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AHHOTAIINU

VIIK 517.925.51

Anexcaunnpos A.I0. UccienoBanme yCcTORYNBOCTU PEIIEHUN OJHOTO KJIACCA CJIOXKHBIX
cucrem // Becru. C.-Ilerep6. yu-ta. Cep. 10. 2011. Bom. 4. C. 3-13.

PaccmarpuBaeTcs cioxKHas CUCTEMa, COCTOSAINAS U3 JABYX B3aWMOJIEHCTBYIONINX ITOIACUCTEM.
IIpenmonaraercsi, YTO OHA U3 MOJCHUCTEM OINKCHIBAETCS BEKTOPHBIM ypaBHeHUeM JIbeHapa U nMmeeT
ACHMIITOTUYECKH yCTOWIMBOE HyJieBoe pertenre. CI0XKHasT CHCTEMa TAKOTO POJIa MOYKET OBITH ITOJIY-
YeHa IIPU aHAJIN3€e yCTOMYINBOCTU B KPUTUYECKOM CJIydae HECKOJIbKIX HYJIEBBIX KODHEH MJIN B KPUTH-
YeCKOM CJIydae HECKOJIbKUX YMCTO MHUMBIX KOpHeil. OHa Tak»Ke MOXKeT OIMCHIBATh B3aUMOJeCTBIE
IBYX MEXaHUYECKHX CHUCTeM, OJHA U3 KOTODPBIX HAXOOUTCA IOJ NEeHCTBHEM CYIIeCTBEHHO HEJIMHEH-
HBIX JUCCHUIATUBHBIX M MOTEHIUAJIBHBIX crji. C MOMOIIBI0 METOMa BEKTOPHBIX (dyHKImM JIsamymHo-
Ba HaJIEHbl JOCTATOYHbIE yCJIOBUA ACUMIITOTUYECKON YyCTOUYMBOCTU HYJIEBOI'O PENICHUA CJIO?KHOU
CHCTEeMbI OTHOCUTEJIBHO YaCTU MePEeMEHHBIX. |10y YeHHbIN pe3yIbTaT mpeacTaBasieT coOOi pacmpo-
cTpaHeHne TeopeMbl JIanmynoBa—MaJjiknHa Ha ciydail CyIeCTBEHHO HEJIMHEHHBIX moacucteM. laee
U3y4dalOTCA YCJIOBUSA aCUMIITOTUYECKON yCTOMYMBOCTH HYJIEBOT'O PEIIeHHs 110 OTHOIIEHUIO KO BCEM
nepemenHbiM. CHava a JJIst CJIOYXKHOM CHCTEMBI CTPOUTCS ceMeicTBO (byHKumit JIsmyHoBa. 3arem
pemaercst mpobJieMa, BhIOOpa ONTUMATBLHON (yHKImu JIsmyHOBAa U3 MOCTPOEHHOTO CEMENCTBA, KO-
TOpast 33JaeT HAHUOOIBIIYIO 00IACTh ACUMITOTHIECKON YCTORINBOCTH B IIPOCTPAHCTBE ITapaMeTPOB
paccmarpuBaeMoii cucteMbl. Kpome Toro, ¢ moMoIiso MetTona auddepeHInaIbHbIX HEPABEHCTB 0~
JIy9eHBI OIIEHKU BPEMEHU MEPEXOTHBIX MPOIECCOB B CJIOXKHOMN cucreMe. bubimorp. 22 Ha3Bb.

Karouesvie caosa: CI0XKHBIE CUCTEMBI, YCTONYINBOCTh, dyHKIMN JlanyHoBa, nuddepennnaib-
HBble HEPABEHCTBA, JEeKOMIIO3UIINA.

VIK 621.317.329; 537.533.79; 519.688

NBanos B.{. YuciaenHoe mogesmpoBaHue ObICTPBIX POTOAETEKTOPOB OGOJIBIION ILJIO-
maau // Becrn. C.-Ilerep6. yu-ta. Cep. 10. 2011. Bein. 4. C. 14-31.

Jlan 0630p COBPEMEHHBIX JOCTHYKEHUH B 00JIACTH MOJEIUPOBAHUS U SKCIIEPUMEHTATBHBIX HC-
CJIe/IOBaHUI MUKPOKAHAJIBHBIX YCUJIUTEIEH JIJIst pa3/IMIHbIX obj1acTeil npuMmenenuii. [IpusegeHo omnu-
CaHMe MOJIyaHAJINTAIECKUX, YUCIeHHBIX Mozesteil u nporpammbl MCS (Monte Carlo Simulator) miist
pacderoB (pOTOJETEKTOPOB MUKOCEKYHIHOTO Pa3pelleHusl B TPEXMEPHOM MPUOIMAKEHUU. DTU MO-
JIeJI BKJIIOYAIOT MOJEJIUPOBAHUE CBOWCTB MUKPOKAHAJIBHBIX YCUJIUTESIEH, HOBBIX MEPCIEKTUBHBIX
MaTEPHUAJIOB M TEXHOJIOIHWl JIJIsi MHOTOCJIOMHBIX MOKPBITUNA B MUKPOKAHAJIBHBIX ILIACTHHAX. Bub-
smorp. 74 nass. Umn. 17.

Kmouesvie caosa: hoToneTeKTop, MUKpOKaHaIbHAsL IJIACTUHA, MOJEIUPOBaHue, MeTo bl MoH-
Te Kapito.

VIK 517.925.42

Kamauykuua A.M. O cTpoeHuM OKpPeCTHOCTH KyCO4YHO-riIanKoii opoursr // Becru. C.-Ile-
Tepb6. yu-Ta. Cep. 10. 2011. Boim. 4. C. 32-39.

IIpennoxkena mogndukanus merona B. V. 3y6osa mocTpoeHns CrienuaabHOR CUCTEMBI KOODIH-
HaT BJIOJIb TJIAJKOUW OPOUTHI sl CIydast KyCOTHO-TJIAIKON OPOUTHI. DTO MO3BOJISIET CTPOUTH HEMpe-
PBIBHYIO BJIOJIb TPAEKTOPUM (byHKINIO JIsAImyHOBA J1j1 MCCIeIOBAHUSA OKPECTHOCTH KYCOYHO-TJIA KON
opbuthl. PaccMoTpen mpuMep HCC/IeI0BaHUus MEPUOANYIECKOrO PEIEHUs] CUCTEMbI C PeJIeHBIM T'h-
crepesucoM. Bubsmorp. 16 nass.

Karouesvie c06a: yCTORINBOCTD, KyCOYHO-TJIagKasi OPOUTA, OKPECTHOCTD MTEPUOIUIECKOTO pe-
IIE€HNS.
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VK 539.3

Kapenun B.B. Tounble mrpadsb! B 33/1a4e OlIeHKN KOOPJAUHAT JUHAMUYECKOM CUCTEMBbI
B ycaoBusx HeonpenesienHoctu // Becru. C.-Iletep6. yu-ta. Cep. 10. 2011. Bom. 4. C. 40-46.

IIpobiteme yuera orpannvenuii B 3aa9aX MATEMATHIECKOTO [IPOrPAMMHUPOBAHUS OBLIIO Y/IEJIEHO
MHOT'O BHUMaHUs. Bo MHOrUX CiIydasix ee pelnajy ¢ MoMOIIbo mTpadHbix GyHknuii. B HacTosimee
BpeMsI HJesli TOYHBIX MITpadoB XOPOIIo pa3paboTaHa U ITUPOKO UCIOJIb3yeTcs. 1loaxos, ocHOBaH-
HBIA Ha TOYHOM InTpade, Hanbojiee UHTEPECEH U U3SIIEH, HO OH HPUBOJIUT K HEOOXOIUMOCTU DPe-
aTh HETVIAJIKYIO 3aJ[a9y ONTUMU3AINN, JaykKe eC/IU MCXOIHAs 3aJada siBjisieTcs riagkoii. OmHako
mporpecc B 00JIaCTH YMCJIEHHBIX MEeTOJI0B HeJauddepeHIupyeMoil 6€3yCIOBHON OIITUMHU3AINHT, 10~
CTUTHYTBIA B IIOCJIE/IHUAE TOJIbI, JAET HEKOTOPYIO HAJEXKIY, YTO ITU TPYAHOCTU OYIyT IIPEOJIOJIEHDI.
Panee teopust Tounbix mrpados Obla TPUMEHEHA, K UCCJIEIOBAHUIO OJHOTO KJIacca 3a/a4 yIpaBiie-
HUsl, B KOTOPBIX yIIPABJIEHUsI ObLIM [IPOCTO IIapaMeTpaMu CUCTEeMBbI I depeHITNAIbHBIX YPABHEHUI,
OIMCHIBAIOIIEH MOBE/IEHNE HEKOTOPOro yIpaBjsgeMoro oobekra. B crarbe paccmarpuBaercs 3aj1ada
nabsronenusi. Cucrema auddepeHITnalbHbIX YPABHEHN CINTaeTCs OrpanndennsiMu. [lokazano, Kak
MOKHO UX yOpaTh, BBOJIsI COOTBETCTBYIONLYIO mTpadHyio ¢dbyaKiuio. [losyyaronuiics HOBbINH dyHK-
[MOHAJ — CYIIECTBEHHO HEIJIQJIKUIA, TeM He MeHee OH 00J1a/1aeT MHTEPEeCHBIMU I depeHIualbHbIMU
CBOMCTBAMHU, M COBPEMEHHbBIE METObI He UM HEPEHITUPYEMOI OTTUMUBAIUHN TTO3BOJISIIOT PENIATh yKa-
3aHHbBIE 33JIa9U YKUCJIeHHO. bubsuorp. 4 Ha3B.

Knmouesvie carosa: HaDIIOMAEMOCTD, auddepeHnnabible ypaBHeHUs, mTpadHble (GyHKINH,
Henud depeHmpyemMasi ONTUMABAINS, YIIPABJIEHIE.

YIK 517.977.8+517.977.5

Kocronun C.10., Ileskonazsc E.B. O6 ynpouieHuM HNHTErpajJibHOIO BbIUTPHIIIA
B auddepeHnmaIbHbIX Urpax co ciaydaiinoii npogoskuresnbHoctbio // Becrn. C.-Ilerepb.
yu-Ta. Cep. 10. 2011. Boin. 4. C. 47-56.

B crarbe paccmarpuBaerca kiacc auddepeHnnaabHbIX UIP CO CIIyYalHOM MPOJI0JIKUTEILHO-
crhi0. OPMYIUPYIOTCsT YCIOBUsI, TIPU BBIOJHEHUN KOTOPBIX WHTETPAJBHBIN (DYHKIIMOHAJ, TIPE]I-
CTaBJISIOMMI COOOIT MaTeMaTUIeCKOe OXKUJIAHNE BBIUTPBIIIA UTPOKA, MOXKET OBITh YIIPOIIEH IIyTEM
[IEPECTAHOBKM MHTErpajioB. TeopeTnyeckue pe3yJibTaThl WIIIOCTPUPYIOTCS Ha npumepe auddepen-
[UAJBHONW UT'PBI YIIPaBJIEHUsT BpeIHbIMU BhiOpocamu. bubmmorp. 12 Ha3s.

Karoueswie caosa: nuddepeHmaabable UTPBI, HHTETPAJIBHBIN BBIMTPHIII, CIyYaiiHas MTPOIOJI-
JKUTEJTbHOCTD, JuddepeHna bHas Urpa YIIPaBJIeHUsT BPEIHBIMU BHIOPOCAMU.

VIIK 517.5

Mupomusu P.H. Kaacc He 1uebGbinieBckux cucreM (pyHKIUN, JOIMYCKAIOIUNA MCIOJIb30-
BaHme TeopeMmbl MapkoBa B KOHe4uHO# npobGisieme momeHToB // Becrn. C.-Ilerep6. yu-Ta.
Cep. 10. 2011. Bem. 4. C. 57-62.

VKazaHHBIN B 3ar0JIOBKe KJIacC 0OpPa30BaH CTEMEHSIMU OJHOBEPIITUHHON HENpephIBHOW (DYyHK-
1IN, HECKOJIBKO IIOCJIeI0BaTeIbHBIX CTelleHell JIeBOit BeTBU KOTOPOII Ha COOTBETCTBYIOIIEM HHTEp-
BaJie ee OmIpeiesieHusi ecTh debblnieBcKas cucrema. OKasblBaeTcsi, MAaKCUMYM U MUHUMYM OIpeje-
JIEHHOT'O WHTEerpaJjia OT HEKOTOPOI HEM3BECTHON (DYHKIIMKA MOYKHO IOJIYYUTH C TMOMOIIBIO TEOPEMBI
MapkoBa, B KOTOpOIl Beca U y3JIbl HalJ€HbI TOJLKO IO 9TOM JieBOil BeTBH. HeobXxomMOCTh B TaKUX
OIEHKAX BO3HUKAET €CTECTBEHHBIM OOpa30M W3 MPOCTEHIIel 3aJa9u HeJIUHEHHON JUHAMUKU TUTIA
UTEPANW OHOBEPIINHHOMN (DYHKIUN C HEM3BECTHBIM PACIPEIETIEHNEM HAYATBHOIO 3HAYEHUS U W3-
BECTHBIMIU €€ CTENEHHBIMI MOMEHTaMU IPU CJIeAYIOIEM IIare nrepamnuu. bubmauorp. 7 Ha3B.

Kmouesvie caosa: mpobiieMa MOMEHTOB, YeObIIIeBCKasd cucreMa (hpyHKIN, Teopema Mapkosa.
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VIK 517.538.54-517.518.84

Muxeer B.C. IIlypoBckasi panyoHAJILHAS ANMPOKCUMAINS IIYyPOBCKUX (yHKOmH //
Becru. C.-Ilerep6. yu-ta. Cep. 10. 2011. Bom. 4. C. 63-72.

Hccnenyercs 3aa4a alpOKCHUMAIINK eMenTa u3 H, — Kjacca aHaanTHaeckuX dyHKImit Ha
3aMKHYTOM €JMHUYIHOM Kpyre U, IPMHIMAIOIIIX TOJILKO BellleCTBeHHbIE 3HaYeHust Ha cermenTe [0,1],
snmeMenToM u3 H,l — Kiacca HEPUBOIUMBIX BEIECTBEHHBIX PAIMOHATBHBIX (DYHKIIIH, CO CTEIIEHSIMI
YUCJIUTENIS] U 3HAMEHATEJsI, He IIpeBocxoasdmux n. Jlokazano, aro eciau f € H;‘ ufé¢ 7‘(2’, rae k < n,

TO JTIO6OH JIOKATBHBIH MEHEMaii3ep HeMmHeitHo# mporpammsl ||f — g||*> — min we npunamTexKnT
+
g€H

H}, toe m < m. DTOT pe3ynbTAT MepeHOCHTCH Ha Kiaace ST HIypoBCKUX (hyHKIIHIA, BbIIeIAeMbIit
us Hy yenosuem sup,cp; | f(2)] < 1. Ecm S, ecrb myposekmit mosikmace kimacca H,, To  1okasaHo,
aronpu f € St u f ¢ S,:r, rae k < n, JIIO60# JIOKATBHBI MUHMMA3ep HEJTMHENHON TporpaMMbl

2 .
Ilf — gl — min we npunamnesxur S;,, rme m < n. Bubnuorp. 6 HazB.
gest
Kmouesvie cro6a: eAHUYIHBINA KPYT, OTyPOBCKHE (DYHKIUH, AIMIPOKCAMAIUSI, PAIMOHATbHEIE

dbyukun, aaroputM [lypa.

VIIK 531:518:577

Hosocenos B.C. K uMAUTAIMOHHOMY MOJEJIMPOBAHUIO HEPBHOro mmmyibca // Becrn.
C.-Tlerep6. yu-Ta. Cep. 10. 2011. Boim. 4. C. 73-83.

B crarpe paccmaTpuBaeTcs coeIMHEHNE NOHHO-BO30YIMMON MEMOPAHBI ¢ HEJTMHEHHBIM JTuddy-
3MOHHBIM IIPOIIECCOM, 3TO MOXKET IPOU3BOJIUTD II€PEMEIleHNe HEJTUHENHON BOTHBI 9JIEKTPHIECKOTIO
BO30Oy K AeHns. PyHmaMeHTaIbHBIM yPaBHEHUEM [IPU OIUCAHUYN PACIPOCTPAHEHIUST HEJIMHEHBIX BOJIH
7151 OMHOMEDPHOTO CIydas B CIab0 IUCIIEPCUOHHOMN cpefie siByisteTcsa ypaBHeHue Kopresera—ne ®pu-
ca (KdV), pemenns KOTOPOro UMEIOT CTPYKTYPY CTAOUIIbHBIX YyEAMHEHHBIX BOJIH, T. €. COJTUTOHOB.
Berymmit umirysse (To »Ke caMoe COJIMTOHHBIA MMILYJIBC) €CTh YaCTUIENO[00HOe DEllleHNe OIIpe/ie-
JISIONINX YPaBHEHU, COXPAHSAIOIIee OT HaYaJIa /10 KOHIIa CBOIO0 hopmy. MbI IpUXoanM K ypaBHEHHUIO
KdV npsmo or ypaBHeHnit HeliponuHaMuKu (IPU PACIPOCTPAHEHUH AKTUBHOIO IIOTEHIMAJIA BJIOJIb
akcoHa Hepsa). YpasHenne KdV nokasbiBaer, 9TO aKTUBHBLA IOTEHIMAI JOJI?KEH PACIIPOCTPAHSITH-
cs1 ¢ (PMKCUPOBAHHOM CKOPOCTBIO, KOTOPas J0JIXKHA ObITh BbIYKMCAeHa. [Ipu u3yuennn 6erymmx BOJTH
BBOJUTCS CllennajibHast ¢pa3oBasi KoopauHaTa beryiieit BoiaHbl £ = x —vt, rae v = const > 0 ecTb cKo-
PpOCTB BOJIHBL. Bitaronapst IpuMeHeHUI0 KOOPAUHATHI beryiieil BoHbL, nuddepeHnuaabHble ypaBHe-
HUSI B YACTHBIX IPOU3BOJHBIX CTAHOBATCS OOBIKHOBEHHBIME IUMDEPEHITNATBHBIMUA YPABHEHUSIMU.
s mpeacTaBieHuss O CTPYKType Oeryuieit UMITyJIbCHON BOJIHBI ITOJIE3HO PACCMOTPEHME PENIeHU
B BrJe OEryIero UMIIyJsibca MPOCTEHIIero KyCOTHO-JIMHEHHOTO YPABHEHHS C TPEMsI WUJIN YETHIPbMsI
yaactkamu. Ha kaxnom ygacTtke auddepeHnnaabHble YPaBHEHUS ABJSIOTCH JTHHEHHBIMA, U Dellle-
HUSI CTPOSATCS aHAJIUTUYECKU. PelteHns Ha y4dacTKax HEIMPEPBIBHO CTHIKYIOTCS B TOYKaX U = Uy U
U = Umax. Ilepemennas u ecrb MeMOpanublil norennuas. [lonnmanne CTpyKTypBI 6EIyIIEro UMITyJIb-
ca JJIsl CEPAETHON MBIIIIIBI JAeT IPEXK e BCEro U3yUeHNe PeNleHns B Bue Oeryimeil BOJHBI KyCOIHO-
JsmmHeHOro ypaBHenust mogesn PurnXwvio—Harymo. Ilpeacrasienue o crpyKType GeryIero uMIryJib-
ca B HEMHEJNHUPOBAHHOM HEPBHOM BOJIOKHE MOYKHO IIOJIYYIUTDL DY U3YUE€HUU GEryIIero MMILYIbCa
peleHnsl KyCO4YHO-JINHENHOIO ypaBHEHUsI B MOJenn XOKKWHA-XaKCau. B crarbe paccMOTpeHbI
TPU KYyCOYHO-JIMHEWHbIE MOJean. Peltenns KyCOYHO-TMHENHBIX yPABHEHUN MAIOT HAYaJbHBIE [IPU-
6mmkenus. [locse sroro Gerymume nmmnyibent ypasaennit PurnXoio-Harymo n Xomkkuna—Xakcain
MOKHO TIOJIyYUTh YUCJIEHHBIM BblUncjieHneM. bubmamorp. 21 Ha3s.

Karouesvie caoea: COMUTOH, JIIMHHOBOJIHOBOE YpaBHEHUE, OeTyIuil HEPBHBIM UMIIYJIbC, AaKTHUB-
HBII NOTEHIUAJ, KyCOYHO-JINHEHHAs MOEIIb.
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VIIK 681.3

Monnossau . H.,, Moangossu H.A. OcobeHHOCTH CTpPOEHUs TPYNIl BEKTOPOB U CUHTE3
Kpunrorpadpudecknx cxeM Ha ux ocHoBe // Becru. C.-Ilerep6. yu-ta. Cep. 10. 2011. Bpm. 4.
C. 84-93.

TToka3aHa NEepCIEeKTUBHOCTD 33J1a9K AUCKPeTHOro jorapudmuposanus (31J1) mo maoromepHo-
My OCHOBaHHIO, (DOPMYJIMPYEMOil HaJ| IPUMAaPHBIMY [TOATPYIIIAMUA ¢ MHOTOMEPHOM IMKJIMIHOCTBIO,
u 3/1JI B CKpBITOIt KOMMYTaTUBHOM MTOATPYIIIE, GOPMYTUPYEMO HAT KOHEIHBIMA HEKOMMY TATHBHbBI-
MM TPYIIIAMU, JJIs TOBBIIIEHUS TPOU3BOIUTEHLHOCTH aJrOPUTMOB ayTeHTHdOUKAIUN THDOPMAIIUH,
KOMMYTaTUBHOIO MKUMPOBAHUS ¥ IIPOTOKOJIOB OTKPBITOrO pacIpe/leieHus Kirtodeil. 3ajanne KoHed-
HBIX TPYII C TpeOYyEeMBIMI CBONCTBAMU BBIMIOJHEHO HAJ KOHEUHBIMU BEKTOPHBIMHU MIPOCTPAHCTBAMU.
Bubnunorp. 13 nazs. Tabm. 2.

Kmouesvie caosa: s3neKTpoHHast mudpoBasi MOAINNCH, 3a/a4a JIUCKPETHOTO JIOrapudMUpoBa-
HUsI, KOMMYTATUBHOE MU POBaHNe, KOHEYHAS PYIIa, HEKOMMYTATUBHAS PYIINa, IPYIINa BEKTO-
POB, MHOIOMEPHAsI IIUKJIMIHOCTD.

VIK 004.272.23+519.681.3

Pab6a H.O. Paspaborka u peaju3anusi ajJirOpUTMa pacdeTra Koaryjsiui B MoOJAen 00-
JIAKOB CO cMellaHHo# (a3oii ¢ ucnoabzoanneMm rexHosiorun CUDA // Becrn. C.-Ilerep6.
yu-Ta. Cep. 10. 2011. Boim. 4. C. 94-104.

K naubosee 3dppeKTUBHBIM HHCTPYMEHTAM M3y YeHUsT KOHBEKTUBHBIX 00JIAKOB OTHOCUTCS HC-
JIeHHOe MojiesupoBanue. s yBeJMdeHusl TOYHOCTH IIPOrHO3a KeJIaTeIbHO MCIIOJIB30BATh MOJe-
JI CO CIIEKTPAJBbHBIM OMUCAHUEM MHUKPOMDU3NIECKHX MPOIECCOB CO CMemaHHol (aszoit (>KumKoi
n nengnoit). Ilpu npuMeHeHUN TAKUX MOJeJeli OCHOBHAsI 9aCTh KOMIIBIOTEDHBIX PECYyPCOB TPATUT-
Csl Ha BBIYUCJIEHUE MUKPOQU3NIECKUX HPOIECCOB U B 0CODEHHOCTH Tpolecca Koaryiasanuu. OqHumM
3 cocobOB YCKOPEHUSI PACUETOB SIBJISIIOTCS TIapaJijieibHble Bbrauciiennsi. COBpeMEHHBIE TPOIIECCO-
pbl st 06brusbix [TK umeror or 2 10 6 sifiep, B OTiiM4ue OT BUJAEOKAPT C HECKOJBbKUMH COTHSIMU
anep. s pacrnapasuie/lMBaHusl Ha TAKOe OOJIBIIOE KOJUYECTBO sifiep TPeOYyIOTCs CliennabHbIe aJi-
TOPUTMBI. B HacToOsIIel cTaThe OMKMCaH aJrOPUTM pacdeTa KOATyJIAIHU I MOJIEN CO CMEITaHHON
dazoit. IIpencrasiien crocob pacnapaJulesiIiBaHUus 9TOTO aJrOPUTMa JJisi pacdyeTa Ha BUIEOKApTe
¢ omopio rexunosiorun CUDA. OxapakTepr30BaH MeTO/I, TO3BOJIAIONINN N30€2KATh OJHOBPEMEHHO-
ro (nmapaJiiesabHOro) obpalieHus K siaeffkam [aMsiTH U3 Pa3HbIX [OTOKOB. 1IpuBeieHHbIE Pe3ysIbTaThL
TECTUPOBAHUS MMOKA3BIBAIOT CYIECTBEHHOE YBEJIMYEHUE CKOPOCTH pacuera Koaryssanun. bubauorp.
7 na3s. Un. 3.

Karoueswie caosa: napamnsienbabie Berauciaenus, CUDA, GPGPU, koarysinusi, ClieKTpajbHast
MUKPODU3UKA.

VIK 519.688+-510.52

Axounros C.B. 9ddexkTnBHOE 110 BpEMEHU U IO MIAMSITHA BBIYNCJIEHNE SKCIIOHEHINAIb-
HOU PYHKIMM KOMIJIEKCHOrO aprymenTa Ha marnune ITléaxare // Becrn. C.-Tlerep6. yH-Ta.
Cep. 10. 2011. Bpm. 4. C. 105-118.

1 mocTpoeHusi KOHCTPYKTUBHOIO aHAJIOTa KOMILIEKCHON SKCIOHEHIUAIbHON (DYHKINA IPU-
MEHSIETCSI MOJIE/Tb BBIUMC/IMMBIX (DYHKIIHM, OCHOBaHHAas Ha MoHsATHU Mamuubl [[Iéaxare ¢ opakysb-
HOIt dpyHKIMEH. Bhrancienne KOMILIEKCHOM 9KCITOHEHITUAIBHON (DYHKITUHU C TIOMOIIBIO MPOCTHIX MTpe-
00pa30BaHMil CBOAMUTCSA K pacydeTy BelIeCTBEHHON SKCIOHeHIMaJ bHOU dyHKnuu. laee mnpubiu-
JKEHHBIE 3HAYEHUsI BEIECTBEHHON SKCIIOHEHITNAJIBHON (DPYHKIINN PACCIYUTHIBAIOTCS HA OCHOBE Pa3-
JIoXKeHus B psaf Teitsiopa ¢ TOMOIIBIO MOAUMUITUTPOBAHHOTO AJITOPUTMAa OBICTPOTO BBIYUCIEHUST SKC-
nonedTbl ModFFEFE, KOTOpBIii, B CBOIO O4Yepejib, UCIOJIb3yeT MOJIUMDUIMPOBAHHBIA AJTOPUTM JIBO-
wanoro fgenenus ModBinSplit nns runepreomerpuyeckux psiaoB. s amropurmos ModBinSplit,
ModFEE u ocaoBHOro anropurma FErp Value mokaspiBaeTCst KBa3UJINHEHHOCTD IO BPEMEHU U JIMHEH-
HOCTDb 11O maMATu. bubsuorp. 7 Ha3B.

Karouesvie €a06a: SKCIOHEHITHNATBbHAST (DYHKIUsT, KOHCTPYKTUBHBIE BEIIECTBEHHBbIE (DYHKITUN,
KBa3WJIMHEHAsT BpEMEeHHAas CJI0YKHOCTD, JIMHEHAsT eMKOCTHAsI CJIOYKHOCTb.
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VIIK 517.925.51

IIlennukor A.B. IIpuHIMI BKJIIOYEHNUA U yCTOMINBOIIOSOOHbBIE CBOMCTBA «9aCTUIHOIO»
IOJIOXKEHNsI paBHOBecHs quHamMmn4decKoil cucremsl // Becru. C.-Ilerep6. yu-Ta. Cep. 10. 2011.
Bemm. 4. C. 119-132.

Bo mHOrMx mpusioKeHUsIX IUHAMUYECKHE MaTeMaTUIeCKUe MOJEJIM COJEPIKAT IOJICUCTEMBI,
obJtazaroniye OOIMMUMH YaCTSIMU. B yKa3aHHBIX CIydasix NpUOEraroT K pacHiupeHuio ¢ha3oBOTO
IIPOCTPAHCTBA UCXOTHON TUHAMUYIECKON CUCTEMBI C ITOCJIELYIONINM €ro Cy>KEHHEeM JI0 pa3MepoB (a-
30BOT0O MPOCTPAHCTBA WCXOIHOM cucTeMbl. Pacimpenue ¢a30BOro mpocTpaHCTBa TMPUBOIUAT MUCXOJI-
HYIO JUHAMHIYECKYIO CUCTEMY K CHCTEMe, Y KOTOPO ¥ BCeX MOACUCTEM HeT obmux dacteit. [Ipu aTom
paccMmaTrpuBaeMble JUHAMUYECKUE CUCTEMBI MOTYT MMETh IIOJIOXKEHUS PABHOBECHUS B KJIACCUYECKOM
IIOHMMAaHUM, & TAKXKE TaK Ha3bIBa€Mble <«YaCTUYHBbIC» IOJIOXKEHUsI paBHOBecud. Jljaa peanusanun
MIPOITECCa PACIIUPEHUI—CY>KEHUsT HeOOXOIMMO 3HATH YCJIOBUS, TTPU BBITOJHEHUN KOTOPBIX 3TO BO3-
MOKHO OCYIIECTBJIATH. ¥ KA3aHHBIE YCJIOBUsI COCTABJISIIOT OCHOBY IIPUHITUITA BKJIIOUEHHs. B 1aHHOMK
paboTe HaEeHBI YCIOBUsI, TPU BBITOJTHEHNN KOTOPBIX YIAETCs MPOBOJUTH U3YyUEeHUE YCTONIMBOIIO-
JOOHBIX CBOMCTB «9aCTUIHOrO» TOJIOXKEHWSI PABHOBECHSI IUHAMUIECKON CUCTEMBI, 33 TaHHOM B BUJE
CHCTEMbI HEJIMHEHHBIX OOBIKHOBEHHBIX AU depeHInaabHbIX ypaBHEHNH, OTHOCUTEIbHO BCEX M Ya-
cTH (PAa30BBIX EPEMEHHBIX C UCITOIb30BAHEM IIPUHIINATA BKIoUYeHusI. Ha mpuMepe cucremsr qudde-
PEHIMAJIBHBIX YPABHEHUH ¢ OJHOPOIHOM IPABOil YaCThIO MOPANKA [ = 3,5, ... IPOJEMOHCTPUPOBAHA
TEXHUKA UCCJIEOBAHUS YCTONIHUBOIIOAOOHBIX CBOMCTB €€ JIBUXKEHUI C IPUMEHEHUEM UJIei M METO/IOB
MIPUHIUIIA BKJIIOYeHus . [IpuBeseH npuMep CUCTEMBI, JIJIsi KOTOPOM HE YJIaeTcsl JOKa3aTh aCHUMIITO-
TUYIECKYIO YCTONIMBOCTH 6€3 MCIOJIb30BaHUs IPUHITUIA BKIIOYeHUs. Bubanorp. 16 Ha3B.

Kmouesvie cr06a: TUHAMAYECKAE CUCTEMbBI, IPUHIUIT BKJIIOYEHUS, TIEPEKPBIBAIOIINECS JTEKOM-
MO3ULUU, YCTONYUBOCTD, OJHOPOJHBIEC CUCTEMBI.

SUMMARIES

Aleksandrov A. Yu. Investigation of sulutions stability for a class of complex systems //
Vestnik St. Petersburg University. Ser. 10. 2011. Issue 4. P. 3—-13.

A complex system composed of two interacting subsystems is considered. It is assumed that one of
subsystems is described by the vector Lienard equation and possesses the asymptotically stable zero solution.
Such complex system can be obtained under stability analysis in the critical case of several zero roots or in
the critical case of several pure imaginary roots. It can also describe interaction of two mechanical systems
one of which is exposed essentially nonlinear dissipative and potential forces. By the use of Lyapunov vector
functions method the sufficient conditions of asymptotic stability with respect to a part of variables for zero
solution of a complex system are determined. The result obtained is an extension of the Lyapunov—Malkin
theorem on the case of essentially nonlinear subsystems. Furthermore, the conditions of asymptotic stability
of zero solution with respect to all variables are studied. At first, the family of Lyapunov functions for the
complex system is constructed. After that the problem of choosing an optimal function from the family
constructed is solved. This optimal Lyapunov function gives us the largest asymptotic stability region in
the space of parameters of the system considered. Moreover, using a differential inequalities method, the
estimates of transient processes time in the complex system are obtained.

Key words: complex systems, stability, the Lyapunov functions, differential inequalities, decomposition.

Ivanov V. Ya. Numerical simulation of large-area fast photodetectors // Vestnik St. Peters-
burg University. Ser. 10. 2011. Issue 4. P. 14-31.

Many complex physical effects (fringe fields, saturation, emission properties of compaund materials
and space charge relaxation) have been taken into account in modeling a new generation of photodetectors
based on micro channel plates. The results of numerical simulations have good agreement with experimental
data and publication of other authors.

Key words: photodetector, microchannel plate, modeling, Monte Catlo methods.

Kamachkin A. M. On construction of the piecewise-smooth orbit neighborhood // Vestnik
St. Petersburg University. Ser. 10. 2011. Issue 4. P. 32-39.

Under consideration there is the modification of the Zubov’s method of construction of special
coordinate system along the smooth orbit for the piecewise-smooth case. This modification allows
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constructing the Lyapunov smooth function along the trajectory for the research into the periodical solution
of the relay hysteresis system.
Key words: stability, piecewise-smooth orbit, neighborhood of periodic solution.

Karelin V. V. Exact penalties functions in the problem of estimating the coordinates of
the dynamical system under uncertainty // Vestnik St. Petersburg University. Ser. 10. 2011. Issue 4.
P. 40-46.

The problem of reducing a constrained mathematical programming problem to an unconstrained one
has been given a great deal of attention. In most cases such a reduction is performed with the help of so-
called penalty functions. At present the theory of Penalization is well developed and widely used. The exact
penalization approach is most interesting and elegant but it generally requires solving a nonsmooth problem
even if the original one was smooth. However, recent developments in Nondifferentiable Optimization give
some hope that these difficulties will be overcome. To be able to reduce a constrained optimization problem
to an unconstrained one via exact penalization it is suitable to represent the constraining set in the form
of equality, where the function describing the set must satisfy some conditions on its directional derivatives
(or, in general, on its generalized directional derivatives). In the present paper we show how to describe the
constraints — given in the form of differential equations — by a (nonsmooth) functional whose directional
derivatives satisfy the required properties. We treat one parametric optimization problem. This problem is
reduced to a nonsmooth unconstrained optimization problem. It makes it possible to construct a numerical
algorithm for the unconstrained optimization problem just allowing one to solve the original parametric
optimization problem. Then, by making use of necessary optimality conditions (for a nonsmooth problem)
it is shown that the conditions we obtain are equivalent to the well-known ones.

Key words: observability, the differential equations, penal functions, not differentiated optimization,
management.

Kostyunin S. Yu., Shevkoplyas E. V. On simplification of integral payoff in differential games
with random duration // Vestnik St. Petersburg University. Ser. 10. 2011. Issue 4. P. 47-56.

A class of differential games with random duration is considered. Conditions for simplification of
mathematical expectation of the player’s integral payoff are given. Theoretical results are illustrated with
the example of a differential game of pollution control.

Key words: differential games, integral payoff, random duration, differential game of pollution control.

Miroshin R. N. On a class of nonChebyshev function systems allowing to use Markov
theorem in the finite moment problem // Vestnik St. Petersburg University. Ser. 10. 2011. Issue 4.
P. 57-62.

The class indicated in the header is formed by degrees of a unimodal continuous function, whose several
successive powers of the left branch on the corresponding interval of its definition is Chebyshev system. It
turns out that both maximum and minimum of a specific integral with some unknown function can be
obtained using the Markov theorem in which the weights and nodes are found only with the help of the left
branch. The need for such estimates naturally arises from the simplest problem of nonlinear dynamics such
as iterations of a unimodal function with unknown distribution of the initial value and its known polynomial
moments of the next iteration step.

Key words: moment problem, Chebyshev system of function, Markov theorem.

Mikheev V. S. Schur’s rational approximation of Schur’s functions // Vestnik St. Petersburg
University. Ser. 10. 2011. Issue 4. P. 63-72.

The problem of approximating elements from the class H;’ of the analytic functions in the closed unit

disk U assuming only real values on the segment [0,1] is investigated. As approximant class is taken to be HY
which is the class of irreducible real rational functions with the degrees of a numerator and a denominator
not greater n. It is proved that if f € H;r and f ¢ H;r where k < n then any local minimizer of nonlinear

programme || f — g||*> — mm+ does not belong to H;h, where m < n. The result is expanded to the class
g€H

S+ of Schur’s functions selected from H by the condition sup, ¢ |f(2)] < 1. If ST is a Schur’s subclass
of H;} then it is proved that, when feStandf¢ S]:r, where k < n, any local minimizer of non linear

programme ||f — g[|2 — mir}r does not belong to S;;, where m < n.
gES,
Key words: unit disk, Schur’s function, approximation, rational function, Schur’s algorithm.
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Nowoselov V. S. On simulation modelling of nerve impulse // Vestnik St. Petersburg University.
Ser. 10. 2011. Issue 4. P. 73-83.

It is shown that when an ionic excitable membrane is incorporated into a nonlinear diffusion process,
it can give rise to travelling nonlinear waves of electrical excitation. The fundamental equation describing
the propagation of nonlinear waves in a one-dimensional case in medium weakly dispersion is the Korteweg—
de Vries equation (KdV), with solution as stable solitary wave structures, i. e. solitons. A travelling pulse
(often called a solitary pulse) is a travelling wave solution that starts and ends at the same steady state of
the governing equations. We derive the KdV equation from the full set of neurodynamic equations (for the
propagation of action potential along the axon of a nerve). The showed KdV equation indicated that this
action potential should propagate along an axon with fixed velocity, which could be calculated. To study
travelling waves define the travelling wave coordinate £ = x — vt, where v = const > 0 is the wave velocity.
Because of application of the travelling coordinate the partial differential equations become the ordinary
differential equations. To understand the structure of a travelling pulse it is helpful to study travelling pulse
solution in the partial piecewise linear equation mit three or four regions. In each region the differential
equation is linear and can be analytically solved. The regional solutions are then joined at u = uy, and
U = Umax by stipulating. The variable u is a membrane potential. To understand the structure of a travelling
pulse for the cardiac muscle it is helpful first to study travelling pulse solution piecewise linear equation in
the FitzHugh—Nagumo model. To understand the structure of a travelling pulse for the nonmyelinated nerve
fibers it is helpful to study travelling pulse solution of a piecewise linear equation in the Hodgkin—Huxley
model. In this article three piecewise linear models are examined. The solutions of piecewise linear equations
give initial approximations. Here upon the travelling pulses of the FitzHugh-Nagumo and Hodgkin—Huxley
equations can be numerically computed.

Key words: soliton, wave equation of long waves, travelling nerve pulse, action potential, piecewise
linear model.

Moldovyan D. N., Moldovyan N. A. Structure peculiarities of the finite vector groups and
their use in the cryptoscheme design // Vestnik St. Petersburg University. Ser. 10. 2011. Issue 4.
P. 84-93.

Its is shown that problem of finding discrete logarithm to the multi-dimension base is an attractive
primitive for designing fast signature schemes using computations in the finite vector groups. Other
introduced primitive called problem of finding discrete logarithm in a hidden cyclic subgroup of the
finite non-commutative group represents interest for designing fast public key agreement protocols and
commutative encryption algorithms. For implementing such cryptoschemes finite non-commutative groups
of four dimension vectors are proposed.

Key words: digital signature, discrete logarithm problem, commutative encryption, finite group, non-
commutative group, vector group, multidimension cyclicity.

Raba N. O. Development and realization of algorithm of coagulation calculation in mixed-
phase cloud model using CUDA technology // Vestnik St. Petersburg University. Ser. 10. 2011. Issue 4.
P. 94-104.

Numerical modeling is one of the most effective way to investigate convective clouds. Mixed-phase
cloud models with spectral microphysics are usually applied for more accurate forecast. Computer resources
are mainly spent on microphysical processes calculations (especially on coagulation process). One of the
methods of computations speed-up is parallel computing. Modern central processors have only 2—6 cores in
contrast to a few hundreds of cores in video cards. Special parallel algorithms are required for such numbers
of cores. In the paper a coagulation calculation algorithm for a mixed-phase cloud model is described. This
algorithm is modified version of the algorithm for liquid phase cloud model. A method of parallelization
of this algorithm for computation on video card using CUDA technology is also proposed. A way of avoid
simultaneous access to memory cells from different threads is demonstrated. The testing shows significant
speeding-up of coagulation calculation.

Key words: parallel computing, CUDA, GPGPU, coagulation, coalescence, spectral microphysics.

Yakhontov S. V. Time- and space-efficient evaluation of a complex exponential function on
machine Schonhage // Vestnik St. Petersburg University. Ser. 10. 2011. Issue 4. P. 105-118.

Quasi-linear time and linear space algorithms for evaluation of a complex exponential function on
machine Schonhage are presented. These algorithms are based on a modified method of fast evaluation of
an exponential function and on a modified method of binary splitting for hypergeometris series.
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Key words: exponential function, constructive real functions, quasi-linear time complexity, linear space
complexity.

Shchennicov A. V. Inclusion principle and stability-like properties of “partial”’ equilibrium
position of a dynamical system // Vestnik St. Petersburg University. Ser. 10. 2011. Issue 4. P. 119-132.

In numerous applications, dynamical mathematical models contain subsystems with common parts. In
such cases, the extension of phase space of the studied system is used. This extension transforms an initial
dynamical system to a system whose subsystems have no common parts. The considered dynamical systems
can possess both equilibrium positions in the classical sense and so-called “partial” equilibrium positions.
After investigation stability of extended systems equilibrium positions the obtained results are transferred to
the initial system by means of phase space constriction. The important problem is that one of determinating
conditions under which the realization of the extension-constriction process is possible. These conditions
compose the basis of the inclusion principle. In the present paper the stability-like properties with respect
to all or to a part of variables of a “partial” equilibrium position of a differential equations system are
studied. The conditions are obtained under which these properties can be investigated by the use of the
inclusion principle. On the example of the differential equations system with homogeneous right-hand sides
of the order u = 3,5, ... the technique of the inclusion principle application for the analysis of stability-like
properties is demonstrated. The example of the system for which we failed to prove the asymptotic stability
without using the inclusion principle is given.

Key words: dynamical systems, inclusion principle, overlapping decompositions, stability, homogeneous
systems.
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