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Kanra mnsBecTHHX AaMEPHKAHCKAX CIGNHAANHCTOB [0 TEOPHH
cucrem M. Mecaposrua n fI. Taxaxapsl, XOpOIO 3HAKOMEIX COBETCKO=
My YHATATeNIO [0 NepeBefeEREM Ha PYCCKmil ABKK cGopHEKY «O6man
TeopmA cactem» B Mogorpadum «Teopns nepapXudeCKAX MHOTOYPOB-
HeBHX CHCTEM», IIOJIBOJIAT HTOT HATHAAUATHAIETHEMY Pa3BATHIO 3TOTO
HampaBJIeHAA HAYKHA.

B meii paccMaTpmBalTCA HPOGNeMH, CBA3aHHHE ¢ BBEJlCHHEM
TOHATHA COCTOAHHA CACTEMH, C YIPaBJIAEMOCTHIO I Peajn3yeMOCTHIO
CHCTEMEH, C BOBMOKHOCTAMH €e CTPYKTypHOil nekomnoznnun. O6cymx-
HaloTCA TaKKe MPOGIeMH YCTOHIABOCTH W BO3MOMKHOCTH HCHONDHB0=
BaHHA amnapara TeOpHH KaTeropmi.

Kanra npegcrasiser nHTepec A MATEMATHKOB, a TAK:Ke I INH-

POKOTO Kpyra cHenuaJaCToB B obnractm TeOpHH yOpPaBJIEHUAA X MOJe-
JAPOBAHAA CJOKHBIX CHCTEM.
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20203—007 © Academic Press, Inc., 1975

07—78

041 (01)—78 © Hepesopn Ha pyccknmit A3KK, «Mnp», 1978




IPEINCJOBHNE PEJAKTOPA HEPEBOJIA

TpenaraeMasd BHMMAHHIO COBETCKOTO YHTATeNs KHHTA M. Meca-
posmua u fI. Taxaxaps «O6mas TeOpHA CHCTEM: MaTeMaTAIeCKHEe 0C-
HOBHD 3aHEMaeT cpeld APYTHX KHAT Ha aTy TeMy ocooe mecto. B neit,
HOKaJyii, BUepBHe cllelaHa MONEITKA HE TOJBKO OTPa3ATh TOUKY
3peHENMA aBTOPOB Ha TO, UTO JKe DpPelCTaBiseT co6oil 3T0 HOBOE no-
BONbHO HHTEHCHBHO pa3BHBAaIOMeecs HaIOpaBjleHde HCCIeJOBAHUH,
HO § TIO[[BECTH OLpefeJeHHHA NTOT BceM Hambojiee BajyKHEIM JOCTHIKE-
HEAM, DOJYIeHHHM B 3T0f o6racTm 3aj0oiee 9eM DATHANNATHICTHHH
nepHnoyi ee cymecrBoBauusa. He ynuBuTesbHO, 9TO OHEM H3 aBTOPOB
9TOM MOOKITKHE oXKasajcAa M. MecapoBmu, cTOABMMH Yy caMEIX HCTOKOB
HOBO#l TeopHE W Ha MPOTAMKEHHE BCero 3TOTO IepHofia GnBmAL ee
BepHHIM CTOPOHHMKOM H IPONaraHJHCTOM.

KomegHo, 06Imas TeOpHUA CHCTEM H3IaTaeTcA 3AeCh HMEHHO TaK, KaK
ee normMaT M. MecapoBua U ero DOCIefOBaTedH, 9TO HAXOZUT CBoe
oTpaskeHHe U B OPMYIHAPOBKE OCHOBHOTO MOHATHA CHCTEMEI, H B TOM,
49T0 B KHHTe PacCMaTPHBAIOTCA TIAaBHEIM 00pasoM pe3yJbTaThl ajre-
fpamgeckoro mjiaHa, @ B TOM, 9TO caMa HaNpaBJIeHHOCTh HCCIeoBaHuiA
TIPOMMKTOBaHA B HEABHOM BHJe TPaJHIUAMH TEOPAH aBTOMATHIECKOTO
peryJApPOBAHUSA, 2 He JIOTHKHE H Teopun dopmanbneix cactem. Ho Bee
)Ke B KHHTe co6paHo HofjaBisomee GONBIIMHCTBO pPe3yibTaToB (U0
Kpaiigeit Mepe anre6pamdecKux), OTHOCAMUXCA COOCTBEHHO K ofmei
TeOPHH CHCTeM, H MOSTOMY TPYHHO PeKOMEHJOBAaTh Kaxyio-amGo Jpy-
I'y10 KHATY, KOTopasA Moria O CIYKETH JYTIIAM BBelleHHeM B COBpe-
MEHHYI0 IPOGIEeMaTHKY 3TOH TEOPHH U I03BojAJNa OH 03HAKOMHTBCA
¢ ee¢ HHHEITHAME JOCTH;KeHHAME M HeJod9eTaMH.

B npemmcnoBun aBTOpPOB, B NepBOil BBOAHOM IJlaBe KHATH U B OpH-
JOMEeHHAX [JOCTATOYHO Hogpo6HO HM3jIaraeTcA, KaKWe IEJH CTABAT
nepen o6meit reopueit cacrem M. Mecaposre m fI. Takaxapa, Kak oHR
TPECTaBJIAT cebe APYTHe BO3MOIKHBIE DOLXONL K IOCTPOGHHIO BTOM
TEOPHH W KAKOBO MeCTO HX WOAXoxa cpeau mpoumx. Bor mouemy Mu
HE BHAEM 0¢060# Heo6XoxEMoCTA TOBOPHTH 3[ieCh Ha BTY TeMY, a OTMe-
gaeM JIHIb B3aVMOCBA3H TeOPHH ¢ 6ojiee MUPOKAM KPYTOM POACTBEH-
HHX BONPOCOB, C DA3JMYHLIMA KOHKDETHEIME TeOPHAMM CHCTEM K
Teopue#l yHpaBieHHA.

Ilpessne Bcero MPHEXOMETCA UPUBHATH, YTO OTHOINEHHWE CHENHAJH-~
CTOB, HMEIOIMUX Ielo ¢ A3ydeHWeM cucTeM, K o0Iedl TeopHH cHCTeM
Boo6me 7 K kuure M. MecapoBuua u fI. Takaxaph B wacTHOCTH HeEOf-
HosHauno. Muorwe ydennie, paGoTamwmue B TPagAMOHHEIX o6xacTAX
TEOPHM CHCTEM ¢ JABHO BRIKPHCTAJJIM30BABIIMMCA KOHKPETHHIM M3H-
KOM MOJIeIMPOBAKUSA, OTHOCATCA K mofoGHEIM paGoraM ¢ U3PsTHON mo-
JieH CKeNTHLABMA U CYATAIOT NOJYydaeMble B HAX Pe3yAbTaTH Ype3sMepHo
BHIXONOWEHHBIMYE W GecILIOHBIME, He COJeD)KallUMHA HHYeTO CHKOJb-
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HEGY/b NONESHOTO, KPOMe TOTO, UTO y)ke EMeeTCA B PesyabTaTax Apy-
rux Gollee KOHKpeTHHX Teopmil. Haupmmep, 3aueM HYKHH BCe DTH
OpoCTpaBHHe paccy:xaeEnd o6 06beKTaX COCTOAHME A CIemMUEATACTA
00 AHAaMAYeCKEM (AuddepeRnMaTLHEIM) cHCTEMaM, eclim OH pacmo-
JarTaeT ecTeCTBEHHKIM IPOCTPAHCTBOM COCTOSHMUIE B BAJle IPOCTPAaHCTBA
$a3oBEX KoopammaT?

C momo6HO#t TOUKO# B3peHUA TPYAHO COIVIACHTBCA. Paccyxpas
nofo6HKM 06pa3oM, J0AHM, 3aBEMAIOMEECS KOBKPETHHIMH Das3felaMi
TEOPHH CHCTeM, 3aYacTYI0 3a0HIBAIOT, 9TO B HOJIYIaeMHIX HMHA Pe3yih-
TaTax 0UeHDb YACTO COJeDIKUTCA Topasmo Goxsmme oT ocobernHocTel me-
HOJAB3YeMOTO HMH IIPEIMETHOTO A3KKA (CKaxeM, 0T Teopud muddepen-
OEAIbHHX ypPaBHEHHif), 9eM COGCTBEHHO OT TeopAM CHCTEM. 3afada
ofmeii TeopAE CHCTEM Kak pa3 B TOM H COCTOHMT, YTOGH OYHCTHTH BTH
Pe3yabTaTH OT NOJOOHHX Heo(GA3aTeNIbHHX HACIOGHANX W BLIABHTH
HeYTO, NPHCYHes JHAMb CaMofl Teopum cHcTeM, Ge30THOCHTENIBHO K
TOMY IpefMeTHOMY A3HIKY, KOTOPHI oKa3alca Hambodee mOXXOMAMAM
VA JAaHEHOA KOHKPETHOH CHCTEeMHI.

IIpaBoMouHOCTD B IUIOAOTBOPHOCTb HOKOGHEIX WMCCAEGNOBAHMH Ha-
XOfAT MHOTO KOCBEHHHX HNOATBepKIeHHA. YkaxeM xota 6H Ha TO,
9TO aHAJOTHYHEIE IO CBOeMY AYXY PaGoTH BeAYTCA CETONHA M B PaMKaX
Teopuu m3MepeHuil, Teopum BHOODa, Teopmr POPMATBEHX ASHKOB H
BO MHOrHX ApyrmEX o6mactax. Ho KpoMe dmcTo akaeMAYecKOro MHTE-
peca, o0mMaa TeopHA CHCTEM BHI3HBAGT H 3HAYATENLHHN DPAKIANHOM,
npakTadeckui uaTepec. OT Hee MHOTOTO KAYT CUEIHAJHCTH B Goslee
HOBHIX 00IacTAX TeopWH CHCTEM, The afeKBATHHH A3HK MOReIHPOBa-
HOA eme He copMEpPOBAICA @ OPUXORHTCA o6XoauThcA 6e3 BBeleHHA
COOTBETCTBYIOMMAX MaTeMaTAYECKHX CTPYKTyp. Ycmemnaa paGora
4BTOPOB [aHHOW KHATH H HX COTPYAHHKOB B BasKBHX IPHKIANHHIX
(mo cpaBHenHIO ¢ ypoBHEM 3T0# KHATH) 061aCTAX TI06ATBHOTO Mofie-
AHPOBAHUA ¥ TEOPUH HEPaPXMIeCKHX (OPraBM3al[HOHHHIX) CHCTEM
MOJKeT CJHYKUTH JHUITHAM [0KAa3aTelbCTBOM TOTO, 9T0 HANeMIH 3TOTO
KpyTra Yy4YeHHIX, Bo3jaraeMeie Ha OOGmYI0 TEOPHI0 CHCTeM, He Gecrod-
BEHHHI.

B sarmouenme otmeTEM ofBY ocobenmocTh KumrE M. MecapoBuua
n f1. Takaxapsl, BH3HBAIOMYIo Halme CokajeHnme. Ee aBTOPH cO3Ha-
TeABHO OTKa3aAuch OT MHTepnperanmi ¥moxyvaeMux ¢GopMambBEX
Pe3yabTaToB, OTCHJIAA 3a 9TUM 4uTaTeNedl K ApYTEM Kuuram. OpHako
YKasaTb B 3To# cBA3W KaKoit-1a6o BHOJHE KOHKpETHHI afpeC cOBCeM
Hexerko. I B To e Bpemsa [uA HPHHATOTO YPOBHA abCTPaKOHE Ka-
KeTCA UpPe3BHYANHO Ba)KHHEIM DOHHEMATb, HOYeMY MMeHHO 3TH, a HO
KaK@e-TO [PYyrue BOIPOCH MNOKa3aJdHCh aBTopaM namGosee HMHATEpec-
HHIMH JJIA ucciemoBasmit. Bopouem, ata ocoGernnocts Kamra M. Meca-
poBmua m fI. Takaxaph XapaKTepHa He TOAbKO AJA Hee, HO ¥ AJIA
GonbmAUHCTBA PONCTBEHHEIX HCCJIEAOBaHEE 10 oGmell Teopmd chcTeM.

C. B. EMEJIbAHOB



Hopdane u Muyya
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OPEAACJHOBHE ABTOPOB]

B kumre peds noiifier 0 pa3BATHA MaTeMaTHiecKodl oOmeil Teoprm
cacreM, 3apoummeiica Gonee JeCATH JeT TOMY Hasajg. JTa TeOpPHsA
OHTAeTCA BOIVIOTATH B KH3HL OOIIAPHYI A HaleKo HAYMYI0 HpO-
rpaMMy, HameJeHHY0 Ha opMajm3anmuio BCeX OCHOBHBIX CHACTEMHBIX
MOHATHN W HAa NOCTPOEHHe AKCHOMATHYECKOH 00med TEOPHAH CHCTEM.
HacTosmuii TOM MOKHO paccMaTPHBATh KaK OCHOBY ¥ TepBHH mar
Ha IyTA NPETBOPEHHAS 5TOH NpOrpaMMH B KH3HL, OPHYEM TJIABHOO
BHAMAHHE yHeJAeTcs MaTeMaTAUYeCKAM acmeKTaM Teopma. Uto ixe Ka-
caeTcsa NPHIOMeHHAN IOJYTIaeMEX 3ech PeayJIbTaToB H TeX 00ieMeTo-
N0JOTHYECKAX BHBOJOB, KOTOPHE A3 HAX CIEAYIOT, TO HX HYKHO HCKATh
B JpPYTAX KHATAX.

OcuoBHHS 9ePTH OpefiaraeMoi o0me#l TeOopHA chCTeM H €e POJb
OOBOJBHO HOAPOoOBO OXapaKTepA30BaHH B IepBo#l TjaBeé KHHATH.
Onearo HaM o0cobeHHO X0Ten0Ch OH HOAIePKHYTH, HACKOIBKO INAPOKA
BO3MOKHOCTH IpeJjiaraeMEIX ocHOBaHHA Teopw:. VimMemHo Graromapsa
9TOMY HaM YJaloCh C eQUWHHIX NO3WIdH, omApasAch IO CYMeEeCTBY Ha
eIAHYI0 MaTeMaTH4eCKYI0 CTPYKTYPY, HCHOJIb3YyeMYI0 AJIA ONACAHHAA
cHCTEeM, PAcCMOTPeTh (B HAEMKIe MOAYIHATH COMOPIKATEIbHEE Pe3yib-
TaTH) TaK@e pa3imdHele NPoOJieMH, KaK IpoliaeMa CyHecTBOBAaHHSA
H MHHAMaJIBLHOCTH CHCTOMEI aKCAOM, TApaHTHPYIOMHAX BO3MOKHOCTH
TpeCcTaBAeEnl B NPOCTPAHCTBE COCTOAHAM, HeoOXoAuMEe A 10CcTATOY-
HEI® YCJIOBHA YIPaBASAEMOCTA MHOTOMEPHHIX CHCTeM, npobiemMa MHAHH-
MallbHOI pealu3amul 3aKOHOMEPHOCTe#, CBA3HBAIOMIEX BXOoZHEE
BO3MeACTBAA ¢ BHIXOJHLIMA BeJIMYEHAME, HEOGXOJZEMEHE H OCTATOU-
HEI@ YCJI0BHA ycToHdWBoCTH IO JIAOYHOBY [AJA JHHAMAYOCKAX CHC-
TeM, Teopema I'émenss 0 HeNPOTEBOPEYMBOCTH W WOJHOTe, Mpobaema
aBTOHOMHOCTH MHOTOM@PHHIX cHcTeM, Teopema HKposma — Poyasa o
APKOMIO3HNAN B NpobileMa KIAaCCAPAKANMA CHCTeM, OCHOBAHHAS Ha
HCHIONB30BAHAA TEODHH KATeTOPHiA.

Besiryo cmcreMy MoskHO ommcars nmG0 Kak HeKoTopoe mpeobpa-
80BaHMe BXONHHX BO3JeiicTBHH (CTAMYIOB) B BHIXOAHHE BeJHUAHE
(PeaKujm) — B 9TOM cocTOHT (/eHOMEHOJOTHYEeCKHAH IOmXO0J (Haam-
BaeMHU WHOT/ia elle M IPAYMHHO-CIAE/ICTBeHHEM HJIH TePMAHAJIBHEIM),
au60 ¢ MOBENWH MOCTHIKEHHAs €10 HeKOTOpOHl LeldH WIH BHIOJHEHHA
HEKOTOPO# (yHKOEA — B 9TOM BaKII0YaeTCA HONXOM ¢ TOYKH 3PEeHAA
OeJeHalpPaBIeHHOCTE WIM NDHHATAA pemeHmit. B macTosamei Kumre
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MH OTrPaHAYAMCA JHUIb (PEeHOMEHONOTAYECKAM momXomoM. llepBoma-
9aJIbHO MBI PaCCYATHBAIHA BKIKNYATH Ci0ia A o0y MaTeMaTHYeCKYIO
TEOPHIO IeJeHalpaBJIeHHOCTH, HO 9YpesMepHOe KOIMIeCTBO APYTHEX
3a60T W e MoMeIIaio BHIOAHEHHI0 3Tor0 WiaHa. Ogmako HaM 6H
X0TeJIoCh NOFIePKHYTh,— TaK Kak (e3 8TOT0 KapTHHA pa3BATHA
HAIIAX HCCIeJ0BAHAA He COOTBETCTBOBaa OBl JeHCTBATENBHOCTH,—
9T0 TEOPAA MHOTOYPOBHEBHX CHCTEM, KOTOPOH MLl MOCBATHIH APYIYIO
KHATY ') B KoTOpas mpecaeqyeT CoBCeM APYIHe IIeJIH, Ha CAMOM fele
Ye COIep KAT 3apOALII 00mei#l TeOPHUA CIOMHHX IeJleHalpaBIeHHEX
cacreM. J{I1A DONHOTH H3M0KEHAA MH PeIIMJA DPABECTH B MPHJIOKe-
mmrA 111 ocHOBEEIE oIpenenenns NeleRaNPaBICHHON CACTEME H OTKDHI-
To#l CHCTeMH (C STHM CBA3AHO emie OHO Ba;KHOe HalpaBleHHe HCCIe-
JoBaHMAMN).

Mareprman »Tofi KHArE Ha OPOTAMEEHH pAfa JeT o6Cy:xmancs
CO MHOTHMH KoJjleraMd W CTyHeHTaMH. Oco6eHHO KOHCTPYKTHBHEIMM
IJIA HAC OKa3admch coBersl m momomb Jomanbma Mako m Ceiifsm
Ecnn. BupoueM, Tonbko GrarogapA HEYTOMAMOCTH K COTIACHI Lepe-
nmedaTHBATh NPAKTAYECKH HECYOTHOE MHOKECTBO PelaKIHA, HPOABIEH-
BuM Maccnc Mopn Jly Hanturn, ara Kemra He ocTamach Kmmoil pas-
PO3HEHHHX 3aMETOK.

1) Mesarovic M. D., Macko D., Takahara Y., Theory of Hierarchical Mul-
tilevel Systems, Academic Press, New York, 1970. (Pyccrumii mepesos: Mecapo-
w1 M., Maxo JI., Takaxapa H., Teopnsa mepapXndecKnX MAOTOYPOBHEBHIX CACTEM,
«Mup», M., 1973.)



Taasa 1

BBEJEHHUE

1. OBDIAAL TEOPUSA CHCTEM.
YTO HTO TAKOE U 14 YETO 3TO HYKHO?

Teopus chcTeM IpeACTaBIAET co60if HayUHYH AHCOMIIIHHY, KO-
Topas HW3ydaeT Pa3iMIHEE ABIEHHs, OTBIEKAACH OT HX KOHKDETHOU
NpAPONH, W OCHOBHBAeTCA JHMb Ha (OPMalNbHHX B3aHMOCBA3AX
MEKIY PasIHUHHIMA COCTABIANMAMA AX PaKTOpaMd M Ha XapaKrepe
AX H3MeHeHHH UoJ BiMAHMeM BHemHAX yciosmid. IIpm atoM pesyis-
TaTH BCexX HAGIOmeHHA OGBACHAITCA JAMbL B3aHMONEHCTBHEM HX
KOMIIOHGHT, HaOpEMeD XapaKTepoM HX OpTaHM3anuA A QyHRIOUOHA-
POBAHEA, a He ¢ TOMOIIBI0 HEIOCPEICTBEHHOTO 00palleHns K nprposie
BOBJICUGHHEIX B fIBJIeHHe MeXaHm3MoB (6yabp onm ¢mamyeckmmm, Guo-
JOTAYECKAMH, CONMOIOTHYECKEMA WA YHCTO KOHIENTYaJbHEIMH).
Jlna teopmm cmcTeM 0OBEKTOM HCCIEIOBAHAA ABIAETCA He «puamde-
CKafg PealibHOCTBY, HE, CKaKeM, XHMHAYeCKoe HJU CONHAJIbHOEe ABIE-
HHAe, a «CACTeMay, T.e. fOPMALbHAL 63aUMOCEA3b MENC Y Habarwdaemblmu
npusHakamu u ceoticmeéamu. B cAny pAfa NPAENUOEATBHHX coobpa-
JKeHHAH A3HK, ACIOJb3YEeMH 7 ONACAHAA MOBEfAeHHA CHCTEM,— 3TO
A3KK Teopma ofpaboTkm mHPOPMANAM W TEOPHHM HeJeHANPaBIEHHOTO
neiicTBEA (UPHBATHA peMeHAN, YOPABIEHAA).

Ofmas TeopHA cACTEM ABTepecYeTcA caMHME PyHIaMEHTAJIbHHMHA
NOHATHAMA H aCleKTaMd cucTeM. Muorme Teopnu, mOCBAMEHHEE CHC-
reMaM Gojiee KOHKPETHOTO THNa (HampHMep, AAHAMATECKHM CHCTEMAaM,
aBTOMaTaM, CcHCTeMaM YIOpaBJeHAA, TeOPEeTHKO-HTPOBHIM CHCTEMaM
H T. IL.), pasBABAIOTCA YiKe JAOBOJLHO [JAHTeabHoe Bpema. O6mas ke
TEOPHS CHCTEM 3aHHUMaeTcA OCHOBHHIMH BoOpocaMd, o0mmME [Jif
BceX 3THX Gosee cnenmaAbHE X qacnumiana. Kpome Toro, nus meicTBm-
TeJLHO CJIOKHEHX fABICHHW,— & K JTOM KaTerOPHH OTHOCHTCHA 00Jb-
IIAHCTBO ABJEHHi, H3yJaeMHX B COMHUOJOTHA M GHONOTHH,— CHeId-
ruecKmit A3HK, MCHONb3YEMHH KIacCHUCCKEMHA TEODHAMHA (KOTODHIE
GasEpylTCA Ha TAKAX KOHKPETHH X MaTeMaTHYeCKHX CTPYKTYpax, Kak
maddpepeHnmaNbaLe HIA DPa3HOCTHHE YDPaBHEHHA, aphAdMeTHAYeCKHe
AaA abCTpaKTHHE anreGpH ¥ T. 11.), He MO3BOJAET AJeKBATHHIM W HaJl-
Je;kamaM 06pa3oM ommcaTh OPOHCXOfAmee B peadbnoctd. M mmbo
A3-3a TOROGHOTO HECOOTBETCTBHA MEKIY XapaKTepoM COOGHTHR H
MMEIOMIMMHACA BO3MOKHOCTAMHA ONWCAHHAA, JAO0 OPOCTO M3-3a HEJAOCTa-
TKa CBeleHAX MHOTHe MAeHCTBUTENBHO CHOKHHIE IPOGAEMH MOKHO
cd)opmyngponam JHmL B caMHX o0mAX TepMHHAX, MMEOIMAX Kade-
CTBEeHHHHM, a BeChbMa 9YaCcTO M IPOCTO JWHTBHCTAYECKHN XapaKTep.
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TloaromMy mpyras menn ofmeit TeopHH CHCTEM COCTOHT B TOM, 9TOOH
onucath X OOBACHATDL HOJZOOHHE CI0IKHEE ABICHHA.

IIpu aToM Mu mpepmmomaraeM, 9To W AJIS TOM, W A ApyTo# menm
MO3KeT CIYKATH OffHa U Ta ke Teopha. Boiaee Toro, urobu oma cMoria
CIIPaBHTHCHA CO BCeM OTAM, OHA 3aBefOMO [MOJyKHA OWTEL npocmoii,
asezanmHol, 06Well m cmpo2z0l (ACKII0YatoMell BCAKYI0 BO3MOKHOCTD
pasHodrenua). Bor moweMy Mm BHOpalm 9mCTO MaTeMaTHYeCKHH W
npefieasBo ofmmit noxxon. Packys Bunacts B upesMepHoe yupomenme,
MH HepevYHMCIHM HH;Ke OCHOBHHE XapaKTePHCTHKH TMOJAXO0Na, OCHOBA-
HAA KOTOPOTO DPa3BHBAIOTCA B 9TOM KHHTe.

(i) 3mecy mamaraerca mamemamuueckas TeopHs OGMEX CcHCTEM,
npAYeM BCe OCHOBHEIE NOHATHA BBONATCA AKCHOMATAYECKH ¥ BCO
CBOMCTBA CHCTeM H HX NOBEJEHHA HCCIELYIOTCA CAMBIM CTPOTEM 0Gpa-
80M.

(ii) Hama Treopnsa B paBHOJ CTeNeHA OTHOCHTCA H K ONHCAHHIO CHC-
TeM, OCHOBAHHOMY Ha INPEJNOJOKeHHH O NeIeHAIPaBIeHHOCTA HX
HOBefieHNA (M HCHONbL3YIOMeMY NOHATHA NPHHATHS DPeNleHdii B yIpaB-
JIeHAA), W K MX (eHOMEHONOTHYeCKOMY ONACAHMIO, pukrcupymemMy
Xapakrep (IPHYMHEO-CJENCTBEHHHX) NpeofpasoBaHHN BXOLHHX BO3-
feliCTBA# B BHXONHBIe Beduunns. HanpmMep, ¢ CaMEIX mepBHX IIaroB
9TOH TEOPHH OJHOM M3 OCHOBHHX €e KOHEYHHX IeJedl MH CUHTAIR
JIOCTHIKEHH® BO3MOKHOCTH H3YdYeHHS HePapXHUeCKAX, MHOTOYPOBHE-
BHIX CHCTeM IPUHATAA pelleHwHi.

(iii) Maremarmaeckde cTPYKTYpH, HeoOxomuMple Ala Gopmann-
3allA¥ OCHOBHBIX HOHATHH# TeopHH, BBOOATCA TaKHM 06pasoM, ITOOH
o6eCneunTh CTPOTOCTH YTBeP;KAGHAH M He NOTePATh HPH STOM HX
obmuocTH. OUeHs BaskKHO TOHATH, YTO, OTKA3HBAACH OT MCHOONb30Ba-
HYA TOYHOTO A3HKA (T. €. MATEMATHKH) B YTBEPKACHAAX 06 HHTEpeCYi0-
IMAX HAC CUCTEMAX, MH HUYero He BHUIPHBaeM. [loaToMy MH He coraac-
HBI PaccMaTPHBAaTh 06IIYI0 TeOPHIO CACTEM KaK HeKOTOPYo Puiocodmio
HAaYKH, a OpefoYnTaeM CUATATL e¢ ONpefeleHHON HayIHOIl mporpaM-
MoOif, He OTPHIas, KOHEUHO, 3HAYEHHUA [JIA Hee AOCTHKeHAN Puioco-
¢um HayK: B eloM B SHHCTOMOJIOTHA B MacTHOCTH. Bollee Toro, BcTas
Ha OYTh HCHOJAb30BAHAA MATEMaTAUIECKAX METONOB, ML HOJydaeM
BO3MOKHOCTL [IeNaTh JOTHYeCKHE B3aKIIOUEHHA O LOBENeHHHM CHCTEM.
W, pefictBATenbHO, H3ydYeHHe NOTHYECKHX CHeACTBAR M3 TOTO, UTO
cucTeMul 00:1aRa0T ONPefeIeHHNMEA CBOMCTBAMHA, NOMKHO GHTb OCHOB-
HEIM cofiep:xaHdeM Jn1060#t o6mell Teopmm cmcTeM, KOTOpadA HEHKOTHA
HE CMOKeT OTPaBHYATHCA JHOb RECKPANTABHON KiIaccmpuranmeit
CHCTEM.

BosmosxHoCcTs m3ygwaTh mOBEfeHHME CHCTEME, HCCIASNYA IPOTEKalo-
Imue B Hell Ipomecch DPAHATHAA PeHNICHHH MM MeXaHH3MH, oGecHedund-
Bapmue IeJeBalpaBlIeHHOCTh ee MOBeleHHA, NPEeACTaBIAET HMCKIIO-
9YATENLHYIO BakHOCTE. Q0mas Teopusa cHCTeM He CBOAHMTCA K 06o6me-
HHUIO TEOPHH INelleil — TOUKA 3PeHHsA, IO HallleMy MHEHHIO, BHI3BaB-
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mass GONBIIYI0 INYTaHANY W OpABeAMIad K OTKa3y OT MCHOJbL30BaHASA
TeOPHH CHCTEM W CHCTeMHOTO IIOAXOfa B o6nacTax, Ifie meJeHaIpas-
JIEHHOCTD NMOBEeHAs HIPaeT OCHOBHYIO POIIb, HAIpAMeP B ICHXOJOTHH,
6momormm ® T. n. Ha caMoM [Jeie m3IaraeMas B HaCToAmed KHHATO
TEOPHA C TEeM 3Ke YCHeXOM MOTrJa IPeTeHN0BaTh W Ha Ha3BaHme obmed#
KEGepHETHKH, T. €. PacCMaTPABATLCA Kak 00mas TeopHA yHOpaBleHHA
B yupaBIsAeMsx cmcTeM. e masBaume «o0mas TeopHA CHCTEM» DOJH-
J0CH OXHOBPEMEHHO ¢ CO3TAHHEM TEOPHH H OTpa)kaer Goee MAPOKHE
ee mHTepecel. OfHAKO B DPETPOCIEKTHBE Kajkercsd, 4TO CHeJaHHHIM
BHGOP GBIyl He CaMHIM YOAUHEIM, HOCKOJABKY 3TOT TePMHH Y’Ke ACHOIb-
B0BaJICA B COBCEM JPYIOM KOHTEKCTe.

IIpnMeHeRme MaTeMaTAYECKOH TeopHHE 0OMAX CACTEM MOJKeT CHTPaTh
CYINECTBEHEYIO POIb ANA PelieHAs CledyMero Kpyra Ba)KHHX 3amad.

(a) Nzyvenne cmcreM B YCIOBHAX HEOUPEeRENCHHOCTH

Becsma uwacto madopmanusa o6 HETepecymomell HAC cucTeMe H €6
$YHKIOMOHMPOBAHAA OKASHBaeTCA HEAOCTATOYHON A MOCTPOEHHS
ee eTadbHOM MaTeMaTHYecKo# Momenwm (faske ecAHM HaM HM3BECTHH
OCHOBHEHE HPHUMHHO-CIEACTBEHENIC CBA3H, peadd3yeMile BTOH CHCTe-
Moii B menom). TeM He MeRee B TaKo#l CHTyamuH HHOTHA YAaercs Mo-
CTDOATH MOJeNIb Ha A3HKe 00me#l Teopmm CHCTEM, 3 MOMEIH TaKOro
THOA BIOJHE MOCLYT CIY)KHTh HPOYHOH OCHOBOM A [albHeHImero
H3yuennA mam Gonee mompoOHOro aHalid3a NOBEAEHAA H3ydaeMoi
cucTeMbl. B BToM cMEIcie 06Iman TeOPHA CHCTEM, KAaK OHA MOHAMAETCA
B HACTOAMEH KHATe, CYNeCTBeHHO DacmmpserT o6iacTs NpHMeHeHHS
MaTeMaTHYeCKAX MEeTOM0B W OTKPHBAaeT BO3MOMHOCTH [JIf HX HACHIOIb-
80BaHEA B PasHOOOPa3HHX 06;1acTAX SHAHAR W [IA CAMH X Pa3IAYHEIX

neneﬁ, rme paHee MaTeMaTH4ecKOe MOJEJIHPOBAHHE Ka3aJoCh Hepe-
AJIbHBIM.

(b) Nsyuenne kpynHOMacHITAGHBIX H CIOMHBIX cHCTEM

Cl0XHOCTD ONHCABMA CHCTEMH ¢ GONBIIAM UHCIOM nepeMeHHEI X
MO3KeT OHTH CBA3aHA C TeM, KaKEM 006pa3oM OMHCHBAOTCA BTH Hepe-
MEHHEE M B3aHMOCBA3H ME;KIy HAMH, HIIA C T€M, KAK0e IACI0 meTajel
OPHEAMAETCA BO BHEMAHMe, AaKe eCJIH He BCe OHA 06A3aTelbHO AIPa-
0T TePBOCTEHeHHYI0O DPOABL JJIA HEedd KOHKPETHOT'0 MCCIefOBAHHA.
B nomo6EEX cnyuasx, paspabaTeiBam MeHee CTPYKTYPH30BaHHYIO
MOJie]ls, ONHMPAMYIOCA NAMb Ha KI0YeBHe (aKTOPH, T. €. MOJeb
obmeit Teopmm cucrem TeOPEeTHKO-MHOKeCTBeHHOTO HWAM ajareGpamde-
CKOTO TATA, MH MOKEM CYImEeCTBEHHO HOBHICATH 3(PQeKTHBHOCTH aHa-
JH3a WOBeJGHUA CHCTEMH WJH ke NPOCTO 00ECHeUATH BO3ZMOKHOCTD
TaKoTo axmanmsa. Hopoue ropops, fOA omACAaHAA TaK HAa3HBAEMEIX
Gonpmux, cromENX cmCTEM ClefyeT MCIOOJb30BaTh C MaTeMaTHYECKOM
TOUKHA 3peHAs Gonee aGcTPaKTHOe W MeHEe CTPYKTYPH30BAHHOE OMHACA-
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Hre. Ha 5ToM ypoBHe MOKHO pemiaTh MHOTHE CTPYKTYPHBIe BOINPOCH,
HaOpEMep Dpo6ieMy NeKOMIOSANNM, KOOPAHHATNHME H MHOTHE JApYTHE.
Bonee Toro, maske MHOTHe KiIaCCHUeCKHe Bafaud, KaK, HaOpumep,
npobineMy ycroiumpoctd mo JIAODYHOBY, yhaercA pemath ainreGpam-
9eCKEMA MeTOofaMd, HCIOAb3ya Goliee aGCTPAKTHYIO XapaKTepH3aluio
CHCTEMEI.

3mech xoTeq0ch G OTMETHTH CYMECTBEHHYIO Pa3HALY MEKAY Kiac-
CHYECKEMHA MeTOfaMd NPUOIMKeHHOTO aHAJAM3a H LHOMXOIOM, OCHO-
BAHHEIM Ha HCIONL30BaHHA Gosiee aOCTpaKTHHIX Mofeleil. B mepsom
CIydae MK OPOAOIKAEM HCIONb30BATEH TY jKe MATEMATHIECKYIO CTPYK-
TYpY, UTO M PaHbIDe, a yOpPOINeHAe AOCTHTAETCA 3a cdeT oTGpacHBa-
HAA TOH 9aCTH MOJieNId, KOTOPasA NpH3HaeTcsa MeHee Basknoil, Hanpumep,
auddepeHnmaibHOE YpaBHeHMe NATOTO HOPALKA MOMKHO 3aMEHHATH
YpaBHEHMEM BTOPOTO mOPSAAKA, COXPaHAA AL ABE (TOMAHUPYIOMHAE
KAHOHMYEeCKHE TepeMeHHHE CACTeMH. B To e BpeMs IPH BTOPOM
DOAXO0MEe MOKHO HepefiTA K MCIOJbH30BAHUIO APYTHX MaTeMaTAYeCKAX
CTPYKTYD — CTPYKTYP, KOTophie Gollee aGCTPaKTHHEI, HO TeM He MeHEe
TNO3BOJISIOT PACCMATPABAThL CHCTEMY B MeJIOM, HO Ha MeHee JeTajlu3h-
pPOBAaHHOM ypoBHe. B aToM ciyuae ympomeHnne HoCTHETaeTcA He 3a CUET
pelleHNs He PaccMAaTpUBATh HEKOTOpPHIe IepeMeHHEe, a 3a CIeT OTKasa
OT feTajiefl, KOTOpHie MH CYATAEM HeCYIEeCTBEHHHIMH,

(c) Crpyerypubie coolpaskenma npu paspaborTke Mopmeneit

CrpyKTypEEEe co06pasKeRHA HUrPajoT NePBOCTENEHHYIO PONL Kak
OpH aHajJ@3e, TAaK H OPH CHHTe3e CHCTEM caMoro pasuoro tama. [lei-
CTBATeJbHO, HamGoliee BAKHHHA »Tam mporecca paspaboTkm Mopenm
KaK pa3 ¥ COCTOAT B BHOODe CTPYKTYDPH MONENHM HHTepecyomed Bac
cacteMei. VI BpA;x 7@ MOMKHO c9MTaTh Nellecoo0pa3ukM HadWHATH
HCCHENOBAHAA cPa3y ¢ moNpo0HOR MaTeMaTHMUeCKOH MOIeJH eIme MO
TOTO, KaK TPOBepeHH OCHOBHEIE [ANOTE3H W MOCTHTHYTO (ojiee Tay-
Goxoe mopmMaHEe Mexanm3ma paGorm cmcteMu. I'opasgo s¢ddexTmB-
Hee, 0CO0eHHO AN CHCTEM, COCTOAMHUX M3 GoJpImoro 4MCIa B3aMMO-
cBA3aNHHX HONCHCTEM, BHadajle HAMETATh OCHOBEHE IIOJCACTEMH H
YCTAaHOBHTDH IJaBHEIEC B3aHMOCBA3H MeKIY HEMH, a 3aTeM Y)Ke Iepe-
XOOUTh K HETAIBHOMY MOJEJAPOBAHHI0 MeXaHM3MOB (JYHKIMOHHPO-
BaHHA PA3TUIEEX mopcucTeM. OOHYHO MHKEHEPH HCHOJbL3YIOT NPHH-
TANAATbHBIE CXeMH JJIA BHIABIEHHUA o0me#l CTPYKTYDH CHCTEMEI, &
TaKe [JIA yOopomeHus paGoTel Do HaidbHellled CTPYKTYPH3amUE H
DOCTPOEHHIO aHaXATHYeCKHX Mopmened. IIpm aToM ocHOBHas mpmrara-
TeJbHAA CHJI3 TMPHHOANNAJBLHHIX CXEM 3aKJI0UaeTca B HX IPOCTOTe,
a HX TJIaBHBIH He[JOCTATOK — B OTCYTCTBHH cTporoctd. Mofenn obmeit
TEOPHH CHACTEM YCTPAaHAIOT 5TOT HEJOCTATOK, BHOCA B ONHCaHHe MaTe-
MAaTHYECKYIO CTPOTOCTH, H B TO K€ BPeMsA COXPaHAT UX JOCTOMHCTRO,
T. €. OPOCTOTY NPHHNENMANBHHEX cxeM. Poab obmel TeopHm cHCTEM
B CHCTEMHOM aHAJH3¢ MOKHO HOOACHHUTH CXeMOH, TNPHBeAeHHOH Ha
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pac. 1.1. Mopean ofmell TeopHH CHCTeM JIeKaT Ie-TO NOcepesuHe
Me Ly OTNACAHHEM CHCTEMEH C IOMOMIBI0 ee NPHHIEUMANILHOA CXeMHl I
ee MaTeMaTHUeCKOH (MR MAMHEHON) MONENBIO. 1 ocoGenno misa cIo-
HHX CHCTEM Mojieln ofmiell TeOpHH CHCTeM BIOJIHE MOTYT OKa3aThCs
COBEPIIEHHO HEOOXOMEMHIM 3TAlOM HCCIeNOBAHHA, TAaK KaK MMEHHO
B 9TOM ciaydYae IPONacTb MeXKAY A3HKOM HNPUANANAANBHHX CXeM H

MalmnHHan
l-—>
| MoAenb
|
[
]
Cnosechoe n T "sg&%"'ﬁb { JeranbHas
onucaHne puHl TeopHy maTemaTHyeckas
3agaun Han cxema cncTem monenb
Prc. 1.1,

ABHKOM [[eTATBHOT0 MOAEIAPOBAHHA YaCTO OKA3HBAETCA CJIUIIKOM
ray6oxoit. A ToT $aKT, ITO METONH B Pe3yabTaTH obmell Teopum cuc-
TeM I03BOAAIOT PENIATh HEeKOoTophe M3 mpobileM Ha BecbMa ofmeM
YPOBHE, OTKPHBAeT BO3MOMKHOCTH OCYIMECTBIATH 3TOT IIPOMEKYTOU-
HHl 9Tam Ha IpPaKTHKE.

(d) Crporoe ompeneneEme MOHATHN H BO3MOMKHOCTD MEHKI(ACUAILIH-
'~ HapHOro o0MeHa HayyHoii mBQoOpMalAei

O6mas Teopns cACTEM NPEROCTABIACT A3KK IJIA MeKAACIAILIAHAD-
HOTO o0MeHa HAYIHHIMA DPe3yJIbTATAMH, MOCKOIBKY OHA NOCTATOUHO
o6ma A Toro, 9YTo6H He BHOCHATH CBOAX COGCTBEHHHIX OrpaHHYEHH,
H B TO 3Ke BPeMsA B CHAJIy CBoOeil CTPOroCTA 0OHa YCTPaHAET BO3MOKHOCTD
BeCbMa omacHHX pasHodrenmit. (Hampmmep, pasiamumne ToldKoBaHEA
TePMAHA ¢afalTaldsA» B ICAXOJOTHH, OMOJOrWHE, TeXHHKe M JPYTHX
o6i1acTAX 3HanH@E MOKHO GHLIO OH cHagala $opMaIA30BaTh HA ABHKE
o0me# TeopAH CHCTEM, a Y)Ke 3aTeM CpPaBHUBATb Mexay ¢o0oii.)
Hepenxo yrBepsxpmaior, 9To TEOPHA CHCTeM JOMKHA OTPaKaTh (HHBA-
PHAHTHHIE)» CTPYKTY PHEIG aCOEKTH PA3IHIHE X CACTEM, BCTPeUa0IMAXCS
B DealbHOM KASHHA, T. €. Te ACHeKTH HX NOBeleHAA, KOTOPHE OCTa-
10TCA HeM3MEHHBHIMA B AHAJOTHUHHX SBJIEHWSAX H3 Pa3EHX obxacteit
saanva (guenaniume). Ho momo6HOoe ¢XOMCTBO MOMHO TO-HACTOAMEMY
YCTaHOBATDH TOJIBKO TOT[A, KOTKA COOTBETCTBYIONIME NOHATHA Oupefe-
JIEHH JOCTATOYHO aKKypaTHO W CTPoro. B mpormBEOM ciydae omac-
HOCTh NYTAHANN CTAHOBHTCA CIRIIKOM Gombmoii. ITosToMy kaskercs
BIIOJIHE ONPABJAaHHHM PAaCCMATPHBATH MATEMATAYECKYIO TEOPHI0 OGIAX
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CHCTEM KaK OCHOBY Iia (opManmsanum JIOOHX CACTEMHEX NOHATHIL.
U B atoM cMbicie ofmas Teopus cmcTeMm obpasyer ¢ymgament miA
HPEMEHEHHA ¢«CHCTEMHOTO MONXOHa» M TEOPUH CHCTEM NpPaKTHYECKH
K n1060it caryanam. B nmpomecce mcmons3oBanmsa obmeil Teopam cEcTEM
JUIA ONpEefleNIeHnsl MOHATHN HEOOXONUMO MMeTh B BHJY, 4TO pellaio-
mMuM QaKTOM ABJISAETCA HEe TO, (IPABMIBHOY JTH 3TO oIlpeflejicHAEe TPH
KayKI0d M3 BO3MOKHHX MHTepPHpeTalHil, a TO, ONIpefielleHO JH BTO
HOHATHE HACTOABKO CTPOTO, 9TO €r0 MOKHO ACHO M HeJBYCMBICIEHHO
IOHATE B KaK TaKOBOe MCCIENO0BATh AaiNbIle M MCIOAb30BATH B APY-
rox gucnananEax. Vmenno B aTom cMuicae obmasn TEOPHAA CHCTEM
MOKET CIYKATh A3KKOM MEMIMCOUIIMHAPHOrO obmena. Homeuno,
mofioGHOe mpmMeHeHHe oOmed TEOPHA CHCTEM MOMKeT IIOKa3aThCH
TPABHAIBHEIM € YACTO MaTEMaTAYeCKOH TOYKA 3PEHHA, HO 5T0 OTHIOAH
He TaK, eCjIn Peds A/eT 00 yOpaRJIeHAN YCUIRAMA KOIEKTABA, B KOTO~
POM CHENHAIACTH N0 Pa3NMIHKIM 06JacTAM 3HaHmil paGoTawT coBMe-
CTHO HajJi PellleHAEM HEKOTOPOM CHAOKHON Hpo6ieME, KaKk 3TO 4acTo
6EBaeT B 3ajavaX HKOIOIAYECKOTO XapaKTepa, CBABAHHEIX C pasBm-
THEM TOPOJIOB HJIH PermoHOB, W B PYTAX KPYNHOMACIITaGHEIX Ipoe-
KTaX.

- (e) Yun¢mranma m nocrpoenme emmHOro (yHmameHTa AT Gonee
Y3KHX pa3iel0B TEOPHH CHCTEM

Muorue Bompock, Kacaomumecs 0CHOBEKX mpoGIem TEOPHE CHCTEM
H ACClleflyeMble BO MHOTEX Gollee Y3KmX pasfelax 9Toil Teopnn (Hampm-
Mep, BONPOC O CYHECTBOBAHAM MPEACTaBIGHAHR B MPOCTPAHCTBE COCTO-
ABE{), MO)KHO YCIEIHO DeNIATh Ha YPOBHEe oGmeit TEOPAHA CHCTEM.
Yurarens Gyfer nMeTh BOBMOYKHOCTh HEOTHOKPATHO YOOTATLCA B 9TOM
Ha TNPOTAKeHAH Bceil Hameidt Kemrm. IIpoGiema mocTpoeHEA ocHoBa-
HUH# TEOPHA CHCTeM O0COGeHHO BaKHA B CBA3H C TeM, 4TO BTA TEOPHA
RomxHA Bee GoNee MUPOKO M MPABAIBHO HCHOIb30BATHCA Ha IPAKTHKE,
Arpatb Bce GOMBINYI0 PONB B HmefarorAKe W CIYKETH (QYHIaMEHTOM
BJA NocHefyomeil opranu3anud GaKkToB W HAGTONEHAH, IOTYIeHHHX
B MAPOKAX 06GIACTAX CHCTEMHHIX HCCIeHOBAHHI,

2. IPOBJIEMA ®OPMAJUSAIINN B PAMKAX
MATEMATHYECKOH! TEOPHUHA OBIMHX CHCTEM

Iomxom, ¢ MOMOIMBI0O KOTOPOTO MEI CTPORM OGIIYIO TEOPHIO CHCTeM,
H3JIaTaeMyio B HACTOAMEH KHATEe, COCTOMT B CHefyiomem 1).

(i) OcHOBBHE CHCTeMHBe HOHATHA BBOAATCA C HOMOMBIO HOPMA-
AUBAYUU. ITO BHAYAT, UTO MHl, HCXOMA H3 CIOBECHOTO ONACAHAA HEKO-
TOPOTO HHTYHUTHBHOTO HOHATHA, [aeM TOYHOE MaTeMaTHYECKOoe OIpe-

!) CpaBmenme 3TOr0 mOAXOja ¢ HEKOTODHME APYTHMH BOBMOKHEIME IIOJXO-
flaM# OpHBefieHo B npuiaoxennn 11.
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nelIeRme TOT0 HOHATAS, HCHOAB3YA [UIA STOT0 MUHHMATBHYIO MaTe-
MATHUECKYI0 CTPYKIYDPY, HanmpAMeD MAHAMYM aKCHOM, MOMyCKaiommit
ero NPaBHJABHYI WHTEPHPETAlHIO.

(ii) Oumpasch 3aTeM Ha OCHOBHHE IOHATHA, IOJTYYeHHHE B Pe3yJib-
trare ¢opMalu3anAnm, MH Jajiee Pa3BABAeM MaTeMaTHYECKYI0 TeQDHIO
o6mux cucteM, HoGaBAAA HOBHE MaTeMaTHdecKdAe CTPYKTYPH, He0O-
XOBMEe A HCCICHOBAHAA PAa3dHYHHX CBOUCTB CHCTEM. Tlomo6-
Hag Tpolenypa [M03BoNAeT BHACHHTh, HACKONBKO JeHCTBHTeNbHO
$yHIaMenTAJIbHEIM ABIAETCA KAKOE-TO KOHKPETHOE CBOHCTBO, 2 TAKIKe
KaKOBO MAHHMAIbHOE MHOKECTBO HPEANONO:KeHAE, Heo6XOomAMEIX
1A TOro, 4To0H cucTeMa o0iamaka BTEM CBOUCTBOM HJIH 4TOGH i
Hee BHIOJHANOCH [AaHHO® COOTHOIIEHHE.

OTnpaBHOM TOYKOH BCEro Hamero MCCIAEHOBABEA CIAYKAT IOHATHO
CHCTEMHl, ONpefelleHHOe B TeOPeTEKO-MHOKECTBEHHH X TepPMHAHAX.
Ha atom ypoBHe cmCTeMa BechbMa IIPOCTO H COBEPIIEHHO €CTECTBEHHO
ompefielifgerca KaK OTHONIeHWe HAa A3HKe TEOPAH MHOMKECTB. Tounee
roBops, MH HOpefilojiaraeM, 4TO 3afaHO CeMeHCTBO MHOMeCTB

V = {Vi: i€ I},
rae J — MHOKeCTBO HMHJEKCOB, H oONpefieliieM CHCTeMY, 3alaHHAYI0

Ha V, Kak HeKoTOpOe COGCTBEeHHO® MOIMHOKECTBO JAeKapToBa IPOH3-
BefeEma X V:

Sa x {(Veiel)

Bce xommomentn V;, i € I, JeKapToBa Hmpom3BedeHAA X V; MH nHasH-
BaeM oObeKTamu cucreMu S. Ilpm aTom mac OynyT B 0CHOBHOM HHTEpECO-
BaTh CHCTEMH C IBYMA 00BEKTaMA — BXONHHM 06beKTOM X I BEIXOJI-
HEIM 00BbeKToM Y:

ScXxY. (1.1)

Unesa nocrpoenma wmatemaTmweckoit TeOpHA o0mMHUX CHCTEM Ha
TeOPeTHKO-MHOKECTBEHHOM YPOBHE HOJHOCTBIO COTIACYETCA ¢ apo-
BOSTTIAIMEeHHHM Bhillle TPAHIALOM HAYAHATH ¢ HaOMEHee CTPYKTYDHBH-
POBAaHHHX B Ham(oNee MAPOKO IPAMEHAEMBIX TIOHATHH K HA HX OCHOBE
AKCHOMATAYeCKAM 06pa3oM pa3BHBATH [aJbHEANYI0 MaTeMaTHYeCKYO
TEOoPHIo.

Has Toro aro6u Jlydire NOHATL UPHYAHEK, 00 KOTOPHM MH pellmiIn
OIPONIEIATE CHCTOMY KaK TeOPeTHKO-MHOMKECTBEHHOe OTHOLIEHHE,
KKETCA YMECTHHM CHelaTh CIeAYIOMHE 3aMedaHms.

Cmcrema onpenensercs B TePMAHAX ¢ HaOMIolaeMEIX CBOMCTR mid,
TO4Hee TOBODA, B TepMAHAX B3amMOCBA3eil MEXITy BSTHMM CBOMCTBaMHU,
4 He TeM, 4TO OHK Ha CaMOM Jielle oGO0 OpeacTaBAAlT (T. €. HE ¢ 1O-
MOmLbI0 fmamgecknx, OHONOrmYecKAX, COMEATBHEX HITH APYTHEX fiBJIe-
HAlR). I/E 9T0 BIOJIHE COTVIACYETCA ¢ caMol IPHPONION CHCTEMHEIX HCCe-
AOBaHM, HaNPaBICHHKHX Ha BHACHEHHE OPraHH3al¥A A B3aWMOCBA3H
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9J6MeHTOB CHCTEMH, a He Ha H3yYeHHe KOHKDPETHHIX MeXaHH3MOB B
paMKax JaHHO® (eHOMEeHOJOrHmYeCKON PeaIbHOCTH.

Onpenenenne cAcTeMsl KaK OoTHOmeHWs Buaa (1.1) ABasercsa mpe-
fenbHo o0mumM. [leifcTBATENBHO, €CIH, C OFHOH CTOPOHE, HEKOTOpasd
cAcTEMa 3afaeTca KaKaME-TO 0oJlee KOHKDeTHHIMH MaTeMATHEYeCKAMO
KOHCTPYKOHAMH, CKajKeM CHCTeMOH YpaBHeHHI, TO OYeBHIHO, 9TO
9TA KOHCTPYKOHH OJHOBDEMERHO ONpeleNAT HIAM 3a[al0T H HEKOTO-
poe oTHOHmEHHe, cOOTBeTcTBylomee onpenerennmo (1.1). Komeuno,
Pa3jiHYHEM CHCTeMaM OTBeYAIOT M PasiH4HEE CHOCOOH 3afaHHA, HO
BCe OHM CYTh He Gojiee 9eM OTHOINeHHS TaKoTo Bmma, Kak (1.1). C mpy-
rofi CTOPOHHI, fla’ke B YCIOBAAX IpefeJbHO HedeTKoH mupopManmdd,
KOTHa CHCTeMY YHaeTcA OHACATH JHMMEL CJIOBECHO, BCe BTH CIOBECHHE
YVTBEeD;KIEeHUA B CHJIy HX JHHIBACTHIeCKHX (YHKOUA BHOBH OIpefe-
aaior otuomennsa tana (1.1). B caMoM fgeite, Kamgoe BHICKa3bBaHHe
COJEP/KAT [Be OCHOBHHE JHHTBACTHYCCKHAEC KATeTOPHH: JEHOTATH K
PYHKTODHI, IPAYEM JEHOTATH ACIONB3YIOTCA [iA 0603HaYendAA 06bek-
TOB, 8 QYHKTODPH 1A 0G03HAYEHHA OTHOMEHHA MeKEY mmmu. W mua
Ka)KA0TO IPaBRILHOTO MHOKECTBA CJIOBECHHX YTBEPKIEHHHA CymecT-
ByeT OTHONEEHEe (B MaTeMaTHIeCKOM CMEICJIe 3TOr0 CIOBa), OIHCH-
Batomee GOPMaIbHYI0 B3aHMOCBA3h MeAY oObexramu, 0603HaTaeMEI-
MH JleHOTaTaMHA (9TO OTHOMEHWEe Ha TPodeCCAOHANLEOM SI3EHKe B HA3H-
BaeTcAa MOIeNIbIo 5TAX yTBep:xaennit). Kopoue rosopsa, cucreMa, Takam
o6pasoM, Bcerga ABIgeTcA oTHOomeHWeM B cMmuicie (1.1), a ysxe Gomee
y3KHe KIacCH CHCTeM OIpefelifaiorca (olée TOYHO CBOMMH coemadm-
9eCKAMA CPeACTBaMH, Oy[Ab OHH JHHTBHCTAYECKAMH, MaTeMaTAYeCKH-
MHA, DPOrPaMMHEBIMH HIIH KaKAMH-TO NPYTHMH.

CrcreMa onpepesisierca y HAC KaK HEKOTOPoe MHO;KeCTBO (0coGoro
BHAfa), manpmmep orHomenme. OHAa PACCMATpPHBAaeTca KaK COBOKYI-
HOCTH BCeX NIPOABJEHUA 00BEKTa HCCIENOBAHAA, a4 HE KaK caM 3TOT
06DbeKT. 10 BH3BAHO KeJaHHEM HCIOOAb30BATh MaTeMaTHKY B Kade-
CTBe OCHOBHOTO SA3HKAa Haliedl TEOPHH, B KOTOPO# «MexanmaM» (DyHK-
OdsA AIH OTHOIDeHHE) Ompefelisercd KaKk MHOMKeCTBO, T. e. KaK COBO-
KYOHOCTh BceX IPABHABHHIX KoMOHHanmmil ero KoMmmoHenT. Takas
XapaKrepH3anuda CHCTEMH He [OJKHA CO3LaBaTh KakAX-1mbo TpyHd-
HOCTeHl, HOCKOJNBKY TEOPEeTHKO-MHOMKECTBEHHOE OTHOIIEHMEe BMeCTe C
OOTONHHATEIbHHMHA TaHHEMEA COMeDIKAT BCI0 MAGOPMATIAIO O PealbHOM
(MEXaHH3ME», KOTOPYI0 MOHO HA SaKOHHHX OCHOBAHHAX HCIOJIb-
30BaTh IPH HDOCTPOeHAH (OPMAJBHOH TEODPHUH.

CucreMnl 9aCTO 3aJalOTCA ¢ MOMOINBI0 HEKOTOPH X YPaBHEHAH OTHO-
CHTeJILHO COOTBETCTBYIOIMAX mepeMeHHNX. Hasxmoil Takoit mepeMerHoit
MO{HO IIOCTABHTL B COOTBETCTBAE HEKOTODHE 0GBEKT CHCTOMHl, ONH-
CHBAIA 061acTh 3HAYEHAA COOTBETCTBYIOMEH mepeMenHoi. ¥YTBep-
AIaA, 9TO CHCTEMa ONMCHBAGTCA CACTEMON ypaBHeHHH OTHOCHTENbHO
HEKOTOPOr0 MHOMKECTBA IIePeMeHHH X, MH B CYIMHOCTH TOBOPHM, 9TO
cucTeMa ecTh TaKoe OTHOIEeHHe HaJ COOTBEeTCTBYIOIMUMH OO0beKTaMH
CHCTEMEl, TIOPOKACHHEIMH JTAMHA IeDEeMeHHHIMHA (mO0 OfHOMY OOBeKTy
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Ha K@Ky IePeMeHHY!0, o0IacTh 3HaYeHHA KOTOPOH OH mpecTaB-
aser), 910 100ad KOMOMBALHAsA 9IeMEHTOB 3THX 06HEKTOB, npAnagie-
/Kallasd BTOMY OTHOLIEHWIO, Y/OBJIETBOPAET MCXONHOH CHCTeMe ypam-
HeHHAH.

Yrobu, mcxops m3 onpemenenma (1.1), moctpomth HekoTOpyIO
TEOPHIO, HEOOXOMAMO HajelHTh CACTOMY KaK OTHOINEHHEe HEKOTOPOH
ROTONHATENBHOR CTPYKTYPOil. ITO MOMKHO cHedaTh ABYMA CIOCOGAMHE:

(i) BBECTE MOMONHATEALHYIO CTPYKTYPY [JA DIEMEHTOB 06HeKTOB
CHCTeMbI, CKa;KeM, pacCMaTPHBATh caM dJIeMeHT U; € V; Kak HeKoTopoe
MHOKECTBO € MOAXOAAmel CTpYKTypoOil;

(ii) BBECTE CTPYKTYpY HeHNOCDeICTBOHHO IJIA CaMHEX o06BEKTOB
cacreMur V;, i € 1.

Ilepsni#t myTh OpEBORAAT K HOHATHI (aGCTPAKTHHX) BpeMEHHEIX
CHCTeM, a BTOPOM — K HOHATAK aJreGpamdecKofl CHCTEME.

(a) Bpemennrie cmereMbt

JTOT HOAXON K M3YUEHMIO CHCTeM GYHeT ONACAH Ha CTPOroi dop-
ManbBo#l ocroBe B ri1. II m mcmonpayerca ma mporakemmm Bceii ool
kugra. Ilosromy afech ME ocTaHOBAMCA Ha HeM JHIMB BKpAaTLHe.

Ecam anementn omHOr0 H3 0GBEKTOB cHCTeMH CyTh (yHKOAH,
HaunpaMmep v: T',—>A,, To BTOT 06DBEKT HA3KHBAOT PYHKIHOHATHHHIM.
B momo6roit caryanmm ocoGuiit mATepec mpeicTaBIgET clIydail, Korpa
obmacTE B KooGacTa Beex QYRKIMM AJIA JaHHOTO 06beKTa V. OJHHAKOBHI,
T. 6. KmiaA Pyaxnma v € V aBasercs oro6pamennem T B A, v T >
— A. B otoM cayuae T masmBaercs UHOCECUDYIOWUM MHOINCECTEOM
miaV, a A — anpasumon o6verra V. 3ameram, aro IIPE 3TOM MH He
OTPaHHYHBaeM MoIMHOCTE MHOecTBa A. Ecam, xpoMe Toro, mumexcn-
pywmee MHO)KeCTBO JIHHEHHO YHOPAMOYEHO, TO €T0 HA3HBAIOT MMO-
Acecmeom momernmog spemenu. Takasa TepmmEOMOTEA GHIa BHGpaHa
B CBASH C TeM, 9T0 NOA00HNS HENIEKCHPYIOMEe MHOKECTBA VIABIABAT
Té MHHAMAIbHEHE CBOMCTBa, KOTOPHE HEOGXONEMH A MOCTPOGHHA
HOHATHA BPeMeHH, 0COGeHHO B CBASH C MAeell MCCIETOBAThH 9BONIONAID
BO BPeMeHH N NAHAMHAKY IOBeJeHAA CHCTEM.

®yaxnmu, ompegeneHHHe HA MOMOGHHX MHOKECTBAX MOMEHTOB
BPeMeHH, NPAHATO HABHBATE (AGCMPAKMHNMU) PYKKYUAMU 8DEMENL.
O6vexr, ameMeETaMA KOTOPOTO ABISIOTCA BPEMEHHEIe ¢yEKOAR, HA3H-
Bal0T BPEMeHHHM OGDBEKTOM WM, HaKOHeI|, CHCTEMH, OmpejeleHHEe Ha
BPEMEHHKIX OOGDBEKTaX,— DEMEHHLIML CUCTEMAMY.

Oco6uit maTepec MIA HCCIENOBAHAA OPeJCTABIAIOT CHACTEME!, ¥
KOTOPEIX BJIEMEHTH M BXOJHOTO, I BHIXOJHOTO 0GBEKTOB OUpeNeleHH
Ha OJHOM H ToM ke MHOectBe, X — ATrg Y < BT. B »tom caydae
10J CHCTeMOH MH TOHHMaeM OTHOINCHHE

§ = AT x BT,
2—0296
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(b) AxareGpamueckne cmcTeMBI

Ipyro#t myTts HagedeHdmsa 06beKTOB V cHCTeME MaTeMaTHYeCKAMU
CTPYKTypaM|,— a 3TO HeoGXOJEMO [UIA MX KOHCTPYKTHBHOTO OIHCA-
HHA — COCTOAT B ONpefeieHnd Ha V ofnod WM HECKOJBKHX omepa-
muii, OTHOCUTEARHO KOTOPHX V craHoBATCA anreGpoi. B camom mpoc-
TOM caydae ompeneldserca OmEapHas omepamua R:V X V — 14
B IpefUoiaraercs, 910 B V MO)RHO BHIEJIATH TaKoe IOIMHEOKECTBO w,
329aCTyI0 KOHEWHOe, 4To Ji0God sxemeHT v € V MOMKHO HONYYHTH B
pesyibTaTe IPEMEHEHAs omepanuh R K sileMeHTaM H3 W mnm x sne-
MEHTaM, y7ke IOCTPOSHHEIM M3 IIEMEHTOB MHOKecTBa W HOm0GHEM 00-
pasoM. B aroM caysae W Ha3HBAaKT MHOKECTBOM IPOH3BOJAMMX
9ieMeHTOB HIM aagagumom oOBEKTa, ero 3JIEeMeHTH — CUMEOAAMU,
a ieMeHTH o6bexta V — caceamu. U ecim R ectp omepanmsa codie-
HEeHHA, TO CI0Ba — 3TO IPOCTO TOCIE/[OBATEILHOCTH 3JIEMEHTOB ai-
dasmra W.

Heo6xommyo mMeTh B BAAY, 9TO aiQaBAT BPEMEHHOTO 00BeKTa —
9TO He COBCEM TO ke caMoe, 9To alXdaBmT anreGpamueckoro o0mexra.
Ilna o6beKToB ¢ KOHeUHHMH aldaBETaME 9T0 0CHIIHO OHE H TO K6
MHOskecTBa. Hanpmmep, 0OBEKT, 3IeMEHTAMH KOTOPOro ABJIAITCA
NoCNIedoBATEIHHOCTA CHMBOJOB H3 JIAHHOTO MHOKECTBA, MOMHO pac-
cMaTpEBaTh AEG0 KaK MHOKeCTBO GYHKIWE BpeMeHH (ONpefie/IeHHHX,
BIpoYeM, Ha PasIMUHHX BPEMOHHHX HATEPBalax), AMGO Kak MHO-
EeCTBO, TOPOMKIEHHOE HEKOTOPOH anre6pamdeckoil omepanmeil Hajg
TeM jKe MHOKecTBoM cmMBOJOB. Ho Kak ToABKO andaBHT CTaHOBHTCA
GecKOHEUHKIM, BOSHMAKAOT OCIOMKHEHHA: MHOKECTBO IPOH3BOMAIMAX
2JIeMeHTOB ¥ K006xacTh OYHKIOUA BPeMeHH OKAa3HBAITCA Pa3lTHIHLIMA
MHO)KeCTBaMH, B ofmeM cjydae Jlaxke Pa3HOd MOINHOCTH.

B 6omee o6meii caryanua anreGpamdecKEE o0BEKT IOPOKIAETCA
memHM ceMeiicTBoM omepanmi. Towmee ToBOpsA, 0GBEKT V sagaerca
HEKOTOPHM MHOKECTBOM dleMeETOB W, HasnBaeMhX DPHMHTHBHHIMA,

HEKOTOPHIM MEHOkecTBoM omepamuit R = {Ry,. . . , R,} n npaBmiom,
coriacHO KoTopoMy V cofmep:KuT, BO-IEPBHX, BCe IPHEMATHBHEIE
snementsl, W < V, a KpoMe TOro, m BCE BJIEMEHTH, KOTOPHE MOTYT
6HTh HOPOKAEHH K3 UPAMATHBHEIX B pe3yibrare MHOTOKPaTHOIo

OpHMEHEHHsS oNlepanui #3 R.

B oroit kumre MH 6y/ieM CilefoBaTh B OCHOBHOM HOAXONY, CBA3AH-
HOMY ¢ H3ydeHWeM BPEMEHHHX CHCTEM, IIOCKOJBKY 9TOT IOIXOR
ofemaer Goiee CcOAePKATENPHYH HHTYATHBHYI HHTepUOpPETanuIo,
B GAaCTHOCTH Ui ABJIEHHAH, CBABAHHHX € 9BojioNmeil BO BPEMEHH H
mepexofaMu CoCTOAHEEH. B efCTBATOIBHOCTH 3Ke MOKHO IIOKa3aTh, 910
06a »TH moaXofa B OCHOBHOM 3KBHBaJeHTHH. OfHaKo cjefyer IoOA-
9epKHYTh, 9T0 MH Gy/feM HCOOIb30BATh anre6pamgecKne CTPYKTYDPH
Rak A obmax cacreM S X X Y, rak m jaA o6muX BPEeMeHHEIX
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cacrem S < AT x BT, xora m me obazarensro mim pelmeHAA 3a7ad,
CBA3AHHHX C 9BOJIONHAE#l BO BpeMeHH.

CromT OTMETHTSH, 9TO Ba YUOMAHYTH X BHINE METOMA COOTBETCTBYIOT
IBYM OCHOBHHM CIOCOGaM KOHCTPYKTHBHOTO ONWCAHWA MHOKECTB —
¢ TmoMompbl0 (TPaHCOHEATHON) MHAYKIUE Ha YHOOPAXOUYEHHOM MHO-
/KeCTBe M € HOMOmpbI0 airebpamdeckod mEAYKLuA. OMHAKO MH He
cobmpaeMca 8fech [ielaTh KaKAe-IAG0 BHIBOAH M3 3TOTO HHTePECHOTO
¢aRTa HIA TOBOPHTH O €r0 3HAUCHHH.

2



Taaca IT

OCHOBHBIE IIOHATHA

B ato#i riaBe MH co6mpaeMcsa BBeCTH HeKOTOPHE OCHOBHEE NOHS-
THA TEOPHH CHCTeM Ha TeOPETHKO-MHOMECTBOHHOM YPOBHE H YCTaHO-
BHTH OIpe/eJeHELE B3aHMOCBASH MexAy HuMH. lIpexme Bcero ompe-
JfenEM ofmyo CACTeMy KaK HEKOTOpoe OTHOIIeHAe Ha alCTPaKTHHX
MHOKECTBAX, a 3aTeM OIpeJe/lAM BPeMeHHEE H AHAMAYECKAES CHCTEME
®aK o6mue CHCTEMH HA MHOECTBAX a0CTPAKTHHX QYHKIHE BPeMEeHH.

Ilna Toro 4ToGH HOMYYATH BO3MOKHOCTH OMPENENATH CHCTOMH
pa3INYEHX TANOB Gollee KOHKPETHO, BBE/leM TaK Ha3hBaeMHe BCHO-
MorarelpHEe QYHKIOUA. ITH QYHKIAA COOTBETCTBYIOT Ha aGCTPAaKTHOM
yPOBHE TeM OTHOIIEHASM, 9ame BCEero MMEIOMAM BHJ CACTOME ypaB-
HeHEil, ¢ TOMOMbI0 KOTOPHX 06HUHO 3afaloTcA cmcTeMul. I Tomy ske
BCIOMOTATeNbHEE (QYHKOEA LO3BOJAAIOT Gojee mofpo6HO IpOAHAIA-
SHPOBATh NOBeJICHAE CACTEMH H B OCOGEHHOCTH €e 9BONIONUIO BO Bpe-
MeHH.

OnmaKo J7If ONpefeleHAA PA3AAIHNX BCIOMOraTeqbHN X QyRKIuA
HaM NPHEXOJATCA BBOIATH HOBHE BCIIOMOTATeNbHHE 0GBEKTH, KOTOPHE
HAa3HBAIOTCH O00bEKTaMH COCTOAHHA, a X 2JEeMEHTH — COCTOAHAAMHE
cacTeMbl. Pollh, IOHATHAS COCTOAHRHA B TOM BHJE, B KAKOM OHO BBOJATCH
B HacTOosmeldl IiaBe, 3aKII09aeTcsA TMIAaBHHIM 06pa3oM B CIeyHIIeM:

(i) oGecmeunTs mpefCTaBIEHAE CHCTEMH H e cyennd, ABIA-
muxcda B ofmeM ciaydae OTHOIMIEHUAMH, ¢ IOMOMbIO bynromi;

(ii) o6ecmednTh BO3MOKHOCTH OHPEAENATH GyaymHAil BEIXOJ CHCTE-
Mbl, 3HaA JANb GYLYIA ee BXOJ A TEKYyIee COCTOAHNE CACTEMH B CO-
BepmenHo He ofpamas BHAMAHHAA HA €€ IPEIHCTOPHI0 (cocToanme
chcTeMH B AK0060i#i MOMEHT BPEeMEHH BOIIOmaeT B cebe BCIO IPeJLICTO-
PHIO CHACTEMH);

(iii) ofecmeYnTs BOBMOKHOCTH COOTHOCHTD COCTOAHHA CHCTEMEI
B pasIHUHEEe MOMEHTH BPEMEHH C TeM, ITOGHI 0IPe/lelATh, H3MOHACTCA
IE COCTOSHHMEe CHCTEMHl BO BpPeMeHH W €cld Jia, TO KakmM 06pa3oM.

Dro mociaensee TpeGoBanme OPABOAAT K HOHATAIO IPOCTPAHCTBA
cocrogrmii. OGmas gAHaMHYECKasd CHCTeMa ONIpeNeNAeTcA B TaKOM
TpocTPaHCTBE.

B oaT0ii rase NpABOAATCA HECKOABKO OCHOBHHX YCIOBHU CymecT-
BOBaHHA PA3IMYHHX TANOB BCIOMOTATeNbHHX QYHKIEHE B obmeM ciy-
gae # [0 OTHONIEHHI0 K TaKHAM CBOHCTBaM CHCTeMH, KaK HOJHOTa €©
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px0fla AW IAHe#HoCTh. Hpome Toro, mpepjiaraeTcsa TaK:Ke KIacCH-
¢uKamHa CcHCTeM, OCHOBAHHAA HA PA3HBIX THOAX HHBAPHAHTHOCTH
BO BpeMeHE BcmoMoratealbBHX ¢ynkmmid. Haxomem, nogamMaercs
HECKOJBKO BOIPOCOB, CBA3aHHHX ¢ IPUYMHHOCTHIO H3MEHEHHA COCTOA-
HOR CHCTeMH BO BpeMeHH. B 9Toif ¢BA3HM BBOJATCA [Ba CJAEAYIOMAX
NOHATHAA:

(i) cmcTema HasHBaeTCA HeyIpekAawIed, eCIA CYIMEecTByeT TaKoe
ceMelCTBO 00BbEeKTOB COCTOAHEH, dYro Oyaymme 3HadeHHs JIOOHX
BHIXOMHHX BeJHYAH CHCTEMH ODpefleAITCA HCHKIKYATEABHO COCTOA-
HHEEM CHCTEMH B NpPeJmecTBYIOMMAA MOMEHT BpeMeHH H BXOIHEIMH BO3-
nefiCTBHAMA Ha PacCMaTPABAaeMOM OTPe3Ke BDEMEHH;

(ii) cmcrema Ha3HBaercA MpefloNpele]leHHOH, eCaA OO0 HPOIIeCTBAH
HEeKOTOPOro HavalbHOTO IePHOAa BPeMeHH 3HAYeHHs 060 BH XOMHOR
BeIMYAHE OMPEleIAIOTCA HNCKIIYATENIbHO NPOIUIHMA 3HAYCHHAMEA
maps ¢BXOX — BHIXOAY.

B riaBe mpHBOAATCA YCIOBHA, KOTOPHIM JOMKHH YROBIETBOPATH
HeyIpe;KIalomue B OpeRolpe/lelleHHbe CACTeMEL.

1, TEOPETHKO-MHOKECTBEHHBIE INOHATHSA
TEOPHH OBIIHUX CHCTEM

(a) O6masn cuerema, ra06aibHbIe COCTOAHMA W raoGanbHas peaknEs
CHCTEMBI

IIpm mocTpoerHE TeopHE oOmEX cmcTeM MH OyleM HCXOLHTHL H3
ClefyOMAX oUpefeleHnH,

Onpenencane 1.1. (O6weii) cucmemoli Ha3EHBaeTCA OTHOMEHHE HA He-
nyctiX (aGCTpaKTHHX) MHOKCCTBAX

Sc x {Vii€el), (2.1)

rge X — CAMBOJ JleKapToBa IMpou3BelleHds, a | — MHOKeCTBO HHIeK-
coB. MuoxecrBo V; MH OymeM Ha3HBaTh 06vekmom cucTeMH. Ecam
MBO;xecTBo I Koneuno, To (2.1) MoKHO mepenmmcaTh B BUfe

S ViX VaX ovo X Vpo 2.2)

Onpenenernne 1.2. llycrs I, = I u I, = I ofpasyior pasbnerne MHO-
smectBa I, r. e. myets I, () I, = @ n I,JI,= I. MuoxecrBo X =
= X {V;: i€ I,} M 6yneM Ha3bIBaTh 6Z00HHLM 067bEKMOM, 8 MHO-
mectBo Y = X {V;:i€ I,} — evixodnsm o6%exmon cucremu. Torna
cucteMa S oOIpeflelAeTcs OTHOIIEHHEM

ScXXxY (2.3)
(Takyio cmcreMy ME GyfieM Ha3HBaTh cucmemol «6x0d — euxod» 1)).

1) B xubepHeTEYecKO#l JHTepaType ee HA3HBAKT HHOIKA ¢(IEPHHM AMBA-
KoM». — IIpum. nepes.
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Ha nporakeHnn Bceif 9T0i KHATH MH 6yIeM OIH30BaTHCA B OCHOB-
HOM mpexcraBilenmeM (2.3), a me (2.2).

Onpenexenne 1,3, Ecam S apnaerca dyrxgaeit
S: XY, (2.4)

TO COOTBETCTBYIOMAA CHCTeMa OyHeT Ha3HBATBCA GYHKYUOHALLHOL.

3amernm, aro B Popmyrax (2.2) m (2.3) mcnonp3yerca OgHH K TOT Ke
cAMBOJI §, XOTs, CTPOTO TOBOPA, 9JIeMEHTAMH OTHOINEHHAA B (2.2) ABIA-
IOTCA N-KH, B To BpeMa Kak B (2.3) — sTo mapu. Mu cornacmimcs ma
9T0 paju ynpomexua cucTeMbl o6osHadenmit. Honkpermuii xapakrep
unTepuperanan S Bcerga GyaeT sceH M3 KOHTEKCTa, B KOTOPOM 3TOT
CAMBOJ HCHOJIB3YeTcA. AHANOTHYHHE 3aMedaHAA MOKHO BHICKA3aTh
7 IO IOBOAY HCIOJIb30BAHHA OfMHAKOBOTO cAMBoia S B (2.3) u B (2.4).

Haa yno6erBa o0o3HaYeHAN MEl IPAMEM TaKKe CAeRylomee cOria-
menme: cKoOKm B BhHpaskemmda F: (4)-> B 6yqyr osEagars, 910
¢yargusa F asaserca Bcero Xmmn 4acTWYHOM, T. €. 4TO oHa He 06sa3a-
TEGIbRO oOmpeleseHa MiIa aio0oro sxementra MHo)kecTBa A. O6IacTs
onpenenesna ¢ysxmum F (urm npocro obmacts) 6ymeT oGosHa-
darbea depes D(F) < A, a obxacTs ee 3HaTenmil (AnE ee Ko0OIACTD) —
wepes A(F) — B. Ananormano Gynyr oGosgadatbca H o6aacTs, &
KooOmacTs oTiomenns S < X X Y

D(S) = {z: AY) ((z, Y) € O} = R(S) = {y: () (=, y) € S)}.

Haa ynpomenua ofosnagennit B fanbHelimeM Bcerga GymeT mpen-
noxaratees, 9ro P(S) = X, ecam TonbKo He OrOBOPEHO IPOTHBHOe.

Onpenenenne 1.4. Jlna namnoit ofmeit cmctemm S mycrs C~—mpo-
H3BOJIBHOe MHO3KeCTBO, & pyEKousa R: (C X X)— Y rakosa, 910

(z, y) € S <= (3¢) [R(c, 7) = yL

Torna C ma3wBaercsa MHONCECTEOM RIA 06BEKMOM 2406ALHRE COCMOS-
HU CACTEMH, a €T0 3JIeMEHTH — HPOCTO 2400 LbHBMU COCTMOAHUAMU
cucTeMsl, GyHKIAA e R HashBaercAa 2406a4bK0l peakyuell (CECTEME

S).

Teopema 1.1. Kasxnolt cmcreMe cooTBeTecTByeT HeKoTopas riobaapHas
peaknasa, m 9Ta Qyarnua R me ABIAeTcA 4acTAYHOM, T. e.

R:Cx XY,

Noxasarembcrso., Hyers F=Y = {f:f:X >Y}.
Oycrs maoxectBo G = {f.: ¢ € C} = F raxoBo, 910 [, € G <> f, =
= §, rae C — mafexcApyomee MEOKECTBO A4 G. OnpenennM Temeps
R:C X X—Y ¢ noMompio ycaoBaa R(c, z) = fr). Iloxamem
rorga, u9ro S = {(z, ¥): (3c) (y = R(c, z))}. Ilycrs S'=
={(z, y): (3¢) (y = R(c, z))}. PaccMoTpmyM nporssonbuyio Napy (z, y)€
€S’. Tormga y = R(c, 7) = f.(z) mun meroToporo ¢ € C. CuemoBa-
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TexbHO, (2, y) € S, Tak xak f, = S. 3maunr, S'= S. O6parno, BO3b-
MeM IpPom3BoAbEYI0 napy (z, y) € S. llockonbry D (S) = X mz € X,

MEOKecTBo S Hemycro. BriGepem mekoropoe f.€ G m momommM [ =

= (fo\{(&: @) U {(z, »). Torma FEF m f=S. Tlosromy

f = for maa meroroporo ¢'€ C m, CIeOBaTeNbHO, Y = fer(z) mam
(z, y) €8’, orkyna S= §'. A »ro 3maumr, aT0 § = S’, 4.T. ..

B ronbko aTo MoKa3aEHoH Teopeme HA Ha C, nE Ha A He HaJaraxoch
HAKAKAX JONOJHATeabHHX ycaosmil. OmmHako eciam norpeGoBatsh,
91066 R 06ramalla KaKAMA-TO OIpefejeHHbIMA CBOHCTBAMHA, TO MOMKeT
OKa3aThCHA, 970, X0TA HogolHasa raofanpHasd PeaKIHAa BCe elle MOXKeT
OHTH oIpeedeHa, ©e¢ HeXb3d ONPeJENIATH HAa BCeM NPOM3BENCHAH
C X X, 1. e. R oxasuBaerca sactagHoil pyrrnmeit. C mogobuoil cury=-
andell MH CTaJKABaeMCs, HAOPHEMep, TOTAA, KOTKA XOTHM, YTOGH
dyrknma R Geira mpmummHoit. A Tak Kak caydaif, korga peaknua R
He ABIAETCA YacTAYHON (PyHKOmel, NpefcTaBiseTr Mis Hac 0cobyio
BaKHOCTB, MH JOTOBOPHEMCA Ha Oyaymee

nasweamsv R 2n06a1bn0li pearyuell cucmemst moavko mozda, Kozda
OHG He seasemcs wacmudHOl @dynkyueil. B npomusenom cayuae 6ydem
Ha3ueamb ee YacmudHol 2406aavroli pearyuel.

(b) AGcTpaxTHBIe JRHEHHBIE CHCTEMBI

XoTda MHOTHE NOHATAA TEOPAH CHACTEM K MOMKHO OIPefeJuTb, ONH-
paACh UCKIIOYATENFHO HAa NOHATHE 06med caCTeMsl, oJydeHne Cofep-
JKATEIbHBIX MaTeMaTHUIecKHX pe3yJbTaToB CTAHOBHATCA BO3MOKHEIM
TOJNDBKO NOCIE BBENeHAA NONONHATEILHBIX CTPYKTYD. YTOGH m36erkaTh
9pesMepPHOT0 KOJHMYEeCTBA OUpefeleHuil, ME 6yneM, Kak IpaBUiIo,
BBOMATH KOHKPETHHE NOHATHA Ha TOM ’Ke YPOBHe OOIHOCTH, Ha KOTO-
PoM [JIA HAX MOKHO HONYIATh HeTPHBHAJbHHE MaTeMaTAdIecKHe
pesyabTaThi. HanpaMep, moHATHe XAHAMAYeCKOH cHcTeMH 6ymer BBe-
JeHO JIWIIL B KOHTEKCTe BPEMEHHHIX CHCTeM. TeM He MeHee MOHATHE
JIAHeHHOCTE OKa3HBACTCA MOJAe3HEM Yrxe Ha J1I060M ypoBHE OOIHOCTH.
ITosroMy MH onpefedwM 9TO MOHATHe ceiiwac W OyHeM IOJbL30BATHCH
AM KaK CTaHAAaPTHRIM Ha DDOTA;KEHHMA Bcell Halllell KHHTH.

Onpenenenne 1.5. Ilycts A# — Heroropoe mone, X m Y — nnneiinne
anre6pu ') mag o, S — orHomennme, S — X X Y, npuuem § memycro.
Ilycts, kpoMe TOTO,

(i) seS&SES=>s+ €S,

(i) seS&acA=asc S,
roe -- o6o3Havaer (BHYTpeHHIOKL) omepamuio ciaoxesds B X X Y,

1) B COOTBETCTBHE C COBPEMEHHOH TePMHUHOJOTHEH g4zefpoll HABKIBAIOT MHO-
JHECTBO BMECTe C HEKOTOPHMHA KOHEYHOMECTHHIMHA ONePANUAMH, & Auneilinol arzeb-
poii, B 9aCTHOCTH, MHOKECTBO ¢ OfHOI BHYTpeHHell W OHOH BHeIIHEH omepammsa-
MH, YAOBJIETBODAIINMMHE aKCHOMaM BEeKTOPHOTO IpocTpaHcTBa. — Ilpum. nepes.
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a gepes oz 0608HAYeH peayabTAT (BHemHelt) omepanum yMHEOMeHHA
Ha cxausap'). Torma S masuBaerca (abcmparmuoii) noanoii auneiinoi
cucmemor.

Bo MBOTEX mpmioKeBMAX NPHXOQATCS CTANKHBATBCA ¢ JIUHEH-
HHIMHA CcACTeMaMH, He ABAAMAMAcA DoaanMa. K nx gmeny otHOCHTCA
cuCTeMa, OLMCHBaeMaA JHHeNHEMA AAdPepeHnAaNILEHIME ypaBHe-
HUAMH, MHOKECTBO [OHYCTAMHX HAYaJbHHX YCIOBA# KOTODHX
He o6pasyer JymEeiinoro mpoctpaHeTBa. J[JA MPOCTOTH B BT0H KHATe
PaccMaTpHBAIOTCA B OCHOBHOM INOJHHE CHCTEMH, W TOTOMY Kaxcdas
AuHeinaa cucmema 6Gydem npednosazamuvcs NOAHOE, eCAU MOAbLKO
A6HO HE 02060pEHO npOmMuUeHOe. ITO eflBa JH LPHBefeT K KaKo-mu6o
noTepe OOMEOCTH, HMOCKOIBKY JaI06YI0 HeHOMHYIO IFHEeHHYI0O cCHUCTeMY
MOKHO TOIOJIHATL COBEPIIEHHO OYEBHIHEIM M eCTECTBeHHHM ofpa-
30M.

Caemyiomas TeopeMa HTpaeT B TEeOPAH IHHEHHHX CHCTEM dyH-
MaMeHTAJIbHYI0 POIb.

Teopema 1.2. Ilycrs X m Y — nnmneiinnie anreGpH Ham OTHAM m TeM
e noyteM 4. Cucrema S — X X Y aBiaserca AuHe#HOE B TOM H TOXb-
KO B TOM CJIydae, KoIfla HaliieTcsa Takas raobanseas peaknusa R: C X
X X—Y, 910

(i) C ectv ammeilmas amreGpa map of;
(ii) cymecTByer mapa TaKEmX JAMHeWHHX oToGpatenmil

R:C—>Y 7§ Ry X7,
9T0 AnA Beex (¢, ) ECX X

R (¢, 2) = Ry (c) + R, (2).

NioxasarteascTBo. J[okasarembCTBO MOCTATOYHOCTH OYe-
BaaHo. [lokaxkeM moatomy TombKo HeoGxommMocts. Ilpeskme Bcero
YCTaHOBEM CYImMeEeCTBOBAHHE TaKOTO NTHHeAHOTO oToGpaskenns Ry: X —
—Y, aro {(z, R, ()): z€ X} = §. HOycrs X, — HEKoTOpPOe WOA-
mpocrparctso B X, a L;: X, — Y — rakoe amueitnoe otro6paxenme,
aro {(z, Ls (z)): z € XSA} < S. Tarkme X, m L, cymecTBYIOT Bcerna.
B camom pmese, mycts (2, y) € S = F; Torma HEOGXONAMEIME CBOI-
crBamn obaamaior, mampmmep, X, = {az: a € A} u L, X, — Y,
npagem L, (oc;:) = of_z}. Ecam X, = X, 1o L, u ecTs mcKoMoe JduHeii-
Hoe oTobpakenme. Ecam ke X, 5= X, 10 L,, cornacuo aemme Llopra,
MOKHO IPOJIOJIKATE TaK, 4T0 X,;=X. JleficTBATENBHO, 0603HaUnM Tepes
L ="{L,) aacc BCEBOSMOMHHX IMHeHHHX 0TOGpaskenmil, ompefe-
JeHHHX Ha JAHEHHHX MOADPOCTPAHCTBAX HNPOCTPaHCTBA X M TaKAX,
9T0 €cIH UOAUPOCTPAaBCTBO X, ABIAerca o6aacThio ompeeleHAs

1) Omepanuma + = YMHOKeHHE Ha CKalAp ONPeAeJslTCcs Ha X X Y ecre-
CTBeHHHM 0Gpasom: (z, y) 4 (2, y) = (z + z, y + y) 7 @ (z, y) = (az, ay), IHe
), () EX XY 1 a€A
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oro6pasxerna Ly, To {(, Lp(z)): z € Xp} — S. 3amermM, 4TO MHO-
;xecTBo L He mycto. Ompeflenam Ha L oTHOMeRAe YaCTAYHOTO DOPAAKA
& caenyomuM o6pasom. Ecam L' m L” nparanmeskat Lol <L”
TOrma | TONbKO Torma, korga L' = L”. Taxoe ompeneieHne KOPPeKT-
HO, TIOCKOIBKY Jif060e oTo6paskeHrme MOKHO PaccMaTPEBATh KaK OTHO-
mieHAe MEKAY ero o6aacThi0 B KooONacThio, a Ka/Joe OTHOIICHHE

OTOMKAECTBIACTCA C HEKOTOPHM MHokecTBoM. Ilycts Temepr P — L

ecTh Jdi06oe NHMHEHHO YHOPAMOUEHHOE LOAMHOKECTBO B L, W MycTh
Ly =UP, rhe wepesa U P Mu oGosraumnn oGbeiHEHAEe DIEMEHTOB,
npuragrexamux P. IlokaxeM Toraa, 9ro Lo mpmramnexmr L. lpen-
poXoknM, aTo (Z, y) B (z, y') aBnsorca smeMentamm m3 L,. Torpa
B cmay Toro, ato Lo = |J P, majixytca nBa orobpamenns L u L' u3 P,
raxme, 910 (z, ¥) € L, a (z, y’) € L'. Ho nockonsky P jxmueitno ymo-
pAnoveHo m, sHaumT, cKaskeM L < L', mapa (z, y) MomskHa IpAHAA-
neskats u L'. A tak xak L' — otobpaskennme, 10 y = ¥, T. 6. Ly —
Tome oTOOpaKeHHe. AHANOTAYHEE DPacCYKAeHAA MOMHO HOBTOPHTH
A aas caydas, Korna (z', y') € Lo m (2", ¥") € Ly. Torga cymecrsyer
taxkoe L" < P, uro (z', y')€EL" u (z", y") € L". Ilockonbky oT0G-
pamerme L” nmmeiino, (' + 2",y + y") € L" = L,. Ecam Temeps
(,¥) €Ly m a€ A, To maiiferca takoe L' € P, uro (z', y') € L',
T. e. (az',ay’)€ L < L, Ilosromy orobpamenne L, amBefHO.
Haxomren, ecan (z', y') € Ly, 10 (=, y') € L', tme L’ IPEEA/TIEKAT
P; caepmoBarensro, (z', y') € S, mam Ly < S. HoiTomy L, € L. 3ua-
anr, L, asaaercs maskopantoit MuOxectBa P B L. Torma, cornacuo

aemme Llopra, B L cymecTByer Do KpaliHeil Mepe ofiNE MaKCAMAIbHEIMA
3JeMeHT, KOTOpHi# Mu oGo3naumM uwepe3 R,. JlokaskeM Teleps, 4UTO
Z(R,) = X. Ecam s10 He Tak, To Z(R,) aBisercs co6CTBEHHEM
nogmpoctpascTBoM B X m B X mHalijercs .Takoil dleMeHT I, KOTODPHH
He npauagaexar Z(R,). Torga X' = {az + z: a € A& z € D (R,)}
ecTh JHHeifHOe MOANpPOCTPAaHCTBO, comep:kamee Z(R,) Kak co6CTBeH-
HOe MOANPOCTDPAHCTBO. 3aMeTHM, 4To Kakinil aleMedT z' € X' MOM-
HO OJHO3HAYHO TPEJCTaBATh B BHJe CYMMH az - z, rie z € Z(R,).
efictrTensro, ecnim =’ = axr + z = fzr + y, e z,y € Z(R,),
10 (@ —P)za=y—zx. Ecam as=f, 7o z=(@— By —2)€
€ Z(R,) ® Mu moaydmam mnpormBopeume. Mcmonbaya 3ToT daxT,
MH MOKeM OIpefleATh jmHeiiroe oroGpamenme L': X' — Y rak,
wro L'(az + z) = ay + R, (z), rme (z, y) € S, az € Z(R,). Ho oTo-
6paxenme L' mmmeitno m {(z', L'(z')): 2’ € X'} = S, a R, — cob-
CTBeHHOe NOAMHOMKECTBo B L', 94T0 NpPOTHBOPEYAT MaKCUMalbHOCTH
R, B L. TloatoMy R, m ectb mckoMoe 0ToGpaceHme ¢ 0GIACTHIO ompe-
nenenna J(R,) = X. Uro6u 3aBepmATh mOCTpOeEMe R, DOMOMAM
C = {0, y): (0, y) €S}). Ouepamno, uro C ABIAETCA JIAHEHHHM
OpOCTPAHCTBOM HAJ of, €CIH CIOKeHHe M YMHOMKEHHe Ha CKAaJIAP
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ompenennTh B HeM caexyrommm obpasom: (0, y) + (0, y') = (0, y +
+y)m a0y = (0, ay), rre a € 4 Iycrs R;: C— Y Ttaxroso,
aro R, ((0, y)) = y. Torma orobpaskenme R, nummeiino. OGo3maumM
gepe3 R (¢, z) cymmy R, (¢) + R, (z). Iloxamem Temeps, aro

S={(z,9): (@) (€C&y=R(c,2)} ="

Mpennonosxmm, uro (z, y) € S. Torma (z, R, (z)) € S, a Tak Kax
cacrema S sammefina, To (z,y) — (z, R, (z)) = (0, y — R, (z)) €
€S. Tlosromy (Ic) (c€ C&y =R, (c) + R, (z)), 1. e. S<=S’.
O6parso, mpexmonoxmM, ato (z, R; (¢) + R, (z)) € S’. Ho Tak kax
O, Ry (c)) €S u(z,R,(z)) €S, a S nmueitna, 10

(z, Ry (2)) + (0, Ry (c)) = (z, R, (c) + R, (z)) € S.
Cnemosarensso, S’ = S, 4. T. 1.

QOynnaMeHTanbHNN XapaKTep TOJBKO 9TO JOKA3AHHOM TeOpeMH
nopTBepskKaeTcs Xora Ou TeM GakTOM, 9TO HA Hell 6a3sHpPyeTCA KaK-
OHA NOKAa3aHHHN B 9TON KHHIe pe3ysbTaT OTHOCHTEABHO JIHHENHEIX
cucreM. Temepb MH MOKeM BBECTH HOBOe OIPe[eIeHHE.

Onpenexennme 1.6. Ilycts S — X X Y — ammeiinasn cactema, a R —
orobpaskerne, R: C X X — Y. Oro6paxenne R HasnBaerca JquHel-
#0UL 2/06a4bH01 pearyueli CACTEMH TOTHA A TOABKO TOTHA, KOTMA

(i) R cormacyerca ¢ S, 1. e.

(*, y) €S <> @) ly = R (c, 2)];

(i) C saBaserca nmmeiino#t amreGpoit mam momeM o4 CKaJAPOB
amHedEHX aare6p X m Y;

(iii) cymecTByoT mBa TaKEX JEHEHHEIX orobpaskenma R;: C —
—Y u R,: X— Y, 9r0 maa mobux (c,z)6eC X X

R (¢, ) = Ry (¢) + R, (2)s

B aToM ciyuae C HasHBaOT Junelnum 066eKMOM 240604bHHL
cocmoaruil, orob6paxerne R,: C— Y — z106a1vn0il pearyuei na cocmo-
anue, a Ry: X —> Y — za06aavhol pearyueii na 6xod.

OGpataTe BEEMaHEe Ha DasSHHLY MEXAY TI0GAIBHON peakmmeit
CHCTeMhl H JAHEHHOW raobambuolt peaknmeii. ITepBoe momsaTHe Tpe-
6yer nmmp BHIOXHEHAA ycioBms (i), a HAA BTOPOTO Heo6xomAMo,
97100k, KPpoMe TOTO, BHIOAHANACH yeaoBmsa (ii) m (iii). IlosTomy moBe-
JleHAe JIAHEHHOW CHCTEMEl MOKeT ONHMCHIBATHCA H DPeaKmaei, KoTopad
He ABIAETCA JAHEHHOH.

U3 Teopemur 1.2 Mu cpasy ke momyuaeM ciaemyompee

Ipennosxenne 1.1, Cucrema sBasercs amHefHOX Torma W TOABKO
TOIa, KOTJA AJA Hee CYmeCcTBYeT AMHedHas raobalbEas peaxmas.
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B monarum amEefiEO# cHCTeMHl B TOM BHJe, KaK OHO OLLIO JaHO
g ompenenenma 1.5, mcmoasayerca Gombpime, 1eM «MHEHAMYM)» MaTeMa=
raueckoit crpykrypu. HamGonee aGerpakTHOe dopManbHOe ompepe-
JleEAe IHHeHHO# CHCTEeMH Ha CaMoM felle BHIIAART CleLYIOIMAM
obpasom:

Onpenenenne 1.7. Ilycts X ectsh Hekoropas (abcrpakTmas) aare6pa
¢ 6muapHoit omeparmeir +; X X X — X m cemeiicTBoM aHTOMOpdH3-
MmoB @ = {a: X — X}. Amarormuro, mycts B Y 3agansl GmHapHasA
omepanaa s. Y X Y —Y n cemeitctBo sugomoppmamo = {f: Y - Y }.
Oyuknmonanbraa cucrema S: X — Y apndAerca obuel aunelinold
cucmemoll TOTma B TOABKO TOTHA, KOrJa HAHJeTCs TaKoe B3aHMHO
onHO3HAYHOE OTOGpasxkerme P: a — f, uTo

(i) (Vz,2') IS (z-z') = S (z) « S (z)],

(i) (Vz) (Vo) [S (@ ()) = ¥ (@) (S @)].

BosMokEH ® Jpyrue OLpefeleHHAs JIAHeMHOH cHCTEME, ONHApAIo-
mpaecsas Ha CTPYKTYPH, HPOMEKYTOYHBIE IO OTHONEHHIO K HCHOJIb30-
papmmMmca B onpepeaenmax 1.5 m 1.7. Hampumep, MosxHO mpepmo-
aoATs, aTo X u Y — MOAYJH, a He JHHeHHHe IpocTpaHcTBa. MH
He pacCMaTpPABAeM TaKhe (IPOMEKYTOUHHe» NOHATHAA B Halleldl KHHATe,
IOCKOJNBKY [JA IOJNYYeHHA HEKOTOPHX CYIeCTBOHHHIX pPe3yJdbTaToB
HaM ToTpe6yerca WMeHHO CTPYKTypa JmHE#HOrO mpoctpancTBa. Mosxk-
HO Jaske YTBep:KOaTh, 9YTO HOHATAE JHHOHHOCTH, Gasmpyiomeecd
Ha OOHATHE MOAYJAA, He BIOJHE YAOBIETBOPHTENBHO, HOCKOIBKY
OHO He ABJIAETCA HA caMbIM ofmuM (cp. ¢ onpexeaenneM 1.7), n gocra-
TogBO GOraTHIM MJIA TOTO, YTOOH MO3BOJAHRTH HOKa3hBAaTh Takme (pyH-
JaMeHTalbHEE MaTeMaTHYeCKHe pesy/bTarTh, Kak TeopeMa 1.2.

2, OBIIAE BPEMEHHBIE U TUHAMUYECKHE CHCTEMBI

(a) O0mpe BpeMenHBIe CHCTEMBI

Yro6al BBecTE moHATHEe o0meidl BpeMeHHON CHCTEMH, HYKHO (op-
MAaJHE30BaTh NoHATHE BpeMeHdn. B cooTBeTcTBHE ¢ Hameil obmeit crpa-
Termeit, M3MOMeHHON B ra. I, MH JOIKHH OmpefeNnTsH MOHATAE Bpe-
MEeHH, ACIONB3YA (MARAMAILHYIO» MaTeMaTHIeCKy0 CTPYKTY Y, OTpa-
JRAMYI0 IpH 5ToM Hambolee CymeCTBeHHbe YePTH HAMAX HHTYH-
THBHHX NpEACTABIeHHHA O BpeMeHH. JTa 3ajada KayKeTcs O4eHb IPO-
CTOl, OQHAKO TO, KaK MH pem¥M ee, CAMEIM pemaiommMm ofpasoM
CKa3nBaeTcA Ha BceM mociaenyiomeM. BrGop CTpYKTYpPH LA TaKOro
dyngaMerTalbHOTO NOHATHA, KAK MHOKECTBO {MOMEHTOB BpeMeHH,
OKa3hiBaeT CYMECTBEHHOe BIANAHAE Ha AalbHelllee Pa3BATHE TEOPHH,
a TaK;ke Ha 0GOrarCcTBO M HM3ANIHOCTh HOJYYAEMBIX MaTeMaTAYeCKAX
pesyiIbTaToB. J3HeCh MH ONpededAM STO NOHATHE CIeqYMAM
obpazoM.
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Onpenenenue 2.1. Mruowecmeom momenmos spemenu (o6mei#t BpeMen-
HOH CHCTeMH) HashBaeTcAd JAHEHHO YHOPAXOUCHHOE (abcrparTHOE)
MHOKeCTBO. IT0 MHOsKecTBO Gyaer 06o3HadaThes camBoioM T, a onpe-
lleJIeHHOe B HEM OTHOIIeHAe HOPAJKA — deped <.

“Jlerko BEmeTp, 9T0 MAHEMANLHEIM CBOYICTBOM, IPHCYIIAM MHO-
MeCTBY MOMEHTOB BPEMEHH, MBI CUHTaeM 3/Iech TO, 4TO eTO DIEMEHTHE
CIefyIOT OfMH 3a APYTAM B BIOJHE ONPeleJCHHOM NOPARKE. ITO
OTpazkaeT Hamle CTPeMJIEHHe HMCOONb30BATh HOHATHE BPeMeHH NIA
H3yYeHHA 2BONIONANA HmoBefeHHA cAcTeME. OTMeTAM, 9TO Ha MOI[HOCTH
MHOKeCTBA MOMEHTOB BPeMEHH MH He HaJaraeM HAKaKHX OTpaHAYe-
amil. OBaKO MOKeT OKa3aThCA HeoGXOMAMKM 3aaBaTh Ha MHOMKe-
CTBeé MOMEHTOB BDPEMEHH KaKHe-TO MNOHOJNHATeAbHEE CTPYKTYDH,
HaOpEMep CTPYKTYpy abemeBoil rpymms. Takme RomonHmTenbHEE
OpeflioNoxeHnA MH GyfeM BBOAHTL IO Mepe WX HeoGXomgmMOCTH.

Has ydobemea o6osnaveruii mu O6ydem cuumamyv, umo 8 mMHONCecmee
T umeemes munumanvhoii ssemenm 0. [[DyTAME croBaMd, MH Ipefi-

mojaraeM, 4TO CYIIECTBYeT HEKOTOpPoe HAaAMHOMecTBO T, IwHefiHO
YOopARoIeHHOE OTHOMIEHHEM < M cojeP:kamiee PUKCHPOBAaHHHHE 3ie-
MenT 0, TaKo#, 9To MuOKecTBO T’ MO3KHO onpefennTs Kak I = {t: t=
= 0}).

BBeneM Temepn eme omHO ompepesneHHe.

Onpenenenne 2.2. ITycts A u B — KaKme-To NPOH3BOJIbHEE MHOKE-
crea, I — HEKOTOPOe MHOKeCTBO MOMeHTOB Bpemerm, AT m BT —
MHO3KeCTBa BCeBO3MOKHE X 0ToOpaskenné us T B 4 m B cooTBercTBeH-
B0 B X c AT, Y = BT. O6weii spemennoti cucmemoti S sag X u Y
HasuBaerca OoTHomeHme Ha X m Y, 1. e. S < X X Y. MuomecrBa
A 1 BuasuBawTea aagdasumanu x0dnvx ¢osdeiicmeuii (6x0906) u ewrod-
nuxr seaunun (8u120006) CHACTEMH COOTBeTcTBeEHO. MEOskectBa X m Y
HaSHBAIOT elle @PEMEHHLIMU 00eKMaMl CHCTEMH, HX HIeMeHTaM®|
2: T—>A m y: T — B cnymar a6CTpaKkTHHe (YHKOEA BPeMeHH.
3navenma pysxnmit m3 X m Y B MoMeBT BpeMeEE { GYEYT COOTBOT-
CTBeHHO o0o3HauaTheA depes z (i) m y (1).

Ha Toro 4T06H H3YYaTH AMHAMEKY IOBE/leHAA BPEMEHHHX CHCTEM,
He00X0fAMO BBECTH B pPacCMOTPeHHe NOAXOAAMHAE [JA 9ToH MNeIH
ompesku (unmepeaavt) 6pemeru. B aToit CBA3E MH TOTOBOPEMCA NOMb-
30BaThCA CHETYIOMHEMA 0G03HAYCHHASIME.

Hdasa mwobux ¢, t' >t

Ty={t":t'>t), T'={t"1 <t}), T = {t t<t* <t'),
T-tt'=Ttt'U{t'}v Tt’: TtU{t}'

1) BamernM, 9To mONOGHOE NpEHOJIOEHH® O CYIECTBOBAHHM MHOKECTBA

T cobcem mHe o6m3aTeabHO mus ompefefleHNHd MWHAMAJLHOTO 9JIEMEATa U MOMET
CIAYKATh NPAMEPOM «HeMHHHMAJLHOCTH® BBOAUMOR CTPYKTYPH. — ITpun. nepes.
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Cyxenna ¢pyaxuma z € AT Ha pasnu9HEe OTPE3KH BPeMeHH 6yayT
oupelelAThCA Clefylommm oGpasoM:
ze =2 | Ty =z | T, zye = | Tyusy ;tt' =z | Ttt"’
=z |T, Xi={zpr=z|T&€X},
Xt = {z': ' =z |IT' & 2 € X}, Xppo={spm Tppo=2|T1p&z€X},
Xt)y={z (t): z € X}.

M=u Takke HOroBOpDEMCS, 9UTO

Ty = @G, Xu= {T}.
C noMompi0 OIepamud CYKeHHAs MH BBefieM HOBYI OIepanfio —
onepanmo cowtenends. Ilycrs x € AT m z* € AT, Tornma gaa awoboro
{ MOJKHO ONpee]ETh HOBHIH BIeMEeHT z u3 AT, nonoxns

‘%(t) ={ z (1), ecam T <1,

. z*(t), ecam T 2>=1,
g yCIOBABIMACHL 06G03HAYaTh T Yepes T = zt-z¥. Tlocnenmior omepa-
OEI0 W HA3KBAKT 0nepayucli couAeHeHUS BIIeMEeHTOB rt mzY

Ina sagamroro MuoecTBa X < AT CeMeHCTBO BCEBOBMOKHEIX
OTpeJieleHHLIX BHIIe CY:KeBHEI aiieMeHToB M3 X MH GymeM obo3HAa-

gars gepes X. I pyramm cioBamm,

X={nGG=2Vi=gVz=2'V2=24 Vz=
=7y \| T =2)&z € X&t, t' € T&t' >t}

Cysxenma ¢ynExmuit #3 Y I COOTBETCTBYIONMHAS oNepalud B Y ompe-
Aexs0Tcd TOYHO TaK e, Kak m B X.

Ilna ynoGerBa MOCHeRYOMAX BHKIaXOK MH JafnaM Clefyiomee

Onpenenenne 2.3. Bpememnas cmerema § < X X Y nasuBaeTcs
cucmemoll ¢ nNOAKNM 6x000M TOTNIa B TOIBKO TOTHA, KOrJa

(Vz) (Va*) (V1) (z, 2* € D (S)&Y € T = 2* -z} € T (S))

I

(Vt) {z th z € X} = A).

B mocxemymomeM MH Bcerga 6ymeM mpefmoiaraTh, 4Tro Bce pac-
cMaTpEBaeMue ofmHEe BPeMeHHEe CHCTEMHl OTHOCATCA K KaTeropa:
CHCTeM ¢ HOJHHM BXOMIOM, €CIM TOJBKO ABHO HE OTOBOPEHO HpO-
THBHOE.

Cy:xeBHma BpeMeHRO# CHCTeMH S ONpeNelIAINTCA 4epe3 CY;KeHHA
ee BXONHHIX BO3eHCTBAN M BHIXOAHHIX BeJAIAH:
Si={z, y): 2 =2 | Ty/&yy =y | T:&(z, y) €Sh
St={, )@=z |T"&y =y | I"&(z, ) €S}
St_t: = {A(xtt” Yirr): Typ = X |ATtt’&ytt' =y| Ty (z,y) €Sh
S={ss=sV s=sVs=sVs=sup}
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M GymeM Donb3oBaTBCA €mie B CAETYIONEMA YCIOBHEIMA 0603-
HAa9eHUAMHA:

thXth, XtZXITt, Xtt'=X|Tttl-
Auanormunsie oGosnadenua BBojATcA g Y m S. Hampamep,
Se=81Ty, $'=8|T, Spu=25]|Tu.

Onpenexenme 2.4. Ilycts S — Bpemenmman cucrema, S — AT x BT.
O6eEmom HaYAALKBLE, COCMOAKUL CUCTOME S H HaYaAbHOL peaxyuel
CACTEeMbl HA3HBAalOTCA COOTBETCTBEHHO OOBOKT II0GANbHEIX COCTOH-
Hu#l B ra06adbHas peaknmsA dToit cucreMsl. Hawaneman peaxmums
cacTeMH 0Go3radaerTcA wepes P,. Jpyrmmm cioBamm, Po: Co X X >
— Y ypmoBueTBopser ycaoBmio

(z, ¥) € S <> (3c) [p, (c, 2) = yl.
Temeps MH roTOBH BBECTH eme ONHO
Onpenexenme 2.5. Ilycts S — Bpemenman cmcrema u £ € T. O6o-
EKINOM COCTMOAHUL 6 MOMEHM 6peMeru t, KOTOPH# MH GymeM 0Go3Ha-
4arb 4Yepes (', HasHBaeTCA 0GBHEKT HAYANLHHX COCTOSHMI s cyme-

HAA ;. JlpyraMm cnoBamm, 8T0 aGCTPaKTHOe MHOKECTBO, IIA KOTO-
poro Hafiferca Taxag,pyaknaa p,: Cy X X, — Y, gro

(Z1, y1) € Sy <= (Ae) lpy (e, z1) = y4l.
Qynxnmio p, HasHBAT peakyueil (CHCTEMH) ¢ MomeHm spemenu t.
CemeiicTBO BCeX peaknAil JAaHHO# CHCTOMEI, T. e.
5= {pt: Ct X Xt'_>Yt&tE T}'

Ha30BeM CeMelcmeom peakyuil cACTeMH S, a MHOMECTBo ( =
= {Cy: t € T} — cemeiicmeon o6vexmos cocmosuil.

Onpenenenme 2.6. Ilycte S — Bpememmas cmcreMa, S — X X Y,
B p; — HexoTopaA (YHKOEA, TaKaA, 9t0 py: Cy X X, > Y,
Mu 6ynem roBopmts, uTO P, coztacyemcs ¢ S TOTHMA M TOXBKO TOTTA,
KOIfla OHa COBHAfaeT ¢ peaknmeil cmcreMH S B MOMeHT BpeMeHH ,
T. e. KOrfa

(Zt, ye) € St <> (Fe) [py (¢, 71) = y4l.

ITycte

8t = {(@n y1): 3) (v = 01 ey 74))}

Torma ycnoBme cornacoBaHHOCTH MOKBO Iepenmcath B BHe
S? = St'

Mycts p = {pi: C: X X;— Y;} — ceMeiicTBO NponsBOIBENX (YHK-
nuid. Mu Gypmem roBopuTh, 9T0 P COZ4acyemes ¢ 6PEMERHOL CUCTEMOU
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S mozda u moavko mozda, Kozda p coenadaem c cemelicmeom pearyuil
cucmemsr S, m. e. Koeda Oan awbozo t €T

P 0
Sg =St=So ITt'
Yro ke KacaeTcsA CYIecTBOBAaHHA CeMeiicTBa peaKnud, TO cOpa-
BOJTABO ORHO oUeBMAHOE cienctsme Teopemu 1.1:

IIpepaosxenne 2.1. Jlaa Kammoll BpeMEeHHOH CHCTEMEH CYMECTBYeT
ceMelicTBO peaKnai.

CeMe#icTBO DPOM3BOJBHHX 0TO6pasKeHHH, €CTECTBEHHO, HE 00~
3aTeIbHO JOMKHO GHTH cemefiCTBOM peaknmil Kakoi-EmOyan BpemeH-
HOHM CHCTEMEI, KaK 9T0 CIeyeT U3 ClIeRylomed TeopeMH:

Teopema 2.1. Hycrs p = {p;: C: X Xy > Y, &t € T} — cemelicTBo
IpOM3BOABHEX 0TOGpakeHmi. Jljis CymecTBOBAHAA BPeMEHHOH CHCTe-

v § — X X Y, cornacylomeiica ¢ p (T. e. p JOIKEG GHITH CeMeACTBOM
peaknmii cmcTeMn S), Heo6XoqEMO H JIOCTAaTOYHO, uToOH IJIa BCeX
t € T BHOONHAJIACH CIERYIONIAE YCIOBHA:

(P1) (Vo) (V') (V) (Fey) [pe (s Ze) = Po (Cos ztezy) | T4l

(P2)  (Ver) (Vzp) (o) (3x') [p: (cor @) = Po (Co, 2'-3e) | To)-
HoxasarensbcTBo. Ilpesae Bcero ROKakeM MOCTATOY-

gHocTb. JlmA aToro HeoGXofmMO YCTaHOBATB, 9TO DPaBEHCTBO S§ =

= S§% | T, sumnoxuserca npm Bcex ! € I. BossMeM DPOH3BOIBHYIO

napy (21, ys) € S§. Torma y; = pq (¢4, ;) Ana mexoroporo ¢ € Cy
A, coriacHo yciaosmio (P2),

Yr = py (cts T1) = Po (Cos ztezy) | T,
IS HEKOTOPOTo (¢, ) € Cy X X*. Ioaromy

(@1, Y1) = (2" -2, Po (Cos ztezy) | Ty,
mnn (z;, y:) €S? | Ty. Orciona caenyer, uro S = S§ | T'. OGparo,
BO3bMeM IPOm3BONbHYI0 Tapy (z, y) € S%. Torma AN HEKOTOPOTO Cy

Y = po (co» @) = Po (o, *+T1).
U3 yenosms (P1) Torma BhTeKaer, 9ro JIA HeroToporo ¢; € Cy
y | T = po (o ztezy) | Ty = poles, 24)s

min (z, y) | Ty € S§. 3maumr, S5 | Ty = S§. A mociemmee BRIOTe-

HHe BMecTe ¢ mpexaymum maer St = S5 | T
TlepeiieM Temeph K J0Ka3aTeAbCTBY HEOGXOAMMOCTH. Bribepem

IPOH3BONBHHE Z B ¢o. TOTHA (Z, Py (Cos 7)) € S5. Tax rar g | Ty =
= S, To

(z, Po (Cor @) | Tt = (24 Po (Cos at ;) | Ty) € St
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HIE I HEKOTOPOIo ¢,

Po (¢o» 7' 2y) | Ty = py (¢4 24).

Ho orcrona’

(V2) (Yeo) (V') (Yay) (3er) (o¢ (ctr 22) = o (o, * o22) | T).
Bub6epem npomssonsure ¢; m r,;. Torma (zi, p; (ct, *y) € S§. Tax
kak S% <= 89 | Ty, To 071A HEKOTODHX ¢, B '

Pt (C1y 1) = po (co, 2* zy) | Ty,
a moToMy

(V1) (Vey) (Vi) (Beo) (32') (pilers 71) = Po (coy 2 +2s) | T)y 2. 7. .

(b) O6mpe pEEaMpuYecKHe cHCTEMEI

[orsaTme mARamMmYecKo#t CHCTEMH BO3HHKAeT TOTAA, KOTNA TOMB-
JAeTcA Heo0X0XMMOCTD HCCIeOBaTh, KaK CACTeMa Pa3BABAETCH BO Bpe-
menH. [103ToMy Hy)KHO yCTaHOBATH B3aHMOCBA3bL MEKIY 3HAYCHAAMH
O00BEKTOB CHCTeMH, OTHOCAMAMACA K Pa3iIBIHHIM MOMEHTAM BPeMeHH.
M1 910t menm OMHOTO MOHATHA PEAKIUHA CHCTEMH YKe HeJOCTATOIHO
H OPHXOAHUTCA BBOJUTH Jpyroe ceMeicTro (yHROmii,

Ompenenenne 2.7. Bpememmaa cumcreMma S < X X Y wmasupaercs
dunamuneckoli (mnm oua donyckaem Ounamuueckoe npedemasacrue)
TOTKAa H TOABKO TOINA, KOTJAa HafyTCA NBa TaKMX CeMeiicTBa 0T06-
pakenmit

-5: {Pt: Ct X Xt—ryt&tET}
"

P = {Que: Cy X Xyp— Cp&lt, t' € T&YE' > t},
9710

() cemeitcTBO p cornacyercs ¢ S, T. €. ABIAETCA COMOHCTBOM
peaknmi 5TOH CHCTEMBI;

(ii) Bce Pymrmam @, M3 cemeHcTBA @ YAOBASTBOPAKT clle-

RYIOMEAM yCIOBAAM:

’.

(@) Pt (¢t 1) | Tio = ppe (Quee (Cos Tur0), Zpe), THE Ty = Tyoozy's

(B) @ur (cts Z11e) = Quope (QueelCey Tusm)y Teme), rme Iyer =

= Ty~ ‘xt"t’t

Oyaxnan @y Ha3HBAWTCA @GyHEyuaMU nepexoda cocmosnull (Ha Tye),

a ceMeficTBO @ — cemelicmeom @Gynryull neperoda cocmosnul. ,
QyEKnAR @, BooOme roBops, ompedeleHH Mmmb AuA t <t
OpHako B MalbHelmeM MEl IOTOBOPAMCA CYATATH, 9TO

(¥) Qs (ct, z44) =c¢ naa veex t€T.
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HOCKOJII)Ky AAHAMHIECKasA cACTeMa NOJHOCTHIO ONMACHBACTCA ABYMA

ceMeCcTBAMA OTOOpaYKeHHHA P M @, MBI OyJeM HA3HBATH NHHAMHICCKHAM
OpeJICTABICHAEM CHCTEMH H JKe IPOCTO AAMHAMHYECKOH CHCTeMOM

camy 3ty mapy (p, ). Ecam pmua cemeiicTBa peaxknmil cymecTByer
COTVIACYIOIMeeCA ¢ HAM CeMeHCTBO Iepexofa COCTOAHMA, TO MH {ymeMm
Ha3HBATL IepBOE CEMEHCTBO cemelicmeom pearyull Ounamuveckol cu-
cmemst. Hmke mu moxameM, 9T0 He Ka)KI0Oe ceMeiiCTBO peaxnmii
MOKeT CJHYKATL CeMEHCTBOM PpeaKkmuil NAHAMHYECKOH CHCTEMHEI.
Ycaosue (o) ompemenendas 2.7 COOTBETCTBYeET ceolicmey c€0244.C0-
sannocmu cemeticmesa ynkyull nepexoda cocmoaruli (C 3aJaHHHM ce-
MeHCTBOM peaknumi), a yciaosne () — ceolicrmey Komnosuyuu nepexodos
cocmoanuli (Ha3bBaeMOMY ellle B HOJYTPYHOIOBHIM CBOHCTBOM). ¥YCiI0-
Baa () m (B) HOBONbHO CHIBHO CBA3aHH Memnpy coGoit. Ha camom
Hede DpE RocTaTtodHO caabhx OpegmomoskeHmAX yciopme (P) BHTe-

KaeT u3 ycaoBEa (a), B MO3TOMY A TOro, ITOGH @ MOKHO OHIIO
CYMTATL CeMmeiicTBOM (QYHROAHA Iepexofa COCTOAHHH, XOCTAaTOYHO

TOJBHKO COTIAACOBAHHOCTH @ ¢ ceMeiicTBoM p. [l toro arobu cdopmy-
JMPOBATL BTH IPEANOJNOKeHWA, HAaM NOHANOOHTCA clefylomee

Onpeneaenne 2.8. Ilycts p ecTh ceMefCTBO peaKmmit, COTIacyomeecs

¢ HeKoTOpo#l BpeMeHHOHA cmcremoit S. CeMeHCTBO p Ha3HBaeTCA Npu-
sedernbim cemelicmeom peakyull Torga W TOAbKO ToTha, Korfla Oas
moboro t € T

(Vey) (Veu) (V)" (pr (con Z4) = p1 (Cty Ze)) = ¢4 = 51]-

IIpuBefileHEOCTH CemeiicTBa P, a B3HAYAT, X CBA3AHHOTO ¢ HAM CeMeii-

ctBa ofbexroB cocrosumit C = {Cy: t € T}, He mpefcraBIgercs
CYHmEeCTBeHHHIM orpanmieHmeM. OHO JHmMb 03HAYaeT, ITO ecAd OBa
COCTOAHHMA B N1060d MomenT BpeMmenHd { € T o6ycioBIABAOT HACHTAT-
HOe NOBEJeHHe CACTeMH B OYAyImeM, TO HX CIEeAYeT OTOKIeCTBIATD.

HoxaeM Temeph CIEAYIOMYIO TeopeMy:

Teopema 2.2. IIycts p = {p;: C; X X; > Y,} snaBuserca cemeit-
cTBoM pearnuit, a @ = {@;: Cy X Xy — Cp) — ceMeitcTBOM PYHK-
nuit, COMIACYIOIEMCA ¢ P, T. €. YNOBIETBOPAIMEAM YCIOBAWL (o)
onpeftesennsa 2.7:

Pt (cty ) | Tor = 04 (Qyye (€1 Typ), Zp).

Torpma ecnm ceMmeiicTBo 0 DpmBedeno, TO ceMelicTBo ¢ oGxamaer
CBOWCTBOM KOMOO3WIAA TePeXON0B COCTOAHHA, T. €. YOOBIETBOPIET
veaosmwo (B) onpepmenenns 2.7.

320296
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HorkasaTeabcTso. V3 cOrlacoBaHHOCTA @, T. e. A3 YCJIO-
Bua (@), caepyer, 9to miaa t < t' <t

0t (ctr ) | Ter = p (@es= (€4s Ttav)s T)s
1 (¢, z) | Ter = por (@awr (Cty Teee), T4),
Pt (Pee (Cty Tew)s Zo) | T = por (Prror (Parr (€4, Tevr)s Terer)y Tyr)-
Ho rar rax
per (Per (4, Tewr)y Tp) | Ter=(p1 (¢, T) | To) | Tyo=p1 (€1, Z4) | T,
TO A 1106070 Ty € Xp»
P (Pew (€ Typ), Tyw) = Py Py (Pare (€15 Thrr)y Turer)y Tee).
A mockonbry cemeiicTBo {p;} HmpHBeJeHHOe,
Qi (Cty Tyw) = @y (P (Chs Ter)y Terew)y T To I

Heo6xonaMo OTMETHTL, 9TO B OLpefelleHAH BPEMEHHON CHCTeMH
A BXOLHOHR, B BHXOAHOM OOGBEKTH OLpeHedANACh HA ONHOM H TOM
Jke MHOKecTBe MOMeHTOB Bpemenm. (QueBmpgHO, 9TO 9TO He CaMHi
o6muit caywait (cka)ieMm, BEIXOHas BelmdmHAa MOKeT OHTH, BooOme
roBopsa, TodeqHod, a He ¢ymxnme# Bpemenm). MH ocTaHOBHIAHCH
Ha MaHHOM NojXofde HOTOMY, 9TO OH HO3BOJAET HOJY4aTh BCe Pe3yJib-
TaTH, NpeNicTABIANIIAE HHTEepec AIA OOHYHOHE TeopHH cmCTeM (Ha-
NpHEMep, A1 TeOPHHE Peald3anuu, 0 KoTopo#l moiimer peusr B ra. III).
CroficTBa H HOBelleBHe CHCTeM, BXOMHEIC W BHXOJHHE OOBEKTH KOTO-
PHX ompefeleHbl HAa Pa3dAIHEIX MHOKeCTBAX MOMEHTOB BpeMeHH,
MO;KHO BH(BeCTH H3 Hambollee OJHOTO CAydYasA, KOTOPHI paccMarpm-
BaeTcA B HTOH KHHTe.

(¢) O6mpe aAHAMHYECKHE CHCTEMBI B IIPOCTPAHCTBE COCTOARMMA

IlorAaTAe 06beKTa COCTOAHMA CHCTEMHI B TOM BHAEe, B KaKOM OHO
6HI0 BBeeHO HaMH, o0nafaeT OMHAM CYMECTBEHHHIM HeOCTATHKOM.
B Hem otcyrcTByer TpefoBamme, 9TOOK COCTOAHHSA, OTHOCAIMIUECH
K JIBYM pa3Id9YEEIM MOMEHTaM BPeMeHH, OBLIA CBA3ABH MEXAY Co6oH.
I pyraMu cioBaMa, Boo6ime ToBOPs, BO3MOKHO, UTO A TI06HX MOMER-
TOB BpeMeHH i =% t' BHOoxuAerca paBexctBo C; (| Cyp = . Nua
TOTO 9T06H 60liee MOAHO HCIONL30BATh HOTEHOHAIBHEE BO3MOKHOCTH
HOHATHA COCTOAHHSA, COCTOAHMA, OTHOCAMMAECHA K Pas3IddAbIM MOMeH-
TaM BpEeMeHH, [OJKHE OHTH KakK-TO COOTHeceMH Apyr npyry. Ha-
npAMepP, MH JOMKHE AMeTh BO3MOKHOCTH BHISICHATH, KOT[la CHCTEMa
BepHYJach B (OpPe;KHEe» COCTOAHHAE MIHM KOT/la ee COCTOAHHEe Boobme
He MEHMAJIOCh, T. €. OCTAaBAJOCh TAKAM ke, KaK m paxbme. Hopoue
roBops, HeoOXOIEMO HAYYHTHCHA YCTaHABAMBATH, KaKHe COCTOAHHA
B pas3iHuYHEe MOMEHTH BPEMEHH MOMKHO CYHTATh 9KBHBaJIeHTHRIMH.
A 9To 3mauWT, YTO HAM HYJKHO HMeTh TaKoe MHOKecTBo (', 4TO [IIA
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gaporo t € T Bumonngerca pasencrBo C; = C. Takoe MHOKeCTBO
CAYKHIO0 OBl NPOCTPAHCTBOM COCTOAHHE JaHHOW cHCTeMH. B aToM
cayuae COCTOSHHEM CHCTeMH B J1000# MOMEHT BDeMeHH Oyner aie-
MEHT 3TOT0 HOPOCTPAHCTBA, H AHHAMUKY (T. €. U3MeHeHHEe HOBEeHHuS
BO BPEMeHH) CHCTEMH HpPH J060M 3aJaHHOM BXOJHOM BO3JleHCTBHH
MOKHO OyZeT LpeACTAaBAATH B BHEe O0TOGpasKeHAs NIPOCTPAHCTBA
cocroAHHE# B cels.

Bee a1m coofpaskeHnsa NOABOIAT HAC K CAeAyIOMeMYy oDpeNleIeHnIo;

Onpenerenne 2.9. Ilycts S — Bpemennas cmcrema, S — X X Y,
a C — mpom3BoJbHOe MHOKeCTBo. MHOKecTBO C ABIAETCA NPOCMpPaH-
cmeom CocmosHul, CACTeMHE S TOra H TOJAbKO TOTNa, KoTga Haiimyted
mBa Takmx cemeiicrBa Qymkmmit p = {p;: C X X;—~Y,;} n ¢ =
= {q)tt’: C X Xu'—> C}, q9To

(i) muascexi€ T, S;c St m St={(x,y): (3c) (y=p, (c,7))}=S;
(ii) mms seex t,t' m t"€T

(@) ps (e, ) | T = po (@ur (¢, Turr), ZTv7),

B) our (6, Tw) = Qo (@~ (¢, T7)y Tewwr),

(v) @11 (c, 41) = ¢,

THe Ty = Ty Ty U Tyyr = Lygyr Ty Type. B 9TOM ClIydae S Ha3BIBAETCA
dunamuueckoll cucmemoii ¢ npocmparcmee cocmoanull C.

3ameruM, uT0 B o0meM ciyuae S, ABIAAETCA COGCTBEHHEIM HON-

MHO}KecTBOM S§. 9To 06BACHAETCA TEM, 4TO P OmpejelseTcsA Ha BCeM

mpocTpancTBe coctogHmE C, a pealpBag CcHCTeMa He 0053aTeIBHO

NOMKHA HMETh BO3MOMKHOCTH B JI00OH MOMEHT BPEeMEHH HAXONHTECH

BO BCEX COCTOAHHMAX, T. €. B KaKO#-TO MOMEHT BpeMeHH { MHOKECTBO

HONYCTAMHX COCTOSHME CHCTEeME MOKeT OKAa3aThCsA OTPAHAYCHBHHM.
9To OpPHBOOAT HAC K CAEAYIOMeMYy OmpejeleHHI:

Onpenenenue 2.10. [{unaMmueckasa cEcTeMa B INPOCTPAHCTBE COCTOA-
nait C HasBBaeTCA nOAHOU TOTHA H TOJBKO TOTNA, KOTAa A BCEX

t € T BumoxsAercsa paBeHcTBO S; = Sf.

B oToit KEETe MH "acTo GyneM [pacCMaTPHBATh HOJNHLIE [AHAMHA-
9eCKHe CHCTeMH (CKakeM, JUHeliHHe M MHBAapDHAHTHEE BO BPEMeHH).
Onrako B ofmeM cIaydae CHCTeMa He MOJKHA OnTh HmodHo#. Hampm-
Mep, Maske KOHeUHHI aBToMaT B o0meM cilydae He ABAAEeTCA MOXHOH
AmHaMAdecKol cHcreMoit. IlpocThiM mpmMepoM NOmoGHOR CHTYamHH
MOKeT -CJAYKATh aBTOMaT MmuIA, 3aJaBaeMHEH

BxomHbIM andaBatom {1},
BoixomaniM andasmroMm {1, 2},
mpocTpascTBoM coctosrmit {1, 2}.

3*
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Tlepexofsl COCTOAHHUE 3TOr0 aBTOMATa W ero BHIXoAHAaA QYHKOEA
npefcTaBleHH Ha JAarpaMme Iepexofa ‘cocrosmmii (pme. 2.1).

1/2
11

Puc. 2.1,

Ha nporamennm Bced Hame#d KHWrd ME OyneM, HCHONb3YyA A
ONHCAaHWA CHCTEMH NPOCTPAHCTBO COCTOAHHHM, Ha3HBATh COTAacoBaH-
HOCTBIO PeaKImil cucTeMul yeiopde (i) @3 onpenererus 2.9, a He ycio-
Bme (1) m3 onpenenernns 2.7. To, 9ro NWHefHAA MHBapHAHTHAA BO Bpe-
MeHH CHCTeMa ABIAeTcA IOJHOM [JHHAMAYECKO#M CHCTeMO#, BechbMa
BajyKHO JJIA DTOTO KIacca CHCTeM M IpeffolpefieiAeT MHOTHE ero mMpaK-
THYeCKH Ba)kHHe cBoiictBa (cm. ra, VIII),

3., BCIIOMOTATEJIBHBIE ®YHKIIVMH
M HEKOTOPBIE BAJKHBIE KJIACChl CHCTEM

(a) Bcnomorarteasnnle QyREmMA

Ounpepenenne cmcTeMn Kak orHomenms, S < X X Y, mam Bpe-
MeHHO# CcHCTEMH |KaK OTHOIIGHAA MEKNy BDPEMeHHHIMH 006DbOKTaMH,

S — AT x BT, caymar oropaBHO# TouKoi M BCero HOCAEAYHOINEro
passutaa obmeil Teopmm cmcteM. OmEako IAA TOoro, IroGux MOTYIATH
BO3MOKHOCTh W3y9aTh NoBeJeHAe X CBOHCTBA [JaHHOH CHCTeMH HMIH
@CCIeoBaTh GoJiee KOHKDETHhE XaPaKTePHCTAKH Da3iIMYHHX CHCTEM,
He0GX0AAMO BBOJHATHL [OIOIHATENLEHE MOHATHA.

B o6meM ciay2ae cmcTeMa ReHACTBATENbHO ABJIAETCA EMEHHO OTHO-
meHEeM, W ONPeleNuTh BHXOJ CHCTeMH 0 OJHOMY BXOZHOMY BOS3-
NeficTBAI Henbsd. UTOOGH IONYIATh TAKYH BO3MOMKHOCTb, IPHXO-
JATCA BBOJHTH HOHATHE O0BEKTa HAYaJbHHX COCTOAHAH, 9YTO MHO3-
BOJIAET OIpeelATh BRIXOX Kam/IHil pa3, Korga 3afaercs mapa ¢BXog—
HagaldbHoe cocTogHme». J[PyraAMH '¢I0BaME, MH IPENCTaBJIAEM CHCTe-
My C IoMOImBI0 QYHKIAR Py, NOIYIABIIEH Ha3BAHNE HAYAIBHON POAK-
mam cucreMel. OmBako MiA 3PPeKTHBHOrO OMMCAaHAA BHIXO/A CHCTe-
MH BToro eme megocraTodno. Hanpmmep, eciim § — BpeMenHasA cuCTe-
Ma, a py — HEKOTOpad 3a/laHHad HAJaAbHAA PEAKNHAA, TO KIA awboro
sagagHoro z € X BhXofHAA BEJMYNHA CHCTEMEHl OIpeReNAercA ypas-
HEHHEM J = Py (Co, 2), THe 2: T — A m y: T — B. OyBKmusa p, vame
BCero mpefcTaBiger coboll Gymxmmio GoNbmOE MOMHOCTH, H B TeX
cIyUafx, CKasKkeM, Korna MHOkecTBo I' GecKOHEYHO, OHA OmpefxelsAeT
BHIXOJ CHCTeMH JEmb PopManbro. Jlua apdexraBroro cmocoba omm-
CaHHEA BHIXoAa cmcreMu Heobxogmmo Haiite Gonee mpocrhie QyHRKOIEH,
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0O BO3MOKHOCTA MeHbIledl MOIMHOCTH, € NOMOIIBIO KOTOPHX TeM
He MEHee MOKHO oXapaKTepH30BaTh HoBefleHAEe CHCTOMH, HampaMep
oupemeliasl p, PeKyppeBTHHM obpasom. J{is HEKOTOPHX Kiaccos
BPEMEHHH X CHCTeM 9TH (YHKIWE NOCTPOATH J0OBOJNBHO IPOCTO, €CHH
paccMOTPeTb CYKeHHSA CHCTeMH Ha Da3iMyHEe NOJMHOKECTBA MHO-
sxecrBa I. CymecTByeT Iejas «KOTOPTa» TaKAX QYHKIOHH, KOTOPHE
MbI Gy/ieM Ha3HBaThL écnomozamessiuimu. PaccMoTpaM Tenepb HECKOJb-
KO TakuxX QYHKO@IA, KOoTophe IO TPAJUOUA HCHOAB3YIOTCSA HNPH ompe-
[eJleHAN Pa3im9HbiX TunoB cucteM. C JBYMA TaKAMA BCIOMOTaTelb-
HHME QYHKOAAMA MH yike CTAJKHBAJIHCh — 9T0 peaKmua P C; X
X X;— Y, n dyuxnna nepexona cocrosnmi @i Cy X Xypr — Cy .
B orom maparpade Mbl BBeJleM HECKOJbKO HOBHIX BCOOMOT'aTeABHHX
yHKOEA, ¢ NOMOMBIO KOTOPHX BIOCIEACTBAA CMOMEM OXapaKTe-
PH30BAaTh CBOMCTBA CHCTeM DasHHX THNOB H Golee spdexraBHO onm-
caTh peaKnuIio CHACTEMEI,

(i) IIpoussodawiasn PYHKYus 6svLxroda

Onue n3 MetofoB Gonee 3peKTABHOTO ONHCAHHA PEeaKIHHE CACTE-
MH COCTOHT B TOCTPOEHHH «HIPOLENYDPHY», MO3BOJIAIMEHR ¢ NOMOIBIO
HEKOTOPOil (QYHKIHMH ONpefeldATh SHAYCHHA BHIXOJHOM BeIHIHHE
CHCTeMEl IId A060ro MOMERTa BpeMeHH, T. e. [ JIOGHX 3allaHHHX
7' m ¢, onpegensarts y (t). Ecan Takas ¢yEKnmA sajasa, TO BHXOAHYIO
Benmumny y: T — B pna noGoit 3aganHo#t maps (Z, o) MOMKHO CYH-
TaTh H3BeCTHOH B TOM CMBICiIe, YT0 OHA NIO3BOJsAET y3HABATh ee 3HA-
9eHme B J1060it MOMenT BpemenHd t € T. 9to moaBomUT HAc K CIeNyIO-
meMy OLpeJelIeHHnI0:

Onpenenexine 3.1. Ina samammoro ceMeiicTBa peaKnmi p HEKoTOpOi
BPEeMeHHO# CHCTEMH oOpejeJdM OTHOIIeHHe

P = Cy X Xy X Y (),
YHOBIeTBOPAONIEe YCIOBHIO

(cts Tyar, Y () € pgpr <> (Azy) Qy) [y () = y () &yt =
= p; (€1, 1) & 5xht = Z | Ttt’L
Ecam p;; — dysrmma
e Cp X Xyp > Y (1),

TO ee HAa3HBAIOT npouseodawel Pynryuel suzoda Ha T tt#y @ MHOKECTBO

w={up: t, t' € T &t' >t} — npouseodawum cemeicmeom euTo-
da (pmec. 3.1).

3aMeTHM, UTO CYy;KeHHe BXOIHOIO BO3IEHMCTBHA, NPHHAMJIEKANIEro
obmacTE oupefedeHHsa QYHKINHA Wiy, AOMKHO OHTH oOHpeNlelIeHO

va Ty, = Ty U {t'}, a me ma Type.
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O4eBnr/iHO, OTHOMEHHE , CYmeCTBYeT H BIOJHE OIpeelIeHo
5 . }‘:‘tt

RaA moboit o6mei BpemenHoi#t cAcTeMu. OgHAKO A CYMECTBOBAHHA
Opom3BofiAmei QYHKOEHE BHIXONA, T. €. AJIA TOT0 9TOOH gy OHIO

Prc. 3.1.

¢yrrnueit, TpefyercA BHIOJIHEHAE HEKOTOPHX OIPENENEeHHHX YyCIO-
BHIl,
(ii) Botxoonan Ppyrryua

JBOIONNIO JAEAMAYECKOA CHCTEME BO BpeMeHH 00K YHO ONACHBAKOT
¢ IOMOIIBLI0 HEePeXO/I0B B OPOCTPAHCTBE COCTOAHHH, W Ghlio OH HHTe-
PecHO CBA3aTh M3MeHEHAe COCTOAHUMA ¢ H3MEHEHHEM BEHIX0/la CHCTeMH,

A

W \
|
L -1

t

Pme. 3.2.

Tounee roBopsA, COCTOAHAE CACTEME B 060X MomeHT Bpemesm t € T
clelyeT KaK-To CBA3aTh C 3HaWeHWEM BHIXOJIa B HTOT jKe MOMEHT Bpe-
MeEH. B pesyiabraTe M OPAXOAEM K CHeAYONeMy OIpe/ieleHHIO:
Onpenenenne 3.2. Ilycts S — HeKoTOpas BPEeMEHHAA CACTEMA ¢ CEMOH-
CTBOM peaKIuH p M OTHOMeHHEeM

Ay < Cy X X(t) X Y(t),
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TaKAM, 9TO
(cyy Z (), ¥ () € Ay <= (Azy) 3yy) [y: = i (co, r) &
&z (t) =z, )&y (&) = y: O]

Ecim oTHOmeEHe A; ABisAerca QyHKmmein,
A Cy X X (@)~ Y (b),

TO ee Ha3HBAIT euIodH0l Pynkyuel NIA MoMeHTa BpeMeHH [, a A=
= {Ay: t € T} — evizoOnsin cemelicmeom CHCTEMSL (pmc. 3.2).

OueBHHO, OTHONmEHHWe A; OIpelelleH0O KOPPEKTHO H CYIIECTBYeT
s a1060f o6melt BpeMeRHON CHCTEMEL. VYcnoBra e CymecTBOBaHHSA
prxogHON (GyEkmmm GyayT copMynHpOBaHH B CleAylImeM mapar-
pade.

(iii) IT pouseodawas FYHKYUR COCMOANURA

Iusa m06of AHEaMA9ECKOH CHCTEME! ee COCTOAHHE B a1060# MOMEHT
BpeMeHH [ ONpe[e/IAeTcH HadYalbHHIM COCTOAHHEM Co M HAYAILHHIM
CYy)KeHHeM BXOJHOTO BO3JeHCTBHS z'. Opmmako [ia OoIpefeleHHHX

|

Puc. 3.3.

KJIaCcCOB CHCTEM CYI[eCTBYeT HeKOTODPEIA MOMEHT BpeMeHH ¢ € T, rakoi,
4TO cocToARmEe B 060 Mocieqyomuak MOMEHT BpeMeHH ONpe/iesIAeTcs
ACKI0YATeIbHO NpeAHAYIEMA BXOJHEHMHA BOBNeHCTBHAME H CYiKe-
HAAME BHXOTHOH BeJAMIAHH, T. €. 31ech He TpeGyerTcs HEKakoro obpa-
MeHAsA K COCTOAHHAM CHCTeMH. JT0 IPABOJAT HAC K CiaefyIomeMy
ompefeleHAIO:

Onpenenenne 3.3. Ilycts p — ceMeHcTBO PeaKnuit BPeMeHHOH CACTe-
Mu S, a ' — oTHOIeHXe,

7 < Xt x Y X Cy,
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TaKoe, 9T0
(', ¥, er) € <> (Vzy) (Yy,) (2 2y, 4 oy1) €S = Yi = pq (c1, 7).
Ecam ormomenme n' aBnsmerca ymkmmeit:
7 X' X Yi>C,,

TO ee HasHBaIOT npoussodswel @yHKEyued cocmosHus i MoMeHTa
BpeMern ¢, a M = {n': X' X Y'— C, &t € T} — npouseodsuun
cemeticmeon cocmoanuil (puc. 3.3).

! crosa, xora n' ompenenero Bcerga, CymecTBoBaHEe NPOH3BOfiA-

Iero CeMeicTBa COCTOAHHI TpefyeT BHINOJHEHHA ompefelieHHE X
YCHIOBYH, KOTOPH® B 5TOM clydae HMET Golee clleNAANBHEIN BHUA.

(b) Hexoroprie knaccoi Bpememnbix cmerem

B obmeM cayuae BcmoMoraTemnHEIe dyHEOEA 1A pasaEYHEIX
t € T pasnumumel. OfEaKo B TexX CIydYasx, KOTAa HEKOTOPHE H3 HHAX
OKAa3HIBAXOTCA ONMHAKOBHIMA i BeeX ¢ € T mnm moayvaorcs m3 ogmol
PYHKOAR 3a CYET COOTBETCTBYIOMEX CY;KeHH#, MOKHO BBECTH pa3-
Hble THOH HHBAPAABETHOCTE BO BPeMeHH,

(i) Cmamuueckue cucmemvt u cucmemvt 6ez mamamu

IlepBbifi THI WHBapHAHTHOCTH BO BpeMeHH XapaKTepa3yeT B3am-
MOCBABb MY 0GBEKTaMA CHCTEMH B IPOH3BOIBHEIN MOMEHT Bpe-
MEHH W HENOCPe[ICTBEHHO CBA3aH C peaxndell CHCTEMBHI,

Onpenenenme 3.4. Cmctema S HasmBaercs cmamuueckoil (Geabinep-
NHOHHOM) Torfa | TOJBKO TOTAA, KOIMA CYMeECTBYeT HadadbHAA peax-
naa pg: Co X X — Y cmeremm S, taxas, aro mis Beex ¢ € T

(Vo) (Ya) (V) [z () = & () = po (ca, 2) (2) = po (ca, 2) (B)).

Apyrumm croBamm, cHCTeMa Ha3HIBAETCA CTaTHYeCKOH TOTMA W TOJIb-
Ko Torpga, xorma gasA Jwoboro ¢t € T malimerca Takoe oroGpaskenme
Ky Co X X ()= Y (t), qato

i+ Lo

(@, y) € § <> (e € Co) (V1) (y (1) = K, (co, 7 (1))

Jl06as BpeMeHHas cECTeMa, He ABIAOHIAACA CcTaTHYecKoHi, Ha3H-
BaeTcA UMEPYUOHHOLL.

C HMHTYWTHBHOH TOUKH 3PeHASA CHCTEeMa ABIAETCA CTaTAYeCcKoH,
€CJIH 3HAYEHHS ee BEIXOJHOH BeJWIHHH B 11060l MOMEHT BpeMeHR
! 3aBHCAT HCKIOYATEABHO OT TEKYMEro 3HAUEHHA BXOLHOTO BO3MIEM-
CTBHA H COCTOSHHAA, C KOTOPOrO Hadajach ee DBoAKONUA. IloaTomy,
ecnn ynknma x (1) Ha KakoH-TO MePHOJ BPEeMeHHA CTAHOBATCA HOCTOAH-
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HOM, MOCTOAHHOR cTaHoBATCA 1 y(I). Hamportms, BHXxogHaA BeamddHAa
AHePIHAOHHOW CHCTEMH B3aBHCAT He TOJNBKO OT TEKYIero 3HAUeHHS
BXOAHOI'0 BO3REACTBHA, HO M OT «IPElIHCTOPHE» 3TOTO BO3JEHCTBHA.
3aMeTbTe, 9TO B B TOM, H B [PYTOM CiIydae HelIb3A 0GoATHCH Ge3 ymHo-
MHUHAHAA HAaYQIBHOTO COCTOAHAA cmCTeMH (pmc. 3.4).

Ciegyer oTMeTHTB, 9YTO ME Pa3iAdaeM JAHAMAYECKAE W HHePIAOH-
HHe cheTeMu. [[i1A mepBoit u3 HEX Tpefyercs, 9TOGH CYMECTBOBAIO

(x1,V1) €S8, po(Co,x1)=V1
(x1,¥2) €8, polCox1)=y2

Puc. 3.4.

ceMeCTBO mepeXofOB COCTOAHMIA, a AJIA BTOPOA — BCero JHIb, 4TO-
6H cacTeMa He GhuI0 cTaTEYecKoil. Takas TepMHHONOTHA, BO3MOIKHO,
He CIAIMKOM ynadna. OfHEaKo MH 6yfieM TPHAeDKABATLCA €€, IOCKOIb-
KY OHA COTJIacyercs ¢ TePMHHOJIOTHeH, IPAHATOA B yiKe CIOKABINAXCA
9acTHHX TeopaAx l).

Eme ogro momsaTHe, PORCTBeHHOEe MOHATHIO CTATHIECKOH CHCTEMEI,
ompefenserca clefnyomuam o6pasom:

Onpenenenne 3.5. Bpemennas cmcrema S HaswBaerTcsa cucmemoll 6es
namsmu TOTKA B TOABKO TOTZA, KOTJAa OHA ABIAETCHA CTAaTHIECKOH
H Takroi, 910

(Vz) (Vz) (Veo) (Veo) [z (t) = T (2) = po (co, 2) () = po (€0 2) ()],
mim 5 TepMmrax orobpakenma K, Cy X X(t) — Y(t), raroii, uto
(Veo) (Veo) (Va) (V) [z (t) = 2 () = K, (co, 2 (1)) = K4 (Co, 2(1))),

T. e. Korfa cymectByeT orobpaskerme Kf: X (t},— Y (1), Takoe, 910
t(z () = Ky (co, z () (pme. 3.5).

1) B pycckoil aurepaType 9TH JBA KJIACCa CACTEM HASHBAXT PASHHME Tep-
MHHAMH, KOTOpHe IO-aHTAAACKE 3BYIAaT BechMa cXosxe: «dynamicy m «dynamicals.
ViMeHHO B 5TOM &BTOP W BHAAT HEYRAYHOCTb TEPMHAHOAOTHH. — ITpum. nepes.
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Jlerko BmAeTh, 4TO cHCTeMa (€3 NAMATH IOJHOCTHI0 XapaKTepH-
syerca oroGpaskenmeM Ki: A — B. CmcreMa, He yROBIeTBOPAMOMAA
onpelelleARI0 3.D, HA3LIBACTCA CuUcmemol ¢ NAMAMbIO.

y@)

x(t)

o

Pamc. 3.5,

(ii) Cmayuonapnole OUHARUUECKUC CUCTREMNL

IlomaTe HHEBAapEAHTHOCTE BO BPEeMeHHA BTOPOro THIA CBA3AHO
¢ TeM, B KaKOM OTHOMEHAA APYT K APYrYy HAXOOATCH PEaRIAH CHCTEME
IJIA [BYX pAa3IAYHLHIX MOMEHTOB BpeMeHHE. UToOH BBeCTHA COOTBET-
CTBYIOIMe HOHATHA, HAM IPHAETCA NPEANOJOKATL, YTO MHOKECTBO
MoMeHToB BpemeHHE T aApiIsercA INIPaBHIM WHTEPBAJIOM HEKOTOpOH

ampeiino ymopamodennoil abemepoir rpymmul 7', rpynnmoBasa odepanus
{cito)xenme) B KoTopoit Gyner oGo3smadarbesa cuMBoIoM --. Todmee
roBopsa, MH Gysgem cumraTth, 9ro I = {t: t > 0}, rme gepes 0 oGos-
Haden medTpadbHHE sdeMent rpyuns I', a clIOoKeHHe COrIacoBaHU
¢ NTHHeHHHM HOPAAKOM TaK, 4To

< >t — 0.

Onpejienennoe BhHIIE MHOKECTBO MOMeHTOB Bpemen:m I Gymer
B jJalpHelINeM HA3HLIBATHCA MHONCECTMEGOM MOMEHIMOE 6DEeMEHU 0ai
CTMAYUOHADHUT CUCTREM.

as wxammoro £ € T obosmawmM gepes F': X - X omeparop,
TaKo#, 9TO

(V') [Fi(z) (') = 2 (' — B)L.

3ameraM, 10 omeparop F' ompenenen kak mism ¢ < 0, Tak B guA
>0, HO pomyCKaeT JH JeUCTBHE DTOTO OIEPATOPa COMACPIKATEIBLHYIO
AHTEPIPETANHI, 3ABACAT OT 3HAUeHWA ero aprymenta. B o6mem cay-
qae KaskIufl pas, Korja ompeneldeno F'(z; ), AMeET MECTO BKIIOUeHHE
Ft (zpp) € Xagranarrn:
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Omneparop F* HassBaloT onepamopoxm cdsuza. Ero peiicTBHe COCTOAT
B TOM, 9TO OH HPOCTO CABHATAeT 3aJaHHYI QYHKIHIO BPeMeHH Ha Bpe-
MeHHO1 HETepBall, yKa3aHHH B BepXHeM HH/IEKCE oleparopa, X He U3~
MeHfeT ee B APYrax orHomenaax (pmc. 3.6). ITor e cAMBOI F? 6yner

|
|
|
|
1
t

~ b————

Puc. 3.6.

ACTOAb30BaThCA | IJIA 0603HaUeHNA omepaTopa casara B Y. Mu onpe-
MeamM TakKe omepatop ciBEra F' m mua S, monaras

Ft (.Z, y) = (Ft(x)a Ft(y))'
Tenepl: MBI MOKEM BBECTH Cnenylomee

Onpenenesne 3.6. Bpemennas cmcTeMa, onpeeleHHas Ha MHOKECTBO
MOMEHTOB BpeMeHH MjIs CTalHOHaPHHX CHCTeM, Ha3biBAETCHA 6nOLHE

(¢, ¥p) = FYx,y)

|
|
l
t

Pumc. 3.7.

cMayuoHapHoli TOTAa B TOJIBKO TOTNA, Korda (pHC. 3.7
(V&) [t € T = F'(S) = S,
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B cmayuoHapHol TOraa H TOABKO TOrda, Korjga
(V&) (V&' =18) (¢, ¢’ € T = Sp <= F¥~* (S))).

OueBHAHO, 49TO eCIW CHCTeMa BIOJHEe CTAaOWOHAPHA, TO
F'(Syp | Ty) = F¥(Sy) mna mwboro t>>t' € T, T.'e. maumnmas
¢ 11060T0 3alaHHOTO MOMEHTA BPeMeHH HBOMIONUA CHCTEMH B GyLymeM
OKA3HBaeTCA OMHAKOBOH C TOYHOCTHIO 710 C{BATA Ha COOTBOTCTBYIOMMIX
IIPOMEKYTOK BPEMeHH.

Py x,) =FHpo (G (e,), F¥x,)

|
!
t

Pne, 3-8.

Ecam BexkoTophle 3afaHHEE BXOMHOH B BHXONHON 06beKTH X H Y
CHCTEMH YA OBIETBOPAIOT YCIOBHIO

(V1) (X; = F'(X)) m (V1) (¥, = F'(Y)),

mMu OymeM HA3HBaTh HX 06GEKMAMU CMAYLOHADHOU CUCMEMBL.
Ecim pia BpeMeHHOH CHCTeMH HM3BECTHH e€ PeaKIUH, TO MOKHO
OATh Cciaemyiomee

Onpenenenne 3.7. Cemelicmeo peakyuil (CHCTEMH) UHEADUAHMHO
80 8PEMEHU TOTHA H TOJBKO TOTHA, KoTfa Aas aioGoro ¢ € T maiimeresa
TaKoe B3aMMHO ONHO3HAaUHOE COOTBETCTBUE Gyt Co— Cy, UTO

(V) (Veu) (Vi) [py (co, ) = F'(pg Gaf(es)y F(zp))l

OugeBnpiEO, 9TO PeaKOUA CUCTEMH WHBAPHAHTHA BO BPEMEHH TOTMa
U TOABKO TOTHA, KOT[a A A1060T0 COCTOAHAA B M1060fi MOMEHT Bpe-
MeHA BHXOJ CHCTeMB MOKHO HOJAYIATH M3 HAYANBLHEX Peaknmit cHCTe-
MH ¢ HOMOMEBI0 NOAXOHAIMEro CABHTa BO BpeMeHH (pmc. 3.8).

CoBepmIeEEO aHAJOTMYHO BBOJAMTCA U CIeLyloIee
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Onpenenenne 3.8. [[unaMmaecKas CHCTeMa HABHBAGTCA UNKGADUAHMHOL
60 6PEMENU TOTZA B TOJBKO TOTAA, Korka

(i) HAEBapEaHTHO BO BpeMEHH ee ceMeHCTBO peaKmmil;
(ii) inna mobuix £, t' €T, t' > ¢,

(V) (Vt') (Ver) (Vaup0) [@rer (01 2o) =G g0 (9 (GoHer), F¥(zem))],
rje t' = {+ tm Gtt' = GOt' ° Go-tl.

OueBugHo, 970 Hjif AHBAPHAHTHRIX BO BPeMeHH cACTeM (QYHKOHUIO
mepexofa COCTOAHAMA AJIA J1000TO MOMEHTA BPeMEHH MOYKHO HOJNYYATDH
KaK pe3yJbTAaT HIPEMEHEHHA OlepaTopa CABATA K HAYAJbHOH peakOum
CHCTEMHI.

Yro sKe KacaeTCA B3aAMOCBA3A Me;KAy CTaOAOHAPHHMH M HHBAa-
PHAHTHEIMA BO BPeMeHH CHCTeMAaMH, TO CIEAYIOIEH DPesyiabTaT HONY-
qaercA HeNOCPEACTBEHHO M3 ompemelieHAH,

Ilpepnoskenne 3.1. Bcskasg cacreMa ¢ MHBADHAHTHORX BO BpeMeHH
peaknaeit (a ClefoBaTeabHO, W BCAKAsA AHBAPHAHTHAS BO BPEMEHH
puHaMAYecKas CHCTeMa) ABJIAETCA CTAHOHAPHOH,

4, IPUYAHHOCTD

[IpaynaHOCTs DO CYTH Hela 03HAYaeT BO3MOMKHOCTL IpefCcKash-
BAaTh HCXOJ MJIA MOCHEACTBHA HEKOTOPHX cobHTHEE B Gynymem. [py-
THMH CJI0BAMH, IPAYAHHEO-CIECTBeHHHM 00bACHeHAEM ABIIeHAA ML Pac-
mojaraeM TOTZa, KOTHA B COCTOSHHE BHIABHTD OTHOCAIIAECA K HEMY
NPAYAHEH A AX DOCTIeJCTBHA H yMeeM OGbACHATL, KaKHe NOCHeNCTBHSA
BHTEKAOT W3 KAKHX IPHYHH.

Ecrm 3amana meKoTopas ofmasa cuctema S < V X...XV,, npm-
9AHHOCTL BBOJATCA B €€ ONMCAHHe B TPH aTama:

(i) YcramaBaaBaeTcs, Kakme U3 ee 0GBLEKTOB OTHOCATCA K BXO-
JaM, a Kak@e — K BEIXOJIaM.

(ii) Busacasercs, Kakme W3 BEIXOJNHHX OOBLEKTOB B SBHOM BHIE
3aBHCAT OT APYTAX BEIXOA0B H TOJBKO HEABHO OT BXONHBIX Bo3feii-
CTBAA Ha CHCTEMY.

(iii) Ilpepmaraerca Takoe oNHMCaHMe IBOMIONAH CHCTEMH BO Bpe-
MeHH, IPH KOTODOM 3HAa4eHHSA BHIXOGHEIX BeJHYHH B JII000# MOMEHT
BPeMeHHR BaBHCAT HCKIIOYATENHHO OT NPEABICTOPHH, T. €. OT Hpef-
MEeCTBYIOMe Hapel «BXOJ — BHIXONY.

B mactosmem naparpaje ME GymeM mMeTh [ielo JAINL C TPeTHUM
aCIeKTOM OPAYEHEHOCTH, KOTOPHL# MOKHO GLIITO HA3BATh OIPHIAEHOCTHIO
B0 Bpemenn. VIMeHHO 3TOT acHmexT NIPMYAHHOCTH MPEdCTABIAET OCHOB-
Holf MHTePeC NPH W3YICHHH BPEMeHHHIX CHCTEM.
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(a) IlonAaTHs, cBA3aHHBIE ¢ NPAIAHHOCTHIO BO BPEMCHH

C npHEYAHHOCTHIO CBA3aHO ABAa moHATHA. llepBoe W3 HEX, Heyn-
pesxcdaemocmy, HCHOOND3YeT B3afaHHHN O0GBEeKT HAYAaIBHEIX COCTOA-
HA¥ WA, TOYHee, HAYAJBHYI0 DeaKOAI0 CHCTEMH, BTOpPOe sKe ompe-
AelnfiercA MCKIKYATENbHO B TePMHHAX BXOMOB M BHXO/I0B CHCTEMH,
g MH GygeM HasHBaTh ero npedonpedeaenrocmoio. TepMun «npHauH-
HOCTHY 6yJer ymoTpeGIATHCA KaK POMOBOHM, OXxBaTHBammuil oba 3TH
cIydqas.

(i) Heynpexcoaemocms
Ilyets p, — HadambHas peaKiEa BpeMeHHo# cmcreMu S. Bse-
neM ciexyiomee

Onpepenenne 4.1. Hauvanbmas pearmusa pg: Co X X'— Y cmcremsl
S — X X Y wnasuBaerca ueynpexcdalowell TOrma @ TOABKO TOINA,
KOTHA

(V1) (Veo) (V2) (V2) [z | T* 2] T* = po (¢, ) | T* = po (coy 2) | T*1.

B meympempjaiomeil cacTeMe H3MeHeHHA BHIXOJHOH BeJMIAHE
He MOTYT YIOpeKIaTh, HpeyrafgbiBaTh H3MEeHEHHA BXOJHOTO BO3JeH-

|

S—

/ Y1
X2 (X1.,V,)€S
e

S (Xz.yz)fg
x1,¥3) ¢
uk (x2,¥3) €S
Puc. 4.1.

ctBaaA (puc. 4.1). s onpefileleBHOTO KIacca CHCTeM HOHATAE HeyIpe-
JKIAEMOCTY MOJKHO HECKOJIBKO YCHJIHTh:

Onpenenenne 4.2. Hauanmbnas peakimms CHCTeMH 050 Co X X —-Y
Ha3HBAaeTCA CUAbHO HeynpexcOalowell TOTAa U TOABKO TOTAa, KOTAR

(V1) (Veo) (V) (V2) [2 | T* = 2 | T* = po (co, ) | T* =
=po (o, @) | T1.

OrmermM, dt0 # ompepedenme 4.1, m ompenenenme 4.2 orHOCATCA
K BDEMEHHEIM cHCTeMaM, a He 00fA3aTelbHO K AWHAMHAIECKHAM.
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Pasamnma Memay Heynpeskpaiomeidi m CHIBHO HeyIpuKIanmen
peaKnAAMA CACTeMH COCTOMT B TOM, 4TO BO BTOPOM Clydae TeKyInee
sHadenme y (f) BHIXONHOH BeJMYAHH He MOMKeT 3aBHCETh OT TEKyHero
snadenHa z () BXOAHOTO BO3NEHCTBHA, IOCKOIbKY B omIpefeleHAH
4.2 B DOCHUIKe MCIOMbBYIOTCA cymeHms Ha T°, a me ma I' =T |
U {t}, xax B onpenenernn 4.1, Ho B 3aKdI0UeHHAX 060HX omperieae-
HEM QHTYPHDPYIOT CYKeHAA Ha T

Heo6xonaMo TakKe OTMETATBH, UTO P, CUATAETCA BHINe IOJHOM
dyrxmumeit. Haa mcciefoBaHUWA HeYNPeKIaeMOCTH 3TO 0YeHb Bark-
Hoe OTpaHMYeHHe, IOCKOJAbKY OHO He MO3BOJIAET HAaM OTHOCHTDH peak-
IWI0 HEKOTOPH X CHACTEM K WACIY HeyIpeskKRaomux. B cBA3Em ¢ 9TEM
MLl OpefjgaraeM clefyiomee

Onpeneneame 4.3. Tlyets R=C, X X m py: (R) - Y. Peaxmma
Po HABHBAETCA KENOAHOU Heynpesxdaioujeld Haiasbhol pearyuel cucme-
xe. S TOTHA E TONBKO TOTAA, KOTAA

(i) po cormacyerca ¢ S, T. e.
(z, y) € S <> (3cy) lpo (co» ¥) = y & (co, ) € R];
(ii) (Ve) (Veo) (V2) (V2) [(co, 2) € R& (co, ) € R&2 | T" =
=z | " = p, (co, 2) | T* = po (0, @) | T*)
Onpenenenne 4.4. Mu GyneM HaswBaTh cacTeMy S (cu.abro) Heynpexc-

dawujeli Torma B TOJBKO TOTAA, KOTHA ee HadYaldbHasA PeaKOUA ABIA-
eTcA MONHOW ® (CHIBHO) HeyIpeskmalomei.

(ii) I peoonpedeaernnocms
Oupenexenne 4.5. Bpemenmas cmcrema S — AT X BT maswBaercs

~

npedonpedeacHnoll HadMHAA C MOMEHTa BPeMeHH { TOI7la H TOALKO
TOTHa, Korna Haliffetrca Takoe ! € T, uro (pmc. 4.2)

~

1) (V(z, »)ES) (Y (2, ¥') €8) (Ve=)(1(a1, y)
= (z'f, ")&x -:c'&]=>§?t=,17}t);

(i) (¥ (&, g)) (Va;) Qyy) (ah v) €8F= (alezs, yly;) €5).

Hpenonpeneneﬁﬁocu 03HAvYaeT cylmecTBoBanme Takoro € T,
910 AAA Mobnx ¢ == t GyAymas SBOMIOMHAA CHCTEMHl oLpefersaeTcd
HCKIIYATEIFHO OPONLIKMA HaGHOAeHAAMHA, W HET HHAKAKOA Heo6-
XoAEMOCTH 0o6pamarbcad K KaKAM-IA0O BCIOMOTATEABHHIM MHOMKECT-
BaM Bpojie 00beKTa HAYaIbHHX COCTOSHHEM.
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Yemorme (ii), KoTopoe MH OypmeM Ha3HBATH YCA06UEM NOAHOMb,
BROIMTCA €JHHCTBeHHO H3 coOGpajieHMH MaTeMaTHYecKoro ymobeTma.

A

/y
/ i

Puc. 4.2,

(b) CymecTsoBaANe NPAYMHHBIX pearndi

Teopema 4.1. Jlna Kaknoll BpeMeHHOH CHCTeMHl HAMJETCs HENOIHAA
Heynpe;xIaomasa HadaabHag pPeaKnusd.

NokasatenxbcTso. Ilycth depes =< S X § obosna-
9eHO TaKoe oTHONeHHme, uTo (I, y) = (z', y') Torma W TOABKO TOTAA,
korfa y = y'. Torfa 09eBARHO, 9T0 = €CTb OTHONEHAe DKBABAJIEHT-
mocta. Ilycrs /= ={[s]} = C,, rne [s] = {s* | s* =s&s* € S}).
Myers py: Co X X — Y TakoBa, 410

y, ecnu (z, y) € [s],

po ([811 x) = {
He oOpefieJieHAa B NPOTHBHOM cly4ae,

3ameTHM, 9T0 p, OTpeNieNeHa KOPPEKTHO, HOCKOMbKY ecin (Z, ) € [s]
w (z,y)€lsl, To y =y'. B obmem ciysae QyEkmua po ABAAETCA
qactaunoil. IloKakeM Ope)kae Bcero, 4T0

S = {(z, y): (Ac) (c € Co&y = po (¢, 2))} = S".

Ecaz (z, y) € S, 10 po ([(x, )], z) = y Do ompeneneHHIo. CuepoBa-
teapHo, (z, y) € §', mam § = S’. O6parro, ecian (z, y) € S, To naa
neroroporo [s] € C, cupaBemmEBO paBeHcTBO ¥ = Py (Is], z). A Torma

1) B pameii KEAre MH JOrOBOPHMCA HCHOAB30BATH [JA $aKTOPMHOKECTB
clegyomue obosmagernua. Iycrs E — HEKOTOPOe OTHOINGHNE SKBUBAJCHTHOCTH
ga mEOsKecTse X. Torma dakTopMHOMKECTEO X /E cocTOUT U3 BCEX 3JIeMEHTOB THIA
[z], X/E = {[z]}, rue gepes [z] 0Bo3Haven Riace SKBUBANCHTHOCTH (cMexHOCTH)
3JeMeHTa Z, T. €.

[z] = {z*: (z, z*) € E&z* € X},

a [ -] cooTBeTCTBYeT KaHORWIECKOMY OTOGDaKeHHIO {-]: X - X/E.
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H3 OUPeflelIeHuA P, ciaedyer, 9to {(z, y) € [s], a motomy S’ = S. Bo-
mee Toro, ecim 3Hadenma p, ([sl, z) m p, ([s], 2') ompemenerns, To
po (Isl, ) = po ([s], ') mna mo6ux z m z' m, smawar, yeaosme (ii)
u3 oupefelenna 4.3 BHIIOJHAETCA OYeBATHHIM 00pasoM, 4. T. ..

Teopemy 4.1 menpsaa 06o6mmTs Ha CIy9ail MOMTHHX HAYAIBHEIX
peaknuit, T. e. ofecmeunTh monHOTY GyHKIEE p,. CymectByOT Bpe-
MeHHHI® CHCTeMH, MJsA KOTODHX HeT (LOJHEIX) HeyDpPeKNAIIMAX
HAYaJbHHX DeaKNdil B TOM BHfe, KaK 3TOr0 Tpebyer onpenenerne 4.1.

x
X

-
T~

X2

Y2

Puc. 4.3.

Jpyramu cioBamu, TpeGoBamEe, WTOGH HayaabHAs PeAKOEA OUIA
nonHo# QyEKmmeH, MOKeT JWIIATE HAC BO3MOMKHOCTH HPHIEHHOLO
ONHACAHAA NOBEAEHUA CHCTEMH B CMEICIE ee HeyIpekmaeMoctn. Taxue
CHCTeMHI MOKHO PAacCMaTPHBATh INGO KaK CyMeCTBeHHO HelpAIHHHEe,
n1a60 Kak Taxk@e, [JaA KOTOPHX H3BECTHO JANIb HENOJIHOE WX OIMACA-
HA®, TAK 9TO0 B HUX HapyNIeHAe OPAYAHHOCTH OGBACHAETCA JWIIb
HexBaTKo#l mEPopManum. Bce sto merue Bcero IPOAIIIOCTPAPOBATD
¢ nomompio pmc. 4.3.

PaccmorprM cmcremy, xotopas mMeer Bcero mBa smementa: S —
= {(z1» ¥1)» (4, Ys)} (pmc. 4.3). [lockonbKy HavambHHE HETEPBAILH
Y Z; B I, COBHAIalOT, & COOTBETCTBYIOMUE MM HHTEPBATH BH XOTHHX
BeIM9HH Y; U Y, pasHble, 0O6HEKT HAYAIbHKX COCTOAHEN CHCTEME MOM-
MEeH CcOep:KaTh MO KpailHell Mepe IBa 9leMeHTa, ecid MH XOTHM
DONYYHTh HEYHPeKAaeMOoCTh HadaldbHOM peaknmu. Ilycrs C, =
= {c, '} ® po(c, 2,) = Y1, po (€', T5) = y,. Eeam Po — LOIHAA
$ymxmua, 10 (¢, Z,) TOXXe DpEHAnTemHT OGNACTH oOLpeHeTeHAA 0o-
Hoaromy p, (¢, z,) A0MKAA PaBEATHCA MU6O Yy, 1HGO Ys- Ho n3 paBen-
CTBA P (¢, Z,) = ¥, cenyer, 4T0 (Z,, ¥y) € S, T. e. py He cOrTacyercs

¢ §. B 1o sxe Bpema ycuosme p, (¢, Z,) = ¥, IPOTHBOPEUAT YCIAOBHIO
HEYNPexIaeMoCTH U3 onpefienenns 4.1, NocKonbKy HavaabHEIE OTpea-
K QYEKORi 2, B T, OMAHAKOBH, a AA QYHKOAH ¥, H y,—HeT. TakaM 06-
Pasom, cACTeMa S He MOKeT MMeTh NOMHOM Heynpe:xTaiomel peaxmnd.
£—0296
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Onpepenenne 4.6. Cemeiicrso peaxmmii p = {p, : 1 € T} sasmBaercd
Heynpesedanuum TOTAA W TOABKO TOTAA, KOTA Kajas PyuKnEA O
ABIAeTcA HOyIpeMJaomeil HadalbHOH peaxnueldl CHCTEME! Si.
Teopema 4.2. BpeMemnas cmCrema mMeeT HeyIpekpalomee cemefcTBO
peaKnAi TOTa H TOABKO TOT/Ia, KOT/a e HaJalbHasA PeaKnusa Heynpes-
maromad.
lokasaTeXbcrtBo. JI0Ka3aTelbCTBO HEOOXOXAMOCTH Ode-
paaao. O6paTAMcA DOTOMY K JOKA3aTeNBCTBY J10CTATOYHOCTH. Iyers
0o : Co X X — Y — meynmpesspaomas HagajbHAA peakndd, d OycTb
Ci = Cy X X, a py: Cy X Xy — Y, ynoBunerBopanT CIEAVIOMEMY
yemopmo: ecam ¢y = (Co, '), 10 maa t€ T
_ ot
pe (c1, 1) = po (cor 7" +z4) | T
Ho Torna ycaoBme COTIacOBaHHOCTH Teopemsl 2.1 BHMONHAETCA Ode-
’ by o
BugEEM ofpasoM, T. e. p = {p; :t € T} oGpasyer cemeiicTBO peak-
nmit. Bomee Toro, mycts zy | Tye = i | Tys, THE t' >=t. Torma
ecad ¢; = (Cqy '), TO
— At el
pt (ct, 1) | Tur = po (Co» %' *7t) | T
n
, T ~t v m
pt (¢, 22) | Topr = Po (Cor * ozp) | Ty
- ey o~y ,
Ho TaK Kak peakmus po Heympempaomas m 2t -z, | I = 2’2 | T,
TO
T ot} mt’ T _
pt (€ ) | T = (0o (cor oz | T7) | Ty =
~t , Tt ™ _
= (po (o Zox)) | T") | Tor =
~t T
= po (cor 2" +2}) | Toer =

= p¢ (g, 1) | Topre
CrnenmoBarelbHO, p; ABIAETCA HeynpeKpaomedl peaknmed, 9. T. K.

(c) IlpruraHOCTh W BEIXONIHEIE byHRIIA
VenoBHESA CYIMECTBOBAREA BHXOAHOH (QyHKOHE H npomnaBogsAmei
¢ysKOomm BEIXORA MOMHO COPMYIHPOBATE HENMOCPEACTBEHHO B Tep-
MAHAX HeYIPeKIaeMOCTH PeaKIuH CHCTeMH. _
BaBECEMOCTh MeMLY CYIecTBOBaHHeM BEHIXOMHOE QYHKIUA A He-
yIpeKAaeMocTsI0 CHCTEME YCTAHABIMBAETCA B CAeAylomeM NpefiIo-
JHeHANn:
Ipenaoxenne 4.1. Ecu BpeMeHHas CHCTeMa ABIAETCA HEYNPealo-
meit, TO JIA Hee CYMECTBYeT CeMelCTBO BRIXOJNHEIX dynroai

=M C X X ) > Y ()}

NMorkasarTeabcTB o. [lockoTbKY crAcTeMa HOYIPEKAAOMAL,
T0, COrIAacHO Teopeme 4.2, A Hee CYIeCTByeT HEYNPEKIAIMee
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ceMeficTBO peaknmit p = {p;: t € T}. IlpenmonokaM Temepsb, 9TO AIA
3TOTO HEYIpe:Talomero ceMeficTBa peaknuil ompefeneHo ceMeicTBO
¢yekomit A,. IIpemmonoskmM, kpome Toro, 910 (¢4, Z (t), Yy (t)) € A;
m (¢, ' (1), ¥y’ (£)) € Ay, The z (t) = 2’ (). Ho 1ak rak

| Ty=a(@)=2"(t) =af | Ty,
a peakmds p; HeYOpPekTaoIas, To

Pt (¢4, z4) | Ttt = py (¢4, 1) | Ty,
win y (1) = y' (t). CuemoBatensHo, A; ectb oTOoGpamenme A;: C; X
X X{t) BY (), ur n

ITorsaTre BHIXOAHOH YHKIOAM DPOACHAET OfHY H3 BAKHKEIX CTOPOH
OOHATAA COCTOAHHA: €CJM COCTOAHHME CHCTEeMH H3BECTHO B CHCTEMa
AIBIACTCA HeyOpexgalomel, To BcA mufopMamua O DPeNHCTOPHA
CHCTEeMHE!, HeoOXommMasn IJiA Oupe/lelleHAA TeKYIero 3HadeHnsa BEXO0AA,
COTIOPIKATCA B CAMOM 3TOM COCTOAHHH.

3aBUCEMOCTD CYMECTBOBAHHA NPOM3BOAAMEd (QYHKOUE BHIXORA
OT HEYIPEKNAeMOCTH CHCTEMH COBEPIIEHHO AHAJNOTHYHA ONHCAHHOMR
3aBECAMOCTA JJIfA BHXoAEO# ¢yHrmmm. OHa yCTaHaBIAHBAeTCHa B Cle-
OyIOmMeM OpPeIOMeHnn:

Ilpennosxenne 4.2, Ecam BpeMennas cmcTeMa SBIAETCS HEYIPEKRAK-
med, TO OJIA Hee CYIECTBYeT CeMeACTBO NPOM3BOAAMEHX (PYHKIHA
BHIXO[Ia

b= {pee: Cy X Xyp—> Y, (')}

HloxasareabcTB o 2T0r0 mpepiokernAlicOBEPIIERHO aHa-
JOTHYHO J{OKAa3aTeJabCTBY Npemiosxennsal4.l.

U3 npemmomenna 4.1 ciefyer, 94T0 BHIXON HEYIpeKAamed Bpe-
MeHHOH CHCTeMH MOMKHO OLDEfeNAThH, 3HAA JAML TeKyllee COCTOAHH®
CHACTEeMH U TeKyIlee 3HaUYeHHEe BXOJHOrO Bo3melicTema. Ommaro Iad
HEKOTOPHIX CHCTEM TeKyIiee 3HAa4eHMe BHIXOJA 3aBHCHT HCKIIOUATENb-
HO OT TeRYIero COCTOAHYA CACTEMH H He 3aBHCHAT OT TeKyINero 3gade-
BEA BXofa. Jlna amanmsa moBefeHHA TAaKAX CHCTeM Tpefyercs He-
CKOABKO 6oiee cHIbHOE IOHATHE, 4 WMEHHO INOHATHEe CHJIBHOH He-
YOpexnaeMOoCTH,

Ilpennosenne 4.3. Ecim BpeMeHHasa cHCTeMa ABIAETCA CHJILHO
Eeynpegapiled, To Jjia Hee CYMecTBYeT BHXOAHaa OYHKOHSA, KOTO-
pasa npm m06hx ¢ € T ymoBuerBopsaer YCIOBAIO

(Vz () (VZ () le; = ¢ = Ay (61, 2 (B) = Ay (63, Z ())).

JHoraszareabcTBo IlocKoTbKy Hama CHCTeMa CHIBHO
Heynpexaaomasn, AIA Hee CYMECTBYeT CHIBHO HeYHpe:xIanmas
HavagbHASA peaknusa pe. Ho Torma rpefyeMoe yTBepKAeHHE MOKHO
JOKa3aTh TOYHO TAK Ke, Kak U mpemio;kenne 4.1, w. 1. 1.

4*
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Ecam cmcteMa ABIAAGTCA CHABHO HeYOpPeXAaomlel, TO AjIa KamK-
noro t € T, odeBHAHO, cymiecTByer orofparkenme
Kt: Ct R od B,
TaKoe, 4TO

(Vz (2)) (A (cry 2z (2)) = Ky (ch))e

(d) CymecTBoBaHHEe DpefompeeNCHHBIX CHCTEM

Ipesxge Bcero HEOGXOAAMO OTMETHTH pasjimume Me;KAY Lpefompe-
JIeJIeEHOCTHI0 MOBEJEHAA CHCTeMH A ee (QyEKOHOHaIbEOCTHIO. CHCTe-
Ma MosxeT OHTh pyHknuonalbHoil (ckaskeM, S: X — Y) u TeM e MeHee
He OGHTH mpemonpeneleHnoit, m HaoGopor. OTMeTEHM Tar)Ke, 4TO AIA
$YHEROAOHANBHOH CHCTEMH (T. e. CACTEMH ¢ eJAHCTBeHHHIM HAadajlb-
HHM COCTOAHHEM) MOHATAA CHILHOM HEYIPEKTAeMOCTHA W Lpefoupe-
JeTeHHOCTH HaumHasa ¢ MoMenta 0 cosmapgarot.

Ina ao6oit mapu (2, y) € S o6osnaunm epes S(z°, y') MEOmECTBO

{(ze, yo): (2*ezy, yFoy) € S}
m Gymem masuBath S (2, yf) cemeiictBoM «upogoikenniy aua (2, y').
910 mo3BOAAT HaM CPOPMYIMPOBATE CIeTyiomiee
]]pemlomenue 4.4, Cnactema saBasercs HpeIIOHpeneJIeHHOH HAYAHAA
¢ MOMeHTa I TOrfla M TOABKO TOTJa, KOTHA JUIA BCeX ¢ >  ceMelicTBO
S (2!, y') ompemensieT CEABHO HOYIPEKIAIOMLYIO q)yHano
S («4, ¥'): Xy~ Y,

NDorasarexscrtso. [Ipesxae Bcero pgoraxeMm meoGxopmm-
mocts. IIpemonosmm, 910 (24, Y1) € S (2, ¥') m (4, y,) € S (&, ¥).
IHycrs, xpome Toro, z; | Ty = x| T4y A mexoroporo ¢ > t.
Torma

ztez, | T = zt-zy | 7l

ytIT—y ytlT&x'xt|Ttt'_x xtITtl-

Ho TaKk KaK noneneHne paccMaTprBaeMod CACTEMH IIpeJ.‘[OllpeJIeJIeHO TO
vy | Ty, = y*-ys | T4,,, oTkyRa caenyer, 9o y; | Ty, =y, | T,
Ilockonsky 3HadeHNe t'> t Morao 61,m, OPOW3BOIBHEIM, MEI no.ny—

4aeM, eCHH I; = Z;, PABEHCTBO Yy = yt, a aTo 3EawmT, aTo S(z¢, yt) —
dysroasa m, caemoBarensHo, S (2!, y') — cmabmo HEYIPe;KIa0mat

$ynroaa. OG6parHo, IPeAIOIOKAM, ITO (z y) € Su(z, y) €S. Bomee
Toro, mycts (2 , t) = (zt, yi)m z;, = = ;,. Ho Torma B cmay Toro,
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g10 S (z?, y?) — cuabuo Heynpexgaomasa QyEKOAA, 5; t=1;? o
4. T. I

IlpenonpeneneEHOCTs CACTEME CBA33HA ¢ CYMECTBOBAHHEM CeMeli-

CTBA NPOM3BOAAMEX QYHKIEI COCTOARHs 1). ITY CBABH OTpaXKAET Cile-
ayomee OpeOyKeHHe.:

Hlpenaosxenne 4. 5. Cmcrema saBigercsa LpepoNpeNelleHHON ¢ MOMEHTA

BpeMeHHA 1 TOTAA A TOJBKO TOTHA, KOTHa JJid J11060ro t =1t gna mee
CymecTBYeT NPOM3BOAAMAA QYHKIAA COCTOAHMM 'q TaKas, 9T0 COOT-
BeTCTBYIOINAA DEeaKO¥WA p; CHABHO HEYNIPEKTAMasd,

JloxasaTeascTso. Mu CHOBA HauHeM € JIOKA3aTeNbCTBA
Heo6xogmmocTn. IIpexmomoxmM, 4ro cmcrema S ABIAETCA mpepoIpe-

nexenroit. Ilyers Cy = §* ana t > f. Torna TpeGyemsiit peayabTar
Cpasy moxydaerca u3 I[PeJIJIO)KeHKH 4 4, npaYeM poib MPOA3BOAAMeH
Pyrrnmm cocrosmma n': S — C, mrpaer TommecTBenmas (yHKOHA,
a py: Cy X Xy— Y, nameer Bup p; (cy, a:,) = 8 (¢4) (z;). O6parno,
Opeguoga0KaAM, 49TO mm cacTeMH S B > i HMeeTcsI NPOH3BOAAMAA
dyEknEa cocrogEms n': §'— C,. Rpome roro, mycers (zf, ') =
= (', ¥') € ' w2y = Zypr, met’ >t>1, muyers c;=nt(zt, yt) =
= ’fl? (z7, ;}f). Ho rak Kak z*-z; = 2'+24 8, 00 Ipegnoo;KeHnIo,
p; — CHIBHO HeYIpeKMalomasa (QYHKOHA, TO
Py e 2 Ty =07 (75 20) | T s

rie

t

x-x“»]T; =X, IT", )4 .’E xttl'T“, ?,T7”

a 3TO 3HAYAT, 9TO paccMaTpHBaeMas CHCTeMa opegonpepgeinxena, 9. T. O.
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OBIIAA TEOPUA PEAJIN3AIUI

. B Teopun peanmaanmm A5 KiIacca AHHAMEIECKAX CACTEM H3Y4aroT-
CA_BOIPOCH CYMIeCTBOBAHAA JHEAMUYECKOTO MpeACTABICHHA s Haf-
nexxamuaM o6pa3soM ompefeleHHOR BpeMeHHOH cmcreMsl. [lpm sToM
06HYEO BpeMeHHas CACTeMa 3a/laeTcs CBOHM CeMeHCTBOM peaknmi p,
H 3ajiava TeOPHH peald3anud COCTOAT B TOM, YT00H BHIACHHUTDH, CYIIe-

CTBYIOT JH TaKoe CeMeiicTBo yHKNmi mepexofia COCTOAHHH ¢ H Bpe-

MeHHas cucteMa S, 9T0 mapa (p, @) CIYKAT AJIA Hee AMHAMAYECKOH
peannsanmedl. 3afaua TaKkoTO TANA ® PaCCMATPHBAITCA B HaCToAMeR
riIaBe.

Hexotopsle ¢yHmaMeHnTadbHEE IIOJOMKEHHA TEOPHA pealn3andn
MOKHO [OKa3hKBaTh [JIA CHCTEM, AMHAMAKA KOTOPHIX ONMACHBAETCA
ACKIYATENbHO B TePMAHAX CeMeiicTBa 065@KTOB COCTOAHRMAN, a He B efA-
HOM IpocTpancTBe cocrognmi. [loaroMy MH HauAHAaeM CTPOATH Teo-
PHI0 peajdm3aqAA AMEHHO B 3THX paMKaX. Tako#l IOAXOJ MOXHOCTHIO
corIacyeTcA ¢ BHBHHYTHIMHA HaMu B Ii. I npEammmamm dopManmsa-
IHH, COTVIACHO KOTOPHM Ka;RAYI0 3afady CledyeT Pemarh JJA CHCTEMb
¢ MEHAMAJILHO# CTPYKTYPpOH.

B § 1 mpmBomaATca YCAOBHA COTIA3COBAHHOCTH W DPEATA3YEeMOCTH
ceMeficTBA peaKIUi, A HTH YCJIOBHA OKA3HBalOTCA HETpPHBHAJIbHHMH
TOALKO TOT/a, KOIZa CEeMeHCTBO DPEAKOHA CONep’KAT JHMb DOJHLE
dyHEKNHEA, T. e. TOrga, KOTHA dYacTHYHAasA QYHKOHA HE MOKET CTATh

a.;1eMenToOM ceMeficTea p. B § 2 Gyner nokasaEo, 9r0 HeyIPEKIaeMOCTh
ciucreMsl Heo0XoAAMA H HOCTATOUHA IS TOTro, YTOOH JH06YI0 BpeMeH-
HYIO CHCTEMY MO;KHO ObLTO IPefCTaBHTH ABYMA ceMeiicTBaMm (QyHK-
mai#t — yHKO@it mepexofja cOCTOAHHMA M BHXONHHX PyERumiA. Boiaee
TOTO, €CJIH CHCTeMa SABJIAETCH HEYUPEKIAIOME, Te ee BHXOAHYIO
OYHRIAIO MOKHO OIIPEJeIATh HCKIIOIATENbHO Ha 00bEKTaX COCTOAHAM.
A Tak Kak BHIX0ofiHAA QYHKIAA BCerja CTaTM4ecKasA, TO B IOLOOHOM CIy-
qae BCA [HHAMHKA CHCTEMH OIIECHIBAETCA OJHHM CeMeHCTBOM QyHKIEA
mepexofa COCTOAHMMA, ITO BeChbMa BaykHoe H yHoGHOe CBOHCTBO, & Mo3-
TOMY TpefcTaBIeHAEe CACTeMH Hapoit (¢, A) Mu OyZmeM Ha3HBaTh KaHO-
HEgeckrM. K TOMY ke MK IOKamkeM, KaK COCTOAHHA CHACTEMEl MOYKHO
0XapaKTepH30BaTh HEKOTOPHM OTHOUIeHHEM JKBHBAJIGHTHOCTH Ha Ma-
pax ¢BXoJ — HAYAJLHOE COCTOAHHEY.














































































































































































































































































































































































































































