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MATEMATHUYECKASA MOJIEJIb Y3JIOBBIX HATTOPOB JJI4 3AJJAY
INIOTOKOPACIIPEAEJIEHMA B TEIUVIOCHABXAIOINX CUCTEMAX
MET'AITIOJIMCOB

Merton y3noBbix napneHuid (M/]), pa3BuThIil B TEOpUM THUIPABIMYECKUX LETEH
[1], 0600mIaeT MeTOA y37I0BBIX MOTEHIIMAIOB W3 TEOPUU DJIEKTPUUYECKUX IETEH,
couetast mpeoOpa3zoBaHusg MakcBesia K y3J10BbIM Hamopam ¢ MetooM HeioToHa, u
0asupyercs Ha MpoleaAype JUHeapu3aluyd CUCTEMbl YPaBHEHHMI MaTepHalbHOIrO
OajjaHca B y3Jlax C 3aMBIKalOUIMMU  COOTHOILUEHUSMH, OMHCHIBAIOIIMMU
CTallMOHAPHOE M30TEPMUUYECKOE TEUEHUE >KUJIKOCTH HAa TMAaCCUBHBIX M AKTHUBHBIX
BETBSX ruapaBiuueckux neneil temnocHabxkarmux cucrem(TCC). Ha ocnoBe
MCCIIeIOBAaHUM, BBIMOJHEHHBIX B [1], clenan BBIBOJ O OOJiblieM OBICTPOJICHCTBUU
U Jy4iiend cXoauMOCTH MeTojia KOHTYpHBIX pacxooB(MKP) o cpaBuenuto ¢ M/I,
YTO HAa MHOTHME TOJbl  HUCKJIIOYWIO  TMOMBITKM  TpuBieueHus MJ[ s
KOHCTPYHUPOBAHUS aBTOMAaTHU3UPOBAHHBIX peuiarenein 3a/1a4y
MOTOKOpacnpeneneHus s UHQOPMALUMOHHBIX TEXHOJOTHH, 00ecrneyrBaromuX
pa3paloTKy Teroruapasianueckux pexxumon TCC.

Opnako, B 3a7adyax MAIIMHHOTO aHAJINW3a CJOXHBIX JJIEKTPUYECKHUX Lenen
METOJI Y3JIOBBIX IOTEHIMAJOB MOJYYHJ MPEUMYIIECTBEHHOE pa3BUTHE H3-3a
OoJblield  BBIYMCIUTENBHON dddekTuBHOCTH. HMEHHO 53TO 00CTOSATENbCTBO
noOyauao0 Hac o0paTUTCA K JPYroMy MOAXOAy K (OPMUPOBAHHMIO CHUCTEMBbI

YPaBHEHUW Y3JIOBBIX HAMOPOB MJI CJIOXKHBIX THAPABIMYECKHUX ILIETIEH, KOTOPBII



OMUPAETCS] HA UHBEPCHBIE XapPAKTEPUCTUKU TACCHUBHBIX U AKTUBHBIX 3JIEMEHTOB
TpyOOIIPOBOAHBIX CETEH, 3aMBIKAIONIUX CHUCTEMbl YpaBHEHUU CTalMOHAPHOTO
m3orepmuueckoro  pexxuma TCC. BeruuciautensHas 3¢()EKTUBHOCTh 3TOTO
MOAX0Aa, KAaK II0KAa3aju IOCHEAYIOUIME  HCCIENOBAHUS  €ro NpOrpaMMHOMU
peanu3aiy Ha peajbHbIX TUAPABINYECKUX IENIX OOJIbIION pa3MepHOCTH[2], Ha
MHOT'0 TMPEBOCXOAAT Nmokazatenu 3¢ dexkruBHocTn Metona MJI, onucanuoro B [1].
Mopenb cTaMOHAPHOTO THAPABINYECKOTO PexXUMa OOJIbIION TEIIOCHA0KatoIel
cucteMmbl (TCC) wmoxkeT ObITh BBIp@XKE€HA  CIEAYIONIEH HETMHEHMHOW CUCTEMOM
YpPaBHEHUW, 3aMMCAHHOW OTHOCHUTENBHO Y3JIOBBIX HANOPOB, UCXOJS M3 3aKOHA O

MaTepualbHOM OanaHce B JIMHEMHO-HE3aBUCUMBIX y3J1aX TMAPABINYECKOH 1Ienn
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THApPaBIMYCCKOC COIIPOTUBJIICHUC 1-TO y4yaCcTKa WM IPU3HAK MPHHAIJIC)KHOCTHU

y4acTKa K aKTUBHOM JTMOO MAaCCUBHOW BETBU LICTIH.
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C IOMOIIBI KOTOPBIX MOYXHO YJYYIIUTh UCXOJHBIC 3HAYEHHUS BCEX HAINIOPOB
B y3max. IlIpuBenenHsle pacCyxJaeHUs IPUBEIUM K  HU3BECTHOMY
UTEPALlUOHHOMY Metony  Hproorona B naHHOM cilyyae JJIsi CUCTEMBI
HEJIMHEHUHBIX YpPAaBHEHUM Y3JOBBIX HAMOpOB. DieMeHThl SkoOuana  Aid
JMHEapU30BaHHONW CHUCTEMbl YpPAaBHEHUU Y3JOBBIX HAMOPOB MOTLYT OBITh

BBIPAXXE€HBI MOCPEACTBOM CIEAYIOUIUX COOTHOMEHUN
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BBegem BekTOpHO-MaTpuuHble O00O3HAu€HUS JJd JIMHEAapU30BAHHOU
CHUCTECMBI y3JIOBBIX HaHOpOB nu HOquI/IM KOMIIAKTHBIC COOTHOIICHHUA OJIA
AUATrOHAJIbHBIX U HCAMAT'OHAJIBHBIX 3JICMCHTOB ﬂKO6I/IaHa
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Jns IMaCCUBHBIX  DJIEMEHTOB IWaroHalbHBIA JJeMeHT SkoOuaHa

BBITUCIIACTCA U3 CIACAYIOMICTO COOTHOIICHUA
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Cnenyroniue cBoiicTBa Matpullbl Ko3pduuuentos D B InMHeapu3oBaHHOU
CUCTEME YpPaBHEHHMU y3JI0BBIX HANIOPOB MO3BOJSAIOT BHIOpaTh 3P PEKTUBHBIE
METOJbl pelIeHus 00JbIIepa3ZMEPHBIX TUHEHHBIX CUCTEM:

e Marpuna D saBusgeTrcs CUMMETPUUYECKOM, TaK KakK Ul HE€ cIpaBeJIMBbI

OTHOIIIEHUA Uin d,-, = dt/,. Hacrosiee cBOICTBO OOBEKTUBHO

F(h) &, (h)
o
00€eCIeyeHO TOMOJIOTUEH TEeXHOJIOTUUECKON CTPYKTYpPhl TEILIOCHAOXKAKIIUX
CHCTEM, B KOTOPBIX Kaxjaas BETBb COECJUHEHA Mapod y3J0B, a MOITOMY
npu TaOJIMYHOM TIPEJCTABICHUU CTPYKTYpPhl CETHU TOXJIECTBEHHOCTH
3JIEMEHTOB, CUMMETPUYHO PACHOJIOKEHHBIX OTHOCHUTEJIBHO TJIaBHOU
JuaroHau, Heu30exHa;

o /[11s1 BCcexX y3710B TpyOONIPOBOJAHOM CETU, HEMOCPECTBEHHO HE CBI3aHHBIX
C OIOPHBIM y3JIOM, O0O0ECIeYeHO CTPOroe pPaBEHCTBO JIMAaroHaJIbHBIX
AJIEMEHTOB CyMMe (0 MOJYJII0) OCTaJbHBIX 2JIEMEHTOB B COOTBETCTBYIOIIEH
cTpoke matpuibl D, kak 3TO ciaeayeT W3 MOJydeHHBbIX cooTHomeHuu (11)-
(12);

e B peanpHbix TexHonorumueckux cxemax TCC ¢ OAHUM HE3aBUCUMBIM
y3JI0M MOTYT OBITH CBSI3aHBI JBE-TSITh BETBEH, a modTOMYy MaTpuna D umeer
MHOTO HE3aMOJHEHHBIX JJEMEHTOB, T.€. OTHOCUTCS K Kjaccy ciabo

3aII0JJHCHHBIX MAaTpHI, a JHWHCApU30BaHHaAsA cUCTeMa DOH =F - K KJlaccy



OONBIIMX pa3peXEeHHBIX CUCTeM ypaBHeHuH. [lns TCC awb6oit
TEXHOJIOTMYECKOM CXEMBl 3allOJIHEHHOCTh Marpumpsl D ABJISIETCS
CBOCOOPa3HOU cmpyKmypHOU KOHCMAHMOU, TaK KaK 3aBUCUT TOJBKO OT
yycia y3JIoB, BeTBeU U uX coequHeHuU. CBOMCTBO clnaboi 3aMOJIHEHHOCTHU
Matpulibl D omnpenensier HEOOXOAUMOCTb NPUMEHEHHS CIELHUATbHBIX
METONOB HAXOXKICHUsS KOPHEW JIMHEAPU30BAHHOU CHUCTEMBl DJSH =F,
HCKJIIOYAIOIMUX ONEpalii C HyJIE€BBIMHU JJIEMEHTAMU;

e CucremMa NMHEApPU30BAHHBIX YPABHEHHUH Y3JOBBIX HAMOPOB DOSH =F
XOpoumo 0o0yclOBJIeHA, TaK KaK MPUBEJECHHbIE BbIlIE CBOWCTBA MaTpuisl D
IJIsl  pealibHBIX CceTed C (PU3UUECKH MPaBIONOJOOHBIMU 3HAYCHUSIMU
napaMeTpoB  3JIEMEHTOB  O0ECHEeYMBAIOT  BBINOJHUMOCTh  YCJIOBHSA
CYHICCTBOBAHUSA U CIMHCTBCHHOCTH pCIICHUA detD #0.

OnHako, THIATEIbHBIE MCCIENOBAHMUSA QAJITOPUTMOB IPSIMBIX METOJIOB Ha
0aze ['aycoBCKHMX HCKIHOYEHUH C 3(PDEKTUBHBIMU MpOUEAYpaMHU YyueTa
3aMOJIHEHHOCTH MaTpullbl KO3(p(UUHMEHTOB cledalu 3TH METOIbl Oojee
MPEANOYTUTENbHBIMU 110 CPABHEHUIO C UTEpAaTUBHBIMU [3-4]. B 3T0# CcBA3M
OJIHO3HAYHO pellaeTcs BONPOC BhIOOpPAa YHCIEHHOIO METOJa JJs pelleHUs
OosbplIepa3MEPHOM  CHCTEMBl JIMHEAPU30BAHHBIX YpPaBHEHUWU  y3JIOBBIX
HamopoB - 3T0 3((deKTUBHBIE AJITOPUTMBI METOJa UCKIoueHus ['aycca c¢
3(p(heKTUBHBIMU METONAMH MOPAAKA UCKIIIOUYEHUSI HEU3BECTHBIX. Peanuzanus
3TUX AJITOPUTMOB CBS3aHAa C UCIOJb30BAHUEM CIOXKHBIX CXEM XpaHEHUS H
JOCTyINa K JaHHBIM B MaMSTH PEANU3YIOMIEN BBIYUCIUTEIBHONW CHUCTEMBI, a

no3ToMy 3(G(PEeKTUBHOCTh AJITOPUTMOB JJISI pa3peKeHHBbIX MaTpull Ooisee
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4yeM B KaKOW-1u0O0 JIpyrodt o67gacTH BBIUMCICHUM 3aBUCUT OT KauecTBa HMX
MAaIllMHHON peajlu3aluu.
HrproTOHOBCKMI mpomecc CXOAUTCA CO CKOPOCTBK KBaJApaTU4YHOU

CXOAUMOCTH B MajJoOd OKPECTHOCTU KOpPHSA h +5h HEITUHEHMHOW CHCTEMBI

ypaBHEHUI y3J0BbIX HamopoB (1) mpu ycinoBuum det{@r&(hh)}io. ITocnennee

yCIOBUE €CTh HU UYTO MHOE, KakK YCJIOBHE XOpolleld O0O0yCIOBIEHHOCTH
JWHEAapU30BaHHOW CHUCTEMbl YpaBHEHUW Yy3JIOBBIX HAMOPOB, KOTOpOE
BBIMOJIHUMO  BCerja MpU  COOTBETCTBYIOIIEM  BBIOOpE  HAYaJIbHOTO
NPUOTUKEHHUS.

HoctaTouHo 3(Q(EeKTUBHBIM KPUTEPUEM 3aBEPUICHUS  HUTEPALMOHHOTO

npouecca HproToHa  and cucTteM  ypaBHEHUM oOulero Bujaa sBIAETCS

yCIIOBHE Hh’ oy

<g. JleficTBUTENbHO, BOJM3U KOPHS HBIOTOHOBCKHE

HTCpallu CXOOATCA KBaJApaTU4HO, a IO3TOMY, C€CJIH OTOT KpI/ITepI/Iﬁ
BBIIIOJIHCH, TO

Hh’”—h*uza‘z ne. Beioupas £~10"-10°, MOKHO MOJYYUTh PEIICHHE C HE

MEHee 4YeM JECATKOM 3Hadallux Hupp B cpele MaAIIMHHON apudMeTHUKHU
IBOWHOM TouyHOCTH. OJHAKO, HMCXOAS M3 HEOOXOIMMOCTH OO€ecIeUYeHUs
PaBHOMEPHOTO MPUOIHKEHUS K PEIIEHUIO 10 MHOXECTBY Y3JI0B, 10CTATOYHO
3(p(eKTUBHBIM YCIOBUEM BBIXOJa M3 HBIOTOHOBCKOTO HTEPALMOHHOTO
mpouecca Ajsg CUCTEM HEJIMHEHWHBIX YpPaBHEHHUM Y3JIOBBIX HaNoOpOB

OKa3bIBACTCSA KPUTEPUU



maxfj(hl) <E,j=lLm-11=0]12,....1+1 (13)
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rae E, - 3aJaHHas JONyCTHMas MaKCHUMallbHass HEBS3Ka MaTEpHAIBHOIO

OajlaHCca MO0 MHOXECTBY JJUHEHHO-HE3aBUCUMBIX y3510B Mojaenupyemoit TCC.

VYnaunoe 3aBepumieHrue HBIOTOHOBCKOTO HTEPaIMOHHOIO Ipolecca
NPUBOJUT K PEUICHUIO 3aJauu ompejeseHus HamnopoB B y3nax TCC, T.e. K
HAaXO0XJICHUIO 3HAYEHUN BCEX KOMIIOHEHTOB BEKTOPOB (h',Ah",P").

Torma pemieHue 3ajauv O MOTOKOpAcHpeeIeHUH Ha BCEX aKTUBHBIX H
naccuBHBIX BeTBiIX TCC CBOAMTCS K BBIYMCICHUIO KOMIIOHEHTOB BEKTOpa
pacxo/JoB C TOMOIIBIO CIEAYIONIUX HHBEPCHBIX (PACXOJHO- HAMOPHBIX)
XapaKTEPUCTHUK

g’ = Sgn(AR" )| M| 17 i =+ L

(14)

g =R, +R AN +R (AW ,Vi=1n
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