OT3bIB
o(pUIHATLHOTO ONIMOHEHTA
Ha auccepTaunoHHyo paboty [latokoBa AHnpess AHgpeeBU4a
«Pa3paboTka MeTOI0B MaTEMATHYECKOI0 MOIeJIMPOBaHHS NMPOLECCOB
AedopMHPOBAHHS CONSAHBIX MEKIYKAMEPHBIX LEJIHKOB»,
IIpe/ICTaBIIEHHYIO Ha COMCKAaHWe YIEHOW CTENeHN KaHIU1aTa TEXHHUYEeCKIX HayK 10
CIIEIMAILHOCTH
2.8.6 — 'eomexaHnnka, pa3pyiieHue rOPHBIX MOPO/, PyAHHYHASI a3POra3oAHHAMHKA
U ropHasi TemJI0(pPHU3NKA.

JHucceprammonnas pabora LlatokoBa A.A. mocCBsileHa BompocaMm pa3pabOTKH
KOMILJIEKCA TEOPETUYEeCKHUX METOJOB, HANpaBIeHHBIX Ha MOBBIIEHHWE JOCTOBEPHOCTH
IIPOTHO3a HaNPSHKEHHO-Ie(OPMHUPOBAHHOTO COCTOSHUS COJIIHBIX MEXXIyKaMepHBIX
LEJIMKOB. JTO BKIIIOUYaeT HayyHOe 000CHOBaHHE COOTBETCTBYIOIIUX 3JIEMEHTOB MOJECIIH
ne(popMHUpOBaHUS TMOPOIBI, BKJIOYAs BHIOOp (YHKIMH IUIACTHYECKOTO TEUeHUs U
IUTaCTUYECKOT0 MOTEeHIMAaNa, 3aKOHA IIaCTUYECKOTO YIPOUHEHHs, a TaKkXKe pa3paboTKH
3 GEKTUBHBIX AITOPHTMOB YHCIEHHON pealu3alldd YPaBHEHHH ILIACTHYECKOTO U
BSI3KOIIJIACTUYECKOTO TeUEHHUS. ‘

Pa3zpaboTka MecTOpOXIeHUI KAIMHHBIX COJIel TOCTATOYHO aKTUBHO BEJETCS KaK
Ha Tepputopuu Poccuiickoit @enepatiniu, TaKk U BO BC€ MUPE, IIPH TOM F'eOMEXaHUYECKUE
yCcIOBUS pa3pabOTKH TakWX MECTOPOXKACHHA [0 Mepe HCYeplaHus 3alacoB
yXyALIal0TCs, a CTeTIeHb Harpy>KeHHUs SJIEMEHTOB CUCTEMbI OTpabOTKH MOBBILIAETCS, YTO
HaKJIaJbpIBaeT JOMNOJHHUTENbHbIE TpeOOBaHUS K IMPHUMEHEHHUIO Hay4YHO-O0OOCHOBAaHHBIX
METOJOB IIPOTHO3a HAMPSHKEHHO-Ie(OPMHUPOBAHHOTO COCTOSIHUS IOPOJHOTO MACCHBA B
30He BelleHUsl ropHbIX paboT. Ocoboe BHUMaHUE MPU 3TOM YAENSIEeTCS COXPaHEHUIO
HeCyIlled clIoCOOHOCTH MOPOIHBIX IEIMKOB KaK OCHOBHOI'O 3JIEMEHTA NPeJOTBPAILEHUS
MHTEHCUBHOIO Pa3BUTHSI BOJOMPOBOASIINX TPEIIMH B MOPOAAX BOJO3AIMUTHOMN TOJIIIIH.
Takum o00pa3oMm, Hay4yHOe WHCCIIeJOBaHHE, HAIpPaBICHHOE Ha COBEPLICHCTBOBaHHUE
IIPOTHO3a HAaIpPsKEHHO-1e()OPMUPOBAHHOTO COCTOSHHUS MOPOJHBIX ILENMKOB 3a CUET
pa3paboOTKU  HOBBIX  YNPYTOIUIACTUYECKHMX U BSI3KOIUIACTHYECKHMX  MOJENEH
ne(OpMUPOBaHHUS COJISTHBIX TOPOI, 6€3yCIIOBHO, SIBISIETCS aKTyalbHOM. '

B pabore chopmynupoBaHs! 6 3aad riccaeA0BaHUs, HA KOTOPBIX COCPENOTOYEHO
BHHMaHHE B AuccepTalud. B 4acTHOCTH, yIeI€HO BHHUMAaHHUE CIEAYIOIIMM BOIIPOCAM:
IpOBEIEHHE KOMILUIEKCa JabopaTOpHBIX MCCIENOBaHWA Ha KPYTHOMAaclITaOHBIX
COJITHBIX OOpaslax I yCTaHOBJIEHHs XapakTepa Ae(GOopMHUpOBaHUS MeEXIyKaMepHBIX
IIEIUKOB B YCIOBHMSX MPHUOJMXEHHBIX K HATypHBIM; pa3paboTKe H30TPOIIHON
YIPYToMIacCTUYeCKOH MOJENH Cpelbl M OIeHKe BIUSHHUS €€ 3JIEMEHTOB (YyCIOBHE
IUTACTUIHOCTH, GYHKIMSA IUIACTUYECKOro MOTeHIMala M Jp.) Ha BO3MOXHOCTH
MOJTydeHHUsT YIOBJIETBOPUTENHHOM CXOAMMOCTH YMCICHHBIX pPAacuye€ToB C JaHHBIMH
1a6OpaTOpHBIX HKCCIIEAOBaHUM; aHaIM3y pe3ylbTaToB (DU3UUECKOTrO0 MOIEIUPOBAHMS
COJSHBIX 00pa3loB MaJIbIX Pa3MEPOB B PEXUME 3aJaHHBIX Harpy30K WM AedopManui
IUIS yCTAaHOBJICHHWSI KPHBBIX IIOJ3YYeCTH U pellaKCallMM HaIpsKEHHH; aJanTaiud
Mojiesieil MMOI3y4eCcTH IJIS PaclIMpeHus pa3paboTaHHOM yIpPyroIuIaCTUYECKON MOJeNn
cpelsl [0 BA3KOIUIACTHYECKOM Mojenu IehOpPMHUpPOBaHUS IIOpOAbI, pa3paboTke
aJITOpHTMa YHCIIEHHOM pealn3aliy IpeIIoKeHHBIX MoJieNiel 1eopMUpOBaHHUs CPEIB,
M CONOCTAaBJIEHHE IIOJYyYeHHBIX pe3yJIbTaTOB MOJEIHMPOBAHMS C  JaHHBIMHU
WHCTPYMEHTAJIBHBIX 3aMepoB Je(OpMUPOBAaHUSA LEIUKOB B IIAXTHBIX YCIIOBHSX;



JEMOHCTPALMM BO3MOXXHOCTEN MCIIOIB30BaHUs TOCTPOCHHOM MaTeMaTU4eCcKOU MOJeNH
ne(GopMUpPOBaHUI MEXIyKaMEepHBIX IEJTMKOB JJIsl OLEHKH U MPOTHO3a UX COCTOSIHUS,
OLICHKH OCEJaHM{ 3€MHOM IIOBEpXHOCTH, a Takke NapaMeTpHuecKoro oOecrnedeHUs
aHaM3a 6e30IaCHBIX YCIIOBU MOAPaOOTKH BOAO3AIUTHOMN TOJIIIH.

Ha ocHOBaHMM BBINIOJHEHHBIX HCCIIEIOBaHUI aBTOpPOM cQOpPMYIUPOBaHbBl 3
HAayYHBIX IIOJIOKEHMsA. B IepBoM - HaydHOM TIOJIOXKEHUH IOCTYJIUPYETCS, YTO
IIOCTpOEHHas1 TpEXMeEpHas yIpyromactudeckas Mojaenb JeDOpMUPOBaHHUS U
paspylIeHrs COJISIHBIX IIOPOJ, OCHOBaHHasl Ha HeacCOLMUPOBaHHOM Kputepuu KymoHa-
Mopa ¥ acconuupoBaHHOM OOBEMHOM KPUTEPUU IPOYHOCTH, IO3BOJSET aJEeKBATHO
OIIMCBIBATh PE3yNbTaThl J1a0OPATOPHBIX HCIBITAHUN KPYMHOMACIITAOHBIX 00pas3IoB B
YCIOBHMSX OJHOOCHOIO CXaTus. BO BTOPOM TIOJNIOXKEHUM YTBEP)KIAETCSA, YTO
paspaboraHHas TpEXMepHas YIpPYro-BS3KOILIacTHYecKas MOJeNnb ae(GOpMUPOBAHMS
COJISIHBIX IOpoJ, 6asupyromiasics Ha MPUHATBIX KPUTEPUAX IUIACTUYHOCTH (KpUTEPH
Kynona-Mopa 1 00bEMHBIN KpUTEpHii), COBMEIIEHHBIX C BA3KOIUIACTHIECKIM 3aKOHOM
Ilepyua, KoTOpass XapaKTepH3yeTcs OTHOCHUTENBHO IPOCTHIM, CTa0MJIBHBIM
napaMeTpU4YeCKUM oOOecIieyeHMeM U TII03BOJISIET IpPHUEMIIEMO ONMCHIBAaTh CTaIHIO
YCTaHOBUBIIENCS ION3Yy4YECTH M pelaKCallMIo HalpsDKeHuH. B TpeTbeM MOI0XEHUH
yKa3aHO, 4TO MHpeUIONKEHHBIH MOMU(DUIMPOBAHHBIA METOMN MPOEKIUH HAMpPSKEHHH,
pealln30BaHHbIN 111 00BEMHOTO KpUTEPHS IIaCTHIHOCTH B Kputepus Kymnona-Mopa B
CBA3KE C BSA3KOILUIACTUYECKOM Mofenblo mnonobHoil 3akoHy Ilepuya, mno3Bomser
aJIEKBaTHO OTpa3UTh HapacTaHHe BO BpeMeHH JedopMaiiii MexayKaMepHBIX LIEIUKOB,
pa3BUTHE 30H paspylleHHs BMEINAIOIIUX IOpOA U MOXeT OBITh BKIIOUEH B
METOJMYECKYI0 CXE€MYy OLEHKM U TpOorHo3a Oe30MacHbIX YCIOBHM HOApabOTKU
BOJI0O3AIIATHOM TOJIIIIH.

B kadecTBe HAy4YHOW HOBHM3HBI JMCCEPTALMOHHOIO WCCIIEMOBAHUS MOXHO
OTMETUTh HCIONb30BaHHE pe3yJbTaTOB Je(OPMUPOBAaHUS KPYITHOMAaCIITaOHBIX
00pasIoB CONSHOU MOPOABI C YCTAHOBJICHHEM IIONEPEYHBIX AeQopMaliiii He TOIBKO B
ypOBHE OOKOBOI IIOBEPXHOCTH, HO U II0 €ro IIUPHUHE, YTO MO3BOJIMIIO IOIY4IHUTH Oosee
IIPEICTAaBUTENBHYI0  KapTHHBL ero  JedopMupoBaHus. VIHTepecHBIM  Takke
IIPEICTABIISIETCS BBEACHUE MOHATHS Npefelia MoI3y4eCT! I YCIOBHUN IIIaCTUYECKOIO
teueHuss Kynona-Mopa u 06bEMHOT0 MapabOIUYECKOro yCIOBUS INIACTUYHOCTH, YTO
IO3BOJIIET  CYIIECTBEHHO pACIIMPUTh OOJAacTh  MPaKTHYECKOro IMPUMEHEHUS
BSI3KOIUIACTUYECKUX MoJienel. be3ycnoBHO, K HAyYHOW HOBHU3HE MOJXKHO OTHECTH BEChH
KOMIUJIEKC BBINOJTHEHHBIX aBTOPOM TEOPETUYECKHUX HCCIIENOBAHMM, HAlpaBIE€HHBIX Ha
pa3paboTKy YNpPYyTOIJIACTUYECKHX U BSA3KOIUIACTHYECKUX MOZEINIEH, Cpelu KOTOPHIX
MOXHO BBIIETTUTE MOAUGHUIIMPOBAHHBIA METOJ] MPOEKUUN HANpsXKEHWHA I 3aKOHa
nogo6Horo Moaenu [lepuua u ero peamusanus Uil yciaoBus IutacTHaHOCTH KyioHa-
Mopa, a Takke ajlropuTrMa YUCIEHHOTO WHTETPUPOBAaHHS yPaBHEHHUH IUIACTUYHOCTH
METOZIOM O6GpAaTHOTrO OTOOPaXKEeHWs IS IIpelCTABIEHHBIX Mofenei nedopMupoBaHHUs
CONSHBIX Topoa. K HaydHOUW HOBH3HE MOXXHO OTHECTH M PEAIM30BAHHEIN B paMKax
IMCCEPTAIIMOHHOTO HCCIeOBaHUs IMOAXOX K TIPOrHO3y O€30macHBIX YCIOBHM
NOJpabOTKA BOJO3ALIMTHOM TOJIIA HAa OCHOBAaHMHM IIPOTHO3a OCEHAaHWH 3€MHOM
MIOBEPXHOCTU IO MPOTHO3HBIM CKOPOCTSIM TOPU3OHTAIBHOM KOHBEPIE€HIIMU OYUCTHBIX
KaMep, HOJIy4aeMbIX 110 Pe3yjIbTaTaM YUCICHHOIO MOJEIMPOBaHHS.

Heo6x0auMO OTMETHTb, YTO K O€3yCJIOBHBIM OCTOHMHCTBAM DPAaOOTBI MOXHO
OTHECTH IPEJIOKEHHBIA aBTOPOM AJITOPUTM YHCICHHOTO MHTETPHPOBAaHUsS yPaBHEHUHN
BSI3KO-YIIPYTOIUIaCTHYIECKON Monaenu AeOpMUPOBAHMS CPEIbl C Y4YETOM IPHHATHIX



YCJIOBHM IJIACTUYECKOTO TEYEeHUsS, IUIACTHYECKOTO YIPOYHEHHS W IUIACTUYECKOTO
noTeHnnana. JleraipHOe oONMKMCaHWE MAHHOTO aJrOpUTMa, C yKa3aHHUEeM KOHKPETHBIX
YPaBHEHUH sl BBITIOJHEHUS YHUCIIEHHOTO HHTETPUPOBAHUS CHUCTEMBI HETWHEWHBIX
ypaBHeHUM, 0e3yCIIOBHO, ITO3BOJIIIOT OOECIEYUTH IOBTOPSEMOCTH IIPEICTaBIEHHBIX
Hay4HBIX UCCIENOBAaHUNA U BO3MOXKHOCTH HCIIOIL30BaHUs MOJYUYEHHBIX pe3yJIbTaTOB HA
IIPaKTHUKE IIPA BHEJIPEHWU IAaHHOH HIIM COIIOCTABUMOM YNPYTro-BS3KOILJIACTUYECKOM
MOJIET! CPEIbL.

[uccepranvonHas paboTa COCTOMT W3 BBEIEHHUS, INMATH IJ1aB U 3aKIIOUYEHUS,
U3JI0KEHHBIX Ha 199 cTpaHMIlaXx MAaIIMHONMUCHOTO TEKCTa, COAECPKUT 78 PUCYHKOB, 26
Tabmu 1 2 npuioxeHus. CHHCOK HCMOJIB3yEMBIX HCTOYHHKOB COCTOMT M3 166
HAaVMEHOBaHHM, B TOM uuciie 72 3apyOexHbIX.

B mnepBoii rnmaBe MpeACTaBIEHO COCTOSHHME HM3YYEHHOCTH BOMpOca M 3alaud
uccienoBaHuii. B dacTHocTH, yHeleHO BHHMaHHE = YCJIOBHSIM  pa3pabOTKH
BepxnexkaMckoro MecTOpoxIeHHs KaTMHHBIX COJIeH, OTBITY TeOMeXaHUYECKIX PacueToB
YCTOMUMBOCTA MEXAyKaMEPHBIX IIeJIMKOB, aHaJu3y METOI0OB MaTeMaTHYEeCKOIo
MOJIETIMPOBaHUSl TeOMEXaHMYeCKHX IPOIEeCCOB, a Takke CPOpMYJIHpOBaHBI LENH U
3ajaud uccienoBaHuWid. BTopas riaBa mocCBsIeHa pa3paboTKe yHmpyroruiacTUYecKou
Mozenu J1ehOpMUPOBaHUS M pa3pylleHHs COJITHBIX Hopof. [IpencTaBieHsl pe3yabTaThl
MCIBITAHAN KPyIHOMAcIITAOHOrO 00pasla COJNSHBEIX IIOPOJ B YCJIOBHUSX CHKATHSL.
3HauuTeIbHOE BHUMaHHE YIeJIEHO BBIOOPY YCIOBHS INIACTHYHOCTH ISl OPMYJINPOBKHI
yIPYroImiacTUYecKOi MOJeINH, a TakKe MpeCTaBIeHbl BBIBOJBI OCHOBHBIX YPaBHEHUU
ne(popMHUPOBaHUS TTOPOIBI B paMKax TEOPUH IIACTUIECKOTO TeueHus. B Tperbell rnase
yHAEIeHO BHHMMaHHE YIPYTo-BsA3KOIUIACTUYECKAM MOJENSAM Je(OPMHMPOBAHUS U
pa3pylleHHs] COJSHBIX mopon. IlpuBeneHBl pe3yNbTaThl AIUTENBHBIX HCIIBITAHUNA
COJISIHBIX IOpOJ (KaMEeHHOM COJM M KPacCHOTO CHUJIBBUHMTA) VIS HOJy4EeHHs AUarpaMm
IOJI3YyYeCTH W peylakcaluu. lIpeicTaBieH BBIBOJ ypaBHEHUN MOJENH IMTEIBHOIO
nehOpMHUPOBAHUS COJISTHBIX IOPOJ B paMKaX TEOPHH BSI3KOIJIACTUYECKOIO TEUYEHHUsS U
JIeTaJbHO M3J0XXKEeHBl BONPOCH YHCIEHHOM peanu3anuu Mojeneid. PaccMOTpeHEI
HECKOJIBKO 3aKOHOB BSI3KOILIACTUYECKOTO Te€YeHHS M 000CHOBAHO NMpHUMEHEHHE 3aKOHa
[Tepuua, kak HanboJIee YIOBIETBOPUTEIHHO OMTUCHIBAIOIIETO 1e()OpPMUPOBAHUS COJIIHBIX
nmopon. B  deTBeproii INaBe IpPENCTAaBIEHBl  PE3YJIBTATHl  MATEMATHIECKOTO
'MOJENMPOBaHUS IIPOIECCOB JAe(GOPMHUpOBaHHMS M PpaspylleHHs MeXTyKaMepHBIX
neaukoB. OCHOBHOe BHHMAaHHE YV/IEJIEHO TMPEACTaBICHUIO pPe3yJIbTaTOB HATYypPHBIX
HaOMOAeHNN 3a JeOpPMHUPOBAHHEM MEXIyKaMEpPHBIX LIEIIMKOB U3 COJIAHBIX IIOPOZ.
[IpencraBieHa IMOCTAaHOBKA 3afaddl MPOTHO32 HANPSHKEHHO-Ae()OpMHPOBAHHOIO
COCTOSIHUSI 1IeIUKOB B IUIOCKO-Ae(OPMAallMIOHHON IIOCTAaHOBKE, BBIBOJ OCHOBHBIX
ypaBHeHu#. [IpuBeIeHEl OCHOBHEIE TEOPETHUYECKHE ITTOJIOKEHUS MOAUMUIMPOBAHHOIO
MeTO/a TPOEKIUi HAIPsOKEHUH IJIS BSI3KOIUIACTHYECKON MozenH Oasupyrolleics Ha
yciaoBud IuacTudHocTd KynoHa-Mopa u 00BEMHOr0 mnapabOIMYECKOro YCIOBHUS
IUIACTMYHOCTU. IIpHMBeIeHBl THIIOBBIE TMapaMeTpsl  pa3pabOTaHHBIX  MOJeNei
nehOpMHUPOBaHUS COJIIHBIX IOPOX M  pe3ynbTaThl IPOTHO3a  HaNpsHKEHHO-
ne(OpMUPOBAHHOTO COCTOSHHUS MEXIyKaMepHBIX IEJIMKOB. B ISTOM IiiaBe H3JI0XKEHBI
NpUKIaIHEIE ACIIEKTHl HCIIOJNB30BaHUs pa3pabOTaHHOM YIIPYTo-BA3KOILIACTHYECKON
Mojend 1e(GOpMHPOBAHHUS MEXIyKaMEPHBIX LEIUKOB B OILIEHKE O€30IacHBIX yCIOBUMI
noApaboTKH BOJO3aIMTHOM Tommy. IIpencraBieH IPOTHO3 TeOMeXaHHMYECKOIro
COCTOSIHMS MEXIYKaMepPHBIX IEJIMKOB, OIIEHKa M IPOrHO3 0€30MacHBIX YCIOBUH
TOAPa0OTKH BOAO3AIMUTHOMN TOJIIIH.



JuccepTanys HamucaHa YETKAM M MOHSATHBIM S3BIKOM, Xopoino odopMieHa. B
paboTe NOAPOOHO H3IIOKEHBI BBIBOABI OCHOBOITOJIATAIOIINX YPaBHEHUH, JETalbHO
paccMOTpeHBI ApyTUe TEOPEeTHUECKHE BONIPOCHL. Pe3ynbraTsl AuccepTalliOHHON paboThl
00CyXJeHbl Ha KOH(EpEeHIHSIX BCEPOCCHHUCKOTO W MEXIyHapOIHOTO YpPOBHEH WU
JOCTaTOYHO ITOJIHO OIyOJMKOBaHBI B § MedyaTHBIX paboTax B M3NaHUIX, BXOISIIUX B
IepedeHb BeyINX peleH3UpyEeMBIX XypPHAIOB U H3IaHUHA, peKOMEeHIyeMBbIX Bricieit
aTTeCTallMOHHOM KoMuccHed mnpu MuHHcTepcTBe HayKM W BBICIIETO OOpa3OBaHUS
Poccuiickoit @enepannu, B TOM ducie 6 B H3IaHUIX, HHICKCUPYEMBIX B 0a3aX JaHHBIX
Scopus u Web of Science. ABTopedepaT NOTHOCTBIO OTpaXkaeT CoOJIepXKaHHe
JYCCepTaIiy.

OCHOBHBIE NOJNOXEHUSI AUCCEPTAIIMOHHON pabOTHl MCIIONB30BaHbl IIPU aHAJIM3E
HaNpsDKEHHO-IE(POPMUPOBAHHOTO COCTOSIHUSL MEXIyKaMepHBIX IENHMKOB, OIEHKE
pasBUTHs TIpoLlecca CIBM)KEHUS BO BpeMEHH M IIPOrHo3e Oe30MacHBIX YCIOBUH
noApaboTK¥ BOJO3ALIUTHONW TONIM Ha ydYacTKaxX MMIAXTHBIX Hoijed pyaHukoB ITAO
«Ypankaiuii».

OcHoBHBIE 3aMedaHHs/MOMKeJAHHS, O CYIIECTBY, NMPOBEAeHHON Hay4YHOMH
paboThi:

1.B pabore oTMmedaercs, YTO MeXIyKaMepHbIe UEIUKA AeOpPMHUPYIOTCS
IIPEMMYIIECTBEHHO B YCJIOBHSX OXHOOCHOTO CxXaTus. OJHako Takoe OIyIIEeHHE
CIIpaBe[UIMBO TPM COOTBETCTBYIOIIMX COOTHOIIEHUSX BBICOTHI IEJIMKAa K €ro
IIOTIEpEeYHBIM pa3MepaM U He SBIIIETCS CIpaBeJIUBBIM B 00meM Buae. TakuM obpazom
y4eT 0ObeMHOW MPOYHOCTH TIOPOJ SBISETCS BaXXHBIM (PAKTOpPOM IJisi JOCTOBEPHOTO
MPOTHO3MPOBAHUS HeCyIel CIOCOOHOCTH U IedOpMHUPOBaHUS IMOPOIHBIX IENIUKOB. B
LIeJIOM, TIpeJICTaBlIeHHass B paboTe Moelb neOpMUPOBAHUS COJISIHBIX MOPOJ JaHHBIN
aCIeKT yUUTHIBAEeT.

2.B pabore 3HaYHWTENbHOE BHHMMAHHE YIENSAETCS CPaBHEHHIO MeEXIy coOoi
Pa3IMYHBIX YCIOBHM IIACTUYHOCTH M BBIOPAHHBIX I KaXIOTO M3 HHUX (QYHKIMH
IJIACTUYECKOTr0 MOTeHIMaNa U B TO e BpeMs TaKO€ CPaBHEHHE BBITIOJIHAETCS TOJIBKO IS
OJIHOTO BUJIA HATIPS)KEHHOTO COCTOSHHUS. BO3HMKAeT BOIPOC O IOCTATOYHOCTH HOIHOTEI
TAKOTO CpaBHEHHUs, KOTAda I KOHKPETHOTO HaIpsHKEHHO-Ie(hOpMUPOBAHHOIO
COCTOSIHHS IOpOABl MOXHO TMOHOOpaTh TakuWe IapaMeTpbl  ypaBHEHHiA
YIIPYTOIUIACTHYECKOH MOJIEITH C MPON3BOJIBLHBIM YCIOBHEM INITACTUYHOCTH, IIPH KOTOPOM
pe3yJIbTaThl pacuera OyayT COmocTaBUMBIMU. Clie10Balio ObI BBITOJIHUTH COIIOCTaBIEHUE
MOJENFHOTO TOIX04a ¢ pe3yJibTaTaMH J1a00paTOPHBIX MCCIENOBAHUMN NPU Pa3IMYHbIX
BUJ]aX HAIIPSDKEHHOTO COCTOSIHUSL.

3.B pabore ycTaHOBIEHO, 4YTO TpPHMEHEHHE MapaboIM4ecKoro YyCIOBHs
IUIACTAYHOCTH TIO3BOJIIET JOCTATOYHO XOPOIIO ONKCATh Ie(POPMHPOBAHMS COJISHBIX
nopoa. OmHaKo KaK XOpPOIIO HM3BECTHO, MPOYHOCTh COJISHBEIX IIOPOJ CYIIECTBEHHO
BapbUPYETCS B 3aBHCHUMOCTH OT BHIA HAIPSHKEHHOIO COCTOSIHMSA, KOTOPBIA MOXHO
OXapaKTepH30BaTh 4epe3 yroi Jloje, 4To B MpenCcTaBICHHON QYHKIUH ILIaCTHYECKOTO
TeueHHs He YYTE€HO M HaKJaJIbsIBaeT Olpe/elieHHbIe TpeOOBaHUS K BBIOOPY IapaMeTpPOB
MOJETH Ui pPa3IMIHBIX BHIOB HAIPSDKEHHOTO COCTOsSHHMA. B TO Ke Bpems, He
IIPEJICTaBJICH aJrOPUTM BBIOOpa IMapaMeTpOB YCJIOBHS IIACTUYHOCTH H IJIACTHYECKOTO
IOTEeHIHajga Ui pPa3HBIX BHIIOB HANpPSHKEHHOIO COCTOSIHMS, 4YTO 3aTPyAHSET €ro
IIPaKTHYECKOE MCIIOIb30BaHMe IS peIeHNs] IPUKIaAHbIX 33184 NT€OMEXaHUKH.



4. Ilpunareii B paboTe OWIMHEHHBIM 3aKOH M30TPOIIHOTO YIIPOYHEHHUS He
II0O3BOJISIET BBIMTM Ha HIEaTbHO IUIACTHYECKYIO CTaguio neGopMUpOBaHUS WU
peanu3oBaTh pa3ynpodyHeHHe mnopoi. Bo3HukaeT Bompoc, KakuM 00pa3oM COTJIacHO
IIpeICTaBICHHON  (QOPMYJIMpPOBKH  YNPYTOIUIACTHYECKOH  MOJENH  OIEHUBAETCS
JIOCTHXXEHHE IPEJIEIbHOT0 COCTOSIHUS U KaK OrpaHUYMBaeTCs MaKCHMallbHAs BeJIMYMHA
JIOITYCTUMBIX HANpPSKEHHH B CONSHOMN ITOpOJIE.

5. B pabore mpemiokeH MeTOI OICHKH CpPOKa CIYXOBI HMOPOIHBIX IEIHKOB,
KOTODPBIH 3aKJII0YaeTCs B U3MEHEHUH MoKa3aTelsl BI3KOCTH B IIPeJACTaBIEHHON aBTOPOM
MoJzienH 1ehOpMUPOBAHHS COJISIHBIX IMOPOJ B 3aBHCHMOCTH OT IPOJOJIKHTEIBHOCTH C
MOMEHTa oTpaboTku Iuiacta. He Bo3paxkas B LIEJOM C TaKMM IIOAXOJOM, HEOOXOAUMO
OCTaHOBUTCSI Ha JABYyX acrektax. [lepBeiif U3 HuUX KacaeTcs (GOPMYJIHPOBKH (PYHKIIHH
yMEHbIIEeHUs K03 HIMeHTa BI3KOCTH, KOTOPBIA NPUHAT B (OpMe 3aBUCUMOCTH OT
II0OKa3aTelll «BpEeMs», a HE 3aBUCHMOCTH OT JOCTUTHYTOM BEIWYMHBI OJHOTO W3
IapaMeTpa COCTOSHHUS MOJIENH, YTO B IEIOM CHUKAET yI0OCTBO €T UCIOIb30BaHUS IS
pellleHrs IPUKIIaAHbIX 331a4. Ko BTopoMy MOXHO OTHECTH, YTO U3 TeKCTa CaMOi paboThI
HE SICHO KakuM oOpa3oM ObUTH ompejeieHbl (aKTU4ecKue IMapameTpsl (QyHKIUH
yMeHbIIEHUs Kod¢pduireHTa BS3KOCTH. 1peOyloTcs 1M A MOJy4YeHHUS aHHBIX
[1apaMEeTPOB Pe3yNbTaThl HAaTYpPHBIX HaOMIOAeHUN 3a T€OMEXaHWYECKHM COCTOSIHUEM
IIOPOAHBIX IIEJIMKOB WJIM BO3MOXXHO HX IIONyYHTh HA OCHOBAaHHH JIa0OpaTOPHBIX
HCClIeIOBaHUMN. ‘ '

6. Mexnykamepusie riennku Mectopoxaeanii BKMKC npezncraBieHbl He TOJIBKO
COJISIHBIMH IIOPOJaMH, HO U I€peciIauBaHUEM COJSHBIX MOPOJ C TOHKHUMU IPOCIOSIMU
TJIMHUCTBIX MaTepuajoB. B MHOrodncieHHbIX paboTax ObLIO IIOKa3aHO, YTO MOIIHOCTh
TIIMHUCTBIX IPOCIOEB OKAas3HIBAeT CYIIECTBEHHOE BIMSHHE HA HECYIIyIO CIOCOOHOCTB
IIEJIUKOB M WX CIHOCOOHOCTH COMPOTHBIATHECA Aedopmamusim. C ydeToM Toro, 4ro
IriccepTanys MOCBSIIeHa BOIpocaM JIe(OpMHUPOBaHUS [ENUKOB, IIeJIeco00pa3Ho OBLIO
OBl y4ecTh NaHHBIA (akTop, IpH 00OCHOBaHHWU IApaMeTPOB MOJAENH Je(OopMUpPOBaHUS
COJISIHBIX IIOPO/I.

7. B Texcre AmccepTalii BCTPEYAIOTCS HE OOIIENPUHATHIE TEPMHHBI, HAIIpUMED
«aCCOIMUPOBaHHbIN 00BEMHBIN KPUTEPHUl TPOYHOCTH» U PSI APYTHX, UTO TpebyeT Moo
WX TIOSICHEHHSI WJIA UCITOJIB30BaHUS OOIIETTPHUHSATHIX TEPMUHOB.

8. B pabore 3HauuTeNbHOE BHUMaHUE YACIECHO Pa3BUTHIO TEOPETHYECKHUX
BOIIPOCOB YWCIIEHHOW pealn3aluyd MoJenu IehOpMUpPOBaHMS Cpelbl ¢ NPUMEHEHUEM
aJIropuT™Ma 06PATHOTrO OTOOpaXKEHHMs IIPY MHTETPUPOBAHIN ypaBHEHHH ILIACTUYECKOTO
¥ BS3KOIUIACTUYECKOTO TEUEHHMs], TeOopeTHYecKas 4YacTh IIPeJCTaBlIeHa JOCTaTOYHO
JEeTaIbHO JIJIS KaXIO0ro U3 BapUaHTOB MoJieNin AeopMupoBaHus mopoa. B 1o xe Bpems,
B paboTe He IpeACTaBlIeH MPOrpaMMHBIA KOJA pealu3aldd JaHHOW MOJIENH, 9YTO
CYILECTBEHHO Obl CHU3HMJIO MOPOT BXOXKIEHUS IS CHEHAINCTOB, KOTOPBIE OBl XOTEIH
pean30BaTh Pe3yJIbTAThl HAyYHBIX HCCIIeJOBaHUN pacCMaTpUBAaEMOM JUCCEPTAHOHHOM
paboThl B MpaKTHKE pacyeTOB KaK IMOPOJIHBIX ILIEJIHMKOB, TaK M B IIEJIOM IPOTHO3a
HaMpPsSHKEHHO-IeOPMUPOBAHHOTO COCTOSHHUS COJISIHOIO IIOPOJHOrO MaccuBa TIpU
TEXHOTEHHOM BO3/IeHCTBUH Ha HETO.

3akJl04eHHne.

CrenaHHBIe 3aMeYaHUsS UMEIOT PEKOMEHIATENIbHBIM XapaKTep M HEe BIUSIOT Ha
BBICOKYIO. OIIEHKY nuccepraiuu llatokoBa A.A. Pabora BBINONHEHa Ha BBICOKOM
TEOPETUIECKOM yYPOBHE, IOCTOBEPHOCTh IOIYYEHHBIX PE3yIbTaTOB IIOJATBEPXKIEHA KaK



IeTaIbHBIMU JTA0OPATOPHBIMU HUCCIEIOBAHUSIME, TaK U HHCTPYMEHTAIBHBIMH 3aMepaMu
B IIIaXTHBIX YCIJIOBUSIX, @ IOJTy4YEeHHBIE Pe3yJIbTAThI SBJISIOTCS HOBBIMH U UMEIOT HAYYHYIO
Y IPaKTUYECKYIO 3HAUUMOCTHU. DTO TI03BOJISIET YTBEPXKIaTh, 4TO 0003HaUYE€HHEIE B paboTe
LEIU U 3aJa4d HCCIIEIOBaHUS JIOCTUTHYTHI, a IOJIOKEHUS, BEIHECEHHBbIE Ha 3aIluTy,
nokasanbl. Jluccepranus «Pa3paboTka MeTOJOB MaTeMaTUYeCKOTO MOJIeTHPOBaHUS
IIPOIIECCOB J1e(OPMHUPOBAHUS CONSIHBIX MEX Iy KaMePHBIX LIEJTMKOB», IPeCTaBIeHHAs Ha
COMCKaHME yYEHOU CTENeHN KaHIN1aTa TEXHUIECKNX HayK, COOTBETCTBYET TpeOOBaHUIM
BAK 1npu MunucrepctBe HayKM | BbIcIiero oOpaszoBanus P® corimacHo
11.9 «IlonoxxeHre o NPUCYKIEHUH YIEHBIX CTEIIEHEH», yTBEPXKIEHHOTO IOCTAHOBICHHUEM
IIpaButensctBa Poccuiickoit @eneparmm ot 24.09.2013 1. Ne842, mpenpsBisieMbIM K
KaHAUAATCKUM JuccepTtanusiM. Ha OCHOBaHMH BBHIIIEHU3IIOKEHHOTO, CUHUTAIO, YTO
couckarenb, llatokoB AHIpeil AHApeeBHMY IO pe3yJbTaTaM ITyOJMYHON 3alllUThI
JUcCepTallii BIIpaBe IPETEHAOBaTh Ha IPHUCYXJIEHHWE YUYEeHOW CcTelneHb KaHAuaaTa
TEXHUYECKUX HAyK IO crnenuanbHOCTH 2.8.6 — «I'eoMexaHmKa, pa3pylleHHe TOPHBIX
II0pOJ, pyAHUYHAs a3pora3oMHAMKKa W TOpHAs TeTUTOPU3UKa».

OdunuanbHbIi ONNOHEHT:

[Ipodeccop kadenpsl CTPOUTENHCTBA TOPHBIX MNPEANPHIATANR H ITOA3EMHBIX
coopyxennii, DenepansHOoe TOCyZapCTBEeHHOE OmOIKEeTHOE  00pa30oBaTENbHOE
y4peXIeHue BBICIIEro o0pa3oBaHUs «CaHKT-HeTep6yprc1<HH TOPHBINI YHUBEPCUTET
nvnepatpuilsl Exatepunsr 11»

JIOKTOp TEXHUYECKUX HaAYK, : ///
JOLIEHT /] KapaceB Makcum AHaTonbeBHY

\/

08 centsi6ps 2025 .

Anpec: BacunbeBckuit ocTpoB, 21 nunus, 1. 2, 199106, r. CaskT- HeTepGypr
Tenedon (pabounii): +7 (812) 328-86-26
Anpec anektponHo# moutsl: Karasev_MA @pers.spmi.ru

A, KapaceB Makcum AHaTOJIBEBUY, aBTOP OT3bIBA, A0 COTJIACHE Ha BKIIIOYEHHUE
CBOMX IEPCOHATBHEBIX TaHHBIX B JIOKYMEHTHI, CBSI3aHHbIE C pPabOTOM JrcCepTalMOHHOIO
COBeTa, U UX JaJIbHEHIIyI0 00paboTKy.

IMoxnuce Kapacesa Makcuma AHATONLEBAYA 3aBEPSIO

KOHTponﬁ"‘ MeHT0060poTa
E.P. fikoBseBa
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