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OBILIAA XAPAKTEPUCTUKA PABOTHBI

AKTYaJIbHOCTh TeMbl HCCaeA0BaHMA. [Iporiecchl pacnpocTpaHEeHHUs], OTPaKEHUs,
OpeJIOMJICHUST W JIOKalIW3allMd BOJH JedopManvii B yOPYruxX Tellax U dJeMEeHTax
KOHCTPYKIIMH B (opMe CJIoSi C Pa3IMUYHBIMU OCOOEHHOCTSIMHU (DU3HKO-MEXaHUUYECKUX
CBOMCTB U T€OMETPUUECKOTO CTPOCHUS SABJISIOTCS OJTHUMH U3 BAXKHEUIIIMX U MACIITAOHBIX
o pa3zHooOpa3vi0 KiaccaMu OOBEKTOB HCCIEIOBAHUNM B MEXaHUKE JAepOopMUPYEMOro
TBEpAOro Tena. Pe3ynbrarel aHanu3a 3TUX MPoOJieM Ha CETOMHSIIIHUN JIEHb MPECTaBICHbBI
B MHOTOYMCIIEHHBIX TpyJaxX OTCYECTBEHHBIX W 3apyOCKHBIX yYCHBIX, H B
KOHLIEHTPUPOBAHHOW 00001IeHHOW (QopMe oTpakeHbl B myOnukanusax B.A. babemiko,
A.O. Barynesna, M.B. Bunbne, JL.II. BoBka, W.II. I'etmana, O.B. I'mymkoBa, B.T.
lNomoBuana, D.U. I'puromoka, B.T. I'punuenko, H.C. T'oponmeuxoit, A.H. T'yzs, JLA.
Urymnosa, B.B. Kanunuyka, JI.FO. KoccoBuua, I1.B. Kpaykimca, C.B. Ky3uenosa, B.T.
Mamunypsi, B.B. Menemko, JI.A. MonotkoBa, A.H. Hacenkuna, I'.. [lerpamens, A.H.
ConoBbeBa, FO.A. Ycrunona, JI.LA. ®@unbmituackoro, H.A. Illyneru u psiga apyrux
aBTopoB. JlaHHBIe pa3pabOTKU TPEICTABIAIOT OOJIBIION TEOPETHUUECKUN HHTEpec s
dbyHIaMEHTAIbHOW HayKH, a TakkKe JJIsl MPEANPOCKTHBIX IMPOYHOCTHBIX PACyYeTOB B
CTPOUTENBHON MEXAaHUKE M MEXAHUKE MOJ3EMHBIX TOPHO-IIAXTHBIX COOPYKEHUH, B
MEXaHUKe KOHCTPYKIUNA MaIIUH, TPUOOPOB U COOPYKEHUMN, B TEXHOJOTUYECKHUX pacdyeTax
JUIS TAKUX COBPEMEHHBIX HAyYHO-TEXHUYECKUX OTpacieil, Kak ropHasi CEHCMOaKyCTHKa,
Hepa3pyLIaIIHi yIbTPa3ByKOBOW KOHTPOJIb, aKyCTOAJIEKTPOHUKA, THAPOAKYCTHKA.

[Ipu 3TOM, HECMOTpPSI Ha HaJU4YME BEChbMa OOIIMPHOIO psiga padoT MO pa3IuYHbIM
acrekTaM JaHHOM mpoOJieMaTHKU, HEKOTOphIE €€ KpailHEe aKTyalbHble TeMaTUYECKHUE
pasziesibl CTaldu MPEIMETOM PEe3YJbTAaTUBHBIX TEOPETUUYECKUX U MPHUKIAIHBIX YUCICHHO-
AQHAJIMTUYECKUX pa3pabOTOK JUIIb B TEUYECHHUE HECKOJIBKUX MOCIEIHUX NECATUICTHM, U Ha
CErOJIHSIIHUN JI€Hb OCTAIOTCS O0JIACThIO JAbHEUIINX TMEPCIEKTUBHBIX, Ba)KHBIX JIJIs
(yHIaMEHTAIbHOM HAayKl M HWHXEHEpPHOM TMpakTUKU uccienoBaHuid. Tak, B
paccMaTprMBaE€MbIX  MOJENSAX  JUHAMHUYECKOTO Je(OopMUpOBAHUS  YIPYroro  CIlos
OTKPBITBIMH JI0O HACTOSIIETO0 BPEMEHU OCTAIOTCSA MHOTHE BOIPOCHl ydeTa (HaKTOpoB
BBIDQKCHHOM  MEXAHUYECKOW  aHW30TPONIMM W HENPEPHIBHOM  HEOJHOPOIHOCTH
(GyHKIMOHATBHO-TPAIUCHTHBIX MAaTEPUAJIOB, a TAKXKE psjia Crienu(PrUUecKux yCIoKHEHUN
B CTPYKTYpPE M T€OMETPUUECKOM CTPOCHUU HCCIEAYEeMbIX 00bekToB. K unciy mocimeaHux
OTHOCSITCS HAJIMYME HAKJIOHHBIX TOPUEBBIX TPAHUYHBIX MOBEPXHOCTEMN, YYACTKOB M3JIOMa
U JTyrooOpa3HOro HMCKPHUBJICHHUS CJIOSl, MHOTOCBSI3HAs T'€OMETPHUSl CJOS C BHYTPEHHUMU
TYHHEJbHBIMUA IUJUHIPUICCKUMH HEOJHOPOAHOCTIMU. [IpeacTaBiser TeopeTUyecKuil u
MPUKIIAHON HMHTEpPEC aHaJIN3 3aKOHOMEPHOCTEH PaclpOCTpaHEHHUs YNPYTHX CIBUTOBBIX
BOJH B MEaHJPOBBIX BOJHOBOJAX M COCTABHBIX KYCOYHO-OJIHOPOJHBIX BOJIHOBOJIAX,
00pa3yeMbIX COCTHIKOBAaHHBIMU MO PA3IUYHBIMU yTJIAMU AaHU30TPOITHBIMHU OJTHOPOHBIMU
U (PYHKIMOHAJIBHO-TPAJAUEHTHBIMU MOJYCJIOSAMH, & TAKXKE U3yUYeHHUE MoJieh Tudpakiuu Ha
BHYTPEHHUX HEOJHOPOJTHOCTSAX. B KauecTBe WHCTPYMEHTa TaKUX MCCIeI0BaHUMN
MOJUIeKAT JTallbHEUIIEMYy Pa3BUTHUIO M COBEPILICHCTBOBAHUIO TEOPETUYECKHE OCHOBBI U
METOJI0JIOTUYECKUE MPUEMBbI IPUMEHEHUS YUCIEHHO-aHATUTUYECKOTO METO/1a YACTUYHBIX
obrnacTeit 1 MeTojia PSAAOB MO0 OA3MCHBIM MHOKECTBAM OETYIIUX W KPACBBIX CTOSYMX BOJIH
B CTPYKTYPHBIX 3JIEMEHTAaX PACCMATPUBAEMBIX BOJTHOBOJIOB.



Takum 00pa3zom, TeMaTHKa IUCCEPTALMU, TOCBSIIEHHON pa3paboTKe U armpoOaruu
YHCIICHHO-aHATUTUYECKUX ~ METOJIOB  HCCJEIOBAaHUS  BOJHOBBIX  J1e(POpPMAIIMOHHBIX
IpOLECCOB B  MOMYyOECKOHEYHOM, MepHOpPUPOBAHHOM U  COCTaBHOM  CJOSIX C
YCII0O)KHEHHBIMH TE€OMETPHUYECKUMH U (PU3UKO-MEXaHUYECKUMHU CBOWCTBAMH, SIBIIACTCS
AKTYQJIbHOU C TEOPETUYECKON U MPUKIATHON TOYEK 3PEHUSL.

CBsa3b  paldoTbl ¢ HayYHBIMH NPOrpaMMaMHu, IUIAHAMH, TeMaMM.
[IpencraBnenHsle B paboTe MCCIEAOBaHUA CBA3aHBl C TEMAaTUKOHW KOHKYPCHBIX
UCCJIEIOBATENLCKUX MPOEKTOB: «BomHbl nedopmaiuii B aHU30TPOMHBIX TEJNaX C
JIOKaJIU30BaHHBIMU  y4YacTKaMU  HEOJHOPOJHOCTH TE€OMETPUYECKUX U  (PU3UKO-
mexanudeckux cpoiictey (MOHY, MOH JIHP, Homep rocynapCTBEHHOU perucTpaiuu
0113U001529, 2013-2016 r1r.); «MareMarnueckoe MOJACIHPOBAHUE ITPOUYHOCTHBIX H
BOJIHOBOJIHBIX CBOMCTB JA€(POPMHUPYEMBIX 3JIEMEHTOB KOHCTPYKIHMH M TE€OCTPYKTYp C
YCIOXKHEHHBIMU  (pu3uMKO-MexaHudeckumu  cBorctBamn» (MOH  JIHP, Homep
rocynapctBeHHoit peructpanuu 0117D000071, 2017-2019 rr.); «MeToasl uccieaoBaHus
JUHEHHBIX U HEJIMHEHHBIX MOJENIEH CTaTUYECKOr0 M JTUHAMUYECKOro Je(OopMUPOBAHMS
AHU3O0TPOIHBIX (YHKIHOHAJIBHO-TpaAUEeHTHBIX ynpyrux Ttem» (MOH JIHP, nomep
rocynapctBeHHoM peructpammu 0120D000014, 2020-2022 rr.). Bemymme pe3yabTaThl
JTUCCEPTALIMOHHON pabOThI BKIFOYEHBI B OTUETHI MO yKa3aHHbiM HIP.

Heabio padoThl sBIsieTcs pa3paboTka W anpodarus TEOPETUUYECKUX UHUCIICHHO-
aHATMTHUYECKUX METOJMK aHallM3a MOJIeH CABUTOBBIX BOJIH B YIIPYTUX Tesax B popme cios
U3 aHU30TPOIHBIX OJHOPOJHBIX U (DYHKIIMOHATBEHO-TPATUEHTHBIX MaTEPUATIOB TIPU yUETe
OCOOCHHOCTEN TIe€OMETPUYECKOI0 CTPOEHMSI B BHJI€ HAKJIOHHBIX IUIOCKUX TOPLEBBIX
TPaHUYHBIX TOBEPXHOCTEH, W3JIOMOB, JYrooOpa3HbIX HWCKPUBICHUN, BHYTPEHHHUX
TYHHEJbHBIX UWJIWHIPUYECKUX TIOJIOCTEd M BKJIIOUECHHM, a TaKXe KOMIbIOTEpHAas
peannzanus pa3pabOTaHHBIX METOAMK M IPOBEJCHHE MapaMEeTPUUYECKUX MCCIEI0BaHUMN
BEIYIIHNX 3aKOHOMEPHOCTEN B CTPYKTYPE U CBOMCTBAX AHAIU3UPYEMBIX TOJIEH.

JlocTHKeHMe MOCTABJICHHOM LeJIH MPeano/araer pemeHue cjaeIylmx 3a1ay:

— pa3paboTKy METOJUYECKOTO MpHeMa ydeTa MpU HUCCIAEAOBAHUM PACCMATPUBAEMBIX
KJIACCOB KPAaeBbIX 3aJady JMHAMHYECKOW aHTUIUIOCKON aepopManuu crerupuku
pacripeiesieHus MmoJjield HanpsHKEHUM B OKPECTHOCTSIX KPaeBBIX TOYEK 00JacTell KOHTAKTa
CONPATAEMBIX DJIEMEHTOB COCTAaBHBIX BOJHOBOAOB W BO3MOXXHOCTEW TOSIBJIEHUS B
YKa3aHHBIX TOUYKaX OCOOCHHOCTEN CTENEHHOTO TUMA JIJISl ATUX IOJIEH;

— pa3pabOTKy METOAMKM TEOPETHUYECKOTO aHaiu3a MpoOJeMbl  OTpaXKECHHS
HOPMAJIBHBIX BOJIH TMPOJOJBHOIO CABUra OT HAKJIOHHOW TOPLUEBOM TI'PAHUYHOMN
MMOBEPXHOCTU AHU30TPOIHOIO IOJYCIOS IMPU PA3JIMYHBIX BapUaHTAX 3aJaHUs KPAacBbIX
YCIIOBHM Ha €ro IJIOCKUX I'PAaHSIX U Ha HAKIIOHHOW TOPLIEBOM IMOBEPXHOCTH;

— pa3paboTKy YHCICHHO-aHAIMTUYECKOW METOJUKHA HCCIIEOBAHUS IPOLIECCOB
pacupoCTpaHEHNs] HOPMaJIbHBIX CIBUTOBBIX YIIPYTHMX BOJIH BAOJIb COCTABHBIX BOJTHOBOJOB
W3 CTBIKYEMBIX MOJ YTJIOM aHU30TPOIHBIX OJHOPOJHBIX MPSMOJUHENHBIX KOMIIOHEHTOB U
BOJIHOBOJIOB C MPAMOJIMHEHHBIMHU YYaCTKaMH 3UT'3aro00pa3Horo U3jaoMa;

— pa3pabOTKy YHMCICEHHO-aHAIUTHYECKOW METOAUKUA HCCIEAOBaHUS MPOLECCOB
paclpoOCTpaHEHUs CIABHUIOBBIX YIPYIMX BOJH BIOJb TPAaHCBEPCATbHO-U30TPOIHBIX
COCTaBHBIX MEAHJIPOBBIX BOJHOBOJIOB B (OpME CJIOS C HCKPUBICHHBIMU YYacTKaMU
MOJIyKOJBIEBOTO JTMO0 YETBEPTHKOJIBLIEBOTO MOMEPEYHOTO CEUEHUS;



— pa3paboTKy ajropuTMa IMOCTPOEHUS TEOPETUYECKOTO UYHCICHHO-aHATUTUYECKOTO
pelLIeHUs 3aJ]a41 O PaCHPOCTPAHEHUH CIIBUTOBBIX YIIPYTHX BOJH B COCTABHOM IOINEPEYHO-
AHU30TPONTHOM BOJIHOBOJIE M3 MOJIYCIIOEB ¢ KOHTAKTHUPYIOUIUMU MOJYIHIMHAPUIECKUMHA
OOKOBBIMH ITOBEPXHOCTSIMU;

— UW3y4YeHHE TPOIECCOB  TpaHCHOPMAIIMM  DHEPreTUYCCKUX  TOTOKOB  IPHU
pacnpoOCTPAHEHUH CIBUTOBBIX HOPMAJbHBIX YIPYTHX BOJH IO COCTABHOMY BOJIHOBOIY W3
HJICAUTbHO KOHTAKTUPYIOIIUX U30TPOITHOTO U OPTOTPOITHOTO MOJTYCIIOEB;

— aHamu3 3¢ddekToB TpaHcPopMaMM HOPMAJBHBIX YIPYTHMX BOJH CABUTA IpHU
MaJICHUM Ha OPTOTOHAIBHYIO TPaHAM IUIOCKYIO TTOBEPXHOCTh KOHTAaKTa TPAHCBEPCAIBHO-
U30TPONHBIX (PYHKIIMOHAIBHO-TPAAUEHTHBIX ITOJTYCIIOCB;

— pa3pabOTKy aJrOpPUTMOB YHCJIICHHO-aHAJIUTHYECKOIO0 aHajdu3a MPOIECCOB
TU(PAKIIMOHHOTO PACCesSHHS HOPMaJIbHBIX YHNPYTHX BOJH IMPOJOJILHOTO CJIBHUTA B
MPSAMOJIMHEMHO-OPTOTPOITHOM ~ CJIO€ C BHYTPEHHEHM TYHHEJIBbHOM LWIMHIAPUYECKOU
MOJOCThIO  JIMOO  TYHHEIBHBIM  OPTOTPONMHBIM  LWJIUHJAPUYECKUM  BKIIIOYECHUEM
AJUTMIITHYECKOTO MOMEPEYHOTO CEYCHUSI C MPOU3BOJIBHBIM COOTHOIIEHHEM MOJIyOCEH, a
Takke AUGPAKIIMOHHOTO PAaCCesSHUS CABUTOBBIX O€TYIIMX HOPMAJbHBIX BOJH Ha
TYHHEJBHOMU MOJOCTH B U30TPOMHOM (DYHKITMOHATBHO-TPAIUEHTHOM CJIOE;

— pa3pabOTKy YHMCICHHO-aHAJIUTUYECKOW METOAMKUA aHajdu3a MOJCIH pacdeTa
XapaKTePUCTUK THUAPOAKYCTUUYECKUX DKPAHOB B BUJIE MHOTOCBSI3ZHOTO AehHOPMUPYEMOTO
CIOA C TIEPUOJUYECKUM PSAOM KOJUIMHEAPHBIX IUIOCKMM TpPaHSM BHYTPEHHUX
MAJTHHAPUYCCKUX  MOJIoCTe MO0  paguaibHO-HEOJHOPOJHBIX  ITUIMHIPHUYICCKUX
BKJIFOUCHUH.

O0beKT Hccaeq0BaHMsI — TIPOILIECCHI YNPYTUX KoJIeOaHMM W pacIpOCTpaHCHHS
CTallMOHAPHBIX BOJH JAedopMaluii B BOJIHOBOJAX B (GOpMe IIOCKOIApaJIICIBHOTO,
OJTHOPOJHOTO,  COCTaBHOTO, HMCKPUBIICHHOTO JHOO  COJEp)KaIlero BHYTPEHHHUE
HEOTHOPOJHOCTH YIIPYTOTrO CJIOS.

IIpeamer wuccief0BaHUsT — KHUHEMATUYECKUE, OHHEPre€TUYECKUE U CHIIOBBIC
XapaKTepUCTUKWA  TOJied  CIBUTOBBIX  YIOPYTHUX BOJH B MOJYOECKOHEYHOM,
nepGOopUpOBaHHOM U COCTAaBHOM OJHOPOAHOM JIMOO (DYHKIIMOHATBLHO-TPAIUEHTHOM CJIOE
npu ydere (aKTOpPOB MEXAaHWYECKOW aHU30TPONUM U YCIOXKHEHHBIX T'€OMETPUUYECKHUX
CBOWCTB.

Metoabl ucciienoBanusi. B ucciieloBaHUSIX TPUMEHSIOTCS JIMHEWHBIE MOJACIHN
CTallMOHAPHOTO JIMHAMUYECKOro AehOPMUPOBAHUS OJHOPOJHBIX W  HEOJIHOPOIHBIX
AHU30TPONHBIX YNOPYTUX CpEl; KOHUECHTYAJIbHBIE OCHOBBI METOJa JUHAMUYECKHX
OJTHOPOJHBIX PEIISHUH M METOa YaCTUYHBIX 00JIacTeH; METObI aHATIN3a OCOOCHHOCTEH B
MOJISIX HAMPSHKEHUN OKOJIO YTJIOBBIX TOUYEK OOJAcTel MCCIeIOBAaHMS TMPU aHTUILIIOCKOM
nedopmanuy; anmapaT Teopun 1udepeHIMaIbHBIX YPaBHEHUH B YaCTHBIX MPOU3BOIHBIX
Y YPaBHCHUI MaTEMaTUYECKON (PU3HMKH; TCOPHUS PA3IOKEHUN B CTCTICHHBIC U 000OIIEHHO
CTENIEHHBIC  PAMBI; TEOPUS  CHEIUATbHBIX [UIUHAPUYECKUX  (DYHKIUH; MeTon
OPTOTOHAJIBHBIX PSJIOB W  AJITOPUTM OOOOIIEHHOW TIpaHUYHON OPTOTOHAIM3AIUU
(GYHKIIMOHATBHBIX CUCTEM; TUCKPETHBIM M MHTETPAJIbHBIA METOJT HAUMEHBIIINX KBaJAPaTOB;
METObI Pa3pabOTKH CHEIUATU3UPOBAHHBIX MPOTPAMMHBIX MPUJIOKEHUHN ISl pean3aluu
pacyYeTHBIX AITOPUTMOB B cpene C++.

HayuHble 110/105KeHN S, BLIHOCMMbIE HA 3aIIUTY:
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1. DddexTsl BAUSHUS MapaMeTpa HAKIOHA TOPLEBOM T'PAHUYHON IMOBEPXHOCTU
AHU30TPOITHOIO TIOJYCJIOS Ha CTPYKTYpYy IHOJEH paccerBaeMblX Ha HEW HOPMAJbHBIX
CABUTOBBIX BOJH BapbUPYEMOM OTHOCUTENHHOW MIWMHBI 3(P(HEKTUBHO OIMUCHIBAIOTCS C
NPUMEHEHUEM TPEUIOKEHHBIX B PAa0OTE YHCIEHHO-aHATUTUYECKUX METOJMK CHHTE3a
TEOPHH OJHOPOJHBIX PEIIEHUH U NPUHIIMIA YACTUIHBIX 00JacTeM.

2. [TomyuuBIINil pa3BUTHE B TUCCEPTALMU MpPUEM KOMOMHUPOBAHUS METOJA PSIOB
no Oa3MCHBIM CHCTEMaM OErymMX U KpaeBBIX CTOSYMX HOPMAJbHBIX BOJH U METOJa
YaCTUYHBIX oOyiacTeit mo3BosisieT A((EKTUBHO peaau3oBaTh aHAIM3  MOJENei
pacrpoCTpaHEHUsT HOPMaJIbHBIX CABUTOBBIX YIPYTHUX BOJIH BJOJIb COCTABHBIX BOJIHOBOJIOB
U3 CTBIKYEMBIX IO YTJIOM aHU30TPOMHBIX OJTHOPOJHBIX MPSAMOJIUHEUHBIX KOMIIOHEHTOB U
BOJIHOBOJIOB C TMPSMOJIMHEHMHBIMU YYacCTKaMM 3UI3aro00pa3HOTO HU3JIoMa, MOjelen
pacupoCTpaHEHUsI CHIBUIOBBIX YIPYI'MX BOJIH BJOJIb TPAHCBEPCAIBHO-U30TPOIHBIX
COCTaBHBIX BOJHOBOJIOB B BUJIE CJIOSI C MCKPUBJICHHBIMHU YYaCTKaMU MOJIYKOJIbLIEBOM JHO0
YETBEPTHKOIBIEBON (POPMBI, MOZEJIEH CABUTOBBIX YIIPYTHUX BOJIH B COCTABHOM BOJIHOBOJIE
U3 MOJIYCII0EB C KOHTAKTUPYIOMIMMH HNOJYLMIMHIPUIECKUMHA OOKOBBIMH OBEPXHOCTSIMHU.

3. Ilpumenenne B paboTe CUHTE3a TEOPUHM OJHOPOAHBIX PEIICHWH W TMPHUHIIHUIIA
YaCTUYHBIX OO0JacTell mo3BojsieT 3((PEKTUBHO H3YUUTh OCOOEHHOCTH TpaHCHOpPMALMH
ASHEPreTUYECKUX MOTOKOB IIPHU PACHpPOCTPAHEHUH CIIBUTOBBIX HOPMAJbHBIX YIPYTIHX BOJIH
BApbUPYEMOW YaCTOThl MO COCTAaBHOMY BOJHOBOJY M3 HM30TPONHOTO M OPTOTPOIHOIO
MOJIyCJIOEB, a TakkKe peain3oBaTh aHaiu3 3(PGeKToB TpaHcHOpMaAIUU HOPMAJIbHBIX
YOPYTUX BOJIH CABUTA MPH MAJCHUH HA OPTOTOHAIBHYIO TPaHSM IJIOCKYIO MOBEPXHOCTh
KOHTaKTa TPaHCBEPCAIbHO-U30TPOMHBIX (YHKIIMOHATBHO-TPAIUCHTHBIX MOTYCIIOEB,

4, PazpaboraHHass METOJMKA HCCICAOBaHUSA JUQPPAKIMOHHOIO  pacCesHUs
HOPMaJIbHBIX BOJH CJBUTa B (YHKIMOHAIBHO-TPAIUEHTHOM JIMOO TPSIMOJIMHEHHO-
OPTOTPOITHOM CJIO€ C BHYTPEHHEW TYHHEJIBHOM LWIMHIPUYECKOW TOJOCTBIO, C
TYHHEJIbHBIM OPTOTPONHBIM IUJIUHAPUYECKUM BKIFOUEHUEM SJUTMITUYECKOTO CEYEHUS,
b0 ¢ TEPUOJUYECKMM PSIAOM ONUCAHHBIX HEOJHOPOJHOCTEH, MO3BOJIIET OMUCATh
3¢ (PexThl B MOJAX PaCCEeUBAEMBIX U MPEIOMIISIIOIIMXCS BO BKIIIOUEHHUAX BOJH Pa3IMYHOU
OTHOCUTEIBHOW JUIMHBI, 3aKIIOYAIOLIMECs B TOSBICHUU M JIOKaIu3alMu oOsacten
(OKYyCHOM KOHUEHTpAlMd BOJHOBBIX MEPEMEIICHUH B TOYKAX BKJIIOYEHUS M CJOs, B
cnenupuKe pacpeeeHus KaHajloB OTTuOaHus, crienu@uKe CTPYKTYpbl JU(PAKIIMOHHBIX
MOJIEH B JTaJIbHEM TOJIE TTPU BapbUPOBAHUH IMAPAMETPOB CJIOS U BKIIOUEHHUS.

Hay4yHasi HOBU3HA MOJIYYEeHHBIX Pe3yJbTATOB.

1. TlpemnokeHa W peanau3oBaHa HOBas 0a3upyOINAscs Ha CHHTE3€ TEOpUHU
OJIHOPOJHBIX PEMICHUH ¥ TPUHIMIIE YAaCTHYHBIX oOyacteid Moaudukaums MeToaa
TEOPETHUUECKOT0 aHaliu3a MpoOJIeMbl OTPAXKEHHS HOPMAJIBHBIX BOJIH MPOJIOJIBHOTO CIIBUTA
OT HAKJIOHHOM TOPLIEBOW T'PAHUYHOW MOBEPXHOCTH AHU3OTPOITHOTO TOJYCIOS IIpH
pa3IMYHBIX BapUaHTAaX 3aJaHUs KPAeBbIX YCJIOBUM Ha €ro IUIOCKUX TIpaHsAX U Ha
HAKJIOHHOW TOPLIEBOM ITOBEPXHOCTH.

2. Ilpenyioxena HoBasi MOJAM(PUKAIIMSA METOJIa aHAIU3a MOJIENIEH pacIpOCTPaHCHUS
HOPMAJIBHBIX CJIBUTOBBIX YIPYTHMX BOJIH BIOJb COCTaBHBIX BOJHOBOJOB M3 CTHIKYEMBIX
MOJT YTJIOM aHU30TPOIHBIX OJTHOPOIHBIX MPSIMOJMHEWHBIX KOMIIOHEHTOB M BOJIHOBOJIOB C
OpSIMOJIMHEWHBIMU ~ y4acTKaMK  3Ur3arooOpa3HoOro  M3jJ0Ma,  OCHOBaHHAas  Ha



KOMOMHHPOBAHUHM METOJa PSAOB MO 0A3MCHBIM CHUCTEMaM OETYIIMX M KPAeBBIX CTOSUYHUX
HOpPMAaJIbHBIX BOJH U METOJIa YACTUYHBIX 00JIaCTEH.

3. IlpennoxkeH HOBBIM  QJITOPUTM  TEOPETUUYECKOTO  aHaIM3a  MOJIEIIEH
pacupoCTpaHEHUs CIBUIOBBIX YOPYTMX BOJIH BJIOJIb TPaHCBEPCAIbHO-U30TPOMHBIX
COCTaBHBIX BOJIHOBOJIOB B (opMe CIIOSi C MCKPUBICHHBIMU YYaCTKaMHU MOJIYKOJIBIIEBOTO
00 YETBEPTHKOJIBLEBOIO IMONEPEUHOIO CEYEHUS, a TaKK€ MOJENIEH pacupOCTpaHEHUU
CABUTOBBIX YIPYTMX BOJH B COCTaBHOM IIONEPEYHO-AHU3O0TPOIIHOM BOJHOBOJIE U3
MOJIyCJIOEB ¢ KOHTAKTUPYIOIIMMHU MOTYIUIMHAPUYECKUMHU OOKOBBIMHU TTOBEPXHOCTSIMHU.

4. BrepBble pa3paOoTaH aJrOpUTM MPUMEHEHHS] MeTo[a OOOOIIEHHOM I'paHUYHOM
OpTOTOHAIM3alMKU 0a3MCHOIO0 MHOXECTBA HOPMAJIbHBIX BOJIH CABUTa B aHU30TPOIHOM
YOPYroM CJO€ Il pPEIIeHUs 3aJaud O paCIpOCTPAHEHUU CTAllMOHAPHOW CIABUTOBOM
BOJIHBI 10 COCTABHOMY BOJIHOBOJIy M3 KOHTAaKTHPYIOIIHX MOTYCIIOEB.

5. [Monyuuna pa3BuTHE METOJUKA PEUICHUS 3a/1a4d O B3aUMOJIEHCTBUN HOPMAJILHOM
YIOPYrol BOJHBI C TPAHMIIEH KOHTAKTa IMOJYCJIOEB B COCTABHOM ILTIOCKONAPAJIEIBHOM
BOJHOBOJIE C pACIpPOCTPAHEHHMEM €€ Ha Cilydail TpaHCBEPCAJIbHO-U30TPOMHBIX
(YHKUIMOHATBHO-TPAIUEHTHBIX MOIYCIOEB.

6. BmepBele paspaborana Oasupyromiascs Ha CHHTE3€ TEOPUU JTHUHAMHYCCKUX
OJIHOPOJHBIX pEUICHUH, MPUHIUIA OTOOpaXEHUH M anmapara TEOPUU CIEHHATbHBIX
UUTUHAPUYECKNX (YHKUUA METOJMKA YHCICHHO-aHAIMUTUYECKOrO PEIICHHs 3aJad o
TUGPaKIIMOHHOM PACCESTHUU HOPMAJIBHBIX YIPYTUX MPOJOJBHOTO CABUTA HA TYHHEIHHOU
MOJIOCTH B M3O0TPOMHOM  (PYHKIIMOHAJILHO-TPAJUEHTHOM CJIO€ U Ha BHYTpPEHHEU
TYHHEJIBHOW  IWIMHAPUYECKONM TMOJOCTH JMOO HA  TYHHEIBHOM  OPTOTPOITHOM
UUJTUHIPUYECKOM BKIIOYEHUU DIUTUINTHUYECKOTO TMOMEPEYHOIO0 CEYEHUs B OJHOPOIHOM
PSMOJIMHEMHO-OPTOTPOITHOM CJIOE.

7. BrepBble OCYUIECTBIIEHO pacHpOCTpPAaHEHHUE METOAAa pelIeHHus 3aJad o
TUGPaAKIIMOHHOM pPAacCesTHUM HOPMAIbHBIX YIPYTHX BOJH MPOJOJBHOTO CIBUTA Ha
BHYTPEHHHX TYHHEJIBHBIX MOJOCTSIX JUOO BKJIIOYEHUSX B YINPYroM CJIO€ Ha 3ajaydd
pacuera XapakTepUCTHK (PYHKIMOHHUPOBAHUS THUIPOAKYCTUYECKUX DKPAHOB B BHUJIC
MHOT'OCBSI3HOTO HM30TPOITHOTO CJIOSl C MEPUOJAMYECKUM PSAIOM KOJUIMHEAPHBIX IUIOCKUM
rpaHsiM BHYTPEHHMX TYHHEIbHBIX UWJIMHIPUYECKUX TMOJOCTeH JHbO paaralibHO-
HEOJHOPOIHBIX TYHHEJIBHBIX U30TPOIHBIX HWIMHAPUUECKUX BKIIFOUCHUH.

8. BriepBbie yCTaHOBJICHBI, CHCTEMAaTU3UPOBAHBI M 000OIIEHBI HEKOTOpbIe (PU3UKO-
MEXaHUYECKHE  3aKOHOMEPHOCTH  BOJHOBBIX  Je(OPMAIMOHHBIX  TPOIIECCOB B
noJiy0eCKOHEYHOM, TepPOPHUPOBAHHOM M COCTAaBHOM CIIOSIX C  YCJIOXHEHHBIMHU
T€OMETPUYECKUMH U (PU3UKO-MEXaHUIECKUMHU CBOWCTBAMH.

JIOCTOBEPHOCTL HW  O0OCHOBAHHOCTH HAYYHBIX MOJOXKEHUIl, OCHOBHBIX
pe3yJIbTaTOB U BBIBOJIOB pabOThl OOOCHOBBIBAECTCS HCIOJIb30BAaHUEM B MpoIlecce
WCCJICIOBAaHUM  anmpoOOMPOBAHHBIX ~ MaTeMAaTHUYECKUX  Mojeiell  aedhopMarimoHHbBIX
IIPOLIECCOB; CTPOrOCTBI0 M KOPPEKTHOCTBIO IOCTAHOBOK paccMaTpHBAEMBbIX 3ajady;
MPUMEHEHHEM arpoOUPOBAHHBIX KOPPEKTHBIX MAaTEMAaTHYECKUX METOJ0B; BepuduKaluen
MOJIyYEHHBIX PEIICHUH TI0 KPUTEPHUSM YJOBJIETBOPEHHUSI TPAHUYHBIM  YCJIOBHUAM
UCCJIeyEMbIX KPaeBbIX 3aJlay; CXOJUMOCTBIO B MPEJICTABICHUAX, MOJTYYaeMbIX B (opMme
(YyHKUHMOHATBHBIX PSAIOB; COTJIACOBAHHOCTBIO PE3YyJbTAaTOB NMPUMEHEHHs pa3pabOoTaHHBIX



METOAWK B TPEACIBHBIX YACTHBIX CIydasx C OMyOJIMKOBAHHBIMHU pPE3yJbTaTaMH JIPYTUX
HCCIIEIOBATEIIEH.

Teopernueckasi 3HAYUMOCTb pE3YyJIbTATOB PaOOTHl 3aKIIOYAETCSd B CO3JaHUHU,
COBEpPIICHCTBOBAHMHM W  PACIIUPEHUH  O0JIacTe  TNPUMEHEHHS  MPEIJI0’KEHHBIX
3¢ (PEKTUBHBIX YUCICHO-aHATUTHYECKIX METOIUK PEIICHHS HOBBIX KJIACCOB 3a/1ay TCOPHUH
BOJTHOBBIX IIPOIIECCOB B TOJIYOCCKOHEYHOM, TEP(POPUPOBAHHOM M COCTABHOM CJIO€ C
YCIIOKHEHHBIMHU T€OMETPUIECCKUMU U (PU3UKO-MEXAaHNUYECKUMHU CBONCTBAMU.

I[IpakTyeckoe 3HA4YeHHEe TOJYYEHHBIX Ppe3yJabTATOB  3aKIIOYACTCS B
OPUMEHUMOCTH pa3pabOTaHHBIX METOJUK, AaJTOPUTMOB HX YHUCJIOBOW peaju3allii,
YCTaHOBJICHHBIX U 000OIICHHBIX CBOMCTB U 3aKOHOMEPHOCTEN aHAIM3UPYEMBIX BOJHOBBIX
IPOLIECCOB B MPEANPOEKTHOM MOJEIMPOBAHUM M KOHCTPYKTOPCKHX pacyeTax HOBBIX
MIOKOJICHUI  BOJIHOBOJHBIX  AKYCTORJICKTPOHHBIX KOMIIOHEHTOB, TIpH  pa3paboTke
TEXHOJIOTUHA TE0aKyCTUYECKUX MCCIEAOBAaHUN, HEpa3pyILIAOIIEro YJIbTPa3BYKOBOTO
KOHTPOJISI, TpPU MPOCKTUPOBAHUU CUCTEM THAPOAKYCTHUECKOTO JKPAaHUPOBAHUS, B
MPAKTUKE MPOYHOCTHBIX PACUETOB DJIEMEHTOB CTPOUTEIBHBIX KOHCTPYKIMM U JeTajiei
MAIIIUH U3 aHU30TPOIHBIX QYHKIIMOHAIBHO-TPAJUEHTHBIX KOMITO3UIITMOHHBIX MaTEPUAIIOB.

Pe3ynpraThl AMCCEPTAIMOHHOrO WCCIENOBAaHUS, & HWMEHHO METOJIHUKHA CHUHTE3a
TEOPUU JTUHAMUYECKUX OJHOPOJHBIX PEIICHUN, MPUHIIMIA YaCTUYHBIX oOsiacTel u
MPUHLNNA OTPAKEHUS JUIsl HUCCIEJOBAaHUS BOJHOBBIX J1€(POPMAIIMOHHBIX MPOIECCOB,
BHe/IpeHbl B yueOHbId nporiecc B ['OY BO «/lonenkuii HallMOHAIBHBIM YHUBEPCUTET» B
KauyecTBe Marepuajia  pa3feioB  ydeOHOro Kypca  «MeTonbl  KOMIBIOTEPHO-
MaTeMaTU4eCKOro MOJEIUPOBaHUS B 33JayaX BOJHOBOM MEXAHUKW» ISl CTYIAEHTOB
obpazoBarensHoro HampasiaeHus 01.03.02 «IIpuknaanas matemaTika U ”HGOPMATHKAY.

JInyHbIA BKJIAJ aBTOpa. Bce OCHOBHBIE TEOPETUUECKUE U PACUETHBIC PE3YJIHTATHI
UCCJIEIOBAHUM TIOJIy4YEHBI JIMYHO couckareiem. M3 34 myOnukamuii mo teme pabotsr 17
NOATOTOBJIEHBl CaMOCTOSITENIbBHO. B COBMECTHO TMPOBEICHHBIX HCCIECIOBAaHUIX U
onmyOJIMKOBaHHBIX paboTtax, coaBropaMm B.E. bonnokuny, B.M. CtopoxeBy, 3pi0HT MuHb
Xait, Yan ba Jle XoaHr nmpuHamjiexxaT yd4acTUE B MOCTAHOBKE pacCMaTpUBAEMBbIX 3aj1ad,
pPEeKOMEHJallMM 10 CXE€MaM aHalu3a U O00O0OLEeHus, a TakXke HalpaBICHUSIM
MIPAKTUYECKOIO0 IPUMEHEHMS IIOJYy4YEHHBIX pe3ynbTaToB; coaBTopam J[.C. Bykoiosy,
A.A.T'nyxoBy, C.A.Ilpuiimenko, A.C. TeneBHomy, JIL.B. ly0saro npunHaamexar
KOHCYJIbTAIIMOHHBIE PEKOMEHAAIMU 1O pa3pabOTKe MPOTPAMMHBIX TPHUIOKEHUN st
OCYIIECTBJICHUSI YUCICHHBIX SKCIIEPUMEHTOB Ha 0a3e MPEeI0KEHHBIX METOJUK, a TaKKe
ydacTre B 00pab0OTKe U CHCTEMaTHU3aIMi UX PE3yIbTaTOB.

AnpobGauusi pe3yJbTaToB auccepramuu. OCHOBHBIE Pe3ynbTaThl pabOTHl OBLIN
NpeICTaBlICHbl, JOJOXKEHbI W 00cyxneHol Ha: [V MexayHapogHo HaydHOM
KoH(pepeHInn «AKTyanbHbIC MPOOJIEMBbI MEXAaHUKH JeHOPMHUPYEMOTO TBEPAOTO Teiay,
noceseHHo namsatu akagemuka HAH Vkpaunsr A.C. Kocmogamuanckoro (r. [JoHenk,
HouHY, 2006 r.); BceykpanHckoil HaydyHOW KOH(MEPEHIIMH MOJOMABIX YUYEHBIX U
CTYACHTOB 10 au(depeHInaTbHBIM YPABHEHUSAM U UX MPUIIOKEHUIM, TTOCBsIIeHHOU 100-
netHemy roounero S.b. Jlonatunckoro (r. Jonenk, HJouHY, 2006 r.); AkycTH4ecKOM
cumnosuyme «Konconanc—2007» (Kues, UT'M HAHY, 2007 r.); MexnyHapoaHou
HAyYHO-TEXHUYECKOW  KOH(pEpEeHUUH  MaMsTH akanemuka HAH  VYkpawunsl
B.U. Moccakosckoro ([Juenponerposck, JHY, 2007 r.); |, I, 1, IV, V, VI u VII



MexayHapomHBIX HAay4YHO-TIPAKTUYECKHX WHTepHET-KoHPepeHmmsx «CoBpeMeHHBIC
TEHJICHIIUU Pa3BUTUSI MaTeMaTUKU U ee mpukiagueie acnekte» (Honenk, JonHYOT,
2012 r.,2013 r.,2014 ., 2015 .,2016T.,2017 1., 2018 1.,); X, Xl u XIV Bcepoccuiickux
HIKOJIaX-ceMUHapax «MareMaTuiyeckoe MOJEIUPOBaHUE U OMOMEXaHUKA B COBPEMEHHOM
yHuBepcuteTe» (moc. JuBHomopckoe, FODY, 2015 r., 2016 r., 2019 r.); VI u VII
MexXayHapomOHBIX HAyYHBIX KOH(PEpEHIMSIX «AKTyaJdbHBIE MPOOJIEMBI MEXaHUKU
nedopmupyemMoro TBepaoro tenay (moc. Menekuno, JlouHY, 2010 r., 2013 r.); I, IV, V,
VI u VII MexnynapoHbix Hay4dHbIX KoH(MepeHuusax «Jlonenkue urenus. OOpazoBaHue,
HayKa ¥ BBI30BBI coBpeMeHHocTu» (T. Honenk, JlonHY, 2016 1., 2019 1., 2020 1., 2021 1.,
2022 r.); Hay4yHbIX KOH(]epeHuusx npodeccopcko-npenoaaBaTesbekoro cocraBa JJonHY
(r. Honeuk, JouHY, 2009 r. 2013 1.).

PaGoTa mo OTAENbHBIM TMOJYYEHHBIM pe3yjibTaTaM M B 1LI€JIOM ObUIa JIOJIOKEHA U
oOcyxeHa Ha OOBEIUHEHHBIX HAYYHBIX CEMHHApax [0 MEXaHWKE CIUIONIHBIX Cpell
kadeapsl TEOPUHM YIPYTOCTH U BBIYUCIUTEIBHOM MareMmaTHku uM. akajgemuka A.C.
Kocmopgamuanckoro I'OY BIIO «/loHenkuii HaMOHAIBHBIA YHUBEPCUTET» M OTAEIA
AHAJIMTUYECKOM MEXaHMKH TOpHBIX nopox I'Y «HCTUTYT npuUKIagHOM MaTEMAaTUKH WU
MEXaHHUKI» O] PYKOBOACTBOM A.(.-M.H., mpod. C.A. Kanoeposa (2018 — 2022 rr.).

Iy6naukanuu. [To Teme nuccepranuu omyONUKOBaHbI 34 HaydHBbIE paOOTHI, B TOM
Yyucje: B PEIEH3UPYEeMbIX HayuyHbIX u3nanusx u3 nepeunss BAK JIHP — 5, onna us
KOTOPHIX B W3JIaHWU, BKJIIOYEHHOM B MeXIyHapoJHble HayKOMETpHUecKhe O0a3bl; B
npyrux uznanusax — 29. Crucok 20 ocHOBHBIX MyOJMKaIMii IPUBEICH B aBTOpedepare.

Ctpykrypa m o0bem auccepramum. [luccepranmionHas paboTa COCTOUT U3
BBEJCHUS, MISATH Pa3JeiIoB, 3aKIOUYECHHS C OCHOBHBIMHU BBIBOJIAMH U PE3YJIbTaTaMU, CIIUCKA
mutepatypsl u3 180 HaumeHnoBanuii u npusoxxkenus. Pabora cogepxut 68 pucyHkoB u 3
TaOIUIIbI, H3J10KeHa Ha 199 cTpaHuIax.

OCHOBHOE COAEP XAHUE PABOTDBI

Bo BBegeHMH OOOCHOBBIBAETCS AKTYaJbHOCTh TEMBbI JUCCEPTALIMOHHOW pPaOOTHI,
OMpENENsoTCA LeNd, 3aJadd, MpeAMET, OOBEKT M METOJI0JOTMYECKUE OCHOBAHUS
WCCIIEIOBAHMS, JAETCA XapaKTEPUCTHKA CTENEHW HOBHU3HBL, TEOPETUYECKOM U
MPaKTUYECKOM 3HAYMMOCTU PEe3YyJbTAaTOB HCCIEAOBaHMS, MyOIuKanuii u amnpoOauuid mo
TemMe paboThl, a TaKXe JMYHOTO BKJIaJa aBTOpa B IOJy4YEHHE INPEICTABICHHBIX B
JUCCEepPTALM PE3YyJIbTATOB.

B nepBoM pa3aene paboThl U3T0KEH aHATUTHYCCKUN 0030p HAYUHBIX ITyOJIMKAIUH,
B KOTOPBIX IPEICTABIEHbI OCHOBHBIE METO/bI U BEAYIUUE PE3YJIbTATHI UCCIEAOBAHUI TIO
npoOsieMaM BOJHOBOTO JWHAMHUYECKOro Je(OpMUPOBAHMS YIPYTMX Tel B BHUIE
1oJry0ECKOHEYHOTO U COCTABHOTO CJIOS, laHa oO0IIasi XapakTepUCTUKa pacCMaTpUBAEMBbIX
B JUCCEpTallMM  KJAacCoOB 3aJady W IPUBEIAEHbl OCHOBHBIE  KOHLENTYyalbHbIE
METOIOJIOTUYECKHUE TOJOKEHUS, HUCIOJIB3YEMBIE I PEANU3alli IMOCTABICHHON LEIn
uccienoBanus. Ha ocHoBe 0OOOIIEHHON XapaKTEpPUCTHKH TMPEAIIECTBYIONIMX 3TaIloB
UCCJIEIOBAHUN MO paccMaTpuBaeMoM NpoOJeMaTHKE BBIICIEHBI M O0XapaKTepU30BaHbI
KJIACChl ~ aKTyaJIbHBIX HE  HUCCJIEAOBAHHBIX paHee MpolsieM, HMMEIUMX  Kak
(GyHIaMEHTAIbHOE TEOPETUYECKOE 3HAayeHWe, TaK MW Ba)KHEWIIME COBPEMEHHbIE



IIPUJIOKEHUSI B TEXHOJIOTMAX YJIbTPAAKyCTHUECKOM IMArHOCTHMKA M CEMCMOIMHAMMKU,
THJIPOAKYCTUKE, TEXHOJOTUAX OOpaOOTKH CHUTHAJIOB, METOJAMKAX OLIEHKH JUHAMHYECKON
MIPOYHOCTH W HAJACKHOCTH KOHCTPYKIMH W coopyxeHui. Jlana oOmias ¢opMynupoBKa
HCCIIEIOBATENIbCKUX 3aJaHUI pabOoThI, BKIIOYAIOIINX: 3a/1a4l 00 OTPaKCHUH HOPMAaJIbHBIX
BOJIH IPOAOJIBHOTO CIBHra OT HAKJIOHHOW TOPLIEBOM IOBEPXHOCTH TPaHCBEPCAIBHO-
M30TPOITHOIO TOJIYCJIOSl IPHU PA3JIMYHBIX BapHaHTaX IPAaHUYHBIX YCIOBMM HA y4acTKax
IIOBEPXHOCTH; 3aJayd OINKCAHUS TOJIEW CIABHTOBBIX YIPYTMX BOJH B COCTaABHOM
BOJHOBOJAE M3 COCTBIKOBAHHBIX IOJI YIJIOM MOJYCJIOEB Pa3HOTUIHBIX MPSMOIUHEHHO-
OpPTOTPONHBIX MaTEpPHAlOB, 3aJauyd ONHCAHUS TIOJSA CABUTOBBIX YIPYTHX BOJIH B
COCTaBHOM OPTOTPOITHOM YIIPYTOM CJIO€ C MPSIMOJIMHEMHBIM YYaCTKOM 3UI3aroo0pa3Horo
U3JIOMa W 33Ja4d O PACHPOCTPAHEHHH YIIPYTHX BOJH BJOJb COCTABHOIO BOJHOBOJAA C
KOMIIOHEHTaMu JyrooOpa3Hoi (opMbl; 3alayd HUCCIEJOBAHMSI CTPYKTYpPhl BOJHOBBIX
IIOJIEW B COCTaBHBIX IUIOCKOIAPAJUIECIBHBIX BOJIHOBOJAX U3 COCTBIKOBAHHBIX IOJIYCIIOEB C
YCJIO)KHEHHON TEOMETpPHUEl TOPLEBBIX IMOBEPXHOCTEH KOHTAKTa JUOO YCIOKHEHHBIMU
(U3HKO-MEXaHUYECKMMH  CBOMCTBAMHM  COIpPSATaeMbIX  KOMIOHEHTOB.  Kiaccom
paccMaTpuBaEeMbIX OOBEKTOB SBJISIOTCS TAKXKE YyHPYTrHe Teda B BUJIE NEPPOPUPOBAHHOTO
CIOA C BHYTPEHHHMMH TYHHEJIbHBIMM HEOJHOPOAHOCTAMH B BHJE MojocTeld 00
HAJIMHIPUYECKUX BKIIOYECHHMU. /[aHa XapaKTepHUCTHKA HCIIOIb3YEMbIX METONOJIOTHYECKUX
MOAXO/J0B, B TOM 4YHUCJIE MPUHIMIA ONUCAHUSA MCCIEAYyEeMBbIX TMoJell B Qopme
CHEKTPAJIBHBIX Pa3JOKEHUH MO Oa3UCHBIM MHOXECTBAM pPACIPOCTPAHSIOUIMXCA U
KpPaeBbIX CTOSYMX HOPMAJIbHBIX YIPYTHMX BOJH (METOAa JMHAMHUYECKHX OJHOPOIHBIX
pelieHuii), MeTroJa YacTUYHBIX obsacTed (MeTola CINMBaHUS), a TakKe MPHUHIUIA
CYNEPHO3ULMH PAAOB 10 OA3UCHBIM CUCTEMAM YACTHBIX PEUICHUI BOJHOBBIX YpaBHEHH B
JIOKaJIbHBIX KOOPJIMHATHBIX CHCTEMaX JjIsi MHOTOCBA3HBIX obnactei. [IpeacraBiena Takxe
METOJMKa YydeTa BO3MOXXHOTO TIOSIBJIEHHUS OCOOEHHOCTEH CTENEeHHOro Tumla B
NPEICTABICHUSX TMOJEH HamnpsHKEHUW I KpaeBbIX TOYEK o00JacTel KOHTaKTa
CONPATAEMBIX 3JIEMEHTOB COCTABHBIX BOJIHOBOJIOB.

Bropoii pa3ges paboTbl MOCBSIIEH pa3pabOTKE W peau3ali METOJUK aHalln3a
Mpo0JIEMbl OTPAKEHHUSI HOPMAJIBHBIX BOJIH IMPOJOJIBHOTO CABUTA OT HAKJIOHHOW TOPLIEBOU
ITOBEPXHOCTH aHU30TPOITHOIO MOJyCNos. B ero nepBom noxapaszaeine npeacTaBicH BapUaHT
METOAMKM PEIICHUs] 3aJauyd pacCMaTpUBAEMOro TUNA JJi1 3aHMMAIOIIEro 00J1acThb
V ={X € (-0, = X3tgd], X, € (-0, ), X;€[-h,h]} B mpocrpanctee  OGe3pa3mMepHBIX
koopauHaT OX;X,Xs TpaHCBEPCATBbHO-U30TPOIHOTO MOJYCI0sI CO CBOOOAHBIMU I'PAHAMU U
HAKJIOHEHHOM MOJ OCTPBIM yIJIOM ¢ CBOOOJHOM IUIOCKOW TOPLEBOM MOBEPXHOCTHIO I,

ODyHKIMS BOJHOBBIX MEPEMEIICHUI 3amMuCchiBacTCs B (hOopMe pasiioKeHHs 1Mo 0a3uCHOMY
MHOXECTBY HOPMAJIbHBIX CJABUTOBBIX BOJH, a g omnpeaeneHus Kodh(UuimueHTon
BBEJICHHOTO PAa3JIOKECHHsI TIOJNydYeHAa peaynupyemMas OeCKOHEYHasi CHUCTeMa JIMHEHHBIX
anreOpanveckux ypaBHEHUN Ha OCHOBE aireOpam3anuu (PYHKIIMOHAIBHBIX KPaeBbIX
ycioBuii Ha ' ¢ MpUMEHEHHEM METO/1a OPTOTOHATIBHBIX PSIOB.

Jlanee paccMaTpuBaeTcsl MOCTPOSHUE M YUCIICHHAS peann3alnus Oa3upyromencs Ha
KOHIICTIIINY YaCTUYHBIX 001aCTeH METOIUKH PEIICHUS 3a1a4i 00 OTpaKEHUH HOPMAITbHOU

CUMMETPUYHONU MO TOJIIIUHE L(hg) noJisipu3oBaHHON B0k O&; BOJIHBI MPOAOIBHOTO

CABUTa C KPYroBOoM 4YacTOTOM ® W3 MPOU3BOJIBHOM MOJABI COOTBETCTBYIOILIETO



JUCIEPCHOHHOIO CHEKTpa OT HAKJIOHEHHOW MOJA YIJIOM \y(()a) TOPLIEBOM MOBEPXHOCTH

3aKpEeIJICHHOTO 10 BCEM yYacTKaM TPaHUIbl OPTOTPOITHOTO TOJYCIOS TOJIMUHBI h 13
maTepuaiga € YNPYrMMH HOCTOSHHBIMH {C44, Cs5} M IapaMeTpoM IUIOTHOCTH P,

KU

ka2

Puc.1. Puc.2.

3aHHMMAIOILIETO B IPSIMOYTOJIbHBIX KoopauHaTax O&,&,E, obnacTp Lf) (puc. 1).

L© )

[Tonycmon WHTEPIPETUPYETCS KAK HUKHSSA IOJOBHHA CJIOS L(2h ToymuHbel 2h ¢

3aKpEIUICHHON TPEYTOJIbHOM KIMHOBUAHOUW OOKOBOM MOBEPXHOCTHIO FSLn) ur (puc. 2).
DranaMy MOCTPOEHUS pelleHus ABIA0TCS appuHHOE peoOpa3zoBaHUe KOOPAUHAT X = &y,

Xo=pEy, n=(Cs/ Cy)’? mim TpaHcOpMAUME YPABHEHHMS CABHMIOBBIX KOIEGAHHiA
MONyCIIOA B KJIACCHYECKOE BOJHOBOE YPAaBHEHME; BBEIEHHE B IIOIy4aeMOM O3THUMH
IpeoOpa3sOBAHUSAMU U3 L(Zgh) obnactu cedeHus noaycnost L,, BCroMorarenbHON CHCTEMBI

koopruHar Ory (X =r-cosy, X,=r-SiNy) ¥ BBICICHHE B HEH YaCTHYHBIX
nopobnacreit B Buae cekropa Ly ={re[0, R], v e[—yy, wol}, \uozarctg(;,t-tg\u(()é)),
nonynonocsl  L={x €[l,»), X, e[-h,, h,1}, h,=ph wn tpeyromphnka, L; cLlg. Hdus
ONMMCAaHUSA TIOJII BOJAH B moaoOmactm L BBOAWUTCS YAOBIIETBOPSIONIEE BOJTHOBOMY

YPaBHCHHIO W KpaeBbIM YCIHOBHSM (Us), _o =(Us), _,n =0 mpencrasnenue uéL) B BHJE

CYMMBI e IS u OTPaXEHHOU COCTaBJIAIOLINX
u§™ =ufy sin(prx, / h,) - exp(—i(ot +k, (4 —1))) + > A sin(nmx, / h,) -exp(—i(ot -k, (4 = 1)),
n=1
a nmna monda B Lp — mpencraBineHue ugc) = z B.J., (kr)sin o,y -exp(—iot) .
n=1

Kosdpdummentet A,, B, BO BBeACHHBIX MPEJICTABICHUAX ONPEACISAIOTCA U3
(YHKIIMOHAJIBHBIX KpPAeBbIX YCIOBHIA (ué"))r =(u§c))r, (csﬂ,;))F :(csg))r Ha TpaHHIIe
C={x=1x, e[_hwhu]} KOHTaKTa 4YacTM4yHbIX oOmacrel L u Ly, m g ux
areOpan3ainy UCTONIb3YETCSl METOJI HAUMEHBIITNX KBaapaToB. J[isi MOMEHTOB BpeMEHH,
COOTBETCTBYIOIIMX Hauyaly IEpPHOJa BOJHOBBIX KOJIcOAHUH, B ClydasiX pacCesiHHS
HOPMaJILHOW BOJIHBI M3 HH3IIEH MOJBI JUCIEPCHOHHOTO CIEKTpa CHUMMETPUYHBIX
CIIBUTOBBIX BOJH B 3aKPEIJICHHOM CJIO€ C BapbHUPYyEMBIM MapaMETPOM OTHOCUTEIIbHOM
mansl A =27/ (kh), ocyiiecTnensl pacdersl monel BOIHOBBIX YIPYIUX MEPEMEILeHNUIt
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B mogobmactu &; <6h/tg (\V%) y HaKJIOHHOW TOPIIEBOM MOBEPXHOCTH TIOIYCIIOS C

oKa3arejaeM HakKJIOHa wgé). AHaIN3 ONKCHIBAEMBIX TOHHPOBAHHBIMH H300paKEHUSMH
MOJICH, Ha KOTOPBIX IEPEXOJ OT TEMHBIX TOHOB K CBETJIBIM COOTBETCTBYET POCTY
WHTCHCUBHOCTH, JIJIS CITydacB wég) =n/3 (puc. 3-5) w \V(()E*) =n/4 (puc. 6-8)

MMOKa3bIBACT MAaJIOC BIIMSHHE HAKJIOHA TOPIIEBOM TOBEPXHOCTH B JAJIbHEM IOJE TPHU
A =3.0, pocT cTeneHu JIOKAIU3alu UHTEHCUBHBIX BOJTHOBBIX CMEILICHUN C MOSABICHUEM

(OKYCHBIX 30H B OKPECTHOCTH BEPIIMHBI KIMHOBUIHOW TpaHUIBI U TpaHChHOpMAIUIO
noJiel paccessHus B MIPUTOPIIEBOM 00JIaCTH € MPOABUKEHUEM 30HBI BOBMYIIIEHUHN OT TOpla
BIUIYOb TIOJIYCJIOS MTPU YMEHBIIIEHUH OTHOCUTEIBHON JUTMHBI TAAAI0NTUX BOJIH.

0 1 1 1 1 1 1 1 1 1 ] 1 [ e 1 | 1 1 1 1 | 1 ! 1 1 |

£l

Puc 4.

=1

454

. 05 1 15 i 2% 3

Puc.7. a Puc.8.

AHANOTUYHBIM METOJ| pelleHUs 3aJadyud 00 OTPaXEHUU HOPMAJbHBIX CIBUTOBBIX
BOJIH OT HAaKJIOHHOW TOPLEBOM IOBEPXHOCTH CBOOOJHOIO OPTOTPOIHOIO IOJIYCIIOS
M3JI0)KeH B mozapasnene 2.3. PaccumTaHHble Uil OTOTO BapHaHTa KpPAaeBBbIX YCIOBUU

KapTUHBI TOJs paccenBaemblx BoJdH mpu A=0.7 u A=13 B ciuydae wgé) =n/3
(puc. 9, 10) npu conocTaBieHUH ¢ pe3yJibTaTaMH Mojpasjeia 2.2 Mo3BOJISIOT 3aKII0YHTh,

Puc. 9. Puc. 10.

YTO JJIsl CBOOOTHOTO TOJTYCJIOs HAaOMIoAaeTCs BhIpakeHHOe (hopMHupoBaHUe (POKYCHBIX 30H
MOBBIINICHHOW WHTEHCUBHOCTH BOJIHOBBIX TIEPEMEIICHUA B OKPECTHOCTH BEPIIUHBI
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OCTpPOTO yTIJla CeYEHUs MOJYCIOosl ¢ HAaKJIOHEHHBIM TopuoM; B ciaydae A =0.7 ¢okycHoe

MATHO CMEIMIACTCS BIITyOh CIIOS C JIOKAJTU3AIKMKA Y TOPIIEBON U BEPXHEH IIIOCKON TPAHUIIBI.

Jlanee uznaraercs pelleHue 3ajadyu 00 OTpaKeHUM HOPMAJbHBIX BOJIH CIBUTA OT
CBOOOJIHON HAKJIOHHON OOKOBOM IMOBEPXHOCTU OPTOTPOMHOTO MOJIYCIOS Ha KECTKOM
OCHOBaHMH. PaccuumTaHHbIE [JI1 MAHHOTO CIy4ash pacIHpelesieHUusl MOJed BOJHOBBIX

NepeMelIeHU B CEYeHUH TOJTyCIIOs ¢ MapaMeTpoOM HAaKJIOHA Toplia wgé) =n/3 (L=0.7,

A=13) wu \Ifg;) =n/4 (A=0.7, A=13) COOTBETCTBEHHO TPEJCTABIICHb Ha
pucynkax 11 — 14

Puc. 11. Puc. 12.

Puc. 13. Puc. 14.

OxapakTepu3oBaH psJi 3aKOHOMEPHOCTEH U COMOCTABUTENBHBIX OTIUYHH AITUX
pacnpeneneHuii B CpaBHEHUHU CO CIydasMH, KOT/Ia BCE YYaCTKU TPAHUYHOW MOBEPXHOCTHU
MOJTyCJI0s CBOOOZHBI OT HAIpsOKEHUW MO0 KEeCTKO 3akperuieHbl. B kadectBe addexTa

BJIMAHHA BCIMYHHBI YIJIa HAKJIOHA TOpHeBOﬁ IIOBCPXHOCTHU \Ilga) MO>XHO OTMCTUTB, YTO

€ro yMeHbIIeHHe B auamna3one m/4< Wga) <1 /3 o0ycnaBnuBaeT KapTUHY BHIPAKECHHOTO

3aTEHEHUSI B YCJIOBHO BBIJEISIEMONM TPEYroJbHOW MPUTOPIIEBOM OOJACTU CEUCHUS
MOJYCJIOST B JMana3oHe OTHOCUTENbHbIX MH mnagatomux BoiaH 1.0<A<3.0. Ilpu
NajdbHEUIlIeM YMEHBIICHUU OTHOCUTEJIBHOM [IJIMHBI Majarouieid BOJHBI 3TOT 3(PdEeKT
BBIPAKEHO HE TPOSBIAETCS, U BMecTe ¢ TeM, i A =0.7 MOXHO yka3aTh Ha HaJU4He
«CHUHYCOUJAQIBHO»  pa3MENaloNIuXcsi B paccMaTpUBaeMOl  MOJ00JIaCTH  CEYCHUS
noao01acTei, B KOTOPBIX JOCTUTAIOTCS MAaKCHUMAaJIbHbIE YPOBHU BOJHOBBIX CMEIICHHMA.
Y CTaHOBJIEHO, YTO CTENEHb BIWSHUS BEJIMYMHBI yIJla HAKJIOHA CKOIIEHHOW TOPILIEBOM
MOBEPXHOCTU HA CTPYKTYPY aHAIMU3UPYEMBIX IMOJEH B PacCMATPUBAEMOM YaCTOTHOM
JMAana3oH JUIs Cy4asl CJIOSi Ha >KeCTKOM OCHOBAaHUU SIBJSIETCS 0oJyiee CYIECTBEHHOW B
CpPaBHEHUU CO CIy4YasMH 3aKpEIUIEHHOTO JUOO CBOOOAHOTO MO BCEH rpaHULE IMOTYCIIOS.
Onucannbie 3Q¢GeKTsl MOTYyT OBITh HCIOJIB30BAHBI MPHU aHAIW3€ OOpaTHOW 3aaaduu
UJICHTU(PUKAIIUY CTETICHH HaKJIOHA TOpIla MO XapaKTePUCTUKAM TMOJISI OTPaKEHHBIX BOJIH.
B Tperbem pasgesie TpeACTaBICHBl PE3YJbTAaThl HCCIEIOBAHUS IPOIECCOB
pacrpocTpaHeHHUs CABUTOBBIX BOJIH BIOJIb COCTABHBIX BOJHOBOOB CO CTHIKYEMBIMH O]
YIJIOM OJHOPOHBIMHU MPSMOJUHEHHBIMU WJIM KPUBOJIUHEHHBIMU KOMITIOHEHTAMH.
OcymiecTBiieHa  pa3pabOTKa  YKCIEHHO-AaHAJIIMTUYECKOM  METOAMKUA  aHaiu3a
MIPOXOXKJEHUS CABUTOBOM BOJIHBI 10 BOJIHOBOJY B BHJIE COCTABHOTO OPTOTPOIHOTO Tejia
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U3 monycios V; TommmHBl 20 ¢ OpTOrOHANBHBIM K TpPaHAM IUIOCKAM TOpHoM [ H
noxycnos V, tommunsl 2h,, h, =h -sino, ¢ miockoit TopreBoii rpanuneit I',, KOTOPbIi
HaKJIOHEeH Ha yroi o 1o ortHomenuto k V;. Topuessie mosepxuoctu I'y u I', mpu

CTBIKOBOYHOM HaJIO’KEHUH 00pa3yroT MJIOCKOCTh [ M1ealbHOT0 MEXaHUYECKOTO KOHTAKTa
noxnycioeB V; u V,. Bo BBeneHHbIX B V; M V, JIOKaJBbHBIX KOOPJAWHATHBIX CHUCTEMAax

Ox(j)x(j)xgj) (j :]TZ) ¢ obmum nomocoM O, pacrosioKEHHBIH B LieHTpe [ cocTaBHbIE

4acTH BOJIHOBOJA 3aHMMAIOT 001acTH V; {—oo< X(l) <0, X(l) e[-h,h], X(l) € (—oo,0}} u
V, ={x{? /tga < x? <o, x§? e[-h,,h,], x$?) € (~o0,00}}, a ux mockue rpann x$) =+h,,
Xéz) ==+h, cBOOOIHBI OT HAmpsHKEHUH. YTNPYro->KBUBAJICHTHBIC HAIMPABICHUS I

MaTepHaoB MoyycnoeB V; KOJUIMHEAPHBI OCIM Oxl(J)X(J)ng) U XapaKTEPU3YIOTCS

YIPYTHUMH  IOCTOSHHBIMU 5{21, g‘g, U IIpY DTOM cff) —c224) Ccos oc+cgz5) sin“a,

¢ =) cos?o+c{) sin®a, @M =(c@-c@)sinocoso.. Meromuka Gasupyercs Ha
MCIIOJIb30BAHNN TIPE/ICTABICHHIT BOIHOBBIX IOJNICH I KOMIIOHCHTOB BOJIHOBOJA B BUIE
PAZIOB TI0 COOTBETCTBYIOIIMM Oa3MCHBIM MHOXECTBAM OCTYIMX W KPACBBIX CTOSUYUX BOJIH
C MOCIEYIOMMM OINpe/eeHneM KoI(GGUIMEHTOB 3TUX PSIOB U3 alreOpan3upOBaHHBIX
(GYHKUMOHANBHBIX ~ KpaeBbIX  yCIOBHH KOHTaKTa IOMycloeB. B peanmsyemom
MCCIICIOBAHNH YYUTHIBACTCS BO3MOXKHOCTH IOSIBICHHSI OCOOCHHOCTEH CTEIIEHHOrO THIIA
JUTS TIONTEH KAcaTEeNbHBIX HATPSKEHHH B KpaiHUX yrooBeix Toukax X$) =h u x{P =—h

KOHTAaKTHOro  orpe3ka ['. JlaHHBIE TOYKM B  ACHMIOTOTHYECKOM  CMBICIIE
MHTEPIPETUPYIOTCA KaK BEPUIMHBI JABYX TEJ B BUJE COCTABHOIO KJIMHA CO CBOOOJHBIMU

IPaHULAMH U3 aHU30TPONHBIX MATEPHAIOB C YIPYTMMHU MOCTOSIHHBIMU 0214), E(-)l5) u cﬁ“),
C%a), C%O‘) [Ipu 3TOoM mapamerpsl { aCUMOTOTUYECKOTO MOBEACHHMS OISl HANIPSKEHUH B
yIJIOBOU TOYKE IIO/JIE)KAT OINPEIEIICHUIO u3 YPaBHEHUMU
(¢ +DsinC(y + o) + (x —1) sinC(d; — ;) =0, B KOTOPBIX

% = ((cQ cos?o+c? sin%a) (c@ cos?o+ ¢ sina) -((c3-¢&)) sina cosa)?) / (c{Hes))Y?;
o, =arg(-sino.+p,coso), ¢, =arg(—p,) amr  touxkm  xP =0, xP=h m
o, =arg(sino—p, cosa), ¢, =arg(—w,) mm  toukn  xP =0, xP=-h;
= —i(cl) /ci)Y?2. B wacthocTn, B ciyuac BbISBICHHS OCOGEHHOCTH C MapaMeTpoM
0<¢; <1 B oxpectrocTn Toukn X\ =0, X =h npu pemenun 3anaun yrosneropeHHs
KOHTAKTHBIM YCJIOBUAM Ha I s mojdycnos V, Ha OCHOBE paslnokeHus (GyHKIMH
() = —xP)> 1o muoxkecTBY GasmcHbix dymkumit {C0S Osp1 X3 M sin qcplx(l)}p:O ,
Uepr =(2Pp+Dn/(2hy), dgpn=(P+Dn/h, obpasyemomy TpaHMYHBIMM 3HAYECHUAMH
TpeCTaBIeHUI 6a3UCHBIX HOPMAIBHBIX CBUIOBBIX BOJH B V;
{u$) (47 X§7)3 ={c0s(d 557 ) exp(ikep V) HASING g XS”) xp (kX3

(GopMupyeTcs npeacTaBIeHne sl CIENUAIbLHOIO YaCTHOTO OHOPOIHOIO PELIEHUs BHA
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1 1 S 1 . 1 . .
e, (%7 %67) = 3 (Ecp ©OS Ay X5 XP(iKpyX(™) + Epa SN Gy X5 exP(ikpyx())
p=0

hy h,
Eepr = (20) ([ (= x§)% cos g xPax), £y = (2) ([ (= x§7) % sin gy xPaxg?)
—h —h

KOTOPOC C HCOIPCACICHHBIM KOB(i)(l)I/IHI/ICHTOM BBOJUTCA B IPCACTABJICHUC BOJIHOBOI'O
I10JIA B Vl B BHUAC PA3JIOKCHUSA 110 68,3HCHOMy MHOXCCTBY 6CFYHII/IX H KPACBbIX CTOAYHNX

HOpPMaJIbHBIX BOJH. [lo aHamormuHoO#l cxeme (QOPMUPYIOTCS CHEIUATbHBIC YaCTHEIC
OJTHOPOJIHBbIE peuleHus s V, W B cilydasx BBISBICHHUA OCOOEHHOCTH B TOYKE Xl(l) =0,

Xél) =—h,. [Ipu anrebpaunsanuy GyHKIHOHATBHBIX TPAHUYHBIX YCIOBUH 3a1auil METOIaMH
OpPTOTOHAJIBHBIX PSJIOB YYUTBHIBAETCS COOTHOLICHHE CBSI3M KOOpDAMHAT HA TpaHUIE
KOHTaKTa IOJyCIIOEB (Xl(z))F = Xél) sina, (Xéz))r = X:,El) coso.. U3noxkeH Takke BapuaHT

MPEACTABICHHOIO MOAX0Aa, B paMKaxX KOTOporo anreOpau3anus (QyHKIMOHAIbHBIX
KOHTaKTHBIX KPAaeBBIX YCIOBUI MPOBOJIUTCS C HCIOJIb30BAHWEM METO/a HAaWMEHBIINX
KBaJIpaToB JINOO ajroputMa 0000IIEHHON TpaHUYHOIN opToroHanu3zauuu no LMunry ans
0a3UCHBIX MHOKECTB HOPMAJIbHBIX BOJIH B KOMIIOHEHTaX BOJHOBOJA.

[Ipenno’keH WTEpPAlMOHHBI aNrOPUTM  YAOBJIETBOPEHUS KOHTAKTHBIX KpPaeBbIX
yCIIOBUH, B KOTOpPOM CleIylolas H3 anreOpau3upyeMblX TIpaHUYHBIX YCIOBUH
MEXaHUYECKOTO  COMNPSDKEHUS CHCTeMa JIMHEWHBIX  alreOpandyeckux ypaBHEHUI
paccMaTpuBaeTCsi COBMECTHO C  HEIMHEHHBIM  KBaJpaTUYHbIM 10  HCKOMBIM
ko3 dulreHTaM yCIOBUEM OanaHca CPEeIHUX 3a MEPHUOJI CYMMapHBIX MOTOKOB MOITHOCTH
JUTS BOJTHOBBIX TIOJIEH B CTHIKYEMBIX ()parMeHTax BOHOBOAA. Ha mepBoM miare aaropurMa
MOJIAraeTCsl PaBHBIM HYJIIO MOCIEAHHUN yaep:kuBaemblidi KodpduuueHt ¢ vomepom N B

pa3NoKeHUH 10 0a3UCHBIM HOPMAJIbHBIM BOJIHAM JIJIsl IEPBOM KOMITOHEHTHI BOJIHOBOJA, U
OCTaBIIIEECS] MHOXECTBO KOA(D(PHUIIMEHTOB OMpeAenseTcss W3 CUCTEMbl JUHEHHBIX
ypaBHEHUN C TOHWXECHHBIM HAa EIMHUILY TOPSAKOM, Jajnee, C YYETOM TOJyUYEeHHbIX
3HaYCHUN KOA(PPHUIIMEHTOB, COOTHOIIIEHNE YHEPTeTHUYECKOro OajgaHca TpaHchopMupyercs
B KBaJpaTHUYHOE aire0pandyeckoe ypaBHEHHWE OTHOCHUTEIBHO  BBIIICYKA3aHHOTO
kodpduimenta ¢ HomepoMm N, mocie  ompeAelieHus  BEJIMYUHBI  KOTOPOTO,
COOTBETCTBYIOIIIEE 3HAYEHUE TMOACTABIIACTCS B CUCTEMY aJlreOpandecKuX ypaBHEHUM st
OTBICKAHUSI HOBBIX 3HAUYEHWH oOcCTaBIIUXCA Kod(hPuuueHtoB pasznoxenus. [lanee
yKa3aHHas Tpoleaypa HaxoxaeHus: kodddunuenta ¢ Homepom N, a 3aTeM oCTaIbHBIX

KO2(PUITMEHTOB, MOBTOPSIETCS BIUIOTH JO BBIOJHEHHS YCTAHABIMBAEMOTO KpPUTEPHS
CXOIMMOCTH Tipouecca. IIpeacraBieHa TakKe METOJIUKA HCCIEAOBAHUS CBOMCTB I -
00pa3HOTO BOJHOBO/IA M3 JIBYX CTBIKYEMBIX MO/ MPSIMBIM YTJIOM OPTOTPOITHBIX TTOJTyCJIOEB
CO CBOOOJTHBIMH OT HANPSHKCHUH BHEIIHUMH TPAaHUYHBIMH TTOBEPXHOCTSAMH Ha OCHOBE
KOMIUICKCHOM  WMTEpPAllMOHHOM  Tpoleaypel ¢  ajredpausanued  KOHTaKTHBIX
(GYHKIIMOHATBHBIX TPAaHUYHBIX YCJIOBUUA TIyTEM COBMECTHOIO TMPUMEHEHUS MeEeToja
KOJUTOKAIIMd ¥ METOJIa HAMMEHBIINX KBaJAPAaTOB, a TAKXKE MCIOJIb30BAHUS HEJIMHEHHBIX
COOTHOILIGHUM OayiaHca CpeHUX 3a MEepPUOoJ MOTOKOB MOIIHOCTH JIJIi BOJIHOBBIX IOJIEH B
CTBIKyEMBIX (hparMeHTax.
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Hanee, B pasgene 3.3 paGoThl MPEACTABICHO YHCICHHO-AaHATUTHUYECKOE pEIICHHE
3a/la4yd O pacHpOCTPAHEHUU CABUTOBBIX YIPYTHUX BOJIH B 3aKPEIJIEHHOM YIIPYTOM CJIOE€ C
Y4aCTKOM JIOKQJIBHOTO 3Ur3aroodpasHoro uznoma (puc. 13), 6azupyroieecs: Ha MPUHIINAIIE
pa3IoXKEHUsT BOJHOBBIX MOJIEH MO 0a3MCHBIM MHOXECTBaM OETYIIUX U KPaeBbIX CTOSYUX
HOpMaJbHBIX BOJH U TMpHeMe anreOpau3aliid KpaeBbIX YCIOBHM Ha TOPLEBBIX
MTOBEPXHOCTAX KOHTAKTa KOMIIOHEHTOB C MPUMEHEHHEM METOJIa HAMMEHBILNX KBaJIPaTOB.

3aKITIOYNTENBHBIA MTOAPA3/Aesl TPEThEH I1aBbl MOCBSIIEH Pa3padOTKE METOIa PEIICHMS
3a/layd O PaACIpOCTPAHEHWU BOJH CABUTa IO BOJHOBOJY B BHUJE CJOS C H3JIOMOM,
UMEIOIIUM CEUEHHUE YETBEPbKPYroBOW JIMOO TOIYyKPYroBoil mayrooOpasHoit (opmbl
(puc. 15). ITonydeHHOE pELICHHE OCHOBBIBACTCS HA KOHIICIIIMK BBEICHHS YaCTHYHBIX
oOnacTedt B BUE JBYX IOJYCIOEB M (pparMeHTa LHJIMHIPUYECKOTO CIIOS C CEYECHUEM B
BUJIE KOJIBLEBOIO CEKTOpAa YETBEPTHKPYTOBOM WIIM IOJIYKPYroBOW yriioBod Mepsl. Ha
INOBEPXHOCTAX KOHTAKTa BBIJIEISAEMBIX COCTABHBIX YAaCTEW BOJIHOBOZA 3aJAIOTCS YCIOBUS
UJ€ANTbHOTO MEXaHUYECKOTO CONPSIKEHHUS.

S L AN TZEL N
- ! “':\_r-h{ ?_ \ P N W b \\\
. \:E _L \ﬁ __“m\ ( N\
X3 Y =\ I'I
G,L__, _.I_.j:i):_ * L) .\'Il {_.J /:I I|
’ A AN
.’I P ,x’; {,ﬂ_,rfjf.'
9 PN — Y N/
s =T T — ot f
S — R E/: /
E fJI PN N g b _____.-"'
Puc. 15.

Jlnst  BOJIHOBBIX TOJIeH B TOJYOECKOHEYHBIX  COCTABISIONIMX  BBOJSTCS
MPEJCTaBICHUS pSJaMU C  HEONpeAeTeHHbIMU  Kod(duireHTaMu 1o O0a3uCHBIM
MHO>KE€CTBAM CHUMMETPUYHBIX M AHTUCUMMETPUYHBIX HOPMAJIbHBIX BOJIH CABUTA ISt
YIIPYTOIO CJIOSI CO CBOOOAHBIMU JIMOO KECTKO3aKPEIUICHHBIMU TpaHsIMU, a Jj1sl (pparmMeHTa
KOJIBIICBOTO LUJIMHJIPUYECKOTO CJIOSI UCXOHbIE MPEACTABICHUS] BOJTHOBBIX MOJIEH UMEIOT
dbopMy pasiiokKeHUW B psiibl C HEOMNpeAeIeHHbBIMU KoddduiuueHtamMu 1o Oa3uCHBIM
MHOKE€CTBAaM HOPMAaJIbHBIX BOJIH CJIBUTa, PACHpPOCTPAHSIOMIUXCS BAOJb OKPYKHOTO
HaIPaBJICHUS B CEUYCHHUH MPOTSHKEHHOTO TOJIOT0 MWJIMHAPA CO CBOOOAHBIMU JIMOO KECTKO
3aKpEIJICHHBIMA TPAHUYHBIMU TOBEPXHOCTSIMH

u$(r,0,t) =>"[(@f"  (Qr) + b§,R+>Ykp (Qr))exp(—i(ot +k,0)) +
p=
+(a<pR—>Jkp (Qr) + bgR—Nkp (Qr))exp(—i(wt —k,0))1,
rac, B 4aCTHOCTH, JJIA 3aKPCIIJICHHOI'O CJI0s kp — KOPpHHU JUCIICPCUOHHOI'O YpaBHCHHUSA
Ji (QR)Y, (Q(R+2h)) =Y, (QR)J, (Q(R+2h))=0.

C nmnpuMeHeHHeM METOo/la OPTOTOHAJBHBIX PSAJNOB [JIs ainreOpan3ali KOHTAKTHBIX
(GYHKIIMOHATBHBIX TPAaHUYHBIX YCJIOBMH, 3ajJada CBEJIEHa K CHCTEME JIMHEWHBIX
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anreOpanvyeckux ypaBHEHUI OTHOCUTENBHO KOA()(PUIMEHTOB pa3ioXKeHUil Mo 0a3uCHBIM
CEMENCTBAM HOPMAJIbHBIX BOJIH C MAaTPUIIE OJIOUHO-TIEHTOYHOM CTPYKTYPHI.

YerBepThiii pa3gen pabOThl COAEPKUT HUCCIENOBAHMS MO MPOOJIEMaM OIHMCAHMS
CBOMCTB CIBUTOBBIX HOPMAJIbHBIX BOJIH B BOJIHOBOAAX M3 COCTBIKOBAHHBIX IOJIYCJIOEB B
CIIy4asiX YCJIOXHEHHOM T€OMETPUHU MOBEPXHOCTEN KOHTAKTA JIMOO YCIOKHEHHBIX (PU3UKO-
MEXAaHUYECKUX CBOMCTB CTBIKYEMBIX KOMIIOHEHTOB. B ero mepBom mnoapaszaene
MIPE/ICTABICHA METOJIMKA PEIICHUS 3aJa4l O CABUIOBBIX BOJIHAX B COCTABHOM IONEPEYHO-
QHU30TPOITHOM BOJIHOBOJE U3 IOJIyCJIIOEB C KOHTAKTHPYIOIUMU MOJYIWINHIPUIECKUMU
OOKOBBIMM IOBEpXHOCTAMU. [IpeacTaBieHus noueld B KOMIIOHEHTAaX BOJIHOBO/IA 334at0TCS
B BUAC pAAOB MO OA3UCHBIM HOPMAIBHBIM BOJIHAM C BOJHOBBIMH YUCIAMH K, H

peodpa3yroTcs K BUY
() _ N (Al i
uz" = Z(Ahj 1 2)[eXp(VinjX) + VanjXs) + EXP(Vig X — VanjXs)], Vi = (-D'ik,, Vanj = 10y,
n=1L
MOCJIe Yero JUIsi HUX Ha KpyroBoMm KoHType I paamyca h ¢ MCHOIb30BaHUEM TPaHHUYHBIX

pa3IoKEeHU BHUJIA (eXP(Vinj Xy + VaniXs))r = > Qpnj (Vinjs Vanj ) €XP(ip0),
p=—00
Qpnj (Vlnj ’V3nj) = ((VSnj - iVlnj) / (anj + V%nj )UZ) P J p (_ih(vlznj + Vgnj )UZ) 3alIUChIBAIOTCA
NpeJCTaBIeHHs
U§J) = z Z(ASJ) / 2)[Qpnj (Vlnj ’V3nj) + Qpnj (Vlnj ’_v3nj )]exp(lpe),
p=—c n=1

o0ecreynBaonre BO3MOKHOCTh d(PPEeKTUBHON anredpan3aluyd KOHTAKTHBIX T'PaHUYHBIX
YCIOBHM HA MOJMYUWIMHIPUYECKOM TIOBEPXHOCTH C  HCIOJB30BAaHHUEM  METOAa
OPTOTOHAJIBHBIX PSAAOB.

B nmoappasmene 4.2 wu370)K€HAa METOJMKA MCCIECIOBAaHUS DHEPreTUYECKUX
XapaKTepUCTHUK HOPMAJIbHbIX BOJIH CABUTa B COCTaBHOM BOJIHOBOJZIE, OOpa3yeMoM
U30TPOIHBIM MOJYCIIOEM M3 MaTepuaja ¢ napamerpoM Jlame | M IUIOTHOCTBIO pg, U

IIOJIyCJIOEM M3 OPTOTPOIHOIO MaTepuaja ¢ MOAYJISIMH YIPYTOCTH Cyu, Cgg M ITIOTHOCTBIO
p,, UMEIOIIMMH CBOOOJHBIE OT HalpspDKeHUW rpaHu. B 3amade o pacmnpocrpaHeHuu

JBIDKYIIEHCS W3 TIYOMHBI M30TPOIHOTO IMOJYCJIO HOPMaJIbHOM BOJIHBI C Oe3pa3MepHOU
aMIUIMTYI0M U M KPYroBOM 4YacTOTOW , NPUHAIEKAIIEH MOAE C HOMEpOM N U3
COOTBETCTBYIOIIETO  JIUCIIEPCMOHHOTO  CIEKTpa, TMOJYYEHbl MPEACTaBICHUS s
naplyaIbHbIX BETMYUH CPEIHUX 32 MEPUOJI CYMMAPHBIX MO CEYEHUIO TOTOKOB MOIIIHOCTH
B najamomux Py, orpaxxkeHHbIx P, u npeiromieHHbIx P, BoiHax

1),,2 1 2,2 2 2,,2

I:)0 :Hkrg )U ! I:)1n :_“krg )((Bn _an)/(Bn +an)) u , I:)2n :4C66kr(1 )(Bn / (Bn +an)) u-,
M OCYLIECTBIIEH HX IAPAMETPUYECKUM YACTOTHBIM aHaJIW3 ISl PA3HbIX COOTHOIIECHUH
apaMeTpoB Cy4, C. Pe3ynbTaThl pacueToB Ha pucyHkax 16-18, ykaspiBatoT Ha 3pdexT

JOMMHHMPOBAaHHS BO BCEM YaCTOTHOM [UAIa3OHE IIOTOKA B MPEIOMIICHHBIX BOJHAX IIPU
Cys / Cge =0, W TOSABIECHUS TIPH YBEIWYECHHH IIOKa3arelsi Cyy/Cq HH3KOYACTOTHBIX

AWAaIra3oHOB, B KOTOPLIX (1)I/IKCI/Ipy€TC$[ JAOMHWHHUPOBAHUC ITOTOKA B OTPAKCHHLIX BOJIHAX.
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A - B 5. 2 - -1 ) El - < 1Y B«

Puc. 16. Puc. 17. Puc. 18.
Jlanee B 4deTBepTOM IiaBe pabOTHI MPEJCTABICHO pEIIeHHEe 3ajlaud O TpaHchopmaluu
HOPMaJbHBIX YIPYTMX BOJIH CJIBUTa TIPU TAJEHUM Ha TOBEPXHOCTh KOHTAaKTa
TPaHCBEPCAITBHO-U30TPOITHBIX (YHKITMOHATIBLHO-TPAIUCHTHBIX MOJTYCJIOCB c
OKCIIOHEHITMAJIbHBIM 3aKOHOM HEIMPEPBIBHOM HEOIHOPOJHOCTH IO TojumHe. Meton
O0asupyercsi Ha aHATUTHYCCKOM HWHTETPUPOBAHWUM YPAaBHCHHWHA BOJHOBOW JTWHAMHKHU
TpaHCBEPCATHHO-U30TPOITHBIX (GyHKIIMOHATBLHO-TPAIUCHTHBIX MaTepHAIIOB
paccMaTpuBaeMOro THIMa W anreOpam3anui  (QYHKIHMOHATBHBIX TPAHWYHBIX YCIOBHM
UJCAThbHOTO MEXaHWYECKOTO KOHTAaKTa TOPIIEBBIX TOBEPXHOCTEH IIONYCIOEB C
MIPUMEHEHUEM METO/Ja OPTOTOHAIBHBIX PAN0B. JJIS pa3smudHBIX COUYETAHWUN MapamMeTpoOB
OKCITOHCHIIMAJILHOW  HEOJMHOPOAHOCTH  MatepuaioB  (puc. 19 —21)  wucciemoBaHbl
pacrpesiefieHdss 10 TOJIIMHHOM KOOpJMHATE Ha KOHTAKTHOM TOBEPXHOCTH JIJIs

0" (), 1 (xs)

) 8+

\_h | /,// ! /1
: /

Puc. 19. Puc. 20. Puc. 21.

[I0KA3aTejIed OTHOCHUTENIBHBIX AaAMIUIMTYJ OTPaKEHHOU u(mﬂ)(XS) U TPEIOMIIEHHON

yref) (X3) BOJIH 13 HU3IIEH MOJIBI JUCHEPCUOHHOTO CHEKTPA.

B nsitom pa3gene guccepTaliu  TPEACTAaBICHBI pa3paboTKa M MPUMEPHI
NPUMEHEHUSI YHCIECHHO-aHATUTUYECKUX METOJUK aHaln3a BOJHOBBIX Je()OpMaIIMOHHBIX
nporieccoB B mepopupoBaHHOM cioe. PaccMoTpeHa Mopenb  pachpOCTpaHEHUs
CIBUIOBOM HOPMAaJIbHOM BOJHBI BJIOJIb OPTOTPOIHOTO CJOSA € JIOKAIM30BAHHOM
HE3aMnoJHEHHOW JMOO0 cojaepXkaliell aHU30TPOIHOE YIPYroe BKIIOYEHUWE BHYTPEHHEU
TYHHETTbHOW UWJIMHIPUYECKOH TIOJOCTHIO JJUTUNTHYECKOTO Ce4YeHHus. MeTonuka ee
MCCIICJIOBAaHMUS  BKJIIOYAET UCIOJb30BAHUE TIPUHIMIA 3EPKATBHBIX  H300paKEHUI,
MIPUMEHEHUE adduHHOTO npeoOpa3oBaHUuU KOOpAUHAT ISt CBEJICHHUS
audepeHInaIbHOr0 ypaBHEHUSI TAPMOHUYECKUX KOJIEOAaHUN aHTHUILIOCKOW AeopMaliiuu
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B OPTOTPOIIHOM Cpele K METarapMOHMYECKOMY YPAaBHEHUIO; BBEICHHUE NPEICTABICHUU
aMIUIUTyIHOM  (YHKUIMH  BOJHOBBIX IEpPEMEIICHUH B  JAUQPPAKIHOHHOM  TOJE
CYTIEpPIO3UIIMEH PSAA0B MO cUCTeMaM 0a3UCHBIX PEHICHUH MeTarapMOHUYECKUX YpaBHEHUHN
BO BCIIOMOTATEIbHBIX JIOKATbHBIX ahPUHHO-TIPeoOpa30BaHHBIX KOOPAMHATHBIX CHCTEMAax
C 3€pPKAIBHO pPAa3MEIIAEMBbIMU OTHOCUTEIBHO IUIOCKHX TPAHUIl CJOS IOJIIOCAMM;
npoueaypy anreOpanszanu  (YHKIMOHAIBHBIX KpaeBbIX YCIOBHI Ha TOBEPXHOCTH
ojocTU. lIpUMEHHUTENBHO K 3aKpeIyIEeHHOMY II0 TPaHsAM OPTOTPOIIHOMY CJOK C
TYHHEJIBHBIM  OPTOTPOIIHBIM  BKJIIIOUEHUEM DJUIMITUYECKOIO CEYEHUs, I I10Jd
paccerBaeMbIX BOJIH BBOJUTCA YAOBJICTBOPSAIOIIEE KPAacBbIM YCIOBUSAM Ha IUIOCKUX
IpaHsX MPEACTABICHUE C MOAJIEKAIIMMU ONpEAEICHUI0 KodpdunueHTamu A, :

om S 1 —
Ui =3 A HD (1) cos(nB) + > A (HP () cos(nd, ) + H P (€ ) cos(ne_,)).,
n=0 k=1n=0
a IJId 11011 BO36y>KI[aeMBIX BO BKJIIIOUCHUHU (HpeJIOMJIeHHBIX) BOJIH — HpeI[CTaBJIeHI/Ie

o0
(mpen) _
U™ =>" B,J,(€,r)cos(nby) .
n=0
C WuCroNb30BaHMEM TEOPEM CIIOKEHUS MUIUHAPUYECKUX (PYHKIMA M OPTOTOHATBHBIX
KOHTYPHBIX paSJ'IO)KCHI/Iﬁ Ha DJOJUIMIITUYCCKUX KPUBBIX, HNPUBOAAINIMX K COOTHOIICHUAM
BHIa

(J, (ero)eme Z Q(l) (€, Ry, 112)9”0(P

P=—00

(HP (1) )= = z QP (€4, Ry, my)e™,

p——OO

1 12 12
Q() (Qb R nlinZ) 8np‘J(ner)/Z(Ql‘nl‘)nlmrp) ‘](n p)lz(Ql‘nz‘)n(n P) ]

2 12 ~(n-p)/2
Q) )(91’ R, M) = San(n+p)/2(Ql‘n1Dn {P) J(n—p)/z(Ql‘ﬂz‘)n(zn Pz,

(exp(viXg + VX)) = Z QE)S)(Vl,Vz)eip(P’

QW (vy,vp) = Y. [Jg(~ieRvy,)d o (—iRvy,)e' (P,

S=—00
JUTSL aMIUTATYAHBIX (YHKIWN TaA01Iel, pacCCeMBAEMbIX U MPEIOMIICHHBIX BO BKIIFOUCHUH
BOJIH 3aIIMCBIBAIOTCS MPEACTABICHUS

(U:gnaa))f = (U /2) i (Qg’)(ikn,ian) +Q§,S)(ikn,—iocn))eip@,
p=—c0

U™ = Z B, 3 Q) (€ Ry, 1) + (-17Q, (€, Romy )™,

p=—0
C MNOCJHEAYIOIIHNM qupMHpOBaHI/IeM CUCTEMBI anreOpandeckux ypaBHeHuil mis A, B,.
AHAJIOTUYHBIE COOTHOILICHHS TOJYyYE€Hbl B CiIydae CJIOS CO CBOOOJHBIMHU IIOCKUMU
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rpaHsMu. BeImomHEHb! pacueThl KapTHH paciipeie]IeHHs] BOJIHOBBIX MEPEMEIEHUI BHYTPU
AIUTUNTHYECKUX BKJIIOUYEHUN W B MOA00JACTSIX BHE BKIIOUYCHHS JII MOMEHTOB BPEMEHH,
COOTBETCTBYIOIIMX HAYally IEPUOJOB BOJTHOBBIX KoyieOanuil. Omucanbl 3()PEKTsI,
00yCIIOBJICHHbIE BapbUPOBAHUEM TOKa3aTelIeM MPOMOPIMOHATEHOCTA O MOJyJIeH CIBHUra
JUI MaT€pPUAJIOB CJIOS M BKIIOYEHHS C OJIMHAKOBOM TNIOTHOCTHIO, a TAK)KE OTHOCUTEIHHOU
JUIMHBI ~ Majaionied BoOdHBI A. OTAenpHBIE pe3yJbTaThl PAcUETOB JIaHBl Ha
pUCYHKax 22, 23, T/e Tepexoj]] OT CBETIbIX TOHOB K TEMHBIM OTBEYACT HApPaCTaAHUIO
noka3aTened MHTEHCHBHOCTH  XapaKTepU3yemblx BenuuuH. Omnucanbl 3¢ EKTh
poxycupyromei 1100 paccenBaronie pyHKINN BKIIOUEHUS IS IPETIOMIIIOIINXCS B HEM
BOJIH B 3aBUCUMOCTH OT COOTHOLIEHMSI CIBUT'OBBIX )KECTKOCTEH MaTEpUajIoB BKIIOYEHUS U
ciosi; 3Q(GEKThl MOSABIECHUE 30H BBIPAXKEHHOM (OKYCHPOBKHM B MOJSIX MEPEMELIEHUN BO
BKJIFOUEHUH U B TEHEBOM 30HE 3a BKIIOYEHHEM; d3()DPEKTHI MATIOCTU UCKAKEHUI, BHOCUMBIX
OTPaXCHHBIMH OT BKJIIOYEHHUS BOJHAMHU BO (DPOHTAIbHOW 0OJACTH B3aUMOJEHUCTBUS.
OtmedeHno, uTo creuuduka TOJS PACCESHHBIX BOJH MOXET paccMaTpUBATHCS Kak
000011IeHHBI TapaMeTp B OOpaTHBIX 3ajavyax Mo HjeHTU(dukauuu (Gopmbl U (PU3MKO-
MEXaHMYECKUX CBOWCTB PACCEUBAIOIIETO MPETISITCTBHS.

" 772'00 !“ ';*{io" .'\I (_ o :’— i
\l "_ " 119 ,,\.Alc__o,.., ;'l- “ '

Puc. 22. Kaptuna pacnpegereHHs BOTHOBEIX NepeMeINeHHH A1 CIy4ad
Cag =2¢s.¢55 =0+, R=0,5h, 3.=0,5h,5=0.25.

Lo 29 1k E(='©H

Puc. 23. KapTrHa pacnpeaelIeHHA BOTHOBEIX NepeMEINeHHH 414 ClIydad
Cyy =2Cs,C55 =C+,R=0,54, =h, 5=4.

Hanee B mnsTOM T1y1aBe pabOThl M3JI0KEHBI PE3yJbTaThl pa3pabOTKU METOAUKH
HCCJIEIOBaHMs MOJIEH CIBHUIOBBIX BOJH B (PYHKIMOHAJIbHO-TPAJUEHTHOM H30TPOITHOM
YIIPYIrOM CJIO€ C TYHHEIBbHOW HWIMHAPUYECKOM IOJIOCTHIO, HEOJHOPOIHBIM MaTepual
KOTOPOT'0 XapaKTepU3yeTcs HapaMeTpaMu INIOTHOCTH P(X,) =peXP(AX,) U MOIyNs CABUTa

[(x,) =pexp(AxX,). B wacTHOM ciy4ae 3akperuieHHs TpaHEH CJIos M TOBEPXHOCTH
MOJIOCTH, 3a/la4a CBE/ICHA K PEIICHUIO CHCTEMBI anreOpaniecKuX ypaBHEHHI BUA

AHY(QR) +SOZA (iP" +i77") 3, (OR)x

xi(—]_)k[H() (2-Q-h- k)+Hr(1+)p(2.Q.h.k):|:

. n/2 .
zugoaﬁJn(Rﬂ/kﬁmﬁ)in w N kn_!Oﬁn
n_ T i

I, k, +ia,

n/2
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OTHOCHUTCIIBHO KOE)(b(pI/II_II/ICHTOB An Pa3JI0KECHUA IO PACCCUBACMBIX BOJIH I10 0a3ucHOM

CUCTEME JUHAMUYECKUX OJJHOPOIAHBIX PEIICHHM.

B 3akmrouuTensHOM IoOApaszAeiie JaHO ONMCAaHUE METOIMKHM pELICHUS 3aJadyu
OIIpe/ieNICHUs XapaKTEPUCTUK TUAPOAKyCTUUECKOTO SKpaHa B BUE J1e(hOPMUPYEMOTO CIIOS
C IIEpUOAMYECKUM pPSAIOM KOJUIMHEAPHBIX BHYTPEHHUX TYHHEJBHBIX LUJIUHAPUYECKHUX
nojiocted OO paanaIbHO-HEOJHOPOAHBIX H30TPONHBIX LUIMHAPUYECKUX BKIIOUYEHUI
KpyroBoro ceudeHus. Jcnosp30BaH KOMIIIEKC NPHEMOB IIOJYyYEHHsS OPTOTOHAJIbHBIX
KOHTYPHBIX IPEICTaBICHUNA B psiax Jid XapaKTEPUCTUK BOJHOBOIO Je(hOpMHpPOBaHUS
CJI0S. MHOT'OCBSA3HOT'O MONIEPEYHOT0 CEYEHUs. 3a/]a4a CBEJIEHA K PEUICHUIO PEeIyIIUPYEMBIX
OCCKOHEYHBIX CHCTEM JIMHEWHBIX  aireOpandecKux  YpaBHEHHHA  OTHOCUTEIIBHO
K03 (UIIMEHTOB PSAAOB MO 0A3MCHBIM YaCTHBIM PEIICHUSM BOJIHOBBIX YPaBHEHUIA.

OCHOBHBIE PE3YJBTATHBI U BBIBO/bI

B wurore mpoBeneHHBIX B pabOTE€ HCCIEAOBAHHMI OCYIIECTBIECHBI pa3paboTKa U
anpoOanusi ~ KOMIUIEKCA  YHUCIEHHO-AHAJIMTUYECKUX  METOJMK  aHaiu3a  IoJIed
CTallMOHApHBIX CIBUTOBBIX BOJH JAedopmanuii B ympyrux Tenax B Qopme ciios U3
aHU3OTPOIMHBIX OAHOPOJHBIX M (PYHKIMOHAIBHO-TPAJAUEHTHBIX MAaTEpHUaJOB NPU YyuyeTe
OCOOEHHOCTEM TI'E€OMETPUYECKOr0 CTPOEHMSI B BMJIE€ HAKJIOHHBIX IUIOCKUX TOPLEBBIX
HOBEPXHOCTEH, H3JIOMOB, JyrooOpa3HbIX WCKPUBJICHUM, BHYTPEHHUX TYHHEJIbHbIX
WINHAPUYECKUX TIOJIOCTEN U BKIIIOUEHUI, KOMIIBIOTEpHAs peaan3anusi pa3padOTaHHBIX
METOJMK W YHUCIICHHBIC IapaMETPUYECKUE HCCIIENOBAHMS aHAIM3UPYEMBIX IIOJEH C
BBISIBIICHUEM BEIYIINX 3aKOHOMEPHOCTEN B UX CTPYKTYpPE U CBOMCTBAX.

OcHOBHBIE pe3ybTaThl Pa0OTHI 3aKIIFOYAIOTCS B CIEIYIOLIEM:

1. PazpaboraHa MeToAMKa TEOPETHUYECKOrO aHAM3a MPOOJIEMBbl OTpPaKEHUs
HOPMAJIbHBIX BOJIH CJBUra OT HAKJIOHHOM TOpPLEBOW MOBEPXHOCTH aHU30TPOIHOIO
MOJIYCJIO0S MPU PA3IMYHBIX BAPUAHTAX 3a/IaHUS KPAeBbIX YCIOBHM Ha OTAEIbHBIX yYacTKax
€ro I'PaHHULIbI.

2. Pa3paboTaHa 4YHCIIEHHO-aHaJUTUYECKas METOJUKa MCCIEA0BAaHUS MPOIECCOB
pacnpocTpaHEeHUs HOPMaJIbHBIX CABUIOBBIX YIIPYTHX BOJH BJIOJIb COCTABHBIX BOJHOBOJIOB
U3 CTBIKYEMBIX IOJI YIJIOM aHU30TPOIHBIX OJHOPOJHBIX MPSIMOJUHEHHBIX KOMIIOHEHTOB,
BKJIFOYAsl OPTOTPOIHBIE BOJIHOBOABI M3 COCTBIKOBAHHBIX II0J] YTIJOM IIOJIyCJIOEB,
BOJIHOBOJIbI ['-00pazHoro mpoduiis ¥ aHW30TPONHBIE BOJHOBOJIBI, COCTOSILIME M3 JIBYX
YOPYTUX MOJYCJIOEB, MEKIY KOTOPBIMU PACIHOJIOKEH CTHIKYIOLIUICS ¢ HUMH IOJ YIJIOM
NPSIMOJIMHEMHBIN YYaCTOK 3UIr3aroo0pa3Horo u3jaoma.

3. llpennoxxeH MOIUPUIIMPOBAHHBIA AJITOPUTM anredpan3aluu KOHTAKTHBIX
(YyHKUMOHATBHBIX TPAHWYHBIX YCIOBUM 3aJadyd O CABUTOBBIX YIPYTUX BOJIHAX B
COCTAaBHOM BOJIHOBOJIC, OCHOBBIBAIOIIMICS Ha KOHIICMIIMA OOOOIIEHHOW T'paHUYHOM
OpTOTOHAIM3aUN 0Aa3UCHBIX MHOKECTB HOPMAJIbHBIX BOJIH B KOMIIOHEHTaX BOJIHOBOJA.

4. PazpaboraHa YHMCIEHHO-aHAIUTUYECKAs] METOJUKA HCCIEJIOBAHMS TPOIECCOB
pacupoCTpaHEHUsi CABUTOBBIX YIOPYTMX BOJIH BJIOJIb TPaHCBEPCAIbHO-U30TPOIHBIX
COCTaBHBIX BOJHOBOJIOB B (pOpMe CJIOS ¢ MCKPUBJIEHHBIMHM YYaCTKaMH IOJIYKOJIbLIEBON
100 YeTBEPTHKOJIBLIEBON T€OMETPHUH.

5. llpennokeH anropuTM IOCTPOEHUS TEOPETUUYECKOTO YHCIEHHO-aHAIUTHUYECKOIO
pelIeHus 3aJa4i O paclpOCTPAHEHUH CIABUIOBBIX YIPYTHMX BOJH B COCTABHOM MONEPEYHO-
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AHU30TPOIMHOM BOJIHOBOJI€ U3 IMOJYCJIOEB C KOHTAKTHUPYIOIIUMU MOJIYLHWIMHIPUYECKUMU
OOKOBBIMH TIOBEPXHOCTSIMH, Oa3UPYIONIMICS Ha KOMOWHAIIMM METOJa CIIMBACMBIX
YaCTUYHBIX 00JIACTEH W METOJIa PSIOB MO 0a3MCHBIM MHOXKECTBaM OCTYIIUX W CTOSYHX
KpaeBbIX HOPMAJIbHBIX BOJIH.

6. HM3ydensl mporecchl TpaHcPoOpMalMd  SHEPIETHUYCCKUX TIOTOKOB  TIpU
pacrpoCTpaHEHUU CIABUTOBBIX HOPMAJIbHBIX YIPYTHX BOJH IO COCTABHOMY BOJIHOBOJY M3
UJIeaJIbHO KOHTAKTUPYIOIIUX U30TPOMHOTO U OPTOTPOITHOTO MOTYCIIOEB.

7. lTlolydeHO ¥ YHCJIEHHO MCCIEIOBAHO pelIeHUEe 3aJauyd O TpaHchopMaluu
HOpPMaJbHBIX YNOPYrMX BOJH CIBUTra IIPpU MaJCHUM HA OPTOrOHAIBHYIO TIpaHAM
MOBEPXHOCTh KOHTaKTa TPaHCBEPCATbHO-U30TPOIHBIX (PYHKIMOHAIBHO-TPAIUEHTHBIX
MIOJIYCIIOEB.

8. IlpemsiokeH TEOPETUUYECKHUM aIrOpUTM UYHCIECHHO-AaHAIIUTUYECKOTO PEIICHUS
JIBYMEPHOU KpaeBOM 3ajjauul 0 JUPPAKIIMIOHHOM PACCESTHUU CIABUTOBBIX HOPMAJIbHBIX BOJH
B MPSMOJUHEHHO-OPTOTPOITHOM KECTKO 3aKPEIICHHOM JIM0O CBOOOHOM IO I'paHsIM CJI0€
C HE3aloJHEHHOW nubO0 coaepralieil OpTOTPONHOE YNPYroe BKIOYEHUE BHYTPEHHEH
TYHHEJIBHON I[WIMHAPUYECKON TOJOCThIO AJUIMITUYECKOTO IOMEPEYHOTO CEUCHMS.
YcTaHOBIEH U OMNHMCAaH Psii 3aKOHOMEPHOCTEW B pacHpeesiCHUSIX  BOJIHOBBIX
MepeMEeIIeHU B OMM>KHEM W JajdbHeM Ju(PaKIMOHHOM II0Jie MNpPU BapbUPOBAHUU
COOTHOUIIEHHUS MOJIyOCEW BKIIFOUEHHUS, OTHOCUTEIBLHOW JJIMHBI MAJA0IIEH BOJHBI, a TAKKE
kod(dduirieHTa MPOMOPIUOHAIBHOCTH MOJYJIEH CJBUTa JJsi MaTepuaioB CJOs U
BitoueHus. Omnwucanbl 3hdexTsl  pokycupytromeit 1mbo pacceuBaronieil  GyHKIUN
BKJIFOUCHHS] JIJII TIPEJIOMJISIOIIMXCS B HEM BOJH, S(PQPEKThl MaloCTH HUCKAKECHUI,
BHOCUMBIX OTPQXCHHBIMM OT BKIIIOUYEHHMS] BOJHAaMH BO (pOHTaIbHOM o0biactu
B3aMMOJICUCTBHSI, KOTOPbIE MOTYT HCIIOJIb30BaThCA B OOpaTHBIX 3ajadyax MO BOJIHOBOMU
UACHTU(UKAIINKI CBOMCTB pacCeUBAIONIETO MPEMSTCTBUA.

9. [IlomyueHo  4YHCIEHHO-aHAJIMTUYECKOE  pEIIeHHWE KpaeBOM  3aJadyu o
TU(PaKIMOHHOM PACCEeSIHUM HOPMAJIbHBIX BOJH MPOJOJBHOIO CABWIA TMPHU MAJCHUM Ha
BHYTPEHHIOIO ITWIMHAPUYECKYIO TYHHEJIBHYIO MOJOCTh KPYTOBOI'O CEYEHUSI CO CBOOOOM
100 3aKperyIEeHHONW TPaHUYHON TTOBEPXHOCTHIO B I€POPMUPYEMOM CJIO€ U3 U30TPOITHOTO
Marepuajia ¢  OKCIOHEHIUAJIbHOW  HEOJHOPOJHOCThIO  (DU3BHKO-MEXaHUYECKHUX
XapaKTEPUCTHUK BJIOJTIb MONIEPEYHON KOOPIUHATHI.

10. Pa3zpaboTrana MeTOaMKa YUCICHHO-aHATUTHYCCKOTO HCCIICAOBAHMS DJICMEHTOB
CUCTEM THJIPOAKyCTUYECKOTO SKPAHUPOBAHUS B BUJIE€ MHOTOCBSI3HOT'O H30TPOITHOTO CJIOS C
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npo¢ecCuOHaIBbHOTO 00pa3oBaHusl «JoOHEKUIl HalMOHAIbHBIA YHUBEPCUTETY. — JlOHEIIK,
2022 r.

B nuccepranuu Ha OCHOBE KOHIIETIIIMM ONKCAHMS MCCIELYEMBIX IOJIEH CIBUTOBBIX
yOPYTUX  BOJH  CHEKTPaJbHBIMU  pA3JOKEHUSAMU 1O  0Oa3uCHBIM  MHOXKECTBaM
pacnpocTpaHstonmxcs (Oerylmux) M KpaeBbIX CTOSYMX HOPMalbHBIX BOJH (MeTola
JUHAMUYECKUX OJHOPOJHBIX PEIICHHI), KOHLENIHUH METOAa YacTHUYHBIX o0nacTeu
(MeTona clIMBaHUS), @ TAKXKE MPUHLHUIA CYNEPHO3ULIHNHA PSAOB MO 0a3MCHBIM CHUCTEMaM
YaCTHBIX PEHICHU BOJHOBBIX YpPAaBHEHUH B JIOKAJIBHBIX KOOPJAMHATHBIX CHCTEMaXx,
CBSI3BIBAEMBIX C LIEHTPAMHU CEUYCHHN HEOAHOPOJHOCTEM B BHUJE MOJIOCTEN M BKIIKOYCHHH,
pa3paboTaHbl TEOPETUYECKHE UMCICHHO-AHAJIIMTUYECKUE METOAbl aHalu3a MOoJed
CTAallMOHAPHBIX CJIBUTOBBIX BOJIH Je(opMaiuii ¥ SHEPreTUYECKUX MOTOKOB B  yIPYTHX
Tenax B opMe CI0sI U3 U30TPOIHBIX, AHU30TPOIHBIX OJHOPOJHBIX U (PYHKIIMOHAIBHO-
I'PaJUEHTHBIX MAaTE€PUAJIOB, COCTABHOTO aHU3OTPOIHOTO CJIOs, IpPH ydeTe 0COOEHHOCTEH
F€OMETPUYECKOTO CTPOEHHS B BHJE HAKIOHHBIX IIOCKMX TOPLEBBIX TI'PAHUYHBIX
MOBEPXHOCTEH, H3JIOMOB, JyrooOpa3HbIX HWCKPUBJICHUM, BHYTPEHHUX TYHHEJIbHbIX
HWIMHIPUYECKUX TTOJIOCTEN U BKIFOUEHHM.

Ha ocHOoBe KOMIBIOTEpHOW peanu3anuu pa3pabOTaHHBIX METOJIOB IPOBEICHbI
YUCJICHHBIE MAapaMETPUUYECKUE HCCIIEI0BAaHNS aHAIU3UPYEMBIX IOJIEW C BBISIBICHUEM U
0000111€HHEM CBOMCTBEHHBIX UM (PU3UKO-MEXAHMUECKUX 3aKOHOMEPHOCTEH.

KiroueBble cjoBa: mpolecchl  BOJHOBOTO  1€(QOpPMUPOBAHUS, YHMCIECHHO-
AHAJIMTUYECKUE WCCIEIOBAHUS, PACHPOCTPAHEHUE YOPYTUX BOJH, OJHOPOAHBIA U
COCTaBHOM CJIOM, aHU30TPOIHbBIC U (YHKIIMOHAIBHO-TPAMEHTHBIC MAaTepPUAJIbI, SJIEMEHTHI
YCJIO)KHEHUSI TEOMETPUH, HAKJIIOHHBIE TOPLIEBBIE MOBEPXHOCTH, MPSAMOJINHEVNHBIE U3TIOMBI,
YYaCTKU TyTroBOM (pOpMBI, BHYTPEHHHE TYHHEJIbHBIE MOJOCTH W BKJIIOYEHUS, aHAIU3 U
cUcTeMaTu3anus pU3NKO-MeXaHUYECKHX 3aKOHOMEPHOCTEH.

ABSTRACT

Pacheva M.N. Wave deformation processes in semi-infinite, perforated and
composite layer with complicated geometric and physico-mechanical properties. —
Manuscript.

Thesis for a Candidate of Physico-Mathematical Sciences degree. Specialty
01.02.04 — Mechanics of Deformable Solids. — State Educational Institution of Higher
Professional Education “Donetsk National University”. — Donetsk, 2022

In the dissertation, based on the concept of describing the studied fields of shear
elastic waves by spectral expansions over the basic sets of propagating (traveling) and
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edge standing normal waves (the method of dynamic homogeneous solutions), the concept
of the partial domain method (the stitching method), as well as the principle of
superposition of series over the basic systems of partial solutions of wave equations in
local coordinate systems associated with centers of cross-sections of inhomogeneities in
the form of cavities and inclusions, theoretical numerical and analytical methods have
been developed for analyzing the fields of stationary shear waves of deformations and
energy flows in elastic bodies in the form of a layer of isotropic, anisotropic homogeneous
and functionally gradient materials, a composite anisotropic layer, taking into account the
features of the geometric structure in the form of inclined flat end boundary surfaces,
sharp bends, arc-like bends, internal tunnel cylindrical cavities and inclusions.

Based on the computer implementation of the developed methods, numerical
parametric studies of the analyzed fields were carried out with the identification and
generalization of their inherent physical and mechanical patterns.

Keywords: wave deformation processes, numerical and analytical research
methods, elastic wave propagation, homogeneous and composite layer, anisotropic and
functionally gradient materials, elements of geometry complication, inclined end
surfaces, rectilinear sharp bends, arc-like sections, internal tunnel cavities and inclusions,
analysis and systematization of physico-mechanical regularities.



