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3 OCHOBHUX IIPUHITUIIIB MeXaHiKi Ae(DOPMOBAHUX TBEPAUX TiA, IKi CTOCYIOTHCS AO MIITHOCTI,
CTIMKOCTI Ta NOIINPEHHS IPYKHUX XBUAB, BUIIAUBAE, I1J0 BHYTPIIIHE SAPO 3eMAi y TepepbavyBa-
HUX TepMOOApUYHUX YMOBAaX i PO3PaXyHKOBUX 3HAUEeHHAX (Pi3UKO-MeXaHIUHUX ITapaMeTpiB He
MOJKe iCHYBATH Y BUTASIAL KOHCTPYKIII (DOPME KyAl. Y MOAEABHUX YSIBA€HHAX HA IOBEPXHI KyAL
BHYTPILIHBOTO JAPA PiBEHBb TUCKY AOCATAE 3HQUEHHS, IKe 3HAYHO OiABIIIEe 32 BEAWUUHY TEOPETHY-
HOI MeJ>Ki MIITHOCTI cepepoBuIa. Pazom 3 TuM Imip, Ai€o “"MepTBUX' OBEepXHEBUX HABAHTA)KEHb
CTaH PIBHOBArM KyAl € HECTIMKUM 3a reOMETPUYHMMU (DOPMO3MiHaAMU IIPU 3HAYHO MEHIIINUX Ha-
BaHTa’KeHHAX. Y pasi All "caipKyrounx " HaBaHTakKeHb llepeAOauyBaHUN TUCK Ha MOBEPXHI KyAl
MO>KHA ITOPIBHATH 3 KPUTUYHUM HaBaHTAKEHHAM 'BHYTPIIIHBOI" HECTIMKOCTI. Y 3a3HaUYeHUX BU-
IMaAKaX YHACAIAOK HECTIMKOCTI CTaHy PiBHOBATrK PO3IIOAIA OAHOPIAHUX AecbopMaliiil y KyAi cTae
HepIiBHOMIPHUM. BiABII TOro, B TAKUX YMOBAX y TBEPAOMY CEPEAOBHUILL HE MOJKYTh IIOIIUPIOBATH-
CsI IPYJKHI XBUAIL 3 AICHOIO IIBUAKICTIO. [Topy1ieHHs 3a3HaueHUX PYHAAMEHTAABHUX YMOB Me-
XaHiKY, HeOOXiAHUX TIPY BU3HAUEHHI (Pi3KO-MexXaHiuHUX BAACTUBOCTEN CePEeAOBUING, CAip Bpa-
XOBYBATHU B KOMIINEKCHUX IHTEPIIpEeTAlliIX CEUCMOAOTIYHUX 1 AAOOPATOPHUX (€E€KCIIePUMEHTAAD-
HUX) AQHUX. Y TaKill CUTYyallil 3aCTOCYBAHHA AHIMHUX TeOPil IPY’KHOCTI Ta NIPY>KHUX XBUAB, He-
3Ba’KAI04YU Ha AOTPMMaHHS HEOOXIAHUX IHTEerpaAbHUX YMOB 3@ MacOX0, MOMEHTOM IHepIIil 1 Baac-
HUM KOAUBaHHAM 3eMAi, He 3a0e3leuye AOCTOBIPHOCTI Pe3yABTATIB IIPO CTPYKTYPY 1 CKAAA fapa
3eMAi.

KAro4oBi croBa: SApO 3eMAail, BUCOKUM TUCK, HECTINUKICTD, IIPY>KHI XBUAL 3 AIICHOIO IIIBUAKICTIO.

BeepeHHne. KoMnaekcHast ”HTepIpeTarusa Pa3Hoo0pa3HbIX KOCBEHHBIX re0(PU3NIeCKUX U MHO-
TOUYMCAEHHBIX Aa0OPAaTOPHO-3KCIIEPUMEHTAABHBIX AQHHBIX TTOKa3bIBAET, UYTO IAPO 3€MAU COCTOUT U3
BHEIITHEN JKUAKOU c(peprl 1 BHYyTPEHHETO TBEPAOTO IMapa. AOCTaTOYHO TAYyOOKHI 0030p UCCAEAOBA-
HHUM O CTPOEHUU U COCTaBe sSIAPa 3eMAU BBIIOAHEH B paboTax [Sumita, Bergman, 2007; Litasov, Shat-
skiy, 2016]. CipaBepAAMBO OTMEYEHO, UYTO HECMOTPSI Ha OTAEABHBIE AOCTY KEHUS B PA3ANYHLIX HAIIPaB-
A€HUSIX, BOIIPOCHI, KaCalolIuecs COCTaBa U CTPOEHMS SIAPa U HUJKHEM MaHTUU 3€MAM, OCTAIOTCS AaAe-
KUMM OT OAHO3HAUHBIX pelleHuil. [TlopuepKuBaeTcs, UYTo AaAbHelIIIee COBepIIeHCTBOBaHNEe KBaHTOBO-
XUMUYECKUX PACU€TOB METOAAMU MOAEKYASIPHOMN AMHAMUKY IIPU BBICOKOU TeMIlepaType ITIO3BOAUT AO-
OUTBCS YCIIEXOB B CO3AAHHUM HEIIPOTUBOPEUMBEIX MOAEAEN COCTaBa U AMHAaMUKY SIAPA U MAaHTUN 3eMAU.

[ToapoGHas nHpopMalius 0 pacopepeAeHUur PU3NIECKUX ITapaMeTpoB B IAPe 3eMAU IIPUBEAEHA
B paboTax [Byaaen, 1978; Anderson, 1995; Anderson, 2007; Dziewonski, Anderson, 1981; Kennett et
al., 1995; Litasov, Shatskiy, 2016; Nimmo, 2015]. HekoTopsle pe3yAbTaThl 3TUX padOT OTPa’KeHbI Ha
puc. 1. B HacTosIee BpeMsi OCYIeCTBASIETCS AQABHENIIIAs AeTaAN3aIIUs MOAEAe BHYTPEHHEro CTPO-
enus 3eMau [[Tymaposckuis, [Tymaposckuis, 2011; Dobretsov, Shatskiy, 2012; Litasov, Shatskiy, 2016].
CuuTaeTcs, 9TO TAaKUM IIYTEM YAACTCS YTOUHUTEL UMEIOIINecs Pe3yAbTaThl O COCTaBe sApPa, IOHATH
NIPUPOAY MarHUTHBIX U SAEKTPUUECKUX IIOAeH, TPaBUTAIIMOHHEIE XapaKTePUCTUKY, BEAUUNHY Tell-
AOBOTO IIOTOKA, TEOAMHAMUKY 3€MAU U T. A. AOCTHIKEHNS B 00AACTH CeCMOTOMOTrpadru MO3BOAUAN
BHECTH B KOAWYECTBEHHEBIE PE3YABTATHl HEKOTOPhIE AOIIOAHUTEABHEIE KOPPEKTUBHI.
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Puc. 1. Tlpoduru pacnpepereHUss IAOTHOCTH, CKOPOCTEN 3BYKOBBIX BOAH B Ape 3eMAM 1o Mopean PREM
|[Dziewonski, Anderson, 1981], a Takkxe Temueparypsl [Nimmo, 2015] (mudpamu mokaszaHO M3MeHEHUe IIAOT-
HOCTH U Vp Ha rpaHulle BHYTPEHHETO gIApPa B %) (a) U cXxeMa CTPOEHUA AAPa 3€MAH, OTPa’Kalolast OCHOB-
Hble pe3yAbTaThl CEMCMOAOTMYECKUX HMCCAEAOBAHUU (0) (IOKa3aHBI CAOM F ¢ IOHW>XEHHBIMU CKOPOCTIMU
Vp, U30TpPONIHAA CTPYKTypPa BEPXHEro CAOS BHYTPEHHETO SAPA C PA3AUYUAMU B IOAYIIAPUAX, HaAWUYUE AO-
IIOAHUTEABHOI'O BHYTPEHHEIO gApa (oA BOIPOCOM). 3HaUKaMU OTMedeHa aMIIAUTyAd aHU30TPOIIUM Cetc-
MHYECKHUX BOAH B IIOAIPHOM M 3KBaTOpHaAbHOM HamnpaBaeHuax [Deuss, 2014; Souriau, Calvet, 2013] ¢ us-
MeHeHUsaMU: | — HU3Kas CKOPOCTh, CAaboe 3aTyXxaHue; 2 — BBICOKasl CKOPOCTh, CUABHOE 3aTyXaHue) (puc. 1,
a, 6 B3aThl U3 pabothw! [Litasov, Shatskiy, 2016]).

HecMmoTps Ha cyllecTBylOLIe HEAOCTATKU U HECOOTBETCTBUS MEXXAY PE3YAbTAaTaAMHU TE€OPETH-
YeCKUX MOAEABHBIX IIPEACTABACHUN U 5KCIEPUMEHTAaAbBHBIMU AAHHBIMU, CAOJKHAOCH 00Ilee MHe-
HIe, 4TO BHYTPeHHee SIAPO B BHAE TBEPAOI'o Ae(pOpMUPYyEMOro Liapa COCTOUT U3 keaesa (Fe) u ero
CIIA@BOB. OTO 3aKAIOUEeHUE OCHOBBIBAETCS HA KOMIIAEKCHOM aHaAW3€e YPaBHEHUSI COCTOSTHUS AASL CO-
epmHeHul Fe, AaHHBIX CEMICMOAOTUHN U TEPMOANHAMUYECKOTO MOAeAUpOoBaHus. AuarpaMmel bepua,
XapaKTepHU3yIole COOTHOUIEHUST MeKAY IIAOTHOCTBIO U CKOPOCTIMM aKyCTUUYECKHUX BOAH AAS JKe-
Ae3a U ero COeAMHEeHUM, UCIIOAB3YIOTCS KakK 0a3oBad (IlepBuuHas) nHpopMmanuda. Co BpeMeHU UcC-
caepoBanuit @. Bepua [Birch, 1952] BEITOAHEHO OTPOMHOE UMCAO SKCIIEPUMEHTAaABHBIX MCCAEAOBA-
HUU B 3TOM obaacTu. B padote [Litasov, Shatskiy, 2016] moppoOHO IIpoaHAAU3UPOBAHEl COBPEMEH-
HbIe Pe3yAbTaTHl B AQHHOM HallpaBAeHUU. [IopAYepKHYTHI CYIIIeCTBYIONINE HECOTAACOBAHHOCTH MEKAY
Pa3AUYHBIMU MOAEABHBIMU U 3KCIIEPUMEHTAABHBIMU PE3YAbBTaTaMU. B 3TUX MCCAEAOBAHUAX OCHOB-
HYIO POAB UTPAET OIIpEAEAEHHE COCTaBa CIIAABOB JKeAe3d, pe3yAbTaThl KOTOPOTO OOAee UAU MeHee
XOPOIIIO 0OOCHOBELIBAIOT CEMCMOAOTMYECKHEe AQHHEIE.

[TpuHATO, YTO BHEIIHEE KUAKOE IAPO UMEET OAHOPOAHYIO CTPYKTYPY U Ae(PUIIUT NAOTHOCTH OT-
HocuTeAbHO Fe (okoao 10 %), a BHyTpeHHee TBepAOE IAPO UMeeT IBHO BBEIPa’KEHHYIO HEOAHOPOA-
HYIO CTPYKTYpPY (pHcC. 1, 6) C IIOBBIIIIEHHOU aHU30TPONUEN CEMCMUYECKUX BOAH U Ae(PUIIUTOM IIAOT-
HOCTH OKOAO 5 %. He MeeT 0AHO3HAYHOTO pelleHus: TakKe TpoOAeMa BLICOKON HEOTIPEAEAEHHOCTHU
B OIleHKEe BEAMYUH CKOPOCTHU IOIIePEeYHBIX BOAH BO BHYTPEHHEM SIAPE, KOTOPHIE CYIIeCTBEHHO HU-
JXe, 4eM y JKeAesa u ero craaBosB [Litasov, Shatskiy, 2016]. He ocTanaBAnBasgch Ha 00CYy>KA€HUU BO-
IIPOCOB, CBSI3aHHBIX C IIPUPOAOH 1 MeXaHU3MaMU 00pa30BaHUs, OTMEYaeTCs, YTO CYIIECTBYIOT KPYIIHBIE
30HBI IOHM)XKEHHBIX CKOPOCTEM, KOTOPHIE B T€OAOTUYECKON UCTOPUU IIePUOANYECKU aKTUBU3UPYIOT-
Cs1 1 MOTYT U3MEeHUTh reorpadruieckre IIOAOKEeHHUd (CM. puc. 1, 0).

B TeopeTnueckrX MOAEASIX CTPOEHUS U COCTaBa CPEABI sIApa 3eMAU IIPUBOAITCS A@HHBIE O pac-
IIPeAEACHUU AABAEHWUS, IIAOTHOCTH, YIIPYTUX IIapaMeTpOB M ypaBHeHUM cocTosgHUsA. OHU COTrAaco-
BaHBI C MHTETPAABHBIMU YCAOBUSAMU OTHOCUTEABHO MAaCChl U MOMEHTA UHEPIUW, Pe3yAbTaTaMU UC-
CA€AOBAHUM II0 COOCTBEHHBIM KOAEOAHUAM, HYTAllUU 3€MAU U CEMCMOTOMOTpa(puIeCKUX UCCAEAO-
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BaHui [byanen, 1978; Dziewonski, Anderson, 1981; Moaoaenckuit, 2001; Molodenskii, 2010; Molo-
denskii, Molodenskaya, 2015; Molodenskii, Molodenskii, 2015 u ap.].

OO0cy>kpaeMble BOIIPOCHI HEIIOCPEACTBEHHO CBS3aHBI TAK)Ke C MEXaHWKOU CIIAOIIHOU cpeAbl. B
063ope [Litasov, Shatskiy, 2016] BonpocaM, CBSI3aHHBIM C FreOMEXaHUKOH (3a UCKAIOUYEeHUEM HEeKOTO-
PBIX PE3YABTATOB DKCIIEPUMEHTAABHBIX HCCAEAOBAHUM), YAEAEHO HEAOCTATOUHOe BHUMaHue. [lo-Bu-
AVIMOMY, 3TO CBS3@HO C OTPa@HMUYEHHOCTBHIO OOBeMa CTaThbUu. AaHHBIE BOIIPOCHI BCEIAd HAXOAUAUCH B
noae 3peHus uccaeporareredt [byanen, 1978; Kyckos, Xutapos, 1982; Anderson, 1995; CopoxTus,
Yurakos, 2002; AobkoBckui u Ap., 2004; Anderson, 2007, JKapkos, 2012].

®usnyeckue napamMeTphl AePOPMUPYEMBIX TBEPABIX CPeA TakKle, KaK MOAYAM YIIPYTOCTH, KO3d-
dunuent [lyaccoHa, CKOPOCTH paclIpoOCTpaHeHUsA 0ObEeMHBIX YIIPYTUX BOAH B MeXaHUKe, OIlpeAe-
ASIOTCSI IIPU COOAIOAEHUU KOHKPeTHHIX ycAaoBuM [AgB, 1935; Cepos, 1970]. B kraccuuecku AMHeU-
HOM TEOPHUM YIPYTOCTU U30TPOIIHBIX OAHOPOAHEBIX CPEA, B paMKaxX KOTOPOM MHTePIPETUPYIOTCS yKa-
3a@HHEBIE ITapaMeTpPhl BO BCEX TEOPETUUECKUX MOAEAIX 3eMAH, TPeOyeTcsl COOAIOAeHUE YCAOBUS Ma-
AOCTH PaBHOMEPHO pacIpeAeAeHHBIX OAHOPOAHBIX AedpopMaliuil € << 1 ¥ MaAOCTU OTHOIIeHUs P/
(rae P — mapaMeTp Harpy>keHHus, B YaCTHOCTHU AABAEHUs; L — MOAYAb CABHUTA CPEABI; € — Iapa-
MeTp AepopMalinii). YCAOBHE PABHOMEPHOI'O paclpepeAeHUsT OAHOPOAHBIX AepOpMalnuil AOAKHO
KOHTPOAWPOBATHCS TaK’Ke B IIpoljecce AepopMUPOBaHNN KOHKPETHBIX KOHCTPYKIIUH (B pacCMaTpu-
BaeMOM CAydae — Iapa). I'lpu pelreHuH 3apad O pacIpepereHUN (PHU3UKO-MeXaHNYeCKUX Iapa-
MEeTPOB B HEAPaX 3€MAU, B YaCTHOCTU B TBEPAOM SIAPE, B IEPBYIO OUepeAb HEOOXOAUMO AOOUTHCS
OAHOBPEMEHHOT'O BBIITOAHEHUS OOIIENPUHATHEIX TPeOOBAHUU MEXaHUKU AL CpepA U KOHCTPYKLUIM.
Ha MbICcAB O HapyllleHUU TpeOOBaHUM MeXaHUKU HAaBOAAT KOHKPEeTHbIe AQHHBIE (CM. puc. 1, 6) ara
paBAaeHmda P =329 [Tla u aast Moayada caBura = 157 I'Tla Ha ypoBHe IOBEPXHOCTH IIapa, IPUBEAEH-
Hble B yOauKanuax [byanen, 1978; Anderson, 1995; Anderson, 2007; Dziewonski, Anderson, 1981;
Litasov, Shatskiy, 2016]. BupHO, 94TO BeAn4YnHa P IIpeBHIIAaeT BeAMYUHY U 60Aee ueM B 2 pasa. Co-
raacHo pabortam [ABcirok, 1973, 2001; AeBuH, 2001], BcAeACTBYE POTAITMOHHOTO ABUIKEHUSA 3EMAU U
IIPUAVBHBIX BO3AEUCTBUM IIap TBEPAOI'O SAPA IPUHMMAET y4acTHe U B ABUJKEHUSIX BHYTPHU JKUAKO-
ro BHEIIHEIo SAPa. 3a CUeT COIIPOTUBAECHUS 3TOMY ABMYKEHUIO BEAUYWHA AABAEHUS Ha IIOBEPXHOC-
TH IIapa MOXXeT HEPAaBHOMEPHO YBEANUMBATHCS ellle OOABIIIE.

B cTaBHAQPTHEIX AA0OPATOPHBIX 3KCIEPUMEHTAABHBIX MCCACAOBAHUAX (PU3NKO-MeXaHUYEeCKUX
CBOMCTB YCAOBUS BHIIIOAHEHUs TPeOOBaHUIM MEeXaHUKU OTHOCUTEABHO PABHOMEPHOM paclpeAeneH-
HOCTHU OAHOPOAHBIX AechopMaliuit cooatoparoTcsi. CIocoObl TPOBEAEHMS 9KCIIEPUMEHTOB, MAAOCTU
reoMeTpUYeCKUX Pa3MepoB MOAEABHBIX 00pa3lioB, paKTuyeckasd HeBO3MOKHOCTh yueTa MeXaHu3-
MOB AAUTEABHBIX (B TeUeHHe TeOAOTHMYEeCKOTro BpeMeHHU) AeDOPMUPOBAHUMN U PSIA APYTHUX IPUUYNH
He TT03BOASIOT B OKCIIEPUMEHTaX IPeAyCMOTPeTh BO3MOKHbBIE HapYIIeHNs YCAOBHUM MeXaHUKHU B ecC-
TEeCTBEHHBIX YCAOBUAX, @ TaK)Ke NCKAIOUUTH U3 Pe3YABTATOB UHTEPIPETaIUil BAUSHMS HEKOHTPOAU-
PYEMBIX OTKAOHEHUH, CBA3aHHBIX C MEXaHU3MaMU AMAUTEABHOU Ae(pOPMUPYEMOCTH KOHCTPYKIIUY I11a-
pa B YCAOBUSX OI'POMHOU BEAWYMHEL CKATHUI.

ITocTraHoBKa 3ajpaum. B cTaThbe U3A0KEHEBL Pe3yALTATH TeOMeXaHUIeCKOro aHaAN3a AQHHBIX I'eo-
(PU3UYECKUX UCCACAOBAHUY B paMKaX HeKAACCUUeCKU AMHeapu3npoBaHHoro noaxoaa (HAIT) [Aba-
coB U Ap., 2000; Guliyev, 2010]. I'lpu 3TOM ncOAB30BaHbI YHcAeHHBIe AaHHBIe PREM [Dziewonski,
Anderson, 1981] c yueToM 0O6CTOSITEABCTBA, YTO ITapaMeTPhl BHYTPEHHETO IAPQ, IPUBEAEHHEIE B 3TOM
paboTe, IPUHATHI 38 OCHOBY BO BCEX yrKe IPEAAOKEHHBIX TEOPETUYECKUX MOAEAIX 3eMAU [ByareH,
1978; Engdahl, Kennett, 1991; Morelli, Dziewonski, 1993; Kennett et al., 1995; Anderson, 2007; I'Ty-
maposckut, [ymaposckutii, 2011]. B pa3zHbIX MOAEASIX UMEIOTCS TOABKO He3HQUUTEABHBIE PAa3ANUUS,
KOTOPHIE AASL IPOBEAEHHOIO reOMeXaHNYeCKOr0 aHaAN3a IPUHIMINAABHOI'O 3HaUeHUs He UMeIOT.

Lleabro reoOMexXaHNYeCKOr0 aHAAN3A IBASIETCS OIIPEAEAEHUE YCAOBUU AN AABAEHUS U pehopMa-
I, 00eCIeYnBaIOIINX KOPPEKTHOCTb PACYEeTOB (PU3UNKO-MEeXaHNIECKUX IapaMeTPOB MOAEAU TBEP-
AOTO sIApPa 3eMAM Ha OCHOBE KOMIIAeKCa reo(pU3nIeCKUX AQHHLBIX. [Ipu onnpepereHUn pu3uKoO-Mexa-
HUYEeCKUX IIapaMeTPOB CPeAbl BEAMYHUHEI AABACHUSA U AeDOPMAIUN AOAKHEI YAOBAETBOPATE OIIpe-
MEAEHHBIM YCAOBUAM. AOCTOBEPHBIMHU CUMTAIOTCS TOABKO T€ PE3yAbTaThl U3MEePeHUN U pacueToB, KO-
TOPBIE OAYYEHEI IIpH COOAIOAEHUU YCAOBUS PABHOMEPHOI'O PacIpeAeAeHUs OAHOPOAHBIX Aedop-
Manui. AaHHOe YCAOBUE MOJKET HapyLIaThCs IIPU PA3ANYHBIX CUTYalUsaX.

AocCTu>KeHne TeopeTUuYeCKoro rpepeaa NPoOoYHOCTU. PaccMOTpuUM cAydal, KOTAA cpepa paB-
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HOMEPHO U OAHOPOAHO AepOPMUPYETCS A0 HauaAd pas3pylleHuss. B 5TOM cAydae BCe pacyeThl 11O
(PU3UKO-MeXaHNUeCKUM IlapaMeTpaM KOPPEKTHEL, €CAM BeANUYMHA AABACHUM He IIpeBHIIIaeT Teope-
TUYECKUU ITpepeA TpouyHocTru MaTepuara. B HAIT mokazauno [Kuliev, 1988], uTo BeAnunHa TeopeTu-
YeCKOTO IIpepeAd MPOYHOCTU CPeAbl B YCAOBUSX CKATHA (HAC MHTepecyeT UMeHHO 3TOT BapUaHT
Ae(POpPMUPOBaHUS) AN HACAABHOTO YIIPYTOTO U30TPOIHOI'O MaTepHaAa OIIpeAeAsieTCs B BUAe P= .
OTO — TeopeTUYeCKU MaKCUMaAbHOE (IpepAeAbHOe) AaBAEHUE, A0 AOCTUKEHUSI KOTOPOT'O CPeAa Ae-
dopMUpyeTCcsa paBHOMEPHO M OAHOPOAHO 6e3 pa3pylieHus. OHO OIIPeAEAsdeTC sl U3 YCAOBUSA IOTepU
SAAUIITUYHOCTU YPaBHEHUS ABUKeHUA (2) (CM. HuKe). B 3TOM cAydae COXPaHAIOTCS TaKKe YCAOBUS
u>0; » + = u > 0 KAACCUYECKU AUHEWHOW TEOPUM YIPYTOCTU (3AECh A, L — MOAYAU YIIPYTOCTHU
Aame). 3HaueHNe TeOPETUYECKOTO IIpeAeAd TPOYHOCTHU 110 KAQCCUYECKUM TEOPUAM ITPOYHOCTHU ellle
HuKe [PaboTHOB, 1988]. ECcTecTBEHHO, UTO TEXHUYECKUU IIPEAEA IIPOYHOCTU 3HAUUTEABHO MEHBIIIE,
yeM TeopeTHUUecKle IIpeAeAbl TPOUYHOCTH.

HeycToiunBOCTh COCTOSIHUS PaBHOBeCHS. PaBHOMepHOE pacipepereHre AecpopMaliuii B cpe-
A€ MOJKeT HapyIlIaThCs TaKKe B pe3yAbTaTe HEyCTOMYMBOCTH (II0 pa3AUYHBIM (bopMaM) COCTOSHUS PaB-
HOBecud 0e3 pa3pylleHus.

HAIT no3BOASIET OIIPEAEAUTH Te IIPEAEABl U3MeHeHNd AepopMaliii, B paMKax KOTOPBIX PaBHO-
BeCHe OAHOPOAHO Ae(DOPMUPOBAHHBIX COCTOSHUM SIBASETCSI YCTOMUUBBIM. B cAydYae HapylleHus yc-
AOBHUH YCTONYNBOCTH IPOUCXOAUT CMeHa COCTOSIHMS PaBHOBECHS TIePBOHAYAABHO OAHOPOAHBIX PaB-
HOMepHBIX pedopManuii. B pe3yabTaTe pAedpopMaliuigd B Teae paclpeAeAsieTCsl HepaBHOMEPHO 3a-
AOATO AO AOCTUIKEHUS IIPEAEAOB IIPOYHOCTU MaTepUana.

Bonpocs! pacupepeAeHNs TAOTHOCTH CPEABL B 3aBUCUMOCTH OT U3MeHeHUs pAepopMaluii uCCcae-
MOBaHEI B pabotax [Kyames, Ackepos, 2007, Kyaues, 2013; Guliyev, 2010, 2011]. IToka3aHo, 4To
BCAEACTBHE HEYCTOUYUBOCTU Ae(POPMHUPOBAHMA IIPU C’KATUU AQHHASA 3aBUCHUMOCTD He IBASETCS He-
NIPePBIBHON. B CBA3M € 3TUM M3MeHeHUe INAOTHOCTH CpeABl B AeDOPMUPYEMOM TeAe IIPU OIIPeAe-
AEHHBIX CUTYalugX IPONCXOAUT He MOHOTOHHO, @ CKAUK0o0OOpa3Ho.

B measx KOHKpeTu3anuu 00CYy>KA€HUN PacCMOTPUM 3aAa4y YCTOMYMBOCTU TBEPAOTrO mapa. Heob-
XOAVMO OIIPEAEANTH HAUOOABIIINE BEANYNHBI TIOBEPXHOCTHBIX CKMMaeMbIX Harpy30K, IIPU KOTOPHIX
COCTOSTHMI€ PAaBHOBECHS TBEPAOTO IIIapa OCTaeTCsl yCTOMUMBEIM. ONBIT TEOPETUYECKUX NCCACAOBAHUN
[['y3b, 1979] mOKa3bIBAET, YTO 3TA HATPy3Ka OIPEAEAIeTCs U3 pellleHNs 3aAa4d OCeCUMMeTPUYHOU
(pOpMBI TIOTEPU YCTOUYUBOCTH U30TPOIIHOTO OAHOPOAHOrO 1Iapa. B paMKax KOHTUHYaABHOTO IIpH-
OAVDKEHUSI TPUMEM, UTO I1ap 3allOAHEeH U30TPOITHOMN OAHOPOAHOU cpepoti. Ha moBepxHOCTH I1apa
3apaHa BHEIIHSS CKUMaeMasl Harpy3Ka.

Bomnpoch! yCTOMYUBOCTY COCTOSIHHSI paBHOBECHS M30TPOITHOTO 11apa II0A AeHCTBHEM paBHOMEp-
HBIX [IOBEPXHOCTHBIX HAaTPy’ KEeHUN ITIOAPOOHO MCCAeAOBaHEL B paboTax [y, 1979, 1986 a]. Uccae-
AOBAHUS BBEIIIOAHEHBI B PAMKaxX TPEXMEPHOM HEKAACCUUYECKU AMHeapu3upoBaHHoOU Teopuu (HAT),
HMCTOKM KOTOPOM BOCXOAAT K UHKPEMEHTaAbHOM TeOpHUM MeXaHUKHU Ae(POPMIUPYEMOTO TBEPAOTO TeAd
[Biot, 1965]. B Hacrosiiee BpeMa tpexMmepHass HAT noayuraa OOABIIOE Pa3BUTHE U IIPUMEHSETCS
MASI ICCAE€AOBAHUS PA3AWYHBIX 3aAa4 MexaHUKH [['y3b, 1979, 1986 a, 6, 1989; Kyaues, 1988; Akbarov,
2013, 2015].

B HAT paccMaTpuUBaroTCA ABa COCTOSIHUA Ae(DOPMUPYEMOrO TEAA: [IEPBOE (ABUKEHUE, PABHOBE-
cue, Ipolecc AepopMUPOBaHUS) — HadyaAbHOE MAU HEBO3MYIIIeHHOE, BTOpOe — BO3MYIlleHHOe. Bce
BEAMYUHE], OTHOCAIINECS KO BTOPOMY COCTOSHHIO, IPEACTABASIOTCS B BUAE CYMMBI COOTBETCTBYIO-
IIMX BEAWYUH II€PBOTO U BTOPOI'O COCTOSHUM. BO3MyllleHUsI CYUTAIOTCS MAABIMM BEAMYWHAMM IO
CPaBHEHMUIO C COOTBETCTBYIOIINMU BEAMYUHAMU IIepPBOTr0 (HEBO3MYIIIEHHOTO) cocTogHUA. [1pu Aar-
paH)XKeBOM coCco0e onrcaHusg Ae(pOpMUPOBAHMUS UCIIOAB3YETCS TAaKKe eCTeCTBeHHOe (HepedopMu-
POBAHHOE) COCTOSTHUE, KOTOPOE COOTBETCTBYET OTCYTCTBUIO HAIIPSKEHUN U Ae(POpPMaLil B TEAE.

[Toa 0AHOPOAHBIM HaUYaAbLHBIM COCTOSHUEM HPUHUMAIOTCS Ae(POPMHUPOBAHUS B BUAE

ur?z:(}‘m_l)xm’ (1)

TAE U,, — KOMIIOHEHTHI CMeIleHHUsI BAOAb KOOPAMHATHBIX OCeH, A ,, — KO3(PPUITMEHTHl yAAMHEHUS
(yKOpoueHUs) BAOAb KOOPAUHATHBIX OCeH, X ,, — A€KApPTOBBIE KOOPAWHATEL.
B opHOpPOAHOM HAYaABHOM COCTOSIHUM CHUCTEMBI YPaBHEHUS ABVUJKEHUM B paMKaxX CKMMaeMOU
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CpeAbl B AQHTPAHIKEBBIX KOOPAUHATaX (KOTOPHIE B €CTECTBEHHOM COCTOSHUM COBIIAQAQIOT C AeKap-
TOBBIMU KOOpAMHATaMu) umeroT Bup [['y3b, 1986 a, 0]

2

O op 87+p£228ma o =03 i,Bo,m=1,2,3,4; ;,up = const. 2
x; 0xg

rpaHH‘-IHBIe YCAOBUA HA ITIOBEPXHOCTU obracTu Sl B HAIIPSKEHUAX TAKOBBI:

ou g
Niwjjop =—=P;j, 3)

8xB
TA€ Uy — COCTAaBASIOLIME BEKTOPA BOSMYIICHHS IIEPEMelleHnil; P;— BO3MyIeHHe TOBEPXHOCT-
HBIX CHA; 0 — TIAOTHOCTB CPeABI; N; — KOMIIOHEHTHI OpTa HOPMaAK K MOBEPXHOCTH TeAd B ecTe-

CTBEHHOM COCTOSIHHY; 0 ,,, — CUMBOA KpoHeKKepa; ©;yqp — KOBAPUAHTHBIE COCTABASIIOIIIE TEH-
30pa 4eTBEPTOTO PaHra, XapaKTepPU3yIOlllle AMHEeNHbIe, HeAWHeNHbBIe (PU3UKO-MeXaHUdYeCKUe CBOU-
CTBa CpeAbl M ee HAYaABHOI'O HAIIPS>KEHHOT'0 cOCTOsAHUSA. [ Ipu paccMOTpeHUU 3apAa4d CTaTUKU UHEP-
ITMOHHas craraemas P Q 23 o B YP@BHEHUU (2) ommryckaeTcs, rAe  — IUKAXNYECKasd 9aCTOTa rapMo-
HUYEeCKOU BOAHEL.

Bo3MO>XHBI pa3dAnuHble KAACCUPHUKAIIUU B ITOocTaHOBKe 3apad HAT. B 3aBucuMocTu OoT XxapakTe-
pa AeUCTBUSI IOBEPXHOCTHBIX HArpPy30K BBIAGASIOTCS “cAepsdiue” (HEKOHCepBaTUBHBIE) U "MepT-
Bble" (KOHCepBaTUBHBIE) TOBEPXHOCTHBIE CUABL. [IOBEPXHOCTHBIE "CAeAdIIIHEe" CUABI — 3TO T€ CUABI,
KOTOpHIE YCIIEBAIOT 3a U3MEeHEHUAMU KOH(PUI'YpAllUi ITIOBEPXHOCTU TeAd B IIpoliecce AeOpPMUPO-
BaHW, T. €. OHU, CAeAYH IIpoleccy Ae(pOpMUPOBaHNSA, MOTYT U3MEHATh HAllpAaBAEHUE AEUCTBUA U
BEAMUYMHY. B pacueTHON IIpaKTHKe ACUCTBUS JKUAKOCTH U ra3a MOAEAUPYIOTCS B BUAE "cAepdux’”
cun. [ToBepxHOCTHEIE "MepTBEIe" CHABL B IIpoliecce Ae(pOpMUPOBAHUSA COXPAHAIOT CBOU IIePBOHA-
JaAbHBIE HAlIPaBAEHUS AeMCTBUA U BeAndnHy. B HAT BEIAEASIOT TaK)Ke TPU Pa3AUYHBIX BapHUaHTa
TEOPUU B 3aBUCUMOCTHU OT BEAUYHH AepopMalnui B HauaArbHOM cocTosgHuHA [['y3p, 1986 a]: a) Teopus
OOABIIINX (KOHEUHBIX) HAYaAbHBIX AepopMaliuii (T.6.H.p,.); O) IepBbIl BApUAHT TEOPUM MAAbIX HauaAb-
HBIX Ae(POPMAlINU (CABUTU U YAAUHEHUSA IBASIOTCA MAABIMU 110 CDABHEHUIO C eAUHUIIEN) (II.B.T.M.H.A,.);
B) BTOPOM BapUaHT TEOPUM MAABIX HAYAABHBIX AepopManuil (AOIIOAHUTEABHO K II.B.T.M.H.A. CUATAET-
Csl, 4TO CBSI3U MeXKAY KOMIIOHEHTAaMU TeH30pa AepopManiuii ¥ epBBIMU IIPOU3BOAHBIMU OT CMellle-
HUU ABAIIOTCA AMHEWHBIMU) (B.B.T.M.H.A,.).

AaHHag KracCUPUKAUA OTHOCUTCS K METOAY UCCAEAOBAHUA, T. €. IOKa3blBaeT, 4To B HATT nme-
€TCS BO3MOKHOCTB UCCAEAOBATh KOHKPETHHIE 3aAa49M OTAEABHO B PAMKAaX 3TUX BAPUAHTOB TEOPUM.
Takasg He0OOXOAUMMOCTD CBSI3aHa C TEM, UYTO B PaMKaX CYIIECTBYIOIIUX TEOPETUYECKUX MOAEAEN 3eM-
AU pacCMaTpUBaeMble TUIIBI KOHKPETHBIX 3aAa4 PELIeHBl B IPeAeAaX AMHEMHON TEOPUM MAABIX YII-
pyTux AecpopManmii ¥ AMHEMHOU TEOPUM YIIPYTUX BOAH, KOTOPEIE SIBASIOTCSI AOCTATOYHO IPyOBIMU
npubamxeHuamu. HAIT aBageTcsa TeopeTudecku 60aee 0OOCHOBAHHBIM U (PYHKIIMOHAABHO PaCIIn-
peHHBIM. KoadduirmeHTE OCHOBHBIX AMhdepEeHIUAaAbHBIX YPABHEHNN ABUJKEHUS AMHEMHOM KAAC-
CUYECKOM TeOPUHU COAEPIKAT AUIIEL UH(OPMaIU O AMHEMHBIX (QU3UKO-MeXaHNUeCKIX CBOUCTBaxX Cpe-
ABL. [TosTOMY MX pellleHMe IBHO 3aBUCAT TOABKO OT 3THX IIapaMeTpoB. Apyrue reoMeTpUdyecKue 1
CHAOBBIE ITapaMeTphl B PellleHNHN 3aAa4 BXOAAT C IIOMOIIbIO TPAHUYHBIX U HaYaAbHBIX YCAOBUU. [1pu
TAKOM ITOAXOAE OCTAeTCs OTKPBITHIM BOIIPOC O IIPEeAEeAaX IIPUMEHUMOCTHU IIOAYUYEHHBIX PeLIeHUU.
OOBIYHO TaKUe BOIIPOCH] PEIIAIOTCS IIyTEeM COIIOCTABAEHUS TEOPETUUECKUX U CYIIeCTBYIOIIUX 3KC-
[IepUMEHTAABHBIX Pe3YAbBTATOB. DKCIIepUMEeHTaAbHBIE PE3YABTATHI He BCErAd UMeloTCd. Aake IpU
UX HAAUYUU BBEAEHUE HKCIIePUMEHTAABHBIX AQHHBIX B TEOPETUYECKUEe PEe3YABTATH IPUBOAUT K II0-
AYSMIIMPUYECKUM OKOHYATEeABHBIM BEIBOAAM. B HATT ocHOBHEIE ypaBHeHUs ABUKeHUA TUMA (2) B
KayecTBe KO3 (PUIIMEHTOB, KpOMe ITIapaMeTPOB AMHENHBIX (DU3UKO-MeXaHUYeCKUX CBOUCTB, COAEP-
>KaT TaK)Ke apaMeTphl O HEAUHEMHBIX (PU3UKO-MeXaHNUYeCKMX CBOMCTBAX, FeOMETPUU U HaIlpSyKEH-
HOCTU cpepbl. CAeAOBATEABHO, UX PEUIeHUs B IBHOM BHAE 3aBUCAT TaK’kKe OT 3TUX IlapaMeTpOB.
KpomMme Toro, kauecTBeHHas TeOPUs TAKUX YPAaBHEHUM [TIO3BOASIET CTPOT'O TEOPETUYECKUM ITyTeM OII-
PEAEAUTDH U IIPEAEABL IPUMEHUMOCTH IIOAYUYEHHEIX PE3YALTATOB. Hampumep, Takue NpepeAbl yCTa-
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HaBAMBAIOTCS B BUAE KPUTUYECKUX BEAWYUH IlapaMeTpa Harpy’KeHUH, IPU AOCTHU KEHUU KOTOPBIX
CUCTeMa YPaBHEHUMN (2) TepseT CBOIO SAAUITUYHOCTE U IIEPEXOAUT B TUIlepOOAnYecKul BUp,. ViMeH-
HO HA TAKWX Cepbe3HBIX HAayYHBIX OCHOBAHMAX IIPUMEHSIEMBIN IIOAXOA HA3bIBAETCS HeKAacCHYec-
KUM (T. €. HEKAACCUYHOCTD CBSI3aHa He TOABKO CO CIIOCOOOM AMHeapusanun). B cayuae, Koraa npea-
BapUTEABHO UMEIOTCS UHPOPMAIIUU O BeANYNHAaX AepopMaliuy, TOrAd B COOTBETCTBUU UM AEAQETCS
BEIOOD ME>KAY BapMaHTaMM TeOpPUM HauyaAbHEBEIX AepopManuii. EcAu BeAMUmMHE yIpyrux paedopMa-
oul Maaele, T. e. €3 <0,02, u reoMeTpus, UCCAEAYEMBIX TeA He I'MOKasl (TepPMUH MeXaHUYEeCKUH),
TOrAQ YAOOHO IIPUMEHATH OOA€e IIPOCTOM BTOPOU BaPUAHT TEOPUM MAABIX HAa4aAbHBIX Ae(DOpMAIivA.
Ecau pedpopManimu Maable, HO TeAO TUOKOe (HampuMep, CTEP’KHEBATOE, TOHKOCTEHHBIE TAACTUHBI 1
IIAUTEL, OOOAOYKH U T. A.), AyUIlle IIPUMEHSTE IIePBBIY BApUAaHT TEOPHUU MAABIX HaYaAbHBIX AepopMa-
nuti. Ho ecam pedpopmarium G0AbIINE, TO HEOOXOAMMO NPUMEHATH TEOPUIO OOABIINX HaYaAbHBIX Ae-
dopmanui. [TocrepHUN BapuaHT NIPUMEHUM M BO BCEX BHILIEIIEPEUNCAEHHEBIX CAydasaX. [Ipu sTom
Pe3yAbTaTHl Pa3AMYHBIX BAPUAHTOB TEOPUH B CAydae MaABIX AedpopManuil MesxAy co00M OYAYT COB-
IaAaTh. B HacTogllel cTaThe AN HCKAIOUEHMS HEAOPA3yMEHUM U B CBA3M C HEOIPEAEAEHHOCTHIO
UH@OPMAIINMN O TBEPAOM SIAPE 3€MAU pPacueThl BHITOAHEHBI KaK B paMKaX MAaAbIX, TaK U OOABIITUX
HavaAbHBIX AedopManuii. EcTecTBEHHO, YTO IPU HEOIIPEAEAEHHOCTU PEAIIOUYTEHNE AOAJKHO OBITh
OTAQHO pe3yAbTaTaM, IOAYUYEHHBIM B paMKaX TEOPHUU OOABIINX HauaAbHBIX AepOopMaliiii, HeB3upas
HA OCAOJKHEHUS BEIUMCAUTEABHOI'O XapaKTepa.

Tak>ke pasAmyaloT ABa CAydYas IPEeACTaBAEHUS IIAOCKOM rapMOHNYECKOU BOAHEL. B mepBoM Bapu-
aHTe U3MeHEeHNEe PACCTOSHUS MeKAY MaTepUaAbHBIMUM YaCTUIIaMU 3@ CUeT HauaAbHOU AedpopManiuu
HEe YYUTBIBAETCs, & CKOPOCTh PACIPOCTPAHEHN BOAHBI Ha3BaHA ''eCTeCTBEHHOU ' WAM "HaTypanb-
Hou" [Thurston, Brugger, 1964; I'y3p, 1986 6]. Bo BTOpoM U3MeHeHNUe PACCTOSHUS MEXKAY MaTepPUaAb-
HBIMU YaCTHUIIAMU 3a CYeT Ha4aAbHOU AeDOPMAllU YUYUTHIBAETCS, & CKOPOCTb PACIIPOCTPAHEHUSA BOA-
HBI Ha3bIBaeTCA "UCTUHHOU". Pa3AMYarOTCA TaK>Ke IIOCTAHOBKU 3aA3d4M YCTOMYUBOCTHU AASL COKUMae-
MBIX U HECJ)KUMAaeMBbIX MOAeAel AeDOPMUPYEMBIX TeA. B HacTosAlel cTaTbe PaCCMOTPEHBl 3aAa4M
TOABKO AASL COKMMAaeMBIX Cpep B CAydae "MCTUHHBIX" ckopocTel. O0001eHe pe3yABTATOB A APY-
TUX CAyYaeB HOCUT TeXHUYECKHU XapaKTep.

B cAayuae paBHOMEDPHOI OAHOPOAHOU BCECTOPOHHEN AehOpPMaliii OAHOCBA3HBIX U30TPOIHEBIX CPEA,
Ai =Ag =Agz AN BCEX HA3BAHHBIX BAPUAHTOB TEOPWUH HAYAABHBIX Ae(DOPMALUl 0, B €AMHOM
dopme [I'y3p, 1986 a] umeeT BuUA

ijol

®jiap =h0d;8p +Ho (5ia5jB +880 o )+ 86 (esl.jsaﬁ ~ 8,48 jp ), (4)

TAe AAS T.0.H.A., I.LB.T.M.H.A. ¥ B.B.T.M.H.A. BBEA€HEI COOTBETCTBEHHO 0003HaUeHUSs

ho=Ajag=Sg, Mo =AThy+Sp; (5)
Ao =Alag - Sy, WMo=Alby+Sy., Sg=0p; (6)
Ao=ag—=So, MHo=bg+Sg, S¢=0. (7)

BeanuuHbl ag, by, Syg U Oy B YCAOBHUSIX A = Ay = A3 OIPEAEGASIIOTCSI M3 BBIPAXKEHUU a( =
=Ag; —2U;i bg = Wi So = Sé)ﬁ i G = Ggﬁ . BenmumHBL Ag; 1 U ABAAIOTCS SA€MEHTAMHU MaT-
PHIIBI YIPYTUX IOCTOSHHBIX CPeABl. B caydae BcecTOpOHHero cxxatust Ay = Aoy = Ag3; A; =0
npu i #j. B aTuX popMyarax mo mHAEKCAM CyMMHPOBAHUE He BEAETCH; ogﬁ u Sé)ﬁ — HOPMAaABHEIE
KOMIIOHEHTHI TEH30pPa HallPSKEHUH, COOTHECEHHBIE EAVHUILE IIAOIIAAY HepAe(pOPMHUPOBAHHOIO U Ha-
Y9aABHOTO AePOPMUPOBAHHOIO COCTOSTHUM. SIBHbIE arTeOpandecKue BEIPAKEHUI AT A g Wy 1S [(3)[3
IIOAYYaIOTCS IIPH PACCMOTPEHUU KOHKPETHBIX YIIPYTHUX IToTeHIuaAoB [['y3p, 1986 a]. BBuay ux rpo-
MO3AKOCTH OHU 3A€Ch He IIPUBOASATCH.

C yueToM (4) ypaBHeHUe (2) u yCAOBHA (3) HpUOOPETAIOT BUA

(Ao t2up)graddivu— rotrotu+pQ2u=0, 8)

IN(Ag+ So)diva+Q2uy — So)N-Vu+(py + o) Nxrotu] =P. 9)
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[Tpu 3apaHuM Ha IOBEPXHOCTHU "CAepdlllel” HAarpy3KH IIpaBas YacTh YCAOBHA (9) IPUHUMAET BUA,
P=S, (Ndivu-N:Vu-Nxrotu), (10)

rae P — BeKTOp IpaBBIX YacTell TPAHUYHBIX YCAOBUU B HAIIPSI>KEHUSIX Ha IIOBEPXHOCTH TeAd, U —
BEKTOP BO3MYlIeHUs IlepeMelieHuss, N — OpT HOPMaAU Ha IIAOIIAAKE IOBEPXHOCTU TEAQ.

YpaBHeHUe (8) IOAHOCTBIO COBIIAAAET C YpaBHeHUEeM /AaMe KAaCCUYeCKON AMHENHOU TeOpUH YII-
PYTOCTH, €CAU ITapaMeTpHl A U L 3aMEeHUTh IlapaMeTpaMu Ay U [l coraacHo (5)—(7). 3 cTpykry-
pel (9) u (10) crepyeT, 4TO B OOIEM CAydae B I'PDAQHMUYHBIX YCAOBHAX TaKasd aHAAOTUS B AMHEUHOMU
Teopuu OTCyTCTBYeT. OHa UMeeT MEeCTO AMIIb AAS CAyYas “CAepAnux’’ Harpy3oK.

TakuM oOpa3oM, MaTeMaTU4YeCcKas 3apada YCTOMUNBOCTY M30TPOIIHOTO IIapa IpU PaBHOMEPHOM
BCECTOPOHHEM CKaTUM (DOPMYAUPYETCS B BUAE YPaBHeHUA (8) u rpaHUYHOrO ycAoBu4 (9). B caydae
3aAQHM4 BHEIIHEro Harpy’KeHHus Ha IIOBEePXHOCTHU IIapa B opMe “MepTBBHIX' HArpy3oK B IIPaBOU
4YaCTHU I'PAHUYHBIX YCAOBUM (9) HeoOxopAuMO TpuHATE P =0.

B Tako# MOCTaHOBKE 3apa4a YCTOMYMBOCTHU COCTOSHUSI PABHOBECHS TeAd IPOU3BOABHOU I'eOMeT-
pHUYecKoM OPMBI U3 CKMMaEMBIX CPeA IMPY BCECTOPOHHEM CKATUU ITOAPOOHO MCCAEAOBaHA B pa-
ootax [['y3p, 1979, 19864a]. [TokazaHo, 4YTO B CAyUae 3aAaHUS Ha BCEM IIOBEPXHOCTH TeAd 'CAepdImXx
Harpy30K COCTOsIHUEe PaBHOBECHS, OIIpeAEAeHHOe BhIpakeHueM (1), IBAgeTCsT YCTOMYUBEIM IIPU BbI-
IIOAHEHUS YCAOBUU 5
k0+§u0>0, uo > 0. (11)

YcaoBug (11) AOAKHBL BEIIOAHATBCS BCETA@ U IIO3TOMY OHU CUMTAIOTCS KaK Obl OrpaHUYeHUeM
Ha CTPYKTYPY YpaBHEHUWA COCTOAHMI. B xauecTBe KOHKPETHBIX MOAeAefI CpeAbl paCCMOTPEHBL: 8.) yiI-
pyroe nu3oTpoIrtHoe TeAO C IIOTEeHIIMAAOM I'apPMOHHNYECKOTI'O THUIIa B paMKaX T.6.H.A. 1 IIOAYYEHO YCAO-
BUE YCTOﬂQHBOCTH B BHUAE

-1
2 4
0<A;<l1; A+=Wn||A+—0n <A <1y (12)
1 3 3 1

6) YIipyroe TeAO C KBAAPATUYHBIM IIOTEHITUAAOM B PaMKaX B.B.T.M.H.A. 1 YCAOBUA YCTOfI‘-IHBO-
CTU TIOAYYEHEI B BUAE

(2-2,) x+§u >0; w+3(h -1) k+§u > 0; (13)

B) YIPYTOIAACTUYECKOE TeAO (pedopMalliOHHAs TeOpHsd) B paMKax B.B.T.M.H.A. M YCAOBU4
YCTOUMYUBOCTU B BUAE P (14)
') YIPYTOIAGCTHYECKOE TEAO (Teopus NAACTUYHOCTHU [IpaHaTAga—Pelica) B paMKax B.B.M.T.H.A,.

P<ATu. (15)

AN BceX pacCMOTPEHHBIX MOAEAEN CPEeABI IOKA3aHo, YTO B CAy4Yae 3aAaHUs Ha IOBEPXHOCTU U30-
TPOIHOTO 1Iapa “CAeAdAIUX " Harpy30K IIPU BEIIIOAHEHUU yCAOBUU (11)—(15) cocTossHUE eTO paBHO-
Becud ABASIETCSI YCTOMUUBEIM. B 3THX Ipeapenrax pacopepereHre OAHOPOAHBIX pedpopManuil OyAeT
PaBHOMEPHLIM.

PaccmaTtpuBas Tenao B hopMe mapa (MaTepuas Cpepabl — KBAAPATUYHEBIN YIIPYTUM MOTEHIINAA, Ae-
hbopMallMOHHAsA TEOPUI MAABIX YIPYTOIAACTUUECKUX AepOpPMAanUi U TeOpus IAaCTUYHOCTH [TpaHa-
TAdI—Pelica, HACAEACTBEHHO-YIIPYTrOe AMHENHOE TeAO HeCTapelolero TUIa, BA3KOYIIPYTOIIAaCTHYEC-
KOe€ TeAO), IOKa3aHo, 4TO B CAy4Yae "MepTBBIX' IIOBEPXHOCTHBIX HAarpy30K CYIIeCTBYeT KpUTHYeCKas
Py, (10 BeAWYrHe MeHbIIIe, YeM BeAUUYHHA [), IPU AOCTHIKEHIH KOTOPOW COCTOSTHUE PABHOBECHS
1apa, olpeAeAeHHOe BEIpasKeHUeM (1), aBAgeTCs HeyCTOMYUBBIM. B pe3yabTaTe paclipepereHUe B
Teae OAHOPOAHBIX Ae(popManuii CTAHOBUTCS HEPAaBHOMEPHBIM. AHAAOTUYHBIE PE3YABTATHL IIOAYyUYe-
HBI TAKJKE B PaMKaX TeOpUU OOABIINX HAYaAbHBIX AepOpPMaAllni C IPpUMeHEHNeM Pa3AUYHbBIX YIIPY-
I'MX HOTEHIIMAAOB. B 3TOM cayuae B 0011eM BUAE HEBO3MOJKHO ITOAOGPATH HEPABEHCTBO AT A, U
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u S Tak, 4YTOOBI OHO O0ECIIeYNBAAO BBEIIIOAHEHME yCAoBuU4 (11) He3daBucuMO OT MOPMEI TeAa. [To-
3TOMY B pacCMaTpHUBaeMOM 3apaue, IIPeACTaBASSA OO0IIe OAHOPOAHEIE pellleHUsl YpaBHeHNU (8) aHa-
AOTHMYHO KAACCHUYECKOUN TeOPUM YIPYIOCTH U TpeOys BBIIIOAHEHNE I'PDAaHUYHEBIX YCAOBUM (9) (B mIpa-
BOM YacCTu HeOOXOAMMO NPUHATE P = 0), AAS OlTpepAeAeHus MUHUMAaAbHBIX 3HAUeHUN KPUTUUECKOU
Harpy3Ku IIOAYUYEHO CAeAyIOlllee XxapakTepucrtudeckoe ypaBHeHue [['y3p, 1979, 1986 a]:

210 (Ao + 1o )+ So (Ao +3mg)=0. (16)

Hcnoas3ysa popmMyas! (5)—(7), U3 ypaBHeHUH (16) BEIYUCASAIOTCS KPUTUUYECKHE CUABI UAU Aedop-
Malluu, IIPUBOAAIIME K IOTEpEe YCTOUYUBOCTU COCTOAHMS paBHOBecud (1) mapa.
B npeapeaax B.B.T.M.H.A. AAS VIIPYTOTO U30TPOITHOTO TeAd [['y3b, 1986 a]

A =A+28,0: Wy =p; ch=;x(x§+xg+x§—3)+u(xzﬁ—1); 22 -1=2(a; -1).

Torapa BeAMUMHEL U3 YpaBHeHHU (7) COTAACHO 3THUM BBIPA’KEHUAM IIPUOOPETAIOT BUA
Ag=A—-Sp; MHog=n+Sg; So=-P.
IToapcTaBasis 5TH BEIpakeHUus B (popMyAy (16), moaydaeM caepyrOlllee YypaBHEHUE:
2P —P(3A+5u)+2u(A +u)=0.
MuHUMAaABHBIM KOPEHb 3TOTO KBAAPATHOI'O YPAaBHEHUS UMeeT BUA

1/2

2
N Caesu-(3(en)? —arn)” (5—4v—(16v2—8v+9)1/2) (17)
P 4 4(1-2v)

3AeCh U Aaree POPMYABI HAallMCAHBI OTHOCUTEABHO KoaddunueHTa [lyaccoHa v, Tak Kak 3TOT IIa-
paMeTp B reo(U3NUYECKUX UCCAEAOBAHUAX HallleA OOAee IINPOKOe MCIOAB30BaHUe, HeKeAU Mapa-
MeTpsl Aame.

B cayuae T.6.H.A., MCIIOAB3YSI U3BECTHBIE BHIPAKEHUS A, W ju Sgﬁ u3 [['y3p, 1986 a] arga rap-
MOHHYECKOTO yIIPYTroro HOTEHIIUaA], C IOMOIIbIO (5) 13 ypaBHeHUs (10), aHAAOTUYHO IIPeABIAYIIe-
MY CAyYar0, KPpUTUIECKYIO BEAMYNHY YKOPOUEHUH OIIPEAEAUM B BHAE

(hy)e=1+ -5+v(3+2v)+ ([5_"(3+2V)]2—4(1—2V)[4—v(1+2V)])1/2 |

8—-2v(1+2v)

3 (3—2v)(1+v)
(). = (G-2v)(1+v)+(1-2v) 1o

MO>KHO TOAYYUTD TAK Ke pacdeTHbIe POPMYABI AASL CAYYasA KBAAPATUUHBIX, MypHaraHCKUX U Apy-
TUX TUIIOB yIpyTuXx noTeHnmaroB. Qopmyast (17) u (18) cCBUAETEABCTBYIOT O TOM, UTO IOTEPU YCTOU-
YMBOCTU COCTOSHUSI PABHOBECHS PEAAU3YIOTCS KaK IIPU MAAbIX, TaK U IPU OOABIINX AePOopManusax
U HOCST OOILINM XapaKTep.

BHyTpeHHSS HEYCTONYUBOCTh. KpuTHueckme BeAUUYMHBI HATIPSKEHUN U Ae(POpPMAITUi, TPUBO-
AAIIME K HapyLIeHUIO YCAOBUA (11), BEI3BIBAIOT B TeAE AIBA€HUE, KOTOPOE B TEOPUM HA3BIBAETCS 'BHYT-
peHHel'" HeycTOMYUBOCTHIO [Biot, 1965; I'y3p, 1986 a, 0]. B caAyuyae M3Ha4aAbHO U30TPOITHEIX CPeA Ha-
YaAbHBIE HAIIPS)KEHUS UI'PAOT POAB KaK Obl BHYTPEHHEHN CTPYKTYPhI, IOAOOHOU BHYTPEHHEU CTPYK-
Type KOMIIO3UTHEIX CPeA B @HU30TPOITHOM NPUOAVIKEHUU B IIpepeAaX (PeHOMEHOAOTHYECKOTO (KOH-
TUHYAABHOTO) IIOAXOAQ.
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[Tpy KOHTHHYaABHOM ONKMCAHWM MaTepPUAAOB 'BHYTPEHHsA'" HEYCTOUYMBOCTb UCCACAYETCS AAS
OeCKOHEUYHOT'O TeAd, KOTAQ Ha “"OeCKOHEUHOCTH' 3apaHa OollpeAeAeHHas HarpysKa. HeycTolumuBocTh
IIpYU 5TOM He CBfI3aHa C BAMSHUEM I'PAHUUYHBIX YCAOBHUM M reOMeTPUYECKUX Pa3MepOB TeAd UAU DAe-
MEHTOB KOHCTPYKIMU. KpuTrnueckue BeANYUHBI HAIPSIKEHUU U AepOopMaliil OIIPEAEASTIOTCS OTHO-
CUTEABHO cucTeM pAuddepeHIIMaAbHBIX YpaBHeHUM (2), (8) B OeckoHeuHOU oOAacTU. B ycroBusax
BO3HUKHOBEHUS IBAEHUA "BHYTpPeHHeN' HeyCTOMYMBOCTU CUCTeMa ypaBHeHUs (2) TepsieT CBOUCTBO
SAAUNTUYHOCTU. [1py 5TOM HAPYIIAIOTCS YCAOBUSI €AUHCTBEHHOCTH pellleHnd (11) AnHeapu3upoBaH-
HBIX 3aAa4. [IpepeabHOe 3HaueHre KO3 PUITMEeHTa YAUHEHUsT (YKOPOUEHUsT) A T IIPY 3aAQHUM CTPYK-
TYPBI YIPYTHUX IOTEHIIUAAOB OIIpepeAsieTcsd U3 ypaBHeHud (11). B cayyae MopeAMpOBaHUA IIpoliec-
ca Ae(pOpPMHUPOBAHUS C TIOMOIIBIO TAPMOHUYECKOTO YIIPYroTro MoTeHIaAa B paMKax T.6.H.A. COTAAC-
HO (5) u (11) moayuaeM

1+v * 2v -1
)»a; = , €y = 3  —— (19
2-v 4 (2 _ V)2
B cayuae kBappaTHuHOrO ynpyroro noresHnuana (11) u (12) B pamkax T.0.H.A. IOAyYaeM
1/2
- I+v + 1 2v—1
Ay = , €pg=— —. 20
Pl2-v 072 2-vy )
B cAyuae AMHEMHOTO yIPyTOoro M30TPOITHOTO MaTepraAa B paMKax B.B.T.M.H.A. TIOAy9aeM
P * 1 2v — 1 (21)
=Uu, €g=— ——.
xp = B 072 14v

B dopmynrax (19)—(21) €, — mapaMeTp BcecTOpoHHeN Aecpopmarniuu. Vi3 npuBepeHHBIX (OPMYyA
(11)—(15) u (19)—(21) Arg PA3AUYHBIX YIPYTUX IOTEHIIUAAOB, IIOAYYEeHHBIX B paMKax B.B.T.M.H.A. U
T.0.H.A., CAepAyeT, uTO B Tpeperax HAT npu BceCTOpoHHEM paBHOMEPHOM AePOPMUPOBAHUH (CKa-
THU) U30TPOIIHOIO IIapa Ha YPOBHE HAIPS>KeHUM, CPABHUMBIX II0 BEAMYHHE C MOAYASIMU CABUTQ,
MIPOMCXOAUT "BHYTPEHHs1" HEYCTOMYUBOCTD.

Dusnueckoe UCTOAKOBaHUe "BHYTpeHHe!" HeyCTOMNYWBOCTH B pacCMaTpHBaeMOM CAydYae COCTO-
UT B CAepyiollleM. B pedbopMupyeMBIX TBEPABIX CPeAaX BHIIIOAHEHUE YCAOBUA >0, A + 3 H> 0
OKAa3bIBaeTCsl HEAOCTATOUHBIM AASL OOecIieueHUsl (PU3UUYeCKOM COCTOSITEABHOCTU AAABHEUIIIero Ipo-
mecca pAepOopMUPOBaHUA YIIPYToU cpepbl. Hapsay ¢ 3TUM AOASKHBI BEIIOAHATHCSI OTPaHUUYNTEABHBIE
YCAOBUS M Ha BEAWUYUHBI HAIPS)KeHUN U pedpopmanuit tTuna (19)—(21). I[Npu HapylmeHUn AQHHBIX
YCAOBUHN PACCMOTPEHHBIE CPEABI TEPSIOT CIIOCOOHOCTE Ae(POPMUPOBATHCS KaK YIIPyTHe TBEPABIE Te-
Ad. 3pech pedb He UAET O TOM, KaK¥e MeXaHM3Mbl PeaAn3yIoT AQHHBIH Ipoilecc. BaXkHo, 4To mpu AOC-
TUKEeHUU TaKUX IIPEACAOB Y>Ke HeAb3sd BECTU Pa3roBOP O KAKMX-TO 3aKOHAX pPacIlpeAeAeHUs IIapa-
MEeTPOB YIIPYTOCTH TBEPABIX AePOPMUPYEMEBIX cpep. Ecan BeAnunHEL pAehopMaluy U AQBA€HUS Obl-
AM OBL HUJKe, TO O "BHYTPeHHeNU'" HeyCTOMYMBOCTH He MOJKET OBITh U pedu. DTO IBA€HUE He SBAS-
eTcs Hen30e>XHBIM. B ApyroM caydae paclpepeAeHNe AQBA€HUN BO BHYTPEHHUX CTPYKTypax 3eM-
AM, HapylleHus (pyHAAMeHTAABHBIX TPeOOBaHNUIN MeXaHUKU MOT'AM OBl M He IPOUCXOAUTH. EcAn OBl
YAQAOCH OOOCHOBAHHO CKOPPEKTUPOBATE paclpeAereHNe AABAEHH, TO 3TO MOTAO OBl OBITh BEIXOAOM
U3 CAOXKUBIIIENCd cuTyanun. MHade moAydeHHBIE Pe3YABTATHI CTABAT II0A COMHEHNEe BO3MOJKHOCTh
CYIIeCTBOBaHUS BHYTPEHHETO sApPa 3eMAU B BUAE AeDOPMUPYEMOT0 TBEPAOIO TeAd. ['eodr3zmueckoe
sSIBA€HHE THUIIa MarHUTHOTO TOASI 3eMAU SIBASIETCSI CePhe3HBIM MOATBEPIRAECHUEM O TBEPAOM Aedop-
MUpyeMoM sgApe. B cBsA3M ¢ 3TUM B CBeTe M3A0KEHHBIX Pe3YABTATOB BO3HUKAIOT Pa3ANYHbIE BOIIPO-
CBI: AOCTOBEpHA AW MH(POPMAIUA O CKOPOCTIX PACIIPOCTPAaHEHUs YIPYTUX BOAH B TAYOOKUX TOpU-
30HTaX 3eMAU ¢ AOCTOBEPHBI AU HayUHBIE TPEACTABAEHUS O CYIEeCTBYIOUINX CTPYKTYPHBIX €eAUHU-
IIax 3eMAM? AOCTOBEPHO AM paclpepereHUe AABA€HUA 110 TAYyOUHe 3eMAM? U T. A.

CoBpeMeHHbIE AOCTUJKEeHUSA HAYKU MEXaHUKHU O PacIpOCTPaHEeHUH YIIPYTUX BOAH B AebopMUpY-
eMBIX cpepax [['y3b, 1986 6] co cBOel CTOPOHEI TaK)Ke IIPEABIBASIIOT HEKOTOPhIe TPeOOBaHMUS, KOTO-
pble AOAKHEI BBITOAHSITHCS.

PacnipocTpaHeHue yIIpyrux BOAH B Ae(pOPMUPOBAHHBIX CpeApax. Brimoanenne ycaoBus (11)
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obecrieunBaeT TakKe AeMCTBUTEABHOCTD (HeOTpUIlaTeAbHbIE 3HaUEHUSI) CKOPOCTEN paclpocTpaHe-
HHS MaAbIX BO3MYIIeHUU (ycaoBus THUIla Apamapa [Tpycaean, 1975; I'y3p, 1986 6]) B Bupse BOAH Ma-
AOM aMIIAUTYABI B CpEAAX C HAYaAbHBIMU AehopManuaMu. CAepOBaTeABHO, PABEHCTBO HYAIO UAU He-
AEUCTBUTEABHOCTh CKOPOCTHU PACIPOCTPAHEHUS aKyCTUYECKUX BOAH COOTBETCTBYIOT "BHYTpPeHHen"
HEeyCTOMYMBOCTH HAIIPSIPKEHHBIX CPeA,

B caydyae BCceCTOpOHHEr0o paBHOMEPHOTO IIPEABAPUTEABHOTI'O CKATHA U30TPOIIHOM CpPeAbl "UCTUH-
Hble" CKOPOCTHU PacHpOCTpaHeHUs B Hel YIIPYTUX BOAH ONPEAEASIOTCS BhIpakeHUaMu [['y3n, 1986 0]

pCl=r+2u-2PKR; pcl=p-2rkF, (22)

rae C;, Cg — "UCTUHHBIE" CKOPOCTU KBA3UIIPOAOABHBIX U KBA3UIIOIIEPEYHbIX YIIPYTUX BOAH; K
K R_ KO3(h(PULUEHTEl HEAUHENHOTO AeI/ICTBI/IH I/ISOTpOHHOI/I cpeabl [CapoBckuii, Hukoaaes, 1982
KYJ\I/IeB 2009]. CTpyKTypBI BEIPQ’KEHUU AAS K u K KOHKPETU3UPYIOTCA C 3aAaHUeM (POPMEI yII-
PYTUX IOTEeHIIMAAOB.

B caydae npuMeHeHUs YIIPYTOro IIOTeHIIuaAa Tuitla MypHarala U “"MCTUHHBIX' CKOPOCTEU B paM-
Kax B.B.T.M.H.A. IoAy4deHHI [Kyaunes, 2009] caeayroiyie BEIpa>keHU

KR = 6;0 [Sh+6u+2(c+5b+3a)l, K&= oK. [31 + 4 + ¢ + 3b], (23)
B PaMKaX II.B.T.M. 1 T.6.H.A. —_—
- [7% +10p+2(c+5p+3a)l, k&= ! [3(h+2u)+c+3b], (24)

P 6k, 6K,

rAe a, b, c — MOAYyAM yIIpYTOCTH TPEThETo MOopsAKa, Ko = A + % w. Ecau B (23) u (24) npuHATL a =

=b=c¢=0, TO IOAYYHM PE3yABTaThl, COOTBETCTBYIOIINE KBAAPATUIHOMY YIIPYTOMY IIOTeHIIaAy. B
paMKax B.B.T.M.A. —

- 2-v
R = (51 + 6u) v R = Br+4p)= ———, (25)
Foek 2(1+v) > 6K, 2(1+v)
B PAMKax IL.B.T.M. X T.0.H.A. —
— 1-
Kf= : (7x+1ou)=i, Kf= ! (X+2u)=M. (26)
Ko 2(1+v) 2Ky 2(1+v)

®opmyAs! (23)—(26) TO3BOASIOT BEIYUCAUTE BAUSTHIE HEANHEHHOU AepopMaliuy Ha CKOPOCTH pac-
[IPOCTPaHEHUs YIPYTUX BOAH.

Hcnoan3yst GopMyAEI (22), BBIBOAUM YCAOBHS, IIPY BEIITOAHEHUY KOTOPBIX B IPEABAPUTEABHO PaB-
HOMEPHO U BCECTOPOHHE Ae(POPMUPOBAHHON U30TPOITHOM Cpeae CKOPOCTH PACIIPOCTPaHEHUs YIIPY-
THX BOAH SIBASIIOTCSI AU CTBUTEABHBIMI. COOTBETCTBEHHO B CAyYasiX B.B.T.M.H.A. 1 T.0.H.A. IIDU KBaA-
PaTUYHOM YIIPYIOM OTEHIJUAAE B YCAOBUSIX BBEIIIOAHEHUS

2 2
P> 2(1—\/ ) P> 2(1—\/ ) (27)

Bo(1-2v)(3-v) B (1-2v)(5-3v)

B HAIIPSIPKEHHOU U30TPOIHOM CpeAe He MOXKET PAaCIPOCTPAHAThCS IIPOAOABHAS YIIPyTras BOAHA C AeU-
CTBI/ITeABHOI;’I CKOpOCTBIO. AaHHOQ YCAOBI/Ie AN HOHepe‘IHBIX YHpYFI/IX BOAH MMeeT BUA
1+v 1+v
LN L (28)
moo2-v oM 3(1-v)
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AAs IOAYUYEHNS YUCACHHOU OLJ€HKU B CAy4Yae MCIIOAB30BAHUSA IIOTeHIIMaAa Tulla MypHarasa us
dopmya (29) u (24) caepyeT, UTO HaPsIAY C AQHHBIMU KO3 PUIMEeHTOB Aame A U L HEOOXOAUMO 00-
AQAQTh TaKyKe YHUCAEHHOU MH(OpPMAIlMed O MOAYASIX YIIPYTOCTH TPeThero IopspKa 4, b, c.

UncaeHHBIE pe3yABTAaThI U 00CYyXAeHUA. COrAaCHO pe3yAbTaTaM, TOAYIEHHBIM B ITPEABIAYIITITX
paspenrax (popmyasl (11)—(21) ArsT TeOpeTHYECKOTO NIPeAEeAd IPOYHOCTU U HEYCTOMYUBOCTU CO-
CTOSTHMS paBHOBeCUs U (POPMYARI (22)—(28) prd pacnpocTpaHeHUd YIPYTUX BOAH B AeDOPMUPO-
BAHHBIX CPEAAX), BBIIIOAHEHBI COOTBETCTBYIOIIME pacyeTsl. B TaOA. 1 IpUBeAeHBl YUCAEHHEBIE 3HAUe-
HUSA KPUTUYECKUX CUA U YAAUHEHUU, COOTBETCTBYIOIIUX IIOTEPE YCTOMUYUBOCTU COCTOSTHUS PABHO-
Becus (1) no reomerpruueckuM (pOpMOU3IMEHEHUAM NIPU 3aAAHUY HA IIOBEPXHOCTH IIapa "MepTBBIX "
CHA U II0 "BHYTPEeHHENU" HEeYCTOUUYMBOCTHU IIPU 3aAaHUU Ha IOBEPXHOCTHU "CAeAAIINX" HArpy30K. Pe-
3YABTATHI A P, /U paccunTtansl o popmyae (17), aasg (A ). — 1o (18), a prst A} — 1o (19). Oun
MMOKAa3bIBAIOT, YTO B paMKaX KaK TEOPUU MAABIX, TaK U OOABIINX HAUYaAbHBIX AepOpMaluii COCTOS-
HIe PAaBHOBECH4 IlIapa B pacCMaTPUBAEMOM BHUAE HAarPy>KeHUS IBASIETCSA HEYCTOMUUBBIM. 3AECH Ke
(Tadba. 1, cTpokm 2 1 4) TpUBEAEHBI KPUTHUYECKUE 3HAUYEHUS CUA U KO3 PUIMEHTa YAAUHEHUSA (YKO-
POUYEHU), IPU AOCTUKEHUN KOTOPHIX B I1ape Pearnu3yeTcs "BHYTPEHHAA" HEyCTOMUYUBOCTb COOTBET-
CTBEHHO IIPU MAABIX ¥ OOABIINX HAYaAbHEIX AecpopManuax. [Ipu cpaBHeHUM pe3yABTATOB BTOPOM U
YeTBEPTOU CTPOK C PE3YABTATAMM TPEThEMN U IATOU CTPOK TabA. 1 cAepyeT, UTO HeyCTOMYUBOCTE CO-
CTOSTHUS PAaBHOBECHS YIIPYIOT'O OAHOPOAHOT'O N30TPOIIHOIO IIapa 10 FreoOMeTpruYecKoMy hOpMOou3Me-
HEHMUIO B CAyYae AeNMCTBUS Ha ee IIOBEPXHOCTHU ''MepPTBBIX ' HAarpy3O0K IIpeAllleCTByeT "BHYTpPeHHen "
HEeyCTOMYNBOCTU. B cAyuae AeHICTBUSA Ha IOBEPXHOCTHU “CAEAAIINX" HAIrpy30K COCTOsIHUE PaBHOBe-
Ccu4 1Iapa I10 reoMeTprudecKuM (OpMOU3MeHEHUSIM yCTONUnUBO. [loaToMy “"BHYTpEeHHSAS" HEeyCTOMYM-
BOCTB B 3TOM CAyYae IIPOUCXOAUT 0e3 IIpepABapUTEeABHOTO (popMousMeHeHUsA. HeoO0XoAuMO TopAUepK-
HYTb, 4TO U3 POPMYA KPUTUUECKUX CUA U YAAUHEHUSI BUAHO, YTO OHU OT reOMeTpUYeCKUX IIapaMeT-
POB IIapa ¥ hOopM OTEPU YCTOMYUBOCTU HE 3aBUCAT. DTOMY OOCTOSATEABCTBY B padoTe [['y3b, 1986 a]
AQHO MCYeplbIBarolllee 00bsICHeHHUEe. B paccMaTpuBaeMBIX 3aAa49aX I'PAHUYHASA [IOBEPXHOCTD SIBAS-
€TCs OAHOU M3 KOOPAWHATHBIX IIOBEPXHOCTEN C(hepruueCKO CUCTEMEI KOOPAUHAT. B CUAY XapakTe-
pa ypaBHeHUl Aame (8) (B KOTOpBIE BXOAAT IIPOM3BOAHBIE OAHOT'O IIOPSIAKA) U YKa3aHHOTO 00CTOs-
TEeABCTBA COOCTBEHHBIE YHUCAQ He AOAKHBI 3aBUCETh OT TeOMEeTPUYECKUX ITapaMeTPOB 3apauu. B cay-
4Jae paCCMOTPEHUS 3aAa4 YCTOMYUBOCTH TEA, OTPAHNUYEHHBIX HECKOABKUMU KOOPAUHATHBIMU ITOBEPX-
HOCTSIMU, KPUTUYECKUe HArPy3KHU OYAYT 3aBUCETH OT 'eOMeTPUYECKUX IapaMeTpOB (HallpuMep, OT Ma-
paMeTpOB TOHKOCTEHHOCTH). OTCYTCTBHE BAUSHUY NAACTUYECKHUX U BA3KUX CBOMCTB MaTepraia (dop-
MyAbl TunNa (14) 1 (15)) Ha BeAMUYNHY KPUTUYECKUX IIaPAMETPOB CBA3aHO C TeM, YTO B CUAY IIPUHA-
TBHIX 3aKOHOB COCTOSHUS HeyIIpyrue aAepopMaruu SBASIOTCS HEC)KUMAEMBIMUA U B CBA3U C BCECTO-
POHHOCTBIO CKATUSI B HAUaABHOM COCTOSIHUU HeyIpyrue pepopManiy He BO3HUKAIOT.

PesyabTaThl pacueTos, BEIIOAHEHHEIE II0 GOpPMyAaM (25)—(28), nmpuBepeHEl B TaOA. 2. B uncau-
TeAe IPUBEAEHEL AQHHEBIE, OTHOCAIUECd K B.B.T.M.H.A., @ B 3HaMeHaTeAdax — T.0.H.A. Uuchaa, IpuBepeH-
HBIE B CTPOKax 4 U 5 TaOAUIIBI, TOKA3BIBAIOT, YTO B CAydYae IIPEBHIIIEHUS 3TUX 3HAUEHUN YCAOBUS
(27) u (28) B paMKax paccMaTpuBaeMblXx BapuaHToB HAT He BEIIOAHSIOTCS, T. €. B Cpepe He MOT'yT
PaCcIpOCTPAHAThECS YIPYTHe NPOAOABHEIE U IIONIEPEeYHBIE BOAHBI C AECTBUTEABHON CKOPOCTBIO CO-
OTBETCTBEHHO. boAee IBHO TaKOM BBIBOA CAEAYET U3 PE3YABTATOB TaOA. 3, TA€ IPUBEAECHEI YUCAEH-

Taoaunmmal

v 0 0,1 0,2 0,3 0,4 0,41 0,45
P*/“ 1 1 1 1 1 1 1
P./u 0,5 0,53 0,57 0,60 0,64 0,64 0,65

b 0,5 0,58 0,67 0,76 0,88 0,89 0,94
1
(M) 0,75 0,79 0,84 0,89 0,94 0,94 0,97
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TaoaAauma 2

% 0 0.1 0,2 0.3 04 0,41 0,45
KR 1,5 1,3182 1,1668 1,0385 0,9286 0,9184 0,8793
P 5 2,1364 1,8333 1,5769 1,3571 1,3369 1,2586
KR 1 0,8636 0,75 0,6538 0,5714 0,5638 0,5345
S 1,5 1,2273 1 0,8077 0,6429 0,6277 0,569
P /u 0,6667 0,8534 1,1429 1,6852 3,2308 3,5689 6,2549
04 0,5266 0,7273 1,1098 2,2105 2,4518 4,3699
Pg /1 0,5 0,5789 0,6667 0,7647 0,875 0,8868 0,9355
0,3333 0,4074 0,5 0,6190 0,7778 0,7966 0,8788

HEBIEe 3HAYEHUd BeAI/I‘{I/IH C u C , paccuuTaHHble 10 popMyAaMm (22) ¢ UCIOAB30BaHUEM pacyeT-
HEBIX 3HQUEHUU K u K 1/13 Ta6A 2. B uncauTeAe pe3yAbTaTEl COOTBETCTBYIOT CAyYalo T.0.H.A., @ B
3HaMeHaTeAsIX — B B.T. M H.A. B pacueTax ncroab30BaHBI AGHHEBEIE HA IOBEPXHOCTHU BHYTPEHHETO SIA-
pa 3eMmau mopeau PREM [Anderson, 2007]:

2
P =3288,5-10" MIla,

p=12,76 % w=1567 - 102 MTTa,

CcM

v = 0,443,
K =13434 102 MTIla.

P P
Beanuyunnr 2 — K 5 uz—~kK 5 B TaOA. 3 XapaKTepU3yrOT BAUSHUA Ae(DOPMUPOBAHUS yIIPYTOU

Y Y
CpeAbl Ha BEAUYWHBI ITPOAOABHBIX U ITOTIEPEYHBIX BOAH. VX unMicAeHHBIe 3HaueHus (CcM. TabA. 3) mo-

Ka3bIBalOT, YTO 3TU BAWSHUSA OTPOMHBIE U II0A UX BO3AEUCTBHEM B Ae(POPMUPYEMOU TBEPAOU CpeAe
He MOTYT PacCIIPOCTPAHATBECS YIPpyIue OObeMHEIE BOAHBI C AGMCTBUTEABHOM CKOPOCThIO. Hu>kHue
WHAEKCHI P yKa3bIBalOT, UTO 3TU 3HAUYEHUS OTHOCATCH K IIPOAOABHBIM, @ S — K IIOII€PEYHBEIM BOA-
HaM. Boipeku M3A0’KeHHOMY U3 AQHHBIX PUC. 1, @, 6 ¥ YUCAEHHBIX Pe3YAbBTATOB, YKa3aHHEIX B IIepP-
BOM U 4eTBepPTOM CTOAOIax TabA. 3, caepyeT, uto B PREM B ycaoBusax P2 2|0 CKOPOCTU IIPOAOABHBIX
U IIONIePEeYHBIX YIIPYTUX BOAH B LIape NIPUHATH KaK AeHCTBUTEABHBIE. DTO ellle Pa3 IOKa3bIBaeT, UYTO
AQHHBIE O PU3UKO-MEXAHUYECKUX, aKyCTUUYECKUX U IINOTHOCTHBIX XapPaKTEPUCTUKAX B TEOPETUYEC-
KHUX MOAEASIX AOAJKHBI PACIIPEAEASITHCSI COTAACHO COOTBETCTBYIOIIUM TPeOOBAaHUAM MEeXaHUKU Aeop-
MUPYEMBIX CP€EA C HQUaAbHBIMU HAIIPSPKEHUSAMHU C YU€TOM HEAMHEWHBIX 3aKOHOB COCTOSAHUA. [Toay-
YeHHble KOHKPETHBIE PE3YABTAThl OTHOCATCS K AQHHBIM BHYTPeHHero sapa. C ApyTrol CTOPOHBI, OHU
IPEeACKAa3bIBAIOT, YTO IIPU PEIIeHUU BOIIPOCa O PAaCIpeAeAeHNN (PU3NUKO-MeXaHUYeCKUX ITapaMeTpOB
CpeA MaHTHUU U AUTOCEPH] TaKKe He0OOXOAMMO 00paboTaThk U HHTEPIPETUPOBATE COOTBETCTBYIO-
IIIYIO TeOAOTO-TeOPU3NIECKYIO NHPOPMAIIMIO Ha Oa3e HEAMHENHEIX (XOT4 OB B Ipepeaax HAT) Teo-
PHH C YUETOM IIPEABAPUTEABHON Ae(POPMUPOBAHHOCTU CPEABL.

JaHHBIE O COCTaBe MaTepHaAd BHYTPEHHETO JAPa YKA3bIBAIOT Ha €r0 aHU30TPOIIUIO (CM. puc. 1, 6)
[Litasov, Shatskiy, 2016]. EcTecTBEHHO, YTO B @HU30TPOIIHOU CPeAe BCAEACTBHE MAAOCTH CABUTOBBIX
JKeCTKOCTeH gBAeHUe "BHYTPeHHEN'" HeyCTOMYUBOCTHU OYAET IPOSIBAATHCS IIPU 3HAUYUTEABHO MEHb-
IINX YPOBHAX HArpy30K U AecbopManmy, 4eM B U30TPOIIHBEIX TPUOAUIKEHUAX.

Taoaumma 3

90

CZZO,KM/C ZP/pKR, CIZ,KM/C CEO,KM/C 2P/pKR, C§,KM/C
KM/C KM/C

121,44 — 4566,81 — 4445,37 12,25 — 2780,80 — 2768,56

- 6556,41 —6434,97 —2984,41 —2972,16
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3aMeTHuM, YTO IPUBEAEHHbIE B AQHHOM CTaThe Pe3YAbLTATHI IOAYUEHEI 6e3 yyeTa BAUSHUS TeMIIe-
paTypHl, paclipepereHre KOTOPOU ITI0Ka3aHo Ha pucC. 1, a. YueT TeMIlepaTypPHBIX BAUSHUM HAa KPUTU-
YyeCKUe BEAMUYMHBI HEYCTOMUUBOCTH ellle O0Aee yCYTyOAsieT ITOAOKeHUe. [loa AeficTBUeM TeMIepa-
TYPHBIX TIOAEH TPOITECC HeYCTOMYMBOCTH PEAAM3YEeTCs IIPU CYIIIeCTBEHHO HU3KOM YPOBHE AABACHUMH.
[NosToMy yueT TeMnepaTyphsl He OYAET OKa3bIBaTh KAUeCTBEHHOE BAUSHYE Ha BHIBOA O HEAOCTATOU-
HOCTH WHTEPIIPETAINY reo(pU3NIeCKUX AQHHBIX B TPEeAeAaX KAACCHIEeCKOM Teopuu. YUeT TeMIlepa-
TyPbl HEOOXOAVM IIPU PeIleHNH KOHKPETHBIX 33724 AOKAABHOTO paclpeAeAeHUsI pacCMaTpUBaeMbIX
I1apaMeTpoB.

Pa6oma BLINOAHEHA B PAMKAX HAYYHO-UCCAegoBameAbckoii nporpammbl HAHA no meme “Komn-
AeKC meopemuiecKkux U 3KCNepuUMeHMAAbHbIX UCCAeJOBAHUU MeXgUCUUNAUHAPHBLX NpObAeM reome-
xaHuku', ymsepxgenHnoti ITocmanosaenuem INpesuguyma Hayuonaasnoti Akagemuu Hayk Azep6aii-
gxana Ne 5/3 om 11 ¢peBparsa 2015 r. (2015—2017 rr.).
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Analysis of results of interpretation of elastic
parameters of solid core of the Earth
from the standpoint of current geomechanics

© H.H. Guliyev, 2017

It follows from the basic principles of mechanics of deformable solids relating to the strength,
stability and propagation of elastic waves that the inner core of the Earth cannot exist in the
form of a spherical structure in the assumed thermobaric conditions and calculation values of
physico-mechanical parameters. Pressure level reaches a value that is significantly greater than
the theoretical limit of medium strength in the model approximations at the surface of the
sphere of the inner core. On the other hand, equilibrium state of the sphere is unstable by the
geometric forming at much lower loads under the influence of the “dead" surface loads. In case
of the action of “follower" loads, the assumed pressure value on the surface of the sphere is
comparable with the value of the critical load of "“internal” instability. In these cases, due to the
instability of the equilibrium state, propagation of homogeneous deformations becomes uneven
in the sphere. Moreover, the elastic waves with actual velocity cannot propagate in such condi-
tions in solid medium. Violation of these fundamental conditions of mechanics needed in deter-
mining the physical and mechanical properties of the medium must be taken into account in the
integrated interpretations of seismic and laboratory (experimental) data. In this situation, appli-
cation of linear elasticity theory and elastic waves, despite compliance with the required inte-
gral conditions on the mass, moment of inertia and natural oscillations of the Earth, does not
ensure the reliability of results on the structure and composition of the Earth's core.

Key words: Earth's core, high pressure, instability, elastic waves with actual velocity.
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