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MOAEJ\MPOBAHME AMHAMMKM CTPYKTYP 
rM6PMAHbiX CMCTEM 

A. H. KUpUAAOB, 
4 0 KTOP cj)113.-MaT. u ey«, Be.4YU.{I1U HaYllHblU COr pY.4HI1K 
/ltHCTI1Ty T n p l1Kll a4 HbiX MaTeMaTl1l1eCKI1X I1CCJ1e4 0Ba HI1U Kapellbc Koro Hay li Ho r o uen tpe PAH 

npe/J.llaraeTCR CTPYKTYPHbl11 no/J.xo/J. K I1CClle/J.OBaHI1IO /J.I1HaMI1KI1 m6pl1/J.HblX CI1CTeM. BBO/J.RTCR nOHRTI1R CTp yK Ty p­

HblX /J.BI1>KeHI1I1I1 Op611T, COOTBeTcTBylOLl.lI1X pa31111YHOMY 06beMY I1Hrj)opMaUI1I1 a HayallbHOM COCTORHI1I1 CI1CTeMbl. Pac­

CMOTpeHbl reouetouuecxue MeTO/J.bJ Onl1CaHI1R /lI1HaMI1KI1 cTpyKTyp. 

KlllolleSble eaosa - m6pl1/J.HaR CI1CTeMa, CTpyKTypHoe /J.BI1>KeHl1e, CTpyKTypHaR op611Ta, /J.I1HaMl1yeCKaR CI1CTeMa. 

Bnenemre 

r H 6pH ,n;H b I e CRCTeMbI COtICT a roT aenpepsranyro 
H ,n;HCK p CTHyIO ,n;HH a M HKy. B nocnezmee BpeMR Mo,n;e­

JIHpOBaHne R yrrpaanenae rR6 pH,n;HbIMH CHCTeMaMR 

rrpencraaaaer C060R aKTHBHO pa3BRBaroIIJ;eeCR aa­
npaanenrre B TeopH H yrrpaaneana. TIoBb I IIIeH H e RH­

r epeca K HRM Bb I 3B a H O pac IIIR p e H H eM 06.lIaCTII npn­
MelieHJlR aroro K.lIaCCa CHCTeM. Crozra MOJKHO OTHe­

CTU 3a,1l;a'lR yrrpaaneuaa KOMMyHRKaIl,HOHHbIMU ce­
TRMR , HHCp Op M a Il, U OH H b I M R CUCTeMaMH, TpaHcnopT­

llh IMn U IIp OU 3Bo ,n;CT BeH H h I M R nOTOKaMII. H a 16-M 

(2005 r .) Kcn r pecce MeJK,1I;yH a po,1l;HoR rpezteparta a 
no aBTOMilTU'le CK OM Y y rrpa an en mo (JIct>AK) cpeznr 
BaJKH e R lUR X npofinexr, CTORIIl,UX nepezt HaY'lHhIM 

c006IIJ;ecTB o M , 6bI.lIa OTMe'leHa He06xo,n;uMOCTh pas­
BnTUR Teo pUH rn6pu,n;HbIX cncr-eer. Pa3.lIUtIHbIM BO ­

rrpocaxr M o ,n;e .lI U p OBa H n R U ynp aanenaa B STOR 06.lIa­

CTH nOCBHIIl,eHhl HCC.lIe,n;OBaHU R OT e 'le CT B eH H bl X U aa­
py6 CJKHhIX y'leH bIX [1- 9]. 

Hecreorpa aa 3Ha'lHTe.lIbHhIR nporpecc, ,n;OCTHr­

H y TbIR B rrCC.lI e ,n;OBaH H H KOHKpeTHbIX 3a,n;a'l H M o ,n;e ­

.lIeR, HeT eznrnoro noztxona K HX HCC.lIe,n;OBaHHIO, 0 6 ­

IIJ;aJ[ reopa s ru6pH,n;HbIX CU CT e M eIIJ;e Haxo,n;HTCR 

B CTa,n;HU CT a H OB .lIeH U R. B HaCTORIIl,eR cratse pa3BU­

B a eTCR CTpyKTypHblR rrozrxon K Mo,n;e.lIHpOBaHUIO 

H aHa.lIU3Y C.lIOJKHbIX CUCTeM C nepeMeHHbIMH CBR3R­

M II II COCTaBOM. H x MOJKHO OTHeCTH K rcnaccy ru­

6pH ,n;H hIX CHCT eM. TIo H H T H e crpyrcrypsi 6bl.lIO nsezte­

HO H UC n O.lIb30Ba.lIOCh ,n;.lIR Mo,n;e.lIUpOBaHUR JIHHeii ­

HblX CHCT e M C nepex ea max COCTaBOM B patiorax [10 ­
12]. B ,n;aHH o R crar t, e rrpo ,n;OJI JKa e T CR UCC.lIe,n;OBaHue 

CTPYKTyp H OR ,n;HHaMHKH CUCTeM. I1p e,n;.lI a r a IO T CR 

paan a v u sre TunbI CTp yKTypHhIX ,n;BHJKeHUll U op­

6 H T . Paaaa naex sni arrrrapar II03BO.lIHT Mo,n;e.lIUpo­
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BaTh CTpyKTypHhIC H3MeHeHHR B paan a x nsrx UP!!­

K.lIa,n;HhIX aanaxax , B03HHKaIOIIl,H X IIp U HC CJIe,n;OBa­

HHH CJIOJKHhIX ,AH HaMHtIeCKUX CR CT eM . O c 0 6 eHHO 

STO xacaerca CHCTeM, B COCTaB K OT Op hIX M m K eT BXO­

,n;HTh 60.lIhillOe KO.lIHtIeCTBO rroncacrera co C.lIO)KHhI ­

MH B3aHMOCBR3RMH . B STOM c.nyxae Tpa,n;H Il, H OHH hIe 

nozrxozrsr K HCC.lIe,n;OBaHHIO ,n;HHilMUtIeCKU X Mo,n;eJIeH 

OKa3hIBaIOTCR Ma.lIOrrpuro,n;HbIMU B CU.lIy 6 0 .lIh UIOH 

neperaemroil p a 3M ep H OCT H H He.lIUHellHOCTU CHCT e11. 

Tlpezrn a r-a exnae nOHRTHR BHelUHe H U BHyTpeHHeH 

crpyrcrypsr rr03BO.lIRroT B 3TOM cny nae ziart, X O'fH 6hI 

rpyfioe orracaane ,AHHaMUKH, a TaKJKe rrpornoaapo­
BaTb H ynpaana-n, nOBe,n;eHHeM C.lIOJKHbIX CUCTeM . 

C Tp y K T y p H a H nOJIy,ZJ;KHaMIf'leCKaH CKCTCMa 

PaCCMOTpHM CJIOJKHyro ,n;HHaM UtIe cKyro CH CTeMY 

S. TIY CTb B npouecce ee <pyHKIl,U OH R p OBaHHR HeKO­

Topble no,n;CUCTeMhI, Bxo,n;RIIJ;Ue B S , MoryT OTKJIlO­

'laTbCR H.lIH BHOBh rroznono-rarr.ca K H e ll . TIP H STOM 

non cacrerasr S i' Bxo,n;R IIJ;H e B S, B 3 a U M o ,n;e llCT BY lOT 

MeJK,n;y C060ll. P aCCM OTp H M IIOH RTH e crpyicrypu 
y(t ) = (YI' ... , yrJERn CHCTeMbI S [10]. B COCT a B S MoryT 

BXO,n;HTh noncacr-erasr H3 yrropanosren nor o aafiopa 
{SI' ... , Sn}' Ilo.na r a era, tITO Yi(l ) = 1, e C.lI H rtoztc n c r erea 

S, B MOMeHT BpeMeHH t BXO,n;H T B S, Yi(t) = 0, e c n a 

noncncreraa Si B M OM e H T Bp eMeH H t He BXO,n;HT B S. 
Onpeiien en u e [10]. Bercr op y[r) = (Yt(t ), ..., yn(t» ERfl 

Ha3hIBaeTCR CT p y K TYP o ii CHCTeM hI S B M OMCH T ape­

MeHU t. 
TIYCTh I' - MHOJKeCTBO BceB03MOJKHhIX CTP YKTy p 

CHCTeMhI S: yEf. MOJK H O CtIHTaTb, tIT O r - n O)\MHO)Ke­

CTBO BepIIIHH e,1l;UHUtIHOrO n-Mep H o r o Ky6 a In: feIn. 
Ha MHOJKeCTBe crpyrcryp I' BBe,Ae M ,AHHaMHKy, 

H CIIO.lIh 3y R MeTpHKy X3MMHHra 
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Onpeiienenue. 06II.J;e H CTpyK TYP H OH no nyzrana­
~m qeC KOH cHcT e M o H Ha3bIB a eTCH zrayxnapaaerpa­
'1eCKOe ceMe H c TBo n p e 0 6 pa30 BaHH H G(t , to) M Hom e ­

CTBa crpyrcryp r B cefia, yjl;OBJIeTBOpH1OII.J;ee y C310BHJIM: 

1) jl;31H JI 10 6bIX YEr , to ER on pene.neuo MHO:IKeCTB O 

G(t , to)(Y) == G(t, t o, y)o npa t ~ t o, G(t , to , y) ;t: 0 , G(to, 
to ,y) = y; 

2) jl; JIH 3110601'0 T1 EG(t l , to , y) orrpene.neno MHO:IKe ­

CTBO G(t l ' to , Yj) TaKoe, 'ITO u rP (t , t 1, TI) = G(t , to, y), 
rile 06'bejl;H H eHHe 6epe T CH no BceM Tl EG(t l , to, y) n pa 
t ~ t 1; 

3) lim p(G(t , to , y), y) = 0, rne p(G( t , to' y), y) = 
( - +to + 0 

=maxpm, y) rro acex Tj EG(t, to' y). 
T aKH M 06p a30 M , G(t , t o, y) - MHomeCTBO CTpyK ­

TYP, xorops re 8 M O:IKe T HMe T h B MOMeHT BpeMeHH 

t ~ to, e CJIH B MOMeHT BpeM e H H t o CHCTeMa HMeJI a 

II ­ crpyicr ypy y.
 
a­ H H:lKe 6 Y jl; e T nocr poerra pea JIH3al1,HH 06II.J;eH
 

m cr p YK T y p H o H rrOJI Yjl; H lIa M H tIe CK OH CH CT e M bI. TIyCT b 

0- S(y) - CH CT e M a 8, HMe1OII.J;aH crpyrcr -yp y y, M(y) ­
!pa3 0Bo e npOCT p a H CT BO jl;HHa M H 'le CKOH CH CT e M b I 

S(y). Ilpenx a r aer ca CJI ejl; Y IOII.J;aH jl;HHaMHtIeCKa H MO­

):leJIb H 3MeH eHH JI crpyrcrypsr B O BpeMeHH. Ilycr s 
Q(y)- nOjl;M H OmeCTBO COOT B eTcT By IO II.J;e r o rpaaosoro 
npOCTpaH CT B a : O(y)cM(y); 0/("() - r pauaua O(y), T. e . 

O/(y) = OC(y)\Q (y), Oe(y) - 3aMbIKaH H e O(y). 
Onpeoeneuue. M H O:IKe CT B O O(y) 6 Y jl;e M a aasraar s 

!pa3 0 BbIM n Ojl; n p OCT p a HCT B OM jl;HHaMHtIeCKOH CHCTe ­

MbI S(y). 
Il poaaaenex pa36H eH H e rpaaonoro nonnp ocrpan­

CTBa o (y): O (y) = u pD.p(y), rjl;e 0 p(y)n Qi y) = 0 , p, 
qEP(y) - MHO:IKeCT B O HHjl;eKCOB , COOTBeTcTByIOIIIHX 

crpyrcry pe y. 
Onpeiienenue. P a 36 H eH H eM Ley) rpaa o s o r o non­

n p OCT p a H CT B a Q(y) Ha3bIB a e T CH MHO:IKeCTBO Ley) = 

= {Op(y): D.(y) = UpOp(y), 0 p(y)nOq(y) = 0 , p, qEP(y)}. 
Onpeilenenue. C H CT e l\W H 8 co CTpyKTypHbIM H 

:H3MeHCIIH R M H (CC R) H a 3bIBa eTCH CJIe jl; Y IOII.J;e e M H O­

il<eCTB O {I, n, F, r <1>, <1>f, E>}, rzte: 

I' - crp vrcry p a o e npOCT p aHCTBO CH CT eM bI 8 , T . e . 

MHO JKe CT B O c r p y rcr y p y, x oropsre M o m e T HMe T b CH­

CTeM a B npou e c ce epy H K IJ;H OH HpoBa H HH: yEf ; 
0. = {O (y): yEr} - MHO:IKeCTB O epa 3 0 B bl x n ozmp o ­

CTp a H CTB ; 

F = {8 (y): yEr} - MHO:IKeCTB O jl;HHaMHtIeCKHX CH­

CTeM 8(y), a a n a mnax B rp a aonsrx npOCTpaHCTBax 

O(y); 
t = {T(y): yEr} - MHO:IKCCTBO pa36HeHHH rp a aoasrx 

rrpOCTpaH CT B O(y); 
<D = {q>;': P(y) ~ Q(yj, q(yj = <p;'(P(y» , p (y)EP(y), 

q(yjEQ(yj} - MHO:IKecTBO oT06pame HHH nepeX O,ll.a 
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OT CHCTeMbI 8 (y) K 8 (yj , P(y), Q(yj - MHomeCT Ba UH­

jl;eKCOB, COOTBeT CT BY 1O~HX c rpyx r-y p a sr y,-(; 
<I>f = {q>;rr D/(y)~ Q(yj\Qf(y") } - MRo m e CT BO OT O­

6pam eH H H I'p a U :HIJ; Qf(y) epa3 0 BbIX nozmpocr paa cr n 
O(y) BO B H y T p eH H o CT U epa 30BbIx nonnpocrpancr a 
O(yj ; 

E> = {8(y, y*)} - MHomeCT B O epy H KIJ;HH Bpe MeHHbI X 

aaztepxcerc n pa n epexone OT crpyrcrypsr YK y*. 
Ona rnera, KaK rrp OH CX Ojl; H T epy H K IJ;H OH H p OB a H H e 

C Cl-i. Ilpennonoxca ra, 'IT O B H a'la JI b H b I H MOM e H T ape ­
MeHH to CHCTeMa H M e e T cr py rcr ypy y. 

Flye-n, X o(y) - BCK T Op H atIaJIh H OrO COCTOJIHIfH 

CHC TeMbI 8(y), X O(y)Eo pCy), a X (t, to, X o(y» - jl; BH m e ­

HHe ,l.\HHaMHtIeCKOH CHCT eMbI 8 (y), n pHtICM X(t o' to, 
X o(y» = Xo(y)· 

E CJIH HaHjl;eTCH rrepB hIH MOMeHT BpeMeHH tpq ~ t o 
TaKOH, 'ITO COCT OHHHe X pq = X(tpq' t o' X o(y» dlf(y) , 
TO o-rofipaxcemre rrepexozra q>k nepesozm-r COCT OH­

HHe X p B TOtIK y q>f.ry(Xpq)EOq(n \ Of (-() , rne q = q(yj = 

= q>::'<'p(y» . .D:aJIee , crrYCTH BpeMH 8(p(y), q(yj = O(X(tcl' 
t o, X o(y» H a tIH H a e T CH jl;BHmeHUe X(t , tq + 8(X (tq, to, 
X o(y» , X (tq, to, X o(y») A H HaM HtIeC KO lf CH CT e MbI 8(yj 
B nozmpocrpa ncr ue O(y") H npo uecc rrOBT o p H CT CH . 

T a K H M 06pa30M, rrpOH CX Ojl;HT nep exozt OT CT p y K T y ­

psr YK y". 
E CJIH jl;BHmeHH e jl;HHaMHtIe CK OH CHCTe:.-.IhI 8(y) 

H e nonanaer aa I'p a H H IJ;y Qf (y), TO nepercmos ea a e 
crpyrcry psr He rrp OHCX Ojl; HT. 

Onpenenea aaa B bIme C C11 ofinazraer K a K He­

npepsranoji, TaK H jl;HCK p eTHoH jl;HHaMHKoH, rrOSTO­

My e e MomHO OTHeCTH K xnaccy r H 6 p H jl;HhIX CHCTeM. 

Ilpeznroacemroe rrOHHTHe H aH60JI e 6JIH3KO K on pe ­
jl;eJIeIIH1O I'H 6p ujl;HOH CHCTeMb1, I paaenen n oray n pa­
60T e [8]. 

Cr pyrer ypnsre A B H jKe H H H H Op6HTbI 

K a tIe CT Be H H o e HCCJI e jl;OB a H H e B 0 6 II.J;e M cnyxa e 

epYHKIJ;HOHHpOBaHHH C CR npejl;CTaBJIH eTCH nep a a­

peIIIHMoH 3ajl;atIeH B CHJIy CJIOmHOCTH n OBe jl; eH IIH 

jl; H H aMHtIeCKHX CHCTeM 8 (y), H X COCTblKOB K H C n o x o ­

II.J;b1O nepexozrasrx oT0 6pam eH l1 H H T . n, 113 o n p ezre ­

JIeHH H crn c .aezryer, 'IT O n p o n e c c epy H K IJ;H OHHpOBR ­

H HH CH CTeMbI 8 nopoxcnaer K OH e 'lHy1O H JI H 6 e CK O­

H etIH y10 nOCJIejl;OBaT eJIb H OCT h crp y rcr y p {yk}, x a xc­

jl; b IH tIJIeH K OTOpOH x a p a x r ep a a y e r COCT a B CH CT eM bI . 

B CB H 3H C ST H M 6 0 JI e e n ep c n eKTH B H b I M n p e jl; CT RBJIH ­

eTCH H 3ytIeHHe n OCJIejl;OBaTeJIbHOCTeH crpy rcr yp, BbI ­

jl;e JIeH H e K JIaCCOB CHCT e M C Ojl;HHaKOBbIM B HeK OT O­

psrx CMbICJIa X nosene n n e a ST H X nOCJIejl;OB a T e JIh H O­

CTeH. 11CCJIe jl; OB a H H e ,l.\HH a M H K H crpyxry p M OJKeT 

c s n-p a r -s BamHyIO P OJI h npa M a T eM a T l1tIeCK OM M O,ll.e­

JI H p OB a H H H CJIO:IK H h 1X jl;HHaMHtIeCK RX n n rpo pranmc­

OHHbIX , SKOJIOrO-SKOH OMHtIeCK H X, npOH3BO,ll.CTBen­

HbIX, 9HepreTHtIeCKH X ClICT eM. 

H a tIa JIb H a H CTpyKTypa, !{aK CJIe jl; y e T H3 o rrp e jl;e JIe ­

HHH, H e yCTaHaBJIHBaeT 0,ll.H03H a ll:HO n OCJI e jl; OBa T eJIb ­
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HOCTh c rpyrcryp {yk}. ,LJ;eHcTBHTeJIb HO, crpyxry pa 

yk + 1 saBU CH T He T OJIh KO 01' t ". H O H 01' 0.p(yk) - SJIe­

M eHTa p a s 6 H e HIUI 1(yk), K OT Op OM y npHHa,n;JIeJKHT n a­
'IaJIL liOe ,n;JI.lI ,n;H u a M U 'Ie CK OH CHCTeMhI S(yk) COCT Ofl­

Hue X O(yk). B CBRSU C STHM n peztn a raer ca pac­
CMOTp e Tb CJIe,n;ylOIIJ;He nOCJIe,n;OBaTeJIhHOCTU CTpyK­

Typ, paaa n v a iom aeca cnocofioxr aaztaaua H a'IaJIh­

HOH c'rpy rcr ypsr. B Ha'IaJIhHhI H M OM eHT BpeM eH U 

MOJKHO aa zra-rs O,n;U H us rpex SJIeMeHTOB BKJIlO'IeHH.lI 

X O(yO)E0.p (YO)c 0.(yO). 
1. IIY CT h aaztanc 0.(yO ) H JIH y O, a cane H a'IaJIbHOe 

COCTO.lIH H e X o(yO) H SJIe M eH T .o/ y O) p a36 H eH U R HeU3­

BeCTHhI. Tor zra npou eccy epyH K II.HOH U pOBaHH.lI 6 y,n;eT 

COOTBeTCTB o u a Th nOCJI e,n;OBaTeJIbHOCTb MHOJKeCTB 

cr py rcry p {rk(y O)} TaKa R, 'ITO [O(y O) = y O, T. e. [ k(yO) ­
M H O:l-KCCTBO s cex cr pyscr yp , xoropsre MOJK eT HMeTb 

CHCTeM a S na TO T M OM e H T BpeMeUH, xorzta npOH30­

IIIJIO k rrepe K JI lO'IeH U H crpyxr-y p , e CJIH aazaaa e e a a­

'Ia JIb U a.lI crpy rcrypa y O. IIY CT h (t , to' yO) - MHOJKe­

CTB O s cex crpyrcr yp, x o-ropsre MOJKeT HMeTh CHCTeMa 

S B MOMeH T BpeMeUH t :2: to , e CJIH B H a'IaJIbHbIH MO­

M eHT BpeMeH U t = to aaztana JI H ilih e e 

crpyrcrypa y O. 

Onpeiieneuue. IIOCJIe,n;OBaTeJIL HOCTh 

{r k (y O)} , k = 0, 1, 2, ..., ,n;JI.lI KOTOpOH [O(yO) 
HaShIBaTb CT p y K Typ H Oj'1 Op6UTOH. 

M HOJKeCT BO [(t, to, y O) , r,n;e [ (t o' to' y O) 

Ha3hIBa T L CT p y K TYp llblM ABUJKeHueM. 

Ha'IaJIbHa.lI 

crpyxr-yp 
= t ". 6y,n;eM 

= y O, 6y,n;eM 

2. IIYCT b aanaao MHOJKeCTBO 0.p(YO) UJIU UH­

,n;CK C p (yO)EP(yO). IIpH ST OM Ha'IaJIbHOe COCTO.lIH He 

X O(yO)E.op(YO) n eU 3B e CT H O. 'I'or zra , KaK cnezryer H3 

orrpezten ea n a CCM, np ouec cy «PYH K~ UouupOBa HH .lI 

CHCTeMhI 6 y ,n;e T COOT B eTCTBOBaTh o,n;HOSHa'IHO orrpe­

,n;e:W H Hafl nOCJIe,n;OB a T e JIh H OCT h CT P YKT y p {yk(p(yO) )}. 

Ilycr t, yet, to, p (yO)) - MHOJKeCTBO crpyxr vp, K O­

rops te MOJKCT UMeTh CUCTeMa S B MOMeHT BpeMeHH 

t e to, npH'IeM y(to, to, p(yO) = y O. B STOM CJIy 'Iae ye t, 

to' p (yO)) - H e e ,n;H H CT B eH Ua.lI cr py rcr vpa , nOCKOJIh­

xy 01' SH a'IeUU R X O(y O) E.op(Y O) saBHCUT MOMeHT rr epe­

K JIlO'IeH H .lI, BpeMeHHaR aa nepxcxa H Ua'IaJIhHOe CO­

CT ORHHe crrezryrorneii crpyrcrypsr. C Jle,n;OBaTe JIhHO, 

H eCMOTp.lI n a T O, 'ITO nOCJIe,n;OBaTeJIhHOCTh cr pyicryp 
onpezten en a 0,n;U03Ha'IHO, B H eK OT o p b I H MOMeHT ape­
M eHH yet , to , p (yO)) M OJK e T HMeTh p a SJIU 'IH hl e SHa'Ie­

UUR : yet , to, p (yO»)E{yk(p(y O))}, k = 0, 1, 2, .... 
Onpeiienenue. IIOCJIe ,n;o B a T e JI h H OCTh crpyrcr yp 

{yk(p(yO))}, k = 0 , 1, 2, ... , ,n;JIR KOTOpOH y0(p(y O)) = y O, 

6y,n;eM Ha3bIB a Th p-CTPy K T ypH OH Op6UTOj'1. 

Or py tcr y pa y(t, to, p(rO») HaSbIBaeTCR p - CTp y K T yp­

BblM ABHmeUHeM. 

3. IIYCT h saztano Ha'IaJIhHOe COCTORHue XO(y O) E 

E 0.p (YO) B Ua'IaJIh H hIH MOMeHT BpeMeHU to. Torzra 
npoueccy «PYHK~UoHupoBaHIHI CUCTeMhI 6y,n;eT co­

OTBeTCT BOBaTb 0,n;H03Ha'IHO onpeaeneaua a nocrrezto­

BaTeJIhH OCTh crpyrcryp {yk(XO(Y O))}. Ilycr t, y(tO, t o' 
X o(y O») - crpyrcrypa, K OT Op yIO H M e e T CUCTeMa B MO­

M eHT BpeMeHH t :2: to, rrpH'IeM y(tO, to, Xo(yO)) = yO. 

Onp eiieneuue, IIOCJIe,n;o B a T e JIb H OCT h crpyxr yp UJIeKC 

{yk(XO(YO)) } , k = 0,1, 2, ..., ,n;JIR KOTOPOH Y O(XO(YO)) =10, BhIX 3. 

6y,neM Ha3h I BaTh X -cTpyKTypBOH Op6UTOH. AeHHB 

Cr pyxr ypa y(t , to' X o(y O)) Ha3hIBa CTC.lI X-CTpyK' Hn B 
TypHblM A B H JK CH lIe M . noJIOJl 

OCTaHOBHMC.lI na pa3JIU'IHRX M CJK,n;y BBe,n;e HHbI­ lI,Hn ­

MU nOHRTU.lIMU. O 'IeBu ,n;H O, p - n X -C T p y K T y p H hl e op­ CHCTe, 

6UTbI COBrra,n;a IOT , eCJIH y HUX COBna.n;aIOT UH,n;eKCbI BeTC'] 

p (f) Ha'IaJIhHbIX 3 JIeM eH T OB pas6u e H HII . ,LJ;a JIe e QT­ nJIeK( 

M eTUM, 'IT O Ye t , t o' X O(y O))Ey (t, to' p(yO)). Ilpa 3T OM, II.aMli 

O'IeBu,n;HO, rtt , to, Xo(YO») - 0 ,n;H 0 3H a 'IUO onpenenes­ HHeq 

H aR cr pyrcr ypa , H a 'Ia JIh H Oe COCTO.lIHH e X o (Y O)) O,n;HO­ CTByl 

3Ha'IHO OIIpe,n;eJI.lIeT He TO JIbKO nOCJI e ,n;OB aTeJIhHOCTb = I.J: 
crpyrcryp, HO H rrp oraexcy'r ox '~t k cyru;eCTBOBaHlUI casr, 
K aJK,n;OH us H U X . BeTC1 

Ilocrp oea na a C CM aazraer ,n;U IHlMHKy crpy rcryp «pyur 
U ztaer B 0 3M OJKHOCT h p a3BUTH5J 0 6 ru; e n 're opm l ny­ 3 a T h 

T eM ne penoca C COOTBeTcTBylOIIJ;UMU U3MeHeH U5JMII Typ H 

nOH5JTHH reopa .a ,n;UH aMU'IeCKUX CHCTeM. ,LJ;JIJ! npu­ rHlJe 

Mepa paCCMOTpHM IIOH5JTUe UHBapuaHTHoro MH O' Hk(J. 
JK eCTBa. M H OJK e CT B O crpyrcryp 1*c r M OJKH O na­ MeHI 

3BaTb JlHBapUaHTHMJU no OTIIOIlleHHIO K CTp y K­ M O)K 

TypHOM y ,n;BU JKeHuro T[r, to, yO), eC JIH H3 B K JIlOLIe­ HCM 

HUR f Er" c.nezryer, 'ITO r(t , to , y O)c:r' npn a cex t e: to' M CJi( 

A HaJTOrU'IHO MOJKHO BBeCTU nOHflTU.lI U R B apHa HT­

H bIX M H OJKeCT B no OTHOIlleHH lO K X - H p - crpyxryp­ CH T 

HhIM ,n;BII JKeHU.lIM U op6H TaM . 'ra K U M 0 6 p a30 M , orrpe­ H JIII 

,n;e JIefIHa.lI nsnne C C H n03BOJI fleT p e a JI U SOBaTb cr en 
CTpyKTypHyIO nOJIy,n;UHaMU'IecKyIO cnc'reray G(t , to) 1 
H pa3BUTb .n;JI.lI n ee COOTB e T c TBy roru; y IO Ka'IeCTBeH­ {ylle 
nyro T eopuIO. .nee 

CJIe 

reOMeTpHSI crpyreryp HHC 

RO, 

CTPYKTypy YMOJKHO H a3B a T h BH eIIIH e n , n OCIW JIh­ TYI 
x y OH a xap a rcr epa aver COCTa B CHCT eMh I S. Bn eztex e T 

IIOH5JTUe BHyTpeHHeH crpyrcr ypsr ,n;JI.lI onU CaHII.H Tp l 

BsaUMOCB.lI3eH no,n;CU CTeM, BXO,n;.lIru;H X B COCTaB S. 
IlOJIOJKU M bij = l(bij = 0), eCJIU nozrca cresra S , BOS­ on 
,n;eHcTByeT (He B03,neHc TByeT) na noztcn cr eray Sj B TO O r 

BpeM5J, rcorzta ORU o 6 e H a xo,n;RTCR B COCT a u e S. B B e­ T e 

,n;eM M aTpUlI,y BHyTpeHHeH crpy rcrypsr B = {Yiyjbi}, i, Poe 
j = 1, ..., n. Ilpou ecc epYHK ~UoHupOBa H U .R CUCTeMhI S BE 
nopoacztaer nOCJIe,n;OBaTeJIhHOCTh {Bs} = {YhjbV, rzte AJ 
(y ~ , ... , y~) = y k . ,LJ;aJIee , corrOCTaBHM K aJK.n;oH CTp y K ­

T ype zraa KOMllJleK ca . I1YCTb B COCT a B nepaor o (R) k 
BXO,n;R T CUMnJIeKChI, BepIIIUHaM K OT Op hIX COOTB e T ­ 0: 
CTBylOT no,n;CHCTeMhI, B03,n;eHcTBylOru;ue a a x ax yro­ II 

TO O,n;HY IIo,n;CUCTeMy. B COCTa Be arop o r o (R j - CUM­ e 
n JIeKChI, BepIIIUHbI K OT Op hIX COOT B e T c T B ylOT nozrca­ C 

CTeMaM , na xo-ropsre B03,n;eHcTByeT KaKa.lI-JIu60 OA H a I 

rrozcacreraa. 3TU KOMTIJIeKChI MOJKHO naa a a r -s ,n;Bon­ ( 

CTBeHHhIMU. H oraep a BepIIIuH C'IUT a eM c o n n a ztaro ­

ru;UMU C uOM ep aMU no,n;CUCTeM . 'I'or na JI1060H CIIM ­

rr JI eK C nepnor'o K OM rrJIeKCa HMeeT aoraepa sepm n a , 

paaasre HOMepaM HeHyJIeBhIX 3JIeM e HTOB COOTB eT­

CTBy lO IIJ;U X CTOJI6lI,OB M aTpuII.hI B. ,LJ;JI .lI a r o p o r o KOM­
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MO~EJ\lI1POBAHlI1E ClI1CTEM \11 npOUECCOB 

rmerc c a aHa JIOr lI1J:H Y IO POJIb ar-paror HOMepa HeHyJIe­

Bb1X 3JIeMe H T OB CT p OK . 3a,n;a,n;lIM na Ka:lK,n;OM l:l3 BBe­

,n;eHHb1X KOMrrJIeKCOB n eo'rpmtare.m.asre lPYHK:U;lIlI 

H l:l H*, rrplIHlIMaIOr:u;He na OT,n;eJIbHb1X ClIMrrJIeKCaX 

rrOJIO:lKHT e JIbHb1e 3Ha1J:eIIlIJr. CMb1CJI 3TlIX lPyHK­

U;l:lM - IIJIaTa 3 8. YCTaHOB JIe H lIe CBH3eH Me:lK,n;y nozt­
Cl:lCTeMaMH. Tlponeccy lPY H K :U;lIOH H p OB a H lIH COOT­

BeTcTByeT rrOCJIe,n;OB aTeJIbHOCTb ,n;BOHCTBeHHbIX KOM­

rrJIeKCOB , CHMrrJIeKCbI KOTOpb1X 3a,n;aIOTCH MaTplI­

u;aMH B k. ITY CTb H1(P(yO» (lIJIH H1*(P(yO») - 3HaLIe­

Hl:le lPYHK:U;H H H (lImI 11) a a CHMrrJIeKCe i, COOTBeT­

CTBYIOr:u;eM c'rpyxrype yk(p(yO». Ilvcr r, Hk(P(yO» = 

= LiH1(p (yO» , rzte cyMMa 6epeTCH rro BceM CHMrrJIeK­

CaM, BXO,n;Hr:u;HM B KOMrrJIeKC R (yk(p(yO» ), COOT­

BeTcTByIOr:u;HH yk(p(yO » . A H a JI Or Wmo orrpezte.naera 

<PYHK:U;lIIO H k*(p(yO» = LiH1*(P(yO» . MO:lKHO Bb1CKa­

3aTb r'nno'reay, LIT O eCTeCTBeHHb1e CHCTeMbI CO CTpyK­

TypHb1MlI lI3MeHeHHHMH (3KOJIOrlILIeCKlIe, 6lIOJIO­

rULIeCKlIe) epY H K :U;lIOH l:l P Y IOT TaK, LIT06b1 lPYHK:U;lIlI 

Hk(P(yO» , Hk*(p (yO» rrpHHlIMaJIH rro B03MO:lKHOCTlI 

MeHb IIIHe 3 H ULIeHlIH. ,ZJ;JIJr lICKyccTBeHHbIX CHCTeM 

MO:iKHO CTaBlITb aaaaxy OrrTlIMaJIbHOrO ynpaanen.aa 
B CMbICJIe asenennsrx rrnar aa YCTaHOBJIeHlIe cBH3eH 

Me:iK,n;y rro,n;clIcTeMaMH. 

M O:lKU O paccxrorpe-n, CJIyLIaH, xorna B 3aBlI­

CUT He TOJIbKO OT KOHlPHrypa:U;HH, HO HOT apenean 
HJIH OT OLIepe,n;HOCTH BXO:lK,n;eHHH noztcac'rere Si B CH­

cre ray S . 
PaCCMOTpHM rrOCJIe,n;OBaTeJIhHOCTb crpvrcryp 

{yk(p(yO»}, T . e . p-CTpyKTypHyIO Op6lITY. 8TO HalI60­

nee l:l Hlp Op MaTlIBHaH 06 lI3M e HeHHH crpyrcrypst no­
CJIe,n;OBaTeJIbHOCTb npa HaHMeHhilleH B03MO:lKHOH 

HHlPopMaIl,H lI 0 HaLIaJIbHbIX ,n;aHHbIX. ,ZJ;eHcTBlITeJIb­

HO, rr OCJI e ,n;OB a T e JI b H OCT b {yk(XO(YO»}, T. e. X-CT p yK­

ryp nan T p a e K T o p H Jr , rarcxce 0,n;H03HaLIHO onpezte.na­
er IIOCJI e ,n;OB a T e JI b H OCT b c'rpvrcryp, HO npn 3TOM OHa 

rpefiyer 3HaHlI.H HaLIaJIbHOrO COCTOHHHH Xo(YO). 

Ha OCHOBe onpezte.nennon CCM MO:lKHO BBeCTH 

oneparop G:I' --'> rTaKOH, LITO G (y k (P(y O» »t": l(P(yO». 

Oneparop G 0,n;H03HaLIHO onpenerraer rrOCJIe,n;OBa­

TeJIbHOCTb c-rpyrcryp, eC JI H aazian HaLIaJIbHb1H HIl ­

):(eKC p (yO). K a :lK,n;OM y HH,n;eKcy p(r ) nocraaasr B COOT­

BeTCTBHe nepruany Ap(y) r-parp a . Flyer -s H3 BepIIIHHbI 

Ap(y) nezter zry r a B BepIIIHHy A q(yj, eCJIH q(.() = 

= <Jl;{p(y » . I1P lI 3TOM y = y k (p(yO» , y " = t" + l(P(yO» n pn 
kE{l, ..., n}. T a K H M 06pa30M, Ka:lK,n;OHp-CTpyKTypHOH 

Op6l:lTe{yk(p(yO»} CHCTeMbI S MO:lKHO o,n;Ho3HaLIHo co­

rrOCTaBlITb o p ueHTHpOBaHHb1H rparp, OTpa:lKaIOr:u;HH 

ee CTP YKTypHyIO ,n;HHaMHKy. H r ax , CHCTeMe S corro­

CTaBJIeH opueHTHpOBaHHbIH rparp, Tarcoe npencranne­
Hue CCM rr03BOJIHeT rrpHMeHHTh TeopHIO rparpos K HC­

CJIe,n;OBaH H IO CTpyKT y p H bIX Op6HT, CBO,n;H HX HCCJIe,n;o­

sanae K H CCJIe ,n;OB a H H IO reOMeTpHLIeCKHX CBOllCTB rpa­

<PoB. B LIaCT HOCTH, MO:lKHO HCrrOJIb30BaTb H30MOp­

<pU3M r p a rpo a ,n;JIH peaJIH3a:U;HH noztxona K orrpezterre­

HUIO 3KBHB aJIeHTHOCTH CCM. B03HHKaIOT CJIe,n;yIO­

mae sanau a : BbI,n;eJIHTb KJIaCC orreparopon, ,n;JIH KO­

N' 4, 2011 

TOpb1X MO:lKHO rrpOBeCTH KJIaCClIlp HKa:U;H IO COOT B e T ­

c'myronmx U M r pa rpon: rro ,n;aH H o M y onepatopy IIO­

CTP0l:lTb CCM, npanazrneacamyro onpenenea uoxry 
roraccy (aazta-ra CHHTe3a). O T M e T H M , LITO B pafiore 

[13] C noreonn,ro rparpos npencrann a .mrcs pa3HOCT­

n sre oneparopsr ,n;JIH orrpeztenerm sr CJIO:lKHOCTl:l KO­

HeLIHOH ,n;BOULIHOH rrOCJIe,n;OBaTeJIbHOCTH. 

IIp H B e ,n;e M nexoropsre npnreeps r npou ec coa, npn 
Mo,n;eJIHpOBaHHH KOTOpbIX B03HHKaeT CCM U ,n;HHa­

MHKa crpytcrypta. 
Tlpmaep 1. B pafio'rax [9, 14] p a CCM OTpe H a ,n;HHa­

MHLIeCKaH cers, rrpencr aana rorna a HHlPOpMa:U;HoH­

nyro cnc'rexrv C neperaemrsnan B3aHMOCBH3H MH H co­

CTaBOM . B COCTaB ce'rn BXO,n;JrT Y3JI b1 r pex THrrOB : IfC­

TOLIHHKH HHlPOpMa:U;Hu, TpaHCJIHTOp bI, no r petinre­
JIH. B ,n;HCKpeTHh1e MOMeHTb1 BpeM CIlH t i , i = 0, ... , k 
npoacxoznrr H3MeHeHHe COCTaBa H naparaerpon ce'rn . 
Banaerca ,n;HHaMHLIeCKaH CHCTe M a , orrpenen a routaa 
H3MeHeHHe COCTO.HHHH Y3JIOB H MOMeHTh1 t.. IIP H 

3TOM YI = 1, eCJIH i-H Y3eJI lPyHK:U;HoHH pyeT, Yi = 0 
B rrpOTHBHOM CJIyLIae. TaKHM 06pa30 M, HMe e M npu­
Mep CCM, aazraromeii ,n;HHaMHKy cr py rcr ypsr y. 

Ilpnraep 2 . Paccrao-rpm« n po u ecc 6HoJl 0rHLIecKoH 

OLIHCTKH CTOLIHb1X BO,n; aKTlIB Hb1M HJ1 0 M . Ileperaea ­
Hb1Ml:l BeJIHLIHHaMH, 3a,n;aror:u;HM H COCTOflHlIC eucr e­
Mb1, HBJIHIOTCH rrJIOTHOCTH pa3JIHLIH h1 X cyficr par on­
3arpH3HHTeJIeH H BH,n;OB M H K poo p r a H U 3 MOB, oicn c­
JIHIOr:u;HX COOTBeTcTBylOr:u;He THrrb I cy ticr p ar oa . ,ZJ;H ­

HaMHKa aaztaerca CHCTeMOH 06bIKH OBeHHbIX HeJIU­

HeHHbIX ,n;ulP<PepeH:u;uaJIbHb1X ypaBHeHH H . IIp H 3TOM 

KOJIHLIeCTBO ypaanennn H3MeHHeTCH B npouecce 
lPyHK:U;HoHupoBaHHH CHCTeMb1 , rrOCK OJI h K Y K OJI H LIe ­

CTBO BH,n;OB, xoropsre ycnenaror aarcpernrrr.ca B aa­
pOTeHKe, 3aBHCUT OT CKOp OCTH nonamr H JI a B aop o­
TeHK. CKOPOCTb pe:U;HpKYJIJr:U;HH HJIa u - yrrpaana­
1Or:u;H:M naparaerp - noztcrpaanae'rca n ozr Har p y :my 

na axozte B cHcTeMy 6UOOLIHCTKH . M O:lKH O rrOJIOJKUTb 

Yi = 1, eCJIU i-H BU,n; npacyrcrnyer B CUCTeMe, LITO CO­

OTBeTcTByeT ortpezte.nennoray 3 HaLIeHUIO u, Yi = 0 
B rrpOTHBHOM CJIyLIae. B pafiore [15] npezrc'raanena 
MaTeMaTULIeCKaH Mo,n;eJIb cTa 6 HJIU3 a :U;lIH aroro npo­
uecca C UCrrOJIh30BaHueM CCM. 

Ilpeztnaraeraran annapar Mom H O UCrrOJIb30BaTb 

IIpU Mo,n;eJIlIpOBaHHH ,n;HHaMHKU 60JIh illU X rpynrr 
P060TOB (,n;uHaMHKa cran), rcpynn srx rrpOH3BO,n;­

CTBeHHbIX KOMrrJIeKCOB . rpancnop 'rasrx c e T e H U T. zt. 

3 aKJIIO'tJeHu e 

Ilpeztnoxcea CTpyKTypHb1H nozrx ozr K MaTeMa­

THLIecKoMy Mo,n;eJIHpOBaHUIO r H6p u ,n;u bIX CHCTeM. 

Pa3Bl:lBaeTCH rrOHHTHHHbI:M anrta par , K OTOp W H MO­

xcer 6bITb nparaenea npn n OCTpo e H H U K OIIKpeT­

Hb1X Mo,n;eJIeH CJIO:lKHb1X ,n;UHaMHLIeCKHX HHlPOP­

Ma:U;HOHHbIX, rrpOU3Bo,n;CTBeHHh1 X , r p a acn opr a u x , 
3HepreTULIeCKUX CUCTeM C u3MeHHIOr:u;eH cH CTpyK­

TypOH. 

lIIH ClJOPMAUlllOHHO-YnPABI\~IOWlllE ClIICTEM b l 4S 
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