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YNPABJIEHWE BbIXOOHLIMU MOTOKAMU
NMPUOPUTETHOU CUCTEMbI OBCITYXXUBAHUA C
YNPEXOEHMEM'

Mpoiinakosa E.B.?
(Huorcecopoockuii cocyoapcmeenmblili yHusepcumem
um. H.U. Jlobauescroeo, Huoicnuti Hoéeopoo)

Cmamus s1615emcst NPOOONNCEHUEM YUK PAOOM, NOCEAUEHHBIX U3)-
YCHUIO BEPOSIMHOCHHBIX CEOUCHE GbIXOOHLIX NOMOKO8 HEKIACCUHe-
CKUX CUCTeM Macco8oz2o obcayxcusanus. B pabome paccmampuea-
emcst cucmema YRpasieHust KOHOIUKMHbIMU NOMOKAMU mMpedo8aHuil
¢ npuopumemnvim Hanpasienuem u ynpesxcoenuem. C nomowvio Ku-
beprHemuuecko2o no0xo0a NOCMpPOeHa MamemMamuieckdas Mooeib 6bi-
XOOHBIX NOMOKOE CUCTHEMbL 8 8UOe CIYYAUHOU NAMUMEPHOU 6EKMOp-
Holl nocnedosamenvruocmu. Ilposedeno ananumuyeckoe ucciedosa-
Hue dannoul cucmemot. Tlocmasinen KubepHemuueckuil IKCRepUMeHin,
NO360AIOWULL NOJYYUMb YUCLEHHble OYEHKU HEeKOMOPbIX napamem-
P08 (PYHKYUOHUPOBAHUSL NPUOPUIMEMHOU CUCEMbL U €€ GbIXOOHBIX
NOMOKO8, a MAKICe Peuiuns 3a0ayy ONMUMU3AYUU YAPABTEHUSL.

KiroueBble ci0Ba: BBIXOIHOW MOTOK, YHpPaBisArOIIas CHCTEMa Macco-
BOTO 0OCTYXMBaHUS, IPHOPUTETHOE 0OCTYKMBAaHUE C YIIPEKICHUEM,
KHOEpHETHYECKHUI TTOIX0A, HEJIOKAILHOE ONMCAHNE, OMHOPOJHAS BEK-
TOpHAsE MAPKOBCKAs ITOCIIEAOBATEIBHOCTD.

! Paboma evinonnena 6 pamxax 2ocoiodxcemuori memvt H-040 ~Mame-
Mamuyeckoe MOOeIUPOBAHUe U CO30AHUe HOBbIX MENMO008 AHAIU3A IEOTI0-
YUOHHBIX CUCMEM U cucmem onmumuzayuu”.

2Examepuna  Baoumoena  Ilpoiidaxoea, Kanoudam  ¢usuxo-
Mmamemamuyeckux Hayk, ooyeum (pev_Il@mail.ru).
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BeedeHue

OnHuM U3 aKTyaJdbHBIX HANPaBICHUN Pa3BUTHS TEOPHH Macco-
BOTO O0CITY)XKHBaHUS U ee TIPUIOKEHHUH SBIISETCS UCCIIeIOBaHUE allro-
PUTMOB YIIPaBICHUS MMOTOKaMU TpeOOBaHUI B CUCTEMax C IEPEMEH-
HOH cTpykTypoil. IMEHHO Takue CHCTEMbI ONHMCHIBAIOT MOBEICHHE
CJIOXKHBIX MPOLIECCOB 00CTYKMBaHUS C YIPABICHUEM B TOM YKCIIC U B
YCIIOBUSX BO3JACUCTBUS CITydallHBIX (hakTopoB [1]. Berpedatomuecs B
YKU3HHU CUCTEMBI C IEPEMEHHON CTPYKTYpOH 04eHb pa3Ho0Opa3Hel. Bo
MHOTHX PEalbHBIX 33aJjadax JACHCTBYEeT CUCTEMa MacCOBOTO OOCITYXKH-
BaHUS C IPEUMYIIIECTBOM, KOTJ]a Ha 00pabOTKy MOCTYMaeT HECKOJIBLKO
IIOTOKOB TpeOOBaHMI, 00IATAIONIIX OMPENEICHHBIM PUOPUTETOM.

C npyroii CTOpOHBI, B COBPEMEHHON TEOPHH MAacCOBOTO 00CIy-
JKUBAHUS Bce OOJNBIIIE BHUMAHUS YIACIACTCS M3YUYCHUIO CBOHCTB BHI-
XOJIHBIX MOTOKOB. DTO B MEPBYIO OYEPENb CBSI3aHO C IIUPOKHUM IpU-
MEHEHHEM 33/1a49 U METOJIOB TEOPUU MACCOBOTO OOCITYKHBAHHS B Op-
TaHU3aliU TPOU3BOJICTBA U TIPU CO3/IaHUH CIOKHBIX HH(OpMAIHOH-
HbIX cucTteM. Kak mpaBuio, Takue CHCTEMBI UMEIOT Pa3BETBICHHYIO
CTPYKTYpy W COCTOST W3 JIBYX W 0OJiee MOICHUCTEM, OOBEIMHEHHBIX
HEKOTOPBIM 00pa3zoM. Eciu B Takoil CTPyKType MMeeTcs MOCIeIoBa-
TENLHOE COCINMHCHHE, TO BBIXOJHOM IOTOK OJHOM ITOJICHICTEMEI SIB-
JIIeTCS BXOOHBIM AJi1 Apyrod. B sToM ciiydae Bo3HHKaeT mpoOie-
Ma HCCIIEA0BaHUS BEPOATHOCTHBIX PACIPENEICHUN BBIXOJHOTO MOTO-
ka nopcucteMbl. [lepBbie pe3ynbTarTel B 00JIACTH BBIXOAHBIX TTOTOKOB
oputn monyuensl B 60-¢ romer XX Beka I1.JIxk. bepkom, Ix.B. Ko-
sHoM, E. Peituem u I1.JI. ®unueM. J[aHHBIC pe3yabTaThl KacajucCh
TOJBKO MPOCTEUIIIUX CUCTEM, TO €CTh OJJHOKAHAIBHBIX CUCTEM 00CITy-
JKUBAHUSI C HEOTPAHMUEHHOM OYEepe]bl0, yaCCOHOBCKUM BXOIHBIM
MOTOKOM M ITOKa3aTeJbHBIM 3aKOHOM OOCIHY)KHMBaHMs TpeOoBaHuil. B
Hallleld CTpaHe BBIXOJAHBIMHM MOTOKaMHU B pa3sHOE BpeMs 3aHUMAaJIUCh
b.B. I'nenenko, .H. Kosanenxo, I'Ill. [umuamswmmm, U.W. Exos,
B.®. KagankoB. B cBomx paborax OHU paccMaTpHUBalld OJHOKAHAIh-
HbI€ CHUCTEMBI C HEKOTOPBIMH YCJIOXHEHHUSIMH, KacalOUIUMUCS BUIA
BXOIHOTO ITOTOKA, TUCITUTUIHHEI (QOPMHUPOBAHUS OYEPEIN U MEXaHM3-
Ma oOciyxuBaHus. BBIXOJHOHN TOTOK, Kak MPaBHIIO, 3aJ[aBaJICs aHa-
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JIOTHYHO BXOJHOMY, JIJIsl 3TOTO MCIIOIBh30BAJICS OTHOTO M3 CIEIYFOIIUX
9KBHBAJICHTHBIX CIIOCOOOB:

1) onpenensiics npouece {£(t);t > 0}, rae ciyvaiinas Beauun-
Ha £(t) mpu t > 0 xapaKTepu30Baja YHMCIO 3asIBOK, 0OCITYKEHHBIX
cuctemoit 3a Bpems [0,t) u £(0) = 0;

2) 3ajaBanach mocnenosarenbHocTsh {(77;,¢/;);i > 1}, B KoTO-
poii yepe3 ciydaitHple BequuMHBI 7';, M &’; 0603HAYANMCH COOTBET-
CTBEHHO %-il MOMEHT TOSIBJICHUS TPEOOBAHUN Ha BBIXOJIE U YUCIIO TPE-
OoBaHMIT OOCITYKEHHBIX CHCTEMOM B TOT MOMEHT BpPEMEHH.

Ecnu ans onucaHus BBIXOJHOTO MOTOKA MCIONB30BaTh OIUH U3
MPEIJIOKEHHBIX CIIOCOO0B, TO B OOIIEM ClTydae HE yNaeTcs HAWTH KO-
HEYHOMEPHBIE pacrpejeneHus npouecca. [lodTu o4eBUIHO, YTO BhI-
XOJIHOH TIOTOK CYIIECTBEHHO 3aBHCHUT OT CHCTEMBI MacCOBOTO 00CITy-
JKUBaHUs, B KOTOpoii OH (hopmupyercsi. ClieoBaTebHO, B ONMCAHKE
BBIXOJTHOTO TIOTOKa HEOOXOIMMO BKITIOUAaTh HEKOTOPHIE AIIEMEHTHI ca-
Moii cucteMsbl. boree Toro, meixecoo0pa3Ho CIenInuTh He 32 OTIEIbHBIM
TpeOOBaHMEM, a 32 HEKOTOPOH CIy4alHOW TPYNION 3asSBOK, MOTydas
HEJIOKaJIbHOE ONHCAHKME BBIXOAHOTO ITOTOKA TpeOoBaHUH [2].

1. OnucaHue kubepHemu4eckoz2o nodxooda

Knaccuueckue MeTonbl MOCTPOSHUS W U3YYEHHUS MareMaruye-
CKHX MOJIEJICH peallbHBIX CHCTEM OOCITY>KHBaHHS B OCHOBHOM HCUEp-
MBIBAIOTCS JIByMs moaxojaMu. [IepBoiif U3 HUX OCHOBaH Ha KJIacCH-
yeckux padorax A.K. Dpmanra, A.f. Xununna, A.H. Konmoroposa,
K. IManema, ®. Tlomnaueka, JI.Jx. Kennanna, b.B. ['Henenko u ap.
JlaHHBIM MOJIXO0M B 3HAYMTEIBHON CTECICHM SIBISCTCS ONHCATCIHLHBIM
¥ BCeTa mpearnonaracT GopMalbHOe 3aJaHie TaKUX COCTABIIIONINX
3JIEMEHTOB CHCTEMBI, KaK BXOJHOW MOTOK, 0OCIIy>KHBAloIIee yCTpoii-
CTBO, TUCITUIUINHA (POPMUPOBAHUSA OUEPEIH M CTPYKTYpa CHCTCMEL.
[Ipuyem omnucaHue MUCHUIUIMHBI OYEPEOUd U CTPYKTYPBl CHCTEMBI
JlaeTCsl UCKJIIOYUTENIbHO Ha CO/Iep)KaTebHOM ypoBHE. BTopoi moj-
X0 CBs3aH ¢ mcciemoBaHrueM A.A. BopoBKoBa Mo CO3mMaHHIO OOIIUX
ACUMITOTUYECCKUX METOMIOB aHAJIM3a B TEOPUU MACCOBOTO OOCITYXKH-
BaHMS, B TOM YHCJIE JI0Ka3aTelIbCTBA MPEAETbHBIX TEOPEM. YIIOMSHY-
ThI€ TOAXOABI CMOTPSAT HA MPOIECC U3YUCHHUS CUCTEM YIPABICHHUS C
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MO3UILIMU «IEPHOTO suKa». JlocTuraemas npu ux NprUMEHEHUN MaTe-
MaTH4ecKasi OOITHOCTh Pe3yJbTaToOB, KaK MPaBHIIO, HE TAaeT BO3MOXK-
HOCTH MOJY4YEHUSI KOHEUHOMEPHBIX paclpeneieHuit sl cioydaiHoro
IIpolLiecCca, OIMMUCHIBAOIIETO IIOBEJEHUE peallbHOM cucTeMbl. B naHHOM
paboTe mpu NOCTPOCHUH, AaHATM3E€ U ONTHMHU3AIMN MaTeMaTH4eCKOH
MOJIENTN YIIPABJISIONIEH CHCTEMbI 00CTY)KHBaHUS U €€ BBIXOIHBIX I10-
TOKOB HCIIOJIb30BAJICS TaK HAa3bIBAEMbII «KHOEPHETHYECKUN TIOIXO»,
MeTozoorudecku papadborannsiii A.A. Jlsnynossim u C.B. S16non-
ckuM [3]. TIpu TakoM MOAXOJIE CUUTAETCS, YTO HA CHUCTEMY LIeNIeCo-
00pa3HO CMOTPETh C TOYKU 3PEHUS OOILIETO MOHATHS YIpaBiIsIoUIeh
CUCTEMBI, a HE C TIO3UIUHN «YEePHOTO SIuKa». B ocHOBe knbepHeTH-
YeCKOro MOJX0/a JIeXkar CIEIYIONNe TONOKEHHS:

1) mpuHIHXTT TUCKPETHOCTH aKTOB (PYHKIIMOHUPOBAHUS CHCTEMBI
BO BpeMeHH T;, ¢ > 0, rie ciayuaiinsiii npouecce {7;;4 > 0} 3amaer Ha
[0, 00) mikamy TakTOB BpeMEHH pabOoThl yIPABISIOICH CHCTEMBL;

2) NPUHLMI HENOKAJIBHOCTH B ONMCAHUM CTPOECHUS CUCTEMBI;

3) IpUHIIMT COBMECTHOTO PAacCMOTPEHHS OJOYHOTO CTPOEHUS
YIPaBISIOMIEH CUCTEMBI U €€ (YHKIMOHUPOBAHUS BO BPEMEHHU.

OTH NPUHIUIEI TTO3BOJISIFOT BBIICIUTH CXeMY, HH(popMaluio, Ko-
OpIUHATHI U (YyHKLUIO YIPaBISIOIIECH cucTeMbl o0cmyxuBanus. Jis
CXEMBI ONPEAEISIOT CIEAYIONINE €€ COCTABISIONUE OOKH: BHEIIHAA
cpeza, BXOJIHBIE W BBIXOIHBIC TIOIFOCH, BHEIIHSAS IaMSITh, BHY TPEHHSSA
NaMsATh, YCTPOHCTBO 1O nepepadoTke HHPOpMaLuKi BHEIIHEH U BHYT-
peHHel maMaTu. HekoToprsle U3 MepednciIeHHBIX OJIOKOB KOHKPETHAs
cxXeMa MOXET He BKIIo4aTh. CXema ynpaBisIoLed CHCTeMBI 00Cty-
KUBAHUS OTpakaeT e€ ckeJeTHoe cTpoeHue. MHbopmanms npeacras-
nsieT co0oi COCTOSIHUS A4YeeK MaMATH B JaHHBIH MOMEHT BPEMEHHU.
KoopauHaTsl ONMUCHIBAIOT pacroioKeHne OJOKOB B CXEME YIpPaBiIs-
omeil cucreMsl. DyHKIUSA yKa3blBaeT AEHCTBHE, KOTOPOE CHCTEMA
MOXKET COBEPIINTH, IEPEX0OAs K CIEAYIOMEMY TUCKPETHOMY MOMEHTY
BpeMeHHU. Takke BBOOUTCS MOHATHE aJTOPUTMa yIPaBICHUS COCTOSI-
HUSMH COCTaBIIAIONINX OJOKOB cXeMbl. [Ipu npuMeHeHun KnbepHeTH-
YECKOT0 I10X0/1a HEOOXOANMO KOIUPOBaTh HHPOPMALIUIO WIIH, YTO TO
e caMoe, OCYIECTBUTh MAaTeMaTHYECKOE OMUCAHUE COCTaBIISIOIINX
OJIOKOB CXEMBI YTIPABIAIONICH CHCTEMBI.
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2. OnucaHue pabombl cucmemMbl Ha codep)xamesibHOM
ypOeHe u npuMeHeHue KubepHemu4yeckoz2o0 nodxooda

B pabotre m3ydaercs cUCTeMa MacCOBOTO OOCITYKHBAaHHS, KOTO-
past SIBISETCS MAaTeMaTHYEeCKONH MOJETBIO YIIPABICHUS C MOMOIIBIO
aBTOMara-cBerodopa HE3aBHUCHUMBIMH M KOH(MIUKTHBIMH TPaHCIOPT-
veimu notokamu 114, I, ..., II,,, Ha mepeceuenun m Maructpaneii.
KoH(pIMKTHOCTE 03HAYaeT, YTO OOCITyKMBAaHUE KaKIOTO M3 ITOTOKOB
IIPOUCXOMIUT B HETIEPECEKAIIIUeCsS MPOMEKYTKH BpemeHu. [locTyna-
IOIINE TTIOTOKH JENATCS Ha TpH Tuma: 1[; — MalOMHTEHCHUBHBIN ITO-
tok; 1o, ..., II,;,_1 — moToku cpenueit unTeHcuBHOCTH U 11, — UH-
TEHCUBHBIN MOTOK. Tombko motok II; obmamaer mpuopureToM. DTO
O3HAYaeT, 4To Jrobas 3asBKa IO MOTOKy II; momkHa OBITH 00CIY-
JKeHa KaK MOXKHO OBICTpee, HO He IMpephiBas 00CITYXKUBAHUS APYTUX
TpeboBanuii. [Tox 0OCTy)KUBaHHEM MAaITMH ITOHUMACTCS MX Iepees3y
4yepe3 MePEeKPecTOK. Y KaKIOTO M3 1M MOTOKOB €CTh OCHOBHOW 3Tam
00CTy)XUBaHUS M 3Tall TEPSHAIAKN, 32 CUET KOTOPHIX pa3perraeTcs
mpobaema 0e30MacHOCTH BU)KEHUS TPAHCIIOPTa Ha MepekpecTke. Bo
BpeMs TIepeHaIaIKH MPOAOKAET O0CITYKHBATHCS TOT XKE ITOTOK, UTO
Y Ha MpEeabIAyIIeM OCHOBHOM 3Talle, HO yXe C Oonblieil HHTEHCUB-
HOCTBIO. JIJIT HHTEHCUBHOTO TTOTOKA I1,,, IONOJTHUTEILHO BBEJICH €IIIe
OJIVH ITPOMEKYTOK BPEMEHH, B KOTOPOM TPOJIOKAETCS €r0 00CITYKH-
BaHue. Takum 00pa3om, 06CTyKHBaIOIee yCTPOUCTBO JODKHO UMETh
2m + 1 cocTosHHe F(l), I’(2), e F(Qm), F(2m+1), rne D=1 — co-
CTOSTHUE OOCITY>KMBAFOIIIETO YCTPOUCTBA, MMPU KOTOPOM IPOITYCKAETCS
TONILKO MOTOK II; ¢ mHTEeHCMBHOCTBIO 11j > 0; ') — cocrosuue
00CITyXKUBAIOIIETO YCTPONCTBA, MPH KOTOPOM IPOIMYCKAETCS TOIBKO
norok II; ¢ mHTEHCHBHOCTBIO (1 j > Mg r@m+l) _ cocrostane 06-
CIIy’KHBAIOIIETO YCTPOUCTBA, IPH KOTOPOM MPOIYCKAETCS TOJIBKO IO-
Tok I, ¢ uHTeHCHBHOCTBIO (1), > fim. 371ech ju1j (W) ompenenseT
CPeIHEeE YMCIIO 3asIBOK, OOCIYKUBAIOIIUXCS B SMHUILY BPEMEHH B CO-
crosanu ['%—1) (D(29)) coorBercrrenHo, a pi/, onpenernsier cpennee
KOJIMYECTBO TPEOOBaHUIA, 00pa0aThIBAEMBIX B CIUHUILY BDEMEHHU B CO-
crostaun ['(2m+1) Jmrensnoctu 11, 15, . . ., Topm 41 cocTOAHUI F(l),
r®, ., reEmtl) 00CTYKUBAIOIIET0 YCTPOHCTBA SBJISIOTCS YIIPABIISI-
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IOLIUMH [TapaMeTPaMU CUCTEMBI.

Bxomnpie moroku 11y, Ilo, ..., II,, cumTaem myaccOHOBCKUMH
COOTBETCTBEHHO C IMapaMeTrpaMé Ai, A2, ..., Ap. VIHTCHCHBHOCTB
Aj, j = 1,m ompenensier cpeiHee YHCIO 3asBOK, MOCTYIHMBIINX K
CTOI-JIMHHU TIEPEKPECTKa 3a COTUHHUIYY BpeMeHH. [ Hamei cucte-
MBI A1 < Ap,. CTOUT OTMETUTH, YTO HIJISI TPAHCIIOPTHBHIX ITOTOKOB
IIPH YCIIOBHH, YTO IMEPEKPECTOK HAXOMUTCS B Hadajie TPAHCIIOPTHOM
MarucTpajgd U CTOUT XOpOIIas IMOroja, ¢ OOJBIIOI TOCTOBEPHOCTHIO
MTONTBEP)KIAETCS NBIDKEHUE MaIuH 1o 3akoHy Ilyaccona. Ocoboe
MoJioXKeHue 3akoHa [lyaccoHa mpu aHAIMTHYECKOM PACCMOTPEHUH 3a-
Ja4 TPAHCIOPTa OOBSICHIETCSA HE TOJBKO €ro MPOCTOTOM M aJIeKBaT-
HOCTBIO, HO U T€M, 4TO MHOrHe ydeHnole, Takue kak O.K. bemses,
JI. bpetiman, b.B. T'nenenxo, b.M. I'purenunuc, K. Ilansm, A. Pe-
HbU, A.Sl. XUHYUH U Ap. TOCTATOYHO IOJHO U3YYWIIM €r0 CBOWMCTBA.
3asiBKH, TPUILEANINE B CUCTEMY, WIIM Cpa3y MOCTYHAOT Ha 00CITyKH-
BaHHC WM 00pa3yrorT HeorpanwueHHbie ouepenu O1, Os, ..., O,,.
W3 cootBercTBylOmEer odepenu 3asBKH BBIOMPAIOTCA HAa OOCITYXKH-
BaHWC TpynmnaMHu. B kadecTBe CTpaTernii MexXaHW3Ma OOCITYKHBAHH
01, 62, . . ., O, BBIOPAHBI SKCTPEMAIIbHBIC [2], TOCKOIBKY OHU XOPOIIIO
COMIACYIOTCSI ¢ PeaTbHBIMHE MpoIieccaMu Ha niepekpectke. [loroku Ha-
ceimennst 115, I1,, ... | TI) onpenenstor BBIXOAHbBIC MOTOKH CHCTEMBI
MIpH e MaKCHMaJbHOU 3arpy3ke U 3(h(heKTHBHOM (YyHKIIMOHHUPOBA-
HUY, CUUTACM UX He3aBUCHMbIMH. KuOepHeTHueckuii moaxo]| mo3Bo-
JIWJT BBIACTHUTD CJCIYIOIINE COCTABIISIOIINE OJOKH CXEMBbI YITPABIISIO-

meit cucremsl: 1) Bxogusie notoku 11y, Iy, ..., 1L, — mepBoIit THO
BXOJIHBIX [OJIOCOB; 2) moToku Hackimenust 11, IT,, ..., I/ — Bropoii
THI BXOAHBIX TOJI0COB; 3) ouepenu O1, Oa, ..., O, — BHEIIHI Ta-
MsTh; 4) CTpaTeruu MexaHu3ma o0Cay uBaHus 01, 0a, . . ., Oy, — OJIOK
10 TIepepadoTKe HHPOPMAIHK BHEITHEH aMATH; 5) 00CTyKUBaIoIee
YCTPOMCTBO € COCTOSHUSIMHU F(l), F(Q), e r@m+1) _ BHYTPEHHSAS

MaMsTh, aJITOPUTM CMEHBI 3TUX COCTOSHUH — OJIOK 10 TepepadoT-
Ke UHPOPMAIIUU BHYTPEHHEH MaMsATH; 6) BBIXOHbIE TIOTOKUA CUCTEMBI
113, I, ..., II,, — BBIXOAHBIE HOJIIOCA.

[lepeuncneHHble COCTABISAIONUIUE OJOKH CXEMBl YHPaBISIOLICH
CHUCTEMBI MPEJCTaBIEHbI Ha puc. 1.
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Puc. 1. @ynkyuonanonas cxema npuopumemnou ynpasisoujei
cucmemvl 0OCTYIHCUBAHUSL C YNPEHCOEHUEM

Habop cocrostamii ouepeneli B HAKOITUTEIIAX, COCTOSTHANA 00CTy-
JKUBAIOIIETO YCTPOUCTBA, BXOMHBIX IMOTOKOB, IIOTOKOB HACHIIICHUS U
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ITOTOKOB OOCITYKEHHBIX TPEOOBAHUHN TIOJHOCTBIO OTPEACISIFOT HHPOP-
MaIIHIO yIIpaBistoniel cucteMbl. HoMepa BXOTHBIX IOTOKOB, IOTOKOB
HACBIIICHHUS, BBIXOMHBIX TOTOKOB, HAKOTIUTENEH, MEXaHU3MOB (hOPMHU-
poBaHUS odepeneil 1 HoMepa COCTOSHHI 00CTy)KHBAIOIIETO yCTPOM-
CTBa 3a/1aI0T KOOPAWHATHI YIPABIAIONICH cucTeMbl. DYHKIHS CHCTe-
MBI — 9TO yIpapJeHUE NOTOKaMH (pa3pelicHUe WU 3alpelleHue Ha-
Yajna o0CITy>KUBAHUS KaXKIOTO U3 HUX) U HEMOCPEJICTBEHHO 0OCITYKH-
BaHHE HEOJHOPOAHBIX TpeOOBaHHH.

3. Mamemamuyeckasi onucaHue 6/10Kk08 cxembl

B omnnuune oT mpocTeHIuX KIaCCUYECKUX CIIy4aeB, paccMaTpu-
BaeMasi CHUCTEMa HE SIBISETCS OAHOKAHAJIBHOHM, 0O0CIyXHBaHHE Tpe-
OoBaHUIl HE OAYMHSCTCS TOKa3aTeIbHOMY 3aKOHY, BXOAHBIE MTOTOKU
00pabaThIBaIOTCSI B HENCPECCKAIOLINECs MPOMEXKYTKH BPEMEHH, ajl-
TOPUTM CMEHBI COCTOSHHUM 00CTYKMBAIOIIETO YCTPOWCTBA 3aBUCHUT OT
odepeny 1o MpuopuTeTHOMY HOoToKy 1I;. B cBsi3u ¢ stum dyHKIm-
OHHPOBaHHE CHUCTEMBI B HEMPEPHIBHOM BPEMEHHM SIBISETCS CIOKHBIM
BEKTOPHBIM TIPOIIECCOM, U TeM OoJiee He SIBISETCS MapKOBCKHM IIPO-
neccoM. M3yueHne Takux XapaKTEpUCTHK CHCTEMBI KaK JUIMHA OYe-
penu u BpeMs OXHJAaHHs OOCITY>KMBaHUS 3agBKH IO TMOTOKY, a TaKKe
BBIXOAHBIX ITOTOKOB B HENPEPHIBHOM BPEMEHH SIBIAETCS TPYyJHOPA3-
pemmMoi 3amadeid. [ pemenus 1aHHON MPOOIIeMBbl U IPUMEHSIICS
knbepHeTHyeckuid moaxon. CornacHo HOJIOKEHUSIM KHOSPHETHYECKO-
ro moaxona [3] ympapisiromas cucTeMa, KOTopas peaqbHo (QyHKIU-
OHHpPYET B HEMPEPHIBHOM BPEMEHH, PACCMATPUBANIACH B CIIELHAIBEHO
nonoOpaHHble AUCKPETHBIE MOMEHTH 74, ¢ = (,1,... win Ha Tpo-
MEXYTKE [T, T;4+1). B CBA3M ¢ 3THM YCIOBHMCSI, 9TO BEIUUYHHBI T,
¢ > (0 SBAAIOTCS MOMEHTaMH IEPEKIIOYEHUsI COCTOSHUN OOCITyXKH-
BaroIiero ycrpoicrsa. Ilycts 79 — MOMEHT Hadana GyHKIIMOHUPOBA-
HUS CUCTEMBI U OH COBIIAJAaeT C HEKOTOPHIM MOMEHTOM IEepeKIroye-
HUS cBeToopa. DIEeMEHTHI 7; CIy4alHbI, TOCKOJIBKY 3HadeHus 17,
T5, ..., Tom+1 PA3IUUHBEl M MOXKHO 33JaBaTh IPOU3BOJILHBIE BEPOSIT-
HOCTH JJISi COCTOSTHHI OOCITY’KMBAIOIIET0 YCTPOWCTBAa B HadaIbHBINA
MOMEHT BPEMEHU T, a TIOCIEJ0BATENBLHOCTD NEPEKIIOYEHNUI COCTOSI-
HUI 3aBUCHUT OT CIy4YailHOTO MOCTYIUICHHS 3asiBOK MO MPHOPUTETHO-
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— . . [ / .
N/I/y HOTO;(y I1;. Bymem nlonaraTb, q;o lj = [piToj-1], ;= [/,LjTQJ] u
lm = [/,LmTQm+1], lj > lj uly, > lm'

Ompenemum ipu j = 1, mut = 0,1, ... cleayromue cCiry4aiiHbIe
SIIEMEHTHI:

1) nj; — umcno 3asgBOK moTokKa II;, NpULIEAINX 3a IPOMEKYTOK
BpeMeHH [7;, Tit1), N € X ={0,1,...};

2) &;,; — MaKkCMMaJbHO BO3MOXKHOE YHCIIO TPeOOBaHUM, KOTOpOE
MOXET OOCIY’KHTBCS 3a TPOMEXYTOK BPEMEHH [T;, Ti+1) [0 MOTOKY

"
H],SJZE{OZJ,Z}Hij—lm 1a€mz€{0alm’ o bm }3

3) I'; — cocrostHEe 0OCTYKHBAIOIIETO YCTPONUCTBA Ha MTPOMEKYT-
Ke BpeMerH [7;, Tiy1), I € T = {TM TR pEm+y,

4) j,; — JUIMHA OYEPE/H 110 MOTOKY IT; B momenT 75, 7j,; € X;

5) &;,i — 4Mcno peanbHO OOCTyKEHHBIX 3adBOK notoka II; 3a
IPOMEXYTOK BpeMenH [, Ti11), & € Y5 ={0,1,...,1;};

6) £;,—1 — 4UCII0 peanbHO 00CIyKEeHHBIX 3adBoK nortoka II; 3a
npoMexyTok Bpemen [0,79), {,—1 € Yj.

CewmeiicTBo ciyuaiineix Bemumums {&;;7 = 1,m,i=0,1,...}
3aJlaeT HEJIOKAJIbHOE OIMCAHHME BBIXOJHBIX MOTOKOB. 3asBKU U3 OYe-
peneil OTOMPAIOTCS COMMACHO JKCTPEMaJbHOW CTpaTerdv MeXaHW3-
Ma 00CIy)KMBaHMSA, TO €CTh &j; = min {% + ;i€ Bxon-
HBIE TOTOKH CYUTAEM ITyaCCOHOBCKHUMH, H03TOMy CTIpaBeJTUBO pa-

; -1
BenctBo P(nj; = uj|T; = TM) = (A1) % (u;!) "t exp{—\,; T} =
= p;(uj, ), tne u; € X, r=1,2m+ 1.

Beeném B paccmorpenne dymkumm fi: I' — {0,017, 15,15},

j = 1, m Takue, 4TO

(ljr=2—1,j=Tm;
=245 =1,m;
OO = r=2m+ 1,5 =m;
0,re{1,2,....2m+ 1}\{2j — 1,25}, =1,m — 1;
I(O,re {1,2,....2m -2}, =m

Torna &;,; 6ynyt onpenensrtbes Kak &;; = f;(I';), tne j = 1,m,
i=20,1,.... [lnsg onucaHus NPHOPUTETHOTO aJrOPUTMA C YIPEXKIe-
HHEM CMEHBI COCTOSIHUI OOCTY)KHMBAOIIETO YCTPOWCTBA OMPEICITUM
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mpu ') € T, wy € X uuy € X dynxumo U(I‘(T), wy, uy):

rF(l),r:2m;
ro+) = Tom 3,
U(F(r),wl,ul):{ rem e {2m—1,2m+ 1}, w; = 0,u1 > 0;
rem re{2m—1,2m+1},w; > 0;
T(

A1) e {2m —1,2m + 1}, w; = uy = 0.

\r

Torma I'ip 1 = UL, 514,m,). Takum oGpaszom oOcityxuBaromiee
YCTPOHCTBO MMEET ITUKINYCCKUH aJTOPUTM pabOThI, HO TIPU ATOM €T
cieyroniee coctosaue ' 11 3aBUCHT HE TOJBKO OT HPEABIIYIIETro CO-
ctostaus [';, a Takke ¥ OT JJTMHBI OUEPEI M YHCIa 3asBOK, TOCTYIIHB-
IKMX 10 npuopureTHoMy motoky II;. B cuiy HezaBucumocTH BXO-
HBIX TIOTOKOB M TIOTOKOB HACHIIICHUS, M3ydJalach TOIBKO BEKTOPHAS
nocnenoBarensHocTs { (I, 221 4, 20m,i, 5_171-,1, Emﬂ-,l);i > 0}, ompe-
JSIIAIOIIast TIOBEACHHUE CUCTEMBI 110 MPUOPUTETHOMY 11; ¥ MHTEHCHB-
Homy II,,, morokam. /laHHas mociea0BaTeIbHOCTh TAKXKE ONPEACIIsIeT
U HEJIOKaJIbHOE OMMCAHNE BBIXOAHBIX MOTOKOB 110 STHM HalpaBJICHH-
sIM, IIPUYEM 32 BBIXOTHOM IMOTOK OTBEYAIOT KOMIIOHEHTBI 51 i Em i»a
I';, »21,4, #m i UTPAIOT POk MeTOK. CUMTaEM, YTO B MOMEHT T 3aJaHO
pacnpenenenune Bekropa (g, s 0,%m0,§1 _1,§m _1), TO €CTh NpHU
I'®el,zeX,zmeX, Y1 € Y1, Ym € Y, U3BECTHBI BEPOSTHO-

CTHU P(FO = F(s), %170 =T, %m,O = xm,fl,—l = y1,§m7_1 = ym).
4. Pe3ynbmamsbl aHanumu4eckoz20 uccsiedogaHusi

Pacnipesienienue Cy4aiHbIX BEIUYMH 1)j i, &1 -1 CYLICCTBEHHO
3aBucHUT OT BbIOOpa Bekropa b = (11, Ts, ..., Tomt1), THE b € B =
{(T, T, ..., Toms1) : Th > 0,75 > 0,...,Tom+1 > 0}. Bekrop b
SIBJIAETCS YIPABICHUEM KOH(JIMKTHBIMHM [MOTOKAMH B TIPHOPHTETHON
crCTEME OOCITY)KHBAHUS C YIPEKIECHUEM.

Jlemma 1 (cm. [4, c. 6]). [na eekmoproti nociedosamenbHocmu
{(Ty, 221,45 2misn €1,i—15Emyi1), 1 = 0}: CNnpaseonuso pexyppenmmoe
coomnowenue: (L1, 521 i41, #m,it1,€14, Emyi) = (U, 514, M),
max{0, x5+ My — 6171‘}, max{0, Hmi T Ny — fm,i}, min{%l,i +
N,y &1t min{sgm; + Nmyis Emyi})-
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Jlemma 2 (cm. [5, ¢.193]). Ilpu 3aoannom pacnpedenenuu Ha-
YanbHO20 6EKMopa (Fo, 21,05 %m0, §1 _1, {m _1) nocnedosamens-
nocmu {(Ly, 221 4, 20m i, fl i1, §m i—1);1 = 0} sensemess 00OHOpoOHOU
MAPKOBCKOU Yenvio.

[lpumem  criexyrompe O00O3HAYEHUs IS BEPOSTHOCTEM:
Py = F(S) LKL il = T1y Zmitl = Ty &1 = Y1, Emyi = Ym) =
= Qin1(T (s) X1, Ty Y1, Ym). B pabore [4] Obut MOTydYEHBI
PEKYPPEHTHBIE COOTHOINEHUS ISl OJHOMEPHOIO paCIpPEIe/ICHUS
{Qi(T®, x1, 2, y1,ym): T €T, 21,20 € X, 41 € Y1,ym € Vin}
nocnenosarensHoctd  { (L', 521 4, 26m 4, &1i-1,&mi—1);4 = 0} m

JOKa3aHoO, 4TO I[J'I?I HHUX BBIIIOJHACTCA YCIOBHC HOPMHUPOBKH
2m+1 oo 00

)IEDIEDY Z Z Qi 1T, 21, T, Y1, ym) = 1.

s=1 21=02m=0y1=0ym=0

JlemMma 3 (cM. [4, c.8]). IIpocmpancmeo E  ecex 603-
MOJUCHBIX coCmosHutl 0OHOPOOHOU MAPKOBCKO yenu
{(Ts, 514, #misE1i-1,Emi—1);© = 0} pacnaoaemcs mna Hesa-
MKHYymoe MmHodcecmeo Eg  mecywecmeennvix cocmoamuil u  Ha
MUHUMANbHOE 3aMKHYmoe MHoxcecmso E1 cywecmeennvix coobwa-
IOWUXCSL ANePUOOUYECKUX COCMOSHUIL.

HecyiecTBeHHbIE COCTOSHHS MOTYT BOSHUKHYTh 33 CYET BBIOO-
pa Ha4aJabHOTO pachpeneneHus. MapKoOBCKas LIEMb BBIXOJUT U3 Ta-
KHX COCTOSHHI 32 OJMH IIar W OOJbIIE HUKOIJA B OTH COCTOSHHS
HE BO3BpaIaeTcs. JDToT (akT MO3BOJSICT B JAabHEHUIIIEM paccMaTpH-
BaTh TOJILKO 3aMKHYTO€ MHOXECTBO [/ CYIIECTBEHHBIX COCTOSHHUIA, B
YaCTHOCTH 3a/1aBaTh Ha HEM HavaJbHOE pacrpesecHue.

JlemMma 4 (cM. [4, c. 18]). [ eekmoprnoti MapKo6ckou yenu
{(Ty, 5014, %mi,él i1, f_mi, );i = 0} npu mobom HauansHom

pacnpedenenuu aubo lim Q;(T (r) yT1, Ty Y1, Ym) = 0 ons ecex
1—00

(F(’"),ml,:ﬂm,yl,ym) € E1 u 6 uccnedyemoii ynpaeisio-
weil cucmeme He Cywecmeyem CMAyUuOHAPHO20 OBUNCEHUS, JiU-
o0 iligloQi(F(r)?xhxmvylaym) = Q*(F(r)vxlyxmaylaym) > 07

Q*(F("),xl,xm,yl,ym) = 1 u 6 cucmeme cy-
(T 21,8m,y1,ym) EEL
wecmeyem CmayuonapHoe 08udiICeHue.
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B paGore [4] ObuM mONMy4YeHBl PEKYPPEHTHBIE COOTHOILE-

HUS U TPOM3BONAIIMX (YHKIMH 32 TakT paboOThl CHUCTEMBI
o0 [e.°]

@’L’ (F(S), y17 ym, Zl; Zm) = Z Z Qi(F(S)al‘lv T, y17 ym)zflzfr{n,

x1=0xz,,=0
i=0,1,..,T® € T,y1 € Yi,ym € Vi, |21] < 1, |zm| < 11
2m
3a mepuon T = > T, paboThI CHCTEMBI <ngi(F(s), Y1y Yms 215 Zm) =
r=1

o0 o0
= Z Z QQmi(F(S)axhxmayhym)zlxlzfnma v = 07 17 “ees
1171:0 ImZO
I'®) e T,y € Y1, ym € Yim, |z1] < 1, |22] < 1. Ha ocHoBaHuHHK
MOJIYYSHHBIX COOTHOIICHUH ObUIH JIOKa3aHbI CIICAYIOUIHE TEOPEMBI.
Teopema 1. Ecau cnpasednuso \iT — 1y — I} > 0, mo umeem

Mecmo npedenbHoe paseHcmso 1im Qi(F(T),xl, Ty Y1, Ym) = 0 01
71— 00

scex (D), z1, &0, y1, ym) € F1.

Teopema 2. IIycmb vinoanenst nepasencmsa: \iT—1—1} <0,
AmToma1 < U MT (L +1) 7 =X Tomet (b + 1) (L + 1)) 71+
A Toma1 (I8)™1 > 1. Tozoa Zlggo Qi(T™) 1, Ty Y1, Ym) = 0 Ons

1100020 COCMOAHUS (F(T), X1y T,y Y1, Ym) € E1.

Teopema 3. /[na Cyuecmeo8ansl cmayuonap-
HO20 pacnpeoeieHus 00HOPOOHOU MapKo8CKoll yenu
{(Ty, 5014, 20m,is 51,1-_1, Emﬂ‘_l);z’ > 0} oocmamouno ewinonme-
Hust 08yx nepagencme: \\T —1; — 1) < 0, AT — 1y, — 1, < 0.

5. KubepHemu4eckul 3kcriepumMeHm

KubepreTnuecknii TIOAX0J] MO3BOJIMI BBIICIUTH OJOKH CXEMBI
YIPaBISAIONMEH CUCTEMBl M HAWTH (YHKIUOHAIBHBIE CBS3H MEXIY
stumu Onokamu. [lomydeHHBIE pe3ynbTaThl Jadu BO3MOXKHOCTH IIO-
CTaBUTHh KHOEPHETHUYECKUI SKCIIEPUMEHT (IIPUMEHUTh METOJ UMHUTa-
LIMOHHOTO MOACIUPOBAHNS) IJISl YUCIICHHOTO HCCIICIOBAHUS CHCTEMEI.
st npropUTETHON YIpaBIISIOIIEH CUCTEMBI C YIIPEXKICHUEM HE yaa-
eTCSl aHAIMTUYECKU HAWTHU PsIi XapaKTEPUCTUK, B TOM YHCJIE BEPO-
ATHOCTHBIC 3aKOHBI pacIpelesieHHs] BBIXOMHBIX TOTOKOB. YTOOBI IM0-
JY4YUTh UX YUCIICHHBIC OLIEHKH, a TAK)K€ HAWTH KBAa3MONTHUMAJIbHEBIC
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napaMerpsl (YHKIMOHUPOBAHKS CHUCTEMBI, ObLIa CO3[aHa COOTBET-
CTByIOIIAs MMHTALMOHHAS MOJE]b. B KadecTBe ImpuMepa paccMoT-
puM ciyuaii m = 2. IIpy MOAEIMPOBAHMH YYMTHIBAIUCH YCJIOBHS
CYIIECTBOBAHMS CTAMOHAPHOTO peXUMa (PYHKIMOHUPOBAHUS CUCTE-
4
Ml MT — 1 =011 <0 XTI -l -1y <0,tmeT = ZT

s=1
B magaime pa®oThl MMHUTAITMOHHON MOJENH 3aJaBaICh CIICHYIOIIHC

napameTpsl: 1) amurensHoctu 17,15, T3, T4 u T5 cocTosiHMiA 00CITY-
JKUBAOIIETO YCTPONCTBA; 2) WHTEHCHUBHOCTH A1 U Ay MOCTYIUICHHUS
TpeOOBaHuil; 3) MHTCHCUBHOCTH [i1, it 1, 2, p'y 1 p”y 0OCITyKHBa-
Hus TpeOoBaHni. Taxke yUUTHIBATHCH (PU3MUECKHE OTPaHWUYCHHS Ha
HEKOTOphle mapaMeTphl: 1o > 4, Ty > 4,15 > 4,11 > T3, Ty > Ty,
T>60,11>l/1,l2>l/21/1l2>l/2/.

MonenupoBaHue BKIO4aso B ce0st 1Ba 3Tana. Ha mepBom ta-
e OTpEeNeNsyICs MOMEHT Iepexo/ia CUCTEMbI B KBAa3HCTAIlMOHAPHBIN
pexxuM pyHKIMOHMpOoBaHUA. [ onpeneneHns Havyaia KBa3uCTalUo-
HapHOTO peXHMa MpPHU 3aJaHHOM Habope BXOIHBIX IapaMeTpPOB OHO-
BPEMEHHO HAOMIOAAINCh HEBO3MYILCHHAS U BO3MYIICHHAs] CUCTEMBI.
B HavanbHBIIT MOMEHT BpEeMEHM Ouepeau MepBoil (HEBO3MYIEHHOIN)
CUCTEMBI OBUIM TYCTHI, a JJIMHBI Odepesieil BTOpol (BO3MYIIEHHOI)
CHCTeMbI OBUTM OTIMYHBI OT HyJs. Ha 4-M I1are BBIYMCISUIUCH 3Ha-

—_—

0 + =
YEHUS Mfyj’i u M’yjﬂ., j = 1,2 oueHOK CcpeaHero BPEMEHH OXHU-
JaHusl Hadajla OOCIY)KMBaHMs TPeOOBaHHA IO MOTOKAaM B MEPBOH H
BTOpOii cHCTeMax. 3aTeM OMNpEIEINCh 3HAYeHUs ) fyj OLICHOK
CpeIHero BpEeMEHHU OKHJaHMS Hadana o0OCITy)KUBaHUS MPOU3BOIBHON

3asBKM B CHCTEMAx, rme 7Y = (AlM'y?’i + )‘2M'Yg,i)/(>‘1 + A2),

v o= (AlM’yfi + )\ngyZi)/(/\l + A2). Ilpu BbIMOJHEHHH yCITO-
Bus 170 — 1 > 599, 8 € (0,1) nepexonumu k (i + 1)-my mwary.
B npotusHom ciy4ae, korna 1Y — ;71 < 649, cumramn, uto cucre-
Ma JOCTHIIIA KBa3HUCTAIIMOHAPHOTO PEXUMa U (PUKCUPOBAIN BpeMs
HaOMIONEHHs, KOTOPOE M SBJSUIOCH OLEHKOW BPEMEHH IEPEXOJHOTO
nporecca. [Ipu MmonenupoBanuu ucnonb3oanu d = 0, 05.

Ha Bropom sTarne MonenupoBaiack paboTa CHCTEMBI B KBa3HCTa-

OUOHAPHOM PCKUME TSI HAXOXICHHUA YHCJICHHBIX OLHCHOK XapaKTe-
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—~

PUCTHK CHCTEeMBI. bpuin HaleHsl: 1) oleHKH m u M~y cpennero
BpPEMEHU OKHJaHMA Hadajla 00CTyKMBaHUS TpeOOBAHMUS TI0 IIEPBOMY
Y BTOPOMY ITOTOKaM; 2) OIIeHKa y* CpeJHero BpeMeHU OXKHIaHUs Ha-
yana 00CITy)KMBaHUS MTPOU3BOJIBLHOTO TPeOOBaHUs; 3) OLEHKH ]\/4\/:1 u
]/W\I_i/g CpelHel oyepeny nepe 3eJIeHbIM CBETOM I10 IIEPBOMY U BTOPO-
My IIOTOKaM. 31€Ch 3 ; = Kj, j = 1,2 onpenenser odepeb B KBasu-
cTallMOHAapHOM pexkuMe 1o noToky I1; mepen nepexomom obcimyxkusa-
FOIIEr0 YCTPOWCTBA B COCTOSIHUE INC NI CIy4aliHON BEIUYHHBI
Ej,i_l = 0, xotopas npu j = 1,2 ompenenser B KBa3HCTalMOHAP-
HOM pEeXHME YHCJIO 00CTY)KEHHBIX 3a8BOK 3a BpEMsl, IIOKa 00CITyXKH-
BafolIee ycTpoiicTBO Haxomutes B cocrosunn 1'%~ | ppraucsmics
cmmcmqe% psI pacnpeneneHus, BEBIOOPOYHOE MaTeMaTHn4ecKoe

—~—

oxunanue M (0;) n BbiOopouHas mucnepcus D(6;). Metogom co-
KpaleHHOro nepedopa pemanach 3aJa4a ONTHMU3ALHNN 10 KPUTEPHIO
~* — min. B Tabnuue 1 npuBeneHsl pparMeHTsl pe3ysIbTaToB, MOTY-
YEHHBIX TpPH (UKCUPOBAHHBIX 3HadeHWsIX 1o = 1, = 4,15 = 5,
pr=p2 =14y =p's=1,25p"s=1,4, 21 =0,11u Xy =0,4.

Tabnuya 1. 3nauenus oyenok m m ¥, m ]\//[\/;;/2 O PANUYHBIX
onun nepuooa T

T | Ty | T3 | Mvyy | My v* Mk1 | Mko
12 [ 100 | 6136 | 2.02 | 13.89 | 11.84 | 621
16 | 96 | 48,65 | 2.89 | 12,05 | 1034 | 7.80
120 720 792 [ 38,79 | 7.16 | 13.49 | 931 | 1249
12 | 80 | 4955 | 1.68 | 1125 | 939 | 5.03
16 | 76 | 38.63 | 337 | 1042 | 841 | 7.60
100 50 T 72 [ 29,72 | 746 | 11.92 | 7.23 | 11.74
8 | 64 | 3856 | 1.61 | 9.03 | 757 | 439
12 1 60 | 29.82 | 341 | 868 | 6515 | 693
80 T8 154 [ 2096 | 7.72 | 1037 | 549 | 10.52
6 | 46 | 2445 | 196 | 646 | 528 | 4.4
12 | 40 | 1832 | 436 | 7,15 | 451 | 6.4
60 ™76 | 36 | 1526 | 6,54 | 829 | 4.16 | 855

W3 tabnumbl 1 criemyer, 4To MpH yKa3aHHBIX MapaMeTpax MH-
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HUMYM OIICHKH " paBeH 6,46 M OH JOCTUTAeTCs NPU 3HAYCHUSX
T = 60, 71 = 6, T3 = 46, koTOpbIE SABJISAIOTCS KBA3MONTUMAJIbHbI-
mu. [Ipu 3THX ke 3HAUCHHSX JUIS IEPBOTO BBIXOHOTO MOTOKA BHIOO-

pouHoe Maremarmdeckoe oxumanue M (01) = 4,94 u BeiOOpouHas

P

aucnepeust D(6,) = 1,84, a nus Broporo noroka M (62) = 22,26 n

D(62) = 21,23. B tabmumax 2 u 3 npuBeICHBI CTATUCTHYECKHUE PSIIBI
pacrnpesienienus uucna tpebosanuii noroka II;, j = 1,2, obcmyxen-
HbiX B coctostun [(%~1) | JlaHmbie psasl momydeH mpu KBa3HOTH-
MaJIbHBIX ITapaMeTpax, 371eCh i; — YUCI0 00CTyKEHHBIX TPEOOBAHUI,
a p;* — COOTBETCTBYIOLINE CTATUCTUYECKHE BEPOSATHOCTH.

Tabnuya 2. Cmamucmuueckuti pso pacnpeoeienust Yucia
mpebosanuii nepeo2o nomoxa, obcnyicentoix 6 cocmosnuy I'Y

Y1

0

1

2

3

4

5

6

Pi

0

0,022

0,046

0,102

0,151

0,158

0,521

Tabnuya 3. Cmamucmuueckutl pso pacnpeoeieHust YUcia MauuH,
0OCIYICEHHBIX NO 8MOPOMY HANPABILEHUIO 3 8peMsl, HOKA C8emoghop

naxoouncs 6 cocmosinuu T'3)
y1 0 10 11 12 13 14
i 0 e 0 0,003 | 0,006 | 0,014 | 0,022
y1 15 16 17 18 19 20 21
pi 10,019 | 0,038 | 0,070 | 0,051 | 0,069 | 0,056 | 0,082
» 22 23 24 25 26 27 28
pi | 0,080 | 0,087 | 0,084 | 0,075 | 0,074 | 0,049 | 0,040
»n 29 30 31 32 33 34 35
p7 | 0,023 | 0,016 | 0,012 | 0,011 | 0,007 | 0,002 | 0,004
»1 36 37 38 39 40 46
pi 10,001 | 0,002 | 0,002 | 0,001 0 0

Omnpenenum 3arpy3Ky CUCTEMBI IO j-My MOTOKY CJICIYIOLIUM 00-
pasom: pj = NjT(pu;Toj—1 + ' ;To;)~", j = 1,2. Obmas 3arpyska
CHCTeMBI p = max{pi, p2}. s paznuuHbix 3HaYCHHI UHTEHCUBHO-
CTel BXOIHBIX ITOTOKOB ObUIN MONy4€eHBl ycpenHeHHbIe o 10 pasnnd-
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HBIM pealin3alysaM MpoLecca OLCHKU * CPEeIHEro BPEeMEHHU OXKH[a-
HUS Hadayia 00CITy>)KHBaHUS TIPOU3BOJIBHOTO TpeboBaHus (puc. 2).
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Puc. 2. Usmenenue oyenxu v* 6 3asucumocmu om 3a2py3xu p

[TomydeHHbIe pe3yNIbTaThl MOKA3bIBAIOT, YTO C POCTOM 3arpy3KH
CHCTEMBI OLIEHKa ™ CpeHero BPEeMEHH OXKUIaHHsI Hadaina 00CITyKu-
BaHUsS TPOM3BOJIBHON 3asBKM BO3pPACTACT MO HEIMHEHHOMY 3aKOHY.
Ho npu 3TOM v* yMeHbIIaeTCs MPU COKpalieHuu nepuoaa 1’ paboTsl

XI BCEPOCCUMCKAS LIKOJIA-KOH®EPEHIIUS MOJIOJIbIX YUEHBIX
“YIIPABJIEHME BOJIbIIUMU CUCTEMAMMW”



346
00CITy’KUBAIOIIEro ycTpoicTBa. C MOMOIIBIO TOCTPOSHHON UMUTAIH-
OHHOM MOJIETH TaKKe M3ydajiCcsi BONPOC O MPOAOIDKUTEIHHOCTH Iie-
PEXOIHOrO mpolecca B CHCTEMe HOCIe HEKOTOPOro HavyalbHOTO BO3-
MYIIEHHS B BHIE 33JjaHNs Pa3MepPOB HauaIbHBIX Odepeneil o Kax/Io0-
MY BXOTHOMY IOTOKY. AHAIN3 MOTYYEHHBIX PE3yJbTaTOB MO3BOJISCT
C/IeTaTh BBIBOJ, YTO C YBEIMUYEHHEM 3arpy3Kd p MPOIODKUTEIEHOCTD
MIEPEXOIHOTO0 MpoIiecca B CUCTEME BO3pacTaeT M HabmonaeTcs pe3koe
ee yBenmudeHue mnpu 6ompimux (p > 0, 8) 3arpy3Kax CHCTEMBI.

IlenecooOpa3HOCTs NPUMEHEHUS! AJITOPUTMA C YHPEXKICHUEM
o0ocHOBaHa B psne pabot, Hampumep [2]. JaHHBIH anropuT™ ILIU-
POKO TIpUMEHSIETCS TS YIPaBJIeHUS MHTEHCHBHBIM TIOTOKOM TpaHC-
[opTa Ha OCHOBHOM MarucTpaiud M MPUOPUTETHBIM MaJOMHTEHCHB-
HBIM TTOTOKOM TIEIIEX0A0B, KOT/a MOSBICHUE Temexona GuKcupyercs
YCTAHOBJICHHOHM Ha MEpeKpecTKe KHOMKOW BBI30Ba. Pe3ynbraTsl HMU-
TAI[MOHHOTO MOJEJIMPOBAHMS TOATBEPKIAIOT TaKkke TOT (PAKT, UTO
MIPUOPHUTETHBIA aJTOPUTM C YIPEXKICHUEM JAeT MEHbIee 3Ha4eHHUE
OLIEHKH CPEJHETO BPEMEHU OXHIAHWs Hadaja oOCITyKMBaHHUS IPO-
HM3BOJILHOTO TPeOOBaHUA, YeM ITUKIMYCCKUI anroput™m [6] TO eCTh
OTHOCHUTENBHO KpuTepHs Y* — min sBisieTcs 0oiee BHITOTHBIM.

6. 3aknroyeHue

B craree nemoHcTpupyercs 3()(EeKTHBHOCTH NMPUMEHEHUS KH-
OCpHETUYECKOTrO MOAXO0Aa MPU MOCTPOSCHUH MaTeMaTHYeCKOH Moje-
U U U3yYCHUU BEPOSTHOCTHBIX CBOMCTB BBIXOIHBIX IOJIOCOB TIPH-
OPUTETHOW YIPABIAIONMIEH CHCTEMBI KOH(IUKTHOTO OOCITYKHBAHHS.
C moMOIIbI0 YKa3aHHOTO TOAXOAA MOMYyYEeHO MAaTeMaTUYeCKOE OIH-
CaHHUE€ BBIXOJHBIX IOJIFOCOB CUCTEMBI B BUJIE MATUMEPHON BEKTOP-
HOM MapKOBCKOW MOCJIENOBAaTEIIBHOCTH CO CYETHBIM YMCIIOM COCTO-
SIHUM, BKIIIOYAIOIIEH TaKWe AJIEMEHThl CaMOM CHUCTEMBI, KaK o4depenu
U COCTOSIHUS OOCIYXXHMBAIOIIETO YCTpoicTBa. [ mocTpoeHHO! Io-
CJIEIOBATEJIbHOCTU MPUBOJATCA PE3YJAbTAThl aHAJTUTHUYECKOTO HCClie-
JIOBAaHWsA, B TOM YHWCJE MpeeibHbIE TEOPEMBI, MO3BOJISAIOIINE HAXO-
JIUTh €€ KOHEYHOMEPHBIC PACTIPEICIICHUS U CYyIIECTBEHHO COKPATHUTh
BpeMs MTOKMCKa KBa3HONITUMAIBHOTO YIIpaBiieHus. B pabote Takxe mo-
CTaBJIeH KHOSPHETHUECKUI IKCIIEPUMEHT, 00eCTIeYMBAIOIINIT BO3MOXK-
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HOCTB MPOBEJICHUSI YUCICHHOTO UCCIIEJOBAHMS CUCTEMBI U €€ BBIXO-
HBIX MOTOKOB. IIpeuioskeH anropuT™ IMOMCKa KBa3HONTUMATBHBIX TIa-
paMeTpoB YIpaBJICHUS 10 KPUTEPUIO MUHHUMH3AIHUU CPEIHEr0 Bpe-
MEHU OXKHJAHUS Hadajga OOCITyKHBAHHSI TIPOU3BOIBHOTO TpeOOBaHMUS,
MIPUBE/ICHBI HOBBIE PE3YNBTaThl YHCICHHOTO MCCIIEIOBAHUS CUCTEMBI.
Panee, aBTopoM OBLTH TIOTYYEHBI TTOJOOHBIC PE3YIBTATHI IS ITAKITH-
yecKko yrpasistoiei cuctemsl [7]. Ho mo cpaBHEHUIO ¢ HUKINYE-
CKHUM CJIy4aeM, 3/IeCh IMpenjaraercs 0osee CIOXHBIA alrOPUTM CMe-
HBI COCTOSIHUI BHYTPEHHEH MMaMsTH, KOTOPBI UCIIONb3yeT HH(opMa-
L0 O COCTOSTHUH BHEITHEH MaMsTH.
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CONTROL OF OUTPUT FLOWS OF PRIORITY
SYSTEM SERVICE WITH FEEDFORWARD

Ekaterina Proidakova, Lobachevsky State University of Nizhni
Novgorod, Nizhni Novgorod, Candidate of physcal and
mathematical sciences, docent (pev_1@mail.ru).

Abstract: This paper is a continuation of the series of works, devoted
to the study of probabilistic properties of output flows of nonclassical
queuing systems. Here we consider the system of control of conflict
flow requirements with priority and proactivity. Using cybernetic
approach mathematical model of the output system flows in the
form of a five-dimensional random vector sequence is constructed
and investigated. This system is also analyzed analytically. In order
to obtain numerical estimates of certain functioning parameters of
the studied system and its output flows and to solve the problem of
management optimization, the cybernetic experiment is conducted.

Keywords: output flow, control queuing system, priority service
proactively cybernetic approach, nonlocal description, homogeneous
Markov vector sequence.
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