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I. OEil{AH XAPARTEPHCTllKA PAIDTH 

AKIY.aJibHOCTb Il:QQOJ18MJ,1. Ha COB£8M8HHOM 3Tane pa3BHTHH T80pH1:1 
ll:!HaM1:1qecKHX CHCTeM cymecTByer dOJibWOll pa3pliB Mell~ KMCC1:1qecKoll Teo

pnell lHHaMHqecKHX CHCT8M H l:ICCJI8lOBaHH!IMH ll:!HaMnqeCKl:IX CHCTeM, nopox

,l(a8MHX CHCTeMaMl:I OdliKHOB8HHliX lH!W>epeHUHaJibHliX 1:1 pa3HOCTHliX ypaBHeHHll. 

H3B8CTHO, qTo npodJieMH KMCcnqecKoll reopaa lHHaMaqecKHX Cl:ICT8M, HaMe

qeHHlie ITyaHKape H A.M.TIHnyHOBHM, HM8DT U8JlbD HCCJl8lOBaHl:!8 Il0B8l8HH!I 

peweHHll lll¢¢epeHUHaJibHliX 1:1 PJ.3HOCTHHX ypi.BH8HHll Ha deCKOHeqHOM HHTep

BaJie BpeMeHHOll OCH. B coapeMeHHliX HCCJl8lOBaHHHX TOilOJIOrnqecKl:18 H 

MeTpnqecKl:18 M8TO~ arpaDT.OCHOBHYD poJib B KJiaCCHqecKoll Teop1:11:1 ~HaMH

qecKl:IX CHCTeM. OlHaKO nepeXOl OT pe3yJibTaTOB adCTpaKTHOff Teopl:11:1 K 

KOHKpeTHliM CHCTeMaM ypaBH8HHff HBJI!leTC!I B8ChMa CJIOXHHM laxe B npocTHX 

cnyqaHx, H.e roaop!I yxe O qacneHHHX M8TOlaX 1:!Jll:I COBp8M8HHliX npl:IKJialHHX 
3a.l(aqax. 

BaXHOCTh pa3padOTKl:I q1:1cJieHHliX MeTOlOB HCCJ18lOBaHl:l!I lBl:lll8HHll ll:!Ha

MHqecKl:IX Cl:ICT8M odyCJIOBJieHa B03pacrnnmaM 3HaqeHH8M qacJieHHliX 3KC[l e

PHM8HTOB B coapeMeHHOll MaTeMaTm ec!'oll {1JH3HKe 1:1 ynpaBJI8Hl:IH CJIOllHliMH 

T8XHOJIOraqecKHMH nponeccaMa, TaK KaK CHCT8Mli lH¢¢ep8HUHaJibHliX 1:1 pa3-

HOCTHliX ypaBH8HHff, OilHCliBaDmae peaJihHlie {1JH3HqecK11e nponeccH, B odmeM 

cnyqae HBJl!IDTC!I H8JIHHe0HHJ.rn. J1x lBHll8HHH, KaK npaBHJIO, MOryT dliTb 

[lOJiyqeHli B OCHOBHOM q11cJieHHliMl:I M8TO)aMH 3a HCKJIDqeHl:leM BeCbMa npOCTliX 

cnyqaea. IlpH q11cJ18HHOM HCCJI8lOBaHHH lHHaM11qecK~X CHCT8M BHqacJieH1:1e 

lBneH1:1ll 1:1 1:1x aapaanata (nepaux) HM90T nepaocTeneHHoe 3HaqeH1:1e • 

CpelH ll:!HaM1:1qecKl:IX CHCTeM, nopOllla8Ml,IX Cl:ICTeMaMH lH!W>epeHUHaJib~ 
HliX ypaBH8HH0 C H8JIHH8llHoll aHaJIHTHq8CKOll npaaoll qaCTbD, aBTOHOMHaH 

01:!JIHHellHa!I CHCTeMa HMefil ocodoe 3Ha48HHe B HCCJI8lOBaHl:ll:I 3B0JIDUHOHHliX 

nponecc OB. Otta Q[ll:!Cliffi eTC!I CHCT8MOll y paBHeH Hll 

'f<i> = QCflf) + B(Cf'Hl, Cf<U) , Cfroi = Cf~ (I) 
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B donee odmeM cnyqae CHCTeMa C aHaRHTH40CKOR npaBolt 4aCTbD HMeeT 
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IlpH Bbl4HCR8HHH ,IIBHlK8HH11, ocodeHHO, KOfAa, OHH H8YCTOli'lliBII, Heod

xo,nHMa pa3padOTKa anropHTMOB,'odna,naDWHX BblCOKOll CT8Il8HbD T04HOCTH. 

HanpHMep, a npaKT opbl Jlo peHua, l!BRl!DWH ec I! Heye TOR 4HBblM!,! orpaH H48HHblMH 

xaOTR'i8ClWMH ,IIBHlK8HHl!MH, MoryT ClblTb TTORy48Hbl TOnbKO 4HCR8HHblM M8TO

,IIOM. 0,nHaKO .no CHX nop ,IIOCTOB8pHOCTb pe3yRbTaTOB npH HX Bbl4HCR8HHH 
He 6wra acHa • 

AnropHTM Bbl4HCR8HH/! BapttaUHll 'j,(i) ,IIBH!'.8HHl1 <f ({) ,IIHHaMH48CKOl1 

CHCT8Mbl, nopolKAa,8MOl1 CHCTeMolt ,IIH~~epeHUHaRbHblX 'ypaBHOHHll C aHaRHTH

qecKoll npaaon 4aCTbD, onpe.nenl!OTC/! anropHTMOM Bbl'lHCR8HH/! ,IIBHJKeHHR 

H OilHCblBaeTC/! ,IIHCKpeTHoll ~HRHH811Holt ,IIHHaMH48CKO.R CHCTeMoll 

.:x: ,,1; + fi.1 = Ax Ci> + E u, ( l,if 0J B~ xct) , 
. (.:, .f., ... ,p 

!JW= DxW, (J) 

n O p y Rq pnxn. 
r.neXC!lE.X=R ,wt,Cf'JE:U=R, ~CtJE = , A,51 , ... ,BrE•,, 
DE. R qx n • Pa3MepHOCTb n npocTpaHCTBa X onpe.neM eTCI! 

CTeneHbD ,IIHCKpeTH3aUHH 3a.Da4H (1). OHa MOlK8T dblTb B8CbMa donhwon B 

anropHTMaX C BblCOKOR CTeneHbD T04HOCTH, ocoeleHHO npH Bbl4HCR8HHH He

YCT0114HBblX ,IIBHX8HHR. Cne,noBaTeRbHO, HeodXO,IIHMO IlOCTpOHTb CTPYKTypy 

anropHTMa (3) c MHHHMaRbHoll pa3MepHOCTbD npocTpaHCTBa X npH 3a,naH

HOR CTeneHH T04HOCTli annpoKCHMaUHH.·TaKai! 3a,naqa B03HHKaeT TaKlKe B 

Mono.non odnacTli npHKRa,nHoR Ma.TeMaTHKH (MaTeMaTli40CKOl1 TeopHH CliCTeM), 

nemmen Ha CTblKe TeopHH aBTOMaTOB !,! TeopHH ynpaaneHHI!, OdmHM CBOllCT-

B OM CHCT8Mbl Bbl'lHCR8Hli/! BapttaUHll /!BR/!8TC/! OTOdpalKeHH8 q> : U'J'--- y'l' 
(T= to,-1,2, ... J ) ,KOTOpoe HasimaeTCJl OT06pallt8Hli8M BXO,I( - BlIXO,I( H CTa-

' BRT B COOTB8TCTBli8 KBJKJl:Oli <p~ Hs 1J"I'. 011pe,I(ElJIJleMOit ,I(Blillt8Hll8M C('(O) 

= q,o , ~YHKUHD BapHaUHli H3 ·y'l' • llni! nepBoR BaPHaUHH no 01odpa-

xeHHe peaRH3yeTcn'cttcTeMoR (J). llni! BapHaUHH donee BblCOKHX nopH,nKoB bHo 

peanH3Y8TC/! cymeCTB8HHO H8RHHeRHoR CHCTeMoll aHaRHTH48CKHX pa3HOCTHblX 
ypaBHeHHR. 

HTaK, pa3paOoTKa MOTO,IIOB Bbl'lHCReHH/! ,IIBHJl'.8H!,!R aBTOHOMHblX 
0HRHHBl1Hb1X .IIHHaMH48CKHX CHCTeM C BblCOKOll CTeneHbD T04HOCTH H MHHHMaRb-
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Hail peaRH3auHI! CTPYKTYP ,IIHCKpeTHblX OHRHHeRHblX ,IIHHaMH48CKHX CHCT8M 

/!BR/!DTC/! aKTyanbHWMH 3a,naqaMH, KOTOpble HM8DT nepBOCT8Il8HHOe 3Ha4eHHe 

B 4HCR8HHOM Hccne,noBaHHH ,IIBHlK8HHl1 ,Il!,!HaMH48CKHX CHCTeM, nopox,naeMblX 

CHCTeMaMH OdblKHOB8HHblX ,IIH~eprn UHaRbHblX H Pl 3HOCTHblX ypaBH eHHll C aHa

RHTH48CKOR npaaon 4aCTbD, llaHHai! ,nHccepTaUHOHHa/! padoTa TTOCBl!WeHa 

pemeHHD yKa3aHHblX npodneM. 
/1-16/ PaOOTbl 'nonoxeHHble B OCHOBY HaCTOl!men ,IIHCCepTaUHH, BblilORHe-

Hbl B COOTB8TCTBHH C npoOneMHo-TeMaTH48CKHM nnaHOM Hay4HO-HCCne,noBaTeRb

CK!,!X padOT JIBTA oo~e,nHH8HHOro HHCTHzyTa i!,nepHblX HCcne.noaaHHR. 

Hccne.!lQBaHillh BKRD40HHble B m!CC8I!_~.._JlM8DT CRfill!.!2~He ggnH: 

a) pa3pa0oTKa MeTO,IIOB 4HCROHHOro HCcne,noBaHH/! ,IIBHXOHHR aBTOHOM

HblX 0HRHHel1HblX ,Il!,!HaMH48CKHX CHCT8M C RDdolt CTeneHbD T04HOCTH; 

d) pa3padOTKa M8TO.IIOB 3KBHEanrnTHoro npeodpa30BaHH/! CTpyKTYP 

,n;HCKpeTHWC dHRHHOllHblX ,IIHHaMH48CK!,!X CHCTOM B MHHHMaRbHble CTPYKTyp1:,1; 

B) pa3pa00TKa M8TO.IIOB Bbl4HCR8HHH pa3MOPHOCTell MHHHMaRbHblX CTpyK

TYP ,IIHCKpeTHblX OHRHHellHblX ,IIHHaMH40CKHX C!,!CTeM; 

r) odoOmeHHe pa3padOTaHHblX M8TO,IIOB OHRHHeRHblX ,IIHHaMH48CKHX CHC

TeM ,IIR/! Hccne.noBaHH/! donee oelmHX HeRHHellHblX .IIHHaMH48CKHX CHCTeM, no

pox.naeM!,[X CHCTeMaMH OelblKHOB8HHblX .IIH~epeHUHaRbHblX H pa3HOCTHblX ypaB

HOHHR C aHaRHTH48CKolt npaaol! qaCTbD. 
H~Hal! HOBH3Ha H_3Ha4HMOCTb 2aelOTbl, B npe.ncTaBR8HHOR padoTe 

BnepBble KoppeKTHO C~OPMYRHpOBaHa npodneMa MHHHMaRbHOR peaRH3aUHH ,IIHC

KpeTHblX OHRHHellHblX ,IIHHaMH48CKHX CHCT8M B 4HCR8HHOM HCCne,noBaHHli noae

,neHH/! ,IIBHlK8HHR iHHaMH48CKHX CHCTeM, nopox,naeM!,IX CHCTSMaMH OdblKHOBeH

HblX ,IIH~epeHUHaRbHblX H pa3HOCTHblX ypaBH8HHII C aHaRHTH48CKoll np~BOR 

qaCTbD. Ha OCHOBe KRaCCOB aBTOHOMHblX dHRHH811HblX ,IIHHaMH48CKHX CHCTeM 

!,! ,IIHCKpeTHblX dHRHHeRHblX ,IIHHaMH48CKHX CHCT8M anepBble ycTaHOBReHa CB/!3b 

M8lK.nJ npodneMoll Bbl4HCR8HH/! B HCcne,noaaHHH KRaCCH48CKHX ,IIHHaMH48CKHX 

C!,!CTeM H npodneMoll Bbl4HCReHH/! B HCCne.noBaHHH COBpeMeHHblX ,IIHHaMH'l8CKHX 

CHCTeM, i!BRl!DlliHXC/! npeodpa30BaTeRl!MH HH~Op.!aUHll THna BXO,II-BblXO,II. Hc

XO,II/! !,!3 Toro, 4TO npaBai! qaCTb /!BR/!8TC/! aHaRHTH48CKOR ~yHKUHell, pa3pa

doTaHbl YHHBepcanbHble anropHTMbl Bb14HCR8HH/! K03~HUH8HTOB Teltnopa peme
HH/! Ja,naqH KowH/ll-lJ/. 3TH anropHTMbl no3BORl!DT nocTpOHTb pa3HOCTHble 

CXOMbl RDdoR CTeneHH TO'l~OCTH, 'lTO B8CbMa BalKHO B Bb14HCR8HHH HeycTollttH

BblX ,IIBHX8HHR /l5 ,16/. Ha HX OCHOBe pa3paeloTaHbl ,IIHCKpeTHble dHRHHell

Hble ,IIHHaMH48CKH8 CHCT8Mbl ,IIRI! Bbl4HCR8HH/! BapHaUHll ,IIBHlK8HHl1 aBTOHOMHblX 

dHRHHellHblX ,IIHHaMH4eCKHX CHCTeM. B pa6OT0 CO3,I(aHa T0OPHJl MrumMaJU,

HOR peaRH3aUHH ,Il!,!CKpeTHblX ,IIHHaMH'leCKHX CHCTeM 11- 101 • OHa ,naeT 3~eK

THBHble MeTO,Ilbl Bbl4HCR8HH/! pa3MepHOCTelt MHHHMaRbHblX CTPYKTYP H npeodpa-

30BaHHI! ,lll'ICKpeTHblX OHRHHeRHliX ,IIHHaMH48CKHX CHCT8M B MHHHMaRbHble CHC
T8M!,[ / 6-lO/ • Pa3padoTaHHbl8 MeTO,nbl 4HCReHHOro HCCRe,noBaHH/! ,IIBHlK8HHR 

aBTOHOMHblX dHRHHeRHblX ,IIHHaMH48CKHX CHCTeM IlORHOCTbD pacnpOCTpaHi!DTC/! 

,Ha liCCJI8,I(OBaHl10 RDdblX H8RHHellttblX aHaRHT!,!48CKHX ,IIHHaMH'l8CKHX ·CRC
T8M/I2-161. Teoprui: MWmM8Jll,HOit peaJIRSaIUIH CTPYKTYP ,n;HCKp8THWC 
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cl11mrnellHllX ,ll;llHaMlll.l eCKllX CllCT8M TaKJKe ocloclmaeTCJl ,ll;Jlll llCCJie,D;oBaHllll 

MllHllMaJibHllX crpyKryp ITPOll3BOJ!bHllX HeJillHellHllX aHaJillTlll.leCKllX ,ll;llCKpeT

HllX ,ll;llHaMll1.l 8CKllX CllCTeM /l, 2/, 

TipaKTlll.leCKall ~HHOCTb. PaspacloraHHlle aJirOpllTMll Blll.lllCJieHllll ,ll;Bll-

JK8Hllll aBTOHOMHllX clllJillHellHllX ,ll;llIDMlll.leCKllX CllCT8M ll ,ll;llCKpeTHlle dllJillHell

Hll8 ,ll;llHaMll1.18CKlle CllCT8Mll CQCTaBJIJlllT KOMITJieKc Bll1.lllCJlllT8JlbHllX CllCTeM 

,ll;Jlll KOJ!lll.leCTBeHHOfO ll Ka1.1ecrBeHHOfO llCCJie,D;oBaHllll pa3./ll11.!HllX H8JlllH81lHllX 

3BOJ!llUllOHHliX npoueccoB B ¢1l31lKe, TeXHllKe ll clllOJIOfllll, ococleHHO B llCCJie

,ll;OBaHttll Heycrolll.lllBllX. ITpoueccoB 115 , 16/ • Mero,ll;ll Bll1.lllCJl8Hllll pasMepHOC

rell MllHllMaJibHliX CTpyKTYP ~CKpeTHliX clllJillHellHliX ,ll;llHaMll1.18CKllX CllCT8M 

TaKJKe HaXO,ll;llT ITPllM8H8Hlle B sa.n;a1.1ax MllHllMaJibHOfO MaTeMaTll1.18CKOf0 MO.D;e-

JillpOBaHllll CJIOJKHllX CllCTeM yITpaBJ18H llll 191 . . 

OCH OBJ!lle p~ ilbTfiTll_,!lllC Cfil1_!aU!lll.._BliJillllfaeMlle ,!\Jill 3al!lllTll • 

I. PaspacloraHli anropllTMll Blil.lllCJieHllll ,ll;BlllK8Hllll aBTOHOMHllX clllJillH81l

HllX ,ll;llHaMll1.l8CKllX CllCT8M Jlllcloll creneHll TOl.lHOCTll. Paspaclc~aHli ,ll;llCKper

Hlle clllJillHellHlle ,ll;llHaMll1.18CKll8 CllCT8Mli ,ll;Jlll Blll.lllC Jl8Hllll Ba!HfiUllll ,ll;BlllK8Hllll 

aBTOH OMHllX OllJillHellHliX ,ll;llllaMlll.18CKllX CllCTeM. AHaJI Ofll1.!Hli8 anropllTMll pas

pacloraHl:l ,ll;Jlll llCCJie.n;oBaHllll ,ll;llHaMlll.18CKllX CllCTeM, ITOpOlK,ll;a8MliX CllCTeMaMll 

.n;11¢¢epeHu11aJibHllX ypaBH8Hllll C aHaJillTll1.18CKOll npaBoll 1.laCTbll. 

2. PaspacloraHa TeOpllll MllHllMaJibHOll pean11sau1111 ,ll;llCKpeTHllX clllJillHell

HliX ,ll;llHaMll1.18CKIIX CllCT8M. 0Ha JlBJ!ll8TCll ITepBoll 8,ll;llHOll reop11ell llCCJie.n;oBa

Hllll llX MllHllMaJibHliX crpyKryp. Ilonyl.leHll oclm11e yCJIOBllll ,ll;Jlll ITpeoclpasoBaHllll 

JillclliX ~CKp8THliX clllJillHellHliX ,ll;llHaMll1.18CKllX CllCT8M B MllHllMaJibHlle (.n;oCTll

XllMll8, HaclJID,Ia8Mli8 ll BITOJIHe MllHllMaJibHlle) CllCTeMll. 0Hll .D;allT 3~8KTllB

Hli8 M8TO,ll;ll Bli1.lllCJl8Hllll pa3MepHOCTell MllHllMaJibHblX crpyKTYP ,ll;llCKpeTHllX 

clllJillH81lHllX ,ll;llHaMll1.18CKllX CllCT8M, AHaJIOflll.lHlle yCJIOBllll U MeTO,ll;ll ITOJIY1.18Hli 

TaKJKe ,ll;Jlll ,ll;llCKpeTHllX H80,ll;HOp0,ll;HllX clllJillHellHliX u JlllH81lHliX ,ll;llHaMll1.18CKUX 

CllCTeM, Teopllll MllHllMaJibHOll pean11sau1111 ocloclmeHa ll ,ll;Jlll llCCJ18,ll;OBaHllll Mll

HllMaJibHllX crpyKryp npOll3BOJ!bHllX He·nuHellHliX ,ll;llCKpeTHliX ,ll;llHaMll1.18CKllX 

CllCT8M C-aHaJillTll1.l8CKOll npaBoll 1.1aCTbll, 

AITpoclaUllJl paclQI~. PesyJibTaTll, B0lli8,ll;llill8 B ,ll;llCCepraUllll, ,ll;OKJia,ll;liBa

JlllCb Ha MeJK,D;yHapO,ll;HOll KOH¢epeHUllll no 1.lllCJl8HHllM M8TO.D;aM ll ITpllJIOX8HllllM 

(CQ¢uJJ, 1984 r.); Ha Mex.n;yHapo.n;Holl mKOJie no np1rnoxeH11llM Mare MaTllKll 

B TeXHUKe (BapHa, 1984 r.); Ha MeJK.n;yHapo.n;Holl KOH¢epeHUllll no aHaJillTll

qecKllM Blll.lllCJieHll.llM ll llX ITPllJIOX8HllllM B reoper111.1ecKoll ~ll31lKe (nyclHa, 

1985 r.); Ha MeJK.n;yHapO,ll;HOll KOH~epeHUllll ITO H8JlllH81lHliM 3BOJ!llUllOHHllM 

ypaBHeH11au 11 .n;11HaM111.1ecK11M c11creMaM (rann11non11, 1985 r.); Ha ceMHHapax 

no TeOpllll aBTOMaTOB M8XMaTa MrY (MocKBa) 1 ,ITO CJ!Oll:HllM CllCT8MaM ynpaBJie

Hllll llHCTHTyTa KllclepH8TllKll (KHeB); Ha Hay1.IHO-HCCJ!8,ll;OBaTeJ!bCKOM C8MllHape 

Hacloparop1111 ,ll;ll~epeHUllaJibHHX ypaBHeH11ll HHBU MrY (MocKBa); Ha ~11s11Ko-
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MaTeMaTll1.18CKOM CeMllHape EcTeCTB8HHO-T80p8Tll1.18CKOf0 ueHTpa YHllB8pCll
T8Ta llM.KapJia MapKCa (Jiellnu11r); Ha ceMllHape no Bll1.lllCJ!llT8JlbHOll MaTeMa

TllKe JIBTA (OIUUI) 11 Ha oclmeJiacloparopHblX ceM11Hapax JIBTA B OlfHH, 

Jb'.clJI!:!!@!l!ltl• 0CHOBHli8 pesyJibTaTll .n;11cceprau1111 onyclJ!llKOBaHll B 

ne1.1ar11 B paclorax /l-l6/ 

CTPI]SlllliLID!f£8PTagtltl~ n11ccepraUllJl COCTOllT 113 BBe.n;eHllll, rpex rJiaB, 

pa3clllBllillXCll Ha IO ITaparpa~OB, ll cn11c~ JlllT8paTYPll, HaCl.lllTllBaD!llero 

110 HallM8HOBaHllll. 

TI. KPATKOE conEFUHHE nncCEPTAUlrn 

Bo BB8,ll;8Hllll .rr,a.H KpaTKllll oclsop KJiaCCOB clllJillH81lHliX ,ll;llHfiMll1.18CKllX 

CllCTeM, oclOCHOBaHa aKTyaJibHOCTb sa.n;a1.1, paCCMaTpllBaeMllX B ,ll;llCC8pTaUHOH

HOll paclore,11 oxapaKT8pll30BaHO OCHOBH08 ee co.n;epJKaHll8, 
B rJiaBe l "Bli1.lllCJ!8Hll8 ,ll;BlllK8Hllll aBTOHOMHllX clHJillH81lHllX ,ll;HHaMHlle

CKllX CllCT8M 11 paspacloraHll aJiropllTMll Bbl1.lllCJ!8Hllll ,ll;BUX8Hllll aBTOHOMHblX 

clllJIUHellHblX ,ll;UHaMllll8CKllX CllCTeM ll llX Bap11auull. 
B § I.I npUBe.n;eHbl npllM8pll aBTOHOMHllX clUJIUHellHliX ,ll;llHaMllll8CKllX 

CllCT8M ll llX CBJl31l C H8JlllHellHllMll 3BOJ!llUllOHHllMll ypaBHeHllllMll. 
B § I.2 paspaclOTaHll aJiropllTMll BllllllCJl8Hllll ,ll;BlllK8Hllll aBTOHOMHllX 

clllJillH81lHllX ,ll;llHaMlll.leCKllX CllCT8M ll llX Bap11au11ll Ha OCHOB8 reopeMll Kowll 

,ll;J!Jl ,ll;ll~~epeHUllaJibHllX ypaBH8Hllll C aHaJillTll1.18CKOll rrpaBoll 1.1aCTbll, 
Bee a_JiropllTMll rrocrpoeHll Ha OCHOBaHllll anrofllTMa pa3JIOJK8Hllll pewe

Hllll 3a)l8.1.lll Kornll CllCTeMll (I) B crerreHHlle pH,ll;li / I-IJ/ • 
TeopeMa I.I. nnll Jlllcloll T01.!Kll '-PE Rq ll MOMeHTa t E: R K03~1lUll8H-

oo pm 
Ill Tellnopa pR.n;a <fll:+fiJ = S Cmt!)ll , rrpe.n;craBJillKJII\ero e.n;11HCTBeHHoe 

m-o 
perneHlle sa.n;alltt l{ornu Cf'(-f.) = <p CUCT8Mli (I) 1 y.n;oBJI8TB0pllDT CJI8,ll;yll!ll8MY 

peKyppeHTHOMY ypaBH8Hllll 

cm+i (!) = ~+t (QCn,.(tJ-t-J(C"<H,Crn_Klt!); 

C0 ttJ = ~c-0 ( 4) 

j> (~._(!l,Cm_,/!l) = ~ BiJ <aic!_w; . r . . I" K 

L,j= 1,··:r'f 
t': i, ... , q. 

K =0,1, ... ,m 

BlillllCJl8Hll8 ,llBUX8HllJl C MCT8Mbl (I) COCT OllT B rrocrpoeHllll pa.n;a 

I., 

(f<i-+~) = L CrndJ~m + 01.,ttl , 
rrl =- 0 

'P(O) = q,o (5) 
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Teop?Ma I.4. IIycTb ,l\BHllteHlrn (flt) CHCTeM!i (I) orpaHH'-!eHO Ha 

HHTepBaJle t ::: 0-:- 't' , £ ) 0 - npOH3BOJlbHOe 3a.rr,a.HHOe Manoe nono-

llCHTeJlbHOe t1ncno n ot. ~ \ lf'Ci>I + £ Ha HHTepBane. IlycTb, .n;anee, <f'itctJ 
- ee COOT~eTCTBYDmc~ .I\BHXeHne, BlitlHCJIHeMoe no anropHTMY (5). IlOJIOlKHM 

a = i ma:x:lOnl., 
r, 'i 

b1 = { 

i-i ·v ~~ ~ ~- .j 
max ·~ I B~ I + 2 I Br I + _0 I e/ I , 
r,v, l::ci . J=~+1 

P{~ exp (lar1-b1o1) qfi-). 

Tor.n;a, ecnn war HHTerpnpoBaHHH ft. n CTeneHb annpoKCHMnpyDmero 

noJIHHOMa I., Y.I\OBJleTBOpHIOT HepaBeHCTBaM 

-fi < flMJ = ifn M(a+bo<) , 
ll. c::<(a+bM) 

l!.L+i ~ (i - Ll) E 
"' N-t 

M L P1tiJ 
l<.=0 g_ 

r.n;e M > ol, Nfi. ~ 't' , A=-- , TO 

l'Pct)- cr~w I~ f .ni~M~cex -l = o,fi, ···, Nfi. 
TeopeMa I;5. IIycTb BeJ1nt1HH!i L n ft. B anropnTMe (5) 3a4lnKcn

poBaHi. H M -.n;OCTaTOtlHO OOJlbWOe nOJIOlKHTeJlbHOe t!HCJIO, Tor.n;a Ha Kallt-

,l\OM ware HHTerpnpoBaHnH K cnpaBe.n;nnBa oneHKa 

i+i 
\<f'<CK+Ut)_ Cflt((K-t-i)'g_ll ~ f}(K+O = ~lK) PK+~ ) b(D}= o. 

LLlK 

noKa cS'tKJ .n;oCTaTOtlHO Mano ( blK) < f ) n 

t < P (M) = ..1.. fn_M_ca_+_bol_"> 
JK ll o(K(a+bM) 

ft 
r.n;e .6K = - , ~" :\Cf'~cKftJI+ &tKJ 1 PK=e"p((a 1 +b1 '\)qli), 

fi:CM) 

"°1::. = max \ <fx( di +SJ I + foq. 
s !(h 

8 

l I 

' 

l 

AHaJ1ornt1Hlie oneHKH nonyt1em,1 .I\JIH oc5mnx aHaJIHTHtleCKHX .I\HHaMntleCKHX ', 

CHCTeM, 

TeopeMa 1.6. IlyCTb .n;BHllteHHe <fct> CHCTeMl,I (2) orpaHHtleHO Ha 

HHTepBaJle t:O-:-'t' , f>O - npOH3BOJlbHOe MMOe noJIOJ!lllTeJlbHOe 

t1Hcno n cl)ltfc·t>l+f Ha HHTepaane. IIycTb, .n;anee, <r*ctJ·- ee 

COOTBeTCTByDmee ,l\BHl!CeHne, Bl,ltlHCJIHeMoe no anropHTMY (7) • IlOJIOlltl'IM 

Q
0 

= max I Cl~I , _ llK = max I:, I a~t,•··,o(K I , K = !, ... , H , 
\'" r ot.' L t= , ... ,q 

.. - .... . 

N ~"=~--~4 
Pcfi,)::: exp ( qR f! 1<.a.,t<"-1

). 

Tor .n;a, ecJIH war HHTerpnpoBa.Hl'IH t l'I cTeneHb annpoKCl'IMHpyIOmero noJll'I- . 

HOMa L y.n;OBJleTBOpHIOT HepaBeHCTBaM 

M 

t < fCM): J--;~ 
o< ~a""" 

K::O 

i-,.i (L.1)f 
~ N-t 

ML, P"c-RJ 
K:0 

'A -fi r.n;e M > ot , Nfi f 't ' =- TO 
' flMJ ' 

l'Pc1:J-<fil ctil ~ £ .n;nH Bcex -{ = 0, Fi., ... , Nfi. 

CpaBH eHl'le pe3y Jib Ta TOB. Bl,lt!l'ICJleHl'IH aTTpaKTOpOB nope Hua C noMOII{bJO _ 

pa3pac50TaHHl,IX anropHTMOB C pe3yJlbTaTaMH, Bl,lt!HCJleHH!iMl'I C nOMOII{bll 

MeTO,l\OB 00!,ltlHOn annpoKCHMaUHH, noEa3aJIO, t!TO norpewHOCTb nocne.n;HHX 

Ql,ICTpo pacTeT npl'I pacllil'lpeHHH HHTepBaJla Bl,ltlHCJleHHH Z' • B TO lite BpeMH, 

pa3padoTaHHl,le anropHTMl,I ,l\a!OT pe3yJlbTaTl,I C JIDc5on CTeneHbD TOtlHOCTl'I 

Ha JIDOOM HHTepBaJle BpeMeHl'I\C COOTBeTCTBYDIIll'IM Bl,ldOpOM CTeneHH L 
n wara K . Ilpn noM CTeri~HI, L pacTeT c yaennt1eH1-leM HHTepBana 't • 

B rnaBe I1 "MHHl'IMaJlbHaJI peaJll'l3aUHH .n;HCKpeTHl,IX OHJIHHenHl,IX .I\l'IHaMl!

tleCKHX Cl'ICTeM" paspac50TaHl,I MeTO,l\1,1 3KBHBaJleHTHOrO npeodpa30BaHHH 

CTpyKTYP .I\l'ICKpeTHl,IX OHJIHHenHl,IX .I\HHaMHtleCKHX Cl'ICTeM B Ml'IHl'IMaJlbHl,le 

CTPYKTyp1,1 H BlitlHCJleHHH l'IX pa3MepHOCTell. 

Cl'ICTeMa Bl,ltlHCJleHHH Bapnannn (6) (a TaKllte (8)) npe.n;cTaBJIHeTCH 

B KaHOHHtleCKon ~opMe 

9 



.:x:c-l-d) = A.xm + .r, lli ct,<p 0 JB.:xcfJ , ~coJ= x 
i:1.r-·,P 

'J-Ct) = DxcH, 
(9) 

r.n;e tfT=~O,i,;z, ... \, X(tlE:X=Rr\ ~£iJ£Y:Rq, U(t,tl'0JfU=Rq, 

A, e>t,··.,I\ERl'\XI\., DERqxn. , 0Cl03Ha'lID4 qepe3 ¢:u'T'---+-y'T' -
OTOClpaxeHl'Je, conocTaBJI/IIllll66 Kaiuoa nocJie,D;OBaTeJibHOCTl'I · f U(o <f"'), 

I 
U l1., q>0 J , ••• , U ( t, Cf 0 ) l , cooTBeTCTBYDilleA ,n;Bl'IJ:eHl'ID 'ftoJ= '{' 0 , 

nocJie.n;oBaTeJILHocn Bapl'la!.ll'll'I \ IJ-COJ, V ll), ... 1 tJW J , Bli'lHCJ111e
MYD no Cl'ICTeMe (9) • OHO Ha3liBaeTC/I OTOClpaxeHl'J6M BXO,ll; - BliXO,D;. . 

PaCCMOTpl'IM ,n;pyryIJ ,ll;l'ICY.p6THYD Cll'JJil'IHeAHyll ,ll;HHaMl'J'lecKyD Cl'JCTeMy 

~C¼+iJ = A"'x*c+.> + I: Uilt,<.f> 0J B~ s:.1\tJ , 
(;!,. .. ,p 

-!I 

~ltl = D*.:x:•H·) , :X:"'(.f.) EX*= Rn. 

(IO) 

Ha3oBeM JIDCloe Jil'IHellHoe otoClpaxeHl'Je f : X -.Xlf 3KBl'IBaJieHTHliM 
npeoClpa30BaHl'J6M Cl'JCT6Mli (9) B Cl'JCTeMy (IO), 6CJil'I OHO y,n;oBJieTBOplleT 

All Q * . . X ycJIOBl'IIIM f A=- f , fuc: = Bi f ( l: !, ... , p> l'I cyinecTByeT x: E 
mKoe, 'lTO OTOClpaxeHl'le BXO,ll; - BliXO,D;, Bli'll'ICJI/16MOe no Cl'JCTeMe (IO) C 
Ha'laJILHliM 3Ha'l6Hl'l614 xll IO) = t (X), COBna,n;aeT C .q, 

ll'ICKpeTHa/1 Cll'JJll'JHellHa/1 ,ll;l'JHaMl'l'l6CKa/l Cl'JCT6Ma Ha3HBaeTC/I BnOJIHe 
Ml'IHl'JMaJILHOll, eCJil'I JIDCloe ee 3KBl'JBaJieHTHOe npeoClpa30BaHl'le /IBJl/16TC/I 

B3aHMHO-O,IIH08HatnlHM. 
B § 2.I 1'13JIOX6Hli npoClJieMli l'ICCJie,D;oBaHl'J/1 3KBHBaJieHTHliX npeoClpa3o

BaHl'JA ,ll;l'ICKpeTHliX ClHJil'JHellHliX ,ll;l'IHaMl'J'leCKl'JX Cl'ICTeM B Ml'IHl'IMaJILHlie Cl'IC
T6Mli H Bli'll'JCJieHH/1 l'IX pa3MepHOCTell, a TaKxe, oClOCHOBaHa aJireClpal'l'l8CKall 
npl'lpo,n;a ,ll;l'ICKpeTHliX Cll'JJll'IHellHliX ,ll;l'IHaMV.'l6CKl'IX Cl'ICTeM. 

B § 2.2 c<IiopMj'Jil'lpOBaHli nOHIITl'l/1 ,ll;l'ICKpeTHliX Cll'JJIHHellHliX .JU!HaMl'l
qecKl'JX Cl'ICTeM, l'IX 3KBl'JBaJieHTHHX npeoClpa30BaHl'JA,1'1 CB/13aHHli6 C Hl'IMl'I 

nOH/ITH/1 Ha "CleCKOOp,ll;l'IHaTHOM aJireClpal'l'l6CKOM" 113liKe, 3aTelt l'JCCJie
,D;yDTC/1 CBOllCTBa 3KBl'IBaJieHTHliX npeoClpa30BaHl'Jll l'I YCJIOBl'III, npl'I KOTOpliX 
Jll'JHeAHoe npeoClpa30BaHl'Je CTaHOBl'JTC/1 3KBHBaJieHTHliM npeoClpa30BaHl'J6M 
/J,4,9/. 

PacCltOTpHM Cl'JCTeMy BOCbMl'I oCl~eKTOB 

S:.<.T,R,X,U,Y,4>,~.p>, (II) 

r,n;e nepBHe mecu 3JieMeHTOB taKHe xe, KaK B (9), 0( E E,,.cl. X, 

IO 

J:U--En&.X - Jil'IHeAHoe npeoClpa30BaHHe. (3,n;ec1, EnJX - Jil'IHeAHoe 
B eKTOpHoe npoCT paHCTBO Bcex JIHHeAHliX on epatopoB npocT paHCTBa X ) • 

lJ111 Kax,n;oll napH (x,'l. > , r ,n;e x ~ X l'I 'l.: X-- Y - Jil'IHeAHoe 
npeoClpa30BaHl'l6 1 OTOClpaxeHHe BXO,ll; - BliXO,ll; S!t :U'T'-y'f CHCT6Mli 
(II) onpe,n;eJ111etc11 no cJie,n;yDineMy aJiropl'ITMY: ~ 

S.x~ l"> a) :. ~ O,tx, \5-J rn, b)), 

.A (X, 0-1 [0,0)) = X I 

'.). tX:,OJCo,bt>): (ol+JCUW))iC.t:,OILO,i)) 
'I' 

,n;J111 JIIJCloro \)-EU H tE.T (3,n;ec1, l}-l[o,t) - orpaHH'leHl'le·<fiyma.urn 

0 Ha HHTepBaJie [O, t) ) , ECJil'I S ):~ = cp I TO (.:x:,,p Ha3HBaeTC/I 
peaJIH3YDineR napoR I a 'l, - ,n;ooyCTl'IMliM BliXO,ll;HliM OTOClpaJ:eHl'leM. 

Cl'ICT6Ma·(II) Ha3liBaeTC/I ,ll;l'ICKpeTHOll Cll'IJil'JHeAHoll ,ll;l'JHaMl'J'leCKOA Cl'JC
TeMoR, ecJil'I ,n;n11 Hee cyinectByeT peaJIH3YDina11 napa •. 

Teop~w 2.2. IIycu S:<'T',R,X,U,Y,4>,cx,p> l'I S':<'l',R,X'.{J, 
Y,<t>,al.',f> - .n;Be,ll;l'lcKpeTHlie ClHJil'IHeAHlie MHaMH'leCKHe cactew.a 

f X--X' - JIHHeAHoe npeoClpa30BaHHe, y,n;oBJietoop11IJinee ycJIOBl'IIIM 
f(<X::X:):c:t'fCX.) l'I 'f(fCll)X):f,'cu.>fcx.) ,ll;Jl!IBCex .:X:f.X l'I uEU • 

T_o:i·,n;a f /IBJl/16TC!I 3KBHBaJieHTHliM npeoClpa30BaHl'J6M TOr,n;a H TOJILKO Tor,n;a, 
Kor,n;a cyinecTByIJT ,n;onycTHMlie WXO,ll;Hlie OTOClpaxeHl'J/1 ti l'I '1' Cl'ICTeM 
$ l'I S1 

, COOTB6TCTB6HHO, TaKH6 1 'lTO f/.:: 'l, 1 f . 
B § 2.3 CTpOIITC/1 cneul'laJILHHe ,ll;l'ICKpeTHlie ClHJil'JHeAHlie ,ll;l'IHaMH'l6CKl'Je 

Cl'JCT8Mli l'I 3KBl'IBaJieHTHlie npeoClpa30BaHl'III, KOTOplie npeoClpa3yIJT 3a,D;aHHYD 
,ll;l'ICKpeTHYD Cll'JJil'IHeAHyD ,ll;l'IHaMH'lecKyD CHCTeMy B BnOJIHe Ml'IHl'IMaJILHY.D,l'I 
,ll;OKa3aHa e,ll;l'IHCTB8HHOCTb pa3MepHOCTH BnOJIHe Ml'IHl'JMaJibHliX Cl'JCTeil31417:IO( ,.. ,., 

lJ111 3a,n;aHHoA CHCTeMH S onpe,n;eJieHa c l'ICTeMa S = <.1' R , X ,-, . I J 

U,Y, <P, ~, f > , r,n;e X = R< Z> ecu R -aJireClpa (BeKtopHoe 
npoctpalicTBo) <floJ)MaJILHliX nOJil'IHOMOB S: L (S,8)0 ((S,0)t R) C 

9 ieZ* 
K03<Ii<Iil'llll'l6HTaMl'J H3 R l'I acCOI.ll'laTHBHliMl'I nepeMeHHliMl'I 1'13 aJI<flaBHTa 

Z-:: \i
0 

21. ... , ~PI . , Z* - COBOKYnHOCTL Bcex KOHe'lHliX nocJie,JtoBa-
, I ~ ~ 

TeJILHocteR 1'13 Z, o{:s~si:..s , pcu>: s ......... ~ u,2,s . 
IlpOCT paHCTBOM ,ll;OCTHlEl'IMOCTH C oc TO/IHl'l/1 X ~")(··yP Cl'ICT6Mli (II) Ha 3liBa.

eTC/I Jll'IHeAaa11 oClOJIO'lKa MHOlieCTBa Bcex COCTOIIHHA, ,ll;OCTHlil'IMliX H3 X 
Cl'ICTeMa (II) Ha:iaaeTC/1 ,ll;OCTl'IJll'IMOI! 1'13 X I eCJil'I npocTpaHCTBO ,ll;OCTl'l
lIHMOCTH x c OBaa;raeT c X • 

TeopeMa 2.5. IlyCTb :la,D;aHa ,ll)!CKpeTHa/1 Cll'JJil'IHeAHa/1 ,ll;l'IHaMH'leCita/1 

Cl'ICT6Ma s = < T, R,X,U, Y, cp I cl., 11 > . Tor,n;a npoctpaHCTBO ,ll;OCTl'JlIHMOCTH 
JIDCloro C OCTOIIHl'l/1 .Xf X COBna,lil. eT C oelpa30M OTOClpalieHl'J/1 

%.:: x ~ X: s-8~_<S,8Jft1eJ:x: , r,n;e -ft.: zll--.- Rl\l(ll, - OTOClpaxeHl'le, 
noJiy'leHHOe :JaMeHot nyctoR noCJie,n;oBaTeJILHOCTl'I Ha 8,ll;l'IHH'lHYD MaTpHny, 
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~o Ha A , 11 ~. ( C = !, ... , pJ Ha Be: • CJie,n;oBaTeJibHO, 

c.icreMa S ,n;ocrm1:11Ma 113 :x: ror,n;a ·.i TOJibKO ror,11a, Kor,11a 'f:.c 
. IIBJIIISTCII 3KBHBaJieHTHHM npeoOpa30BaHl18M Cl1CTSMH $ Ha Cl1CTeMy S 

C.icreMa s· Ha3HBaeTCII HadJID.lil,eMOlt C Bl:lXO.llHl:lM OTOdpallSHHSM '7. 
eCJil1 113 X-t ::,:.,' CJie,n;yer. s'X:IJ. ::j: Sx'4, 

[lycTb D - Marp1rna OT00palleHl111 'l 11 [1:x:1] - OeCKOHellHHlt 

BeKTOp-CTOJIOeu, CTpOKl1 KOTOporo ;rn,n;eKc.ipyDTCII 3JISMSHTaMH 113 Z"' 1 a 

3HalleHl1e Kal[)l;Oro 3JieMeHTa Sf'.ZJI paBHO DfiC8JX. 
TeopeMa 2.6. [lyCTb s = <'T,R,'X,U,Y, <P,a, f> - 3a,n;aHHall ,llllCKpeTHa!I 

01rn11HeltHa11 ,n;11HaMHllecKa11 c.icrewa 11 'l - ee Bl:lXO.llHOe oroOpa:m:eH.ie. 

Tor,n;a BOCbMepKa Slf-=<'l',R.,X1,V,Y,4>,c:x*,f*> (r,n;e Xil=H1x1] :x f.X i, 
[1:x:1]+[IX'I]= [IX-t~'I], r[1x11= (1rxl],ol .. [\xl]=[lo<XI], 
.i jJ1luJ[1x11 =[IJ<uJ~I] ) ,n;J111 acex r,x'f:X, rE R .i uEU 
IIBJlll8TCll HadJID,JJ;aeMolt Cl1CTeMolt C Bl:lXO,ll;HHM OT00paXSHH8M t]_lf- ~ Xii --)' 

·: [1:tl]~ 'll~) 11 oroOpazeHHe SfX_.Xit-:x.-[1x1] IIBJilleTCII 

3KBl1BaJieHTHl:lM npeoOpa30BaHl1eM Cl1CT8MH S Ha c11cre1,1y S* • CJie,n;oBa-

T8JlbHO, Cl1CTeMa $ HadJID,JJ;aeMa ror,n;a 11 TOJ!bKO ror,n;a, Kor,n;a Si IIB-

JI!leTCII H30MOMJHHM • 

TeopeMa 2.7. n11cKperHa11 011J111HeltHa11 .n;11Ha1,111qecKa11 c11cre1,1a 

S == < T, R,X,U, Y, 4>,°', ?> BnonHe M11HHMaJibHa ror,n;a 11 TOJibKO ror,n;a, 

·Kor,n;a ,n;JIII JIDOolt pean.i3yomelt napH (x,i> oHa ,n;ocr11:m:11Ma 11 HaOJio,n;aeMa. 

TeopeMa 2.8. TTDOl:le .llBe BTIOJIHe Ml1Hl1MaJibHHe .lll1CKpeTHHe 0HJil1HeltHHe 

.llHHaMl1llSCKl1e Cl1CTSMl:l 11MeDT 0.llHHaKOBYD pa3MepHOCTb. 

B § 2.4 pa3pa0oTaHH MSTO.lll:l BHlll1CJieHl111 ~a3MepHOCTelt M11HllMaJibHHX 

.lll1CKpeTHl:lX 011Jil1HeltHl:lX .llHHaMHlleCKHX Cl1CTSM / ,
9/ • 

riycTb [ lVx 1 - Marp11ua, croJIOUl:l Koropolt 11H.n;eKc11pyorc11 :,JieMeHra-

1,111 113 2"° ' a 3HalleHl18 Ka1uoro CTOJI0Ua 9(: 1"' paBHO ~(&) X ' r.e. 

[ qix) = [.x,Ax, B
1
x, ... ,Bpx, K.x:, Al\:x:, ... , ABpx, B1Ax, B;.x, B1 Bi :ic, ... ] 

0003Halll1M qepe3 lei lll1CJIO OyKB 113 z ' BXO.llllm11x B 0 • [lycTb, 

,n;aJiee [ lf:x: 1 m - Marp1111a, noJIYllSHHall 113 Ma.rp11Ul:l (lf x.1 orO:(ECHBaH.ieM 

acex 3JISMSHTOB e E 2 !Ir ' TaKl1X, llTO \el > rn . 
TeopeMa 2.9. Pa3MepHOCTb npocrpaHCTBa .llOCTl1llHMOCTl1 noOoro COCTOII

Hl111 :X:E X .ll11CKperHolt 011n11HeltHolt .ll11HaM11ll8CKOlt Cl1CTSMH (9) paBHa paHry 

MaTpHUl:l [ 4'x] . CJIS,llOBaTSJ!bHO, OHa .llOCTHX11Ma 113 X tor,n;a 11 
n- 1 k ] roJibKO ror,n;a, Kor,n;a ran [ll'x = n • rip11 3TOM, ec;rn .llJIII HeKoroporo 

ll11CJia rn rdrilc[4'x] :rdnk[lJ-'x]m~/ , r.o rank [4\Jm=- Nnk [4'x] m+ e 
.llJl/1 acex e~ i m 

IIycTb [F] - Marp11ua, crpoK11 Koropolt 11H,n;eKc11pyorc11 :,neMeHTaM.i 

113 E* 
1 

a 3HallSHV!e KaX.I\Olt CTpOKVl 0 E z-- paBHO Df.i (8} , T. e. 
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[ F )1 = [ D1: (DA)'L, (DB/r, ... , (DB/', (DA2f\ (DAB/r, ... , lDABp>'C, CDB!>\ ... ]. 

3,n;ecb ~ COOTBBTCTByer onepau1111 TpaHCilOHMpOBailli.11. IlyCTb, .llaJiee, 

[F]m - Marp11ua, noJiylleHHa11 11!3 [F] oTO:(ECl:lBaH11eM Bcex crpoK, .llJIV!Ha 

VlH.llSKCa Kax,n;olt 113 KOTOPHX dOJiblllS rn • 
TeopeMa 2.10. Pa3MepHOCTb HadJID.llaeMolt .lll1CKpeTHOtt 011JIV!HeltHolt .llVl

HaMV!lleCKOlt Cl1CT8Mbl Sk ' 3KBl1BaJieHTHOlt CV!CTeMe (91 paBHa paHry 

MaTpV!Ul:l [ Fl n- -1. • CJie,n;oBaTeJibHO, M~KperHa/1 011J111HeltHa11 ,n;11HaM11l1 ecKa11 

CV!CTeMa (9) HadJIIJ,JJ;aeMa Tor,n;a 11 TOJ!bKO TOr.lla, Kor,n;a rc1nk [F] = n. • 
n-l 

Ilp.i 3TOM, ecJIV! .llJIII HeKoToporo m rari.k[F]::: rdnk [F] , TO 

[ ] 
n I>\ ll'l+i 

rank f]IYI = ran.k [ F rn+ t .llJIII acex c;d • 
Teopew'2,11. Pa3M8pHOCTb BilOnHe Ml1HV!MaJibHOlt .llV!CKpeTHOlt dV!JIV!Helt

HOlt .llVlHaMl148CKOlt CV!CTeMH, 3KBl1BaneHTHOlt CV!CTeMe (9), paBHa paHry 

np0113B8.ll8HHII MaTp11U [ F) n-t [ 4!:xJ n- i • CJie,n;oBaTeJibHO 1 .llV!CKpeTH~/1 

011J111HeltHall .llV!HaMHlleCKa/1 CV!CTeMa (9) BTIOJIHe MllHV!MaJibHa ror,n;a 11! TOJ!bKO 

ror,n;a, Kor,n;a rank [F]n_t[4'x]n-t = n. 
f JiaBa Ill "Ml1Hl1MaJibHa/l pean.i 3aUHII ,n;·11cKpeTHl:lX HSO.llHOpO.llHl:lX OV!JIV!H elt

Hl:lX, JIHHeltHl:lX 11 HSJ111HettHHX .ll11HaMVlllSCK11X CV!CTeM" ,TIOCBllmeHa np.iMeHSHV!D 

MSTO.llOB, 113JIOXSHHl:lX B rJiaBe II, .llJIII pemeHl111 3a.lla4 MV!Hl1MaJibHOlt peaJ1113a

Ull11 ,ll;HCKpSTHHX HSO.llHOPO.llHHX 011J111HeltHl:lX 11 JIV!HeltHl:lX .llV!HaMVlll8CKl1X c.ic

TeM 11 .ix oOod~eHl1D .llJIII com.ix .llVlCKpeTHHX HSJll1Hel1HHX .llV!HaM11lleCKHX 

CHCTeM C aHaJil1Tl1ll ecKolt npaBolt llaCTbD. 

B § 3.1 pa3pa0oTaHl:l MeTO.llH Bl:llll1CJieHVlll pa3MepHOCTelt MV!HHMaJibHHX 

.llV!CKpeTHHX HSO.llHOPO.llHHX 011Jil1HettHl:lX .llV!HaMVlllSCKHX CV!CTSM / 5 ,6 ,9 ,lO/. 
n.icKpeTHall HSO.llHOpO.llHa!I 011JIHHSttHall .llV!HaMVlllSCKall CHCTeMa OTJil1-

lla8TCII OT c.icreMbl (9) ,n;onoJIH.ireJibHHM llJieHOM CUlt,!f0 J , ue CE Rn~p 
.llJIII yqera B03MYmeH Hit Ha Kall.llOM ruare BH4V!CJl8H Till! Bap11au.i11, T. e. 

x<t+O = A:x:cu 4- 2, ui (i:,Cf0 )8, xft) + cuct,<f'0 J 
. I 
Lac!, ... ,, 

X(O) = X , 

(12) 

~lfl=Dxw. 

IIpeo0pa3yeM ee B CHCTSMY _ 

X (hi) = Ai. H·) + ~ u, (t,lf"J B.§c (P 

~(f) = °DX CV i:t., ... ,j> (13) 

- (A ) - (I'>· C·) -r,n;e A= 
0 

~ , B,= 0 ' 0' , Ci - CTOJIOUH MaTpl1Ul:l C , D=(D, OJ. 
TeopeMa 3.1. n.icKpeTHa.fl HeO~Hopo.n;Hall 011JIV!HeltHall .llHHaMl1ll8CKa!I 

Cl1CTeMa (12) .llOCTl1JmMa H3 .'.l: ror,n;a 11 TOJ!bKO ror,n;a, KOr,Jla .llJIII c.ic-

TeMbl (13) Bl:lilOJIHIISTCII O.llHO H3 CJie,n;yDm.ix YCJIOBV!lt: 
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(a) tdnk[Cy;:]n=n+i ,r,11e .;::=(1); 
(Cl) rank. [4\] = n u ,lVIll n HeKOTOpblX JmHellHO He3aBu-

CllMblX BeKTopoB n.fl= (~.tJ/ ... /xn = {7n), .llOCTmi:m.mx ll3 X; BeKTOpN 
!t t ... / x."' JlllHellHO He3aBllCllMbl. 

/ Ilpe.l(noJiaraeTcll, 'ITO cuci ew (12) He llMeeT coc TOl!Hllll x EX 
taKoro, 'ITO Ax.=<x.., lBi9:,B;i.x/ ... ,Bp.:ic)+C=0 u Dx:O. 

Teopew 3.2. CucTeMa (12) HaelJID.l(aeMa B TOM u TOJIJ':,KO B TOM cJiyqae, 

Kor M .l(Jlll CllCTeMbl (13) tdl'lk ["!!] n. = n+ t . 
Teopew 3.3. CllCTeMa (12) BnOJIHe MllHllMaJibHa TOr.l(a u TOJlbKO Tor,11a, 

KOr,l(a ,l(Jlll CllCTeMbl (13) BNnOJIHHeTCll 0.l(HO 1{3 CJie.l(JDmux ycJIOBllll: 

(a) rc1nk[F-}n[\!'i]n=n+! , !i::=C1); 

(Cl) r,u,k[F] ['+'xl'h.= :,., r-tnk[f] = n+t u .l(Jill n 
n ~ L 

HeK0Top1i1x JIHHellHo He3aBHCllMblX BeKTopoB ft= l1), ... , in= ('t) ,✓ 
· .l(OCTH:!:HMblX 1{3 X j BeKTOpbl :,:.L, ... 1 .l:n. JIHHellHO He3aBHCHMbl, 

B § 3 .2 paapaeloTaHbl MeTO,l(bl BN'lHCJieHllll ~a3MepHOC Tell MHHHMaJibHblX 
.l(llCKpeTHblX JIHHellHblX .l(HHaMH'leCKHX CHCTeM 15 , ,IO/. 

]HCKpeTHall JlllHellHall ,l(llHaMll'leCKall CHCTeMa onUCblBaeTCll CHCTeMoll 

ypaBHeHllll 
~l!-+l) = Ax1t-J +Cu.H,tf 0 J , 9'.co> = ,c ,/ 

(14) 
~co = Dxc!-J, 

T. e. oHa no JiyqaeTcll ua (12), Kor.l(a B1 = l'.>z = . . . = BP= o • IIpnpaBH.flB 
HYJID MaTpuu1i1 B1 ,. .. ,BP B teopewx 3.I-3.'..\ noJiy'luM cymecTBeHHOe ynpome
Hue npu BN'lHCJieHHll pa3MepHOCTell MllHHMaJibHNX CllCTeM. B qaCTHOCTH: 

TeopeMa 3.4. nucKpeTHall JiuHellHall .l(llHaMH'leCKal! cucTeMa (14) 
.l(OCTllXHMa ll3 .X: TOr.l(a I{ TOJlbKO TOr.l(a, KOr,l(a 

rank(c',Ac:A2c~ .... ,A"c')=n , ue c'=c~/cJ. 

§ 3 .3. l!BJilleTCll non blTK oil pa3pael OTKll oelmell TeOpllll MllHHMaJlbHOll 
peaJillJa!U!ll .l(llCKpeTHblX ,l(llHaMH'leCKHX CHCTeM 11 ,21 , peaJIH3yDmHx npoua
BOJlbHblll npouecc BN'lllCJieHllll BapuauHH <P ~ u 7 ~ yT nyTeM oeloelmeH Ill! 
CleCKOOp.l(llHaTHblX .l(llCKpetHNX Cll{JlllHellHblX .l(llHaMU'lecKHX CHCTeM, ll3JIOXeHHblX 
B rJiaBe rr. IlDJiy'leHbl ycJIOBHll HX MllHHMaJibHOll peaJIHJaUHH Ha aJireelpaH'le
CKOM l!3NKe, 
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