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JIOKTOPY TEXHUYECKUX HAYK,

akanemMuky PAH Ilorocsny M.A.

Yeascaemorit Muxaun Achanosuu!

Hamparnsiem B nmuccepramuonsasid coBer J[212.125.04 mpu denepasbHOM TroCyIapCTBEHHOM
Oro/KeTHOM 00pa30BaTENFHOM YUPEXJIEHUU BbICIIEr0 oOpa3oBaHUs «MOCKOBCKMH aBHAIllMOHHBIN
UHCTUTYT (HAIMOHAIBHBIA MCCIIEOBATENLCKANA YHUBEPCUTET) OT3BIB BEAYLIEH OpraHW3alyd Ha
muccepTanonnyo paboty EropueBa Muxauna BsuecnmaBoBuua «llomysmmnuprueckoe HeHpoceTeBoe
MOJIETUPOBAHIE HEJIWHEHHBIX JIUHAMUYECKUX CHCTEM», IPEJICTABIIEHHYIO K 3allUTe HA COMCKAHUE
YYEHOM CTelmeHW KaHaugata (QU3UKO-MaTeMaTHYeCKMX Hayk 1o crnennaibHoctd  05.13.18
«MaremMaTHUeCKOE MOJICITUPOBAHUE, YACTICHHBIE METObI U KOMILJIEKCHI IIPOIPaMM.

HpI/IHO)KeHI/ICI OT3BIB BCI[}’IHCI‘/JI OopraHu3aliuy Ha 5 nmucTax B 2 9K3.
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Ha nuccepranuio Eropyesa Muxaunna Bsuecnaposuua «Ilomysmmuprdeckoe HEHpOCeTeBOE
MOZETUPOBAHUE HETMHEHHBIX THHAMUYECKUX CUCTEM, IIPEJICTABIIEHHYIO K 3aIllATe Ha
COMCKAaHUE yYECHOH CTENICHH KaH/u1aTa (pU3NKO-MaTeMaTHIECKUX HAYK O CHEUaTbHOCTH
05.13.18 «MaTeMaTHuecKoe MOIETUPOBAHUE, YHCIECHHBIE METOIE X KOMILIEKCEI IIPOTPaAMMY.

CoiicTBa ymNpaBIdeMBIX IHHAMHYECKHAX CHCTEM, B Y4aCTHOCTH, OOGBEKTOB aBHAITMOHHOM
TCXHUKH, B Ipolecce HX (YHKIMOHAPOBAHMS MOTYT U3MEHSATHCS 3apaHee HEIPEICKa3yeMbIM
o0pa3om, HampuMep, BCJICACTBHE pas3JIMYHOTO pOJA OTKA30B U HNOBpexXAeHUH. Ecmu
MaTeMaTH4CCKUE ¥ KOMIBIOTEPHBIC MOJIENM TaKUX OOBEKTOB, HCIIONB3YEMBIE B COCTABE HX
60pTOBOrO 060PYI0BAHNS, HE YUHTHIBAIOT YKA3aHHBIX H3MCHEHHI, 3TO BEIET K BOSHHKHOBEHHIO
KPUTHYECKHX CUTyanui. OMUH U3 ITyTel peleHns JTaHHON TPOGIEMBI COCTOUT B dopmupoBanuu
MOJIeNIeH, KOTOpbIE MOTYT ONEPAaTHUBHO, HEHOCPEICTBEHHO B MPOLECCE (GYHKIIMOHUPOBAHUS
00BEKTa, IOJACTPAMBATECA K €r0 W3MEHMBIIMMCS CBOMCTBAM, T.e. MOJeNel, 0BNaNafomiX
a[JAlITUBHOCTRIO. Y CIIENIHOE PEILICHHE 3TOM MPOOIEMBI ABISIETCS BEChMAa 3HAYMMBIM KaK C TOUKH
3pCHHS TCOPUH YIPABIAEMBIX IMHAMUYCCKMX CHCTEM, TaK M HCXOJs W3 IIOTpeOHOCTEH
MPAaKTHYECKOr0 PEUICHHs pasHOOOpasHBIX IPUKIAAHBIX 3amad. JlaHHOE OO6CTOSTENHLCTBO
00yCJIOBIMBAET AKTYaILHOCTD JHCCEPTAIIMOHHOM paboTel M.B. Eropuesa.

Huddepennmanshpie ypaBHEHNs, TPaAUIHOHHO IPUMEHSIEMbIE TIPH PELICHUH 3a7ad aHAIN3a |
CHHTE3a yNPABJIAEMbIX THHAMUYCCKHX CHCTEM, HE IIO3BOJIAIOT PELIATH MPOOIEMY aalTUBHOCTH
MoJenel Takux cucteM. TpeboBanmio ananTUBHOCTH (GOPMUPYEMOI MOIEIH 0GBEKTA TI03BOJISET
YMOBJIETBOPUTE ITOJXOJ, OCHOBaHHBIA Ha MCIIONL30BAHHM METOIOB MAIIMHHOIO, B YaCTHOCTH,
He#pocereBoro, oOydeHus. JIaHHBIM MOAXOJ, OZHAKO IPU MOJETHUPOBAHHH YHPABIIEMbBIX
JAUHAMHUYICCKHX CHCTEM O0JIafaeT CYLIECTBEHHBIM HEIOCTATKOM. DTOT HEJOCTATOK 3aKIIOYAETCs
B TOM, 4YTO TPaJHIHOHHBIC HEHPOCETEBLIE MOJEIHM OTHOCSTCS K KIACCY «YEPHBIA AIIUK», YTO
CYIIECTBEHHO OIPAHUYUBACT YPOBEHb CJIOXHOCTU YIPABISIEMBIX JHHAMHYECKHX CHCTEM,
KOTOpBIE MOIYT OBITh IIPOMOJENMPOBAHBL. AJBTEPHATHBHBIA IMOJAXOM CBA3aH C MOIyYEHHEM
MOJICJICH THITA «CephIi AMMK» (MONIYIMIUPHIECKUX HeHpoceTeBbIX Momeneit). OH OCHOBaH Ha
MCTIOJIb30BAaHUM IIpH (OPMHUPOBAHUM MOJENEH He TOJBKO JaHHBIX O MOBEICHHH OOBEKTa, Kak
9TO HMMEET MECTO B MOJENAX THUIIA «YEPHBIA SINMHK», HO W Ha IPUBJIECYEHHH HMEIOIIUXCS
TEOPETHYECKUX 3HAHUU O MOJAEIUPYEMOM OOBEKTE, Halpumep, B hopme audpepeHimanbHbIX
YPaBHEHH, OMUCHIBAIOINUX €0 JIBMOKEHHE. [l yCIemHoro mpuMeHeHHs JaHHOTO MOIX0/a K
3ajlavyaM aHajli3a, CHHTe3a M MIACHTH(UKALUKM HENIWHEHHBIX YIPaBIIEMBIX JIAHAMHUYECKHUX
CHCTEM IOTpeOOBAIOCH IPOBEJICHUE Psijla JOTOJHUTEBHBIX UCCIIEN0BAHMMN, PA3BHBAIONINX CaM
noaxo. Takoe pa3BuTHE, IpejCTaBISIONIEE COO0ON OCHOBHYIO IeJIb JUCCEPTALUOHHON paboThI
M.B. Eropuesa, 3axiodaercst B paclipoCTpaHEHUH T€X Pe3yJIbTaToB, KOTOPHIE OBUIA IOy YEHEI
paHee JUId IOJIySMIMPUYECKUX HEHPOCETEBBIX MOJEJEH, Ha CIIydall CHCTEM C HElpPepPBIBHBIM
BpeMeHeM. Takoro poaa pa3BUTHE CYIIECTBYIONIUX METOJOB O0OECIEUYMBAET 3HAYMTEIHLHOE
IIOBBIIIEHUE BEIYMCIUTENBHON 9 HEKTUBHOCTH METOIOB ITOJTy SMITHPUYECKOTO MOICTHPOBAHHSL.

YT100BI NOOMTBCS peau3allid IIOCTABICHHOM IIeNM, IUCCEPTAHTY MOTPeOOBAJIOCh PEIIUThH
COBOKYIHOCTB 3a/1a4 HCCIIeI0BaTeIbCKOro Xapakrepa. [IpoBeieHHbIe HecaeIoOBaHUs KacatoTCs
OBIIYH OTAE] MAU
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TEOPETHYIECKAX BOIPOCOB, BO3HUKAIOMMX IIPH TONBITKE pacIpOCTPaHUTh PE3YJIBTAThI, YKC
CYILLECTBYIONIHE JUISL TTOTYIMITUPAICCKHX HEMPOCETEBBIX MoJiesIel YIIpaBIseMbIX THHAMUYECKUX
cHCTeM, Ha Clydall MOJENIMPOBaHMs B IPOCTPAHCTBE COCTOSIHAM B HENPEPBIBHOM BPEMEHH.
Kpome Toro, mOTpeOOBANOCH TOMYYMThH pSI  pe3ylbTaros, CBA3aHHBEIX C OOyYaroIuMH
AITOPATMAMY, yYHUTHIBAIOIIEME CHEHGbUKY dopmupyembIx Mozened. HakoHel, NpHIUIOCh
pelaTh HETPUBHANBHYIO [poOJNEMy, CBA3AHHYIO € obecrieueHueM JTHX aJIrOPUTMOB
perpe3eHTaTUBHBIM ~ 00yJaloIuM HabopoM. 3HAYUTENbHBIX yCHIUH norpeboBayia TaKkKe
peam3anysl OONBIIOr0 O00beMa BBIYHCITMTENBHEIX SKCIICPUMCHTOB, TpeOyeMbIX Kak Juis
0TpabOTKH MpeUIaraéMbIX aITOPHTMOB, TaK U UL OLCHKH MX 5 GEKTUBHOCTH.

Pemienve YKa3aHHOH COBOKYITHOCTH 3a/@d IIO3BOJIMIIO IMONYHHTh Pl HOBBIX HAy4YHbIX
pe3yIbTATOB, B TOM HHCIe: 1) IOTy3MIMpPUYECKHil HelpoCeTeBOM OJXO0/] K MAaTCMATHICCKOMY
MOJICIMPOBAHMIO  YIPABISEMBIX JMHAMHUYECKUX  CHCTEM  PaclpOCTpaHCH Ha Cciyd4aw
HENPEpPHIBHOrO BPEMEHH, CHOpMYyIMPOBaHbl ¥ JOKa3aHBI TEOPEMBI 00 ammpoKCUMalMOHHBIX
CBOMCTBAX TAKMX MOJeJel; 2) TOJydYeHbl JiBa alIrOpUTMa OICHKH 3HaYeHWH TIpajueHTa U
marpunsl ecce (YHKIMU OIIMOKH IS IOJTy3MIMPHYECKO HEHpOCceTeBOM MOJCIA B
IPOCTPAHCTBE COCTOSHUI M HENPEPHIBHOM BPEMCHH, HPCIICTABIIAIOMIHAC co00#f HenpepbIBHbIC
Bepcur anroputMoB RTRL 1 BPTT, ucHonb3yeMbIx I OOy4eHHS THUHAMHYCCKUX ceTel,
chopMyIHpoBaHa M JOKa3aHa TeopeMa JUIA OLCHKH CBEPXY BCIMTHMHEI COOTBETCTBYIOLIEH
[IOTPEITHOCTH B 3aBHCHMOCTH OT BEIMYHMHBI IIAroB IO BPEMEHIL, 3) paspaboTaH YHCIEHHBINA
AITOPUTM O0YyYEHHS IOTy3MIIMPUYECKOl HEHpOCETEBOU MOJIENM B IIPOCTPAHCTBE COCTOSIHUH H
HETPEpPLIBHOM BPEMEHH, OCHOBAHHBIM Ha METOJE IPOMOIDKEHHS IO napametpy ¢ (QyHKuIHeH
FOMOTOIHH, B KOTOPOH B KAayecTBE MapaMeTpa MCII0JIb3yETCs BEIMYMHA NOPU30HTA poruo3a; 4)
pa3paboTaH YMCICHHBIH aNrOpUT™ IIIAHUPOBAHHA OKCIEPUMEHTOB i UAeHTADUKALUH
HEHPOCETEBBIX ~ MOJENEH  YHPaBILIOMMX  JUHAMHIECKAX CHCTEM,  HCIOJb3YIOIIHMA
JIEKOMIIO3MIMIO ~ YIPABJISAIONIMX CHUIHAJIOB HA ONOpHBIM MaHeBp (C MaKCHMH3AIUEH

qubbepeHIMaTbHOM SHTPONMK) K BO3MYIIAIOLICES BO3JCHCTBAC (¢ MUHAMH3ALUEH THK-
dakropa).

TeopeTudeckasi  NMPAKTHYECKAs 3HAYUMOCTh JIACCEpTALMOHHON pabOTHl B TOM, YTO B HEH
OCYIIECTBJIEHO Pa3BUTUE Kiacca MOJySMIMPUYCCKHX HeHpOCETEBBIX MOJIENEH YIPaBIAEMBIX
JTMHAMHYECKUX CHUCTEM, IO3BOJIMBILNEE IOJNYYIUTH 5()EeKTUBHBIA HHCTPYMEHT Ui PENICHHUS
jamad aHanM3a [OBENCHUS W HICHTH(DUKALMK XapaKTEPUCTHK TAKUX CHCTEM. IToBpIIEHHE
5 (hEeKTHBHOCTH B IAHHOM CiTy4ae 00YCIIOBIEHO TEM, HTO OKa3alloch BO3MO>KHEIM 3HAUUTETHHOEC
CHIDKEHIE UHCia HACTPAHBAEMbIX IapaMeTpoB B GopMHUPYEMON MOJICITH. 370, B CBOIO 0YEPEIb,
BeJleT K YIydIIeHHIO O00OOIIArOIMX CBOMCTB MOZCTH, a Takke K CHIDKEHHIO TpeOOBaHMH K
o6beMy oOyuaromero Habopa. [IpeiyoxeHHOe MUCCCPTAHTOM PasBUTHE [IOJTY OMITUPUIECKOTO
HOIXoa K MOJICTMPOBAHMIO YIPABISEMBIX JIHMHAMHYCCKHMX CHCTEM IyTCM mepexoia K
PAacCMOTPEHMIO X B HEMPEPHIBHOM BPEMEHH CYIMICCTBCHHO [OBBIIIAeT THOKOCTh MOJEICH 3a
cueT BO3MOYKHOCTH BapbHpOBAaTh METOJBI YHCICHHOTO WHTEIPHUPOBAHIS i hepeHIHATEHBIX
ypaBHEHMUl, NPHUBIEKAEMbIE B KauecTBE OJHOIO M3 OJICMCHTOB CHHTE3a IOIyIMIUPHIECKOH
mozemu. ClieyeT OTMETUTD TaKIKe TOJTyYCHHBIH B IMCCEPTAii AJITOPHTM 00y9eHUs I TaKuX
MOJIeTIel, OCHOBAHHBIH Ha METOJIE TPOIOJDKEHHS PEIICHUS IO MapameTpy 1 o0ecIeurnBaIOLIHM
BBICOKYIO 3()(EKTUBHOCTH IIPOIECCOB obyuenus Takux Mozened. Eme oxuH BXXHBIA 3JIEMEHT
obecrieuennst Takod >Q(PEKTUBHOCTH COCTOUT B pazpaboTaHHOM JIUCCEPTAHTOM AITOPUTME
[TaHAPOBAHUS ~ OKCIIEPUMEHTOB,  JIAIOIIEM  BO3MOXHOCTH moNyunTh  MHGOPMATHBHBIHN
obyuaronuit Habop, VUNTHIBAIOMMN CTIENMUKY TOBEACHU MOJIEJINPYEMOM CHCTeMBI B
pa3NMYHBIX YCTIOBUSX M TP PasIMIHBIX YIPaBJISIOIMX BO3ICHCTBHAX. B wurore, Kiacc
MATEMATHUECKHX ~MOJCNeH  yIpaBISeMbIX —[JUHAMHYECKHX CHCTEM, 2 TaKXe CpEeICTB
DOpMHpOBAHMS TAKHX MOJEJECH MOXET HaiiTH IIMPOKOe IPUMEHEHHe IIpH pelICHHH
pasHOO0Pa3HBIX  IPUKIATHBIX npoGieM, KOTOpbIE CBOJATCA K 3a/adaM aHaM3a |
eHTHGUKAIIA JUIS yIPABIAEMBIX JIMHAMIYCCKAX CHCTEM. Bo03MOXXHOCTH TIPEUIOKCHHOTO B
JUICCEPTAITMH TIOJXOJa IMOATBEPKIAIOTCS pe3yibTaTaMu MHOTOUYHMCJIEHHBIX BBIYMCIUTEIBHBIX



SKCIIEPUMEHTOB, a TaKXE COIIOCTAaBJICHUEM OTHUX PEIYILTATOB C HUMCIOIITUMHUCA
SKCIIEpUMCHTAJIbHBIMU JaHHBIMH.

JlocToBEpHOCTH ¥ 000CHOBAHHOCTD IIOJTyYEHHBIX B JUCCEPTALlMK TEOPETHIECKUX PE3yJIbTaTOB
obecrieunBaeTcsl KOPPEKTHBIM IPHMEHEHHEM MaTEMAaTHYECKOro ammapaTa, HCIOJIb30BaHHOTO
JUI TOAydYeHHs O9THX pe3ynsTaroB. ONEHKY OOOCHOBAaHHOCTH W  pabOTOCIHOCOOHOCTH
pa3pabOTaHHBIX YHMCICHHBIX AJTOPMTMOB JAIOT PE3yJIbTAThl MPOBEACHHBIX BBIMHCIUTCIBHBIX
JKCIIEDUMEHTOB, @ TaK)Ke  CONOCTAaBIEHME OTHX  Pe3ylJbTaToB €  HMECIONMMHCH
SKCIIEPUMEHTAIbHBIMH JJAaHHBIMH.

O6mas xapaKTepucTUKa auccepranmm. Jluccepraius u3noxeHa Ha 151 cTpanumie C 33
pHCYHKaMHM W 5 TabJIMIaMM, COCTOMT M3 BBEJCHHS, HYETHIPEX IJIaB, 3aK/IOYCHHST M CIHMCKA
IUTHPYEMO#t JTHTepaTypsl U3 124 HauMeHOBaHUH.

Bo BBegeHmH (HOPMYIHMpyeTCs HccueayeMas Ipobsiema, 0OOCHOBBIBACTCS €€ aKTyalbHOCTS,
JlaeTcs 0030p JIMTEpATypHl, OTHOCsUIelcs K Heil. 37ech Taioke AactTest GOpMyTMPOBKA IEJH
JUCCEPTAIIMOHHOTO HCCIICOBAHUS, a TaKKe MNEPCUNCIIAIOTCA 3a/laqd, KOTOPBIC TpebyeTcs
peunTh. Kpome TOro, HaeTcsi OIEHKAa HAy9HOH HOBM3HBI M MPAKTHIECKOH 3HaYUMOCTH
IJTAHAPYEMBIX PE3yJILTATOB.

B mepBoii ri1aBe paccMaTpUBAETCs OCTAHOBKA 3324 MaTEMaTHIECKOr0 MOJCIMPOBAHHI JUIA
ciydas JIeTepMHHHPOBAHHOM YIPaBISEMOH JMHAMHYECKOH CHCTEMBI C COCPEAOTOYCHHBIMH
mapamMeTpamMd. B TpaIMIHOHHOM BapuaHTe TaKHE CHCTEMBI OIMCHIBAIOTCA OOBIKHOBEHHBIMHU
jubdepeHEanbHEIMU ypaBHEHHSIME. JlaeTcsl aHaIM3 3TOT0 KIIacca MOJIENEH ¢ TOUKH 3pCHHSA
pelleHMS  3ajad  aHAIM3a IOBEIEHHS W  HACHTHQUKANMM  XapaKTEpUCTUK  CHCTEM
paccMaTpUBAEMOro BHJA. BBIABISETCS TaKOW MX HENOCTATOK, 3HAYUMBIA JUTSI TIPAKTUKH, Kak
OTCYTCTBHE aJAlTHBHOCTH KaK BO3MOXKHOCTH OIEPAaTHBHOM KOPPEKTHPOBKM MOJICIH IpH
M3MEHEHHH CBOMCTB MOJIEIUPYEMOro o6bekTa. B KauecTBe albTEPHATHBBI, 00CCIEeUMBAOIIEH
aJaTHBHOCTH MOJIENIel, paccMaTprBaeTcsl HEMPOCEeTeBOE MOJETMPOBAHUE B €ro TPAIMIIHOHHOM
BapHaHTe, KOTOPBI IPUBOAUT K TIOJNYICHUIO MOJIETICH THIIA «JepHBIH UK. JlaeTcs onucaHue
¥ aHamM3 1poOleM, BO3HUKAIOIIMX IIPH IOIBITKaX MCHOJIB30BAaTh MOJACTH JIAHHOIO BHA4
IPUMEHHUTENBHO K HETMHEHHBIM yIPABIISIEMbIM JMHAMUYCCKUM CHCTEMAM.

Bo BTOpOIi IJ1aBe Mpe/JIaraloTcs My TH, 10 KOTOPBIM MOKHO IPEOA0JICTH poOIeMBl, CBA3aHHBIC
¢ JCIONB30BAHMEM JWHAMHUYECKHX HEMPOCETEBBIX MOJENCH TPaAUIHOHHOTO BHIA. Kakx
OCHOBHOM BAapHMaHT pacCMaTPUBAETCSA TPUBICICHHE TEOPCTHICCKUX 3ganuii 00 oOBekTe
MOJICJMPOBAHKs, HE HCIOJB3YEMbIX TIPU TPAJUIMOHHOM HEMPOCETEBOM IIOJAXOME, K
hOPMHPOBAHMIO UCKOMOM MOJIENH. DTOT MOJAXOJ MPUBOJUT K MOJCIAM THIIA «CEpBIN SIIUKY,
mporecc GOPMUPOBAHHUS KOTOPBIX OCHOBAH HA NPUBJICYCHAN KaK SKCTICPUMEHTAIBHRIX JTAHHBIX
0 TIOBEICHHH 0OBEKTA, TAK M TEOPETHYECKUX 3HAHUH 0 HeM. Takol IOJXO/ MOATBEPKIACT CBOIO
5 (EKTHBHOCTh TIPH MOJCTHPOBAHMM HETMHEHHBIX YNPABISCMBIX JHHAMHHUCCKHIX CHCTEM,
ONHAKO €ro BBUUCIMTENBHYIO O(QQEKTHBHOCTE B pajfe CIy9dacB HElb3d [NPUSHATH
yIOBJIETBOPUTENBHON. Perenue npoOieMpl MOBBIICHUS 3G (HEKTUBHOCTU IOIIYIMITUPUIECKOTO
HEHPOCETEBOTO MOAX0Ja B TUCCEPTALMH MPE/UIAracTesl OCYIMECTBATE My TEM pacnpoCTpaHeHust
CYIHIECTBYIOIUX DE3yJNbTaToB Ha ClIydad HENPEPHIBHOTO BPEMCHH. JInst 9TOr0  IOJIy4YEeHBI
TpeOyeMble TEOPETHYECKHE pe3yIbTaThl, HIUIOCTPUPYEMBIC JIAHHBIMH BBEIYHUCIUTENIHEHOTO
JKCIIEPUMEHTA.

B Tperbeil riaBe JUIs HEHPOCETEBBIX MOJYIMIMPHYCCKUX Mojielieli, BBEJEHHBIX B TJaBe 2,
pa3pabaThIBAIOTCS COOTBETCTBYIOIIME 00YUAIONAE AIrOPUTMDL. DTU aJIrOPUTMbI OCHOBAHBI Ha
METOJIe IPOJIOJDKEHHUS PEIICHHs 110 ITapaMeTpy. C yuerom crienuuKy permaeMoi 3aaauu, i
JAHHOTO MeTOoia TIpe/UIOKeHa ToMoTorus —(QyHKIUHA ommoOKH, KOTOopas obecneynBacT



BOSMOKHOCTE BapbUpOBAaTh BEJIMYMHY TOPH30HTA IIPOTHO3A. 3/ECh Ke IIPEIIOKEHBI J1Ba
AIrOPHUTMA, PacIpPOCTPAHSAIONINE Ha Cllydal HENPEephIBHOTO BPEMEHH WM3BECTHBIC AJTOPUTMBI
OOy4YeHHs  IHHAMHYECKHX  HEHpPOHHBIX CeTeH, a MMEHHO, aIropuTMa OOpPAaTHOro
pacnpocTpaneHus Bo Bpemend (BPTT) u anropmtvma pexyppentHOro O0y4eHHS B pealbHOM
Bpemery (RTRL). Eme onna Baxnas mpo6iema, BosHHKaromas npu 00y4eHHH HEeHpPOCETEeBBIX
MOJIENIEH, COCTOUT B 0OECTIEUCHHH UX PEHpe3cHTATUBHBIM HabOpoM 00yJaromux naHubIX. J{is
PCIICHUs 3TOH NMPOOJIEMBI IPEIIaraeTCs MCIONb30BaTh METOJ JIEKOMITO3HMIIMY YIIPABJISIOIIUX
CATHAJIOB C Dpa3[CNCHUEM HX Ha ONOPHBIH MaHEBp M BO3MYIIAIOLIEE BO3JICHCTBHE, YTO
obecreuMBaeT  BO3MOXHOCTH  MOJyYaTh IIOJIySMIIUPUYCCKHE  MOJEIH C  BBICOKHMH
0000ImaroImuMK CBORCTBAMH.

B uerseproii riaBe npuBeneHbl pesynbTATHI BBIYHMCIHTEILHOIO MOJICTTMPOBAHHUS, KOTOPOE
OCYIIECTBIIAIOCE B OOJIBINOM CepHM 3KCIIEpEMEHTOB. B KauecTBe IprMepa HEJTMHEHHON
YOPaBJIAEMOH JIMHAMUYECKOH CHUCTEeMB! OBLT B3ST MaHEBPEHHBIH CaMolerT, IIPEICTaBIISTFOIIHMA
CoOOM BechMa CJIOKHBIA OOBEKT BCIEJCTBHE €ro MHOI'OMEPHOCTH, OOIIMPHOH obyactu
BO3MOXXHBIX ~ PEXHMOB  (YHKI[MOHMPOBAHHs,  CYIIECTBEHHOH  HENMHEHHOCTH  €ro
d9pOZIMHAMUIECKUX XapaKTCPUCTUK, a TAKkKe HEOOXOMMMOCTH MHOTOKAHATBHOTO YIPABICHHUS
UM TIpH IOJIyHEHHH MCXOAHBIX NAHHBIX JULS 3ajia4 aHalh3a JBIKCHUS M MACHTHDHKALMH €ro
apO/IMHAMHYECKUX ~ XAapAaKTEPUCTHK. I 5TOro camoieTa HMEIOTCS COOTBETCTBYIOLIHE
OKCIICPUMEHTAJIPHBIC JaHHBIC, TMO3BOJIONIME IIYTEM COIOCTAaBICHHS C HHMM pe3yJbTAaTOB
ITOJTy SMITMPHYIECKOT0 MOJIETUPOBAHUS OIIEHUBATH PabOTOCIIOCOOHOCTE TIPETAraeMoro MoaX0/1a.
Pematores iBe 0CHOBHEIE 3a/1a4u: (OPMUPOBAHHE HECKOIBKHX BapHAHTOB IOJIyIMITHPHUIECKOM
HEHPOCETEBOH MOJENM JBMKECHUSI PACCMATPHBAEMOTO CAMOJIETA, A TAKIKE UJCHTU(DUKAIUS €ro
AOPO/IMHAMUYCCKUX ~ XapaKTepHCTUK. [loiydeHHBle YHCIICHHBIE pE3YJIBTAThl MO3BOJSIOT
TOBOPATE O  BBICOKHX 0000WIAIOMMUX CBOWMCTBaX C(HOPMHPOBAHHBIX MOJENel. 3anaua
MICHTH(UKALNA a5POJIMHAMMYECKIX XapAaKTEPUCTHK PACCMATPHBAEMOTO CAMOJETa TaKyKe
PeIIacTCs C BBICOKOM TOYHOCTBIO JUIs BCEH OONACTH JONMYCTUMBIX 3HAYCHHH BEJMYWH,
XapaKTepU3yIOIuX 00BEKT MOICTHPOBAHUSL.

B 3akmouenun HHCCCpTaHHOHHOﬁ pa6OTLI OTMEYACTCsA, YTO COIJIaCHO IMOJIYYCHHBIM
pe3yjpTaTaM, METOIbI IIOJIY SMIIHPHYCCKOT' O HCprOCCTCBOI‘O MOACITHPOBAHHUS, COYETAIOIIHE
3HaHUA U3 COOTBCTCTByIOIlICfI HpCI[MCTHOfI obmacTi ¢ OKCIIEPUMEHTAJIBHBIMUA JTaHHBIMH O
IIOBEICHUN MOAECIUPYEMOTO O6’BCKTa, ABJIIIOTCA HHCTPYMEHTOM, ITOTEHIIUMAIIBFHO IIPUTOTHBIM
AJIL PEIICHUS CJIOKHBIX IIPHKIIaTHBIX HpO6JI€M JJI YIIPABIIAEMBIX CUCTEM pPa3IUYHBIX BUIOB.

PexomMeHaanmu 10 MCHOJIB30BAHHMIO  pE3yJIbLTATOB  MCCEPTALMH. Pezynbrarst
JMccepTalnonHol paboTer M.B. Eropuesa MoryT GBITE ¢ yCIIeXOM HCTOJTB30BaHBI JUTS PELICHHS
pa3HOOOpa3HBIX MPAKTHYECKMX 3a7ad, CBS3AHHBIX C MOJEIMPOBAHHEM TOBEJCHHS U
HICHTAGUKALMECH XapaKTEPUCTHK HEIMHEHHBIX YIPABISEMBIX JUHAMHYECKHX CHCTEM, JUTA
KOTOPBIX ~XapaKTE€pHO HallM4de OOMMPHOM 0OJACTH BO3MOXKHBIX 3HAYECHHI BEJIHYHH,
XapaKTEePU3YIOIUX COCTOSHHS U YIIPABICHUS PACCMATPUBAEMOM CHCTEMBI.

Pesymnbrarel jmccepTaliuoHHON PaboOTEL OMYGIMKOBAHBI JIOIDKHEIM 06pPa3oM. Jucceprant
apigercs apropoM 20 myOnuKanmid, B 4EclTe KOTOPBIX 7 CTaTedl B KypHalZaX M3 IepedHs
BEIYIINX PCUEH3UPYEMBIX U3/aHUM, pekomenaoBaHHbIX BAK P®, emie 7 crareil B M3naHUsX,
MHJIEKCUPYEMBIX B MEeXIYHApOIHbBIX 6a3ax maHHEIX Scopus 1 Web of Science. ITonyueHo Taxke
CBH/IETEJILCTBO O TOCYNAPCTBEHHOW PETMCTPAllMK POrPaMMHOIO KOMILIEKCA, B KOTOPOM
pealu30BaHbl  AITOPHTMBL, MPEIJIOKEHHBlE B aucceprauud. OCHOBHBIE  pPe3yIbTAThI
JUCCEpTAlliK, BBIHOCHMBIC Ha 3all[UTY, B OTUX IIyOJMKAIMAX OTPAXKEHBI MOJHOCTBIO, KPOME
TOr0, OHH OBLIM /I0JI0K€HBI Ha 12 MEXIyHapOAHBIX M BCEPOCCHHUCKHX KOH(MEPEHIHSX.
ABTOpedepaT COOTBETCTBYET COMACPKAHHIO AHCCEPTAl[MM W IO3BONSET TONYYHTH O Heil
JIOCTAaTOYHO II0JHOE IIpe/ICTaBIICHHE.



OsnakomiieHue ¢ TekctoM auccepranud M.B. EropueBa BBI3BIBAET CIEAYIONIME 3aMeYaHus 110
ee couepkanuio. [Ipy penreHur 3a1ad MOJACIMPOBAHUM JUIs PEabHBIX JHUHAMUYECKUAX CHCTEM
BXHOE 3HAUYEHHME MMEET BO3MOXKHOCTH ydYeTa BO3MYILAIOIIUX BO3JEHCTBHUN CIIy9aiHOTO
XapakTepa Ha MX TOBeJeHHe. B MccepTaluy TakoH yd4eT OCYIIECTBIIEH TOTBKO s CITydaiHbIX
BO3JCHCTBUI Ha Pe3yJIbTaThl U3MEPEHUH COCTOSHUI CHCTEMBI (M3MEPUTENILHEIX IIYMOB), B TO
BpeMs KaK Takue BO3JIEHCTBHs Ha MOACIHUPYEMYIO CHCTEMY OOBIYHO MPOUCXOMSAT U B IpoIecce
ee (YHKIMOHMpOBaHWs (HampuMep, Bo3JeHCTBHE aTrMOCPepHOH TypOYJIEHTHOCTH Ha
JIeTaTeNbHBIA anmapaT B 3ajJade MOJCIUPOBAHMS €ro MojeTa). AHAOTHIHO OOCTOMT JIENO H C
3ajadeil MAEHTU(HUKAIMH XapaKTePUCTUK HUCCIEIyeMOM CHUCTEMBI, pE3yJIbTaThl PEIICHUS
KOTOPOH TaKk)Ke IOJIBEPIKEHbBI BO3ICUCTBHIO CIIydalHBIX (AKTOPOB, KOTOPHIC MMENIH MECTO IpPH
MOMydeHMH HCXOMHBIX JIAHHBIX JUI1 J@HHOM 3ajaud. beuto Obl  1enecoobpasHo ImpH
DOPMHPOBAHHMH TTOJTY IMIIMPHYECKOIT HEHPOCETEBOM MOJIENH YUHTHIBATE U (HaKTOPBI TAKOTO BUIA
KaK 5To, HanpuMmep, aenaercs B ceTsx Tuna NARMAX.

JlanHBle 3aMeYaHWsl HE CHIDKAIOT OOLIEro IOIOXKMUTEIBHOTO BICYATICHUS O JUCCEpTalvu
Eropuera M.B., koTopas mpeicTaBisieT co00# 3aKOHUEHHYIO HayYHO-KBAIM(HUKAIMOHHYIO
paboTy M COMAEP)KHUT Pa3BUTHE METOJIOB IIONYSMIMPUIECCKOTO HEHPOCETEBOIO MOJCIMPOBAHUSL
HEJIMHEHHBIX yIpaBIsSseMbIX JHHAMUYECKHX CHCTEM Ha Cilydail HENPEphIBHOIO BPEMCHH.
I[IpeIoKEHHBIE aBTOPOM METOZIBl MMEIOT BAXHOE 3HAUCHHE JUI DPEUICHMS aKTyalbHBIX H
3HAYUMBIX JUIS IIPAKTHKM 3a7ad MaTeMaTH4ecKOro M KOMIIBIOTEPHOTO MOJEIMPOBaHUA H
HAeHTHOHUKAIIMH XapaKTEePUCTUK HEJIMHEHHBIX YIPABIIACMbIX TUHAMUYECKUX CHCTEM Pa3jInIHbIX
BHUJIOB, B YaCTHOCTH, JIETATEIIbHBIX alllIapaTOB.

[Ipe/icTaBIeHHas JMCCEPTAllMOHHAs paboTa yHoBIeTBOpseT BceM TpebosanusM BAK PO,
[IpeIBSBISEMBIM K JIMCCEPTAllMsIM HA COUCKAHHE YYEHOW CTENeHM KaHauuara (GH3uKO-
MaTeMaTHUeCKHX HayK, a ee aBTop, EropueB Muxamn BsdeciaBoBudY, 3aciIyXHUBaeT
MPUCYXKIEHUS €My Y4YEHOM CTemeHH KaHaunara (QU3HKO-MaTeMaTHYecKHX HayK IO
cnemmanpioctd 05.13.18 — «Maremaruueckoe MOIECIMPOBaHUE, YHCJICHHBIE METOIBI H
KOMIUIEKCHI IIPOrpaMM».

Or3bIB 0OCYXJIeH Hu 0j00pen Ha HaydHoM cemmHape ITOHT OI'Y ®HII HUNCHU PAH
04.12.2018 r. (mpoTokoi Ne 5).

Pyxosomutens LlenTpa
ONITHKO-HEUPOHHBIX TEXHOJIOTHUI
(LIOHT ®I'Y ®HI[{ HUMCHU PAH)

1.¢.-M.H., wieH-koppecriongenT PAH %%/ Kpepxanosckuit b.B.



