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OBIIASA XAPAKTEPUCTUKA PABOTbBI

AKTyaJIbHOCTH PadoThl. M3yueHne NMHAMUYECKHUX MPOLIECCOB B CIUIOIIHBIX
Cpeaax, CBSI3aHHBIX C BO3HUKHOBEHHEM, PACIPOCTPAHCHHEM W Iu(dpakiueld BOJIH,
BO3HHMKAIOIIUX IMOJ JCHMCTBUEM CTALlMOHAPHBIX M HECTAUMOHAPHBIX BO3JECUCTBHM,
JNEUCTBUS COCPENOTOYECHHBIX MCTOYHHUKOB BO3MYIIEHUN €CTECTBEHHOI'O WJIM MCKYC-
CTBEHHOI'O ITPOMCXOXKICHUS, OTHOCHUTCA K YHCIY CJIOKHBIX HAayYHO-TEXHUYECKHUX
mpoOJieM U TECHO CBA3aHO C PEIIEHHEM Pa3HOOOPa3HBIX MHKEHEPHO-TEXHUUYECKHUX
3a/1a4, 0COOCHHO aKTyalbHBIX MJisi cTpaH CpenaHeit A3uu, KOTOpPbIe OTHOCSTCS K YHC-
Jy TOCYJIapCTB, OOJBINAs 4acTh TEPPUTOPUU KOTOPHIX HAXOAMUTCS B 30HE BBICOKOU
CEHCMMYECKON aKTUBHOCTHU. B CBs3M ¢ BBICOKMM Pa3BUTHUEM B OTOM PETrMOHE T'OPHO-
N0OBIBAIONIEH MPOMBILIUIEHHOCTH OCTPO CTOSAT MpPOOJIeMbl 00ecredeH s IPOYHOCTH,
HAJIKHOCTH U YCTOMYMBOCTH Pa3HOOOPA3HbBIX MOA3EMHBIX COOPYKEHHH (I1axT, MOJ-
3eMHBIX XPaHHUIIHII, TOHHEICH, METPOIIOJIUTEHOB U T.I1.). DTH BOMPOCHI TECHO CBs3a-
Hbl C 0COOCHHOCTSIMU U CTPOCHHUEM OKPYXAIOIIEer0o MacCHUBa, XapaKTEPOM KOHTAKT-
HOTO B3aMMOJICHCTBUS HA TpaHUIAX pasjieia cpell, TIIyOMHOM 3aJI0)KEHUsI COOpYKe-
HUM, TUIIA U CWIbl CEMCMUYECKHUX BO3JECWCTBUM, NEUCTBYIOIIUX TPAHCIIOPTHBIX U
OPYTUX HArpy3o0K.

PazpaboTka MaremaTnueckux Mojielieil BOJHOBBIX IMPOIIECCOB B TelaxX M cpe-
Jax ¢ 1eJplo HanboJsiee aJeKBaTHOTO OIMUCAHUS PEaTbHBIX (DPU3UYECKHUX MPOIECCOB
SBIISIETCSl aKTyaJdbHOW (DyHIaMEHTaNbHONW Hay4yHOW TpPOOIEMOM M CBsi3aHa C TOC-
TPOEHUEM pEIICHUN KpaeBbIX 3a7ad JUIsi TUMEPOOTUYECKUX CUCTEM YpPAaBHEHHH U
YPaBHEHUM CMEIIAHHOIO TUIa. MaTtemaTrnueckass TeOprsl KpaeBbIX 3aJad JJIs TaKHUX
YPaBHEHUN TIOKA HE HMEET JOCTAaTOYHOTO PAa3BUTUA B BHUAY CJOKHOCTHU
JTMHAMHUYECKUX MPOLECCOB B cpeaax. [y ydyera peajibHbIX CBOMCTB Cpelbl 3/1€Ch
pa3pabaThIBAIOTCS MaTeMAaTHYECKUE MOJENM IUHAMUKHU TOPOJHOTO MaccHuBa MpPHU
pacnupOCTPaHEHUN CEMCMUYECKUX BOJH C IMPUBIEYECHUEM MOJEIIEN MEXAHUKHU Jie-
dbopMUpyeMOro TBEPAOTO Tea: U30TPOMHBIX U aHU30TPOIHBIX YIPYTUX, MbE30YIPY-
TUX U JBYXKOMIIOHEHTHBIX CPEL.

B Hacrosimee Bpemsi HanboJee M3y4EHHOU SIBISIETCS JTUHEWHO ympyras H30-
TpPOTIHAsT MOJIENIb, HO U JUIsl HEe KJIAcC PEIICHHBIX MU(PAKIIMOHHBIX 3a7a4 BeCchbMa
y30K, B OCHOBHOM JIJIsl TPAHUII KJIaCCHYECKUX (OpM, JIJIsi KOTOPBIX 3aja4ya JOMyCKaeT
pasnenenue nepeMeHHbIX. K peallbHbIM cpefaM Mo CBOMM XapaKTepHUCTUKaM OJKe
aHU3OTPOITHAS YIIpyTras Cpeja, pPacIpOCTPaHEHHE BOJIH B KOTOPOU MOJYMHEHO Oojiee
CJIOKHBIM 3aKOHOMEPHOCTSIM: MOTYT HaOIIOJAThCS JAKyHbI. DTO SBJICHHUE CBSI3aHO C
BOJIHOBOJHBIMH CBOMCTBaMM CHUJIBHO aHU3O0TPOIHOM CPelbl, PE3KO BBIPAKEHHBIMU B
HaIpaBJICHUAX C IPeo0IIaIaroNIei )KeCTKOCTHIO.

Cpenu nuHaMUYecKuX 3a7ja4 TEOPUU YIIPYTrOCTH 0CO00€ MECTO 3aHUMAIOT 3a]jauu
YCTAaHOBUBIIUXCS KOJICOAHUH, HATMYUE JUCKPETHOTO CIEKTPa YacTOT, MPU KOTOPHIX
B TeJaX BO3HHUKAIOT CBOOOAHBIC Konebanus. [Ipu Takux yactorax HaOIIOMAIOTCS pe-
30HAHCHBIC SIBICHUSA. Ja)e KPAaTKOBPEMEHHOE JIEHCTBHE BO30YXIAIOMIEH CUIIBI TOU
K€ YaCTOThI IPUBOJUT K MOTEPE YCTOMYUBOCTU U PA3pYLICHUIO KOHCTPYKIIUHU.

BaxHoe MecTo B MCCIIEJOBAHUAX O TEOPUU YHPYTOCTH 3aHUMAIOT CBSI3aHHBIC
3a/lauyd, B KOTOPHIX YUUTHIBAETCS CBA3b IMOJII MEXaHUYECKUX HaNpspKEHUU U aedop-
Marui ¢ GU3NIECKUMHU TIOJISIMH JPYTOi MPUPO/IbI (TEIUIOBBIMH, 3JIEKTPOMArHUTHBIMH
U 1p). 31eCh pacCMaTPUBAIOTCS BOJHOBBIC MPOIECCHI B MbE30YNPYIUX Cpeaax, rie
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CBSI3aHBI MEXay co0oi ympyras aedopmanus u sfneKkTpudyeckue mnoisst. MHTepec k
M3YYEHHIO Mbe303(PeKTa 0ObACHICTCA MIMPOKUM CIEKTPOM €ro MPUJIOKEHHS: B pa-
JUOTEXHUYECKUX YCTPOMCTBAX JJIsi CTAOMIM3MPOBAHMS U KOHTPOJIUPOBAHUS YACTOT,
B KBApIEBBIX yacax, Mpubopax ajs 0OHApYy>KEHUs MOABOIHBIX JIOJAOK U MHOTUX APY-
THX.

OcoOblIi Ki1acc 3aa4 AMHAMMKHU CIUIOIIHBIX CpPEJl COCTaBJISAIOT TPAHCIOPTHBIC
3aJa4¥, B KOTOPBIX JIEUCTBYIOLIME HArPy3KH ABIXKYTCS C ONpPEAEICHHBIMU CKOPO-
ctsMu. IIpu 3TOM CyIIECTBEHHYIO POJIb UTPAeT COOTHOUIEHHE MEXIY CKOPOCTAMH
pPacnpoCTpaHEHUsI CEUCMUYECKUX BOJH, KOTOPBIX MOXET ObITh HECKOJBKO, U CKOPO-
CTBIO TPAHCIIOPTHOM HArpy3Kd C YY4ETOM YIPYIMX CBOMCTB MaccuBa. PeanbHbIN 110-
POJIHBIN MacCHB IPEJACTABISIET COOON CIOXKHYIO MHOTOKOMIIOHEHTHYIO CPEIy, COCTO-
AIIYI0 U3 TBEPJOTO MOPHUCTOTO CKEJETa, COJAEpPIKAIIero >KUIAKUE M ra30Bble KOMIIO-
HEHTHI, KOTOpPbIE OKa3bIBAIOT CYLIECTBEHHOE BIMSHUE HA MPOIECCHl paclpoCTpaHe-
HUSl CEHCMMYECKUX BOJIH. DTOT KJacC 3a/iay SIBISETCS MOJCIbHBIM NPH HU3YYCHHUH
BO3JICHCTBHUS HAa OKPYXAIOUIYIO0 Cpey pa3HOOOpa3HbIX TPAHCHIOPTHBIX CPENCTB JINOO
TPAHCHIOPTUPYEMBIX OOBEKTOB.

Leablo uccaenoBaHuii sBisieTcst pa3paboTKa METOJOB PELICHHs YpaBHEHHM
JBMKCHMS M KPAeBBIX 33/1a4 JUHAMHUKHU Je(OPMUPYEMOT0 TBEPAOIO Tea U UCCIIeN0-
BaHHE Ha UX OCHOBE MPOIECCOB PAcIpOCTPAHEHUs BOJH B CpeliaX ¢ YCIOKHEHHBIMU
CBOMCTBaMH.

3agaum uccaer0BaAHNM:
® Ha OCHOBE TeopuH OOOOLIEHHBIX (YHKIHMH pa3paboTaTh METOIbl MOCTPOCHHUS

(GyHIaMEHTaJIbHBIX M OOOOIIEHHBIX pEIIEHUN YpaBHEHUN IWHAMUKH YIOPYTHX
aHU30TPOIHBIX CPEJl; U3YUYEHHUE BOJTHOBBIX U ACUMITOTHYECKUX CBOMCTB peIICHUH,
MOCTPOEHHE YCIOBUN Ha PPOHTAX YAAPHBIX BOJIH;

® JCCIIEJOBaHUE BIMSHMS CTEIIEHW aHU3O0TPOIMU HA BOJHOBOJIHBIE CBOICTBa yIpy-
rOi CpeJibl, YUCIICHHbIE SKCIIEPUMEHTHI;

e pa3paboTka MeToAa OOOOLIEHHBIX (DYHKIMHA IJs pellieHHs] KpaeBbIX 3a7ad JUHA-
MUKH aHU30TPOMHBIX CPeJl MPU HECTAllMOHAPHBIX BO3ICHCTBUAX M B Cly4ae CTa-
IMOHAPHBIX KOoJeOaHUH, a TaKKe HECTAllMOHAPHBIX KPaeBbIX 3a/1ay AMHAMHKY Ibe-
30yNIPYTrUX Cpex;

® TIOCTPOCHHME (PYHIAMEHTAIbHBIX U OOOOLICHHBIX PEIICHUN YpaBHEHUU JIBHIKEHUS
JIBYXKOMIIOHEHTHON cpefpl bHO Tpu TpaHCHMOPTHBIX HAarpys3kax, MOCTPOCHHUE
YCIIOBUN Ha BOJHOBBIX ()POHTAX; UCCIECIOBAHUE AMHAMMKHU CPEIbl MPH JBHXKY-
HIMXCS COCPEOTOUCHHBIX HAarpy3Kax, YUCICHHbIE SKCIIEPUMEHTHI

OO0beKT HCC/IeIOBAHUIA: yIIpyTUe aHU30TPOIHbIE U MbE30YNPYIrHe Cpenbl, a
TaKXe IByXKOMIOHEeHTHas cpena M.buo.

IIpeamer umccienoBaHusi: BOJHOBAs JUHAMHKA Je()OPMHUPYEMBIX TBEPABIX
cpell Ipy AMHAMHYECKUX BO3IEHCTBUSIX.

MeTtoabl HMCC/IeI0BAHUI: AHATUTHUYECKUE M YHUCICHHBIE METOAbl PEIICHUS
Qg epeHIMaIbHbIX YPABHEHUI ¢ MCIOJIb30BAHUEM MOJIENIEH MEXAHUKU CIUIOUIHBIX
Cpell! METOJ| MHTEerpajbHbIX MpeoOpa3oBaHMM, METOJ TPAaHUYHBIX HHTErpasbHbIX
ypaBHEHUH, MeTOJT 00001eHHbIX QyHKIMIA U 1ap. [IporpammupoBanue u peanusanus
pemeHuii Ha si3bike Fortran, B cucreme MarhCad.
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Hay4ynast HOBu3HA pa0doOThI:
Pa3pabotan meto 006001eHHBIX (DYHKIMN 17151 peIIeHUs KpaeBbIX 3a/1a4 JUHAMH-
KM aHHU30TPOIHBIX YIPYTUX U MbE30YINPYTUX Cpel MpH HEeCTAllMOHAPHBIX BO3/CH-
CTBUSIX, @ TAKXKE B ClIydae CTallMOHAPHBIX KOJIEOAHUN aHU30TPOIHBIX YIPYTHX TEIl.
[TocTpoensl 0000IIEHHBIE PEIICHHUS YPABHEHUW IBMKEHHS TakuX Cpell B Ipo-
cTpaHcTBe 00001eHHBIX (yHKUUH, aHanoru ¢opmyn Comusbsnel, ['aycca B mpo-
cTpaHcTBe 0000meHHBIX (DyHKUIMH. [locTpOeHbI CUHTYJSpHBbIE TPaHUYHbIC MHTE-
rpajbHbIE YpPaBHEHHS MAJs PEIICHUS IOCTaBICHHBIX KPaeBBbIX 3a4ad JWHAMUKH
aHU30TPOITHBIX CPE.
Hcnonp30BanueM ammapara TEOpUH OOOOMICHHBIX (DYHKIMHA MOJy4YEeHBI 3aKOHBI
COXPAaHEHMS YHEPTUH, YCIOBUS COXPAHEHUSI UMITyJIbca HAa (PpOHTAX, KOTOPHIE CBSI-
3bIBAIOT CKAYOK CKOPOCTEH Ha (PPOHTE BOJIHBI CO CKAYKOM HAMPSKEHHH.
Ha ocnoBe npeobpazoBanust ®ypre u Jlammaca 06001meHHBIX (QYyHKIUN OCTpoOe-
HbI TeH30pa ['puHA /Ui ypaBHCHHN JBUKEHHS aHU30TPOIHBIX cpell (pH IIOCKOM
U MPOCTPAHCTBEHHOU aedopmaiuu), TeH30pa HyHIAMEHTAIbHBIX HAMpPSDKSHUH, U
UX MepBOOOpa3HbIC [0 BPEMEHH, UCCIIEI0BAHBI X aCUMIITOTUYECKHUE CBOMCTBA.
Ha ocHOBe YMCIEHHBIX 3KCHEPUMEHTOB U3yUYE€HO BIUSHUE CTEICHH aHU30TPOIHU
MOPOJHOIO MAacCHUBa Ha XapakTep €ro HampsHKeHHO-1e(pOPMUPOBAHHOTO COCTOS-
HUS IPU IEHCTBUU COCPENOTOYEHHBIX UMITYJILCHBIX HCTOYHHUKOB.
Pa3paborana matemaruueckas MoJeiab JUHAMHKU MOPOJHOTO MaccHuBa IpH Jei-
CTBUU MCTOYHUKA BO3MYIICHHH BOJU3U €ro JHEBHON MOBEPXHOCTH C YYETOM €ro
aHU30TPONIMH B cllydae Iuockoi aedopmanmu. [loctpoeHsl TpancpopMaHThI TEH-
30pa ['pyna nepBoi U BTOPOM KpaeBOM 3aJayd JUHAMHUKU UL aHU30TPOIHOM I0-
JYTIJIOCKOCTH.
[TocTpoens! (yHIaMeHTadbHbIE U OOOOILICHHbIE PELIEHUS] YPAaBHEHUHN JBH)KEHUS
JIBYXKOMIIOHEHTHOH cpeibl bro, mo3Bosstoniel yuecTb BOJIOHACHIIIEHHOCTh ITPYyH-
TOBOTO MacCHBa MPHU TPAHCIIOPTHBIX HArpy3Kax BO BCEM JHAaNa30HE CKOPOCTEH OT
JO3BYKOBBIX 0 CBEPX3BYKOBBIX. /[l CBEPX3BYKOBBIX HArpy30K IOJyYEHBI
yci10BUs Ha (GPOHTAX BOJH.

OcCHOBHBIE M0JI0KEHH S TUCCEPTALMH, BBIHOCHMbIE HA 3aILMUTY:
pa3zpaboTka mMeToja 0000IIEHHBIX (YHKIUM Ui pelieHus] KpaeBbIX 3a1ay JuHa-
MUKH aHU30TPONHBIX YNPYTUX U MbE30YNPYIHX Cpea NPU HECTaMOHAPHBIX BO3-
JEeHCTBUSX, a TAK)KE B CIIy4ae CTallMOHApHBIX KOJeOaHUN aHM30TPOIHBIX YIPYTHX
T€J; IOCTPOEHHUE YCIOBHM Ha (PPOHTAX YAAPHBIX BOJIH;
NOCTpoeHHE (PyHIAMEHTAJIbHBIX pEUICHUH — TeH30poB ['pruHA HecTalMOHAPHBIX
ypaBHEHUIl BMXKEHHS aHU30TPOIHOM cpefpbl (MpH IUIOCKOW M MPOCTPAHCTBEHHOM
nedopmarun);
nocTpoeHue TeHzopa ['puHa nepBoil 1 BTOpON HECTAIIMOHAPHBIX KpaeBbIX 3a]ad
JMHAMMKU YTIPYroro MoJyrnpocTpaHCTBa MpH INIOCKOH aedopmanuu;
NoCTpoeHue (yHIaMEHTAIbHBIX U 000OIIEHHBIX PEIICHUN YpaBHEHHUM JBUKECHUS
JIBYXKOMIIOHEHTHOU cpeabl bro mpu TpaHCHOPTHBIX Harpys3kax BO BCEM Jiuaria-
30HE CKOPOCTEH OT J103BYKOBBIX JI0 CBEPX3BYKOBBIX;



® TIOCTPOCHME ATUHaAMHUYeckux aHainoroB (opmyn Comumibsanbl, ['aycca B mpocrtpan-
CTBE OOOOIICHHBIX (PYHKIIUI M, Ha MX OCHOBE, CHHTYJSPHBIX T'PAaHUYHBIX MHTE-
IpajJbHBIX YPAaBHEHUH IS pelIeHHs OCTAaBICHHBIX KPAaeBbIX 3a/1a4.

CBsi3b TeMbI JHCCEPTAIMH ¢ KPYNHBIMH HAYYHBIMH NporpamMmamu (mpo-
ektamn). JluccepranpionHas paboTa SBISETCS YacThiO0 HAYYHOUCCIICIOBATEIBCKIX
pabot mo Temam: "/ludpakuus BOJH B YHPYTUX, TEPMOYNPYTUX U MHOTOKOMIIO-
HeHTHBIX cpenax” (2012-2014), «MoaenupoBaHue THHAMHKH MacCHBa MPH CEHCMHU-
yeckux BozaercTBusx» (2013-2015), «BonHoBas AMHAMEKA YOPYTHX, TEPMOYIIPYTUX
U IByXKOMIOHEHTHbIX cpeny» (2015-2017).

Anpodauum pe3yJbTaToB Hcciael0BaHusi. OCHOBHBIE pE3yJbTaThl PabOThHI
JIOKJIabIBAJIMCh HA MHOTHX MEXIyHApOJHBIX KOH(EepeHUusx, cpeau Hux: Bceepoc.
chbe3mbl 1O Teoperuueckoit u mpukiagHon mexanmke (VI 2001; X, 2006),
«Mathematical Theory of Hyperbolic Systems of Conservation Laws» (Newton Insti-
tute, Cambridge, UK, 2003), 5th European Solid Mechanics Conf. (Greece, 2003), X
Int. Conf. on Hyperbolic Problems (Japan, 2004), «/IuddepeHiinanbabie ypaBHEHUS
U CMEXHbIE BOIPOCHI», COBMECTHOM 3acelaHud MOCKOBCKOTO MaTeMaTH4ecKOTro
obmrectBa u cemunapa (Mocksa, 2007), 4th Congress of TWMS (baky, 2011), "Co-
BpeMeHHbIC TpoOieMbl MexaHuku crutommHou cpensl” (bumkek, 2012), 9 ISAAC
Congress (Poland, 2013), «Paxmatynunckue-OpMonOekoBckue ureHus» (buiikek,
2013), Int. Conf. on Generalized Functions GF2014 (Southampton, UK, 2014), EU-
ROMECH Colloguium «Recent trends in modeling of moving loads on elastic struc-
tures» (Turkey, 2015), 10 ISAAC Congress (Macao, 2015), ICAAM 2016 (Almaty).

JlOCTOBEPHOCTh HAYYHBIX Pe3yJbTaTOB 000CHOBaHA UCIOJb30BaHUEM (DyH-
nameHTaldbHbIX 3akOHOB MCC, KOppEeKTHON MaTeMaTU4eCKON MOCTaHOBKOW pelae-
MBIX 33Ja4 U MPUMEHEHHEM CTPOrMX MAaTeMAaTHYECKHX METOOB PEIIeHHs IMOCTaB-
JeHHBIX 3a1a4. [lomyueHHble pelIeHns B YaCTHBIX CIy4asX COBHAJAIOT C M3BECTHBI-
MU (HOPMYJIaMH U COOTHOLLIEHUSIMU MEXAHUKH 1e(OPMUPYEMOT0 TBEPIOTO Tea.

TeopeTnueckasi 1 NpaKTHYeCKasi 3HAYUMOCTh MOJIY4YeHHbIX Pe3yJIbTAaTOB.
Pa3paGorannbiii MeTon 000OIIEHHBIX (PYHKIMHA TO3BOJIET HCCIEA0BATH (u3nye-
CKHE MPOLECCH B Je(POPMUPYEMBIX TBEPJIbIX CPEAax C YCI0KHEHHBIMH CBOMCTBaMH,
COTIPOBOKAAIONINECS YAAPHBIMU BOJIHAMU; peUIaTh IHUPOKUI KIacc 3a7a4 IMHAMUKH
CIUIOIIHBIX CPeJl, ONMUCHIBAEMbIX YPABHEHUSIMU TUIEPOOIMYECKUX, AUTUNTHUYECKUX U
CMEILIaHHBIX TUIIOB.

JIluunblii BKJIaa couckaressi. Pazpaboran meToa 0000IMEeHHBIX QYHKITUIN 115
pelIeHNs HECTAIIMOHAPHBIX M CTAIlMOHAPHBIX 33]a4 JUHAMHUKU aHU30TPOIHBIX YIPY-
I'HX M BE30YNPYTUX Cpell, a TaKKe U30TPOMHOMN JTBYyXKOMIIOHEHTHOU cpeasl M. buo
IpU JEeUCTBUU UCTOYHUKOB Pa3JIMYHOrO THUIIA.

IMosHOTA OoTpaxeHUs1 pe3yJIbTATOB AuccepTanus B nmydaukanusx. [lo pe-
3yJnbTaTaM uccienoBaHuil onyonukoBano 6osee 70 paboT.

CrpykTypa H 00beM auccepTanuu. Jlucceprauus COCTOUT U3 BBeneHUs, /
IJIaB, 3aKJIIOYEHHs], CIHUCKA HMCIOJIb30BAaHHBIX MCTOYHHUKOB M3 210 HanMeHOBaHUU.
O6béM nuccepranuu coaepkut 204 cTpaHuil TEKCTa, BKIItOYas 35 pUCYHKOB.

ABTOp BBIpa)xaeT IIyOOKyl0 OJarogapHOCTb Hay4HOMY KOHCYJIBTaHTy 1. ¢-
M.H. npodeccopy JI.A. AnekceeBoii 3a npuBJIeUeHHE HHTEPECA K JaHHON mpodieme,
Hay4yHble KOHCYJIbTALMU U TIOCTOSIHHOE BHUMaHUE K JaHHOU padoTe.
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OCHOBHOE COJAEP KAHUME JTUCCEPTAIIMN

Bo BBegennu nuccepranuu Jaercs oOmias XapakTepUCTUKA pabOThHI: aKTyajb-
HOCTh TEMBbl JUCCEpTAlluM, Hay4yHas HOBM3HA palOThl, CBA3b TEMBI JAUCCEPTALUH C
KPYTIHBIMU HayYHBIMH MpPOTpaMMaMu, LEdb U 33Ja4d UCCIEIOBaHUs, MPaKTUUYEeCKas
3HaYUMOCTh TIOJYYEHHBIX pPE3yJIbTaTOB, OCHOBHBIE IIOJIOKEHUS JUCCEpPTaLUH,
BBIHOCHMBbIE Ha 3aIIUTY, JUYHBIN BKJIAJ COUCKATEN, apo0aluy pe3yJbTaToB Hcclie-
JIOBaHMS, TOJTHOTA OTPAXKEHUS PE3YJIbTATOB AMCCEPTALMs B MyOIMKaUIX, CTPYKTYypa
1 00beM JTuccepTaIuu.

B mepBoii riaBse naetcst 0030p aUTEPATYphl, COCTOSIHUE TPOOJIEMBI.

Bropasi raaBa nocBsiieHa NOCTPOECHUIO 00OOIIEHHBIX PEIICHUI HecTallMoHap-
HBIX KpaeBBIX 33/a4 JUHAMUKH aHU30TPOIHBIX YIPYTUX Cpell IPU aHTHUILIOCKOM Je-
¢dopmanmu. I[Ipouecchsl pacrpocTpaHeHHs BOJIH B CIUIOIIHBIX CpeAax OMHCHIBAIOTCH,
KaK MpaBUJIO, TUIEPOOIMUECKUMH YpaBHEHUSIMU U cucTteMamu. s runepOosnye-
CKUX YpaBHEHUN XapaKTEPHBIM SIBISCTCS HAJIMYUE XapaKTEPUCTHUECKUX MOBEPXHO-
CTEH, Ha KOTOPBIX CaMU peIlIeHus, JM00 UX MPOU3BOJHBIE pa3phIBHBL. B pusnueckux
npoleccaXx OHU OINUCHIBAIOT yJapHbIE BOJIHBI, Ha ()POHTAX KOTOPBIX HCCIIETyEMbIE
XapaKTePUCTUKH TIpoliecca (CKOPOCTH, HATPSKEHUs, TABJICHUE, TPAJUCHT TeMIepa-
TYPBI U JIp.) MOTYT UMETh CKauKu. MaremaTtuieckas TeopHsi KpaeBbIX 3a1ad Jjis Ta-
KUX YypaBHEHHUI TpeOyeT MpHBJICUEHHS armapaTra Teopuu O0OOOIMICHHBIX (YHKIUH,
MOCKOJIbKY PEIIeHHs TAKMX YpaBHEHHH, Kak MPaBUJIO, OTHOCATCA K Kiaccy 0000-
meHHbIX ¢(yHKuui. [ToaToMy B Hawane riaBbl NPEICTaBICHBI HEKOTOPBIE CBEICHUS
U3 Teopur 000OIIEHHBIX (PYHKIUI, HEOOXOAUMBIE 1JIs JaJIbHEHIIINX UCCIIEIOBAaHUMN .

Jlanee B ri1aBe paccMaTpHBaeTCsl MIOCTAHOBKA HECTAIIMOHAPHBIX KPaeBbIX 3a]au
JUIL CTPOTO TUNEepOOIUYECKOr0 ypaBHEHUSI 2-TO MOPsI/IKa, ONUCHIBAIOLIETO JIBHXKE-
HUE aHU30TPOIHON YHpPyroi cpeabl, HaXOMALIEHCS B YCIOBUSAX aHTUIUIOCKOHN [e-
¢dopmanmu. PaccMOTpeHBI yapHble BOJHBI KaKk 00OOIICHHbIE pELICHUs] YpaBHEHHH
JBMKEHMSI pacCMaTpHUBAaeMbIX Cpell, JaHbl YCJIOBHUS Ha BOJIHOBBIX (poHTax. C uc-
M0JIb30BAHUEM METOJI0B TE€OPHH 0000IIEHHBIX (QYHKLIUHN MOIY4YEeH 3aKOH COXpaHEeHHUs
SHEPTUU C YYETOM YJIapHBIX BOJH, PAacCMOTPEHAa €IMHCTBEHHOCTb pelleHuu. J[is
paccMaTpuBaeMbIX YpaBHEHHI MOCTpOeHbl UX (pyHAaMeHTanbHble pemeHus. [loctpo-
eHbl JUHamMHuueckue aHanoru popmyn I'puna u ['aycca B mpocTpancTBe 0000IIEHHBIX
(GYHKIUH, TOTYYEeHBI UX UHTETPATbHBIC TIPEACTABICHHS.

PaccmaTrpuBaemas ynpyrasi OJJHOPO/IHAsl aHU30TPOIIHAS Cpela XapaKTepusyerT-
Csl TEH30pPOM YETBEPTOr0 paHra yHpyrux IMOCTOSHHBIX, OOJaJalouIuX CBOMCTBAMHU
CUMMETPHUU IO OTHOLICHUIO K EPECTaHOBKE UHIECKCOB

Cirpl:ciljmzcg?lzcgl, i, j,ml=13 (1)

CrpyKTypa 3TOr0 TeH30pa ONpeAesseT TUIl aHU30TPOIHH PACCMATPUBAEMOM CPE/bI.
B oOmiem ciydae npou3BOIbHON aHU30TPONUH TEH30p YIMPYTUX KOHCTAHT OIpees-
ercst 81 KOMIIOHEHTaMH, HO B CHJIy CBoiicTBa cumMmeTpuu (1) U mpOU3BOIBHOCTH BbI-
O0opa HampaBJeHUN OCEHl NEeKapTOBOW CUCTEMbI KOOPJIMHAT HE3aBUCUMBIMU U3 HUX
seisitorcess 21 Benuumna. CooTHomieHuss cuMMmeTpur (1) MO3BONSIOT MPEICTaBUThH

TEH30p Cirjn' B BUJe KBajapaTHOW marpuubl C, g (a,ﬁ :1,_6) CooTBeTcTBHE MEKITY
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napamu uHAekcoB (iJ), (Ml) um wHAekcamMu «, [ yCTaHABIMBAETCSA IO CXEME
1)1, (22)«2, (33)«3,(23)=(32) 4, B)=(13) <5, (12)=(21) < 6.

Jlns ynpyrou aHM30TPOIIHOM cpenbl 3aKOH ['yka, CBS3BIBAIOIIMN TEH30pbI
HANPSDKCHUH Oy U AeopMaluii &, 3aMMCbIBACTCS B BUIC

rae X =(Xy,...,Xy), N— pa3smepHocTh mpocrpaHcTBa (B (u3Mueckux 3agadax IpH

wiockoi aedopmarm N =2, N =3 COOTBETCTBYET MPOCTPAHCTBEHHOMY CIIyYaro).
[Ipennosiarasi cyMMHUpOBaHUE 11O MOBTOPSIOIMIMMCS UIEKCAM B MIPOU3BEICHUH, Jaliee
3HAK CYMMBI OITyCKaeM.

B ycnoBusix aHTHIUTOCKOW AedopMaliii XapaKTEPUCTUKHU HAIMPSIKEHHO — Jie-
(OpMHUPOBAHHOTO COCTOSHUS 3aBUCAT TOJIBKO OT KOOPAUHAT Xy, X,, ABE KOMIOHEHTBI

BeKTOpa mnepememieHust U(Xx,t) cpexapl, Hampumep, U, =U, =0, n;=0. Torma
U=uU3(X,X,,t), 03, #0, 03, #0, ocTambHBIE KOMIIOHEHTHI TEH30pa HANPSIKCHUH

paBHbI Hymo. CucTeMa ypaBHEHMH ABMKEHHMsS aHU30TPOIHOMN Cpeibl B CiIydae aH-
TUIJIOCKOW JeopMalii CBOAUTCS K OJHOMY TUIEPOOIMYECKOMY YpPaHEHHIO, BU[
KOTOpPOTO 3aBHCHUT OT paccMaTpuBaeMoi cpenbl. B olmiem ciydae 310 ypaBHEHHE
MpeACTaBIsieT cOO0N CTPOro runepOOINYEecKOe YpaBHEHHUE BTOPOro MOpsAaKa C To-
CTOSIHHBIMH K03() purimeHramu

N 52 PX:

N+1

ALY —p— P =G(x1), (xR (3)

T ook ot
rje p =CONst - WIOTHOCTh cpelbl, KOdGUIMEHTHI &; =aj = CONSt, COOTBETCTBYIO-

M€ YIPYTrUM KOHCTAHTaM CPEIbl, YAOBJIETBOPSIOT YCIOBHUIO CTPOTOW THIEpOOTHY-
HOCTH ;i€ 22.”5”, A =const >0, G(x,t)—maccoBas cwia. Hmwke BBeACHHI ciie-

qyIole  00O03HAYCHHS: U,;=0u/oX;, Uy =0°uloxox;, U=u, =au/ét,
i=u,, =0%u/ot’
Pemenne u(x,t) — nmBaxnael nudpdepeHnupyemas QyHKIUS TOYTH BCIOIY, 3a

MCKJIIOUEHHEM, ObITH MOXET, XapakTepuctuyeckux nosepxuocreii (F) B RN, ko-
TOPBIM COOTBETCTBYIOT MOIBMKHBIE BostHOBEIE PponTh (F,) B R" . Mcnons3oBanuem

anmapara Teopur 00OOUIEHHBIX (PYHKUMN MOJYyYEHBI YCIOBHUS Ha BOJIHOBBIX (PPOH-
Tax:

u(x,1)] =0 (4)

[aiju,imj+pcu,t =0 (5)

31ech C- CKOPOCTh JBHKEHHS BOJIHOBOTO ()pOHTA OTPEACISETCA PEIICHUEM Xapak-
TEPUCTHYECKOIO YpaBHEHUA. Q;ViV — ,ovt2 =0, rue (v,vt)- BCKTOp XapaKTICPUCTU-
yexoil Hopmanu. Ckadok ¢pynkiuu f nHa BonHOBOM ¢ponTe F, ompensercss cooTHo-
memnem  [f(x,t)]e =1 (xt)—f (xt) :gIerjo(f (x+em,t) - f (x—em,t)), xeF,
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m(X,t) (BOJHOBOW BEKTOp) — CIMHHYHBIN BEKTOp HOpMalM K HOBepxHOcTH F,
HANpaBJICHHBIA B CTOPOHY pacnpocTpaHeHust ppoHTa BOJHBI: M=V / ||v||N .
W3 ycnoBusi HENMEPBIBHOCTH pelieHuss Ha (GpoHTe BONHBI (4) Clemyer ycjaoBUE He-
PEPBIBHOCTH KacaTeIbHBIX MPOU3BOIHBIX QYHKIHIA U(X,t) Ha BOJTHOBOM (pOHTE:
[cu,i—u, m ] =0, i=1N (6)

VYcenoeuio (5) B pu3HUECKUX 3a7adaX COOTBETCTBYET YCIIOBUE COXPAHEHUS HMITYJIbCa
Ha BOJHOBBIX ()POHTAX.

3amMeTHM, 4TO B OTVIMYUE OT ypaBHeHUs [lanamOepa (85 —CZA)U = f(Xx,t) cxo-

pPOCTh C HE SIBJISIETCS MOCTOSIHHOM Ha (PpOHTE BOJHBI M 3aBUCUT OT HANpPaBICHUS

HOPMAaJIM B KaXKJIOH TOYKEe ()pOHTA BOJHBI U
Crnin < € < Crpay» THE Cpiy =MIN {aij m; m; /p} . Crax =Max {aij m; m; /p}
Ilocmanoexa Kpaesvix 3a0au 01 2unepooIUYecKo20 YPagHeHus 2-20 Nopsoxa.

Iycts B o6nact XS~ — RY, orpanndennoii nosepxuoctsio JIsnyHosa S, Tpey-
€TCsl TIOCTPOUTh PEelIcHHE KpaeBbiX 3aaa4 it ypaBHerus (3) mpu t > 0. O603HauMM

yepe3 D™ =S7 x[0,0) — mpocTtpaHCcTBEeHHO — BpeMeHHoi mmwimHAp: (X,t)e D7,
D =Sx[0,0), n=(n,,...,Ny) — CAMHUYHBII BEKTOP BHEIIHEH HOPMAIH K TIOBEPXHO-
cTi S (“n|| :1): In(x,) —n(x)| = Q(“X2 B X1||) s Xy, X, € S. Ilpeamnonaraercs, 4to
GeC(D uD).

Kpaesas 3a0aua |. Halitn pemenne ypaBHeHus (3), yIOBIETBOpSIONIEE HAYAIbHBIM
ycioBusiM ipu t =0

u(x,0)=u’(x), xS US) u, (x0)=u'(x), xeS", @)
ycinosusaM Jupuxiie
u(x,t)=u®(x,t), xe$S, t>0 (8)
¥ YCJIOBHSIM Ha BOJTHOBBIX (pponTax (4) — (5).

Kpaesas 3a0aua |l . Haiitu pemienue ypasuerus (3), yI0BIETBOPSIOIIEE HadaIbHBIM
ycnosusim (7) ipu t =0, ycnoBusim Tuna ycnoBuii Helimana

a;u,; n; =g;(x,t), xe$§, t=0 9

1 YCJIOBUSIM Ha BOJTHOBBIX (pponTax (4) — (5).

[MpennonaraeTcsi, 4TO HaYallbHbIE YCJIOBUS 3aJaHbl U M3BECTHO OJHO W3 Ipa-
HUYHBIX YCJIOBHH COOTBETCTBEHHO paccMaTpHUBAaeMOM KpaeBOW 3amaye, NpHYEM
u® eC(Sxt), geC'(Sxt), C' — KyCOYHO-HEIPEPHIBHBIC HA JAHHOM MHOKECTBE

byHKIMH.
Oynxums U(X,t) e C*(D7)NCH(D™ U D) HasbiBaeTCS Kiaccuueckum peleH -

eM ypaBHeHus (3), ecnu oHa yaoBieTBOpsieT ypaBHenuio (3) B mwimHape DT,
HaYaJIbHBIM yciaoBUsSM (7) Ha HM)KHEM OCHOBAHHHM, TPAHUYHBIM yciaoBusaM (8) nmubo
(9) Ha S — GOKOBO# MOBEPXHOCTH ATOTO IMJIMHIPA U UMEET OTPAHUYCHHOE YUCIIO
BOJTHOBBIX (DPOHTOB, Ha KOTOPBIX BBIMOJHSIOTCS yCioBus Ha ckauku (4) — (5).



HeoOxonuMbIMH yCIOBUSMHU CYIIECTBOBaHUS UG (PepeHInpyeMoro pereHus
HAYaIbHO—KpaeBOW 3amaud sBisitoTest  ycnoBust raakoctu: G e C(D™ uD),

u’(x) e CH(S™US), ut(x) e C(S™US) u yCIoBHS COTIIACOBAHMS HAYATBHBIX H IPa-

HUYHBIX JJaHHBIX. ECJIM 3TH yCI0BHSI HE BBINOJIHAIOTCS, BO3HHUKAIOT BOJHOBBIE (PPOH-
ThI, XapaKTEpPHbIC JJIs YIAPHBIX BOJH. 3/1€Ch OyleM MpenrnoaraTb TOJIbKO PeryJsp-
HOCTb JTHUX (QYHKIUH M TOJBKO OJHO U3 JBYX  YCIOBUH COIJIACOBaHUS:

u® (x,0) =u®(x).

3akon coxpanenus snepeuu. Eouncmeennocms pewieHuil HA4aIbHO — KPAEBbIX
g K(xt)=05pu,7,
E(x,t) =K (x,t) + W(X,t)— mI10THOCTH BHYTpPEHHEH, KHHECTHUCCKON ¥ TOJIHOMN 3HEp-
rud, a Takke Gpynkiuo Jlarpamka: L (X,t) = K (x,t) =W (x,t).

sadau. Beemem cnemyromme dynxkumn  W(xt)=0,53;u,; u

[MokasaHo, uto eciu U — kiaccuyeckoe peierue (3), To Ha ppoHTax

[E(X’t)]ﬁ =c™ nj [aiju’i U R

JI0Ka3aHo, YTO €cIM BHELIHME BO3JEHCTBUS HA CHCTEMY OTCYTCTBYIOT, T.€.
G(x,t)=0, g(x,t) =0, To nonnas sueprus E(X,t) cucremsl He MeHsIETCS CO BpeMe-
HeM:

j E(x, t)dV (x) = j E(x,0)dV (x)
S” S”

Teopemal. Ecnu kiaccuyeckoe pelieHrne KpaeBoil 3a1a4u CyIIECTBYET, TO
OHO €IMHCTBEHHO.

dyHnameHTanbHbIe pelieHus ypaBHeHus (3) — pelleHus, Korjaa npabas 4acThb
G(x,t) ypaBHEHHUs 3aaeTCsi CHHTYJSIPHBIMU 0000meHHbIMI (QyHKIUsME. Du3nue-

CKM OHHU ONHUCHIBAIOT JABM)KCHUE CPEIbl MPU JEHCTBUM COCPEIOTOUYECHHBIX MCTOYHH-
KOB paznuyHoro Buaa. Cpenu GpyHIaMEHTAIbHBIX PEHICHHH 0c000€ MECTO 3aHUMAET
¢byukuus ['puna, kotopas onpenensercs 6 — QyHkuueit Jupaka, T.e. peuenue (3)
npu G(X,t)=06 (X,t)=56(x)5(t):

aU,; (X1) = pu,e (X,1) =5(X)8(t), (x,H)eR"™

YIOBJIETBOPSIONIEE YCIOBUAM H3IyueHus. 31ech O (X,t) — obobmennas & — pyHKIus,

npu GUKCUPOBAHHOM K.
Jlnst moctpoenus pyHkuuu ['puHa UCTONB30BaH MaTpUYHbIH MeTox [4].
Hunamuueckuii ananoe gpopmynsl I puna. BBejem onpesesieHHbIe Ha BCEM MIPO-

crpanctBe RN perynapubie 06001mennble GyHKIMN
G(x,t) =u(x,)H5(x,t), G(x.t)=G(X)Hg(x,t)

rae U(X,t) — kmaccudeckoe perieHue kpaeBoit 3agaun, Hp (X, 1) =Hg (X)H (t) — xa-
pakTepucTuueckas (GYHKIMS MPOCTPAHCTBEHHO — BpEeMEHHOro muiuHapa D™ (X,t),

Hg (X) — xapakrepuctuueckas ¢pynkims oonactu S~ [20]:
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H 3 (x) = lim uls” 0, ()
:>0  u(0,(x))
rae () — mepa (mwromangs, oObeM) cooTBecTBylomero MHoxecrta, O, — ¢ -
okpecTHOCTh ToukU X: O, (X) = {y : ||y - X|| < 8}. Ecnu rpanuna obmactu S — miaakas

¢ HenpepbIBHON HOpMautbio, To Ho (X)=1/2 nna X € S. dynkuuro Xesucaiina H (t)
noomnpenenum B Hyie: H(0)=1/2.
Beenem nepBoobOpasuyro Gpyukiuu I'puna U (X,t) mo BpeMeHu:

V(x,t)=U(x,t)*xo(x)H(t)=U (X’t)T H(t), oV (xt)=U(xt) (10)

3nech cuMBOJI "'*' 03HAYAET HEMOJHYIO CBEPTKY (PYHKIIMIA Mo t, KoTOpas JJjs pery-
t

t
asipHo# pyHKmu umeet Bug T (X, 1) * g(x,t)=H (t)J. f(x,t—7)g(x,7)dz. Ilepso-
0

obpasnas V (X,t) sBisercs perrennem (3) mpu G(X,t) =5 (X)H (1).

Teopewma?2 Ecou kiaccuueckoe perieHne KpaeBoit 3amaun U(X,t) cymre-
CTBYeT M €IMHCTBEHHO, TO 0000mIcHHOE pemieHne U(X,t) mpeacTaBuMo B BHJE
cBepTkH [2]:

G(x,t)=U *G +U tul(x)HS‘(x)+(U tuo(x)Hg(x)),t— (11)

—U xg(x,t)0s (H (t) — 3V, ;*u, s (H () — 3V, :’(‘UO(X)ni55 (X)

31ech Og(X) — cuHTrynsgpHas o0o0meHHas (GpyHKIUS — MPOCTOHN CII0i Ha MOBEPXHO-
ctu S, cooTBeTcTBEHHO {(X,1)d5 (X)H (t) — mpocToii cioii Ha 6OKOBOW OBEPXHOCTH
mummaapa D =S x([0,00), §(t) — dynkuus Tupaka.

Cnencrtsue. Ipu omgropomusx (U™ (X) =0, m=0,1) HaUATLHBIX YCIOBHAX

pellIcHNE ONPENCIAeTCS IPAHNYHBIMU 3HAYECHHSAMH CKOPOCTEH M HOPMAJbHBIX IPO-
W3BOJHBIX OU/on:

((xt)=U *G —U * g(x,)5s 0OH (£) — &V, ; U, iS5 (OH (t) (12)

B (11) mIoTHOCTH TPOCTHIX M JBOMHBIX CJIOEB OMNPEACISAIOTCS 3aJaHHBIMH
HavaIbHBIMH yCaoBusiMU (7) ¥ rpaHudHbiMU yemoBusiMu (8), (9), yacTh U3 KOTOPBIX,
B 3aBHCHUMOCTH OT PEIIaeMoii KpaeBoM 3a7auu, U3BECTHA. TakuM 00pa3oMm, MOJIy4YeH-
Hasi popMyIia IO U3BECTHBIM HAaYaJbHBIM U TPAHUYHBIM 3HAUYEHUSM BOCCTAaHABIUBACT
perieHue B 00JaCTH, TIOITOMY €€ MOXKHO Ha3BaTh aHayioroM (opmyinsl ['puHa miis
pemienuit ypaBaenuii (3). OHa siBiisseTCst 0000IIEHHBIM PEIIEHUEM ITOCTABICHHBIX 3a-

Ja4 ¥ MOXET UCIIONbh30BaThes TP V(G B TOM YMCIIe M CUHTYJISIPHBIX, UTO XapaKTep-
HO 11 (PU3UYECKUX 3a]1ay.

Ananoe gpopmyner I'aycca. BBeneM QyHKIUIO HApsHDKEHUE T, aHAOT TEH30pa
HaTpsDKEHUN U ee epBooOpasHyto 1o BpemeHu W :
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oV (x,1) "

T(xtn)=a;U,;n;(x), W(x,n,t) :T(x,n,t)TH (t) =g J

i
yIOBJIETBOPSIOIIUX COOTHOIICHUSIM CUMMETPHUHU.
[Tpu dukcupoBannom N ¢dyukws T(X,N,t) sBasercs GyHIaMEHTAILHBIM pe-

nieHueM ypaBHeHuHs (3), COOTBETCTBYIOIIUM COCPEIOTOUCHHON CHUIIC MYJIbTUIIOIBHO-
ro TUna

G(x,t) =a;n;0, (X)o(t).

Junamuueckuii ananoe goopmynst Faycca. B D'(RVM):
- aijVH n; ’:55 (x) — pU 1t’:H§(X) =H;(xt)

[lonyuyennsie nuHamuueckue aHanoru Gopmynsl ['puna u [aycca ucnonb3dyem s
MOCTPOCHMSI TPAHUYHBIX UHTETPAJIbHBIX YPaBHEHHUN IPU PELICHUH KPAeBbIX 3a/1a4.

[lpu OMHOPOAHBIX HAYAIBHBIX YCIOBUsX (opmyny (11) dopmanbHO MOKHO
3amycarh B CJeayoneM HHTerpanbaoM Bue (st N =2)

G(x1) = [Ux=y,)G(y,haV (y,t) -

~ [defu(y-=x7)g(y,7)dS(y,7) - [dr[T(y - x,n(y).t = 7)u(y, 7)dS(y) +
0 S 0 S
+ [0 =y U (y) +U (- y, Hut () V()
J

OcoOeHHOCTH (pyHIAaMEHTAJIBHBIX PEIICHUN HE MO3BOJISIIOT MCIOJIB30BaTh IMO-
CIIETHIOI (HOPMYITY AJIsl MOCTPOCHUS PELICHUM KpaeBbIX 3aay, B CHIy CHHTYJISIPHO-
ctu U u T uHTerpainsl cripaBa He CcymecTBYIOT. OHaKo BBEACHHBIE BhIIIE TEPBOOO-
pa3HbIe MATPUIIBI MO3BOJISIIOT CTPOUTH HHTETPAJIbHBIC TipezcTaBieHus Gopmydsl (11),
BUJ] KOTOPBIX 3aBUCUT OT Pa3MEPHOCTH 3aJIauH.

B Tpetneii riiaBe Ha ocHoBe 00001eHHOTO peodpazoBanuss Oypre pazpado-
TaH METOJI MOCTPOEHUs (YyHIaMEHTAIbHBIX PEIICHNN YpaBHEHUN TUHAMHUKUA aHU30-
TPOTHBIX CPE MPHU ACHCTBUH UMITYJIBCHBIX COCPEOTOYEHHBIX HCTOYHUKOB. Y paBHE-
HUS JIBIDKCHUSI aHU30TPOITHON YIPYyrod cpensl ¢ yuetom 3akoHa ['yka (2) omuchiBa-
I0TCS CUCTEMOM runepOoIMIeCcKrX YpaBHEHUN BUA!

L (0,,0)u;(x,t) + G, (x,t) =0, (x,t)eR"" -

L (0,,0,)=C{'0,0, — p5;07, i,imI=1N, (14)

rae o =5 — cumBon Kponexepa, 8, = (d;,...,0y), 0,=0/at, maccoBas cuna G —

JIOKaJIbHO-UHTETpUpyeMasi BEKTOp — (yHKIuS, CirjnI — YIPYIUW€ KOHCTaHTBI CPEnbl,

obnajaronue yKka3aHHbBIMU BBINIE CBOMCTBAMU CUMMETPHUU MO OTHOIICHUIO K Tepe-
cTaHoBKe MHIEKCOB (1) M OTBedarolue CIeAyUIeMy YCIOBUIO CTPOroil rumepbo-
JTUYHOCTH:

W(n,v)=Ci"n,nv'v! >0 vn=0, v#0 (15)
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31ech N :(nl,...,nN ), 1% :(vl,...,vN ) B cuny nonoxurtensHo# onpenenennoctu W
XapakTEPUCTUUECKOE ypaBHEHUE cucTembl (13)

det{cn,n, - pe?s; | =0, (16)
umeeT 2N (C yueToM KpaTHOCTH) JeHCTBUTEIbHBIX KOPHEH:
c=%c,(n), O0<c, <Cy,;, kK=LN-1

OHM MMEIOT CMBICT (ha30BBIX CKOPOCTEH MPU TAPMOHUYECKOM aHain3e cucTeMbl (13)
U B 00IIIEM CITydae 3aBUCSAT OT HANPABJICHUS PACTIPOCTPAHEHUS BOJTHBI.
B cuty cnonrHocTy paccMaTrpuBaeMbIX Cpell, Ha BOJHOBBIX (hpoHTax F, BbI-

MIOJTHSIIOTCS YCIIOBHSI HENMPEPBIBHOCTHU TEPEMELICHUI TIPU TePEX0/Ie Yepe3 BOITHOBOU
(GpoHT:

u; (x,0)]; =0, i=1LN (17)

CnenctBuem (17) sBISFOTCSI yCIOBUSL HEMPEPBIBHOCTU KacaTENbHBIX MPOM3BOIHBIX
nepeMeneHnii Ha PPOHTE BOJIHBI:

[uiny+eup ]e=0, i1=LN (18)

rie C — CKOPOCTh JIBMDKEHHUS BOJTHOBOTO (poHTa, N(X,t)= (nl,..., nN) — eJUHUYHBIN
BEKTOpP HOPMAaJM K MOBEPXHOCTH F,, HAIPaBJIICHHOTO B CTOPOHY PacCIpPOCTPaHCHHS

BOJIHOBOTO (ppoHTa. [IpumeHeHHe 3aKOHa MMITyJIbCca CUJ U U3MEHEHUS KOJIMYEeCTBa
IBWKECHUS IPUBOIUT K BBINOJHEHUIO JUHAMUYECKUX YCIOBUH COBMECTHOCTH IS
MOJIsI IEPEeMEILEHUI Ha BOJTHOBBIX (PpOHTAX:

[ai'n, +pCU;, [ =0, i,1=1N (19)

Ycnosue (19) cBs3bIBaeT CKauOK CKOPOCTEH Ha ()POHTE BOJHBI CO CKAYKOM HAMpsi-
xeHuid. [1oaToMy Takylo MOBEpPXHOCTh HA3bIBAIOT (JPOHTOM yaapHOU BosHBI. [Ipen-
MOJIaraeTcs, YTO YUCIIO BOJHOBBIX (DPOHTOB KOHEUHO, U KaXAbli (PPOHT MOUTH BCIO-
Iy SIBJISIETCS NOBEPXHOCTHIO JIsimyHoBa pazmepHocty N —1.

O603naunm uepes D'(RN™) mpocrpancTBo 0606IEHHEIX BEKTOP — (yHKIMIA

RN*) ¢uuuTHBIX Gecko-

f(x,t) = (fl,..., fN ), ompeJeNIeHHbIX Ha mpoctpancTBe D (
HEYHO qudepeHIUpyeMbIX BEeKTOp — QyHKIUH @(X,t) = (gol,...,goN )

Onpenenesue Dyakmusa G(x,t)eD'(RV™?) naseBaercs o606wennbvim
pewenuem  cuctembl  ypaBHenuit  (13), ecim  chmpaBeUIMBO  PaBEHCTBO
(Ld,p)=(0,Le)=(G.p) Yo eD(R™™).

Pemenne U(X,t), paccmaTpuBaemoe Kak peryssipHas 00oOIIeHHas (yHKIHS,
06Go3HaunM uepes G(X,t) = u(x,t). Ananormano G(x,t) =G(x,t).

[Tokaszano, uro ecnu ¢GyHkiws U(X,t) — KIaccHueckoe pelIeHHuEe ypaBHCHHI
(13), To U(x,t) — 06obmEeHHOe pemienue cucTeMsr (13).
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Dynoamenmanvusie peutenus. Ilpu noctpoenun teHzopa I'prHa ucnonbs3yercs
ammapaT MHTErpajibHbIX peobpasoBanuii (Dypbe — Jlamraca), Mo3BOISIONIKI TTIepeii-
TH OT nuddepeHuanbHbIX YpaBHEHUN K JMHEHHBIM alreOpandecKuM ypaBHEHUSIM
i ee u3oOpaxkenus. Paspemnast mocieqnue, onpeaessiioT TpaHC(POPMaHTy UCKOMOM
GyHKIIMM B BUJE OPOOHO — pallMOHAIBHON (YHKLIMU OT MEPEMEHHBIX WHTETPaIbHbBIX
npeoOpa3oBaHMii, 3aT€M BOCCTAHABIMBAIOT OpUTHHAJ. Mcmonb30BaTh oOpaTrHOE WH-
TerpajgbHoe npeoOpazoBanre Pypbe 4acTo ObIBAET HEBO3MOXKHO. DTO MPHUBOIUT K
MIPUBJICYCHUIO arnaparta 0000IIEHHOTO HHTETpaIbHOTO TpeoOpazoBanus Dyphe.

OyHaamMeHTalbHbIE pemeHus audepeHunanbHbIX YpaBHEHUN OMpeaensoTcs
C TOYHOCTBIO JI0 PEIICHUs OJHOPOJHOTO ypaBHeHMs. [lo3TOMy mosyueHHas TpaHc-
¢dopmanTa Oypbe ornpeaesnseT Henblii kiacc (GyHIaMeHTaJbHbIX penieHuii. Marema-
TUYECKU TO MPOSABISETCS B HAJUYUU HEUHTEIPUPYEMBIX OCOOECHHOCTEW IpH Jei-
CTBUTEJIbHBIX 3HaYEHUsX NepeMeHHblb Dypbe. [losTomy cienyer cTpouTh ompene-
JICHHBIE PETJIspU3aLUH TPAHC(HOPMAHT C YUETOM YCIIOBHI U3ITyUYEeHHUS.

Paccmorpum cucremy ypaBuenuit (13) B mpocTpaHcTBe 0000IIEHHBIX (DYHK-
RN+1

i D'(
D'(R™*) mpu G(x,t) =8,85(x,t):

Ci' UK, (1) +8,5(x,1)=0, i,j,k=1N (20)

) - Marpuneii I'puna U, (X,t) cucremsr (13) sBusiercs ee pemenue us

YAOBJICTBOPAKOIICC YCJIIOBUSAM

Uy (x,t)=0 mpu t<O0, X >Cpax t (22)

Joxasano [11]: 1. Eciu C, (q =1N )HpOCTBIe KopHu ypaBHenus (16), To

(N -2)! M
U () ="——=H () A, (e.c,) x
ik (2721) ; eJ;l ik
1 1
" ((e,x)+cq(e)t—i0)N‘1_((e,x)_cq(e)t_io)N_l S(e)

ij (e’cq)
2cq Qi (e, Cq

2. Ecm ¢ (q =1,N ) — KOpHU ypaBHeHus (16) kpatHocTH M, TO

rIe Ajk (e, Cq ) = ), H (t) — dynkuus XeBucaiiaa.

(N =2)! Qﬁﬁn,‘io_l) (e’Cq)
U, =—2H() Y m x
¥ 2mi)® ()Zq: qR'[N ‘Q,(;”q)(e,cq)i
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L 1
(e.x)+cy@)t—i0 " ((ex)—c, ()t —i0)"

3/1eCh BEPXHUU UHJIEKC B CKOOKaX 03HAYaeT MOpPs 10K MPOU3BOIHON MO @ .

Taxum 06pa3oMm, mocTpoeHre MATPUIbl [ prHa CBOJUTCS K BBIYMCICHHUIO WHTE-
rpanoB no eauHu4HOM cdepe. s HeueTHbIX N 3TH TeOpeMbl MO3BOJSIOT CTPOUTH
TOJNIbKO ¢ — mnpubmpkenue Matpuubl ['puna. [{ns yetnsix N u1st onpenenenus € —
npuOIMKEeHNsT He00X0IMMO MHTETPUPOBAHHE MHOTOMEPHOTO MOBEPXHOCTHOTO WH-
Terpajia no eAuHu4HOM chepe. OgHAKO B psAsie CIydyaeB 3Ta NpPoIeaypa MOXKET ObITh
YIIPOLICHA.

3aMeTuM, 4TO €CJIU U3BECTEH OPUTHHAI Q™

S(e)

1
I )=F* ———
Q(i¢,iw)
KOTOPBIN CTPOUTCS ¢ yueToM ycaoBuid (21), To MOXkeM BocCTaHAaBUThH MaTpuily [ puHa
U (6 t)=—-Q;c(04,0,)3 (x,1) (23)

B ciiyuae naBapuantHocTH ypaBHeHuit (13) OTHOCHTENBHO IPYIIITbI OPTOTOHATBHBIX
npeobpasoBaHuii CAMBOJI onieparopa Ly; sBisiercst pyHKUMEH TOJIBKO IBYX MEPEMEH-

HBIX ||§||, @ ¥ MOXET OBbITh MPEJICTABIICH B BUJIE

Q(i¢.iv)=(i0)™ Q|| ™) (24)

B cnyyae miockoii nedopmanuu Tensop I'puHa mpezactaBisieT co0oil cymmy
BBIYCTOB JIPOOHO—PAIMOHATBHBIX GyHKIWi [21]:

U;((X,t) :ilm Zzl ij (é/q ’1’(Xlé/q + Xz)/t)
= Q. (é’q L (&, + X2)/t)

Im >0

rne ij ()=-L,0), ij ()= ij () J=k mm Q,(&.6, w)= Ceeflz + szézz + PCOZ'
Qu(& &, o) = _(Clz +C66)§1§2' Qpu& & w)= Cllélz +C66§22 +pa)2, gq_

xopaH ypasrenus Q(¢,Lx¢ +X%,)=0, Q=Q,Q,, - Q5.

B pabore paccmarpuBaeTcsi aHU30TPOIIHAST MOJENb CPEAbl CO CIa0ON U CUIb-
HOW aHU30TPOIIMEN YNPYTIUX CBOMCTB. B mepBoM cilyyae TOMOJOTHYECKUH THUI BOJI-
HOBBIX (PpOHTOB Mo00€H pacuupsonMcs chepam. Bo Bropom ciyyae mosiBIsSIOT-
Csl CJIO’KHBIE BOJTHOBBIE ()POHTHI U JIAKYHBI - TIOJIBUXKHBIE HEBO3MYIIIEHHbIE 00J1aCTH,
OTpaHUYEHHBbIE BOJHOBBIMH (DPOHTAMHM W PACHIMPAIOIIMECS C TEUCHHEM BpPEMEHH.
JlakyHBI-KOMIIOHEHTHI JOTOJHEHUSI K MOBEPXHOCTHU BOJHOBOIO (PPOHTA, B KOTOPBIX
byHIaMeHTaIbHbBIC PELICHUsT 00paIlalTcs B HYJIb (CHUIbHBIC JlaKyHbl). Takas cpena
o0rasaer pe3ko BHIPAKEHHBIMHM BOJIHOBOJIHBIMH CBOMCTBAMHU B HalpaBJI€HUH BEKTO-
pa MaKCUMaIbHOU CKOPOCTH.
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a) 0)

Pucynok 1 — KapTrna BoJHOBBIX (pOHTOB (8) U aMILIUTY/bI epemenienuit (0) s Tomnasza
MpU JEUCTBUU COCPEAOTOUECHHOM CUIIBI

> .
/ /
a) 6)

Pucynox 2 — KapTuHa BOJHOBBIX (pOHTOB (8) W aMIUTMTY/bI iepeMelneHuii (0) s kamus
— neHTabopaTa npu JIeHCTBUU COCPEIOTOUCHHOM CHITBI

Pe3ynbTaThl 4MCIEHHBIX PACUE€TOB MOKA3bIBAIOT, YTO B CPEAAX CO ci1aboil aHU30TPO-
nuel ynpyrux CBOMCTB (Hampumep, aparoHUTa) KapTUHA PACPOCTPAHCHUS BOJH T10-
n00Ha KapTHHE pPacHpOCTPAaHEHHUS BOJH B M30TPONHOW cpene, HO (PPOHTHI BOJIH,
MPEICTaBISAIONINE 3aMKHYThIE IJIaIKUe KPUBbIE, HECKOJIBKO OTJIMYAIOTCA OT KOHLIEH-
TPUYECKUX OKPYKHOCTEH. B cpemax ¢ CHUIBHOW aHU30TPONMEH YIPYTHX CBOWCTB
BO3HHKAIOT JIaKyHbI [7, 27]. KoopauHaThl Takux 0071acTeil yIOBICTBOPSIOT YCIOBHUSIM
Im¢ q (X, %X,,t)=0, gq=12. Dro siBICHHE CBSI3aHO C BOJHOBOJIHBIMH CBOWCTBAMH

CWJIHBHO aHU30TPOTHOM Cpeibl, KOTOPBhIE PE3KO BHIPAKEHBI B HAMPABICHUSX C MPeo0-
Jajaronien JKeCTKOCThI0 M OCJIa0JIeHBl B TEX, TJI€ KECTKOCTh Maja. Tak, Jyuisi opTo-
TPOIHBIX IIMHKA, TOTAa3a M KaJus—TIeHTabopaTa, SBISIONIMXCS CHIBHO aHH30TPOII-
HBIMH CpEJaMH, UMEET MECTO Haju4Hhe JaKyH (M300paKeHbI TPEYroJbHBIMH 00a-
cTsiMu). PacmonioskeHue JaKyH pasjidyHO: I TOTa3a — Ha 00EUX OCSX OPTOTPOIHH
(puc. 1), nns xanus—meHTabopara — MeXIy ocsiMu opToTporuu (puc. 2). Jlms atux
cpea 00acTh KBa3UIPOAO0JIbHON BOJTHBI MPEJICTABIISET COOOH MATUCBI3HYIO 00JIaCTh,
OTPaHUYCHHYIO BHEIIHUM (PPOHTOM W YacCTSIMH BHYTPEHHETO ()POHTA BOJIHBI, COCIIHU-
HSIOIMMHU TOYKH BO3Bpara MEXIY COOOW, M C Y3JIOBBIMH TOYKAMH. DTH YYaCTKHU
BHYTpPEHHET0 (PpOHTA BOJIHBI, 00pa3yIoIne 3aMKHYThIC KyCOYHO-TJIAJIKAC JTUHHUH, SIB-
JSIOTCS BHYTPCHHHMH (PPOHTAMHU KBA3HITPOJOJIbHOW BOJIHBI. DPOHT KBa3UIOINEpEU-
HOW BOJIHBI COCTOUT M3 KYCOYHO—TJIAJKUX KPHUBBIX.
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IIpuBeneM pesynbTarhl pacuera TeH3opa I'puna 1 Tonasa pu AEUCTBUM IU-
TIOJIA.

10—

[+ <]

Pucynok 3 - KomnonenTs! TeH30pa ['puna amns aneBponurta npu JeiHCTBUH
COCpPEIOTOYCHHBIX CHJI U MOMEHTOB TipH 1= 1,5

10

Dipol1
\ [] — =— Dipol2

-10

-15

Puc. 4 Komnonents! TeH3opa ['puHa 1715 Tonasa npu JeHCTBUH AUIIOJS

Pucynok 5 - KommoHeHThI TeH30pa (hyHIaMEHTaIbHbBIX HAMPSHKEHUH 1S
QJIEBPOJIUTA TIPH JIEUCTBUU COCPEOTOYEHHBIX cuil ipu 1= 1,5
PacueTrsl OKa3bIBaIOT, YTO MEPEMEIIECHUsT TEPIAT Pa3phbiB JUIsl TOMAa3a HA BOJTHOBBIX
(dbpoHTaxX mMpu NEUCTBUH UMITYILCHBIX UCTOYHUKOB. JIaKyHBI pacroyiaratoTcsi Ha Ko-
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opauHaTHBIX ocsix. Ckauku Ha 00oMX (pOHTAX MPETEPHEBAIOT 00€ COCTABIISIOIIUE
nepemMeleHui. B ydyacTkax, COOTBETCTBYIOLIUX JIAKYHE, IIEPEMEILCHUS OTCYTCTBYIOT.
Pa3pabGorana maTemaTudeckas MOENb JUHAMHKMA MOPOJHOIO MAaccuBa IpH
JEHUCTBUH MCTOYHHUKA BO3MYIICHUI BOJIU3H €ro JHEBHOUN MOBEPXHOCTH C YYETOM €0
aHU30TPONHH B CiIydae miockoit nedpopmanuu. [loctpoens TpaHcPoOpMaHThI TEH30pa
I'puna nepBoil U BTOPOM KpaeBOM 3a1a4d JMHAMUKHU JUI aHU30TPOIIHOM ITOJIYIUIOC-
KOCTH.
HccnenoBanue npoueccoB pacpOCTPaHEHUs BOJIH OT O4aroB 3eMileTpsice-
HUH CBSI3aHO C M3YYEHHEM HaNpPsHKEHHO—1e()OPMHPOBAHHOTO COCTOSIHUS CPEbl MPH
AENUCTBUM pacHpeieTIeHHBIX MacCoBBIX cuil G, (X,t) . i1t perysipHBIX MacCCOBBIX CHII

KOMIIOHCHTHI ITOJIA HepeMemeHHﬁ €CTh CJIICAYIOIIME UHTEIPpaIbHbIC MPCACTABICHUA.

o

u; (x,t) = J.dr J.U i« (X=y,t=7)G, (y,7)dV(y). [nsa ynaseHHOro odara 3emierpsce-
0 R3

HIsI, PACCTOSHKE IO KOTOPOT'O CYIIECTBEHHO MPEBBIMIAET €r0 pa3Mephl, HCIOIb3YIOT-

Cs MOJENHM COCPEIOTOYEHHBIX MCTOYHHKOB B BHIEC CHHIYISIPHBIX OOOOMICHHBIX

GYHKIMIA ¢ TOYCUHBIM HOCUTENIEM (II0JIb, JHITOJb, MYJIBTUIIONG U Ap.). ITome mepe-

Melenui npu sTom uMeeT Bupn ceeptku U, (X,t) ¢ coorserctByromeii Gy (X,1):

uj (x,t)=U 'J( (x,t) * G (x,t), j,k :1,_3, KOTOPYIO CIIeAyeT OpaTh IO MpaBUiIaM OTIpe-

JIeJIEHUs] CBEPTKU B TEOPHH 0OOOIICHHBIX (PyHKIUH.

[loctpoenusle TeH3opa ['puHa TMO3BOJSAIOT MCCIEAOBATh  HANPSIKEHHO-
ne(pOpMUPOBAHHOE COCTOSHUE PAcCMAaTPUBAEMBIX CpeJ NMpU ACHCTBUH MPOU3BOJIb-
HBIX Harpy3oK, pacnpeleJICHHbIX KaK 0 BPEMEHH, TaK U 110 MPOCTPAHCTBY.

B yeTBepTOii IJ1aBe pacCMOTPEHBI HECTAIIMOHAPHBIE KPAeBbIC 3aJauM JUHAMHU-
KU YINPYTUX aHU30TPOIHBIX cpei. JlaHa mocTaHoBKa HadalbHO—KpaeBbIX 3ajad, JO-
Ka3aHa €IMHCTBEHHOCTb PEIIeHUH KpaeBbIX 3a7a4. Ha ocHOBe Teopuu 000OIIEHHBIX
byHKIMI pa3paboTaH METOJ MOCTPOSHUS YCIOBUHM Ha (pOHTAX yIapHbIX BOJH, IO-
Jy4YeHbl YCIOBUS HAa CKAuKU HaIpsKEHWH, CKOpOCTed Ha (POHTAX yIapHBIX BOJIH.
[TocTpoensl 0000IICHHBIE PEIIeHHs HECTAMOHAPHBIX KPaeBbIX 3aJad Uil yNpyrou
aHU30TpOoNHON cpenbl. [locTpoeHsl HecTanoHapHble aHanoru Gopmyn COMUIbSHBI,
["aycca B nmpocTtpancTBe 00001IeHHbIX (YHKIMHA. J[aHbI peryisipHble HHTETrpalbHbIE
MPEJCTaBICHUS PEIICHUN NMpHU IJIOCKOHM aedopMalid W CHUHTYJSpHBbIE TpaHUYHBIC
MHTETpajbHbIC YPAaBHEHUS HAuaJIbHO—KPAEBbIX 33]1a4.

Ilocmanoska Hauanvho-kpaesvix 3aoay. Ycnosus na ¢pommax. Ilycts pac-

cMaTpuBaeMas cpesa 3aHuMaeT obmacth S~ e RV, orpaHmuenHyo rmajakoii 3aMKHy-
TOM MOBEPXHOCTHIO S W3 Kilacca moBepxHocTed JIsmyHoBa ¢ BHEIIHEW HOPMAalIbIO
n=(n,...ny) (In|=2) x nosepxrocrn S: |n(x,) —n(x,)|=0(x, - x|} x:.x, €S.
O6o3nauum uepes D™ =S~ x [O,oo) — MPOCTPAHCTBEHHO — BPEMEHHON UWJIMHID:
(x,t)eD”, D=Sx[0,00) — moBepxmocts sToro mMmHApa, D; =S~ x[0,t],
D, =S x [O,t]. PaccmarpuBarotces cienyroniye KpaeBble 3a/1auu.

Hauanvno-kpaesas 3aoaua |. HaiiTu pemieHre cCUCTeMbl YpaBHEHHM JBHKEHUIN
(13), mpu 3amaHHBIX HAYAJIbHBIX MEPEMEIICHHUIX U CKOPOCTSX
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u (x,0)=u? (x), xeS~uUS, u;, (x,0=u(x), xeS~, (25)
1 3aJaHHBIX HepeMeI_U;eHI/I}IX Ha I‘paHI/IL[e:
u (x,t)=u’ (x,t), xe$S, t>0 (26)

a TaK)e ycJIoBUsIM Ha (ppoHTax yaapHbix BoaH (17), (19).

Hauanvno-kpaesas 3aoaua |l. HaiiTu pelienune cucteMbl ypaBHEHUH JBHKE-
uuit (13), ymomieTBopsiolce HadaldbHbIM ycinoBusM (25), (26) npu 3amaHHBIX
HAMpPSDKEHUSX HA TPAHUIIES:

ol (x,0)n (x)=g; (x,t), xe$, t>0, i=LN (27)

u ycinoBusM Ha dpontax (17), (19).
[IpenmonaraeTcs, YTO0 HaYAIbHBIC uiO (x) u rpanuunsie US(X,t) GyHximu nepemere-

HHUM HENPEPBIBHBI, HAYAJIBHBIE CKOPOCTHU uil(X) U TpaHWYHBIC HArpy3ku g;(X,t) — Ky-

COYHO—HEIpephIBHbIE (YHKIMH. J[J11 HENPEpbIBHOCTH U AU((HepeHIMPYyEMOCTH pe-
[ICHUH HEeOOXOIMMBI YCIIOBHS COTJIACOBAHMS HAYaJbHBIX U TPAHUYHBIX JAHHBIX |
uf (x,0)=u7 (%), uf, (x0)=u;(x), xeS (28)

[IepBoe ycioBre HEOOXOIUMO JJIsl COXpaHEHUs CIUIOIIHOCTH cpefbl. B ciyuae, korna
BHCIIIHKE BO3JCUCTBHS (CHJIBI) UMCIOT YAAPHBIA XapaKTep M OMUCBHIBAIOTCS pa3phiB-
HBIMH WJIM CHHTYJISIPHBIMU (YHKIHMSMH, BTOpOe M3 YCioBHi (28) cormacoBanusi mo
CKOPOCTSIM MOTYT HE BBITIOJHITHCS, YTO TUIIMYHO JUIsl PU3NIeCKUX 3a1ad. Ha Bo3Hu-
KaIOIUX B TaKUX CIIydasX B CpPe/ie BOJHOBBIX (PPOHTAX MPOU3BOJHBIC TEPEMEIICHHIA
MOTYT TEPIETh CKAYKH.

[Tonyuen 3akon coxpamnenus suepeuu, NOKa3aHa eOUHCMEEHHOCMb peuleHull
nepesotl (6mopotl) Kpaesoil 3a0a4u.

Hunamuueckuii  ananoe gopmynvr Comunvanel. Ilycts wmatpuna I'puna

U 'J( (x,t)— pemenue ypaBuenwuii (13). Beemem mepBooOpasHyto marpuibl [puHa mo

BPEMECHU:

ij(x,t):U'j‘(X,t)TH(t) = 9,V (xt)=Uf(xt) (29)

Teopewma3d. Ecmu kiaccuueckoe perieHre mepBoii (BTOpoi) KpaeBo 3aaaun
u(x,t) cyriecTByer u eAMHCTBEHHO, TO 0000IIeHHOE pemenue U(X,t) mpeacTaBuMo B

BHUjIe cBEpPTKH [26]:

0; (%8) = Ui (x,1) * 2pui (x) Hg () +
+pla U (00 * ul0OHS (9] + U (0 * 9, (D18 (O H (D) + (30)

+Cg'o, Vi (x.t) *uj,t(x,t)nm(X)é‘s(X)H(t)+C;}"8.V,-k(x,t)tu?(x)nm(x)a‘s(x)

Jlnia 3anucu 3Toil GopMysbl B MHTErpajJbHOM BUE U MOCTPOCHUU HA €€ OCHOBE
IPaHUYHBIX MHTETPAJIbHBIX YPAaBHEHUH Il PELICHUs HAayaJlbHO-KPAECBbIX 3aJad pac-
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CMOTPEHBI CBOMCTBA BXOJSIIUX B Hee (DYHKIMOHAIBHBIX MaTpuil. Mcmons3ys wmar-
k
punty I'puna U i (x,t), BBemeM (yHIaMeHTaIbHBIC MATPUIBI S, T , 3JIEMEHTHI KOTO-

PBIX ONPENEIIAIOTCS PABEHCTBAMU:

Sk(xt)=C"UK, (xt), T(xtn)=SF(x,t)n,(x) (31)

T, (xt,n)=—L(x,t,n)=—C{" n, (U, (x,t), i, j,kmI=LN (32)

Torna ypasuenne ans U IJ-((X,t) ypaBHenue (20) MOXHO 3amucarh B BUIE!

wat) = pUf e (1) +8K5(x)3(t) =0 (33)

BBeneHHble MaTpUIBl 00711aI0T CBOMCTBAMU CHUMMETPHHU, OHH SIBIISFOTCS CIIEJICTBU-
eM WHBapUaHTHOCTH ypaBHeHui (33) mis U 'j‘(x,t) OTHOCHTEJIBHO MpeoOpa3oBaHUit
CUMMETpHH Y = —X.
Ipu duxcupoBanHom K wmatpuma TX(X,t,n) sBisercs (yHmIaMEHTATLHBIM
pelieHneM cucteMsl ypaBaeHwuii (13), COOTBETCTBYOMIIM
G, () =C'n, (96, (x)5 (1).
HasoseMm marpuiy T.X(X,t,n) mynsmunonsroii mampuyeii, HOCKOJIbKY OHA OTHCHI-

BaeT (yHIaMeHTaJbHbIC pemieHus cuctembl (13), mopokaaeMpie COCPEIOTOUYCH-
HBIMH HCTOYHMKAMH MYJIbTHIIOJLHOTO THMA. {1 TMOCTPOCHHS PEryJISpHBIX MpEe-

craBiennii pemenuit (30), Hapsmy ¢ V., BBenem marpuy
W (x,t,n) =T (X,t,n) =S SOH () =T (x., n)*H (1), (34)
KOTOpasi SIBJISIETCS MIEPBOOOPA3HOMN 110 BPEMEHU MYJIbTUIIOIBHON MaTPHULIBI:
O W (x,t) =T (x,t) (35)
ScHo, uTO Vik u Wik SABJISIIOTCS (DyHITaMEHTAJIbHBIMU PEIICHUSMU CUCTEM YPABHEHHIA
L (8,,0)V (x,) + 5{ S () H (t) =0
L (8,,0)W (x,t) + CF' npy ()8, () H () =0

V.

K 1 W,* Taxoke 06:1a1a10T CBOHCTBAMH CHMMETPHH.

Beenem U (x) — marpuny I'puna cTaTHueckux ypaBHEHHL:
L; (0, 00U () +8,,6(x) =0, U (x) >0 ||x| > oo (36)

a Tak)Ke MaTpHuily, aHamorudo (32):
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k | i
T (x,n)=-C' n, (x) U
O‘-IGBI/II[HO, qTo cnpaBemmBm CJIGI[YIOH_[I/IG COOTHOULICHUA CI/IMMeTpI/II/I
T*O (x,n) = =T*® (=x,n) = =T,*® (x,—n)
T, () spnsercs (dyHIaMEHTaIbHBIM PELICHHEM ypPaBHEHHN CTaTHKH:
L (0,,0) TEO (x,n) = n,y () CE' 8, (x) =0
JlokazaHo, 4TO UMEIOT MECTO CIIEAYIOLINE TIPECTABIICHUS
Vi (6, 1) =UKE (0 H () + Vi@ (x,t)
W (x,8) = T (O H (1) + WK (x,1),

e U 0OH (), THOH (1) — peryaspusie dyrum npu X0, Tpi [x|->0
U (x) ~ In”X”'A\itl ), T z”X”_1 By le,), N=2
UK = A, T =M Bl e N >2

snece e, =x/|x|, Ay (e), By (e,) — HempepbiBHBIC M OrpaHMYCHHbIC Ha cepe
||e||:1 dynxmmr; V@ WK — perynapusie dynximmm, HempephBHBIE TIpH
x=0, t>0. IIpu mobom N :

VKO (x,)=0 u WD (x,t)=0 npu ||x||>maxc (e,

a npu HeueTHbIX N 3TH paBeHCTBA CHPABEJIMBBI U IPU ||X|| <minc (e)t

Jef=t
Hunamuueckuii ananoe gopmynel I'aycca. I panuunvie unmezpanbHule ypagHe-
HUSL HECMAYUOHAPHBIX KPAEBbIX 3a0aH.
Jlemma (ananor ¢opmynst ['aycca). Eciu S — mpou3sBonbHasi 3aMKHyTast 110-

BepxHOCTh JIamynoa B R", T0

[Ty = xn(y)dS(y) =8 Hs ()
S

npu X € S MHTErpaj CHHTYJISIPHBINA, OEpPEeTCs B CMBICIIE TJIABHOT'O 3HAYCHHUS.
Teopewmad Kraccuueckoe perieHre MepBoi (BTOpoit) HauaabHO—KpaeBoit
3agaun I X €S, t >0 ymaoBIETBOPSIET CUHTYJISAPHBIM IPAHUYHBIM HHTETPATbHBIM

ypaBHEHUSIM BUIA

050, () =UL (6)*G; () +U} (61) %0 (x.1) 8, (O H 1) -
VP[0 yom) u (088 (y) = [ S () [ Wi (x =yt =) (y.e)de -
S S 0
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- [ (- y,n 1) U () () + U (61 #P (0 Hs (9] + UL () =6 () H ()
S

OTU ypaBHEHUS MO3BOJISIIOT ONPENEIUTh HEU3BECTHBbIE T'PaHUYHbIE (QYHKIMH COOT-
BETCTBYIOLIEH HauyalbHO—KpaeBoi 3amaun. Ilocie ux ompeneneHus Gopmysbl T€o-
PEMBI OMPEIEISIIOT PEIICHUE BHYTPH 00JaCTH ONpEICIeHHUS .

Bompoc pazpemmmoctu nonyueHusix CIMY nHa ompeaeneHHoM kiacce (QyHKIUN
npeacTaBisieT coO0M CaMOCTOATENbHYIO 3a1ady (YHKIMOHAIbHOIO aHanu3a. Yuc-
JICHHOE PEILLIECHUE 3TUX YPABHEHUHN C UCIIOJIb30BAHUEM METO/1a TPAHUYHBIX 3JIEMEHTOB
BIoJHe peanusyemo. C yacTHbIMU citydasimu pewmieHus takux CI'MY nnsg Hecranm-
OHAPHBIX KPAeBBIX 3a/1au Teopuu ynpyroctu (coorBercrByrommue N =2,3 MOXHO 10-

3HaKOMUThCSI B paborax  B.3.Ilaprona, II.W.Ilepauna, II.M.Alitanuesa,
M.A Karonosa, A 5. AnekcanpoBa, b.M. 3UHOBLEBA, T.®.KapmaHoBoi,
[I.A. qIunsnabaeBa u ap.

B nfATOI# riiaBe paccCMOTPEHBI CTAIIMOHAPHBIE KPACBBIC 33a/1a4u JIJIsi aHU30TPOII-
HBIX yrpyrux cpen. [loctpoensl 0606menus popmyn Comumbsiubl, ['aycca u cunry-
JSIpHBbIE TpaHuYHbIe HHTErpanbHbie ypaBHeHus (CITY) nis pereHns KpaeBbiX 3a1aq
B aHM30TPOIHBIX CPEAaX MPHU CTAIMOHAPHBIX KOJICOAHMSIX.

Ilocmanoska 3adau cmayuoHapHvlx Konebanuii. YpaBHEHUS IBWKCHHUS IS

AQHU30TPOIHOM YIPYTOM Cpeabl AJI1 KOMIUIEKCHBIX aMIUIATY IPUBOASATCA K CUCTEME
ypaBHEHU! BUAA

L,(6,,—~iw)u,(x)+G,(x)=0,

@37)

L”(ax’_la)): Ci;“'ﬁmal +5ijpa)2, i, j’m,l :]_,_N,

Kpaesas 3a0aua |. Haiitu pemenue (37), eClid M3BECTHBI MIEPEMEIICHHS Ha S:
u(x)=u’(x), xeS
Kpaesas 3adaua |l. Haiitu permenne (37), eciiv H3BECTHBI HANPSDKCHUS Ha S:

o, 00N, ()=0,(x), XxeS

['paHuYHbIC YCIIOBHS 3aMUCaHbI i1 KOMIUICKCHBIX aMIuiuTy. [Ipu moctaHOBKe cTa-
[IMOHAPHBIX 33]]a4 HAYaIbHbIC YCIOBHS HE 337at0TCsA. s BBIIEICHHS ¢TUHCTBCHHO-
r0 pelieHHs B Cilydyae HEOTpaHMYCHHOHM oOmacti S~ (BHEWIHsS 3ajada) 3aJaroTcs
yCIOBUSL THUMA ycloBui wm3iydeHus 3ommepdenbaa. [Ipeamonaraercsi, dTO
ueC?(ST)UC(S™US), GeC(SUSY).
Cmayuonapnvie ananozu ¢popmyn Comunvsmui.

Teopewmab. Eciu npu JaHHOM @ KIIACCUYECKOE PEIlICHHE MEePBOii (BTOPOii) Kpae-
BO#i 3a7a4u U(X) CyIlecTByeT U eqUHCTBeHHO, TO ((X) MpeacTaBUMO B BHJEC CBEPTKU

6,00 =-U}'*G, +U/ * 0,5, - C{'U; *ujn,5, (x) 38)
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U sIBJIIETCS 00001eHHBIM perienueM (37).
I'panuunvie unmezpanvhvie ypasHeHUss CMAYUOHAPHBIX KPAEBbIX 3A0ay.

Teopewmab. Ilpu puxcuposannvix K u N mampuya Tik (X,n) sersiemes gpynoamen-

manvHoim peweHuem cucmemwl (37), coomeemcmeyrouwum cocpedomoyerHbiM Uc-
ki
mounukam mynvmunonsrozo muna G (x)=n C."5, (X).

m il
Ananoe ¢popmyner I'aycca. Ecnu S — npouszsonvhas 3aMKHYmMas nogepxHocmy
N
Jlanynosa 6 R™, mo

VT (% Y n(n))AS () = poo’ JUL (%, Y)AV (¥) + 8, Hs (x)
° > (39)
npu X €S unmezpan CUHYIAPHbIL, 6epemcs 8 CMblcile 21a68H020 3HAUEHUs .
®dopmyia (38) MokeT OBITH PECTABICHA B CIICAYIONIEM HHTEIPAIbHOM BHIC

G, () = [UL (¥, )G, (Y)dV (y) +
; (40)

+JUS (Y, 08, (1S (y) = [T (v, %, n(y))u, (Y)dS (y)

T xeS UF(x), TX(x,n) — perymspusie byuximu. s rpaHMYHBIX TOUEK

HUMEIOT MECTO CJIeIYOIne aCUMITOTUKH [32]:

U ()~ Infx|A(e). T eon)~x "Bl (e,) npu N=2

N+2 N+1

UFOO~d Al ), TEoom)~[x] By (e,) npr N>2

3mech €, = X/ ||X||, Al (e,), B, (e,) — HenpepbIBHBIC U OrPAHUYECHHBIE HA cepe ||e|| =1
¢dyukipu. [ToaTomy nociennee ciaraemoe B mpaBoit yactu (40) siBJsieTCSI CUHTYIISIP-
HBIM.

Cootromenus (40) sBrsiroTess 06060meHreM hopmysbl COMIIBSIHBI IS JUTUII-
Tryeckux cucreM. OHU MOTy4YeHbI 11 00001meHHbIX GyHKIMI. COoriiacHoO JIeMMeE IO
bya — PeiiMoHa, B cuity perysisipHOCTUA U U MOABIHTETpaIbHBIX (DYHKIUNA 3TH paBeH-
CTBa CIIPaBEIJIUBLI M OOBIYHOM CMBICHE IS X & S .

Ha rpanuie nosyueHHbI€ COOTHOUICHUS JAIOT CUHTYJISIPHbIE TPAHUYHbIEC HUHTE-
rpajbHbIe YpPAaBHEHUS IS PEIlIeHUs] KpaeBbIX 3a/1a4. BepHa cienyiomias reopema.

Teopema7. Eciu U— K1accuyecKoe pelieHe MepBoii (BTOpoit) KpacBoi 3a-
nadu, To oHo yaosieTBopsier CITY Bunga

H U, (X) = JUL(y, )G, (y)aV (y) +

+ (UL (Y, 99, (0)dS(y) - V.p. T, (v, x,n(y))u; (Y)dS(y)
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Bormpock! pa3pemmmMocTy Takoro TUIa TPaHUYHBIX UHTETPaIbHbIX YpaBHEHHH 10CTa-
TOYHO XOpOLIO MCCIEIOBaHbl. YMCICHHON peaJM3aldd YPaBHEHUM U1 PELICHUS
CTAIlMOHAPHBIX 3a7a4 JUIsl H30TPONMHON YIPYroi cpenibl, CTAaTHYECKUX 3a1ad JJIsl aHu-
30TPOTIHOM yNpyrou cpeasl nocBsiieHbl padboTel bpeoous K., Temnec XK., Bpoyben
JI., benepmxu I1., barrepdung P. u np.

B mecToii riaBe paccMaTpuBAIOTCS aHU30TPOIIHBIE MBE303JIEKTPUUYECKUE Cpe-
Ibl, XapaKTepU3YIOIIHUEcss OTCYTCTBHEM LEHTPaJbHOM CUMMETpuUu. B mpocrpaHcTBe
00001eHHBIX (DYHKIMN 3alycaHbl YPAaBHEHUS JBUKEHHUS U WX pPEUICHUs IJis pac-
cmarpuBaeMbix cpel. [loctpoen nuHamudeckuil ananor Gpopmysisl COMUIBSHBI IS
pelIeHHs KPaeBbIX 337ad B MbE30YINPYTUX CpPellaxX, MO3BOJSIONIMA MO W3BECTHBIM
HAaYaJIbHBIM M TPAHUYHBIM 3HAYCHUSM MEPEMEILIECHUHN, MOBEPXHOCTHBIX HArpy3oK,
AJIEKTPUYECKOTO MOTEHLMANa, MIIOTHOCTH MOTOKA 3apsia BOCCTAHABIMBATH IepeMe-
HICHMS], HAIIPSKEHHUS U HAIPSHKEHHOCTH JIEKTPUUECKOIO MOJIS B CpeJie.

YpaBHeHHs1 IBM:KeHUS] NMbe30yNpyrux cpen. IIbe3osnexrtpuueckuii 3pdext

HUMCECT MCCTO B aHU3OTPOIIHBIX CpCaax, HEC O6J'IaI[aI-OH_II/IX LHECHTPOM ynpyroix'l CUMMCT-
puH, B 3TOM CJIy4dac IIbC303JICKTPUICCKHNEC KOHCTAHTHI e“j 750 HOCKOHBKy B IIbC30-

YVOPYTHX Cpelax yIpyroe M 3JIEKTPUYECKOe MOJIsi CBSI3aHbl MEXKIY cO00i, B 001IeM
Cllyya€ TaKHMe CpeJlbl OIMCBHIBAIOTCS NBE30IEKTPUUECKUM TEH30pOM, COAEPIKALIUM

45 xoncrant (C'®) - 21, e - 18, x;, — 6):

CiTI(E)’ j,mI1=1N,
€ij» i, j,I=1N, m=M
ci' = _ (41)
eiml’ J,m,l N! |:M
— K J,m=N, i,l=M
rie Ci;”'(E) — MaTpulla YIPyTHX KOHCTAHT, U3MEPEHHBIX MPH MOCTOSHHOM SIIEKTPHU-

N

YEeCKOM IMoJie, yoBieTBopsiomas yciaosuo W (v) = ZCiT'(E)vr'nv,‘ >0 Vv, g;
ijm,

TIbE303JIEKTPUIECKUE KOHCTAHTBI, Kj — JUAJIEKTPUYECKUE MPOHUIAEMOCTH, M3ME-

pEHHBIC MpH MOCTOsIHHOM aedopmanuu, N — pasmepHocTh mpoctpanctBa (N =2
npu 1utockoi aedopmanmu, N =3 COOTBETCTBYET NPOCTPAHCTBEHHOMY CIIy4aro),

M =N +1. Koucraursl CiT'(E), €ijr Ki 00JIaatoT CleIyIONMMUA CBOMCTBAMU CHUM-

METPHH [0 OTHOLIEHHIO K EPECTAHOBKE UHIEKCOB:
mI(E)_ ~IM(E)_ ~ml(E)_ii(E) B B
Gy =Cj =Ci=Cy ™, €ij =Cji» K =K (42)

B nee3oynpyrux cpenax ynpyrue ae@opMaiiu U 3JIEKTPUYECKOe MoJje CBs3a-
HBI MEXIy CO0O0I M OMUCHIBAIOTCS IUHEHHBIMU YPABHEHUSIMH COCTOSIHUSA .
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Cij :Ci;nl(E)um’l_elij E., i,jml =LN (43)

DJ:eJmlum,|+K1|E|, J,m,|:].,_N (44)

rae U= (U,...,uy) — TepeMemeHnss yupyroi cpeisl, o KOMIIOHCHTBI TEH30pa

ij
HanpspkeHul, D; — KOMIIOHEHTBI BEKTOPA 3JIEKTPUYECKUX CMelleHul, E, — xommo-

HEHTBl BEKTOPA HANPSKEHHOCTH OJIEKTPUYECKOTo Tons, u;,;=0;U; =au; /X,

X=X,y Xy) € RN, 3neck u BCIOJIy TI0O OJJHOMMEHHBIM MHJICKCaM B MPOU3BEICHUU

MPOBOJIMTCS CYMMUPOBAHKE B YKa3aHHBIX BBIIIC TPe/ieiax H3MEHEHHs UHCKCOB.
[MoxctaBum cootroteHust (43), (44) B ypaBHEHHs IBYIKCHHS IS 3JIEKTPO-
YIIPYTOU CPEBbL:
i j+Gi = pUi
D jrj = Pe
rae p — INIOTHOCTH cpebl, G, — KOMIIOHEHTBI MAaCCOBOM CHIBI, U;,, = 0°U; / Ot%, t —
BpeMs, p, — IUIOTHOCTb DJICKTPUYECKOTO 3apsijia. YUHTHIBAs, YTO MbE303JICKTPUKH

ABIISIOTCS AUDJIEKTPUKAMHU, KOTOPBIM CBOMCTBEHHO OTCYTCTBUE CBOOOHBIX AJIEKTPHU-
4ecKux 3apsioB ( p, =0), MOIydnM CIeayIONIyI0 CUCTEMY YPaBHCHUH JMHAMUKY JUIS

IbE30YIPYTHX CPEL;
Ci;nl(E)Um i €@ = Pl —Gi (45)
ejmlum’lj_KjI(p’IjZO' En=-0mn (46)

Takum oOpazom, [uisi MCCleNOBaHUs HECTALIMOHAPHBIX IMPOLIECCOB B MbE30YINPYTUX
cpelax HeoOXOAMMO paccMaTpUBaTh CHCTEMY YPaBHEHUH CMEUIAHHOTO THIIA: ypaB-
HEHUs TunepOoImIeckoro tumna (45), omuchIBaIoIINe aHU30TPOTIHBIC YIIPYTHUE CPEIIb,
U ypaBHEHHE dUTUNTHYECKOro Tuna (46) — ypaBHEHHE 3JCKTPUUECKOTO OIS
OO6001IeHHbIE pelIeHNUs HECTAIMOHAPHBIX KPAeBBIX 337ad JJI MbEe30YIMPYrux

cpea. YcioBus Ha BOJHOBBIX (ppoHTax. BBepem BekTop UL = (Ul,...UN +1), 00be IUHS-

FOLIUU YIIPYTHUE IEPEMEIICHHS U DJICKTPUUECCKUN TOTCHIUAII:
u, Jj=LN

e @7)
¢, J=N+1

Marpuiy HanpspkeHuit T,

CKUI BEKTOp MepeMeIleHuH, a Takke MaTpuily aepopmanuii Z

coAep:Kallylo TeH30p HampspkeHuil Komu u snektpude-

1+ COZIEPIKAIIyO TEH-

30p ynpyrux aedopManuii &, = O,5(um,|+uI ,m) ¥ BEKTOP HANPSHKEHHOCTH 3JIEKTPU-
YeCKOr0O TOJIS:

. j=LN 1N
T. = v’ JJ B ;\/l ) Zml = 8mEI’ ”[;] (48)
= -E,



BEKTOPHbIN MOTOK P;, 00BbEIMHAIONIMA BEKTOP HArpy3ku §; =0OyN; U IIOTHOCTH MO~

ToKa 3apsina = D;n., u BexTop nucTouHnKoBG;, copeprkamiiii MacCoBbIEe CHIIBI

JJ'

N ::{gi, =IN :Z{Gi, i=LN (49)
q, 1=M 0, i=M

Awnanor 3akoHa I'yka (cBs3b Mexay % u Z.) U COOTHOIIEHHE JUIsl BEKTOPA IOTOKA
3aluIIeM B BUJIE:

M N -
T,=>>C"Zy, i=LN+1 j=1, (50)
m=11=1
N -
p=>Tn, i=LN+1 (1)

j:

Takum 00pa3oM, ¢ y4eToM BBEICHHBIX BbIlie 0000menuit (41), (47) — (49),
ypaBHEHUS JBWKEHUS UISI MbE30YIPYIroil Cpeasl MOXHO 3alucaTh B CICAYIOMIEM
OIIepPaTOpPHOM BH/IE:

Lim (05,0 )0 (X,1) + G (x,1) =0 (52)

Lin (04,0 =C" 0,0, — p&,n02, i,m=LN+1, jl=1
g . {5im’ |,m:1,_N

"o, i=m=N+1

rae 9, =(d,,...,0y), X€S~ <RV, 0;

4eCKOe MoJie KBasucraTudeckoe, cucrema (52) rumep0oio — JIUTHITHYECKOro Trma. B

CHJIy IOJIOKUTEIBHOM ompeneneHHoctd W XapakTepUCTHYECKOE ypaBHEHHE CHUCTE-

Mol (52) uMeeT IeHCTBUTEIbHBIC KOPHHA C, B OOIIEM Cllydae 3aBHCSIIHAE OT Harpas-
JICHHSI PACTIPOCTPAHEHHSI BOJIHBI.

Teopewma8. Ecu v(x,t) yoosremeopsiem (52) noumu ecrody 3a uckioueHu-

eM 80JIHOBbIX (PPOHMOB, HA KOMOPHIX GINOIHAIOMCSL Yeaosus Ha ckauku [35]

— cumBoa Kponekepa. Ilockonbky 35eKkTpu-

[ui (X’ t)]Fl =0 ! [O-u j + pcul t [elu E n; ] ! (53)
[p(x0)]; =0, [Dj]ﬁ =0 (54)
10 U(X,1)saBasercs 0600meHHbIM penienreM (52).
O6o3HaynM:
mpu t =0 u(x,0)=u’(x), xeS US,
u, (x,0)=u’'(x), xeS~ (55)
o XxeS,t>0
Ui(X,t) = UiS(X,t), O-ij (X!t)nj(x) = gi(X,t), (56)
Din; =q°(x,1), P(x,1) =" (x1)

Tpe6yeTca IO U3BCCTHBIM HAYaJIbHBIM U I'PAHUYHBIM 3HAYCHUAM HCpCMCHlGHYIfI,
MOBCPXHOCTHBIX HATI'PY30K, JICKTPUUICCKOI'O IMMOTCHIIMAJIA, INIOTHOCTH IIOTOKA 3apsaa
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BOCCTAaHOBUTH MEPEMENICHUS, HAIPSIKEHUS U HAMPSHKEHHOCTh AJEKTPUUYECKOTO TMOJIs
B cpefe.
Hunamuueckuii ananoe ghopmyner Comunvsansl. BBeneM onpeneacHHble Ha BCEM

npoctpanctBe R" 06001eHHbIe QyHKIUM

G, (%) =u (O H (1), §(x,1) = (X OH5 (1), G (x,t) =G, (X)H5 (X 1)

JlokazaHo, 4TO €CIIM KJIacCHYEeCKOe pelIeHre KpaeBoil 3amaun v(X,t) cymiecTByeT u

€IMHCTBEHHO, TO 00001IeHHOE perienre DU(X,t) npeacraBuMo B BUIE CBEPTKH:
5,068 =Ul *G, +U S * 0l (H; () + U 0P (OH; (9, +
+U S OH () + C'V“+0;, 8 (OH (1) + C VS 0 ()N, 85 (X)
3neck O¢(X) — cunrynspHas oboOmeHHast GyHKIUS — MPOCTOM cioit Ha S, coOT-
BeTcTBeHHO P, (X,t)d (X)H (t) — mpocToii cinoii Ha D.

[Tonyuennbie ananoru ¢hopmyiabl COMUITBSHBI TTO3BOJISIOT MO0 U3BECTHBIM CKO-
POCTSIM, HaIpPSKEHUSIM U Ap. XapaKTEPUCTUKAM Ha TPAHULIE Cpell HaXOJIUTh UCCIIETy-
eMble PYHKIIUUA BHYTPHU HETO.

B ceabMmoii riiaBe paccMaTpuBaeTcsi OAHOPOHASI U30TPOITHASL JIBYXKOMIIOHEHT-
Has cpena M. buo, cocrosiiias u3 TBEPAON U KUIKOU KOMIIOHEHT, B CIIy4ae JIEUCTBUS
TPAHCHOPTHBIX HATPY30K, ABUKYIIUXCS C MOCTOSIHHOM CKOPOCThIO. ITocTpoeH Ten3op
I'puna cucremsl ypasHeHuit M. buo npu aeicTBuM MacCOBBIX CUJI B BUZE MOIABUXK-
HBIX Harpy3ok. Takke 3amucanbl 0000IICHHBIC PEIICHUs YPaBHEHUN JIBUKEHUS Cpe-
Ibl bUO Mpuy MPOU3BOJIbHBIX TPAHCHOPTHBIX MAaCCOBBIX CHJIAX.

VYpasuenus osusicenus cpenpl M.bro B ciydae 0TCyTCTBUS BA3KOCTH JKUJIKOCTU

OIMCHIBAIOTCS CIEAYIOIIEH CUCTEMOM TUNepOOoIMYecKuX ypaBHEHUH BTOPOTO HOPS-

Ka.

(A + ,U)U]c" 1 i +uu;, ii +Qujf 1 i +G; = py 7 + plZUif (57)

Qu:, . +Ru!

i i v

f . o f 3
+G; = p,U7 + pU, (X,t) € R® x[0,00)
rae U’ (X,1), U (X,t) — KOMIIOHEHTBI BEKTOPOB NEpeMeleHHil YIIPYroro CKeIeTa 1

3 S f o
&unKocTu B Touke X € R°B MomenT BpEMEHU t, Gi ,Gi — 00BEMHBIE CHIIBI, JIEH-

CTBYIOILME COOTBETCTBEHHO HA TBEPAYIO U KMIKYIO KOMIIOHEHTHI cpebl. KOHCTaHThI
cpenst buo A, u,Q, Rumeror pasmeprocts HanpsokeHuii, QpU3HKO—-MEXaHUYECKUE

KOHCTAHTBI Py, Prp s 0o IMEIOT PA3MEPHOCTH IUIOTHOCTH U CBS3aHBI C IUIOTHOCTBIO
MacC YaCTHUl, CIAraluX CKeJIeT O M  IKHIKOCTH O COOTHOLICHHAMH:
oy =@-m)p, — P, Py =Mp, — py,, a6 M — mopucrocts cpeasl. Koxeran-

Ta HpHCOGI[HHeHHOﬁ IIJIOTHOCTHU 1012 CBs3aHa C I[HCHCpCHCfI OTKJIOHCHHUA MUKPOCKO-

pocTeii YacTHI] KUAKOCTH B OPaX OT CPEAHEH CKOPOCTH MOTOKA YKUIKOCTH U 3aBH-
CHT OT F€OMETPHH 1op, U; ; = 0U; /0X; .
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Cpena M. buo xapakTepusyercsi TpeMsl 3ByKOBBIMU CKOpOCTSIMU. J[Be M3 HUX
C,,C, OIIMCHIBAIOT CKOPOCTh PACIIPOCTPAaHEHHsI IPOJIOJIbHBIX BOJH 1-ro u 2-ro poza, a

TPEThs C, — IOIEPeuHy0 BOJHY (C, < C; <C;).

Jlnist paccMaTpUBaeMOi Cpeibl CBSA3b MEKIY HANPSDKCHUSAMH H 1€ OpMAIUSIMH
UMEIOT BUJI 00001IeHHOTrOo 3aKoHa ['yka:

_ S f S f _ _ s f
oy = Uy, +u; )+ (A, +Quy L, )6, o =-mp=Qug,, +Ru,,,
rjie P — JIaBJIEHHE JKUJIKOCTU B MOPaX, ¢; — KOMIOHEHTHI TEH30pa HANpPSKEHUA B
yIPYTroM CKeJIeTe.
B nmanbHeiieM wis yao6cTtBa 0603HaueHuit BBeneM Bektop U ={0°,0'} pas-

MEpHOCTH 6, mosiarasi U; KOMIIOHEHTaMH NepeMenieHus TBepaoi ¢asel gt i =13 u

KMAKOCTH 1 | = 4,6. AHaIOrn4HO BBeeM BekTop MaccoBbix cun G ={G*,G '}.

Tpancnopmusie ypasnenus M. buo. JIns 3anvicu ypaBHEHUM ABUXKEHUSI OJHO-
POAHOM M30TPOITHOM JBYXKOMIIOHEHTHOM cpenbl M. buo npu aencTtsuu TpaHcrnopr-
HBIX HArpy30K pacCMaTPUBACTCS KJIAacC pelleHHi cUcTeMbl ypaBHeHuit (57) B mpen-
MIOJIOJKEHUH, YTO MAaccoBas Cuja, JEHWCTBYIOIIAS B CPENE, IBUXKETCS C IOCTOSIHHOM

CKOPOCTBIO «C» BJIOJIb OCH X, M B IOJBIKHOH CHCTEME KOOPAWHAT HE 3aBHCHT OT
BpeMeny, T.e. G; =G, (X, X,, X, +Ct) . ickomble nepememenns U; 0061anaroT Takou xe
CTPYKTYpOH: U = U (X,,...,X, +Ct). O603HaAUNM HOBYIO MOJABHKHYIO CHCTEMY KOOD-
nuHat yepe3 X' = (X, X, X)) =(X,X,,X, +Ct). B HOBOil cucreme KOOpJHHAT CUCTEMA
ypaBHenuit (57) 3amuiercs B BUIE:

2 2 ) az
A+ u, + u,, + u+G =c’ u +p,u
( mﬁX;ax: | an;ax: e T T (Pl pa)
0’ R 52
anﬁéxi' Coooxlox! ox.’ (Pl +p0,.) (58)

k i 3

Tun 1ol cucremsl ypaBHeHuit (58) CyIiecTBEHHO 3aBUCHT OT CKOPOCTH TPAHCIIOPT-

HOM Harpy3Ku. 3/1€Ch pacCCMaTPUBAETCA BECh JUANMA30H CKOPOCTEM.
Dynoamenmanvhvle peuienus ypasHenull osudicenus cpeovl M. buo 6 kaacce

oecywux pewenui. J{ng nmoctpoenus QpyHAaMEHTaIbHBIX pelieHud U, ypaBHEHHM

JTMHAMUKH JBYXKOMIIOHEHTHOM cpebl M. bruo paccMoTpum cuctemy ypaBHeHHi (58)
MIPY IEUCTBUU OETYIIMX HArpy30K B BUE COCPEAOTOYCHHBIX UMITYJIbCHBIX (DYHKIIHNA:
Gy(x)=06;0(x), G;(x)=05;6(x"). B sTOM Ciydyac paccMaTpuBacMas CHCTEMa
YPaBHECHUH MPUMET CIICAYOLIHN BUJL
2 2 '
(A + U, g THU g FQU w16 —C 7 Pu i n —C P oy o +5ij5(x )=0,
2 2 r
QU 1K +RU i(k+N) 1NN —C plZUij s —C PRU i(j+N) * NN +5i(j+N)5(X )=0
3/1eCh BCIOAY 110 OJHOMMEHHBIM MHJIEKCAM MPOBOJAMTCS CYMMUPOBAHHE B YKa3aHHBIX

BbIIIE mpeaenax ux u3MeHeHus oT 1 mo N , XoTs pa3mMepHOCTb TeH30pa Uij -
(2N%2N). KoMnoHeHTBI TeH30pa UMEIOT crieayromuid Gpusndyeckuii cmbici: mpu 1 < |
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<N 370 j-ble KOMINOHEHTHI iepemenieHnii TBepaoit ¢asel, ipu N +1 <jJ<2N - 3T0
( j- N)-ble KOMIOHEHTBI MEPEMEIIECHUI JKUAKOCTH OT JIEHCTBHS COCPEIOTOYCHHOMN
CHJIBI BIOJIB I- 0if ocu koopauHat (mpu 1 <i < N) Ha tBepayro a3y uiu oT neiicTBus
cocpenoroueHHor cuiabl BoJb (i-N) -oit ocu koopaunat (mpu N +1 < i < 2N) na
KHIKOCTb.

O6Gosznaunm M, =c/c, (1=13) - uncna Maxa, m, =,/1-M? . Ha3oBeM ¢ - cKOpoCTb
HOJBUXHBIX HArpy3ok 0038ykoeoti, eciu C<C,, T.e M, <1; cgepx38yko60ii, eciau
C>C;, M, >1. B cinyuae, Korja BeJIM4YMHA ¢ HAXOAUTCS MEXAy 3HAYEHUSIMU CKOPO-

creii (58), umeeT Mecto medczsykosas (mpancsgykoeas) cKOpocTh. [T0CKOIBKY BHJT
(byHIaMeHTaJIbHBIX PEHICHUH 3aBUCUT 3HaUYC€HUHN umcia Maxa, B MpOCTpaHCTBE Ipe-
Opa3oBaHU OHM 3AIUIITYTCS B BUIE

- a (O
U, = 2 J 2 X
(as(et ~M;ED C§N|Z_1: &2 -M/ §NJ

~

~ Oyi 2 d,0; EnGin < 1
Uy = kéz"'%(z 2ik122_k';;NZd| 2 _ 22]
P22C Ex a; (5" —M;&y) ey T & Mgy

Mpu k=N +12N, j=N+L2N

2 2 2 2
8, —ay a, —ag 19
rac bkl = 2 2 bk2 = 2 bk3 = _1| k = 1’ )
—aj pua; — —
é/l ) Z_}/ZL bk3 = _§3| k = l6|
a; —aj Pl —8;
2 2 2
P a a, —a —
dl 11 s | dzz_pMZ—S' d3:—§3, k=46

- 2 2 2 2
Prdy —a, Prdy — 3,

B ciywae dossykoswvix ckopocmeii (M, <1, T.e C<C, ) HOJyYUM TEH30D
byHIaMEHTaIbHBIX PEIICHHIA:

aZ _
U, = f[bks% (m?fr2 + x§) He l4maZ -
3
—(Zbkl (mfr2 + xf)_“z(xgxkxj 1% =X, (5,5%, +0 X, % +5k35jgw)—
1=1

((m,2r2+x§)_1/2—m,rX5ij—xkxj/rz)/rz] l4nc?, k=13, j=1,
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U'k :Ukjs k: v6s J:]TB
O [X _
U, —ﬂ—k‘|3| {d 5dkj(m32r2+x32)1/2/47za32—
PzzC

3
—(Zdl (m,zr2 + x§)_“2(x§xkxj /r*— x3(6k3xk + 85X, )/r2 +5k35j3W)—
1=1

—((mlzr2 +x§)_1/2 —mer5ij — XX /rz)/rZB l4nc?, k=4,6, j=4,6
IIpu R — 0 pyHmameHransHbie penietus U K~ const/R.

B ciyuae ceepxzsykosuix ckopocmeti (C>C;, M| >1) umeem:

a_;[bk35kj H(x; —mr)

27ma2 \| X, —m/r?

—[ible(x3 —mlr)(x32 —mfrz)_llz(xjxkxj I’ —x3(5k3xk +6 53X, )/r2 +5k35j3)—
1=l

U, =

J

((x:f—mlzrz)mH(xg—mI r)Xékj—xkxj/rz)/rz] [2nc?, k=13, j=1,

Ujk:Ukj1 K = 161 J:E

70, |X
Ukj—M a3{d5dkJ —m2r2 )" 27a? -
P2,C

—(Zslle(xs —m3r)(x32 —mfrz)_llz(xszxkxj Ir*— x3(6k3xk +6]3xj)/r2 +6k36j3)—
1=1

—(x32—m,zrz)_lle(xg—m,r)(&j—xkxj/rz)/rz]}/27z02, k=46, j=46

Jlns seyroevix ckopocmeti (C = C M, =1) Tensop byHmamMeHTaTbHBIX pe-

IIeHUN UMEET BU/I.

J

— 2 1P, .S8..0(x:)Inr™
i K = ]_3 J =16 Uk': d; { k3Ykj (23)
27 a’

3

—C%Zbkl [H () (6 (25X, 172 =8, )~ (85X, +8 5% ) 1)/ T = 858,55 (%) In r]}

1=1

Ujk:Ukj; k= ;6; J:E
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— — — a2 2 1dy8,8(Xs)Inr ™
i k=48, j=46 U, -—"ak 8 |G0g006) T
P2,C H a,

3
—Cizzdl [H (%) (% (2%, X, 177 =8 )= (B X, + 8,5 1)1 = 8,38,58(%) In r]}
1=1

Hwxe npencraBieHbl pe3yibTaThl pacyeTOB KOMIIOHEHT TeH3opa I'puHa mpu
NEUCTBUUA JO3BYKOBOM HArpy3kKu B HAIPaBICHUM OCH X 1A Ui cpeasl buo ¢
Oe3pamepHbiMu mapameTpamMu: A =p =1 Q=1 R=1, p,; =3, p,=1 p;, =02:

nepemenienns tBeproil kommonentsr U, ,U,,, U,, npu nefictBuu Harpysku B

TBEPIOH KOMIMOHEHTe (PUCYHOK 6) M TEepEeMEIICHUS KHIKOH KOMIIOHEHTHI
U Uy, Uy, TIPH JCHCTBUM HATPY3KH B KHUIKOCTH (PUCYHOK 7).

1x10 T T T T T

DifF2|| 1 |,2,1

DifF2|| 1 [,2,2

DifF2|| 1 |[,2,3

- 1x10 V) n

Xn
Pucynok 6 - U,,,U,,, U,, IpH J€HCTBUN HArpy3Ku B TBEPJOU KOMIIOHEHTE
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110”3 T T T T T

Diff2|| 1 |[,3,1

Diff2|| 1 |,3,2

Diff2|| 1 |,3,3

~1x10 3 -

I I I I I
- 40 -20 0 20 40

Xn

Pucynok 7 - U, U, U,, TIpU AEHCTBUM HAIPY3KU B )KUIKOCTU

JIs1 mpOM3BOJIBHBIX PETYISIPHBIX MaccoBbIX cuin G, (X,t) pemeHus TpaHc-
IOPTHBIX YpaBHECHUI buo AMEIOT BUJL UHTETPAITBHOU CBEPTKHU

u; = .[Uik (X=y)G, (y)dV(y). IIpu cuHTynspHBIX MacCCOBBIX CUJIaX CBEPTKY CIEIy-
R3
eT OpaTh COTJIACHO OMPEEICHUIO CBEPTKH 0000IIEHHBIX ()YHKIUH.
VcnoBus Ha BOJHOBBIX (DPOHTAX B Clyyae TPAHCIOPTHOM HArpy3KH, JIBUKY-
IIEHCS CO CBEPX3BYKOBOU CKOPOCTHIO, UMEIOT BH [38]:

et =[u’ v =0, (59)

['uuis’i nj +<(}L +'u)u?’j+Qujf ’j%i _Cz(plluis’3+/912uif ’3%3]5 =0, (60)
[(Qu?’jJrRujf ’j%i _CZ</012UiS’:«;Jrlozzuif ’3>n3]ﬁ =0, i=1,2,4. (61)

31ech N; — KOMIIOHEHTHI /IMHUYHON HOPMATH K BOJHOBOMY dponTy. ITpu cBepx-

3BYKOBBIX CKOPOCTSIX JABMKEHHs TakuX (ppoHToB Oyner Tpu. IlepBrie nBa mepeaHux
¢bpoHTa cBsI3aHbl 00BEMHBIMU Je(OPMALIUSIMU B YIIPYTOM CKEJIETE U )KUJIKOU KOMIIO-
HEHTEe, TPeTH (PPOHT — CO CIBUTOBBIMU JAe(OpMaIMSIMU MOPUCTOTO CKeyeTa. Y clio-
Bust (59) — 93TO yCJI0BUSI CIUIOMIHOCTH CPEJibl, B MOJICIIM KOTOPO MpPEANOIaracTcs He-
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MPEPBIBHOCTH MIEPEMELICHUI CKEJIETa U )KUAKOCTU. M3 ABYX ApYyrux yCIIOBUHM Cledy-
€T, 4TO Ha (PpOHTAX yAApHBIX BOJH HANPSDKEHUS B TBEPJOU M JKUIKOUW KOMIIOHEHTaX
cpensl buo Oyayt umers ckauku. Ycimoeus (60) u (61) — 3TO 3aKOHBI COXpaHCHHS
MMITyJIbCa JJIs1 TBEPJAON M KUIAKOW KOMIIOHEHTBI. JTO 3HAYMTEJIBHO YCJIOKHSAET IO-
CTPOCHUE PELICHUN YpPAaBHEHUHN IBWKECHUSA cpelbl buo Ipu CBEPX3BYKOBBIX HArpys-
Kax, B OTJIMYKE OT JO3BYKOBBIX, TJIE€ pEUICHUs HEMPEPbIBHBI U JU(HEepeHIINPYEMBI.

BbBIBO/bI

B muccepranmonHoit pabote pa3paboTaHbl METOMbI PEIICHHUS yYpaBHEHUU JIBH-
KEHHUS M KPaeBbIX 3a7jau TUHAMHUKU Je(POPMHUPYEMOT0 TBEPIOTO Tesa Uil MCCIEN0-
BaHHUS BOJIHOBBIX IPOLECCOB B J€(OPMUPYEMBIX TBEPJABIX CPelax C yCI0KHEHHBIMU
CBOMCTBaMHU. OTO HamnpaBiIE€HUE OTHOCUTCS K aKTyaJbHBIM MpOOJieMaM MEXaHHKH U
MaTeMaTU4eCKON (PU3UKU M TECHO CBSI3aHO C PEUICHHEM Pa3HOOOpa3HBIX MHXKEHEp-
HO-TEXHHYECKHX 3a7ad.

e Ha ocnose npeobOpazoBanus dypre wu Jlamiaca o0600meHHbIX (YHKIUN TO-
CTpOeHBI TeH30pa ['puHA I ypaBHEHUIA JBWKEHHS aHU30TPOMHBIX cpen (mpu
IUIOCKOM ¥ TMPOCTPAHCTBEHHOW JedopMaliuu), TeH30pa (QyHIaMEHTAIbHBIX
HaNpsDKEHUH, M UX NepBOOOpa3HbIe MO0 BPEMEHHU, UCCIIEI0OBAaHbl UX aCHUMIITOTH-
YECKHE CBOWCTBA.

e Ha ocHOBe YHCIIEHHBIX PKCIEPUMEHTOB M3YUYEHO BIUSHHUE CTENEHU AHU30TPO-
UM TIOPOJIHOTO MAaccHBa Ha XapakTep ero HampsKeHHO-Ie(hOpMHUPOBAHHOTO
COCTOSTHUSI TIPH IEUCTBUU COCPEIOTOUYECHHBIX UMITYJIbCHBIX UICTOUHUKOB. Pacue-
Thl TPOBENEHBI I Cpel cO ciaaboi M CWIBHOW aHHU30TPONUEN YHPYrux
cBoiictB. [loka3aHo, 4TO B NEPBOM Ciyyae TOIMOJOTHYECKUNH THI BOJHOBBIX
¢bpoHTOB Mo100€H pacuupsomuMes cpepam. Bo BTopoM ciydae mosiBISIOTCSA
CJIOHbBIE BOJHOBBIE ()POHTHI U JIAKYHBI — MOJIBUYKHbIE HEBO3MYIIEHHbIE 00JIa-
CTH, OTPaHUYEHHbIE BOJHOBBIMU (POHTAMHU M PACHIMPSAIOIINECS C TEUYEHUEM
BpEMEHH. DTO SIBICHHUE CBSI3aHO C BOJIHOBOJHBIMH CBOMCTBAMH CHJIBHO aHHM30-
TPOIHOM cpeJibl, KOTOPBIE PE3KO BBIPAXKEHBI B HAIIPABJICHUAX C Ipeobiaarolei
KECTKOCTBIO M OCJIa0JIeHBbI B TEX, I'JIe )KECTKOCTh MaJia.

e PazpabGorana maTemaTuueckas MOJeNb IWHAMHKHA MOPOJHOIO MaccuBa MpH
JeMCTBUU UCTOYHHMKA BO3MYILIEHUIN BOJIM3H €ro JTHEBHON MOBEPXHOCTHU C YYETOM
€ro aHM30TPOIHH B cilyyae Iockoi nedopmarmu. [loctpoensl TpancpopmMaHThI
TeH3opa ['puHa mepBoil M BTOPOIl KpaeBOM 3ajauMl AMHAMUKH JJI aHU30TPOII-
HOM MOJIYIIJIOCKOCTH.

e  Pa3zpaboran meToq 00001IEHHBIX (DYHKIUI U1 pelIeHus KpaeBbIX 3ajad J1Ha-
MUKHM aHU30TPOIHBIX YHOPYIMX U MbE30YNPYTUX Cpell MPU HECTAllMOHAPHBIX
BO3JICHCTBUAX, a TaKKe B CiIydyae CTAal[MOHAPHBIX KOJIEOAHMM aHU30TPOIHBIX
ynpyrux tei. IlocTpoeHbsl 00001IeHHbIE pelIeHHs] YPaBHEHUM JTBUKEHHS TaKUX
cpell B MPOCTpaHCTBE OOOOLICHHBIX (YHKUMH, aHatord Gopmys COMUIbSHBI,
["aycca B mpocTtpancTBe 0000IIEHHBIX (PYHKIIHH.

e [locTpoeHsl CUHTYISIpHbIE TPAaHUYHbIE UHTETpajbHbIE YPABHEHUS Ui PEIICHUs
MOCTABJIEHHBIX HAYaJIbHO-KPAEBbIX 3a/1a4 IMHAMUKUA aHU30TPOITHBIX CPEl.
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Ha ocnoBe Teopun 00600IIEHHBIX (YHKIUI MOJy4YEeHbl 3aKOHBI COXpPaHEHUS
SHEPTUH, YCIOBUS COXPAHEHHS UMIYJbca Ha (PPOHTAX, KOTOPHIE CBS3BIBAIOT
CKa4OK CKOpPOCTEH Ha ()pOHTE BOJIHBI CO CKAUKOM HAIPSKEHHM.

[TocTpoens! ¢pyHIaMeHTaIbHbIE U 0000IIEHHBIC PEIICHUSI YPABHEHUN JBUKCHHUS
JBYXKOMIIOHEHTHOU cCpeabl buo, mo3BOJSIOIIEN Y4YeCTh BOJOHACHIIIEHHOCTH
IPYHTOBOI'O MacCHBAa MPHU TPAHCIOPTHBIX HArpy3Kax BO BCEM JUANa3OHE CKO-
pocTell OT JO3BYKOBBIX JO CBEPX3BYKOBBIX. /Jlisi CBEpX3BYKOBBIX HArpy30K
MOJIy4€HBI YCJIOBHS Ha (JPOHTAX BOJIH.
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PE3IOME
auccepranun 3axkupbsiHoBoii I'yabmupsl KoskaxmeroBHbl Ha Temy: «@yHaa-
MEHTAJIbHbIe W O0000IIeHHbIC pelleHus KpaeBbIX 3a1a4 AMHAMHKH Cpel ¢
YCJIOKHEHHBIMH CBOMCTBAMU» HA COUCKAHUE YUYCHOU CTENEeHHU TOKTOpa (PU3MKO-
MaTeMaTu4deckux Hayk no cnemuajabHoctu 01.02.04-Mexanuka negopmupyemo-
ro TBEpAOIo Tejia

KiroueBble cjioBa: BOJTHOBAasl IMHAMHUKA, YIIPYTOCTh, IMbE30YIPYroCTh, cpea
buo, kpaeBas 3amaya, HapPsHKEHHO-IE()OPMHUPOBAHHOE COCTOSIHUE, TPAHCIOPTHAs
Harpys3Ka, CTaljuoOHapHbIe KoJeOaHus, MeTo1 0000IIEHHBIX (DYHKITUH.

O0BbeKTOM HMCCIeJOBAHUM SBISIIOTCS YIPYTHME aHM3OTPOIIHBIE U IbE30YIIPY-
TUe CpeNbl, a TAKXKE JBYXKOMIIOHEHTHAs cpena M.buo.

MeToabl MCCHACAOBAHMN BKIIOYAKOT AHAIUTUYECKUE U YUCICHHBIE METOMbI
pemienus auddepeHMaNbHbIX YpaBHEHUM C UCMHOJb30BAaHUEM MOJENEH MEXaHUKH
CIUIOIIHBIX CPEJ: METOJ MHTErpajbHbIX MPeoOpa30BaHMI, METOJ IPAHUYHBIX HWHTE-
TpaJIbHBIX YpaBHEHHH, MeToa 00001meHHbIX GyHKImit u ap. [IporpammupoBanue u
peanu3zaiys peiieHuit Ha s3bpike Fortran, B cucteme MarhCad-14.MeTopl MEXaHUKH
CIUIOIIHBIX Cpejl, 0000IEeHHBIX (QYHKIUH, BBIYUCIUTEILHON MaTEeMaTHKH.

Heabp paboThl 3akirovaercs B pa3padOTKe METOJOB PELICHUS ypaBHEHHM
JBMKEHMSI M KPAeBBIX 33/1a4 JUHAMHUKHU Je(hOPMUPYEMOT0 TBEPAOIO Tea U UCCIIeNI0-
BaHUE IPOLIECCOB PACIPOCTPAHEHHUS BOJIH B CPEAAX C YCIOKHEHHBIMU CBOMCTBAMU.

Hayuynass HoBM3Ha pa0OTHl COCTOMT B pa3pabOTKe HAa OCHOBE TEOpPUH 0000-
HMIEHHBIX (YHKIUNA METOoJia MOCTPOeHHs (yHIaMEHTAIbHBIX PEHICHUN ypaBHEHUUN
JABMKEHMSI YIPYTHX aHU30TPONHBIX Cpel, pa3padoTke MeToaa 000OIIEHHBIX (yHK-
UH IS pelIeHUs] KpaeBbIX 3a/1au JUHAMUKH aHU30TPOIHBIX TEJ MPU HECTaIlMoHap-
HBIX BO3ACMCTBUIX M B Cly4yae CTAlMOHAPHBIX KOJIeOaHWH, MOCTpoeHHH 0000IEeH-
HBIX PEIICHUN ypaBHEHHWM ABM)KEHHS aHU30TPOIHBIX CpPeJl B MPOCTPAHCTBE 0000-
HmIeHHbIX (QyHKUIMH, aHanoroB ¢gopmyn Comunbsanbl, ['aycca B mpocTtpaHcTBe 0000-
HMIEHHBIX (DYHKIUH, TTOCTPOCHUU CUHTYJISPHBIX TPAHMYHBIX MHTETPAbHBIX ypaBHE-
HUW JUIS pelleHUs MOCTaBJIEHHBIX KPaeBBIX 3aJad JUHAMHUKHU aHU30TPOIHBIX CpPE.
[Tonmy4eHsl 3aKOH COXpaHEHUS YHEPTUH, YCIOBHE COXpAaHEHHs UMITyJIbca Ha (PpoHTax,
KOTOpOE€ CBSI3bIBAET CKAUOK CKOpOCTEH Ha (DpOHTE BOIHBI CO CKAYKOM HaNpsKEHUI.
B nuccepranuonHoil pabote Takxke pa3paboTaH MeTo] OOOOIICHHBIX (YHKIUN IS
pelIeHrs] HECTAllMOHAPHBIX KPaeBbIX 3ajjad JIMHAMUKU Nbe3oynpyrux cpex. [lomyye-
Hbl JUHaMu4eckue aHaynoru Gopmyn COMUIbSHBI, KOTOpPbIE MO3BOJISIOT MO H3BECT-
HBIM CKOPOCTSIM, HAIIPSDKEHUSM U JPYTUM TPaHUYHBIM 3HAYEHUSM UCKOMBIX (YHK-
IUHA HAXOAUTh UCKOMBbIE (PyHKIMU BHYTpHU Hero. [locTtpoeHnl GpyHIaMeHTAIbHBIE U
000011IeHHbIE pELICHUs] YPAaBHEHUN JIBIKEHUS JTBYXKOMIIOHEHTHOU cpefpl buo mpu
TPaHCHOPTHBIX HArpy3kKax BO BCEM JMalla30HE CKOPOCTEH M M3Y4YeHBbl UX CBOWCTBA.
JU1s CBEpX3BYKOBBIX HArpy30K MOIYYEHbI YCIOBUS Ha BOJHOBBIX (PpOHTAX

O0aacTs npumMeHeHus. PazpaboTaHHbIl METO MO3BOJIAET MCCIEN0BATh (PU-
3UYECKHE MPOLECCHI, COIPOBOXKIAIOIIMECS YAAPHBIMU BOJIHAMM, U PEIIaTh IMIMPOKHIMA
KJIacC 3aja4 JUHAMUKHU CIUIONIHBIX CPeJl, OMUCHIBAEMbIX YPaBHEHUSIMU THIEPOOIIH-
YECKUX, JUTUNITUYECKUX U CMEIIAHHBIX TUIIOB.
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01.02.04-/lebopmanusyianran KaTyy TENOJOPAYH MEXaHUKAachl aJUCTUTH OOHOHYA

¢u3MKa-MaTeMaTuKa WIMMIAECPUHUH TOKTOPY WIMMHNA apakachblH M3JEHYY YUYH XKa-

3puirad  3akupbsiHoBa I'yaibmupa KoxxaxmeroBHanbiH «TaTaanaamkan kacuer-

Tepre 33 00JroH 4Y6MPOHYH IMHAMMKACHIHBIH YeTTMK MaceJieJlepUHUH (pyHIa-

MEHTAJIBIK KAJNbLIAHTaH YbITAPbLIBIIITAPBI» TEMAJarbl JUCCEPTALUsCHIHBIH
KOPYTYHAYCY

Herusru ce3nep: TOJKYHIYK OUHAMHKA, CEPIWITHY, Mbe3ocepnuirud, buo
Yyeiipecy, UYETTUK Macelle, IMbIKaJraH-aedopManusiairan  adaj, TPaHCHOPTTYK
KYKTOM, CTAI[MOHAPIBIK TEPMENYYJIOP, JKaINbUIaHTaH (GYHKIHUSIAP BIKMACHL.

N3unneenepayH 00beKTHCH: CEPIMITHY aHU30TPOITYK >KaHA MbE30CEPIHII-
U4 4yerpesep, OLIOHI0U 351€ u30Tpontyk buo yeripe.

N3un166HYH bIKMaJIAPbI TyTall YOHPOJOPAYH MEXaHUKACBIHBIH MOJIEIIEPUH
KOJIJIOHYYy MeHeH Au(epeHIHalIblK TCHIEMEIePIn YbITapyyHyH aHAJTUTHKAJIBIK
’KaHa CaH/BIK bIKMaJapblH KAMTBIMT. HHTETPAJIbIK ©3repTYH TYIOHTYY BIKMAaChl, YEK
apaJiblK MHTETPAIBbIK TEHJIEMENep BIKMAChl, KaIIMbUIAHTaH (YHKIMSIIAP BIKMACHI
x.0. Fortran Ttuwmmngern, MarhCad cucTeMachbiHIArbl — YBITaPBUIBIIITAP/IBI
MIPOrpPaMMalIon KaHa UIIKE allbIPYy.

N3unaneenyH makcatsl — AeQopMalisulaHraH KaTyy TEJOHYH JWHAMHUKACHI-
HBIH YETTUK MaceJleJepuH *aHa KbIMMBIIBIHBIH TEHIEMECHHUH YbITapbUIBIII BIKMa-
JapblH WIITEN YbITYY >KaHa TaTaajlJalllkaH KacueTTepre 33 OOJIrOH ueiipenepnery
TOJIKYHApJIbIH Tapallyy MpOLEeCCTEPUH U3HUIIIO0.

NmTuH naMMuii JKaHbLIBITBI: JKaJbIIaHTaH (PYHKIMSIIAP TEOPUSICHIHBIH He-
TM3UHJIE CEpIITUY aHU30TPONTYK YOUPeNepaAyH KbIUMBUIBIHBIH TEHAEMEJIEpUHUH
(byHIaMEHTaIbIK YbITAPbUIBIIITAPBIH TY3YYHYH BIKMAChI, CTAllMOHApP/BIK SMEC Taa-
CUpJiep acThIHIATbI JKaHa CTALMOHAPJBIK TEPMENyYJep YUypyHIarsl aHU30TPONTYK
TEJIOJOPAYH JAMHAMUKACBHIHBIH YETTUK MAacelelIepUH 4bIrapyy YUYYH >KaJlIbUIaHTaH
GyHKIMSIAp BIKMAChl MIITENUI YbIKKAH, CUHTYJSAPIBIK YEK apasiblk MHTErpajiibIK
TEHJIEeMeJIepH, JKalnbUIaHraH QyHKuusaap Medkuaauruaaera ComumnbsaaabiH, [ayc-
CTYH (GOpMyJajJapblHbIH aHAJIOINOPY TY3YJIreH. DHEPrUsSHBIH Cak-Tallyy 3aKOHY,
TOJIKYH (POHTYHJArbl BUIIAMIBIKTBIH KECKHH ©3repYYCYH UbIHAJIYY-HYH KECKHH
©3repyyCY MeEHEH OaillaHblUThIpraH (QPOHTTOPAOTY HMITYJIBCTY CaKTOO-HYH
maprrapbl  ajblHrad. OIIOHAON 73J1€ IUCCEPTALMSIBIK HIITE MbhE30CEePIUITuy
YelpesepayH JUHAMHUKACBIHBIH CTAIIMOHAP/IBIK 3MEC YETTUK MacesIeJIepUH YbIrapyy
Y4YyH SKaJIbUIaHTaH (QYHKIMsUIap BIKMAchl MINTENUN YblKKaH. M3nenun xartkax
GYHKIUSHBIH OENTHIYY BULIAMIBIKTaphl, YbIHATYYJIAphl jkaHa Oallka 4YeK apaiblK
MaaHwiepu OOIOHYA M3JETUN KaTKaH 3¢ (PYHKIUSHbIH HYUHEH Tadyyra MyMKYH
6onron CoMUIBSHABIH  (hopMyJalapblHBIH JAMHAMUKAIBIK AHAJIOTIOPY aJIbIHTaH.
TpancnopTTyk Harpy3kaiapaarbl bBHOHYH 53KHM  KOMIIOHEHTTYY 4eHpeCcYHYH
KbIMMBUIBIHBIH TEHJIEMEICPUHUH KaJMbUIAHTaH YbITapbUIBIILITAPbl TY3YJII6H XaHa
aJlapblH KaCUeTTepU U3HUJIICHIEH.

Koanonyy Tapmakrapbl. CyHylITalral biIkMa COKMO TOJIKYHIap MEHEH KOIl-
TOJITOH (PU3UKAJIBIK MPOLECCTEPAN M3UIJIO6re jkaHa rUnepOoianyyIIyK, SJIUITHKA-
JBIK JKaHa apajall TUITErd TeHJAEMeJlep MEHEH OepHIIreH TyTall 4yelpesieplyH
JMHAMHUKACHIHBIH MaceJIeJICpUHUH KEHUPH KJIACChIH Ye€4YYyTr'e MYMKYHUYJYK Oeper.
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SUMMARY

Of dissertation of Gulmira Kozhakhmetovna Zakiryanova on the topic:
"The fundamental and generalized solutions of boundary value problems of the
dynamics of media with complicated properties™ for the degree of doctor of
physical and mathematical sciences on a specialty 01.02.04. - Mechanics of de-
formable solids

Keywords: wave dynamics, elasticity, piezoelasticity, medium of Bio, bounda-
ry value problem, stress-strain state, moving load, stationary oscillations, method of
generalized functions.

The object of research are elastic isotropic and anisotropic medium, piezoe-
lastic medium and twocomponent medium of Bio.

Research methods include the methods of continuum mechanics, generalized
functions, Computational Mathematics.

The purpose of work are development the methods for solving the motion
equations and boundary value problems of the dynamics of deformable solids and in-
vestigation the waves propagation in media with complicated properties.

The scientific novelty of this work are development on the basis of the theory
of generalized functions method of construction the fundamental solutions of the mo-
tion equations of the elastic anisotropic media, development of a method of general-
ized functions for solving boundary value problems of the dynamics of anisotropic
bodies for nonstationary force, and in the case of stationary oscillations, the construc-
tion of generalized solutions of the motion equations of anisotropic media in space
generalized functions, analogues of Somigliana and Gauss’s formulas in the space of
generalized functions, the construction of singular boundary integral equations for
solving the boundary value problems of the dynamics of anisotropic media. The en-
ergy conservation law is obtained, the condition of conservation of momentum at the
front, which connects the velocity jump at the wave front with a stress jump. Also the
generalized functions method for the solution of non-stationary boundary value prob-
lems of the dynamics piezoelastic medium is developed. The dynamical analogues of
Somigliana's formula are obtained. They allow by known velocities, stress and other
boundary values to find the required functions within it. The fundamental and gener-
alized solutions of the motion equations for two-component medium of Bio under
with moving loads are constructed and their properties are studied. Conditions on the
wave fronts are obtained.

Application area. The developed method allows investigating the physical
processes that are accompanied by shock waves, and solve a wide class of problems
of the dynamics of continuous media described by equations of hyperbolic, elliptic
and mixed types.
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