTVXRc CMl\MsUMRXY P[VQ\_�VRXCVUUM`M QRPMhY- 
lMCTUQc C XM\ WQRhV Q uXM`M bTlMPV[V�MNUM`M \TXV-
[QThT C $qwj� C R[TCUVUQQ R N[_`Q\Q C�RMjMXV\PV-
[TX_[U�\Q q�� P[Q C�PMhUVUQQ \VsM[zQXThYU�� 
\TUVC[MC. 

�����"���#�� ����� � �� � ���%��� ���'�3�-
���+� �00�"�%�. vTNTWT C�zM[T MPXQ\ThYU�� PT[T-
\VX[MC $qwj� R q� C RMRXTCV jMR\QWVRjM`M TPPT[TXT 
({�) cChcVXRc RQRXV\UMy, _WQX�CT��Vy WTRXM P[MXQ-
CM[VWQC�V X[VzMCTUQc j [Tl[TzMXjV NCQ`TXVhc R RQR-
XV\My {L, XVPhMCM`M Tjj_\_hcXM[T Q {� ([Tl`MUUM`M 
zhMjT), PMuXM\_ P[TCQhYUM C�z[TXY R�V\_ Q PT[T\VX-
[� CMl\MsUM XMhYjM P[Q Q� jM\PhVjRUMy MPXQ\QlT-
xQQ jTj VNQUMy XV�UQWVRjMy RQRXV\� RMC\VRXUM  
R b_UjxQc\Q Q PT[T\VX[T\Q _P[TChVUQc UT TjXQCU�� 
_WTRXjT� X[TVjXM[QQ. K MXhQWQV MX X[TNQxQMUUM`M 
\VsM[zQXThYUM`M PV[VhVXT, jM`NT lT RWVX Q\P_hYRUMy 
TPP[MjRQ\TxQQ TjXQCU�� _WTRXjMC C PV[CM\ P[QzhQ-
sVUQQ CMl\MsUM UVlTCQRQ\MV [TRR\MX[VUQV lTNTW 

C�zM[T X[TVjXM[QQ Q MRUMCU�� P[MVjXU�� PT[T\VX[MC 
{� [13], P[Q UThQWQQ C RMRXTCV jMR\QWVRjM`M TPPT[T-
XT $qwj� uXQ lTNTWQ ClTQ\MlTCQRQ\� [1].  

�TXV\TXQWVRjTc \MNVhY lTNTWQ \VsM[zQXThYUMy 
X[TURPM[XQ[MCjQ R RMhUVWUMy CV[�UVy RX_PVUY� 
Cjh�WTVX _[TCUVUQc NCQsVUQc, lTCQRQ\MRXQ, RCcl�-
CT��QV �T[TjXV[QRXQjQ Q PT[T\VX[� {�, $qwj�  
Q q�, T XTjsV RMMXCVXRXC_��QV M`[TUQWVUQc Q `[T-
UQWU�V _RhMCQc. �hc [V�VUQc lTNTWQ UVMz�MNQ\M 
C�z[TXY MRUMCU�V P[MVjXU�V PT[T\VX[� {� R $qwj� 
Q _P[TChVUQc, MPXQ\ThYUMV RMWVXTUQV jMXM[�� MzVR-
PVWQCTVX UTQh_W�QV PMjTlTXVhQ ubbVjXQCUMRXQ C�-
PMhUVUQc X[TURPM[XUMy lTNTWQ. K jTWVRXCV MRUMCU�� 
PMjTlTXVhVy PMhVXT UT uXTPV PMQRjMC�� QRRhVNMCTUQy 
[TRR\TX[QCT�XRc uUV[`VXQWVRjQV Q \TRRMC�V �T[TjXV-
[QRXQjQ {� R $qwj�. qTj, UTP[Q\V[, PMjTlTXVhV\ 
ubbVjXQCUMRXQ \VsM[zQXThYUMy X[TURPM[XQ[MCjQ 
\MsVX Rh_sQXY \TRRT lTX[TWVUUM`M XMPhQCT QhQ jM-
UVWUTc \TRRT {�. �NUTjM Nhc zMhVV PMhUMy MxVUjQ 
X[TURPM[XU�� CMl\MsUMRXVy {� VRXVRXCVUUM QRPMhY-
lMCTXY C jTWVRXCV PMjTlTXVhc ubbVjXQCUMRXQ \TRR_ 
L�, NMRXTChcV\My UT xVhVC_� M[zQX_. K Rh_WTV WQRXM 
CMNM[MNUM`M $qwj� uXMX PMN�MN \MsVX MjTlTXYRc zM-
hVV P[TCQhYU�\, PMRjMhYj_ lNVRY UVMz�MNQ\M _WQX�-
CTXY lUTWQXVhYU_� NMh� jTj CMNM[MNUM`M zTjT, XTj  
Q q� C jMUVWUMy \TRRV {� Q MxVUQCTXY C�CMNQ\_� 
\TRR_ lT C�WVXM\ \TRR� XMPhQCUM`M MXRVjT, XVPhMCM`M 
Tjj_\_hcXM[T, NCQ`TXVhc R RQRXV\My {L Q CRPM\M`T-
XVhYU�� RQRXV\ Q uhV\VUXMC jMURX[_jxQQ. $hVN_VX 
XTjsV _WVRXY, WXM lTP[TChVUUTc \TRRT CMNM[MNT, cChc-
cRY MP[VNVhc��Q\ PT[T\VX[M\ Nhc [TRWVXT \TRR� 
XMPhQCUM`M MXRVjT, lTCQRQX MX _NVhYUM`M Q\P_hYRT 
$qwj�, jMXM[�y, C RCM� MWV[VNY, MP[VNVhcVXRc XV\-
PV[TX_[My UT`[VCT `TlT C q�, \TRRT jMXM[M`M \MsVX 
z�XY lUTWQXVhYUMy. kWQX�CTc [TRR\MX[VUU�V XVRU�V 
ClTQ\MRCclQ P[MVjXU�� PT[T\VX[MC {� Q $qwj�  
R q�, C�zM[ C jTWVRXCV PMjTlTXVhc ubbVjXQCUMRXQ 
PMhVXT \TRR� L� cChcVXRc NMRXTXMWUM MWVCQNU�\.  

KVjXM[ C�MNU�� PT[T\VX[MC \TXV\TXQWVRjMy \M-
NVhQ $qwj� C RMRXTCV {� Cjh�WTVX UTWThYU_� \TRR_ 
{�, Xc`_ $qwj� QhQ UTWThYU_� Xc`MCMM[_sVUUMRXY 
{�, _NVhYU�y Q\P_hYR, lTCQRc�Qy MX [TzMWVy XV\PV-
[TX_[� q�, MPXQjM-`VM\VX[QWVRjQV PT[T\VX[� RQRXV-
\� {L, _NVhYU_� XVPhMX_ PhTChVUQc q��, T XTjsV 
PT[T\VX[� UTWThYUMy Q jMUVWUMy M[zQX. �TRRT L� 
MP[VNVhcVXRc jTj [TlUMRXY \VsN_ RXT[XMCMy \TRRMy 
{� UT QR�MNUMy M[zQXV Q R_\\My RMRXTChc��Q� \TR-
R� XMPhQCT, q� Q jMURX[_jxQQ {� R $qwj�. �RUMC-
U�V RMRXTChc��QV \TRR� {� R $qwj� UT uXTPV P[VN-
CT[QXVhYUM`M P[MVjXQ[MCTUQc Cjh�WT�X \TRR_ L�, 
PMhU_� \TRR_ lTP[TChVUUM`M XMPhQCT, \TRR_ XMPhQC-
UM`M MXRVjT R T[\TX_[My Q RQRXV\My PMNTWQ, \TRR_ 
NCQ`TXVhc R RQRXV\My {L Q q�, \TRR_ RQRXV\� _P[TC-
hVUQc (\MsVX [Tl\V�TXYRc UT L�) Q \TRR_ P[MWQ� 
(UV_WXVUU��) RQRXV\. 

$hVN_VX MX\VXQXY, WXM RMzRXCVUUM RQRXV\T {L  
R q� \MsVX z�XY Cjh�WVUT C \TRR_ L� Nhc uUV[`M-
RUTzsVUQc UT M[zQXV UTlUTWVUQc. �hc uXM`M C RMRXTC 
q� UVMz�MNQ\M Cjh�WQXY P[VMz[TlMCTXVhQ uUV[`QQ, 
UTP[Q\V[ XV[\Mu\QRRQMUU�V, [TzMXT��QV P[Q C�RM-
jQ� XV\PV[TX_[T�. qM`NT Mz�Tc PMhVXUTc ubbVjXQC-
UMRXY $qwj� R q� lT\VXUM CMl[TRXVX. 
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L[Q MP[VNVhVUQQ ujRX[V\_\T xVhVCMy b_UjxQQ 
Nhc C�z[TUUMy X[TVjXM[QQ PMhVXT C�NVhc�XRc MRUMC-
U�V PT[T\VX[� NCQ`TXVhc Q P[MCMNQXRc Q� RMC\VRXUTc 
MPXQ\QlTxQc. �P[VNVhVUQV MPXQ\ThYUM`M RMWVXTUQc 
PT[T\VX[MC $qwj� R q� Q {� C UTRXMc�Vy [TzMXV 
P[MCMNQXRc \VXMNM\ PMjMM[NQUTXUM`M RP_RjT [1; 13]. 
L[Q MxVUjV uUV[`M\TRRMCMy ubbVjXQCUMRXQ {�  
R $qwj� R_�VRXCVUU�\Q ([VhVCTUXU�\Q) PM MXUM�V-
UQ� j Ql\VUVUQ� j[QXV[Qc ubbVjXQCUMRXQ PT[T\VX-
[T\Q $qwj� \M`_X z�XY C�z[TU�, C WTRXUMRXQ, PT[T-
\VX[ XMWUMRXQ jMUxVUX[TXM[T Q MXUM�VUQV \TRR� 
jMUxVUX[TXM[T j \TRRV q� P[Q lTNTUU�� lUTWVUQc� 
XV\PV[TX_[� PhTChVUQc q�� Q V`M _NVhYUMy uUV[`M-
V\jMRXQ. wVhVCTUXU�V PT[T\VX[� NMhsU� MPXQ\QlQ-
[MCTXYRc RMC\VRXUM. qV\PV[TX_[T UT`[VCT [TzMWV`M 
XVhT C RQRXV\V «RCVXMP[QV\UQj–q�» C NTUUM\ Rh_WTV 
UV MPXQ\QlQ[_VXRc, T bQjRQ[_VXRc UT _[MCUV XV\PV[T-
X_[� PhTChVUQc jMUj[VXUM`M q��. qc`T $qwj�,  
C MXhQWQV MX X[TNQxQMUU�� [TjVXU�� NCQ`TXVhVy,  
UV cChcVXRc MPXQ\QlQ[_V\�\ PT[T\VX[M\. ³XM Mz�cR-
UcVXRc \MUMXMUUM _z�CT��Q\ �T[TjXV[M\ lTCQRQ\M-
RXQ \TRR� L� MX Xc`Q CRhVNRXCQV MPV[VsT��V`M [MR-
XT \TRR� q� Q jMUxVUX[TXM[T PM R[TCUVUQ� R _\VUY-
�VUQV\ \TRR� [TzMWV`M XMPhQCT Ql-lT RUQsVUQc `[T-
CQXTxQMUUMy RMRXTChc��Vy �T[TjXV[QRXQWVRjMy RjM-
[MRXQ PMhVXT.  

�-�#�� `22��%��#��%� ��0���/���#�� "�/��3-
#)� �� � ���%��� �����. L[Q\VUQXVhYUM  
j $qwj� R[TCUQ\ uUV[`MTjj_\_hQ[_��QV \TXV[QTh�, 
MzhTNT��QV C�RMjMy Rj[�XMy XVPhMXMy PhTChVUQc 
P[Q XV\PV[TX_[T� C��V 2000 { – MjRQN zV[QhhQc, 
uCXVjXQj_ 3BeO*2MgO Q uCXVjXQj_ B*Si (R\. XTzhQx_). 
KRV C�NVhVUU�V q�� MzhTNT�X C�RMjMy _NVhYUMy 
XVPhMXMy PhTChVUQc, P[VC��T��Vy 2 ��s/j`, WXM 
PMhMsQXVhYUM RjTl�CTVXRc UT \TRRM`TzT[QXU�� �T[Tj- 
XV[QRXQjT� q� R uXQ\Q \TXV[QThT\Q.  

L[Q MxVUjV PMhVXUMy ubbVjXQCUMRXQ $qwj� R q� 
C Mz�V\ Rh_WTV [V�TVXRc Mz[TXUTc P[MVjXUM-zThhQ- 
RXQWVRjTc lTNTWT C�CVNVUQc jMR\QWVRjM`M TPPT[TXT  
UT J$�, jM`NT UTWThYUTc \TRRT RX_PVUQ lTNTUT. ³XM 
\MsVX z�XY NMRXTXMWUM MP[TCNTUUM, PMRjMhYj_ P[Q-
\VUQXVhYUM j jMUj[VXUM\_ UMRQXVh� Q `VM`[TbQWV-
RjMy XMWjV lTP_RjT \TRRT TPPT[TXT UT M[zQXV C�CVNV-
UQc Mz�WUM lT[TUVV QlCVRXUT. �TRRT L� \TjRQ\QlQ-
[_VXRc P[Q M`[TUQWVUQQ UT C[V\c C�PMhUVUQc lTNTWQ 
\VsM[zQXThYUM`M PV[V�MNT. �TWThYUTc \TRRT [Tl`MU-
UM`M zhMjT R $qwj� UT RXT[XMCMy M[zQXV C [TRR\TX[Q-
CTV\My lTNTWV RMMXCVXRXC_VX \TRRV CV[�UVy RX_PVUQ 
[TjVX�-UMRQXVhc «$M�l-2» P[Q P_RjV R jMR\MN[M\T 
{_[_. 

^_NV\ [TRR\TX[QCTXY $qwj� R PhVUMWU�\ jMUxVU-
X[TXM[M\ RMhUVWUMy uUV[`QQ, UTP[Q\V[ UTN_CUM`M 
XQPT, R CMl\MsU�\ MXCV[sNVUQV\ PMCV[�UMRXQ PMRhV 
V`M bM[\Q[MCTUQc UT M[zQXV. K jTWVRXCV CT[QTUXT 
\MsUM [TRR\TX[QCTXY lV[jThM, C�PMhUVUUMV Ql Th�-
\QUQlQ[MCTUUM`M jTPXMUT, T[\Q[MCTUUM`M jVChT[M\, 
QhQ hT\QUTXT, RMRXMc�V`M Ql RjhVVUU�� \VsN_ RMzMy 
RhMµC Th�\QUQlQ[MCTUUM`M jTPXMUT, Th�\QUQVCMy 
bMhY`Q Q jTPXMUT, T[\Q[MCTUUM`M jVChT[M\ [14]. 
kNVhYUTc \TRRT XTjM`M jMUxVUX[TXM[T NMRXTXMWUM 
PMN�MNQX Nhc C�PMhUVUQc jMR\QWVRjQ� lTNTW. kWQX�-
CTc [TlNVhVUUMRXY CM C[V\VUQ P[MxVRRMC UTjMPhVUQc 
uUV[`QQ Q [Tl[cNT q�, CMP[MR� NVbM[\TxQQ jMUxVU-

X[TXM[T P[Q lTP_RjV NCQ`TXVhc Q C[V\c CMlC[T�VUQc 
V`M j QR�MNUMy PRVCNMPT[TzMhMQNUMy bM[\V P[VN-
RXTChc�XRc UV RhQ�jM\ j[QXQWU�\Q. 

wTRR\MX[Q\ lTCQRQ\MRXY \TRR� L� MX RMMXUM�V-
UQc \TRR jMUxVUX[TXM[T Q q� Nhc C�RMjMXV\PV[TX_[-
U�� q��, MP[VNVhcV\_� RM`hTRUM MPQRTUUMy \TXV-
\TXQWVRjMy \MNVhQ R XMWUMRXY�, NMRXTXMWUMy Nhc 
P[QUcXQc [V�VUQc PM C�zM[_ [TxQMUThYU�� ThYXV[-
UTXQC Q Q� PMRhVN_��Vy NVXThYUMy P[M[TzMXjQ [1; 
13]. K[V\c \VsM[zQXThYUM`M PV[V�MNT UT J$� P[Q-
\V\ [TCU�\ 60 R_XjT\ jTj [TxQMUThYUMV, _\VUY�VUQV 
jMXM[M`M P[QCMNQX j RUQsVUQ� \TRR� L�, T _CVhQWV-
UQV UV P[QCMNQX j lT\VXUM\_ VV [MRX_ [1; 5]. L[Q 
_XMWUVUUM\ [TRWVXV \TRR� L� UT uXTPV XV�UQWVRjM`M 
P[VNhMsVUQc RhVN_VX NMPMhUQXVhYUM _WQX�CTXY PMXV-
[Q _NVhYUM`M Q\P_hYRT UT UV[TCUMCVRUMRXY QRXVWVUQc 
Q N[_`QV CQN� PMXV[Y [1; 13]. {Tj RhVN_VX Ql [QR. 1, 
Nhc jTsNM`M q�� R_�VRXC_VX \TjRQ\_\ \TRR� L�  
C MP[VNVhVUUMy MzhTRXQ MXUM�VUQc \TRR� lV[jThT  
j \TRRV q�. qTj, Nhc jM\PMlQxQQ 3BeO*2MgO MPXQ-
\_\ RMMXCVXRXC_VX MXUM�VUQ� \TRR� jMUxVUX[TXM[T 
j \TRRV q� C P[VNVhT� 20–25 %. $ PMC��VUQV\ [TzM-
WVy XV\PV[TX_[� uXMX MPXQ\_\ RNCQ`TVXRc C RXM[MU_ 
_CVhQWVUQc uXM`M RMMXUM�VUQc, RMRXTChcc 30–40 %  
C Rh_WTV uCXVjXQjQ B*Si Q NMRXQ`Tc 80–90 % C Rh_WTV 
C�RMjMXV\PV[TX_[UM`M MjRQNT zV[QhhQc. L[VNRXTC-
hVUU�V [Vl_hYXTX� \MsUM Mz�cRUQXY _CVhQWVUQV\ 
X[Vz_V\My XMWUMRXQ lV[jThYUM`M jMUxVUX[TXM[T Nhc 
lT[cNjQ q� R zMhVV X_`MPhTCjQ\Q q��, MzhTNT��Q-
\Q PMC��VUUMy XVPhMXMy PhTChVUQc Q RMMXCVXRXC_�-
�Q\ [MRXM\ \TRR� lV[jThT. 

KhQcUQV XMWUMRXQ PT[TzMhMQNUM`M jMUxVUX[TXM[T 
UT \TRR_ L� PMjTlTUM UT [QR. 2, MXj_NT RhVN_VX, WXM 
R_�VRXC_�X MzhTRXQ MPXQ\ThYU�� QhQ xVhVRMMz[Tl-
U�� lUTWVUQy PT[T\VX[T XMWUMRXQ, lTCQRc�Q� MX XV\-
PV[TX_[� PhTChVUQc jMUj[VXUM`M q��. LM \V[V _CV-
hQWVUQc XV\PV[TX_[� PhTChVUQc q�� MPXQ\ThYU�y 
PT[T\VX[ XMWUMRXQ RUQsTVXRc (PMC��TVXRc MPXQ\ThY-
UTc jMUxVUX[TxQc RMhUVWUM`M Qlh_WVUQc). qTj, VRhQ 
Nhc uCXVjXQjQ 3BeO*2MgO MPXQ\ThYU�y PT[T\VX[ 
XMWUMRXQ RMMXCVXRXC_VX 0,6T–0,7T, XM Nhc uCXVjXQjQ 
B*Si MPXQ\_\ PT[T\VX[T XMWUMRXQ R\V�TVXRc ChVCM  
Q UT�MNQXRc UT _[MCUV 0,5T–0,6T. �hc MjRQNT zV[QhhQc 
MPXQ\ThYUTc XMWUMRXY jMUxVUX[TXM[T RMMXCVXRXC_VX 
0,25T. ³XM Mz�cRUcVXRc XV\, WXM zMhY�Tc XMWUMRXY 
[VljM _CVhQWQCTVX _NVhYU_� \TRR_ lV[jThT, RUQsTc 
\TRR_ L� lT RWVX [MRXT \TRR� NCQ`TXVhYUMy _RXTUMCjQ, 
T _\VUY�VUQV XMWUMRXQ RUQsTVX {L� RQRXV\� {L, 
WXM X[Vz_VX zMhY�Vy PhM�TNQ Q \TRR� lV[jThT  
Q XTjsV P[QCMNQX j PTNVUQ� \TRR� L�. $hVN_VX MX-
\VXQXY, WXM \VUY�V\_ lUTWVUQ� PT[T\VX[T XMWUMRXQ  
(X. V. zMhY�Vy XMWUMRXQ lV[jThT Q jMUxVUX[TxQQ RMh-
UVWUM`M Qlh_WVUQc) RMMXCVXRXC_�X \VUY�QV NMP_RXQ-
\�V _`h� [TlM[QVUXTxQQ RQRXV\� {L P[Q RhVsVUQQ  
lT $MhUxV\. K uXM\ MXUM�VUQQ QRPMhYlMCTUQV q��  
R zMhVV UQljMy XV\PV[TX_[My PhTChVUQc PMlCMhcVX 
\VUVV XMWUMV UTCVNVUQV UT $MhUxV. qTj, P[Q MPXQ-
\ThYUM\ PT[T\VX[V XMWUMRXQ P[Q QRPMhYlMCTUQQ uC-
XVjXQjQ B*Si, [TCUM\ 0,5T–0,6T, _`Mh NQUT\QWVRjM`M 
RhVsVUQc lT $MhUxV\ \MsVX RMRXTChcXY 1T–1,2T, WXM 
CPMhUV C�PMhUQ\M RMC[V\VUU�\Q XV�UQWVRjQ\Q 
R[VNRXCT\Q [11; 12].  
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wQR. 1. vTCQRQ\MRXY \TRR� L� MX RMMXUM�VUQc \TRR jMUxVUX[TXM[T  
Q q� Nhc C�RMjMXV\PV[TX_[U�� q�� 
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wQR. 2. vTCQRQ\MRXY \TRR� L� MX PT[T\VX[T XMWUMRXQ lV[jThT 
 

vTCQRQ\MRXQ [Tl\V[MC PT[TzMhMQNUM`M jMUxVUX[T-
XM[T MX C[V\VUQ C�CVNVUQc L� R UQljMy RXT[XMCMy 
M[zQX� UT J$� Nhc [TRR\TX[QCTV\�� q�� PMjTlTU� 
UT [QR. 3. {Tj RhVN_VX Ql `[TbQjMC, uXQ lTCQRQ\MRXQ 
zhQljQ N[_` j N[_`_, cChccRY P[TjXQWVRjQ ujCQNQ-
RXTUXU�\Q. $hVN_VX MX\VXQXY UVRjMhYjM zMhY�QV 
`TzT[QX� jMUxVUX[TXM[T C Rh_WTV uCXVjXQjQ B*Si.  
�X\VXQ\ XTjsV, WXM X[Vz_V\Tc PhM�TNY jMUxVUX[TXM-
[T P[Q QRPMhYlMCTUQQ q� C RMRXTCV $qwj� lUTWQ-
XVhYUM \VUY�V PM R[TCUVUQ� R Mz�jUMCVUU�\ $qwj� 
zVl XVPhMCM`M Tjj_\_hQ[MCTUQc, WXM Mz�cRUcVXRc [Tl-
NVhVUQV\ uXTPMC P[MNMhsQXVhYUM`M lT[cNT q� Q V`M 
z�RX[M`M [Tl[cNT.  

¹[Vl\V[UMV RUQsVUQV [Tl\V[MC jMUxVUX[TXM[T 
P[QCMNQX j _CVhQWVUQ� C[V\VUQ Tjj_\_hQ[MCTUQc 
XVPhT, WXM UT UTWThYUM\ uXTPV C�CVNVUQc \MsVX RM-
P[MCMsNTXYRc [MRXM\ WQRhT CQXjMC PTRRQCUM`M PMhVXT 
Nhc MzVRPVWVUQc PMhUM`M lT[cNT q�. L[M`[T\\T Ql-
\VUVUQc PMhUM`M Q\P_hYRT Xc`Q (_CVhQWVUQV P[MNMh-
sQXVhYUMRXQ jTsNM`M PMRhVN_��V`M TjXQCUM`M _WT-
RXjT), cChc��TcRc UT[cN_ RM RXTXQWVRjQ\Q PT[T\VX-

[T\Q NCQ`TXVhc Mz�VjXM\ MPXQ\QlTxQQ, C UVjMXM[�� 
lTNTWT� \MsVX z�XY [VThQlMCTUT P_XV\ UVPMhUM`M 
[TRPhTChVUQc q�� UT UTWThYU�� uXTPT� PMhVXT. 

�MsUM MX\VXQXY, WXM C $qwj� R q� CMl\MsUM QR-
PMhYlMCTUQV MRVCMy R�V\� PMRX[MVUQc RQRXV\� {L, 
PMRjMhYj_ MUT \MsVX TCXMUM\UM M[QVUXQ[MCTXYRc  
UT $MhUxV zVl _WVXT X[VzMCTUQy j M[QVUXTxQQ C \M-
\VUX Cjh�WVUQc NCQ`TXVhc. ³XQ\ MU MXhQWTVXRc  
MX Mz�jUMCVUUM`M $qwj�, Nhc jMXM[M`M \MsVX z�XY 
zMhVV xVhVRMMz[TlUT CUVMRVCTc (UTP[Q\V[, NC_�jMU-
xVUX[TXM[UTc) R�V\T [2; 15; 16]. 

$_�VRXCVUUMV RUQsVUQV [Tl\V[MC lV[jThT R _CV-
hQWVUQV\ C[V\VUQ C�CVNVUQc, MP[VNVhcV\MV [TRPMhT-
`TV\�\ C[V\VUV\ lT[cNT q�, \MsVX RXTXY CTsU�\ 
bTjXM[M\ Nhc C�zM[T xVhVRMMz[TlUM`M C[V\VUQ PMhV-
XT, PMRjMhYj_ jMUxVUX[TXM[ P[VNRXTChcVX RMzMy MNQU 
Ql UTQ\VUVV MX[TzMXTUU�� uhV\VUXMC $qwj�. ©`M 
`TzT[QX� CM \UM`M\ MP[VNVhc�X X[VzMCTUQc j RQRXV-
\V RhVsVUQc lT $MhUxV\ Q �T[TjXV[Ql_�X QUV[xQMU-
U�V RCMyRXCT {�, C WTRXUMRXQ, X[VzMCTUQc j V`M 
_P[TChVUQ� Q M[QVUXTxQQ.  
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wTRR\TX[QCTc lTCQRQ\MRXQ \TRR� q� MX C[V\VUQ 
C�CVNVUQc ([QR. 4), XTjsV \MsUM MX\VXQXY ujCQNQ-
RXTUXUMRXY j[QC��, \MUMXMUUM RUQsT��Q�Rc R [MR-
XM\ P[MNMhsQXVhYUMRXQ PMhVXT. vNVRY XTjsV \MsUM 
RNVhTXY C�CMN� M [TxQMUThYUM\ C[V\VUQ C�PMhUVUQc 
X[TURPM[XUMy lTNTWQ, _WQX�CTc R_�VRXCVUUMV RUQsV-
UQV \TRR� q� R _CVhQWVUQV\ C[V\VUQ C�CVNVUQc. 
�TQzMhY�Tc \TRRT q� RMMXCVXRXC_VX QRPMhYlMCTUQ� 
MjRQNT zV[QhhQc, WXM C RMWVXTUQQ R C�RMjMy X_`M-
PhTCjMRXY� NVhTVX uXMX q�� \VUVV P[QChVjTXVhYU�\ 
PM R[TCUVUQ� R N[_`Q\Q. �TQzMhVV C�`MNU�\ R PMlQ-
xQQ MxVUjQ \TRRM`TzT[QXU�� PMjTlTXVhVy cChcVXRc 
q� R QRPMhYlMCTUQV\ RPhTCT B*Si. $hVN_VX MX\VXQXY, 
WXM CMP[MR� MP[VNVhVUQc \TRRMC�� �T[TjXV[QRXQj 
uhV\VUXMC q� (C WTRXUMRXQ, \TRR� jMUXVyUV[T q�  
Q V`M XVPhMQlMhcxQQ), jTj Q CMP[MR�, jTRT��QVRc 
XVPhMC�� P[MxVRRMC C Tjj_\_hcXM[V UT [VsQ\T� 
PhTChVUQc Q lTXCV[NVCTUQc q��, X[Vz_�X NMPMhUQ-
XVhYUM`M Ql_WVUQc Q P[MCVNVUQc �Q[MjM`M jM\PhVjRT 
ujRPV[Q\VUXThYU�� QRRhVNMCTUQy [7; 8; 12]. qTj,  
C [TzMXT� JMR�~~ �L� «�_W» (R\., UTP[Q\V[, [8]) 
TUThQl XVPhMC�� P[MxVRRMC C q� P[MCMNQXRc R PM\M-
�Y� UVRXTxQMUT[UMy NC_�\V[UMy XVPhM`QN[TChQWV-
RjMy \MNVhQ. wVl_hYXTX� \MNVhQ[MCTUQc z_N_X QR-
PMhYlMCTU� P[Q PMRhVN_��Vy _`h_zhVUUMy P[M[TzMX-
jV q� UT uXTPV XV�UQWVRjM`M P[VNhMsVUQc.  

wTRR\MX[Q\ lTCQRQ\MRXQ C�CMNQ\My \TRR� L� MX 
C[V\VUQ PV[VhVXT UT J$� ([QR. 5). ~l P[QCVNVUU�� 
`[TbQjMC RhVN_VX, WXM UTQzMhY�Vy \TRRMCMy ubbVj-
XQCUMRXY� C NQTPTlMUV 30–60 R_XMj MzhTNTVX [Tl`MU-
U�y zhMj R $qwj�, QRPMhYl_��Qy C jTWVRXCV q�� 
uCXVjXQj_ B*Si. �TRRT L� P[Q uXM\ \MsVX RMRXTChcXY 
MjMhM 2400 j`. L[Q QRPMhYlMCTUQQ RMC[V\VUU�� åw� 
C [TRR\TX[QCTV\My lTNTWV \TRRT L� RMRXTChcVX NM 
1580 j` [4]. LM uXM\_ PMjTlTXVh� [TjVXT-UMRQXVhY 
R[VNUV`M jhTRRT XQPT «$M�l-2» R [TRR\TX[QCTV\�\ 
$qwj� C lTNTWV C�CVNVUQc UT J$� P[QzhQsTVXRc j 
XcsVhM\_ UMRQXVh� RV[QQ «L[MXMU» R sQNjMRXUMy 
CV[�UVy RX_PVUY�; RXMQ\MRXY C�CVNVUQc P[Q uXM\ 
\MsVX z�XY lUTWQXVhYUM _\VUY�VUT. 

LM R[TCUVUQ� R uCXVjXQjMy 3BeO*2MgO P[Q C[V-
\VUQ C�CVNVUQc, [TCUM\ 60 R_XjT\, C�Q`[�� C \TRRV 
L� C Rh_WTV QRPMhYlMCTUQc RPhTCT B*Si RMRXTChcVX 
RC��V 100 j`. L[Q NThYUVy�V\ _CVhQWVUQQ C[V\VUQ 
PMhVXT xVhVRMMz[TlU�\ \MsVX RXTXY QRPMhYlMCTUQV 
MjRQNT zV[QhhQc, MNUTjM C�Q`[�� lNVRY RhQ�jM\ \Th 
Nhc XM`M, WXMz� [TRR\TX[QCTXY QRPMhYlMCTUQV uXM`M 
q��, _WQX�CTc zMhVV sVRXjQV X[VzMCTUQc j XMWUMRXQ 
jMUxVUX[TXM[T Q, jTj RhVNRXCQV, _RhMCQc M[QVUXTxQQ 
RQRXV\� {L UT $MhUxV. 
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wQR. 3. vTCQRQ\MRXY NQT\VX[T jMUxVUX[TXM[T MX C[V\VUQ C�CVNVUQc UT J$� 
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wQR. 4. vTCQRQ\MRXY \TRR� q� MX C[V\VUQ C�CVNVUQc UT J$� 
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wQR. 5. vTCQRQ\MRXY \TRR� L� MX C[V\VUQ C�CVNVUQc 
 

kCVhQWVUQV [TRPMhT`TV\M`M C[V\VUQ C�CVNVUQc 
P[QCMNQX j [MRX_ \TRRMCMy ubbVjXQCUMRXQ $qwj�  
RM CRV\Q [TRR\MX[VUU�\Q q��, MNUTjM P[Q uXM\  
�T[TjXV[ [MRXT \TRR� L� P[QzhQsTVXRc j TRQ\PXMXQ-
WVRjM\_. k\VUY�VUQV C[V\VUQ C�CVNVUQc P[QCMNQX  
j [VljM\_ RUQsVUQ� \TRRMCMy ubbVjXQCUMRXQ [Tl-
`MUUM`M zhMjT R $qwj�, WXM Mz�cRUcVXRc R_�VRXCVU-
U�\ [MRXM\ \TRR� RQRXV\� {L Q q�. 

$hVN_VX XTjsV _WVRXY, WXM zMhY�Q\ C[V\VUT\ C�-
CVNVUQc (MX PMh_`MNT Q zMhVV) h_W�V RMMXCVXRXC_�X 
uhVjX[M[TjVXU�V NCQ`TXVhQ R Q� lUTWQXVhYUM zMhVV 
C�RMjQ\ _NVhYU�\ Q\P_hYRM\. LMuXM\_ $qwj� lT-
UQ\TVX C[V\VUU_� UQ�_ C 30–60 R_XMj jTj xVhVRMMz-
[TlU_� P[Q lTNTUU�� M`[TUQWVUQc� UT C[V\c PMhVXT. 

=�"�0��%��) ����#�!$�� ���������#�! ����� 
� ��. �MsUM C�NVhQXY RhVN_��QV CMl\MsU�V uXTP� 
PV[RPVjXQCU�� QRRhVNMCTUQy $qwj� R q�. qTj, RX_-
PVUWTXTc RQRXV\T «RCVXMP[QV\UQj–q�», UTP[Q\V[  
R NC_\c RX_PVUc\Q UT`[VCT R [TlhQWU�\Q q��, \M-
sVX P[QCMNQXY j PMC��VUQ� Mz�Vy ubbVjXQCUMRXQ 
QRPMhYlMCTUQc NCQ`TXVhc C lTNTWT� \VsM[zQXThYUMy 
X[TURPM[XQ[MCjQ. L[Q\V[ XTjM`M $qwj� PMjTlTU  
C [TzMXV [5]. {L� XTjMy RQRXV\� z_NVX lT\VXUM PM-
C��VU lT RWVX UVMNUM[MNUMRXQ UT`[VCT RCVXMP[QV\-
UQjT-Tjj_\_hcXM[T, WXM PMlCMhQX QRPMhYlMCTXY jMU-
xVUX[TXM[ R \VUY�Vy X[Vz_V\My XMWUMRXY� Q PhM�TNY�. 
q[VzMCTUQc j M[QVUXTxQQ XTjMy RQRXV\� UT $MhUxV 
\M`_X z�XY lT\VXUM _P[M�VU�.  

vNVRY RhVN_VX Mz[TXQXY CUQ\TUQV UT [TR�Q[VUQV 
UM\VUjhTX_[� bTlMPV[V�MNU�� \TXV[QThMC, C XM\ 
WQRhV _WQX�CTc CMl\MsUMRXY QRPMhYlMCTUQc uCXVjXQ-
jQ B*Si Q N[_`Q� PV[RPVjXQCU�� q��. {MURX[_jXM[-
RjTc lTNTWT RMRXMQX C MzVRPVWVUQQ UTNVsUM`M XVPhM-
Mz\VUT \VsN_ [TRPhTCM\ C jTsNMy RX_PVUQ Q CMNM[M-
NM\, PMRhVNMCTXVhYUM P[M�MNc�Q\ WV[Vl [TlU�V RX_-
PVUQ q�, PMRXVPVUUM UT`[VCTcRY NM jMUVWUMy XV\PV-
[TX_[�. q[Vz_VX [V�VUQc lTNTWT MzVRPVWVUQc lT[cNjQ 
q� P[Q UVC�RMjQ� jMubbQxQVUXT� XVPhMP[MCMNUMRXQ 
q�� C jTsNMy RX_PVUQ. vNVRY \MsUM P[VNhMsQXY 

QRPMhYlMCTUQV \VXThhQWVRjQ� XVPhMP[MCMNc�Q� [V-
zV[ QhQ RPVxQThYU�� P[QRTNMj j q��. 

LV[RPVjXQCU�\ cChcVXRc QRPMhYlMCTUQV q��, PV-
[V`[VX�� RC��V XV\PV[TX_[� PhTChVUQc. �hc uXM`M 
\M`_X PMN�MNQXY MjRQN� hV`jQ� \VXThhMC, uCXVjXQjQ 
[TlhQWU�� q��, \VXThhQWVRjQy zV[QhhQy. qTjQ\ 
Mz[TlM\, CMl\MsUM RMlNTUQV RQRXV\� «RCVXMP[QV\-
UQj–q�» R UVRjMhYjQ\Q RX_PVUc\Q UT`[VCT, RMNV[-
sT�Q\Q RMMXCVXRXC_��QV q��. wTRP[VNVhVUQV XV\-
PV[TX_[ UT`[VCT (PV[V`[VCT) RX_PVUVy q� P[Q uXM\ 
NMhsUM RMMXCVXRXCMCTXY lTjMU_ [TRP[VNVhVUQc PhMX-
UMRXQ PMXMjT RjMUxVUX[Q[MCTUUMy RMhUVWUMy uUV[`QQ 
UT PMCV[�UMRXQ RCVXMP[QV\UQjT, RMC\V�VUUM`M R [Tl-
U�\Q WTRXc\Q q�. ³XM MzVRPVWQCTVX C�RMj_� RXVPVUY 
UVMNUM[MNUMRXQ UT`[VCT, WXM PMC��TVX uUV[`VXQWV-
Rj_� ubbVjXQCUMRXY RQRXV\� {L Q _P[M�TVX X[VzM-
CTUQc j RhVsVUQ� jMUxVUX[TXM[T lT $MhUxV\ CM C[V-
\c PTRRQCUM`M NCQsVUQc PM PV[V�MNU�\ M[zQXT\  
CM C[V\c lT[cNT q�.  

ÇVhVRMMz[TlUM [TRR\MX[VUQV $qwj� R q� P[Q NM-
sQ`TUQQ UT`[VXM`M CMNM[MNT [TlhQWU�\Q MjQRhQXV-
hc\Q, UTP[Q\V[ jQRhM[MNM\ [1; 3; 11; 17], T XTjsV 
bXM[M\ QhQ PV[VjQRY� CMNM[MNT, Mz[Tl_��Q\Q R CMNM- 
[MNM\ C�RMjMuUV[`VXQWVRjQV XMPhQCU�V PT[� R zMhVV 
C�RMjQ\ RXV�QM\VX[QWVRjQ\ RMMXUM�VUQV\ jM\PM-
UVUXMC [1; 18]. K uXM\ Rh_WTV \TRRT q� Q [Tl\V[ jMU-
xVUX[TXM[T lUTWQXVhYUM RUQsT�XRc, WXM \MsVX P[Q-
CVRXQ j _h_W�VUQ� \TRRM`TzT[QXU�� PMjTlTXVhVy 
$qwj� Q CMl\MsUM\_ PMC��VUQ� V`M PMhVXUMy  
ubbVjXQCUMRXQ. 

$hVN_VX MX\VXQXY CMl\MsUMRXY RMlNTUQc C�RMjM-
XV\PV[TX_[U�� RPVjX[ThYUM-RVhVjXQCU�� PMj[�XQy 
RCVXMP[QV\UQjT-Tjj_\_hcXM[T, PMlCMhc��Q� zMhVV 
R_�VRXCVUUM PMC�RQXY V`M {L�, WXM _P[M�TVX RMlNT-
UQV jMUxVUX[TXM[T RMhUVWUM`M Qlh_WVUQc, RUQsTVX 
V`M X[Vz_V\_� XMWUMRXY Q \TRR_ Q R_�VRXCVUUM _P-
[M�TVX X[VzMCTUQc j XMWUMRXQ RhVsVUQc lT $MhUxV\. 
{Tj PMjTlTUM C [TzMXV [11], PT[T\VX[ RVhVjXQCUMRXQ 
CMl[TRXTVX R XV\PV[TX_[My UT`[VCT XTjQ� PMCV[�UMRXVy. 
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LMuXM\_ PMXV[Q UT Mz[TXUMV RMzRXCVUUMV Qlh_WVUQV 
RCVXMP[QV\UQjT lNVRY \M`_X z�XY RCVNVU� j \QUQ\_-
\_. vTNTWT P[Q uXM\ RMRXMQX C RMlNTUQQ C�RMjMXV\PV-
[TX_[U�� RPVjX[ThYUM-RVhVjXQCU�� PMj[�XQy, RPM-
RMzU�� RM�[TUcXY RCMQ RCMyRXCT C XVWVUQV NMRXTXMWUM 
P[MNMhsQXVhYUM`M C[V\VUQ (30–60 R_XMj). 

����^3�#��. kWQX�CTc, WXM Nhc RMhUVWUM`M XVP-
hMCM`M [TjVXUM`M NCQ`TXVhc NMRXTXMWUM j[QXQWU�\Q 
cChc�XRc [VsQ\� PV[QMNQWVRjQ� TPRQNThYU�� Cjh�-
WVUQy P[Q UVMz�MNQ\MRXQ MNUMC[V\VUUM`M _P[TChV-
UQc CVjXM[M\ Xc`Q Q XMWUM`M RhVsVUQc RQRXV\� {L  
lT $MhUxV\, xVhVRMMz[TlUM [TRR\MX[VUQV $qwj�  
R XVPhMC�\ Tjj_\_hcXM[M\, PMlCMhc��Q\ [TlNVhQXY 
uXTP� PV[QMNQWVRjM`M UTjMPhVUQc uUV[`QQ UT PTRRQC-
U�� _WTRXjT� \UM`MCQXjMC�� PV[V�MNU�� M[zQX  
Q Cjh�WVUQy NCQ`TXVhc C TPRQNThYU�� MzhTRXc�.  
LMRjMhYj_ bTlMPV[V�MNU�V q�� Q\V�X MP[VNVhVU-
U�V uUV[`VXQWVRjQV P[VQ\_�VRXCT PV[VN XCV[NMXVhY-
U�\Q q�� XQPT `[TbQXT, [TRR\MX[VU� CV�VRXCT  
R XV\PV[TX_[My PhTChVUQc C��V 2000 { Q _NVhYUMy 
uUV[`MV\jMRXY� zMhVV 2 ��s/j`. L[VNhMsVU� XTjQV 
q��, jTj BeO Q zQUT[U�V uCXVjXQjQ B*Si  
Q 3BeO*2MgO. K lTNTWV C�CVNVUQc {� UT J$� MxV-
UQCTVXRc ubbVjXQCUMRXY QRPMhYlMCTUQc [TRR\MX[VU-
U�� q�� P[Q C�zM[V \TRR� L� C jTWVRXCV j[QXV[Qc 
ubbVjXQCUMRXQ PMhVXUMy lTNTWQ Q M`[TUQWVUQQ  
UT C[V\c PMhVXT NM 60 R_XMj. 

K�z[TU� [VhVCTUXU�V P[MVjXU�V PT[T\VX[� RQR-
XV\� {L–q�, j jMXM[�\ \MsUM MXUVRXQ MXUM�VUQV 
\TRR jMUxVUX[TXM[T Q q�, T XTjsV PT[T\VX[ XMWUMRXQ 
jMUxVUX[TXM[T. L[MQlCVNVUT Q� RMC\VRXUTc MPXQ\Q-
lTxQc Q P[VNRXTChVU� xVhVRMMz[TlU�V lUTWVUQc uXQ� 
PT[T\VX[MC. LMjTlTUM, WXM C Rh_WTV QRPMhYlMCTUQc 
X_`MPhTCjQ� q�� MPXQ\ThYU�V RMMXUM�VUQc \TRR 
jMUxVUX[TXM[T Q q� R\V�T�XRc C zMhY�_� RXM[MU_  
R [MRXM\ [TzMWVy XV\PV[TX_[�. qTj, Nhc jM\PMlQxQQ 
3BeO*2MgO MPXQ\_\ RMMXCVXRXC_VX 20–25 %. $ PM-
C��VUQV\ [TzMWVy XV\PV[TX_[� uXMX MPXQ\_\ RNCQ-
`TVXRc C RXM[MU_ _CVhQWVUQc uXM`M RMMXUM�VUQc, RM-
RXTChcc 30–40 % C Rh_WTV uCXVjXQjQ B*Si Q NMRXQ`Tc 
80–90 % C Rh_WTV C�RMjMXV\PV[TX_[UM`M MjRQNT  
zV[QhhQc.  

K MXUM�VUQQ XMWUMRXQ jMUxVUX[TXM[T PMjTlTUM, 
WXM MPXQ\ThYU�y PT[T\VX[ XMWUMRXQ RUQsTVXRc  
(PMC��TVXRc MPXQ\ThYUTc jMUxVUX[TxQc RMhUVWUM`M 
Qlh_WVUQc) P[Q PMC��VUQQ XV\PV[TX_[� PhTChVUQc 
q��. qTj, VRhQ Nhc uCXVjXQjQ 3BeO*2MgO MPXQ-
\ThYU�y PT[T\VX[ XMWUMRXQ RMMXCVXRXC_VX 0,6T–0,7T, 
XM Nhc uCXVjXQjQ B*Si MPXQ\_\ R\V�TVXRc ChVCM  
Q UT�MNQXRc UT _[MCUV 0,5T–0,6T. �hc MjRQNT zV[QhhQc 
MPXQ\ThYUTc XMWUMRXY jMUxVUX[TXM[T UV P[VC��TVX 
0,25T. 

~RPMhYlMCTUQV C jTWVRXCV q�� uCXVjXQjQ B*Si 
PMlCMhcVX MzVRPVWQXY \TjRQ\_\ \TRR� L� C [TRR\MX-
[VUUMy lTNTWV P[Q UV RhQ�jM\ sVRXjQ� X[VzMCTUQc�  
j XMWUMRXQ RQRXV\� {L Q RhVsVUQc lT $MhUxV\.  

LMjTlTUM, WXM \TRRT L� P[Q QRPMhYlMCTUQQ 
$qwj� R [TRR\MX[VUU�\Q q�� zMhVV WV\ UT 50 % 
P[VC��TVX \TRR_ L� P[Q QRPMhYlMCTUQQ RMC[V\VU-
U�� sQNjMRXU�� R[VNRXC C�CVNVUQc. LM MXUM�VUQ�  
j MRXThYU�\ [TRR\MX[VUU�\ q�� QRPMhYlMCTUQV  
uCXVjXQjQ B*Si lT\VXUM PMC��TVX \TRR_ L�. qTjQ\ 

Mz[TlM\, [TjVXT-UMRQXVhY R[VNUV`M jhTRRT «$M�l-2»  
R [TRR\TX[QCTV\�\ $qwj� C lTNTWV C�CVNVUQc  
UT J$� PM `[_lMPMN�V\UMRXQ P[QzhQsTVXRc j XcsV-
hM\_ UMRQXVh� RV[QQ «L[MXMU» R sQNjMRXUMy CV[�-
UVy RX_PVUY�. $XMQ\MRXY C�CVNVUQc P[Q uXM\ lUTWQ-
XVhYUM _\VUY�TVXRc. 

LMjTlTU� PV[RPVjXQC� PMRhVN_��Q� [Tl[TzMXMj 
$qwj� R q�, PMlCMhc��QV PMC�RQXY ubbVjXQCUMRXY 
RQRXV\� {L R q� Q _CVhQWQXY \TRR_ L� C lTNTWT� 
\VsM[zQXThYUMy X[TURPM[XQ[MCjQ. { UQ\ \MsUM  
MXUVRXQ QRPMhYlMCTUQV RX_PVUWTXMy RQRXV\� «RCVXM-
P[QV\UQj–q�», NMsQ`TUQV UT`[VXM`M C q� CMNM[MNT, 
T XTjsV QRPMhYlMCTUQV RPVjX[ThYUM-RVhVjXQCU�� PM-
CV[�UMRXVy UT`[VCT RCVXMP[QV\UQjT-Tjj_\_hcXM[T. 
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FOR ULTRA-LOW TEMPERATURES (4.2 K) 

 
A. V. Jusov1*, S. A. Kozlov1, M. Ju. Arkhipov2, E. A. Kostrov2 

 
1LLC “Applied mechanics” 

5, Parkovaya 15-ya Str., Moscow, 105203, Russian Federation 
2P. N. Lebedev Physical Institute of the Russian Academy of Sciences 

53, Leninskiy Av., Moscow, 119991, Russian Federation 
*E-mail: yusov@amech.ru 

 
The problem was set up of creation of cryogenic actuating mechanisms for transformable space structures. The 

main issues were emphasized relating to the implementation of the task to create the described devices. The wide area 
of application and the demand for high-accuracy low-temperature mechanisms were demonstrated. The relevance  
of the described articles for domestic projects, such as Millimetron, was separately noted. The prototypes forming the 
basis for the development of the subject matter were demonstrated, and with their examples the consistency of the 
results was illustrated enabling to reduce costs to be incurred at the time of transition to the design and manufacture of 
test samples of the product with new properties. As the first stage of development of the claimed subject matter the 
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reworking was proposed of a well-proven engine which is suitable in terms of a number of features and had been used 
previously in articles with a similar purpose but with a different temperature range. The completed works, the options 
of embodiment of test samples, the first test in the liquid nitrogen environment, and the functionality check were 
reported. 

Further to the research in the claimed area, the conducted experiments showing the functionality of test samples in 
the liquid helium environment were reported. The unit was described; the diagram and sequence of tests in the liquid 
helium environment were demonstrated. Comparisons were performed between the electric parameters of samples of 
different design. Both samples demonstrated the prospective viability of the adopted design and engineering solutions. 

The problem was set up and the prospects were defined for the nearest future of development of high-accuracy low-
temperature vacuum linear electromechanical drives. 

The results of designing and testing of test samples at helium temperatures (4.2 0) were reported. 
 
Keywords: Electromechanical actuator, ultra-low temperatures (4.2 K). 
  
�����#��. LV[RPVjXQCU�V jMR\QWVRjQV X[TURbM[-

\Q[_V\�V jMURX[_jxQQ, [TzMXT��QV P[Q RCV[�UQljQ� 
XV\PV[TX_[T� (4,2 {), X[Vz_�X [V�VUQc xVhM`M [cNT 
RhMsU�� QUsVUV[U�� lTNTW. {MUxVPxQc XTjQ� jMURX-
[_jxQy PMN[Tl_\VCTVX UThQWQV jM\PhVjRT C�RMjMXMW-
U�� (PM[cNjT 1 \j\) hQUVyU�� uhVjX[M\V�TUQWVRjQ� 
P[QCMNMC, [TzMXT��Q� P[Q XV\PV[TX_[T� sQNjM`M 
`VhQc Q RMP_XRXC_��Q� bTjXM[T� jMR\QWVRjM`M P[M-
RX[TURXCT (Z{L).  

L[MzhV\TXQjT RMlNTUQc XTjQ� P[QCMNMC lTX[T`QCT-
VX C PV[C_� MWV[VNY CMP[MR� P[MVjXQ[MCTUQc, jMURX-
[_Q[MCTUQc, P[MQlCMNRXCT, QRP�XTUQc, UTjMPhVUQc  
Q PV[V[TzMXjQ MP�XT. {h�WVC�\ bTjXM[M\ _RPV�UM`M 
[V�VUQc jM\PhVjRT lTNTW cChcVXRc MP[VNVhVUQV P[Q-
M[QXVXT PT[T\VX[MC XTjM`M P[QCMNT Q [VThQlTxQc P[Q-
M[QXVXT PT[T\VX[MC P[Q P[MVjXQ[MCTUQQ Q jMURX[_Q-
[MCTUQQ P[QCMNT Nhc NTUU�� _RhMCQy. L[QC�WU�V 
PT[T\VX[�, RXMc�QV C P[QM[QXVXV P[Q P[MVjXQ[MCT-
UQQ P[QCMNT Nhc UM[\ThYU�� _RhMCQy QhQ Nhc _RhM-
CQy CMlNVyRXCQc Z{L, MX�MNcX UT CXM[My PhTU. qTjsV 
UV\ThMCTsU�\Q cChc�XRc CMP[MR� RPVxQThYUM`M \T-
XV[QThMCVNVUQc [1; 2], P[Q\VUQ\MRXQ Q RMC\VRXQ\M-
RXQ \TXV[QThMC, Ql_WVUUMRXQ RCMyRXC \TXV[QThMC. 
�VMX�V\hV\My WTRXY� P[MVjXQ[MCTUQc cChcVXRc _WVX 
MRMzVUUMRXVy uhVjX[MXV�UQjQ UQljQ� XV\PV[TX_[. 

�5���%� 0"�'�#�#��. L[VNPMR�hjT\Q j P[Q\V-
UVUQ� UQljMXV\PV[TX_[U�� C�RMjMXMWU�� \V�TUQl-
\MC C j[_PUM`TzT[QXU�� X[TURbM[\Q[_V\�� jMURX-
[_jxQc� C WTRXUMRXQ Q jMR\QWVRjMy XV�UQjV CMMz�V 
PMRh_sQhQ X[VzMCTUQc j MRCMVUQ� \QhhQ\VX[MCM`M  
Q QUb[Tj[TRUM`M NQTPTlMUMC NhQU CMhU. L[Q uXM\ 
MNUMy Ql RbV[  P[Q\VUVUQc UQljMXV\PV[TX_[U�� C�-
RMjMXMWU�� \V�TUQl\MC cChc�XRc UT_WU�V Q P[Q-
jhTNU�V P[QzM[� Nhc UTzh�NVUQc C \QhhQ\VX[MCM\  
Q QUb[Tj[TRUM\ NQTPTlMUT� NhQU CMhU. Jh_zMjMV  
M�hTsNVUQV P[QV\UQjMC Q CRPM\M`TXVhYU�� \V�TUQ-
WVRjQ� RQRXV\ C uXQ� NQTPTlMUT� UVMz�MNQ\M Nhc 
MzVRPVWVUQc X[Vz_V\�� _[MCUVy W_CRXCQXVhYUMRXQ.  
K RMRXTC P[QV\UQjMC WTRXM C�MNcX \V�TUQWVRjQV uhV-
\VUX� �RXQ[MCjQ Q UTRX[MyjQ, jMXM[�V NMhsU� 
b_UjxQMUQ[MCTXY P[Q j[QM`VUU�� XV\PV[TX_[T� [3]. 
K jTWVRXCV _RPV�UM`M P[MVjXT \MsUM P[QCVRXQ P[Q-
\V[ jMR\QWVRjMy MzRV[CTXM[QQ «JV[�VhY» (©{�), 
Q\VC�Vy C RMRXTCV `VXV[MNQUUM`M P[QV\UQjT Nhc 
NThYUV`M QUb[Tj[TRUM`M NQTPTlMUT (HIFI) P[VxQlQMU-
U�y j[QM`VUU�y PV[Vjh�WT��Qy \V�TUQl\ [4]. ©�V 
MNUQ\ P[Q\V[M\ P[Q\VUVUQc P[VxQlQMUUM`M j[QM-
`VUUM`M \V�TUQl\T Nhc PV[RPVjXQCUM`M jMR\QWVRjM`M 

XVhVRjMPT cChcVXRc P[MVjX SAFARI imaging spectro- 
meter [5]. {[M\V XM`M, C�RMjQV X[VzMCTUQc j XMWUMRXQ 
MPXQWVRjQ� RQRXV\ Ql-lT \Th�� NhQU CMhU X[Vz_�X 
NMPMhUQXVhYUMy �RXQ[MCjQ MXNVhYU�� MPXQWVRjQ� 
uhV\VUXMC, RMRXTChc��Q� MX[TsT��_� PMCV[�UMRXY 
`hTCUM`M lV[jThT, MRMzVUUM C Rh_WTV Q� zMhY�Q� `TzT-
[QXMC. K WTRXUMRXQ, jMR\QWVRjTc MzRV[CTXM[Qc JWST 
(PhTUQ[_V\Tc NTXT lTP_RjT – 2018 `.) Q\VVX `hTCUMV 
lV[jThM `TzT[QXM\ 6 \, C RMRXTC jMXM[M`M C�MNQX 18 
�RXQ[_V\�� uhV\VUXMC, jTsN�y Ql jMXM[�� X[Vz_VX 7 
P[VxQlQMUU�� j[QMCTj__\U�� \V�TUQl\MC hQUVyUM`M 
PV[V\V�VUQc [6]. {[M\V XM`M, V�V 6 \V�TUQl\MC hQ-
UVyUM`M PV[V\V�VUQc C�MNcX C RQRXV\_ UTRX[MyjQ 
(`VjRTPMN) CXM[QWUM`M lV[jThT. ÊRXQ[MCj_ PhTUQ[_-
VXRc P[MCMNQXY P[Q XV\PV[TX_[T� PM[cNjT 40 {.  
K P[MVjXV [MRRQyRjMy MzRV[CTXM[QQ «�QhhQ\VX[MU» 
P[VNPMhT`TVXRc QRPMhYlMCTUQV V�V zMhY�V`M jMhQWV-
RXCT UQljMXV\PV[TX_[U�� C�RMjMXMWU�� \V�TUQl\MC 
hQUVyUM`M PV[V\V�VUQc [7]. qTjsV C jTWVRXCV P[Q\V-
[T TjX_ThYUMRXQ [TRR\TX[QCTV\My lTNTWQ \MsUM _PM-
\cU_XY Mz QRPMhYlMCTUQQ TjX�TXM[MC C jMURX[_jxQc� 
RQRXV\ XMWUM`M PMlQxQMUQ[MCTUQc C C�RMjM\ CTj__\V 
P[Q j[QM`VUU�� XV\PV[TX_[T�, jMXM[�V P[Q\VUc�XRc 
C _RXTUMCjT� hTlV[UM`M XV[\McNV[UM`M RQUXVlT, UTP[Q- 
\V[ C NIF ($Í�) [8], HIPER (©$) [9].  

K jTWVRXCV QRXMWUQjMC NCQsVUQc, QRPMhYl_V\��  
C j[QM`VUU�� Q CTj__\U�� \V�TUQl\T�, UTQzMhY�VV 
[TRP[MRX[TUVUQV PMh_WQhQ �T`MC�V uhVjX[M\MXM[� 
P[MQlCMNRXCT Phytron Electronik GmbH [10]. {[M\V 
XM`M, Q\V�XRc \MXM[�, MRUMCTUU�V UT QRPMhYlMCTUQQ 
PYVlMuhVjX[QWVRjM`M ubbVjXT [11; 12]. 

��%*���#��%�. �jX_ThYUMRXY P[MzhV\� P[Q [VT-
hQlTxQQ MXVWVRXCVUU�� P[MVjXMC C [TlhQWU�� MzhTR-
Xc� UT_jQ Q XV�UQjQ C�RMjTc. K RhMsQC�Q�Rc MzRXMc-
XVhYRXCT� NMRX_PUMRXY Q\PM[XUM`M MzM[_NMCTUQc  
PM UT_jMµ\jQ\ UTP[TChVUQc\ RMj[TXQhTRY. kRPV�UTc 
[VThQlTxQc lTNTWQ [Tl[TzMXjQ, P[MQlCMNRXCT Q CUV-
N[VUQc MXNVhYU�� jM\PMUVUXMC Q lTjMUWVUU�� UQljM-
XV\PV[TX_[U�� CTj__\U�� C�RMjMXMWU�� \V�TUQl\MC 
PM\MsVX [V�QXY WTRXY CMP[MRMC Q\PM[XMlT\V�VUQc  
C NTUUMy MzhTRXQ.  

="��$��%�*^A�! �0)%. L[MzhV\TXQjT lTNTW C�-
RMjMXMWUM`M PV[V\V�VUQc C _RhMCQc� CMlNVyRXCQc 
bTjXM[MC jMR\QWVRjM`M P[MRX[TURXCT RXThT QRRhVNM-
CTXYRc C jMhhVjXQCV Nhc [VThQlTxQQ \V�TUQl\T  
6-jMM[NQUTXUM`M PMlQxQMUQ[MCTUQc PMhVlUMy UT`[_l-
jQ. �T NTUUM\ uXTPV RXThQ TjX_ThYU� P[MzhV\� jM\-
PMUMCjQ, sVRXjMRXQ, C�zM[T \TXV[QThMC PT[ X[VUQc, 
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XVPhMCM`M [VsQ\T, RXMyjMRXQ j Z{L, lT`[clUVUQc 
CTj__\T. �T[cN_ R P[MzhV\T\Q \V�TUQjQ Q XV�UMhM-
`QQ P[MQlCMNRXCT, PMX[VzMCThQ MRMzM`M CUQ\TUQc 
P[MzhV\� RM`hTRMCTUUM`M _P[TChVUQc �VRXY� C�RM-
jMXMWU�\Q hQUVyU�\Q P[QCMNT\Q R M`[TUQWVUU�\Q 
CMl\MsUMRXc\Q Mz[TXU�� RCclVy. wTUVV [Tl[TzMXTU-
U�y C jMhhVjXQCV \TXV\TXQWVRjQy TPPT[TX \V�TUQl-
\MC PT[ThhVhYUMy RX[_jX_[� XQPT «`VjRTPMN» z�h 
TNTPXQ[MCTU Nhc [VThQlTxQQ C�RMjQ� XMWUMRXVy RM-
`hTRMCTUUM`M PV[V\V�VUQc. K [Vl_hYXTXV P[MCVNVUQc 
jM\PhVjRT QRRhVNMCTXVhYRjQ� Q P[MVjXUM-jMURX[_j- 
XM[RjQ� [TzMX PMh_WQh [VThQlTxQ� \TUQP_hcXM[  
6-RXVPVUUMy CTj__\UM`M QRPMhUVUQc [TNQTxQMUUM 
RXMyjQy «JVjRTPMN-L�-\j\-3» ([QR. 1) [13].  

�P�X, PMh_WVUU�y P[Q RMlNTUQQ RV[QQ C�RMjM-
XMWU�� \TUQP_hcXM[MC CTj__\UM`M QRPMhUVUQc, C XM\ 
WQRhV MP�X MX[TzMXjQ Q P[MQlCMNRXCT C�RMjMXMWU�� 
hQUVyU�� QRPMhUQXVhYU�� \V�TUQl\MC, MP�X CT[YQ-
[MCTUQc PT[T\VX[MC Q TNTPXTxQQ uhVjX[M\T�QU, PM-
lCMhQh Mz[TXQXYRc j P[MzhV\TXQjV C�RMjMXMWU�� 
uhVjX[M\V�TUQWVRjQ� P[QCMNMC CTj__\UM`M QRPMhUV-
UQc Nhc RCV[�UQljQ� XV\PV[TX_[ (4,2 {). 

=��%�#���� /���3�. �hc P[VNMRXTChVUQc CMl\Ms-
UMRXQ PMX[VzQXVhc\ [V�VUQc MzhTRXQ lTNTW PV[V\V-
�VUQc, PMlQxQMUQ[MCTUQc, �RXQ[MCjQ C _RhMCQc� 
RCV[�UQljQ� (PM[cNjT 4,2 {) XV\PV[TX_[, UVMz�MNQ\M 
[Tl[TzMXTXY Q Ql`MXMCQXY jM\PhVjR jM\PMUVUXMC, \V-
�TUQl\MC Q RQRXV\ _P[TChVUQc Nhc NTUU�� _RhMCQy. 

�����/�-��. �T PV[CM\ uXTPV [VThQlTxQQ PMRXTC-
hVUUMy lTNTWQ [V�VUM UTWTXY R [Tl[TzMXjQ Q P[MCV[jQ 
[TzMXMRPMRMzUMRXQ MP�XUM`M Mz[TlxT uhVjX[MNCQ`T-
XVhc ([QR. 2) jTj jh�WVCM`M jM\PMUVUXT uhVjX[M\V�T-
UQWVRjM`M P[QCMNT. K jTWVRXCV zTlMC�� jM\PMUVUXMC 
PV[CM`M MP�XUM`M Mz[TlxT [V�VUM P[Q\VUcXY WTRXQ 
uhVjX[MNCQ`TXVhc, �M[M�M lT[VjM\VUNMCTC�V`M RVzc  

C _RhMCQc� CTj__\T P[Q [Tl[TzMXjV Q QRP�XTUQQ Ql-
NVhQc «JVjRTPMNT-L�-\j\-3». {M\PMUVUX� NCQ`TXVhc 
C�PMhUVU� Ql PMN�MNc�Q� \TXV[QThMC, jM[P_R C�-
PMhUVU Ql XQXTUT, MzhTNT��V`M UQljQ\ jMubbQxQVU-
XM\ hQUVyUM`M XV\PV[TX_[UM`M [TR�Q[VUQc ({�qw), 
CTh – Ql UV[sTCV��Vy RXThQ. KRV P[Q\VUµUU�V \TXV-
[QTh� RXMyjQV j XV\PV[TX_[T\ sQNjM`M `VhQc, T Ql`M-
XMChVUU�V Ql UQ� NVXThQ PMjTlThQ _NMChVXCM[QXVhY-
U_� [TzMXMRPMRMzUMRXY.  

K P[MxVRRV PV[V[TzMXjQ jM\PMUVUXMC �XTXUM`M 
NCQ`TXVhc z�hM PMh_WVUM 2 CT[QTUXT  NCQ`TXVhc R [Tl-
U�\Q Mz\MXjT\Q. �z\MXjQ MXhQWThQRY MX �XTXUMy 
P[Q\VUcV\�\Q \TXV[QThT\Q QlMhcxQQ. ^�hQ MP[MzM-
CTU� 3 XQPT QlMhcxQQ UT MRUMCV PMhQQ\QNT Q bXM[M-
PhTRXT. �hQUT Q RMP[MXQChVUQc Mz\MXMj MXhQWThQRY 
MX �XTXUMy Q N[_` MX N[_`T UT P[M\Vs_XMWU�� uXTPT� 
C 300 [Tl. 

~RRhVNMCThQRY C P[MxVRRV PhTCUM`M Q _NT[UM`M 
lT\M[TsQCTUQc C sQNjM\ TlMXV jhVQ Nhc RzM[jQ RXT-
XM[T. ~RRhVNMCThQRY CMl\MsUMRXQ zVRjhVVCMy RzM[jQ. 
wTRR\MX[VU� UT MP�XV P[VN�VRXC_��Q� Mz[TlxMC 
CMl\MsUMRXQ bQjRTxQQ uhV\VUXMC RCT[jMy hTlV[M\. 
LM [Vl_hYXTXT\ P[MCV[jQ RCMyRXC PMRhV CMlNVyRXCQc 
UQljQ� XV\PV[TX_[ UT NTUUM\ uXTPV jhVVCTc RzM[jT 
RXTXM[T MRXTVXRc MRUMCUMy.  

K jTWVRXCV MPM[U�� _lhMC [MXM[T NCQ`TXVhc QRRhV-
NMCThQRY PMN�QPUQjQ jTWVUQc Q PMN�QPUQjQ RjMhY-
sVUQc R jM\PVURTxQVy [TNQThYUM`M zQVUQc CThT  
lT RWVX PMNP[_sQUVUUMy jMUQWVRjMy CX_hjQ. 

L[MCV[chTRY [TzMXMRPMRMzUMRXY NCQ`TXVhc C R[VNV 
sQNjM`M TlMXT PMRhV PhTCUM`M Q _NT[UM`M lT\M[TsQ-
CTUQc. L[MCV[chTRY [TzMXMRPMRMzUMRXY PMRhV PM`[_-
sVUQc C sQNjQy TlMX C TX\MRbV[V C _RhMCQc� MzhVNV-
UVUQc ([QR. 3). 

 

 
 

wQR. 1. �TUQP_hcXM[ «JVjRTPMN-L�-\j\-3» ��� «L[QjhTNUTc \V�TUQjT» 



 
 
 

����'�����( � 	������-����������( ��&���� 
 

 173

 

 
 

wQR. 2. �z�Qy CQN NCQ`TXVhc 
 

 
 

wQR. 3. �CQ`TXVhY C P[MxVRRV MzhVNVUVUQc PMRhV QlChVWVUQc  
Ql V\jMRXQ R sQNjQ\ TlMXM\ 

 
�T CXM[M\ uXTPV Mz[Tlx� NCQ`TXVhVy P[MCV[chQRY 

UT [TzMXMRPMRMzUMRXY C _RhMCQc� sQNjM`M `VhQc. �hc 
MP[VNVhVUQc UThQWQc NCQsVUQc z�hT RMz[TUT RQRXV\T 
jMUX[Mhc C[T�VUQc R N_zhQ[MCTUQV\ jTUThMC [TlU�-
\Q \VXMNT\Q Ql\V[VUQc. 

$�V\T ujRPV[Q\VUXThYUMy _RXTUMCjQ P[VNRXTChVUT 
UT [QR. 4. ~RP�XTUQc P[MCMNQhQRY RhVN_��Q\ Mz[TlM\. 

�CQ`TXVhY 1 PM\V�ThRc C `VhQVC�y Mz�V\ 3 j[QM-
RXTXT {J300/60. LV[VN UTWThM\ QRP�XTUQy `VhQVC�y 
Mz�V\ lTPMhUchRc `TlMMz[TlU�\ `VhQV\ Q PMNRMVNQ-
UchRc j `Tl`MhYNV[_. vTXV\ Mz�V\ 5 lTPMhUchRc sQN-
jQ\ TlMXM\, WXM P[QCMNQhM j \VNhVUUM\_ (C XVWVUQV 
UVRjMhYjQ� WTRMC) PMUQsVUQ� XV\PV[TX_[� NCQ`TXV-
hc NM P[QzhQlQXVhYUM 100 { lT RWVX XVPhMMz\VUT Ql-
h_WVUQV\ R XVPhMC�\ uj[TUM\ 4, P[Q uXM\ C `VhQVCM\ 
Mz�V\V P[Q PM\M�Q `Tl`MhYNV[T PMNNV[sQCThMRY PM-
RXMcUUMV NTChVUQV C��V TX\MRbV[UM`M. �TUUTc R�V\T 
M�hTsNVUQc PMlCMhQhT QlzVsTXY PMPTNTUQc TX\MRbV[- 
UM`M CMlN_�T UT NVXThQ NCQ`TXVhc, WXM \M`hM P[QCVRXQ 
j V`M PMC[VsNVUQ� P[Q C[T�VUQQ, T XTjsV QlzVsTXY 
C�RMjM`M `[TNQVUXT XV\PV[TX_[ UT CUV�UQ� Q CU_X-
[VUUQ� WTRXc� jMURX[_jxQQ lT RWVX \ThMy RjM[MRXQ 

M�hTsNVUQc. �ThVV `VhQVC�y Mz�V\ 3 lTPMhUchRc 
sQNjQ\ `VhQV\. �hc jMUX[Mhc _[MCUc sQNjM`M `VhQc 
QRPMhYlMCThRc _`MhYU�y XV[\M\VX[ RMP[MXQChVUQc 
qK� 2 [14] Q XV\PV[TX_[U�y [V`_hcXM[ Nhc j[QM`VU-
U�� XV\PV[TX_[ Lakeshore 336 [15]. LMRhV lTCV[�VUQc 
QRP�XTUQy NCQ`TXVhY UT�MNQhRc C `VhQVCMy TX\MRbV[V 
NM XV� PM[, PMjT MU UV NMRXQ` jM\UTXUMy XV\PV[T- 
X_[�. 

~RP�XTUQc C R[VNV sQNjM`M `VhQc (PM R[TCUVUQ� R 
QRP�XTUQc\Q C CTj__\V) cChc�XRc zMhVV «\c`jQ\Q» 
Nhc NCQ`TXVhVy, PMRjMhYj_ MzVRPVWQCTVXRc sQNjTc 
R\TljT PT[ X[VUQc, T XTjsV zMhVV [TCUM\V[U�V XV\PV-
[TX_[U�V PMhc C jMURX[_jxQQ. 

{MUX[MhY b_UjxQMUQ[MCTUQc MR_�VRXChchRc Nhc 
NCQ`TXVhc ¨ 1 – CTj__\U�\ \T`UQXU�\ jMUXTjXM\  
Q NTXWQjM\ R R_�Q\ jMUXTjXM\, Nhc NCQ`TXVhc ¨ 2 – 
XMhYjM CTj__\U�\ \T`UQXU�\ jMUXTjXM\.  

{TsN�y NCQ`TXVhY _RPV�UM P[M�Vh 4 xQjhT  
lTP_RjT-MRXTUMCT. K �MNV QRP�XTUQy j[M\V P[MCV[jQ 
b_UjxQMUQ[MCTUQc z�hQ QRRhVNMCTU� Ql\VUVUQc  
RMP[MXQChVUQc Mz\MXMj NCQ`TXVhVy (R\. XTzhQx_) P[Q 
lT�MhTsQCTUQQ. 
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wQR. 4. {[QMRXTX Nhc QRP�XTUQy C sQNjM\ `VhQQ:  
RhVCT – Mz�Qy CQN _RXTUMCjQ; RP[TCT – R�V\T QRP�XTUQy 

 
��0"�%����#�� �5'�%�� ���+�%���!, �' 

 

�CQ`TXVhY ¨ 1 �CQ`TXVhY ¨ 2 �, { 
�z\MXjT ¨ 1 �z\MXjT ¨ 2 �z\MXjT ¨ 1 �z\MXjT ¨ 2 

293 309 306 6 6 
100 76 74 2,4 2,4 
4,5 7,5 6,2 1,2 1,2 
4,5 (PMCXM[U�y lThQC `VhQc) 7,5 6,2 1,2 1,2 

 
����^3�#��. K [T\jT� [V�VUQc lTNTW P[MVjXQ[M-

CTUQc, jMURX[_Q[MCTUQc, T XTjsV PMNXCV[sNVUQc P[T-
CQhYUMRXQ P[QUcX�� [V�VUQy, RMlNTU� MP�XU�V  
Mz[Tlx� �T`MC�� NCQ`TXVhVy Nhc `VhQVC�� XV\PV[T-
X_[ R [TlhQWU�\Q XVRXMC�\Q PT[T\VX[T\Q jMURX[_j-
xQQ. {M\PhVjX� P[M�hQ PMRhVNMCTXVhYUMV QRP�XTUQV 
P[Q TlMXU�� XV\PV[TX_[T�, T CPMRhVNRXCQQ Q P[Q `V-
hQVC�� XV\PV[TX_[T� (4,2 {). �CQ`TXVhQ Q jM\PMUVU-
X� jMUX[Mhc NCQsVUQc PMjTlThQ [TzMXMRPMRMzUMRXY 
P[Q lTNTUU�� _RhMCQc�. 

qTjQ\ Mz[TlM\, MPQ[TcRY UT PMh_WVUU�y [Vl_hYXTX 
MP�XU�� QRP�XTUQy P[Q RCV[�UQljQ� XV\PV[TX_[T� 
NCQ`TXVhVy Q UT MP�X P[MVjXQ[MCTUQc C�RMjMXMWU�� 
hQUVyU�� P[QCMNMC, \MsUM PhTUQ[MCTXY PMh_WQXY 
j[QMCTj__\U�y hQUVyU�y uhVjX[M\V�TUQWVRjQy P[Q-
CMN Nhc [TlhQWU�� RQRXV\ PV[RPVjXQCU�� jMR\QWV-
RjQ� jMURX[_jxQy. 

wV�VUQV lTNTWQ TjX_ThYUM jTj Nhc UTlV\UM`M [3], 
XTj Q Nhc jMR\QWVRjM`M QRPMhUVUQc [4]. 
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4�%����� /�����& ��	%��%	��& #	��	�*���� � �& ��������(�� � ���������� ���������� ����������& 
������ � �& �#���� (�(���( ����� �� ��6��& ����� ������������ ����	���������(. 0	��� /%��������$-
���� �������( !�� ����������� #����(+� � #�	�#������ #�%���$ ����	��� �� ��6���� ��������� ���-
������� ����������. )�%���� � ���������� ������ #@��� �#��� ������� Co–Pd, ��������	������� #	� 
	������& ���#�	��%	�& #���6��, ������/�'�	����� /������ ������ � �	����������� ���������$��� 
��	%��%	�, �������+*�� � #@���& ������� �#���. 4��������� ��������������$ ����*���(, ��������( 
�	������	�/������( ������	�#�(, #�	����	 ��������� �������������(, ��������� #�	#�����%(	��� ���-
������ ������	�#�� #�%�����& #����. ����	%6�� 	(� ���������$��& �����(���, ���%����%+*�& � �����- 
��& ��	��'�&. )�������� ��������������� ����*���( #��������� ��(��� ���������� #�	(��� �� ������% 
��������� �������������(. ���#�	��%	��( ����������$ ��������� ��������� �	������	�/������� ����-
��	�#�� #����(�� ������� ������� � ��$"�� ����	6����� #����( � ������ /�		�����������. )	���-
���� ���	��������� ����������� ���+��+*����( ��&��� ��������������� �� #������� #���� � ��%&/����& 
#����& (�)�, ��0) ������� Co–Pd. ��� ����������$ #����'��$�� �������� �����6����$ ���� #����� 
��������� ��#��� ��/�	��'�� � ��#�$�������� !��& ����	����. 
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MAGNETIC PROPERTIES AND PHASE COMPOSITION  

OF THE THIN LAYERS OF CO–PD SYSTEM 
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One of the most important areas of space material science and metallurgy is studying phase and structural 
transitions of the metallic systems and alloys in connection with their magnetic properties. It advances the fundamental 
science but also leads to producing materials of desired complex magnetic structure. This paper deals with preparation 
and study of the Co–Pd thin films of various stoichiometry, obtained at different substrate temperatures and regimes. 
We examined phase composition, crystalline structure and its variation, saturation magnetization, coercive force, 
magnetic crystallographic anisotropy, exchange interaction parameter, perpendicular magnetic anisotropy constant of 
the films made. The properties of the systems were studied in connection with the conditions and regimes of the film 
preparation. The results reveal a number of metastable states which are absent in the bulk samples of the same overall 
composition. The saturation magnetization behavior implies a magnetic interactions interplay which affects the 
exchange interaction. Magnetic crystalographic anisotropy constant of the films changes with the temperature so that 
rich-Pd samples appear to be mostly zone ferromagnetic. We suggest a theoretical model of two-phase Co–Pd system 
(with fcc and hcp regions). The calculated value of the torque acting upon the film is in agreement with the experiment. 
The model explains the effect of the easy magnetization axis becoming perpendicular to the film/substrate plane, which 
is the case for films with 0.5–0.55 palladium content. This unusual property favours the possible use of the materials for 
high density data recording. 

 
Keywords: Co–Pd alloy, thin films, magnetic properties, anisotropy, two-phase systems.  
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�����#��. ~lCVRXUM, WXM RPhTC Co–Pd, UTP[Q\V[, 
ujCQTXM\UM`M RMRXTCT, Q\V��Qy C \TRRQCU�� Mz[Tl-
xT� XMhYjM JÇ{-[V�VXj_, C PhVUMWU�� Mz[TlxT�  
\MsVX z�XY PMh_WVU C JLk- Q qJÇ-\MNQbQjTxQc�,  
T XTjsV C UTUMj[QRXThhQWVRjM\ RMRXMcUQQ [1]. 

K UTRXMc�Vy RXTXYV z_N_X [TRR\MX[VU� Ql\VUVUQc 
\T`UQXU�� RCMyRXC XMUjQ� PhVUMj RPhTCT Co–Pd P[Q 
PV[V�MNV V`M Ql MNUMy \MNQbQjTxQQ C N[_`_�. 

���!�%�� ���%�') Co–Pd. �zhTRXY R_�VRXCMCT-
UQc JLk-bTl� lUTWQXVhYUM [TR�Q[VUT C PhVUMWU�� 
Mz[TlxT� Q P[MRXQ[TVXRc MX Co NM Co40Pd60 PM R[TCUV-
UQ� R \TRRQCU�\Q. �QljQV XV\PV[TX_[� PMNhMsVj 
P[Q UTP�hVUQQ RPMRMzRXC_�X Mz[TlMCTUQ� JLk-bTl�, 
jMXM[Tc P[Q MXR_XRXCQQ N[_`Q� bTl P[Q jM\UTXUMy 
XV\PV[TX_[V R_�VRXC_VX NMCMhYUM NhQXVhYUMV C[V\c. 
JLk-bTlT RPhTCT, jMUNVURQ[_cRY UT PMNhMsjQ, Mz[T-
l_VX XVjRX_[_ – zTlQRUTc PhMRjMRXY (001) PT[ThhVhYUT 
PhMRjMRXQ PMNhMsjQ. ~l\V[VUQc UT\T`UQWVUUMRXQ 
UTR��VUQc 8s NT�X P[Q 20 °$ Nhc MNUMbTlU�� JLk-
PhVUMj ujCQTXM\UM`M RMRXTCT CVhQWQU_ 1000 ± 80 JR. 
�T\T`UQWVUUMRXY UTR��VUQc JÇ{-MNUMbTlU�� PhV-
UMj XM`M sV RMRXTCT [TCUT 800 ± 50 JR, _CVhQWQCTcRY 
P[Q MzM`T�VUQQ RPhTCT jMzThYXM\. ~lCVRXUM, WXM jM-
zThYX R_�VRXC_VX C NC_� \MNQbQjTxQc� C PhVUMWU�� 
Mz[TlxT� P[Q jM\UTXUMy XV\PV[TX_[V: JLk (a = 0,251 U\, 
C = 0,410 U\) Q JÇ{ (a = 0,355 U\). ~� UT\T`UQWVU-
UMRXY UTR��VUQc [TCUT 1420 Q 1370 JR [2] RMMXCVXRX-
CVUUM, P[Q 20 °$ Ql\VUccRY R PMUQsVUQV\ XV\PV[TX_-
[� NM 4,2 { UVlUTWQXVhYUM (1442 Q 1390–1420 JR RMMX-
CVXRXCVUUM, X. V. UT 2 %). 

wTlUQx_ C UT\T`UQWVUUMRXQ UTR��VUQc MNUMbTl-
U�� JLk- Q JÇ{-PhVUMj MNUM`M Q XM`M sV RMRXTCT 
\MsUM Mz�cRUQXY XMhYjM XV\, WXM NMPMhUQXVhYU�y 
CjhTN C UT\T`UQWVUUMRXY JLk- Q JÇ{-MNUMbTlU�� 
PhVUMj MNUM`M Q XM`M sV RMRXTCT CUMRcX TXM\� PThhT-
NQc. ~l hQXV[TX_[� QlCVRXUM [3], WXM PThhTNQy UT�M-
NQXRc UT `[TUQ XM`M RMRXMcUQc, C jMXM[M\ \VXThh RXT-
UMCQXRc bV[[M\T`UQXU�\. K RCMzMNU�� TXM\T� PTh-
hTNQc CUV�UQV uhVjX[MU� Q\V�X jMUbQ`_[TxQ� 4d10, 
Q PMuXM\_ MUQ \T`UQXUM-UVyX[ThYU�V (MRUMCUMV RM-
RXMcUQV TXM\T 1s0). �NUTjM Ql hQXV[TX_[U�� NTUU�� 
[4] CQNUM, WXM PT[T\T`UQXUTc CMRP[QQ\WQCMRXY \VXTh-
hQWVRjM`M PThhTNQc MWVUY CVhQjT (P[Q 300 { 
A = 558 × 
106, `NV 
A – TXM\UTc \T`UQXUTc CMRP[QQ\WQCMRXY). 
³XM P[c\MV RhVNRXCQV PV[Vj[�XQc uUV[`VXQWVRjQ� lMU 
4d- Q 5s-uhVjX[MUMC C j[QRXThhV PThhTNQc. $M`hTRUM 
[4]  
C R[VNUV\ MjMhM 0,6 uhVjX[MUT UT TXM\ PThhTNQc PV[V-
�MNQX C 5s-lMU_ Q RMRXTChcVX RXMhYjM sV CTjTUXU�� 
\VRX C 4d-lMUV. ³XQ CTjTUXU�V \VRXT (N�[jQ) Q CUMRcX 
MRUMCUMy CjhTN C PT_hVCRj_� PT[T\T`UQXU_� CMR-
P[QQ\WQCMRXY \VXThhQWVRjM`M PThhTNQc, PMRjMhYj_ 

(T) = 
0/1–ú, `NV ú = ¼N(¾F); ¼ – Mz\VUU�y uUV[`VXQWV-
RjQy PT[T\VX[; N(¾F) – PhMXUMRXY RMRXMcUQy UT _[MCUV 
ZV[\Q. LMRjMhYj_ Nhc PThhTNQc CVhQWQUT ¼N(¾F) 
zhQljT j VNQUQxV, \T`UQXUTc CMRP[QQ\WQCMRXY V`M 
MWVUY CVhQjT. 

~l\V[VUQc UT\T`UQWVUUMRXQ UTR��VUQc RPhTCMC 
RQRXV\� Co–Pd [5], jMXM[�V cChc�XRc bV[[M\T`UQX-
U�\Q _sV P[Q RMNV[sTUQQ 0,1 % Co, RCQNVXVhYRXC_VX 
M CjhTNV TXM\MC PThhTNQc C \T`UQXU�y \M\VUX RPhTCT, 
PMRjMhYj_ P[c\MV Mz\VUUMV ClTQ\MNVyRXCQV Co–Co 

P[Q XTjMy UQljMy jMUxVUX[TxQQ $M UVCMl\MsUM. �T`-
UQXU�y PM[cNMj C XTjQ� \VXThhQWVRjQ� RQRXV\T�, `NV 
P[c\My Mz\VU \VsN_ _NThVUU�\Q PT[T\T`UQXU�\Q 
TXM\T\Q P[TjXQWVRjQ MXR_XRXC_VX, Mz_RhMChVU jMR-
CVUU�\ Mz\VUU�\ \V�TUQl\M\, C jMXM[M\ TjXQCUMV 
_WTRXQV P[QUQ\T�X uhVjX[MU� P[MCMNQ\MRXQ \TX[Q-
x�. {TWVRXCVUUM uXM \MsUM Mz�cRUcXY XV\, WXM NMzTC-
hVUQV Co C \TX[Qx_ Pd _CVhQWQCTVX PV[Vj[�XQV d-  
Q s-lMU, WXM RMMXCVXRXCVUUM _CVhQWQCTVX jMUxVUX[T-
xQ� N�[Mj C 4d-lMUV TXM\T PThhTNQc, PMUQsTVX uUV[-
`Q� ZV[\Q. LMRhVNUVV C�l�CTVX PMC��VUQV PhMXUM-
RXQ RMRXMcUQy UT _[MCUV ZV[\Q Q P[QCMNQX j PMcChV-
UQ� RMzRXCVUUM`M \T`UQXUM`M \M\VUXT TXM\T PThhT-
NQc, T XTjsV j RPMUXTUUMy UT\T`UQWVUUMRXQ \TX[Qx� 
lT RWVX jMRCVUUM`M Mz\VUUM`M \V�TUQl\T. K RXTXYV [6] 
`MCM[QXRc, WXM P[Q _\VUY�VUQQ \VsTXM\UM`M [TR-
RXMcUQc C PThhTNQQ Mz\VUU�y QUXV`[Th RXTUMCQXRc 
PMhMsQXVhYU�\, Q PThhTNQy NMhsVU P[VC[TXQXYRc  
C bV[[M\T`UVXQj. ³XM CV[McXUM, \MsVX UTRX_PQXY P[Q 
jM\UTXUMy XV\PV[TX_[V, VRhQ P_XV\ CRVRXM[MUUV`M 
RsTXQc MzVRPVWQXY MXUMRQXVhYUMV Ql\VUVUQV Mz�V\T 
PThhTNQc P[QzhQlQXVhYUM UT 5 %. k MNUMbTlU�� PhV-
UMj Co–Pd ujCQTXM\UM`M Q zhQljQ� j UV\_ RMRXTCMC 
PT[T\VX[� [V�VXjQ RMRXTChc�X a = 0,258 U\, C =  
= 0,428 U\, T _ MNUMbTlU�� JÇ{-PhVUMj RPhTCT XM`M 
sV RMRXTCT a = 0,376 U\. qTjQ\ Mz[TlM\, [TRRXMcUQV 
\VsN_ zhQsTy�Q\Q RMRVNc\Q h�zM`M CQNT Pd–Pd, 
Pd–Co, Co–Co (PMRjMhYj_ C PhVUjT� MzMQ� bTl PMRhV 
jMUNVURTxQQ UT PMNhMsj_ UV UTzh�NTVXRc _PM[cNM-
WVUUMV [TRPMhMsVUQV TXM\MC C [V�VXjV) C JLk-bTlV 
[TCUM 0,258 U\, T C JÇ{-bTlV 0,266 U\. vTCQRQ\MRXY 
\T`UQXUM`M \M\VUXT UT TXM\ RPhTCT MX jMUxVUX[TxQQ 
C JLk-MNUMbTlU�� PhVUjT� PMjTlTUT UT [QR. 1. 
 

 
 

wQR. 1. vTCQRQ\MRXY \T`UQXUM`M \M\VUXT  
UT TXM\ RPhTCT C VNQUQxT� º^  C lTCQRQ\MRXQ  
 

MX RMRXTCT (1 – JÇ{-bTlT, 2 – JLk-bTlT) 
 
©RhQ R[TCUQXY VV R `[TbQjM\ jMUxVUX[TxQMUUMy 

lTCQRQ\MRXQ \T`UQXUM`M \M\VUXT UT TXM\ JÇ{-bTl�, 
XM R[VNUQy \M\VUX UT TXM\ C JLk-bTlV zMhY�V, WV\  
C JÇ{ C QRRhVNMCTUUM\ QUXV[CThV jMUxVUX[TxQy. ©RhQ 
RWQXTXY, WXM \T`UQXU�y \M\VUX TXM\T $M C RPhTCV 
P[TjXQWVRjQ UV \VUcVXRc C lTCQRQ\MRXQ MX jMUxVU-
X[TxQQ PThhTNQc Q RMRXTChcVX 1,7 º^ UT TXM\, XM _CV-
hQWVUQV UT\T`UQWVUUMRXQ PhVUMj JLk-bTl� RPhTCT 
RCclTUM R _CVhQWVUQV\ \T`UQXUM`M \M\VUXT TXM\MC 
Pd. {Tj PMjTl�CTVX uhV\VUXT[U�y [TRWVX, [TlhQWQV 
\T`UQXUM`M \M\VUXT TXM\T Pd C JLk-bTlV MX XTjMCM`M 
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C JÇ{-bTlV XM`M sV RMRXTCT [TCUM 0,5–0,4 º^. ³XM, 
MWVCQNUM, RCclTUM R Ql\VUVUQV\ uhVjX[MUUMy jMUbQ-
`_[TxQQ TXM\MC PThhTNQc Ql-lT Ql\VUVUQc [V�VXjQ Q, 
RMMXCVXRXCVUUM, RQ\\VX[QQ Mj[_sVUQc Q [TRRXMcUQc 
NM zhQsTy�Q� TXM\MC. 

$M`hTRUM NC_�lMUUMy \MNVhQ �MXXT [7] jTWVRX-
CVUUM Mz�cRUQXY zMhY�_� UT\T`UQWVUUMRXY JLk-
bTl� PM R[TCUVUQ� R UT\T`UQWVUUMRXY� JÇ{-bTl� 
MNUM`M Q XM`M sV RMRXTCT \MsUM RhVN_��Q\ Mz[TlM\. 
K PV[V�MNU�� d-\VXThhT� _[oCVUY ZV[\Q [TRPMhMsVU 
UQsV CV[�UVy `[TUQx� d-lMU�, jMXM[Tc XMhYjM WTRXQW-
UM lTPMhUVUT. ÍQ[QUT d-lMU� W ~ 1/a, `NV a – [TRRXMcUQV 
\VsN_ zhQsTy�Q\Q TXM\T\Q ([TNQ_R PV[CMy jMM[NQ-
UTxQMUUMy RbV[�). LMRjMhYj_ a(JÇ{) > a(JLk),  
XM W(JÇ{) < W(JLk). 

qTjQ\ Mz[TlM\, PV[Vj[�XQV s- Q d-lMU C TXM\T� 
PThhTNQc C JLk-bTlV zMhY�V, WV\ C JÇ{, WXM RMMX-
CVXRXC_VX zMhY�V\_ jMhQWVRXC_ CTjTUXU�� \VRX (N�-
[Mj) C d-lMUV TXM\T C JLk-bTlV Q, RhVNMCTXVhYUM, 
zMhY�V\_ \T`UQXUM\_ \M\VUX_ PThhTNQc C uXMy bTlV 
Q zMhY�Vy R_\\T[UMy UT\T`UQWVUUMRXQ UTR��VUQc 
JLk-bTl� PM R[TCUVUQ� R JÇ{-bTlMy MNUM`M Q XM`M 
sV RMRXTCT. 

	�'�+#�3�##��%� #��)A�#�� ��*�2�/#)� 
(<=q+<9�) 0��#��. ~l\V[VUQc UT\T`UQWVUUMRXQ 
UTR��VUQc NC_�bTlU�� (JLk+JÇ{) PhVUMj MRhMs-
Uc�XRc XV\, WXM Nhc PMh_WVUQc WQRhVUU�� lUTWVUQy 
Ms jTsNMy bTl� UTNM lUTXY jMhQWVRXCVUU�V RMMXUM-
�VUQc bTl, PMRjMhYj_ Ql Ql\V[VUQy \VXMNM\ C[T-
�T��Q� \M\VUXMC  PMh_WTVXRc lUTWVUQV MV, jMXM[MV 
P[VNRXTChcVX R_\\_ M1V1 + M2V2, `NV M1, M2 Q V1,  
V2 – UT\T`UQWVUUMRXQ UTR��VUQc Q Mz�V\� JLk-  
Q JÇ{-bTl RMMXCVXRXCVUUM. ~l-lT XVjRX_[Q[MCTUUMRXQ 
Mz[TlxMC Ql\V[VUQc Mz�V\T bTl \VXMNM\ RXTXQRXQWV-
RjMy Mz[TzMXjQ \Qj[MbMXM\VX[Q[MCTUQc \Qj[MbMXM-
`[TbQy NT�X NMCMhYUM zMhY�_� PM`[V�UMRXY, WXM 
RMMXCVXRXCVUUM RjTl�CTVXRc UT XMWUMRXQ MP[VNVhVUQc 
UT\T`UQWVUUMRXQ UTR��VUQc bTl. LMuXM\_ C NTUUM\ 
Rh_WTV hM`QWUM `MCM[QXY UV M UT\T`UQWVUUMRXQ UT-
R��VUQc JLk- Q JÇ{-bTl, XV\ zMhVV, WXM Q PT[T\VX-
[� uXQ� bTl C NC_�bTlUMy PhVUjV MXhQWT�XRc MX PT-
[T\VX[MC MNUMbTlU�� JLk- Q JÇ{-PhVUMj XM`M sV 
RMRXTCT, T M \T`UQXUM\ \M\VUXV UT VNQUQx_ Mz�V\T 
PhVUjQ RPhTCT, X. V. M UT\T`UQWVUUMRXQ UTR��VUQc Ms 
PhVUjQ. �T\T`UQWVUUMRXY UTR��VUQc NC_�bTlU�� 
(JLk+JÇ{) PhVUMj XMh�QUMy NM 1500 � hVsQX C Mz-
hTRXQ lUTWVUQy \VsN_ UT\T`UQWVUUMRXc\Q UTR��V-
UQc JLk- Q JÇ{-bTl XM`M sV RMRXTCT (UTP[Q\V[, Nhc 
ujCQTXM\UM`M RMRXTCT 900–750 JR). KVhQWQUT Ms Ql-
\VUcVXRc MX PhVUjQ j PhVUjV MNUM`M Q XM`M sV RMRXTCT 
C P[VNVhT�, zMhY�Q�, WV\ M�QzjT Ql\V[VUQy (5 %). 
wTlz[MR lUTWVUQy Ms \MsUM Mz�cRUQXY [TlU�\ RMMX-
UM�VUQV\ bTl C PhVUjT� MNUM`M Q XM`M sV RMRXTCT, 
Ql\VUVUQV\ PT[T\VX[MC [V�VXMj bTl C NC_�bTlUMy 
RQRXV\V. 

	�'�+#�3�##��%� #��)A�#�� ��#�2�/#)� 
<9�-0��#��. JÇ{-MNUMbTlU�V PMhQj[QRXThhQWVRjQV 
Q \MUMj[QRXThhQWVRjQV uPQXTjRQThYU�V PhVUjQ,  
C�[T�VUU�V P[Q �P 230–260 °$, Q\V�X UT\T`UQWVU-
UMRXY UTR��VUQc \TRRQCU�� Mz[TlxMC XM`M sV RMRXT-
CT ([QR. 1, 1). K�RMjMXV\PV[TX_[U�V MXsQ`Q XTjQ� 
PhVUMj ujCQTXM\UM`M Q zhQljQ� j UV\_ RMRXTCMC PM-
lCMhc�X PMh_WTXY TXM\UM-_PM[cNMWVUU_� RX[_jX_[_  

R qJÇ-[V�VXjMy XQPT L10 (a = 0,416 U\, C = 0,334 U\, 
C/a = 0,81). LM \V[V QRWVlUMCVUQc bTl� R JÇ{-
[V�VXjMy P[MQR�MNQX _\VUY�VUQV UT\T`UQWVUUMRXQ 
UTR��VUQc NM CVhQWQU� Ms ~ 80 JR. LMhUMRXY� bTlT 
R JÇ{-[V�VXjMy UV QRWVlTVX, PMuXM\_ \Th_� UT\T`-
UQWVUUMRXY \MsUM MXUVRXQ lT VV RWVX. �XR_XRXCQV UT-
\T`UQWVUUMRXQ C bTlV R qJÇ-[V�VXjMy, CMl\MsUM, 
Mz_RhMChVUM bM[\Q[MCTUQV\ C UVy RjM\PVURQ[MCTU-
UM`M TUXQbV[[M\T`UVXQl\T. LT[T\VX[� a Q C qJÇ-
[V�VXjQ R_�VRXCVUUM lTCQRcX MX [VsQ\T XV[\MMz[T-
zMXjQ [8]. �XUM�VUQV C/a \MsVX NMRXQ`TXY lUTWVUQc 
0,80. qTjMV QRjTsVUQV [V�VXjQ \MsVX P[QCVRXQ j MX-
[QxTXVhYUM\_ lUTj_ jMURXTUX� Mz\VUUM`M ClTQ\MNVy-
RXCQc Q j TUXQbV[[M\T`UQXUM\_ _PM[cNMWVUQ�. 

	�'�+#�3�##��%� #��)A�#�� #�#��"��%����-
3����� 0��#��. ~l hQXV[TX_[U�� QRXMWUQjMC QlCVRXUM, 
WXM UT\T`UQWVUUMRXY UTR��VUQc T\M[bUM`M \TXV[QT-
hT CVRY\T RhTzM \VUcVXRc P[Q V`M j[QRXThhQlTxQQ [9]. 
�T\T`UQWVUUMRXY UTR��VUQc UTUMj[QRXThhQWVRjQ� 
PhVUMj Co–Pd [TCUT QhQ UVRjMhYjM \VUY�V (UT 6–7 %) 
UT\T`UQWVUUMRXQ UTR��VUQc j[QRXThhQWVRjMy PhVUjQ 
XM`M sV RMRXTCT. ³XM bQjRQ[_�X Ql\V[VUQc Ms NM  
Q PMRhV [Vj[QRXThhQlTxQQ MNUQ� Q XV� sV Mz[TlxMC. 
{[M\V XM`M, UTzh�NTVXRc [Tlz[MR lUTWVUQy Ms  
MX PhVUjQ j PhVUjV MNUM`M Q XM`M sV RMRXTCT (NM 150 JR). 
�Tzh�NT��QyRc [Tlz[MR lUTWVUQy Ms UTUMj[QRXTh-
hQWVRjQ� PhVUMj MNUM`M Q XM`M sV RMRXTCT, MXhQWQV 
uXQ� lUTWVUQy MX Ms j[QRXThhQWVRjQ� PhVUMj \MsUM 
Mz�cRUQXY MXUMRQXVhYUM zMhY�Q\ Mz�V\M\ PV[V�MN-
U�� _WTRXjMC \VsN_ MzhTRXc\Q R JLk- Q JÇ{-
RQ\\VX[QVy ClTQ\UM`M [TRPMhMsVUQc TXM\MC. LV[V-
�MNU�V _WTRXjQ, MWVCQNUM, �T[TjXV[Ql_�XRc bh_jX_T-
xQc\Q \VsTXM\U�� [TRRXMcUQy, WXM \MsVX P[QCMNQXY 
j Mz\VUU�\ ClTQ\MNVyRXCQc\ [TlUM`M lUTjT. {[M\V 
XM`M, uXM RCclTUM Q R [TlU�\ jMhQWVRXCVUU�\ RMMX-
UM�VUQV\ Mz�V\MC RT\Q� MzhTRXVy. �TR��VUQV UTUM- 
j[QRXThhQWVRjQ� PhVUMj P[MQR�MNQX C PMhc� 100–800 ³. 

������'��%� 0�"�'�%"� �5'�##�+� �/��'���!-
�%��� �% �%"*�%*") 0��#�� �0���� Co–Pd. �hc ujR-
PV[Q\VUXThYUMy MxVUjQ PT[T\VX[T Mz\VUUM`M ClTQ-
\MNVyRXCQc UTQzMhY�Qy QUXV[VR P[VNRXTChcVX QRRhV-
NMCTUQV UQljMXV\PV[TX_[U�� lTCQRQ\MRXVy UT\T`UQ-
WVUUMRXQ UTR��VUQc, `NV UVPMR[VNRXCVUUM C�PMh- 
UcVXRc lTjMU T3/2. �hc [TRWVXT CVhQWQU� PT[T\VX[T 
Mz\VUUM`M ClTQ\MNVyRXCQc QRPMhYlMCThMRY RMMXUM-
�VUQV [10] 
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`NV CVhQWQUT B MP[VNVhchTRY UVPMR[VNRXCVUUM PMRhV 
PV[VRX[MyjQ ujRPV[Q\VUXThYUMy j[QCMy C jMM[NQUT-
XT� 8 MX �3/2. ~UXV`[ThYUTc b_UjxQc ^MlV–³yU�XVyUT 
F3/2(T/H) MP[VNVhcVXRc C�[TsVUQV\: 
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L[Q H = 0 F3/2 RXTUMCQXRc jMURXTUXMy, UVlTCQRc-
�Vy MX XV\PV[TX_[�: F3/2 = ¾(3/2) = 2,612, `NV ¾ – NlV-
XT-b_UjxQc wQ\TUT. 

~l\V[VUQc M(T) P[MCMNQhQRY C PMhc� 22 j³. KV-
hQWQUT UT\T`UQWVUUMRXQ UTR��VUQc MP[VNVhchTRY 
ujRX[TPMhcxQVy XV\PV[TX_[UMy lTCQRQ\MRXQ UT\T`-
UQWVUUMRXQ M MX �3/2 UT MRY 0 {. 

vUTUQV CVhQWQU�  B/F3/2(T) Q UT\T`UQWVUUMRXQ  
UTR��VUQc NTVX CMl\MsUMRXY C�WQRhQXY CVhQWQU_ 
PT[T\VX[T Mz\VUUM`M ClTQ\MNVyRXCQc ¶ [10]. qTjQV 
C�WQRhVUQc Nhc PhVUMj, MzhTNT��Q� JLk-, JÇ{-  
Q UTUMj[QRXThhQWVRjMy RX[_jX_[My, z�hQ P[MNVhTU�, 
Q UT [QR. 2 P[QCVNVU� lUTWVUQc C�WQRhVUUM`M PT[T-
\VX[T Mz\VUUM`M ClTQ\MNVyRXCQc ¶, PMh_WVUU�V Nhc 
PhVUMj RPhTCT Co50Pd50. LM MRQ M[NQUTX MXhMsVUT CV-
hQWQUT gº^¶8, X. V. D (VV [Tl\V[UMRXY uK·Å2). ©NQUQ-
x� Ql\V[VUQc ¶ – R\2. �V[VNjM QRPMhYl_�X Q  N[_`QV 
RQRXV\� VNQUQx, UTP[Q\V[, C RPVjX[MRjMPQWVRjQ� 
Ql\V[VUQc� PMhYl_�XRc XV[\QUM\ Mz\VUUTc sVRX-
jMRXY � = ¶8, [Tl\V[UMRXY uXM`M PT[T\VX[T R\2·³. 
$hVNMCTXVhYUM, ¶, � Q D MXhQWT�XRc XMhYjM PMRXMcU-
U�\Q \UMsQXVhc\Q. {Tj CQNUM UT [QR. 2, D _CVhQWQ-
CTVXRc P[Q Ql\VUVUQQ RX[_jX_[UM`M RMRXMcUQc RPhTCT 
Co50Pd50 MX JLk-MNUMbTlU�� j UTUMj[QRXThhQWVRjM-
\_ Q NThVV j JÇ{-MNUMbTlU�\ PhVUjT\. ~l j[QCMy 
D(X) CQNUM, WXM P[Q bTlMCM\ PV[V�MNV \VsN_ j[Q-
RXThhQWVRjQ\Q XCV[N�\Q [TRXCM[T\Q CVhQWQUT D \V-
UcVXRc C 2,5 [TlT.  
 

 
 

wQR. 2. �QT`[T\\T RMRXMcUQc C jMM[NQUTXT� 
«Mz\VU – RX[_jX_[UMV RMRXMcUQV» (�) Q lTCQ- 
 

RQ\MRXY � MX RX[_jX_[� Co50Pd50 (�) 
 
LT[T\VX[ Mz\VUT PhVUMj R UTUMj[QRXThhQWVRjMy 

RX[_jX_[My hVsQX \VsN_ lUTWVUQc\Q Nhc JLk-  
Q JÇ{-j[QRXThhQWVRjQ� XCV[N�� [TRXCM[MC. ³XMX 
bTjX `MCM[QX M XM\, WXM UTUMj[QRXThhQWVRjTc RX[_j-
X_[T P[VNRXTChcVX R\VRY UTUMj[QRXThhQWVRjQ� lT[M-
N��Vy R JLk- Q JÇ{-RQ\\VX[QVy zhQsTy�V`M Mj[_-
sVUQc, PMRjMhYj_ Nhc T\M[bU�� CV�VRXC PT[T\VX[ 
Mz\VUT, jTj CQNUM Ql hQXV[TX_[� [10–12], Ql\VUcVXRc 
RjTWjM\ P[Q bTlMCM\ PV[V�MNV «j[QRXThh – T\M[bUMV 
RMRXMcUQV», Q V`M lUTWVUQc UV _jhTN�CT�XRc \VsN_ 
lUTWVUQc\Q PT[T\VX[T Mz\VUT j[QRXThhQWVRjQ� \M-
NQbQjTxQy RPhTCT. 

�+#�%#�� �"��%����+"�2�3����� �#�/�%"�-
0�� 0��#�� �0���� Co–Pd. K [TzMXV [13] z�hT QRRhV-
NMCTUT \T`UQXUTc j[QRXThhM`[TbQWVRjTc TUQlMX[MPQc 
PhVUMj RPhTCT Co–Pd P[Q 20 °$ CM CRVy jMUxVUX[TxQ-
MUUMy MzhTRXQ RMRXTCMC. ^�hM PMjTlTUM, WXM K1 hQ-
UVyUM RPTNTVX R _CVhQWVUQV\ jMUxVUX[TxQc PThhTNQc 
MX –6·105 u[`/R\3 NM U_hc Nhc PThhTNQc. K [TzMXV [14] 
z�hT QRRhVNMCTUT \T`UQXUTc j[QRXThhM`[TbQWVRjTc 
TUQlMX[MPQc \MUMj[QRXThhMC RPhTCT Co–Pd C jMUxVU-
X[TxQMUUM\ QUXV[CThV MX 5 NM 30 TX. % $o. LMjTlTUM, 
WXM VV PV[CTc jMURXTUXT K1 P[Q XV\PV[TX_[V sQN- 
jM`M `VhQc Q RMRXTCT Co10Pd90 NMRXQ`TVX lUTWVUQc  
1,7·106 u[`/R\3 ([QR. 3, j[QCTc �). ³XM PMz_NQhM P[M-
CVRXQ QRRhVNMCTUQc jMUxVUX[TxQMUUMy lTCQRQ\MRXQ 
K1 P[Q XV\PV[TX_[T� sQNjM`M TlMXT (77 {) Q 300 { jTj 
UT \MUMj[QRXThhQWVRjQ� PhVUjT�, C�[T�VUU�� UT 
PMNhMsjT� MgO, XTj Q UT \MUMj[QRXThhQWVRjQ� PMh_-
RbV[T�. ~l\V[VUQc PV[CMy jMURXTUX� j[QRXThhM`[T-
bQWVRjMy TUQlMX[MPQQ MR_�VRXChchQRY \VXMNM\ C[T-
�T��Q� \M\VUXMC. �TP[csVUUMRXY \T`UQXUM`M PMhc 
P[Q Ql\V[VUQc� [TCUchTRY 18 j³. �T [QR. 3 P[QCVNVU� 
`[TbQjQ jMUxVUX[TxQMUUMy lTCQRQ\MRXQ K1 P[Q 300 { 
([QR. 3, �) Q 77 { ([QR. 3, �) Nhc \MUMj[QRXThhQWVRjQ� 
PMh_RbV[ RPhTCT Co–Pd. ~l\V[VUQc UT PhVUjT� NT�X 
UVRjMhYjM N[_`QV lUTWVUQc K1, WXM, MWVCQNUM, RCclTUM 
R UThQWQV\ UTP[csVUQy Q zhMWUMRXQ uPQXTjRQThY- 
U�� \MUMj[QRXThhQWVRjQ� PhVUMj. ~l P[QCVNVUU��  
UT [QR. 3 `[TbQjMC CQNUM, WXM P[Q RMNV[sTUQQ C RPhT-
CV jMzThYXT zMhY�V 50 TX. % lTCQRQ\MRXY K1 MX XV\PV-
[TX_[� RhTzTc. $ _\VUY�VUQV\ RMNV[sTUQc jMzThYXT 
UQsV 50 TX. % lTCQRQ\MRXY K1 MX XV\PV[TX_[� [TRXVX 
P[Q\V[UM NM 10 TX. % jMzThYXT. qTjQ\ Mz[TlM\, XV\-
PV[TX_[UTc lTCQRQ\MRXY K1 RPhTCMC Co–Pd R_�VRX-
CVUU�\ Mz[TlM\ MXhQWTVXRc MX XV\PV[TX_[UMy lTCQ-
RQ\MRXQ RPhTCMC «UQjVhY–PThhTNQy» [15]. 

��#�%�#%� 0�"0�#���*��"#�! �#�/�%"�0�� 0��-
#�� <=q-2�/). ~l\V[VUQc K1 RCVsVUTP�hVUU��  
MNUMbTlU�� JLk-PhVUMj XMh�QUMy 400–500 Å RMRXT-
CMC Co1-xPdx, `NV x = 0,45–0,55, PMjTl�CT�X, WXM ��� 
MXjhMUcVXRc MX PhMRjMRXQ PhVUjQ, X. V. j[QRXThhM`[T-
bQWVRjTc TUQlMX[MPQc JLk-bTl� zMhY�V, WV\ TUQlM-
X[MPQc bM[\� PhVUjQ, [TCUTc 2ÿM2

S ~ 6·106 u[`/R\3.  
$ XVWVUQV\ C[V\VUQ (UVRjMhYjM R_XMj) �[TUVUQc  
C jM\UTXU�� _RhMCQc� ��� _jhTN�CTVXRc C PhMRjMRXY 
PhVUjQ. ³XM RCclTUM R NQbb_lQMUU�\Q P[MxVRRT\Q, 
RUcXQV\ UTP[csVUQy Q CMlUQjUMCVUQV\ lT[MN��Vy 
JÇ{-bTl�. 

�+#�%#�� �#�/�%"�0�� ��*�2�/#)� (<=q+<9�) 
0��#��. K UVjMXM[�� NC_�bTlU�� (JÇ{+JLk) PhVU-
jT� UTzh�NTVXRc QUXV[VRUTc MRMzVUUMRXY. K PhVUjT� 
$o1-xPdx, `NV x = 0,5–0,55, PM\V�VUU�� C lTlM[ uhVj-
X[M\T`UQXT, UTzh�NTVXRc C��MN ��� Ql PhMRjMRXQ 
PhVUMj, lTCQRc�Qy MX CVhQWQU� P[QhMsVUUM`M \T`-
UQXUM`M PMhc. �hc [TlhQWU�� Mz[TlxMC PMhV TUQlM-
X[MPQQ (P[Q jMXM[M\ ��� UT�MNQXRc C UV_RXMyWQCM\ 
PMhMsVUQQ) \VUcVXRc MX 2 NM 14 j³. L[Q[MNT ubbVjXT 
RMRXMQX C RhVN_��V\. �z[TlVx (PhVUjT) P[VNRXTChcVX 
RMzMy `VXV[MbTlU_� RQRXV\_, MRQ hV`jM`M UT\T`UQWQ-
CTUQc jTsNMy Ql bTl jMXM[My MXhQWT�XRc RCMVy M[QVU- 
XTxQVy ([QR. 4). 
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wQR. 3. �T`UQXUTc j[QRXThhM`[TbQWVRjTc TUQlMX[MPQc  
RPhTCMC Co–Pd: PM NTUU�\ [TzMXT\ [16] (�); 300 { (�); 77 { (�) 

 

 
 

wQR. 4. $�V\TXQWVRjMV QlMz[TsVUQV NC_�bTlUMy PhVUjQ (JLk+JÇ{): 
j[_`Q – WTRXQx� JLk-bTl�; M1 – UT\T`UQWVUUMRXY JÇ{;  

M2 – UT\T`UQWVUUMRXY JLk-bTl� 
 
L[VUVz[V`Tc ubbVjXT\Q Mz\VUUM`M ClTQ\MNVyRX-

CQc UT `[TUQxT� bTl, \T`UQXU_� WTRXY RCMzMNUMy 
uUV[`QQ \MsUM lTPQRTXY C CQNV R_\\� F = f1 + f2, `NV 

2
1 1 1 1 1 1 1cos sin ( ),f M V H K V� V � E �V  

2
2 2 2 2 2 2 2cos sin ( ),f M V H K V� V � E �V  

M1 Q M2 – UT\T`UQWVUUMRXQ UTR��VUQc bTl; K1 Q  K2 – 
jMURXTUX� \T`UQXUMy MNUMMRUMy TUQlMX[MPQQ; V1 Q V2 – 
Q� PT[xQThYU�V Mz�V\�; 1 Q 2 – MXjhMUVUQc CVjXM-
[MC M1 Q M2 MX UTP[TChVUQc CUV�UV`M \T`UQXUM`M 
PMhc UTP[csVUUMRXY� H. 

k[TCUVUQV 

i
i

i

df
L

d
�

V  
PMlCMhcVX lTPQRTXY j[_Xc�QV \M\VUX� bTl L1 Q L2: 

 1 1 1 1sin 2( ),L K V� E �V  

 2 2 2 2sin 2( ).L K V� E �V  
�hc Rh_WTc MiH >> Ki \MsUM M`[TUQWQXYRc hQUVy-

U�\ [TlhMsVUQV\ Li PM i Q, R_\\Q[_c RhT`TV\�V, 
PMh_WQXY C�[TsVUQV Nhc j[_Xc�V`M \M\VUXT CRVy 
RQRXV\�: 

 
2 2
1 1 2 2

1 1 2 2
1 2

1 sin 4( )sin 2 .
2

K V K VL K V K V
M M H


 � E
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{Tj CQNUM Ql RMPMRXTChVUQc XVM[VXQWVRjMy 
(RPhM�UTc hQUQc) Q ujRPV[Q\VUXThYUMy (XMWjQ) lTCQ-
RQ\MRXQ L(H) UT [QR. 5, P[VNhMsVUUTc \MNVhY �M[M�M 
MPQR�CTVX [Vl_hYXTX� Ql\V[VUQy. 

LMhV 5¹, P[Q jMXM[M\ C Rh_WTV bQjRQ[MCTUUM`M õ 
j[_Xc�Qy \M\VUX [TCVU U_h�, UTl�CTVXRc PMhV\ \T`-
UQXUMy TUQlMX[MPQQ Q, jTj \MsUM PMh_WQXY Ql P[V-
N�N_�V`M C�[TsVUQc, MP[VNVhcVXRc C�[TsVUQV\ 

2 2
1 1 2 2

1 21

1 1 2 2

cos 2
.

K V K V
M M

H
K V K V
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��`"-�%��#�� ���� 0��#�� Co–Pd. ~l hQXV[T-
X_[U�� NTUU�� QlCVRXUM, WXM T\M[bU�V \TXV[QTh� 
MzhTNT�X \ThMy CVhQWQUMy Hc, jMXM[Tc C UVjMXM[�� 
RPhTCT� NMRXQ`TVX RMX�� NMhVy u[RXVNT. {[QRXThhQlT-
xQc PMC��TVX Hc. �TP[Q\V[, RPhTC Co–Pd, Q\V��Qy 
C PhVUMWU�� Mz[TlxT� C T\M[bUM\ RMRXMcUQQ jMu[xQ-
XQCU_� RQh_ MX 2 NM 25 ³, PMRhV j[QRXThhQlTxQQ P[Q-
Mz[VXTVX Hc 300–600 ³. ~l\V[VUQc jMu[xQXQCUMy  
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RQh� PhVUMj RPhTCT Co–Pd PMjTl�CT�X, WXM Hc UTUMj-
[QRXThhQWVRjQ� PhVUMj _jhTN�CT�XRc C QUXV[CThV  
MX 5 NM 20 ³. Hc NC_�bTlU�� Q MNUMbTlU�� PhVUMj 
zMhY�V UT PM[cNMj Q RMRXTChc�X 60–400 ³. {[QRXTh-
hQlTxQc UTUMj[QRXThhQWVRjQ� PhVUMj _CVhQWQCTVX 
jMu[xQXQCU_� RQh_ UT PM[cNMj Q zMhY�V. KRV C��V-
QlhMsVUUMV `MCM[QX M XM\, WXM UTUMj[QRXThhQWVRjQV 
PhVUjQ Co–Pd zhQljQ PM RX[MVUQ� j T\M[bU�\ Mz-
[TlxT\, X. V. [Tl\V[� RX[_jX_[U�� Q �Q\QWVRjQ� UV-
MNUM[MNUMRXVy C UQ� \Th� Q RhTzM P[VPcXRXC_�X 
P[MxVRRT\ PV[V\T`UQWQCTUQc. 

Hs #�#��"��%����3����� 0��#��. K XV\PV[TX_[-
UM\ QUXV[CThV 20–420 °$ z�hQ P[MCVNVU� QRRhVNMCT-
UQc PMhc XV�UQWVRjM`M UT\T`UQWQCTUQc Hs C PhVUjT� 
ujCQTXM\UM`M Q zhQljQ� j UV\_ RMRXTCMC.  

~l\V[VUQc PMhVy UTR��VUQc PhVUMj (Hs) P[MQlCM-
NQhQRY CNMhY UM[\ThQ j Q� PhMRjMRXc\. KVhQWQUT Hs 
Nhc uXM`M UTP[TChVUQc PhVUjQ MP[VNVhcVXRc P[MQlCV-
NVUQV\ 4ÿJubb

S. �T [QR. 6 PMjTlTU� `[TbQjQ lTCQRQ-
\MRXQ Hs MX XV\PV[TX_[� Nhc PhVUMj [TlUM`M RMRXTCT. 
J[TbQj Hs = f(T) Nhc ujCQTXM\UM`M RPhTCT Q\VVX `h_-
zMjQy \QUQ\_\ C [TyMUV 340–v60 °$. $ _CVhQWVUQV\ 
C RPhTCV RMNV[sTUQc Co `h_zQUT \QUQ\_\T _\VUY�T-
VXRc. �hc RPhTCT Co68Pd32 C uXMy sV MzhTRXQ UTzh�NT-
VXRc UVzMhY�My \TjRQ\_\ Hs. vT\VXQ\, WXM P[Q j[Q-
RXThhQlTxQQ T\M[bU�� PhVUMj Co90P10 UTzh�NTVXRc 
\TjRQ\_\ Hs, jMXM[�y C [TzMXV [17] RMPMRXTChcVXRc  
R \TjRQ\_\M\ UT j[QCMy XV\PV[TX_[UMy lTCQRQ\MRXQ 
PMRXMcUUMy Mz\VUUM`M ClTQ\MNVyRXCQc �(�), Ql\V-
[cC�VyRc \VXMNM\ $Kw. 

 

 
 

wQR. 5. ³jRPV[Q\VUXThYUTc lTCQRQ\MRXY L(H) (XMWjQ) Nhc PhVUjQ Co50Pd50, 820 �: 
[TRWVX (RPhM�UTc hQUQc) õ = 47M, VJLk – 10 %, VJÇ{ – 90 % 

 

 
 

wQR. 6. vTCQRQ\MRXY PMhc UTR��VUQc MX XV\PV[TX_[�:  
1 – PhVUjT Co50Pd50 XMh�QUMy 520 �; 2 – PhVUjT Co56Pd44  

XMh�QUT 600 �; 3 – PhVUjT Co69Pd31 XMh�QUT 470 � 



 
 
 

������� ������. ��� 17,  � 1 
 

 184

LMRhVNUQy bTjX NTVX UT\ MRUMCTUQV P[VNhMsQXY 
RhVN_��VV Mz�cRUVUQV j[QC�\ Hs(T) UTUMj[QRXThhQ-
WVRjQ� PhVUMj Co–Pd. KV[McXUM, CM C[V\c [Vj[QRXTh-
hQlTxQQ PhVUjQ RPhTCT Co50Pd50 C UVy CMlUQjT�X MX-
[QxTXVhYU�V Mz\VUU�V ClTQ\MNVyRXCQc, P[QCMNc�QV 
j Mz[TlMCTUQ� TUXQbV[[M\T`UQXUM`M _PM[cNMWVUQc 
RPQUMC C UVjMXM[�� hMjThYU�� MzhTRXc� PhVUjQ. �z-
�Qy \T`UQXU�y \M\VUX Js Mz[TlxT PTNTVX, PMuXM\_ 
Mz[TlVx UTR��TVXRc C R[TCUQXVhYUM \Th�� CUV�UQ� 
PMhc�. L[Q NThYUVy�V\ PMC��VUQQ XV\PV[TX_[� 
P[MQR�MNQX RXTzQhQlTxQc j[QRXThhQWVRjMy RX[_jX_[� 
Q lT\VUT MX[QxTXVhYUM`M Mz\VUUM`M ClTQ\MNVyRXCQc 
PMhMsQXVhYU�\. $ uXQ� PMlQxQy RXTUMCQXRc PMUcX-
U�\, PMWV\_ P[Q zMhY�M\ RMNV[sTUQQ C RPhTCV Co 
(68 TX. %) Hs(T) Q\VVX \TjRQ\_\. �WVCQNUM, lNVRY, jTj 
Q C Rh_WTV j[QRXThhQlTxQQ T\M[bU�� PhVUMj Co90Pd10, 
P[MQR�MNQX _CVhQWVUQV PMRXMcUUMy PMhMsQXVhYUM`M 
Mz\VUUM`M ClTQ\MNVyRXCQc. 

����^3�#��. �VXTRXTzQhYUTc JLk-bTlT C PhVUjT� 
Co–Pd Q\VVX UT\T`UQWVUUMRXY UTR��VUQc C��V, WV\ 
UT\T`UQWVUUMRXY UTR��VUQc \TRRQCUM`M JÇ{-RPhTCT 
XM`M sV �Q\QWVRjM`M RMRXTCT. ³XMX bTjX Mz�cRUcVXRc 
XV\, WXM TXM\� Pd C JLk-[V�VXjV CUMRcX zMhY�Qy 
CjhTN C Ms, WV\ C JÇ{-[V�VXjV. 

wTRRWQXTUU�V UT MRUMCV ujRPV[Q\VUXThYU�� NTU-
U�� lUTWVUQc PT[T\VX[MC Mz\VUT JLk- Q JÇ{-
MNUMbTlU�� PhVUMj, T XTjsV UTUMj[QRXThhQWVRjQ� 
PhVUMj, `MCM[cX M XM\, WXM UTUMj[QRXThhQWVRjTc RQR-
XV\T P[VNRXTChcVX RMzMy R\VRY UTUMj[QRXThhQWVRjQ� 
lT[MN��Vy R JLk- Q JÇ{-RQ\\VX[QVy zhQsTy�V`M 
Mj[_sVUQc. 

kRXTUMChVUM, WXM R _CVhQWVUQV\ C RPhTCV RMNV[-
sTUQc Pd RC��V 50 TX. % �T[TjXV[ XV\PV[TX_[UMy 
lTCQRQ\MRXQ K1 \VUcVXRc: MUT P[QMz[VXTVX WV[X� XV\-
PV[TX_[UMy lTCQRQ\MRXQ K1 UQjVhc. �XR�NT NVhTVXRc 
C�CMN M XM\, WXM zM`TX�V Pd RPhTC� Co–Pd C lUTWQ-
XVhYUMy RXVPVUQ cChc�XRc lMUU�\Q bV[[M\T`UVXQjT\Q. 

K NC_�bTlU�� PhVUjT� (JLk+JÇ{) C PMhc� NM 18 j³ 
UTzh�NTVXRc lTCQRQ\MRXY PMhMsVUQc ��� MX CVhQWQ-
U� P[QhMsVUUM`M PMhc (P[Q MP[VNVhVUU�� lUTWVUQc� 
5 ��� MXjhMUcVXRc MX PhMRjMRXQ PhVUjQ). $NVhTUU�y 
[TRWVX C[T�T��V`M \M\VUXT, NVyRXC_��V`M UT PhVU-
j_ C \T`UQXUM\ PMhV, RM`hTR_VXRc R ujRPV[Q\VUXM\. 
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� ���	������� �	%��#�������� � �	���#�	���� ���	%������� �� #	��#	�(��(& �!	������������ #	���"-

������� "�	��� #	����(+��( #����	��� �	��� � �	%��#���������$+ �� 60 �. >( �������( �	��%���� 
�(����� �#��������� #���	&����$ ���$���� "���� #	� �������� � #����	��� �	���� ����� 	�������� 
#��	����. )	� !��� � ��������� 	���� �( #��	���� #	���(�(���( �����	������ '��� 	(� �	��������: 
�������$��� ��!//�'���� �	���( (�(����( �#��������$), ������( ��������������$ (�����������$ #� ��-
���%), ������( ���	%�����( �#��������$ (���%������ ������	�/�������� ������ 	�����) � �����������$ 
#���	&�������� ��( 	����� (���%������ %��������& �	�*�� �� ���$ �	�� �%6��). �������	������( ���-
���� c 	�������� #��	�����  �	��� �� ���������%$���� #��!����� (HMPE).  

���#�	������$�� 	�"��� ��#	��� ����	� �������� 	���� �( �������( 	�������& #��	���� �� 	������ 
#���	&����� �(6�����	%6����& "����� �	%��#��������� � �	���#�	����� ���	%������( �!	������������ 
#	���"������� #	� �������� � #����	��� �	����. ������� 	���� �'�������$ #� �& �	������������ 
��������� � ���	%������ �#���������. �#����� �����	%�'�( ������ ����	����-#���%#���$���� ���6���(  
� �������� ����������� ��!//�'����� �	���( � ������ 	����. 0����	%�'�( ������ ��+���� �	���"�#��-
"��%��%+ �	%##%, ������% ���	%6���( ��	��'�� � ������% ����	���( ��!//�'����� �	���(. )	� ��#���- 
��(& �� ������ �����6�� ��������� ���	���� ����	����-#���%#���$���� ���6���( ��	��'�� �� 0,02  
�� 0,5 �/�. � ����������� �� ���� �	%��� � 	����	�� ��	��'�� ������� �� #���	&����� �	���( ��	��'��  
��6�� 	��%�	����$�( � ���#����� �� 0,2 �� 20 8)�. 4���	���� ��!//�'����� �	���( #	�������$ #��	��-
����� ��������� � ��������������. Q������� ������ � ��&��� ��������� ����	(��$ '�/	���� ��#���-
��+*�� ��'���	�/�� PCS-500A, 	�����+*�� � ���#���� � ���#$+��	��. 4���� 	����� �#	���(�(  
������� ���%��������& ���. 

)�%���� !��#�	������$��� ����������� ��!//�'����� �	���( � ������������� ����"�����( �� ���-
���( �� ��������	%+*�& #���	&����(& 	����� � �	���W �����	 #���	&������ 	����� #��� ����"�����(  
� ���+����� �� &���� !��#�	������� #������X ��� � ������ �%��� #	���&���� %��������� ����"������ 
	�����, ��� �������������� ����% �������( ���	������' 	�����. ����������, ��� #	� �#	�������� 
������� %��������"���( 	�6�� ����"�����( (������( ����������$) #�	�&���� � ������	�/�������. �#	�-
����� ������� �	��������& �������  �( ���& �����������& 	����. 

4�#�$������� ������ �������& !������� #������ ������$ �������-!������%+ ����$ �������� �	�-
�� � #���	&����$+ 	��������� ��( �� "����. 5� ��������� ������ !��� ����� ��%���� �����������$ ���� 
	������& 	���� � ����� �	���( ��	�������( %��������& �	�*�� � �& �����������$ #� ����"�����+.   

 
0+����� ����: 	�����, �	��, "���, ������������$ ����"�����(, ��!//�'���� �	���(, #	���$��� ���-

������� �������, ����� �������& !�������. 
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The polymeric cables with load-carrying capacity to 60 tons are widely applied in the modern lifting and transport 
equipment at the enterprises of the aerospace industry. The surface of a steel pulley at contact to a polymeric cable has 
a rubber covering for creation of demanded traction ability. Thus we have next requirements to properties of rubbers 
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for coverings simultaneously: the maximum value of friction coefficient (tractive ability), high wear resistance (wear 
life), high loading ability (absence of catastrophic wear of rubber) and lifetime of a surface layer of rubber (absence of 
fatigue cracks for all service life). The contact of rubber and cable made from high modulus polyethylene (HMPE) was 
considered in the given article.  

Questions of a choice of structures of rubber for creation of rubber coverings on working surface heavy-loaded 
pulleys of the lifting and transport equipment of the aerospace industry at contact to a polymeric cable are 
experimentally solved. Structures of rubber were estimated on base of them frictional properties and loading ability. 
The design of the stand of back-and-forth motion and technique of researches of a friction coefficient and wear  
of rubbers is described. The stand design includes crank-and-rod mechanism, loading system of the samples and system 
of measurement of friction coefficient. At tests at the stand probably change of speed of back-and-forth motion  
of samples from 0.02 to 0.5 m/s. Pressure upon surfaces of a friction of samples can be regulated in a range from 0.2  
to 20 8)�. It depends on weight of cargoes and the sizes of samples. Measurement of friction coefficient was spent  
by means of strain-gauge unit. Value of a signal from an exit strain-gauge unit was measured by digital remembering 
oscillograph PCS-500A working complete with the computer. The wear of rubber was defined by the method  
of artificial bases.  

Experimental dependences of a friction coefficient and intensity of wear process at pressure upon contacting 
surfaces of rubber and a cable are received Survey of surfaces of rubber after wear process and supervision over  
a course of experiments have shown that in this case there is a fatigue wear process of rubber that corresponded to the 
beginning of separation of rubber macro particles. It is established that at certain pressure the established mode 
 of wear process (linear dependence) passes in the catastrophic  Sizes of critical pressure for all investigated rubbers 
are defined. 

Use of a finite elements analysis has allowed creating certainly-element model of contact of a cable with a surface 
of a rubber layer on a pulley. On the basis of the analysis of this model are studied durability of layers of various 
rubbers from the point of view of formation of fatigue cracks and their durability on wear process. 

 
Keywords: rubber, rope, sheave, wear intensity, coefficient of friction, limit contact pressure, finite element 

analysis.  
 

�����#��. LMhQ\V[� lTUQ\T�X MNUM Ql CVN_�Q� 
\VRX R[VNQ jMURX[_jxQMUU�� \TXV[QThMC C \T�QUM-
RX[MVUQQ. ÇVhVRMMz[TlUMRXY Q� P[Q\VUVUQc MP[VNV-
hcVXRc _h_W�VUQV\ \TRRM`TzT[QXU�� �T[TjXV[QRXQj, 
PMC��VUQV\ NMh`MCVWUMRXQ, UTNVsUMRXQ Q N[. �zhTRXY 
P[Q\VUVUQc PMhQ\V[MC C UTlV\U�� jMURX[_jxQc�  
Tu[MjMR\QWVRjMy MX[TRhQ NMCMhYUM �Q[MjT: NVXThQ 
\V�TUQWVRjQ� PV[VNTW (l_zWTX�V Q WV[CcWU�V jMhVRT, 
�jQC�, PMN�QPUQjQ RjMhYsVUQc Q jTWVUQc), UTP[TC-
hc��QV, _PhMXUVUQc, QlUMRMRXMyjQV Q lT�QXU�V PM-
j[�XQc Q X. P. K WTRXUMRXQ, Nhc PMC��VUQc zVlMPTR-
UMRXQ Q UTNVsUMRXQ X[TURPM[XQ[MCMWU�� MPV[TxQy 
Mz�VjXMC Tu[MjMR\QWVRjM`M UTlUTWVUQc P[Q\VUc�XRc 
VV PMhQ\V[U�V X[MR� Q �jQC� R [VlQUMC�\ PMj[�- 
XQV\ R xVhY� _CVhQWVUQc jMubbQxQVUXT X[VUQc Q RUQ-
sVUQc NQUT\QWVRjQ� UT`[_lMj. K NTUUM\ Rh_WTV  
c [VlQUMy jMUXTjXQ[MCTh X[MR Ql C�RMjM\MN_hYUM`M 
PMhQuXQhVUT (HMPE), RMRXMc�Qy Ql 12×12 P[cNVy. 
�QT\VX[ �jQCT z�h [TCVU 1,9 \. 

ÇVhY� NTUUMy [TzMX� cChchRc C�zM[ Ql 5 RMRXTCMC 
[VlQU h_W�V`M RMRXTCT PM j[QXV[Qc\ UTQzMhY�V`M 
jMubbQxQVUXT X[VUQc (Xc`MCTc RPMRMzUMRXY), C�RMjMy 
QlUMRMRXMyjMRXQ (NMh`MCVWUMRXY PM QlUMR_), UT`[_-
lMWUMy RPMRMzUMRXQ (MXR_XRXCQV jTXTRX[MbQWVRjM`M 
QlUMRT [VlQU�) Q NMh`MCVWUMRXQ PMCV[�UMRXUM`M RhMc 
[VlQU� (MXR_XRXCQV _RXThMRXU�� X[V�QU lT CVRY R[Mj 
Rh_sz�). ~RRhVNMCThQRY 4 [VlQU� [MRRQyRjQ� P[MQl-
CMNQXVhVy \T[Mj w�, �2-18, �2-26, 1068 Q MNUT UM[-
CVsRjTc [VlQUT \T[jQ 73979 [1]. 

�%�#� ��� ���������#�! � '�%����� ��0)%�-
#�!. ~RRhVNMCTUQV QlUMRT Q jMubbQxQVUXT X[VUQc 
[VlQU P[MCMNQhMRY UT RXVUNV CMlC[TXUM-PMRX_PTXVhY- 
UM`M X[VUQc [1–4]W $�V\T RXVUNT Q Mz�Qy CQN _lhT 
X[VUQc P[QCVNVU� UT [QR. 1 Q 2W 

{MURX[_jxQc RXVUNT Cjh�WTVX RhVN_��QV MRUMC-
U�V _lh�: j[QCM�QPUM-�TX_UU_� `[_PP_ Q RQRXV\_ 
UT`[_sVUQc Mz[TlxMC. L[QCMN RXVUNT RMRXMQX Ql uhVj-
X[QWVRjM`M NCQ`TXVhc 1, WV[CcWUM`M [VN_jXM[T 3  
Q NC_� _P[_`Q� CX_hMWUM-PThYxVC�� \_bX 2, 4. {[Q-
CM�QPUM-PMhl_UUTc `[_PPT Cjh�WTVX ujRxVUX[Qj 5  
R PMN�QPUQjM\ jTWVUQc, [T\_ 6, NCQs_�_�Rc C UT-
P[TChc��Q� 7, Q PMhl_U 9 UT UTP[TChc��Q� jTWVUQc. 
�T PMhl_UV 9 UVPMNCQsUM _RXTUMChVU NV[sTXVhY 10 
Nhc UQsUQ� Mz[TlxMC. $QRXV\T UT`[_sVUQc RMRXMQX Ql 
[�WT`T 14 R PMNCVRjMy Nhc `[_lMC 15, jhQUMCQNUM`M 
Ph_UsV[T 13 Q MP[TCjQ 12 R _RXTUMChVUU�\ C UVy 
NV[sTXVhV\ 11 Nhc CV[�UV`M Mz[TlxT. �hc QRP�XTUQy 
C sQNjMy R[VNV _RXTUTChQCTVXRc CTUUT 16. 

K P[MxVRRV QRP�XTUQy CMl\MsUT lT\VUT ujRxVU-
X[QjT 5, [Tl\V[ jMXM[M`M M`[TUQWVU XMhYjM CU_X[VU-
UQ\ NQT\VX[M\ PMN�QPUQjT. ³XM PMlCMhcVX Ql\VUcXY 
RjM[MRXY CMlC[TXUM-PMRX_PTXVhYUM`M NCQsVUQc Mz[Tl-
xMC MX 0,02 NM 0,5 \/R. K lTCQRQ\MRXQ MX CVRT `[_lMC  
Q [Tl\V[MC Mz[TlxMC Ql\VUcVXRc NTChVUQV UT PMCV[�-
UMRXQ X[VUQc. L[Q \TjRQ\ThYUM\ CVRV `[_lT NTChVUQV 
\MsVX NMRXQ`TXY 20 MLa. ~l\V[VUQV jMubbQxQVUXT 
X[VUQc P[MCMNQhMRY PMR[VNRXCM\ XVUlMzThjQ 8 R XVU-
lMNTXWQjT\Q.    

LhTRXQUjQ Ql [VlQU� lTj[VPhchQRY C CV[�UV\ 
NV[sTXVhV 11W K NV[sTXVhY 10 PM\V�ThRc UQsUQy  
Mz[TlVxW �U P[VNRXTChch RMzMy PhTRXQU_ Ql RXThQ  
R UTXcU_X�\Q UT UVy CMhMjUT\Q X[MRTW KMhMjUT R\T-
WQCThQRY CMNMy R \M[RjMy RMhY�W $jM[MRXY RjMhYsV-
UQc – 0,08 \YRW ~RRhVNMCThRc NQTPTlMU NTChVUQy MX 1,5 
NM 10 �LTW LV[VN QRP�XTUQc\Q jTsNM`M CQNT [VlQU� 
Q P[Q jTsNM\ _NVhYUM\ NTChVUQQ UQsUQy Mz[TlVx  
R CMhMjUT\Q X[MRT lT\VUchRc UT UMC�yW {TsNMV QRP�-
XTUQV PMCXM[chMRY X[Q [TlTW 
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wQR. 1. $�V\T RXVUNT Nhc QRP�XTUQy UT X[VUQV Q QlUT�QCTUQV 
 

 
 

wQR. 2. �z�Qy CQN _lhT X[VUQc 
 
K [Vl_hYXTXV QRP�XTUQy MP[VNVhchTRY QUXVURQC-

UMRXY QlUT�QCTUQc [5–7]W KVhQWQUT QUXVURQCUMRXQ 
QlUT�QCTUQc PMRhV QRP�XTUQy UT QlUMR \MsVX z�XY 
[TRRWQXTUT PM bM[\_hV 
 ,sI h L� 7   (1) 

`NV �h – QlUMR [VlQU�X \\Z Ls – P_XY X[VUQcX \\W 
L_XY X[VUQc [TRRWQX�CThRc PM bM[\_hV 

 310 ,s s sL V t� � �   (2)  

`NV Vs – RjM[MRXY RjMhYsVUQc UT RXVUNVX Vs = 0X08 \YRZ 
ts – P[MNMhsQXVhYUMRXY QRP�XTUQyX RW 

~lUMR [VlQU� MP[VNVhchRc \VXMNM\ QRj_RRXCVU-
U�� zTlW L[Q uXM\ UT PMCV[�UMRXY [VlQU� UT RPVxQ-
ThYUM\ _RX[MyRXCV UT[VlThTRY h_UjT [TNQ_RM\ R  
Q �Q[QUMy 0X1 \\W �hQUT h_UjQ NM QRP�XTUQy UT X[V-
UQV Q PMRhV UQ� Ql\V[chTRY UT jMM[NQUTXUM\ RXMhQjV 
PMN \Qj[MRjMPM\ R 16-j[TXU�\ _CVhQWVUQV\ R XMWUM-
RXY� 0,01 \\W     

L[Q uXM\ \VXMNV CVhQWQUT QlUMRT [VlQU� C [V-
l_hYXTXV X[VUQc \MsVX z�XY [TRRWQXTUT PM bM[\_hV 

 � �2 2
1 2 8 ,h l l R7 � �   (3) 

`NV l1 Q l2 – NhQUT h_UjQ NM Q PMRhV X[VUQcX \\Z  
R – [TNQ_R [VlxTX jMXM[�\ RNVhTUT h_UjTX \\. 

��/*��%�%) `��0�"�'�#%���#)� ���������#�!. 
qMWUMRXY MP[VNVhVUQc QlUMRT P[Q uXM\ \VXMNV RMRXTC- 
hcVX 0,005 \\W wVl_hYXTX� QRP�XTUQy C CQNV lTCQRQ-
\MRXQ R[VNUQ� lUTWVUQy QUXVURQCUMRXQ QlUT�QCTUQc 
MX _NVhYUM`M NTChVUQc UT PMCV[�UMRXQ X[VUQc [VlQU� 
PM [Vl_hYXTXT\ X[V� QRP�XTUQy P[QCVNVU� UT [QRW 3W 

�hc P[MCVNVUQc NThYUVy�Q� [TRWVXMC UT RXVUNV 
z�hQ PMh_WVU� XTjsV jMubbQxQVUX� X[VUQc NCQsV-
UQc Nhc CRV� [VlQU ([QR. 4). �R\MX[ PMCV[�UMRXVy [V-
lQU� PMRhV QlUT�QCTUQc Q UTzh�NVUQV lT �MNM\ ujR-
PV[Q\VUXMC PMjTlThQX WXM C NTUUM\ Rh_WTV P[MQR�M-
NQX _RXThMRXUMV QlUT�QCTUQV [VlQU�W L[Q _RXThMRX-
UM\ QlUT�QCTUQQ P[MQR�MNQX PMRXVPVUUMV MXNVhVUQV 
\UM`Mj[TXUM`M NVbM[\Q[MCTUQc \Qj[MMz�V\MC \TXV-
[QThTW ~l XVM[QQ X[VUQc Q QlUT�QCTUQc QlCVRXUMX WXM 
QUXVURQCUMRXY QlUT�QCTUQc P[Q _RXThMRXUM\ �T[Tj-
XV[V QlUMRT lTCQRQX MX \UM`Q� bTjXM[MC [6]: 

 � � � � � �0,4 1 0,8 1 0,4
1 2 0 ,tt t tI K p E K� �� �� � � � 7 � �� @  (4) 

`NV K1 – jMubbQxQVUXX lTCQRc�Qy MX `VM\VX[QWVRjMy 
jMUbQ`_[TxQQ \Qj[MUV[MCUMRXVy X[_�Q�Rc PMCV[�-
UMRXVyZ ¶ – jMubbQxQVUX PV[Vj[�XQcX MP[VNVhcV\�y 
jTj MXUM�VUQV PMCV[�UMRXQ X[VUQc [VlQU� j PMCV[�-
UMRXQ X[VUQc X[MRTX ¶ = 0,144Z  p – _NVhYUMV NTChVUQV 
UT PMCV[�UMRXQ X[VUQcZ E – \MN_hY _P[_`MRXQZ  
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� – jM\PhVjRUTc �T[TjXV[QRXQjT �V[M�MCTXMRXQ X[_-
�Q�Rc PMCV[�UMRXVyZ K2 – jMubbQxQVUXX �T[TjXV[Q-
l_��Qy UTP[csVUUMV RMRXMcUQV UT jMUXTjXVX Nhc C�-
RMjMuhTRXQWU�� \TXV[QThMC, K2 = 2,5–3,5Z  º – jMub-
bQxQVUX X[VUQcZ Ù0X t – lUTWVUQV PT[T\VX[T b[QjxQ-
MUUM-jMUXTjXUMy _RXThMRXQ P[Q X[VUQQ C u\PQ[QWV-
RjMy j[QCMy _RXThMRXQ KVhhV[T: 

 � �0
tN � @ @ X (5) 

`NV ÙX Ù0 – NVyRXC_��VV Q [Tl[_�T��VV UTP[csVUQV 
P[Q MNUMj[TXUM\ [TRXcsVUQQW 

�VPMR[VNRXCVUU�V [TRWVX� PM bM[\_hV (4) lTX[_N- 
UVU�X XTj jTj X[Vz_�X xVhM`M [cNT RhMsU�� bQlQWV-
RjQ� ujRPV[Q\VUXMC PM MP[VNVhVUQ� K1X K2X tX Ù0W  
~� CVhQWQU� RCclTU� R TN`VlQMUU�\Q Q N[_`Q\Q  
bQlQjM-\V�TUQWVRjQ\Q RCMyRXCT\Q \TXV[QThT [8–13]W 
�NUTjM bM[\_hT (4) NTVX CMl\MsUMRXY P[MTUThQlQ[M-
CTXY ChQcUQV XTjQ� bTjXM[MC, jTj _NVhYUMV NTChVUQVX 
\MN_hY _P[_`MRXQ [VlQU�X jMubbQxQVUX X[VUQc Q P[MW- 
UMRXY [VlQU� UT QUXVURQCUMRXY QlUT�QCTUQcW 

�UThQl bM[\_h� (4) PMjTl�CTVXX WXM P[Q _RXThM-
RXUM\ �T[TjXV[V QlUMRT RhVN_VX MsQNTXY RhVN_��V`M 
ChQcUQc _P[TChcV\�� bTjXM[MC[ 

1. L[Q _CVhQWVUQQ jMubbQxQVUXT X[VUQc QUXVU-
RQCUMRXY QlUT�QCTUQc [VljM _CVhQWQCTVXRc: 

 � �~ .tI �  (6) 

³XM RCclTUM R _CVhQWVUQV\ XV\PV[TX_[� C lMUV 
X[VUQcW K NTUUM\ Rh_WTV PMjTlTXVhY b[QjxQMUUMy 
_RXThMRXQ \MsVX z�XY MP[VNVhVU Ql ujRPV[Q\VUXMC 

Nhc MNUMy [VlQU� P[Q [TlhQWU�� _NVhYU�� NTChV- 
UQc�W �U RMRXTChcVX Nhc QRRhVNMCTUU�� [VlQU  t = 7–8W 

2. L[Q _CVhQWVUQQ \MN_hc _P[_`MRXQ [VlQU� QU-
XVURQCUMRXY QlUT�QCTUQc _CVhQWQCTVXRc: 

 � �0,8 1~ .tI E �  (7)  
3. kCVhQWVUQV _NVhYUM`M NTChVUQc UT PMCV[�UM-

RXQ [VlQU� P[QCMNQX j _CVhQWVUQ� VV QUXVURQCUMRXQ 
QlUT�QCTUQc:  

 � �0,4 1~ .tI p �  (8)     

4. kCVhQWVUQV P[MWUMRXU�� �T[TjXV[QRXQj [VlQU� 
P[QCMNQX j RUQsVUQ� QUXVURQCUMRXQ QlUT�QCTUQc:  

 � �0~ 1 .tI @  (9) 

{[M\V PV[VWQRhVUU�� bTjXM[MC RhVN_VX XTjsV 
_WQX�CTXYX WXM P[Q MP[VNVhVUU�� _NVhYU�� NTChVUQc� 
_RXTUMCQC�QyRc P[MxVRR QlUT�QCTUQc \MsVX [VljM 
QUXVURQbQxQ[MCTXYRc Q PV[VyXQ C jTXTRX[MbQWVRjQy 
P[MxVRR QlUT�QCTUQcW L[Q jTXTRX[MbQWVRjM\ P[MxVR-
RV QlUT�QCTUQc \Qj[MMXNVhVUQV WTRXQx lT\VUcVXRc 
Mz[TlMCTUQV\ \Tj[MNVbVjXMC Q MXNVhVUQV\ \Tj[MWTR-
XQxW ³XM RCclTUM R [VljQ\ _CVhQWVUQV\ XV\PV[TX_[� C 
lMUV X[VUQc P[Q MP[VNVhVUU�� NTChVUQc�W kNVhYUMV 
NTChVUQVX P[Q jMXM[M\ uXM P[MQR�MNQXX UTl�CT�X 
j[QXQWVRjQ\W ³jRPh_TXTxQc _lhT X[VUQc P[Q NTChV- 
UQc� C��V j[QXQWVRjM`M UV [VjM\VUN_VXRcW 

{MubbQxQVUX� X[VUQc NCQsVUQcX QUXVURQCUMRXVy 
QlUT�QCTUQc Q P[VNVhYU�� jMUXTjXU�� NTChVUQy 
P[VNRXTChVU� C XTzhQxV. 

 

       
 

wQR. 3. vTCQRQ\MRXQ QUXVURQCUMRXQ QlUT�QCTUQc [VlQU MX NTChVUQc: 
Y1 – UM[CVsRjTc 73975Z Y2 – [VlQUT w�Z Y3 – [VlQUT �2-18Z Y4 – [VlQUT �2-26Z Y5 – [VlQUT1068 

 

0 2 4 6 8 10
1 W10 8

1 W10 7

1 W10 6

1 W10 5

1 W10 4

1 W10 3

Y1

Y2

Y3

Y4

Y5

X
p, �LT 

I 



 
 
 

������� ������. ��� 17,  � 1 
 

 190

 

 
wQR. 4. vTCQRQ\MRXQ jMubbQxQVUXMC  X[VUQc NCQsVUQc MX NTChVUQc: 

Y1 – UM[CVsRjTc 73975Z  Y2 – [VlQUT w�Z Y3 – [VlQUT �2-18Z Y4 – [VlQUT 
�2-26Z Y5 – [VlQUT1068 

 
 

��/*��%�%) ���������#�! ��`22�-��#%�� %"�#�� � �#%�#���#��%� �/#�$���#�� "�/�# 
 

{MubbQxQVUX X[VUQc, º ~UXVURQCUMRXY QlUT�QCTUQc, I wVlQUT 

	 = 2,5 MLa 	 = 4,4 MLa 	 = 2,5 MLa 	 = 4,4 MLa 

L[VNVhYUMV NTChVUQV 
	P[VN, MLa 

73975 0,31 0,25 7,8·10–7 2,4·10–5 3,9 
w� 0,39 0,31 3,5·10–6 9,9·10–4 2,8 

�2-18 0,28 0,22 4,3·10–7 7,8·10–4 4,5 
�2-26 0,24 0,19 0,48·10–7 1,4·10–7 10,2 
1068 0,27 0,23 2,3·10–7 1,3·10–6 5,9 

 
�UThQl [Vl_hYXTXMC, P[VNRXTChVUU�� UT [QRW 3  

Q C XTzhQxV, PMjTl�CTVXX WXM PMh_WVUU�V lTCQRQ\MRXQ 
QUXVURQCUMRXQ QlUT�QCTUQc MX _NVhYUM`M NTChVUQc  
C xVhM\ RMMXCVXRXC_�X C��VP[QCVNVUU�\ lTjMUM-
\V[UMRXc\[ 

1) [VlQU�, Q\V��QV C�RMjQy jMubbQxQVUX X[V-
UQc, QlUT�QCThQRY z�RX[VV; 

2) _CVhQWVUQV _NVhYUM`M NTChVUQc P[QCMNQX j _CV- 
hQWVUQ� QUXVURQCUMRXQ QlUT�QCTUQc;  

3) P[Q MP[VNVhVUUM\ NTChVUQQ _RXTUMCQC�QyRc 
[VsQ\ QlUT�QCTUQc (hQUVyUTc lTCQRQ\MRXY) PV[V�M-
NQX C jTXTRX[MbQWVRjQyW  

KVhQWQUT j[QXQWVRjM`M NTChVUQc Nhc QRRhVNMCTU-
U�� [VlQU P[QCVNVUT C XTzhQxV, `NV lT j[QXQWVRjQV 
NTChVUQc _RhMCUM z�hQ P[QUcX� NTChVUQc, P[Q  
jMXM[�� QUXVURQCUMRXY QlUT�QCTUQc NMRXQ`ThT 10–5.  
LM UT�Q\ UTzh�NVUQc\ uXM RMMXCVXRXCMCThM UTWTh_ 
MXNVhVUQc \Tj[MWTRXQx [VlQU�. $hVN_VX MX\VXQXYX 
WXM QRP�XTUQc UT QlUMR C NTUUM\ Rh_WTV P[MCMNQhQRY 
C zMhVV RhMsU�� _RhMCQc�X WV\ [VlQUT [TzMXTVX  
UT [VThYUM\ Mz�VjXVW                        

³XM RCclTUM RM RhVN_��Q\Q MRMzVUUMRXc\Q RXVUNT[ 
1. ~RRhVNMCThMRY CMlC[TXUM-PMRX_PTXVhYUMV NCQ-

sVUQVW ³XM zMhVV XcsVh�y XV\PV[TX_[U�y [VsQ\ Nhc 

[VlQU�X WV\ P[Q PMRX_PTXVhYUM\ NCQsVUQQW �T [VThY-
UM\ Mz�VjXV UTzh�NTVXRc PMRX_PTXVhYUMV NCQsVUQV. 

2. L[MN_jX� QlUMRT UV _NThc�XRc Ql lMU� X[VUQc. 
�T [VThYUM\ Mz�VjXV MUQ _NThc�XRcW L[QR_XRXCQV 
P[MN_jXMC QlUMRT _RjM[cVX P[MxVRR QlUT�QCTUQc Q 
UTRX_PhVUQV jTXTRX[MbQWVRjM`M [VsQ\T QlUT�QCTUQc. 

3. $jM[MRXY RjMhYsVUQc RMRXTChchT 0,08 \YRX WXM 
P[Q\V[UM UT PM[cNMj C��VX WV\ UT [VThYUM\ Mz�VjXVW 
³XM XMsV _RjM[chM P[MxVRR QlUT�QCTUQc Q UTRX_PhV-
UQV jTXTRX[MbQWVRjM`M [VsQ\T QlUT�QCTUQc Ql-lT 
zMhVV sVRXjM`M XV\PV[TX_[UM`M [VsQ\T C lMUV X[VUQc. 

4. qTj jTj \MN_hQ _P[_`MRXQ Q PMjTlTXVhQ P[MW-
UMRXQ QRRhVNMCTUU�� [VlQU z�hQ P[Q\V[UM MNQUTjM-
C� (j[M\V [VlQU� lTjTlWQjT)X XM Q� ChQcUQV UT QUXVU-
RQCUMRXY QlUT�QCTUQc UV C�cChVUMW ËMXc [VlQUT lT-
jTlWQjT Q Q\VhT zMhVV C�RMjQV P[MWUMRXU�V �T[TjXV-
[QRXQjQX MNUTjM Ql-lT C�RMjM`M jMubbQxQVUXT X[VUQc 
MUT Q\VhT zMhY�_� QUXVURQCUMRXY QlUT�QCTUQc  
Q UQljMV P[VNVhYUMV NTChVUQVW 

5. {[QXQWVRjQV NTChVUQc Nhc [VlQU R C�RMjQ\Q 
jMubbQxQVUXT\Q X[VUQc MWVUY UQljQVW �TQzMhVV C�-
RMjMy QlUMRMRXMyjMRXY� Q C�RMjQ\ P[VNVhYU�\ NTC-
hVUQV\ MzhTNThQ [VlQU� R UQljQ\ jMubbQxQVUXM\ 
X[VUQc �2-26 Q 1068W 
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KRV _jTlTUU�V MRMzVUUMRXQ QN_X C jMubbQxQVUX 
lTPTRT PM QlUMRMRXMyjMRXQ P[Q WQRhVUUM\ QRPMhY- 
lMCTUQQ [Vl_hYXTXMC QRP�XTUQyX P[VNRXTChVUU��  
UT [QRW 3. qMh�QUT RhMc [VlQU� \MsVX z�XY MP[VNV-
hVUT PM NTUU�\ UT [QRW 3 RhVN_��Q\ Mz[TlM\: 

 3
min 10 ,p ph I L� � �   (10) 

`NV hmin – \QUQ\ThYUTc XMh�QUT RhMc [VlQU�X \\Z  
Ip – QUXVURQCUMRXY QlUT�QCTUQc P[Q lTNTUUM\ NTChV-
UQQZ Lp – P_XY X[VUQc ([VR_[R) Nhc NTUUM`M [VsQ\T 
[TzMX�X \W 

qTjX UTP[Q\V[X Nhc NTChVUQc 	 = 2,5 �LT Nhc [V-
lQU� 73975 \QUQ\ThYUTc XMh�QUT RhMc [VlQU� P[Q 
P_XQ X[VUQc 12500 \ RMRXTCQX 

3 7
min 10 7,8 10 1250 9,75 � � .h �� � � � �  

L[Q uXM\ jMubbQxQVUX lTPTRTX _WQX�CT��Qy  
UThQWQV CMlC[TXUM-PMRX_PTXVhYUM`M NCQsVUQcX P[M-
N_jXMC QlUMRT C lMUV X[VUQc Q _CVhQWVUQV RjM[MRXQ 
RjMhYsVUQc, UT RXVUNV RMRXTCQX 1,3–1,5W      


�0���/���#�� '�%��� ��#�3#)� `��'�#%��. 
~RPMhYlMCTUQV \VXMNT jMUVWU�� uhV\VUXMC (�{³) 
[14–16] PMlCMhQhM RMlNTXY jMUVWUM-uhV\VUXU_� \M-
NVhY jMUXTjXT X[MRT R PMCV[�UMRXY� [VlQUMCM`M RhMc 
UT �jQCV. �T MRUMCTUQQ TUThQlT uXMy \MNVhQ Ql_WVU� 

NMh`MCVWUMRXY RhMVC [TlhQWU�� [VlQU R XMWjQ l[VUQc 
Mz[TlMCTUQc _RXThMRXU�� X[V�QU Q Q� NMh`MCVWUMRXY 
PM QlUT�QCTUQ�. �T [QR. 5 C jTWVRXCV P[Q\V[T P[QCV-
NVUM PMhV XV\PV[TX_[ RT\M[TlM`[VCT [VlQU� �2-26 
P[Q XMh�QUV VV RhMc 12 \\, T UT [QR. 6 – PMhV NMh`M-
CVWUMRXQ uXMy [VlQU�. 

$MlNTUU�V jMUVWUM-uhV\VUXU�V \MNVhQ R QRPMhY-
lMCTUQV\ P[M`[T\\� STAR jMUXTjXT X[MRT R [VlQUMy 
P[Q lT�MNV X[MRT UT �jQC UT CUV�UV\ ([QR. 7) Q CU_X-
[VUUV\ j[Tc� �jQCT Q R�MNV R UV`M PMlCMhc�X P[Q 
UThQWQQ ujRPV[Q\VUXThYU�� NTUU�� PM jMubbQxQVU-
XT\ X[VUQc (R\. [QR. 4) Q QUXVURQCUMRXc\ QlUT�QCT-
UQc (R\. [QR. 3) MxVUQCTXY QlUMR [VlQU� WV[Vl RNCQ`M-
C�V NVbM[\TxQQ RhMVC Q [TRRWQXTXY NMh`MCVWUMRXY 
[VlQUMCM`M PMj[�XQc �jQCT Nhc CRV� [VlQU R XMWjQ 
l[VUQc QlUMRMRXMyjMRXQ. kRXTUMChVUM XTjsV, WXM RjMhY- 
sVUQc X[MRT MXUMRQXVhYUM CRV� [VlQU UVXW LM CRV\_ 
�jQC_ UTzh�NTVXRc X[VUQV PMjMcW �NUTjM C \M\VUX 
C�MNT X[MRT C jMUXTjX RM �jQCM\ Q C��MNT Ql UV`M 
z_NVX MXUMRQXVhYUMV R\V�VUQV (WTRXQWUMV P[MRjThY-
l�CTUQV [VlQU� Q X[MRT)W ^_NVX XTjsV RjMhYsVUQV  
C PMPV[VWUM\ UTP[TChVUQQW KRV uXM Q C�lMCVX QlUMR 
[VlQU�W 

 

 
 

wQR. 5. LMhc XV\PV[TX_[ RT\M[TlM`[VCT P[Q XMh�QUV RhMc [VlQU�  �2-26  12 Q 26 \\ 
 

 
 

wQR. 6. LMhc NMh`MCVWUMRXQ P[Q XMh�QUV RhMc [VlQU�  �2-26  12 Q 26 \\ 
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wQR. 7. �{³-\MNVhY QlUT�QCTUQc UT CUV�UV\ j[T� �jQCT 
 

����^3�#��. qTjQ\ Mz[TlM\, ujRPV[Q\VUXThYUM-
XVM[VXQWVRjMV QRRhVNMCTUQV QlUMRMRXMyjMRXQ Q UT-
`[_lMWUMy RPMRMzUMRXQ [TlhQWU�� [VlQUMC�� PMj[�-
XQy UT �jQCT� PMlCMhQhM [VjM\VUNMCTXY Nhc UTQzMhVV 
UT`[_sVUU�� �jQCMC `[_lMPMN�V\UM`M Q X[TURPM[X-
UM`M MzM[_NMCTUQc Tu[MjMR\QWVRjMy P[M\��hVUUM-
RXQ P[Q NTChVUQQ UT PMCV[�UMRXQ [VlQU� 4–9 �LT 
[VlQU_ �2-26, �MXc MUT Q Q\VVX UV RT\�y C�RMjQy 
jMubbQxQVUX X[VUQc (UQsV 0,3). �hc \VUVV UT`[_sVU-
U�� �jQCMC P[Q NTChVUQQ UT PMCV[�UMRXQ [VlQU� 
2,5–4 �LT \MsUM QRPMhYlMCTXY [VlQU_ 1068X jMXM[Tc 
MzVRPVWQX [TzMXMRPMRMzUMRXY R lTNTUU�\ [VR_[RM\ 
PM P_XQ X[VUQc Q P[Q uXM\ NTRX zMhY�_� Xc`MC_� 
RPMRMzUMRXYX WV\ [VlQUT �2-26X zhT`MNT[c zMhVV C�-
RMjM\_ jMubbQxQVUX_ X[VUQcW wVlQU_ 73975 \MsUM 
QRPMhYlMCTXY XMhYjM Nhc \ThMUT`[_sVUU�� �jQCMC 
P[Q NTChVUQc� \VUVV 2,5 �LTW  

�hc MzVRPVWVUQc zVlMPTRUMRXQ C UTWThV ujRPh_T-
XTxQQ UMC�� �jQCMC R [VlQUMy RhVN_VX QhQ ujRPh_T-
XQ[MCTXY _lVh P[Q UVPMhUM\ UT`[_sVUQQ, QhQ P[MCVR-
XQ RPVxQThYU_� P[Q[TzMXj_ PV[VN UTWThM\ ujRPh_T-
XTxQQW L[Q uXM\ UTP[csVUQc PM �Q[QUV PhM�TNjQ 
jMUXTjXT C�[TCUQCT�XRc Q NMRXQ`U_X P[Q\V[UM R[VN-
UQ� lUTWVUQyW  
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This article describes a new technology for the production of parts in the application to the parts of aircraft equip-
ment, manufactured from aluminum alloys, combining the preparation of the melt to the casting, and a method of manu-
facturing the actual details. The study was conducted on a known casting aluminum-silicon alloy AK7� widely used in 
the aerospace industry, for the manufacture of power units parts operating in difficult-loaded conditions. Preparation 
of the melt to the casting, in addition to the conventional techniques, was introducing into the molten metal before pour-
ing nanopowder of boron carbide �4�, the particles of which have dimensions of the nano-range and high hardness 
melting temperature, and therefore perform the role of an effective crystallization centers � so-called modifiers.  
The result of their introduction into the melt is a refinement of the structure of the alloy of the products obtained, which 
leads to the improvement of their mechanical properties. The method of obtaining details of the modified boron carbide 
alloy is used for this purpose, the technology of liquid forging, the essence of which consists in pouring the melt into  
the matrix, followed by pressing. The main positive feature of this method is the suppression of education in the crystal-
lized alloy gas-shrinkage cavities, which also contributes to increase the mechanical properties of the molded parts. 
The work has been done on a real part of the aircraft equipment type “adapter” power unit. In the result of a combina-
tion of inoculation of melt nanopowder of boron carbide and its subsequent pressing were the items received with 
higher mechanical properties compared to standard technology � temporal resistance increased to 8.37 per cent, and 
plasticity � in 2.1 times.  

 
Keywords: aluminum alloy, inoculation, nanopowder, liquid forging.  
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�����#��. ZQlQjM-\V�TUQWVRjQV RCMyRXCT Q ujR-
Ph_TXTxQMUU�V �T[TjXV[QRXQjQ \VXThhMQlNVhQy, PM-
h_WTV\�� C [Vl_hYXTXV Q� bM[\Q[MCTUQc Ql sQNjM`M 
RMRXMcUQc R P[Q\VUVUQV\ [TlhQWU�� RPMRMzMC hQXYc, 
MP[VNVhc�XRc RXVPVUY� NQRPV[RUMRXQ j[QRXThhQWV-
RjMy RX[_jX_[�: WV\ \VhYWV RX[_jX_[U�V RMRXTChc�-
�QV RPhTCT C MXhQXMy NVXThQ, XV\ VV �T[TjXV[QRXQjQ 
C��V. �z�VP[QUcX�V RPMRMz� Q R[VNRXCT, P[Q\VUcV-
\�V R xVhY� Ql\VhYWVUQc (\MNQbQxQ[MCTUQc) RX[_j-
X_[� MXhQCMj, lTjh�WT�XRc CM CCVNVUQQ C [TRPhTC 
NMPMhUQXVhYU�� xVUX[MC j[QRXThhQlTxQQ C CQNV hQ-
`TX_[, P[VNRXTChc��Q� RMzMy NCMyU�V QhQ X[MyU�V 
RPhTC�, RMRXMc�QV Ql MRUMCUM`M jM\PMUVUXT RPhTCT 
(NM 90 % Q zMhY�V) Q \MNQbQxQ[_��V`M R[VNRXCT [1–4]. 
L[Q\VUcVXRc zMhY�MV jMhQWVRXCM CV�VRXC Q RPMRMzMC 
\MNQbQxQ[MCTUQc, MNUTjM R_XY Q� CRV�, C jMUVWUM\ 
RWVXV, lTjh�WTVXRc CM CCVNVUQQ C \VXThhQWVRjQy [TR-
PhTC WTRXQx, jMXM[�V PM PV[CM\_ \V�TUQl\_ hQzM 
Rh_sTX RT\MRXMcXVhYU�\Q xVUX[T\Q j[QRXThhQlTxQQ 
(«P[c\MV» `VXV[M`VUUMV lT[MN��VMz[TlMCTUQV), hQzM 
Mz[Tl_�X XTjMC�V C [Vl_hYXTXV ClTQ\MNVyRXCQc R [TR-
PhTCM\, T PM CXM[M\_ \V�TUQl\_ zhMjQ[_�X [MRX CMl-
UQjT��Q� C M�hTsNT��V\Rc [TRPhTCV j[QRXThhQWV-
RjQ� Mz[TlMCTUQy. K [Vl_hYXTXV \MNQbQxQ[MCTUQc 
Ql\VhYWTVXRc hQzM \Tj[MlV[UM, hQzM RX[_jX_[U�V 
RMRXTChc��QV UT \Qj[M_[MCUV (CMl\MsUM Q RMWVXT-
UQV MzMQ� P[MxVRRMC), Cjh�WTc Ql\VUVUQV `VM\VX[QQ 
C�NVhVUQy QUXV[\VXThhQWVRjQ� bTl R Q`hMMz[TlUMy, 
RPMRMzRXC_��Vy CMlUQjUMCVUQ� jMUxVUX[TxQQ UTP[c- 
sVUQy Q [TlCQXQ� X[V�QU, UT `hMz_hc[U_� QhQ zhQl-
j_� j UVy, WXM P[VNMXC[T�TVX MPTRUMRXY CMlUQjUMCV-
UQc X[V�QU. wVl_hYXTXM\ \MNQbQxQ[MCTUQc \VXThhQ-
WVRjQ� jM\PMlQxQy cChcVXRc _CVhQWVUQV P[MWUMRXU�� 
Q PhTRXQWVRjQ� �T[TjXV[QRXQj hQX�� QlNVhQy.  

�NUTjM R_�VRXCVUU�\Q UVNMRXTXjT\Q hQ`TX_[,  
jMXM[�V P[MQlCMNcXRc C CQNV W_�Vj (RhQXjQ \TRRMy  
C NVRcXjQ jQhM`[T\\), cChcVXRc, CM-PV[C��, Q� UTR��VU- 
UMRXY `TlT\Q CCQN_ PV[V`[VCT [TRPhTCT P[Q Q� P[Q`M-
XMChVUQQ, CM-CXM[��, NMRXTXMWUM zMhY�Tc NhQXVhY-
UMRXY Q� [TRXCM[VUQc C sQNjM\ \VXThhV Q, C-X[VXYQ�, 
P[QR_XRXCQV C UQ� PMXVUxQThYU�� xVUX[MC j[QRXTh-
hQlTxQQ (Mz�WUM uXM �Q\QWVRjQV RMVNQUVUQc), jMXM-
[�V Q\V�X zMhY�My [Tlz[MR PM [Tl\V[T\, C RCclQ  
R WV\ UV CRV Ql UQ� \M`_X C�PMhUcXY [MhY lT[MN��Vy. 

	�#�'���2�-�"���#�� �0�����. K RCclQ R uXQ\ 
C PMRhVNUQV `MN� [Tl[TzMXTU zMhVV ubbVjXQCU�y RPM-
RMz \MNQbQxQ[MCTUQc [5–7], P[Q jMXM[M\ C [TRPhTC 
CCMNcXRc UTUMPM[M�jQ (�L) X_`MPhTCjQ� �Q\QWVRjQ� 
RMVNQUVUQy (UQX[QN�, zM[QN�, jT[zQN� Q N[. – MP[M-
zMCTUM zMhVV 20 RMVNQUVUQy), jMXM[�V P[VNRXTChc�X 
RMzMy RCV[�\VhjMlV[UQRX�V j[QRXThhQWVRjQV QhQ T\M[b- 
U�V Mz[TlMCTUQc R [Tl\V[T\Q, UV P[VC��T��Q\Q  
100 U\ (1 U\ = 10–9 \) [5–7], PMh_WTV\�V \VXMNM\ 
PhTl\M�Q\QWVRjM`M RQUXVlT [8]. ¹TRXQx� �L P[VN-
RXTChc�X RMzMy `MXMC�V xVUX[� j[QRXThhQlTxQQ [9].  

L[Q uXM\ MjTlThMRY, WXM R_�VRXC_��QV RPMRMz� 
CCVNVUQc PM[M�jMMz[TlU�� NMzTCMj C \VXThhQWVRjQV 
[TRPhTC� UV \M`hQ z�XY P[QUcX� P[Q QRPMhYlMCTUQQ �L 
CRhVNRXCQV Q� MRMz�� RCMyRXC PM R[TCUVUQ� R zMhVV 
j[_PU�\Q PM[M�jT\Q. qTj, WTRXQx� �L hV`jM «RhQ-
PT�XRc», Q� MjQRhVUQV UTWQUTVXRc P[Q R[TCUQXVhYUM 
UQljQ� XV\PV[TX_[T�, Q, WXM MRMzVUUM CTsUM Nhc  

C�PMhUVUQc [MhQ xVUX[MC j[QRXThhQlTxQQ, MUQ PhM�M 
R\TWQCT�XRc sQNjQ\ \VXThhM\. �VR\MX[c UT C�RM-
j_� PhMXUMRXY (MX 1380 j`/\3 � TaN NM 2510 j`/\3 � 
K4$), �L hV`jM Mz[Tl_�X C CMlN_�V P�hVCQNU_� 
ClCVRY, P[Q MP[VNVhVUU�� _RhMCQc� RT\MCMl`M[T�- 
�_�Rc Q NTsV Cl[�CMMPTRU_�. KRV uXM NVhTVX P[TjXQ-
WVRjQ UVCMl\MsU�\ P[c\MV CCVNVUQV �L C [TRPhTC�. 

�0���5 �/+�%����#�� #�#�'���2�-�"*^A�+� 
0"*%��. LM _jTlTUU�\ P[QWQUT\ Q [cN_ N[_`Q� P[Q-
WQU z�h [Tl[TzMXTU [5; 8; 10; 11] RPMRMz CCVNVUQc �L 
C [TRPhTC, MzVRPVWQCT��Qy zVRP[VPcXRXCVUUMV P[M-
UQjUMCVUQV WTRXQx WV[Vl MjQRU_� PhVUj_ UT PMCV[�-
UMRXQ sQNjM`M \VXThhT, QRjh�WVUQV T`[V`Q[MCTUQc Q 
jMUX[MhQ[_V\MV NMlQ[MCTUQV. 

$ uXMy xVhY� P[MQlCMNQhQ P[VRRMCTUQV P[_XjMC 
NQT\VX[M\ MX 5,0 NM 9,5 \\ Ql jM\PMlQxQQ, RMRXMc�Vy 
Ql WTRXQx Th�\QUQc QhQ Th�\QUQVC�� NVbM[\Q[_V\�� 
RPhTCMC (PM[M�jQ, j[_PjT, `[TU_h�, «RVWjT» Ql P[M-
CMhMjQ) Q �L, P[Q`MXMChVUUMy P_XV\ PV[V\V�QCTUQc 
C jMUXVyUV[V R `M[QlMUXThYUMy ujRxVUX[QWUMy MRY� 
C[T�VUQc. $MNV[sTUQV �L C P[_XjT� RMRXTChchM  
1,5–2,7 \TR. %, T P[Q P[Q\VUVUQQ P[VNCT[QXVhYUMy 
\V�TUMTjXQCTxQQ P[VRR_V\My jM\PMlQxQQ C PhTUV-
XT[UMy \VhYUQxV R P[Q\VUVUQV\ RXThYU�� �T[QjMC – 
NM 7,7 \TR. % �L [12], WXM RCclTUM R [TlN[MzhVUQV\ 
MjQRUMy PhVUjQ UT WTRXQxT� Th�\QUQc, C [Vl_hYXTXV 
WV`M _CVhQWQCTVXRc jMhQWVRXCM WTRXQx �L, CUVN[QC-
�Q�Rc C Th�\QUQy. 

LMh_WVUU�V XTjQ\ RPMRMzM\ P[_XjQ Q\VhQ XMUjM-
RXVUU_� MzMhMWj_ (NVRcX�V NMhQ \\), CU_X[VUUQy 
Mz�V\ jMXM[�� RMRXMch Ql PT[ThhVhYU�� CMhMjMU [13] 
([QR. 1). qTjTc RX[_jX_[T P[_XjMC Mz�cRUcVXRc XV\, 
WXM Ql-lT UT�MsNVUQc UT PMCV[�UMRXQ WTRXQx Th�\Q-
UQc WTRXQx �L C P[MxVRRV ujRX[_lQQ WTRXQx� Th�\Q-
UQc NVbM[\Q[MCThQRY QlMhQ[MCTUUM N[_` MX N[_`T, 
jTj z� C MzMhMWjV Ql WTRXQx �L, WXM PMNXCV[sNTVXRc 
[Vl_hYXTXT\Q \Qj[MRjMPQWVRjM`M Ql_WVUQc PMCV[�UM-
RXQ jTj WTRXQx Th�\QUQc, XTj Q CMhMjMU. �jTlThMRY, 
WXM CMhMjUT PMhUMRXY� PMj[�X� P[MWUM CUVN[QC�Q-
\QRc C Q� PMCV[�UMRXY WTRXQxT\Q �L. L[Q uXM\  
C P[_XjT� + 9,5 \\ UTRWQX�CThMRY MX 1100 NM 1200 CM-
hMjMU RVWVUQV\ 0,005–0,075 \\2. wTRWVX PMjTlTh, WXM 
NhQUT XTjQ� CMhMjMU C lTCQRQ\MRXQ MX [Tl\V[T WTRXQx 
Th�\QUQc UT�MNQhTRY C NQTPTlMUV 400–3200 \\. �WV-
CQNUM, WXM R_\\T[UTc PhM�TNY CMhMjMU Q\VVX lUTWQ-
XVhYU_� CVhQWQU_, WXM MzVRPVWQCTVX [TCUM\V[UMV 
[TRP[VNVhVUQV WTRXQx �L PM CRV\_ Mz�V\_ P[_XjT.  
�X [Tl\V[MC P[VRR_V\�� WTRXQx, X. V. MX PhM�TNQ Q� 
PMCV[�UMRXQ, lTCQRQX RMNV[sTUQV �L C Mz�V\V P[_X-
jT. ¹V\ MUQ \VUY�V, XV\ R_\\T[UTc PhM�TNY UT�MNc-
�Q�Rc C Mz�V\V jMUXVyUV[T WTRXQx Th�\QUQc zMhY�V, 
RhVNMCTXVhYUM, C P[_XjV z_NVX RMNV[sTXYRc zMhY�V �L. 

KRV MP[MzMCTUU�V C jTWVRXCV \MNQbQjTXM[MC  
UTUMPM[M�jQ, PMh_WVUU�V jTj \VXMNM\ PhTl\M�Q\Q-
WVRjM`M RQUXVlT (AlN, Al2O3, B4C, BN, Cr2O3, HfB2, 
HfN, LaB6, SiC, Si3N4, TaN, TiCxNy, TiCxNyOz, TiN, 
TiO2, Ti5Si3, VC, VCN, ZrB2) [8], XTj Q \VXMNM\ uhVj-
X[MN_`MCM`M RQUXVlT (Al2O3) [14], PMjTlThQ C�RMj_� 
RXVPVUY Ql\VhYWVUQc RX[_jX_[� xVhM`M [cNT Th�\Q-
UQVC�� NVbM[\Q[_V\�� Q hQXVyU�� RPhTCMC, W_`_UMC 
Q RXThVy [5–7].  
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wQR. 1. L[_XjQ, MXP[VRRMCTUU�V Ql jM\PMlQxQQ «WTRXQx� Th�\QUQc + UTUMPM[M�Mj», P[Q`MXMChVUUMy P[Q 
PV[V\V�QCTUQQ C jMUXVyUV[V R `M[QlMUXThYUMy ujRxVUX[QWUMy MRY� C[T�VUQc: � – + 9,5 \\, L = 4,0 \ (WV[-
UTc PMhMRjT C UQsUVy WTRXQ – hQUVyjT NhQUMy 160 \\); �, � – P[_XMj + 9,5 \\ RM CRPM[MXMy MzMhMWjMy;  
� – P[_XMj + 5,0 \\ RM CRPM[MXMy MzMhMWjMy, MXP[VRRMCTUU�y Ql \V�TUMTjXQCQ[MCTUUMy jM\PMlQxQQ «PM[M�Mj  
 

Th�\QUQc + UTUMPM[M�Mj» 
 
L[Q uXM\ NMRXTXMWUMV jMhQWVRXCM �L Nhc PMh_WVUQc 

\TjRQ\ThYUM`M ubbVjXT Ql\VhYWVUQc RX[_jX_[� RPhT-
CMC Q, jTj [Vl_hYXTX, PMC��VUQc \V�TUQWVRjQ� RCMyRXC 
hQX�� QlNVhQy RMRXTChchM 0,05–0,08 \TR. % MX \TRR� 
RPhTCT, T C MXNVhYU�� Rh_WTc� NTsV NM 0,004 \TR. %. 
�MsUM PMhT`TXY, WXM _UQCV[RThYUMRXY \MNQbQxQ-
[_��V`M CMlNVyRXCQc �L UT [TlhQWU�V \VXThh�  
Q RPhTC� RCclTUT RM RCMyRXCT\Q QRPMhYl_V\�� C [TzM-
XV Nhc uXMy xVhQ UTUMPM[M�jMC. KM-PV[C��, CRV MUQ 
Q\V�X C�RMj_� XCV[NMRXY Q C�RMj_� XV\PV[TX_[_ 
PhTChVUQc, CM-CXM[��, MUQ UV MzhTNT�X C�RMjMy [V-
TjxQMUUMy RPMRMzUMRXY�, C-X[VXYQ�, MUQ MzhTNT�X 
C�RMjMy RVNQ\VUXTxQMUUMy _RXMyWQCMRXY� C sQNjM-
RXc�. ©RhQ lUTWVUQV NC_� PV[C�� RCMyRXC NMRXTXMWUM 
PMUcXUM, XM MXUMRQXVhYUM X[VXYVy �T[TjXV[QRXQjQ 
\MsUM RjTlTXY RhVN_��VV. �TsV VRhQ CCMNQ\�V  
C \VXThhQWVRjQV [TRPhTC� QlCVRXU�V \MNQbQxQ[_�-
�QV T`VUX� PM QlCVRXUM\_ UTzM[_ �T[TjXV[QRXQj [1–4] 
MXCVWT�X RMMXCVXRXC_��Q\ X[VzMCTUQc\, XM UV CM 
CRV� Rh_WTc� MUQ [TzMXT�X NMRXTXMWUM ubbVjXQCUM 
Ql-lT MRVNTUQc PMN NVyRXCQV\ RQh� XcsVRXQ. ¹TRXQx� 
sV �L MzhTNT�X QRjh�WQXVhYUM C�RMjMy RVNQ\VUXT-
xQMUUMy _RXMyWQCMRXY� Ql-lT RCMQ� \Th�� [Tl\V[MC 
Q C�RMjMy _NVhYUMy PMCV[�UMRXQ PM P[QWQUV, _RXT-
UMChVUUMy V�V C 1905 `. �. ³yU�XVyUM\ [15], jMXM-
[�y PMjTlTh, WXM Nhc WTRXQx [Tl\V[M\ NM 1 \j\ uUV[-
`QQ z[M_UMCRjM`M NCQsVUQc NMRXTXMWUM Nhc XM`M, WXM-
z� MUQ UT�MNQhQRY C PMRXMcUUM\ NCQsVUQQ Q UV MRV-
NThQ PMN NVyRXCQV\ RQh� XcsVRXQ. LMuXM\_ WTRXQx� 
�L, \MsUM RjTlTXY, MzhTNT�X NCMyU�\ \MNQbQxQ-
[_��Q\ CMlNVyRXCQV\: CM-PV[C��, MUQ Rh_sTX xVU-
X[T\Q j[QRXThhQlTxQQ, CM-CXM[��, z_N_WQ CVRY\T 
\UM`MWQRhVUU�\Q PM jMhQWVRXC_ Q UT�MNcRY NhQXVhY-
UMV C[V\c CM ClCV�VUUM\ RMRXMcUQQ, zhMjQ[_�X NQb-
b_lQ� RMMXCVXRXC_��Q� TXM\MC (jhTRXV[MC, zhMjMC)  
j lT[MsNT��Q\Rc Q [TRX_�Q\ j[QRXThhT\, WXM, C jM-
UVWUM\ RWVXV, Q RPMRMzRXC_VX bM[\Q[MCTUQ� \VhjM-
j[QRXThhQWVRjMy RX[_jX_[� hQX�� QlNVhQy. {[M\V 
XM`M, jTj _sV z�hM UT\Q _RXTUMChVUM [16], WTRXQx� 
�L \M`_X _P[MWUcXY P[QR_XRXC_��QV C [TRPhTCT� 
QUXV[\VXThhQWVRjQV RMVNQUVUQc. KRV uXQ ubbVjX�  
Q CVN_X j PMC��VUQ� \V�TUQWVRjQ� RCMyRXC hQX�� 
QlNVhQy. 

������ $%�'0���� ��%���! �/ #�#�'���2�-�-
"���##�+� �0����. �NUTjM, UVR\MX[c UT PMC��VUQV 
P[MWUMRXQ \V�TUQWVRjQ� hQX�� NVXThVy C [Vl_hYXTXV 
\MNQbQxQ[MCTUQc, C XM\ WQRhV Q UTUMPM[M�jT\Q,  
UV CRV`NT _NTVXRc QlzVsTXY CMlUQjUMCVUQc C MXhQCjT� 
NVbVjXMC _RTNMWUM`M P[MQR�MsNVUQc, P[QR_XRXC_�-
�Q� C CQNV [TRRVcUU�� QhQ RMR[VNMXMWVUU�� P_RXMX, 

WXM RCclTUM R UVNMRXTXjM\ PQXTUQc sQNjQ\ \VXThhM\ 
lTXCV[NVCT��V`M \VXThhT [17; 18]. L[Q uXM\ C _RT-
NMWU�V P_RXMX� \MsVX C�NVhcXYRc Q P[QR_XRXC_�-
�Qy C sQNjM\ \VXThhV CMNM[MN, Mz[Tl_c XTj UTl�CTV-
\�V `TlMCM-_RTNMWU�V P_RXMX� [19]. K [Vl_hYXTXV WV`M 
_\VUY�TVXRc bTjXQWVRjMV [TzMWVV RVWVUQV NVXThVy, 
WXM RUQsTVX Q� \V�TUQWVRjQV RCMyRXCT, T C Rh_WTV 
ujRPh_TXTxQQ PMN NTChVUQV\, UTP[Q\V[ C RMRXTCV NCQ-
`TXVhVy hVXTXVhYU�� TPPT[TXMC, – Q `V[\VXQWUMRXY. 

K RCclQ R uXQ\ UT\Q z�hT [Tl[TzMXTUT XV�UMhM`Qc 
Ql`MXMChVUQc NVXThVy, RMWVXT��Tc jTj [Vl_hYXTX Ql-
\VhYWVUQV RX[_jX_[� R PM\M�Y� UTUMPM[M�jT, XTj  
Q PMC��VUQV PhMXUMRXQ \VXThhT R PM\M�Y� sQNjMy 
�XT\PMCjQ. $_XY XTjMy XV�UMhM`QQ lTjh�WTVXRc, CM-
PV[C��, CM CCVNVUQQ C [TRPhTC �L (MPV[TxQc \MNQ-
bQxQ[MCTUQc), CM-CXM[��, C lThQCjV RPhTCT C \TX[Qx_ 
Q PMRhVN_��V\ V`M P[VRRMCTUQQ ([QR. 2) [20]. �L CCM-
NQhQ C [TRRWQXTUUMy NhQUV P[_XjT, Mz�V\ jMXM[M`M 
RMNV[sTh X[Vz_V\MV V`M jMhQWVRXCM – NM 0,05 \TR. %. 
L[Q\VUVUQV sQNjMy �XT\PMCjQ Nhc Ql`MXMChVUQc 
NVXThVy QlCVRXUM V�V R 50-� ``. P[M�hM`M RXMhVXQc 
[21], Cjh�WTc P[Q\VUVUQV uXMy XV�UMhM`QQ Nhc PMh_-
WVUQc NVXThVy Ql [TlhQWU�� xCVXU�� \VXThhMC Q RPhT-
CMC [22], C XM\ WQRhV Q Ql Th�\QUQVCM-j[V\UQVC�� 
RPhTCMC [23; 24]. kRX[MyRXCM XQPQWUM`M �XT\PT, jMU-
RX[_jxQc jMXM[M`M TUThM`QWUT QRPMhYl_V\My C UT-
RXMc�Vy [TzMXV, P[QCVNVUM UT [QR. 3 [24]. 

�z�VjXM\ QRRhVNMCTUQc Rh_sQhT NVXThY XQPT «PV-
[V�MNUQj» RQhMCM`M T`[V`TXT hVXTXVhYUM`M TPPT[TXT 
\TRRMy 2,5 j`, [TzMXT��Tc C _RhMCQc� C�RMjQ� UT`[_-
lMj, Nhc Ql`MXMChVUQc jMXM[My P[Q\VUchQ Th�\QUQVCM-
j[V\UQVC�y RPhTC �{7W (6,0–8,0 % Si; 0,2–0,4 % Mg; 
02–0,6 % Mn; MRX. – Al), jMXM[�y `MXMCQhQ C QUN_jxQ-
MUUMy PVWQ C `[TbQXM�T\MXMCM\ XQ`hV R [TbQUQ[MCT-
UQV\ `VjRT�hM[uXTUM\ $2$l6. �MNQbQxQ[MCTUQV P[M-
QlCMNQhQ �L jT[zQNT zM[T K4$, PMh_WVUUM`M \VXMNM\ 
PhTl\M�Q\QWVRjM`M RQUXVlT [8], C [Vl_hYXTXV V`M CCV-
NVUQc C sQNjQy \VXThh (NM 0,5 \TR. %) C Mz�V\V P[VN-
CT[QXVhYUM MXP[VRRMCTUUM`M P[_XjT (+ 5,0 \\). LMRhV 
[TRXCM[VUQc MRUMC� P[_XjT (Th�\QUQc) RPhTC C�NV[-
sQCThQ 15–20 R Q lThQCThQ V`M C \TX[Qx_ P[Q 953–973 {. 
vTXV\ P[MQlCMNQhQ �XT\PMCj_ NVXThQ P[Q _NVhYUM\ 
NTChVUQQ 491�106 �LT.  

wVl_hYXTX� QRP�XTUQy \V�TUQWVRjQ� RCMyRXC Mz-
[TlxMC, C�[VlTUU�� Ql �XT\PMCMj, XV[\MMz[TzMXTUU�� 
PM [VsQ\_ q5, PMjTlThQ (XTzh. 1), WXM PM R[TCUVUQ� 
RM RXTUNT[XUMy XV�UMhM`QVy PMN`MXMCjQ [TRPhTCT 
C[V\VUUMV RMP[MXQChVUQV ÙC \MNQbQxQ[MCTUUM`M K4$ 
Q lTXV\ MX�XT\PMCTUUM`M RPhTCT CMl[MRhM UT 8,37 % 
(R 245,0 NM 265,5 �LT), T MXUMRQXVhYUMV _NhQUVUQV  
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æ � C 2,1 [TlT (R 4,9 NM 10,1 %). L[Q uXM\ XCV[NMRXY 
�K MRXThTRY UT P[VsUV\ _[MCUV � 620 �LT. LM J�$q 
1583–93 X[Vz_VXRc ÙC � 210 �LT Q æ � 2,0 %. ~l_WV-
UQV \Qj[MRX[_jX_[� PMjTlThM, WXM �L K4$ P[QCMNQX 
j R_�VRXCVUUM\_ Ql\VhYWVUQ� NVUN[QXMC PV[CQWUM`M 
�-XCV[NM`M [TRXCM[T Q uCXVjXQjQ. {[M\V XM`M, PM [V-
l_hYXTXT\ [VUX`VUMP[MRCVWQCTUQc Q Ql_WVUQc �hQbMC 
XV\PhVXMC, C�[VlTUU�� Ql �XT\PMCMj, PM[QRXMRXY  
Q `TlMCM-_RTNMWU�V [TjMCQU� UV C�cChchQRY. 

$hVN_VX P[Q uXM\ MX\VXQXY, WXM MP[VNVhVUU�y 
CjhTN C ubbVjX \MNQbQxQ[MCTUQc CUMRQX Q MjRQN 
Th�\QUQc, P[QR_XRXC_��Qy C CQNV PhVUjQ UT WTRXQ-
xT� Th�\QUQc, jMXM[�V cChc�XRc MRUMCMy jM\PMlQ-
xQQ (WTRXQx� Th�\QUQc + �L), Ql jMXM[My P[VRR_�X 

\MNQbQxQ[_��Qy P[_XMj, WXM UT\Q _RXTUMChVUM  
C [TzMXV [25], UTP[Q\V[, P[Q PMh_UVP[V[�CUM\ hQXYV 
RhQXjMC + 120 \\ Ql RPhTCT �1, jM`NT C h_Uj_ j[Q-
RXThhQlTXM[T CCMNQhQ MXP[VRRMCTUU�y Ql `[TU_h uXM-
`M sV RPhTCT P[_XMj + 9,5 \\. �XhQX�V RhQXjQ P[VR-
RMCThQ C P[_XjQ + 16 \\. ~RP�XTUQc \V�TUQWVRjQ� 
RCMyRXC uXQ� P[_XjMC PMjTlThQ (XTzh. 2), WXM C [Vl_hY-
XTXV CCVNVUQc C [TRPhTC P[_XjT, MXP[VRRMCTUUM`M Ql 
`[TU_h RPhTCT �1, Q� P[MWUMRXU�V RCMyRXCT MjTlThQRY 
C��V RCMyRXC P[_XjMC, MXP[VRRMCTUU�� Ql RhQXjMC Ql 
RPhTCT �1, C jMXM[�y UV CCMNQhQ P[_XjQ Ql `[TU_h. 
L[Q uXM\ XTjsV PMC��TVXRc Q MXUMRQXVhYUMV _NhQUV-
UQV, �T[TjXV[Ql_��VV PhTRXQWUMRXY RPhTCT. 

 

 
        �  �      � 

 
wQR. 2. $�V\T PMh_WVUQc NVXThQ �XT\PMCjMy sQNjM`M \VXThhT: � � lThQCjT sQNjM`M \VXThhT;  

� � P[VRRMCTUQV; � � QlChVWVUQV `MXMCMy NVXThQ; 1 � P[VRR-bM[\T (\TX[QxT); 2 � sQNjQy \VXThh;  
3 � lThQCMWU�y jMC�; 4 � P_TURMU; 5 � MXP[VRRMCTUUTc NVXThY [20] 

 

 

 

 

 
 

wQR. 3. ÍXT\P Nhc Ql`MXMChVUQc NVXThVy Ql Th�\QUQVC�� RPhT-
CMC RPMRMzM\ sQNjMy �XT\PMCjQ: 1 – CV[�Ucc PhQXT �XT\PT; 2, 8, 
13 – CQUXMC�V zMhX�; 3 – P[M\Vs_XMWUTc PhQXT; 4 – CUV�UQy P_TU-
RMU; 5 – P_TURMU; 6, 14 – CU_X[VUUQV `QhYl� �XT\PT; 7 – UQsUcc 
PhQXT �XT\PT; 9 – C�XThjQCTXVhY MX�XT\PMCTUUMy NVXThQ; 10 – 
_RXTUMCMWU�y zMhX; 11 – PM[�VUY; 12 – `MhMCjT C�XThjQCTXVhc; 
15 – _RXTUMCMWU�y �XQbX; 16 – MRUMCUTc PhQXT �XT\PT; MX�T\PM-
CTUUTc NVXThY [TRPMhMsVUT \VsN_ NVXThc\Q �XT\PT 5, 6, 7, 12 [24] 

����'� 1
����#�� #�#�'���2�-�"���#�� � ;����! $%�'0���� #� '���#�3����� ���!�%��  

��%��� �/ �0���� ��73 
 

K[V\VUUMV RMP[MXQChVUQV @C, �LT �XUMRQXVhYUMV _NhQUVUQV 5, % qV�UMhM`Qc hQXYc 
KVhQWQUT L[Q[MRX KVhQWQUT L[Q[MRX 

$XTUNT[XUTc XV�UMhM`Qc 245,0 � 4,9 � 
�MNQbQxQ[MCTUQV K4$ + sQNjTc �XT\PMCjT 265,5 8,37 % 10,1 C 2,1 [TlT 
J�$q 1583–89 210,0 � � � 
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          ����'� 2 
���#�3����� ���!�%�� 0"*%��� + 16 '', �%0"������##)� �/ ���%��� + 120 '',  

�%��%)� 0��*#�0"�")�#)' �0���5�' �/ �0���� �1, � /�����'��%� �% %��#���+�� ��/��!�%��� #� "��0��� 
 

K[V\VUUMV  
RMP[MXQChVUQV @C 

L[VNVh XVj_WVRXQ @0,2 �XUMRQXVhYUMV  
_NhQUVUQV 5 

qV�UMhM`Qc hQXYc RhQXjT 

KVhQWQUT, 
�LT/P[Q[MRX, % 

KVhQWQUT, 
�LT/P[Q[MRX, % 

KVhQWQUT,  
%/P[Q[MRX, % 

�QXYV RhQXjT PM RXTUNT[XUMy XV�UMhM`QQ  420/� 280/� 12,4/� 
 465/10,71 335/19,64 13,8/11,11 

 
�V�TUQl\ uXM`M ubbVjXT lTjh�WTVXRc C RhVN_�-

�V\. K Mz�WU�� _RhMCQc� Th�\QUQy, Cjh�WTc Q WTR-
XQx� Th�\QUQVC�� RPhTCMC, PMj[�X MjQRUMy PhVUjMy 
XMh�QUMy CRV`M 10–5 \\, jMXM[Tc P[VNRXTChcVX RMzMy 
UTQzMhVV _RXMyWQC_� bM[\_ MjQRQ Th�\QUQc �  
\MNQbQjTxQ� �-�l2�3, XV\PV[TX_[T PhTChVUQc jMXM-
[My RMRXTChcVX 2050 °$ Q jMXM[Tc MzhTNTVX QRjh�WQ-
XVhYUM C�RMjMy XCV[NMRXY� � 30,2 VN HRC QhQ 1000 �LT 
PM ^[QUVhh�, XCV[NMRXY PM �MMR_ � 9 VN. L[Q P[VRRM-
CTUQQ jMUXVyUV[T R `[TU_hT\Q C bQhYV[V P[VRRT CMl-
UQjT�X lUTWQXVhYU�V _RQhQc (PM [TRWVXT\ Nhc bQhYV-
[� + 9,5 \\ � 300 �LT), WXM P[QCMNQX j [TlN[MzhV-
UQ� �[_PjMy MjQRUMy PhVUjQ �-�l2�3 UT NQRPV[RU�V 
WTRXQx�, jMXM[�V Q \M`_X Rh_sQXY NMPMhUQXVhYU�\Q 
xVUX[T\Q j[QRXThhQlTxQQ. wTCUM\V[UMRXY [TRP[VNV-
hVUQc [TlN[MzhVUU�� WTRXQx PM Mz�V\_ RhQXjT MzVR-
PVWQCTVXRc X_[z_hVUXUMRXY� [TRPhTCT C h_UjV j[Q-
RXThhQlTXM[T, WXM PMNXCV[sNTVXRc RX[_jX_[My �hQbT 
P[MNMhYUM`M RVWVUQc RhQXjT, UT jMXM[M\ C�cChcVXRc 
WVXjTc hQUQc [TlNVhT, PMCXM[c��Tc jMUX_[ h_UjQ Q 
MXNVhc��Tc Mz�V\ RhQXjT, C jMXM[�y CCMNQhQ P[_XMj 
Q jMXM[�y �T[TjXV[Ql_VXRc MNUM[MNUMy \VhjMj[Q-
RXThhQWVRjMy RX[_jX_[My PM CRV\_ RVWVUQ�, MX RX[_j-
X_[� \VXThhT NM CCVNVUQc P[_XjT, jMXM[Tc �T[TjXV[Q-
l_VXRc Mz�WU�\ Nhc RhQXjMC RX[MVUQV\: P[QhV`T��Tc 
j RXVUjV CMNMM�hTsNTV\M`M j[QRXThhQlTXM[T UT[_s-
UTc lMUT RhQXjT Q\VVX \VhjMj[QRXThhQWVRj_� RX[_j-
X_[_, lTXV\ RhVN_VX lMUT RXMhzWTXMy RX[_jX_[� R UT-
P[TChVUQV\ j[QRXThhMC j xVUX[_ RhQXjT, Q C xVUX[V 
RhQXjT [TRPMhT`TVXRc lMUT j[_PU�� [TCUMMRU�� j[Q-
RXThhMC. 

����^3�#��. K [Vl_hYXTXV C�PMhUVUUM`M QRRhV-
NMCTUQc [Tl[TzMXTUT jM\PhVjRUTc NC_�uXTPUTc XV�UM-
hM`Qc PMh_WVUQc NVXThVy, jM\PhVjX_��Q� QlNVhQc 
hVXTXVhYUMy TPPT[TX_[�, lTjh�WT��TcRc UT PV[CM\ 
uXTPV (P[Q`MXMChVUQV RPhTCT) C \MNQbQxQ[MCTUQQ 
RPhTCT P_XV\ CCVNVUQc C sQNjQy \VXThh UTUMPM[M�jT 
UQX[QNT zM[T, Q UT CXM[M\ uXTPV – C P[VRRMCTUQQ Ql 
uXM`M RPhTCT NVXThVy, WXM P[QCVhM j PMC��VUQ� Q� 
P[MWUMRXQ (UT 8,37 %) Q PhTRXQWUMRXQ (C 2,1 [TlT) PM 
R[TCUVUQ� RM RXTUNT[XUMy XV�UMhM`QVy. L[Q uXM\ 
P[MWUMRXY MjTlThTRY C��V X[VzMCTUQy J�$q 1583–89 
UT 26,2 %, T PhTRXQWUMRXY – C 5,0 [Tl. 
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Honeycomb structures with potted inserts are extensively applied in various spacecrafts. Three layer honeycomb 
structure comprises two thin skins acting as load bearing layers with lightweight and less strong honeycomb core 
placed in between supporting the load bearing layers. The inserts potted into the three layer honeycomb structure are 
intended for equipment, harness and waveguide integration and panel to panel joints. It is necessary to consider  
a number of factors such as proper selection of the core height, skin thickness, core size and the insert itself.  

There is either almost no attention paid to this matter in various reference sources and scientific papers both  
by Russian and international researchers, or no research is conducted in this area at all. 

To acquire a reasonable solution to this matter it is necessary to perform research efforts related to testing the 
honeycomb structures with potted inserts. It is necessary to study in detail the effect of the honeycomb core, load 
bearing layers, insert dimensions on the load bearing capacity of the three layer structure in general. Also, it is 
necessary to perform proper processing of the experimental and estimation results.  

The data resulting from this investigation will be employed in spacecraft three layer honeycomb structures design 
and manufacturing activities. 

 
Keywords: three layer honeycomb structure, honeycomb, bearing layers, inserts potted, tests.  
 
�����#��. LMC��VUQV ubbVjXQCUMRXQ RMC[V\VU-

U�� jMR\QWVRjQ� TPPT[TXMC UV[Tl[�CUM RCclTUM  
R PMQRjM\ Q [VThQlTxQVy UMC�� jMURX[_jXQCUM-
XV�UMhM`QWVRjQ� [V�VUQy. 

�NUQ\Q Ql MRUMCU�� Q UTQzMhVV CTsU�� UTP[TC-
hVUQy cChcVXRc P[Q\VUVUQV X[V�RhMyU�� jMURX[_j-
xQy. q[V�RhMyUTc jMURX[_jxQc P[VNRXTChcVX RMzMy 
NCT UVR_�Q� RhMc Q [TRPMhMsVUU�y \VsN_ UQ\Q hV`jQy 
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lTPMhUQXVhY, UTQzMhVV c[jQ\ P[VNRXTCQXVhV\ jMXM[M-
`M cChcVXRc RMXMC�y. �VR_�QV RhMQ CMRP[QUQ\T�X 
P[MNMhYU�V UT`[_ljQ ([TRXcsVUQV, RsTXQV, RNCQ`)  
C RCMVy PhMRjMRXQ Q PMPV[VWU�V Ql`QzT��QV \M\VUX�. 

JhTCUTc MRMzVUUMRXY X[V�RhMyUMy jMURX[_jxQQ  
R lTPMhUQXVhV\ RMRXMQX C XM\, WXM C [Vl_hYXTXV [TlUV-
RVUQc UVR_�Q� RhMVC UT UVjMXM[MV [TRRXMcUQV N[_` MX 
N[_`T NMRXQ`TVXRc zMhY�VV MXUM�VUQV sVRXjMRXQ jMU-
RX[_jxQQ j VV \TRRV. ©RhQ R[TCUQXY uXM R MNUMRhMyUMy 
PhTRXQUMy [TCUMy \TRR�, XM MXUM�VUQV sVRXjMRXVy 
z_NVX UV \VUVV 3 (XTzh. 1) [1; 2].  

�hc PV[VNTWQ UT`[_ljQ P[Q j[VPhVUQQ RMXMC�� 
jMURX[_jxQy \VsN_ RMzMy Q _RXTUMCjQ UT UQ� P[QzM-
[MC QRPMhYl_�XRc lTjhTNU�V uhV\VUX�. �T [QR. 1 
P[VNRXTChVU Mz�Qy CQN X[V�RhMyUMy jMURX[_jxQQ. 

K RMXMC�� jMURX[_jxQc� R_�VRXC_VX XVRUTc RCclY 
\VsN_ P[Q\VUcV\�\Q \TXV[QThT\Q Q XV�UMhM`QVy 
Ql`MXMChVUQc. ~l\VUVUQV �MXc z� MNUM`M Ql \TXV[QT-
hMC zVl P[VNCT[QXVhYUMy XV�UMhM`QWVRjMy Q ujRPV[Q-
\VUXThYUMy MX[TzMXjQ UVNMP_RXQ\M, XTj jTj \MsVX 
PMChVWY lT RMzMy [VljMV _�_N�VUQV ujRPh_TXTxQMU-
U�� �T[TjXV[QRXQj jMURX[_jxQQ. 

�RMzVUUMRXY� [TRWVXT X[V�RhMyU�� jMURX[_jxQy 
cChcVXRc XM, WXM V`M UVMz�MNQ\M [TlNVhQXY UT NCT 
[TCUMlUTWU�� PM CTsUMRXQ [TRWVXT: 

– CM-PV[C��, [TRWVX Mz�Vy P[MWUMRXQ Q _RXMyWQ-
CMRXQ PTUVhQ R C�zM[M\ XMh�QU� UVR_�Q� RhMVC  
Q MPXQ\ThYU�� PT[T\VX[MC RMXMCM`M lTPMhUQXVhc; 

– CM-CXM[��, [TRWVX \VRXUMy P[MWUMRXQ Q _RXMy-
WQCMRXQ, Mz_RhMChVUU�y `[TUQWU�\Q _RhMCQc\Q, XQ-
PM\ RMVNQUVUQc PTUVhVy Q CQNM\ P[QhMsVUQc UT`[_ljQ. 

ÇVhY� PMRhVNUV`M [TRWVXT cChcVXRc MP[VNVhVUQV 
\VRXUM`M _RQhVUQc PTUVhVy, C�zM[ XQPT Q PT[T\VX[MC 
RMVNQUVUQc. { PT[T\VX[T\ MXUMRcXRc [Tl\V[� lTjhTN-
U�� uhV\VUXMC, lMU� _RQhVUQc lTPMhUQXVhc Q Mz�Q-
CMj [3; 4]. 

��%��)! /�0��#�%���. $MXMC�V lTPMhUQXVhQ 
Q\V�X [V`_hc[U_� P[MRX[TURXCVUU_� RX[_jX_[_. L[Q 
uXM\ [Tl\V[� cWVVj RMXMC�� lTPMhUQXVhVy \Th�  
PM R[TCUVUQ� R [Tl\V[T\Q X[V�RhMyU�� RMXMC�� jMU-
RX[_jxQy. ³XM PMlCMhQhM QRRhVNMCTXVhc\ P[QUQ\TXY 
RMXMC�y lTPMhUQXVhY jTj UVjMXM[�y _RhMCU�y, MNUM-
[MNU�y PM Mz�V\_, TUQlMX[MPU�y \TXV[QTh, _P[_`QV 
�T[TjXV[QRXQjQ jMXM[M`M lTNTU�. ³XQ �T[TjXV[QRXQjQ 
RXThQ UTl�CTXYRc P[QCVNVUU�\Q. qTjTc `QPMXVlT Ml-
UTWTVX, WXM UT P[TjXQjV CCMNQXRc UVjMXM[�y _RhMC-
U�y RPhM�UMy \TXV[QTh, UTNVhVUU�y CRV\Q RCMyRX-
CT\Q [VThYUM`M RMXMCM`M lTPMhUQXVhc Q lTUQ\T��Qy 
XMX sV Mz�V\, WXM Q RT\ lTPMhUQXVhY [5]. 

K�zM[ bM[\� RMX lTCQRQX MX bM[\� X[V�RhMyUMy 
jMURX[_jxQQ Q C�PMhUcV\My V`M b_UjxQQ. �V�TUQWV-
RjQV RCMyRXCT RMXMCM`M lTPMhUQXVhc lTCQRcX `hTCU�\ 
Mz[TlM\ MX XMh�QU� RXVUMj Q [Tl\V[T `[TUQ cWVVj [6]. 

	��*A�� ����. �VR_�QV RhMQ jMURX[_jxQy R RM-
XMC�\ lTPMhUQXVhV\ \M`_X z�XY C�PMhUVU� Ql \V-
XThhQWVRjQ� Q UV\VXThhQWVRjQ� \TXV[QThMC. qMh�Q-
U� UVR_�Q� RhMVC \M`_X z�XY MNQUTjMC�\Q QhQ [Tl-
U�\Q. qMh�QUT UVR_�Q� RhMVC C�zQ[TVXRc Ql _RhM-
CQy UVMz�MNQ\My P[MWUMRXQ Q sVRXjMRXQ jMURX[_j-
xQQ. K jMURX[_jxQQ UVR_�QV RhMQ \M`_X z�XY PV[V-
\VUUMy XMh�QU� [7]. 

K jhVVU�� jMURX[_jxQc� R RMXMC�\ lTPMhUQXVhV\ 
�Q[MjM P[Q\VUc�XRc UVR_�QV RhMQ Ql Th�\QUQVC�� 
RPhTCMC, T XTjsV Ql jM\PMlQxQMUU�� \TXV[QThMC. 

{M\PMlQxQMUU�V \TXV[QTh� P[VNRXTChc�X RMzMy 
RMWVXTUQV CMhMjMU Ql C�RMjMP[MWU�� \TXV[QThMC 
(uhV\VUX� T[\Q[MCTUQc) R [TlhQWU�\Q \TX[QxT\Q 
(RCcl_��Q\). K jTWVRXCV \TX[Qx� UT[cN_ R uPMjRQN-
U�\Q Q N[_`Q\Q PMhQ\V[U�\Q RCcl_��Q\Q P[Q\V-
Uc�XRc CcljQV Q PhTRXQWU�V \VXThh� Q RPhTC� – 
Th�\QUQy, XQXTU Q N[. L[Q\VUVUQV C jTWVRXCV T[\Q-
[_��Q� uhV\VUXMC CMhMjMU zM[T Q _`hV[MNT R_�VRX-
CVUUM PMC��T�X sVRXjMRXY jMURX[_jxQQ. �VXThhQWV-
RjTc \TX[QxT _CVhQWQCTVX P[MWUMRXY UT RNCQ` [8; 9]. 

ËT[TjXV[UMy MRMzVUUMRXY� jM\PMlQXU�� \TXV-
[QThMC cChcVXRc RQhYUTc lTCQRQ\MRXY Q� P[MWUMRXU�� 
RCMyRXC MX XV�UMhM`QQ Ql`MXMChVUQc ([QR. 2). L_XQ 
PMh_WVUQc C�RMjQ� Q RXTzQhYU�� \V�TUQWVRjQ� �T-
[TjXV[QRXQj QlCVRXU�: uXM TCXM\TXQlTxQc P[MQlCMN-
RXCT, UVP[V[�CU�y jMUX[MhY XV�UMhM`QWVRjQ� P[M-
xVRRMC Q jTWVRXCT P[MN_jxQQ. 

�TQzMhY�QV lUTWVUQc PMjTlTXVhVy \V�TUQWVRjQ� 
RCMyRXC jM\PMlQxQMUU�V \TXV[QTh� Q\V�X P[Q  
UT`[_sVUQQ CNMhY MNUMUTP[TChVUU�� CMhMjMU (ø = 0, 
[QR. 2, �). L[Q Ql\VUVUQQ _`hT T[\Q[MCTUQc �T[TjXV-
[QRXQjQ \TXV[QThT \VUc�XRc ([QR. 2, �) [10]. 

L[Q UT`[_sVUQQ CNMhY CMhMjMU _NVhYU�V P[MW-
UMRXY Q \MN_hY _P[_`MRXQ jM\PMlQxQMUUM`M \TXV[QT-
hT P[VCMR�MNcX TUThM`QWU�V �T[TjXV[QRXQjQ, UTP[Q-
\V[, jMURX[_jxQMUU�� Th�\QUQVC�� RPhTCMC. 

������#�! `��'�#%. vTjhTNUMy uhV\VUX – uXM 
WTRXY [Tl�V\UM`M bQjRQ[_��V`M _RX[MyRXCT, MzVRPV-
WQCT��V`M RMVNQUVUQV \VsN_ RMXMC�\Q X[V�RhMyU�-
\Q jMURX[_jxQc\Q. vTjhTNUMy uhV\VUX MzVRPVWQCTVX 
_RXTUMCj_ MzM[_NMCTUQc, P[QzM[MC, CMhUMCMNU��  
hQUQy Q jTzVhVy. vTjhTNU�V uhV\VUX�, P[Q\VUcV\�V 
C jMURX[_jxQc� jMR\QWVRjQ� TPPT[TXMC, NVhcXRc  
UT RjCMlU�V Q MNUMRXM[MUUQV ([QR. 3) [11]. 

$jCMlUMy lTjhTNUMy uhV\VUX – uXM uhV\VUX, RM-
RXMc�Qy Ql \VXThhQWVRjMy CRXTCjQ C bM[\V jTX_�jQ, 
jMXM[Tc _RXTUTChQCTVXRc C RjCMlUMV MXCV[RXQV, P[MRCV[-
hVUUMV C RMXMCMy X[V�RhMyUMy jMURX[_jxQQ, Q bQjRQ-
[_VXRc CU_X[Q PTUVhQ R PM\M�Y� PVUMjM\PT_NT [11]. 

�NUMRXM[MUUQy lTjhTNUMy uhV\VUX – uXM uhV\VUX, 
RMRXMc�Qy Ql \VXThhQWVRjMy CRXTCjQ C bM[\V jTX_�-
jQ, jMXM[Tc _RXTUTChQCTVXRc C `h_�MV MXCV[RXQV, P[M-
RCV[hVUUMV R MNUMy RXM[MU� X[V�RhMyUMy jMURX[_j-
xQQ, Q bQjRQ[_VXRc CU_X[Q jMURX[_jxQQ R PM\M�Y� 
PVUMjM\PT_NT [11]. 

vTjhTNU�V uhV\VUX� \M`_X z�XY Ql`MXMChVU� Ql 
Th�\QUQVC�� Q XQXTUMC�� RPhTCMC. L[Q\VUVUQV uXQ� 
\TXV[QThMC Mz_RhMChVUM MzVRPVWVUQV\ \QUQ\ThYUM`M 
CVRT, jMURX[_jXQCUMy P[MWUMRXY� Q �M[M�Q\Q XV�UM-
hM`QWVRjQ\Q RCMyRXCT\Q. �T [QR. 4 P[VNRXTChVU  
Mz�Qy CQN lTjhTNU�� uhV\VUXMC. 

	��*A�� �0���5#��%� ����/#�+� /�����#�+� 
`��'�#%�. �TjRQ\ThYUTc UT`[_ljT QhQ UTP[csVUQV, 
jMXM[_� jMURX[_jxQc QhQ \TXV[QTh \MsVX C�NV[sTXY 
zVl [Tl[�CMC Q PMC[VsNVUQy, UTl�CTVXRc UVR_�Vy 
RPMRMzUMRXY�. LMN[Tl_\VCTVXRc, WXM RMRXMcUQV UT-
P[csVUQc P[VNRXTChcVX RMzMy MNUMMRUMV [TRXcsVUQV 
QhQ WQRX�y RNCQ`. 
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����'� 1 
�%#�$�#�� 0"�3#��%� � ;��%���%� � '���� %"�����!#�! ��#�%"*�-�� 

 

K�RMXT 

LT[T\VX[ 
  

 
�XUMRQXVhYUTc sVRXjMRXY 

UT Ql`Qz 1 7,0 37 

�XUMRQXVhYUTc P[MWUMRXY 
UT Ql`Qz 1 3,5 9,2 

�XUMRQXVhYUTc \TRRT 1 1,03 1,06 
 

 
 

wQR. 1. �z�Qy CQN X[V�RhMyUMy jMURX[_jxQQ 
 

 
 
 
 

 

 
� � 

wQR. 2. vTCQRQ\MRXY �T[TjXV[QRXQj jM\PMlQxQMUUM`M \TXV[QThT MX UTP[TChVUQc T[\Q[_��Q� CMhMjMU: 
� – [TRPMhMsVUQV MNUMUTP[TChVUU�� CMhMjMU; � – ChQcUQV _`hT ø UT �T[TjXV[QRXQjQ T[\Q[_��Q� CMhMjMU 

 

 
 

wQR. 3. KQN� lTjhTNU�� uhV\VUXMC 

�VR_�Qy RhMy (Mz�QCjT) 

$MXMC�y lTPMhUQXVhY 

�VR_�Qy RhMy (Mz�QCjT) 

vTjhTNUMy uhV\VUX 
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wQR.4. �z�Qy CQN lTjhTNU�� uhV\VUXMC 
 
wTRWVXUMV lUTWVUQV UVR_�Vy RPMRMzUMRXQ RjCMlUM-

`M lTjhTNUM`M uhV\VUXT P[Q MNUMMRUM\ [TRXcsVUQQ 
MP[VNVhcVXRc PM RhVN_��Vy bM[\_hV: 

ýô Ãî � 0 î á� ýô î á�2 ,nF r h k r� �� � � � P � �@ � �5  

`NV Fn – UVR_�Tc RPMRMzUMRXY RjCMlUM`M lTjhTNUM`M 
uhV\VUXT UT [TRXcsVUQV; rub – ubbVjXQCU�y [TNQ_R;  
h – C�RMXT RMXMlTPMhUQXVhc zVl _WVXT Mz�QCjQ; ¼RMX – 
\QUQ\ThYUMV lUTWVUQV RMXMCM`M lTPMhUQXVhc UT RNCQ`; 
ÙMz� – P[VNVh XVj_WVRXQ \TXV[QThT Mz�QCMj; æMz� – 
XMh�QUT Mz�QCMj; k0 – jMubbQxQVUX, MP[VNVhcV\�y 
MP�XU�\ P_XV\, MX 0,65 NM 1,0. 

³bbVjXQCU�y [TNQ_R lTCQRQX MX jMUj[VXUM`M [T-
NQ_RT CRXTCjQ, [Tl\V[T cWVyjQ RMX� (RXM[MU� �VRXQ-
`[TUUQjT RMX�) Q P[QUQ\TVX RCMV \QUQ\ThYUMV lUTWV-
UQV Nhc jMUj[VXUM`M PMhMsVUQc xVUX[T lTjhTNUM`M 
uhV\VUXT CU_X[Q �VRXQ`[TUUMy cWVyjQ. �QUQ\ThYUMV 
lUTWVUQV MP[VNVhcVXRc PM bM[\_hV 

ýô c0,6 ,r r S� � �  

`NV r – [TNQ_R lTjhTNUM`M uhV\VUXT; Sc – [Tl\V[ RXM-
[MU� �VRXQ`[TUUQjT RMX�. 

wTRWVXUMV lUTWVUQV UVR_�Vy RPMRMzUMRXQ RjCMlUM-
`M lTjhTNUM`M uhV\VUXT UT RNCQ` P[MQR�MNQX Ql-lT 
PMXV[Q _RXMyWQCMRXQ Mz�QCjQ P[Q bQjRTxQQ CMj[_` 
P[QhVPhcV\M`M uhV\VUXT. qTjQ\ Mz[TlM\, CMl\MsUM-
RXQ UT`[_sVUQc NTUUM`M RMVNQUVUQc M`[TUQWQCT�XRc 
P[MWUMRXY� \TXV[QThT Mz�QCjQ. 

wTRWVXUMV lUTWVUQV UVR_�Vy RPMRMzUMRXQ RjCMlUM-
`M lTjhTNUM`M uhV\VUXT P[Q MNUMMRUM\ [TRXcsVUQQ 
MP[VNVhcVXRc PM RhVN_��Vy bM[\_hV: 

î á� î á�2 (2 ).nF r� � �5 � �@  

	��*A�� �0���5#��%� ��#��%�"�##�+� /�����-
#�+� `��'�#%�. �VR_�Tc RPMRMzUMRXY MNUMRXM[MUUV`M 
lTjhTNUM`M uhV\VUXT MP[VNVhcVXRc PM bM[\_hV 

ýô Ãî � 0 î á� ýô î á�2 ,n pF r h k r� �� � � � P � �@ � �5  

`NV hp – C�RMXT PVUMjM\PT_NT ([QR. 3).  
$NCQ` QhQ P[MNMhYUTc UT`[_ljT, NVyRXC_��Tc  

UT MNUMRXM[MUUQy lTjhTNUMy uhV\VUX, CMlNVyRXC_VX  
UT R[VNUQy RhMy Mz�QCjQ ([QR. 5). �QT\VX[ D PMRT-
NMWUMy PMCV[�UMRXQ P[QhV`T��V`M uhV\VUXT NMhsVU 
z�XY, jTj \QUQ\_\, UV \VUY�V XQPQWUM`M NQT\VX[T 
lThQCjQ, X. V. 

ýô2 .D r� �  

³XM UVMz�MNQ\M Nhc MzVRPVWVUQc NMRXTXMWUMy 
bQjRTxQQ MNUMRXM[MUUV`M lTjhTNUM`M uhV\VUXT Q P[V-
NMXC[T�VUQc V`M CNTChQCTUQc PMN Mz�QCj_ ([QR. 6). 

�VR_�Tc RPMRMzUMRXY PMNMzUM`M RMVNQUVUQc M`[T-
UQWQCTVXRc C MRUMCUM\ P[VNVhYUMy P[MWUMRXY� \TXV-
[QThT Mz�QCjQ, UVzMhY�Tc WTRXY UT`[_ljQ [TRP[VNV-
hcVXRc UT RMXMC�y lTPMhUQXVhY. qTjQ\ Mz[TlM\, [TR-
WVXUMV lUTWVUQV UVR_�Vy RPMRMzUMRXQ MNUMRXM[MUUV-
`M lTjhTNUM`M uhV\VUXT UT RNCQ` MP[VNVhcVXRc PM RhV-
N_��Vy PMh_u\PQ[QWVRjMy bM[\_hV: 

2
ýô Ãî � î á� ýô î á�8 2 .nF r r� � � P � �@ � �5  

{[QXQWUTc RNCQ`MCTc UT`[_ljT jCTlQUVlTCQRQ\T  
MX C�RMX� RMXMCM`M lTPMhUQXVhc. 

(��0�"�'�#%���#�� �0"�����#�� #��*A�! �0�-
��5#��%� %"�����!#�! ��#�%"*�-��. �z�VjXM\ QR-
P�XTUQy cChchQRY Mz[Tlx�, Ql`MXMChVUU�V RM`hTRUM 
jMURX[_jXM[RjMy NMj_\VUXTxQQ. �z[TlVx P[VNRXTChcVX 
RMzMy RMXMC_� PTUVhY R CjhVVUU�\ lTjhTNU�\ uhV-
\VUXM\. wTl\V[� Mz[TlxT MP[VNVhc�XRc PT[T\VX[T\Q 
QRP�XTXVhYUM`M MzM[_NMCTUQc. 

�UThQl (QRP�XTUQc) P[MCMNQhRc UT Mz[TlxT� R lT-
jhTNU�\Q uhV\VUXT\Q NQT\VX[M\ 8,5 \\ (MNUMRXM-
[MUUcc lTjhTNUTc), 20 Q 30 \\ (RjCMlU�V lTjhTNU�V 
uhV\VUX�). 

ÇVhY� QRP�XTUQy cChchQRY: 
– MP[VNVhVUQV [Tl[_�T��Vy UT`[_ljQ Mz[TlxMC 

P[Q [TlhQWU�� CQNT� RQhMCM`M CMlNVyRXCQc (QRP�XT-
UQc P[MCMNQhQRY UT [TRXcsVUQV Q RNCQ`); 

– PMNXCV[sNVUQV [TRWVXU�� NTUU�� PM [Tl[_-
�T��Vy UT`[_ljV Mz[TlxMC P[Q [TlhQWU�� CQNT� RQ-
hMCM`M CMlNVyRXCQc. 

wTl[_�T��Vy UT`[_ljMy Mz[TlxT cChcVXRc UT`[_l-
jT, P[Q CMlNVyRXCQQ jMXM[My UT uhV\VUX C \VRXV V`M 
_RXTUMCjQ UTWQUT�X CMlUQjTXY MRXTXMWU�V NVbM[\T-
xQQ UVR_�Q� RhMµC QhQ [Tl[_�VUQV RMRXTCU�� WTRXVy 
Mz[TlxT. 

{[QXV[QV\ PMhMsQXVhYUMy MxVUjQ [Vl_hYXTXMC 
QRP�XTUQy cChcVXRc PMh_WVUQV lUTWVUQc UT`[_ljQ 
lTjhTNUM`M uhV\VUXT Mz[TlxT UT XMWjV UTWThT PhTRXQ-
WVRjMy NVbM[\TxQQ (MXjhMUVUQV NQT`[T\\� MX P[c-
\MhQUVyUMRXQ) UT NQT`[T\\V «UT`[_ljT–PV[V\V�VUQV». 
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~RP�XTUQc P[MCMNQhQRY UT _UQCV[RThYUMy QRP�-
XTXVhYUMy \T�QUV Instron.  

Instron cChcVXRc MXhQWU�\ Q NMRX_PU�\ [V�VUQV\ 
Nhc �Q[MjM`M RPVjX[T RMC[V\VUU�� hTzM[TXM[Qy jMU-
X[Mhc jTWVRXCT jTj C hV`jMy, XTj Q C XcsVhMy P[M\��-
hVUUMRXQ. �TUU�V [Tl[�CU�V \T�QU� MzhTNT�X P[M-
RX�\ Q PMUcXU�\ QUXV[bVyRM\ _P[TChVUQc, C�RMjQ\Q 
ujRPh_TXTxQMUU�\Q PMjTlTXVhc\Q Q P[VCMR�MNUMy 
UTNVsUMRXY�. {MURX[_jxQc [T\� MzVRPVWQCTVX C�RM-
jQV �T[TjXV[QRXQjQ sVRXjMRXQ Q RMMRUMRXQ, WXM UV\T-
hMCTsUM P[Q P[MCVNVUQQ QRP�XTUQy \TXV[QThMC [12]. 

�T [QR. 7 P[VNRXTChVUT _UQCV[RThYUTc QRP�XT-
XVhYUTc \T�QUT Instron. 

L[Q QRP�XTUQc� UT [TRXcsVUQV Mz[TlVx _RXTUTC-
hQCThQ C\VRXV R XV�UMhM`QWVRjMy MRUTRXjMy ([QR. 8). 

$M`hTRUM [QR. 8, [Tl\V[ D (MXCV[RXQV C R\VUUMy 
MPM[V) PMNzQ[ThRc Ql Q\V��Q�Rc C jM\PhVjXV _UQ-
CV[RThYUMy QRP�XTXVhYUMy \T�QU� PhTRXQU. K MXCV[-
RXQV lTjhTNUM`M uhV\VUXT _RXTUTChQCThRc RMMXCVXRX-
C_��Qy CU_X[VUUV\_ NQT\VX[_ MXCV[RXQc lT�CTX-
PV[V�MNUQj, MzVRPVWQCT��Qy P[QhMsVUQV _RQhQc. 
�QT\VX[ MXCV[RXQc C MRUTRXjV MP[VNVhchRc PM bM[\_hV 

8 2 .nD S r� � � �  

L[Q QRP�XTUQc� UT RNCQ` Mz[TlVx _RXTUTChQCThQ 
C\VRXV R XV�UMhM`QWVRjMy MRUTRXjMy ([QR. 9). LV[V-
�MNU_� Xc`_ lTj[VPQhQ UT Mz[TlxV, RMVNQUQhQ Xc`_  
R lT�CTXM\-PV[V�MNUQjM\ _UQCV[RThYUMy QRP�XTXVhY-
UMy \T�QU� Instron. 

 

  
 

wQR. 5. �NUMRXM[MUUQy lTjhTNUMy uhV\VUX  
PMN RNCQ`T��Vy UT`[_ljMy (_RhMCQc j[VPhVUQc) 

 
wQR. 6. �NUMRXM[MUUQy lTjhTNUMy uhV\VUX  

PMN RNCQ`T��Vy UT`[_ljMy (CNTChQCTUQV PMN Mz�QCj_) 
 

 
 

wQR. 7. kUQCV[RThYUTc QRP�XTXVhYUTc \T�QUT Instron 
 

 
 

wQR. 8. $�V\T QRP�XTUQy Mz[TlxMC UT [TRXcsVUQV 
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�hc jTsNM`M CQNT QRP�XTUQy z�hM Ql`MXMChVUM PM 
X[Q Mz[TlxT. 

K XTzh. 2 P[VNRXTChVUM R[TCUVUQV [Vl_hYXTXMC ujR-
PV[Q\VUXT Q [TRWVXT Mz[TlxMC R C�RMXMy RMXMCM`M 
PTjVXT 30 \\, XMh�QUMy MNUMy Mz�QCjQ 0,3 \\ (Mz�QC-
jQ C�PMhUVU� UT MRUMCV Th�\QUQVCM`M RPhTCT K95)  
Q RMXMC�\ lTPMhUQXVhV\ 5056-2,5-23L. 

K XTzh. 3 P[VNRXTChVUM R[TCUVUQV [Vl_hYXTXMC ujR-
PV[Q\VUXT Q [TRWVXT Mz[TlxMC R C�RMXMy RMXMCM`M 
PTjVXT 30 \\, XMh�QUMy MNUMy Mz�QCjQ 0,5 \\ (Mz�QC-
jQ C�PMhUVU� UT MRUMCV Th�\QUQVCM`M RPhTCT K95)  
Q RMXMC�\ lTPMhUQXVhV\ 5056-2,5-23L. 

K XTzh. 4 P[VNRXTChVUM R[TCUVUQV [Vl_hYXTXMC ujR-
PV[Q\VUXT Q [TRWVXT Mz[TlxMC R C�RMXMy RMXMCM`M 
PTjVXT 30 \\, XMh�QUMy MNUMy Mz�QCjQ 0,3 \\ (Mz�QC-
jQ C�PMhUVU� UT MRUMCV Th�\QUQVCM`M RPhTCT K95)  
Q RMXMC�\ lTPMhUQXVhV\ ��`2-�-2,5-40L. 

K XTzh. 5 P[VNRXTChVUM R[TCUVUQV [Vl_hYXTXMC ujR-
PV[Q\VUXT Q [TRWVXT Mz[TlxMC R C�RMXMy RMXMCM`M 
PTjVXT 40 \\, XMh�QUMy MNUMy Mz�QCjQ 0,3 \\  
(Mz�QCjQ Ql`MXMChVU� Ql WVX�[V� RhMVC _`hV[MNUMy 
hVUX� {_hMU 500/0,07, C�hMsVUU�� PMN _`hM\ 1/0M +  
+ 1/90M + 1/90M + 1/0M) Q RMXMC�\ lTPMhUQXVhV\  
5056–2,5–23L. 

K XTzh. 6 P[VNRXTChVUM R[TCUVUQV [Vl_hYXTXMC ujR-
PV[Q\VUXT Q [TRWVXT Mz[TlxMC R C�RMXMy RMXMCM`M 
PTjVXT 40 \\, XMh�QUMy MNUMy Mz�QCjQ 0,64 \\  
(Mz�QCjQ Ql`MXMChVU� Ql XjTUQ 3198) Q RMXMC�\ lT-
PMhUQXVhV\ 5056-2,5-23L. 

~R�MNc Ql NTUU��, PMh_WVUU�� C [Vl_hYXTXV ujR-
PV[Q\VUXT (XTzh. 2–4), RhVN_VX, WXM C Mz[TlxT� MNQUT-
jMCMy C�RMX� R MNUQ\ Q XV\ sV RMXMC�\ lTPMhUQXV-
hV\ Q \TXV[QThM\ UVR_�Q� RhMVC Mz�QCjQ UVR_�Tc 
RPMRMzUMRXY zMhY�V _ XM`M Mz[TlxT, _ jMXM[M`M zMhVV 
_RQhVU UVR_�Qy RhMy. L[Q MNQUTjMC�� `TzT[QXT�, 
XMh�QUV Q \TXV[QThV Mz�QCjQ, UM R [TlhQWU�\ RMXM-
C�\ lTPMhUQXVhV\ UVR_�Tc RPMRMzUMRXY C��V _ XM`M 
Mz[TlxT, _ jMXM[M`M RMXMC�y lTPMhUQXVhY Q\VVX zMhVV 
C�RMjMV lUTWVUQV P[MWUMRXQ UT RNCQ`. 

�z[TlVx RM RjCMlU�\ lTjhTNU�\ uhV\VUXM\ NQT-
\VX[M\ 20 \\, Mz�QCjT\Q Ql Th�\QUQVCM`M RPhTCT 
K95 Q RMXMC�\ lTPMhUQXVhV\ 5056-2,5-23L, P[M�VN-
�Qy QRP�XTUQc, P[VNRXTChVU UT [QR. 10. 

�5"�5�%�� "�/*��%�%�� ��0)%�#�!. $XTXQWVRjTc 
Mz[TzMXjT [Vl_hYXTXMC QRP�XTUQy MRUMCTUT UT P[VN-
hMsVUQQ, WXM [TRRVQCTUQV PMh_WVUU�� C MNQUTjMC�� 
_RhMCQc� CVhQWQU PMNWQUcVXRc XM\_ QhQ QUM\_ lTjM-
U_ [TRP[VNVhVUQc PhMXUMRXQ CV[McXUMRXQ [13].  

 

 
 

wQR. 9. $�V\T QRP�XTUQy Mz[TlxMC UT RNCQ` 
 

����'� 2 
�"��#�#�� "�/*��%�%�� `��0�"�'�#%� � "��3�%� �5"�/-�� �)��%�! 30 ''  

� ��^'�#���)'� �5$����'� %��A�#�! 0,3 '' � ��%��)' /�0��#�%���' 5056-2,5-23= 
 

LT[T\VX[ �z[TlVx 1 �z[TlVx 2 �z[TlVx 3 
�QT\VX[ lTjhTNUM`M uhV\VUXT 8,5 20 30 

KQN QRP�XTUQy wTRXcsVUQV 

(ÄÃ�� �Ú�Â ëüí î Â )nF , � 863–1021 2550–2750 3629–3924 

(	ÚÃ÷Â �í î Â )nF , � 932 2559 3672 

max �, % 9,5 7,5 6,9 
 

KQN QRP�XTUQy $NCQ` 

(ÄÃ�� �Ú�Â ëüí î Â )nF , � 1032–1210 3360–3640 5180–5327 

(	ÚÃ÷Â �í î Â )nF , � 1125 3496 5244 

max �, % 8,3 4,1 1,6 
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����'� 3 
�"��#�#�� "�/*��%�%�� `��0�"�'�#%� � "��3�%� �5"�/-�� �)��%�! 30 ''  

� ��^'�#���)'� �5$����'� %��A�#�! 0,5 '' � ��%��)' /�0��#�%���' 5056-2,5-23= 
 

LT[T\VX[ �z[TlVx 4 �z[TlVx 5 �z[TlVx 6 
�QT\VX[ lTjhTNUM`M uhV\VUXT 8,5 20 30 

KQN QRP�XTUQy wTRXcsVUQV 

(ÄÃ�� �Ú�Â ëüí î Â )nF , � 1070–1190 3250–3500 4702–5111 

(	ÚÃ÷Â �í î Â )nF , � 1106 3416 4902 

max �, % 7,6 4,9 4,3 
 

KQN QRP�XTUQy $NCQ` 

(ÄÃ�� �Ú�Â ëüí î Â )nF , � 1295–1452 5541–5855 8530–8821 

(	ÚÃ÷Â �í î Â )nF , � 1383 5776 8664 

max �, % 6,4 4,1 1,8 

 
����'� 4 

�"��#�#�� "�/*��%�%�� `��0�"�'�#%� � "��3�%� �5"�/-�� �)��%�! 30 ''  
� ��^'�#���)'� �5$����'� %��A�#�! 0,3 '' � ��%��)' /�0��#�%���' �+2-	-2,5-40= 

 

LT[T\VX[ �z[TlVx 7 �z[TlVx 8 �z[TlVx 9 
�QT\VX[ lTjhTNUM`M uhV\VUXT 8,5 20 30 

KQN QRP�XTUQy wTRXcsVUQV 

(ÄÃ�� �Ú�Â ëüí î Â )nF , � 1121–1200 3332–3407 4628–4806 

(	ÚÃ÷Â �í î Â )nF , � 1093 3290 4720 

max �, % 9,8 4,1 1,6 
 

KQN QRP�XTUQy $NCQ` 

(ÄÃ�� �Ú�Â ëüí î Â )nF , � 1244–1303 4700–4921 6693–6925 

(	ÚÃ÷Â �í î Â )nF , � 1216 4720 6840 

max �, % 7,2 4,3 2,1 

 
����'� 5 

�"��#�#�� "�/*��%�%�� `��0�"�'�#%� � "��3�%� �5"�/-�� �)��%�! 40 ''  
� �5$����'� �/ *+��"��#�! ��#%) �*��# 500/0,07 � ��%��)' /�0��#�%���' 5056-2,5-23= 

 

LT[T\VX[ �z[TlVx 10 �z[TlVx 11 �z[TlVx 12 
�QT\VX[ lTjhTNUM`M uhV\VUXT 8,5 20 30 

KQN QRP�XTUQy wTRXcsVUQV 

(ÄÃ�� �Ú�Â ëüí î Â )nF , � 1779–1910 4280–4592 5037–5581 

(	ÚÃ÷Â �í î Â )nF , � 1742 4181 5578 

max �, % 9,6 9,8 9,7 
 

KQN QRP�XTUQy $NCQ` 

(ÄÃ�� �Ú�Â ëüí î Â )nF , � 1133–1191 2366–2644 3451–3962 

(	ÚÃ÷Â �í î Â )nF , � 1239 2550 3825 

max �, % 8,6 7,2 9,8 
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����'� 6 
�"��#�#�� "�/*��%�%�� `��0�"�'�#%� � "��3�%� �5"�/-�� �)��%�! 40 ''  

� �5$����'� �/ %��#� 3198 � ��%��)' /�0��#�%���' 5056-2,5-23= 
 

LT[T\VX[ �z[TlVx 13 �z[TlVx 14 �z[TlVx 15 
�QT\VX[ lTjhTNUM`M uhV\VUXT 8,5 20 30 

KQN QRP�XTUQy wTRXcsVUQV 

(ÄÃ�� �Ú�Â ëüí î Â )nF , � 1880–2105 6135–6333 8613–8911 

(	ÚÃ÷Â �í î Â )nF , � 1932 6202 8846 

max �, % 9,0 2,1 2,6 
 

KQN QRP�XTUQy $NCQ` 

(ÄÃ�� �Ú�Â ëüí î Â )nF , � 1493–1654 3465–3971 5399–5601 

(	ÚÃ÷Â �í î Â )nF , � 1578 3712 5568 

max �, % 5,4 7,0 3,0 
 

 

 
 

 
� � 

wQR. 10. �z[TlVx: � – Mz�Qy CQN Mz[TlxT; � – [Tl[Vl Mz[TlxT 
 

L[Q UM[\ThYUM\ lTjMUV [TRP[VNVhVUQc ujRPV[Q-
\VUXThYU�V NTUU�V C _jTlTUUMy RQRXV\V jMM[NQUTX 
NMhsU� _jhTN�CTXYRc UT P[c\_� hQUQ� R _`hMC�\ 
jMubbQxQVUXM\. KMl\MsUT XTjsV TUThQXQWVRjTc P[M-
CV[jT RMMXCVXRXCQc PMh_WVUUM`M [TRP[VNVhVUQc ujR-
PV[Q\VUXThYU�� NTUU�� UM[\ThYUM\_ lTjMU_ [13; 14].  

L[Q Mz[TzMXjV ujRPV[Q\VUXThYU�� NTUU�� RUTWT-
hT MP[VNVhcVXRc R[VNUVV lUTWVUQV QRRhVN_V\My CVhQ-
WQU� 

_

1

1 n

i
i

x x
n �

� �  

Q R[VNUVjCTN[TXQWUMV MXjhMUVUQV (QhQ R[VNUVjCTN[T-
XQWUTc M�QzjT): 

_
2

1

1 ( ) ,
1

n

n i
i

S x x
n �

� �
� �  

`NV n – P[QUcXMV Nhc NTUUM`M QRRhVNMCTUQc WQRhM Mz-
[TlxMC.  

�hc MXUMRQXVhYUMy MxVUjQ [TRRVQCTUQc ujRPV[Q-
\VUXThYU�� NTUU�� P[Q\VUc�X jMubbQxQVUX CT[QTxQQ: 

_ 100 %.nS

x
A �  

kjTlTUQV MNUM`M hQ�Y WQRhVUUM`M lUTWVUQc R[VN-
UVjCTN[TXQWUM`M MXjhMUVUQc QhQ jMubbQxQVUXT CT-
[QTxQQ UVNMRXTXMWUM, XTj jTj C uXM\ Rh_WTV MRXTVXRc 
RXVPVUY UTNVsUMRXQ [Vl_hYXTXMC ujRPV[Q\VUXT. ©RhQ  
x – QRXQUUMV lUTWVUQV Ql\V[cV\My CVhQWQU�, x  –  

VV R[VNUVV lUTWVUQV, PMh_WVUUMV C [Vl_hYXTXV Ql\V[V-
UQy, Q PM`[V�UMRXY Ql\V[VUQc uXMy CVhQWQU� 7x, XM 
CV[McXUMRXY XM`M, WXM [Vl_hYXTX Ql\V[VUQy MXhQWTVXRc 
MX QRXQUUM`M lUTWVUQc UT CVhQWQU_, UV P[VC��T�-
�_� 7x, lTPQR�CT�X C CQNV [13] 

_ _
(   ) .P x x x x x� 7 � 7 � �� �  

KV[McXUMRXY ¶ VRXY NMCV[QXVhYUTc CV[McXUMRXY, 
QhQ jMubbQxQVUX UTNVsUMRXQ. ~UXV[CTh lUTWVUQy  

MX x x
�
� 7  NM x x

�
� 7  UTl�CTVXRc NMCV[QXVhYU�\ QUXV[-

CThM\. $hVNMCTXVhYUM, Nhc PMhUMy �T[TjXV[QRXQjQ 
CVhQWQU� Rh_WTyUMy M�QzjQ UVMz�MNQ\M lTNTXY CV-
hQWQU_ RT\My M�QzjQ Q CVhQWQU_ NMCV[QXVhYUMy CV-
[McXUMRXQ. L[Q Mz�WU�� Ql\V[VUQc� \MsUM M`[TUQ-
WQXYRc NMCV[QXVhYUMy CV[McXUMRXY� 0,9 QhQ 0,95, UM 
QUM`NT \MsUM lTNTCTXY NMCV[QXVhYU_� CV[McXUMRXY 
[TCUMy 0,999. �MCV[QXVhYU�y QUXV[CTh lTPQR�CTVXRc 
C RhVN_��V\ CQNV [13–15]: 

_ _

, , .n n
n n

S S
x t x x t

n n� �� �� �   

vUTWVUQV jMubbQxQVUXT $XY�NVUXT t¶,n Nhc X[V� Ql\V-
[VUQy [TCUM 5,84. 

wVl_hYXTX� RXTXQRXQWVRjMy Mz[TzMXjQ ujRPV[Q-
\VUXThYU�� NTUU�� P[VNRXTChVU� C XTzh. 7. 

$[TCUVUQV [Vl_hYXTXMC [TRWVXT R ujRPV[Q\VUXThY-
U�\Q lUTWVUQc\Q Nhc CRV� Mz[TlxMC P[VNRXTChVU�  
UT [QR. 11–15 ([Vl_hYXTX� P[VNRXTChVU� R _WVXM\ NM-
CV[QXVhYU�� QUXV[CThMC, P[VNRXTChVUU�� C XTzh. 7). 
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� � 

wQR. 11. $[TCUVUQV [Vl_hYXTXMC [TRWVXT Q QRP�XTUQy Nhc Mz[TlxMC C�RMXMy 30 \\ R Mz�QCjT\Q Ql K95  
(XMh�QUT Mz�QCjQ 0,3 \\) Q RMXMC�\ lTPMhUQXVhV\ 5056-2,5-23L: � – [TRXcsVUQV; � – RNCQ` 

  

  
 
� � 

wQR. 12. $[TCUVUQV [Vl_hYXTXMC [TRWVXT Q QRP�XTUQy Nhc Mz[TlxMC C�RMXMy 30 \\ R Mz�QCjT\Q Ql K95  
(XMh�QUT Mz�QCjQ 0,5 \\) Q RMXMC�\ lTPMhUQXVhV\ 5056-2,5-23L: � – [TRXcsVUQV; � – RNCQ` 

  

  
 
� � 

wQR. 13. $[TCUVUQV [Vl_hYXTXMC [TRWVXT Q QRP�XTUQy Nhc Mz[TlxMC C�RMXMy 30 \\ R Mz�QCjT\Q Ql K95  
(XMh�QUT Mz�QCjQ 0,5 \\) Q RMXMC�\ lTPMhUQXVhV\ ��`2-�-2,5-40L: � – [TRXcsVUQV; � – RNCQ` 

  

  
 
� � 

wQR. 14. $[TCUVUQV [Vl_hYXTXMC [TRWVXT Q QRP�XTUQy Nhc Mz[TlxMC C�RMXMy 40 \\ R Mz�QCjT\Q Ql {_hMUT 500/0,07  
(XMh�QUT Mz�QCjQ 0,3 \\) Q RMXMC�\ lTPMhUQXVhV\ 5056-2,5-23L: � – [TRXcsVUQV; � – RNCQ` 
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� � 

wQR. 15. $[TCUVUQV [Vl_hYXTXMC [TRWVXT Q QRP�XTUQy Nhc Mz[TlxMC C�RMXMy 40 \\ R Mz�QCjT\Q Ql XjTUQ 3198  
(XMh�QUT Mz�QCjQ 0,64 \\) Q RMXMC�\ lTPMhUQXVhV\ 5056-2,5-23L: � – [TRXcsVUQV; � – RNCQ` 

 
~l `[TbQjMC, P[VNRXTChVUU�� UT [QR. 11–15, CQN-

UM, WXM lUTWVUQc UVR_�Vy RPMRMzUMRXQ, PMh_WVUU�V 
ujRPV[Q\VUXThYU�\ P_XV\, hVsTX C NMCV[QXVhYU�� 
QUXV[CThT� MXUMRQXVhYUM [TRWVXUM`M lUTWVUQc Nhc 
CRV� CQNMC lTjhTNU�� uhV\VUXMC. 

����^3�#��. K [Vl_hYXTXV P[MCVNVUU�� QRRhVNM-
CTUQy PMNXCV[sNVUT P[TCQhYUMRXY C�z[TUUM`M PMN-
�MNT j [TRWVX_ UVR_�Vy RPMRMzUMRXQ X[V�RhMyUMy 
RMXMCMy jMURX[_jxQQ R lTjhTNU�\Q uhV\VUXT\Q [Tl-
hQWU�� CQNMC. �P[VNVhVU� lTCQRQ\MRXQ UVR_�Vy 
RPMRMzUMRXQ MX RMXMCM`M lTPMhUQXVhc Q XMh�QU�  
UVR_�Q� RhMVC Mz�QCMj. L[MCVNVUM jTWVRXCVUUMV 
R[TCUVUQV [Vl_hYXTXMC ujRPV[Q\VUXT R [TRWVXU�\Q 
lUTWVUQc\Q. 

�TUU�V, PMh_WVUU�V C [Vl_hYXTXV [TzMX�, P[Q\V-
Uc�XRc P[Q P[MVjXQ[MCTUQQ Q Ql`MXMChVUQQ jMR\QWV-
RjQ� TPPT[TXMC [TlhQWU�� jhTRRMC. 

L[MCVNVUM QRRhVNMCTUQV P[MzhV\�, UV MRCV�VU-
UMy C [MRRQyRjMy Q lT[_zVsUMy hQXV[TX_[V. 

 
��5���+"�2�3����� ��)��� 
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� ���	������� ���	�!���	����� #�%#	�������� (�(+��( ��������� ����	����� � ����������	����-
��& ��������$��& � ��/�	��'�����& �������& %#	�����( 	���� � ����������& �##�	����. >( #�%����( 
�����	�$��& ���	��&�� � #	�������( � #	���	�& #�%#	����������� #������ 	����(+� �� �	�����. 
�#����� 	�������( #�%#	����������& #����� �� �	����� – !�� ��	����	������ ������� 	��'��, ���	-
��� %���, ������� ������, 	�6%*�� #������ � #	�������. 4�#�$������� �������� ����	%����� � �-
��	���� %�� ���	(��(�� #���	&����$ �	������ #��������� ��	�������(��, #	� ��������� 	���� ��	��%+�-
�( ������ � ��$"�� ���������� ���	��	�*��, ����� � �	%��& ��/�����. 0	��� ����, �� #���	&����$ �	�-
���� #�#���+� ��#� � #�	� ����	��� #�%#	��������. >( %��	�����( %�������& ����������� #	�����-
���( ����$ �������������( ���	�	%+*��� #	��������� !���	���-����	%����� � #���	&����$+ ����� 
#�%#	��������, #	� ����	�� ������ ����	%���� #	������� /�	�% ���%�����, #�	���*�+*���( ���$ #�-
��	&����� #�%#	��������. >��6%*�(�( ����� �������� �����@� !���	������� 	��	(�. ���$ ���� ���6�-
��( ��	��%���( ���� #���"������ ��&���������� ��#	(6���(, #� ����	�� ����� #	���&���� 	�������� #�%-
#	����������� #������. �	��( �������� !���	���� ������� �� ���	���� ���6���( ���� � �@ /�	��. 

)	���$����$ ���	����� ����� #�����	6�����( !��#�	������$���� �������, ��� � �������� !���	�-
��-����	%����� #	����(��$ �����( #	������. >( ����%6����( �������� #	������ ��#�$�����( ���	�-
��	 � �������� #�	�������� ����. 4�������� ���� � ��#	(6���( #	�'���� ��	������ 	�����	�	�����$  
��'���	�/��, �#	���(��$ �	��( �������� � ���� ���%*�� ����. ���#�	������$��� � ���	��������� 
������ #������ &�	�"�� ���#������. 

��	����	������ #�%#	����������& #����� #	�������� !���	����-����	%������ #������ %���$-
"��$ ��������� ���	����������& �	������. 

 
0+����� ����: ��	����	������ #�%#	����������& #�����, #	�������� !���	��-����	%����, �����-

��( #	������, !	�������� 	��	%"���� ����	���. 
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SCRIBING OF SEMICONDUCTOR WAFERS BY WIRE ELECTRODE-TOOL 

 
I. Ya. Shestakov*, L. A. Semenova 

 
Reshetnev Siberian State Aerospace University  

31, Krasnoyarsky Rabochy Av., Krasnoyarsk, 660037, Russian Federation 
*E-mail: yakovlevish@mail.ru 

 
In modern microelectronics semiconductors there are key materials in automated computing information and 

control systems, missiles and spacecraft. To obtain integrated circuits and application in devices the semiconductor 
wafer is separated into the crystals. Methods of separation of the semiconductor wafer on the crystals is scribing with a 
diamond cutter, laser light, diamond disc, cutting blade and wire. The use of diamond tools and laser beam 
contaminates the surface of the pulverized crystals formations, when applied marks formed region with a large number 
of microcracks, fractures and other defects; in addition to the surface of the crystal drops and pairs of semiconductor 
material. To remedy these shortcomings of the proposed model of the interaction of the vibrating wire electrode-tool 
with a surface of a semiconductor in which a flexible tool the form of a sine wave moving along the surface of the 
semiconductor is taken. Moving the point of contact creates an electrical discharge. Along the line of motion, an area of 
high mechanical stress, which then occurs the separation of the semiconductor wafer, is formed. The time of contact of 
the electrodes depends on the speed of wave motion and its form. 

The correctness of the chosen model is confirmed by experimental data, where as the electrode was applied to 
copper wire. For the excitation of oscillations of the wire used a vibrator with a frequency of the alternating current. 
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The change of current and voltage in the machining process was recorded by the oscilloscope, determine the time of 
contact and the length of the traveling wave. Experimental and theoretical data showed good agreement. 

Wafer scribing wire electrode-tool will reduce the number of discarded crystals. 
 
Keywords: scribing semiconductor wafers, the wire electrode-tool, the vibrations of the wire, erosive destruction of 

the material.  
 
�����#��. K RMC[V\VUUMy \Qj[MuhVjX[MUQjV PMh_- 

P[MCMNUQjQ cChc�XRc MRUMCU�\Q \TXV[QThT\Q Q UT-
�hQ �Q[MjMV P[Q\VUVUQV C TCXM\TXQlQ[MCTUU��  
C�WQRhQXVhYU�� Q QUbM[\TxQMUU�� RQRXV\T� _P[TC-
hVUQc [TjVX, [TjVX-UMRQXVhVy Q jMR\QWVRjQ� TPPT[T-
XMC. �hc PMh_WVUQc QUXV`[ThYU�� \Qj[MR�V\ Q P[Q-
\VUVUQc C P[QzM[T� PMh_P[MCMNUQjMC�V PhTRXQU� 
[TlNVhc�X UT j[QRXThh�, bM[\T jMXM[�� \MsVX z�XY 
j[_`hMy, jCTN[TXUMy, P[c\M_`MhYUMy Q MCThYUMy. 
�TQzMhVV �Q[MjM QRPMhYl_�XRc j[QRXThh� jCTN[TX-
UMy Q P[c\M_`MhYUMy bM[\�. 

K UTRXMc�VV C[V\c UT�hQ P[Q\VUVUQV RhVN_��QV 
RPMRMz� [TlNVhVUQc PMh_P[MCMNUQjMC�� PhTRXQU UT 
j[QRXThh�: Rj[TyzQ[MCTUQV Th\TlU�\ [VlxM\, hTlV[-
U�\ h_WM\, Th\TlU�\ NQRjM\, [Vs_�Q\ PMhMXUM\, 
[VljT P[MCMhMjMy [1–10]. �RUMCU�\ NMRXMQURXCM\ 
\VXMNT Rj[TyzQ[MCTUQc cChcVXRc \ThTc �Q[QUT P[M-
[VlQ, T RhVNMCTXVhYUM, Q MXR_XRXCQV PMXV[Y PMh_P[M-
CMNUQjMCM`M \TXV[QThT, jMXM[�� UVCMl\MsUM QlzV-
sTXY P[Q QRPMhYlMCTUQQ N[_`Q� \VXMNMC [TlNVhVUQc 
PhTRXQU� UT j[QRXThh�. �TQzMhVV �Q[MjM Rj[TyzQ-
[MCTUQV QRPMhYl_�X C PhTUT[UMy XV�UMhM`QQ Ql`MXMC-
hVUQc QUXV`[ThYU�� \Qj[MR�V\, jM`NT UT PhTRXQUV 
_sV RbM[\Q[MCTU� PMh_P[MCMNUQjMC�V RX[_jX_[�. 
�VNMRXTXjT\Q QRPMhYlMCTUQc Th\TlUM`M QURX[_\VUXT 
Q hTlV[UM`M h_WT cChc�XRc lT`[clUVUUMRXY PMCV[�UMRXQ 
j[QRXThhMC P�hVCQNU�\Q Mz[TlMCTUQc\Q, MX UTUVRVU-
U�� [QRMj Mz[Tl_�XRc UT[_�VUU�V MzhTRXQ R zMhY- 
�Q\ jMhQWVRXCM\ \Qj[MX[V�QU, RjMhMC Q N[_`Q�  
NVbVjXMC (P[QCMNQX j z[Tj_ `MXMC�� j[QRXThhMC), 
PMPTNTUQV jTPVhY Q PT[MC \TXV[QThT PMh_P[MCMNUQjT 
UT PMCV[�UMRXY j[QRXThhT, T XTjsV RhMsUMRXY MzM[_-
NMCTUQc Nhc Rj[TyzQ[MCTUQc PMh_P[MCMNUQjMC�� PhT-
RXQU [11–13].  

LMuXM\_ [Tl[TzMXjT UMC�� RPMRMzMC Rj[TyzQ[MCT-
UQc zVl _jTlTUU�� UVNMRXTXjMC cChcVXRc TjX_ThYUMy 
lTNTWVy. 

="����+��')! '�%�� �5"�5�%�� 0���"�#��%� 
0��*0"����#�����! 0���%�#). ~lzTCQXYRc MX lT-
`[clUVUUMRXQ P[Q RjTyzQ[MCTUQQ \MsUM Mz[TzMXjMy 
PMCV[�UMRXQ PMh_P[MCMNUQjMC CQz[Q[_��Q\ P[MCM-
hMWU�\ uhVjX[MNM\-QURX[_\VUXM\. �ThMsVUQV jMhV-
zTUQy UT P[MCMhMj_ RMlNTVX zV`_�_� CMhU_ NVbM[\T-
xQQ CNMhY P[MCMhMjQ. qTjQ\ Mz[TlM\, QURX[_\VUX 
P[QUQ\TVX bM[\_ RQU_RMQN�, PV[V\V�T��VyRc CNMhY 
PMCV[�UMRXQ PMh_P[MCMNUQjT. L[Q PV[QMNQWVRjM\ 
Mz[�CV uhVjX[QWVRjM`M jMUXTjXT \VsN_ P[MCMhMjMy  
Q PMCV[�UMRXY� PMh_P[MCMNUQjT P[MQR�MNQX uhVj-
X[QWVRjQy [Tl[cN, WXM P[QCMNQX j u[MlQMUUM\_ [Tl-
[_�VUQ� \TXV[QThT. ³XQ XMWjQ jMUXTjXT (XMWjQ u[M-
lQQ) NCQs_XRc PM PMCV[�UMRXQ NVXThQ CNMhY MNUMy 
hQUQQ. $jM[MRXY Q� NCQsVUQc [TCUT RjM[MRXQ [TRP[M-
RX[TUVUQc CMhU�. $ XVWVUQV\ C[V\VUQ CNMhY hQUQQ 
Mz[Tl_VXRc lMUT PMC��VUUM`M \V�TUQWVRjM`M UTP[c-
sVUQc, PM jMXM[My P[MQR�MNQX [TlNVhVUQV PMh_P[M-

CMNUQjMCMy PhTRXQU�. K[V\c jMUXTjXT uhVjX[MNMC 
lTCQRQX MX RjM[MRXQ NCQsVUQc CMhU� Q Vµ bM[\�, WXM 
ChQcVX UT NhQXVhYUMRXY Q\P_hYRT XMjT P[Q Mz[TzMXjV 
CQz[Q[_��Q\ uhVjX[MNM\-QURX[_\VUXM\. �P[VNV-
hQXY RjM[MRXY NCQsVUQc XMWVj jMUXTjXT QURX[_\VUXT 
Q NVXThQ, T XTjsV WQRhM XMWVj jMUXTjXT, MNUMC[V\VUUM 
zV`_�Q� CNMhY hQUQQ [VlT, bM[\_ CMhU� Q Vµ bTl_ 
\MsUM, PMRX[MQC \MNVhY jMhVzTUQc P[MCMhMjQ Q \M-
NVhY P[MxVRRT NCQsVUQc Ql`QzU�� CMhU CNMhY UVµ. 

�hc MP[VNVhVUQc CMhUMCM`M NCQsVUQc `QzjMy UQXQ 
CMRPMhYl_V\Rc `VM\VX[QWVRjQ\ lTNTUQV\ CMhU� (X. V. 
lTNTUQV\ bM[\� jMUX_[T CMhU� Q RjM[MRXQ Vµ NCQsV-
UQc) Q lTjMUM\ RM�[TUVUQc \TRR�. K \V�TUQjV `QzjMy 
UQXY� UTl�CT�X \TXV[QThYU_� hQUQ�, MzhTNT��_� 
\TRRMy, T RhVNMCTXVhYUM, Q UVjMXM[My RMzRXCVUUMy 
hQUVyUMy PhMXUMRXY� �0 [j`/\]. �hc MNUM[MNUMy UQXQ 
�0 = const. L[Q\V\, WXM `QzjTc UQXY MzhTNTVX PMRXM-
cUUMy hQUVyUMy PhMXUMRXY� �, Q \TRRT MX[VljT UQXQ 
NhQUMy l [TCUT m = �l. $jM[MRXY v zV`_�Vy CNMhY 
RX[_U� CMhU� RM`hTRUM [14] MP[VNVhQ\ PM C�[TsVUQ� 

 0 ,
Tv
F

�
N

  (1) 

`NV �0 – RQhT UTXcsVUQc RX[_U�; F – PhM�TNY PMPV-
[VWUM`M RVWVUQc RX[_U�.  

qTjQ\ Mz[TlM\, CMhU� [TRP[MRX[TUc�XRc CNMhY 
TzRMh�XUM `QzjM`M XVhT P[Q _RhMCQQ UThQWQc RQh� 
UTXcsVUQc UQXQ. $jM[MRXY Q� [TRP[MRX[TUVUQc z_NVX 
MP[VNVhcXYRc hQ�Y CVhQWQUMy RQh� UTXcsVUQc �0 
(P[Q lTNTUU�� lUTWVUQc� � Q F UQXQ). ©RhQ UQXY MzhT-
NTVX jTjMy-hQzM sµRXjMRXY� UT Ql`Qz, XM [TRP[MRX[T-
UVUQV CMhU CNMhY UVµ z_NVX Mz_RhMChQCTXYRc UTP[c-
sVUQc\Q, CMlUQjT��Q\Q P[Q Ql`QzUMy NVbM[\TxQQ. 
$hVNMCTXVhYUM, C uXM\ Rh_WTV _RQhQV UTXcsVUQc \M-
sVX z�XY [TCU�\ U_h�. 

�"�5���#�� � �)5�"* '�%�"���� `���%"���-
�#�%"*'�#%�. �hc uhVjX[MNMC-QURX[_\VUXMC UVMz�M-
NQ\M C�zQ[TXY RPhTC�, MzhTNT��QV jM[[MlQMUUMy 
RXMyjMRXY�, C�RMjMy uhVjX[MP[MCMNUMRXY�, �M[M�Vy 
RMP[MXQChcV\MRXY� \VRXUM\_ [Tl[_�VUQ� P[Q jM-
[MXjQ� lT\�jTUQc�, C�RMjMy TN`VlQVy j NQuhVjX[QWV-
RjQ\ PMj[�XQc\, NMRXTXMWUMy \V�TUQWVRjMy P[MWUM-
RXY� Q Mz[TzTX�CTV\MRXY�, UQljMy RXMQ\MRXY�. �TQ-
zMhVV PMhUM uXQ\ X[VzMCTUQc\ _NMChVXCM[c�X \VNY, 
\VNU�V RPhTC� Q UV[sTCV��QV RXThQ [15]. 

K ujRPV[Q\VUXT� C jTWVRXCV QURX[_\VUXT P[VNPM-
hT`TVXRc P[Q\VUVUQV \VNUMy P[MCMhMjQ. �UT MzhTNTVX 
UVjMXM[�\Q _P[_`Q\Q RCMyRXCT\Q, Q UTP[csVUQc NV-
bM[\TxQQ z_N_X ChQcXY UT RjM[MRXY [TRP[MRX[TUVUQc 
CMhU.  

�0"�����#�� ���#) 5�+*A�! ���#). �P[VNV-
hµUUTc C��V RjM[MRXY v – uXM, PM R_XQ, RjM[MRXY [TR-
P[MRX[TUVUQc PMPV[VWUM`M Q\P_hYRT CNMhY RX[_U�. 
$M`hTRUM [14], P[Q jMhVzTUQQ RX[_U� Q P[QUcX�� C�-
�V NMP_�VUQc� RjM[MRXY [TRP[MRX[TUVUQc Q\P_hYRT v 
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[TCUT RjM[MRXQ [TRP[MRX[TUVUQc CMhU� (bTlMCMy RjM-
[MRXQ). {[M\V MP[VNVhVUQc RjM[MRXQ NCQsVUQc XMWjQ 
jMUXTjXT UVMz�MNQ\M MP[VNVhQXY, RjMhYjM XTjQ� XM-
WVj z_NVX PV[V\V�TXYRc MNUMC[V\VUUM CNMhY PMCV[�-
UMRXQ PhTRXQU�. �UThQl P[MxVRRT Rj[TyzQ[MCTUQc 
XTjQ\ RPMRMzM\ PMjTlTh, WXM NMRXTXMWUM, WXMz� CNMhY 
PMCV[�UMRXQ PMRhVNMCTXVhYUM PV[V\V�ThMRY �MXc  
z� PM MNUMy XMWjV jMUXTjXT ([QR. 1). 

KRhVNRXCQV jMUXTjXT uhVjX[MNMC C XMWjV � RQhT XM-
jT UT _WTRXjV P[MCMhMjQ l2 `M[TlNM UQsV, WV\ UT _WT-
RXjV l1, PMuXM\_ RQhT XMjT [Tl[cNT C XMWjV b MWVUY UV-
lUTWQXVhYUT, Q ubbVjX u[MlQQ C uXMy XMWjV XTjsV UV-
lUTWQXVhVU. qTjQ\ Mz[TlM\, P[Q PMjTlTUUM\ UT [QR. 1 
PMNCMNV XMjT j uhVjX[MNT\ Mz[TzMXj_ «CVNµX» XMhYjM 
XMWjT �. $\V�TcRY CP[TCM NM z�C�V`M PMhMsVUQc 
XMWjQ b, CMlUQjTVX RhVN_��Tc XMWjT jMUXTjXT, hVsT-
�Tc RhVCT MX XMWjQ � UT [TRRXMcUQQ NhQU� CMhU� %. 
qM VRXY P[MQR�MNQX R\VUT «[TzMWVy XMWjQ». ~l uXM`M 
RhVN_VX, WXM NhQUT [VlT L MP[VNVhcVXRc NhQUMy CMhU� %. 
�P[VNVhQC NhQU_ CMhU�, \MsUM MP[VNVhQXY \TjRQ-
\ThYU_� NhQU_ Rj[TyzQ[_V\My PhTRXQU� (L � %). 
$hVN_VX MX\VXQXY, WXM uXM CV[UM hQ�Y P[Q PMNCMNV 
uhVjX[MNT R MNUM`M jMUxT P[MCMhMjQ. ©RhQ PMNCMN 
XMjT MR_�VRXChcVXRc R NC_� jMUxMC P[MCMhMjQ,  
XM NhQUT CMhU� % UV MP[VNVhcVX NhQU_ [VlT L. 

�P[VNVhQXY NhQU_ CMhU� \MsUM, PMRX[MQC \MNVhY 
jMhVzTUQy RX[_U�. k[TCUVUQV PMPV[VWU�� jMhVzTUQy 
UTXcU_XMy RX[_U� Q\VVX CQN [16] 

 
2 2

2 22

1
0,u u

x ta
C C

� �
C C

  0 0 ,a T m�  (2) 

`NV u – R\V�VUQV XMWjQ RX[_U� C UTP[TChVUQQ, PV[-
PVUNQj_hc[UM\ MRQ �X; m0 – \TRRT VNQUQx� NhQU� 
RX[_U�.  

k[TCUVUQV (2) VRXY _[TCUVUQV RXMcWVy CMhU�. KMl-
UQjUMCVUQV RXMcWQ� CMhU Mz_RhMChVUM RhMsVUQV\ 

zV`_�Q� P[c\�� Q MX[TsVUU�� CMhU. �X[TsVUQV P[M-
QR�MNQX MX XMWjQ lTj[VPhVUQc RX[_U�. K uXM\ Rh_WTV 
UV P[MQR�MNQX NCQsVUQV «�Mh\MC» Q «CPTNQU» CNMhY 
PMCV[�UMRXQ, WXM UV _NMChVXCM[cVX X[Vz_V\�\ _RhM-
CQc\ P[MCVNVUQc P[MxVRRT Rj[TyzQ[MCTUQc. $M`hTRUM 
[14], uXM P[MQR�MNQX, VRhQ CMhU�, zV`_�QV CNMhY 
RX[_U�, NMyNc NM XMWjQ lTj[VPhVUQc CXM[M`M jMUxT, 
UV _RPVCT�X lTX_�U_XY. �UQ, MX[TsTcRY MX P[VPcXRX-
CQc, QRjTsT�X jT[XQU_ [TRP[MRX[TUVUQc CMhU. 

©RhQ UT NhQUV RX[_U� _jhTN�CTVXRc MWVUY zMhY-
�MV jMhQWVRXCM CMhQ, XM zV`_�Tc CMhUT _RPVVX PMhUM-
RXY� lTX_�U_XY, Q CXM[My jMUVx RX[_U� UV z_NVX Q`-
[TXY R_�VRXCVUUMy [MhQ. qTjQ\ Mz[TlM\, [Vl_hYXTX�, 
PMh_WVUU�V Nhc zVRjMUVWUM NhQUUMy RX[_U�, UV Mz-
hTNT��Vy lTX_�TUQV\, P[Q\VUQ\� j XV\ Rh_WTc\, 
jM`NT lTX_�TUQV zV`_�Q� CMhU UT [TRRXMcUQQ MNUMy 
NhQU� CMhU� MWVUY \ThM, UM UT CRVy NhQUV RX[_U� 
_jhTN�CTVXRc zMhY�MV WQRhM CMhU. �hc XM`M, WXMz� 
CNMhY UTXcU_XMy RX[_U� zVsThQ CMhU�, UVMz�MNQ\M 
RMlNTXY MP[VNVhµUU�V _RhMCQc: 

1) NhQUT P[MCMhMjQ l NMhsUT RMNV[sTXY zMhY�MV 
WQRhM CMhU NhQUMy %, WXM RMlNTµX _RhMCQc lTX_�TUQc 
CMhU UT lTj[VPhµUUM\ jMUxV P[MCMhMjQ; 

2) lTX_�TUQV CMhU UT [TRRXMcUQQ MNUMy NhQU� 
CMhU� NMhsUM z�XY P[VUVz[VsQXVhYUM \Th�\. 

�0���#�� `��0�"�'�#%�. �hc ujRPV[Q\VUXMC QR-
PMhYlMCThTRY \VNUTc P[MCMhMjT NQT\VX[M\ d = 0,35 \\, 
NhQUMy l = 1,5 \. K[V\c jMUXTjXT R PMCV[�UMRXY�  
MNUMy XMWjQ, VRhQ NhQUT Q �Q[QUT jMUXTjXT dx ([QR. 2), 
MP[VNVhQ\ PM C�[TsVUQ� 

1 2
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.
d d

v T
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P � �
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wQR. 1. $�V\T P[MxVRRT NCQsVUQc XMWjQ jMUXTjXT CNMhY  
uhVjX[MNT–NVXThQ: 1 – uhVjX[MN-P[MCMhMjT; 2 – NVXThY;  

�, b – XMWjQ jMUXTjXT; L – NhQUT hQUQQ [VlT; % – NhQUT CMhU� 
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~l\V[VUUMV lUTWVUQV NhQU� CMhU� %u = 0,15 \ P[Q 
UTXcsVUQQ �0 = 0,11 �. $jM[MRXY NCQsVUQc CMhU� 
UTyNV\ PM C�[TsVUQ� 

vu = %u / �, 
`NV � – PV[QMN jMhVzTUQy P[MCMhMjQ. 

�hc CMlz_sNVUQc jMhVzTUQy P[MCMhMjQ QRPMhYlM-
CThRc CQz[TXM[, [TzMXT��Qy UT WTRXMXV XMjT f = 50 Jx, 
PV[QMN jMhVzTUQy [TCVU � = 1/ f = 1/ 50 = 0,02 R. qM`NT 
ujRPV[Q\VUXThYUTc RjM[MRXY NCQsVUQc CMhU  

vu = 0,15 / 0,02 = 7,5 \/R. 
$jM[MRXY zV`_�Vy CMhU� MP[VNVhQ\ Ql C�[TsV- 

UQc (1): 

� �23

0,11

8930 0,1 10
v

�� � � �
� � 11,3 \/R. 

KM C[V\c MP�XMC CQz[Q[_��Qy P[MCMhMWU�y 
uhVjX[MN RMP[QjTRThRc R XM[xVCMy PMCV[�UMRXY� NV-
XThQ C CQNV PhTRXQU�. $CVXMh_WVC�\ MRxQhhM`[TbM\ 
[V`QRX[Q[MCThMRY Ql\VUVUQV XMjT Q UTP[csVUQc P[M-
xVRRT Mz[TzMXjQ. vUTWVUQV C[V\VUQ jMUXTjXT P[MCM-
hMjQ Q PhTRXQU� Ql MRxQhhM`[T\\�  ¼u = 0,28 �10–5 R. 

qVM[VXQWVRjMV lUTWVUQV C[V\VUQ jMUXTjXT MP[VNV-
hcVXRc PM C�[TsVUQ�  

¼ = d / v. 
qTj jTj XMWjT jMUXTjXT NCQ`TVXRc CNMhY XM[xVCMy 

PMCV[�UMRXQ PhTRXQU� (XMh�QUT PhTRXQU� h = 0,1 \\), 
XM  

3

ý
0,1 10

11,3

h

v

��
P � � �  0,8·10–5 R. 

����^3�#��. ³jRPV[Q\VUX� PMNXCV[NQhQ P[T-
CQhYUMRXY C�z[TUUMy \MNVhQ ClTQ\MNVyRXCQc CQz[Q-
[_��Vy P[MCMhMjQ R PMCV[�UMRXY� NVXThQ. �CQs_-
�TcRc XMWjT jMUXTjXT RMlNTµX uhVjX[QWVRjQy [Tl[cN, 
jMXM[�y P[QCMNQX j u[MlQMUUM\_ [Tl[_�VUQ� \TXV-
[QThT NVXThQ. 

L[VNhMsVUU�y RPMRMz u[MlQMUUM`M [Tl[_�VUQc 
\TXV[QThT PMh_P[MCMNUQjMC�� PhTRXQU PMlCMhQX 
_\VUY�QXY jMhQWVRXCM C�z[TjMC�CTV\�� j[QRXThhMC 

Q XV\ RT\�\ _NV�VCQXY P[MxVRR PMh_WVUQc PMh_P[M-
CMNUQjMC�� P[QzM[MC. 
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This paper analyzes the aspects of space activities in its modern state, characteristics and trends of sustainable 

development. The importance and value of space activities and the space industry are defined in various aspects.  
A broad interpretation of the category “space activities” is marked by official sources. The main directions of space 
activities include: development, manufacture and operation of unmanned spacecraft; space exploration using manned 
spacecraft and manned space stations; provision of services to launch spacecraft to domestic and foreign customers; 
creation and use of land-based infrastructure. A brief description of each direction is given. The features of space 
activities based on the analysis of the scientific literature are formulated. The features of space activities are backed by 
official statistics. Stable trends of development of space activities include: globalization of space activities in view 
 of expanding the number of participating countries; democratization of space activities as a process of reducing state 
control; increased use of public-private partnerships; advances in technology of space launch in the direction of the 
unification of launch vehicles; renewed interest in society to large-scale space projects implemented in the interests  
of fundamental science; increased economic attractiveness of the space market due to the empowerment of private 
capital; institutional development of space activities as a form of legal regulation of participants in space activities.  
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The importance of the transformations which take place in the space industry and the relevance of the use of the project 
approach to the implementation of space activities are also noted. 

 
Keywords: space activities, features of space activities, trends in space activities.  
 
�����#��. K RMC[V\VUU�� _RhMCQc� �MlcyRXCMCT-

UQc RMRXMcUQV jMR\QWVRjMy NVcXVhYUMRXQ CM \UM`M\ 
MP[VNVhcVX _[MCVUY [TlCQXQc Q ChQcUQc wMRRQQ C RM-
C[V\VUUM\ \Q[V, VV RXTX_R C�RMjM[TlCQXM`M C UT_W-
UM\ Q XV�UMhM`QWVRjM\ MXUM�VUQc� `MR_NT[RXCT.  
JMR_NT[RXCVUU�\Q QUXV[VRT\Q wMRRQyRjMy ZVNV[T-
xQQ cChc�XRc UT[T�QCTUQV Q QRPMhYlMCTUQV jMUj_-
[VUXU�� CMl\MsUMRXVy Q P[VQ\_�VRXC wMRRQQ C RbV-
[V jMR\QWVRjMy NVcXVhYUMRXQ, C��MN wMRRQQ C WQRhM 
CVN_�Q� _WTRXUQjMC \Q[MCM`M [�UjT jMR\QWVRjQ� 
XMCT[MC ([TzMX Q _Rh_`) Q [TlCQXQV CU_X[VUUV`M [�UjT 
XTjQ� XMCT[MC ([TzMX Q _Rh_`), RXTUMChVUQV Q [TlCQXQV 
jM\\V[WVRjM`M RVjXM[T MXVWVRXCVUUMy jMR\QWVRjMy 
NVcXVhYUMRXQ. 

���%��#��, ���5�##��%� � %�#��#-�� "�/��%�� 
���'�3����! ���%���#��%�. KTsUMRXY Q lUTWVUQV 
jMR\QWVRjMy NVcXVhYUMRXQ Q [TjVXUM-jMR\QWVRjMy 
P[M\��hVUUMRXQ C UTRXMc�Qy \M\VUX MWVCQNU�  
Q C [TlhQWU�� TRPVjXT� [TRR\TX[QCT�XRc CM \UMsVRX-
CV UT_WU�� [TzMX [1–6], TUThQl jMXM[�� PMlCMhQh  
C�NVhQXY RhVN_��QV PMhMsVUQc: 

– MRCMVUQV zhQsTy�Q� jMR\QWVRjQ� Mz�VjXMC  
Q Ql_WVUQV NThYUV`M jMR\MRT cChc�XRc P[QM[QXVXU�-
\Q UTP[TChVUQc\Q Nhc [TlCQXQc WVhMCVWVRjMy xQCQ-
hQlTxQQ C xVhM\; 

– hQNQ[_��QV PMlQxQQ wMRRQQ C UVjMXM[��  
UTP[TChVUQc� jMR\QWVRjMy NVcXVhYUMRXQ cChc�XRc 
lUTWQ\�\ bTjXM[M\, MP[VNVhc��Q\ _WTRXQV wMRRQQ  
C \VsN_UT[MNUM\ [TlNVhVUQQ X[_NT Q _j[VPhc��Q\ 
PMlQxQQ wMRRQQ CM CUV�UVPMhQXQWVRjMy NVcXVhYUMRXQ; 

– [TlCQXQV [TjVXUM-jMR\QWVRjMy MX[TRhQ jTj 
bhT`\TUT UT[MNUM`M �MlcyRXCT RXQ\_hQ[_VX [TlCQXQV 
R\VsU�� MX[TRhVy P[M\��hVUUMRXQ, RPMRMzRXC_VX 
PMC��VUQ� jMUj_[VUXMRPMRMzUMRXQ C�P_RjTV\My P[M- 
N_jxQQ, MzVRPVWQCTc XV\ RT\�\ jTWVRXCVUU�y [MRX 
ujMUM\QjQ. 

�z�V\ \Q[MCM`M jMR\QWVRjM`M [�UjT P[VC�RQh  
j 2014 `. 314 \h[N NMhh. L[Q uXM\ lUTWQXVhYUTc WTRXY 
R_\\� (PM[cNjT 240 \h[N NMhh.) P[Q�MNQXRc UT NMh� 
jM\\V[WVRjM`M RVjXM[T. $PMRMzUMRXY `MR_NT[RXCT, 
QRPMhYl_c QRjh�WQXVhYUM UTxQMUThYU�V [VR_[R� 
(RMzRXCVUU�V jMR\MN[M\�, [TjVXMUMRQXVhQ Q jMR\Q-
WVRjQV TPPT[TX�), lTP_RjTXY jMR\QWVRjQV TPPT[TX� 
cChcVXRc jh�WVC�\ bTjXM[M\, MP[VNVhc��Q\ PMhM-
sVUQV UT [�UjT� jMR\QWVRjQ� _Rh_`. LMP�XjQ lTP_R-
jT RMzRXCVUUM`M [TjVXMUMRQXVhc P[VNP[QUQ\ThQRY  
C 12 `MR_NT[RXCT�: wMRRQc, $Í�, Z[TUxQc, {QXTy, 
ÈPMUQc, KVhQjMz[QXTUQc, ~UNQc, ~l[TQhY, ^[TlQhQc, 
{��w, ~[TU Q ÊsUTc {M[Vc. K XTj UTl�CTV\�y 
^MhY�My jMR\QWVRjQy jh_z P[QUQ\T�XRc RX[TU�, 
MR_�VRXCQC�QV _RPV�U�y lTP_Rj RMzRXCVUUM`M [TjV-
XMUMRQXVhc. �T XVj_�Qy \M\VUX C jh_z C�MNcX 11 `M-
R_NT[RXC, PMRhVNUQ\ Ql jMXM[�� C 2013 `. RXThT  
ÊsUTc {M[Vc. K zhQsTy�QV `MN� MsQNTVXRc CRX_P-
hVUQV C jh_z ^[TlQhQQ, jMXM[My NM RQ� PM[ UV _NTCT-
hMRY MR_�VRXCQXY _RPV�UM`M jMR\QWVRjM`M lTP_RjT. 

{TXV`M[Qc «jMR\QWVRjTc NVcXVhYUMRXY» X[TjX_VXRc 
MbQxQThYU�\Q QRXMWUQjT\Q NMRXTXMWUM �Q[MjM.  
K RMMXCVXRXCQQ R vTjMUM\ wZ MX 20 TC`_RXT 1993 `.  
¨ 5663-I «� jMR\QWVRjMy NVcXVhYUMRXQ» PMN jMR\Q-
WVRjMy NVcXVhYUMRXY� PMUQ\TVXRc h�zTc NVcXVhY-
UMRXY, RCclTUUTc R UVPMR[VNRXCVUU�\ P[MCVNVUQV\ 
[TzMX PM QRRhVNMCTUQ� Q QRPMhYlMCTUQ� jMR\QWVRjM-
`M P[MRX[TURXCT, Cjh�WTc �_U_ Q N[_`QV UVzVRU�V 
XVhT. $XMhY �Q[MjTc Q UVWVXjTc X[TjXMCjT jTXV`M[QQ 
«jMR\QWVRjTc NVcXVhYUMRXY» Mz_RhMChQCTVX xVhVRMMz-
[TlUMRXY zMhVV NVXThYUM`M VV MPQRTUQc R XMWjQ l[VUQc 
UTP[TChVUQy MR_�VRXChVUQc Q P[QR_�Q� Vy MRMzVU-
UMRXVy. 

wTRR\MX[Q\ UTQzMhVV [TlCQX�V UTP[TChVUQc MR_-
�VRXChVUQc jMR\QWVRjMy NVcXVhYUMRXQ: 

1. wTl[TzMXjT, P[MQlCMNRXCM Q ujRPh_TXTxQc TCXM-
\TXQWVRjQ� jMR\QWVRjQ� TPPT[TXMC. KCQN_ RCMVy MX-
UMRQXVhYUMy NV�VCQlU� NTUUMV UTP[TChVUQV cChcVXRc 
UTQzMhVV \TRRMC�\. {MhQWVRXCM NVyRXC_��Q� jMR-
\QWVRjQ� TPPT[TXMC CMVUUM`M, UT_WUM`M Q UT[MNUM-
�MlcyRXCVUUM`M UTlUTWVUQc UT M[zQXV vV\hQ NMRXQ`TVX 
1200. {[_PUVy�Tc `[_PPQ[MCjT RP_XUQjMC UT M[zQXV 
P[QUTNhVsQX $Í� (UT 1 bVC[Thc 2014 `. RMRXTChcVX 
488 VNQUQx) Q P[VNRXTChVUT P[VQ\_�VRXCVUUM XVhV-
jM\\_UQjTxQMUU�\Q RP_XUQjT\Q. LM WQRhVUUMRXQ 
RP_XUQjMCMy `[_PPQ[MCjQ wMRRQc C WVX�[V [TlT _RX_-
PTVX $Í�, ChTNVc hQ�Y MjMhM 10 % NVyRXC_��Q� 
RP_XUQjMC. �RUMC_ [MRRQyRjMy M[zQXThYUMy `[_PPQ-
[MCjQ RMRXTChc�X RP_XUQjQ J����$$ Q CMVUU�V 
RP_XUQjQ UTCQ`TxQQ Q RCclQ. LM[cNjT 70 % [7] C RM-
RXTCV [MRRQyRjMy M[zQXThYUMy `[_PPQ[MCjQ P[Q�M-
NQXRc UT TPPT[TX� CMVUUM`M Q NCMyUM`M UTlUTWVUQc. 
¹XM sV jTRTVXRc NQUT\QjQ, XM PM RMRXMcUQ� UT 2014 `. 
wMRRQc hQNQ[_VX PM WQRh_ C�CVNVUU�� UT M[zQX_ 
RP_XUQjMC – 87 Ql 243 lTP_�VUU��. LM R[TCUVUQ�  
R 2013 `. Mz�VV WQRhM lTP_�VUU�� C \Q[V RP_XUQjMC 
_CVhQWQhMRY PMWXQ UT 13 %. vUTWQXVhYU�y P[Q[MRX 
MzVRPVWVU [cNM\ jhTRXV[U�� lTP_RjMC, C �MNV jMXM-
[�� MNUQ\ [TjVXMUMRQXVhV\ C jMR\MR C�CMNQXRc  
UVRjMhYjM hV`jQ� jMR\QWVRjQ� TPPT[TXMC. 

2. �RCMVUQV jMR\QWVRjM`M P[MRX[TURXCT P[Q PM\M- 
�Q PQhMXQ[_V\�� jMR\QWVRjQ� jM[TzhVy Q MzQXTV-
\�� jMR\QWVRjQ� RXTUxQy. �T NTUU�y \M\VUX PQhM-
XQ[_V\�V PMhVX� C jMR\MR MR_�VRXChc�XRc QRjh�WQ-
XVhYUM C [T\jT� P[M`[T\\� PM ujRPh_TXTxQQ �VsN_-
UT[MNUMy jMR\QWVRjMy RXTUxQQ (�{$) C xVhc� [VThQ-
lTxQQ P[MCMNQ\�� UT �{$ UT_WU�� P[MVjXMC. K 2013 `. 
z�hM P[MQlCVNVUM 5 PQhMXQ[_V\�� lTP_RjMC, C 2014 `. 
Q� WQRhM RUQlQhMRY NM 4. KRV PMhVX� P[MCMNQhQRY  
C RMRXTCV R\V�TUU�� ujQPTsVy RM`hTRUM PhTUT\ [VT-
hQlTxQQ P[M`[T\\� �{$. $hVN_VX MX\VXQXY, WXM  
PMRhV RCM[TWQCTUQc T\V[QjTURjMy P[M`[T\\� 
«$PVyRÍTXXh» wMRRQc cChcVXRc \MUMPMhQRXM\ C P[M-
CVNVUQQ PQhMXQ[_V\�� jMR\QWVRjQ� PMhVXMC. KVRY\T 
PV[RPVjXQCU�\ UTP[TChVUQV\ P[Q MR_�VRXChVUQQ 
PQhMXQ[_V\�� PMhVXMC cChcVXRc jMR\QWVRjQy X_[Ql\. 
LV[C�y PMhVX jMR\QWVRjM`M X_[QRXT RMRXMchRc  
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28 TP[Vhc 2001 `. LMhµX� MR_�VRXChc�XRc P[Q PM\M-
�Q [MRRQyRjQ� jMR\QWVRjQ� jM[TzhVy «$M�l» UT [MR-
RQyRjQy RV`\VUX �{$. LM RMRXMcUQ� UT UTWThM 2015 `. 
UT zM[X_ �{$ C jTWVRXCV X_[QRXMC PMz�CThM _sV 7 
WVhMCVj. LMRhVNUV\_ jMR\QWVRjM\_ X_[QRX_ PMhVX 
MzM�VhRc C 35 \hU NMhh. 

3. L[VNMRXTChVUQV _Rh_` PM lTP_Rj_ jMR\QWVRjQ� 
TPPT[TXMC Nhc MXVWVRXCVUU�� Q QUMRX[TUU�� lTjTlWQ-
jMC. { uXM\_ UTP[TChVUQ� MR_�VRXChVUQc jMR\QWV-
RjMy NVcXVhYUMRXQ xVhVRMMz[TlUM MXUMRQXY XTjsV [Tl-
[TzMXj_ Q P[MQlCMNRXCM R[VNRXC C�CVNVUQc, PMRjMhY-
j_ CMl\MsUMRXY _WTRXCMCTXY C \Q[MCM\ [�UjV jMR\Q-
WVRjQ� lTP_RjMC UVPMR[VNRXCVUUM Mz_RhMChVUT UThQ-
WQV\ _ `MR_NT[RXCT RMMXCVXRXC_��Q� Mz�VjXMC jMR-
\QWVRjMy ([TjVX�-UMRQXVhQ Q [Tl`MUU�V zhMjQ) Q UT-
lV\UMy (jMR\MN[M\�) QUb[TRX[_jX_[�. K 2014 `., jTj 
Q CRV PMRhVNUQV `MN�, wMRRQc hQNQ[MCThT PM WQRh_ 
lTP_RjMC – 32 P_RjT (35 %). $ _WVXM\ P_RjMC PM \Vs-
N_UT[MNU�\ P[M`[T\\T\ (Sea Launch Q «$M�l» C {_[_) 
uXM WQRhM _CVhQWQCTVXRc NM 37 (40,22 %), WXM RMRXTC-
hcVX 2/5 \Q[MCM`M [�UjT jMR\QWVRjQ� lTP_RjMC. $Í� 
jMUX[MhQ[_VX 25,0 % [�UjT, {QXTy P[MQlCMNQX 17,39 % 
jMR\QWVRjQ� lTP_RjMC. 

4. $MlNTUQV Q QRPMhYlMCTUQV Mz�VjXMC UTlV\UMy 
QUb[TRX[_jX_[�. �ThQWQV [TlCQXMy UTlV\UMy QUb[T-
RX[_jX_[� MP[VNVhcVX PMXVUxQThYU�V CMl\MsUMRXQ 
`MR_NT[RXCT PM P[MCVNVUQ� jMR\QWVRjQ� lTP_RjMC. 
JVM`[TbQWVRjMV [TRPMhMsVUQV jMR\MN[M\MC Q\VVX 
zMhY�MV lUTWVUQV R XMWjQ l[VUQc \TjRQ\QlTxQQ uUV[-
`MubbVjXQCUMRXQ QRPMhYl_V\�� [TjVX-UMRQXVhVy  
Q _CVhQWVUQc CT[QTUXMC M[zQX NCQsVUQc lTP_RjTV\�� 
{�. LM RMRXMcUQ� UT 2014 `. C \Q[V PMhUMxVUUM  
QRPMhYlMCThQRY Nhc MR_�VRXChVUQc jMR\QWVRjMy NVc-
XVhYUMRXQ 14 jMR\MN[M\MC. wMRRQc MR_�VRXChcVX  
lTP_RjQ R jMR\MN[M\MC ^TyjMU_[, LhVRVxj Q ÈRU�y. 
LM X[Q jMR\MN[M\T Q\V�X C RCMV\ [TRPM[csVUQQ 
$Í� ({TUTCV[Th, KTUNV[zV[`, kMhhMPR) Q {QXTy 
(Çl�x�TUY, qTy�TUY, $QWTU). qTjsV QRPMhYl_V\�V 
Nhc jMR\QWVRjQ� lTP_RjMC jMR\MN[M\� Q\V�X ©{�, 
~UNQc, ÈPMUQc, ~l[TQhY. {QXTy Mz�cCQh M lTCV[�V-
UQQ RX[MQXVhYRXCT jMR\MN[M\T KuUYWTU, UM P_RjMC 
MXX_NT V�V UV z�hM. wMRRQVy CVNVXRc RX[MQXVhYRXCM 
jMR\MN[M\T KMRXMWU�y C �\_[RjMy MzhTRXQ. 

~l_WVUQV [cNT [TzMX [1; 3; 8; 9] PMlCMhQhM RbM[-
\_hQ[MCTXY [cN MRMzVUUMRXVy, �T[TjXV[U�� Nhc jMR-
\QWVRjMy NVcXVhYUMRXQ. 

1. �R_�VRXChVUQV jMR\QWVRjMy NVcXVhYUMRXQ RCc-
lTUM R [V�VUQV\ lTNTW lT P[VNVhT\Q TX\MRbV[� vV\hQ. 
�TUU�y bTjX [MsNTVX [cN M`[TUQWVUQy, XTjQ� jTj: 

– UVMz�MNQ\MRXY NMRXTCjQ jMR\QWVRjQ� TPPT[T-
XMC R PMCV[�UMRXQ vV\hQ C jMR\QWVRjMV P[MRX[TURXCM 
P[Q PM\M�Q RPVxQThYU�� [TjVX-UMRQXVhVy, WXM RT\M 
PM RVzV cChcVXRc CVRY\T RhMsUMy Q NM[M`MRXMc�Vy 
lTNTWVy; 

– UVMz�MNQ\MRXY RMlNTUQc Q PMNNV[sTUQc UTlV\-
UMy QUb[TRX[_jX_[� Nhc MzVRPVWVUQc P_RjMC [TjVX-
UMRQXVhVy; 

– T`[VRRQCUMRXY CUV�UVy R[VN� CUV TX\MRbV[� 
vV\hQ, WXM P[Q _RhMCQQ UVCMl\MsUMRXQ CUVRVUQc Ql-
\VUVUQy C jMURX[_jxQ� TPPT[TXT PMRhV V`M lTP_RjT 
C�l�CTVX PMC��VUU�V X[VzMCTUQc j QlNVhQc\ jMR\Q-
WVRjMy XV�UQjQ. 

2. vUTWQ\Tc [MhY `MR_NT[RXCT C MR_�VRXChVUQQ  
Q jMUX[MhV jMR\QWVRjMy NVcXVhYUMRXQ. KCQN_ XM`M, 
WXM C wMRRQyRjMy ZVNV[TxQQ jMR\QWVRjTc NVcXVhY-
UMRXY MXUMRQXRc j CVNVUQ� bVNV[ThYU�� M[`TUMC `M-
R_NT[RXCVUUMy ChTRXQ Q _P[TChVUQc, `MR_NT[RXCVUUMV 
_WTRXQV C XMy QhQ QUMy bM[\V �T[TjXV[UM Nhc jTsNM-
`M [VThQl_V\M`M UT XV[[QXM[QQ wZ jMR\QWVRjM`M P[M-
VjXT. $M`hTRUM NTUU�\ wMRRXTXT [10], _NVhYU�y CVR 
[TjVXUMy Q jMR\QWVRjMy XV�UQjQ, P[MQlCVNVUUMy  
C RMMXCVXRXCQQ R `MR_NT[RXCVUU�\Q P[M`[T\\T\Q  
lT RWVX R[VNRXC bVNV[ThYUM`M z�NsVXT, C Mz�V\ Mz�V\V 
P[MQlCMNRXCT [TjVXUMy Q jMR\QWVRjMy XV�UQjQ Ql `MNT 
C `MN P[VC��TVX lUTWVUQc 65–70 % MX Mz�V`M Mz�V\T 
P[MQlCMNRXCT. 

3. wcN �T[TjXV[U�� MRMzVUUMRXVy jMR\QWVRjMy 
NVcXVhYUMRXQ Mz_RhMChVU _UQjThYU�\Q PT[T\VX[T\Q 
jMR\QWVRjMy XV�UQjQ: 

3.1. ~UUMCTxQMUU�y �T[TjXV[ QlNVhQy cChcVXRc 
MNUMy Ql CTsUVy�Q� MRMzVUUMRXVy jMR\QWVRjMy NVc-
XVhYUMRXQ. �TUUTc MRMzVUUMRXY Mz_RhMChVUT C�RMjQ\ 
_[MCUV\ UT_jMV\jMRXQ P[MN_jxQQ P[Q VNQUQWUM\  
Q \VhjMRV[QyUM\ �T[TjXV[V P[MQlCMNRXCT. �T_jMV\-
jMRXY RCclTUT R C�RMjMy NMhVy (RC��V 40 %) [11]  
UT_WUM-XV�UQWVRjMy P[MN_jxQQ (UT_WU�V QRRhVNMCT-
UQc Q [Tl[TzMXjQ, MP�XUM-jMURX[_jXM[RjQV [TzMX�, 
UT_WUM-XV�UQWVRjQV _Rh_`Q) C Mz�V\ Mz�V\V P[MQl-
CMNRXCT [TjVXUMy Q jMR\QWVRjMy XV�UQjQ (PMRXTCjQ, 
[TzMX�, _Rh_`Q). 

3.2. �hQXVhYU�V R[MjQ P[MVjXQ[MCTUQc Q Ql`MXMC-
hVUQc QlNVhQy. LV[QMN MX [Tl[TzMXjQ NM PMh_WVUQc 
[Vl_hYXTXMC RMRXTChcVX 5–7 hVX, P[Q uXM\ UVPMR[VNRX-
CVUUM Ql`MXMChVUQV QlNVhQy \MsVX NhQXYRc NM 1,5 hVX. 

3.3. K�RMjQV X[VzMCTUQc j jTWVRXC_, UTNVsUMRXQ, 
zVlMPTRUMRXQ, R[Mj_ TjXQCUM`M R_�VRXCMCTUQc. 

3.4. ^MhY�MV WQRhM RMQRPMhUQXVhVy C P[MxVRRV 
P[MVjXQ[MCTUQc, Ql`MXMChVUQc Q QRP�XTUQc QlNVhQy 
[TjVXUM-jMR\QWVRjMy XV�UQjQ. �TUUTc MRMzVUUMRXY 
Mz_RhMChQCTVX �Q[MWTy�VV P[Q\VUVUQV CU_X[QMX-
[TRhVCMy Q \VsMX[TRhVCMy jMMPV[TxQQ, T XTjsV NTVX 
PMWC_ Nhc _WTRXQc C P[MxVRRT� jMMPV[TxQQ UVzMhY�Q� 
WTRXU�� jM\PTUQy. 

3.5. K�RMjTc RXMQ\MRXY QlNVhQy jMR\QWVRjMy 
XV�UQjQ. K�RMjTc RXMQ\MRXY jMR\QWVRjMy XV�UQjQ 
cChcVXRc RhVNRXCQV\ C��VMPQRTUU�� MRMzVUUMRXVy 
jMR\QWVRjMy NVcXVhYUMRXQ. LM\Q\M RhMsUMRXQ Q NhQ-
XVhYUMRXQ [Tl[TzMXjQ Q P[MQlCMNRXCT lUTWQXVhYU�V 
[TR�MN� P[Q�MNcXRc UT QUb[TRX[_jX_[U_� RMRXTC-
hc��_� – RXMQ\MRXY [TjVX�-UMRQXVhc Q MzRh_sQCT-
UQV UTlV\UMy QUb[TRX[_jX_[�. 

�UThQl MRMzVUUMRXVy Q P_XVy [TlCQXQc jMR\QWV-
RjMy NVcXVhYUMRXQ PMlCMhQh C�NVhQXY RhVN_��QV 
_RXMyWQC�V XVUNVUxQQ: 

1. JhMzThQlTxQc jMR\QWVRjMy NVcXVhYUMRXQ. wTR-
�Q[VUQV j[_`T RX[TU, MR_�VRXChc��Q� jMR\QWVRj_� 
NVcXVhYUMRXY C xVhc� UT_jQ Q UT[MNUM`M �MlcyRXCT. 
�VR\MX[c UT XM, WXM UV zMhVV 20 RX[TU MzhTNT�X P[M-
QlCMNRXCVUUMy Q UT_WUMy zTlMy, NMRXTXMWUMy Nhc [Tl-
[TzMXjQ Q P[MQlCMNRXCT RMzRXCVUU�� jMR\QWVRjQ� 
TPPT[TXMC, zhT`MNT[c �Q[MjM\_ P[Q\VUVUQ� jMMPV-
[TxQQ zMhVV 100 `MR_NT[RXC Q\V�X CMl\MsUMRXY _WT-
RXCMCTXY C jMR\QWVRjMy NVcXVhYUMRXQ. �RUMC_ XTjMy 
jMMPV[TxQQ RMRXTChc�X P[MVjX� RMlNTUQc RQRXV\ RCc-
lQ Q XVhVjM\\_UQjTxQQ.  
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2. �V\Mj[TXQlTxQc jMR\QWVRjMy NVcXVhYUMRXQ. 
$Mj[T�VUQV `MR_NT[RXCVUUM`M [V`_hQ[MCTUQc jMR\Q-
WVRjMy NVcXVhYUMRXQ Q M`[TUQWVUQc X[TURbV[T XV�UM-
hM`Qy. �UThQl QUMRX[TUU�� QRXMWUQjMC, MPQR�CT�-
�Q� RMRXMcUQV Q PV[RPVjXQC� jMR\QWVRjMy NVcXVhY-
UMRXQ, PMjTl�CTVX, WXM C�RMjMV ChQcUQV UT jMR\QWV-
Rj_� NVcXVhYUMRXY `MR_NT[RXCT \MsUM MXUVRXQ j UQR-
�MNc�Q\ XVUNVUxQc\ [12; 13]. K wMRRQQ MRUMCU�V 
\VXMN� M[`TUQlTxQQ jMR\QWVRjMy NVcXVhYUMRXQ RhM-
sQhQRY P[Q P[QUxQPQThYUM QUMy RQRXV\V �MlcyRXCM-
CTUQc. �T RV`MNUc�UQy NVUY \MsUM jMURXTXQ[MCTXY 
20–30-hVXUVV MXRXTCTUQV \VXMNMC M[`TUQlTxQQ Q _P[TC- 
hVUQc P[MQlCMNRXCM\ PM R[TCUVUQ� R QlCVRXU�\Q 
RMC[V\VUU�\Q jMUxVPxQc\Q [14]. ³XQ\ Mz_RhMChQCT-
VXRc UQljTc `QzjMRXY MXUM�VUQy \VsN_ _WTRXUQjT\Q 
jMR\QWVRjMy NVcXVhYUMRXQ C wMRRQQ, T XTjsV P[Mz- 
hV\� NMRXQsVUQc X[Vz_V\�� PMjTlTXVhVy jTWVRXCT 
RXMQ\MRXQ Q R[MjMC P[Q MR_�VRXChVUQQ jMR\QWVRjMy 
NVcXVhYUMRXQ. 

3. KTsUM MX\VXQXY XTjsV XVUNVUxQ� [TR�Q[VUQc 
P[Q\VUVUQc `MR_NT[RXCVUUM-WTRXUM`M PT[XUV[RXCT P[Q 
MR_�VRXChVUQQ jMR\QWVRjMy NVcXVhYUMRXQ. LV[VNM-
CMy MP�X $Í� C NTUUMy MzhTRXQ PMlCMhcVX MxVUQXY 
PhMNMXCM[UMRXY XTjM`M RMX[_NUQWVRXCT. vT PMRhVNUQV 
5 hVX \UMsVRXCM WTRXU�� jM\PTUQy P[McCQhQ QUQxQT-
XQC_ C [VThQlTxQQ P[M`[T\\ R_zM[zQXThYU�� lTP_R-
jMC Nhc P[MCVNVUQc ujRPV[Q\VUXMC QhQ M[`TUQlTxQQ 
WTRXU�� PMhµXMC C jMR\MR. ��$� PMNNV[sQCTVX [cN 
jM\PTUQy, [TzMXT��Q� UT uXM\ [�UjV, C XM\ WQRhV 
Armadillo Aerospace, Near Space Corp., Masten Space 
Systems, Up Aerospace Inc., Virgin Galactic, Whittinghill 
Aerospace LLC Q XCOR Aerospace. �VjMXM[�V jM\PT-
UQQ Mz�cCQhQ M PhTUT� RMlNTUQc RQRXV\ NMRXTCjQ  
h�NVy UT M[zQX_ UT jM\\V[WVRjMy MRUMCV UVlTCQRQ\M 
MX T\V[QjTURjM`M Tu[MjMR\QWVRjM`M T`VUXRXCT. $[VNQ 
XTjQ� jM\PTUQy – Virgin Galactic, Stratolaunch  
Q SpaceX. 

4. wTlCQXQV XV�UMhM`Qy C�CVNVUQc PMhVlU��  
UT`[_lMj C jMR\QWVRjMV P[MRX[TURXCM C UTP[TChVUQQ 
_UQbQjTxQQ R[VNRXC C�CVNVUQc. �TUUTc XVUNVUxQc 
C�[TsTVXRc C P[Q\VUVUQQ \MN_hYUM`M P[QUxQPT  
C jMURX[_jxQQ [TjVX-UMRQXVhVy, C jTWVRXCV P[Q\V[MC 
lNVRY \MsUM P[QCVRXQ MXVWVRXCVUU�y P[MVjX [TjVX� 
«�U`T[T» Q [Tl[TzTX�CTV\�y C $Í� P[MVjX w� 
Falcon. K PV[RPVjXQCV _RQhVUQV _UQbQjTxQQ NMhsUM 
P[QCVRXQ j RUQsVUQ� _NVhYUMy RXMQ\MRXQ C�CVNVUQc 
PMhVlU�� UT`[_lMj. 

5. KMlMzUMChVUQV QUXV[VRT Mz�VRXCT j \TR�XTz-
U�\ jMR\QWVRjQ\ P[MVjXT\, [VThQl_V\�\ C QUXV[V-
RT� b_UNT\VUXThYUMy UT_jQ. 

6. wMRX ujMUM\QWVRjMy P[QChVjTXVhYUMRXQ jMR\Q-
WVRjM`M [�UjT. $hMsQC�QVRc C jMR\QWVRjMy MX[TRhQ 
_RhMCQc MXj[�CT�X �Q[MjQV CMl\MsUMRXQ Nhc WTRX-
U�� QUCVRXM[MC. KMChVWVUQV WTRXUM`M jTPQXThT RXQ-
\_hQ[_VX jMUj_[VUxQ�, PMC��TVX X[VzMCTUQc j ujM-
UM\QWVRjMy ubbVjXQCUMRXQ jMR\QWVRjMy NVcXVhYUM-
RXQ. �TUUTc XVUNVUxQc MjTl�CTVX jTj PMlQXQCUMV CMl-
NVyRXCQV (RUQsVUQV RXMQ\MRXQ jMR\QWVRjMy P[MN_j-
xQQ Q _Rh_` Nhc jMUVWU�� PMX[VzQXVhVy), XTj Q [Ms-
NTVX [cN P[MzhV\, RCclTUU��, UTP[Q\V[, R MXUMRQ-
XVhYUM UVC�RMjMy ubbVjXQCUMRXY� MXVWVRXCVUUMy 
jMR\QWVRjMy P[M\��hVUUMRXQ. 

7. ~URXQX_xQMUThYUMV [TlCQXQV jMR\QWVRjMy NVc-
XVhYUMRXQ. L[Q [TR�Q[VUQQ WQRhVUUMRXQ _WTRXUQjMC 
jMR\QWVRjMy NVcXVhYUMRXQ CMlUQjTVX UVMz�MNQ\MRXY 
P[TCMCM`M [V`_hQ[MCTUQc MXUM�VUQy _WTRXUQjMC jMR-
\QWVRjMy NVcXVhYUMRXQ. Z_UNT\VUXThYU�V MRUMC� 
\VsN_UT[MNUM`M jMR\QWVRjM`M P[TCT lThMsVU�  
C 1960-� ``. [cNM\ MRUMCMPMhT`T��Q� NM`MCM[VUUM-
RXVy (�M`MCM[ PM jMR\MR_ 1967 `., $M`hT�VUQV M RPT-
RTUQQ 1968 `., {MUCVUxQc Mz MXCVXRXCVUUMRXQ 1972 `., 
{MUCVUxQc M [V`QRX[TxQQ 1974 `. Q $M`hT�VUQV M �_UV 
1979 `.), UM CM \UM`Q� CMP[MRT� R_�VRXC_��QV UTN`M-
R_NT[RXCVUU�V UM[\TXQCUM-P[TCMC�V TjX� MRXTChc�X 
CMl\MsUMRXQ X[TjXMCjQ, WXM C�l�CTVX RhMsUMRXQ P[Q 
[VThQlTxQQ \VsN_UT[MNU�� jMR\QWVRjQ� P[MVjXMC 
[15]. qTjQ\ Mz[TlM\, Nhc ubbVjXQCUM`M [V`_hQ[MCT-
UQc QURXQX_X jMR\QWVRjM`M P[TCT NMhsVU MXCVWTXY 
RMC[V\VUU�\ PMX[VzUMRXc\ _WTRXUQjMC jMR\QWVRjMy 
MX[TRhQ. 

����^3�#��. wMRRQc UT NTUU�y \M\VUX lTUQ\TVX 
CVN_�VV \VRXM C \Q[V P[Q MR_�VRXChVUQQ MRUMCU�� 
UTP[TChVUQy jMR\QWVRjMy NVcXVhYUMRXQ, UM C�NVhVU-
U�V _RXMyWQC�V XVUNVUxQQ [TlCQXQc jMR\QWVRjMy 
NVcXVhYUMRXQ \M`_X UV`TXQCUM MX[TlQXYRc UT VV PMhM-
sVUQQ. K UTRXMc�Qy \M\VUX [TjVXUM-jMR\QWVRjTc 
MX[TRhY P[M�MNQX uXTP \TR�XTzU�� P[VMz[TlMCTUQy, 
ubbVjXQCUMRXY jMXM[�� z_NVX MP[VNVhcXY PMhMsVUQV 
wMRRQQ UT jMR\QWVRjM\ [�UjV UT NThVj_� PV[RPVjXQ-
C_. �sQNTVXRc, WXM P[VMz[TlMCTUQc NMhsU� RNVhTXY 
MX[TRhY zMhVV `QzjMy Q ubbVjXQCUMy, WXM PMlCMhQX 
[TjVXUM-jMR\QWVRjMy MX[TRhQ RMMXCVXRXCMCTXY [VThQ-
c\ \Q[MCM`M jMR\QWVRjM`M [�UjT Q MRXTCTXYRc jMUj_-
[VUXUMy. $ _WVXM\ [TRR\MX[VUU�� MRMzVUUMRXVy  
Q XVUNVUxQy [TlCQXQc, C _RhMCQc� PMRXMcUU�� Ql\V-
UVUQy CRV zMhVV TjX_ThYU�\Q RXTUMCcXRc CMP[MR� 
P[Q\VUVUQc P[MVjXUM`M PMN�MNT C MR_�VRXChVUQQ 
jMR\QWVRjMy NVcXVhYUMRXQ. 
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As several decades ago, the defense industry is a driving force of economic development of the Russian Federation. 
For many years conversion has provided an overflow of innovative development from defense industry in various 
branches of national economy. The results of researches in the form end products are necessary, first of all, for 
maintenance of defense of the state capability, development of the civil sphere of economy, sale in the world market 
products of a military and dual purpose. The most important tool of a sustainable development of defense industry is the 
innovative project. Today the defensive industry enterprises realize a number of the difficult innovative projects 
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directed towards modernization of branch and state performance programs. One of the innovative project 
characteristics is its competitiveness as competitive projects possess a necessary set of features, in particular, high 
degree of reliability and high quality. The terms of implementation state defensive order, the nomenclature and various 
parameters of the made production depend on innovative projects efficiency. In turn, its productivity, ability to satisfy 
the needs of state customer and buyers of defense industry complex production abroad, introduction of possibility in 
various branches of domestic national economy depend on innovative project competitiveness. At the initial stage of 
research, the question of innovative projects role in the Russian economy development is raised. The list of features of 
the defense industry enterprises is provided. The points of view on the content “innovation” are investigated; signs of 
the considered term are presented. On the features basis of the defensive industry enterprises, the author’s 
interpretation of the concepts “innovative project” and “innovative project competitiveness” is offered. The 
approaches to the concept “competitiveness” reflecting essence and content of the considered category are 
systematized and the description is provided. The circle of the factors having direct impact on the level of innovative 
projects competitiveness at the enterprises of defense industry is allocated, their division into internal and external 
groups is offered. The conclusion about their influence on speed, time, productivity and cost of implementation of the 
innovative project is drawn. 

 
Keywords: innovations, innovative project, competitiveness, competitiveness of the innovative project.  
 
�����#��. wTlCQXQV QUUMCTxQMUUMy RMRXTChc��Vy 

[MRRQyRjMy ujMUM\QjQ P[MQR�MNQX PMN ChQcUQV\ [Tl-
hQWU�� P[VMz[TlMCTUQy. qTj, UT RMC[V\VUUM\ uXTPV 
[VThQl_VXRc [cN RhMsU�� QUUMCTxQMUU�� P[MVjXMC  
C [TlhQWU�� MX[TRhc� ujMUM\QjQ. �R_�VRXChcVXRc 
\MNV[UQlTxQc MzM[MUUM-P[M\��hVUUM`M jM\PhVjRT, 
P[VNP[QcXQy, lTUcX�� NMz�WVy RX[TXV`QWVRjM`M R�[Yc, 
jM\PTUQy, M[QVUXQ[MCTUU�� UT P[MQlCMNRXCM QUUMCT-
xQMUUMy Q jMUj_[VUXMRPMRMzUMy P[MN_jxQQ. �T NTU-
U�y \M\VUX QUUMCTxQQ Q\V�X RX[TXV`QWVRj_� CTs-
UMRXY Q MP[VNVhc�X ubbVjXQCUMRXY, jMUj_[VUXMRPM-
RMzUMRXY, jTWVRXCM [TlCQXQc ujMUM\QjQ `MR_NT[RXCT. 

K RMCVXRjQy PV[QMN P[VNP[QcXQc MzM[MUUMy MX-
[TRhQ cChchQRY hMjM\MXQCM\ XV�UMhM`QWVRjM`M [TlCQ-
XQc RX[TU�. K UTRXMc�VV C[V\c Q� [MhY UVRjMhYjM 
RUQlQhTRY, UM UV PMXV[chT RCMVy TjX_ThYUMRXQ. ~UUM-
CTxQMUU�V P[MVjX� cChc�XRc CTsUMy RMRXTChc��Vy 
XV�UMhM`QWVRjM`M [TlCQXQc P[VNP[QcXQy MzM[MUUM-
P[M\��hVUUM`M jM\PhVjRT (�L{). K UTRXMc�VV C[V-
\c CCQN_ PMRhVNUQ� Mz�V\Q[MC�� PMhQXQWVRjQ�  
Ql\VUVUQy CMl[MRhT UVMz�MNQ\MRXY Q\PM[XMlT\V�V-
UQc. $TUjxQQ, CCVNµUU�V UVjMXM[�\Q RX[TUT\Q C MX-
UM�VUQQ wMRRQyRjMy ZVNV[TxQQ, MRXTCQhQ P[VNP[Qc- 
XQc �L{ zVl UVjMXM[�� CQNMC jM\PhVjX_��Q� Q MzM-
[_NMCTUQc, C WTRXUMRXQ, uhV\VUXUMy zTl� Nhc P[MQl-
CMNRXCT \Qj[MR�V\. 

K NTUUMy RQX_TxQQ _RXMyWQCMV [TlCQXQV P[VNP[Qc- 
XQy �L{, NMRXQ`TV\MV XTjsV lT RWVX [TR�Q[VUQc  
CMVUUM-XV�UQWVRjM`M RMX[_NUQWVRXCT, _NMChVXCM[VUQc 
U_sN MXVWVRXCVUU�� CMM[_sµUU�� RQh Q [TlCQXQc 
P[MQlCMNRXCT `[TsNTURjMy P[MN_jxQQ, cChcVXRc CTs-
UVy�Q\ _RhMCQV\ Nhc [V�VUQc P[MzhV\� MzVRPVWV-
UQc MzM[MUMRPMRMzUMRXQ RX[TU� Q [TlCQXQc ujMUM\Q-
jQ C xVhM\ [1]. 

���5�##��%� ���%���#��%� 0"��0"��%�! �5�"�##�-
0"�')$��##�+� ��'0�����. L[VNP[QcXQc XTjMy 
CTsUMy MX[TRhQ, jTj �L{, Q\V�X [cN MRMzVUUMRXVy, 
P[QR_�Q� QRjh�WQXVhYUM NTUUMy MX[TRhQ (XTzh. 1). 

qTj, QR�MNc Ql MRMzVUUMRXVy MX[TRhQ, bM[\Q[_�X-
Rc XQPMhM`QQ QUUMCTxQMUU�� P[MVjXMC, PMRjMhYj_ Q� 
[VThQlTxQc X[Vz_VX MX [_jMCMNRXCT P[VNP[QcXQy MX-
[TRhQ WµXjMy jhTRRQbQjTxQQ R xVhY� C�zM[T P[MVj-
XMC, MzhTNT��Q� UTQh_W�Q\Q PMjTlTXVhc\Q.  

�*A#��%� � ����";�#�� 0�#�%�� «�##���-��#-
#)! 0"���%». ~UUMCTxQMUU�y P[MVjX cChcVXRc NCQ-
s_�Vy RQhMy ujMUM\QWVRjM`M [TlCQXQc, Q\V��Vy [cN 
R_�VRXCVUU�� MRMzVUUMRXVy C lTCQRQ\MRXQ MX RPVxQ-
bQjQ MX[TRhQ, C jMXM[My MU [VThQl_VXRc. wTRR\MX[Q\  
PMRhVNMCTXVhYUM RMNV[sTUQV RhVN_��Q� PMUcXQy: 
QUUMCTxQc, QUUMCTxQMUU�y P[MVjX, QUUMCTxQMUU�y 
P[MVjX P[VNP[QcXQy �L{, jMUj_[VUXMRPMRMzUMRXY 
QUUMCTxQQ, jMUj_[VUXMRPMRMzUMRXY QUUMCTxQMUUM`M 
P[MVjXT P[VNP[QcXQy �L{.  

 
����'� 1 

���5�##��%� ���%���#��%� 0"��0"��%�! �5�"�##�-0"�')$��##�+� ��'0����� 
 

¨ P/P �RMzVUUMRXQ 
1 ~\V�X C UThQWQQ NCT CQNT P[MQlCMNRXC: CMVUUMV Q `[TsNTURjMV 
2 L[VNP[QcXQc �L{ [VThQl_�X �Q[MjQy RPVjX[ QUUMCTxQy, MX[TRhY P[MQlCMNQX lUTWQXVhYU�V Mz�µ\� QUUMCT-

xQMUUMy P[MN_jxQQ 
3 L[VMzhTNT�X UT_jMµ\jQV P[MQlCMNRXCT 
4 L[VNP[QcXQc �L{ P[VNRXTChVU�: jMURX[_jXM[RjQ\Q z�[M, P[MQlCMNRXCVUU�\Q P[VNP[QcXQc\Q Q UT_WUM-

P[MQlCMNRXCVUU�\Q Mz�VNQUVUQc\Q. wVl_hYXTXT\Q Q� NVcXVhYUMRXQ \M`_X z�XY QUUMCTxQMUU�V P[MVjX�: UMC-
�VRXCT hQzM QUUMCTxQQ 

5 $MRXTC Q jMhQWVRXCM uXTPMC QUUMCTxQMUUM`M P[MxVRRT UT P[VNP[QcXQc� �L{ CT[YQ[_�XRc C lTCQRQ\MRXQ 
MX XQPT P[VNP[QcXQy Q Q� MRMzVUUMRXVy 

6 wVThQlTxQc QUUMCTxQMUU�� P[MVjXMC Q P[MQlCMNRXCM QlNVhQy MR_�VRXChc�XRc C RX[M`M lTNTUU�V R[MjQ 
7 L[MN_jxQc MzhTNTVX C�RMjMy RXVPVUY� UTNµsUMRXQ, C�RMjQ\ jTWVRXCM\ 

8 wTl[TzMXjQ \M`_X z�XY QRPMhYlMCTU� Nhc P[MQlCMNRXCT `[TsNTURjMy P[MN_jxQQ 
9 �XR_XRXC_VX hQzM R_�VRXCVUUM M`[TUQWVU P_zhQWU�y NMRX_P j RMNV[sTUQ� UVjMXM[�� QUUMCTxQMUU�� P[MVjXMC 
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wMRX jMhQWVRXCT [VThQlMCTUU�� Q PMN`MXMChVUU�� 
j [VThQlTxQQ QUUMCTxQMUU�� P[MVjXMC C�NCQ`TVX 
X[VzMCTUQc j XTjQ\ CTsUVy�Q\ �T[TjXV[QRXQjT\, jTj 
jMUj_[VUXMRPMRMzUMRXY Q jTWVRXCM. �TUU�y CMP[MR 
UVCMl\MsUM [TRR\TX[QCTXY MXNVhYUM MX PMUcXQy «QU-
UMCTxQc» Q «jMUj_[VUXMRPMRMzUMRXY QUUMCTxQQ». 

�UThQl XMhjMCTUQy PMUcXQc «QUUMCTxQc», P[VN-
hMsVUU�� jTj MXVWVRXCVUU�\Q, XTj Q lT[_zVsU�\Q 
_WµU�\Q, PMlCMhQh C�NVhQXY UVRjMhYjM [TRP[MRX[T-
UµUU�� C UT_WUMy hQXV[TX_[V XMWVj l[VUQc.  

LV[CTc XMWjT l[VUQc P[Q[TCUQCTVX QUUMCTxQQ  
j UMC�VRXCT\ C MP[VNVhµUUMy MzhTRXQ, j Q� WQRh_ 
RhVN_VX P[QWQRhcXY [Vl_hYXTX� QRRhVNMCTXVhYRjM`M 
P[MxVRRT, QUXVhhVjX_ThYUMy NVcXVhYUMRXQ, UMCM`M 
MXj[�XQc C CQNV UMC�� xVUU�� RCMyRXC R_�VRXC_�-
�V`M P[MN_jXT Nhc PMX[VzQXVhVy, UMCM`M P[MN_jXT, 
XMCT[T QhQ _Rh_`Q, RPMRMzMC (XV�UMhM`Qy) Q� P[MQl-
CMNRXCT QhQ P[Q\VUVUQc, [Vl_hYXTXT UT_WUM`M QRRhV-
NMCTUQc, UMCM`M \VXMNT P[MNTs QhQ \VXMNT NVhMCMy 
P[TjXQjQ, M[`TUQlTxQQ [TzMWQ� \VRX QhQ CUV�UQ� 
RCclVy, UMC�V zQlUVR-\MNVhQ Q RMlNTUQV UMC�� [�U-
jMC Rz�XT. �MC�VRXCT \M`_X P[Q\VUcXYRc C [TlhQW-
U�� RbV[T� Mz�VRXCVUU�� MXUM�VUQy. 

KXM[Tc XMWjT l[VUQc MP[VNVhcVX QUUMCTxQQ R XMW-
jQ l[VUQc P[MQlCMNRXCVUUM`M P[MxVRRT, RMlNTUQc  
UMC�� QlNVhQy, XV�UMhM`Qy, CUVN[VUQc UMC�� P[Qµ-
\MC C RbV[V _P[TChVUQc P[MQlCMNRXCM\. 

q[VXYc XMWjT l[VUQc [TRR\TX[QCTVX QUUMCTxQ�  
R PMlQxQy CUVN[VUQc C P[MQlCMNRXCM UMC�� uhV\VU-
XMC, PMN�MNMC, QlNVhQy, jT[NQUThYUM MXhQWT��Q�Rc 
MX P[VN�VRXC_��Q�. KUVN[VUQV P[MQR�MNQX PM [V-
l_hYXTXT\ P[MCVNµUUM`M QRRhVNMCTUQc hQzM RNVhTUUM`M 
MXj[�XQc. 

�XhQWQV [TRR\MX[VUU�� XV[\QUMC RCQNVXVhYRXC_VX 
Mz MXR_XRXCQQ VNQUM`M PMN�MNT j RMNV[sTUQ� PMUc-
XQc «QUUMCTxQc». �VP[QV\hV\�\, UT UT� Cl`hcN, cC-
hcVXRc \UVUQV M XMsNVRXCVUUMRXQ PMUcXQy «QUUMCT-
xQc» Q «UMCTxQc». LMUcXQV «QUUMCTxQc» C MP[VNV-
hµUUMy RXVPVUQ Cjh�WTVX C RVzc RMNV[sTUQV XV[\QUT 
«UMCTxQc», UV RhVN_VX lTz�CTXY Q M XM\, WXM UMC�VRXCM 
RXTUMCQXRc QUUMCTxQVy C Rh_WTV jM\\V[xQThQlTxQQ.  

~UUMCTxQc NMhsUT MzhTNTXY RhVN_��Q\Q P[QlUT-
jT\Q: 

– CMRX[VzMCTUUMRXY; 
– RPMRMzUMRXY j CUVN[VUQ�; 
– MzhTNTUQV UMCQlUMy; 
– RPMRMzUMRXY j jM\\V[xQThQlTxQQ. 
K [T\jT� MzM[MUUM-P[M\��hVUUM`M jM\PhVjRT \� 

P[QNV[sQCTV\Rc CXM[My XMWjQ l[VUQc, MP[VNVhc��Vy 
QUUMCTxQQ R PMlQxQy P[MxVRRT RMlNTUQc UMC�� QlNV-
hQy, XV�UMhM`Qy, P[MCVNVUQc UVMz�MNQ\�� P[MQlCMN-
RXCVUU�� Q jM\\V[WVRjQ� \V[MP[QcXQy, CUVN[VUQc 
UMC�VRXC C RbV[V _P[TChVUQc P[MQlCMNRXCM\. 

K UTRXMc�V\ QRRhVNMCTUQQ QRPMhYl_VXRc XMhjMCTUQV, 
NTUUMV QRRhVNMCTXVhV\ �. $. {_hT`QU�\. $M`hTRUM 
NTUUM\_ MP[VNVhVUQ�, PMN QUUMCTxQVy PMUQ\TVXRc 
«UMCTc QhQ _h_W�VUUTc P[MN_jxQc (XMCT[, [TzMXT,  
_Rh_`T), RPMRMz (XV�UMhM`Qc) VV P[MQlCMNRXCT QhQ 
P[Q\VUVUQc, UMCMCCVNVUQV QhQ _RMCV[�VURXCMCTUQV  
C RbV[V M[`TUQlTxQQ Q (QhQ) ujMUM\QjQ P[MQlCMNRXCT, 
Q (QhQ) [VThQlTxQQ P[MN_jxQQ, MzVRPVWQCT��QV ujM-
UM\QWVRj_� C�`MN_, RMlNT��QV _RhMCQc Nhc XTjMy 

C�`MN� QhQ _h_W�T��QV PMX[VzQXVhYRjQV RCMyRXCT 
P[MN_jxQQ (XMCT[T, [TzMX�, _Rh_`Q)» [2]. 

�*A#��%� 0�#�%�� «�##���-��##)! 0"���%». 
{h�WVCMy bM[\My CUVN[VUQc QUUMCTxQy Rh_sQX QU-
UMCTxQMUU�y P[MVjX jTj RMCMj_PUMRXY ClTQ\MRCclTU-
U�� PM [VR_[RT\, R[MjT\ Q _WTRXUQjT\ xVhVUTP[TC-
hVUU�� NVyRXCQy, MzVRPVWQCT��Q� NMRXQsVUQV lTcC-
hVUU�� QUUMCTxQMUU�\ P[MVjXM\ xVhVy. wVl_hYXT-
XQCUMRXY QUUMCTxQMUUM`M P[MVjXT MP[VNVhcVXRc P_Xµ\ 
C�zM[T Q CUVN[VUQc QUUMCTxQy. 

K UTRXMc�VV C[V\c P[MVjXUMV _P[TChVUQV �Q[MjM 
P[Q\VUcVXRc C [TlhQWU�� MX[TRhc� ujMUM\QjQ. �V\T-
hMCTsU�\ TRPVjXM\ cChcVXRc Q XM, WXM QUUMCTxQQ  
cChc�XRc PV[CMMRUMCMy [VThQlTxQQ h�zM`M QUUMCT-
xQMUUM`M P[MVjXT. 

�UThQl X[_NMC QRRhVNMCTXVhVy C MzhTRXQ QUUMCT-
xQy PMjTlTh, WXM MNUMlUTWUM`M MP[VNVhVUQc PMUcXQc 
«QUUMCTxQMUU�y P[MVjX» UV R_�VRXC_VX. �NUTjM  
R_�VRXC_VX UVRjMhYjM [TRP[MRX[TUµUU�� C UT_WUMy 
hQXV[TX_[V XMWVj l[VUQc PM NTUUM\_ CMP[MR_.  

$_�VRXC_�X [TlhQWU�V XMWjQ l[VUQc UT RMNV[sT-
UQV PMUcXQc «QUUMCTxQMUU�y P[MVjX». ~UUMCTxQMU-
U�y P[MVjX P[VNRXTChcVXRc jTj RMCMj_PUMRXY [TlhQW-
U�� NMj_\VUXMC, UVMz�MNQ\�� Nhc [VThQlTxQQ QUUM-
CTxQMUUM`M P[MVjXT, bM[\T _P[TChVUQc QUUMCTxQMU-
UMy NVcXVhYUMRXY�, NVcXVhYUMRXY, RMCMj_PUMRXY \V-
[MP[QcXQy, P[QCMNc�Q� j QUUMCTxQQ, Q jTj MP[VNV-
hµUUTc [TzMXT, P[QCMNc�Tc j NMRXQsVUQ� PMRXTChVU-
U�� xVhVy. �UVUQc TCXM[MC Q R_�VRXC_��QV MP[VNV-
hVUQc P[VNRXTChVU� C XTzh. 2. 

$_�VRXC_�X Q MzMRMzhVUU�V XMWjQ l[VUQc.  
K. K. ^�jMCRjQy RWQXTVX, WXM QUUMCTxQMUU�y P[MVjX – 
uXM P[MxVRR xVhVUTP[TChVUUM`M Ql\VUVUQc QhQ RMlNT-
UQc UMCMy XV�UQWVRjMy QhQ RMxQThYUM-ujMUM\QWVRjMy 
RQRXV\� [12]. K. �. �M[MbVVC, K. �. �[VRCcUUQjMC 
PMhT`T�X, WXM QUUMCTxQMUU�y P[MVjX cChcVXRc [TlUM-
CQNUMRXY� QUCVRXQxQMUUM`M P[MVjXT, zQlUVR-P[MVjXT 
Q P[VNRXTChcVX RMzMy RQRXV\_, RMNV[sT�_� \UMsVRX-
CM P[MVjXU�� [V�VUQy C UT_WUMy, XV�UQWVRjMy, P[M-
QlCMNRXCVUUMy, ujMUM\QWVRjMy (bQUTURMCMy), _P[TC-
hVUWVRjMy, \T[jVXQU`MCMy MzhTRXc� [13]. 

�NUTjM UQ MNUM Ql P[VNhMsVUU�� MP[VNVhVUQy UV 
MX[TsTVX RPVxQbQj_ Q MRMzVUUMRXQ P[VNP[QcXQy 
�L{. K uXMy RCclQ Q\VVX R\�Rh _XMWUQXY PMUcXQV 
«QUUMCTxQMUU�y P[MVjX». 

~UUMCTxQMUU�y P[MVjX UT P[VNP[QcXQQ MzM[MUUM-
P[M\��hVUUM`M jM\PhVjRT – uXM jM\PhVjR RMMXCVXRX-
C_��Q\ Mz[TlM\ _PM[cNMWVUU�� \V[MP[QcXQy PMhUM-
`M QUUMCTxQMUUM`M xQjhT, RMP[csµUU�� R zVlMPTRU�\ 
sQlUVMzVRPVWVUQV\, MR_�VRXChcV\�� C RX[M`M MP[V-
NVhµUU�V R[MjQ, bQUTURQ[_V\�� `MR_NT[RXCM\, UVMz-
�MNQ\�� Nhc NMRXQsVUQc xVhVy C PV[VNMC�� MzhTRXc� 
UT_jQ Q P[MQlCMNRXCT jMUj_[VUXMRPMRMzUMy P[MN_j-
xQQ CMVUUM`M (NCMyUM`M, `[TsNTURjM`M) UTlUTWVUQc, 
P[Q uXM\ P_zhQWU�y NMRX_P j RMNV[sTUQ� QUUMCTxQ-
MUUM`M P[MVjXT MXR_XRXC_VX hQzM M`[TUQWVU. 

��#�*"�#%��0���5#��%� �##���-��##�+� 0"���-
%� #� 0"��0"��%��� �=�. KTsUVy�Vy �T[TjXV[QR- 
XQjMy QUUMCTxQMUUM`M P[MVjXT, UT[cN_ RM R[MjT\Q 
V`M MR_�VRXChVUQc Q RXMQ\MRXY�, cChcVXRc V`M jMUj_-
[VUXMRPMRMzUMRXY. K UT_WUMy hQXV[TX_[V R_�VRXC_VX 
\UMsVRXCM PMN�MNMC j MP[VNVhVUQ� NTUUM`M PMUcXQc, 
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WXM Mz_RhMChVUM \UM`M`[TUUMRXY� QRRhVN_V\My P[M-
zhV\�. �TUU�y XV[\QU _PMX[VzhcVXRc RMC\VRXUM  
R XTjQ\Q Mz�VjXT\Q, jTj P[VNP[QcXQV, [V`QMU, QUUM-
CTxQQ, QUUMCTxQMUU�y P[MVjX Q N[. �VR\MX[c UT UVjM-
XM[�V [TlhQWQc, NTUU�V XMhjMCTUQc CM \UM`M\ R�MsQ. 
KCQN_ \UM`MMz[TlQc NTUU�� X[TjXMCMj xVhVRMMz[TlUM 
C�NVhQXY UVRjMhYjM PMN�MNMC j [TRR\TX[QCTV\M\_ 
PMUcXQ�, jMXM[�V P[QCVNVU� C XTzh. 3. 

~UXV[VR P[VNRXTChc�X RhVN_��QV MzMRMzhVUU�V 
XMWjQ l[VUQc. K. K. ^T[QUMC RWQXTVX, WXM jMUj_[VUXM-
RPMRMzUMRXY Mz�VjXMC RjhTN�CTVXRc Ql jMUj_[VUXM-

RPMRMzUMRXQ V`M uhV\VUXMC Q Q� M[`TUQlMCTUUMRXQ 
Nhc NMRXQsVUQc xVhQ [14]. �. {. $XT[MCMyXMC,  
^. Z. ZM\QU PMhT`T�X, WXM jMUj_[VUXMRPMRMzUMRXY 
cChcVXRc Mz�Vy \V[My QUXV[VRT Q NMCV[Qc j _Rh_`T\ 
P[VNP[QcXQc UT bMUNMCM\, bQUTURMCM\ Q X[_NMCM\ 
[�UjT� [15]. K \TXV[QThT� �QRRTzMURjMy PMCVRXjQ 
NUc ©C[MRM�lT QlhMsVUT RhVN_��Tc XMWjT l[VUQc: 
jMUj_[VUXMRPMRMzUMRXY – uXM UV XMhYjM C�R�Tc P[M-
QlCMNQXVhYUMRXY [TzMX�, jMUj_[VUxQc Q P[Qz�hY-
UMRXY zQlUVRT, UM Q «RMlUTXVhYUM _P[TChcV\�y» NMh-
`MR[MWU�y TRPVjX [TlCQXQc [16]. 

 
����'� 2 
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LMN�MN�  
j MP[VNVhVUQ� PMUcXQc 

�CXM[� LMUcXQV 

$MCMj_PUMRXY [TlhQWU�� NM-
j_\VUXMC, P[VNUTlUTWVUU�� 
Nhc [VThQlTxQQ QUUMCTxQMUUM-
`M P[MVjXT 

w. �. ZTX�_XNQUMC $MCMj_PUMRXY NMj_\VUXMC, MP[VNVhc��Q� RQRXV\_ UT_WUM MzMR-
UMCTUU�� xVhVy Q \V[MP[QcXQy PM [V�VUQ� jTjMy-hQzM P[MzhV-
\�, M[`TUQlTxQ� QUUMCTxQMUU�� P[MxVRRMC C P[MRX[TURXCV Q 
C[V\VUQ [3]  

�. {. {TlTUxVC, 
�. $. $V[MCT 

ZM[\T QUUMCTxQMUUMy NVcXVhYUMRXQ [4] 

�. ©. �z[T\V�QU �VcXVhYUMRXY QhQ \V[MP[QcXQV, P[VNPMhT`T��VV MR_�VRXChVUQV  
C MP[VNVhµUU�y PV[QMN C[V\VUQ jTjQ�-hQzM NVyRXCQy Nhc NMRXQ-
sVUQc MP[VNVhµUU�� [Vl_hYXTXMC QUUMCTxQMUUM`M P[MxVRRT [5] 

ZM[\T _P[TChVUQc (QUUMCT- 
xQMUU�\ [TlCQXQV\) QUUMCT- 
xQMUUMy NVcXVhYUMRXY� (CMP- 
hM�VUQV\ QUUMCTxQy) 

~. Ê. ©C`[TbMCT ZM[\T xVhVCM`M _P[TChVUQc QUUMCTxQMUUMy NVcXVhYUMRXY� [6] 
^. K. vTChQU,  
�. {. {TlTUxVC, 
�. ³. �QUNVhQ 

$QRXV\T ClTQ\MRCclTUU�� xVhVy Q P[M`[T\\, P[VNRXTChc��Q� 
RMzMy jM\PhVjR UT_WUM-QRRhVNMCTXVhYRjQ�, MP�XUM-jMURX[_jXM[- 
RjQ�, P[MQlCMNRXCVUU��, M[`TUQlTxQMUU��, bQUTURMC��, jM\\V[- 
WVRjQ� Q N[_`Q� \V[MP[QcXQy, RMMXCVXRXC_��Q\ Mz[TlM\ M[`T- 
UQlMCTUU�� (_CclTUU�� PM [VR_[RT\, R[MjT\ Q QRPMhUQXVhc\), 
MbM[\hVUU�� jM\PhVjXM\ P[MVjXUMy NMj_\VUXTxQQ Q MzVRPVWQ- 
CT��Q� ubbVjXQCUMV [V�VUQV jMUj[VXUMy UT_WUM-XV�UQWVRjMy 
lTNTWQ (P[MzhV\�), C�[TsVUUMy C jMhQWVRXCVUU�� PMjTlTXVhc�  
Q P[QCMNc�Vy j QUUMCTxQQ [7] 

�. �. KQ�UcjMC {M\PhVjR \V[MP[QcXQy, MP[VNVhµUU�\ Mz[TlM\ M[`TUQlMCTUU�y  
Q UTP[TChVUU�y UT PMh_WVUQV QUUMCTxQQ, MzhTNT��Vy MP[VNVhµU-
U�\Q �T[TjXV[QRXQjT\Q [8] 

�VcXVhYUMRXY, RMCMj_PUMRXY 
\V[MP[QcXQy, P[QCMNc�Q�  
j QUUMCTxQQ 

�. �. q[_zTWµC {M\PhVjR UT_WUM-QRRhVNMCTXVhYRjQ�, MP�XUM-jMURX[_jXM[RjQ�, 
M[`TUQlTxQMUU��, P[MQlCMNRXCVUU��, bQUTURMC�� Q N[_`Q� \V[M-
P[QcXQy, _CclTUU�� PM [VR_[RT\, R[MjT\ Q QRPMhUQXVhc\, MbM[\-
hVUU�� jM\PhVjXM\ P[MVjXUMy NMj_\VUXTxQQ Q P[QCMNc�Q� j 
QUUMCTxQQ [9] 

v. L. w_\cUxVCT, 
�. �. $ThM\TXQU, 
w. v. �jzV[NQU 

�VhM, NVcXVhYUMRXY, \V[MP[QcXQV, P[VNhT`T��VV MR_�VRXChVUQV 
jM\PhVjRT jTjQ�-hQzM NVyRXCQy, MzVRPVWQCT��Q� NMRXQsVUQV 
MP[VNVhµUU�� xVhVy, jTj RQRXV\T M[`TUQlTxQMUUM-P[TCMC��  
Q [TRWµXUM-bQUTURMC�� NMj_\VUXMC, UVMz�MNQ\�� Nhc MR_�VRX- 
ChVUQc MP[VNVhµUU�� NVyRXCQy [10] 

�P[VNVhµUUTc [TzMXT, P[QCMNc-
�Tc j NMRXQsVUQ� PMRXTChVU- 
U�� xVhVy 

J. å. �zN�jV[MCT ~UUMCTxQMUU�y P[MVjX P[VNRXTChcVX RMzMy RhMsU_� RQRXV\_ 
ClTQ\MMz_RhMChVUU�� Q ClTQ\M_CclTUU�� PM [VR_[RT\, R[MjT\  
Q QRPMhUQXVhc\ \V[MP[QcXQy, UTP[TChVUU�� UT NMRXQsVUQV jMU- 
j[VXU�� xVhVy (lTNTW) UT P[QM[QXVXU�� UTP[TChVUQc� [TlCQXQc 
UT_jQ Q XV�UQjQ [11] 
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LMN�MN $MNV[sTUQV �CXM[ (PMRhVNMCTXVhQ) 
{M\PhVjRU�y wTRR\TX[QCTVX jMUj_[VUXMRPMRMzUMRXY jTj MP[VNVhµUUMV RCMy-

RXCM, RPMRMzUMRXY, R[TCUQXVhYUMV P[VQ\_�VRXCM, RMCMj_PUMRXY 
�T[TjXV[QRXQj MP[VNVhµUUM`M Mz�VjXT QhQ R_z�VjXT, Q\V��V`M 
MP[VNVhVUU_� NMh� RMMXCVXRXC_��V`M [�UjT, V`M RPMRMzUMRXY 
QRPMhYlMCTXY RCMQ RQhYU�V RXM[MU�, jMUxVUX[Q[MCTXY _RQhQc, 
P[VClMyXQ jMUj_[VUXMC C lTNTUU�� _RhMCQc�, [TzMXTXY C NQUT-
\QWUMy jMUj_[VUXUMy R[VNV P[Q _NV[sTUQQ Q\V��Q�Rc jMUj_-
[VUXU�� P[VQ\_�VRXC Q, C jMUVWUM\ RWµXV, NMRXQWY PMRXTChVU-
U�� xVhVy 

Ê. ^. w_zQU, �. ~. {MCThVUjM, 
�. �. vT�T[MC, q. {MUUM, K. LVX[MC, 
$. K. ©\VhYcUMCT, �. K. �V\VUXYVCT, 
~. �. �_hQRMCT, �. K. �MUxMCT, 
Ë. �. ZTR�QVC, �. �. �QXCQUVUjM, 
�. �. qTXYcUWVUjM, å. å. �T\zVU, 
�. ÇVhQjMCT, k. vQUU_[MC, �. ~hYc-
RMCT, {. w. �TjjMUUVhh, $. �. ^[�, 
�. �. qT[TNTUMC  
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��������� ���. 3 
LMN�MN $MNV[sTUQV �CXM[ (PMRhVNMCTXVhQ) 

wVR_[RU�y ËT[TjXV[Ql_VX jMUj_[VUXMRPMRMzUMRXY jTj MzhTNTUQV Q C�[T-
sVUQV P[MQlCMNQXVhV\, MP[VNVhµUUM`M UTzM[T CMl\MsUMRXVy Q 
P[VQ\_�VRXC (ujMUM\QWVRjQ�, UT_WUM-XV�UQWVRjQ�, P[MQlCMN-
RXCVUU��, M[`TUQlTxQMUUM-_P[TChVUWVRjQ�, \T[jVXQU`MC��, QU-
UMCTxQMUU��, M[`TUQlTxQMUU�� Q QU��) PV[VN jMUj_[VUXT\Q, 
jMXM[�V NT�X V\_ CMl\MsUMRXY RUQsTXY QlNV[sjQ P[MQlCMNRX-
CT, PMC��TXY jTWVRXCM P[MN_jxQQ, zMhVV WTRXM MzUMChcXY TRRM[-
XQ\VUX, [TR�Q[cXY P[MQlCMNRXCM, _RXMyWQCM lTUQ\TXY MP[VNV-
hµUU_� NMh� [�UjT ([�UMWU_� UQ�_) Q PMh_WTXY C�RMjQV 
NM�MN� 

�. �. ^hQUMC, K. È. vT�T[MC, q. {MU-
UM, ³. ^. ZQ`_[UMC, Ê. Ê. �MUVx, 
L. $. vTCYchMC, w. �. ZTX�_XNQUMC, 
v. �. KTRQhYVCT, Ê. ^. w_zQU, 
K. K. Í_RXMC, ~. K. $V[`VVC, 
K. J. vMhMXM`M[MC, �. J. �V\VUXYVCT, 
J. �lMVC  

�M[\TXQCU�y wTRR\TX[QCTVX jMUj_[VUXMRPMRMzUMRXY jTj RXVPVUY RMMXCVXRXCQc 
XV�UQjM-b_UjxQMUThYU��, ujMUM\QWVRjQ�, M[`TUQlTxQMUU�� 
Q N[_`Q� �T[TjXV[QRXQj Mz�VjXT X[VzMCTUQc\ PMX[VzQXVhVy, MP-
[VNVhcVX NMh� [�UjT, P[QUTNhVsT�_� NTUUM\_ Mz�VjX_, Q P[V-
PcXRXC_VX PV[V[TRP[VNVhVUQ� uXM`M [�UjT C PMhYl_ N[_`Q� 
Mz�VjXMC 

$. J. $CVX_UYjMC, ©. �. ~CTUMCT, 
�. �. vTyxVC, ©. L. JMh_zjMC, �. ©. ^T-
RMCRjQy, J. {_hQjMC  

�XUMRQXVhYU�y {MUj_[VUXMRPMRMzUMRXY M[`TUQlTxQQ jTj MXUMRQXVhYUTc �T[Tj-
XV[QRXQjT, MX[TsT��Tc MXhQWQV P[MxVRRT [TlCQXQc NTUUM`M 
P[MQlCMNQXVhc MX P[MQlCMNQXVhc jMUj_[VUXT, M[`TUQlTxQQ 
(bQ[\�), MX jMUj_[VUXMC jTj PM RXVPVUQ _NMChVXCM[VUQc RCMQ\Q 
XMCT[T\Q PMX[VzUMRXVy PMX[VzQXVhVy, XTj Q PM ubbVjXQCUMRXQ 
P[MQlCMNRXCVUUMy NVcXVhYUMRXQ, T XTjsV CMl\MsUMRXQ Q NQUT-
\Qj_ P[QRPMRMzhVUQc M[`TUQlTxQQ j _RhMCQc\ [�UMWUMy jMUj_-
[VUxQQ 

�. �. ©[\MhMC, ©. ~. �TlQhjQUT, 
q. J. LTUQWjQUT, ©. �hMXMj, 
�. Ë. �VRjMU, q. JM[YjMCT, J. ÍT-
PMCThMC, �. �MQRVVCT  

{TWVRXCVUU�y {TWVRXCM jTj WTRXY jMUj_[VUXMRPMRMzUMRXQ. {MUj_[VUXMRPMRMz-
UMRXY jTj RPMRMzUMRXY C�PMhUcXY RCMQ b_UjxQQ (P[VNUTlUTWV-
UQV, \QRRQ�) R X[Vz_V\�\ jTWVRXCM\ Q RXMQ\MRXY� Mz_RhMChVUT 
[TlhQWU�\Q �T[TjXV[QRXQjT\Q P[MN_jXT, RMMXCVXRXC_��Q\Q 
X[VzMCTUQc\ NTUUM`M [�UjT, V`M MP[VNVhµUUM`M RV`\VUXT Q PM-
X[VzQXVhYRjQ\ MxVUjT\, C XM\ WQRhV jTWVRXCM\ P[MN_jxQQ,
jTWVRXCM\ _P[TChVUQc, RPMRMzUMRXY� j QUUMCTxQc\, RPMRMzUM-
RXY� P[MN_jXT z�XY zMhVV P[QChVjTXVhYU�\ Nhc PMX[VzQXVhc 
PM R[TCUVUQ� R N[_`Q\Q P[MN_jXT\Q TUThM`QWUM`M CQNT Q UT-
lUTWVUQc, zhT`MNT[c h_W�V\_ RMMXCVXRXCQ� lTX[TX UT V`M P[Q-
Mz[VXVUQV Q PMX[VzhVUQV 

�. �. {ThT�UQjMCT, �. J. �Q[MUMC, 
�. �. qM\PRMU, �. �s. $X[QjhVUN, 
�. �. wMNQMUMCT, �. J. {TUXM[, 
Ê. w. ËTjQ\MCT, Ê. K. $_�MXQU, 
�. $. ÍV�MCxVCT 

~UNVjRU�y {MUj_[VUXMRPMRMzUMRXY jTj jMhQWVRXCVUU�y PMjTlTXVhY NM�MN-
UMRXQ P[MQlCMNRXCT QhQ C�`MNUMRXQ P[Q\VUVUQc XMCT[UMy P[M-
N_jxQQ C _RhMCQc� UThQWQc jMUj_[VUxQQ Q P[Q RMzh�NVUQQ UV-
Mz�MNQ\�� jTWVRXCVUU�� X[VzMCTUQy Mz�V`M PhTUT (ujMhM`QWV-
RjQV RXTUNT[X�, PTXVUXUTc WQRXMXT Q X. P.), C�[TsT��QyRc 
C VNQUQxT� RXMQ\MRXQ  

Ê. {M[MXjQy, k. vQUU_[MC, �. ~hYc-
RMCT, Ê. {M[MXjQy, �. K. �[QRXMC 

ZTjXM[U�y {MUj_[VUXMRPMRMzUMRXY jTj RMRXMcUQV P[VNP[QcXQc (bQ[\�),
Mz_RhMChVUUMV [TlhQWU�\Q ujMUM\QWVRjQ\Q, RMxQThYU�\Q, 
PMhQXQWVRjQ\Q Q N[_`Q\Q bTjXM[T\Q, PMhMsVUQV P[VNP[QcXQc 
UT [�UjV (C PV[C_� MWV[VNY, lTUQ\TV\Tc NMhc [�UjT Q XVUNVU-
xQQ Vµ Ql\VUVUQc) XMCT[MP[MQlCMNQXVhVy, UT CU_X[VUUV\ 
Q CUV�UQ� [�UjT�, MX[TsTV\MV WV[Vl PMjTlTXVhQ (QUNQjTXM[�), 
TNVjCTXUM �T[TjXV[Ql_��QV XTjMV RMRXMcUQV Q V`M NQUT\Qj_ 

�. $VhVlUVC, {. �QzM[�, Ê. ~UM-
lV\xVC 

 
�T_WU�y QUXV[VR P[VNRXTChc�X bTjXM[U�y Q jTWV-

RXCVUU�y PMN�MN�, MP[VNVhc��QV jMUj_[VUXMRPM-
RMzUMRXY jTj RMRXMcUQV P[MQlCMNQXVhc, RPMRMzUM`M 
Ql`MXMCQXY P[MN_jX X[Vz_V\M`M jTWVRXCT. K WTRXUMRXQ, 
C NTUUM\ CMP[MRV \� RM`hTRU� R TCXM[T\Q jTWVRXCVU-
UM`M PMN�MNT, PMRjMhYj_ jMUj_[VUXMRPMRMzUMRXY PM 
RCMVy P[Q[MNV cChcVXRc RhMsU�\ PMjTlTXVhV\, RjhT-
N�CT��Q\Rc Ql UVRjMhYjQ� RMRXTChc��Q�, MNUQ\ Ql 
jMXM[�� cChcVXRc jTXV`M[Qc jTWVRXCT. {MUj_[VUXMRPM-
RMzUMRXY jTj RCMyRXCM P[MQlCMNQXVhc \MsVX z�XY 
Mz_RhMChVUM ujMUM\QWVRjQ\Q, RMxQThYU�\Q, PMhQXQ-
WVRjQ\Q Q QU�\Q bTjXM[T\Q, C�RX_PTVX jTj PMhMsV-
UQV UT CU_X[VUUV\/CUV�UV\ [�UjT�, MX[TsTVXRc WV[Vl 
PMjTlTXVhQ, �T[TjXV[Ql_��QV RXTX_R Q NQUT\Qj_ P[M-
QlCMNRXCT. 

�V\ThMCTsU�\ cChcVXRc CMP[MR M jMUj_[VUXMRPM-
RMzUMRXQ QUUMCTxQMUUM`M P[MVjXT UT P[VNP[QcXQc� 
�L{. {MUj_[VUXMRPMRMzUMRXY QUUMCTxQMUUM`M P[MVj- 
XT jTj RT\MRXMcXVhYUTc jTXV`M[Qc UV NMRXTXMWUM QR-
RhVNMCTUT C UT_WUMy hQXV[TX_[V, Q\V�XRc hQ�Y MX-
NVhYU�V XMhjMCTUQc NTUUM`M PMUcXQc. qTj, UTP[Q\V[, 
�. L. ^T[R_jMC Q �. $. $jM[WVhhVXXQ PMN jMUj_[VUXM-
RPMRMzUMRXY� QUUMCTxQMUUM`M P[MVjXT PMUQ\T�X 
«V`M NQUT\QWUMV RCMyRXCM, �T[TjXV[Ql_��VV V`M RPM-
RMzUMRXY z�XY [VThQlMCTUU�\ C _RhMCQc� [�UMWUMy 
jMUj_[VUxQQ Q MX[TsT��VV P[QChVjTXVhYUMRXY P[M-
VjXT jTj Nhc PMX[VzQXVhc, XTj Q Nhc QUCVRXM[MC, WXM 
MP[VNVhcVXRc RXVPVUY� V`M ujMUM\QWVRjMy ubbVjXQC-
UMRXQ» [17]. �Q MNUM Ql Q\V��Q�Rc C UT_WUMy hQXV[TX_-
[V MP[VNVhVUQy C PMhUMy \V[V UV _WQX�CTVX RPVxQbQjQ 
P[VNP[QcXQy MzM[MUUM-P[M\��hVUUM`M jM\PhVjRT. 
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ÇVhVRMMz[TlUM P[VNhMsQXY RhVN_��VV PMUcXQV 
jMUj_[VUXMRPMRMzUMRXQ QUUMCTxQMUUM`M P[MVjXT 
P[Q\VUQXVhYUM j RPVxQbQjV UTRXMc�V`M QRRhVNMCTUQc.  

{MUj_[VUXMRPMRMzUMRXY QUUMCTxQMUUM`M P[MVjXT 
UT P[VNP[QcXQc� MzM[MUUM-P[M\��hVUUM`M jM\PhVj-
RT – uXM NQUT\QWUMV RCMyRXCM, RMWVXT��VV [cN �T[Tj-
XV[QRXQj, bM[\Q[_V\MV UT [TlhQWU�� RXTNQc� [VThQ-
lTxQQ P[MVjXT, RMMXCVXRXC_��VV _[MCU� XV�UMhM`Q-
WVRjM`M [TlCQXQc Q PMhQXQjV `MR_NT[RXCT C MzhTRXQ 
zVlMPTRUMRXQ, MP[VNVhcV\MV ubbVjXT\Q/ubbVjXQCUMRXY� 
MX jM\\V[xQThQlTxQQ QUUMCTxQy, PMlCMhc��VV P[M-
QlCMNQXY P[MN_jxQ� C _RXTUMChVUU�V R[MjQ, C XM\ 
WQRhV C _RhMCQc� j[QlQRU�� cChVUQy.  

qTjQ\ Mz[TlM\, P[VNhMsVUUMV XMhjMCTUQV MP[VNV-
hcVX jMUj_[VUXMRPMRMzUMRXY QUUMCTxQMUUM`M P[MVjXT 

UT P[VNP[QcXQc� �L{ jTj RhMsUMV RCMyRXCM, _P[TC-
hcV\MV lTjTlWQjM\ P[MVjXT (`MR_NT[RXCM\). L[Q uXM\ 
ubbVjXQCUMRXY NMRXQ`TVXRc lT RWµX jM\\V[xQThQlTxQQ 
[Vl_hYXTXMC P[MVjXT P_Xµ\ P[MQlCMNRXCT Q [VThQlTxQQ 
UT_jMµ\jMy P[MN_jxQQ, C XM\ WQRhV C _RhMCQc� [Tl-
hQWU�� j[QlQRU�� cChVUQy, WXM P[VNPMhT`TVX UThQ-
WQV [QRjT UT CRV� RXTNQc� [VThQlTxQQ P[MVjXT.  

���%�"), ���/)��^A�� ����#�� #� ��#�*"�#-
%��0���5#��%� �##���-��##)� 0"���%�� 0"��0"��- 
%�! �=�. �T NVcXVhYUMRXY P[VNP[QcXQy MzM[MUUM-
P[M\��hVUUM`M jM\PhVjRT MjTl�CTVX ChQcUQV \UM-
sVRXCM bTjXM[MC. L[Q uXM\ RXVPVUY ChQcUQc jTsNM`M 
Ql UQ� [TlhQWUT. K uXMy RCclQ C UTRXMc�V\ QRRhVNM-
CTUQQ z�hT P[MCVNVUT Q� RQRXV\TXQlTxQc, NTUM [TlNV-
hVUQV bTjXM[MC UT CU_X[VUUQV Q CUV�UQV (XTzh. 4) 

 
����'� 4  

 
��#��#)� 2��%�"), ��/��!�%�*^A�� #� ��#�*"�#%��0���5#��%�  
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KU_X[VUUQV bTjXM[� KUV�UQV bTjXM[� 

qV�UQWVRjQy _[MCVUY Q XV\P� MzUMChVUQc P[MN_jxQQ k[MCVUY XV�UMhM`QWVRjM`M [TlCQXQc `MR_NT[RXCT 
qV\P� MzUMChVUQc XV�UMhM`Qy vTCQRQ\MRXY MX RMRXMcUQc QUb[TRX[_jX_[� bQUTURMCM`M 

[�UjT 
�z�µ\ P[MQlCMNRXCT $MRXMcUQV ujMUM\QjQ `MR_NT[RXCT 
�[`TUQlTxQc P[MQlCMNRXCT $MRXMcUQV jMUj_[VUXUMy R[VN� 
$XTX_R M[`TUQlTxQQ $MRXMcUQV P[MQlCMNRXCVUUM`M Q [VR_[RUM`M PMXVUxQThMC 

`MR_NT[RXCT 
�ThQWQV Q PMhUMXT QRPMhYlMCTUQc jTPQXThT wTlCQXMRXY [�UjT 
�ThQWQV Q PMhUMXT QRPMhYlMCTUQc X[_NMC�� [VR_[RMC �ThQWQV [VjhT\U�� jT\PTUQy PM P[MNCQsVUQ� P[MN_jXT 
ZQUTURMCTc RMRXMcXVhYUMRXY P[MVjXT (RXMQ\MRXY) Q [VR_[R-
U�V CMl\MsUMRXQ (PMXVUxQTh) V`M [VThQlTxQQ 

w�UMWUTc RX[TXV`Qc 

k[MCVUY M[`TUQlTxQMUUM`M Q QUbM[\TxQMUUM`M MzVRPVWVUQc �ThQWQV UT_WUM-QRRhVNMCTXVhYRjQ� Q Mz[TlMCTXVhYU�� 
M[`TUQlTxQy, RPMRMzU�� j RQUXVl_ QUUMCTxQy 

k[MCVUY jCThQbQjTxQQ QUsVUV[UM-XV�UQWVRjM`M PV[RMUThT $XVPVUY `hMzThQlTxQQ ujMUM\QjQ 
�hQXVhYUMRXY xQjhT «b_UNT\VUXThYU�V QRRhVNMCTUQc – 
P[QjhTNU�V QRRhVNMCTUQc – UT_WUM-QRRhVNMCTXVhYRjQV 
Q MPX�XUM-jMURX[_jXM[RjQV [TzMX� – P[M\��hVUUMV MR-
CMVUQV»  

�T_jMµ\jMRXY P[MN_jxQQ, RhMsUMRXY P[MCMNQ\�� �~�{w 

k[MCVUY RPVxQThQlTxQQ MzM[_NMCTUQc ËT[TjXV[ UMCQlU� XV�UMhM`QWVRjMy QUUMCTxQQ Nhc MX[TR-
hQ (P[VNP[QcXQy) 

�ThQWQV Q RXTzQhYUMRXY �MlcyRXCVUU�� RCclVy R P[VNP[Q-
cXQc\Q-PMRXTC�QjT\Q 

vTjMUMNTXVhYRXCM RX[TU Q\PM[Xµ[MC/ujRPM[Xµ[MC 

k[MCVUY NM�MNUMRXQ Q [QRjT QUUMCTxQMUU�� P[MVjXMC $MRXMcUQV RMxQThYUMy RbV[� C [TRR\TX[QCTV\M\ `MR_NT[-
RXCV 

$MRXMcUQV Q XV\P� MzUMChVUQc \TXV[QThYUM-XV�UQWVRjMy 
zTl� P[MQlCMNRXCT 

^�RX[MV MzUMChVUQV TRRM[XQ\VUXT C�P_RjTV\My P[MN_j-
xQQ 

�Mhc PMj_PU�� QlNVhQy Q PMh_bTz[QjTXMC, C XM\ WQRhV 
Q\PM[XU�� 

k[MCVUY jMUj_[VUXMRPMRMzUMRXQ RMPV[UQWT��Q� M[`TUQ-
lTxQy 

k[MCVUY [TlCQXQc RQRXV\� PMN`MXMCjQ jTN[MC JMR_NT[RXCVUUTc ujMUM\QWVRjTc PMhQXQjT C RX[TUT� – 
Q\PM[XV[T� XMCT[MC Q _Rh_` 

$PMRMzUMRXY P[VNP[QcXQy �L{ [VT`Q[MCTXY UT X[VzMCTUQc 
[�UjT, _WQX�CTXY RjM[MRXY V`M Ql\VUVUQy 

JMR_NT[RXCVUUTc ujMUM\QWVRjTc PMhQXQjT C RX[TUT� – 
ujRPM[XV[T� XMCT[MC Q _Rh_` 

�zVRPVWVUUMRXY PV[RMUThM\ PM CQNT\ [TzMX wTl\V[ [�UjT 
�ThQWQV lTCV[�VUU�� QRRhVNMCTUQy Q [Tl[TzMXMj (PTXVU-
X�, hQxVUlQQ) 

qV\P� [MRXT [�UjT 

�Mhc RPVxQThQlQ[MCTUU�� P[MQlCMNRXC, _UQjThYUM`M MzM-
[_NMCTUQc Q XV�UMhM`Qy 

^T[YV[� Nhc C�MNT QhQ C��MNT UT [�UMj 

k[MCVUY QlUMRT MRUMCU�� P[MQlCMNRXCVUU�� bMUNMC q[VzMCTUQc j [Tl\V[T\ UVMz�MNQ\�� jTPQXThYU�� ChMsV-
UQy 

k[MCVUY ujMhM`QWVRjMy Q P[M\��hVUUMy zVlMPTRUMRXQ 
P[MQlCMNRXCT 

 

�ThQWQV NVbQxQXT CU_X[VUUQ� bQUTURMC�� QRXMWUQjMC  
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�TRXMc�QV bTjXM[� Q\V�X [TlNVhVUQV UT CUV�UQV 
Q CU_X[VUUQV PM P[QWQUV XM`M, WXM QUUMCTxQMUU�V 
P[MVjX� [VThQl_�XRc UV XMhYjM C `[TUQxT� P[VNP[Qc- 
XQy, UM Q C XVRUM\ ClTQ\MNVyRXCQQ R Q� Mj[_sVUQV\. 
KhQcUQV jTsNM`M bTjXM[T \MsVX RMNVyRXCMCTXY RjM-
[Vy�Vy Q P[MN_jXQCUMy [VThQlTxQQ P[MVjXT hQzM, 
UTMzM[MX, PMRXTCQXY PMN RM\UVUQV CMP[MR M V`M MR_-
�VRXChVUQQ. 

����^3�#��. qTjQ\ Mz[TlM\, C [Vl_hYXTXV UT-
RXMc�V`M QRRhVNMCTUQc C�cChVU� P[QlUTjQ QUUMCT-
xQQ, RPMRMzRXC_��QV Vµ CUVN[VUQ� C QUUMCTxQMUU�y 
P[MxVRR. LV[VWQRhVU� MRMzVUUMRXQ P[VNP[QcXQy MzM-
[MUUM-P[M\��hVUUM`M jM\PhVjRT. kXMWUVU� PMUcXQc 
«QUUMCTxQMUU�y P[MVjX» Q «jMUj_[VUXMRPMRMzUMRXY 
QUUMCTxQMUUM`M P[MVjXT» UT P[VNP[QcXQc� �L{. 
L[VNRXTChVU� RV\Y PMN�MNMC, MX[TsT��Q� R_�UMRXY 
Q RMNV[sTUQV jTXV`M[QQ «jMUj_[VUXMRPMRMzUMRXY». 
K�NVhVU� bTjXM[�, MjTl�CT��QV ChQcUQV UT jMUj_-
[VUXMRPMRMzUMRXY QUUMCTxQMUUM`M P[MVjXT P[VNP[Qc- 
XQy �L{ jTj MRUMC� P[MN_jXQCUMy [VThQlTxQQ Q jM\- 
\V[xQThQlTxQQ [Vl_hYXTXMC. 
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Modern conditions of tough competition in the space sector requires specific organizational actions during the 
development of innovative strategies for development in view of the legal protection of intellectual activity results (RIA), 
concluded in the scientific and technical development of the enterprise. Therefore, taking into account the main 
objectives of the innovative development strategy of the enterprise, the strategy for the intellectual property protection 
is established, which implementation by the management of patent rights to acquisition of the patent portfolio will 
provide a competitive advantage in the space industry. While forming this strategy the following things have been 
identified: the objectives and tasks, principles, factors, basic mechanisms of implementation as well as indicators and 
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marks. The fundamental factor to achieve the goals of the strategy of protection of intellectual property is the design 
materials of patent applications, taking into account the totality of the company’s interests with the performance 
requirements of the law regarding disclosure of the object in sufficient detail to implement it, but it is not possible  
to complete its creation by third parties without revealing the nuances. 

JSC “Information satellite systems” named after academician M. F. Reshetnev” was taken as the object  
of investigation in space industry. A brief description of the enterprise data on the situation at the world market of the 
production of communication satellites was presented. The stages of implementation of strategies to protect intellectual 
activity results: assessment of the current state of the market space industry, analysis of the state and trends of the legal 
protection of RIM in the space industry (external patent analysis), internal patent analysis JSC “ISS”, the selection  
of patentable RID subject to legal protection the selection of countries and patent systems, were also proposed. 

The development of the strategy at the space industry enterprise in terms of intellectual property protection will help 
senior management of the company to generate an algorithm of arrangements with the patenting, will provide the 
maximum preservation of confidential information, and also will provide an opportunity-based approach to the 
selection of objects, territories and the patent system itself. 

 
Keywords: strategy of intellectual property protection, intellectual property, patent, space industry enterprise.  
 
�����#��. ��[TUT [Vl_hYXTXMC QUXVhhVjX_ThYUMy 

NVcXVhYUMRXQ (w~�), RMlNTUU�� UT P[VNP[QcXQQ jMR-
\QWVRjMy MX[TRhQ, MR_�VRXChcVXRc PMR[VNRXCM\ P[V-
NMRXTChVUQc P[TCMCMy M�[TU�. K�zM[ RPMRMzT M�[TU� 
w~� lTCQRQX MX xVhVy P[VNP[QcXQc, MX PMXVUxQThYUMy 
C�`MN� P[Q QRPMhYlMCTUQQ jMUj[VXUM`M RPMRMzT,  
T XTjsV MX MxVUjQ NMRXMQURXC Q UVNMRXTXjMC jTsNM`M 
Ql RPMRMzMC. L[TCMCTc M�[TUT, P[VNMRXTChcV\Tc w~�, 
cChcVXRc MNUQ\ Ql QURX[_\VUXMC RX[TXV`QWVRjM`M [Tl-
CQXQc Q _P[TChVUQc QUUMCTxQMUUMy NVcXVhYUMRXY� 
P[VNP[QcXQc jMR\QWVRjMy MX[TRhQ. 

�RUMCMPMhT`T��Q\ P[Q NMRXQsVUQQ xVhVy RX[T-
XV`QQ M�[TU� [Vl_hYXTXMC QUXVhhVjX_ThYUMy NVcXVhY-
UMRXQ ($�w~�) cChcVXRc MbM[\hVUQV \TXV[QThMC lTc-
CMj UT QlMz[VXVUQc, PMhVlU�V \MNVhQ, P[M\��hVUU�V 
Mz[Tlx�, C jMXM[�� _WQX�CTVXRc RMCMj_PUMRXY QUXV-
[VRMC P[VNP[QcXQc. LM\Q\M MRUMCUM`M UTlUTWVUQc 
(M�[TUT XV�UMhM`Qy Q [Tl[TzMXMj MX jMPQ[MCTUQc) 
PTXVUX� \M`_X C�PMhUcXY [TlhQWU�V b_UjxQQ, UT-
P[Q\V[, zhMjQ[MCTUQV C�MNT C NTUU�y RVjXM[ ujMUM-
\QjQ P[MN_jxQQ jMUj_[VUXMC. L[Q MbM[\hVUQQ \TXV-
[QThMC lTcCMj UT C�NTW_ PTXVUXMC C�PMhUcVXRc X[V-
zMCTUQV lTjMUMNTXVhYRXCT C WTRXQ [TRj[�XQc R_�UM-
RXQ Mz�VjXT (QlMz[VXVUQc, PMhVlUMy \MNVhQ) R PMhUM-
XMy, NMRXTXMWUMy Nhc V`M MR_�VRXChVUQc, UM P[Q uXM\ 
UV [TRj[�CT�XRc U�TUR�, zVl jMXM[�� UVCMl\MsUM 
PMhUMxVUUMV V`M RMlNTUQV X[VXYQ\Q hQxT\Q. $ _WVXM\ 
lTQUXV[VRMCTUUMRXQ P[MN_jxQVy Q sVhTUQc QRPMhYlM-
CTXY XV�UMhM`QQ Q [Tl[TzMXjQ, P[VNP[QcXQV \MsVX 
P[VNMRXTCQXY CMl\MsUMRXY P[QMz[VXVUQc hQxVUlQy UT 
w~�, M�[TUcV\�V PTXVUXU�\ P[TCM\, R P[VNMRXTChV-
UQV\ QUsQUQ[QU`MC�� Q jMUR_hYXTxQMUU�� _Rh_`. 
LM\Q\M uXM`M, UV MX[TsVUUTc C MPQRTUQQ Mz�VjXMC 
QUXVhhVjX_ThYUMy RMzRXCVUUMRXQ (�~$) QUbM[\TxQc, 
RM�[TUVUUTc C CQNV RVj[VXT P[MQlCMNRXCT (UM_-�T_), 
PV[VNTVXRc hQxVUlQTX_ R lTjh�WVUQV\ RMMXCVXRXC_�-
�V`M NM`MCM[T M RM�[TUVUQQ VV C [VsQ\V jM\\V[WV-
RjMy XTyU�. kWQX�CTc uXQ \M\VUX�, xVUT P[Q P[MNT-
sV lTPTXVUXMCTUU�� w~� CMl[TRXTVX. 

�z�VjXM\ QRRhVNMCTUQc cChcVXRc P[VNP[QcXQV 
jMR\QWVRjMy MX[TRhQ TjxQMUV[UMV Mz�VRXCM «~UbM[- 
\TxQMUU�V RP_XUQjMC�V RQRXV\�» Q\VUQ TjTNV\QjT 
�. Z. wV�VXUµCT» (�� «~$$»), Mz[TlMCTUUMV C 1959 `., 

[TRPMhMsVUUMV C `. åVhVlUM`M[RjV {[TRUMc[RjM`M 
j[Tc, cChc��VVRc hQNV[M\ PM P[MQlCMNRXC_ jMR\QWV-
RjQ� TPPT[TXMC ({�) C wMRRQQ. �hc MjTlTUQc XVhVjM\-
\_UQjTxQMUU�� _Rh_` P[VNP[QcXQV P[MQlCMNQX `VM-
RXTxQMUT[U�V {� UT zTlV PcXQ jMR\QWVRjQ� PhTXbM[\: 
�$$-740, �$$-727, �$$-767, «³jRP[VRR-1000», 
«³jRP[VRR-2000». LM\Q\M uXM`M, C �� «~$$» RMlNT�X-
Rc \MN_hQ PMhVlUMy UT`[_ljQ Q xVhVCMy TPPT[TX_[�, 
zM[XMC�V jM\PhVjR� _P[TChVUQc, RQRXV\� uhVjX[MPQ-
XTUQc, M[QVUXTxQQ Q RXTzQhQlTxQQ, XV[\M[V`_hQ[MCT-
UQc, RQRXV\� UTCQ`TxQQ Q _P[TChVUQc NCQsVUQV\ UT 
M[zQXV, UTlV\U�V Q RP_XUQjMC�V TUXVUU�V _RX[MyRXCT 
Q RQRXV\�, C XM\ WQRhV zM[XMC�V RQRXV\�, MPXQjM-
uhVjX[MUU�V P[QzM[� M[QVUXTxQQ, zM[XMC�V P[QzM-
[�, _lh�, \V�TUQl\�, jMURX[_jxQQ, uhVjX[M[TNQMQl-
NVhQc, \TXV[QTh�, Th`M[QX\�, P[M`[T\\UMV MzVRPV-
WVUQV, UTlV\UTc TPPT[TX_[T PMX[VzQXVhc. �� «~$$» 
P[QUQ\ThM _WTRXQV C [VThQlTxQQ zMhVV WV\ 30 `MR_-
NT[RXCVUU�� jMR\QWVRjQ� P[M`[T\\ C MzhTRXQ RCclQ  
Q CV�TUQc, UTCQ`TxQQ, `VMNVlQQ Q UT_WU�� QRRhVNM-
CTUQy. ^�hM RP[MVjXQ[MCTUM, Ql`MXMChVUM Q lTP_�VUM 
PM[cNjT 50 [TlhQWU�� XQPMC {� Mz�Vy WQRhVUUMRXY� 
RC��V 1200, WXM P[VC��TVX WQRhVUUMRXY RMlNTUU�� 
{� h�zM`M P[MQlCMNQXVhc C \Q[V [1; 2]. 

�T`hcNU�\ PMjTlTXVhV\ PMhMsVUQc �� «~$$»  
UT \Q[MCM\ [�UjV Rh_sQX jMhQWVRXCM lTjTlMC, PMh_-
WVUU�� MRUMCU�\Q P[MQlCMNQXVhc\Q jMR\QWVRjQ� 
PhTXbM[\ lT PV[QMN R 2010 PM 2013 ``. (XTzh. 1) [2].  

vT PV[QMN R 2008 PM 2011 ``. �� «~$$» _NThMRY 
C�yXQ UT \VsN_UT[MNU�y [�UMj P[MQlCMNRXCT {�  
R NQUT\QjMy [TlCQXQc Q P[MNCQsVUQc P[MN_jxQQ – 
MNQU \VsN_UT[MNU�y jMUX[TjX C `MN, UM lT PMRhVNUQV 
WVX�[V `MNT jMhQWVRXCM lTjh�WVUU�� jMUX[TjXMC 
RUQlQhMRY NM MNUM`M lT NCT `MNT. �NUTjM, _WQX�CTc 
xQjhQWUMRXY lT\VU� {� C M[zQXThYU�� `[_PPQ[MC-
jT�, PMcChVUQV UMC�� RP_XUQjMC�� MPV[TXM[MC, RMl-
NTUQV UTxQMUThYU�� RP_XUQjMC�� RQRXV\ [TlhQWU�� 
RX[TU, _ �� «~$$» R_�VRXC_VX CMl\MsUMRXY _CVhQ-
WVUQc \VsN_UT[MNU�� jMUX[TjXMC NM X[V� C `MN P[Q 
RMMXCVXRXCQQ {� \VsN_UT[MNU�\ X[VzMCTUQc\ jTWV-
RXCT Q _RhMCQc\ C�PMhUVUQc jMUX[TjXMC, T XTjsV C�-
PMhUVUQQ [cNT RX[TXV`QWVRjQ� \V[MP[QcXQy, C XM\ 
WQRhV P[Q bM[\Q[MCTUQQ $�w~� [1–4]. 
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�Mhc jM\PTUQy UT \VsN_UT[MNUM\ [�UjV lT `MN, % 
�TlCTUQV 
jM\PTUQQ 2010 2011 2012 2013 

$[VNUcc NMhc  
jM\PTUQQ  

UT \VsN_UT[MNUM\ 
[�UjV, % 

Space System/Loral 33,35 25 26,92 35,70 30,24 
EADS Astrium 33,33 31,25 19,23 14,29 24,53 
Orbital Sciences 20 25 15,38 14,29 18,67 

Thales Alenia Space 6,66 6,25 15,38 14,29 10,65 
�� «~$$» 0 12,5 11,56 7,14 7,8 

Boeing 6,66 0 7,69 14,29 7,16 
Lokheed Martin 0 0 3,84 0 0,95 

 
*�TUU�V P[QCVNVU� Ql QRXMWUQjT [2]. 
 
��"'�"���#�� �%"�%�+�� ��"�#) "�/*��%�%�� 

�#%�����%*���#�! ���%���#��%�. �hc P[VNP[QcXQc 
jMR\QWVRjMy MX[TRhQ RX[TXV`Qc C RbV[V M�[TU� [V-
l_hYXTXMC QUXVhhVjX_ThYUMy NVcXVhYUMRXQ bM[\Q[_-
VXRc QR�MNc Ql MRUMCU�� RX[TXV`QWVRjQ� xVhVy Q NVy-
RXCQy [_jMCMNRXCT P[VNP[QcXQc Nhc Q� NMRXQsVUQc  
R _WVXM\ PTXVUXUM`M P[TCT. ZM[\Q[MCTUQV $�w~� 
PMlCMhQX RjM[[VjXQ[MCTXY UTP[TChVUQV [TlCQXQc, MzM-
lUTWQXY P[QM[QXVXU�V xVhQ Q C�[TzMXTXY MPXQ\ThY-
U�V \VXMN� Q� NMRXQsVUQc. wTlCQXQV P[VNP[QcXQc zVl 
WVXjM [Tl[TzMXTUUMy $�w~� _CVhQWQCTVX [QRjQ  
lTX[TX P[Q ChMsVUQQ C UVubbVjXQCU�V, \ThMlUTWQ\�V 
P[MVjX�. � PMhUMV MXR_XRXCQV P[TCMCMy M�[TU� RMl-
NTUU�� UT P[VNP[QcXQQ w~� P[QCMNQX j zVlCMl\VlN-
UM\_ Q� jMPQ[MCTUQ� Q MPV[VsVUQ� PTXVUXMCTUQc  
RM RXM[MU� jMUj_[VUXMC, WXM, C RCM� MWV[VNY, `[MlQX 
P[Vj[T�VUQV\ P[MQlCMNRXCT. ~Rjh�WQXVhYUMV P[TCM, 
jMXM[MV MzVRPVWQCTVX PTXVUX, P[VNMRXTChcVX PTXVUXM-
MzhTNTXVh� hV`ThYU_� \MUMPMhQ� UT QRPMhYlMCTUQV 
lTPTXVUXMCTUU�� w~�. 

�hc P[VNP[QcXQc jMR\QWVRjMy MX[TRhQ �� «~$$» 
bM[\Q[_VXRc NCV RX[TXV`QQ QUUMCTxQMUUM`M [TlCQXQc – 
CU_X[VUUV`M Q CUV�UV`M [�UjMC. LV[CTc – RX[TXV`Qc, 
PMlCMhc��Tc RM�[TUQXY Q _NV[sTXY XVj_�_� NM\Q-
UQ[_��_� PMlQxQ� UT UTxQMUThYUM\ [�UjV. KXM[Tc – 
RX[TXV`Qc QUXVURQCUM`M [MRXT, PMN[Tl_\VCT��Tc _CV-
hQWVUQV Mz�V\MC P[MNTs R C��MNM\ UT UMC�� lT[_-
zVsU�� lTjTlWQjMC Q PMRhVN_��Q\ _RQhVUQV\ PMlQ-
xQy C NMh`MR[MWUM\ PV[QMNV [2]. 

�RUMCU�V xVhQ P[Q bM[\Q[MCTUQQ $�w~� lTjh�-
WT�XRc C RhVN_��V\: 

– MzVRPVWVUQV `T[TUXQQ ujMUM\QWVRjMy zVlMPTRUM-
RXQ P[VNP[QcXQc; 

– MzVRPVWVUQV C�RMjMy jMUj_[VUXMRPMRMzUMRXQ 
P[MN_jxQQ P[VNP[QcXQc; 

– zhMjQ[MCTUQV C�CMNT UT [�UMj TUThM`QWUMy 
P[MN_jxQQ jMUj_[VUXMC; 

– jM\\V[xQThQlTxQc �~$. 
�RUMCU�\Q lTNTWT\Q $�w~� cChc�XRc: 
– bM[\Q[MCTUQV Q PMRhVNMCTXVhYUMV [TlCQXQV 

VNQUMy RQRXV\� M�[TU�, lT�QX� Q QRPMhYlMCTUQc 
w~� P[Q RMzh�NVUQQ P[QUcX�� UM[\ UT \VsN_UT-
[MNUM\ _[MCUV; 

– PMC��VUQV _[MCUc NVhMCMy [VP_XTxQQ; 
– MR_�VRXChVUQV X[TURbV[T XV�UMhM`Qy PMR[VNRX-

CM\ hQxVUlQMUUMy NVcXVhYUMRXQ; 

– P[VRVWVUQV UT[_�VUQy QRjh�WQXVhYU�� P[TC 
P[VNP[QcXQc. 

{ MRUMCU�\ P[QUxQPT\ bM[\Q[MCTUQc $�w~� 
MXUMRcXRc: 

– MzVRPVWVUQV MPXQ\ThYUM`M [VsQ\T M�[TU� w~�; 
– MzVRPVWVUQV \TjRQ\ThYUM`M M�CTXT P[TCMCMy M�-

[TUMy MRUMCU�� UTP[TChVUQy XV�UMhM`QQ P[MQlCMNRXCT; 
– P[VNMRXTChVUQV P[TCMCMy M�[TU� C�cChVUU�\ 

PTXVUXMRPMRMzU�\ w~� UT CRV� RXTNQc� sQlUVUUM`M 
xQjhT; 

– P[TCMCTc M�[TUT NMhsUT z�XY xVhVRMMz[TlUMy  
Q P[QUMRQXY ujMUM\QWVRj_� C�`MN_. 

{ MRUMCU�\ bTjXM[T\, ChQc��Q\ UT bM[\Q[MCT-
UQV RX[TXV`QQ M�[TU� w~�, lTjh�WVUU�� C C�P_R-
jTV\My P[MN_jxQQ, MXUMRcXRc: 

– lT�QXT UT_WUM-XV�UQWVRjQ� NMRXQsVUQy MX jMPQ- 
[MCTUQc; 

– `T[TUXQc PMh_WVUQc NM�MNT MX [VThQlTxQQ C�-
P_RjTV\My P[MN_jxQQ; 

– MRCMVUQV UMC�� [�UjMC; 
– XVUNVUxQQ [TlCQXQc P[MQlCMNRXCT TUThM`QWUMy 

P[MN_jxQQ. 
L[Q [VThQlTxQQ RX[TXV`QQ P[VNP[QcXQc jMR\QWV-

RjMy MX[TRhQ C RbV[V M�[TU� [Vl_hYXTXMC QUXVhhVj- 
X_ThYUMy NVcXVhYUMRXQ [Tl[TzMXTU� \V[� Q MRUMCU�V 
\V�TUQl\� Nhc NMRXQsVUQc PMRXTChVUU�� xVhVy  
Q lTNTW, UTP[TChVUU�V: 

ã UT RMlNTUQV zhT`MP[QcXUMy R[VN� Nhc XCM[WVRX-
CT, PMQRjT UMC�� UT_WUM-XV�UQWVRjQ� Q jMURX[_jXM[-
RjQ� [V�VUQy, [Vl_hYXTXM\ jMXM[�� cChcVXRc RMlNT-
UQV PTXVUXMRPMRMzU�� w~�; 

– P[MCVNVUQV ujRPV[XQl� PTXVUXMRPMRMzU�� w~� 
Nhc _CVhQWVUQc CV[McXUMRXQ PMh_WVUQc M�[TUUM`M 
NMj_\VUXT NM PMNTWQ lTcCjQ C PTXVUXUMV CVNM\RXCM; 

– P[VNMRXTChVUQV P[TCMCMy M�[TU� RX[TXV`QWVRjQ 
CTsU�\ Nhc P[VNP[QcXQc PTXVUXMRPMRMzU�\ w~�,  
C XM\ WQRhV lT [_zVsM\;  

– PMC��VUQV _[MCUc QlMz[VXTXVhYRjMy TjXQCUMRXQ 
R CMChVWVUQV\ UTQzMhY�V`M WQRhT RMX[_NUQjMC C QlM-
z[VXTXVhYRj_� NVcXVhYUMRXY; 

– bM[\Q[MCTUQV M[`TUQlTxQMUU�� \V�TUQl\MC CM-
ChVWVUQc w~� C �MlcyRXCVUU�y MzM[MX; 

– _WVX Q QUCVUXT[QlTxQc w~�, UT�MNc�Q�Rc UT zT-
hTURV P[VNP[QcXQc, Q Q� RXMQ\MRXUTc MxVUjT; 

– RMCV[�VURXCMCTUQV RQRXV\� PMM�[VUQc Q CMlUT-
`[TsNVUQc TCXM[MC PTXVUXMRPMRMzU�� w~�; 
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– P[MCVNVUQV TUThQlT XVUNVUxQy [TlCQXQc jMR\Q-
WVRjMy MX[TRhQ C \Q[V; 

– P[MCVNVUQV PTXVUXU�� Q \T[jVXQU`MC�� QRRhV-
NMCTUQy PM UTP[TChVUQc\ UT_WUM-XV�UQWVRjM`M [Tl-
CQXQc P[VNP[QcXQc; 

– RMCV[�VURXCMCTUQV CU_X[VUUQ� UM[\TXQCU��  
Q \VXMNQWVRjQ� NMj_\VUXMC P[VNP[QcXQc C RbV[V P[T-
CMCMy M�[TU� Q QRPMhYlMCTUQc �~$; 

– P[MCVNVUQV Mz_WVUQc Q PMC��VUQV jCThQbQjT-
xQQ RMX[_NUQjMC P[VNP[QcXQc C RbV[V PTXVUXMCVNV-
UQc Q [TxQMUThQlTxQQ. 

~UNQjTXM[T\Q [VThQlTxQQ $�w~� cChc�XRc: 
– MzVRPVWVUQV P[TCMy M�[TU� w~�, lTjh�WVUU��  

C P[MN_jxQQ P[VNP[QcXQc, UT XV[[QXM[QQ wMRRQQ  
Q lT [_zVsM\; 

– _CVhQWVUQV RXMQ\MRXQ TjXQCMC P[VNP[QcXQc; 
– [VThQlTxQc X[TURbV[T XV�UMhM`Qy PMR[VNRXCM\ 

P[MNTsQ hQxVUlQy. 
LMjTlTXVhc\Q P[Q bM[\Q[MCTUQQ QUNQjTXM[MC 

[VThQlTxQQ $�w~� cChc�XRc: 
– jMhQWVRXCM �~$, P[TCT UT jMXM[�V P[QUTNhVsTX 

P[VNP[QcXQ�; 
– jMhQWVRXCM Q RXMQ\MRXY UV\TXV[QThYU�� TjXQCMC 

(���), PMRXTChVUU�� UT zThTUR P[VNP[QcXQc; 
– jMhQWVRXCM lTjh�WVUU�� hQxVUlQMUU�� NM`MCM[MC. 
�����/�-�� �%"�%�+�� ��"�#) "�/*��%�%�� �#-

%�����%*���#�! ���%���#��%�. LMRXMcUU�y jMU-
X[MhY Q TUThQl NVcXVhYUMRXQ jMUj_[VUXMC PMlCMhQX 
CUVRXQ jM[[VjXQ[MCjQ C $�w~�, _WQX�CT��QV xVhQ 
PTXVUXMCTUQc Q [V`QMU� Rz�XT P[MN_jxQQ. wVThQlT-
xQc Q jM[[VjXQ[MCjT $�w~� MR_�VRXChcVXRc R _WV-
XM\ Ql\VUVUQc CUV�UQ� bTjXM[MC, XTjQ� jTj PTXVUX-
UMV, UThM`MCMV lTjMUMNTXVhYRXCM, P[TCQh z_�`ThXV[-
RjM`M _WVXT, T XTjsV QR�MNc Ql P[QCVNVUU�� TCXM[M\ 
TUThQlMC Q \V[MP[QcXQy: 

– MxVUjT XVj_�V`M RMRXMcUQc UT [�UjV jMR\QWV-
RjMy MX[TRhQ; 

– PTXVUXU�y TUThQl jMR\QWVRjMy MX[TRhQ (CUV�-
UQy PTXVUXU�y TUThQl); 

– CU_X[VUUQy PTXVUXU�y TUThQl �� «~$$»; 
– MXzM[ PTXVUXMRPMRMzU�� w~�, PMNhVsT�Q� P[T-

CMCMy M�[TUV; 
– C�zM[ RX[TU Q RQRXV\� PTXVUXMCTUQc. 
K UTRXMc�VV C[V\c CRV zMhY�VV WQRhM bQ[\ [Tl-

U�� RX[TU C��MNQX UT [�UMj jMR\QWVRjQ� P[MN_jXMC 
Q _Rh_`, jMXM[�y NTsV C PV[QMN \Q[MCM`M ujMUM\QWV-
RjM`M j[QlQRT P[MNMhsTVX NQUT\QWUM [TlCQCTXYRc  
Q MRXTCTXYRc jM\\V[WVRjQ C�`MNU�\ CQNM\ NVcXVhY-
UMRXQ, M WV\ RCQNVXVhYRXC_�X MxVUjQ Mz�V\T Q RX[_j-
X_[� [�UjT QRRhVNMCTXVhYRjQ� jM\PTUQy Euroconsult, 
Frost&Sullivan, Northern Sky Research Q Satellite 
Industry Association. �jMhM 30 RX[TU Q\V�X `MR_NT[RX-
CVUU�V jMR\QWVRjQV P[M`[T\\� Q [VThQl_�X Q�  

C jMUj[VXU�� R[VNRXCT�. 19 RX[TU MzhTNT�X P[MQlCMN-
RXCVUUMy Q UT_WUMy zTlMy, PMlCMhc��Vy Q\ [Tl[TzT-
X�CTXY Q P[MQlCMNQXY RMzRXCVUU�V jMR\QWVRjQV RQR-
XV\� [5–7]. 

K PV[QMN R 2001 PM 2013 ``. UT `VMRXTxQMUT[U_� 
M[zQX_ z�hM C�CVNVUM 245 jM\\V[WVRjQ� RP_XUQjMC 
RCclQ Q CV�TUQc. $XTXQRXQjT jM\PTUQQ Satellite 
Industry Association PMjTl�CTVX, WXM C jMUxV XX C.  
C R[VNUV\ C `MN C�CMNQhMRY UT M[zQX_ PM[cNjT 30 {�, 
UM C UTWThV XXI C. R[VNUV`MNMCTc UM[\T lTP_RjT RM-
RXTCQhT 17 {�. ~ �MXc UT NTUU�y \M\VUX UTzh�NTVX-
Rc XVUNVUxQc _CVhQWVUQc P[MQlCMNRXCT Q C�CVNVUQc 
{� UT `VMRXTxQMUT[U_� M[zQX_, NM RQ� PM[ M�_�TVX-
Rc NVbQxQX RP_XUQjMCMy µ\jMRXQ P[TjXQWVRjQ CM CRV� 
RX[TUT� \Q[T, R _CVhQWVUQV\ RXMQ\MRXQ T[VUN�  
Q P[Qz�hQ RP_XUQjMC�� MPV[TXM[MC [5; 8; 9]. 

�TQzMhVV PV[RPVjXQCU�\ UTP[TChVUQV\ P[MQlCMN-
RXCT {� cChc�XRc RP_XUQjQ RCclQ, XVhVCV�TUQc  
Q [VX[TURhcxQQ, PMR[VNRXCM\ jMXM[�� MjTl�CT�XRc 
XVhVjM\\_UQjTxQMUU�V _Rh_`Q [TNQMCV�TXVhYUMy  
Q bQjRQ[MCTUUMy RP_XUQjMC�� Rh_sz, RMlNTUU�V  
UT zTlV jMR\QWVRjQ� PhTXbM[\ R[VNUV`M Q XcsVhM`M 
jhTRRMC, C�CMNQ\�V UT `VMRXTxQMUT[U_� M[zQX_,  
UT jMXM[�V VsV`MNUM [TRXVX RP[MR _ RP_XUQjMC�� 
MPV[TXM[MC [TlhQWU�� RX[TU C RMMXCVXRXCQQ R [MRXM\ 
RP[MRT UT _Rh_`Q, P[VNMRXTChcV\�V NTUU�\Q XQPT\Q 
{�. K RCclQ R uXQ\ PMcChc�XRc UMC�V P[MQlCMNQXVhQ 
{�, _sVRXMWT��QV _RhMCQc jMUj_[VUxQQ [1–4; 10]. 

�UThQl NQUT\QjQ PTXVUXMCTUQc [Tl[TzMXMj Q XV�-
UMhM`Qy CVN_�Q\Q \Q[MC�\Q P[MQlCMNQXVhc\Q {� Q 
MzM[_NMCTUQc Nhc jMR\QWVRjMy MX[TRhQ z�h P[MCVNVU 
R _WVXM\ PMNjhTRRT B64G (jMR\MUTCXQjT, jMR\QWVRjQV 
jM[TzhQ Q Q� MzM[_NMCTUQV, C RMMXCVXRXCQQ R \VsN_-
UT[MNUMy PTXVUXUMy jhTRRQbQjTxQVy �L{-2015.01 
[11]). L[Q C�zM[V w~�, PMNhVsT�Q� P[TCMCMy M�[TUV 
C jMR\QWVRjMy MX[TRhQ, zMhY�V CUQ\TUQc _NVhcVXRc 
PTXVUXMCTUQ� UVPMR[VNRXCVUUM {� [TlhQWU�� XQPMC 
Q \MNQbQjTxQy, UVsVhQ MXNVhYU�\ T`[V`TXT\ Q MzM-
[_NMCTUQ�, Cjh�WVUU�\ C Q� RMRXTC. wVl_hYXTX� TUT-
hQlT P[VNRXTChVU� C XTzh. 2 [12], PM jMXM[�\ \MsUM 
R_NQXY M XVUNVUxQQ _CVhQWVUQc PTXVUXMCTUQc w~� 
jQXTyRjMy jM\PTUQVy, C XM C[V\c jTj N[_`QV jM\PT-
UQQ RUQsT�X uXQ PMjTlTXVhQ. 

�TUU�V XTzh. 3 `MCM[cX M XM\, WXM PTXVUXMCTUQV 
RMzRXCVUU�� [Tl[TzMXMj lT[_zVsU�� jM\PTUQy C jMR-
\QWVRjMy MX[TRhQ UT XV[[QXM[QQ wMRRQQ UVlUTWQXVhY-
UM, Q C MRUMCUM\ P[TCMMzhTNTXVhc\Q cChc�XRc CVN_-
�QV \Q[MC�V hQNV[� PM P[MQlCMNRXC_ {�. ~l Mz�V`M 
jMhQWVRXCT PTXVUXMC PMNjhTRRT B64G C \Q[V UT NMh� 
[MRRQyRjQ� P[TCMMzhTNTXVhVy P[Q�MNQXRc 14 % (2870 
Ql 19848). ~R�MNc Ql lUTWVUQy XTzh. 4, �� «~$$» 
lTUQ\TVX CXM[_� PMlQxQ� C X[MyjV hQNV[MC PM PTXVU-
XMCTUQ� w~� C jMR\QWVRjMy MX[TRhQ wMRRQQ [12]. 
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{MhQWVRXCM PMh_WVUU�� PTXVUXMC C `MN, �X �TQ\VUMCTUQV 
jM\PTUQQ 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 

EADS Astrium 11 26 23 12 7 – – – – 1 – – 
Thales Alenia Space 5 4 5 3 17 10 9 7 18 11 14 – 
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{MhQWVRXCM PMh_WVUU�� PTXVUXMC C `MN, �X �TQ\VUMCTUQV 
jM\PTUQQ 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 

Boeing 27 34 21 10 22 17 11 13 11 15 15 – 
Lokheed Martin 24 8 9 7 4 5 1 4 2 1 1 – 

Space System/Loral – – – – – – 2 – 1 1 1 – 
NEC 2 1 – – – 2 1 1 1 3 2 – 

Shanghai satellite 
engineering institute – – – – – – – – 1 6 13 39 

 
*�TUU�V P[QCVNVU� Ql QRXMWUQjT [12]. 
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�TQ\VUMCTUQV 
jM\PTUQQ 

EADS 
Astrium CNES Boeing Thales Alenia 

Space 
Space System/ 

Loral Blue origin Hughes 
electronics 

$X[TUT Z[TUxQc, 
JV[\TUQc Z[TUxQc $Í� Z[TUxQc $Í� $Í� $Í� 

{MhQWVRXCM 
PTXVUXMC, �X 14 10 7 6 3 2 2 

 
*�TUU�V P[QCVNVU� Ql QRXMWUQjT [12]. 
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¨  
P/P �TQ\VUMCTUQV jM\PTUQQ {MhQWVRXCM PTXVUXMC, �X 

1 ��� «w{{ «³UV[`Qc» Q\VUQ $. L. {M[MhVCT» 282 
2 �� «~$$» Q\VUQ TjTNV\QjT �. Z. wV�VXUµCT» 123 
3 J{�LÇ Q\VUQ �. K. Ë[_UQWVCT 102 
4 ��� «JwÇ Q\VUQ K. L. �TjVVCT» 49 
5 �L� Q\VUQ $. �. �TCMWjQUT 43 
6 Ç${^ «L[M`[VRR» 30 
7 ZJkL Ç�~~\T� 29 
8 ZJkL ��{^ «�T[R» 23 
9 v�� «{^ «LMhVX» 21 

10 ��� «vCVlNT» 20 
11 {^ Mz�V`M \T�QUMRX[MVUQc Q\VUQ K. L. ^T[\QUT 17 
12 �LÇ «LMh�R» 14 
13 �\RjQy `MR_NT[RXCVUU�y XV�UQWVRjQy _UQCV[RQXVX 14 
14 {^ «$��Êq» 13 
15 ��� «KL{ «�L� \T�QUMRX[MVUQc» 13 
16 KMh`M`[TNRjQy `MR_NT[RXCVUU�y XV�UQWVRjQy _UQCV[RQXVX 12 
17 KMVUUM-jMR\QWVRjTc TjTNV\Qc Q\VUQ �MsTyRjM`M 11 
18 ZJkL �L� «q©Ë����Í» 11 
19 ~URXQX_X \VNQjM-zQMhM`QWVRjQ� P[MzhV\ w�� 10 
20 {^ «�[RVUTh» Q\VUQ �. K. Z[_UlV 9 
21 {^ X[TURPM[XUM`M \T�QUMRX[MVUQc 9 
22 �VXUM-QRRhVNMCTXVhYRjQy QURXQX_X Q\VUQ �. �. J[M\MCT 9 
23 ��~ 9 
24 ��� «wMRRQyRjQV jMR\QWVRjQV RQRXV\�» 9 
25 �L� P[QjhTNUMy \V�TUQjQ 8 
26 ZJkL L� «LMhVX» 8 
27 ��� «{M[PM[TxQc «�MRjMCRjQy QURXQX_X XVPhMXV�UQjQ» 7 
28 v�� «�L� jMR\QWVRjM`M P[QzM[MRX[MVUQc» 6 
29 ZJkL Ç³�{~ 6 
30 KMVUUTc TjTNV\Qc wK$� Q\VUQ LVX[T KVhQjM`M 5 
31 {QVCRjQy PMhQXV�UQWVRjQy QURXQX_X 5 
32 �L� «³UV[`Qc» Q\VUQ TjTNV\QjT $. L. {M[MhVCT 5 
33 ��� «��LL «qV�UMhM`Qc» 5 
34 LVXV[z_[`RjQy `MR_NT[RXCVUU�y _UQCV[RQXVX P_XVy RMMz�VUQc 5 
 
*�TUU�V P[QCVNVU� Ql QRXMWUQjT [12]. 



 
 
 

������� ������. ��� 17,  � 1 
 

 236

�T NTUU�y \M\VUX hQNV[T\Q [�UjT \Q[MCMy jMR-
\QWVRjMy MX[TRhQ cChc�XRc {QXTy Q $Í�, TjXQCUM 
P[MCMNc�QV P[MxVN_[� P[TCMCMy M�[TU� w~� P[Q 
P[MCVNVUQQ �~�{w. ^MhVV PMhMCQU� CRV� \Q[MC�� 
lTcCMj UT �~$ z�hQ PMNTU� C {QXTV (32,1 % MX Mz-
�V\Q[MCM`M Mz�V\T) Q $Í� (22,3 %) [13; 14]. L[TCQ-
XVhYRXCM\ {QXTc PMRXTChVUT lTNTWT MR_�VRXChVUQc 
P[MVjXT UTxQMUThYUMy RX[TXV`QQ C MzhTRXQ QUXVhhVj-
X_ThYUMy RMzRXCVUUMRXQ, T XTjsV C M[`TUQlTxQQ P[M-
\��hVUUMRXQ Q P[MQlCMNRXCT P[MN_jXMC, MRUMCTUU�� 
UT QUXVhhVjX_ThYUMy RMzRXCVUUMRXQ. LM\Q\M uXM`M 
RXTCQXRc lTNTWT _RQhVUQc PMNNV[sjQ XM[`MC�� P[VN-
P[QcXQy XTjQ\ Mz[TlM\, WXMz� PMh_WQXY P[TCT UT QU-
XVhhVjX_ThYU_� RMzRXCVUUMRXY C lT[_zVsU�� RX[TUT� 
[15–17].  

kWQX�CTc QUXV[VR �� «~$$» j [V`QMU_ xVUX[ThY-
UMy ©C[TlQQ, TCXM[M\ z�h P[MCVNVU TUThQl MXWVXT 
©C[TlQyRjMy PTXVUXUMy M[`TUQlTxQQ, P[Q jMXM[M\ 
MzUT[_sQhMRY, WXM UTQzMhY�VV jMhQWVRXCM VC[TlQy-
RjQ� lTcCMj UT QlMz[VXVUQc z�hM PMNTUM, jTj Q C P[V-
N�N_�QV `MN�, lTcCQXVhc\Q Ql $MVNQUVUU�� ÍXTXMC 
�\V[QjQ – 779 lTcCMj, WXM RMRXTChcVX 22,7 % MX CRV� 
PMNTUU�� C ©C[TlQyRjMV PTXVUXUMV CVNM\RXCM lTcCMj 
[18]. LM\Q\M uXM`M, P[Q PMQRjV PTXVUXMC C PMNjhTRRV 
B64G C ©C[TlQyRjM\ RV[CV[V P_zhQjTxQy [19] z�hM 
MzUT[_sVUM CRV`M 27 NMj_\VUXMC, WXM RCQNVXVhYRXC_VX 
M UQljMy TjXQCUMRXQ PTXVUXMCTUQc w~� jMR\QWVRjMy 
MX[TRhQ C NTUUM\ [V`QMUV. 

KUV�UQy PTXVUXU�y TUThQl PMjTlTh: 
– P[TjXQWVRjQ PMhUMV MXR_XRXCQV PTXVUXMCTUQc lT 

[_zVsM\ w~� MXVWVRXCVUU�� P[VNP[QcXQy jMR\QWV-
RjMy MX[TRhQ; 

– UQlj_� PTXVUXU_� TjXQCUMRXY QUMRX[TUU�� 
P[VNP[QcXQy C wMRRQQ; 

– UQlj_� NMh� `[_PP [TlNVhMC �L{: H Q G, RM-
NV[sT�Q� QlMz[VXVUQc C MzhTRXQ uhVjX[MUQjQ, _P[TC-
hVUQc Q QUbM[\TxQMUU�� XV�UMhM`Qy; 

– UThQWQV CRV`M 27 P_zhQjTxQy VC[TlQyRjQ� PTXVU- 
XMC Q lTcCMj UT QlMz[VXVUQc C PMNjhTRRV B64G; 

– �� «~$$» lTUQ\TVX CXM[_� hQNQ[_��_� PMlQ-
xQ� C wMRRQQ P[Q PTXVUXMCTUQQ w~� C PMNjhTRRV 
B64G [12; 20]. 

L[MCVNVUU�y TCXM[M\ CU_X[VUUQy PTXVUXU�y TUT-
hQl PMjTlTh, WXM CRV`M 30 % lTPTXVUXMCTUU�� w~� 
(QlMz[VXVUQc, PMhVlU�V \MNVhQ, P[M\��hVUU�V Mz-
[Tlx�), RMlNTUU�� C �� «~$$», CUVN[VU� C P[MQl-
CMNRXCM, X. V. QRPMhYl_�XRc (XTzh. 5). �hc R[TCUVUQc, 
PM RXTXQRXQWVRjQ\ NTUU�\ lT PV[QMN R 2009 PM 2013 ``., 
P[VNMRXTChVUU�\ wMRPTXVUXM\ M [V`QRX[TxQQ Q QR-
PMhYlMCTUQQ w~�, C wMRRQQ QRPMhYl_VXRc 6 % lTPT-
XVUXMCTUU�� w~� (QlMz[VXVUQc, PMhVlU�V \MNVhQ, 
P[M\��hVUU�V Mz[Tlx� (XTzh. 6) [21]). $hVNMCTXVhY-
UM, 70 % RMRXMc�Q� UT zThTURV P[VNP[QcXQc �~$ C 
jTWVRXCV ��� P[QUMRcX _z�XjQ, Q Q� PMNNV[sTUQV  
UT CVRY R[Mj NVyRXCQc PTXVUXMC (20 hVX) UVxVhVRMMz-
[TlUM, PMuXM\_ UT P[VNP[QcXQQ _RXTUMChVU R[Mj PMN-
NV[sTUQc PTXVUXMC C XVWVUQV RV\Q hVX, PM QRXVWVUQQ 
jMXM[M`M CMP[MR M xVhVRMMz[TlUMRXQ PMNNV[sTUQc  
C RQhV [TRR\TX[QCTVXRc C QUNQCQN_ThYUM\ PM[cNjV. 
LM\Q\M uXM`M, lTX[TX� QN_X UT P[MxVN_[_ PTXVUXMCT-
UQc Q CMlUT`[TsNVUQV lT QlMz[VXTXVhYRj_� NVcXVhY-
UMRXY. 

 
����'� 5 

��#�'��� 0�%�#%���#�� � �#��"�#�� �
� � �� «
��» /� 0�"��� � 2003 0� 2014 ++.* 
 

LV[QMN R 2003 PM 2014 ``. 
{MhQWVRXCM w~�, �X 

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 

LMNTUM lTcCMj  
UT PMh_WVUQV PTXVUXT, 33 15 36 32 59 65 54 47 77 56 87 47 

~l UQ�:             
PMh_WVUM PTXVUXMC 31 14 34 31 57 63 48 43 69 43 6 – 
MXjTl C C�NTWV 2 1 2 1 2 1 5 4 5 2 – – 
UT ujRPV[XQlV C wMRPTXVUXV – – – – – – – – 1 10 71 47 
CUVN[VUM 11 3 18 10 15 17 14 18 19 8 2 – 
 
$XMQ\MRXY UV\TXV[QThYU�� TjXQCMC MxVUQCTVXRc PM lTX[TXUM\_ \VXMN_ [22]. 
 

����'� 6 
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LV[QMN R 2009 PM 2013 ``. 
{MhQWVRXCM w~�, �X 

2009 2010 2011 2012 2013 
¹QRhM NVyRXC_��Q� PTXVUXMC (QlMz[VXV-
UQc, PMhVlU�V \MNVhQ, P[M\��hVUU�V 
Mz[Tlx�), CRV`M 

240 835 259 698 236 729 254 891 272 641 

~RPMhYlMCTUQV M�[TUcV\�� w~� (QlM-
z[VXVUQc, PMhVlU�V \MNVhQ, P[M\��-
hVUU�V Mz[Tlx�), CRV`M 

15 874 1 750 17 137 18 247 19 529 

 
*�TUU�V P[QCVNVU� Ql QRXMWUQjT [21]. 
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�CXM[ RWQXTVX, WXM MXzM[ w~�, RMlNTUU��  
C �� «~$$», PMNhVsT�Q� PTXVUXMCTUQ�, UVMz�MNQ\M 
P[MCMNQXY R _WVXM\ PhTUMC PM C�P_Rj_ P[MN_jxQQ, 
MP[VNVhVUU�� XV�UMhM`QWVRjMy PhTXbM[\My «�TxQM-
UThYUTc QUbM[\TxQMUUTc RP_XUQjMCTc RQRXV\T» (qL 
«�~$$»), C [Vl_hYXTXV [VThQlTxQQ jMXM[�� �� «~$$» 
NMhsUM NMRXQ`U_XY jMUj_[VUXUMy PMlQxQQ PM MRUMC-
U�\ UTP[TChVUQc\ NVcXVhYUMRXQ: [Tl[TzMXjT Q Ql`M-
XMChVUQV TCXM\TXQWVRjQ� {�, PhTXbM[\ {� Q \MN_-
hVy PMhVlU�� UT`[_lMj, RQRXV\ (PMNRQRXV\) {� 
(Cjh�WT��Q� zM[XMC_� [TNQMuhVjX[MUU_� TPPT[T-
X_[_, uhVjX[M\V�TUQWVRjQV _RX[MyRXCT, TUXVUU�,  
TUXVUUM-bQNV[U�V _RX[MyRXCT Q N[.) [2]. 

�RUMCU�V j[QXV[QQ MXzM[T w~�, PMNhVsT�Q�  
PTXVUXMCTUQ�: 

1. LTXVUXUMRPMRMzUMRXY w~�, lTjh�WT��TcRc: 
– C TzRMh�XUMy \Q[MCMy UMCQlUV (C XM\ WQRhV PT-

XVUXUTc WQRXMXT C [V`QMUV R P[VNPMhT`TV\My [VThQlT-
xQVy P[MN_jxQQ); 

– QlMz[VXTXVhYRjM\ _[MCUV; 
– P[M\��hVUUM\ P[Q\VUVUQQ. 
2. vUTWQ\MRXY XV�UQWVRjM`M [V�VUQc C Mz�VjXV 

XV�UQjQ. 
3. {MUj_[VUXMRPMRMzUMRXY. $PMRMzUMRXY w~� P[Q- 

UVRXQ ujMUM\QWVRj_� C�`MN_, UV _RX_PTXY TUThM`QW-
U�\ Mz�VjXT\ PM RMCMj_PUMRXQ PMX[VzQXVhYRjQ� 
RCMyRXC P[Q UQljMy xVUV Q PMhYlMCTXYRc RP[MRM\ [23]. 

4. KMl\MsUMRXY jMUX[Mhc lT P[TCM\V[UMRXY� QR-
PMhYlMCTUQc lTPTXVUXMCTUU�� w~�. L[Q UVCMl\MsUM-
RXQ jMUX[Mhc QRPMhYlMCTUQc w~� V`M PTXVUXMCTUQV 
UVxVhVRMMz[TlUM, XTj jTj [TRj[MVX QUbM[\TxQ�,  
UM XTjQV w~� \M`_X RXTXY Mz�VjXT\Q zVRPTXVUXU�� 
hQxVUlQy Q RM�[TUcXYRc C XTyUV C CQNV UM_-�T_. {MU-
X[MhY lT P[TCM\V[UMRXY� QRPMhYlMCTUQc \MsVX z�XY 
MR_�VRXChVU bQ[\My-hQxVUlQTXM\, j_PQC�Vy hQxVU-
lQ� UT QRPMhYlMCTUQV �~$, T XTjsV UM_-�T_ [23]. 

L[Q MXzM[V w~� Nhc PTXVUXMCTUQc R xVhY� hQxVU-
lQMUUMy (jM\\V[WVRjMy) NVcXVhYUMRXQ UVMz�MNQ\M 
_WQX�CTXY RXVPVUY `MXMCUMRXQ Mz�VjXT j P[M\��hVU-
UM\_ MRCMVUQ�. LM\Q\M uXM`M, UVMz�MNQ\M _zVNQXY-
Rc, WXM w~� \MsUM QRPMhYlMCTXY C MP[VNVhVUU�� 
RX[TUT� zVl P[QMz[VXVUQc hQxVUlQQ, UV UT[_�Tc P[TC 
N[_`Q�. K�RMjQy jM\\V[WVRjQy PMXVUxQTh RMlNTUU�� 
UT MRUMCV w~� XV�UMhM`Qy QhQ Mz�VjXT XV�UQjQ cChc-
VXRc MNUQ\ Ql CTsUVy�Q� PMjTlTXVhVy P[Q MXzM[V 
[Tl[TzMXjQ Nhc PTXVUXMCTUQc. { PTXVUXMCTUQ� RhVN_-
VX [VjM\VUNMCTXY [Tl[TzMXj_, jMXM[Tc MzVRPVWQCTVX 
CMl\MsUMRXY [VThQlTxQQ Mz�VjXT PM xVUV, UQsV xVU� 
TUThM`QWU�� Mz�VjXMC, Q\V��Q� RMCPTNT��QV jTWV-
RXCVUU�V Q XV�UQWVRjQV �T[TjXV[QRXQjQ, P[Q uXM\ 
P[VNPMhT`TVXRc C�RMjTc V\jMRXY [�UjT, M�CTX�CT�-
�V`M UVRjMhYjM RX[TU [24]. 

KVN_�QV \Q[MC�V RP_XUQjMC�V MPV[TXM[� hQzM 
P[MQlCMNcX {� RT\MRXMcXVhYUM, hQzM PMR[VNRXCM\ 
RhQcUQc Q PM`hM�VUQc P[MQlCMNQXVhVy {�, hQzM lT-
jh�WT�X UMC�V jMUX[TjX� R lT[VjM\VUNMCTC�Q\Q 
jM\PTUQc\Q, R jMXM[�\Q _sV RhMsQhQRY NMh`MR[MW-
U�V ClTQ\MMXUM�VUQc. �XR�NT RhVN_VX, WXM R_�VRX-
C_VX jMURV[CTXQCUMRXY, M`[TUQWQCT��Tc C�MN UT NTU-
U�y [�UMj, Q _ P[VNP[QcXQy wMRRQQ P[TjXQWVRjQ UVX 
�TURMC UT _RXTUMChVUQV NMh`MR[MWU�� MXUM�VUQy  
R \Q[MC�\Q hQNV[T\Q (Intelsat, SES Q Eutelsat), Mz-

Rh_sQCT��Q\Q C MRUMCUM\ $VCV[U_� �\V[Qj_ Q vT-
PTNU_� ©C[MP_. LM\Q\M uXM`M, R xVhY� lT�QX� UT-
xQMUThYU�� PMlQxQy RX[TUT\Q ©$ Q $Í� P[VNP[Q-
UQ\T�XRc PMP�XjQ M`[TUQWVUQc NVcXVhYUMRXQ P[VN-
P[QcXQy wMRRQyRjMy ZVNV[TxQQ PMR[VNRXCM\ CCMNT 
RTUjxQy. kWQX�CTc NTUU�V bTjXM[�, xVhVRMMz[TlUM 
RMR[VNMXMWQXYRc UT N[_`Q� [V`QMUT�: �TXQURjMy �\V-
[QjV, �b[QjV Q MRMzVUUM xVUX[ThYUMy ©C[TlQQ, `NV 
R_�VRXC_VX XVUNVUxQc _CVhQWVUQc RP[MRT UT {�, 
P[VNUTlUTWVUU�V Nhc MjTlTUQc XVhVjM\\_UQjTxQMU-
U�� _Rh_`, C WTRXUMRXQ bQjRQ[MCTUUMy RP_XUQjMCMy 
Rh_sz�. {[M\V XM`M, \UM`QV RX[TU� C NTUU�� [V`QM-
UT� RX[V\cXRc j RMlNTUQ� UTxQMUThYU�� RP_XUQjM-
C�� RQRXV\ zVl lTCQRQ\MRXQ MX CVN_�Q� RP_XUQjMC�� 
MPV[TXM[MC [1–4; 10]. 

kNV[sTUQV PMlQxQy UT R_z[V`QMUThYUM\ [�UjV 
xVUX[ThYUMy ©C[TlQQ Nhc �� «~$$» cChcVXRc MNUMy 
Ql RX[TXV`QWVRjQ� lTNTW [TlCQXQc. ÇVUX[ThYUTc ©C[T-
lQc M�CTX�CTVX RX[TU� xVUX[ThYUM- Q CMRXMWUM-
VC[MPVyRjM`M [V`QMUT, wMRRQ�, `MR_NT[RXCT {TCjTlT  
Q ÇVUX[ThYUMy �lQQ. LMRhV P[MNTsQ {� KazSat-3, 
RMlNTUUM`M Nhc {TlT�RXTUT, �� «~$$» _j[VPQhM RCMQ 
PMlQxQQ UT [�UjV zhQsUV`M lT[_zVsYc. K RCclQ  
R uXQ\, T XTjsV R xVhY� lT�QX� QUXV[VRMC �� «~$$», 
xVhVRMMz[TlUM MR_�VRXChVUQV P[TCMCMy M�[TU� w~� 
UT XV[[QXM[QQ `MR_NT[RXC – _WTRXUQjMC ©C[TlQyRjMy 
PTXVUXUMy jMUCVUxQQ PM ©C[TlQyRjMy PTXVUXUMy RQR-
XV\V. 

�UThQl lTX[TX UT PMNTW_ \VsN_UT[MNUMy lTcCjQ  
PM ©C[TlQyRjMy PTXVUXUMy RQRXV\V PMjTl�CTVX UVlUT-
WQXVhYU_� [TlUQx_ R lTX[TXT\Q PM UTxQMUThYUMy RQR-
XV\V, jMXM[Tc QRPMhYl_VXRc �� «~$$» C NTUU�y \M-
\VUX Q NVyRXC_VX XMhYjM UT XV[[QXM[QQ wMRRQyRjMy 
ZVNV[TxQQ. L[QWV\ lTX[TX�, RCclTUU�V R lT[_zVsU�\ 
PTXVUXMCTUQV\, PM RQRXV\V PCT P[VC��T�X C 1,6 [TlT 
_sV UT \VsN_UT[MNUMy bTlV. �z�Tc R_\\T lTX[TX 
(\VsN_UT[MNUTc Q UTxQMUThYUTc bTl�) PM RQRXV\V 
PCT z_NVX P[VC��TXY lTX[TX� P[Q QRPMhYlMCTUQQ 
UTxQMUThYUMy RQRXV\� P[Q\V[UM C 5 [Tl. qTjsV P[Q 
QRPMhYlMCTUQQ ©C[TlQyRjMy PTXVUXUMy RQRXV\� \Ms-
UM _CVhQWQXY XV[[QXM[Q� NVyRXCQc P[TCMCMy M�[TU� 
[Vl_hYXTXMC QUXVhhVjX_ThYUMy NVcXVhYUMRXQ �� «~$$», 
XV\ RT\�\ PMNUcXY P[VRXQs M[`TUQlTxQQ, WXM PMhM-
sQXVhYUM MX[TlQXRc P[Q _WTRXQQ C XVUNV[T�, T XTjsV 
NTRX UTWThM hQxVUlQMUUMy NVcXVhYUMRXQ UT \VsN_UT-
[MNUM\ _[MCUV. kWQX�CTc lMU_ M�CTXT XV[[QXM[QQ 
zhQsUV`M lT[_zVsYc, _P[M�VUU_� P[MxVN_[_ PMNTWQ 
PTXVUXU�� lTcCMj MNUMC[V\VUUM C UVRjMhYjM RX[TU,  
T XTjsV RXMQ\MRXY, [VjM\VUN_VXRc C�z[TXY ©C[TlQy-
Rj_� PTXVUXU_� RQRXV\_. 

����^3�#��. ³bbVjXQCUTc jMR\QWVRjTc NVcXVhY-
UMRXY cChcVXRc NCQ`TXVhV\ QUUMCTxQMUUM`M [TlCQXQc 
ujMUM\QjQ, RMlNT��Q\ UMC�V UT_WU�V Q XV�UMhM`Q-
WVRjQV UTP[TChVUQc Q XV�UQWVRjQV NMRXQsVUQc.  
$MC[V\VUU�V XV\P� [TlCQXQc X[Vz_�X [Tl[TzMXjQ 
jMUj[VXU�� M[`TUQlTxQMUU�� NVyRXCQy PM C�[TzMXjV 
RX[TXV`Qy R TUThQlM\ P[MzhV\ C M�[TUV Q lT�QXV UT-
_WUM-XV�UQWVRjM`M lTNVhT, [TRRWQXTUU�� UT NMh`M-
R[MWU_� PV[RPVjXQC_. LMuXM\_, _WQX�CTc MRUMCU�V 
xVhQ RX[TXV`QQ P[VNP[QcXQc jMR\QWVRjMy MX[TRhQ  
C MzhTRXQ QUUMCTxQMUUM`M [TlCQXQc, XTjQV jTj RM�[T-
UVUQV hQNQ[_��Q� PMlQxQy UT CU_X[VUUV\ [�UjV  
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[TR�Q[VUQV `VM`[TbQQ P[MNTs R C��MNM\ UT \Q[MCMy 
[�UMj, RbM[\Q[MCTUT RX[TXV`Qc M�[TU� [Vl_hYXTXMC 
QUXVhhVjX_ThYUMy NVcXVhYUMRXQ, [VThQlTxQc jMXM[My, 
PMR[VNRXCM\ _P[TChVUQc PTXVUXU�\Q P[TCT\Q R jM\-
PhVjXMCTUQV\ PTXVUXUM`M PM[XbVhc, MzVRPVWQX jMUj_-
[VUXU�V P[VQ\_�VRXCT C jMR\QWVRjMy MX[TRhQ. �R_-
�VRXChVUQV RX[TXV`QQ C RbV[V M�[TU� [Vl_hYXTXMC 
QUXVhhVjX_ThYUMy NVcXVhYUMRXQ MzVRPVWQX \TjRQ-
\ThYUMV RM�[TUVUQV jMUbQNVUxQThYUMy QUbM[\TxQQ 
C XTyUV, T XTjsV PMlCMhQX PMh_WQXY RhVN_��_� C�`M-
N_ MX PTXVUXMCTUQc, C XM\ WQRhV lT [_zVsM\: 

– M�[TUT P[M[�CU�� XV�UMhM`Qy R UVlUTWQXVhY-
U�\Q QlNV[sjT\Q; 

– CMl\MsUMRXY CVNVUQc zQlUVRT UT \MUMPMhYU�� 
UTWThT�; 

– zMhVV C�RMjTc jMUj_[VUXMRPMRMzUMRXY P[MN_j-
xQQ Q _Rh_`, MzVRPVWQCT��QV \TjRQ\ThYU�y RP[MR  
Q Mz�V\� [VThQlTxQQ; 

– _RXTUMChVUQV \MUMPMhYUM C�RMjQ� xVU UT P[M-
N_jxQ� Q _Rh_`Q; 

– CMl\MsUMRXY P[MNTsQ PTXVUXMC Q hQxVUlQy; 
– \TjRQ\ThYU�V Mz�V\� P[MNTs Ql-lT MXR_XRXCQc 

jMUj_[VUXMC; 
– X[TURbV[ XV�UMhM`Qy UT \VsN_UT[MNUM\ _[MCUV; 
– jTPQXThQlTxQc �~$ Q z�RX[�y [MRX RXMQ\MRXQ 

jM\PTUQQ lT RWVX UV\TXV[QThYU�� TjXQCMC. 
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The article discusses the experience of implementing the program-target approach in public administration of socio-

economic development of countries such as USA, France, Japan, and China. The authors summarized international 
experience and recommendations for use of this experience in the region of the material orientation – Krasnoyarsk 
region, analyzes the advantages and disadvantages of program-target approach in the context of its implementation  
in Russia. 
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The subject of the study, the results of which are reflected in this material is management relations arising in the 
implementation of targeted programs for socio-economic development in different countries. 

The purpose of this article is to make recommendations on the implementation of program-target approach in public 
administration socio-economic development of the Krasnoyarsk territory and other regions of Russia, with similar 
specific features. 

Theoretical and methodological basis of the research, the results of which are reflected in the article, was the 
fundamental works of foreign and domestic authors in the theory and practice of realization of target programs of 
social and economic development. 

The study showed that today in Krasnoyarsk region the experience of the leading countries in the implementation of 
program-target approach in terms of the formation programs and in the search for sources of funding can be 
successfully applied. It should be noted that to date the positive experience of the implementation of targeted program 
on the territory of Krasnoyarsk region has in the aerospace industry. 

In conclusion, recommendations for the implementation of program-target approach in the process of public 
administration of socio-economic development of Krasnoyarsk region, taking into account the specific characteristics 
of the region are given. The results of the study will serve as a basis for creating effective targeted programs for socio-
economic development of the Krasnoyarsk region and can be used in the formation of mechanisms of state management 
of social and economic development of other regions of the material orientation. 

 
Keywords: governance, program and target approach, the socio-economic development, sources of funding, 

industry.  
 
�����#��. K UTRXMc�VV C[V\c RMxQThYUM-ujMUM\Q- 

WVRjMV [TlCQXQV [V`QMUMC U_sNTVXRc C C�[TzMXjV ub-
bVjXQCU�� QURX[_\VUXMC `MR_NT[RXCVUUM`M _P[TChV-
UQc RMxQThYUM-ujMUM\QWVRjQ\ [TlCQXQV\, PMRjMhYj_ 
[�UMWU�V \V�TUQl\� [V`_hQ[MCTUQc UV \M`_X MzVR-
PVWQXY PMRX_PTXVhYUMV _RXMyWQCMV RMxQThYUM-
ujMUM\QWVRjMV [TlCQXQV. �RMzVUUM MRX[M NTUUTc XVU-
NVUxQc P[McChcVXRc C [V`QMUT� R�[YVCMy RPVxQThQlT-
xQQ, `NV UTzh�NTVXRc UVRzThTURQ[MCTUUTc RX[_jX_[T 
P[M\��hVUUM`M RVjXM[T, NMRXTXMWUM _RPV�UMV [TlCQ-
XQV NMz�CT��Q� MX[TRhVy P[Q MXRXTCTUQQ MX[TRhVy 
C�RMjQ� PV[VNVhMC Q QUUMCTxQMUU�� P[MQlCMNRXC.  
{ XTjQ\ [V`QMUT\ MXUMRQXRc Q [TRR\TX[QCTV\�y  
C NTUUMy RXTXYV {[TRUMc[RjQy j[Ty. 

K jTWVRXCV P[QM[QXVXU�� UTP[TChVUQy `MR_NT[RX-
CVUUM`M _P[TChVUQc C [V`QMUT�, MzhTNT��Q� C�[T-
sVUUMy R�[YVCMy UTP[TChVUUMRXY�, \MsUM UTlCTXY: 

– RXQ\_hQ[MCTUQV UT_jMV\jQ� Q QUUMCTxQMUU�� 
P[MQlCMNRXC, RXQ\_hQ[MCTUQV [TlCQXQc MX[TRhVy P[M-
\��hVUUMRXQ, P[MN_jxQc jMXM[�� �T[TjXV[Ql_VXRc 
C�RMjQ\ XVj_�Q\ hQzM P[M`UMlQ[_V\�\ RP[MRM\  
UT CU_X[VUUV\ Q CUV�UV\ [�UjT�; 

– \TR�XTzUTc NQCV[RQbQjTxQc P[M\��hVUUM`M 
RVjXM[T [V`QMUT, bM[\Q[MCTUQV MX[TRhVCMy RX[_jX_[� 
[V`QMUThYUMy ujMUM\QjQ, MRUMCTUUMy UT Mz[TzTX�-
CT��Q� RVjXM[T�, QUUMCTxQMUU�� Q C�RMjMXV�UMhM-
`QWU�� P[MQlCMNRXCT�; 

– [TlCQXQV QUb[TRX[_jX_[U�� UTP[TChVUQy (X[TUR- 
PM[X, RCclY, NM[MsUMV �MlcyRXCM, UT_WUTc Q Mz[TlMCT-
XVhYUTc NVcXVhYUMRXY); 

– PMNNV[sjT Q [TlCQXQV \ThM`M Q R[VNUV`M zQlUVRT; 
– RMlNTUQV _RhMCQy zhT`MP[QcXRXCMCTUQc Nhc 

P[QChVWVUQc QUCVRXQxQy C [TlCQXQV P[QM[QXVXU�� 
Nhc [V`QMUT MX[TRhVy ujMUM\QjQ; 

– bM[\Q[MCTUQV \V�TUQl\MC RXQ\_hQ[MCTUQc 
P[Q[MNMM�[TUUMy NVcXVhYUMRXQ Q RUQsVUQc TUX[MPM-
`VUUM`M ChQcUQc UT Mj[_sT��_� R[VN_. 

�UThQl MXVWVRXCVUU�� Q lT[_zVsU�� QRXMWUQjMC 
PMjTlTh, WXM UT RV`MNUc�UQy NVUY MNUQ\ Ql NMRXTXMW-
UM ubbVjXQCU�� \VXMNMC [VThQlTxQQ P[QM[QXVXU�� 

UTP[TChVUQy `MR_NT[RXCVUUM`M _P[TChVUQc cChcVXRc 
P[M`[T\\UM-xVhVCMy PMN�MN. 

K NTUUMy RXTXYV [TRR\TX[QCTVXRc lT[_zVsU�y MP�X 
[VThQlTxQQ xVhVC�� P[M`[T\\ [TlhQWUMy UTP[TChVU-
UMRXQ Q NT�XRc [VjM\VUNTxQQ PM TNTPXTxQQ Q P[Q\V-
UVUQ� NTUUM`M MP�XT C MNUM\ Ql j[_PUVy�Q� [V`QM-
UMC wMRRQyRjMy ZVNV[TxQQ – {[TRUMc[RjM\ j[TV. 

��"*5�;#)! � �%�3��%��##)! �0)% "����/�-�� 
-����)� 0"�+"�'' ��-����#�-`��#�'�3����+� "�/- 
��%��. K [T\jT� [V`_hQ[MCTUQc RMxQThYUM-ujMUM\Q- 
WVRjM`M [TlCQXQc [V`QMUMC R�[YVCMy UTP[TChVUUMRXQ 
MNU_ Ql jh�WVC�� [MhVy Q`[TVX RXQ\_hQ[MCTUQV QU-
UMCTxQMUU�� [Tl[TzMXMj, CUVN[cV\�� CM CRV RbV[� 
ujMUM\QjQ `MR_NT[RXCT Q [V`QMUMC. qTjQ\ Mz[TlM\, 
[TRR\MX[Q\ MP�X CVN_�Q� `MR_NT[RXC C MzhTRXQ P[M-
`[T\\UM-xVhVCM`M bQUTURQ[MCTUQc QUUMCTxQMUU�� 
QRRhVNMCTUQy Q [Tl[TzMXMj. 

K $Í� MRUMCMy TjXQCQlTxQQ QUUMCTxQMUUMy NVc-
XVhYUMRXQ cChcVXRc [TlCQXQV \Th�� Q R[VNUQ� P[VN-
P[QcXQy. �T RV`MNUc�UQy NVUY C $Í� NVyRXC_VX [cN 
P[M`[T\\, UTP[TChVUU�� UT _NMChVXCM[VUQV PMX[Vz-
UMRXVy `MR_NT[RXCT C RPVxQThYU�� QRRhVNMCTUQc�  
Q [Tl[TzMXjT�. { UTQzMhVV \TR�XTzU�\ P[M`[T\\T\ 
MXUMRcXRc L[M`[T\\T QUUMCTxQMUU�� QRRhVNMCTUQy  
C \ThM\ zQlUVRV (The Small Business Innovation 
Research, SBIR) Q L[M`[T\\T X[TURbV[XT XV�UMhM`Qy 
\ThM`M zQlUVRT (The Small Business Technology 
Transfer Program, STTR). {[M\V XM`M, C [T\jT� `MR_-
NT[RXCVUUM`M [V`_hQ[MCTUQc QUUMCTxQMUUM`M RMxQThY-
UM-ujMUM\QWVRjM`M [TlCQXQc C $Í� TjXQCUM P[Q\V-
Uc�XRc UThM`MC�V hY`MX� C WTRXQ QRjh�WVUQc Ql UT-
hM`MMzhMsVUQc lTX[TX UT P[QMz[VXVUQV MXNVhYU�� 
CQNMC MzM[_NMCTUQc, Ql`MXMChVUQV MP�XU�� Mz[TlxMC, 
MR_�VRXChVUQV XV�UMhM`QWVRjQ� QRP�XTUQy Q X. N.  
[1, R. 215] 

�VyRXC_VX C $Í� Q V�V [cN zMhVV \VhjQ� P[M-
`[T\\, UTP[TChVUU�� UT RXQ\_hQ[MCTUQV QUUMCT- 
xQMUUMy TjXQCUMRXQ C RVjXM[V \ThM`M Q R[VNUV`M zQl-
UVRT, T XTjsV C RVjXM[V zMhVV j[_PU�� P[VNP[QcXQy 
[2, R. 196]. 
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L[VNP[QcXQc, _WTRXC_��QV C P[M`[T\\T�, MXzQ-
[T�XRc UT jMUj_[RUMy MRUMCV C RMMXCVXRXCQQ R _XCV[-
sNVUU�\Q X[VzMCTUQc\Q j M[`TUQlTxQMUUM-P[TCMCMy 
bM[\V, [VUXTzVhYUMRXQ, jMhQWVRXC_ lTUcX�� Q X. N.  
[3, R. 311]. 

�V \VUVV QUXV[VRU�\ cChcVXRc MP�X ÈPMUQQ  
C [VThQlTxQQ P[M`[T\\UM-xVhVCM`M bQUTURQ[MCTUQc 
QUUMCTxQMUUM`M [TlCQXQc ujMUM\QjQ. 

�TWQUTc R 80-� `MNMC ËË RXMhVXQc MRUMCU�\ j_[-
RM\ ujMUM\QWVRjMy PMhQXQjQ ÈPMUQQ RXThM RMlNTUQV 
j[_PU�� UT_WUM-QRRhVNMCTXVhYRjQ� xVUX[MC, UTxV-
hVUU�� UT [V�VUQV jh�WVC�� lTNTW, MP[VNVhVUU�� 
P[TCQXVhYRXCM\ RX[TU�. K 1983 `. z�hT P[QUcXT jMU-
xVPxQc [TlCQXQc XV�UMPMhQRMC, XV\P� ujMUM\QWVRjM-
`M [MRXT jMXM[�� UT RV`MNUc�UQy NVUY MPV[VsT�X 
R[VNUQV PMjTlTXVhQ PM RX[TUV. qV�UMPT[jQ Q XV�UMPM-
hQR�, RMlNTUU�V UT XV[[QXM[QQ ÈPMUQQ C [T\jT� 
_PM\cU_XMy jMUxVPxQQ, C UTRXMc�VV C[V\c [TlCQCT-
�XRc C RMMXCVXRXCQQ RM RhVN_��Q\Q xVhVC�\Q P[M-
`[T\\T\Q [4, R. 254]: 

– PhTU [TlCQXQc XV�UMPMhQRMC, MzVRPVWQCT��Qy 
P[VNMRXTChVUQV R_zRQNQy, lTy\MC PMN P[MxVUX UQsV 
[�UMWUM`M, hY`MX� PM MPhTXV T[VUN� PM\V�VUQy  
Q P[M\��hVUU�� PhM�TNVy; 

– PhTU [Tl\V�VUQc UT_WUM`M P[MQlCMNRXCT, P[V-
N_R\TX[QCT��Qy XV[[QXM[QThYU_� RPVxQThQlTxQ� 
P[MQlCMNRXC;  

– PhTU zTlMC�� QRRhVNMCTUQy, C RMMXCVXRXCQQ  
R jMXM[�\ MR_�VRXChcVXRc `MR_NT[RXCVUUTc PMNNV[s-
jT P[VNP[QcXQy UT UTWThYUM\ uXTPV Q� [TlCQXQc.  

$PVxQbQWVRjMy Nhc ÈPMUQQ WV[XMy P[M`[T\\UM-
xVhVCM`M PMN�MNT C [V`_hQ[MCTUQQ RMxQThYUM-
ujMUM\QWVRjM`M [TlCQXQc cChcVXRc C�RMjTc [MhY \V-
RXUM`M RT\M_P[TChVUQc, lTjMUMNTXVhYRXCM\ RX[TU� 
P[VN_R\MX[VU� CMl\MsUMRXQ P[VNMRXTChVUQc P[QM[Q-
XVXU�\ Nhc [V`QMUT P[VNP[QcXQc\ Q MX[TRhc\ NMPMh-
UQXVhYU�� hY`MX, R_zRQNQy, lTy\MC lT RWVX R[VNRXC 
[V`QMUThYU�� z�NsVXMC. LM UT�V\_ \UVUQ�, P[V-
NMRXTChVUQV [V`QMUThYU�\ ChTRXc\ zMhY�Vy RT\M-
RXMcXVhYUMRXQ C P[QUcXQQ [V�VUQy M bQUTURQ[MCTUQQ 
XV� QhQ QU�� P[VNP[QcXQy, MX[TRhVy QhQ jMUj[VXU�� 
[Tl[TzMXMj PMC��TVX ubbVjXQCUMRXY P[M`[T\\UM-
xVhVCM`M \VXMNT, XTj jTj PMlCMhcVX TNTPXQ[MCTXY  
XV QhQ QU�V P[M`[T\\� PMN U_sN� jMUj[VXUM`M  
[V`QMUT. 

L[VNP[QUQ\TV\�V ÈPMUQVy \V[� PMlCMhQhQ R_-
�VRXCVUUM _CVhQWQXY Mz�V\ jM\\V[xQThQlTxQQ QUUM-
CTxQMUU�� [Tl[TzMXMj, CMChVWY C RbV[_ QUUMCTxQMU-
UM`M P[MQlCMNRXCT zMhY�MV jMhQWVRXCM P[VNP[QcXQy. 
qTj, UT RV`MNUc�UQy NVUY zMhVV 60 % P[MQlCMNRXCVU-
U�� P[VNP[QcXQy ÈPMUQQ CMChVWVU� C QUUMCTxQMU-
U�V QRRhVNMCTUQc Q [Tl[TzMXjQ [5, R. 20]. 

Z[TUxQc P[QRX_PQhT j CUVN[VUQ� P[M`[T\\ xVhV-
CM`M bQUTURQ[MCTUQc C P[MxVRR [V`_hQ[MCTUQc ujM-
UM\QjQ C 2001 `. LV[C�\ uXTPM\ RXThM P[QUcXQV jMU-
RXQX_xQMUUM`M lTjMUT M `MR_NT[RXCVUU�� bQUTURT�, 
PMRhV WV`M UTWThRc P[MxVRR PV[V�MNT MX X[TNQxQMU-
UMy z�NsVXUMy RQRXV\� j RQRXV\V, M[QVUXQ[MCTUUMy 
UT [Vl_hYXTX. ^�hT RbM[\Q[MCTUT X[V�_[MCUVCTc RQR-
XV\T z�NsVXU�� [TR�MNMC. LV[C�y _[MCVUY P[VN-
RXTChVU 34 \QRRQc\Q, MX[TsT��Q\Q MRUMCU�V UT-
P[TChVUQc `MR_NT[RXCVUUMy PMhQXQjQ C R[VNUVR[MW-

UMy Q NMh`MR[MWUMy PV[RPVjXQCV. ^�NsVX P[M�MNQX 
MNMz[VUQV PT[hT\VUXM\ Q\VUUM UT _[MCUV \QRRQy.  
�T CXM[M\ _[MCUV RQRXV\� P[VNRXTChVU� PM[cNjT 140 
P[M`[T\\, Cjh�WT��Q� jM\PhVjR \V[MP[QcXQy  
PM jTsNMy Ql \QRRQy, RX[TXV`Q� Q xVhVC�V PMjTlTXV-
hQ. q[VXQy _[MCVUY – uXM 500 PMNP[M`[T\\ Q CQNMC 
NVcXVhYUMRXQ, NVXThQlQ[_��Q� xVhVC�V PMjTlTXVhQ  
Q [TRP[VNVhVUQV [VR_[RMC z�NsVXT. LMRjMhYj_ \QR-
RQQ \M`_X MXUMRQXYRc j jM\PVXVUxQQ [TlhQWU�� \Q-
UQRXV[RXC Q CVNM\RXC, bM[\Q[MCTUQV P[M`[T\\ MR_-
�VRXChcVXRc UT \VsCVNM\RXCVUUM\ _[MCUV. �NUTjM 
MXCVXRXCVUU�\ lT [VThQlTxQ� P[M`[T\\� C h�zM\ 
Rh_WTV UTlUTWTVXRc XMhYjM MNUM \QUQRXV[RXCM QhQ 
CVNM\RXCM, WXM PMlCMhcVX MzVRPVWQCTXY MPV[TXQCUMRXY 
Q NVyRXCVUUMRXY jMUX[Mhc. w_jMCMNQXVhY P[M`[T\\� 
NMhsVU UV_jMRUQXVhYUM RhVNMCTXY VV xVhc\ Q MXWQX�-
CTXYRc lT _P[TChVUQV [TR�MNT\Q PM P[M`[T\\V. {[Q-
XV[Qc\Q, UT MRUMCTUQQ jMXM[�� MxVUQCTVXRc [VThQlT-
xQc P[M`[T\\�, cChc�XRc:  

– RMxQThYUTc Q ujMUM\QWVRjTc [Vl_hYXTXQCUMRXY;  
– jTWVRXCM _Rh_`;  
– ubbVjXQCUMRXY [6, R. 242].  
³XTP� P[M`[T\\� [VThQl_�XRc C RMMXCVXRXCQQ  

R `MNQWU�\Q PhTUT\Q. LM lTCV[�VUQQ z�NsVXUM`M 
`MNT [_jMCMNQXVhQ P[M`[T\\ RMRXTChc�X `MNMC�V  
MXWVX� PM XMy sV bM[\V, WXM Q PhTU� [VThQlTxQQ P[M-
`[T\\.  

wTRR\MX[VUU�V UT\Q P[Q\V[� cChc�XRc Mz[TlxT-
\Q P[Q\VUVUQc P[M`[T\\UM-xVhVCM`M PMN�MNT C [Tl-
CQX�� RX[TUT�, Q\V��Q� \UM`MhVXUQy MP�X b_Uj-
xQMUQ[MCTUQc C [T\jT� [�UMWU�� _RhMCQy �MlcyRX-
CMCTUQc. 

~UXV[VRU�\ R XMWjQ l[VUQc P[Q\VUVUQc \VXMNMC 
`MR_NT[RXCVUUM`M [V`_hQ[MCTUQc RMxQThYUM-ujMUM\Q- 
WVRjM`M [TlCQXQc Q P[M`[T\\UM-xVhVCM`M PMN�MNT  
j RXQ\_hQ[MCTUQ� [TlCQCT��VyRc ujMUM\QjQ cChcVX-
Rc MP�X {QXTyRjMy �T[MNUMy wVRP_zhQjQ. KTsU�\  
R XMWjQ l[VUQc P[Q\VUVUQc MP�XT NTUUM`M `MR_NT[RX-
CT C [T\jT� wMRRQyRjMy ZVNV[TxQQ cChcVXRc Q XM, WXM 
{�w cChcVXRc P[Q\V[M\ [TlCQXQc QUUMCTxQMUU�� 
P[MQlCMNRXC C RX[TUV R P[VQ\_�VRXCVUUM RMxQThQ-
RXQWVRjQ\ _jhTNM\ ujMUM\QjQ. 

L[M`[T\\T QUUMCTxQy C RMxQThYUM-ujMUM\QWVRjMy 
RbV[V UTWThT NVyRXCMCTXY C {�w C UTWThV 80-� ``. ËË C. 
L[QM[QXVXU�\ UTP[TChVUQV\ VV [VThQlTxQQ RXThM 
RMlNTUQV UT_WU�� PT[jMC. $ uXMy xVhY� `MR_NT[RXCM\ 
zVlCMl\VlNUM C�NVhchQRY lUTWQXVhYU�V lV\VhYU�V 
PhM�TNQ, MR_�VRXChchMRY \TR�XTzUMV `MR_NT[RXCVU-
UMV bQUTURQ[MCTUQV RMlNTUQc zQlUVR-QUj_zTXM[MC  
Q XV�UMhM`QWVRjQ� lMU. �RUMCU�\ j[QXV[QV\ MXzM[T 
Nhc _WTRXQc M[`TUQlTxQQ C NVcXVhYUMRXQ XV�UMPT[jT 
z�hM UThQWQV _ UVV PV[VNMC�� XV�UMhM`QWVRjQ�  
[Tl[TzMXMj, CMl\MsUMRXVy Q� CUVN[VUQc, ujRPM[XUTc 
M[QVUXTxQc P[MQlCMNRXCT. 

�T RV`MNUc�UQy NVUY C {�w NVyRXC_VX zMhVV 500 
zQlUVR-QUj_zTXM[MC, zMhVV 50 XV�UMPT[jMC Q PM[cNjT 
1500 xVUX[MC P[MQlCMNRXCVUUMy PMNNV[sjQ, NVcXVhY-
UMRXY jMXM[�� UTP[TChVUT UT PMC��VUQV ubbVjXQC-
UMRXQ P[VNP[QcXQy, lTNVyRXCMCTUU�� C RbV[V [Tl[T-
zMXjQ Q CUVN[VUQc QUUMCTxQy [7, R. 143]. 

K 1986 `. P[TCQXVhYRXCM\ {�w z�hT _XCV[sNVUT 
JMR_NT[RXCVUUTc P[M`[T\\T 863, C RMMXCVXRXCQQ  
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R jMXM[My P[QM[QXVXU�\Q MX[TRhc\Q MP[VNVhVU�  
XTjQV RbV[� P[M\��hVUUM`M P[MQlCMNRXCT, jTj Tu[M-
jMR\QWVRjTc, \Qj[MuhVjX[MUQjT, UMC�V uUV[`MRzV[V-
`T��QV XV�UMhM`QQ, P[Q[MNMM�[TUU�V XV�UMhM`QQ, 
QUbM[\TXQjT, RCclY, \VNQxQURjMV MzM[_NMCTUQV  
[7, R. 144].  

~RXMWUQjT\Q bQUTURQ[MCTUQc CUVN[VUQc UT_WUM-
XV�UQWVRjQ� NMRXQsVUQy C {�w cChc�XRc `MR_NT[RX-
CVUU�V hY`MXU�V j[VNQX�, QUCVRXQxQQ, T XTjsV RMz-
RXCVUU�V R[VNRXCT M[`TUQlTxQy. {[M\V XM`M, P[VN-
P[QcXQc Q M[`TUQlTxQQ, b_UjxQMUQ[_��QV C [T\jT� 
XV�UMPT[jMC Q zQlUVR-QUj_zTXM[MC, PMhYl_�XRc XTjQ-
\Q P[VQ\_�VRXCT\Q, jTj C[V\VUUMV MRCMzMsNVUQV  
MX PMNM�MNUM`M UThM`T hQzM hY`MX� PM V`M _PhTXV, 
MRCMzMsNVUQV MX XT\MsVUU�� PM�hQU UT P[QMz[V-
XTV\MV MzM[_NMCTUQV Q X. N. {[M\V XM`M, \_UQxQPThQ-
XVX�, UT XV[[QXM[QQ jMXM[�� [TRPMhMsVU� XV�UMPT[-
jQ Q zQlUVR-QUj_zTXM[�, XTjsV MzhTNT�X MP[VNVhVU-
UMy RT\MRXMcXVhYUMRXY� Q \M`_X _RXTUTChQCTXY NM-
PMhUQXVhYU�V hY`MX� Q R_zRQNQQ Nhc [TlCQXQc XV� 
QhQ QU�� UTP[TChVUQy NVcXVhYUMRXQ. 

$hVN_VX MX\VXQXY, WXM UTQzMhVV PMP_hc[U�\  
P[M`[T\\UM-xVhVCMy PMN�MN C UT�Vy RX[TUV z�h  
C 70–80-V ``. ËË C., jM`NT C P[MxVRR [Tl[TzMXjQ Q [VT-
hQlTxQQ P[M`[T\\ z�hQ CMChVWVU� CRV ChTRXU�V  
Q _P[TChVUWVRjQV RX[_jX_[�. K PMRhVN_��QV `MN�  
MX NTUUM`M \VXMNT P[TjXQWVRjQ MXjTlThQRY. L[QWQU� 
bTjXQWVRjM`M MXjTlT MX P[Q\VUVUQc NTUUM`M \VXMNT, 
PM UT�V\_ \UVUQ�, MWVUY XMWUM MPQRTU� K. �. �Vj-
RQU�\: «�XR_XRXCQV WVXjM`M PMUQ\TUQc XM`NT�UQ\ 
[_jMCMNRXCM\ R_XQ P[M`[T\\UM-xVhVC�� \VXMNMC Q Q� 
P[VC[T�VUQV C P[VN\VX MWV[VNUMy PMhQXQWVRjMy jT\-
PTUQQ C lUTWQXVhYUMy \V[V NQRj[VNQXQ[MCThQ RT\_ 
QNV� P[M`[T\\UM`M [V`_hQ[MCTUQc. {[M\V XM`M,  
C Mz�VRXCVUUM\ RMlUTUQQ P[M`[T\\� 70–80-� `MNMC 
XTj XVRUM RPhVhQRY R PhTUT\Q, WXM C PV[CMV C[V\c  
PMRhV UTWThT [TNQjThYU�� ujMUM\QWVRjQ� [VbM[\ 
h�z�V PMP�XjQ P[Q\VUVUQc P[M`[T\\UMy QNVMhM`QQ 
j bM[\Q[_��VyRc C wMRRQQ [�UMWUMy ujMUM\QjV 
CRX[VWThQRY “C �X�jQ”, QzM X[TjXMCThQRY jTj CMlC[TX 
j P[M�hM\_» [8, R. 294–295]. 

$VyWTR P[Q\VUVUQV P[M`[T\\UM-xVhVCM`M PMN�MNT 
C wMRRQQ CUMCY UTzQ[TVX MzM[MX�, WXM RCclTUM, PM UT�V-
\_ \UVUQ�, R PMRXVPVUU�\ MRMlUTUQV\ XM`M bTjXT, 
WXM UV CRV P[MxVRR� C RMxQThYUM-ujMUM\QWVRjM\ [Tl-
CQXQQ _RPV�UM [V`_hQ[_�XRc R PM\M�Y� [�UMWU�� 
\V�TUQl\MC, Q Nhc NMRXQsVUQc _RPV�T UVMz�MNQ\M 
TjXQCUMV RMX[_NUQWVRXCM WTRXUM`M Q `MR_NT[RXCVUUM-
`M RVjXM[MC ujMUM\QjQ. 

���5�##��%� 0"�'�#�#�� 0"�+"�''#�--�����+� 
0������ � ������. �UThQl lT[_zVsUM`M MP�XT P[Q\V-
UVUQc P[M`[T\\UM-xVhVCM`M PMN�MNT P[Q MR_�VRXC-
hVUQQ `MR_NT[RXCVUUM`M _P[TChVUQc RMxQThYUM-ujMUM- 
\QWVRjQ\ [TlCQXQV\ PMjTlTh, WXM NTUU�y \VXMN P[Q 
[VThQlTxQQ C wMRRQQ \MsVX z�XY RMP[csVU R [cNM\ 
M`[TUQWVUQy, RCclTUU�� RM RhVN_��Q\Q bTjXM[T\Q: 

1) RhMsUMRXY MR_�VRXChVUQc \MUQXM[QU`T xVhVCM-
`M QRPMhYlMCTUQc [VR_[RMC Q [Vl_hYXTXQCUMRXQ P[M-
`[T\\� CCQN_ NhQXVhYUM`M R[MjT [VThQlTxQQ Q bTj-
XM[T «MXhMsVUUMRXQ» [Vl_hYXTXT;  

2) RhTzTc PV[RMUThYUTc MXCVXRXCVUUMRXY _WTRXUQ-
jMC [VThQlTxQQ P[M`[T\\� lT [Vl_hYXTXQCUMRXY P[M-
`[T\\�; 

3) CMlUQjUMCVUQV UVNMRXTXjT bQUTURMC�� [VR_[-
RMC C �MNV [VThQlTxQQ P[M`[T\\� CCQN_ Ql\VUVUQc 
PT[T\VX[MC CUV�UVy R[VN� Q CU_X[VUUQ� bTjXM[MC 
RMxQThYUM-ujMUM\QWVRjMy RQRXV\�; 

4) UVNMRXTXMWUTc P[M[TzMXTUUMRXY P[MxVN_[� UV-
lTCQRQ\My ujRPV[XQl� xVhVC�� P[M`[T\\; 

5) C�RMjTc jM[[_PxQM`VUUMRXY \VXMNT [9, R. 238].  
�NUMy Ql UTQzMhVV X[_NUMP[VMNMhQ\�� P[MzhV\, 

CMlUQjT��Q� P[Q [VThQlTxQQ P[M`[T\\UM-xVhVCM`M 
PMN�MNT C UT�Vy RX[TUV, cChcVXRc PMQRj QRXMWUQjMC 
bQUTURQ[MCTUQc. 

="�'�#�#�� /�"*5�;#�+� �0)%� "����/�-�� 
0"�+"�''#�--�����+� 0������ 0"� 2�"'�"���#�� 
��%�3#���� 2�#�#��"���#�� -����)� 0"�+"�''. 
LM UT�V\_ \UVUQ�, NMRXTXMWUM PV[RPVjXQCU�\ Nhc 
{[TRUMc[RjM`M j[Tc \MsVX RXTXY QRPMhYlMCTUQV MP�XT 
bQUTURQ[MCTUQc RMxQThYUM-ujMUM\QWVRjM`M [TlCQXQc 
�XTXT �hcRjT, PMRjMhYj_ NTUU�y [V`QMU $Í� Q\VVX 
UVjMXM[MV R�MNRXCM R {[TRUMc[RjQ\ j[TV\ C WTRXQ 
jhQ\TXQWVRjQ� _RhMCQy, XV[[QXM[QThYUM`M PMhMsV-
UQc, MzVRPVWVUUMRXQ P[Q[MNU�\Q [VR_[RT\Q (C WTRX-
UMRXQ, UVbXcU�\Q \VRXM[MsNVUQc\Q). 

K 1960–1970-V ``. C �XTXV �hcRjT z�hQ CUVN[VU� 
R_�VRXCVUU�V Ql\VUVUQc UM[\TXQCUM-P[TCMCM`M [V-
`_hQ[MCTUQc UVN[MPMhYlMCTUQc, C RMMXCVXRXCQQ R jM-
XM[�\Q CRV lV\hQ �XTXT z�hQ [TRP[VNVhVU� RhVN_�-
�Q\ Mz[TlM\: C RMzRXCVUUMRXQ bVNV[ThYUM`M P[TCQ-
XVhYRXCT MjTlThQRY 60 % lV\VhY (7 % Ql jMXM[�� – 
lV\hQ bVNV[ThYUM`M UVbXcUM`M [VlV[CT), 27 % lV\VhY 
PV[VNTU� C RMzRXCVUUMRXY �XTXT �hcRjT, jM[VUU�\ 
sQXVhc\ �XTXT PV[VNTU� 12 % lV\VhY, WTRXU�\ RMz-
RXCVUUQjT\ – P[Q\V[UM 1 % [10; 11]. 

$hVN_VX MX\VXQXY, WXM C [Vl_hYXTXV [VThQlTxQQ 
P[M`[T\\� [TRP[VNVhVUQc P[TC UT UVN[MPMhYlMCTUQV 
Q RQRXV\� Ql�cXQc UVbXcUMy [VUX� R jMUxT 1970-� 
`MNMC PM UTRXMc�VV C[V\c �XTX �hcRjT PMh_WQh zMhVV 
70 \h[N NMhh. P[Qz�hQ, R_�VRXCVUUTc WTRXY jMXM[My 
z�hT UTP[TChVUT UT bQUTURQ[MCTUQV [TlCQXQc P[MQl-
CMNRXCVUUMy, RMxQThYUMy Q QUb[TRX[_jX_[UMy RMRXTC- 
hc��Vy, T XTjsV UT [V�VUQV ujMhM`QWVRjQ� P[MzhV\ 
Q RMlNTUQV LMRXMcUUM`M bMUNT �XTXT, C jMXM[M\ 
P[VNPMhT`ThMRY Tjj_\_hQ[MCTXY WTRXY Ql�\TV\My  
_ UVbXVNMz�CT��Q� P[VNP[QcXQy P[Q[MNUMy [VUX�, 
PMh_WTV\My lT RWVX ujRPh_TXTxQQ UVbXcU�� \VRXM[M-
sNVUQy �XTXT Q �VhYbMCMy lMU� [12, R. 18]. 

K RMMXCVXRXCQQ R UM[\TXQCU�\ TjXM\, [Tl[TzMXTU-
U�\ M[`TUT\Q ChTRXQ �XTXT, P[Q\V[UM 25 % [13,  
R. 194] CRV� NM�MNMC �XTXT MX [VUXU��, hQxVUlQMUU�� 
PhTXVsVy, [MchXQ Q QU�� [VR_[RU�� PhTXVsVy C WTR-
XQ, P[QUTNhVsT�Vy �XTX_, NMhsU� UTP[TChcXYRc  
C LMRXMcUU�y bMUN, jMXM[�y P[VNUTlUTWVU Nhc MR_-
�VRXChVUQc [TlCQXQc �XTXT, jM`NT MRUMCU�V lTPTR� 
UVbXcU�� [VR_[RMC z_N_X QRWV[PTU� (R[. R R_�VRX-
C_��Q\ UT RV`MNUc�UQy NVUY C wMRRQyRjMy ZVNV[T-
xQQ ZMUNM\ UTxQMUThYUM`M zhT`MRMRXMcUQc). $[VNRX-
CT bMUNT [TR�MN_�XRc UT [TlCQXQV C�RMjMNM�MNU�� 
MX[TRhVy P[M\��hVUUMRXQ, [TlCQXQV QUb[TRX[_jX_[� 
Q RMxQThYU�V P[M`[T\\�. �P�X �XTXT �hcRjT, PM UT-
�V\_ \UVUQ�, \MsVX R _RPV�M\ P[Q\VUcXYRc Q C N[_`Q� 
[V`QMUT� R�[YVCMy UTP[TChVUUMRXQ, C WTRXUMRXQ,  
C {[TRUMc[RjM\ j[TV. 
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����^3�#��. �zMz�Tc lT[_zVsU�y MP�X P[Q\V-
UVUQc P[M`[T\\UM-xVhVC�� \VXMNMC `MR_NT[RXCVUUM-
`M [V`_hQ[MCTUQc RMxQThYUM-ujMUM\QWVRjM`M [TlCQ-
XQc, RhVN_VX MX\VXQXY, WXM MU NMRXTXMWUM �Q[MjM 
P[Q\VUcVXRc jTj C RX[TUT� R [TlCQXMy [�UMWUMy ujM-
UM\QjMy, XTj Q C RX[TUT� R P[VQ\_�VRXCVUUM RMxQT-
hQRXQWVRjQ\ XQPM\ ujMUM\QjQ [14, R. 115]. �TUU�y 
bTjX PMNXCV[sNTVX C�NCQU_X�y UT\Q XVlQR M XM\, WXM 
PV[V�MN `MR_NT[RXCT j _RXMyWQCM\_ XQP_ RMxQThYUM-
ujMUM\QWVRjM`M [TlCQXQc zVl TjXQCUM`M `MR_NT[RX-
CVUUM`M [V`_hQ[MCTUQc [cNT P[MxVRRMC UVCMl\MsVU. 
{[M\V XM`M, MP�X QUMRX[TUU�� `MR_NT[RXC RCQNVXVhY-
RXC_VX XTjsV M XM\, WXM \VXMN P[M`[T\\UM-xVhVCM`M 
bQUTURQ[MCTUQc UT RV`MNUc�UQy NVUY cChcVXRc MNUQ\ 
Ql UTQzMhVV ubbVjXQCU�� \VXMNMC RXQ\_hQ[MCTUQc 
MNUMy Ql jh�WVC�� RbV[ _RXMyWQCM`M [TlCQXQc ujM-
UM\QjQ – RbV[� QUUMCTxQy. �XNVhYU�V TRPVjX� [TR-
R\MX[VUU�� UT\Q P[Q\V[MC P[Q\VUVUQc [TlhQWU�� 
`MR_NT[RXCVUU�� P[M`[T\\, PM UT�V\_ \UVUQ�, \M`_X 
R _RPV�M\ P[Q\VUcXYRc Q C QRRhVN_V\M\ UT\Q [V`QM-
UV. K WTRXUMRXQ, UT XV[[QXM[QQ {[TRUMc[RjM`M j[Tc 
\MsVX R _RPV�M\ CUVN[cXYRc MP�X {�w PM bM[\Q[M-
CTUQ� zQlUVR-QUj_zTXM[MC, T XTjsV MP�X $Í�  
Q ÈPMUQQ PM [TlCQXQ� \Th�� P[VNP[QcXQy. 

{Tj PMjTlThM P[MCVNVUUMV QRRhVNMCTUQV, RbV[� 
P[TjXQWVRjM`M P[Q\VUVUQc P[M`[T\\UM-xVhVCM`M PMN- 
�MNT C [T\jT� `MR_NT[RXCVUUM`M _P[TChVUQc RMxQThYUM-
ujMUM\QWVRjQ\ [TlCQXQV\ [V`QMUMC CVRY\T [TlUMMz-
[TlU�. ÇVhVC�V P[M`[T\\� \M`_X z�XY UTP[TChVU� 
UT [V�VUQV P[MzhV\ [TxQMUThYUM`M P[Q[MNMPMhYlM-
CTUQc, _RjM[VUQV ujMUM\QWVRjM`M [MRXT, Ql\VUVUQV 
RX[_jX_[� P[M\��hVUUMRXQ [V`QMUT, PMC��VUQV 
_[MCUc NMRX_PUMRXQ Mz[TlMCTUQc Q lN[TCMM�[TUVUQc, 
bM[\Q[MCTUQV «PMh�RMC [MRXT» UT XV[[QXM[QQ [V`QM-
UT Q X. N. [15, R. 184–186]. 
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Rocket and space industry is one of the sectors of the economy with research and innovation potential. The rocket 

and space industry is high-tech, diversified, producing innovative products not only competitive on the external market, 
but also superior to many Western counterparts. The development of innovative activity of enterprises is an important 
condition for solving problems of ensuring the country's defense. The innovative activities are carried out in conditions 
of uncertainty, which leads to the occurrence of risks related to the underfunding of projects, with the unstable 
economic situation in the country, with the tense geopolitical situation in the world. It raises the question about the 
choice risk management tools at each stage of the innovation process, allowing reducing losses and increasing the 
efficiency of innovative activity enterprises of rocket and space industry. The study examined various risk management 
methods including the evaluation and prediction risks. Evaluation and prediction of risks can be performed on the basis 
of quantitative methods, and using qualitative methods. The article discusses quantitative methods, which is determined 
by the numerical value of the probability of occurrence of risk events and their consequences; a quantitative assessment 
of the risk degree is established and valid in the situation. The proposed quantitative methods to assess and forecast 
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risks in conjunction with each other will allow to anticipate adverse outcome events in the process of innovative activity 
enterprises of space-rocket industry, as well as to obtain a numerical assessment riskiness of the project, to determine 
the degree of influence risk factors on its efficiency. 

 
Keywords: innovation, uncertainty, risk, management risk, risk assessment, methods of risk prediction.  
 
�����#��. wTjVXUM-jMR\QWVRjTc P[M\��hVUUMRXY, 

C�MNc�Tc C MzM[MUUM-P[M\��hVUU�y jM\PhVjR wMR-
RQQ, lTUQ\TVX hQNQ[_��_� PMlQxQ� C \Q[V PM [Tl-
[TzMXjV Q C�P_Rj_ QUUMCTxQMUU�� P[MN_jXMC Q XV�-
UMhM`Qy. ~UUMCTxQMUU�y P[MxVRR RhMsVU, RMRXMQX Ql 
\UMsVRXCT uXTPMC RMlNTUQc UMCM`M P[MN_jXT Q PMN-
CV[sVU ChQcUQ� CUV�UQ� Q CU_X[VUUQ� bTjXM[MC.  

{ CU_X[VUUQ\ bTjXM[T\, MjTl�CT��Q\ UV`TXQC-
UMV ChQcUQV UT QUUMCTxQMUU_� NVcXVhYUMRXY, MXUM-
RcXRc UVNMRXTXMWU�y jMUX[MhY jTWVRXCT, RzMQ Q PM-
hM\jT MzM[_NMCTUQc, P[QUcXQV M�QzMWU�� _P[TChVU-
WVRjQ� [V�VUQy. KUV�UQV bTjXM[� – UVRXTzQhYUTc 
ujMUM\QWVRjTc RQX_TxQc, UTP[csVUUTc `VMPMhQXQWV-
RjTc MzRXTUMCjT C \Q[V, Ql\VUWQCMRXY [�UMWUMy 
jMU��UjX_[�, xVUMMz[TlMCTUQV. �V`TXQCU�V bTjXM[� 
cChc�XRc QRXMWUQjM\ CMlUQjUMCVUQc RQX_TxQy [QRjT.  

{TsNTc XTjTc RQX_TxQc, UV _WXVUUTc P[Q [Tl[TzMX-
jV QUUMCTxQMUUM`M P[MVjXT, ChQcVX UT jMUVWU�y [V-
l_hYXTX CPhMXY NM V`M RCV[X�CTUQc. �hc ubbVjXQCUMy 
QUUMCTxQMUUMy NVcXVhYUMRXQ P[VNP[QcXQc\ UVMz�M-
NQ\M UT_WQXYRc `[T\MXUM _P[TChcXY [QRjT\Q, X. V. 
CMC[V\c _WVRXY, MxVUQXY, RP[M`UMlQ[MCTXY Q P[QUcXY 
\V[� PM Q� hQjCQNTxQQ QhQ _\VUY�VUQ�. KTsU_� 
[MhY C _P[TChVUQQ [QRjT\Q Q`[TVX Q� MxVUjT Q P[M-
`UMl, jMXM[�V \MsUM MR_�VRXCQXY, P[Q\VUcc RPVxQ-
ThYU�V \VXMN�. 

��"��%�"��%��� '�%���� �-�#�� � 0"�+#�/�"�-
��#��. �xVUjT [QRjT QUUMCTxQMUUMy NVcXVhYUMRXQ 
P[VNRXTChcVX RMzMy RMCMj_PUMRXY \V[MP[QcXQy, PM-
lCMhc��Q� RP[M`UMlQ[MCTXY CMl\MsU�V PMXV[Q MX 
CMlUQj�Q� [QRjMC�� RQX_TxQy P[Q [Tl[TzMXjV Q [VT-

hQlTxQQ QUUMCTxQMUUM`M P[MVjXT UT P[VNP[QcXQc� 
[TjVXUM-jMR\QWVRjMy P[M\��hVUUMRXQ. L[M`UMlQ[M-
CTUQV (`[VW. [rognosis – «lUTUQV UTPV[VN») – uXM [MN 
P[VNCQNVUQc (P[VNRjTlTUQc), PMRjMhYj_ MUM Q\VVX 
NVhM R PMh_WVUQV\ QUbM[\TxQQ M z_N_�V\ [1; 2]. 
L[M`UMlQ[MCTUQV cChcVXRc QRRhVNMCTUQV\ jMUj[VX-
U�� PV[RPVjXQC [TlCQXQc QUUMCTxQMUUMy NVcXVhYUM-
RXQ P[VNP[QcXQy [TjVXUM-jMR\QWVRjMy P[M\��hVU-
UMRXQ, jMXM[MV UV RXTCQX lTNTW_ UVPMR[VNRXCVUUM 
MR_�VRXCQXY UT P[TjXQjV [Tl[TzMXTUU�V P[M`UMl�,  
T MxVUQXY Ql\VUVUQc RMRXMcUQc NVcXVhYUMRXQ C z_N_-
�V\ CMl\MsU�� P_XVy [TlCQXQc. 

L[M`UMlQ[MCTUQV [QRjMC P[VNPMhT`TVX MP[VNVhV-
UQV bTjXM[MC [QRjT, �T[TjXV[T Q RQh� CMlNVyRXCQc UT 
QUUMCTxQMUU_� NVcXVhYUMRXY P[VNP[QcXQy, MxVUj_ 
UTP[TChVUQy [TlCQXQc RQX_TxQQ [QRjT Q P[M`UMlQ[M-
CTUQV PMRhVNRXCQy [QRjT. L[M`UMlQ[MCTUQV [QRjMC 
\MsVX MR_�VRXChcXYRc jTj UT MRUMCV jMhQWVRXCVUU�� 
\VXMNMC, XTj Q R QRPMhYlMCTUQV\ jTWVRXCVUU�� \VXM-
NMC, zTlQ[_��Q�Rc UT MxVUjT� ujRPV[XMC, X. V. \VUVN-
sV[MC, _\V��Q� P[VNCQNVXY CMl\MsU�V Ql\VUVUQc 
UT jTsNM\ uXTPV QUUMCTxQMUUMy NVcXVhYUMRXQ P[VN-
P[QcXQy. �VXMN� MxVUjQ Q P[M`UMlQ[MCTUQc [QRjMC 
P[VNRXTChVU� C XTzh. 1. 

K P[MxVRRV P[M`UMlQ[MCTUQc UT MRUMCV jTWVRXCVU-
U�� \VXMNMC \M`_X z�XY C�NVhVU� QRXMWUQjQ Q P[Q-
WQU� [QRjT; _RXTUMChVU� PMXVUxQThYU�V lMU� Q CRV 
CMl\MsU�V CQN� [QRjMC; C�cChVU� P[TjXQWVRjQV C�-
`MN� Q UV`TXQCU�V PMRhVNRXCQc, R jMXM[�\Q P[QNVXRc 
RXMhjU_XYRc P[VNP[QcXQc\ C P[MxVRRV QUUMCTxQMUUMy 
NVcXVhYUMRXQ. 

 
����'� 1 

�%��) �-�#�� � 0"�+#�/�"���#�� "����� �##���-��##�! ���%���#��%� 

J[_PPT \VXMNMC ËT[TjXV[QRXQjT \VXMNMC �VXMN� 

{TWVRXCVUU�V \VXMN� 
³jRPV[XU�V \VXMN� L[MxVN_[T PMh_WVUQc MxVUjQ [QRjT R PM\M�Y� 

MP[MRMC RPVxQThYUM MXMz[TUU�� ujRPV[XMC R PM-
RhVN_��Q\ RCVNVUQV\ [Vl_hYXTXMC Q P[VNhMsV-
UQy C RQRXV\_, UT zTlV jMXM[My NVhT�XRc C�CMN� 

�Ml`MCMy �X_[\, XVRXMC�V hQRX�, MP[MR-
U�V hQRX�, \TX[QxT [QRjMC 

{MhQWVRXCVUU�V \VXMN� 
$XTXQRXQWVRjQV  

\VXMN� 
�hc [TRWVXT CMlUQjT��Q� PMXV[Y TUThQlQ[_�XRc 
NTUU�V, jTRT��QVRc [Vl_hYXTXMC MR_�VRXChVUQc 
QUUMCTxQMUUMy NVcXVhYUMRXQ 

�PPT[TX XVM[QQ CV[McXUMRXVy Q \TXV\TXQ-
WVRjMy RXTXQRXQjQ (CV[McXUMRXY, R[VNUVV 
lUTWVUQV, RXTUNT[XUMV MXjhMUVUQV, lTjMU 
[TRP[VNVhVUQc Q X. N.) 

wTRWVXUM-
TUThQXQWVRjQV  

\VXMN� 

LMlCMhcVX P[M`UMlQ[MCTXY [TlhQWU�V RxVUT[QQ 
[TlCQXQc RMz�XQy, NT��QV CMl\MsUMRXY MP[VNV-
hQXY �T[TjXV[ lTCQRQ\MRXQ [Vl_hYXTXT MX Ql\VUV-
UQc bTjXM[MC 

�VXMN R[TCUVUQc, TUThQl zVl_z�XMWUMRXQ, 
NQRjMUXQ[MCTUQV Q N[. 

�VXMN TUThM`Qy �xVUjT [QRjT P[MQlCMNQXRc C RMMXCVXRXCQQ R UV-
jMXM[�\ TUThM`QWU�\ P[MVjXM\ QhQ RQX_TxQVy; 
P[Q uXM\ RWQXTVXRc, WXM PMCVNVUQV QRRhVN_V\My 
RQRXV\� z_NVX XTjQ\ sV, jTj _ TUThM`T 

�VXMN RxVUT[QVC Q N[. 
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KV[McXUMRXY RCV[�VUQc jTsNM`M Ql [QRjMC [Tl-
hQWUT, [TlhQWVU z_NVX Q _�V[z (_z�XjQ). �NUQ\ Ql 
XTjQ� \VXMNMC cChcVXRc \TX[QxT [QRjMC, PMlCMhc��Tc 
MxVUQXY _[MCVUY [QRjMC Q MXUVRXQ Q� j MP[VNVhVUU�\ 
`[_PPT\ UT MRUMCTUQQ CV[McXUMRXQ CMlUQjUMCVUQc 
RMz�XQy Q PMRhVNRXCQy RMz�XQy [QRjT. ~� jMhQWVRX-
CVUUTc MxVUjT PMlCMhQX C�NVhQXY [QRjQ, UTQzMhVV 
CV[McXU�V PM CMlUQjUMCVUQ� Q CVRM\�V PM CVhQWQUV 
PMXV[Y, jMXM[�V RXTU_X Mz�VjXM\ NThYUVy�V`M TUThQ-
lT Nhc P[QUcXQc [V�VUQc M xVhVRMMz[TlUMRXQ [VThQ-
lTxQQ QUUMCTxQMUUM`M P[MVjXT.              

{MhQWVRXCVUU�V \VXMN� P[VNPMhT`T�X WQRhVUUMV 
MP[VNVhVUQV MXNVhYU�� [QRjMC Q P[MVjXT C xVhM\.  
$ Q� PM\M�Y� MP[VNVhcVXRc WQRhVUUMV lUTWVUQV  
CV[McXUMRXQ UTRX_PhVUQc [QRjMC�� RMz�XQy Q Q� PM-
RhVNRXCQy, MR_�VRXChcVXRc jMhQWVRXCVUUTc MxVUjT 
RXVPVUQ (_[MCUc) [QRjT Q _RXTUTChQCTVXRc NMP_RXQ-
\�y C NTUUMy RQX_TxQQ _[MCVUY [3]. K [T\jT� NTUUMy 
RXTXYQ [TRR\MX[Q\ jMhQWVRXCVUU�V \VXMN� P[M`UMlQ-
[MCTUQc Q Q� ClTQ\MRCclY. 

�%�%��%�3����� '�%��). $XTXQRXQWVRjQV \VXM-
N�, MRUMCTUU�V UT TPPT[TXV XVM[QQ CV[McXUMRXVy  
Q \TXV\TXQWVRjMy RXTXQRXQjQ, MzVRPVWQCT�X UTQ-
zMhY�_� MxVUj_ RXVPVUQ [QRjT P[Q NMRXTXMWUM PMh-
UMy Q NMRXMCV[UMy QUbM[\TxQQ. $ Q� PM\M�Y� Ql_-
WTVXRc WTRXMXT Q CV[McXUMRXY PMcChVUQc [QRjMC�� 
RQX_TxQy C QUUMCTxQMUUMy NVcXVhYUMRXQ. �NUQ\  
Ql \VXMNMC P[M`UMlQ[MCTUQc [QRjT QUUMCTxQMUUMy 
NVcXVhYUMRXQ cChcVXRc R[VNUVV lUTWVUQV MsQNTV\M`M 
[Vl_hYXTXT. �MNVhQ [TRWVXT PMjTlTXVhVy NTUUM`M \V-
XMNT [TlhQWT�XRc C lTCQRQ\MRXQ MX P[VNPMhT`TV\�� 
CT[QTUXMC Q� QRPMhYlMCTUQc. ©RhQ [Vl_hYXTX� [TRWV-
XMC PM UTzh�NTV\�\ lUTWVUQc\ z_N_X ujRX[TPMhQ[M-
CTU� C z_N_�VV zVl R_�VRXCVUU�� Ql\VUVUQy, XM QR-
PMhYl_VXRc R[VNUcc NVyRXCQc [QRjT. K Rh_WTV jM[[Vj-
xQQ UTzh�NTV\�� lUTWVUQy QRPMhYl_VXRc R[VNUV-
ClCV�VUUTc CVhQWQUT Ql CRV� CMl\MsU�� lUTWVUQy 
[Vl_hYXTXT Q CV[McXUMRXVy V`M P[McChVUQc [4; 5]. 

{MhQWVRXCVUUTc MxVUjT P[M`UMlQ[MCTUQc [QRjT 
\MsVX z�XY MP[VNVhVUT jMubbQxQVUXM\ [QRjT [6]. 
�NUQ\ Ql UVNMRXTXjMC jMubbQxQVUXT [QRjT cChcVXRc 
UVCMl\MsUMRXY R V`M PM\M�Y� _WVRXY R_z�VjXQCU�V 
bTjXM[�. qTj, UTP[Q\V[, MXUM�VUQV R_z�VjXT j RMMX-
UM�VUQ� CMl\MsU�� PMXV[Y Q C�Q`[��T C lUT-
WQXVhYUMy RXVPVUQ lTCQRQX MX V`M Q\_�VRXCVUUM`M 
RMRXMcUQc. LMuXM\_ UT P[TjXQjV WTRXM QRPMhYl_�X 
jMubbQxQVUX [QRjT, MP[VNVhcV\�y jTj MXUM�VUQV 
CMl\MsU�� \TjRQ\ThYU�� PMXV[Y j Mz�V\_ RMzRXCVU-
U�� bQUTURMC�� [VR_[RMC. KVhQWQUT uXM`M jMubbQ-
xQVUXT MP[VNVhcVX [QRj RCV[X�CTUQc P[MVjXT. {MhQ-
WVRXCVUUTc MxVUjT jTsNM`M CQNT [QRjT Q [QRjT P[MVj-
XT P[QUQ\TVX lUTWVUQV C QUXV[CThV 0 � R � 1. 

K UTRXMc�VV C[V\c MXR_XRXC_�X UT_WUM MzMRUM-
CTUU�V [VjM\VUNTxQQ PM MP[VNVhVUQ� «P[QV\hV\M-
RXQ» XM`M QhQ QUM`M _[MCUc [QRjT C jMUj[VXUMy RQ-
X_TxQQ. K\VRXV R XV\ P[Q C�[TzMXjV RX[TXV`QQ PMCV-
NVUQc Q C P[MxVRRV P[QUcXQc jMUj[VXUM`M [V�VUQc 
xVhVRMMz[TlUM [TlhQWTXY Q C�NVhcXY MP[VNVhVUU�V 
MzhTRXQ (lMU� [QRjT) C lTCQRQ\MRXQ MX _[MCUc CMl-
\MsU�� (MsQNTV\��) PMXV[Y. LMP�XjMy hQjCQNQ[M-
CTXY _jTlTUU�V UVNMRXTXjQ Q NMPMhUQXY QUbM[\TxQVy 
PMh_WVUU�V MxVUjQ _[MCUc [QRjT C P[MxVRRV P[QUc-

XQc _P[TChVUWVRjQ� [V�VUQy cChcVXRc [Tl[TzMXjT  
Q QRPMhYlMCTUQV [TlhQWUM`M [MNT XTj UTl�CTV\�� 
�jTh [QRjT, PMlCMhc��Q� jhTRRQbQxQ[MCTXY [QRjQ 
QUUMCTxQMUUMy NVcXVhYUMRXQ. {Tj Q j zMhY�QURXC_ 
N[_`Q� CMP[MRMC, C hQXV[TX_[V UVX VNQUM`M PMN�MNT  
j bM[\_hQ[MCjV Q j[QXV[Qc\ MxVUjQ �jTh� [QRjT. 
�UM`MMz[TlQV PMjTlTXVhVy, PMR[VNRXCM\ jMXM[�� 
MR_�VRXChcVXRc jMhQWVRXCVUUTc MxVUjT [QRjT, PM[Ms-
NTVX Q \UM`MMz[TlQV �jTh [QRjT, cChc��Q�Rc RCMV`M 
[MNT [VjM\VUNTxQc\Q P[QV\hV\MRXQ XM`M QhQ QUM`M 
_[MCUc [QRjT QUUMCTxQMUUMy NVcXVhYUMRXQ. �T MRUM-
CTUQQ MzMz�VUQc [Vl_hYXTXMC QRRhVNMCTUQy XTjQ� 
TCXM[MC, jTj K. �. J[TUTX_[MC, K. �. {Ms_�T[,  
�. K. {_lUVxMCT, �. J. �TP_RXT, ³. ©. qQ�MUMC,  
PM P[MzhV\V jMhQWVRXCVUUMy MxVUjQ [QRjT, P[QCMNQX-
Rc u\PQ[QWVRjTc �jThT [QRjT, jMXM[_� [VjM\VUN_VX-
Rc P[Q\VUcXY, jM`NT C jTWVRXCV jMhQWVRXCVUUMy MxVU-
jQ [QRjT QRPMhYl_VXRc CV[McXUMRXY UTRX_PhVUQc [QR-
jMCM`M RMz�XQc (XTzh. 2) [6–10].  

 
����'� 2  

('0�"�3����� $���� *"��#� "���� 
 

¨ 
P/P 

KV[McXUMRXY  
UVsVhTXVhYUM`M QR�MNT 

(CVhQWQUT [QRjT) 

�TQ\VUMCTUQV  
`[TNTxQy [QRjT 

1 0,0–0,1 �MP_RXQ\�y 
2 0,1–0,3 $[VNUQy 
3 0,3–0,4 K�RMjQy 
4 0,4–0,6 �TjRQ\ThYU�y 
5 0,6–0,8 {[QXQWVRjQy 
6 0,8–1,0 {TXTRX[MbQWVRjQy 

 
K P[TjXQjV R_�VRXC_�X Q N[_`QV CQN� u\PQ[QWV-

RjMy �jTh� _[MCUc [QRjT, P[Q PM\M�Q jMXM[�� \Ms-
UM PMh_WQXY V`M jMhQWVRXCVUU_� MxVUj_, UTP[Q\V[, 
P[Q PM\M�Q jMubbQxQVUXT CT[QTxQQ. qTj jTj jMub-
bQxQVUX CT[QTxQQ – MXUMRQXVhYUTc CVhQWQUT, XM UT 
V`M [Tl\V[ UV MjTl�CT�X ChQcUQV TzRMh�XU�V lUTWV-
UQc Ql_WTV\M`M [Vl_hYXTXT. LMuXM\_ R V`M PM\M�Y� 
\MsUM R[TCUQXY NTsV jMhVzhV\MRXY P[QlUTjMC, C�[T-
sVUU�� C [TlU�� VNQUQxT� Ql\V[VUQc. �QTPTlMU  
Ql\VUVUQc jMubbQxQVUXT CT[QTxQQ MX 0 NM 100 %. 
¹V\ zMhY�V CVhQWQUT PMjTlTXVhc, XV\ RQhYUVV jMhVz-
hV\MRXY Q [QRj QUUMCTxQMUUMy NVcXVhYUMRXQ P[VN-
P[QcXQy. LM bQlQWVRjM\_ R\�Rh_ jMubbQxQVUX  
CT[QTxQQ C�[TsTVX jMhQWVRXCM [QRjT UT VNQUQx_  
NM�MNUMRXQ, X. V. PM RXVPVUQ M�CTXT NVcXVhYUMRXQ  
MU cChcVXRc jM\PhVjRU�\. L[Q uXM\ P[QCMNcXRc RhV-
N_��QV �jTh� jMhVzhV\MRXQ ([QRjT) jMubbQxQVUXT 
CT[QTxQQ [11; 12]: NM 0,1 – RhTzTc jMhVzhV\MRXY (\T-
h�y [QRj); MX 0,1 NM 0,25 – _\V[VUUTc jMhVzhV\MRXY 
(NMP_RXQ\�y [QRj); RC��V 0,25 – C�RMjTc jMhVzhV-
\MRXY (MPTRU�y [QRj). wTRR\MX[VUU�V �jTh� [QRjT 
P[Q\VUQ\� jTj Nhc MxVUjQ P[QV\hV\MRXQ _[MCUc  
MXNVhYU�� [QRjMC, XTj Q Nhc MxVUjQ [QRjT P[MVjXT  
C xVhM\. $XTXQRXQWVRjQV \VXMN� _UQCV[RThYU�, PM-
lCMhc�X MxVUQXY Q RP[M`UMlQ[MCTXY [QRj Q P[Q\VUQ-
\� Nhc CRV� P[VNP[QcXQy, C XM\ WQRhV Q Nhc P[VNP[Q-
cXQy [TjVXUM-jMR\QWVRjMy P[M\��hVUUMRXQ. �M C XM 
sV C[V\c RXTXQRXQWVRjQV \VXMN� Q\V�X UVjMXM[�y 
UVNMRXTXMj: P[Q Q� QRPMhYlMCTUQQ X[Vz_VXRc zMhY�MV 
jMhQWVRXCM NTUU�� C[V\VUUM`M [cNT, Q P[Q Ql\VUVUQQ 
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jTjQ�-hQzM _RhMCQy MUQ UV P[Q`MNU�. �hc _WVXT  
XTjQ� Ql\VUVUQy P[Q MxVUjV Q P[M`UMlQ[MCTUQQ [QR-
jMC�� RQX_TxQy P[Q\VUc�X zMhVV RhMsU�y \TXV\T-
XQWVRjQy TPPT[TX, PMlCMhc��Qy P[MCVRXQ zMhVV `h_-
zMjQy TUThQl [QRjT Q P[QWQU V`M CMlUQjUMCVUQc  
R PM\M�Y� [TRWVXUM-TUThQXQWVRjQ� \VXMNMC. 

���3�%#�-�#���%�3����� '�%��). wTRWVXUM-TUT- 
hQXQWVRjQV \VXMN� cChc�XRc \TXV\TXQWVRjQ\Q Q MR-
UMC�CT�XRc UT b_UjxQMUThYUMy RCclQ \VsN_ PMjTlT-
XVhc\Q. �UQ PMlCMhc�X jMhQWVRXCVUUM MxVUQXY [QRj 
UT MRUMCV RXTXQRXQWVRjQ� NTUU�� Q MzVRPVWQCT�X 
P[QV\hV\_� XMWUMRXY [Vl_hYXTXMC. K [T\jT� uXMy 
`[_PP� QRPMhYl_�XRc XTjQV \VXMN�, jTj \VXMN R[TC-
UVUQy, TUThQl zVl_z�XMWUMRXQ, NQRjMUXQ[MCTUQV Q N[. 

L[Q \VXMNV R[TCUVUQy Ql_WT�XRc Ql\VUVUQc QR-
RhVN_V\�� Mz�VjXMC, XVUNVUxQQ Q lTjMUM\V[UMRXQ Q� 
[TlCQXQc: 

– R[TCUVUQV NQUT\QjQ PMjTlTXVhVy, X. V. R[TCUQ-
CT�XRc P[M`UMlU�V lUTWVUQc [QRjT R PMjTlTXVhc\Q 
P[M�h�� PV[QMNMC Nhc MP[VNVhVUQc XVUNVUxQy [Tl-
CQXQc QUUMCTxQMUUMy NVcXVhYUMRXQ P[VNP[QcXQy; 

– R[TCUVUQV R zTlMC�\Q lUTWVUQc\Q – R[TCUVUQV 
P[M`UMlU�� lUTWVUQy [QRjT R zTlMC�\Q PMjTlTXVhc\Q 
(bTjXQWVRjQ\Q); 

– \UM`M\V[U�V R[TCUVUQc MRUMCTU� UT \VXMNV 
uCjhQNMC�� [TRRXMcUQy, _WQX�CT��Q� UV XMhYjM Tz-
RMh�XU�V CVhQWQU� [QRjT, UM Q RXVPVUY Q� zhQlMRXQ 
NM PMjTlTXVhVy uXThMUT. 

�UThQl zVl_z�XMWUMRXQ QRPMhYl_VXRc Nhc MxVUjQ 
ubbVjXQCUMRXQ QUUMCTxQMUUMy NVcXVhYUMRXQ P[VN-
P[QcXQy R PM\M�Y� MRUMCU�� uhV\VUXMC – PM[M`T 
[VUXTzVhYUMRXQ, lTPTRT bQUTURMCMy P[MWUMRXQ, RQh� 
CMlNVyRXCQc MPV[TxQMUUM`M [�WT`T, PMlCMhc��Q� 
_RXTUMCQXY j[QXQWVRj_� XMWj_, UQsV jMXM[My PMh_-
WT�XRc PMXV[Q. 

�QRjMUXQ[MCTUQV – RPMRMz _WVXT [QRjT Ql\VUVUQc 
RXMQ\MRXQ PhTXVsVy CM C[V\VUQ. K lTCQRQ\MRXQ  
MX XM`M, jTjQ\ \VXMNM\ _WQX�CTVXRc UVMP[VNVhVU-
UMRXY _RhMCQy [VThQlTxQQ QUUMCTxQMUUM`M P[MVjXT 
P[Q MP[VNVhVUQQ MsQNTV\My WQRXMy XVj_�Vy RXMQ\M-
RXQ, UM[\T NQRjMUXT C [TRWVXT� ubbVjXQCUMRXQ \MsVX 
Cjh�WTXY QhQ UV Cjh�WTXY PMP[TCj_ UT [QRj. �M[\T 
NQRjMUXT, UV Cjh�WT��Tc P[V\QQ UT [QRj (zVl[QRjM-
CTc UM[\T NQRjMUXT), MX[TsTVX NM�MNUMRXY ThYXV[UT-
XQCU�� zVl[QRjMC�� UTP[TChVUQy QUCVRXQ[MCTUQc. 
�M[\T NQRjMUXT, Cjh�WT��Tc PMP[TCj_ UT [QRj,  
MX[TsTVX NM�MNUMRXY ThYXV[UTXQCU�� UTP[TChVUQy 
QUCVRXQ[MCTUQc, �T[TjXV[Ql_��Q�Rc XV\ sV [QRjM\, 
WXM Q QUCVRXQxQQ C MxVUQCTV\�y P[MVjX. K CVhQWQUV 
PMP[TCjQ UT [QRj _WQX�CT�XRc [QRjQ, RCclTUU�V  
R [VThQlTxQVy QUUMCTxQMUUM`M P[MVjXT [13; 14]: 

– RX[TUMCMy [QRj; 
– [QRj UVUTNVsUMRXQ _WTRXUQjMC P[MVjXT; 
– [QRj UVPMh_WVUQc P[VN_R\MX[VUU�� P[MVjXM\ 

NM�MNMC. 
wTRWVXUM-TUThQXQWVRjQV \VXMN� XTjsV _UQCV[-

RThYU� Q P[Q\VUQ\� Nhc MxVUjQ Q P[M`UMlQ[MCTUQc 
[QRjMC QUUMCTxQMUUMy NVcXVhYUMRXQ P[VNP[QcXQc\Q 
[TjVXUM-jMR\QWVRjMy P[M\��hVUUMRXQ. �TUU�V \V-
XMN� UV CRV`NT NT�X CMl\MsUMRXY P[MCVRXQ jM\-
PhVjRU�y TUThQl [QRjT PM CRV\ ClTQ\MRCclTUU�\ PT-
[T\VX[T\, XTj jTj jTsN�y PMjTlTXVhY P[VNVhYUM`M 

_[MCUc �T[TjXV[Ql_VX RXVPVUY _RXMyWQCMRXQ C lTCQRQ-
\MRXQ hQ�Y MX jMUj[VXUM`M PT[T\VX[T P[MVjXT. ~lzV-
sTXY UVNMRXTXjMC PMlCMhcVX \VXMN TUThM`MC, P[Q jM-
XM[M\ MNUMC[V\VUUM\_ UVP[MXQCM[VWQCM\_ Ql\VUV-
UQ� PMNCV[`TVXRc RMCMj_PUMRXY bTjXM[MC QRRhVN_V-
\M`M P[MVjXT R _WVXM\ Q� ClTQ\MlTCQRQ\MRXQ.  

�%�� �#���+��. �VXMN TUThM`MC QRPMhYl_VXRc 
Nhc MxVUjQ Q P[M`UMlQ[MCTUQc [QRjT jMUj[VXUM`M 
QUUMCTxQMUUM`M P[MVjXT UT MRUMCV TUThQlT zTl� NTU-
U�� M [VThQlTxQQ TUThM`QWU�� P[MVjXMC Q TUThM`QW-
U�� _RhMCQy Q� [VThQlTxQQ. qTjsV MU PMlCMhcVX 
_WVRXY M�QzjQ, PMRhVNRXCQc CMlNVyRXCQc UVzhT`MP[Q-
cXU�� bTjXM[MC UT QUUMCTxQMUU_� NVcXVhYUMRXY 
P[VNP[QcXQy, P[Q\VUcVXRc jTj UT MXNVhYU�� RXTNQc� 
QUUMCTxQMUUM`M P[MxVRRT, XTj Q PM CRV\_ P[MxVRR_  
C xVhM\. �VXMN TUThM`MC QRPMhYl_VXRc Nhc [TRWVXT 
z_N_�Q� PMjTlTXVhVy UT MRUMCV P[M�h�� R CUVRVUQV\ 
MP[VNVhVUU�� jM[[VjXQ[MCMj R PM\M�Y� \VXMNT RxV-
UT[QVC.   

�VXMN RxVUT[QVC P[VNPMhT`TVX MPQRTUQV CRV`M 
\UMsVRXCT CMl\MsU�� _RhMCQy [VThQlTxQQ P[MVjXT  
Q MXCVWT��Q� uXQ\ _RhMCQc\ lTX[TX, [Vl_hYXTXMC  
Q PMjTlTXVhVy ubbVjXQCUMRXQ. �U NTVX CMl\MsUMRXY 
MxVUQXY CV[McXUMRXY UTRX_PhVUQc [QRjMCMy RQX_TxQQ 
Q CMl\MsU�V PMRhVNRXCQc Nhc [TlCQXQc QUUMCTxQMU-
UMy NVcXVhYUMRXQ P[VNP[QcXQy. K jTWVRXCV CMl\Ms-
U�� CT[QTUXMC xVhVRMMz[TlUM PMRX[MQXY jTj \QUQ\_\ 
X[Q RxVUT[Qc: PVRRQ\QRXQWVRjQy, MPXQ\QRXQWVRjQy  
Q UTQzMhVV CV[McXU�y ([VThQRXQWVRjQy, QhQ R[VNUQy). 
L[Q [TRR\MX[VUQQ jTsNM`M RxVUT[Qc \MsUM PMh_WQXY 
CMl\MsU�y NQTPTlMU [Vl_hYXTXMC, NTC Q\ CV[McXUMRX-
U_� MxVUj_ Q R[TCUQXY Q�. ©RhQ RxVUT[Qy Q\VVX UTQ-
zMhY�_� CV[McXUMRXU_� MxVUj_, XM MU RWQXTVXRc [QR-
jMCTUU�\, P[QUMRc�Q\ _�V[z QUUMCTxQMUUMy NVc-
XVhYUMRXQ P[VNP[QcXQy [15]. LMuXM\_ Ql P[VNhMsVU-
U�� RxVUT[QVC C�zQ[TVXRc UTQzMhVV MPXQ\ThYU�y  
R UTQ\VUY�Q\Q PMXV[c\Q.  

�VXMN TUThM`MC _UQCV[RThVU Q \MsVX QRPMhYlM-
CTXYRc P[VNP[QcXQc\Q [TjVXUM-jMR\QWVRjMy P[M\��-
hVUUMRXQ Nhc MxVUjQ Q P[M`UMlQ[MCTUQc CMlUQjUMCV-
UQc [QRjMC�� RQX_TxQy jTj Nhc CRVy QUUMCTxQMUUMy 
NVcXVhYUMRXQ, XTj Q Nhc jTsNMy Vµ RXTNQQ.  

����^3�#��. �T MRUMCTUQQ QRRhVNMCTUQc NVhTV\ 
C�CMN, WXM P[VNhMsVUU�V jMhQWVRXCVUU�V \VXMN� 
MxVUjQ Q P[M`UMlQ[MCTUQc [QRjMC CM ClTQ\MRCclQ 
N[_` R N[_`M\ PMlCMhcX P[VNCQNVXY UVzhT`MP[QcXU�y 
QR�MN [TlCQXQc RMz�XQc C P[MxVRRV QUUMCTxQMUUMy 
NVcXVhYUMRXQ P[VNP[QcXQy [TjVXUM-jMR\QWVRjMy P[M-
\��hVUUMRXQ, T XTjsV PMh_WQXY WQRhVUU_� MxVUj_ 
[QRjMCTUUMRXQ P[MVjXT, MP[VNVhQXY RXVPVUY ChQcUQc 
bTjXM[MC [QRjT UT V`M ubbVjXQCUMRXY.  
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Market transformation and integration of the economy into the world economy underlined the need to transition to 
intensive type of economic development. Imperative intensification is specifically implemented during the crisis. The 
depth of the recession, the outflow of capital and the state of the priority scale factors of the economic process, 
manifested in the modern crisis of the economic situation, actualize the need to intensify the development of the system 
of training and retraining of personnel for the defense industry enterprises, which includes the regional level. 

During the period of reforming of the Russian society on the division of powers between the federal center and the 
regions governance issues development of territorial forms of life, ways of formation and functioning of the regional 
socio-economic systems have acquired a special significance. 

Study of the problems of management development of preparation and retraining system of personnel for the defense 
enterprises of the region on the basis of a program approach showed that the growing role and importance of the 
regional educational system lead to the need to identify new scientific approaches, principles of formation and 
implementation of development programs, to improve the implementation of the mechanism, the development of tools 
and measures that will allow regional bodies to manage the training system together with the Ministry of education and 
science of the Russian Federation to make the transition of the system to a new quality - to the educational federalism 
organically combine the two processes of regionalization and integration of the vocational education system. 

The proposed concept of management of development of regional system of training and retraining of personnel for 
the defense industry enterprises involves improving the existing management development of professional training for 
defense companies at the regional level on the basis of program-project approach as one of the main mechanisms for 
implementation of the state innovation policy and elements of an innovative infrastructure designed to the development 
of innovation and the formation of a complete innovative vocational education system based on the state of innovation 
development priorities at the regional level. The model of innovative development of the training and retraining system 
of personnel for the defense industry enterprises at the regional level, using software-project approach has been 
proved. The possibility through regional planning and design software and form of its implementation to ensure the 
most effective forms of power integration, public opinion, education, science and business in the innovative update OPK 
of the Russian Federation are shown. 

 
Keywords: regional management, system of training and retraining of personnel for the defense industry 

enterprises, planning, innovation, innovative upgrade program-project approach, management, effectively-based 
management.  

 
�����!"�. `��(�� � ��������� � 2015–2018 ��.  

��������!| ~�	�����, ����;��;���!| +������� )�� 
�� ��~�< � ������#���(�� � ��+���� ������� � ��|-
��;����, � ���������#��� +���+�	���� ��#����� +��-
(�;(�<�( ~�	���!, �	�/!������ 	��+����������  
� �����;������� ��/�������� �� "	�����#��	�� 
����. ���, +����� �����, ���+��)�( �������	�� "	�-
����	� 	 ������#���(� ��+���� �������, �������� 
�/�����	, �!����������� ��"~~�	������� 	�+���;�, 
+��!&���� 	��	�������+��������� ���#��������� 
+����	)�� ��;������� ������������ ����;<��)�� 
���;( [1]. 

������/ ��)��;<��-"	�����#��	��� ��/����(  
�� 2016–2018 ��. |���	����/��� ��/����� �������	�� 
"	�����	� � ��;���(| ��|���(�����( ���+�;���#�-
�	�� �������;<�����, +����;����( +��������(  
�� +���(����� ����� +�����/���� +������ 	 %����� 
"	�����#��	�| ���	)�� �� ������! �
 � 
� � ��-
����!| 	�������	)��. ������#���� �����+� �� ����-
�!� �!�	� 	�+���;� �;( �������	�| 	��+���� � ���-
����#�� �!��	�� ������< #������ ����	� 	�+���;� 
#������� ��	����, ��(/���!� � +���&����� ���&���� 
��;��, �	�/!���� ���������� �;�(��� �� ���������-
;���� �������)������ �	��������. ��� "��� �� ���-
���! +���/������� ��� ��������( �(� ����	����!| 
�/�������. 

� +�����/�!� +����� ���;�#���( ��;( +���!&-
;������ +���/������� � ����	���� ��� � 25,1 %  
� 2014 �. �� 27 % � 2018 �. �������!������ +���/-
������� ���;�#�� ���� ��;� � ��� � 13,4 % � 2014 �. 
�� 14,7–14,8 % � 2017–2018 ��. � ��(/� � ��#��&���( 
+��)����� ��+����/�������( � +���!&;�������  
� ������ �����;�� �������)������� �+���� [1]. 

%�/����� ��������-+���!&;������ 	��+;�	�� 
%������	�� $�����)�� (���) (�;(���( ������� ����-
����#��	�� ��/�+������� �����!, ��������( 	 #��;� 
	;�#��!| ~�	����� �!��	���|��;���#���� ��/����( 
"	�����	� %����� [1; 2]. 
�����( ��;( ���	���	�� 
�!��	���|��;���#��� +����	)��, +� �(�� �����;�� 
(����)�(, 	�����, �+��	�, �����";�	�����	�) �!+��-
	����� +���+��(��(�� ���, +���;������( 	 90– 
100 % [3]. 

�����|��(��� +��)���! � ����������� ���� ��	-
���� ��������-+���!&;������ 	��+;�	�� %����� 
���!� +��~�������;<�!� �!/��!, 	����!� ����(� 
���!� /���#� ���: 

– ��|��#��	�� � ��|��;���#��	�� +�������������; 
– 	��+;�	���� ���;�#���� "~~�	��������; 
– ��/����� +���+�	����!| ����/)�� ���������(; 
– ��������� ���!| ��|��;���#��	�| +��)����� [4]. 
%�&���� +���#��;���!| /���#, ���� +�� ��;���� 

���;�/�)�� +�������! �������/�)�� ����| +���/-
������, ����;(����� �!��;���( ���&����!| �����-
�!| ������� �� `{��%, � ��	�� �� /�	�+	� � ���	�| 
���/�	�/� ������ ���������(, ����������� ��/ ���-
+�;����( � ��/����( ������&��� ������� – #�;���#�-
�	���, ��/ �!�����	� ����#����� ���������!� ���-
������(� ������! +�������	� � +���+�������	� 	�����. 

� �����(��� ����( ����� 	������������< ��;�#�� 
	����#��	�� �����)��, �;����&���( �� �!�	� ����� 
� ������ �~���. ��� �!/���� ��������!�� |���	����-
���	���, +�������� ���� ������!� �#�����	�� ���-
���� +��)����: +����)��;<�!� �������	��, +���+��(- 
��(� � ������/�)�(� ���, � ��	�� ����/�����;<�!� 
�#�������(�, �����(��� 	���! �;( ���.  
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�� +��;����� ���! ����������� +��;���;� ����-
;!� ���;�( �;( ��/����( 	�������� +����)��;� +���-
+��(��� � ������/�)�� ���. ��	, �� ������(&��� 
���< �� ��������� +�������;���( �������;<���� %��-
����	�� $�����)�� �� 5 ����� 2015 �. � 192 «� ����-
����������� +;��� +�������	� 	����� �� ������� 
+��~�������;<�!� � �!�&�� ����/������� �;(  
������/�)�� ��������-+���!&;������ 	��+;�	��  
�� 2016–2020 ���!» � ���(�	�� ���;�/�)�� �������-
��������� +;��� +�������	� 	����� �� ������� +��-
~�������;<�!� � �!�&�� ����/������� �;( ������-
/�)�� ��������-+���!&;������ 	��+;�	�� �� 2016–
2020 ��., ����������!� +��	�/�� ���������	� %�����, 
���+�������� %�����, ���	��+���)�� «%��	�����»  
� ���	��+���)�� «%������» �� 27 �	�(��( 2015 �.  
� 1217/3379/3/1/1018-�, +������;<���� %$ �������;� 
+;�� +�������	� 	����� �;( ����+�#���( ��������-
+���!&;������ 	��+;�	�� �� 2016–2020 ��. 
��;���� 
������� +;���, �� 2020 �. ����|����� +���������<  
95 505 #�;���	 (14 770 �+�)��;����� �� ������� +��-
~�������;<�!� ����/������� � 80 735 �+�)��;����� 
� �!�&�� ����/�������) [5; 6]. 

����;��� 	�������� ����+�#���( ��� ����� ���-
����!� |���	��� � ����� �!�< ��&��� ��	;�#���;<-
�� +���� +���(��( 	��+;�	��!| ��������#��	�| ��� 
+�� ���;�������!| �������(| ���| �#�����	�� +��-
)����, � ��� #��;� � �� �������;<��� ������. 

����������< 	�������� ����+�#���( ��� (� ����� 
	��/���!| � +���	��/���!| +���;�� "	�����	� %��-
���) � +����� �#����< +����+����;(�� ����|�������< 
�����&����������( ��|���/�� �+���;���( ��/������ 
������! +��~�������;<��� +�������	� 	����� �;( 
��� �� �������;<��� ������, #�� ��;��� ����+�#��< 
"~~�	������ ~��	)����������� ��� 	�	 �!��	���|-
��;���#���� �����+��~�;<���� ��	���� "	�����	� 
�����!, �+�������� ����;�������< +����������  
���������!| 
�; � �����| ����	 � ����������� 
���������� � ����+�#��< ��������#��	�� +���������� 
%������	�� $�����)�� �� �����!| �!�	�| �!��	�-
��|��;���#�!| +����	)�� � ��;��. 

�,#3*�02 1+,&�*�!"8 ,&(�"%"�0 ,�9"#!&*6!#4 
$"$%�02 +,#;�$$"#!&*6!#4 +#�9#%#�'" !& #$!#�� 
+,#9,&00!#9# +#�/#�&. �������/�)�( ������! +��-
�����	� � +���+�������	� 	����� �� �������;<��� 
������ �� ������ ���;�/� � +�����/� +���������� 
+���+��(��� ��� � ��������������| 	�������(| 
�������	�� � 	����	�����	� ����	���! +��~�����-
��;<���� ���#���( � �#���� +���+�	��� ��/����( 
��;��� ����+�#��< ���;�������������< +��~�����-
��;<��-	��;�~�	�)������ ����	���! �+���� � +���-
;�����( ����#�� ��;! +���+��(��� ��� [7]. 

{��;�������� +���;�� �+���;���( ��/������ ��-
�����;<��� ������! +��~�������;<��� +�������	� 
�� ������ +����������� +��|��� +�	�/�;�, #�� ��/-
�������� ��;� � /��#������ +��~�������;<���� ����-
/�����( �;( +���+��(��� ��� +������� 	 ����|���-
����� �+����;���( ���!| +���)�+�� ~����������(  
� ���;�/�)�� +������� ��/����( ����!| ������,  
�����&����������( ��|���/�� ���;�/�)�� +�������, 
��/�����	� ����+��(���, ��+���;���!| �� +��!&�-
��� "~~�	�������� ����/�����;<�!| 	��+;�	��� 
�����	��� %$, ���;�/����| ��+���;���( +�������	� 

� �+�)��;<����� (��	�;������, ������� +��~�����-
��;<��� ����/������), +� 	����!� ��������;(���( 
+�������	� 	����� �;( ����+�#���( ��� ������� [8]. 

�������#��	�� ���;�/ � +��	��#��	�� �+!� � ��-
;���� �+���;���( ��/������ �������;<��� ������! 
+��~�������;<���� ����/�����( +�/��;(�� �)����< 
+�����(��!� � ��&�� ������ ���#�!� +��|��!  
� �+���;��#��	�� �����! +����������� �+���;���( 
��/������ �~��! +��~�������;<���� ����/�����(  
�� ������ ������� � �!�������< ��	������)�� +� �| 
�����&�����������. 

���������!� ���;�/ ���������( 	��	����!|  
)�;��!| +������� ��/����( �������;<�!| ������ 
+��~�������;<���� ����/�����( 32 �������� %����� 
�!(��; �(� ��������	��, |���	����!| �;( ��	���� 
+��	��	� ��/�����	� � ���;�/�)�� )�;��!| +������� 
� �~��� +��~�������;<���� ����/�����(: ���������#-
��( �������������< ��(/� +���������� +���;��!  
� ������)����!�� ��)����;<�!�� � �����;��!�� 
+�����������; ���������� ���;�/� ���	��, ��(/���!| 
� +���������-)�;��!� ������� ��&���( +���;��!; 
�������#�� ~����;<�!� ���������!� +��|�� 	 �!��-
���	� )�;��!| ����	������; �������&������ +����-
�(��!| +�� ��/�����	� )�;��!| +������� ������� 
+;���������( �������; �;���( ���;�/�)�( +���)�+� 
�������~�	�)�� ~������������( +���������� ��(-
��;<����� � ��. 

{/�#���� �+!�� ��/�����	� � ��������( +������� 
��/����( ������! +�������	� 	����� � �����	��| %$ 
���� ��������� /�	;�#��<, #�� � ����������� "	���-
��#��	�� � ��)��	�;<������ �����)�� ��/��	��� ��-
��|�������< ������ �/������( � ��+�;����( � �����-
������ ~�����;<��� ����;< �+���;���( ��/������ 
�������;<�!| �#�������� +��~�������;<���� ����-
/�����(, �~������������ �� ������ +���������-
)�;����� +��|���, #�� +�/��;�� ����������< +���|�� 
������ ������! � ����� 	�#����� – 	 ����/�����;<��-
�� ~�����;�/��, ������#��	� ��#�������� � ���� ��� 
+��)����: �������;�/�)�� � �������)�� ������! 
+��~�������;<���� ����/�����( [6; 8]. 

���������!� +��|�� ��;��� ����;�����(�< �;�-
������ ���������(�: 

– �������������< +�������!, �� )�;��!| ������-
��	, ��|���/��� ���;�/�)��, 	���#�!| ��/�;<�����; 

– 	��+;�	�����<, �. �. )�;������ ��������� ���-
���� ����/�����;<���� +����������� � �~��� +��~��-
�����;<��� +�������	� ������� � ��/������/��� ��-
+��, �����, �#�������� +��~�������;<���� ����/�-
����(, ���+���� � ������� ����/�����(, �������)��� 
��/���������!| ����+��~�;<�!| � �����+��~�;<-
�!| ����/�����;<�!| �#�������� +��~�������;<��� 
+�������	�;  

– �/������(/< � ������� +���������� ��/����( 
��/;�#�!| �~�� ��(��;<����� ������� (+���/�����-
������, ��)��;<��� � ��.); 

– "	�+;�)������< – (�����<, #��	���< �� +���)�-
+��, ������!| ��+���;����, )�;�� � /���#, ���	���-
��� ��������� � ��| ���;<�!| +��)����� � ������)�� 
��/����( �������;<�!| ������ +��~�������;<���� 
����/�����(; 

– ;���#��	�( +��;�������;<����< ����	���! � ��- 
����!| �� 	��+�������; 
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– ������/�)�����-"	�����#��	�� ����+�#����  
� ���#��-������#��	�� ��+���������� +�������, 
����������� ��|���/��� ���;�/�)��. 

�,#9,&00!#-+,#�'%!24 +#�/#�& '&' #�"! "( 
#$!#�!2/ 0�/&!"(0#� ,�&*"(&:"" 9#$1�&,$%��!-
!#4 +#*"%"'" '&�,#�#9# #3�$+�)�!"8 +,��+,"8%"4 
��	 !& ,�9"#!&*6!#0 1,#�!�. `� ������ +�������-
���� ���;�������( +���;����� 	��)�+)�( �+���;���( 
��/������ ����/�����;<���� 	��+;�	�� �����	�� %$, 
���;�/������ ��+���;���( +�������	� � �+�)��;<��-
��� (��	�;������, ������� +��~�������;<��� ����- 
/������), +� 	����!� ��������;(���( +�������	�  
	����� �;( ����+�#���( ��� �������, ���������(  
�� +���������-+���	���� +��|���, 	����!� �����/�-
���� +���������-)�;���� � +���	��!� +��|��!. 

� #�� �������< � ����������� +���������-+���	�- 
���� +��|��� 	 ������)������� �+���;���� ��/��-
���� ������! +�������	� � +���+�������	� 	����� 
�;( +���+��(��� ��� �� �������;<��� ������? 

���	�;<	� ��/��!�� +��(��(�� �;( ������� +��-
|��� (�;(���( +��(��( «+��������» � «+���	�», ��#-
��� � ���	�!��( �| �������� � ��+�����;���(. 

����������-)�;���� +��|�� � ������ ��+�	�� 
+�������;(�� ����� �������, �����(��� �/ ���| �;� 
��;�� +�������, ��������| ������ �/������(/	�  
� 	�������)��, �������������!| �� �������#�� ��;-
�����#�!� +�����. ��"���� +�������� |���	����/�-
���( +�	����, ������� �;� �����)�� +�������. ��� 
�!���+��� 	�	 #���< ����	���! �������;<��� )�;���� 
+�������! ��/����( ������� � ~���������( �� ����-
�� ����	���! $�����;<��� )�;���� +�������! ��/- 
����( ����/�����( � %$, $�����;<�!� /�	��  
�� 29.12.2012 �. � 273-$� (���. �� 30.12.2015 �.)  
«�� ����/������ � %������	�� $�����)��» [9], � )�-
;��!| +������� ��/����( � �����| �~���| "	�����	�. 
� ��� �+����;(���( ������!� ��+���;���(, ��|���/� 
���;�/�)�� ��)����;<��-�������;<���� 	��+������, 
�#��!������ ��)����;<�!�, �������;<�!� ��)��;<-
��-"	�����#��	��, "	�;���#��	��, 	�;<����!�, ����-
���~�#��	�� � ������ �����������; ���������( ��-
+���!, ��������!� 	 ������� �����	��� %$, ������� 
�������� �����+���;���(, �������;<�!| �����;��!| 
�������� [9; 10]. 

����	��!� +��|��, � ���� �#����<, ���������- 
�����( 	�	 	��+;�	�, �����(��� �/ �/������(/���!| 
/���# (�����) � #��	� �+����;���!�� )�;(��, ���+�-
������ (���~�	�� �����), ��������, ����#�����!�, 
	�	 +����;�, �� ���������#�!� +����� (��!#�� ����� 
3 ;��). � ������ �;�#�� +���	� ��������������( 	�	 
«+�	�� +���	���» �;� «�����)� +���	���» [11]. 

����	��!� +��|�� 	�	 �����( #���< ����	���! ��-
�����;<��� +�������! ��/����( ������! +��~�����-
��;<���� ����/�����( +�������;(�� ����� ��	�� ���-
����, �����(��� �/ ���| �;� ��;�� +���������!| 
(������)����!|) +���	���, ��+���;���!| �� ��&���� 
+���;�� ��������#��	��� |���	����, � ������, "~~�	-
������� ~��	)����������( ��� 	�	 �!��	���|��;�-
��#���� �����+��~�;<���� ��	���� "	�����	� �����!. 

����	�, � ���� �#����<, – "�� 	��+;�	�, �����(��� 
�/ �/������(/���!| /���# (�����), � #��	� �+����;��-
�!�� )�;(��, ���+������� (���~�	�� �����), �����-
���, ����#�����!�, 	�	 +����;�, �� ���������#�!� 

+����� (��!#�� ����� 3 ;��). 
;�������;<��, +���	� 
����� ������������< 	�	 «+�	�� �����» �;� «�����)� 
/���#» [11]. %����� (/���#�) � �������;���� +���	�-
���� ����������� – "�� 	���	����#��( ��(��;<����<, 
����|�����( �;( ���������( 	��	������� ��/�;<����. 
������ �	��#���( �����! �/��#��� ~�	� +�;�#���( 
"���� ��/�;<����. %����� (�;(���( ��/��!� +��(���� 
� +��������;(�� ������ �;( ������/�)�� ����!|  
� �������| �+���;���( +���	���� [11]. 

^������ �;�����, +���	� – "�� +��)��� ��/����( 
�+����;���!| ��/�;<�����. ����	� ����� ���������-
���< 	�	 )�;����!�  +��)���, ����|����!� �;( ��/-
����( ������ +����	�� (������ �;� ��;���), ����� 
��|��;���� �;� ��!| /������ �+����;���!| ��/�;<-
�����. 

��� ��+�;</������ 	;����#��	��� +���������-
)�;����� +��|��� +�������� ��/�����!�����( +� �|�-
�� «)�;� – /���#� – ����+��(��( +� ��&����». ���-
�	��!� +��|�� ��	�� ������������ �� ������ �|���, 
�� � �	;�#����� ~����;<�� +������+�;�������� 
+��� «+���;��! – ��������� – ��)��;<��-"	�����#��- 
	�� ��/�;<���», ���;�/������ � ���	�;<	�| ��������| 
+�� ��+�;</������ �)�������� +��|���. 

����������-+���	��!� +��|�� +�/��;(�� �!��-
;��< ���	�;<	� ������� +��������������(: ~���-
��;<�!� � �������;<�!�, ��	����, ���������#�!�  
� ��������! ��;�����#���� (������)�������); ����-
/��< �+���;���� ��/������ +��~�������;<���� ����-
/�����( +� ����/�����;<�!� ���+��(� � �����(�; 
�~���������< +���������!�, "	�����#��	� /��#��!� 
� ������)����!� ��+���;���( �������;<���� ��/��-
��( +���+��(��� ��� � �. �. ��� "��� +���)�+ 
����	����/�)�� +�������! ��/����( +� ��+���;�- 
��(� � ��������������� +���	��!� ����+�#����� 
(�;(���( ������!�. � ��/�;<���� #��� ��/��	��� /���-
#� ~����������( ����|������� +�	��� +���	���  
+� 	������ ��+���;���� ��/����( ��� �/ ����-
��|�( �;� +���;�����!| �������)�����-������- 
)����!| +���	���. ��� ~����������� +���	��� ���-
;�/������( �����(��� �� ������ ���;�������(, ~��-
��;������( +���;��!, ��/�����!�����( ��������(, 
+���	�������( ����+��(��( � �������!� ��/�;<���!. 
����� ����, +���	�! ����� �	;�#��< ��|���/�! 
��������;���( ��(��;<�����, +;�� ����+��(���, ���-
	�, ��+�;����;��, ����#��	� ~������������(. 

������!�� 	��)�+���;<�!�� +�;�����(�� ��-
����)������� �+���;���( ��/������ ������! +����-
���	� � +���+�������	� 	����� �;( +���+��(��� ��� 
�� �������;<��� ������ �� ������ +���������-
+���	����� +��|��� (�;(���(: 

– 	��+;�	���� ��/����� ������! � ��������| 
����� ��������, �����������, ������� � 	��	������� 
+���+��(��( ���; 

– �+����;���� ��������� +������������ ��/����( 
������! +��~�������;<���� ����/�����( 	�	 ������� 
~�	���� "	�����#��	��� � ��)��	�;<������� ��/��-
��( �������;<���� ��)����; 

– ���������������< )�;�, ����|�������< �� ��-
	��+�/�)�� �� /���#� � ����;<�!� +���	�!, ���	�!-
��� �| ;���#��	�| � ������!| ������&���� [12]. 

^����������� ������� +��|��� +�� ~����������� 
�������;<�!| +������� ��/����( ����� (�;(�<�( ��, 
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#�� �����)� +���	��� ~���������( �� ������ ���;�/� 
� �)��	� ��/�;<�����, +�;�#���!| � |��� ���;�/�)�� 
)�;��!| +������� /� +���!����� +�����, � ��	��  
� 	����	��� ������)����!| +��������!| /���# +�-
��� ���;�������( +���	��!| +���;������, �������-
�!| �� +���;�����(| ��� �������; +���;������, 
����������!| �������!� �������� � ������!�� 
������)����!�� /���#���, ���(���� +���� +��-
�������, 	����!� ��/�����!�����( +�������������� 
+����������;(�� �������;<�!| �������������!| ��-
����� �+���;���( � �~��� ����/�����(.  

����< �;����� �������<, #�� � +��~�������;<��� 
����/������, 	�	 � � �����| �����;(| � �~���| ��(-
��;<�����, � �����(��� ����( ����� �!��;��< ��� 
������!| ������ 	 ��������;���� �+���;��#��	�� 
��(��;<�����: ~��	)����;<�!�, +��)����!�, +���	��!�. 

���	�;<	� +���	� +�������;(�� ����� ���	�;<�!� 
	��+;�	� ��������, �� /��!	������( � �� +���(/��-
�!� ����	� 	 ������/�)������ ����	����, ������� 
�+����;���!� ���! ��#�;� � �	��#���(, ��������<, 
���+������ � ��|��#��	�� /������, +����;<	� �+���-
;���� +���	��� ����������� ��;�#����( �� �+���;�-
��( ~��	)����;<�!� +����/��;�����, � 	������  
+����(��� �!+�;�(���( ���� � �� �� ��(��;<����< 
(�;� ������ � �������;���� +���	����� �+���;���(), 
�� ������( #��	�� ���! ��#�;� � �	��#���(. ^����-
�� �;�����, �+���;���� +���	��� ����������� ��;�-
#����( �� �+���;���( ~��	)����;<�!� +����/��;�-
���� �;� ��/����-+��)�����, ��� +����(��� �!+�;- 
�(���( ���� � �� �� ������, �� ������( #��	�� ���! 
��#�;� � /����&���( [13]. 

`� �/��#��� ;� "��, #�� "�� ��� �+���;��#��	�| 
������ ��|��(��( � ������&���� �/������	;�#����-
���, �. �. #�� +��������� ������ �/ ��| ��	;�#��� 
��/�������< �������������� ��+�;</�����( �����|? 
`��, �+���;��#��	�� ����������! � ��|���/�!, +��-
����� 	������ �/ +���#��;���!| �������, ����� 
������������ "~~�	����� +�����(�<�( � �+���;��-
#��	�| �������| ��/;�#���� ��+� � �����( (������/�-
)��, �����;�, ������� � �. �.). ^������ �;�����, ��� 
��|��(��( � ����&���� �/������+�;�(������, �. �. 
+��������� ~��	)����;<���� ������ �� ��	;�#���,  
� ��+�����, ����� �!�< ��������� ��/�����	�� � ���-
;�/�)��� +���	��� � ������/�)��, �����;�, �������. 
��;���#��, �����&����������� ��;��!| +��)����� 
(��/���-+��)�����), +�/��;(���� �������� �;�(�< �� 
	�#����� +��������;(��!| ��;�� �;� +���/������� 
+����	)��, ����� �� ��	;�#��� ��������;���� 
�+���;��#��	�| ~��	)�� �;� ��/�����	� � ���;�/�-
)�� +���	��� [14]. 

������ � ��� ����|����� ���/�����< |���	��� ��-
����#��	�� �/������(/� "��| �+���;��#��	�| ����-
���. ����� �������< � �������#�� #��	�� |���	���� 
������#��	�� ���;����������� ~��	)����;<����  
� +���	����� �������. � �����;<��� ��/���-)�	;� 
+���	�! +���&������� ~��	)����;<��� ��(��;<��-
���, ��	 	�	 +���	�! ��)�;��! �� ��/����� +����	��, 
��|��;���� � �. +., � ~��	)����;<��( ��(��;<����< 
��+���;��� �� +���������� � +����;����� ��+�;</�-
����( ��|��;���� �;� +���/������� +����	)��. 

^��������;<��, ��+�&��� ~��	)����;<��� ��(-
��;<����< ����� +���������< 	�	 +����(��!� ��+��-

�!��!� +���	 ��������, �	��#��������( +����	�-
/���!� ������� ��|���!| ��/�;<�����, � �� ����( 
	�	 +���	� ��������������( 	�	 �������!� ��+�;<� 
�	��������, +���������� ���	�;<�!� �����#�!� 
��/�;<���. $��	)����;<��( ��(��;<����<, ������ 
�����(, +����;�����( � +��;� ���������( �+����;��-
�!| ��/�;<�����, � +���	�! +��	�������(, 	����  
��/�;<��� ���������. 

��� �� 	������( +��)������� ������ 	 �+���;����, 
�� �� /������� |��( � �������(��;<���, �� � �+����-
;����� ��!�;� +��������#��� ����� ����� ~��	-
)����;<�!� � +���	��!� �+���;�����. ����#�� +��-
)������� �+���;���( (�;(���( �����&����������� 
��/���-+��)�����, �. �. ��������;(��!| ����� ��(-
��;<����� (� ��� #��;� � ����� ��(��;<�����, ��(/��-
�!| � �!+�;������ �+����;���!| �+���;��#��	�| 
~��	)��). ��� "��� ���� �����&����������� ��/���-
+��)����� (��+�����, � �;�#�� �������������) ���-
�����;(���( �� +���	���� ������ [15]. 

��	�� ����/��, +��������� +���	����� +��|���  
	 ������� �+���;���( ��/������ ������! +�������	� 
� +���+�������	� 	����� �;( +���+��(��� ���  
�� �������;<��� ������ ��;��� ��#����<�( � ���;�-
���!���<�( � +���������� ~��	)����;<���� � +��-
)������� �+���;���(. ��� "��� �������� ��;���<� 
+��������( ~��	)����;<���� � +��)������� (� #���� 
��	�������;<���� �����&����������() �+���;���( 
(�;(���( �+���)����!� ����������, � �� ����( 	�	 
+���	��!� � +��)����!� (� #���� �������������) 
�����! ������������! +�������������� �� ��&���� 
��������#��	�| /���#. 

��,$+�'%"�!2� +,#�'%2 +,#9,&002 ,&(�"%"8 
$"$%�02 +#�9#%#�'" " +�,�+#�9#%#�'" '&�,#� �*8 
+,��+,"8%"4 ��	 	,&$!#8,$'#9# ',&8. � �~��� 
+��~�������;<���� ����/�����( ������� ��/������-
/�� ��/�����!����!| � ���;�/���!| +���	��� �#��< 
��;�	�. � 	�#����� 	�������� �| 	;����~�	�)�� ����� 
������������< �;������� |���	�������	� +���	��: 

– ������< ����/�����(, �;( 	������� +�����/��-
#��! ��/�;<���! +���	��; 

– ��/��� +���	�� (����� ������������<�( ��	�� 
+�	�/���;�, 	�	 ����� +���;�	���!| ~�������!| 
������� � �����| ��������, 	�;�#����� ���;�#���!| 
�+�)��;����� � +����������;�� ��/;�#�!| /�������-
������!| ������, ������ ����� � ��.); 

– �;������< +���	��, �+����;(���( �� ������ 
���������/�( )�;��!| ��������	 +���	��, 	�;�#����� 
�#��������| � +���	�� +����/��;���� �;� ������/�-
)��, �������� � �. +. (�;������< +���	��, 	�	 +����;�, 
������ "	�+����)��;<�� � ���;�#����� 	�;�#����� 
������/�)��, �#��������| � ��/�����	� � ���;�/�)�� 
+���	��); 

– |���	��� /�	�/#�	� +���	�� � ���+��< �#����( 
/�	�/#�	� � +���	��; 

– ������ +���	��!| ���	��. 
{�|��( �/ +���;�����!| ����+��(���, ��+���-

;���!| �� ������)������ ��/����� ������! +����-
���	� � +���+�������	� 	����� �;( +���+��(��� ��� 
�� �������;<��� ������, �������� ���;�������( +���- 
;����! +���+�	����!� +���	�! +�������! ��/����( 
������! +�������	� � +���+�������	� 	����� �;( 
+���+��(��� ��� ������(��	��� 	��(, +�/��;(���� 
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� ��;���(| ������#������ ���������� ~����������-
��( ������! +��~�������;<���� ����/�����( ����-
��(��	��� 	��( /� �#�� ��;�� "~~�	������� ��+�;</�-
����( �������� ����+�#��< ���;�/�)�� +�����;����� 
)�;� [11]. 

`��� +�������;�� +���#��< +���	��� +� +�����-
����!� ��+���;���(� ��/����( ������! +��~�����-
��;<���� ����/�����( ������(��	��� 	��(, ��+���;�-
��( +���	��������( � ������!� )�;� +���	��� [11]. 

1. ����	� «��;���( +�������	� 	����� �;( +���-
+��(��� ��� ������(��	��� 	��(». �������( )�;< 
+���	�� – ~����������� ������! )�;���� +�������	� 
	����� �;( +���+��(��� ��� ������(��	��� 	��(  
� ������/�)�( ������! +��!&���( 	��;�~�	�)�� 
�������	��, /��(�!| �� +���+��(��(| ���. 

2. ����	� «%������;�/�)�( � �������)�( +��~��-
�����;<���� ����/�����(». �������( )�;< +���	�� – 
+�����/�������� � ��������( ��/����( �������;<�!| 
� ����)�+�;<�!| ����/�����;<�!| ������ � 	��-
+;�	���; ��;<���&�( �������)�( ����/�����;<�!| 
�#�������� ���| �������; ������������< � +������-
�������< ����/�����;<�!| +�������; ��/����� � ��/-
����� �������������!| ��+�� �#���!| /�������� 
+��~�������;<���� ����/�����(. 

3. ����	� «
������ �/������������». �������( 
)�;< +���	�� – ��/�����	� � ��������� �������� �/��-
���������( ����� �#�������(�� +��~�������;<���� 
����/�����( � )�;(| ��;�� "~~�	������� ��+�;</���-
��( ����| �������;<��-��|��#��	�| ��/ � ��;���(| 
���������#���� ���������� ~������������(; +���	-
��������� �|�� �������� �/�����������( �� ������ 
+��������( ������!| +���)�+�� ;������	�. 

4. ����	�: «��������#��	�� 	���!». �������( 
)�;< +���	�� – ��/����� ������ ������! +�������	�, 
+���+�������	� � +��!&���( 	��;�~�	�)�� 	�����  
� �~��� +��~�������;<���� ����/�����( �� �������-
��� ������(��	��� 	��( � )�;(| �����&����������( 
���������( � ~��� +��!&���( 	��;�~�	�)�� +���-
����� � �������� +���/������������ ���#���( � �#�-
��� �| ��������� � ���������!| ���������� +�����-
��#��	�� ������ � +��	��	�. 

5. ����	� «����+��~�;<�!� � �����+��~�;<�!� 
�#�������( +��~�������;<���� ����/�����(». �����-
��( )�;< +���	�� – ��/����� (+���+��~�;��������)  
� 	��+�!| ������| ������(��	��� 	��( ����+��~�;<-
�!| �#�������� +��~�������;<���� ����/�����(, 
��/����� (+���+��~�;��������) � ������| � +���;	�| 
������	��� ��+� �����+��~�;<�!| �#��������,  
��	;�#����| ���;�������� +��~����� � �+�)��;<-
������ � �#�������(|, ���+�;�����!| �� ���������� 
����!| ������� � ����;���!| +��	���, � )�;(|  
"~~�	������� ��+�;</�����( �������!| �������. 

6. ����	� «%������;<��� ��������� +;�������-
��� � �~��� +��~�������;<���� ����/�����(».  
�������( )�;< +���	�� – ~����������� ����� �����-
;���� ����;� ���������� +;���������( � �~��� +��-
~�������;<���� ����/�����( �� ������ ����������-
���� � ������������ +��|���� � )�;<� �+����/�)�� 
�������!| ���|���� � +��!&���( �| "~~�	��������. 

%��;�/�)�( +���;�����!| +���������!| +���	-
��� +�������! ��/����( ������! +�������	� � +���-
+�������	� 	����� �;( +���+��(��� ��� ������(�-

�	��� 	��( +�/��;�� �/�����< ������������ ����	-
���� ���+���/������� ������!| �������� � ������(�-
�	�� 	��� [11]. 

�&'*7)�!"�. �+����;���( +��(��( +�������!, 
����!� � +��;����| 	��)�+���;<�!| ��	������|, 
��������������| +���;��! ��������� � +�;���	�  
� ��;���� +��~�������;<���� ����/�����(, |���&� 
���;������( � +���������� �����������#��	�� ���	-
���	�� ������� �������. ��	, � 	��)�+)�� $�����;<-
��� )�;���� +�������! ��/����( ����/�����(  
�� 2016–2020 ���!, ������������ ���+��(������ 
�������;<���� %������	�� $�����)�� �� 29 ��	���( 
2014 �. � 2765-�., +��(��� +�������! ���	�!�����( 
�;������� ����/��: +�������� 	�	 ������/�)�����( 
������ ���;�/�)�� ��������������� +�;���	� � ��-
;���� ����/�����( +�������;(�� ����� 	��+;�	� 
�/������(/���!| +� �������� � ���	�� ����+��(���, 
���������| �/������( � ����	����, ����������  
� ��|��;���(| ����/�����(, ������� �+���;���(,  
������/�)�����-+�����!| ~����| �����	��� ����/�-
����;<��� ��(��;<����� � ~��������-"	�����#��	�| 
��|���/��|. 

����������( �����������#��	�( ���	���	� +��(-
��( +�������! |���&� ���;������( � � ��~���)��� 
)�;���� +�������!, ������ � +�������;���� +����-
��;<���� %$, ��� +��#��	������(, #�� «)�;��!� +��-
�����! (�;(���( ����� �/ ������&�| ������� ���-
;�/�)�� ����	������ +�;���	� �����������, �	�����-
�� ��/�������( �� ��� ��)��;<��-"	�����#��	�� ��/-
����� � ��;��! �!�< ���������#��! �� ���;�/�)�� 
	��+�����&����!|, �����;�� ����!| �;( ���������-
�� �������)����!| ���#��-��|��#��	�| +���	���, 
��+���;���!| �� ��&���� �������!| +���;��, �|�-
�(��| � �~��� 	��+����)�� ~�����;<�!| ������� 
��+�;����;<��� �;����». 

��	�� ����/��, +���������-+���	��!� +��|��  
	 �+���;���� ��/������ ������! +�������	� � +���-
+�������	� 	����� �;( +���+��(��� ��� �� �����-
��;<��� ������ +�/��;(�� �+���)����;�/������< 
��������� �;� ���;��< ��������� �+���)������, +��-
������< ����� ��������#��	�| ���)����� � ������� 
	��	����!| ��������, ����+��(���, � /��#��, �����-
���� ��������������� ��������;���( �;� �!+�;��-
��(, ���;�/�)�� ��������� �+���;���( ����/�����;<-
��� ��������. 

�������, #��, �����( � +���������-+���	����,  
� �� +����� � +���	���� +��|��� 	 �+���;���� ��/-
������ �������;<��� ������! +�������	� � +���+��-
�����	� 	����� �;( +���+��(��� ���, �! |���� +��-
#��	���< 	��)�����)�� �� ��������#��	�| +���;���| 
�+���;���(. ^��������;<��, �+���;���� +���������� 
� +���	���� �+������( �� ����!� �+���;��#��	�� 
��������������, ����� ����� ������;���#��	�� 
������. 	)��� �� +������������ � ��/����� +��|��� 
~�	������� �������� �� ��;�����#����� � ������)�-
����� |���	���� �+���;���( ��/������. 

���#���� � ����������� +���;�������� +������- 
���-+���	����� +��|��� +�� �+���;���� ������)�-
���!� ��/������ �������;<��� �������� +�������	�  
� +���+�������	� 	����� �;( +���+��(��� ��� 	�	 
����� ~���! +���	����� �+���;���( � �~��� +��~��-
�����;<���� ����/�����( �� ������ ��� +�������� 
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���!�;��< 	�	 � �������#��	��, ��	 � � +��	��#��	�� 
+;���. `� ��� ������( �� �!/!���� �������( ��, #�� 
+�(�;���� +���������!| ��)����;<�!| +���	��� 
(�;(���( +������������� �������� � "~~�	�������� 
+���	����� +��|��� 	 ��&���� �������������!| 
��������#��	�| � ������)����!| /���# � ��;���� 
+�������	� � +���+�������	� 	����� �;( +���+��(��� 
��� 	��	������� �������. 

`� ��������� "���� +���;������( ��������;(�< 
�����! � ��+���;���� +��!&���( ���+��� �������-
)�� ��/;�#�!| ��+�� +������� � ��;���� +�������	� 
� +���+�������	� 	����� �;( +���+��(��� ���. 
������ ��;< � �+���;���� ������)����!� ��/��- 
���� �~���� +��~�������;<���� ����/�����( �!����� 
���!� ��+ ��/�����!������ +�������! ��/����(, 
��	�� 	�	 ��������������( �������;<��( +�������� 
��/����(. 
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