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INIABHBIA PEJAKTOP )KYPHAJIA

«BECTHUK CUBI'AY»

BEJISIKOB 'EHHA TUH TABJIOBUY
(k 65-J1eTHIO CO THA POKIECHHUA)

T'ennanumii [TaBioBuY beasikoB — KpyIHBIN yUEHBIH,
JIOKTOP SKOHOMHUYECKHX HayK, TPOoeccop, 3aCITyKeH-
HBII paboTHHK BhIcIeH mkonbl Poccuiickoit denepa-
IIUH, WICH-KOppecnoHaeHT CUONPCKOTO OTIENEeHUS
AKazieMun HayK BBICIICH IIKOJBI, JEHCTBUTCIHHBIN
yineH AkajaeMuu KocMOHaBTHKHM uMenu K. 3. [{non-
KOBCKOTO, AKajieMuu podIieM 0e301macHOCTH, 000po-
HBI U TTPABONIOPSIKA, AKaJIeMUN MEHEIPKMEHTA U PhIH-
Ka, AKaJeMUu TpaHCIOPTa, ACHCTBUTENbHBIN YJICH
MexayHapoIHOM aKaJleMUUd HayK BBICIIEH IIKOJIBI,
aBrop Oosiee 200 HayYHBIX TPYHOB.

3akoHumB B 1966 T. 3aBon-BTY3 — (uman KpacHo-
SIPCKOT'0 TIOJIMTEXHUYECKOTr0 MHCTUTYTA, . I1. bensikos
HayaJl CBOW TPyAOBOH IyTh Ha KpacHospcKkoM Mamiu-
HOCTPOUTENFHOM 3aBojie. PaboTa nHXeHepoM-TeXHO-
JIOTOM, 3aMECTHTENIeM HadajlbHUKAa COOPOYHOrO Iexa,
Ha4aJbHUKOM MaTEHTHO-TEXHUYECKOTO oTaena. B
1974 1. I. I1. bensxoB TpomobKuia 00pa3oBaHUE B ac-
nupaHType MOCKOBCKOTO HHCTUTYTA HAPOIHOTO XO3511-
ctBa uMenH I. B. IInexanoga. [locne ycnemHoit 3anm-
ThI KaHauaarckon mucceprammu B 1977 1. I I1. bemns-
KOB TIOCBSITHII ce€0s Hay49HO-TIeJarornyeckoil padore B
POHOM By3e: paboTaj CTapIliM MperojiaBaTesieM, J10-
[EHTOM, 3aBEIYIOLINM KadeIpoil SJKOHOMHKH, OPTaHHU-
3alUH 1 yTIPABJICHHUS TIPOU3BOJICTBOM.

B 1983 r. I I1. BensixoB ObLT Ha3HAYEH PEKTOPOM
Kpacuosipckoro 3aBona-Bry3a (HbiHe CHOUpPCKUi TO-
CyJIapCTBEHHBIN a9POKOCMUUYECKUN YHUBEPCUTET UME-
HU akagemuka M. @. PemeTHeBa).

3a BpeMs CBOEH PEKTOPCKOW AESATeIbHOCTH
T'. II. bensikoB cyMeJs IpeBpaTUTh By3 B COBPEMEH-
HOe, IMHAMUYHO pa3BUBalolieecs BbIcHiee y4yeo-
Hoe 3aBenenue. [lox pyxoBoacTBoM pektopa B Cub-
I'AY co3nmana cuctemMa MHTETPUPOBAHHON MONATO-
TOBKHU CIIEIMAJNCTOB, 00ecrednBarmas TeCHOE
€IMHCTBO 00pPa30BaTEIHHON, HAYTHOH U MPOU3BOI-
CTBEHHOM J1€SITEIbHOCTH CTY/IEHTOB B TEUEHHUE BCE-
ro mepuoaa oOydeHwus.

Bosmmasmsist CoBeT pextopoB By30B KpacHosipckoro
Kpasi ¥ SBIISSCH MIPE3UICHTOM acCOIHAINN a3POKOCMU-
yeckux By3oB Poccuiickoit @eneparuu, I I1. bensiko
BCEMEPHO CIOCOOCTBYET KOHCOMH/IAIIMH BBICILIEH KO-
JIBI C OpraHaMy TOCYIAPCTBEHHON BIIACTH, aKaJeMHYec-
KAMH MHCTUTYTaMH B MHTEPECaX COIHAIbHO-IKOHOMH-
YEeCKOTO Pa3BUTHsI KpacHOSIPCKOTO Kpasi.

AKTHBHAas U IUIOJOTBOpHAs JesATeIbHOCTh | eHHa-
nus [TaBnoBnya Ha mocty pekropa Cubupckoro rocy-
JApPCTBEHHOT'O a3POKOCMHUYECKOTO YHUBEPCUTETA XO-
POLIO U3BECTHA U BEICOKO OLIEHEHA POCCUICKUM M MEX-
IOyHapOIHBIM Hay4HBIM cooOmecTBoM. OHa crnoco0-
CTBYET MOBBILIEHHUIO MTPECTH]A OTEYECTBEHHON BbIC-
LI IKOJIBI HE TOJIBKO B HAILIEH cTpaHe, HO U 3a pyoe-
oM. Beigaronyecs: oprann3aTopckue CrocoOHOCTH,
TaJIaHT TMeJarora U y4eHoro IMO3BOJISIIOT OTHECTH
I'. I1. bensikoBa K yuciay HanOosee SIPKUX MPEICTaBH-
Tenel HayKu U KyJaeTypbl Pocenn.

bnarogaps ununmaruse I I1. bexskosa B 2000 1.
ipu CuOHUPCKOM roCcyJapCTBEHHOM a3POKOCMHYECKOM
yYHHUBepcuTeTe ObUI co3zaH kypHall «BectHuk Cub-
I'AY», KOTOpBIIl BXOJUT B IIEpeUeHb BEAYIINX PELEH-
3UpPYEMBIX HAay4HBIX KypHAJIOB U U3[IaHUM, B KOTOPBIX
JOJDKHBI OBITH OITyOJTMKOBAHBI OCHOBHBIE HAYYHBIC Pe-
3yJbTaThl AUCCEPTALNI HA COUCKAaHUE YUEHBIX CTelle-
HEH KaHauaara u JOKTopa Hayk.

bensakosy I II. npucBOEHBI IOYETHBIE 3BAHUS:
«3aciry»’eHHbIl paOboTHHK BhIciei mKkomnbl POy u «Ilo-
YEeTHBIN TpakJaHuH I. KpacHospckay, OH HarpaxjaeH
roCyapCTBEHHBIMM Harpajnamu: opjeHoMm [lodera,
Menansio umenu . K. J)KykoBa, menanesio «Berepan
Tpyzna», menaibio «300 nger Poccuiickomy ¢ioTy»,
HarpyaHbIM 3HakoM «lloueTHbIi paOOTHHK BBICLIETO
npodeccroHanbHOro o0pasoBanust POy, MenansiMu
®denepanun KOCMOHAaBTUKM Poccun, MOYeTHBIMU Ha-
rpajamMi IpyruX MUHHUCTEPCTB, BEAOMCTB U 0OOIIe-
CTBEHHBIX OpraHu3anui.

Peoaxyuonnan xonnezus
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VIIK 517.977.5

B. A. Oxop3uH

YU CJIEHHO-AHAJIMTUYECKOE PEHIEHUE 3AJTAYU
OIITUMAJIBHOT'O YIIPABJIEHUSA

Paccmompen uucnenno-ananumuyeckuii Memoo peweHus 3a0ay OnmumMaibHO20 YRpagieHus HeluHeUHbIMU cucmemda-
MU, ONUCHLIBAEMBIMU 0ObIKHOBEHHBIMU OUDDepeHyuanbHblMU ypagHeHusamuy, 6 eviuuciumenvholl cpede MathCAD.

CoBpeMeHHBIE BEIUMCITUTEIBHBIE CPEIbI TTO3BOJISIOT UC-
MOJI30BaTh KaK CUMBOJIbHBIC, TAK U YUCJIICHHBIC BHIUUCIIC-
HUs. [Ipr HaXOXKIEHUH PEIIeHUS 3a7a9 ONTHUMAIBHOTO YII-
PaBJIEHUS YacTO MPUXOJAUTCS TPOBOJIUTH TPOMO3IKUE CUM-
BOJTHBIC BEIYUCIICHHS IIPU CBEJICHAH 33/1a9U ONITHMAIEHOTO
yIpaBlIEHUs K IBYXTOUEUHON KpaeBoil 3agaun. B nanHol cra-
Th€ PAcCMOTpEHa aBTOMATU3alMsl PEUIeHUs 3aJa4dl OINTHU-
MaJIbHOTO YTIPAaBICHHUS C TOMOIIBIO BBIYHCIUTEIEHON Cpe-
151 MathCAD, UCXOHBIME TaHHBIMHE JJIs1 KOTOPOU CITYXKHUT
TOJILKO TIOCTAHOBKA 3a/1a4H.

IMocTanoBka 3amxaum. [Tycts 3a1ana cucrema muddepen-
[IUAJBHBIX YPaBHCHUI

dx m
o f(x,u,t), xe R™, M

ue R", tet,,t.].
e X — COCTOSIHUE CHCTEMBI; U — yIpaBleHue; t — Bpems;
{1, — HauaneHOE M KoHeuHOE BpeMs. HeoOxomumo mepe-
BECTH CHCTEMY U3 HadanbHoro cocrosuus X(t,) = X" B ko-
neunoe coctostne X(t, ) = X< ¢ MUHHMATBHBIM 3HauCHN-
€M KpUTEpPHs ONITUMATbLHOCTH

t

| =jF(x,u)dt—>muin_ )
tn

J1ns pertienns 3Toi 3a1auk COCTABIIAIOT FaMHUIBTOHUAH [ 1]
H=-F(xu+(p-f(xut), (€)
rae P —BeKTop CONpsKEHHBIX K BEKTOPY X NMEPEMEHHBIX, U

YABOCHHYIO CUCTEMY JBYXTOUETHON KpaeBOH 3a/1a4y ONTH-
MaJIBHOTO YIIPaBJICHUS

%: f(x,u,t),
t @)
dp_ _oH
dt oX

Jtst oT0i#t cucteMsl muepeHIMaIbHbIX yPABHEHHUI 3a-
maHbl N moctosiHHbIX uHTerpupoanns X(t,) = X" Ha me-
BOM KOHIIe M N mocTosiHHbIX nHTerpuposanms X(t, ) = XX Ha
npaBoM KoHIle Tpaekropun X(t) . JIyist 3aMBIKaHUS CHCTEMBI
(4) mPUMEHSIOT yCIOBHUE CTALMOHAPHOCTH FAMUIIBTOHHAHA

oH =0—-u’(x p) (5)
Jou

1, UCTIOJB3YS (5), MCKIIIOYaroT U3 ypaBHeHUH (4) QyHKIHIO
yrpasnenus u(t) .

CuMBO/ILHO-YMCIEHHAS peaju3anus aaropurma. [pu-
BEJIeM pealin3allfio aJIrOpUTMa Ha ITPUMEpPe HEIMHEHHOH He-
CTallMOHAPHOW CUCTEMBI BTOpOro nopsjka. [Ipaseie yvactu
muddepennranbHbIX ypaBHeHui (1), BpeMeHHOM nHTepBal,
HavaJbHOE M KOHEYHOE COCTOSTHIE MMEIOT CIIEYIOIIYIO 3a-
much B cucremMe MathCAD [2] (31ech 1 ganee Ajsl 3amucu
oreparopoB MathCAD wucrons3yercs mpsaMoit mpudr):

1+ x,
f(t, x):= 5
t-x2 +u 6)

tni=0 tki=1 xn: 1 xk: 2
0 3

[MoapHTerpansHas GyHKIMS B KPUTEPUU ONTUMAIBHOC-
™ (2)
F(x, U):= (2 xo) 2+ xZ+ u? (7
Chv7i OII€PATOPHI ABJIAIOTCA NCXOAHBIMU TaHHBIMU B 3a/1a~-
Yye ONTUMAJIBHOTO yIpaBieHus. Cleayromuii onepaTtop cum-
BOJIFHO BEIUUCIIACT TaMIUTETOHUAH (3) (pe3yabTaT CHMBOIb-
HBIX BRIYUCIIEHUH 3/1€Ch U JAaJiee CIIpaBa OT CTPENIKH):
H(X, u, p):=
Po ' :
= —F(x, u)+ [p(l’] f(t, x) = (U+t-x2)-p,+
+ (1) Py — (2-%g)? —U? - X}
Crnenyromue Tpu orepaTopa ONpPeNeisioT CTPYKTypy

OIITUMAJILHOTO YIPABJICHUSI NCXO/ISI U3 YCIIOBHUS CTAllMOHAP-
HOCTHY raMuiibTOHHaHa (5):

dHu::iH(x, u, p)
du

P

uopt:= dHu solve, u — o Py

uopt —» —
P 2

B mporpammax MathCAD HeBO3MOKHO BBITIOHUTE CHM-
BOJIbHOE Ju(epeHIIupoBaHue M0 HHACKCHOM IIepeMeHHON

oH
Xk’ TO2TOMY ISl BBIYUCJICHUS YaCTHBIX ITPOU3BOAHBIX ai

X

B 3aIIMCH FAMIJIBTOHWAHA IPUXONUTCS CAENATh MOJCTAHOBKY
C IIOMOUIBIO OIepaTopa substitute BMECTO MHIEKCHBIX Iie-
PEMEHHBIX X,, % HPOCTHIX nepeMeHHbIx X0, X1 (1o ymou-
yanuto Hymeparus B MathCAD naunnaercs ¢ Hy1s1):

H:= H(x, u, p) substitute,
Xo=X0,X;=X1—= u-p;+ X1-p, -
—(2-x¢)? —u? —x1%+ t-xog P+ Py
Z[anee BbIYUCJIIMM Y4CTHBIC TPOU3BOAHBIC a—H o 1po-

CTBIM IIEPEMECHHBIM, UCIIOJIb3Ys o6paTHy10 MOJACTAHOBKY:

de0:=i H dHx0:= dHx0substitute,
dx0

3
5.t. 'X§
xO:xo,xlleeﬁ

dHxL= 9 H  dHxL:= dHx1 substitute,
dx1

X0=Xgy,X1=X; > py—2-%
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Ternepsb ecTh BO3MOXKHOCTh BBIYHCIHTH TPABBIC YaCTH
KpaeBoi 3a1auu (4):

f(t, X),

f(t, x),
—dHx0
—dHx1
Fp(x):= Fp(x) substitute,
[ X, +1

5
5. P
t-x2+-L

Fp(x):=

u = uopt —
3

8-X,— 5-t-p,-x2
2-X;—Pg
JI71s1 9MCIIEHHOTO pEelleHUsl KpacBOM 3aJaud BbIPa3uM
IMMPaBbIC YaCTH TOJIBKO YCPE3 BEKTOP X:
Fp(t, X):= Fp(x) substitute,

X, +1
5

t~x§+§
Po= X2, = X3 = 3
5.t-%,-X2
8.x,— 87 X0

2

| 2X—%

HTax, Bce TOTOBO /IS YUCIICHHOTO PEILICHHS KpaeBo# 3a-
JIa<1 METOZIOM [IPHCTPENKH. J[JIs 3TOr0 MCIIOIB3YEM ITOAIIPOT-
pammy sbval, koTopast onpeaesseT HeAOCTAIOINe Hadallb-
HbIE YCIIOBHS d JUTS IBYX TIOCIICIHUX yPaBHEHHUI B (4), Hadu-
HasI C HAYaJIbHOTO PUOJIIKEHHS V, TIOCIIE Yero 3a/1a4a CBe/IeT-
cst K 3a1aue Komm BMecTo ABYyXTOUEUHOH KpaeBoii 3a1auH:

v::[g} x:= stack(xn, v)
f1(tn,v):= stack(xn, v)

f2(tk,x)::{

Xo—XKq
Xy — XKy

-32.113
a=shva(v,tntk,Fp,f1,f2) a :[ }

-10.732
Murerpupyem udncieHHo 3agady Komm ¢ M3BECTHBIMU
HayaJIbHBIMH YCIOBUSMH Y Ha JIEBOM KOHIIE:

&
z:= rkfixed(y, tn, tk, 50, Fp) i:=0..50

[Tomyuaem onTuMansHBIN poriece (puc. 1).

OO0cyskaeHne NOTYy4YeHHBIX pe3yabTaToB. lImes coot-
BETCTBYIONIYI0 MPOTpaMMy, IIPEIIOKESHHYIO BBIIIE,
HIOJIB30BATENIO JJIsL PEIICHNS] KOHKPETHOM 3aJa4t ¢ CHCTe-
MO BTOPOTO MOPsIKa HEOOXOIUMO HaOpaTh TOJIBKO yC-
JIOBUS 3aJa4H: IpaBble yacTH 1 epeHIraIbHbIX ypas-
HEHMH, THTEPBaJl BpEMEHH, HauaJIbHbIC U KOHEYHBIE YCII0-
BUS, @ TAK)KE KPUTEPHH ONTHMAIBHOCTH (onepaTopsl (6),
(7)). Hanee kak CHMBOJbHBIE, TAaK H YUCICHHBIC BBIYHCIIC-

HUS MPOHAYT aBTOMatmdecku. Hampumep, ams 3amadu ¢
Ha4YaJIbHBIMH JAHHBIMU

In(x, )+cos(x
(. =] IO 00%)
txsin(x,)+u
1 2 (®)
tni=0 tki=1 xn: xk:
2 5
F(x, u):=u? ©)
IpaBbIC YaCTHU CUCTEMBI ITOJTYUYHUIINCH CJICAYIOIIUMM:
Fp(t, X):= Fp(X) substitute,
Po= X2, P1=
cos(Xo) +In(x;)
t-sin(x,) +%
=5 7 din(xo) X, ~t-008(X) X
X
L X )
a OMTUMAaJIBHBIN IIPOIIeCC MPeICTaBIeH HIDKE (puc. 2).
OITTIMMATEHOC VITPaB ICHIIC
T T T T
j— T IO EHHE
] 4_ N
0oz Frr CEOROCTE ]
g’ — 2_ __#
cua. Ziz2 ~n
1] ot L. o -" n
_1 1 I I I
1] n2 0.4 06 02
Zi,n0
BpeMA

Puc. 1. Ilpouecc B tunamuueckoii cucreme (6)
C ONTHMAJIBHBIM YIIPABICHHEM

OITTIIMATIEHOC YVITPDABJICHIIC

f T T T T
6 sk [ MOmoKEHHE i
o mEw L] '
E Zi 1 aF CEOpoCTE ]
g — . n
o i3 3F o -
|:|| LI ] = L]
2-—._......_. —
'y
] =T 1 ] ]
1] nz 04 & 0e
.D‘ zi,U 1
Ep el

Puc. 2. [Ipouecc B tuaamuueckoii cucreme (8), (9)
C ONTHMAJIBHBIM yIIPABICHHEM

Cuctema 6o1ee BRICOKOTO TIOPSIIKa TTOTPeOyeT OOIBIINX
pa3MepHOCTEH BEKTOPOB U BBEACHHSI JOTIOJHUTEIBHBIX OIe-
PaTOPOB TS BBIYUCIICHUS IPOM3BOHBIX, aHAJIOTMYHBIX PH-
BEJICHHBIM BBIIIIE.

CrnienyeT UMeTh B BUTY, 4TO JaJIeKO He Kaxas 3a/1a4a Mo-
JKeT OBITh pelieHa MpeII0KEeHHBIM BhIIIe criocodoM. [Teppas
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CJI0’KHOCTh MOKET OBITh CBSI3aHa C TEM, 9TO IIporpamMma CuM-
BOJIBHOT'O pCHICHUSA solve MOKET He HaWTH TOYHOIO pemie-
HHA, 0COOCHHO TOTIIa, Koraa €ro HeT. Boatom Clry4dac npuacTcs

oH 0
UCKATh PEIICHUE YPaBHEHHS 50 =0—>u’(x, p) YUCIEH-
u

HO. BTopast CIIOKHOCTE 3aKIIF0YAETCSE B TPYAHOCTH PEICHHUS
KpaeBoil 3a1aun nporpaMmmon sbval METo10M IPUCTPEIIKH.
B 3T0#l mporpaMMe MPOUCXOANUT MHUHHMH3ALHS OMIHOKH
MEXIy TPeOYEMBIM M TEKYIIMM TMOJOKCHHEM CHCTEMBI B
KOHECYHBIM MOMEHT BPEMEHH 3a CUET I10100pa HAYaIbHBIX
YCIIOBHIT TSI COMPSKEHHBIX TEpEeMEHHBIX P . Perenne Ta-
KOH 3aJ1a4M 4acTO 3aBHCHUT OT BLIOOPA HAYAIbHBIX 3HAYCHUI
V. Hakowrert, Jutst HETMHERHBIX CHCTEM, B OTIINYHE OT JINHEH-
HBIX, O6J'IaCTI) peIICHNA HE BCEraa NPUHAJICKUT BCEMY ITPO-
ctpanctBy R". Tak, B cucteme (8) IpHCYTCTBYET HATypalb-
HbIit Torapudm IN(X) , aTo MCKITIOYaeT 3HadeHus X < 0.

CoBpeMeHHBIC BBIYUCIIUTENBHbIE CPEeJIbl TO3BOJISIIOT aB-
TOMAaTHU3MpPOBaTh PECHICHUC MHOTHX 3a]a4, Tpe6y}ouu/1x KakK
YHCJICHHBIX, TaK U aHAJINTHYECKUX BblumMcieHui. Cpena
MathCAD sBisieTcst 0iHOM 13 HanboJiee MPUCIIOCOOIEHHBIX
Cpe JUIsl pelleH s TAKNX 3a/1ad.
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V. A. Okhorzin
NUMERICALLY-ANALYTICAL DECISION OF OPTIMAL CONTROL PROBLEM

The numerically-analytical method of the decision of optimal control problems by the nonlinear systems described by
the ordinary differential equations, in computing MathCAD environment is considered.

VIIK 681.513

A. B. Jlanxo, B. A. Jlanko

HEINAPAMETPUYECKHUE CUCTEMbI PACIIO3HABAHU A OBPA30B
JIJISI MHOT OAJIBTEPHATUBHOM 3A JAYY KJTACCU®UKAILIAY, OCHOBAHHBIE
HA JEKOMITIO3UIINA OBYYAIOIIEN BBIBOPKH 110 EE PASMEPHOCTH!

IIpeonodicena memoouka cunmesa MHO20yPOGHEBbIX HENAPAMeMPUIecKUx CUcmem pacno3Hasanus 00pazoe ois MHO-
20anbMepHamueHoll 3a0adi K1accuQurayuu ¢ No3uyuil NPUHYUN08 0eKoMno3uyuu 00yuaiouyell 6bl00pKU U KOIIeKmug-
HO20 oyenuganus. Hx npumenenue obecneuusaem GblCOKYIO GblUUCIUMENbHYIO dhpekmusnocms 0o6pabomru ungopma-

yuu 6ONLULOU PA3MEPHOCTIU.

BBenenne. MeTosinka cuHTe3a HEMAPaMETPUIECKHUX CH-
CTEM paclo3HaBaHUs 00pa30B /I AByaIbTEPHATUBHON 3a-
JIau¥ KJIacCU(UKALMHU C UCTIOJIb30BAHHEM IPHHIIUTIOB JIEKOM-
no3uimu o0ydaromeil BBIOOPKHU O €€ Pa3MEepHOCTH BIEp-
BbIe ObLIa peioxkena B [1; 2].

DTOT NO/IX0/] COCTOUT B TOCTPOSHUH CEMEHCTBA YaCTHBIX
peraronmx (GyHKINH, COOTBETCTBYIOIINX Pa3IMIHBIM HAa00-
paM NpU3HAKOB KJIacCU(UIUPYEMBIX 00BEKTOB, C NX MOCIIe-
JIyIOILEN HHTErpalel B HEIMHEHHOM PEIAOLIEM IIPABUIIE
C MOMOIIIBI0O METO/IOB HENapaMeTPUUEeCKON CTATHCTUKH
[3; 4]. [Tpu 5TOM popMupoBaHKE 0OOOIIICHHOTO PEIICHHS O
MPUHAIEKHOCTH CUTYAIUU K TOMY WJIM HHOMY KJIaccy Ocy-
IICCTBISICTCS B TIPOCTPAHCTBE 3HAYEHUI YACTHBIX PEIIAIONIHX
¢ynknuii. [ToxydeHHbBIE MHOTOYPOBHEBbBIC HEMapaMeTpH-
YeCKHEe aJIrOPUTMBI 00ecrieurBatoT 3P PEeKTHBHOE pelICHUE
JIByaJIbTCPHATUBHBIX 3a/1a4 paclo3HaBaHMs 00pa30B B yCIIO-
BUSX 00y4aroNnux BEIOOPOK 3HAYUTEIFHON Pa3MEPHOCTH Ha

OCHOBE HCIOJIb30BAaHHs IPHHITUITOB KOJJIEKTHBHOTO OIICHU-
BaHMS M TEXHOJIOTHH TTAPAJUICITbHBIX BEIYUCIICHHH.

B MHOTOanBTEpHATHBHOI 3a/1a4€ Kilaccu(uKamy nepe-
XOJI B IPOCTPAHCTBO BTOPUYHBIX IIPH3HAKOB (3HAYCHHS 4aCT-
HBIX pelIalomnX QYHKINIT) CONPSHKEH C YBEIMYSHUEM pa3-
MEPHOCTH 33J1a4i PacIO3HaBaHUs 00pa30B, UTO 3aTPYIHSIET
ee pelIeHre P OTPAaHMYCHHBIX 00beMax 00yJaromnX BbI-
6opok. [IprumeneHne nocie10BaTeNbHBIX POLEAYP KIACCH-
(pUKaIUK METOJIOM JTUXOTOMHH B 3TOM CITydae IPUBOAUT K
CHIYKEHHIO BBIYHMCIIUTEIbHON 3(P(hEeKTHBHOCTH HemapameT-
PHUYECKHX AITOPUTMOB PACIIO3HABAHHS 00PaA30B.

ABTOpamu Obla pazpaboTaHa METOAMKA IMOCTPOSHUS
HeTapaMeTPUIECKUX KIIACCU(PHUKATOPOB IJIsl MHOTOAJIbTep-
HaTUBHOM 3a/1auMl PacIO3HaBaHMs 00Pa30B, OCHOBAHHAS HA
JICKOMITO3UIINHU 00y4aroIeil BEIOOPKH 110 ee pa3MEpPHOCTH.

CuHTe3 IBYXYPOBHEBOI HelapaMeTpH4YecKoil CHCTeMBbI
kaaccuduxamun. [Tycrs V = (xi ) G(Xi ) =1, n) —00yua-

! PaGoTa BeINONIHEHA NpH NojyIepskke Poccuiickoro Goxma GpyHIaMeHTaIbHBIX HecaenoBanuii (ko npoekra 07-01-00006).

8



Becmnux Cubupckozo 2ocy0apcmeennozo aspokocmuueckoeo ynugepcumema umenu akaoemuxa M. @. Pewiemnesa

Tomas BeIOOpKa 00beMa N, COCTABJICHHAS U3 3HAYCHUH TIPH-

3HaKoB X = (>q, Xp s euns XL) KI1acCHULIPYEMBIX 0OBEKTOB
¥ COOTBETCTBYIONINX «yKa3aHuii yuntens» (X ) 06 ux mpu-
HaJIEXHOCTH K ogHoMy U3 M kmacco Q ¥ =1, M.

Bynem cuurarh, 4TO MPU3HAKK X KIACCHPHUIHMPYEMBIX
00BEKTOB JOITyCKAIOT pa30neHue Ha TPYIIIBI He3aBUCHMBIX
npusnao X(t)=(x, (t),ve l,), t=1T e I, — muo-
JKECTBO HOMEPOB IIPH3HAKOB, COCTABIAIOMMX MX Habop X(t).
[IpuBeaeM METOAMKY pa3OUCHUS X .

YCII0BHBIE INIOTHOCTH BEPOSTHOCTH PACIIPEICIICHHUS 3Ha-
YeHHH pu3HakoB X, , V=1, K B obmactu onpeznesenus kiac-
coB p,(x), j=1,M nenssectnsL [Ipu 5ToM OTHOWIEHHE
«00OBeM BBIGOPKH — pazmepHOCTY ( N/K ) HEMOCTaTOUHO 7151
nocTpoeHusI YPPEKTUBHBIX CTATUCTHK OLCHHBAHUS

p,(x), =L, M.

B maHHBIX YCIIOBHUSIX TSI PEIICHHST MHOTOATBTEPHATHB-
HOIT 3a/1a4u pacro3HaBaHusi 00pa3oB HEOOXOAUMO BBIIIOJ-
HHTB CIIYIOIIHE NEeHCTBHUSL.

1. ChopmupoBaTh He3aBHCHMbIC HAOOPHI MPU3HAKOB

x(t), t= 1, T ¥ Ha9ITOH OCHOBE OCYUIECTBUTE IEKOMIIO3H-
10 MCXO/IHOI BEIGOpKH V = (X, G(X'M =1,n) na yac-
mV(t)=(X(t),0(x),i=1n), t=1,T.

2. Ilo momy4eHHBIM JaHHBIM TOCTPOUTD PEIIAIOIHE ITPa-
BiuIa M (X' (t) ) , COOTBETCTBYIOIIUE, HATPUMED, KPUTEPHIO
MaKCHMaJIbHOT'O IIPaBJOIIO00US

m (x(t)): xe Q,,
ecmm P, (X(t)):g%ﬁy(x(t)), t=1,T. (1)
B KauecTBe OIEHOK YCJIOBHBIX TUIOTHOCTEH BEPOSTHOCTH

X(t)=(x,, Ve l,)Bruaccax Q,, j =1, M ucrioms3yior Hera-
pamerprdeckue cratucTuky Turna Posenonarra—Ilapsena[3;4]:

b (x0)=|nTTe| 3 TTe[ %]

vel i=1 vel

=1L, M. 2)

OnTuMH3aIst YaCTHBIX pernaronux mpasui (1) mo ko3d-

(uLMeHTaM pa3MbITOCTH AlepHbIX GyHKIMH C,, Ve |, ocy-

IIECTBIISAETCS B PEKNME «CKOIB3SIIET0 9K3aMEHA» UCXOJIS U3

YCIIOBUSI MUHUMYMa CTaTHCTHYECKON OLIEHKH BEPOSITHOCTH
OmMOKA pacrio3HaBaHUs 00pa30B:

p()=1 3 1(o(x),5(x (1)),
; 3)

0, ecin (s(x'

1, eciu G(X' ) # 6(X' (t)) ,

rae 6(X' (t )) — pemenue anroput™oM (1) o mpuHaIeKHOC-
TH CUTYyalluu X (t) K OTHOMY U3 || KJIaccoB L2 i j=1,M.
Tpn dopmmuposanuu pemerns 6(X (1)) curyamms X (t)
UCKJIFOYAeTCsl U3 mporecca 00y4eHUs! B HerapaMeTpHyec-
KoM cTaThCTHKE (2).

3. VuurhIBas Pe/IoIokKeHHE O He3aBUCUMOCTH HaOOPOB
npussakoB X(t), t=1,T , MOCTPOMTH pelIaroLIee IPABIIO

m(x): xe Q,,

cen TTp,(x()= g TTp,(x0)

Y=

CpaBHUM BBIYHCIUTEIBHYIO 3((HEKTHBHOCTE MPEIO-
YKEHHOM JIByXYPOBHEBOW CHCTEMBI KITaCCU(HMKAIINH U TPALIN-
LMOHHOTO HETapaMEeTPUIECKOT0 aJITOPUTMa ap3eHOBCKO-
ro tuma [5]. Bynem cunTats, 4To BpeMs pacdeTa OHOMU saep-
HOU (yHKIMM cocTaBiseT T, pa3MEpHOCTh HAOOPOB IpHU-

3naxoB X(t), t =1, T omunakosa upasHa k1= T

Torna oreHKa MakCMMalIbHOTO BPEMEHH, HEOOXOIUMO-
TO A7t IPUHATHS PEIICHNS TPaIUINOHHBIM HEeTlapaMeTpH-
YECKUM AJITOPUTMOM U NIPEAIaraéMoi CUCTEMOM COCTABIIS-
10T COOTBETCTBEHHO 3HaueHus t,, =NTK, t =nkltT . Ber-
YHCJIUM UX OTHOIIICHHE!

_ ko,
S
T. €. BBIYUCIUTEIbHAS 3 PEKTUBHOCTh CPABHIUBAEMBIX Me-
TOJI0B oiHaKoBa. OTHAKO MPH MCITOJI30BAaHUH TEXHOJIO-
THH apajuIeIbHBIX BRIYHCICHUH BpeMs IPUHATHS pele-
HUI B NpejsiaraeMoi cucreme MeHblle B 1 pa3 no cpas-
HEHUIO C TPAJNIUOHHBIM HeNlapaMeTPUIECKUM aJITrOpuT-
MOM.

®opmMupoBaHue 1200 3aBUCHMBIX HA00POB NPHU3HAKOB
KkJIaccupuuupyeMbIx 00beKTOB. [IpencraBum MeTos JeKoM-
TIO3UIINK UCXOTHOTO IPOCTPAHCTBA PH3HAKOB, OCHOBAHHBIH
Ha IPUHIUNAX 00yUYeHHUs U anmapare Teopun rpagos.

Meroauka HOpMUPOBAHHS CTATHCTUICCKH HE3aBUCHMBIX
Ha0OPOB MPHU3HAKOB IIPE/IIOIAraeT BBINTOIHEHHE CIIEIYOIINX
JIENUCTBHIA.

1. BbIMMCINTD OLIGHKH OIIMOOK pacro3HaBaHUs 00pasoB
P, j= 1, K BTIPOCTPAHCTBE KAWK/IOr0 MPH3HAKA X, i=LKk.

2. ChopmupoBaTh COueTaHUE Tap MPU3HAKOB X , X; H
BBIYHCJIUTH COOTBETCTBYIOIKE UM OLIEHKH OIIMOOK PacIos-
HaBaHUs 00pa3oB Py, i, j=1,k, 1 # |.

3. IIpoBecTy aHaIM3 NOJTyYEeHHBIX pe3yibTaroB. [locTpo-
UTH rpad, B KOTOPOM BEPIIMHBI COOTBETCTBYIOT HCXOIHBIM
MpU3HAKaM KJIacCH(UINPYEMBIX 00BbEKTOB. Mex1y IBYMs
BEpIIMHAMHU rpada X , X; uMeeTcs pedpo, eClu MPOH3BeE-
JeHue P; P; AOCTOBEPHO C HEKOTOPLIM YPOBHEM JOBEPHUS
B oramuaeTcs OT OLEHKM OMMOKH PACTIO3HABAHUS P | .

4. OCymIecTBHUTH IEKOMITO3UIINIO Tpada Ha KOMIIOHEHTEHI,
00J1a1aro1e CBOMCTBOM CHIILHOM CBSA3HOCTH. B Takux mmoj-
rpadax Kakgas BEepIIMHA COeWHEHa pedpaMu CO BCeMH
OCTAJIbHBIMU BEPUIMHAMHU.

Habops! npu3HaKoB, COOTBETCTBYIOIINE BBIACICHHBIM
KOMITOHEHTaM, OTIPEEIISIIOT KOJIMYECTBO M PaCHpeielICHNE
npusHakoB X(t), t=1,T Mexay ypoBHSIMH CTPYKTypbI
CHCTEMBI KJTaCCU(UKALIIH.

CuHTe3 TPEXypOBHEBOI HEMapaMeTPHIeCKOoil CHCTEMBI
KJaccupuKauu. PaccMOTPHM METOIMKY ITOCTPOCHHUS He-
rapamMeTpHYEeCKUX CHCTEM KJIACCU(HUKAIIMU B MHOTOQJIbTE-
HaTHBHOI 331a4ax pacIio3HaBaHKsl 00pa30B HA OCHOBE PHH-
LUIIOB JAEKOMITO3HUIMH 00ydaromeil BBIOOPKH, TEXHOIOTUH
TapaJuieJIbHBIX BBIYUCICHUN K METO/1a IMXOTOMHH.

M5t aTOoro pa3zobbeM 00yJarOIIyIo BEIOOPKY \/ Ha 9acTH

Vi =(x,0'(i),iel;), j=1,M -1,
e
—1,ecnu X € Qj ,
(i) = M
G(I) 1, eciiu XieQT= U Q;

t=j+1



Mamemamuxka, mexanuka, uHgpopmamuxa

|} — MHOKECTBO HOMEPOB TOYCK 3 BHIOOPKH V , IpHHAJLTE-
Kamux kmaccam Q, ,t=j, M.

B cOOTBETCTBHM C OCOGEHHOCTSAMH YCIOBHH KIacCH(H-
Kauuu chopmupyem HaGopsl npushakoB X(t), t=1,T u

Ha ATOU OCHOBE IMpOBEAEM JCKOMIIO3ULIHUIO Ka)l(ﬂ()ﬁ BLI60p-

ka V), j=1,M —1 navactu
V,(t)=(x (t),0°(i),iel;), t=1,T .
Ilo monydeHHsiM  BbiGOpKamM V, (1), t=1T,

j =1, M —1 mocTpomM pelraroliiHe MpaBmiia KIacCHpUKaIim

M
MEXIY KJIACCOM Qj 1 00J1aCTBHIO U QY
v=j+1
x(t)e Q;, ecim ij (X(t))S 0

m. (X(t)): _
J( ( )) X(t)e Q;, ecmm fﬁ(x(t))>0,
t=1,T,j=1M-1.
Henapamerpudeckue OLeHKN ypaBHEHUH pa3IeNsIONIAX
noepxHocreii f i (X(t)) MEXJTy KJIaccoMm €, u 001acThI0

M
QT = U Qv HMEIOT BUJT
v=j+1

-1
ra ’ t) X\/(t)
fr(x@)=[n [Ta | o Hq> g
VeK il VeK Cv
t=1,T,j=1,M -1, 4)
rae N’ — KONMYECTBO DIEMEHTOB MHOkecTBa |,
. -7
i=L,M-1 o
Bri6op mapameTpos C,, Ve Ki,t=1T, j=1,M-1

MPY ONTUMH3AIMN YaCTHBIX PEHIAOIINX IpaBwi (4) ocyue-
CTBJISIETCSI B PEIKMME «CKOJIB3SIIET0 3K3aMEeHa» HCXOs U3
YCIIOBHS MUHUMYMa CTaTUCTUK THIA (3).

Hcnonb3ys HenapaMeTpuyecKre OLEHKH YPaBHEHUH pa3-
JISTISTIOIIMX TIOBEpXHOCTEH (4), 10 pe3yIIbTaTaM BhIYUCITUTENb-
HBIX 9KCTIEPIMEHTOB C(OPMUPYEM 00yHarOIIie BEIOOPKH

(F,; (X (V) t=1T.0(i).ic1,),
ji=1,M-1
1 IOCTPOUM B IPOCTPAHCTBE 3HAUEHUI fJT (X(t )) ,
peuiaroume npaBuia:

t=1,

(xe Q. ,
ecmn F, ( S(x(t)).t ) 0,
m, (x):
Xe QT ,
ecn F () (x(1),t=1,T)>0,
me (1 00)<[ 116 | S fof OO

i=1,M-1.

[Mapamerpsl c, |t =1,T HemapaMeTPUUECKHX pPelaro-
X mpasui M, (X), j=1,M —1 HaxX0AMM IO YCIOBHIO
MUHUMYMa CTaTUCTUYCCKOM OIICHKU BEPOATHOCTU OIHI/I6KI/I
pacrio3HaBaHusA 00pa3oB THIA (3).

OO000I1ICHHOE PEIICHUE O MPUHAIICKHOCTH 00BEKTa C
Npu3HaKaMu X (OpMHpyeM Ha TPEeTheM ypOBHE Helapa-
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METPHUYECKON CHCTEMBI KIIACCH(UKAINK B COOTBETCTBHH C
[IPaBUIJIOM

[xe Q.,
eanF( (X(t)),t _T)
m(x): v=1j-1u F(fj ( ()) _T) 0,
x(t)e Q,
ccn Fuss (fuaw (x(1),t=1,T)>0.

CTpyKTypa npeaioKeHHON HermapaMeTpHIeCKOl CHCTe-
MBI paCcTIO3HABAHHS 00pa30B IpE/ICTaBICHA HIDKE (CM. pH-
CYHOK).

1) .\{?']

iy (7)) ‘

A7) A1)

m (x{1 ) mn (+(T)) gy (¥l )

A Jils(r) Fag-1. (1)

l (i 0).0=17) ‘

;{.IF]Tllffl 1= Wﬂ

11-'.-.1 1 (AAT))

”_'.u-l(.f-f\f-l,.-'.f[-‘(f ).t= ﬁ)) |

Ff-l‘.i\!-t._u':«\ﬂ]\f 7

‘ m(x) ‘

CTpyKTypa HemapaMeTpHUIECKOH CHCTEMBI KJIACCU(UKAIIIH
JUIS MHOTOQJIbTEPHATHBHOI 3a/1a4y paclio3HaBaHUs 00pa3oB,
OCHOBAHHOI1 Ha € JIEKOMITO3HLIUH  METOJIE INXOTOMHHI

Crnenyst BBeJIEHHBIM paHee YCJIOBHSM, OLIEHUM MaKCH-
MaJbHOE BpeMsi (POPMUPOBAHHS PEIICHHHA paccMaTpHBac-
MO¥ HEMapaMeTPHUUCCKOW CHCTEMBI KJIACCU(PUKAIMK TPH
HCIOJIb30BaHNUH NAPAJIIENIbHBIX BEIUMCIIUTENBHBIX TEXHOIO-
ruil. HerpynHo nokasark, 4To NpeuMyIecTBO NpeasiaraeMoi

cucTeMbl focturaetes mpu K > 4 u ?+T <k.

Taknm 006pazom, BbIIIE TPEIOKEHBI ABYX- U TPEXYPOB-
HEBbIE HEMapaMeTPUUECKHE CUCTEMBI JJIsl pEILICHUs MHOTO-
AIIBTEPHATHBHBIX 33714 PacIio3HaBaHMs 00pa3oB B IPOCTPAH-
CTBE 3HAYUTEIBHON pa3zMepHOCTH. METONUECKYO0 OCHOBY
MX CHHTE3a COCTABJISIOT TPUHIIUIIBI JEKOMIIO3UIIUH 00y4aro-
11eii BBIOOPKH M KOJIEKTUBHOTO OLICHUBAHUS, YTO TTO3BOJIS-
€T UCIOJIb30BaTh TEXHOJIOT IO MapalIeNbHbIX BHIUUCIICHUH.
OmpenienieHs! ycIoBYs, HAKIaAbIBaeMBbIC Ha ITAPAMETPBI CTPYK-
TYpBI paCCMaTPUBAEMBIX CUCTEM, TIPH KOTOPBIX 00ecIieunBa-
eTCsl CYIIECTBEHHOE COKpaIleHHEe BPeMEHH (hOPMHUPOBAHUS
pEIIEHNH TT0 CPAaBHEHMIO C TPAANUIMOHHBIMH HETIApaMeTpH-
YEeCKHUMH KJIacCH()MKATOpaMH Map3eHOBCKOTO THIIA [5].
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A.V.Lapko, V. A. Lapko

NONPARAMETRIC SYSTEMS OF PATTERN RECOGNITION
FOR A MULTIALTERNATIVE PROBLEM THE CLASSIFICATIONS,
BASED ON DECOMPOSITION OF TRAINING SAMPLE ON ITS DIMENSION

From positions of principles of decomposition of training sample and technology of parallel calculations the technique
of synthesis multilevel nonparametric systems of pattern recognition for a multialternative problem of classification is
offered. Their application provides effective processing the information of the big dimension.

VIIK 004.032.26 (06)

W. B. Kosanes, E. A. Durenb

HCHOJb30BAHUE HEYETKUX HEHPOCETEBBIX AJITOPUTMOB
B UHTEJ/UVIEKTYAJIBHBIX CUCTEMAX OBPABOTKN NTH®OPMALIUN

Paccmompenvl 60npocul npumenenst HeYemKkux Heupocemesblx aneopummos 0s oopabomku ungopmayuu. Moou-
@uyuposanvl areopummol Apriori u PredictiveApriori na ocHose Heuemkux netipocemeil. Onucanvl HeuemKas Heupoce-
megast cucmema Data Mining u pe3yismaniol ee uCnblmaHull Ha peaibHblxX 3a0a4ax.

Bgenenue. OnHuM 13 MarucTpaJIbHBIX HAIIPABICHUH pa3-
BUTHSI MH(OPMAIIMOHHBIX TEXHOJIOTHH SIBISIETCSI TIEPEXO] OT
00pabOTKH JaHHBIX K 00pabOTKe 3HAHMIA, 4TO TPeOyeT HATMIHs
9(QeKTHBHBIX METOJIOB U CPEZCTB BhIJIEJICHNS 3HAaHUH. B Ha-
CTOSIIIIEE BPEMSI TTOCTOSTHHO YBEJIMUHMBAIOMIASCS MOIIHOCTD
CPEJICTB BBIUMCIIMTENIBHON TEXHUKH TI03BOJISIET BHEPSITH METO-
bl THTEJDICKTYAITHHOM 00pabOTKH TaHHKIX BO BCE O0JIee IIMPO-
Kre 001acTH. DTOMY CIIOCOOCTBYET TOCTUTHYTHIN B HACTOSIIIEE
BpEMS1 YPOBEHb Pa3pabOTKH TEOPETUYECKON M NPAKTUYUECKOM
0a3bl CHCTEM C MCKYCCTBEHHBIM HMHTEIUIEKTOM [1]. BaxkabM
HaIpaBJieHUeM HHTEJIEKTylT3aliy 00pabOTKH IaHHBIX CJie-
JIyeT CUMTaTh ITOsIBJICHHE cHCTeM Kitacca Data Mining, Ha3Hade-
HHE KOTOPBIX COCTOMT B aBTOMATH3alMH MPOIIECCOB MOUCKA
HOBBIX 3HAaHUI ITPY 00pabOTKE OOJBIINX a3 JAHHBIX.

[TpumMeHnenne HHTEINIEKTyaT3alHi B 00pabOTKe TaHHBIX
MO3BOJISIET MCIIOJIb30BATh (DOPMaIIbHBIE MOJIEIN 3HAHUI B yC-
JIOBHSX HEJOCTaTKa KBATN(HUIIMPOBAHHBIX UCTIOTHUTENECH 1
CYILIECTBEHHO TTOBBICHTh YPOBEHb 00Pa0OTKH JAHHBIX 32 CUET
MCTIOJIb30BaHNS HOBBIX MOZICJICH ITPE/ICTaBIICHNS JAHHBIX.

B nacrosimee Bpemst OOIBIIMHCTBO POTPAMMHBIX MPO-
JyKTOB, TakuX Kak SAS Enterprise Miner, PolyAnalyst, WEKA,
B OCHOBY KOTOPBIX MOJI0eHB! Hen Data Mining, opueHTHpO-
BAHO Ha MCIOJIb30BaHKE B chepe OM3Heca, OJTHaKO CPe/ICTBA
MHTEIUICKTYaJIbHOTO aHAIN3a TAHHBIX HaXO/AT IPIMEHEHHUE
TaKHUX 00JacTsX, KaK MEIUIMHA, OnoJIoTHs, (PH3NYECKUe UC-
CIICJIOBaHMSI, TEICKOMMYHHKAIIMOHHBIC CUCTEMBI.

ABTOpamu OBUTO TIPOBEJICHO MccienoBanue ddexTus-
HOCTH ITpUMEHeHus aroputMoB Data Mining, B vacTHoCTH
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HCYCTKUX HeﬁpOCCTeBBIX AJITOPUTMOB acCoUaliiu, AJ1s1 BbI-
JIETICHUS PA3JIMYHBIX yYACTKOB TelIeMeTpUIecKor HH(popma-
mun (TMU). MicXomHBIME TaHHBIMH SIBIISTFOTCST MHOYKECTBO
tesemetprdeckux (TM) CUrHAIIOB, CHATBIX C PEaJIbHBIX 00BEK-
ToB. TpedyeTcst MOCTPOUTH HEHPOCETEBBIC KITACCH(PHUKATO-
Bl Ha OCHOBE HCYCTKUX ACCOLMATUBHBIX IMTPaBUJI U OICHUTD
OIIOKY IIOCTPOSHHBIX KITaCCH(PHUKATOPOB.

Ocobennoctu 3agaun anaauza TMU. Tunosoii 3agaueit
ananuza TMU siBisiercst 3anada 00pabOTKH OBICTPOMEHSIIO-
mxcs napameTpos (BMIT). [IpiveHeHune cuctem aBToMaTH-
YECKOro MPUOOPETeHNUS 3HAHKH B 3a1a4¢ 00padoTke TMU ot-
KPBIBACT ITyTH K CO3AaHUI0 3()(PEKTHBHBIX IPOTPAMMHBIX KOM-
iekcoB 06padoTkn TMU, ncmons30BaHne KOTOPBIX BO3MOX-
HO MPY MUHUMAJIbHBIX 3aTPaTax 4eI0BEUYECKUX PECYPCOB.

OcHoBHBIe dTanbl aHamm3a TMU ¢ icnonb30BaHAEeM TeX-
Hosoruu Data Mining nipencrasinens! Hixe (puc. 1). [Tporecc
MpUOOpPETEHNS 3HAHUK OCHOBAH HA TIOCTPOCHUHM HEYETKHIX
MPOIYKIIOHHBIX MPABHUII, OMHCHIBAIOIIIX 0coOeHHOCTH TMU-
curHana. Ha OCHOBE HeUeTKUX IPOTyKIIMOHHBIX TIPABUII CTPO-
STCSl HelipoceTeBbIe Kinaccudukaropsl [2]. [Ipumepamu kiac-
COB BBIJICIISICMBIX COOBITHI MOTYT SIBJISITHCSI BPEMCHHBIC YUac-
TKH COOTBETCTBYIOIINE YaPHBIM BUOPAIISM, BHOpAIIHSIM Ha
MEPEXOIHBIX PEKUMAaX, BUOPAIMSIM Ha YCTaHOBHBIIIMXCS CTa-
[IMOHAPHBIX, KBA3UCTAIOHAPHBIX PEXKAMAX.

[Ipornecc mprodpeTeHns 3HaHUI COCTOUT U3 HECKOIBKUX
STaMoB!

— TIpeBapUTENFHON 00pabOTKM CHTHANIA M TIOTYYCHHUS
BEKTOPHOI'0 ONMCAaHUs CUTHAJNA C HCIOJIb30BAHUEM CIIEKT-
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pabHO-BpEMEHHOT0 aHann3a Oypbe U pa3ioKeHuUs! CUrHa-
J1a 10 aITOPUTMY BEUBJIET-IIAKETA;

— KJIacTep-aHai3a Ha OCHOBE MOIYYSHHBIX BEKTOPHBIX
ONUCAHUW CHUTHaJla, PElIatoUIero 3a/1a4y aBTOMaTH4eCKOU
cerMmeHTaru TM-cUTHAIIA C IIEIBIO BBIICICHUS CTaHAAPT-
HBIX M HEPEINIAMEHTHPOBAHHBIX COOBITHIL. BbljienieHHbIe y4a-
CTKH HCIIOJIB3YIOTCS B KAUSCTBE STAJIOHOB;

— MOJIyYeHUs OMUCAHKsS 3HAHUH B BUJIE HEYETKUX MPO-
JYKIIMOHHBIX MPABUII C TIOMOIIILIO aITOPUTMOB «JlepeBbsi pe-
[ICHHUI» U TIOCTPOCHUSI ACCOIIMATUBHBIX MIPABILI;

— peai3alyy MoJIyYeHHBIX ITPABIJI [l aBTOMATHYECKO-
ro ananuza TM-curnana.

OnHoii u3 ocobeHHocTel 3agad oopadorkn bMIT TMU
SIBIISICTCSI HEOOXOIUMOCTH 00PaOOTKH OYCHB OOJIBIITUX MaC-
CHBOB TEIEMETPUYECKUX JaHHBIX. CIeyeT OTMETUTh, YTO
AJITOPUTMBI aCCOIMAIIMU XOPOIIO 3aPEKOMCHIOBAIN CeOs
HUMEHHO JIJIs 00paboTKH OOJTBIINX 00hEMOB JaHHBIX. B oT/H-
4He OT KJIACCU(PHUKATOPOB, TOCTPOCHHBIX Ha OCHOBE JICPEBb-
€B PCIICHUMN, KITaCCUPUKATOPHI, IIOCTPOCHHBIC Ha OCHOBE
AIITOPUTMOB aCCOLIUAIHH, SBISTIOTCS Oostee ToaHbIMH. OTHA-
KO AT KJTaCCU(UKATOPBI, KaK IPABIJIO, HE SBJIIOTCS MTOJTHBI-
M. JIOCTOMHCTBOM MPOAYKITHOHHBIX PABHIT, TOCTPOCHHBIX
Ha OCHOBE aJITOPUTMOB aCCOLUAIIUH, SIBIISICTCS TIPHHIHITH-
aybHas (U1 HOHUMAaHUSI 4eJIOBEKOM ) BEIUUCIUTEIIBHAS TIPO-
CTOTa, & OCHOBHBIM HEIOCTATKOM — PE3KHUii (IKCIIOHEHIIU-
AJBHBIN) pOCT 00hEMa BBIYKMCICHUN C YBEIMYCHUEM YHUCIIa
napameTpoB U (PaKTUIECKHU MOJTHOE HENPUHSATHE B PacueT
PEeIKO BCTpeyaeMbIX apaMeTpoB. Eciu hopmann3osars mpo-
JYKIIMOHHBIC MPABUIa HCUCTKHUMHU HEHPOCETSIMHU, TO YKa3aH-
HbIE HEJIOCTATKK HUBEJIMPYIOTCs. B pe3ynbrare nomy4aercs
rUOpHIHAS CUCTeMa MPUOOpETEHHs 3HAHUI Ha OCHOBE He-
YETKUX HEHPOCETEBBIX AITOPUTMOB ACCOLIUALIIH.

Accoruarnys UCIOIb3yeTCs 151 TOUCKA IPYIIT XapaKTe-
pPUCTUK, HAOMIOMaeMBIX OOJbBINECH YaCThIO OJXHOBPEMEHHO.
AHaJu3 accoluaIi KMEET CMBICIT B TOM Cliydae, Korja He-
CKOJIBKO XapaKTEPUCTUK CBsI3aHBI APYT ¢ ApyroM. Mojeu,
MOCTPOCHHbIE Ha 0a3e HEHPOCETEBBIX AITOPUTMOB aCCOIHA-
[[UH, XapPAKTCPU3YIOT OJIN30CTh PA3IMYHBIX OJJHOBPEMCHHO
HaOITIOIAEMbIX KATErOPHAITbHBIX XaPaKTEPUCTUK U MOTYT ObITh
BBIP)KEHBI B BUJIC HEUETKHX [TPABHJL.

Hcnosb30BaHne HeYeTKUX HeHPOCETEBbIX AJITOPUTMOB
accouuanuu st oopadorkn TMHU. HanGosnee mmpoko nc-
MOJIb3YEMBIM U XOPOIIIO 3aPEKOMEHIOBABIIUM CEOsI ajro-

Hcrounnk Baza manHeix
JAHHBIX U3MEPEHUI

PUTMOM B HACTOSAIICE BPeMsl ABISAETCS alTOpUTM Apriori
[3], KOTOPBIK UCTIONB3YETCS BO MHOTUX KOMMEPYECKHUX U
CcBOOOIHO pacrpocTpaHsIeMbIX cucTeMax. OCHOBHBIM JI0C-
TOWHCTBOM aJIrOpUTMa APpriori, ¢ TOYKH 3peHHs aHaIu3a
JIAHHBIX SIBISIETCS €r0 THOKOCTh. DKCIEPT HMEET BO3MOXK-
HOCTB 33/1aBaTh J[Ba OCHOBHBIX MTapaMeTpa: MUHUMAIbHYIO
MOAACPIKKY U MUHUMAJIbHYT0 TOCTOBECPHOCTD IIpaBujia, 4YTo
MTO3BOJISIET TMOJYYaTh CYIIECTBEHHO PAa3IMYHbBIC TPYIIIBI
TpaBHJI.

OmBIT pemeHust MpakTHYeCcKuX 3a1a4 oopadorkn TMU
TTOKa3bIBAET, YTO UCTIOIH30BAHNE TOIBKO aIrOpuT™Ma Apriori
SIBJISIETCSI HEIOCTAaTOYHBIM. Ha HauasbHBIX ATanax oopadbot-
KU TaHHBIX B PsIJIe CITy9aeB CI0KHO 33aaTh 3HAYCHHUS ITapa-
METPOB MHHUMAJILHOM MOIJIEPKKH U MUHUMAIILHON J10C-
TOBEPHOCTH. B 3TOM cirydae ynoOHO IPIMEHSTE allTOPUTM
PredictiveApriori [4], KOTOpBIN OCYIIECTBIISIET IIOMCK HAU-
O6onee TOYHBIX mpaBuia. Ha Bxoax anroputrma
Predictive Apriori momaeTcst TOIBKO YHCIIO TPABHIT, KOTOPHIE
ClieTyeT HaluTH.

[ToCcKOBKY ATH alTOPUTMEI HE TIPETIONATraloT HaTHIHs
LIEJIEBOM ITepeMEHHOM, aBTOpaMH JJIs1 peIlIeHUs 3a/1aud aHa-
nm3a BMIT TMU npemoxxera Mo U KAy JaHHBIX aJro-
puUTMOB. B wacTHOCTH, MOIM(HUITIPOBAH dTall TEHEPAIUN
HEHpOCETEeBBIX KaHAMIAATOB M ATAIl MOCTPOCHUSI HEUETKHX
npaBwi. Ha sTane renepanuu HEHPOCETEBBIX KaHIUIATOB
paccMaTpHBalOTCs TOJIBKO KaHIUAThI, B COCTaB KOTOPBIX BXO-
IIAT TIeJIeBast mepeMeHHast. [Ipu mocTpoeHnN He9eTKUX mpa-
BHJI CTPOSITCS TOTIBKO TPaBHJIA, B IEBOH YaCTH KOTOPBIX pac-
TI0JIO’KEHA IIeJIeBast IEpEeMEeHHas!.

Anroputmbl Apriori u Predictive Apriori MOXKHO orucarh
CJIE/TyIOLIMM 00pa3oM.

Mooughuyuposannuwiii aneopumm Apriori:

F, = {4acTo BcTpeyarouuecs 1-snemMenTHbIe HAGOPbI

mia (k=2 F, <> & k++) {

C, = Apriorigen(F, ) // renepanus HabopoB HeHpoCe-
TEBBIX KaH/IMJIATOB, B COCTAB KOTOPBIX BXO/IUT IiejIeBast epe-
MeHHas 1151 BceX 00beKTOB 7 {

C,= subset(C,, T) // ynanenue u30bITOYHBIX HEYETKHX
TpaBWI IS BeeX Kanauaatos ¢ € C,c.count ++ }

F,={ce C,|c.count>=minsupport} // oT60p Helipo-
CETCBBIX KaH/TUIATOB

nyst kKaknoro fe F, Be13oB RuleGen(f) // moctpoenne ne-
YETKHX TIPABHJI,

Baza maHHbIX

Ppe3yIIbTaToB
%VB# aHajM3a
«CrIpbiey PesynbraTet
JTQHHBIE aHajM3a
TIpenBapureinbHas 00padboTKa Hurepmperanys
p P P AHanu3 MeETOJaMHu prp
Busyanuzanus
DopmupoBaHue HaOOpa .. .
Data Mining NI
NPH3HAKOB JlanpHeHImii aHaTi3

Puc. 1. OcHoBHbIe 3Tarnbl aHanmmu3a TMU
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// B IpaBO¥ 4aCTH KOTOPBIX PACIIONOKEHA IIeJIeBast Ime-
pemMeHHas
Pesymnbrar U nomydeHHBIX TIPABUIT |

Mooupuyuposannuiii arcopumm PredictiveApriori:

1. ITycts T = 1 (HagampHOE 3HAYEHIE MUHUMAJIEHOH IO~
JICPIKKH).

2. Fori= ...k do moctpoutb HabOp i-dTIEMEHTHBIX aCCO-
IIUATUBHBIX MPaBWI [x = )]. OnpeaenuTs UX JOCTOBEPHOCTb.
ITycts m, (C) — pacnpeneneHne TOCTOBEPHOCTH IIPABHUIL.

3. ITycTs s Beex ¢
> O -1

- A .
2.2 -

4. Tlyets X = {0}, mmycts X, = {{a,}, ...,{a,} } — 1-ome-
MCHTHBIC HAOOPBI.

S.Fori=1..k—1While(i=1orX_#0):

5.1. Ifi> 1 Then onpenenuTh i-37IEMEHTHBIN HAOOP HEil-
POCETEBBIX KaH/IU/1aTOB, B COCTAB KOTOPBIX HE BXOJMT I1ejIe-
Basi IEPEMEHHas.

5.2. IloacunTath NOAAEPKKY CTEHEPUPOBAHHBIX HEHPO-
CETEBBIX HAOOPOB. YIAMTh N3 X, HaOOPbI, MOIEPIKKA KOTO-
PBIX MEHbIIE T.

5.3. lna Bcex Xe X, BbI3BaTh npouenypy RuleGen(x),
KOTOpast OCYIIECTBIIACT MOUCK HAMTYUIINX HEUSTKUX MTPABIIT
¢ 1eBoif uactsto X. B npaBoii yacTu pacnonaraeTcs Lenesas
HepeMeHHas.

5.4. If best 6b11 u3MeHeH Then yBEIUYHUTH T TaK, YTOOBI
OHO TPUHUMAJIO MUHUMAJIbHOE 3HAUYEHHE, NMPH KOTOPOM
BBITIOJTHSIETCS

E(c|1t) > E(c(best[n] | conf (best[n]), s(best[n])).
If 1> pa3mep 0a3bl JaHHBIX T/ien BHIXO/.

5.5. If T yBenmyen Ha ocyieiHeM mare Then ynanuthb u3 X,
Ha0OPBI, Y KOTOPBIX MOJJIEPIKKA MEHBIIIE, YeM T.

6. BeiBect best [1]... best [n], cTUCOK M3 7 HAWTYYIINX
HEYETKHUX ITPABUIT ACCOLUAIINH.

Hcronp30BaHKe ONMMCAHHBIX BBIIIE aJITOPUTMOB TpeOyeT
MPEeIBAPUTEIILHOTO pa30HeH st 3HAaUCHNH PU3HAKOB HA WH-
TEpBaJIBL, T. €. IPe0Opa30BaHMs KOMTHUECTBEHHbBIX TPHU3HAKOB
B KauecTBeHHBIE [5]. CylliecTByIOIINE CUCTEMBI TAKHUX Mpe-
00pa3oBaHmii, Kak IPaBUIIO, HCHIOJIB3YIOT QUIIBTP IUCKPETH-
3anui [6]. OJJHAKO UCTIONB30BaHKE TOIBKO (DHITETPA TUCKpE-
TH3AINH SBISIETCSI HEIOCTATOYHBIM, TIOCKOJIBKY B 3TOM CITy-
Yyae HE YYMTHIBAIOTCS CIIEYIOUINE OCHOBHBIC MPOOJIEMBI,
BO3HHUKAIOIINE NTPH pa30MEHNH 3HAYEHUH KOJIMYECTBEHHBIX
MPU3HAKOB HA MHTEPBAJIBL:

— HM3Kasi ojyiepkKa. Ecim uuciio nHTepBaioB, Ha KOTO-
pbIe IPON3BOIANUTCS pa3OHeHNEe 3HAYEHUHN TTPU3HAKA BEJTUKO
(MHTepBaJIBI MAJIbI), TO MOAAEPKKA KaXKA0T0 OTAETIBHOTO HH-
TepBajia MOXKET OKa3aThCsl HHKE MHHUMAJIBHOTO MOpOTa U
9acTh MPaBHJI, COJICPIKALINX IPU3HAK, OyJIeT TOTEPsHa;

— HU3Kasi JOCTOBEPHOCTH. YacTh MpaBmII MOXKET TIOJTY-
YHUTh JOCTATOYHYIO TTOAEPAKKY, TOIBKO €CIIH KOJTUIECTBEH-
HBII IPU3HAK UMEET OIpe/IeJIeHHOE 3HaYCHHUE WITH €CITH WH-
TepBai pazdoueHus Man. C yBeImueHIEM HHTEpBaIa pa3one-
HUS yBEINYNBACTCS YHCIIO TEPSIEMBIX ITPABHIL.

Bosznukime npo6aeMbl MOKHO PEIINTh, €CITH PaccMaTt-
pUBaTh BCE BO3MOXKHbIE MHTEPBAJIbl pa3OMEHUs KOTHUYeE-
CTBEHHOTO ITpHU3HaKa. B aTom ciryuae OynyT HalijieHb! Hau-

n(c) =
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MEHBIITNE BO3MOKHBIE HHTEPBAIIbI, KOTOPBIE HMEIOT JI0CTa-
TOYHYIO MTOACPKKY. OHAKO TP TOM BO3HUKAIOT JIPyTHE
MPOOIIeMBI:

— BpeMsi BeinosiHeHus1. [1ycTh KoJIM4ecTBEHHBIN PU3HAK
MIPUHUMAET /1 3HA4YEeHUH, TOr/a HEOOXOANMO PAacCMOTPETh
~O(n2) vHTEPBAIIOB;

— HeHy>KHbIe npaBmia. Eciiy 3HaueHne KoJIM4eCTBEHHOTO
MIPU3HAKa NMEET JJOCTATOUHYIO TTOIEPIKKY, TO JOCTATOUHYTO
HOAACPIKKY Oy/lyT UMETh BCE HHTEPBAJIbI, KOTOPBIE BKIIIOUA-
0T 3TO 3HA4YEHHE, H, CJICIOBATEIILHO, YBEIMIHUTCS YHCIIO He-
HMHTEPECHBIX MPABHIL.

OmnucanHble BbIIIE TPOOIEMBI 0COOEHHO OCTPO BCTAIOT
mpu ananmse TMU, mockodbpKy TaM peds uaer o padore ¢
0O0JIBIIMM 00BEMOM KOJTMYECTBEHHBIX JIAHHBIX.

Hcnonb30BaHue HEUETKUX HEUPOCETEN IOMOTaeT HAUTH
pernIeHne, KOTOpoe MO3BOJIUT 3a MPHEMIIEMOe BpeMst HailTu
accoLMaTUBHBIC PABUIIA U TTOTEPs] HHPOPMALIUH IPH ATOM
OyneT MUHMMaIbHOH. Takoke ciemyeT yuuThIBaTh, 4TO B PAIC
CIydaeB dKCIEpPT MMEET allpHOpPHYI0 HHPOPMAIHUIO O
TM-curnane. Dta HHPOPMAIIS MOXKET OBITH MOJTy4YeHa B
TOM YHCJIC U TIPU TIOMOIIH ITPOCTEUIIINX CPEJICTB BU3yalIn3a-
LN,

Mmeromuiics onbIT peleHUs PeabHBIX 3a/1au aHaIu3a
TMU moka3bpIBaeT, 4To MeIeco00pa3Ho HCIONB30BaTh Clle-
Jyromtwii Habop GUIBTPOB:

— py4HOU GUIBTP;

— (TP Ha OCHOBE pacueTa SHTPONIHH [6];

— paBHOMEpHOE pa30HeHne 3HAYCHNI KOTNYeCTBEeHHBIX
XapaKTepHCTHK;

— pa3zOueHne Ha paBHbIC NHTEPBAJIbI 3HAUCHNH KOIUYe-
CTBEHHBIX XapaKTEPUCTHK.

Cucrema anaauza TMU na 6a3e HeueTKHX HeiipoceTe-
BBIX 2JITOPUTMOB. J[J151 OIMCaHUs POLIeCcca BBIICICHHS 0C-
HOBHBIX COOBITUH, cojepkanmxcs B 3amucsx TMU, Obuia
pa3paboTaHa HeueTKas HeiipoceTeBas cuctema Data Mining
(puc. 2). B at0ii cucteme peann3oBaH MpOLece MPUOOPETeHHs
3HAaHU, OCHOBAHHBII HA IOCTPOEHNH HEYETKHUX IPOAYKLIMOH-
HBIX ITPABUJI, ONTUCHIBAIONTHX 0cobeHHOCcTH TM-curHaia.

JlanHble, OCTyTAIOIME Ha BXOJ] CUCTEMBI, pacosara-
FOTCs B TaOIUIaX 0a3bl JAHHBIX U IPEACTABIIFOT co00i TM-
CHTHAJIBL.

[Noxcucrema nmpeaBapuTEIEHON 00pabOTKH peTHA3HAYE-
Ha JUIsl OJTy4eHHs1 BEKTOPHOTo oncanus TM-curnana c uc-
TI0JTB30BAHHIEM CIIEKTPAIBLHO-BpEMEHHOT0 aHam3a Pypoe [7]
¥ pa3fioKeHNs CUTHAJIA TT0 alTOpUTMY BelBiIeT-nakeTa [§].

[Noncucrema KitacTep-aHanM3a pemraeT 3a/1aqy aBTOMaTH-
yeckoif cermenTa TM-CHTHaA C 1eTbIO BBICTICHHS CTaH-
JIAPTHBIX ¥ HEPENIIaMEHTUPOBAHHBIX COOBITHH. B moncucreme
KJIacTep-aHAITI3a PEATN30BaHbI CIIE/TYIOIINE allTOPUTMBI:

— aNTOPUTM PACIIUPSIONIETOCS HEHPOHHOTO ra3a;

— anropuT™ Makcummanuu oxuganus (EM) [9].

B noacucreme mocTpoeHust 1epeBbeB PEeLICHNH HCTIONb-
3YIOTCS CIEIYIOIINE AT OPUTMBI:

— QJITOPUTM ITOCTPOCHMUSA AepeBbeB pemernit C4.5 [10];

— aJITOPUTM NocTpoeHus fepeBbeB pemennit CART [11].

B noacucreme acconmanuy MpUMEHSIOTCS CIIETYIOIINeE
AITOPUTMBIL:

— MOAM(HUINPOBAHHBIN ANTOPUTM ITOCTPOCHHS aCCO-
IIMaTUBHBIX MPaBUJ HA OCHOBE HEYETKUX HeilpoceTeit
Apriori;
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— MOM(UITIPOBAHHBIN aNTOPUTM ITOCTPOCHHUS aCCOIIH-
aTHBHBIX MpPaBUJ HAa OCHOBE HEYETKUX HeWpoceTei
PredictiveApriori.

B pesynbrare paboThl aNITOPUTMOB MOCTPOEHUS JI€PEBb-
€B PELLEHUI U aIrOpUTMOB HEYETKUX HepoceTel mosyya-
eTcs onrcanue coOprtuii B TM-cHrHane B BUE CIIETyFOITIX
HEUETKHX MPaBUJT:

Ecm

(xommoneHTa AS1 nexxut B uHTEpBae 1) 1 (KOMIIOHEHTa
AS2 nexxuT B uHTEpBAIIE 2)

u, (koMIoHeHTa A Si JIS)KUT B HHTEpBAJIC 1);

To kitacc cerMeHTa = 3HaueHUE KI1acca.

ITon xommoneHTaMH A S1TTOHIMAFOTCS] KOMITOHCHTHI BEK-
TOPHOTO OMUCAHMSI CETMEHTOB CHTHAJIA.

3anucaHHbIC B TAKOM BH/IE TIPABHIIA CO3AI0T HEYETKYIO
0a3y 3HaHMH, ONICHIBAIONIYIO PA3IIMYHBIC COOBITHS B TEJIE-
METPHYECKOM CUTHAJIE.

Onucanue NpPoBeIeHHBIX IKCIEPUMEHTOB. C TOMOIIIHIO
pa3paboTaHHOW aBTOPAMHU CHCTEMBbI OBbLI IIPOBECH PSIIT IKC-
MIEPUMEHTOB C PEaTbHBIMH CUTHAJIAMH, TIOCTYIAFOIIMH OT
Pa3NUIHBIX 1aT9UKoB. CUTHAIBI TOJJABAJIMCh Ha BXOJ] CHCTE-
MBI I10CJIE TIPEABAPUTENILHON 00pabOTKH (IIPUMEHSIIOCH ITpe-
oOpazoBanue Oypbe, IUCIIO CTIIAKSHHBIX CIIEKTPAIEHBIX KO-
a¢punuenToB Dyphe — 16). Kitacchl coObITHIT OnpeessuTiCh
0 pe3ylbTraTaM KIacTep-aHaIn3a: Kiacc | — mepexomaHbIid
MIPOIIECC; KJIACC 2 — yIapHBIN MPOIIECC; KJIAcC 3 — YyCTAaHOBUB-
muecs BUOpanuy; Kiacc 4 — ocTallbHbIC YYacTKH CHTHAIIA.
HWccnenoBanne ObII0 MPOBEICHO HA ECATH PA3INIHBIX CHT -
Hasax. OIOKY MOCTPOSHHBIX HEHPOCETEBBIX Kilacch(prKa-
TOPOB HaxosATCA B Anamazone 2...10 %.

AHaJm3 pe3yJIbTaTOB NPHMeHEeHNUsI HeYeTKHX Helpoce-
TeBbIX AJITOPUTMOB acconuanuu 1Jist 0opadorkn TMU. Ana-
JIN3 IPOBCACHHBIX OKCIICPUMEHTOB I1O0Ka3aJl, YTO OCHOBHaA
NPUYMHA BOZHUKHOBEHUSI OTMOOK HEHPOCETEBOT0O KIIacCH-
(hmkaTOpa Ha OCHOBE HEYETKUX aCCOIMATHBHBIX TIPABHII CO-
CTOHT B HEMOJIHOTE MOCTPOSHHOT0 HEHPOCETEBOI0 KIIACCH-
(hukaropa, 9To SBIIETCS IPSMBIM CICICTBHEM MaJICHBKOTO
o0beMa BBIOOPKH.

B03MOXXHEI crieyIoIye perieHust BO3HUKIIEH TpoOieMbl:

— yBeNMUYeHNE 00beMa 00yJaroleil BRIOOPKH;

— yBEITMYEHHUE YNCIIA TPABHJI 32 CUET J0OABICHNUS MTpa-
BIJI C HU3KUM 3HAYEHUEM MapamMeTpa NoAAEPKKH (CUITb-
HBIE IPABUIIA), OTHAKO 3TO MOKET IPUBECTH K TOMY, UTO
MOJY4YEHHBIH HA0OP HEYETKUX IPaBUII OyJIET CIIOMKHO aHa-
JU3UPOBATh M YBEIMYUTCS BpeMs paboThl Kilaccuduka-
Topa.

HpOBe)IeHHble aBTOpaMH UCCJIICAOBAHUA IMMOKa3aliu, 4TO
HelpoceTeBbIe KTaccn(UKaTOPbI HA OCHOBE HEYETKHUX acco-
HHUATUBHBIX IPABUJI ABJISAIOTCA BI)ICOKO:)(I)q)eKTI/IBHI)IMI/I, cClin
o0ydaromast BBIOOpKa 00J1a1aeT CIeyIOIMU CBOHCTBAMHU:

— BBIOOpKA MIMeeT OONBIION 00beM (TOpSIKa HECKOIb-
KHX COTEH BEKTOPOB);

— B COCTaB HAMMEHBIIIET0 U3 KJIACCOB, TOJYYEHHBIX B pe-
3yJbTaTe KJIacTep-aHaan3a, BXoAuT He MeHee 10 % BekTopoB
0T 00IIEeT0 Yrciaa BEKTOPOB 00YyJAIOIIeH BEIOOPKH.

[Tomy4yeHHBIE pe3yNbTaThl MOKAa3bIBAIOT PAbOTOCTIOCO0-
HOCTh Pa3pabO0TaHHOHM CHCTEMBI U MOJATBEPKAAOT dddek-
TUBHOCTH HCITONB30BaHUs anroputMoB Data Mining. IIpu-
MEHEHHE THX aJTOPUTMOB MO3BOJISIET MTOBLICUTH YPOBEHb
JIOCTOBEPHOCTH PE3yIBTaTOB 00pabOTKH JaHHBIX TEIEMETPHI
U IPUBOJIUT K TIOBBIILICHUIO () (HEKTUBHOCTH PaOOTHI CIICIIU-
anucToB no aHanusy TMU.
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USAGE OF ALGORITHM OF FUZZY NEURAL NETWORKS
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PredictiveApriori algorithms base on Fuzzy Neural Networks (FNN). The Fuzzy Neural Data Mining system and results

of tests are considered.
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A. B. Jlanxo, B. A. Jlanko

HEINNAPAMETPUYECKHUE CUCTEMBbI PACITIO3HABAHUSA OBPA30B, OCHOBAHHBIE
HA TPUHUUIE JTEKOMITO3UIIUN OBYYAIOLIIUX BHIBOPOK!

IIpeonoswcenvl MHO20YpOBHEBbIE HenapamempuiecKue CUcmembvl pacno3HA8AHUs 00PA308, OCHOBAHHbIE HA NPUHYUNE
0EKOMNO3UYUU 00YHAIOWUX BLIOOPOK NO UX 00BEMY U NO NPUSHAKAM Klaccuguyupyemvlx obvekmos. Takue cucmemol
Xapaxmepu3sylomcs 8blCOKOU 8bIYUCTUMENbHOU PDEeKMUBHOCBIO 3 CUem 803MONCHOCHU UCHOIb308AHUS NAPAIEb-

HbIX 8bIUUCTUMENbHBIX MEXHOLO2UIL.

BBenenue. Vcnons3oBanue HemapaMeTpUYECKUX Kilac-
CU(PHUKATOPOB — OJIHO U3 AKTUBHO Pa3BUBAIOIINXCS HAIIPAB-
JICHUH TEOPHH pacrio3HaBaHus 00pa3oB. Ero mpakrudeckas
3HAYMMOCTB COCTOUT B BO3MOYKHOCTH CO3/IaHHS TUIIOBBIX WH-
(hopMaIIMOHHBIX CPENICTB, aMANTHPYEMBIX K OCOOCHHOCTSIM
(hyHKIIMOHUPOBAHMS 00BEKTOB pa3IUMIHOI pupos! [ 1].

OnHaKO MO Mepe YCIKHEHUS YCIOBHIA KITaCCU(UKAIIUH
TIOSIBIISIFOTCS] METOJJMYECKUE W BBIYUCITUTEIFHBIC TPYITHOCTH B
[IPUMEHEHNUHU TPAJAULIMOHHBIX HENTAPAMETPUYECKUX aJITOPUT-
MOB pacro3HaBaHU: 00pa30B, 0COOEHHO IIPH 00pabOTKe OOIH-
IIMX CTaTUCTUYCCKUX NTAaHHBIX 3HAUYUTEIILHOM PasMEpHOCTH.
ITomoOHBIE YCITOBHS 9aCTO BCTPEUAIOTCS TIPH aHATH3E adpo-
KOCMIYECKON HH(POPMAIINH, UCCICTOBAHUI MEIUKO-0MOIIO0-
THYECKUX, IKOJIOTUICCKUX M SKOHOMHYECKUX TPOIIECCOB.

[lepcriekTHBHOE HATIPaBIEHUE PEUICHUS BOSHUKAIOIINX
po0JIeM CBS3aHO C IPUMCHEHUEM IIPUHIIAIIOB JIEKOMIIO3H-
IIUH 3a]1a9 Pacro3HaBaHUA 00pa30B M IMOCIEIOBATEIBHBIX
npouenyp GOpMUPOBAHHS PELICHUIA.

HeoOxonnmo Ha OCHOBE aHaIW3a aCHMIITOTHYCCKUX
CBOICTB HEMapaMeTPUIECKOH OLIEHKH CMECH TUIOTHOCTEH Be-
POSITHOCTH 000CHOBATh 3((HEKTHBHOCTH UCIOJIB30BaHUS
TIPUHITAIIOB JEKOMITO3HUIINH TIPH PEIICHNH 3a1a4 PacIio3Ha-

BaHUs 00pa30B B yCIOBUSIX OOJBIIMX BEIOOPOK U pa3pabdo-
TaTh METOJIMKY CHHTE3a2 MHOTOYPOBHEBBIX HellapameTpuyec-
KHX CHCTeM KJacCH(UKaLiu, 00eCIeYnBaIOIINX TPUMEHE-
HHE TapaJuIeIbHBIX BEIYUCIUTEIBHBIX TEXHOIOTHH.

Henapamerpuyeckasi olieHKa CMeCH IVIOTHOCTH BEpPOSIT-
HOCTH U ee cBojicTBa. [Iycts V = (Xi ,i=1, n) — BBIOOpKA
13 N HE3aBHCUMBIX HAOIIOACHUH OTHOMEPHOU CITy4aitHOM
BE/IMMMHBIL X C IVIOTHOCTBIO BepositHocTH P (X), Bua KoTo-
POl altpuOpU HEU3BECTEH.

Pazo6sem BeIOOpKY V Ha T Tpynm HabmromeHuit
V, =(X' e |j), j=1,T, tme |; — MHOKECTBO HOMEPOB
HaOMIOMEHUH X, COCTABIAIONMINX j-I0 TPYIITY, IIPHYEM

[Tj|j=|=(i=ﬁ).

Ha ocHoBe kax/10ii BEIGOpKH V| TIOCTPOMM Helapamer-
PHUYECKYIO OIICHKY IJIOTHOCTH BEPOATHOCTH [2]

)- Yo

n, CJ iel

:1,

o ] (1

rie ®(-) —anepHbie GyHKIMH, YIOBIETBOPSIONIUE YCIOBH-
SIM HOPMHPOBaHHOCTH, TTOJIOKUTEITEHOCTH M CHMMETPHYHO-

! PaGoTa BbINOJIHEHA NPH MOyIepskKe Poccuiickoro Gponaa GpyHaaMeHTanbHbIX HecineaoBanuii (kox mpoekra 07-01-00006).
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CTH; ‘I ‘ — KOJIMYECTBO DJIEMEHTOB MHOKECTBA |
C = C( ) — K09 GHUIUEHTHI Pa3MBITOCTH SIIEPHBIX (byHK-
I_II/II/I 3HAYCHNS KOTOPEIX YOBIBAIOT C POCTOM N,

B kauectBe npuOIIIKEHUS p(X) o CTaTI/ICTI/I‘IeCKOI/I
BbIOOpKe V' NpUMeM CMech HemapaMeTpPUYECKHX OIEHOK
TUTOTHOCTEH BeposTHOCTH (1)

1&
135, @

CraTtucTtika Trmna (2) 101y cKaeT UCIIOIb30BaHNE TEXHO-
JIOTUY MapaJlJIeIbHBIX BBIYUCICHUH ITPH OLIEHUBAHHUH TUIOT-
HOCTH BEPOSITHOCTH B YCJIOBHSIX OOJIBIINX BEIOOPOK.

Acumnrotnueckue caoiictsa P(X) onpesenstorcs cie-
JYIOIIIUM YTBEPXKICHUCM.

Teopema. IlycTth p(X) 1 TIEpBbIE JIBE €€ MPOU3BOIHBIC
OrpaHUYEHBI M HENPEPBIBHBL siepHble Pynkimn P (U) yros-
JIETBOPSIOT YCIOBHSM

O (u)=d(-u), 0<P(u)<eo,

jd)(u)du =1, qu @ (u)du=1,

jum ®(u)du<eo, 0<M<eo;
nocenoparenbHoCTH € = C; (nj ) K03 HUIMEHTOB pa3Mbl-
TOCTH SAEPHBIX (PYHKIMH TAKOBBI, 9TO NPH N; —> o 3Hade-
Hust C; — 0,a N;C; — oo (371€Ch 1 J1asee GeCKOHEeYHBIE Ipe-
JIeTIbl MHTETPUPOBAHUS OITyCKaroTCs). Torma mpr KOHEYHBIX
3HAYCHHAX | HEMapaMeTpHYecKas OILCHKA MIOTHOCTH Be-
positHocT P(X) 00nazaer cBONCTBOM aCHMIITOTHYECKOI
HECMEIIEHHOCTH U COCTOSITENIbHOCTH.

JloxazaTteabCcTBO
1. Ilo onpenenenuto,

M (p(x)= 1 1M (P, ()=
=%i Ci_jcb XC; p(t) dt =

rae M —3Hak MaTeMaTH4YeCKOro OXKUJIaHUS.

Paznoxum p(x— CjU) B pspa Telinopa u orpannauMcs
MIEPBBIMH AByMS WICHAMH Psifa:

B (2 X 1 T

W=w(p(9-p)- P 13

e p®? (X) — Bropast IpON3BOIHAS IIIOTHOCTH BEPOSTHOCTH
p(x) mo x.

Orcrozia ipy BbITONHeHHH ycnopuii C; — O mpu N, — oo
CJIeJlyeT CBOMCTBO aCHMITOTHYECKOH HECMEIIIEHHOCTH CTa-
TUCTHUKH (2).

2. PaccMOTpuM BBIpaXKeHHE

M [(p(x)- p(x))dx=

1
:FMX

3 (p09-p; (0) s
|45 Site00

L@
P, ())(P(¥)= i (x)) o

+

I#

16

C y4eToM pe3yibTaToB HCCIIETOBAHIS ACHMITTOTHIECKIX
CBOICTB TPaIULIMOHHON HenapaMeTpuyeckon oleHku Po3en-
6narra—Ilapsena [2] BeipaskeHue (4) pu 10CTaTOYHO OOJIb-
mmx 3Hauenusx N, j =1, T npunnmaer Buz

MJ(p(x)- p(x))zdx~

I L
4

()
n; Cj

+

>

()
Jef

M—|

¢} ¢

e Hd)(u = jq)z (u

HerpyaHo 3aMeTHTB, YTO IPH BBIIIOJIHEHHWH YCIIOBHI

C; >0 1 NC; — oo mpu N; —> oo, j=1,T omenka mior-

HOCTI/I BepOHTHOCTI/I ) cxo;[mc;[ x P(X) B cpesmexsanparu-
YECKOM, a C Y4E€TOM CBOWCTB aCUMIITOTHYECKOI HECMEIICH-
HOCTH SIBJISIETCS] COCTOSITEIEHOM.

CpaBHeHHe aNNPOKCUMALOHHBIX CBOICTB HelapaMeTpH-
4ecKoii OLeHKH (2) M TpaguioHHoii onenku Pozendnarra—
Map3ena p(x ). Jns MOy YCHHS aHAMTHUCCKH 3HATHMBIX pe-
3YNIBTATOB LIPUMEM N; = o> j= 1,T . Botom "OM CJy4ae MOX-
HO I0J1arath, 4To C = c(nj ) =c( ), i=1,T.

Ha sT0li ocHOBE cpaBHUM OTHONIIEHUS CMEILIEHUH, Cpe/l-
HEKBa/IpaTHYECKUX OTKJIOHEHUH 1 TUCIIepCHii HerapaMeTpH-
YECKHX OLEHOK P(x )M (X ) IPH ONTHMAJTbHBIX 3HAYCHHSAX
KO3(PUIIMEHTOB Pa3MBITOCTH SAEPHBIX (QYHKIUH.

ACHUMITOTHYECKOE BBIPAKEHHE CMEIICHUS ISl Herapa-
MeTpuueckoit onenku Posenbnarra—Tlapsena p(x) umeer
By [3]

P”(x) .

c

W, =M (5(x) - p(x)) ~ (n).
a JuIs OLICHKH (x) OTIpEIeINACTCS BEIpakeHUEM (3).

2

Brruuciaum oTHomIeHME Ipu ONTUMAJIbHBIX 3HA4YC-

1
HUSX KOO PUIHEHTOB Pa3MBITOCTH

e (X>H

Tle@l”
o 0o

qutst ouieHoK p(x )1 p(x ) COOTBETCTBEHHO.
TTocie HeCTOKHBIX TPE0OPA30BAHMIA IOy IUM

w, 1
W, T#
T. €. CMELICHHE CTATHCTHKH P (X ) GOIBILE 110 CPABHEHUIO C
P(x).
[Tpu pazouennn ncxoaHON BEIOOPKKM HA T TPYII TOYEK
OIIMHAKOBOTO 00BeMa — BEIpaskeHHe (5) MpH ONTUMATBHBIX

15
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i

(2) (X)“z i

4

(@W

44T
el

LR ( } o

3amertnm, uto ipu T = 1 BeIpak€Hue (6) COBIAIAET CO
CpeHeKBaJpaTHuecKuM oTkiIoHeHueM W, 11 TpaJunuoH-
HOMU OLICHKHU P03€H6J'IaTTa—Hap36Ha [3]

V5
MwH
W3 o700
PaccmoTpum oTHOIIEHKE
W, 5T
W, 4+T 7

KOTOpOE MOATBEPIK/IAET HECKOTBKO GOMBIITYI0 3 EKTHBHOCTD
B CPE/THEKBA/IPATHIECKOM HETTAPaMETPHIECKOi OeHKH p (x )
110 CPABHEHHIO C nIpeanaraeMoii p(x ).

OZHAKO AMCTIEPCHS OLEHKH P(X ) MEHbLIE, 4eM I Tpa-
JILIMOHHOM CTATHCTHKH P(X ), B 4eM HETPYIHO yOeIUThCs,
€CJIM CPaBHHUTH MCTIEPCHOHHBIE COCTABIAIONINE

@ H \@ i

B cpenHeKBaz[paTquCKHx OTKJIOHEHUSIX P (x) u p(x). Mx or-
HOIIIEHHE

% _C_ TV >1
W, ¢

CuHTe3 HemapaMeTpU4YeCKHX CHCTeM KiIaccuukanmum,
OCHOBAHHBIX HA IEKOMITO3ULIUH 00y4arolieil BLIOOPKH 110 ee
oobemy. Ilycts V = (x' ,G(x' ), i=1, n) — obyuaromas
BbIOOpKA 00beMa N, cocTaBlicHHas W3 NPU3HAKOB
X = (X'J =1, k) KIacCHHUIIPYEMBIX 0OBEKTOB U COOT-
BETCTBYIOIINX «yKa3aHUH yIUTEISD) 00 UX NPHHAUICKHOCTH

K OTHOMY U3 IBYX KJIACCOB:

o(x )=

YcnoBHBIE INIOTHOCTH BEPOSITHOCTEN paclpeneieHus
MPU3HAKOB X B OOJIACTH ONPEICIICHUS KJIACCOB HEM3BECTHBI.
IIpu 5TOM 00BbEM BHIOOPKH TOCTATOYHO OOJIBIION, YTO CHU-
JKaeT BEIYUCIINTEIbHYI0 3 (DEeKTHBHOCTD HeNapaMeTpuyec-
KHX KJIaCCH()UKATOPOB.

ITonxon, mpeyiaraeMblii U PELLEHUH 3aa4d PacIo3-
HaBaHMs1 00pa30B B JAHHBIX YCIOBHSAX, COCTOHT B BBITIOJIHE-
HUM CIIEAYIOIINX JEHCTBUIM:

1. OcymiecTBUTh JEKOMIIO3UIINIO HCXOXHON BEIOOPKH V/
Ha OJIHOPOJHBIE HacTH V, (1= (xi , cs(xi ), iel ) ,

i =1, T . OcHoBaHUsAMHU JIJIs BBIIOJHEHHS JAHHOU OIepa-
MK ABJIAIOTCA (hopMHEpOBaHHE BHIOOPOK V| (1) B cootser-
CTBUM C NIPUHAJICIKHOCTBIO K pa3JIMYHBIM BPEMCHHBIM WH-
TepBaJiaM HaOMIONICHUS 32 PH3HAKAMH KJIaCCH(DUIUPYEMBIX
00BEKTOB, pa30neHNE BRIOOPKH HA TPYIIIHI ITO YPOBHSM 3a-
MOJIHEHHBIX TPOIYCKOB AaHHBIX JIMOO MCIOJIb30BAHHE CITy-
YaifHOH CTpaTeTuu MNPH JEKOMIIO3WIUN BBIOOPKH.

2. ITo nomy4eHHBIM JaHHBIM TOCTPOUTH PEIIAIONIHE Mpa-
BIUIA:

—1,ecnu X € Q,

1, ecmu X € Q,.

17

xe Q,, ecmu f)(x)<0,

m, (x):

]I HeIapaMeTPUYECKUE OLICHKH YPABHEHUH Pa3IEIISIOIIMNX
MIOBEPXHOCTEN ONPENEISIOTCS BBIPAKEHUEM

_ 1
flé(x): K

n[]e,
v=1
. K X
ch(x‘)lv:!dD X=X Vi

iel C

A

7] L= (M
xe Q,,ecmu f5(x)>0,j=1,T,

X

®)

:l’

OnTuMH3aIys 9aCTHBIX peIIaronmX mpasui (7) o Kod¢-
¢ummentam pasmeiroctn C,,V=1,K ocymectensercs B
PEKUME «CKOIIB3SILETO 9K3aMEHa» UCXOJISl U3 YCIIOBHS MH-
HUMYMa CTaTUCTHYECKOI OLICHKH BEPOSTHOCTH OLIMOKH pac-
MO3HaBaHUsI 00PA30B:

b= Fa(o(x).0(x)), i=1T

] tel

0, ecnnc( )=G

1, eciu G(Xt)i 6(Xt),

rae O (Xt) — pemenue anropurma (7) o MPUHAATICKHOCTH
cuTyanud X K 0JIHOMY U3 IBYX Kjiaccos. [Tpu popmuposa-
aun perrenns O (X' ) curyamus X' HCKITIOYAETCS M3 IPoLiec-
ca 00y4eHUs B HerapaMeTpuueckoi craTucTuke (8).

3. Mcnionp3ys HenmapaMeTpUIeCKUE OLEHKN PELIA0nX
¢ynkuuii (8), chopmupoBars 00y4arollyo BEIOOPKY BTO-
POTO YPOBHS PaclO3HAIOIIEH CHCTEMBI

V(2)=(fi(x), i=1T,0(x).iel(2),
rie | (2) — MHOXKeCTBO HOMEPOB CUTYALMil U3 HCXOIHBIX
manHbIX V, cocrapstomux BeIOopKy V (2). B kauecTse no-
J0OHOI KOHTPOJIBHOM BBIOOPKU MOXKET IPUHATA OJHA M3
BEIOOPOK Vj , | =1, T, mone3yromasicst HanGONBIITNM J0BE-
pHEM HcCcIeJoBaTels.

4. Tlo nony4yeHHou BbIbOpke V (2) IIOCTPOUTH PEILALO-
mee  MHpaBMJIO B HPOCTPAHCTBE  3HAYCHHH

£ ()=(f2(2), 1=1T):
Xe Q, , ecin Flz(ﬁz(x))so,

(flz (X)): xe Q,, ecnu Flz(fi12 (X)) >0,

e HemapaMeTpuyeckas olleHKa 0000IeHHOH peraromieil
(hyHKINHT IMEET BHT

IE].Z(E.Z(X)):

m )

iel(2)

CrpykTypa npejaraeMoii HermapaMeTpHuecKoil pacros-
HAIOIIEH CHCTEMEBI IIPEeICTaBlIcHa HIDKeE (puc. 1).

Ha nepBom ypoBHE CTPYKTYphI 3TOM CHCTEMBI KJ1acCH-
(unupyemas cuTyanuss X IpeoOpasyeTcs B 3HAYCHHS He-
napamerpuyeckux ouenok f) (X), j =1, T, Bnpoctpancrse
KOTOPBIX Ha OCHOBaHUU MpaBuia (9) npuHUMAaeTCs pelieHue
G(X) 0 IPUHAIEXHOCTH CUTYalMH X K TOMY MJIH HHOMY
KJIaccy.
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Monupuxanym HenapaMeTpu4ecKUX CHCTeM Paciio3Ha-
BaHMS 00Pa30B, 0CHOBAHHBIX HA IEKOMITIO3MIUH 00y4atonieii
BbIOOPKH 110 ee 00beMy. B cOOTBETCTBUM C peKOMEHTALIUSMU
MPEIBIAYIIETO IIYHKTA IOCTPOMM YaCTHBIE PEIIAKOIINE ITpa-
BIJIA [IEPBOT'0 YPOBHS CTPYKTYPhI pACIIO3HAIOIEH CHCTEMBI

HﬁOHCHI/IM X[)aBHeHI/I}I paSHCHHIOH.[I/IX HOBerHOCTeI\/’I
fa(x),j=1T.

Vr

iy (x)

1-ii ypopens

fix(x)

m(fi2 ()
l5)

Puc. 1. CtpykTypa HenmapaMeTpU4eCcKoi paclo3Haroleil

2-ii ypoBenb

CHCTEeMBI, OCHOBaHHOI Ha IEKOMIIO3UIINH 00ydJaromien
BBIOOPKH 110 ee 00beMy

I[py KOHKPETHBIX 3HAYCHHSAX TPU3HAKOB X KIIACCH(HILH-
pyemMoro o0beKTa BBIYHCIUM fg (x), 1=1T u chopmu-
pyeM 0000IIEHHYIO PETIAroNTy 0 (GYHKIIUIO B BUE HX CPE-
HEB3BEIICHHOTO 3HAYCHUSI:

> (0}
2(X): = :

all

Ecnu koim4uecTBO YaCTHBIX PEIIAIOINX IPABHI | 3HAYH-
TenbHo (T 2 30 ), TO IIIOTHOCTE BEPOATHOCTH LENIeco00pas-
HO BOCCTaHaB/IMBATh 110 3HadeHnsm f) (X), j=1,T BBuxe
€e HerapamMeTpUUeCcKOl OLIeHKH

7 fi
1 f12 (X)_ f12 (X)

()= L Tof 00500

j=1 C

p
Ha ATOM OCHOBE OLIEHUTH MOAY IUIOTHOCTU BEPOSITHOCTU U
IO €€ 3HAKY NPUHATH PEIICHNUE:

xe Q,, ecrn arg max ﬁ(f;(x)) <0

/5\\

X):
) Xe€ Q,, eciu arg max E(sz (X)) >0.
CpaBHUM BBIYHCIUTENHHYIO 3()(HEKTUBHOCTD MPEIO-
JKEHHOM JIByXYPOBHEBOW CUCTEMBI KJIACCU(HUKAIIMH U TPALIH-
LIUOHHOTO HENapaMeTpU4ecKoro aaropurMa. bynem moma-
rath, 9T0 00BEM YACTHBIX BBIOOPOK Vj ] :ﬁ 1 KOHT-

o n
ponbroii V (2) onuHakoB 1 paBeH T a BpeMs pacuera of-

HOU siIepHOI (YHKIINU COCTABIISCT T .

Torma MmakcumanbHOE BpeMsi, HEOOXOMUMOE 151 TIPUHS-
THSI PETIICHUS TPAIUIIHOHHBIM HEMTApaMeTPUICCKIM aJlTOPHT-
MOM M TIPE/IAaraeMoii CHCTEMOH, cocTaBisier £, =N kt,

nt(k+T)

COOTBETCTBCHHO. OHpGZ[eJ'II/IM X OTHOIIC-
T

n

» KT
t k+T

n

JUTs1 OOJIBIIIMX BEIOOPOK), TO BBIUMCIHUTEIbHAS 3(P()EKTHBHOCT

HUeE: . Ecin 3nauenne K>T (oHo xapakrepHo

. T
npegirara€Mon CUCTEMBI BBIIIE B — pPas.
2

18

CuHTe3 HenapaMeTpHYecKHX CHCTeM PACIIO3HABAHUS
00pa3oB, 0CHOBAHHBIX HA IEKOMITO3UIINH 00y4alolIeii BbI-
06opku. BeraucnurensHyo 3 PeKTHBHOCTS pacTio3HaBaHUS
00pa30B JONOJIHUTEIHLHO MOKHO OBBICUTB 3a CUET MOCIIe-
JIOBaTeJIbHOM JEKOMITO3MLIUH 00ydaromield BHIOOPKH 110 ee
00BeMy 1 pa3MepHOCTH (pHcC. 2). JlaHHBII TOAX 0] TTO3BOJIS-
eT Ooiee MOJIHO HCII0Ib30BaTh TEXHOJIOTHUIO Tapa/LISIIbHBIX

BBIYMCJICHHIA.
n Vr
i (x(1)) iy (x(2.)) ‘

i (1)) ‘ i (+()

Fhe) AR )
- (7))

Fia(x)

A1) | A2 (x(2)

l iy [filz (x ]_) ‘ ‘

Fia(x)

| s o). 73 )
156

Puc. 2. CtpykTypa HemapaMeTpHIeCcKOH pacIo3Haromen

CHCTEMBI, OCHOBAHHOM Ha IEKOMITO3HLIUH 00yyarouen
BEIOOPKH 110 € 00beMy B pa3MEpHOCTH

Jast ee mocTpoeHust HEOOXOAMMO BBITTOJIHUTH CIIETYIO-
1€ IEHUCTBUSA:
1. ITpoBecTH AEKOMIO3HIINIO 00yJaroIIel BEIOOPKH IO
ee 00bEMY U pa3MEPHOCTH:
Vi(v),v=11, j=1T.
Ha 57011 0cCHOBE TOCTPONTH YaCTHBIE PEIIAIOIIHE IPABH-
JI1a IEPBOTO YPOBHS CTPYKTYPBI PACTIO3HAIOLIEH CHCTEMBI:

X e Q,ecm f}(x(v))<0,
m; (X(v)):{X € Q,, ecmn ) (x(v))>0,

v=11, j=1T,
e
(X)) =
n 1<
teK
xo(i)[[@ AR 1T
iel teK C?;
Kv — MHOXECTBO HOMepOB HpI/ISHaKOB COCTABJIAKOIINX UX

nabop X(V).

2. OpraHu30BaTh BHYUCIUTENBHBIA SKCIEPUMEHT T
dopMHupoBaHKs 06YYaIOIIUX BEIGOPOK B IPOCTPAHCTBE BTO-
PHMYHBIX TIPU3HAKOB:

\Z :(ﬂi(xi (V))1V=ﬁ,c(i),ie |j),

i=1T.
[TocTpouTh Ha MX OCHOBE PElLIArOIIUe IPAaBUIa BTOPOTO
YPOBHS

xe Q,,
ecm f,}(x)<0,
xe Q,,

ecm f3(x)>0,j=1,T,
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e

J -

3. B IpoCTpaHCTBe MPU3HAKOB T} (x), j =1, T mocrpo-
UTH 0000IIEHHOE pelaromiee MPaBmiIo HermapaMeTPpUIecKo-
rO THIA
_ xe Q,, ecmn f,(x)<0
(f.(x): -

xe Q,,ecmu f,(x)>0,

IJIe YpaBHEHHE Pa3IessIoIel TOBEPXHOCTH

f712()(): .

T

nkH

t=1

X

T Tt Tt ( i )
XZGO)HQ f12 (X) 1:12 X
iel t=1 G

OLIEHUBAETCA 110 KOHTPOJNLHOH 0Oydaromed BEIOOPKe
(flé (Xi ), j=LT,0(i),ie Ik), TOJIYYEHHOH O pe3yJib-
TaTaM BBIYUCIUTEIEHOTO SKCIIEPUMEHTA.

IIpu BBeieHHBIX paHee YCIOBUAX MPEUMYIIECTBO B BbI-
YUCTUTENEHON AP PEKTUBHOCTH pa3pabOoTaHHO! CTPYKTYPHI
HaJ| TpaIMIMOHHON HENapaMeTpUYeCKO MOXKET COCTaBIISITh

T pa3 u BbliIe. JlaHHOE YTBEPKIEHUE HETPYIHO IPOBEPUTD,
npuHsiB 3HaueHne K>T+2 u A > k%T .

Taxum 00pa3om, Ha OCHOBE aHAJH3a ACHMITTOTHICCKUX
CBOMCTB HENapamMeTPUUECKOW OLIEHKH CMECH IJIOTHOCTEH
BEPOSITHOCTH 00OCHOBaHa BO3MOXHOCTH JCKOMITO3UIIMH
HCXOIHBIX CTATHCTUYECKHUX JAHHBIX IIPY CHHTE3¢ HeTlapaMeT-
PHUYECKUX CTATHCTHK B YCJIOBHSIX O0JbIINX BEIOOPOK. [Ipen-
JIOKCHA METOJIMKA TIOCTPOCHUS MHOTOYPOBHEBBIX HEmapa-
METPHUECKUX CHCTEM PacliO3HaBAHUSA 00Pa30B, XapaKTEpH-
3YFOIIHUXCSI BEICOKOH BBIYUCIUTEIBHON 3(D(hEeKTHBHOCTBIO.

IlepcriekTMBHOCTD TaHHOTO HAIPaBJIEHHS! MCCIIEI0OBAHUH CO-
CTOHT B BO3MOYKHOCTH ITOCTPOEHHSI IIEJIOT0 Psijia MOA(HKAIH
MHOTOYPOBHEBBIX HElTapaMETPIIECKIX CHCTEM KITACCH(DIKALTII
1 UCTIOJIb30BaHUA TEXHOJIOTMH NapaJUICIbHBIX BBIUMCIICHHUH.

Bubsmorpaduuecknii cnucox
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A. V. Lapko, V. A. Lapko

NONPARAMETRIC SYSTEMS OF PATTERN RECOGNITION,
THE DECOMPOSITION BASED ON A PRINCIPLE OF TRAINING SAMPLES

Multilevel nonparametric systems of pattern recognition, the decomposition of training samples based on a principle
on their volume and dimension are offered. Similar systems are characterized by high computing efficiency due to an

opportunity of use of parallel computing technologies.
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C. B. Teiauenko, B. B. TeiHueHKO

CUCTEMA NOJAEPXKKHU MIPUHATHA PEINEHUA ITPU TIPOEKTUPOBAHUN
3®OEKTUBHOMW KOH®UT'YPAIIMU BBIYUCJIUTEJILHOM CETH
JJIA PACITPEJEJIEHHOI'O PEHIEHUA CJIOKHBIX 3AJIAY

Obcyacoaemes npobrema 66100pa 3¢hhekmusHol KOHDUIYpayuu bIYUCTUMENbHOU cemu 01 NAPALIelbHO20 pelie-
HUA COXHCHOU 3a0auu. TIpednodcena asmomamusupo8antas cucmema noO0epiHCKU NPUHAMUA peuleHull npu npoeKmupo-
BAHUU GLIYUCTUMENLHOL CemU HA OCHO8e Annapama meopuu Macco8oeo 0OCIYICUBAHUS U IBONTIOYUOHHO20 NOOX0Od.

OJHUM M3 OCHOBHBIX TI0/IXO/IOB K TIOBBIIIECHUIO 3 pek-
TUBHOCTH PEIICHUS CIOKHBIX HAYYHO-TEXHHMUYCCKUX 3a/1ad
SBISICTCS TapaljieNbHas peanu3ays BHIYUCICHUH Ha 0a3e
pacIpeIeIeHHBIX BRIYACIUTEFHBIX CHCTEM. Bricokas cTo-
UMOCTh W (WMJIH) HEJOCTYIHOCTh MHOTOIIPOIIECCOPHBIX U
MHOT'OMAIIMHHBIX BEIYUCIUTENBHBIX CHCTEM OTPAaHUYMBAIOT

19

BO3MOKHOCTb UX HNPAKTHYCCKOTI'O IMPUMEHCHHUA IHNPOKUM
Kpyrom CrieiuajinucCToB. Hapsmy C 3THUM B HACTOAIICC BPEMA
Ha6HIOlIaeTC$I TIOBCEMECTHOC UCTIOJIB30BaAHUEC TOCTYITHBIX 11O
CTOMMOCTHU W BBICOKOIIPOM3BOAUTCIIbHBIX MEPCOHAIBHBIX
KOMIIBIOTEPOB, a TAK)KE NHTCHCUBHOC pa3BUTUC U MAaCCOBOE
MPAKTUICCKOC TPUMCHCHUE CETEBBIX I/IH(i)OpMaHI/IOHHLIX TECX-



Mamemamuxka, mexanuka, uHgpopmamuxa

HOJIOTH Pa3INYHOTO YPOBHS M Ha3HAYECHUs. DTO Mpeaoc-
TaBIISIET KOHEYHBIM TOJIb30BATENSIM 3HAYUTEIILHBIC BBIYHC-
JIUTENBHBIE PECYPCHI, KOTOPbIE MOTYT OBITh 331€HiCTBOBAHbI
[IPU PELICHUH CIIOXKHBIX 331a4. Bb100op 3¢ heKTHBHOM KOH-
(uryparym ceTeBoro anmnapaTHoro KOMIUIEKca, HalleJIeHHO-
TO Ha pelIeHHe 3a/1a4d ONPEAEIEHHOTO Kilacca, TpedyeT oT
MHXEHEPOB-Pa3pabOTUHKOB KaK IIPO(eCcCHOHATEHBIX 3HAaHUH
3aKOHOB (PyHKIIMOHUPOBAHHS BEIYNCIUTEIBHBIX CHCTEM, TaK
U TIpUMEHEHUs (pOpMalIbHbIX METOIOB MOJCIUPOBAHUS U
ONITHMH3AIINH, YTO CBUICTEIHCTBYET 00 aKTYalIbHOCTH pa3-
paboOTKH TPOrPaMMHOTO 00ECTICYSHHSI, TO3BOJISIOIIETO aB-
TOMaTH3UPOBATh IIPOLIECC TPOSKTUPOBAHUS KOMITBIOTEPHOM
CETH 1 TTIOBBICHTH 00OCHOBAaHHOCTB IIPUHUMAEMbIX HHKEHEP-
HBIX PELICHUH.

Ha nepBoHauaibHOM CHCTEMOTEXHHIECKOM 3Tarle mpo-
eKTUPOBaHUs BhIUMCIUTENBHYIO ceTh (BC) nenecoobpaszno
paccMmaTrpuBaTh Kak a0CTPaKTHYIO BEIYHCIUTEIBHYIO CHCTE-
MY, COCTOSIIITYO U3 BEIYHCIUTEIBHBIX y3/I0B, 00bEIMHEHHBIX
KaHajaMu cBsi3u. Beibop addexrnBHOI KoHPUTYparmu BC
OIIpeiersIeTCs Ha3HAYEHHEM CHCTEMBI, a TaKKe TPeOOBaHMS-
MH K €€ TPOU3BOIUTEILHOCTH, HAJICXKHOCTH B cTOUMOCTH [ 1].
D¢ dexTuBHAS B BBIYUCIUTEIBHOM CMBICIIC METOINKA KPYTI-
HOOJIOUHOTO pacnapauIeINBaHUs AITOPUTMa PElIacMon
33144 [2] XOpOIIO COacyeTcs ¢ MCHOJIb30BaHUEM KIIMEHT-
CEePBEPHOM apXUTEKTYPbI ISl OPTaHU3ALIN B3aNMO/ICHCTBUS
BBIYHCIIUTEIBHBIX Y3JIOB CETH B POLIECCE PELICHHS 3a1a4u.
Ha knmeHTax 3aIrycKaroTcs MpoLecchl, UKIMYECKH pean-
3YIOIIME BBIYHMCIICHHS IO TTAPaJUIeIIbHBIM BETBSM allTOPHT-
Ma; B CBOIO 0UEpEIb CEPBEP Pean3yeT JIOTHKY yIPaBICHHS
napajuieIbHBIME IIPOLeCCaMi, HHPOPMALMOHHBIH 00MeH
MEX/ly HUMH, a Takoke nHTepdeiic ¢ nonp3onarenem. Obdec-
neyeHne TpedyeMbIX IPOU3BOJUTEILHOCTH M HAEKHOCTH
BC B mporiecce npoeKTUpOBaHKs CBOJIUTCS K OLIEHKE YKa-
3aHHBIX XapaKTEPUCTUK UCCIIEAYEMBIX BAPUAHTOB ITOCTPOE-
HUSI CUCTEMbI M OIITUMU3ALMN €€ CTPYKTYPBI JJIs JOCTHKE-
HHSI MAaKCUMAITLHOH IPOU3BOIUTEIEHOCTH H 33/IaHHOTO YPOB-
Hsl HAZIGKHOCTH TIPH MUHUMAJIbHOM CTONMOCTH CHCTEMBI.

Cka3zaHHOE BBIILIE TIO3BOJISIET (POPMaIM30BaTh 3a/ady
BBIOOpA 3((HEKTUBHOTO BapHUaHTa T'€TEPOr€HHON BBIYHCIIHU-
TENBHOM KIMEHT-CEPBEPHON CETH AJISI PELICHHS CIIOKHBIX
Hay4YHO-TEXHUYECKHUX 3aJ]]a4 B BUJIC MHOTOKPUTEPUATLHON
3aJ]a4n ONTHUMU3AINH C IBYMs KPUTEPUSIMHU 110 IPOU3BOAN-
TEJILHOCTH M CTOUMOCTH CHCTEMBI, a TAKIKE CYIIECTBEHHBIM
OTpaHWYEHHEM Ha HaJeKHOCTb.

[IpuBenem hopmanbHyIO 3aITUCH TOCTPOSHHOI ONTHMU-
3aI[MOHHOHN MOJICITH:

In(n, 0, m,®,Vv,..., M,

(DN ’VN 1 Noalg' Noctrl ’Valg) — max,
C(n,mg,,M,®,V,, ..., M, ®,,V,) = Min,
IpH yCIIOBUAX

Kr (n,xsrv'usv ,thb,l.LhUb, nl!?\'il ,

| | c 0
UT e My AR Uy ) 2 KD
n<n<n’,
ms<ms<n',i=1N
rae I1— xkputepuii npousBoauTenbHOCTH; C — KpUTEPHI CTO-
HUMOCTH (BH] 3TOTO KPUTEPHUS 3aBUCUT OT KOHKPETHOTO MPH-

MeHeHus Mozienn); K — Ko UIUEHT rOTOBHOCTH TeTEPO-
rennoii BC; K° — npezebHo 10myCTHMBIH ypoBeHb K03~

¢unmenTa ToTOBHOCTH; N — KOJMYECTBO TUIOB KIIMEHTOB;
m, — KOJIMYECTBO KIMEeHTOB i-ro Thna, i =1 N ; n — xommue-
CTBO OJIHOPOJIHBIX TIPOLIECCOPOB CEPBEPA; M, — OBICTPOIEH-
cTBue KiuenToB i-ro Tuna FLOPS; @ — GeicTponeiicTaue
npoueccopos Ha cepeepe FLOPS; v — GpicTposeiicTBrE Ka-
Hajla CBS3W KJIHEHTOB i-TO THIA C CEpBEpoOM, OHT/C;
NO,, — cpe/iHsist BBIYUCITUTEIIbHAS CIOKHOCTD (KOMHYECTBO
MaIIMHHBIX ONeparuii) OJHOH WUTEepalny BEYUCICHUN Ha
OJIHOM BETBH aJITOPUTMA PELICHHS 33/1a4H, YUCIIa OTIepalinii;
NO_,—cpennss BBIUCINTENbHAS CII0KHOCTD AITOPHTMA YTI-
paBIIEHMs OTHOM BETBBIO AITOPUTMA PEILICHUS 3a/1a4H, OTIe-
panuit; Valg — cpeIHHui 00beM JJaHHBIX KJIMEHT-CEPBEPHOTO
oOMeHa, OuT; A — HHTEHCHBHOCTH OTKA30B KIIMEHTCKHX Y3-
a0 i-ro Tuna, | =1, N ; A% — HHTEeHCHBHOCTH OTKA30B MPO-
11eCCOpoB cepepa; A™” — HHTEHCHBHOCTH OTKAa30B KOHIIEH-
Tpatopa; U’ — MHTEHCHBHOCTH BOCCTAHOBIICHHS KJIMEHTC-
KHX y310B i-ro Tumna, | =1, N ; ¥ — uHTeHCuBHOCTE BoCCTa-
HOBJICHHUS MPOLECCOpoB cepBepa; U™ — MHTEHCHMBHOCTD
BOCCTAHOBJICHUSI KOHLICHTPATOPa; 71" U i~ — COOTBETCTBEHHO
MaKCUMaJIbHO 1 MUHUMAJIbHO BO3MOXKHOE KOJIMYECTBO ITPO-
LIECCOPOB CEPBEPA; M," U M, — COOTBETCTBEHHO MAaKCUMAJTb-
HO ¥ MUHHMAJIbHO BO3MOXKHOE KOIMYECTBO KIIMEHTCKHX BbI-
YHCITUTENBHBIX Y3I10B i-ro Tuta, i =1, N .

OCHOBHBIM HHCTPYMEHTOM IIPH MCCIICIOBAHUN TTPOH3-
BOJUTEIBHOCTH 1 HA/IS)KHOCTH BBIYUCIIUTEIILHBIX CHCTEM SIB-
JISTIOTCSI COOTBETCTBYIOIIME aHATMTHYEcKUe Moenu. [Iporecc
¢ynkmonnposanus BC MoxxHO paccMaTpuBaTh Kak MOCIIe-
JIOBATEJIbHYIO CMEHY COCTOSIHUI Ha HEKOTOPOM MHTEpBalie
BpeMeHU Af ¥ IPUMEHHTB JIJIsI OTIMCAaHUsI JAHHOTO TIpoIiecca
amnmapaTt TEeOpuu MaccoBoro oocmykuBanus [1]. B mannoi
CTaThe WMCIOJIb30BaHbl MaTEMAaTHYECKHUE MOJIEIH OLCHKH
MIPOU3BOIUTENBHOCTH M HAJEKHOCTH (DYHKIIMOHUPOBAHUS
reTepPOreHHBIX BEIYUCIIUTENIBHBIX KITMEHT-CEPBEPHBIX CEeTEH,
M3JIOKEHHEBIE B [3].

CJI0’)KHOCTB CBOMCTB 11€JI€BbIX (PYHKIIN M OTpaHUYCHHS
T10 HAJIGKHOCTH MIPEIOTIPECTHIN BHIOOP METO/1a PEIICHUS
3a71a4¥ — MHOTOKPUTEPHUAIEHOTO TEHETHYECKOTO alTOpUTMa
(T'A), a3phexTrBHOCTH KOTOPOTO CIIA0O 3aBUCUT OT CBOWCTB
OIITUMHU3MPYEMBIX (DYHKIMH, 4TO TIO3BOJISIET CIIPABIISITHCS C
pEILIEHNEM CIOKHBIX 3a/1a4 [100aJIbHOM ONTHMHU3ALIUH.

Ha ocnoBe nanHoro noaxoxa Obuta pazpaboTaHa aBTo-
MaTU3UPOBAHHAS CUCTEMA TOACPKKH IPUHATHS PEIICHUH
(CIIITP) npu BbIOOpPE 3P PEKTHBHOM 11O TPOU3BOAUTEITHEHOC-
TH, HAJIEKHOCTH U CTOMMOCTH CTPYKTYpPbI T€TepOr€HHOMN
BerunciuTenbHoM cetu. Ota CITITP MoxeT ObITh HCIOTB30-
BaHa B X0JI€ IPOSKTHPOBAHMUS WIIM MOAN(DHUKAIINH apXUTEK-
TYPbI BBIYHUCIUTEIBHBIX CETEeH, HACTPOCHHBIX Ha PEIICHUE
CJIOKHBIX 33/1a4 OIpe/IeTICHHOTO Kilacca.

Pa3paboTaHHBII IPOrPaMMHBIH TMPOIYKT SBISETCS TIOTHO-
LCHHBIM TprokeHreM Windows U pa3paboTaH B cpeie ObICT-
poit pazpabotku nprtoskennii Borland C++Builder 6.0 Enterprise
koprioparmu «Borland Software Corporationy Ha si3bike C++.

O06o061menHas crpykrypHas cxema CIIIIP st Be1Oopa a¢-
(exruBHOM KoHPUTYparmu BC npencrasnena Hiwke (puc. 1).

B nanHo# mporpaMMHOIl cucTeMe peaqn30BaHbl Cleay-
1omye GyHKIIMOHAIBHBIE BO3MOKHOCTH:

— HacTpOKa anrapaTHbIX XapaKTePUCTHK BBIYHCIUTEIb-
HBIX y3JIOB IIPOEKTHPYEMOH BEIYUCINTEIbHON CETH;

— HacTpoOiKa apaMeTpoB aIrOPUTMA PEIIAEMOr0 KJlac-
ca3ajad;
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—HacTpoiika mapametpoB ['A mist Beroopa 3¢ ek THBHBIX
KOH(UTypanuil BEIYUCIATEIBHOM CEeTH;

— BU3yaJIn3anus HHQOPMAINH, XapaKTepHU3yIoLen mpo-
LIECC PEIICHUS 3a0a4H;

— U3MeHeHue napameTpoB ['A B poriecce peleHys 3a1a4y;

— BIBYaJIM3AIS PE3yIETaTOB BEIOOPa (h(heKTHBHBIX KOH-
(uryparuii BEIMUCIUTEIEHON CEeTH;

— COXpaHEHHE PE3yIbTaTOB B TEKCTOBBIX M rpaduieckux
(haiinax.

PaboTa nmporpaMMHO# CHCTEMBI MO3BOJISIET MOJTYYNUTh
CJICTYIOIIIE PE3YIIBTaThI:

— MHOX€ECTBO HEJIOMUHHPYEMBIX KOH(UTYPALHid TPOEK-
THPYEMOH BBIYMCIUTEIBHON CETH, KaX/ast 3 KOTOPBIX Xa-
pakTepu3yeTcs cieayolei nHpopmaryei o cocraBe U xa-
PaKTEPUCTUKAX CETU: KOJINYECTBE M MPONU3BOAUTEIBHOCTH
KIIMCHTCKUX Y3JI0B, 6BICTpOHeﬁCTBHH KaHaJIOB CBs3H, KOJIN-
YEeCTBE U NMPOU3BOAUTENBLHOCTH MPOLIECCOPOB Ha CEPBEPE,
MIPOM3BOANUTENFHOCTH B cTonMocTH BC, 3HaueHNH KA Q-
I[UEHTa TOTOBHOCTH;

— aNMpOKCHUMAIIHIIO TTAPETO-ONTUMAIIBHOTO (PPOHTA;

— rpaduKu TPUTOTHOCTEH JIyUIIEero U Xy/IIIero HHANBH-
JIOB, & TAK)KE CPEIHSSI MPUTOAHOCTD MOMYJISIINAY TIPH perie-
HUU ONITUMHU3AIIMOHHOM 3312491 BBIOOpa YPPEKTUBHBIX KOH-
(urypanuii BBIMMCIUTEIHLHON CETH.

Ha m1aBHOM OKHE IPOrpaMMHOM CUCTEMbI UMEIOTCS 1BE
Bkyajku: «Hactpoiiku PBCy» u «Hactpoiixu u 3amyck [A».

Ha Brmmagke «Hactpoiixku PBC» (puc. 2) moms3oBatemo
MIPE0CTABIIACTCSA BO3MOYKHOCTD HACTPOMKH CIIEAYIONINX afl-
MapaTHBIX XapaKTEPUCTUK BBIUUCIUTEBHBIX Y3JIOB IPOEKTH-
pyemoit BC, a Takxe mapaMeTpoB alropuTMa perraeMoro
KJ1acca 3a71a4:

a) XapaKTePUCTHKHU CEPBEPHOTO y3J1a:

— MHHAMAJIFHOE ¥ MAaKCUMAaJIbHOE KOJTMYECTBO MpoIec-
COpOB;

— MHWHHUMAJIbHAasA U MaKCUMaJIbHasA IPOU3BOAUTEIIbHOCTD
OJTHOTO IPOLECCOpa;

— MHTEHCHBHOCTB OTKA30B IPOIIECCOPOB;

— UHTEHCUBHOCTH BOCCTAHOBJICHUSI IIPOLIECCOPOB;

— MHTEHCHBHOCTh OTKa30B KOHIIEHTPATOPA;

— MHTEHCHBHOCTb BOCCTAHOBJICHHSI KOHIIEHTPATOPA;

0) XapaKTEPUCTHKH KJINEHTCKHX y3JI0B:

Hutep defic nonpsobaTena

HHEL]TOI‘OB&H CHCTEMa HHH-

— KOJIMIECTBO THITOB KIIMEHTCKUX Y37I0B;

— KOJIMYECTBO KIIMEHTCKHX Y3JI0B K)K/IO0TO THUIIA;

— MUHHUMAaJbHast 1 MaKCHMaJIbHAs IIPOU3BOUTEIILHOCTh
KJIMEHTCKHUX Y3JI0B KaXKJIOT0 THII,;

— CKOpPOCTb KaHalla Tepe/iadyl JaHHBIX JUISl KIMEHTCKUX
Y3J10B KQ)KIOTO THIIa;

— MHTEHCHBHOCTb OTKA30B KIIMEHTCKHUX Y3JIOB KaXJIOT'0
THIIa;

— MHTEHCHBHOCTh BOCCTAHOBJICHHS KJIMEHTCKUX Y3JI0B
Ka)XJJOT'0 THIIA;

B) IIApaMETPhI AJITOPUTMA PEIIAEMOTr0 KJ1acca 3a1ad:

— CpeHSIst BBIYMCIUTENBHAS CJIOKHOCTD OJJHOW UTEpALIN
ITOpUTMa;

— CpeHsIsl BEIYUCIINTEIbHAS CII0KHOCTD aTOPUTMA YII-
PpaBIICHUS;

— cpeiHuii 00beM JaHHbBIX KJIMEHT-CEPBEPHOr0 OOMEHa.

Ha nanHO# BKJ1a/1Ke MOTB30BATEINIO TAKXKE MPEIOCTABIIS-
eTcsl BO3MOXKHOCTD 33/1aHHSI MUHIMAJIBHOTO 3HAYEHHS KO-
a¢uIrieHTa roTOBHOCTH IpoekTrpyemoii PBC.

Ha Bxnanke «Hactpoiikn n 3amyck [A» (puc. 3) momns3o-
BaTEJII0 MTPEIOCTABIIACTCS BO3MOXKHOCTh HACTPONKH CIETy-
IOIINX MTApaMeTPOB TEHETHYECKOTO alIrTOpUTMa:

— KOJIMYECTBA MHIUBU/IOB B MOMYIISLIUH;

— KOJIMYECTBA [TOKOJICHHH;

— BH/JIa CEJICKIINN;

— [Iara JMCKPEeTHU3alMH 110 XapaKTepUCTHKaM BCeX dJie-
mentoB PBC;

— BUJIa CKPEIIUBAHMUS;

— BHJIa My TalHH.

Ha 7011 5xe BKI1aike MPOM3BOIUTCS 3aITYCK BEIYUCIUTEIb-
HOTO TIpolecca.

[Tpouecc pemenust ONTUMHU3ALMOHHON 3a/1a41 BU3Yaln-
3UpyeTCsl MyTeM rpaduyeckoro M300pakeHHs TeKYyILEero
HEJIOMHHHPYEMOr0 MHOYKECTBA HalICHHBIX perieHnii. Kax-
Jiasi TOYKa Ha rpa)uke COOTBETCTBYET KOHKPETHOW KOH(pUTY-
panuy BEIYUCINTEIBHON CETH C OPeIe/ICHHBIMH 3HAYCHHS-
MH TIPOU3BOUTEIEHOCTH X CTOUMOCTH, YIOBJIETBOPSIOIIEH
OIpaHHUYEHHMIO 10 3HaUCHHUIO KOd(HUIMEeHTa TOTOBHOCTH.

[IporpaMmHas cuctema MoAIEP>KKH MPUHATHS PELICHHH,
pa3paboTaHHas HAa OCHOBE MPEJIOKEHHBIX MOIee PyHK-
[IMOHUPOBAHUS T€TEPOTCHHBIX BEIYMCIUTEIBHBIX CETCH IS

UHATH3A0HH TapaMeTpoE
BCuTA

CHCTEMA EHSYAIRHOTO Ha-
bRFOmERHA 32 IPOLECcoM
MoOelHpoBaAHEA

!

OTaeT (IpocMoTp, CoXpaHe-
HHE H NEYATE PEIYNLTATOE)

Bubop sdderTHEHOR EoH-
purypannu BC
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KoshdHITHERTA
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BEMHCIEHIE TIp OH3E0-
IUTEMLHOCTH BC

Puc. 1. Crpyxrypnas cxema CIIIIP st Beibopa s dexruBHoi koHburypaunu BC
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OLICHKH MX MPOU3BOIUTEILHOCTH M HAJICHOCTHU 1 HBOJTIOIIH-
OHHOI'O AJIFOPUTMA MHOTOKPUTEPHUAIILHON yCIOBHON OITH-
MH3al1H, UCIOJIB30BATIAach ISl PEIIeHHs 3aJa4d BbIOOpa
3 PEeKTUBHOM CTPYKTYpbI F€TEPOreHHON BBIUUCIUTEIHLHOM
cetu B OO0 «Pernonanbubie HHGOPMAIMOHHBIE TEXHOJIO-
run-cucteMbl (KpacHospck).

B nocranoBke 3agaun BbI6opa 3h(hekTHBHOI KOHDUrypa-
i BC cymecTByer oauH HepopMaIH30BaHHBIN MOMEHT —
BuA kpuTepus croumoctu BC, KOoTOpHIii elrie Ha CTaauu Ipo-
exrupoBanus CITIP meobxomumo paspenmts. [To moctaHoB-
K€ 3aJ[a4il OYEBHUIHO, YTO CTOMMOCTHOH IOKAa3aTelb Kade-
ctBa BC nomkeH 3aBUCETh OT YHUCIIA NIPOLIECCOPOB MHOTO-
MPOLIECCOPHOTO CEPBEPA, NX MPOU3BOAUTEIBHOCTH, YUCIIA
KJIMEHTCKUX y3710B KaX/I0T0 THIIA, UX IPOU3BOAUTEIBHOCTH, a
TaKKe CKOPOCTH KaHAJIOB cBs3M. COBMECTHO CO CHEIIHAIIHC-
tamu OO0 «PernoHanbHble HHPOPMAIMOHHBIE TEXHOJIOT UK~
cucTeMbD» ObLT pa3paboTaH BU JAHHOTO KPUTEPHS:

C(n, o, , M,V ..M, 0,Vy) =

= 600Ne™® +5000(n—1) + C* +

N o v
+)m (6006° +C! +2500e')

i=1
BCJIEICTBUE YETO B JAHHOM KPUTEPUM YYTECHBLI OCHOBHBIC
PBIHOYHBIE TEHJICHLUU SKCIIOHEHUUAIbHON 3aBUCUMOCTH
LIEHBI IIPOLIECCOPA OT Er0 IPOU3BOAUTENBLHOCTH U YUUTHIBA-
€TCsI CTOMMOCTb JIOTIOJTHUTEILHOTO 000pyI0BaHuUs (KOTOPOE
YCTaHABIIMBACTCA T10 KEJTAHUIO U BRIOOPY 3aKa3uHKa) cep-

BepHOro (C*™™ ) u kmentekux y3mos (C°¢, i =1L N).
Jlnst peleHus 3aa49u ObLIO BBIIEIEHO 4 OCHOBHBIX TUIIA
KJIMEHTCKHUX y3II0B:

— KOMITBIOTEPHI JIJIs OTIEPaToOpoB (CIpaBKa, AIEKTPOHHAS
ouprxa) — i 1;

— KOMITBIOTEPBI [J1s1 OyXraJTepUH, OOIIEro OTACA U IPO-
JTaBIIOB — THI 2;

— KOMITBIOTEPHI [Tl TUPEKIINU, TON-MEHEKEPOB, SKOHO-
MHCTOB — THII 3;

— KOMITBIOTEPHI [T Pa3pabOTINKOB W aHATUTHKOB JIaH-
HBIX — TUIT 4.

TP "D Gop SddbenThnin R CTPYNTYIB DA 38 W 1R b ANTE T

[HacTpours PBC | Hactpor n 2amyo: TA|
HACTPORKH COPREpHON YACTH

KOM4ecTa0 MpoUsCceopon copeepa: o1 |1 ] [e EIOWeD
MUGCTED MPOLBCCOPOR CRp@epa; 0T | | 0Py TOREHWS (pyT )
Mponano T sHECTE KawOore [T T [45000
npouscsopa [MFLOPS) ot [F000 o [15000
MHTEHCHBHOCTE OTKAI0R
KOMLEHTpATOpA

HHTEHCHBHOC TS OTEAS08 |I_‘ g -I--I--I--
MPOLSCCOpOR CapBapa 0000 [o.000001

HHTOHOAIMOCTE DOCCTAHOR MR

HHTOMCHINOCTD BOCCT AHOBNEHNS [————
MpoUBCeepon copnepa &

[a
| KOHUGHTRATORA

HacTpoRkm KNWeHTCRON HACTH

KOMurssctan TUNOB KAHSHTCRMK y3no8 !i !H.ac.rpnm;u QNA KAMEHTCEMN y3N0B 100 THNa -|

| g CTOMMOCTE ey
i . I 000
KORsaTa0 yNos ot |10 m {20 OBOpYIORAHNE (FYG ) ks

MHTEseHBHOCTE

MpaHIBOTENEHOCTD
OTHADE YINOE.

or [6o00 o [EO0D
Kawnoro yana (MFLOPS)

000001

MHTEHCHBHOCTE

: A o 000
CxopocTs kaHananepenas . [B0 Do 1000 BoccTaMOBNeHMA yanos: 10 00!

nauHee: (Mbitls)

HaeTpodin peusiemol Jamam

CpanHan Bl DOHOH

MTEpELM SLMMCIMTENBHOM anropuTma fon ) | 0000

FOSPIpUUMEHT FOTOBHOCTY PEC
[He Menea), %
CpoaHan BEUUCAUTREHER CIOKHOCTE — =
ANTOPUTME YIDERNaHUA (0n ] AN |99

Cpoanmh ofben D@
I T-COPIBEHOTS obmena (K]

[pumenenne CIIIP o0ycnoBmeHO HEOOXOIUMOCTEHIO
penieHns 3aKka3duKoM Ha pa3zpaboTanHoii reteporenHoi BC
CITOKHBIX PaCTIpeIeIeHHbIX 3a1a9, XapaKTePH3YIOIIIXCS CIIe-
AYIOWHUMHA CPEAHUMUA 3HAYCHUAMU ITapaMETPOB:

— CpeHSIsL BBIYUCIIUTENbHAS CII0KHOCTD OJJHOW UTepaIiin
BBIYMCIICHU Ha OTHOW BETBH aJITOPUTMA PEIICHIS 3a1a9H —
10 000 oneparmi;

— CpemHss BEIYUCIUTEIbHAS CIIOKHOCTD allTOPUTMA YTI-
PaBJICHUA OI[HOfI BETBbBIO aJiIrTOpUTMa PCIICHUA 3ada4yn —
5 000 oneparmii;

— cpenHuit 00beM TaHHBIX KIMEHT-CEPBEPHOro 0OMeHa
—200 Ko.

A mockoneKy paspabareiBaemas BC mpemHasHadaeTcs
TaKOKe M JUIS PELICHUs IEPCOHAJIOM TEKYIIHUX 3a/a4, TO Ha
KOJTMYECTBO KIIMCHTCKHX Y3JIOB KaXK/IOTO THITA OBLITH HAJIOXKE-
HBI OTPAHIYCHUS 10 KOJIMYECTBY M ITPOU3BOIUTETIHLHOCTH (€C-
TECTBEHHbIEC OTPaHUYCHUS):

—-10<m <20,30sm, <45,8<m <10,10<m <13
— OTpaHWYEHHs Ha KOJINYECTBO;

- 5000< m, <8000, 7000< m, <9000, 9000 <

<, <12000,13000< m, <18000 - orpaHnuyeHus Ha
npou3BoauTeNbHOCTH, MFLOPS.

[Ipu penrennu 3a1aqu ObIIa MOTYYCHA AIITPOKCHMAITHS
MapeTo-MHOYKECTBA, COCTOAIIASA U3 22 TOYEK, a TaK¥KE ero
¢ponrta (puc. 4).

[To 3HaYeHUSM CTOMMOCTHU U TIPOU3BOAUTEIHFHOCTH TI0-
Ty4eHHBIX KoHpuryparmii BC 3aka3arkoM ObLT BEIOpaH Ba-
PHAHT, B COOTBETCTBUH C KOTOPBIM Te€TEPOreHHAast BHIYUCIIH-
TeIIbHAs CETh J0JDKHA UMETh CIIE/IYIOIN COCTaB!

— 15 KIMEHTCKUX y3JI0B C IPOU3BOJUTEIbHOCTHIO
5 867 MFLOPS u xaHanom mepegady JaHHBIX CO CpeaHei
CKOpocCThIO 83 MbuT/c;

— 38 KIIMEHTCKUX Y3JI0B C IPOU3BOJUTEIBHOCTHIO
8 373 MFLOPS u kaHanoMm nepegayd JaHHbIX CO CpeiHel
ckopoctsio 114 Mout/c;

— 10 KIMEHTCKUX y3JI0B C IPOU3BOJUTEIBHOCTHIO
11 635 MFLOPS u kanaiom nepenauu TaHHBIX CO CpeaHei
CKOpocCThI0 273 Mbut/c;
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Puc. 2. Bxmagka «Hactpoiika PBC»
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maBHoro okHa CIIITP
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— 11 KIUEHTCKUX y3J10B € MPOU3BOAUTEIbHOCTHIO
16 112 MFLOPS u kaHanoMm nepeaadu JaHHbBIX CO CpeaHeit
ckopocThio 351 Mbut/c;

— YETBIPEXIPOLIECCOPHBIN CEPBEPHBII y3ell ¢ IPOU3BO-
JUTENIbHOCTBIO KaXkaoro npoueccopa 13 462 MFLOPS.

CroumMocTs BBIOpaHHOM TeTeporeHHo BC cocTtaBmset
1 595 220 py0., npon3BoAUTENBHOCTS paBHa 623,745 GFLOPS,
ko3 punment roroHoCTH — 99,93 %.

HEACMMHMRYEMOE MHOKECT 80 KOHDMNYpaLwi BC
i

IO
08

1520 1540 1850 1580 1600 1E20 1840 1€60 1680 1700 1720 1740
CTOMMDETS, ThIC. b

Puc. 4. HemomuHaupyemoe MHOKeCTBO KoHuryparuii BC

IMocre aHamI3a KOMIBIOTEPHOTO PHIHKA TOTOBOM ITPOMYK-
LMY CTPYKTYPa BEIMUCIUTENLHON CETH IPHUHSLIA CIIETY 0L BUT:

— 15 xnumenTckux y3inos ¢ npoueccopamu Celeron D420;

— 38 KIIMEHTCKHUX Y3JI0B ¢ mporeccopamu Pentium Dual
Core E2160;

—10 xmerTcKuX y37oB ¢ porieccopamu Intel Core 2 Duo E4400;

— 11 kimenTckux y3moB ¢ npoueccopami Intel Core 2 Duo
E6600;

CepBEPHbI y3el1 Ha 0a3e ueThipex mporieccopos Xeon 3000.

Takum 00pazoM, ¢ UCIOIB30BAHUEM IMPEIOKEHHOTO
aBTOpaMH 101x0/1a ObLIa BEIOpaHa cTpyKTypa 3G eKTHBHOM
paanasbHON reTepOreHHON BBIYMCIUTEIBHOM CETH KITMEHT-
CEpPBEPHOTO THIIA, [TO3BOJISIOILICH, TTOMUMO PEIICHHS TEKY-
IIMX 33/1a4 IEPCOHAJIOM, OCYIIECTBIIATH CIIOXKHBIE pacIpee-
JICHHBIC BBIYHCIICHUSL.

Pe3gynbrarhl NpakTH4eCKoil anpoday CBUIETENbCTBY-
10T O TOM, YTO pPa3pabOTaHHAs ABTOMATH3UPOBaHHAsI CUCTE-
Ma MOJJIEPKKY TIPHUHSTHS PELICHUH MOXKET CITYXXUTh y100-
HBIM HHCTPYMEHTOM Ha CTaJHH NPEABAPUTEIHLHOTO TPOCK-
TUPOBAHUA BBIYUCIUTCIBHBIX ceTeﬁ, MpCaAHa3HAYCHHBIX IJI
pacIpeiesICHHOTO PEICHUSI CIIOYKHBIX 3a/1ad.
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S. V. Tynchenko, V. V. Tynchenko

DECISION SUPPORT SYSTEM IN DESIGN OF EFFICIENT COMPUTER NETWORK
CONFIGURATION FOR COMPLEX PROBLEMS DISTRIBUTED SOLVING

The choice problem of distributed computer network efficient configuration for parallel solving of complex problems
is discussed. There is suggested a computer-aided decision support system in design of computer network based on the

queuing theory apparatus and evolutionary approach.

VIIK 519.876

N. M. Muracog, C. B. Uenrios
NMHUTAIIUMOHHOE MOAEJIUPOBAHUE NNPEANPUATHUA

Paccmompena umumayuonnas mooens npocHO3a NIAMeNCecnocoOHOCMU NPEOnPUAMU NPU YCA08UU CLYHAUHBIX 00be-
MO8 00A3aMenbCma, MOMEHMO8 BPeMenU U 6eIULUH NOCIYNAIOWUX uHancosvix cpedcms. Ilpednoxcena cxema cenepu-
POBAHUS NOCNIEO08AMENLHOCIU COCMOSHUL NAAMENCECROCOOHOCIU NPEONPUAMUS, NOLYHEHUS CPEOHUX XAPAKMEPUCTHUK
NAAmMedcecnocoOHOCMU U YCMAHOBNEHUs CEA3U IMUX XAPAKMEPUCMUK C NAPAMemPamu pacnpedeneHuti paccmampueade-

MBIX CLYYAUHBIX GENUYUH.

Beenenne. OOBIYHO 32 OCHOBY MOJICTTMPOBAaHUS OepyT-
Csl HEKOTOPBIE MOKa3aTeNId SKOHOMHYECKOH AESATEILHOCTH
HPEANPUTHS ¥ pacCMaTpUBAETCs MO0 AMHAMUKA STHX I10-
KazaTeJel (IKOHOMETPHUECKIE MOIETIH) Ha OCHOBE IKCTPa-
MOJISALMH BBISIBICHHBIX 3aBUCHMOCTEH, MO0 3aBUCHMOCTD
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OJTHHX TIOKa3aTeJIel OT APYTHX, HA3bIBAEMBIX MIPU ATOM (pak-
TopaMu (perpecCHOHHbIE MOJeNn). MoJeInpoBaHue Mpo-
BOJIUTCSI HA OCHOBE CTATUCTUYCCKUX JAHHBIX, OTPAXKAFOIIIX
MIPOIILIOE TPENPHUATHI Ha MOMEHT MoJieiupoBanus. [Ipu
9TOM CIIPABEJIUBO YTBEPKICHHUE O TOM, YTO MATEMaTHUEC-
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KM€ MOJIENIN aHAJIM3NUPYIOT MPOIIIOE, KOTOPOE OOJIBIIE BOJI-
HYeT UCTOPUKOB, UeM MeHeKepoB [ 1].

[IpeaMeToM MMHUTAIMOHHOTO MOJICTTMPOBAHUS SIBIISIIOT-
Cs AMHAMHUYECKUEC ITPOLECCHI, IPOUCXOAAIINEC HA IIPEATIPUI-
. PopMaIM30BaHHOE ONKCAHUE MO3BOJSIET IIyOXXe Mo-
HSTB CyTb 3THX MPOLECCOB, CHCTEMAaTU3HNPOBATh IIPECTaB-
JICHUS U J1aTh KOJIMYECTBEHHYIO OL[EHKY O3UTUBHBIX 1 Hera-
THBHBIX CTOPOH AEATEILHOCTH IPEIPUSITHSL.

I/IMI/ITaHI/IOHHoe MOIACIMPOBAHUEC TIPCANIPUATUSA MOKET
paccMaTpHUBaThCS B CIIEYIOIINX HAIIPABICHUSX

— IMUTAIOHHOE MOJIEIIMPOBAHNE IIPONU3BOJCTBEHHOTO
npoiiecca. DTO HaIlpaBJICHUE OBLIO OCHOBHBIM BO BPEMEHA
TOCyJapCTBEHHON 3KOHOMMKH. B HacTosimee BpemMst OHO He
MOTEPSUIO CBOEH aKTyallbHOCTH, NPEBPATHBIINCH U3 €INH-
CTBEHHOTO B OJTHO M3 MHOT'HX HAITPABJICHUH HIMUTALIIOHHOTO
MOZICJIUPOBAHUA IPEATIPUATHS,

— UMHTAIOHHOE MOJAEIMPOBAHUE OPraHM3alMOHHON
CTPYKTYPBI IPEIIPHUSITHS, IPOLIECCOB INTAHMPOBAHUS (CTpaTe-
THYECKOTO U TAKTHYECKOTO ), IPUHATHS PEIIEHNH U KOHTPOJLST;

— IMHUTalHOHHOE MOJICTTNPOBAHNE MapKETHHTa ITPEAIPH-
SITUS;

— UMHTAIMOHHOE MOJIECIMPOBAHUE B3aUMOACHCTBHS C
BHEIIIHEN CPeJIoit;

— UIMHUTAlMOHHOE MOJISTMPOBaHKE (PUHAHCOBOT'O COCTO-
SHUSI IPEATIPUATHS, HAIIPUMEp MPOIIecca NCTIONHEHHS (u-
HaHCOBBIX 00513aTEIIbCTB;

— IMHUTAIMOHHOE MOJIEINPOBAHUE YEIOBEYECKUX OTHO-
LICHUI Ha IPEAIPUATHH.

OnHuM 13 HanOoee BayKHBIX HAINpaBICHHUH SIBISETCS
UMUTALIMOHHOE MOJIEIMPOBaHHE (PUHAHCOBOI'O COCTOSHUS
HPEeIPUSITHS, KOTOPOE T03BOJISIET IPOTHO3MPOBATH ATO CO-
CTOSIHHE Ha OCHOBE y4eTa CIEIYIOIIHNX JaHHBIX:

—PacyeToB C MOTPEOUTENISIMH (OLICHKA PUCKOB HETUTATEMKEN );

— MICHIOJTHEHUSI 00513aTEeIBCTB MPENPUITHS (OLICHKA PUC-
KOB HEHUCITOTTHEHUS 00513aTENILCTR);

—IIOCTaBOK OCHOBHBIX BUIOB ChIPbsI (OIIEHKA PUCKOB He-
MIOCTAaBOK M CPBIBA IIPOM3BOJICTBEHHOTO IIPOLIECCa);

— OCTaHOBOK ITPOM3BOACTBA (OLIEHKA PUCKOB OCTAaHOBKU
MPON3BOICTBA M 9KOHOMHUYECKHX ITOCIIEICTBUI);

— IIOBBIIIEHHS] CTOMMOCTH CHIPbA (OLIEHKA PUCKOB MOBBI-
IICHHS] CTOMMOCTH CBIPbSl 1 BO3MOXKHOCTH KOMITCHCAIINH 3a
CUeT yBEJIMUYECHUS] CTOUMOCTH POYKIHN);

— KOHKYpEHIUH (OIIeHKa PUCKOB KOHKYPEHIIUH U TIOTEPH
PBIHKA).

I'1aBHOI XapaKTEpPUCTUKON COCTOSHUS IPEAIIPUATHSL, 110
HallleMy MHEHHIO, SIBISIETCSI €T0 CIIOCOOHOCTH HCIIONIHATH
00s13aTebCTBA (TTATEKECTIOCOOHOCTD) MO CIISTYIONNM Ha-
TPaBICHUSIM!

— TIepe]] IEPCOHAIOM (3apIiiaTa U OTYHCIICHHS B COIH-
asbHbIe QOHIBI);

—Tepe] TOCYIapCTBOM U APYTUMH MOy YaTeIIMH HAJIO-
TOB U COOPOB;

— [epeJt MOCTaBIIMKaMU ChIPbs 1 000PY/I0BaHHS;

— [epeJt yuYpeAnTeIsIMY;

—TIepe/1 MPOU3BOJICTBEHHBIMHU MOLITHOCTSIMHU (aMOPTH3a-
[IMOHHBIC OTYUCIICHHSA).

PaccMmoTpuM fanee MMHTAIIMOHHYIO MOJIETIb MIaTeXec-
MOCOOHOCTH MPEANPHUSTHSL.

IMocTanoBka 3agaun. TpeOyercs Ipy 3a/laHHBIX BEPOSIT-
HOCTSX COOBITHH, ONPENIeIISIONIMX SKOHOMUUECKHE BO3MOK-
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HOCTH TIPENPHSTHS, W 3aJaHHOM HadaJbHOM COCTOSHHUH
MOJIEJIMPOBATH TUIATEKECTTIOCOOHOCTh NMPEANPHUSTHS B TIa-
TEKHBIX TOYKAX (TUIATEKHBIE TOYKH — MOMEHTHI BPEMEHH,
Koraa HCO6XO}II/IMO HCHOJIHATD BbIMICTICPECYUCIICHHBIC UJIN
WHBIC 00513aTCIIHCTBA).

Hewncnonnenne 0053aTeIbCTB BICUET 32 COO0H CAaHKINHT
(nenu, wrpadsl), yXy/IIIaronpe 3JKOHOMHYECKOE COCTOSIHIE
TIPEIIPHATHS.

B kaxnoi niarexHoi TouKe onpeAessieTcs MoJI0KNUTeNb-
HBIH (OTPHIATENBHBIN) YPOBEHD IIATEKECIIOCOOHOCTH TIPE/i-
npusitas. Kaxgas mocneyrommas miaTexHast TOUKa yIHThIBACT
JIOJITY T1O TUTATEKaM B IPEAIIECTBYFOIINX IUTATEXKHBIX TOUKAX.

Takast MoziesTb TPOrHO3UpYeT Oy/tyIee MPEAIPUSITHS, HCXO-
JIS1 3 €T0 COCTOSTHUSI B HACTOSIIIIMI MOMEHT M BEPOSITHOCTEH CO-
OBITHI, OTIPEIENISIONIX €0 SKOHOMHUUECKNE BO3MOKHOCTH. 17151
OIIpeJIeNIeHNsI peaTbHBIX BEPOSITHOCTEH HEOOXOMMO MPOBOJIUTH
CTaTUCTUYECKHE CCIIC0BAHMS M IIPHBIIEKATh YKCIIEPTOB.

OTH BEpOSTHOCTH SABIISIOTCS TTApaMETPaMHU, KOTOPBIE OTI-
penessioT cocTostuue npeanpusaTis. CMBICH yrpaBiIeHUs
COCTOWT B TOM, YTOOBI JJaHHBIC MTApAMETPBl HAXOUINCH B
00J1aCTH YCTOWYHBOH TIATEKECTTOCOOHOCTH MPEATTPUSITHSI.

Ota 00sacTh onpenessieTcs: SKCIEPUMEHTAIBHO HIIA Ha
OCHOBE ITOHCKa ONTHMAIBHOTO 110 HEKOTOPOMY KPUTEPHIO
Habopa BeposiTHOCTEH. [IpH 3TOM ONTHMAIBHOCTB TOHUMa-
eTcsl Kak 00ecredeHne MUHIMAJIBHOTO YPOBHSI TIaTEXeC-
HOCOOHOCTH, T. €. MUHUMaJIbHO YKECTKOTO YCIIOBUSI, o0ecrie-
YHMBAIOIETO [IATEKECIIOCOOHOCTB.

MaremaTu4eckasi IOCTAHOBKA 3a1a4H. PaccmoTtpum fe-
SITEJIbHOCTh TPEANPHUSATHS B MOMEHTHl BpPEMEHHU
te (t,, t, T T], coorBeTcTBYyIOMIME Gy IyIIEMY, KaK IIPOLIECC
HCTIOJTHEHUSI TUIATEKHBIX 00513aTENBCTB.

ITycrs 3amansl {t ;i = R} — IETEPMUHUPOBAHHBIEC 1ATHI
HCIIOTHEHUS IUIATeXKHBIX 00513aTenseTs, t € (t,, t,+T] . Us-
BECTHBI JIaThI BHIIUIATHI 3apa00THOM IIJIATHI, YIIIATHl HAJIOTOB
¥ cOOPOB, MOTAIIEHHSI TIPOIICHTOB U YaCTH OCHOBHOW CyM-
MBI 10 KPEANTAM, OILIATHI 3aKa30B IIOCTABIIUKAM H T. II.

Myets {d.;i =1,n} — ciayyaiinbie 06beMbI 0653aTENBCTE
B MOMeHTHI t; . CiyuaifHOCTh 00EMOB 00513aTeNBCTB 00yC-
JIOBJICHA UX 3aBUCHMOCTBIO OT 00BEMOB BBIITYyCKa IPOIYK-
LIUH, KOTOPBIE SIBIISTFOTCSI CITy4aiHBIMH.

Mycts {g,;k=1m — 0OBEMBI TIOCTYTUIEHHS CPEJICTB B
MOMEHTBI BpeMeHH {1, ;K =1,m} . MOMEHTBI BpEMEHH T, U
00BbeMBl §, — CilydaiiHble BETMYHHBIL.

ITycts G, — 3amachl ICHEKHBIX CPEJICTB K MOMCHTY 1.
G; — cnydvaiinas BenmnunHa. Ee oTpuiarensHoe 3HaucHHE
O3HAYAET JIOJNT TI0 TTATEXaM.

TpebyeTcst HOCTPOUTH MOJIEITb, UMHTHPYIOIIYIO COCTOSI-
HUE [UIATEXKECTIOCOOHOCTH MPEATIPUSATHS B KaXK/I01 TIaTEX-
Hoil Touke t; € (t,, t, +T].

Pemenne 3anaun. [Ipeanpusitue criocoOHO BBITIOIHUTD
cBom 00s13aTenbCTBa B MOMEHT te (t,, t, +T], ecim

ng +G 2y d,
t.t [t.t]

Z 0003HaYyaeT CyMMHpOBaHHE IO BCEM
[t

Tt e[ t, t]. @opmymy (1) MOXHO paccMaTpHBaTh B Kade-
CTBE KPUTEPUSl TUIATEKECTIOCOOHOCTH MPEANPHUATHS B IPO-
M3BOJIbHBIN MOMeHT BpeMmenH te (t,, t, +T].
Tpennonaraercst, 4to 0, pacnpe/eseHs 10 HOPMaJIbHO-
My 3aKoHy ¢ mapameTpamu (", 67 ), e @ — mIaHupye-

(1

rue



Becmnux Cubupckozo 2ocy0apcmeennozo aspokocmuueckoeo ynugepcumema umenu akaoemuxa M. @. Pewiemnesa

Mbli 00BeM IIaTexka B MOMeHT t; . [lapamerp Gid onpeze-
JIACTCA OKCIEPTAMU Ha OCHOBE CTATUCTUYCCKUX JJAHHBIX.

Ipennonaraercs, 4To g, PaclpeAeseHbl 10 HOPMAb-
HOMY 3aKOHy ¢ nmapamerpamu (@7, o} ), rae @) — manupy-
eMblil 00beM HOCTYILUIEHUs CPEJICTB B MOMEHT T, . Ilapa-
METp G, TaKXKe ONPEEIACTCs SKCIePTaMK Ha OCHOBE CTa-
TUCTUYECKUX TaHHBIX.

J1st reHepupoBaHUsl MOMEHTOB BPEMEHH T, OOBIYHO
HCTIONB3YETCsA CXeMa TeHepUPOBAHNUS CITydalfHbIX HHTEPBa-
JIOB AT ¥ BBIUHCICHUA T, [2]

T, =T, +AT, k=1m 2)

Ciryuaiinbie nHTEpBaIbl AT TeHEpUPYIOTCS, HAIIPUMED,
110 HOPMAJIFHOMY PACIPEAETICHUIO CO CPETHUM 3HAUYCHHEM
AT, paBHBIM HanOoJee BEpOSITHOMY HHTEpPBAITy TIOCTYILIE-
HUSI CPEZICTB.

®dopmyrna (2) obecrieurBaeT BBIMOJHCHUS yCIOBUS
Ty < Ty, 3@ CUET CIEAYIOIIUX YCIOBUH 17 AUCIIEPCHUM:

30,, <A 'At,
e A >1, A — napamerp, 3ajaBacMblil UCCIIE0BATENEM U
o0ecrieYnBarONMi MaTy0 BEPOSTHOCTD ITOSIBIICHHS OTPHIIA-
TenbHBIX AT. Kpome Toro, mpu reHepupoBaHUY 3HAYCHHUN
AT oTpuIaTENBHBIE PEATH3AMN OTOPACKIBAIOTCS MOIENH-
PYIOLIUM aIrOPUTMOM.

ITapameTp M sBIsETCA Coy4aliHON BETUYMHOI, BBIYNC-
JeMOH B IIpollecce TeHEPUPOBaHUs T; 1o Gopmyine

m=j-lecmut; >Tut, ,<T.
Pemenue 3a1a41 0CHOBaHO HA TEHEPHMPOBAHUU ICEBJIO-
ciy4yainbIx Benmunt {d;; i = Lnu {9 k= 1,m} cormackHo
METOJIaM, M3JI0KEHHBIM B [3].
3aTeM 10CIIeI0BaTENIbHO PACCMATPUBAIOTCS MIIATEKHbIE
TOYKHM 1, ..., I, M IOCIEI0BATEILHO BEIYUCIIAETCS 3a11ac Je-

HCEXKHBIX CPCIACTB Gi B MOMCHT ti .

G =G, +[th]gk—d1,echGr +[12t]g"_d120’
G =G, +[t2;]gk —-d,—R, eciu G, +[t2{1gk -d, <0,

G=G,+Yg9g, —d,ecuG_ + > g, —d =0,
i i @1 k i i @1 k i

G =G+ 3 g -4 -R,eccmG,+ ¥ g ~d =<0,
(1] (t t]

i=2,n, 3)
e BeanuuHel R mpexacraBisror coboit mrpadsl, cBA3aH-
HBIC C HeHCIIOJTHCHHEM 00513aTeIIbCTB B INTATEKHOM TOUKe t; .
Kaxxmas peanusarys npouecca MOJAEIUPOBaHHUS O3B0~
JSIET MOJTYYUTh N OYIYIIMX COCTOSHUIT IUIATEKECIIOCOOHOC-
1 {G; i =1,n} npeanpuaTHs Ha BpeMEHHOM MPOMEKYTKE
[ty t,+T].
PaccmarpuBast M pasmisbix peanusaryii mpomecca Mo-
JeIUPOBAHHUS, MOXKHO BBIIEIUTH Haubosiee O1aronpusiTHhII
10 HEKOTOPOMY KPUTEPHIO BAPHAHT U3MEHEHHS COCTOSHUS

TUIATEKECTIOCOOHOCTH, HAUXY/IIINK BapHAHT M CPEHEE 3HaUe-
HHE [U1aTeKECTIOCOOHOCTH MPEIPHSTHS. MI3MeHsIst BEpOsSITHO-
CTHBIE XapaKTePHCTHKH (MaTeMaTHYECKOE OJKHUIAHHE, TACTIEP-
CHIO U JIP.) CITy4aHBIX BEJTMYHH M pacCMaTprBast X Kak He3a-
BHCHMBIE MM KaK peajn3aliiy CITyqaiiHbIX BEKTOPOB C KOppe-
JIMPOBAHHBIMU KOMIIOHEHTaMH, ITOJTy4aeM pa3jInyHble Kap-
THHBI TMHAMHUKH TJIATEKECTIOCOOHOCTH NPENPUSTHS. A Tpe-
Oys1, 9TOOBI 3HAUCHHUS XaPAKTEPUCTHUK IIIATEKECTIOCOOHOCTH
HPEIIPUATHS {Gi} HaXOJWJIACh B TOIIyCTMMOM MHTEPBAJIE,
MBI MOYKEM OIPEJIEITUTD CTATHCTHIECKUE XapaKTEePUCTUKH CITy-
YaifHBIX BEJIMYMH, 00ECTIEYNBAOIIHE BBITTOIHEHHS YKa3aHHbIX
TpeOOBaHUI C 33IaHHO TOYHOCTBIO.

OCHOBHBIE TPYAHOCTH B peaIM3aLH PEIIOKEHHON CXEMBI
COCpPE/IOTOUCHBI B O0JIACTH y4eTa CBOWCTB KOHKPETHOTO Mpei-
TPUSITASE IPU (GOPMYIMPOBKE CTATHCTUYECKUX TUIoTe3. B pam-
Kax c(hOpMyJTHPOBAHHBIX MPE/ITOJIOKEHHUIA, OTIPEIEISIOIIHX CTO-
XaCTHYECKUE XapaKTePUCTUKH ITPOLIECCOB, UMUTAIIMOHHBIE MO-
JIeIIA MOTYT OBITh CO3IaHBI Ha OCHOBE CHIELMAIBHBIX IIPOIPAMM
MMUTAIOHHOTO MOJIETTMPOBAHMS WITH IyTEM PEaM3allii MO-
JICTIAPYIOLINX aJITOPUTMOB Ha sI3bIKaX 00IIEro Ha3HAYCHHSL.

Takum 00pa3om, MPETOKESH UMUTAITMOHHBIN TIOTXOT JJIST
PEIIeHHS 38,1249 TPOTHO3UPOBAHNS COCTOSTHUS TIATEKECIOCO0-
HOCTH TPEATIPHUSITHS, TO3BOJLIFOIIMI YIUTHIBATH CITy4aliHbIC
BHEIITHHE BO3/ACHCTBHSA Ha CPOKH TONTYyYECHHS H OOBEMBI BBI-
PYYKH OT peam3aliiy MpOIyKIMU U CIIyYailHble BEIUYHMHBI
00BEMOB TUTATSKHBIX TPeOOBaHUA. VIMUTAIIMIOHHBIN TIOIXOT
TO3BOJISIET PACCMOTPETh PA3TIMYHBIEC CITyYaiHbIe PeaTU3aiu
TIPOIIECCa MCTIOTHCHUS INIATEXKHBIX 00S13aTEITBCTB MPEIIPHUSITHS,
TIOJTYYHTh CPETHIE XapaKTEPHCTUKH IIPoIiecca Mo aHCaMOITo
pean3ayii, U3y4nTh BIUSHIE CTATUCTUUECKHIX XapaKTEPUCTUK
CITy9JalfHBIX BEJIMYMH Ha TIapaMeTphl TPOIIecca, ONPEeIeiiTh
3HAYEHHUS ITHUX XapAKTEPUCTHK, 00ECTIEINBAOIINX OIaronpusIT-
HOE TEUEHHUE NpoLecca C 3aJaHHON TOYHOCTBIO.

TIpemnoskeHna ureparmoHHast cCXeMa BEIYUCIICHHS 3a11aCOB
(hPMHAHCOBBIX CPE/ICTB, YIUTHIBAFOIIAS IPUMCHCHUE CAHKITHIA
B CITydasX HapyIICHUS 00s3aTEIbCTB MPEIIPHUSTHS.

PaccMoTpeH KpUTepHii OIIEHKH IIaTEKECIIOCOOHOCTH Ha
OCHOBE CPETHUX XapaKTEPUCTHK IT0 aHCAMOITIO PeaTn3aIliii.

B pamkax mpeanokeHHOTO IT01X0/1a BO3MOKHO PEIICHUE
3a]1a49 JUTsl KOHKPETHBIX MPEATPHATHNA C YIETOM UX CIICTIA(DH-
KH, OIPEJISIISIONICH THIIOTE3bI O CTOXaCTUYECKHUX XapaKTepH-
CTHKaX CITyYaiHbIX BEJIMYHH.
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I. M. Mitasov, S. V. Chentsov
SIMULATION MODELING OF ENTERPRISE

Simulation model of enterprise solvency prognoses under casual volume of commitments time moments, anantity
incoming financial resources is considered. The chart of enterprise solvency state sequence generation, obtaining
average characteristics of solvency stating relationship of the characteristics with distribution parameters of casual

quantities is proposed.
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A.TI. Ckyparos, A. A. [TestHBIX

PACYETHOE NCCJIEJOBAHMUME BJIMAHUA PE2XKUMHBIX ITAPAMETPOB
HA TEIIVIOOBMEH B AIIOMUHHUEBOM JJIEKTPOJIM3EPE

IIpeonosicena mamemamuueckas mooeib Menjio08020 COCMOAHUS 8aHHbL DJIEKMPOIU3Epd, 8 KOMopou memnepamypHoe
none ymepoexu u pacniasa onpeoessemcs CO2NACHO CMAYUOHAPHOMY 08YMEPHOMY YPAGHEHUIO MENI0NPO8OOHOCHU C
yuemom opmomponuu cpeosl. Bvinonnen yucieHHblil SKChepumMeHnim, 8 pe3yibmanie KOmopo2o onpeoeieHo elusHue Ha mex-
HONO2UYECKUE NAPAMEmpbl JNEKMPOUZEPA B030VUUHBIX NPOCIOEK MeNCOY OOPMOBLIM OIOKOM U CIATLHBIM KOJICYXOM.

Onucanue MaTeMaTH4eckoi Moen. DPPEeKTHBHOCTD
paboTHI 37IEKTPOIIH3epa BO MHOTOM OIPEIEIISIETCS €ro Tell-
J0BBIM cocTosiHneM. OIHAKO JeTallbHbIe SKCIEPHMEHTab-
HBIC UCCIIC/IOBAHMS BIIMSIHIS PSKUMHBIX ITApaMEeTPOB Ha TeTl-
J000MEH B ANIEKTPONU3epe 3aTpyaHeHsl. [loaTroMy Hambo-
Jiee palMoHaJIbHO UCTIOIB30BATh PACYETHBIC METO/IbI aHAJIN-
3a [porecca IEKTPOIIN3a.

AHanu3 HCTOYHHUKOB ITOKa3bIBACT, YTO IJIA IPOBECACHUSA
pPacueToOB TEINIOBOTO COCTOSHHSI aIIOMHHUEBBIX 3JIEKTPO-
JIN3€POB MOXXHO OIrPaHUYUTHCA CTAlITUOHAPHBIM YPABHCHU -
€M TEIUTONIPOBOTHOCTH C BHYTPEHHUMH HCTOYHUKAMH TEIl-
7075l [1py 5 TOM BIMsTHHIE THIPOANHAMUKH 3JIEKTPOINTA U
pacIuiaBIEHHOTO MeTaljIa Ha TETUIONEPEHOC MOKHO YYECTh
3a cueT BBEACHUSA YPPEKTUBHOTO KOI(PPHUIMEHTA TEIIo-
MPOBOJ/IHOCTH.

B nanHO# craTbe npeyioKeHa MaTeMaTHIecKast MOJIeIb
TerooOMeHa B dleKTponu3sepe (puc. 1), rae remmnepaTypHoe
noJie pyTepoBKH 1 paciuiaBa ONpe/essieTcs COrIacHO CTallu-
OHApHOMY JIBYMEPHOMY YPaBHEHHUIO TEIUIONPOBOIHOCTH C
Y4€TOM OPTOTPOIMHU Cpebl. [yl pacuera BHyTPEHHET O UC-
TOYHHKA TETUIOTHI UCIIOIB30BaH MOIX0/, B KOTOPOM HCKIIIO-
YaeTCsl PEIICHNE 3a/1a4l NIEKTPUUECKOTO MOTEHIMAIa BO
BCeM 00beMe areKkTposusepa. [IpaBoMepHOCTh Takoro ao-
IMyIIEHHs CBsI3aHA C TEM, YTO HAaOOJIbIIIasi MOIIHOCTb BHYT-
PEHHHX UCTOYHMKOB TemIoThl 0, (95 %) BblAeNsAeTCS B MEXK-
norocHOM tipoctpancTse (MIIP) [1].

IIpu pazpaboTke MaTeMaTHIECKON MOJIENIN IPUHSTO, YTO
pacripeziernieHle TeMIeparyp B pabodemM o0beMe 3JIEeKTpo-
JM3epa MOJUHHAECTCS yPABHEHHIO TETUIONPOBOAHOCTH, IIPE/i-
CTaBJICHHOMY B cietytomieM Buje [2; 3]:

d aT
— | A% T)=— |+
a a
d ) aoT ) @
-~ x 1T ~ 1 :Oa
oo | MO T) o [ranae)

rae g, —o0beMHas INIOTHOCTh BHYTPEHHUX HCTOYHHUKOB TETI-
J0THL, 3agaBaemMast B MIIP, Br/m3.

3anmch ypaBHeHUs (1) sBisieTcst 0000IIeHHON TTOCTaHOB-
KO#i cranmoHapHo# 3amaun Credana, B KOTOPOii ITyTeM BBeJIe-
HUSI CKauKa TeTUIOMPOBOTHOCTH YUUTBIBACTCS 3apaHee HEeH3Be-
CTHas rpaHmIIa pa3zena ¢as «pacruiaB — TBepaoe Tenoy [ 1; 2]:

K(T) A, TELT,
hp, T>T,

rae T, — Temneparypa (asosoro nepexoga, K; A, A, — ko-
3 PUIHUEHTBI TEIUIOMPOBOIHOCTH TBEPIOH U KUAKOH (ha3 co-
oTBeTcTBeHHO, BT/(M - K).

Ha cThIke crtoeB hyTepoBKH, COCTOSIIEH H3 MaTECpHAIIOB

2

26

Pa3IMYHBIX (PU3HUYCCKUX CBOMCTB, HCIIOIh30BAIOCH MPaHIY-
HOE YCJIOBHE YETBEPTOT'O POJIA:

a1,
oan

T

| on

T =T, 3)

rme T,, T,, A;, A, — COOTBETCTBEHHO TeMIIEPaTyPbI i KOA(-

(UIMEHTHI TETUIONPOBOAHOCTH COTIPUKACAIONIHXCS cpei. [1o

ycioBuIO (3) cieayerT, uTo Ha TpaHulle pa3aesa cpell OTCyT-

CTBYIOT TIPOIIECCHI, COTTPOBOK/IAIOIIINECS BBIIETCHUEM FITH
TIOIVIOIIICHUEM TCIJIOTHI.

A

13

Och CHMMETRMI

Puc. 1. KoHcTpyKI1Ms aItOMHHUEBOIO MIEKTPOIU3Epa
B ITOTIEPEYHOM CEUCHUH: | — aHO/; 2 — ITHIPH; 3 — HIICKTPOJIIHT;
4 — MeTaiur; 5 — no10BkIH 0J10K; 6 — O1r0MC; 7 — OiIFoMcoBast
3ajenka; 8§ — OpoBKa; 9 — 1okouk; 10 — cTaIbHON KOXKYX;
11 — noxadmanuesas 3acwinka; 12 — rmuHO3eM; 13 — Kopka;
14 — yruroTHsII0IIas IIAMOTHAS 3aChINKa; 15 — 6opToBOi 010K

Ha BepxHeli, npaBoii U HUXKHEW ITOBEPXHOCTSX pacyeT-
HOHW 00JTaCTH NMPUHUMAIIOCh TPAHUYHOE YCIIOBUE TPETHETO
pona (ypaBuenune HeroToHa—PuxmMana) ¢ yueTom myducTon
COCTAaBJISIOLIEH TEMIOBOrO MOTOKA!

oT
YR (4)
on
HAa OCH CUMMETPHHU MOJICIH — TPaHUYHOE YCIIOBUE BTOPOTO
pona (ammabaTrdeckas IOBEpXHOCTH):
oT
Mo (%)
oan
31ech O — KOA(P(UINEHT KOHBEKTHBHOW TETIOOTIAqH;
T,, T, —TemiepaTypa BHEIIHEH IOBEPXHOCTH U TEMIIEpa-
Typa OKpY)KaloIIeH Cpeabl COOTBETCTBEHHO; € — CTEIICHb
4epHOTH; 6 — nocTtosinHas Credana—bonbiMana; nHACKC
C — 0003HaYaeT, 9YTO TPAUCHTHI TEMIIEPATYPhI HAXOIATCS
Ha BHEITHEH TOBEPXHOCTH TBEPIOTO TEJIa.

=u(Tn _To.c)+€67;14’

=0,
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YucieHHblii MeTo/ pelieHust. JMCKpeTH3alns ypaBHe-
Hus (1) mpoBoAMIIaCk C UCIOIB30BAHUEM LIEHTPAIBHO-Pa3-
HOCTHOIf paBHOMEPHOH CETKH C IaroM N, 1o HarpaBJIeHUIO
X, ¥ maroM h, mo HampaBieHuio X,. B pesyibrare Obuia
MOJIy4eHa MATUTOYEUHAs CCTEMA HEJTMHEHHbBIX ypaBHEHUN

[4] (puc. 2).

o’

i-Ij ij itlj

ij-1
o

Puc. 2. llenTpanbHO-pa3HOCTHBIHN NATUTOYESYHBIH

malIIoH (KpecT)

VYpasHenue (1) B pe3ysbrare AUCKpEUTALIMN TPHHSIIO B
CETOYHOTO YPaBHEHUSL:
_aijTi—lj - QJTij—l + dijTij -
_a1'+1jTi+lj _hj+1Tij+1 = fij )
i=1,2,..,N-1,j=12,...,N,—1, (6)
e N,, N, — KOIMMYeCTBO Y3JI0B B PACYETHOM OOIACTH TI0 TO-
PHU30HTAJIN U IO BEPTUKAIIH.

Pemenne cetouHo# cucTeMbl ypaBHEHHUH (6) POBOIHU-
JIOCh UTEPALIHOHHBIM METOZOM CONPSHKEHHBIX IPaIUEHTOB C
BBIOOPOM CETOYHOTI'O OIlepaTopa COmIaCHO METOty IpHOIH-
JKeHHOM (hakTopu3aru [2].

C 1enbio NpuBeeHNs pacueTHOM 001acTy 3a/1a4u K 1psi-
MOYTOJIEHUKY OBIIT HCTIONB30BaH METOT (PUKTUBHBIX 00JIac-
Tell, KOTOpBI OCHOBaH Ha JOTOJIHEHUH UCXOIHOM pacueT-
HOU 00TaCTH 10 HEKOTOPOH PETyIsIpHOi 0O0nactu. Pemenne
MCXOJIHOI 3a1auk OBLIO IPOJIOJDKEHO B (PUKTHBHYIO 00JIACTh,
HaxO/ISIIIYIOCS HAJl CTAJIbHBIM (DJIaHIIEM KaTOHOTO KOXKyXa.

Arnpodanusi MaTeMaTH4YeCcKOoii MoJe/i. ATipodarys pas-
paboTaHHON MaTeMaTH4eCKOi MOJIEITH IPOBOAMIACH Ty TEM
CpaBHEHHS TOJIYYEHHBIX PE3yIbTaTOB pPacueTa ¢ JTaHHBIMH
MIPOMBIIIVICHHBIX ONBITOB. CpaBHEHHE MOKA3bIBAaeT Kade-
CTBEHHO TPAaBUIILHBIN XapaKTep N3MEHEHHS TEMITEPaTypPHBIX

KPUBBIX, IIOIYYEHHBIX IIPU pacyeTe. 3HaYeHUs PACUCTHBIX TEM-
HepaTyp 1 TEIUIOBBIX TOTOKOB HA KOXKYXe (Ha yPOBHE MOBEPX-
HOCTH pa3ziena «METaIUF-3JIEKTPOINT ) OBLTH OIM3KHU K H3Me-
peHHbIM. MakcuMalbHOE PacXoXKACHHE TeMIIepaTyp paciia-
Ba BOXM3M OopToBoro Gioka He npesbiano 3,0 %. Hekoro-
PBIe pe3yJIBTaThI JUIS CPAaBHEHHS TPUBEICHBI B TAOJIHLIE.

B kadecTBe nmpumepa NnpuBeeM pacyeTHOE JByMEpPHOE
TEMIIepaTyPHOE I0JIe SIEKTPOIIH3epa IS IPHHSTHIX U3 IPaK-
THKH ero padboTs! 3HaueHuH criibl Toka 130 kA u MIIP 6 cm
(puc. 3). TemriepaTypHOe I0JIE B OIIEPEYHOM CCUCHUH HJICK-
TpOJIM3epa UMEET 3HAUUTEIbHYI0 HepaBHOMEpHOCTh. Hau-
OOJIBILINIA TPAJNESHT TEMITEpaTyp HaOIIOAAETCs B TEIIOU30-
JALMOHHBIX CIIOSX (DYTEPOBKH, a TAK)Ke Ha TPaHMIIE pa3ziena
«pacruiaB-rapHucax» BOJIM3H1 OOPTOBOTO OJIOKa.

1000

930
E
850

[ ]
-

| -

Puc. 3. TemmeparypHoe 110JI€ 3JIEKTpOon3epa
B [IOTIEPEYHOM CEUCHUH

OtmeTuM, 4TO cuila TOKa / OKa3bIBaeT BIMSIHUE HA UHTEH-
CHUBHOCTP KaK BOCCTAHOBIICHUS ATIOMUHHMS HA KaTOJE, TaK U
HarpeBaHusi anekrpoiuta [S]. [IpakTuka mokas3bBaeT, 4To Ha
TEIIOBOE COCTOSHHE JIEKTPOIHU3Epa CYIIECTBCHHOE BIIHS-
HHE OKa3bIBaeT Takke BennunHa MIIP. YBennuenue sennun-
HbI MIIP nIpiBOIUT K TIOBBIIIICHAIO TEMITEPATYPHOTO YPOB-
HS B DJIEKTPOJIU3HON BaHHE, & YMEHBIIIEHUE — K €r0 CHIDKE-
Huto. Kpome Toro, npu ymensmenun MITP Bo3HukaroT He-
CTaOMIIBHOCTH B PabOTe AIEKTPOIH3epa U3-3a BOSMOKHOTO
COTIPUKOCHOBEHHUSI JKUKOTO AJIIOMUHUS ¢ aHOAOM. [ToaToMy
JUTS IOAZICP KaHMS B paMKaX TEXHOJIOTMIECKOTO PErTaMeHTa
HeoOXouMOM TemmepaTypsl pacmiasa t, (B mpememax
965...970 °C) npuHATOMY 3Ha4YCHHUIO / TOIKHA COOTBETCTBO-
BaTh onpeeseHHas Bennunaa MITP.

CpaBHeHHe pe3yJbTATOB pacyeTa ¢ AaHHBIMH, MOTYYeHHLIMH B X0/¢ MPOBeIeH!s MPOMBIILTEHHBIX JKCIIePUMEHTOB

ITapametpsl OKCIepUMEHT JIBymMepHasi MoJenb
Temnepatypa snekrponuta, °C 954 955
T"apHuCax (TONIIMHA 3aCTHIBILIETO 3JEKTPOIUTA MEXIY aHOAOM H 3,0 5,5
OOpTOBBIM OJIOKOM), CM
HacTputs (TOMIIMHA 3aCTHIBIIETO JIEKTPOIUTA HA TOBEPXHOCTH 0 0
KaTOJIHOTO OJI0Ka), CM
TemnepaTypa KaTOAHOTO KOXKyXa Ha qauie, °C 83 61
TemnepaTypa KaTOAHOIO KO3KyXa Ha BEpXHEM I0siCe M0 IPOJ0JILHON 230 219
cropowne, °C
TemmepaTypa KaTOZHOTO KOKyXa Ha CPEIHEM II0sICE IO TPOAOIBHON 185 177
ctopone, °C
TemnepaTypa KaTOAHOTO KOJKyXa Ha HIPKHEM I0sICE TI0 MIPOJIOIBHOM 73 66
cropome, °C
Temmneparypa aHoHbIX mIThIpeH, °C 380 450
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YuciieHHbIe 3KcnepuMeHThI. OneHKa 3aBUCUMOCTH
MIIP ot / npu ycinoBUM NOIEPKaHNs BEIHYUHEI T B yka-
3aHHBIX BBILIE ITPeeIax IPOBOAUIACE C TOMOIIBIO YUCIIEH-
HOT'0 9KCIIEPUMEHTA. AHAJIN3 PE3y/IbTaTOB pacyeTa MoKa3bl-
BAET, YTO 3aBUCUMOCTb Mexay MIIP u / HocuT TuHEHHBIN
xapakTep (puc. 4). Ilpu ycnosun t, = const n3smeHenue Be-
nnunHbl / Ha 1 KA compoBoxaercs usmeHeHneM MIIP npu-
mepno Ha 0,1 cm (AMIIP = 0,1 cm/xA). IpakTraeckoe wc-
MOJIb30BAHUE MOTyUYEHHOH 3aBUCUMOCTH MOXKET MOBBICUTh
HaJIeKHOCTH PabOTHI HJIEKTPOIIM3epa IIPH BAPHPOBAHUH €T0
MPOMU3BOIUTENLHOCTH B ITMPOKUX IpEIENax.

8.5 \\

. ™~
~

| N
6.5 \~
| N

110 115 120 125
Cuna Toxa, KA

130 13

Ln

Puc. 4. 3aBUCHUMOCTE MEXIOIIOCHOTO paccTossHUg MITP
— O,
OT CHJIBI TOKa / TIpU TeMIIepaType pacriaBa tp =965...970 °C

[Ipu hyTepoBanuy s51eKTPOIN3EPA, @ TAKXKE B IIPOIECCE
ero paboThl MEXIY OOPTOBBIM OJOKOM M KOKYXOM MOTYT
00pa30BBIBATHCS BO3AYILIHBIE POCIOWKH, KOTOPHIE 3HAUH-
TENTbHO YBEINYUBAIOT TEPMUYUECKOE CONPOTUBIIeHNE. Bo3pa-
CTaHUC TCPMUYCCKOI'0O COMPOTHUBIICHUA BBIZBIBAET COOTBET-
CTBYIOIIlEE yBEINYEHHE TeMIlepaTypsl B pabouei obiacty.
B pesynbrare BO3HHKAET ONMACHOCTh PACILIABICHHUS 3aIHT-
HOT'0 FapHUCAKHOTO CJIOSI HA BHY TPEHHEH ITOBEPXHOCTH OOp-
TOBOTO OJIOKAa M €r0 HHTEHCHBHOTO U3HAIIUBAHUA. DTO 00-
CTOSITEIBCTBO MOXKET B JAJIBHEUIIEM IIPUBECTH K IIPOPHIBY
pactiaBa uepes 0opTa neKTpoimsepa (puc. 5).

PacuerHast oneHKa BIUSAHUsI 00pa30BaBIINXCS BO3/YILI-
HBIX [TPOCIIOCK Ha TEMITEPATYPHOE TIOJIE IICKTPOIIA3Epa po-
BO/IMJIACH MPH TOMOIIIM COOTBETCTBYOIIETO M3MEHEHUS 3HA-
4eHHs Ko PUIMEHTa TEITIONPOBOAHOCTH YIUIOTHSIOIIETO
CJI0S1 MEXKTy OOPTOBBIM YTOJILHBIM OJIOKOM U CTAIbHO# CTEH-

KOM KoXKyXa. Bbl10 yCTaHOBIIEHO, YTO OTHOCUTEIBHOE U3ME-
HEHHE TOJIIUHBI 321U THOTO CJIOS 3aCTHIBILIETO 3JIEKTPOJINTA
0T 00pa3oBaBIIErocs BO3AyXa B IPOCTPAHCTBE MEXK Ly O0p-
TOBBIM OJIOKOM M CTEHKOIl KOXyXa COCTaBIISIET MPUMEPHO
0,1 MM Ha 1 % comepkanust Bo3myxa (puc. 6). A B cirydae
TIOJTHOTO 3aMOJTHEHNUS BO3yXOM ITPOCTPAaHCTBA MEXIy Oop-
TOBBIM OJIOKOM U CTEHKOH KOXKyXa MaKCUMaJlbHasl TeMIIepa-
Typa B paboueil obmactu cocraBmiser npumepro 1 005 °C
(puc. 7). Takol TerIOBOI peknuM padOThI HIEKTPOIH3HON
BAHHBI [TOJTHOCTBHIO HCKITFOUAeT 00pa30BaHME 3alIUTHOT'O CIIOS
rapHUcaka Ha OOKOBBIX CTEHKaX.

N
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SN

N
L ™ |
: ™~
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[
Fi

TonuuuarapEncaka, oM

Cogepaanne BO3OYXA B VINIOTHAKINEM cIoe, Yo

Puc. 6. 3aBUCUMOCTH TOJIIIMHBI TapHUCAXKA
OT MPOLEHTHOTO COIEPIKAHMS BO3yXa
B YIUIOTHSIIOIIEM CJIO€
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Puc. 7. 3aBucuMOCTh MaKCUMAIBHON TEMIIEPATy bl
paboueii 30HbI OT IPOLIEHTHOTO COJCPKAHUS BO3LyXa
B YITOTHSIOIIEM CIIO€
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Puc. 5. Paspymienue 60pToBoro 6;10ka OT 3pO3MOHHOTO BO3JACHCTBHSA PacIiaBa
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Taxmm o6pa3om, paspaboTana MmaTreMaTHdeckas Moienb  deHKo, C. B. lanunenxo u ap. M. : U3x. nom «Pyma u meTan-
TeriooOMeHa B aTFOMUHHEBOM dyiekTponusepe. [lokazano, by, 1998.
YTO MOJIENTb 00J1aaeT ObICTPOIl CXOMUMOCTBIO PEIICHUS U 2. Camapckuit, A. A. BeraucrnurenbHas Terionepenada /
MI03BOJISET O€3 COMPSHKEHHOT0 pelieHns ypaBHeHui MarHuT-  A. A. Camapckuif, I1. H. Babumesuu. M. : Dnuropuan YPCC,
HOM rUAPOIMHAMUKY C JOCTATOYHOM AJisl npakTuku cremne-  2003.
HBIO TOYHOCTH ITPOBOAUTH TEIUIOBBIE PACUETHI AIICKTPOIIH3E- 3. CkyparoB, A. A. Maremarideckoe MOZIeTTMPOBAaHUE TeTl-
pa ¢ y4eToM ero KOHCTPYKTHBHBIX U TEXHOJIOTHYECKUX 0CO-  JIOBBIX IMOJIEH B amoMuHNEeBOM AekTponmsepe / A. I1. Ckypa-
OeHHOCTEH. YcTaHOBJICHA 3aBICUMOCTD BEIMIWHBI MEKIO-  TOB, A. A. [IbstHBIX // BecTH. accormary BeITy cKHIKOB KT TY.
JIFOCHOTO MPOCTPAHCTBA OT CHUJIBI TOKa, a Takoke ToamuHbel  Beim. 15. Kpacnospek, 2006. C. 161-164

rapHHCaXka M TeMIlepaTyphsl B pabodeii 0071acTH OT HUTHIUS 4. Camapckui, A. A. Uncnennsie Mmetoisl / A. A. Camap-
BO3/YITHBIX 3a30POB B MIPOCTPAHCTBE MEKY CTALHBIM KO-  ckuid, A. B. I'ymun. M. : Hayka, 1989.
JKYXOM U OOPTOBBIM OJIOKOM. 5. Musnuc, M. S1. DieKTpoMeTauTyprus aJIFOMUHUS /

M. A. Munnuc, I1. B. [Tonskos, I'. A. Cupasytauaos. HoBo-
BuGHOrpadueckHii CHCOK cubupck : Hayka. Cu0. u3n. pupma Cub. otn-uus Poc. akan.
Hayk, 2001.
1. TeruioBbIe MPOLIECCH] B 3JEKTPOIM3EPAX U MUKCEPAX

anromuHreBoro npoussozactea / E. H. Tlanos, I'. H.Bacuib-

A. P. Skuratov, A. A. Pyanykh

COMPUTATIONAL RESEACH OF INFLUENCE OPERATING CONDITIONS
ON HEAT INTERCHANGE IN ALUMINIUM ELECTROLYZER

In work the mathematical model of a two-dimensional stationary thermal field electrolyzer with the prebake anodes
is presented, also its approbation by comparison of settlement results with data received by industrial experiments. The
numerical method of the decision of mathematical model is described and numerical experiment in which result is made
dependence of anode-cathode distance on force electrical current was defined at the maximum temperatures in working
area laying within 965...970 °C.

VK 621.393.3
B. b. Mamunkus, /1. H. JleBun, C. C. Abpamos, A. C. I'ycenpHUKOB

MOINPUILTNPOBAHHBIE ®UJIbTPbI KAJIMAHA B TEJIEKOMMYHUKAIIUAX

IIposeden ananusz mexHudeckux XapaKmepucmux OmHOCUMENbHO20 MEMO0ad KOPPeKyuu nepeozo U 6mopo2o nopsaoKa
Ha 0cHoge MoOuuyuposanHvix urempos Kaimana.

Hewuckaxaromuii kaHai 10JKEH UMETh HE3aBHCHUMYIO [TycTh nMeeTcs TMHENHBII YaCTOTHO-OTPAHUUEHHBIH Ka-
aAMIUTUTYHO-YaCTOTHYIO XapakTepucTuky (AUX) u muHe-  Hall ¢ 3aJaHHBIMH HIDKHEH U BEpXHEH 9acTOTaMH IPOITyCKa-
Hy0 (ha30ByI0 4aCTOTHYIO XapakTepucTuky (PUX). [lns ycr-  Hus. B kauecTBe MCTOYHHMKA CHUTHAJIOB HCIOIB3YETCS aH-
paHeHus MCKaKEHUH MCTIONb3YIOTCS MHOTOUHMCIIEHHBIE KOp-  camOmb S (n7), S,(n7), ..., S (nT). llepenada curnanos S(nT)
PEKTOPBI, BBIIOJIHEHHBIC B BU/IC HEAJAITUBHBIX U aIalITUB-  MIPOMU3BOIUTCS C HCHOIB30BAaHUEM 3AIIUTHOIO BPEMEHHOTO
HBIX (hTBTpoB. [Ipu HCNONTP30BaHNY aJANITUBHBIX KOPPEKTH-  WHTEpBasa. TpeOyeTcs HAlTH aHATUTHYCCKIE BRIPAKCHHUS,
pyIomuX DU POBHIX (GHUIETPOB HEOOXOIMMO 3HATH 00PA3Ibl  OIEHUBAIOIINE KAYECTBEHHBIC XapaKTEPUCTHKN OTHOCHTEIh-

CHTHAJIOB TIePeIauy Ha IIPHUEMHOM cTopoHe. JIJist 3TOro 00bI4-  HOTO METOJ1a KOPPEKIIMHU IIEPBOr0O U BTOPOT'O MOPSIIKOB.

HO HCTIOJIB3YIOTCSI OLIEHKH IPUHSTHIX CUTHAJIOB HA TPEABITY- Ilepenava curnanos S(nT) ¢ 3aIIATHBIM BPEMEHHBIM
mux 6J0Kax 06padoTku. Ho Bce 3TO MPUBOANT K CHIDKEHUIO  MHTEPBAJIOM TPE/IIIONIaraeT, YTO MEXKAY COCEAHUMHU OoKa-
Ka4yecTBa OTeparuii KOpPEKIHH. MU MH()OPMAIHOHHOTO CHTHAJIA, COJEPYKAIUMHK N, OTCUETOB

CymecTByeT 1 pyToif OAXOM, HA3BAHHBIN OTHOCUTENb- B KOKIOM OJIOKE, IMEETCS 3alUTHBIN BpeMEHHOM HHTEPBa,
HbIM MeToztoM koppekiu (OMK) [1]. Ero cyTs 3akirouaercst  Korja CUrHaJ IIepeiad OTCyTCTByeT. KoindyecTBo HyneBbIX
B HCIIOJIb30BAHNH JIEMEHTOB U (PPOBOH (pUIbTpanyy, mpe-  0TCUETOB paBHO N,. B cooTBeTCTBIH € OnIEpanmel TMHEHHON
00pa30BaHuii CUT'HANA U3 BpEMEHHOH 00JIaCTH B YaCTOTHYIO, ~ CBEPTKH Ha BXOJI€ IPUEMHOT0 ycTpoiicTBa cranuuu b Oyaer
orepanuii KOMITPECCHH, SKCIIAHANPOBAHMS, @ TAK)XKE ONEpa-  CHUTHAJ, PAaBHBIA

U (GUIBTPAIMK TTOCTOSIHHOM cocTapistoniei. OqHaKo B N+N-1
JTAHHOM METOJIC aHATU3 TEXHUUCCKUX XaPAKTEPUCTHK IIPOBO- Y, (nT) = % S;(KT)-h (nT—KT), (1

JAUTCSA TOJIBKO JJII KOMIIEHCATOPOB IIEPBOTO IMOPAIKA.
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rie S(KT) — orcders! HHGOPMALIMOHHOTO CUTHAIIA HA i-M
6mnoke obpadorku; h(NT) — ummynbcHas peakiys KaHaja
Ha i-M Oiioke 06pabotku; Y, (KT) — oTcuersl curHaia mpu-
ema Ha i-M Osoke o0paboTku; N, — KonuuecTBO HHpOpMa-
IIMOHHBIX OTCYETOB B KaxkJ10M O1oke; N, —KoinudecTBo Hy-
JIEH B KaXKIIOM OJIOKE.

B criydae mepenavn CUTHAOB C 3aIIUTHBIM BPEMEHHBIM
HHTEPBAIOM Pa3MEPHOCTD CHUTHANA TIPHEMa, CUTHAIIA TIepe-
JIad 1 IMITYJIECHOM peakiuu kaHana cBsi3u pasHa (N, + N,) .
Torma oreparyio TMHEHHOM CBEPTKHA MOKHO 3aMEHHTE YM-
HOKEHUEM M300pakeHnH:

Y (jkay) = §(jkay) - H; (ko) , 2
rre Y (jKm,) —sHepretudeckuii CieKTp CHrHaJIa IpHeMa Ha
i-M Gioke 06pabotku; S (jKw,) —sHEpreTHUecKuii CriekTp
curHaia nepenadu Ha i-m Gioxe obpaborkm; H. (jko,) —
nepeiaTovHas XapakTepPUCTHKA KaHaa CBA3H.

Crietyer 3aMETHTB, 9TO JIF0O0H KaHall CBSI3U HA HHTEPBa-
JIe CTAIMOHAPHOCTH SIBJIACTCS KOHCEPBATUBHOM CHCTEMOH [2].
370 03HAYAET, UTO

Hy(jko,) = H,(jko,) = o
=H,(jko) =...= H,(jko,).

Ho tora, ucrnosnb3yst HETUHEHHY IO OTIEPAIHIO KOMITPEC-
cuu (orapu(MHUpPOBaAHKE), MOKHO YTBEPKIATh O MPaBO-
MOYHOCTH CJICAYIOIINX PABCHCTB!

InH, (ko) =InH, (ko,) =
=InH, (ko) =...=InH, (ko,),

Po(kay) = @y (kay) = @, (kay) =... = ¢ (k) , (4
rre H, (ko) — AUX kanana cBsi3u Ha i-M Omoke; @, (Ko,) —
®YX kaHasa CBA3M Ha i-M OJIOKE.

Ecnu cnipaBeynBo BeIpaxenue (4), TO MbI MOXKEM CJie-
JIaTh OTIEPAIINIO KOMITpecCuH BeipakeHus (2). B pesysbrare
JTOr0 MOJyYaeM

InY,(jko) =In§ (ko) +InH,(ko,) + ¢, (ko,),

InY,(jko,) =In§ (ko) +InH, (k) + @y (ke,), 5)

InY. (jko) =InS (ko) +InH, (ko,) + ¢, (ko.).

W3 Beipaskenuii (4) u (5) BEITEKaeT TO, 4TO BTOPOE U Tpe-
The cllaraeMoe B (5) MonapHo paBHBI MKy COOOH M MOTYT
OBITH CKOMITEHCUPOBAHBI IU(PPOBBIMU (PUIBTPAMU BEPXHUX
vactoT (L{®BY) pa3nu4HbIX TOPSIIKOB.

OTHOCHUTENBHBIN METOJ KOPPEKIINH COCTOUT U3 CIEIYIO-
mx 0J1I0KOB: ObicTporo npeodpasosanust Pypwe (BI1D), 10-
rapugmaropa, u(ppoBoro GUIBTPa BEPXHNX YACTOT, IKCIIaH-
nepa, 6moka obpatHoro npeobpazosanusi Oypree (OBIID)
(cM. pECYHOK).

Ha ocHoBe yka3aHHBIX BbILIE BBIPAXKEHUH U CBOMCTB OT-
HOCHUTEIBHOCTH C IIOMOLIbIO HEJIMHEHHOW Ollepalyu Jora-
puhMHUPOBaHUS yAAIOCh IPeoOpa3oBaTh BO3AECHCTBIE KaHa-
Jia CBA3HU B aI/IMTUBHYTIO TOMEXY, OMMHAKOBYIO Ha COCCTHUX
610Kax 00pabOTKH.

BriepBeie anroput™ 60pb0BI ¢ aMIIIUTYIHO-4aCTOTHBI-
mu uckaxeHusmu (AUN) u (ha3zoBbIME 4aCTOTHBIMU HCKa-

xernsmu (OUN) kanama cs3u ObUT mpuBeeH B [3], a B [1]
MIPOBEPEH aHAIN3 TEXHUUECKUX XapaKTEPUCTUK METO 1A ITPH
ncnons3oBanny B kKadectse [IOBY dunbrpa mepsoro mopsiz-
ka (UPBT-1). Bennumnna cobctBeHHOTO ItyMa pabotst OMK
nipu ucnoib3oanuu LIOBY-1, B coorBercTBUM C [1],
Ay 1 ©)
3 1-C*’

rae A —Imar KBaHTOBaHHS BXOAHOTO ciioBa; C < 1 — ko3¢ du-
LUEHT nepenayn pekypcusHoi nerm [{OBY-1.

J1J1s1 KOMITEHCAlMU TOCTOSIHHOW COCTABIISIIOIIEH BOCIIONb-
3yeMcs I(POBBIM PIITFTPOM BEPXHHX YaCTOT C IIepeaaTod-
HOM XapaKTEPUCTUKOMN

2
1

1-1z1 172
H(Z) = 12 12 . 7)
1-=z1_-cC.z?
2 2

Pasnoxum H(Z) Ha nBe nepenatodnbie QyHKIMH Tep-
BOT'O ITOPAAKA!

H(Z) =Hy(2)-H,(2) =

1

1+=z*
2

~ 1-z*
1-B,Z'1-BZ*

rie B u B, — TOMOCH TIepeaTtoyHol GyHKIMK B BhIpaskKe-
HuH (6):

(®)

-1 L,
Blz%ﬁ%\/l 8C.

Wmmnynecnas peaxiws LIOBT sroporo nopsiaxa (L{OBY-2)
onpenensiercst ceeprroit h,(NT) u h(nT).

O6mas BenmuunHa cobctBeHHoro myma [IOBY-2 mpen-
CTaBJIeHa N3BECTHBIM COOTHOLIIEHUEM

2 AZN_th
O, =~ nT)+
2 12; (nT)

AOZ M N-1
+— > Y hA(nT), 9)
12 j=1 n=0

e A —rar KBaHTOBAHHS BXOJHOIO CJI0Ba; A ) — Iar KBaHTO-
Bauus B [[OBY-2; h(nT) —ummynscHas peakims B [[OBY-2;
h,(NT) — ummysnbCcHast peakuyst OT j-T0 HCTOYHKKA LIyMa B
1I®BY-2 10 BBIXOA.
Haiinem 3HaueHne OTAEIBHBIX COCTABIIIOIMX, BXOAAIIMX
B paBeHCTBO (9), ucmonb3ys HepaBeHcTBo Komm—ByHsKkoB-
CKOTO:

1

[h(nT)-h(nT)] <
[[ghn

Omyckasi IpOMEXyTOUHbIE BBIKIIAIKH, TPOBEAEM OKOH-
YaTeJIbHbIN PE3YJIbTaT:

h?(nT) =
n=0

(10)

2

>

BII®

In()

LI®BY

OBIID

exp()

A 4

CTpyKTypHas cxeMa OTHOCHTEIIbHOIO METO/Ia KOPPEKIIUH
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2

Benmamaa coOcTBeHHOTO ITyMa IH(POBOTO KOMIICHCA-

1 -
N-1 (B, + 5)(80“ ) TOpa MEPBOTO MOPsIKa, MKBT, BEIUKCIIEHHASI B COOTBETCTBHU
z h*(nT) = (BZ—1) ¢ BeIpakeHneM (6), mpu C=0,5
n= 0 2
, A° 4
o< . (15)
(11) T 2075

s rppoBOro KoMIieHcaTopa BTOPOTO MOPSIIKA BEITU-
YuHa COOCTBEHHOTO IITyMa, MKBT, Oyier
, A2 6(5+2+35)°
oA BET243E) (16)
2 35
Utak, Mbl BUUM, 4TO G > ©;. [l0TydeHHbIi pe3ynsTar
mokasbiBaet, 4yto [{OBY-2 sBrsiercst 6omee CII0KHBIM.

_ 2
(B.-H(B"*-1)
X|——Z—| -
(B -9

I[J'I)I IIPOCTOTHI BBIKJIAZIOK ITPH BEIYMCIICHUU BTOPOT'O CJia-
raeMoro BeIpakeHUs (9) GyZeM mojararb, 9TO BCEe HMITYITBC-
HBIE peaKklUH OT j-T'0 UCTOYHUKA IIyMa [0 BBIXOJA PABHBI
MexIy coboil u onpenenstores BennauHoit h(NT) . Toraa
BTOpOE cllaraeMoe BhIpakeHUs (9), ¢ y4eTOM HepaBeHCTBA

Komm—bynsikockoro, Oyner .
Takum 00pa3zoM, HaliIeHO aHAIMTHYECKOE BBIPAKEHHE,

M ON-1 2 N MO3BOJISAIOIIEE PACCUUTATDH BEIUYMHY COOCTBEHHOIO IIyMa
Y > [h(T)] =5y n*(nT). (12) P y Y
e i ! OKM-2. Ot0 BeIpa’keHHE TTOKA3bIBACT, YTO MTPH UCTIONIB30BA-
HUM HEJIMHEWHOTO OTHOCHTEIILHOTO METO/1a KOPPEKIINH I1e-
Ecmu A = A, To Bolpaxkenue (9) yrporaercs: /1d KOPPEKIIHH I
, J€cO00pa3HO MPUMEHSTH KOMIICHCATOP MEPBOTO MOPSIIKA.
1 N2
A2 (Bo+§)(Bo _1) .
2 < Bubsmorpaduuecknii cnucox
0, < 5
2 (B; -1
(13) 1. MamuuxkuH, B. b. CuHTE3 0THOCHTEIBHOTO METO/Ia KOppeK-

N_2 2 LMY ¥ aHAJN3 eTo XapakTeprucTuk / B. b. Mammmkun, A. A. Apes-
o B-DET - naperko // AT 2004. C. 122124,
(312 -1 2. IMerposuy, H. T. Ilepenaua quckpeTHOH nHPOpMALUH
TMoacTasss suasenms nomocos B, u B, B ypasuenue (12), B KaHasax ¢ (pazopoii Manunyssinumeit / H. T. IlerpoBud. M. :
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PEHIEHUE 'TEOPUJIBTPAIIMOHHBIX 3AJIAY
CPEACTBAMU MATEMATHYECKOI'O MOJAEJIMPOBAHUA

Paccmampusaemcea cocmasnenue mamemamudeckoll Mooeau 08yxghasnoti uismpayuu, y4umuleaioujeli 0guxicenue
V2ne6000pOOHbIX 3azpsisHumenell u 6030yxa @ epyume. Moodenb ekuiouaem 6 cebs cucmemy YpagHeHuil 6 YaCMHbIX NPOU3-
B0OHBIX ¢ OONOTHUMENbHBIMU YCA08UAMU. B yucio ouggepenyuanvhvix ypasHeruil 6xo0um ypasHeHue 0aiaHca Maccol 8
asleMenme nOpucmotl cpedvl — ypagHeHue HepaspbleHOCmu, a maxce oug@epenyuanvhvie ypasuenus osudxcenus. s
3AMBIKAHUA CUCTEMbL 8600AMCS YPUASHEHUS COCMOSAHUA PACCMAMPUBAEMO20 3aepA3HUmMeNs u cpeodvl. Hauanvhvie u epa-
HUYHbIE YCIL08USA COOBEMCMEYIOM PUALMPAYUOHHOMY NPOYECCY, HAYUHASA C NOBEPXHOCIU 2PYHMA U HAYATLHOU CMaoul
pasauea 3aepsa3zHumenns.

Xo3stiicTBeHHasI IEITEILHOCTh YeJIOBEKa, CBsI3aHHAsS C
WCTIONb30BaHIEM He(DTH KaK OCHOBHOTO MCTOYHHKA JHEP-
THUH, TIPUBEIA K 3arps3HEHHUI0 OKpYxKarotei cpenpl. Kak mpa-

BUJIO, ’KUJIKHE YITIEBOAOPOABI ITONA/IAI0T B [OYBY B PE3ysbTa-
TE yTEUeK U3 TPYOOIIPOBO/IOB, TTOI3EMHBIX XPAHWIIUII U JPY-
THX BUJIOB IepepadaThIBAIOIEr0 M TPAHCIIOPTHOTO 000py-
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JIOBaHUS. YIepKaHHbIC TOPHCTHIMH CPEAAMH YIIIEBOILOPO-
JIbI TIPEJICTABIISIIOT CEPHE3HYIO ITPOOIIEMY /TSI OKpYIKAIOIIEH
Cpeibl U3-32 NX TOKCHYHOCTH 1 IOTEHIINAIbHOM BO3MOKHO-
CTH CIIYKUTb JJINTEIIBHO )IeﬁCTByIOHIPIM HUCTOYHUKOM 3arpsas3-
HeHusl. Takum 00pa3oM, BOSHUKAET HEOOXOAMMOCTh KOMII-
JIEKCHO pelIaTh 3KOJOTMYECKYI0 HMPOOIeMy OIpeneIcHUs
YPOBHSI IPOHUKIIEH YIJIEBOIOPOIHO XKHUKOCTH B TPYHT U
JUHAMHKH €€ BITUTHIBAHMS [ 1].

Hauunas ¢ pabdot Jlapcu, MexaHUKe MOPUCTBIX CPeJl T0-
CBSIIIICHO 3HAYHUTEITFHOE YHCIIO paboT [2—7]. V3ydeHue Qrib-
TPAIMOHHBIX IPOLIECCOB B MOJIEIISIX TIOPUCTHIX Cpel, HanOo-
Jiee aJIeKBaTHBIX K €CTECTBEHHBIM YCIIOBUSIM, SIBJISCTCS aKTy-
QJIBHBIM HalPABJICHNEM, KOTOPOE TTO3BOJIUT IIPOTHO3MPOBATH
(opmupoBanue (ppoHTa 3arps3HEHUS U J]aBaTh OLIEHKY Be-
JIMYMHBI 3aTPSI3HEHHON 30HBI C IIEJTBI0 IIPEIOTBPAILICHNUS He-
MIPUSATHBIX TTOCIIECTBUH X03siicTBOBaHUs [8; 9].

OnHUM 13 IyTeH peleHus JaHHOH TPOOJIEMBI SBISETCS
MPUMEHEHNE MaTeMaTHIECKOTO MOZICIINPOBaHUs, Hanboee
MPOyKTUBHOTO B HAYYHBIX HCCIIEIOBAHMUSIX,, TO3BOJISIIONIETO
TIOJTy4aTh JOCTOBEPHBIE PE3YIIBTATHI TP OTHOCUTEIILHO He-
60JBIINX BPEMEHHBIX 1 MaTepUaNIbHbIX 3aTpaTtax [10; 11].

B Hacrosimee Bpemst CIIOKHIIAch BIIOJHE ONPE/ICIICHHAs
TEXHOJIOTHS PEIISHNS TeOPIITBTPAIIMOHHBIX 3a/1a4. CxemaTrnd-
HO 9TOT TEXHOJIOTHYECKHUH MPOLIECC BBINISAUT CIIETYIOIINM
o0pa3zoM: oT 00CIIeIOBaHIS H3YyIaeMOro 0OBEKTa MOICITH-
POBaHUSI — K €r0 MaTeMaTHYECKOI MOJIENH, JlaJiee, K YNCIIeH-
HOMY aJITOPUTMY, ITPOrpaMMe, PeaTn3yIOIeH STOT aJITOPUTM
Ha DBM, K aHaTN3y MOTyYEHHBIX PE3yIbTaTOB U, HAKOHEII, K
MPaKTHYECKOMY HCIIOIb30BAHUIO TIOCTPOESHHONW MOJICIIH.

CocraBiieHne MaTeMaTH4ecKoi Mojesu. /s ormcanus
JBYX(a3HOr0 TEUEHHUS BBEIEM PsiJl OCHOBHBIX MOHATHH. [Tox
reodupTpanuell HOHUMAIOT IBIKEHUE KHUKOCTH B IIOPHC-
Tolt cpene. [lopucteiMu MarepuanaMu SIBJISIOTCS MHOTHE
€CTECTBEHHbIE M HCKYCCTBEHHBIE TEJIa: BE/IPO C IIECKOM, KY-
COK xJ1e0a, APEBECHHA, TPYHTHI, TOPHBIE TOPOBI U T. 1. Xa-
paxkTepHasi 0COOEHHOCTh BCEX ITHX MaTE€pUalIOB — CIOCO0-
HOCTb HaKaIUIUBATh B ce0€ KUAKOCTh W O3BOJIATH € JIBH-
raThCsl IO ICHCTBUEM BHEIITHHUX (haKTOPOB.

[Tpu mocTpoeHnn MaTeMaTHIeCKOi MOJIEITH 3T PSI3HEHUS
TPYHTa [IPU Pa3INBax yIJIeBOAOPOIOB B IIETIOM UCTIONb3YET-
sl 04eHb O0JIBIION 00beM HH(OopMaIK 00 NX CBOWCTBAX
napamMeTpax cpezibl. OCHOBHBIMHU CBOHCTBAMH YTIIEBOJIOPO-
JIOB SIBJISIIOTCSL B3KOCTH M, TUIOTHOCTH c. Ilepeunciennbie
3aBUCHMOCTH OTIPEICIISIIOT B JIAOOPATOPHBIX YCIOBUSX ITy-
TeM aHaln3a mpo0 xuakoro 3arpszuurens. [lopucras cpena
XapaKTepu3yeTcs IBYMsSI OCHOBHBIMU CBOHCTBAMM: ITOPHC-
TOCTBIO M U TPOHUIIaeMOCThIO k [3]. TTopucrocts (3ddek-
THBHA) ONIPEAEISCTCS] COOTHOIICHUEM

m=V_/V,
rge V, — o0beM cooOaromuxces nop; V — o0muii oobem
MOPUCTOH Cpesibl, TAKUM 00pa3oM, IOPUCTOCTh BENNYNHA
Oe3pa3MepHast U U3MEHSETCS B CPAaBHUTEIBHO Y3KUX Ipejie-
nax: 0,2...0,4. [Ipyroif MaKpOCKOITIMYECKOM XapaKTePHCTHKON
IpyHTa SIBJSIETCS IPOHUIIAEMOCTb, XapaKTePU3YIOIast CBOM-
CTBO TpyHTa IPOIYCKaTh uepe3 ceOst skunkocTh. [Iponumae-
MOCTB U3MEpPSETCS B eMHMIAx ruiomanu (M?). B mporecce
MPOHUKHOBEHHS 3ar PsI3HUTEINEH B IPYHT HaOJII01aeTCs MHO-
rotazuas uiasTpanus. [lo3ToMy I XapaKTepUCTHKH MPO-
HHULIAEMOCTH TPYHTOB BBOJUTCS IIOHSITUE OMHOCUMENbHOL
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aszosoii nponuyaemocmu k(s). Benmuuna ee 3aBUCHT He
TOJIBKO OT (PU3UYIECKUX CBOMCTB MOPO/I, HO TAKXKE OT CTCIICHU
HACBIIIEHHOCTHU TIOPOBOTO MPOCTPAHCTBA XKUIKOCTSIMH U T'a-
3oM. [Ipu rccie10BaHNK BOSHUKACT BAKHBIN BOIIPOC O TOM,
KaKyI0 9acTh ITyCTOT 3aHUMACT KaXK/1asi KOMIIOHeHTa. Hachl-
LIEHHOCTh IOPHUCTOI CPEIbI OTIPEIEISIETCS KAK OTHOCUTEIb-
Has 9acTh 00bEMa IMyCTOT CPEJIbL, 3aHsATas ATOH (a3oi [12].
OTcroma, 0003Ha4ast HACBHIIIIEHHOCTH Yepe3 § MOTydaeM:
s=V]/V,
rIe VC — 00BeM cpenbl, 3aHATHIN JaHHONW KOMIIOHEHTOW;
V' — o0t 00beM MyCTOT CPEIBL.

[Tox cKOpOCThIO (BHIIBTPAIMHU U TOHUMAIOT 00BEM JKHUI-
KOCTH, MPOTEKAIOIICH B SJMHUILY BPEMEHHU 4epe3 eJMHUY-
HYIO TUIOMIA/IKY TOPUCTON CPEIbI, IEPIICHUKYIISIPHO HaIlPaB-
JICHUIO TOTOKAa. BekTop ckopocTu (DUIIbTpaliy HarpaBieH
10 HOPMAJTH K TOM IUIOIIAJIKE, Yepe3 KOTOPYIO IPOUCXOIUT
HAUOOJIBIIHNI PACXO/I.

Q kaAp

F unL’

T7Ie 1 — CKOPOCTh JTMHEHHOH humbTparmu;, O — 00eMHBIH pac-
X0 KUAKOCTU B €IUHHUIY BPEMCHU; U — TMHAMHWYCCKAs BA3-
KOCTB KHJIKOCTH; F'— IIoMaab GuiibTparmu; AP — BHEITHUH
Tieperna NaBaeHuns; L — muHa 00pasia MoprcTOi CPe/ibl.

BerIirre 6b1TH pacCMOTPEHBI OCHOBHEIEC CBOICTBA YIJICBO-
JIOPOJIOB, TOPHUCTOTO IIPOCTPAHCTBA U INHAMUYECKHIE XapaK-
TEPUCTHKH PHIBTPAIIMOHHBIX MPOIECCOB. DTH BaXKHBIC I10-
HATHS TIO3BOJIAIOT COCTaBUTH OOIINE YPaBHEHHUS IBHKCHUS
JKUJIKOCTEH B TOPUCTOM Cperie.

s hopmanu3aiii MOJICITH UCIIOIb3YEM U3BECTHBIC U3
HedTerazoBoi MOA3eMHON THIPOMEXaHUKHU 3aKOHBI K METO-
JIbl MEXQHUKH CIUTOIIHOW Cpe/ibl. DTH 3aKOHBI Oa3UPYIOTCS
Ha COXpaHEHUH MacChl, MOMEHTa 1 YHepTruu. C ydeToMm Io-
PHCTOCTH 3aKOH COXPAHEHHUS MacChl B IOPUCTOM cpefie Win
YpaBHCHHE HEPa3phIBHOCTH B AMBEPICHTHOH (hopMme U Jie-
KapTOBOW CUCTEME KOOPJIUHAT IS OTHOPOTHOM KHUJIKOCTH B
Hene(hOpMUPOBAHHOM TPYHTE HMECT BUJIL:

(1

I7Ie § — HaCBIIIEHHOCTh MOPUCTOH CPEJIbL; 711 — TIOPUCTOCTD
Marepuana; p — IOTHOCTb; (i , U, U_,) — BEKTOP CKOPOCTH
(unsTpanmu; u , u , u_— KOMIOHEHTBI BEKTOPA (PUIIBTpaIiK;
X, ¥, Z — KOOPIUHATBHI;  — BPEMSI.

3axoH coxpaneHus (1) mepemnuiem B BUE:

~as_[apu) 9ku,) dpu,)
ot oX ay 0z

OG6o01enve 3akoHa (huibTparmy (3axoH [lapen) aist Tpex-
MEPHOTO TEUCHHSI MIMEET CICAYIOIIHI BUL:

SC)
0

os -
—+di =0
mat iv(pu)=0,

=0.

2)

u=

(Vp-pg), 3)

e k — MPOHUIIAEMOCTh TIOPHCTOH CPEIbL; L — TMHAMHYEC-
Kas BA3KOCTb; p — IaBJICHUE; P — IVIOTHOCTS; k(s) — OTHOCH-
TeNbHAS IPOHHIAEMOCTE; g — BEKTOp YCKOPEHHS CBOGO/I-
HOT'O TTaJICHHSI.

Jlist ommcaHust MHOTO(A3HOTO TCUCHHUS CTIONB3YIOTCS
3akoHbI Jlapcu B 0000IIEHHOM BUJIC:

) =—k@(Vp,
W

T

-pg), 4)



Becmnux Cubupckozo 2ocy0apcmeennozo aspokocmuueckoeo ynugepcumema umenu akaoemuxa M. @. Pewiemnesa

rjie k — MPOHUIIAEMOCTh MOPHCTOM CPeJIbl; W, — TMHAMHYEC-
Kasi BA3KOCTh [-# (asbl; p, — naBnenue [-i daspl; p, — mI0T-
HOCTb [-it hasby; k(s) — oTHOCHTENbHAS (PasoBas NPOHMLAC-
MOCTb /-ii (ha3bl; g — BEKTOP YCKOPEHHsI CBOOOIHOIO M ICHHSI.

[Iporecc NpOHMKHOBEHHMS B TIOYBY CJIOS )KUIKUX YIJIEBO-
JIOPOJIOB, PA3JIUTBHIX HA €€ MOBEPXHOCTH, MCCIEIYyeTCsl Ha
MOJZIEIBHOM 3ajja4e, ONMUCHIBAIOLICH JByX(pa3sHOe TeUeHHE
HedTera3zoBoif cMecu B mopucToit cpene. O0macTp, B KOTO-
poii mpoTekaeT rnpoiiecc GpUIbTPaIuU, UMEET BUJ, TTOKa3aH-
HbIii Ha puc. 1. BBUIy cuMMeTpun nporiecca, OTHOCUTEIILHO
BEPTUKAJIBHOI OCH paccMaTpUBAeTCs TOJIBKO MIPaBasi 4acThb
obmacTH.

Puc. 1. Cxema 061acTi HCCII€AyeMOro nporecca:
', — c1oit sKUIKKUX YIIIEBONOPOJIOB HA IOBEPXHOCTH;

I', — 061macTh, HaCIIEHHAs BO3TyXOM;
I',— HenponuIaemMas IOBEPXHOCTh

[Ipumem cnemyronue TOMyIeHHS:

1) B kauecTBE HaHOOJIEE HCIIOIB3YEMOT0 U pa3pabdoTaHHO-
TO METOJa KOJTMYECTBEHHOTO OMHMCAHUS (PHIBTPAIIIOHHBIX
MIPOLIECCOB B ITOJ3€MHOM THAPOMEXAHUKE TPUMEHAETCS MaK-
POCKONIMYECKHI METOJI, B OCHOBE KOTOPOTO JIS)KAT TUIIOTEe3a
CIJIOITHOCTH, 3aKOHBI X METO/IbI MEXaHUKH CIIOIITHOH CPE/IBl;

2) p = const, L = const, k = const, m = const;

3) 60KOBBIE TPAHUITBI HE BIMSIOT Ha IMPOIIeCC PHIIBTPAIINH;

N 4) cymMMa HacChIIIEHHOCTEH Bcerja paBHa eIUHHUIIE
25 =1, Torna ans aByx@asHoi QuisTpamuu s, + s, = 1,
i=1
MI03TOMY M3 IBYX HACBIIIIEHHOCTEHN He3aBUCHMA TOJIBKO OJTHA

¥ BBOJUTCS 0OO3HAYEHHE s = §, — HE()TEHACHINIEHHOCTB,
s,=1—s;

5) npu AByX(ha3HOM TEUEHHN HECMEIIMBAIOIICHCS K1/
KOCTH JaBJICHUS B KaXI0U U3 (a3 HE paBHBI MEKIY COOOH
(P, # P),p, ()= p,—Pp,, KHAEKCHI 1,2 OTHOCATCA K 3arpsA3HH-
TEJTIO ¥ Ta3y COOTBETCTBEHHO.

[Tpu 3THX IPEATIONOKEHUSX IS PEILICHNS 3a/1a9H IBYX-
(ha3HOrO TEYCHUS OJTYYHM CUCTEMY YPABHEHHI B YACTHBIX
MIPOM3BOAHBIX C HAYaILHBIMH ¥ TPAHUIHBIMH yCIIOBUSMHU:

s, [9pu)  IPY,) I(pu,)

m =0
at oX oy 0z ’
ma(l_ S) + a(pux)+a(puy)+a(puz) 0, (5)
at oX ay 0z
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S ur
u =- kikl( )(Vpl_plg ) (6a)
1
k,(s ut
uzsz 2()(sz_ng)~ (66)
2
Hauanvuvie ycioeus.
put=0: §=S,,s=s/(x,»),p =p, vHal', (7)

s=0,p=p,  wal,

Havanbnoe naenenne p, = plg— H pacnipenienieHo 1o 3axo-
HaM I'uApOCTaTHKU. M3MeHeHneM naBJieHus p, MOKHO Mpe-
HeOpeub U MPUHSTH €ro BEJIMYMHY OIHU3KOH K aTMOC(hepHO-
My JaBJICHHIO, TaK KaK IJIOTHOCTB 3arpsA3HHUTEINA P, 3HAYH-
TEIIBHO OOJIBIIIE TNIOTHOCTH BO3/YXa ..

I'panuunvie ycnosus.

Ha BepxHeii rpanuiie paccMaTpuBaeMoil 00IacTH rpa-
HUYHOE YCJIOBUE s S(X, v, z, ) u p(x, y, z, t) ipu ¢ € (0, T
nMeeT BUIL:

s=85,(x6,0,p =P, (x,y,Hmal’, (8)
P=D,. ? =0, n—BexTop HOpMasu K rpanuie I, (9)
n

Ha HiokHel rpannIe paccMaTpuBaeMoit 00J1acTy rpaHny-
HOE yCIIOBHE IS S(X, y, z, ) U p(x, v, Z, £) t € (0, T] mmeer Buz:

pl _ 9 b P _db _g
azZ:l ayy=0 ayy=1 aXx:O axx:l
S .
k5 (vp,—p,7) =0,

1

DyHKIMS OTHOCHTETBHOMN (ha30BOH MPOHUIIAEMOCTH £ (S)
OTPa’kaeT KOJIMUYECTBEHHYIO TIOTEPIO CKOPOCTH (ha3bl 3a CUET
TOT0, YTO YacTh MOPOBOTO NMPOCTPAHCTBA 3aHATa APYroi
(hazoif 1 SBIAETCA SKCIIEPUMEHTAIBHO H3MEPseMoil PyHK-
[Mei HACBIIIEHHOCTH BhITECHSIOIIEH (a3bl. [IpoHniiaeMocTsb
n3MepsIeTcsl IyTeM CO3[aHus B 00pa3ne 0JJHOMEPHOIO Mo-
TOKa U 00pabOTKH pe3yIbTaTOB M3MEPEHUHN TPHU TTOMOIITH
COOTBETCTBYIOIIEH (hopmbl 3akoHa Japcu [12]. Tunmanbrit
BH/JI KPUBBIX 3aBUCHMOCTH OTHOCHTEIIBHBIX IIPOHULIAEMOCTEH
OT HACBIILIEHHOCTH 1T0Ka3aH Ha pHc. 2. CyIecTBYIOT peeib-
Hble 3HAYEHH HACKIIIEHHOCTH BHITECHSIOMEH (Ba3bl S, U S
TAKWE, YTO IPU S< S, U S s COOTBETCTBYIOMIHE (Pa30BbIC
HPOHHLIAEMOCTH K (5) oOpamaroTcs B Hyiib. M3 0600menHo-
TO 3aKOHA Z[apcn TOIAa CJIEAYET, YTO €CIIA S < 'S., TO HEMO-
BIDKHA BBITECHSIOIIAS (Da3a, ECIM 3Ke S S, TO HEMOIBIKHA
BeITecHseMas (aza. [Ipu 3ToM S, Ha3BIBAIOT OCTATOYHOU
Hed)TeHaChIIEHHOCThIO, (1 — S’ ) — 0CTaTOYHO# ra30HaCkI-
meHHOCThI0. C TOUKH 3peHust pU3NIHOCTH ITporecca I0CTH-
JKEHHE TIPEIETbHBIX 3HAYEHUI S, M S COOTBETCTBYET Hapy-
IIEHHIO CTUTOIIHOCTH COOTBETCTBYIOMIEH (hasbl. Kormas < s,
nepBast (ha3a B CyMMapHOM TE€UEHUH NPUCYTCTBYET JIUIIb B
BHJIE OT/IEIBHBIX OCTPOBKOB, HE CBA3aHHBIX MEX Ty co00i. To
’KE CaMOE OTHOCHTCS KO BTOpoit daze pu s, < (1—S). IIpu
S> S’ KamWUIApHBIME 3 deKTaMu MOKHO Tiperebpeds [ 12].

B 3ajauax, npeacTaBIsSIONNX TPAaKTHYECKUN HHTEpEC,
4acTo yI00HO MOIB30BaThCs SMIMPHUECKUME (HOpPMyTaMu
Buxosa—borcera uim Yenb-UYxyH-Csna [ 12—14]:

3,5

s—s
- , S.<s<1

S
Ol

ky(s) = (11

0<s<s,
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. 3,5
S —s .
— | -(1+3s), 0<s<s
o (s) = (s* ] 4+ .

0, s <s<1

Takum oOpa3om, MaTeMaTHIECKasi MOJICNb PacCMaTpH-
BaeMOro mporecca cocraBieHa (5—-12).

[octpoenHast MozieIb, OCHOBaHHAs Ha ABYX(ha3HOI (HIb-
Tpanuu B PU3MUYECKUX IEPEMEHHBIX C YIETOM MPABUTAIMOH-
HOT'O BJIMSAAHMA, TTIO3BOJIACT OITPEACIINTD:

— pacrpefiesieHue CKopocTel (QUIIbTpaluu B TPyHTE B
000M MOMEHT BPEMEHH;

— pacrpe/IeNieHHe JaBIeH s B KaX 101 U3 Qa3 p;

— HACBIILIEHHOCTH §,.

Ki (s)

(12)

1

] 02 04

s
Puc. 2. TUMUYHBIH BU KPUBBIX 3aBHCUMOCTH OTHOCHTEITBHBIX
MIPOHUIIAEMOCTEH OT HACHIIIIEHHOCTH

CocraBiieHHas: MOJICNb (DMIIBTPAIIMHY, B KOTOPOH B Kade-
CTBE OCHOBHOTO YpaBHEHHS IBIDKCHHS IS KaKIOH (assl
UCTIOJIB3YIOTCS 0000IICHHBIC 3aKOHBI Jlapcu, KpoMe TOro,
OHM BKJIIOYAIOT 3aKOHBI COXPAHEHUS] MacChl U YpPaBHEHMS
COCTOSIHUSI, PEKOMEHIYETCS JIs PEIISHUS TPAKTHUECKUX 3a-
Jlad, B TOM YHCJIE HKOJIOTMYECKON HAIPaBICHHOCTH.
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N. V. Molokova
DECISION GEOFILTRATION TASKS MEANS MATHEMATICAL MODELING

It is covered a two-dimensional model of filtering, taking into account the movement of air and hydrocarbon pollutants
into the porous soil. The model includes a system of partial differential equations with additional conditions. Among the
differential equations are mass balance equation element in a porous medium — inseparability equation, and the differential
equations of motion. For circuit system entered the equation of state before pollutant and the environment. Initial and
boundary conditions correspond to the filtration process, beginning with the ground surface and initial stage of oil

products ladling.
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VIIK 004.045

A. A. Epemeesckuii, B. X. XaHoB

PA3PABOTKA OBBEKTHO-OPUEHTUPOBAHHOM CUCTEMBbI YIIPABJIEHUS
BA3AMM JAHHBIX JJIS1 XPAHEHHUSA BOJIBIIINX OBBEKTOB

Paccmampusaromes npobremvl xpanenus u 06pabOmMKU CIOICHBIX CIMPYKMYP OAHHBIX U NPedlaedemcst HO8bltl mun
XpaneHust maxkux 0anuwix. I[Iposooumcs cpasHumenbHolil aHaAIU3 KOMRaKkmHocmu xparenus paspabomannou CYB/] ¢ cy-

wecmeyrouumu.

B Hacrosmee Bpemst pu IPOSKTHPOBAHIH CHCTEM I10
aHAJU3y 3HAYUTEIBHOTO 00beMa HH(OPMALIMK BCE YaIle
BCTaeT BOMPOC 0 ee IP(PEeKTHBHOM XpaHCHUH U 00padboT-
ke. OJJHUM M3 TaKUX BHJIOB HH(POPMAIIUU SBISETCS Bpe-
MEHHOM psij.

MozenupoBaHue 1 aHAINU3 TOTOKA JaHHBIX BPEMEHHOTO
psina — obmmpHas U ObICTpOpa3BHBaIOIIAsicss 00JIACTh HC-
cirenoBanus. [10TOKM JaHHBIX BPEMEHHOTO PsiIa 9acTO BO3-
HHKAIOT B YIIPABJICHUH POMBIIUICHHBIMHU TIPOM3BOJICTBAMH,
MOHHMTOPUHTE IU(PPOBBIX CHIHAJIOB WIIH TP OTCIIC)KUBAHUH
KOPIIOPATHBHBIX MPOIIECCOB. AHAIN3 MOTOKA JIAHHBIX Bpe-
MEHHOT'O psiJia IIMPOKO HCIONB3YeTCs [UIsl IPUMEHEHHS B
SKOHOMHYECKOM MPOTHO3MPOBAHUH, OMPIKEBOM aHAIMU3E,
KOHTpOJIE KaueCTBa U IIPOM3BOJICTBA B KPYITHBIX IPOEKTaX.

ITo cBOeMy cozmep»KaHUI0 BPEMEHHOH Psi] — 3TO Pe3yIlb-
TaT HAOIIOICHUS 3 OJJHUM MJIM HECKOJIbKUMU [TapaMeTpaMu
Kakoro-nmbo npornecca. [Ipyn HaOmMONCHNN 3HAYECHUS STHX
apaMeTpoB (PUKCUPYIOTCS U MPUBSI3BIBAIOTCA K MOMEHTY
HaOmonenus. B pesynbrare oOpasyercst yrnopsiioueHHas B
XPOHOJIOTHYECKOM TTOPSIIKE TTOCIIE0BATEIBHOCTh H3MEPEH-
HBIX 3HAUEHUI1, KOTOPAs 1 Ha3bIBAETCSI BPEMEHHBIM PSIJIOM.

B obnacTn nccnenoBanms 6a3 JTaHHBIX OBUIO MPEIIONKE-
HO MHOYKECTBO Y3KOCIHELUAIM3UPOBAHHBIX 0a3 ITaHHBIX, BbI-
COKOYpOBHEBBIX IIPEJICTABICHUI BPEMEHHBIX PSJIOB, a TAKIKE
Mep ISl HaXOXKIECHHS 3aJaHHbIX IT0CJIeI0BaTENbHOCTEH. Me-
TOZIbI HAXOXK/ICHUSI ITOCIIEJOBATEIbHOCTEH OOJIBIINX BPEMEH-
HBIX PSIJIOB, COOTBETCTBYIOIIHX 33/[aHHOH MOCIIEZI0BATEIHEHO-
CTH, B TIOCJIE/THEE BPEMsI IIPUBIICKIIN OOJIBIION HHTEPEC 1 ObLIO
MPEAJIOKEHO MHOXKECTBO pertenui [1-3].

OnHako, HECMOTPSI HA IIMPOKOE PACHIPOCTPAHEHHUE aHa-
JIM3a BPEMEHHBIX PSZI0B, FOPa30 MEHbIIEEe BHUMaHUE ObLIO
yIEIEHO UX XpaHeHHIo. Bce HaliieHHbIe peleHns aHan3a
CBOJMJIMCH K UCIIOJIb30BAHUIO B Y3KUX 00JIACTSIX IPUMEHE-
HIsL. OCHOBHOM TIPOOJIEMOH SIBIISIETCSI OTCYTCTBHSI €IHHOTO
XPpaHUIIUINA, KOTOPOE B CBOE BPEMSI PEIOCTABHIIH PEIISIIIU-
OHHBIE CHCTEeMBI yTipaBiieHns 6azamu ganablX (PCYB/) s
JMaHHBIX pocTedmux cTpykTyp. U xotss PCYB]] umeer Bce
HEeo0XO0 MBI CPEICTBA IS OIIMCAHMS U XPAaHEHHsI BpEMEH-
HBIX PAZIOB, OHU HE MOTYT 00€CTIEUNTh TPeOyeMOii IPOU3BO-
JIUTEIILHOCTH ITPU 00pabOTKE OOJIBILINX BPEMEHHBIX PSIJIOB U
TeM Oostee mpu 00pabOTKeE MTOCIEAHUX B pEaTbHOM BPEMEHH.

CeromHs JUIs pelIeHNs 3a/1ad XPaHEHNs ¥ aHaJIN3a Bpe-
MEHHBIX PSJIOB HCHOJB3YIOTCS Y3KOCIEHAIN3UPOBAHHEIC
CHCTEMBI MJIH 00BEKTHO-PEISIINOHHbBIE CHCTEMBI YIIpaBIIe-
HUs 0a3amu JaHHbIX. OTHAKO TaKHE CUCTEMBI HE TIO3BOJISIIOT
3a/1aBaTh BPEMEHHOH PsiJ] TPON3BOJILHON CTPYKTYPHI (Harpu-
MEp, YUUTHIBAIOIINN BHYTPEHHIOIO CTPYKTYPY psia) WiH
pacIMpsTh METOIbI IOMCKA U aHanu3a [4].

O06bexTHO-opreHTHpoBaHHbIe CY B/l X0Ts 1 TO3BOJISIOT
COXPaHSTh IPOU3BOJILHBIE CTPYKTYPbI JAHHBIX, OTHAKO TaK-
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JKe He MOoTy ob6ecnieduTh 3(p(PeKTUBHOTO H3BICUCHUS U aHA-
JIM3a BPEMEHHBIX PSIJIOB.

B pesynbrare Bo3HUKAET pobieMa pa3padoTKH €IMHOTO
XPaHUIUIIA JUISl BPEMEHHBIX PSIJIOB, & TAKKe JIFOOBIX IPYTHX
00BEKTOB, TPEOYIOMINX IPHMEHEHHS BBICOKOYPOBHEBBIX HH-
JIEKCOB P M3BJICUEHNH 1 aHAJIN3E NaHHBIX. JJaHHOE XpaHu-
JIMIIIE I0JDKHO 00J1a/1aTh CIEAYIOIMMH CBOWCTBAMH:

—3((eKTHBHO XpaHUTH 1 00pabaThIBATh CIIOKHBIE CTPYK-
TYpHI JAHHBIX (BPEMEHHBIE PS/IbI);

— obecneunBaTh MaCIITAOMPYEMOCTb;

— IIO/IZICPIKMBATH CYLIECTBYIOIINE CTAHAAPTHI JIOCTYTIA K
JIaHHBIM;

— obecneunTs pacIIpsieMOCTh Ha CHCTEMHOM H TIPH-
KJIaTHOM YPOBHE.

O030p Texymeii cutyanuu. Kak ObU10 cka3aHo BbIIIE, HA
JJAHHBII MOMEHT CYILECTBYET [1BA OCHOBHBIX CII0c00a Xpa-
HCHUS: PEIISIIIMOHHBIE 0a3bl JAaHHBIX U 00BbEKTHO-OPHEHTH-
pOBaHHBIE.

B penspionnsix b/l Bce taHHbIE XpaHITCS B AByMEPHBIX
TaOJMIax, Ha3bIBAEMBIX omHouerusmu. Kax el cronoer Tad-
JIMIBI 03aIVIaBJIeH aTpUOyTOM, OIMCHIBAIOIIUM THIT HJIEMEH-
TOB cToNOMa. CTPOKA TaHHBIX TAOIMIIEI HA3BIBACTCS KOPIMEIC.
Tabnuiie! cBs3aHBI MEXKTY OO0 TIO KITFoueBOMY ToJTr0. Kak
BUJTHO, B JaHHOI b/ 04eHb CII05KHO XPaHUTB CIIOXKHBIE CTPYK-
TYpPBI JaHHBIX (HampuMmep, Ui KaXI0ro BPEMEHHOTO psizia
HPHUIETCS CO3/1aBaTh OTIENbHYIO TaOJHMILY, KOTOpast Oy/IeT co-
JIepyKaTh MO OTHOMY KOPTEXKY JUISl KaXKJJOTO 3HAUCHUS).

Cama KOHIIeTIIUS peIsIIIMOHHBIX 0a3 JaHHBIX HE TPE/TyC-
MaTpUBaeT XpaHEHHE 00BEKTOB KaK TAKOBBIX, JIUIIb MX ITPe/i-
CTaBJICHHH ITyTeM pa30MeHNs Ha TaOIMIbl U YCTAHOBICHHS
cBsi3ell Mexay HuMH. Pazymeercs, nporecc npeodpasoBa-
HUSI KaKoT0-J1100 00beKTa B TAOJIHUIIBI — IIPOIIecC BECbMa OJ1-
HOOOpa3HbIi U TPYJOEMKHH, I03TOMY B JIONIOJIHEHUE K pe-
msinuoHHBIM BJ] OputH pazpaboTanbsl 00BEKTHO-PENSIINOH-
Hele cucteMsl ynpasneaus b1 (OPCYB]).

[Mpuanun padotst OPCYB/] no cBoell cyTn HUYEM He
otmmaaercst ot PCYB]/], 3a ckimodeHmeM Toro, 9To BECh Mpo-
ecc npeodpa3oBaHusi 00EKTOB B TaOJIHIIBI OepeT Ha ceOs
CHCTeMa M KOHEYHBIH MOJIb30BaTElNb [0 CYTH HE YU4acTBYET B
3TOM IIpoIiecce.

HezaBucumo ot ucnionszoBanust PCYBJ] unun OPCYB/]
MIpOIIeCcC COXPAaHEHN 00BEKTOB B 623y MOXKHO IIPEICTABUTD
cieayroImM odpasoM (puc. 1).

Kak BuHO, M000i1 00BEKT IpeICTaBISIET U3 ces AepeBO
OTHOILICHUI MEXK/Ty YIeHaMH 00bEKTa U ero MeTojiamu. [Ipu
COXPaHEHNH BECh OOBEKT IPECTABIISICTCS B BU/E TAOJIHIL C
COOTBETCTBYIOIIMMHU OOBEKTY OTHOLIEHUsIMU. Pazymeercs,
YTO JaHHBIH METO/ HE MOKeT ObITh A (EeKTHBHBIM ITPU 00-
paboTKe 6OIBIIOTO KOMMIECTBO JAHHBIX, TAK KaK caM 110 cede
Tporiecc mpeodpa3oBaHus MEXKY PENSIIHOHHON 1 00BEKT-
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HOM CTPYKTYpO#l OyZeT OTHUMATh HEMaTyI0 9acTh PECyp-
COB, a UCIIOJIb30BATh JAHHBII MO/IX0/1 B pealbHOM BPEMEHH
HE MPE/ICTaBIISICTCS] BO3MOYKHBIM.

Jpyroii moaxo/] K XpaHECHHIO PEACTABIISIOT 00bEKTHO-
OpPUCHTUPOBAHHBIC CUCTEMBI yIIPaBIICHHS 0a3aMu JTaHHBIX,
OHH HE UMEIOT KaKHX JIM00 YETKUX COOTHOLICHUI U COXPaHsi-
IOT O0BEKT LETUKOM 0e3 IpeoOpa3oBaHus ero B KAKyH0-IT100
WHYIO CTPYKTYPY AaHHBIX (puc. 2) [5].

Kak BuiHO, aHHast cuctema rno3BosisieT 3G heKTHBHO co-
XpaHATh O0BEKTHI, HE TPATS PECypChl Ha WX MpeodpazoBa-
HHeE, OJIHAKO METOIbI XPAHEHHsI CKPBIThI U TIOPOOHOTO OITH-
canus nocieaaux papadorurku OOCYB/] ectecTBeHHO He
npegocTaBisiioT. K Tomy ke, JaHHbIH TOX0/] HE TO3BOJISIET
U3BJICKATh OOBCKTHI, UCTIOJB3Y sl MHIICKCHI, WU MOTy4aTh Ya-
CTHYHBIE IAHHBIC OT 00BEKTA HEMOCPEICTBEHHO U3 0a3bl JIaH-
HBIX (HAIIPUMeED, YTOOBI MTOJTYUHUTh CIIEKTP BPEMEHHOT'0 psijia,
HYXHO OyJeT CHauaJla U3BJICUb €ro LEJIIMKOM, a IOTOM Y)Ke
cenaTh HeoOXOAMMBIC TPE0OPA3OBAHNA).

JlaHHas TEXHOJIOTHS WACAITBEHO MOXOIUT TS OOIBIIIOTO
KOJINYECTBAa OOBEKTOB M MaJloM pa3Mepe (KOJIM4ecTBe JaH-
HBIX) MHUYHOTO 00BhekTa. [TomoOHast CTpyKTypa JaHHBIX
LIMPOKO PACIPOCTPAHCHA BO MHOKECTBE Web-TIPHITOKEHUIA.
HarmsaiHpiM mpuMepoM MOXKET CITYKHUTh 3JICKTPOHHBINA Ma-
Ta3uH, I7e B Ka9eCcTBE 00HEKTOB MOTYT BBICTYIIATh: TTOJIB30-
BarTellb, TOBAp, 3aKa3. Y KaX/J0ro KOHEYHOro 00beKTa Habop
CBOWCTB OyJeT TOBONBHO Mall, TOTAa KaKk caMUX OOBEKTOB
MOYET OBITh OOJIBIIIOEC KOJMYECTBO (B KPYMHBIX HHTCPHET-
MaraspHax KOJIYECTBO TOBAPOB MOYKET COCTABIISTH NECATKA
TBICSY, @ KOJIMYECTBO MTOIH30BATENIEH OKOJIO MIUIMOHA).

OnHako 1y1st 00BEKTOB, COAEPIKALIUX OOJIBIIOE KOJINUe-
CTBO JaHHBIX, ITOJJOOHBIH TIOIXO]] TPUMEHSTH JOBOJIBHO CIIOXK-
HO, TaK KaKk HanboJee 4acto He0OXO MO TIOJTyYHUTh HE BCE
JAHHBIC, & CIIENIATh TOJIBKO YaCTHYHYIO BEIOOPKY, HAIPIMED,
JUISl BPEMEHHOTO Psijia IOpOi HEOOXOIMMO HU3BJICYb TOJIBKO
KOPOTKHE BPEMEHHEIC TIPOMEKYTKH. Pasymeercs, B JaHHOM
ClTydae M3BJICKATh BECh OOBEKT B OTNIEPATUBHYIO MAMSATH, a

Polygon *poly =
new_polygon();

O0BEeKT B IAMATH

p->x=10;
p->y = 20;

UPDATE table2.

for (1i=0;1<100;i++) {
Point *p = new_point();

poly->contents[i] = p;
poly->contents[5]->x = 100;

convert_object_to_tables();
INSET INTO tablel...

OPCYB/

SELECT FROM tablel...
SELECT FROM table2...
convert_tables_to_objects();

for (i=0;i<100;i++) {
poly[i]->display();

Puc. 1. Xpanenune oosexroB B OPCYB]]

O0BLEeKT B maMATH

Polygon *poly =

new_polygon();

for (i=0;i<100;i++) {
Point *p = new_point();
p->x = 10;
p->y =20;
poly->contents[i] = p;

poly->contents[5]->x = 100;

OPCYB/

Puc. 2. Xpanenune oosexroB B OOCYB/]
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3aTeM IMPOM3BOANTH HEOOXOIMbIC BEIYHCIICHHS BEChMa 3aT-
PaTHO C TOYKH 3pEHHS PECYpPCOB KOMIIBIOTEPA.

Topa3mo pasymHee ObUTO OBI OOpammaThCs K METOJAM
o00bekTa Hanpsmyto yepe3 CYB/] u Bo3Bpaiiars B aMsth
yke oOpaboTaHHBIE AaHHbIE. Takol MOAXO0J CYIECTBEHHO
CHIDKAET pacXo]l peCypCoB ONEPAIIHOHHON CHCTEMBI, a TaK-
JKe KOJIMYECTBO OIepanuii.

IMoaxoanl 1 NPUHLIMIIBI HOBOI pa3padoTku. 113 0630pa
TEKYILEH CUTYyaIuu BUJHO, YTO CYIIECTBYET OCTpast oTped-
HOCTB B CO3JJTAaHUH HEKOW 0a3bI TaHHBIX IS paOOTHI ¢ 00bEK-
TaMu OOJBIIOTO pa3Mepa, MPUYEM CHUCTeMa YIPaBIICHUS
6a30¥ TaHHBIX JIOJDKHA [T03BOJISATH PA0OTATh C IPOU3BOJIBHbI-
MU 00BEKTaMH, a He SBJIATH COO0M HEKOE y3KOCIeIIHATH3H-
POBaHHOE pelIeHNE JUTsl KAKMX-JIHOO0 KOHKPETHBIX THITOB JIaH-
HBIX. Takum 06pa3oM, ocHOBHBIME cBoiicTBamu CYBJ] moi-
YKHBI OBITh:

1) He3aBHCHMOE XpaHEHHUE CTPYKTYPbI 00BbEKTOB U JIAHHBIX;

2) pacmmpenue 0a3bl JAHHBIX 32 CYET CO3/IaHMSI HOBBIX
00BEKTOB;

3) KOMITaKTHOE XpaHEeHNE JaHHBIX;

4) u3BneueHne JaHHBIX Yepe3 METOIbI M CBOICTBA caMo-
r0 00BEKTa, a HE BCETO 00BEKTA IEITMKOM;

5) pacmupsieMoCTh 0O BEKTOB.

I'paduaeckn B3aumopneiicteue mexty CYB/l u oObexra-
MH MOYKHO TIPEJCTaBUTh CIEAYIOMNM oOpa3oM (puc. 3).

Kak Buno, CYB]] He paboTaeT HanpsIMy*o ¢ TaHHBIMH, a
HCIIONB3YET METOIBI YIKE CO3aHHBIX OOBEKTOB [UIS COXpaHe-
HUSI M U3BJICUEHIS ITOCTeTHUX. Takol MeTO ] OTKPBIBAET IIH-
POKHE BOZMOXHOCTH B TUIAHE U3BJICUCHHS JAHHBIX (TaK KaK
OHH MOTYT U3BJIEKATHCS a0COIOTHO IPOU3BOJIFHO B 3aBUCH-

MOCTH OT METOZIOB 00BEKTa), a TaKk)KEe NMEET KOMITAaKTHYIO
CTPYKTYpPY XPaHCHUS aHHBIX, TOCKOJIBKY COXPAHSIOTCS B
WTOTe UIMEHHO CaM¥ JJAaHHBIE, & He CTPYKTYpPa (METO/IbI, CBOIi-
CTBA) K&KIOT0 OOBEKTA.

Pasymeercs, Ut co3panus o0mupHON 6a3bl 00HEKTOB U
obecrieuenus pacmmpsemoct, CYBJl momkHa mpegocTas-
JISITh BOBMOXKHOCTH CTOPOHHUM pa3paboTunKaM cO3/1aBaTh
CBOHY COOCTBEHHBIE OOBEKTHI C HEOOXOTUMBIMHA METOAAMH U
coricTBaMu. [Ipu 3TOM 1715t 00€CTICYCHUSI COBMECTUMOCTHU U
yao0cTBa TIpU CO3MaHUU HOBBIX 00BekTOB CYB]l momkHa
o0ecrieunBaTh:

1) mpUBS3KY CTPYKTYPBI 00BEKTOB K HEKUM CTaHAaPTaM;

2) MCTIONB30BaHNE HECKOIIBKIX SI3BIKOB IIPOTPAMMHPOBAHHIS.

CrangapTu3zanys py co3aaHiK 00BEKTOB TaKXke obec-
mreqnt nenoctHocth CYB/I, Tak Kak 00BEKTHI, HE YIOBICTBO-
pSIONIME CTaHIapTaM (HallpuMep, He MMEIOIIHeE 00sI3aTelNb-
HBIX METOJIOB), IIOTPOCTY HE OYAyT HCIIOIH30BAHBI.

[Tpu maHHOM TIO/IXO/1E BCTAET BOTIPOC O JOCTATOYHO MOTII-
HOW peduiuKTaImy (UCII0Ib30BaHUE CBOMCTB U METOIOB pa-
Hee CO3JIAHHBIX 00BEKTOB) MEXIY PA3TUIHBIMHU S3BIKAMA
POrPaMMHUPOBAHUSL.

JlaHHY¥O IPOOIEMY TTIO3BOJISET C YCIIEXOM PEIITUTD ILTAT-
¢opma NET, coznannas komnanueit Microsoft 8 2001 t.

Bo-nepBbix, Microsoft. NET no3BossieT pa3HbIM sI3bIKaM
HWHTETPUPOBATHCS, T. €. OJHOMY S3BIKY HCIIOIH30BATh THITEL,
co3aHHble Ha apyrux sA3pikax. Hanpumep, CLR (Common
Language Runtime — o01ies3b1KkoBast HCTIOMHSIONMIAS Cpe/ia)
TMO3BOJISIET c0o37aTh Ha C++ Kitacc, MPOU3BOIHBIN OT Kiacca,
peanzoBanHoro Ha Visual Basic. CLR genaet 510 BO3MOX-
HBIM, TaK KaK OHA OMPEJIEISIeT U MPETOCTaBIIACT OOIIYTO CHC-

XpaHuUIHIIIE JaHHBIX 00BEKTOB BBI30B HEOGXOIMMBIX XpaHuiuIe CTpyKTypbl 00bEKTOB
METOJIOB 00bEKTa JIs
MOJIYYEHUS HYKHBIX
JAHHBIX
JlanHbIE JlanHbIe O6nbexkr 1 OO0bekT 4
JlaHHBIE JlaHHBIE i\:l OO0BeKT 2 OOBeKT 5
JlaHHbIe JlanHbIe OO0mbexT 3 OObexT 6
W3Bneuennsie
WNuannuanm3anus
JAHHBIC 6
CoxpaneHne 00beKTa B OOBCKTa
CYB[

Ob6paiuenue k CYB/]

p/

—_CYBI

JUIS M3BJIEUEHNS 00bEKTa
WK JaHHBIX 00BEKTa

N3BrneucHHBIC

>

CoxpaHeHHe JaHHBIX
B mamsiti OC

JaHHBIC

Puc. 3. Bzanmozeticteue mexny CYB/l u o0bekramu
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temy tunoB (Common Type System, CTS), koTopyro H0mK-
HBI UCIIOJIB30BATh BCE SA3BIKH, OpueHTHpoBaHHBIE Ha CLR.
Cam Microsoft mpezyaraeT HeCKOIBKO TaKUX S3bIKOB: C++ ¢
yrpasiseMbiMu pacupenusimu, C#, Visual Basic.NET, a
taroke JScript. Kpome toro, npyrie KoMnaHuu v yaeOHble
3aBE/ICHMS CO3/1aI0T KOMITMIIATOPBI IPYTHX SA3BIKOB, COBMEC-
tumbIx ¢ CLR [6].

Bo-BroprIx, Omaromaps ToMy, 9TO CKOMITHIIHPOBAHHBII
kop rpezacTasisier coboi CIL-s3pik (Common Intermediate
Language — o0muii mpoMeKyTOYHBIH S3bIK), KOTOPBIA Xpa-
HHUT B ce0e ONMcaHne BCeX TUITOB Ko/ (JaHHas HH(POpMaLHs
XpaHuTcs B Meta-Tarax), HOsIBUJIaCh BO3MOKHOCTb HAXOJIUTh
Y MCIIOJIb30BaTh METO/bI M CBOMCTBA YK€ CKOMITMINPOBAH-
HOTO Kojia (MexaHu3M orpaxkenns — Reflection).

Bce sto no3onsiet peanuzoBarb OOCY B/, kotopas co-
OTBETCTBOBAJIA ObI CIIE/YIOLIMM CBOWCTBAM:

1) kaxnprii Tun gaaaeix OOCYB /I npencrapiset coboit
3apaHee OMMMCAHHBIA 0OBEKT, XPAHAIINICS B BUAC JHHAMH-
yeckoit onommoteku (DLL);

2) ucnionp3oBanue B SQL-3ampocax cBOCTB 1 METOIOB
00BEKTOB JIJIsl CPABHEHUS, BRIOOPKH U IPYTUX OTlepaliunii;

3) momy4erue Ha Beixoze SQL-3ampoca (B ciryuae SELECT)
Ha0Op 00BEKTOB, KOTOPBIE OyAyT IMETh COOCTBEHHBIE CBOM-
CTBa U METO/IbI;

4) pacmmperne OOCYB/l HOBBIMH 00BEKTaMHU JTFOOBIM
KOHEYHBIM I10JIb30BATEIEM H, KaK CIIE/ICTBHE, CO3IaHHe pe-
TTO3UTOPHSL.

ITpuHIMn XpaneHusi IaHHBIX. Kak 13BECTHO, B SI3bIKaX ITPO-
rpaMMHpPOBaHHMS YK€ JaBHO Pean30BaH MIPOLECC CepraIn-
3a1un 00bEKTOB (COXPAHEHHS X HA KECTKHH JHUCK) U IECUPH-
anu3anuy (MoyueHne Ha4ajlbHOTO COCTOSHHS OOBEKTa M3
JIAHHBIX Ha )KECTKOM Ancke). OfHAKO JaHHBIA METO]T HE TIO/IXO-
JuT i paspadateBaemort CYBJI 1o ciemy oy mpuaHaM:

1) mpu coxpaneHun 00beKTa COXpaHsIETCs JaHHBIE O €T0
CTPYKTYpE ¥ THIIax JAHHbIX;

2) COXpaHSIOTCS a0COFOTHO BCE TaHHBIC O0BEKTA;

3) He BBINOJIHAETCA YCIOBHUE Pa3/IeIbHOTO XPAaHCHUS [JaH-
HBIX U CTPYKTYPBI OOBEKTOB.

Takke BIIOJIHE €CTECTBEHHO, YTO, MCIIONIb3Ys AAHHBIA
metoxa, CYB/] OyaeT pacxoaoBaTh MHOTO JIMIITHETO MECTa Ha
HOCHUTeJIe, TaK KaK Kax/ast crpoka Tadimiel bl mpencrasisier
c000i1 HACHTHYHBIN THIT JAHHBIX. Takke MOTYT COXPAHATHCS
BCIIOMOTaTelIbHbIE TIepeMEHHbIE 00bEKTa, KOTOPbIE HE J0JI-
JKHBI OBITH HCIIOJIB30BAHBI TIPH €0 U3BJIcueHNH 13 b/

Pazpaborannas CYB/] ucrons3yer coOCTBEHHBIN MeXa-
HU3M COXpaHeHHs HMH(POPMAINN, OCHOBAHHBIN Ha pa3/ielb-
HOM COXpPaHEHHH JJAHHBIX O THIE 00BEKTOB M UX JaHHBIX.

[To cBoeii cyTH XpaHWINIIE TAaHHBIX — 3TO HA0OP TAOIIHIL,
T7e Kax/asi KOJIOHKA SIBISIETCS AAHHBIMH OIPEICICHHOTO
00BEKTAa, a CTPOKA MPEICTABISACT U3 ceOst HAOOP JAHHBIX OJ1-
HOTO MJIM HECKOJIBKUX 00BEKTOB. Bee Tabmuipl cocTosT u3

JBYX (haiinos:

[ Komonka 1 l

Tun

1) Table Description (TDS) — chatir onmcanus TaOIHIIEL.

2) Table Data (TDT) — ¢aiisn ¢ coxpaHEeHHBIMU JAHHBIMU.

®aiin onrcaHus TaOIUIIBI — TO (paiii mpocTertei CTpyK-
TYpBbI, KOTOPbI OITKCHIBAET KOJIOHKH TAOIHI[bI: KOJIUYECTBO U
v (puc. 4).

JlaHHBIN (Qaiin CIyKAT TS OTIpEaeICHHS THIIOB 00BeK-
TOB M UX JIAJIbHEHIIIEr0 NCIOJIb30BAHHS J1JIs U3BJICUEHHUSI JIaH-
HeIX 13 (paiina ganasix TDT. To ecte CYB/] 6epet Ha cebs
3aj1a4y MHULMAIN3ALIH HY)KHBIX THIIOB OOBbEKTOB B COOTBET-
CTBHH C HCIIOIh3YEMBIMH TaOJIAIIAMH.

®aiin TDT npencrasnser coboit Habop OMHAPHBIX JAaH-
HBIX, COJICPXKAIMX HEMOCPEACTBEHHO M3BJIEKAaEMbIE IAaHHbBIC
00BEeKTa, a TakKe pa3Mep KaXIIoro Habopa TaHHBIX. 3aIHCh
pa3Mepa B TaHHBIH (aiisl He0OX0/IMa, TaK KaK JaHHBIE OJTHO-
T'O ¥ TOTO K€ 00BEKTa B PA3JIMYHBIX CTPOKAX MOTYT 3aHIMATh
pa3IHyHbI 00beM (HampuMep, OMH 0OBEKT MOXKET CoXpa-
HATh MacCHBBI pa3IMYHOMN AJTMHBI B KaX101 cTpoke). Pazmep
Habopa JaHHBIX TTO3BOJISIET TOYHO OMPENETUTh Hadalo U KO-
Hel Habopa JJaHHBIX JUTs KaK/I0r0 KOHKPETHOTO OOBEKTa B KaXK-
noii ctpoke. Ctpykrypy (aitma TDT npencrasiiera Ha puc. 5.

Tak kak pazmMep JaHHbBIX MPECTABISIET COO0H UKo Guk-
CHPOBAHHOTO pa3mepa (4 6aiiTa), TO MOXKHO OCYIIECTBIIST
WTEpaIHio M0 00bEKTaM MyTeM H3BJICUCHHS pa3Mepa JTaH-
HBIX, & 3aT€M CaAMOT'0 O0BEKTA.

Pa6ora CYB/] ¢ daitnamu mpeacrasieHa Ha puc. 6.

Paspadorannas CYB/] nomkHa 00ecriednBaTh KOMITAKT-
HOCTB IIPH XpaHEHUH 00BEKTOB OOJIBIIOr0 pa3Mepa. B xome
pa3paboTKu OBLT MPOBEIEH CPABHUTEIBHBIN aHATIN3 C MTOTTY-
JSIPHBIMU PEJIIHUOHHOW M 00BEKTHO-OPHEHTHPOBAHHOM
CYB/.

Jlist aHami3a ObLT BBIOpaH 00BEKT BPEMEHHOTO Psijia, KO-
TOPBIH TIPEICTABIACT COOOM TBAa MacCHBa, OIMH U3 KOTOPBIX
COZIEPKUT BPEMEHHbBIE 3HAUSHHUS, IPYTOH HEMOCPEICTBEHHO
3Ha4YeHus pana. Tak Kak Kax1oe BpeMeHHOE 3HaUeHHUE Mpel-
CTaBIIsIET COOOM 11eTbIH THII (4 OaiiTa), a 3HAYCHHE PAAa B 1aH-
HBIIl MOMEHT BpEMEHH JPOOHBIH TUII (8 OalT), TO OYEeBHUIHO,
YTO MUHUMAJIBHBIA 00bEM JaHHBIX, COXpaHeHHBIX B b/] Oy-
net: (4 + 8)* koruuecmeso 3nauenuil psoa.

B BeiOpannbix CYB/] 1i1st cpaBHEHNS OBLT CO3/1aH aHAJIOT
0JJ00HOTO 00BEKTA, C A0CONIFOTHO MJICHTUYHBIMU JTAHHBI-
MH, T. €. C TUIIAaMH 110 4 ¥ 8 OalT. ITO MO3BOIMIIO ClIEIaTh
KOpPPEKTHOE CpaBHEHHE.

[Tpu cpaBHEHUM cO3/1aBANIOCH 5 00BEKTOB ISl COXpaHe-
Hus (B cnydae PCYB/] — 5 tabmimir) ¢ paBHBIM KOJTHYECTBOM
aneMeHToB. CpaBHEHHE OBIIO MPOM3BENEHO B 4 3Tama, Ha
KaXXJIOM U3 KOTOPBIX KOJTMYECTBO YIEMEHTOB B PSJIC YBEIH-
yusasock: 100, 10 000, 100 000 i 1 000 000 cOOTBETCTBEHHO.

B kagectse PCYB/] 6buta BeIOpana MySQL — CYB/] ¢
OTKPBITHIM KOJIOM, KOTOpasi ITOITyYHIIa OTPOMHYIO ITOITYIISIp-
HOCTB B CpeJie pa3pad0TOK HHTEPHET-TIPHII0KEHHH.

B xagecrse OOCVYB/] 6p11a BEIOpana Versant DB, xoTo-
past sBrseTcs tuaepom cpean OOCYB/] u mmpoko UCmob-

[ omman | )

Tun

Puc. 4. Ctpykrpya daiina omvcaHus TaOIUIbI

- ~

JlanHpie

Pa3mep nanubIx ]

.

\

‘ Pa3mep nannbix

N

JlanHbIe ‘

A

Puc. 5. Ctpykrypa (aiina gaHHbIX
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3yeTcs nporpammuctamu C++, a Takke B IPUIIOKEHISIX Ha Bubaunorpaduyecknii cnncox
iargopme NET.

Pesynbrarsl npeacrabiaeHsl Ha puc. 7, 8.

Kak BuytHo, koMniakTHOCTB paspaborannoit CYB/l MyDB
npesbimaer MySQL B cpennem B 2,6 pasa, a Versant DB —B
1,4 paza.

1. Chan, K.-P. Efficient Time Series Matching by Wavelets /
K.-P. Chan, Fu A.-C.//ICDE. 1999. P. 126-133.

2. Faloutsos, C. Fast Subsequence Matching in Time-
Series Database / C. Faloutsos, M. Ranganathan,
Y. Manolopoulos // SIGMOD. 1994. P. 419-429.

3. Das, G. Finding Similar Time Series / G. Das,
D. Gunopulos, H. Mannila // PKDD. 1997. P. 88—100.

4. ITpoxopos, A. Mcmons30oBaHne 00BEKTHO-PEISAINOH-
Heix CYBJl mis XpaHeHHs ¥ aHaJIu3a BPEMEHHBIX PSIOB /
A. TIpoxopos // Komnbrotep-ITpece. 2000. Ne 6.

5. Versant Object Database [ QnekTpoHHBIH pecypc]. Diek-
TpoH. 1aH. PexxuM toctyna: http://versant.com. 3ari. ¢ sxkpaHa.

6. Puxtep, Jlx. [IporpammvupoBanmie Ha riatopme Microsoft
NET Framework : niep. ¢ annit. / [Ix. Puxtep. 2-e u3n., ucnp. M. :
Wzn.-roproBoiii gom «Pycckas peakimsny, 2003.

Taxkum obpa3omM, B pesynbrare paspadorkn CYB/] 6pin
peanr30BaH HOBBIM MOAXOJ XPAHEHUS JTaHHBIX CIIOKHOU
CTPYKTYPBI, KOTOPBII 00CCIIEUNBACT:

1) u3BneveHne U COXpaHSHHUE JTAHHBIX HETIOCPEICTBEHHO
4yepe3 caMu 00BEKTHI,

2) pactmpsiemocts CYB/] 3a cuer co3maHne HOBBIX 00BEK-
TOB Ha Pa3JINYHBIX S3bIKAX IPOTPAMMHPOBAHUS,

3) KOMITaKTHOCTh XPaHCHUS JaHHBIX, TPEBOCXOAIIYTO
CYIIECTBYIOIINE Pa3pabOTKH.

WNunuumanusanus o0beKToB Hcnionp3oBanue 00BEKTOB LIS
u3 daitna TDS |::> W3BJICUCHNUS TaHHBIX U3 (aiina
TDT

i)
L -

H3BneyeHnsle

w

Puc. 6. Pabora CYB/] ¢ daitmamu TDT u TDS

4 140528

Puc. 7. CpaBrenne pazpabortanHoit CYB/l ¢ MySQL Puc. 8. Cpasuenue pazapoorannoit CYB]] ¢ Versant DB

A. A. Eremeevskiy, V. Kh. Khanov

DEVELOPMENT OF OBJECT ORIENTED DATABASES MANAGEMENT
SYSTEM FOR STRONG LARGE OBJECTS

Development of Object oriented database management system for storing large objects. Considered problem of storing
and processing complex data structures and proposed new way of storing these data. Analyzed storing compact of
developed DBMS with existing

39



Mamemamuxka, mexanuka, uHgpopmamuxa

VIIK 621.376

H. B. Jlemaxos, A. B. Ky3oBHukos, A. E. ITamkos, B. A. Amxuna
OUJIBTPALIUA CUTHAJIOB C ITIOMOIIBIO BEUBJIET-TIPEOBPA3SOBAHMUS

Paccmompen kanan cnymnukogotl paduoaunuu, nNOCmpoena 3a8UcUMocns OMHOUEHUs CUSHAT/WYM HA 86x00e Oopmo-
6020 NPUEMHUKA OM MOWHOCMU U3TYYEHHO20 CUSHALA. B 3asucumocmu om omuouenus cueHan/uym nokasano 3auLymie-
HUe paouocucHanlda npu pacnpocmpanenuy paouosoan. Ilokazana 603modicHocms Quasmpayuu 6x00H020 CUSHANA NPU
00CmMamMOoOUHO HUSKOM OMHOUWIEHUU CUSHAN/WYM HA OCHOSE 8elli6llem-npeodpaso8anus.

B CITYTHUKOBBIX CUCTEMaX paJuOBCIIaHUA U CBA3U BCEC
Yarie MPUMEHSIOTCSI HOBBIC METOIBI MOIYIISAIIIH U KOTUPO-
BaHUs, 4TO 00YCIIOBJIEHO OTPAaHMYEHHON YHEPTETUKOM KOC-
MHUYECKOT0 anmapara. Metojibl kogupoBanusi [ 1] mo3BoOSIOT
CHH3HUTbH OTHOIICHNE CUTHAI/IIIYM Ha BXOJE NIPUEMHHKA 10
2...5 nb, Ipu KOTOPOM OCYIIECTBIIACTCS YBEPEHHBIN MpUEM U
JEMOIYJISINS BXOAHOTO curHana. OHaKo rmpu 6oJee HI3KOM
OTHOILIEHUU CUTHAJI/IIYM BEPOSITHOCTH OLIMOKH PE3KO BO3-
pAcCTaerT, 4To JeNIacT HEBO3MOKHBIM IIPUEM H IEMOTYIISIIIHAI0
BXOJIHOTO curHana. B crarbe pazpaboTtan MmeToq 00paboTKH
CUTHAJIA MIPH MPEISIIEHO HU3KOM OTHOIICHHU CUTHAJ/IITYM
(mopsnka 0 1b), ocHOBaHHBII Ha GUIBTPAIIUH C TTOMOIITHIO
BeiiBieT-npeoOpazoBanusi [2].

DHepreTuka CIyTHUKOBOW JIMHUU CBSI3U OITUCHIBACTCS
BbIpakeHueM [3]:

L.P

o 1.0

}\‘ZG an.6n3n6

mep.3

_ 16n°d’

neps

(1)
e P . — cyMMapHas MOIIHOCTb LIyMOB Ha BXOJIC TIPHEM-
HUKa; P —MOIIHOCTh HA3EMHOTO repefaTanka; L, — 1o-
MOJHUTENbHBIE TTOTEPH Ha Tpacce pacHpoOCTpPaHCHHUS;
q,, s — OTHOLIEHHE CUTHAII/IIYM Ha BX0Jle 00PTOBOTO IIPHEM-
HUKa; d — PAaCcCTOSHUE 10 CMyTHWKA; A — JUTHHA BOJHBI,
Gnm — KOA(PUIMCHT yCUIICHHS MIEPEArOIeii HA3eMHO# aH-
TEHHEI, anﬁ — kK02 pUIHEeHT yCHIIeHNS TIPHEMHON OopTO-
BOW aHTECHHBI.

CymMapHasi MOIITHOCTh IIIYMOB Ha BXOJ€ NMPHEMHUKA
umeet Buj [3]:

P . =KkTAf, @)

rae k= 1,38107 JI/K — nocrosinnast boneimana; 7 — mry-
MOBas TeMIieparypa; Af — IUpHHA T0JIOCHI CUTHAJIA.

OTHOIIEHNE CUTHAII/TITYM Ha BXOJI€ IPHEMHHKA UCKYCCT-
BEHHOT'O CITyTHHKA 3eMJIM IMEET BUJI:

P 7\’2G an.6n3n6

_ Teps? Sneps
s = gr2g? L., KT Af )

C ucronp30BaHUEM COOTHOIICHUS (3) IIPOBEIEHBI pacye-
TBI OTHOIIICHHUS CUTHAJI/IITYM TIPH CIISTYIOIINX TapaMeTpax:

— K02 PUIMEHT yCUIICHHS TIepe/IaloIIei aHTCHHBI Ha3eM-
HOM CTaHIINHU Gnep_g= 45 nb;

— KO3 OUITUEHT YCUIICHHUS TIPUEMHONM aHTeHHBI OOPTO-
BOM CTaHITUU an_6: 35 nb;

— KOA(PHUINEHT TIepeiadil BOIHOBOTHOTO TPAKTA HA3eM-
HOH cTraniuu 3 =—0,8 nb;

— Ko2(PHUIHEHT ITepe1addl BOTHOBOIHOTO TpakTa 00opTo-
BOM CTAHIINHU 35= —-1,7 nb;

— paccTosiHAEe MEX/Iy 3€MHOW CTAaHIHMEH M CITyTHHKOM
d=40 000 xm;

— mIMpUHA NoJockl curHana JIf =40 MIn;

—9acToTa HECYIIETo KOJIeOaH s, ]f = 24 1T;

40

—mrymoBas temmneparypa 7= 850 K;

— Iana30H U3MEHEHHUS MOLIIHOCTH HA3eMHOTI'0 IepeaaT-
YpKa P“em: 1...20 Br;

— IOTIOJTHUTEITBHBIC TOTEPU HA TPACCE PACTIPOCTPAHCHHS
Lmrl =10 nb;

— ckopocTb nepenauu V=800 kout/c.

PesynbraThl pacyeTa npeacTaBieHsl Ha puc. 1.

T

T

Omeowenue cananisym

MoupioeTe masyuasus, BT

Puc. 1. 3aBUCHMOCTD OTHOIIEHNS CUTHAJI/IITYM Ha BXOJIe
0OPTOBOrO MPHEMHHUKA OT MOIITHOCTH U3JTy4YSHHOT0 CHTHAlIA

AHanu3 pe3ynbTaToB, MPeACTaBISHHBIX Ha pUC. 1, T03BO-
JISIET C/1eT1aTh BBIBOJI, YTO [P HU3KOM OTHOIIIEHUH CUTHAJI/IITyM
Ha BX0/ie 00pTOBOTO IPHEMHHKA BO3HUKAIOT TPYAHOCTH C BOC-
CTAHOBJICHUEM CTPYKTYPBI CUT'HAJIA. HJ’IH TIOBBIIICHUSA Ka4dC-
CTBa 00pabOTKH PaJMOCUIHAIIOB IIEIECO00Pa3HO HCIIOIb30-
BaTh CIEIMATM3UPOBAHHbIE HIU(POBBIE METO b (DHIIBTPALIIH.
B cratbe 000CHOBaHbI aNrOPUTMbI (DHIIBTPALIMK CUTHAJIOB C
HU3KHUM OTHOIICHWEM CHI'HAJI/IIIyM, OCHOBAHHBIE HA UCIIONb-
30BaHMH AJITOPUTMOB BeiiBieT-aHam3a [2]. B anropurme Mar-
nara ObicTporo BeiiBner-mpeodpaszosanws (bBIT) mpu mepexo-
Jie C MacIITaOHOTO YPOBHS /7 Ha ypoBeHb m + 1 GyHKuus
aIIpPOKCHMUPYOIIMX KOOQDHUIHCHTOB ¢, | PasAeIseTcs Ha
HHU3KOYaCTOTHYIO (C,, .| ) M BBICOKOYACTOTHYIO (d, | ) 4acTH
CIIEKTPAIBLHOTO JMaNa3oHa, v PH JJAJIbHENUIIEM yBEIINUSHUN
MacIITa0HBIX YPOBHEH aHATOTHYHOMY PA3JIOKEHHIO TTOCiIe-
JIOBaTeJIbHO MOJIBEPTAIOTCS TOJIBKO HU3KOYACTOTHBIE (DYHKIIMU
(armmpoxcumMupytomre). B makernom anropurme BBIT onepa-
M1 TIOCJICZ0BATEILHOTO YaCTOTHOTO PACIICIUICHHS MPUMe-
HSIETCSI KaK JUTsl HU3KOUaCTOTHBIX, TaK 1 JUTSI BRICOKOYACTOTHBIX
(merammsupyronwx) KodddunmeHToB. B pe3ynsrare Bo3HMKaA-
eT JPEeBO PACIICIUICHUS], IPUMEP KOTOPOro (B IPEACIIbHOM
(hopme pacIenyieHus Ha BCEX YPOBHSIX ) TIOKa3aH Ha puc. 2.

IIpu TakoM pacuienICHUY BEUBIETHI KaKIA0I0 IOCIELy-
IOIIET0 YPOBHSI 00pa3yroTcsl M3 BEHBJIETa MPEABIIYIIETO
YPOBHSI pa3/ieJIeHHEM Ha JBa HOBBIX BEHBIIETA:

V0= 2w,y = 2gy—n), (@)
e h — Ko3(pGHUIHEHTB HU3KOYaCTOTHOTO (DHITBTPA JUIS Te-
KYIIETO yPOBHS JIEKOMIIO3ULIMH; g, — KO3 QUIIMEHTBI BBICO-
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KOYaCTOTHOTO (DPMIIBTPA ISl TEKYIIEr0 YPOBHS IEKOMITO3H-
HH.

BBII IMaxernoe BBII

@
@X@) © W DE %@@%@

Puc. 2. JlpeBo paznoxeHns BeHBIET-KOIPPHUINECHTOB
OBICTPOrO BeHBIET-IPeoOpa3oBaHUs

Hogble BeiiBeThI TaKke JIOKaTM30BaHbl B IPOCTPAHCTBE,
HO Ha B/iBoe Oosiee mmpokoM uHTepBaie. [loaHbli HaOOp
BEHBIICTHBIX (OYHKIWH pa3io)KeHIs Ha3bIBAIOT 6elisiermn-na-
xemom [2].

[TakeTHOE BeiiBNeT-IpeoOpa3oBaHMe SBIACTCS aTalTHB-
HBIM U IIUPOKO UCTIONB3YETCS [T KOMIIPECCHH CUTHAJIOB M UX
OYHCTKH OT ryMoB. OHO 1103BosIsIeT OoIIee TOYHO MpHCIocad-
JIMBAThCS K 0COOEHHOCTSIM CUTHAJIOB ITyTE€M BBIOOPA COOTBET-
CTBYIOILIEH ONTUMAIBEHOH (POPMBI ApeBa pas3iioKeHHsl, KOTO-
pas obecnieurBaeT MUHIMAIIFHOE KOJIMYECTBO BEHBIET-KOA(]-
(bMLIMEHTOB ITPY 3a/TAaHHOM TOYHOCTH PEKOHCTPYKIIMH CUI'HA-
J1a, 1, TEM CaMBbIM, IIEJICHANTPABICHHO NCKITIOYAET U3 00paTHO-
ro BBII He3naunMelie, HHPOPMAIIMOHHO W30BITOYHBIC WIIH
HEHY’KHBIE JICTAN CUTHATIOB. Mepoil ONTUMATbHOCTH CITYKUT
KOHILIGHTPALMS YNCIIa BEUBIeT-K0A()(HUIINEHTOB 111 PEKOHCT-
PYKIIMH CUTHAJIA C 33JIaHHOM TOYHOCTBI0. O1ieHKa nHpopMa-
TUBHOCTU Habopa Ko3(p(QUIMEHTOB BEHITOIHSACTCS IO SHTPO-
ITHH, TI0]T KOTOPO OOBIYHO TOHUMACTCS BeTUUUHA [4]:

E(s) == X5, log(s,),
TJIE § — CUTHAJT; S, — 3HAYCHUS CHTHATIA S.

JIroboe yepennenue ko3 PUIMCHTOB YBEIHYMBACT YHT-
pormmro. [Tpu ananm3e apeBa BEIYUCISICTCS SHTPOIHS y3II0B U
€ro pasJeNIeHHBIX YacTei ¢ u d. Ecnu npu pa3nenenuu y3ia
SHTPOIINS HE YMEHBIIACTCS, TO AaTbHEHIIIee BETBICHHE C ATO-
O y3J1a HE MIMEET CMbICIIA.

Cawm nponiecce (GUIBTPALMU CUTHAJIOB C HCTIOJIb30BaHUEM
BBIIIIEH3II0KECHHOTO aTTOPUTMA 3aKITFOYACTCS B TOM, UTO TPO-
M3BOJIMTCS OTPAaHUYEHHE JIPEBa JI0 ONPEICICHHOTO YPOBHS
1 OTCEYKA BETBEH C JIOKAIbHBIMHA OCOOCHHOCTSIMH CUTHAJIOB,
HaIpuMep, ¢ LIyMaMH.

B craTbe ncciieioBaHa BO3MOKHOCTh (PHIIBTPAIIAN CUT-
Hasa ¢ OuHapHO# (azosoit Mmannmysmen (BPSK) mpu pasz-
JIMYHBIX OTHOLIEHHSIX CUTHAJI/IITY M.

MonTHOCTB MOJIE3HOTO CHTHAJIA pacCyrTaHa 1o popmyre [ 1]:

)

fH+A—f

P = Af j IS()| o,

fr-l—ﬁ
2

(6)

rae Af — IMpUHA HOJIOCHl CHTHANA; f, — HECyIas 9acToTa;
S(f) — criekTpabHast INIOTHOCTH MOIITHOCTH CUTHAJIA.
TTone3nsblii cUrHaI NpeACTaBlIeH MAaYKON PSIMOYTOIBHBIX
PaJIMOMMITYIIECOB JUTUTETBLHOCTH T (PHC. 3).
HccnenoBanust IpoBEICHBI TP MapaMeTpax CUrHala
Af=40 MI'ny, £, =70 MI'ni, c ucnionb30BaHKueM Bekinera Cum-
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nera 4-ro mopsiaka. Bun BeiiBnera Cumiera rmokasas Ha puc. 4
[4].

Pesynbrarel uccnenoBaHUN IpeACTaBlIeHbl HA pUc. 5-9.
JlonoHUTENBHO Ha pUC. 5, 6—9, 6 yHKTUPOM HaHECEHA KPH-
Basi 3aBICUMOCTB I (PPOBOI 00pabOTKU CHTHAIIA C OOJTBIIIAM
OTHOIIICHNEM CUTHAJ/IIYyM (MIeabHBIH CITydaif).

SOk A

1 Th

N PN

fu
Puc. 3. CriexTp MI0THOCTH MOIIHOCTH NPSIMOYTOJIBHOI'O
paauouMITyIIbca

1.6

Puc. 4. BeiiBner Cumizera

AHanu3 pe3yasTaToB IMPEICTaBICHHBIX Ha pHc. 59 mo-
3BOJISIET CJIENIATh BBIBOJ, UTO YEM BBIIIEC OTHOIICHHUE CUTHAJ/
IIyM, TeM OOJbIIIe KOPPEIAIHA MOJE3HOTO U OTHHIBTPOBAH-
HOT'O CUTHAJIA.

MeToanka OLEHKH KadecTBa IU(POBOH (HUIBTpaIi
@®KM curnana ¢ ucnoib30BaHHEM BEHBIIET-IPeoOpa3oBaHms
npejcTasiieHa Ha puc. 10.

Ha Bxox BeliBiaeT-GmiIbTpa MOCTYIAET MOCICI0BATEIIb-
HOCTb OTCUETOB 3alIyMJICHHOTO BXOAHOTO curHaina. [Tocne
BeWBIIET-QUILTPA OTPUIBTPOBAHHBIN TUCKPETU3MPOBAHHBIN
CHUTHAJI MIOCTYTIaeT Ha BEHBIICT-IIPOLIECCOP, BBIYNCIISIOIIHIA
K03(h(UIIMEHTHI TUCKPETHOTO BEiBIIET-IpeoOpa3oBaHusl.
[TocnenoBaTebHOCTh KOAP(PHUIIMEHTOB MOCTYIIAET Ha BXO.T
PEIIaoNIero yCTPOUCTBA, KOTOPOE MPUHUMACET PELICHHE O
BCJIIMUMHE CKa4YKa (1)3.351 B ﬂaHHBIﬁ MOMCHT BPEMCHHU: Omwmm
panuan (puc. 11). Bo Bpems ckauka ¢asbl pe3ko Bo3pacraet
3HaYCHIE BEHBIET KOAPPHUINEHTOB, TIPHIEM 3HAK KOA P HH-
IMUCHTA 3aBHUCHUT OT BCIIMYHUHBI CKa4yKa (1)331:.1.

OreHka pe3ynbTaToB udpoBoit punsrparmun ®KM cur-
Hasa npu noceuike 400 ManumnyIsiimii Gassl peacrapieHa B
TabmIIe.

PesynpraTsl MOIENUPOBAaHUS MOKA3BIBAIOT (P(PEKTHB-
HOCTbH BEHBJICT QHUIIBTPAIIMU CHIIBHO 3alyMJICHHOTO CHTI'Ha-
Ja, TAE WCIOJIb3YETCs IEKOMITO3UIHIS 10 OINpPEAEICHHOTO
YPOBHS MUHMMYMa SHTPOIUH. BeposTHOCTB oKy gemo-
JYJSALWAY CUTHAJIA TIPY OTHOLIEHNH CHTrHAN/IryM nopsiaka 0 nb
Ha BX0Jie OOpTOBOI0 IpreMHuKa coctanisieT 15 %. Takum
o0pa3oM npuMeHeHue 1M(PPoBoil QuibTpanuy Ha OCHOBE
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Puc. 5. Pe3ynbrarsl GUiIbTpaLviy py OTHOIIEHUH CUTHA/IyM —6 1b:
a — paJuocurHa J10 GUIIbTpaIyu; 6 — mocie GUILTPauy

Puc. 6. Pesynbrarsl puiipTpanuy Ipu OTHOIIEHHH CUTHAN/TIIyM —3 1b:
a — paanocurHai 10 GpuiabTpanun; 6 — nocie GUIbTpaud

Puc. 7. Pe3ynsrars! GuiasTpaun npu oTHOmeHn: curaan/mrym 0 nb:

a — paguocurHan 10 GuibTpanu; 6 — nocie GUIbTpanum
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BeHBIIET-TIpe0Opaz0BaHMs SIBISIETCS TIEPCIICKTHBHBIM HAIIPaB- Bubanorpaduyecknii cnncox

JIeHHEeM pa3BUTHs IIM(POBOI 00paboTKK cUrHAIIOB. BHeipe-

HHE TaHHON 0OPabOTKH B CITy THUKOBBIE CHCTEMBI CBSI3H I10- 1. Crowap, B. Ludpposast cesisb/ . Crursp. M. : Brutbsnic, 2003.
3B0nUT Gosee HPYEKTUBHO UCIIOIL30BATH PECYPC KOCMUYEC- 2. ipsivonos, B. I1. MATLAB 6.5 SP1/7 + Simulink 5/6.
KOTO anmapara. O6paboTka CHTHAIOB W MPOCKTHUPOBAaHHUE (PIIHTPOB /

B.IL. Jpsxonos. M. : COJIOH-IIpecc, 2005.

a
o
Puc. 8. Pe3ynbrars! GUIbTpaliiy Mpy OTHOLICHHN CHUTHA/IIyM 3 1b:
a — paJuocurHa 10 GuIbTpayn; 6 — nocie GUILTPanuy
s _ | i
: | | f N )
. | I 3|
=a | | l
a _ |
T | _I I | ! i i
o
Puc. 9. Pe3ynbrars! GUIbTpaniiy IPU OTHOLIEHUN CHUTHA/IIYM 5 1b:
a — paAnoCUTHAI 10 GUIBTpan; 6 — Ooce QUIBTPAIT
S(k
W Bensnet-punbTtp Bel Pewatowee
—_—— - | -
eusneT-npoueccop YCTPOHCTBO
Puc. 10. CtpykrypHas cxema uccienoBanus kauectsa puibtparun KM curnaiza
Pe3ynbTaTsl pa6oThl aaropurmMa
OTHoOIIEHNE CUTHA/IIYM 9 3 0 3
110 MOILHOCTH ¢, 1b
Ommbka B % 0,93 0,235 0,15 0
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3. Ackunasmy, I. b. CipaBoYHHK 110 CITy THHKOBOM CBSI3H 1
Bemannio / I'. b. Ackunasu, B. JI. Beikos, I'. B. BogomnbsaHoB.
M. : Paguo u cBs3b, 1983.

20 T T

4. Cmomnentes, H. K. OcHOBHI Teopun BeiiBiieToB. Beiis-
netel B MATLAB / H. K. Cmonenries. M. : JIMK Ilpecc,
2008.
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Puc. 11. Curnan ¢ BbIXo/a peIlaroIiero ycTpoucTsa

N. V. Demakov, A. V. Kuzovnikov, A. E. Pashkov, V. A. Anzhina
FILTERING OF SIGNALS BY MEANS OF WAVELET-TRANSFORM

The channel of a satellite radio link is considered, dependence of a signal/noise ratio on an input of the onboard
receiver from power of the radiated signal is constructed. Depending on a signal/noise ratio it is shown noisy a radio
signal at radio wave propagation. Possibility of a filtering of an input signal at low enough signal/noise ratio on a basis

on wavelet filtering is shown.

VIIK 621.376

A. B. Ky3oBnukos, H. B. Jlemaxos
PA3PABOTKA JIJEMOAYJISTOPA CUTHAJIA C HEU3BECTHOM CTPYKTYPOUI

Paccmampusaemcs 0gyxsmannas obpadomka cuenanog ¢ Heuzgecmuou cmpykmypou. Ha nepsom smane obpabomru
ONpedenames epaHuyHble SHAUeHUs Napamempos nepedagaemoeo cueHaia. Bmopoii aman noseonsem onpedenums
MOYHbIe 3HAUEHUSA NAPAMEMPOs CUSHANA C Heu38eCmHol cmpykmypotl. IIpednoscena annapamunas peanuzayus ai2opum-
ma osyxamanwou obpabomku cuenana. Ilposedena oyenka 6vicmpooeiicmaus U MmoYHOCMU ONpeoeieHs napamempos

CUSHANA C HeU38eCMHOU CMPYKMYPOIL.

CTpeMuTelibHOE pa3BUTHE CUCTEM PAJUOCBS3U HAKIIA/[bI-
BAET OTPAHHUYCHHS Ha HCIIOJIB30BAHIE YACTOTHOTO JHANa30-
Ha, YTO JIeJIAeT aKTyaJIbHBIM MPOOIEMyY KOHTPOJISI M TOUCKA
HECAHKIIMOHUPOBAHHBIX HCTOYHHKOB PagroM3IydcHus. B
cTaThe pa3paboTaH aJrOPUTM JBYXITAITHOTO PELICHNUS 3a/1a-
M, OCHOBAHHBIH Ha MCTIOJIH30BaHUH BEMBIIET-TIPe0oOpa3oBa-
Hust [ 1] 1 mocnenyromeit KoppensuoHHONH 00pabOTKH CUT-
HasoB. [IpeTaraeMelii aropuT™ 006pabOTKH TO3BOJISET OTI-
peaCIUTb NBMCHCHUA aMIUTUTY/IbI, YaCTOThBI 1 q)aBBI BXOJHBIX
CHTHAJIOB C TOYHOCTBIO, JOCTATOYHOM JUIsl OCYIIECTBICHHS
JIEMOJTYITSIIIAM U COTITACOBAHHOMN (PUITBTPAIIAH.
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HenpepriBaoe BeiiBieT-peodpaszosanue (BII) BxoaHo-
ro currana s(z) onpenenﬂeTc;I BBIpaKeHHeM [1]:

jS(t) ( )dt (1)

rne W(a, T) — HepepbIBHOE BEWBIIET-IPeOOpa3oBaHme
curHana; S(¢) — BXOJHOHW CHTHAI; a — MacIITad BeHBIeT
GyHKUHU; ¢ — TeKyllee 3HaYeHHEe BPEMEHH; T — CIOBUT
BeiiBiieT pyHkuuu o ocu Bpemenu; V(¢) — pynkuus ma-
TepuHcKoro BeliBneta; Wa(f) — byHKINM ToUuepHUX BEHB-
JIEeTHI 00pa30BaHHBIC MACIITAOUPOBAHUEM H CIBIUTOM Ma-

W(a,t) =
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TepUHCKOro BeliBieTa; W* — koMIIEKCHAS COMPsIKCHHAs
dbyHKIHS.

Oynxnust ‘P(7) sBasieTcss MAaTEPUHCKUM BEHBIICTOM, A J10-
yepHHe BeriBIeTs ‘Wa(f) momydaroTcs MacmTabupoBaHHEM
W CIIBUTOM MaTe€pHHCKOTO BeiiBneta. [Ipocreiimmm 6a3uc-
HBIM BEHBIIETOM sIBIIsIeTCS BeBieT Xaapa. B otimnyue ot npe-
obpazoBanus Dypre, 6azuc BIT nokanu3oBaH Kak B 4aCTOT-
HOM, TaK ¥ BO BpEMEHHOM 00JIACTSIX, 9TO TIO3BOJIICT AaHATN3H-
pOBaTh KPaTKOBPEMEHHbIE U3MEHEHUs1 CUTHAJIOB. Ecin Bel-
BJICT ITOJTHOCTHIO YKIIQJBIBACTCS B TAKTOBBIN MHTEPBAJ, TO
monynb BII Xaapa fi1si curHaioB ¢ pa3iiMYHbIMU BHJIAMU
MOJYJISILIMY OITMCBIBAETCSI BBIpasKeHUsIMHU [ 1]:

4s

o T
[HWT (2 7) = \/»T“)HS' ") 2
3 as . (o,
\HWTCDM(a,r)\_\/,T%sn 4 | (3)
HWT,,\,(a,7)| =
4’\/g in2 (0)H+(,0|)T , (4)

Ja (o + ) 0 4

r€ §, §, — MOIIHOCTh dJeMeHTapHod nockuiku (J11);
®, — HECYIast 4aCTOTa; (O, — 4aCTOTa JIEMEHTAPHOMN MOCHLT-
KU [IpH 9acToTHOU Moayssinuu (UM);  HWT,,,, (&, ’c)‘ —MoO-
qynb BIT Xaapa npu kBagpaTypHON aMIIUTYIHOW MOYyIs-
mun (KAM); |HWT,,, (a, T)‘ —moysb BIT Xaapa mpu daso-
Boi Moxynsuu (OM); |HWT,,, (&, T)‘ —monyib BIT Xaapa
MIPU 9aCTOTHOM MOYJISIINH.

®OM curHa npeicTaBiIseT CO00i MOCTOSHHYO (DYHKITHEO
CO BCIUIECKaMH aMIUIUTY/IbI, COOTBETCTBYIOIIMH TAKTOBBIM
MoMeHTaM BpemeHH, UM u KAM curnansl npeacTaBisioT
coboii cryneHuarsie GpyHKIHHU. M3BecTHO, 4TO 3HAYCHUS JIHC-
MEPCUU TOCTOSIHHON (DYHKIIMM MHOTO MEHBIIE JAUCTICPCHU
CTyINeHYaToi QyHKIMK, CIIeI0BATENIbHO, AHAIN3UPYS 3HAUC-
HHE IUCIEPCHH BXOHOTO CUTHANIA, MOYKHO BBIJICIIMTH CUT'HA-
7161 ¢ (ha30BOi MoaysIAIMEl. Bemieckn aMIUTy b1 BXOTHBIX
CHT'HAJIOB YCTPAHSIOTCS IPH ITOMOIIH BEHBIET-(QrIbTparym.
C nenpto pacrozHaBanus curHainoB ¢ KAM u UM HeoOxo1u-
MO BBITIOJIHUTH aMIUIUTYAHOE€ HOPMUPOBAHNE aHAIIU3UPYye-
MOT0 CHTHAJIa B 3aBUCHMOCTH OT COOTHOIICHHUS CUTHAJI/TITY M.
O11leHKa ANMCIIEPCUH BEHBIIET MPe0Opa30BaHuUs aMILTHTYIHO-
HOPMHPOBAHHOTO W HEHOPMHPOBAHHOTO aHAIU3UPYEMOTO
CHT'HAJIA, TO3BOJISIET ONPEACIUTD THIT MOYJISILIUH CUTHAA.

Pesynbrar mepBoro srana 00pab0oTKN CUTHajIa MO3BOJIs-
€T OMNPEJCNIUTh TPAaHUYHBIC TTAPAMETPbl MAKCUMAJIbHON 1
MHUHHMaJIbHOW aMIUTUTY/bl CUTHAJIA, HAMOObIIeH U Hau-
MEHBIIEH JaCTOTHI, a TAKXKe 00111ee KOINIECTBO AMILTUTYI,
4acToT 1 (a3 mMpUHUMAEMOro curuaia. OnpenenseMble ma-
paMeTpbl UIMEIOT TOYHYIO IIPUBS3KY BO BPEMEHH, 4TO I10-
3BOJISIET OTIPENIeTUTh HHPOpMaTUBHOCTE curHana [2]. TTo
MOJIyYEHHBIM JIaHHBIM MOYXHO IT0JI00OpaTh CTaHAapTHBIA
JEMOIYIISATOP [UIsl IEMOIYIISLIMN BXOAHOTO curHana. OnHa-
KO 15t oOecrieueHus HauOoJIbIIel TOYHOCTH Paclo3HaBa-
HUSI BXOJJHOTO CUTHAJIA M JUTS NCKITIOYCHUS TIPUHSTHS O -
0OYHOIO PELICHNS 110 BBIOOPY JAEMOAYIISTOPA Mpe/iaraeT-
Cs1 UCTIOJIb30BATH KOPPEIISIUOHHBIH IIPUEMHUK. AJITOPUTM
(hopMHpOBaHMSA NaHHBIX JUISI MHOTOKAHAIBHOTO KOPPEIs-
TOpa IpUBEJIeH Ha puc. 1.
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BxomHBIMY TTapaMeTpaMu SBIISTFOTCS: KOJITYECTBO IPHCYT-
CTBYIOIIUX YaCTOT N, KOJIMYECTBO aMILTUTYA N, U KOJIU-
4eCTBO (pa30BBIX CKA4YKOB BO BXOAHOM curHane N,. B coor-
BETCTBHH C TUMH JaHHBIMU (POPMHUPYFOTCSI LIUKJIBI: TIEPBbIiA
LIUKJI / COOTBETCTBYET YHCITY YaCTOT, BTOPOH LIMKJI j COOTBET-
CTBYET YHCIY ONpeAesieMbIX (a3, TpeTnit LUK k COOTBET-
CTBYET YHCITy OIIpeJesIsIeMbIX AMILTHTY/] U YETBEPTHIH LIUKII /71
COOTBETCTBYET YHCITy OLM(POBOK, MPOBEICHHBIX aHAJIOTO-
dpossiM ipeodpaszoraresiem (ALLIT) 3a mepuos (puc. 1).

Takum oOpazom, obmas kapTrHA GOPMUPOBAHUS JTaH-
HBIX JJIs1 KOPPEIALUOHHOTO IPUEMHHUKA, CIEAYIOMast: A
Ka)KJIOr0o 3Ha4€HMs YacTOThI, ()a3bl M aMIUTATY/IbI BEIYHCIISI-
€TCsl M TAPMOHMK € JUTUTEILHOCTBIO B OJIH IIEPHOJL U C pa3-
HOI HaYabHOH (Pa3oii, T. €. ckauok (asbl Kak Obl «IepemMe-
IIaeTCsD» B Pa3HbIe TOUKU MEPHO/IA, YTO TO3BOJISET TPOBO-
JTUTH 00paboTKy curHana 6e3 Ha4aabHOM CHHXPOHU3AIIHH.
Ha BeIxoze hopmupyercst Ba BeKTOpa:

1) S, — BeKTOp C pasTMIHBIME (ha30BBIMU CKaYKaMH;

2) S, — TapMOHHYECKUH CHTHAJI C Pa3JNIHBIMU 9aCcTOTa-
MH ¥ aMIUTUTY/IaMH.

Pa3paboTaHHBIi alrOpUTM JBYXITAIHOH 00pabOTKH CHT-
Hajla C HEM3BECTHOM CTPYKTYpOH SIBISICTCSl YHUBEPCAIBHbIM,
TIOCKOJIbKY TTIO3BOJISIET CHCTEME aBTOMaTHIECKH MOJICTPANBaTh-
Cs1 TI0J] BXOAHOM curHat. I Ipn 5ToM TOYHOCTB onpe/iereHus 1a-
paMeTpoB BXOIAHOTO CHI'HAJIA OTPaHMYEHA TyOMHON ypOBHS
JekoMIio3unuH [ 1]. AHanu3 paboThl aJIrOpUTMA MOKa3aJl, 4TO
KOppeJsIMoHHast 00paboTka BO3MOXKHA TIPH YPOBHE IITyMa B
JIBa pa3a MPEBOCXOIAIIEM YPOBEHb BXOTHOTO CUTHAIIA.

Bxog

S, (m) = A(k) - sin (@) - (T(1) - z T+ (g5 + o)
Su{m)=[Ss(m) Sa(n)]

Nu, Nalmn, N b

i=1:Nws:1

T

b

(i)

]

5»:(k}=5m
SrolK)=5mo

Silj)=Ke
Sie(j)=Kre

_
S(0)=K
Sealm)=AK)SIN(@( T{ITF Gelm]) Sufi)=Ke

$,m) = AQK) i (1) T+ P (m)

Puc. 1. Anroput™ (hOpMHUPOBaHUS TAaHHBIX
JUTSL KOPPETAIIHOHHOTO TIPHEMHHUKA

Ha Bropom 3tare 00pabOTKH CUTHAIA AMILTUTY/IA, Yac-
ToTa 1 (haza onpeesIeHb C PEAEIbHON TOYHOCTBIO, Orpa-
HUYEHHOHU 1yMOM. [T0CKONBKY Ka)K10e H3MEHEHUE aMITIU-
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TYJIBI, 9aCTOTHI MUK (ha3bl IPUBSI3aHO KO BPEMEHH, TO TIO pe-
3yJbTaTaM 00pabOTKH CHI'HaIa MOYKHO IIOCTPOUTH IPaHKH,
n300pa’keHHBIC HA PUC. 2.

Amnainns rpadukoB (puc. 2) OKa3bIBAET, 4TO B HCCIEye-
MOM CHTHaJIe Ha MPOTSDKEHUH BCETO BPEMEHH 00pabOTKH
MPUCYTCTBYIOT 2 Pa3IMIHBIX aMIUTATYABL, (pa3sl 1 gacToTsl. [1o
9THM JIJaHHBIM MOYKHO ITOCTPOUTH THArpaMMy paccesHus, KO-
TOpast IIOKa3bIBACT CO3BE3/IUE HCCiIeyeMoro curaaina. Co3Bes-
JAWUC CUrHaljla MOKHO ITOCTPOUTH B TPEXMEPHOM BUIEC WM B
BHJIE TPOEKIMH (A, V), (4, ®), (¥, ®). B mpoekiwn (4, y) co-
3BE3/IMe CUTHAJIA IMEET BH I, N300paKEHHBIN Ha pHC. 3.

AHanu3 co3Be3/IMsl CUTHAJIA [T03BOJISIET ONPE/ISNIUTS T1a-
paMeTpsl MOIYIISIIIMY BXOJHOTO CUTHAIA, YTO SIBJISIETCS OC-
HOBaHHEM JUIsl BEIOOpa CTaHAapPTHOTO IPUEMHHUKA WITH CHH-
TEe3a IEMOIYIATOPA YIUTHIBAIOLIETO KTOHKYIO» CTPYKTYpPY
curHana. M3noxeHHBIN MOAXOO ABJIACTCA YHUKAJIbHBIM, TaK
KaK MO3BOJISIET PadOTATh C CUTHAJIOM, TTapaMeTPhl KOTOPOTo
3apaHee HEN3BECTHBI.

Jns peammzarmy pa3pabOTaHHOTO aJTOpUTMa 00pabOTKU
CHTHAJIa C HEU3BECTHOH CTPYKTYPOH MpeIyIoykeHa (hyHKIIMOHAb-
Hasi cxema ru1athl (puc. 4). Toronorys miarbl IMeeT THOKYFO CHC-
TEMy HACTPOEK, YTO O3BOJISIET HE TOJIbKO OOHAPY KMBATh HECAH-
KIMOHMPOBAaHHBIE CUTHAJIBI B PAOOYEM YaCTOTHOM JIHAIla30He,
HO 1 OCYIIECTBIISITh MX COIIACOBAHHYO (PHITBTPALIUIO.

[TpuHINT paboTHI TUIATH (PHC. 4) 3aKITI0YACTCS B CIISIYIO-
meM. BxosHo#i curHai nmojasepraercsi aHaioro-1udpoBoMy
IpeoOpa30BaHuUIO, B PE3YIBTATE KOTOPOTO 00pa3yeTcst cepust
OTCYETOB S, CIIEMYFOLIMX OJIMH 32 IPYTHM C YACTOTOH JTUCKpe-
TU3AIMU aHATIOTOBO-IIU(ppoBoro mpeodpaszorarens (ALIT).
[losrydyeHHbIe OTCYETHI MOCTYIAIOT B OJIOK LU(POBOTO CHT-
HaspHOTO Tporneccopa (DSP), rie curnain noasepraercs Obic-
TpoMmy BeliBieT-mpeodpasoBanmto. biok DSP ocymecTsiser
JIByX3TanHy10 00paboTKy, B pe3y/ibrare KOTOpOW HaKarinBa-
€TCsI CTAaTUCTHKA O IPUCYTCTBYIONIMX B CUTHAJIE CKavKaxX aMIl-
JIMTY/bI, YACTOTBI WM (ha3bl U CTPOUTCS CO3BE3/IHE BXOJHOTO
curHaina. [loixyuennas nadopmarys rnocrymaer B OJIOK IIpo-
TpaMMHUpPyeMOH JIOTHYeCcKoi nHTerpaibHoi cxemsl (ITJINC),
1€ B 3aBUCHUMOCTH OT IMOCTaBJICHHOM 3aJla4yu MOT'YT BBIIIOJI-
HATBCS CIIEAYIOIINE ONIePAMN: MOHHTOPHHT YaCTOTHBIX CO-
CTaBIISIIOLINX B HEOOXOIMMOH I10JI0CE CHUTHANA, CPAaBHEHHUE
CO3BE3/IMH MPHHATOTO CUTHAJTA C ITAIOHHBIMH, CPaBHEHHUC
CHMBOJIBHBIX CKOPOCTEH PHHIMAEMOTO 1 3TAJIOHHBIX CUTHA-
JIOB, BEIYMCIICHHE SHEPTHHU CUTHAJIA B 1T0J10CE (TI0 CyMMe CIIEK-
TPaJIBHBIX COCTABIIAIOIINX ), COTTIACOBAHHAS (DUIIBTpALHs He-
JIOIyCTHUMbIX MH(OPMATUBHBIX ITapameTpos (a3, amrury,
4acToT), COrNIacoBaHHast (prutkTpanust ”HHOPMATHBHBIX Mapa-
METPOB, CIEAYIOIIUX C HEJOIIYCTUMON CUMBOJIBHOM CKOPOC-
ThEO. B OI10Ke mocTostHHO 3anomuHarorero yerporictsa (I13Y)
DSP xpanurcs uadopmarmst 0 KoHGUTYypanud TuppOBOTO
CHTHAJIILHOT'O ITpolLieccopa, B OJI0KE OepaTHBHO 3alIOMUHAIO-
miero ycrpoticta (O3Y) DSP npousBoauTcs 3ammch mpome-

0/

A

JKYTOUHBIX PE3yBTaToOB BerarcieHni. B 6mokax O3V u [13Y
TIUIMC Taxxe XpaHsATCsl JaHHBIE TPOMEKYTOUHBIX Pe3yNbTa-
TOB BBIUHCIICHNH 1 JaHHBIE O KOH(HUT'YPaLIHH.

A

,.,

I

Puc. 3. Co3Besaue curnana B mpoeKku (4, )

Ananm3 TpeOOBaHMH K BEIMUCIIHTEILHBIM pecypcam JIs pe-
aN3aIiy HEOOXOTMMBIX BEMUCITATEIFHBIX OIEPAIHii IIOKA3alL,
YTO CKOPOCTh BBIUKCIICHHUSI 3aBHCHT OT TIOJIOCHI HCCIIEyEMOTO
curHana. JIJ1s1 aHamm3a NCTI0Ib30BaICs CUTHAI, HAXOISIITHIACS B
niosoce 40 MI 11 Ha mpomeskyTouHoit wactote 70 MI 1. J{yst pac-
yeroB ncnoibs3oBascs AL pupmer MAXIM (MAX107) ¢ yac-
Totoi juckpernsanmu f,= 400 MI'n n DSP mponeccopom
(TMS320C6701) c opicTponeiictrem S= 10 GFLOPS (Mwumap-
JIOB BBIYUCIICHUH C TIJIaBAIOIIEH TOUKOH B CEKYHIY ).

UYucno onepanuii, HEOOXOIUMBIX JIJIsI BBIYHCICHHS BEWB-
neT-k03(GUITIEHTOB OBICTPOTO BEHBIET-IPeoOpa3oBaHMUs
(BBII) Berumcnsiercs o popmysaam [1]:

1
Cix= 22 zcj—l,nhwzk )
n

1
= 5
dj,k =22 ch—l,ngmzk’ ( )

gn = (_1)” h—n+21+1’

IZ€ ¢, , — BEKTOP BXOJHOIO CHIHANIA; C;  — HU3KOYACTOTHBINA
BeiiBreT K03()(QUIMEHT TEKYIIEro YpOBHSI JCKOMITO3HIINH;
d, , — BHICOKOYACTOTHEIN BEHBIICT KOIQMUIMEHT TEKYIIEro
YPOBHS IEKOMITIO3UIHH; /1 ., — KOO(DPUIMEHTHI HU3KOYaC-
TOTHOTO (PUIIBTpa JUIS TEKYIIETO YPOBHS JIEKOMITO3HIIUH;
g, 1 — K09 QHIHEHTBI BBICOKOYACTOTHOTO (PHITBTPA [T Te-
KYIIETO YPOBHSI IGKOMITO3HLINH;

TpeOoBanusi, peabsBIIEMble K BEHBIET-IIPOLIECCOPY
umeroT B [3]:

Af

S=2-(2N+N)K7=3NKAf, (6)

rae S — HeoOXOIUMOe YHCIIO ONIEPaIiii B CEKyHY JUIS BBI-
YHCIICHUsI OBICTPOrO BeiiBieT-mipeoOpazoBanus; N — KOJIH-
YECTBO OIM(PPOBOK Ha Meprof; K — KOIMYECTBO YPOBHEH
JEKOMITO3UINH; Af — MHUPHHA MOJIOCH 00pabaThIBaeMOr0
CHTHAJIA.

o t

Puc. 2. Pe3ynbrarsl 00paboTKu curuana
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Bpemst O1leHKH CIIeKTpa BIOEPEM UCXO/ISI U3 aHATU3UPY-
€MOM IIUPHUHBI TOJIOCHI cUurHaia [3]:

Tow = g ()

N Enox DSP

1
TAKTORLY EaCTOR

Ty
Kondpierypai

I 03Y DSP I

| 13y DsP |
-

e —— T

Puc. 4. Tonosnorus miaTel 00pabOTKU CUTHAIOB

Kondecto o1r(hpoBOK, KOTOPBIE OIYYarOTCs B PE3yJib-
TaTe aHAIOro-IIM(POBOTO NMPe0OPa30BaHMS CUTHAJIA 33 Bpe-
MsI T PaBHO:

fq
N=f,-1, ZAf . ®)

B pesynbrare, moacraBuB BelpaskeHue (8) B (6) momydunm

BBIp@)KEHHE JUIsl BBIYMCIIeHHS ObicTpoaeiicTBust DSP:
S=6Kf,. ©)

Heobxonumas yactoTa qUCKPETH3aNH OTIpeiesieHa, 1e-
XOIIs U3 yCIIoBHiA TeopeMbl KorenpHuKoBa [3]. Bepxmsis gac-
TOTa CIIEKTPa AaHAIN3UPYEMBIX CUTHAJIOB ONPEAETISAETCS CO-
OTHOILICHUEM:

f, = fnq"'g' (10)
2
T f\, — IPOMEXKYTOUHAS YaCTOTa, Ha KOTOPOH OCYIIECTBIIA-
eTcst 00paboTKa.

CornacHo teopeMe KortenbHukosa [3], yacrora quckpe-

TH3AIMY CUTHAJIA OTIPEIENIAETCS U3 YCIOBHSL:

f, =2f. (11)
Hcxos1 U3 TOro, 94T fnq =70 MI't;, Af=40 MI'11, moyuum:
f, 2180 MI'u. (12)

Paccunraem, 10 KaKoro ypoBHS AEKOMIO3ULIUU MOKHO
Pa3ioKNTh CUTHAII IIPU HcTiob3oBaHnu DSP nponeccopa ¢
YKa3aHHBIM OBICTPOJCHCTBUEM 32 BPEMSA T_:

oIy

S 1010°

6f, 6-400-10°
Ha npaxtuke a1s oty 4eHnst HanOoJIbIIeH TOYHOCTH IPH
OIIPE/ICJICHNH TTaPaMETPOB BXOHOTO CUTHAJIA, HEOOXOMMO
obecrneynTh Kak MOXKHO Ooiee TyOoKHil ypOBEHb JEKOMIIO-
3MIMY BXOJHOTO CUTHasIa. PaccunraeM HE0OX0AMMOE YHCIIO
DSP nponeccopos ¢ 6pictponeiicteuem 10 GFLOPS, uto6st
PasJIoKUTH CUTHAI JIO COTOTO YPOBHSI IEKOMIIO3UIINH BEHB-
TeT-K0d(PPHUIIEHTOB (C YUETOM TOTO, YTO COBPEMEHHBIC

MIPOIECCOPHI BHIMOIHSAIOT 32 OJMH TaKT 6 oneparuii) [4]:

100 (14)

m=——=4.
4.6

[IpoBeneHHsbIi aHaM3 OBICTPOACHCTBUS IS BBIYUCIICHUSI
OBICTpOTO BEHBIET-IPeoOpa30oBaHMs B peaTbHOM MacmiTade
BpEMEHHU ITOKa3aJ1, UTO I peaIu3aliui aJilrOpUTMOB IIEPBOTO
sTamna 00padOTKN HEOOXOANMO HCIIOIb30BATh OTHOBPEMEH-
HO 4 DSP nporieccopa trma TMS320C6701. Hecmotpst Ha Tex-
HUYECKHE CIO0KHOCTH IIPU Pean3aliu JAHHOTO allTOpUTMa,
BEIMTPHIII B TOYHOCTH P OIPENICIICHUH TTApaMEeTPOB CUTHA-
JIa C HEM3BECTHOM CTPYKTYpOU MO3BOJISIET CO3/IaBaTh Ha 0aze
MIPEII0KEHHOM TOIOJIOT MU IJIAThl PA3IMYHbIE CUCTEMbI KOHT-
POJIS YaCTOTHOTO AMANa30Ha U (PHIBTPAH HECAHKIIHOHUPO-
BaHHBIX CHTHAJIOB. Kpome Toro, Ha 6a3e npeaioskeHHOTo all-
ropuTMa 00pabOTKH CHUTHAIa MOYKHO CO3/IaTh COTTIaCOBAaHHBIN
JEMOJIYJISITOP C THOKOH apXUTEKTY PO TOIOJIOT MU ILIaThI.

Taxum 00pazoM, IPEATI0KEHHBIH B CTaThe aJlTOPHTM 00-
pabOTKM CUTHAJIA C HEU3BECTHOW CTPYKTYPOU SIBIISIETCS TTePC-
MEKTUBHBIM, MTOCKOJIbKY MO3BOJISIET PElIaTh IIUPOKUI KpyT
3a71a4, CBSI3aHHBIH C OIpe/IeTICHIEM ITapaMeTpOB, (PHITBTPAI-
el ¥ IeMoyJIsIlMel CUrHaja ¢ HEeM3BECTHOM CTPYKTYPOI.

~ 4, (13)
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A. V. Kuzovnikov, N. V. Demakov

DEVELOPMENT OF THE DEMODULATOR
OF A SIGNAL WITH UNKNOWN STRUCTURE

Signal two steps processing with unknown structure is considered. In the first step determination of marginal values
of parameters of a transmitted signal are makes. Second step processing allows to define exact values of parameters of a
signal with unknown structure. Hardware realization of offered algorithm two steps signal processing is offered. The
estimation of speed and accuracy of definition of parameters of a signal with unknown structure is lead.
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E. B. I'paxnanues, M. B. Kapacesa, B. B. bpezunkas

AHAJIN3 MTOJIB3OBATEJILCKUX TPAH3AKIIUI B PACIIPEIEJIEHHBIX
NHO®OPMAIIMOHHO-YITPABJIAIOIINX CHCTEMAX

Paccmompen ananuz mpanzakyuoHHoOU HAOEHCHOCIU 6 PACIPEOeleHHbIX UHPOPMAYUOHHO-YNPABTAIOUUX CUCTNEMAX.
Asmopamu npeonazaemcs npumeHums n00X00bl GblAGNEHUA YACHO UCHOTLIYEMBIX HOTb30BAMENLCKUX MPAH3AKYUT, 0151
KOMOPbIX HeoOX00UMO, 6 Nepayio ouepedb, NPUMEHNb MemMOoObl NOGbIULEHU MPAH3AKYUOHHOU Hadedxcnocmu. K makum
n00X00am MOJCHO OMHECMU NOUCK ACCOYUAMUBHBIX NPAGUIL U CeK6eHYuanbHulll ananus. Ilokasana oona uz ocobennoc-
mell COBPEMEHNbIX PACHPEONEHHBIX CUCHEM, CYUECTNBEHHO GIUAIOWAS HA HAOEIHCHOCHIbL CUCIEMbL 6 YeloM U MPAH3aAKYU-
OHHYIO HA0EIICHOCMb 6 YACMHOCMU, — pacnpeoeieHue OaHHbIX N0 HECKOJbKUM CepPEepam.

[IpoekTHpOBaHUE COBPEMECHHBIX PACIPEIICICHHBIX HH-
(hopMaTMOHHO-YTIPABIIAIONINX CHCTEM TIPEIBBIIIET BBICO-
Kre TpeOOBaHMs K HaJIe)KHOCTU HPOTPAMMHBIX CPEJICTB.
TpaH3aKIOHHAS HAJIS)KHOCTH 00PAIIEHHUS MOTH30BATEIIS K
pacrpeaeieHHbIM HH(GOPMALMOHHO-YTPABIISIOIINM CHCTE-
MaM SIBJISICTCS OJTHIM M3 TaKHX TPEOOBAHUIA, TaK KaK OJTHON
W3 OCHOBHBIX 3aj1a4 pa3pabOTYMKOB CTAHOBHUTCS CO3JIaHUE
TaKUX CHCTEM, KOTOPbIC 00eCIICUMBAIIN ObI TPAH3AKI[HOHHYIO
HAJIC)KHOCTh CUCTEMBI KaK K IIPOTPaMMHBIM, TaK U K aria-
partHbIM c60sM [ 1]. Ornpeensisi 4acTo UCIoIb3yeMble Habo-
PBI OOBEKTOB B PAaCHPEICICHHONW CUCTEME, MOKHO PEIINTh
3a[avy aHAIN3a TPAH3aKIUH U MX M3HAYAIFHOTO ITAaHIPOBa-
HUsL. DTO HCOOXOMMO, TIIABHBIM 00pa30oM, JUIs IIOCTPOCHUS
Pa3IUYHBIX OTYETOB OPTaHM3AIIH FITH aHAJI3a TOBEICHHUS
I10JIB30BATCJIA B paMKax CUCTCMBEI. ABTOpaMI/I npe,unaraeTCﬂ
MPUMEHECHUE TIOAXO0J0B BEISBICHHS YaCTO HCIIOIB3YEMBIX
MOJIb30BATEILCKUX TPAH3aKIUH, TSI KOTOPBIX HEOOXOIUMO
HCIIOJIb30BaHHE METO/IOB TIOBBIIICHHUS TPAH3aKIIMOHHOM Ha-
nexHocTd. K TakuM 1moaxo1aM MO>KHO OTHECTH: TTIOMCK acco-
[MATUBHBIX MPABUII U CEKBEHIIMAIBHBIN ananu3 [2]. Taxxke
HEOOXOJNMO TIOKa3aTh OJHY OCOOCHHOCTh COBPEMEHHBIX
pacrpeesIeHHbIX CUCTEM, B 3HAUUTEIbHON MEPE BIMSIOLLY IO
Ha HaJIS)KHOCTh CHCTEMBI B [IEJIOM M TPAH3aKIIMOHHYIO Ha-
JIEKHOCTB B YACTHOCTH, — PACTIPEIENICHNE TAHHBIX 10 HECKOJIb-
KUM cepBepaM. [[1st mosyyeHust BEIOOPKH HEOOXOTUMBIX JTaH-
HBIX TI0 OMPECTICHHBIM WM BCEM TPAH3aKIIMSAM BBOIHUTCS
TIOHSITHUC MyJ'H)TI/IBepCI/IOHHOCTI/I TI0JIB30BATCIIbCKUX TpaHSaK-
1A, CyIIHOCTh JAHHOTO IIOHSATHS COCTOHT B TOM, YTO CHCTE-
Ma MOYKET BBIOpATh Ty WJIM HHYIO BEPCHUIO TPAH3AKIIUH B 3a-
BHUCHMOCTH OT YCIIOBUH COCTOSIHUSI CUCTEMBI B TAHHBIH MO-
MEHT BPEMEHH, HallpuMep, B 3aBICUMOCTH OT 3arpy’KeHHO-
CTH OIPEJICIICHHOTO HHPOPMAIMOHHOTO cepBepa [3].

[IpuMeHeHHEM TIEPBOTO MOAXOA SBISICTCS aHATU3
M0JIb30BATEIILCKUX TPAH3AKIIMIA TP UCTIOJIb30BAaHUN MEXa-
HHU3Ma aCCOIMATHBHBIX TIPaBILI.

IIpencraBum 3Ty 3a1a4y B 0000111eHHOM BHIE. J[71s1 3TOTO
0003Ha4YUM OOBEKTHI, COCTABIISIOIINAE UCCIICAyeMbIe Ha00-
PBI TaHHBIX, KOTOPHBIE SBJISFOTCSI TS PMHHAMU B TIOJTH30BaTEITh-
CKOM TPaH3aKIIHOHHOM 3anpoce, CHC}IyIOH_II/IM MHOKECTBOM:

I=1{i,i,. S
e / — MHOXKECTBO TSPMUHOB, BXOL[SIHLI/IX B ITOJTb30BATEIIBC-
KM€ TPaH3aKIMOHHBIC 3AIPOCKL; i, — TEPMUHbI aHATTH3HPYe-
MBIX [TOJIb30BATEIILCKUX TPAH3AKIIHIA; 72 — 001IIee KOJIHYCCTBO
TEPMUHOB.
[TycTh, HanIPUMEp, 3TH TEPMHUHBI COOTBETCTBYIOT CIICY-
IOIIIEMY MHOXKECTBY TEPMUHOB:
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I={i,i
VuuThIBask TO, YTO TPAH3AKIMS MOXKET COCTOATH U3 HE-

CKOJIBKUX TCPMUHOB, ONMUIIIEM CAMHUYHYTO TPAH3aKIHIO KaK
IIOAMHOXXECTBO MHOXKECTBA I

T={ili,el}.

Taxwe TpaH3aKIINI COOTBETCTBYIOT HAOOpaM TEPMIHOB,
HeO6XOI[I/IMLIX I10JIB30BATCIIFO U COXpaHHeMLIX B BZ[ B BUJIC
3ampoca [4]. Tak, Hanpumep, CIeAYIOIINE TPAH3aKIIUH COOT-
BeTCTByIOT Tpe6OBaHI/I$[M I10JIB30BaTCIIA HpI/I pammx yCJ'IO-
BUAX 3anpoca:

1 2) 35 47 531}

T

1o {iz’ i4’ is}’
T= Ay iy B}

YT0OBI YCIIOXKHUTH ITOCTAHOBKY 3a/1a4H /10 MYJIBTHBEPCH-
OHHOTO CITy4asi, HEOOXOIMMO BBECTH HHACKC /, KOTOPEI Oy-
JIET OTBEYaTh 32 HOMEP MYJBTUBEPCUU KaXKJI0H OTIEIbHOMN
TpaH3akuuu. Habop MyJIsTUBEpCHOHHBIX TpaH3aKIMH, HH-
(hopmanus 0 KOTOPBIX JOCTYIHA UL aHAJN3a, 0003HAYNM
CIIEYIOIIUM MHOKECTBOM:

ml}

HaanMep, TaKAM MHOKECTBOM 6yz(eT:

{ 1° 2[5 sy

{iZI’ i417 i51} {i317 i41’ iGl} {iﬁl‘ i31‘ i21' i31' i41} {i31’ i61' i31}

{izzv i421 isz}

D,= (i s i}

T}

ST,

{i23' i43’ i53} {I33’ i48’ |63}

(e Tags Toad g Ty Toad Aoy oy T Tass

{i25’ i45’ i55} {|35’ i4‘5’ i65}

Kak BumHO U3 mpruMepa, CyIIecTBYET YeThIpe TpaH3akK-
I[IH, KOTOPbIE MOTYT BBIMOTHATHCS B MATUBEPCHOHHOM HC-
nonHeHud [3; 4]. Tak, nepBas TpaH3aKLUSA UMEET MATh MYyJIb-
TUBEPCHUI, BTOpas — YEThIPE, TPEThS — ABE U UETBEPTas — TPH.

Taxum 00pa3oM, IPIMEHSIS METO/T ITOFCKA aCCOLMATHBHBIX
MPaBWI, MOJKHO BBIIBUTH HauOoJiee 4acTo 3alpaliiBacMble
TI0JIb30BATEIBCKHE TPAH3AKINH 1 YK€ [T HUX TPUMEHSTH Me-
XaHM3MBI TOBBIICHNS HA/ICKHOCTH 00pabOTKH TpaH3aKIHHA
pacrpeielleHHbIX HH(POPMAIMOHHO-YIPABIISIOIINX CHCTEM.

BTOpBIM 1101X0/10M aHaJIM3a [T0JIb30BATENILCKUX TPAH3AK-
1IUH SIBJISIETCS METO/T CeKBEHIMabHOTro aHanm3a [3]. Ero 1e-
7eco00pa3HO MPUMEHSTH ITPY aHAITN3e HH()OPMAIINH 1 TPaH-
3aKUUi B MH(POPMAIMOHHO-YIIPABISIFOLIUX CUCTEMaX, CBS-
3aHHOM C II0CJIE/IOBATEIbHOCTHIO MPOUCXOSIIUX COOBITHH.
ITpu oOHapyKkeHUN 3aKOHOMEPHOCTEW B TAKHMX IMOCIIEA0Ba-
TEJIBHOCTSIX MOJKHO C HEKOTOPOH J0JIeH BEPOSITHOCTH MPE-
CKa3bIBATh ITOSBICHIE COOBITHI B OyyIIeM, UTO ITO3BOJISET
MIPUHUMATh OoJiee NMpaBUIIbHBIE pemieHus. sl mpoCTOThI
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MOKaYXeM TPUMEHEHHNE JaHHOTO TOIXO0a B KIACCHIECKOM
ciydae peanu3aliiu MporpaMMHON crucTembl (0e3 UCToNb-
30BaHUS MYJIBTUBEPCHOHHOCTH TPAH3AKIINH ).

Tak Kak MOCIeZOBaTEIbHOCTh — 3TO YMOPSIOUYEHHOE
MHOECTBO OOBEKTOB, TO JUIS 3TOT'0 HA MHOXKECTBE JIOJDKHO
OBITH 3aJTaHO OTHOIIICHHE TTOPsIIKa [5].

Torna noceoBareIbHOCTb 0OBEKTOB MOYKHO OITUCATh B
CIIe/TyTOIIIeM BUJIE:

S ={.iy g, .} THEP <.
Hampumep, B citydae ¢ 3arpocaMu oIb30BaTeNs TAKUM
OTHOLLICHUEM HOpﬂﬂKa MOXKET BbICTyHaTb BpeMﬂ BBIITIOJIHC-
HUs BaHpoca. Torz[a II0CJIEeA0BaTCIbHOCTD

S§=1{(i,, 02.03.2008), (i,, 05.03.2008), (i., 10.03.2008)}

MOKHO HHTEPIPETHPOBATh KAaK 3aMpOChI, COBEPIIACMBbIC
OJTHUM YEJIOBEKOM B pa3Hoe BpeMs (BHavasie ObLia 3ampo-
IIEHA MOJIb30BATEILCKAsI TPAH3AKIHSI, COICPIKAIIIAs TEPMUH
i,, 3aTeM ,, & IOTOM ).

PaznuyaroT 1Ba B/ OCJIEI0BATEILHOCTEH: C IIMKIIAMHU
1 6e3 KJI0B [5]. B mepBoM city4ae gormyckaeTcs BXOK/ICHHEe
B MIOCJICIOBATEIILHOCTh OJJHOTO M TOTO XK€ 00BEKTA Ha pa3-
HBIX TTO3UIIHSAX:

S={.iyniq .} mep<gai=i,.

TMonk30Barenbekas Tpan3akiys 7, CONEPIKUT TIOCTIEIOBA-
TeNbHOCTH S; ecin S C T, 1 00BEKTHI, BXOAAILME B S, BXO-
JSAT U B MHOXKECTBO T/, C COXpaHEHUEM OTHOIIEHHS TTOPAJIKA.
[Ipu 5TOM MOTIyCKAETCsI, YTO B MHOKECTBE T, MEKIY 00BEK-
TaMH U3 [IOCIEI0BATEIILHOCTH S MOTYT HAXOUThCA IpyTrue
OOBEKTBHI.

IomnepxKoiil mocneaoBaTeIbHOCTH S Ha3bIBAETCS OTHO-
HIEHUE KOJIMYECTBA IT0JIb30BATENBCKUX TPAH3AKIUI, B KOTO-
pOe BXOAMT MOCIIEA0BATEIBHOCTS S, K 00IEeMY KOJINYECTBY
Tpan3akuuil. [locneoBaTebHOCTS SIBISIETCSA YaCTOM, €CIIU €€
MOZJIEPKKA IIPEBBIIIAET MUHUMAIBHYIO NOAIEPKKY, 3aJaH-
HYIO [TOJIb30BaTEIIeM:

Supp (S) > Supp,,.-
3az[aqel71 CCKBCHLIMAJILHOI'O aHAJIN3a SABJISICTCS IIOUCK BCEX
YJaCThIX ITI0JIB30BaTCIbCKUX HOCHe,HOBaTeHLHOCTefIZ

L={S|Supp(S) > Supp . }.

OCHOBHBIM OTJIMYHEM 33/1a4 CEKBEHIMAIEHOTO aHAIIH-
3a OT IOMCKA aCCOLIMATUBHBIX MTPABUII SIBJISICTCS YCTAHOBIIE-
HHE OTHOIICHHS MOPSAJKA MEXIY TEPMUHAMH MHOXECTBA
1. JlaHHOE OTHOILIEHHE MOXET OBbITh OINPEJEICHO pa3HbIMU
criocobamu. [Ipu aHanM3e mociaenoBaTeIbHOCTH COOBITHH,
MPOUCXOAIINX BO BDEMEHH, TEPMUHAMU MHOXKECTBA / SIBIIS-
10TCSI COOBITHS, @ OTHOLIEHHE IOPSIJIKAa COOTBETCTBYET XPO-
HOJIOTMH WX ITOSIBJICHHS [2].

Hanpumep, npu aHanuse nociea0BaTeIbHOCTH MOMIb30-
BaTEJIbCKHX 3aMIPOCOB HAOOPAMH TPAH3AKIUH SIBJIIOTCS TPYTI-

TI6I TEPMHUHOB, 3alIpalInBa€MbI€ B Pa3HOEC BPEMS OAHUMU U
TCMH K€ MOJIB30BATCIIAMU, & OTHOIICHUEM IOpsAJIKa B HUX
ABJIAETCA XPOHOJIOT'HA 3aIIPOCOB!

D= {@@), ()}, 1G5, 1), (), Gy 15 1)}, (U, 1, 1), ()} -

JlaHHOE MHOKECTBO MO>KHO ITPE/ICTABUTh B COOTBETCTBHHI
C PUCYHKOM.

WHTepnpeTHpoBaTh TAKYIO MOCIE0BATEIIFHOCTH MOKHO
CIIEIIYIOIIMM 00pa30M: TI0JIb30BaTelIb PACIIPE/ICIICHHON CHC-
TEMBbI ¢ UICHTU(HKATOpOM | BHavase 3anpocui nHdopma-
LU0 C TEPMUHOM £, 1 I,, 3aTEM L, B [IOCIIE/IHUI pa3 OH 3a11po-
CHJL i, i Wi,

IMomnepxka, HanpuMep, TocIeR0BaTeNbHOCTH {(i), (,)}
COCTaBHT 2/3, TaK KaKk OHa BCTPEYAETCS Y TOJIB30BATEIS C
naerrudukaropamu 0 1 1. Y mocnesaHero noibp30BaTes Tak-
e BeTpeuaeres Habop {(i,), (i,)}, HO He COXpPaHAETCSA MOCIE-
JIOBATENBHOCTD (OH 3aIIPOCKIT BHAYAJIE i,, & 3aTEM I).

B 3akiroueHne OTMETHM, YTO CEKBEHIMAIBHBIN aHAIIN3
aKTyaJIeH M JIJIsl aHaJIN3a LEJIOCTHOCTH M OTKa30yCTOHYHNBOC-
TH pacTpeeIeHHBIX HHPOPMAIMOHHO-YTIPABIISIONINX CHC-
tem. OcHOBHas ipo6ieMa, st peIeH s KOTOPOi OH HCTIONb-
3yeTCsl, — 9TO aHAJIN3 JaHHBIX 00 aBapusIX Ha Pa3IMYHBIX y3-
7ax (KaK anmapaTHBIX, TaK U IPOTPaMMHBIX ) HH(POPMAIHOH-
HO¥ cuctembl. TH(opMarus o mocsejoBaTelIskHOCTH COBEp-
LIEHUSI OTKA30B MOKET TOMOYb B OOHAPYKEHUH HETIOJIAI0K
U NPEAYTIIPEIKACHNU HOBBIX OTKa30B CUCTEMBI.

Takum 06pazom, OKa3aHbl MYyJIETHBEPCHOHHbBIE MOJIEIH
00paboTKH MOTH30BATEIBCKUX TPAH3AKIMN: MOJICITh TOUCKA
ACCOIMATUBHBIX MTPABHJI M MOJIENb CEKBEHIIMOHAILHOTO aHa-
JIM3a JAHHBIX, KOTOPBIE MO3BOJISIOT TTOBBICHTB 3(()EeKTHBHOCTh
AHAJTN3a TPAH3AKIMOHHOM 00Pa0dOTKH JAHHBIX B PACIIPE/ICIICH-
HBIX TH(OPMAIMOHHO-YTIPABIISIOIINX CHCTEMAX.
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E. V. Grazhdantsev, M. V. Karaseva, V. V. Brezitskaya
USER TRANSACTION ANALYSIS IN DISTRIBUTED DATA CONTROL SYSTEMS

The problem of transaction reliability analysis in distributed data control systems is considered. The authors offer to
use approaches of exposure frequently utilized user transactions where it is necessary to utilize first of all transaction
reliability methods. There exist two methods: associative rules search method and sequential analysis. The peculiarity of
modern distributed systems fundamentally influencing the system's reliability in general and transaction reliability in
particular data distribution about some services is showen.

VIIK681.34
U. B. Kosanes, A. B. Hosoii, A. B. llITeHuens

OIIEHKA HAJIEXKHOCTHA MYJIBTUBEPCUOHHOM ITPOTPAMMHOM
APXUTEKTYPbBI CUCTEM YIIPABJIEHUSA 1 OBPABOTKN UTH®OPMALINN

Paccmampusaemces npocpammuas apxumexkmypa 0na obecneveHus OmKa30yCmMouyugoCcmu Komopou npumeHsemcs
MYALMUBEPCUOHHOe npocpammuposanue. IIpednoxcena Mooens Ha 0CHO8e MAPKOBCKUX yenell, NO380aAI0WAA OYeHUMb
HAOEIHCHOCMb NPOSPAMMHO20 0DecnedeHus npu e2o OaumenbHol pabome.

[Tporpammuoe obecrieuenue (I10) mpuMeHseTcst B pa3-  BBITOTHECHHS (hj) kaxor Bepcuu. CriocoObI OIpeIeIeHIs HH-
JIMYHBIX CHCTEMaX YIPaBJICHUSA U 00pa0OTKU MH(POPMAIIH. TCHCHBHOCTH OTKa3a MPEIUIOKEHBI B padote [2], a BpeMs BbI-
B 3aBucumMOCTH OT MpHJIOKEHHSA NaHHBIX cucTeM K [IO  moiHeHUs MOXKeT OBITh HEMOCpeACTBEHHO M3MepeHo. [Ipenro-
MPEBSBISIOTCS PAa3IMYHbIC TPEOOBAHMS MO0 HAJCKHOCTH.  JIATACTCS, YTO BPEMsI BBIMIOJHCHUSI KXKION BEPCHH MTOCTOSIHHO.

CymecTByeT psiJi KpUTHYECKUX CUCTEM, OTKa3 KOTOPBIX MO- @OyHKINOHUPOBAHNE MPOrPAMMHOI0 00ecIedeHus ¢
JKeT HAaHECTH YPOH 3/10POBbIO U XKHU3HHU JIOACH, a TAKXKE MPH-  TpeMs BepcusaMHu (N = 3) MOKHO IPOAEMOHCTPUPOBAThH C
BECTH K SKOHOMHUYECKHM U MaT€pPHUaTbHBIM IOTEPSIM. roMomipio rpada cocrossHui (puc. 1). Homep cocrosHus

OI[HI/IM H3 MCTOJ0B, IMMO3BOJIAOIINX 00€CIIEUnTE BBICO- COOTBETCTBYCT YMCITY OTKa3aBIINX BepCI/Iﬁ.
KYIO Ha/IS)KHOCTb ¥ OTKa30yCTOHYHBOCTH TPOTrPAMMHOH ap-
XUTEKTYPBI CHCTEM YIIPaBICHUS U 00pabOoTKH HH(OpMAITHT
SIBJISIETCSI MYJIBTHBEPCHOHHOE TporpammupoBanue (NVP) [1].
Mertoj 3aKkio4aeTcs B NPUMEHEHNH M30BITOYHOTO Ynclia
BepCHUil TPOrpaMMHOTO 00OECTICUCHUS], BHITIOIHAEMBIX Mapa-
JenbHO. Pesynbrarsl paboThl BepcHii CpaBHUBAIOTCS C TOMO-
IIBIO AJITOPUTMA FOJIOCOBAHUS: €CITH OOBIIMHCTBO BEPCUH
BO3BpAIAIOT OIMHAKOBBINA PE3YJIbTAT, TO OH ITPUHUMAETCS,
Kak pesynbrar padotsl [10, nHaue HacTymaeT otkas. Takum
00pa3zoM, ¢ MOMOIIBI0 METOJa MYJIbTHBEPCHOHHOTO IPO-
TPAaMMHUPOBAHHUS PEATU3YETCS MYJIBTHBEPCHOHHAS TPO-
TpaMMHas apXUTEKTypPa, yCTONIHBAS K COOSIM.

Wrak, 0TKa3 MporpaMMHOT0 00ecTieueHNs HACTYITUT NPH

£Fln

OJTHOBPEMEHHOM OTKa3e OONBIIMHCTBA Bepcuid. [1ox omHO- £ll

BPEMEHHBIM OTKa30M CJIEAYy€eT IOHUMATh HE OTKa3 B OAWH U Puc. 1. I'pad cocrosmit

TOT 7K€ MOMEHT BPEMEHH, a OTKa3 MpH 00paboTKe OTHUX U

TEX JKe IaHHBIX, T. €. Ha k- uTepaniy BeIMOIHeHuUs. YeM OoItb- B HauanbHBII MOMEHT BPEMEHU, YTO COOTBETCTBYET HY-
111 BPEMsI BBITTOJIHEHHS BEPCUH, TEM OOJIbIIIe BEPOSITHOCTD  JieBoi urepanu, 110 Haxomures B cocrostauu 0. [Toce mep-
TOTO, UTO BEPCHS OTKAXKET. Boif urepariu [10 Moxet octaThes B coctosauu 0 (Bce Bep-

J11st O1leHKY Ha/Ie)KHOCTH TIPOrPAMMHOTO 00ECIICYEHUSI  CHH BEPHYT BEPHBIN pe3yIibrar), epeiity B coctosiHue 1 (po-
HE00XOINMO 3HATh HHTCHCHBHOCTH OTKAa30B (7»}.) W BpeMs  HM30MJET OTKa3 OJHOU U3 TPEX BEPCHil), TEPEHTH B COCTOSTHIIC
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2 (0TKa3 JBYX BEpPCHii U3 TPEX ) UITH B COCTOSTHHUE 3 (OTKAa3 BCEX
BEpCHi), COOTBETCTBYIOIINE IEPEXO0/IbI TIOKa3aHbl Ha rpade.
CocrostHust 2 11 3 ABJAIOTCS MOMIOMAIOIINAMHI U TPUBOAAT K
OTKa3y MMPOrpaMMHOr0 00eCTIeueHHMSI.

Tak Kak MeXy IOCTYyIIJICHHEM JaHHbIX Ha 00paboTKy U
HNPUHATHEM pEIICHUS aJTOPHUTMOM TOJIOCOBAHUS TPOIIET
Bpems h = max(h/.), j=1,..., N, To Iepexo/ U3 OTHOT0 COCTO-
SAHUSA B IPYTO€ OY/IET IIPOMCXOIUTD 9€PE3 /1 .

Apxurexrypa [10 npezacrasiser coboi cucremy ¢ JUCK-
PETHBIM YHCIIOM COCTOSHUH M IMCKPETHBIM BpeMeHeM. Bpe-
Ms MEKIY OTKa3aMH j-H BEPCHU UMEET IKCIIOHEHIINAIbHOE
paclpeneneHue ¢ napamMeTpom lj. Kak u3BecTHO, OTOK CO-
ObITHII, IMEIOMNI SKCIIOHEHITNAIBHOE pacTpeieiIeHue, 00-
JlaIaeT CBOMCTBOM OTCYTCTBUS TIOCHECHCTBUS [3], mOITOMY
qutst moctpoenust Mojienu 1O MoskeT ObITh IpUMEHEeHa Teo-
PHs MApKOBCKHUX Liereit [3].

Jlst Hax XK IEeHMs pactpeieNIeH s BEpOsITHOCTEH COCTOs-
HUH Ha k-1 HITepaliuy Hy>)KHO 3HATh HAYaJIbHOE paclpenese-
Hue BeposTHOcTel p (0) 1 MaTpHILy MEPEXOHBIX BEPOSTHOC-
Ted ||p,,|l, 3aTem, mpuMenss peKyppeHTHyto popmyiy [3],
HaxXoasATCA NCKOMBIC 3HAYCHUA

N
P, =3 py(k-Dp, -

k=1,2,..;b=0,1,...,N. (1
®dopmyna (1) sBISCTCS YACTHBIM CIy4YaeM ypaBHCHHS
Konmoropoa—Yenmena. B HauanbHbIii MOMEHT BpeMEHU
CHCTEMa HAaXOMUTCS B COCTOSIHUH (), TAKUM 00pa3oM, Havajlb-
HOE pacrpezesieHue BEpOSITHOCTeH n3BecTHo. 1Jis mosyye-
HUS MaTPHIIBI TIEPEXOIHBIX BEPOATHOCTEH HEOOXOIUMO OTI-

peAeTuTh BCe BEPOSITHOCTH, YKa3aHHbIEe Ha puc. 1.

Bepcuu mMeIoT MoCcTOSTHHYIO HHTEHCHBHOCTS OTKA30B 7»/.,
9TO 3HAYMT, UTO MOTOK OTKA30B SIBJISIETCS CTAIMOHAPHBIM, ,
CJIEJIOBATEIIEHO, BEPOSTHOCTh 0E30TKA3HOTO BBHITIOTHECHUS
000N UTepaIiy I KaXKI0H BEPCUH OCTAETCS HEN3MEH-
HOH. BeposiTHOCTH 6€30TKa3HOT0 BBINOIHEHHS j-1i BEPCHU

j _ o Ah
p =e "1, (2)
CucremMa MOXKET MonacTh B coctossHue 0 IByMs CIIOCo-
OaMu: JTM0O U3 COCTOSHMS 1, THOO OCTABIINMCEH B COCTOSTHUH

0. O6a nepexoyia BO3MOYKHBI TOJILKO ITPY BEPHOM BBITIOJTHE-

HUU OAHOBPEMCHHO TPEX BepCHﬁ, OTO 3HAYUT 4YTO
1,23

Po =P =To=pP PP 3)

BepositHOCTS MTomacTs B coctosiHue 1 n3 cocrostams 0 pas-

Ha BEPOATHOCTH OCTAaThCA B COCTOSIHUY 1, MOTOMY 4TO mepe-

XOJI IPOU30MJET MPH OTKA3€ OJHOM U3 TPEX BEPCHIA:

plolz py=r=0-p)p°p’+ 4

+p'(1-p)p’+ p'p° (- p°) - @

AHAJIOrNYHO OIPEAEIAIOTCS BEPOSITHOCTH TIEPEX0/ia B
coCTOsTHMA 2 U 3:

P =P, =1,= (1- pl)(l_ pz) p3 +

+(1-p)p*(A- )+ p' - pHA-pY) . ©)
Pz =P =01= (- pl)(l_ pz)(l_ pa) (6)
Martpu1a nepexoHbIX BEPOSTHOCTEN IPUMET BUJL:
pOO pOl p02 p03
” p ” — pOO pOl p02 p03
7l o 010 )
0 0 01
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Hamnee, ncrionp3ys ¢popmymy (1) n HagampHOE yCIIOBHE,
HaxXOJIM BEPOSATHOCTHU Hpe6bIBaHI/I§I B KQXXJI0M COCTOSHUHU
Ha JTF000M HTepaIHH.

[Ipu mpown3BoabHOM YHcIe Bepcuil (N) H3MEHHUTCS BUL
MaTpUIIbl IEPEXOHBIX BeposTHOCTEH. B 00miem ciryyae ona
HMeeT BHJ KBAIpaTHON MaTpHIIb! pasMepHocTH (N + 1) (N + 1):

Poo Por ... Pon
Poo Por -+ Pon
= ®)
0 0 0 1
O, if I #b, | >cell E—1 N
e p, = ,\% s Ceil(z]—onepa—
g ]

1 if =D, | >cel

TOP OKPYIJICHUS 10 HAUOOJIBIIETO LIEJIOro YHCIIa.
JLJ1s BBIYHCIIEHUS OCTANBHBIX BEPOSTHOCTEH HE0O0XO0IH-
MO BOCIIOJIB30BaThCs PACCYKACHISIMU K popmyaam (3)—(6).
[pumep. ITycTs mporpaMMHOe 00eCTIeICHHE IMEET TPH
OJTMHAKOBBIE 110 HAIEKHOCTH Bepcuu (N = 3), BpeMs BBITION-
HeHust 5 muH (f = 5), ”HTEHCHBHOCTH OTKa3a — OJIUH pa3 B
Mecs (A= 10 mec mm A = 0,000 2 mun"). Paccunraem Ha-
nexHocts [10 yepes k=1 051 200 ureparmii, 4To cocTaBisieT
10 et paboTHI.
ITo dopmyie (2) HAXOTUTCS BEPOSTHOCTh OC30TKA3HOM
PpaboTHI TP BHITOITHEHUH JIFOOON UTEPAIIHN:
p — ef)vh — e70,0002-5 — O, 999 .
CoOTBETCTBEHHO BEPOSITHOCTH OTKA3a!
g=1-p=1-0,999=0,001.
C momomero popmyi (3)—(6) ompenensercs MaTpuIia me-
PEXOJHBIX BEPOSITHOCTEH:

0,997 0,003 2,997-10° 1.10°
0,997 0,003 2,997-10° 1.10°
0 0 1 0
0 0 1 1

3arem 1o popmyie (1) HaxomaTcss BEpOSTHOCTH ITPeObIBa-
HHUS B KXKJIOM COCTOSTHUM. BeposiTHOCTS TOT0, uTO wepes 10 et
pabotsl [10 ocranercst B pabOTOCIIOCOOHOM COCTOSTHUM CO-
crasisiet 0,04. Ha puc. 2 u 3 mpeacTaBieHsl rpaduku n3MeHe-
HHS BEPOSTHOCTEH B 3aBUCUMOCTH OT HOMEPa UTEPALHH.

1 T T T T

PO
. s

Puc. 2. VI3MeHeHne BEpOsITHOCTH IPEObIBAHMS
B paborocrocoOHOM cocTostHuu (KpuBasi PO) u B cocTostHUN
OJIHOBPEMEHHOI0 0TKa3a JByX Bepcuii (kpusas P1)
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XOTsI BEpOSTHOCTH OJJHOBPEMEHHOI'O OTKa3a TPEX BepCcUit
HE3HAUMTEJIbHA, 3TO COOBITHE CIIE/TyeT YUUTHIBATh, TAK KaK C
POCTOM KOJIMYECTBA NTEPALUHA BEPOATHOCTD YBEIMINBACT-
Cs1, KpOME TOTO, OHA 3aBUCHUT OT MHTEHCUBHOCTEH OTKa3a.

0.0005 J J J J

P2

0 | | | |

2100 4a0° L 1w gar
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Puc. 3. I3MeHeHne BEpOATHOCTH MTPEOBIBAHUS
B COCTOSIHUH OJTHOBPEMEHHOT'0 0TKa3a TPEX BEPCHUI

Takum 0Opazom, mpeasoKeHHass MOJICNb AJISl OLEHKH
HAaJIeKHOCTU MYJIbTUBEPCHOHHOM IIPOrPAMMHON apXUTEKTY-
PBI IO3BOJISIET PACCUUTATH BEPOATHOCTH 0€30TKa3HOM pado-
ThI [IPOTPAMMHOT0 00ECIICYCHHUS CHCTEM 00paboTKH HHOP-
MalllH 1 yIIpaBJIeHUs IPH JUTUTEILHOH padore.
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I. V.Kovalev, A. V. Novoy, A. V. Stenzel

MULTI-VERSION SOFTWARE ARCHITECTURE RELIABILITY ESTIMATION
OF COTROL AND INFORMATION PROCESSING SYSTEMS

The fault-tolerant software architecture on the base of the multi-version programming is considered. Markov chains
model for the real-time software reliability estimation is obtained.

VK 631.12(571.51)

T. FO. Camormmna

NPUMEHEHME I'MC-TEXHOJIOT A
JJIA MOHUTOPHUHI'A NCITOJIB3OBAHUA 3EMEJIb

Pacemampusaemes cozdarnue un@opmayuonHo2o obecneuenus meppumopudIbHo20 30HUPOBAHUS, KOHMPOIA U Onpe-
OeleHusl paspeuentbIX 81008 UCNONb30BANUSA 3eMeTb HA OCHO8E COBPEMEHHBIX UHPOPMAYUOHHBIX MEXHONO2UIL U KOMNIeK-
CHO20 N00X00d K AHANU3Y XAPAKMEPUCTIUK NPUPOOHOLL CPEObl C UCNOIb308AHUEM MEMO0008 KAPMOocpapuuecko2o mooe-

Jupoeanust u ZeOZ/lHd)OpMaL;MOHHOZO ananusda.

Jiis mpoBeieHust 3 GEeKTHBHOTO KOHTPOJIS 32 OKPYIKAI0-
LIEN TPUPOIHOM CpesIol C LETIbI0 YMEHBILIEHUS IOCIENCTBUN
OITaCHBIX SIBIICHUH TpeOyeTcs pa3paboTka METOANIESCKOTO U
HHPOPMAITIOHHOTO 00eCIIeYCHHUS AT CHCTEM SKOJIOTHIeC-
KOTO MOHUTOPHWHTA U, CJIEIOBATEIHbHO, YCOBEPIIICHCTBOBAHHUE
MUMCFOIIUXCS WIA 000CHOBAaHNE HOBBIX METOJIOB KOHTPOJIS
[IPUPOIHON CPEIbl, ABIISIOLIMXCS OCHOBOM 3TUX CUCTEM.

IIpu noaroToBKeE MpaBMII 3eMJICTIONB30BAHUS U 3aCTPOii-
KM CJIeyeT IprIaBaTh HEMaJIOBaXHOE 3HAUCHIE BBHITIOTHE-
HUIO TPeOOBAHMIA MTOJIOKEHHUH CT. 56 [pagocTporTeIbHOrO
konekca Poccuiickoit @enepanuu, B COOTBETCTBUU C KOTO-
pO¥l MaTepualbl, MOJIOKEHHBIE B OCHOBY TIPABMII 3eMJle-
M0JIb30BAHUS U 3ACTPONKH OJHOBPEMEHHO BXOST B COCTAB
MHPOPMAIIMOHHBIX CHCTEM 00eCTIeUeHHUS TPaTOCTPONUTEINb-
HOM JIeITENbHOCTH, BEIEHUE KOTOPBIX BO3JIaraeTcs Ha opra-
HBI MECTHOT'0 CAMOYTIPABJICHUS MTOCEICHAMN, TOPOJICKHX OK-
PYTOB 1 MyHHUIIMTIAIBHBIX paifoHOB. B riemnsax obecnevenns

52

9THX TPEOOBAHUN TEPPUTOPUATLHOE 30HUPOBAHHE JOJIKHO
MIPOBOAMTECS C UCTIOJIF30BAHNEM COBPEMEHHBIX KOMIIBIO-
TEPHBIX TEXHOJOTHI Ha OCHOBE CIELHATIbHBIX METOAOB U
MoJieneil 1 yHU(GHUIIUPOBAHHBIX IIPOTPaMMHO-AIITAPATHBIX
CpPEZCTB.

OTH TEXHOJIOTHH JAAIOT BO3MOXKHOCTH OCYILIECTBIISTH CIIe-
uduaeckne onepanny: CBeJEHNE KapT U3 PA3HbIX HCTOYHH-
KOB, KOCMHYECKHX CHIMKOB BBICOKOTO Pa3pemIeH s, Ipeood-
pa3oBaHue reorpa(uuecKux KOOPANHAT, COCTABICHHUE TeMa-
THYECKHX KapT, aHaJIM3 TOMOJOTUH KapThl, BLIOOPKA B peJisi-
LIMOHHOM 0a3e TaHHBIX ¢ 0TOOpAXXEHUEM pe3yJibTaTa Ha Kap-
te. Camas oueBuaHas (PyHKIHSI MAaTEPUAIOB KOCMHUYECKUX
CHhEMOK — BO3MOXKHOCTbH OIEPATHBHOTO TIOJIyYEHHUS] 00BEK-
THUBHOW MH(OPMAIN O COBPEMEHHOM COCTOSIHUH ITPUPOJI-
HOM cpeJibl U X034HCTBa H3y4aeMOoM TeppUTOpUH.

[Tpu 3TOM pe3yabTaTsl rPago0CTPOUTEIFHOTO 30HNPOBA-
HUS TIPEJICTABIISIOTCSA Ha 3JICKTPOHHBIX KapTax ¢ pa3periaro-
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TIe# CIIOCOOHOCTRIO M HATPy3KOH, COOTBETCTBYFOIITIMH BBIO-
paHHO# KapTorpaduuecKkoi oI0CHOBE.

Hambonee oTBeTCTBEHHBIM STarioM padOTHI Ha IIEPBOI
CTaIM1 TOJTOTOBKH MPOEKTa MPABHJI 3€MIICHONB30BAHUS U
3aCTPOUKH SIBJISICTCSI BBIOOP NMPOrpPaMMHOTO 00ECIIeUeHMs, C
MIOMOIIBIO KOTOPOTO TOJKHBI (DOPMHUPOBATHCS MaTEPHAIIBI
TePPUTOPUATEHOTO 30HUPOBAHNS, BXOASIIHE B TOCIIETYIOIIEM
B COCTaB WH(OPMAIIMOHHOW CHCTEMBI TPaIOCTPONTEIEHON
JIeATeNbHOCTH. B 9TOM citydae BBIOpaHHBIE IPOrpaMMHO-arl-
TapaTHBIC CPEICTBA IOJDKHBI 00SCIICUNTh HHTETPALINIO ¢ 0a-
3aMH JaHHBIX JPYTHX MaTEPHaiOB, COCTABISIOMINX OCHOBY
MH(POPMAIMOHHON CUCTEMBI I'PaJIOCTPOUTEILHOM eI TEBHO-
CTH, ¥ COOTBETCTBOBATH TPEOOBAHMSIM COBMECTHMOCTH C IIPO-
TPaMMHBIMH CPEZCTBAMH, YCTAHOBICHHBIMHU ISl BBITIOJTHE-
Hus 91X 3a1a4 [IpaBurenscrBoM Poccuiickoi denepanun.

CoBpeMeHHbIe reorpaduyeckre HHGOPMAITHOHHBIC CH-
ctemsl (I'MIC) mo3BOMISAIOT YHOPSIOYUTH HH(OPMALIUIO O TEp-
pHUTOpUH TOpoIa M 00BEKTaX TPaJOCTPOUTEIHHON CpEbI,
MOCTYTAIOIIEH OT Pa3INYHBIX CIYXKO — re01e3NUECKHX, 3e-
MEJEHBIX, HHKCHEPHBIX, KOJIOTTIECKUX, TPAI0CTPONTETBHBIX
U Ip. OTO JOCTUTAeTCs MyTeM MPHUBSI3KH Pa3sHOCTOPOHHEH
nH(pOpMAINH K €AMHOHN IPOCTPAHCTBEHHOW MOJIEIH rOpo/ia
B BHjIe U(POBBIX KapT [1].

I'"C — xoMITbrOTEpHAS cHCTEMa, 00eCIIeunBaroIas coop,
XpaHeHne, 00paboTKy M BU3yaJIH3aIHI0 BCEX BUIOB reorpa-
¢uuecku npuBszaHHON MH(OpManuu. VcTOUHUKAMK WH-
dopmarmu st [UC sBnstoTest Teorpaduyeckie KapTel U
TUIaHbI, pOTOrpaMMeTpHUUECKHE MaTepHalibl, HOPMATHBHbIC
Y TIPaBOBBIC JIOKYMEHTHI.

Llesbro co31aHkst CUCTEMBI SIBIISIETCS TTOBBIIIEHHE d(dek-
TUBHOCTH yIPABJIECHHs 3eMEJIbHBIMHI PECYpCaMH Ha OCHOBE
aBTOMAaTHU3AINH Iporiecca MH(POPMAMOHHOTO 00ECIICUeHNUS
NPUHATHS PELICHUH (CTPATerHyecKoro IIaHMPOBAHUS U YII-
paBJIEHUsI PETHOHOM, (PMHAHCOBOW M MHBECTHLIMOHHOM MO-
JIUTUKH, PALIHOHAIIBHOTO HCTIOIB30BAHUS 3eMEIb U 3eMJIeYC-
TPOWCTBA, KOHTPOJIS 32 HCIIOJIb30BAHUEM H OXPAHOU 3eMellb,
MOHHUTOPHHTA 36MeJIb) M KOHTPOJIS MX BHITOTHEHU [2].

Perienvie 1r000# rpaoCTPOUTEIILHON 337241 — OT pas-
MEIIeHHS Ha TEPPUTOPUH TOPOJIa 3AAHUS, pa3paOdOTKH reHe-
pajbHOTO TUIaHA rOpo/ia A0 MPOEKTa palOHHOM MJIAHUPOBKHU
— TpebyeT OCTOBEPHON KOMIIEKCHOI HH(OopMaIn u3 00-
JIACTH T€OJIC3MH B KapTorpaduu (OTOrpaMMETPUN, OXPAHBI
OKpY’KalOIIeH Cpejibl, 3eMIIENOIb30BAHNUS, TAaHHBIX O Hace-
JICHUH ¥ Pa3BUTHH ITTAHUPYEMOU TEPPUTOPUH, 00 HHKEHEP-
HOH ¥ TPaHCHIOPTHOM HH(PACTPYKTYpE, O IPUHAIICHKHOCTH
1 COCTOSTHUY (DOHIA 3TaHUI U COOPYKEHHUH, a TAaKXKe O IPH-
HSITBIX IJTAHUPOBOYHBIX, TEXHUUECKUX, 3aKOHOIATENBHBIX Pe-
HMICHMSIX TI0 JaTTbHEHIIeMy pa3BUTHIO TeppuTopuu. [loaTromy
B COBPEMEHHBIX YCIOBHIX 3HAYUTEIIFHO BO3POCTIA POIIb Kap-
TorpaduyecKux MaTepualioB, MO3BOJISIOIINX B HAIVISTHOM
OymMaxHOH (hopMe WM Ha TUCILIee KOMITBIOTepa 0ToOpa-
3UTh HPUPOJIHBIE, KIUMATUYECKUE U COLIMAIBbHO-IKOHOMU-
YECKHE YCIIOBHSI CTPOUTENLCTBA.

Hudporas xapra (1mdpoBas MOAENb KapThl) CO3IACTCS
myTeM U(POBaHUS aHAJIOr0BOH MH(OPMAINH (KapT, IIAHOB),
(hoTorpamMmmerprdeckoii 00pabOTKA MaTepPHUAIOB IUCTAHIIH-
OHHOTO 30HaAUpoBanus J[33, mudpoBoii perucrpanuu mnose-
BBIX CheMOK. L{rpoBast kapTa co3maeTcst ¢ HOITHBIM COOIEOrE-
HHEM HOPMaTHBOB U IIPaBHJI KapTOrpadHpOBaHUs, TOUHOCTH
KapTorpadupoBaHus KapT, TeHEepaIM3all1, CHCTEMBbI YCIIOB-
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HBIX 00o03HaueHwmil. [ludpoBas kapra CIy)XKUT OCHOBOH IS
M3TOTOBJIEHUS OOBIUHBIX 6yMa)KHI)IX, KOMIIBIOTEPHBIX U JICKT-
POHHBIX KapT. OHa BXOIUT B cocTaB KapTorpadudeckux 0a3
JAHHBIX, COCTABJIACT OAHH U3 Ba)KHEHIIINX DJIEMEHTOB I/IH(bOp-
ManuonHoro obecrieuenuss ['VIC 1 0HOBpEMEHHO MOXKET
ObITE pesymbraTtoM (yHKIrornposanmst [ UC [3].

B otinuume ot 1inhpoBoii KapThl, AIEKTPOHHAS KapTa siB-
JseTCs KapToTrpapuyuecKuM H300pakeHIEeM, BU3YaTH3UPO-
BaHHBIM C UCIIOJIB30BAHUEM MTPOTPAMMHBIX U TEXHUYCCKUX
CPEJICTB B 3a/JaHHON MPOEKIMH, PA3MEPHOCTH, CHCTEMBI YC-
JIOBHBIX 3HAKOB Ha ANCIIIIEE KOMIIBIOTEPA HA OCHOBE JaHHBIX
nudpoBbix KapT wiu 6a3 nanueix [ YC. [1pu HeoOxoaumMocTu
JIEKTPOHHASI KapTa MOXKET OBITH TpaHC(HOPMHUPOBaHA U J10-
TIOJTHEHA HOBBIMU JITAHHBIMH, HAIIPHMEp, TEKyIIeH OrlepaTHB-
HO MH(pOpMAaIHeH.

B COBPEMEHHBLIX YCJIOBUAX IMOABUIIACH HeO6XOlII/IMOCTB B
CHCTEeMaTH3NPOBAHHON MH(OPMAIMN O COCTOSHUH 3€MEJIb,
BKJIFOUATOIIEH OCHOBHBIE CBEIEHUS 00 00BEKTE 3€EMETBHBIX
OTHOIIICHHH, CYyOBEKTax MMpaBa Ha 3eMJII0, OTIEPaIHsIX C 3e-
MEJbHBIMI Y9aCTKaMH ¥ NX CTOMMOCTHBIX XapaKTePUCTHKAX.
O06paboTka, XpaHeHHe U CHCTEMATU3aIHs OOIBITNX 00HEMOB
yKa3aHHOH BbIIIe nHGOpMAIK TpeOyIOT CO3/1aHHs aBTOMa-
THU3UPOBAHHON 3eMEIbHON KaacTPOBOM CHCTEMEI [4].

3eMelNbHO-KaaacTpoBasi HH(QOpPMALUsST MOKET OBITh HO-
JTydeHa pa3IuYHbIMU criocobamu. IIprMeHeHne Toro Hiu
MHOTO CII0c00a 3aBUCHUT OT YCJIOBHH IPOBEJICHNUS YU€Ta, ero
3aj1a4 ¥ ceNU(HUKN YIETHBIX TaHHBIX. CBEACHHS OJTyYalOT
MyTeM ChEMOK, 00cieIoBaHIi, 00MEpOB, MHBEHTAPU3AITUU
1 MOHUTOPHHT'A 3€MEITb.

KonuuecTBeHHbIE TaHHBIE, XapaKTEPU3YOLIHE TIOIAIN
3eMEeJIbHBIX YYacTKOB (yroJHii, 3eMeJIbHBIX MaCCUBOB, 36M-
JIETIONB30BAHMUH U T. JI.) TIOIYYaloT C INIAHOBO-KapTorpadu-
YeCKOro Marepuala, XapaKTepU3yIOIIero MpoCcTPaHCTBEH-
HYIO 4acTh 3€MEeJIbHO-Ka/1aCTPOBOM HH(OpMALIUH.

KauecTBeHHBIE ITOKA3aTeNH O IPUPOIAHBIX CBOHCTBAX 36M-
JIM OTIPEJICTISIIOT IO MaTepuaiaM 00CIIeJOBaHUH U M3bICKa-
HUMH, 33/1a4a KOTOPBIX — BBISBICHNE (PAKTHUECKOTO COCTOS-
HUS 3eMEJIbHBIX YTOJMI U OTpe/ielIeHne BO3MOXKHOCTH 00-
Jiee MHTEHCUBHOTO X UCIIONIb30BaHMS B AanbHeinem. Pe-
3yJIbTaThl 00CIIEN0BaHUN OTPAKAOTCS HA TNIAHOBO-KapTOT-
paduieckom MaTepHuae 1 B CIICIHAIBHBIX BETOMOCTSX.

Cremyer HOAYEpPKHYTH, YTO OJHUM U3 OCHOBHBIX HCTOY-
HUKOB JIaHHBIX JJIsl TCOMH()OPMAIIMOHHBIX CHCTEM MOHUTO-
PHHTa TPUPOIHON CPE/IbI ABISIOTCS MaTEPHAIIbl AUCTAHIIN-
OHHOTI'O 30HAUPOBAHUA. PeSyJ'[BTaTI)I JAUCTAHIIMOHHBIX U3MEC-
PEHMH, OCYIIECTBISIEMBIX C TIOMOIIBIO OOPTOBOH MHDOP-
MaIMOHHO-U3MEPUTENILHON anmapaTypbl a3poOKOCMHUYEC-
KOW CHCTEMBI, IPE/ICTABIISIIOT COO0H perncTpanuio B aHa-
JoroBo# wiw mH(pPoBor GopMe XapaKTEPUCTHK IIEKTPO-
MAardouTHOI'O M3JIYUYCHHA, OTPAKCHHOI'O0 OT YYaCTKOB 3€M-
HOM (BOJHO) MOBEPXHOCTHU WJIN COOCTBEHHOTO M3y ICHUS
DTUX YyYaCTKOB.

WHdopmanmoHHbIe cucTeMbl 00ecedeHus rpajocTpo-
UTEIBHON JIESITENIbHOCTH, TOCYAaPCTBEHHOTO 3€MEIBbHOTO 1
JPYTHX KaJacTPOB, OCHOBOM KOTOPBIX SBJISIOTCS TeonH(pop-
MalMOHHbIE TEXHOJIOTHH, TO3BOJISIOT apXUTEKTOPY IPOBEC-
TH aHaJIN3, OLICHKY M IIPOTHO3 I'PaJIOCTPOUTEIBHON CUTYa-
LM, COOpaTh KOMITJIEKCHYIO JOCTOBEPHYIO HH(POPMAIIHUIO O
COBPEMEHHOM COCTOSIHUH TE€PPUTOPHH, PEryInpoBaTh 3¢-
MeJTbHbIE OTHOLIEHUS C YIETOM IPaJIoCTPOUTEIILHOM LIEHHO-
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CTH 36MJIN U TPUHUMATh TPAMOTHBIE PEHICHHS 110 YIpaBIIc-
HUIO TOM WK NHOU TEPPUTOPUEH.

Jlnst nanbpHEeHero pa3sBUTHs M COBEPIICHCTBOBAHUS I'Pa-
JIOCTPOUTEIFHOTO KaIacTpa KaK 1IETOCTHON CHCTEMBI yUeTa,
OLIEHKHU COCTOSIHUSL M PAllHOHAILHOIO UCIOIb30BAHUS MIPU-
POZHBIX PECYPCOB 1 00BEKTOB HAPOJHOTO XO3AHCTBA ITPUHS-
ThI CJIEYIOIINE HOPMATUBHO-TIPABOBBIE JJOKYMEHTHI:

—I'pamoctpourensHblii kogekc 2005 r.;

— denepanbHbli 3aK0H 0 (POPMUPOBAHHUHU, MHBEHTapH3a-
IIMM ¥ TOCYAapPCTBEHHOM Ka/IaCTPOBOM ydeTe 0ObEKTOB He-
JBOKUMOCTH (HOsIOpb 2004 1) u j1p.

[pu BHEIpeHNH MH(DOPMALMOHHO-TEXHOJIOT MYECKHX pelLie-
HUI 0c000€ BHUMAaHHUE OyJIeT YACIATHCS (DOPMHUPOBAHUTIO HH]-
PaCTPYKTypbI IPOCTPAHCTBEHHBIX TaHHBIX, TTIO3BOJIIONIUX HA
eIMHOM KapTrorpadudeckoil 0CHOBE C(OPMHPOBATH B3aHMO-
CBSI3aHHYI0 MHOTOCJIOMHYIO COBOKYITHOCTh Ipaduueckux u
CEMAaHTUYECKHUX JJAHHBIX, ONIPEIEAIOIIIX XapaKTeP 3eMENbHO-
MMYIIECTBEHHBIX OTHOIIICHUH Ha TI000H TEPPUTOPHH B TIperie-
J1ax JIF000H aJIMUHUCTPATUBHO-TEPPUTOPUATLHOM €/IHHIIBI.

HaxarmmmBaemsre B AVIC T'KOH cBenenns OyayT mpemnoc-
TaBJIATHCS AJIS HCTIOIB30BAHUS B COCTABE MYHHIIUTTIATBHBIX,
PETHOHAIBHBIX U HHBIX BEZIOMCTBEHHBIX HH(POPMAIMOHHBIX
CHCTEM.

WHdopmannoHHbIe cucTeMbl 00ecieueHus rpagocTpo-
UTENBHOI NeATEbHOCTH — CHCTEMaTH3NPOBAHHBIN CBOJ JI0-
KyMEHTHUPOBAHHBIX CBEICHUN O Pa3BUTUHU TEPPUTOPUH, 00
HX 3aCTPOHKE, O 3eMENbHBIX YyJacTKax, 00 00beKTax Karu-
TaJIFHOTO CTPOUTENBCTBA M HHBIX, HEOOXOAMMBIX JJIS OCYIIIE-
CTBJICHUS IPAJOCTPOUTENBLHOM JeATETbHOCTH CBEACHUH [5].

MNudopmannoHHble cUCTEMBI 00ECTIEUEeHHUs TPAIOCTPO-
UTEIILHOM JIESTELHOCTH BKIIFOYAIOT B Ce0s1 MaTepHaIIbI B TEK-
CTOBO# (popMe U B BUIE KapT (CXEM).

Llenbto Benenus: MHGOPMALMOHHBIX CHCTEM obecrieue-
HUSI TPAZOCTPOUTENNBHOM e TeIbHOCTH SIBIISIETCsl oOectieye-
HHUE OPTaHOB rOCYIapCTBEHHOH BIACTH, OPTaHOB MECTHOTO
caMoyTpaBJIeHus, PU3HIECKUX U FOPHIMYECCKUX JIUL] IOCTO-
BEPHBIMH CBEICHUSIMHU, HEOOXOANMBIMH IS OCYIIECTBICHHS
IpagoCTPOUTEIbHOMN, NHBECTULIMOHHOW U MHOM XO3511ICTBEH-
HOM JIeSITeNTbHOCTH, TIPOBEJICHUS 3eMIICYCTPOICTBA.

NudopManimoHHble cUCTEMBI 00eCTIeueHHs TPagoCcTPO-
UTENBHOH JIESTEIbHOCTH BKITIOUAIOT:

1) cBeneHusI:

— 0 JOKyMEHTax TePPUTOPHATIBHOTO I1aHupoBaHus Poc-
culickoil denepanuu B 4acTH, KacCAIOLIEHCs TEPPUTOPUIL
MYHUIIUIATBHBIX 00pa30BaHuUl;

— JOKyMEHTaX TEepPpPUTOPHAIBHOTO MIAHUPOBAHUS
cyobekToB Poccuiickoit denepanny B 4acTH, Kacaromencst
TEPPUTOPHUIT MyHUIMIIAIBHBIX 00pa30BaHuii;

— IOKyMEHTaX TEPPUTOPUATIBHOTO TIIAHIPOBAHUS MyHH-
[UIATIBHBIX 00pPa30BaHMUii, MaTeprasax no X 000CHOBAHUIO;

— IpaBHJIax 3eMJICTIONB30BAHMS U 3aCTPOIKH, BHECEHUN
B HUX U3MEHEHMII;

— JOKYMEHTAIUH 10 INIAHUPOBKE TEPPUTOPUIL;

— M3Y4YEHHOCTH ITPUPOJTHBIX M TEXHOT'€HHBIX YCIOBUH Ha
OCHOBAHUU PE3yJIbTaTOB HHKEHEPHBIX U3bICKAHUIL;

—M3BSTHN M O PE3EPBUPOBAHNH 3€MEIIbHBIX YUaCTKOB JUIS
rOCYJapCTBEHHBIX MM MyHUIIUIATBHBIX HYK]T;

—Te0/Ie3NUEeCKNX U KapTorpaduueckux MaTepuaiax;

2) ena 0 3aCTPOCHHBIX U IMOJIEKAIINX 3aCTPOUKE 3eMeTTh-
HBIX y4acTKaxX ¥ UHbIE JOKYMEHTHI 1 MaTepHaJIbl.
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s 5 PeKTHBHOTO yIIpaBIeHUS MyHUITUITATHHBIMU 00-
Pa30BaHUAMU U TUHAMUYHO Pa3BUBAIOIIUMICS PErHOHAMI
HEeoOXOANMBI IOCTOBEPHBIE 1 aKTyaJIbHBIE TAHHBIC 00 00BEK-
Tax ¥ IpoIeccax Ha X TEPPUTOPHH, a TAKOKE ITEPEIOBbIE TEX-
HOJIOTMIM HAKOIUICHUSI, 00pabOTKH 1 IIpe/icTaBIeHUs HH]Op-
Marn. CoBpeMeHHBIE reorpaduaeckie HHHOPMaInOHHBIE
CHCTEMBI C X PA3BUTBIMHU aHATUTUIECKUMHU BO3MOKHOCTS-
MH TTO3BOJISIOT HAIAHO OTOOPA3UTh U OCMBICIUTE HH(OP-
MalMIo O KOHKPETHBIX 00BEKTaX, TPOLECCAX U ABICHUSIX B UX
coBokynHOCTH. [ VIC TI03BOISIIOT BBISIBUTH B3aUMOCBSI3U U
IIPOCTPAHCTBEHHBIE OTHOILIECHHS, TOIAEPKUBAIOT KOJUICKTHB-
HOE HCIIOJIb30BAaHHUE JAHHBIX M MX WHTETPALMIO B €ANHBIH
MH()OPMALMOHHBIH MacCHB.

K nudpoeiM kapram, Wi nudpoBoii kaprorpaduyec-
KO OCHOBE C TEMAaTHIECCKUMH CIIOSIMH, SBIISTIOIIUMUCS T€O-
npocTpancTBeHHbIM Oa3ucom ['MIC, MOTYT TOIKITIOYATHCS
0a3bl TAaHHBIX HE/IBFXKUMOCTH, 36MEJIbHBIX yYaCTKOB OpTaHH-
3alMi, JEHE)KHOW OLIEHKH 3€MEIb, MHKEHEPHBIX COOPYIKe-
HUH, TaMATHUKOB I'Pa0CTPOCHHS M apXUTEKTYPBI, CBEACHNH
TI0 TEOJIOTHH, NCTOPUH Pa3BUTHA U T. 1. B 0a3e maHHBIX Takxke
MOYKHO OpraHHW30BaTh XpaHeHHUE KaK Ipadpuueckoii, Tak 1 Bee
TEXHUYECKOMU, CIIPaBOUHOMN 1 MHOM TOKYMEHTALINH.

B coBpemennsix [ VIC mosiBIIack BO3MOKHOCTB TPEXMeEp-
HOTO NPEeACTaBICHUs TeppuTopuu. TpexMepHble MOJeNn
00BEKTOB, BHEAPSEMbIE B TPEXMEPHBIH JTaHAIIA]T, CIIPOEK-
THPOBAHHBIM HA OCHOBE LIU(PPOBBIX KapTOrpaMIeCKHX JIaH-
HBIX ¥ MAaTE€PUAJIOB IUCTAHIIIOHHOTO 30HIMPOBAHUSL, TIO3BO-
JISIFOT MOBBICUTH Ka4eCTBO BU3yaIbHOIO aHAIN3a TEPPUTOPUH
1 00ecreunBaroT MPUHSITHE B3BEIICHHBIX PEIICHNH ¢ O0JIb-
meit 9 PeKTUBHOCTHIO.

l'eonHpopMamOHHbIE CUCTEMbI 1 OCHOBaHHbIE Ha HUX
TEXHOJIOTUUECKHE PEIIECHHS TPEOYIOTCS HE TOJIBKO KPYITHBIM
peruoHam, ropofaM WM MPEeIIPUATHSIM U BEJOMCTBAM C
pa30pocaHHBIMU Ha OOIIMPHOI TEPPUTOPUHN OOBEKTAMH, HO
¥ HEOOIBIINM HACEICHHBIM ITyHKTaM, KOTOpPBIE TOKa, KaK
TIPaBUJIO, CJ1a00 BOBJIEUYEHBI B IIPOIECCHI I'€OMH(pOpMaTH3a-
. PassuBatormticst perHok I'IC B Poccun kpaitae HyX1a-
eTcsl B Crielu(pUIeCcKOM ITPOYKTe, KOTOPBIH, C OAHON CTOPO-
HBI, YJIOBJIETBOPSUI ObI HOTPEOHOCTSAM HEOONBIINX MYHHUIIN-
MajauTeToB B ctapToBoM [ UC-pemiennu u, ¢ Apyroi CTopo-
HBI, COOTBETCTBOBAI OBl WX OTPAaHWYCHHBIM (PHHAHCOBBIM
BO3MOXKHOCTSIM. KoHTIenns momo6HOro mpoaykTa pa3pado-
taHa crierranuctamu Koprnoparuu Maplnfo (CILA). [pex-
JaraeMble TEXHOJIOTHUYECKNE PELICHUS IPOBEPEHBI IIPH CO-
3naanu 'MC . KpacHokameHnck, . bonsmas Mp0a, 1. bepe-
30BKa Kyparuuckoro paiiona, . rapka u psiia 1pyrux He-
0OJBIINX MyHHUIIUIIATHHBIX 00pa30BaHUH.

s coznanus u pyaknuonuposanust ' IC HeoOX oMbl
KOMITBIOTEPHAS! TEXHUKA, COOTBETCTBYIOIIEE TIPOrPAMMHOE
obecrnieyeHue, ICXO/IHbIE JIAHHBIC, BKIIOYast aTpHOY THBHBIE,
1, KOHEYHO CIEHAINCTBI, YMEIOIIIE HE TOJIBKO IT0JIb30BaTh-
Csl KOMITBIOTEPOM U MPOTrPaMMHBIM OOecIlieueHneM, a 0c-
MBICJICHHO C MX IIOMOIIBIO OIIEpUpPOBaTh HH(POPMAIHEH, B
TOM YHCIIE UMEIOIIEH 1 TIPOCTPAHCTBEHHYTO COCTABIIAIOILYIO.

B kauyectBe mpoctpancTBeHHONW 0cHOBBI ['IC 00BI4HO
CITy’KaT Tororpaduueckue KapThl ¥ IUIAHBL, TIPEACTABICHHbIE
B LndpoBoii popme. OcHOBOM Jy1st IUPPOBOI KapThI KPyII-
HOTO TOpOJia Yalle BCEro BBHIOMPAIOTCS IUIAHBI MaciiTabda
1:2 000, xak paBmII0, CO3/1aBAEMBIE TI0 JJAHHBIM a3POPOTOCH-
emkH. Heboubive ropo/ia, HOCEIKH, CEJIbCKUE HACEICHHbIe
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MYHKTBHI, pa30pocaHHbIe 10 00mHpHO TeppuTopun PD, He
MOTYT OBITh IEHTPAIN30BaHHO 00ECIIeUeHBI a9POCHEMKOM.
B mmanax Pockaprorpadun 1 cMeKHBIX BEIOMCTB TaKas 3a-
Java B OnmvkaiiliieM 0603puMoM Oy/IyIieM U He cTaBuTcs. B
Jy4lIeM CIIy4ae pOCCHHCKasi ITyOMHKa MOXKET PacCUHTHI-
BaTh TOJIBKO Ha KapThl U IuTaHel MaciTada 1:10 000 (cambrit
KPYIHBIN MaclITad KapT, UMEIOLIUXCS Ha BCIO TEPPUTOPHIO
Poccun — 1:25 000). ObecnieueHne IpoCTPaHCTBEHHOW MH-
(hopmanmeii TeppuTOpHUil KPYIHBIX U MEJIKHX CaJIOBBIX TOBA-
PHILECTB, KOTTE/HKHBIX TIOCEIIKOB, TOBCEMECTHO IMOSIBIISTIOIIIX-
Csl B MHAYCTPUAIIbHO Pa3BUTHIX PETHOHAX, TPAKTUYECKH He-
BO3MOJKHO. AJIMUHUCTpPAIMY PailOHOB ¥ PETHOHOB YacTO He
MMEIOT KOMIUIEKCHOTO TIPEJICTABICHNUS O TOM, YTO 3a IOCIIe-
JTHEe BpeMsl ITOSIBUIIOCH Ha T10JIBEIOMCTBEHHOM TEpPPUTOPHH.

Tonorpado-kaprorpadpuueckas 0OCHOBA — KapThl U IUIa-
HbI MECTHOCTH, B TOM YHCJI€ U IU(POBBIE, YCTAPEBAIOT C
KaXbIM IIOCTPOEHHBIM HOBBIM JI0MOM, krockoM, A3C, no-
pOroif MM BHOBH pa30oUTHIM CKBepoM. Ho MMeHHO 3TH m3-
MEHEHHS BOKHBI M 3HAYMMBl Ha YPOBHE MyHUIINIIAIUTETA U
KOHKPETHOTO JKHTEJISI, BIaAENbIa WM CIIEIHAIICTA 110 00-
CITy’>)KHBaHHIO TeppuTOopun. CienyeTr Npu3HaTh, 4TO TPAaIH-
IIMOHHAs CXeMa CO3/IaHMsl M OOHOBJICHHS KapT C HOPMHPO-
BaHHBIMH CPOKaMH, 3TAIlAMH, NTOCIEA0BATEIILHOCTBIO OIle-
panuii 1 XapaKTepUCTHKaMH MaTepHaIOB B 9TOM Cllydae He
pabotaet. HeoOxommmo, He T0XKHUIasiCh TOBCEMECTHOU «Kap-
Torpadu3anym) Kak OCHOBBI JUIsl CO3JaHUsI U IPO/BIKEHUS
I'NC, Gonee MMPOKO UCTIOIB30BATh MAaTEPUAIIBI KOCMUYEC-
KOl CHEMKH B COYETAHHUU C JIFOOBIMU JOCTYIIHBIMU JTaHHBI-
MH. D10 Hanboee 3G EeKTUBHBIN MyTh IPOBEICHNS T€ONH-
dbopmaTtuzamym [6].

I'IC Maplnfo — 310 B3anmMocBsi3aHHbIE TEXHOJIOTHH COO-
pa, 00pabOTKH, XpaHEHHS! 1 MCIIONB30BAHNS TPOCTPAHCTBEH-
HBIX JAHHBIX, OCHOBAHHBIC HA HCIIOJIb30BaHUU HOBEHIIINX
MPOrPaMMHBIX U alNapaTHBIX CPE/ICTB.

Maplnfo — 310 pa3BuTas cucrema HacTOJNLHOM KapTorpa-
(un, ITo3BOIISIONIAS PEIIATh CIOKHBIC 331a4K reorpaduyiec-
KOTO aHa/IN3a, TAKHE KaK CBA3b C yAaJICHHBIMU Oa3aMH JaH-
HBIX, BKJIIOYEHHE I'eorpapuiecKux 00beKTOB B IPyrHe MpH-
JIO’KEHMS1, CO3IaHNE TeMaTHUECKUX KapT, BBISBICHUE TCH/ICH-
LIMNA ¥ 3aKOHOMEPHOCTEH B IaHHBIX U MHOroe apyroe. Ha-
CTOJIbHASI KapTOrpad¥st MO3BOJISET HE ITPOCTO 00padaThIBATH
JIaHHBIC, @ HAIVIHO MPECTABIIATH UX, YTO TO3BOJISET YIIO-
BUTB OOIINI CMBICIT.

OnexTtponnas kapra 1. KpacHokameHck Kyparuackoro
p-Ha co3naBanack B ['IC Maplnfo (puc. 1). MeToauka mnpe-
o0pazoBaHus OyMakKHOW KapThl B MU(POBYIO MOEINB I10-
BEPXHOCTH ITPOHUCXO/IHIIA TI0 CIICAYIOLICH cXxeme:

1) ckanupoBaHue;

2) onmdpoBKa OTJIEIHHBIX CIIOCB;

3) co3nanue TabMI C AaTPHOYTHBHBIMH JaHHBIMH K KaK-
JIOMY CIIOIO;

4) cOOp BCEX CIIOCB B OJIHY KapTy.

Kommnerorepnast Kapra cocrout n3 cioes (puc. 1). Kax-
JIBIA CTIOM COZIEPIKUT Pa3HbIe BUABI MHPOPMAIIUH: 00IacTH,
TOYKH, JINHWUH, TEKCTHI — & BCE BMECTE OHU COCTaBIIsoT Kap-
Ty. Co3nas Kapty U3 ciioeB MOKHO HACTpauBaTh KaX bl CIION
B OTACJIIBHOCTH, ﬂOGaBﬂHTb HOBBIC CJIOH, IEPETACOBLIBATH NJIN
YAQIATH CYIIECTBYIOIIHE.

Pabota 1o co3aHuio BEKTOPHBIX CIOEB 3aKII0YAIach B
CJIEIYFOILEM:
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— TepeBoJ KapT B MU(POBYIO GOPMYy IOCPEICTBOM
«MBIIIN U KJIIABHATYPbI TI0 PACTPOBOM MOJJIOKKE;

— TIOJTy9eHHE OTICTHHBIX BEKTOPHBIX CJIOEB — TOYCUHBIX,
JIMHEUHBIX U IIOJIMT'OHAJIBHBIX

— CO3/IaHUE 10 KAXKJIOMY OT/JIEIILHOMY CJIOI0 aTPHOYTHB-
HOU TaONHUIIBI JAHHBIX.

Ha teppuropuu noceska Obuin o1(poBaHbI TAKUE CIIOU:
W30JIUHAH BBICOT, 3IaHS, TEPPUTOPHATBEHBIC 30HBI, KOMMY-
HUKaIlMH, 30HbI 00pEeMEHEHUH.

Kaxxnomy 00BbeKTY, HAHECEHHOMY Ha KapTy, COOTBETCTBY-
€T CTpoKa B Tabumiie. B Tabnuiry 3aHOCHTCSI BCSI IMEIOTITAsICSI
nHdopmanus 06 oowvekre. Hanpumep, st ciiost «3paHusD»
3aHOCHJIACH CIIeayIomIast HH()OPMAIIHS:

— HOMEp KBapTaja;

— HaMEHOBaHME 00BEKTA;

—TO/JI BBOZIA B OKCILTyaTallnIo;

— TJIOIIA/Ib;

— afpec.

Cunoii «TepputopualibHbIE 30HBDY, KPOME PaCIONIOKEHHS
TEPPUTOPUATTFHBIX 30H B TIPEENIAX TIOCETKOBO YePTHI, BKITFO-
YaeT U UX KOIUPOBKY, BHIIOIHEHHYIO cortacHo Knaccudu-
karopy Teppuropnansabix 3oH (KT3) n permamenTst. [1o komxy
30HBI OBIJIO BRIMTOITHEHO TEMAaTHIECKOe KapTorpadupoBaHue,
B pe3yJIbTaTe Yero KaxJ 101 TeppuTOpHaIbHON 30He ObLI 3a-
JlaH ornpeneneHHb nBeT. HoMmep, HauMeHOBaHME 30HBI U
IBET MMOKa3aHbI B JICTCHJC KaPThI.

B npenenax mocenkoBoit 4epThl BEIIEIECHBI TEPPHTOPHATH-
HBIE 30HBI 110 BUJIaM OTPAaHUYEHHH Ha HCTIOJIF30BAaHIE TEPPH-
TOPHIA TSl OCYIIIECTBIICHUS I'PaI0CTPOUTENBLHON JIeSTeNbHOC-
TH (CJI01 «30HBI 0OPEMEHEHUIN ), KOTOPBIN CONEPKUT UHPOP-
MallMIO 0 UICTOUHHMKE, PaIHyCe U IIIOLIA/IU 30HBI, a TAKKE Pa3-
PEIICHHBIE U 3alpeIIeHHbIC BUIBI HCIIOTb30BaHUS.

Teorpaduueckue naHHbIC HHTEHCUBHO MeHstoTCs. Cun-
TaeTCsl, 4TO TOpOCKHUe IutaHbl Macmrada 1:500 ycrapeBatoT
B TCYCHHUE IoJla ¢ MOMCHTA MMPOBEACHUS TTOJICBBIX U3MEPEC-
Hui. [ToaToMy 3 peKTHBHO NCIIOIB30BATH TPOCTPAHCTBEH-
HYIO OCHOBY MOYKHO, TOJIKO CO3/1aB CHCTEMY OOHOBJICHUS 1
noaacpKaHuAa JaHHbIX B aKTyaJIbHOM COCTOSTHUU.

BymakabIe KapThl M TUTaHBI MCIIONB3YIOTCS B KaUueCTBE
HMCTOYHUKOB HH(OPMAIMX TOIBKO HA MIEPBOM dTare co3/a-
HUsI reorpaduuecKoi 0a3bl JaHHBIX, KOT/[a HE00X0ANMO MOo-
JyYUTh MEHIMAJTBHBIN HaOOp TaHHBIX 171t Hadasa padot (TUC
0a30BOr0 ypPOBHs), MyCTh JIaXKC HE OUCHb BBHICOKOTO Kade-
CTBa ¥ HECKOITBKO YCTAPEBIIINX.

OnHaxo OONBIIMHCTBO 3314, TAKMX KaK HH)KEHEPHOE TPO-
EKTHUPOBAHUE, YIET ¥ PETUCTPAIIHS 3eMIH U HEIBIKIMOCTH
TpeOYIOT KOOPAMHATHON T€OMETPUHU BBICOKOW TOYHOCTH U
OIIEPaTHBHOTO OTOOPAKEHHS TEKYIIEH CUTyalny.

Hapsigy ¢ TpaauunOHHBIME METOAAMH IEOAE3UUECKON
CHhEeMKH HCToIb3YI0TCs GPS mpHeMHUKH U 2JIeKTPOHHBIE Ta-
XCOMETPHI.

Jliis kamepaiibHOM 00pabOTKU TOJIEBBIX H3MEPEHUH HC-
nmojp3yercs paspaboraHHoe npuiioxenue B Maplnfo
CadOffice. Pe3ympraTtom ero paboTHI ABISAIOTCSA HHU(PPOBBIE
JIaHHbIE, KOTOPbIE HEMOCPEICTBEHHO BCTPAUBAIOTCS B T€0-
nHPOPMALIMOHHYTO 0a3y TaHHBIX.

MyunununansHas [ IC npencrasisieT cO00# CII0KHBIIH
nH()OPMAITMOHHBIN pecypc, 00bEIUHSAIOMNN B CBOEM CO-
CTaB€ HE TOJHKO COOCTBEHHO JIEKTPOHHBIC KapThl, HO U
JIaHHBIE U3 Pa3HOOOPA3HBIX TOPOJACKUX MH()OPMAIIMOHHBIX
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cucteMm. [loaTomy cozmanmne myaunumnaiasHon [ IC 3aTpa-
ruBaeT 0O0JIbIIOE KOJMYECTBO HH(OPMAIIMOHHBIX pecyp-
COB, TTOBBIIIASI NX EHHOCTb 32 CUET pealn3alui BO3MOXK-
HOCTH aHaju3a WH(OPMAIMK C YYETOM MPOCTPAHCTBEH-
HOTO pacnojoxeHus. [IpocTpaHcTBeHHAs NMpUBSI3KaA MO-
3BOJISIET CONOCTABUTH JaHHBIE, COOPAHHBIE B Pa3IMYHBIX
cucremax. Kpome Toro, mpu peueHuu 3aadu MpUBA3KU
B/ x TomoocHOBE, MPOMCXOANT YTOUHEHNE HH(DOpMATIHH,
conepxaiueiicsa B b/, Hanpumep, 3a cueT KOppeKIMHU Mo-
YTOBBIX a/IPECOB.

[pu popMupoBaHNH HOBBIX 3€MEJIBbHBIX YYaCTKOB HMeEs
nHpopMaoHHOE o0ecreueHne JIETKO MPUHUMATh pellie-
HHE 10 Pa3peIIeHHOMY BHJy NCTIOJIb30BaHMUs, & TAKXKE Orpa-
HUYCHUH B NCIIOJIB30BAHNH IAHHOTO y4yacTKa (puc. 2).

Co3nanne MH(POPMAIIMOHHOTO 00ECTIEYEHHs MTO3BOJIUT
PELINTH CIeTYIONINE 3a/1a9H:

— y4eT ¥ perUCTpalus TpafoCTPOUTENBHBIX PEITIAMEHTOB
U TPaZOCTPOUTEIBHON IEHHOCTH TEPPUTOPHH;

— JloBeJIeHNe MH(OPMAIINH O I'PaJJOCTPOUTEIIBHBIX Periia-
MEHTaX JI0 JIUILI, OTBETCTBEHHBIX 32 NX COOITIOIICHNE;

— OTCIIeKHMBAHUE COOJTIOZICHHS IPaI0CTPOUTEIBHBIX Per-
JIAMEHTOB M 000CHOBAHHE HAJIO)KEHHS CAHKITHH 32 yIIepOBbl,
HAHECEHHbIC X HApYIICHUEM;

— nHPOPMAMOHHOE 00CCIICUCHHE ydeTa rPpajoCTPOH-
TENFHOM IEHHOCTH TEPPUTOPUH ITPU TEPPUTOPHATBEHOM TU(-
(epeHImanny HaIOr000JI0KEHHSI HEABUKUMOCTH U CyOBEH-
LM,

#"Maplnfo Professional

—nH(pOPMaNNOHHAS TTOAEPXKKA MPABOOTHOIICHHUH, CBSI-
3aHHBIX C JCATEIBHOCTHIO 110 M3MEHEHHIO COCTOSIHUS U HC-
TI0JIb30BAHUS TEPPUTOPUH;

— nHopMannoHHOe o0ecrnedyeHne B3aUMHOI0 y4era
HMHTEPECOB TEPPUTOPHI M OTpaciiel IIPH COINIACOBaHUH pe-
LIEHUH 10 pa3BUTHUIO TEPPUTOPHI U YCTAHOBIIEHUH OTpaCIIe-
BBIX PEIVIAMEHTOB HX UCIIOJIB30BaHUS;

— HHPOPMAITMOHHOE 00eCTIeYeHHE 3aIUTHI TIPaB TPak-
JIaH Ha YCTaHOBJICHHBIH yPOBEHb KaueCTBa CPe/Ibl HX ITPOXKHU-
BaHMS U ACSTEIHHOCTH.

DTy 3a/1a4¥ HAIPABJICHB! HA BBITIOJIHEHHE OCHOBHBIX (DyH-
KLU ropoia B cepe 0CyIIeCTBICHUS TPaJ0CTPOUTEILHOM
TIOJINTHKY: TIEPCIIEKTUBHOTO Pa3BUTHS M aBTOMATH3ALIHH, 32~
LIUTHI U XpaHeHust nHdopmalyu, coopa u 00pabOTKM HH-
(opmManmy, MOHUTOPHHTA, PETHCTPAIIMN 00parieHni, odop-
MJICHHSI ¥ BBIJJAYH1 KaJJACTPOBBIX IOKYMEHTOB.

HWcnonszosanns ' IC Maplnfo sddexTnBHO Kak oce -
HEBHBIN MHCTPYMEHTApUil PabOTHUKOB MYHHINIAIBHBIX
00pa30BaHMi M IMPOKOTO KpyTa M0JIb30BaTelIe, OITHOIEH-
HOE NPUMEHEHHE BCEX BO3MOXKHOCTEH IM(POBBIX reorpa-
(ryeckux HHPOPMAIIMOHHBIX CHCTEM, TIOCTYTAaTEeIbHOE pa3-
sutHe peiaka 'MIC B Poccun.
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T. Y. Samoshina

GIS-TECHNOLOGIES APPLYING
TO BUILDING ACTIVITIES AND LAND USING

Creating of information provision of territory zoning, control and definition of approved kinds of land use on the
basis of modern information technologies and complex approach to analysis of natural environment characteristics with
the using of cartographic modeling methods and geographic information analysis is considered.
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VIK621.314

. B. Kanynun

BBICTPOJAENCTBYIOIN UMITYJIbCHBIV CTABUJIN3ATOP HATIPSI)KEHU S
MOBBIIIEHHOM HAJIEXKHOCTH C UHTET'PATOPOM B LIEIT OBPATHOM CBSI3U!

PaCCMom]?EHd pa60ma UMNYTIbCHBIX cma6uﬂu3am0p03 HAnNpAMNCeHUusl noOHUuxcarnuieco u nosovluiarouieco munoe ¢ uH-
mezpaniopom cucHajla paccoeiacoseanusl 6 yenu 06pamH012 C653U NO HANPAINCEHUIO. Hpoeedeubz uccnedo8anus no onpe-
oenenuto OUanazoHa UsMeHeHUs. urnmeepaila cucHalad paccoeilacosdnus 6 3asucumocmu om pAas3iudHblx napamempos

CUI0OBbLX L;enezi, cXem ynpaejieHust cma6uﬂu3amopaﬂ4u.

B cucremax 3JeKTpONHUTAHUS aBTOHOMHBIX OOBEKTOB
(C3II), B 4acTHOCTH B CIIyTHUKAX CBSI3H, IIUPOKO IPUMCHS-
I0TCSI UMITYJIbCHBIE cTabunu3aTopsl Hanpsbkenus (MCH). B
MOCJICAHEE ICCATUICTHE TPSOOBAHUS K KAY€CTBY BBIXOAHOTO
HanpspkeHns COI1 B THAMUYECKHUX U CTATHYIECKHUX PEXIMax
3HAYUTENHHO Bo3pociu. Tak, crangapt nutanust EBpomneiic-
KOTO KOCMHYECKOTO areHTCTBAa JOMYCKaeT AWHAMHYECKOE
OTKJIOHEeHHe HanpspkeHus Ha Beixoze COIl Ha BemanHy +4 %
JUTATEITFHOCTBIO HE OoJiee 2 MC M PErIaMEHTHPYET Malbie
JIOTTYCTHMBbIE 3HAYEHHSI MOIYJISl YaCTOTHOM XapaKTEPUCTUKU
BeixogHoro mmmnenanca COII. [MogoOHbie TpeOoBaHUS
MPEIBSABISIOT M OTEYECTBEHHBIC CTAHAPTHI HA TPOSKTHPO-
BaHMSI CUCTEM DJICKTPOITUTAHUS CITyTHUKOB CBsi3U. TpeboBa-
HUS K Ka4eCTBY BRIXOIHOTO Harnpspkernst COI1 B cTraTmaeckux
pekuMax paboThl MOTYT OBITh BBITOJIHEHBI TIPU HATHYUHU
HMHTETPUPYIOIIETO KOHTYPa 00paTHOH CBSI3H, UTO IMOBBIIIACT
CPOK aKTHBHOT'O CYIIIeCTBOBaHMs 1 HaiexHOoCTh COII crryT-
HuKa. BEIXOAHOM CUTHA TAKOTO MHTErpaTopa ONpeeiseTcst:

t
UBLIX_H (t) = Kp Js(t)dt +UBHX.I/I (0) >
0

rie K| — koo duumenT nepeaady HHTErpaa CHruana pac-
cormacosanmns e(t) = U (6)— U, U, (f) — BBIXOZHOE
nanpsokenne UCH; U, — onopubiit curnan; U, (0) — Ha-
YaJIbHOE 3HAYECHUE BBIXOJHOTO CUTHAJIA HHTETPaTopa.

B T0 e BpeMsi, KOHTYp 0OpaTHON CBS3H 1O WHTETPAITY
CUTHAJa PaccoriacoBaHMs, 00eCIeUNBAIONINN aCTaTH3M
WCH, MOXeT yXyAIHuTh €ro JHHAMUYECKIE XapaKTepPUCTH-
KH, B YaCTHOCTH, ITPH MOJIKIIFOYESHUN MOIIHBIX OTPEOUTENeH
snepruu kK UCH. Coxpanenue Maiioil JIMTEIbHOCTH NIEpe-
XOJHBIX TIPOLIECCOB I PEKUMOB «MAJbIX» OTKIOHCHUH
MOXHO 00€CIICUUTh IyTeM OrpaHHuYCHHs Kod(h(PHUIMEeHTa
yCUIJIEHHs CUTHAJIa paccoracoBaHus. B ciaydae komMMyTa-
I[UM 3HAYUTENIbHON HAarpy3Ku, Madylo JJIUTEIbHOCTD Mepe-
XOZIHBIX MIPOIIECCOB MOXKHO 00ECIIEUNTH IIPEPHIBAHUEM TTPO-
I[ecca HHTETPUPOBAHUS CUTHAJIA PACCOTTIACOBAHUS 110 HAIPSI-
skenuto [1].

B ciydae, ecim mpeabABISIOTCS MOBBIICHHBIE TPeOOoBa-
HUS K KQUECTBY BBIXO/IHOTO HAIPSDKEHHS U B TMHAMHYECKUX
pexxumax paboTsl, To B ICH ucmons3yroT crienuaibHbIe 3a-
KOHBI YIPaBJICHUsI, HAIPUMEP, ONTUMAJIbHBIN 110 OBICTPO-
neiicruio 3akoH ynpasienus UCH [2]. CtpykrypHas cxema
YCTPOWCTBA YIIPaBICHNUS CTAOMIN3aTOPaMH HAMIPSHKEHUS, pe-
QJIN3YIOIIETO 3TOT 3aKOH, ITPUBe/IeHa Ha puc. 1. YcTpoiicTBO
yIpaBIEHUs Ha pHC. | IPEICTaBICHO B BUAE ABYX KOHTYPOB
YIpPaBJIEHUs, OTBEUAIOLIHX 32 JTUHAMUYECKUE XapAKTEPUCTH-
k1 UCH. Kosppummenter K, K, K, K aHaTATHYECKH OTI-

peneneHsl B [2]. CUrHaIbI ¢ KOHTYPOB YIPaBICHUs TOAAIOTCS
Ha BXxoJipl cymmaropa Cl.

J171s1 BBITTOTTHEHHSI KOMILIIEKCa TPEOOBAHUH B 4aCTH 00ec-
MIEUEHNUS ACTaTU3Ma BBIXOHOIO HANPSKEHUS HAa TPETHI BXOJT
cymmaropa C1 mogaercst CUTHAI ¢ IOTIOTHUTEIHHOTO KOHTY-
pa 00paTHOH CBSI3HU, COAEPIKAIIETO HHTETPATOP CUTHAJIA Pac-
cormracoBanus. Koahpumment K muTerparopa aHanmriIeC-
KU OoTipeiesieH B [2].

B [2] ans coxpaHEHHUE MPEIebHOTO OBICTPOIACHCTBHS
WCH B pexxnmax paboThl IPH «MAJIBIX) BO3MYIIAIOIIUX BO3-
JEUCTBUAX NPEATIOAKEHO OTPAHNYNBATH BETMUUHY IIOCTOSH-
HOM MHTETpUpPOBAHUS Kp, a Ut o0ecrieueHnst MaJlol -
TEJBHOCTH MEPEXO/IHBIX IPOIIECCOB B peXKnMax paboThI, TIpH-
BoaAmMX K mpepeiBanuio LIIMM, mpennoxkeHo npephiBaTh
MIpOIecC MHTETPHUPOBAHMUS C TOMOIIBIO OJI0KA PEPHIBAHUS
uaTerpupoBanus (BIT) mpu BEIX0/1e BXOJHOTO CUTHAJIA MO-
JyasiTopa Uy u3 301561 LLIVIM.

Yempofictso
VIpaETeHH

Udn

E Hurerpatop cummana
| pACCOTacOBAENS

[~
&
2

HEST

%
=]

Puc. 1. CtpykTypHast cxemMa yCTpPOHCTBa yIpaBICHUS

ITocranoBka 3axa4u. /{yana3oH BO3MOXHOTO H3MEHEHUSI
MHTETpaJia curHaia paccornacoBanus B bIIW 3amaercs «Bep-
xuei» (U ) u «HwkHen» (U ) rpaHunamu, moka3aHHbIMH

BEpX HUXK
Ha puc. 2.

I
‘HHT T T
, o i
-
Usepxl=-ist= apedubeinbin i lodeniel) - 30HA OMOPHOTO
i \ cHrgamta ITIOTMV
H 1
fl v
0 20 7 i
d
L L o ]
/
I i
HIDK

Puc. 2. OFpaHI/I‘{eHI/IC Jana3oHa U3MEHCHUS UHTETrpajia
CUTr'HAJIa pacCcorjiacoBaHus

! PaboTa BELINOIHEHA B paMKax mporpaMmbl MNOAJACPIKKH MOJIOABIX YUYCHBIX CI/I6I/IpCKOFO (Dez[epam,Horo yHI/IBepCI/ITeTa
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JmITeTbHOCTD M aMITIMTY/Ia OTKJIOHEHHS BBIXOTHOTO Ha-
MIPSKEHHS B IEPEXOTHBIX PeXUMaX MPU KOMMYTAIUN 3HATH-
TEIbHOM Harpy3KH1 3aBUCAT OT MOIITHOCTH Harpy3KH, BXOIHO-
IO HaIPSDKEHUs, IapaMeTpOB CUJIIOBOM LIENH U YCTPOICTBA
YIPaBIIEHUS, a TAKXKE MIPUHATBIX «BEPXHET0» U «HUKHET0»
YPOBHEH OTpaHWYEHMs AMAIa30HA M3MEHEHHsI MHTErpaia
CHUTHAaJIa paccoryiacoBaHus. B cBs3U ¢ 3TuM, IpeIMETOM HC-
CIICTOBaHHH SIBISIETCS] yCTAHOBJICHNE 3aBICHMOCTH «BEPXHE-
ro» M «HIDKHET0» YpOBHEW OTpaHMYEeHHMs, MO3BOJISIOIIEH
MHHHUMH3MPOBATh aMIUTUTY/Ly OTKJIOHEHHMS! BBIXOJHOTO Ha-
HPSDKEHUS U T TENbHOCTD IEPEXO0IHOTO NPOIIecca PH 13-
MEHEHUSAX MOIIHOCTU Harpy3KH, BXOJJHOTO HaMpsKEHUsS U
[apaMeTpoB CUIIOBOM LIEIH.

MeTton pemenus. /111 npoBeeHUS UCCIIEA0BAHUIL B ITa-
kete npoektuposanus OrCAD ObuTH pa3paboTaHbl IMUTA-
rmonHble Mogenn MCH nonmxatomiero (MCH ITH) u moBsI-
maroniero (MCH I1B) THIIOB ¢ ONTUMaIbHBIM 110 OBICTPOICH-
CTBHIO yIIpaBJIcHIEM. bbUTH POBEIEHBI HCCIIEA0BAHNS JICK-
TpoMarHuTHbIX 1porieccos B ICH. Beibopouno BpeMeHHbIe
JIarpaMMBl, TIOJTyYCHHBIE B PE3YIIBTaTe NCCIIEI0BaHUMH, IPH-
BeZieHB!I Ha puc. 3, 4. [IpuHATHIC Ha BPEMEHHBIX THarpaMmax
0003HauenHus: [ —TOK Harpy3kH, /, — TOK JIPOCCENs CUITOBON
uenu, U — BBIXOIHOE HANPSKEHHE WCH, U — curnan
MHTErpaTopa CUrHala paccoriacosanus, U~ — «HIKHHID)
YPOBEHb OTPAHUYEHMS], UBepx — «BEPXHMI» yPOBEHb OI'PaHU-
YeHUS.

HccnenoBanus o BEIOOPY YpOBHEH OrpaHHYCHUS JHa-
Ma30Ha W3MEHEHMS MHTETpalla CUTHAJIAa PacCcOIIacOBaHUS
1e71ec000pa3HO MPOBOUTE MPH 3HAYCHUSIX BXOAHOTO HAIIPSI-
JKEHUsI, ONIM3KMX K 3HAUCHUIO BBIXOIHOTO HanpspkeHust. [1pu
3toM ckopoctH Hapactanus (s MCH ITH) u cnana (s
WCH I1B) TokOB ApOccemnss MUHIMAIBHBI, BpeMs IEPEXOTHO-
o Tpoliecca yBenuunBaercs, a Ha Bbixoje MCH Bo3HuKaeT
XapaKTepHOE ITepeperyInpoBaHne, KOTOPOE MOKET OBITh CHH-
JKEHO TTOCPEICTBOM 3a/IaHMsI YPOBHEH OrpaHUYeHHs HHTET -
pupoBanusi (puc. 3, 4). B ciryuae 60os1b1110# pa3HULBI HATIPS-
JKEHHH Ha BXOJIE U BBIXOZIE CKOPOCTH M3MEHEHHSI TOKOB IPOC-
ceJis BBICOKHE, «3aTATMBAaHUS IIEPEXOTHOrO0 MpoIiecca HeT,
HepeperyIMpoBaHne CUTHAIa BBIXOJHOTO HANPSDKEHUS OT-
CyTCTBYET, CUTHAJI HA BBIXO/IE HHTETPATOPA M3MEHSIETCS TIJ1aB-
HO, ¥ OTPaHUUYUBATH €TO HE UMeeT cMblcia. Mexoas us storo,
nccienoBanus mpooawuch st MCH TTH npu Hu3KOM 3Ha-
ueHuM BXOAHOro Hanpsikenus U, = 105 B nyis ciryyas napa-
CTaHUs TOKa Harpy3kw, a it ICH T1B — mpu BeIcOKOM 3Ha4e-
HHUH BXOJTHOTO HaIpsDKeHHUs, ONMM3KOM K MaKCHMaJIbHO BO3-
MOXKHOMY pabouemy Hanpsbkennio, U =95 B mia cimy4qas
Crajia TOKa Harpy3KH.

HcenenoBanus paboThl cTabMIIN3aTOpPA IPOBOAMIIHCH ITPH
PA3IMIHBIX EMKOCTSIX KOH/ICHCATOPa BRIXOTHOTO (uinbTpa C,
HHIYKTUBHOCTSIX APOCCEIIs CUIIOBOM 1ienu L 1 4acToTax npe-
oOpasoBanus f. V3 aHanm3a guarpaMm XOpOIIIO BHIHO paz-
JIMYHUE TIePEXOTHBIX MPOIECCOB IPH HATUYNHU U OTCYTCTBHU
orpaHndeHus nHTerpuposanus. [Ipu cpabareiBaHny ypoB-
HsI OTPaHUUCHUS JTTUTETBHOCTB IIEPEXOAHOTO0 MPOLIECCA CHHU-
JKACTCs, YMCHBINIACTCS TIepeperynupoBanue (puc. 3, 4).

[Tomyuennsie pe3yabTaThl HPOBEICHHBIX NCCIIEI0BAHNH,
MO3BOJIAIOT CYIUTH O TOM, YTO YPOBHHU OTPAHUYEHUS Aara-
30HA MHTETPUPOBAHMS CI1a00 3aBUCST OT EMKOCTH KOH/ICHCA-
TOpPa BBIXOAHOTO (DUIIBTPA MPH HATTMYUN MOILHOTO KOHJICH-
caropa. OiHaKo MpY YBEJIIMUSHUH YaCTOTHI [IPE0Opa30BaHus

59

HaOJII0IaeTCs YCHIICHUE 3aBUCHMOCTH YPOBHEH OrpaHnye-
HUSI HHTETPUPOBAHUS OT eMKOCTH KOoHZIeHcaTopa. CTOHT OT-
METHUTB, YTO IIPH 3HAYUTEIILHOM CHIDKEHHN EMKOCTH KOHJICH-
cartopa BbIXO/IHOTO (DHIIBTPA CTAHOBUTCSI OUEHB TPYAHO 00ec-
neuynuts ycrounocTs ICH npu yBenudeHuu auanasoHa
HMHTETPUPOBAHHS.

100,12
100,08
100.00

99,94

410

iE 40 5.2 [Nl

Puc. 3. Bpemennsie quarpammsl padotst UCH I1B npu
napamerpax: U _=95B; U =-1; UBepx =2; L =150 mxIs;

C=1000 mx®d; /=60 x['u

a0 Ia. A

20

[1]

50
25 F
0

A ¥

100,12
100.06
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9994 (— 1

20
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a

4.4 1, nac

Puc. 4. Bpemennsie quarpammsel padotst ICH [1B pu
napamerpax: U _=95B; U__=-1; UBepx =1,2; L =150 mxI['H;
C=1000mMx®d; /=60 x['g

Pesynbrarsl nccnenoBaHui O YCTAHOBIEHHIO 3aBUCUMO-
CTel ypOBHsI OTpaHWYEHNS ANAIIa30Ha BO3MOKHOTO M3MEHE-
HHsI MHTErpaja CUTHaJIa pacCOINIaCOBAHUS OT BEJIMUMHBI €M-
kocTr C KOHJIEHCATOPa BBIXOAHOTO (PHIIBTPA, MHAYKTHBHOCTH
L npoccenst CUIIOBOM LIENH U 9aCTOTHI PeoOpa30BaHus f TIPH-
BeJIeHBI rpa)uuecky Ha prc. 5. 3HaUeHUE CMEIICHNUS TPAHHNI]
JMana3oHa U3MEHEHNS MHTETPaJla CUTHAJIA PAcCOTIacOBaHUS
ompenenseTcs mo Gopmyie K, . =K, (U, /U(D] -
ws UCHIH K = (1-K)[U, /U (D] - na UCHIIB, rie
U (T) — aMmuiTyiHOE 3Ha4YeHHe IMI000pa3sHOro CHrHaa
IINM; K, — cratndgeckuit Koo QHUIMERT 3aIOTHEHHSL.

Taxum 00pa3om, MPUBEACHHBIC HA PUC. 5 3aBUCUMOCTH
MO3BOJISIOT ONPENENATh TPAHULBI BO3MOXKHOTO U3MEHEHUS
MHTETpaJla CUTHAJIa PAcCOIIaCOBAHMS, P KOTOPBIX oOecte-
YHBAETCS] HAMEHbBIIIEE OTKJIOHEHHE BBIXOJHOTO HaIpsKe-
nust. [Ipu aToMm nepeperynuposanue cHikaercs 10 70 %, a
JUTUTEILHOCTD TiepexoaHoro npomecca Ha 10...50 % otHocH-
TEIILHO PE3yIBTATOB, OIYyYEHHBIX IpH Hcnonb3oBanun UCH
0e3 pepbIBaHMUsI HHTETPUPOBAHMS.

Vcnonb3oBaHKe NOTy4YE€HHBIX 3aBUCMOCTE CMEIEeHHS
TpaHuUI] JUana30Ha N3MEHEHNs HHTETpasia CUTHAJIa Paccor-
nacoBaHus pu ynpasneHuu ICH no3BoauT cHU3NTS nepe-
PeryanpoBaHne, COKPaTHTh JUTUTEILHOCTH MEPEXOTHBIX ITPO-
LIECCOB, N30€XkKaTh BOZHUKHOBEHHS aBTOKOJIE0AaTEIbHBIX pe-
»uMoB pabotsl UCH npu koMMyTanuy 3Ha4UTENIbHOM Ha-



Mamemamuxka, mexanuka, uHgpopmamuxa

TPY3KH WM HAaTpy3KH, HOCAIIEH UMITYITbCHBIN Xapakrep. Ofi-
HOBPEMEHHO C 3THM IOBBIIIACTCS HAZIEKHOCTh CHCTEMBI HJIeK-
TPOTINTAHUS X yBEIINYNBAETCSI CPOK CITYKOBI CITyTHHKA CBS-
31 B LIEJIOM.

COBMECTHO € ONITUMAJILHBIM O OBICTPOJEHCTBHIO 3aKO0-
HOM YTIPaBJICHNUS, 00ECTICUNBAIOIINM OJIM3KYFO K MUHUMAITb-
HOW JJTUTEIBHOCTh MEPEXOIHBIX MPOIECCOB, MIPUMEHEHNE
MOJTyYEHHBIX 3aBHCUMOCTEH TO3BOJISIET TaKKE JOCTHTaTh

Kom

250 L, mklH

MaJIOTO BPEMEHHU PETYIHPOBAHUS MIPU 3HAYUTENIBHBIX BO3-
MyILIAKIIUX Bo3aeicTBUsIX. [ [pn TOM quHaMuyeckue Xxapak-
tepuctukn MCH ocraroTcst BBICOKUMU, OJM3KUMH K IIPE/IEITb-
HbIM, IIPU OJHOBPEMCHHO HU3KOM 3HAQUYCHHWHU BBIXOAHOTO
nmrenanca COI1, yro obecrieunBaeTcs MPUMEHEHNEM 3aK0-
Ha ympaBieHus [ 1].

[IpuMeHATh pe3ynbTaThl MOTY4YEeHHBIX HCCIIEA0BAHUH Lie-
JIeco00pa3HO C MCMOIB30BAHUEM CPEICTB IH(POBOIl 0Opa-

Ko 700 C,mk®
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— =20y — — [=40d Y= - = - =60 Hy=— = =f =80 Hy—® = =100 'y =7 =120 Y
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2
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0 e

Puc. 5. 3aBucumoctu ko3 GuIEeHTa OrpaHIIeHHs OT HHIYKTHBHOCTH JAPOCCEIIS,, EMKOCTH BBIXOHOTO (DIIIBTPAa,
yacToThl IpeodpasoBannsa MCH: a — 3aBucuMocTs k03 punreHTa orpannueHns OT HHIYKTUBHOCTH fpoccers aast UCH ITH;

6 — 3aBHCUMOCTB KOO PHUIMEHTa OrpaHHIEHHs OT eMKOCTH BhIxoiHOTo hrutsrpa st VICH T1H; ¢ — 3aBucuMocTs koaddunmenta

OrpaHU4C€HUA OT UHAYKTUBHOCTU APOCCEIIA I HCH HB, 2 — 3aBUCHUMOCTH KOBq)q)I/IHI/ISHTa OrpaHUYCHUS OT EMKOCTH BBIXOHOI'O

¢unbrpa s ICH I1B; 0 — 3aBucuMocTh K03 GHIEeHTa OrpaHUUSHUS OT eMKOCTH BbIXxoHoro ¢usrpa juist UICH ITH

IIpy Bapyualui UHAYKTUBHOCTH APOCCELIIA; € — 3aBUCUMOCTDb KOBq)q)I/IIII/IeHTa OrpaHUYCHUs OT EMKOCTHU BBIXOAHOT'O q)HHLTpa

i ICH I1B npu Bapruanuu MHAYKTUBHOCTH JPOCCENs
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OOTKM CHTHAJIOB, TaK KaK pean3aIis 3HAUNTEIHHO YCIOK-
HeHHoTro 3aKkoHa ynpasienus MCH Ha aHaIOTOBBIX dIIeMEH-
Tax CTaHEeT 3aTPYAHUTEIBLHON KaK B IPOEKTUPOBAHUY, TAK U B
pou3BoJicTBe. CTPYKTYpHBIE CXEMBI BBIITYCKAaeMBIX IIPO-
MBIIIIEHHOCTBIO CHELUATN3UPOBAHHBIX MHTEIPATIbHBIX CXEM
CYILIECTBEHHO OTJIMYAIOTCS OT CTPYKTYphl YCTPOHCTBA YII-
paBJICHUS, PCATU3YIOIIETO ONTHUMAIBHBIN 10 OBICTPO/ICH-
CTBUIO 3aKOH yNpaBJIeHUs. AlIIIapaTHas pean3alus 3aKoHa
YIIpaBIICHUS Ha TOJJOOHBIX MUKPOCXEMaX BbI30BET IIPUMEHE-
HUE OOJTBIIIOTO KOJIMYECTBA BHEIITHAX AJIEMEHTOB, YTO ITOBJIC-
4eT 3a co00H yCIOKHEHHE W CHIKEHHE HAICKHOCTU YCT-
poiictBa ynpasnenus. [loaToMy nepexos Ha MUKPOJIEKTPOH-
Hyr0 0a3y, k mHdpoBoif 00paboTKe CUTHAIIOB SBIIETCS HE-

00X0IMMOCTBIO, UTO TaK)kKe MOBBICUT HamexHoCcTh COII u
VAYUIINT €€ KCIUTYaTal[HOHHbIC XapaKTEPUCTUKH.

Budmorpaguyecknii ciucox

1. Tar. 2025764 PCOCP, MKI* G 05 F 1/56. Cioco6 yri-
paBIeHNUS UMITYNIBCHBIM cTabmmu3aropoM / Coyctun b. I1.,
Wsanuypa B. 1., Kpacno6aes 1O. B., Manaxos A. B. Ony0u.
30.12.94, brom. Ne 22.

2. Coycrun, b. I1. Cuctemsl 21€KTpONUTaHUS KOCMUYEC-
kux armaparoB / b. I1. Coycrun, B. Y. UBanuypa, A. 1. Yep-
ueiies, [11. H. Ucnses. HoBocubupck : BO «Haykay. Cuo.
n3z. pupma, 1994.

D. V.Kapulin

HIGH RELIABLE HIGH-SPEED VOLTAGE IMPULSE STABILIZER
WITH INTEGRATOR IN REVERSE TIE CIRCUIT

The function of voltage impulse stabilizer decrease and increase types with reverse tie circuit integrator is considered.
The researches for definition of interval for non-adjustment integral signal in dependence of various parameters power

and control circuits are conducted.

VIIK 62.506

A. A. Konrames

YIPABJIEHUE PA3PABOTKOM BOPTOBOI'O ITPOT'PAMMHOI'O OBECIIEYEHU A

Paccmampusaemca mexnonozus pazpabomxu 60pmoeo2o npoepammuozo obecnevenus (bI10) cnymuukos cessu u
Hasueayuu 8 acnexkme obecneuenus 3¢gpexmusHozo ynpasinenus pabomamu, eapanmupyoujeco cosoarue BI1O ¢ mpebdy-
emble CpoK, ¢ mpedyemblM KauecmeoM U 6 pamKax 3a0aHHbIX PeCypcos.

B OAO «/u(popManmioHHbIE CITyTHHKOBBIE CHCTEMBD)
uMeHH akageMuka M. @. PelleTHeBa HCTIONb3yeTCs U pa3BU-
BaeTcst 3 EKTUBHAS TEXHOIOTHSI CO3/IaHNUS M COIIPOBOK/IE-
HUs 6opToBoro nporpamMHoro odecnedenus (bI10) cryT-
HUKOB CBSI3U U HaBUrauuu [ 1; 2].

TexHOmorust OCHOBBIBAETCS Ha CIIELMAIIBHOM apXHTEKTYP-
HoM pacciioenun bI1O, ucrnons30BaHu Mpu pa3padoTKe U Co-
npoBoxaennn BI1O mHTErprpoBaHHO# Cpelpl pa3paboTKh 1
Bepudukarmu bI1O 1 Ha crienuaIbHBIX METOAX rapaHTHPOBa-
HMS KauecTBa, 0a3UPYIOIINXCS HA TPEX COCTABIIIONINX: Kade-
ctBe kommoreHT bI10, kauecTBe ynpaBnenns KoHpUTrypammein
BI1O, kauectse Bepudukayy u moarsepxaeHus bI1O [3].

C uCII01p30BaHNEM 3TON TEXHOJIOTUH YCIIEIITHO B 33/1aH-
HBIE CPOKH C TpeOyeMbIM Ka4eCTBOM M B paMKax 3aJaHHBIX
PECYPCOB CO3/IAl0TCS CITy THUKH CBSI3M M HABUTAIMH, HCTIONb-
3yIOIIKE B COCTaBe OOPTOBBIX KOMILIEKCOB YIIPaBICHUSA pa3-
JIMYHBIC BBIYNCIUTEIIBHbIC TUIAT()OPMBL.

MHOToneTHNI! ONBIT CO3JJaHMSI CEPUH CITyTHHKOB, TAKHX
kak DKCITPEC-AM n I[TTOHACC-M, no3Bosnu BeIpadboTarh
(P PEKTUBHYIO THIIOBYIO CTPYKTYPHYIO JEKOMITO3UIINIO pa-
00T M0 KOHKPETHOMY TPOEKTY, MpeICTaBIeHHYIO Ha puc. 1 [4].

Ha puc. 1 Beieneno tpu pabounx obnacTu: mepsas 00-
JaCTh MPECTABIISICT COCTaB paboT MO CO3/IaHMIO U COIPO-

61

BOYKJICHHIO HHCTPYMEHTANBHBIX cpeicTB pa3padoTiu bI1O [3]
— TEXHOJIOTHYCCKOTO KOMILIEKCA MPOU3BOACTBA MPOrpaMM
BITO (TKITIIT) n HazeMHOTO OTJIaHOYHOTO KoMIutekca BITO
(HOK); Bropasi 00J1aCTh MPEICTABIISCT COOCTBEHHO PaObOThHI
o co3nanuo BI1O cryTHUKA ¢ HCIIOIB30BAHUEM CPEICTB
TKIIITu HOK. B TpeTneii 061acTr mpeacTaBIeHb! paboTHI IO
oTpaboTke U moaTBepxaeHu0 [10 0TAeIbHBIX OACUCTEM U
BIIO B iemom Ha 0TpabOTOYHBIX U JIETHBIX U3IEITHSIX ITOICHC-
TCM CIIYTHUKA U CITYTHUKA B LIEJIOM.

Hauanom pa6ot o cozanmto bITO HoBorO criyTHHKA CUH-
TaeTCs BBIITYCK MCXOIHBIX JaHHBIX Ha JIOTHKY (DYHKIIHOHUPO-
BaHMs kocmuueckoro anmapata (U1 JIO KA). ITocne storo
TOJIOBHOM oTeN 1Mo pazpadoTke BI1O coBmecTHO ¢ oTnenamu
pa3padorunkamu [10 mogcucTeM HauMHAEST pabOTY IO OTpe-
neseHunto Tpedosanmii k BITO B rienom, TpedoBanmii k [10 mos-
CHCTEM H 110 PacIpeeNIeHHI0 PECYypPCOB OOPTOBOTO KOMILIEK-
ca yIpaBIICHUS MKy mojcucTeMami. J[aHHas paboTa BbI-
TIONHSIETCS B paMKax mokymenTa «cxonusie nanasie Ha BITO»
(M BIT1O). PaboTa BBITIOIHSIETCS OAHOBPEMEHHO C Pa3padoT-
KO MCXOMHBIX TAHHBIX Ha JIOTUKY (PYHKIIMOHUPOBAHMUS IO~
CHCTEM, HO HE MOKET OBITh 3aBepIIeHa JI0 UX BhIMycka. Pazy-
MEETCsI, BO BCEX CITy4asX BBITYCKa JOKYMEHTOB PEYb HIIET O
BBIITyCKE PelakINi JOKYMEHTa B TOM 00BeMe, KOTOPBIH He-
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00XOIIIM TSl TIPOIOIDKEHUS paboT ¥ HHPOPMAIIKS TT0 KOTO-
POMY OCTHUIIIA YCTOMIMBOTO COCTOSIHUSL.

ITocne Brimycka nepsoii pegakmuu M1 Ha BI1O padotsr
MePeXOAAT Ha YPOBEHb MOJicCHUCTeM. BHayae BRITOTHIETCS
apxuTekTypHoe npoektuposanue [10 nogcucrem B pamkax
JOKyMEHTOB apXUTEKTypHOro rpoekra Ha [10 mozacuctemsl,
3aTeM BBIOJIHACTCS JeTalbHOE IPOSKTUPOBAHKE, IPOrpaM-
MHPOBaHNE W aBTOHOMHOE TECTHPOBAHNE KOMIOHEHT I10]-
CHCTEMBI, OIIPE/ICNICHHBIX apXUTEKTYPHBIM IPOSKTOM U, Ha-
KOHEII, OCYIIECTBIsIETCsI cucTeMHoe TecTrpoBanue [10 mox-
CHCTEMBI B IIEJIOM, CHa4aJla B PEKUMaX MOACUCTEMBI, a 3a-
TeM B pexumax KA.

Apxurextypasiii poekt [10 BKY nonomHuTesHO BRICTY-
TaeT B Ka4ecTBe I0OKyMeHTa, nuTerpupytoiiero bI1O B nierom.

ITpoextupoBanune n nporpamMmmupoBanue [10 nmogcncrem
OCyIIEeCTBIIETCS Ha 6a3e BO3MOYKHOCTEH, ITPEAOCTaBIIAEMbIX
I1O BKY, noatomy apxurexTypHslii npoekT Ha I[1O BKY B
o0beMe, OMpeaeNIIoneM MEKCUCTEMHBIe HHTEeP(EHCH,
BBIITYCKAETCsl, KaKk MOKa3aHO Ha rpaduke, OrnepexaroluM
obpazom.

Ilo 1oii ke mprunHe coznanue komnoneHt [10 BKY pas-
OuBaercs Ha 1Ba sTara: Ha nepBoM — «Paspaborka u AO 10
BKY mnsa KO I1O cucrem» — co3garorcst KoMmoHeHTs! [10
BKY, 6e3 KoTOpbIX HEBO3MOKHBI COOpKa M CHCTEMHOE TECTH-
posanmue [10 noxacucrem, T. €. cpesa MPOrpaMMHOTO (PyHK-
IIHOHUPOBAHUSA U Cpefia MPOrpPaMMHOTO yIpaBieHus [3]; Ha
BTOpoM — «Pa3padotka u AO [1O BKY mst KO BITO» — xom-
MOHEHTBHI, pemaromue 3axaun cooctsenHo BKY, Bximouas
CpeJICTBA MHTETPAILHOTO YIPABJICHHS CITy THUKOM.

[Tocne oxonuatenbHoro onpenenenus JIO KA u 3asep-
IIEHUS 3TAllOB apXUTEKTYPHOI'O IPOEKTUPOBAHUS BCEX MO/~
CHCTEM Ha YPOBHE M3/eJIHs HaYMHAeTCsl pa3paboTka Makpo-
IIpOTrpaMM aBTOHOMHOTO ynpasineHus KA, koTopas 1omkHa
OBITh 3aBeplIeHa K MOMEHTY Hadasia padoT 10 CUCTEMHOMY
tectupoBanuio BI10 B rieom —stam «KO BI1O».

3aKkaHUMBAETCS JEATEILHOCTH BO BTOPOIl 001acTH rpa-
(uka nzroroBnenneM BI1O, T. e. co3manmem Brimycka BI1O
[5], m mepenaueii BI1O B coctas BKY u3nenusi.

Iockombky BITO oTHOCHTCS K KIIacCy BCTPOEHHOTO MPo-
rpaMMHOT0 00€crieueHne, TO ero MOATBEPKACHIE METOAN-
YECKHU OCYIIECTBIISIETCS B PAMKAX COOTBETCTBYIOIIUX MO/ICH-
cTeM U m3zens B riesioM. B texuonornu cozmanust KA B OAO
«MCC» nnst orpaboTku n nmoareepskaeHus bI1O BrieneHo
YETBIPE OTPAOOTOUHBIX M3JEIHSL, PAOOTHI HA KOTOPBIX MPE-
CTaBJICHBI Ha TpaduKe B €ro TpeTheit oomactu. [Ipu 3ToMm ma-
6opatopHo-oTpadoTounsIil Komiuieke BKY (JIOK) Bo3HmKa-
€T TOJIBKO [IPY CO3JaHUM IIepBOTro ciyTHUKa, bKY koroporo
CTPOUTCS] HA HOBOW BBIYHMCINTEIBHON Tu1aTdopme. B aTom
cirydae TpeOyeTcs TiiaTenbHas OTpaboTKa B3anMOICHCTBUS
HoBOH obmecucremuoit yactu I[10 BKY ¢ HoBbIMu anmapart-
HBIMH CPEJICTBAMH, II03TOMY BO BTOPOH 00JIaCTH BBOANUTCS
JIOTIOTHUTENBHBIN 3Tan — «Pa3paborka u AO I10 BKY s
JIOK», a B Tperbeii — «Otpadorka [1O BKY Ha JIOK».

Crenyer OTMETUTD CIIEAYIONIHE 3aBUCUMOCTH paboT BTO-
poit 1 TpeThel 00JIacTH, CYIIECTBEHHO BIHUSIONIME Ha T'pa-
(huk paboT O KOHKPETHOMY TTPOCKTY.

Bo-nepBbIX, Ha 0TpaboTKy B coctaBe uznenus 1.08BKY
noswkHO noctynath [10 BKY B o0beme, co3manHOM Ha dTare
«Paszpaborka u AO 1O BKY mst KO TT1O cuctem», 1 TOIBKO
nocie 3asepiuenus atana «KO ITO BKY g KO I1O cuc-
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tem». [Ipu atom stam «KO I10 BKY ms KO BITO» He MoxeT
ObITh 3aBepiieH 110 3aBepuieHus orpadoTku [10 BKY Ha u3-
nemmu 1.08BKY.

Bo-Bropsx, aTan «KO BI1O» He MOXeT OBITh 3aKOHUEH, a
nzrorosieHue bI1O He MoxeT ObITh Ha4aTo 10 OTPAOOTKH
[10 COC na orpabotounom m3memuu 01.11IM.

PaccmoTpuMm Teneps 3aBUCUMOCTh BTOPOM 00J1acTH OT
TIEPBOM.

Ha cpencrax TKIIII BITO ocymecTBiseTcst BeCh KOMII-
JIeKC paboT 1Mo CO3/IaHNI0, aBTOHOMHOMY TECTHPOBAHHUIO
compoBoxaeHmo 00sexToB BI10, a Takke ynpasieHue 3Tu-
mu paboramu. Ha cpencrBax HOK ocyiectsisiercs cucrem-
Hoe Tectupoanwue [10 nmoxcucrem u BITO B menom, wm, 1py-
THMH CJIOBAMH, UX KOMIUIEKCHAs OTJIAIKA.

Tonroroska TKIII BITO myst u3aenust, UICHOIB3YIOLIETO B
cocraBe bKY HOByI0 BeraHCIUTENBHYIO TIIATHOPMY, TIpE/I-
T10J1araeT, BO-TIEPBBIX, paOOTHI IT0 CO3IaHMIO M/WITH a/1allTa-
LIUH AJIST 9TOH T1aT(hOPMBI BCEX UCTIONB3YEMBIX CHCTEM ITPO-
rpaMMHUpOBaHus [3], a, BO-BTOPBIX, TOITATHYIO ITOI'OTOBKY
apXUBOB OOBEKTOB JIJIS 3TOT'O ITPOEKTA.

B ciygae ecnu cpencTBa nporpaMMHUpOBaHUS yoKe pea-
mu3oBanbl B TKIII BITO, ero moaroroBka CBOUTCS K TIOJITO-
TOBKE apPXUBOB.

TTonroroska HOK BITO s u3nenusi, KCHOJIB3YIOLIETO B
coctaBe BKY HOByI0 BRIMHCIHUTENBHYIO TIATGOPMY, TIPEAIIO-
JIaraet, BO-TIepBbIX, Pa0OTBI [10 CO3AAHHIO IIPOrPAMMHOM MOJIe-
JI1 9TOH 11aT(OpMBI, BO-BTOPBIX, pabOTHI IO CO3/IaHHI0 OOBEK-
TOB KOHKPETHOTO M3/IeTHst: apXuBoB Bepcuii bI10, 6a3 naHHBIX
TEJIEMETPUYECKUX MapaMeTPOB M KOMaH/ yIpaBIIeHHsI, MOJIe-
nei annapatypsl BKY 1 Moaeneli noBeieH s IOICUCTEM.

B ciydae ecii mporpaMMHast MOZIeib BBIYUCIHTENILHOM
mraTtdopMel yxe Opita peannzoBana B HOK B pamkax padot
10 IpeAbIAYINM u3enusamM, noaroroska HOK ceogures x
IO3TAITHOM MOJAr0TOBKE 00BEKTOB N3/IEIIHs: Ha IEPBOM HTa-
e — 006exToB, HeoOXxoauMBIX 11t KO T10 BKY B 00neMe,
co3manHoM Ha Jtarie «Pa3padorka u AO I10 BKY mis KO 1O
CHCTEM»; Ha BTOPOM — B 00BbEMe, HEOOXOIUMOM [T CHC-
temHoro tectupoBanust [10 nmoacucrem u BI1O B rienom.

[Tpn 3TOM KOMIUIEKCHAS OTJIaJKa MOZEIeH ITOBEJCHUS
cuctem Ha HOK moxeTr ObITh HauaTa He paHbIIe 3aBepIie-
aus dtana «ITogroroska HOK miig KO 1O BKVYy.

Creztyet OTMETUTB, ITO MOJIETIH TIOBE/ICHUSI CHCTEM SIBIISI-
totcst yacTbio HOKa Tonbko cTpykTypHO, (pyHKIIMOHAIBHO
OHU SIBJIAIOTCS YacThIO MPOLELYP CHCTEMHOTO TECTHPOBA-
Hus [1O cOOTBETCTBYIOMIMX MOJCHCTEM U ObLIO ObI OoJice
JIOTUYHO PabOTBHI 110 NX CO3JJAHUIO PACCMATPUBATH B PAMKaX
BTOpPOH pabodueit 001acTH M OTHOCUTH K MIPSIMBIM 3aTpaTaM
Ha pazpaboTky BI1O. [TepecMOTp B 3TOM acrekTe TEXHOJIO-
run pa3zpadotku BI1O u TrmoBoro rpaduka padoT 3arutaHu-
pOBaH.

HecMmoTps Ha To, 4TO npeAcTaBaeHHbINA Ha pUc. | TUIo-
BoH rpaduk pazpadorku BI1O BeImIsauT Kak rpaduk, peau-
3y TOJIBKO KaCKaIHBIH ITOJIX0/1, HA CAMOM JIeJIe, Ha €ro
OCHOBE ITyTEM COOTBETCTBYIOIIEH AEKOMITO3HINN PEATIH3Y-
FOTCS ¥ 9BOJIIOIIMOHHBIH, U UTEPAI[IOHHBIH TOIXO/IBI.

Just o dexTrBHON peann3ayuy paccCMOTPEHHOTO THIIO-
BOro rpaduka padoT B pealbHOM ITPOU3BOICTBEHHOM ITPO-
necce papaboTaHa MOJEIb OPraHU3aMOHHO-PACTIOPSIN-
TENBHOTO JJOKYMEHTO000POTa, KOHLENIUSI KOTOPOTO Mpeji-
cTaBJieHa Ha puc. 2 [5; 6].



Mamemamuxka, mexanuka, uHgpopmamuxa

CyTb KOHIICTIIINA COCTOUT B TOM, UTO THTIOBOH Trpaduk
paboT MOKpPBIBACTCS HEPAPXUUECKU YIIOPSIIOYESHHOI crcTe-
Moii 3anipocoB—OtderoB (3A0), ompeneNnsonux nepeueHb
U CPOKHM BceX padoT. [IeKOMITO3UILIUS OCYIIECTBISIETCS 10
YPOBHSI Hepa3/esieMOl KOHKPETHOH paboThl, BBITIOIHIEMOM
KOHKPETHBIM HCIIOJTHUTENIEM, Ha KOTOPYIO BBIITyCKaeTcs 3a-
nanue—3axioueHue (3A3). 3A3 onpesenser He TOIBKO CO-
CTaB pabOTBHI 1 CPOKH €€ BBIITOJIHEHHUS, HO U CO31aBaeMBbIH B
paMkax 3Toi paboThl OOBEKT M 3aTpayeHHbIC Ha €ro co3/a-
HHE pecypesl (M3MepsieMble B YelloBeko-yacax). Takum 00-
pazom, HHPOPMAITUSI O COCTOSTHIH COBOKYITHOCTH 3A3 aet
MOJTHYI0 HH(OPMAIIHIO O COCTOSIHUM Pa0OT 110 COOTBETCTBY-
romemy 3AO.

HONPKA 3A0=HaBIIO

Bm‘rychl‘fO

3A3 3A0 s IIOBKY

HJI BIIO| 3A3 |3A3 Coopxa [IOBKY

ATT1 | IIporpamal

3A3

TIporpamma N
3A0 ma II02
-

COopraIlIO2

3A3  |3A3

ATI2 |TIporpammal

3A3(3A0)
HTP

3A3

—_—
IIporpamma N 3A0,3A3

3A0 ma IION

3A3

Coopra [ION

ATIN

Puc. 2. Mojenb oprann3allmoOHHO-PaCTIOPsIUTEILHOTO
nokyMeHToodoporta: 3A0 — 3anpoc—oTUeT;
3A3 —3ananue—3aktouctue; OITP — oTyer 0 mpobieme;
OIIT — omm6ka B nporpamme; UTP — u3menenue tpeboBanuii;
ATl — apxutekTypHblil npoekT; Ml — ucxoaHble JaHHbIE

Brauane co3gaercs 3AO Ha coszmanme BIIO B memnowm,
00BEKTOM Pa3padOTKH B ATOM citydae siisieTcs Boimyck BI1O,
pabotamu — coznanune [10 noacuctem, KO BITO u u3roros-
nenne BI1O. Ha cnenyromem yposue co3matorcst 3AO Ha co-
3nanue [10 nopcucreM, KOHEYHBIM 0OBEKTOM Pa3padOTKH B
3TOM city4ae BeicTynatoT Coopku I10O noacucrem, a paboTta-
MH — apXHUTEKTYPHOE IPOEKTHpOBaHue, paspadborka u AO
xommoHeHT, coopka [10 moncucrem n KO moncucrem Ha HOK
U TaK Jlajnee 10 YpOBHS HEACTUMBIX paboT, Kak, HalpuMmep,
pabota o pa3padoTke 1 AO KOHKPETHOW KOMITOHCHTEI, AJTH
paboTa 110 BBITIOTHEHHIO KOHKpeTHOI coopku [10 moncuere-
MBI, Ha KoTOpble odopmitsitorcest 3A3bI (puc. 2).

Bce BbIsBIIsIEMBIE B IIpoLiecce paboT HECOOTBETCTBUS 110
oObekTaM M paboTam, 3aBepIICHHBIM B PaMKax paHee Bbl-
JaHHBIX U 3aKpbIThIX 3AO, napupyrorcs OTueTamMu 0 Ipo-
6nemax (OITP), koTopkie B 001IeM cirydae TH00 ITOPOXKAAI0T
HOBBIN 3A3 HEMOCPEACTBEHHO — B CIy4ae KBalIU(pHUKAIUH
HECOOTBETCTBHUS KaK OIIMOKH B paHee BBHITIOIHEHHOH pabo-
Te, 1100 Yepes BhIycK HOBOro 3A0 — B cityvae U3MEHCHUS
TpeOOBaHMIi K paHee CO3TaHHOMY OOBEKTY.

Mogzenb mocTpoeHa Ha OCHOBE MPOTOTHUIIOB €€ OT/AEINb-
HBIX COCTABJISIFOLIMX, YCIICITHO allpOOUPOBAHHBIX B paMKax

64

pabot 1o pazpabotke [TO BKY B Goree uem gecsTi mpoeKTax
criyTHHUKOB, B ToM uucie B mpoektax CECAT, OKCITPECC-
AMuTJIOHACC-M.

Just ee noiepkku ObUT pa3paboTaH M YCIEIIHO arpo-
6uposan B pamkax rnpoekroB DKCIIPEC-AM u ITIOHACC-
M npoTOTHI CUCTEMBI YIIPABIICHUS 3IEKTPOHHBIM PACHIOps-
JUTENILHBIM JIOKYyMEHTOOOOPOTOM — CHUCTEMa YIPaBJICHUs
oObekTammu, padoramu u mpodinemamu — COKPAT [7; 8].

st BHepeHust Mojienu B pouiece pazpadotku BI1O B
TIOJTHOM 00beMe HEOOXOANMO PaCIOPSIUTEIBHBIIN TIOKYMEH-
TOOOOPOT ClIeIaTh MOTHOCTHIO AIEKTPOHHBIM, T. €. obecrie-
YUTh AaBTOMATU3UPOBAHHYIO T'€HEPALUIO BCEX MPETyCMOTPEH-
HBIX MOJIETIBIO PACHOPSIUTENBHBIX IOKyMEHTOB, 00ECTICUHTh
aBTOMAaTHYECKOE TepeIBIKEHHE MNIEKTPOHHON pacropsaan-
TENBHOM TOKYMEHTAIIMN MEX]y yJYaCTHHKAMH Pa3padOTKH
U apXMBaMH, aBTOMaTH4ecKoe (POPMHUPOBAHUE M XPAaHEHHE
HCTOPUH JJOKYMEHTOB M KOHTPOJIb X 3aBEPILICHHOCTH, A TaK-
JKE aBTOMaTHIECKOe (POPMHUPOBAHIE CTATUCTHYECKON HHDOP-
MalllH 0 X0/ie padoT I10 MIPOEKTY U UCIIOJIL30BaHUU pecyp-
COB Ha OCHOBE MH(OPMAINHN U3 ITHX TOKYMEHTOB.

PaboThI 110 TOMY HAMPABJICHHUIO BEAYTCS B paMKax padoT
1o coBmecTHOMY npoexty HITO IIM u ICH CO PAH B Hoso-
cubmupcke — mpoekt ACITN/L (ABTomarnsuposannas Cucte-
Ma ynpasnenus [Ipoekramu, U3snenusvmu u JlokymeHTaMn),
HaIlpaBJICHHBIX HA CO3/1aHUE BHICOKOA((hEKTHBHOI aBTOMATH-
3MPOBAHHOI CHCTEMBI yIIpaBIeHHs pa3pabOTKOI 1 10JIroBpe-
MEHHBIM conpoBoykieHneM bI1O cryTHHKOB CBSI3H 1 HABHTa-
1un. Hauasno BHeApEHNE IEKTPOHHOTO JOKYMEHTO000pOTa B
paMKax TOH CHCTEMBI 3aIllTaHupoBaHO Ha koHer 2009 .

Peanm3arys 9Toro npoeKkTa 0JHKHA, B TOM YHCIIE, CYIIIe-
CTBEHHO OOJIETYHTh PEIICHHE MPOOIIEM J0JITOBPEMEHHOTO
conpoBoxaenust BI1O crryTHHKOB CBSI3M 1 HABUTAIMH, CTaB-
1ieit 0cOOEHHO aKTyaJbHOMU, B CBSI3HM C CYIIECTBEHHO BO3-
POCIIMMHU CPOKaMH aKTHBHOTO CYIIIECTBOBAHHSI COBPEMEH-
HBIX CITyTHHKOB.
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A. A. Koltashev
ON-BOARD SOFTWARE DEVELOPMENT MANAGEMENT

Technology of development of the on-board software of communication and navigation satellites, is considered in
aspect of its efficient work breakdown structure and project management.

VIIK 62.501

A. B. Mensenes
TEOPUS HEITAPAMETPUYECKUX CUCTEM. OBI[[I/Iﬁ TMoaxon

C nacmosiweil pabomol HAUUHAEMCA YUK NYOIUKAYULL, NOCEAUWEHHBI HOBOMY pa3oery meopuu ynpaeienus. Teopus
Henapamempudeckux cucmem ynpasieHus opueHmuposanda Ha MeHbuull 00bem anpuopHoU UHGopmayuy, 4mo u omauya-
em ee om 0OWeENpUHAMOL Meopul YnpasieHus, Komopas omHOCUMCcA K Kiaccy napamempudeckou. IIpunyunuanshoe
omauyue cCOCMoum 8 mom, 4mo napamempuieckds meopus npeonoidzaem man 6bl00pa Mooeiu Ucciedyemoo npoyec-
€a c MoYHOCMbIO 00 8EKMOPA NAPAMEMPO8, d HENAPAMEMPUIECKAsl — C8EO0EHUs O KAUeCMBEeHHbIX C80UCMEAX XapaKmepu-

CmMuKu npoyecca.

Teopus aBTOMaTHUECKOTO YMPABICHUS MPEANoaraer
BEIOOD (OTpeieNicHne) ypaBHEHHS 00bEKTa C TOYHOCTHIO 110
Habopa mapameTpoB. [Ipu 3TOM CyIIeCTBEHHOE 3HAYCHUE
MMeeT anpuopHas HHhopMaus o0 ucciaeyeMoM Mpolec-
ce. B pynnamenranpabix MoHorpadusax A. A. denpadayma
[17m A 3. LpinkuHa [2] paccMaTpUBaIOTCS pa3inuHbIe yPOB-
HU anpHOpHON WH(pOpMAIHH 00 HCCIeIyeMOM TIporecce
NIPY pelIeHNH 3a]1a4 WIeHTU(HUKAIIMY U yTIpaBiieHus. MeTo-
JIbI KITACCHUECKOW ¥ COBPEMEHHOM TEOPHH aBTOMATHIECKO-
TO YIpaBJICHUS MOAPOOHO paccMOTpeHHI B [3—7]. OCHOBHI
MPUMEHEHUS TEOPHUH CITydaliHbIX (DYHKIMH K 3a1a4aM aBTO-
MaTH9eCKOTO yIIPABJICHHUS 3aJI0KEHHI B [8].

‘YpoBuu anpuopnoii uugopmanuu. [Tog maremarnaeckoit
MOJIENBI0 00beKTa (IIporecca) 0OBIYHO IIOHUMAFOT €r0 KOJIH-
YECTBEHHYIO (hopMmanm3anuio. Mamemamuueckas Mooenb —
3T0 (hOpMaTBEHOE ONMCAHKE TTPOIIECCa C TIOMOIIBIO MaTeMa-
THYECKHX CPEACTB: Hu(hepeHINaNbHBIX, HHTETPaIbHBIX, HH-
Terpo-audhepeHInaIbHbIX, Pa3HOCTHBIX, AlIreOpandecKux
YpaBHEHHH, a TAK)KE HEPABEHCTB, MHOXKECTB 1 T. 1. [ 3]. Kpaii-
He Ba)KHBIM SIBIISIETCSI OTBET Ha BOIPOC: KaK BHIOPATh orepa-
TOp OOBEKTa, IPEBPAIIAIONINI BXOIHBIE IEPEMEHHBIE, JICH-
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Teopust — B BUly NPaKTUKU.
Jlesus xouepeccog IFAC

OIIbIT — €AMHCTBEHHBIN HCTOYHUK HCTUHBI.
A. Ilyankape

CTBYIOIIIME Ha HETO, B BBIXO/IHBIC. B HEKOTOPBIX CiTyyasix BO3-
MOKHO HCTIONIb30BaHNE (hyHJAMEHTAIbHBIX 3aKOHOB, JIEXKa-
HIMX B OCHOBE (DYHKI[MOHUPOBAHUSI PU3NIECKUX, XUMUYEC-
KHX, OMOJIOTHYECKHUX M APYTUX MPOLECCOB, T. €. UMEIOIIUX
MECTO JUIl MEXaHUYIECKHX, JIIEKTPUUECKUX, SIeKTPOMArHHUT-
HBIX, TEPMOJJMHAMUYECKHUX, TUJPABIMUECKUX, TEKTPOXUMHU-
YeCcKHX, OnopH3MUecKuX U APYTHX IporeccoB. K coxaie-
HUIO, MBI 9aCTO CTAJIKMUBAEMCS C CEPhE3HBIMHU TPYAHOCTIMHU
Ha TOM ITyTH, 0OCOOCHHO MPU N3yYEHUH TEXHOJIOTNIECKHX,
COIMAJIBHBIX, SKOHOMUYECKHX ¥ MHOTHX JPYTUX IPOIIECCOB,
T. €. CTAJIKMBAEMCSI C HETIOJIHOTON nH(opmarn 00 nHTepe-
CYIOIIEM Hac Tporecce. M cTeneHp Hamero He3HaHUsT MO-
JKET OBITh CYILIECTBEHHO pa3an4yHOM. B aToii cBsizu JI. bpui-
JF09HOM OBLIO OTMEUYEHO, UTO «BCSIKast INIOJOTBOPHAs THIIO-
Te3a KJIaAET HaYaja0 yAUBUTEIbHOMY M3BEP)KEHHIO ITOTOKA
HeTIpe/IBUJICHHBIX OTKPBITHI», HO C APYTO CTOPOHBI «(HH3H-
YEeCKHE MOZENN OTIMYAI0TCS OT MUPa TaK XKe, Kak reorpadu-
yeckas KapTa OT HOBEPXHOCTH 3eMiany. Mmeronuiics onsIT
TEOPUH U MIPAKTUKHU PEIICHNS 3a/1a4 HACHTH (KA yoex-
JIaeT, YTO arpropHas MH(OpMaIHs U ee UCIIONb30BaHHE IIPH
MO/JIETTMPOBAHNH HCCIIETyEMOTO MPOIIecca MOXKET OKa3aTh-
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cs onpezaensromeii. JloctaTogHo B 00IIeM BHAE 3TO MOKET
OBITH MIPEJICTABICHO CXEMOH (CM. PUCYHOK)

B Giroxe «Mopnenby omnpeneneH NIPUHATHINA KITacc MOJie-
JIci Ha OCHOBaHHHU alPUOPHOI HH(pOPMALIUU 00 UCCIeaye-
MOM INpoOllecCe M aHalnu3e Tekyuleid nHGopmanuu
{uh[t] Xt =1, S} , 31IECh XK€E OCYIECTBIISETCS HACTPOHKA
(oOy4eHue) MozIeNH IPUHATOTO Kiacca. B nanpHelimem o0y-
YaIoIIyI0 BEIOOPKY {uh[t], X"[t],t=1, S}, 13 cOOOpaXkeHui

MIPOCTOTHI 3aIHCH, OyieM 0003HaYaTh {u[t], Xt],t= ]TS} .

I/ITaK7 MaTEMAaTUYCCKOC NPEACTABICHUC UCCICAYEMOTO
Impo1ecca MOKET OBITH MpeACTABJICHO B BUJC:

x(t) = Au(t), 6(t),&(t) 1), (1
a ero MOZETb B hopme:
X[t+1] = A(u[t+1,[t]), ()

rme A — omepaTop MoJeNH, KpoMe TOTO, BCE CIydaiHbie
(axTopBI, ACHCTBYIOIINE B KaHAIAX U3MEPEHUS M Ha MPO-
1iecc, UMEIOT HYJIEBbIC MaTeMaTHIeCKUE OKUAAHMS U Orpa-
HUYECHHBIC TUCTICPCHH.

Cucremsl ¢ noJiHoi nHGopmanmeii. B stom citydae one-
partop nporiecca A B (1) M3BECTEH TOYHO, a CITyJaiHBIE 1TO-
MeXH, ISUCTBYIOIINE HAa OOBEKT U KaHAJAX CBA3U OTCYTCTBY-
0T, KPOME TOTO

sHaveHnit U(t) . [pu penieHnu 3a1aq uaeHTAPUKAIINN U Y-
paBJICHHUA MOTYT 6BITB HUCIIOJIb30BAaHbI METOAbBI MaTEMAaTU-
YEeCKOI TeOpHH ONTHMAIBHEIX mporeccoB [9; 10], a Takxke
JIPYTUE METO/IbI.

Cucrembl ¢ MAKCHMAJILHOM, HO HENOJIHOW HHpOpMAaLH-
eii. 3mech mpemmonaraercs, uto momexu h(t) wa pucymke
OTCYTCTBYIOT, HO TIoMexa &(t) MOXKeT OBITh TOUHO H3MEpE-
Ha, OTCYTCTBYET TAK)Ke BXOAHas nmepemenHas 0(t) , a omepa-
Top A u3BecteH TouHO. [TopoOGHO ATOT cityuait ucciuenoBa-
cs B [1] 17151 HeNpephIBHBIX, AUCKPETHO-HENPEPHIBHBIX U YHC-
TO IUCKPETHBIX CUCTEM.

CucreMsl ¢ HenoIHOI HH(popManueii. OTo CUCTEMBI C
HE3aBUCUMBIM (TTACCHBHBIM) HaKOTUICHHEeM HH(popmartwn [ 1].
B stom ciyuae BausiHEE BXoaHOTO BoszaeicTeus O(t) Boc-
NPUHUAMAETCS KaK IPOCTO CIydaiHOe BO3ICHCTBHE, aHAIO-
ruynoe &(t) , Torna Mbl KIMeeM JIEN0 ¢ 00bEUHEHHBIM BXO/I-
HBIM ciyuaiiHbiM BoseiicteueMm (0(t),&(t)). Tem ne menee,
MPUPOJA ATUX CIIyYalHBIX BO3IECHCTBUI HA IPOLIECC CYILIE-
ctBeHHO paznuana. [lomexu &(t) — 910 06BIUHO Mpeanona-
raeMoe B TEOPUH CTOXaCTHYECKHUX CHCTEM CITy4aifHOe BO3-
neiictBue Ha 00bekT, O(t) — mepeMeHHbIE, «<MMEHA» KOTO-
PBIX H3BECTHBI HCCIICIOBATEIIO, HO HE MOAOIIHECs KOHTPO-
J10, TMOO MX KOHTPOJIb BO3MOXKEH YaCTHYHO 4Yepe3 3HAYH-
TEJbHO (B IECATKH U COTHH pa3) npebimatoruii At . Kpome

u(t) e Q(u(t)), (3)  Toro, kmacc onepaTopos 4 He H3BECTEH TOYHO, HO HEOOXO/IH-
rae Q(u(t)) — HexkoTOpas U3BeCTHAS 0OMACTh JAOMYCTHMBIX MBI IPETIONOKEHHS O TNIOTHOCTH PACIIPEIETEHHs BCEX CITy-
&(t)
(1)
X(0)
u(?) " IIponecc >
A
A A
h(t) h*(t)
—> H anpuopHas HH(OopMaIus H —
A Y Monenb < A
u"lt] x"[1]

[
Ll

X[t]

CxeMa HCIoJIb30BaHusI ATPHOPHON HH(OpMaIiK 00 HCCIIeayeMOM MpoLiecce:

A- OIepaTop mnpouecca; H — xaHaIbI HU3MEPCHUS COOTBETCTBYOIIUX IMIEPEMEHHBIX

npouecca; u(f) — k-MepHBII BEKTOP KOHTPOJIUPYEMbIX BXOAHBIX IIEPEMEHHBIX;
O(t) — BeKTOp BXOMHBIX MEPEMEHHBIX HE MOJUIAFONIUXCS KOHTPOIIO; X(£) — -MepHBIii

BEKTOP BHIXOAHBIX nepemernsix; h' (t), h* (t) — ciyqaitiere momexn npn n3mepernn
h h
COOTBETCTBYIOLIKX IIepeMeHHbIX; U [t], X [t] — HabmroneHus nepeMeHHbIX B

JUCKPETHBIC MOMEHTBI BDEMEHH # Y€PE3 COOTBETCTBYIONINE HHTEPBAJIbI BDEMCHH

At; &(t) — cyuaiinbie momexw, AeifcTByrontue Ha mporecc; X(t) —BbIX0x MomETH
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YaifHBIX (AaKTOPOB (CM. PUCYHOK), ypABHEHHUS KaHAJIOB CBS-
3u H, u 0 Kiiacce omeparopa A ¢ TOYHOCTBIO 10 BEKTOpa
napamMeTpoB. OOBIYHO IUIOTHOCTH BEPOSTHOCTH CITyJaiHBIX
(hakTOpPOB, ACHCTBYIOIIMX HA OOBEKT U B KAHAIAX U3MEPCHUS
MIEPEMCHHBIX, IIPEII0JIaral0TCsl HOPMAIBHBIMU H aJITUTHB-
HBIMH. SICHO, 9TO B 3TOM cIy4ae He0OX0ANMO HAJIIIUE BBI-
Oopku {u[t] Xt t = ]TS} , @ caM1 HaOJIIoAeHNUsI [Iperonara-
FOTCSI CTATUCTUIECKH HE3aBUCHMBIMH [ 1], T. €. HaOIroneHus,
nanpumep U[1],u[2],... — ne3aBucuMbl. Takue CHCTEMBI OT-
HOCST K KJIACCY Pa30MKHYTHIX WIIM HEUTPATbHBIX.

Cucrembl ¢ aKTHBHBIM HaKoIL1eHHeM uHgopmaimu. Oco-
OGEHHOCTB ATOr0 YPOBHS AIIPUOPHOI HHPOPMAIMN COCTOUT B
TOM, YTO 32891 HACHTADUKAIIAN H 33/1a9H YIIPABICHHU 371eCh
MOTYT OBITh OOBEIMHEHBI. DJIEMEHTHI BEIOOPKH U3MEPEHUH
MOCTYTAIOT MOCIIEIOBATEIIHHO B 00YJAIOIIYIO MOJICIb U CHC-
temy ympasierus, T. e. (U[LX]), (u[2]X{2]), (u[3]{3]),... -
Taxum 00pa3om, B citydac 0ObSIIHCHUS STHX 33/1a4 BRIPA0OT-
Ka BXOZJHBIX BO3JEHCTBUI HOCUT ABOMCTBEHHBIN XapakTep —
OHH JIOJDKHBI OBITH OJTHOBPEMEHHO U M3YYAIOIIUMH, U YIIPaB-
JISIFOLIMMU, T. €. HOCUTB IyallbHbIN XapakTep. Teopus qyab-
HOTO yrpaBieHus Obuta coznana A. A. @enpabdaymMoM u cy-
iecTBeHHO pa3Buta B [ 1]. OqHako, eciau noMexu, AeUCTBYIO-
II7e Ha MPOIIece, a[ANTHBHEI U B KaHAJaX M3MEPEHHs, TO B
IEJIOM CHCTEMa AyallbHOTO YIIPABICHUS MOKET OBITH TIPUBE-
JICHa K pa30MKHYTOMH, T. €. TEMIT HAKOTUICHHUSI MH(OPMAITIH OKa-
3bIBACTCSI HE3aBUCUMBIM OT 3HAYCHHUI BXOJIHBIX TIEPEMEHHBIX.
Takue crcTeMbI Ha3hIBAIOT IPHUBOAUMBIME K Pa30MKHYTHIM
nm HelTpanbsHbIME [ 1]. Ho cymecTByeT kitace He HeHTpaib-
HBIX CHCTEM, T. €. KIacC HempuBoaumbIx. Harpumep, ecu &(t)
MYJIBTHIUTMKATHBHA 10 OTHOIIEHMIO K U(t) . Takoii ciydaii
TaKKe uceeaoBan B [1].

CucTeMbl ¢ TapaMeTPUYECKOil HeonpeIeJeHHOCTHIO.
[Tapamerpuueckuii ypoBeHb allpHOPHON HH(POPMALIUH IIPE]T-
moJjiaraeT HaTMYHe MapaMeTPUIeCKON CTPYKTYPhI MOJICIN U
HEKOTOPBIX XapaKTCPHUCTUK cnyqaﬁHbe IIOMEX, OOBIYHBIMH
U3 HUX SBIBTIOTCS HYJICBOE MaTEMAaTHIECKOE OXKHIAHUE U OT-
parndeHHas quctepens. [ oleHnBaHus TapaMeTPOB UC-
MOJIB3YIOTCS Yallle BCEro pazHOOOpa3HbIe UTEPAaTHBHbBIE Be-
POSITHOCTHBIE MPOTICAYPHL. [IpH 3THX YCIIOBUSAX TAKKE peliia-
eTCsI 3a7a4a HACHTH(UKAIIMK B y3KOM CMBICIIE [3], Kak U BO
BCEX MPEABITYIINX CITyYasx.

CucreMbl ¢ HemapamMeTpU4ecKoil HeonpeeJIeHHOCTHIO.
Henapamerpudeckuil ypoBeHb anipuopHOi nH(popMalu He
MIPEATIONIaracT HaJTH4Ire MOJICITH, HO TpeOyeT HaJTIue HeKO-
TOPBIX CBEJICHN 1 KaueCTBEHHOT'0 XapaKTepa o Mpolecce, Ha-
TIpUMep, OIHO3HAYHOCTb, TNOO HEOAHO3HATHOCTB €T0 XapaK-
TCPUCTHUK, JIMHEHHOCTh JUTL JMHAMHUYCCKUX MTPOLECCOB oo
XapakTep ero HeIMHCHHOCTHU. /|11 pelieHust 3a1a9 UICHTH-
(huKaIy Ha 3TOM YpOBHE allpHOPHOI HHPOpMAIH (HICH-
TU(UKAIMS B ITUPOKOM CMBICIIE) IPUMEHSFOTCSI METO/IbI He-
apaMeTpUIeCcKOi CTaTHCTHKH.

Cucrembl ¢ IapaMeTPUYeCKOi U HemapaMeTPHYecKoi
HeOoMNpeIeIeHHOCTHI0. BaYKHBIMU ¢ TOYKY 3pSHUS TIPAKTUKA
SIBIISTFOTCS 331291 MICHTH(UKAIINH MHOTOCBS3HBIX CHCTEM B
YCIIOBHSIX, KOT/[a 00BEM UCXOIHOM HH(OpMAIH HE COOTBET-
CTBYET HU OJTHOMY U3 BBIIICONMCAHHBIX TUTIOB. Hampumep,
JUISL OTACNBHBIX XapaKTEPUCTHK MHOIOCBSI3HOT'O IIpOIiecca Ha
OCHOBaHHHU (PU3UKO-XUMHUYCCKUX 3aKOHOMEPHOCTEH, dHEP-
TeTUYECKHX, 3aKOHA COXPAHEHHUS MacChl, 0aTaHCOBBIX COOT-
HOIIICHUH MOTYT OBITh BBIBEJICHBI APAMETPHUCCKUE 3aKO-
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HOMEPHOCTH, a JUISl APYTHX HET. Takum 00pa3zom, Mbl Haxo-
JIMCSI B CUTYAIIMH, KOT/Ia 3a/1a4a HACHTH(GUKAIIAN POpMYITH-
pyeTcsi B yCIOBHAX M MAapaMETPUUECKON, U HEIapaMeTpH-
yeckoll arnpuopHoil nudopmaruu. Torna u Mozpenu mnpen-
CTaBJIAIOT cOOOH B3aMMOCBSI3aHHYIO CHCTEMY IapaMeTpH-
YECKUX ¥ HEMapaMeTPUIECKUX COOTHOIICHHH.

CuHre3 HemapamMeTpU4YecKuX aJropuTMoB. [Ipusenem
(parmMeHT cHHTE3a HemapameTpuueckoi moaenu. Chopmu-
pyeM KpUTepuii ONTUMaJIbHOCTH:

R(X) =M, {M,{Q(x,x)/u}}.

rae Q() HekoTopast BeIyKIIast QYHKIIHSL.
3a1aua OTHICKAHUS HAUITYIIIIero X CBOIUTCS K MUHUMH-
sanuu R(X) mo , T. e. K MOUCKY Takoro X', 4To
R(X*™) = min, R(X) . AcHo, 4to Bu X OyaeT onpenensTh-
cstBrzoM dynkimm Q(X, X) . Tak, ecm Q(X, X) = (X—X)?, 0

“4)

X" = X@) =M {x/u}. (5)
Henapamerpuueckast oLeHKa %) Oyaer
. Xg (U) =
J_Z:lx,- EICD(C; “(u, —u,[tD) J_2:1£[l<b(C;1(uv —u[tl)), (6)
j=1n,

e Kojaokonoobpasueie GpyHkuun P(-), mapamerp pasMmbl-
toctd C, yIOBIETBOPSET YyCIOBHUAM cXoaumocTH [11].

B ciyqae uaeHTHOUKALMN THHEHHBIX ANHAMHYECKHX
IIPOLIECCOB MOXKET OBITh MCIIOJIBb30BaH WHOM IyTh, U3BECT-
HBI M3 TEOPUH JIMHEHHBIX orepaTopos [12; 13]. OctaHoBHM-
Cs1 TOJIBKO Ha OOILUX YepTax dTOT0 My TH.

[TycTb omeparop nuccieyemMoro rnpoiecca (BIUsHUE T1e-
pemennbix 0(t) u §(t) omycrum)

X(t) = Au(t)) (7)
JIMHEECH, TOT/Ia OH MOYKET OBITh IIPEICTABJICH B IOCTATOYHO 00-

IIIeM BUJIE ITPH HEHYJICBBIX HAYAJIbHBIX YCIIOBHSIX (13 COOOpaske-
HUH TIPOCTOTHI PACCMOTPHM CITy9aii CKaIIPHBIX u(f) 11 X(7))

®)

rae G(t) u q(t) — cooTBeTCTBEHHO TIEpPEXOMHAS U BECOBast
(YHKIINH CHCTEMBI B HATIPABIICHUH «BXO/I-BBIXO». [1pH Hy-
JIBBIX HAaYaJIbHBIX YCIOBHUSX (8) Oymer

X(t) = :j)q(t _Du(t)dr. ©)

Kax m3BecTHO, onieparop oOparHsblii orieparopy (8) Oyzer
uMeTh BUAL U(t) = A 'X(t) 1 manee (Mpu HyJIeBbIX HAYATLHBIX
YCIIOBHSIX)

X(t) = u(t)G(0) +jq(t —tu(t)dt

ut) = x(E)A(0) + JA (- )x(D)d. (10)

3ameTnm, 4To orepaTop, 00parHblii (8), Taxke ABISETCS
JIMHEHHBIM U OTPaHHYEHHBIM, a Oneparop, obparHsiii (9),
SIBJIICTCSI TMHEHHBIM, HO HCOTPAHUYCHHBIM.

LlenTpanbHas uaes HemapaMeTPHIECKOTO MOICITHPOBa-
HUS ¥ YTIPaBJICHUS TMHCHHBIMU THHAMHUIECKIMHE CHCTEMa-
MH COCTOMT B cieayrorieM. CHaya a CHUMAKOT Ha PeaTbHOM
00BEKTE TEPEXOIHBIE XapaKTEPUCTUKH, T10[aBasi Ha BXOJI
o0bexTa equaryHbId curnan U(t) =1(t) , T. e. mony4aror BbI-
oopky Xt] uepes unrepsan Bpemenu At, t=1s, 3aTeM
CTPOST HellapameTpuueckyto otenky G, (t) uouenky d(t),
ucxois u3 Toro, uro (t) = dG(t)/dt . B pesynbrare nenapa-
METpHYECKast MOJIEIb TIPUMET BHIL:
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X =u0)C,0)+ [a,6-u@dr. ()

Crieyromuii MpUHIUITHATIBHO HOBBIN 9TaIl IPEJIOKEH B
TaKOH MoCIIeIOBaTeNbHOCTU. [T0CKONIBKY Ha pealbHOM 00BEK-
TE HEJIb3s1 CHUMATh ePEXO/IHYIO XapaKTEPUCTHKY B HAIIPAB-
JIEHUH «BBIXOJI-BXO/I», TO TIEPEXO/HASI XaPAKTEPUCTUKA B STOM
HanpaBJieHuH cHUMaercst Ha moxenu (11), T e. u(t) =1(t)
Yepe3 HHTepBai BpeMeHu At Takum 00pa3oM, ToIydaeTcst
peannsanusa Xt],t = 1 s. Jlanee aHATOTHYHBIM obpazom
crpositcs Hemapamerpudeckue oueHkn A (t) u A (), u
nanee crpoutcs otieHka (10)

(12)

Taxum oOpasom, (12) sBisercst HenapaMeTpHUueCKUM
PETyIISITOPOM JIMHEHHON TMHAMUYECKOH CHCTEMBI, JJIS 3TO-
ro JlocTaTo4Ho Nonokuth X(t) = X (t), X (t) — 3amanHoe
3HAYEHUE BBIXO/Ia CHCTEMBI.

CyIIecTBEHHBIM B BBIIICH3JI0KEHHOM SIBISETCS TO, UTO
TIOJTyY€H PETYJISATOP B YCIOBHUSIX, KOT/IA BUJI yPaBHEHHS C TOU-
HOCTBIO JI0 TTapaMETPOB, OMUCHIBAIOIINX €ro IMpoIecc, He
M3BECTEH, KaK 3TO JIEJACTCs B KJIACCHYECKON TEOPHH YIIPaB-
nenus. JloctaToyHO cKa3aThb, YTO B (PyHAAMEHTAIBHON MO-
Horpaduu [ 13], mOCBAIIEHHOH TEOPUH TMHEHHBIX CHCTEM Ha
OCHOBE JINHEHHBIX OTIEPAaTOPOB, HE MPUBE/ICHO HU MOJICIIEH,
HU PEryJIsATOPOB, KOTOPBIE MOXKHO OBIJIO OBI MCIIOIB30BATH
Ha IMpaKkTUKE. B TMOCICAYIOUX CTAThAX, MOCBAIICHHBIX TCO-
PpHH HEeTIapaMETPUIECKUX CHCTEM, OYIyT ACTaIBHO H3JI0KeE-
HBI MOJIEJH, PEIIAOIINE IPABNIIA, ATITOPUTMBbI YIIPABIICHUS,
OIITHMH3ALIH, IPUHSTHE PELICHUH, CHOCOOBI UX HACTPOHKH
Y Pa3INYHbIE TAKTHUKY HAKOTIJIEHHSI HHPOPMAIIUH B YCIOBH-
SIX HeTlapaMeTpHYeCKOi HEONPEIEICHHOCTH, a TaKKe Pe3yb-
TaThl MOJICITMPOBAHUS TS PA3ITMUHBIX 33129 00YUCHUS 1 a/1all-
tary. OCHOBHOE Ha3HAUCHHE HACTOSMICH pabOTHI COCTOUT
B TOM, YTOOBI TI0Ka3aTh MECTO HEMapaMeTPUIECKOH TEOPUH
MIPH pPelIeHUH Pa3HOoOOpa3HbIX 3aja4 aJanTaiud U o0yde-
HUS B YCJIOBHSX MaJIOH anpropHOi uHpopManmu. B namb-
HelmeM OyzieT oOpalieHo crenuarbHOoe BHUMAaHUE Ha Opra-
HHU3aLHOHHBIE CUCTEMBIL. 1 311ech BayKHOE MeCTO Oy/IeT yie-
JIEHO HEKOTOPBIM BOIPOCAM MOJIEITMPOBAHHS KaK B UTPOBBIX
[14], Tak u B croxacTn4yeckux npoueccax [ 15], kpome Toro,
OyIlyT paccMaTpHBaThcsl HEKOTOPBIE PE3yJIbTaThl HellapameT-
PHUYECKOTO OIICHUBAHMS JTHHEHHBIX o11epaTopoB [16].

Taxum 00pa3om, MPUBEAEHBI PA3INYHbIC YPOBHH alpH-
OpHOI HH(OPMAIINH, COOTBETCTBYIOIINE, IO CYILECTBY, pa3-
JWYHBIM pa3zenaM Teopuu ynpasienus. [Iposenen anamms
MOAXO0B NPH TOCTPOCHUH aJalTHBHBIX M 00yYarONIIHXCs
CHCTEM Pa3IIMYHOr0 HazHaueHHs1. OTMEYEHO, 4TO B YCIOBH-
X HEMapaMeTPUIECKOIl HeoNpeIeIeHHOCTH HETIPUMEHUMBI
M3BECTHBIE METOIbI TOCTPOCHHSI COOTBETCTBYIOINX aJITOPHT-
MoB. [loka3zan parMeHT cuHTe3a HermapaMeTpUIeCKUX aj-
TOPUTMOB HJICHTH(UKAIMN CTATHIECKNX U IMHEHHBIX ANHA-
MHYeCKHX 00beKTOB. [Ipu aTOM crienuansHO obpamaercs
BHHMAaHHE Ha CIIOCO0 MOIyYSHHUS AITOPUTMOB yIIPABICHHS
Ha OCHOBE TEOPHHM JIMHEHHBIX ONEepaTopoB. JlaibHEHIINit
IIUKJI CTaTe OyIeT MOCBAIICH 00JIee ICTAIbHOMY PACCMOT-
PCHHUIO TEOPHH HETTapaMETPUIECKIX CHCTEM.

ug(t) = x(t) A, (0) + jk(t —1)x(t)dT.
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A. V. Medvedev
NONPARAMETRIC SYSTEMS THEORY. GENERAL APPROACH

This article publications cycle devotes to a new part of control theory. Nonparametric control systems theory is
focused on the lower size of a priori information that differs it from the standard parametric control theory. The parametric
theory assumes the stage of investigation process model to within to the vector of parameters choosing, but nonparametric
one requires data of process characteristics quality properties. It is principally different.

VIIK 62-506.1

J. A. Urnatees, A. B. Mensenes, /1. B. Ceprees, A. 1. lllecrepues
O HEMAPAMETPUYECKOM MOJAEJINUPOBAHUN MHOT'OCBA3HBIX MPOLLTECCOB

Paccxwampueaemc;l 3a0aua udeﬂmucﬁukauuu MHOCOCBA3HbIX NPOYUECCO8 6 YCIIOBUSIX, Ko20a napamempudeckasid cmpyK-
mypa HeKomopuvix c653€ll BHIXOOHBIX U 6XOOHbIX NEePEeMEHHbIX U3eeCmHa Uil onpedeﬂeﬂa, a 0J1s1 B0CCMAHOBNeHUS Opyzux
UCnoIb3yemcs Henapamempuieckas cmamucmukda. Bomom caydae KOM6uHup080HHaﬂ Henapamempuieckas Mooeb npo-
yecca npe()cmaeﬂﬂem coboii 63AUMOCBA3AHHYIO CUCmeMy Cmoxacmu4ecKux COOMHOUEHULL KAK napamvempuviecKkozo, max
u Henapamempuieckoco munoe. Hpueodﬂmc‘ﬂ KOM6MHMPO@GHHE)1€ HenapamempuiecKue Mooenu.

Bo MHOTHX MPaKTHYECKUX 33a1a9aX BOSHUKAET HEOOXOIH-
MOCTb IOCTPOEHUS MOZIEJIN JOCTATOYHO CI0KHOI'0 KOMILIEK-
€a, COCTOSIIEIO U3 OOJIBIIOr0 YHCIA JIOKAILHEIX 00BEKTOB,
00BEAMHEHHBIX B MHOTOCBS3HYIO CUCTEMY. MHO20C8:A3HbIM
Ha3bIBACTCS O0BEKT, COCTOSIINI U3 HEKOTOPOTO KOINYECTBA
B3aMMOCBS3aHHBIX MTOJICUCTEM, KOTOPbIE ONTUCHIBAIOTCS HE-
KOTOPOH CUCTEMOM HESIBHBIX (PYHKITHI OT BXOHBIX U BBIXO/I-
HBIX [IEPEMEHHBIX.

[Tpu MoenMpoBaHUM Pa3HOOOPA3HBIX JUCKPETHO-HETIPe-
PBIBHBIX ITPOLIECCOB B HACTOSILIEE BPEMSI IOMUHHUPYET TEOPUS
WICHTU(HUKAIINH B y3KOM cMbIcie. Ee conepykaHme COCTONT B
TOM, YTO Ha [ICPBOM ITAIe KAKMM-TO 00Pa30M OIPEACIIACTCS
napaMEeTPUUECKUI KJlacc ONepaTopoB B, Harpumep,

%, (1) = B (u(), (1), 1, ), (M
a Ha BTOPOM 3Talle OCYLIECTBISICTCS OIIEHKA TapaMeTpoB 3
Ha OCHOBE MMEIOIICHCS BRIOOPKH

{x.u.u,t=18},
rae s — 00beM BBIOOPKH.

Yenex perieHns 3a1a4n UASHTU(QHUKALIN B 5TOM CIIydae
CYILIECTBEHHO 3aBUCHT OT TOTO, HACKOJIBKO Y/IA4HO OIIpejie-
nen oneparop (1).

WnenTndukanys B IUPOKOM CMBICIIE MPEIIONIaraeT oT-
CYTCTBHE 3Tara BeIOOpa mapaMeTpHUeCcKoro Kjiacca ornepa-
Topa (1), ecim, KOHEUHO, IS TOTO HET OCTATOYHBIX allpH-
OpHBIX cBeJleHUH. YacTo OKa3bIBAETCsl 3HAUUTEIIBHO MIPOLIE
OIpENIENINTh KIacC OnepaTopoB X(¢) = B(u(r),1(¢),¢) Ha oc-
HOBE CBEJICHUH KaueCTBEHHOTO XapakTepa, HalpuMmep, Jiu-
HEWHOCTH NpOoLecca WM THIA HETMHEHHOCTH, OJJHO3HAYHO-
CTH 1100 HEOTHO3HAYHOCTH | Ap. B 3TOM cityuae 3aaua nyieH-
TU(QHKAIMY COCTOUT B OLICHUBAHUH ATOTO OlIepaTopa Ha oc-
HOBE BBIOOPKH.

B nannoit pabote peds noiineT 00 onyMcaHuM HCCIeaye-
MOT0 Tpoliecca ¢ TOUYKU 3pSHUs HICHTH(UKAIINY B IIHPO-
KOM CMBICIIE.
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Yposuu anpuopHoii nHpopmManuu. BaxHyo pons npu
peLIeHHNH 33/1a4¥ UACHTU(DUKALMH UTPACT YPOBEHb allpHop-
HOW MH(pOPMAIHHU 00 HCCIIeyeMOM Iporecce. ApHOpHas
nH(pOpPMAIHS ABIAETCS HEOOXOANMOH JUI MaTeMaTHIeCKOH
MTOCTAHOBKH 3a/1a4, U B 3aBUCHMOCTH OT €€ YPOBHSI, METOJIbI
penIeHUs 3a/1a4 OKa3bIBAIOTCSI PA3TNIHBIMH.

MoryT OBITh BBIJIEJICHBI CIICTYIOIINE YPOBHHU allPUOPHON
nHdpopmanun. [To Mepe ycuiieHnsT HEONPEIEICHHOCTH OC-
HOBHasl 33/1a49a U el COIMyTCTBYIOIME MOTYT OBITh PACCMOT-
PEHBI IIPH CIIEYIOLINX YPOBHSX:

— OaifecoB ypOBEHb allpUOPHON WH(POPMAIUH, TIPH KO-
TopoM HH(pOpMalHs 00 00bEKTE MOKET ObITh KaK ITOJIHOM
(MakcHMabHO BO3MOXKHOM), KOT/Ia TOYHO 33JaHbI MOJCIb
00BEeKTa, CTATUCTUUECKUE XapaKTEPUCTUKN HAOTIONECHUH 1
BO3MOXXHBIX TIOMEX, TaK U HEIOJIHOH, KOT/1a BEPOSTHOCTHBIE
XapaKTePUCTHKN HAOMIOICHHUI, TTOMEX 1 BHJ] MOZICJIN H3BECT-
HBI C TOYHOCTBIO JI0 HAbOpa MmapaMeTpos;

— YPOBEHb MapaMETPUIECCKON HEOTPEIEICHHOCTH, MIPU
KOTOPOM HEU3BECTHBI 3aKOHBI PACIIPEIEICHUS U3MEPEHUI U
TIOMEX, & CTPYKTypa MOJIEJH! 33/1aHa C TOYHOCTBHIO /10 Habopa
napameTposB [1]. IIpucyTcTByIOT BEIOOPKH CTaTHCTUYECKU
HE3aBHCHMBIX HAOJIIO/ICHNH TepEeMEHHBIX 00bEKTa;

— YPOBEHB HETapaMeTPHIECKON HEOPEIETIEHHOCTH, KOT-
Jla HeM3BECTHBI HY 3aKOHBI PACTIPEICIICHHS TIOMEX M H3Mepe-
HUH, HU CTPYKTypa MoJienH. MI3BECTHBI HEKOTOPbIE KaueCTBCH-
HBIE XapaKTePUCTUKN 00BEKTA: HAIIpUMep, 00BEKT CTaTHIec-
KW WM IMTHAMUYECKUH, OTHO3HAYHBI MIJIH HET CBSI3H MEXK/TY
€r0 MMePEMEHHBIMH U T. TI. [2]. VIMeroTcst BRIOOPKH CTaTUCTH-
YeCKH He3aBUCHMBIX HAOJI0€HUH IIEPEMEHHBIX 00BEKTa.

MHorocBsi3HbIE CHCTeMbI. Bo MHOIMX NPaKTUYECKUX 3a/1a-
YaX BO3HUKAET HEOOXOAMMOCTb ITOCTPOCHHSI MOJIEITH JIOCTATOY-
HO CJI0’KHOTO KOMIUIEKCa, COCTOSIIIIETO M3 OOJIBIIIOT0 YHCIIa JIO-
KaJIbHBIX 00BEKTOB, 00BCIMHEHHBIX B MHOTOCBS3HYTO CHCTEMY.

OyHKIMOHNPOBaHNWE 00BEKTa MPOUCXOJHUT IO CXEME,
MIPUBEACHHOI Ha puc. 1.



Mamemamuxka, mexanuka, uHgpopmamuxa

3neck u(f)e R" — obriem cirydae, BEKTOPHBIE BXOTHOE 3Ha-
YyeHHe, BKIII0Yarollee B ce0sl BXOJAHBIC TIEPEMEHHbBIE CHUCTE-
MBI, IPOMEKYTOYHEIEC BXOIBI, SIBIITIOIINECS BBIXOIAMH JPY-
IUX II0J00BEKTOB U COOCTBEHHOIO BBIX0/1a C 3ara3/(bIBAaHU-
eM; x(f)€ R™ — BEKTOPHOE BBIXO/IHOE 3HAUCHUE, BKIIIOYAIO-
mee B ceOs BBIXOJHBIC IMEPEMEHHBIE CHCTEMBI, TPOMEKY-
TOYHBIE BBIXOJBI, SIBISIIOIIMECS BXOJAMH JUISl IPYTUX MO-
TOOBEKTOB; u(f) U Xx(f) HEMPEPBIBHBI BO BPEMEHH; h , 7 —
CJIy4YaWHBIC ITIOMEXU, ICUCTBYIOIUEC B KaHaJIaX USMEPEHNU, C
HYJIEBBIM MaTeMAaTHYCCKUM OXXHJAHHEM W OTPaHUICHHON
qucnepcueit; u" [f], X" [{] — BXoAHO€E U BBIXOIHOE 3HAUECHHS,
u3MepsieMble B ICKPETHBIE MOMEHTBI BpeMeHH; o(f) — city-
yaifHas momexa, JecTByomas Ha rporecc. [lomexa o6yc-
JIOBJICHA «IITyMaMM» Pa3InuHbIX HEKOHTPOJIUPYEMBIX (hak-
TopoB. «1Iym» — HEeKOTOpBIE BO3ICHCTBHS, CO3/1aBaCMbIC OK-
pyXaromiei cpeaoit u camoit cuctemoii (puc. 2).

Lot

u(?) _ o X0

h h,
w_ut xﬁr

W'[1] K1)

Puc. 1. [Ipouecc GyHKIIMOHUPOBAHUS TOJOOBEKTA
MHOTOCBSI3HOH CHCTEMBI

ua (1) v(t) x1(7)

O, (0]}

hu2 hv2 hxl

v"[1] xi"[t]

Puc. 2. Ilomexu B kaHaIax U3MEpEHU

u"[]

3neck 12, h* u ! — ciydaiiHblie TOMEXH, JEUCTBYIOIIHE
B KaHaJIaX H3MEPEHHIl BEIMYMH V, U X, COOTBETCTBEHHO; 11,
(1], v,/ [f] m x"[t,] — n3Mepenus ¢ OMMOKOM, H3MEpPsEMBIE C
JUCKPETHOCTHIO df U dt, COOTBETCTBEHHO. B Kaj0M kaHale
CBSI3U CHICTEMBI MOYKHO BBIIEIUTE IT0 IIOMEXE, T. €. A", ..., h™,
YR R L . Vccne oBaTentto A0CTYITHbI JaHHBIE,
HU3MEPCHHBIE C TIOMEXOH.

MHOTOCBSI3HBIM Ha3bIBAETCSI 0OBEKT, KOTOPHIH OIHCHI-
BaeTCs HEKOTOPOH CHCTEMOH HESIBHBIX (DYHKLIMH OT BXOAHBIX
1 BBIXOJTHBIX TIEPEMCHHBIX.

PaccMoTpuM 00BEKT, UMCIOIIINIT BU MHOTOCBSI3HOM CH-
cTeMHI (puc. 3).

OxpviKarommas cpena
Oxpysxarorias cpena

Puc. 3. MHOrocBs13Hast cucTemMa
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3mech Oi — [-i TOT00BEKT MHOTOCBSI3HOM CUCTEMEI, [ = 1,
2,..., 10; u(f) — BxoaubIe TEepeMennsIe, i = 1, 2, ..., 6;
v () — IPOMEKYTOUHBIE IEPEMEHHBIE (KaK BXOIHBIE, TaK U
BBIXOAHBIE), [ = 1, 2, ..., 14; X (¢) — BBIXOJHBIE IEPEMEHHBIE,
i=1,2,3;¢—Bpems. B kaHanax n3mepeHuni (CBs31 1ojo0beK-
TOB) ICHCTBYIOT CITydaifHbIE TOMEXH, 0003HAYNM UX Yepes /i
(cM. puc. 1), oHM MOTYT OBITH 00YCIIOBIICHBI IO PELTHOCTSI-
MU TIPHOOPOB M3MEPEHHA, YEIOBEYSCKIM (DAaKTOPOM H T. 1.
Tepmun oxpysrcarowas cpeda noppasymeBaeT 1moj| coooi
cpeny, B KOTOpOH cucremMa (yHKIMOHHPYET.

Ha npaxTuke 10CTaTOYHO CIOXKHO TOOUTHCSA paBHOMED-
HOT'O U CHHXPOHHOTO M3MEpEHHUsl MapamMeTpoB Ipolecca.
OOmas cxema U3MEpeHHi MapaMeTpoB MpoLecca MpuBeie-
Ha Ha puc. 4.

uy(t + - x(@t+
. xo(t +
w(t+ o Exw(t +

Puc. 4. O6m1as cxema H3MepeHNUH TapaMeTpoB Mporecca

TepeMeHHbIE MPOIIECCA U3MEPSIIOTCS ¢ PA3HOU YacTo-
TO# [l 1, COOTBETCTBEHHO, B PA3JINYHbIE MOMEHThI BpEMeE-
uu. B o6uieM ciydae MOTYT MU3MEPATHCS B OJUH MOMEHT
BpeMeHH. AHAJIU3 TAKKX JTAHHBIX BECHMA 3aTPY/THUTEIIEH, TaK
KaK CTPYKTYpa B3aUMOCBSI3€i IEPEMEHHBIX MOJKET OKa3aTh-
Csl JIOCTATOYHO CIIOKHOM.

MaremaruuecKast lIOCTAHOBKA 3a/1a4u. [ Tycts nmeeTcs MHO-

TOCBSI3HBIN 00BEKT. V3MepeHyst BXOIHBIX U BHIXOIHBIX [IEPEMEH-
HBIX TIPEJICTABIIEHBI B BUJIE BEKTOPOB U, = {utl ..ﬂ{"}e R"™,
X, ={xt1 th}e R,y ={V11 .,\4”}e R", t=1s. B kana-
JNlax M3MEPEHUH JIEHCTBYET CilydaiiHasi moMexa ¢ HYJIEBBIM
MAaTEeMAaTU4YCCKUM OXHIAHUEM U OTpaHquHHOﬁ AUCnepcu-
eit. Xapakrepucruku 06bekroB O, ] =1...10 oxHosHauHEI
N0 BEKTOPY BXOJHBIX NepeMeHHbIX. UMeeTcs 00yuaromas
BbIOOpKa UV, X, =1, S} . Heo6X011M0 HOCTPOUTH MaTe-
MaTHYECKYI0 MOJIENb MHOTOCBA3HOTO CTOXaCTHYECKOTO
00BEKTa, aIeKBATHO OMKMCHIBAIONIYIO €r0 TOBEIEHHE IPH
NPOM3BOJILHOM BXO/IHOM BO3/IEHCTBHM.

ChopmupyeM KpUTEpHii ONTHMATBHOCTH:

RG) = My, MG =5 (7,7} = min,

e X — OLCHKA i-Off KOMIIOHEHTBI BEKTOpA BbIXOAA X;
ﬂ,'f) — COBOKYIIHBI€ BEKTOPbI, COCTABJICHHBIC U3 KOMIIOHEHT
BEKTOPOB U, V.

Hcnonp3ys He0OX0AUMOE yCIIOBUE MUHUMYMA, T. €. ITPH-
PaBHSIB MPOM3BOIHYIO (PYHKIMH R 110 HICKOMOI BETHUMHE X
K HYJIIO, TTOJTyYHM:

X" =M {x|u,v}.

IIpu nocTpoeHnn MaTeMaTUYECKON MOJIENN UCCIIEyEMO-
TO MpoIiecca CIeIyeT BBISIBUTh, K KAKOMY KJIacCy 3a71ad U/IeH-
TU(QHUKAIIMNA OTHOCUTCS KJKIBIHA U3 TI0T00BEKTOB MHOTOCBSI3-
HOM cucTeMBl. VITeHTH(UKAINSA B Y3KOM CMBICIIE TIOJIpazyMe-
BaeT IMOCTPOCHIE MOJICTIH B YCIIOBUAX OalECOBOTO HITH TTapa-
METPUIECKOTO YPOBHS allprHOpHON nHpopManuu. B mepeom
citydae HeoOXO0/IMMO JIMIIb OIPEJIeNIUTh HEM3BECTHBIE Tapa-
METPbI 3aKOHOB pacpeeneHus 1 Mojenu. Bropoii stan noa-



Becmnux Cubupckozo 2ocy0apcmeennozo aspokocmuueckoeo ynugepcumema umenu akaoemuxa M. @. Pewiemnesa

paszyMmeBaeT 1oz co0oii orpeiesIeHre MapaMeTpoB, a B HEKO-
TOPBIX CITYYasiX M BU/IbI 3aKOHOB PACIIPEIeTICHHS H3MEPESHHH.
HWtak, mycTb 00BEKT OIMCHIBAECTCS yPAaBHEHHEM BH/Ia
x =F(u,v) i=1s,
TJIE X, — BBIXOJHOE H3MEPEHNE OOBEKTA, U, V, — BXOTHBIE H3-
Mepenust; I — QyHKIus mporiecca, npeoopa3syoias BEKTOp
BXOJTHBIX 3HAYEHHH B BEIXOIHOE.

Heo6xoauMo MOCTpOUTh MOJIEIb AaHHOTO Hpoliecca,
UCIIONB3Ysl NMEIOLIYIOCS allpUOpHYI0 MH(popMarmo. Bua
Moz OyIeT CIIeYOIINM:

x=F(u,v,a),i=1s,
TJIe X, — OLIeHKa BBIXO/IA IPOLecca; F — OlieHKa oneparopa F;
0L — BEKTOP TapaMeTpoB IIpoIecca.

Takske MOKHO OLIEHUTH TapaMeTpPhl pacIpeeIeHHs Tie-
PEMEHHBIX Ipolecca, UCIOIb3Ysl PAa3IMYHbIE MTPOLETYPbI
TEOPUH NapaMeTPUIECKON HICHTH(DHUKAINH.

Ecin anpuopnas nudopManust oTCyTCTBYET U IMEIOTCS
TOJIBKO N3MEPEHUSI BXOITHBIX M BBIXOTHBIX IIEPEMEHHBIX, PEUb
noiaer yxe 00 nieHTHHUKAIHMN B KITUPOKOMY cMbIcie. Mo-
JIeJTb 00beKTa Oy/ieT pe/ICTaBIIeHa B BUJIE CTATUCTHKH [2; 3]

xi=S (u[,v,.,ﬁ,,T/, ), i=1,s,
rie S —HemapaMeTpHYecKas MOIEIb npolnecca; i;, v, — BeK-
TOPBI 3HAYCHUI BXOJIHBIX MIEPEMEHHBIX; X; — HEapaMeTpH-
YecKast OIIeHKa BBIXO/1a. _ _

Hemapamerprieckast orieHKa X = X; paBHa CIEIyIO-
IIei CTaTUCTHKE 10 BCEM MEPEMEHHBIM (JUIs CTaTHYEeCKOTO
mporiecca):

opt

@)

V,
r1 o
rae D(-) — kookooodpasHas GyHKIMs, 00JIa1aroIas clie-
JYIOLIAMHU CBOMCTBAMHU:

0<od % <A<oo,
S
ij(l) ﬂ dX_l,

G L Cs
Vm>0:iJ-CI) XTX XX dX < oo,
G = Cs Cs
lim | X=X =38(x-x%),

5= Cg Cs
C.>0,Vss=123 ..;C, >0,
limsCY = oo,

S—oo
rie C, —napameTp pasMbITOCTH.
Orenka (2) 10mKHa yAOBIETBOPATH YCIOBUIO BOCITPOU3-
BOJIUMOCTHU

1 j XD X=X
CS Q(x) S
B CJIy4ac, Korjia mnpouecce sABIsACTCAa JUHAMUYCCKUM, MOXK-
HO BOCIIOJIB30BAThCA CIICAYIOIIUMU OLICHKAMMU:

X (t) = k, (Q)u(t) + [ h,(t - )u(r)d

JUTSL TMHEHHBIX CHCTEM, JTN00 OLIEHKOH (2), I/1e B KauecTBe Ofi-
HOM U3 KOMIIOHEHT BXOJIa ABJISIETCS] CUTHAJI 0OpaTHOM CBA3N,
JUISL HEJIMHEWHBIX CUCTEM

S W ()

CyuiecTBeHHBIH MHTEpPEC, ¢ TOUKU 3PEHUS MPAKTHKH,
MIPECTaBIACT CO00H cydail, Kora A1 HEKOTOPBIX 3aBHUCH-
MocTeii kommonenT BektopoB Xe R, ue R" i ve R u3-
BECTHA WX TapaMeTpHyecKas CTPYKTypa ¢ TOYHOCTBIO T0
HaOoOpa rmapameTpoB ¢. B 3To#i cuTyaiuu Mbl CTaIKHBaeMCst
C 3aja4yell HICHTU(DUKAINU, KOTOpasi HE COOTBETCTBYET HU
apaMeTpUIecKOMy YPOBHIO alipHOPHON HH(GOPMALINH, HU
HemnapaMmeTpuueckomy. Takue Mojiesi BOZHUKAIOT ITPH OIH-
CaHWU CJIOKHBIX B3aWMOCBS3aHHBIX TPOIIECCOB (YacTO 3Ta
CUTYyalus BO3BHUKACT IPH aHAJIN3€ IIPOU3BOACTBCHHBIX ITPO-
LIECCOB C HETIPEPHIBHOM TEXHOIOTUEH) M UMCIOT BH]I B3aHIMO-
CBSI3aHHOM CUCTEMBI:

X =F (u. V'), j=1k,
1€ UHJIEKC j IIPU apryMeHTax X; ,uj ,Vj ,Ocj — onpeeNeHHbIN
(j-11) HAOOp ITUX KOMITOHEHT M3 BCEX KOMIIOHCHT COOTBET-
CTBEHHO BEKTOPOB X, U, V, O,; F; — j-it oneparop mporiecca,
MEePEBOJISIINI BEKTOP BXOJIHBIX MAPAMETPOB B BHIXOJIHEIE,
X — BEKTOpP BBIXOJIHBIX MEPEMEHHBIX; U, V — BXOIHBIX;
O — TapaMeTpOB.

Moens MHOTOCBSI3HOU CHCTEMBI MOXKET OBITh IIPEICTAB-
JIeHa CIIeAyIoIel cucTeMol ypaBHeHui [2; 3]:

dQ=x.

X =F,(u' o)), =14, .

Xj =S (u,x U5, %), i =q+1k,
rie F — mapaMeTpudecKuii oneparop; S — HermapaMmeTpudec-
KHH omneparop; ¢ — 4HMCIIO MapaMeTpUYeCKHX YpaBHEHUII;
k — obree 4ncino ypaBHEHUI.

[To pa3nyHBIM KaHaJIaM CBSI3M MHOTOCBSI3HOM CHCTEMBI
M3BECTHA UX MapaMeTpUUEcKast CTPYKTypa ¢ TOYHOCTBIO 10
nmapamMeTpoB, JJId MHBIX KaHAJIOB CBA3U TaKas I/IH(bOpMaHI/ISI
OTCYTCTBYET 1 X BOCCTAHOBIICHUE OCYIIECTBIISICTCS CPE/I-
CTBaMM HEMapaMeTPUIEeCKOro oneHnBanust. [1pu aToM npen-
TH0JIaraeTcsl OJHO3HAYHBIH XapaKTep 3aBUCHUMOCTH BXOAHBIX—
BBIXOIHBIX NIEPEMEHHBIX CHCTEMBI. B 3TOM cityuae MoJenb
MHOTOCBSI3HOM CUCTEMBbI MIPEJICTABISIET COOO0H CUCTEMY He-
JMHEHHBIX CTOXAaCTUYECKUX YPaBHEHHH, B KOTOPYIO BXOIST
KaK MapaMeTpHYeCcKue COOTHOIICHHS, TaK M HETapaMeTpu-
yeckue (3). OueHka BbIX0J]a MHOTOCBSI3HOW CHCTEMBI OCY-
LIECTBIISIETCS B PE3YIIbTATE PELICHNS B3aUMOCBSI3aHHOM CHC-
TEMbl YKa3aHHBIX BBILIEC YPABHEHUN IIPU U3BECTHBIX 3Haue-
HMSX BBIXOIHBIX IEPEMEHHBIX, MOJEIH KOTOPBIX 0003HAIUM
xi=F (ui Vo ) ,i =LK ,raex!, u, v.— COOTBETCTBEHHO BbI-
XOJIHast U BXOJIHBIE IIEPEMEHHBIE [-T0 00BEKTa; [, — mapamer-
pHUYECKAs 3aBUCUMOCTB X' OT 1, C TOYHOCTBIO 10 TAPaMETPOB
0.; @ k—41cio 0ObEKTOB.

YuciaeHHsble uccaegoBanus. [Ipu ncciaenoBanuy Hera-
paMeTpuyYecKuX KOMOMHMPOBAHHBIX Mojieliei (3) MeTooM
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CTAaTHCTHYIECKOTO MOJICIMPOBAHMS ObIIa B3sITa CUCTEMA Jie-
CSITH HEJTMHEWHBIX YPaBHEHUH, OIMCHIBAIOIIAs OOBEKT, IPe/-
CTaBJICHHEI Ha prc. 3. Pa3mepHOCTH MapamMeTpoB OBLITH OTIH-
casbl Boiiie. Ha n3mepenus OblT HAJTOXKEH OCIIbIH IIyM pa3-
JIMYHOTO YpOBHs. Pacxox/ieHne, pacCUNTaHHOE KaK HOpMU-
pOBaHHasI CPEAHEKBAIPATHIECKast OIINOKA, BBIXOHBIX 3Ha-
4yeHuit Mozienu (3), MOCTPOCHHOI 10 BRIOOPKE HAOIFOICHHIA,
C COOTBETCTBYIOIIMMH BBIXOJHBIMU 3HAYCHUSIMU OOBEKTa
HaXOJMJIOCh B MHTEpBaje 3...7 % B 3aBUCUMOCTH OT YPOBHS
HaJIOXKEHHOTO IIyMa 1 00beMa BEIOOPKH.

Takum oOpa3oM, IIEHKa BBIXOJa MHOTOCBSI3HOW CHCTE-
MBI OCYIIIECTBIISICTCSI B pe3y/bTaTe PEIIeH!s B3aHMOCBSI3aH-
HOH CHCTEMBI YKa3aHHBIX BbIIIIEC yPAaBHEHHUH IPH N3BECTHBIX
3HAUCHHUAX BBIXOJHBIX IIEpeMEeHHBIX. PaccmarpuBaercs 3a1a-
Ya TEOPUH UJICHTH()UKALNH, COCTOSIIAs B 00bEANHEHUHN HH-
TErpHPOBAHHON MOJEIH MHOTOCBSI3HOTO Tporecca, 00be-
JMHSIONIEH COOTBETCTBYIOIIHE (hparMeHThI MOJIEIIH JIOKAIb-
HBIX 00BEKTOB. B pe3ynbrare momyueH HOBBIH Ki1acc KOMOH-
HHUPOBAHHBIX MOJIeTIeH, 00bETMHSIOIINH KaK MapaMeTpriec-
KH€, TaK ¥ HeTTapaMeTPUIECKHUE MOJICIIH PA3INIHBIX KaHATIOB
MHOTOCBSI3HBIX CHCTEM.

KomOunnpoBanHbie Moaenn ObUTH MCCIIEIOBAHBI METO-
JIOM CTaTHCTHYECKOTO MOAEINPOBaHMs. B kauecTse ncxon-

HOTO OTHCAHUS IpoIecca OBUTA MPUHSATHI IO Pa3THIHBIM
KaHaJlaM CBsA3U IIOJIMHOMUAJIBHBIC 3aBHCUMOCTH. MOI[CJ'II/I-
pOBaHUE OCYIIECTBISCTCS B 0OCTAHOBKE CITyYaifHBIX BO3MY-
uieHuit. [Ipu aToM mpenonaranock, 4To CTpyKTypa 1o HEKOo-
TOPBIM KaHaJlaM HCIOIb30BaIaCh IPU HOCTPOCHUU MOAETH,
a [10 HEKOTOPBIM KaHajlaM CTPyKTypa Heu3BecTHa. B cucre-
Me, H300paKeHHOH! Ha pHC. 3, MPUCYTCTBYIOT KaK CTaTHYEC-
KHe, TaK ¥ TTHAMHYECKIE OO BEKTHI.

Jns uccnenoBanyuss KOMOMHUPOBAHHONH MHOTOCBSI3HOM
CHCTEMBI OBLIIA TIOCTPOSHA KOMITBIOTEPHAS MOJIEIb. J1J1s omv-
CaHMA KaXXJIOW CBSI3M OBLIM PEeaM30BaHBI AITOPUTMBI KaK
napamMeTpU4ecKol, Tak ¥ HelmapaMeTpUIeCcKoi TEOPHHU UIeH-
TUPHUKAIIT ¥ ONTHMHU3AIAH.
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D. A. Ignatyev, A. V. Medvedev, D. V. Sergeev, A. I. Shesternev
COMBINED NONPARAMETRIC MODELS OF MULTIPLY CONNECTED SYSTEMS

The problem of identification of the multiply connected processes in conditions when the parametric structure of some
input-output dependencies is known or is defined, and the remaining dependencies are defined with the nonparametric
statistics is consider. In this case the combined nonparametric model of the process is a correlated system of stochastic
relations of parametric and nonparametric type as well. Further the combined nonparametric models are given.
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B. E. I'epacumosa, JI. A. Urnarees, A. P. Huzamees, /. B. Ceprees

O HEITAPAMETPUYECKUX AJITOPUTMAX MOJAEJIMPOBAHUSA
N YITPABJIEHUSA INCKPETHO-HEIIPEPBIBHBIM ITPOLNECCOM

Tpeonodicenvl cxema u aneopummul ynpasienus, OUCKpemHo-HenpepbleHbiMu npoyeccamit. Paccmompenvt moougurxayuu
anzopummos, yuumuisarowjue ezaumooeticmeue c JIIP, nanuuue 6ewjecmeeHtbly, YeIoUUCIEHHbIX U 0)/1e6bIX NePEMEHHBIX.

PaccmotpuM 3aauy yrnpasiaeHUs AUCKPETHO-HETIPEPHIB-
HBIM ITPOLIECCOM, BXO/IHBIE 1 BHIXOJJHBIC XapaKTEPUCTUKH KO-
TOPOTO UMEIOT BUJI BEIIECTBEHHBIX, IIETIOYHICICHHBIX U OyIie-
BBIX IIepeMeHHbIX. CxeMa yIpaBlIeHHs TaKOTro poja Mpolec-
caMu IpeJICTaBlIeHa Ha puc. 1.

Ha nepsom stane (xitou K, pazomkHyT) peraercs 3aja-
Yya MAEHTU(DUKALUK; HAa BTOPOM dTane Kiod K, 3aMKHYT,
pelaercs 3aga4da ynpasieHust 00bekToM ¢ yuactuem JIITP,
nociie 3toro ko4 K, 3ambIkaeTcs.

[Ipu ympaBieHUN TUCKPETHO-HEIPEPHIBHBIMU IPOLIEC-
CaMH 11eJ1ec000pa3Ho MCIOJIB30BATH TEOPHIO a/IAITUBHBIX U
00yJaromuxcs CUCTEM, TaK Kak 3a/1a91 HICHTU(HUKALNH, YII-
PaBIICHUS U IPUHATHSA PEIIEHHS B CTOXaCTUYECKUX CHCTEMax
paccMaTpUBaIOTCS B yCIIOBUSIX HEMapaMeTpHUIeCcKOi Heorpe-
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JIEICHHOCTH (KOT/Ia HEN3BECTHA MapaMeTpudecKas CTPyKTy-
pa MOJIEIIH MCCIIEyEMOTro MPOIIecca), TO MPeIaracTcst uc-
MOJIF30BaTh PETPECCHOHHBIC MOJICIIH.

Iyctb X, u,, W, ABIAIOTCA HAOMIONAEMBIMHU IEPEMEHHBI-
MH, THe ¢ — TUCKpeTHOoe Bpems. HeoOXxoaumo HalTH anro-
PHUTM paboThI YIPABISIIOLIETO YCTPOUCTBA ISl BBIPAOOTKU
YTIPABIISIONIETO BO3JECHCTBHS HA CHCTEMY, TAKOTO, 4TO BBIXO]
Ipoliecca B KayIbli TeKYIIUi MOMEHT BpeMeHu (£ = 1,2 ...)
KaK MOKHO MEHBIIIE OTINYAIICS OT %kenaemoro X (t) .

JLnis peeHns 3aja4y yIpaBIeHUs HCIIOIb3YeM dJIeMEH-
ThI HEMapaMeTpuieckoro noaxoxa [ 1-3].

HenapameTrpuueckmii moAX0/ IPEAIIOIaracT UCIOJIb30-
BaHME HEIapaMeTPUUYECKOM OLEHKH Perpeccuy B KauecTBE
MOJIEIN UCTHHHBIX 3aBUCHMOCTEH.
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YcnmoBHOE MaremaTudeckoe oxxuaanne M{x|u, L} sBis-
€TCs1 ONITUMAJIBHOM, B CMBICIIE KBAAPATUYHOI'O KPUTEPUS

R=M{(X -x)*|u} = min | (1)

MOJIEJILI0 HCTUHHBIX 3aBUCUMOCTEN. 31€Ch X — OLIEHKA BEK-
TOpa BBIXoa 00BbeKTa X.
l"(’)

M(?) 0
> x
) : IIpouecc >
" B I
vV v v ¥ "
M Monenb <x’—l
»| Tpomecca ——l
K> R
L J
/. VYerpoiicTBo X¥1)
yIpaBIeHUs (&

Puc. 1. Cxema ynpaBneHuUs IpOLIECCOM:

X(t) = (X1 (), ..., x" (t)) — BEKTOP BBIXO/IHBIX TEPEMEHHBIX
mpouecea; U(t) = (UH(t), .., u™ (1)) 1 u(t) = (y 1), -ooot, ()
— COOTBETCTBEHHO YIpPaBIIsIEMbIE U HEYPABIIsieMbIe
KOHTPOJIMPYEMbIE IIePEMEHHBIE, COCTOSIIINE U3 /71 U /1 KOMITOHEHT;
E(t) — cywaitase Bosmymenns; h*, h', h* — ciywJaitasre
o6k u3meperns, rakue uto M{h} =0, D{h} < ;

X (t) —kemaeMoe 3HaUEHUE BHIXOTHOM TIEPEMEHHOIH; £ — BpeMs

Hcnonb3ys HeoOXoauMOe yCI0BHE MUHUMYMA, T. €. IPHU-
PaBHSB MPON3BOJHYIO QYHKINH R 110 HCKOMOM BETMIMHE X
K HYJTIO, TOTYYHM:!

dR/dx=—-2M{(X —X)|u} =0
n oTCcroaa
X =M{Xlu,p}. (2)
Hemnapamerpuueckas orieHKa perpeccuu ajisi BEKTOPHO-
T'0 ciiydas UMECT BU:

— X s . | u j —U~j
Xs+1 =2)ﬂ Hq) Mikl /
-1 = Cx

s | u j—U‘j
o[

i=1 j=1

3)

rne @(z) — xoxokonooOpasHast (GYHKIHS, SIPO KOTOPOH U
nmapametp Cs BEIOUpAroTCs U3 ycIoBuii [3].
[Tpumepsl TpeyronbHOTO, MapaboInYecKoro 1 Kyouuec-

KOTO sIJIEP
¢(Z)={1—|z.|,if|z|S1, @):
0,if [zp1,
_[@1aa-2,if |z,
q)(z)_{ 0,if | z]>1, )
_J@+2|zD@a-1zp%if |z,
@(z)_{ 0,if | z|>5. ©

[Tapamerp pasmbiTocTn C_BBIOMPAETCS W3 YCIIOBHS BbI-
MOJTHEHNSI MUHUMYMa KBaJPaTUIHOTO KPUTEPHSI

R=3(X, ~Xi(C,)? > min, )
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T7e s — pa3Mep o0ydJaromiel BRIOOPKH, C TIOMOIIBI0 KOTOPOU
METOJIOM CKOJIB3SIIIIET0 3K3aMeHa BBIOUPAETCsT ONTUMAaTbHBIH
Ha 5Tol BBIOOpKE C

_ S |
=y x ]
n=1 m=1

m

/

m
U~ —u,
Cx,“

m

S Tel "
n=1 m=1 ij
n#i, (8)
IlocJsienoBaTe/1bHBIN HelTapaMeTPUYECKHI AJITOPUTM
ynpasiaenust. [lycTb Mbl IMEeM CUTYaIINIO, KOT/Ia OTCYTCTBY-
eT oOyJaromast BEIOOpKa, a TeKyIas HHpopMaIst 06 00bek-
TE MOCTYIAET B YCTPOHCTBO YIPABICHHUS OCIIET0BATEIBHO
(axTHBHOE HaKOIUICHHE MH(OpPMAIHN), TOTAAa 00y IAFOIITHIA-
Csl HeNapaMeTPUYECKUI aJIrOpUTM YIIPaBJICHHUS HA TaKTe
=S5 AMEET BU/L:

)

IJIE # —OlCHKA BEKTOPa BXOZ4, Ausj —mn3yyaroras 1o0aBka [3],

-
uy =i +Au,

i1/ € (Upin 1 Una) (10)
iuiiﬁq)(X*s —x° Jﬁq)(us —-uf ]ll—lq)[uas -u’ ]
ot e G Jea C.” Jia Co
S o
i=1 p-1 x p-1 f

Unac) » (12)
e U’ onpenensiercs: JITIP Ha KaKIOM TaKTe MPUHSTHS pe-
wenust. Ho JITTP MmoxeT onpenenuts HE Bce 3HAYEHUS KOM-
MOHEHT BeKTopa u, modTomy | <m.

Ha nayaneHOM 3Tane ynpasineHus, Korna (GakTHuecKl UaeT
mporecc 00y4eHus], JOMUHUPYIOIIYIO POJIb UTPAeT H3yda-
tonas jo6aBka. CBA3aHO 3TO € MaJIOi «OOYUECHHOCTBIOY» CH-
CTEMBI I COOTBETCTBYET BBIPAOOTKE MPOOHBIX IIArOB, KOTO-
pble MOTYT HOCUTb CJIy4aliHbII XapaKTep, €CIIU OTCYTCTBYET
JIOTIOJTHUTENbHAs anpropHas uHpopmanms. [To mepe usy-
YeHUs 00beKTa Bce OOJIbILAst POJib, TP (GOPMHUPOBAHUH usj
HauYMHAET MPUHAIEKATH #[s].

IIpn ympaBieHHH pealbHBIM MPOIECCOM €CTECTBEHHO
HCIIOJIb30BaTh OMBIT 00CITY )KUBAOIIETO MepcoHaa (omnepa-
TOpa, TEXHOJIOTa-3KcTepTa). JJist Toro 4To0BI HCIIONB30BAThH
OTIBIT 3KCIIEpTa MPH PEUICHNH ATOH 3a1auu, popmyiny (11) B
arroputMe (9) ceayet MOAUpHUIUPOBATE B OpPME, paccMaT-
puBaeMoi paHee.

HenapameTpuuecknii aIropuT™ yrpasJieHus ¢ 00y4aro-
meii BBIGOpKOii ITycts {U(t), W(t), X(1), t=15-1 —o6y-
YaroIasi BEIOOPKA, COCTOSIIAS M3 HAOIOMECHHUS BXO/Ia U BbI-
Xoa 00beKTA.

Henapamerpuueckuii anropuTM ynpasjieHUs B 9TOM CIIy-
yae UMeeT BUJI;

o J
)

j=1m s=2,3,..,ule (U}, u_), l<m.  (13)
Anroput™ (13) npencraBnser coboi OIEHKY 00paTHOI
perpeccun o HabmoneHuam {u(t), u(t), x(t), t=14s-1.

i=1m, s=23...q/e (Ul

min !

s-1
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B cydae ecniu KOMITIOHEHTaMM BEKTOPA |L;, KPOME Belle-
CTBCHHBIX NICPEMEHHBIX, ABJIAIOTCA NIEPEMCHHBIC TUTIIA 11C€JI0-
YHCJICHHBIX U OyJIEBBIX, 00yUaromuecs HerapaMeTpHIeCcKre
AJITOPUTMBbI HECKOJIBKO MOIU(DHUIIUPYFOTCS.

PaccMoTpum Moau(UKaINIO HEMapaMeTpHIeckoro ooy-
YarOIIETroCs ANTOPUTMA YIIPABICHUS ¢ 00yJaromIei BEIOOp-
KOH B JaHHOM Clly4ae:

j=1m s=2,3, ..,

— . .
ule(uljnin'urjnax)s |Sm’ (14)
TJIE ¢ ¥ V— COOTBETCTBEHHO pa3Mephl BEKTOPOB M (7) 11 w(f),
1, ecmm W) =w,
Qi -wf)= o
0, wuHaue.

IIpumeHeHue HeapaMeTPUYeCKHX Mo/iesIel U AJIrOpuT-
MOB yNpaBJieHHs B POLIeCCaX CAKUTAHUSA YIVIS B KOTJI0arpe-
rare 3HeprodJioka. BeriomorarebHOE TEXHOJIOTHYECKOE 000-
pyZIoBaHHe, yCTAaHOBJICHHOE Ha dHeproonoke KpacHospckoit
I'POC-2, mpennasHaueHo A7 NOAJIEPAKAHUSA 3a1aHHOTO pe-
JKIMa paboTsI sHEprodoka. JlanHoe o0opymoBaHue B 00ITh-
IIMHCTBE CITy4aeB sIBISIETCS NCIIONHUTEIBHBIM 3BeHOM B MHO-
TOKOHTYPHOM crcTeMe yrpaieHus. Cxema peryanpoBaHus
KOTJIOArperaToM MpuBeICHa Ha PHC. 2.

OHeproOII0K 0XBayeH ECTHAALATHI0 KOHTYPaMH yIIpaB-
nenust. Ha ka)1o0M KOHType yrpaBIeHHs YHEProOIOKOM yc-
TAQHOBJIEH PETYNATOP. PeryasTops! BHITIOJIHEHBI HA anmapa-
type cepuit PITWUB-III, PIINB-T, PIINB-M. [{anusle ycTpoii-
CTBa SIBJISTIOTCA PETYIATOPAMH 110 OTKJIOHEHHUIO U HCIIOJIB3Y -
1ot ctanaptasie [TU, TTN /] 3akoHbI peryaupoBaHusl.

Hwxe npuBoguTcst OMMCaHHE OCHOBHBIX PETYISTOPOB
KOTJIa.

Perymsarop Temmneparypbsl oCTpOro mnapa npeaHazHa4eH
JUI OJ/IepKaHUs 3aJJaHHON TeMIIepaTypbl OCTPOTo Mapa 3a

KOTJIOM ITyTEM M3MEHEHHS KOJIMIECTBA BIIPHICKNBAEMOM BOZIBI
[IapOBOM TPAKT KOTJIA.

Perynsitop pacxoma muTaTenbHOM BOABI SIBISIETCSI PETyIis-
TOpPOM YpoBHs B GapabaHe KoTIa.

Perynsitop nepBUYHOro Bo31yxa peaHa3HadeH AJ1s MO/~
JIepKaHus 3alaHHOTO 3HAYEHHSI MOIIHOCTH JIEKTPO/BUTa-
Tess maxTHor MenbHULE! (I1IM) ¢ 3anaHHOI HepaBHOMEp-
HOCTBIO ITyTE€M U3MEHEHUSI IT0JJa41 EPBIYHOTO BO3LyXa.

Perynsrop Ternooit Harpy3ku (PTH) npennazHaden st
cTaOMIN3aIMH 33/ITaHHOTO TEIUIOBBIJICIICHUS B TOTIKE KOTJIA ITy-
TEM BO3/ICUCTBHS HA CTAHLIHIO OECCTYIIEHYATOrO PEryInpoBa-
Hust 00opotoB rurarests ceiporo yrisi [ICY (CBPIICY) nuepes
JMHAMUYECKYIO CBSI3b Ha PETYJIATOPHI IEPBUYHOTO BO3/LyXa.

I'maBHbId perynsTop 6moka Ne 5 mpeaHa3zHaueH st O
JIeprKaHus 3a/JaHHOTO JIABJICHHS TIepe]] TypOuHOM, orpesie-
JISTFOIIIETO COOTBETCTBUE MEKAY HArpy3Koi TypOUHBI M CyM-
MapHOU Harpy3ke KoTioB (A u b).

Perynsitop ypoBHsI KOH/IEHCAaTa B KOH/IEHCATOPE — 3@ KOH-
JICHCATHBIMH HACOCAMH YCTaHOBJIEH 3-X0JI0BOI KOMOMHHUPO-
BaHHBII KJ1allaH peUPKYIISALUN, KOTOPBIN OCYILIECTBIISIET pac-
npeieICHrE TIo1auu KOHIeH cara B qeasparop (6 armocdep)
M 00paTHO B KOHJIGHCATOP, B 3aBUCHMOCTH OT YPOBHS B
KOHJICHCATOpE.

Perynsarop naBnenus B geasparope 6 ara npeaHazHaueH
JUISL TTOJ/Iep KaHMsl HOPMAJIBHOTO MTPOIIEcca JIeadparuu, my-
TEM PETryJIUPOBaHHs TOCTOSHHOTO AABIEHHS B TOJIOBKE /1€a3-
paropa.

Perynstopsl ypoBHsI B IOZOTPEBATENAX BHICOKOTO JIaBiIe-
nust [1BJ] u momorpesarernsix Hu3koro fAasienus [TH npennaz-
Ha4eHBI JUTS TOICP KaHusI 3aJaHHOTO YPOBHSI IPEHaa rpeto-
IIEro Iapa B I0JIOrpeBaTelisix, STUM obecrieunBaeTcs: Ooee
9KOHOMMYHAsI paboTa pereHepaTuBHBIX 00T PEBATENEH.

Creperymuii peryisTop IaBIeHus mapa nepe TypOruHOH
—9TOT PEryJISITOp pabOTAET B «CTEPETYILIEM» PEXKUME U BCTY-
naer B paboOTy MpH CHIKCHHWH Tlapa mpea TypOuHOH 0
95 xr/em® win 83 kr/cm® Ha Groke Ne 5. Perynstop naBieHust

3aJJaHue
n.n P.
D
3a/laHue
g
n.n P.
il
l
pacxon nu FaTeIbHOM BP/IbI TEMIIEpalypa OCTpOro fmapa
A >
pacxo[ ToIIMBa
y JIaBJIEHUE OCTPOro napa
>
- KotenbHbrit -
_ arperar -
pacxol NEpPBUYHOIO BO3yXa - =~ TeIUIOBas Harpyska
I | .
A v
n.o P. < 3ajaHue
g

Puc. 2. Kparkas cxema CHCTEMBI PEryJIMpOBaHUS SHEPTOOIOKOM
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BTOPHYHOTO Iapa MmaporeperpeBaTebHOro ycTpoiicTa
(ITITY) mpeaHa3HaveH A7 MOAICPKAHUS 3aJaHHOTO 3HAYe-
HHS IABJICHUS BTOPHYHOTO T1apa.

Hioke npencraBiieHbl pe3ysbTaTtbl 00padOTKH JIaHHBIX,
CHATBIX C OJIOKa KoTI0arperara (puc. 3, 4).

nnomeeTs P(x)

1
ot

500 505 510 515 520 525 530 535 540 545 550 555 560 565 570

TemnepaTypa 0cTpOM napa

Puc. 3. Pe3ynbrarel 00paboTKH JaHHEIX 0JI0Ka KOTJIoarperara
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nnatHoGTs (X}
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[asnetite 0CTPOrO Napa

Puc. 4. Pe3ynbTarsl 00pabOTKH JaHHBIX
01I0Ka KOTIIOarperara

JlaHHbIe npeicTaBiIeHbl B BUJE INIOTHOCTEHN pacpeaee-
HUSI BEPOSTHOCTH.

[Ipennoxennple 00yJaromuecs: HenapaMeTpUIecKue
QITOPUTMBI YIIPABJICHHUS MOTYT OBITh MOIU(DUIMPOBAHBI U
HCIIOIb30BaHbI IPU pa3paboTKe peabHBIX KOMITBIOTEPHBIX
CHCTEM YIPaBICHHUS TUCKPETHO-HETIPEPHIBHBIMH IIPOLIECCa-
MH, YaCTO BCTPEUAIOIUXCSI HA IPEANPUATHUAX CTPOHUH Y CT-
pun, XUMHH, TETIIO’HEpreTHKH U Ap. [TpuBenens! rpaduku
OLICHOK IJIOTHOCTEH pacrpeieleH s TeMIepaTypbl OCTPOro
napa Juts sHeproonoka Kpacnosipekoii ['POC-2.
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ABOUT RESEARCHINGS OF NONPARAMETRIC ALGORITHMS
OF MUTUALLY CONNECTED PROCESSES

There the scheme and discrete-continuous processes control algorithms are offered. The modifications of algorithms,
which are taking into account interaction with the decision maker, presence of material, integer and Boolean variables

are considered.
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MATEMATUYECKUE MOJEJIA U METObI PACUETA CXEMHOM HAJIEXKHOCTH
OYHKIIUOHAJIBHBIX CUCTEM CAMOJIETOB

PdCCMom]?EHbI 06u4@npuHﬂmble Memoobl pacdema HAOEHCHOCU OMOEIbHBIX azpezamoes U CJIIOIHCHbLX d)yHKL{MOHLUZb—
uoix cucmem. Ilokazana ux Headexk8amHocmy UCXOOHbIM npeanCbzﬂKaM pacdema. HpedﬂomceH Memoo pacuema Haoedc-

HOCMU CJIOMHCHBIX CUcmem.

Teopust HAJIGKHOCTH SIBISIETCSI XOPOLIO pa3paboTaHHOM
00J1aCTBIO 3HAHWH CO CIIOKUBIIMMHUCS MOJICIISIMU M METO/1a-
MU pacueta. KoHeuHbli pe3yabrar pacuera CXeMHOM Haex-
HOCTH CJIOXKHBIX CHCTEM B TEOPUH Ha/ISKHOCTH IPEICTaBIISET-
CsI B BUJIE MHTETPaJIbHON (hyHKIIMH pacTpeieNIeHNsI 0TKa3a WITH
0e30TKa3HOU paboTHI OT BpeMeHH. B camoeTocTpoeHnH Ha-
JIGKHOCTB CHCTEM HOPMHPYETCsl HOpPMaMH JIETHOH TOTHOCTH
[1] xax BEepOsSITHOCT peaM3aniy B TCUCHNH | 1 IoIeTa OTKa-
3a, MPUBOJIAIIETO K TIOCIIE/ICTBHSIM PA3INYHON CTETICHH TsDKe-
cru. [IpuBenenne nHTErpanbHbBIX (DYHKINHA paclpeIeieHus Be-
POATHOCTH OTKa3a, MOJYYCHHBIX 110 IPUHATHIM B TCOPUHN Ha-
JIGKHOCTH METO/INKAM, K | 4 IoJieTa 4acTo JaeT pe3yibTarhl,
HE CONIACYIOIIUECS CO 3PaBbIM CMBICIIOM U C IPAKTUKOM K-
CIUTyaTalluK aBUAIIMOHHON TEXHUKH.

CucteMbl caMOJIETOB BKJIFOYAIOT B CBOIO CTPYKTYPY pas-
JIMYHBIC arperarsl, COSJIMHEHHBIE KaK I10CIIE/I0BATEIBHO, TaK
W TIapaijienbHo. B cBs3M ¢ 3THM paccMOTpeHHe TPOoOIeMBbl
pacuera cCXeMHOI HaJISKHOCTH CJIEAYET HauaTh C MOJICJIUPO-
BaHMsI 0E30TKAa3HOCTH arperatoB. Ha/e)XHOCTH arperatos
CHCTEM CaMOJICTOB B IIPAKTHUKE IPAXKTAHCKOI aBHAIUH OLie-
HuBaercs kodppuumnentom K . On mpencrasnser coboi
KOJIMYECTBO OTKA30B OT/AENIBHBIX arperaros, CHCTEM U CaMo-
neta B nesioM npuxozsmeecs Ha 1 000 u Hanera. C apyroit
croponsl K, ONHO3HAaYHO ONpENeNseT IapaMeTp IOTOKa
OTKa30B (), PaBHBIN CPETHEMY YMCITy OTKa30B 3a OJIUH Yac.
[TapameTp 1mMOTOKA OTKA30B ONPEACISIOT KaK | JeJIeHHYT0 Ha
CpeaHIor0 HapaboTKy Ha | 0TKa3 Oyab TO arperar, CHCTeMa,
7160 camoreT B 1ierioM. OTedecTBEHHBIH 1 3apyOeKHBIH OITBIT
9KCIUTyaTallNK aBHAIIMOHHOHN TEXHUKH YOETUTEIIBHO TIOKa3bI-
BAET HE3aBUCUMOCTH K| 000 1 © OT BPEMEHU IIPH CTAL[HOHAP-
HOM IIporiecce dKcIuryaranuu. [lapameTp nmoroka oTka3os
MMPUMECHUTEIIBHO K aBHaHHOHHOﬁ TEXHUKE MPUHUMACTCH T10-
CTOSIHHBIM B yueOHoI1 [2; 3], HayuHoii [4] mureparype u oT-
pacieBoM crannapte [5]. Ero mocTostHCTBO moiaepKiBaeTcs
paboTOoit MH)KEHEPHO-aBHAIIMOHHBIX CITYKO0, OCYIIECTBIISIO-
MIUX TEXHUIECKOE 00CITyKHBaHHE.

B TpagunuoHHBIX METO/aX pacyeTa HaJAeKHOCTH [2—5]
MHTETPAIbHYIO (DYHKIIHIO BEPOSTHOCTH OTKa3a ¢(f) arperara
(puc. 1) MOOenMpyIOT B BHJIE SKCIIOHEHITMAIBHOTO pacIipe-
JeNeHNS:

g()=1-e" (1

BepositTHOCTh 0TKa3a Ha | 4 mojieTa onpeaessieTcs: Kak
TAHI'eHC yIJIa HAKJIOHA CEKYIIIEeil Ha y4acTKe PABHOM OTHOMY
qacy 1o 0cH ¢ K KpuBoii ¢(¢). Ilockonbky yist u3aenuii aBua-
[HOHHOW TEXHUKH BPEMSI  U3MEPSIETCSI THICSIYAMH U JIECST-
KaMH ThICSY YaCOB, yYaCTOK, PaBHBIN | 4, SIBJISIETCS BEJINYH-
HOU TPETHET0, YUSTBEPTOTO MOPSAKA MATIOCTH, M YTOJI HAKIIO-
Ha CEKYIIel K 3TOMY y4acTKy MOXKET ObITh IPHHSAT PABHBIM
yIJIy HaKJIOHA KacaTesIbHON K TOYKE Ha pacCMaTpHUBacMOM
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ydacTke. ITO 03HaYaeT BO3MOXKHOCTB OTPEJICIICHUS BEPOSIT-
HOCTH OTKa3a Ha | 4 B BHJIE IUIOTHOCTH BeposiTHOCTH. [1pn
9TOM BEPOSTHOCTH 0TKa3a Ha | 4 mosera (puc. 1) n3mensercs
OT HEKOTOPOH Benn4uHsI 10 0, TpH YBETUYECHUU BPEMEHH /.
DTOT pe3yJbTaT HUKAaK He COIIACYETCs ¢ HCXOMHOI Ipeto-
CBUIKOH O HE3aBHCHMOCTH TIapaMeTpa MOTOKa OTKa30B OT
Bpemenu. [IpesncraBnennas Ha puc. 1 3aBUCHMOCTD, Opee-
nsieMas BeIpakeHueM (1), sBrsieTcst nHTerpanbHOH (QyHKIHeHR
BEPOSITHOCTH OTKa3a. OHa OI[EHNBAET BEPOSTHOCTD pealTi3a-
LIUH OTKa3a Ha y4acTke BpeMeHH oT 0 10 . DTa BepOSITHOCTD
3aBUCHT KaK OT COOCTBEHHO CBOICTBa 0€30TKa3HOCTH arpera-
Ta, TaK ¥ OT IPOTsDKEHHOCTH HHTepBaa BpemerH (0, 7).

q(t) 1
1

A

v

Puc. 1. DkcroHeHITHaIbHAS 3aBUCUMOCTD
BEPOSITHOCTH OTKa3a OT BPEMCHHU

CgoticTBo 6e30TKa3HOCTH arperara no (opmyre (1) orenn-
BaETCsI IapaMeTPOM ITOTOKa 0TKa3a ®. Bpemsi B (1) He onieHnBa-
€T CBOHMCTBO Oe30TKa3HOCTH arperara. Ero BBeieHme B BRIpake-
Hue (1) onpeseneHo crocoOOM BBIYUCICHUS! HHTErPAIbHON
BEPOSTHOCTH JUIsI HETIPEPBIBHBIX (HE IMCKPETHBIX ) BEMUNH.

EnuHCTBEHHBIM 3aKOHOM pachpeliesieHUs CilydyalHOU
BEJINYNHEI, YJOBJIECTBOPSIONIMM 3TOMY TPEOOBaHHMIO, SIBIISI-
€TCsl pacipeieieHNe C PABHOMEPHOH INIOTHOCTBIO BEPOSIT-
HOCTH, ITPY KOTOPOM BbIpakeHue (1) mpuHUMaeT BUJL

g()=ot. (2)
Torna BeposiTHOCTH OTKa3a Ha 1 4 g, Gyzner
q,=q()=o. 3)

CyImecTByeT ¥ Ipyras He MEHee BayKHast IpodiiemMa pac-
yeTa CXeMHOM HaJIeKHOCTH CHCTeM caMojieToB. Kak m3Bect-
HO, pacueT CXeMHOMN HaJIe’KHOCTH OCHOBAH Ha UCIOJIb30Ba-
HUU TEOPEMBI YMHOKEHHS BEPOATHOCTEH. BeposTHOCTE Oe-
30TKa3HOU pabOTHI [TOCIICIOBATEIBHO COCAUHEHHBIX JICMEH-
TOB OIPEEIICTCS KaK IPOU3BEICHAC BEPOSTHOCTEH 0€30T-
KaSHOﬁ pa6OTBI OTHUX DJICMCHTOB, a BepOSITHOCTI) OTKa3a 1a-
paIeNIbHO COeIMHEHHBIX AJIEMEHTOB — IPOU3BEICHUE BEPO-
SITHOCTEI UX OTKA30B.
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PaccmoTpuM TeCTOBBII IPUMEDP CUCTEMBI, B KOTOPOMH
MapaJuIeNIbHO BKJITIOUEHBI 3 [IETMOYKH, COJIepKaline 1Mo 3 1moc-
JI€ZI0BATEIHHO COSIMHEHHBIX AIIEMEHTA. Bee aneMenTsI npu-
MeM ofnHakoBeIME: O = 0, 1. IIpy 3akoHe paBHOMEPHOH IJI0T-
HOCTH BEPOSITHOCTH OTKa3a 3JEMEHTOB MaTeMaTH4YecKas
MOZIENb OTKa3a TAKOH CHCTEMbI IMEET BUJL

o =[-1-wn17", 4)
e 7 = 3 — 9HUCII0 DJIEMEHTOB B LIETIOYKE U YHCIIO IIETIOUEK.

B cootserctBuu ¢ Heit, npu @ = 0,1 (puc. 2) eit cooTBeT-
CTBYET BEpPOSTHOCTH OTKa3a Ha | 4 sBmsromascs QyHKIuei
BPEMEHHU C SIBHO BHIPKEHHBIM MaKCUMyMOM B JTMAIla30HE
t=4...54, T. . BEpOSATHOCTb OTKa3a Ha 1 4 B Hauaje 4ero
BO3pACTaeT /10 MaKCMMyMa, a 3aTeM yMeHblaercs. Takoi
XapaKTep U3MEHEHUS! BEPOATHOCTH OTKa3a Ha 1 4 He cooT-
BETCTBYET UCXOAHOMY ITOCTYJIaTy O HEU3MEHHOCTH I10 Bpe-
MEHHU MapaMeTpa MOTOKa 0TKAa30B AJIEMEHTOB cucTeMbl. Kpo-
Me€ TOT0, HOCKOJIBKY BEPOSITHOCTb OTKa3a 3JIEMEHTOB IIPUHSI-
Ta NOJUUHSIOLIENCS 3aKOHY PaBHOMEPHOM INIOTHOCTH BEPO-
SITHOCTHU, HEN3MEHHBIMU T10 BPEMEHHU SIBJISIIOTCS U UX BEPOSIT-
HOCTH OTKa3a Ha | 4.

Bripaskenue (4) mocie ero pacKphITHs COACPIKUT CyMMBI
BEPOSITHOCTEN M CyMMBI IIPOM3BENEHUN BEpOATHOCTEN. B
COOTBETCTBUU C IIEHTPAJIbHOMN MpeebHOW TEOPEMOil Teo-
pUM BEPOSITHOCTEN pacrpesielieHue CyMMbl HE3aBUCUMBIX
CITy4aiiHbIX BEJIMYMH CKOJIb YTOHO OJIM3KO CXOMUTCS C HOP-
MaJIbHBIM pacipeiesICHUEM 110 Mepe YBEIMYESHHUS YHCa uie-
HOB cyMMBI. IHTerpanmpHas pyHKIMS pacrpeaereHus Bepo-
SITHOCTEH (pHC. 2) CX0%a C COOTBETCTBYIOIICH (DYHKIIUEH HOP-
MaJIbHOrO pactipeneneHus. B [6] HaMu nokaszaHo, 4To 3aMeHa
pacnpezeneHusi paBHOMEPHOU INIOTHOCTH BEPOSTHOCTEH 3J1e-
MEHTOB CUCTEMBbI Ha SKCIIOHEHIIMAIbHOE Ka4eCTBEHHO HE OT-
JIMYAETCsI OT XapaKTepa M3MEHEHUS] HHTETPANTBbHON (QYHKITHH
pacrmpeieneHus BEpOsITHOCTEH CUCTEMBI OT BPEMEHHU.

A

QM 1 ——
038 //
/
04 ‘/
02
— - .
0 > 4 6 s t

Puc. 2. MHTerpanpHas GyHKIHS pacipeaeneHust
BEPOSITHOCTHU OTKa3a 110 BPEMEHH

PaccMoTpuM 0TMEYECHHYIO IpodsIeMy 0osiee moapoOHO.
Ha puc. 3 u 4 npusenens! MHTerpanbabie GyHKIMN pactipe-
JIeTICHUST BEPOSTHOCTEH OTKa3a M 0€30TKa3HOW PabOoTHI ISt
CHCTEM U3 TocieaoBaTeNbHO (puc. 3) U mapajaeabHo
(puc. 4) coeqMHEHHBIX /1 OIMHAKOBBIX 3JIEMEHTOB, IMEIOIINX
®=0,1, oHI TOCTPOCHBI IO BEIPAKECHUSIM

P=(1-w0)
O=w"r.

)
(6)
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BepostHOCTH 6€30TKa3HON pabOTHI IEPBOTO, BTOPOTO,
TPETBETO U YETBEPTOTO MOCIIEIOBATEIBHO COSANHEHHBIX dJIe-
MEHTOB JIOCTUTAIOT HYJIEBOTO 3HAYCHHS TIPH OJJHON U TOM ke
HapaboTke, paBHoii 10 4 (puc. 3). MbI BIpaBe 0XKHIATh, YTO
cucTeMa 13 4-X OocieI0BAaTeIbHO COSJMHEHHBIX JIEMEHTOB
OTKa)KET CYIIECTBEHHO PaHbIIIe, YeM OJJMH U3 HUX.

P(t) 4
0,8 \\ T
0,6 \
2
04 3 \\
02 N \\
>\ \
0 2 4 6 8 t>

Puc. 3. UnterpansHas pyHKIHS paclpeaeieHns
BEPOSTHOCTH OTKa3a II0 BpEMEHH

Cuctema u3 3-X mapajuieIbHO COSTUHEHHBIX OJTMHAKOBBIX
AIIEMEHTOB (pHC. 4) OTKAXKET C BEPOSITHOCTHIO, paBHOM 1, ipn
OJTHOM H TO¥ e HapabOTKE, YTO U CUCTEMa, COCTOSINAS U3
OJTHOTO 27IeMeHTa. Takoe moBeIeHUEe TaK ke He COryIacyeTcst
CO 3/IpaBbIM CMBICIIOM.

A
Q(t)
08
0,6
n=1
04
0,2 /
_/ >
0 2 4 6 8 t

Puc. 4. PacnipeieneHre BepoSTHOCTH OE30TKA3HOM 11 CHCTEMBI
M3 11 TIOCJIE/IOBATENIbHO COSANHEHHBIX 3JIEMEHTOB

311eck HaM MOTYT BO3Pa3UTh, TAK KaK B TECTOBBIX ITPUMeE-
Pax UCIIONB30BAHO PACIIPEACIICHNE PABHOMEPHOH INIOTHOC-
TH BEPOSITHOCTH.

Pacnpenenenust BeposSTHOCTH 0€30TKa3HOM PabOTHI IOC-
JIEZI0OBATENIbHO COSTMHEHHBIX AIEMEHTOB, BEPOSITHOCTH KOTO-
PBIX IMEIOT SKCIOHEHIINAIbHOE pacnpeereHue (puc 5) pac-
CUHTAHBI 110 BEIPAKECHUIO

P(t)=e". (7

[TprHIMITIATEHBIX OTIIMYHI OT TIOBEACHHS CHCTEMBI 1 pac-
TIpeJIeNICH s BEPOSTHOCTH OTKa3a 3JIEMEHTOB PaBHOMEPHOH
rtoTHOCTH HeT. [Ipun 1= 20 9 BeposSTHOCTH OTKa3a BTOPBIX, TPe-
TbUX, U YETBEPTHIX 3JICMCHTOB B LIEIIOYKE MAJIO OTJIIMYAIOTCA.
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B teopuu BeposTHOCTH [7] TIpH pacCMOTpEHUH JOKa3a-
TEJIbCTB TEOPEMBbl YMHOKECHUSI BEPOSITHOCTEN U €€ IIPUMeE-
HUMOCTH K CX€MaM I10CIIeJOBATEIBHO 1 IAPAIIIEIBEHO COS/IH-
HEHHBIX 3JIEMEHTOB, BEPOSITHOCTH 0TKa3a U 6€30TKa3HOM pa-
0OTBI JIEMEHTOB HE BBIPAXXEHBI B BU/IE (PYHKIUIT BpeMEHH.
IlocTpoenue pereHuii OTHOCUTENBHO BEPOSTHOCTH OTKa3a
CHCTEM B TEOPUH HaJIe)KHOCTH BBIIIOJHIAETCS OTHOCUTEIHHO
WHTETpaTbHON PYHKINHU pacTpeneneHns BepostHocTH. [Tpn
9TOM CO BPEMEHEM BBITTIOJIHAKOTCS BCE OTICpaIlnu, CBOMCTBEH-
HbIE MaTeMaTHYECKOH MOJIENN HAIEeKHOCTH cucTeMbl. Ero
CKJIa/IBIBAIOT, TIEPEMHOXKAIOT, BO3BOJAT B CTEIICHH.

Pt

0.8

0,6

NN

AN

N ~——
0 4 8 12 16 20 t

Puc. 5. Pactipenenenne BepoITHOCTH O€30TKa3HOI paboTh

w

»
»

IIPpH NOCJIENOBATEIIBHOM COCIMHEHN N SKCITOHCHIIMAJIbBHOM
pacnpeaeI€HN BEPOSITHOCTHU JIEMEHTOB

Tak, B oTpaciieBOM cTaHJapTe 110 PacyeTy HaJAeKHOCTH
(yHKIIMOHATBHBIX CHCTEM CAMOJIETOB [ 5] BEPOATHOCTE S -TO
OTKa3a CUCTEMBI OIIpe/ie/ieHa B BUJIE, XapaKTePHOM I Ma-
paJUICIIBHOTO COSTMHEHHS DJIEMEHTOB!

0,(8.1)=49,4,-49,"4," 4, ®)
TJIe ¢, — BEPOATHOCTb OTKA3a /71-TO DJIEMEHTA 32 BPEM 1 ;
¢ — BPEMsI OJIHOTO TOJIETA, PaBHOE 1 4.

ITockonbKy 11st BRICOKOHA/ICKHBIX 2JIEMEHTOB aBHAIHOH-
HOM TEXHUKH B CTAHIAPTE NPETIOKEHO IPHHATE ¢ = O -1,
NPEJIIIECTBYOIIEE BEIPAYKEHHUE MEPENHCAHO B BUIE

0,8,t)= O, - -0 -0 - r. 9
31ech BpeMsi IPHUHSATO 32 XapaKTePUCTUKY CBOHCTBA Oe-
30TKa3HOCTH JIEMEHTOB CHCTEMEBI, 2 BEPOATHOCTh OTKa3a
orpeziesieHa Kak napabosa r-oif cTereHn ot BpeMeHu. [Ipu
9TOM BEpPOSITHOCTH OTKa3a Ha | 4 mmojiera OyIeT KpyTo Bo3pa-
crarorieit mapadoioi (r— 1) crenenu BpeMeru. B To xe Bpe-
Msl B BBIDAXKCHHH ¢, = ), - , TTApAMETP IIOTOKA OTKA30B O,
MPUHAT HE3aBHUCAIIMM OT BpeMeHU. Kpome Toro, cormacHo
3aKOHY PaBHOMCPHOW IIJIOTHOCTH BEPOSITHOCTH OH PaBEH
BEPOATHOCTH OTKasa Ha | 4: ¢, .

Taxum 06pazom, BepoaTHOCTE O, (S, 7, ) BOSHUKHOBEHUS
0TKa3a CHCTEMBI, COCTABICHHOH U3 DIIEMEHTOB, BEPOSTHOCTh
OTKa3a KOTOPhIX HA J IoJi€Ta HE 3aBUCUT OT BpEMCHU, BbI-
pakeHa B BHJC (YHKIIUHM BpEMCHH cTernieHu 7. Ho BeposT-
HOCTH OTKa3a CHCTEMBI Ha | 4 1oreTa, COCTaBIeHHOH 13 371e-
MCHTOB, BCPOATHOCTH OTKa3a KOTOPbBIX HA 1y HC 3aBHCHUT OT
BPEMEHH, TAKIKE HE 3aBUCUT OT BpeMeHH. B oTom cirydae O,
(S., ) aBnsercss GyHKUMEH BpEMEHH, HO HE 7-ii, a mepBOi
cTereHu. Bpems He sSBIsIeTCsI CBOHCTBOM 3JIEMEHTOB CHUCTE-

MBI ¥ CHCTEMBI B T1e7IoM. OHO MpeICTaBIsAeT BHEITHHN (ak-
TOP, BIUSIOUIUI Ha UHTETPaJIbHBIN [TOKA3aTeb HAJIEKHOCTH,
Y HaM MIPEJICTABIIIETCS IeTIECO00Pa3HBIM C 3TUM CUHTATHCS.
Takoii yueT MOXXHO 6e3 0C000T0 TPy/1a BBITOIHUTE JJIS CHC-
TE€M BEpPOATHOCTH OTKa30B JIEMEHTOB, KOTOPbIE pacipeie-
JISIFOTCS C PABHOMEPHOM IJIOTHOCTBIO BEPOSITHOCTH. 1151 3TOrO
JIOCTaTOYHO MOCTPOUTH PEIIEHUE OTHOCUTEIHLHO BEPOSITHO-
CTH OTKa3a cCUCTeMBI Ha | 4, a 3aTeM BBECTH BpeMsl. B cBsi3u ¢
HN3JI0)KCHHBIM Hpe}ICTaBHHCTCﬂ BE€CbMa OHpaB}laHHLIM HOp-
MHPOBAHME B JIETHOM ToAHOCTH [1], HAJEKHOCTU CHUCTEM
MMEHHO KaK CBOMCTBA Ha eIMHUITY BpeMeHH (1 4 moseTa).
[y TecTOBOro mpuMepa CUCTEMBI C 1 DJIEMEHTaMH, CO-
€IMHEHHBIMHA B IIETIOYKH ITOCIEAOBATEIIFHO, U HMEIOIIYIO 72
MapauIelIbHO COSAMHECHHBIX IIEMOYEK (CITy4yaii 001Iero pesep-
BHPOBAHUS), PEIICHUE CTPOUTCS CICAYIOMNM 00pa3zoM. Ot-
penensieTcs: BEposITHOCTh 6€30TKa3HO! paboThI Ienoduky 3a 1 d.

P =(1-oy,
BEPOSITHOCTH €€ OTKa3a 3a | d:
0=1-(1-0).

Brruucnsercs BEPOATHOCTDb OTKa3a CUCTEMBI 3a 1 a:

0=10=1-(0-w17" (10)
1, HAKOHCI, paCYUTBIBACTCA UHTCTPAJIbHASA (byHKHI/ISI pacrtpe-
JACJIICHUA BEPOATHOCTH OTKA3a:

0= =1-(1-w)y]" (11)

Jis cucTeMsl ¢ WHAWBHAYATBHBIM PE3epBHPOBAHUEM

0TOOHBIM ke 00pa30M HAXOIUM BEPOSITHOCTh OTKa3a CUC-
TembI3a 1 u:

0.=1-(1-wy; (12)
MHTETPAIBHYIO (QYHKINIO BEPOSITHOCTH OTKa3a:
00=[1-(1T-wy]-z (13)

31ech cireryeT OTMETUTh, YTO HCXOJHBIM YCIIOBHEM pac-
YeTa Ha/Ie)KHOCTH TECTOBOW CHCTEMBI SIBUJIACH MOCTYIHPO-
BaHHas HE3aBHCHMOCTh MApaMETPOB MOTOKA OTKA30B dJIe-
MEHTOB CHCTEMBI OT BPEMEHH, T. €. HE3aBUCUMOCTh (pH3H-
YECKHMX CBOMCTB 2JIEMEHTOB CHCTEMEI OT BpeMeHH. [lomyuen-
HOE PeLIeHNe CIeyeT 3TOMy IIocTyaTy. BepositHocTH oTKa-
3a Ha | 4 cortacHo Gopmynam (10) u (12) orpakaror cBoW-
CTBO CHUCTEMBI, TAKOKe He3aBUCsIIee OT BpeMeHH. B 3axirode-
HHE NPUBEJIEM HHTErpabHbIe (QYHKIUHI BEPOSITHOCTH OTKa-
3a TECTOBOW CHCTEMBI IIPU OOIIEM M MHAMBU/IYaJIbHOM pe-
3epBUpOBaHuU (puc. 6, 7).

QW ¢
04

~

WO\

03
n=2 /
02 >
n=3
—

0,1 ////
/ —— "\ _n=4
0 2 4 6 8 t >

Puc. 6. nTerpasibHble (yHKINH BEPOSITHOCTH OTKa3a
TECTOBOH CHCTEMBI pH 00IIEM pe3epBUPOBAHNI
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B paccMoTpeHHOM METOJE ONpEEIeHHs BEPOITHOCTH
OTKa3a Ha | 4 ¥ MHTerpasibHOM (DYHKIIMK BEPOSTHOCTH OTKA3a,
MapaMeTp MOTOKA OTKa30B () M BEPOSTHOCTH OTKa3a Ha 1 4
JUIA arpe€raTtoB IPUHATHI HE3aBUCAIIIMMU OT BPEMCHU. Yacro
IIPH ONPEEIICHNH BEPOSITHOCTH OTKAa3a CIIOKHBIX CUCTEM B
BBIPA)KEHNE MHTETPAIbHON (DYHKIMH BEPOSITHOCTH OTKa3a
100 6e30TKA3HON PAOOTHI PSIMO TIO/ICTABILSIFOTCS HHTET PATh-
HBIe (PYHKIMN BEPOATHOCTH OTKa3a MO0 O0e30TKa3Hoit pabo-
ThI arperatoB. Tak, B [2; 3] u B Apyrux paboTax BEpOATHOCTh
6e30TKa3HON pabOTHI IPOCTEHIIICH CHCTEMBI M3 N TIapaJUIeib-
HO COCAMHEHHBIX IEMEHTOB PACCUUTHIBACTCS IO (hopMyIie

R()=1-[1-POT. (14)
rae P(f) — cinyyaiinas (QyHKIHS BpEMEHHU.

Q(ta
0,02 /
n=2 /
0,01 /:
/ n=3
0 2 4 6 8 t g

Puc. 7. UnTerpanbHbie (GyHKIUH BEPOSITHOCTH OTKa3a
TECTOBOM CHCTEMBI IIPH UHAUBUYyaIbHOM PE3CPBUPOBAHUU

Io BeIpakenuto (14) cTpouTCs 3aBUCUMOCTD P OT £.

[Mocronbky P(f) — ciyqalinas BEMM4NHA, a P (1) ABIseTcs
¢dyHK1MeH ciyvaiiHO#i BenmauHbI, TO perieHue (14) TpyaHo
MPU3HATH KOPPEKTHBIM.

B Teopun BepossTHOCTH XOPOLIO ONMCaH pa3aen « DyHK-
IIUU OT CJIy9YaiHbIX BEJIMYMHY». B HEM IpeicTaBIICHbI METO/IBI
OIIPEZENIEHNs TUIOTHOCTH BEPOSTHOCTH, MaTeMaTHIECKOTO
OXKMJaHUsI M AUCTIEPCUH (DYHKIMH OT CITyYaiHbIX BEJTMYHH.

OTHOCHUTETBHO CTaHAAPTOB B [§] OTMEUCHO, UTO «... U3-3a
HETPaMOTHOCTH Pa3pabOTUHKOB, TOCYIAPCTBEHHBIC CTAHAAP-
TBI COJIEPyKaJI MHOTOUHCIICHHBIE OIMOKH. J{71s1 aHanmm3a cu-
Tyanuu B 1985 . Obia oprann3oBana pabodasi rpymnmna mno
YIOPSIOYCHUIO CHCTEMBI CTaHIaPTOB I10 MPUKIAIHOMN CTa-
THUCTHKE U IPYTUM CTaTUCTHYeCKHM MeToaaM. C IIeTIhIO HC-
MPABJICHUS TOJOXKEHUS OBLI opraHu3oBaH Bcecoro3HbIi
LEHTp 10 CTAaTHCTUYECKUM MeTonaMm. LleHTp paboraeT B
crpykrype MI'TY um. H. 3. baymana. B cBsi3u ¢ oOHapyxe-
HHUEM TpyOBIX OIITHOOK B TOCYJaPCTBEHHOM CTaHIApTE IO CTa-
TUCTHYECKUM METOIaM ObLITH OTMEHEHBI B 1986—87 TTy.
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0. G. Boyko, L. G. Shaimardanov

THE MATHEMATIC MODELS AND METHODS OF CALCULATION
OF THE SCHEME RELIABILITY OF THE AIRCRAFTS FUNCTIONAL SYSTEMS

The common calculation methods of separate aggregates and complicated functional systems reliability are viewed.
Theese are not adequate with the initial premises of calculation. The complicated systems reliability calculation method

is proposed.
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10. B. Koues, B. A. Paesckuit

IMPOEKTHUPYIOIIMUE U CJ1YKEBHBIE IIOACUHCTEMbI
CUCTEM ABTOMATHU3NPOBAHHOI'O TPOEKTUPOBAHMUA
SJIEKTPUHUECKHX CXEM PA3BbEMHbBIX COEJJUHEHUM ATITIAPATYPhI
N CUCTEM KOCMHUYECKOI'O AIITTAPATA

s aghpexmusnoco pewrenus 3a0ayu NPOEKMUPOBAHUsL CEMU PAZHEMHBIX COCOUHEHUL KOCMUYECKUX annapamos 8
OAO «HUCC» bvL10 paspabomaro cneyuanusuposantoe 110, obecneuusarowee ck803HOe NPOSKMUPOBAHUE, HAYUHAS C
paszpabomku snexmpuyeckux cxem cucmem KA u sakanyusas paspabomroil KJ[ na uzeomosnenue pazpeMiulx coeoume-
Huil. QynKyuoHanrbHoe pazoeienue nPoSPaAMMHbIX CPeOCmE pa3paboOmMaHHOU CUCEMbl A8MOMAMUZUPOBAHHO20 NPOEK-
muposanus (CAIIP) na npoexmupyrowiue u CrysicebHble NOOCUCmeMbl NO360IUNL0 CUCIEMAMUSUPOBAMb 3A0aYU NPOEK-
MUPOBAHUsL U KOMNILEKCHO NOOOUMU K CO30AHUI0 YOOOH020 NOb308AMENbCKO20 UHmMepghelica.

Ha nanHBIif MOMEHT CyILIECTBYET psAJl IPOTUBOPEUHIl B
MpEACTaBJICHUAX O CUCTEMaxX aBTOMAaTU3UPOBAHHOI'O ITPOCK-
tupoBaHus. CONIaCHO COBPEMEHHOMY OOIIIEMHPOBOMY OII-
penenenuto CAITP (CAD Computer-Aided Design) npencras-
JsieT co0O0i MPOrpaMMHBIN TaKeT, MpeAHa3HAYCHHBIA IS
CO3TaHMS YePTEkKEH, KOHCTPYKTOPCKOH W/FITH TEXHOTIOTHYEC-
KOt TokymMeHTaiuu u/mim 3D mozeneii. B neictByronux ro-
CyJapCTBEHHBIX CTAHapTax 0 aBTOMATU3ALUH ITPOEKTHPO-
Banus repMuH «CAITP» nmeet Gosee MIMPOKOE TOJIKOBAHHE.
Cormacao 'OCT 23501.101-87 «Cuctembl aBTOMaTU3HPOBaH-
Horo npoektupoBanust. OcHoBHBIE TTonokeHwsD» CATIP — 310
OpraHM3aIIOHHO-TEXHUYECKas CHCTEMa, BXOJIIAst B CTPYK-
TYpY IIPOEKTHOIH OpPraHn3aIiu U OCYIECTBIISIONMIAs IIPOCK-
THUPOBAHUE C TOMOIIBIO KOMITJIEKCA CPE/ICTB aBTOMATU3aIUN
mpoextupoBanus (KCAIT). CtpykrypasiMu gactsmu KCATT
ABJIAIOTCA IPOrpaMMHO-METOJANYECKUE U TTPOTPAMMHO-TEX -
HUYECKHE KOMIUIEKCHI, a TAKXKE KOMIIOHEHTHI OpraHU3alH-
oHHOro obecriedeHust. CTPYKTYPHBIMH YacTSIMH KOMILICK-
COB CPEICTB SIBJISIOTCSI KOMIIOHEHTBI CIIEIYIOIINX BUJIOB 00ec-
TIEYCHHNS: IPOTrPAMMHOT0, HH()OPMAIIHOHHOTO, METOIHYEC-
KOIo, MaTeMaTu4€CKOro, JUHIBUCTUUCCKOIO U TCXHUYCCKOT'O
[1]. Takum obpaszom, roBops o TepmuHoioruu, o 'OCT
23501.101-87 pa3paboTKy, 0 KOTOpPOi MOWAET PEUb, MOKHO
OTHECTH K IIPOrpaMMHOMY U MaTeMaTH4ecKoMy obecriede-
Huro CAIIP snexTpudecknx cxeM pa3beMHBIX COSINHEHHUN
anmapatypsl u cuctem KA.

B nanHO# craThe 1oz cucTeMoii aBTOMaTH3HPOBAHHOTO
MPOEKTUPOBAHMS TTOHUMAETCS KOMIUIEKC MPOrpaMMHBIX
CPEJICTB IpeIHa3HaYCHHBIX JUIS BHITTOJIHEHUS ITPOEKTHBIX pa-
60T ¢ IPUMEHEHNEM KOMIIBIOTEPHOW TEXHHUKH, MTO3BOJISIO-
IMH cO3/1aBaTh TEXHUUECKYHO M KOHCTPYKTOPCKYIO IOKYMEH-
TalMIo Ha 00BEKTHI IPOSKTHPOBAHUSL.

e CAIIP. Llenpro CKBO3HOTO MPOEKTHPOBAHUS CETH
pa3beMHBIX coerHeHnit KA sBiseTcs aBTomaru3anus Bee-
TO MEPEYHsI IOKYMEHTOB, BBIITYCKaeMBbIX B IIPOIECCE pa3pa-
OOTKHM pPa3beMHBIX COCAMHEHUH, U CO31aHHE TPEXMEPHOH
MOJIENTN pacKiIanky kabempHol cetn KA 1yt ee ontuMmza-
I[UH 110 TEOMETPUYECKUM U MAacCCOBBIM IMapaMeTpam C yde-
TOM ITOMEX0BO# 00cTaHOBKH Ha KA.

HeobxomumocTts pa3padotku CAIIP sanekTprdeckux cxem
Pa3bEMHBIX COSANHEHHH armapaTypsl 1 cucteM KA npoaunk-
TOBaHAa OTCYTCTBHEM Ha COBPEMEHHOM PBIHKE MPOTpaMM-
HOTo o0ecrieyeHust, KOTopoe ObI B MOJHON MEpe 0XBaThIBAJIO
Bcio nMeronnyto mecto B OAO «MCCy» nocie1oBaTesIbHOCT
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9TaIoB pa3pabOTKH Pa3beMHBIX COCJUHEHUH. Y YUThIBAs yC-
tosBiuiicss B OAO «MCCy» TeXHOTOTHUECKHH MPOIECC Co-
3/IaHUS Pa3bEMHBIX COCMHEHNH, MOAKPETIISIEMBbII yCTIen-
HOCTBIO MHOTOJICTHETO OIIbITA CO3JaHuUsI KOCMHYECKON TeX-
HUKH, 11eNbI0 pazpadarsiBaecmoii CAIIP crana ero aBromarn-
3aI¥sl B 9aCTH pa3pabOTKH TEXHUUECKON IOKyMEHTAINN Ha
pa3beMHbIE COSTUHEHNSI.

3apaun CAIIP. [1epen paspabdarsiBaemoii CAIIP crasn-
JIMCh 33/1a4H UCXOJIS U3 CIIEITYIOIINX OOCTOSITENIBCTB!

— B Hacrosuee BpeMsi B OAO «MCC» nns coznanus Ka-
OenpHOI MoKyMeHTarun ncnonb3yetcs [10, He mo3Bossio-
111ee peai30BaTh CKBO3HOMN MPOLECC IPOSKTHPOBAHUS (IS
AMEKTPUYECKUX OOIIMX M IPUHIMIHAIBHBIX CXEM CHCTEM KOC-
Mu4eckoro ammapara —31o AutoCAD, unorza Visio, s mie-
pedneii anemenToB cxem — Microsoft Office);

— B Ka4ecTBe 0a30BOM CHCTEMBbI CKBO3HOTO MPOEKTHUPO-
BaHusA B OAO «MCC» ucnonezyerca CAIIP CATIA V5;

— (PYHKIIMOHATBHOCTB AeKTpraeckux Momyneii B CATIA
V5 no3BosisieT peanyu30BbIBaTh JIUILb Ty YACTh JICKTPOTEXHU-
YECKOI'0 IIPOEKTa, KOTOPasi CBA3aHa C TPEXMEPHBIM IPOEKTH-
poBanuem kadenbHol cetn KA [2];

— OTCYTCTBYIOT ITPOTPAaMMHBIE CPEICTBA TPaPUUECKOTO
BBO/Ia NCXOJJHBIX CXEMHBIX IaHHBIX, B COOTBETCTBHH C KOTO-
PBIMH 0JDKHA IPOUCXOANTD 3D-peann3anus npoekra.

Hwkxe npuBezneH nepedeHb 3a/1a4, ITOCTABICHHBIX HEpe]
paspabarsiBacmoit CAIIP:

— aBTOMATH3ALMs CO3/IaHMsl JIOKYMEHTALNH, BBIITyCKaeMON
B IpoIiecce pa3paboTKH ANEKTPHIECKHIX cXeM cucTeM KA

—aBTomatn3anus co3anus K1 pa3beMHBIX COeJMHEHHH;

— CO3J]aHHE MHCTPYMEHTA TPpahuuecKoro BBOJA UCXOA-
HBIX JaHHBIX JUIS TAJTbHEHIIIEro TPEXMEPHOro NPOSKTHPOBa-
Hus cpenctBamu CAITP CATIA V5;

— obecrie4eHye MPeeMCTBEHHOCTH 3TArOB IIPOSKTUPO-
BaHUsI (CKBO3HOE POEKTHPOBAHKE PA3bEMHBIX COCNHEHHMH).

®yuxuuu CAIIP. CtpykrypHO paspaborannas CAIIP
TIPE/ICTABISIET COOO0 KOMITIEKC CJICTYIOMINX TPOrPaMMHBIX
cpencts (Tabm. 1):

— 0a3a GyokoB IPHOOPOB;

— 0a3a pa3beMHBIX COSTNHEHUI;

—rpaduuecKuit penakTop OOIUX CXeM;

—Tpaduyuecknii pelaKTop MPUHIUITHAIBHBIX CXEM;

— Monyab nHTepdeiica ¢ Microsoft Word,

— Mozynbs uHTEpdeiica ¢ Microsoft Excel;

— MOZYJIb 3KCIIOpTa (haniIoB.
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1. Co3nanmne 3J1eKTPOHHBIX Mofeieii MPHOOPOB. DIEKTPOH-
Hasi MOZIEJ b TIPHOOpPA TPEACTABIIACT COOO0M TEKCTOBBIHN (haiin
OIIpeIeNICHHOM CTPYKTYpHI (Tadt. 2, 3). Co3maHHbIe paHee Mo-
JIeTIM IPHOOPOB MOTYT TIOMOJHATHCS IPOrPAMMHBIMH CpeJi-
crBamu CAIIP «ba3a 6:10k0B mpudOpoB» IPH CO3IaHUHU OYe-
PEIHOTO NPOEKTA MEKTPUUECKOH cxeMbl cucteMbl KA. Yun-

ThIBas, 4TO OOJIBIIIMHCTBO HpI/I60pOB BXOJAT B COCTaB CUCTEM

pasmmaabeix KA, yka3zaHHas BO3MOKHOCTH pa3pabOoTaHHON

®yukuuu [1O cozganus IeKTPUYECKHUX CXEM

pa3beMHBIX coeJUHEeHni annapatypbl U cuctem KA

CATIP cBOAUT K MUHUMYMY BEPOSITHOCTb MOSIBIICHUSI OLITHOKH
Ha HTare BBOJA UCXOIHBIX TAHHBIX B 0a3y OJIOKOB IPHOOPOB
npoekTa. [To Mepe paciupeHus 0a3bl IMEKTPOHHBIX MOJIEIICH
PUOOPOB YMEHBIIIACTCS TPYIOEMKOCTh Pa3pabOTKU IEKTPH-
4yeckuX cxeM cucteM KA, B 4aCTHOCTH, ¥ TIPOCKTHPOBAHUS
CeTH Pa3beMHBIX coerHeHuii KA, B 1iemnom.

[Ipumep 3amoHEHMS TEKCTOBOTO (haiiyia MpeCTaBJICH B
TabI. 3.

Tabruya 1

Ne DyHKIUL [TporpamMmHoOe cpeacTBo
1 Co31aHune SIIEKTPOHHBIX MOJIeNiel TPHOOpOB Baza 650x0B prbopoB
baza 6510k0B IPHOOPOB.
baza pazpemHubIX coequnenuii ['paduueckuii pegakro
2 | BBox M pegakTHPOBaHUE HCXOJHBIX CXEMHBIX JAHHBIX P A pad PeRAKTop
OO0IIIX CXeM.
I'padudeckuii pegakTop NPUHIMUIHAIBHEIX CXEM
3 Co3znanue 3J1eKTpuieckoi oduieit 6 cxemsl cuctemsl KA I'paduueckuii penakTop oOIIUX CXeM
ABTOMaTHYECKOE CO3/IaHUE TIEPEYHSI DICMEHTOB O0IIEH CXEeMBI . .
4 96 A p B Mopnyns uarepdeiica ¢ Microsoft Word
5 Co3nanue >IeKTpUUeCKO IPUHIMIHAIBHOW D3 cXeMbl IpaduuecKiii peiaKTop NPHHIIHATHHBIX CXCM
cructembl KA P pe P HTPHHIL
ABTOMAaTHYECKOE CO3JJaHNE TIEPETHS DIICMEHTOB . .
6 > CO3L p Monynp unrepdeiica ¢ Microsoft Word
MIPUHIMNHATIBHON cxeMbl [193
7 Co31aHue IPUHIMIHAIBHBIX CXEM Pa3beMHbIX COSIMHEHUI I'paduueckuii peaakTop IPHHIHUITHAIBHBIX CXEM
DKCIOPT CO3J[aHHBIX Tpadudeckux ¢aiioB B popmar *.dxf N
8 pT COSA pad ¢ bop Mopnyb 3xcnopTa ¢aiiinos
(rexcToBbIi popmat AutoCAD)
OKCIOPT CO37aHHBIX Tpadudeckux Qaitnos B hopmar *.emf
9 | (enhanced metafile format — yanBepcanpHbIi popmar Mopmynb 3xcnopTa (aiiinos
BEKTOPHOH IpauKm)
T'paduaecknit pegakTop oommx cxem. I'paduaeckuit
10 | Ileyarb CO3MAHHBIX IEKTPUUIECKUX CXEM pad pen P OB pad
peIaKTop MPUHLIHUITHATIEHBIX CXeM
11 | ABTOMAaTHYECKOE CO3JaHKe TAOJHI] Pa3heMHbBIX COCANHCHHUN Monyab unrepdeiica ¢ Microsoft Excel
Tabnuya 2
Crpykrypa daiijia 3anmucu
Ha3zpanue
6110Ka Tab Wnpexc
npubopa
Hasasme 1 gactp Kon-0 2 9acTb Tun
Tab N Tab O6o3HaueHue Tab Tab | O6oznauenue | Tab | TY | Tab |coenu-
COCJIMHEHNH N KOHTaKTOB .
COCANHCHUU COCANHCHHUU HCHUA
Hone Ha3znaue-
Tab Tab P Tab Hie
KOHTaKTa
KOHTaKTa
Tabnuya 3
IIpumep 3anmo/1HeHns1 TekcTOBOro aiijia (3J1eKTpoHHast Moaeab O10oka Y/IM1 npubopa Arar-15)
YIM1
14M240
Arar-15 -
oC ABO.
X466-1 - - 32 - B - 364.050 | —» | Bmixa
PCI'C
TY
N 1 N dazal
YAMI1
N 5 N Daza2
YAM1
KonTpons
- 31 - pois
CTBHIKOBOU
- 32 - Kopmyc
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2. BBo/1 M peJaKTHPOBaHHE HCXOHBIX CXeMHbIX JAHHBIX.
Iporiecc BBOAA HCXOHBIX CXEMHBIX JAHHBIX COCTOUT B 3aHE-
ceHnn wHpopMarmu o O61okax mpuOopoB cucteMbl KA ¢
nomoibo nporpamMmmubix cpeacts CATIP («basa 6iokoB
puOOpPOBY), CO3IAHNH CTPYKTYPbI PA3bEMHBIX COCJMHEHUH
(«I'padmaecknii pegakrop oOIMX cXem») U BBOAE HHPOP-
Mallu o pacraiike pa3beMHBIX coenHeHni («ba3a pazbeM-
HBIX COCANHEHUI, «I padidecKuii peaakTop MPpUHINITHATb-
HBIX cxem»). BBox nHpopmanuu o 6iiokax npudopoB ocy-
IIECTBIISIETCS TNOO0 MOATPY3KOH CO3/IaHHBIX PaHEE MEKTPOH-
HBIX MOJIEJIe MPUOOPOB, THOO CO3TaHUEM HOBBIX MOJIETICH.

3. Co3nanme dJjieKTpUIecKOi 001eii 6 cxeMbl cucTte-
MbI KA. B mporiecce co3manus AIeKTpudIecKoii 001eit cxe-
MBI (QOPMHUPYIOTCSI CTPYKTYPbI Pa3beMHBIX COSANHEHHUH, OCY-
IIECTBISICTCS KOMITOHOBKA IEKTPUIECKO 0011eit D6 cXeMbl
cuctembl KA. Kpome Toro, y»xe Ha JaHHOM dTare JIeKTPH-
YeCKOro MpoeKTHpoBanust cucteMbl KA MoryT ObITh 3aHece-
HBI JIaHHBIE O pacnaike pa3beMHbBIX COEAMHEHUH.

4. ABTOMaTHYeCKOe CO3JaHMe MepeyHsi 3J1eMeHTOB 00-
meii cxembl [136. [Tepeuens anemenTos [196 aBTomartmdec-
ku Gopmupyercs B mporpamme Microsoft Word B cooTBer-
CTBHH C CO3/IaHHOH AIIEKTPUIECKOI 0011ei cxemoit D6.

5. Co3nanue 31eKTPUYECKO MPUHIMIHUAIBbHOM I3 cxe-
Mmbl cucteMbl KA. B xoze aToro sTana ocyecTsisieTcs: Kom-
MOHOBKA NPUHIUIINAILHON CXEMBI, BBO, JIN0O peIaKTHPO-
BaHME JIAHHBIX O pacraiike coeanHeHui kademns. JloGasis-
FOTCS DIIEMEHTHI IPUHIUINATIBHBIX CXeM KaOeleil: TOBUBBI 1
9KpaHbI 1eTel KaOeTbHBIX COSTHHEHHH.

6. ABTOMaTH4eCKOE CO3/IaHHe IIePeYHSI 3JIeMEHTOB IPUH-
nunuaasHoi cxemsl I133. [Tepeuens snementos 133 aBTo-
Mmarnuecku Gopmupyercst B nporpamme Microsoft Word B
COOTBETCTBUH € CO3AAHHOMN NPUHIUIIUATIBHON CXEMOI.

7. Co3naHue NPMHIMITHATBHBIX cXeM kadeJieil, KOMMYTH-
pyrouux npudopsl cucrem KA. [TpuHumniansHbie cXeMbl Ka-
Oerneil BXOAT B COCTAB IITATHOM KaOEIbHON TOKyMEeHTAIMu. B
XOJI€ CO3/aHMs! TPUHIMITNATBHBIX CXeM Kalesieil por3BoaAnT-
Csl ICKOMITO3HILIMS MIPUHIIUITHAIBHON cXeMbl cucteMbl KA.
OrexTpryecKast IPUHLIUNHATIBHAS CXeMa KaKI0T0 Pa3beMHO-
TO COE/IMHEHMS] KOMIIOHYETCS Ha OTACIIBHOM JINCTE/JINCTaX CXe-
MbI. M3MensieTcs rpaduka SIeKTPUUECKIX COSIMHUTENEH, OJ10-
K TIPHOOPOB CXeMBI cHCTeMbI KA CKpBIBaroTCS.

JlaaHy10 paboTy IPOM3BOAWT OT/IET-Pa3pabOTIHK KaOeeH.

8. JKenopT co3AaHHbIX rpadguyeckux ¢aiiios B popmar
* dxf (TexcToBbIii popmat AutoCAD). DxcriopT rpadudec-
kuXx (haitnos pazpadoranubix CAITP nmo3BossieT mpousBecTu
Oomee MaTkwid epexoy ot cucreMsl AutoCAD, koTopoit B
HACTOsIIee BpeMs MOIB3YIOTCS CIEIHAINCThI-pa3padoTdn-
KM 3JIeKTprueckux cxem cuctem KA, k HoBomy I10. Kpome
Toro, B mportiecce pa3padotku CAIIP ¢yHKIMOHAIEHOCTE
rpauuecknux peakTOpoB 00X M MPUHIIUITHAIBHBIX CXEM
cucrteM KA Oblta orpaHndeHa, a BO3MOXKHOCTB JKCIIOpTa
rpaduuecKuX JaHHBIX [03BOJISIA 10Pa0aTHIBATH CO3/IAHHbIC
DNIEKTPUUECKUE CXEMBI JI0 TIOJTHOTO COOTBETCTBHSI OTEUECTBEH-
HBIM CTaHAApTaM U CTaHJIapTaM PEIIPHATHA.

9. kenopT co3TaHHBIX rpadgmyeckux (aiiaos B popmar
*.emf (enhanced metafile format — ynuBepcanbHblii ¢pop-
MaT BEeKTOPHOIi rpadukm). DKCIIOPT yKa3zaHHBIX (HaiIoB Mo-
3BOJISIET UCIIOJIB30BATH CO3/IaHHBIE CXEMBI B PA3IMYHBIX OT-
YyeTax, IPE3eHTALHAX U IPOUEe, CO3/IaHHBIX C [TOMOIIBIO HH-
crpymenToB Microsoft Office.
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10. ITeyaTsb CO3IAHHBIX JIEKTPUYECKHUX CXeM. YKa3aH-
Hasi BO3MOKHOCTD ITO3BOJISIET OCYIIIECTBIIATD MeYaTh SIEKT-
PHUECKHX CXEM Ha JIFOOBIX IPHHTEPAaX U INIOTTepax, PyHKIH-
onupyromux B cperae Windows, uz I[10 CAIIP 6e3 gomnonuHu-
TEIIbHBIX ITPE0OPa30BaHUH.

11. ABTOMaTHYecKoe co3AaHUe TAOIUI] PA3beMHBIX CO-
enquHeHni. TabnuIpl pa3beMHBIX COEJIMHEHHH TIPE/ICTaBIIs-
FOT COOOM ITepeUeHb AEKTPHUCSCKUX CBA3EH IS KaXKJ0TO CO-
eIMHUTEINA AEKTPUIECKON CXeMbl. ABTOMATHYECKOE CO3/a-
HUE TaOJHI] pa3beMHBIX cOeAMHEeHNH pa3padoranubix CAITP
MI03BOJISIET AaBTOMAaTHIECKH (DOPMHUPOBATH TAOIHIIBI HCXOI-
HBIX JIaHHBIX, B COOTBETCTBHH C KOTOPBIMH JIOJDKHA IPOUCXO-
1uth 3D-peanm3anust mpoekra cpeacteamu CAITP CATIA V5.

IIpoexTupyomue 1 cJIy:ke0HbIE IOACHCTEMBI pa3pado-
TaHHOro IO. OyHKIMOHANBHBIMU COCTABIISIOLMMH MIPO-
TpaMMHBIX cpeacTB paspadoranHoit CAIIP sBusrorcs mpo-
SKTHPYIOLINE U CITy>KEOHbIE OICHCTEMBI, CO3/1aBa€MbIe KaK
CaMOCTOSTENbHBIE YacTH. [IpoeKTHpyromme MoACHCTEMBI
PpEeLIaloT MPOEKTHBIE 331a4H C IEIbI0 BBITOIHEHUS (PYHKIMI
nporpaMMHBIX cpeactB CAIIP, a ciyxeOHbIe HMEIOT 001I1e-
CHCTEMHOE MPUMEHEHNE 1 00eCTICUNBAIOT MOJIEPKKY (YH-
KIMOHUPOBAHUS ITPOSKTHPYIONINX 1oicucTeM. Ciry)keOHbIe
TMIOJICHCTEMBI B OOJIBIIMHCTBE CTy4aeB MOTYT ObITh HHBAPU-
AQHTHBIMHU KO MHOTHIM BHJIaM OOBEKTOB IIPOEKTUPOBAHMSL, TAK
Kak IIPpeIHa3HAuYCHbI JUIS BBINOTHEHHS YHU(GHIIMPOBAHHBIX
MPOEKTHBIX Ipoleyp u oneparuii [3]. HekoTopsle npoexTu-
PYIOILHE TIOJICUCTEMBI BXOZST B CTPYKTYPY HECKOIIBKHX ITPO-
rpamMHBIX cpenctB CATIP.

Paccmotpum dyHKIIMOHAIBHOE pa3/iesieHue pa3padboTaH-
Hoit CATIP Ha MPOEKTHUPYIOLTHE U CITY)KEOHBIE TTOICUCTEMBI
Ha IpuUMepe MPOrpaMMHBIX CPEICTB 0a3bl OJIOKOB MpHOO-
pos (puc. 1).

B cocraB mporpaMMHBIX cpecTB 6a3bl OI0KOB MpHOO-
POB BXOJSIT CIIEAYIOIINE MPOESKTUPYIOMINE HOACHCTEMBI:
NOJIb30BATEbCKHI HHTEp(deiic 0a3bl OIOKOB MPUOOPOB; KOH-
TPOJIb BXOJHOM MH(OPMAIINK; MOACHCTEMA PE3EPBUPOBAHUS
610K0B TIprOOpOB; HH(YopManroHHbIe MaccuBel CATIP.

[Tonb3oBarenbckuii uuTepdeiic 6asbl OJIOKOB MIPHOOPOB
pa3pabaTbIBajIcs HCXO/s U3 0OBEKTHOTO pa3/IesICHHs alla-
paTypsl Ha OJIOKH TIPUOOPOB, IIEKTPUIECKHE COSTUHUTEITN
1 KOHTaKThl COCAMHHTENCH. BHYyTpeHHAS opraHu3amnus
TI0JTb30BATENILCKOTO HHTEP(Elica yHUKaIbHA, TIOCKOIBKY pe-
II1aeT YaCTHYIO IPOEKTHYIO 3a/1a4y BBOJIA UCXOIHBIX JaHHBIX
0 Ookax mpuOOPOB M MPOMEXKYTOUHBIX COCIMHUTENSAX. B
CBSI3H C ATUM MOJICKCTEMA IT10JIb30BATEIbCKOT0 HHTEpderica
0a3bl OJIOKOB MMPHOOPOB HE MOXKET CUUTATHCS CITyKeOHOI. B
3aJ1a4M MOJICHCTEMBI I10JIb30BaTEIbCKOTO HHTEp(elica BXo-
JIUT BEJICHUE MHTEPAKTHBHOTO JINAJIOTa C TIOJIb30BATEIIEM C
LENBI0 YIPABICHNS IPOIIECCOM BBOJA NCXOJHBIX JaHHBIX,
BBIBO/Ia PA3IIMUHOIO POJia COOOIEHUH U pa3bsICHUTEIBHON
nHpopmarmu [4]. Kpome Toro, yKazaHHOH MOACHCTEMOMR
BEJIETCSI MOHUTOPHHT AOCTYNHBIX QyHKIwi [10 1 ocyiecTs-
JsIeTCsl yIpaBlieHne aKTHBHOCTBIO SJIEMEHTOB HHTEp(eiica:
KHOTIOK ITaHEJIM HHCTPYMEHTOB, ITyHKTOB CTPOKH MEHIO, Ta0-
JINIL JQHHBIX.

[Noxcucrema monp30BaTeNnLCKOrO HHTEP(dEiica B3anMo-
JIEICTBYET C IPOCKTUPYIOILEH IIOACUCTEMOM KOHTPOJISL BXOJI-
HOH nH(pOpMAINH, KOTOpast IpecTaBisieT co0oi Habop ai-
TOPUTMOB ITPOBEPKH KOPPEKTHOCTH BBOIMMBIX HCXOAHBIX
JaHHBIX. [Ipy 5TOM B 321841 ITOACKCTEMBI KOHTPOJISI BXOIHOM
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uH(pOpMAINH BXOJUT HACTPOIKA JIOTHKH IPOBEPKU NCXO-
HBIX JaHHBIX. DTO 00CTOSATEIHCTBO MO3BOJISIET OTHECTH YKa-
3aHHYIO ITOACKCTEMY K YHCITy TPOEKTUpYIonmX. OfHAKO 1MojI-
crcTeMa KOHTPOJISI BXOJHON MH(POPMALIUK MOXKET paccMmar-
PHBATHCS U KaK CITy)KeOHasl, IIOCKOJIbKY B €€ COCTaB BXOJST
YHUBEPCAJIbHBIC AJITOPUTMBI IIPOBEPKH, KaK, HAIIPUMep, KOH-
TpoJIb BBOJIA unciia Trmna integer wiu float [4; 5].

Hacrpoiika 10THKH MPOBEPKH HCXOAHBIX JAHHBIX ITPOU3-
BOJMTCSI B COOTBETCTBYIOIIEM JIMAJIOTOBOM OKHE, KOTOPOE
CTPYKTYPHO OTHOCHTCS K MOZICHCTEME I10JIb30BATEIHCKOTO
uHTepdetica (puc. 2, 3).

[Toxcucrema KOHTPOIISL BXOJHOM HHpOpMALUK B3auMO-
JEWCTBYET CO CIEAYIOIMMH NPOSKTUPYIOLINMH 0JICUCTE-
MaMH: TOJICUCTEMa PE3CPBUPOBAHUS OJIOKOB TPUOOPOB U
nHpopMarronHbie MaccuBbl CATIP.

IToxcucrema pe3epBUpPOBaHHS OJIOKOB IPHOOPOB OCYIIIE-
CTBIISIET aBTOMaTHYECKYIO0 JOMapKHPOBKY OJIOKOB TPHOOPOB,
MEKTPUUECKNX COCANHNTENEH 1 NX KOHTAKTOB IIPHY TTOATPY3-
Ke MoJiesiell OJI0KOB PUOOPOB B CIIydae, €Cu MoJcucTeMa
KOHTPOJISL BXOTHOH MH(OpMAIK 00HAPYKUBACT, YTO TIOA-
rpy’kaemMblil prudop y»e BXOAUT B cocTaB cuCTeMbl KA.
JloMapKupoBKa OCYIIECTBIISIETCS aBTOMaTHUECKU B COOTBET-
CTBHH C BEIOPaHHOW JIOTMKOW, HACTPOITKa KOTOPOH OCyIIe-
CTBIISIETCSI B COOTBETCTBYIOILIEM JHAJIOIOBOM OKHE HpO-
rpammHOT0 06ecniedenuss CAITP.

Wudopmarmonnsie MaccuBbl CATIP sBIIsitoTCS 00IIUAME
JUISL BCEH CHCTEMbI aBTOMATH3HPOBAHHOTO ITPOESKTHPOBAHNUS
U CTPYKTYPHO OTHOCSATCS K ITPOEKTUPYIOLIUM ITOJICHCTEMAM.

dainsl 3anucu
mogenei 6nokos
npubopos

WcxoaHele gaHHble

MporpaMmHble
cpeacTea

Wudopmarnmonnsie MaccuBbl CAITP — 3T0 MacCHBEI CBSI3aH-
HBIX Mek1y coboii 00bexToB CATIP, obecrneunBaromiye yno0-
HBIH JIOCTYI K JJAHHBIM U MX CTPYKTYpPHYIO LIE€IOCTHOCTB
[4; 5]. CtpykTypa caMuX 0OBEKTOB M B3aUMOCBSI3EH MEKTY
HUMH YHHKJIbHA (Ta0J1. 4).

YHpomeHHo CTPYKTypy HMH(OPMALMOHHBIX MacCHBOB
CATIP MOXHO NPeICTaBUTh B BUJIC OJTIOK-CXEMBI (pHC. 4).

CrnyxeOHbIe ITOICICTEMBI IIPOTPAMMHBIX CPEICTB 0a3bl
0JIOKOB TIPUOOPOB MMEIOT OOIICCHCTEMHOE PUMCHCHUE.
[IpeacTaBuM nepeyeHs Ciry>KeOHbBIX MOJCHCTEM IPOrpaMM-
HBIX CPEJICTB 0a3bI OJIOKOB MPUOOPOB:

— MOJICHCTEMa 3arpy3K1 MH(OpMaIHH;

— MTOJICHCTEMA COXPaHEHNI HHPOPMaInH;

— mojcucTeMa rpaduieckoro BbiBoaa HH(GOPMAIHH.

IMoxcucreMsl 3arpy3KH U COXpaHEHNS HHPOPMALIH OCY-
HIECTBIISIIOT padoty ¢ daiinamu. [Ipu padore ¢ mporpamm-
HBIMH CpeACTBaMH 0a3bl OJIOKOB NMPHUOOPOB IOJIH30BATEID
oriepupyeT Tpemst ThramMu (paiinoB: (airel 3ammceii Mozae-
neit OiokoB prOOpPOB; (aiinbl 3amuceli craHIapTHBHIX 000-
3HAYCHUH COCIMHNTENCH; (paliiIbl 3amrcei MpoeKToB.

B 3amaun yka3aHHBIX IOACUCTEM IIOMUMO OCHOBHOM
(YHKIMHM 3arpy3K1 U COXpaHeHUSI MH(OOPMAITH BXOANT 3a-
Jada pacrio3HaBaHMA MO3IHUX Bepcui (opmaroB (aidioB
3aIKCH, YTO 0COOEHHO BaXKHO B cBsi3U ¢ pa3surieM CAIIP u
pacmmperreM ee (pyHKITHH.

B cocraB moacucremsl rpadguyeckoro BbiBoga HHQOp-
Manuu 6a3bl OJIOKOB IPHOOPOB BXOIST aJITOPUTMBI BEIBOJIA
JAHHBIX B TaOJIMYHOM BHUJIE, a TAK)KE CTaHAapTHBIE Tpadu-

daiinekl 3anvcen
CTaHAapTHbIX
o0bo3HaveHui
coeavHuTenen

®dainel 3anucen

npoekTa

6azbl 6nokos
npubopos

Monb3oBaTenbCKMi
mHTepderc Gasebl
NaHHbIX 6NokoB

npubopos

rK;r: p 0;;

WHbopMaunoHHbIe
MaccuBbl CANP

%
. — il o —

Mopcucrema
rpachuueckoro BelBoaa

nHdopmaumm

—

> MHopMaLUK

MoacucTema 3arpy3ku
WHhopmaumm

BXOOHOM I

.

— —

oAcucTema
! pesepBUpOBaHUA

6nokoe npubopos
r MopcucTtema I
: coxXpaHeHus
| WHhopMaLummn _|

npubopoB u

npoekTa

dannbl 3anucu

- cTa HbIX "
NPOMEXYTOYHbIX Ovcnnei mogenei 6rokoe 6 "'qaﬂ;m 7 3anvcen
coeguHUTEenei npuGopos s npoekTa

®ainbl 3anucen

dannel
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ABM(ZL;I/IOHHLZ}I U padkemHo-Kocmu4eckas mexHuxKka

YeCcKre KOMITOHEHTHI [4]. Yka3zaHHas MoJcHCTeMa OCYIIeCTB-
JsieT OOHOBIICHHE O0TOOpaXkaeMoi MH(pOPMAIMU yTeM OT-
JICTTbHOM MPOPUCOBKY TAOJIUIL JAHHBIX WK MTOJIHOM IPOpPHU-

COBKH OKHa 0a3bI 0JIOKOB IIPHOOPOB.

Hactpoika napame TpoB

ABTOCORpaHEHWE
v Pasapewwuts (Tonbko ana NpoexTos ¢opmara *.ecP2)

Mepuon SETOCOXPAHEHUA (MUH]

OcHosHele | Dmenbll Coznaue Kaﬁeneﬁ' Pesepeuposaﬂue' Tem::rl I’paq:w.al

- |

!

i CoBnageHus HasBaHWit
|v 3anpeTuTb 0AWHaKOBbIE HA3BAHUA GA0KOB NPUGOPOE

|~ 3anperutb oaWHaKoBbIE 0G03HAYEHWA COBAMHWTENEN
¥ 3anpetuTtb 0AMHAKOBbIE HA3BAHWA COBAMHUTENEN
|v Llenu 1 HoMEpa KOHT AKTOB MEHATE CHHKPOHHO Y NAPHbIX COBAMHWTENeit

¥ 3anpetuTb 0AMHAKOBbIE HA3BAHWA Kabened

baza He o6HoB/IE HA

3a/1a4H ANIEKTPHYECKOTO MPOSKTHPOBAHMS, HAHTH ONITHMAJTb-
HOE X pelICHHE, 8 TAK)KE KOMIUIEKCHO MOJOMTH K CO3aHHIO
YI0OHOTO MOJTF30BaTEIILCKOTO HHTEpdeiica.

' E He BEpHBIM OPMaT 3aMMCH KON-Ba KOHTaKTOB
L

—YeTaHoBkM rpad
I~ He npeanaraTe COXPaHATL HOBbIE MPAPUYECKUE YCTSHOBKM

|~ CoxpaHaTt rpadMyeckHe YCTEHOBKH NPH BEIXO0E W3 NPOrpamme!

r

0K OTtmeHa

MpuMeHHT

Puc. 2. JlnanoroBoe okHO HacTpoiiku napameTpos [10

OnucaHo apXUTEKTYpPHOE ITOCTPOEHHE ITPOTPaMMHBIX
cpecTB 6a3bl OIIOKOB IPUOOPOB, BXOJSIIMX B COCTAB pa3pa-
6otannoit CAIIP co3manus aMeKTPUIECKIX CXeM Pa3beMHBIX
coelmHeHMi anmnapartypsl u cucreM KA. @yHkunoHambsHoe

pa3zeneHne MporpaMMHBIX CPEACTB Ha MIPOSKTHPYIONIHE U

CJ'Iy)KeGHI)Ie MOACHUCTEMBI MTO3BOJIACT CUCTEMATU3SUPOBATH

Pribs (TPrib)
Prib0]
—H  Prib{1)

PrribyN]

OboznSoed (TOboznSoed)

ermo (TGermo)

Puc. 3. Coobienune 06 ommnoke

Bubsmorpaduuecknii cnucox

Ob d[a)

<
OboznSoed[1]
""‘-\-\.

OboznSoed[NOS] |=—

Prib[N}->Soed (TSoed)
Prib[M)->Soed(0]
Prib[M)->Soed[1]

PribN]=
Soed|Prib[N]->N:

—~ PromSoed[1]

PramEoedial

~PromSoed[NPS

Germaol0]
Germaol1]

Germo[NG]

1.T'OCT 23501.101-87. Cuctembl aBTOMaTH3UPOBAHHO-
ro npoektupoBanus. OCHOBHbIE mosoxeHus. M. : M3a-Bo
CTaHaapToB, 1987.

2. bacos, K. A. Catia V5. 'eomerpraeckoe MoaennpoBa-
nue /K. A. bacos. M. : JIMK «IIpeccy, 2008.

3. Anuk, P. A. Cucremsl aBTOMaTH3UPOBAaHHOTO MPOEK-
THUPOBAHMS U3AEINI M TEXHOJIOTHYECKNX MTPOLIECCOB B Ma-
mmHocTpoeHnu / P. A. Asnuk. JI. : MammHocTpoenue, 1986.

4. Asepkun, B. I1. [IporpammupoBanue Ha C++: OCHOB-
HBIE TIPHEMbI TIPOIPAMMHUPOBAHHUST; 00BEKTHO-OPUEHTHPO-
BaHHOE TPOTPaMMHPOBAHME; pa3paboTKa NMPHUIOKEHUH B
Borland C++ Builder u ap. / B. I1. ABepkun, A. 1. Bo6pos-
ckuii, B. B. Becanu. CII6. : Kopona-ITpunt, 2003.

5. JTadope, P. O6beKTHO-OpHEHTHPOBaHHOE IIPOTPAMMHU-
posanue B C++/P. Jladope. CIIO. : [Tutep, 2005.

Cabel (TCabel)
Cabel[0]

Cabel[1]

Cabel[NC]

i

Contact = (TContact)
Prib{0}->Soed|0)->Contact

NCant = Prib[0]->Soed[0}->

->0boznSoed->NCont

Prib[N]->Soed[1}->Contact

NCont = Prib[N)->Sced[1]->

->OboznSoed->NCont

PromSoed[NPS]->Contact

MCont = PromSoed[NPS]->
->OboznSoed->NCont

Cabel[0)->Soedin[0}->Wire

NWire = Cabel[0]->
—>Soedin[0]->NWire

[ ~
[ ol
I Soedin = (TSoedin)
: Il Soed = rrshq\ Cabel[0]->Soedin Cabel[NC}->€
Prib[0]->Soed (TSoed) I Germo[0]->Soed
|| NSSS=
Prib[0]->Soed[0] ’ ||| NS = Germo[0}->NSoed =Cabel[0}->NSoedin =Cabel[NC]->h
— —
st L 1 ) Soedin[0] Soedin[C
=== T Soedin[1] Soedin[1
Pribf0}> (| | .
Soed[Prib[0]->NS|
Soed[NSoed] I Soedin[NSSS) Soedin[NS
Contact = (TContact) Contact = (TContact) Wire = (TWire) Wire = (TWire)

Cabel[0}->Soedin|1]->Wire

NWire = Cabel[0]->
->Soedin[1]->NWire

Wire[0]

Wire[1]

Wire[MWire]

Contact[0] Contact[0] Contact[0] ' Wire[0]
.K\Conladii] Contact[1] y Contact[ﬂ‘ ] Wire[1]
Co I[NConl‘ Contact[NCont] Contact{NChnt] Wire[NWire] ’
= \ / 7 I
A\ /
\ N
N
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Puc. 4. Ypouennas ctpykrypa nHpopmannoHHbx MmaccuBoB CAITP

Soedin = (TS
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Tabnruya 4
OcHOBHBIE KJIacChl 00bEKTOB
Knacc Haznauenue

TPrib O0BexT — 650K prbopa, COOTBETCTBYIOMIAs Tabnua 6;10koB prdopos — Prib. B cocras Gmoka nprbopa
BX0JMT MaccuB 00bekToB TSoed — coeuauTeneit

TSoed OOBEKT — COEANHNUTEND, COOTBETCTBYIOMIAs TaOIHIa TPOMEXYTOUHBIX coeauHnTenei — PromSoed. B cocras
COEIMHHTEIS BXOIUT MacCHB KOHTaKTOB — 00bekToB kiacca TContact. KpoMe Toro, coeiMHHUTEINb CChLUTAETCS
Ha 0003HavyeHne coeauuuTelst u3 Tabauipl OboznSoed kiacca TOboznSoed 1 Ha 6510k pHGOpa (eciu
COCIMHUTEIb HE SIBJISIETCS IPOMEKYTOYHBIM) 13 Tabumisl Prib kiacca TPrib

TOboznSoed O0OBeKT — 0003HaUCHHE COSIMHUTEIS, COOTBETCTBYIOMIAs Tabnuma o6o3HaueHni coenuauTeneii — OboznSoed

TContact OOBEKT-KOHTAKT

TCabel O0BekT-Kabenb, COOTBETCTBYIOMas Tabauia kabeneit — Cabel. B coctas kabenst BXOAUT MacCHB COCIMHEHUI —
o0bexToB kinacca TSoedin

TSoedin O06bexT — coenuHeHne kabems. CoeHeHNe Kabels cepliaeTcs Ha 2 coenuHuTeNs (00beKTH kiacca TSoed). B
COCTaB COEAMHEHUs BXOAUT MACCHB IIPOBOJIOB — 00beKTOB Kitacca TWire

TWire O6pext — npoox. I[IpoBox ceputaercst Ha 2 o6bekra Kitacca TContact

Y. V.Kocheyv, V. A. Raevskiy

DESIGNING AND SERVICE SUBSYSTEMS OF SPACECRAFT SUBSYSTEMS
AND EQUIPMENT CABLES ELECTRIC CIRCUITS CAD

Specific software which provides end-to-end designing from the development of the spacecraft systems electric circuits
to the development of the cable manufacturing design documentation was designed in the joint-stock company
«Academician M. F. Reshetnev «Information Satellite Systems» to solve the problem of spacecraft cable network designing
efficiently. Functional partitioning of CAD software tools into designing and service subsystems has allowed to systematize

the problems of the designing and provided the complex method for the creation of suitable user interface.

VIK 629.78.064.5:621.315.2

10. B. Koues

PASPABOTKA METOAOB 1 AJI'OPUTMOB ABTOMATU3UPOBAHHOI'O
MMPOEKTUPOBAHUS PASBEMHbBIX COEJJMHEHUM ATIIIAPATYPhbI
N CUCTEM KOCMHUYECKOI'O AITITAPATA

Onexmpuyeckoe npoekmuposanue pazbeMHblx coeouHeHull annapamypbl u cucmem KA saensemces cnodcHvim u omeem-
CMBEHHbIM NPOEKMHO-KOHCMPYKMOPCKUM smanom paspabomxu KA. /[na s¢pgpexmuenozo pewenus 5moii 3adaqu heobxo-
OUMO NPUMEHAMNb CHEeYUATUZUPOBANHOE NPOSPAMMHOe obecneuenue, apanmupyloujee cK603Hoe npoeKmuposanue, Ha-
yunas ¢ pazpabomxu snexkmpuyeckux cxem cucmem KA u 3axanuueas paspabomroii KJ{ na uzeomosnenue xaoeneil.

Y4uThiBasi 00JIBIIOE YHCIO MEKOIOUHBIX i MEKCUCTEM-
HBIX SJICKTpUYIECcKuX cBsizell KA, pazpaboTka ceTu dIeKTpH-
YeCKHX Pa3beMHBIX coequHeHni KA TpedyeTt 3Ha9uTeTbHO-
TO KOJM4YeCTBa BpeMeH!. OmMOKH, JOMYIIEHHBIC B ITPOIIEC-
ce MPOEKTHPOBAHMS, 3a4aCTyI0 OOHAPYKUBAIOTCS yKe MOC-
JIC M3TOTOBJICHUS Pa3bEMHBIX COCMHCHUMN, BO BPEMS DJICKT-
prueckux ucnbITanmii cucteM KA. OOHapykeHHe OIO0K 1
HX YCTPAHEHHUE CBS3aHO CO 3HAYUTEIIbHBIMU BPEMCHHBIMHU U
MaTepHaIbHBIMH 3aTPaTaMH.

Hecmorps Ha To, uTO B HacTosimee Bpems B OAO «MCCx»
OCYIICCTBIISICTCS TIEPEXO0]] Ha MYJIBTUILUICKCHBIN KaHAT 00-
MEHa, 9TO BJICYET YMEHBIICHHE YUCIIa COCTUHUTEIBHBIX
JIMHUH, TPOOIeMa MHHAMHU3AIUN KOJINYECTBA ONIMOOK, BHE-
CEHHBIX pa3pabOTUYNKOM IIPH CO3JaHUH CETHU AIIEKTPHUIEC-
KHUX pa3beMHBIX coennHeHuil KA, ocraercs akTyaabHOM.
O4YeBHUIHO, YTO TPUMEHEHUE BEIYUCITUTEIHPHON TEXHUKH U
CHEIMATN3UPOBAHHOTO MMPOTPAMMHOTO OOECIICUEHHS TI0-
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3BOJIUT A PEKTUBHO peIIaTh MEePeUnCIeHHbIE 3a1a41 Mpo-
EKTUPOBAHHUSL.

W ieabHbIM C TOUKH 3pEHHMS ONITUMH3AIIMK IPOSKTHPOBA-
HUSI, MUHIMH3AIIUH UCTIONB3YEMbIX (POpMAaTOB JAHHBIX 1 3()-
(hekTuBHOTO OOyYEHHS CIIEIUATUCTOB-Pa3pabOTINKOB
Pa3bEMHBIX COCJAMHEHNUIT SBISICTCS TPUMEHEHHE HEKOW e/TH-
HOHM CHCTEMbI CKBO3HOIO MIPOSKTUPOBAHUS, B TIOIHOW Mepe
oxBaTbIBarolei Bcro nmeroryto Mecto B OAO «MCCy» nocre-
JIOBATEIBHOCTh ITAMOB Pa3pabOTKU KaOEIbHOM TOKyMEHTA-
i [ 1]. Oqnako nposenennsiii OAO «MCCy anamms cpencTs
MIPOEKTUPOBAaHHMS KabesbHOM ceTi KA rokasai, 4ro Ha coBpe-
MEHHOM PBIHKE TAKHE TPOrPAMMHBIE CPEICTBA OTCYTCTBYIOT.

M1 npeaiaraéM METoJbl aBTOMAaTU3UPOBAHHOI'O ITPOCK-
THUPOBAHHUS PA3bEMHBIX COSTUHEHHUI U AITOPUTMBI B3aUMO-
JCHCTBUS IIPOrPAMMHOTO 00€CIICUSHHSI, TO3BOJISIOIIHE [TPU
MHUHHMaJIBHOM COCTaBE HMCIOJb3YEMBIX HMPOrPAMMHBIX
CPE/ICTB peliaTh 33/1a4 CKBO3HOTO IIPOSKTHPOBAHMST KaOeITb-
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Hol cetr KA npuMEHHUTENBHO K IOCIE0BATEIbHOCTH MIPO-
eKTHpOoBaHUs, uctoiab3yemoit B OAO «CCy.

OTanbl pa3padoTKu KadeabHOi ToKyMeHTamu. Paccmot-
PHM TIOCJIE/IOBATEIBHOCTD ITAINOB Pa3padOTKH KaOenbHOMH
JOKyMeHTauuH (puc. 1).

Ha nagansHOM 3Tane npoekTupoBaHus cucteMbl KA ot-
JIeT-pa3paboTYNK CHUCTEMBI OTIPEIENIsIeT HEOOX0IUMBIH ITPH-
6opHEIif cocTas. [IpudopHBIit cocTaB popMupyeTcs B 3aBH-
CUMOCTH OT Ha3HaueHust KA, ero opOHUThI, SHEPTECTHKH, TOY-
HOCTHBIX XapaKTEePUCTUK OPHEHTALNH, PEKUMOB pabOTHI
u 1p. [2]. B otnen-pa3paboTanuk CHCTEMBI OT pa3padOTINKOB
npuOopoB noctymnaroT ucxoansie fannbie (MJ]) B Buge cxem
MOAKIIOUCHHNS. B 9THX MCXOMHBIX TaHHBIX COJICPIKUTCS MH-
(opmarnus 0 Ha3HAYEHNH KOHTAKTOB COCANHUTENEH Mprbo-
POB 1 ITPEACTABIICHBI CXEMBI MEXOJIOUHBIX Kabesei (B ciy-
yae, eClId MPHOOP COCTOUT U3 HECKONBKHUX 0510K0B). Kpome
CXEM MOAKIIIOYEHHUS TPHOOPOB Ha HAYAIEHOM ATalle MpoeK-
THPOBAHMS TAK)KE OIPEACIAIOTCA NHTEP(EHCH ¢ IpyruMHu
cucreMamu KA. B xoze tanHO# paboThI coracyoTcs pac-
TIAIKH POMEKYTOYHBIX HHTEP(EHCHBIX COCTMHNUTEIICH.

Vcxons 13 BBIOPAHHOTO MTPUOOPHOTO COCTABA CUCTEMBI
KA 1 ucX0THBIX JaHHBIX, BKITIOYAIOIINX CXEMBI ITOIKIII0Ye-
HUS IPHOOPOB U HHTEP(HEHCHI ¢ APYTUMH CUCTEMaMH, pa3-
pabatbIBaeTcs 3JIeKTpUIEcKas CXeMa pa3beMHBIX COEANHE-
Hul cuctemsl KA [2].

B nporiecce a5eKTpriecKoro mpoeKTUPOBAHUS OTAEIOM-
Pa3pabOTYNKOM CHCTEMBI BBIITyCKAIOTCS CIIETYIOIIHE JJOKY-
MCHTBI:

— cxeMa IieKTprudeckas oomas cucteMbl KA (96);

— TepeveHb dJeMeHTOB 001ei cxembl (I196);

— CXeMa IeKTPHYCECKast PUHIMITHATBHAs cucTeMbl KA (33);

— IIepeyueHb AIIEMEHTOB MPUHITUITHATEHON cxeMbl ([133).

WratHas
kabencHan
[OKYMeHTaums

OnTuMMaaums

YkazaHHas JOKYMEHTAIUs He0O0XoanMa It paboThI TIpH
UCTIBITAaHMSIX, OTJIAJIKE U IITATHOM HCTonb30BaHnu KA u ero
cucreM. Kpome Toro, mpuHImmmansHbie cxeMbl O3 crcreM KA
SIBJISIFOTCSI MICXOHBIMH JIAHHBIMH IS CO3/IaHUSI LITATHOM Ka-
OeJIbHO JOKYMEHTAINH OT/IEJIOM-Pa3paboTYMKOM Kabesei.

B mactosmee Bpems B OAO «MICCy npoBoautes paboTta
10 BHEIPEHUIO B IIPOLIECC TPOSKTUPOBAHUS KaOEIbHON ceTn
KA TpexMepHOTro MOIenHpOBaHHS PACKIIAIKA CETH Pa3beM-
HBIX COCIMHEHHH C 11eJIbI0 ONTUMH3ALMH UX MAaCCOBBIX Xa-
PAKTEPUCTUK U TCOMETPHUUCCKOTO PACIIONIOKEHUS Ha OOPTY
KA. Kpome Toro, TpexMepHOe MOJACTUPOBAHUE TTO3BOJISET
paccYMTHIBATH ONTUMAIIBHYIO TE€OMETPHIO BCIIOMOTATEIbHBIX
YCTPOMCTB (KPOHIITEHHEI), @ TAKIKE IPOCIICIKIBATH TEXHOIIO-
THYECKHH TIpoIiece U PU3MIECKYIO Peaii3yeMOCTh CTBIKOB-
KM pa3beMHbIX coenHeHni KA.

CkBO03HOE NPOEKTHPOBaHNe Kabeeii. Perenne 3anaun
pa3paboTku u co3nanus kabenapHOU cet KA ¢ momorsio
TPaTUIIMOHHOTO TPa)UIECKOTO MPOrPaMMHOTO obecmede-
Hus, Takoro kak AutoCAD, Visio, Corel Draw u mip., ipea-
cTaBisieTcs Mao3(h(heKTHBHBIM, TOCKOIBKY TaKOH Iy Th He-
M30€KHO BeJIET K MHOTOKpaTHOU 06paboTke M/, uro 3Hauu-
TEITHHO MOBBIIIAET BEPOSTHOCTD 3aHECEHHSI HEBEPHBIX CXEM-
HBIX JaHHBIX, B PE3yJIBTaTe YET0, BHITYIICHHBIC JOKYMEHTHI
Oy/lyT IPOTUBOPEUUTD JPYT APYTY.

[Ipusenem mpumep. B cucremax KA muorne mpu6opst
3ape3epBUPOBAHbI, TIOATOMY, €CIIH Pa3pabOTUUK MOIb3YeT-
cs1 TpamuIMOHHBIM Tpadrraecknm [10, oH BEIHYXICH JaKe B
paMKax CO3JaHUs OHOTO JOKYMEHTa HECKOJIBKO pa3 obpa-
0aTBIBaTh OJTHU U TE XK€ UCXO/HbIE JAHHBIE — CXEMY TTOJIKITIO-
yeHus npuodopa. CHagana pa3paboTunK Co3aeT OO0 CXe-
My cucteMbl KA 1 riepedeHb 3JIeMeHTOB 00IIel CXeMBl, 3a-
TeM pa3pabaThIBaeTCs MPUHIUIHATIBHAS CXeMa C COOTBET-

3D-mogens
packnagku
kabenbHoW ceTn

Otaen-
pa3paboTumk
kabenei

RRPL AR

Q2L R

— ety |

1
[ O

[
(= O

WO (cxema
NOAKNKYEHUA) OT
npeanpuaATUA-
paspaboTumka
npwbopa

jj-
jmm

Otpen- Otpen- Otpen-

Otpen- pazpaboTumnk pa3paboTumK pa3paboTumk Otaen-
paspaboTumk cucTeMmsl cucTemsl cucTeMbI paspaborumk
CUCTOME! HaBeaeHUs OpUEHTALMN 1 OnekTponu- LhcTeME

----- aHTeHH crabunusauum TaHus

Puc. 1. IlocnenoBarenbHOCTB 3TANoB pa3padoTKH KabenbHo# qokyMeHTauu B OAO «1CCx»
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CTBYIOIIMM TIEPEYHEM 3JIEMEHTOB. 3aBEPIIACTCS TPOCKTH-
pOBaHHE BBIITYCKOM IITATHOH KabebHOM JoKyMeHTarun. Bee
9TH 3TaIbl BHOBb HOBTOPSIIOT 00pabOTKY MCXOIHBIX TaHHBIX.

BHenpenue rnporpaMMHOTo o0ecrieueHust JUisi CKBO3HOTO
MPOEKTUPOBaHUS KaOesiel II03BOJIUT UCKIIIOUUTh IIOBTOPHBIH
BBOJI ICXO/THBIX JIAHHBIX, YTO CBEAET K MUHIMYMY BEPOSITHOC-
TH TIOSIBJICHHS OILIMOOK Ha CTBIKaX 9TaroB pa3pabOTKU pazbeM-
HBIX coelMHeHuH anmapaTypsl 1 cucreM KA. Kpome Toro,
UCTIOJIb30BAHUE CIICHATN3UPOBAHHBIX IIPOrPAMMHBIX TTaKe-
TOB JUIs IPOSKTHPOBAHMS KaOerel T03BOINT 3HAYUTEITBHO yC-
KOPHTB IPOIIECC pa3pabOTKH KaOeTbHOM TOKYMEHTAITUH.

[Iposenennsiit OAO «MCCy» ananus cpeacTB MPOEKTUPO-
BaHU KabenpHO# ceTn KA mokasair, 9To cymiecTByromiee Ha
COBPEMEHHOM PBIHKE NpOrpaMMHOE oleclieueHne, peau-
3yIOIIee MPOIECC AIEKTPUIECKOTO MPOCKTHPOBAHNUS, HE
MOKET B IOJIHOM MEpPE OXBATHUTH BCIO UMCIOIYIO MECTO B
OAO «MICC» nocienoBaTeabHOCTh ITANOB pa3pabOTKH Ka-
OeTBHOI TOKYMEHTAITHH.

C nomoOHOM MPoOIEMO#i CTATKHBAKOTCS U APYTHE MPE/I-
npusatus. [1o mMerorericss HHPOPMAIIH, JUIS PEIICHUS 3a-
Jla4 JIEKTPUYECKOTO MPOSKTUPOBAHMS UCIIONB3YETCsl YHHU-
KaJbHOE, pa3paboTaHHOE KOHKPETHBIMHU (prpmMaMu (MITH 1O
nx 3akazy) [10, koTopoe moiep>kuBaeT MoCIeI0BaTeIbHOCT
Y CTaHJAPThl IPOSKTHPOBAHYSL, IPHHSTHIE Ha 9THX (PUPMaX.

B xauecTBe 0a30BO#f CHCTEMBI CKBO3HOTO ITPOEKTHPOBA-
HHA B OAO «ICC» ucnons3yercst CAIIP CATIA V5. Oqnako
(hYHKIIMOHANBHOCTH dMeKTprudeckux moxyneir B CATIA
V5 1o3BoJIsIeT peanu30BbIBaTh JIUILb Ty YaCTh JIEKTPOTEXHU-
YeCKOro MPOEKTa, KOTOpasi CBA3aHa C TPEXMEPHBIM IPOCKTH-
poBanueM KabenbHO# ceTn KA (packiaaka *ryToB U kabe-
neit). [Ipu aTOM 0CTaTOYHO OCTPO OIIYIIAETCS OTCYTCTBUE
MPOTPaMMHBIX CPEICTB IPAPHIECKOTO BBOJA HICXOAHBIX CXEM-
HBIX JaHHBIX, B COOTBETCTBUU C KOTOPBIMH JOJIKHA ITPONCXO-
JuTh 3D-peanusanus npoeKTa.

Wntepdeiic c CATIA VS5 peanuzyercs Ha ocHOBe XML-
TalnuI, coAeprKanx KadeabHy 0 HHPpOpMaLHIo (COeTMHN-
TEeNH, KOHTAKTHL, IPOBOAA, U T. 1.) [3]. 3Has dopmar XML-
Ta6J'II/II_II)I, MOJKHO 3aHOCHUTb UCXOIHBIC CXCMHBIC JaHHBIC
«BPYUHYIO».

Komnanus «Thales Alenia Space» (TAS) B kauecTBe cu-
CTEMBI CKBO3HOTO ITPOEKTUPOBAHMS Taroke Henonbzyer CATIP
CATIA. TIpu 5TOM HCXOIHBIE CXEMHBIC JTAHHBIE BBOISTCS B
BUJIE Ta0JMIL, a IS PELICHHS 33/1a4 ONTHMH3ALNH KaOelb-
HOH ceTH (pacyeT najieHui HaNpsDKEHUH, OTpeieTIeHUE O-
TUMaJIBHBIX JUIMH ¥ TJIOMIAaIeH CeYeHU MPOBOIOB H T. 1I.)
UCTIONB3YETCs IPOrpaMma «IBEpecT», KOTOpasi OCYIIeCTB-
nsiet B3anmonericteue ¢ CAITP CATIA. @akTudecku mpo-
rpamMmMa «JBepecT» NpeCTaBIsIeT co00i HabOp MaKpPOCOB,
KOTOpBIE TPe00pa3yIoT NCXOJHBIE CXEMHBIC JAHHbIE, BBOJIU-
Mble pazpadoryrkom ¢ nomouibio Microsoft Excel, B dhop-
Mar, pacro3HaBaeMsIii cucremoit CATIA V5. [Ipu atom dop-
Ma 3aronHeHus Tadnui Microsoft Excel siBnsiercst sxecto orn-
pexnenennoi. [Iporpamma «29BepecT» yHUKaIbHA, €€ pa3pa-
0aTBIBAIIM CKITIOUUTEIIFHO 110 TPeOOBaHMAM KoMmmaHuy TAS.

[Tpumepom ckBo3HOTO TpoekTUpoBaHus kabenei Thales
Alenia Space MOXeT CITy>KUTb pHUC. 2.

OueBHTHO, UTO TpadhUCCKHIT CIIOCO0 BBO/IA HCXOJIHBIX CXCM-
HBIX JJAHHBIX SIBJISIETCS OOTIee HAIISITHBIM 1 HaZISKHBIM, €M BBOJL
CXEMHBIX JJAaHHBIX ¢ Tomornkro Tadbmmi Microsoft Excel. B OAO
«CC» s peltieHus 3a1a41 BBOAA UCXOIHBIX CXEMHBIX JAHHBIX
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1 pealn3alyy MpoIiecca CKBO3HOTO IPOEKTHPOBAHMS CETH
Pa3bEMHBIX COeIMHEHNH anmapatypsl 1 cucteM KA 65110 pas-
paboTaHo IporpaMMHOE 0OecTIeYeHUE, TO3BOJISIOIIEE CO3/1a-
BaTh KaOEJbHYIO JJOKYMEHTAIIUIO B COOTBETCTBUHU C YCTAHOB-
JIEHHBIMHU Ha TPEANPUSATUH NIEPEUHEM U MOCIIEeJ0BATEIbHOC-
THIO TIPOEKTUPOBAHMS PA3bEMHBIX COSINHEHUH.

TabnuuHoe
npeacrasnexHve
CXEMHbIX OaHHbIX
(®Popmat Excel)

CNHUCOK ANWH K
CevyeHna

MM ana npoBoaos
INEKTPHUYETKIX
WCNLITAHMA SBepeCT I(aﬂhKynHL[Mﬂ
CNMCOK R
KOMAMEKTYIOWMX

pacyeT nageHus

XML-tabnuua =
HaNpPFKEHWA

Catia

TPEXMEPHAA MOAENL
npoknaaku kabensHon ceTk

K[ Ha waroToeneHne
kabensHoi ceTh KA

Puc. 2. llenouka CKBO3HOTO MpoeKTHpoBaHus Kabeneit TAS

[epeancium TpedoBaHus, KOTOPBIE OBLIH MIPEIbIBICHEI
K pa3padarbiBaeMOMY IIPOTPaMMHOMY 00ECIIEYEHHUIO aBTO-
MaTH3HUPOBAHHOTO CO3IAHUS IIEKTPHUCCKIX CXEM Pa3heM-
HBIX COCTUHCHUI:

— pelIeHHE 33/1a4¥ CKBO3HOTO AJIEKTPHIECKOTO MPOEKTH-
poBaHus cucteM KA B COOTBETCTBHH C YCTAHOBIEHHBIM Ha
MPEIPUSTHA IEPEIHEM BBIITYCKAEMBIX JIOKYMEHTOB (3JICK-
TpHUYecKre 00IINe U MPUHIHITHAIBEHBIE CXeMBI cucTeM KA n
COOTBETCTBYIOILME IEPEUHH 3JIEMEHTOB, IPUHLIUITHAIILHbIC
CXEMBI Pa3bEMHBIX COCAMHCHHN);

— COOTBETCTBHE I'paueCcKOro OTOOPAYKEHHS HIIEMEHTOB
CO3JTaHHBIX AICKTPUICCKUX CXEM OTCUCCTBEHHBIM CTaHIap-
TaM ¥ CTaHIapTaM MPEIIPUITHS,

— IIPOCTOM, UHTYUTUBHO NOHATHBIN I10J1b30BATECIbCKUN
uHTEepdEiic;

— BO3MOKHOCTb IKCIIOPTA CO3aHHBIX IpadiuecKux (aii-
710B B (popMartsI TpagunnonHoro rpadudeckoro 10 (Hampu-
mep AutoCAD);

— BO3MOXXHOCTb ITPe00pa30BaHMsI UCXOAHBIX CXEMHBIX
JMAHHBIX JUTS TaTbHEHIIeH peann3anui TpeXMEepHOTO MOJIe-
JUPOBAHMS pacKiIagKu KabenpHOU cetn KA cpeacrBamu
CAIIP CATIA V5.

YuuThIBast, 4TO OOJIBIIMHCTBO TPUOOPOB BXOJIAT B COCTaB
cucteM pa3nmniHbix KA, ere oqHuM TpeOOBaHUEM K pa3pa-
6areiBaeMomMy I10 cTanmo co3manne 6a3sl Moneneit mpubo-
POB, KOTOpbIE MOIJIH ObI OBITH MCIIOJIB30BAHbI B TpoIecce
CO3MTaHMSI CXEMHOI TOKYMEHTAIHH.

B Hacrosiiiee BpeMsi peann3oBaHa (YHKIHMS IPOrpam-
MBI, KOTOpas II03BOJISICT aBTOMATHIECKH TeHEPUPOBATh Ta0-
ymtel Microsoft Excel mcXomHBIX CXeMHBIX JAHHBIX B hopMe,
npuHATOH B Komnanuu TAS. Ykazaunsie Tabnunbsl Microsoft
Excel, mpeacTapmsromiie cO00# CITICOK STEKTPUICSCKUX CBSI-
3ei KaXKII0r0 COSAMHUTEIISI, COJICPIKAT HEOOXOIMMYHO KaOelTh-
HY0 HH()OPMAIIHFIO [T TATbHEHIIeH peain3aiy TpeXMep-
HOT'O MOJICTTMPOBAHMS PACKJIAAKH PAa3bEMHBIX COSANHCHUN
cpenctBamu CATIP CATIA V5.
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YkazaHHas BO3MOKHOCTb pa3pabOTaHHOTO MpOrpaMM-
HOTo 00ecIIeueHusI MO3BOJISIET YCOBEPIIEHCTBOBATD 1[EM10Y-
Ky CKBO3HOTO ITPOEKTUPOBAHUS, TPUMEHIEMYIO B KOMIAHUH
TAS. Hmxe npuBeieHs! alrOpUTMbI B3aHMOJCHCTBUS TIPO-
IrpaMMHOTO 00€CIICUEHH S, PEATT3YIOIIIE CKBO3HOH POIIECC
MPOEKTUPOBAHMS PA3bEMHBIX COCAMHEHUI almaparypbl U
cucteM KA (puc. 3). B paMkax npeaiaraeMbIX BapuaHTOB
I[ETI0YEK CKBO3HOTO IIPOEKTUPOBAHHS Oy/IyT aBTOMATH3HPO-
BAHHO CO371aBaThCsl KaOebHAs JOKYMEHTAIIMs, IEPeUeHb 1
MIOCIIEI0BATEIbHOCTD Pa3pabOTKH KOTOPOH COOTBETCTBYIOT
YCTaHOBJIEHHBIM Ha MPEIIPHUATHN CTaHAAPTAM, TPEXMEPHOE
MOJIEIMPOBAHNE PACKIIAIKH CETH Pa3beMHBIX COSTUHEHHUH 1
OINITHMH3ALIUS HX ITapaMETPOB.

[ox mporpaMMHBIM 00€CIIEYeHHEM, OTITUMU3UPYIOIIIM
napaMeTpsl KaOeJIbHO ceTH, TI0/Ipa3yMeBaeTCs IIporpaMmma
«OBepecT» MO0 JTr00ast Ipyrast MporpaMMa, OCyIIeCTBIISIO-
mast B3aumoyeiicteue ¢ CAIIP CATIA.

Pa3paboranHoe TporpaMMHOE OOecIieueHue, peatnsy-
fo1iee rpaMIecKui BBOJI MICXOTHBIX CXEMHBIX JJaHHBIX, T10-
3BOJISIET PEMIATh 331a9M CKBO3HOTO MIPOEKTUPOBAHMS HIIEKT-
PHUYECKUX pPa3bEMHBIX COC}II/IHCHI/Iﬁ armapaTtypbl 1 CUCTEM
KA 6naronapst cnenyromemy o0ecredeHunIo:

— BBIOpaHHOM apxuTekType nmoctpoenus (I1O cocrout u3
POTrpaMMHBIX OJIOKOB, pa3/ieeHHbIX (PYHKINOHAIBHO H
0(hOPMIIEHHBIX B BU/IE OTJCIBbHBIX JOUEPHUX OKOH);

— TI0JIb30BaTENILCKOMY HHTEp(ECy, KOTOPBIi o0ecredn-
BAET CTPOTOE CIIEA0BAHNE ITAIIaM AIEKTPHUECKOTO IPOSKTH-
poBanus cuctembl KA;

— CTPYKTYPE UCITIOIb3YEMBIX IIPOrPaMMOH TaHHBIX.

HuTrepdeiic pazpadorannoro [1O. CozganHoe nporpaMm-
Hoe o0ecIiedeHH e IpeICTaBIsIeT CO00 HECKOIBKO pa3JielieH-
HBIX (DYHKITHOHAJIBHO ITPOTPAMMHBIX OJIOKOB, 0()OPMIIEHHBIX
B BUJIC OTACIBHBIX JOUYCPHUX OKOH, KOTOPBIC BBIZbIBAIOTCA U3
00111er0 OCHOBHOT'O OKHA IIPOTrpamMMBl (puc. 4). B umcno atux
MIPOTPaMMHBIX OJIOKOB BXOJIAT:

1 BapuwaHT

rpachuyecknin Beoa
CXEeMHbIX AaHHBIX

/’ 36...
33..

PaspaboTaHHoe |-

CXEMHBIX AaHHBIX

— IIPOTPaMMHBIE CPECTBA 3ATIOJIHEHNUS U PETaKTHPOBA-
HUS 0a3bl OJIOKOB TPUOOPOB;

— IpOTrpaMMHBIE CPEJCTBA PEIAKTHPOBAHUS Oa3bl
pa3beMHbIX COEIMHEHU;

—rpacuueckuii pegakTop odmux cxem cucreM KA;

— rpaduyecknii peJakTop MPUHIUITHAIBHBIX CXEM CHC-
Tem KA.

Pa3paboTanHOoe mporpaMMHOe 0OecTiedeHHEe aBTOMATH-
3MPOBAHHOT'O CO3/IAHMUS ANEKTPUUECKUX CXEM Pa3beMHBIX CO-
€IMHEHUH COZICPKUT CIISAYIOIINE JJIEMEHTHI HHTepdeiica:

— CTPOKA MEHIO — CTPOKA, OTKPBIBAIOIIAs JOCTYI K ITyHK-
TaMm MeH0. CTpoKa MEHIO PacIoiI0KeHa B OCHOBHOM OKHE
TporpamMMsI [4];

— TIaHeJI MHCTPYMEHTOB — [AHEeJ! C KHOTIKaMH, o0ecre-
YUBAIOIUMH OBICTPOE MCIIOIHEHHE YaCTO HCIOIb3yEMBIX
koMmaHn. [TaHensiMu MHCTPYMEHTOB CHaO)KEeHBI BCE Jl0uep-
HUe okHa (6a3a mpubopoB, Oaza kabeneil, rpaduyeckuii pe-
JAKTOp OOIHX CXeM, TpapHIECKUH peIaKTOp IMPHHIHITHATH-
HBIX CXE€M) U OCHOBHOE OKHO IporpamMmsl [4];

— KOHTEKCTHBIE MEHIO — MEHIO, BBI3bIBAEMBIC HAKATHEM
NpaBoil KHOIIKM MBIIIKH. B KOHTEKCTHOM MEHIO 0TOOpaska-
FOTCSI ICHCTBYSL, JOCTYITHBIC ISl BRIICIICHHOTO 00BeKTa [4];

— TaOJIHIIBI TAaHHBIX — PACTIONOKEHBI B 6a3e OJIOKOB MpH-
OopoB u 6a3e kabeneit [4];

— OKHa PeIaKTHPOBAHUS — paboune 1Mo TpaguIecKix
penakTopos [4];

— TIOJIOCHI TIPOKPYTKH — WHCTPYMEHTHI IE€PEMEICHUS
JCTa CXeMBI [4];

— CTPOKa COCTOSIHUSI — PacIOJIO’KeHa B HW)KHEW 9acTh
OCHOBHOT'0O OKHA ITporpamMmMbl. CTpoKa COCTOSIHUS SIBIIACTCS
9JIEMEHTOM O0TOOpaskeHus! TeKkyeil nudopmarmn [4];

— JIMAJIOroBble M MH(OPMAIIMOHHBIE OKHA — HUCIIOJNIB3Y-
FOTCS JUIs1 3aHECEHUS] U PeIAaKTUPOBAHUS UCXOIHBIX CXEMHBIX
JIaHHBIX, HACTPOMKH TapaMeTPOB PO PAMMBI, COXPaHEHUS,
OTKpPBITHSI U 3KcropTa (aiyio, a Takxke Ui COOOIICHHS
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TTOJTE30BATEIIO PA3bICHUTEIFHON HH(POPMAIINH 1 TIOATBEP-
JKJICHUS KaKUX-JTHOO jaeiicTuid [4].

JTansl NPOEKTHPOBAHNSA Pa3beMHBIX COeTMHEHMIT an-
napatypsl 4 cucteM KA. CoracHo npeiiaraeMoMy METOILY
npoekTHpoBaHus (puc. 3) pa3paboTka pa3beMHBIX COE/IIHE-
HUH OCYIIECTBIISICTCS B TPH dTaIla:

1. BBOZ MCXOIHBIX CXEMHBIX JaHHBIX U pa3paboTKa Ka-
OeTbHOM TOKYMEHTAITUH COTIIACHO MEPEYHI0 U MOCIIeI0Ba-
TCJIbHOCTH BBIITYCKACMBIX TOKYMCHTOB. I[aHHLIﬁ 9TaI pea-
JIM3YETCs CPEACTBAMH pa3pabOTaHHOTO TPOTPAMMHOTO 00ec-
MIEYCHHS ABTOMATH3UPOBAHHOTO CO3JAHUS SITEKTPHUESCKIX
CXEM Pa3beMHbBIX COSTUHEHHH.

2. Co3naHne TpeXMEPHOU MOJICTIH PACKIa K KaOeTIBHOM
cetu KA cpeacramu CAITP CATIA V5.

3. OnTumMH3aLms IapamMeTpoB pa3beMHBIX COSTMHEHHH CPEI-
CTBaMH ITPOrPaMMHOT'0 00ECIICUEHHSI, OCYIIECTBIISIIOIIETO B3a-
umozeiicteue ¢ CATIP CATIA V5 (Hanpumep, «DBepect).

Paccmotpum mogpoOHee mocienoBaTeaIbHOCTE padoT,
BBITIOJTHSAEMBIX Pa3padOTYMKOM TIPH CO3/IaHUU KaOeTbHOM
JIOKYMEHTAINH cpeacTBaMu paspadbotanHoro 1O aBToma-
THU3UPOBAHHOTO CO3/IAHMSI DJICKTPUUECKHX CXEM Pa3beMHBIX
COEIMHEHUII.

TTonw3oBaTenbckuii uaTEpQEiic pazpadorannoro 10
obecrieynBaeT CTPOroe CieJOBaHNE TaraM IEKTPUIECKO-
TO MIPOSKTHPOBAHUS PAa3bEeMHBIX COeIMHEHHIA cucTeMbl KA.
[pouecc co3nanms IEKTPUUECKUX OOIIMX U TPHHIHITHAIb-
HBIX CXEM Pa3beMHBIX COCIIHEHUH OCYIIECTBIICTCS B He-
CKOJIBKO 3TAIloB:

®afin Opaska Bua Jeiicems PucoBamve Onuvk OkHo  Chpaeka

0. Co3nmanne Mozeneit mpuOopoB (TEKCTOBBIE (PaiITbI pac-
mmpenueM *.bbp).

1. CozaHue HCXOHBIX JAHHBIX IIPOCKTA!

a) ¢ momoIpio npoueaypsl «IIpucoenuauts 6a3y 010-
KOB IIPUOOPOBY B paboumii IpoeKT 100aBiseTcs Habop rnpu-
60poB U3 co3maHHbIX Ha 3Tane 0 Gpaiios;

0) ecin mpubop B cucreme KA 3ape3epBrpoBat co cre-
TIEHBIO PE3EPBUPOBAHNS /1, TO COOTBETCTBYIOIINH (haili 10-
OassieTcst n pa3. JJoMapKkupoBKa pe3epBUPOBAHHBIX ITPHUOO-
POB OCYILIECTBIISIETCS] aBTOMATHYECKH B COOTBETCTBUH C Ha-
cTpoiikamMu nporpaMMsbl. Jlonyckaercs peaakTUpOBaHUE
Ha3BaHUI OJIOKOB, COCIUHUTEIICH U TICTICH KaK Pe3epBUPO-
BaHHBIX, TaK X HEPE3ePBUPOBAHHBIX IIPHOOPOB;

B) 3aHOCHUTCSI HH(pOpMaNus 00 HHTEPPEHCHBIX MpoMe-
JKYTOYHBIX COCTUHHUTEISX, C 3aTIOJTHEHHEM IICIIeH KOHTAKTOB.

2. Co3manue oO1I€ei CXEMBI:

a) ZI00aBIISIETCsT HOBBIN JIUCT AMEKTPHIECKON CXeMBI (€ TOMO-
IIBIO COOTBETCTBYIOIICH KHOIKU HJIN ITyHKTa MEHIO BO BKIIAJIKE
(haii). [1pu HEOOXOMMMOCTH TOOABIISETCS HECKOIIBKO JIFICTOB;

0) IPOM3BOUTCS KOMITOHOBKA OJTOKOB IPHOOPOB ¥ HHTEP-
(heHCHBIX IPOMEKYTOUYHBIX COCANHUTEIICH Ha JTHCTE CXEMBI,

B) Ha OJ10Kax MPUOOPOB PA3MEIIAIOTCS AIIEKTPHUECCKUE
COCAMHUTEIIH,;

T') 100ABIISIIOTCS IPOCTHIE U CIIOXKHBIE Kabesy;

1) TOOABJIAIOTCS IPOMEKYTOUHBIE COSIMHUTEITH 1S 11e-
JICHUSI CJIOKHBIX KaOesel (Kak IpaBuiio, CIIOXKHbIE Kabelu ¢
YHCIIOM COeAMHMTENeH Ooee 15 mpuHATO pasmessaTe npo-
MEKYTOYHBIMH COCANHUTEISAMH);
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Puc. 4. TTonp3oBaTensckuii nuTEpdeiic paspadorantoro 1O co3paHms MEKTPHIECKUX CXEM Pa3beMHbBIX COSIMHEHHI
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€) co3/maeTcsi TePMOKOHTEHHED B CITydae, eIl 3TO Tpe-
JlyCMOTpeHO apxuTekTypoii KA. JlaHHbIi 00BEKT MOXKET ObITh
TaK)K€ UCIOJIb30BaH MPHU CO31aHUU cXeM ucnbiTaHuit KA B
TepMobapokaMepax;

7K) TIPOU3BOJIUTCS HyMepatiys Kabesel 1 OJIOKOB PHOOpPOB.

3. ABTOMaTHYECKOE CO3/IaHHE IEepEeyHs AIEMEHTOB 00-
LIEH CXEMBI.

4. Co3ganue MpUHINIHATEHON CXEMBI:

a) MPUHIUITAATBHAS CXeMa CO3/IaCTCs Iy TeM ITPOTrpaMM-
HOTO TIpeo0Opa3oBaHus OOIICH CXEMEI;

6) IPOM3BOANTCS KOMITOHOBKA HJIEMEHTOB MPHHIIUITAAIT-
HOH cxeMsl. [IporpaMmHoe obecrieueHre no3BoIsIeT Paciio-
JIaraTh KOHTAKTHI COSIMHUTEIS Ha Pa3HbIX JICTAX IPUHIIUITI-
aJIbHOM CXEMBI;

B) OCYIIECCTBIIACTCS pEIAKTUPOBAHUE CTPYKTYPHI COS/IU-
HEeHHUH Kaberel B ciryyae, eCIIi TaHHBIH 9Tarl He ObLT BBITION-
HCH Ha 3Tare Co37aHus 00IIeH CXeMBI;

T) 700ABIISIOTCS TIOBUBHI IIPOBOJIOB M OCYIIIECTBIICTCS HX
JKpaHHPOBAHUE;

IT) TIPOU3BOUTCS HyMEpAaIHst OJIOKOB IPHOOPOB.

5. ABTOMaTHYECKOE CO3IaHUE TIEPEUHS 3JIEMCHTOB MTPUH-
[UIMTAATEHON CXCMBI.

6. Cozianvie MPUHIAITHAIEHBIX CXEM Pa3beMHBIX COE/TH-
HEHUH:

a) IPUHIMITHAEHBIE CXeMBI KabeTel Co3aroTes myTeM
MPOTPAMMHOI0 MTPe0OPa30BaHMs IPUHIIUIHATIBHON CXEMBI
cucteMbl KA;

0) MPOM3BOIUTCST KOMITOHOBKA YJIEMEHTOB CXEMBI;

B) Ha JIUCTE CXEMBI CKPBIBAIOTCST OJIOKH IPUOOPOB, TAKMM 00~
Pa3oM, OCTaeTCst TOJbKO HeoOxoamuMast KaberbHast HH(opMaIws;

T') J00ABJISIOTCS HE3a/ICHCTBOBAHHBIC KOHTAKTHI;

II) CKPBIBAIOTCS HAMMEHOBAHUS LeNed U JOOaBISIOTCS
CEUYEHUSI [TPOBOJIOB.

7. 3KCHopT CO3AaHHbIX Ipaduueckux Gpaiios B popmar
* dxf, mubo *.emf

8. ITeuaTs cxeM cpencTBaMu pazpadorannoro [10.

9. Ilewyars mepeuneii snementoB U3 Microsoft Word.

10. ABTroMaTnyecKasi reHeparys TabIIHI SJICKTPUUECKUX
coemquHUTeNeH B Microsoft Excel s nanpreiimei 3D-pea-
m3armu mpoekTa cpenctBamu CATTP CATIA V5.

Heo06xommmo oTMeTuTb, uTo Ha 3Tanax 0—6 amekrpudec-
KOTO MTPOEKTUPOBAHUSI TIPOTpaMMHOE 00ecreyeHne Mo3Bo-
JsIeT KOPPEKTUPOBATh UCXOTHBIC CXEMHBIC TaHHEIC.

Ml MPEAJIONKUINA METOAbI aBTOMATU3UPOBAHHOI'O IIPO-
EKTHPOBAHUS Pa3bEMHBIX COCAMHEHHUN U MEPCIEKTHBHBIE
AITOPUTMBI B3aUMOJICHCTBHS IIPOTPAMMHOTO 00eCTIeUeHN,
peayn3yroImue Mpu MUHUMAJIbHOM COCTABE HCIOIb3yEMbIX
MIPOTPaMMHBIX CPEJCTB CKBO3HO MpoIecc MPOESKTHPOBa-
Hust kabenbHOM cetn KA. BriepBbie npeiioxena u anpoou-
pOBaHa IIeT0YKa CKBO3HOTO MPOCKTUPOBAHUS, OXBATHIBA-
fommas Bcro umeronryo Mmecto B OAO «MCCy» mocnenosa-
TEJILHOCTb TAIOB Pa3pabOTKN KabeIbHOM JOKYMEHTAIINH.
Pa3paboTraHo 1 0TIIaXXeHO MPOrpaMMHOE 00ecTieUeHNE aB-
TOMaTH3UPOBAHHOTI'O CO3JAHHUSI DIEKTPUUECKUX CXEM
pPa3bEeMHBIX COCIUHECHHA, KOTOPOE CTPYKTYPHO BOILIO B
IpeIaraeMyIo Iermo4YKy CKBO3HOTO MPOCKTHPOBAHHS Ka-
oenpHOIT cetn KA. B Hactosee Bpemst B OAO «CC» ocy-
MIECTBIIICTCS BHEIPEHHUE Pa3pab0TaHHOTO IPOTPAMMHOTO
obecrieuenust. CennaiucThl OTJEN0B-pa3paboTIYNKOB CH-
cteM KA orMeuarot, 4To CylecTBEHHO COKPaTUIOCh Bpe-
Msl pa3paboTKK KabelbHON JOKYMEHTAIlMU U HcYe3lia He-
00XOIMMOCTh PYTHHHBIX IIPOLIEAYP MMPOBEPKH KOPPEKTHO-
CTH CXEMHBIX JAHHBIX Ha CTBIKAX ITAIIOB Pa3paOOTKH 3JIEKT-
pudeckux cxem cucreM KA.
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Y. V.Kochev

DEVELOPING METHODS AND ALGORITHMS OF COMPUTER-AIDED DESIGNING
ELECTRICAL CABLES OF SPACECRAFT SUBSYSTEMS AND EQUIPMENT

Electrical designing of the spacecraft subsystems and equipment cables is a complex and important engineering
stage of the spacecraft development. To solve this problem efficiently it is necessary to use specific sofiware providing
end-to-end designing from the development of the spacecraft subsystems electric circuits to the development of the cable

manufacturing design documentation.
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VIIK 629.130

O. T Boiiko

3AJIAYA OIITUMHU3AIINN OTPABOTKH PECYPCOB
CAMOJIETOB I'PAJKIAHCKOM ABUALIAN

Paspabomana memoouka, obecneuusaroujas 03MOHCHOCMb YNPABIEHUA OMPAOOMKOU Pecypcos camonemamu asud-
KOMRAHUY € Yenbio MUHUMUZAYUY 3ampam Ha KANUMAanbHo-80CCMAHOBUMENbHbIE PEMOHbL

CamoreraM rpak/IaHCKOM aBUAIUH YCTaHABITHBAKOTCS Pecyp-
CBITI0 HAJICTY YACOB, 10 ITOCAIKaM U KaJICHIAPHOMY CPOKY CITy K-
6561 ITocne Toro kak caMmosneT BeIpaboTalt pecypce 1o HaJeTy Ja-
COB JIMOO 10 1OCAJIKaM, OH HAIPaBILIETCS] HA aBUAPEMOHTHBIH
3aBOJI [T KATINTAITFHO-BOCCTAHOBUTEIIFHOTO PEMOHTA.

DKCIUTyaTaHTBI CaMOJIETOB (aBHAKOMITAHWUH, aBHATIPE/IIT-
PHATHST) 001 1aT0T JTUIICH3USMU JUTS BBITIOTHEHUS TTACCAXKHP-
CKHX MEPEBO30K 110 OTPAaHUYEHHOMY TIEPEYHIO MapIIPYTOB.
OH onpenensiercst reorpaduuecKiM MOI0KEeHNEM IKCIITya-
TaHTa, €r0 BO3MOKHOCTSAMU M MHTepecaMmu. B padote [1]
MIOKa3aHO, YTO HAJIET YacoB, NPUXOIIIUNCS Ha | mocaaky
JUTS CAMOJIETOB aBHAKOMITAaHUH SBJISIETCS CITydaifHOM BeIH-
YUHOM, pacnpeieJIEHHOM 110 3aKOHY PaBHOMEPHOM IIOTHO-
CTH BepOSTHOCTH. [ana3oH n3MeHEeHNUs HajleTa Ha TOCAIKY
y 9KCIUTyaTaHTOB HE OINHAKOB: TaK, Y OJIHOW U3 pacCMaTpH-
BaeMbIX B [ || aBUakoMIIaHUI OH MMOCTABJISAET JJIs1 CAMOJIETOB
Ty-154Mub ot 1 10 3,5 4,y apyroii ot 2 10 3,3 4, y TpeTheit
or1,5102,54.

Hauer Ha mocaiky MokeT OBITB OTIpeIeTICH C Haualia dKC-
TUTyaTalHK 3a TIEPUO/] JI0 IEPBOI0 PEMOHTA U 32 MEXKPEMOH-
THBIH nepuoa. J{nanazoH U3MEHEHUs HaJleTa Ha I10CA/IKy B
MEKPEMOHTHBIH MEPUOJ LIMPE, YeM B TIEPHOJL C Hayalia IKC-
IUTyaTanyy. JTO CBS3aHO C TEM, UTO ITEPHOJ ¢ Hadasia KCII-
JIyaTaIiy 3HAYUTEIFHO MPOTSDKEHHEE, 9eM MEKPEMOHTHBIH.
CamoneT MOT MEHSITh rnopra nmpueMKHu, 4TO OKa3bIBaJlO BbI-
paBHHBAIOIIICE BIMSHIC HA HAJICT HA TTOCAJIKY.

[Tpu HampaBieHUH B PEMOHT CaMoJIeTa, BhIpaOaThIBaB-
mero pecypc 7' 1o HaJleTy 4acoB W HE MCIIOJIb30BABILIETO
BeCh pecypc N 10 ImocakaM, IKCIUTyaTaHT TePIUT yOBITKH.
OHH CTAHOBSITCSI MUHUMAaJIbHBIMH, €CJIH K MOMEHTY Halpas-
JICHHS B PEMOHT CaMOJIET BRIpadaThIBAET KaK Pecypc o Ya-
cam, Tak u 1o rocajkam. Takum oOpa3oM, 3a1a4a ONTUMHU3A-
U OTPAOOTKH PECYPCOB CBOAMTCS K 00SCIICUCHUIO YCIIO-
BUS OJHOBPEMEHHOCTH BBIPAOOTKHU pecypca Kak IMo Jacam,
TaK ¥ 110 TT0CaKaM.

PaccmoTpum 3Ty 3a1ady 11 SKCIUTyaTaHTa, IMEIOIIETO
HapK 71 OHOTUITHBIX CAMOJIETOB, 00CITy)uBatomux K map-
PYTOB 10 pacCIMCAaHUIO. BBINOIHSS KK b1 i-i MapLIpyT U3
K, camorner HapaGaThIBaeT t; IETHBIX YaCOB M COBEPLIAET N

HocaJoK. 3a pacCMaTPHBAEMBbIH NEPHOJ BPEMEHH CaMOJIET
MOJKET COBEPIIHTDH [0 KaKJIOMY MapuipyTy Ai BBLICTOB.
Torna 3a paccmarpuBaeMblil IEPUOJ BPEMEHH CAMOJIET Ha-
JeraeT t, 4acoB: oIpeeNieMOe U3 BEIPAKECHUS

n

i=1
U COBEPIIUT N, MOCAIOK:
n,=>An. )
i=1

Torna ycnoBue ONTUMHU3AIMH OTPAOOTKH PECYpPCOB K-
3eMIUISIpa CaMOJICTa 3aIMUIICTCS B BUJIC BEIPAKCHHS

n
i§1,7\'iti ~ T

N )
z}\'ini N
i=1

pH ikiti =T. @)

[ockonbKy 10 paccMarpruBaeMbIM MapIIpyTaM HCHOJb-
3yI0TCS M CaMoJIETOB, yciIoBHeE (3) AMs Mapka caMoJIETOB
9KCIUTyaTaHTa MPUMET BUJL

k
2
i=1

m

>

=1

m

K
A
=1

—. 5
\ (5)
i
[TonHOE yIOBIETBOPEHHE YCIOBHIO (5) IPEACTABIAETCS
3aTpyAHUTEIBHBIM U TPUOIIMKEHHE K HEMY CYILIECTBEHHO CO-
KPATHT 3aTPAThl HA PEMOHT ITapKa CaMOJICTOB.
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0. G. Boyko

THE NECESSITY OF CIVIL AVIATION AIRPLANES RESOURCES
EXHAUST OPTIMIZATION

The methodica providing the possibility of managing the air company airplanes resources exhaust is developed/ The
aim of the methodica is to minimize the recovering repairmen’s expenses.
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VIIK 62.506

O. C. Unozemuesa, A. A. Konrames

TEXHOJIOI'YA ITPOI'PAMMMUPOBAHUSA CPEABI IPOI'PAMMHOI'O
YITPABJIEHUSA CIITYTHHUKOB CBA3U U HABUTALIMN

Paccmampusaemcs mexnono2usi HA0EACHO20 U IPPEKMUBHO20 NPOSPAMMUPOBAHUSL KOMAHO YAPABGIeHUsl 05l YHUDU-
YUPOBAHHOU CPedbl NPOSPAMMHO20 YNPABILEHUS CHYMHUKAMU C8A3U U HABUSAYUU C UCNONb306AHUEM YHUBEPCANbHOU

Cucmembvl 6U3yalbHO2cO0 NPOcpaAMMUPOBAHUSL.

TexHonmorys ynpasieHus CITyTHUKaMU CBSI3U U HaBUTa-
1uu, pazpadarsiBaeMbiMi B OAO «H(pOpMalMOHHBIE CITYT-
HHUKOBBIE CHCTEMBD» UMEHH akajemuka M. @. PemerHesa,
TPaIUIMOHHO 0a3UpyeTCsl Ha MCIOIb30BAaHUH KOMAH[ YII-
pasienus (KY), Bel1aBaeMbIX Kak ¢ HA3eMHOT'O KOMILJIEKCa
yIpaBJIEHUs], TaK 1 OOPTOBBIM IIPOrPaMMHBIM 00€CIICUCHNU-
em (BI1O), ¢pyHKmoHMpyIOmNM Ha OOPTOBOM KOMITBIOTEPE
B cocTaBe OOPTOBOTO KOMITIEKCA YIIPABICHHS CITy THHKOM.

OTnnunTeNnbHON 0COOCHHOCTBIO PEIICHUS 3TOH 3a/1a4H B
OAO «MCC» sBnsiercst Hamruue B coctase bI1O cpezpl mpo-
IPaMMHOTO YIIPaBJICHHs], IPEJI0CTABISIONEH YHUDUIUPO-
BaHHBIM HHTEpQENC VIS pelIeHus 3a/1a4 ONIEPATUBHOTO 1 aB-
TOHOMHOTO yTIPaBJICHHs, B 4ACTHOCTH MO KOMAaHAaM yIIpaB-
nenus [1; 2; 3].

Jns peanmzari KOMaH [ YIPaBJICHHUS B COCTABE CPEIbI
MPOrPaMMHOTO YIpaBiieHUs! QYHKIIMOHUPYET KOMILIEKC 3a-
Jad, SBIISIOIIUICS MPOrpaMMHUPYEMbIM OOPTOBBIM HHTEp-
MPETaTOPOM KOMAaHJ YIIPABICHUS CITyTHUKOM — IIPOrpaMma
NCK (Ucnomuenne Koman ). C TOYKH 3peHHst 3TOM IPOrpam-
MBI — KOMaHJIa YIPAaBJICHUS CIlyTHUKOM — 3TO 3arporpam-
MHUPOBAHHBIN KOPTEX (IIOCIEI0BATEIFHOCTH) AHCTBHUIT TTO
YIIPABIICHUIO, MOIEKAIINX BBIMOIHEHUIO JAHHOH ITporpam-
Moii. Habop xomMaHa ynpasieHns crienupyueH I KaX10To
CITyTHHKa, SIBJISICTCS] BXOAHBIMU JJAHHBIMH JIJISI IPOTPaMMBI
NCK u momnexut nporpammupoBanuto. Habop neficteuit
JIOCTATOYHO YHUBEPCAJICH, HE3HAUNTEILHO MEHSAETCS OT CITyT-
HUKa K CITyTHUKY 1 peam3yeTcs B mporpamme MCK.

B nponecce ympasnenus, peanusyemom bI1O, komanaa
YIIpaBIICHUS BbIIaeTCs IyTeM oopatenus K mporpamme MCK
C yKa3aHHEeM HOMepa WU a/ipeca KOMaH/Ibl, T. €. yKa3aHueM
COOTBETCTBYIOIIETO KOMaH/Ie KopTeska feiicTuil. [Iporpam-
Ma VICK obecnieunBaeT McmoaTHeHHE (MHTEPIIPETALINIO ) ICH-
ctBuii KV B ykazaHHOI! B KOpTeKe 0CIe10BaTeNbHOCTH.

[lox nmeiicTBreM MOHMUMaeTCs, HAIIpUMeEp, BbIAaYa Koja
BO BHEIITHHUE KaHAaJIbl 0OMEHa ¢ OOPTOBOM amnmaparypoi, mpo-
BEpKa KBUTAHIMH KaHasia 00MeHa, TIPOBEpKa MIIN MTPHUCBOE-
HHE 3HaYCHUS STUCHKe MaMATH, apu(hMETHIECKHE NEHCTBHA
CJIOKEHHE/BBIYUTAHUE, BBI30B THIIOBOTO JI00aBOYHOTO KOp-
Texa U T. II. [lepedeHp Bcex NEHCTBUI, HCIIONB3YEMBIX JIJIS
nporpammupoBanust KY, cneuududen s pasHeix 60pro-
BBIX BBIUYMCIIUTENBHBIX IIaT)OPM, @ HA3HAYCHUE U KOPTEKH
KOMaH/I YIPaBICHUS PA3IHMYHbI AJIsI PA3HOTO BH/A KOCMH-
gyeckux anmapartoB. Koprexu KY noarorasnusarorcs Ha 9Ta-
Te MIPOEKTHBIX PAa0OT 110 MOACHCTEMAM CITyTHHKA, U BXOJIAT B
cocraB OOPTOBOTO IPOTPAMMHOTO OOECIIEYEHHs B BUEC
MOJynel BXOIHBIX JaHHBIX uHTeprpeTatopa MICK.

HomepHnble koMaHIbI yIPaBICHUS Pa3/iesieHbl Ha OJIOKH.
Bnoxu HOMepHBIX KOMaH/I, B KOTOPBIX BCE€ KOMAH/IbI I10 CBOE-
My Ha3Ha4EHHIO IPUHAJUIEKAT OTHOHM MOICHCTEME CITy THH-
Ka, SIBJISIOTCS CHCTEMHBIMH OJI0KaMU M IPOTPaMMHUPYIOTCS
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MIPOEKTAaHTaMHU COOTBETCTBYIOIINX IMOACHCTEM. bioku Ko-
MaH/1, BHyTPU KOTOPBIX HOMEPHBIE KOMaH/ bl 10 HA3HAUCHUIO
OTHOCSTCS K Pa3HBIM ITOJICICTEMaM, Ha3bIBAIOTCS OOIIIECHC-
TEMHBIMH H TIporpamMmupyorcsa npoekrantamu [10 BKY.
OOBI4HO, HYJIEBOI1 M IEPBBIH OJIOK KOMaH 1 yIIpaBICHUS ITPO-
eKTHUPYIOTCA Kak obOmecucreMuble 0oku. Kaxmaomy 610Ky
HOMEPHBIX KOMaH]1 YIIPaBJICHUSI COOTBETCTBYET OJJMH MOITYJb
BXOmHBIX AaHHBIX HHTeprpeTaTtopa MCK (B/] UCK). Bxommbre
narnbie MCK uMeroT miiaBHBIN MOY/Ib ¢ TAOHIICH yKa3aTe-
Jelt Ha MOIYJ I OJTIOKOB KOMAH 1 YIIPaBIICHHS.

AnpecHble KOMaH/AbI YIPABICHUS MOTYT Pa3MeIIaThCs
KaK B OTJEJIbHBIX MOYIIsIX agpecHbix koMana BJI UCK, tak u
MOTYT OBITH JOOABIICHBI B MOAY/H OJIOKOB HOMEPHBIX KOMaH]T
yIpaBieHus. AJpecHasi KOMaH/ia yIpaBJIeHNUs] MOXKET ObITh
WCTIOJTHEHA TIpH oOpareHun K nHTeprperatopy UCK c yka-
3aHUEM aJipeca KOMaH/IbI.

[TongMHOXECTBY KOMaH]T KOPTEKa HOMEPHOW KOMaH/IHI,
OKAHYHMBAIOIIMMCS KOHIIOM KOPTEXka, MOXKET OBITh IPUCBO-
€H HayaJIbHBI CUMBOJIMYECKUH aipec, U TeM CaMbIM OIpe-
JieTieH TUToBoi qo6aBounsbnii koprex (TIK).

TumnoBoil 106aBOYHBIN KOPTEX MM aApecHas KOMaH/aa
MOXXET OBITH BBI3BaHA U3 pyToro Kopreka KV, eci BHyTpH
BBI3BIBAEMOT'0 HE COZIEPKUTCS Apyrux Ber3oBoB TIK nmm an-
PECHBIX KOMaH].

IIporpammuposanue KV sBasieTcst c0KHONW TEXHUYEC-
KOH 3a/1aueii, TpeOyroIielt MpUBICYECHHUS pa3HbIX CIIEIHAIIIC-
TOB M3 Pa3HBIX CTPYKTYPHBIX ITOIPA3ICIICHAN TIPS IIPUSITHS:
HHXEHEPOB-TIPOCKTAHTOB OOPTOBOTO KOMILIEKCA YIpaBlie-
HUSI, TH)KEHEPOB-TIPOEKTAaHTOB OOPTOBOH armaparypbl 11o1-
CHCTEM CITyTHHKA, HH)KCHEPOB-TIPOTPAMMIICTOB OOPTOBOTO
MIPOrpaMMHOT0 00ecTIeueHH s, THKEHEPOB MTPOTrPaMMHUCTOB
komIuiekcHoro tectupoBanust bIIO. Ilpu TpagunmonHom
MOJIXO/I€ KOMaHJIbl MIPOEKTHPYIOTCS MPOEKTaHTaMH, JOKY-
MEHTHPYIOTCS, & 3aTeM PEeai3yI0TCs IPOrpaMMICTAMH Ha
AccembOiniepe coorercTBytomieit bBIIBM. CnabbiM 3BeHOM
SIBIIICTCA B3aUMO/IEHICTBUE MEXKAY HHKEHEPAMU-TIPOEKTaH-
TaMH 1 HHKCHEPaMH-IIPOTPAMMUCTaMH, TaK KaK UX 00JIaCTH
3HaHUH CyIECTBEHHO pa3ziauyarorcs. OnepaTHBHOE B3aUMO-
JeicTBIe, HEOOXOMMMOE B TIPOLIECCE TECTHPOBAHMUS, 3aTPY/-
HEHO IPUHSTHIMH IPaBUJIAMH TIepeiadi nHOOPMAIIU MEKILY
CTPYKTYPHBIMHU NOJpa3AeneHusMu npeanpusatus. Kak cnen-
CTBHE, MOKHO O’KUIATh 3aTATUBAHNE CPOKOB paboT 1 HEJ0-
IIyCTUMOE TOSABJICHUE OIIMOOK B MPOrpaMMUPOBAHUU KO-
MaH]T yIIPaBIICHHS.

B OAO «MCC» npobiiema perraeTcsi ¢ TOMOIIBIO pa3pa-
0OTaHHOU M BHEIPEHHOH TEXHOJIOTHH pabO0T U CIICIUATEHO-
IO TEXHOJIOTHYECKOTO ITPOrPAMMHOTO CPE/ICTBA, CO3JaHHO-
O /115l €€ 00ECIIEUEHHsI: CHCTEMBI BU3YJIbHOTO CLIEHAPHOT'O
MIPOTPaMMHUPOBAHHS KOMAH/T YIIPABICHHS CITy THUKAMH CBSI-
3u— CITCIIOJIKOM [4]. HoBast TexHOMOTHst paboT UCKITFO-
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YaeT y49acThe MPOrPaMMHUCTOB M IMOATOTOBKY BXOAHBIX JJaH-
Heix CK Ha s13p1ke AccemOuiep. Cuctema mporpaMMupoBa-
Hus UCITOJIKOM mnpenocraBnser nHTEpdEHc BEICOKOTO
ypoBHsI Ha Oa3e po0JIEMHO-OPUEHTHPOBAHHOTO SI3bIKa IPO-
IrpaMMHPOBAHHSI KOPTEXKEH M TOJHOCTBIO aBTOMaTU3UPYET
MOJTy9eHHEe aCCeMOIEPHBIX MOIYIIeH. DTO MO3BOIIAET HETIOC-
PEICTBEHHO MPOEKTAHTaM JIOTHKH MOACUCTEM M CITyTHHKA
MPOrpaMMHPOBATh KOMaH/ bl YIIPABIICHNS YePE3 HECIOKHBIN
OKOHHBII UHTEPQEIC 110 3a]aHHOMY CLIEHAPHIO.

Cucrema nporpammuposanus UCITOJIKOM npumenn-
Ma 151 OOPTOBBIX KOMITBIOTEPOB TPEX BBIYNCIINTEIbHBIX I1IAT-
¢opm: C-32 (apxurexrypa VAX 11/750), OBC-1750 (apxurex-
typa MIL-STD-1750A), BUBK (apxutexrypa MIPS-III),  3T0
MOJTHOCTBIO 3aKPHIBAET NOTPEOHOCTH NPEIIPUSATHS B HACTO-
amee Bpemst. CucteMa o0ecrieynBaeT BO3ZMOKHOCTD 3aMM-
CTBOBAHHS OT M3/ICIHA K U3ACTHIO 3HAYUTEIBHOTO 00bheMa
y’Ke TIPOBEPEHHOT0 Kozia KomaHn (puc. 1).

VcXomHbIMI JaHHBIMU AT IPOTPAMMHPOBAHUS KOpTe-
kelt komas] ynpasnenus uepe3 CIT UCTIOJIKOM sBastoTes:

— TepedeHb HOMEPHBIX KOMaH]| YIIPaBICHUS TOJICHCTE-
MaMH U CITyTHUKOM U UX Ha3HauYCHNE;

—TepeyeHb IeHCTBUMN 715l JaHHOM BHIYMCIUTENBLHOM I11aT-
dhopwmmr;

— IEPEYHHU KOJIOB, BBIIABAEMBIX B Pa3JIMUYHbIC KaHAJIbI
oOmMeHa 60pTOBOTO KOMIBIOTEPA ¢ OOPTOBOI anmapaTrypou,
U MX Ha3HAYCHHE;

— CIIMCOK TEJIEMETPHUUECKHX ITapaMeTpPOB;

— CTIMCOK 3a7a4 OOPTOBOTO KOMITBIOTEPA;

— cnucok BHemHux umeH bI1O.

[Tapamerpamu AeHCTBHS MOTYT OBITH KOJbI BHEIITHUX YCT-
pOICTB OGOPTOBOM ammapaTypbl, CHMBOJIMYECKHE UMEHA WU
azpeca OOPTOBOTO MPOrPAMMHOTO OOECTIEUEHNsI, HOMEpa 3a-
Jnad BI1O, urcna u kofipl 1o ykazanHoMy opmary. Habop neii-
CTBUIA OTJINYAETCSI VTS PA3HBIX BEYUCINTEIIBHBIX I1AT(OpM, TaK

KaK pa3Hble aT(hopMbI UIMEIOT Pa3INIHbIC KaHAIbI OOMeHa ¢
BHeEIITHEi 00pTOBOii armaparypoil. Ha coctas Habopa neicTBHi
OKa3bIBACT CYIICCTBEHHOE BIMSHHE apXUTEKTypa OOpPTOBOTO
KoMIibtoTepa — Habop netictBuit OBC-1750 cyiecTBeHHO OT-
JIMYaeTCst 0T Habopa AeHCTBHI IPYTuX IIaThopM U3-3a pasjie-
JICHVS aJIPECHOTO IPOCTPAHCTBA KOMITHIOTEPA Ha a/IPECHBIE CEK-
1M C pa3HbIMU 06J'IaCTHMI/I BUAUMOCTH.

Bes ncxonmnas naopmanus XpaHuTes B 0a3ax JaHHBIX
HCITOJIKOM. BJ] co3nmanbl kak 0a3el naHHbIX MS Access
2000, rHo onb30Barels padboraet ¢ HuMu yepe3 CITMCTIOJI-
KOM. BJ] UCTTOJIKOM pacmionararoTcst Ha 00IeM CETEBOM
pecypce, u CIT UICITOJIKOM obecnieyrBaeT MHOTOIIOJB30-
BAaTENECKYIO pabOTy B paMKax IMPEATIPUATHS.

Jnst xa10i 60pTOBOW BBIYMCIUTEIBHON TIAT(OPMEI
onpenerer KoMruiekT 6a3 nanabx UCTTOJIKOM cootBeTcTBY-
tomiero cocrara. Komriekt b1 ICITOJIKOM Bxirouaer:

— 0a3y JaHHBIX U3/ (TeMa, IOJCHCTEMa, HOMEP U3-
JIeNTus], 371eCh O] TeMOW TIOHUMAETCS BHJ| CITyTHHUKA, O
HOMEPOM U3/IeIHs — 0003HAYCHUEC CITyTHUKA, N3TOTaBIINBAC-
MOTO TS OTIPEICIIEHHOT O BI/1A MICTIBITAHHH );

— 0a3y TaHHBIX KOMaH/1 YIIPaBJICHUSL;

— 0a3y TaHHBIX JICHCTBUH;

— 6a3y mannbIx 3a1a4 BI1O;

— HECKOJITBKO 0a3 JAHHBIX CO CIIUCKaMHU KOJIOB, 0003Ha4e-
HUH 1 HANMEHOBaHMN KOMaH/ ISl KaHAJIOB 0OMeHa 6opTo-
BOTI'O BBIYMCJIIMTEIIBHOI'O KOMIIJICKCA C BHCIITHUMH yCTpOﬁCTBa-
MU, CICNU(UIHBIMH JUTS TAHHOM TIATQOPMEL.

ba3bl maHHBIX pa3fesieHbl Ha Ba YPOBHS: Ha BEPXHEM
ypoBHe Haxoautces b/ uznenuii, ocransabie b/l —Ha BTOpom
ypoBHe. B]] BToporo ypoBHs cBsi3aHbI ¢ Tabaumamu u3 bJ]
U3JICIUIA, TaK 4TO 3amucu B Tabmunax bl BToporo ypoBHs
“MeeT UICHTUUIUPYIONLYFO IPUBS3KY K TEME, TIOJICHCTEME
U HOMEPY U3CIHs Yepe3 TAOIHUIIBI CBSI3eH, ITOCTPOCHHBIX I10
PEISIMOHHOMY THITY. JTO MPEAOCTABIISCT BO3MOXKHOCTD Xpa-
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ABM(ZL;I/IOHHCZ}I U padkemHo-Kocmu4eckas mexHuxKka

HUTH HHPOPMAITHIO ¢ OJIM3KUMH HAOOpaMU TAHHBIX [T Pa3-
HBIX TEM, IOJICHCTEM M HOMEPOB U3/ENINH B 0JJHOM (haiiie.

B VICTTIOJIKOM 3amnomnsstrorest npoekrantamu BKY wepes
BCTPOEHHOE Cpe/IcTBO IoAroToBKH 0a3 nanHbx ICTIOJIKOM.
Beon napopmarmm B B/ UCTIOJIKOM siBisiercst HOArOTOBU-
TETBHBIM 3TaIoM K HadaTy IPOTpaMMUPOBAHNS BXOHBIX 1aH-
HBIX OOpPTOBOTO HHTEpIpeTaTopa koman ynpasnenus ICK.

Komanze! ynpasieHust IporpaMMHPYIOTCS IPOCKTaHTaMH
MOZICHCTEM pa3ziefbHO. [IpoekTaHTaM MOACUCTEM JOCTYITHO
MPOTrPaMMHUPOBATH TOJIBKO KOMaH/Ibl COOCTBEHHOH MOJCHCTE-
MBI, HCHIOJIB3Yl TOJIBKO T€ JIEHCTBHS, KOTOPBIE UM Pa3pEIICHBI, 1
TOJIBKO T€ KOJIbl KaHAJIOB OOMEHA C BHEIITHUMH YCTPOHCTBAMH
0opTOBOH armaparypel, ¢ KoTopeiMu oHH padorarot. CIT IC-
TTOJIKOM npencrapisieT MpOeKTaHTy CIUCKA BO3MOYKHBIX 3Ha-
yeHnuil napametpos i BBoza. CIT MCITOJIKOM uckitouaer
BBOJI KOJIOB, HE COOTBETCTBYIOIINX CIHCKY, €CITH 3aJJaHO Orpa-
HHUYEHME CITICKOM, ITPOBEPSET 3HAUEHHs HA AUAra3oH, eClu
TaKne OrPaHNYUCHHS €CTh, M HA COOTBETCTBHE 3aaHHOMY (hop-
Mary. YacTb mapameTpoB AeHCTBUI IpoBepseTCs cpasy mpu
BBOJIC 3HAYCHIS depe3 OKHO. TakuM 006pa3oM, 9acTh OIHOOK
nporpammupoBanus KY yrnaercs npenynpeurs cpasy ske mpu
BBO/IE JIaHHBIX. Jlasiee mpoBepka oMmmMOOK TPOEKTaHTa BBIION-
HSIETCsl TIPU TPAHCILILMK MO/ koMaH[ ynpasienus B CIT
NCIIOJIKOM. OxonuarensHas nposepka moxyineir BJl UCK
BBITIOJTHSETCS ITPY KOMIIEKCHOM TectupoBanmy BI1O B cocTa-
BE Ha3eMHOr0 0TpabOTOYHOrO KOMILIEKCA.

CITUCITOJIKOM co3naet 1is KaskKA0H MoACUCTEMBI IIPO-
ekt BJ] UCK moxcucTemsl, cofiepKariui MOLYIIA CHCTEM-
HBIX OJIOKOB KOMaH/I, 1 MOZYJIX C YaCThIO KOMaH]1 M3 00IIeCH-
CTEMHBIX OJIOKOB, KOTOPBIE Pa3pEIIeHO JAHHOH MoJicucTeMe
nporpammupoBats. [Ipoext B/l MCK nonacuctemsl Takxke
CONIEpKUT paboure 0a3bl JaHHBIX, (ailll mpoekTa, Qaitisl
nepeHanpaBlieHus, KOHPUIYypaliu, JOKYMEHThI, padodne
0a3bl JAHHBIX U APYTUE BCIIOMOTaTebHbIe (Qailiibl. Bee daii-
JIBI ¥ BIIO’KEHHBIE MANKY MPOEKTa CO3AI0TCS U OOHOBIIAIOTCS
ABTOMAaTHYECKHU BO BpeMsi pabOThI IPOEKTaHTa Yepe3 CUCTe-
My nporpammupoBarus MCITOJIKOM.

[Tosnp3oBarenbekuii nHTEpdEic I IPOSKTAHTA COCTOUT
B cieaytouieM. [Ipu cozpanuu npoekra B/l MCK noacucre-
MBI IPOEKTAHT JOJDKEH YKa3aTh TEMY, ITOJCUCTEMY, HOMED
U3ensl, nanky, kyaa coxpanuts npoext B/l UCK. CIT UC-
TTOJIKOM co3znaet mpoeKT, OTKPBIBAET OKHO CO CITUCKOM
MotyJieit OJIOKOB KOMaH]1 yIIpaBIeHUS, JOCTYTHBIX IS TPO-
rpaMMHUPOBAHUS B JAHHOW moacucreme. Momymnb KOMaH[
YIOpaBJICHUS] OTKPHIBACTCS KaK OKHO CO CITUCKOM KOMaHJ U
KOpTeKel JaHHO! TOJICHCTEMBI, KOMaH bl yIIPaBJICHS, 3al-
POrpaMMHPOBAHHBIE KOPTEKAMU, IOMEUEHBI JINTEPO «K».
[IpoexraHT BEIOMpaET HY>KHYIO KOMaH/Ty U OTKPBIBAET OKHO
KOHCTPYKTOpa KOpTexka. B KoHCTpyKTOpe KopTexa 100aBis-
€T Hy’>KHbI€ JICHCTBUS B KOPTEK KOMaH/IbI U3 CITUCKA JICHCTBUH,
JIOCTYIHBIX K UCIIONIB30BaHMIO (pHC. 2).

KoHcTpykTOp KOpTEXKa CoAepKUT 0030pHYO TaOHILY IeH-
ctBuii Kopreska KY, n Habop HHCTPYMEHTOB JIJIs THIIOBBIX Ma-
HUITYIIIIUH € IeHCTBUSIMU BHYTPHU KOPTEKa: OTKPBITh, BBIPE-
3aTh, KOIIUPOBATh, BCTABUTh, IEPEMECTUTh, OTMEHUTH. JleiicTBISA
B Tabmmie kopreska KY (yHKIMOHAIEHO OKpAIIICHBI: BBIETIE-
HBI I[BETOM JICUCTBHUS C ITPOBEPKON KBUTAHIIUH, C BBIXOIOM U3
KOpPTEXa, BHI30BOM HJIM OIIPE/IENIEHHEM THIIOBOTO JOOABOU-
HOTO KOpTe’kKa, BaXKHbIC KOMaH(HbIe QyHKIMu. JleiicTBre n3
KOpTEKa OTKPBIBAETCS B OKHE /IS BBOZIA TAPAMETPOB M KOM-
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MEHTApHUEB K ICHCTBHUIO, TIOJISI BBOJA ITAPAMETPOB COAEPIKAT
CIIMCKH JUIsl BBIOOpA 3HAYEHMH, 3HAYEHHUS TIApaMETPOB JICeH-
CTBUSI IPE/ICTABIISIIOTCS B IPOSKTHBIX TepMUHAX. MHOrHe ma-
paMeTpbl ACHCTBUN IIPOBEPSAIOTCS Cpa3y IIPU BBOJIE.

B mpouecce nporpammupoBanus koprexxeit KY momyns
BJI CK cucrema nporpammupoBanust MICITOJIKOM co3na-
€T UCXOHBIM MoayJIb *.isp Ha si3bike ISPOLKOM, koTopsiii
ABISTFOTCS BXOIHBIM J171st cctembl UCTIOJIKOM mipu criety-
IOIIEM ceaHce PabOThI C ATUM MOJYJIEM Yepe3 OKOHHBIN HH-
tepdeiic. CITMICITOJIKOM TpaHCcnupyeT HCXOAHBIE MOTYITH
¢ si3pika ISPOLKOM na mpomesxytounslit si361k DISKAS ¢
MIPOBEPKOH OLIMOOK, KOTOPBIE MOT JIOIYCTHThH IPOEKTAHT.
Crnenyrouum mraroM Tpascistop DISKASM tparciupyer
Moy ¢ sa3b1ka DISKAS Ha s1361k AccemOiep cOOTBETCTBY-
forIel OOPTOBOM BEIYHCIUTENEHON MIaT(GOpMBL. 3aTeM MO-
nymu B UCK c si3pika Accem6nepa MICTTOJIKOM kommuu-
pyeT B OOBEKTHBII KOJ| C TOJIyYEeHHEM JIUCTHHTOB C ITOMO-
610 KOMIIMJIATOPA A3bIKa AccemOnepa n3 cocraBa Kpocc-
cucremsl mporpamMmupoBanus BI1O Ha s3p1ke MOJIVIIA-2.

CIT UCITOJIKOM 1o3BOSET BHIIOIHUTD ITPOBEPOTHYTO
koMrtoHOBKY nipoekTa B/l MCK ¢ moxakmtodeHneM o0mmx
O6uOIMOTEK M3 KPOCC-CHCTEMBI TporpamMmupoBanust bI1O n
00BEKTHBIX MOJYJIEl OOPTOBOTO MPOrPaMMHOTO o0ecTede-
HUS TTOJICUCTEMBI C LIEJIBIO IPOBEPKHU 3aMbIKAHHS BHELITHUX
HMEH, HCTI0NTB3yeMbIX B Moxyisix mpoekta BJl UICK, o mepe-
Jaqn Moyneit u3 npoekra BJl ICK 1 KoMIsIeKCHOTO TECTHPO-
Bauus. st ratdopmer C-32 MpoeKTaHTy MPEROCTABIACTCS
BO3MO)KHOCTb aBTOMATUUECKHU MOTYyYHUTh 3aJaHHs HAa KOMIIO-
HOBKY a3 B/] ICK n coznaBats (a3bl U3 aDCOMFOTHBIX MOJTY-
neit B/l MCK. Onnako, mpoBepodHass KOMITOHOBKA MPOEKTa
B/l CK TpeOyer HaCTpOWKH MOAKIIOYESHHS BHEITHUX OUO-
JIMOTEK Kpocc-chcTeMbl mporpammupoBanus bITO 1 o0mmx
moyneii [TO BKY u T10 noacucTeMsl, BX COCTaB HE M3BECTEH
IIPOEKTAHTY 0€3 KOHCYJIBTAllUK C IPOTPaMMHUCTaMH.

IIpoextsr B/l UCK moacucteM 0ObeIUHSIOTCS B OJIUH
npoekt B/l MCK wn3nenus (cryTHHKA) ITyTeM MHTETPaluu
mpoextos cpencreamu ICTIOJIKOM:

— MOJYJTH OOIIECHUCTEMHBIX OJIOKOB KOMAH/T [JIsl U3ACIINS
CO3AIOTCS ITyTEM CIIMSIHUSL KOMAH/I YIPaBICHUS U3 MOAY-
JIel, 3a1porpaMMHUPOBAaHHBIX B PA3HBIX MTOJICUCTEMAX, B OUH
MOJYJIb;

— MOJYJIH CHCTEMHBIX OJIOKOB KOMaH]I U MOTYJIH aJipec-
HBIX KOMaH/ niepenuceiBatorcs u3 npoekros B/l MCK moxacu-
cteM B ipoekt BJ] CK u3nenus 6e3 m3MeHEeHHSI.

Monynu nipoexta B/l ICK u3nenus He TOCTYTHBI JUIS
pelaKTHPOBaHUs, HO JIOCTYIHBI Ui mpocMoTpa uepe3 CIT
HCTIOJIKOM. Bo Bpems kommuisitim mpoekta B/ MUCK u3-
nemust CIT MCITOJIKOM co3maet MOTyITb IIaBHOM TaOIUITBI
ykazateneit BJl ICK, ¢ anpecamu, yka3pIBalOIUMH Ha MO-
JlyTTi OJIOKOB KOMaH/ yIIpaBJieHHsl. B 0CTalbHOM TMPOEKTHI
BJI UCK noxcucrem u mpoektsl Bl MICK n3menus KoMImimi-
PYIOTCSI OIMHAKOBO.

[Monmyuennsle cuctemoil nporpammupoBanus MCITIOJI-
KOM monymu B/l ICK Ha s1361Ke AccemOiep u3 mpoexrta B/]
WCK u3penus nepenaroTcs Ha Ha3eMHBIH OTIa0UHbBIH KOMII-
nexc (HOK) 1t KOMIUTEKCHOTO TeCTHPOBAHUSI KOMAH/T YII-
pasiienust. AccemOiepubie Moayiu B/l ICK coOupatotcs B
coctase BI1O u TecTupyroTcs COBMECTHO ¢ MOeIIsiMH O0p-
TOBOM anmaparypsl IOJCUCTEM CIIyTHUKA B PA3INYHBIX pe-
KHUMax paboThlI.
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ITocne 3aBepuIeHUsT KOMIUIEKCHOTO TECTHPOBAHMS, MO-
JTyJTA BXOJTHBIX JJTAHHBIX Tiepenatorcs B coctae bI1O B neTHyro
9KCIUTYaTaIHIO.

CIT UCITOJIKOM obecrnieunBaeT aBTOMaTHYECKOE CO3/1a-
HHUE OTYETHBIX JOKYMEHTOB BHAa «TeKcT mporpammsDy,
odopmenssix no crannaptam ECII/L. JlokymeHT co3maercs
B BUJIe daitia Microsoft Word 4epes okHoO co3nanust oT4era,
B KOTOPOM yKa3bIBaeTcsl 0003HAYCHUE TOKYMEHTA U (hailiibl,
TCKCT KOTOPBIX HA/10 BKIIFOYUTH B JOKYMCHT. BxiroyaemMbIMu
(aiiimamu MoryT ObITh sIcTHHTH Moztyneild B/l ICK Ha si3bike
Accembrep mu ucxoaabIe MOAyH Ha s1361ke [ISPOLKOM.

CIT MCITOJIKOM pazpadorana B Microsoft Visual Studio
6.0 Ha s3pIKe IporpammupoBanus Visual Basic 6.0, Tparcis-
top DISKASM —B cpene XDS IDE Ha si3b1ke mporpaMmmMupo-
BaHust MODULA-2. O6umii 06beM TporpaMMBbl — OKOJIO
100 TBIC. CTPOK.

Wncrammsrop CITUCTIOJIKOM obecriednBaeT KaK yCTaHOB-
KY, TAK 1 OOHOBJIEHHE CHCTEMBI IIPOTPAMMHUPOBAHHS TTPE/IbITY-
IMX Bepcuid. MHCcTaumpyromas mporpaMMa pa3padoTaHa Ha
OCHOBE CBOOO/THO PAaCIPOCTPAHSIEMBIX HCXO/THBIX TEKCTOB IPO-
rpammsl Setup 1, Microsoft Setup Toolkit, Visual Studio 6.0.

B nacrosmee Bpemst CITVICITOJIKOM ucnons3yercs npu
pa3paboTke OOPTOBBIX KOMITIEKCOB YIIPABICHHS BCEX CITYT-
HUKOB OAQ «ICCy 1 0XBaThIBa€T TP BEIYUCIUTEIIBHBIE ILTAT-
(hopmer. OHa MpUMEHSTACh U ITOKa3ajia CBOI0 3(p(heKTUBHOCTH

1 ACTIONK M
B Beoresdts  OTueT  Cpescies Cend  Crpsscs

TIpH co3maHu 1 conpoBokaeHnu BI1O cryTamKoB «OKenpecc-
AM» u «I'monacc-My, a B HacTosiiee BpeMsi TIPUMEHSIETCS
Jutst ety THHKOB, BKY koTophIx co3maercs Ha mmargopme BUIBK.
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Puc. 2. Monyns KOMaH/ yIpaBlIeHUS

0. S. Inozemtzeva, A. A. Koltashev

PROGRAMMING TECHNOLOGY OF THE PROGRAM CONTROL
MEANS FOR THE COMMUNICATION AND NAVIGATION SATELLITES

There are described reliable and efficient programming technology of control command for uniform program control
means of communication and navigation satellites by using the universal system of visual programming.
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VIIK 681.5.015

A. H. Jlecusix, B. A. Capsries

HUP®POBBIE CUCTEMbI YITPABJIEHUSA JOTTIOJIHUTEJIbHBIMU CEKIIUAMMN
IIYHTOBBIX CEKIHHOHHBIX CTABUIN3ATOPOB HAIIPSKEHUSA

ﬂﬂ}l MOUWHBIX cUCmem NeKmponumaHusl KOCMU4YeCcKux annapanioe ocmpo Cmosim }’lp06/Z€Mbl yeeiuderus nomexo3auu-
weHHocmu u HAOedHCHOCMIL. HpuMeHeHue 6 cucmemax d3J1eKmponumaHusl uud}poswx KOMNOHEHMOB 6Mecnto adHaloc06blX
noseoJjsem 4acmuiHo peutums Smu np06]l€Mbl. Hpe()ﬂOcheHbl ose Ppa3IudHble CXembl Cucmembvl ynpaejienus oononnumens-
HbIMU CEKYUAMU ULYHMOBbIX CEKYUOHHbIX cma6uﬂu3amop06 Hanpsocerusd, peaiu3oednnsvle Ha uud)poebzx KOMNOHeHmax.

B coBpemennbix cuctemax anexrponuranus (COII) koc-
Muugeckux ammapatos (KA) 1 crabmm3annu HarpsoKeHAS
IIMPOKO MPUMCHSIIOT IIIYHTOBBIC CTAOMIIM3aTOPBI HAIPSIKE-
aus (ILICH). [pugem, s momasrx COI nemecoobpasao
pUMeHATH He ouH MotHbIi [1ICH, a Heckonbko mapasesns-
HO IMOJKIIFOYEHHBIX. [lapamiensHo MoIKITFOYeHHBIC MaJlo-
morasie [IICH B 3TOM ciTy4yae Ha3bIBatOTCS CEKIUSAMIL, a CTa-
OWMITH3aTOP B IEJIOM — ITYHTOBBIM CEKIIMOHHBIM CTaOMIIHA3a-
topom HanpspkeHwst (ILICCH) (prc. 1). 3akoHBI yIipaBIeHUS
CCKIMUAMU MOTYT 6bITI) Ppa3IMYHbIC, HO XOTA 6])1 OJHa U3 HUX
PeTYANPYETCSI IO OHOMY W3 3aKOHOB ITUPOTHO-UMITYIIBC-
Hoii Momyssiiiu (LLIUM).

Cucrema ynpaBiaeHHs
JIOTIOJTHUTENBHBIMH CEKIUAMU

M
[ P
F(n) F(Z) F(1)
KT (o] (o]
[RB(n) | [RB2)|  [RBOD)|

Puc. 1. Crpykrypnas cxema COII C IIICCH:

[N — nepBuunsblii ucTouHuk; ILIMM — mmupOTHO-UMITYIBCHBII
mopxyisitop; KO(7) — i-it kimtoueBoii anement; F(7) — curnan
YIpaBIICHHUS i-M KITFOUEBBIM dJieMeHTaM; RB(7) —i-e OamnacTHoe
conpotusienne, d — emrxoctHolt Gpunerp, H — Harpyska

Jlst motiHBIX COIT mpo6iieMbl TOBBIIEHUS HAIS)KHOCTH
Y TIOMEX03aIIUIICHHOCTH CTAHOBSTCSI OCOOCHHO aKTyaTbHBL.
[Ipumenenwe QPOBHIX H CMEIITIAHHBIX aHAJIOTO-IIU(POBBIX
pemernii B CYJIC mo3BoJisieT YaCTUYHO PEIIUTh 3TH MpooIie-
MBI, a TAK)KE CHU3UTh MaccorabapuTHeIe mokaszarenn COI1.

J1J1s UMITYJIbCHO-AUCKPETHOT'O IIYHTOBOTO CEKIIMOHHOTO
crabmmmaropa Hanpspkerns (MAILICCH) mpemmaraercs uc-
nons3oBath CYJIC, coOpaHHYIO C UCTIOMB30BAaHUEM ITU(PPO-
BBIX 2JIEMEHTOB [ 1].

Ipusenem npuaIn padotst UJHICCH (puc. 2).

CrpyxkrypHas cxema CYJIC a1t 1aHHOTO THIIA CTa0HITH-
3aTopa HaIPsHKCHHUS MIPECTaBICHA Ha pHC. 2

I[TepBast cekIyst JaHHOTO CTAOUITU3aTOpa YIIPABIISECTCSI 110
OTHOMY W3 3aKOHOB IIHPOTHO-UMITYTBCHOW MOIYIISIIUU.

TO

CxBaxHocTb ¥ (Y =—=>,r1e T, —BpeMs OTKPLITOIO COCTO-
I

STHUS KJTFO4a (TIEPBOTO KITFOYEBOTO 3JICMEHTA) ), TPOIOPIIAO-

HaJIbHO MOIITHOCTH, BBIJICTIIEMOM Ha 0aIaCTHOM COIIPOTHUB-
JICHUMH, SABJIACTCA YHPABJIAOIIUM CUTHAJIOM IJI IMTOAKIIIOYC-
HUA U OTKIIFOUCHHA JOITOJIHUTCIIBHBIX CCKL[I/Iﬁ.
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Ecin ¥ > 0,95, To Ha Beixone VIC nosmkeH ObITh chopmu-
POBaH CHUTHAJ BKJIIOUEHMS JOIOJHUTEIBHOW CEKINH, MPU
Y <0,05 nomxkeH ObITh CHOPMUPOBAH CUTHAI OTKITFOUCHHUS.
Jnst m306exaHust TO)KHBIX KOMMYTAINH JOTIOJHATEIBHBIX CEK-
I BO BPEeMs IEPEXOIHBIX MPOIECCOB YCIOBHS MEPEKITIO-
YEHMs1 JIOTIOJTHATENBHBIX CeKIIUH JI0JKHBI BBITTOJHATHCS B Te-
YEHHUE ONPEAEICHHOTO BPEMEHU. DTO PaBHOCHIBHO BBEJIE-
HUIO JTUHUI 3a1epkku Ha Bexoje VIC. BY KD nomxken ¢op-
MHPOBATh CUTHAJIBI ypasieHus KO B 3aBHCHMOCTH OT TOTO,
CKOJIBKO CUTHAJIOB BKJTIOUEHHS X OTKITIOUYEHHS OBLIO MOJTyde-
Ho ot UC. IIpu OTKITIOUeHNH HAT Ppy3KH JIOTIOJIHUATEIBHBIE CEK-
UM MTOJKJIFOYAIOTCS MOCJIE0BATENBHO O/IHA 3a IPYTOH 10
JOCTHUXKEHHSI CYMMapHON MOIIHOCTH BEJIMYUHBI, paBHOU
MOILHOCTHY aKTUBHOM Harpy3ku. IIpu nonkimoueHnu Harpys-
KU JIONOJIHUTENBHBIE CEKIIIH OTKIIFOUAOTCS TIOCIIEI0BATENhb-
HO, HAYMHASI C TTIOCJIETHEN TTOAKITIOUEHHOM.

N C (m3mepuTens CKBaYKHOCTH ) MOYKET OBITh peai30BaH
Ha 0a3e ABYX 8-pa3psAHBIX CUETUYHKOB (pHC. 3).

BKIJI

BY KD 1M

lF(n) 1 F(i) lF(Z)
Puc. 2. Ynpomennas monens CY/IC mns
MALICCH: F(i) — curnan ynpasieHHs i-M KIIOYEBBIM
anemenToM; JI3 — nmunus 3agepxkn; BYKD — 610k ynpasnenus
KITI04YeBBIMH d1eMenTamu; MIC — n3amMepuTelb CKBaKHOCTH

[Lo> DO Qol

D1 Q1]

D2 Q2]

D3 Q3|

D4 Q4

D5 Q5| —

D6 Q6|

D7 Q7 _

rcol___ BbIXon
ko> CLK
LM ENT
ENP
LK LoAD

—qCLR

el i

Puc. 3. I3amepuTtenb CKBaKHOCTH

Ha cymmupyromuii BXoJ C4eTYMKOB IIOAAOTCS UMITYJIb-
cbl ¢ iepuoaom, paBHbM 0,95 - T/100, roe T — nepron mpeod-
pazoanmst. Ummynscst LIUM, ynpasmnsromue K3(1), mona-
1oTcs Ha yrpasisttorne Bxozs! (ENT) o6oux cuerunkos (BTo-
POH CYETUHK NOAKIIIOUCH Yepe3 MHBEPTOP), TEM CAMbIM Pa3-
peliiasi Wi 3arnpenias cyeT KakoMy-1u0o n3 cqeTurkoB. Jpy-
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THIMH CJIOBaMH, JUISl IEPBOTO CYETUNKA CUTHAT «KITIOY 3aMK-
HYT» pa3pelraeT CUeT, a I BTOPOTo 3alpeliaeT CueT, 1 Ha-
o6oport. Takum obpazom, mpu ¥ >0,95 Ha BBIXOZE TEPEHO-
ca MepBOro CUCTYUKA MOSIBISCTCS UMITYJIbC, HH)OPMHPYIO-
IIUH O TOM, YTO HEOOXOAMMO MOKITIOUUT JIOTIOJTHUTEIIBHYIO
cekiuio. A nipu Y <0,05 , Ha BbIXO/Ie IEpEHOCA IPYTrOro CueT-
YHKa, MOSBIAETCS UMITYJIbC, OTBEUAIOIUH 3a OTKIIOUCHUE
onHOM cexrin. Ecim aTa nHpOpMAaIHs COXpaHAeTcs HeKOTOo-
poe Bpems, To oHa octynaet B bY KO.

BY K3 moxeT ObITh pean30BaH ¢ TOMOILBIO PEBEPCHB-
HOTO cUeTYHKa u Aemudparopa (puc. 4).

; 7 uaa
3 \ .
1 >
i
5 L
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o up 3 oo 48 1 taa
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Puc. 4. biok ynpaBieHus KIIOUYEBBIMU JIEMEHTaMU

CurHasel, 0TBEUaIOIHE 3a MOAKIIOUEHHUE IOTIOJTHUTENb-
HBIX CEKIINH, TIOAAIOTCS Ha CYMMHEPYIOIIHIA BXOJT PEBEPCUB-
HOTO CUETYMKA, & CUTHAIIBI OTKIFOYSHUS TOTIOTHUTEITHHBIX
CCKIIHMH TIOCTYMAOT Ha BEIYUTAIOIINI BX01. TakuM 00pa3zom,
Ha BBIXOJIC PEBEPCUBHOTO CUETYNKA B IBONIHOM BUIE XPa-
HUTCS HHPOPMAIHSI O TOM, CKOJIBKO JIOITOJHUTEIILHBIX CEK-
IIUH TOJHKHO OBITH IMOJIKITIOYEHO B JJAHHBIH MOMEHT. JIBOWY-
HBIN KOJT [TOCTYIAET Ha BXO/ Aeiirdparopa, a aajaee ¢ moMo-
LIbI0 HECJIOKHOM JIOTUKH, PEATM30BAHHON C MOMOUIBIO JIO-
rudeckux aementoB UJIW, ¢hopmupyroTes yrpaBisiomime
curnais! Juist KO (7).

JlvHum 3a1ep>KKK MOTYT OBITH PEaTi30BaHbI C IIOMOIITHIO
onHOBUOpaTopa. CUrHaim BKJIIOYCHUS WM OTKIIFOUCHHS Ha
Berxoze MC 3amyckaer ogHoBHOparop. Ecim ogHOBHOpaTOp
3amymieH (Ha Beixozie 1), To uMITyiibehl, ocTynatomne ot C,
UTHOPUPYIOTCS. PaboTa JIMHNY 3a1epIKKH ITOKa3aHa Ha puc. S.

Cxema JIMHUY 33/Iep>KKH TIPUBEICHA Ha PUC. 6.

N\ !
U.B 1O HOBHOpaTOP
, >
! T, C
\ i CKBa)KHOCTb
U,B !
~
: T, c

a

JU71st ITyHTOBOTO CEKIIMOHHOTO CTA0MIIN3aTOpa HaIpsKe-
HUA ¢ ynpasieHueM no m30sTky Toka (ILICCHYUT) npeana-
raercs ucronb3oBath cxeMy CYJIC, coOpaHHYIO C HCITOTh-
30BaHHMEM IIU(PPOBBIX KOMIIOHEHTOB (pHC. 7).

VYnpomennas mozaens COII ¢ LICCHYUT npencrasnena
Hapuc. 7.

1 rexmcexr
& R
CEXT Q
d: A1 Q
A2

B BrIXOn

Bxon AND2 INV

DELAY
2u

Puc. 6. Jlunus 3agepKKu

& T 1
BY K3 < 1T 2

F(ZSI/ F(i)\l/ F(N\J/

Puc. 7. Ynpomennas mogens COII ¢ IICCHYUT:
HUT 1 — 3nauenue Toka Ha [1U1, n3mMepeHHOE C MOMONIBIO IEPBOTO

nm3meputens Toka; T 2 — BenmanHa Toka nmotpedisemast
Harpy3Koil U3MepeHHas! ¢ IOMOIIbIO BTOPOTO U3MEPUTEIIS TOKa;
F(i) — curnan ynpasneHus i-M KIIIo4eBbIM 21eMeHToM; BYKD —
6110K yrpaBieHus KinoueBbiMu neMenTamu; UT — u3mepurens
ToKa; N — KOJIMYeCTBO CEKIHUil ¢ 6aIIacTHBIM COIPOTUBIICHHEM

Jns pacemarpusaemoii CYJIC ynpaBisioImyM CUTHAJIOM
JUISL HOJKJTFOUEHHS MK OTKITIOUEHUSI TOTIOJIHUTENBHBIX CEeK-
it seisgercs pasanna TokoB UT 1 u UT 2. Dta pazuuna mno-
Ka3bIBaCT Ha CKOJILKO TOK, TeHepupyemblii [11, 6ombmie, uem
TOK, TIOTpeOIIsieMbIil Ha Harpy3ke. Eciu pa3nenuTs 3Ty pas-
HHIly Ha TOK, TIOTPEOJIsieMblii OJIHON JONOJIHUTENBHOM CeK-
el ¢ 6aJUTaCTHBIM COMPOTHBIICHUEM, TO MBI ITOJTY4NM KO-
JIMYECTBO JJOTIOJIHUTEIIBHBIX CEKIINH{, KOTOPBIE IOKHBI OBITh
TIO/TKJTIOYEHBI JUTS CTa0WIN3AIMN HANPSDKEHHS (MOITHOCTH
BCEX JIOTIOJTHUTENILHBIX CEKIIUH PABHBI).

U,B | EOI[HOBI/I6paT0p E
1 1 [
! : Tc
4 ,  CkBaxxHOCTH
U,B : !
: ' T, c
9]

Puc. 5. BpeMCHHLIC JAuarpaMMbl pa60TLI JI3:a- JOITIOJIHUTCIIbHAA CCKIUA HE ITOAKIIOYACTCA (HC OTKHI()‘{aeTCSI);

6 — TOTIOJTHUTEIIbHAS CEKIHSI TIOJKITI0OUAETCs (OTKIII0YACTCS)
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Taxkum 00pa3oM, KOJTHYESCTBO JOTTOTHUTEIBHBIX CEKITHIA
pacCUYUTBIBACTCS TI0 CIICAYIONICH Gopmyrie:

K =t i M

uTE

e [, —Tok, mponyiennbii yepe3 UT 1; 7 —Tox, mporty-
eHHbid yepes UT 2; I, — TOK, MIPOIYIIEHHBIH Yepes CeK-
ITUIO C 6AJTAaCTHBIM COTIPOTHBIICHHEM.

Pacuer K 1 ¢opmMHupOBaHHE CUTHAIOB YIIPABICHUS 0~
MOJTHUTEIBHBIMHU CEKIUAME ocyIecTBisiercsa B BY KO.

Onwucannas Beime CYJ[C MoxeT OBITh peasn30BaHa clie-
IYIOIITHM 00pazoM.

Ecin Ha Beixonax u3meputeneit toka UT 1 u UT 2 dopmu-
PYyETCsl aHAJIOTOBBIM CHUTHAJ, TOIZa HEOOXOIMMO Ha BBIXOJIE
Ka)K/I0TO U3MEPUTENIsl TOKa YCTaHOBHUTH aHAIOro-IU(poBoii
npeoOpaszoBarenb. M3MepeHHble 3HaueHus Toka ¢ UT 1 u
WT 2 nocrymaror Ha apuhMETHIECKHA-TIOTHIECKOE YCTPOHCTBO
(AJ1Y), tne onpenensiercs paznuua TokoB Ha UT 1 u UT 2,
KOTOpast BJISICTCS YIIPABISIOMINM CHTHajIoM 11 BY KO.

BY KD Mosker ObITh peajn30BaH C MOMOIIBIO MHKPO-
Tporeccopa, B KOTOPOM 3aJI0KeH anroputMm pacdera K u
(hopMHUpPOBaHs YIIPABIISIIOLIMX CUTHAJIOB Ha OTKIIFOUCHUE U
MOAKITIOUCHNE JIOTIOJTHUTENBHBIX ceKnnil. B OubmmoTekax
MPOTPaMM CXEMOTEXHHIECKOTO MOJICIHPOBAHUS HE TpE.-
CTaBJICHBI MOJIEJIN COBPEMEHHBIX MUKPOIPOLIECCOPOB, MO-
stomy BY KD, 6p1a peanmzopana ¢ momorpsio N (N — Mak-
CHMaJIbHOE KOJINYECTBO JOMOJHUTENILHBIX CEKIMii ¢ Oaac-
THBIM COIIPOTHBIIEHHEM), TIOCJIEIOBATEIBHO BKIIOUEHHBIX
AJTY ¥ BRITOTHSIOMUX onepanuio Berautanmst. bY KO, co-
Opannas ¢ nmomoripo N AJIY, pabotaeT 1o cienyromemy
npuHOHIy: Ha nepBoe AJIY momaercs pa3HHIa TOKOB
DIF(UT1, UT2) u Tok, TpoXOoAAIIUi Yepe3 CEKIUIO C JOOI-
HUTEIBbHBIM OatacTHBIM conpoTrBiienneM [(RB). Ecin pas-
aura DIF(UT1, UT2)—I(RB) >0, To Ha BEIXOEe BY KO (hop-
MHPYETCSI CUT'HAJI O TIOJIKJIFOUYEHUH [IEPBOH JJOTIOTHUTEILHOM

RB

CEeKINH ¢ 0ayuTacTHBRIM conpoTuBieHneM. Ha BTopoe AJTY
MojlaeTcsl pa3sHHIla TOKOB, BRIYHMCICHHAs nepBbiM AJIY u
I(RB). Ecim pazauta DIF(MT1, UT2)—1(RB)—1(RB) >0, TO
Ha Beixozie BY KD dopmupyercs curaan o moaKIF0OYeHUN
BTOPO JONOJHUTEJIFHOM CEKIMNU ¢ 0aJuIaCTHBIM CONPOTHB-
JEHUEM U T. [I.

[Tposepka padorocnocodbnoctn npepiaraembix CYJIC
MIPON3BOAMIIACEH C TTOMOIIBIO UMUTAIIMOHHBIX MOJIEINEH, Co-
3JaHHBIX B CUCTEME CXEMOTEXHMYECKOTO MOJCINPOBAHUS
OrCAD 9.2 [2]. CxeMBI TOKa3aJIi CBOIO pab0TOCIIOCOOHOCTh
Kak Ha MATOMONIHBIX (2 kKBT) Tak 1 Ha MoIIHEIX (10 15 kBT)
COII. Taxxe cxemsl ObuTH IpoTecTupoBanbl Ha COIT ¢ pas-
JIMYHBIM YPOBHEM ONOpHOTO HanpsbkeHwus (ot 27 B mo 100 B).
YeroituuBas paboTta cxeM NpU pa3IUYHbIX BHYTPEHHUX Mapa-
merpax COII moareepauna paboToCIIOCOOHOCTH Mpe yIarae-
MbIx CYJIC, a mosry4eHHbIe IMUTAIIMOHHbBIE MOJIETH OBLIH HC-
TI0JIb30BAHBI ISl UCCIIEIOBAHMS 3aBUCUMOCTH MTOKa3aTeneil ka-
YeCcTBa HAaPsDKEHUS (BPEMsI pEryINpPOBaHNS, IEPEPETyIIHPO-
BaHMe, Iynbcanun) oT napamerpos COIT KA.
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A.N. Lesnykh, V. A. Sarychev

DIGITAL CONTROL SYSTEMS OF ADDITIONAL SECTIONS
OF SHUNT SECTIONAL VOLTAGE STABILIZERS

There are issues of increase interference immunity and reliability in powerful energy supply systems of spacecrafis.
The application of digital components in energy supply systems are allowed to partly solve these issues. The paper says
about two digital schemes of control system of additional sections of shunt sectional voltage stabilizers.
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METOA HCK/IIOYEHUA OIIMBOK OIIPEAEJEHUA MECTOITIOJIOKEHUSA
TP OJHOBPEMEHHOM NCITIOJIb3OBAHUHN HABUTAIIMOHHbBIX CUCTEM

Pacemampusaiomes owubku cnocoba MakCuMaibHo MoYHO20 ONPeOeieHUs MeCIMoPACnoNIONCeHUs 00beKma npu uc-
nonvzosanuu Hagueayuounwlx cucmem GPS-NAVSTAR (CLLA), ITIOHACC (Poccus), Galileo (Esponeiickuii Cors), IRNSS

(Hnous), QZSS (Anonus).

CrryTHHKOBasI HaBUTAIWSA, TIOKAITYH, JIYUIIHHA MOAAPOK,
KOTOPBII BOGHHBIH CIIELIUAIIUCT MOYKET CEJaTh MPaXKJaHCKUM
yraM. YToOb! TpakIaHCKHH YeT0BeK 0e3 3aITMHKH MOT CKa-
3aTh, TJI€ OH HAXOJWUTCS, WM CKa3aTh KOTOPBIA Yac — HE 0
CBOHMM OTCTAIOIINM YacaM, a 10 CITy THUKOBBIM, CBEPXTOUHBIM.

Tema CIy THUKOBOW HaBUTAINH, KOHEYHO, HE CBOIUTCS K
onHow ymmib u3BectHoit GPS (Global Positioning System).
IlepBast criyTHUKOBast HABUTAIIMOHHAS CHCTEMa BOOPYKEH-
Heix cuit CIIIA nazsiBatack TRANSIT. Ho yke B Hawane ce-
MH/JIECATBIX €€ CIOCOOHOCTD OITPEJIEIISITh KOOPIMHATHI COUIIH
Hu3ko#. Torna Ob1a pazpaboTana HoBas ceTka, Navigation
Satellite providing Time And Range(NAVSTAR), uto nepe-
BOIHTCS Kak «HaBuranmonHas cIy THUKOBAs CHCTEMa, 00ec-
MIEYMBAIONIAs U3MEPEHHE BPEMEHM M paccTosHus. Yacto
cucTeMmy Ha3bIBatoT 1BOMHBIM UMeHeM «GPS-NAVSTAR» —
«I'mobanpHas cucTeMa MO3UIIMOHUPOBAHUS.

[TomMumoO 3TOH aMEpUKAHCKOI CUCTEMBI, €CTh PYCCKUIL
TJIOHACC, eBpomneiickuii Galileo u psix qpyrux HaBUTAIH-
OHHBIX CHCTEM Pa3JIMYHBIX CTpaH. B cBeTe pacnpocTpaHeH-
HOTO 30Ty X/ICHHs] MHOTHE TyMAfOT, YTO, BKITFOYNB HABUTA-
IIHOHHOE YCTPOMCTBO, YETIOBEK CBSI3BIBACTCS CO CITyTHHKOM,
U, TI0IMaB CUTHAJI, yMHBIN CITY THHK BEIYUCIIICT HAIITH KOOP-
JIrHATEL. Ho Ha caMoM jierte CITy THHK BCET0 JIUIIIb HTPaeT POoib
pacdeTHOMH, onopHO# ToukH. TOYHO TaK ke 1o GeperoBomy
MasKy KalTHTaH MOXKET OTIPEIeIUTh MECTOHAXOXKICHHE KO-
pabist. OmHAKO MPEANOI0KEHNE KalTUTaHa TPUOIU3UTEIBHO.
I'ma3 He ompenewT, Ha KAKOM yIAJICHUHN HAXOIUTCS UCTOU-
HUK cBeTa. HaBuUranyoHHbIN NMPUEMHUK KyJa TOYHEE, IO-
CKOJIBKY PaCCUUTBIBAET PACCTOSIHUE 10 CITyTHHKA. [Ipu aTOM,
COIJIACHO 3aKOHY HAIIIETO TPEXMEPHOTO MHpa, /ISl BEIYHCIIE-
HUS KOOPJMHATHI TOYKH HA 3€MHOM IIOCKOCTH JOCTaTOYHO
HU3MEPUTH €€ PACCTOSHHE JI0 JBYX JAPYTHX TOYEK, UbH KOOP-
JIMHATHI U3BECTHBI. HO MOCKONBKY CITyTHUKOBBIHM paiiOCHT -

=
e

HAJ ACT n3AajieKa (Bbicota opOuTHI 0KoJI0 18 ThIC. KM), IS
JIOCTOBEPHOCTH HY’>KHbI, MUHUMYM, TPH CITyTHUKA. Yem 00J1b-
1I1€ OPUEHTUPOB MbI OHMaeM, TeM TodHee OyIyT HallIH KO-
OpIMHATHL. A 4TOOBI Y3HATH €I1I€ ¥ BEICOTY HAXO0KACHHUS, Ha-
IIpUMeEp, B ropax, NOTpedyeTcst y)Ke YeThIpe CITy THHUKA.

B Hacrosmiee BpeMs CyIIecTByeT psii HOTpeduTemnei, Ko-
TOpBIE MPEABSBISIIOT MTOBBIIICHHBIE TPEOOBAHMS K JIOCTOBEP-
HOCTH U CKOPOCTH ONPEJIENICHNS] KOOPANHAT C HCIOJIb30Ba-
HHUEM CITYTHUKOBBIX HABUTAITMOHHBIX CUCTEM.

Hasuranuonnas criytHukoBast cuctema GPS nipu otcyT-
CTBUHU CECJIICKTUBHOT'O JOCTYIIA ITO3BOJIACT OIIPEACIUTH TOPpU-
30HTAJILHOE ITOJIOKEHHE TTOTPEOUTEIIS C TOYHOCTHIO /10 20 M,
a cucrema [JIOHACC — o 60 M [1-4]. Mcniomnb3ys ciryTHH-
KOBBIC CUCTCMBI, HOTpe6I/ITeJ'H) MPOBOJAUT JAJIbHOMEPHEBIC U
JIOTUICPOBCKUE M3MEPEHHUS IO HAaBUT'AIIMOHHBIX CITyTHHKOB
(puc. 1). OnHAKO CYIIECTBYIONIHE OITMOKH B HEKOTOPBIX CITy-
Yasix HE yCTPauBaIOT MOTPEOUTEIS.

3T0 00BACHICTCS BIMIHAEM Ha H3MEPEHHUS PA3INIHOTO
poaa ommOoK. MOXHO BBIJIENHUTH CIEIYIOIINE KaTerOpuu
OIIMOOK: ONTMOKA CHCTEMBI; OIIMOKH, CBSI3aHHBIE C PACIIpo-
CTpaHCHUEM HABUTALTUOHHOI'O CUT'HAJIA; OIINOKH HpI/IeMHOﬁ
ammapatypsl (puc. 2).

OmubKM cHCTEMBI CBA3aHBI TOYHOCTBIO ATOMHBIX Ya-
COB CITyTHHUKOB M COOTBETCTBHEM DPEaJIbHOW TPaeKTOPHU
CIIyTHHMKOB 3a/1aHHOI1 opOuTe. HecMoTps Ha TO, UTO B KaX-
JO0M CIIYTHUKE HCIIOJB3YIOTCS BBICOKOTOYHBLIC aTOMHBIC
Yachl, OHM TOXKE MOTYT COJEPIKATh OLIMOKH ¥ OTKJIOHATHCS
OT MCTHHHOT'0 3HAYE€HHsI CHCTEMHOT'0 3TalioHa BpeMeHu. Ot-
kyoHeHue B 30 HC BeJleT K OmKMOKe OIpe/IeIeHus paccTos-
Hus B 10 metpoB. [ToaToMy Bce OTKIOHEHUS OOPTOBBIX Ha-
COB OTCJIEXKHMBAIOTCS M X 3HAUEHHUS [IEPE/IalOTCs B COCTaBe
HaBUT'aLIMOHHBIX COOOIICHUH U yIUTBIBAIOTCS IPUEMHHUKOM
B BBIYHCJICHUSX ITO3UIINH.

e
S
)
==

Puc. 1. Onpenenenne kKOOpIUHAT HA3EMHOTO MOTPEOUTEIS TP ITOMOIIN HABUTAI[MOHHBIX CITy THUKOB
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BTopoii THIT CHCTEMHBIX OIIMOOK CBSA3aH C HETOYHOCTHIO
nepenaBaeMbix 3emepu. B MaremMaTHuecKoit MOIeNH yau-
TBIBAIOTCS MHOXKECTBO (DaKTOPOB, BIHSIOIINX HA M3MEHEHIE
TPAEKTOPHH OPOUT CITyTHUKOB, HO HEOOIIBILINE OIIMOKU BCE
PaBHO MPUCYTCTBYIOT

Hamubornee cyniecTBeHHBIN BKJIal B HABUTAI[HOHHEIC U3~
MEepEeHUs BHOCAT OIIMOKH, CBSI3aHHBIE C PaCIPOCTPAHEHUEM
curHaia B arMmocepe 3eMiIH, a IMEHHO B HOHOC(EPHBIX U
TponocdepHsbIx ee ciosx (puc. 3). Monocdepa 3emu mpe/-
CTaBJIICT COOO CITOM 3apsHKEHHBIX YaCTHIT Ha BEICOTe OT 120 1o
200 kM. DTH YaCTHIIBI CHU)KAIOT CKOPOCTH PaCcIIPOCTPAHEHHSI
CHTHaJIa U, CJIe/I0BATEIbHO, YBEIMYUBAIOT ero Bpems. CooT-
BETCTBEHHO BHOCHTCS OIIHOKA B OI[CHKY PACCTOSHUS OT IIPH-
€MHHKa JI0 CITyTHUKA. DTH 3a/JIep>)KKU MOTYT OBITh CMOJIEIH-
POBaHBI IS pa3HOTO BPEMEHH CYTOK, YCPETHEHBI M BHECE-
HbI B MI3MEPEHHUSI, HO, K COXKAIICHUIO, 9TH MOJCIN HE MOTYT
TOYHO 0TOOPA3UTh pealibHyIo cuTyarmio. [Tocie npoxoxae-
HUS HOHOC(EPHOTO CII0S, HABUTAI[MOHHBII CHTHA MTOTIaaa-
€T B TPOIOC(EPHBIN CIION, B KOTOPOM MPOUCXOJIAT BCE T10-
TO/IHBIC SIBIICHNS W TIPACYTCTBYIOT BOZSHBIC MTAPHI, TAKXKE BITH-
sI0IIee Ha CKOPOCTh pacnpocTpaHeHus curnana. J{is 6ops-
651 ¢ MOHOC(EPHBIMH 33IEPKKAMHU HCIONIB3YIOT AU hepeH-
IIIaJIbHBIC METOJ OTIpeeIeH s mo3unni. Koppektupyrorme
MOTPABKH IEPEIAI0TCS C TOMOIIBIO T€0CTAIIMOHAPHBIX CITYT-
HUKOB ¥ TIO3BOJISIOT TIOBBICUTH TOYHOCTH TIO3UITHOHUPOBA-
Hus 10 1 meTpa.

JluctBa nepeBbeB, OCOOCHHO TOCIIE TOKIS, CYIIECTBEH-
HO 0CJa0sieT ypoBeHb IPUHUMAEMOTO TPUEMHUKOM HaBH-
TalMOHHOTO CHTHAIA.

OumoOKH MHOTOTY9EBOCTH MOYKHO OZTHOBPEMEHHO OTHECTH
1 K KaTeropHH OIMOOK, CBSI3aHHBIX C PACIIPOCTPaHEHNEM HaBH-
TaIMOHHOTO CHUTHAJIA, ¥ K OIITOKaM MpHeMHHKA (prc. 4). Ommo-
Ka MHOTOJTyYEBOCTH CBsI3aHa C NEPEOTPaKEHNEM HaBUI alIHOH-
HOTO CHI'HaJIa OT OJIM3KOPACIIOIOKEHHBIX OOBEKTOB — 3/IaHNH,
METAJUTMIECKUX KOHCTPYKLIMIA, IEPEBbEB U T. 1. B pesynbrare 310-
ro 3¢deKxTa BpeMs pacipoCTPaHECHHsI OTPAKEHHOTO CHUTHANA
TIPEBBIIIACT BPEMS «TIPSIMOT0» CHTHANA. ECI ypoBeHB 1epeoT-
PKEHHOTO CHTHAJIA BBIIIIE YPOBHSI «IIPSIMOT'0» CUT'HAJA, TO IPO-
HICXOIIUT OIITHOOYHBIH «3aXBaT», U B PE3YJIBTATE, BHOCHTCS OO~
Ka B BBIUFICIICHHS PACCTOSHHUS [0 CITy THUKA.

OmrOKka npueMHOH anmnapaTypsl CBS3aHa C «IIyMaMi»,
BO3HUKAIOIMMH B paano-dacti GPS HaBuraropa. Itu ommo-
KM BO MHOTOM OIIPEEISIOTCS KaueCTBOM HCIOIb3YyeMOit
areMeHTHOH 6a361 GPS npreMHIKOB.

BcnencTue ucnonp3oBaHus IPUEMHNAKA, 00padbaThIBat0-
IIIEro CUTHAJI OT OJTHON HAaBUTAIMOHHOM CHCTEMBbI, HEBO3MOX-
HO OIPEJICIINTh, KAKYFO BEJIMINHY OIIHOKH BHECIIH BIIAICITHIIBI
JTAHHOM HaBUTAIMOHHOM crcTeMbl. Bo Bpemst BoitHbI B Mpake
B cuctemy GPS Ob11a BBeZieHa o1roOKa 171t yBOIa PaKeT Mpo-
THBHHKA. B 3T0 Bpems Bee mpuemunku GPS, ncnonb30BaBImmx
JTAHHYIO HAaBUTAIIMOHHYIO CHCTEMY ONPE/IEIIsII MECTOIIOJIO-
JKEHUSI C OONIBIIION W HEM3BECTHOM OIHOKOH, YTO TIPHBOIIIO
K psly Cephe3HBIX aBTOMOOMIIBHBIX aBapuid. Bo n3dexanue
OIMMOOK HABUTAIIMOHHBIX CHCTEM HEOOXOANM IPUEMHHK, 110~
3BOJISIFOIINIA HCKJTIOUHTD aHATTM3UPYIOLINH CUTHAIT OT HECKOJTb-
KX HAaBUTAIMOHHBIX CHCTeM. JIaHHBII METO/T 3aKITF0YaeTCs B
CpaBHMBAHMH KaXKJI0T0 TIOJ[y4eHHOT0 curHajia. Ecim ero 3Ha-
YyeHue O0oJIbIIIe 3HAaUSHHUS MAKCHMaIIbHOM OIIMOKH HaBHUT Ay~

m Owwnbka
Owwnbra _ TPAEKTOPHH LWymel
YacoB

\ NpUeMHMUKA

\ MoHocthepHeie m
f‘ 3a1epHKN
\“

WMoHocdepa

Tponocdpepa
TponocepHsie
3aepHKN MuoronyuyeBoCTb
Aep OcnabneHune y
CHrHana
(i
BHelwHue

norexn A\
-1

Puc. 2. OmmOku, BIUSIONIE Ha TOYHOCTh H3MEPEHUS
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OHHOH CHCTEMBI, TO IIPOUCXOJIHUT IOIIAPHOE CPABHEHNUE, H HC-
KJIIOYAeTCs Ta CHCTEMa, KOTOpasi IPH yCPEAHEHHOM 3HAYCHUH
JTaeT HauOOJIBIITYIO OIIAOKY.
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THE EXCEPTIONS MISTAKES METHOD OF POSITION DETERMINATION
WHEN NAVIGATION SYSTEMS AT THE SAME TIME ARE USED

The mistakes of determination of position of such navigation systems like GPS-NAVSTAR (USA), GLONASS (Russia),
GALILEO (European Union), IRNSS (India), QZSS (Japan) and the method of determination of position of the object with
the most accuracy are considered. And also the method of determination in which of navigation systems the measuring

mistake of determination of position was included specially.
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YCTPOUCTBO JIJIs1 CJIEXKEHUS 3A CTBIKOM CBAPUBAEMBIX IETAJIEH
C JATYUUKOM MATHUTHOTI'O TOJIST!

PaCCMom]?EHd BO3MOMNCHOCMb onpe()eﬂeﬂuﬂ OMKIIOHEeHUA 3/1e7<mp00a om CmbvlKad NO HANPANCEHHOCMU MACHUMHO20
nojsi ceapodyHoco mokKd, npomeKkarnuieco no 3d6apeHnomy yuacmky. yCI’I’lpOZ:ZCWlGO nossluiaem mo4YHOCNnb HaAnpaejleHus
3]Z€Kmp0061 no CMuIKY 3a cyem UCKIIOYEHUsl noepetnocmu, C6A3AHHOU C onepescaromyum noaoHceHuem oamuuka cmvika

OMHOCUMENIbHO C8APOUHO2CO 3J1€Kmp0()a.

Cpem/l TEXHUYCCKUX 3a1a4, pCIIAEMbIX C LEJIbIO ITOBBIIIEC-
HUS KA4eCTBA U HAJCKHOCTH CBAPHBIX KOHCTPYKITUH, ITOITY-
YEHHBIX JTyTOBOI aBTOMATHUYE€CKOW CBAPKOM, BAYKHOE MECTO
3aHUMAOT BOIPOCHI 00CCIICYCHUS TOYHOTO TTO3UITHOHHPO-
BaHUS CBAPOYHOTO MHCTPYMEHTA IO CTHIKY JAeTanieil. DTh
BOITPOCHI 0COOCHHO aKTyaJIbHBI B YCJIOBUSIX CBAPKH IPOTSI-
JKCHHBIX CTHIKOB M OTPAaHUYCHHOH HaOIIFOIaeMOCTH ITPOIIEC-
ca (HarpuMep, IIpu cBapke 1o (GIrocom).

B npaxTuke npruMeHeHNS aBTOMaTHIECKOTO TIO3UIIHOHN-
POBaHUS DIEKTPO/IA MO CTHIKY OOJIBIIIOE PACTIPOCTPAHEHUE
MOJTYYHITH YCTPOMCTBA YIIPABICHHUS C JJICKTPOMATHUTHBIMU
JargukaMu cThika [ 1-3]. JlaTamku, 5KeCTKO CBSI3aHHBIE C pa-
60YNM MHCTPYMEHTOM, COJIEpKaT OJI0K BBOJIa MATHUTHOTO
TIOJIs B CBapUBaeMBbIe JieTand. MI3MeHeHre B3aMHOTO ITOJI0-
JKCHU JaTYUKa U CTbIKA IPUBOJUT K UBMECHCHUIO JJICKTPO-
MarHUTHOM CHTYAIIHH B IICTTU TaTYNK—CBAPUBACMbIC ICTAIIH.
OT0 n3MeHeHue PUKCHUPyeTCst I3MEPUTEITHHO-TTPeoOpazoBa-
TEJIHBIM yCTPOICTBOM, (QOPMUPYIONIMM 110 U3MEHEHHIO
BBOJIMMOTO TTOJISI CUTHAT YIIPABIICHHUS, TIPOTIOPITHOHATBHBIN
OTKJIOHEHUIO JIATYHKA, &, CIISIOBATENBHO, M 3JIEKTPO/Ia OT CBa-
puBaeMoro cteika. OOBIYHO B KAUECTBE UCIIOIHUTEIHHOTO
AJIEMEHTA HCIIOJIB3YETCs AIEKTPOIPUBO/I, TEPEMEINAIOIINI
CBapOYHBII HHCTPYMEHT (BMECTE C JIAaTYNKOM) JIO YCTpaHe-
HUS pacCOTIIaCOBAHUS TIOJIOKCHUH dJIEKTPOIa U CTHIKA. [1pn
COBIAJICHUN KOOPJIMHAT JaTUYMKA U CTHIKA YIPABISIOIIAN
CHUTHAJI CTAHOBUTCS PaBHBIM HYJIIO.

OCHOBHOI1 HEZIOCTATOK TaKUX YCTPOKCTB 3aKIIFOYACTCS B
TOM, YTO U3MEPEHUE OTKJIOHEHHS AJIEKTPOIA OT CTHIKA ITPOMC-
XOIIT HE B 30HE IUIABJICHMS, & HA HEKOTOPOM PACCTOSHUAH OT
HEe, B MECTE PACTIONOKCHUS JaTurKa. DaKTHYECKU U3MepsIeT-
Cs1 OTKJIOHEHHE OT CTHIKA IaTYHKa, a He AnekTpoa. [Toatomy
Jiaxke TIp1 a0COJTFOTHO TOYHOM JIATYHKE, KECTKO 3aKpETUICH-
HOM Ha CBApPOYHOM TOJIOBKE, MOTPEIIHOCTH O COBMEIIICHHSI
SIIEKTPOJIA CO CTHIKOM OKa3bIBACTCS 3aMETHOI! M COCTABIISIET

& =1-sino,
rie / — paccTosiHKe OT IaTYMKa JI0 30HbI IJIaBJIeHHs (paccTo-
STHUE MEKTY DJICKTPOIIOM H TATYUKOM ); O — YTOJI MEKAY TIPS~
MOJIMHEHHBIM CTHIKOM W HAIPABISAIOMIIMH CBAPOYHOTO aB-
tomata (puc. 1).

DTOT yroll IMEeT CITydaifHOe 3HaUCHHUE M MOXKET TOCTH-
rath HECKOJIBKHX I'paycoB. B uactHOCTH, IIpU cBapke Kpu-
BOJIMHEHHBIX CTHIKOB ITOTPEITHOCTH O3UIIMOHNPOBAHUS JICK-
TPOJIa IO CTHIKY Hen30exHa.

PaccMoTpuM yCTpOHCTBO MO3UIIMOHUPOBAHHUS AIIEKTPO-
Jla TI0 CTHIKY CBapHBAaEeMBIX JETaleH, comeprkariee JaTauK
MarHUTHOTO 0JIs (Harpumep, auddepeHimanbHbIi Geppo-

30H]1), HO HE UMEIOIIIee CIIeHaTFHOT0 010Ka BBOJJAa MATHUT-
HOTO T0JIs1. POJTh 3TOTO OJI0KA BEITIOIHSACT CaM CBAPOYHBIN
TOK. BeTM4urnHy OTKIIOHEHUS 3JI€KTPOAA OT CTHIKA OTIPEIeIs-
10T 10 BEJIMYMHE W HAIIPABJICHUIO HANPSKEHHOCTH MarHUT-
HOTO TIOJISI, HABOAMMOTO CBAPOYHBIM TOKOM, TIPH 3TOM Ha-
MPSKEHHOCTh MAarHUTHOTO TIOJISI U3MEPSIIOT HaJl 3aBapEHHBIM
YYaCTKOM, Yepe3 KOTOPBIN MPOTEKACT CBAPOUHBII TOK B CITy-
4yae OTKJIOHEHHS AJIEKTPOJIa OT CThIKa [4].

CThIK JlaTumk
/
o &
. /
TEKTPOS V : P
. B > I o CTHEK

Puc. 1. Onpenenenne MOrpenIHOCTH NO3NIHOHNPOBAHHUS
JNEKTPOJIA 1O CTHIKY

Caapounbii TOK /., (pUC. 2) C MOMOIIBIO TOKOCHEMOB
paszensaroT Ha e cocrapnstomue [, u [,. ConpoTusieHne
TOKOCHEMOB HaMHOTO OOJIbIIE CONPOTHBICHUI CBapUBae-
MBIX JIeTaJIell BCIIEACTBUE OOJBIION Pa3HUIIBl UX CEUYCHUH,
MOJTOMY BEJIMYMHBI COCTABNAOIIMX /| 1 [, CBAPOUHOTO TOKA
B JICTAJISIX HPH JIFOOOM TOJIOKEHUH JIEKTPOJa MPUMEPHO
pasHel ([, = 1).

Ecim anekTpon pacnonokeH TOYHO Hall CTBIKOM, TO Ha-
NPSHKEHHOCTH MarHUTHBIX TIOJIEeH (B TOM YHCIIe, X BEPTH-
KaJIbHbIE COCTABJIAIOIIME /1, ¥ [, ), BbI3BAHHBIE TOKaMH [, 1
1,, paBHBI 110 BEJIMYKMHE U HAIIPABJIEHbI IPOTUBOIIONIOKHO:

H,-H,=0. (1)

PesynsTHpyIoliee MarHUTHOE TTOJIE B 3TOM CITydae ompe-
JIEISIETCS. TOKOM SJIEKTPOZIA /., @ BEKTOP HAMPSHKEHHOCTH
9TOTO N0JIst [, PACTIOJNIONKEH B TOPU3OHTAIIBHOM ILIOCKOCTH.

[Ipu OTKJIOHEHHH 3TEKTPOJa OT CThIKA (puC. 3) Ha My TH
COCTaBJIAKOIIEH /, CBAPOUHOIO TOKA /., OT BJIEKTPOJIA JI0 TO-
KOChEMa OKAa3bIBACTCS 3aBapEHHBII y4acTOK, M HAMPSKEH-
HOCTb MArHUTHOTO TOJISI, BEI3BAHHOTO TOKOM /| CTAHET 00JTb-
1e Ha Benmauny A, 06yCIIOBIEHHYIO IPOXOKIEHUEM TOKA
1,110 5TOMY y4acTKy. Pe3ynbTUpyrolee MarHUTHOE MOJIE B
9TOM ciTy4ae, B COOTBeTcTBHH ¢ (1), Oynet onpenensToes Bep-
THKAJILHON COCTABJIAIOIIEH HAIPSHKEHHOCTH A | M TOPU30H-
TaNbHOMH cocTapystomed H_, (puc. 3, a).

[Ipu OTKITOHEHUH HIIEKTPO/Ia B TPOTHBOMOIOKHYIO CTO-
pony (puc. 3, 6) 3aBapeHHBIH y4acTOK OKa3bIBAETCS Ha Iy TH
TOKa [, 1 HATIPSIKEHHOCTh MArHUTHOTO MOJIsl, BBI3BAHHOTO
ToKOM [, craneT Gosblie Ha Benuuuny A/, oOycioBieH-

! PaGora BeinosHEHA IpH pUHAHCOBOH nozepskke Poccuiickoro honna hyHraMeHTanbHbIX necienoBanuii (kox mpoekra 07-08-00179).
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HYO IPOXOKJICHUEM TOKa [, T10 3TOMY y4acTKy. Pesynbrupy-
I0IIIee MAarHUTHOE IT0JI€ B 9TOM CJIydae, B COOTBETCTBHH C (1),
OyzeT onpenensThCsl BEpTUKAIBHOM COCTABIISIOMIEH HAaIpsI-
KEHHOCTH AH, HANPABJIEHHON POTUBOTIONOXKHO AH |, U TO-
PUBOHTAILHOM COCTaBIIsIIOIEN H ..

-'ff.“l'i

Crapomeii
UEKTPOJL

Herounnr
CBAPOUHOTO
TOKa

Crapnoii

TokrocheMbl

Puc. 2. DnexkrpoMarauTHas CUTyanus IpU OTCYTCTBUU
OTKJIOHEHUS 3TEKTPOJA OT CTHIKA

Taxum 00pa3oM, BepTUKaIbHAS COCTABIISIONIAS MATHHT-
HOTO TTOJIST HeceT MH(POPMAITHIO O MOJI0KESHUH CBAPOYHOTO
JJEKTPOJIa OTHOCUTEIHHO CTHIKA.

W3mepenne HanpsHKEHHOCTH MAarHUTHOTO TIOJISE OT COOT-
BETCTBYIOIIUX COCTABJISIFOIINX CBAPOUHOT0 TOKA Ha/Jl 3aBapEH-
HBIM YYaCTKOM CTHIKA TIPEIIONIATACT yCTAHOBKY JaTIMKA HaJl
9TUM Y4aCTKOM, &, CJIEJIOBATEIbHO, Ha HEKOTOPOM PacCTosi-
HUH OT DJICKTPOJIa B HATIPABJICHUH, IPOTUBOIIOJIOKHOM Ha-
MIPaBICHUIO CBApKH (pHC. 4). OHAKO B 3TOM CITydae METO/IH-
YecKasi IOTPEIIHOCTh OTCYTCTBYET, TaK KaK U3MEPSIETCS Ha-
MPSHKEHHOCTh MATHUTHOTO TIOJIS OT TOKA, BOSHUKAIOIIETO IIPH
OTKJIOHEHUH JIEKTPOA OT CThIKA (KOHTPOIUPYETCS MOTOXKE-
HHE 3JICKTPO/Ia B 30HE TUIaBjIeHus). [loaToMy n3MeHeHne TO-
[IMHBL, POPMBI U MaTepUaia CBapUBACMBIX JACTaJICH HE ITPH-
BOJIUT K ITOTPEIIHOCTH B ONPEACICHUU BEIMYHHBI OTKJIOHE-
HUS 3JICKTPOIa OT CThIKa. Kpome Toro, m3MepeHune 3Toro oT-
KIIOHEHHUS OCYIIECTBIISIETCS HETTOCPEACTBEHHO B 30HE I1JIaB-
JIeHUs. DTO 00BSICHACTCS TEM, YTO HANPSDKEHHOCT MATHUT-
HOTO TOJIS OT CBAPOYHOTO TOKA, IIPOTEKAIOIIETO Yepes3 3aBa-
PCSHHBIN YY4acTOK, OMpPEICISCTCS MOIOKEHIEM AJIEKTPOIa
OTHOCHUTENBHO CTHIKA.

PaccMoTpuM QyHKIIMOHATBHYIO CXEMY YCTPOICTBA Clie-
JKCHUSI 3 CTBIKOM CBapHUBaeMBbIX feraineii (puc. 4) [5]. B xaue-
CTBE JIATYMKA CThIKA MPUMEHeH I depeHInaIbHbIil Gep-
po30HT [6], 001amaroIHii BBICOKOH TyBCTBUTEIEHOCTRIO (10
CpaBHEHHIO, HATIPUMeEp, C JaTIYMKaMU XOJIJIa) U BBICOKOM
MOMEXO0YCTOWYMBOCTHI0. DEPPO30H]] yCTAHOBIICH HAJI 3aBa-
PEHHBIM YYaCTKOM CTBIKA TAaKAM 00pa30M, 9TO OH pearupy-
€T Ha MarHUTHOE TI0JI€ TOKa, MPOTEKAIOIIET0 Yepes3 3aBapeH-
HBIH YHaCTOK, U HE PEATMPYET Ha MAaTHUTHOE TMOJIE TOKa /., B
JIEKTPOJIE U MATHUTHBIE MOJISt ¢ HALPSDKEHHOCTBIO H v H
OT COCTaBIISIONIMX CBapOUHOro Toka [, u [,. Jlns atoro och
YYBCTBUTEIHHOCTH (PEPPO30H/Ia OPHEHTUPOBAHA B TIOCKO-
CTH, IPOXOJIAIIEH Yepe3 HIIEKTPO/I MapajieIbHO CTHIKY U Mep-
TICHIUKYIIIPHO CBAPUBAEMBIM ITOBEPXHOCTSIM.

B cooTBeTcTBHY ¢ TPUHIIUIIOM PaboThI heppo3onaa [6],
OJ1C, mpomopuuoHaTBHY0 HANPSHKEHHOCTH MarHUTHOTO
MOJIsI U CHUMaeMYI0 C M3MepuTeNbHoi oomMoTkn MO, nene-
c000pa3HoO BBIJICISATH HA IBOWHOI YacToTe 2(, TIE () — 9acTo-

Ta Bo30ykeHns Gpeppo3onaa. Llems Bo3Oy K aeHws peicTaB-
JIeHa TeHepaTOPOM YacTOThI 2(), JIETIUTENIEM YacTOTHI Ha 1Ba
u obMoTKoit Bo30yxaerns OB deppozonma.

Korna anexTpo HaxoquTces Ha CTHIKE (PHC. 2), TPOSKIHS
HaIpsDKEHHOCTH MarHUTHOT'O TIOJISt OT CBaPOYHOT'O TOKA HaJ|
3aBapEHHBIM YYacTKOM Ha OChb YyBCTBHTEIBHOCTHU (heppo-
30H/Ia paBHa HYJIIO ¥ BEIXOJJHOW CHTHaN U (epeHIatbHO-
ro (peppo3onaa orcyTeTByeT. [Ipr OTKIIOHEHNH 31EKTPOA OT
CThIKa (PHC. 3, @) COCTABISAIOIAs CBAPOIHOTO TOKA [, TIpOTe-
KaeT uepe3 3aBapeHHBIN YYaCTOK CThIKA M ITPOCKIIUS HAIIPS-
JKEHHOCTH MarHUTHOTO I10JIS HA OCh 4yBCTBUTEILHOCTH (ep-
PO30H/1a XapaKTepH3yeT BEJIMYNHY U HaIlPaBJICHHE OTKIIOHE-
HUSI JJIEKTPO/Ia OT CTHIKA.

+
Herounuk
CBAPOMHOTO

%

Herounug
CBAPOMHOTO
TOKa

Puc. 3. Cxema BOBHUKHOBEHHS BEPTHKAJIbHBIX COCTABIISIOLINX
MarHUTHOTO MOJIsl HAPSKEHHOCTBIO AH | 1 AH, HaJl 3aBapPCHHBIM
YYaCTKOM OT COCTABIAOMMX TOKa /| (@) 1 [, (6) COOTBETCTBEHHO

TP OTKJIOHEHHH JICKTPO/IA OT CThIKA

Ilon neiicTBrEM 3TOM HANIPSKEHHOCTH B U3MEPUTENILHON
obomotke pepposzonaa (MO) naogurcs I/C BTOpoii rapmo-
HUKH, TPOMOIYIHNPOBAHHAS OTHOAIOIIECH ¢ 4acTOTOH
€ (€2 —gacToTa CBApOYHOTO TOKa, MpUYeM M >> Q). Brixoa-
HOM curHai Gpeppo30oH/ia yCHIINBACTCSl K30MPATEIbHBIM YCH-
JIATEJIEM C PE30HAHCHOH 9aCTOTOH 2 M TIOJIOCOM ITPOITyCKa-
HUS1, 3aXBaThIBAOIIEH 4acTOThI (20 + Q). Jlanee curnain ce-
JEKTHPYETCS N30MPATEITHHBIM YCIITUTEIEM C Pe30HAHCHON
4acToTOH {2 1 MOJI0COH MPOITyCcKaHuUs B HECKOJIbKO repil. Ha
BBIXO/IE€ CHHXPOHHOTO JETEKTOpa C ONOPHOM 4acTOTOH 2
(hopmupyeTCs CUTHAT OCTOSHHOTO TOKA, MPOTIOPIIHOHANb-
HBII BEJIMYMHE CMEIICHHMS 3JIEKTPO/ia OT CThIKA. 3HAK CHTHa-
JIa OTIpeNeNsIeT HanpaBiIeHue oTKIIoOHeHu. [Tynbcarnmm BbI-
XOAHOTO HAMPSXKECHUA IEMOAYJIATOPA TOAABIAIOTCS CIIIaXKu1-
BaromM GUITPOM. OTUIETPOBAHHBIN CUTHA TOCTYIIAET
Ha TIPUBOJI, KOTOPBIH YCTPAHIET pacCOIIACOBAHHE TOIOXKe-
HUI DJIEKTPOJIa U CTHIKA.
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[Tpn OTKIOHEHUHM TEKTPO/IA B IPOTHBOIOIOXKHYIO CTO-
pony (puc. 3, 6) HalrpaBJIeHNE HANPSKEHHOCTH MOJISI OT CO-
CTaBJIAIONIEH TOKA /, K3MEHUTCS HA TPOTHBOTIONOKHOE. DTO
orpasutcs Ha ¢asze HaBoaumon DJIC B n3amepurenbHoit 00-
MoOTKe (eppo3oHa — ¢pa3a nzmenurcs Ha 180° u, B KoHeU-
HOM cYeTe, Ha 3HAKE YIPaBIIIOIEr0 CUTHATIA — OH H3MEHHT-
Cs Ha TIPOTUBOIIOJIOKHBINA. B pe3ynbrare mpuBo OyaeT ocy-
IECTBISITH KOPPEKIIUIO TTOJIOKEHUS IEKTPOAA B IPOTHBO-
TIOJIO’)KHOM HaIlpaBJICHHH.

9] .L Uan

CusponHbii
AeTexTop

HatnparennHeii
vennirrens (£2)

D
Dunerp »

Deppozonn OB

-

Mabupatensiii
yesmrens (2m)

v

CHHXpoHHET
AeTekTop

Tpseoa

Herouwmx
CRAPOHMHOID

Uon | 2m

Jemmrens
Ha 2

Tenepatop

2m

Puc. 4. dynkuunoHanbpHas cxema ycTpoiicTBa
CJIeKEHHUS 32 CTBIKOM

B ycTpoiicTBO BBeieHA AOTIOTHHUTENBHAS [IEMH 00paTHON
CBSI3H, C TIOMOIIBbIO KOTOPOH OCYILECTBISETCS aBTOMAaTHIEC-
Kast KOMIICHCanust B o0beMe (peppo30H/1a BHELITHUX MAarHHT-
HBIX T10JIeld, 00YCIJIOBIIEHHBIX HAMarHH4E€HHOCTBIO CBapUBae-
MBIX JIeTaJIeii ¥ CBApOYHBIX MprcIIocoOeHmid. Kommencanms
JIOCTUTaeTCsl BBEICHUEM B JIOTIOJIHUTEIbHYIO OOMOTKY (hep-
posonaa (ooMoTky komneHcanuu OK) Toxa KkoMIeHcalum,
KOTOPBIN (POPMHUPYETCSi CHHXPOHHBIM JAETEKTOPOM C OIOp-

HOM 9acTOTOH 2 U HUIETPOM HIDKHUX 9acToT. YacToTHas
xapakTepucTuka (GuiabTpa BIOpaHa TaKUM 00pa3oM, 4YTO
MIPOUCXOUT aBTOMATHYECKasi KOMIICHCALUS TOJIBKO TOCTO-
SIHHBIX BHEIITHUX MarHUTHBIX ITOJIEH.

[Ipumenenne paccMaTprUBaeMOro yCTpOHCTBA ITO3BOJIS-
€T HOBBICUTH TOYHOCTb HAIIPABJICHUS IEKTPOJIA 110 CTBHIKY
IIPU TyrOBOW CBapKe Ha MEPEeMEHHOM TOKE 3a CUET UCKIIIO-
YEHHS IIOTPELIHOCTH, CBSI3aHHOH € ONIEPEKAFOLINM II0JI0XKe-
HHMEM JIaTYMKa OTHOCHTEJILHO CBAPOYHOIO 3JIEKTpoa. DTO
OOBSICHSACTCSI TEM, YTO B pACCMATPUBAEMOM yCTPOICTBE Iat-
YUK M3MEpsieT BEINYHMHY OTKIOHEHHS HEeIOCPEeICTBEHHO
9JIEKTPO/IA OT CTHIKA, @ HE OTKJIOHEHHUE JIATYMKA OT CTHIKA, KaK
9TO MMEET MECTO B M3BECTHBIX HICKTPOMArHUTHBIX JaTYUKAX.
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V. Ya. Braverman, V. S. Belozertcev

DEVICE FOR MONITORING THE SEAM OF WELDED PARTS
WITH A MAGNETIC FIELD SENSOR

The feasibility of determining electrode deviations from the welding seam by magnetic field voltage of the welding
current flowing through the welded area are explored. We achieve a higher precision in guiding the welding electrode
along the seam due to elimination of inaccuracies associated with upfront positioning of the sensor in relation to the

electrode.
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VIIK 621.785

H. B. Oxnamanxosa, I. B. Posenckwuii, 1. A. Turep, T. A. Openkuna, A. A. IlepeboeBa

PA3PABOTKA TEXHOJIOT' MU OTKUT'A OTJIUBOK
13 CILIABA AK12 CUCTEMBI ATIOMUHUN-KPEMHUI

Ilokazana nepcneKmueHoCcms NpuUMeHerusl omoarcuca onsl cCHAMUS SBHYMPEHHUX Ha}’lpﬂ()fCEHulZ JIUMbsblX KoJliec u3 cnjiaeos
cucmembl a]llOMuHulZ—erMHuﬁ C Yeblo NOBbIUUEHUA MEXAHUYECKUX ceoticme mamepuana.

ITpon3BoACTBO aMFOMHIHHEBHIX Konec U3 crutaBa AK12 B yc-
JIOBUSX JTUBHOTOPCKOTO JINTEHHO-MEXaHUIECKOTO 3aBOJIA
«CKAl» ocytiecTBIsI€TCS METOIOM JIUThS TI0]T HU3KUM JIaBIe-
HHeM. 3ajiaueli Ciry>kObl Ka4ecTBa IMPEJIIPHUSITHS SBIISIETCS 110~
BBIILICHHE SKCILTYaTalIMOHHON CTOMKOCTH 1 BBIHOCIIMBOCTH aB-
ToMOOMITBHBIX Koj1ec. ComtacHo TpedoBanmsiM [ OCT P 50511, ko-
Jieca MO/IBEPraroT 0053aTeNIbHBIM CepPTH(HKALIMOHHBIM CTCH-
JOBBIM UCTIBITAHUAM Ha COMPOTHUBJICHUE YCTAJIOCTH ITPU U3-
rude ¢ BpallleHneM U IMHaMHYeCKOH pa/InajibHON Harpy3Ke,
compoTuBIeHne ynapy mon yriaom 13 u 30° u onpeneneHne
YPOBHS )K€CTKOCTH OOPTOBBIX 3aKkpanH obona. Kpome Toro,
nposoautcst 100 %-HbIil MPHEMOYHBIN PEHTTCHOCKOITHYEC-
KW KOHTPOJIb JIUTBIX 3arOTOBOK U IIPOBEPKA FEPMETUYHOCTH
000712 KOJIeC JIst HCIOJIB30BAHMS ¢ OeckaMepHoH mmHoit. B
poriecce KPUCTALIN3ANNH OTIIMBKY B METAJLIE MOTYT CO3/1a-
BaThCsl BHYTPEHHHE HAIPSDKCHUS, BEJIMYMHA KOTOPBIX MPH
MOCJIETYFOIINX TEXHOIOTHUECKUX OTIEPALHSIX, CBA3aHHBIX C
yToHeHHeM o0oza, Bozpactaet. CriaB mapku AK12 orHo-
CHTCS K TPYTIIIE HEYIPOYHAEMBIX TEPMHUIECKONH 00pabOTKOM
crtaBoB [ 1; 2]. i1 CHATHS BHYTPEHHHUX HAMPSKEHIH 00BIY-
HO ITPUMEHSIOT TEPMHYECKYI0 00paboTKy — omxur. Corac-
HO 'OCT 1583, st otnmBok 3 crtaBa AK12 pexomenmyercs
MPOBOIUTBH OTKUT MO ABYM pexkumam: nepsslii — T =300 °C,
T 2..4 g;Bropori— T =175 °C, T 5.17 4.

Jnst BEIOOpa pekrMa TepMHUYecKoil 00paboTKH mpoBe-
JICHBI NCCIIEI0OBAHUS HAa 00pa3iax B 1a00paTOPHBIX YCIOBHU-
SIX ¥ Ha KOJIECaX CepHIHBIX TTApTHiA 13 TTeiHoro crtaBa AK12.

Pabora BbITIOJIHEHA B ONBITHO-ITPOMBIIIIICHHBIX YCIIOBH-
ax JIM3 «CKAl» Ha Tpex Mozemnsix kojec u3 criaBa AK12.
XHUMHUYECKUI COCTaB UCCIEAYEMBIX INIABOK COOTBETCTBYET
tpedosanmsam ['OCT 1583, TOCT 50511 (tabm. 1).

OTpaboTKy PEKUMOB OT)KUTA B TA0OPATOPHBIX YCIOBHSIX
MPOBOJMJIM Ha 00pa3liax, BEIPE3aHHbIX U3 CITUIL KOJIECa MO-
nemn 1. OTxur 00pasIoB Mo peskuMam (TadJr. 2) BBITOTHSITH
B HU3KOTeMIleparypHoi taboparoproii meun SNOL 58/350.
MexaHn4eckre CBOMCTBA CIIJIaBa ONPEIEIIsIN B INTOM U OTO-
JKKEHHOM COCTOSIHUM HA YHHUBEPCAJIBHOM HCIIBITATEIbHON
Mmarmae TesT Winner 920, 112S. 50KH ¢ ucronb3oBaHrueM
mumHAprYecknx 00pasios o tumy 11, TOCT 1497. Muxkpo-
CTPYKTYPY Pa3phIBHBIX 00pa3IOB UCCIICIOBAIN HA ONITHYEC-
koM Mukpockorie METAM 3 1JIB nipu yBemaenwu 200...2000.

Ha ocHOBaHMM pe3ynbTaToB UCCIeJOBAaHINA 00pa3IoB ObUIa
omnpezeneHa remmeparypa orxura—T =175 °C. Koneca npo-
MBIIIJICHHBIX TTAPTUH MoJiesel 13, OTIHYaonuxcs pa3me-
pamu (ToNnmuHON 000/1a), ObUTH MOABEPTHYTHI OTXKUTY MIPU
9TOH TeMIIepaType ¢ BhIIepKKamMu 5, 6, 17 4.

B ycnoBusix akKkpeanTOBaHHOI J1aboparopuu Kojieca B
HCXOZHOM COCTOSTHUH M TIOCIIE TEPMOOOPAOOTKN CIIBITHIBA-
JIM Ha CONIPOTHBIICHUE YCTATOCTH IIPU U3THUOE C BPAILICHUEM,
JKECTKOCTh OOPTOBBIX 3aKparH 000/1a ¥ CONPOTHBIICHUE y/1a-
py o yritom 30° mo T'OCT P 50511. B mporiecce ucnpITanmii
KOJIEC Harpy3Ky H3MEHSUTH OT 3aaHHOH 110 YePTEXy 10 MaKCH-
MaJTbHOH, TTPH KOTOPOH HaOMIONaIoch 00pa30BaHME TPEIIHH.

HccenenoBanus BIIONHSUIACH B 1Ba dTana. [1epsbli atamn
BKJTIOYAJI TPOBEICHHE HCTIBITAHNI MEXaHNUECKHX CBOICTB B
nabopaTopHBIX YCIOBUAX Ha 00pasnax ot kojec. Ha BTopom
JTare UCCIeJ0BAIN KOJIECa ONBITHO-IPOMBIIIICHHBIX MapTHil.

AHanm3 MoITy4eHHBIX B JADOPATOPHBIX YCIOBHSAX MEXa-
HUYECKHX CBOMCTB 00pa3IOB ITOKa3aJl, 4TO ITOCIIE OTXKUTA [IS
CHSITHSI HAaNIpsbKEeHUH nipu Temmnepatype 175 °C, HezaBucumo
OT BPEMEHH BBIZICPKKH, HAOJFOIAeTCsl yBEINUCHHIE 3HAUCHUIA
MIPOYHOCTHBIX CBOMCTB M TBEPAOCTH, IO CPABHEHUIO C JIH-
TBIM COCTOSTHHEM. XapaKTEPHCTHKH IUTACTHIHOCTH IIPU 3TOM
OTBEYAIOT TPeOOBAHUSIM CTaH/APTa U C YBEINYEHHEM Bpe-
MEHHM BBIJICPXKKH NPAKTUYECKH HE M3MEHSoTCs (Tadm. 2,
puc. 1). IoBsimenne remnepatypsl orxura ot 300 o 480 °C
TIPUBOJIUT K CHIDKCHUIO IPOYHOCTH U TBEPJIOCTH CILIABA JI0
3HaueHHH HIDKe TpeOyeMbIX. [ImacTiHaHOCTh, Ha000POT, BO3-
pacraer, gocturas Beanursbt & =21 %, = 22 %, uto 3Hauu-
TEIBHO BBIIIE 3a1aHHOTO YpoBH:L. [Ipu Temmneparype omxura
480 °C yBenuueHue JUIUTEIbHOCTH BBIEPIKKU HE IIPUBOJIUT K
JMaTbHEHIIeMy U3MEHEHHIO CBOMCTB. Takmm oOpa3om, B pe-
3yIbTaTe BBIIOHEHHBIX HCCIIEI0BAHMI ITOKa3aHa Lieecoo0pas-
HOCTb IIPOBE/ICHNS OTKHT'a HA KOJIECAX TIPOMBIIIICHHBIX TapTHIA.
J17151 OTIBITHO-TIPOMBIIIIEHHBIX MAPTHH KoJleC OBbLT PEKOMEH 10~
BaH OTKUT IO creytomemMy pexxumMy: 7= 175 °C, Bpemst BbIIEp-
KK 14 4. DTO CBSI3aHO € TEM, YTO TaKOH OTXKUT 0OeCTIeuNBacT
TOJTy94eHHE Ha U3EHAX MOBBIIICHHBIX 3HAYCHNH TPOYHOCTH,
TBEPIOCTH IPH COXPAHEHNH TIOBBIIICHHOMN IIACTUYHOCTH.

MexaHndecKue CBONCTBA SIBJISIFOTCS CTPYKTYPHO 4yBCTBU-
TENBHBIMU XapaKTEPUCTUKAMH, TI03TOMY OBLIH IIPOBE/ICHBI
HCCIIEIOBAHNS MUKPOCTPYKTYpPBHI 00pa3IioB M3y4aeMoro

Tabnuya 1
XuMHYeCKHH COCTaB MJIABOK

Ne MaccoBast 10115 3JIeMEHTOB, %0
MOASTH, Si Mg Ti Sr Mn Cu Zn Fe Ca B Na
CTaHIapT

1 11,10 0,069 0,095 0,029 0,01 0,001 0,002 0,105 0 0,004 0,000 6

2 10,82 0,071 0,089 0,030 0,01 0,001 0,002 0,114 0 0,006 0,000 2

3 11,3 0,068 0,085 0,025 0,01 0,001 0,002 0,108 0 0,009 0,000 3

Iroct 1013 | ™€ Oonee | He Ooee 3 He Oonee | He Gonee | e Gonee | ne Gonee | B B
1583 0,1 0,1 0,5 0,6 0,3 1,0
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criaBa. MUKpoOHCCIeIOBaHUS TTOKA3aJIH, YTO B CTPYKType
00pas310B B JINTOM COCTOSTHUH 1 TIociie omxura rpu 7= 175 °C
Mopdomorus a3 KpUCTALTH3AIMOHHOTO CTPOCHUS HICHTHY-
Ha (puc. 2, 3). C yBenu4eHUeM JUTUTETLHOCTH BBIIEPKKH MPH
9TOH TeMIepaType OTKUra CTPYKTYPHBIX U3MEHEHH, BUIH-
MBIX B OIITHYECKOM MUKPOCKOIIE, HE HAOTIONAETCsI.

210 4

190 Ik S [ERS

Jlutoe cocrosnue

T 30°C

150 4 \_/

T=480 °C

T=175°C

—— Ipezen mposriocTi, MITa
= Ipenes Tekyuecty, Mlla

0 2 4 6 g 10 12 14 16

@ JTuToe cocrosrne

1 —— T-300°C

204 —— 14%0°C

Tpeaen npounoct
Venombiit npesen Texyuectn, Mila
ey
2

Bpenist BHICPAKH NpH OTANTE, 5

a

T=480 °C

T=175°C
: Jlitoe coctostie T=300°C
10 \/

‘OTHOCHTENIBHOE Y/UTHHEHHE,
cywente, %

—— Ornocienbioe yammere, %

= OrHocuresbHoe cykenne, %

0 2 4 6 8 10 12 14 16
Bpenis BbUIEPIAKH NPH OTAHIE, 4

Puc. 1. 3aBUCUMOCTb MEXaHUYECKUX CBOMCTB OT IIApaMeTPOB
OTIKHTa: @ — IPOYHOCTHBIE XapAKTEPUCTUKH, 6 — INITACTUYHOCTD

C nmoBbImerneM Temmepatypsl omkura 10 300 °C mpowc-
XOJIUT pacma/i ATIOMUHHEBOI0 TBEPJIOIO PACTBOPA, IIEPEChHI-
LIEHHOTO NPH yCKOPEHHON KPUCTAIUIN3AINH B YCIOBHSIX JIH-
Ths NIOJl HU3KUM JaBiieHUuEeM. V3ydeHre MUKpPOCTPYKTYpPbI
MIOKa3aJIo, YTO 110 00beMY JICHAPHUTHBIX STYEEK AJIFOMUHUECBO-
O TBEP/IOTO PACTBOPA HAOIIOIAIOTCSI AUCTIEPCHbIE BbIIEIIe-
HUS 4aCTHI BTOPUUHBIX (a3. BeposiTHee Bcero, laHHbIE BbI-
JICTICHUSI SIBJISIIOTCS. BTOPUYHBIMU MEJTKOTUCIICPCHBIMU Yac-
turamu Si nin hazamu, 00pa3oBaHHBIME npuMecsmu [3]. B
MPHUTPAHIYHBIX 30HaX ACHAPUTHBIX SUEEK Oi-TBEPJIOTO PacTBO-

pa IpOIyKTHI pacmana OTCYTCTBYIOT (pHC. 4), 9TO CBA3AHO C
00eTHEHHEM THX 30H JIETHPYIOIIMMH B TIPUMECHBIMH dJle-
meHTamMu. Kpome Toro, Kaxkaplii JEHAPUT (-TBEPIOTO pacTBO-
pa UMECT YETKO OKOHTYPEHHYIO I'PaHUITy C BBIACICHUSAMUA Ha
Hel YaCTHI KaK BTOPUYHBIX, TAK M KPUCTAIUIM3ALMOHHBIX (a3.
Bcenenctsue pacnaga mpu temmeparype 300 °C axromuHue-
BOT'0 TBEPJIOT'O PAacTBOPA IPOUCXOAUT €ro pa3ylnpoYHEHHE,
YTO MIPUBOANT K CHIKEHHIO IPOYHOCTHBIX XapPAaKTEPUCTUK U
TBEPJIOCTH CILIaBa.

T A

Puc. 2. MukpocTpykTypa 00pa3LioB B JIUTOM COCTOSHHU:
a—x200; 6—x500

JlanbHeliiee moBbIIeHNe TemMreparypbl oTxura a0 400,
480 °C criocoOCTByeT KoaryJsiiuu BTOPHYHBIX (a3 (puc. 5, 6).
C yBenmieHreM BpeMeHH BBIIEPKKH pu Temiiepatype 480 °C
HAOJIFOIACTCsl YKPYITHEHNE BTOPHYHBIX BhIICICHHUH Si, KOTO-
pBIe MPUOOPETAIOT BUI TOHKUX IUIACTHH U CTEP>KEHBKOB
(puc. 6, 6, 2). Kpome Toro, mpH BBICOKOH TeMIIepaType U
BBIJICPIKKE B TeUCHHE 4 U 6 U TIPOUCXOIUT KOAT YIS U Ce-

Tabnuya 2

IHapameTpsbl oT:kMI'2 00pa3L0B
M MeXaHH4YecKue cBoiicTBa cimiiapa AK12

IMapamerpsr MexaHU4ecKre CBOMCTBA
OTXKHI'a, COCTOSIHUE 5, MITa Goo, MIla 3, % v, % Tsepmocts, HB
T, °C | tu ’
JIUTOE 183 100 13,0 13,1 52
175 5 187 115 9 13,8 58
175 10 193 116 8,5 10,1 58
175 14 197 119 12 14,5 59
300 159 96 13 13,5 46
300 4 154 82 13 11,1 44
400 2 152 75 15 15,9 47
480 2,5 152 75 15 19,9 44
480 4 143 75 15,2 19,2 41
480 6 147 75 21 22,4 43
T'OCT P 50511 He menee 160 He MeHee 80 HE MCHee 5 dakTuueckoe 45...60

* [IpuBeCHbI CPEIHUE 3HAUCHHS [0 TPEM 00pa3LaM.
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POUIU3AIINS KPUCTAIIIOB KPEMHHUSI, BXOASIINX B COCTAB JB-
TeKTUKH (puc. 6, 8, 2).

Puc. 3. TunM4HBIE MUKPOCTPYKTYPbI 00PA3II0B TOCIIE OTHKHUIa 110
pexumy 7'=175°C, 1t =144 a—x200; 6 —x 500

Puc. 4. MukpocTpyKTypa 00pa3LoB 1mocie OTKUTa MO PEKIMY
T=300°C, 1t =4wua—x200;6-x2000

CTOMKOCTB KOJIEC ITPU UCHIBITAHUSX Ha CTEHIaX HCCIIE0-
BaJIach Ha BTOPOM 3Tare padoTsl (Tadi. 3). YcraHOBIIEHO,
YTO MOCJIE OTKUTA IS CHATHS HANPSDKCHUI TIPH TeMIiepa-
Type 175 °C conpoTtusieHue kKonec KOcoMy yaapy Mmoj yr-
som 30° moBermaetcst. Tak, 00pa3oBaHUE TPEIUH B KOJIECax
MOJIesIU | B IMTOM COCTOSIHUHM IIPOUCXOJUT IPH Harpy3Ke
5390 H, anocne orxxura—5 880 H. Ha monmernsx 2 u 3 koine-
ca B JIUTOM COCTOSHHMM pa3pyIlaiNCh HMPHU Harpyskax
3 920...4 410 H. Paspymaromas Harpy3Kka Ipu UCTIBITAHUSIX

OTOXOKEHHBIX KoJiec Ha yaap nox yriiom 30 °C yBennamiachk
B 1,5...2,0 paza.

VBenuueHue BpeMEH!U BbIAECPKKHU OTKUTa oT 5 10 14 va-
coB npu Temrepatype 175 °C crnoco6CTBOBaNIO POCTY MaK-
CHMAJIBHOW CTAaTHMYECKOW Harpys3kH, IPH KOTOPOH Kojeca
BBIJICPKUBAJIN UCTIBITAaHMA. Takne mapaMeTpsl OTXKHTa 00ec-
MIEYUBAIOT MOJYYEHHE MAaKCUMAaIbHO BHICOKMX MEXaHHYec-
KHX CBOMCTB 00pa3IoB, 00pab0TaHHBIX B JIAOOPATOPHBIX yC-
JIOBUSX. CHCZ[OBaTeHI:HO, OIITUMAJIbHBIM BPECMCHEM OTKUT'A
KOJICC SIBTISICTCS BBIICPIKKA 14 4acoB, KOTOpasi  PeKOMEH/I0-
BaHa K MPOMBIIIEHHOMY BHEIPECHUIO.

Puc. 5. MukpocTpykTypa 00pa3LoB MOCIE OTXKHTA MO PEKUMY
T=400°C, 1t =2wua—x200;6-x2000

WcnpiTanns koec Moeny | B TUTOM M OTOXCKECHHOM CO-
CTOSIHUSIX Ha COIPOTHBIICHUE YCTAJIOCTH IIPH M3rHOE C Bpallie-
HHUEM ITOKa3aJI ITPY U3rH0aroIeM MOMEHTE M I 2 500 H'm
MIPAaKTHIECKN OMHAKOBBIE Pe3ynbTaThl (Tab. 3). OmgHako mo-
BbllIeHHe MoMeHTa 710 2700 H - M npuBeso k pocty Koiauue-
CTBA ITUKJIOB JI0 00pa30BaHwMsI TPEIIMH MPUMEPHO B 1,4 paza
Ha KoJiecax, pOoLIeAmnX OTxUr. CleayeT OTMETUTb, YTO 1aJTb-
Helimee yBeTMYeHNE 3aJaHHOTO N3TH0AI0IIEro MOMEHTA 110
2 940 H-M criocoOCTBOBAJIO CHUKEHHIO YCTAIOCTHOH CTOM-
KOCTH OTOXOKCHHBIX KOJIeC. DTO CBA3aHO C TEM, YTO JaHHBIN
M3rudaroNii MOMEHT IPEBBIIIAET PACYETHOE COINIACHO Yep-
TeXy 3HaueHue, paBHoe 2 500 H - m.

Wrtak, mpoenennsie B ycmoBusx OO0 JIM3 «CKA Ty wc-
CJICZIOBAHMSI 110 BIUSIHUIO TEPMHYECKON 00pabOTKH Ha CTPYK-
Typy U MEXaHUYECKHE CBOWCTBA JIUTEHHOIO aJIFOMUHUEBOTO
cruaBa AK12 1 CTOMKOCTh aBTOMOOMIIBHBIX KOJIEC TOKA3aJIH:

— oTKuUr npu Temnepatype 175 °C npuBOAUT K CHATHUIO
BHYTPEHHHX HanpspkeHnil. HabmonaeTcst MoBBIIIEHHE IPOY-
HOCTHBIX XapaKTepUCTHK CIUIaBa Mpesena MPOYHOCTU 0
190 MITa, npenena rekydectu yciaoBHoro 10 117 Mlla, TBep-
noctu 10 58 HB nipu y10B1€TBOPUTENEHON TNIACTUYHOCTH HA
10 %. CToiKOCTb KOJIEC TP CTEHA0BBIX UCIIBITAHUAX Ha OIl-
peeneHre CONMpOTHBICHUS KoJleca yaapy mof yriaom 30° mo
T'OCT P 50511 noBeimaercsi ~B 1,5...2,0 pa3za;
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— yBenmUueHne Temrepatyps! Harpesa 10 300 °C u BoIre B mporiecce nccnenoBanmii OblTa yTOUHEHA TEXHOIOTHS
MPUBOAMT K pacliaay allOMHHHEBOTO TBEPJIOTO PACTBOPA M TEPMOOOPAOOTKH aBTOMOOHIIBHBIX KoJiec. J{J1st pOMBIIIUIeH-
CHI)KEHUIO MEXaHUUYECKUX CBOMCTB. HOTO BHEJJPEHUS BRIOpaH peskuM oTxkura: 7= 175 °C, Beiaep-

KKa 14 4.

i

=N

sady s

1 ;

o "‘.l‘(:l AL (ool
a 6 6 2

Puc. 6. MukpocTpykTypa 00pa3ioB nocie omkura mo pexxumy T =480 °C: a, 6 — 2,5 4, 6,2 — 6,0 1; a, 6 — X 2000: 6, 2 — 500

Tabauya 3
Pexxnmbl TepMudeckoii 00padoTky KoJiec M Pe3yJbTaThl CTCHI0BbIX HCIBITAHUN

Pe3ysbTaThl CTCH/IOBBIX HCIIBITAHHI
W3rubaronmit MOMEHT U
Pexum MakcuMaibHas BEpTHKATIbHAsST CTATHYECKAsT .
CTOMKOCTH TIPH MCTIBITAHUAX HA
TepMOOOPabOTKH Harpyska Ha KOJIECO TPH HCIBITaHHUAX Ha
COTIPOTHBIIEHHE yapy mox yriom 30° CONPOTHBIICHHE YCTATOCTH HPH
Ne n3rubde ¢ BpaleHueM
MOJIENH Fy o Fyer, Fyer M, Konuectso
3a/aHHast MakcumanbHast, | paspyurenus, H | 3amannas, IIUKJIOB 110
TBH >
T,°C s 10 H HMm 00pa3oBaHus
" YePTEKY, TpeLIMH
H
2 300 613 380
bes 2 500 181 440
TepMOOOPabOTKH B 3920 4900 5390 2 700 58 830
1 2 940 30500
2 500 185220
175 14 - - - 2 700 81315
2 940 17 880
175 5 3920 5390 5 880 - -
bes - 3920 3430 3920 - -
2 TepMOOOpabOTKH
175 14 3920 5 880 6 860 - -
bes 3920 3920 4410 - -
3 TepMOOOPabOTKH
175 6 3920 4900 5390 - -
175 14 3920 6370 6 860 - -
Bubanorpaduyeckuii cucox 2. 3omotopesckwii, B. C. MertarnnoBeneHne TMTEHHBIX atto-

muHHeBbIX cuiaBoB / B. C. Somoropesckuii, H. A. beros ;
Mock. uH-T cTaim u ciuiaBoB. M., 2005.

3. Dnuor, P. YiipaBnienue 3BTeKTHYECKUM 3aTBEPCBAHU-
em/P. Omot. M. : Merammyprust, 1987.

1. Crporanos, I. b. CrutaBel anfoMUHHSI ¢ KpEMHHEM /
I'. b. Crporanos, B. A. Poren6epr, I. b. I'epriiman. M. : Me-
tajutyprus, 1977.

N. V. Okladnikova, G. V. Rovensky, D. A. Diener, T. A. Oryolkina, A. A. Pereboyeva

THE DEVELOPMENT OF THE TECHNOLOGY OF THE ANNEALING CASTING
MADE OF ALUMINIUM-SILICON SYSTEM

The necessity of applying the annealing of cast wheels from the alloy AK12 for reducing internal stresses is shown as
well as improving mechanical properties and strength in operation.
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VIIK 621.771.2

I". I. Kpymenxo, C. H. PemernmkoBa

NPUMEHEHUE HAHOTEXHOJIOT' A JIJ151 TIOBBIIIIEHUS
PU3NKO-MEXAHUYECKUX XAPAKTEPUCTHUK
IMMOBEPXHOCTHW METAJLJIOU3IEJINIA

Hpedcmaeﬂeybl pesyiomamosl npuUMeHeHus HCIHOWZEXHOJZOZMZZ, 0560}’16‘{1/!661}0144”)6 nosevluienue qbu3ul<0-MexaHuqec7<ux

xXapakmepucmuk noeepxnocmu Memaniou30enuil.

B NOCJICAHUC I'OAbI 6OJ'II>H_IOG BHUMAHHUC yACIACTCA HAHO-
TEXHOJIOTHSIM, BKJIIOYasi npuMeHenue Hanomnopoukos (HIT)
XUMHYECKHX COSTMHEHHH, pa3Mephl 4aCTHI] KOTOPBIX HE Tpe-
BoiaioT 100 aM (1 HM = 10" M), B CBsI3H ¢ 4eM OHH 001 1a-
10T YHUKQJIBHBIMU (DH3UKO-XUMUYECKUMH U MEXaHNIECKH-
MH CBOMCTBAMHU, CYIIECTBEHHO OTJIMYAIOIINMHUCS OT CBOIMCTB
MaTeprajoB TOTO K& XHMHUYECKOTO COCTaBa B MACCHBHOM
COCTOSIHUH. DTH CBOHCTBA MOTYT B OTIPEICTICHHON CTETICHN
THepeaaBaThCs OIY4aeMbIM U3 HUX W C MX YUacTHEM H3/ie-
nusM. [Ipuunna yaukansHocTH cBoiicTB yactuil HIT 3akito-
9aeTcs B TOM, YTO KOJINYECTBO aTOMOB B UX TOBEPXHOCTHOM
cioe 1 B 00beMe OKa3bIBaeTCs, M0 KpaifHel Mepe, com3me-
puMbIM. B HaHOMETpOBOM MacITabe BOZHUKAIOT Ka4eCTBEH-
HO HOBBIE 3()(EKTHI, CBOHCTBA U IIPOLIECCHI, OIIPEIEIIEMbIC
3aKOHAMHM KBaHTOBOM MEXaHUKH, pa3MEPHBIM KBAHTOBAHU-
€M B MJIBIX CTPYKTYpPax, OTHOIIECHHEM IOBEPXHOCTH/00bEM
U IPYTAMU SIBICHUAME 1 (pakTopamu [ 1]. XapakTepHbIM U1
YaCTHI] TAKOTO Pa3MEPHOT0 IMAIa30Ha sIBJSIETCS pe3Koe CHU-
JKeHne TeMmepatypsl mwiaBieHus (1o 300 K), ymeHbIeHwE B
1,4 pa3a Monysst ypyrocTH, yBenudeHnue B 1,2 pa3a nuHei-
HOTO pacUIMpEHUs], TOHMKEHUE KOHIIGHTPAIIMN BaKaHCHH
OTHOCHUTEITFHO MaKpOCKOTIMUECKHUX pa3MepoB [2].

B cBs13u ¢ TeM, 4TO B HAaHOYACTHIAX 3HAYUTENBHOE KOJTHYe-
CTBO aTOMOB HAaXO/IUTCS HA TOBEPXHOCTH M NX OTHOCHTEIIEHOE
CoJIepkaHne YBEIMUUBAETCSA C YMEHBIIEHHEM pa3Mepa yac-
THII, TOBBIIIAETCS MX BKJIA]] B OOIIYIO SHEPTUIO CHCTEMBI [ 3].

Pa3mep HaHOUACTHI] MOKHO paccMaTpHUBaTh B KaueCTBE
OIepaOHHOT O NapaMeTpa, SKBUBAJICHTHOTO TEMIIEpaType
[4]. D10 03HAUALT, UTO C UX yJaCTHEM BO3MOYKHBI PEAKIIUH,
KOTOPbIE HE MOT'YT UATH B MACCUBHOM COCTOSIHUM.

OdeBUAHO, OIIMCAHHEIC U ApyTHe cBoiicTBa HII mpu nx
MMPUMEHCHUU B TEXHUKE MOT'YT IPUBECTH K IMOJTYUYCHUIO Ma-
TEpHaJIOB ¢ M3MEHEHHBIMHU B OIPE/ICIICHHOM, HYXHOM Ha-
MPaBJICHNH, YIY4IIEHHBIMU WX BOOOIIE HOBBIMU XapaKTe-
PHCTHKaMHU.

B nccnenoBanny B 0cHOBHOM ObLu Bcnoib3oBansl HIT,
MOy YeHHBIE METO/IOM IJIa3MOXUMHUYECKOTO CHHTE3a [ 5], KO-
TOPBIHA O CBOMM TE€XHOJIOTHYECKHM BO3ZMOXHOCTSIM U TEX-
HHMKO-3KOHOMUYECKIM MOKa3aTelIsIM SIBISIETCS] HanboJee rep-
CIIEKTHBHBIM 13 U3BECTHBIX CIIOCO00B. ET0 0OCHOBHBIMU J10C-
TOMHCTBAMH SIBJISTIOTCS: BO3MOYKHOCTB TIepepabOTKH JTF000-
TO TYTOMJABKOTO CBIPBS; BBICOKAs NMPOU3BOAUTEIBHOCTE;
Maslasi HHEPLIHOHHOCTb; HEMPEPBIBHOCTH Iporecca. ITOT
Croco0 MO3BOJISIET YIPABISTh pa3MepaMu 4acTull, (OpMH-
PYIOLIUXCS B TOTOKAX IU1a3MBl [6].

Kpome toro, npumensuiin HII, nosydeHHble MeTO10M
AJIEKTPOYTOBOIO CUHTE3a, IPU KOTOPOM MaTepHa MpoBOJ-
HHKA B BUJIE TIPOBOJIOYKH IPH ITPOXOXKICHUH 110 HEMY MOIII-
HOT'0 MMITYJIbCa TOKA pa3pyIaeTcs, B pe3ysibrare 4ero oopa-

3ytoTcst HaHo4acTHIbI [7]. CornacHo [8], 4acTHIIBI TOPOII-
KOB, TOJTyYCHHBIX dTUM METOIOM, 00JaIal0T 3amaceHHOU
M30BITOYHOM SHEPTHEH, BEIMIMHA KOTOPOH B HECKOJIBKO pa3
MPEBBILIAET TEIJIOTY IJIABJIEHUS TOTO e KOJIUYECTBa Bellle-
CTBA B MAaCCUBHOM COCTOSIHUU. [IpoBeeHHBIN aHAIN3 BO3-
MOJKHBIX ITyTeH 3armacatust SHSPTHU MoKa3a [9], uto Gpusu-
YECKH pPeaTbHBIM U IOCTaTOYHBIM B KOJMUECTBEHHOM OTHO-
MIESHHUH SIBIISIETCS JINIITH MEXaHU3M, CBSI3aHHBIN CO CBEpXpaB-
HOBECHBIM PacTBOPCHHEM BOJIOPOJa B MeTaiuie. B ooOmem,
MOXXHO CYHMTATh (110 KpaitHEeW mepe, 3TO OTMEYaIoch s
yactul, HII, mony4eHHBIX METOJOM IJIa3MOXUMHYECKOTO
curresa [10]), 9To mepBONPHYNHON BOSHUKHOBEHHUS H30BI-
TOYHOM SHEPTHUH SIBJISIECTCS PA3BUTASI TIOBEPXHOCTh YaCTHII.

[Ipumenenne HIT B HEKOTOPBIX TEXHOJIOTHSAX, 00 CTICUH-
BaIONINX YAydIlIeHHEe (PU3NKO-MEXaHMUECKUX XapAKTEPUCTHK
1 [TOBBILICHHUE KaueCTBA IOBEPXHOCTH METANIOU3IEIUN, U3-
JIOKEHO Jiajee.

IToBepxHOCTHOE TernpoBaHue. Fcxo/s1 13 Mon0KUTENb-
Horo onbITa mpuMmeHeHust HIT s MmoaudumpoBanus me-
TaJIJIOB U CILJIABOB IPH TOJYYCHUH M3 HUX CJIUTKOB U (hacOH-
HBIX OTJIMBOK, a TAaKXKE JICTAJNCH, TOIYUICHHBIX KHUIKOIN»
mrrammoBkoi [10], Os11 pazpaboTan crioco0, CynTHOCTH KO-
TOPOTO 3aKitodyaercs B ToM [11], 4To B TO MeCTO TUTEHHON
(dhopmEL, TOe hopMEpYyeTCs W3HANIMBAaeMasi MOBEPXHOCTS,
yCTaHaBIIMBAETCS 3apaHee U3TOTOBICHHAS U3 HAIJIABOYHBIX
ITOPOIITKOB BCTAaBKa, KOTOPasi PH 3aJIMBKE B (hOpMy MeTasia
pacruiaBiseTcs, 00pasys Ha MOBEPXHOCTH OTINBKH JIETHPO-
BaHHBIN BEICOKOTIPOYHBIH CIIOH, 00J1a/1at0NHH TTOBBIIICHHOH
10 CPABHEHHUIO C OCHOBHBIM METAJIJIOM H3HOCOCTOMKOCTEIO.
IIpu nonyyenuu oTaUBOK U3 ctanu 35J1 BCTaBKU TOTOBUIU
ITyTEM IPECCOBAHUS JICTUPYIOICH KOMITO3UITHH, COCTOSIICH
U3 HAaIUIaBOYHOTO ropornkoBoro cruiasa [1-CP4 (60...70 %),
cuaTeTngeckoi cMoisl COIT-011J1(2,0...5,0 %), HIT TiCN (no
0,06 %) u arietoHa (ocTanpHOE). B mporiecce 3ammBKY MeTa-
Ja B popMy Ha TIOBEPXHOCTH OTJIMBKH 00pa3oBajcst CIoif
mopsika 5 MM. B pesyisrare BBEICHHUS B IETUPYIOTYI0 KOM-
nozuimio HIT TiCN TBepocTh JIErHpOBAaHHOTO CJIOS TOBBI-
CHUIIach MO cpaBHEHUIO ¢ kommo3unueit 6e3 HII ¢ 32,5 no
44,5 en. HRC (12 36,9 %), mpr 3TOM MUKPOTBEPIOCTH Y-TBEP-
JIOT'0 pacTBoOpa cj10s moBbicuitack ¢ 2 750 1o 3 900 MIla (na
41,8 %). B pe3ynsrare 3Toro OTHOCHTEIbHAS H3HOCOCTOHKOCTh
BO3pacTaeT Ha 45,8 % 1o CpaBHEHHIO C JIETUPOBAHHBIM CJIO-
eM, c(hOpMHIPOBABIIMMCS M3 KOMITO3UIINHU, HE COACpIKaIIei
HIT. ITony4eHnHbie pe3ynbTaThl ObLTH UCIIOIB30BAHBI TIPH JIN-
ThE CTAIBHBIX KEPHOB — PA00YMX OPTaHOB KOJOIICBOTO Kpa-
Ha (amHa 235 MM, mraMetp paboueit yactu 140 MM, macca
10 Kr), KOTOPBIE CITYXKAT JIsl BRICMKHU CTATLHBIX CITATKOB MacC-
coit 9 T u3 cTaNepa3NMBOYHBIX H3JI0KHHUIL, TPAHCTIOPTHPOBKH
WX K KOJIO/AIIEBBIM HArpeBaTeIbHBIM MeuaM, MOCIeayIoneH
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BBIEMKH U TPAHCTIOPTUPOBKY HarpeThIxX 10 1 273 K cimTkoB K
npokaTHOMY cTany. [lToMHMO cHII0BOTO (Macca CIMTKOB JI0
9 T) ¥ TeMIEpaTypHOTO BO3ICHCTBHS B IIPOIIECCE HKCILTyaTa-
U KCPH HUCHBITHIBACT IHI/IpOKI/Iﬁ CIICKTP M3HAIIUBAIOIIUX
Bo31eHcTBHI. OOBIYHO Ha METAUTyprHYeckoM KOMOWHATE
UCTIONIb30BAIM KEPHBI, MOIyYEHHBIE JIMOO JINTHEM II0 BbI-
TUIABJISIEMBIM MOJIENISIM M3 CJIO’KHOJIETUPOBAHHOTO CIIaBa
30X25H10TCIJI, mubo oTImTaMnoBaHHBIE U3 YIIICPOAUCTON
CTaJIM C TOCJIE/IYIONIeH HaIIaBKOM paboueil TOBEpXHOCTH
CTaIbHBIM 2M1eKTpoaoM Mapku D-70X3CMT. OnHako y Takux
KEPHOB TIPH KOHTAKTE C HATPETHIMU CIMTKAMU OXPyM4IHBa-
JMch paboune KpoMkH. Kpome Toro, B CBSI3U € TeM, 4YTO OC-
HOBOH 000MX CIIABOB SBJISETCS JKEINe30, Ha pabovnX MOBEp-
XHOCTSIX KEPHOB TTOSIBIISIIIACH JKeJIe3Has OKAJIMHA, T. €. U3HOC
HOCHT KOPPO3HOHHBIH XapakTep. A M0 IPHINHE NACHTHIHO-
CTH XUMHUYECKOT'O COCTaBa OKaJIMHBI KEPHA U CJIMTKA IPOUC-
XOIUT MX CXBATbIBaHHE, YTO BEJCT K 3AJIMIAHMIO padoueit
MIOBEPXHOCTH KEPHA KEJIEZHONU OKAJIMHOM, B PE3YJIBTATE YETO
CHIKAETCsI HaJISKHOCTh 3aXBaTa XOJIOAHOT0 cinTKa. [1o3To-
My MaTepuan pabodeil MOBEPXHOCTH KEpHA, TOMUMO BBICO-
KUX TPOYHOCTHBIX XapaKTEPUCTHUK, JTOJKEH O6J'Ia}:[aTI) " BbI-
COKOH apONpOYHOCTHIO, M BBICOKUMH aHTHKOPPO3HOHHBI-
MU CBOHCTBaMH. DTUM TPeOOBAHHSIM B HANOOJIbINIEH CcTeTe-
HH OTBEYAIOT CIUIABBI HA OCHOBE HUKEJIsI, OIHAKO OHH JI0CTa-
TOYHO JOpOTHeE U 1euiuTHbIe. TeM He MeHee, HCIoIb30Ba-
HHE TaKHX CIIIABOB CTAHOBHUTCS BO3MOXKHBIM B CITydae pH-
MEHEHHSI TEXHOJIOTHH MOBEPXHOCTHOTO JernpoBanus. s
TMOJTYy4YC€HUA KEPHOB, pa60qa;1 TIOBEPXHOCTH KOTOPBIX TOJIKHA
MPOTHUBOCTOSTH TIEPEYHCICHHBIM BBIIIE BO3JICHCTBUAM, B
KaueCTBE OCHOBBI JIETUPYIOLIEr0 HATIOIHUTENS YIPOUHSIO-
IIEro cocTana ObIT BHIOPAH MOPOIIKOBBIN HAIUIABOYHBIH HU-
keneBblit crutaB [11-CP4. Tlpu 3ToM JeTHpYONIHiA cocTaB
conepxai: 96,54 % nopormxka I[1-CP4; 0,40 % HamnmaBo4YHO-
ro nopotka [TH70H030; 0,06 % HIT TiCN u 3,0 % sxuakoro
crekia. M3 3Toll KOMIIO3UIIUK € TOMOILBIO TIpeccHOpMBI 1
OTBEPIKICHUS YIIIEKUCIIBIM Ta30M FOTOBUIIM BCTaBKH, KOTO-
pbIe yCTaHABINBAJIH B Pa30BYIO JTUTEIHYTO (hopMy, 1 TIpOmU3-
BOJIWIIA €€ 3aluBKy ctajibio 35J1. M3yuenue makpouutnda
TOJIOBKH K€pHa, TO €CTh ero paboyeil yacTH, OKa3aJo, 4To
TOJIIMHA TIOBEPXHOCTHOT'O JIETUPOBAHHOTO CJIOSI B CPEITHEM
cocrasisieT 10 MM, a ero TBepaocts gocturaer 43 ex. HRC.
OTauTBIME KEpHAMH OBUTH OCHAIIEHBI BBIITyCKAeMbIE 3aBO-
JoM «CHOTsDKMAIID) KOJO/IEBbIE KPaHbl, KOTOPbIE IKCILTya-
THPOBAINCH Ha J{HETIPOBCKOM METaJTyprHUeCcKOM KOMOH-
Hate. Cpok Ci1y>kObI KEpHA C JISTUPOBAHHBIM CIIOEM COCTaB-
JISUT HE MeHee 25 4, ToT/ia Kak CepUifHOro KOBaHOTO C HAIIIAB-
koit anekrpogom tura I-70X3CMT — tonpko 16 4, T. €. B
1,56 pa3a MmeHblIIE.

Io Taxoif e Texromorun u3 crany 35J1 6buTH OTINTHI OHna
(rabaputs 124 X 305 MM, TomiHA padboucii yactu — 44 MM,
Macca 14,3 Kr) ymiepa3MOoIbHBIX arperaToB (001mas mIomma b
124 x 160 mm, TonmmHa ~ 8§ MM), TBEPIOCTb TOBEPXHOCTHO-
JIETUPOBAHHOTO €105 KOTOpbIX cocTaBuna48...50 en. HRC, a
CPOK CITy’KOBI IPH AKCILTyaTauy Ha AnmMa-ATtrHcKoi TOL]
yBeau4mwiIcs B 1,5 pasa 1o cpaBHEHHIO ¢ OMJIaMH, OTIIUTHIMH
13 TAKOH e CTaJIN, TOBEPXHOCTh KOTOPBIX ObLIIA HAITABIICHA
copmaiitoM (cioii 10...12 mm). IIpu 3ToM pabouyio moBepx-
HOCTB JINTEIHON ()OPMBI KPACHIIN TIPOTHBONPUTapHON Kpac-
Koii, coneprkarueii HIT AL O, 4T0 IIOIHOCTBIO IIPEIOTBPATH-
JI0 00pa3oBaHKe HA OTIIUBKAX TPYJHOYAAIMMOTrO IIPUTapa.

IIna3menHoe cuauumMpoBanme. [ [puHIMI HAHOTEXHOJIO-
THii OBLT peaTi30BaH MpH pa3padOoTKe Criocoda yIpouHCHHUS
METO/IOM IUIa3MEHHOTO CHIIMIMPOBaHus (HopMooOpasyro-
LIMX [IOBEPXHOCTEN MATPHULL ¥ [IyaHCOHOB YEKaHOYHBIX IIPEC-
COB, M3TOTOBIISIEMBIX U3 BEICOKOKAYECTBEHHBIX JIETHPOBAHHBIX
craneric Y8 uV10[12].

OmHUM 13 MaCCOBBIX U3IETHH, BBITYCKaeMbIX AMa-ATHH-
CKHIM 3aBOJIOM TSDKEJIOT0 MaIlIMHOCTPOEHHSI, SBIISIOTCS H3TO-
ToBJIsIEMbIe 13 XpomucToi —40X 1 xpomo-BaHaueBoi 40XDA
CTaJleH «KJIFOUH raeuHbIe JIBYCTOPOHHNEY», HOMEHKJIIATyPa KO-
TOPBIX UCUUCIISIETCS IECATKAMK HAaMEHOBAHUI (pa3Mep oT-
KkpbITOro 3eBa ot 10 X 12 10 22 X 24 MM), a KOJIMYECTBO KaXKI0-
IO HAMMEHOBAHMS — IO HECKOJIBKUX ThICSY B roA1. [Ipy nx n3ro-
TOBJICHUH MPUMEHSIOTCSI YeKAHOYHBIE KPUBOILIHITHO-KOJICH-
Hble npecchl ¢ yeunueM 400...1 000 T, ¢ MOMOLIBIO0 KOTOPBIX
JIOBOJIUTCSI KOH(UTyparus Kitoueid. CTajm, U3 KOTOPBIX X 13-
TOTOBJISIFOT, 00J11a10T JIOCTATOYHO BHICOKUMH ITPOYHOCTHBI-
MH XapaKTEePUCTUKAMH, B CBA3H C Ye€M IIOBEPXHOCTH (hOpMO-
00pa3yIoINX BCTABOK, yCTaHABIMBAEMBIX B MATPUIIE H ITyaH-
COHE YEKAaHOYHOTO IIpecca, MOJABEPralOTCs MOBBIIICHHOMY
U3HOCY, YTO CHIKAET PECypC MX IKCILTyaTaIuu.

C nenbio ynpouHeHus: pabo4Ynx MoBepxHOCTEH (hopmo-
00pa3yIomuX BCTaBOK ObIIa MCIIONB30BaHA OHA U3 YIIPOU-
HSIIOIMX TEXHOJIOTUH — IITa3MeHHOE CHINIMpoBanue. B oc-
HOBE pa3paboTaHHOH MPOM3BOICTBEHHON TEXHOJIOTUH JIKHUT
MIpOoIieCC TIa3MOXUMHUUECKOr0 OCaKICHUS Ha TIOBEPXHOCTh
W3NS ¥ BHEIPEHHS B HEe aTOMOB (KJIacTepoB, HaHOYAC-
THIT) KPEMHHS 13 Ta30BOH (a3sl ¢ momonsio BUM-reneparo-
pa. McToOYHMKOM yNpOYHSIIONIETr0 Mareprajia — KpeMHUs
CITY)KHJIO )KHJIKOE KpeMHHuopranudeckoe coeauaenne TOOC
— XUMHYeCKoe coenHenue Terpastokcucunan OC H,), Si.
Iloroxk mna3mbl, HeCyIIMi aTOMbI KPEMHHS, HA BBICOKOM CKO-
POCTH COyIapsicsl ¢ TOBEPXHOCTHIO 00pabaThIBAEMOro U3-
JIETIVS, B PE3YyJIbTaTe Yero U MPOUCXO/IIIO €€ YIIPOYHEHHE.

ObpabaTsIBacMble MAaTPHILIBI M ITyaHCOHBI YCTaHABINBA-
JMCh B THCKHU CTOJIa-MaHHUIIYJISITOPA, KOTOPBIN B Ipolecce
00pabOTKH COBEPIIACT B AaBTOMAaTHIECKOM PEXKFIME BO3BpAT-
HO-TIOCTYIATE/IbHBIC ICPEMELICHHUS B FOpH3OHTaﬂLHOI>i I10C-
KOCTH C 3aJIaHHOH cKopocThio. [lepen ynpounsromniei oopa-
OOTKOH TOBEPXHOCTH JIeTalIel 00e3KUPHBAIIN AllETOHOM, a B
ciryyae HEOOXOIMMOCTH C Hee IPeIBapUTEIbHO YIAISIIN
OKHCHYIO IIJICHKY.

B pesynbrare mia3MeHHOro CHIMIMPOBAHUS (B TCUCHUE
40...50 c3a3...4 mpoxo/a) MOTMPOBAHHBIX PAOOYHX TIOBEPX-
HOCTEH MaTpHII ¥ [TyaHCOHOB, M3TOTOBJICHHBIX U3 CTAJICH Y8 1
V10 1 npuMeHSIOIMXCsI ISl IITAMIIOBKHY CTAIBbHBIX JIETaJIEH,
CPOK HX CITY>KOBI YBEeTMUHJICS B 2,5 pa3a, a u3 ctaiu 7X3 — B
8 pa3 1o CpaBHEHHUIO C HEYNPOYHEHHBIMH 3TUM CHOCOOOM
MaTpHIAMH U ITyaHCOHaMH. D(PdEKT yrpoaHEHUs] MOKHO C
YBEPEHHOCTHIO OTHECTH TOJIBKO 3a CUET BO3ACHCTBHUS KpEeM-
HUS Ha NTOBEPXHOCTh METalIa (WJIM €ro B3auMOJICHCTBUS C
MOBEPXHOCTHIO), TAK KaK €CIIH OBl yIPOYHEHUE TPOUCXOTIIIO
3a CYET BO3/ICHCTBHUS IUIA3MEHHOTO TOTOKA II0 MEXaHU3MY
TMIPOIUIABIICHHS TIOBEPXHOCTHOTO CJIOS C MOCIEAYIONEH ero
OBICTPOI KpUCTAIUTM3AIMEH, 3TO TPUBEIIO OBl K amopdu3a-
LMY METaJIIa, ¥ TTOBEPXHOCTH MPHOOpeTata Obl BOIHUCTOCTD
[13]. OnHako B M3yyaeMoM Cilydae KaueCTBO MOJIMPOBAHHOMN
TIOBEPXHOCTH BCTABOK HE U3MEHMIIOC.

[I1a3sMeHHOE CHMIIMIIMPOBAHUE IOKA3aJI0 aHATOTMYHBbIH
3¢ eKT ynpouHeHHUs U CBSI3aHHbII ¢ HUM 3(Q(EKT NOoBBIIIIe-
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HUS N3HOCOCTOMKOCTH 1 Ha PSIIE ETaJICH N3 aIFOMUHUEBBIX
KOHCTPYKIIMOHHBIX CIIJIaBOB.

DJIeKTPONCKPOBoe Jerupoanue. C Iebio YIIPOUHEHHS
TMMOBEPXHOCTH I/I3)Z[CHHﬁ 13 AJIIOMUHHUEBBIX CIIJIaBOB C IpUME-
nenuem HIT nurpuna kxpemuus Si,N, v nurpujia turana TiN
pa3paboTaHa TEXHOJIOTHSI 3JIEKTPOHCKPOBOTO JIETHPOBAHUS
(OMJI). TexHONOTHIO YIIPOYHEHHUS OTPadATHIBAIN Ha TIJI0C-
KHX 3arOTOBKAX, BBIPE3AHHBIX U3 IPECCOBAHHBIX ITOJIOC AJTFO-
MHHHEBOTO Jeopmupyemoro cruiasa /1, ynpouHsemyo
MOBEPXHOCTh KOTOPBIX MPEIBAPUTEIBHO ITPOMBIBAIH
10...15 mun B 15 %-HOM pacTBOpe KayCTHYECKOI COABI IpH
363 K, mocie 4ero ux CyIImiIu B HIOTOKE FOpPsiYero Bo3ayxa.
3areM B TOBEPXHOCTH METAJIJIA B TEIEHUE OKOJIO 2 MHH BTHpA-
s HIT. ITocie 3Toro ¢ moMousio yCTaHOBKU « OMUTPOH-14»
IPU MCTIOJIB30BAHUN TPA(YUTOBOTO IEKTPOJA JHAMETPOM
6 MM (rpadut mapku MIIT-6) nmpor3BoIUITH AIEKTPOUCKPO-
BYI0 00pabO0TKY IMTOBEPXHOCTH IPH KPYTOBBIX IIEPEMEIICHH-
X AIeKTpoa co ckopocThio 0,07...0,09 MM/MuH, 9acTOTE BHO-
parmn /=400 'y n pabouem Toke I/ =1 A. U3 ynmpouHEeHHBIX
3aroTOBOK BRIpE3aIy HAIHHAPHYecKre 00opa3is! K10 MM
BbIcOTOM 15 MM. Ha mpubope [IMT-3 uzmepsiiv MUKpOTBEp-
JIOCTb YIIPOYHEHHOM roBepxHocTH (110 Bukkepcy HV). Uc-
MIBITAHUS HA U3HOC MPOBOMIIN Ha MamuHe MT-2 npu Bo3-
BPaTHO-TIOCTYIATEIEHOM MEPEeMEIIEHHN 00pa3IoB 10 KOH-
Tprery u3 cramu Ct3 B TedeHue 3 4 npu yIenbHONW Harpy3Ke
10 H/mm?. B kadecTBe cMa3Ku UCIIOIB30BAIIN TpaHchopMa-
TOPHOE MaCII0, KOTOPOE MTOAABAJIOCH B 30HY TPEHUSI HETIpe-
PBIBHO B aBTOMAaTHYECKOM pexkuMe. MI3HOC ompenensim no
MOTepe Macchl 00pa3IoB IMyTeM UX B3BEIIMBAHMSI Ha aHAIU-
traecknx Becax BJIA-200 mo u mocie ucnbiTanus. [Tomyden-
HBIC JJaHHbIC ToKa3aiu, yto DMJI moBepxHOCTH 00pa3IOB U3
crasa /{1 rpauTOBBIM JIEKTPOZOM IOBBIIIAET €€ MUKPO-
TBepaocTh B 1,8 pasa mo cpaBHEHHUIO ¢ HEOOPAOOTAHHBIM
crtasoM (¢ 200 1o 360 en. HV), a o6paborka HIT Si,N, ¢ moc-
nemyroreit DMJI rpaduroBbiM astekTpoaoM — B 1,87 pasa (10
374 en. HV) n o6padorka HIT TiN n D11 rpadutoBbIM 211€K-
TpomoM — B 2,26 pasa (1o 453 ex. HV). IIpu aToM n3HOC y1I-
pO‘IHeHHOﬁ IMOBEPXHOCTH YMEHBUINIICA COOTBETCTBECHHO B
1,84; 2.3 uB 4 pasa. Pe3ynsrarhl 3TOT0 3KCIIEpUMEHTa OBLTH
UCTIOIb30BAHBI [UIS TOBBILIEHHS CTOHKOCTH KOKMIIEH, OTIIN-
BaEMBIX M3 AJIFOMUHUEBOTO ciutaBa AK7 u mpuMeHseMbIX 1i1s
JIMTHS JIOZIOYHBIX TPEXJIOMACTHBIX BUHTOB M3 3TOT'0 K€ CILIaBa
¢ maccoit 0,83 kr 1 uaMeTpoMm 1o nepudepuu Jionactei
240 mm. Kokmiib cOCTOUT U3 ABYX YaCTEH € TOPU3OHTAIBHBIM
pa3sbEMOM. HpH YAaJICHUU U3 HETO OTJIMTBIX BUHTOB, UMECIO-
MMX JOCTATOYHO CIIOKHYIO KPHBOJIMHEHHYTO TOBEPXHOCTb,
MIPOUCXOIUT CHIIOBOE M ICTHPAIOIIIee BO3CHCTBIE HA MECTA,
odopmIsTronIIEe IEpEXobl JIONAacTe! K CTYNHIE, YTO, B KO-
HEYHOM CUeTe, IPUBOINT K MX Aedopmarmu. Pesyiasratom
ATOTO ABJISIETCS N3MEHEHHE Pa3MePOB KaK MOJIOCTH (OPMBI,
TaK ¥ T€X MECT OTIMBOK, KOTOpBIE OHU 0PopMIISIOT. [TpH 9k-
CIUTyaTaluy KOKWIIS C HEYIIPOUHEHHOH paboueii oBepxXHO-
CTBIO, IPE/IBAPUTEIILHO OKPAIICHHOI OrHEYIOPHOM KPacKOH,
TEOMETPHs MONOCTH (POPMBI YETKO BOCIIPOM3BOAMIACH HA
190...250 oTnmBKax, a B pe3yybTaTe peaBapuTeIIbHOI 00pa-
6otku 3Toi moBepxaocTr HIT TiN ¢ mocnemyrommeit DI rpa-
(DUTOBBIM NIEKTPOJOM M OKPACKOHW TOM K€ OIHEYHNOPHOM
KPacKOH BOCHPOM3BOJMMOCTH Pa3MepOB IMOJOCTH (HOPMBI
coxpansinack 10 cbema 320...350 otnuBok (Oombiie B
1,3...1,6 paza).

[omyuennsie 23pPexTsr 00BsICHIOTCS TeM [ 14], uTo oc-
HOBHBIM YIPOYHSIOMIUM U MOANGHUIUPYIOUHM (HAKTOPOM
ipu DI siBIsSieTCS AIEKTPOIPO3HOHHEIH ITPOIIECC, CO3Iar0-
LU aHOJTHO-KaTOIHBIM MacCOBbIH MOTOK, a CTENIEHb YIIPOY-
HEeHHUS! MOAM(UIIMPOBAHHOTO CIIOS IIPSMO ITPOTIOPIIMOHAIIb-
Ha MPOYHOCTH MaTepHaa JITUPYIOIIEro kaTtozaa. B onucan-
HoM cniocobe DUJI posb karona hakTHYECKH BBINOIHSIIH
HIT, obmamatorye 3HAYNTETHHON TBEPAOCTHIO

Koxunnbhbie kpacku. HIT 66111 Takoke yCHEIIHO UCTIONb-
30BaHbl B KaU€CTBE OTHEYIOPHOH COCTABIISIONIEH KPacok,
MIPUMEHSIEMBIX ISl OKPACKH PabOUNX ITOBEPXHOCTEH JTUTEH-
HBIX METALTHYECKHX (POpM (KOKHUIIEH ), pOJIb KOTOPBIX, KaK U B
clly4ae 3eMJITHBIX ()OpM, 3aKITI0YAETCsl B TPEAOTBPAIICHUH
B3aUMOJICHCTBHS KHIKOTO METaJljIa C TIOBEPXHOCTHIO, (hop-
MUpYIOIIEH OTINBKY. HemocTaTkoM HCIONb3yeMBIX B IIPON3-
BOJICTBE KOKUJIBHBIX KPACOK, B YaCTHOCTH, ITPU JINTHE zleTaneﬁ
13 aJJFOMUHHEBBIX CIUIABOB, COJCPIKAINX TaKHE OTHEYIIOp-
HbIe cocTapisronme, kak Men CaCO,, nByoxuck tutana TiO,,
OKHCh IMHKa ZnO, sSIBIIIETCS UX HU3KAsl CeTUMEHTAIINOHHAS
YCTOWYMBOCTH 110 IPHYMHE KPYIMHOCTH YACTHUII, YTO IPUBO-
JIUT K PACCIOCHUIO KPACOK ITPU BHICTAUBAHUH, @ 3TO, B CBOIO
o4epe/ib, TpeOyeT IMOCTOSTHHOTO UX MEPEMENINBAHMUS B ITPO-
1ecce OKpacku (hopmM ¢ MoMOIIbIo ImynbBepusaropa. Kpome
TOTO0, KPYITHBIE YaCTUIIBI ITHX KOMIIOHEHTOB HEI0CTATOYHO
MIPOYHO CHETUISIOTCA C OKPAIIMBAEMOM IOBEPXHOCTBIO H
II0ATOMY B IIPOLIECCE JIUThSI OTHEYOPHOE OKPHITHE MECTa-
MH BBIKPAIIUBACTCS, B CBA3M C UM KOKHJIb ITEPHOTUUECCKH
nozikpammBaercst. OJTHaKo TP ATOM CIION KPacKH Ha MoBep-
XHOCTH KOKHJISI CTAHOBHTCS «Pa3HOTOJIIIIUHHBIMY, B CBSI3H C
YeM Ha II0BEPXHOCTHU OTIMBOK MOSBIISIFOTCS HEPOBHOCTH, UTO
YXYALIAET HE TOJILKO TOBAPHBII BUJT OTIMBKHU: F€OMETPHSI JIH-
TOH MOBEPXHOCTH JieTaJleH BIMSIET Ha NX pabovne XapaKTepH-
CTHKH — HaJIMYMe HEPOBHOCTEH YXY/IIIAET OKA3aTe M IKCII-
Tyaranuu. IMEHHO Tako# cirydail IMesl MECTO IIPH JINTHE B
KOKIJIB 13 crtaBa AK 74 crioxkHOM (pacOHHON OTIANBKU — TPEX-
JIOTIACTHOTO JIOJJOYHOTO I'PeOHOr0 BHHTA C JUAMETPOM
240 MM IO KOHTYpY JioacTei. KOKHIb COCTOUT U3 ABYX I10-
JTy(OPM CO CIIOKHBIM KPHBOJIMHEHHBIM Pa3beMOM B I'OPH-
30HTAJILHO IIIOCKOCTH T10 JIONACTSIM, CTYIHIA 0OpMIISET-
cs1 B HIkHell nonydopme. IIpn ynaneHnn BUHTa 13 KOKMIA
Kpacka MO/IBEpraeTcs 3HaYMTEILHOMY UCTHPAIONIEMY BO3-
neiictBuro. OHUM U3 OCHOBHBIX TPEOOBAHHH K KaIeCTBY BUH-
Ta, 00eCIEeUYNBAIOIINM HY)KHBIE XOI0BbIE Ka4eCTBA, SIBIISICTCSI
TIOTyYeHHUE JIOTIACTEHl ¢ 33TaHHON TOJIIIMHON CEYEHMs1, KOTO-
poe B MecTe repexojia K ctynuiie coctapisier 100 MM 1 yMeHb-
maeTces 0 2 MM 110 niepudepun. BakHbIM ycroBueM mpu-
€MKH BHHTOB SIBJISIETCS] CTPOTOE OTpaHWYeHHe auchananca,
Ha BEJIMYMHY KOTOPOTO U BIMSET HEOAHOPOIHOCTH TONIINHEI
sonacteil. [Ipy npuroToBIeHNN KOKUIBHON KPacKH UCTIOJb-
3oBanu HIT nurpuna kpemuus Si.N, B konuuecTse 3,92 mMac-
COBBIX TporieHTa (5,88 % oxwcu nmuaKa ZnO; 11,76 % xumKo-
ro crekna Na SiO,; octanbHoe — Bojia). Beicokas cenumenTa-
MoHHas ycroitunBocTh gactuil HIT mpeoTBparmia paccio-
eHune kpacok. Kpome Toro, B CBSI3U C CON3MEPUMOCTBIO Yac-
tun HIT ¢ mepoxoBaTocThIo MOBEPXHOCTH KOKHUIIS, TOBBIIIIA-
eTCsl MX CHEIUISIEMOCTD C HEM, a TaKKe 3aIM0IHAEMOCTh HMH
MYCTOT MeX/y 0oJiee KpYITHBIMU YaCTHIIAMH OKUCH IIMHKa,
4TO oOecreunBaeT MojydeHne 0ojiee pOBHOTO MOKPHITHSI.
Oru ocobennoctn HIT Si,N , oGecneunnm cTORKOCTL OKpa-
LIEHHOTO CJIOSl IIPH ChEME C Pa30BOM MOKPACKH KOKMJIS
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300 oTIIMBOK BUHTOB, TOT/Ia KaK IPH MCIIOIH30BAHUH 3aBOJI-
ckoit kpacku (5,0 % oxucu nuakKa ZnQO; 2,0 % KUIKOTO CTEK-
na Na,SiO,; ocTanbHOE — BOIa) CTORKOCTB Pa30BOTO MOKPBI-
Tus obecrneuynBana ceeM Tonbko 120...140 otnuBok. [Ipu
9TOM YHCTOTA IOBEPXHOCTHU OTIIMBOK IOBBICHIIACH B 1,6 paza
— IIEepPOXOBATOCTh MOBEPXHOCTH YMEHBIIUIACH ¢ 34 10
21 mMkM. PazpaboTanHas kpacka rokasaia aHaJIOTHYHbIE pe-
3yIBTaTH ¥ ITpH TUTHE U3 cruaBoB AK12 n AK94 B Hepasb-
€MHBIN KOKWJIb 00JIee MACCUBHOM JIeTalIM KOHYCHOU (DOPMBI
OTBETCTBEHHOI'O HA3HAYCHUS Maccol 25 Kr, BeIcoTol 0,4 M.

ITporuBonpurapHble Kpacku. B pesyssrare nprmMeHeHus
HII B cocraBe pa3pabOTaHHBIX HAMHU IPOTHBONPHUIAPHBIX
MOKPBITUI B 3HAYNTEIBHON CTENEHHU WJIH TTOJHOCTBIO Tpe-
JIOTBpalaercsi 00pa3oBaHue MpUrapa Ha MOBEPXHOCTH CTaIb-
HBIX ¥ 9yTYHHBIX OTJIMBOK MAIIMHOCTPOUTEIHLHOTO 1 001IIe-
TEeXHUYECKOTO Ha3Ha4eHus. [Ipu ncrmonp30BaHNN TaKUX T10-
KPBITHI MOBBIIIAETCS YHUCTOTA M YITyUIIAeTCs] KAYECTBO T10-
BEPXHOCTH JIUTBIX JIETaJIeH; IPEAOTBpAIacTCsI 00pa3oBaHUe
ra30BbIX PAKOBUH; PAKTUYECKHU OTIAIaeT HEOOXOMMOCTh
TpOBeIeHNs OOPYOHBIX W 3a4UCTHBIX paboT M MPUMEHECHHUS
CBSI3aHHOTO C ATUM 00OpY/IOBaHUs, BKIIIOUYAs, HAIpUMeED,
YCTaHOBKY JUISI SJIEKTPOTHPABINIECKOI BRIOUBKHU CTEPIKHEH;
YIy4IIAl0TCsA CAHUTAPHO-TUTHEHUIECKUE YCIOBUS TPyAa U
JKOJOruueckoe cocrosHue. Kpome toro, mpu 3Tom
MPEIOTBPAIIACTCSI BO3MOKHOCTh BO3HUKHOBEHHS TPEIINH
Kak B 00beMe, TaK M Ha MOBEPXHOCTH OTIMBOK, OCOOCHHO
HMEIOIINX CIIOXKHYIO KOH(HUTYPAIUIO ¢ COUYETAaHUEM TOJICTBIX
1 TOHKUX CTEHOK, Ha CTBIKaX KOTOPBIX U3-32 HEPABHOMEPHOC-
TH KPHCTAJUTU3ALUH U COYETaHUS KPYITHO- U MEJIKOKPUCTAI-
JMYECKON CTPYKTYPBI CyLIECTBYIOT BHyTPEHHHE HaIpskKe-
Hus. Beenenne HII B coctaB mpoTHBOIPUTapHBIX HOKPBITHI
o0ecreunBaeT UX BHICOKYIO CEANMEHTAIIMOHHYIO YCTOHYHMBOCTD
B Pe3yJIBTaTe yIacTHsI BRICOKOIMCIIEPCHBIX YaCTHI] B OpPOYHOB-
CKOM JIBW)KEHHH, YTO MPEOTBPAILAET PACCIOCHUE JKHIIKOTO
MOKPBITHSI 10 Y/IEJLHOMY BECY ITPH JTTENIEHOM BbICTANBAHUY,
a TaK)Ke BHICOKYIO IIPOHHMKAOLIYIO M KPOIOIIYIO CIIOCOOHOCTB,
cHmKaeT B 1,5...2,0 paza pacxo1 o CpaBHEHHIO C U3BECTHBIMI
cocraBaMH, 00eCIeurBaeT MPOTUBOIPUTapHBIA d(DPEKT npu
OJTHOCIIOWHOM TIOKpacKe TINTSHHBIX ()OPM U CTEPIKHEH.

Tak, B pe3ysbTarTe OKpacKu H3roToBIeHHBIX 110 CO -1po-
reccy Gopm nokpsrtneM, copepxaium 14...18 % HIT SiC (a
takke 4,3...4,5 % nomusuHMWIOyTEpans u 77,5...81,7 % pa-
cTBOpHTEIS 646), OBIIO PEIOTBPAILIEHO 00pa30BaHKE MPH-
rapa Ha JIONacTsIX, OTIINBAEMbIX Ha CyI0PEM3aBO/IE M3 CTaJIN
25J1 cylOBBIX YETBIPEXJIONACTHBIX TPEOHBIX BUHTOB (JaMeTp
1o iepudepun toracteid 470 MM, BBICOTA CTYTHIBI — 150 MM,
yepHoBas Macca 20 Kr, 9rucToBas — 13 Kr; monaab OKpacKu
MOJIOCTH (POPMBIL, 0O(OPMIISIFOLIEH OJTHY JIOTACTh ¢ 00EHX CTO-
pon — 0,045 M2, cyMMapHast OKpantuBacMast IOBEPXHOCTh —
0,18 m?). [Ipu TUTHE TAKKX BHHTOB B (DOPMBI, OKPAIICHHBIC
3aBOZICKOI KpacKOH, TOJNINHA KOPKH IpUrapa Ha 00eHx cTo-
poHax jonactei coctapnsia 12...15 MmM. A ipu okpacke Ta-
KHM TIOKPBITHEM CTEPKHSI, 0()OPMIISIONIETO B OTIMBKE «JIe-
6amancy (u3 cranm 25J1, uepHoBas macca 88,6 KT) OTBepCTHS
K130 MM, JUTUTENEHOCTD U TPYIOEMKOCTb €ro BEIOMBKH CO-
KpaTuiiach B TPH pasa.

B nanpHeiiem paboTbl ObUIN POIOIKEHBI B HAIIPABIIE-
HUM ycranosienus Buaa HIT, koTopslii mpuBelt Ob K yMEeHb-
IIEHUIO €TO PACX0/1a B IIOKPBITUAX IIPH COXPAHEHUH BBICOKO-
TO IPOTHBONPHUIapHOro 3 dekra. Takum TpeOOBaHUSM y/10B-

neTBOpsT Heoporoi u HeaeduTHe HIT okcina amomu-
Hust ALO,, Konu4ecTBa KOTOPOTo B MOKPBITHH OKa3aj10Ch J0-
CTaTOYHBIM B ripezienax 1,4...3,0 %. PazpaboTaHHbIe TTOKPHI-
THSI TT0KA3aJM BBICOKUH TPOTHBONPHUIAPHBIA dQdeKT npu
JUTHE CIOXKHBIX (DaCOHHBIX OTIMBOK U3 cranei 40J1, 45J1,
110T°13J1, 110I'13X2BPJ1 u1 ip. TpymoeMKOCTh 3a4MCTHBIX pa-
60T ripu 3ToM yMeHbImnack Ha 90...95 %. OcHoBoii pa3pa-
0OTaHHBIX COCTABOB CITY>KHJIM IIPUMEHSIEMbIC HA 3aBOJIC CTaH-
JapTHBIE KPACKH, C TEM OTIIMYIHMEM, YTO KaXKAbIH U3 comeprKa-
IIMXCS B HUX KOMITOHEHTOB OBIJT HECKOJIBKO YMEHBIIICH C Iie-
JIbI0 KOMIIEHCALIUH JOTIOJIHUTEILHO BBEICHHOTO KOJIMUECTBA
HITALQO,.

Pe3ynbraThl HX MPUMEHEHNUS IOKa3aId OTCYTCTBHUE ITPHU-
rapa Ha IIOBEpXHOCTSX OTJIMBOK, O(pOPMIICHHBIX CTEPIKHIMH,
okpanteHHbIME Kpackamu ¢ HIT Al O,. IIpotusonpuraproe
MOKPHITHE HAHOCHUJIN Ha TIOBEPXHOCTH CTEP)KHEH C TIOMOIIIBIO
kuctu. Pacxom HIT A1203 Ha 1 M? OKparmBaeMoi IIoIaan
COCTaBMII OKOJIO 25 T. DTO IMO3BOIIIIO HE TOJIBKO YCTPAHUTh
orepanyy 00pyOKH ¥ 3a4MCTKH, HO 1 OTMEHHUTH MPUMEHSIB-
LIyIOCS TIPH OKPACKe MECYAHBIX CTEP)KHEH CTaHJapTHBIMU
KpacKaMH 3JIeKTPOTHIPaBIMYECKyO BEHIOUBKY. 3aBO/ yCIIEIII-
HO paboTaJ Ha 9THX Kpackax B TEUEHHE T0J1a.

Pesynbrarel sxciepuMenTa, poBeaeHHoro Ha [1-o0pas-
HBIX IP00AaX, 3IMBAEMBIX CTaJIbIO 35J] B M3rOTOBJICHHBIE 110
CO,-mponeccy HEOKpAIIEHHBIE (POPMBI, TIOKA3ATH HATHIHE
Ha HUX METaJUIN3UPOBAHHOIO IIPUTapa, TOMIIHHA KOTOPOTO B
nazy Jocruraina 13 Mm; mpu okpacke opMbI 3aBOACKON Kpac-
KOH Ha 2EeKTpOKOpyH e (pa3mep dacTull mopsaka S0 MKMm)
YHCTOTA IIOBEPXHOCTH I10CJIC BEHIOMBKH, OIIEHIBaeMasi 110 Be-
JIMYMHE IEPOXOBATOCTH, COCTaBMIa R =720 MM, TOr/Ia Kak
TIPY UCTI0JIb30BaHMM Kpacku, copepyxkameid HIT TiCN, npu-
rap OTCYTCTBOBAJl M IIEPOXOBATOCTh YMEHBIINIACH B
2,25 pazsa—n0 R =320 mxm.
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G. G. Krushenko, S. N. Reshetnikova

THE USE OF NANOTECHNOLOGIES FOR THE INCREASING
THE PHYSICAL-MECHANICAL CHARACTERISTICS OF METAL FABRICS SURFACES

The results of nanotechnologies use providing the increase the physical-mechanical characteristics of metal fabrics

surfaces are presented.

VIIK 621.791.72

B. 4. bpasepman

TOPMO3HOE PEHTTEHOBCKOE U3JIYUYEHUE IIPU QJIEKTPOHHO-JTYUYEBOM
CBAPKE U ET'O B3AUMOCBA3b C IAPAMETPAMMU MNPOLHECCA'

IIpusedensvl onucanue u pe3yibmamsl HEKOMOPLIX IKCNEPUMEHIOE NO UYUEHUIO PEHM2SEHOBCKO20 U3YYEeHUs, 603HU-
Kaiowe2o npu 21eKmpoHHO-TYHe8ol ceapke, NPOBEOEHHBIX C Yebl0 ONpedeNeHUsl 63auMOCA3U USYYeHUs U npoyeccd
Gopmuposanus c6apHo2o wiea, a Maxice UCHONb30BAHUS UYUeHUs Ol YNPAGLeHUs CBAPKOU.

B03MO)XHOCTS TPUMEHEHNS PEHTTEHOBCKOTO U3ITyUCHHS
(PY) nyist nomydenust nHGOpMAMU 0 COCTOSIHUM IpoLiecca
ANEeKTPOHHO-TTy4deBoit cBapku (3JIC) ocHOBBIBaeTCS Ha 3HA-
HUM (HU3MYECKMX 3aKOHOB BO3HMKHOBeHUs PU u B3aumo-
JICWCTBHS €T0 C BEIIECTBOM. AHAJIIMTHIECKOE ONTMCAHNE Ha-
3BaHHBIX 3aKOHOMEPHOCTEH 3aTpyaHEHO, IIaBHBIM 00pa-
30M, U3-3a OTCYTCTBHSI IOCTOBEPHBIX CBE/ICHUH 0 (przniec-
KHX IpoIleccax, MPOUCXO/IAIMINX B KaHAJIE TPOIUIABICHUSI.
DTO CBUAETENBCTBYET O 11eIECO00Pa3HOCTH IPOBEICHUS HC-
CJIEZIOBAHMH C LENIBIO Pa3pabOTKN PEHTTEHOBCKUX CHCTEM
ynpasienus DJIC.

[Tpu 6GombappOBKeE TOBEPXHOCTH MUIIICHH (CBapHBae-
MBIX JIeTaJiel) SJIEKTPOHAMHU JJOCTATOYHO OOJIBIION SHEPTUN
OJJHOBPEMEHHO BO3HUKAET PEHTITE€HOBCKOE U3IIyUEHHE ABYX
BHUJIOB — TOPMO3HOE ¥ XapaKTepHCTHIeCKoe. MexaHn3M BO3-
HUKHOBEHUS uX paznuueH. B mporecce DJIC Ha oOpasosa-
HHE PEHTT€HOBCKOTO N3ITyUCHNUS 3aTPadnBaeTCs PUOIN3H-
TenbHO | % BBOANMON SHEPTUH.

W3 51eKTpoAHAMUKH N3BECTHO, YTO YCKOPEHHO JIBHIKY-
IIMEeCs 3apsbl U3JIyYaroT B OKpY’Kalollee MPOCTPAHCTBO
9JIEKTPOMarHUTHBIC BOJIHBL. [1afaroniue Ha MUIICHB JJIEKT-
POHBI HCTIBITHIBAIOT BHYTPH HEE TOPMOXKEHHUE B I10JIE aTOM-
HBIX siiep. TOpMOXKEeHHE PEACTABIsAeT COOOU MPOLIECC BU-
JKEHHUS IEKTPOHOB € OTPULIATENILHBIM YcKopeHueM. Crero-
BaTEIIBHO, 3JICKTPOHBI, 0OMOAPIUPYIOINE MUIIICHD, TOJIK-
HBI TEPSTh YaCTh YHEPTHHU B BUJIE SIIEKTPOMarHUTHOT'O U3JTY-
YEeHUsI. DTO U €CTh TOPMO3HbIE PEHTTCHOBCKHE JTyUH.

TopMo3HOE M3Iy4eHHE COCTOUT U3 MHOXKECTBA KoJieha-
HUIA, JUTMHBI BOJIH KOTOPBIX HAYMHAIOTCA C A, ¥ HENPEPHIBHO
MPOCTUPAIOTCSI 10 A = 0, T. €. UMEET HeIIPEPhIBHBIN CIICKTP,
OrpaHMYEHHBIN CO CTOPOHBI KOPOTKUX BOJTH. | paHnuHast JUTH-
Ha BOJIHBI A, onpezensercs 1o popmyrne [1]

A, =hcleU, (1)

rae h=6,62 - 10* Jlxx-¢c — nocrostanas [nanka; ¢ =3 - 103m/c —
cKopocTh cBeTa; e = 1,6 - 107" Kuit —3apsi anekrpoHa.

! PaGora BbInosHeHa pu (GrUHAHCOBOM noiepskke Poccuiickoro honia GyHIaMeHTalbHbIX HecnenoBanuii (koz npoekra 07-08-00179).
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Ioncrasmsast >tr 3HaueHMs B (1), momyanm
A=12,35/U,E,

riae U — yckopsitolliee HanpsiKeHre, BhIpaXeHo B KB.

Ipy MpaKTUYECKOM HCIIOIb30BAHMU PEHTTCHOBCKOTO
M3JTyYCHHUS BJKHO 3HATH PACIIPEICIICHUE SHEPTUH I10 CIICKT-
py. OHO XapaKTepH3yIOTCS IIOTHOCTHI0 HHTEHCHBHOCTH J, ,
KOTOpast [PECTABISIET COOON OTHOLICHHE WHTEHCHBHOCTH
Ty4ei dJ, 3aKITFOUCHHBIX B Y3KOM HHTEPBAJIC BOJH OT A 710 A +
d\, K 3TOMY UHTEpBAIY:

J, = dJ/d.

PaccmoTpuM pacnpesenenue miIoTHOCTH HHTEHCUBHOC-
TH B CIIEKTPE TOPMO3HOTO N3ITyUSHHS P PA3IAIHBIX 3HAUC-
HUSIX ycKopsrolero HanpsbkeHus (puc. 1). CrnekrpanbHbie
KPHBBIC IMEIOT MaKCUMYM, KOTOPBIH HaOMIOMaeTCs pH JITH-
He BOJTHBI A, = 3/2A_ .

min

\ TTTTTTTI
= 5 \ 1 -20kB ]
E \\ 2-25kB
A 3-30B —
z / | 4-40B
= I \\ 5-50kB —
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Puc. 1. 3aBUCHMOCTP IIIOTHOCTH HHTEHCUBHOCTH H3JTYYCHUA
OT IJIMHBI BOJIHBI B HEIIPEPBIBHOM CIICKTPE

HpI/I TMOBBIIICHUU HAIPSKECHUA HHTCHCUBHOCTD U3JTyYC-
HUS KQKI0H JUTHHBI BOJIHBI CIIEKTpa Bo3pacraet. OtHOBpe-
MEHHO M3MEHSETCS M CHEKTPAIbHBIA COCTaB MU3ITyICHUS —
CIIEKTP CMEIIAETCS B CTOPOHY KOPOTKUX JJIHH BOJIH.

[TroTHOCTh MHTEHCUBHOCTH J TOPMO3HOTO M3ITYICHHS 3a-
BHCHT OT TOKa [ 3JIEKTPOHOB (pHC. 2) M aTOMHOTO HOMepa Z
Marepuaa MUILIEHH (CBapHUBAEMBIX JIeTaselt). YBeIMUeHHe Toka
(ipy Hem3MeHHBIX U U Z), TakKe KaK ¥ YBEITMICHUE aTOMHOTO
HoMepa (TTpu OcTOSHHBIX U 1 /), IPUBOJIUT K POCTY NHTEHCHB-
HOCTEH COCTaBJISIOIIIX CIIEKTPA, COOTBETCTBYFOIINX BCEM JUTH-
Ham BoJTH. OJTHAKO ITPH 3TOM CIIEKTPaJIbHbIN COCTaB H3ITyYeHHs
He U3MEHSIETCST: JUTS KaKIIOTO ceMeHcTBa KprBhIX J = f{A) Tpa-
HUYHAS JUTMHA BOJHBI A,_. 1 JUTMHA BOJIHBI A, COOTBETCTBYHO-
I11ast MAKCUMYMY MHTEHCHBHOCTH, OCTAIOTCSI TEMU KE.

MHTEeHCHBHOCTH TOPMO3HOTO M3ITYUCHHUS TIPEACTABIICT
c000ii COBOKYITHOCTh MHTEHCUBHOCTEH BCEX COCTABIISIFOLIAX
cnekTpa. * UnciaeHHo OHa paBHA TUIONIA N, OTPAHUICHHON
kpuBoi J, = f{A) 1 ocbio abemmce. DKCIIEPUMEHTATBHO YCTa-
HOBJIEHO [ 1], 9YTO MHTEHCUBHOCTH TOPMO3HOTO HM3ITy9IEHHS
MPSMO TIPOTIOPITHOHANIEHA TOKY JIEKTPOHOB /, aTOMHOMY
HOMEpY Marepualia MUIICHH Z ¥ KBapary yCKOPSIOIIETro
HanpsbkeHust U:

J=CIZU?,

rae C— ko3P UIIHeHT TPOTOPIHOHATEHOCTH.

@)

VIHTEHCHBHOCTBH YMEHBIIIAETCS IT0 MEPE YAAIECHHS OT HC-
TOYHHKA M3Ty4eHUsL. [|71s1 TO4eUHOro MICTOUYHHUKA B OTCYTCTBHU
ocabyIeHnsT U3JIyYeHUs! Cpe/lod MHTEHCUBHOCTH yOBIBAeT
00paTHO MPONOPLHOHAIBHO KBaJpaTy PAacCTOSHUS OT HC-
TOYHHKA.
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Puc. 2. CriekTpabHble KPUBBIE TIPH PA3IIMIHBIX TOKAX JIyda:
I>1>1

BakHoli XapaKTepUCTUKOM ABIISIETCS IPOCTPAHCTBEHHOE
pacrmpeelieHie TOPMO3HOTO PEHTI€HOBCKOTO M3JTy4eHHs. B
yenoBusix DJIC ¢ HECKBO3HBIM MPOILIABICHHEM CBapUBac-
MBIC JE€TAJIN MOTYT pacCMaTPUBATBCA KaK MaCCHUBHBIC MH-
meHu. M3mydenue, Bo30ykKIeHHOE B TAKOW MUIIIEHH ITPU Ha-
npsokeHnsix 10 200 kB, nmeet mpocTpaHCTBEHHOE pactpesie-
JICHUE, IOCTATOYHO OJIM3KOE K chepuueckomy (puc. 3).

100 %

60%  20% 0 20% 60% 100%

Puc. 3. [IpocTpancTBeHHOE pacnpeieIecHue HHTEHCUBHOCTH
TOpMO3HOro u3nydenus: / —npu 10 kB; 2 — npu 70 kB
0e3 puIbTpa; 3 — TO KE ¢ ATFOMUHUEBBIM (PHIBTPOM
ToJmHoM 10 MM

PeHTreHOBCKOE M3JIyYCHUE CIIOCOOHO MMPOHUKATH Yepes3
pa3iIuYHbIC MaTepruaibl. IHTEHCHBHOCTD U3IYYCHUS, TIPO-
IE/IIIIETO Yepe3 CIO0H BEIIECTBa, BCET/Ia OKa3bIBACTCS MEHB-
11e nepBoHavanbHoi. OcnalieHre HHTEHCUBHOCTH U3Tyde-
HUsL 00YCJIOBIICHO SIBJICHHUSIMH TIOTIIOIICHUS M PacCesHUs
Jydei B BemecTBe. [IpH MOmIOIEHHH TPOUCXOIUT Ipeodpa-
30BaHME YHEPTUU H3ITyUCHHUS B IPYTHE BUIBI dDHEPTrUn. B pe-
3yIBTATE PACCESIHUS ITyYOK M3ITYUCHHUS TTepecTaeT ObITh Ha-
MIPABJICHHBIM — JIyYH PacIPOCTPAHSIOTCS MO Pa3HBIM HATIPaB-
JICHUSIM.

HTEeHCHBHOCTD OIHOPOAHBIX PEHTTCHOBCKUX ﬂyqeﬁ, T. €.
00JIaIafOIIMX OJTHOM JTMHOM BOJHBI A, TIPOILE/IIINX Yepe3
CJIOW Kakoro-Jiu0o BeliecTBa TOJIIMHON d OTpeeNseTcs
BbIpakeHueM [ 1]:
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J,=Jyexp(-ud), (3)
ryie J, — MIHTEHCUBHOCTD MaJIar0IKX JIyueH; J, — HHTEHCUB-
HOCTB JTydeH, MPOIIEAIINX CII0H d; L — KO PUITHEHT THHEH-
HOT0 OcJ1a0eHusl.

Ocna0JieHre peHTIeHOBCKUX JIy4el YBEITNUMBAETCS OUCHb
OBICTPO C YBEJIMYEHHEM TOJIIUHBI MONIOLIAIOLIETO CIIOS.
Hwxe npuBeieHs! SKCIIEpUMEHTANIBHEIE JaHHbIE [ 1] ocad-
JICHUsI MTHTEHCUBHOCTH OJHOPOJHOTrO IydYKa Jydel mpu
A=0,71- 107" M B aJIFOMMHUEBBIX IUIACTUHAX PA3HOM TOMIIUHEL:

Tommuna d, MM Ortnoienue J,; /J;
0,1 0,87
0,5 0,5
1,0 0,25
2,0 0,06
3,0 0,015
4,0 0,004

B ycnoBusix DJIC nmeeT MeCTo TOPMO3HOE H3ITydEHHE,
pasnararorieecst B HenpepbIBHbIN criekTp. Kpusas (0) (puc. 4)
JlaeT IpUMep cOocTaBa HeOCIabJIEHHOT0 TOPMO3HOTO H3ITy-
YEHUsI ¥ OPEJEIIETCS] B HEKOTOPOM MacIiTale MIIoImaibIo,
3aKJIIoueHHON Mesx1y KpuBoi (0) 1 ocblo aderucc.

Jioo 10Mm I 2MM 3MM wp
LT 1
AN /

50 I N Se(/\o Smm / 5
£ NN\ /
/NN N

[ NSNS

0 0,2

? 2

0.6 0,8 LA

Puc. 4. I3menenue pacnpeaeneHus mioTHOCTH
WHTEHCHUBHOCTH IO CTIEKTPY B 3aBUCHMOCTH
OT TOJIIIMHBI ATFOMUHHEBOTO QUIIBTPa

Ecin 370 n3nyueHne npoHUKaeT B TeJO, BEIIECTBO KOTO-
POT0 COCTOUT M3 3JIEMEHTa C aTOMHBIM HOMEPOM Z, TO BCE
KOMITOHEHTBI €T0 UCIIBITHIBAIOT MOINIOLICHHE U pacCesiHue,
HO HE B OIMHAKOBOH CTETICHHU.

Kosddurment ocabieHus CHIbHO BO3PACTaET C yBEIH-
YEHUEM JUTUHBI BOJIHBI (Ha pHc. 4 KpuBas W/p, rae p — IIoT-
HOCTH BemiecTBa). [loaTromy ocnabiaeHue UIMHHOBOIHOBBIX
KOMITOHEHT HEOJHOPOIHOTO U3JTyUeHHUs IIPOUCXOIHUT 3HAUH-
TEJIBHO CHJIbHEE, YeM KOPOTKOBOJIHOBBIX, U COCTaB OCJIa0-
JICHHOTO M3JIyYCHHUS] U3MEHSIETCS: KPUBAsi CIIEKTPAILHOIO
pacrpeaeeHus] FHTCHCHBHOCTH YKOPAYMBACTCS CO CTOPOHBI
JUTMHHBIX BOJH, MAKCHMYM WHTEHCUBHOCTHU CMEIIIACTCS BIIC-
BO, TONILKO A, TIpH 9TOM He M3MensieTcst. CreioBaTenbHo, Top-
MO3HOE HM3JIy4CHHE MPU MPOXOKICHUU Yepe3 CION JTF00ro
BEII[ECTBA JIEIAeTCsl MEHEee HEOTHOPOIHBIM M CPEIHSISI JKEeCT-
KOCTb €TI0 YBEINYMBACTCS (IIPOUCXOIUT (DUITBTPALLHS JIyUCHi).
Pacnipeienene MmI0THOCTH HHTEHCUBHOCTH I10 CIICKTPY 3aBH-
CHT U OT TOJIIMHBI ATFOMUHHEBOTO (pribTpa (puc. 4).

OueBUTHO, PIITBTPAITHS HEOTHOPOTHOTO ITyUKa JIYIeH TIPH
pa3IMYHBIX MaTepranax (GuibTpa JoIKHA ObITh PA3ITHYHOM,

MIOTOMY YTO ITPY HU3KOM aTOMHOM HOMEpe BellecTBa (HIbT-
pa M OTHOCHTEIIBHO YKECTKOM U3ITy4EHHUH OCallieHue Jrydeit
TIPOUCXOIHT, TTIaBHBIM 00pa3oM, 3a c4eT paccestHus. Koadhu-
LMEHT PACCEeSIHKS MaJIO MEHSIETCSI C JUTHHOM BOJIHBI, U OTHOCH-
TeJbHOE OcyallieHNe BCEX KOMITOHEHT CIIEKTpa HEOIXHOPO/I-
HOTO W3IIyYeHHs MPOUCXOINUT IPUOIH3UTENBHO OAUHAKOBO.
Ipu BemecTBe ¢ OONBIMM Z TIPE0OIa a0y POJIb B OCTIa0-
JICHUH UTPaeT MOIIONICHHE, KOTOPOE 3HAYUTEIIBHO BO3PACTaeT
C YBEJIMYEHHEM JUTUHBI BOJIHBI A. ClieI0BaTeNbHO, QPUIbTpa-
LM TSDKEIBIM (DHITBTPOM HIPOUCXOMIUT 3HAYUTEIIBHO CHITBHEE.

B cB#131 € TPYIHOCTBIO TOYHOTO PEACTABICHHS KO3 -
LIUEHTA 0CJIa0JIeHNS |1, 3aBUCSIIIIETO OT CBAPHBAEMOT'0 MaTe-
pHaa, 9acTOTHI V UIIH JUIMHBI BOJHBI A PEHTTEHOBCKOTO 13-
Jy4eHUs 11eJ1eco00pa3Ho SKCIIEPUMEHTAIBLHOE ONTPE/ICIICHUE
ATOTO KOA(PPHUIHCHTA.

DopMyIbl, TOITYyYEHHbIE HA OCHOBAaHUH U3MEPEHUN Paz3Iny-
HBIMH FICCIIEIOBATEIISIMH, a TAK)KE CIPABOYHBIC JAHHBIE O 3Have-
HISIX Kod(hHIeHTa 0CcTabIe s L TPUMEHNMBI B CITy4ae MO-
HoxpoMarrgeckoro n3mydenust. [Ipu OJIC Bo3HuKaeT peHTreHo-
BCKOE M3ITy4YeHHE C HEPEPHIBHBIM CIIEKTPOM, JUII KOTOPOTO U3-
BECTHBIE COOTHOIICHHS! HETIPUEMJIEMBI [UTSI OTTPEICIICHHS LL.

B cooTBercTBUE ¢ BEIpaskeHneM (3) storapudm oTHOIIIE-
Hust J, K J npecTaBiseT CoO0M TMHEHHYI0 3aBUCHMOCTD OT
TOJILIMHBI CII0S1 d BELIECTBA, Yepe3 KOTOPOEe IPOXOIST PEHT-
T€HOBCKHE JTy4H:

In(J,/1J)) =—ud.
OTcroma BUIHO, 9TO KO3((PUITHEHT L eCTh TAaHTEHC yIia
HaxJI0Ha Tipsimoit —[In(J,2J))] x ocu d:

w={-{In(, )1}/ d. “4)

CootHoutenust (4) 1 (2) cCBUAETEIBCTBYIOT O TOM, UTO Ll
JULsL TaHHOTO MaTepyala i JaHHOTO YCKOPSIOILETro HalpsiKe-
HHSI MOXKET OBITH OIPEJIEIICH 110 PE3yJIbTaTaM OJJHOTO H3Me-
penus J, npy TommmMHe oOpasna d.

Ha npakTHKe ¢ 11es1b10 MOBBINICHHsI TOYHOCTH OTIpeesie-
HUS UL IOTIOJIHUTENEHO OCYIIECTBIISIOT U3MEPEHHE J, — M3ITy-
YeHUS C MOBEPXHOCTH o0Opasia (co CTOPOHBI BBOJA JTyda)
IIPU OTCYTCTBHH OIUIaBiIeHHs. TakuM crocodboM HCKITIoYa-
OTCSA TIOTPEIIHOCTH BBIMUCIEHUH J 1o popmyne (2), cBs-
3aHHbIE ¢ HECTAOMIIBHOCTBIO YCKOPSIIOIIEro HarpsikeHus U,
TOKa JTy4a / ¥ HETOYHOCTBIO OIPEJICNICHNS] aTOMHOTO HOMe-
pa Z upu JJIC crutaBos.

CaapuBaeMbIe JIeTall MOTYT PacCMaTPUBATHCS KaK Mac-
CHBHBIC MUILICHH, 1 PEHTTCHOBCKOE H3JTy4ECHHE, BO30YKICH-
HOE B HUX, HIMEET paclipesiesieHne, 0Jau3Koe K chepuiecko-
My. OTKJIOHEHHE ITOTO pachpeaeieHus oT chepuaeckoro
CBSI3aHO C HAIMYHEM [IOBEPXHOCTEH CBapUBAEMBIX 3JIEMEH-
TOB, PACIOJIOKEHHBIX TI0]] Pa3JINYHBIMH YIJIAMH K HalIpaBJIe-
HHUIO T1a/ICHHs] CBAPOYHOTO ITy4Ka 31eKTpoHOB. [Toatomy mipen-
CTaBJIACT MPAKTHYCCKUI HHTEPEC XapaKTep 3aBUCHMOCTH MH-
TEHCHBHOCTH PEHTICHOBCKOTO M3JIy4EHHs OT YIJIa MaJIeHUs
AIIEKTPOHHOTO JIyda Ha CBapHBaeMbIe TOBEPXHOCTH (pHC. 5).

JlaHHBIE MOJIYYEHB! YKCIIEPUMEHTABHBIM IyTeM [2].
OTHOCHUTEINIbHBIE 3HAYEHNS ONPECIISIINCH JIJICHHEM HHTEH-
CHBHOCTEI! M3IIy4eHNs, COOTBETCTBYIOIINX TEKYILEMY YIIIy
VY Ha MaKCHMAJIbHYI0 HHTEHCHBHOCTb, H3MEPSIEMYIO IPH
y = 0°°. JlaHHBIE 3KCTIEPUMEHTA C TIOCTATOYHOU TOYHOCTHIO
OIMCBIBAKOTCS BBIPAKCHHEM

J (W)= {1-[Ip1/90°]} >
ipu u3MeHeHun Y ot 0 1o = 90°.
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C 1ensio ompeeNieHus ONTUMAFHOTO PaCIIONIOKEHHS
JIaTYMKa B YCTIOBUSAX UCTIOJIB30BAHUS €T0 AJIsI KOHTPOJIS IPO-
recca DJIC ocyIiecTBICHBI IKCIIEPUMEHTATBHBIE UCCIIe0-
BaHMS MPOHMUKAIOLIETO PEHTTCHOBCKOTO M3TYYCHHUS. 3aBH-
CHUMOCTb MHTEHCHUBHOCTH IIPOHUKAIOLIETO0 PEHTT€HOBCKOTO
W3ITy9EeHUS OT HANPABICHUS €TO PACIPOCTPAHCHHUS MOXKET
OBITB NOMyuYeHa aHaauTHIecku n3 Gopmyisl (3). [pu m3me-
HEHHWHU yTiIa HaOmoneHns 0 u3MeHseTcs TommuHa X cIos
MeTalla, yepe3 KOTOPBIN MPOXOAUT PETUCTPHPYEMOE PEHT-
TCHOBCKOE M3JIYYCHHE 110 3aKOHY

X =x/cosb,
TJIe X — MEHUMaJIbHas TonmHa 1pu O = 0 (puc. 6). B csi3u ¢
STUM M3MEHSIETCS HHTEHCUBHOCTh TIPOHHUKAIOIIETO PEHTTe-
HOBCKOTO M3ITyYCHUS:
J=Jexp(—{1x/cos).
J{y), oTH. e.
1

|
0.5 ‘
|

l W, Ipaa
0 10 20 30 40 50 o0 70 80 90

Puc. 5. 3aBucumocts untencusHoctu PU ot yrna mexny

HAaIPaBJICHUEM IEKTPOHHOTO JIy4a H HOPMAIIBIO

Puc. 6. Onpenenenue 3apucumoctu J = f(0)

W3 dopMynbl BUAHO, YTO C YBEITHYSHUEM TONIIMHBI X
Marepuaia yroi 0030pa, rJic ”THTEHCHBHOCTb POHHKAIOIIIE-
IO PEHTTCHOBCKOTO M3JIy4eHHUS MOXKET OBITh HaJISIKHO 3ape-
THCTPUPOBaHa, yMEHbIIAaeTCs. JlaT4nK peHTIreHOBCKOTO H3-
JyYeHUs! JKelaTelbHO YCTaHABIMBATh NPH MHUHUMAIIBHBIX
yriax 0. OrpaHuyeHus 10 MUHUMAaJIbHBIM 3HAYSHHSIM \f CBSI-
3aHBI C BO3MOXHOCTBIO CKBO3HOTO TPOILIABICHHUS, TIPH KO-
TOPOM JIATYUK MOXKET OBITh MOBPEXKJIEH MOTOKOM JJIEKTPO-
HOB CBapOYHOT0 Jiy4ya. O4eBH/HO, YTO C YBEINYCHUEM IUIOT-
HOCTHU MaTepHuaja yroi 0030pa yMEHbLIACTCS U3-3a YBEIIH-
YeHHs KO PUIMEeHTa TMHEHHOTO 0CIa0IeHHS.

OKCHEepUMEHTHI (PHC. 7) TOATBEPANIIN paCYETHEIA Xapak-
Tep YIJIOBOIO pacIpeleNIeHUs] IPOHUKAIOIIET0 PEHTI€HO-
BCKOTO M3JTy4EHHSI:

JIJ = exp(—x/cosB)/exp(—LLy),
rae J — TeKylee 3HaueHNe HHTEHCUBHOCTH PEHTTEHOBCKOTO
M3JTyYEeHHsT, TPOLIENIETO CIION MaTepuana x/cos; J  — uH-
TEHCHUBHOCTb PEHTTEHOBCKOTO N3IIYYEHUsI, IIPOLIEJIIIETO CIIOH
Marepuaina x mpu 0 = 0.

Sl

0,5

_. 9, rpaj.
-30 0 30 60 90

-90 -60

Puc. 7. Pesynbrarel skcnepumenta: I = 230 MA; U,.= 30 kB;

— BKCIIEPUMEHT; °°°°

— pacueTHast KpUBas

IIpencraBnsieT MpakTHYECKUI HHTEPEC XapaKTep pacipe-
JIeJICHUsI PEHTTEHOBCKOTO N3JTyYeHHs 10 ITyOHHE KaHaua Ipo-
TUTaBJICHAS. PaccMOTpHM cXeMy 3KCIIEpHMEHTa U Pe3yJIbTa-
ToI n3Mepenus PU (puc. 8). st n3MepeHust HHTeHCUBHOCTH
PEHTICHOBCKOTO M3JIyYEHHS C OIPEJICIICHHOTO YPOBHS B 9K-
CIIEPUMEHTAaX MPUMEHSIICS KOJNTMMUPOBAHHBIM PEHTTEHO-
BCKHH laTumk [3].

Jyy

30 mm

h=

/
/

O6pazen

Puc. 8. Cxema skcriepumenTa (a) u pe3ynsrarsl (0, 6, 2)
HU3MEPEHU# HHTEHCUBHOCTH PEHTT€HOBCKOTO U3y IEHHSI T10
n1yOMHE KaHajla POILIaBJICHUS

OKCIepUMEHTHI TIOATBEPAMIIN, 9TO ITOCIIE YCTAHOBICHHS
PpeKUMa NTyOOKOTO MPOTLIABICHUS MPOIIECC IICKTPOHHO-ITY-
YeBOH CBApKH CTAHOBUTCS UMITYIBCHBIM, O YeM CBHICTEIh-
CTBYIOT OCHHJIJIOIPAMMbI HHTCHCHBHOCTH PEHTI€HOBCKOTO
m3nydenus (puc. 9, 0, 6, 2).

«IMITyITbCHOCTBY TIPOIECCa MOYKHO OOBSCHUTH JIBYMSI
npuyrHaMu. [lepBas — 3TO «HU3KOYACTOTHOES) MEPEKPHITHE
JKUJIKAM METaJJIOM KaHaJla POIUTaBICHNUS (THAPOIMHAMH-
YeCKHe IPUYUHBI). B pe3ynbrare mojaokeHue gyva mno nryou-
HE KaHaJIa MEHSIETCS ¥ IEPUOITICCKH H3ITydCHHE ITOTaaaeT
B «TEHB» KOJUNTMMUPOBAHHOTO JaTurKa. YacTtora 3TUX KoJe-
Oanuii 1715 criaBa AMr-6 cocrasisier = 64 I'i. B cBsi3u ¢ 5tiM
TTyOWMHA MPOTUIABICHUS BIOJIb CBAPHBAEMOTO IITBA N3MEHSI-
€TCs B COOTBETCTBHH C DTOM YaCTOTOM, T. €. HECTaOMIIbHA 110
BEJMYMHE. JTO MOATBEPKIACTCSA U IKCIICPUMEHTAMH T10 YT-
JIOBOMY pacCIpe/Ie]ICHHI0 HHTEHCUBHOCTH TIPOHUKAIOLIETO
PEHTTCHOBCKOTO M3ITy4YeHHs. Jlpyrast mpUunHa — «BBICOKO-
YaCTOTHAs SKPAHUPOBKA JEKTPOHHOTO JTyda MapaMu Me-
tayia. Yactora 3TuX Konedanuii ay1st criaBa AMr-6 u TaHHBIX
peXnMax cBapku coctaBisieT = 2 kI 1. M3 ocrmmiorpamMm
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BUJIHO, YTO MPOUCXOIUT MOAYJSIINS «BBICOKOYACTOTHON
COCTaBJISAIONIEH CHIeKTpa (¢ yacToToi ® = 2 kI'11) peHTreHo-
BCKOTO M3JIyYCHUS] «HU3KOYACTOTHOI» oruodaromei (¢ vac-
ToTOH Q2 = 64 I'11). DTO CBUAECTENBCTBYET O HAUINYNHU B PEHT-
TEHOBCKOM HM3JTy4eHUH COCTABIISIIOIINX ¢ yacToTamu (0 + W).
JlaHHBIE SKCTIEPUMEHTOB YJOBJIETBOPUTEIIFHO COTNIACYFOTCS
C IJaHHBIMU JIPYTHX HCCIIeI0BATEICH.

Bo Bcem 00beMe KaHasIa IPOTUIABICHHUS] PEHTTEHOBCKOE
M3JIy4eHNE HEeCTaOWIILHO B IIPOCTPAHCTBE M BPEMEHH, HO B
KOPHEBOI1 yacTH KaHajla OHO MaKCUMaJIbHO M Hanbosree cTa-
OUIIBHO, IPUYEM NIPOCTPAHCTBEHHOE ITOJI0KEHHE HCTOYHH-
Ka MaKCHMaJIbHOTO U3JIyYeHHUS! MPAKTHYECKH COBMEIIIEHO C
KOPHEBOIl 4acThIO KaHaJIa U XapaKTepH3yeT IIyOuHYy Mpo-
TUTaBJICHUS.

Takum 00pa3oM, 3aBUCHMOCTh HHTEHCHBHOCTH PEHTTE-
HOBCKOTO M3JIy4€HHMs MPU AIIEKTPOHHO-TY4EBOH CBApKE OT
KOHCTPYKIIMOHHBIX 0COOCHHOCTEH CBAPUBACMBIX JIeTANICH 1
OT NapaMeTPOB CBAPKHU CBUJICTENIBCTBYET O BO3MOXKHOCTH HC-
none3oBanus PU B kauecTBe MHPOPMAIMOHHOTO CUTHATIA O
Tporiecce.

[pemnoxeHHast METOANKA IKCIIEPUMEHTAIBHOTO OIpe-
JeneHns Ko uimenTa muHeHoro ocnabdnenust PU spdexk-
THBHA TPH (JOPMHUPOBAHUH OA3bI JAHHBIX O 3HAYEHUAX ITOTO
ko hunmenTa U1 pa3IMYHBIX MaTEPHAIIOB U YCKOPSIFOLIUX
HaNPsKEHUH.

JlaHHBIE O IPOCTPAHCTBEHHBIX XapaKTEPUCTUKAX PEHTTe-
HOBCKOTO H3JIyYEHUsI TO3BOJISIIOT ONITHMHU3HPOBATH ITOJI0XKE-

HUE JaTYNKOB Ui Hambomnee 3(h(HEeKTUBHON permcTpanuu
U3JTyUYCHUS TIPH AJIEKTPOHHO-TTY4E€BOM CBapKe.

Pe3ynbraTel M3ydeHns pacmpeeaeHUsi HHTCHCUBHOCTH
PEHTTEHOBCKOTO M3Jy4eHHsI 110 ITyOMHE KaHaua IpoILiaBIie-
HUSL JIAI0T MTPE/ICTaBICHNE O PU3NUECKUX IIPOIIEccax, IPOHC-
XOILLMX B KaHaue. [lonTBep:xaeTcs nepuoJuuecKuii Xapak-
Tep NapooOpa30BaHus M EPHOIMUECKOE IEPEKPBITHE KaHa-
JIa )KUJKUM MeTaJuIoM. B KopHEBOi yacTu KaHasia peHTIeHO-
BCKOE M3JIyueHHE MaKCHMaJbHO M HauboJsiee cTaOMIIbHO,
MIPUYEM IIPOCTPAHCTBEHHOE [10JI0)KEHNE NCTOYHNKA MaKCH-
MaJIbHOTO U3JIy4EHHs IPAKTUIECKU COBMEILEHO C KOPHEBOH
YacThIO KaHaJIa U XapaKTepH3yeT INIyONHY IPOIUIaBICHHS.
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V. Ya. Braverman

DECELERATING X-RAY RADIATION DURING ELECTRON
BEAM WELDING AND ITS INTERRELATION
WITH THE PROCESS PARAMETERS

A description and results of several experiments designed to study X-Ray radiation occurring during Electron Beam
Welding with the aim to determine interrelation between X-Ray radiation and the welding seam formation process and
also to examine how to utilize the radiation in welding control.

121



Texnonocuueckue npoyeccol U mamepudaisl

VIIK 004.7

C. I1. Caxanckuii, B. [1. JlanrreHoK

3AJIAHUE TEMIIEPATYPbBI
ITPU BBIPAIUBAHUU MOHOKPUCTAJIJIOB 'EPMAHUSA

Paccmompena mamemamuueckas mooensb 3a0anus memnepamypuvl Ha YCMAHOBKe BblPAWUBAHUL MOHOKPUCMALIO8
eepmanus no cnocoby 4oxpanbckoeo, no3eonAIowas agMomMamu3uposans npoyecc 66004 NPOSPAMMHOZ0 3a0AHUSL MeM-
nepamypul 8 MUKpONpOYeCcoOpHyI0 CUCMEMY YRPAGIeHUs YCMAHOBKO.

B 0CHOBY KOHTaKkTHOIO METOJa U3MEPCHUS U yIIpaBie-
HUS BBIpAIIMBAHUEM MOHOKPHCTALIOB [1—5] mo crmocoly
YoxpallbCKOro BXO/IUT YIIPABJICHHUE TEKYIEH IUTOIAIbI0 (M
JHAMETPOM IIPU KPyIJIoi Gopme) pacTyiiero KpucTaiia Ha
OCHOBE BBIYMCIICHUSI CUTHAJIA yIpaBlieHns! Ay Kak QyHKIUH
OTKJIOHEHHSI TEKYILEeH TIIOMa M KPUCTAIIa OT 3a1aHHOM, Ha
0ase BEIYMCIEHHBIX nepeMeLueHHﬁ KpucTajuia v TUTJIA 3a 1€~
PHOJ OLICHKH CHIHAIIA yipasieHus 7). YIpaBieHue TeMiie-
patypoii 60KOBOH MOBEPXHOCTH HarpeBares 7, (x) B MUKPO-
IMPONCCCOPHBIX YCTAHOBKAX BhITATMBAHUA MOHOKPHUCTAJIJIOB
repMaHWs, BHEIPCHHBIX Ha 0a3e matenTa [ 1] ma T YIT «lep-
MaHPIﬁ)), TIPOU3BOAUTCA HA OCHOBC BBIPAKCHUA

T, (X) =Tn.3(x)+ZAI'JAdev (1)

e A, — NHTETPaNbHBIA KOO()(GHUIMEHT PETYIMPOBAHUS 110
Temneparype; T, (X) — IPOrpaMMHOE 3a]aHHUE 3aKOHA U3Me-
HEHUSI TEMIIEpaTypbl; Z — IPU3HAK YIPABICHUS 110 AUaMeT-
Py Ha WIMHAPHUIECKON YaCTH KPUCTAJLIA; X — [IEPEMEIeHNE
BIIOJIb OCH KpHCTaJIa; Ay — CHTHAJI yIIPABIICHHUSI.

IIporpamMMHOe 3a1aHNe 3aKOHA U3MEHEHHS TEMIIEpaTy-
pe1 7 () B MUKPOTIPOIIECCOPHBIX CUCTEMAX BbIPAIlMBAHHUs
TepMaHus 3aJa€TCsl TEXHOIOTOM 34 CUET BBOJIA B IPOTPaMMy
yrapaBieHus 24-KaJpoBoii CHCTEMBI yIIPaBICHHS MapaMeT-
pamu BeITsArUBaHus. [locie BbIpamuBaHus MepBbIX 00pas-
LIOB 33JJaHHON MapKu KpHUCTaJlla, BBEIECHHBIM BBILIE IPO-
TpaMMHBIH 3aKOH U3MEHEHUSI TEMIIEPATyphbl KOPPEKTHPYET-
cst Ha OBM Ha ocHOBe aHanmu3a 3amucu. [Ipu mponsBoacTse
KPUCTAJIJIOB I'€pMaHUusd YAOBJICTBOPUTCIIbHBIM IMOJY4Ya€TCA
Hpolece KOPPEKTUPOBKH ITPOTrPaMMHOT0 3aKOHA U3MEHEHHS
TeMmIepatypal 1) (X) TIOCIE BRIPAITMBAHMS OT YETBIPEX 10 MISATH
KpHCTAJUIOB 33/IaHHON MapKu. Hroke mpuBosTCS MaTeMaTu-
YEeCKUE BBIPAXKEHHUS ISt (POPMUPOBAHHS TPOTPAMMHOTO 3a-
NlaHus TEMIIEparypul Harpesarens 7' (X), KOTOPBIE MO3BOJIS-
10T aBTOMAaTHU3MPOBATh JAHHBIH ITpoLecce.

CoBMeCTHBIN aHANN3 ypaBHEHU [6], KoTopoe mpHpas-
HUBAET BEC MACCHI CTOJIOMKA paciuiaBa (BBICOTOMH /1) criiaM
MOBEPXHOCTHOT'O HATSDKEHHUS, IEUCTBYIOIINM 110 OKPY’KHOC-
TH (7151 KPUCTAIIa AUAMETPOM d), ¥ BRIPaXKEHHUSI [ 7] BBICOTHI
CTOJIOMKA paciiiaBa 4epe3 ypaBHEHHE TEIUIOBOTO OajaHca
Ha (pOHTE KPUCTAIITM3ALIUH, AAET 3aBUCHMOCTh IMaMeTpa
KpHCTaa d OT CKOPOCTH BBITATHBAHHUS V| ¥ TeMIEpaTyphl
pacmuiaBa I’ B BUJIE BBIPAXKECHHUS

[L—C\, -V3]
d=C ~—_* >7, 2
G [T—TK] @
E . Ohpy .
e Gy =py T C=4—"T_ Vx—CKOpOCTL BBITSITHU-
TB p)KA’)K

BaHMs KPUCTAIIa; 7 — TeMIEpaTypa KpUCTATH3aIMH MaTe-
puana; T— Temreparypa paciuiaBa B 30He ()pOHTA KPUCTAI-
nu3anuu; L — TMHEeHHbIN 0ceBOM IpaIMeHT B TBEPJOM KpHUC-

Taie; E — ynenbHas TEmoTa IaBIeHus MaTepuania; A, —
KOA((HUIMEHT TEMIONPOBOHOCTH paciiasa; A, — kosddu-
LUEHT TEIJIONPOBOAHOCTH KPUCTAILIA; g — YCKOPEHHE CBO-
001HOTO MAZICHUST; 7' — PaJiycC cTOI0a paciuiaBa; G — IIOBEp-
XHOCTHOE HATSDKEHHWE PacIUlaBa; P, — YAEIbHas IIIOTHOCTh
KHJIKOTO MaTepuraa.

Ha ycraHoBKax BBITSTHBaHUSI MOHOKPHCTAJUIOB IepMa-
Hust Ha OI'YII «'epmaHuil» B KOHTYpe perylInpoBaHus TEM-
nepaTypsl IPUMEHSAETCS JATIHUK C Cal(POBBIM CBETOIPO-
BOZIOM, KOTOPBIi MPOEIMPYET YacTh U3ITyUeHHUs] ¢ OOKOBOM
TIOBEPXHOCTH HArpeBaTelsl Ha paJnaliOHHbIA TMPOMETP, a
B Ka4eCTBE MPOTrPaMMHO YIPaBIsSEMOTo PEryasTopa TeMIie-
paTtypbl HCHOJIB3YETCs IPELM3NOHHBII PETYISTOp TeMIepa-
Typsl PUD-101. B pabote [§] momgepkHyTO, 9TO PEryIHpO-
BaHME TEeMIIEpaTypbl paciiaBa repMaHusi Ha OCHOBE JaT4H-
Ka ¢ can(upoBBIM CBETOIIPOBOJOM ITPOU3BOAUTCS HE B a0-
COJIIOTHOI, @ B OTHOCUTEBHON TeMmeparype Ha ocHoBe D/1C
panuaoHHOTo MUPOMETpa B MKB.

Jnist Toro 9T0OBI B BRIpaXKECHNH (2) TEPEeHTH K TIporpam-
mupyemoii temneparype 7, (x) B MKB, B ycTaHOBHBIIEMCS
pexMUMe Ha UIMHAPUICCKON YaCTH BHIPAIIMBAEMOTO KPHC-
TaJlla IPUMEM 32 OCHOBY JIMHEHHYIO MOJIEJIb CBSI3U TEMIIE-
parypsl paciutaBa 7 ¢ TeMIiepaTypoii 00KOBO IIOBEPXHOCTH
narpesarens 7 (x):

T (x)=T(XKp, 3)

Tn_'; :TKKm' “4)
-

Km = ;: , (%)

e K — MMHEAHbIH Kod(pHUIMENT TPe0Opa3oBaHus PEryJis-
TOpa TeMIEPATyphL; 1’ — TemiiepaTypa GOKOBOW MOBEPXHO-
CTH HarpeBaTe’sl, COOTBETCTBYIOIIAs TEMIIepaType KpucTa-
JM3aliu MaTepraa.

OObeauHss BeIpakeHHs (2—5), MOITy4YHUM BRIPAKECHHUE IS
yIIpaBJICHHS HarpeBaTeIeM:

[L-GVas ()]

— 1.3

T, () =T, Kn+CGKp, , (6)
d, (%)

e d (X) — IPOrpaMMHOE 3a/IaHHE BHIPALIMBAEMOTO IHAMET-

pakpuctama; V, (x)—nporpaMMHOE 3aJaHHE CKOPOCTH BbI-

TSATMBAHUS KpUCTAJLIA.

PaccMoTpuM miporiece ynpaBieHUsT OCHOBHBIMH ITapa-
MeTpaMU BeIpalluBaHMsi MOHOKpHUCTaJIa repManus (puc. 1).
Vcnonp3ysl TMHEHHYIO alIpOKCHMAIMIO ITapaMeTpoB Ha
Y3JIOBBIX yUacTKaX BbIPAIIMBAHHs KPUCTAIIA, MOYKHO ITOJTY-
YUTb BBIPAXKEHHNS [UIsl BRIYMCIICHNS JAHHBIX IIApaMETPOB MUK-
POIIPOLIECCOPHOM CUCTEMOH YIIPABIIEHHUS HA BCEX y4aCTKaX
BBIPAIIBaHUSL.

BrIpakeHus 10 3a/1aHAI0 MaMeTpa d (X) U TEMIIEpary-
pet T, (X) Ha IPAMOM KOHYCE KPUCTAJLIA IPUMYT BHL:
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4, () = dy + 1% ol
X
TrL3 (x) :TKKm +Cth [LO CXV[d _:;()3)]'
do +ITO

IJle X — KOOp/IMHATA MIEpEMEIICHHUs KPUCTAJLIA; X, — KOOP/IH-
HaTa 3aBepLICHHs (OPMUPOBAHUS MPSMOI0 KOHYCa KpHC-
Talna; L, — BEIMYMHA OCEBOTO TPajMeHTa B KPHCTAJLIE Ha
KOHYCHO# YacTH; d,— IMaMeTp BBITATHBAEMOH IEHKU KpHC-
Taa; d — MaMeTp UIMHIPHIECKON YaCTH KPUCTaILIA.

Brlpakenus 110 3a1aHuIo0 quamerpa d (x) Kpucramia u
TeMIepatyphl 7, (x) Ha IMIMHAPAIECKON YaCTH KPHCTAIIA
HPUMYT BHT:

d;(X) =d;,

(- '—0)
di
Ie X, — KOOpJMHATa 3aBepuieHns GOPMUPOBAHUS IIHITHH]I-
PHYECKO# YacTH KpUCTajlIa; L — 0CEBOM rpajMeHT B KpHC-

TaJuIe B KOHIIE IIATHHIPHYESCKOM YaCTH.
BbrIpaskenus 110 3aaHuI0 quamerpa d (x) Kpucrauia u
Temreparypsl 1 (X) Ha 0OpaTHOM KOHYCE TIPUMYT BHJI:

(x=%g)[d; —do]

Lo +[x- X1] =Gy Vi (X)

T, () =T Ky +C Ky,

d3(X)=di - ,
(8—%)
_ [L-Cy Vi, ()]
Tn.3(x)_T1<Km+Cth __(X_XZ)[di_dO] !
' (x3—%)

TJIe X, — KOOp/IMHATA 3aBEPIIEHUs (POPMHUPOBAHUS OOPATHO-
0 KOHyca KpHCTaIa.

d5 Truzs Vs, L

Y

THS

Rl X2

Puc. 1. I'paduk 3aanust mapaMeTpoB MpoLecca BhIPAINBAHHS
MOHOKPHUCTAJUIOB: d —3aJaHie IUaMEeTPa BEIPAIIBAEMOTO
MOHOKpHCTAII; T/ —NPOrpaMMHOE 33IaHHE 3aKOHA H3MEHEHHUSI
TeMIepaTypsl; L — 3alaHue 0CEBOTO IPATNCHTA;

X — epeMEIEHNE KPUCTAIIA; X, — KOOP/IMHATA 3aBEPIUIEHHSA
(opMHpOBaHHs TIPAMOTO KOHYCa KPUCTAJIIA; X, — KOOP/IUHATA
3aBepuIeHus (POPMHUPOBAHUS IIIITHHAPUIECKON JaCTH KPUCTAILIA;
X,— KOOpJIMHATa 3aBepuIeHAs (OPMUPOBaHHs OOPATHOIO KOHyca

Kpucraia; V

ns3

— OPOrpaMMHOC 3a/ITaHNUEC 3aKOHA U3MCHCHUA
CKOPOCTH BBITATUBAHUSA

I'pacduk m3mMeHeHNs Temmeparypsl 0OKOBOI TOBEPXHOC-
i Harpesatenis 7, (T_sum) na pabotaromeii ycTaHOBKe ¢
BBOJIOM 3aJJaHUsI TEMIIEPaTyphl 110 BHIIIECTIPUBEICHHON MO-
JIeJH TIPUBEJIeH Ha puc. 2.

MopennpoBaHue POrpaMMBl 3aTaHUsT TEMIIEPATYPbI
IMO3BOJIUIIO 633 mpouecca npeaABaprUTECILHOT'O BhITATUBAHUA
MOHOKpHCTAJIJIa B PYYHOM PEXUME BBECTH 3aJaHHE TEMIIe-
parypbl B CUCTEMY YIIPABJICHUSI YCTAHOBKOW, YTO 3HAYUTEIb-
HO COKPATHJIO IUKJI M3TOTOBJIEHUS TOTOBOM Ipoaykiuu. [Tpu
ABTOMATHYECKOM BBOJIE PACYETHOTO 3aJIaHUS TEMIIEPaTyphl
B MHKPOITPOIIECCOPHYIO CHCTEMY YIPAaBJICHHS TEXHOJIOTY
ocTaeTcs (PyHKIMSI KOPPEKTUPOBKHU TpeX KOI(PPHUIHESHTOB
npouecca K , L v L, 10 pe3y/nsTaram BbITATHBAHHSA IPE/IbI-
JYLIEro KpucTauia.

M E3

i [I=] -‘I|“|q@

§2324.00__T sum P2l

51200, 00. s

5017600,

49152.00,

40120 .00,

47104.00.

46000, 00,

45056, 00,

war (0w ledic 13/04, T

Puc. 2. T'padux usmeHenns remMneparypel Harpeparens 1,
(T _sum)

Wrak, pazpaboTana MaTemMaTHuecKasi MOJIeI b 3a/1aHHUsI TEM-
nepaTrypbl Ha yCTAaHOBKE BbIPAIIBAHUS MOHOKPUCTAILIOB rep-
MaHUsI IPH KOHTAKTHOM METOJE U3MEPEHUs U YIPABICHUS
TEeKyIIeH IIoabio KpucTamia. JlanHas MOJelb 03BOJISIET
TIPY U3TOTOBJIEHUH TOTOBOH MPOIYKINK AaBTOMaTH3HPOBATh
IpolLece BBOIAa MPOTPAMMHOTO 33aHHUsI TEMIIEPATyphI B CHC-
TeMy YIPaBICHUS yCTAHOBKOM, YTO 3HAYUTEIBHO COKpAI[AET
BpeMs OTPabOTKHM 3aKOHA YIIPABICHHS TEMIIEPaTypOit.
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S. P. Sakhansky, V. D. Laptenok
TEMPERATURE ASSIGNMENT OF GERMANIUM MONOCRYSTALS GROWING

Mathematical expression was offered to form programmed temperature on germanium monocrystal growing system
by Czochralski which allows to automate the process of its introduction in microprocessor control system.

VIIK 004.7

C. I1. Caxanckuii

3AJJAHUE CKOPOCTH BBITATI'UBAHUS
ITPU BBIPAIUBAHU MOHOKPUCTAJIVIOB 'EPMAHUA

IIpeocmasnena mamemamuyeckas MoOenb 3a0AHUS CKOPOCIU BbIMASUBAHU HA YCIMAHOBKE GbIPAUUEAHUA MOHOKDU-
cmannog zepmanus no cnocoby Hoxpanbckozo, NO360NAIOWAA ABMOMAMUUPOBANb NPOYECC 66004 NPOSPAMMHOZ0 3d-
0aHus CKOPOCMU 8 MUKDORPOYECCOPHYIO CUCHEMY YNPAGLEHUSL.

VnpagiieHue CKOPOCTHIO BLITATHBAHUS KpUcTasia V (x) B
MHKPOITPOLIECCOPHBIX YCTAHOBKAX BBITSTHBAHHS MOHOKPH-
CTaJIOB F'epMaHusl, BHeAPEeHHbBIX Ha Oa3e matenTa [ 1] na ®IYII
«['epmanuii», MPOU3BOIUTCS HA OCHOBE BBIPAYKEHUS

V, (X) =V, 4 (X) + ZKy, Ay, (1)
e K, — IpOnopIMOHaIbHbIH KO3(QQHUIHENT perynupoBa-
HHS TIO CKOPOCTH; V (X) — TPOTpamMMHO€ 3a[laHie 3aKOHa
M3MEHEHUSI CKOPOCTH; Z — PU3HAK YIIPABJICHHS MO ANAMET-
Py Ha IMIMHPUYECKON YaCTH KpUCTaIIA.

[Iporpammuoe 3amanne u3MeHeHus ckopoctn V, (x) B
MHKPOTIPOLIECCOPHBIX CHCTEMAX BBIPAIBAHHS TepPMaHN 3a-
JIaeTCsl TEXHOJIOTOM 3a CYET BBOJIA B ympasisiomnyio 9BM
24-KapOBOM CHCTEMBI YIIPaBJICHUS apaMeTpaMu BBITSTH-
BaHMs. [lociie BrIpammBaHus MEPBEIX 00pa3I0B 33 JaHHON
MapKH KpHCTaJlla IPOrpaMMHOE 3aJIJaHue CKOPOCTH KOPPEK-
tupyercs Ha OBM Ha ocHOBE aHANM3a 3aIUCH.

Ot 3aKOHa U3MEHEHHUS CKOPOCTH BBITATUBAaHUA KpUCTAJI-
JIa 3aBHCHT TIOJTyIeHHe 3aJaHHON (hOPMBI (pPOHTA KpUCTAII-
JIM3AIMY BIOTH OCH KpHCTaiua (OIM3K0H K TNTIOCKOMY ), 9TO
SIBJISICTCS aKTYAIILHBIM JIUISI MOHOKPUCTAJIOB TepMaHHsl KpH-
crayorpaduueckoro HampasneHns «100» u cBs3aHO ¢ 1M0-
JIy4YCHHUEM Hy)KHOﬁ CTPYKTYPBI 1 KAYC€CTBA T'OTOBBIX CJIMTKOB.
Hwxe npuBosTCs MaTeMaTHIeCKUE BRIPAXKEHHS 1S pop-
MHUPOBAHUS 3aKOHA U3MEHEHHsI CKOPOCTH BBITSTMBAHUSA
V. (x), KOTOpbI€E MO3BOJIAIOT ABTOMATH3HPOBATh MPOLECC BBO-
Jla 3aJJaHUsI CKOPOCTHU B CHCTEMY YIIPABJICHHS yCTAHOBKOH.

CoBMeCTHBII aHaNIN3 ypaBHEHUs [2], KOTopoe npHupas-
HUBAET BEC MACCHI CTOJIOMKA paciiaBa (BBICOTOM /1) criaM
[MOBEPXHOCTHOI'O HATSKEHUS, JEHCTBYIOIIMM 10 OKPYKHOC-
TH (1711 KPUCTAIIA AUAMETPOM d), ¥ BRIPaXKEHHS [3] BBICOTHI
CTOJIOMKA pacIiiaBa 4epe3 ypaBHEHHE TEIUIOBOTO OajaHca

Ha (POHTE KPUCTAJUIM3ALNH, TACT MATCMATHUCCKYIO 3aBH-
CHMOCTH BEJTMUMHBI CPETHETO TIEPErpeBa paciiaBa A OTHO-
CHUTEIBHO TeMITEPaTyphl KPUCTAIUTH3AIIH MaTepraa B BUIE
BBIPAKCHUS

(L-0)

A=C——¥ 27 2

i s G =4—1 Oy . C A

pmkm
POCTb BBITATMBAHUSA KpUCTailIa; ' — TeMieparypa Kpucraii-
JM3aLyy MaTepraia; 7 —TemMIiepaTypa paciuiaBa B 30He (ppoH-
Ta KpUCTAJIM3al1K; L — TMHEHBIN OCEBOM I'PaJIUEHT B TBEp-
JIOM KpHCTaJuIe; £ — ynenbHas TeII0Ta IUIaBJIeHHs MaTepHa-
na; A, — K03 HUIMEHT TETMIONPOBOAHOCTH PACILIABA;
A, — KO3 HIIEHT TEeMIONPOBOAHOCTH KPHCTAIIIA; g — YC-
KOpEHHE CBOOOIHOTO MaIeHHS; 7' — paANyC CTOI0a pacria-
Ba, G — [NOBEPXHOCTHOE HATSKEHUE PaCILiaBa; P, — ylelb-
Hasl INTOTHOCTB JKUJIKOTO MaTepHaia.

Benmunaa cpeHero neperpesa paciuiaBa A [Uist TepMaHHsT
nexut B nipenenax 0,2...2 °C. B obmieM ciydae cpeiHuii epe-
TPEB A, COTTIACHO BBIPAKEHHIO (2), €CTh (hYHKITHS 0CEBOTO Tpa-
JIMEHTA B KPUCTAJLIE L M CKOPOCTH BBITATMBAHMS KpUCTAIIIA V.

PaccMoTpuM mporiece ynpaBieHHS! OCHOBHBIMH Iapa-
MeTpaMu BeIpaiyuBaHus Kpuctamia (puc. 1). Ucnons3yst mu-
HEHMHYIO anNpoKCHMAIMIO TTApaMETPOB Ha Y3JIOBBIX ydyacT-
KaX BBIPAIIMBAHNS KPUCTAJUIA, MOKHO ITOTyYHTh CIIEIYIOIINE
BBIPAXKEHHS TSI OTIPE/ICIICHNS 3 JaHUsI CKOPOCTH BBITSITHBa-
HAs V| () Ha KOHYCHOH, IAJTMHIPAYIECKON 9aCTH KPUCTAIIA
U 1ipu (opMHPOBaHUH 0OPATHOTO KOHYCa COOTBETCTBEHHO:
x[Vo -Vi]

WJ@=%——7€—n (3)

e Gy =p, — =(T-T,); V,—cxo-

124



Becmnux Cubupckozo 2ocy0apcmeennozo aspokocmuueckoeo ynugepcumema umenu akaoemuxa M. @. Pewiemnesa

Vi, (9 =y - Vel (4)
(X2 =)

V., (¥) =V, +M, 5)
(=)

tre V, —HaqanbHast CKOpOCTb BBITATMBAHNS KPUCTAIIA TPH BKITFO-
YEHHH PEKMMA «aBTOMaT»; V| — CKOPOCTh BBITATHBAHMS KPHC-
TaJula TpH 3aBepiieHnr (popMHUpOBaHUS 0OPAaTHOTO KOHYCA;
V,— CKOpOCTb BBITATMBAHKS KPHCTaJLIa PH 3aBEPLIEHAH (op-
MHMPOBaHHsI IWIMHJIPA; V,— CKOPOCTH BBITATHBAHKS KPHCTaJLIA
TIpU 3aBepLICHUH (POPMUPOBAHHUS OOPATHOTO KOHYCa; X, — 3a-
BepuieHre GpOpMUPOBAHMS MPSIMOTO KOHyCa KpUCTaIlIa;
X,—3aBepuIeHre (pOPMUPOBAHHS IAITNHIPHYECKOH 9aCTH KpH-
crajuia; x, — 3aBepuieHie (opMHpoBaHKs 0OPaTHOIO KOHyca
KPHUCTAIIIA; X — KOOPJIMHATA IIEPEMEIICHNS KpUCTAIIA.

. d L
d, Via L

Puc. 1. I'paduk 3amanus napamMeTpoB Mpolecca BhIpaniBaHus
MOHOKPHUCTAIUIOB: d — 3a]aHie UaMETPa BBIPAIIIUBAEMOTO
MOHOKpHCTaIIIa; V,  —3a/laHie CKOPOCTH BBITATHBAHMUS;

L —3aianme 0ceBOro rpajleHTa; X — 0Ch KpUCTAIlIA;

X, — KOOpJIMHATA 3aBepIICHUs (OPMUPOBAHKS IIPSMOTO KOHYCa
KPHCTAJIIA; X, — KOOPJIMHATA 3aBEPIIEHUS (POPMUPOBAHUS
HWJTMHIPUYECKOH YacTH KPUCTAILIA; X, — KOOP/IMHATA 3aBEPIIECHUS
(dhopmupoBaHUs 0OPaTHOTO KOHyCa KpUCTaIa

Jlnst aBTOMaTH4EeCKOTO OTpe/IeIeHUs 3HaYSHU N KOOp/IH-
HaT CKOPOCTH BBITATMBaHHM B y310BbIX Toukax (V,, V,, V., V)
npeoOpaszyeM BeIpaskeHHe (2), BBEIS TEXHOJIOTHIECKHUE 0~
npaBoYHbIe KO duueHTsI B :

_Ad B
o

e V (d)— ckopoCThb BBITATHBAHHSA KPUCTAILIA; ¢ — TAAMETP
KpHCTaIIa; 3, — TEXHONOTHYECKHE KO3 PHIMEHTBI CHIKe-
uust ckopoctu (0,9...0,2).

U3 BeipaskeHns (6) ISl y3JOBBIX TOYEK CKOPOCTH BBITSTH-
BaHMSI [IOJTYUUM:

Vi(d) =L , (6)

Adg | Bo
Vo =|Lo-—22 |22 (7
0=|Lo c |,

Ad | By
VA e L 8
=107 ¢ g, ®)
V, = Ll—Ld P2 ©)

vy |1, o] Bs

C |Gy
e LO— OCEBOM IpaJIueHT B HauaJIe WINHAPUIECKON YacTH
KpHUCTaILIa; L, — 0CEBOU IPaJUeHT B KOHIIE [IUITMHIPUIECKOM
vacTu kpucramia; V, V,, V,, V, — y310Bble TOUKH CKOPOCTH
BBITATHBAHUSA; d,— TMAMETP BBITATUBAEMON INEHKH KPUCTAIT-
na; d — muaMeTp ITHHIPUICCKON YaCTH KPUCTAILIA.

TexHomormyeckue nonpasodHbie ko3 duumenTs! 3, BBOIAT-
Csl 711 BO3MOXKHOCTH KOPPEKTUPOBKH CKOPOCTH BBITSTHBAHUS,
HCXOJIS1 U3 TEXHOJIOTMYECKUX TPEOOBAHHI (HAapuUMep, paBHOMEp-
HOCTY JISTUPOBAHUSI KPUCTAIIIA T10 €r0 JUTHHE, TIPH JTOITYIIIEHUN
HEKOTOPOH BEJIMIMHBI IPOru0a (POHTA KPHCTAILTH3AIINH).

TTo BeIpaxkeHuro (6) MOCTporM 00IaCTh TOMYCTHMBIX 3HA-
YCHHUI BRIOOpA CKOPOCTH BBITSTHBAHKS [T TepMaHusI (CKOPOCTh
JIOJDKHA HAXOIUTHCS B IOJIOKUTENBHOI 0071acTH) (pHC. 2).

(10)

n=0,5°C n=1°C n=15°C

Vi ,MM/MUH

05

05

-15
20 40 60 80 100 120 140

d, mm
Puc. 2. I'padpuku 1omyCTUMOM CKOPOCTH BBITSTUBAHHS
repMaHus Ipu oceBoM rpaauente L =20 °C/em

Takum o0pa3om, pazpaboTaHHas MaTeMaTH4ecKas MO-
JIeTIb 33]JaHUsI CKOPOCTH Ha YCTaHOBKE BbIPAIIBAHHSI MOHO-
KPHCTAJUIOB FepMaHHMsI IIPU KOHTAaKTHOM METOZE N3MEPEHUS
U yIpaBleHHUs TeKyIel IUIOMAIbi0 KPHCTAIA [TO3BOJISET
aBTOMATH3HUPOBATh IIPOLECC BBOJA 3aJaHH CKOPOCTH B CHC-
TeMy YIPaBJICHUS U COKpAIIAeT LUK U3rOTOBJICHHS TOTO-
BOU MPOYKIMH TpeOyeMOoro KauecTsa.

Bbudmmorpaduyecknii ciucox

1. Iar. 2128250 P®, MIIK C30 B15D 20, 15/22, 15/26.
Crioco0 yrpaBieHus! POLECCOM BbIPAIIUBAHUS MOHOKPH-
CTAJUIOB FeépMaHUs U3 pacIulaBa U yCTPOMCTBO VIS €0 OCY-
mectsienust / C. I1. Caxanckuit, O. . ITogkomaes, B. ®. [Ter-
puk. Ne97101248/25. 1999.

2. Hawenbckui, A. 5. IIpon3BoaCTBO MOTYIIPOBOJHUKO-
BbIX MatepuanoB/ A. 5. Hamenbckuit. M. : Metamnyprust, 1987.

3. Macnos, B. H. Beipamusanue npodribHbIX HOTypOBO/I-
HUKOBBIX KpricTauioB / B. H. Macnos. M. : Meramnyprus, 1977.

S. P. Sakhansky
PULLING RATE ASSIGNMENT OF GERMANIUM MONOCRYSTALS GROWING

Mathematical expression was offered to form pulling set on germanium monocrystal growing system by Czochralski
which allows to automate the process of introduction of programmed set of speed in microprocessor control system.
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VIIK 69.003

H. J1. Taiinenox, 1. B. Tpudanos, H. B. 3axaposa

ABTOMATU3NPOBAHHAS CUCTEMA OIIEPATUBHOI'O YIIPABJIEHUSA
MMPOMU3BOACTBOM ITPEAINPUSTUAA MAJIOTO BUSHECA

Hccnedyemces 6o3moacHocms nepeeooa mpaouyuoOHHO20 NPOU3800CMEA 8 2UDKOe A8MOMAMUIUPOBAHHOE HA OCHO8e
ucnonvzoeanus ACY TIl. Paccmampusaemcs agmomamuzuposannas cucmema onepamueHo20 YnpasieHus npouseoo-
CMBOM U NPUBOOUMCS ONUCAHUe ee PYHKYUOHATbHOU U obecneuusarowell yacmeil.

DYHKIOHUPOBAHUE [TPOU3BOICTBA IPOUCXO/IHT 110 CXe-
Mme [1] (puc. 1). B coBpeMeHHON TUHAMHYECKON 00CTaHOBKE
B CHUTY psiJia IPUYHH OTCYTCTBYET CTAOMIILHOCTH 00ecede-
HUSI TPOU3BOJICTBEHHBIMU PECYPCAMU U MPOUCXOJIAT MPaK-
THYECKH HETPEICKa3yeMbIe KOJICOaHMUs [ICH Ha MPOMYKIIHIO.
K Takum npudrHaM MOXHO OTHECTH, HAIpUMep, Kpax mo-
CTaBIIMKA UJIW U3MCHCHUEC I10JIS ITIOJIMTHYCCKUX CUIL. B sTom
clly4ae MPEANpHUSITHE BBIHYXKICHO (YHKIIMOHHPOBATH 10
MPUHIUITY U3BJICUCHHS MAKCUMAIbHOW NPUOBLIN B KOXKIbIHA
MOMEHT BpEMEHH (KOMOMHALUS WJIeH AMHAMUYECKOTO MPo-
rPaMMHUPOBaHHS | JKaJHBIX alropuT™MOB). OJHUM M3 TIPO-
1[ECCOB, 00ECIEYNBAIOIINX YKa3aHHYIO CTPATETHIO, SBIISET-
Cs1 BBIMYCK TAKOTO ACCOPTUMEHTA MPOYKIMH, KOTOPbIH [TPH-
HOCHUT MaKCUMaJIbHYIO TPHOBLUIb TIPH KOHKPETHBIX 3amacax
PECypCoB, T. €. CTpaTerus COOTBETCTBYET MaKCHMH3AIMN
noToKaf — max (puc. 1).

OTMEYEHHOE BBIIIC 03HAYACT MEPEXO]T PEAIPUATHS OT
TPAAMUIHOHHOTO MPOM3BOJICTBA K THOKOMY aBTOMAaTHU3HPO-

Karnran
| K

Z

km

BaHHOMY Ha ocHOBe ucnomnb3oBanuss ACY TII [2; 3], npuuem
paccMarprBaeMasi 3a1a4a SABIIETCS TUIIMYHOH (DyHKIMOHAIb-
Holi 3agadeit ACY TII u Hocut Ha3BaHue «OnepaTUBHOE yII-
PpaBIICHUE TPOU3BOACTBOM.

Peanu3zatym naHHOM CTpaTeruv MpeArprusTHs OCyIECTBIIS-
eTCs TIOCPECTBOM Pa3pabOTKH ¥ BHEAPEHUS OIPECIICHHON
ACY TII, kotopasi, coriacHo [4], COCTOUT 3 IByX YacTeii —ooec-
reynBaroniei 1 pyHKIMOHaIbHOM (pHcC. 2).

I'maBnoit gacTeio ACY sBiseTcs QyHKIMOHAIBHAS YaCTh,
Ha OCHOBE KOTOPO MPOUCXOAUT pelIeHUE MPOU3BOICTBEH-
HBIX ¥ 9KOHOMHYECKHX 33/1a4 MPEATIPUSTHS. 31€Ch TPaANIIN-
OHHO BBIJIEIISIIOTCS THIOBBIE (PyHKIIMOHABbHBIE 3a1auu (D3),
KOTOPBIC TIPETEPIIEBAIOT ONPE/ICICHHYIO KOPPEKINIO B 3aBHU-
CHMOCTH OT XapakTepa rpousBocTsa. Kpome Toro, npupo-
Ja IPEIPHUSITUSE CYIIIECTBEHHBIM 00Pa30M N3MEHSIET MHTCH-
CUBHOCTG penierns O3.

[Ipaxtuueckoe pemenue ®3 ACY npoucxoauT Ha OCHO-
BE 3KCIUTyaTalluy ONPEeIeICHHOT0 Habopa MPHUKIIAAHBIX TPO-

Pecype
M

PemonT cTamka

NOCTYTURHIE

o+
obpaTHas
s

CRA
o Bpaky

CTAHOK
s}

Jamena
CTHHEE

H3JIEIHE

F

Puc. 1. ®yHK1MoHanbHast cxeMa Ipou3BOJICTBA
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rpamMMHBIX TakeToB ([1I111), peanr3oBaHHBIX Ha OCHOBE MTPO-
I[ECCOPOB M CUCTEeM yrpanieHust 6azamu ganubix (CYB/I),
BXOJSAIIMMH B COCTaB OIEPALMOHHON CHCTEMBI (CHCTEM)
(OC), ycTaHOBIIEHHBIX Ha KOMITBIOTEPHOM MapKe MpeArpys-
TSI — nekTpoHHoe obecneuenne (D0). OC ¢ KOMILIEKTOM
nporneccopos pa3nmugaoro tumna u CYB/] sBisercs mpeame-
ToM nporpammHoro (I10) u mmareBuctuueckoro (JIO) obec-
nedenunit ACV.

ACYTI

Obecreumaronas DYHELBOHATLHAR
UACTL s

CTh
"H‘.bl)‘p!!!!l.uw“"\‘\' I'Jo,umlm's NpOICEOICTER

—i [lepenexTirHoe IUMHIPORAHIE |

OnepamieHoe YyTIpaRIeHne
Ynpasncrie KavecToM

Maremamimeckoe

Hporp:

CTMERTPOHHOS |

- WHeT i HAKOTUICHIE
_l Teximeckoe CTATHCTIEN

IOpmreckoe
OpranalpoHHe
= IKOHOMHYECKOE

Puc. 2. Knaccuueckas cxema ACY TII ¢ yueToM KOppeKIHu Ha

0COOEHHOCTH q)yHKIII/IOHI/IpOBaHI/IH HpeZ[HpI/ISITI/Iﬁ Majioro ousHeca

Cognepxanue anroputMoB ®3 OTHOCUTCS K MaTeMaTu-
geckomy (MO) obecneuernto ACY, KOTOpoe, B CBOIO OYe-
pens, oTpaxaeT npupoay texHonorndeckoro (TaO) u opra-
HU3aIMOHHO-3koHOMIYeckoro (0D0) obecneuenuit ACY.

Pemenne koHKpeTHBIX D3 MPOMCXOIUT HA OCHOBE JaH-
HBIX, SBJITIOLIUXCS mpeaMeToM uHpopmanuonnoro (M1O)
obecniegernnst ACY. B ero coctaB BXOAUT COBOKYITHOCTH HH-
q)OpMa]_II/IOHHI)IX MaCCHBOB, JIOKAJIM30BaHHBIX Ha 3JICKTPOH-
HBIX 1 TBEPIBIX HOCUTEIISIX.

Cocras u npupoaa marepuainbHoro (MO), ropuandecko-
ro (FOO) u xanposoro (KO) o6ecniedenniit ACY noHsiTHa 13
MX HAUMEHOBAHUSL.

B npouecce dynknuonnposanus ACY Bce BBl 00ec-
MEeYCHUH TaK WM MHAYE B3aNMOJICHCTBYIOT C APYT APYTOM.
Hamnpumep, c6op nanubix (MO) mponcxour ¢ UCIob30Ba-
HueM aatunkoB (D0) uiaM B Iporiecce MapKETHHTOBBIX HC-
CJIEJOBaHUH.

Merton pemenust. [ Iponssens ananms o0mmx coiicts ACY,
paccMoTpuM 0COOCHHOCTH HanOoJIee 3HAYNMBIX IS Petiie-
HUSI TIOCTABJICHHOW MPOOIeMbl (DYHKIIMOHATIBHBIX 3a/1a4 U
obecnieuenuit ACY.

Opeanusayuonno-skoHomudeckoe obecneyenue. Kax
TOBOPHJIOCH BBIIIE, TPEMETOM JaHHOT'O BUA 00eCIIeUeHUS
ACY sBiseTcs 0CyIIeCTBICHIE OPTaHI3alHOHHO-3KOHOMH-
4ecKUX (pyHKIUI NpennpusiThs, BKIIOYasi EPCIEKTUBHOE
TUTAHWPOBAHHUE M OTepaTHBHOE ynpasieHue. Hammane ¢e-
HOMEHOB KoJieOaHuUH 1IeH U 1iepe0oeB cHAOXKEHUs TPEOYIOT
ABTOMATH3ALMH JTaHHBIX (PYHKIUI IOCPECTBOM PELICHHS
COOTBETCTBYIOIIMX (DYHKIIMOHATIBHBIX 3a11a4, 1711 KOHKPETHU-
3aIM1 KOTOPBIX HEOOXOANMO PaCCMOTPETh MaTeMaTHUECKY O

MO/IeITh TPOHM3BOICTBA, OTPAKAIOIIYI0 (hOpMaTbHBIC 0COOCH-
HOCTHU TEXHOJIOTUU U3T'OTOBJICHUS TPOAYKINH.

J1i1st TIOJTyYeHUsI CBEICHHIA O PHIHOYHOM CIIPOCE H IEHAX
Ha BBIMYCKAEMYIO MPOIYKIHIO HEOOXOAUMO TPOBEACHUE
MapKETUHTOBBIX HCCIICIOBAHUI. 31€Ch PeaTn3yeTCs IUPO-
KMl apceHall METOI0B — OT MCIONIb30BaHus MHTepHeTa 1o
OTKPOBEHHO Pa3Be/IbIBATENBHOI JeATeIbHOCTH (IKOHOMHUYEC-
KW IITTHOHAK).

Mamemamuuecxoe obecneuenue. TexHONIOrHYECKas CXe-
Ma M3rOTOBIICHUSI U3/IEITHSI (-TO TUIIA TIPENONAraeT TOT (haKT,
YTO M3/IEJIME COCTOUT M3 CTPOTO OIPEIeIIEHHOro Habopa jie-
Taneli —(d,d,, ...,d ). Ilpn umeromuxcs 3amacax jieTainei Ha
cknane (Z,,Z,, ..., Z,) 00beM BbIITyCKa KOHKPETHOTO U3/IENIHS
W(Z,Z,, ...,Z )onpenensercs Npou3BoCTBEHHON (yHKIIN-
e#l ¢ MOCTOSTHHBIMU MPONOPIIUSIME [ 5] ciieayromero Buja:

W(z,z,...Z)=minlZ/d,Z/d,...Z/d). (1)

[pennpusTre BHITyCKAaeT HEKOTOPbIi ACCOPTUMEHT IIPO-
JIYKIIUHU, PRIHOYHASI CTOMMOCTB KOTOPOH OIpeiesieHa ClieLy-
IOIMM BEKTOPOM CPEIHENEPHOHBIX LeH (¢, C), ..., C, ).
O6muit noxon npeanpuatus I1 mpu peanusariy ©3roToB-
JICHHOHW MPOAYKIUU MPEICTABISICT COOOH CICAYIOIIYIO
CyMMYy:

=Y [xc. (2)

i=1

TJ1e X, — 00BEM BBIITYCKa KaKI0TO KOHKPETHOTO H3IEIHSL.

DopManbHON MOJIETIBIO IAaHHOM CUTYAIIMU CITY>KUT 3aja-
Yya LEJI0YUCIEHHOTO JUHEHHOro nmporpaMMupoBanus [6].
PaccmoTpum ee 6onee neTanbHO.

[Ipu HanU4YMK aCCOPTUMEHTA BBIITyCKaEMOU MPOAYKIIUH
3arac KOMILIEKTYIOIIUX Ha CKJIAJ€ OMPEAEIISAET CUCTEMY Or-
paHUYEHUH clIeTyIoLero BUa:

dx +dx,+..+d"x <Z;
m 1

dx +dx,+.. . +d"x <Z; 3)

dx +d x,+.. . +d"x <Z.

OcoOEHHOCTH TEXHOJIOTHH JAI0T CIEAYIOIINE CHCTEMBI

OTrpaHUYEHMMN:
x.<min(Z/d'\,Z/d,, ....,Z /d ),ie[]1,M]; @)
|x | —uenoe,ie[1, M. 5)

LeneBoit ¢pyHKIMEH (KpUTEpHeM ONTHMHU3AINH) 3/1€Ch
CITy>KHUT BBIpaKeHHE (2).

HUrak, cucrema cootHotnenui (2) u (3—5) onpenenser 3a-
Jaqy [EeIOYMCICHHOTO JIMHEHHOTO MTPOTPAMMHUPOBAHHUS TIPU
MOCTOSIHHBIX 3a11acax KOMIUIEKTYIOIINX U OCTOSIHHOM BEK-
Tope teH. OIHAKO KPOME KPUTEPHS ONITUMH3AINH (2), BEICO-
KYI0 aKTyaJIbHOCTh UMeeT kputepuii «Iloptdens 3aka3ony.
KoHBIOHKTYPHBIH CMBICH €r0 3aKJII0YacTCs B YIOBIETBOpE-
HUHW MHTEPECOB MOTPEONTENS, MPEICTABICHHBIX MaTPHUIICH

P=(p')(rabn. 1).

Tabnuya 1
Pl P2 Pm
Pil Pil i
) P2 sz
P P P

127



Texnonocuueckue npoyeccol U mamepudaisl

IIpuuem, Z plj = P, t1e p/, — moTpeOHOCTH i-I0 3aKas3-

YUKa B j-M I/ISZ[@JJII/H/I.
Benuunna cymmapHO# moTpeOHOCTH BCeX 3aKa3UUKOB B
OTIPEICTICHHOM HU3/ICITUH
$'=3p,
I
B 00IIIEM CITydae MOKET MMPEBOCXOIUTH KaK TOTEHIIHATbEHBIE
00BEMEBI €T0 MIPOU3BOJICTBA, ONpEesieMble Ha OCHOBE (1),
Tak U (haKTHUECKHE, OTIpeieNIeMbIe Ha OCHOBE (2).

DKOHOMUYCCKUM CMBICITIOM KpuTepust «I lopTders 3aka3osy
SABIIAETCA, TIO CYTH JI€NIa, KOPPEKIIHA BEKTOpA LIEH (C,, C,, ..., C, )
B COOTBETCTBUU C TpeOoBaHUAMH pbIHKA. [TokakeM 310 dop-
MaisHO. [TycTh mopTderns 3aka30B mpeIcTaBIICH CleIyoeh
HOMEHKIATypolt: (P, P,, ..., P ), tne, nanpumep, P, =0. Tor-
J1a PE3yNBTaT KOPPEKIUU BEKTOpA LieH (¢, C,, ..., C, ) PEICTa-
HET ciexyrommM oopazom: (0, Cpyvnns Cm). JlanHas 3a7a4ya B
COOTBETCTBHH CO CTATUCTUKOM MPOIaK—BBITYCKAa HUMECT HaM-
OOJBITYI0 3HAYMMOCTS (pasaen « CTaTUCTHKA IKCILTyaTallud
ACY TII»). Penienne nanHoi 3a1auu MeI0YUCIEHHOTO JIN-
HEHHOTO MPOTrpaMMHUPOBAHUS POU3BOTUTCS METOJIOM [0-
mopH [7].

OnHAKO KOPPEKIIHMS BEKTOPa IIEH — 3TO TOJBKO MEPBOEC
MPUOTIKCHUE K PEIICHHUIO TAaHHOW 3a1a4n. DeHOMEHOIOTH-
YEeCKH JaHHasl 3a71a4a MePEXOIUT B KJIACC OTKPBITHIX TPAHC-
MOPTHBIX 37124 (Ta0. 2).

s 5 PeKTUBHOTO pEIeHUs pacCMaTpHUBACMOM 3a1aum
pa3paboTaH aIHbIH aJrOPUTM, COKpAIIAIONINN 00bEM BbI-
YHCIICHUH Ha HECKOJIBKO OPSITKOB. OTHAKO €T0 aHaJIH3 TPe-
OyeT crienuanbHOro U3y4eHus u OyJeT paccCMOTpEeH B JIpy-
T'OM HCCIIEJOBAaHNH.

Jluneeucmuueckoe ooecneuerue. ACY peammsoana B OC
Windows XP, Ha 6a3e mpoueccopa Builder C++, makeToB
Microsoft Office, 1C «Cxmamy u IIIIIT « ACY OIIIT».

Aneopumm pabomei u oyenxa sgppexmusrnocmu ACY TI1.
Oynkuuonuposanue ACY npou3BOAUTCS MyTEM PELICHUS
kxomriekca @3 Ha ocHOBE asropuT™Ma (puc. 3), 1711 KOTOPOTO
co3llaHa COOCTBEHHAs MpOrpaMMHast peaiusanus (puc. 4).

BriSop @3

| IlomydeHHe cBefleHHH 0 3anacax |

Tomyuenne cpegenui
o nopTderte mpomai

‘ Br160p KpHTepHSI ONTHMH3AHH

Pemenne

Tabnuya 2 ‘ Hakonnenne craructuku mo @3
P P P TotpebHocTH
| 2 ' y Puc. 3. Anropurm paboter ACY
3amacer
T 5 = [ 1=t o
a a a Xi=h/(2)
i - A
a' @ a" X =1(2)
(| imm 1 8 " Comparimmes § L
T ) -
a, a, a”, X, =1(2) LS p—
prraem, 3P # 37, e A= (a"j) — MaTpHuIa 3HAYUMOCTEN p
3aKa34MKa, ONPE/IEAeMast IMPEKTOPOM TIPEANPUATHSE; f(Z) —
PN N mepriie opose

JMHelHas QyHKIUS, TOCTPOSHHAS Ha OCHOBE MATpPHIIbI, 00-
patHo# k matpuue D = (& ,) uBekropa Z=(Z,Z,, ..., Z ) —
A2)=D"Z.

C y4eToM BBIIIECKA3aHHOTO JaHHYIO 331a4y MOYKHO TTpe/i-
CTaBHTH B ciieytoleM Buje (Tada. 3):

Tabnuya 3
3aracel
JaKazIHKH
31 Ml] uz] v Mm]
32 Mlz u22 e Mm2
3, ul, W, ... u”,

31ech w/, — CTeneHb Y0BIETBOPEHHS TOTPEOHOCTH i-T0
3aKa34MKa B j-M U3JEIUH, IPUIEM

w<p, Yu <> p <Xx,ie[l,n].

Tounoe peIHeHI/IJe paCCMélTpPIBaeMOfI 3aa4u C yUCTOM
MaTpuLbl A 1 MaTpULbl OTPAHUYEHUM HA CTEIIEHb YIOBIIET-
BOPCHHS MOTPEOHOCTH I-T'O 3aKa34YHKa B j-M I/ISZ[CJ'II/II/IT = (dl_)
MOJIy9aeTCsI IOCPEACTBOM PCIICHHMS CIICAYIOIICH CHCTEMBI:

dujdt=a/ (X,— Y u )0/, — 1), 1£(0)=0.
k

s raikcs ma Tescymgyve AaTy

Hyex Cramnme Tlarwam, ey

Burung n Dusmios uos

o paion §1

Puc. 4. Unmoctpanus skcruryaraun ACY

Peanpnas pa3zpaborka BHenpenust ACY morpeboBaia pe-
LICHUs] TPOOJIEM OpraHU3alMOHHO-(HHAHCOBOTO IUIaHa,
CBSI3aHHBIX C TIEPECMOTPOM CXEMBI PACX0JI0B PEANIPUSTHS,
TIPUBJICUCHUS CTICIIIAIIICTOB M O0YYIECHHUS UMCIOIITIXCS Ka-
poB. B pe3ynbrare, 3a cuet 60siee 3 HEKTUBHOTO YIOBICTBO-
peHms moTpeduTeNnei, onpenensieMpx kpurepueM «Ilopt-
(ernb 3aKka30By», BHEIPEHNUS 3JIEMEHTOB CUCTEMbI «bepesxiiu-
BOE ITPOMU3BOJICTBOY, KACAIOIIEHCS ONTHMAaJIBHOTO yIIpaBIIe-
HUS OpTaHU3aIMe CKIaICKOTO X03IHCTBA, COBOKYITHAS A(-
¢dexruBHOCTE ACY B cpesHeM cocTaBmia 25 % mpu ce30H-
HBIX KoneOanmsix 15...33 %.

Cmamucmuxa sxenayamayuu ACY TII. JlanHbIA pazaen
TIPENICTABILIET COOO0M aHAITI3 OTYETa, OTyIaeMbIi B Pe3yIIbTa-
Te pereHns PyHKIMOHATLHOM 3a1a4 « HakorieHue crarucTu-
ku». [ToMMMO TMHAMHKHN TTOCTYIUICHUSI PECYpPCOB, 3aI1acoB,
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pacxofia MaTepHasioB M 00beMa Mpoaax, B paMKax JaHHoi D3
HaKaIuTMBAIOTCS CBEJICHHUSI 00 0COOCHHOCTSIX IMHAMUKH OTIepa-
THBHOTIO YIIPABICHHS MPOU3BOICTBOM. VH(MOPMAaIMOHHBIM
COACPIKAHUEM ABJIACTCA ATMHAMHKA KOJTMYCCTBEHHBIX CBeI[eHPIfI
0 CTpyKType nopTderst 3aka30B, KOPPEKIUH BEKTOPa IIeH 1 Bep-
OabHBIE CBEICHN O IPHYMHAX KOPPEKIHH (pHC. 5).

|D HacToTa pelieHnd % ‘
60
50 -
40 -
30 -
20 -
b ]
0 | _mm -
Moptdpens 3anackl Wcuepnavue Moptdens Moprdens
3aKa30B 3anacoe 3aKa3oB + 3aKa3ce +
3anacbl WcuepnaHue
3anacos

Puc. 5. Cratucruka pexxumoB peurenust O3

OS¢ dexruBnocTs nenons3osanns ACY TII B kpynHoce-
PUIHHOM HPOU3BOJCTBE OOIIEU3BECTHA, HO JUIS MPETIPHs-
THIl Majoro OM3HEca 3TO CONPSDKEHO C ONpPEAEICHHBIMU
OpraHu3aIMoOHHO-(prHAHCOBBIMU MTpobaemamu. TeM He Me-

Hee, BHepeHne ACY B IPON3BOACTBO, TIOBBIIAS 2P PEKTHB-
HOCTb Ha 15...30 %, TO3BOJISIET TAKXKe KaK YIOPSIOYUTh J10-
KyMEHTOO0OPOT, TaK ¥ BHEAPHUTH 00JIee IPOrPECCUBHBIE TEX-
HOJIOTHH y4erTa.
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THE AUTOMATED SYSTEM OF OPERATIVE PRODUCTION MANAGEMENT
OF THE SMALL BUSINESS ENTERPRISES

An opportunity of translation of traditional manufacture in flexible automated on the basis of use automated
management system of technological process is investigated. The automated system of operative production management
and its description functional and providing parts is considered.
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3KCHEPUMEHTAJILHOE ONPEJIEJIEHUE XAPAKTEPUCTUK IIUKJIMYECKOM
TPEHIMHOCTOMKOCTU BOPOAJTIOMUHUEBOI'O KOMITO3UTA'

IIpedcmasaenvl pe3ynrbmamol UCCICO08AHUL NO ONPEOEIeHUI0 ¢ NO3UYUU MEXAHUKU PA3PYUWEHUs XaPAKMePUCTIUK
MpewuHOCMOUKOCMUY OOPOATIOMUHUEB020 KOMNOZUMA NPU YUKIUYECKOM HASPYHCEHUL.

BopoanroMiuHIEeBBIH BOTOKHUCTHIN KOMIIO3UT 00Ia/1aeT
BBICOKHMH Y/EJIbHBIMH [10Ka3aTeIIMU IIPOYHOCTH U KECT-
KOCTH, BEICOKOI CTaOMIIbHOCTBIO MEXaHNYECKHX XapaKTepH-
CTHK ITPY NOBBIIICHHBIX TEMIIEpaTypax. YHUKaJIbHbIC CBOM-
CTBa IAHHOTO MaTepHrasia ONpEAEISIOT €ro HCIOIb30BaHUE B
HECYUIUX KOHCTPYKIMSIX PAKETHO-KOCMHUYECKONW TEXHUKH.
YeoBus SKCIUTyaTalMU 3JIEMEHTOB KOHCTPYKIIMH JICTaTeIb-
HBIX aIapaToB 00yCIOBINBAIOT HEOOXOMMOCTD ITPOBEEC-
HUS 9KCIIEPUMEHTAIIBHBIX UCCIIEI0BAHMM [UISl OTTPEACIICHHS
3aKOHOMEPHOCTEH pa3BUTHUS YCTATIOCTHBIX TPEIIHH U OICH-
KM [UKJITYECKOH TPEIMHOCTONKOCTH.

AHM30TPONNS MPOYHOCTHBIX XaAPAKTEPHCTUK BOJIOKHHC-
TBIX KOMIIO3UTOB ONPEAEIISiET pa3HO0Opa3re BO3MOXKHBIX Me-
XaHN3MOB HAKOIUICHHS IIOBPEKICHUH. DTHM O0BSCHSAETCS TOT
¢axt, uTo paszpyuieHne OOPOATIOMHUHHEBOTO KOMITO3HTA C
Je(heKTaMy THIA TPEIHH, TIePIEeHUKYISIPHBIX HAITPABICHUIO
ApMHUPOBaHUS, IPUHIIUIIHAIIBHO Pa3INndacTCsa IPU HUKINYICC-
KOM 1 CTaTHYECKOM Harpy »KEHHH 3a CYeT 00pa30BaHus B Bep-
LIMHE [IPOIOJIBHBIX pacciaoeHuil. PazBuTue paccinoenuii npu-
BOJUT K PE3KOMY CHIIKEHHUIO COTPOTHBIICHHUSI MarepHuaia
JEUCTBUIO CABUTOBBIX Je(opMaInii U SBISIETCS OAHUM W3
OCHOBHBIX ()aKTOPOB, OTPAHNYMBAOLIMX BPEMsI IKCILTyaTa-

'PaboTa BBINOJIHEHA TPH YaCTUYHON (prHAHCOBO moaepxke PODU (kox npoekra 06-08-00477).
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U KOHCTPYKITUH U3 BOJIOKHICTHIX KOMITO3UIIMOHHBIX MaTe-
puanos [ 1]. [IpoBeneHHbIE HCCIeT0BaHMS TOKA3ATH, YTO Pac-
CIIOCHHSI MOTYT BO3HUKATh U PAa3BUBATHCS MPH HArpy3Kax,
3HAYUTENLHO MEHBIINUX CTAaTHUECKH MpeAenbHbIX (puc. 1).
IToaToMy 3HaHUE MapaMeTPOB LUKIMUECKON TPEIIUHOCTO-
KOCTH 3JIEMEHTa, COIep KaIero e eKThI TUIIa PAaCCIOCHHIH,
SIBJISICTCS] OJJHUM M3 HEOOXOJMMBIX YCIOBHH /IS yCTaHOBIIE-
HUS CpOKa 0€30TTacHON SKCIUTyaTallui KOHCTPYKITHH.

Puc. 1. T'onorpamMma KOHIIEBOH YacTH TPyOIaTOTO SIIEMEHTA!
OTHYJICBOM LIMKJI HATPY>KE€HUs, MaKCHUManbHast Harpy3ka 50 kH,
40 000 1ukI0B

J1J1s1 SKCTIepUMEHTAIBHBIX UCCIIEI0BAHUM 110 OIpeerie-
HHIO XapaKTEePUCTHUK [UKINIECKON TPEIIMHOCTORKOCTH 60-
POATIOMHUHNEBOTO KOMITO3UTA UCIOIB30BAJIMCH CTEP/KHEBBIE
9JIEMEHTHI KOHCTPYKIUH (epMbI CUCTEMBI OT/IEJICHUS KOC-
MHYECKOTO ammapara. DJIEeMEeHT COCTOUT U3 IEHTPabHON
TpyOuaToit yactu Jumuoi 500 MM, Tramerpom 60 MM ¢ TOJI-
IIIMHOM CTEHKH 2,2 MM 1 KOHIIEBOH apMaTyphI N3 TATAHOBOTO
cruiaBa, oOecreyrBarolieii MOHTax KoHcTpykuuu. TpyOka
M3TOTOBIICHA ITyTEM TOPSUETo IIPEeccoBanus 12 ciioeB 0JHO-
HanpaBJIeHHOTO mosydadpukara kommo3uta. CpemgHee
00BEMHOE COJICpKaHNe apMUPYIOIIMX BOJIOKOH COCTABIISICT
43 %. Hanpessl, morepevyHblie HallpaBICHUIO apMUPOBAHHS,
JutHOM oT 11 110 23,5 MM, HAHOCHJIUCH METOJIOM JIEKTpHUEC-
KOTO pa3psi/ia Ha paBHOM PAaCCTOSHUM OT KOHIIEBOW apMaTyphl
00pasoB. OOpasipl MOABEPrajid UKIXYCCKOMY OCCBOMY
pacTsDKEeHHO ¢ yacToToi 5. .. 12 'y mpu ko pummenTe acum-
metpun mkna R =0,01...0,05. MunanmanbHas Harpy3Ka Bbl-
OupaJiach peIeIIbHO HU3KOH, 4TOOBI €€ YPOBEHb HE BITHST Ha
CKOPOCTB pocTa TpemyH. [IJ1st Bu3yaabHOTro HaOIOAEHNS 3a
POCTOM TpELIMH TTOBEPXHOCTH 00pa3iioB ObLIN OTIIOIMPOBA-
HBI abpa3uBHOI macToi. [1o0KeH!s BEpIINH TPEIUH pac-
CIIOEHUSI OTHOCHTEIBHO ITPE/IBAPUTENLHO HAHECEHHBIX Ha MO-
BEPXHOCTH 00pa3I0B PETIEPHBIX ITPUXOB PErHCTPHPOBAIIN Oe3
OCTAHOBKH HCIIBITATEIIBHON MAIINHbI TP TIOMOIIN MHUKPO-
ckona MITb-2 ¢ 24-kpaTHbIM yBETHUEHUEM.

Kak mpaBuiio, mpu nepBbIX UKIIaX Harpy KeHHs HaOIIio-
JIaJICsl OAPOCT MONEPEYHOM TPEIINHBI, YTO MOXHO 00bsIC-
HHUTbh HAINYNEM B BEPIIMHE HaJPe3a BOJIOKOH, TIOBPEKICH-
HBIX MU ero HaneceHuu. [locne paspymenus 2...4 psaoB
BOJIOKOH Pa3BUTHE [IONEPEUHON TPEIIMHBI TPEKPAILAIOCh, U

OT ¢ KOHIIOB HAYMHAJI CHMMETPHUYHO Pa3BUBATHCS POIOITH-
HbI€ paccioenus (puc. 2). [leppoHauanabHO (MOCE TOPsAKa
100 MKIIOB) pacCIiOCHUS PacIpPOCTPAHSITUCH TPUMEPHO C
OJIMHAKOBOW OBICTPOTOM, B TAJIbHEHIIIEM CKOPOCTH UX POCTa
pasnuuanuck. B psje ciyyaeB gpuKCHpoBanach OCTaHOBKA
OT/ICNTFHBIX TPEIIHH.

TTonepeunwii

/ Hajipe:

PaccnoeHna

Paccnoenns

L

Puc. 2. Xapakrep pa3pyLeHus 31eMeHTa ¢ IONePEYHbIM
HaJIpe30M IIPU HUKJINYECKOM HaTrpy>KeHUU

OOBSACHUTH CKAYKOOOPa3HBIN XapaKTep pacpoCTpaHe-
HUS PAacCIOCHUI MOXKHO Ha OCHOBE HCCIICIOBAHUIA, OIIH-
caHHBIX B padorte [2]. [Ipu pactipocTpaHeHNH TPEIINH, TIPO-
JIOJBHBIX ApMHUPOBAHUIO, HAOIIONACTCS UX MIEPUOINYCCKOC
MepecKaKknBaHue depe3 apMupyromnue Bosiokaa. Obpaso-
BaBIIMECS MEPEMbIYKH MPAKTUUECKH HE OKA3bIBAIOT BIIUS-
HUS Ha PACKPBITHE TPEIIUHBI (COMTPOTHBICHUE OTPEIBY ), HO
MOTYT BBIJIEP’KUBATh 3HAUUTEIbHBIE CABUTOBBIE HATPY3KH.
Hdpyrum hakTopom, 00yCIOBIUBAOIINM HECTAOMIFHOCTh
CKOPOCTH POCTA PACCIOCHHH, ABISIETCS HEOTHOPOAHOCTh
TPaHUIBI pa3jieia B OOPOATIOMUHUM: OHA MPEACTABISCT
co00ii gepeJ0BaHMe yIaCTKOB C PA3INIHBIM YPOBHEM CIICTI-
JIEHUSI MAaTPUIIBI U BOJIOKOH, BILIOTH 10 OTCYTCTBHS CBS3H
Mexay Humu [3].

JltnHa TpemuH PAacCIOCHUS 3aBUCUT OT YHCTA ITHKIIOB
HarpyxeHus (puc. 3). HecMoTpst Ha 3HaYUTEIBHEINA pa3dpoc
JAHHBIX, KOTOPBI MOKHO OOBSICHUTH MPUYMHAMH, YKa3aH-
HBIMU BBIIIIE, IPOCIICKUBACTCS OMpPEACICHHAs 3aKOHOMEP-
HOCTH Pa3BHUTHUS PACCIIOCHUH B 3aBUCHMOCTH OT BPEMEHHU
TIPUIIOKEHUS HATPY3KH.

[Tose HampsKeHMI B BEPIIMHE PACCIOCHHS OITPEICIIICTCS
ko3 dunmenTamu nHTeHCUBHOCTH Hanpspkernit (KWH) st
MOJIENIN HOPMATILHOTO OTPBIBA — K| U TIOTIEPEYHOTO C/IBUTA —
K. Cxema HarpyXeHus [Isi OMEPEYHOT0 Haipe3a ¢ Paccyio-
SHHSMH B €T0 BEPIIHHE COOTBETCTBYET PACTKECHHUIO TPCIIH-
HBI, IMEIOIIEH TBOSKO-CHUMMETPHYHEIE OTBETBIICHHS 10 HOP-
MaJIi K HalpaBJIeHUIO OCHOBHOM YacTH TpeuIuHbl. Bripaxe-
wust st KMH 7151 OecKoHEeYHOM TUIaCTHHBI UMEIOT BH/T [4]

K| = 6\/%' f| (b/a)’

Ky =ovna- fy; (b/a),
e 2a — pasMep nonepedHor Tpemunsl; f(b/a), f(b/a) —
TOIMpaBOYHBIC (byHKLll/II/I, YYUTBIBAIOINEC COOTHOMICHU A JJIMH

OCHOBHOM TPEIMHBI ¥ OTBETBJICHHS; 3aBUCSIT OT OTHOILICHHS
b/a (b —pa3mep oTBeTBIeHU) (pHC. 4).

(1

130



Becmnux Cubupckozo 2ocy0apcmeennozo aspokocmuueckoeo ynugepcumema umenu akaoemuxa M. @. Pewiemnesa

YdauThIBasi, 9TO PACCIOCHUS PAcIpPOCTPAHAIOTCS B IUIOC-
KocTH ce0e Mo100HBIM 00pa3oM, 3TOT BU MOBPEXKICHUN B
BKM nanbonee 0130k TI0 XapaKTepy pa3pyIIeHAS K 3a/1a-
YaM JITMHEHHON MexXaHuKH pa3pymeHus [5]. Bo MHorux pa-
60Tax, HOCBSILIEHHBIX HCCIIEIOBAHUIO PACIIPOCTPAHEHHUS Tpe-
IIUH, IPOAOIBHBIX aPMUPOBAHUIO, ITPH LIUKINYECKUX HArpy3-
KaX pOCT TPEILIHH XapaKTePHU3yeTCsi COOTHOIICHHEM, aHaJIO-
THYHBIM ypaBHeHUIO [I3puca [6]. YpaBHEHHE CBA3BIBACT CKO-
POCTB POCTa TPEIIMHBI ¢ UHTEHCUBHOCTHIO OCBOOOKICHUS
SHEPIUH B BepLINHE ieeKTa, U B 00IIEM CITydae MOXKET ObITh
3anucano B popme [7]:

d m
m—A(AG) , 2)

e A, m — SMOUPHUYCCKUE KOBDPHUIIUCHTDI, XapaKTePU3yFO-
IIMe IMUKIAYCCKYI TPCHIMHOCTOWKOCTh MaTepHana;
AG=G — Gmin — pa3Max HHTEHCHBHOCTH BBICBOOOKICHNUS

max

9HEepruu; N — 4YUCII0 IUKIIOB HArPYKECHHUS.

boim

0F 4202 MITa

=4 243 MIIa
243 MIIa o

25+ -
& 328 MIla

20 -

1000 N, nmkn

Puc. 3. 3aBUCHMOCTB JUTMHBI PACCIOCHUM b
OT YHCJIA [IUKIIOB HarpyxeHus N

.1 (b/a)

0.4 /X‘

03
02F
0.1

0

<01

0.2 . . . . L
0 1 2 3 4 5

(b/a]

Puc. 4. BiusiHue OTHOCUTEIBHOTO pa3Mepa OTBETBIICHUS
Ha 3HayeHus K u K|

Jn1st OpTOTPONHOTO MaTepraia Npu KOMOMHIPOBAaHHOM
Harpy’>kKeHHUH OTPHIBOM M C/IBUTOM MHTEHCHBHOCTbH BBICBO-
OO’KIEHNs SHEPTUH paBHa:

G=n (Kf (oubzo)"? + Kby )
1/2 3)
Y CARE Y
V2|{ by 2y ’

1€ b, — SIEMEHTBI MaTPHUIIBI OAATITMBOCTH, CBA3BIBAIONINE
KOMITOHEHTHI Jiepopmanuii 1 HanpsokeHuit. st uccnenye-
MOro Marepuaina Ko3()(UINEHTH MaTPHUIIBI TOAATINBOCTH,
paccuyMTaHHbIE HA OCHOBE MHKPOMEXaHHYECKOW MOJIENH,
PaBHBL

by by O 472 -1,26 0
B=|by by O | B={-126 813 0 |[la~?,
0 0 by 0 0 1972

rJie HampaBjieHne 1 COOTBETCTBYET HANPABICHUIO apMHUPO-
BaHUSL.

B nBolHBIX TOrapupMUUeCKIX KOOpIMHATAX CTEHCHHAS
3aBUCHMOCTS (2) IpeicTaBIsieT COO0I MPSIMYIO JTMHUIO, IS
KOTOPOH MOXXHO HAWTH 3HadeHHEe Kod(HOUIHMEHTOB m U
A — COOTBETCTBEHHO, TAHTCHC YIJ1a HAKJIOHA MIPSIMOI C OCBIO
abcrice u 3HaueHue d//dN B TOUKe TIEPECCUCHHS C OCBHIO
opuuHatr. PaccMoTpuM rpaduk 3aBUCUMOCTH CKOPOCTH POC-
Ta paccioeHuit dl/dN oT pa3mMaxa MHTEHCHBHOCTH BBICBO-
6oxnerns >Heprur DG 1 anmpoKCHMUPYIONTYI0 KPHUBYIO,
HOCTPOCHHYIO C [TOMOIIIBIO METO/1a HAUMEHBIINX KBaJAPaTOB
(puc. 5). KoapdunneHTsr 4 U m, ONpeaensonme TaHHY0
KpUBYI0, cocTaBwin: A =6,73-107" m/muxm; m=1,12.

Ompezenenne CKOPOCTH POCTa TPELIMHBI 110 YPAaBHEHHIO
(2) ocHOBaHO Ha MPEATONIOKEHUH, YTO TPEACIHLHOE 3HAUE-
HHE MHTEHCHBHOCTH BBICBOOOKIEHHS SHEPrun G ABJIAETCA
XapaKTepUCTHKON MaTeprasa 1 HE 3aBUCUT OT MOJIbI Harpy-
skenust. OiHaKo uccnenoBanus [ 8; 9] mokasainu, 4To CKOPOCTh
Pa3BUTHS PACCIOCHNH TP KOMOMHHPOBAHHOM HarpyXeHUN
ONPEIEIAETCS HE TOJIBKO OTHOLIEHUEM YPOBHS HArpy3KH K
ee TIpe/IeIbHOMY 3Ha4Y€HHIO, HO, B OOJIBIICH CTENeHH, COOT-
HOUIEHHEM MEXY Pa3IMIHBIMU MOJIaMU HarpyxeHus. I1pu
9TOM, HECMOTPSI Ha CMELIaHHbIH XapaKkTep HarpyKeHHsl, 0c-
HOBHOH MEXaHH3M Pa3pyIICHNs B BEPIINHE TPEIIHHBI COOT-
BETCTBYET OTPHIBY. OTMETHM, YTO B TUTEPATypE MPAKTUYEC-
K1 HET OIMCAHMS UCCIIEIOBAHUH 10 IIMKINYECKON TPEIHHO-
CTOMKOCTH BOJIOKHUCTBIX KOMITO3UTOB IIPH COBMECTHOM JIEH-
CTBUY C)KMMAIOIINX U KOCOCHMMETPUYHBIX HATPY30K.

YuurtbiBas xapakTep 10JIs1 HAaIPSyKEHUH B BEPILKHE pac-
CJIOEHUS — HAJIM4YUE CKUMAIOUIMX HAIPSDKEHUH, HOpMaJlb-
HBIX K INIOCKOCTH TPEIMHBI, TPAKTHIECKH JUISl BCETO JHaria-
30Ha b/a — MOKHO TPEIIOI0KHUTh, YTO PACIPOCTPAHEHUE
paccIIOCHUs IPOUCXOIHUT TOIBKO 3a CUET CIABUTOBOTO MeXa-
Hu3Ma paspymenus [10]. B atom ciaywae ckopocTs pocrta
YCTaJIOCTHON TPEIIMHBI OITPEIEIISIeTCsI TONIBKO Kod(duimeH-
TOM MHTEHCHBHOCTH KacaTeNIbHbIX HANPSOKEHnH K :

A cak)", @
dN

rae C, n — sMmupudeckue ko3 GuimmenTsr, B odmieM ciaydae

HE COBITQIAI0IINE [0 3HAYCHHUIO C AaHAIOTHYHBIMHU ITapaMeT-

pamu ypaBHEHHS (2).

ITpu nocTpoeHny 3aBUCHMOCTH CKOPOCTH POCTA 10 ypaB-
HEHUIO (4) He YUHUTHIBAIIMCH JaHHbIE, IOJyYeHHbIE Ha OTHO-
CHUTENIbHBIX AJMHAX paccioeHni, Menpmmx 0,3, T. €. koraa
K, >0 (puc. 4). B pacuerax, yunTbiBas BIUSHUC KOHEUHBIX
pasMepoB 00pasIoB, BeMMYMHA K| yMHOXaTach Ha MOMpa-
BOYHYIO (DYHKIIMIO, YIUTHIBAIOIIYIO COOTHOILICHUE JJTHHBI
nedexra n tuamerpa TpyOKH.

DKCTepUMEHTaIbHbIE JaHHBIE TI0 CKOPOCTAM POCTa yC-
TAJIOCTHBIX TPELMH U UX CTEIEHHAs alllPOKCHMAIIUS COOT-
BETCTBYIOT ypaBHEHUIO (4) (puc. 6). [Tokazarenn TpemmHOC-
TolKocTH cocraBm: n=2,11, C= 6,83 - 10~ M/1uKIL

CpaBHMBAas 3HaUCHUS TPEIIMHOCTONKOCTH, TIOJTyIeHHbIE
1o ypaBHEeHUAM (2) u (4), MO)KHO OTMETHTb, YTO OHHU JAIOT
MIPUMEPHO OAMHAKOBBIE OILICHKU CBOWCTB CONPOTHBIICHUS
60pOaTFOMIHIEBOTO KOMITO3UTa Pa3BUTHIO PACCIOCHUH-Tpe-
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IIMH OPU MUKIXYECKOM HAarpyKEeHUU, HECMOTPs Ha TO, 4TO
HCTIONH30BATIMCH Pa3IMYHbIC TApaMETPhI, XapaKTepPHU3yIOIHe
HaINpsDKEHHOE COCTOSIHME B BEPUIMHE TPELMHBL. B ciydae
MIPUIOKEHNS TOJIBKO CIBUTOBOM COCTABIISIONICH Harpyxe-
HUs IOKa3aTesb 71 TEOPETUUECKH paBeH nojioBuHe 7 [8]. biu-
30CTb OKa3aTeNel MUKINIECKON TPEIITHOCTOMKOCTH 00BSsIC-
HSI€TCS OTHOCUTENIbHO HEBBICOKMMHM 3HAUCHHUAMHU CHMMET-
PUYHO# cocTaBisiouiel Harpyxenust K. Vicknoyenue co-
CTaBJIACT JIMILb HAYAJIbHBIM dTall pa3BUTHs pacciioeHui. Tak-
JKE CIIEAYET OTMETUTD, UTO IIPH HCIIOJIb30BAHNN YPAaBHEHUS
(4) HabmromaeTcss MEHBIITME Pa30opOC 3HAYECHUIH CKOPOCTH
pocTa pacciIOeHHH.

dl/N,

M/LHE | OO
[+]

10° |-

1000 L 10"
A0, Him

Puc. 5. 3aBHCHMOCTB CKOPOCTH pOCTa PAaCCIOCHUIN
OT pa3Maxa HHTEeHCHBHOCTH BBICBOOO)KACHHMS SHEPIHH

Crienuprdaecknii XapakTep 3aBUCUMOCTH 3HAYSHNH K03 (-
(bUILIEHTOB MHTEHCUBHOCTH HAIPSHKEHUH OT pa3mMepa pacciio-
SHUH CcO3/aeT oIpesie]IeHHbIe TPYHOCTH IIPH ONPEACICHUH
XapaKTEePUCTHK TPEIMHOCTONKOCTH HA HCTIOIb3yEeMOM HaTyp-
HOM oOpasie. B orinune ot 60nbIIMHCTBA CXEM, HCTIONB3Ye-
MBIX B TI0JI0OHBIX HCCIIEA0BAHMSAX, TTAPAMETP HATPY>KEHHOCTH
B BEpIIMHE yCTaJOCTHOH TpewmuHsl (Hanpumep, KITH) npu
MOCTOSTHHBIX HOMUHAJIBHBIX HAPSDKEHHAX MEHSETCS BECbMa
HE3HAUYUTEIBHO B TEUCHUE BCETO BPEMEHH NPHUIIOKEHUS Ha-
rpy3ku. [Ipu 3ToMm, Kak cieayer u3 puc. 4, MaKCUMalIbHbINA
KWH nHe 00s13aTenhHO COOTBETCTBYET HAUOOIBIIEMY YHCITY
LUKJIOB U MAaKCUMaNbHOMU AMMHE paccroeHus. [loatomy s
U3YYCHUsI CKOPOCTH PACpPOCTPAHEHUSI PACCIOCHUH B ILIHPO-
koM jaunanazone n3meHenus KMH tpebyercs Gonbiee konu-
4yecTBO 00pa3nos. OHAKO K IPEUMYIIIECTBAM UCIIONIB3YEMOI
CXEMBI MOXXHO OTHECTH €€ COOTBETCTBHE PEabHOMY MeXa-
HU3MY HAKOTUICHNS OBPEKICHUH B SlIEMEHTE KOHCTPYKIINH
TP BO3/ICHCTBUH ITUKIIMIECKUX HATPY30K.

[Tomy4enHble 3HaYEHUS] XapaKTEPUCTUK IHKINYECKON
TPEINHOCTONKOCTH O0POATIOMIHIEBOTO KOMITO3UTA MO3BO-
JISTFOT BBIMOJTHSATH PAacueThl CKOPOCTH POCTa PacCIOCHUI B
3JIEMEHTaX KOHCTPYKIUH, OLICHUBATH MPOAOJDKUTEIBHOCTh
AKCIUTyaTalluy U3emHs. Pe3yasTaThl nCcaeJ0BaHUN HCIIONb-

30BAJINCh NPU NMPOEKTUPOBAHUM CTEPHKHEBBIX JIEMEHTOB
(hepMEHHBIX KOHCTPYKITHI KOCMHYCCKHX armapaToB «[ajcy,
«Dxcmpecey, «Sesaty.
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EXPERIMENTAL DETERMINATION OF THE CYCLE FRACTURE TOUGHNESS
PROPERTIES FOR BORON-ALUMINUM COMPOSITES

The results of experimental research on the cycle crackresistance of boron-aluminum are presented.
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A.E. Bbypos
MOJIEJIA PASPYIIEHHU S BOJTOKHUCTBIX KOMIIO3ULUOHHBIX MATEPHUAJIOB!

IIposeden 0630p cyuecmsyiowux Mmooeneti paspyuenus 60J0KHUCIbIX KOMNOSUYUOHHBIX Mamepuanos. Paccmompe-
HbL NpEeUMyWecmed t HedOCmamKi AHAIUMUYECKUX U YUCIEHHbIX NOOX0008.

BonokHucTeie kommo3uionHsie Marepuaisl (BKM), 00-
JIaJA0IINe BRICOKAUMHU XapaKTePHCTHKAMHA MEXaHHICCKUX U
MIPOYHOCTHBIX CBOWCTB, MPEJICTABISIIOT COOOH MPUBJIEKATEb-
HYIO aJbTepHATHBY MOHOJWTHBIM MaTepuaiiaM JIsi MHOTHX
WHKEHEPHBIX puiiokenwi [ 1]. HecMoTps Ha To, 4TO 3TOT Ki1ace
KOMITO3UTOB MOJTYYHIT HIUPOKOE PACIIPOCTPAHEHHUE IIPU CO3/a-
HHY KOHCTPYKIIIA pa3iITIHOTO Ha3HAYCHNS, PeIIeHIe Ipo0ie-
MBI a/IeKBaTHOTO MOJIEIIMPOBAHMS ITPOLIECCOB J1epOpMHIpOBa-
Hus U pazpytueHuss BKM no-nipexnemy octaeTcs akTyallbHOM
3a/1a4eil MeXaHUKH J1e()OPMUPOBAHHOTO TBEPIOTO Tena. JTa
3a/1a4a OCJIOXKHAETCSI TEM, UTO pa3pylLleHHe KOMIO3UTOB SIBIIS-
€TCsl MHOTOCTAIHIHBIM, MHOTO()AaKTOPHBIM TPOIIECCOM, OXBa-
TBHIBAIOIMM PA3JINYHbIC MacCIITA0OHbIE ¥ CTPYKTYPHBIC YPOBHU
Mareprana. [ToaTomy onmcats Bee cTauu Imporiecca B paMKax
OJTHOM MOJIETIM HE TIPEJICTABIIACTCSI BOSMOXKHBIM [2].

IIpobnema HaIe)KHOCTH U3MIEIHIA 13 BOIOKHUCTBIX KOMITO-
3WUTOB JIaJIa TOJTYOK K pa3padOoTKe MHOYKECTBA MOZICIIEH pa3py-
menus. [aBHOM 3aaueii Obula U OCTAaeTCsl HEOOXOAUMOCTD
CO3IaHMS MAaTEMATHYECKOTO aIapara, MO3BOJIIOIIETO IPOTHO-
3UpOBATh OCHOBHBIE MEXaHU3MBI Pa3pyIIeHUsI U MPOYHOCTD
KOMITO3UTOB TIO CTaTUCTHUYCCKAM XapaKTePHCTUKAM CBOWCTB
BOJIOKOH, MaTPHIIBI, MS)K(A30BOH TPAHHUIIBI U pa3MepaM 00-
pasua. CyIecTByIoIHe HOAX0bI MOJAEIUPOBAHUS pa3pylle-
Hrss BKM MOXHO YCITOBHO (Tak Kak 3a49acTylo MCTIOIb3yeTcs
CMellIaHHas IOCTAHOBKA) Pa3/IelIUTh Ha YETHIPE KIIacca.

Mopeaun MexaHUKH pa3pymeHus. OcoOeHHOCTH pa3py-
mennss BKM, o0ycioBieHHbIe UX SPKO BBIPAKEHHON HEO-
JTHOPOJHOCTHIO M HEeTHMHEHHBIME 3 dekramu aedopmupo-
BaHI, HAKJIAIIBAIOT OTPAHUYCHUS Ha IIPIMEHEHHUE KPUTE-
PHAITBLHBIX COOTHOIICHNH TMHEHHON MEXaHUKH pa3pyLICHHS,
pa3paboTaHHBIC IT MOHOJIMTHBIX MaTepraioB. Tem He Me-
Hee, Pe3yIbTaThl MHOTOUHCICHHBIX HCCIIeI0OBAaHUN yKa3bIBa-
IOT Ha BO3MOYKHOCTB HCIIOJTF30BAHUS TAHHBIX TIOAXO0JI0B IS
aHaIN3a TPEIIMHOCTONKOCTH KOMIIO3UTOB M MOTYYEHUS 3a-
BHUCHMOCTEH MKy MTPeIeIbHBIMI ITapaMeTpaMi BHEIITHIX
BO3/ICHCTBHIA M pa3zMepamu 1e(heKTOB.

OpnHa u3 nepBeIX Mozenel paspymenus BKM ¢ xpynku-
MU BOJIOKHAMH, OCHOBaHHAs Ha TIOAX0JJaX MEXaHUKH Pa3py-
neHus, obuta paspadorana C. T. Musetiko, H. M. Copoku-
oM U A. M. HupmaoMm [3]. Monens mo3BosieT 00bSICHUTE
HaJIN49ie HEMOHOTOHHOHN 3aBUCHMOCTH MPOYHOCTH KOMIIO-
31uTa OT 00BEMHOTO COJICPKaHMS APMHUPYIOIINX BOJIOKOH 3a
cdeT 00pa30BaHMs MUKPOTPEIINHBI — COTTIACOBAHHOTO Pa3-
PYILIEHUS CONPUKACAIOINXCS BOJIOKOH. B nanbHeiimem Teo-
pust ObLIa pa3BHUTa C YIETOM TEXHOJOTHUYSCKUX (paKTOpOB,
BJIMSIIOIIUX Ha 00pa30BaHUe XPYIKHUX 30H B3aUMO/ICHCTBHS
KOMITOHEHTOB, IIEPEKPHITHE KOTOPBIX 00ECIIeUNBACT PACIIPO-
CTpaHCHNE TPEIINHBIL, 3apOIUBILEICS B OTHOM BOJIOKHE, Ha
COCEJ/IHHE BOJIOKHA [4].

[Tpu nocreneHHOM yBEJINYEHNH BHEIIHEH HATPy3KH B JIO-
KaJIbHOM 00acTH Bo3ie KoHunka Haapesa B BKM pasBusaet-
Csl 30Ha OBPEX/ICHHH B BH/IE Pa3pHIBOB BOJIOKOH, ITACTHYEC-
KOO J1epOpPMUPOBAHUS M pa3pyIICHHs MaTepHalia MaTPHIIBI,
OTCJIOCHUI BOJIOKOH OT MaTPHIIbI U T. JI. 3a4acTyI0 XapakTep
pa3pymIeHHs! KOMITO3UTOB C XPYTTKUMH BOJIOKHAMH ITO3BOJISIET
AKCTICPAMEHTAIILHO OIICHUTH pa3MephI Takoil 30HHI [5]. Ecn B
Clly4ae OIHOPOJIHBIX MaTepHalioB FOBOPST O MIACTHYECKON
00macTn B KOHYHMKE TPEIINHBI, TO IpuMeHnTenbHO K BKM cire-
JIyeT pacCMaTpUBaTh 30HY pacTpeckuBaHus [4].

Hanuuue 8 BKM pa3BuToi 30HbI AUCCUTIALIMY SHEPTUU B
BepmrHe Ae]eKTa 00yCIOBIMBAECT MOJACTH Pa3pyLICHHUS,
KOTOpBIE YUUTHIBAIOT Tepepacipeie]ieHne HapsHKeHU,
CHIJKEHHE MX KOHLICHTPALINHN, XapaKTEPHOH JUISI OTHOPOIHBIX
MaTepuajoB. B oTanuue ot TpaJUIIMOHHBIX METOI0B pacye-
Ta Ha IPOYHOCTB, TAKHE IT0JIXO/IbI, YACTO HAa3bIBAEMbIE HEJIO-
KaJIbHBIMHU [6; 7], YIUTHIBAIOT HANIPSHKEHHO-IEPOPMHUPOBAH-
Hoe cocrosinne (H/IC) He TonbKo B BepILIHE KOHIIEHTPATO-
pa, HO U B MPUMBIKAOIIEH K Hel o6sacTi. OcOOEHHOCTHIO
HEJIOKaIBbHBIX KPUTEPHEB SIBISICTCSI BBEACHHE B KPUTEPUIA
MIPOYHOCTH CTPYKTYPHOTO ITapaMeTpa, KOTOPBII SIBISETCS
KOHCTaHTOM MaTepuaJia Jyisi KOHKPETHOTO MeXaHu3Ma paspy-
LICHUsI M OINPEJeIsIeTCsl SKCIIepUMEHTaIbH0. OTHOLICHUE
pasMepa 3TOro napameTpa K pasMepy JeMeHTapHOU suei-
KM MaTepHaa onpeJiesisieT TpaHuIbl IPIMEHIMOCTH MeXa-
HUKHM pa3pyLIeHus A7 onucanus paspyuienus BKM.

CornacHo Mojien# (PMKTHBHOM TpeIiuHBI [6; 8], B BepIiu-
HE KOHIIEHTpaTopa (GopMupyeTcst 30Ha BHICBOOOKICHUS
SHEpruM, MoJo0Has TpemuHe. Bxirouas 30Hy mpeapaspy-
WIEHNUS @, PEANbHYIO TPEMUHY JUIMHOH 2a 3aMEHSIOT 3(¢-
(exTuBHOM, yMHOMN 2(a + a ), a KPUTHIECKUH KO3 urenT
MHTEHCHBHOCTH HanpsikeHuit K onpesensercs mo popmyine

K.=0,.n(a+a,). (1)

Ecnu nimiHa 0CHOBHOM TPEIMHBI CTPEMUTCS K HYJTIO, pa3-
pyIIArOIIHe HAMPSDKEHHAS LIS TENA C TPEUIMHOMN G, IOCTUT -
0T YPOBHS IPOYHOCTH Matepuana o,. Orcrona:

Ke @
O, = .
B
TC

3HaquI/Ie ac MOXXHO OHpe)leHI/ITI), CpaBHI/IBaH 3HAYCHUA
Ppa3spyLIAIONIIX HAIPSHKEHUH TS IIAIKHX K HaIPE3aHHBIX 00-
PasIOoB:

2
ac=%ymmac=1& . 3)
(0,/0.)" -1 n| o,

Kpurepuii (GUKTUBHOM TPELIMHBI pacCMaTpUBAJICS IS
Pa3TMYIHBIX KOMITO3UIIMOHHBIX MaTepraioB [6—9]. Xoporiee
COOTBETCTBHE PACUETOB 110 JAHHOM MOJIEIIH C SKCIIEPUMEH-
TAJILHBIMHU PE3yJIbTaTaMH, TOJTy4YCHHBIMH Ha 00pas3Iax ¢ oT-

! PaGota BbinosHeHa pu (puHaHCOBOM moiepxkke PODU (kox npoexra 06-08-00477).
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BEPCTHSAMH PA3INIHON KOH(QUTYPAIMH M CKBO3HBIMH TpE-
IIMHAMHU, IeMOHCTpupyercst B padore [9]. IIpoTsskeHHOCTD
30HBI IIpepa3pyLIICHNs, KOTOpas paccMaTprBaiach Kak HEe
3aBHCALIAg OT (OPMBI U Pa3MEPOB KOHIIEHTPATOPa, OIpee-
JsIach IyTeM Mo00pa 3HauYeHHUs], IPH KOTOPOM allpOKCH-
Manust SKCIIEPUMEHTAIBHBIX IaHHBIX ObLTa HAMITy e,
CortacHo MoJieNH, M3BECTHOM Kak rmojxo/ Heitbepa-Ho-
BokmioBa [10; 11], pa3pymienne Matepuaa onpeaemnseTcs
HANpPsDKEHHEM G , OCPEJHEHHBIM BJIOJIb OTPE3KA 7/, OT BEp-
IIMHBI TPELIMHBI. YCIOBHE NPOYHOCTH HMEET BH]
I
6=rijcc5y dr <o,, “4)
co
IJe S, — HOPMAIbHOC PACTSTHBAIONICE HATPSUKCHHE BIIOIH

0Tpe3Ka MHTETPUPOBAHUS.
BuoBb nipezinonaraeTcs, 4to . — KOHCTaHTa MaTepuaa, u
ee (PU3MUECKHUIA CMBICIT 3aKJIF0YAETCSI B IPE/IITON0KEHHUH, UTO
B 30HE BOJIM3M BEPUIMHBI TPEIIUHBI IPOUCXOAUT Nepepaci-
pelneneHne HanpspKeHNH U, TAKUM 00pa3oM, CHIDKAeTCs UX
JIOKaNbHAs KOHUEHTpaus. Bennauny », MOXKHO OLEHHTD,
UCTIONB3YS pe3YJIBTAThI UCTIBITAaHUH 00pa3IioB C OTHOCHTEIIb-
HO JUIMHHBIMH TPEIMHAMu. B oTom ciryuae pasmep 7, HUY-
TOKHO MaJ IO CPABHEHUIO C JUIMHON TPELUHbI. Y YUThIBas,
YTO B BEpIINHE TPEIINHBI CIIPABEIINBO aCHMIITOTHIECKOE
pacripeneneHle HaupsKeHUil, HanpsHKeHNsI G MOYKHO BbI-
pas3uTh uepe3 KodpGUIMEeHT UHTCHCUBHOCTH HATIPSKEHUH:

_ 1k, 2
6= dr =K, | — <o, 5
e {)\/an "arg ~® ©)

B npenensHom ciydae K,= K_u, UCMIOJIb3Ysl 3HAK PABEH-
CTBa B IPaBO 4yacTH, HOITY4HM:

Kc 2 Oy- (6)
T
Orcrona xapakTepHbId pasmep 7
2
=2 Ke ), )

| Op
KoshpummenT "HTEeHCHBHOCTH HATIPSKEHUH, UCTIONB3Y-
€MBIN Ipyr ONIPECACIICHNN 3HAYCHUA OCPECAHCHHBIX HAIIPSIKE-
HUH B (5), XapaKTepHU3yeT M0JIe HAPSHKSHUH TOJBKO IS Ma-
JIOH (CHHTYIIAPHOI) 00/1aCTH B BEpPIINHE TPerMHEL. [1o3To-
My COOTBETCTBHE MEXKIy 3HAYCHUSIMH IPEACITBHOTO KO-
(unreHTa MHTEHCUBHOCTH HANPSDKEHUH, OIpe/IelIeHHbIME
Ha o0paslax pazIn4yHOrO THIA, MOXKHO MOJIYYUTh, TOJIBKO
€CITH [TPOIIECC Pa3PYILICHHUS IOKATN30BaH HEMIOCPEICTBEHHO
B BEPILUNHE TPEIIUHBI.
JJIsL OIICHKU MTPOYHOCTH KOMITO3UIIMOHHOTO MaTepHaa
C TPEIIMHOMOJO00HBIM KOHIICHTPATOPOM HAIPSDKEHUI TaK-
JKE UCTIONIB3YIOT MOJIXO0/I, U3BECTHBIN B JINTEPATYPE KaK MO-
nens [Tanactoka—JleonoBa—/larneiina [12]. CyTs Mogemnu 3a-
KJIIO4acTCsA B TOM, YTO 30HA BIIEPEAN KOHUYUKA TPECIIUHBI 3a-
MEHSICTCS TOTIOTHUTEIBHBIM pa3pe3oM IITHHOHN b, HaxOs-
LIMMCS IO/ AEUCTBUEM HAIIPSKEHUH, paBHBIX [IPEEITy IPOY-
HOCTH (WJIM TeKY4EeCTH) MaTepralia. B oTimame oT qpyrux moj-
XOJIOB, C YBEJIMYECHHEM pPa3Mepa TPEIIHHbI IPOTHKEHHOCTh
30HBI BO3PACTAET U ONPEEIISIETCSI BHIPAKCHUEM
-1
b=a coszn—c -1|. (®)

Oy

I[IpenenbHyto BeNMMUuHy b MOKHO OTIPENETUTD, YIHUTHI-
Bast, Y4TO JJIsl OOJIBIIUX TPEIIMH pa3Mep 30HbI ICHCTBHS CHIT
CLETIJIEHUS MaJI 110 CPABHEHMIO C JUIMHOH TPEIIMHBI d, U Be-
JMYUHA HOMUHAJIBHBIX Pa3pyIIaoInX HAPSKSHUH 3HAYH-
TEJIbHO MEHbIIIE 3HAYEHUS IPOYHOCTH MaTepHaa, TOra:

h=7f o] ©)

Torna paspymraroniye HarpsHKEHUS U1t 00pa3IoB ¢ Tpe-
IIMHOM:

_ 20, _b%
0. =—2arccos| e . (10)
b

Bonee crnoxHble MOsieNnH, TaKKe OCHOBAHHbIEC Ha CyIIe-
CTBOBAHHH TOJISI KOT€3HOHHBIX CHJI B BEPIINHE KOHIIEHTPATO-
pa, yIUTHIBAIOT KWHETHKY Pa3BUTHUS TIOBPEKACHHUHN U JIeTpa-
Jalo CBOMCTB MaTepuaia B 30HE NMpeapa3pylIeHus
[13—15]. PacueTs 1o 3TiM MOIETSIM TPEOYIOT 3HAYUTEIEHBIX
BBIYHMCIUTENBHBIX 3aTPaT U 3HAHUSA ONPEIEIIAIOIUX COOTHO-
LIEHUH JJIs pACCMATPUBACMBIX (PU3NYECKUX XapaKTEPUCTHK
Marepuaa B 30He AeHCTBHS CHJI CLETIIICHUSL.

Jpyroii noaxo, TakyKe YYUTBIBAIOIININ CYIIIECTBOBAHHUE
XapaKTEepHOTO pa3Mepa CTPYKTYypbl MaTepraia OCHOBAH Ha
MIPEATNONI0KEHUH, YTO Pa3pyIlIeHHE HACTyaeT, KOT/a Ha pac-
CTOSIHMM | OT BEPUIMHBI KOHLEHTPATOPa HOPMAJIbHBIE Ha-
NPsDKEHHs JJOCTUTAIOT MIPOYHOCTH MaTepuana 0e3 nedexra
0,[6;7; 16]. B TepMuHaxX MEXaHUKU Pa3pyIICHUS] KDUTEPH-
JIbHOE COOTHOIIIEHNE MOKHO 3aIHCaTh Kak

Ke

2nd,
1, COOTBETCTBEHHO, HAITH 3HAUCHHE XapaKTCPHCTUICCKOTO
napametpa d :

Oc = <o, (11

2
1(Ke

¢ 2n| o,

Paznmmaapie MoEUKAINH JAHHOTO KPUTEPHSI, H3BECTHO-
TO B IUTEPAType Kak KPUTSPH IPOYHOCTH TI0 HAMIPSHKEHISIM
B TOUKE, TOJY4YHJIH IIUPOKOE PACIIPOCTPAHEHHE TIPH OIICHKE
TIPEICITFHOTO COCTOSHUS TUTACTHH U3 BOJIOKHHACTHIX KOMIIO3H-
TOB C KOHIIGHTPATOPaMH pa3iuyHoro tumna [6; 7; 16; 17].

3HaUNTEIBHBIC PACXOXKICHUS B PACUCTHBIX 3HAYCHUSIX
HAIMPSDKCHUN 110 YKa3aHHBIM MOZIEJISIM HAOJIFOIar0TCs JIHIITh
B o0JIacTH TpeInuH Maoi JuHb (puc. 1) [2]. dns pacyera
HCIIONb30BaN0Ch cCooTHOmeHue K /G, = 0,085 m'>.

OJHUM M3 OCHOBHBIX HEIOCTATKOB MOJCIICH MEXaHUKH
pa3pyIIeHHs SBISACTCS CIOKHOCTh BBEJICHHUS B PacUCTHHIC
3aBHCHMOCTH [1aPaMETPOB, XapaKTEPU3YIOIIHX CTOXaCTHYEC-
KYIO TIPUPOJY MEXaHUIECKHUX F IPOYHOCTHBIX CBOMCTB KOM-
MTOHEHTOB KOMTO3uTa. [Ipyroe orpaHnueHme CBA3aHO C He-
BO3MOXKHOCTBIO OIPEJICIICHHS TIPEICITbHBIX HATIPSDKCHUH JUTsT
KOMITO3HTOB C JIe(heKTaMH, JITMHBI KOTOPHIX MEHBIIIE pa3Me-
POB CTPYKTYpHOI! sT4eKU MaTepuaa.

Moeu caBUroBoro anaan3a. CIsuroBoii aHaau3 — 3TO
MOJIXOJ1, COTVIACHO KOTOPOMY CTPYKTYpPHbBIE COCTaBIISIFOIIHE
KOMITO3HTa (HalpUMep, BOJIOKHO) TPEICTABIISIOTCS CTEPXK-
HEBBIMH, IMEIOIIIUMHI OJIHY CTETIEHb CBOOO/IBI, SIIEMEHTaMH.
B kavecTBe Ipyrux MOMyMICHUH, KaK IPABHJIO, TIPEIIoara-
€TCsI, YTO MaTpPHUIla He BOCTIPHHIMAET OCEBYIO HATPY3KY, BO-
JIOKHA WJICAJTbHO CBSI3aHBI C MAaTPUIIEH, PACIIONIOKEHBI PaB-

(12)
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HOMEPHO M 00JaaloT HeCcyIeil CIIoCOOHOCTRIO TOJHKO B
OCCBOM HaIlpaBJICHUU. HaHHbIC YIPOIICHU S MTO3BOJIAIOT I10-
cTpouTh 3 (HEeKTUBHBIC AITOPUTMBI PEIIICHUS, PE3KO CHIKAs
PasMEPHOCTL 3aJa4ud, HO MIPHU 3TOM YUYHTbIBass OCHOBHBLIC
0COOCHHOCTH 1e()OPMHUPOBAHHMS M B3AUMOJICHCTBHS CTPYK-
TypHbIX 351eMeHToB BKM. Kpome Toro, Mmoaenu ciBuroBoro
aHaJIM3a M03BOJISIIOT PACCMATPHUBATh OOJIBIINE 00 BEMBI MaTe-
pHaa, 9To ABIeTCI HEOOXOIMMBIM YCIIOBHEM, TIPHHUMAS BO
BHMMAaHHE BEPOATHOCTHYIO IIPUPOLY NPOYHOCTH KOMIIO3H-
ToB. braronaps cBoeit mpocToTe ¥ 3PPEKTUBHOCTH, MOACIA
C/IBUTOBOTO aHAJIM3a MOMYYIIN HanOojIee MUpOKoe MpruMe-
HEHMe [P aHaJu3e rnpoueccoB pazpyuieHust BKM [18-20].

KoHmermist cIBUTOBOTO aHamI3a ObLIA BIIEPBEIC ITPEIIIO-
ykeHa B pabote [23], mpu onpeiesieHny pacipeiesieHus! yCu-
JIUHA B pa3pyHIEHHOM €IMHUYIHOM BOJIOKHE, TOTPY>KEHHOM B
KOHTHHYYM yIpyroi marpuusl. IIpeanonaranocs, 4ro pac-
TSATUBAIOLIME HANPSHKSHUsI PABHOMEPHO PACIpe/esICHBI 110
CCUCHHIO BOJIOKHA, a CABHIOBEIC 1e(OPMALIUNU COCPEIOTO-
YEeHBI B MATPHIIE U JIOTAPU(PMHUIECKH 3aTyXafoT 110 Mepe yaa-
JICHUS OT BOJIOKHA. [IpH ’TOM He YIHUTHIBAJIOCH BITUSHUE JIPY-
T'MX BOJIOKOH Ha HaIpsDKEHHOE COCTOsIHME. JTa 3a/1a4da (pas-
PBIB BOJIOKHA B OECKOHEYHOM MACCHBE BOJIOKOH) ObLIa BIIO-
CJIEJICTBUH PellieHa aBTOpaMu paboThI [22], KOTOPBIX 3ara/l-
HBIE MCCIIE/IOBATENIN CYUTAIOT POJIOHAYATIbHUKAMY CIIBUIO-
Boro a"naym3a. OTMETHM, 4TO I0J00HBIE MOJIENIH, OIIMCAHIE
KOTOPBIX MOYKHO HaWTH B paboTe [23] ObUIN MPEe/IIoKEeHBI 1
POCCHICKHMH YYCHBIMH.

MHorouncieHaple MOIEIN CABUTOBOrO aHaan3a OBIIHA
pa3paboTaHbl IPH HCCIICJOBAaHNH PA3JIMYHBIX ACTIEKTOB Pa3-
pyumenus BKM, Bkiirouas MOJeIMpOBaHKE OTCIIOEHHUS BOJIO-
KOH OT MaTpHIIbl, aHAJIN3 HAIPSHKEHHO-e(pOpMHUPOBAHHOTO
COCTOSTHHUS KOMITO3UTA C TPEUIMHOM, y4eT HeCyIIeH crrocod-
HOCTHU M HEJIMHEHHBIX 2P (eKTOB 1eOopMUpOBaAHHS MATPH-
116! (IIACTUYHOCTD, BA3KOYIIPYTOCTb, IT0JI3y4eCTh), HEpaBHO-
MEPHOCTH YKJIa IKi BOJIOKOH. OTHOCHUTEIIbHAS TPOCTOTA Pa3-
pEIIAIONINX YPaBHEHHH CABUTOBOTO aHAJIM3a IT03BOJISET KOM-
OMHUPOBATH JAaHHBIH TTOIXO]] C METOAMH CTATUCTUIECKOTO
aHaJIn3a, IPEeI0CTABIISII BO3MOYKHOCTh MOJICIIMPOBAHMS 3HA-
YUTEIHHOTO 00hEeMa MaTepHaa.

KoHneuHo-3/1eMeHTHBIEe MO IM MEeXaHMKHU CIIJIOLIH O
cpenbl. Jlaxke mpocTeiime 0IMHOYHBIC MUKPOTIOBPEKICHHS
cTpykTypbl BKM (pa3psIB BOJIOKHA, pa3pyHIICHUE MAaTPHUITBI
Wi Mex(}a30Boi IpaHUIBI) BBI3BIBAIOT BO3HHUKHOBEHHE
croxkaoro HJIC. Dto onpenemnsieT He0OX0IMMOCTh pa3padoT-
KM YTOUYHEHHBIX MOJIeJIeH, He UCTIONb3YIOIUX allpHOPH 3aKO0-
HOB TIepepacIpe/ieICHNs] Harpy3Kd Ha HEMOBPEKICHHBIC
Y4acCTKH KOMIIO3UTa. MO}ICHI/I MEXaHUKH CIUIOIIHOM Cpeanl
Ha 0a3e MeTo/1a KOHEYHBIX SIEMEHTOB IPEICTABIISIOT COOOMH
OJIMH 13 HanboJiee TOYHBIX m0ax010B ornucanus HJC B Bo-
JIOKHAX ¥ MaTpHIle IpU HATMYNK MUKpopa3pymeHuid. Kpo-
Me toro, MKD mo3Bomser npoBoanuts ananmu3 HJIC u B3an-
MOHCﬁCTBHﬂ CTPYKTYPHBIX 3JIECMCHTOB KOMIIO3WUTA ITPH HAJIN-
YMU Ha4yaJIbHOW WJIM HAKOTUICHHOH 1e()eKTHOCTH (TPEIHHBI,
OTBEPCTHA U T. 11.) [2]. MeTo KOHEYHBIX 3JIEMEHTOB HCITONb-
30BaJICS PSIJIOM aBTOPOB IPH INIOCKOM M 00BEMHOM aHaITN3e
pacripeielieHusI HalTPsHKCHAHN B CITydae OJHHOYHOTO pa3phl-
Ba BOJIOKHA, YTO HEOOXOAMMO ISl IIPOBEPKU 0OOCHOBAHHO-
CTH MPHONMKCHHBIX Mojesel paspymernus BKM [20; 24].
OCHOBHOH 3aJ1aueii NCCIIeOBAaHNH SBISUIOCH OTIpEAeTICHIE
3aBHCHMOCTH KOHIIEHTPALMHM HAPSDKEHUH OT 00BEMHOTO

COZIEpKaHUS BOJIOKOH, YKJIJKH BOJIOKOH, MEXaHMUECKUX
CBOMCTB KOMIIOHEHTOB Y YPOBHS OCTaTOYHBIX HAIIPSKEHUI,
a TaKoKe CTETICHU B3aUMOJICHCTBHSI BOJIOKHA M MaTpuIbl. J{is
9TOTO pelragach KOHTAKTHAS 3ajada BOJOKHO—MAaTpHIa C
Ppa3IMYHBIMU KOd(PUIIMEHTaMH TPEHHS CKOJIBKEHUS B YII-
PYTroi 1 ynpyro-1jaacTHyeCcKoi OCTaHOBKE.

Hecmortps Ha pa3BUTHE BBIYUCIUTENBHON TEXHUKH, aHA-
JIM3 TIPOIIECCOB Pa3pYIICHUs ¢ MOMOIIbI0 Momeneir MKD
BO3MOJKEH TOJIBKO JUISI BECbMa OrpaHMYEHHOTO 00beMa Ma-
tepuana. Kak mpaBuiio, aHajus OrpaHUdUBACTCS pAcCCMOTpe-
auem HJ[C pa3pymieHHOro BoJoKHa U 2—3 OIKaWImX co-
ceneil. Micnonb30BaHNE KOHEUHO-3JIEMEHTHBIX MOZIENeH A1
CITy4aeB MPOU3BOIBHOTO PACTIOJIOKEHHS Ae(EKTOB, KHHETH-
KM UX HaKOIUICHUsI C YYETOM CTaTUCTUYECKOIO Xapakrepa
MEXaHHYECKNX CBOIMCTB B HACTOSIIEE BPEMsI HE ITPE/ICTABIIS-
€TCsI BO3MOKHBIM.

BepositHocTHbIe Mogesn. Ecnu gyHkius paciipeserne-
HUSI TPOYHOCTH BOJIOKOH NMEET OTIIMYHBIN OT HyIst KO du-
LUEHT Bapyallly, epBbIE Pa3pbIBbl BOJIOKOH Oy1yT BO3HHU-
KaTb y’Ke TIPH CPABHUTEIBHO HU3KOM YPOBHE HAIPSKEHHH.
OnHako 3a CueT HaJW4Msl BO3JIe OOPHIBOB OoJiee TPOYHBIX
BOJIOKOH BO3MOXKEH AAIbHEUIINN POCT MPHIOKEHHON Ha-
TPY3KH ¥ BOSHUKHOBEHHE Pa3pyIIeHNH B APYTHX CIAOBIX TOU-
Kax BOJIOKOH. Takoi MexaHn3M ObUI BIIEPBBIC H3y4eH B pado-
Te Po3eHa [25], KoTOpast OCHOBBIBAETCS Ha MPEIIIOIOKESHHUH,
yto npoyHocTs BKM omnpenensercs craTucTuaeckum HaKor-
JICHUEM pa3pbIBOB BOJIOKOH. OOpPBIB HE BBIBOIHUT U3 CTPOS
BOJIOKHO TIOJIHOCTBIO IO BCEH JJIMHE, a JIUIIb CHUKAET €T0
HECYIIYIO CIIOCOOHOCTH B 00JIaCTH, IPUMBIKAIONIEH K 00pHI-
By. Pa3pyImieHne KoMro3ura BO3HHKAET, KOT/]d HAKOIIJICHUE
Pa3pbIBOB BOJIOKOH YMEHBINACT UX JUTMHY. B Monenu Pozena
OCHOBHOE BIIMSIHHE HA Pa3pylICHHE KOMIIO3UTA UMEET JIO-
KaJbHOE M3MEHEHHUE TOJs HalpsHKeHUH BOMHM3M O0OpPBHIBOB
BOJIOKOH. B MecTe 00pbIBa HarpsbkeHue, eHCTBYIOIIEE BOIb
OCH BOJIOKOH, PaBHO HYJIIO M ITIOCTETIEHHO BO3PACTAET JI0 CBO-
€r0 HOMHHAJIBHOTO 3HAYEHUsI IO EHCTBIEM BO3SHUKAFOIINX
Ha rpaHULIe pa3/ieia KacaTellbHbIX HanpspkeHuil. [IpoTsken-
HOCTb 30HBI HEPABHOMEPHOT'O ITOJIsA HaHpH)KeHHfI B10JIb BO-
JIOKOH HCTIONIB3YETCS JUTSL OTIPEACIICHHS XapaKTepHOTO pas-
Mepa CTPYKTypbl KoMIo3uTa. KoMIo3uT mpencrasisercs
Ha0OPOM ITyYKOB TaKHX IeMEHTOB. OOPBIB BOJIOKHA HCKITIO-
YaeT 3JIEMEHT OT €ro JAJbHEHIIIEro yJacThs! B BOCIIPUSATUH
Harpy3KH 1 IPUBOJIUT K OTHOPOJIHOM 1OTPYy3Ke OCTaBILINXCSL.
Jst oty deHus 3HaUSHUH pa3pyIIaronIuX HAMPSHKEHHH KOM-
no3uta Pozen TIPUMEHNIT AHATMTUYCCKHUI MoaXoa, UCIIOJIb3Y-
IOIINH CTATHCTUKY ETel, COCTOSIIMX U3 ITy4KoB. J{iist aToro
HEOOXO0IMMO ONPeAeHTh Hed(h(HEKTUBHYIO JUTMHY dIIeMEHTa
BOJIOKHA U (DYHKIIHIO PACTIPEAEIICHNUS IPOYHOCTH 3BEHBEB.

Mozens pa3pymeHns 0 MEXaHU3My HAKOIUICHHMS TO-
BpekIeHU Po3eHa 1aeT BepXHIoto olleHKy npouHocT BKM,
KOTOpast 3a4aCTYI0 HE IOCTUTAETCS N3-3a PeaTn3aliy APYTHX
MEXaHU3MOB pa3pyleHus. PacueTsl o 3Toi MoJeIu NoKa-
3BIBAIOT, YTO CPEAHSS IPOUHOCTh KOMIIO3UTA MOXKET OKa3aTh-
Csl BBIIIIE, YEM CPEHEE IKCIICPHUMEHTAIBHOE 3HAYEHHE TTPOU-
HOCTH BXO/ISIIIIMX B HETO BOJIOKOH.

BosbIIMHCTBO BEpOATHOCTHBIX MOAEIEH pa3pyLICHUs
BKM, pa3paboTaHHbIX B pa3BUTHE 110,1X0,10B Po3eHa, ocHO-
BaHO Ha UCIIOJIb30BaHUH CIBUTOBOTO aHAJIN34, OTIMCAHHOTO
BBIIIIE, C PSIOM JIOTIOJTHUTEIBHBIX fomyieHni. Kak nmpasu-
JI0, KOMIIO3UIIMOHHBIN MaTepuaj paccMaTpUBaeTCs KaK Ha-
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60p (ITy40K) OMHOHATIPABICHHBIX BOJIOKOH KPYIJIOTO CEde-
HUS paglyca 7', IMEIOIINX OJIMHAKOBBII MOZlY/1b YIPYTOCTH £
[26]. TIpenmonaraeTcst paBHOMEpHAsT TETParOHAIbHAS HJIH
reKcaroHajbHas yIakoBKa BooKoH. [Tocie pa3pbiBa BOJIOK-
Ha Ha ero OOKOBOI MOBEPXHOCTH AEHCTBYIOT KacaTesIbHbIC
HAIpsHKEHUS ¢, KOTOPBIE CUMTAIOTCSA MOCTOSTHHBIMU. Hop-
MallbHbIe HalPSDKEHHUs!, ISWCTBYIOIHME B BOJIOKHE, U3MEHSI-
I0TCS IMHEHHO Ha HEDPPEKTUBHOMN JuHHE /[ OT HyIs (MECTa
00pbIBA) 10 HOMHHAJIBHOTO 3HAYCHUSI.

CrarucTndeckoe pacnpenesieHue Mpeaena MpodyHOCTH
BOJIOKOH IIPUHUMAETCS, KaK IIPAaBUIIO, B BUJIE ABYXIIapaMeT-
puueckoro pacnpenesienns Belidymiia ¢ ¢pyHkimeit pacnpe-
JICTICHUS:

Lo

P (6,L)=1-e 0L %0 (13)
re L — uiiHa BOJIOKHA; O — ICHCTBYIONINE HAIPSHKEHHUS; O 1
B — mapameTpsI pacnipenienienus: G, — napameTp MacmTada;
WITH XapaKTepHCTHICCKast (BEpOsSTHOCTE p = 1 —e ™! 0,632)
IIPOYHOCTh BOJNOKHA Ha jnmuHe L, B — mapamerp dopmsl,
MOKa3bIBAIONIHI BAPHALINIO 3HAYCHUH IPOYHOCTH.

I'maBHOE OTIIUKE BEPOSTHOCTHBIX MOJIENIEH 3aKITI0oYaeT-
Csl B 3aJITaHUM 3aKOHA Mepepacrpe/ieNiCHUs Harpy3KH B CIIy-
Yae pa3pylIeHHs BOJOKHA. CllelyeT BBIICIHTh HECKOJIBKO
OCHOBHBIX METO/IOB.

Mooenv enobanvroeo pacnpedenenus naepysku (I’ PH)
npeyioxena Ibnabdeljalil u W. A. Curtin [26]. B ocroe Mo-
JIeJTU JISKUT NPENONI0KEHHE, YTO ITOCIIE Pa3pyIICHHUS OJHO-
TO U3 BOJIOKOH HAarpy3Ka paBHOMEPHO NepepacIpeneisieTcs
MEX/y BCEMHU OCTABIIHMHUCS BOIOKHAMHU 0€3 y4eTa KOHIICH-
Tpaluu HalPsHKSHUH.

J1J1s1 OLIeHKH [TPOYHOCTH KOMIIO3UTa HEOOXOMMO OITpe-
JIEITUTh XapaKTEPUCTHYECKYIO JUTMHY BojlokHa d_(T. €. JunHy
AJIEMEHTA BOJIOKHA) ¥ COOTBETCTBYIOIIEE el 3HAUYEHHUE ITPOY-
HOCTH O ;

1
GE))TLQ +1

c~ , =
r ¢ T

1

(14)

[MapameTp G, mpecTaBseT COOOH XapaKTEPUCTHIECKYTO
(mapamertp pacnpenenenus BeiiOyiuia) npouHoCTh Ha JUIHHE
d , Tora Kak §_ — JNIMHA y4acTKa pejlakcaly (H3MeHeHHe
HaMPsDKECHHUI OT HOMHHAIBHOTO 3HAYCHUS [0 HYJIS) IPH Ha-
NPSOKEHNH G . 3HAYEHHE NPEIETbHBIX HAIPSKEHHH [T KOM-
TIO3UTa MPAMO NPOTIOPIHOHATBHO G, & PACTIPEIENIEHHE JUTHH
YYaCTKOB BOJIOKOH, «BBITACKMBAEMBIX» Yepe3 MI0CKOCTh pa3-
PYLIEHHS IPAMO TIPOHOPIMOHATLHO J .

Moodenv noxanvnoeo pacnpedenenus naepysku (JIPH),
MOJyYCHHAs M3 JICTALHOTO aHaJi3a PAaCUeTOB IO YHCIICH-
HOW MojeNH, pencTaBieHa B padore [27]. OTMeTnM, 9TO
MO/IEJIb HAa3bIBAETCS aBTOPAMHU aHATUTUIECKOH, XOTsI OCHOB-
HBIE COOTHOIICHUS MOJTYYCHBI HA OCHOBE amIPOKCHMAIINT
PE3yABTATOB YUCIEHHOTO MOJIEIMPOBAHUS C UCTIOIH30BAHU-
eM Metona Mounre-Kapino. Mogpens JIPH B cBoeil ocHoBe
COJICPKHT MPEIIONI0KEHHE, YTO TOCHIE pa3phiBa BOJOKHA
Harpy3ka paBHOMEpPHO TepepacrpeiessieTcst TOJIbKO Ha Co-
CeITHIE BOJIOKHA (8§ BOJIOKOH IS TETPArOHAIBHOHN YKITaIKH).
KoadduimeHTs KOHIIEHTPAIINY, TTOTYYCHHBIC HA OCHOBE
C/IBUTOBOTO aHAJIN3a, COCTABIISIOT: 1, 15 myist 4eThIpex Ommsie-
JKarux BOJIOKOH 1 1,06 — 151 BOJIOKOH B yIiIax yImakoBKH. Pac-

CMaTpPHUBACTCS MaTepHaj, COCTOSIINNA U3 ITyYKOB BOJIOKOH
amunel §,= 0,40 110 71, BOJIOKOH B IIONIEPEYHOM ceueHuH. Pa3-
pYLLIEHHUE TAKOro IyYKa IPOUCXoAUT 1o moaenu I'PH.
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Puc. 1. 3aBucHMOCTB pa3pymIaronIuX HAPSHKSHUH OT JATTHHBI
TPELIUHBI U1 OopoantoMuHus: / — 1o ypaBHenuto (10);
2—(11); 3—(1); 0 — BKCTIEpUMEHTAIILHBIC TAHHBIC

B pabote [28] Obu1a IpesokeHa YHCIIeHHAs MOOenb Ha-
KonaeHus noxkanbHulx nospedcoenust (HJIIT) mns mpenckasa-
HUSI pa3pylieHus ogHoHanpasieHHIXx BKM. Mozens pac-
CMAaTpHBACT MOBPEKACHHUS KaK IUIOCKHE M30JIMPOBAHHBIE
KJIACTEPbI Pa3PYyIICHHBIX B OIHOI INTIOCKOCTH BOJIOKOH, KOTO-
pBIE PACcTyT IPH YBEIMUYCHUH HArpy3KH 32 CYET KOHIIEHTpa-
LUK HANpsHKEHUH Ha Kpasx KiaactepoB. OCHOBHBIE 3Tallbl
peLIeHUs BKIIIOYAIOT: 1) pacueT 0)Ku1aeMoro uucia oopbl-
BOB BOJIOKOH, (), B 00beMe MaTepHaia / pu HanpsHKeHuH G,
2) pacyer ymcia TeX 0OphIBOB, KOTOPHIE 3a CYET KOHIIEHTpa-
LIUM BEIYT K 00pa30BaHUIO KIACTepa U3 ABYX 0OPBIBOB IIPH
HaNpsDKEHUH G; 3) pacdeT yrcia KJIacTepoB, COCTOSIINX U3
JIBYX 0OPBIBOB, IIPUBOJISIIINX K 00Pa30BAHUIO KJIACTEPOB M3
Tpex OOpBIBOB U T. /1. JIJIsl Ka’kI0r0 3HAUCHNS HAPSKCHUH
onpesienseTcs yucio kiactepos Q. pasmepa i. Jlis mo6oro
YPOBHSI Harpy3KH pa3Mep HanOOJBIIEro KiacTepa orpesiess-
ercst ycnosueM Q. = 1, T. €. BO BceM 00beMe PUCYTCTBYET NPH-
MEpPHO OJIMH KJIaCTep TaKoro pasmepa. Paspyiienne komrosura
OIpeJIENACTCS TAKMM YPOBHEM HANPSHKEHUH, IPH KOTOPOM Hau-
OomnbIIMil KacTep (HEKOTOPOro pasmepa i*) Oymer pactu 1o
pasmepa i*+ 1, 3arem 10 i*+ 2 U T. 1., IOKA HE YBEITMIUTCS JI0
pazmepa Bcero ceueHust «obpasua». Takum obpazom, 3Haue-
HUE pa3pylIaiolmx Harpsokenuit mo moaenu HJIIT onpenens-
0T HECTAaOMITBHBII POCT HAMOOJIBILIETO KIacTepa.

PaccmoTpeHHBIC MOZIETH AT Pa3IHYHbIC 3HAYCHUS
MIPOYHOCTH BOJIOKHUCTOTO KoMITo3uTa (puc. 2) [29].

Wrtax, HecMOTpst HA MHOr000pasHe CyIIeCTBYIOLINX MOIe-
JIelt ¥ I0OCTaTOYHO XOPOIIIee COOTBETCTBUE PE3yIBTAaTOB YHC-
JIEHHBIX PaCY€TOB SKCIEPUMEHTAIBHBIM JAHHBIM, MHOTHE BOTI-
POCBI, Kacaroyecst MoAeaupoBanust paspyiuenus BKM, ocra-
I0TCS OTKPBITHIMU. OHUM U3 HUX SIBJISIETCS HEBO3MOXKHOCTB
O/THOBPEMEHHOTO MOJICITMPOBAHMST HECKOJIBKHX, 3a9aCTyI0 B3a-
MMOCBSI3aHHBIX, JIEMEHTAPHBIX MEXaHHU3MOB pa3pylleHusl (Ha-
TIPHMeEp, OTCIIOCHUSI, 00PBIBA BOJIOKHA 1 Pa3pbIBa MATPHUILIBI).

HeomnopoaHocTs cTpykTypsI 1 ciiokaoe H/IC BosmokHU-
CTBIX KOMIIO3UTOB OIpEessieT HeOOX0ANMOCTh CO3/1aHHs

136



Becmnux Cubupckozo 2ocy0apcmeennozo aspokocmuueckoeo ynugepcumema umenu akaoemuxa M. @. Pewiemnesa

TUCKPETHBIX MOJeNei neopMHUpOBaHUS U pa3pyLICHHS,
YMEHBIIAIOMINX PA3MEPHOCT 3a/1a41, HO OTPAXKAIOINX MPU
9TOM OCHOBHBIE MUKPOMEXaHHU3MBI pa3pyIICHHs.

HesaBucumMo oT UCIOIb3yeMOro MoJixo/ia B MOAEIUPO-
BaHMU CTpyKTypbl BKM, B pacuerax HE0OXOMMO YUHTHI-
BaTh CTATUCTUYECKYIO IPHPOY MEXaHIMUYECKUX CBOHCTB KOM-
MOHEHTOB. Ba)KHBIM acrieKTOM SIBJISIETCS BO3MOXKHOCTB pac-
YyeTa «00pa3IoB» PEaNbHBIX MITH OJM3KUX K HUM Pa3MepOB.

O‘ICBI/II[HO, yTO Hauboee MEPCHECKTUBHBIMU ABJIAIOTCA
MoJIeIH, 00bEANHSIOMINE HECKOIBKO PACCMOTPCHHBIX BBIIIIC
1mo1x0710B. OObeIMHEHNE TEOPHH CIBUTOBOTO aHAJH3a (MK
6onee cioxnoro ananuza HJC mukpopaspyiienuii) ¢ MmeTo-
JIOJIOTHEH BRIYMCIUTEILHOTO AKCTIEPUMEHTA Ha Oa3e MeTo/1a
KOHEYHBIX JIEMEHTOB MPEJICTABIISET HAMTyYIlIee COUCTaHUE
JUTS pa3pa0OTKH HOBBIX MoJIeNeil 1eopMUpOBaHUS U pa3-
pymenust BKM.
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Puc. 2. 3aBucUMOCTB Ipeesa MPOYHOCTH BOJIOKHHUCTOTO
KOMITO3UTAa OT MPOYHOCTH TpaHuLlbl pazaena: 1 —mo mogenu ['PH;
2 — 1o moxemu JIPH; 3 — mo momemn HJITT
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K. T. Dxypabaes, D. B. AnbrieBckuii

OPTAHM3BAIIMOHHO-YITPABJIEHYECKHUE ACIIEKTbI
PECTPYKTYPU3AIIUN UMY ECTBEHHOI'O KOMIIVIEKCA
NPEJNPUATUI OBOPOHHO-MTPOMBIIIJIEHHOI'O KOMILJIEKCA
HA ITPUMEPE ®I'YII «CUBTEKCTUJIBMALI CHHEHTEXHUKA CEPBUC»

Paccmompenst opeanuzayuonno-ynpasienieckue acnekmol pecmpykmypusayuu UMyuecmeeHno2o KOMNieKca
QI'VII « Cubmexcmunomawr Cneymexnuxa Cepsucy. Onvim 3mo2o pe@opmMuposanus s6i1emcs YHUKATbHbIM, MaK
Kak 0anHoe npeonpusimue npoutio HeCKOIbKO PA3IUYHBIX U008 PECMPYKIYPU3AYUL U UCHOIb30BALO HOBVIO CeMU-

OpoOUmMHYI0 (ROIMANHYIO) CXeMy pecmpyKmypuzayuu.

K 2004 r. 3aBepmmiack pabota o gpopmuposanuto Peec-
Tpa TpEeaNpHUATHH 000POHHO-IIPOMBIIUIEHHOTO KOMILIEKCa
(OIIK) P®. B nero Bonwm 1 279 o6oponHbIX 3aBo/10B, Kb 1
HUMU, 58 % u3 Hux — enepanbHble rocyapcTBEHHbIC YHH-
tapubie npeanpuatust (PIYIT), 19 % — akimonepHsie o01e-
CTBa ¢ rocniakeToM He MeHee 59 % u 23 % — ¢ noneit rocyaap-
ctBa Menee 50 %. [Ipennpusitust, He BomemIMe B peectp, Oy-
JIyT BBIHYK/JICHBI TIepelpOo(IINPOBATh CBOIO IESTENBHOCTS [ 1].

ITo nroram 2004 1. 40 % npeanpustaii OIK sBristorcst yOb-
TOYHBIMH, HAOMIOAAETCS CHIDKEHNE PEHTAa0SITbHOCTH TIPOH3-
BOJZICTBA IMPOYKIMH. B cTpyKType 001iero oobema ux npouns-
BOJZICTBA 3KCIIOPT BOCHHOH TEXHUKH U BOOPY KEHIH COCTABHII
44 %, Boinyck rpaxxaanckoi npoxykmu (I'TT) — 41 %, rocy-
JapcTBeHHBII 000poHHskIH 3aka3 ('O3) — 15 %. Cpeau yObI-
TOYHBIX MPE/ITPUSITHH OKOJIO YETBEPTH HAXOSATCS B ITpei0aH-
KPOTHOM COCTOSIHMY WJIH B IPOILIEype OaHKPOTCTBA.

B neprion 19932000 rr. 6511 HapaboTaH HayYHEIH 1 aHa-
JUTUYECKH 00OCHOBAHHBIK MaTepuai 1o pedopmupo-
BaHuto OIIK cTpaHbl, BEITOIHSUINCH CIIEIHATbHBIC HAyYHbIC
HCCIIEIOBAHUS U ITPOBOAMINCH TPAKTHYECKUE MEPOTIPUATHS.

B 1998-2001 rr. mponcxoauia peanuszanus nepsoit dene-
pasibHOM 1ieneBoi mporpammsl (PLIT) pecTpykTypusanuu u
KOHBEPCHUHU 00OPOHHBIX NpeanpusTiid. OHaKo BBOJ B J€H-
CTBUE IIPOU3BOACTBEHHBIX MOIIIHOCTEH MO BBITYCKY MPOIYK-
MU TPAKIAHCKOTO Ha3HAUSHUsI COCTAaBUII OKOJIo 1 Mitpa pyo.
(B menax 1998 1), wiu 3 % ot mporpaMMHBIX 3agaHui. Oc-
HOBHasl IPUYUHA HU3KOH 3D (DEKTUBHOCTH pealin3alnuy dTOH
OIII1 3aKr09anacs B TOM, YTO OHA HE MIpeIarana paJuKaib-
HBIX Mep BBIBoa OIIK n3 sxoHOMHIUECKOTO Kpr3nca. O4eHb
0CTpO CTOSLIT BOIIPOC O FOCYAAPCTBEHHON HoIepKKe pedop-
MHPOBAHUS ¥ COBEPIICHCTBOBAHNS aHTHKPH3HCHOTO yITPaB-
nenust Ha peanpustusax OITK.

Ipunstas [pasurensctBom PO B 2001 1. Bropas dexe-
paibHas 1eneBas nporpamma «PedopmupoBanue u pa3Bu-
THE 00OPOHHO-TPOMBINIIIEHHOTO KoMmIuiekca (2002—
2006 TT.)» TIperkIe Bcero ObUIa HallpaBIIeHa Ha CO3JaHUE BEp-
THUKaIIbHO-UHTETpupoBaHHbIX cTpYKTYp (BUC) 1 Ppunanco-
BO-TIpoMBbITIIIeHHBIX Tpym (PIIIN), mosToMy OONBIIMHCTBY
npeanpustuii OIIK npenctosino mpeoOpa3oBaHuE B aKIIHO-
HEpHbIe 0011IecTBa I Ka3€HHBIE TIPEIPHSATHS.

[TocTpoeHne BepTUKAIbHO-UHTETPUPOBAHHBIX CTPYK-
Typ U (UHAHCOBO-ITPOMBILIIEHHBIX TPYII SIBJISLIOCH BbI-
HYXJIEHHOH ¥ He00X0IUMOI MepoH, peApuHIMaeMOoi
rOCyIapCTBOM JJIS TOBBIIIEHUS KOHKYPEHTOCIIOCOOHOCTH
MPOAYKINH, (UHAHCOBON yCTOMYMBOCTH M MHBECTHUIIMOH-
HOY npuBnekarensHocTH npeanpusatuit OIIK. OcHOBHBI-

MU HaIllpaBJICHUSMHU peau3allid MPOTPaMMBbl SBISAIUCH
CIIEYIOIIHE:

— OTIpe/IeNICHHE TOIOBHBIX MPEANPHATHI (OpraHU3aIHii)
OIIK no xaxxaoMy HallpaBIEHUIO BOOPYKEHU;

—mpofaaxka rocynapctBoM Tex npeanpustuii OIIK, xoto-
PpBI€ OKXXYTCsl HEBOCTPEOOBaHHBIMHU B HOBBIX YCIIOBHSIX;

— (opMHUpOBaHKE TOTEHINAIBLHOTO MTaKeTa 00OPOHHBIX
3aKa30B B PAMKaX BOEHHOMU JOKTPUHBI.

B Hacros1ee Bpems pe3yasTaToM BEITOTHEHHS 3TOM Mpo-
TpaMMBI IBIJIOCH 00pa30BaHKE NI MATH KPYTTHBIX BEPTH-
KaJIbHO-MHTETPUPOBaHHBIX CTPYKTYp: OAO «O0beanHeHHAsS
CYZIOCTPOMTENIbHAs KOpHopaus», ['ocyjapcTBEHHON KOpIio-
panuu no atoMHoit sHeprun «Pocarom», I'ocynapcTBeHHON
xoproparin «Pocrexaonorum», OAO «O0bennHEHHAS aBHa-
cTpouTelibHasE Kopropauus» 1 ['ocyaapcTBeHHON Kopriopa-
uun «Pocculickas koprnopanusi HaHOTeXHOIOTuiy. OqHUM
13 YCIIOBHH JOCTHKEHHS 3asIBJICHHBIX LIENEH SBISIIOCH yBeE-
JMYEHHE JIONU TOCY/IapcTBa B KaluTajlax aKIMOHEPHBIX 00-
mectB OIIK. 370 1omKHO OBLIO ITOBBICUTH CTETIEHB TOCYIAp-
CTBEHHOTI'0 Y9aCTHs B A€ATEIbHOCTH IPEIPUATHI [2].

B 2005 r. MuHuCTEpCTBOM IIPOMBILIIEHHOCTH U SHEpPre-
tukn (MuHnmpomaHepro) Poccun ObuT pa3paboTaH MPOESKT
tpetbeit LI «Pedopmuposanne u passurre OIIK Ha re-
puozn 10 2010 1.», cTpaTeTHUecKo MEeNbI0 KOTOPOH MTPOBO3-
miamaercst popMUpPOBaHUE HOBOTO 00JIMKa 000POHHO-IIPO-
MBIIIUIEHHOT0 KoMITIekca. [Tocie paccMOTpeHus 3TOro npo-
ekra B I[IpaBurensctBe u [ocmyme oH ObLT BO3BpallieH Ha
JI0paboTKy, TaK KaK COZIEpKajl MHOXKECTBO 3aMMCTBOBaHUI
W3 NPEABIAYIINX IPOrpaMM U HE YUUThIBaI pemieHui [pa-
BUTEIbCTBA Poccun 0 KOHKYpCHOM 0TOOpE IPOEKTOB pecT-
pyxrypm3arm OITK.

IIpukazom MunucTepcTBa NPOMBILILIEHHOCTH U DHEPre-
trkH Poccnn Oputa 006pazoBana MeXBeJOMCTBEHHAS KOMHC-
cus 1o pedopmuposanuio u pazsutuio OIIK, Ha koTOpyIO
BO3JIOKEHO IPOBEJICHNE KOHKYPCHOTO 0TOOpa ITPOEKTOB pe-
CTPYKTYpH3aLiH, ONPEIENIEHNE TPHOPUTETHBIX HATIPABIICHUI
pa3BUTHSA, oNTUMHU3anus cucteM ynpasienus BUC, nepeso-
OpYKEHHE MPOU3BOACTBEHHBIX MOIIHOCTEH, IPUBICYEHNE
BHEOIOIKETHBIX CPEJICTB U 00ECTICYeHNE COIMAThHOM 3aIlin-
TBI paOOTHHKOB, a TaK)KE OCYIIECTBICHUE MHBIX TpaB IPH
peanu3anuu 3a1a4 1o pepopMupoBanuio u pa3putuio OIIK.
[TapannensHo co3nana BoeHHO-IpoMBIIIIEHHAs KOMUCCHS
(BIIK) mpu [IpaButensctBe Poccuu — opraH, BO3IaBIsieMbIit
Burie-npeMbepoM C. 1IBaHOBBIM, KOTOPOMY IPEIOCTABICHO
IIPaBO BHOCHUTH MPOEKTHI YKa30B M pacnopsokeHuid [Ipesu-
nenta PO no Borpocam, OTHOCSIIUMCS K KOMIIETEHIIUU 3TON
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komuccnu. Permenus BITK MoryT odopMisSThCs MOCTaHOB-
JICHUSIMH W PACIIOpPsDKEHHSMH TpaBUTENbCTBA. KoMuccuu
MIPEIOCTABIICHO MPABO OMEPATHBHO MPHHUMATD PEIICHUS O
pa3paboTKe U IPOU3BOACTBE BOOPYKCHUI, BOCHHOM U CIie-
UUATTbHON TEXHUKH.

TaxuMm 00pa3oM, HCHIOTB3yeMast B HACTOSIIEE BPEMS CHC-
tema yrpasienus OITK nomkHbIM 00pa3oM He peodpa3oBa-
Ha 1 HAXOIUTCS B CTaiX (POPMHUPOBAHNS, BEIETCS TIOHCK d(-
(heKTHBHOTO COYETAHHS TOCYIAPCTBEHHBIX M PHIHOYHBIX PETy-
JATOPOB. B cnoskuBIIeiics cuTyariu 6e3 peieHus BOIPOCOB
ONITHMHU3AIMH MPON3BOICTBEHHON 1 TEXHOIOTMIECKOI HH(D-
pactpyktypsl npeanpustiii OITK npobieMaTHIHBIM CTaHO-
BUTCS yliep>KaHKe TTO3HIINI HAaIIel CTpaHbl HA MEPOBOM PBIH-
K€ BOOPYKEHUH B CPETHECPOUHON MEePCIEKTUBE.

TspKenas CHTyaIus CKIIabIBaeTCs ¢ 000POHHBIMH TIPE/I-
npusitusiva 1 B Cubupckom denepanbaom okpyre (CDO).
Hanpumep, 8 OMcke 3aBepiiaercs mpoueaypa 0aHKpoTCTBa
OJTHOTO U3 TIPOM3BOANTENCH TaHKOB — 3aBoaa «OMCKTpaHC-
Marm. [1o JaHHBIM JemapTaMeHTa Pa3BUTHUS MIPOMBIILICH-
HOCTH ¥ TIpeANPHHUMATEIhCTBA aAMUHUCTpanuu HoBocu-
oupckoii obmactu, 6onpiHCTBO npeanpustuii OITK obmac-
TH HaXOJIUTCS Ha TPaHU OAaHKPOTCTBA 10 MTPUIHHE 330JKCH-
HOCTH TOCYIapCTBEHHOMY O1omKeTy. OHaKo MMEIOTCs (pak-
TBI, KOTOPBIE TOBOPSIT O TOM, UTO J[aXKe 32 TEXHHUKY, H3TOTOB-
JICHHYIO W TIOCTABICHHYIO B COOTBETCTBUH C UCIIOIHCHHEM
I'O3 B apmuto emie B 2003 ., 1eHbIU B MOJTHOM 00BbEME Ha
9TH OPEANPUATHS NOCTYNWIN JuIlb B cpeanne 2005 . [1].
[Tpu 3TOM CTOMMOCTB IPOIYKITMH HE HHAEKCHPOBAJIACh, a B
CITyJasiX ee MHJICKCAINH NCTIOIb30BAINCH Ne(IATOpHI, yCTa-
HOBJICHHBIE 110 YPOBHIO 00€CIIEHEHUS TTOTPEOUTETHCKOM KOp-
3uHbI B 12 %. B criucke npenpusiTHii, KOTOpbIE TOCYIapCTBO
TOTOBO «0aHKPOTHUTH U B TaIbHEHIIIEM aKITHOHIPOBATh, Ta-
kue HoBocuOupckue npennpusitust OIK, kak [Ipudopoctpo-
uTeNnbHbIN 3aBog uMenu B. U. Jlenuna, 3aBoj « Okpany, 3a-
BOJI ITOJTYTIPOBOTHUKOBBIX MPUOOPOB, 3aBOT « CHOTEKCTHUITB-
Martu Crienrexauka CepBucy, 3aBoa «Jlyu», HoB23 u ap. [1].

B ¢espaie 2008 1. B HoBocmOupcke cocTosioch 3acema-
Hue aupexropoB npeanpustuii OITK HoBocubupckoit ooia-
CTH, Ha KOTOPOM OBLTH 00CYKICHBI OOIIUE MEPHI TI0 UX BBI-
X0y U3 Kpu3uca. beuto oTMedeHo, 9To BepTHKaIbHAS HHTET-
panust ¥ co3/laHre KOpHopanuii He pemraeT BCcex MpooieM.
Tak, nmpu oOpa3oBaHUU XOJIMHTA «AJIMa3-AHTEW» OBLITH
00BbEJMHEHBI 1B KOHKYPUPYIOIINX HPEIPUSITHS, PE3yIbTa-
TOM Yero SBHJIOCH PE3KOE yBEIMUCHHE IEHBI TPOXYKITUH,
CHIDKAIOIIEE €€ KOHKYPEHTOCTIOCOOHOCTh. Y YaCTHUKH 3ace-
JTAHWSA TaKKe OBUTH eIMHOTYIITHBI BO MHEHHH, YTO B HACTOSI-
11ee BpeMsi MOOMIIN3AIIMOHHBIE MOIITHOCTH TIPENPHUSATHI He
COOTBETCTBYIOT COBPEMEHHOH CTpaTeruy 000POHHOTO KOM-
rurekca Poccun: oHM HETTOMEpHO pa3ayThl M GUHAHCHUPYIOT-
Csl TOCYJJapCTBOM B HEIIOJIHOM 00bEMe, 4TO MMPUBOAUT K OT-
BJICYCHHUIO COOCTBEHHBIX CPEJICTB MPEATIPUATHIA U3 000pOTa,
CHIKas UX (QUHAHCOBYIO yCTOWYMBOCTD. J1Jist perieHust 9Toi
poOJIeMbl B CTpaHe HEOOX0ANMO IIPOBECTH KalUTAIbHYIO
PEBH3HIO MOOMIN3AIMOHHBIX MOITHOCTEH M MOOMIH3AIH-
OHHOTO 33aKa3a, @ MOOWITM3aLMOHHBIH IIJIaH TIPHHUMATh eXe-
rosHoO [3].

[TepeuncieHHble BbIlIE MPOOIEMBI SIBISIFOTCS OOIIMMHU
qutst Beex npeanpusituii OIIK crpansl, KoTopsie copMupo-
BAJIMCH 32 TIOCIIEAHUE 15 JeT B IepHO OTCYTCTBHS TOCYyAap-
CTBEHHOM ITPOrpaMMbl Pa3BUTHsI TPOMBILIICHHOCTH. B Ka-

gecTBe mpuMepa pedopmuposanus npennpustaii OITK pac-
cMotpuM pectpykTrypusamuo OI'VIT «CubrekcTuabmar
Crnerrrexanka Cepsucy» (CCC).

Havanbnbnii 3Tan pedopmbl HITO «CuéTexeTHIBMALID.
C nayanom skoHoMHYeckoro kpuzuca 1990-x rr. Hayuno-mpo-
N3BOJICTBEHHOE 00BbeauHeHne «CHOTEKCTUIbMAIDY, KaK
Y MHOTHE IIPEANPUATHS PEATBHOTO CeKTOpa 3KOHOMHKH Poc-
CcHH, TIOTAJIo B pa3psil HerarexxecnocoOHbIx. HepacueTst 3a
MPOU3BECHHYIO MMPOAYKIIHIO, PE3KOE COKPAIIEHUE roc3aKa-
3a, pacnal CCCP u BbIX0OA U3 €ro cocTaBa OCHOBHBIX IIOTpPE-
OuTeneil MpoxyKINK IPaXk JAHCKOTO Ha3HAYECHHS 3TOTO Mpe-
TIPUSITHSL, BBICOKAs CTENIEHb M3HOCA OCHOBHBIX (DOHJIOB, He-
3HAHHWE HOBBIX JJISI Ce0sl PHIHOYHBIX YCIOBHH U HEYMEHHE
paboTaTth B HUX, OTTOK KBAJIM(UIIMPOBAHHBIX KaIPOB CTAIN
MIPUYMHAMH KpH3Hca. B CBs3M ¢ 3THM HE0OX0IMMO OBLTO
NPUHAMATh HECTAHIAPTHBIE YIIPABJICHYECKUE PEIICHHS, KO-
TOpbIE OBl TO3BOJIMIIM PEAHUMHUPOBATH MPEATIPUSITHE.

Pedopmuposanme HITO «CuOTekcTHIIEMAID) HA9alI0Ch
B 1995 ., B pe3ynbTare 4ero myTeM pasjeneHus 1o BUAaM
6mzHeca B 1996 1. MOSBIIIHCH TBa HOBBIX IpeanpusThs. OmHO
u3 HuX — OAO «CuOTexXHOMAII» — CTAJIO BBITYCKaTh TPOIAYK-
LIMIO TOJIBKO TPaykIaHCKOTO Ha3HAYCHUS (3a1IacHbIC YaCTH JUIS
peMoHTa TKaIKuxX cTaHkoB). [Ipyroe — @I'YIT « CuOTekcTHITH-
Mmam Crenrexauka CepBHC» — CTalO IPaBOIPEEMHHUKOM,
B3sB Ha ce0s1, COMTacHO pa3enuTeIbHOMY OanaHcy, 00s3a-
tenbeTBa HITO «CuOTeKcTHIbMAIID U OOJIBIIYIO YacTh €ro
umMytectBeHHoro komiuiekca. 3a @I'YIT «CCC» ocrancs
T'O3, mpon3BoICTBO OAITIOHOB BHICOKOTO JABJICHHUS, HHCTPY-
MEHTAJIbHOE MPOU3BOACTBO, YHEPTETUYECKOE M aBTOTPAHC-
TOPTHOE XO3HMCTBA, OOJBIIAST YaCTh TEPPUTOPUH. ITO SBU-
JIOCh Ha4YaJIbHBIM 3TarloM pe(opMHUPOBAHUS, KOTOPHIH TO-
3BOJIMJT BHOBb CO3JIaHHBIM IOPHIMYECKUM JIMLAM CHU3UTh
U3JIEPKKH, YIYUIIUTh CBOE (PMHAHCOBOE MOJIOKEHUE, IPH-
BJI€Yb HOBBIX IapTHEpoB. OJJHAKO HepelmeHHBIMU MTpo0Iie-
MaMH OCTaBaJHCh OOJbIIas AeOUTOPCKas 3a0KCHHOCTb,
33/I0JDKEHHOCTB 110 3apabO0THOH Tu1aTe, YacTH4Hast 33 J0JDKCH-
HOCTb BHEIIHUM KPEIUTOPaM 1, CAMOE ITIABHOE, 3a/I0JKCH-
HOCTBb 110 00513aTeIIbHBIM IUIATEKaM B OFOIKET.

Bropoii 3Tan pedopmbl — puHAHCOBOE 0310POBJIEHHE
(cananust) @®I'YII «Cubrexcruiabmaim Cnenrexuuxa Cep-
BHc». OcHOBHOMH 11enbio pecTpykTypusanuu OI'VII «CCC»
SBJIATIOCH MOBBIIICHNE MIIATEXECITIOCOOHOCTH TIPEATIPUATHS,
T. €. NIOBBIIIEHHE €r0 PHIHOYHOW cTomMocTu. HeoOxomumo
OBIIO PACCUNTATHCS C IEPCOHAIOM, CHU3UTh 3HAYNTEIBHYIO
YacTh JICOUTOPCKOM 33/I0JDKEHHOCTH U MOTIBITATHCS PECTPYK-
TYpPHUpOBaTh KPEJUTOPCKYIO 3a/I0JDKEHHOCTH repen dexe-
pabHBIM OIOIKETOM, & TAKKEe Pa3BUTh MHHOBALMOHHYIO Jie-
SITETTEHOCTb.

Cobcteenrnkamu OI'YIT «CCCy» sBisroTest MunuCTEp-
CTBO ToCy1apcTBEHHOTo uMyiecTBa PO 1 AreHTcTBO 110 60-
enpunacam PO. [Ipeanpustue ocyecTBIsSET CBOKO AESATENb-
HOCTb Ha OCHOBaHUU YCTaBa, yTBEPKIEHHOIO ITpUKa3oM Mu-
HucTepcTBa 3KOHOMUKU PD Ne 124 o125 mapra 1999 r. Umy-
MIECTBO MPEANIPUATHS ABISIETCA (hereparbHOi COOCTBEHHOC-
TBIO M IPHHAUIEKUT My Ha IIPaBe XO3sIHCTBEHHOTO BE/ICHUSL.

Ha momenT co3manus ycraBHbIA Gorn OIVIT «CCC»
cocrtanisut opsiaka 115 mutH py6. Tak kak 0THMM U3 OCHOB-
HBIX BUJIOB JIEATEIBHOCTH SIBIISUIOCH TPOU3BOJICTBO U pEaIn-
3a1ys MPOAYKIMH CIICIIHA3HAYCHNU S, TO IPEAIPHUATHIO ObLTH
repe/iaHbl B XO35MCTBEHHOE BEJCHHE MOOMIM3alMOHHbIE
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(hoHIBI, OIS KOTOPBIX B MMYIIECTBE cocTaBisia 92 %. B
CTPYKTYpe OCHOBHBIX CpelCTB 54 % cOCTaBIsIN OOBEKTHI
HEJBIKMMOCTH ¢ n3HocoM 60 %, TpaHcropt — 2 % ¢ U3HO-
coM 50 %, MaruHbl, 000PYIOBAHNE ¥ BHIYUCIUTEIIbHAS TEX-
Huka — 44 % c uznocom 70 %. Jloyst 000pOTHBIX CPEACTB B
MMYIIECTBE COcTaBIsa 22 %, MO He3aBePIICHHBIX KallH-
TaJdbHBIX BIOKeHUH — 3,4 %. [TokazaTesu miaTexecnocon-
HOCTH OBUTH HMKE HOPMATHUBHBIX, TaK KOX(PPHUINEHT TEKY-
et nmukBuaHOCTH paBHsics 0,49, kosdduuuent cpoynoii
TUKBUIHOCTH cocTaBisit 0,29, koaddurmenT obmei miare-
skeciocoonocT —0,5.

C TakMMHU [OKa3aTeJISIMU PACCUUTHIBATH HA IOCTHKCHUE
MIOCTABJICHHBIX TIeJIel 6e3 pa3padoTKH U pearn3anyy IIaHa
(bMHAHCOBOTO 037I0POBIICHHS HE TIPE/ICTABIISIIOCH BO3MOKHBIM.
PazpaboTka TOro miana Ob11a OCYIIECTBICHA CIICIIAATNCTA-
MU 9KOHOMHYECKOTO OJTOKA MPEANPUATHS. 3aTUIaHUPOBAaHHbIE
CpOKH ero peam3aiuu coctaBuii 3 rofa. CyTh riiaHa GuHaH-
COBOTO O37IOPOBIICHHS 3aKITIOYANIACH B TIOyYSHUH OBICTPBIX
JICHET 3a CYET COOCTBEHHBIX PE3ePBOB MPEANPUITHS [4]:

— OTITUMH3AIINAH TTPOM3BOACTBEHHBIX TUIOIMIAACH 1 CIaun
B apeH/Ty HEBOCTPEOOBAHHBIX;

— BBIBOJIA U3 COCTaBa MOOWIU3AIIMOHHBIX MOIIHOCTEH
MMYIIIECTBA U €T0 MPOIaXKH;

— BBIBOJIa HEMIPO(DUIBHBIX aKTHBOB;

— y4acTHs B ”THHOBAIMOHHBIX poekTax HoBocnbupcekoit
00JTaCTHOM a IMHUHUCTPAIIHY;

— nuBepcr(UKAINN IPOU3BOCTBA.

3anepuon 10 2000 r. ®I'VII « CCCy, peanu3zys miaH ¢u-
HAHCOBOT'O 03/IOPOBJICHUS, PA3BUJIO CIEAYIOUINE BUADI Jes-
TEIBHOCTH: POU3BOJCTBO M PEANH3ANIO IPOTHBOIIOXKAP-
HOM TexHuku, nactpymenta, THII, okazanue yciyr mno ten-
JIOCHAOXKEHUIO, SHEPTOCHAOKEHHIO, TPAHCTIOPTHBIX YCIIYT,
OIITOBO-PO3HUYHYIO TOPTOBIIIO.

3a 1999-2000 rr. mpenmpusaTHe T0OMIOCH CIIETYFOIINX
Pe3yJIBTaToB:

— 00eM IPOM3BOICTBA BRIPOC Ha 68 %;

— JIOJISt MaTepHAIBbHBIX 3aTpaT B 00IIIeif cyMMe CHU3HIIACh
3a CYeT UCIIOIb30BAHUS MaTEPUAIIOB 3aKa3uuKa ¢ 63 10 48 %;

— y4JacTre B 00JIACTHOM SHEPTeTHIECKOM IKCIIEPUMEHTE
MO3BOJIMJIO CHU3HTB JIOJIIO0 SHEPro3arpar B o0IIeil cymme ¢
14 o 12,5 %, 94T0 B CBOYO OYEpE/Ih CHU3MIO CEOCCTOMMOCTh
npoxyknuu Ha 1 200 THIC. pYO.;

— BBIPYYKa OT PEATM3AIMHU TPOTYKIIUH U YCITyT YBEIHYIH-
nach Ha 35 %;

— 000pa4ynBaeMoCTh JEOMTOPCKON 3aJ0JKEHHOCTH yC-
Kxopuiach B 1,53 pasa, 9To cokparuiio mepuoz ee 00opoTa Ha
27 nHeit,

— 00opayrBaeMOCTh OOOPOTHBIX AKTUBOB YBEIUYMIACH
B 1,3 paza;

— HE3aBCPIICHHbBIC KAMMTAILHBIC BIOKCHUSI CHU3UIIUCH
Ha 22 %.

[Tpenmnpusitie BriepBbIe MONTYYMIIO TPUObLIH 3,5 MIIH pyO.,
KOTOpasi ObLIa YaCTUYHO HAIlPaBJICHA HA PAcUYeThI C OFOIKE-
TOM, TIEPCOHAJIOM, OCBOCHHE HOBO TEXHUKHU U PAa3BUTHE XO-
351ICTBEHHOU JEATEIbHOCTH.

OI'VIT «CCC» OBLIO BKIIOYEHO B PECTPYKTYPH3AIHIO
3aJI0JDKCHHOCTH Tiepe]] heaepaibHbIM OFOPKETOM COIIACHO
[Nocranosnenwuto [pasutenscta PO Ne 1002 ot 3 ceHT0ps
1999 r. «O nopske u cpokax nposeneHus B 1999 rony pecr-
PYKTYpH3aLUK KPEITUTOPCKOM 330JKEHHOCTH FOPUIUECKIX

JIMIT TI0 HAJIOTaM M cOopam, a TakxkKe 3aJOJDKEHHOCTH 110 Ha-
YHCJICHHBIM MICHSM U 1mTpadam mepes GpeaepaibHbIM OroI-
sxeToM» U ¢ 1 ceHTI0ps 1999 T pecTpyKTypHu3npoBajo CBOO
3aJJ0JDKEHHOCTS B pazmMepe 8 316 TrIc. py0., BKIIIOYAas IEHIO.

[Tocrne 3aBepieHus poliecca pecTpyKTypH3aLiu 3a,10J1-
KEHHOCTH BO3POCIIN MIOKAa3aTEIH IIATEKECIIOCOOHOCTH:

— k03 pumeHT TeKyel mkBuIHoCcTH noctur 0,69;

—KOA(PHUIHIEHT CPOTHON TUKBUIHOCTH BBIpoC 10 0,62;

— koo punmeHT miarexecnocodnoct — 10 0,68.

Peannzanus mirana pUHAHCOBOTO 03J0POBJICHHUS
OI'YIT «CCC» mo3BoIMIIA YIIYYIIATE IIOKA3aTENH TIaTeKeC-
MMOCOOHOCTH, HO MPEIPHATHIO MO-TPEKHEMY HE XBaTaJo
00OPOTHBIX CPEIICTB M €TO KPEAUTOPCKAS 33/10JKEHHOCTD BO3-
pacraina, mo3ToMy OBLIO MPUHATO PELICHUE MPOIOIIKHTH
MIPOIIECC PECTPYKTYPH3ALINH.

Tperuii 3tan pegopmMbl — PeCTPYKTYpU3aU U
OI'VII «CudrexcTuibmai Crienrexnuka CepBuc» U ee 0co-
o6enHocTH. CIIO)KHOCTB ATOTO 3Tama peOpMHPOBAHUS CO-
CTOsIJIa B TOM, YTO HUKTO U3 PyKOBOJMTEIIECH HE UMEI HH 3Ha-
HUH, HU ONBITAa pecTpyKTypu3anun. [Ipumepsr pecTpykTy-
puzatmu apyrux npeanpustuii OITK He yuutbiBau ocoOeH-
HOCTEH JaHHOTO MPEATIPUSITHS, T0O3TOMY OBIJIO IPHHSATO pe-
HIeHHE 00YYIHUTh PyKOBOIUTENEH BCEX YPOBHEH U MOIYUNTh
KOHCYJIBTAIIMIO KOHCAITHHIOBOW (DPUpPMBI, 3aHNMAIOLIEHCs
BOIIPOCAMH KPU3HUCHBIX MPEATIPUITHI.

W3 Bcex ¢upMm, paboTarommx Ha PhIHKE KOHCAITHHIOBBIX
ycIIyT, OBbUT BRIOpAaH MEXIYHAPOIHBIH IIEHTP yIpaBiIeHdec-
KOTO M MHBECTUIMOHHOTO KOHCYIbTUpOBaHUS «IMI
Consulting» npu Mexaynapoagaom HUU npoGnem ynpas-
nenust (MockBa). DTOT IIEHTP — OpTaHU3alvs HOBOTO THIIA,
OpPHMEHTUPOBAHHAS HA COBPEMEHHBIE PIHOYHBIE OTHOIICHHS
W HCIIONB3YIomas B cBoeil pabore cambie 3P PeKTUBHBIC
METO/Ib, B3SIThIE 3 MUPOBOIO OIbITA MEHEXKMEHTA M KOH-
cantuHra. Esxeronno uentp xoncynstupyer 30...40 npeanpu-
saTtui Poccuu ¢ BbIe310M HA MECTO.

Ocenbio 2001 1. pyKoBoIUTENEH U IIABHBIX CIIEIUAIINC-
ToB OI'VII «CCC» B TeUeHHE IIECTH IHEH C OTPHIBOM OT
NPOM3BOJICTBA 00ydanu pa3paboTKe CTPATeruu pa3BUTHS
MIPEIIPUATHS, er0 pe)OPMUPOBAHUIO U 03/10POBIICHUIO,
MIPaBUIILHOMY BBIOOPY MapKETHHIOBOH, IMYIIIECTBEHHOH U
KaJpOBOH TMOJHUTHKH, ACIOBOMY OOIIECHHIO U MCUXOJIOTHH.
Pesynsrarom oOydeHus crana pa3paboTka mecTH OM3HEC-
MIPOEKTOB (T10 YHCITY TPYII), U3 KOTOPBIX OBUTH BEIOPAHBI 1BA
Goree yauHbIX IJIaHa, OJIMH — KaK aJbTepHaTHBHBIA. OCHOB-
HOH MPOEKT MpeycMaTpUBall PECTPYKTYPHU3AIHIO UMYIIIe-
CTBEHHOTO KOMIUIEKca B (hOpMe BBIIEIICHHSI HOBOTO Tpe.-
npusTysa. OCTaBaloCh ONPENEIUTD IIyTh Peal3aluy — TaK
Ha3bIBAEMYIO MOJIEIIb ITOBEACHHS IPEATIPUSTHSI.

W3 Teopnu M NPaKTHKN PECTPYKTYPHU3ALMH MPEATIPHs-
TH, MCIIOJIb30BABIINX TEXHOJOTHIO B (hOpME BBIJICIICHUS,
HM3BECTHBI JIBE MOJICITH IIOBEICHU [5]:

—JKECTKOE BBIJICJICHHE — pab0Ta Ha PIHOYHBIX YCIIOBHUSIX.
3TO BO3MOXHO IIPU YCJIOBHUH CYLIECTBOBAHMSI CTOPOHHUX
3aKa30B /IS BBIISJIEMOTO TTO{Pa3ACIeHIs U (WIN) aabTep-
HaTHBHBIX MOCTABIINKOB. B 3TOM cityyae MOTyT co3/1aBaThest
JouepHue (PUPMBI, a aKTUBBI OCTAIOTCS y TOJIOBHOTO TIpei-
HPUSTHS U CAAIOTCS IOYEPHUM (pUpMaM B apeHILy;

— HEXKECTKOE BBIJICTICHUE — CO3JJaHUE OTHOCHTEIILHO He-
3aBUCHMOTO MOAPA3/CICHUS, KOTOPOMY INEPEaeTCsl YacTh
yrpasieHueckux QYHKIMH 1 BbIJeIsieMas eIMH1Ia padoTa-
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€T B OCHOBHOM Ha TOJIOBHOE NpeanpusTre. Takas cxema mc-
TMOJIB3YCTCA IPU OTCYTCTBUU Ay TCOPCHUHTA HA YCITYTH.

ITocme o6cykaeHus U KOHCYIBTAINA, B XOIE KOTOPBIX
YYUTHIBAIACH OCOOCHHOCTH U Cliel(UKa MPEeaIpUsIThs, a
TaKKe peaiiy BpeMeHH, ObliTa IPUHSTa MOJIENb HEXKECTKOTO
BBIZICTICHHSI.

Llenm sTorO0 BBIIENICHUS OBUTH CIIEAYOLIHE!

— co3aHue Ha 6a3e IMYIIECTBEHHOTO KOMILIEKCa Mpe/i-
HpUATHST OM3HEC-EANHHL] HOBOTO IOPUIMUECKOTO JIMLA, HE
00pEeMEHEHHOTO JI0JITaMU;

— BBIBO/I (BBIJICJICHNE) B CAMOCTOSTEIIFHBIE JOYEPHHUE XO-
3STUCTBYIOLIHE CYOBEKTHI HEITPO(MIIEHBIX aKTHBOB (yIpasi-
HEHHE COOCTBEHHBIX BCIIOMOTaTEIBHBIX MITH CEPBUCHBIX MO~
pazaeneHuil);

— 3aKpeTUICHHUE 32 KaXKIBIM BBIICICHHBIM X03SHCTBYIO-
UM CYOBEKTOM TaKeTa aKIHi, TPOMOPIIMOHATIFHOTO BECY
9TOT0 CyOBEKTa B CTPYKTYPE NPEAIPHUSTHSL.

IIpu 3TOM TOTKHBI OBLTH PEIIaThCS CIEAYIOIINE 3a/1a9H:

— KOHIICHTpAIIMsI HA OCHOBHOM OM3HECE;

— TIOBBIIICHUE YTIIPABISIEMOCTH IPEATIPUATHS 32 CUET CO-
KpallleHusI KOJIMUeCTBa MoIpa3/eIeHHi 1 00JIee YETKOTOo pac-
TpeJIeIICHIsI OTBETCTBEHHOCTH;

— CHIDKEHHE M3ACPIKEK 32 CUET M3MEHEHHS CTPYKTYPHI
3aTpar (M3 IIOCTOSHHBIX B IIEpPEMEHHBIE), HOBBIILICHUE TUIaTe-
JKECITOCOOHOCTH;

— CHIDKEHHE Ce0ECTOMMOCTH MPOIYKIUH 1 YKPETUICHHE
MIO3HIINI HA PBIHKE;

— IMMOBBIIICHUE Ka49€CTBA IPOAYKIINH.

[TpaBuia 1 STambl MPOLELYPHI BHIICICHHS YCTaHOBICHBI
HOpMaTUBHbIMU akTaMu PD. B cOOTBETCTBUY C 3TUMU aKTa-
MH CIIELHAATICTaMH NPEIPUTHS OblUla pa3padoTaHa Tak Ha-
3BIBacMasi CEMHOPOUTHAS (TTOATAITHAS ) CXeMa PECTPYKTYPH-
3alur, COOTBETCTBYIOIIAA MOJCIN ITIOBEACHUSA IPEATIPUATHSA.

Ha niepBoii opOure ObUT IPOU3BEIEH aHATIN3 AESTEILHOC-
TH BCEX CTPYKTYPHBIX IOAPa3/eICHUI O MPHOBIIFHOCTH C
MOMOIIBIO MAaP)KUHATEHOTO aHAJIM3a U OTIPEAEIICHBI 1o/ Ipa3-
JIETICHN S, TIOJTIS)KAIIIE JaTbHEHIIIeMy BEIICIICHUIO 3 COCTa-
Ba MPCATIPpUATUA.

Ha BTOpOI#1 0pOuTE OBLT OMpENeNieH U OLCHEH MMYIIe-
CTBEHHBIN KOMIUIEKC, TePEIaBaeMbIil BBIACIIEMbBIM ITOPa3-
JICTICHUSIM.

Ha tpetbeii opbuTe B kKauecTBe SKCIIepuMeHTa Ha | Toj u3
TOJIpa3/IeNIeHNH, MOJISKAIMX TabHEHIIIEMY BBIICTICHHIO, ObLITH
copMHIpOBaHEI IIEHTPEI rHAHCOBOI 0TBeTCTBeHHOCTH (LIDO),
KOTOPBIC HAZICJIAINCH IIPAaBOM BECACHU CaMOCTOSITEJIbHOM XO-
3ICTBEHHOM IS TETHBHOCTH B COCTAaBE €MHOTO MPEIIPHSITHSL.

Ha gerBepToii opouTe OBLT MPOU3BEICH AaHATTU3 JCSTEIb-
HOCTH 9THX IIEHTPOB U PUHSATO OKOHYATEIEHOE PEIICHHE O
BBIZICTICHIH IBYX U3 9eThIpex L[DO.

Ha msaToit opbure OBUIH CO3MAaHBI IBa TOYSPHUX TIPEI-
MPUSATHS — HOBBIX IOPUANYECKUX JTHIIA, KOTOPBIM ObLIa epe-
naHa B TM3uHT 9acTh umytectsa OI'YIT «CubrexcTrnbpMant
Crenrrexanka CepBUC» U BMEHEHO B 00S3aHHOCTD €3KeMe-
CSIYHO OTYHCIIATH YacTh IpuObLTH (30 %) MaTepruHCKOi KoM-
TIAHWN.

Ha mecroii opOute nponcxo/uiio AaibHeliliee Bblaee-
HUE JOYCPHUX TPEANPHUATHH MyTeM BBIKyIa UMYIIECTBA,
MepelaHHOTO B JIM3UHT.

B HacTosmiee BpeMst poXoIuT IMOATOTOBKA K peain3a-
LIUH CEIbMOT0 3Tara PeCTPyKTyPU3aINN, COCTOSIIETO B CMe-
He (GopMBI COOCTBEHHOCTH MATEPHHCKOW KOMIIAaHHH
OI'VIT «Cubrexctrnpmar Crienrrexauka CepBUC» € TOCY-
JIAPCTBEHHOW Ha CMEIIAHHYIO.

Taxum o6pazom, PI'YIT «Cubtexkcrrnbpman CrienTexHu-
ka CepBHCY» IPUMEHUIIO HECKOJIBKO Pa3IMYHbIX BUIOB PECT-
PYKTYpHU3alMU U BIEPBBIEC HCIIOIB30BAII0 COOCTBEHHYIO Ce-
MHOPOHTHYIO (II03TAIHYI0) CXeMY pecTpyKTypu3anun. [1pu
peann3aIyy 3TOH CXeMbl OBUTH TTOJY9IEHBI CIEIYIOIINE pe-
3yJBTaThl:

— ONTUMU3UPOBAH UMYILECTBEHHBIH KOMIIJIEKC 3a CUET
BBIBE/ICHNS HEMPOPHIbHBIX aKTHBOB,;

— ONTUMU3UPOBAH KaJIPOBBIH COCTaB;

— CHIDKEHA ce0eCTONMOCTb MPOAYKIIHY;

— MOBBIIIeHA (PUHAHCOBAS YCTOHYMBOCTB;

— BHEIPEH MEHE/DKMEHT KaueCTBa, IIOBBICUBIINI KOHKY-
PEHTOCIIOCOOHOCTD MTPOJLYKIIUH.

OTH pe3yabTaThl HO3BOJSIIOT C/IENIATh BBIBOJ O XKU3HECTIO-
COOHOCTH JAaHHOTO METO/1a ¥ BO3MOKHOCTH HCIIOJIb30BAHHS
ero Ha apyrux npeanpustusx OIK.
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K. T. Djurabaev, E. V. Alshevsky

ORGANIZATIONAL AND MANAGEMENT ASPECTS OF PROPERTY COMPLEX
RESTRUCTURING OF DEFENSE INDUSTRY ENTERPRISES FOR EXAMPLE FEDERAL
STATE UNITARY ENTERPRISE «SIBTEXSTILMASH SPECTECHNIKA SERVIS»

Organizational and management aspects of property complex restructuring of Federal state unitary enterprise
«Sibtexstilmash Spectechnika Servisy are considered. Experience of this restructuring is unique, because this enterprise
had passed a few different types of restructuring and used the new scheme of seven stepwise restructuring
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PA3PABOTKA U TECTUPOBAHUE HOBbBIX CUCTEM
HOIEP)KKU IPUHATHA PEINEHA HA ®PUHAHCOBOM PBIHKE

Ipeonosicenvl u npomecmuposaHvl HOBbLE CUCMEMbI HOOOEPIHCKU NPUHSINUSL PeUleHUl HA PUHAHCOBOM PbIHKE, OCHO-
sawnnvie Ha uzgecmuom unouxamope MACD, a makoice Ha HO8oM cobbimutiHom uHoukamope. IIpaxmuueckoe npumenerue
OAHHBIX CUCmeM NOOOEPICKU NPUHSIMUSL PEULeHUs. NOKA3bIEAE NPEUMYUecmed COObIMULIHO20 UHOUKAMOPA.

C mosiBJIcHHEM (PHHAHCOBBIX PHIHKOB HEMEIICHHO BO3-
HUK BOTIPOC: KaK JEWCTBOBATH HA HUX TAaKUM 00pa3oMm, 4To-
OBI IIOJTY4UTh MaKCUMYM IpuObLTH? [TOMCKH OTBETa HA 3TOT
BOTIPOC MPHBEIIH K IOSBICHUIO aHATN3a (DUHAHCOBBIX PHIH-
KOB, B YaCTHOCTH (DOHIOBOTO.

ITo mMepe pa3BuTHs HIMHAHCOBBIX PHIHKOB OHHU CTAJIH BaXK-
HeMIel 4acThl0 3KOHOMHMKM U HETPEMEHHOM COCTaBIIsAIO-
niel (pMHAHCOBOW CHUCTEMBI TocyaapcTea. M Torga aHamus
(hMHAHCOBBIX PHIHKOB CTAJI IPOU3BOIUTHCS HE B CYOBEKTHB-
HBIX CIICKYJIATUBHBIX HEIIAX, a U1 IOJTyYCHUA HaFﬂHﬂHOﬁ Kap-
THHBI SKOHOMHUKH TOCYIapCcTBa B IeJIOM. Tak, ¢ TIOMOIIBI0
aHain3a (pOHJOBOrO PhIHKA MOKHO OIIEHHTh YKOHOMHYEC-
KO€ TIOJIOKCHHE CTPAHbI, MHBECTUIIOHHYIO IPUBIICKATEITb-
HOCTb K101 U3 0Tpaciel SJKOHOMUKH, a TAK)KE MHOTO€E CKa-
3aTh O JBMKCHHUHU JICHE)KHBIX TIOTOKOB U JICHS)KHOW MACCHI,
MIEPEMEIIICHUHN KAaITUTaJIOB BHYTPHU CTPAHBI U 32 PyOCiK.

Eme B Havase 1950-x rT. MHOTHE IPOLIECCHI, TPOUCXO -
IIre B 9KOHOMUKE, Takue kak poct BBII, crax mmu mogpem
HAIIMOHAJIBFHOTO MPOU3BOJICTBA, MBITATHICH MPEICKa3aTh C
MTOMOIIBIO aHAJIA3a BPEMEHHBIX PSIOB IKOHOMHYCCKUX TIe-
pemeHHBIX. Hanbomnee ymoOHBIM 00BEKTOM ISl TAKOTO aHa-
Jr3a ObLIO BIDKEHHE Kypca aKIHi.

B camoMm Havae BOSHUKHOBEHHS ()MHAHCOBBIX PHIHKOB
aHaJIU3 ABWKCHUS IIEH Pa3eNIIIICs Ha iBe 0a30BbIE IIKOJIBI.

[lepBast mxona — ghyndamenmanvwvlii anaaus. ITo aHa-
T3 SKOHOMHUYECKHX (PaKTOPOB TaHHOH CHCTEMBI, KOTOPBIE
TaK WJIM UHAYC BIUSIOT Ha 1IeHy. [Ipu (pyHIaMeHTaTbHOM MO
XOJI€ TIBITAIOTCS HAWTH ACHCTBUTENBHYIO CTONMOCTE OOBEKTa
HCXO/IS1 UCKJTIOYUTEIHHO U3 3aKOHOB CIPOCa U MPEIOKEHHUS.
DTOT aHANU3 MpPEIoIaraeT BCECTOPOHHEE PACCMOTPCHHE
HKOHOMHUKO-TIOJTUTHYECKUX (PAKTOPOB, BIHSIOIINX Ha JIBHKE-
HUE IICH TOTO WJIM HHOTO PHIHKA.

DyHIaMEHTAIbHbIN aHAJIN3 TPOU3BOJUTCS HA TPEX YPOB-
Hs1x. Ha mepBoM u3yuaeTcs CUTyalusi BO BCEM roCyIapcTBe,
Ha BTOPOM — B OTPACIIH, Ha TPEThEM — (PHAHCOBBIC KO-
MUCHTBI KOMHaHI/If/'I-i)MI/ITeHTOB, IIpu 5TOM HCIIOJIB3YIOTCHA
MOJICITH OTIPEACIICHUS CIIPABEUINBOM [ICHBI aKITHU.

B mpoTuBONONOKHOCTE PyHIAMEHTATLHOMY, MexHuyec-
Kuil aHaIu3 PacCMaTPUBACT IBIKCHHUE IICHBI a0CTparupoBaH-
HO OT BceX BHEUTHUX (pakTopoB [1]. MeTompl TEXHHUECKOTO
aHaJIN3a OCHOBAaHbI Ha M3yUeHUH IpaiKa [IeHbI Kak MaTeMa-
THYCCKAMH, TaK U HHBIMHA METOJaMU. BOJBIITIHCTBO METOIOB
9TOTO aHaNM3a pa3paboTaHo HEe YUCHBIMH, a TPEHICPaMI, T. €.
JIMIIAMH, 3aHUMAFOIIIMMUCS TOPTOBJIeH Ha ((PUHAHCOBBIX PHIH-
kax: U. Jloy, P. H. Omuotom, T. emapkom, b. Yumpsmcom.

Cy11ecTByeT YeThIpe Pa3InIHbIX MOAX0/1a K TEXHUUECKO-
My aHaJIH3Y:

— IIepBBIN — BU3yaJIbHBINA MOAXO0]. DTO OMpeIe/ICHHE pas-
BOPOTHBIX (DPUTYp Ha TpaduKe, a TaKKe rpaguIecKuii aHau3
«ATIOHCKHX CBEUCI»;

— BTOPOH HOJXOJ] — 3TO TPEIIOJIIOKEHHE O IIUKIMIHOCTH
pbIHKa. | TaBHAs 3a/1a4a JAHHOTO MOIX0/1a — OTIPEAEIICHIE ITHHbI
LIMKJIA U, KaK CJIE/ICTBUE, MOMEHTA, Ha KOTOPOM LIUKJI HAXOJIUTCSL.
HexkoTopble aHATMTHKN TIPUMEHSTIOT TEOPHIO IHKIJIOB B YUCTOM
BH/IC, HO HAKOOJIee PACIIPOCTPAHEHBI e¢ MOAU(UKAIH st (K-
HAHCOBBIX PHIHKOB, HAIPHMEP BOJIHOBAS TEOPHST DIHOTA;

— TPeTHH MOJX0]] — pa3paboTKa CUCTEM, CIIOCOOHBIX I'e-
HEPUPOBATh CUTHAJIBI K OKYIIKE U npojaxke. Kak npasuio,
MOT00OHBIE CHCTEMBI MPENCTABISAIOT COOOH COBOKYITHOCTH
CHTHAJIOB, ITO1aBAEMbIX IPA)KOM LIEHBI, U AIITOPUTM CIICIO0-
BaHWS JaHHBIM curHamaM. O0Iee Ha3BaHNE 1Tl TAKUX CHC-
TEM — CUCTEMBI IOAIEP>KKY IPUHATHUS pelieHnid. B HacTos-
1ee BpeMs Tpeiaepbl IPEeIOUYNTAIOT aBTOMAaTH3HPOBaHHbIE
CHCTEMBI OAJEPKKHU TIPUHATHS PEIICHNI Ha (PMHAHCOBOM
pBIHKE — MexaHu4deckue Toprossie cucrems! (MTC);

— YETBEPTHIN TOJIXOJ] CBS3aH C CO3JaHUEM PHIHOYHBIX
MHIUKAaTOPOB. B HacTosIee BpeMs TAKMX HHIUKATOPOB CY-
IIECTBYET OoJIee CTa, HIO3TOMY CO37]aTh HEYTO HOBOE BEChbMa
cioxHo. Kak mpasuio, yxe cyniecTByIoe HHANKATOPBI
COBEPIICHCTBYIOTCS C TOMOIIBIO CO3/JaHuUS (PUITBTPOB.

B nanHO# cTaThe MBI OOBEANHUM TPETUH M YSTBEPTHII
MIOJIXO/IbI, CO3/1aB IBE€ CUCTEMBI OJIEPKKY IPUHSTHUS pellie-
HUM, B KOTOPBIX OCHOBHBIMH HHANKaTOPAMH BBICTYTIAIOT M3~
BecTHBIN nHANKaTOp MACD 1 HOBBI COOBITUHHBIN MHTUKA-
Top. IToMUMO OCHOBHBIX, TOPTOBBIE CUCTEMBI UACTO AOIOJ-
HSIOT BCIIOMOTATENbHBIMU MHIUKATOPAMH, TaK)Ke BECbMa
pacnpocTpaHeHHBIMH, KOTOPBIE TIOJAl0T CUTHAIIBI-(DHITBTPBI.

ToproBele cucTeMbl OBLIM MPOTECTUPOBAHBI HAMH HA
KOTHPOBKaX POCCHUCKHMX aKLHUH M 3apyOeKHBIX MHJCKCOB
METOZIOM CJICTIOTO MOJICIIUPOBAHMS, TIPH KOTOPOM HCXO/THBIE
JIaHHbIE OBUTH B3SITHI 32 /1B CICIYIOIINX APYT 3a IPyroM I1e-
puoza. DpdexkTHBHOCT pabOTH TOPrOBBIX CUCTEM OIIPEIe-
nsmack mo kpureputo [lapma [2]:

e
Sharp = . (1

TJie 7 — JOXOAHOCTh TOPrOBOM CHCTEMEI; 7, — Oe3pucKoBast
CTaBKa JOXOHOCTH; G — CTaH/IaPTHOE OTKJIOHEHHE JI0XO/THO-
CTH CHCTEMBI.

PaspaboTka cucreM noyiep:KKu NPUHATHS perenuii. J{is
TOTO 4TOOBI MPOTECTHPOBATH COOBITHHHBIN MHIUKATOP U
unKatop MACD Ha 06IIMPHOM MacCHBE AaHHBIX, a TAKKE
1py OOJIBIIOM KOJIMYECTBE BAPUAHTOB HHBECTUPOBAHUS, MO~
CTPOUM MEXaHHUYECKYIO TOPTOBYIO CHCTEMY Ha OCHOBAHUHU
CHUT'HAJIOB, ITOJIABAEMBIX HHANKAaTOPOM, IPUMEHHB HECKOJIb-
KO IpyT'HX MHINKATOPOB B KadecTse GuisTpos. Beidepem st
9TO# 11eM ocumuaTopbl Momentum, Commodity Channel
Index (CCI) u Stochastic.

CoOBITHIHHBIA UHUKATOP NPECTABIIET co00i rpaduk
¢byuxiwum @ (d, S), MoKa3bIBAIOIIEH BRIMTPHILI TPEWIepa pu
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HACTYTUICHUHN CTEYEHHS COOBITHI-00CTOSTEIIECTB S U PUHS-
TUH pelIeHUs d:

0@ 9= 5 (p-p) @
N teTS

rre Tg={te T:§ =S cT — noAMHOXECTBO MOMEHTOB H3

T, B KOTOpBIE CTEUCHNE COOBITHI-00CTOSTEIHCTB St COBITaJ1a-

ngocS; N =|T | —momrocTh MHOXECTBA T (IEPHUO/T MHINKA-

topa); 8(d, d_ ) — menmpra-pyukims Kporekepa:

§(d,d_) Ld=d,
0,d=d_.

Oyukims @ (d, S) cOCTOUT U3 YETHIPEX KPUBBIX, KOTO-
pble CBOMMH IEPECEYEHHUSIMH, PACXOKACHUAMHI U Koseba-
HUSIMH [TOJTAOT Pa3INYHbIC CUTHAIIBL.

[To coOBITHITHOMY HHMKATOPY BEIOEpEM YEThIPE CUTHA-
na. Kasxap1id n3 CUTHAIOB OyZieM CIUTaTh COOBITHEM, KOTOPO-
MY IIPUCBOUM COOTBETCTBYIOILEE HMSI:

—co0bITHE X —PacCXOXKIECHUE XOTs Obl OXHOI U3 IMHUH
PVu P ¢ BocxoasmM rpaduKoM [EHBI — CUTHAIT K ITPOIAKE;

—coObITHE Y —IepecedeHue CHU3Y TMHuK PV nunueit
P npu Bocxo 51111 TEHAEHLIUN — CUTHAJI K IIPOJIAaXKeE;

—co0BITHE X ;. — PACXOXKACHHE XOT ObI OJTHOM U3 JINHUIA
V1 0 ¢ HUCXOIATIAM I'paUKOM IICHBI — CUTHAI K ITOKYIIKE;

—co0bITue Y, —nepeceueHne quHueH V nanm 0 cBepxy
IIPU HUCXO/ISIIIEH TeHIEHIIMN — CUTHAJI K TIOKYIIKE.

Ocmtsatop MACD cocTouT U3 ABYX JIMHUIH: JITHHHON
(L) n xoporkoii (Sh). TpaaguOHHO JUIMHHYO JTMHHUIO HAHO-
CAT KUPHOW JIMHHEH, a KOPOTKYIO — IIYHKTUPHOU. JIuHumn
CTPOSATCS 10 TOYKAM, 3HAYEHHUS KOTOPBIX OMPEACTIAIOTCS IO
cieayomuM GopMylam:

Sh=MA,,-MA_,, L=MAg, 3)
rne MA,, — 26-nHeBHOE ckonb3smee cpennee; MA , —
12-HEBHOE CKOIB3SIIIEE CPETHEE; MA; —9-IHEBHOE CKOJIb-
3s111Iee CpeIHeE OT IMHUU L.

Ocmmmrarop MACD mozaet crieyromnye CUurHabI, KOTO-
pble MbI Oy/ieM IPUHUMATD 33 COOBITHSI-00CTOSTENBCTBA!

— cOOBITHE X_ — TepecedeHne MeIJICHHON TMHNEH HH-
JIMKaTOpa OBICTPOi IMHUK CHU3Y — CUTHAJI K IIPOJIAXKE;

—COOBITHE Y_ — pacXo’KICHNE MEJUICHHOH JIMHUH C BOC-
XOJIA1IeH TEHIEHIUEN — CUTHAI K IIPOJIAaXKeE;

— coObITHE Xy — IepecedeHHue MEATICHHOU IUHUEeH UH-
JTIKATOpa OBICTPOH JIMHUH CBEPXY — CHTHAJ K TOKYTIKE;

—co0bITHE Y4 —PpacXoXKAEeHUE MEATICHHOM JIMHUHU C HUC-
XOZSIIeH TCHICHITNEH — CUTHAJ K TIOKYTIKE.

CurHaibl OCHOBHBIX HHAMKATOPOB, T. €. MACD 1 co0BI-
TUIHOTO MHIUKaTropa, OyneM (PUKCHPOBATH CIIEAYIOIIUM
00pa3oM: peuterue Ha OCHOBAHUU UHOUKAMOPA CUUMAEMCS
NPUHAMbIM, eCau ObLIU 3aUKCUposanvl oba cueHana Ha
npooaxicy unu 006a CUueHaId Ha NOKYNKY.

O0603HaYNM pelIeHUs YK€ U3BECTHBIM COOBITHHHBIM
crocoooM:

— d™° — pemenne o MokymKe (PMHAHCOBOTO AKTHBA;

— d™® _ peurenne o nmpojaxe.

Torma penieHus, MoACKa3aHHBIE OCHOBHBIMU HHIUKATO-
paMu, MpeACTaBISIFOTCS CIEIYIOIINM 00pa3oM:

d=x1y, d™®=xI[y. 4)

Teneps paccCMOTPUM BCIIOMOTATENbHbIE HHIUKATOPBI,
KOTOpBIe Oy/IeM HCIIOIb30BaTh B KauecTBe (pUiasTpoB. MHIM-

KaTOPBI-(QIIBTPHI TIOAAIOT BCETO § CUTHAJIOB, U3 HUX 4 — Ha
MOKYTIKY, 4 — Ha mpoaaxy. COOBITHS — CUTHAJIBI BCTIOMOT'a-
TENBHBIX HHIUKATOPOB OyneM 0003Ha4YaTh IEPBBIMHU OyKBa-
MU X Ha3BaHUH.

Wnnukarop «Mugekc ToBapHoro kanaia» (Commodity
Channel Index, CCI) m3mepsieT OTKIOHEHHE IICHBI HHCTPY-
MEHTa OT €ro CPeJHeCTaTUCTUYECKOH LIEeHbl. DTOT UH/I1Ka-
TOP PACCYUTHIBACTCSI B HECKOIBKO ITATIOB!

1) ompenenserca n-NepUOAHOE CKOJIB3SINEE CpEaHee
(Bo3pMeM HambosIee 9acTo BCTpedaroIuiics mepron 14);

2) BBIMMCIISIETCS TTOKA3aTeN b D: OT KXKI0TO 3HAYCHHS IICHBI
3a IIpeALIecTBYIONIHE 14 1epro/I0B OTHUMAETCS IOy YeHHOE
3HAYECHUE CPEIHEN;

3) naxoaurcs 14-nepronHoe ckomb3siiee cpeanee ot D u
BBIUHCIIACTCS TIOKa3aTenb M: MoIydeHHOe 3HaYeHHE YMHO-
skaercsaHa0,15;

4) napnekc CCI paccuuteiBaercs o Gopmyie

CCl = M
D

Bynem dukcuposars cnenytomrue curaanst CClL:

—coObITHE C_ — JOCTH)KEHNE MHANKATOPOM 30HBI IIepe-
KYTJIEHHOCTH — CUTHAJI K TIPOAAXKE;

—coObITHe Cy — TOCTHIKEHUE UHUKATOPOM 30HBI [Iepe-
MIPOJIAHHOCTH — CUTHAJI K TIOKYTIKE.

Crieyronmmii BCHOMOTaTeJIbHBIN HHUKATOP — UHAUKATOP
«Moment» (Momentum):

M=R-F_. )
rae P —1eHa Ha MOMEHT BpeMeHH #; P_, —1LieHa Ha MOMEHT
BpeMeHU t—T.

[Mapamerp T siBIsieTCS IEPHOIOM MOMEHTA U 3a/1aeTCst. Mbl
OyzeM mpuMeHTh HHIpKatop Momentum ¢ ieprroiom 12 Hei.

DTOT MHJMKATOP TT0JIAET CIIEYIOIINE CUTHAIIBL:

—co0bITHE ML — MOATBEPKIACHHUE TPaIKOM HHINKATO-
pa pazBopoTa rpaduka 1eHbI OT BOCXO/SIIIEr0 K HUCXOJISIIe-
MY — CUTHAJI K TIPOJAXKE;

— coObiTHe 0 — onTBEpIKAeHHE TPA(YUKOM MHIMKATOpa
pas3BopoTa rpaduKa HeHbI OT HUCXO/ISIIETO K BOCXOSIIEMY
— CUTHAJI K ITOKYTIKE.

[Tocnemuuit BciomMorarenbHbINH HHIUKATOP — 3TO CTOXAc-
THYeCKUH octusaTop (Stochastic):

3
|:)t_|_5 _Z(Pt_l-s)
%K =100 ——— |, %D =1002——, (6)
5~ L5 %(Hs_l-s)

e P —rexymas nena; H, —makcuMaibHas ieHa 3a 5 aHei;
L, — MuHMManbHas LieHa 32 5 JHEH.

ITo popmynam (6) CTpoAT ABE KPHUBEIE, KOTOPbIE KOIEO-
JIOTCS Ha BepTuKaibHOH mikaie ot 0 1o 100. Kpusas K n300-
paxxaeTcs Ha TpadyuKax HEMPePBIBHOM JTMHIEH, a 0oree «Me-
JeHHas» KpuBas D — nyHkrupHod. Muaukarop Stochastic
TIO/IAET YETHIPE CUTHAJIA:

—co0bITHE S' — OCTUKEHNE 0OEUMHU JTMHUAMM MHIMKA-
TOpPa 30HBI IEPEKYTIIICHHOCTH — CUTHAJI K ITPOJIAKE;

—cobbrte S — pacxoxenue JHHIA %o D ¢ BOCXOoIIeit
TEH/ICHIIMEH — CUTHAJI K TPOJIaXKeE;

— cOOBITHE S. — HOCTHKEHHE 0GCHMH JIMHMAMH HH/MKa-
TOpa 30HBI NEPEIPOJAHHOCTH — CUTHAJ K TIOKYTIKE;

—coObITHE Sf — pacxoskaeHue TMHUU Yo D ¢ HUCXOAILEH
TEHJICHIIMEH — CUTHAJI K TIOKYTIKE.
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Dxonomuxa

[TpumennM BcrioMoraresibHbIE HHINKATOPBI B KA4ECTBE
(UIBTPOB K JIBYM TOPrOBBIM CHCTEMaM, OJIHAa M3 KOTOPBIX
OCHOBaHa Ha COOBITHHHOM MHAMKATOPE, a BTOpasi — Ha OC-
ursitope MACD. @uitbTp BCoMOTraTeIbHBIX HHIUKATOPOB
cpabaTbIBaeT B Cilydae, eCIIi XOTsI Obl OIMH CHTHAJI Ha ITOKYTI-
Ky WM Ha TIPOJIaKy ObLI 3aprKcupoBaH:

d¥®=c, Um Us Ug,
d¥=c Um U s U ¢&

OO0miee perieHue, Mo/CKa3aHHOE TOProBOW CHUCTEMOI, Ha
TIOKYTIKY FUTH Ha [IPOJIAKY OIPEIEIISETCS CIISYIOLIIM 00pa3oM:

d=d™ [ d® d=d™] d*, (5

rae d™® — permenue, MoACKa3aHHOE OCHOBHBIM MHIHKATO-
pom; d*> peleHne, MoAcKa3saHHOE BCIOMOTaTENIbHBIM
HUHIUKATOPOM.

TecTupoBaHnie cucTeM NOAICPKKH IPUHSATHS PeLICHHIA.
TecTupoBaHHe MOCTPOECHHBIX CUCTEM MOAJEPIKKA TPUHATHS
peleHui OyieM NPOU3BOANTH Ha OCHOBAHUM CIIETYIOIINX
OJIOKOB JTAHHBIX:

— JJAaHHBIE O KOTUPOBKAX aKL[1H POCCUNCKUX SMUTEHTOB B
repro] morkeMa peraka (Mapt 2005 . —mapt 2006 1),

— JJaHHBIE 0 KOTUPOBKAX aKLUI POCCUHCKUX 3MUTEHTOB
Ha crreytommuii rox (arpests 2006 1. — arpens 2007 1o);

— aHHBIE O JUHAMUKE 3apyO0eKHBIX (POHIOBBIX HHIEK-
coB ¢ 2005 mo 2006 rr.;

— JIJaHHBIE O INHAMUKE 3apyOeKHBIX (DOHTOBBIX HHICK-
coB ¢ 2006 o 2007 rr.

Mpl GepeM JTaHHBIE MO OJIMHAKOBBIM AKIMAM U HHJIEK-
caMm 3a pa3HbIe IEPHUO/IBI TSI TOTO, YTOOBI BOCTIONB30BATHCS
METOIOM CJIETIOT0 MOJIETIUPOBAHHUS, T. €. IPOBEPUTH, HACKOIb-
KO a/ICKBaTHBIMH OyIyT CUTHAJIBI TOPTOBOI CHCTEMBI Ha pa3-
HBIX BPEMEHHBIX IEpHO/Iax.

Pesynsrarsl TecTHpOBaHUS NPENCTABUM B BUJIE CPETHETO-
JIOBOM JIOXOJTHOCTH I10 KayK/I01 TOPrOBOM CUCTEME U T10 KaXKI0M
IIEHHOH Oymare, orpeensieMoit 1o ciemyromeit Gopmyse:

(7

e W, — CyMMapHBbIif BBIUTPBIII 33 IIEPUOJ OT UCIIOIHECHUS

CUTHaJ0B Ha NOKynky; W, — cyMMapHbIil BBIMTPBIII
10

3a MEePUOJT OT UCTIOITHEHUSI CUTHAJIOB Ha MPOJIaXKYy; IR z P -
t=1

CpeaHee 3HaueHMe LIeHb! 3a TepBble 10 aHaTM3upyeMBbIX I1e-
248 .
PHO/IOB,; %5 KOA(PUIIHEHT, KOPPEKTUPYIOIIN MOKa3a-

TEJIb TOI0BOM TOXOAHOCTH Ha pabouee BpeMsi.

B kauecTBe mepBOro BIOXKCHUS OcpeM 3HAYCHUE I[CHEI
AKTHBA B MOMEHT NIEpBOH cAeKU. MOMEHT €€ HaCTYIIIEHUS
3aBUCHT OT TIEPBOT'O CUTHAJIA, TTOJJAHHOTO HHIMKATOPOM. DTOT
CUTHAI OyIeT pa3HBIM JUI KaXKIOTO aKTHBA M HHIUKATOPA.
Ho niput 5TOM 111000§1 HHIUKATOP MOJAET CUTHAJ B TEUCHHUE
riepBeIX 10 meproI0B HAOTIOICHUS.

Taxoke TpeArmoNoKIM, 9TO KaXKIbIH IMOTaHHbIH JTFOOBIM
Y3 UHIUKATOPOB CHIHAI ITOOYKIaCT OTKPHIBATH ITO3UITHIO HA
7 neproJoB.

Briurpsiiim onpeaensoTes CIeay oM 06pa3om:

Wbuy = z (pt+7 - pt)'
ter (10)
W, = _t; (Pu7— P,
€ld

e Td+ ={teT:d=d}cT MOJIMHOKECTBO MOMEHTOB
u3 T, B KOTOpBIE COOBITHE-peIIeHHe ¢ coBnaznano ¢ d,;
T, ={te T:d=d }cT - nonmuoxecro momentos 7, B
KOTOpBIe coObITHE-perienue d coBmanano ¢ d_.

3aBepIIAIOLIMM TAIIOM CPABHUTEILHOTO aHAIIN3A SIBJISCT-
Csl yCpeTHEHUE JOXOTHOCTH UCTIONTB30BAHIS KaXKIOT0 MHINKA-
TOpa Mo KaxaoMy 010Ky TaHHBIX. Takum 00pa3oM, TOProBbIE
CHCTEMBI Oy/TyT IPOTECTUPOBAHBI 110 KPUTEPHSIM JTOXOTHOCTH.
Taxoke BEIYHCIIIM IT0 KaXXI0MY OJIOKY CTaHIapTHOE OTKIIOHE-
HHE, YTO TI03BOJIUT CPABHUTH TOPTOBBIE CUCTEMBI 10 KPUTEPHIO
pucka. [lomyueHHbIe 3HaYCHUS TTOACTaBUM B hopmyiy (1)
TaKUM 00pa3oM CPaBHUM TOPIOBBIE CUCTEMBI 110 KPHTEPHIO
[Hapma. B xagecTBe Oe3pHCKOBOI CTaBKH BO3bMEM CTaBKY 7 %o.
HWrtoru TecTpoBaHHsi TOKa3aHbl B TAOJHIIE.

D :Vw : @, 9) ITo poccuiickuMm MHAEKCAM MOXKHO C/IENATh BBIBOJL O TOM,

1 P 365 YTO B TIEPHOJ] POCTA PHIHKA 00€ TOPTOBBIE CHCTEMBI TIOKA3aIN

105" NPUMEPHO OJIMHAKOBBIE PE3yJIbTaThl U 00ECTICYNII HHBECTO-

Tabnuya

CpaBHeHHUe CHCTEM NOIEPKKH NPHUHATHS PelIeHMIi 110 MOKA3aTe/IsIM I0X0JHOCTH U PHCKA
Komnanus | CoObITHIHHBIA HHAUKATOP | MACD
Poccuiickue komnanuu (mapm 2005 2. — mapm 2006 2.)
Cpennee 0,95 1,13
Cra"gapTHOE OTKJIOHEHHE 0,49 0,63
Kpurepmnii [1lapna 1,0 1,68
Poccuiickue xomnanuu (anpens 2006 2.— anpens 2007 2.)
Cpennee 0,80 1,22
CraHapTHOE OTKJIOHEHHE 0,56 1,38
Kpurepwmii [lapma 1,30 0,83
3apyb6esrcnvie undexcwol (mapm 2005 2. — mapm 2006 2.)
Cpennee 0,52 0,31
CraHapTHOE OTKJIOHEHHE 0,24 0,41
Kpurepuii Hlapna 1,85 0,57
3apybescnvie unoexcul (anpens 2006 2. — anpens 2007 2.)

Cpennee 0,53 0,62
CraHapTHOE OTKJIOHEHHE 0,18 0,29
Kputepuii [llapna 2,62 1,88
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paM XOpOIIIyIO TOXOTHOCTb, TIPH ATOM PHUCK OBLT HEOOIBIIION.
Kpurepuii [1lapra y o6enx cucrem Oonbliie eauaupL. [Ipn stom
CHCTeMa, OCHOBaHHAs HAa COOBITHIHOM HHIIMKATOPE, OKa3aIach
HECKOJIbKO JTyuIlle M3-3a MEHbIIIEro prcka. I Ipy maienun peiHKa
B CJIE/IYIOIIEM EPUOJIE PE3YIIBTATHI OKA3aIUCh MHbIMU. CHcTe-
Ma, ocHoBaHHast Ha MACD, rmoka3asa BEICOKYIO CPEHIOO JI0-
XOJ/IHOCTB, HO IIPH 3TOM TaKKe BEICOKUH PUCK, U TT0 KPUTEPHIO
[[Taprna oka3anack 3HAYUTEIBHO XYy’KE CUCTEMBI, OCHOBAHHOM
Ha coOBITHITHOM MH/MKaTOpe. Bropas cucrema rokasana MeHb-
IIYIO0 JOXOJHOCTB M HECKOJIBKO OOJIBILIHIA PUCK, YEM B ITPOLILIOM
niepuoje. [ 1o kpureputo [lapma 3Ta cucrema ocraBasiach BIOJI-
He npuemsieMoit. Takum 00pa3zom, cuctema HoJUIepIKKHU TIpH-
HSITHS PEIICHUH TIPOIIITAa HA POCCHHCKOM PHIHKE IPOBEPKY Me-
TOJIOM CJIETIOr0 MOJieMpoBaHus. Tak, B /1Ba CIIeyIOIIHE APYT
3a JIPyroM Neprojia OHa IMOKa3ajia MPUMEPHO OJJMHAKOBBIE PHCK
" 1OXOJHOCTb. A eciu Y4€CTh, UYTO PHIHOK HAXOJAWJICA B COBEP-
IIEHHO PA3HbIX CTAIMAX LIUKIIA, TO TaKasi IPOBEPKa MHOTOE T'0-
BOPHT O IPUMEHSAEMOCTH COOBITHITHOTO METOIA.

[To 3apyOexHBIM HHJIEKCaM COOBITHIHHBIN HHIUKATOP B
TIepBOM TiepHo/ie OHO3HauHO mpeBocxoauT MACD mo Bcem

kputepusiM. Tak kak 3apyOeKHbIe PHIHKH 00JIee CTaOUITHHEL,
TO JOXOJHOCTh Ha HUX HCCKOJIBKO MCHBIIIC, YCM Ha pOCCHﬁC-
koM. Bo BropoM neprozie 06e cuctemsl Jal0T HETUIOXOH J0-
XOJI ITPY HU3KOM PHCKE, HO Y CUCTEMbI, OCHOBaHHOI Ha CO-
OBbITHIHOM MH/IMKATOPE, T0KA3aTel N HeCKOMbKO Jrydte. Crie-
JIyeT yUUTBIBATb, UTO 3apyOEKHBIE PHIHKH 3HAYNTEIHHO CTa-
6I/IﬂbHee OTCUCCTBCHHLIX, ITIO3TOMY BOJIATUJIBHOCTH Ha HUX
CymiecTBeHHO MeHbIe. COOTBETCTBEHHO TPH JIFO00H cTpa-
TErMY MHBECTHPOBAHUS Ha 3apyOe)KHBIX PHIHKaX HHBECTOPBI
HMEIOT OoJiee HU3KYIO JI0X0THOCTb, HO 1 00J1ee HU3KHH PHCK.
Ecmm mocmoTpets Ha mokazatens [lapma, To cCOOBITHITHBIN
WHJIUKATOP 10 JaHHOMY TI0Ka3aTelio B 00a Ieproia Jryyiie
TIPUMEPHO B J[Ba pasza.
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A. V. Zinenko
FORMING AND TESTING OF NEW TRADING SYSTEMS

In the article the author describes the technology of forming and testing two trading systems based on MACD and new
event technical indicator. The advantages of event indicator are shown
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BbIBOP KOHKYPEHTHOM CTPATET' MU IS POCCUMCKOI'O ITPEINPUSATHUS
KPEMHMEBOWM ITPOMBIIIIJIEHHOCTH

Paccmompenvr u cucmemamuzupogarvl 0codeHHOCmU KPEMHUEBOU NPOMbBIULIEHHOCTU, OCHOBHbIE MEHOCHYUU PA36U-
mus ompacau u pvinka. ODOCHO8AH 6b1O0P KOHKYPEHMHOU cmpamezuil 0jisi pOCCUNICKO20 NPeOnpusmus KpemHuegou
NPOMBIUACHHOCTU HA OCHOBAHUY NPEOIONHCEHHOU KIACCUPUKAYUY U MUPOBOT NPAKMUKU NPUMEHEHUS. KOHKYPEHMHOU
cmpamezuu, a makice cneyupuKy opeaHu3ayuu 0esimesbHOCmU POCCUTICKO20 NPeOnpPUAMUSL.

CoOCTBEHHOE TIPOU3BOJCTBO BHICOKOUHUCTOTO KPEMHHUS —
3TO CTPATErNYECKOE YCIOBHE SKOHOMUYECKON HE3aBUCHMOC-
TH, 000POHOCTIOCOOHOCTH U 0€30MaCHOCTH CcTpaHbl. OCHOB-
HBIMH 00JIaCTSMH €0 MPUMCHCHUA ABJIAIOTCA IIPOU3BOJICTBO
MHTETPAITBHBIX MHKPOCXEM, (DOTORIIEKTPUYECKUX ITPeodpaso-
BaTeIeH, COTHEUHBIX OaTapeil. IHTerparbHbIe MUKPOCXEMBI —
3TO I/ICXO}IHI:Iﬁ MaTepurall ajid U3roToBJICHUA 6LITOBOﬁ U CIie-
[IATA3APOBAHHON IEKTPOHUKH, TPUMEHSICMON B TOM YHCITE
1 B BOCHHBIX LIeJsiX. [Ipon3BOACTBO (POTOAIEKTPUYCCKUX TIpe-
obpasoBarerneii B Poccuiickoit deneparuu ¢ ee mpenMyIie-
CTBEHHO YMEPECHHBIM KJIMMATOM U HEOOIIBIITNM KOJIYECTBOM
COJIHEYHBIX JTHEH B TOJy HE SIBJISIETCS 3aJI0I0M SHEpPreTHYec-
KO Oe30TacHOCTH, OIHAKO, YUUTHIBAS TIO3UIIMOHUPOBAHHE
HallIero rocy/1apcTBa Kak CTabMIIbHOTO M HaJIXKHOTO SHepre-
THUYECKOTO MTAPTHEPA, HOCUT CTPATETMICCKHUIA XapaKTep U CIT0-
COOHO 00ECTIEUHTH JTOTIOHUTEIBHYIO SKOHOMHUYECKYIO BBI-
roj1y, IPMHKMasi BO BHUMaHUE MUPOBOW OyM B 00J1acTH COJI-

HEeYHOH »HepreTHkH. OHAKO PHIHOK BBICOKOYHUCTOTO KPEM-
HHUA, HECMOTPSA Ha OUYCBUAHYIO IPUBJICKATEIBHOCTb C TOYKH
3peHus e(hUIIITA ITPETIOKEHHUS M CIEKYJ IS THBHOTO POCTA IIEH,
HUMEET psii 0COOEHHOCTEN M OTPaHUYICHUH JIJIsl BXOJIa B HETO
BHOBB CO3/IaHHBIX KOMITAaHUI.

Y4uuTBIBask NOJ0XKEHUE JIEN HA PBIHKE, a TAKIKE OCTPYIO
HGO6XOZ[I/IMOCTB TMOABJICHUA OTCYECTBCHHOI'O MPOAYLCHTA
BBICOKOYHMCTOTO KPEMHHUsI, HEOOXOAMMO NoApoOHee pac-
CMOTpETH CHEUU(HKY PhIHKA, 0COOCHHOCTH MTOBEACHHS OC-
HOBHBIX UTPOKOB, a TAKXKe IIPEUIOKUTH OCHOBHBIE TPUHIIH-
TTBI BBIOOPa KOHKYPEHTHOW CTPATET Uy JTsl POCCUIICKOTO TpeI-
MIPUATHUS KPEMHUEBON MPOMBINIIEHHOCTH.

B nocniennue 5 et ofHOBpEMEHHBIH POCT MOTPEOICHUS
BBICOKOYMCTOI'O KPEMHUS B TPOLECCE MPONU3BOACTBA UHTCT-
PabHBIX MUKPOCXEM M COJTHEUHBIX OaTapeill CIIpOBOLUPO-
BaJI OCTPBIH 1e(HULUT Ha PHIHKE BBICOKOUHCTOTO KPEMHUS U,
Kak CJIeACTBHE, Pe3KU CKaYOK LIEH Ha MMPOAYKIIUIO BCEX TeX-

147



Dxonomuxa

HOJIOTHUYeCKHX nepeneroB. Tak, ecim B 2000-2003 T 1eHa 3a
1 KT MONMKpUCTATITIYECKOTro KpeMHuUs1 Obiia Ha ypoBHe 30y. €.,
T0 B 2005 . 1O OTAENbHBIM KOHTPAKTaM OHa COCTaBUJIa
55...65y.e.,82006T.—85...90y.e.,aB 2008 . — 180...200 y. e.

OCHOBHBIMH ITPHYMHAMH TAKOTO CTPEMHUTENILHOTO POCTa [IEH
9KCIIEPTHI CUNTAIOT HEPABHOMEPHOE PA3BUTHE COITHEUHOMN SHEP-
TE€TUKH, CTUMYJIMPYEMOH TOCYIapCTBEHHBIMU TTPOTPaMMaMH,
MHHIMAPOBAHHBIMH IPAaBUTENIBCTBAMI MHOTHX CTpaH EBporb 1
A3uM B CBSI3M ¢ HEOBIBAJIBIM POCTOM LIeH Ha HE()Th, a TaKkke
HEO)KHIAHHO BBICOKHE TEMITbI POCTa CIIpOca Ha TOBaphI IIMPO-
KOro ToTpedreHust: cotoBbie Tenedonbr, DVD, anekrporHoe 060-
PYy/IOBaHHE JUIsl aBTOMOOWJICH, KOMITBIOTEPHYIO TEXHHKY.

TeMnbl pocTa M IJIaHbI Pa3BUTHS COTHEYHOH SHEPreTH-
K1, KOTOPbIE HAMEYAIOT ITPOMBIIIJICHHO Pa3BUTHIC CTPAHBI,
TMIO3BOJISIFOT YTBEP)KIATh, UTO JIAXKE B YCIOBHUSIX BECHMAa yMe-
PEHHOTO pOCTa CIpoca Ha MOJIMKPUCTAIITNYECKUNA KPEMHU I
JUISL MUKPORJICKTPOHHUKH B OJDKaiiiee Bpems JucOataHc
CIIpoca 1 MPEIIOKEHUSI Ha HETO HE TOJIBKO COXPAHUTCSI, HO U
yBenuuutcsa. K 2031 r. B Mupe miaHupyeTcs HOJIyYUTh COBO-
KYIHYIO YCTaHOBJIEHHYIO MOIIHOCTb 3JIEKTPOTCHEPATOPOB
Ha coiHeuHoi sHepruu 1 700 I'Bt (71 cpaBHenus B 2004 . —
1 256 MBT). JlanHbI IPOTHO3 ITO3BOJISET YTBEPXKIATh, UTO,
Jake yanTsiBas mosblieHre KIT/[ comHeYHbIX 71EMEHTOB, a
TaKKe CHIDKEHHE TOJINHBI IUIACTUHBI 1, KaK CIICIICTBUE, YBe-
JIMYEHNE KOJIMYECTBA IIIACTHH C | KT MONMNKPUCTAIITMIECKOTO
KpEeMHHsI, TpeOyeMbIi YPOBEHb POM3BOACTBA IPUMEPHO B
HECKOJIBKO Pa3 HIDKE peasibHO cymiecTBytomero. [1o pasHsim
OIICHKaM, BEJIMYMHA CTIPOCca Ha OJIMKPUCTAIUINIECKUI KPeM-
HUI 3JIEKTPOHHOT0 U CoMHe4Horo kadectBa B 2007 I. cocTa-
Buia 65 000...70 000 T mpu cymIecTByOIEeM 00beMe POu3-
BozicTBa 36 500 T.

[To mporuozam KCIEepTOB, IPU COXPAHEHNH TEMIIA PO-
CTa 3JIEKTPOHHOI MPOMBIIIIEHHOCTH Ha YpoBHE 15 % Brox
B nepuoj 2008-2011 rr., gaske yuuThIBast CyI€CTBYIOIUE
TUIAHBI PACIIMPEHUsI TPOM3BOICTBA BEAYIIUMHU IPOU3BOJIHU-
TEJISIMU TOJIMKPUCTAIMYECKOTO KPEMHHSI, TPOU3BOJICTBO
AIIEKTPOHHBIX KOMIOHEHTOB ¢ 2010 1. OymeT XpoHH9IeCcKH He-
JIOTIOJIy4aTh OCHOBHOE ChIPhE B BUJIC KPEMHHUEBBIX 1101J10-
JKEK. A TEeMITBI POCTa COJIHEYHOM SHEPTeTUKHU, COCTABIISIO-
mume HaunHasg ¢ 2002 1. B cpegnaem 20...25 % B rox, mo3BoIs-
10T OICHUTH MMOTPEOHOCTH B OCHOBHOM ChIpbe B 2008 T. Ha
ypogge 8,0...10,0 I'Bt mpu oxxumaemom npomssozctee 4,2 I'BT.

CriestyeT OTMETHTb, YTO HECMOTPS Ha OCTPBIH IepuuuT u,
CIIEZIOBATEIILHO, BBICOKYFO PHBIICKATEILHOCTD JAHHOTO PHIH-
Ka JUIs IOTEHIMAIbHBIX THBECTOPOB, OPraHN3aIHs! [IPOU3BO/I-
CTBa BBICOKOYMCTOTO KPEMHHS SIBISIETCS TTNTEILHBIM 1 BECh-
Ma 3aTpPaTHBIM IPOIIECCOM, 3aHUMAIOIIUM B CPEIHEM OT
24 110 48 MecsLEeB, C OPHEHTUPOBOYHOM CTOMMOCTBIO IIPOEKTa
300 mima gomrapos CIIA. Kpome Toro, Ayt Co3maHus TAKOTO
MPOM3BOJICTBA HEOOXOIMMBbI OPTraHH3ALHs CTAOMIIBHBIX IIOCTa-
BOK CBIPbsl, HAJIMYNE HAAEKHOTO ITOCTABIINKA 3JIEKTPOIHEP-
T'H, TaK KaK IIPOM3BOJICTBO BBICOKOYMUCTOTO KPEMHUSI SIBIISIET-
Csl BECbMa SHEPrOeMKHUM, ITOJIy4eHHEe MHOXKECTBA pa3periu-
TENTBHBIX JOKYMEHTOB, COOIONICHUE CTPOKAUIIIX HOpM Oe30-
MaCHOCTH, CBSI3aHHBIX C OpraHNu3aluell XUMHYECKH OITaCHOTO
TIPON3BO/ICTBA. BayKHBIM yCIIOBHEM SIBIISIETCS TAKKE HAITMINE
BBICOKOKBIM(UIIMPOBAHHOTO MEPCOHAIIA, IMEIOIIETO OIBIT
PpaboThI C BBICOKOUNCTHIMH MarepuanaMi. KoMInIeke Bcex 3Tnx
YCIIOBHIA yCTaHABIIMBAET BHICOKUH BXOJHOM Oapbep st To-
TEHIMAJIbHBIX yYaCTHUKOB PHIHKA.

Taxum 00pa3zom, MpUOIM3UTENbHAS OIEHKA IIPHUBIICKA-
TEIFHOCTH PBIHKA ITO3BOJISIET YTBEPKATh, UTO B OJTIDKaiiiee
BpEMS U B CPETHECPOUHOM MEPCIIEKTHBE POAYKIHS OTpac-
Jm OyZIeT 0CcTaBaThCsl BHICOKO BOCTPEOOBAHHOM, CPEIHEPHI-
HOYHAs IIeHa | KI' MOJIMKPHUCTAJUIMYECKOTO KPeMHHUs OyieT
pacTH, a eHa 3IEKTPOIHEPTUH, TTOTyIEHHOH MTPU TTOMOIIH
COJIHEYHBIX OaTapei, — HOCTOSHHO CHUXKATHCS.

Jst onpesienieHnst IpHOPUTETHBIX KOHKYPEHTHBIX CTpa-
TErui, UCTIIONb3YEMBIX B OTPACIIH, CIEIYET ONPEIEIUTh OC-
HOBHBIX KOHKYPEHTOB, ICHCTBYIOIINX Ha PhIHKE, & TAKXKE CYy-
LIECTBYIONIYIO KITaCCU(UKALIUIO KOHKYPEHTHBIX CTPATETHH.
BenynmMu npon3BoauTeNsIMUA BEICOKOYHCTOTO KPEMHHUS B
mupe saBisttoress «KHEMLOCK Semiconductor corporationy
(CIIA), «\WACKER Chemie AG» (I'epmanmst), « Tokuyamay
(Anmonus), «Mitsubishi Material Poli Si» (SImonmus),
«Mitsubishi Material Poli Si USA» (CIIIA), «SUMITOMO»
(Snmonms), «ASiMi» (CILIA). Kpome Toro, «ASiMi» u «Silicon
Technology» (Hopserwmst) o6pa3osamu B CIIIA coBmecTHOE
npernnpusitue «SGSy». IToru paboTs! BEIyIMX NPOIYLIEHTOB
T10 IPON3BOACTBY MOINKPUCTAIIIMIECKOTO KPEMHHS B TIEPH-
012005-2007 rr., a Tak»kKe MPOrHO3HbIE 3HAYECHHUS Ha TIEPUOJ
2008-2011 rr. ¢ yuetoM BBOJ1a IPEATIONAraeMbIX JOTIOJIHHU-
TENFHBIX MOIIHOCTEH MPE/ICTaBICHBI B TA0I. 1.

Crnenyer OTMETUTb, YTO BCE BEIYyILIHE MPOU3BOJUTENIN
BBICOKOYHCTOTO KPEMHHSI NCTIONB3YIOT OJJHU U T K€ TeXHO-
JIOTMYECKHE IETTOYKHU U IPUHLUIIBI, OCHOBAHHBIE HA TEXHO-
JIOTUH CHMEHC-TIPOLIECCa, Pa3INYarONIHecs JINIIb 1ETATIMI
OpraHm3aliyu MpoIiecca MPOU3BOJCTBA, Pa3MELICHUs MIPO-
N3BOJICTBEHHBIX 00BEKTOB, HAOOPOM HCIIOJIB3YEMbIX parro-
HaJIM3aTOPCKUX PEIICHUH, yHUKAIbHBIX TS KaXKI0TO ITPOU3-
BoJicTBa. JlanHast nHpopManus HeoOXouMa JyIst OTIpeierie-
HUSI KOHKYPEHTHBIX CTPATETH, HCIOJIB3YEMbIX BEIyIINMH
MPOM3BOJUTEISIMU KPEMHHEBOM MPOMBIIIIIEHHOCTH, U IOC-
JIEAYIOLIETO BIOOpA KOHKYPEHTHON CTPaTEeruu AJIsl pOCCHI-
CKOTO MTPEIPHSTHS.

[puHIMITEL GOPMYITHPOBAHUS M KITACCH(HKALUS KOHKY-
PEHTHBIX CTpaTeruii mompooHo paccmotpeHsl M. IToptepom (B
COOTBETCTBHH C KiaccuuKarmeit, npeiokeHHon . MuHi-
Geprom, — IIKOJIA MO3UIIHOHUPOBAHNS) 1 SIBIIIOTCS 0a30BBIM
MaTtepuagoM, IPUMEHSIEMbIM COBPEMEHHBIMH MEHEIDKEPAMH.

C Touku 3penus M. Ioprepa, «uaet0 KOHKypeHTHOM CTpa-
TETMH MOKHO BBIPA3UTh B IBYX CJIOBAX: ,,0bITh HETTOXOXKUM ).
[2]. B T0 5xe Bpemsi OCHOBHOM XapakTepHOU YepTON JAHHOTO
TI0/IX0/1A ABJISIETCS TPUHIINT IPUMEHEHHS 0/THO 13 Habopa
CTaHIAPTHBIX («TEHEPUIECKUX» ) CTPATETHI, KOTOpPHIE IPe/I-
CTaBJIAIOT cOOOW pasziau4yHble KOMOMHAIIMN MHCTPYMEHTOB
3aIIUTHI IPOTUB KOHKYPEHTHBIX CHJI (BJIACTH IOCTABIINKOB,
BJIACTH NOTpeOHTEINCH, MOTEHIINAIBHBIX KOHKYPEHTOB, ITPO-
IYKTOB-CYOCTHTYTOB):

— cTpaTerus abCOIIOTHOTO JIMIEPCTBA B U3/IEPIKKAX;

— cTpaterus aud hepeHanny;

— cTparerust pOKyCUpOBaHHSI.

Br100p KOHKypeHTHOH cTparerud, 1o Muennto M. ITop-
Tepa, 3aBUCHUT OT NPHUBICKATEILHOCTH OTPACIH B LIEJIOM, a
TaKXKe OT BHYTPEHHUX YCIIOBHUH CYIIIECTBYIONIUX B OTPACIH,
OIaronpUATHBIX MM HEOMArONPUATHBIX 171 JAaHHOH KOHKPET-
HOU KOMIIaHUH.

B pamkax cmpamezuu abconrommnozo audepcmsa 6 us-
Oepoickax KOMIIAaHWS CTaBUT CBOEH IIENbI0 HAAIUTh MaJlo-
3aTpaTHOE POU3BOJICTBO TOBAPOB OTpaciy. B 3aBucumoctu

148



Becmnux Cubupckozo 2ocy0apcmeennozo aspokocmuueckoeo ynugepcumema umenu akaoemuxa M. @. Pewiemnesa

OT OTpaciu, B KOTOPOH JEWCTBYET KOMITAHUSL, JAHHAsI cTpare-
T'Hsl MOXKET OBITh JIOCTUTHYTA C MOMOIIBIO PA3JIMYHbBIX KOM-
OWMHAII TAKUX YKOHOMHYECKUX Mep, Kak 3(dekTs! Maci-
Taba, HAaKOIIJICHHOTO OIIBITA, KECTKHI KOHTPOJIb M OITHMHU3a-
ISl PacXo/I0B, OTJI@XKEHHAs CHCTeMa cObITa, HAIN4ue co0-
CTBEHHBIX TATCHTOBAHHBIX TEXHOJIOTHH, IIpsiMasi 1 0OpaTHast
BepTHUKaJIbHAs HHTErpallys KOMITaHUH.

Cmpamezus ougghepernyuayuy COCTOUT B TOM, YTO KOM-
MIAHUS MBITACTCS 3aHATh YHUKAIBHYIO KOHKYPEHTHYIO ITO3H-
LU0 B TOW MJTM MIHOM OTPACIIH, TIPHAABast IPOIYKTY TAKUE Xa-
PaKTEPUCTHKH, KOTOPBIE Oy/TyT 10 JOCTOWHCTBY OLIEHEHBI O0JTh-
IIUM KOJIMYECTBOM IoTpeduTeneil. Takum oOpazom, komra-
HUS TIO3ULIOHUPYET ceOs KaK IIPON3BOANTEINS TOBAPOB MIIH
YCIIYT, TIO LICHE BBIIIIE CPEHEPHIHOYHOM, 001 Jat0IIIX, O/THA-
KO, HA0OPOM YHHUKaJIbHBIX MOTPEOUTENBCKIX KadeCTB, 3a KOTO-
PpBIC TIOKYTIaTeNN TOTOBHI (!) IITaTHTh. XapaKTePHCTHKH ITPO-
JYKIUH JOJKHBI HE IPOCTO BOCIIPUHUMATHCS OKYHATEIIMU
KaK yHUKaJIbHBIE, 4 ISHCTBUTEILHO COMIEPKATh ONPEEIICHHBIN
3amac MPOYHOCTH IS TOTO, YTOOBI KOHKYPEHTHI HE MOV C
JIETKOCTBIO TOBTOPUTB YCIIEX KOMITAHHH.

Cmpameaus @oxycuposanus OCHOBaHa Ha BBIOOpE y3-
KO c(hepbl KOHKYPEHIIMM B PaMKax TOH WIIM MHOM OTpaciu.
Kommnanwust, ncrione3yromnias 3Ty CTpaTeTHio, BRIOUpaeT ompe-
JIETIEHHBIN CETMEHT WX TPYIITY CETMEHTOB OTPACIIH U HAIIPaB-
JISIET CBOIO JIEATENbHOCTD Ha 00CITyKMBAaHUE HCKITIOYNTEILHO
JTAHHOTO CErMEHTa WM CerMeHTOB. ONITUMU3HPYsI CBOIO CTpa-
TETHIO B COOTBETCTBHH C LIEJIEBBIMH CETMEHTAMH, KOMITAaHUS
MIBITACTCS ITOTYYUTh OTIPEACIeHHbIE KOHKYPEHTHBIE IPEUMY-
I1IeCTBa IMEHHO B ATHX CETMEHTAaX, XOTs OOIIMX KOHKYPEHTHBIX
MPEUMYILECTB B PAMKax BCEH OTPACIIH y HEE MOXKET HE ObITh.

AHanu3 CUTyalluy Ha PbIHKE U KOHKYPEHTHOM cpeJibl B
KPEMHHNEBOH OTPACIIH MOKa3bIBALT, UTO /IS BEYIINX IPOU3-
BOJUTENIEH BRICOKOYHCTOTO KPEeMHNUS 0a3UCHOM cTpaTerueit
SIBJISIETCS CTPATET st aOCOIIOTHOTO JIMJIEPCTBA B U3/IEPIKKaX.
Vcionb30BaHMe 3TO CTpaTeruy MPeICTaBISACTCS BO3MOXK-
HBIM, €CIT KOMITaHHs 00J1aaeT CIeAyIOIUMH IIpenMyIie-
CTBaMH: BBICOKOH JI0JI€H pBIHKA, TPEUMYIIIECTBOM B I0CTYIIE
K CBIPbEBBIM MaTepHaiaM, BBICOKOH CTEIEHbIO HHTETPallui
C TIOCTaBIMKAMH M ITOKYTIATEISIMU IIPOU3BOANMOH IIPOITYK-
I[1Y, BBICOKUMH 3aTPaTaMM Ha OPTaHU3aLUIO IPOM3BOACTBA
U TocIeylonee nepeo0opyaoBanie IpeIpHATHs OTpac-
71, BeIcOKMMH pacxonamu Ha HUOKP.

OCHOBHBIMH TPEMATCTBUSAMHE IS BXOAa B JAHHYIO OT-
pacip I0CTaTOYHOTO YHCJIA HOBBIX UTPOKOB, HEOOXOMMBIX
JUTS TIOJTHOTO YIOBIICTBOPEHHS CYIIIECTBYIOIIETO CIIPOCA, SIB-
JIIOTCS CJIOKHOCTh OpPraHU3allid M BBICOKUWA HayaJbHBIN
00bEM MHBECTHUIINH, & TAK)KE BBICOKAS CTENIEHb 3aKPBITOCTH
KOMIAHNH-Y9aCTHUKOB Ha KayKIOM dTaIle TEXHOIOTHYECKIX
MIEPEICIIOB ISl COTPYIHUYECTBA C BHOBb PUOBIBIIUMHE UT-
poKaMu. DTO CBS3aHO B IIEPBYIO OYEPEIh C BEICOKOH oIe
HEePEKPECTHOTO YYACTHsl KOMITAHUH B aKIIMOHEPHOM Karl-
Taye ApyT APyra U CYIICCTBYIOMIMMHU MEKIY HUMH JOJTO-
CPOYHBIMH KOHTPAaKTHBIMH OTHOMICHHSAMHU. B pesymbprare
c(OpMHUpPOBaHHBIE BEPTUKAILHO HHTETPHPOBAHHBIE CTPYK-
TYPHI BKITIOYAIOT B ce0s OOIBIIYIO YaCTh TEXHOIOTHYESCKIX
nepenelios, odecneyrBas ce0st CaMOCTOSATEIbHO HEOOX 01~
MBIM KOJIMYECTBOM CHIPHS, HE HYKIasiCh, KaK MPAaBHUIIO, B
JIOTIOJTHUTENLHBIX HICTOUYHUKAX U (MITN ) TTOTPEOUTESIX IOy~
(abpukaros.

Humeepayus nazao TPUBOANT K CHIDKEHUIO 3aTPaT, TaK
Kak TpeOyeMblii 00beM HaCTOJIBKO BEITHK, YTO TAET TAKYI0 )Ke
SKOHOMHIO Ha MacIITabax MpOM3BOICTBA, KAK 1y TTOCTABIIH-
KOB, MJIM €CJTH TTOCTABIIUKH paboTatoT Oonee 3 HeKTUBHO 1
MMEIOT BOBMOXKHOCTD YIy4IINTh CBOM TOKa3arenu. Murer-
panus ¢ MOCTaBIIMKAMH JaeT 00ibIIoN 3((heKT B CBA3M C
TEM, YTO TIOCTABJISIEMOE ChIPhE M MAaTEPHAIIbI 3aHUMAIOT OC-
HOBHYIO 9acTh B C€0ECTOMMOCTH KOHEYHOTO IIPOAYKTA.

Hnmeepayus éneped BbIrOJHA IO OTHOIIECHHIO K OITO-
BBEIM ¥ PO3HUYHBIM MPEIIPUATHSAM, B pE3yIbTaTe Yero Co-
371a€TCsl CETh CBA3aHHbBIX C (PUPMOI KaHAJIOB pacipe/eIeHHsI.
OJ1HaKo KOMITaHWHY HE CTPEMSITCS K OpraHnu3amy coOCTBEH-
HOHM TOPTOBO# CETH, YTO MOTJIO ObI TO3BOJIUTH CHU3UTH U3-
JICP’)KKM OOpallleHns] U YCTaHOBUTH 0oJiee HU3KHE LICHBI 3a
CYeT YCTpaHEHUS TOPOTOCTOSIIICH TPaIUIIMOHHON CEeTH pac-
TpeieNeHHs.

J1st yMeHbILICHUS PUCKA, CBSI3aHHOTO C HEITOCPEACTBEH-
HBIMH TIPOJAYKAMHU KOHCUYHOMY MTOTPEOUTENIO, U OJHOBpPE-
MEHHOT'0 YBEJIMYEHUS [IPOJIaXK BEAYIHE NPOIYIIEHTHI [OJIH-
KPUCTAJUTMIECKOTO KPEMHHUS JTOTTOTHUTEIEHO HCIIOIB3YIOT
cmpamezuio He3Aa8UCUMOCIU U paccpedomodenus, KoTopas
3aKIIF0YAeTCs HE B ITOJTHOM CIIFSIHAW NIPH MHTETPALUH, a B
3aKJTFOYEHHH JOJITOCPOYHBIX KOOTIEPATHBHBIX COTJIAIICHIH.
JononHuTenbHbIA 3 GEKT TOCTHTaeTCs 3a CYET COKpallle-
HUS pUCKA, HETATUBHBIX MTOCIEACTBHUH, N3MEHEHHS TEXHOJIO-

Tabnuya 1

MmupoBoe npou3BoOACTBO NOJHKPHCTALINYecKoro kpemuus B 2005-2011 rr., T [1]
[TpousBoaurenu 2005 2006 2007 2008 2009 2010 2011
«HEMLOK Semiconductor 7 800 9500 10 000 14 500 19 000 27500 36 000
corporationy (CIIIA)
«WACKER Chemie AG» 5550 6 100 8 000 10 000 11 500 14 500 14 500
(Fepmanns)
«Tokuyamay (SInonwus) 5200 5200 5200 5200 7500 7 800 8200
«Mitsubishi Material Poli 1 600 1 600 1 600 1 800 1 800 1 800 1 800
Si» (SInoHms)
«Mitsubishi Material Poli 1100 1200 1 400 1500 1 500 1500 1 500
Si USA» (CHIA)
«Itali MEMC» 1 000 1 000 1 000 1 000 1 000 1 000 1 000
(Utamus)
«USA MEMC»y (CIIIA) 2300 2300 2300 3 600 5400 5400 5400
«SUMITOMO» (SInonus) 800 9000 1100 1300 1300 1300 1300
«ASiMi» (CIIIA) 3 000 3200 3 600 4300 4300 5000 5000
«SGS» (CIIA) 2300 2300 2 300 4300 6300 8 700 8 700
Bcero 30 600 33300 36 500 47500 59 600 74 500 83 400
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THHA WK TIPEAIOYTCHAH TOTPEOUTENS, a TAKKe 3a CUET TOTO,
4TO (UPMa-POU3BOJUTEIb MOXKET COCPEIOTOYUTHCS Ha
CBOEM JIEIE.

Taxum 06pa3oM, MOYKHO C BBICOKOH JI0J1€i YBEPEHHOCTH
YTBEPKIaTh, UTO BETyIIHE TPOU3BOAUTEH OIUKPHCTAILIU-
YECKOTO KPEMHHUS UCIIONIBb3YIOT CTPATETHIO a0COIIOTHOTO
JIUJIEPCTBA B U3/IEPKKaX € AJIEMEHTaMU MTPSIMOi 1 00paTHOMH
MHTETrPAIUH, a TAKKE CTPATETHIO HE3aBUCUMOCTH H paccpe-
JoroueHMd. JlaHHas cTpaTerus B yCIOBHUSIX aKHOTaKHOTO
CIpocCa U CHEKYIATUBHOIO POCTA LIEH MO3BOJISET MOIyYaTh
MaKCHMAaJIbHBIN IPUOBLIL B CBS3U C MOCTOSIHHBIM Hapall-
BaHUEM 00BbeMa IPOM3BOJICTBA, PACIIMPEHUEM PBIHKOB COBI-
Ta, CHIKEHHEM JI0JIH Ce0ECTOMMOCTH IPOAYKINH B OTITYCK-
HOU 1IeHe 3a cueT 3dekTa maciirada.

XapakTepHOH 4epToii BBIOOpa KOHKYPEHTHOH CTpaTeruu
JUIS1 POCCUMCKOTO MPENIIPUATHS KPEMHUEBOU ITPOMBILIUIECH-
HOCTH SIBJISICTCS UMEHHO O0COOEHHOCTDH MOSIBICHUSI TAKOTO
npeanpustus. Poccuiickas denepanns pacnonaraet Heoo-
XOAUMBIMH MPEANIOCBUIKAMHE JUISl OpraHn3aniy 3)exTrB-
HOTO MPOM3BOJCTBA 0CO00 YMCTOTO KPEMHHS: BEICOKOKBA-
JTU(GUIUPOBAHHON padoyei CHI0i, HAKOTICHHBIM OIBITOM
npou3BojcTBa BbicokouncToro kpeMuust B CCCP, cpaBHUTENB-
HO JICIIEBOM AIIEKTPOIHEPTUEH, 3aacaMy YMCThIX KBapLu-
ToB. OZIHAKO, KaK yXe OBbIJI0O OTMEUEHO BBIIIE, OCHOBHBIM
NPETSATCTBUEM AJIs BXOJA B OTPACIIB SBIISIFOTCS BBICOKHE BXO-
Hble Oapbepbl, a TOYHEEe — BEJIMUMHA UHBECTUIMH, TpeOye-
MBIX JUISl OpraHU3aLuU IPOU3BOJICTBA.

CymiecTByeT OrpaHIYEHHOE KOTHYECTBO BAPHAHTOB aK-
KyMYJIUPOBAHUS CPEACTB [T OPraHU3aIMY TAKOTO IPEIPH-
ATHS: CO3/IaHUE aKIIMOHEPHOTO O0IIECTBA UITH ITOMCK CTpaTe-
rHYecKoro nHBectopa. OueBHIHO, YTO CO3AaHHE IOJOOHOTO
HPEANPHUATUS BO3MOXKHO ITPH yYaCTUU OTPAaHUYEHHOTO KPY-
ra 3aMHTEPECOBAHHBIX CTPYKTYp, B UHCIE KOTOPBIX MOTYT
OBITH KpyIHBIC (PMHAHCOBBIE KOPIIOPALUH, IIPE/Iararolie
cpeacTa B pOpME MHBECTHIIMOHHOTO KPEIUTa, KPYITHBIC
MPOU3BOJICTBEHHBIE 00bEeJMHEHNS, TIPUHUMAIOIINE PEIICHUS
0 IUBEPCU(PHKAIINH IESITEIBHOCTH,  TOCYAAPCTBO — Yepe3
co3anue kommepueckoro npeanpusitas co 100%-m rocy-
JTApCTBEHHBIM KAIIMTAJIOM JJIsl 00ecTiedeH st COOCTBEHHBIX
HY ]I ¥ CTPaTETUYECKUX HHTEPECOB.

B nacrosmee Bpems Kax/JbIM U3 NOTEHIUAIBHBIX BJla-
JIeTIbLIeB Oy/yIIero KpeMHEBOTO MPON3BOACTBA ITPEAIIPUHH-
MaroTcs ONpeAEICHHBIE IIark s pean3aliy 3TON UAeH.
OnHaKo B JaHHOM CTaTbe MBI PACCMOTPHM BapHaHT CO37a-
HUSI KOMITAHUH 110 TIPOMU3BOICTBY MOIMKPUCTAIUINIECKOTO
KpEMHUS 3a CYET FOCYapCTBa, TaK KaK ISl HOTEHIMAaIbHOTO
YaCTHOTO MHBECTOpA MPOEKT SABJISIETCS BECbMa 3aTPATHBIM,
CpPOK €r0 OKYNaeMOCTHU CITHIIIKOM BEJIUK, TaK KaK BEJIUK PUCK
M3MEHEHNUS KOHBIOHKTYPBI PBIHKA BCIIC/ICTBUE Oy/TyIIIEero n3-
MEHEHHS TEXHOJIOTHH 1 MOSBICHHUS HOBBIX MMPOU3BOAUTENICH,
a YTO KacaeTcs CTPEMSIIErocs K JUBEPCH(UKAIMN TIPEATIPH-
STHS, TO CYIIECTBYIOLINE POCCHUIICKHE IIPOMBIIILIEHHbIE 00be-
JIMHEHHMS HE PAcIIoiararoT OIbITOM paboThl ¢ 0000 YUCTHI-
MH BEIIECTBaMH (OTCYTCTBYIOT KaJpbl M TEXHOJIOTHYECKAs
6aza), MaciuTab MpoeKTa NpeJoiaraeT rapaHTHH rocyap-
CTBa, Kacaroluecs 0ecrepeOOHHbIX TOCTABOK AIEKTPOIHEP-
TUU U ITPEAOCTABICHHS HAJIOTOBBIX JIBIOT, YTO JIeJIaeT IPOEKT
YSI3BUMBIM K BIIUSIHUIO MOJUTHYECKUX PUCKOB.

TocymapcTBeHHOE y4acTHE B IIPOEKTE CO3MAaHM IIPOU3-
BOJICTBA MOJINKPUCTAITMYECKOTO KPEMHUS TapaHTUPYET OIl-

pelesIeHHBIH 3arac MHBECTUIIHOHHOW MPOYHOCTH, CMBICI
OLICHKH TTOJIMTHYECKUX PUCKOB MTPOEKTA NCYE3aLT, CPOK OKY-
MTAEMOCTH [IPOEKTa MOJIy9acT BTOPOCTEIICHHOE 3HAUYCHHUE, ITPH
OTOM Ha IEPBOC MECTO BBIXOJAT CTPATCTUUCCKUE UHTCPECHI
npeanpusitrs. Co3naTh KpEMHHEBOE TPOU3BOJICTBO 32 CUET
TOCYJApPCTBEHHBIX CPEICTB MOKHO «C YHCTOTO JIUCTAY, OPHU-
EHTUPYSICh JIMO0 Ha BBIFOJHOE PACIIONIOKEHHE MO OTHOILIE-
HUIO K CHIPHEBBIM HCTOYHHUKAM, KaJJPOBBIM Pecypcam, CTaH-
[USIM 3JICKTPOCHAOXKCHUS, MO0 Ha 0a3e ykKe CYIICCTBYIO-
mero (esepansbHOrO MIIM MyHHUIMITAIBHOTO TOCYAapCTBEH-
HOTO YHUTapHOTO MPEANPUSATHS UM aKIIMOHEPHOTo o01ie-
CTBa, CO3/IaHHOTO C y4aCTHEM rOCy1apCTBa.

[epBbiit BapuaHT 00J1a1a€T HECOMHEHHBIMH JJOCTOHMH-
ctBamu: 100%-M 11e71eBbIM UCTIONB30BAaHUEM BBIICTICHHBIX B
paMKax peayi3aIiy IPOeKTa CPEICTB, BEIOOPOM CTPYKTYPBI
yIpaBJICHUs ¥ IOA00POM HEOOXOANMBIX KaJIPOB, UCXOISI U3
TIepevHsI IIeNei 1 KOMIUIeKca 3a/1a4, IPeAyCMOTPEHHBIX TPO-
exToM. HeManoBaXHBIM MPEHMYIIIECTBOM TAKXKE SBISETCS
OTCYTCTBHE HETaTUBHOT'O OTHOLICHHSI C TOYKH 3PEHHMS OCTANIb-
HBIX [T0JIpa3/IeJICHNH 1, COOTBETCTBEHHO, HETAaTUBHOM peak-
U MHOXKECTBA 3aWHTEPECOBAHHBIX CTPYKTYp. OCHOBHOM
HEJIOCTaTOK ITOTO BaphuaHTa — CYIIECTBEHHO OoJjee joiras
peanu3aiys MpoeKTa, CBI3aHHAs!, CO CTPOUTEIHCTBOM, IO/
TOTOBKOM IIepcoHaIa, He0OXOIMMON HH(PPACTPYKTYPHI ITpei-
TIPUSITUS U T. 1.

Bropoii BapuaHT npenmnoaaracT 4acTU4HOE UCIIOJIb30Ba-
HHUE MMYIIECTBEHHOTO KOMIUIEKCA, IIEPCOHANa, CTPYKTYPhI
YIIpaBIIeHUs, MaTePHAIbHBIX PECYPCOB, T. €. 0a3bl OCHOBHOTO
npexnpuATHs. B 3aBucuMocTH 0T po¢uIIsi OCHOBHOTO TPO-
M3BOJICTBA BO3MOXKHO HCIIONIb30BaHNE HAPAOOTaHHBIX TEXHHU-
YECKHUX PEIICHUH, HOy-Xay, n300perenuii. [lo MHeHMIO aBTO-
POB, IMEHHO 3TOT BapHaHT HanOoJ1ee MprUeMIIeM C TOUKH 3pe-
HHA OIIEPATUBHOCTU JOCTUKCHUSA ITOCTABJICHHBIX ueneﬁ.

Juist co3aHmst KOMITaHUM HEO0OXOANMO OIIPEICIIUTCS C
BBIOOPOM 0a30BOTO MPEANPHUATHS U Pa3padboTaTh KOMILIEKC
Mep JJIsl OpraHU3aluK MPOU3BOICTBA U OCIIETYIOIIET0 BbI-
JIETICHUSI U3 COCTaBa TOTO MPEANPHUATHS B KAYECTBE CaMo-
CTOATENBHON X03AHCTBYIOIIECH €IMHHUIIBI. 32 OCHOBY MOXKET
ObITH BEIOpAaHO (enepabHOE TOCYNAPCTBEHHOE YHUTAPHOE
npeanpusaTre, padoraromiee B chepe aTOMHON SHEPTETHKH,
Kak 370 caenano B JKeneznoropcke Kpacuosipckoro xpasi. B
KaueCcTBE MPEUMYIIECTB TAKOTO BHIOOPA MOXKHO BBIZICIHUTH
CIIETYIOIIHE: BO3MOXKHOCTB MCIIOJIb30BaHHS UMYIIIECTBEHHO-
TO KOMIUTEKCA MPEANIPUATHS (3aHNH, COOpPYKEHHUH, KOMMY-
HUKaIHii, HTHPPACTPYKTYPBI); BBICOKHH TTPO(ECCHOHATII3M
TIepCOHANIa; BBICOKUH HAYYHBIN MOTEHIMA; HAJTWINE O0JIb-
III0TO KOJIMYECTBA HEOOXOIMMBIX HApaOOTOK, palliOHATN3a-
TOPCKHX PENICHUH, OIbITa B PELICHHN TEKYIINX MpoOIeM.
Kpowme Toro, Ki1to4eBEIMHI KOMITETEHIIUSIME ITOI0OHOTO ITpei-
HPUSTHUS SBISIIOTCS pab0Ta ¢ 0c000 YUCTHIMHU MaTepHAIAMU
1 TIPOM3BO/ICTBO TETLIA U 3JIEKTPOIHEPTHHU, YTO HEOOXOTMMO
1 1J11 IPOU3BOACTBA IMMOJIUKPUCTATUITNICCKOI'O KPDEMHUA.

B kauecTBe 6a30BOi1 cTpaTerny HOBOH KOMITAHHUH JOJDK-
Ha OBITh HCTIOJIF30BaHA CTPATETHS aOCOTIOTHOTO INAEPCTBA
B U3JICPIKKAX, IPpUMEHAEMad BEAYIIUMHU ITPOU3BOJUTCIIAMUA
BO BCEM MHpeE. B CBsI3H ¢ BEICOKMM CIIPOCOM Ha MPOTYKIHIO
oTpaciy B Olvkaiiliiee BpeMst O4eBHUIHO, YTO OyeT BOCTpe-
6oBaHa POAYKIHNS C YCPEAHECHHBIMH IOKa3aTesIMI Kade-
cTBa. [ maBHOE — 00ECTICYNTh MAKCUMAIIbHBIN 00bEeM MPOH3-
BoJicTBa. Takum oOpazoM, cTpareruu aAuddepeHnranus 1
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(hokycrpoBaHus, HAIPaBJICHHBIC HA U3YUYEHHUE W TIEPCOHA-
JIM3AIMIO OT/ICTBHBIX IIEIEBBIX ayTUTOPUI, HEe oOecriedar Hau-
Oompmreit 3 PEeKTHBHOCTH.

CrpyKTypa NpeAnpusITHsi KPEMHUEBOM POMBIIIIICHHO-
CTH JIOJIKHA BKJIFOYATh BCE OCHOBHBIE IEPE/IENIbl, HAUUHAS OT
nepepabOTKH METAILTYPrudecKoro KPEMHUSI B TPHXIIOPCHIIAH
(ucxomHOE CHIPbE, HEOOXOMMOE JUTSI IPOU3BOJICTBA TTOJIHU-
KPUCTAIITMIECKOTO KPEMHUS ) ¥ 3aKaHIHMBast TPOU3BOICTBOM
CONHEYHBIX Oarapeit. Takoii MOIX0/1 MO3BOIKT H30SKATh BITH-
SIHHS BIIACTH [TOCTABIINKOB — IPOU3BOANTEINEH HE0OX0MMO-
T0 Je(UIMTHOTO CHIPbSI — U BJIACTH MOTPEOUTEICH B JIHILE
KPYIHBIX KOMIIAaHUI — MPOU3BOAUTENIEH KOHEUHON POITYK-
IIUH. DIIEMEHTHI 0OPaTHOM 1 TPSMOI BePTUKAIBHON HHTET-
palnuy T0JKHBI HOCUTB XapaKTep MPsIMOro BKITIOUEHHUS BCEX
TIOZIpa3/IeNICHNI! B OJJHY KOMITAaHHIO, 2 HE 3aKITIOUEHHS 10JIT0-
CPOYHBIX KOHTPAKTOB, YTOOBI 00ECIICYUTH IIETTOCTHOCTH KOM-
MaHUM ¥ TapaHTUPOBAHHOE JIBIKEHUE TIPOAYKIMH OT Iiepe-
JieTIa K Iiepe/iely BHE 3aBHCUMOCTH OT PHIHOYHOM CHTYaIuH.
Heo0xoanMbIM yCcI0OBHEM B 3TOM CiTydyae SIBJISICTCS KOMII-
JIEKCHOE MHBECTHPOBAHNE B OPTaHU3AINIO BCEX TIEPEIEIIOB
MYCK MPOU3BOJICTBA [IEJIMKOM MJIN C HEOOJIBIION 3a1€PIKKOM
0e3 3aToBapuBaHus CKI1a0B norydadpukaramu. Taxxke oT-
METHUM, YTO TOCYAapPCTBEHHAs MOACPKKA SIBIACTCS rapaH-
THEW JOCTyna K He00XO0IMMBIM ITPUPOIHBIM pecypcam (du-
CTBIM KBapLUTaM) M HCTOYHUKAM IEKTPHUECKON SHEPTHH.

KoHeuHbIM noTpeduTesieM npoyKIui KOMITAHUH JTOJK-
HBI CTaTh POCCUHCKIE KOMITAaHUH, BBITIOJHSIOINE TOCYaap-
CTBEHHBIE 3aKa3bl, B TOM YHCJIE U 0OOPOHHOTO XapakTepa.
Ecmm npenmpusitie Oyet co3aaHo ¢ y4acTHeM ToCyIapCTBeH-
HBIX MHBECTHLUI 1 HA 06a3e roCyaapCTBEHHOTO MPEAIpuUs-
TUS, TO MOXHO IPEANOI0KUTE, YTO MOTy4eHHE rocyaap-
CTBEHHBIX 3aKa30B B JAHHOM CETMEHTE rapaHnTupoBaHo. Of-
HaKoO CJIeJlyeT MOAYEPKHYTh, YTO CYIIECTBYIOIIAsl OTPEO-
HOCTb Ha BHYTPEHHEM pbIHKE OLIEHHUBAETCsl HAa YPOBHE
5...10 % ot 3¢ dexTrBHOrO 0OBEMA IPON3BOACTBA. KOHEUHO,
B CJIy4ae MOCTENEHHOr0 Pa3BUTHS COTHEYHOM SHEPTeTUKHU B
P® n nostBeHUs rocyJapCTBEHHBIX TPOTPaMM €€ ITOAIEPIK-
KH{, aHAJIOTHYHBIX IpOrpaMMaM, CyIiecTByomM B EBpore,
Kurae, CIIIA, BO3MOXHO yBEIMUEHNE EMKOCTU BHYTPEHHETO
poiHKa. Ecnu ke BenM4MHA CIIpoca Ha BHYTPEHHEM PBIHKE
OCTaHEeTCs B JIOJITOCPOYHOM IIEPHO/IE Ha TIPEKHEM YPOBHE, TO
00s13aTeIbHBIM yCIIOBUEM CYIIECTBOBAHUS MIPEIIPHUATHS OY-
JIET ABJIATHCS YKCIOPT 3HAYUTEIBHON YaCTH €r0 MPOTYKIUHU B
paMKax yJacTHs B TOCYJapCTBEHHBIX MIPOrPaMMax MOIePK-

KM COJTHEYHOM 3HEPTETUKH B €BPOIIEHCKHUX M a3UaTCKUX CTpa-
HaX. [Iporxno3sl pacmupeHus Npou3BOACTBA BELYLIMMU IIPO-
M3BOIUTEISIMH 1 BEJIMYMHBI CIIPOCA HAa MaTepHall COJTHEYHOTO
Ka4y€CTBa IMO3BOJIAOT pAaCCUUTHIBATH HA CTa6HJ’[BHBII>i OKCIIOPT
GoJbIIeld yacTy poRyKIMK B TedeHne nepuona 20082012 rr.

C Touxu 3penust M. [Toprepa, 1ormka cTpaTeruu Junep-
CTBAa B MUHUMH3ALIMH U3/IEPIKEK OOBIYHO TPEOyeT, YTOOBI KOM-
TIAHWS CTajla eAMHCTBEHHBIM JINJIEPOM, A HE IIPOCTO BOIILIA OBI
B IPYIILY T€X, KTO CTPEMUTCS 3aHATh ATy MO3ULUI0. MHOrue
KOMITaHHH, OTKa3aBIINECs IIPU3HATH 3TOT (DaKT, JOITYCTHIIN TEM
CaMBIM CEpbE3HYI0 CTpaTerndeckyro ommoky. [lo ero mue-
HUIO, KOT/Ia Ha MO3UIIMIO JIHAEPa B MUHUMH3ALMHU U3/IePIKEK
HMeEETCs HECKOJIBKO KaH N/IAaTOB, COTIEPHIYECTBO MEK/LYy HUMH
CTAQHOBHUTCS1 0COOCHHO 0’KECTOUCHHBIM — BEJIb KaXK/IbIi, TaXe
caMBbIif HEOOJBIIION, (hparMeHT pHIHKA HAYWHACT IMETh Pelia-
IOLEE 3HAUCHHE U [T0KA OJJHA U3 KOMIIAHUI HE 3aiiMeT 103u-
LIMIO JTNJIepa, «yOe/ B TEM CaMbIM OCTaJIbHBIX KOHKYPEHTOB
CMEHHUTB CTPATETHIO, TIOCIISICTBHS STOH OOPHOBI TS IPHOBLTH-
HOCTH (a TaKKe U JUIsl CTPYKTYPBI OTPACIIH B JIOJATOCPOYHOM
TIEpPCTIEKTHBE) MOTYT CTaTh BeCbMa MaryOHbIMH. HerHenmHsst
CUTyallusl B KPEMHHUEBOW IPOMBIIUIEHHOCTH II03BOJISIET He-
CKOJIBKMM TIPEATIPHSATHSM UCIIONB30BATh IAHHYIO CTPATETnio,
HE BCTYyTIasl B OTKPBITYIO KOHKYPEHTHYI0 O0pBOY IpyT € Apy-
rom. CTpemiieHHe phIHKa K PAaBHOBECHIO Yepe3 OIpe/ielieH-
HBIIl TIEPHO/T BPEMEHH TIPUBEJIET K YCIOBHOMY BBIPaBHHBA-
HUIO CIpOca U MpevIoKeHNs B oTpaciu. OHaKo Npeanpus-
THE K TOMY BPEMEHH Y>ke 00peTeT He0OXOANMBIH OMbIT pabo-
ThI Ha PBIHKE, PBIHOK COBITA, TUIEPCKYIO CETh, JIETIOBbIE CBS3H
1, B CIIydae NW3MEHEHHs CUTYalllH, CMOXKET HaBs3aTh KpyTI-
HEHIIMM MPEIIPUATHIM KOHKYPEHTHYI0 00ph0y b0 cMe-
HUTB CTPATETHIO B 3aBUCHMOCTH OT OKPY>KalOIINX YCIOBHI 1
BIIMSTHNS ICHCTBYFOIIMX KOHKYPEHTHBIX CHIL.

HOI[BCI[CM HTOI'U 1 BBIJICIIMM BCC IPEUMYIIIECTBA U HEJTO-
CTaTKH IPEJIaraeMoro aBTopaMu BbIOOpa KOHKYPEHTHOM
cTpareruu (Tadu. 2).

Taxum 06pa3oM, MOXKHO CIETATH BEIBOJ, YTO UCIIONIB30-
BaHHWE CTPATErHH a0COIOTHOTO JTUAEPCTBA B U3ACPKKAX HA
COBPEMEHHOM 3Tale SBISCTCS HanOoJee MPaBUIIBHBIM, HC-
X015l U3 yUeTa IMOJIOKEHUS Ha PhIHKE U CTPATETHIESCKUX TIpe-
uMyIects, uMmeronuxcs B PO. CnpaBeiuBocTH paau ciie-
JyeT OTMETHTB, YTO TaHHAS CTPATETHsI B KOHTEKCTE OTPACIIH,
CBSI3aHHOM C POM3BOICTBOM BBICOKOUHCTOTO KPEMHHUSI, 101~
’KHA HA3bIBAThCS MHAYE, TAK KaK OYCBUIHO, YTO CaMO ITOHS-

Tabruya 2

HPEI/IMyIIIeCTBa U HEAOCTATKHU UCIIOJIb30BAHUSA CTPATEIHU a0COJIIOTHOTO Juaepcraa
B U3/IEPKKAX pOCCHﬁCKHM NMPOU3BOAUTEIEM BHICOKOYHUCTOI0O KPEMHUSA

IIpeumyniecta

Henocratku

Brinyck MaccoBo# cTaHAapTU3UPOBAHHON MPOIYKIUU
MO3BOJIIET TOJIyYaTh NPUOBLTE 3a cyeT 3 dekra Macmrada u
BBICOKOTO CIIPOCA Ha MPOIYKIHUIO.

Kommanus, co3gaHHas ¢ y9acTHeM TOCyJapcTBa, OITHOCTEIO
KOHTPOJIMPYET BHYTPEHHUH PHIHOK, IPEICTABICHHBII ITTaBHBIM
00pa3oM ToCyAapCTBEHHBIMU MPEATPUATHIMH.

JedunuT npeuioskeHus, BBICOKHH CIIpoCc Ha IPOIYKIIHIO,
CYIIECTBYIOIINI BO MHOTUX CTPaHaX, II03BOJISIET
MHHUMHA3UPOBATh U3/AEPIKKH, CBI3aHHBIC C OpraHU3anuei
cOBITa.

Beicokne BXoaHbIe 6apbephl OTPACIH 3aIUIAIOT OT IPUX01a
HOBBIX KOHKYPEHTOB H OBICTPOTO pacIINpeHHs
CYIIECTBYIOIIMMH KOMIAHUSIMHU 00beMa IPOU3BOJICTBA

B03MOXXHOCTB OpraHU3aIN aHAJIOTHIHBIX TOCYJapCTBEHHBIX
MPeANPUSATUI-NPON3BOAUTENICH BEICOKOUNCTOTO KPEMHUS B
CTpaHax ¢ ACUCTBYIOIIMMU NIPOrpaMMaMU MOAEPKKU
COJTHEYHOH SHEPreTHUKH ITIPHBOJHUT K COKPAIIEHHIO
MOTEHIHAIBHBIX PHIHKOB COBITA.

PazpaboTka 1 IPOMBINUICHHOE TPUMEHEHUE ATbTEPHATUBHBIX
HCTOYHUKOB CHIPBSI JUISl IPOM3BOJICTBA COJHEUHBIX OaTapeii,
HHTETPAIBHBIX MUKPOCXEM
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Dxonomuxa

THE JUJIEPCTBA B JAHHOM CJTy4ae HEMPUMEHUMO K BHOBB CO-
3/1aBaeMOM KOMITAHWUH, UCTIONB3YIOIIEH KOMMUPOBAHUE KITIO-
YEBBIX 3JIEMEHTOB CTPATErUii BEAYILIMX MUPOBBIX ITPOU3BO-
nurteneit. CTparerus, IpruHIMaeMas Ha BOOPYKEHHUE, T03BO-
JIUT 3aKPETHUTHCS Ha PHIHKE U BBIUTPATh BPeMsl, HCOOX O TH-
MOE€ JIJIs TOMCKA M KOMOWHAITIH ¥ IPUMEHEHHS HOBBIX KOH-
KYPEHTHBIX IPEUMYILECTB JIJIsl YCIIEITHOTO TPOTUBOCTOSHUSI
1T KOHKYpeHTHbIM cuiiaM M. IToprepa.

B Hacrosiiee Bpemsi KpeMHUH SBJISIETCS CTPATETHYECKU
BaYKHBIM JIJISl CTPaHbl PECYPCOM, a €0 IIPOU3BOJCTBO CTAIIO
OJIHUM U3 YCJIOBUI SKOHOMUYECKON CaMOCTOSITEIBHOCTH U
CTpaTermyeckoii 0e30MacHOCTH rocynapcTsa. Vcmomb3yeMbie
B MUPOBOH ITPAKTHKE KOHKYPEHTHBIE CTPATETUU HE SIBIISIOT-

Cs COBEPIICHHBIMH, OJTHAKO B YCIIOBHSAX OCTPOTO AeUINTA
MPOTYKIIMH U TOUCKA aTbTepPHATUBHBIX BAPHAHTOB TEXHOJIO-
THHY TIPOU3BOICTBA OHH MO3BOJISIT POCCHUICKOMY TIPEATIPHs-
THIO 3aHTH CBOIO HUIITY.
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JI. T. Tadpaposa

METOUKA UCCJIEJOBAHUSI ®PAKTOPOB MOTPEBUTEJILCKOI'O MOBEEHUS
HA PBIHKE YCJYT (HA IPUMEPE PBIHKA YCJYT JU3ANHA )KHJIBIX
WHTEPLEPOB I'OPOJA KPACHOSIPCKA)

Ipeonoswcen asmopckuii memoouyeckull No0Xo0 K UCCIe008AHUI0 (PaAKMOPO8, 8IUAIOWUX HA NO8edeHIe nompebume-
Jietl yeaye Ouaiina HCunvlx unmepvepos. Ha e2o ocnose oyenugaemces cuna 8IuaHUA, a maxice CmpyKkmypa u 63auMocessb
gaxkmopos u nompebrocmetl, npedonpedeIIOUUX nosedeHue nompeodumernel.

B nocnennee Bpems B Poccuu mpoucxosT 3HAYNTENbHbIE
M3MEHEHHS B PA3IINUHBIX 00MIACTSIX KI3HE e TenbHOCTH. [ Tpesk-
Jie BCETO 3TO NEePeXo K PHIHOYHBIM OTHOILIEHUSAM, TTOBJICK-
it 32 co00# KapANHAIbHBIE H3MEHEHNUS He TOJIBKO B 3KOHO-
MHYECKOM YKJIaJIE CTPAHbI, HO U B COLIMAJIBHBIX IpoIieccax. A
Hepexo] K MOCTUHIYCTPHUAIEHON SKOHOMUKE COTIPOBOXKIALT-
Cs1 3HAUUTENIBHBIM yBEIIMUCHHEM C(EPBI YCIIYT U €€ 3HAINMO-
CTH JUTS PA3BUTHSI CTPAHBI B LIEJIOM U €€ OT/ACJIbHBIX PETHOHOB.
Bce 511 hakThl mpeionpeensoT He0OX0ANMOCTb ITyOOKOTO
UCCIIeJOBaHMS TOTpeOHTENeH yCIIyT.

Wzyuenne norpedutesneil moxpasyMeBaeT UX OIHUCaHNE
TI0 OTIPE/IEICHHBIM 3HAYNMBIM XapaKTEPUCTHUKAM U BBISBIIC-
HHE IPUYHH TOTO UM NHOTO UX MOBeeHHs. TakuMu npudu-
HaMHU MOTYT OBITh KaK BHEIIHHE (aKTOPHI, BIUSIOMNE Ha
HOTpeOUTEIs, TAK M €r0 IMYHOCTHBIC, BHYTPEHHUE XapaKTe-
PHUCTHKH, HO OCHOBHOM JIBIDKYIIIEH CHIIOHN 3TOTO IIOBEICHUS
ABJISIFOTCSI MHIMBH TyalbHbIe HOTpeOHOCTH. JIFo0oe mpenmnpu-
aTue, pyHKIMOHUPYIOIIee Ha COBPEMEHHOM PBIHKE, JTOIIK-
HO CTPEMHUTHCS] HAWITYUIIHNM 00pa3oM YIOBICTBOPHUTH I10-
TPEeOHOCTH CBOMX MOTpPEOUTENEH, YTO SBISIETCS OCHOBHBIM
MPEUMYIIECTBOM B KOHKYPEHTHOH O0ophoe.

Bce 310 00yciioBHIIO BEIOOP TEMATHKH UCCIIEIOBAHUS,
aKTyaJIbHOCTB KOTOPOTO OTpeieeHa HEOOXOANMOCTRIO paz-
pabOTKH METOAMYECKOTO MOAXO0/a K HCCIIEI0BAaHHIO TIOTpE-
OuTeeii ¢ neNbIo BRIABICHUS (aKTOPOB, (POPMUPYFOMIHIX FX
MTOBEZICHUE HA PBIHKE YCIYT. BeLsiBIeHNE (haKTOpOB BIUSHUS
1 YJIOBJIETBOPSIEMBIX IOTPEOHOCTEH, OIpe/ie]IeHHE UX CTPYK-
TYPBI ¥ CHJTBI BO3/ICHCTBHS Ha IIOTPEOUTENEH, a TAK)KE OIHIca-
HUE XapaKTepa U CTENeHN B3aUMOCBSI3H MEX/Ty HUIMHU MI03BO-
JIUT CO3MaTh HHPOPMAIIHOHHYTO 0a3y TS MPEIIPUSITHH, KO-
TOpasi B JaJIbHEHIIIEM MOXKET ObITh UCIIOJIb30BaHa ISl pa3pa-
60Tkn Hanbomnee >3 HeKTUBHOI cTpaTeruu JesaTeIbHOCTH Ha
JTAHHOM pBIHKE.

OOBEKTOM HCCIIEIOBAHMS SIBIISIETCS] MAJION3YUeHHBIH 1 O]1-
HOBPEMEHHO OBICTPOPa3BUBAIOIINIICS B COBPEMEHHBIX yCIIO-
BUSIX PBIHOK YCIIyT IU3aliHa HHTEphepa KUJIbIX IIOMELICHUH.

[TyTem cpaBHUTENBFHOTO aHAIN3Aa U CHHTE3a CYIICCTBYIO-
IUX AJITOPUTMOB TIPOBEICHNS HCCIICIOBAHNS OBLIN OTIpeie-
JIEHBI YEThIPE OCHOBHBIX ATala, KOTOPbIE ONPEAEIISIOT €10 CYTh!

— [IOArOTOBUTENBHBIN 3Tall. Ha 1aHHOM 3Tane onpeaens-
F0TCSI LIeTIH, 3a/1a9H, OOBEKTHI NCCIISIOBAHNSL, BBIIBUTACTCS pa-
6odas runoTe3a. Ha 0cHOBe BBIIBIHHYTOW THITOTE3BI ITPEIBA-
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PHUTEIBHO OIIPEACISIOTCS METOIBI cOopa MH(pOpMALH 1 ee
aHaJIN3a, YTO TI03BOJISIET pa3padoTaTh ONMPOCHBIE JIUCTHI (MITH
AHKETHI ) IJIs PECIIOHIICHTOB;

— 9Tal HcclieloBaHus. B 3aBUCHMOCTH OT BBIOpPAHHOTO
MeTo/1a MPOBOAUTCS IPOOHOE [10JIEBOE NI KAOMHETHOE HC-
CclleZioBaHMe, 3aTeM, TIPH HEOOXOAUMOCTH, B ITPOIIECC UCCIe-
JIOBaHUSI BHOCSITCS OTIPEZeIeHHbIe KOPPEKTUPOBKH, Ha OC-
HOBE YeTO Jajiee MPOBOIUTCS CaMO MCCICI0BaHHUE;

—JTal aHainu3a. B pamkax 9Toro srarna npoBOJUTCS aHa-
T3 COOpPaHHBIX JaHHBIX C TOMOIIBIO BEIOPAHHBIX JJIS TON
IIEJTH METOJIOB;

— 3aBepIuaronui sran. Ha 3Tom sTare Ha oOCHOBE IpoBe-
JICHHOTO aHAJIM3a JIENIAI0TCSI BBIBOJIBI (B COOTBETCTBHH C OTI-
pe/IeIeHHO paHee [EeNbI0 U MOCTAaBICHHBIMY 3aja9aMK) U
(hopmupyIOTCS HEOOXOANMBIE PEKOMEH/IAITIH, B TOM YHCIIC
1o HaﬂbHeﬁHIeMy HCIIOJIB30BAHUIO MOJYYCHHBIX JTaHHBIX,
pa3paboTKe MEPOTIPHUATHI, TAKTUKH, CTPATETUH U T. 1.

B nanHoll cTaThe npeAcTaBieH aBTOPCKUNA METOIUYEC-
KU ITOIX0]T K MCCIIEI0BAaHHIO HEKOTOPBIX aCIIEeKTOB MOBE/Ie-
HUS TTOTPEOUTENeH YCIIyT, OCHOBAaHHBIA Ha JIOTUKE IPHUBE-
JCHHBIX BBIIIC 3TAIIOB.

IMoaroroBuTebLHbIN ITaM. L{enblo nccneaoBanus sBis-
eTcst u3y4eHue (pakTopoB MOTPEOUTETHCKOTO TOBEACHNUS Ha
pbIHKe yeuyT. JI1st JOCTHKEeH s IOCTaBICHHOM 1IeTIH He00Xo-
JIIMO PEIIUTh CIEIYIOIINE 3a/1a9H:

— IIPOBEICHHE CPABHUTEIHLHOTO aHAJTH3a CYIIECTBYIOIINX
Ha0OpOB (haKTOPOB BIUSHUS HAa MOTPEOUTEN, TIpeIarae-
MBIX Pa3IMYHBIMU aBTOpaMH, U (pOpPMYyIHPOBAaHUE HA €r0
OCHOBE COOCTBEHHOT0 HanOoJIee aKTyalIbHOTO TIepeyHst (hax-
TOPOB, XapaKTEPHBIX [T aHATU3UPYEMOTO PHIHKA;

— yTOYHEHHE KiaccuduKkanuu noTpeOHOCTel Ha OCHOBE
CPaBHHUTEIIFHOTO aHAIIN3A CYIIECTBYFOIIIX KITACCH()UKAIIHI;

— MpeIIOKEHUE Crocoba OMPENeICHUs] CUITbI BIMSHUS
BBIJIEJIEHHBIX (DaKTOPOB Ha ITOBE/ICHHE TOTpeduTENIeH U pac-
YCT B3AUMOCBA3U MEXKITY HUMMU,

— OTpe/ieIeHHE aCTIeKTOB MOTPEOJICHHS N3y4aeMBbIX YCITYT,

Bria BRIIBHHYTA THIIOTE3a O TOM, YTO CHJIBI BIUSHHSA
(hakTOpOB M MOTPEOHOCTEH OTPEOUTEICH B3aUMOICHCTBY-
IOT MEKIY COOOH U B HEKOTOPOW CTEIIEHU 00YCIIOBIMBAIOT

CHJTy X BIWSIHUS JpYT Ha apyra. Takxke Ipeanonaraioch,
YTO ONpEAENSIONIee BIUSHIE Ha TIOBEJICHUE OTpeOuTeNeit
PBIHKa YCIIYT 110 JU3aiiHy JKHJIBIX HHTEPHEPOB OKA3bIBAIOT
pasnyHble NOTPEOHOCTH, HE TOJIBKO U HE CTOJIBKO ICTETH-
YeCcKHe, 4TO, KaK PaBUIIO, TI0/Ipa3yMeBalOT YIaCTHUKH pac-
CMaTPHUBAEeMOTI'0 PhIHKA.

Ha ocHOBe cpaBHHUTEILHOIO aHaJIM3a U CHHTE3a UMEIO-
IIMXCSl Ha CETOMHSAIIHUNA JeHb KiaccupuKanmii (GakTopoB
NOTPEOUTENILCKOTO TIOBEACHHS aBTOPOM OBLI OITPE/IeIICH I1e-
pedeHb (aKTOPOB BIMSHHUS HA IOBEACHHE MOTpeOUTENeit
yCIIyT Iu3aiiHa )KUIBIX HHTEPbEPOB, COCTABIICHHBI ¢ yde-
TOM MHCHUH YY4aCTHUKOB TOTO phIHKA (Ta0I. 1).

AHaNOrMYHbIM 00pa3oM ObUIa COCTaBIICHA aBTOPCKAs
KJ1accu(UKanus MoTpeOUTENbCKUX oTpedHocTeit (Tadi. 1),
B COOTBETCTBHH C KOTOPOH BCE IMOTPEOHOCTH ITOAPA3IEIAIOT-
Csl HA BOCEMb OCHOBHBIX rpymit. [Tpu 3ToM npeonaranocs,
YTO MOBEJICHHUE MOTpeOUTENel Ha PhIHKE, B YACTHOCTH Ha
PBIHKE YCITyT An3aifHa HHTEPhEPOB KUIIBIX TOMEIEeHNH, hop-
MHpYETCs IO/l BO3AEHCTBHEM KaKOH-THOO U3 BBIICICHHBIX
TPYTIIT TOTPEOHOCTEH.

Ha ocHoBe 1poBeieHHOT0 aBTOPOM KaOMHETHOTO HCCIIe-
JIOBaHMs ObLIa MpeJyIoKeHa KilacCu(UKAIMs yCIyT Ju3aiiHa
JKUJIBIX MHTEPHEPOB 110 MX CTOMMOCTHOH XapaKTePHCTHKE, T10-
CKOJIBKY JIaHHAsI XapaKTePHUCTHUKA ITPEJICTaBIISIeT HAMOOIBIINH
WHTEpeC IS PeIIPHATHH ((hHpM), OKa3bIBAIOIINX YCIYTH HA
U3y4aecMOM PBIHKE, 1 00JICe MOJIHO XapaKTepU3yeT moTpediie-
HHE KaK IEMEHT MTOTPEOUTEIBCKOTO TTOBeIeH s (TalIt. 3).

B xauecTBe MeToza MccIen0BaHus BEIOpaH OIPOC MOTpe-
OuTerei, IBISAIOMIMICS J0CTaTOYHO 3(h(HEKTUBHBIM IIPHU H3Y-
YEHHH UX ITOBEJICHHS.

Ha ocHOBe onmcaHHbIX BbIIIE pa3pabOTOK ObLIN COCTAB-
JICHBI aHKETHI IS O1IPOCa IIOTpeOUTeNei: aHKeTa JUIs Hcciie-
JIOBaHUs MOTPEOHOCTEH 1 aHKeTa JJIsl KCCleJOBaHus (pakTo-
POB HOTPEOUTEIILCKOTO TIOBEICHUSL.

AHKerTa, CiTy’Kaias 1Jisl BBISIBICHUSI BIHUSIONINX MOTpeO-
HOCTeH, pa3bura Ha TpH yacTh. Kakaas yacTb B OTIETBHOCTH
JIaeT BO3MOXKHOCTB BBISIBUTD BIIMSHUE BCEX BOCHMH BBIICIICH-
HBIX OTPEOHOCTEH, T. €. BCE YaCTH aHKETBI, 110 CyTH, IOBTO-
pstroT Apyr apyra. OTiIH4ne MeXay HOIMU COCTOUT B HHTEP-

Tabnuya 1

Kaaccupukanus pakTopos, BIMAONIMX HA NOBedeHHe NMOTpedUuTeaamM™

['pymna dpakropos | [Moarpynna ¢gakropos | Cocrasisionye noArpynisl GakTopos
Brewnue paxmopwl enusnus
1. Buemnne ¢akxropst | 1.1. Tosap Bpenn, ymakoBka, XapaKTepHCTHKHU, KAYECTBO U T. 1.
MapKeTHHTra 1.2. Ilena CKuAKH, TPOTPAMMBI JIOATBHOCTH H T. 1.
1.3. Pacnipoctpanenue OO6cnyxuBaHue, yao0CTBO, BRIKIAIKa, aTMOC(epa MarasuHa,
JOCTYITHOCTB, CIIOCO0 MPOIAXH H T. 1.
1.4. [IpoxBmxeHne Pexnama, ycTHpIE KOMMYHUKALIUU U T. 1.
2. Buemnue 2.1. KynpTypa Tpamuuun, 00b4an, CyOKyIbTypa H T. A.
MIOTPEOUTENECKHE 2.2. Cembs OTarn XU3HEHHOT'0 IIUKJIa CEMbH, €€ COCTaB U T. 1.
(axrops 2.3. ConmanpHOE NOJ0KEHUE CraTyCc U T. A.
2.4. PedpepeHTHBIC IpYyIIIEI Jpy3bsl, KOJUIETH U T. 1.
2.5. CuryanoHHbIe (haKTOPHI
Buympennue gpaxmoper enusnus
1. JIngHOCTHBIC 1.1. lemorpadus Bo3spacr, 10xo0/, reorpaguueckoe MoJ0KeHUe U T. [I.
(bakTOpHI BIUSHUAS 1.2. 3nanus O cebe, 0 TOBapax, OMBIT U T. [I.
1.3. Yoexnenus UyBCTBa, YCTAHOBKH, MHEHHUS H T. 1.
1.4 JIu4anOCTB XapakTep, TeMIepaMeHT, IEHHOCTH, HAI[MOHAJIBHOCTD U T. JI.
1.5. O6pa3 xu3HI Pabora (3aHsTHE), X000M U T. JI.

* PazpaboTaHa aBTOpOM.
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Dxonomuxa

TIPETAIH BOTIPOCOB, OTBETHI HA KOTOPBIE TOIDKHBI CITOCO0-
CTBOBATh BbBISIBJICHHUIO HOTpe6HOCTI/I U CTCIICHU €€ BIIUSHUSA:
TepBasi YaCTh AaHKETHI 3aITOTHACTCS C TIOMOIIBIO HHTEPBAIb-
HOM IIKaJIbl, BTOpasi — C MOMOIIbIO MOPSIIKOBOM IIKaJIbI, a
TPEThsI — C IOMOIIBIO0 OTHOCUTENBHOH IKabl. JlanHoe pas-
JieNieHre (Ha 9acTH) U TOBTOPEHHE (IIETTH BOIIPOCOB) TIPOH3-
BOZMTCSI JUIS TIOBBIILICHUS CTENICHU OOBEKTUBHOCTH PE3YJIIb-
TaTOB OIIpOCa.

IlepBas yacTb aHKETHI COCTOUT U3 BOCBMU YTBEPKICHUH,
K K2KJIOMY M3 KOTOPBIX JJaHA IITKaJIa, Ha KOTOPOU PECTIOHICHT
JIOJDKEH yKa3aTh CTETIEHb CBOETO COINIACHS C YTBEPIKICHHAEM.
[IIkana pa3oura Ha ceMb rpad, Kayk1ast U3 KOTOPBIX COOTBET-
CTBYET OIIpENeIEHHOMY 0alTy COTIacus C YTBEPIKICHUEM:
ot — 3 6amoB («IlomHOCTEIO HE cortacen») 10 +3 6amioB
(«ITomHOCTRIO coTTaceny). Kaxkmoe yTBepKICHIE HATpaBie-
HO Ha BBISIBIICHHE OJTHOI KOHKPETHOH moTpedHoCcTH. Bo BTO-
POIt YacTH aHKETHI PECHIOH/ICHT JOJDKEH IPUCBOUTD KaXK 0
MIPENTOKEHHON XapaKTepPUCTHKE HHTEPhEpa OTpeieIeHHOe
MecTo (0T IepBoro — HanboJee 3HaYNMas XapaKTepPUCTHKA —
JI0 BOCEMOTO — HaMeHee 3HaYNMasi XapaKTEePUCTHKA), B 3a-
BHUCHMOCTH OT €€ B)KHOCTH IS Hero. PecrionienTam npen-
JIaraeTcst OLIEHUTh BOCEMb XapaKTEPHCTHK, KaXK/1asi U3 KOTO-
PBIX COOTBETCTBYET OIHON U3 BOCEMH BBIICTICHHBIX TOTPEO-
HOCTEH. AHAJIM3 TPeThel YacTH aHKETHI IIPOBONTCS C TOMO-
LIbI0 OTHOCUTEIBHOM IIKaJIbl. PecrioH1eHTaM NpeaoKeHo
pacnpenenuth 100 6a/U10B B 3aBUCUMOCTH OT CTCIICHU BaX-
HOCTH My BOCEMbBIO TapaMeTpaMu HHTephepa. Kaxkprit
nmapaMeTp HaIllpaBJICH Ha BBIABJICHUEC BJIIMAHUA Ha HOTpe6I/I-
TeIs ONpeIeNICHHO MOTPeOHOCTH.

AHKeTa [T BRISIBICHUS (PaKTOPOB, BIUSIOIINX HA TIOBE-
JICHUE IOTPEOHTEIICH, M CHITBI MX BIIUSIHUSI TAK)KE COCTOMT M3
Tpex JacTel, KaKaast U3 KOTOPBIX JTaeT BO3MOKHOCTD BBIS-
BUTH BO3}I€I7[CTBPIG Pa3IMYHbIX 5JICMCHTOB Ha IOBCJICHUE 10~
Tpebutens. IlepBas yacTh aHKETHI TTO3BOJISAET ONPEIETUTH
BJIMSIHUE BHEITHNX (DaKTOPOB MaPKETHHTA IIOCPEICTBOM MH-
TEpBaAJILHOM IIKaJIbI, C TIOMOIIBI0 METO/Ida CEMaHTHYECKOTO
muddepernnana. Bropas 9acTh moxa3siBaeT BIUSHAE BHE-
IITHUX HOTpe6I/ITeJ'I]:CKI/IX 1 HEKOTOPBIX TUYHOCTHBIX (baKTO-
POB C TIOMOIIBIO TOT'O K€ WHCTPYMEHTapHs. TpeThs 4acTh
QHKETHI ABJISIETCS TTACTIOPTOM, B KOTOPOM PECIIOHICHTHI yKa-

3BIBAIOT HEKOTOPHIC CBOM JAHHBIE, OTHOCSIITHECS K TMIHOCT-
HBIM (paKTOpaM BIMSHHS. DTa 4acTh CIY)KUT OCHOBOH JUTs
JambHenIIel cerMeHTanuu notpedurenend. Kaxxmpril Bompoc
AHKCTBI HAITPABJICH Ha BBIABJICHUC BJIHUAHNUA OAHOT'O (baKTO-
pa. Cuta BIMsTHYS JIeMeHTa (pakTopa pacCUUTHIBACTCS KaK
CyMMa ITPOM3BEICHNI KOJTMIECTBA OTBETHBIINX JAHHBIM KOH-
KPETHBIM 00pa3oM Ha BOIPOC, OTHOCSIIIIMICS K BBISBJICHHIO
KOHKPETHOTO 3JIEMEHTa, 1 0aJjiia, OIICHUBAIOIIETO CHITY BITH-
SHUS, YKa3aHHOTO PECIIOHACHTOM.

Jrtan uccjenoBanus. B mporecce mpakTuieckoro npu-
MEHEHHS OTIMCAHHOTO BBIIIE METOIUIECKOTO MOAX01a ObLT
MPOBEJICH aHKETHBIN OMPOC cpeau moTpedutencit hupm,
MIPEIOCTABILIONINX YCITYTH 10 AU3aiHY HHTEPbEPOB JKHIIBIX
MTOMEIICHUH (apXUTEKTYpPHO-AU3aliHepCKuX 0r0po). Takum
00pa3om, yTeM HEeCITyJaifHOT0, CIUTONTHOTO, [IEIEBOTO OT-
60opa 66110 omporeHo 150 yenoBek B Teuenue 2007 1.

Jrtan ananau3a. /{111 nanpHeiei paboTsl, B porecce Ko-
TOPOH BBIABIIIIACH CTETICHD BIUSHIUS IIOTPEOHOCTH, CIICIOBA-
JIO TIPUBECTH K €IMHOM CUCTEME OLIEHOK PE3YJIbTaThl aHKETH-
pOBaHW, IPOBEACHHOTO C IIOMOIIIBIO PA3INIHBIX KA. Hau-
OoJiee HaIISIHOM, Ha HaIll B3IJISLL, SIBIISIETCS] CUCTEMA OIICHOK,
MpUMEHseMasi B MHTEePBAbHOU mkaie (0T —3 0ayuioB 10
+3 6ayutoB). TakuM 00pa3om, CHCTEMY OIIEHOK MOPSIKOBOH 1
OTHOCHTEITFHOM IIKaJl HEOOXOJMMO OBLIO MIPUBECTH B COOT-
BETCTBUE C CUCTEMOM OLICHOK MHTEPBAIbHON HIKAJIBL.

[Tocne nprBeeHNs TTOYYEHHBIX PE3yJILTaTOB K HE00X0-
JIFIMOMY €THHOOOPA3HIO pacCUUTHIBATIACEH CHIIA BIIASHHUS T10-
TpeOHOCTH B KaJKIOM OT/IEITHHOM CITydae. JTa CHiIa Orlpeiens-
eTCsl KaK YaCTHOE CyMM IPOM3BEIACHHI KOJIMUCCTBA OTBETHB-
IIUX JTAaHHBIM KOHKPETHBIM 00pa30M Ha BOTIPOC, OTHOCATIINIA-
Cs1 K BBISIBIICHUIO KOHKPETHOU MOTPEOHOCTH, 1 Oaslia, OllCHH-
BAIOIIETO CUITY BIMSIHUS TaHHOW MOTPEOHOCTH, YKa3aHHOTO
PECIIOHAEHTOM, M O0IIIET0 KOINYECTBA PECIIOH/ICHTOB.

ITocre npoBeieHHOTO aHAIM3a AHKETUPOBAHUSI PECIIOH-
JCHTOB I10 BCEM TPEM HacCTAM aHKETHI ITOJTYUCHHBIC JTAHHBIC
0000MIaTICh U HAXOIMIIACH O0IIast OLICHKA BIMSHUS TOU UITH
WHOU MOTPEOHOCTH Ha MOBEICHHUE MOTPEONTEISI YCIIYT JH-
3aliHa MHTEPbEPOB KUIIBIX ITOMeIeHui. O01Iast OlleHKA BITH-
SIHASL TIOTPEOHOCTH OTpeIesIach HaXOXKICHHEM IIPOCTOTO
CPEIHEro MKy BCEMHU TPeMsl OI[CHKAMH, a CHJIa BIUSIHUSL

Tabnuya 2

Kaaccudukanus norpedHocTeii morpedureseii™*

Ne I'pynmna norpedHoCTEH Omnucanye TpymIibl IOTpeOHOCTEH
n/n
1 Bbuorennsie noTpeGHOCTH Tonox, xxaxa, Temo, 3J0poBbe, 6e301aCHOCTh, YBEPEHHOCTh B CBOUX CHJIaX, YBEPEHHOCTh
B 3aBTpAlIHEM JHE, NOATOTOBJICHHOCTD K JXU3HEHHBIM HEYypsAAULIaM
2 Torpebnocti 8 OT/pIX, pa3BIedeHHs, OCTPhIE OIIYIIEHHS, Y{OBOJIbCTBHE
pexpeanuu ? ’ ?
3 DOMOUNOHATBHBIE OO0uieHne B ceMbe, TPUHAICKHOCTh K Hel, Apyk0a, MPUHAUICKHOCTh K TPYyIIIE,
NOTPEOHOCTH SMOIMOHAIBLHBIN KOHTAKT, JI000Bb
4 OpuUEeHTHPOBOYHBIE OmnpezesneHe cOOCTBEHHOTO MecTa B MUpe, KOM(OPT, caMOoINpeeIeHe, CIOKOWCTBHE,
MOTPEOHOCTH cBoOoJ1a BEIOOpa, MHEHUIT
5 ITorpebHOCTH B
VYBakeHue, ycnex, ogoOpeHue, Npu3HaHue, aBTOPUTET
MpU3HAHUN
6 TlorpebHocTH B o3HAaHMU | 3HaHME, YMEHHUE, IOHUMaHUe, HHpOpManusi, pazHooOpa3ue, KOMIETEHTHOCTb
7 Dcrernyeckue
Kpacora, HpaBCTBEHHOCTb, FAPMOHHUS, ICTETHKA
MOTPEOHOCTH
8 [MotpebHOCTH B Camopeanu3zanusi, pa3BUTHE COOCTBEHHON JINYHOCTH, TO3HAHUE CMBICIIA )KU3HH,
caMOpealn3aluu pean3anys rJIaBHOM dKU3HEHHON 1eJIn

* Pa3paboTraHa aBTOpPOM.
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(haxTOpa — BBIYHMCIIEHUEM IIPOCTOTO CPEAHETO CUJT BIUSHHSA
AJIEMEHTOB, OTHOCSIIUXCS K IAHHOMY (DaKTopy.

Ha ocHoBe 1osTyueHHBIX JaHHBIX TIPOBOJIHIICS aHAIN3, Ha-
[IPaBJICHHBIM Ha YCTaHOBJICHHE BO3MOKHOM B3aMMOCBSI3H
MEXTy CWJIaMH BINSIHUS (JaKTOpOB M oTpebHOoCTEl. B 9KO-
HOMHYECKHUX NCCIIEOBAHMSIX TSI KOMIUIEKCHOTO M CHCTEMHO-
TO M3y4YEHHs BO3JEHCTBHS (DaKTOPOB Ha BEJIMYMHY Pe3YJIbTa-
THBHBIX TIOKa3aTeNeH uctonp3yercs paxTopHslii anamms [1]. B
HallleM CITyJae pe3yJIbTaTUBHBIM IIOKa3aTesIeM SBIISICTCS CHila
BIIMSIHUSI TIOTPEOHOCTH, a (haKTOPaMK — CHJIA BIMSTHUS BbIC-
JIEHHBIX (akTOpoB. Tak Kak CBs3b (PAKTOPOB C Pe3yabTATHUB-
HBIM I10Ka3aTeJIeM SIBIISETCS BEPOSITHOCTHOI (KOPPeIIAIOH-
HOI1) 1 IIPH 3TOM PE3yJIbTATHBHBINA MPU3HAK MOXKET UCIIBITHI-
BaTh BIIMSHUE IPYTUX CITy4alHbIX ()aKTOPOB, TO B IAHHOM CITy-
Yyae He0OX0JUMO MPUMEHHUTH CTOXACTHUECKHII aHaIIH3.

Cy1iecTByeT MHO)KECTBO METO/IOB CTOXaCTHYECKOTO aHa-
JU3a, HO JUI U3Y4EHUs OBEJCHUSI MHANBU/A B Pa3INYHBIX
00CTOSITENBCTBAX, KaK MMPABUIIO, HCHIOJIB3YIOTCS KOPPEIISIIIHU-
OHHBII1, perpecCHOHHBIN 1 (aKTOPHBIN aHanu3. J{is n3yde-
HUS JaHHBIX C TIOMOIIBIO KOPPESIIUOHHOTO U ()aKTOPHOTO
aHaJIN3a ATH JJAHHBIE IOJDKHBI IMETh JINHEWHYO 3aBUCHMOCTb.
AHanmu3upyeMbl€ B IPECTABICHHON CTaThE JTaHHBIE HE UME-
IOT YETKOI THHEWHON 3aBUCHMOCTH, TOSTOMY (DaKTOPHBINA U
PErpecCUOHHbII aHAIN3 B 3TOM CIIydae HE NMPUMEHSIOTCS.
BonpIIMHCTBO METOI0B KOPPEIALMOHHOTO aHAIN3a TaKKe
TpeOyIOT JTMHEIHOM 3aBUCUMOCTH IepeMeHHBbIX. OTHaKO Cy-
IIECTBYET METOJI, KOTOPBIH HE BBIIBUTAET TAKOTO TpeOOoBa-
HUsl, — KoppessiLnoHHoe oTHoweHue Ilupcona. IlosTtomy
QHAJIN3 B3aMOCBSI3H BBIIEICHHBIX IEPEMEHHBIX IPOBOIMII-
Cs1 aBTOPOM C TIOMOIIBIO 3TOTO METOJA.

Jst uamepenus HenuHeiHo# 3asucumoctu K. IMupcon
MPEIUIOKUIT TTOKa3aTeNb, HA3BAaHHBINH UM KOPPEISIIHOHHBIM
oTHomeHneM. OHO OIUCHIBAET HCKOMYIO CBA3b C JIBYX CTO-
POH: CO CTOPOHBI MEPEMEHHON X 110 OTHOLIEHUIO K Y U co
CTOPOHBI NepeMEHHOM Y 1o oTHomEeHUIO K X. B cooTser-
CTBHHM C 3TUM KOPPEJIIUOHHOE OTHOLICHUE MPEACTABISIET
c000i1 aBa mmokasaressi, 0003Ha4aeMbIe KaK hyx u hxy. Xotsa
OHH U BBIYUCIIAIOTCS OTAENBHO JAPYT OT APYra, OAHAKO OHU
CBSI3aHBI MEXy COOOH:

>y, -y
h = |[&x2x 77 1
" zfx(y|_y)2 ()
3 £, (x,—x)°
= |[& Ty T 2
hxy fo()g—x)z ()

e h, h —KOppeIsIHOHHOE OTHOLICHHE IEPEMEHHBIX X 1
Y;_]fC ) fv —9acTOTHI psAoB X u ¥, mt.; X, y — oOmme cpeqane
apuQmeTHIecKue; y , X, — IPYMIIOBbIC CPEIHNUE apudmeTH-

YCCKUC, yi’ Xl. — HCIOBTOPAIOIIHNECA 3HAYCHUS XuY.

B namem cinywae X — cua BIUSHASA IOTpeOHOCTH, Oa-
b1, Y — cuita BiusiHus (hakTopa, 0asuisl.

CornmacHo >TiM (hopmyraM o0a IToKa3aTes BCera mojo-
JKUTENbHBI U PACHOJI0KEHBI B nHTEpBaje oT 0 go +1.

[Nocne HaxoxeHns 3HaUYSHHUI KOPPEJISIMOHHOTO OTHOLIIE-
HUS YPOBEHb 3HAYMMOCTH MOJTyIE€HHBIX TT0Ka3aTelel Koppe-
JSIMOHHOTO OTHOIICHUS OTIPEISITHIICS 10 TaOJINIIE KpUTHYEC-
KHX 3Ha9eHUH 115 t-kputepus CteronenTa npu k=n—2 [2].

ITouck KPUTHYECKUX 3HAYCHHI OCYIIECTRISLICS 10 (hop-
myie [2]

<, 3)

rne T o t-xputepuii CTbrONIERTa; 7, —KO3(QQUIMENT KOppe-
TSHN (KOPPENAIIMOHHOE OTHOIICHHUE); /1 — YUCIIO KOPPETIH-
PYEMBIX IPU3HAKOB.

B pesynbTare ObUIO MOTYyYEHO, YTO Ha CHITY BIUSHHS MO-
TPeOHOCTH 3HAYMMOE BO3/ICHCTBHIE OKA3bIBAIOT CHIIbI BIIHSI-
HUSI HEKOTOPBIX BHYTPEHHHX 1 BHEIIHUX (pakTopoB. IHBIMU
CJIOBAaMH, CYIIECTBYIOT HEKOTOPbIE (PAKTOPBI, B TOM UHCIIE
BHeEITHHE (haKTOPbI MAPKETHHTA, KOTOPbIE MPEIOPEIEIIsIO-
ee BO3ICHCTBYIOT Ha TO, KaKyl0 IMEHHO TOTPEOHOCTH Oy-
JIET YAOBJIETBOPSITH MOTPEOUTENb. ITOT (PaKT MOXKET OBITh
WCIOIb30BAH APXUTEKTYPHO-IN3aHHEPCKUMHU OIOpO TIpH
(hOpMHUPOBAaHHUHU KOMILJIEKCA MApKETHHIA C 1IEJIbI0 BO30YIK-
JICHUSI B ITOTpeOnTENe TOH MM MHOHU noTpedHoCTH. B cBOrO
odYepe/ib Crila BIMSHHAS ITIOTPEOHOCTEH B HEKOTOPBIX CITyHasX
3HAYMMO BO3/ICHCTBYET Ha CHITY BIMSIHUS Pa3IMYHBIX (DaKTo-
POB, B TOM YHCJI€ BHEITHHUX (DAKTOPOB MapKETHHTA, KOTOPHI-
MU MOYKET YIIPABIISITh IPEANPUSITHE.

3apeparonuii 3tan. Takum 00pa3oMm, BEISIBUB ITOTPeO-
HOCTb, KOTOpast OKa3bIBacT HANOOJIBILIEE BIUSHIE HA TIOBEIC-
HUE OTPEOUTEIS, MOKHO C JIOCTATOYHON TOYHOCTBIO OITpe-
JIETTUTH HA0Op HEKOTOPHIX (DAKTOPOB, KOTOPBIE OYIyT HAa HETO
BO3/I€HCTBOBaTh. J[aHHbIE, TOTyYEHHBIE B IPOLIECCE TPOBE-
JICHHOT'O NCCIIEJOBAHNSI, MOTYT OBITH MCIIOIb30BaHbI apXH-
TEKTYpPHO-JIM3aHHEPCKUMHE OFOPO JIJIsl CTpaTernuecKoi cer-
MEHTalWH TOTpeduTeNeH 1 MPUHSTHS Ha €€ OCHOBE pa3Jiny-
HBIX YIIPABICHIECKHUX PELICHUI OTHOCUTEIBHO (hopMupoBa-
HUsI Hanbosee (P PEKTHBHOTO KOMITJIEKCa MapKETHHTa.

IToce nccnenoBanms (hakTOpPOB, BIMAIOMINX Ha TOBEIE-
HHeE MoTpeOuTeNel YCIyT An3aiiHa )UIbIX HHTEPhEPOB TOpo-
na KpacHosipcka, IpOBEJEHHOTO C OMOIIBIO MPEIOKEH-
HOTO aBTOPOM METOIMNYECKOTO MOAX0Aa, OBIIH CHOPMYITH-
POBaHbI YETHIPEe MOJICIIH MOBeAEHHs noTpeduTeneit. Komm-
YECTBO 3THX MOJIeIIeH OBIIIO OIPEIENIEHO MOCIIE AHATIN3a CHIT
BJIMSIHUS TIOTPEOHOCTE Ha PECIIOHICHTOB, KOTOPBIN MOKa-
3aJ1, 4TO Ha [TOBEICHHE IIOTPEOHTENeH Ha H3ydaeMOM PhIHKE
pelaroliee BINSHUE OKa3bIBAIOT YEThIPE IPYIIIBI HOTPEO-

Tabruya 3

Knaccnpukanus ycuayr au3aiiHa »KUJIbIX HHTEPbepoB (110 CTOMMOCTHON XapaKkTepHCTHKe)*

HanmenoBanue rpynms! yciuyru

CronMocCTh 3aKa3a, pyo.

DKOHOM
YHusepcan
AbcoioT
JIrokc
[Ipemuym
Dnut

Jlo 30 000
Ot 30 000 xo 60 000
Ot 60 000 10 90 000
Ot 90 000 no 120 000
Ot 120 000 1o 150 000
Cssimze 150 000

* PazpaboTaHa aBTOpOM.
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Dxonomuxa

HOCTEH: OPUEHTHPOBOYHBIC, B IPU3HAHUHN, SCTETHICCKUE U
OMOILIMOHAJIbHBIC.

[pennpusTue (pupma) UMEET BOZMOKHOCTH HATIPSIMYFO
YIIPABJISITh JIMIIb BHEITHUMH (paKTOpaMy MapKeTHHI'a, Hau-
Gouiee BIUATENBHBIE N3 KOTOPHIX OBIIIH BBISIBIICHBI B [TPOLIEC-
ce uccnenoBanyst. Ci1e10BaTeNbHO, YIIPABICHHE IMEHHO ITH-
MU (aKkTopaMu JOJIKHO CTaTb OCHOBHBIM HallpaBJICeHUEM
TIPHIOKEHUS CHIT IPeNPUATHS ((PUPMBI) C LIENBI0 HAWITY-
IIETO Y/IOBJIETBOPEHHUS CBOUX NOTPEOHUTEINCH.

B pamkax ynpasiieHHs XapaKTepUCTHKAMHK yCITyTH HE00-
XOAMMO OPHEHTHPOBATHCS HA MHEHUE BCEX BBIICIICHHBIX
TPYIII TOTPeOHTENEH, TAK KaK 3TH XapaKTEPUCTUKH B TOM MIT
MHOM CTETICHN OKA3bIBAIOT BIMSHHE OKA3bIBAIOT BIMSHHIE Ha
BCEX OIPOIICHHBIX.

Bpenn 10cTaTOYHO CHITBHO BIMSET HA BCE YETBIPE IPYTITIHI
HoTpeduTeNe, MOATOMY UMUK (GUPMBI JIOJDKEH pacriosna-
rarth UX Bcex K cebe. TakuM 00pa3oM, apXUTEKTypHO-AN3aii-
HEepCKOMY OIO0po HeoOXomuM 00pa3 CTaOMIBHON, CTaTyCHOU
(brpMBI, OKa3bIBAIOIIEH BHICOKOKaUYECTBEHHBIE YCIIYTH U 00ec-
TICYMBATONICH HHIUBHTY ATBHBIN TTOIXO K KaYKIOMY TIOTpeOH-
tento. Takoit pakrop, Kak Ka4eCTBO YCIIYTH, TAKIKE IMEET BbI-
COKYIO CTEIIeHb 3HaYMMOCTH JUISl BCEX MCCIIEyEeMbIX TPYIIIT
oTpeduTeNeH, TO3TOMY B paMKaX TOBAPHOH ITOTUTHKHU OCO-
6oe BHMMaHHE HEOOXOAMMO yAENsTh UMeHHO eMy. CocTaB
PaboT, BKIIFOYEHHBIX B IPEIOCTABISIEMYIO YCIIyTY, OKa3bIBaeT
3HAYMMOE BIIMSIHUE Ha MOTpeOHUTeNeH, Ybe MOBEICHHE OIpe-
JIEIIACTCSI SCTETHIECKUMH H AOMOIIMOHAIIBHBIMH TTOTPEOHOCTSI-
MH. B cBs3M ¢ 3THM B CTaHAAPTHBIN HAOOP YCIYT TOIDKHBI
BXOJIUTb TaKHe, KaK 11000p CTHIIMCTUKH HHTEphepa (3TO 0CO-
OEHHO BOKHO 15l TOTpeOUTENEH, YIOBIETBOPSIONIIX CTETH-
YeCcK