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B coBpemMeHHOM MHpe pacTeT YKCIIO TEPPOPUCTUUECKUX aKTOB U yIIepO OT Tep-
POPUCTUYECKUX aTaK, OCYIIECTBISEMBIX SKCTPEMUCTCKIUMU TPyITIIaMU WU OTHEIh-
HBIMU JIFOIbMU, HAXOMSIIIUMUCS IO BIUSTHUEM IKCTPEMHUCTCKUX ujei. Baxxubimu
cpencTBaMu OOIIEHUSI OPTaHU3aTOPOB M MCIIONHUTENIEH TEPAKTOB B 3aBHCUMOCTH
OT 3aJla4 CIy’KaT DJIEKTPOHHAs MOYTOBas IMEperucka, CoOlualbHbIe CETH OOMEeHa
COOOIICHUSIMH, TTPOTPAMMBI-MECCEHKEpHI, O10ru U BeO pecypcehl. [locnenane — B
OCHOBHOM JIJIs1 BEJICHUS IIPOIIaranjibl 1 BEpOOBKH HOBBIX CTOPOHHUKOB. [TosTomy
JIaHHbIE B ceTd MIHTepHET MOTyT OKa3aThCsl OECIIEHHBIM MCTOYHUKOM HUH(POPMAIIUH
TUIsi OOHAPYKEHHSI, MOHUTOPUHTAa aKTUBHOCTH, BBISBICHUSI CTPYKTYPHI U OIICHKH
YIPO3bl TEPPOPUCTUUECKUX U IKCTPEMHUCTCKUX cooOliecTB. B Hactoseit padote
OTHMCHIBAIOTCSI ApXUTEKTYPa, CLICHApUH PabOThI, a TAKXKE aJTOPUTMbI MAIIMHHOTO
0o0y4eHHs] U TEKCTOBOM aHAIMTHUKHU, UCTOJIb30BaHHBIE B MHTEIUICKTYaJIbHOU MPO-
rPaMMHOM CHUCTEME JIJIsl BBISBICHUS 3JIEKTPOHHBIX COOOIIEHUH, TOKYMEHTOB, web
PECYPCOB, COAEPIKALIUX TEPPOPUCTHUECKYIO U IKCTPEMUCTCKYIO MH(POPMAIIHIO, a
TaK)Ke OTMEIBHBIX MOJIb30BATENCH, TPYII U COOOIIECTB, PACTIPOCTPAHAIOIMIUX TAKYIO
uHdopmaiuio B cetu uTepHet. Pematorcs 3a1a4n S36IKOBO-HE3aBUCUMOTO TIOUCKA
no o6pasity [1] Takoii nuHdopMaIKK, a TaKkKe 3a1a4d MOHUTOPUHTA U TEMATUUYECKOTO
MOJICTTMPOBAHNE TTOTOKOB MH(OpPMAIIUU TEPPOPUCTUUECKOTO U IKCTPEMHUCTCKOTO
coZiepKaHUsl, BBIABICHUE CTPYKTYPHI TPYIII MOJIb30BaTeNlell 1 HHTEPHET COOOIIECTB,
pacnpocTpaHsonX Takyto uHpopmaruio. OnucaHbl SKCIIEPUMEHTAIBHBIE PE3YIIbTa-
ThI IPUMEHEHUSI CUCTEMbI Ha PEAbHBIX JAHHBIX U HA 3TAJOHHBIX HA0Opax JaHHBIX
npoekra DarkWeb.

Pa6ora BeinonHeHna npu noaaepxkke PODOU (mpoekt obhu M Ne 16-29-09555).

CIIMCOK JIUTEPATYPEHI

[1] Pattern based information retrieval approach to discover extremist information
on the internet / M. Petrovskiy, D. Tsarev, I. Pospelova // In: vol. 10682
of Lecture Notes in Computer Science: 5th International Conference Mining
Intelligence and Knowledge Exploration (MIKE 2017), Springer-Verlag, 2017
P.240-249.
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O METOAAX NMOCTPOEHUA KAPTUHbI IMUHUU TOKA
ABYMEPHbIX BEKTOPHbIX MOJEMW

AbakymoB Muxaua Biaagumuposu4, MeibuykoBa AHHa /IMmuTpueBHa

Kadenpa BeranciuTenpbHbIX METONOB, e-mail: vmabk@cs.msu.ru, annam 17@mail.ru

[Ipu aHanmu3e pe3ysbTaTOB YMCICHHBIX PAacyeTOB YaCTO BO3HUKAET 33/1a4a BH-
3yaJu3alid BEeKTOPHBIX MOJIEH, KOMIIOHEHTBI KOTOPBIX MPEACTABICHBI CETOUHBIMHU
bynkusmMu. OHUM U3 pacHIpOCTPAaHEHHBIX CIIOCOOOB BU3yalM3allUU 3/I€Ch SIBJISI-
€TCs MOCTPOCHUE JIMHUM TOKAa, KOTOPOE CBOJUTCS K BHIOOPY HAYaIbHBIX TOUYEK U3
paccMaTpuBaeMoOi 00JaCTH W TOCTPOCHUIO JIMHUM, TPOXOAIIUX Yepe3 BRIOpaHHBIC
TOYKH, ITyTEM YUCIEHHOTO pemreHus 3amaadn Komm nms cuctembr OY mepBoro
nopsiaka. OyHKIMKM HEMPEPHIBHOTO apryMeHTa, GUTypUPYIOIIHMe B MPaBO 4acTH
yKa3aHHOW CHCTEMBbI YPaBHEHHM, MTOIYYAOTCS U3 CETOYHBIX KOMIIOHEHT C MCIIOJIb30-
BaHHUEM TOTO WJIM MUHOTO crioco0a mHTepnosauuu. COOTBETCTBYIONINE alTOPUTMbI
peain30BaHbl BO MHOTHUX TMaKeTax MPHUKIAAHBIX MporpamM. OaHaKo MpU UX HC-
MOJIb30BAHUHU 3a4acCTYIO0 HE Y/IaeTCs MOJYYHUTh KapTUHY JIMHUN TOKA, aJeKBaTHO
OTpaXarouryro crnenuPuKy KOHKPETHOTO BEKTOPHOTO IMOJIsl, 0€3 CYIIECTBEHHBIX YCH-
muii. Kak mpaBuio, Tpedyercss B MHTEPAaKTUBHOM PEKMME 3a7aBaTh HavaJIbHBIC
TOYKH, a TAKXKE MapaMeTPhbl YUCICHHBIX METOJIOB JIJIsl KAXIOU JIMHUH.

B Hacrtosimelr pabore mpemiiaraeTcsi METOJ, MO3BOJISIONIUN CTPOUTH XOPOIIIO
BOCIIPUHUMAEMYIO BU3yaJbHO KapTUHY JIMHUN TOKA B aBTOMATU3UPOBAHHOM PEXKHUME.
OcHoBHasl uies COCTOUT B TOM, YTO Kax<[asl CJIEAyIolasi HauajJbHasi TOUKa BHIOMpPAeT-
Csl UCXOZIsl U3 aHaJM3a MOJIOKEHUS paHee MOCTPOCHHBIX TUHUMA. [[1s Takoro aHanusa
HCIIOIB3YEeTCs pa3OneHne UCXOMHOW 00JaCTH Ha STYEHKH PaBHOMEPHOW Pa3HOCTHOM
CETKOW M COOTBETCTBYIOIIAs pa30MEHUI0 MaTpUIla TUCKpETU3aluu. Marpuna rnpe-
CTaBIIsIeT COOOM MPUONMKEHHBIM MOPTPET TEKYIIETO U300paXKeHUs, JeTaanu3aius
KOTOPOTO ONpeAessaerca maraMu CeTkd. [Ipy mocTpoeHun KaxIou Cleayrolen
JUHUN TOKa MOAUMUIIMPYIOTCS 3JIeMEHThl MaTpuilbl. OHU K€ aHATM3UPYIOTCS TPH
MIOMCKE CIICAYIOIIECH Ha4aJIbHOW TOYKH, a TAKXKE IS IMTPEKPALICHUS pacueTa TEKylen
TPACKTOPUU TP €€ MPUOIMKEHUHN K PaHEee TTOCTPOSHHBIM JIMHHIM TOKA.

B pabote o0cyxmaroTcss HeAOCTATKH MPOCTEHIITNX BAPHAHTOB BHIOOpA HadaIbHBIX
TOYEK M CTABHUTCS 3a/iada MOCTPOCHUS KapTUHBI JTUHUN TOKAa BEKTOPHOTO IOJS B
nesnom. PaccmarpuBarotcst Borpockl 3 (heKTUBHOCTH aBTOMaTUYeCKOro BbIOOpa 1ara
¥ KOHTPOJISI TOYHOCTH MeTOo10B PyHre-KyTTa mpuMeHUTENsHO K pacdeTy TpaeKTOpUU
auHUM TokKa. [Ipennaratorcss 5KOHOMUYHBIE aITOPUTMBI, PEaTU3yIolIe He0OX0au-
MBbI€ JIJIsl TIOMCKA HavyaJIbHBIX TOYEK BBIYMCIICHUS 3HAYCHUH 3JIEMEHTOB MaTPHIIbI
auckpeTtu3anuu. [IpuBoasTCs pe3ynbTarbl MPUMEHEHUsT pa3pad0TaHHBIX METO/IOB U
aJITOPUTMOB K TMOCTPOCHUIO KApTHUH JIMHUWA TOKA JJI PEeaIbHBIX PACUETHBIX JTaHHBIX.
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AHanu3 MOMEUEHHBIX JTaHHBIX — BUJ] CTAaTUYECKOTO aHaJn3a, b0 KOTOPOTO
SIBJISIETCS] HaXOXKJICHUE MyTeW pacipOCTPAHEHUsI TaHHBIX OT (PYHKLUMII-UCTOKOB B
(YHKIMM-CTOKH. AHaju3 MOMEUEHHBIX JAaHHBIX IMPUMEHSETCS MpU peau3aluu
MHCTPYMEHTOB MOMCKa 1€(EKTOB, B TOM 4ucie, aedexToB Oe3omnacHoctH [1].

B nanHoil pabote Mcmonb3yeTcs MOIXO0/ CBEICHUS 3a/laud aHalu3a MOMEUEHHBIX
JAHHBIX K 3aJladye MEXMPOIEAYPHOTO aHalin3a MOTOKOB JAHHBIX C JUCTPUOYTHUB-
HeIMU TiepeaarounbiMu QyHkiuaMu (IFDS) [1]. PeanuzoBan anroputm perieHust
[FDS-3amaun, aHaJoTHYHBIN OMUCAaHHOMY B paboTte [2], He TpeOyromuii mMoCTPpOCHUS
PacIIMPEHHOT0 MEKIIpoIeypHOro rpada noroka ynpasienus. Pa3paboransl u pea-
nu3oBaHbl 4 Buaa nepenarounbix Gpynknui (I1P) s mpsmoro u 06paTHOTO aHamM3a
kona Ha s3bike C#: oobrunas 1D, 1D Be3oBa, [1D Bo3Bpara u [P «CKkBO3b BbI-
30B» [1]. st yckopeHus: aHaiaM3a UCIOJIb3YETC COXPAHEHUE PE3YJIBTAaTOB aHAIU3a
METOZIOB B PE3IOME U MX MOBTOPHOE MCIIOJIb30BaHUE, a TAKXKE MapalJICIbHOE BBINOJI-
HEHUE aHaJIN3a U3 Pa3IMYHbIX UCTOKOB. DTU JITOPUTMBI U METOJbI PEATN30BaHbI B
WHCTpyMEHTe ctarndeckoro anaiausa SharpChecker [3].

JIJi IpaKTUYeCKOro MPUMEHEHHUS PEeaTM30BaHHOTO MEXaHU3Ma aHAIM3a TIOMEYEH-
HBIX JJAHHBIX pa3paboTaH ¢opmaT ONMucaHus MpaBuil 0€30MaCHOCTH, OCHOBAaHHBIN
Ha JSON. ®opmar 1o3BoJIsIeT 3alKChiBaTh MpaBuiia, TPEOYIOIIUE JJisl POBEPKHU
pELIeHUs] OAHOM MJIM HECKOJBKHUX 3aJ]1a4 aHaJu3a TOMEYCHHBIX JTaHHBIX.

TectupoBanue Ha HAOOpE MPOEKTOB C OTKPHITHIM KOJIOM IOKA3aJI0, YTO Peasin30-
BaHHBII MHCTPYMEHT YCHEIIHO HAXOIUT cieaytomue ysi3BuMoctu: SQL-, LDAP-,
XPath-unbekiys, UCIMOIb30BaHNE KOHCTAHTHBIX MApOJIeH, yTeuka nH(popMaImu.

CIIMCOK JINTEPATYPEI

[1] FlowDroid: Precise Context, Flow, Field, Object-sensitive and Lifecycle-aware
Taint Analysis for Android Apps / S. Arzt [et al.] // In Proceedings of the
35th ACM SIGPLAN Conference on Programming Language Design and
Implementation. — 2014. — P.259-269.

[2] Komener B. K., N36wmmeB A.O., Hynuna M. A. MexnpoueaypHblii aHaiu3
MOMEUYEHHBIX JaHHBIX Ha 0a3e undpactpykrypsl LLVM // Tpyast UCIT PAH. —
2014. — T.26, Ne2. — C.97-118.

[3] Komener B. K., UrnarseB B. H., bop3unos A. Y. UadpacTpykrypa cTaTudecKoro
aHanu3a nporpamm Ha sa3eike C# // Tpyast UCIT PAH. — 2016. — T. 28, Nel. —
C.21-40.
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B cBsI31 ¢ pacTymiuM HHTEpEeCcOM K MOPTUPOBAHUIO AUCTPUOYTUBOB MOJTHOBECHBIX
ONEpalMOHHBIX CUCTEM Ha BCTpaMBaeMbl€ YCTPONCTBA, BOSHUKAET MOTPEOHOCTH B
ONTUMU3AIIH Pa3MEPOB 00PA30B TAKUX CUCTEM, CIICUAIN3UPOBAHHBIX JIJIS1 KOHKPET-
HBIX 3a7a4. Kak npaBuio, onepaioHHbIe CUCTEMBI 00I1IeT0 Ha3HAYEHMSI BKJIIOUAIOT
00bEMHBIE TUHAMHYECcKUEe OnbnnoTeku. Crenuain3upoBaHHOE YCTPOUCTBO MOXKET
UCIIOJIb30BaTh JIMIIb HEOONBIIYIO YaCTh NMPEIOCTaBIAEMON UMH (DYHKIIMOHAIBHOCTH.

B nokiane npeacrasieH MeToa MoaudUKaIMK mpoiecca cOOpKH 0e3 U3MEHEHUs
MCXOAHBIX KOJIOB POTpamMM AUCTPpUOYTHBA, MO3BOJIAIONIUI YMEHBIIUTh 00pa3 cucTe-
MBI, BKJIFOUAIOLIEH UCTIOJIHAEMbIE Qaiiibl U JUHAMUYeckrue Ononuoreku. JlanHbIi
MeToJl paboTaeT B NPEANOIOKEHNN 3aMKHYTOCTH MPOTPAMMHOMN CUCTEMBI: MOCIIE
OKOHYaHHUS COOPKH K CHCTEME HE MOTYT OBbITh J100aBJIEHbI HOBBIE MTPOTPAMMHBIE
KOMIIOHEHTHI.

OcHoBHas ujes Moaxoja COCTOUT B NOJYyYEHHUH I100ajbHOTO rpada 3aBUCHUMO-
CTel ¢ MOMOIIBIO plugin-MoyJisi K KOMIIOHOBIIMKY U UCKIIFOYEHUH CUMBOJIOB, HE
WCTIOJIB3YEMBIX JAHHOW CHCTEMOM, BO BpeMs mepecOopku. B kadecTBe oHOTO M3
IIPOMEKYTOUYHBIX I1AaroB, C MOMOIIBIO METONOB, AHAJIOTUYHBIX IPEICTABICHHBIM
B [1,2], pemaercs 3aqaua uaeHTUGUKaIUU (aiioB UCXOJHBIX TEKCTOB.

Peanu3anus npeniokKeHHOTro MoAXoa MO3BOJSET JOOUTHCSI YMEHBIICHHS cCyMMap-
HOTO pa3Mepa CEeKIMi KoAa M JaHHBIX OMHAPHBIX (ailyIoB IpOrpamMM OneparioHHON
cucteMbl Tizen (mpoduis «Headless») na 18%.

CIIMCOK JIUTEPATYPEI

[1] Dolstra E. Integrating software construction and software deployment.
Proceedings of the 2001 ICSE Workshops on SCM 2001, and SCM 2003
Conference on Software Configuration Management, ser. SCM’01/SCM’03.
Berlin, Heidelberg: Springer-Verlag, 2003, pp. 102-117.

[2] Build interceptor: http://build-interceptor.stage.tigris.org
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OpHol 13 BayKHBIX MPOOJIEM B HACTOSAIIEE BpeMsl SBJISICTCS 3ajiadya OMEepaTUBHOIO
MOHHUTOPHHTA TII00AILHOTO pacipeeieHusi HOHOC(HEPHBIX MapaMeTPOB U UCCIIEI0BA-
HUSI MEXaHHW3MOB BO3JIEHCTBUM Ha cocTosiHME HOHOC(hephl. JlanHas rmpobiema MOXeT
OBITH pEIICHUS MyTeM IMOCTPOCHUS aJICKBaTHONW MaTeMaTHYeCKON MOJIEIH, C TIOMO-
IIbI0 KOTOPOH MOKHO OYJET HE TOJIBKO BBHIYUCIIATH HOHOC(HEPHBIE XapaKTEePUCTHUKH,
HO U TMPEJCKa3bIBaTh MOBECHUE HOHOCKHEPHI.

B nHacTosimmei pabote paccMaTpuBacTCs pean3aiis METoa BapHaIllmOHHON ac-
CUMWISILIMY JAHHBIX, OCHOBAHHOTO Ha TEOPUM CONPSHKEHHBIX YPABHEHUU, IS O-
HOMEpHON Mojaenu noHochepsl. CucTteMa ypaBHEHUN, OMUCHIBAIOIAs IOBEACHNE
KOHIICHTPAIIMM MOHOB B HOHOC(epe, ¥ MPUMEHSBIIASACS JIJIS PEIICHUS TIPSIMOM 3a-
Jadd, moapoOHo omucaHa B paborax [1,2,3]. B kauecTBe OCHOBHOTO ypaBHEHUS
MOJIeH OBLIIO B3SITO YPABHEHHUE HEPA3PHIBHOCTHU JIJIi HOHOB C TPAaHUYHBIMH yCJIOBHU-
smu u3 [1,3]. beuta chopmynupoBaHa 3a1a4a BapuallMOHHOW aCCUMUIISIIMK JaHHBIX
HAOIONCHUH, IPEATIOKEH aJTOPUTM €€ PEIICHUSI U TIPOBEACHBI YHMCICHHBIE SKCIIEPH-
MEHTBI 110 BOCCTAHOBJICHUIO (DYHKITUU «IIOJIHOTO AJIEKTPOHHOTO COJEPKAHUS.

PaGora BoinmonHeHa npu ¢puHaHCOBOM nmoaaepxke Poccuiickoro Hayunoro ¢onaa
(mpoekt Nel7-17-01305).

CIIVMCOK JIUTEPATYPEHI

[1] Agoshkov V.I. The formulation and study of some variational assimilation
problems and inverse problems in ionosphere // Russ. J. Numer. Anal. Math.

Modelling. 2018. V. 33, Ne2, P. 118
[2] Schunk R. W., Nagy A.F. lonospheres. Physics, Plasma Physics, and Chemistry.
Cambridge University Press. 2009. 456 p.

[3] Ostanin P. A., Kulyamin D. V., Dymnikov V.P. Numerical modelling of the
earth’s ionosphere f region // IOP Conf. Series: Earth and Environmental
Science. 2017. V. 96, Ne 1, P.012011(1)—012011(11).
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B 3amadyax maremaTHuecKoro MOAEIUPOBAHUS OT Kaue€CTBa JAHHBIX BO MHOTOM
3aBUCUT TOYHOCTh MOJCJIBHBIX PAacyeToOB M MPOrHo3oB. [loaTomy stan o6paboTKu
JTAHHBIX HAOJIFOICHUH SIBJISICTCS Ba)KHOW YaCThIO PEIICHUS 3a/1a4 MaTeMaTHYeCKOTO
MozenupoBanus. Pabota mocesiieHa o6paboTke runpoduzndeckoit uHGoOpMaIuu s
3a/1a4 BApUALIMOHHOW aCCUMUJISILIMK JAHHBIX U JIPYTUX 337ad THIPOTEPMOJIUHAMUKH
OKEaHOB U MOpEN.

B pabote paccmarpuBaroTcs JaHHBIE HAOMIONEHUN O TemIlepaType MOBEPXHO-
ctu bantuiickoro mops (TIIM) ¢ pecypca eBponelickoro npoekra KomepHukyc
(www.marine.copernicus.eu). Ha si3pike nporpammupoBanusi Python peanuzoBana
Iporpamma, Mmo3BOJISAIOLIAs MOJAy4arh ¢ nmoprana aaHHeie o TIIM, uHTepnoaupo-
BaTh Ha TpeOyeMbIe pacUeTHBIC CETKH U MEPEBOAUTH B (popMaT YMCICHHOW MOAEIH
THIPOTEPMOIMHAMUKH banTtuiickoro mopsi, paspabarsiBaemoii B UBM PAH [1].
ITocpencTBomM peann3oBaHHOTO HaOOpa CKpUNTOB 0OpabOTaHbl CPEAHECYTOUHbIE
nanHele o TIIM bantuiickoro mops 3a 1982-2017 ropl.

[Toctpoennsie nosisgs TIIM u BbIYMCIIEHHBIE IO HUM CTaTUCTUYECKHUE XapaKTEpHU-
CTUKH (CTaTUCTUYECKOE OCPEAHEHUE U CPEIHEKBAAPATUUECKOE OTKIOHEHUE) MOIOJ-
HUJIU creruanu3upoBaHnyto 6a3y nqanueix UBC «MBM PAH - bantuiickoe Mmope»
[2] 1 MOTYT OBITh MCIIOIB30BAHBI MPU PEIICHUU PA3TUIHBIX 33]1a4 THIPOTEPMOIH-
HaMuKu okeaHoB U Mopei. [loms TIIM bantuiickoro Mopsi OyIyT HCIIOIB30BaHbI
MIpU pElIEHUH 3aJla4 acCUMIIIAIMK JaHHbIX [3]. Cratuctuueckoe ocpennenne TIIM
MO3BOJISIET TPOBOAUTH MOHUTOPUHT M3MEHUYMBOCTH COCTOSIHUSI MOPSI U BBICJIEHKHU-
BaTh TeHJIeHIMU. CpeIHEKBaAPATUUECKOE OTKJIOHEHUE MOXKET ObITh UCIOJIB30BAHO
B 33/1a4 BapUAIMOHHON aCCUMWISILIMKU TAHHBIX JIJIA IOCTPOEHUS KaBapUaAIIMOHHBIX
MaTpHuIl OIMMOOK JAHHBIX M JUISl PEIICHUS 3a7a4 BepuPpuKaluyu JaHHBIX HAOTIONCHUM
[4].

PabGota BeimonHena npu nogaepxkke rpanrta [Ipesuaenra PO (nmpoext Ne MK-
3228.2018.5, B paMKax KOTOPOTO BBHITIOJTHEH 0030p COBPEMEHHBIX TEXHOJOTHI 00pa-
OOTKHM JaHHBIX U pa3padOTaHbl aJITOPUTMBI 00PAOOTKH THAPODU3NISCKUX TAHHBIX )
u PH® (npoext Ne 14-11-00609, B pamkax KOTOpPOro co3/laHa U MOMOJHSIETCS CIe-
uaau3upoBaHHas 0aza gaHHbIX HaOmoaeHui o TIIM bantuiickoro mopsi).
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NMAPANNENBHBIK AITOPUTM ANA 3AAAYM
BAPUALMOHHOU ACCUMUNALUN AAHHbIX
TEMNEPATYPbI MOBEPXHOCTHU MOPA C
UCMNMOJIb3OBAHUEM METOAA PA3AENIEHUA OBJIACTHU

Aromxkos Banepuii UBanosuu', Jlesauna Haranbs Pomanoua®, MacTuneH

BajieHTHH AJleKceeBHY®
! Kadenpa BeMUCIUTENLHBIX TEXHONOTHI 1 Moneauposanus BMK MI'Y, UBM PAH, M®THU (T'Y), e-mail:

agoshkov@inm.ras.ru
2 IBM PAH, e-mail: lezina@phystech.edu
3 Kadempa BBIUMCIMTENIBHBIX TeXHOIOTHI U MogemupoBanus BMK MI'Y, e-mail: mas . valyok@yandex.ru

Hcnonp3oBanue BapuallMOHHOW aCCUMWISIIIMY TAHHBIX IS YIYYIICHUS POrHO3a
B MaTEeMaTUUYECKUX MOJICIIAX MPEACTaBIsIeT COO0M OMHY M3 Haubojee aKTyaTbHBIX
3a7lad4 B COBPEMEHHOM MaTeMarudeckoil reodmsnke. B mocnenHee BpeMs Takue
3aJ1a4y TOJTYYHUIN PacpOCTPAHEHHUE BCIIEICTBUE 3HAYUTEILHOTO YBEIIMUYCHUS 1aH-
HBIX HAOMIONCHUI TaKuX, KaK, HAIpUMEDP, CIyTHUKOBBIC U3MEPEHHUs. JTO BIEYET 32
co00i HE0OXOAMMOCTh co31aHus 3PHEKTUBHBIX AJTOPUTMOB ACCUMMIIAIINM JTAHHBIX
JUTs MHOTOTIPOIIECCOPHBIX CUCTEM. B CBsi3u ¢ OypHBIM pa3BUTHEM CYNEPKOMITBIOTE-
POB HCIIOJIb30BAaHUE, CO3JAHUE U PA3BUTHE MAPAIUICIIBHBIX aJITOPUTMOB CTAHOBUTCS
HEOTHEMJIEMOUN YaCThIO YHCJIEHHOTO MOJICIIMPOBAHMUSI.

B Hacrosmei pabote paccMaTpuBaeTCsl alTOPUTM BapUAIMOHHON aCCUMIIISIITUN
JAHHBIX HaOMroneHui [ 1], OCHOBaHHBIN Ha METOJE pa3AeieHust oonactu [2], mms
MO THUAPOTEPMOAUHAMUKHA MOps, paspadoranHoii B8 UBM PAH [3], u ero
napa’suiesibHasl peanu3anusl.
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Pa6ora Beinonnena npu noanaepxkke PH® (mmpoekt Ne 14-11-00609).
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3A0AYA O MUHUMU3ALMUU YLLUEPBA OT
BUOJIOTMYECKOIo 3ArPA3HEHUA BOAOEMA

Aromkos Banepnii UBanosuu', Copoxun Asnexcanap Cepreesuyu?, HlenonyT

Tarbsina OJeropna’
I Kacdbenpa BHUHCIHTENBHBIX TEXHONOTHH U Moaenuposanns BMK MI'Y, UBM PAH, M®TH (T'Y), e-mail:

agoshkov@inm.ras.ru
2 Kadepa BBIUMCIIMTENIBHBIX TeXHOIOTHI 1 Mojenuposanust BMK MI'Y, e-mail:

sorokinaleksandr96@gmail.com
3 IBM PAH, e-mail: sheloput@phystech.edu

MukpocKkonmUueCcKrue BOAOPOCIH, MPUCYTCTBYIOIINE B OTKPHITHIX BOJAOEMAX, B
3HAYUTETLHOM CTETIEHU OMPEEISIIOT KaueCTBO BO/Ibl. MaccoBoe pa3BUTHE 1TMaHOOAK-
Tepuil (CUHE-3€JICHBIX BOJAOPOCIIEH) NPUBOAUT K 3arps3HEHUIO BOJIOEMa, SBJICHUIO,
MOJIYYMBILIEMY Ha3BaHUE BPEIOHOCHOTO «IBETEHHUs» BOMABL. BpeqoHOCHOCTh Macco-
BOT'O Pa3BUTHUS IIMAHOOAKTEPUM 3aKIIIOUAETCS B MPOAYIIUPOBAHUM OOJIBIIIOTO YKCIIa
ONACHBIX JJISI 3[I0POBbS JIFOJIEN U KUBOTHBIX CUIILHOACHCTBYIOIIMX TOKCUHOB, CHHU-
KEHUU Ka4eCTBA BOJIbI, HAPYIICHUH ICTETUYECKOTO BHJA BOJIOEMA, MOTEPE MOJIE3HBIX
JUIS1 9YeJI0BeKa CBOMCTB BOJHOM DKOCHCTEMBI, MacCOBOM rudenu peid. B MupoBoii
MIPAKTUKE HUCTIONB3YIOTCS pa3iudHble PU3NYECKUE U XUMUYECKUE METObI OOPHOBI €
nuaHoOaKTepusIMU (MEXaHWYECKasl YUCTKA, a3pUpOBaHUE, OOIYUEHHE U T.J.), OJHAKO
3TH METOABI 3a9acCTyI0 MaIod()(PEKTUBHBI M BMECTE C TEM CBS3aHBI C OOIBIIMMU (PH-
HaHCOBBIMU 3aTparamu. OJHUM U3 HarboJee HHTEPECHBIX CITOCOOOB MPENOTBPATUTh
[BETCHHE BomoeMa siBisieTcst anbronusainus cycnensueit Chlorella vulgaris — BBene-
HHE B BOJIOEM LITAMMOB OJIHOKJIETOYHOM 3€JICHOM MUKpOBOJopociu [ 1], kotopas
OopeTcst ¢ CUHE-3eJICHBIMU BOJIOPOCIISIMH 3a CUeT NMPSIMOUM KOHKYpeHIuu. B cBs3u
C 3TUM HMHTEpPEC MPEACTABISLCT 3aja4a 0 MUHUMHU3AIMHN yiiepda OT 3arps3HCHUS
BOJIOEMA CUHE-3€JICHBIMU BOJIOPOCIISIMU ITyTEM aJIbrOJIU3aIIUH.

B Hacrosmei pabote Obljia pacCMOTpEeHa yIPOIIEHHAs: MOJIEeIb, YUYUTHIBAIOIIAs
KaK MPOCTPAHCTBEHHO-HEOAHOPOIHOE pacClpeeiICHUE CUHE-3€JICHOU M 3E€JICHOU
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BOJIOpPOCIICH, Tak M UX B3auMmozencTue [1]. i nuckpeTrzanuu MOAEIU MO BpeMe-
HU OBLIT MCIIOJIb30BaH METOJ paciueruieHus [2]. B padore npuBeneHsl pe3yibTraThl
YHUCIICHHBIX 3KCTICPUMEHTOB JIJIsl IPSIMOM 3a/lauu, a Tak)Ke MOCTaHOBKA 33Jaud O MHU-
HUMU3AIUY yiepoa 0T OMOJIOrMYECKOTO 3arpsi3HEHUS BoJj0eMa )1 MOTYAUCKPETHOM
MOJICJIH.

Pa6ora BeinonHena npu noanepxkke PH® (poekt Ne 14-11-00609).

CIIUMCOK JIUTEPATYPEI

[1] Hukutuna A. B., CyxunoB A.MW., YroneHuukuii I'. A., YcoB A.b., HUucTtakos
A.E., [lyukun M. B., Cemenon U. C. OntumanbHOE yIpaBieHUE YCTOWYHUBBIM
pa3BuTHEM Npu OHOJIOrHYecKor peaOunuranuu A30Bckoro mops // Marewm.
monenrpoBanue. 2016. T.28, Ne7

[2] Mapuyk I'. 1. Metoas! BeuncauTeIbHOM MaremaTtuku. M. : Hayka, 1977. 456 c.

O 3AMKHYTbIX KJNIACCAX YACTUYHOU k-3HAUHOMH
NNOTUKHU, COAEPXXALLUX KNACC MOHOTOHHbIX
®YHKLUHU

AnexceeB Banepuit bopucosuu

Kadenpa maremarnueckoii kubepHeTrky, e-mail: vbalekseev@rambler. ru

[Tycts A — npeanonublil knacce B k-3HauHo# noruke Py, u T'(A) - cemeiicTBO Beex
3aMKHYTHIX KJIACCOB B YaCTHUYHOM k-3HauHOM yoruke P;', comepxkammx A. Bompoc
0 ToM, Jisi Kakux A cemeiictBo T'(A) coIepKUT KOHEYHOE YHCIIO KIacCOB, a JUIs
Kaknux OeCKOHEYHOe, BIIepBbIe ObLI paccMOTpeH aBTopoM u A.A. Boponenko [1] u
MOJTHOCTBIO pemieH st k=2. K HacTosmeMy BpeMeHH 3Ta 3aa4a JijIs IPOU3BOIBHBIX
k ocTtaBayiach HEpEIICHHOM TOJBKO JJISl PEANOIHBIX KIIACCOB MOHOTOHHBIX (DYHKIIUH
[2]. HemaBHo O.C. [dynakoBa [3] moka3aia CylleCTBOBAaHHE B 3TOM CeMecTBe (IIpu
k=6) npeamnomnnoro kiacca A, 1t koroporo MuHOkecTBO T'(A) GeckoHEeUHO. ABTOPOM
JI0Ka3aHa TeopeMa, KoTopasi 3aBepIlaeT pelIeHUue paccMaTpruBaeMoi 3aa4u s BCEX
IPEIOIHBIX KIACCOB k-3HAUYHOM JIOTHKH.

Bapukcupyem Ha Fj, = {0,1,...,k — 1} HEKOTOpBI YaCTHYHBIN MOPSAIOK K.
[Tpu aTOM MHOXKECTBO M p BCEX BCIOAY ONMPEICSICHHBIX k-3HAYHBIX (DYHKIIHA, MOHO-
TOHHBIX OTHOCUTENBHO R, 00pa3yeT mpernoiHbIi Kiacc B P Toraa M TOJIBKO TOTNA,
xorga R umeer poBHO 1 MUHHUMaIbHBIA U POBHO | MakCUMaJIbHBIN 3JIEMEHT.

Iycte A C Ej,, BC Ep,, AN B =&, a; <p b; s Beex a; € A, b; € B. Ilapy

(A, B) OyneMm Ha3blBaTh HEOTACIUMOM, €CIIM HE CYIIECTBYET Takoro ¢ € Ky, 4to
a; < ¢ < b; (otHOCUTENnbHO 1) 14 Beex a; € A, bj € B.
Teopema. [Tycmos Mp — npednoansiii knacc monomonnvix @yuxyuti ¢ Py u T'(Mp)
— MHOJCECE0 6CeX 3aMKHYMbIX Kaiaccoe uz Py, cooepocawux Mp. Muoscecmeo
T(Mpg) xoneuno mozoa u monvko moeda, ko2oa ¢ Ej nem neomoerumvix nap
noomHodMcecms (omHocumenvHo R).
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O MOAENUPOBAHUU ®YHKLLIMOHUPOBAHMUA
NMPOU3BOZCTBA OBPABATbLIBAIOLLEIO CEKTOPA

Aanmos Jlamup Anuesny, lllananun Asnexcanap Anekceesnd', O0pocosa
Haraaus Kupuiiosna?

! Kaenpa cuctemuoro ananuza, MOTU(TY), e-mail: alimov2007d@gmail.com, alexshan@yandex.ru
2 BII ®UI] 1Y PAH um. A. A. Jloponuunbina, e-mail: nobrosova@yandex. ru

B pabote [1] uccaemyercss Moaelb MPOU3BOJACTBEHHOM KOMIIAHUH B YCIIOBHUSX
HECTaOMJILHOTO crpoca u I[G(I)I/ILII/ITa 060p0THBIX CpCacCTB. Monenb (bopMaJmsoBaHa
B BUIC YPAaBHCHUA bennmana JJIA OOIC€CHKHU CTOMMOCTHU HpOH3BOZ[CTBCHHOﬁ KOMIIaHHNU,
3aBI/IC$IH_Ief;I OT UMCHOIIINXCA 3aIlaCOB U 3aJ0JIKEHHOCTH KOMITaHUN:

+00
W (Yy, L) = sup / Ae” M (pmin (Y(£),Y™) — L(1)), +

7>=0
0

+W (Y () = Y*),, (L(t) —pmin (Y (2),Y™)) )] dt,

e Y (t) = Yo + nmin(¢,7), L(t) = ny/r (e — e""7+) 4 Lye™.

B paGore [1] Obu10 HAWAEHO AaHAIUTHUYECKOE PEUIEHHE 3TOr0 ypaBHEHUS
W (Yo, Lo) = V(o) — Lo B ciayuae A = r. SIBHbiii Bun Gyakiuu V' (Y)) Bbinucan B
[1]. B [2] uccnenyercs BOMpoC O €MIMHCTBEHHOCTH 3TOrO pemieHus. Haiaen knace
(GYHKIH, B KOTOPOM JIaHHOE pelIeHre eAIMHCTBeHHO. B [1] HalineH aHanmuTu4yecKkui
BUJ] KaUTaJIU3alMi KOMIAHUH U I0KAa3aHa €T0 €MHCTBEHHOCTD B Clydae OTCYCTBUS
noiaroBoi Harpy3ku. B [3] HaiineHo ¢uHambHOE pacrpeneseHre BEpOSTHOCTEH CITy-
YallHOTO Mpoliecca U3MEHEHHMS 3amaca U MpoBeJeHa UACHTU(PUKAIUS MOJENH 110
JAaHHBIM O(UIIMATBHONW CTAaTUCTUKU. B naHHON paboTe Ha OCHOBE MOJYYEHHOTO
B [3] pacnipenenieHus] BBIYUCISAECTCS CPEAHSS BEIMUMHA JI0Jra KOMIIAHUH, 4 TaKKe
UCCIIEAYETCs pelieHne ypaBHeHUs beniMana B MOAENH, YUUTHIBAIOLIEH J0JITOBYIO
Harpy3ky B ciydae A < 7.
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CUCTEMA BU3YAJIU3ALUUU UHDOPMALIMOHHbBIX
rPA®OB AJITOPUTMOB

AnTtonoB Ajekcauap Cepreesnu', Bosiko Huxknra UropeBuy
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2

I'pad anroput™Ma — 3TO OPUECHTUPOBAHHBIA AIUKIMYCCKAN Tpad, BEpIIUHBI KOTO-
pPOTO COOTBETCTBYIOT ONEPALIUAM B aJITOPUTME, & AYTH — 3aBUCUMOCTSAM IO JIaHHBIM.
JIist KaXXKI0ro ajaropuTMa 1o TakoMmy Ipady MokeT ObITh BBIYHCIIEH €ro pecypc
napajieliu3Ma U BBISIBJICHBI XapaKTepHbIe CTPYKTypHbIe Oioku. Llenp Hateit pado-
Thl — CO3J@HHWE UHCTPYMEHTA ISl YIOOHOTO BU3YaJbHOIO IpeAcTaBiIeHUs rpadoB
aJITOPUTMOB, C TIOMOIIIbIO KOTOPOTO MOXHO OBICTPO OLIEHUTH 3T CBOMCTBA. JTOT UH-
CTPYMEHT 3aTe€M UCIOJIb3YETCSl KaK 4acTh ONMHUCAHMS aJTOPUTMOB B paMKaX MPOEKTa
AlgoWiki.

Pa3pabarbiBaeMas HaMu cUCTEMa BU3yalln3alluu rpadoB aJropuTMOB, Ha3BaHHAs
AlgoView [1], coctouT u3 nByX yactei: reneparopa 3D-moneneit rpados airo-
PUTMOB U CPEACTB JJI OTOOpa)keHHsl 3TUX mojenei online. 3D-mMozxenu rpados
CTPOSITCA MyTEM CHHTAKCHUECKOTO aHAJIM3a Mpe/ICTaBlIeHus Tpada alropurMa B BUC
XML-gokyMeHTa, B CBOIO OUepeah MOTydaeMOoro MEeTMmovYKor mpeoOpa3oBaHuii U3 Koja
pedepeHCHON peann3aliy alropuT™Ma Ha a3bike nporpammupoBanus C / Fortran (3ta
4acTh TMapcepa ObUTa HamucaHa paHee). B mporiecce 3Toro ananmnsa, Kak mpaBuiio,
TpeOyeTcs 3a/1aBaTh HAOOpP BHEIIHUX MMapaMEeTPOB, OTBETCTBEHHBIX 32 pa3MEpHbIC
xapakrepuctuku rpada. Cpencrsamu Qt as reHeparopa Mozelnel co3aana 00EpTka
B Busie GUI nmpunoxenuii 1yt Windows u Linux. Pe3ynsrarom paboThl reHepaTopa
ABIISIETCS. HAOOP MOJENel, B KOTOPBIX COXPAHSIOTCA COOTBETCTBYIOIIME THE3IAM
LUKJIOB PETYISIPHBIE CTPYKTYPBI AJITOPUTMA U €r0 PECYPC Mapajuiean3ma, a TaAKKe
BXOJIHBIC/BBIXO/IHBIC JaHHBIE U MaKpoonepauu (eciau oHu 3aaanbl). Kpome Toro,
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€CTh BO3MOXKHOCTh T'€HEpAaIliy TECTOBBIX MOJEIEH HEMOCPEACTBEHHO MO CIUCKY
BepIIUH U pebEp rpada anropurMma.

OTtoOpaxeHue MOACIH B PeKUME online OCyIIeCTBIAETCS MOCPEICTBOM TEXHOIO-
run WebGL. Ha cepBepe xpaHuTcst 001mIMii A1 Bcex anroputMoB Habop JavaScript
YTHIUT U Web-ToKyMeHT. /{71 Bu3yanu3amuu KOHKPETHOTO aJTOpPUTMa HUCIIONb3YETCs
OTJieJIbHAsl KOs ATOTO JIOKYMEHTa M HYXHBIM Habop 3D-moneneil. Busyanusa-
U] MTHTEPAKTUBHAS — TIOJJICP)KUBAIOTCS CBOOOMHAsS TOJIB30BaTEIbCKAs KaMepa,
UMUTAIMS BBITIOJTHEHUS aJTOPUTMA B paMKaxX KOHICIIIMM HEOTPAHUYCHHOTO Tia-
pajuienu3Ma B BHJIE SIPYCHO-TIapajuiebHON (POPMBI M HEKOTOPBIEC JOTOTHUTEIbHBIC
HAaCTPOUKU OTOOpaxkeHUs. Web-TOKyMEHThl BKIIIOYAIOTCS B OMUCAHUSA aJTOPHUT-
MOB U3 TmpoekTa OTKPBITOM IHUMKIONEAUN CBOMCTB alroputmMoB AlgoWiki [2]
(http://algowiki-project.org/) c momompio pacmmperus [Frame. Mar
TUTAHUPYEM HETIPEPHIBHO MOAJICPKUBATh U pa3BUBATh HAIIy CUCTEMY — HalpuMep,
ceituac 00Cyk1aeTcsi BO3SMOXKHOCTb JIaTh MOJIb30BATENI0 MPsSMO U3 Opay3epa CreHepu-
pOBaTh BU3yaJbHOE MpEACTaBlIeHUE rpada anropuTMa ¢ JpyruM HabOpOM BHEITHHX
napaMeTpoB U Cpasy K€ ero 0ToOpa3uTh.

Pesynpratel mo peanuzarnuu npoekra AlgoWiki momydensl B MOCKOBCKOM TOCY-
JIapCTBEHHOM yHUBepcuteTe nMeHu M. B. JlomoHocoBa 3a cué€r rpanra Poccuiickoro
Hay4gHOTO (hoHma (mpoekT Ne 14-11-00190).
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Obp O4HOM HEKNACCUYECKOM HEJIUHEUHOM
YPABHEHUU B YACTHbIX NMPOU3BOAHbIX

ApucroB Anarosmiit Uropesuu

Kadenpa obmieit maremarnku, e-mail: ai_aristov@mail.ru

Pabota mocesieHa U3yueHUu0 ypaBHEHUS

9 (Au — u) + Au + div(uVu) = 0.
ot
Ono BbIBeZIEHO B [ 1, 1. 3] HA OCHOBE MOZAEIN HECTALIMOHAPHOTO MPOLIECCa B )KUKOM
HOJYTIPOBOJTHUKE.
[TocTpoeHO MATh CEMENCTB TOYHBIX PELICHUI 3TOr0 YPaBHEHMSI, BBIPAXKAIOLIUXCS

gyepe3 dlieMEHTapHbIe U creruaibabie QyHKIuu. [lokazano, 94To cpenu HUX €CTh Kak
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ompe/ieJICHHbIE TTT0OAIBHO TI0 BPEMEHH, TaK U oOpararonmecs: B 06CKOHEYHOCTh Ha
KOHEYHBIX BPEMEHHBIX IPOMEKYTKAX.

Pa6ora BreITTOTHEHA TIpU moaaep:kke rpanTa [Ipesnnenta PO mis rocymapcTBeH-
HOW MOJAEPKKH MOJIOJIBIX POCCUMCKUX YUEHBIX - KaHauaaTtoB Hayk MK-1829.2018.1.

CIIUCOK JIUTEPATYPEI

[1] CBemnukoB A.T., Ansmun A. b., KopnycoB M. O., [Tnetuep FO. /1. JIuneiinsie
U HEJIMHEWHbIe ypaBHEHUs1 coOosieBckoro tumna. M., dusmariurt, 2007. 736 c.

OB OBPATUMOCTU HEKOTOPbIX KJIACCOB CUCTEM C
HECOU3SMEPUMbIMU 3AMNA3[NbIBAHUAM

Aramacs EBrenuii UBanoBuu
Kadenpa HACwuILY, e-mail: eatamas@cs.msu.ru

PaccmarpuBaeTcst BEKTOpHAs JIMHEWHasi CTallHOHApHasl AWHAMUYECKasi CHCTe-
Ma MMOCTOSHHBIMU 3alla3/IbIBAHHSIMH, H3MEPSEMbIM BBIXOIOM ¥(1) U HEU3BECTHBIM
BX0oHOM & (1)

k k
&= At —m)+ > Bt —im),
i=0 1=0

k
y =3 Ci(t — 1),
1=0

rne y(t),£(t) € R™. Tlpeanonaraercs, uro curHan &(t) orpaHuYeH H3BECTHOM
KOHCTaHTOH &).

Jlist JaHHOM CHCTEMBI PACCMATPUBAETCS 3a/la4a OOpAIEHUs, T. €. IOCTPOCHHUS B
peaslbHOM BpPEMEHHU OLEHKU & Hen3BecTHOro Bxona. [Ipu aTom miis perienus 3agadu
nocTynHa nHpopmanus 00 u3MepsieMoM BbIxoje y(t) u mapaMmeTpax CUCTEMBI.

Panee mannas 3amaya ObUia perieHa MPU HEKOTOPBIX OIPAHUYCHUSX B CIydae
cou3MepuMbIX 3ana3absiBaHuil [1]. KiroueByto posib npu 3TOM Urpaja KaHOHUYECKas
(dopma c BbIJIETICHUEM HYJIEBOM TuHaMHUKU. Mmeer mecto

(1)

Teopema 1. Ilycmo cucmema (1) cnexmpanvHo nabarooaema u nNPuBOOUMA KAHO-
HUuecKkol ¢opme ¢ 8blOesieHUeM HYNe8OU OUHAMUKY, CHEeKMP HYLe60U OUHAMUKU
yemotiuus, cuenan &(t) ouggepenyupyem u oepanuuen emecme co c80etl NPOU3BO0-
nou. Tozoa cywecmeyem uneepmop, nO360OWUL oyerums uckomblil cueHan &(t) ¢

J1100011 Haneped 3A0aHHOU MOYHOCMbIO, HAYUHRAA C HEKOMOpPO2cO MOMeHmMAa 6peMEerU
T.

Oka3zpIBaeTCs, YTO YCJIOBHUS MPUBOJUMOCTH K TakoW (OopMe MOXKHO, HCIIOJb-
3ysa Teopemy KBmmiena—Cycnuna [2], 0000muUTs U Ha cllydyail HECOU3MEPHUMBIX
3ara3abIBaHuM.

JlokJ1aJ] MOCBSIIEH OOCYXACHUIO PE3YAbTaTOB, MOJYYCHHBIX B JJAHHOM HallpaBlie-
HUU.

Pabota BrimonHena npu noaaepxxkke PODU (mpoext Ne 18-37-00106-mo1_a).



ArtanecsH A. A., Tounmus I1. A. 27

CIIMCOK JINTEPATYPBI

[1] Uneua A.B., Atamace E.U., ®omuueB B.B. OO6paimieHnne BEKTOPHBIX CH-
CTEM C HEYCTOWYMBOU HYJeBOUW AuHamuKkoi// Jlokmaasl akagemun Hayk. — 2017.
— T.473, Ne4. — C.407-10.

[2] Jlenr C. AnreGpa. M. : Mup, 1968. 564 c.

3AJAYA ONTUMAJIbBHOWU CTABUJIU3ALIUU C
KYCOYHO-JIMHEUHOU ®YHKLUMUEU LEHDI

Atanecsin AnHa AprakosHa', Touniaun IlaBea AjexcanapoBuy

! Kagenpa cuctemnoro ananusa, e-mail: at-an-ar@yandex. ru
2 Kadempa cucreMHoro aHanmmsa, e-mail: tochilin@cs.msu.ru

2

Pabora mocasileHa pemeHro 3a1a4d ONTUMaIbHON CTaOMIN3aIuU ISl HeJU-
HEWUHOM CHCTEMBI, C BO3MOXXHBIMHU NEPEKIIOUCHUAMU MEXKIY COCTABISAIOIIUMU €€
noacucteMamu. [Ipenmonaraercs, 4To Kakaas U3 MOACUCTEM 00JIaaeT TOCTATOYHO
MPOCTON AMHAMMKOM (HampuMmep, JMHEWHOM 1o ()a30BbIM NEPEMEHHBIM U YIIPABIISAIO-
UM napamerpam). [Ipu 3ToM MepeKIFoueHNs] MKy MOACUCTEMaMHU (MTHOBEHHBIE,
CKauKOOOpa3HbIE CMEHBI PEKUMOB (DYHKIIMOHUPOBAHMUS) IPOU3BOASATCS MPHU OIpeie-
JICHHBIX YCJIOBHSX, KOTJa TPACKTOPHS CUCTEMBI MMONAJAET HA CIICIIUAIBHBIC, BBIIC-
JIEHHbIE MHOTO00pa3us nepekiiroueHuil. B kauecTBe mocieHux B JaHHOW padbote
UCIIOJIB3YIOTCS TUIIEPIIIOCKOCTH MEPEKIFOUCHUN.

OcHOBHO¥ 11€MTbI0 PaOOTHI SABIISETCS OMPEACIICHUE TOJIOKEHUI THIIEPIIIIOCKOCTEH
NEPEKIIOYEHUN C LEbI0 CTa0UIM3alMi COBOKYITHOM KYyCOYHO-JIMHEWMHOW CUCTEMBI,
a TakKe MOUCK CTAOMIM3UPYIONINX YIPABICHHUHN NI KaXKI0W u3 moacucteM. [pu
ATOM Ha MHOXECTBE CTAOMIM3UPYIONIUX YIPABICHUN HEOOXOAMMO TaK)K€ MUHUMH-
3UPOBATh BCIIOMOTATEIbHBIN KBAAPATUYHBIN UHTETPATbHBIN (DyHKIIMOHAIL.

Pemenne nocTaBieHHOM 3a/1a4l OCHOBBIBAETCS HA MOJX0/AAX, CBA3AHHBIX C ypaB-
HeHusIMH ['amMuiibroHa-Sko0u-beniMana U TpuHLMIE CPAaBHEHUS, TO3BOJISIOIIEM
pelrarh yKa3aHHbIE ypaBHEeHHUs NpuOmmkeHHo [1,2]. B kauecTBe kaHIuaaToB Ha
ponb pyHKUMI JIAyHOBAa M OHOBPEMEHHO (DYHKLMI LIEHBI UCIIOJIb3YIOTCA KyCOYHO-
JUHEWHBbIE (PYHKIIMM CIIEIMAIbHOTO BHJA, 3aJJaHHBIC HAa CETKE W3 CHMIUIEKCOB B
(ha30BOM MPOCTPAHCTBE.

[lomy4yeHHBIE TEOPETUYECKHUE PE3YIIBTATHI TPOAEMOHCTPUPOBAHBI HA KOHKPETHOM
npUMepe PEeIIeHUs 3a]]aul ONTUMATbHON CTAaOUIN3alMU JIJISl CUCTEMBI C TEePEKITIoUe-
HUSIMHU, BO3HUKAIOIIEH MPU MOAEIUPOBAHUN HEKOTOPBIX XUMHUUYECKHX MPOLIECCOB [3].

Pa6ora BeimonHeHa npu nogaepxkke PODU (mpoekt Ne 16-29-04191 odu_m).
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UCCNEQNOBAHUE NMPOBJIEM NEPEHOCA OBYYEHUSA MNMPU
OLLEHKE ®OTOMETPUYECKUX KPACHbIX CMELLEHUH
BHEFTAJJAKTUYECKHUX OBbEKTOB METOAAMMU
MALWKUHHOIO ObYYEHHUA

2

Adonun Anton Bukroposnu', Memepsikos Ajekcanap BajaepbeBuu?,

I'epacumos Cepreii Banepbesuy®

I BMK M, cTymenT, e-mail: 17afonin@gmail . com
2 KU PAH, K.¢.-M.H., Hay4HBI# COTpyAHMK, e-mail: alexandre .meshcheryakov@gmail .com
3 BMK MI'Y, Miaamuit HAay4YHBIH COTPYIHUK, e-mail: sergun@gmail.com

Jlns pernieHuss MHOTHX 3a7iad COBPEMEHHOM acTpOdHU3MKH HEOOXOIMMO 3HATh
SHA4YCHUA KPACHBIX CMGHIGHI/Iﬁ HeOeCHBIX 00beKTOB. Ho HU3MCPCHUC 9TOU BEJIIMYUHBI
IpY TOMOIIIN CTIEKTPOCKOMMYECKUX HAOMIONCHUI SIBIISIETCS 3aTPATHBIM IO pecypcam,
YTO JIeJIaeT aKTyaJlbHOM 3aj7a4y MPOTHO3UPOBAHUS KPACHBIX CMEIICHUN 0ObEKTOB 10
IIpHU3HAKaM, ITIOJIYUYCHHbBIM CO CHUMKOB 0OBEKTOB B Ppa3HbIX (bHHLTan.

[Ipu pemennn gaHHOW 3a/1a4M BO3HHUKAIOT CIIEAYIONMIUE MPOOIEMBI:

— TpeHupoBOUHBIC BEIOOPKH B OOJIBIICH CTEIICHU COCTOAT M3 OJIM3KUX OOBEKTOB,
JaJIeKHe UMEIOT MHBIX XapaKTEPUCTHKH, a MX KOJIMYECTBO MHOTOKPAaTHO BO3pacTa-
eT. [loaTomy pacnpeneneHusi 0ObEKTOB B MPOCTPAHCTBE MPU3HAKOB 00YUaIOIICH
¥ TECTOBOM BBHIOOPKH HE COBMAAIOT.

— C yBenuyeHHueM pacCTOsHUS 10 HeOECHOr0 0OBEKTa, YBEIIMUMBACTCS BEIIMUUHA
mryma (reTepoCcKeJacTUYHOCTh JIaHHbIX ).

B nanunoit pabote Obljia M3MEpPEHA TOYHOCTD psAjia MOMYJISIPHBIX aHCAaMOJIEBBIX
METOJIOB JJIsl U3MEPEHHS KPACHOTO CMELICHHS TajakTHK Ha CHelHaIbHBIX BRIOOPKaX.
B tabnune Beibopka Teddy umuTupyet npooiemy, CBI3aHHYIO ¢ Pa3IMYHBIMHU pac-
npenenenusmu, Happy — ¢ rerepockenactuyHocThi0. B moasei6opkax "B"addexr
BbIpaXkeH ciabee, B D — cunbHee. MccnenoBanock moBeAeHUE CIEAYIONIUX aJro-
putrmoB: Random Forest, XGBoost, ExtraTrees, Catboost u LightGBM. Taxxke
UCCIIEIOBANIOCH BIMsIHUE TTpenoOpaboTku gaHHbIX PCA Ha KauecTBO MPOTHO30B.

Pesynbrarel, moydeHHble B paboTe, MPEACTaBIEHBI B CEAYIONIEH Tabaulie:
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RF ET pAElS cB LGBM
Teddy B 1.21 1.21 1.25 1.17 1.17
Teddy D 4.85 4.97 4.80 4.47 4.3
Happy B 1.43 1.44 1.87 1.56 1.47
Happy D 5.61 554 6.36 574 5.66

Puc. 1: B taGnuie npeactaBiensl pe3yasrarsl o Metpuke MAD. Jlyumme pe3ynb-
TaThl BBIJEJICHBI )KUPHBIM.

PACNPEAENEHUE BbIYUCIUTENIbHOWU HATPY3KHU B
MOAY/bHbIX BC NYTEM PELLUEHUA
MOAUDULUPOBAHHOU 3A[AUYU O
MYJIbTUTJIUKATUBHOM PHOK3AKE

banamos Bacuinit Bukroposu4, AuTunnaa Exarepuna AnapeeBsHa

Kadenpa aBroMaTu3anuy CHCTEM BBIYMCIUTEIBHBIX KOMIUICKCOB, e-mail: hbd@cs .msu. su,
antipantipovych@gmail.com

B pabote paccmarpuBaeTrcs 3agada pacnpeicieHUs BBIYUCIUTEIBHON Harpys-
KM 10 MOJYJIIM U IIPOLIECCOPHBIM si[paM B COCTAaBE MOAYJIbHON BBIYUCIUTEILHON
cucteMbl peanbHoro Bpemenn (MBC PB). BeranciaurensHas Harpyska gis MBC
PB npencrasnsier co0oit Habop pa3aenos (Tpynn B3aMMOCBSI3aHHbBIX 3a/1a4), 0OMEH
JaHHBIMU MEXIY KOTOPBIMU OCYIIECTBISIETCS MOCPEACTBOM IMepeaayd COOOIICHUIA.
Tpebyetcs pacnipeneanTb pa3aesbl M0 MOAY/SM U MPOLIECCOPHBIM sIpaM Tak, YTOOBI
(a) MUHUMH3UPOBATh OOMEH JAHHBIMU MEX]Ty MOIYISIMU U TEM CaMbIM Pa3rpy3UTh
CeTh TMepeaayr TaHHbIX, U (0) He MIPEBBICUTh OTPAHUUYCHHS HA 3arpy3Ky IPOIIECCOp-
HbIX snep. i paznena MOryT OBITh 33J]aHbl OTPAHUYEHUS HA TO, K KAKUM siipam
€ro JIOMyCTUMO MPUBS3BIBATD.

ABTOpaMH MPEIJIOKEHO CBEACHUE JaHHOM 3a/1aul K MOAU(DUIIMPOBAHHON 3a/1aue
0 MYJIBTUIUIUKATUBHOM prok3ake (3MP) [1]. B pamkax cBeieHUs MOIYIU COOTBET-
CTBYIOT PIOK3aKaM, pa3Jieibl - YIIAaKOBBIBAEMbIM 00bEKTaM, 3arpy3Ka sijipa pasaeioM
- 00beMy 00beKTa, OTpaHUYECHUS Ha 3arpy3Ky siaep - oObeMaM prok3akoB. O0bem
00bEKTa 3aBUCHUT OT PIOK3aKa, B KOTOPBIA OH ymakoBbiBaeTCsA. OTIMUUE OT UCXOAHOU
noctaHoBkd 3MP B TOM, 4TO CTOMMOCTBH COMOCTABIISAECTCS HE OTAEIbHBIM OObEK-
TaMm, a lapaM OOBEKTOB, U OTPAXKAeT 3arpy3Ky CETH OOMEHOM JaHHBIMU MEXITY
napamu paszzaenoB. CTOMMOCTb Mapbl 0ObEKTOB CUUTAETCS HYJIEBOM, €Clid OOBEKTHI
PaCIONIOKEHBI B Pa3HBIX PIOK3aKaX.

B noxinane npeacrasieH pa3paboTaHHBIA aBTOpaMU ajlrOPUTM PEIICHUS] MOJH-
¢unupoBannoit 3MP Ha ocHOBe MeTO/a BETBEW U I'paHMI], B T.4. CXEMbI pacyeTa
BEpXHEW M HIDKHEW T'paHUll, a TAKXKE BPUCTUKHU JJIsl COKPAILICHUSI TTPOCTPAHCTBA
noucka 0e3 MoTepu ONTHUMAJIBHOIO pelleHuss. MacmTabupyemMoCcTh aaropuTMa uc-
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cJeA0BaHa Ha JIAaHHBIX, COOTBETCTBYIOIIUX XapaKTepUCTUKaM padodeil Harpy3ku
peanbHbix MBC PB.
Pa6ora BeimonHeHa npu noaaepxkke PODU (mpoekt Ne 17-07-01566).
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MHOIrOKPUTEPUAJIbHAA ONTUMU3ALUA
PACMPEOEJIEHUA BbIYUCNIUTESIbHOU HATPY3KU B
MoAYNbHbIX BC

banamos Bacuinit Bukroposu4, Tyreabsan Cepreii AjiekceeBud

Kadenpa aBromaruzaiuu CUCTEM BBIYHUCIUTEIBHBIX KOMIUIEKCOB, e-mail: hbd@cs.msu.su, pcgi20@yandex.ru

B pabore paccmarpuBaeTcs 3aja4ya MIaHUPOBAHMS BBIUUCICHUN B MOAYJIbHBIX
BBIYKCIIUTENBHBIX cucTeMax peanbHoro Bpemenu (MBC PB). B atoii 3agade Boiens-
10T JBE moza3anaqu [1]: (a) pacrpeneneHne BRIYUCIUTEILHON HATPY3KH 110 MOTYJISIM
U TPOIECCOPHBIM sijipaM, U (0) MOCTPOCHUE PaCIMUCaHUs OKOH BBITIOJHEHUS BbI-
yucnennii. Beraucnurensnas Harpyska s MBC PB npeacrasisieT co6oit Habop
paszaesnoB (Tpynn B3aMMOCBSI3aHHBIX 3a7ad), OOMEH JaHHBIMH MEXIY KOTOPBIMHU
OCYIIIECTBIISIETCA TOCPEACTBOM Tepefaun coodmienuii. OKHa MpeaCTaBiIsioT OO0
WHTEPBAJIbl BPEMEHH, B KOKOM U3 KOTOPBIX MOTYT BBHITIOJIHITHCS 3aJ1a4d OJHOTO
paszena; IIaHupOBaHUE 3a7a4 BHYTPU OKHA OCYIIECTBISACTCS TUHAMUYECKU. BhI-
MOJIHEHHE BCEX 3a/ad B paMKaX JUPEKTHUBHBIX CPOKOB MPOBEPSATCS MPHU MOMOIIH
UMUTAIMOHHOTO MOJCIMPOBAHUS TTOCIe perieHus 3aaa4uu (0).

HccnenoBanus moka3aid, YTO ONTUMHU3AINS €IUHCTBEHHOTO KPUTEPHSI TIPU peIlie-
HUU 33J1a4¥ (a), HampUMep MUHUMHU3AIUS 3aTPy3KH MEKMOIYJIBHOM CETH Tepeadn
JTAHHBIX, B OOIIEM clydae HE MPUBOAUT K MUHUMH3ALUH, U TeM Oojiee 0OHYICHUIO
YHClia 3ajia4d, HapylIaloluX JUPEKTUBHBIE CPpOKU. B maHHON paborte 3amada (a)
paccMaTpuBaeTCs Kak MHOTOKpUTEpHUAlIbHAS 3a/1a4a ONTUMU3AlUKU. ABTOpaMU Mpe/I-
JIOKEH PsIi KPUTEPUEB, YUUTHIBAIOIINX 3arpy3Ky CETH, PABHOMEPHOCTH 3arpy3Ku
MPOLIECCOPHBIX SIIEP, NIUTEIBHOCTD IIEMOYEK 3aBUCUMBIX 3a/1a4 C YUYETOM 3aTpar Ha
nepenady cooOIIEeHUN Yepe3 CeTh, U T.I. MHOTOKpUTepHaibHasi ONTUMHU3AIUS OCY-
IIECTBIISCTCS TEHETUUYECKUM aJITOPUTMOM, PE3yIbTaTOM pabOThl KOTOPOTO SIBISETCS
npubmkeHHoe [lapeTo-MHOXKeCTBO.

IIpoBeneHo uccieqoBaHue padOTHl aIrOpUTMa MHOTOKPUTEPHATBHON ONTHMHU-
3allUM MPU PA3JIMYHBIX COYETAHUSX KpUTEepUEB. ITOrOBBIM MOKa3aTEsIM KauecTBa
ABJISIETCS MUHUMAJIBHOE, TI0O BCEM PEILICHUSIM U3 MOy4YeHHOTO npubmmkenus [lapeto-
MHO>KE€CTBa, YUCJIO 3aJla4y, HAPYUIMBIIUX JTUPEKTUBHBIE Cpoku. [lo pesynbraram
MCCIIeIOBAaHUS CJIeTaHbl BBIBOABI O HAMIYUIIIEM COUYETAaHUU KPUTEPUEB I PacCMOT-
PEHHOM 3a/1a4d MHOTOKPUTEPUATLHOW ONTUMM3AIINH.
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Pa6ora BeimonHeHa npu noaaepxkke PODU (mpoekt Ne 17-07-01566).

CIINCOK JIUTEPATYPBI

[1] Balashov V. V., Balakhanov V. A., Kostenko V. A. Scheduling of computational
tasks in switched network-based IMA systems // Proc. OPTI’2014. NTUA,
Athens, Greece, 2014. P.1001-1014.

MAPANNENBbHBIK ANTOPUTM PELUEHWUA YPABHEHWUH
MAKCBENIIA METOZJOM KOHEYHbIX PA3HOCTEH C
BbIBOPOM OMTUMAJIbHOW TOMONOIMUK

BaabikoB I1e0 Anexkcanaposny, CMupHoB AJsiekcanap IaBiosuu
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MeTo/] KOHEUHBIX pa3HOCTell Bo BpeMeHHoit oonactu (FDTD), co3nannsiit K.Mn
B 1966 roay [1], mupoko nmpumeHsieTcs Qs MOACIUPOBAHUS B BHIYMCIUTEIHLHON
AIEKTPOJMHAMHUKE U 3aKJII0YAETCSl B YUCICHHOM PEILICHUU YpaBHEHU MakcBeia
NyTeM HaXOXJACHUS MPUOIMKEHHOTO PElIeHHs] Ha Ka)KJIOM Il1are o BpeMeHH. Brico-
KO-TIApaJIJIEIbHBIE MPOTPAMMBbI, KOTOPbIE UCIIOJIB3YIOT METOJ KOHEUHBIX Pa3HOCTEN
BO BPEMEHHOW 00JIacTH, MO3BOJIAIOT MPOBOJIUTH MOICTUPOBAHUE CIOKHBIX CTPYKTYP
Ha OOJBIIMX PA3HOCTHBIX CETKAX C TPeOyeMOW MPOU3BOIUTENBHOCTBIO U TOYHOCTHIO.

B pabote omuchiBaeTcs mapauieabHbIN aJrOpUTM peIieHUs] ypaBHeHU MakcBel-
Ja METOJOM KOHEYHBIX Pa3HOCTEN BO BPEMEHHOM 001acTH B I€KApTOBBIX KOOpAUHA-
Tax I Pa3IuyHbIX Pa3MEPHOCTEN MpocTpaHcTBa. ONMUCHIBAETCS METOJ CPAaBHEHUS
Pa3JIMUHBIX pacCHpeeeHUN BRIUUCIUTENbHBIX Y3JI0B (BUPTYaJIbHBIX TOIMOJIOTHIN) C
IEJIbIO BBIOOpA BUPTYaJIbHOM TOIMOJIOTUM C HAUMEHBIINM BBIYHCIUTEIbHBIM BpEeMe-
HEM JJIs 33JJaHHOTO YMCJIa BBIYMCIUTENBHBIX Y3JIOB U pa3MEPOB Pa3HOCTHOM CETKHU
Mu. Vcxoas M3 alropuTMa KOHEUHBIX Pa3HOCTEil BO BpeMeHHOI obnactu [2], Ha
BBIYMCIIUTEIHLHOE BpeMsl BIUSET KaK 00bEM JIAHHBIX JIJISl MPOBE/ICHUS BHIYUCICHUN
Ha OJIHOM BBIYMCIIUTENILHOM y3J€, TaK U 00beM JaHHBIX JJi1 OOMEHa MEXAY y3JaMu,
KOTOPbIE OMPEIEISIOTCS Pa3MepOM YaCTH PasHOCTHOM ceTKH Mu, comocTaBieHHOi
BBIYUCIIUTEIILHOMY Y3ITY.

[To onuchiBaeMOMYy alTOPUTMY pa3paboTaHa nmporpamma [3], mo3Bosstonas s
TOMOTE€HHBIX BBIUYMCIUTEIBHBIX CUCTEM aBTOMATUYECKHU OMPEACNIATh ONTUMAIBHYIO
BUPTYaJIbHYIO TOIIOJIOTHIO JI0 Hayaja pacyeTa B 3aBUCUMOCTH OT 3a/JIaHHOTO pa3Mmepa
cetku Mu. Pacuersl monrBepxaaoT S3QGeKTHBHOCTD MCIIOIb30BAHMS Pa3INUHBIX
TOTONOTHIX JUIS Pa3HBIX pa3sMepHOCTeil ceTky Mu ¥ pasHOro YMCiIa BEIYUCIUTEIbHBIX
Y3JIOB.

CIINCOK JIUTEPATYPBI
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UCCNEQOBAHUE BIUAHUA PASMEPOB BJIOKOB
TPAHCNALUU HA BO3MOXXHOCTHU NPOBEAEHUA
ONTUMU3ALUA BO BPEMA AUHAMUYECKOU IBOUYHOM
TPAHCNALUUU

bary3oB Kupuiin Anapeesud, be33yonkos AsiekcaHap AJieKCaHAPOBUY

Kadenpa cucremuoro nporpammuposanusi, UCIT PAH, e-mail: batuzovk@ispras.ru,
abezzubikov@ispras.ru

OpnHolt M3 aKTyaJIbHBIX 3a/lad B OOJACTH MPOTPAMMHOUN AMYJISAIUU SBISETCS
yYBEJIMUCHUE €€ MPOU3BOIUTENBHOCTU. [103TOMY B OOJIBITMHCTBE COBPEMEHHBIX 3MY-
JSTOPOB, UCIIOIB3YIOMMNX JUHAMHUYECKYIO JTBOUYHYIO TPAHCISALMIO, TPUMEHSIOTCS
pa3JIMYHbIE AJITOPUTMBI ONTUMHU3ALMU T€HEPUPYEMOTO KOJIA.

B smynsitope QEMU [1] anroputMbl ONTUMU3AIMA, B YACTHOCTH, AJITOPUTM
pacrpeeneHus: perucTpoB, SBIAIOTCA JOKalbHbIMU. ClieHaNIbHO JUIsl TPAHCIIATOPA
QEMU 6511 pazpaboTad aaropuTM II00AJIBHOTO pacnpeseneHus: peructpos [2]. On-
HAKO B YIIOMSIHYTOHM pa0oTe ObL10 0OHAPYKEHO, YTO AJst 3PPEKTUBHOTO MPUMEHEHUS
ajropuTMa TeKyIlui pa3mep OJIOKOB TPAHCISALMHA HEAOCTATOUYEH.

[enbto JaHHOW pabOTHI ABJISAETCS UCCIEIOBAHKUE BIMSIHUS pa3Mepa OJIOKOB TpaHC-
JSIUMU HA BOBMOXXHOCTH MTPOBENCHHS] ONTUMHU3ALIMI BO BPEMSI TUHAMHUYECKON JIBOWY-
HOM TpaHCsuu. {1 3Toro 661 pazpaboTaH U peain3oBaH B amyisatope QEMU
METO]I MOCTPOCHUS YBETUUCHHBIX OJTOKOB TPAHCIISIIUU.

Bo Bpems pa3paboTku yKa3aHHOTO METOJIa BO3HUKIIM U ObUIM YCIEIIHO PEIICHBI
HECKOJIbKO 33]1a4, CBA3aHHBIX ¢ MOAM(UKALIMEH CyIIECTBYIONIEro Mporecca TuHaMU-
YECKOW JBOMYHOMN TpaHCIALMU. Bo-niepBbIX, MpU YBEIUYEHUH OJIOKA TPAHCISAIUU
NOSIBUJIACH HEOOXOMMOCTh Pa3jinyarh B MPOLECCE AEKOAUPOBAHUSA TOCTEBBIX UH-
CTPYKIIUM MEPEeXOoabl B TEKYIIUNA OJOK TPAHCIAIMUU W TIEPEXOAbl B JPYrou OJIOK
TpaHcisiiuu. JJisg pemienust 3Toi npoOiaeMbl ObLT pa3padoTaH MEXaHU3M T. H. pa3-
pelieHus nepexoaoB. Bo-BTOpHIX, yBeNTUUECHHBIE OJIOKU TPAHCISIIIAA MOTYT UMETh
HECKOJIBKO BBIXOJIOB, YTO MOTPEOOBAJIO BHECEHUS M3MEHEHMI B CYIIECTBYIOIIUN
MexaHH3M clierieHus 01nokoB. Kpome Toro, T. K. 6oJbIne OJOKH TPAHCIALUU MOTYT
COJIEpKaTh B ce0€ LHUKIIbI, KOTOPhIE B HEKOTOPHIX CIIy4asX JOKHBI ObITh MPEPBaHbI
13-3a BOBHUKHOBEHHUS UCKIIOUUTEIBbHON CUTyalluu, Uil 00€CIeUeHHs] KOPPEKTHOCTH
MTOJITHOCUCTEMHOM AMYJISIINU KaXIbIM YK€ pa3pelIeHHbIN BHYTPUOIOUHBIA TTEPEX0/T
penBapsAeTCs UHCTPYKUUSIMU 00paOOTKHU UCKIIIOUEHUI, KOTOpPbIE paHee pacrosara-
JIUCH TOJIBKO B Hauaje KakJ0ro OJ0Ka TPaHCIAINH.
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Ha ocHoBe pa3zpaboTraHHOr0 MeTO/1a MPOBOAUTCS HCcienoBaHue d(hPEeKTUBHO-
CTH TIIO0AJIbHOTO pachpeiesieHUs] pETUCTPOB B 3aBUCHMOCTH OT pa3Mepa OJIOKOB
TPaHCIIALINH.
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METOAbl OPTAHU3ALWU MEXMPOLEAYPHOIO
AHANU3A And NOUCKA OLUHUBOK MEPEMONHEHUA
BYDEPA

beneBanueB Anapein Auapeesud, Jlynnna Upuna AsiekcaHapoBHa

Kadenpa cucremuoro mporpammupoBanus, e-mail: abel@ispras.ru, eupharina@ispras.ru

OmumobKoi repenoiHeHUs Oydepa Ha3pIBaeTCs CUTYaIus, KoTaa I0CTyn K Oyde-
py AJISL YTEHUSI WM 3alUCH MPOUCXOIUT MO HHACKCY, BBIXOIAIIEMY 3a MPEebl
BBIJICJICHHOTO y4acTKa naMsti. CiaeacTBUEM TaKoM OIIMOKU MOXKET ObITh MaJieHHue
IpOrpaMMBbl, HEKOPPEKTHAsl padoTa UK J1a)Ke MOSBICHUE ySI3BUMOCTH. OJTHUM U3
METOJIOB TMOMCKa MOAOOHBIX Ne(PEKTOB SBISIETCS CTaTUYECKUW aHanu3. [laHHbBIN
MIOJIXO] TIPEIIoJIaracT aBTOMaTHYECKU MacIITAOUPYEMBbIid aHAJIA3 UCXOHOTO KOJIa
nporpaMMsbl 0e3 e€ 3arycka.

Cy1ecTBeHHas 4aCcTh OIIMOOK MepenoiHeHus Oydepa BOZHUKAET M3-3a HapyIle-
HUSl KOHTpakTa (YyHKIUU B TOUKe €€ BbI30oBa. [10j00HbIe OMIMOKK MOTYT BO3SHHKATh
KaK IPU BBI30BE OMOJMOTEUHBIX, TaK M IMOJB30BATCILCKUX (DYHKIHH. UTOOBI MX
oOHapy>X1BaTh, CTATUYECKUN aHAIHU3 JIOJDKEH OBITh MEXIPOIEAYPHBIM, T.€. MpHU
aHanu3e ONHOM (PYHKUMU YYUTHIBATH HHPOPMAIUIO O APYTUX QYHKIUSAX.

JIJist TErKOBECHBIX aHAM3aTOPOB, paOOTAIONINX HA YPOBHE MOCIEI0BATEILHOCTH
JIEKCEM, CBA3b MEXKIY GopMaIbHBIMU M (DAKTHUECKUMU MapaMeTpaMHu MOXKET OBbITh
yCTaHOBJICHA TI0 MMEHaM, JUIsl CJIy4aeB, KOTJa OHHM Ha3BaHBl OJIMHAKOBO. boee
TSDKEIOBECHBIE MHCTPYMEHTBI MOTYT MPOU3BOIUTE aHAIN3 MEKIIPOIEAypHOTo rpada
NoTOKa ynpasieHus. [Ipu 3ToM ko BbI3bIBaeMOW (PYHKIIUU MOXKET aHAJIU3UPOBATHCS
HE3aBUCHUMO B Ka)KJIOM TOUKE BBI30Ba (00Jie€ TOUHO, HO IIOXO MaclITabupyercs),
IM00 KOHTEKCTHI BbI30Ba MOT'YT aHaJIM3UPOBATHCS COBMECTHO (3(P(PEKTUBHO, HO
TEpsIeTCSl KOHTEKCTHAs YyBCTBUTEIBHOCTH). B KadecTBe allbTEpHATUBHOTO MOIX0/1a
MOXHO TP aHAJINW3€ MHCTPYKIIMU BBI30BA YUUTHIBATH HEKOTOPOE MOIYYCHHOE U3BHE
npuOIMKeHHe KOHTpakTa GyHKIMH. MHOTHE HHCTPYMEHTHI TIOJTyYar0T KOHTPAKTHI
BceX (YHKIIMH OT MOJIh30BaTelsl B BUJIC aHHOTAMK. [I0THOCThIO aBTOMaTHYECKHE
MHCTPYMEHTHI IBITAIOTCSI CAMOCTOSITENIbHO MOJIyYUTh B XOJl€ aHaJIu3a ONHCAHUE
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KOHTpaKkTa (QYHKIHH U COXPAHUTH €r0 B T.H. «PE3IOME», KOTOPOE HCIIOIb3YETCS
JUIS aHAJIM3a BBI3BIBAIOIMINX (DYHKITUH. DTOT MOAXO MPUMEHSIETCS B HHCTPYMEHTE
Svace [1]. lna moucka nepenoiHeHus Oydepa HEOOXOIUMO MEXIPOIETYPHO OTCIIe-
KUBaTh 3HAUYCHMS 11EJIOYMCIICHHBIX TICPEMEHHBIX, pa3MepPbl MAaCCHBOB, JUTHHY CTPOK
U JTaHHBIC W3 HEIOBEPEHHOTO UCTOYHHKA.
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2017. Ne5. C.3-17.

MATEMATUUYECKAA MOAE/NIb O6PA30OBAHUA B
NA3EPHOU MULUEHU KPUOTFEHHOIO TOMNJIMBHOIO CnoA
NPU OXNAXXAEHUU TA3A A0 TEMNEPATYPbl TPOUHOM
TOUKH
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2

B pabote paccmarpuBaeTcs mporece TEXHOJIOTHH OXJIaKICHHUS JTa3epHON MUIIICHU
¢ 00pa3oBaHKEM B HEW KPUOTEHHOTO TOTUIMBHOTO ciios [1]. s onpenenenus Bpeme-
HU (POPMHPOBAHUS TBEPIOTO TOILIMBHOTO CJIOSI pa3padaThIBae€TCsI MaTeMaTHUYeCKast
MOJIETb IeCYOIMMAaIIMU ra3000pa3HOro TOTUIMBA U PEIIAETCS] YUCICHHO.

N3-3a BBICOKOTO TpaIu€HTa TEMIEPaTyp BHYTPH Ja3€pHON MUIIIEHU TPOUCXOTUT
"MIHOBEHHOE " KOHBEKTUBHOE MEPEMEIIIMBAHUE ra3a U paclpeaeeHUe TeMIIepaTyphbl
Ts;, B 000710YKEe MUIIICHH, TAHHBIM MPOIECC OMUCHIBACTCS KBA3WIMHEHHBIM ypaBHE-
HUEM TEIUIONPOBOAHOCTH

oT, 0 oT,
Csh (Tsh) Psh (Tsh) h = 3 (ksh (Tsh) h>

ot or or

rae 1, - temneparypy rasa, P - €ro AaBieHHEe, HE3aBUCIINE OT PACCTOSHUS JI0
LICHTpa MHUILIEHHM - 1. B MUIlIEHH Ta30Basi CMECh UMEET TeMIeparypsl 1’y ONHU3KYIO
K TeMIIepaType TPOWHON TOYKU BOXOpoAa 1},, KPUOTE€HHBIN TOIUIMBHBIM CIIOW OT-
CYTCTBYET Jajee MPOUCXOAUT JecyOnumaius rasa. Mojenb 3aaeTcsi CUCTEMOMN
YPaBHEHUH TEIJIONPOBOIHOCTH

CQ(T)pg(g(t))aa_? = %25% [T2kg T) aa_ﬂ 0<r< g(t)a
r?k (T) %—’{l E(t) <7 < Ry,
Csh (T) Psh%—? = %23@ [T2ksh (T) 3_1;} >R1 <r< RO;
T (t,&(t) =Ty = const > 0,t >0,
de(t) _ _ or _ T
pps=g- = ks (T'="Ty) 5; r=€(t)-0 kg (T =Typ) 57 r=¢(t)+0
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Cg>Pg ¥ Ky ynenbHas TEIIOEMKOCTb, INIOTHOCTh M KOY(Q(UIMEHT TENI0NPOBOAHOCTH
rasza coorBeTcTBeHHO. OmnMcaHHasl 3a/1a4a pelieHa YUCICHHO, BBUIY OrpaHUYCHHO-
CTH 00BbEMa TE3WCOB PACYETHI HE TIPUBOISATCS.
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«TOYHbIN» PA3PbIBHbIM METOZ YACTHUL
2
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Wnest metonoB yacTuil — B nipeactaBieHun Gyukiun u(z,t) [1,2]:

1 o 1«
u(z,t) = N Zé (x —x;(t)) =~ ¥ Z Mi(z — x;())

«TouHbIil» METOJ YaCTUILl CTPOUTCS C UCIOJIBb30BAHUEM PEIIEHUS 3aJa4H O JIBU-
)keHuH paspsiBa, aHaornyHo Meronay C. K. I'omynosa. Ilocne ciaBura ugactuig
(IpeauKTOp) MO IBHOMY METOAY Diiepa, MPOBOAUTCS MepeCcTpoiika (KOPPEKTOp) —
BOCCTAHOBJICHUE TUIOTHOCTH TI0 paclpeielieHUI0 U (HOBOE) «POXKICHUE» YaCTHII
(crymenue). Pe3ynbTaThl NpeaCTaBIeHbl HA PUCYHKAX.

U, D i U,

,//7// -

U, Uy
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CTONKHOBEHWUA YACTUL, B MATHUTHOM MNOJE
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VYpaBHeHnust MarHuTHOM ruapoauHaMuk (MI]]) ¢ momoIsi0 KBa3ura3oiuHaMu-
YEeCKOI0 Mo/IX0/1a Moixy4eHsl B [1], Gmaromaps npencTaBIeHUI0 CKOPOCTH JBUKCHHUS
YaCTUI[ KaK KOMIUIEKCHOW BEJIMUMHBI, a TaKXKE€ B MPEANOJIOKEHUHN O JOKAJIbHOU
MaKCBEJUIOBOCTH (DYHKIIMH UX PaclpeiesiCHuUs.

Mpg1 paccMmarpuBaeM MHUKPO - MOJIENIb CTAIKUBAIOIIUXCS 3apsKEHHBIX YacTHUIl B
CHJILHOM MarHMTHOM TIOJI€, UCXOSl U3 CHCTEMBI (00€3pa3MepeHHON) CTOXaCTUYECKUX
nuddepeHInanbHbIX ypaBHEHU 10 BUHEPOBCKON Mepe dw(t), onuchIBatoLIei 1BU-
keHue yactullbl (z(t) - e€ koopauHara, v(t) - CKopocTh) B (ha30BOM MPOCTPAHCTBE
npu ymepeHHsIx uncinax Kuynacena (Kn)[2]:

dx(t) = v(t)dt,

! o (e)dw(t) + [v(t) x Bldt,

1

du(t) Kna(c)(v(t) V)dt + T
TIe ¢ - MOJYJIb TEIUIOBOM ckopocth ¢ = v(t) — V, V(z,t) - MakpocKomyeckas CKo-
POCTh, COCTOSAIIAS M3 JBYX KOMIIOHEHT - BIOJb (aab(BEHOBCKAS) U MOMEPEK HAMpPAB-
JICHUs] MarHUTHOTO noJist, B(x, t) - BEKTOp MarHUTHOW MHAYKIWH, |- X -| - BEKTOpPHOE
IPOM3BE/ICHUE, a KO3(DPUIIMEHTH BO BTOPOM ypaBHEHHH, BEKTOp a(c) = a(c)c u mar-
puna o (c), onpenenenst B [2]. Crenys [2], monydeHa cieayronas MakpoCKOHUeCKas
TUAPOJUHAMUYECKasd 4acTh cucteMbl MI/1:

% > 5 Vi) = > gp(Anan). V)=V, + (Knfooll x Bl
. 3 ~ 2
{2 ;%m(pm) = =3 (D0 + 2 gz KnAGTD)
3 3 3 92
2AoE) | > 5 ioE) - - G (D) + D~ g nA(oE)
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CXXATUE N0 XADDOMAHY U CAMOKOPPEKTUPYIOLLLUECA
KoAbl XEMMHUHIA HA TPOUYHbIX MALLUHUHAX
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B nokiiane paccMaTpuBarOTCsl aITOPUTMBI JJI1 TPOUYHBIX BHIYMCIUTEIbHBIX Ma-
IIMH, ONEPUPYIONIUX YHCIAMU B TPOUYHOW CUMMETPUYHOW CHUCTEME CUUCIICHUS
(TCC) c 6a30BbiMu mdpamu -1, 0 u 1. B uccnenoBanusx TpOUYHBIX aITOPUTMOB
UCITIOJIB3YIOTCS TponyHas BuptyaipHad MmammmHa TBM [1] u JCCII [2], B koTOpy!O
Nn00aBJICHbI TUI TPOUYHBIC TAaHHBIC, TPOUYHBIA CTEK U JEHCTBUS HaJ dTUMH JAHHBI-
Mu. TpouuHbIid anroputm cxatus o Xaddpmany nogapazymeBaeT UCIIOIb30BaHUE
JUIS BBIYMCIICHHS KOJOB TPOMYHOIO JIEPEBA, KOTOPOE TPEeOyEeT HEUETHOTO KOJIMYECTBA
OJIOKOB B CokKMMaemMoM MaccuBe. Eciu 9T0 TpeOoBaHME HE BBITIOIHEHO, T00aBIsSETCS
OTCYTCTBYIOILLIMI B MaccuBe OJOK C HYJIEBBIM KOJIMYECTBOM BXOXKIACHUN. AJITOPUTM
SIBJISIETCS. TPOMYHOM MoauduKanueit cxarus no Xadpdmany, OCHOBAaHHOTO Ha TI0-
CTPOEHUHU KaHOHWYECKUX KoJoB [3]. PaccMaTpuBaemblii BApUAHT CKaThs JIOMYyCKAeT
BBIUYHCIIEHUE KOIOB 0€3 SIBHOTO MOCTpOeHUs AepeBa. CxaTblii TPOUYHBIM METOAOM
TEKCT OKazaJicsi MPUOIM3UTEIBHO B MOJITOpPA pa3a MEHbBIIE MO pa3Mepy TOTO Ke
TEKCTa, CKATOTO JBOMYHBIM METOAOM. XAOMMHUHT P.Y. nmpemnoxun noMmexoycTondu-
BbIE€ KOJIbI /I IBOMYHBIX JTaHHBIX [4], MO3BOJISIONINE OOHAPYKUBATh U UCIPABISThH
OJTHOKpaTHbIe OMMOKH. B kax1om Tpute nH(HOpMaluyu BOZMOXKHBI JIBa TUIA OIIHUOOK:
- u +. [losromy nyst nivH O50Ka JaHHBIX (M) U OJ0Ka KOHTPOJBHBIX TPHUTOB (k)
BEPHO COOTHOIIEHUE

1
m > (3k 1) — k.

B ommune OT AJBOWYHOIO KOJa KOHTPOJIBHBIM TPUT PABEH OTPHUIAHHUIO CYMMBI
IPOBEPSAEMBIX TPUTOB (HEKOTOPBIE M3 HUX UHBEPTUPYIOTCS), U MPHU MPABUIBLHON
nepeaade nopaspsagHOe CIOKEHHE BCeX TPUTOB JaeT Hynb. [Ipy oquHO4HOM omubke
HOMEpP OLIMOOYHOTO TPUTA OMpPEAEIAeTCs MOAYJIEM CUHAPOMA, & TUIl OIIUOKH - €T0
3HAKOM.
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Kinaccuueckue onucanus GpopMaibHBIX SI3BIKOB, TaKHE Kak (hOpMabHbIE TpaM-
MaTHUKH W aBTOMATHI, XOPOIIIO U3y4YeHbl 1 UMEIOT MHOTO MpHiioKeHuil. OgHaKko B
TEOPUHU (POPMANIBHBIX SI3bIKOB OCTAIIMCh MHTEPECHBIE 3a7auu, IJI1 KOTOPBIX A0 CUX
MOop HE HaWJCHBI YIOBICTBOPUTENIbHBIC ISl MPAKTUYECKUX MPUMEHEHUN PEUICHUS C
MNOMOIIbIO KJIaccHYecKuX (opmanu3moB. K TakuM 3ajauaM MOXXHO OTHECTH MPOBEP-
Ky PaBEHCTBA S3BIKOB M MPOBEPKY PETYASIPHOCTH B T€X MOAKIACCAX S3BIKOB, KOTOPHIE
coJiepKar peryspHbIe A3bIKA KaK COOCTBEHHBIN MOAKIIACC.

L-rpads! sBRsIIOTCS HOBBIM CITOCOOOM omnucanus GopMalIbHBIX sI3bIKOB [1]. Ux
UCTIOJIb30BaHUE MO3BOJISIET MPUBJIEYb CHIIBHBIE CTOPOHBI rpad)oB K aHAIHU3Y CTPYKTY-
PBI SI3BIKOB U BBISIBIICHUIO TPYIHOCTEH, 00YCIIOBIEHHBIX 3TOU CTPYKTYpoil. L-rpadml
MOXO0KM HA MU3BECTHBIE IUarpaMMbl COCTOSTHUN KOHEYHBIX aBTOMAToB [2], HO OTIHU-
YaloTCsl OT HUX TE€M, YTO Kaxaas [yra MOXKET UMETh BCIIOMOTaTEIbHYIO TIOMETKY B
BUJIC CKOOKH, HAa3bIBAEMYIO0 CKOOOYHOM MMOMETKOM.

VYenenHeIM myTeM cuuTaeTcsi cOalaHCUPOBAaHHBINM MO CKOOKaM MyTh U3 Hayallb-
HOW BepIIMHBI rpada B 3aKIIOYUTENbHYI0. MHOXECTBO MOMETOK YCIEIIHbIX MyTen
COCTaBJISACT SA3bIK, 3a7aBacMblii L-rpadom. B mokmage paccmarpuBaeTcst moaKiIace
L-rpa¢oB, ONMCHIBAIOIINUX KOHTEKCTHO-CBOOOIHBIE (OECKOHTEKCTHBIE) SI3bIKU. Takue
L-rpadsr Ha3pIBarOTCsA O€CKOHTEKCTHRIMU. /{715 HUX mpemiaraeTcs HopMalibHas (Gop-
Ma — L-rpadsr 6e3 nceBponukinueckux myTtei. [lceBnouuknmyeckuit myTb — 3TO
IIUKJI, KOTOPBII HE MOXET OBITh MPOiIeH 6oJee OAHOro pas3a B JIIOOOM yCHEIIHOM
MyTH K3-32 OCOOEHHOCTEN COYETaHUs CKOOOYHBIX MMOMETOK B 3TOM IyTH.
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[Ipennaraercst anroputM moctpoeHus L-rpada 6e3 nceBAOMUKIMYSCKUX MyTeH
1o 3aJaHHOMYy OecKOHTeKCTHOMY L-rpady. PaccmarpuBaroTcs 4OCTaTOYHBIE YCIIO-
BHSI PErysIpHOCTH L-rpadoB 03 IMCEeBIONMMKIMYCCKUX IMyTer. DopMymupyeTcs
TUIIOTE3a KpUTEPHUs peryaspHocTu st L-rpadoB 6e3 MCeBIONMKINYECKUX MyTeH,
o0agaronuX JOTIOTHUTEILHBIM CBOMCTBOM — JIETEPMUHUPOBAHHOCTHIO.

CIIMCOK JINTEPATYPEI

[1] Beumrok A. A., Cyteipun IL.I. Xapakrepuzanus GpopMaabHbIX SI36IKOB Ipada-
mu // COopHHK Te3ucoB koH(epeHiu « TuxonoBckue yrenus» (Mockaa, 25-29
okTsa0ps 20101.) M : Makc-IIpecc. C. 81-82.

[2] Beumtok A. A., 3y6oBa M. A., MenbankoB b. ®. O6 ogHOM pacimmpeHnn Kiacca
KOHEUHBIX aBTOMATOB JIJIS 3aJaHUsI KOHTEKCTHO—CBOOOIHBIX SI3BIKOB // BecTHHK

MockoBckoro yauBepcuteta. Cepust 15. Beruncnurensnas Maremaruka u Kubep-
Hetuka. 2013. Ne 1, C.39-45.

YUCNEHHOE PELWUEHUE OBPATHOMU 3AZJAUU ONA
YPABHEHUSA JIANNACA B OBJIACTU C O4HOM
HEU3BECTHOU NPAHULIEHN

I'aBpusioB Cepreit BaxumoBn4

kadenpa MaremaTinaeckol ¢pu3mky, e-mail: gvrlserg@gmail.com

[Tycts €2 orpanuueHHas OJJHOCBSI3HAs JByMepHas o0JIacTh, a KpuBas 'y sBaseTCs
e€ rpanuneii. [Iycts () ogHOCBSI3HAsA 001aCTh, OTpaHUYCHHAS KPHBOU 'y, Takasy, 4To
Q€ Q u obnacts Q) = ) \ O, siBisieTcst nBycBsisHou. Kpussie 'y u 'y mangkue:
'y, el 2,

[ycts ynkius u( M) Takosa uro: u € C?(£y) N CL(Qy),

Au(M) =0, M e, 1)
u(M)=a, M €Ty, (2)
wM) = f(M), M eT, 3)

31ech a — nocTosiHHas, a f (M) — dbyHkuus, HenpepbiBHas Ha 1.

PaccmoTrpum cnepyronnyto oOpaTHyro 3amaqy s kpaBeBoit 3amaqn (1)-(3). Ilycts
kpuBas [ u Henocrosiuas yukims f(M) Ha [y 3aganbl, a kpuBast ['1 U HOCTOSTH-
Hast @ Heu3BeCTHbI. Tpebyercs onpenenuts [y, ecnu s pemenus u( M) KpaeBoit
3agauu (1)-(3) 3agano ycinoBue HeiimaHa:

M
Ou(M) _ g(M), M €Ty, / g(P)dlp = 0,
onyy Ty

rie g(M) u3BectHas (yHkuus, HenpepbiBHas Ha [.
B noxnane popmynupyercs TeopemMa €IMHCTBEHHOCTH PEIICHUS OCTABICHHOM
oOpaTHOM 3aJa4yu, MpeaiaracTcsl YUCICHHBIM METOM OMPEACICHHUS HEU3BECTHOU
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rpaHulbl [';, OCHOBaHHBIN Ha BBIBO/IE HEJIMHEWHOI'O ONEPATOPHOTO YPaBHEHMS IS
(GyHKIIMY, 3aa10111ell HEM3BECTHYIO TPAHHUILY, U TIOCTPOSHUH UTEPAIIMOHHOTO METOIa
JUISL PELLIEHUsI 3TOTO ONEePaTOPHOTO YPaBHEHUS.

Pabora BrinosiHeHa nipu (prHAHCOBOM noaaepxke Owomxera gakynsreta BMK
MI'Y nmenun M.B.JlomoHnocoBa, roc. per. Ne AAAA-A16-116021510092-2.

CIINCOK JIUTEPATYPBI

[1] Kress R. Inverse Dirichlet problem and conformal mapping // Mathematics and
Computers in Simulation. 2004. V. 66. p.255-265.

[2] T'aBpunoB C.B., [lenucoB A.M. YHucieHHbIE METONBl ONPENEIICHUS T'PaHU-
[kl HEOJTHOPOJHOCTH B KpaeBOM 3ajaue uisl ypaBHeHuUs Jlamiaca B KyCO4YHO-
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C. 1476-89

ABTOMATU3ALMUA PABPABOTKM AUHAMHYUYECKOIO
ABOUYHOIO TPAHCJIATOPA HA BA3E CNELUUPUKALUHU
CEMAHTUKHU HABOPA KOMAH]J

laiicapsin Cepreii CypenoBuy, [Iagapsin Bapran AHIPOHHKOBHY,

TI'opembikun Outer BsaueciaBoBu4
HCII PAH, e-mail: ssg@ispras.ru, vartan@ispras.ru, goremykin@ispras.ru

B ocHOBe MHOTHX AMYJISTOPOB JICKHUT TUHAMHYCCKAsT TBOUYHAS TpaHCIAus [1]
KOZIa TOCTEBOM CHUCTEMBI B KO IIEJICBOM CHCTEMBI, 4TO TpeOyeT 3aaHus KOAUPOBKU
Habopa KOMaH]l TOCTEBOW CHCTEMbl U CEMAaHTHKHU BBITOIHIEMbBIX UMU JICHCTBUIA.

B Hacrosiiiee BpeMst yke CyIIeCTBYIOT CIIOCOOBI ONMMCAaHUs CEMAaHTUKH KOMaH/
U UX KOJUPOBOK, HO BCE ATU CHOCOOBI 00Iaat0T OrpaHUYEHUSMH, KOTOPBIE HE
MO3BOJISIIOT X UCIOJIB30BaTh 0€3 JOpaOOTOK B MPAKTUYECKUX 3a/1adax.

Cnoco6 cnerudukanuu KoMmaH paspadarsiBaetcs 1 amyisatropa QEMU [2] —
OeCIUIaTHOW CUCTEMBI C OTKPBITHIM MCXOAHBIM KOJIOM, MOAACP>KUBAIOLICH MHOMXE-
CTBO TOCTEBBIX MPOILIECCOPHBIX aPXUTEKTYP, a TAK)KE aKTUBHO MPUMEHSIOMICHUCS B
POMBIIIICHHON pa3paboTKe.

B QEMU rocreBoii Ko TpaHCIUPYETCSI BO BHYTPEHHEE MaIllTMHHO-HE3aBUCUMOE
npencrasienne TCG (Tiny Code Generator), a 3aTeM — B KOJI XOCTOBOM apXUTEKTY-
pol. Tpanciarop TCG TpeOyer oT pa3paboTyMKa SIBHO OMHCATh MOPSAIOK T€HEPAINH
IPOMEKYTOUYHOTO KOja MOocpeacTBOM BbI30BOB API. YpoBeHb ommcaHus mpaBui
TPAHCISILMU OKa3bIBAETCS CIIUIIKOM HU30K, TPYJOEMOK U HEyAOOEH JJIsl MPOorpaMMu-
cTa.

Jlist onucaHus CEMaHTHUKH Habopa KOMaH] ObLIO pa3paboTaHO pacuIupeHue
s3pika CH, K KOTOpOMY OBUIM J00aBJIEHBI HECKOJIBKO OMHAPHBIX OMEPaTOpOB M
CHIELUANIBHBINA THUII JUISl IEPEMEHHBIX, 3HAU€HHE KOTOPBIX OyJeT U3BECTHO TOJIBKO
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BO BpeMs BBITIOJTHEHUsI TOCTEBOro Kojia. BXoqHoe omucaHue MPUBOIUTCS CIIEIU-
aJTBLHBIM TIPETPOIIECCOPOM B «UUCTHIN»Y CH—KOJ, 3aTeM TpaHciupyeTcs B Cu—Kof,
ucnons3yronmii API Qemu. Tpancnsarop pa3paboran Ha 6a3e clang.

Taxxe ObUT pa3paboTaH MHCTPYMEHT, MO3BOJISIONIANA aBTOMAaTHYECKH TC€HEPH-
poBath Aekonep u auzaccemoOnep komana B QEMU u3 ux BBICOKOYPOBHEBOTO U
HarIsAIHOTO onucanus. Ha ocCHOBE MaHHOTO ONUCaHUs TeHEpUupyeTcs JepeBo (6op),
KOTOpO€ OyJeT OTBeYaTh 3a JECKOJUPOBAHNE KOMAH] M UX MapaMeTpOB.

PazpaboranHbie cpeacTBa aBTOMATH3aMK OBLIH YCIICIIHO IPOTECTUPOBAHBI Ha
IIPOIIECCOPHOM apXHUTeKType Moxie u ToKa3aau COKpaIlleHHe HAIMCAaHHOTO KO/aa B
2-4 paza.

CIIUCOK JINTEPATYPEI

[1] Smith J., Nair R. Virtual Machines: Versatile Platforms for Systems and
Processes // 500 Sansome Street, Suite 400, San FranciscoMorgan, CA 94111:
Elsevier Inc., 2005. 629 p.

[2] Bellard F. QEMU, a fast and portable dynamic translator / The USENIX Annual
Technical Conference. 2005. P. 41-46.

MOUCK KPUTUYECKUX OLUMBOK C NMOMOLLbIO
MEXXMPOLIEAYPHOIO AHAJIU3A NMOMEYEHHbIX AAHHbIX
B MPOrPAMMAX HA CU/CU++

TIaiicapsin Cepreii Cypenosuy', IllmMmunk Huxura Baagumuposuy

! Kaenpa CII BMK MI'Y, UCII PAH, e-mail: ssg@ispras.ru
2 MICII PAH, e-mail: shimnik@ispras.ru

2

Crarndeckuii aHalv3 MOMEUEHHBIX JaHHBIX —3TO OJMH U3 CIOCOOOB TOHCKA
OIMOOK U YSA3BUMOCTEH B MpOrpaMMax, KOTOPBIH 3aKII0YaeTCs B UCCIEIOBAHUU
3aBUCUMOCTEH MEXIy JaHHBIMH, MOJYy4aeMbIMH M3 MCTOYHHUKOB MOMEUYCHHOCTH
U TIOMagaronMu B cTOKU. OTHUM M3 OCHOBHBIX METOIOB PEIICHHUS 3TOW 3aJauu
sBisieTcs: €€ cBeneHue K 3anadye u3 kinacca IFDS, kak nmokazano B pabore [1].

B nanno#i paGoTte pa3BuBarOTCs UJIEU, ONMUCaHHBIE B padore [2]. OCHOBHBIE
WU3MEHEHHMS 3aKJIIOYAIOTCS B CIICTYIONIEM:

— TOJJIEP>KUBAETCSI BOBMOXKHOCThH MOMEYaTh 00JIaCTH MaMsITH, Ha KOTOpPbIE HET
yKaszaresneu;

— B X0IC€ aHaJIn3a KOHCTPYHUPYIOTCA TPACCHI, ITO3BOJIAOIINEC ITOKA3aTh ITOJIb30BATCIIIO
IIyThb, KOTOpBIfI IMPOIIJIN ITIOMCYCHHBIC JaHHBIC,

— MCXAaHH3M OTCCUCHUA TYIIMKOBBIX IIOTOKOB ITOMCUYCHHLIX JAHHBIX II03BOJIMJI YMCHb-
IIUTb YMCJIO BBIMMOJHACMBIX IIArOB aJIrOPpUTMA,

— paCcuinpCHUC BO3MOKHOCTEH aHaiu3a IICCBAOHMMOB ITO3BOJIACT YIIYUIIUTH TOY-
HOCTb PC3YJIbTATOB pa6OTLI HHCTPYMCHTA.
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HcTouHrKkamMu OMEYEHHBIX JAHHBIX B JAHHOM MHCTPYMEHTE CUMTAIOTCS BHI3OBBI
GyHKIUH, TOMyJarolie JaHHbIE OT TOJIb30BaTelNsd, a CTOKAMH — MCIIOJIb30BaHUE
ITOMEUCHHBIX JTaHHBIX B Ka4eCTBE aJpeca Mpu oOpalleHuH K MmamMsaTu. B gacTHO-
CTU, TIPOBEIEHHBIC UCTIBITAaHUSI UHCTpyMeHTa Ha npoekte OpenSSL Bepcun 1.0.1f
MoKa3aju BO3MOXKHOCTh OOHapyxeHus ysa3Bumoctu CVE-2014-0160 (Heartbleed).

[IpenMeToM mabHEHIUX MCCIICAOBAHUMN SBIAETCS 00pa00TKAa KOCBEHHBIX BBI30-
BOB YHKIIMN U (PUIIBTpaIvs BbIAABAEMBIX MIPEAYIPEKICHUM.

CIINCOK JIUTEPATYPBI

[1] FlowDroid: Precise Context, Flow, Field, Object-sensitive and Lifecycle-aware
Taint Analysis for Android Apps / S. Arzt, S. Rasthofer, C. Fritz, E. Bodden,
A. Bartel, J. Klein, Y. Traon, D. Octeau, P. McDaniel // Proceedings of the
35th ACM SIGPLAN Conference on Programming Language Design and
Implementation. 2014. P. 259-269.

[2] Komene B. K., N36wmmeB A.O., dyauna 1. A. MexnpouenypHblid aHaIU3
MIOMEUYEHHBIX JAaHHBIX Ha 0a3ze undppactpykrypsl LLVM // Tpynst UCIT PAH.
2014. T.26, Ne2. C.97-118.

NMPOrPAMMHOE CPELCTBO MOAE/NIUPOBAHUA
MOAYJibHbIX BbIHUCNIUTEJIbHbIX CACTEM ANA
NPOBEPKHU OrPAHUYEHUU PEAJIbBHOIO BPEMEHU

I'monnna AneBruna bopucosna

Kadenpa aBroMaTrn3anuy crcTeM BEIYHCIUTEIBHBIX KOMIUIEKCOB, e-mail: alevtina@lvk.cs.msu.su

B pabore paccmarpuBaeTcs 3aiada MPOBEPKHU BHINOJIHEHUS OTPAaHUYEHUN pe-
anpHOrO Bpemenu (PB) mist kondurypauuii MOIyJIbHBIX BRIUUCIUTEIIBHBIX CUCTEM
peanbHoro Bpemenu (MBC PB). Ilox kondurypauueit MBC PB nonumaercs xoiu-
YECTBO, THUII, YACJIOBBIE XapaKTEPUCTUKHU U B3aUMOCBsI3M koMnoHeHTOB MBC PB.
Orpanunuenusi PB npeanonaratot, uro ajs ¢pukcupoBanHor koHpurypaunun MBC
PB npuknannsle 3a1a4y JOJKHBI BBIITOJHATHCA B PAMKaX 3aJaHHBIX JUPEKTUBHBIX
nHTepBanoB. Ha ocHOBe aHann3a 3a1a4, BOZHUKAOIIUX MpH npoektupoBann MBC
PB, 6p1mu chopmMynmupoBaHbl TPEOOBAHUS K CPEICTBY IIPOBEPKH BBITOJHEHHS Orpa-
Huuenuit PB. O030p CcyliecTByIOIIMX CPEACTB MOKa3ajl, YTO HU OJAHO U3 HUX HE
YIOBJIETBOPSIET BCEM TPEOOBAHUSIM.

ABTOpOM OBUIO MPEJIOKEHO MTPOTPAMMHOE CPEJICTBO, MO3BOJISIONIEE MOJIETUPO-
Bath QyHkimonupoBanne MBC PB u nonyyars BpeMeHHbIE AUarpaMMbl UX (DYHKIIH-
OHUPOBAHUS, UCTIOJIL3YEMBIC I MMPOBEPKH BBHINOJIHEHHS orpanndyeHnii PB. Mogenb
MBC PB c 3anganHo#i KOH(UTypalue CTpOUTCS Ha OCHOBE 00OOIIEHHON MOJIEH ¢
HCITOTh30BaHUEM Pa3pabOTaHHON aBTOPOM OMOIMOTEKH MOJIeel CTaHAapPTHBIX KOM-
nonentoB MBC PB. bnaronaps BeiOpaHHOMY 7151 MOAETTUPOBAHUSI MAaTEMaTHUYECKOMY
anrapary (CeTsIM BPEMEHHBIX aBTOMAaTOB C OCTAHOBKOM TalMEPOB) KOPPEKTHOCTH
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CHUHTE3UPYEMBIX Mojeliel popMaabHO J0Ka3aHa. bubanoreka Moaeseit cTaHIapTHBIX
komrioneHTOB MBC PB MoeT OBITH ITOIMOJTHEHA T0Jb30BATEILCKUMU MOJIEISIMM.
JI71s1 5TOTO TOIB30BATENBCKUE MOJICNIN JOJKHBI YIOBICTBOPATH PSAly TPEOOBaHUIMA
KOPPEKTHOCTH, CPOPMYITMPOBAHHBIX aBTOPOM (TIPOBEPKA BBIMOJIHAETCA aBTOMATH3U-
POBaHHO C IOMOIIBIO Bepudukaropa). IIporecc noctpoeHus: u nmporoHa MOJAENIN JUIs
KOHKPETHOHN KOH(pUTYypally MOJHOCTHIO aBTOMaTu3upoBaH. [IporpaMmmHoe cpeacTBo
unterpupoBano ¢ CAIIP nnanuposanus Beruucienuii B MBC PB, ucnons3zyemoit
B IIPOMBIIICHHOCTH, U YCHENIHO anpoOWpPOBAHO HA JAHHBIX, MPUOIMKEHHBIX K
peaJIbHBIM.

[TogpoOHOEe onucanue pazpabOTaHHOTO MPOTPAMMHOIO CPEICTBA MPUBEICHO B
pabore [1]. Pabora BeinonHena npu nopaepxke PODU (mpoext Ne 16-07-01237).

CIIVMCOK JIUTEPATYPHI

[1] T'monuna A.B. ITporpaMMHOE CpeACTBO MOJAEIUPOBAHUSI MOIYJIbHBIX BBIYUCIIN-
TEJbHBIX CUCTEM ISl IPOBEPKHU JIOMYCTUMOCTH UX KoHpurypauuii // [Iporpamm-
Hble poayKThl U cucteMsl. 2017. T. 30, Ne4. C.574-582.

NMPUMEHEHUE TEHETUYECKUX AJICOPUTMOB ANA
NOCTPOEHUA CTPECC-CLUEHAPHEB MNMOPTDENA
3SAEMWLIUKOB HA OCHOBE UX
CUCTEMHO-AUHAMHUYECKUX MOZENEHU

TonemouoBcknii Jimurpuii FOpwesnu', Jlarona Upuna Hukonaesna®
! Kadenpa uccienoBanus onepanwii, e-mail: golemb@cs.msu. su

2 Kadenpa mccieoBanms onepanuii, e-mail: irenamaster@gmail.com

JanHas pa®oTa MocBsIEHa MOCTPOCHUIO MAKPOIKOHOMUYECKUX CLEHAPUEB, KO-
TOpBIE€ MPUBOJAT K J1e(hoJITy KOMIIAHUU pa3INuHbIX oTpaciiedl. Haxoxaenue crpecc-
CLICHAPUEB SIBJISIETCS HEOOXOIMMBIM YCIIOBUEM KAau€CTBEHHOM OIIEHKHU pUCKa 3aeM-
IIMKOB, YTO MO3BOJIsIET OAHKAM CMSTUYUThH MOCIEACTBUS UX peaTn3aluu.

CucreMHO-TUHAMMYECKHE MojeM. B 1anHoi#l paboTe onucaHO MOCTPOEHUE U
peann3anus CUCTEMHO-IUHAMUYECKUX MOJEIICH IIATH KOMIIAHWW: KOMITAaHUSA «Apo-
May, CEIbCKOXO3SIMCTBEHHBIN XOIAUHT «Arpocuia», «Bomkckas Meramnyprudeckas
KOMITaHUsD», rpynna komnanuili «Y Cepsuct» u «Anrcrpem». [loctpoenue u peanu-
3aIMs MojieNielt ocymecTisiack B Matlab Simulink Ha ocHoBe cratbm [1].

IHocranoBka 3agayu. HeoOXoauMoO MOCTPOUTH CLIEHAPUU MAaKpPOIKOMUUYECKHUX
NEPEMEHHBIX, KOTOPbIE MAKCUMU3UPYIOT YOBITOK MOPTQEIs 3aeMIUKOB Ha 33JJaHHOM
ropu3oHTte BpemeHH. [Ipu 3ToM B OrpaHUYeHNH 3a/1au 33/1aHa QYHKIIHS PaBAOIOJO-
Ousl, T. €. BBIOUPAIOTCS CLIEHAPUU, Y KOTOPBIX (YHKIIHS MPAaBIONOA00US MPUHIUMAET
3HauUE€HHE HE MEHBIIIE 33IaHHOTO YPOBHA. YOBITOK CUUTAETCS MO CyMMeE KPEIUTOB,
BBIIAaHHBIX KaXJI0W KOMIAHUU, KOTOPbIE YIILUIN B JE(OJIT.
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I'eneTnvecknit anroput™m. B ctatbe [2] moka3zaHO MPUMEHEHUE TEHETUYECKOTO
aNropuTMa Jyis yrpaBieHHE UHBECTULMOHHOMN JIEATENbHOCThIO HE(PTAHON KOMITAHUU
Ha OCHOBE €€ CUCTEMHO-IMHAMUYECKON MOJEIH.

[TocTaBneHHast ONTUMHU3AIMOHHAS 3a/ladya PEeIIaeTcsl NPy MOMOIIN TeHETUYECKUX
anroputMoB B Matlab. Xpomocomoii 3agaun SIBISIETCS CLIEHAPH BCeX MaKpPOIKOHO-
MUYECKHX NIEPEMEHHBIX Ha paccMaTpuBaeMoM ropu3oHte. HauanbHas nomynasius
reHepupyercsi Ha ocHoBe ARIMA-GARCH Mozenu no uCTOpUYECKUM JTaHHBIM.

CIINCOK JIUTEPATYPBI
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MHOrocnoMHAS HETMAPOCTATUYECKASA MOJE/b
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B pa60Te JaH KpaTKHﬁ 0630p HN3BCCTHBIX HCTUAPOCTATUYCCKHX MoOJIeJIeH IS
MOPCKHUX W OKCAHCKHUX TG‘IGHI/Iﬁ, YKa3aHbl UX JOCTOMHCTBA M HEAOCTATKH. HpI/I-
BOAUTCA IMMOJIHAA CUCTEMaA ypaBHeHI/Iﬁ MUPKYJIIOHUHA OKCAHOB B THAPOCTATHYCCKOM
N HCTUAPOCTATUYCCKOM HpI/I6J'II/I)KGHI/I}IX C YUE€TOM CHJIBI Kopnonnca, HCPOBHOI'O
JHa, IponeCcCoOB NIECPEHOCA COJICHOCTHU U TEMIICPATYPHhI. B l'IpI/I6J'II/DKCHI/II/I ciaboit
I/ICKYCCTBGHHOfI C)KUMAEMOCTH ITIOJIHAsA CUCTEMA ypaBHCHHﬁ, MCTO0OM FI/IHep6OJII/I‘{€-
CKOM ACKOMITIO3HUIIMH, Pa3aCIACTCA Ha ABC B3aUMOCBA3aHHBIC CHCTEMBI ypaBHeHHﬁ,
OJHa M3 KOTOPBIX OIIMCBhIBACT 6apOTp01'IHYIO KOMIIOHCHTY TC‘-IGHI/Iﬁ, a Jpyras — Oa-
POKIHMHHYIO. HOKaSaHO, YTO 00€ CHCTEMBI OCTAIOTCS FI/IHep6OHI/I‘I€CKI/IMI/I u i ux
YUCJICHHOTO pelleHus npeaaraercs ucnonb3oBarb cxemy KABAPE [1]. TIpuBoasit-
Cs TE€CTOBBIC paCUCThI MOJICJIBHOM 3aJ1a4ud O BCIUIBITUU BHUXPCBOIro OUIIOA M €T0
B3aMMOJICHCTBUH CO CBO60)1HOI>1 ITOBCPXHOCTEIO.

CIIVCOK JIUTEPATYPEI

[1] HoBble anropuT™Mbl BEIYUCIUTEILHON THIPOJUHAMUKY JJIsI MHOTOMPOIIECCOPHBIX
BBIYUCIIUTENbHBIX KoMIuiekcoB / B. M. T'onoBuszauH, M. A. 3aiines, C. A. Kapa-
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6acos, U. A. Koporkun M.: U3narenbctBo MockoBckoro yauBepcutera, 2013.
472 c.

ONPEAENEHUE TPAHULbI AUINEKTPUYECKOIO TENA
BPALLEHUSI NO OTPAXXEHHOMY 3JIEKTPOMATHUTHOMY
nonto (MArTHUTHASI MOJIA)

2

Tosnouna Ceeriana leopruesna', 3axapos Eprenunii Biaaumuposuy?,

Ipiopos Eprennii Fepmanosuy®
L MTI'Y um.JIomoHocoBa, e-mail: sgolovina-msu@mail.ru

2 MI'Y um. JloMoHOCOBa, e-mail: spec@cs.msu. ru
3 MI'Y um.JlomoHOCOBa, e-mail: tsybrovevgeniy@yandex.ru

PaccmarpuBaeTcs oOparHas 3ajada OINpeiesICHUs] TPAHUIIBI TUIEKTPUIECKOTO
TeJa BpalICHUs IO OTPAKEHHOMY JICKTPOMArHUTHOMY TOJIFO BO30YXIa€MOMY CH-
CTeMOI MCTOYHUKOB, obnanaromeil ocesoit cummerpuein. Obnactu 2 u €2, T
COOTBETCTBEHHO PACIOJIOKEHBI UCTOUHUKHA U MPOUCXOAUT U3MEPECHUE DIICKTOMAT-
HUTHOTO TIOJISI OTPAXKEHHOTO OT HEOIHOPOJTHOCTH, HE MEePECEKAIOTCS ¢ 00JIacThio )
C IMapaMeTpaMH €, [y, COAEpIKaIIEH HcceryemMoe Teo () ¢ mapaMeTpamH €, [i.

[Tonnas ckanspu3anus BEKTOPHOM IPAaHUYHOM 3a7a4u I YpaBHEHUNA MakcBeiuia
BO3MOKHA JIJISI OCECUMMETPHUYHBIX TMOJICH, KOIJla BCE KOMIIOHEHTHI BEKTOpoB E
u H He 3aBucAT 0T a3uMyTajapHOW KOOPAMHATHI (. B NUIMHAPUYECKON CHCTEME
KOOpIHHAT p, ¢, z BeimuieM E = {0, E,(p, 2),0}; H = {H,(p, 2),0, H.(p, 2) }—
MarHuTHas Mojia. PaccMoTpena rpaHuyHas 3ajada ¢ yCJIOBHUSIMU CONPSDKEHUS Ha
rpaHulEe HEOAHOpPOoAHOCTU O}y 1 L, U ee HOPMaJIbHBIX IIPOM3BOAHBIX, TIE 7 -
BHEILHSSA HOPMaJb K rpanule,ky = wy /e, ko = w,/Lo€p :

o
Hap upa%(pE@) +,u% %% +kiE, = Egy, pB Qo
o
n2 (L 2(0B,) ) +pl (L5D) 4k E, =0,  prQ,

¢ up Op o 0z (1)
_ 1 a[E@ _
[Ew] =0, [ﬁ o | = E cos(n p)[ ], p € 08,
OE,
| Bo=0(1): 3t lec0 = o(7); | p|[— o0,
IZle W— 9acToTa, |-|— pa3pblB 3HAYCHMS (yHKIUH Ha IpaHHIe pasznena, F, — mep-

BU4HOE mojie. OOpaTHas 3a1a4a CBOAUTCS K HaxXOKIeHHIO Koddduimenta ki (M)
BO BTOpOM ypaBHeHUU cucteMsbl (1). OO6parHas 3agada pemanack B MPEANONoXKe-
HuH, uTO k(M) mocrosiHHas Benuuuna. Ot 3ama4n (1) mepeieM K HHTErpabHbIM
YPaBHEHMSM U 3alUIleM MX oTaenbHo i M € Oy u M € Q)

Ey (M) — E (M) = [ G(M,P) SELKE (AndSy, M e,
o0
1 2
E, (M)= [ G(M,P)SELRE (M)dsp, MeQ,, 2)

o
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2T
ikr
e G(M, P) = p [ = cospdyp. Jlna peimenus cucTeMbl (2) MCTOTb30BAICS
0

UTEPAaTUBHO PETYIspU30BaHHbIN MeTon HeroToHa-I aycca.

ACUMNTOTUKA NEPEAATOYHOWU MATPULbI YPABHEHUA
LUTYPMA—JINYBHUNNA C KYCOYHO-LENbIM
NOTEHLUMUANIOM HA KPUBOM

T'onyOokoB AHapeii AjiekCaHAPOBUY
CYHII MI'Y, e-mail: andrej2501@yandex.ru

BriepBbie M3yueHa aCHMITOTHKA TPH |A| — 00 HeMpepbIBHO AU(depeHIUPYeMbIX
BJIOJIb TIPOM3BOJIbHOM cripsimisieMoit kpuBolt v C C pemenuit ypasuenus Lltypma—
JInyBumnns

u'(2) +(Q(2) = M)u(z) = 0 (1)
C TOTEHIMAIOM (), KyCOUHO-IIENIBIM Ha 7. OTpaHMYEHHYIO Ha KPUBOH 7y (DYHKIIHIO
() OymeM Ha3bIBaTh KyCOYHO-IIEJION Ha HEHM, €CIIH Y MOKHO pa3outs N TOYKaMu
Ha Y4YacCTKH, Ha KOTOPHIX () COBMAJaeT C LENBbIMU (DYHKIUSAMH, Pa3InYHBIMA Ha
cocennux yuactkax. Touku pasbuenus {z;}Y (mpu N > 1), HauanbHywo z) 1
KOHEYHYIO 2y, 1 TOUKH KPUBOM OyJeM Ha3bIBaTh KPUTHIECKUMH TOUYKaMH. B mokmame
MOJTyYCHA CIIEAYIONIasi ACHMIITOTHKA SJIEMEHTOB TIEPEIaTOYHON MAaTPUIBI YPaBHEHHS
(1) Bnonb v:

oN+1
pos = dyy(Nexp (M} (.5 € {1,2}). (2)
s=1
B (2) hy = SN jai(zigr — zi), ap € {£1}(i =0, N), s = 1+ 327 (1 + )20
(re.s € {1,...,2Y"1}) u Bce pynxIUM dgsﬁ)()\) MOYKHO IIPEICTBUTH B BUJIE:

s)
. 1\, o(1
d)(\) = (X) 5¢) (1+ ¥) #0,

7€ LeIble Yyucia mgfg > () ¥ KOMIUIEKCHBIE YHCIIA 5&‘2 # () HE 3aBHUCAT OT .
bynem Ha3pIBaTh HEBUAMMOM IETIIEM TAKYIO IIETIIO KPUBOU 7y C 3aJaHHOU Ky-
COYHO-IIEJION (PYHKITUEH, y3eJl KOTOPOM COBMAaAaeT C JBYMS IOCIIEIOBATEIbHBIMU
KPUTHUYECKUMHU Toukamu. JloOaBieHre K KpUBOM WM yaalieHue U3 He€ HeBUAMMOU
IETVIM HE MEHSIET Ha4aJIbHYIO0 U KOHEYHYIO TOUKY KPUBOM, a TaKXKe MEePEIaTOYHYIO
MaTpHIly BIOJb HEE. DTO MO3BOJISIET OTPAHUYUTHCS UCCIECIOBAHUEM aCUMIITOTHKH
NepeJaTOuHON MaTPUIIbl TOJIBKO BJIOJIb KPUBBIX 0€3 HEBUAUMBIX nerenb. [Ipu stom
JIOKAQ3bIBACTCS, YTO B CIIy4ae TAKMX KPUBBIX CYLIECTBYET KAK MUHHUMYM JIBa IPO-
THUBOIIOJIOKHO HANPABJIEHHBIX JIy4a, UCXOMAIIMX U3 HYJISI KOMIUIEKCHOU IIIOCKOCTH
napaMeTpa A, u JBa Y3KUX CEKTOpa, COIEPKAIUX 3TU Jy4YH, TAKUX, YTO I KaKI0T0
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TAKOTO CEKTOPa M KaKJO0ro dJIEMEHTAa MepeaaTOuYHON MaTPHUIIBl CPear 2N+ crarae-

MBIX B (2) CyIIECTBYEeT POBHO OJIHO, UMEIOIIEEe HAMOOIBIINN dKCTIOHEHIINATbHBIN
POCT P A — OO B ATOM CEKTOpE.

Ob O4HOW 3AJAYE YNPABJNEHUA HENUHEWUHOH
CUCTEMOU C ®PA30BbIM OFrPAHUYEHUEM

Topukos Basnepnii ITasiosnu', I'puropenxo Hukounaii JleonTheBn4

! JlaGoparopus o6parHbIX 3a1a4, e-mail: v-p-gorkov@yandex.ru
2 Kadenpa onTHMaIBHOTO yIIpaBieHus, e-mail: grigor@cs.msu. ru

2

PaccmarpuBaeTcs HenMHeHHas ynpaBisieMas CUCTEMa, ONKChiBacMasi YpaBHEHUS-
mu [1]:

T = —sin(f)uy + € cos(0)us,
i = cos(@)uy + esin(f)ug — 1, (1)
é = U2,

rae z,y,0 € R' - ga3oBble mepeMeHHEIE, U] M Uy - YIPABISIOIIHE IAPAMETPHI.
3ajgaya TEPMUHAJIBHOTO YIPABJICHUSI COCTOUT B HAXOXKJAEHUU T'PAHUYHBIX YCIIO-
Buid (0),2'(0),y(0),y'(0),6(0),6(0), x(T),2(T),y(T),y' (T), anst KOTOPBIX Cy-
mecTByeT ynpasienue u(t) = (uy(t), uz(t)) u Moment Bpemenu 7' > 0, mpu KOTO-
PBIX 7 TpaeKTOpuu cUCTEMBI (1) BBIMOIHEHBI TPAHUYHBIC YCIOBUS U (ha30BbIC
orpanuuenus 0 € (—5, %), y(t) > 0. [Ipeanonaraercs, 4To KpaeBble YCIOBHS Y/I0-
BJIETBOPAIOT (ha30BbIM OrpaHuueHUsIM. [Ipennaraemplil B 1OKIAA€ MOAXOA K TOUCKY
pellIeHus 3a/1a4y YIIPABJIEHHUS] OCHOBAH HA METOJIE JIMHAMUYECKOMN JIMHEeapu3aluu
[1,2], BBIUMCIIEHHE YIIPABICHUS B KOTOPOM CBEIEHO K pemeHuto 3anaun Komm s
HEJTMHEWHOW MapaMeTPUIECKONM CUCTEMBbI BCIIOMOTATENbHBIX AU PEepeHITNATHHBIX
ypaBHeHUMU. [[1s1 BcioMoraTreabHOW CHCTEMbl HAWJIEHBbI YCIOBUSI Ha MapaMeTphbl,
IIPU KOTOPBIX PEIIEHUE CUCTEMBI CyLIECTBYET M HEJOKAJIbHO MPOJOILKUMO. [[s
CIy4dasi HEMOJIHOM MHQOpMAIMd O HaYaJIbHbBIX MOJOKEHUSX CUCTEMbI MOJYUYEHbI
JOCTaTOYHbIE YCJIOBUSI OKOHUEHHMSI MPOLIECCAa TEPMUHAIBHOIO YIIPABJIECHUS B KJlacce
nakeToB nporpamm [3]. [lJist 4MCIEHHOTO pacyeTa MmapaMeTpOB YIIPaBJICHUS, TIPU
KpaeBbIX YCIIOBHUSX OOIIETO BHAA MPEMJIOKEHA BCIIOMOTATelIbHAasl SKCTpeMalibHast
3a71a4a U IPUBOJATCS PE3yJIbTaThl pacueTa TPACKTOPUA U YIPABICHUS ISl TECTO-
BBIX ITapamMeTpoB mpoiiecca. PaboTa BeinmosiHeHa npu nojjiepxxkke PODOU (nmpoekt

Ne 14-11-00539).
CIINCOK JIUTEPATYPBI

[1] Hauser J., Sastry S.,Meyer G. Nonlinear control design non-minimum phase
systems: application to V/STOL aircraft // Automatica. 1992. Vol.28. N 4.
P.665-679.

[2] Isidori A. Nonlinear control Systems, Springer, 1994.
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[3] Ocunos FO.C. ITakeTsl mporpamMM: MOAXOJ K PEUICHUIO 3aJa4 MO3UIIMOHHOTO
ynpasiieHus: ¢ HenoiHou uHpopmanueit / YMH. 2006. T. 61, Ned4. C. 25-76.

YUCNEHHOE UHTETPUPOBAHUE YPABHEHWUW ABUXXEHUA
B3AUMOAENUCTBYIOWMNX KNETOK B IUM®OY3JE

I'pedennnkos Jmurpuii Cepreesuu’, Bouapos I'ennaanii AjexceeBuy

1 MockoBCKH# (pU3MKO-TEXHHUECKUH HHCTHTYT, e-mail: dmitry.ew@gmail.com
2 Kadenpa BEIYMCIUTENLHBIX TEXHOJOTHI U MOAEIMPOBAHMS, e-mail: bocharov@m. inm.ras.ru

2

B nannHO# paboTe ucciemoBaInch BOMPOCH YHCICHHONW peainu3amnuy pa3pado-
TAaHHOW paHee JBYMEPHOW MPOCTPAHCTBEHHON MOJEIU NMEPEIBUKEHUSI UMMYHHBIX
KJIETOK B JTUMQOY3Jie, OTKATMOPOBAHHON MO SKCIIEPUMEHTAIBHBIM pacIpeieeHUsIM
MIOCTYNATEIbHBIX CKOPOCTEW, CKOPOCTEN MOBOPOTA U MHJIEKCOB MEAHAPUPOBAHUSA
kietok [1]. Monens copMynupoBaHa B BUIE CUCTEMbI CTOXacCTUYECKUX nudde-
PEHIMAIIBHBIX YPaBHEHUH, SIBISIIOIIUXCS YPABHEHUSIMUA JBUKEHHSI HBEOTOHOBCKOM
MEXaHUKH ISl KJIIETOK C MapaMETPUYECKUM OIMMCAHUEM CUJI MEXKKJIETOYHOIO B3a-
MMOJICVCTBUSA, NUCCUNATUBHBIX CHJI BA3KOCTH U CUJI CTOXAaCTHYECKH 3aJIAIOIINX
BHYTPEHHIOIO aKTUBHYIO TTOJIBUAKHOCTD KJIETOK. [I[prBOIATCS pe3ynbTrarhl YACICHHBIX
pacueToOB MOJIEJIH, ONMMUCHIBAIOIINX XaPAKTEPHBIN CIIEHAPUN pa3BUTUSI UMMYHHOTO
OTBeTa B JIUM{QOY3Ji€, BMECTE C MPOTHO3AMH BPEMEHU OOHAPYKEHUSI UHPUIIUPOBAH-
HOM KJIETKU ITUTOTOKCHYECCKUMH JTUMQPOIUTAMU TIPH PA3IMUHBIX XapaKTEPUCTHUKAX
MMMYHHOTO CTaryca.

B nmoknane onmchiBarOTCS CUMIUIEKTUYECKUE YHUCICHHBIE METO/Ibl, IPEIHAa3HA-
YEHHBIE /I UHTETPUPOBAHUS YPABHEHUH JIBUKEHUS MOJICIIN: MOTYHESIBHBIA METO/
Ditnepa nepporo nopsjaka (meton Herotona-llItépmepa-Bepe), meton IItépmepa-
Bepne Broporo mopsigka. ONHUCHIBAIOTCS UCTIOJIB30BAHHBIE TPAHUYHBIE YCIOBHS:
NEPUOJUYECKHIE YCIOBHS JIsl KAJTMOPOBKU MOJIENU U YCIIOBUE PEHOJISPU3ALIMU KIle-
TOK MPU KOHTAKTE C TPAHMIICH 00JaCTH I YHCICHHBIX PAcieTOB B JIUMQOY3IIe.

HccnenoBanus BBINOIHEHBI NpU nojjiepkke mpoekta PH® Ne 18-11-00171.

CIIMCOK JIUTEPATYPEI

[1] I'pebennuxoB J.C. [IBymepHas MOAe/b NEPEABUKEHUS KJICTOK UMMYHHOU CH-
crembl B tumdboysie // Tpynbl 60-ii Becepoccuiicko HaydHONW KOH(MEPEHIINN
M®THU. 20-26 nos6ps 2017 1. Ilpuknannas MaremMaTuka U MHPOpPMATHUKA. —
M®TU Mocksa Jonronpynnsiil Kykosckuid, 2017. — C. 185-186.
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NMPOrPAMMHOE OBECMEYEHUE ONA YNPABJIEHUA
NMPUEMONEPEAATYUKOM ETHERNET B NPOLLECCE
TECTUPOBAHUA U OTNIALAKHU

I'ypbeB [Imutrpuii EBrenseBu4

JlaGoparopust OTKPBITBIX HH()OPMAIIMOHHBIX TEXHOJIOTHH, e-mail: gouriev@oit.cmc.msu.ru

[Ipu TecTupoBanuu U omiajke npuemornepenatunkoB Ethernet Bo3HukaeT HeoO-
XOIUMOCTb €TI0 HECTaHAAPTHOW, TOHKOW HACTPOWKH, BBIIIOJIHEHUS TECTOB, CIICIU-
buyHBIX A4 3TOro nepenaryuka. Hekoropble n3 Takux 3ajad HEOOXOIUMO PEIlIaTh
B YCJIOBHSIX aBTOHOMHOTO T€CTUPOBAHUU MpUEMONEpeaTunKka, 0e3 yuyactust 00opy-
JOBaHUsI KAHAJIBHOTO YPOBHH.

VYnpasnenue npuemornepenatunkamu Ethernet ocymecTisieTcst mpu MOMOIIH T10-
cnemoBaTenbHOTO MHTEpdeiica ynpasnenus Management Data Input/Output (MDIO)
([1] — Clause 22). UnTepdeiic odecrieunBaeT 10CTyN K BHYTPEHHUM YIPABIISIOIIUM
perucTpam NpUEMOIIEPEIaTUnKa, CPEAN KOTOPBIX €CTh KAaK CTaHAApTHBIE, TaK B
BBEJICHHbIC Pa3pabOTYMKOM IIPUEMOTIEpeIaTUNKa.

Pazpaborana mporpamma, o0OecrieunBaroIias YTeHHE U 3alUCh YMPABISIIOUIUX
peructpoB no MDIO. B ciydyae aBTOHOMHOIO TECTUPOBAaHUS IepeaaTuuKa st
nonkimoueHust Kk muHe MDIO ucnonb3yercst ycrpoiictBo Adafruit [2] unu ana-
JoruyHoe, Ha ocHoBe MukpocxeMbl FT232H [3]. Takoe ycTpoiCTBO MOXKET OBIThH
3alpOrpaMMHUPOBAHO ISl MOJJIEPKKHU PA3IUYHBIX MMOCIEA0BATENBHBIX POTOKOJIOB
WM UHTEpPENCoB, U MporpaMmma nporpamMmupyer ero s nogaep:xxkku MDIO. B
CJIyyae TECTUPOBAaHHSI COBMECTHO C anmnaparypor KaHaJbHOTO YPOBHS MOAKIIOUYECHHE
Kk MDIO o6ecneunBaeTr MAC-KOHTpOJUIEp, IpOrpaMmma HUCIOJIb3yeT MPSAMON JOCTYII
Kk peructpam MAC-koHTpoiuiepa. Elle oJuH BapuaHT BBINIOJHEHUS JIEMCTBUN C
MDIO ucnonb3yer coorBercTBytomue Bo30BH ioctl B OC Linux.

IIporpaMmma BBINIOJHSET UTEHHE U 3anmuch peructpoB MDIO, a Takxke rpyni
OUTOB M OTAEIbHBIX OMTOB B 3TUX PETUCTPAX, BBIICP)KUBAHUE May3, IPOBEPKY U
OKUJJaHUE BBINMOIHEHUS yciaoBuil. [lepeuncnennbie qedcTBUSI MOTYT OBbITh 3a/aHbl
KaK B KOMaH/JHOW CTPOKE, TaK U B TEKCTOBOM (paiijie (CKpHUIITE).

[IporpamMmma wucnons3yeTcs [ OTIaAKu mpuemoriepenarunka FEthernet
10/100/1000 Mo6wut/c.

CIIUCOK JIUTEPATYPHI
[1] IEEE Std 802.3 - 2012. IEEE Standard for Ethernet.

[2] Adafruit FT232H Breakout - General Purpose USB to GPIO+SPI+I2C.
https://www.adafruit.com/product/2264 Retrieved: 17.03.2018.

[3] FT232H - Hi-Speed Single Channel USB UART/FIFO IC.
http://www.ftdichip.com/Products/ICs/FT232H.htm Retrieved: 17.03.2018.
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O EAUHCTBEHHOCTHU PELUEHUA OBPATHOW 3AJJAUYM
3NIEKTPOMATHUTHOIo 30HAUPOBAHUA

JAvmurpues Baagumup UBanoBu4

MI'Y umenu M.B. JlomonocoBa, dakynsrer BMK, kadenpa maremaruueckoii ¢pusuku, e-mail:

dmitriev@cmc.msu.ru

PaCCMOTpCHa 06paTHa;1 3a1a4a 3JICKTPOMAarduTHOI'O 30HAUPOBAHMA CJIOMCTOH
Ccpcasl, B KOTOpOfI HaxXoauTCA JIOKAJIbHOC TPEXMEPHOC TCJIO C IIPOU3BOJIBHBEIM pac-
IMPEACICHUEM SJICKTPOIIPOBOJHOCTH. I[J'ISI Kj1aCcCa CJIIOMCTBIX TECJI, IIPEACTABJICHHBIX B
BHUIC KOHCYHOTI'O YHCJIa CJIOCB, B KOTOPBIX IIPOBOIUMOCTE U3MCHACTCA TOJIBKO BIOJIb
CJI0A pOKa3aHa TCopEMa €IUMHCTBCHHOCTH PCUICHUA O6paTHOﬁ 3aJa4m OIIPCACICHUA
pacpeaciCHusd SJICKTPOIIPOBOAHOCTH B TEJIEC 110 U3BCCTHOMY JJICKTPUYCCKOMY II0JIIO
Ha IIOBCPXHOCTHU CJIOUCTOM CpCaEI.

HEKOMMYTATUBHASA YHUTAPHAA CUITMA-MOJAEJb
TEOPUU NONA

Jdompuna Ajsiekcanapa BiaguMupoBHa

Kadenpa obmieit maremaruky, e-mail: avdomrina@yandex.ru

[Iycts H ecTh cenapabesibHOE TMILOEPTOBO MPOCTPAHCTBO C OPTOHOPMHUPOBAH-
HbIM OasucoM {eg, €1, ... }. Oneparopsl YHHUTOXKCHUS ae; = +/je;_1 U POXKIe-
Hud a“e; = /J + leji1, j = 0,1,..., 0TOOpakarOT BEKTOPHOE IOAIIPOCTPAHCTBO
Dy ={zr € H| Z;io(j + 1)F|z;]? < oo, k = 0,1,2,...} B cebst. Pewenuamu
nexommymamusnou U (1) cuema-mooenu Ha3pIBAIOTCSI KPUTHYCSCKUE TOUKH (DYHKITHO-
nana sHeprum 4e(®) = ||0, || = ||0_P||% ¢ Ha MHOKecTBE M BCEX YHUTAPHBIX
onepartopoB ¢ : H — H, nns xotopeix o0pa3 oneparopa ¢ — [ sBisieTcss KOHEU-
HOMEPHBIM MOANPOCTPAHCTBOM B D,. 31ech [ €CTh TOXIAECTBEHHBIA OIEpaTop,
0. = —[a*, ®| u 0P = [a, P| HEKOMMyYTATHBHBIC aHATIOTU POU3BOIHBIX IO 2 U
Z, a || X||%¢ = TrX*X xBaapar Hopmsl ['uns6epra-1munra.

Jlnst mo6oro pemerus ¢ uncno e(P) sBISETCS HETBIM U HA3BIBACTCS] HOPMU-
posannoul snepeuei 3toro petienus. Yucno r(P) = dim im0, ¢ = dim im J_P
Ha3BIBAETCS KaHOHUYeckum parneom pemienus ®. Kak u B koMMyTaTUBHOM ciiyyae [1],
Kaxa0e pemieHne ¢ 3anuceiBaeTCs B BUJE MPOU3BEACHUS KOHEYHOIO YKMCia OTpa-
xeumii: ¢ = (I — 2R)(I —2P)...(I —2P,), tne Py = 0,a P,..., P, cymp
OPTOIPOEKTOPHI CIIEUATIBLHOTO BUIA, Ha3blBaeMble yHumonamu. HauMmenbliiee nenoe
n > 0, Ipy KOTOPOM Takasi 3alliCh BO3MOXKHA, HA3bIBACTCS MUHUMALIbHLIM VHU-
monubim yuciom pemeHus ¢ u obo3navaercs yepe3 u(P). Jna kaxmon Tporku
e, T, U HeOTPHIATEIBbHBIX IIENBIX YHUCET PaccMOTpuM MHOKecTBO M (e, 7, u) Beex Tex
petrennit ¢ € M, nus xoropeix e(P) = e, r(P) = r u u(P) = wu.

Usyuaemast B [2] eunomesa o pazmepnocmu Tnacut, 4To MHOKeCTBO M (e, 1, u)
Bcerna JiMOo MycTo, JIMOO MMEET KOMIUIEKCHYIO Pa3MEpHOCTh 7. DTa THIOTe3a
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crpaBeaiauBa pu v = 1,2 (cm. [2]). OgHako B ciiydae u > 3 OHa YK€ HEBep-

Ha. B nmokmane Oynmer mokasaHo, 4TO IPH JIFOOOM IIEJIOM 7 > 3 MPOCTPAHCTBO

M(4n — 1,n + 1, 3) uMeeT KOMIUICKCHYIO pa3MEPHOCTh HE MEHbIIe, YeM 2n — 1.
Pa6ora BeinonHeHna npu noaaepxkke PODU (mpoekt Ne 17-01-00592-a).
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B xonne 1970 - x ronoB M Jiiren u ILIyctep npeanoxuau MoJelib TUIep-
uukioB [1,2]. I'unepuukii —3T0 caMOBOCIPOU3BOIAIIASCA MaKpOMOJIEKYJIsIpHAs
CHUCTEMa, B KOTOPOM KakJ1asi MAaKpOMOJIEKYJia KaTaJIu3UPyeTCs C IMOMOIIBIO MPEbI-
JIyIIed B 3aMKHYTOM IHMKJe. CxXeMma THNEpIUKIa €II€ OYEHb JaJieKa OT CXEMBbI
CaMOBOCITPOU3BOIAIIENCA MOJIEKYJISIPHO — FEHETUYECKOM CUCTEMBI )KUBOU KJIETKH,
TE€M HE MEHEE, TUIIEPLMKI — 3TO ONPEJAEICHHBIN Al K )KUBOU KJIETKE MO CPABHEHUIO
¢ kBazuBuAaMu. Kpome TOro, ObII0 JOKa3aHO, YTO TUMNEPIIUKINICCKUE CHCTEMBI
00J1a/1af0T PSIIOM 3aMeUaTeIbHBIX CBOMCTB, MPUCYITUX OUOJOTHYECKUM CUCTEMaM:
HACJICICTBEHHOCTh, M3MEHYHNBOCTh U O0phOa 3a CyIIeCTBOBAHUE.

B nannHoi#t paboTe paccMaTpuBaeTCsi MaTeMaTHIeCKass MOJCb, OMMCHIBAIOIIAs
ABOJTIOLIMIO0 MaKpOMOJIeKyl. B3aumojelicTBre MaKpoOMOJIEKYJI MEKIy CO00M, ONUCHI-
BAETCSI HEKOTOPOW MAaTpUIIeH, KOTOpasi UMEET MOCTOSIHHYI0 HOpMy. Cam mpornecc
3BOJIIOIMU XapaKTEPU3YETCSl SKCTPEMAIBHBIM TPUHIIMIIOM, 3aKITIOYAIOIIUMCS B TOM,
970 cpenHuit puTHEC(IIPUCTIOCOOICHHOCTD) CUCTEMBI B TIPOIIECCE IBOJIOINU JTOJIKECH
yBenuuuBarbes [3]. g pemenust JaHHOW 3a1add MaKCUMU3alliy, TIpeajiaraeTcs aj-
TOPUTM, KOTOPBIN MOCJEI0BATEIBHO PEIIAECT 3aJa4y JIMHEHHOTO IPOrPaMMUPOBAHUSI.
ITokazaHo, 4TO MpU AOCTATOYHO OOJIBIIIOM KOJUYECTBE UTEPAINii, HEKOTOPHIE KO3(-
(UIUEHTHI TOJIOKEHUSI PABHOBECHSI CMENIAIOTCS K TPAHUIE €IUHUYHOTO CUMILIEKCa
u oOpaiaroTtcs B HOMb. [IporcxonuT mocienoBareabHOE YIPOIIEHUE CUCTEMBI IO TEX
MOp, MOKAa OHA HE CBOAMUTCS K PEIJIMKALIMU OJTHOW €IMHCTBEHHONW MaKpPOMOJEKYJIbI.
[Ipn 5TOM CUCTEMBI, IOTYYEHHBIE B XOA€E IBOIIOLNH, CTAHOBATCS YCTOWYMBEI K Iapa-
3UTaM, OT KOTOPBIX MOTrH0au JI0 MpoIecca IBOMIOIUU. [[1s1 TOro, 4ToOBl COXPAHHUTh
CBOMCTBA YCTOMYHMBOCTHU K MApA3UTaAM U, IPU ITOM, NIPEAOTBPATUTH BBIPOKICHUE
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CHUCTEMBI, IPEAJIOKEH N3MEHEHHBIN (DYHKIIMOHAJ, KOTOPBIN YUYUTBHIBACT SHTPOITHIO
CHUCTEMBI.
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B nauane 60-x ronoB XX Beka M3BECTHBIN CHCIIUATUCT B 00J1aCTH KOMOMHATOPHO-
ro ananmusa I Jx. Paitzep [1] chopmynupoBan runoresy o TOM, YTO HUPKYISHTHBIE
MaTpuIllbl AjaMapa CymecTBYIOT TOJBKO JJIsI pa3MEpPHOCTH 4.

B TeueHne MHOTHUX JIET 3Ta TUIIOTE3a BOJIHYET YMbI CIIEIUATUCTOB, HEOJHOKPATHO
MOSIBIISITUCH PaOOTHI, B KOTOPBIX 3asBISIIOCH MOJOKHUTEIBHOE PEIICHNUE 3TOW TUIIOTe-
3bl, HO MO3KE BBISICHSJIOCH, YTO BCE OHM CO/IEpKaIM OIMOKU. B HacTosiiee BpemMs
HamOoJIee CHIBHBIM PE3yJIbTaTOM B 3TOM 0071aCcTH SBIAETCA, M0 MHEHUIO MHOTHX CIIe-
IIUAJTUCTOB, TEOPEMA O TOM, UTO BO3MOXKHON Pa3MEPHOCThIO IIUPKYJISTHTHOW MaTPHIIbI
Anamapa sBisercs 4t2, rae t —HedetHoe uucio [2]. CrpaBeUIMBOCTh TUTIOTE3bI
Paiizepa nokaszana Jijis HEKOTOPBIX 3HAUCHUU Tapamerpa t (cM., Hampumep, [3]).
Kpome Toro, npoBeieHHbIE KOMITBIOTEPHBIC BHIYMCIICHUS MOKA3adu CHPABEAJIUBOCTD
JaHHO} T'MIOTE3HI Ul pasMepHocTy mopsaka 1070

B nanHoit paboTte rnokasaHo, 4TO CyIIeCTBOBAHUE [IUPKYIISTHTHOM MaTpHIlhl AlaMa-
pa nopsiyka 4t2, rie t — HedeTHOE YMCIIO SKBUBAJIEHTHO HAIMYHIO HETPUBUATILHOTO
pelIeHHs] CUCTEMbl MAaTPUYHBIX YPaBHEHUM:

AAT + BBT =#*1,
ABT + BAT = (0),

e A u B uupkynsatabie (0,1, —1) marpuiel, [ —equanynas matpuia, (0) —
HyNeBas MaTpula. Bce MaTpULbl HIMEIOT Pa3MEPHOCTh 12,

IIpu t = 1 naHHas cucTema MPEeBPAIIACTCA B CUCTEMY YUCIOBBIX COOTHOILLICHUM U
MMEET HETPUBHUANIBHBIE PEIICHHUS, OTKY/Ia U CJIEAYET CYIIECTBOBAHUE LIUPKYIAHTHBIX
marpull Agamapa pasmepaoctH 4. ITokazano, uto marpunpsl AA” u BBT moryr
UMETh B KaueCTBEe COOCTBEHHBIX 3HaueHUH Toibko 0 u t2. Ha OCHOBAaHWHU JAHHOTO
CBOMCTBA ITOKa3aHO OTCYTCTBUE HETPUBUAIBHBIX PEIICHUN Y TAHHOW CUCTEMBI ITPU
IIPOCTOM ¢.
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B noxnane paccMaTpuBaroTCs BE MapaMeTPHU3aLUHU PEIICHHS 3a4a4K O ABH)KEHUN
B LIEHTPAJIBLHOM I10JI€, KaK C MPUTATUBAIOIINM, TaK U C OTTAJKUBAIOIIUM CHIIOBBIM
ueHtpoM [1]. Jaercs onpeneneHue BpeMeHU NpeObIBaHUSI MaTEpUAIbHON TOYKH B
OKPECTHOCTH CHJIOBOTIO LEHTPA, AHAJIU3UPYIOTCS 3aBUCUMOCTH 3TOIO BPEMEHU OT
Ha4YaJIbHBIX YCIOBUU JJISI ONPEAEIEHHUS «KECTKOCTH» KOHCEPBATHBHOM 3aJ1a4H.

Ha ocHOBe pacCMOTpPEHHBIX MapameTpu3aluid CTPOSITCA CEMEMCTBA aJallTUBHBIX
BBIYMCIIUTENILHBIX METOJIOB, OCYIIECTBIISIONIMX CUMIUIEKTUYECKOE OTOOpakeHue
U COXpaHSIomuUX (pa3oBbii 00bEM, MMOITHBIM UMITYJIBC, TTOJTHBIH MOMEHT UMITYJIbCA,
MOJIHYIO SHEPIHI0, OPOUTY ABMIKEHUS, Togorpad CKOPOCTH, a TaKKe JOTOTHUTEIb-
HbI€ NIEPBbI€ MHTETPAJIbl, BHI3BAHHBIE CUMMETPHUEH MOTEHLMAIbHONW SHEpPruu [2,
3]. IlepeMeHHbIN AT B BHIYUCIUTENBHBIX METOAAX BHIOMPAETCS aBTOMAaTUYECKH,
MCXO/sl U3 CBOMCTB pemieHui 3aaund. OH CyIIeCTBEHHBIM 00pa30M YMEHbBIAETCS
B OKPECTHOCTH CHJIOBOTO LIEHTpA, IJIe MPOUCXOAAT Haubosiee ObICTpble U3MEHEHUs
KOMITOHEHT perieHus. MeToabl mprOIMKaloT 3aBUCUMOCTH (Da30BBIX MEPEMEHHBIX OT
BpPEMEHHU C MO0 BTOPBIM, TUOO YETBEPTHIM, JIMOO MIECTHIM MOPSIKOM TOYHOCTHU [4].
[Ipu HEKOTOPBIX COOTHOILICHUAX MEX]Y IMapaMeTpaMu METOIbI SBISIOTCS TOYHBIMH.
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Ilenpro paboTHI ABISIECTCSA pa3padOTKa apXUTEKTYPHI, U pealn3aius 00J1a4HOTO
cepBHca JIJIs UCMOJIb30BaHUSI CYIIEPKOMIIBIOTEPOB MPU CO3AaHUU crielP(PheKToB B
KUHOIIPOU3BOJICTBE.

OcymIecTBIATh PEHACPHUHT CILICH - MOJyYeHHUE U300paKEHUsI 110 MOJICNIA C IIOMO-
IIbI0 KOMIIBIOTEPHON MPOrpaMmbl [ 1] MOXKHO Kak Ha JIOKaJbHBIX MallMHaX, TaK U Ha
yaaneHHbIX. JJIsl peHIepuHTa Ha yAajJeHHBIX MaIlliHaX HeOOXOIUMO HCIIOIb30BaTh
MPOrPaAMMHBIE€ CPEACTBA JJIsl aBTOMATU3AIMU U YIIPABJICHUA 3aJjauaMU, HA3bIBAEMBIE
peHaep-MeHeKepamMu. {1 pemeHnst mocTaBIeHHON 3a1a4i OBLJI0 PEIICHO HCIIOb-
30BaTh B KaUe€CTBE peHJEp-MeHemKepa Afanasy, a B kaduecTBe YTUIUTHI JJIs peHaepa
Houdini.

Bech TexHonornueckuit mpoiecc cos3nanus Guiibma - NaliaiiH - MOXXHO TMPe/I-
CTaBUTh B BUJIEC CIEAYIOIIMX IIATOB: OTIPaBKa CLEHBI HA CEPBEP PEHAECP-MEHEIKEPA;
pacnpeeieHre 3a71a4 Ha KJIMEHTOB PEHJIEpP-MEHEKEpa; 3allyCK peHAepa CICHbI Ha
BBIUHCIIUTEIBHBIX y3JIaX.

JI1st perieHnst MoCTaBICHHOM 3ajaun ObLTa MCTIOJb30BaHa BUPTyaIU3allns, a cama
cucTteMa OblIa peajau3oBaHa B BUJE 00Ja4HOTO cepBuca. B qaHHOM cityuae, o0nako
MmoJpa3yMeBaeT Mpo3padHblid MepeHoC paboThl HA HOBBIE PECYPCHI, a BUPTyaTN3aAIIHS
SIBJISIETCSL CIIOCOOOM cieiaTh TaKOW MepeHoc MpoIle, TaKuM 00pa3oM cCUcTeMa CTa-
HOBUTCS HAMHOTO OoJsiee THOKOH, MEPEHOCUMOM U paciiupsieMoil. Bupryanuzamus
cepBepa peHAep-MeHeIKepa OCYILECTBISIACh C UCIIOIBL30BAHUEM BUPTYaJIbHON Ma-
IIIWHBI, KJIMEHTa PEeHJIep-MEHEeKepa — C UCIOIb30BAaHUEM |XC-KOHTEHHEpa - MEXaHU3-
Ma BUPTYyaJIM3allii HA YPOBHE OINEPAIMOHHON CHUCTEMBI, ITO3BOJISIONIETO UCIIOIHSTh
MHOXECTBO M30JUMPOBaHHBIX Linux-cucTeM (KOHTEMHEPOB) B OjHOM cucteme [2]. B
KA4eCTBE BBIYHMCIHUTENBHBIX PECYPCOB HCHOIB30BAJICSA CYNEPKOMITBIOTEP JIOMOHOCOB-
2. JIist opraHu3aiu 00JIa4HOCTU OBLIM BBIJICJICHBI PECYPCHI MMOJI BTOPOl HAOOP
KJIMEHTOB U CepBepa, Ha KOTOPBIX aHAJTIOTUYHO OBLIN YCTAaHOBJICHBI IXC-KOHTEHHEPHI
U BUpYTaJIbHas MamuHa. /[ obecriedeHus: 0TKa30yCTOMYUBOCTH PaOOTHI CUCTEMBI,
OBLIIO peaIn30BaHO MEPEHANPABICHUE 3a/1a4 Ha JAPYTYI0 TECTOBYIO CUCTEMY B Cliydae
BBIXOJIA U3 CTOSI OMHOM U3 HUX. [Ipu 3TOM Ha pEeHICPUHT OTIPABIAKOTCS HE BCE KaJl-
PBI, a JIUIIb T€, KOTOPHIE HE YCIIENIN TIOCUUTATHCS U3-3a BBIXO/IA U3 CTPOSI CUCTEMBL.
Bech 3T0T mponecc ocTaeTcsi COBEPIUICHHO HE3aMETHBIM ISl TTOJIb30BATEI.

B naHHbBIE MOMEHT pa3paboTaHHasi CUCTEMA MTPOXOAUT TECTOBYIO SKCILTyaTalUIO
Ha cynepkoMibrorepe JIoOMOHOCOB-2.
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Otnagka mapauiebHBIX MPOTPAMM SIBIISICTCS TPYAOEMKOW W HETPHBUAIBHOMN
3agadeit. [lapanienpHple ATOPUTMBI OOBIYHO 3HAYUTENIHFHO CJIOXKHEE IOCIIeI0Ba-
TEJIbHBIX U MOTYT COJEPKaTh HETHIUYHBIC JUISI CTAHAAPTHOW OTJIAJIKHA OITHOKH.
[TosToMy wmccnemoBanusl JOJDKHBI OBITH HapaBiIEHBI HA aBTOMATHU3AIlMIO OTIAJI-
KM MapajiyiebHbIX nporpaMM. OJJHUM U3 YCIEIIHBIX TPUMEPOB JAHHOTO MOAX0/1a
SIBJISIETCSI CpaBHUmMeNbHAsl omaaoka, peanuzoBanHas B DVM-cucreme [1].

[Tpuniun paboThl TaHHOTO METOJIa 3aKJII0YAeTCsl B CPAaBHEHHUHU MPOIIECCa BbI-
MOJIHEHHSI JIByX IIPOrpaMM MOCPEICTBOM KOHTPOJISI 3HAYECHUH TIEPEMEHHBIX B OIpe-
JIEJICHHBIX KOHTPOJHPYEMBIX TOUKax. CpaBHEHHE MOXET MPOBOIUTHCS KaK MEXKITY
napaJijIeNIbHO 3amyIICHHBIMH TPOrpaMMaMH, TaK U C UCIIOJIb30BaHWEM (aiioB Tpac-
cel. CpaBHUTENBHAS OTHaaka B DVM-cucteme B HacToslee BpeEMsl OpraHu30BaHa 1o
BTOPOMY TIPUHITUITY (HAaKOIJICHUE B (pailyl Tpacchl COOBITUN YTCHUS U MOIAU(PUKAIINH
NepPEMEHHBIX, UTEPAIUU [IUKJIOB U T.TI1.).

OnHako, UCMONB30BaHUE (aiyia Tpacchl 3aTPYAHSIET OTIAJKY pPEabHBIX MPO-
rpamMM, JJII KOTOPBIX OOBEM TpPacChl MOXKET IMPEBBICUTH JIOMYCTUMBIC IMPEIACIBI.
[TosToMy ObUTH peanu30BaHbl PEXKUMBI OTJIAJIKH, YMEHBIIIAIOMINE pa3Mep TPACCHI
0e3 3aMeTHOro yiiepOa MOKPHITUIO ONEPATOPOB MPOTPAMMBI: MeMmo0 UHMESPAIbHbIX
Xapakmepucmux Maccuéa U Memoo npeocmasumenbhblx eumxos [2].

Kpowme Toro, cymiecTByromas peain3anus OTJIaIKi He pacudTaHa Ha PaCcXOKICHUS
B BBITIOJITHCHHUH MTPOTPAMM, BBI3BaHHBIC OTIMUUSMH MPU pabOTe ¢ BElIECTBEHHBIMU
quciaMu (pa3Hble KOMIWISATOPHI, OMIIUN ONTUMM3AIUH U T. 11.). Takue pacxoxaeHus,
BHa4aJje HE MPEBBIIIAIOIINE TOPOT TMOTPEITHOCTH, IMTOCTETICHHO YBEIIMUUBAIOTCS, 1
MOTYT MPUBECTU K PA3IMUUSIM B TTOTOKAX YMPABICHHUS.

JLst mpeooneHust MpoOIeMbl BEIIECTBEHHBIX YUCEN IUIAHUPYETCS pean30BaTh
METOJ, OCHOBaHHBIN Ha 3aMEHE HEKPUTHYHO OTIMYAIOIINXCS BEIICCTBEHHBIX 3HA-
YEeHWH Ha JTaJIOHHBIE. A TPUMEHEHHE 3TOr0 METoAa IS PEallbHBIX IMporpaMM
noTpedyeT peanu3alnuy pexkuMa OTIaIKH, OCHOBAHHOTO Ha OJHOBPEMEHHOM 3aITyCKe
3TaJOHHOM M OTJIAKWBAEMOU MPOTPAMM.
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Bo MHOxecTBe 3a7au 00pabOTKH M300paKeHUI U BUIEOTNOCIIEI0BATEIBHOCTEN
(ymanenue 1miyma, yjajleHHue OOBEKTOB, CXKAaTHE, KOJIOPU3ALMs U T.J.) BO3HHUKAET
npooOsieMa CpaBHEHUSI PE3YJIbTATOB PA0OTHI PA3IMYHBIX AJITOPUTMOB UX PEIICHUS.
BBuay Toro, 4T0 KOHEUHBIM MOTPEOUTEIEM PE3yIBTaTOB PAOOTHI TAKUX AJTOPUTMOB
SIBJISIETCSI YEJIOBEK, «30JI0THIM CTaHJIApTOM)» CPAaBHEHUS PE3YJIbTaTOB O00pabOTKU
M300paKeHUI ¥ BHJICOMOCIICAOBATEIILHOCTEH SBISCTCA SKCIIEPTHAS OIICHKA, MPO-
BeJICHHAs OOJIBIIION TPYNION YEIOBEK B XOPOIIO KOHTPOJIUPYEMBIX JIa0OPaTOPHBIX
ycnoBusx [1]. Pecypco3arparHoCcTh TaKuX OIIEHOK, a TAKKE OTCYTCTBUE aBTOMATH-
YECKUX METO/I0B OOBEKTUBHOM OIEHKH, KOPPEKTHO MOJAEIHPYIONIUX YEIOBEUECKOE
BOCTIpUSATHE, BEAYT K BOBHUKHOBEHUIO JAHHOU MPOOJIEMBI.

B paborte uccnemyercst BOIpoc BO3MOKHOCTH 3aMEHBI TPATUIIMOHHOTO CITOCO-
0a cpaBHEHUS aJITOPUTMOB C)KaTHs BUACO — DKCIEPTHON OIEHKHU, ITPOBEICHHON B
71a00paTOPHBIX YCIOBUSIX — CPAaBHEHHUEM C YUaCTHEM YIAJICHHBIX PECTIOHJACHTOB C
UCIoNb30BaHueM ceTh VHTepHeT (fanee oHnaiiH cpaBHeHHEeM). O4eBUIHBIM HEI0-
CTATKOM OHJIAliH CPaBHEHUU SIBJISICTCS HEBO3MOXKHOCTh KOHTPOJIMPOBATH YCIOBUS
npocMoTpa. OYEeBUIHBIM TPEUMYIIECTBOM — BO3MOYKHOCTb MTPOBEACHUSI CPABHEHUS
¢ OOJIBIIIMM YHUCIIOM PECTIOHJICHTOB B OU€Hb CXKaThle CPOKHU. JIOCTYITHOCTh U CKOPOCTh
OHJIAaliH CpaBHEHUN MOXKET CYIIECTBEHHO OOJIETUUTH Pa3pabOTKy HOBBIX aJTOPHUT-
MOB 00pabOTKH M300paKEHUM U BUCOIOCIIEA0BATECILHOCTEH, TaK KaK MO3BOJIUT
MPOBOJIUTH PETYJSPHYIO OLIEHKY HOBBIX BEPCUN aJrOpUTMA.

JI71 OLIEHKM TOYHOCTH OHJIAWH CPABHEHUM aJITOPUTMOB CKaTHs BUJICO B paMKax
paboThI OBLTO TIPOBEJCHO OHJIAMH CpaBHEHHME MCXOIHBIX U MCKAKECHHBIX BUIEOIIO-
CJIEJIOBATEILHOCTENW, UCITOJIB30BAHHBIX B AKCIIEPTHOM CPaBHEHHH, IPOBEICHHOM
xommanueit Netflix B mabopaTopHbIX ycioBuUsX [2]. bbulio moka3aHo, 4YTO pe3ysIbTaThl
OHJIaiH CPAaBHEHMSI UMEIOT BBICOKYIO KOPPEIIAILMIO C JIAOOPAaTOPHBIMH PE3yIbTaTaMu
U IPEBOCXOAT MO ATOMY ITOKa3aTe0 BCE OOBEKTUBHBIE METOJIbI OIICHKH.
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®du3rka BHICOKUX IHEPTUH— 3TO HayKa, KOTOpas LeTMKOM OCHOBAaHA Ha KBAaHTO-
BBIX MpEJICTaBICHUSIX 0 MUpe. Ee TeopeTnueckue u 3KCIepUMEHTaIbHbIE METO/IbI
pa3BUBAIIMCh BMECTE.

Ocnosnoit 1ienwio nmpoekta ELI ( EBponeiickuii MmexxmyHapoaHbIin mpoekT Extrime
Light Infrastructure) sBnsercs pemienue GpyHIaMEHTAIbHBIX U NPUKIAAHBIX 3a/1a4 B
oOnacTu ja3epHOi (PU3UKHU BBHICOKUX SHEPTUid, B YACTHOCTH, U3yUCHUE MMOBEACHUS
BEIECTBA B HKCTPEMAJIbHBIX CBETOBBIX NoJisix [1]. MccnenoBanust OynyT HalleseHbl
Ha CO3/IaHUE KOMITAKTHOI'O JIA3€PHOTO YCKOPUTENS 3apsKEHHBIX YaCTHUIl U UCTOY-
HUKOB BTOPHUYHOTO 3JIEKTPOMArHUTHOTO U3JIyUYE€HHS BBICOKOM SIPKOCTH (MCTOUHHUKHU
PEHTI€HOBCKOTO M ramma-u3inydeHusi). Kpome nmpukiagHoro 3HaueHus, JTaHHBIE
HCCIICIOBAaHMS OyQyT OXBaThIBaTh M COBEPIICHHO YK30THYCCKHUE 00JacTH (hU3UKH.
HoBbie TexHOIOrHM MO3BOJAT, U3YUUTh MOBEJACHUE BEIIECTBA B 3KCTPEMAJIbHOM
COCTOSIHUM IO/ ACHUCTBUEM CBEPXUHTEHCHUBHOIO JIA3€PHOTO M3JIy4YeHUs. [2]

Ha nanHbIl MOMEHT BpEMEHH HUIIET IMMOCTPOMKA CBEPXMOIIHON JTa3€PHOM YCTAHOB-
KU ¥ TIPOBOASITCS] BHIYUCIUTEIbHBIC SKCTIEPUMEHTHI.

C nmomomip0 MOASPHU3UPOBHHOTO AByMepHOro kojga REMP ¢ no6asnenuem B
HEro CUJIbl PaJMallMOHHOTO TPEHUs ObLIN MPOBEACHHBI pACUEThl B3aUMOACHCTBUS
CBEPXCHJIBHOTO JIa3€PHOTO UMITYJIbCA C BEIICCTBOM.

[TosmydyeHo yBenMUeHUE 3HAUEHUE MPOJIOJILHOTO AIEKTPUYECKOTO TOJISI B HECKOJIb-
KO pa3 mpu yudere cuibl PT. Pacuer npoBoausics mpu CleQyrolInX Napamerpax:
paccMarpusanoch 10° wactun, o6nacts paccmarpupanack 40\ x 200\, rie A - AiuHa
BOJIHBI, @ = 100 aMIIMTyIa 1a3epHOro UMITYJIbCA.

CHUCOK JTUTEPATYPBI
[1] https://eli-laser.eu/the-eli-project/
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2

MarpudHbId METOA KPECTOBOM MHTEPNONSIIUY ||| mpenHa3HadyeH AJid MaJOpaHro-
BOT0 NMPUOIMKEHUST MaTPULl. ATIIIPOKCUMAIIUS CTPOUTCS HA OCHOBE OIPEAEIIIeMbIX
B XO7le¢ paboThl METOJIa CTPOK M CTOJOIIOB MPUOIMKaeMOM MaTpullbl. BakHOM
0COOEHHOCTBIO JTAaHHOTO METOJA SIBJISIETCS TO, YTO JUIsi TOCTPOCHUS MPHUOIIMKE-
HUS UCIOJIb3YETCA JIMIIb MAJIO€ YUCIIO 3JIEMEHTOB MaTpULIbl — JJISI TPUOIMKEHUS
MAaTPHUIIBI Pa3MEPOB M X N MaTpuileil paHra r uctponbsyercs Bcero O(r(m + n))
AJIEMEHTOB. JTO KpaliHe MOJIE3HO NMPU MPUOIMKEHUU MATPULL, SJIEMEHTHI KOTOPHIX
HE XpaHATCS B NaMATH, a 3a/1aHbl KaK (PyHKIIMS.

B ciiydae MHOrOMepHBIX MacCHBOB (T€H30pOB) OOIIME YHCIO AIIEMEHTOB KpaiiHe
BEJIMKO, HEPEAKO BCE 3JIEMEHTHI TEH30pa HEBO3MOYKHO HU BBIYMCIIUTH, HU XPaHUTh.
[ToaTomy HanMunre METOAA, BBINOJIHSAIOLIETO alllIPOKCUMALIMIO TEH30pa B Majonapa-
METPUYECKOM (pOpMAaTE UCIOIb3Ysl JINIIb HEOOJBIIOE YUCIIO FIEMEHTOB, KpUTHUYECKU
BaXHO. TakuM MeTonom siBisieTcs T T-kpecToBbI MeTOJ [2] BBIMOJHSAIOIIMN ar-
IIPOKCUMALMIO TEH30pa pasMepPHOCTH [ ¢ pazmMepoM /N 1O KaXAOMy HAIPABIEHUIO
tenzopom TT-panra R ucnonssys mumbs O(DN R?) snementos. TT-KpecTOBBI
METOJ] aKTUBHO MCIIONb3YeT MATPUYHBIN KPECTOBBIN METOJ B XOJ/Ie CBOEH paldOoTHhI.

Marpuunbii KpecTOBbIM MeTOA U T T-KpecTOBBIM METOI IIPU IMMOCTPOEHUU IIPH-
OJTMKEHUS BBITIOJIHSIOT MOUCK OOJBIINX MO MOIYJIO IeMeHTOB. brlio 3ameueHo,
YTO MAaKCUMAaJbHbIN Cpeld HalJICHHBIX 3JIEMEHTOB OJM30K K MAKCUMAJIbHOMY IO
MOJYJIIO 3JIEMEHTY BCETO MACCUBA JaXe B Clydae, KOTJa KaueCTBO ANMPOKCUMALUH
HEe 04YeHb BBICOKO. [loaTomy Ha ocHOBe TT-kpeToBOro MeToAa ObUT TOCTPOSH METO.
m100anbHON onTUMU3aluH [3, 4], yCIEIHO MPUMEHSIEMbIN B PSAE MPUIIOKEHUN.

B nanHoit pabote npuBeneHo o0ocHoBaHUe padoThl MeTona TT-onTumuzanuu
JUISL MaTPUL U TEH30POB MAJIOW pa3MepPHOCTH paHra 1.
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CTPATEINUAX
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JInst KoorepaTUBHON WIPhl B HOPMajbHON (GopMe U HeTpaHchepadembHbIMU
Beiurpeimamu I' = (N = {1,... N} { X, }ien, { fi(%) }ien), THE cTparerus i-ro ur-
poka z; € X; € compR"™, curyauuss x = (x1,...,xy) € X = [[ X;, dyukuus

ieN
BeIMrphima i-ro urpoka f;(-) € C'(X) (i € N), B 1959 r. maypear HoGenesckoii mpe-
MUU U3PaWJIbCKUU MareMaTuK PoOepT AymaHH BBEJ NOHITHE CTPOTOro paBHOBECHS

(ASE)[1]:

Onpenenenne 1. Cumyayus x* € X cmpoeo pasnogecna 6 I, eciu ona nobotil Koa-
auyuu K = {iy, ... ,ig} CN Vg = (2i,...,2i,) € Xg = [] X, necosmecmna
jeK
cucmema cmpozaux nepaserncms fi(x*) < fj(zK,xi{I\K) (j € K)VK € 2N,
BBenem nmonmuoxxectso ASE:

Onpenenenne 2. Cumyayuio v € X nazosem xoanuyuonHo paérHoeecHoll 6 ue-
pe T, eciu ona moboii koamuyuu K € 2N necoemecmua cucmema nepasencme
fi(x2") < f(zk, xg\ ) (J € K), us komopuix no kpaiineii mepe 00HO cmpozoe.

Teopema. Eciu 6 uepe I mnoocecmsa X; € compR"™ u f;() € C(X) (Vi € N),
mo 6 Mol uzpe cyuwecmeyenm KOAIUYUOHHO PAGHOBECHAS CUMYAYUS 6 CMEUAHHBIX
cmpamezusix.

Jloka3zarenbcTBO Oazupyercsa Ha MOCTPOCHUU TepMENEpOBCKOM CBEPTKU (pyHKUINI
BBIMIPBIA (2, 7) = maXgeon [ i [i(2K, Tni) — D jer [i(@)] n HaxOxneHNN
CE/IJIOBO TOYKH B CMEIIAHHBIX CTPATErusix Juis GyHKImU (2, x). Torma MUHAMaKC-
Hasl CTpaTerys SIBIAETCS KOAJIULIHUOHHO paBHOBECHOW. CylIeCTBOBAHUE CEMJIOBOM
TOYKH OCHOBBIBAaETCs Ha Teopeme [ nmukcoepra [2].

CIINCOK JIUTEPATYPBI
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PEKOHCTPYKLUHUA PACNPELENIEHUA TOKA MJIA3MbI B
TOKAMAKE HA OCHOBE MATHUTHbLIX U
FTA3SOKMHETUYECKUX U3MEPEHUH
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OrnpeneneHue pacnpeesieHus TOPOMJaIbHOIO TOKA B IJIa3ME€ TOKaMaka Ha OcC-
HOBE BHEIIIHUX MAarHUTHBIX U3MEPEHUMN MPEICTaBIsET COOO0N CYIIECTBEHHO HEKOP-
PEKTHYIO HEJTMHEHHYI0 00paTHYIO 3a7ady JJIsl IByMEPHOTO YpaBHEHUSI paBHOBECHUS
I'pana-llladpanosa. 3agaua BeIpokaaeTcs (HE UMEET PEIICHUS) B [IJIMHIPUICCKOM
reoMeTpuu. B ToponnanbHON reoMeTpUM BBIPOXKIACHUE CHUMAETCSI U Ha pelieHne
BJIMSIOT TaKUE MapaMeTphl TUIa3MEHHOW KOH(PUTYypaluy Kak TOPOUAAIBHOCTD, BBITS-
HYTOCTh, TPEYTOJILHOCTh MonepeuHoro ceueHus. [lpenBapurenbHoe Uccieq0BaHNE
3aBUCUMOCTH HCXOAHBIX JAHHBIX OOpaTHOM 3a/a4u OT ATUX MMapaMeTPOB IMPOBO-
nuiock B pabore [1]. s peanpHOM reomerpuu ycTtaHoBku T-15M B pamMikax
IJIAHUPYEMOTO CIIEHapus pa3psna Oblia onpenesieHa Heo0XoauMas TOUHOCTh Mar-
HUTHBIX U3MEPEHUM JIJIs1 YCIEITHOTO PEIISHUS 3a/1a4i BOCCTAaHOBICHUS TPOQuUIIs
ToKa. BbbII0 MoKa3aHo, 4T0 HEOOXOAMMAsI TOUHOCTh U3MEPEHHI MEHSIETCS B ITpoLiecce
pa3psaa. Tak, HanpuMep, €CJIM Ha CTauu MOAbEMA TOKA YPOBEHb IMOIPEIIHOCTH W3-
MEPEHUI He OJIKEeH MpeBbIlaTh 4%, TO Ha CTAllMOHAPHOW CTaJAuM ATH TPeOOBaHUs
cHmkarorest 10 10-10.5%. IIpeBbiieHne 3TOro ypoBHsl HOTPEIIHOCTH U3MEPEHUN
HE TIO3BOJISIET Pa3JIMUUTh TOJBKO MO MAarHUTHBIM CHUTHallaM JBa Mpoduiis TOKa,
oTJIMYarommxcs Apyr ot apyra Ha 30%.

J171s1 MOBBIIEHUS] TOYHOCTU PEKOHCTPYKIIMU TTPOGUIIS TOKA B IIEHTPAIBHOM Ya-
CTH LIHYpPa, MOXHO JOTMOJIHUTEIBHO UCIOIb30BATh JAHHbIC APYTUX (HEMarHUTHBIX)
nuarHoctuk. B wactHocTH, koMOMHUpoBaHHbIe CXRS n MSE auarnoctuku, ocHo-
BaHHbIC HA MHKEKIIMU HEUTpaIbHBIX YaCTHUII, cucTeMa TOMCOHOBCKOTO pacCesiHus
Ja3epHBIX JIy4eil MO3BOJISIOT MOTYYaTh JOKAIbHBIE U3MEPEHUS TeMIIEPaTyphl U TUIOT-
HOCTH, YTO OMpEeIISICT AaBleHHE Tuia3Mbl. B paboTre mpencraBieHbl pe3ylbTaThl
penieHus: 00OpaTHOM 3a7a4u PEKOHCTPYKIMH pacipeeeHusl TOPOUIaJIbHOTO TOKA B
Cllydae, KOTJia U3BECTHhI MarHUTHOE TI0JIE U paclpeesiCHUe JaBICHUS.

Pabota noanepxana rpantamu POOU Ne 17-07-00544-a, 17-07-00883-a.
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B nanHo#t paGoTte paccMmarpuBaeTcsi ABHUKEHUE, B KaXIblii MOMEHT BPEMEHHU
t € |1, 0] omuceiBaeMoe O1HOM U3 k TMHEHHBIX YIPaBISIEMbIX cHCTEM auddepeHIm-
aJbHBIX YPABHEHHM C HEMPEPHIBHBIMU MAaTPUYHBIMU KOA(PPUIIMEHTAMU:

#(t) = Ai(Oa(t) + Bi(Duo(m)  i=1,....k (1)

HenpeppiBHasi KOMIIOHEHTA MO3ULMOHHOIO YIIPABICHUS YIOBJIECTBOPSAET OIpPaHUYE-
auto: u.(m) € E(p(t), P(t)), toe E(p(t), P(t)) — HEBBIPOKIACHHBIN 7,~-MEPHBIIA
SJUTUIICOU, MaTpHYHO-3HauHble GyHKuuu p(t), P(t) — HenpepsiBHBI. Homep ak-
TUBHOM B MOMEHT BPEMEHU ¢ CUCTEMBI KOHTPOJIMPYETCS TUCKPETHOM KOMITOHEHTOU
ynpasieHus uq(m;). [Ipu 93TOM 9actoTa mnepexirodeHnii Mmexay cucremamu (1) orpa-
HUYEHA CBEPXY.

Mo 7; MOHUMAETCS MO3UIUSL {t, X, 7, {5, } COBOKYITHOU THOPUIHO#M [2] cHCTEMBI,
rme ¢ € R — Tekymuii MOMEHT BpeMeHH, r € R" — 3HaueHue BekTopa (azo-
BBIX KoopauHar, ¢ € {1,..., k} — HOMep aKTUBHOMN cUCTEMBbI TUPPEePEHIINATBHBIX
ypaBHEHUM, tg,; € (00, t] — BpeMs MOCIeTHEro MePEeKIFOUYCHH S, TPOU3OIICIIICTO B
CUCTEME K MOMEHTY BPEMEHHU {.

B paborte uccnenyercst pa3pelinMoCThb 3aJaud O IEPEBOJE CUCTEMBI 3a BpeMsi
) — T U3 HAYaIBHOTO COCTOSIHUS {1, , 4, } B LENCBYFO MHOTO3HAYHYIO TIO3UIIUIO

M={E(m, M), {1,...,k}, (—0,0]},

e £ (m, M ) — HEKOTOPBIA HEBBIPOKICHHBIN 7,,-MEPHBIN SJUTUIICOUI.

MHOK€ECTBO pa3pelIMMOCTH ONMCHIBAECTCS MOCPEACTBOM CBOMX BHYTPEHHUX TY-
TUX AJUIMICOUIATBHBIX ANMPOKCUMAIINM, KOTOPBIE UCITONB3YIOTCS I CHUHTE3A Lele-
BBIX yIpaBiieHu# [1-3].
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YUCNEHHbLIW METO[ PELUEHUA CUHTYNAPHbIX
UHTETPAJIbHbIX YPABHEHUX B 3AJAYE OTPAXXEHMUA
BOJIH OT HEPEFYAAPHOMU NOBEPXHOCTH

Wabuncknii Anaroamii Cepagumobny’, Naanmnnkosa Tamapa Hukonaesna®

! Kagenpa maremaruueckoii pusuku, e-mail: celd@cs.msu. su
2 Jlabopatopusi BHIMHCIUTENBHOI 2eKTpofMHaMuKy, e-mail: tgalish@cs.msu. su

B noknazme paccmoTrpeHa 3ajada OTPAKEHHs MOJISI IUIOCKOM TpexMepHou H-
MOJIIPU30BAHHOM 3JIEKTPOMATHUTHOM BOJIHBI OT MAEAJIbHO MPOBOSIIECH TPAHULIBI
paszena cpen, coaepKaei JOKaJIbHYK XOPOIIO MPOBOISAILYH0 HEOAHOPOAHOCTb.
MaremaTnueckasi MOZIENIb UCCIEAYEMOM 3aJJaul CBEJICHA K PEIICHHIO CUCTEMBI ypaB-
HeHull MakcBessia B OECKOHEUHOW 00JIaCTU C HEPETYISIPHOM TpaHulle paszjena
nByx cpen. OCHOBHOE BHUMAaHHUE YIIEJICHO pa3pab0TKe BHIYUCIUTEIHHOTO alTOPUTMA
JUI pacyeTa OTPa)KCHHOTO MOJIsI B JalibHEW 30HE. [ ero moctpoeHus: Kpaesas
3a/laya CBEJIEHA K PEUICHUIO JBYMEPHBIX ypaBHEHUH [enbMronbiia, KOTOpbie, B CBOIO
ouyepe/ib, CBEJICHbI K PEIICHUI0 CUCTEMbI CUHTYJIIPHBIX MHTErPAJIbHBIX YPaBHEHH.

Hcnons30BaB METOJ alpOKCUMAIIMU U KOJUJIOKAIUM JJIsl PELICHUS CUCTEMBI
CHUHTYJIIPHBIX MHTETPAJIbHBIX YPaBHEHHI, MMOTy4YeHa KOMIUIEKCHAs] CUCTEMA JIUHEH-
HBIX alreOpandecKuX ypaBHEHUM, JJISI BBIYUCIICHUS 3JIEMEHTOB MaTPHIIbI KOTOPOHA,
OTIpEICNIEMbIX CUHTYJISIPHBIMU IpaMH, pa3paboTaH aBTOpaMHU OPUTHHAIBHBIN ajro-
putM. OH OCHOBaH Ha PeoOpa30BaAHUM MOABIHTETPATBHON (DYHKIIMU B BUJE ABYX
cllaraeMblX, OJHO U3 KOTOPBIX OyZeT MOJHBIM Au(QepeHnanomMm Hekol (pyHKIUU, U
MHTErpajl BHIYUCIISIETCS aHAJTMTUYECKU, a BXO/sIas BO BTOpoe ciaraeMoe QyHKIuUs
OyaeT uMeTh JIorapuMUIEcKyr0 0coOeHHOCTh. Pemenue anrebpandeckoi CUCTEMBI
JAeT pacHpeaeICHUE JIEKTPOMArHUTHOTO TOJISI HA XOPOIIO MPOBOJAIIEM YHACTKE
HEOIHOPOIHOCTH, 3Hasi KOTOPOE, MO>KHO BBIYMCIIUTD AUArpaMMy HANPABICHHOCTHU
OTPAXKEHHOTO MOJIS.

Pa3paboTaHHbIil aBTOpaMU Ha OCHOBE METO/1a CUHTYJISIPHBIX UHTETPAJIbHBIX ypaB-
HEHUI BBIYMCIUTEIbHBIN aJITOPUTM MO3BOJISET PACCUUTHIBATH IMOJSI HA HEOTHOPOI-
HOM y4acTKe IpaHULbl pa3ziesia AByX Cpell MPU Pa3IMUHbIX JIEKTPOJIUHAMUYECKUX
XapaKTEPUCTUKAX CPEeAbl B PE30HAHCHOM YaCTOTHOM Juara3oHe [1].

CIINCOK JIUTEPATYPBI
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Noaxon K NOCTPOEHUIO ONMTUMAJIBHOIO
®YHKLUUOHANIbHOITO ®UNbTPA ANA NUHEWHDbIX
CTAUUOHAPHbIX CUCTEM
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B pabore paccmarpuBaercs 1Be 3aJlauM, TECHO CBSI3aHHbBIE C 3a/1a4€il ONTUMAIIb-
HOW HecMelleHHOH (uibTpanuu [1]: 3a1aua cMEIIeHHOM ONTUMAaIbHOW (UIBTPAIIH
CO CMEUICHUEM HE BBIIIE 3a/IaHHOM BEJIMYUHBI € U 33]]aua COBMECTHOM CTaOMIU3aLUU
U CMEIICHHOW onTUMaiabHON QuisTpanuu. [IpeanoxeHo cBeeHrne TaHHBIX 3a7a4
K 3aJja4aM HEJIMHEWHON ONTUMU3ALMH, KOTOpPbIE MIPeIaraeTcsl pemarb, UCIoib3ys
pa3IuYHbIC BBIMYKJIbIE alllIPOKCHUMALIMM MHOXKECTB onTUMH3auuu. [IpenMymiectBom
TaKOro CBEJCHUS COCTOUT B TOM, YTO B HOBOM (hOpMYIMPOBKE 3ajauu (uiIbTpa-
MU TIPEJICTAaeT KaK 3aJada ONTHUMHU3ALUU C KOHKPETHOW CTPYKTYpPOH KpUTEpHs
ONTUMAIBHOCTH (IPOOHOPALIMOHAIBHON (PYHKIMEN), U B TOM, YTO MHOXECTBO OII-
TUMU3AI[MMA BO3MOXXKHO KOHCTPYMPOBATh U3 TE€X WJIM MHBIX KPUTEPHUEB KauyecTBa K
pabote (uUIbTpa WK K CUCTEME yIpPaBJICHUS, KOTOPasl UCTOIb3YET (PUIBTP AJIS
3ama4 ynpasieHusi. Kpome Toro, Kk mojly4eHHbIM 3a/iad4aM ONTUMM3ALKUNA BOZMOXXHO
IPUMEHEHUE MIMPOKOTO CIEKTPa METOI0OB TEOPUU ONTHUMHU3ALNH [2].

3amada uabTpaMy CTAaBUTCS JJISI CTOXAaCTUYECKOUW JIMHEWHOMN CTAIllMOHAPHOMN
CUCTEMBI

T = Ax+ Bu+w(t), z(ty) = xo,
y = Cr+o(t), (1)
z = Fux,

e © € R” — HemsBecTHBIH (a30BHIi BEKTOpP CHCTEMEl, y € R! — U3BeCTHEII
BBIXOJ cUCTeMBI, u € R — HazHawaeMoe yrpasieHue, z € RP — omeHUBaeMbIi
(unsrpyemsiit) Bekrop-pyHkimonan; A, B, C' u F' — NOCTOSIHHbIE MaTPHIIBI COOT-
BETCTBYIOIIUX Pa3MepOB, Ty — CiydaiiHas BeqnuuHa u w(t), v(t) — Oesble UIyMbI C
U3BECTHBIMU BEPOSITHOCTHBIMU XaPaKTEPUCTUKAMH.

Pa6ora Beimonaena npu noanepxke PODU (mpoekt Ne 18-07-00540-a).
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O 3ALAYE ANnA ONEPATOPA JIANMNACA HA KPYTE CO
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PaccmarpuBaercs 3amaya g oneparopa Jlaraca B kpyre

10 7/ Ou 1 9%u
A A :——(—) ———4+Xu=0, 0<r<l 1
Ut Au r Or r@?“ +r28gb2+ “ " M
CO CIIEKTPaJIbHBIM IapaMETPOM B TPAHUYHOM YCIIOBHH
ou
— = = ) 2
7| d\u p d = const # 0 (2)

B kauectBe BCrmoMorareiabHOM 3aJla4M 110CJIC Pa3aCICHUS IICPCMCHHBIX

u(r, @) = R(r)®(¢)
BBIIIUCBIBACTCA CIICKTPAJIbHAA 3a/{a4a AJIs1 YPABHCHUA beccens n-ro ImopsaaKa
2

R"(r) + %R'(r) + ()\ — %) R(r)=0, R/(1)=dA\R(1), (3)
Pemennem 3agaun (1)-(2) sBasiercs cucrema, QyHKIHH KOTOPOM OIMpEAeNsItoTCS
npousBenenueM ¢ynkuu beccenst J,,(1/ g ,7) Ha SIEMEHT KIIaCCHYECKON TPUTO-
HOMeTpuYeckor cucteMbl. COOCTBEHHBIE 3HAUEHUS — PEIICHUS TPAHCIICHICHTHBIX
ypasuenwuit J! (v/A) = dv/AJ,(v/\). PaccMOTpeHsI BOIIPOCH TIOTHOTHI, MUHAMAITh-
HOCTHU M 0a3MCHOCTU CUCTEM KOpHEBBbIX (yHKIMi 3a1a4 (1)-(2) u (3). B yactHoCcTH
YCTAHOBJICHO, YTO CHCTeMa cOOCTBeHHBIX (pyHKIMi 3amaun (1)-(2) mepemoiaHeHa Ha
OECKOHEYHO YHUCIIO IEMEHTOB. Borpoc KpaTHOCTH COOCTBEHHBIX 3HAYCHUH 3a/1auu
(3) mpu n = 0 paccmotpeH B padote [1].
HccnenoBanue BBIIOJHEHO 3a c4eT rpanTa Poccuiickoro HayuyHnoro goxaa (mpoekt
Ne16-11-10194).
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OUEHKU NPUMEHUMOCTU UTEPALLUOHHOIO METOJA
NMPU PELULEHUU HEKOTOPbIX OBPATHbIX 3AAAY ANA
3BOJIIOLUHUOHHbLIX YPABHEHUH
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! Kadenpa maremaruueckoii pusuku, e-mail: alexander.karev.30Qgmail.com
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2

[IpenyiaraeMplii MOX0T MPUMEHUM K IIMPOKOMY KJIACCY JIMHEMHBIX OOpaTHBIX
3aga4, ykazanHomy B [1]. [loscHuM naero Ha mpuMepe, MoaApoOHO pa300paHHOM
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B pabote [2]. B 6anaxoBom npoctpanctBe F mpu t € [0,7] paccMoTpuM 3aaaqy
0 HaXOXKICHUHM HEU3BECTHOTO dJIeMeHTa g € F M3 COOTHOIICHHUIA

du(t)
dt

T
= Au(t) + g, u(0) = uy, %/u(t) dt = uy. (1)
0

Cuuraem, 4TO JIMHEWHBIN 3aMKHYTHIN orepaTop A mopoxaaeT B mpocTpaHcTBe F
nonyrpynimy U(t) knacca Cj ¢ OIEHKO

U@l < M, t>0, (2)
rne M > 1, € R. 3agaya (1) cBOOUTCS K PEIICHUIO ONEPATOPHOTO YPAaBHEHUS
T
1
9-Big=f.  Bi=1 [(Q-aT U0, G)

0

c aeMeHToM [, € E, onpenensieMbIM depes ug, u; € D(A). 3nech v — 4ucioBoi
napameTp, BRIOUpaeMbld 10 MpUHIUIY v > [ (mogpobHee cM. [1], [2]).

J{nst 000CHOBaHUSI UTEPALMOHHOTO METOJAa IIPU PELICHUU ONEPATOPHOIO ypaB-
HeHus (3) HaZO MONYYHTH OLEHKY CIEKTPAJIBLHOIO paauyca omeparopa B,. D10
MOYKHO CJIeJIaTh IO CXeMe [2] Ha OCHOBE CHEKTPaIbHON TEOpUU Moayrpynn (Xuie,
OWIUIC) ¢ PUBJICUYEHUEM OLIEHOK M3 TEOPHUH LENbIX (PYHKIUNA U KOMIIbIOTEPHBIX
pacuetoB. B pesynbrare ynaercs 000CHOBaTh UTEPAIMOHHBIA METOA ISl BCEX IMOJTY-
IPYIII, YIOBIETBOPSIOMUX oreHke (2) ¢ mokaszarenem 5 < 1,45/T. Oanako, npu
B = 1,46 MOABIAIOTCS MPUMEPHI TTOIYTPYIII, 1T KOTOPBIX UTEPAIMOHHBIA METOT
pelIeHus: ONepaTOPHOro ypaBHEHHUs (3) HE IPUMEHUM.
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MPAMOE BbIYUCNIEHUE
KOHCTAHTbl ONTUMANIBHOIO PErYIATOPA
U OYHKUUU BENNIMAHA B 3ALAYE PYNNEPA
C NPUBJIEYEHUEM BO3MOXXHOCTEM CPEAbI MAPLE

Kucenés IOpnii Huxonaesuu', ABpakymos Cepreii Huxonaesuy?
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B noknane paccmarpuBaeTcs kinaccuueckas 3agada Oymnepa [1]
T =y, z(0) = a, x(oc0) =0, lu| <1

Y =u, y(0) = b, y(oo) =0, Ju] = / 2 dt — m(l?
0 u(-
C ONTHMAJILHBIM PETYJISATOPOM

U(LU, Y; m) - Sign(—x - my2 Slgn(y)) - :tlu (ZU, y) S ]ia S (07 %)7

Ile KOHCTaHTa m = m, = +1/6(v/33 — 1) = 0.4446235601859373 . ...

Hoxnan npumbikaeT kK myonukaruu [2]. C npusneuenuem cpenabl MAPLE Borunc-
JIeHO 3HaueHne QyHKUMOHANA npy ynpasineHnn u(z,y;m), m € (0,3), u Haiinen
HAWJTYYIIUA apaMeTp m = M., KOTOPbIA HE 3aBUCUT OT HAYaIbHOH TOUKH (a, b).
Ilpu m = m, mocrpoeHa B siBHoM Bune Qynkuus W (a,b), koTopas sBiusercs
pemenremM nuddepeHImantbHOro ypaBHeHusT benmMana

a? + W' (a,b)b+ Wi(a,b)- (£1) =0, (a,b) € L.
Jlunus nepexmouenus a = —m.b?* sign(b) ynosnersopsier ycnosuto W (a,b) = 0.

[TocTpoeHHBIN PETYIATOP SBIAETCS ONTUMAJIBHBIM JUJISI pACCMAaTPUBAEMOUN 3aJa4U.
[Tonydeno siBHOe onucanue PyHkiuu bemnmana

W (a,b) = % (26" + 10ab? + 15a) + (20 + 0%)? - K, (a,b) € I_;

4_ / /1 m,
W(CL, b) - W(—CL, _b)7 (CL, b) S I+; K = 23?20 114qq+23 1—;(1 y 4 = 1+§m )

rae koHctaHtel K > 0, ¢ = 0.24212... CgoiictBa ¢pynkuuu W (a,b) wniroctpu-
pytorcs rpadukamu. 3agada Dymsepa SABISETCS TPUMEPOM 3a7a4ld ONITUMAIBHOTO
YIPAaBICHUS C yYaITAIONUMUCS MMEPEKITIOYCHUSIME (YETTEPUHT-PEKIMOM ).
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cTaHThl perynsaTopa U pynknun bemnmana // C6. VI kondepenmus «O0paTHbie
Y HEKOPPEKTHO MOCTaBIICHHBIE 3a1aun». Te3uckl noknaaos. M : 2000. C. 3.
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UCCNEAOBAHUE OQHOW 3AZJAYU ONTUMAJIBHOIO
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B noxknane paccMarpruBaCTCA KIAaCCUYCCKasA ABYXMEpHasa 3agada (Dynnepa: 3a-
Adada OITUMAJIBHOTO YIIPABJICHHUA C YUHAIIAOIIUMUCA IICPCKIIOYCHUAMMU. Pexxumel ¢
yYHamaromuMHuUcsa MepCKIrOUCHUAMA (TaK Ha3bIBACMbBIC YCTTCPHUHI pC)KI/IMI)I) ABJIAKOT-
Ci1 OOTHUMHU U3 MHTCPCCHLBIX PCKUMOB, BCTPCUANOIIMUXCA B 3a[a4aX OIITUMAJIBHOTO
ynpasienus. [Ipu Takux pexxuMax ympasieHue, Oyqydd peiaeiHbIM, OBEpraeTcs
O0eCKOHEUYHOMY (CUETHOMY) YHCITy TIEPEKIIIOUCHUN Ha KOHEYHOM MHTEPBAJIE BPEMEHH.
[Ipu 5TOM MOMEHTBI MEPEKITIOUCHUI UMEIOT TOUKY CTYIIEHUS TU00 BHYTPH, JTUOO
Ha I'paHUIC MHTCPBaJia BpEMCHH, HaA KOTOPOM pacCMarpuBacTCA 3ajJa4da. 3agaya ¢
YHamarnImyuMHAUCA TIICPCKIITIOUCHUAMN XaPAKTCPUIYCTCA HEKOU KpI/IBOﬁ, Ha3bIBacMOU
KpUBO# (TTOBEPXHOCTHIO) MEPEKIIOUCHHS, Ha KOTOPOW YIPABISIONIUN mapaMeTp
HCIIBITBIBACT Pa3pbIB (HpOI/ICXOI[I/IT ICPCKIITOUCHUC ynpaBﬂeHI/IH). I[J'IH HN3YyUYCHUA
3anaun Pyiuiepa TPUMEHAETCS NTOAXO0MA, OCHOBAHHBIM HA NNPUMEHEHUU IIPUHIIUIIA
MaKCHUMyMa HOHTpHFI/IHa, 4dTO IIO3BOJIICT YIIPOCTHUTH aHAJIM3 U HC paCCMAaTpPUBATDb
WHBAPUAHTHO-TPYIIIIOBBIE MOAXO/IbI, TPEOYIOIIHE MOBBIIIEHHON MaTeMaTuyecKon
noArotToBKU. Kpome TOro, mpeajokeHHbIA MOAX0J MO3BOISET ONMMUCATh KPUBYIO
IEPCKIOYCHUS.

ONUCAHUE HYNIEBOW AUHAMUKU ADDUHHDbIX
HENIMHEWHbIX CUCTEM YMNPABJIEHUSA

KpaeB Anapein Baragumuposuy, Porosckuii Asiexkcanap Uropesuy

Kadenpa HemUHEHHBIX JUHAMHYCCKUX CUCTEM M MPOIECCOB yIpaBieHus, e-mail: akraev@cs.msu. su,
alexander.rogovskiy@gmail.com

PaccmarpuBaercst HenuHeHas apdrHHAs cUCTeMa yIPaBJICHHUS:

l
() = fl2(®) + 2 gila(t)u(?)
= —_—

3neck x(t) € R" o6o3HauaeT pazoBblii BekTop cucteMsl, u(t),y(t) € R —Bxon u
BBIXOJI COOTBETCTBEHHO, h;(x) — rmankue byHkimy, f(x), g;(r) — miaakue BeKOTp-
HBIE TTOJIS.

PaccmarpuBaercs 3aj1aua HaXOXKICHUST HYJICBON JUHAMUKU — MHOXKECTBA pellie-
HUW CHUCTEMBI, IIEJIMKOM MPHHAIICKAIAX MHOTOOOPa3HIO h(x) = 0. IIpennonaraet-
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Cs, YTO CUCTEMA HE UMEET OTHOCHUTEIBHOIO MOPSIAKA, IOCKOJIbKY NHAYE PEIICHUE
ATOM 3ajauu U3BeCcTHO (cM. [1 c.225]). B Takoil mocTaHOBKE yKa3aHHas 3a/a4ya pac-
CMaTpHBaNach, B 4aCTHOCTH, B padotax [2], [3] (mst nunHEiHBIX cuctem) | [1 ¢. 293],
[4] (n1s HenuHEHHBIX). Hanbonee oOmuii pe3yabTar mojaydeH B padore [4], B ko-
TOPON MPEJIOKEH AITOPUTM HAXOXKJCHUS HYJIEBOW JUHAMHKH, MPUMEHUMBIN, B
YaCTHOCTH, K HEKOTOPhIM HeoOpaTuMbIM cucteMaM. B nanHoi pabore Mbl 00001IMM
pe3yabrar u3 [3] Ha HeNUHEWHbIN ciydail. [lomydeHHble METOJIbI TPUMEHUMBI K
HEKOTOPBIM CHUCTEMaM, JJIs KOTOPBIX aJITOPUTM U3 [4] HE IPUMEHUM.
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PA3PABOTKA MATEMATUYECKOW MOJLENU AENALLEUCS
BUONOTMYECKOWU KNETKHU U NPOBEAEHUE YNCNEHHOIO
MOAE/IMPOBAHUA NMPOLIECCA MUTO3A
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B noknazne paccMmarpuBaercs GyHIaMeHTaNIbHAS poOIeMa MOCTPOSHUsI MaTeMa-
TUYECKON MOJIEITH NETSAIICIHCS KISTKH, KOTopas I0JDKHA T0CTaTOYHO TOYHO BOCIIPO-
M3BOJIUTH IKCIIEPUMEHTAIBLHO HaOmonaemple ssBiieHUs. CI0KHOCTD 3a1a4u 00yCI0B-
JIeHa MHOTUMH (DaKTOpaMH, B YACTHOCTH, HCIIOIH30BAHUEM CYIIIECTBEHHO Pa3InIHBIX
BPEMEHHBIX MacITaboB (OT J0eH CEKYHIbI JO YacCOB) U HEOOXOAUMOCTHIO yUé-
Ta KaK MEXaHHUYECKUX B3aUMOJCHCTBUI OTICIbHBIX OOBEKTOB, TaK U XUMHUICCKUX
peakuuii. AKTyalbHOCTh MOAOOHBIX MCCIEIOBaHUI OOYyCIIOBIIEHA B MEPBYIO OdYe-
peab BO3MOKHOCTBIO CO3/IaHUS HOBBIX KJIACCOB IMPOTHBOOITYXOJICBBIX ITPEIIapaToB,
KOTOpBIC OyayT HalleJICHBI HA TOJABJICHUE POCTA IEIEBBIX TPy KICTOK.

Kak moka3zano B 0030pe [1], CyecTByeT JOCTAaTOYHO OOJIBIIIOE YUCIIO PA3IMYHBIX
MaTeMaTHYeCKUX MOJIEICH, KOTOphIe, OHAKO, B OCHOBHOM OIHMCHIBAIOT ()YHKITHOHH-
pOBaHME OTACIBHBIX YacTel KJIETKH. ABTOpaMH MPEINPUHSITA MOMbITKA pa3padoTaTh
KOMITJICKCHYIO MOJIEIIb Cpa3y BCEW KJIETKH, KOTOpasi MO3BOJIUT MPOBECTH YHCIECHHOE
MOJETTUPOBaHNE TaKMX CTaAui MHUTO3a, Kak mpomeradasa, Mmetadasza n anadasa.



Kpucrod I'., Monaxos M. M., YnesinoB B. B. 69

JlanHast Mojienb Obljla peain30BaHa B BUJIC TPOTPAMMHOTO MakeTa [2], cnocoOHOro
OCYHIECTBIISITh pacu€Thl HA rpaUUECKUX YCKOPUTEISAX U CYNEPKOMITbIOTEpaX.

C nmomoIip0 TPeAIOKEHHON MOJIeNId OBLJIO OIEHEHO BIUSHHUE OTACIBHBIX Ia-
pPaMETPOB KJIETKU Ha MPOIECC 3aleTUICHUS MOJUMEPHBIX MUKPOTPYOOUEK 3a KUHE-
TOXOPBHI U IIECHTPUPOBAHUS TIap XPOMOCOM B SKBATOPHATIBLHON IUIOCKOCTH KIJIETKH.
[Tokazano, yTo HamboJiee CyIlIECTBEHHOE BIUSHUE OKa3bIBAIOT TaKUE MapamMeTphl,
KaK TEOMETPUUCCKHE pa3Mephl IIEHTPOMEPHI U aKTUBHOW 00J1aCTH KWHETOXOpA.

Pa6ora Beimonaena npu nogaepxkke PODU (mpoekt Ne 16-07-01064-a).
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HEACUMNTOTUYECKUE OLEHKWU ANA NPUBNIUXXEHUM
BTOPOIro NoPAAKA PACMNPEAENEHUU CTATUCTUK HA
BbIBOPKAX CJIYYAUHOIO PA3MEPA
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ITycth c.B. X, X1, X9,... € R u N, No,... € N, 3a7a0bl Ha OJHOM B.TI.
(Q, A, P). Ilpenmnosnoxum, 4to Bce C.B. He3aBUCHMBI, U X, X1, Xo,... oAMHAKO-
Bo pacnpenenensl. [onoxum Ty, = N Y (X; + -+ + Xy ). [lpuBenem onun u3
pesymbraros paGotsi [1]. Iyers E | X |° < oo,

E(X)=p0<Var(X) =02 A3 =0"E(X —p)’  M=0‘E(X —pn)*,

u ¢.B. X ynosnersopsier yciouio Kpamepa: lim supy o ‘Ee“X } < 1.
[Tycth NV,, — AUCKPETHAS C. B. C pacnpeeiIcHIUEM

po% == () - () ke

_ -1
Teopema 1. Ilycmo © = 1w, — a—keaumuns cmamucmuxku o +/n (TN, — ) u
U = U, — a—K6anmuis pacnpedenenus Jlannaca L(x). Tozda 6 oboznauenusx, 6se-
dennbix eviuie, 0ns U # 0 cnpasediueo ciedyouee acumMnmomuieckoe PasioNCenue

1 1
rT=U— —~— (M—I———uz) +—Bg(u)+(9(n_3/2>, npu n — oo,
n
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[1] Kpuctod I'., MonaxoB M. M., VibsHoB B. B. Paznoxxenus YeOnimeBa—3mKkBopTa
n Kopauma-®umepa BTOporo nopsaka s pacupeaeieHul CTaTUCTUK, ITOCTPO-
€HHBIX I10 BBIOOpKaM CilIy4alHOTro pasMepa // 3almMcKyd HaydYHBIX CEMHUHAPOB
I[TOMMU. BepositHOCTB M cratucTuka. 26. 2017. T. 466, C. 167-207.

NPUMEHEHUE BAMECOBCKOIO METOZA B MOAENAX
BAJIAHCA

KyapsiBueB Asekceit Anapeesuy, [lanunonnas Coposa Uropesna, Turoa
Anacracus UropesHa

Kadenpa maremarnueckoii cratuctuky, e-mail: nubigena@mail.ru, sofiko-10@yandex.ru,
onkelskroot@gmail.com

B ocHoBe mocTpoeHusi pa3HOro poja PeHTUHIOB U UHAEKCOB OOBIYHO JICKUT
pasziefieHre MapaMeTpoB MOJENH Ha KJacC, BKIIFOUAIONIIMI MapaMeTphl, CIIOCo0-
CTBYIOLIME (PYHKIIMOHUPOBAHUIO IIEJIEBOTO OOBbEKTAa M MO3UTUBHO BIUSIOIIME HA
uccieayemMbiid mporecc (p-pakTopsl), M Kiacc, BKIIOYAIOIIMK MMapaMeTphl, Tpe-
MSATCTBYIOIIME M HETaTHUBHO Biusomue (n-gakropsl). BroiaHe ecTecTBEHHO, YTO
(GYHKIIMOHUPOBAHUE MCCIIETyEMON CUCTEMbl B UTOT€ 3aBUCUT HE CTOJIBKO OT 3Haue-
HUI n- U P-PaKTOPOB, CKOIBKO OT UX OTHOIIeHHs. [Ipu 3TOM GoJbIIOe pacXoKaeHHEe
MEXTy BeIUIMHAMH (PAKTOPOB OOBIYHO CBUACTEILCTBYET JIMOO O YPE3MEPHBIX 3a-
TpaTax Ha «OOpHOY C HETaTUBHBIM BIUSHUEM», JIHOO O HEJOOIIEHKE HETaTUBHOTO
BO3AeicTBUA. TakuM 00pa3oM, JjIsl TOro 4ToObl cucTeMa Obula cOalaHCHPOBAHHOM,
UMEET CMBICII CTPEMUTHCS TPUOIU3HUTH K €UHUIIC MHACKC OallaHca — OTHOIIICHUE
n-axropa k p-pakropy. OnHAKO CYIIECTBYIOT MOCTAaHOBKHU 3aja4 (KOrja peub HIIET,
HanpuMep, 0 0€30MMaCHOCTH WIIM HaIS)KHOCTH), B KOTOPBIX ITpeodmaganus p-pakropa
HaJ N-(QaKTOpoOM MMEET CMBICT JOOUBAThHCS, HEB3UPAs HA IIEHY BOMpocay. B atom
CiIydae JyIsl Ty4IIero MOHUMaHus OIM30CTU K PEIICHUIO 3a7a4i pacCMaTpPUBACTCS
WHJIEKC TIPEUMYIIECTBA — OTHOIIIEHUE P-paKTopa K CyMMe p- U n-(haKTOpPOB — U €T0
Omu3ocTh K eauHule. [lpumepamu nHIEKCOB OajaHca M MpPEUMYLIECTBa CIY>KaT
MHOTHE XapaKTEPUCTUKHA U3 BCEBO3MOXKHBIX 00JacTell 3HaHUS OT aAemMorpaduu 10
MOJIEJIMPOBAHUS YPE3BBIYANHBIX CUTYALIUM.

HeBo3MOXXHOCTh TOCKOHAIBHOTO M3YyUYE€HUSI «COCTOSIHUM MPUPOJIB», B KOTOPBIX
(YHKIIMOHUPYET HCClieyeMasi CUCTEMA, U HEU30€KHO BHOCUMBIE B U3MEPEHUS T10-
TPEITHOCTH CYXaT MPEANOCHUIKAMH JIJISl paCCMOTpPeHHUs (PaKTOPOB, a CIeI0BATEIHHO
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Y MHJICKCOB, KaK CIIYYalHBIX BEJIMYUH. [IpH 3TOM CTOHMT YUHTHIBATh, 4TO INI0OATLHBIC
MU3MEHEHUS OKpYKaIoIel Cpebl MMPOUCXOIAT TOCTATOUHO PEIKO, TIOITOMY 3aKOHHI,
BIIMSIIOIIME Ha 3HAYCHHS (DAKTOPOB, MOKHO CUMTATh HEM3MEHHBIMH. V3 3TOTrO Clleay-
€T, YTO pacIpeaesICHUs pacCMaTPHUBAEMBIX CIIYYaWHBIX BEJIMYWH CJIEIYET IMojararb
3aJJaHHBIMH allPUOPHO, YTO JACT BO3MOXKHOCTH MPUMEHATH K MOJEISIM OanaHca
0OalieCOBCKUIT METO/I.

B noxnane mpuBoguTCs psij MPUMEPOB WHIAEKCOB OajaHca M MPEUMYIIECTBA U3
KOHKPETHBIX 00JIacTel 3HAHHS, a TAKXKEe aHAJTUTHICCKHE COOTHOIICHHS, OITUCHIBAIO-
IIMe XapaKTePUCTHKU MHJEKCOB OajaHca JUIsi MOJEEeH ¢ pa3TuIHBIMU allPUOPHBIMH
pacrpeIeICHHSIMU.

Pabora BeInoNHEHa Npu YacTUYHON (pruHaHCcOBOU noasiep:kke PODU (mpoekt
Ne 17-07-00577).

KOMMNbIOTEPHOE MOAEJIMPOBAHUE CUCTEMbI 3APAL0OB
U nona B KOHEYHOMEPHbIX MOAENAX K34

Kynarun Aaekceit Bnagumuposuy, Jlaxynos Buraauii FOpseBuy, Oxkuron
IOpuiit Uropesuy, CxoBopona Hukura AnapeeBud

Kadenpa cynepkoMmbpOTepOB U KBaHTOBOW nH(pOpMaTHKH, e-mail: alexfmsu@mail.ru,
ladunoff@gmail.com, ozhigov@cs.msu.ru, chalkerx@gmail.com

beut Touno paccuntan 3QPEKT ycuiaeHus TpOBOIUMOCTH MaJIbIX MOPIMHA SHEPTUN
noJist BoJib 1enouku nojocreit (DAT- addexT), oOHapykeH U ucciaeaoBaH psia d¢d-
(eKTOB, CBA3aHHBIX C MPOBOAMMOCTBIO: KBAHTOBOE OYTHUIOUHOE TOPIBIIIKO, TEMHBIC
Y TIOYTH TEMHBIE aTOMHBIE COCTOSIHHSI, a TAKXKE PacCUMTaHbI TapameTpsl reiita CSign
COCTOSTHUSIX KBAaHTOBOTO Tpolieccopa Ha goTonax. beina ycTaHOBIIEHA, B YaCTHOCTH,
cBsi3b DAT 1 «xBaHTOBOTO OyTBHUIOYHOTO TOPJIBIIIKA», a TAKKE MOJIYYEHO MOJTHOE
ONMCaHUE TEMHBIX COCTOSIHUI aHCaMOJIeH JIByX-ypOBHEBBIX aTOMOB B OJIHOM I0JIO-
cTd. bbI10 J0Ka3aHO, YTO MOAMPOCTPAHCTBO TEMHBIX COCTOSIHUI B TOYHOM PEIICHHUH
mojienu TaBuca—KamMmuHrca ABIS€TCS TUHEHHON 000JI0YKOM TEH30PHBIX MPOU3BEIC-
HMI CHHIJIETHBIX COCTOSIHHMIA Map aToMoB ¢ pasmepHocThio dim(D,) = C3 — Oyl
Ha ocHoBe Takoro onucanusi ObUT npejioxkeH 3 PeKTUBHBIN METO]T GHU3UYECKOTO
MOJIyYEHUsI TEMHBIX COCTOSTHUM, ocHOBaHHBIN Ha 3¢ dekre [llTapka—3eemana, a
TaKXe OJIHO M3 X MPUMEHEHU: JIJIsl CO3/IaHMsI CUCTEMBI O€3011aCHOTO KBAaHTOBOTO
nocrtymna. Koneunomepusie Mmojenu KOJ[ Obutn mpruMeHeHbI K aHaau3y (POTOHHOTO
KBaHTOBOTO IMpolieccopa, peanusytomiero reit CSign, 4TO MO3BOJIMIIO YCTAHOBUTD
YUCJICHHBIE XapaKTEPUCTUKH 3TOM peann3allii TeiTa 1 ONTUMAJIbHBIE PEKUMBI €T0
paboTHL.

HccnenoBanbl TakkKe XapaKTEPUCTUKUA KBAHTOBBIX OCIUJUISIIMN — KOJUIATICOB U
BO3POKJICHUM CIIOKHBIX COCTOSTHUN U IMHAMUYECKUX CLIIEHAPHUEB B OAHOU MOJIOCTH, B
YaCTHOCTH — OCHMJUIAIIMYA HEPAOMEBCKOTO TUIIA, & TAK)KE KOJUICKTUBHBIN BapUaHT pa-
OMEBCKUX OCHUJUISAIUNA B OJHOM IMOJIOCTH, @ TAKKE BAXKHBIM CIydaid BO3POKICHUN —
KBAaHTOBOE 3XO B CUCTEME JIBYX IMOJOCTEH.
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CIIVMCOK JIUTEPATYPEI

[1] Oxwros 1O. H., CkoBopoga H.A. KoMnberoTepHOE MOJIEIMPOBAHUE TTPOBOIUMO-
CTU aTOMHBIX BO30Y>KJICHUI C MOMOIIbI0O KBAHTOBOTO OCHOBHOTO YpaBHEHHUS //
Marem. moaenupoBanue. 2017. T.29, Ne 12. C. 105-116.

[2] Ozhigov Y.I., Skovoroda N.A., Ladunov V.Y. Computer simulation of quantum
effects in Tavis—Cummings model and its applications // Proc. SPIE 10224,
International Conference on Micro- and Nano-Electronics 2016, 102242X.

[3] Ozhigov Y.I. Dark states of atomic ensembles: properties and preparation // Proc.
SPIE 10224, International Conference on Micro- and Nano-Electronics 2016,
102242Y.

HENPEPbIBHBIE CYMMbl PUIXK-DYHKLIUA HA
BbIMYK/OM TENE U YCNOBUE JUHU

Kynemos Anekcanap AHapeeBu4

Kadenpa Ob6meit matematuky, e-mail: kuleshov.a.a@yandex.ru

Kak u B paborax [1] - [4], Oynem npeamnonarate, uto n > 2, £ C R" - HekoTopoe
MHOXXECTBO. Pumk-QyHkimen Ha F Oynem Ha3bpiBaTh QYHKIHIO BUAA p(a - X), TIe
x = (21,...,2,) € E, a = (a1,...,a,) € R*"\ {0}, a-x = 37" aj7; 1 ¢~
AeWcTBUTEeNbHO3HAYHAs (yHKIMs, onpeaencHnas va A(a) = {a-x: x € F'}. Ha
MHOXECTBE [ pacCMOTPUM CYMMY PUJIK-(QyHKIUI

f(x) = Z pi(a' - x). (1)

Beromy MBI Gy/ieM IIPENoararh, 9To BEKTOPHI a' TonapHo HekoJutuHeapHsl. O60-
sHaunm A; = A(a’).

[Tyctp F - Beimykioe teno B R”, dyukuus f € C'(E) umeer Bun (1), a Gyskunn
; IPUHAJIJIEKAT HEKOTOPOMY BEChMa IIMPOKOMY KJlaccy (JOCTAaTOYHO MOTPeOOBaTh,
4TO BCE (p; ABJISIOTCS U3MepuMbiMu Ha int(4;)). B HacTosimeii paboTe mokasaHo,
YTO ycjoBue JJMHM Ha MOAYNb HENMPEPBHIBHOCTU (PYHKIMU [ B rPAaHUYHOMN TOYKE
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E sBnsiercst 1OCTAaTOYHBIM ISl CYLIECTBOBAHMSI KOHEUHBIX MNPENEToB (PyHKUIUN
; B COOTBETCTBYIOIIMX TPAHUYHBIX TOYKAX CBOMX oOliactedl ompenmencHus A,.
Jlanee 1mokazaHo, 4TO MPU HAIMYMHM KOHEUHBIX NpPeAesioB PyHKIUHN ; B TPAaHUYHBIX
TOYKaX CBOMX 00JacTeil OnpeaesieHns, PHU UX MEePEonpeAesIeHUN IO HEMPEPHIBHOCTH
B CaMUX TPAaHUYHBIX TOYKaX 3HaYeHus QyHKUUU f Ha F He u3MeHdarcs. Takxke
MOKa3aHo, YTO HalJIeHHOEe ycioBue (yciaoBue JuHM) SBiIsieTCS HEyIydlllaeMbIM Ha
KJIaCCE€ BCEBO3MOKHBIX YCIIOBH, HAJOKEHHBIX HA MOJYJIb HENPEPHIBHOCTH.

CIINCOK JIUTEPATYPBI

[1] Konsirun C.B., KynemoB A.A. O HenpepbIBHOCTH KOHEYHBIX CYMM PHJIXK-
¢dyukmuit / Marem. 3ametku. 2015. T. 98, Ne2. C.308-309.

[2] Kownsrun C. B., Kynemon A. A. O HEKOTOPBIX CBOMCTBAaX KOHEYHBIX CYMM PHJIXK-
(GyHKIIHMHM, OMpeACICHABIX Ha BBIMYKIBIX MoaMHOXKecTBax R" // Tp. MUAH.
2016. T.293. C. 193-200.

[3] KynemoB A. A. O HEKOTOPBIX CBOMCTBAX IMaAKUX CyMM puK-pyHkiui // Tp.
MMUAH. 2016. T.294. C.99-104.

[4] Kynemos A.A. HenpepbIBHbIE CyMMBI pPUIXK-(DYHKIHA Ha BBITYKJIOM TEJE U
knacc VMO // Marewm. 3ametkn. 2017. T. 102, Ne 6. C. 851-858.

FTAMUNIbTOHOB ®OPMAJIU3M B 3AAUYAX
ONnTUMHU3ALHUUN YINIPABNEHUA ABUXXEHUEM C
BEKTOPHbIM KPUTEPUEM

Kypxanckuii Anexcanap bopucosud, Komapos IOpuii AnapeeBud

Kadenpa cucremnoro ananusa, e-mail: kurzhans@mail.ru, ykomarov94@gmail.com

JIOKJ1a]T MOCBSIIIEH METOIAM PELICHUS 3a/1a4 TUHAMUYECKONM MHOTOKPHUTEPHAIIb-
HOM onTuMu3anuu. Hepenko momoOHbIe 3a4a4u PEIIAIOTCS MyTEM CBEACHHS K OMNTH-
MU3alMU CKaJISIpU30BaHHOM (DYHKIMHU KpuTepueB. OHAKO B OONBIIMHCTBE PeabHbBIX
BEKTOPHBIX 3a/1a4 JJI IPUHATHUS PEIICHUS] HEOOXOANUMO OThICKAHUE BCEH TPaHUIIbI
[Tapeto (moa mapeToBCKUM (PPOHTOM MHOKECTBA B YIOPSIIOYEHHOM MTPOCTPAHCTBE,
COITIACHO TEPMHUHOJIOTHH [2], HOHUMAETCS MOAMHOXKECTBO €r0 HETOMHUHUPYEMBIX
M0 MOPSIAKY TOYEK), TOATOMY CBEPTKAa KPUTEPHUEB HE MOXKET JaTh MPUEMIIEMbIN
pe3ynbTaT. B cBsI3M CO CKa3aHHBIM, MPEACTABISETCS MOJIE3HON pa3paboTka ujeu
BEKTOPHOTI'O JTUHAMHYECKOTO MPOrPaMMHUPOBAHUS, AHAJIOTMYHOTO KIIACCHYECKOMY
IOAXOAY, OmMcaHHOMY B [1]. MeTox AOJKEH MO3BOIUTH ITOCTPOUTH BECH MAPETOB-
CKHil pOHT U U3y4uuTh ero AuHaMuky. llociennee mpeayaraercst JOKIAIYHKOM.
IToka3zaHo, 4TO IpPU BBHINIOJIHEHUU OINPEIEIICHHBIX YCIOBUM Ui BBEIEHHOW aBTOPOM
BEKTOPHOW (PYHKIIMH IIE€HBI BBIMOJHACTCS BEKTOPHBIM MPUHITUIT ONTUMAIBHOCTH.
[TonydeH BEKTOpHBIN aHAIOT CUCTEMBbI ypaBHEeHUH ['aMuibroHa-Ako0n-benimana.

Ha npumepe oHOMEpHON CTAlMOHAPHOW JIMHEWHOW CHUCTEMBI C JUCKPETHBIM
BpeMeHEM ObLIO MPOAEMOHCTPUPOBAHO, YTO, B CHJTy BEKTOPHOM MIPUPOJIBI 3a]1a4H,
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MIOCTPOEHHAs cucTemMa ypaBHeHuM Thna ['amunbToHa-Ako0u-bennMana sBiaseTcs
JHIITH HEOOXOTUMBIM, HO HE IOCTATOYHBIM YCIIOBUEM JIJISl OTHICKaHUS (DYHKIIUU IICHBI.
B o0miem citydae oHa He MO3BOJSET OAHO3HAYHO OMPEACIUTH UCKOMYIO TPAHUILY
[Tapero pemraemoint 3a1a4m.

B cBsi3u ¢ 3TUM OBLT NPEANIOKEH METO/] FaApAaHTUPOBAHHOTO TOYEUHOTO OIICHHUBA-
HUs TpaHullbl [lapero, Mo3BOISAIONINN CBECTH MOJIYUYCHHBIN PAHEE BEKTOPHBINA aHAJIOT
ypaBHEeHUs bennMana Kk HAOOpy CKaJISIPHBIX 3a]1a4, PELIEHUE KOTOPBIX ONpeAee-
HO €MHCTBEHHBIM O00pa3oM M rapaHTUPOBAHHO MPHUHAMICKUT UCKOMOHN TpaHUIIE
[Tapero.

B 3axmrounTenbHOM YacTu Oblla paccCMOTpEHAa MHOTOMEPHAs MMOCTaHOBKA 3a]1auu
JOCTUKHAMOCTH UL CUCTEMBI C JUCKPETHBIM BPEMEHEM M YCTAaHOBIIEHO B3aUMHO-
OJTHO3HAYHOE COOTBETCTBUE MEKY PELICHUSIMHU 3aJa4u B KJIIACCUYECKOM (CKaJISIPHOM)
Y BEKTOPHOM NOCTAHOBKAX.

HccnenoBanue BbIMOTHEHO npu (puHancoBor noaaep:kke POOU B pamkax Hayd-
Horo npoekTa Ne 16-29-04191 odu_m.

CIIVMCOK JIUTEPATYPEI

[1] Kurzhanski A. B., Varaiya P. Dynamics and Control of Trajectory Tubes. Theory
and Computation. Basel, Birkhéduser, 2014. 445 p.

[2] Sawaragi Y., Nakayama H., Tanino T. Theory of Multiobjective Optimization.
London, Academic Press Inc., 1985. 296 p.

3ALAYA BbI)KUBAEMOCTHU ANA MOLEJIU TEYEHUA B
CKBAXXUHE

Kyp:kanckuii Asexcanap bopucosuy, JIrooumos Apryp Niabaaposuy

Kagenpa cucremHoro ananmsa, e-mail: kurzhans@mail.ru, ailubimov@cs.msu.ru

B pabote paccmarpuBaeTcsi 3ajjaya yAeprKaHUs CUCTEMbl B paMKax 3aJIaHHO-
ro «0e30I1acHOro» MHOXKECTBA. YIPaBICHHUE u() JICUCTBYET HA OJHOW TPaHUIIE,
«6e30macHOe» MHOKECTBO S ONMHUCKHIBACT JIOMyCTUMBIC COCTOSIHUS Ha JPYTOH.

Cuayuaii HecxxuMaeMbIX (pa3 TeueHue onuchIBa€TCS KOHEUHOMEPHON CHCTEMOM
Ha v, U &, TIe £ — yCpeIHEHHas TJI0THOCTh, M MMOMeX0or w. JIjisi JTaHHOW CUCTEMBI
MPEJIOKEHO KOHCTPYKTUBHOE ITOCTPOCHUE MHOKECTBA PA3PEIIMMOCTH, YTO JAET
BO3MOKHOCTh MCHOJIB30BaTh aJropuTMbl U3 [2] u [3] a1 anmpoKcuMaluu sijiep
BBKMBAEMOCTH.

Pacnpenenennoe cocrosinue /[Jisi TUCKPETU3MPOBAHHOM CHUCTEMBbI BBOJMUTCS

T
yakuust nensr V(t,x) = inf{f dist*(x(7),S)dr | z(t) = :1:} Haunast (yHK-
vt

sl YIOBJIETBOPSET ypaBHEHHIO [ 'aMuiibToHa-SIko0K-beiMana, ¢ raMUIBTOHHAHOM
H(t,z,p) = Hi(t,z,p) + Hy(p), H, nuneiinas, H, Borayras. /loka3aHo (c momo-
IGO0 MPHMHIKIIA cpaBHEHMS [4]), 4TO QYHKIUS HEHBI OYIET YAOBIETBOPATH CIEIYIO-
IEMY COOTHOIIEHHIO:
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V(t,z) < infv®, s — cyneprpaguent H,,
S

v® —pemrenne 516 ¢ ramuisronnanom Buaa Hi(t,x,p) + (I, p). AHamoruuHoe
yTBEPIKIECHHE BEPHO U Korjga [ — Borayras (QyHKIMS 10 BCEM IEPEMEHHEIM. J[yist
MOJIENTA C THOPHIHOM JUHAMHKON IPH HEU3BECTHBIX BPEMEHAX IEPEKIFOUCHUS
nokasano, uro V (t,x,j) = max Vi(t,x), tne j — Tekymui pexuM, V; — QyHKIHsI

LIEHBI CUCTEMBI, KOTOPAs BCEIrNa HAXOAUTCS B PEKUME I.

Heauneiitnas nuckperusanus [Ipu Qukcanyy Ha4aapHOTO COCTOSHUSI CUCTEMBI,
MPEICTABJICH AJITOPUTM MMOCTPOECHHUS MPOEKIHUHN AApa BbIKUBAEMOCTH Ha MOJMPO-
CTPAHCTBA Pa3MEPHOCTH JBAa BO3MOXKHBIX COCTOSIHUM JUCKPETU3UPOBAHHON CUCTEMBI.
Tak, a7t OAIPOCTPAHCTBA (X1, Tk ) YHKIMS IEHBI, COOTBETCTBYIOIIAS TPOCKIUHU
A/ipa BBKUBAEMOCTH (PYHKIIHS LIEHBI MOXKET OBITh BBIUMCIICHA MTyTEM ONTUMHU3AINH
BJIOJIb TPACKTOPUHU.

CIIMCOK JIUTEPATYPEHI

[1] CunbkoB K. ®. IIpunoxxenue moaenu apeiida Kk OnucaHuio MHOTO(a3HBIX Teue-
HUM B CKBakMHax // Marucrepckas auccepranus. Mocksa, 2013.

[2] Saint-Pierre P. Approximation of the viability kernel // Applied Mathematics
and Optimization, 29(2):187— 209, 1994.
[3] Lagrangian methods for approximating the viability kernel / J. N. Maidens,

S. Kaynama, I.M. Mitchell, M.K. Oishi, G.A. Dumont // Automatica,
49(7):2017-2029, 2013.

[4] Kurzhanski A. B., Varaiya P. Dynamics and control of trajectory tubes // Springer
International Publishing, Switzerland, 2014.

UCCNEAOBAHUE BNUAHUA NOBEALEHUYECKOM
9KOHOMUKHU HA MOAENTUPOBAHUE 3KOHOMHUYECKHUX
NMPOLIECCOB

Kymesepckass Mapusi AjiekcanapoBHa’,
Jlenncos JImutpuii Butannesny’

! Kadenpa uccnemopanus onepanuii, e-mail: mkusheverskaia@mail.ru
2 Kadenpa uccienosanus onepanuii, e-mail: dvden@bk. ru

B AOKJIaJC IMPOBCACHO MCCICAOBAHUC BIMAHHNA (b&KTOpOB HOBCI[GH‘IGCKOﬁ 9KOHO-
MHWKHU Ha MOACIUPOBAHUC SKOHOMHWYCCKUX IMPOLCCCOB, IIYTCM BKIIIOYCHUA B MOJCIIb
ACIICKTOB, KOTOPBLIC HEC PACCMATPUBAIOTCA B paMKax KJIACCUUYECKOM SKOHOMUYECKOM
teopud [ 1,2, 3]. MogenupyeTcsi IpUHATHE ONTUMATBHOTO PEHIEHUS TPU OCTPOCHUH
nopTdensi aKkTUBOB C YU€TOM O0COOCHHOCTEN (POPMHUPOBAHUS OKUIAHUM U MPETO-
YTEeHUH HCPALIMOHAIIBHOI'O HHBCCTOPA, TAKUX KAaK HCIIPUATUC ITOTCPb U OLICHUBAHHC
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WHBECTOPOM M3MEHEHHs Omarococtosiuus [4]. PaccmoTpena mozenb:
K=C+qy'X"

Ime Xt — BEKTOP 3HAUYECHUM IIEH AaKTUBOB B MOMEHT BPEMEHH ¢, 3aJJAHHBIN CITyYaii-
HBIM TporieccoM, C' — MoTpebiieHne, y — ONTUMaNbHas cTparerus (GOpMUPOBaHUS
WHBECTUIIMOHHOTO mopTdens, X 0 _ yavanpHas TOuKa nporuecca. PaccmarpuBarorcst
JIBa BapuaHTa (QYHKIMM 1moje3HocTU. [lepBast oTBeuaeT Kj1acCUM4eCKON TEOPUM:

U=XC+r"E(y" X"

a BTOpasd YyYUTBIBACT ACIICKThI HOBGI[CH“ICCKOﬁ TCOPUM:

n
U=+ Zrku(E(yTXk) — E(y" X 1Y)
k=1
C MOMOIIBIO MOJEITMPOBAHKS Pa3HOU JMHAMUKHU TTOBEICHHS IIEH aKTHBOB IIPOBE-
JICH aHAJIM3 MOJICNCH M C/IeNIaHbl BBIBOIBI O BIMSHHU M3MEHEHUSI OJaroCOCTOSHUS
OTHOCHTEIIBHOM TOYKH OTCYETA Ha MPUHATHE ONTUMAIBHOTO PELICHUS U BO3MOXKHO-
CTH MPUMCHEHUS [TOIX0/1a MOBEICHIECKOU TEOPHUH.
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NMPUBNUXXEHHDBIE AITOPUTMbl MAJIOPAHIOBOM
ATMMPOKCUMALUAN B 3AAAYHE BOCCTAHOBJIEHHA
MATPULbI NO 3IEMEHTAM HA CJIYYAUHOM LLABJIOHE

JleGenesa Oabra Cepreesna, Ilerpos Cepreii Baagumuposuu’, Ocunckmii
Aunexcanap Uropesny’

! Kagenpa BoIMUCIUTENHBIX TEXHONOTHI M MOJleMpoBanus, e-mail: lebedevaos@gmail . com,
spetrov.msk@gmail.com
2 MHCTUTYT BBIYMCIMTENBHON MaTeMaTHKy, e-mail: sasha_o@list.ru
DddekTuBHBIE METOABI PEIICHUS 3aJa4l BOCCTAHOBIICHUS BEISCTBCHHON MaT-
putibl X € R™*" manoro paHra 1o HeOOJBIIOMY YHCIY 3JEMEHTOB TPeOyroTCs
B 0OJIBIIIOM YHCiie HOBBIX mpuioxenuid. [lycte M = {(i,j)} MHOXecTBO MHIEK-
COB DJIEMEHTOB X C HNpCANIMCAHHBIM ITOPAAKOM. OHpeI[eJ'II/IM JIMHENHBIN orcparop
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S : R™" — RMI o npasuny
(SX)k = Xy, k=1,---,[M], (D

rae (S(X))r — KOMIIOHEHTa BEKTOpa, COOTBETCTBYIOIIas mape (7, 7). Torma mis
nponsBonbHOro Bekropa B € RM| 3anaua Boccranopnenns mMarpuisl X M0 4acTy
€€ AJIEMEHTOB 3alKChIBAECTCA B BUJIE

bs(X) = %HS(X) “ B2 inf,  rank(X) < k. 2)

Jl71s1 pereHus UCrmoab3yeTcsl UTEPAIMOHHBIN aITOPUTM MPOCKIIMU Ha TJIaBHBIS
CUHTYJIIpHBIC TIpocTpaHcTBa Singular Value Projection (SVP) [1] Buna

Xi1 = Pp(X; = 787 (S(X) - B)), (3)

r7ie P — ONTHUMAaJIbHBIN MPOEKTOP Ha MHOXKECTBO MAaTpHI] paHra HE BBIIIEC k, a T —
Iar METoJla TpaJMEHTHOTrO ciycka. OCHOBHBIM HefocTaTtkoM SVP siBIisieTCsl BBICO-
Kasi aITOPUTMHUYECKAsl CII0KHOCTh MOCTPOCHUS Pj;, OCHOBAaHHOTO Ha BHIYMCICHUU
MOJHOTO WJIK YacTu4HOro SVD.

B pabote uccnenoBaHo BIMSIHHME 3aMEHBI TOYHOTO OIeparopa MPOSKTUPOBa-
HUS P, Ha 3 HEKTUBHBIA TPUOIMKSHHBIN Py PaccmarpuBanucey pa3indHbie METO-
JIbI IOCTPOCHUS Py : (a) merox IPOSKTUPOBAHMS HA PAaHIOMU3UPOBAHHBIC MPOCTPAH-
ctBa [2]; (6) MeTon 0000IIEHHOM KpecToBOM anmpokcumanud [3]; metos JlaHioia
[4]. Joka3aHa TeopeMa O CXOAUMOCTH MpUOIMKeHHOro meroaa SVP.

[IpoBeneHbl BBIYUCIUTEIbHBIE SKCIIEPUMEHTHI C Pa3TUYHBIMU Py. Tokazaxo,
HalpuMep, 4TO NpUONMKEHHBIM MeToJ Ha marpuue nopsaka 1000 maér Ty xe
TOYHOCTH 32 BpEMs B IIATh pa3 MEHbIIEE, YeM Kiaccuueckuil anroputm SVP.

HccnenoBanue BHINOTHEHO 3a cueT rpaHTa Poccuiickoro HaydHoro GpoHaa (IpoeKT
Ne14-11-008006)
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NMPUBNUXXEHHBIE AITOPUTMbl MAJIOPAHIOBOM
AMMNPOKCUMALUN B SAAAYHE BOCCTAHOBJIEHUA
MATPULLbI MO 3JIEMEHTAM HA CJIYYAUHOM LLABJIOHE

Jle6enesa Oabra Cepreesna, Ilerpos Cepreii Baagumuposnu!, Ocuncknii
Aaexcanap Uropesny?

! Kagenpa BoucInTeNbHBIX TEXHONOTHI M MOJleIMpoBanus, e-mail: lebedevaos@gmail . com,
spetrov.msk@gmail.com
2 MHCcTUTYT BHIYUCIMTENBHON MaTeMaTHky, e-mail: sasha_o@list.ru
3(1)(1)CKTI/IBHBIG MCTOABI PCIICHUA 3a1a49 BOCCTAHOBIICHU S BCH_ICCTBGHHOI;'I Mart-
putbl X € R™*" manoro panra 1no HeOOJBIIOMY YMCIY 3JIEMEHTOB TpeOyroTCs
B OObIIOM yncie HOBBIX npunoxenuid. [Tycte M = {(7,j)} MHOXecTBO MHICK-
COB DJIEMEHTOB X C NPEANUCAHHBIM NOpsAKOM. Onpeaenum JTUHEUHBIN onepaTop
S : R™" — RMI o npasuny

(SX))e=Xi5, k=1,---,|M|, (1)

rae (S(X))r — KOMIIOHEHTa BEKTOpa, COOTBETCTBYIOIIas mape (7, ;). Torma mst
npomsBonsHoro Bektopa B € RIM| 3anaua Boccranosnenns marpump X 1o gactu
€€ DIIEMCHTOB 3aIMCHIBACTCS B BUJIC

Us(X) = Z|S(X) ~ B3 — inf,  rank(X) <k @

Jl71s1 pelrieHus UCImoab3yeTcsl UTEPAIIMOHHBIN aITOPUTM MPOCKIIMU Ha TJIaBHBIS
CUHTYJIApHBIC TIpocTpaHcTBa Singular Value Projection (SVP) [1] Buna

Xi1 = Pp(X; — 787 (S(X) - B)), (3)

rae Pj — onTUMaIbHBIA NPOEKTOP HA MHOXKECTBO MATPHII paHTa HE BbIIE k, a T —
mar MeTojia TpagueHTHOro cnycka. OCHOBHBIM HefocTaTkoM SVP sBisieTcs BbICO-
Kasi aITOPUTMHUYECKAS CIOKHOCTh IMTOCTPOEHHUS Pj, OCHOBAaHHOTO Ha BBIYMCIICHUU
MOJTHOTO MJr YacTuaHoro SVD.

B paGote uccienoBaHo BIMSIHHME 3aMEHBI TOYHOTO OIeparopa MPOSKTUPOBa-
HUA Pj., Ha 3 DEKTUBHBINA TPUOTUIKESHHBIN Py PaccmarpuBanucey pa3nudHbie METO-
JIbI IOCTPOCHUS 20 (a) MeTOZ MPOEKTUPOBAHMS HA PAHJOMHU3UPOBAHHBIE POCTPAH-
ctBa [2]; (6) MeTon 0000IIEHHOM KpecTOoBOM anmpokcumanud [3]; meton JlaHmora
[4]. Joka3aHa TeopeMa O CXOAUMOCTH MpUOIMKeHHOoro meroaa SVP.

[IpoBeneHbI BBIYMCIUTENBHBIE YKCIEPUMEHTHI C PA3TUYHBIMU Py. Tokazaso,
HaIllpuMep, 4TO NpUONMKEHHBIM MeToJ Ha Mmarpuue nopsiaka 1000 maér Ty xe
TOYHOCTH 3a BPEMS B IISITh Pa3 MEHBIIIEE, YEM KIIACCHUECKUN anroputm SVP.

HccnenoBanue BBIOJHEHO 3a c4eT rpanTa Poccuiickoro HayuyHnoro gonaa (mpoekt
Nel14-11-008006)
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MOJENUPOBAHUE NMOPOOBPA30OBAHNUSA B
BUOMNOJIUMEPE NPU NA3EPHOM HAIPEBE

Jykamesuu Jimurpuii Annpeesud, Cmupnos Anexcanap Hasaosua', Baym
Oubra Uropesna, Codoas Imuias Haymosny?
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Ilens maHHOM pabOTHI — MOJIETUPOBAHKE TIPOIIECCa MOPOOOpa30BaHUs B OUOIOIIHN-
Mepe (XpsIIeBOM TKaHH) TOJ NEUCTBUEM JIA3EPHOTO M3ITyUICHHUS.

JlazepHoe u3IIydeHHE ABIAETCS MCTOYHUKOM HEOTHOPOIHOTO HArpeBa XpsIIeBOM
TKaHH, MPU KOTOPOM IOJ1 IUCTBUEM TEPMOHANPSHKEHUHN MTPOUCXOAUT 00pa30oBaHKE
¥ POCT HOBBIX MOP. DTO SBJISETCS HOBBIM METOAOM JICYECHHUS OCTEOAPTPHUTA.

BBoauTcst uHTETpanbHas XapaKTEPUCTUKA pACIIPENETICHUS TIOTHOCTH MEXMOJIe-
KYJSIPHBIX CBsI3el, HAOIIONEHNE 32 KOTOPOH U €CTh Pe3yNbTaT YUCICHHOTO SKCTIePHU-
MeHTa. O6acTy ¢ MaJiol IIOTHOCTBIO CBA3EH CUMTAIOTCSI MOPAMHU.

B nanHo#t Monenu mopooOpa3zoBaHKE COCTOUT U3 JABYX MPOUCXOSIIMX OTHOBpE-
MEHHO MPOIECCOB.

[TepBerit mporiecc: nedopmarus. BemectBo nedhopmupyercs, MUHUIMH3UPYS BHYT-
PEHHIOI0 CBOOOJIHYIO YHEPTHIO, KOTOPAsl 3a1a€TCSI KOHKPETHBIM (PYHKIITMOHATIOM OT
nedopManuu, TO €CTh IByMEpHOH (pyHKIIMH, 3aa101Iel epeMenieHue BCeX TOUeK
BEIIECTBA U3 OJHOM 001acTH B JIPYTYIO.

Bropoii mporiecc: TepMopaspylieHrue. To €CTh YMEHBIICHNE TUIOTHOCTH MEKMOJIe-
KYJISIDHBIX CBSI3€H, BCIEICTBHE TEMIIEpaTypHOro Bo3neicTsus. [Ipouecc Tepmopaspy-
IICHUS 3a/1aeTCsl OOBIKHOBEHHBIM UG epeHITHaTIbHBIM YPABHEHHUEM B KOXKIOW TOUKE
aBymepHoii oomactu. O6a mpoliecca B3auMOCBSI3aHbl: CKOPOCTh TEPMOpPa3pyIICHUS B
KOHKPETHOM 00J1acTH 3aBHCHUT OT AS(POMHUPOBAHHOCTH BEIIECTBA B 3TOM 00JaCcTH,
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a MmpoTeKaHue mporecca aeGopMariuy 3aBUCHUT OT IJIOTHOCTH MEKMOJIEKYIISIPHBIX
CBSI3EH.

JlanHas pabota cBOOOAHA OT MPEAOIOKESHHS 0 MABIX AedopMaIusix, B OTININE
OT TPEABIAYIINX MOAX0A0B. Takke BBEICH B PAaCCMOTPEHHE MEXaHU3M TEPMOHA-
NPsDKEHUH, HAMPSOKCHUH B BEILIECTBE, MHAYIIUPYEMBIX Pa3HOCTBIO TEMIIEPATYpP B
cocemHux 00JacTsIX.

B pabore momobpanbsl U pa3paboTaHbl METOMBI IS PEIICHUs 3a/1ad MOJCIH,
peaJin30BaHbI B BUAC MPOTPAMMEI, ¢ IIOMOIIBIO KOTOPOW IPOBEJACHBI YHCIICHHBIC
AKCIIEPUMEHTBI, MOJICTHPYIONIHE TOpO0Opa30BaHUE B XPSIIICBON TKAHH.

NMOCTPOEHUE PA3AENAIOLWEN NOBEPXHOCTU ANA
HEPABHOMEPHO PACMPEAENEHHDBIX KJTACCOB

JIykbsiHHLIIA AHIpell AJIEKCAHIPOBUY

Kadenpa aromarusanuy HayyHbIX UCCIeoBaHui, e-mail: andrei_luk@mail.ru

B oGmactu aHanmu3a JaHHBIX CYIECTBYET IIUPOKUU CIIEKTP 3ajad, CBSI3aHHBIX
C BBISIBICHHEM HECTAaHJIAPTHOTO MOBEJICHUS, HAIPUMED, CITy4aeB MOIIIEHHUYECTBA
C KPEIUTHBIMU KapTaMU, MOUCK MPUYUH OTKA30B B 3a/1adaX TEXHUYECKOU JUATHO-
CTHKE, U psin Apyrux. B 3amayax 3Toro tuma gaHHble, KOTOPbIE OOBIYHO HA3bIBAIOT
nmpuMepaMu, HYy>)KHO pa3lIelIuTh Ha JIBa Kjacca: MO3UTHUBHBINA, B KOTOPOM TPHUCYT-
CTBYIOT UCKOMbBIE€ COOBITHSI, U HETaTUBHBIA — B KOTOPOM WX HeT. JJs pa3neneHus
JBYX KJlaccoB HanOoiee 2 (HEKTUBHBIM aJTOPUTMOM SIBIISIETCS METOJT OTIOPHBIX BEK-
TOpOB [1], MO3BOSAIONUINY TOCTPOUTH ONITUMAIBHYIO Pa3IESIONLyI0 TOBEPXHOCTD,
paBHOyIaJIEHHYIO0 OT 000uX KiaccoB. OMHAKO B YKa3aHHBIX 3ajladax, Kak MpPaBuIIo,
YHCIIO MMO3UTUBHBIX IAHHBIX HE MPEBBIIIACT OJHOTO MPOIEHTA OT YKCJIa HETAaTUBHBIX,
BCJIEJICTBUE YEr0 METO] OIIOPHBIX BEKTOPOB UX MOMPOCTY UTHOPUPYET, CUUTAS, UYTO
BCE MPUMEPHI MPUHAIICKAT OJHOMY KJIACCY C JOCTOBEPHOCTHIO, IIPEBBIIIAIOIIEH
99%.

B nacroseit pabote mpeayiaraeTcs aliropuTM, MO3BOJISIONINN y4eCTh HEepaB-
HOMEPHOCTH PACIIPEACIICHHS JAHHBIX U TIOCTPOUTH ONTUMAJIBHYIO Pa3CIsIONLyIO
MOBEPXHOCTH, 00CCIIEUNBAIONIYIO TOYHOCTh KJIAaCCU(UKAIIMKM OJHOTO MOPsIKa KakK
MO3UTHUBHBIX, TAK U HETATUBHBIX MPUMEPOB. AJITOPUTM SIBIIICTCS UTEPALMOHHBIM;
OH OCHOBAH Ha HesX, NpeokeHHbIX coznarenamu Meroga RANSAC (RANdom
SAmple Consensus) [2]. s kaxa0oro npuMepa BBOJUTCS IETOUYUCICHHAs Mepe-
MEHHas, SBJIAIONIASICS CYETUUKOM COOBITHH, B KOTOPBIX 3TOT MpUMeEp ObLT HEBEPHO
kinaccuunupoBad. Ha kaxmoi urepanun caydailHbIM oOpa3oM (HOpPMHUPYIOTCS JBa
MHOXECTBA, COJIEPKAIINX TPUOIUZUTEIHHO PAaBHOE KOJMYECTBO KaK MO3UTHUBHBIX,
TaK ¥ HETaTUBHBIX MPUMEPOB. I STUX MHOXKECTB METOAOM OIOPHBIX BEKTOPOB
CTPOUTCSI pa3eistoniasi MOBEPXHOCTh, KOTOpasi 3aTeM TECTUPYETCs Ha IMOJHOM
Habope naHHbIX. Eciu kakoil-nu0o nmpumep ObLI HEBEPHO KIACCU(PUUIMPOBAH, TO
3HAYCHHE COOTBETCTBYIOIIETO €My CUeTUHKa yBelnduBaercs. [Ipu 3aBepmieHnn ure-
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panmii BEIOMPArOTCs MPUMEPBI, HA KOTOPBIX ObLIO MUHUMAJIBLHOE YUCJIO OIITHOOK, U
110 HUM CTPOUTCS MUCKOMasl pa3elIrolias MOBEPXHOCTb.

[TpemIoKeHHBIN AJITOPUTM HCTIOIB30BANICS TP PEIICHUN PsAa MPAKTUIECKUX
3aJla4, Ha KOTOPBIX MOKa3al BHICOKYIO POOACTHOCTb.
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TEPMUHANBHOE YNPABNEHUE NUHEWUHOWU CUCTEMOMU
nPU HAJIMMUU NOMEX HA HE®OUKCUPOBAHHOM
OTPE3KE BPEMEHMU

JlykbsiHoBa JIniasa HukosiaeBHa

JlabGoparopus oOpaTHBIX 3a1a4, e-mail: 11n@cs.msu.ru

PaccmarpuBaercs nBuxkeHHUE BEKTOpoB z € R", y € R" u3MeHsromuxcsa co
BPEMEHEM I10 3aKOHY

2'(t) + a2 (t) = p(u,v), 2(0) = 2, 2'(0) = 2. (1)

y'(t) + By (t) = v(t), y(0) =y, ¥'(0) = g (2)
Viipasnenue u(t) ¥ BEKTOp moMexu v(1) ABIAIOTCS U3MEPUMbIME (DYHKIHSIMH, 3HA-
YEHHS KOTOPBIX JISKAT B KOMIMAKTHBIX MHOXKecTBax U € E" V' € E?. Ilpu Be1Oope
yrpaBieHus «(t) B MOMEHT ¢ BO3MOXKHO HCIIOJIb30BaTh 3HAHUE HAYAIBHOTO MOJIOXKeE-
HUS 2y U BekTopa nomexu v(t). 3aech o, f € R, a, 8 > 0. OTHOCUTENBHO QYHKIMK
¢ : R" X R® — R" npeanonaraercs, 4To OHa HEMpPEphIBHA MO CBOMM apryMeHTaMm U
muaoxecTBO (U, v) = {p(u,v) : u € U} Boimykio npu kaxaom v € V. Umeercs
BBITTYKJIO€ 3aMKHYTO€ MHOXKeCTBO (MHOrpaHHUK) C' C R",yy € C'. 3agada BeIOOpa
yrpasieHus: u(t) COCTOUT B TakoM BbIOOpe 1O uH(OpManuu o momexe v(t), 4To
2(t) € M B HEKOTOpbIH MOMEHT BpeMeHH ¢, Tae M - BBIMYKIO€ 3aMKHYTOE MHO-
XKecTBO B R, M0 TOro kKak BEKTOp ¥y MOKuHeT MHOkecTBO C'. B paborax [1]-[4]
MOJTYYEeHBI PE3YNIBTAThl O TEOPEMax CYIIECTBOBAHUS pEIICHUH Mu(depeHITnaIbHBIX
Urp B QUKCHPOBAHHBIN U HE(PUKCUPOBAHHBIA MOMEHTHI BPEMCHH JIJIS Psijia JIMHCHHBIX
Y HEJIMHEWHBIX YIpaBisieMbIX MporeccoB. B HacTosmieit padore, uid yIpaBiseMoro
nporiecca (1)-(2), Ha ocHOBe ToOaX07a PadOThI [2] O KOHCTPYHMPOBAHUHU TMAKETOB
nporpamm, MpeAyioKeHO YIpapieHre, UCTIOIb3YIOlIee 3HaHUE TTIOMEXU B TeKYIIUN
MOMEHT BPEMEHHU H TI03BOJISIONIEE MPU HEAKCTPEMAIIbHOM MTOMeXe 3aKOHYUTH MPO-
1[ecC MPUBEACHUSI B KOHEYHOE TOJIOKEHHUE 32 BPEMsI MEHbIIIEE TapaHTHPOBAHHOTO.
Pabota BeimonHena npu noaaepxkke PH® (mpoext Ne 14-11-00539).
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CPABHEHUE METOAOB BbIAABJIEHUA AHOMAJNIUA B
FPADAX

Masees Aptém Banepnesnu', CemenoB Auekcanap Cepreesnu’, Jlopodees
Jmutpuii UBanoBny®

L MI'Y um. M. B. Jlomonocosa, BMK, Kadenpa cynepkoMIbIOTEpPOB U KBAaHTOBOH MH(OPMATHKHM, e-mail:
mav367@mail.ru

2 AO «HUIIPBT», e-mail: alxdr.semenov@gmail .com

3 M®TH, e-mail: dmitry@dorofeev.su

Anomanus B rpade — 3TO 0OBEKT, KOTOPBIN CYIIECTBEHHO OTINYAETCS OT 0OJIb-
IIIMHCTBA JIPYTUX 00OBEKTOB B Ipade 1Mo HEKOTOPHIM XapaKTepucTukam. B manHo#
paboTe paccMarpuBaeTCsI OPMEHTHPOBAHHBIN rpad ¢ Becamu. PaccMoTpeHo Tpu
METOZla BBISIBJICHUS aHoMalui B rpadax [1].

1) Metox Ha ocHOBe CTPYKTyp. s kKaxkaoro pedpa rpada pacCUMTHIBACTCS
IJIOTHOCTh egonet BOKPYT HadaibHOUM BepiinHbl. Egonet — okpecTHOCTh paauyca 1
BOKPYT BEPIIMHBI. [[JIOTHOCTH BRIUKCISACTCS CIACAYIOMMM 00pa3oM: MyCTh B egonet
N BepmnH u M pebep, To IOTHOCTh P = logy M.

2) Meron Ha ocHOBe coobmiecTB. B rpade 3amyckaercs airoputm
LabelPropagation m1st BeIsIBI€HUST cooOIIecTB. Jlanee mjs Kaxaoro peopa BHIYUCIIS-
eTCs pa3Mep cooOIIecTBa, B KOTOPOM HAaXOAUTCS HadalbHas BEpIIMHA pedpa.

3) Meron Ha ocHOoBe mpu3HaAKoB. {1 kaxxmgoro pedpa rpada BBIYHUCISIINCH
MpU3HAKK (KOJIMYECTBO NMpU3HAKoB . = 37). Jlanee kaxmgoe pedpo MpeacTaBIsioCh
KaK TOYKa B n-MEPHOM MPOCTPAHCTBE. 3aTeM, Jis OJyYeHHOTO MHOKECTBA TOUYEK
perianach 3ajada BbIsBICHUS BRIOPOCOB C IOMOIIBIO pa3pad0TaHHOM MPUOIHKEHHON
Bepcuu metoga LOF.

B xaxxmom meToje i Kaxkioro pedpa rpada HaifieHO YHCIIOBOE 3HAYCHHUE. 3aTeM
JUISL KQXKJ0TO MeToza Bce pedpa rpada COpTUPYIOTCS MO TOJTYYSHHBIM 3HAUYCHUSIM,
BPYYHYIO BBIOMPAIOTCS TPaHUIIbl 3HAYCHUH, MPU MPEBBIIICHUN KOTOPBIX OOBEKTHI
CUUTAIOTCSI AaHOMAJIbHBIMHU. PacCMOTpEHHbIE METObI PEAIM30BaHbl C MTOMOIIbIO
sI3bIKa TIporpamMMupoBaHus Scala mms nporpamMmuoi matdopmel Apache Spark.
Takxe TPOU3BEICHO CPaBHEHHE MPOU3BOAUTEIHBHOCTH pa3pabOTaHHBIX METOJIOB
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IIpY BBINOJIHEHUM HAa BBIYUCIUTEIBHOM Kiactepe «AHrapa-K1», ycTaHOBIEHHOM B
AO «HUILIDBT». Pabora BhiNonHeHa npy PUHAHCOBOM Moaaep:kke MUHHCTEpCTBA
oOpaszoBanmss m Hayku Poccuiickort ®denepanmu. YHuKanbHbIN D mpukimagHabix
HayuyHbIX uccienoBanuil (mpoekra) RFMEFI57816X0218.

CIIVMCOK JIUTEPATYPEI

[1] Akoglu L., Tong H., Koutra D. Graph Based Anomaly Detection and Description:
A Survey // Data Min. Knowl. Discov. Kluwer Academic Publishers, 2015. T.
29, Neo. 3. C. 626-688.

O CPABHEHWMU NPOU3BOAUTENIbHOCTU KOHTEMHEPOB
U BUPTYAJIbHbIX MALUUH

MuxeeB I1aBea AneKceeBnql, AHTOHeHKO Butanuii AjleKCaHAPOBHY

1 JTa6opatopns Beraucimrensasx Kommaekcos, e-mail: mikpav@lvk.cs.msu. su
2 JIaGoparopust BeramciurensHeix Kommnekcos, e-mail: vantonenko@arcen. ru

2

KoHnrelinep — n3onupoBaHHast TpyIIa MNpoleccoB B ONEPALUOHHON CUCTEME, UME-
OISl IOCTYI K OTPaHUYECHHOMY KOJMYECTBY PECYpCOB CHUCTEMBbI. JlaHHASI M30JISIIHS
JOCTUTaeTCA 3a cueT MexaHu3MoB sijpa OC, TakuMm 00pa3oM, KOHTEIHEPHI UCIIOJIb-
3YIOT 3TO SAPO, HE TPaTsl PeCypChl Ha MOIIEPKKY TOCTEBOTO siIpa.

KonTteitnepsl 001a1atoT HEOONBIIMM BPEMEHEM 3aIyCKa, OOJIBIION MPOMYCKHOM
CIIOCOOHOCTBIO, U TIOKA3aTeNlb MPOU3BOAUTEILHOCTH BBIYMCICHUN B HUX OJIMKE
K TIOKa3aTeIi0 BRIYMCICHUN Ha dusndekux pecypcax [1], [2]. Onnako He cyte-
CTBYET CUCTEM, MO3BOJISIIOLIUX UCCIEA0BATh TPOU3BOJUTEIBHOCTD U JIETPAIalUI0
MIPOU3BOUTEIILHOCTH KOHTEHHEPOB MPU MaCIITAOMPOBAHUU M CPABHUTH €€ C MPOU3-
BOJIUTEIBHOCTBIO U JIeTpajlaliieid Il BUPTYalbHBIX MAIIVH.

B nannoit paboTe mpeiaraeTcsi HCIOIb30BATh CYIIECTBYIOLINE METOIUKN U3Me-
PEHHS TIPOU3BOAUTEIHLHOCTH BUPTYAIbHBIX MAIIMH U PUMEHHUTD MX K JIETKOBECHBIM
KoHTelHepam [3], [4].

[enbto paboOTHI ABISIETCS pa3padOTKa CUCTEMBI U3MEPEHUS MPOU3BOAUTEIBLHO-
CTH W €€ JerpaJalliy y BUPTYaJIbHBIX MAIIMH U KOHTEHMHEPOB, 3aITyIEHHBIX Ha
bu3uYECcKOM cepBepe, a Tak K€ KOHTEHHEPOB, 3alyIIEHHBIX BHYTPH BUPTYyaIbHOU
MaITUHBI.

JlaHHas cucTeMa MO3BOJMUT CPABHUThH YUCICHHO MPOU3BOAUTEILHOCTh KOHTEIHE-
POB U BUPTYaJIbHBIX MAIIIVH.

Pa6ora Beimonnena npu nogaepxkke PODU (mpoekt Ne 16-07-01261, 2016).

CIIMCOK JIUTEPATYPEHI
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[2] Felter W., Ferreira A. An Updated Performance Comparison of Virtual Machines
and Linux Containers. // IBM Research Report, 2014.
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[3] Kousiouris G., Cucinotta T., Varvarigoua T. The effects of scheduling, workload
type and consolidation scenarios on virtual machine performance and their
prediction through optimized artificial neural networks. / The Journal of Systems
and Software, 2011.
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O NONHOTE TPUTOHOMETPUYECKUX CUCTEM C
HEUENOYUCNEHHBIM UHAEKCOM B NPOCTPAHCTBE
UHTEFPUPYEMbIX ®YHKLUHA

MouceeB EBrennii UBanoBu4, I'ynsieB /lennc AHaroibeBu4

Kadenpa dpyHKIIMOHAIEHOTO aHATN3a U €r0 IpUMEHEHHH, e-mail: gulden@cs.msu.ru

[ycts f(t) unrerpupyema mo Jlebery Ha [0, 7],

/7r f(t) cos(n — ﬁ)tdt =0,n=1,2, ..,
0 2

/O "yt =0,

e § € (—1,2), torna f(¢) mouru Bcrogy paBHa Hymo Ha [0, 7.

Panee Obu10 MOKa3aHo, uto eciu f € Lo(0,7) u = 0, To f(t) Takke nouTH
BCIO/ly paBHa Hyio Ha [0, .

JlanHast paboTa sSBIsSETCS NPOAODKEHHEM padoThI [5].

PaGora BbINIOJTHEHAa TMNpPU YaCTUYHOM TOAAEpXKKe TIpaHTOB Poccuiicko-
ro ¢onga QyHmameHTaTbHBIX wucchenoBanuii (mpoekTsl Ne 17-01-00847a wu
Ne 17-51-18042 boar-a).
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analysis. Graylock Press, 1965.

[4] Bateman H, Erdé?lyi A. Higher transcendental functions, Vol. 2. New York:
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[5] Moiseev E.I., Gulyaev D.A. The completeness of the sines and cosines in the
space of integrable functions. Integral Transforms and Special Functions, Vol.
29, United Kingdom, Taylor & Francis 2018.
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CBOUCTBA PEWUEHUU YPABHEHWUW HE PA3PELUEHHbIX
OTHOCUTEJIbHO NPOU3BOAHOH

MomuceeB Tuxon EBrenbeBuu

MocKkoBCKHid TOCYIapCTBEHHBIM YHUBEpcuTeT nMeHn M.B.JlomoHOCOBa (haKyabTeT BRIYMCIUTEILHOW MaTEMaTHKH U
KuOEpHEeTHKHU Kadeapa BHIYMCIUTENIBHBIX METOAOB, e-mail: tsmoiseev@mail.ru

BniepBble Ha MPaKTUYECKYIO 3HAYUMOCTb YPaBHEHHH C MajibIM MapamMeTpoM
Ob110 oOpaiieno BHUManue A.H.TUXoHOBBIM U Tpynmoii ero yueHukoB [1] B 1950-
pie roasl. He yTuxaer uHTepec 3Tol TemMe W B Hamu JHU [2,4]. B Hacrtosmem
cooOuIieHnu [5] peub MOKWIET O CpaBHEHUHU pellieHus 3aaaun Kowmu nis ypaBHEHUs
TETUIONPOBOAHOCTH M €T0 THIepOOIN30BaHHOM (00aBIIsIeTCsl MaJblid TTapamMeTp B
YPaBHEHUHN) BEPCHUM ISl Pa3pbIBHOM, IEPUOJNYECKON U IO MOYJIIO OTPAaHUYEHHOMN
GbyHKIMH, KOTOpasi UMEET He OOJIbllle KOHEYHOTO YUCia pa3pbiBoB. [[oka3piBaeTcs,
YTO pELIEHUs 3TUX YpaBHEHUN MpeacTaBUMbI B BUaE psiioB Dypre. Teopernueckas
OIlEHKa MoKa3ajia OJM30CTh UX PEIICHUN C ONpEeAeIeHHOTO MOMEHTa BPEMEHHU.
Pacuetnsl npoBeaeHHsie Ha DBM, nmoATBEPkKIAOT aHHBIM pe3yibTar. Panee sra
3agada Oblna m3ydeHa TumkuHbiM B.®. u Meimenkoit E.E. mis HenpepbsIBHOM
byakauu [3].

Pabota BeinonHena npu nogaepxke rpanra PH® 17-71-30014.
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IABA METOOA OLEHKU CTOUMOCTU A3UATCKHUX
ONMUMUOHOB EBPOMENUCKOIO TUNA

Mopo3zos Baagnmup Bukroposuu!, l'ackaposa Exarepuna Hukonaesna®

1 Kagenpa nccrnenoBanus oneparnwii, e-mail: vmorosov@mail.ru
2 Kadenpa mccienoBaHns onepanuii, e-mail: gaskate94@gmail.com

A3uarCKuMM Ha3bIBAKOTCS OMIIUOHBI, BBIUTPHIII KOTOPBIX 3aBUCUT OT CPEIHEU
IIEHbl aKTMBAa Ha MNPOTSHKEHUM HECKOJIBKHUX IEPUOA0B BpeMeHHU. Takue OMIIMOHBI
MIPUBJICKATEIIbHBI 1711 KOMIIAHUHM, KOTOPBIE JOJIKHBI ITOKYIIATh TOBAP B OMPEICICHHOE
BpEMsI KaXKIbIM TOJ, HO MPOAABaTh €ro Ha PETYIAPHOM OCHOBE B TEYEHHUE BCETO
roga. Eciou cpenusis mieHa 6a30BOT0 akTHBA MPEBBICKIIA 1IEHY MCIOJHEHHS, TO TOBAp
MOKYNAaeTCsl ONTOM, a IMMOTOM ITPOJAETCS B PO3HULLY.

PaccmarpuBaroTcs ABa METOJIa OLICHKH CTOMMOCTH a3MaTCKOTO OIIIMOHA €BPOIICH-
ckoro tuna. B crarbe [1] mpuBOaUTCS HUXKHSA OLIEHKA CTOUMOCTH:

00 1 +
e—p/ \/§¢(\/§y)/ [Se?’at( Dy+at+io?(t—3t>(1-L)? )dt N K] dy
—00 0

Jl1s moydeHus: BEpXHEH OLIEHKU CTOMMOCTH OMITMOHA BBIBOJIUTCS OLICHKA MOTPel-
1/2
11 2 To?2ipr3 2, 302 2 2
HOCTH: §[§a e12? TP[30%e2” + (p + 0% /4)?] + zo? e (1+p+02/4)| .

Hcnonb30BaHre albTE€pHATHBHOTO METO/Ia B CTAThe [2] MPUBOJUT K CIEAYIOMIEH
HIDKHEH OLICHKE:

e’ Uol Sedt 30t <_7* +1U/t\(/1§_ UZ)) dt — K® ( /\[>]

~* ompezensercs u3 fol S exp (37*0t(1—t/2)+&t+%02 (t—3t2(1—t/2)2) ) dt = K.

BepxHss olieHKa CTOMMOCTH UMEET BU/I:

T
;e_pT/ "' D(o\Vt — ) — 7VHID(—ry)dt,
0

T ~
IJI€ 7Y HAXOOWUTCS U3 BBHIPAKECHUS: % fo eroVitat gy — .
B nokane OyJeT JaHO YHCIIEHHOE CPABHEHHE OLIEHOK CTOMMOCTH a3MaTCKOIO
OTIIIMOHA.

CIIMCOK JINTEPATYPBI

[1] Rogers L.C.G., Shi Z. The value of an Asian option. // Journal of Applied
Probability. 32. 1995. p.1077-1088.

[2] Thompson G. Fast narrow bounds on the value of Asian options. Working paper.
1999.
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METO4 KOHEYHbIX OBbEMOB ANA YPABHEHUM
HABbE—CTOKCA HA TPEYIOJIbHbIX CETKAX

Myxun Cepreii UBanosuu', Apanacses Hukura AjexcanipoBuy

! Kacdenpa BEIYMCIHTENEHBIX METOMIOB, e-mail: vmmus@cs .msu. ru
2 Kadenpa BEIUHCIUTENBHBIX METONOB, e-mail: gandiken@yandex. ru
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JlanHasi paboTa MOCBSIIIEHa HEKOTOPHIM acCleKTaM anipoOKCUMAIMU YPaBHEHUN
Hape-Crokca u1si HeCKuMaeMon KUIKOCTH Ha TPEYTOJbHBIX CETKaX B JIBYMEPHOM
ciy4ae.

JInst TUCKpETU3aluy 3TUX YPABHEHUM IO MPOCTPAHCTBY MCIIOIb30BAJICS HESIBHBIN
110 BpEMEHHU METOJ KOHEYHBIX 00beMOB [1,2], obecnieunBaronuii KOHCEPBATUBHOCTD
MOJTY4YaEMBIX PAa3HOCTHBIX CXEM.

OTtaenbHOE BHUMAaHUE YIEJIEHO BOIPOCY O COOTHECEHHH HEU3BECTHBIX K 3JIEMEH-
TaMm ceTku. [IpeanoxkeH BapuaHT, KOTJa AaBJICHUE OTHOCUTCS K BEPIIMHAM CETKH, a
CKOpPOCTH - K peOpaM CETKHU, MpUUYeM B cxeme (PUTypUPYIOT JIUIIb TaHTCHIIMATbHBIC
KOMIIOHEHTBI CKOPOCTEH Ha KakJI0M pedpe, UTO MO3BOJISAET 3HAYUTEIHLHO YMEHBIIHUTh
quci0 Hen3BeCTHBIX. C MOMOIIBI0 MHBAPUAHTHBIX OmpeeseHnit quddepeHinaib-
HBIX OINEPATOPOB MOCTPOCHBI CETOYHBIC OMEPATOPHI JTUBEPTrEHIMHU, TPAJUCHTA U
potopa. B kadecTBe KOHTPOJIBHOTO OObeMa SYCHKHU HMCIIOIb30BaHA caMa sSYeHKa,
KOHTPOJIBHOTO 00beMa pedpa - YEThIPEeXyTrolbHUK, COCTABJICHHBIN M3 BEPIIUH pedpa
U IICHTPOB OMMCAHHBIX OKPY>KHOCTEH COCETHUX SUeeK, KOHTPOJILHOTO 00beMa Bep-
IIMHBI - MHOTOYTOJILHUK, COCTaBJIEHHBIM MYyTEM MOCIEA0BATEIILHOIO COCIUHEHUS
IIEHTPOB OMHUCAHHBIX OKPYKHOCTEHW COCEAHUX K BepIIMHE siueeK. CeTouHbIE Olle-
paTopbl CTPOMIIUCH C YYETOM CBOMCTB CONPSKEHUS B CMBICIIE COOTBETCTBYIOIIUX
CKaJISIPHBIX MTPOU3BEIICHUN.

C momoII1p0 3TOT0 HAbOpa CETOYHBIX OMEPATOPOB MOCTPOEHO TPEeXIapamMeTpH-
YECKOE CEMENCTBO HESIBHBIX KOHCEPBATUBHBIX PA3HOCTHBHIX cxeM. B oOmiem ciaydae
CXEMBbI MPEACTABISIOT U3 c€0sl CUCTEMbl HEJTMHEHHBIX YPAaBHEHUM, KOTOPHIEC pellia-
I0TCSl UTepaliioHHbIM MeToaoM. s pemtenust CIIAY, nonydaemMoi 1ocie JIMHe-
apu3alii HEJIMHEWHON CUCTEMBI, UCIOJIB3YETCS MPSIMOM METOJ, OCHOBAaHHBIN Ha
LU-pa3znoxennn maTpuibl CHCTEMBI.

JI71s1 4UCTO-HESIBHOW CXE€MbI MPOBEACHBI TECTOBBIC W MOJIEJIBHBIE PACUETHI B
0071aCTAX pa3IUYHBIX TUIOB JIJIsl TEUEHUN C Pa3IMYHBIMU unciaMu PeliHonbaca.

CIIMCOK JIUTEPATYPEI
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276¢c.
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O PEWUETKE NEPECEYEHWUX NMPEAMOJIHbIX KJNIACCOB U3
CEMEUCTBA U B NATU3HAYHOMU JIOTUKE

Haropusbiii Asiekcanap CrenaHoBu4

Kadenpa maremarnueckoit kubepHeTuky, e-mail: anagorny@list.ru

[ycts k > 2, B, = {0,1,...,k—1} u nycth P; €CTh MHOXECTBO BCEX KOHEYHO-
MeCTHBIX QyHKIMHN (QyHKUMI k-3Ha4HON JOTUMKKN) Ha F). Bece Heobxoaumbie 31ech
onpeaeICHUs MOKHO HaWTH B [1].

N3 teopemsl A. B. Ky3Henosa cienyert, uro npu jwobom k£ > 2 B P, umeercs
KOHEUHOE€ YMCIIO MPEANOIHbIX KIaccoB. VX pelmieTka nepecedyeHuil Takke KOHEUHa U
MOJKET CIIYKUTh YIOOHOM «0a30il» il KilacCU(PUKAIIMKU BCEX 3aMKHYTBIX KJIacCOB.

O.Iloct B ABYy3HAYHOM JIOTHKE MOCTPOUIT PEHIETKY BCEX 3aMKHYTBIX KJIACCOB,
IUTSL ciydasi k = 3 pellleTKa MepeceyeHnid Bcex MPEeAIoHbIX KJIacCcoB Obljla paHee
NOCTPOEHA aBTOPOM, a Uil BceX k > 4 oHa elle He MOCTPOEHa.

N3BecTHO, uTO TpHM M000M £ > 3 Bce Kiacchl PyHKIUMA k-3HAYHOM JIOTHKH,
COXPaHSIONINX HETPUBHAIIbHBIC PAa30MEHUSI MHOXKECTBA Fi,, SIBISIOTCS 3aMKHYTBIMU
¥ TIpeNoNHEIMU B Py, O603HAUMM pelIeTKy UX mepecedenuii uepes UF.

Teopema 1. Pewemxa nepeceuenuii U® codepacum 6 mounocmu 271 380 y310s,
u3 Hux posuo 2 542 nonapno HedgolicmeeHHblX (NOIHbIL CNUCOK U MeX, U OpY2UX
pazmeuen 6 [2]), a pacnpedenenue ux no KoIU4ecmsy 8xo0Auux 8 nepeceyenue

knaccoe uz U° npusedeno 6 nudsicecnedyroueii mabnuye.

n [lepeceuenuii u3 n kiaccos | I3 HUX MOMapHO HE NBOMCTBEHHBIX

1 50 5!

2 0 0

3 80 2

4 6 860 77

5 117489 1091

6 138795 1285

7 8105 81
8<n <49 0 0
50 1 1
Bceero: 271 380 2542

Pa6ora BeimonHena mpu mnomaepkke PODOU (mpoextsr Ne 16-01-00593-a u
Ne 17-01-00782-a).
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KANUBPOBKA MOJENEU LEHOOBPA30OBAHUA
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Ha3zapos Jleonun Baagumuposuy, Yabanenko Baagucaas AmurpueBuy

Kadenpa maremaTiueckoil CTaTUCTHKH, Ta0OPaTOPHUs CTaTHCTHUECKOTO aHaimu3a, e-mail: nazarov@cs.msu.ru,
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Hanbonee monynsspHpIMHA B HACTOSIIIIEE BPEMSI MOJEISIMU, UCIIOJIb3yEMbIMU TSI
OLIEHKM CTOMMOCTH ONIMOHOB SIBJISIFOTCSE Mozenb biska-Illoynza [1], mogens Xe-
cToHa [2] u ramMa-aucniepcuorHas (Variance Gamma) mozens [3]. TlepBas u3 HuX
sIBJIsIeTCSl 0a30BOM M caMOM MPOCTOM, OHA MpEArnojiaraeT KOHCTAaHTHYIO To/Ipa3yMe-
BAa€MYI0 BOJATWJIBHOCTh Ha phiHKE. Monenu XectoHa u Variance Gamma SBIISIFOTCS
0oJiee CIOXKHBIMHU U TTOKA3bIBAIOT JIYUIIYIO allIPOKCUMAIIMIO PHIHOYHBIX 1I€H, TaK
KaK OHU MOJEIUPYIOT CTOXaCTUYECKYIO IMOAPA3yMEBAEMYIO BOJIATUILHOCTE. OIHAKO
OHU MMEIOT U Psii HEIOCTAaTKOB: X KaJIMOpPOBKA 3aHMMAET OYE€Hb MHOTO BPEMEHU
(MpY TOM OHA YacTO 3aCTPEBAET B JOKAIbHBIX MUHUMYMAaX M3-3a OOJIBIIOTO YKCIIa
MapaMeTPoOB); a TAKXKE IJIOXO AMMIPOKCUMUPYIOTCS IIEHBI JAIbHUX OIMIIMOHOB BHE
JICHET.

B pabore npencraBieHa MoAelb, B OCHOBE KOTOPOMW JISKUT HEUPOHHAsI CETh,
UCIIOJIb3yeMasi i JOCTHKEHUSI THOKOCTH anmpokcuMaruu. Ha Beixome cetu Jjist
OLICHKH CTOMMOCTH OIIIMOHOB MCIIOJB3YETCS JTOBOJIBHO IPOCTas MOJENIb CMECH
JIOTHOPMAJIbHBIX pacnpeneneHuil [4]. s 10CTUKEHUS YCTOMYMBOCTH CETH TPU
00y4YEeHUH HCIOJIb3YIOTCS CTEHEPUPOBAHHBIE OMIIMOHBI (TIOJIyYEHHBIE MCXOMSl U3
PBIHOYHBIX JTAHHBIX), & TAKXKE PA3JIUYHbIE PETYJISIPU3aTOPHI.

B pesynbrare nonydeHa JByxnapaMeTpUuecKasi MOAENb I OLEHKHU CTOUMOCTH
OMIIMOHOB, MPUONMKAIOIIAS IIEHBI C IOCTAaTOYHO XOPOIIEH TOYHOCTHIO U yCTOUYUBAS
K CTPECCOBBIM CIICHApHsIM Ha PBIHKE, a Tak)Ke OBICTPO KaluOpyemas.
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2

B pabore paccMarpuBaroTCsi BOPOCH MOAEIUPOBaHUS (IIPOrHO3UPOBAHMS) TAC-
CaXUPCKOTO MOTOKA JIJIsi TOPOJICKUX KEJNE3HbIX AOpOT. ['0po/icKue Keae3Hble 10POrH,
KaK, BIIPOYEM, M JIFOObIE JPYyrue TPAHCIOPTHBIE MPOEKThl B rOpoAax, SABISIOTCS
JIOBOJIBHO CJIOKHBIMH U JIOPOTOCTOSIIIIMMU MPOEKTaMH, KOTOpbIE TpeOyIOT BCECTO-
POHHUX OOOCHOBAaHHMH M MOATBEp KIaromux pacderoB. OCHOBOM 1Jis pacyeTra co-
IUATbHO-9)KOHOMUYECKUX d(D(PEKTOB OT TOpOICKOi xese3Hou goporu [1] sBusercs
UMeHHO nHpopmalms 00 oxxugaeMoM Tpaduke. EcTecTBeHHO, YTO UIMEHHO OILICHKA
Tpaduka Mo3BOJSET OLEHUBATH BBIPYUKY OT MEPEBO30K. TakiKe OHA TaKKe MO3BOJISET
OLICHUBATh U YKOHOMHIO BPEMEHH IMACCAXKUPOB OT BBEAECHHS HOBBIX MapUIPYyTOB,
CHIKEHUE TPAHCIOPTHOW yCTaJIOCTH, O0eceueHue TPAHCIOPTHOW CBSI3HOCTH B
ropoJie, yJIy4lIeHHE JOCTUKUMOCTHA HOBBIX PalilOHOB H T. 1.

B pabote onuchiBaeTcsl MOMHAs cXxeMa MPOTHO3UPOBAHUS MACCAXKUPCKOTO MOTOKA
JUIS HOBBIX JINHUM T'OPOJCKOW KEJIE3HOM NOporu. B ocHOBE cucTeEMBI MOIEIMpPOBa-
HUS JIEKUT CXEMa MUTPALMH B TOPOJI€, KOTOPasi CTPOUTCA HA OCHOBAHUU JAHHBIX
TEJIEKOMMYHHKAIIMOHHBIX OreparopoB [2]. Cxema MUTrpalliy HAKJIAIbIBAETCS Ha Ieo-
MH(POPMALIMOHHYIO CUCTEMY, B KOTOPOIl €CTh IaHHBIE O MapIIPyTaxX U OCTaHOBKaX
00I111eCTBEHHOI'O TpaHCcIopTa. Jta UHGOPMALIUS COMOCTABIISIETCA ¢ UMEIOIIUMMUCS
JAHHBIMU O BaJluJaluuu (MCHOJIb30BAaHUU) TPAHCIOPTHHIX KapT B OOIIECTBEHHOM
TpaHCIOpTe ropoja. B mpenonokeHun 0 TOM, YTO KaXAbld MacCaX up UCIONIb3yeT
HanOoJiee ONTUMAJIBHBIN 110 BPEMEHU MapIIPyT, Mbl MOYKEM OIPEIEIUTh T€X, KTO
BOCIIOJIB3YETCS JJIs IEPEMELICHUS KEJIE3HOU JIOPOTOM.

[IpensioxkeHHass MOJENb OblIA UCIIOJIB30BaHA B MPAKTUYECKUX 3a7a4 IPH MPOEK-
TUPOBAaHUM HOBBIX JIMHUM KeJIE3HbIX Jopor B Mockse [3, 4].
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UCCNEAOBAHUE UHTEIPAJIbHOIO YPABHEHMUA
PABHOBECUA C AAPAMU-KYPTO3UAHAMU

Huxutun Ajlexceid AHTOHOBHY

Kadenpa o6meit maremaruky, e-mail: nikitin@cs.msu.ru

B mnacrosieit pabore npojokaercs HadaToe B cTarhe [1] m3ydeHue uHTE-
rpajbHBIX YPaBHEHUN, BOZHUKAIOIIMX B MOJEIU CTAIlMOHAPHBIX OMOJIOTHYECKUX
coo00I11eCTB, [2], C sapaMH, UMEIOIINMHU TepeMEeHHbIe KOA(PUITMEHTHI dKCIiecca,
SAIpaMHU-KypTO3UaHaAMU. DTa XapaKTEPUCTUKA OTPAXKAET MEPY «ITHMKOBOCTH» pacIrpe-
JICJICHUs] CITy4yallHOW BETUYHMHBL. 3/1€Ch OyIyT MPUBEACHBI Pe3yJIbTaThl, KaCAIOIIUECS
W3Yy4YEHUS YPaBHEHUH C sIpaMU PACCEUBAHUS U KOHKYPEHIIMU, UMEIOIUMHU CIEAYIO-
AN BUT:

sgra? + siat sga? + syt
m(x) = ¢, exp (— ) ) , w(x) =cyexp <_W> :
PaccMmarpuBaeTcs 3aBUCMMOCTD [IEPBOTO U BTOPOTO MPOCTPAHCTBEHHBIX MOMEHTOB OT

Pa3MEPHOCTH OKPYXKAOIIEH cpebl. JJaHHbIE MOMEHTHI IMOTYYArOTCS U3 HETUMHEWHOTO
WHTErPaJbHOIO YPABHEHUS:

A~

mY — o~ = o~
b—d) (= | w~ A e C
_ @(_QY )(Yc+c[@*c] +[@C*C| - d/) + (1 -a)(b-d)C,

e m, w — 3agaHnble GyHkuuy, b, d, d' — 3ananHble KoHCTaHTH, a Y = (@, C).
PazpabareiBaeTcst anroput™M OBICTPOTO BBHIYUCICHNUS MHOTOMEPHON HEIMHEHHON
CBEpPTKU. J{OKa3bIBAETCS CYLIECTBOBAHUE PAAUATBHO-CUMMETPUYHOTO PEIICHUS.
ABTOp BBIpakaeT OmarogapHOCTh cBouM koiieram HukomaeBy M. B. u CaBocThs-
HOBY A. C. 3a moMoIIb B IPOBEACHUM JaHHOU paboThl. [lyOnukanus noaroToBieHa
B pe3yabTare nposeaeHus uccienoBanus (Ne npoekra 18-05-0011) B pamkax IIpo-
rpammbl «Hayunsiit poung HAY BILD».
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Ed. by U. Dieckmann, R. Law, J. Metz. Cambridge University Press, 2000. P.
252-270.

O O4HOU NAPANNEJIbHOX UMUTALUOHHOWU MOJENU
BECNPOBOAHOU CEHCOPHOMU CETU
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B Hacrosiee BpeMsi HaOIr0gaeTCsl pa3BUTUE CUCTEM THMA "yMHBIN J10M "yMHBIN
ropon'u T.4. Bce 9TU cucTeMBl BKITIOYAIOT B ceOsl OOJIBIIIOE KOJIMYECTBO JaTIYMKOB,
OTCIIC)KUBAIOIIUX Pa3IMYHBIC MTapaMeTphbl OKpysKarorieit cpenl. [10m00HbII MOHUTO-
PHHT 103BOJIIET 00Jiee SKOHOMHO PacXol0BaTh PECypChl U ObICTpee pearupoBaTh Ha
HEIITATHBIE CUTYaIUU.

B nensx apdextuBHOrOo nomyueHuss HHPopMaIuu JaT4uKu 00beIMHAIOTCS B Oec-
IPOBOJIHBIE CETH, YTO MO3BOJISET YAAJICHHBIM CEHCOpaM MepeaBaTh UHPOPMAIUIO
Ha 0a30BYIO CTaHIIMIO, UCTOJB3Ysl IPYTHE Y3JIbl CETH KaK peTpaHchaTopbl. Takue
CETH Ha3bIBaIOTCS OECIPOBOIHBIMU CEHCOPHBIMU ceTsMU (Wireless sensor networks).

Beuny nunamuuHoctd U ciiokHOCTH bCC, uX mpoeKTUpOBaHUE JTOJPKHO BKJIIO-
4yaTh B ce0sl KOMIIBIOTEPHOE MOJEIupoBaHue padboThl ceTH [1]. AKTyalbHBIM SIB-
JISIETCS UCTOJBb30BAHUE B ITUX LEIAX CYNEPKOMITBIOTEPHBIX BBIYUCIEHUM, TAK KaK
coBpeMeHHble bCC cOCTOAT U3 ThICSY Y3JIOB.

B npennaraemoii pabote pazpaboraHa napajuieibHasi UMUTALUOHHAS MOJEIb
LEMOYKH CTAllMOHAPHBIX CEHCOPOB C HECKOJIBKUMHU CTOKaMH. PexxuM paboThl y3J10B
CETH U CpeJla mepeaayu JaHHbIX OAYNHEHBI YCIOBUAM Moaenu Yuaccepunu-I aperto
[2]. YuuTbhIBaeTCS HAJIMYUE Y CEHCOPHBIX y3JI0B aKTUBHOM M MACCUBHOM (a3, a TakxKe
KOHKYPEHLHUS 32 paAuOKaHaJl. BEIYMCANTEIbHBIE SKCIEPUMEHTBI, IPOBOAUBILIHUECS
Ha cyrnepkomnbiorepe BlueGene/P cynepkommnbroTepHoro komiuiekca MI'Y, noka-
32711 BBICOKUM YpOBEHb MacuITabupyeMocTu Moaeiau. C MmoMoIuip0 NoOCTPOSHHOM
MOJIEJIM MPOBEIEHBI UCCIEI0BaHUS CKOPOCTH 3alojHEeHHs Oy(epoB y3/10B B yCIOBH-
SIX OTCYTCTBHUSI CBSI3U C 0a30BOM cTaHuMel. M3yueHo BIMsHUE TaKKUX MapaMeTpoB
MOJIEJIM KaK CPEJHEE BpEMs CHA U aKTUBHOCTH Y3JIOB, CPEAHSISI CKOPOCTh F€HEPALIUU
uH(popMaIuu Ha y37ax U T.J.
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HEKOTOPbIE METOAbl OLEHUBAHUA MHOXXECTB
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B noxiane obcyxmaercst mpobiieMa OIIEHHBAHKSI CBEPXY MHOMXKECTB JI0CTHIKHMO-
ctu D(xg, T) ynpasisembix 00beKTOB. ISl OIEHMBAHUS CBEPXY MBI Oy/IeM HUCIIONb-
30BaTh Mapauienenuneabl. [IycTs ABHKEHUE HETMHEHHOTO yIpaBIsieMOro o0bekTa
OITKCHIBAETCS YPaBHECHHUEM

& = a(xr) + bu), (1)

ez € R" (n>1), 2(0) =x9,u € U, U - xomnakr u3 R" (r > 1), T > 0.

Ynpasnenus u(t), t € [0, 7], paccMaTpuBaroTcst B Kjlacce M3MEepUMBIX 1o Jlebery
¢ynkuuii. B (1) ¢ynkuus a(z) HenpepbiBHo quddepenippyema Ha R U ynoBIeTBO-
psier Tam ycnoBuio pocra Buaa |a(z)| < ¢(1+|z|), rae | - | o3HawaeT [umMHY BeKTOpA,
C - HeOTpHIIaTeIbHAs KOHCTaHTa; GyHKIMs b(u) HenpepbiBHA HA U. JIs mpuItoxke-
HHI TPEICTAaBIsIeT OONBIION HHTEPEC OICHUBaHUE CBepXy MHOKecTBa D(xo, 1)) ¢
MIOMOII[BI0 HEKOTOPBIX JTOCTATOYHO MPOCTO YCTPOCHHBIX KOMITAKTHBIX MHOXKECTB,
HaIrpuMep, ¢ MOMOIIbI0 11apoB (A.D.DOuIKIIOB), NapaieIeuIeaoB 1 T.a. B mo-
KJ1a/ie 00CyKIaeTcsi BOMPOC O MOKOOPINHATHOM OICHMBAHUU CBEPXY MHOXKCCTBA
D(x,T). Jlna sToro npejiaraercs UCIojb30BaTh pemenue {(t,rg) ypaBHEHUs
cpaBaenus £ = a(§) + v u peurenue 7)(t, xy) ypaBHeHus cpaBHeHus 1 = a(n) + w,
I7Ie KOMITOHEHTBI BEKTOpA ¥ OMPEAEIISAIOTCS 1Mo hopmyste v; = max,cy b;(u), a KoM-
MOHEHTBI BEKTOPA W OMPEACISIOTCS M0 GopMmyiie w; = min,ey b;(u). Hanoxum Ha
GyHKIHIO a(z) caeayolee yCI0BHEe KBA3MMOHOTOHHOTO POCTa BaeBCKOro: mycTh
x,) - HEKOTOPBIE MMPOU3BOJIbHBIE BEKTOPHI W3 R M I HUX TpH BCex j = 1, ..., n
BBIITOJIHSIOTCSL HEPABEHCTBA X < ¥, , @ IIPH HEKOTOPOM ¢ = 1, ..., n BBIIOJIHACTCS
PaBEHCTBO x; = ¥;, TOTAa UMEET MECTO HepaBeHCTBO a; () < a;(y). B pabdore oboc-
HOBBIBACTCSI, YTO MPH CIICIAHHBIX MPEIIOIOKCHUIX sl BEKTOpOB z u3 D(xy,T)
HUMEIOT MECTO ClIe/yrole nokoopaunatHeie oteHku : 1;(1, xo) < z; < &(T, xp),
i = 1,...,n. OTMeTUM, YTO JJIsl MPAKTUIECKOrO BhrumcieHus: BekTopos 7)(1, x),
&(T, x() U3BECTHBI HAJIS)KHBIC YUCIICHHBIC METO/IbI, CBI3aHHBIC C NPUOIMKCHHBIMH
BBIYHCIICHUSIMU PelIeHui 3amaun Komu 1j1st cucTeM OOBIKHOBEHHBIX TU((eEpPEHITH-
aJIbHBIX YPABHEHUM.

B paborte paccMaTpuBarOTCst HHTEPECHBIE PUMEPHI TPUMEHEHHSI TIOTyYEHHBIX
pEe3yJIBTaToB.

CIINCOK JIUTEPATYPBHI
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O PA3LENAIOWMUX PABHOBECUAX B KOHKYPEHTHbIX
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Jlannas paboTa MOCBAIIEHA UCCIEAOBAHUIO MOJIENI TPEXITAIMHON CUTHAIBHOM
urpel AByx Jjull. CyIlIeCTBYIOT MPUMEpPbI TAKUX MOJIENIE B 3KOHOMHKE [1,2] u
MOBeICHUECKOM Oumosoruu |3, 4].

B pabore paccmarpuBaeTcs JUHaMHUYECKas UIpa B pa3BepHYTOH Qopme, MJis
KOTOPOM OCHOBHOM 3Tall B3aUMOJEHUCTBUS OMHUCHIBAETCS MOJIETbIO «SCTpeObl U ro-
ayOu» [5]. Benercsa mouck OoNTUMAJIbHBIX YUCTBIX CTPATETUd, COOTBETCTBYIOLINX
II0CJIEIOBATEIILHOMY PAaBHOBECHIO OIPENEIICHHOIO BU/IA, 4 UMEHHO Pa3IeIIIOLEMy
paBHOBecHIO. I pa3iesnsromero paBHOBECHUS MTOJIyYEHbI OTPAHUYECHMS Ha IIPEICTAB-
JICHHS] UTPOKOB, a TAK)KE B3AMMOCBSI3U MPEACTABICHUNA U XOIOB Ha TPETHEM JTall€.
Janee copMynupoBaHbl YCIOBHS, IPU KOTOPBIX OyAeT MPOUCXOAUTDH YIIOPSI0YNBa-
HUE XOJIOB Ha TpeTheM 3Tare. B utore ObLIM MOITYUYEHBI YCIOBUS CYLIECTBOBAHUS
Pa3gEISAIOIIEr0 PaBHOBECHUS ISl BCEX BO3MOXHBIX COOTHOLICHUW MEXIY IOJIE3-
HOCTBIO O0BEKTAa KOHKYPEHLIUH, JTOJIU CUIIbHBIX UTPOKOB M 3aTpaTaMu Ha Iojaaqy
CUTHaJa, U I0Ka3aHo, YTO paBHOBeCHE OyleT CHUIIBbHBIM MOCIIEI0BATEIbHBIM PABHO-
BECHUEM.
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OBHAPY)XEHUE YTEYEK YYBCTBUTEJIbHbIX AAHHbIX B
UCMNMOJIHAEMOM KOZE
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Manyumiun JIMutpuii BajsepbeBuu

Kadenpa cucremHoro nporpammupoBanus, e-mail: vartan@ispras.ru, icee@ispras.ru,
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B cBs3u ¢ pocrom cioxuoct [10, npobneMa aBromaTu3anuu OOHAPYKEHUS
yTEUeK YyBCTBUTEIBbHBIX JAHHBIX B X0/I€ paOOThI IPOrpaMM CTAaHOBUTCA BCE Ooree
aKkTyajabHON. UyBCTBUTENBHBIE TAaHHBIE MOTYT COJIEPXKAaTh Mapoju, KIOUYH MU(po-
BaHUS U JIPYTYIO KOHPUIASHIHAIBLHYI0 HHPOopMaIuio. PacKkpeITHe TaKUX TaHHBIX
MOKET MPUBOJUTH K HAPYIICHUIO OE30ITaCHOCTH CUCTEMBI.

B pamkax maHHON paboThl MpenaraeTcs cieayromias MocTaHOBKa 3a7a4yu oOHa-
pyxxeHust yreuek. C aHaIU3UPyeMOW TPOrpaMMbl CHUMAIOTCSI TPACCHI BBINIOJHEHHS.
HNudopmaniys 06 UICTOUHHUKAX YYBCTBUTEIBHBIX JAHHBIX 33JJaETCS B BUJIE€ MHOXKECTBA
nap <mar Tpaccel, y4aCTOK MaMsITH>, O3HAYAIOIINX, YTO HA JAHHOM IIIare Tpacchl
JAHHBIN YYaCTOK MaMsITU COIEPKUT UyBCTBUTEIbHbIE JaHHbIE. CTOKH 3aJaI0TCS B
BHJIE MHOKECTBA Map <IIar TPAacChl, y4aCTOK MAMSATHA>, O3HAYAIOIINX, YTO HA JAHHOM
11are Tpacchl COAEPKUMOE JAHHOTO YYacTKa MaMATH JIOCTYITHO 3JI0YMBIIUIEHHHUKY.
[Ton yTeukol 4yBCTBUTEIBbHBIX JAHHBIX OyJIeM MOHUMATh TaKyl CUTYaIlWIO, MPU
KOTOPOH 3JI0YMBIIUJIEHHHUK, IPOCIYIIMBAOIIAN CTOKH, MOKET BOCCTAHOBUTDH YYB-
CTBUTEJIbHBIC JJaHHBIC. 3a/ladya COCTOUT B TOM, YTOOBI ONPEIEINUTh, COACPKUT TN
JJaHHAs TPAcCa YTEYKH YYBCTBUTEIbHBIX JAHHBIX.

NHcTpyMeHT, pa3paboTaHHbIN B Ka4yeCTBE MOAYJSL Cpellbl aHaIn3a OMHAPHOTO
koza [ 1], mo3BOJISIET CTPOUTH OMUCAHUSI TOTOKOB YYBCTBUTEIIBHBIX JAHHBIX B BUJIC
KOMITO3UIUH (DYHKIHH, TPUMEHEHHBIX K MCTOYHHUKAM YyBCTBUTEIBHBIX JAHHBIX.
OnucaHus BKJIIOUAIOT B ce0s YCIIOBHO 0OpaTuMble (DyHKIIMH, 3ajaBacMble aHAJIUTH-
KOM, U Apyrue (PyHKIMH, KOHCEPBATUBHO CUMUTAIOIIKECS 00paTuMbIMU. IHCTpyMeHT
MPOBOAUT PEAYKIIMIO OMKUCAHUI B COOTBETCTBHUM ¢ cucTemMon nmpasBui. Habop Takux
OINMCAHWM Ha CTOKAX IMO3BOJIAET MPOAHAIU3UPOBATh, KAKUE JAHHBIE MOT MOJYYUTh
3JIOYMBIIIJIEHHUK. AHAJIUTUK MOXET KCIOJIb30BaTh 3TH ONMUCAHUA, YTOObI B aBTOMa-
TU3UPOBAHHOM PEXUME, OCHOBBIBASICh HA MHPOpMAIIMK 00 00paTUMOCTH (PYHKIIHIA
U3 KOMIIO3UIMU, OOHAPYKUBATh YTEUKU UYBCTBUTEIbHBIX JAaHHBIX.

JlanpHEUIIIUM HaIpaBJICHUEM HCCIICIOBAaHUN MOXET OBITh pa3pab0oTKa HHCTPY-
MEHTAa aBTOMAaTUYE€CKOTO PACIO3HABAHUS YTEUYEK UYBCTBUTEIbHBIX JaHHBIX U pac-
IIMPEHUE CUCTEMBI MTPABWI PEAYKLIHUH ONMCAHUN TTOTOKOB.

CIIMCOK JINTEPATYPBI
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JIMHEUHO CATEN/IUTHbIE HEU3BECTHbLIE B 3AJAUYE
YACTUYHOMU YCTOUYUBOCTU NUHEUHDBIX ABTOHOMHDIX
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PaccmoTpum Kitaccrdeckyro TOCTAaHOBKY 3a/1a9M YCTOMYMBOCTH TI0 YacTH Iepe-
MEHHBIX (cM. [1]) 171 cucTeMbl OOBIKHOBEHHBIX AUDPEPEHIINAIBHBIX YPaBHCHUI:

y' = Ay, (D)
mey = y(t) = (y1(t),...,ym(t))?, A—xBagparnas marpuia pazmepa m X m
c anementamu u3 noia K. Jlanee Oyaem monararth, yto cucrtema (1) siBiusercs
asmoHoMHOl, T. €. Bce a1eMeHThl K sBisitorest koHctantamu: X = Const(K), rae
Const(K) ={ce K| d =0}.
B cucteme (1) mepeMeHHbIE, BXOASIINE B BEKTOP Yy, Pa30MBAIOTCS Ha JBE TPYIIIIHL:
1) nepemenHsi€ Y1, ..., Yr (1 < k < m), MO OTHOIIEHUIO K KOTOPBIM HCCIEAYET-
Csl YCTOMYUBOCTh TOJOKECHHUST PABHOBECHS (Heso3myusénnozo osudcernus) y = 0;
2) ocTaBIIUECS MEPEMEHHBIC Yj i1, - - -, Ym. O003HAUMM § = {y1, ..., Yk} — MHOXKE-
CTBO 6bl0eNIeHHbIX HEU3BECTHBIX, Vs = (Y1, ..., Yx) . HeBbleIeHHbIE HEM3BECTHBIE
Yk+1, - - - » Ym YACTO HA3BIBAIOT «HEKOHMPOIUPYEMbIMUY TIEPEMEHHBIMU; TIPU U3yde-
HHUH 331391 YaCTHYHOU YCTONYHMBOCTH MOBEACHNE STUX IMEPEMEHHBIX CUCTEMBI (1)
MCCIIE0BATENIS B IPUHIIMITE HE MHTEPECYET.
O6o3naunM y (t) = y(t;to, yo) pemenue cuctemsl (1), onpenenéHHOe HavYaIbHBbI-

1/2
Mu yerosusu yo = y(to; to, yo), [[y] = (X v2)">

Onpenenenue. Hesosmywénnoe osuxcenue y = 0 cucmemsi (1) Hazvieaemcs:

— YCTOWYWBBIM IO OTHOUIEHUIO K BBIJCIICHHBIM HEU3BECTHBIM (KPAmKo Y s-yc-
TOHYUBBIM), eciu 05 0obix uucen € > 0, tg > 0 naiioémes uucno §(g,ty) > 0
maxoe, umo u3 ||yo|| < 0 cnedyem ||ys(t;to,yo0)|| < € npu ecex t > to;

— ACHMIITOTHYECKHU Y -yCTOMUUBBIM, €C/iU OHO Y 4-YCHOUYUBO U, KDOME MO20, OJis
kadicooeo ty = 0 cywecmeyem uucno A(ty) > 0 makoe, umo pewenue y(t;ty,yo)
¢ ||lyoll < A yoosnemesopsiem ycrosuio tlim lys(t; to, yo)|| = 0.
— 00

Panee (cm. [2]) Oblna mpeniokeHa KOHIECIIUS JIUHEUHO CAMeNIUmHbIX HEeu3-
BECTHBIX B JJMHCHHBIX JU(PPEpEHIINATBHBIX CUCTEMaX: HEBBIJICIICHHAS HCM3BECTHAS
y; cucteMbl (1) Ha3bIBaeTCs NTMHEHHO CATEITIMTHOM I MHOJKECTBA BBIACICHHBIX
HEeU3BECTHBIX § = {Y1,...,Yr}, €CIH j-s1 KOMIIOHEHTa Jr06oro perrerus (1) mo-
KeT OBITh MpECTaBIIeHA B BUJIC KOHCYHOUW JIMHEHHOW KOMOWHAIIMK BBIICIICHHBIX
KOMITOHEHT 3TOr0 PEIICHUS U MX MPOU3BOAHBIX ¢ Koddduurentamu u3 K. Tam e
OB TIPEIJIOKEH CHMBOJIBHBIN aJITOPUTM PACTIO3HABAHMS JTUHEWHO CATEITUTHBIX
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HEM3BECTHBIX, & TAKXKE MPEJICTABICHA €r0 pean3alus B CUCTEME KOMITBIOTEPHON
anre6psl Maple.

YrBepxkaenue. [lycmo nesozmywénnoe osudcenue 'y = 0 cucmemst (1) ys-yc-
MOUYUBO (ACUMNMOMUYECKU Y s-YCINOUYUBO) U NYCMb HeBblOeleHHAs HeUu38eCmHas
y; & s Asnsiemca aunelino camennumuo o s. Toeoa nesosmywénnoe dgudicenue
y = 0 6yoem maxoice y () -VCMOUUUBO (ACUMNIMOMUYECKU Y 5 1(y,}-VCMOUYUBO).

CIIMCOK JIUTEPATYPEI

[1] BopotnukoB B.H., PymsiiieB B. B. YcToHUMBOCTh M ynpaBJIEHHE IO YaCTH
KOOpAuHAT (a30BOr0 BEKTOpa TUHAMUYCCKUX CUCTEM: TCOPHS, METOIbI U TPH-
noxenus. M.: Hayunsiit mup, 2001, 320 c.

[2] THaudépoB A. A. CUMBOJIBHBIN JITOPUTM PaclO3HABAHUS CATEIUIUTHBIX HEU3-
BECTHBIX B JIMHEUHBIX JU(]PepeHIInaIbHbIX CUCTEMAaX C BBIACICHHBIMU HEU3-

BecTHbIMU // Hayunast kondepenmus «JlomoHocoBckue urenus — 2017» Tte3uchl
nokianoB. —2017. — C. 122-122.

K BONPOCY MNOBbIWLWEHUA HAAEXXHOCTHU
PACMNPEAENEHHOW NNAT®OPMbI YNPABJIEHUA OANA
TPAHCMNOPTHbIX MPOrPAMMHO-KOH®UI'YPUPYEMbBIX

CETEH

IHamkoB Bacuiamiit HukosnaeBuu

Kadenpa aBroMaTn3anum crucTeM BBIYHCIUTEIBHBIX KOMIUIEKCOB, e-mail: pashkov@lvk.cs.msu. su

B pabote mpuBoauTCSA apXUTEKTypa U MPUHIUIBI OpraHU3aIMK PACIIPEIEICHHOM
matdopmel yipasieHus (PITY) ¢ BbICOKOM cTeNEHbI0 TOTOBHOCTHU ISl TPAHCIIOPT-
HBIX TTporpaMMHO-KoHurypupyembix cerei (ITIKC)[1,2]. Bricokast roToBHOCTH U
HajaexHocTh PITY TIKC mocturaercs 3a C4ET pe3epBUPOBAHUS KOHTPOJIJIEPOB, aK-
TUBHBIX YIPABISIOMIMX COCAUHEHUN MEXAY CETEBBIMH YCTPOMCTBAMHU M KOHTPOJLJIE-
pamu, pe3epBUPOBAHMS BEIYMCIUTENBHBIX PECYPCOB KOHTPOJUIEPOB U NMPOTPAMMHBIX
CpenCcTB 0OHapYKEHUSI YIpO3 U BOCCTAHOBJICHUS yrpaBieHus[3,4].

Jlns noseienus HaaexHoctu PITY pa3zpabotansl anroputM BeIOOpa OCHOBHOTO
Y PE3EPBHOIO KOHTPOJUIEPOB s Kaxkaoro kommyrtaropa [1IKC, no3Bonstommii MUHK-
MU3HUPOBATH BPpEMsI BOCCTAHOBIICHUS YIIPABIEHHUS CETHIO B CIIy4ae OIMHOYHBIX OTKa-
30B KOHTPOJUIEPOB, AJITOPUTM CUHXPOHU3ALMH COCTOSHUS KOHTPOJUIEPOB, aJITOPUTM
oOHapyXeHHUs 0TKa30B. /{151 mpenoTBpallleHus neperpy30K KOHTPOJIEPOB Mpeisia-
raercsi aJroputM OajJaHCUPOBKHM HArpy3kH, 0O€CleunBaIOIINNA TIepepacupeeieHue
YIIPABJIECHHUS KOMMYTaTOpamMu MexxAy KoHTpoiuiepamu PITY m MunMMusupyrommin
KOJIMYECTBO OIEpalMM Iepeayu yIpasieHuss kommyraropamu. [IpennoxeHnsie an-
ropuTMbl peanu3oBanbl 1 kKoHTposuiepa RUNOS. IIposenena sxkcnepumeHTanbHas
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OICHKAa BPEMCHHU BOCCTAHOBIJICHUS YIIPABJIICHUS CCTBIO ITOCJIC OJMHOYHBIX OTKA30B
KOHTPOJIJICPOB.

CIIMCOK JINTEPATYPEI

[1] Open Networking Foundation. Software-Defined Networking: The New Norm
for Networks // ONF White Paper, 2012.

[2] Cwmensanckuii P.JI. I[TporpamMmMuo koH(purypupyemsie ceTu. // OTKPBITbIE CUCTEMBI.
CVYB. 2012. Ne9. C. 15-26.

[3] Pashkov V., Shalimov A., Smeliansky R. Controller Failover for Enterprise
SDN. // MoNeTec 2014, 28-29 oxtsa6ps 2014, Moscow, Russia. Proceedings of
the Modern Networking Technologies, IEEE, pp. 27-32.

[4] [TamkxoB B. H. Pa3pa®oTka BbICOKOAOCTYNHOW MIaT(OPMBbI YIIpaBICHUS IJIs
IpOrpaMMHO-KOHGUTYpUpyeMbIx ceTelt / Matepuansl 19-0i1 MexayHapoIHON
KOH(MEPEHIIMU 110 BBIYUCIUTEILHON MEXaHUKE U COBPEMEHHBIM MPUKJIIAIHBIM
nporpammubiM cuctemam (BMCIIIIC’2015), 24-31 mas 2015 1, Anymira. —
3n-s0o MAU M, 2015. — C. 169-171.

3AJAYA NPEACKA3AHUA 3HAYEHUU CUYETYMKOB
NPABUN MAPLWIPYTU3ALUU B SDN

Ierpos UBan Cepreesnu’, Cmensinckuii Pycian JleonuaoBuy

! Kapenpa ACBK, e-mail: ipetrov@cs.msu.ru
2 Kaempa ACBK, e-mail: smel@cs.msu.ru

2

[Iporpammuo-koHpurypupyemsie cetd (SDN), Mo MHEHHMIO BEAYIIMX MPOU3-
BOJIUTEJICH CETEBOr0 00OPYIOBAHMUS, SIBJISIFOTCS OJTHUM W3 CaMbIX MEPCHEKTUBHBIX
HaIIPABJIEHUM CETEBOM MHAYCTPUHU HA JAHHBIM MOMEHT. Pa3BUTHE 3TOr0 HaIpaBJICHUA
MIPOM30LLIO BO MHOTOM Onarogaps pa3padotke npotokosia OpenFlow, sBistomerocs
HanOoJee YCIEIIHBIM M OOIIETPUHITHIM TPOTOKOJIOM B SDN.

SDN ceTu npeAaoCTaBIIsSIIOT BO3MOXKHOCTh aHAIM3UPOBATh TEKYIIEE COCTOSIHUE
CeTH MNpPU MOMOIIY CYETYHUKOB, YCTAHOBJIEHHBIX HA MpPABWIIAX MAPIIPYTU3AIUH.
CdeT4yuK KaJ0ro IpaBujia MapiipyTH3AIUN XPAaHUT HHOOPMAITUIO O KOJTUYECTBE
MaKeTOB, KOTOPhIE OBIITM 00pabOTaHbI TUM MPABUIIOM C MOMEHTA €r0 YCTAaHOBKH Ha
KOMMYTaTOp.

OpnHolt u3 mpoOIeM MOTYUYECHHSI CETEBOM CTATUCTUKH SBIISIETCS TO, YTO 3aIPOCHI
uH(pOpMAIMA CO CUETYMKOB MOTYT HETAaTHBHO BIHUATH HAa MPOU3BOIUTEIBHOCTH
cetu. [loaTOMy HEOOXOMM aAJTOPUTM, IMO3BOJISIONIMIN TPEICKA3bIBATh 3HAUYCHUS
CUETYHMKOB BCEX MPABUIJI MaPIIPYTHU3AIKUUA IO MUHUMATHFHOMY Ha0Opy cueTuyuKoB. Jliis
pa3paboOTKU Takoro aJiropuTMa Heodxonuma mozaesb SDN ceTH, KoTopasi ONKChIBAET
3HAQUEHUSI CUETUUKOB MPABUI MaPIIPyTU3AIUU.

B nacrosmeit pabore npenacraBieHa maremaTuueckas moaenb SDN cern, pa-
ooraromieit mo npotokoiy OpenFlow, onuckiBaroias 3HaueHUsI CYETYMKOB TTPABUII
MapIIpyTH3aliu Kak IMMOTOKOBYIO (PYHKIIMIO Ha rpade 3aBUCUMOCTEH mpaBui [1].
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IIpencraBpnenue cetu B BUAe rpada 3aBUCUMOCTEH MpaBUI MO3BOJISET OIMUCHI-
BaTh MPOM3BOJIbHBIE KOMOWHAIMH MTPaBUJI MapIIPyTH3aAIlMH, YCTAHOBICHHBIC B CETH.
Takum 06pa3oM, BOBMOXKHO ONMHMCAHNUE KaK CIIOKHBIX MEXaHH3MOB MapIIpyTH3AINH
(arperanus HOTOKOB M OajlaHCUPOBKA HArpy3KH), TaKk ¥ OIMIMOOK MapuIpyTU3AIUU
(KOHEYHBIE ITUKJIBI MApPIIPYTU3AIUN).

Jliist pazpaborannoi moaenu SDN ceTu oka3aHo MPaBUIIO MPOXOXKICHUS TTOTOKA
4yepes3 BEpIIMHBI Tpada 3aBUCUMOCTEH MPaBWI U MOKAa3aHO, KaK 3Ta MOJCIIb MOXKET
OBITH UCTIOJIb30BaHA IS Pa3pabOTKK ajdropuTMa Ipeacka3aHus 3HAYCHUN CUCTUMKOB
MPaBUJI MapUIPyTU3ALINH.

CIIMCOK JINTEPATYPEI

[1] Kazemian P. et al. Real time network policy checking using header space
analysis // Presented as part of the 10th USENIX Symposium on Networked
Systems Design and Implementation (NSDI 13). — 2013. — C. 99-111.

OB UHTEFTPUPYEMOCTU AUDDEPEHLIUANIbHbBIX
YPABHEHWHW NEPBOI0 NOPAAKA

erposa JIrvonmuia UBanoBHA

Kadenpa BeranciuTeapbHBIX METONOB, e-mail: ptr@cs.msu. su

N3yuyenue unrerpupyeMoctu nuddepeHunaibHbIX YpaBHEHUH, OMUCHIBAIOIINX
peanbHBIC TPOIECCHI, TTOKA3aI0, YTO 0€3 AOMOJIHUTEIBHBIX YCIOBUI MPOU3BOIHEIC
I QpepeHIanbHOTO ypaBHEHU He 00pa3yroT auddepenipan. 1o yka3blBaeT Ha
TO, UTO pemieHus auddepeHInaIbHOTO YPaBHEHUS HE SABISIIOTCS (QYyHKIUAMU, TO
€CTh 3aBUCAT HE TOJBKO OT MEPEMEHHBIX.

HccnenoBanue coriacoOBaHHOCTH MTPOU3BOAHBIX MO Pa3HBIM MEPEMEHHBIM I10-
Ka3ajao, YTO MpU OOpallleHHe B HYJIb TaKUX (PYHKIIMOHAJIBHBIX BBIPAKEHUM Kak
JNETePMHUHAHT, AKOOUaH U T.JI. MOTYT PEaJU30BaThCS YCIOBUS BBIPOXKIECHHOIO MIPE00-
pa3oBaHus, MPU KOTOPBIX MPOU3BOAHBIE MU HEPEHIINATHLHOTO YPaBHEHUS 00pa3yIOT
mupdepeniman. Takue yclI0BHUS ONMUCHIBAIOT UHTETPAJIbHBIE CTPYKTYPBI, HA KOTO-
PBIX PEIICHUsI CTAHOBATCS JAUCKPETHBIMH (yHKIUsAMU. [IprMepaMu Takux yCIOBHMA
SBIISIIOTCS] XapaKTEPUCTUUECKUE, KAHOHUYECKUE COOTHOLIEHUS U T.1I..

[Tonyuaercs, uro quddepeHuaIbHble ypaBHEHUS, €CJIM Ha HUX HE HAJIOKEHBI
JOTIOTHUTEIBHBIE YCIOBUS, UMEIOT JIBOMHBIC PEIICHUSI: PEIICHUs, KOTOPhIE HE SIB-
JSIOTCS QYHKIUSAMH (TO €CTh 3aBHUCSAT HE TOJBKO OT IMEPEMEHHBIX), U PEIICHHUS,
KOTOPBIE SBJISIFOTCSL TUCKPETHBIMU (YHKIUsAMU. [Ipu 3TOM perieHus nepBoro Tura
ompeIeTICHbl Ha UCXOAHOM IIPOCTPAHCTBE, a PEIICHUsI BTOPOTO THUIA OMpPEACIICHbI
Ha MHTETPAJIbHBIX CTPYKTypax. Takue pernieHuss He MOTYT OBITh MOJTY4YEHBI HEeTpe-
PBIBHBIM YHCJICHHBIM MOJACIMPOBAHUEM HIIA TOJIKO aHAJTUTUYECKUMU METO/IaMH.
Pemenus mepBoro Tura, MOCKOJIBKY OHU HE SIBIIOTCA (DYHKIMSMU, MOTYT OBITH
MOJTyY€HbI TOJBKO YHCIIEHHBIMU METOJIaMU. A PEIIeHUs BTOPOTO THUIIA MOTYT OBITH
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HalJIeHbl WM AaHAIMTUYECKUMHU METOAAMU WJIM YUCIEHHBIMH METOJIaMH, HO C I0-
MOIIBIO IPYTOi, HEAKBUBAJICHTHOW, CUCTEMBI OTCUETA, 3aJJaHHOW HA MHTETPAIbHBIX
CTPYKTYypax.

Ilepexon oT pemieHui epBOro TUMa K PELICHUsIM BTOPOTO THUIA, ONMHCHIBAET
pa3phIBbl IUCKPETHBIX (PYHKIIMHI WM UX TPOU3BOAHBIX [1].

Takue cBoiicTBa quddepeHInaIbHbIX YPAaBHEHUN MOTYT ObITh ITPOJIEMOHCTPH-
poBaHbl Ha mpuMepe nuddepeHInanbHbIX YPaBHEHUI B YaCTHBIX MPOU3BOAHBIX
NEPBOTO MOPSAKA.

CIIMCOK JIUTEPATYPEI

[1] Petrova L.I. Relationships between discontinuities of derivatives on
characteristics and trajectories // J. Computational Mathematics and Modeling.
2009. Vol. 20, Ne 4. Pp.367-372.

O CMELUWAHHOU 3AJ0AYE C HAKJIOHHOU NPOU3BOAHOU
ana YPABHEHUA TENbMIoJibLUA B NONYKPYTE

IHonocun AJiexceil AHaApeeBHY

Kadenpa ¢pyHkunoHasHOTO aHammM3a U €ro NpuMeHeHui, e-mail: alexei-polosin@mail.ru

B [1] u3zyueHo pacnoiokeHue CIeKTpa U JI0Ka3aHO OTCYTCTBHE CBOMCTBa Oa-
3UCHOCTH y CHUCTEMBI KOPHEBBIX (DYHKIMH 3aJaud ¢ HAKJIOHHOW MPOM3BOIHON C
MOCTOSTHHBIM YIJIOM HaKJIOHA JJIsi oneparopa Jlannaca. B [2] aToT pe3ynbrar pac-
IIPOCTPAHEH Ha Cydall IEPEMEHHOTO yIvla HAaKJIOHA Npou3BonHON. B [3-4] usyueHo
PaCIIOJIOKEHUE CIIEKTPA CMELIAHHBIX KPAaeBbIX 3a/1a4, B KOTOPBIX HA YaCTH T'PaHULIbI
3aJlaeTcsl YCIOBHE C HAKIOHHOM MpOoU3BOJAHON. B HacTosmel pabote paccMaTpuBa-
€TCsl CMELIaHHas KpaeBas 3ajada Uil ypaBHeHHs [enbpmromnbia B noirykpyre. Ha
JMaMETpe MOJyKpyra CTaBUTCS NIEPBOE KPAEBOE YCIOBHUE, a4 HA MOJIYOKPYKHOCTH —
YCIIOBHE C HAaKJIOHHOM mpom3BoaHOM. [loka3aHo, 9To 3a1a4a CBOAUTCS K OOpaIICHHIO
CUHTYJIIPHBIX MHTETPAJIbHBIX OMEPaTOPOB C MEPEMEHHBIMU KO3 (UIIMEHTaMH, OTBE-
YaIOIIKX 32 TOBEJACHUE PEIIeHHs BOIM3U YITIOBBIX TOUeK. Takke MoKa3aHo, 4TO ATH
orepaTopbl JOMyCKalT oOpaleHre B sBHOM Buje. ABrop npusHarenen E.W. Mouce-
€By 3a BHUMaHUe K pabore. PaboTa BhINONIHEHA MTPU YaCTUYHOM MOAJIEP’KKE TPAHTOB
Poccuiickoro ponma pynmamenTanbHbIX uccienoBanuii (mpoektsl Ne 17-01-00847a
u Ne 17-51-18042 Bosr-a).

CIIMCOK JINTEPATYPEI

[1] Uneun B.A., Moucees E.M. O6 orcyTcTBHM CBO#CTBA 0a3UCHOCTH Y CHCTEMBI
KOPHEBBIX (DyHKLHMI 3a7ja4M ¢ HAKJIIOHHOW npou3BoAHou // [uddepenunanbupie
ypaBHeHus, 1994, 1. 30, Ne 1, c. 128-143.

[2] THonocun A.A. O pacnonoxeHUH CIeKTpa U OTCYTCTBUU CBOWCTBA OA3HUCHOCTH Y
CUCTEMBI KOPHEBBIX (DYHKITUH 3a/1a4¥ ¢ HAKJIOHHOW MPOU3BOAHON C MEPEMEHHBIM
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yrioMm HakJioHa //[luddepennuanbasie ypaBaenus, 2011, T. 47, Ne 10, c. 1466-
1472.

[3] MouceeB E.N. O pacnionoXeHUu CIEKTpa KpaeBOW 3aJlayd CO CMEIIaHHBIMU
KpaeBeIMU ycioBusiMu //{uddepenumanbusie ypaBuenus, 1998, 1. 24, Ne 1,
c. 123-135.

[4] TTomocun A.A. O pacrojoXEeHUU CHEKTpPa CMEIIaHHOW KpaeBOM 3ajadu i
ypaBHeHus Jlamnaca B nonykpyre //Iuddepenunansupie ypasHenus, 20006, 1. 42,
Ne 5, c. 684-697.

METO4 MOHTE—KAPNO AN MOAENUPOBAHMUA
3HEPFETUYECKUX COCTOSAAHUNA KBAHTOBOW TOUYKMU

IHonoB Anexkcanap MuxaiisioBud, CemenoBa /lapbsi EBrenbeBna

Kadenpa aBromMaTn3anuy HaydHBIX HCCIIEAOBaHMM, e-mail: popov@cs.msu. su,

blackwolvessagalasthope@gmail.com

J1i1st MOienMpoBaHrsT MHOTOBJIEKTPOHHBIX MOJIEKYJISIPHBIX KBAHTOBBIX CHUCTEM
OJTHUM U3 MeToNoB siBisieTcsa Auddy3nonnsii Mmeton Moute—Kapno nambonee
MEPCIIENICKTUBHBIN JJI1 MHOTOYACTUYHOM KBAaHTOBOM 3amauu. [Ipemnoxen nrepanu-
OHHBIN AJITOPUTM BBIJICIICHUS CITydalHBIX OMyXKAaTee Ha OCHOBE MEeTO/1a OOpaTHBIX
utepanuii. B muddysnonnom metone Monte—Kapiio ucmonb3yeTcs pelneHue ypas-
Henus Illpenguarepa B MHUMOM BpeMeHU [l] M MCIONB30BAHUIO MHTETPATIOB IO
TpaekropusaM. Oynkius [pruHa conepkuT aBa omneparopa — cay4yailHOro Oy>KIaHHs
U oTOOpa IO IEUCTBUEM IMOTEHIMAa KBAHTOBOM TOYKH:

G(x,t\xg, - J\}l—rgo/ / 27Th7' ”

Viz;) — FE
X exp{ 2[27:”_( — xj 1)2—1—%] }dxlda:g...da:zv_l.
j=

["ayccoB onepaTtop ucCIonb3yercs s TeHEpalu COCTOSTHUM clydalHbIX Ony»Ka-
TeJien. BinsiHue nmoTeHunanon 3HEpruu U PENEePHOTO 3HAYCHUs SHEPTUU COCTOUT
B I€HEpaluy WTEPALMOHHOIO MPOLECcCa POXKIACHUSA-YHUUTOKEHUS Oy KaaTeleu.
CIIUCOK JINTEPATYPEI

[1] TlonmoB A. M. Beruncnurenbabsie HaHOTexHONoruu. M.: KHOPYC, 2014. 312 c.

MOJENUPOBAHUE TYPBYJIEHTHOCTHU MNNA3MbI NPU
NOTEPE MI']1 YCTOMYUBOCTH

ITonoB Anexkcanap Muxaiisiopu4, lllarupo Hukognaii JasaapoBuy

Kadenpa aBromMarn3anuy HaydHBIX HCCIIEAOBaHMH, e-mail: popov@cs.msu.su, nikolay050498Q@yandex.ru

Pa3zsutne MI'J] HEyCTOMYMBOCTH TEPMOSIACPHOM IIa3Mbl B YCTAHOBKAX TOKa-
MaK aHaJIU3UPYYTCs Ha OCHOBE PELICHMS HEJIMHEHWHBIX TPEXMEPHBIX ypaBHEHUU
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MarHUTHOW TUAPOAMHAMUKH [1].

5%/ — —p(V-V)V = VP + [V x B] x B] + 1V?V;
P~ [V % [V x B] - [V x (1[V x B])] + [V x B
%_];:_v.(pV)—(r—1)Pv-v+v,-(IWPHVL-(KNLPHQ

HeycroiiunBouTh mia3Msl IPUBOAUT K IEPE3AMBIKAHUIO CUJIOBBIX JUHUAW U pa3py-
IICHUIO YJIEP>KUBAIOLIMX MAarHUTHBIX MOBEpXHOCTEW. HeycTOMYMBOCTE ABIsETCA
AKECTKOM U BO30Y>KIaeTcs ¢ KOHEYHOM aMITUTyAbl. B padoTe npemioxeHo napai-
JenpHOe (K OCHOBHOW CHUCTEME) UHTEerpupoBaHue nuddepeHnuaniibix ypaBHEHUM
CUJIOBBIX JIMHUH, MO3BOJISIONIEE C OOJIBIION TOYHOCTHIO HAXOJUTh YPOBEHb BO3MY-
LICHUW NPUBOASAIIMX K Pa3spyLICHUIO OBEPXHOCTH. /{11 mapaMeTpoB yCTaHOBKHU
ITER monydeH KpUTHYECKUH TTOPOT BO3MYLIEHHM.

CIIMCOK JINTEPATYPEI

[1] Popov A.M., La Haye R.J.,, Liu Y.Q., Murakami M., Popova N.N.,
Turnbull A.D. Simulation of neoclassical tearing modes (NTMs) in the DIII-D
tokamak. Part I. NTM excitation // Phys. Plasmas. 2002. 9. P. 4205-4228.

OB O4HOM METOAE NMOHUXXEHUA PABMEPHOCTU ANA
OMUCAHUA ABYMEPHbIX BOJIH B TOHKOM KOJIbLE

Pasryaun Anekcanap BuranbeBn4, bynsunckuii Crtanuciaas CepreeBuyd

Kadenpa maremarnueckoit ¢pusuku, e-mail: razgulin@cs.msu.ru,
stanislav.budzinskiy@protonmail.ch

HenuneliHple ONTUYECKUE CHUCTEMBI C 3alla3fbIBAIOIIUM KOHTYPOM OOpaTHOMH
CBSI3M M TOHKOM KOJIBIIEBOM amepTypod OOBIYHO ONMHCHIBAIOT HAYaJIbHO-KPACBOU
3ama4yeit sl oOHomepHo2o ypaBHeHUs Tud@y3un Ha OKpykHOCTH [1]:

8tu +u = D/T283U + [feedback; 9 - [O, 277'), t > 0,

ulp=0 = Ulp=2r, Opt|p=0 = Dpt|p=2r, )
1€ lteodback = lteedback(U(t — T')). OTHOMEpHBIC MOJEIH XOPOIIIO M3yUeHBI; B YacT-
HOCTH I MOJEITH, YYUTHIBAIOWIEH AH(PaKIMIO CBOOOIHO PACIPOCTPAHSIOIIETOCS
CBETOBOTO 1y4a, Ifeedback(V) = | exp(izg/r203) exp(iv)|?, v = v(d), 2o > 0, KoH-
CTPYKTHBHO OIIMCAHBI YCIIOBUS BO30YKICHHUS YCTOMUMBBLIX OJHOMEPHBIX BpaIaio-
ITUXCS. U CTOSTYMX BOJIH [1] HAa ocHOBE MeTo/a HOpManbHBIX (opM [2].

371€ech Ke MCCIIENYETCsS BOSHUKHOBEHHE BOIIH B 08YMEPHOU MOJEIN
Ou+ u = DAu+ lteeqpack, p € (r,kr), 6 €0,2m), t>0,

U\e:o = u|9:2ﬂ'; 86”‘920 = 89”‘9:27” 8,0u‘p:r = apu‘p:m“ = 07

2)
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rae £ > 1 —mapaMeTp TOJIIMHBI KOJIbIA, KOTOPBIA MBI CUATaeM OJIU3KUM K €]IH-

HUIE, & [foedback OTYUAETCS €CTECTBEHHBIM TiepexonoM ot J; /% k A. Oneparop

Jlarmaca—HetlimaHa B Koblle UMEET IOTHYIO OPTOTOHAIBHYIO CUCTEMY COOCTBEH-
3 ind A2

HBIX (PyHKIHMH {¢n,s(p)€ }nEZ,SEN 1 COOCTBEHHBIE 3HAUCHHUS { ’Vn,s}- H3BecTHBIE

aCHUMITOTUKH [3] TOBOPSAT, YTO 7,0 — 1/7 U Yy o ~ const npu xk — 1.

DTO MOTHUBHUPYET HUCHOJIB30BaTh MapaMeTpbl U3 OgHOMEpHOM 3amauu (1) mis
MOJISTTUPOBAaHUs ABYMEPHBIX BOJIH B 3a7a4e (2). UucieHHbIe SKCIIEPUMEHTHI MOI-
TBEPXKJAIOT, YTO CBOMCTBO YCTOMYMBOCTHU «CPEAN OHOMEPHBIX BOJH» MEPEHOCUTCS
C OJHOMEPHOM 33J]a4M HA JBYMEPHYIO.

CIIMCOK JIUTEPATYPEI

[1] Budzinskiy S.S., Razgulin A. V. Rotating and standing waves in a diffractive
nonlinear optical system with delayed feedback under O(2) Hopf bifurcation //
Commun Nonlinear Sci Numer Simul. 2017. Vol. 49. P. 17-29.

[2] Faria T. Normal Forms for Semilinear Functional Differential Equations in
Banach Spaces and Applications. Part II // Discrete Contin Dyn Syst Ser A.
2000. Vol. 7, Iss. 1. P. 155-176.

[3] Cochran J. A. Remarks on the Zeros of Cross-Product Bessel Functions // J Soc
Indust Appl Math. 1964. Vol. 12, Iss. 3. P. 580-587.

MoOAENb «HANALEHUE-OBOPOHA» HA CETAX
2

Pemeros Banepuii IOpnesuu!, IlepeBoszunxos Anexcanap Iennaanesny?,
SInouxkun Urops Eprennesny’

! Kadenpa uccnenopanus onepanuii, e-mail: kadry@cs.msu. ru
2 HIIO PycBUTex, e-mail: pere501@yandex.ru
3 HITO PycBHTex, e-mail: i-yanochkin@yandex.ru

Pabota ocHoBana Ha pe3ynbrarax u3 [1-3]. B BOEHHBIX MOJIENSAX IMYHKTHI MH-
TEPIPETUPYIOTCA OOBIYHO KaK HAIpaBJiICHUS U XapaKTEPU3YIOT MPOCTPAHCTBEHHOE
pacnpeesieHre pecypcoB 3aMThI 10 IUpHUHE. OTHAKO pEATbHO UMEET MECTO TaKKE
MPOCTPAHCTBEHHOE pacIpeie]IeHUE PECypcoB 0OOPOHBI MO NIyOUHE, XapaKTepU3yIo-
IICICST KOJTMYECTBOM YPOBHEH pyOekel Ha JaHHOM HaIlpaBJICHUU.

[Ipennaraemast Mmozesb 0000IIAET KIACCUUECKYIO UTpy ''HamajieHue-ooopoHa”
1O.b. I'epmeiiepa [4] B yacTu yyeTa MHOTOPYOEKHOCTH 0OOPOHBI UMEIOIICH CETEBYIO
CTPYKTYpY M OCHOBaHa Ha pabore [1]. B omnmuuue ot mocnegnei, obopoHa Ha
Ka)KZIOM M3 BO3MOXHBIX HAIIPABJICHUI ABM)KCHUS MEXK/1y BEPIIMHAMU CETH, 3aJJaHHBIX
OPUEHTUPOBAHHBIMU peOpPaMu, MOKET UMETh HECKOJIBKO pyOeKel, YTO IPUBOJIUT
B OOIllEM cilyya€ K BBINTYKJIBIM MHUHUMAKCHBIM 3ajJladyaM, KOTOPbIE MOTYT OBITh
pEILICHbI METOJIOM CYOrpaJueHTHOrO CIycKa. B yacTHOCTH, IpeaioKeHHast MOJIENb
0000111aeT KJIaCCUYECKYI0 TPy "HamaieHne-000poHa" Ha MHOTOPYOEKHBIN ciaydai
0€e3 ynpoularoniero mpeanoiokKeHus: 0 ToM, 4To 3 (HEKTUBHOCTb CPENICTB 0OOOPOHBI
HE 3aBUCHUT OT pyOexa.
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N3 BBITTYKIOCTH MPEIIOKESHHOTO KPUTEPHUS CIICIYeT, YTO OINpEIeICHHAs Ha Ce-
TU UTpa JAOMYCKAET HUCCIEIOBAHUE MOJYUYCHHOMW WUIPbl B YMCTHIX U CMEIIAHHBIX
CTparerusx mo cxeme [2].

CIIUCOK JIUTEPATYPEI

[1] Hohzaki R., Tanaka V. The effects of players recognition about the acquisition
of his information by his opponent in an attrition game on a network// In
Abstract of 27th European conference on Operation Research (12-15 July 2015)
University of Strathclyde. — EURO2015.

[2] TlepeBo3uukoB A.l., Jlecuk M. A., SAnoukun U.E. MHoroypoBHeBoe 0000111e-
HUe MojenH ""HamajneHue-oo6opona'// Bectnuk Tepckoro YauBepcurera. Cep.:
[Ipuknagnas maremaruka. 2017. Ne 1. C. 39-51.

[3] PemeroB B.1O., ITlepeBo3uukoB A.I", Jlecuk M.A. Monenb npeo10JeHus] MHO-
TOYpPOBHEBOM CHCTEMBI 3alUThI HamaaeHueM// [Ipukimagnas MaremMarika U UH-
dbopmaruka: Tpynsl pakynsrera BMK MI'Y umenu M.U.JIomonocosa/ [Tox pen.
B.1. Imutpuesa. M.: MAKC Ilpecc, 2015. Ne 49. C. 80-96.

[4] T'epmeitep FO.b. Beenenune B Teoputo uccienoBanus onepanuii. M.: Hayxka, 1971.

UCCNEAOBAHUE 3ABUCUMOCTU MI1-YCTOMUYUBOCTH
OT BEJIMYMHBI INEKTPOMATHUTHOIO NONsA BHYTPU
3NEKTPONIU3EPA

CasenkoBa Hanexna IlerpoBHa, KanmbikoB Ausiekcein BagumoBuy,
Ynosuuenko Hensi CepreeBna

Kadenpa BerunciurenbHbIX MeTO0B, e-mail: nudovichenko@mail. ru

AJIFOMUHUI SBISETCS OJHUM K3 OCHOBHBIX KOHCTPYKIIMOHHBIX CILUIABOB MaTepu-
aJI0OB, KOTOPBIE HE ITOABEPIKEHBI KOPPO3UHU NIPU TOM K€ MEXAHUYECKON MPOYHOCTH,
YTO U CTaJlb, IPA 3TOM OHH KPaTHO Jierye crayid. HecMoTps Ha To, 4TO amOMHUHUS B
3eMHOU KOope ropasmo 00jbIle, 4eM Kejie3a, TOHHA YUCTOro amtoMuHus B 5-10 pas
JIOPOkKE TOHHBI CTAJIM. BhIMIaBKa aTfOMUHUS YPE3BBIYANHO SHEPIrOEMKHUH IIPOLIECC.
JIna monmydeHus TOHHbI anmtoMuHus pacxonyercs 13-14 MBT-u anekTposHepruu,
JI0J1s1 KOTOpO# B cebecTonMocTH MeTasuia coctasiseT 20-25%. [Toatomy Tak Benvka
poib uccnenoBanust MI/[-cTaOUIbHOCTH 37EKTPOIM3a, YTO TO3BOJISET HE JOIYCTUTh
MOTEPh BBIXOA AIFOMUHUS 110 TOKY.

B HacTosmem nokinaae NpuBoaATCS pe3yabTarhl uccienoBanus MIJI- crabuib-
HOCTH PEaJIbHOTO MPOMBIIIJIEHHOTO MHOTOAHOIHOTO 3JIEKTPOIU3epa, paboTaromiero
B Pa3JIMYHBIX TEXHOJIOTHYECKUX PEKUMAX, NIABHBIM OTIIMYMEM KOTOPBIX SIBIIAECTCA
BEJIMYMHA TOABAEMOI0 Ha JIEKTPOJIM3EP TOKA M, COOTBETCTBEHHO, PA3JIMYHOE pac-
npeaesieHne IEKTPOMArHUTHBIX TOJIel B paboueM MPOCTPAHCTBE AIIEKTPOIU3HON
BAaHHBI.
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Maremarudeckoe MOAEINPOBAHUE POBOIUIOCH B YCIOBHSIX, ONU3KUX K peallb-
HBIM, ¥ TIPY U3MEHSAIOLIEHCS BO BPEMEHH I€OMETPHUH BaHHBIL. [Ipy 3TOM y4uTBHIBaNIOCH
B3aMMO/ICIICTBHE OCHOBHBIX TUHAMHUYECKUX (PU3UKO-XUMHUYECKUX MPOILIECCOB, IPOTE-
KaIux B BaHHE. lIpencraBnenHas maremarndeckas MOJIEIb SBISAETCS TPEXMEPHOU
u Tpex¢aszHoii. BBenenue razoBoil (a3pl MO3BOJIAET pacCUYUTHIBATH MOMEHT Havalla
MI'JI-HecTaOuIbHOCTH, KOTOpasi pa3BUBACTCA B TEUEHUE HECKOJIbKUX ceKyH/. [lo-
ATOMY TAKOE MCCIIEIOBAHME SIBIISIETCS BECbMa AKTYAJIbHBIM, T.K. IIO3BOJISECT BOBPEMS
NPUHATDH MPAKTUUYECKUE MEPBI 10 JUKBUAAIMU MIJl-HecTaOUIbHOCTH, YTO IPUBOAUT
K M30€KaHUIO MOTEPh BBIXOAA AJTIOMHHMUS.

Beenenne B MmareMarnyecKkyro MOJEIb XMMUYECKOUM KMHETUKHU, KOTOpas OIU-
CBIBAa€T JBM)KCHUE OCHOBHBIX MOHOB B PACIUIABE, TO3BOJIAET ONPEAEIUTh CKOPOCTh
NEPBUYHOTO pacxoia KpHOJIUTA U CKOPOCTh 00pa30BaHUs MEPBUYHOIO METasuia U
ra3a BO BPEMEHH, HE CUMTAs 3TH BEJIUYUHBI TOCTOSHHBIMHU, KaK 3TO JIEJAJOCh paHee,
a Takke HaOMIoIaTh TUHAMUYECKOEe U3MEHEHUE 30HbI 0OPaTHOTO OKHUCIICHUS.

Pa3zpaboTanHblii aJIrTOpUTM pacuera u3MeHeHus! HopMbl paboyero NpoCTpaHCTBa
BAHHBI BO BPEMEHH, B OCHOBE KOTOPOTO HAXOIATCS PACIPEIEIICHUS] TEMIIEPaTyp
B 30HE PacCIUIaBa, II03BOJSET YBEJIUYUTD CTEIEHb aJICKBATHOCTU MAaTEMaTUY€CKOU
MOJIEJIM, YTO MOATBEPKIACTCS pe3yJbTaTaMu BEpUPUKAIIIH.

CIIMCOK JIUTEPATYPEHI

[1] Savenkova N.P., Kalmykov A. V. Stabilization of the Algorithm to Compute
the Magnetohydrodynamic Field Distribution in an Electrolysis Bath //
Computational Mathematics and Modeling. 2016. V. 27. Issue 1. P. 1-8.

[2] CasenkxoBa H.II., Ky3emun P.H., Aununos C.B., KanvbikoB A.B. CaBenko-
Ba H.II., Ky3smun P.H., AununioB C. B., KaameikoB A. B. MoaenupoBanue
BJIUSIHUS TMHAMUKHU W3MEHEHUS] BHYTPEHHETO MPOCTPAHCTBA BaHHbI AJIFIOMUHUE-

Boro anekrponausépa Ha MIJ[-npoueccel //Yenexu npuknagaon dusukn. 2016.
T.4, Ne 4. C.409-415.
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MATEMATUUYECKOE MOAE/NUPOBAHUE
NMPOU3BOACTBEHHbIX MOTOKOB B TEXHONOIMMYECKUX
NMPOLIECCAX C ®UKCUPOBAHHOMU PELIENTYPOW
NMPOU3BOJACTBA

CaBenkoBa Hanexna IlerpoBHa, Jlanonun BaaaguciaaB CepreeBn4, MoKuH
Annpeii IOpbesnu’, Aprembena JlrogMuia AHaTo/IbeBHA, [psKeHKOB
AHzpeii AJlekcaHIpoOBUY>

! Kadenpa BorducanTenbHbIX METONOB, e-mail: nsavenkova@cs.msu.su, lap@cs.msu.ru,
mknandrew@mail.ru
2 Kadenpa onTHMAaNBHOTO yIpaBiaeHus, e-mail: artemieva.luda@gmail.com, andrja@yandex.ru

B pabote paccmarpuBaeTcst MOZIEIb MEPEMELEHUS IPOAYKTOB MEXYy MPOU3BOI-
CTBEHHBIMH OOBEKTAMHU B paMKax OJIHOTO MPOMBIIIJIEHHOTo IpeanpusTis. Mozenb
MpencTaBisgeT cOO0M HaNpaBICHHBIN rpad ¢ BEpIIMHAMU, COOTBETCTBYIOIIMMHU IMPO-
U3BOJICTBEHHBIM 00BEKTaM, U pEOpaMu — MyTAMHU NepeMEUIeHUs TPOAYKTOB MEXKIY
obbekTamu. [Ipu 3TOM KaxxaomMy pedpy CTaBUTCA B COOTBETCTBHE YHUCIIO — KOJIHU-
YECTBO NMPOAYKTA, IIPOLIECALIEE [0 HEMY 3a ONPEACIEHHBIN ITEPUOJ, — HA3BIBAEMOE
nmoTokoM. OCHOBHOM paccMaTpyMBaEeMOM 3a/1a4eil SBJISIETCS ITOUCK TAKUX MOTOKOB,
yTOOBI OBUIM BBINOJIHEHBI YpaBHEHHUs OajlaHCa MPOJAYKTa B Ka)KOM BEpIIMHE, a
TaK)K€ JIByCTOPOHHUE OIPAaHUYEHUS HA KaXKJbII U3 MTOTOKOB. [[ONOIHUTENBHO, €CIIH
YIOBJIETBOPSAIOIINX TAKUM OTPAaHUYCHUSIM PEIIEHU HECKOJIBKO, TPEOyeTCsl HauTH
pelieHre, Hanbosee OJU3K0e M0 HEKOTOPHIM KOOPJIMHATaM K 3aJJaHHOMY BEKTOpY, a
TaK)X€ UMEIOIIEE KaK MOXKHO MEHBIIYIO HEBSA3KY OTHOCUTEIBHO CHEUATbHBIX JTUHEN-
HBIX COOTHOILIEHUM, — PELENTOB — 3alIMCAHHBIX B HEKOTOPBIX BeplInHaxX. OnucaHHast
3a/1a4ya MaTeMaTu4yecku popMynupyercst Kak 3ajada KBaJpaTUYHOTO IIPOrpaMMHUpo-
BaHUS:

|Bu —d||* = min, uveU={uclUy|Au=f}, Uy={ula<u<b}, (1)
I/Ic HEPABEHCTBA MOHMMAIOTCS MOKOOpAUHATHO. Jliist pemienus 3amnaun (1) MCIOIb30-
BaJICSl DKCTparpagueHTHbIi Meton [1]:

uy, = Pry, (ur, — BrLu(uk, i), w1 = Pry, (ugp — Bkng(ﬂlw k)
Ak = A+ L (un, Aw), Akt = Ak + FeLa (U, Ak),
rne L,(u,\) u Ly(u, \) — npousBoxubie ¢pyHkuun Jlarpamka
L(u, A) = || Bu — d|I* + (A, Au — ).

CIIVMCOK JIUTEPATYPEI

[1] Aatunua A. C. DKCTpanosaiMOHHbIE METO/Ibl BBIYUCICHUS CENJIOBON TOYKHU
dbyHkiuu Jlarpanka 1 ux NpUMEHEHHE K 3ajayaM ¢ OJ04YHO-cenapadebHON
cTpykTypoit // XKypH. Bbunci. MaTeMaTuku 1 Mar. pusuku. 1986. T.26, Ne 1.
C.150-151.
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CTOXACTUYECKOE MOJE/IUPOBAHMUE
NPOCTPAHCTBEHHO-BPEMEHHOW AUHAMMWKH
nMPOTUBOBUPYCHOIO UMMYHHOIO OTBETA B

NTUMOPATUYECKOM Y3JIE
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2

MareMarnudeckoe MOJICIMPOBAHUE UMMYHHBIX MPOIECCOB SIBISETCS CIOXKHOMU
3a7a4eil B CWIIy MPOCTPAHCTBEHHON HEOMHOPOAHOCTU JUMQPOHUIHBIX OPraHOB, B
KOTOPBIX MTPOUCXOAUT UMMYHHBIN OTBET. [l0ATOMY aKkTyaabHOM sBIIsIeTCS pa3paboTka
MOAXO0A0B U METOJ0B MOJICJIMPOBAHUS MPOIIECCOB, YUUTHIBAOIIUX UHIUBUIYaAIb-
HYIO JJMHAMUKY KJIETOK UMMYHHOW CUCTEMBI U UX B3aUMOICUCTBUS B TPEXMEPHOU
MPOCTPAHCTBEHHOU CTYKType JUMQPOUTHBIX OPTaHOB.

Cy111eCTBYIOT HECKOJIBKO MOAXOJ0B K YYETYy MPOCTPAHCTBEHHOW OpraHu3alluu
JUM(OUIHBIX OPraHOB: MHOTOKOMITAPTMEHTHBIE CUCTEMbI OOBIKHOBEHHBIX b de-
pPEHIIMANIBHBIX YPAaBHEHUM, BEPOITHOCTHBIE MOJIEIHN Ha O6a3e anroputMma [ mmiecnw,
areHTHBIE MOJICJIM Pa3HOM CTENEHHM JIeTaau3aluu npoieccos [1].

B Hacrosiieit Mmojienu paccMarpuBaeTcsl TMOpuaHas MOJEIb MUTPALIMK KJIETOK U
peakiuu-audQy3un BEMeCTB B OrPaHUICHHON 001acTH TUM(aTHIECKOTO y3Jl1a Ipu
Hanmnuuu BUY-undexuuu ¢ yuy€TomM mpoCcTpaHCTBEHHO-HEOAHOPOAHOM ceTu (huod-
POOIACTHBIX PETUKYIISIPHBIX KIETOK [2], HEMpOHUIIaeMbIX 1 AUDPYHIUPYIOMINUX
BelecTB. Mojienb Mo3BOISET MOACIUPOBATH MPOIIECCHl MUTPAIIMH, B3aUMOICUCTBUS,
nesieHnst, THQUITMPOBAHUS U THOEIN KJIETOK, a TaK)Ke MPOU3BOICTBO M MOTIIOIICHHE
UMU TaKuX BemecTs, Kak [ L-2, [ L-7, [ F'N-«, BupycHbie yactunibl (BY), a Takke
oenoxk G P120. Kpome Toro, Mo/iesib YYUTHIBAET BOBMOKHOCTD KJIETOK M3MEHSTh
dbopMy I IpOCAaYMBAHUS MEXK]TY MPEMATCTBUSIMH.

CIIVUCOK JIUTEPATYPEI

[1] Towards a Multiscale Model of Acute HIV Infection / A. Bouchnita,
G. Bocharov, A. Meyerhans, V. Volpert / Computation — 2017. — 5(1), 6.

[2] Data-driven modelling of the FRC network for studying the fluid flow in
the conduit system / R.S. Savinkov, A. A. Kislitsyn, D.J. Watson, et al. //
Engineering Applications of Artificial Intelligence. Tom 62, c. 341-349, 2016.
DOI: https://doi.org/10.1016/j.engappai.2016.10.007
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KNACCUYECKAA 3AAAYA PABHOCXOAUMOCTHU ANs
ONEPATOPA LUTYPMA—JINYBUNNA C CUHTYNIAPHDbIM
NMOTEHUHUANTOM

CanoBanuyasi Uuna BukropoBHa

MoCKOBCKHH TOCynapCTBEHHbIH yHUBepcuTeT, e-mail: ivsad@yandex.ru

PaccmarpuBaercs omneparop IlItypma—JInyBHiLISs Ha KOHEYHOM OTPE3KE C KOM-
IUICKCHO3HAYHBIM TIOTEHIIHAIOM M KpaeBbIMH yciaoBusiMu Jupuxie. M3ydaercs
BOIIPOC O PABHOCXOAMMOCTH CIIEKTPAJIBHBIX PA3JIOKEHUH BO3MYIIEHHOTO U HEBO3-
MYIIIEHHOTO OIEePaToOpOB. B 4acTHOCTH, CTABUTCS CIIEAYIONIMIA BOIPOC: KAKOMY
KJaccy (pyHKIMIA JOJDKEH TPHHAUIEKATh MOTEHIMA, YTOOBI UMeJla MECTO PaBHO-
MepHasi Ha BCEM OTPEe3Ke PaBHOCXOAUMOCTH [uisl F000it dyHkuu f knacca L]0, 7]?
ChopMyTMpOBaHbl HEKOTOPBIE JOCTATOYHBIE YCIIOBUS, 00ECIEYHBAIONINE TAKYIO
PaBHOCXOJUMOCTb.

Teopema 1. Ilycmoe Ly = —y" + q(x)y — onepamop [lImypma—JTuysunis, Oeii-
cmeyrowuil 6 npocmpancmee Ly|0, ], ¢ epanuunvimu ycrosusmu Jupuxie, 20e
q(z) = v/ (x), a komnnexcnosnaunas @ynkyus u € L, nepuoouuecku npooondxcen-
Has 3a ompesok [0, 7|, yooeremeopsiem ycnoguro:
x
. Cy
sup u(t)sinntdt| < —, Vn e N. (1)

o<z n
0

Toeoa ons nobou pynxyuu f uz npocmparncmea L1 |0, | umeem mecmo pasnomeprnas
)

PABHOCXOOUMOCL CNEKMPANbHBIX PA3LONCEHULL, COOMBEMCMBYIOUUX BO3MYUEHHOMY

U HEeBO3MYW eHHOM) ONepamopa.

CaencrBue. [lycmb 6 yciosusx meopemovl 1 Qynkyus u — npouzeonbHas us npo-
cmpancmea Lyo[0, ). Toeoa ons mobou ¢ynkyuu f € L1]0, 7] umeem mecmo
PABHOMEPHAS. PABHOCXOOUMOCHTD

| - 2
TflLl—I>rOlO (C,1) Z Cnyn(T) — \/;Cn,o sin(nx) = 0.

n=1 C[0,m]
30ech {y,} — cucmema xopnesvix gynxyuii onepamopa, ¢y, U ¢y, 9 — K03 puyuenmol
pasnodiceruti pyrkyuu f no 6UOPMOCOHANLHOU cucmeme U no cucmeme CUHyCco8
coomgemcmeenno. Cumeon (C, 1) neped 3naxom cymmvl 03Ha4aem CyMMUuposaHue
paoa memooom Yezapo cpednux apugpmemuueckux. Ymeeporcoenue coxpansemcs
npu 3ameHe Memooa CyMMUpo8anusi Ha memoo Abes.

Pa6ora BeinonHeHa npu noaaepxkke PODU (mpoekt Ne 16-01-00706).
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YUCNEHHOE PELWUEHUE 3AJAYXN OMTUMAJIBHOIO
YMNPABNEHUA C UHTEIPAJIbHbIM ®YHKLIUOHAJIOM
KAYECTBA

CamconoB Cepreii IlerpoBuu

Kadenpa ontumansHOro ynpasieHus, e-mail: samsonov@cs.msu. ru

Paborta mocBsIieHa pacCMOTPEHHUIO YHUCIICHHBIX METOJIOB PEIICHUS JIMHCHHBIX 3a-
J1a4 ONTUMAJILHOTO YIPABIICHUS C HHTETPAJIbHBIM (PYHKITMOHAIOM KadecTBa. Mcmoms-
30BaHUE JIMHEUHOCTH YNPABIIEMON CUCTEMBI MTO3BOJISET MOCTPOUTH 3P (PEKTUBHO
paboTaroliye YMCICHHBIC aJTOPUTMBI. Pa3paboTke YUCIICEHHBIX METOJOB IS JIMHEH-
HBIX 33J1a4 ONTUMAJILHOTO YIIPABIEHUS MOCBSIIEH LEbI psia padoT. CiaenyeT oqHako
3aMETHUTH,9TO B OOJIBIIUHCTBE OMyOIMKOBAaHHBIX paOOT UCCIEAYETCS TOIBKO CXOH-
MOCTb METOAOB Y 3a4a€TCs KAKOW-TO KPUTEPUN OCTAHOBKU BBIUMCIICHUN,KOTOPBIN
obecrieuynBaeT *“ OMM30CTh” BBIUUCISIEMBIX BEJIMUYUH UCKOMBIM, HO HE TapaHTHPY-
eT 3aJaHHOM TOYHOCTH. OOBIYHO UCTIOIB3YEMbIC YHMCIICHHBIC alTOPUTMBI TPEOYIOT
YUCJICHHOTO PEIICHUS HeKOTOPBIX 3a/Ja4 U3 Teopuu auddepeHImaibHbIX ypaBHE-
HUM, TUHEHHOM anreOphl U T.J1. OQHAKO BEIYUCIUTEIBHBIC MOTPEITHOCTH PEIICHUS
3THUX BCIIOMOTAaTEJIbHBIX 3a/1a4 MOTYT OKa3aThCsl BECbMa 3HAUYUTEIbHBIMU, ITO3TOMY
0O0JIBIION MHTEpPEC MPEACTABISIOT TAKWE YNCICHHBIC METOIBI, 111 KOTOPBIX YAAeTCs
MOJYYUTh OLEHKY TOYHOCTH BBIYMCICHUN C YYETOM BBIYMCIUTEIBHBIX MOrPEIIHO-
crer. JlaHHBIM NOKJIAJ KAaK Pa3 U MOCBSAIICH YHUCJIECHHBIM METOJAaM, PEMIAIONIUM
JWHEHHBIC 3a7a9¥ ONTHUMAJIBHOTO YIPABICHUS ¢ MHTETPATBHBIM (DYHKIIMOHAIOM
Ka4eCTBa € 3aJIaHHOW TOYHOCTBIO U C YYETOM BBIUYMCIUTEIbHBIX MOrpenHocTe [1].

CIIMCOK JINTEPATYPEI

[1] CamconoB C.II. UncneHHBIN METOA pelIeHUs JUHEHHBIX 3a7a4 ONTUMAJIbHOTO
yIpaBjeHUs C 3aJaHHON TOYHOCTHIO // IIpobiemMbl JUHAMUUYECKOTO YIPABICHHUS.
Brem. 4. 2009. C. 156-158.
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Hycts k > 2, B, ={0,1,...,k — 1}, R,gn) u Pk(n) 0003HAYaI0T COOTBETCTBEHHO
MHOYECTBA BCEX 7-MECTHBIX MPEAUKAaToB U QpyHKIWM Hax Ep, n > 0. OyHKIusa
fe Pk(m) COXpaHsET MpeIuKar g € R,in) (o6osnauenume: g € Inv(f)), ecam aus mpo-
M3BOJIBHBIX 1 HAOOPOB, OOpaIIaoIuX NpeauKar g B €IMHUILY, Ha0Op, B KOTOPOM
KaKIas - KOOpAUHATA MOJIydeHA NPUMEHeHHEeM (QYyHKIUM f K i-M KOOpAUHA-

TaM 3TUX HAOOPOB, ¢ = 1,...,n, TakKe oOpamaer npeaukar g B equauiry. B [1]
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paccMarpuBaIuCh MPEACTABICHUS MPEIUKAaTOB 0000IIEHHBIMU KOHBIOHKTUBHBIMU
HopMasbHbIMU opmamu (OKH®). B [2] npuMeHsIMCH MOHATHS COTIIACOBAHHOCTH
JUISl CUCTEM IpeauKaroB, B [1] onu anamoruuno onpeaeneHsl 11 OKH®. OyHkius
flxy, . Ty 1) € P,gmﬂ), m > 2, Ha3bIBaeTCs (PyHKIMENH TOYTH €ANHOTIIACHS,
ecma f(y,x,...,x) = f(z,y,2,...,2) = ... = f(z,...,z,y) = x. B [2] noka-
3aHO, 4TO eciu g € Inv(f), tne f € Pk(mﬂ) — (GYHKIUSA TIOYTH €IUHOITIACHS, TO
TaKoW MPEAUKAT MOXKET OBITh MPEJICTABICH Yepe3 CBOM BCEBO3MOXKHBIE MPOCKIIUU
He Oosee, yeM mo m nepeMeHHbIM. OTcrona cpa3y CIEQyeT, YTO OH IPEACTaBUM
OKH®, B xoTOpO# KaKAbIii COMHOXKHTEIb COJAEPIKHUT HEe 0oiee m MepeMEeHHbBIX. MBI
MOKa3bIBa€M, YTO OH MPEJCTaBUM IMOJHOCTHIO cortacoBanHoil OKH® ne 6onee, uem

C ™ IICPCMCHHBIMHA B KaK10OM COMHOKHTCIIC.

Teopema 1. Ecau npeduxam g € R,(fn) coxpamnsiem Hexomopas QyHKYus noumu

m+1
eOUHo21aACUsl f - Plg ), m 2 2, mo KOHBIOHKYUA 6CexX e2co npocmuvlx UMNIU-

yenm, cooepoicamyux He 6oiee M nepeMeHHbIX, A6IAEmcs NOTHOCbIO CO2NACOBAHHOU
OKH®, npeocmasnaoweti 5mom npeouxkam (.

[Ipeaukarel, KOTOPBIE COXpaHSIET HeKOTopass (QYHKIUS MOYTH €IUHOIIACHS, HA30-
BEM M-IOHKTUBHBIMU. B [2] 1OKa3aHO, 4TO BBIMOJIHUMOCTb CUCTEMbI OTHOIICHUH,
COXpaHSEMbIX HEKOTOpOW (hyHKITUEH MOUYTH €AUMHOTIACHS, MOXKHO IIPOBEPUTH TOJIH-
HOMHAJIBHBIM aJTOPUTMOM. MBI mpejiaraeM npeacTaBiIiaTh TaKUe NPEAUKAThl UX
npuBeaeHHbIME OKH® n moaydaem OBICTPBIA MTOJIWHOMHUABHBINA alTOPUTM JIJIS
COOTBETCTBYIOLIEH 3a]1a4H.

PaGota BrimonHena npu nogaepxxkke PODOU, rpant Ne 17-01-00782-a.
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(bU3UYECKUMH CBOMCTBAMHU, UX HYKHO COPTUPOBATh U KiIaCCU(DUIIUPOBATh. ABTOP
CTaBUJI LIETIBI0 UCTTPOOOBATH COBPEMEHHBIE apXUTEKTYPhl CBEPTOUHBIX HEHPOHHBIX
ceteii(CNN), 94TOOBI MOCTPOUTH ABTOMATHYECKHN Kiaccudukarop mMopdooruu
rajlakTUK ¥ MCCJIE0BaTh €r0 TOYHOCTh Ha JaHHBIX 0030pa Heba DECal.S-BASS-
MzLS.

Jl1s mepBUYHOTO TECTUPOBaHUS Mojienel ObuT BhiOpaH koHTecT Kaggle Galaxy
Zoo Challenge. Llenbto KOHKypca SIBISETCS aHAIU3 U300paKEHUM ralakTUK U T0-
HCK MOJICNIA, CTIOCOOHOM BOCIPOM3BECTH Kjaccu(uKaIiuio, COOpaHHY0 paHee OT
BOJIOHTEPOB.

B pamkax paGoThl moy4yeHbl pe3yibTaTbl TOUHOCTH MOP(OIOTHYECKON KIIaCcCH-
(ukanuu a5 OONBIIMHCTBA COBPEMEHHBIX IpeoOydeHHbIX (Imagenet) apxuTekTyp
B CPAaBHEHUHU C apXUTEKTypoi noodenutens konkypca Galaxy Zoo Challenge.

Maodel RMSE 100 epochs RMSE After 60 hours Parameters (millions) Depth
Kaggle Galaxy Zoo Winner 0.1193 0.08623 42,446309 8
VGG16 0,17032 017013 138,357544 23
VGEG19 0,1648 0.16328 143,66724 26
MobileMet 0,24735 024584 4, 253864 &8
DenseNet121 0.13641 0,13007 8,062504 121
xception 0,00021 0,08821 2291048 126
InceptionV3 0,09014 0,08547 23,8591784 169
ResNets0 0,1164 0,10554 25636712 168
DenseNet169 0,12378 0,11806 14,30788 169
DenseNet201 0.12075 0.11136 20,242984 201
NASNet 0,08899 0,08895 85,066051 260
InceptionReshetV2 0,08935 0,0805 55873736 572
Puc. 1: Pesynsrar RMSE 100 snox obyuenus, pe3yiasrar RMSE nocne 60 yacos

oOyueHus1, KOJIMYECTBO MapaMeTpoOB, NIyOUHA MOJEIH.

[To utoram TecToB OBLTO MOTYYEHO, YTO HAMIYYIINE PE3YNIbTAThl JAl0T apXUTEK-
Typbl Xception, InceptionV3, InceptionResNetV2, NASNet, nodbenurens Kaggle
Galaxy Zoo.

ABTOp BbIpaxkaeT O1aronapHocTh cepBrucy Microsoft Azure 3a npenocTaBieHHYIO
BBIUHCIUTENIbHYIO MOIIIHOCTh B pamMKax mporpaMmmbl «Azure for educationy.

O MACCOBOU MHOIronoTo4YyHou NEPEJAYE AAHHbIX

CrenanoB EBrenmii HaBJIOBI/I‘Il, Cvensinckuid Pyciian JleoHuaoBHY>

! Kagenpa aBTroMaTH3allii CHCTEM BBIYMCIUTENBHBIX KOMILIEKCOB, e-mail: estepanov@lvk.cs.msu.su
2 Kadepa aBTOMATH3aIMK CUCTEM BBIMUCIUTENBHBIX KOMIUIEKCOB, e-mail: smel@cs.msu. su

MHorue ncciaenoBareny J0Ka3aiu, YTO JEMYJIBTUINIEKCUPOBAHUE OTAEIBHOTO
IIOTOKA B HECKOJIBKO HE3ABUCHUMBIX MTOANIOTOKOB MOXKET YBEJIMYUTH €TI0 COBOKYITHYIO
ckopocTs [1]. JlelcTBUTENBHO, Nepeaaya MOANOTOKOB M0 Pa3IYHbIM MaplIpyTaM B
TOMOJIOTUM JIa€T MPEUMYIIECTBO, KOTOPOE JOBOJIBHO JIETKO MOHATh. YeM Oouibliie
MyTeW TOCTYMHO, TEM OOJIbIIE BO3MOXKHOCTEH Y MOTOKA OOOMTH Y3KHE MECTa B CETH,
TEM OOJIbIIE PECYPCOB OH MOXKET MCIIOJIb30BaTh M TEM JIy4Ile MPEJOCTaBUTh CEPBUC.
OnHako ocTaercs BOIPOC, COXPAHSIOTCS JIM 3TH MPEUMYLIECTBA IIPU MACCOBOM
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JIEMYJIBTUILUIEKCUPOBAHUH, KOTJ]a OHO MIPUMEHSETCA K KaXA0My MOTOKY B ceTH. Kak
TOJIBKO TIOTOKH HAaYMHAIOT O0aJIaHCUPOBATh IO TOJMOTOKAM CBOIO Harpy3Ky, UTOOBI
00OHTH MeperpyKeHHYI0 TOUKY B CETH, OHU CO3JAI0T MEPErpy3Ky B JAPYTUX MECTax.
Bonee Toro, 1eMynbTUIIIIEKCUPOBAHNE YCHIIMBACT KOHKYPEHITHIO MEXKIy MTOTOKAMH,
YTO CHIKAET d(PPEKTUBHOCTH PabOTHI UX AJITOPUTMOB YIIPABICHUS MEPETPY3KOM.
HeraruBHoe BIusSHUE NEMYJIBTUIICKCUPOBAHHUS MOXKET TMIEPEBECUTH IMPEUMYIICCTBA,
KOTOPBIC OHO MPEOCTABIISCT.

B 3101t pabote uccienyercs, Kakoi 1eHON JOCTUTACTCS MacCOBOE JIEMYJIBTUIIICK-
cupoBaHue NOTOKOB B ceTsax ISP. PaccmarpuBaeTcs HECKOIBKO CXeM MapIiipyTHh3a-
UM JeMYJIbTUIUICKCHPOBAHHBIX ITOTOKOB M TIpejiaraeTcs 3hGeKTUBHBINA CIIOCcO0
WX pealn3alfyu MPH MTOMOIIH MPOTrPaMMHO-KOH(UTYPUPYEMBIX ceTeil. [ kax-
JIOM CXEMBI MOJI CTATUYECKOW HATPY3KOM MOTOKOB MPOBOAUTCS OLIEHKA IMapaMeTPOB
MIPOU3BOJIUTEIIHHOCTH CETH B I[€JIOM, COOPaHHBIX C ITOMOIIBI0O MAaTeMaTHICCKOTO
MOJICTTUPOBAHUS B AMYJISIINU.

Pe3ynbrarhl 1oKa3aiy, 9TO B CETAX ¢ HEOOJIBIINM KOJMYECCTBOM Y3JIOB U HH3-
KO yTUIU3aIuen 1eMyIbTUIIIICKCUPOBAHHBIC COSAUHECHHSI UMEIOT TIPEUMYIIIECTBO
B 00IIIe# TPOITyCKHOM criocooHocTH Haa oObrdHBIMU TCP coenmuAeHnsMu, Koraa
MOATIOTOKH HAMPABJISIOTCSA 10 MaKCHUMaJIbHO HEIepeceKaromumMcs Mapiipyram. B
TO € BpeMs, MOKHO TOOMTHCS TAKOTO K€ pe3yibTara MpH MOMOIIY 0alaHCUPOBKH
OJTHOITIOTOYHBIX COSIMHECHHH 10 MapIIpyTaM HepaBHOUW crouMocTH. [ToaTomy mpe-
UMYIIECTBA JEMYJIBTUIIIIEKCHPOBAHUS CIIEyEeT NCKaTh B THOKOCTH pacipeaeicHus
IIOTOKOB B CETH M PEaKIIMU Ha TUHAMHUYCCKYIO Harpys3Ky.

Pabota BeinonHena npu nogaepxxkke POOU (mpoekt Ne 18-07-01255-A).

CIIMCOK JINTEPATYPEI

[1] A transport layer approach for improving end-to-end performance and robustness
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C.8-8.

BO3MYLWEHUE NOTEHUUANA B OBPATHOU 3ALAYE
LUTYPMA-JIMYBUNNA
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B teuenne nocieguux 70 JET pa3BUBAIOTCS METOJbI PEIICHUS 0OpaTHBIX 3a1a4
maremarnyeckor ¢usuku. OO6parHas 3agaqa [lItypma—JInyBunis Brepsbie ObL1a pac-
cMoTpeHa B padbore B.A. AmOapitymsna B 1923 1. [1]. OH qokazai, 4To OJUH CIIEKTP
omnpenenseT noreHuuan 3agaun Heiimana. Jliist ciyyas obmieit 3amaun Jupuxie—
Heiimana omHoro cnektpa HegoctarouHo U B 1949 r G. Borg [2] moka3ai, 4To
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1Ba OECKOHEUYHBIX CHEKTpa OJHO3HAYHO OMNpENEeNsAoT NoTeHual. B npakTuueckux
oOpaTHBIX 3a7a4ax CHEKTPOCKOIUU CIEKTPhl KOHEYHBI U COOCTBEHHBIC 3HAYCHUS
U3BECTHBI NpuOIMKEeHHO. To ecTh, oOpaTHas 3ajlaya pa3pelaercss HEOAHO3HAYHO
U, KaK CJIEJICTBHE, HEKOppPEKTHA. [[s pelieHust Takux 3ajad ¢ HETOUHBIMHU BXO/I-
HBIMH JaHHBIMU HEOOXOAMMO MPUMEHSATh METOMBI PETYIspU3aLn, pa3padOTaHHbIC
akagemMukoMm A.H. TuxoHoBbIM [3].

Yucnenuslit anroput™ odparHoit 3anaun [Itypma—JInyBUsis UCHONb3yeT anpu-
OpHYI0 MH(GOPMALMIO O MOTEHIMale — MPUHAIJICKHOCTh K (YHKIIMOHAIBHOMY
KJIacCy, CAMMETPUYHOCTb U Jp. Perynsipusanus no3BoysieT BIACIUTh MHOXXECTBO
BO3MOKHBIX MMOTEHLHAJIOB B YCIOBUAX HEMOJIHOM MHPOPMALIMU O CIIEKTPaIbHbIX
JAHHBIX.

Paznuunble rpaHuuHble ycnoBus (Kak Toro TpeOyeT Teopema bopra) MoryTt ObITh
HEBO3MOXHBI B CHITYy (DU3MUECKOM MMOCTAHOBKM 3aJjaud. AJBTE€pPHATUBHBIM MOAXO0M
MOYKHO CUHUTAaTh PacyeT CIEKTPOB C BO3MYILECHHBIM MMOTEHIIMAIOM, @ HE BBIUYUCIICHHUE
COOCTBEHHBIX YHMCEJ MPH Pa3HbIX TPAHUYHBIX yCIOBUsIX. Takum oOpa3oM, oOpaTHas
3agaua lltypma-JInyBmins Gopmynupyercs kak 3ajada BOCCTAHOBJICHHS TOTEHIUA-
Ja, COCTOSIILIETO U3 CYMMBI HEU3BECTHOTO M MOJEJIBHOTO ITOTEHIIHANa. B Toxe BpeMs
MCIOJIb30BaHUE MOJIEbHBIX TOTEHIIMATIOB U3 Pa3INYHbIX (PYHKIIMOHAIBHBIX KJIACCOB
OCTaBJISIET OTKPBITHIM BOIIPOC O €IMHCTBEHHOCTH.

[Ipennaraemplii YUCIEHHBIM METOJ] COCTOMT B MUHUMU3ALMH PETYISPUUPYIOILIE-
ro QyHKIIMOHAJa C UHTETPaJbHBIMU OrpaHuueHusiMU. CBenenue nuddepeHuanbHoMl
3a7a4d K MHTETPaJIbHbIM YPaBHEHUSAM IO3BOJISIET PACIIUPUTH (HYyHKIIMOHAJIbHBIN
KJIACC BOCCTAHABJIMBAEMBIX MOTEHLHMAIOB, BKJIIOUasl Pa3pbIBHbIE U HEOTPAHUYECH-
Hble. Ha kaXJIoM 11are MUHUMU3aLUU PETYIspU3aTOpa BBIUUCIISIIOTCS COOCTBEHHBIE
GyHKUIHUU.

[IpuBOAsATCA IPUMEPHI BOCCTAHOBJIEHUS PA3pPbIBHBIX U MIAJKUX IMOTEHIIHAJIOB C
UCIOJIb30BAaHMEM HECKOJIBKUX HAOOPOB 3allyMJICHHBIX cOOCTBEHHBIX uncel (30) ot
BO3MYUIEHHBIX NTOTEHIIMAJIOB.

CIINCOK JIUTEPATYPBI
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2

PaccmarpuBaercs cnenyromiasi yceu€éHHasi cucTeMa ypaBHeHUI Tuna CMOITyXOB-
CKOI'0 C pacliaJioM 4acTUIl HA MOHOMEPBI:

dn, N PR N |
= J—H1ZCM”¢+§ZZ i+ 7)Cijnin; +>\N1ZZCM7% (la)
i=1 =2 j=2 =2
% = _Zczk iTi N —i — (1+)\)nkZCk2nu k :27—N7 (lb)
i=1
rac n,' = 0, Cl'j = Cj,’ =
Jlannas pa®oTa mocBsieHa MOUCKY CTAallMOHAPHOTO perieHus: ypaBHenuit (1).
B [1] oy BeIUMCIIEHUs oneparopa B MPaBOM YaCTH MOJIYUYEH aJTOPUTM CI0KHOCTH
O(NRlog N), tne R—paunr C. B [2] Ha ero 0oCHOBE /Jisl TOMCKA CTAIlAOHAPHOTO
pelieHus ObLI UCIIOJIB30BaH METOA AHJEPCOHA.
B nmannoit paboTe mpeaaracTcsl UCTOJIb30BaTh JJIsl TOM Ke IE€IH MCII0Ib30BaTh
meron Herorona-Kpsutosa ¢ penmakcanuent. [{ns stou uenu

— HaliJIeH aJrOpUTM BBIYMCIIEHHS ITPOU3BEAECHUST MATPULLI SIKOOM Ha BEKTOp 3a
O(N Rlog N) oneparuii;
— npemiokeH >pPEKTUBHBIN peno0yCIOBIMBATEND Il MATPHULILI STKoOu;

— TMOKa3aHa BO3MOXXHOCTh AHAJTUTHUYECKON OIHOMEPHON MHUHHMHU3AIIUU HOPMBI
HEBSI3KHU ISl BbIOOpa KOA((ULIMEHTa pejaKcaluu.

PaGora Beimonnena npu nogaepxke PH® (mpoext Ne 14-11-00806).
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U3NYYEHUA B CPEAE C UHOAYLUPOBAHHOU
®OTOJIIOMUHECLEHLIUEN

Tpodumor Bsiueciias AnaronbeBud, Jivicak Tarbaina MuxaiioBHa,
CBUHIIOB AJiekcell AHApeeBUY

Kadenpa BeraucIuTeIBHBIX METONOB, e-mail: vatro@cs.msu. ru

Hacrosimass pabota mocBsilieHa aHAIMTHYECKOMY U YHCIEHHOMY HUCCJEI0Ba-
HUIO COJIMTOHHBIX PEKUMOB PACIpPOCTPAHEHUS Ja3€pPHOT0 U3IYyUYEHHUS B Cpele C
UHAYLUMPOBAaHHON (oTomoMuHucLeHnnen [1].

B ocHoBe mMaremMarmdeckoil MOJENH, OMUCHIBAIOMICH TpoIiiecc (HOTOTFOMUHKC-
LEHLUUU B pe3ybTare BO3AEHCTBHS JJA3€PHOTO U3JYyUYECHHS Ha aTOMBI CPEbI, JIEKUT
CUCTEMA JIBYX HEJIMHEWHBIX ypaBHeHUU lIpeauHrepa OTHOCUTEIBHO KOMIUIEKCHBIX
aMIUIUTYJ BO3/ICUCTBYIONIETO JIA3€PHOTO U3JIyYEeHUS U UHTYLIUPOBAHHOTO HU3JIy4YEHHUS.
WNHaynupoBaHHOE U3IIyYEHHE SIBISIETCS CIEICTBUEM MEPEXOJA NIEKTPOHOB BHELIHEM
000JI04KH aToMa Ha 0oJiee BBICOKHI YHEPreTUUECKUN YPOBEHb B pE3yJbTare BO3/EH-
CTBHUS JIA3€PHOTO U3JIYyUYEHUS U MOCIEAYIOUIEN UX pelakcaluy, COIPOBOXKIAEMON
UCITyCKaHUEM H3JIyYCHHsI Ha YaCTOTEe, OTIIMYHONW OT YaCTOTHI MaJJAIOIIEro Ja3epHOro
U3IIy4YEHHsI. YPAaBHEHUSI MOJIENM BBIBEJICHBI B pAMKaX KBa3UKJIACCUYECKOTO MOJXO0/a,
IPU KOTOPOM JJIEKTPOMAarHUTHOE U3JIy4EHHE OMUCHIBAETCS C ITOMOIIBIO YPABHEHUN
MakcBeiia, a COCTOSTHUE Cpeflbl — Ha OCHOBE (hopMasii3mMa MaTPHIlkl TUIOTHOCTH [2].
B npennonoxeHuu MEUIEHHO MEHSIOIIUXCS aMIUIUTY U CTallMOHAPHOCTH MaTpPULIbI
MJIOTHOCTU JAHHBIA TOJXO/ TIO3BOJISIET CBECTH YPaBHEHUSI MOJIENIU K CUCTEME JIBYyX
HeNMHENHbIX ypaBHeHul penunrepa [3].

JJisi HaXOXKIEHUS COJMTOHHBIX PEIICHUI paccMarpuBaeMoil Mojienu Obuia cop-
MYJMPOBAHA 33Jlaya Ha HaXOXKJICHHE COOCTBEHHBIX (DYHKIIMI U COOCTBEHHBIX 3HaYe-
Huil. B pe3ynbrare Obul OMy4eH Psijl YACTHBIX TOYHBIX AHAIMTHYECKUX pELICHUN
JAHHOM 3aJ1aud, OTBEYAIOIINX KaK CBETJIBIM, TaK U TEMHBIM COJUTOHAM. B yacTHOCTH,
MBI TIOJTYYUIIU (PUHUTHOE COJTUTOHHOE PEIICHUE - CBETJIbIN COJNIUTOH, 00IaaloImuii
HYJIEBBIM YHPIIOM (T.e. 00JIalatoIuil Heu3MEeHHOM BO BpeMeHH (a3oit). Kpome Toro,
HOJYyYEHbl AHATMTUUECKUE PEILICHUS ISl CEMENCTBA HEJIMHEWHO YUPITUPOBAHHBIX AJI-
JUNTUYECKUX COJMTOHOB, PACIPOCTPAHSIOIMUXCS HA "MIPEaUMITYIbCe" , U ceMencTBa
HEJIMHEHHO YMPIUPOBAHHBIX TEMHBIX COJUTOHOB.

[TonmyyeHHble aHATMTUYECKHE 3aBUCHUMOCTH OBUIM MOATBEP)KAECHBI B YMCIICH-
HOM 3KCIIEPUMEHTE, IPOBEJICHHOM Ha OCHOBE KOHCEPBAaTUBHOM Pa3HOCTHOU CXEMBI,
NOCTPOEHHOM JUIsl pacCCMaTpPUBAEMON MOJEIN C YUYETOM €€ UHBAPUAHTOB.

Pabota BrinonHena npu nogaep:xxkke PH® (mpoext Ne 14-21-00081).
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ABTOMATHUUYECKOE BbIAEJIEHUE CJIEHTOBbIX
BbIPAXXEHUU B CETU UHTEPHET O/ OBOrALLEHUA
CJIOBAPEU UMEHOBAHHbIX CYLHOCTEH

Typnakos [lenunc IOpbeBny, Apxunenko Koncrantun Baagumuposud

Kadenpa cucremnoro nporpammupoBanus, e-mail: turdakov@ispras.ru, arkhipenko@ispras.ru

Coo0611eHus mojap30Bareyield colanbHbIX Meana, Takux kak BKonrtakre, conep-
’KaT CJIEHT. DTO MPUBOAUT K MpoOJieMe BBIJCICHUS B COOOIIEHUSX YIIOMUHAHUN
00BEKTOB MHTEpECa, SBJISIONINXCS CICHTOBBIMH BBIPAKEHUSIMU, U, CIEI0BATEIbHO, K
3arpynHeHuto ananu3a Takux CMMU B nienom. OCHOBHBIM BUOM YIIOMUHAHUN 00b-
€KTOB (IIEPCOH, OPTaHU3ALMI U TIP.) ABJISIIOTCS UMEHOBAHHBIE CYIIHOCTH; MPU STOM
OJTHOMY OOBEKTY MOXKET COOTBETCTBOBATh HECKOJBKO TAKUX CYIIHOCTEH. DTH COOT-
BETCTBUS OTpa)aeT, Harpumep, 0a3a Bukunanueie (wikidata . org), conepxamas
Ha0Op OOBEKTOB U CIOBApPU UMEHOBAHHBIX CYIIHOCTEH JJIsl KaXJA0ro OOBEKTA.

Mp1 pazpaboTayiv alroOpuTMbl aBTOMAaTUYECKOTO MOMCKA CICHTOBBIX BhIPAXKCHUM
B COILIMAJIBHBIX MEua C JajdbHEUIINM 00OTaIllleHHnEeM UMHU CIOBapel MMEHOBaHHBIX
cymHocTel BukujaanHbiX. AJIrOpUTMbl OCHOBAaHbl HA aKTUBHOM OOYUYE€HHUH JIOTUCTH-
YECKOM perpeccuu u TIyOOKuX HEeHpoHHBIX ceTel [1]. PazpaboTanbl METOIBI Kak
BbIJIEJICHUS] IMEHOBAHHBIX CYLIHOCTEH B TEKCTaX, TAK U COMOCTABIEHUS CYIIHOCTEN
¢ o0bekTaMu BUKHIaHHBIX, UCTIOIB3YIOIINE 00OTaIlICHHBIE CIOBAPH.

OTM4usIMH OT CYIIECTBYIOIIUX Pa0OT SIBIISIIOTCS: MOAAEPKKA PYCCKOTO SI3bIKa;
y4eT cenu@uKu cieHra (Mophoaoruyeckoi OIU30CTH U COBMECTHOM BCTpEYaeMo-
CTH C COOTBETCTBYIOIIMMHU JIUTEPATYPHBIMU BBIPAKEHUSIMU) TIPU TIOMOIIM MOjieen
BEKTOPHOI'O MPECTABICHUS CIOB [2]; MCMOIb30BaHUE MH(POPMALUH O TEMAaTUKE
COOOIIECTBA U aBTOPA, KOTOPHIM MPUHAJICKHUT TEKCT, MOJIy4aeMOil Ha OCHOBE 00Y-
YEHHBIX TEMaTUYECKUX MOJICJIEN C alINTUBHOM perynsipuzauuen [3].

B pabote nponeMoHCTpUPOBAHO YIIYUIIEHUE TOYHOCTH U TOJHOTHI BBIICICHUS
MMEHOBAHHBIX CYLIHOCTEHN U COMOCTABICHUS UX C OObEKTaMU B CPAaBHEHUU C CYIIIE-
CTBYIOIIMMU MOJXOIAMHU HA T€CTOBBIX JTAHHBIX C PYYHOU DKCHEPTHOM Pa3METKOU.
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CTABUIIU3ALIUA NEPEKNIOYAEMOUWU JIMHEUHOW
CUCTEMbI C 3ANA34bIBAHUEM B YMNPABNEHUU

®ypco Auapeii Cepadpumonuy', I'yceBa Buxktopusi Cepreesna’

! Kadenpa HenuHeiHBIX THHAMUYECKHX CHCTEM H TIPOLIECCOB YIpaBieHus, e-mail: fursov@cs.msu. ru
2 Kadenpa HeTMHEHHEIX TMHAMHUECKAX CHCTEM M MPOIECCOB YIpaBleHns, e-mail: vica.r@list.ru

PaccmarpuBaeTcs HenpepbIBHAS CKaJsIpHAs MEPEKIIoYaeMasi JINHENHas CUcTemMa
C IOCTOSIHHBIM 3ala3/bIBAaHUEM B YIIPABICHUN

{ ©(t) = Agx(t) + byu(t — 6),
y(t) = cox(t),
rie S; — MHOXKECTBO TEPEKIFOYAIOIINX CHTHAJIOB 0.

3ambikas cucteMy (1) OUCKPETHBIM pETyJATOPOM, IMOIYyYaeM 3aMKHYTYIO
HEINPEPBIBHO-AUCKPETHYIO CUCTEMY

{ i(t) = Apx(t) + byw(t),
v[(l+ 1)T) = QuIT) + qcoz[IT], o(t) € S-.

3aMbIKasi TUCKPETHYIO MOJIENIb HEMPEPBIBHON CHCTEMBI TUCKPETHBIM PETYIIATOPOM,
IIOJIy4YUM:

o €S, (1)

(2)

{ v [(L+ 1)T] = (A + bheg)*[IT] + b" Hu[IT], (3)

o[(l + )T = qcia*[IT) + QuiT], o € [S]r 1.

Teopema 1. Henpepuigro-ouckpemnas cucmema (2) Sy p-ycmouuuea mo2oa u monib-
K0 mozoa, koeoa S|, p-ycmouiuusa nepexmovaemas ouckpemuas cucmema (3).

Teopema 1 mo3BosisieT cBeCTH 3aady MOCTPOCHHS U(GPOBOTO CTAOMIN3aTOpa
JUIS HEIPEPBIBHOM MepekouaeMoi cuctemsl (1) K 3agade moCTpOeHUsl TUCKPETHO-
rO PeryjsiTopa, CTaOMIN3UPYIOUIErO TUCKPETHYIO MEePeKIoYaeMyto cuctemy. Jliis
pEUICHUS YKA3aHHOMW 3a]1a4M MPEIOKEHO HUCIIOIb30BATh METOABI OJITHOBPEMEHHOU
CTaO0MIN3aIInH.

CIINCOK JIUTEPATVYPHI
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ONTUMANDBbHLIE CTPATETMU AHTUPAKOBOU TEPAMWU B
YNPABNAEMbIX MOAENAX KOHKYPEHLMUU
JIOTKU—BOJIbTEPPbI

XaiisioB EBrennii Hukonaesnu', Knnvenkosa Anna JImatpuesHaZ,
KopooeiinukoB Anapeii’

! Kaenpa ontumanpHOro ynpapienus, e-mail: khailov@cs.msu. su
2 Kadempa onTuMaIpHOTO ympapieHus, e-mail: klimenkovaad@mail.ru
3 IlenTp Marematnueckux Mccnenosannii, bapcenona, Micnanms, e-mail: akorobeinikov@crm.cat

B noknane, st onrcanusi B3aMMOJCUCTBUSI KOHIICHTPAIUKA 3J0POBBIX U PaKO-
BBIX KJIETOK MCIIOJIb3YETCs yIpaBIisieMas MareMaTudecKass MOJIENb KOHKYPEHIIUU
Jlorku-Bonwsreppsl. Takas MOAENb COAECPKUT CKAIAPHOE OTPAHUUYECHHOE YIIPABIICHUE,
KOTOPO€ 3a1a€T KOHLEHTPALMIO JIEKAPCTBEHHOIO Ipenapara Wil UHTEHCUBHOCTD
paavoTepanu Ipy JEYEHUH, HAITPABJICHHOM Ha HEMOCPEICTBEHHOE YHUUTOKECHUE
PAKOBBIX KJIETOK. /[ Takou ynpaBisieMOW MOJEIIM PaCCMaTpUBAETCS 3a1a4a MUHU-
MH3AIUA TEPMHUHAIBLHOTO (DYHKIIMOHAJIA, MPEICTABISIONIEr0 cO00M B3BEIICHHYIO
Pa3HOCTh KOHIICHTPAIMK PAKOBBIX U 3J0POBBIX KJIETOK B KOHEYHBI MOMEHT NIEPUOJIA
nedenus. [ aHanru3a ONTUMAJIBHOTO PENICHUS 3TOM 3a7a4u, KOTOPO€ COCTOUT M3
ONITUMAJIbHOTO yIPABJICHUS] M OTBEYAIOIIMX €My ONTHUMAJIbHBIX perieHuit nudde-
PEHUMAIIBHBIX YPABHEHUH, 3aIA0IIAX PACCMAaTPUBAEMYIO MOJEIb, UCTIOIb3YETCS
npuHIun Makcumyma [lonTpsiruna. C moMOIIBI0 HETO BBINTMCHIBAIOTCS COOTBETCTBY-
IOILIAsl COMPSKEHHAS CUCTEMA M YCIIOBHE MAKCUMYMA JIJI ONTUMAJIBHOTO YIIPABIICHMUS.
[Tocne yero, n3y4aroTcsi CBOMCTBA CONMPSIKEHHBIX MEPEMEHHBIX. DTH CBOMCTBA BbIJIE-
JISIFOT 3HAYEHUSI MApaAMETPOB PaCCMaTpuBaeMON MOJIENN, TPU KOTOPBHIX OTBEYAIOIIEE
MM OINITUMAJIbHOE YIIPaBJICHUE SBIISIETCS KYCOUHO-TIOCTOSSHHON (PyHKITHEH ¢ He Ooree
YeM OJHUM NEPEKIIIOUCHUEM. Takke, HaXOAATCS 3HAUCHUS TApaMETPOB MOJEIH, MIPU
KOTOPBIX COOTBETCTBYIOIIEE ONTUMAJIBLHOE YIIPABICHHUE SIBISCTCS JIMOO peseitHon
(GyHKIMEH ¢ KOHEYHBIM YHCIIOM MEPEKIIOYEHUH, JTM00 MOMUMO YYacTKOB PEJIeHOro
BUJa (HEOCOOBIX YUACTKOB) OHO COACPIKHUT €IIe M TaK Ha3bIBaeMbIil 0COOBIM YJaCTOK.
[Ipr BOBHUKHOBEHHUH 0COOOTO ydacTKa 0OCYKIAIOTCSI TAKWE BOMPOCHI, KaK BBITIOJ-
HEHHUE JJISI HETO COOTBETCTBYIOIIETO HEOOXOIUMOTO YCIOBHSI ONTUMAILHOCTH, BU/T
0c000r0 MHOXKECTBA, & TAKXKE CIIOCOOBI COSAMHEHHUS 0COO0T0 M HE0COOOTO YIaCTKOB.
Jlanee BO3MOXKHO TOJIBKO YMCJIEHHOE MCCIEIOBAHUE OINTUMAJIBHOTO YIIPABJICHUS.
[ToaToMy, B mOKJIae MPUBOIATCS PE3YJIBTATHI YUCICHHBIX PACUETOB, BBITIOTHEHHBIX
B cpene “BOCOP-2.0.5”. Ha ux ocHOBE AenaroTcs BbIBOJbI OTHOCUTEIBHO BO3MOX-
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HOT'O BHJA ONTUMAJIbHOIO YIPABIEHUS U COOTBETCTBYIOIIUX ONTHUMAJIbHBIX PEIICHHI
B paccMaTpUBaeMOM 3aJja4€ MUHUMU3AIIUY.

UCNONb30BAHUE MAPKOBCKOIO AHAJIU3A ANA
OLUEHKHUA OTKA3OBE3OIACHOCTH
NMPOrPAMMHO-AIMAPTHbBIX KOMIJIEKCOB

2

Xopomuios Anexceii Biagumuposuu', 3esnenos Cepreii Bagnmosny?,
KapHoB Ajexceii AjeKCaHApoBUY®

! Kacdenpa cucTeMHOTO porpaMMHUpoBaHus, e-mail: khoroshilov@ispras.ru
2 MuctutyT cucteMHoro nporpammuposanus PAH, e-mail: zelenov@ispras.ru
3 Kadempa cucteMHOro nporpaMMHupoBanus, e-mail: karnov@ispras.ru

PaccmarpuBaemas B manHo# padote [1] 3amada cBs3aHa ¢ BepudHUKAIUECH MO-
JIeJIEN CUCTEM MPOTrPAMMHO-AMNIAPATHBIX KOMIUIEKCOB. TakuMu cucTeMaMu MOTYT
OBITH, HAIIPUMEP, CUCTEMBI YIIPABIICHUS CaMoJieTaMU, KOPaOJIsIMHU, METUIIMHCKUM
obopynoBanreM. B HacTosiee BpemMs NIUPOKO UCTOJIB3YIOTCS TPH OCHOBHBIX Me-
TO/AA OIIEHKH O€30MaCHOCTH CHCTEM — aHajlu3 JIEpeBa HEUCIPABHOCTEH, aHAIU3
JIOTUYECKOM CXEMBbI U MAPKOBCKHUM aHAJIU3.

OCHOBHBIM HEIOCTAaTKOM MapKOBCKOTO aHAIW3a SABJISAETCS SKCIIOHEHIIUATbHBIN
POCT MapKOBCKOM LIENH OT pa3Mmepa cuctembl. OJIHAKO, B OTIIMYUE OT aHAIN3a JIepeBa
HEUCTIPABHOCTEM, MAPKOBCKUM aHAJIN3 MPUMEHUM JIJIsi CUCTEM, KOTOPBIE CIIOCOOHBI
BO3BPAILATHCS B YK€ MPOMJAEHHBIE COCTOSIHUSI MAPKOBCKOM 11N (BOCCTaHABIMBATh-
cs).

Modular Avionics System Integrator Workplace (MASIW) — pa3pabarbiBaemblii
B NHctutyTe Cuctemuoro IIporpaMmMupoBaHus HHCTPYMEHTAPUN C OTKPBITHIM HC-
XOJHBIM KOJIOM JIJIs1 pa3pabOTKU U aHaliu3a CUCTEM MHTETPUPOBAHHOU MOYJIbHOM
aBruoHnKkd. MASIW wucnons3yet s3b1k Moaenupoanuss AADL s onucanus apxu-
TEKTYphI cucTteM u 0ubmuoreky Error Model Annex 1jis onucaHusi OBEICHUS €€
KOMITOHEHTOB M PacCIpOCTpPaHEHHUS OMUOOK MEXIY HUMHU.

B paGote npenaraercss MHCTpPYMEHT MapKOBCKOTO aHAJIM3a JJIsl OIEHKH OTKa30-
0€30MMacHOCTH MPOTPaMMHO-AIIAPATHBIX KOMITJIEKCOB, CO3JaHHBIN B paMKaX MPOEKTa
MASIW. B xone pa®oTbl HaJy HHCTPYMEHTOM OBLIT pa3paboTaH aJrOPUTM TPAHCIIS-
IIUU MCXOTHOW MOJICNIM CHCTEMBI B MAPKOBCKYIO I1€MTb, & TAK)Ke ObUIH MPEITOKEHBI U
peanu30BaHbl CIOCOOBI COKPAIICHHS pa3Mepa MapKOBCKOW 11E€TH, HE BIUSIONIUE HA
pe3yibTaThl aHAJIU3a, YTO CEJIAJI0 HHCTPYMEHT 00Jiee TPUMEHUMBIM Ha MPaKTUKE.

CIIVMCOK JIUTEPATYPEHI
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[Iporpammuo-Anmnaparasix Cuctem // Tpynst UCIT PAH, Tom 29, BbIn. 4, 2017,
ctp. 191-202.
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HEKOTOPbIE 3KCNEPUMEHTAJ/IbHbIE CBOUCTBA
CNAPUBAHUU HA INIUNTUYECKUX KPUBbIX

Yepennés Muxauna AsekceeBud, TynedaeB Aszar UpukoBud

Kadenpa nndopmarmonnoii 6e3onactoctu, e-mail: cherepniov@gmail.com, azatkabcs@yandex.ru
PaCCManHBaeTCSI QIUIMIITHYICCKAA KpUBas HAA IMTPOCTHIM I10JIEM FT U3 r JJICMCHTOB
v =24+ ax+b,a,beF,.

JI71sl HEKOTOPOTO MPOCTOTO, OTIIMYHOTO OT r Aenutesst p nopsiaka rpymmst E(F,),
paccMOTpUM Bce TOYKM nopsaka p. Ilycte k& = ordy,r. Ilpu k£ > 1 n3sectno [1],
YTO BCE 3TH TOYKH O0OPa3yroT TPYIITY, SBJSIONIYIOCS MPAMBIM IIPOU3BEICHUEM JBYX
TPYIII TOPSAIIKA P.
E[p] = G1 x Go,

e G = E[p| N Ker(m, — [1]), G2 = E[p] N Ker(m, — [r]) € E(F,).

Taxxxe paccMarpuBaeTcs paloHanbHas QYHKIMA fg (2, y) IS IPOU3BOIBHOTO
IEeJIOTO S KakK (PyHKIMS, OnpeneaéHHasi paBeHCTBOM

div(fsq) = 5(Q) — (sQ) — (s — 1)(0).
[Tono6Hyt0 panuoHanbHy0 GyHKIH0 cTerneHd O(s) MOKHO TOIYYUTh C MOMOIIBIO
anroputMa Muuiepa [2].
[Tycth o — Kako-TMOO0 KOPEHb XapaKTEPUCTUUECKOIO MHOTOUIEHA aBTOMOp(dr3Ma
®pobenunyca 7, MO MOLYIO YHUBEpcanbHO# 3kcroHeHTbl N rpymmsl F(F,x):

2? —tz +r=0(modN),t =r +1—4(E(F,)),z=r (mod p).

st mio6wix P, ) € E(F,+) 3aparorcst oToOpakeHns

OQ) = (m— [re ' NQ trpzin:;p

Iycte Tenepy 1 = 27 # 1 (mod N) mano npu HekoTopoM j. PaccMorpum
orobpaxenne Ha E(F,)?, 3a1aHHOE PABEHCTBOM

) 1 o(trP) o
eT(va)Zﬁ, me  Q=Q(Q+R), (1)
T\
rae f} o = ‘E—i JJIl  HEKOTOpOM ciaydyallHOM (PUKCUPOBAaHHOW TOYKHU

R € E(F,.) N Ker(n, — [x]), nanpumep R = Q(R), R € E(F,x).

B pabote mipeacTaBieHBl YCIOBHS Ha ITapaMeTphl 7, p, k 1 1', Py BBITTOJHCHUN
KOTOPBIX JIOKA3aHO M 3KCIIEPUMEHTATBHO MOATBEPXKIACHO, YTO HOBOE criapuBaHue (1)
HEBBIPOXKJIEHHO U OmmHEHO Ha Gy X (.
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APXUTEKTYPA CTEHLOBbIX KOMIJIEKCOB UMUTALIUU U
PETMCTPALHUU TPADUKA BbICOKOHATPYXXEHHbIX
BOPTOBbIX MHTEP®EWUCOB
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B pabote npoBoauTCS peTPOCIEKTHUBA PA3BUTHS CTEHAOBBIX KOMILUIEKCOB, pa3-
pabaThIBaeMbIX C Y4aCTHEM CHENUaTNCTOB Jlaboparopuu BEIYUCIUTEIHHBIX KOM-
mwiekcoB (JIBK) kadpeapst ACBK ¢ nauana 2000 rogos. PaccmaTrpuBaercs JuHen-
Ka CTCHJIOB MPEIHA3HAYCHHBIX ISl OTPAOOTKH M MHTErpalii OOPTOBOW aBUOHU-
KM Ha pPa3JIMYHBIX dTalax >KU3HEHHOTO IHKJa pa3pabotku obopynoBanus u [10
MH(}OPMaALIMOHHO-YTIPABIIAIOIIUX CUCTEM COBPEMEHHBIX JIETATEIbHBIX alnaparos.
Ocoboe BHUMaHKE yAETSETCS SMHON apXUTEKTYPE CTEHIO0BBIX KOMILIEKCOB U BOTIPO-
caM UMUTALUU U PEerucTpanuu TpaduKoB BEHICOKOHATPYKEHHBIX OOPTOBBIX UHTEP-
¢elicoB B 1eM1s1X HanboJiee MOJIHOTO BOCIIPOU3BEICHHS PA0OThl CUCTEMBI Nlepeaadn
JaHHBIX Ha OOPTYy COBPEMEHHOIO CaMoJjETa.

B pabote paccmarpuBaroTcs ciaeayrolme 00pToBbie HHTEPHEICHI:

— ARINC 429 (TOCT 18977-79 PTM 1495-75);
— MIL-STD-1553B (TOCT P 52070-2003);

— FC-AE-ASM;

— ARINC 818;

— ARINC 825 (CAN BUS);

— ARINC 664 (AFDX).

PaCCManI/IBaeMaH JIMHEWKa CTCHIOBBIX KOMIIJIICKCOB ABJIACTCA Pa3BUTUCM PCIIIC-
HUH CTCHAOB MaTCMaTN4CCKOro, UMUTAIIMOHHOI'O U IOJYHATypHOI'O MOJACINPOBAaHUA

KOMILJIEKCOB OOPTOBOTrO 00OpyIOBaHUS, pa3pabaTbiBAa€MbIX HA OCHOBE CHCTEMBI
mozaenupoBanusa [IMAHA [1].

CIIVMCOK JIUTEPATYPEI

[1] IIpumenenue cpensl MoaenupoBanust [JJMAHA nns monenupoBaHusi 00PTOBBIX
BBEIYUCTUTENbHBIX cucTeM / B. B. bamamos, A.T. baxmypos, /. FO. Bonkanos,
M. B. Yucronunos, H. B. FOmenko // B c6opruke Tpynsl MexayHapoaHOM
Hay4yHOU koH(pepennuu «MonenupoBanue-2010». Kues. Yikpauna. 2010. T. 1,
C.225-232.
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AWHAMUYUYECKUE BU3YAJIbHbIE CEHCOPbI B
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Junamuueckue Bu3yanbHbie ceHcopsl (DVS) npencraBisitoT 0coOblil Kilacc BU3Y-
aJBHBIX CEHCOPOB, KOTOPBIE OTIIMYAIOTCSA CIIOCOOOM TOTYUYEHHs TaHHBIX O HAOIIOma-
eMoi ciieHe. B To Bpems kak oObryHass RGB kamepa oTna€r 3HaueHus 1BeTa cpasy
BO BCEX MUKCEISAX YEPE3 PaBHBIE MPOMEKYTKU BPEMEHU, TAKOM CEHCOP MOPOXKIAET
ACCUHXPOHHBIE TIOTOKU COOBITUI M3MEHEHUs sipKocTel nukcenei. Kaxmoe coObiTre
OIHKCHIBACTCST KOPTEKEM (t, ', 1, p), COCTOSIIUM M3 MOMEHTA BPEMEHH ¢, TIOJIOXKE-
HUsI TUKCENs (x,y) U OMHAPHOTO THUIA COOBITHS P: YBEIUYCHHUE SIPKOCTH WK €€
YMEHBIIEHUE.

JlunamMudeckure BU3yaldbHbIE CEHCOPBI UMECIOT PSiJl MPEUMYIIECTB Tepe 00bIu-
HeiMu RGB kamepamu, cpenu KOTOpbiX 1) BbICOKasi 4acTOTa MOJTYyYEHUS JTAHHBIX
(moTeHIMAaIbHO OO0Jiee THICSYU COOBITHI NJIs TUKCENIS B CEKYyHIY), 2) OTCYTCTBHE
sddekra pasmbITus, 3) HU3Koe noTpednenue s3uepruu (ot 15MBT), 4) manbrit pazmep
YCTPOMCTBA.

biiarogapsi cCBoMM XapakTepUCTUKaM, JUHAMHUYECKHUE BU3yaJIbHbIE CEHCOPHI Ha-
[IUTM IPUMEHEHUE B POOOTOTEXHUKH JIJI1 PEUICHUS 3a]1a4i OJHOBPEMEHHOM JIOKa-
JIU3auu podboTa U MocTpoeHUH KapThl [1]. OcoOeHHO BaXKHO WX MPUMEHEHUE MPH
obicTpom nBrkeHnu BIIJIA B momenieHusx, rjae 4acToThl KaJpoB CTAHIAPTHBIX Ka-
Mep HEAOCTAaTOUHO JJIsl HABUTALMU U OOHAPY)KEHUS MPENATCTBUHN. 3a CYET BHICOKOTO
BPEMEHHOI'O pa3pelieHus U OTCYTCTBUs dPdeKTa pa3MbITHs JUHAMUUYECKUE BU3Yallb-
HbIE CEHCOPBI MO3BOJISIOT JIYYIlIE ONPEAEIATh JBUKEHHUE B CLIEHE U HCHOJb3YIOTCS
TaK)K€ B PEIICHUH 3aJ1a9d TIOCTPOSHUS ONTHYECKOro moTtoka [2]. B pabore [3] Tak-
e ObLJIO MOKa3aHOo, YTO NMPUMEHEHHUE TAKHMX CEHCOPOB K 3a/1ady€ MOHOKYJSAPHOU
3D pekoHCTpPYKIMU Ma€T XOpoIlee pelieHrue cpa3y Mo TpeM KputepusiM: 1) Tou-
HOCTh PEKOHCTPYKIUH, 2) BOBMOXXHOCTb TPUMEHEHHS K JBHXKYIIUMCS 00BbEKTaM, 3)
YCTOMUYMBOCTh K HAJIMYUIO IPKUX UCTOYHUKOB CBETA B CLICHE.
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IEEE Conference on Computational Photography (ICCP). 2015. C. 1-10.
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MHorue coBpeMeHHbIC METO/IBI aHaIM3a U 00PabOTKH CUTHAJIOB M U300paXeHUI
OCHOBaHbI Ha BO3MOXKHOCTH SKOHOMHOTO MPE/ICTaBIeHNs] (PYHKIIMH MOJIE€3HOTO CHUT-
HaJla B HEKOTOpoM Oazuce. J[j1si TOBOIBHO MIKMPOKOTO Kiacca (DyHKIMA Takas BO3MOX-
HOCTh JIOCTUTAETCSl C TOMOIIBIO BEUBIIET-0a31MCOB, 0OECIIEUNBAIONINX AN TALIUIO K
(YHKIHSIM, IMEIOIIIMM Ha Pa3HbIX y9acTKaX Pa3IMUHYI0 CTETICHb PErYISPHOCTH. DTO
Jae€T BO3MOXXHOCTh 3(PPEKTUBHO OTIEIATH IITyM OT MOJE3HOTO CUTHAla U yAalsiTh
€ro C MOMOIIbIO MPOCTHIX MPOLEAYP MOPOroBOK 00pabOTKHU, T.€¢ OOHYJIECHUH YacCTH
BeUBIET-KOA()PUITUEHTOB, KOTOPBIE MO MPEANOIOKEHHUIO COIEp)KAaT B OCHOBHOM
myM. Kinaccuueckast Mmoziennb HaOMOACHUH MpeanonaraeT Haiuuue 0eaoro rayccona
myMa. B 3TomM ciyyae CBOMCTBA OLIEHOK, IOJIyYa€MBIX C IIOMOIIBIO IOPOTOBOU
00pabOTKH XOPOIIO U3YUYEHBI, U BEIYMCIICHBI MOPSAKU CPEAHEKBAIPATUUHOIO PUCKA
JUISl pa3udHbIX KiaccoB (yHKIui [1]. Takke moydeHsl HEKOTOPBIC PEe3yJIBTATHI,
OMUCHIBAOIINE ACUMITOTUYECKOE MTOBEJECHNUE OLIEHKH CPEAHEKBAAPATUYHOIO PUCKA,
MOCTPOCHHOM M0 3alIyMJICHHBIM HAOMIOACHUAM [2].

B noxmane paccmoTrpen Ooliee MMUPOKUNA KIACC BOSMOXHBIX PaCTIpeeICHUN TTy-
Ma, B YaCTHOCTH, pacIpeieieH s, UMEIoLIe 0osee TsHKEIble XBOCThI, YEM IayCCOBO.
JIs1 3TOrO Kitacca BBIYMCIICHBI 3HAYEHHSI YHUBEPCAJIBHOIO IOPOra B METOJAX JKECT-
KOW M MSITKOM MOPOroBOil 00pabOTKH, UCCIIEOBAHbI €r0 ACUMIITOTUYECKHE CBOMCTBA
¥ MOKAa3aHO, YTO MOPSAOK CPEIHEKBAAPATUUHOTO PUCKA OJIM30K K MUHUMAIBHOMY C
TOYHOCTBIO 70 Jorapudma duciaa HaOMIOACHUN B HEKOTOPOW CTETICHU, 3aBUCSIICH
OoT mapameTpoB pacnpeaeneHus [3]. Takxke B pamkax paccMaTpuBaeMOUd MOJEIIN
JI0Ka3aHa CHJIbHASI COCTOSITEIbHOCTh M ACUMIITOTHYECKAs HOPMAJIbHOCTh OIEHKH
CPEIHEKBAAPATUYHOIO PUCKAa YHUBEPCAILHOW MOPOroBOil 00pabOTKU MpHU MpPearno-
JIOKEHUU O TIPUHAICKHOCTH (DYHKIIMHM CUTHAJA K Kiaccy Jlummmia ¢ HEKOTOPhIM
MOKA3aTEJEM.

Pa6ora Beimonnena npu nojaepxke PODOU (mpoext Ne 16-07-00736).
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AHanu3 MoBeAeHUs NpOorpaMM Ha OCHOBE BbIAEICHUS (a3 B MPOIECCE UX BbI-
MOJIHEHUSI AKTUBHO MCIIOJIB3YETCS JUIsl PELICHUS] MHOTUX HpOOJIEeM, CBS3aHHBIX C
ONTUMU3ALMEN ITPOrpamMM, MPeACKa3aHusl UX MOBENCHMS IIPYU U3MEHEHUH BBIYHCIIN-
TEJNbHBIX TUIaT(OPM, BXOAHBIX MapaMeTpoB. OcoOyI0 akTyalbHOCTh (Pa30BbIA aHAIU3
MOJIyYaeT JUIsl aHAJIM3a NapaJlyIeIbHBIX IPOrPAMM.

B noknazne npesuiaraercs MeTo]] onpezesieHus pa3 napauienbHON MporpaMmbl Ha
OCHOBE€ KOMMYHHUKAIIMOHHBIX B3aUMOJICUCTBUIA MPOLIECCOB, B pAMKaX KOTOPBIX BbI-
HOJHSIETCS 3Ta mporpaMma. [IpumeHeHne npeiokeHHOTO METO/Ia IEMOHCTPUPYETCS
Ha NpHUMEpE psifa MapajulesIbHbIX MPOIPaMM.

OcHOBHBIE IIard ajaropuTMa: coop Tpacchl NapajieIbHOIO MPHJIOKEHUS, M0-
CTPOEHHE MOCIEAOBATEIbHOCTH KOMMYHHUKAIIMOHHBIX MATPHUL IO COOPAaHHBIM Tpac-
caM, IPUMEHEHHE BEUBIIET-TIpeoOpa30BaHUM K IMTOCTPOCHHOM IMOCIIEI0BATEIbHOCTH,
KJIacTepu3alus Mpeoopa3zoBaHHbIX MaTpull MeToaoM k-cpennux. dazaMu Ha30BeEM
MaKCUMAaJbHO JJIMHHBIE OTPE3KHU MOCTOSIHCTBA KJIacca B TAKMM 00pa3oM MOCTPOCH-
HOM MOCJIEIOBATEILHOCTH KIIACCOB. XapaKTEPUCTUKH (Da3 OMPEIEISIIOTCS Ha OCHOBE
XapaKTEPUCTUKN COOTBETCTBYIOIINX KOMMYHHUKAIIMOHHBIX MATPULI.
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Puc. 1: IlocnenoBarensHoCTh (pa3, «KBanTOBOE MpeoOpa3oBaHue n-Amgamap.

Ha puc. 1 npexncrasnen npumep (a3oBoil OCIEI0BATEILHOCTH U COOTBETCTBYIO-
X € KOMMYHUKAIlMOHHBIX MaTpHI] JJIsl apauieIbHON MPOrpaMMBbl, OCYILECTB-
JSOIIEH KBAaHTOBOE IMpeoOpa3zoBaHue n-Agamap. M3 pucyHka BHUIHO, 4TO OBLUIH
BBIZICJICHBI MATh (a3, y KaKJIOW U3 KOTOPBHIX CBOSI KOMMYHHMKAIIMOHHAs MaTpHIIa,
CYLIECTBEHHO OTIMYANOIIAsACA OT APYruX. MOKHO BHJIETh, YTO XapaKTep B3aUMOJIECH-
CTBHUSI MEHSIETCSI CO BPEMEHEM.

[Ipenmonaraercs gajgpHENNIee pa3BUTUE METOAA U IPUMEHEHHE €T0 JUIS PEILICHUS
aKTyaJbHOM 3a/1a4¥ JTUHAMHUYECKOTO MAIIKUHTa NapajijiedbHbIX IPOrpamMM.

PaGora mnoaroroBnena mnpu ¢uHaHcoBoil moanepxkke PODU, rpant
Ne 17-07-00562.
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