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3 OCHOBHUX IIPUHIMIIIB MeXaHiKU Ae()OPMOBAHUX TBEPAUX TiA, Ki CTOCYIOTBCS AO MiITHOCTI,
CTIMKOCTI Ta NOLIUPEeHHS IIPYKHUX XBUAB, BUIIAUBAE, 1110 BHYTPIIIIHE SAPO 3eMAi y IlepepOadyBa-
HUX TePMOOApHUYHNUX YMOBAaX i pO3paxyHKOBUX 3HaUeHHAX (Di3UKO-MeXaHIYHUX IlapaMeTpiB He
MOJKe iCHYBaTH y BUTASIAL KOHCTPYKIIiI (hopMuU KyAi. Y MOAEABHUX YSBA€HHSIX Ha MOBEPXHI KyAi
BHYTPIILIIHLOTI'O SIAPA PiBEHb THCKY AOCSTA€ 3HAUEeHHS, SKe 3HAUHO OiAbllle 3a BeAUUNHY TeOPeTHY-
HOI MeJKi MIITHOCTI cepeAoBUIlla. Pa3oM 3 THUM IIip Ai€0 “"MepTBUX" ITOBEPXHEBUX HaBaHTaKeHb
CTaH piBHOBAru KyAi € HeCTIMKUM 3@ FeOMeTPUYHUMHU (DOPMO3MiHAMU IIPY 3HAYHO MEHIIINX Ha-
BaHTa’KEeHHIX. Y pasi Ail “caipkyrounx " HaBaHTa’)KeHb llepepbavyBaHUM THCK Ha IIOBEPXHI KyAl
MO>KHA ITOPIBHATU 3 KDUTUYHUM HABAHTAKEHHAM "BHYTPIIIHBOI" HECTIMKOCTI. Y 3a3HaYeHUX BU-
MaAKaX YHACAIAOK HECTIMKOCTI CTaHy PIBHOBATU PO3IOAIA OAHOPIAHUX AeOpMaAllill y KyAl cTae
HEePIBHOMIPHMM. BIABII TOTO, B TAKAX YMOBAaX Y TBEPAOMY CEPEAOBHUILI HE MOJKYTh IIOIIUPIOBATH-
Cs1 IPY>KHI XBUAL 3 AIMCHOIO IIBUAKICTIO. [lopy1ieHHA 3a3HaueHNX (DyHAAMEHTAABHUX YMOB Me-
XaHiKM, HeOOXIAHVX ITpY BU3HAYEHH]I (Pi3UKO-MeXaHiYHUX BAACTUBOCTEN CEPEAOBHUIINA, CAIA Bpa-
XOBYBATU B KOMIIAEKCHUX iHTepIIpeTaliisiXx ceiCMOAOTIYHNUX i AaOOPATOPHUX (EeKCIIepUMEHTaAb-
HUX) AQHUX. Y TaKil CUTYyallil 3aCTOCYBaHH: AIHIMHUX TeOpil IPY’KHOCTI Ta IPY’KHUX XBUAb, He-
3Ba’KalO4U Ha AOTPMMaHHs HeOOXiAHUX IHTeTpaABHUX YMOB 3@ Macol0, MOMEHTOM iHepIiil i BAac-
HUM KOAUBAHHAM 3€eMAi, He 3a0e31edye AOCTOBIPHOCTI pe3yABTATIB IIPO CTPYKTYPY i CKAAA SAPa
3eMAi.

KAarouoBi caoBa: 5Apo 3eMai, BUCOKUHN TUCK, HECTIMKICTD, IPY>KHI XBUAL 3 AiFICHOO IIIBUAKICTIO.

BBepeHune. KoMnaeKcHas MHTEPIPeETAUs pa3HOOOPa3HBIX KOCBEHHBIX re0(PU3NIeCKUX U MHO-
TOYUCAEHHBIX AaDOPATOPHO-3KCIIEPUMEHTAABHBIX AQHHBIX TTOKA3BIBAET, UYTO SAPO 3E€MAU COCTOUT U3
BHEIITHEN JKUAKOM C(hephbl ¥ BHYTPEHHETO TBEPAOrO IIapa. AOCTaTOYHO TAYOOKHU 0030p UCCAEAOBA-
HUM O CTPOEHUHU U COCTaBe sIApa 3eMAU BHIIIOAHEH B paboTax [Sumita, Bergman, 2007; Litasov, Shat-
skiy, 2016]. CnpaBepAMBO OTMEUYEHO, YTO HECMOTPS Ha OTAeAbHBIE AOCTHI)KEHHUS B PA3ANYHBIX HAIlPaB-
AEHUSTX, BOIPOCHI, KacaroInuecs COCTaBa 1 CTPOeHUs sIApa U HUKHeM MaHTUM 3eMAU, OCTAIOTCI AdAe-
KMMU OT OAHO3HAUHLIX pelnteHui. [TopuepKuBaeTcs, 4TO AQABHENIIIee COBEPIIEHCTBOBAHNE KBAHTOBO-
XUMHUYECKUX PACU€TOB METOAAMU MOAEKYASIPHOM AMHAMUKY IIPX BEICOKOM TeMIIepaType ITIO3BOAUT AO-
OUTHCSI YCIIEXOB B CO3AQHUY HETIPOTUBOPEYMBEIX MOAEAEH COCTaBa ¥ AVHAMUKU SIAPa U MAHTUU 3EMAM.

I[MToppoOHas uHdoOpMaIisa O paclipeAeAeHUN PU3NIECKUX ITapaMeTPOoB B IApe 3eMAN NpUBeAeHa
B pabotax |byanren, 1978; Anderson, 1995; Anderson, 2007; Dziewonski, Anderson, 1981; Kennett et
al., 1995; Litasov, Shatskiy, 2016; Nimmo, 2015]. HekoTopsle pe3yAbTaThl 3TUX PaboT OTpa>keHbl Ha
puc. 1. B HacTos1ee BpeMs OCYIIECTBASIETCS AQABHENINIasA AeTaAU3alus MOAEAE BHYTPEHHErO CTPO-
enusa 3emau [[Tymaposckui, [Tymaposckuit, 2011; Dobretsov, Shatskiy, 2012; Litasov, Shatskiy, 2016].
CunTaeTcs, YTO TAKUM IIYTEM YAACTCS YTOYHUTH UMEIOIINECs. Pe3YABTATEL O COCTaBe SIAPA, MOHSITH
NIPUPOAY MarHUTHBIX U 3A€KTPUUYECKUX ITOAE€H, TPAaBUTAIIMOHHBIE XapaKTEPUCTUKY, BEAUYUHY Tell-
AOBOTO IIOTOKQ, TEOAUMHAMUKY 3€MAU U T. A. AOCTH)KEHUS B 00AACTH CEMCMOTOMOIpadUi MO3BOAUAU
BHECTHU B KOAMYECTBEHHBIE Pe3YAbTAThl HEKOTOPhIE AOIIOAHUTEABHBIE KOPPEKTHUBHI.
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Puc. 1. INpoduru pacnpepereHUs TAOTHOCTH, CKOPOCTEN 3BYKOBBIX BOAH B siape 3eMAu 1o Mopean PREM
[Dziewonski, Anderson, 1981], a Takxe TemnepaTypsl [Nimmo, 2015] (udpaMu mokazaHO U3MeHeHMe IAOT-
HOCTH U Vp Ha TpaHulle BHYTPEHHETO sAPa B %) (a) ¥ cXeMa CTPOeHMs sIAPa 3eMAH, OTpa’kKarolas OCHOB-
HBIe Pe3YAbTaThl CEMCMOAOTMYECKUX UCCAEAOBAHUM (0) (IIOKa3aHbI CAOM F C MOHUKEHHBIMU CKOPOCTIMU
Vp , H30TpoNHAasA CTPYKTYpa BePXHEro CAOsSl BHYTPEHHETO sIAPAa C Pa3AWYHSAME B IOAYIIApUSIX, HAAUTIHE AO-
TIOAHUTEABHOTO BHYTPEHHEro gapa (Iop BOIpocoM). 3HauKaMHM OTMeudeHa aMIAUTYAA aHU3O0TPOIMHU CeMc-
MHUUYECKUX BOAH B IIOASIPHOM U DKBaTOpHAAbHOM HamnpaBaeHusax [Deuss, 2014; Souriau, Calvet, 2015] ¢ us-
MeHeHUsIMU: | — HU3Kas CKOPOCTh, caaboe 3aTyxaHme; 2 — BBICOKasi CKOPOCTh, CUABHOE 3aTyxaHue) (puc. 1,
a, 6 B3aTHl U3 paboTsl [Litasov, Shatskiy, 2016]).

HecmoTpsa Ha cyllecTBYIOIMEe HEAOCTATKU M HECOOTBETCTBUSA MEXAY PEe3yAbBTATAMHU TEOPETHU-
YECKUX MOAEABHBIX IIPEACTABAEHUN U IKCIEePUMEHTAABHBIMU AQHHBIMU, CAOKHMAOCH OOIllee MHe-
HIe, 9TO BHYTPEHHEe SAPO B BUAE TBEPAOTO AePOPMHUPYEMOTO Ilapa COCTOUT U3 Keaesa (Fe) u ero
CIIA@BOB. DTO 3aKAIOUEHUE OCHOBBIBAETCSI HA KOMIAEKCHOM aHAAU3e YPaBHEHUs COCTOSTHUSA AN CO-
eprHeHnY Fe, AaHHBIX CeICMOAOTHM U TePMOAUHaMHYECKOI0 MOAEAUPOBaHud. AuarpaMMel bepua,
XapaKTepHU3yIolie COOTHOIIEHUS MeKAY IAOTHOCTBIO ¥ CKOPOCTAMU aKyCTUUYECKUX BOAH AAS JKe-
Ae3a U ero COeAMHEeHUM, NCIIOAB3YIOTCS Kak 0a3oBas (IepBuuHas) uHdopmanusa. Co BpeMeHHU Uc-
crepoBannit O. Bepua [Birch, 1952] BEITOAHEHO OIPOMHOE YMCAO 9KCIIEPUMEHTAABHBIX UCCAEAOBA-
HUU B 5TOM obracTu. B padore [Litasov, Shatskiy, 2016] moaApo6HO IpOoaHaAN3UPOBAHbl COBPEMEH-
HBIe Pe3YABbTATHI B AQHHOM HallpaBAeHUU. [10AUEepPKHYTEI CYIIIeCTBYIOIINEe HECOTAACOBAHHOCTU MEKAY
Pa3AWYHBIMM MOAEABHBIMHU U OKCIIEPUMEHTAABHBIMU Pe3yAbTaTaMu. B 3THX NCCAeAOBaHUSAX OCHOB-
HYIO POAB UTPAET OIIPEAEAEHHE COCTaBa CIIAABOB JKeAe3a, Pe3yAbTATEl KOTOPOro OOAee UAU MeHee
XOPOIIIO OOOCHOBHIBAIOT CEMCMOAOTHYECKHE AQHHEIE,

[MTpuHAaTO, 9TO BHEIIHEE JKUAKOE SIAPO UMeeT OAHOPOAHYIO CTPYKTYPY U A€DUILUT IAOTHOCTHU OT-
HOCHUTeABHO Fe (okono 10 %), a BHyTpeHHEe TBEpPAOE SAPO UMEEeT SIBHO BHIPA’KEHHYIO HEOAHOPOA-
HYIO CTPYKTYPY (PHC. 1, 6) C HOBHIIIEHHON aHU30TPONHUEN CEMCMUYECKUX BOAH U Ae(DUITUTOM IIAOT-
HOCTH OKOAO 5 %. He uMeeT opAHO3HAUHOTO pellleHNs TaKKe TpoOAeMa BLICOKON HEOIIPEAEAEHHOCTH
B OlleHKe BEAWUYMH CKOPOCTH MOIIePEeYHBIX BOAH BO BHYTPEHHEM sIAPe, KOTOPhIE CYIleCTBEHHO HU-
JKe, UeM y JKeaesa U ero craaBoB [Litasov, Shatskiy, 2016]. He ocTaHaBAnMBasch Ha OOCYKA€HUU BO-
IIPOCOB, CBA3aHHBIX C IPUPOAOH M MeXaHU3MaMU 00pa30BaHMs, OTMEUAETCs, UTO CYIeCTBYIOT KPyIIHbIE
30HBI HOHUKEHHBIX CKOPOCTEeH, KOTOPEIE B TEOAOTUYECKON UCTOPUHU NEPUOANIECKU aKTUBU3UPYIOT-
Csl M MOTYT U3MeHUTh reorpadruyueckue MOAOKeHUs (CM. puc. 1, 0).

B TeopeTnyecKUX MOAEASIX CTPOEHUS U COCTABa CPEAB! IAPa 3eMAU IIPUBOAATCS AQHHEIE O Pac-
IPEeAEAeHUN A@BAEHHUS, IAOTHOCTH, VIIPYTUX IIapaMeTPOB U YpaBHEHUM cocTosiHusi. OHU COTAACO-
BaHBI C MHTETPAABHBIMH YCAOBUSIMH OTHOCUTEABHO MacChl 1 MOMEeHTa MHEePIINY, pe3yAbTaTaMU HC-
CAEAOBAHUU IO COOCTBEHHBIM KOAEOAHUAM, HyTAllUU 3€MAU U CECMOTOMOIPaPUUECKUX UCCAEAO-
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BaHuil [Byanen, 1978; Dziewonski, Anderson, 1981; Moaoaerckuit, 2001; Molodenskii, 2010; Molo-
denskii, Molodenskaya, 2015; Molodenskii, Molodenskii, 2015 u ap.].

OO0cy>XpaeMble BOIIPOCH! HEIIOCPEACTBEHHO CBA3aHBI TAK)KE C MEXaHMKOU CIIAOIIHOM CcpeAbl. B
o063ope [Litasov, Shatskiy, 2016] BompocaMm, CBA3aHHBEIM C TEOMEXaHUKOM (3@ UCKAIOUEHHEM HEKOTO-
PBIX PE3YABTATOB DKCIIEPUMEHTAABHBIX HCCAEAOBAHUN), YAEAEHO HEAOCTATOUHOE BHUMaHue. [1o-Bu-
AUMOMY, 3TO CBSI3@HO C OIPAHNYEHHOCTHIO OO0 beMa CTaThbU. AaHHBIE BOIIPOCHI BCETAQ HAXOAUAVCH B
IoAe 3peHus uccaepoBaTerel [byanen, 1978; Kyckos, Xurapos, 1982; Anderson, 1995; CopoxTus,
Ymrakos, 2002; AoOkoBckui# u Ap., 2004; Anderson, 2007; >Kapkos, 2012].

Du3snuecKkre apaMeTphl AePOPMUPYEMEBIX TBEPABIX CPeA TaKHe, KaK MOAYAU YIIPYTOCTH, KO3(d-
dunueHt [lyaccoHa, CKOPOCTH PacIpOCTPaHEHUsI OOBEMHBIX YIPYTUX BOAH B MeXaHUKe, OIIpeAe-
ASIOTCS IIPU COOAIOAEHUU KOHKPETHBIX ycAoBUM [AaB, 1935; CepoB, 1970]. B xraccuuecku AUHeN-
HOM TeOPHUH YIIPYTOCTH U30TPOIIHBIX OAHOPOAHBIX CPeA, B PAMKAaX KOTOPOM MHTePIIPETUPYIOTCS yKa-
3a@HHBIE TTapaMeTPHI BO BCEX TEOPETUIECKUX MOAEASIX 3eMAY, TpebyeTcss COOAIOAEHTE YCAOBUS Ma-
AOCTY PAaBHOMEPHO PacCIIPEAEAEHHBIX OAHOPOAHBIX AedopManmii € << | u MarocTu oTHOIIeHus P/|
(rae P — mapamMeTp Harpy>keHUs, B YaCTHOCTH A@BAEHUS; [l — MOAYAL CABHUTA CPEABI; € — Iapa-
MeTp Aedpopmarnuii). YCAOBHE PABHOMEPHOI'O PACIpPEAEAEHUST OAHOPOAHBIX AeOPMAIUUA AOAKHO
KOHTPOAMPOBATHCS TaKyKe B IIpoljecce Ae)OPMUPOBAHNY KOHKPETHBIX KOHCTPYKIIUH (B paccMaTpu-
BaeMOM CAy4Yae — Inapa). I[Ipu pemreHun 3apad 0 pacnpepereHUN (U3NKO-MeXaHUYeCKUX Iapa-
MeTPOB B HEAPAaX 3e€MAM, B YJACTHOCTU B TBEPAOM SIAPE, B IIEPBYIO OUYepeAb HeEOOXOAUMO AOOUTHCSA
OAHOBPEMEHHOT'O BHIIOAHEHUS] OOILIENPUHATHIX TPeOOBAHUM MEeXaHUKU M CPeA M KOHCTPYKITUM.
Ha MBICAB O HapyllleHNuH TPeOOBaHUM MeXaHUKU HaBOAAT KOHKPETHHIE AQHHBIE (CM. puc. 1, 6) paa
paBreHus P=329 I'Tla u paa Mopyas caura = 157 I'Tla Ha ypoBHe IOBEPXHOCTHU 11apa, IPUBEAEH-
Hble B IyOAuKanuax [byanen, 1978; Anderson, 1995; Anderson, 2007; Dziewonski, Anderson, 1981;
Litasov, Shatskiy, 2016]. BupHO, uTO BeAnunHa P npeBIIIaeT BeAUUnHy [ 60Aee yeM B 2 paza. Co-
raacHo pabotaM [ABciok, 1973, 2001; AeBuH, 2001], BCA€ACTBHE POTAIIMOHHOTO ABUMIKEHUS 3€MAU U
TIPUAUBHBIX BO3AEUCTBUH 1Iap TBEPAOTO SIAPA MPUHUMAET Y4aCTHUe U B ABUKEHUSIX BHYTPU KUAKO-
T'O BHEIITHETO SIAPA. 3a CUeT CONIPOTUBAEHUS 9TOMY ABMIKEHUIO BEAMYNHA AABACHUS Ha ITIOBEPXHOC-
TH IIIapa MOKeT HEPaBHOMEPHO YBEANYNBATLCS ellle OOABIIIE.

B cTraHpapTHBIX AaOOPATOPHBIX 3KCIIEPUMEHTAABHBIX UCCAEAOBAHUSAX (PU3UKO-MEXaHUIECKUX
CBOMCTB yCAOBHUS BHIITOAHEHMS TPeOOBAaHUN MEXaHUKHN OTHOCUTEABHO PABHOMEPHOU PAaCIpeAEAeH-
HOCTH OAHOPOAHEBIX Aechopmaniuii cobatoparoTcsi. CIiocoObI IPOBEACHUS IKCIEPUMEHTOB, MAaAOCTHA
reoMeTpHUUYEeCKUX Pa3MepOB MOAEABHBIX 00pa3lioB, (pakTUuecKasd HEBO3MOJKHOCTh yueTa MeXaHN3-
MOB AAUTEABHBIX (B TeUeHHe I'eOAOTUYeCKOTO BpeMeHU) Ae(DOPMUPOBAHUN U PsSIA APYTUX IPUUYNH
He IIO3BOASIOT B OKCIIePUMeHTaX IPeAyCMOTPETh BO3MOJKHBIE HAPYIIEeHUsI YCAOBUM MeXaHUKU B ec-
TECTBEHHBIX YCAOBHUSIX, @ TAK)Ke MCKAIOUUTE U3 PE3YABTATOB UHTePIIPETAllU BAUSHNS HEKOHTPOAU-
PYEMBIX OTKAOHEHUH, CBA3aHHBIX C MEXaHU3MaMU AAUTEABHOMN Ae(DOPMUPYEMOCTH KOHCTPYKIIUH I11a-
pa B YCAOBHUSX OTPOMHOM BEAWYMHBI COKATHUS.

IToctaHoBKa 3apauu. B cTaThe U3AOKEHBI PE3YABTATH FTeOMEeXaHNIEeCKOTO aHAAN3a AQHHBIX I'eo-
(PU3UIECKUX UCCAEAOBAHNM B paMKaX HEKAACCUUECKU AMHeapu3upoBaHHOro noaxoaa (HAIT) [Aba-
COB U Ap., 2000; Guliyev, 2010]. ITpu s3TOM HCIOAB30BaHBI UnCAeHHBIE AaHHBIe PREM [Dziewonski,
Anderson, 1981] c yueToM 0OCTOATEABCTBE, YTO ITapaMeTPhl BHYTPEHHETO AP, IPUBEAEHHEIE B 3TOU
paboTe, IPUHATHI 38 OCHOBY BO BCEX y>Ke IIPEANOKEHHBIX TEOPETUYECKUX MOAEASIX 3eMAU [ByareH,
1978; Engdahl, Kennett, 1991; Morelli, Dziewonski, 1993; Kennett et al., 1995; Anderson, 2007; I'Ty-
mapoBckui, [Tymaposckuii, 2011]. B pa3HbIX MOAEASIX UMEIOTCSI TOABKO He3HAUUTEAbHbIe PAa3ANYNS,
KOTOpBIE AAS IPOBEAEHHOI'0O FeoMeXaHNYeCKOTO aHaAr3a NPUHITUIINAABHOTO 3HaUeHUs He UMeIOT.

Lleabto reoMeXaHUUECKOTO aHAAM3a SIBASIETCS OIIPeAeAeHNe YCAOBUM AAS A@BAEHUS U AedpopMa-
11, o0ecneuynBaoNIX KOPPEKTHOCTh PaCueToB (PU3UKO-MeXaHNUeCKUX TapaMeTpPOB MOAEAU TBep-
AOTO sIApa 3eMAN Ha OCHOBe KOMITAeKCa reopu3ndeckux AaHHBIX. [1pu onipepereHUN (pU3UKO-MeXa-
HUYEeCKHUX I1apaMeTPOB CPEABl BEAMUUHEI AABAEHUS U AePOpPMallUil AOAKHBI YAOBAETBOPSTH OIIpe-
AEAEHHBIM YCAOBUSAM. AOCTOBEPHBIMY CUUTAIOTCSI TOABKO T€ PE3yABTaThl M3MEPEeHUH 1 PacyeToB, KO-
TOpBIE ITOAYYEHEI IIPU COOAIOACHUU YCAOBUSI PABHOMEPHOTO PACIPEAEAEHUST OAHOPOAHEIX Aedop-
Manui. AaHHOe YCAOBHE MOJKeT HapyIIaThCs IPU PA3ANYHBIX CUTYaIUAX.

AocTHiXeHne TeopeTuYeCKoro npeaeAa NPpoYHoCTH. PaccMoTpuM caydal, KOTAQ CPeAd paB-
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HOMEPHO M OAHOPOAHO AedOpMUPYeTCsT A0 Hauara pas3pylleHus. B 3ToM caydae Bce pacyueTsl IO
(PU3UKO-MeXaHUUYECKUM IMapaMeTpaM KOPPEKTHEI, eCAM BeAMYWHA AQBAEHUH He ITPeBHINIaeT Teope-
TUUYECKUM IpepeA TpouHoCcTU MaTepuasa. B HAIT nokasano [Kuliev, 1988], uTo BeAnynHa TeopeTu-
YEeCKOT0 IpeAeAd IMIPOYHOCTY CPEABl B YCAOBUSIX CXKaTHUs (HAC MHTEPecyeT MMEHHO 3TOT BapHUaHT
AeOpMUPOBAHUS) AT HACAABHOTO YIIPYTOro N30TPOITHOTO MaTeprasa OollpeAeAseTcs B Buae P= .
OTO — TeopeTUYeCKU MaKCUMaAbHOE (IPEAEABHOE) AABACHUE, AO AOCTU)KEHUS KOTOPOTO Cpeaa Ae-
dopMUpyeTcs paBHOMEPHO U OAHOPOAHO 6e3 paspylleHus. OHO OIPeAeAsieTCsl U3 YCAOBUSA IIOTePHU
SAAUNTHUYHOCTHU YPaBHEHUS ABUI)KeHUA (2) (cM. HUKe). B 3TOM cAaydae cOXpaHSAIOTCSA TaKKe YCAOBHUS
H>0; A + = p > 0 KAACCHUYECKU AMHEWHOHN TEOPUM YIPYTOCTH (3AeCh A, L — MOAYAU YIPYTOCTH
AaMe). 3HaueHUe TeOPETUUECKOTo IIpeAeAd TPOUYHOCTH 10 KAACCUUECKUM TeOPUIM IIPOYHOCTHU ellle
Huxe [PaboTHoB, 1988]. EcTecTBeHHO, UTO TeXHUUYECKUMN IPEeAeA TPOUYHOCTU 3HAUUTEABHO MeHBbIIIe,
yeM TeopeTUdYecKue IIPeAeAbl IPOYHOCTH.

HeycTOMYNMBOCTH COCTOSIHUSI paBHOBECH . PaBHOMepHOe pacipepereHre peOpMaIuii B cpe-
A€ MOJKET HapyIIaThCs TAKKe B Pe3yAbTaTe HEYCTOMUYMBOCTH (II0 Pa3AMYHBIM (popMaM) COCTOSTHHS PaB-
HOBecus 0e3 pa3pylleHus.

HAIT no3BOASET OIIPEAEAUTH Te IPEAEABl U3MeHeHud pAedpopMalini, B paMKaX KOTOPEIX PaBHO-
Becre OAHOPOAHO Ae(POPMUPOBAHHLIX COCTOSTHUM SIBASIETCSI YCTOMUYUBEIM. B cAydyae HapyleHus yc-
AOBUH YCTOMYUBOCTH IIPOUCXOANUT CMEHA COCTOSIHUSI PABHOBECHSI IEPBOHAYAABHO OAHOPOAHBIX PaB-
HOMepHBIX AedopManuii. B pesyabTaTe pepopmalyisi B Teae paclpepeAsieTcss HEpaBHOMEPHO 3a-
AOATO AO AOCTUIKEHUS IIPEAEAOB IIPOYHOCTH MaTepuana.

Bomnpockh! pacnipepeAeHMs IAOTHOCTH CPEABI B 3aBUCHMOCTU OT U3MeHeHUs AepopMaIuil uccae-
AOBaHEI B pabotax [Kyaues, Ackepos, 2007; Kyaues, 2013; Guliyev, 2010, 2011]. ITokazaHno, 4To
BCAEACTBUE HEYCTOMUUBOCTU Ae(pOPMUPOBAHUS IIPU CKATUM AQHHAs 3aBUCHUMOCTD He BAseTCs He-
IIpepBLIBHOU. B CcBA3U ¢ 3TUM M3MeHeHUe IIAOTHOCTU CpPeAbl B AeDOPMHUPYEMOM TeAe IIPHU OlpeAe-
AEHHBIX CUTYAlMsIX TPOUCXOAUT He MOHOTOHHO, & CKAYKOOOpa3Ho.

B 11easix KOHKpeTu3auuu O0CY>KA€HUN paCCMOTPUM 3aAady YCTOMYUBOCTH TBEpPAOTO 11apa. Heoob-
XOAVIMO OIIPEAEAUTH HANOOABIIINE BEeANYNHEI IOBEPXHOCTHBIX CKMMAEMBIX HarPy30K, ITPU KOTOPBIX
COCTOSTHHIE PaBHOBECHS TBEPAOTO IIIapa OCTAeTCS YCTOMYUBEIM. OTBIT TEOPETUUECKUX NCCAEAOBAHUHN
[Ty3p, 1979] noKa3kIBAET, UTO 3Ta HAaTPy3Ka ONIPEAEAIETCA U3 PEILIeHUA 3aAa4l OCECUMMETPUYHON
OPMEI TOTEPH YCTONYUBOCTH M30TPOITHOTO OAHOPOAHOTO I1apa. B paMkKax KOHTMHYaABHOTO IIPU-
OAVDKeHMS IIpUMeM, YTO HIap 3allOAHEH U30TPOITHOU OAHOPOAHOU cpepol. Ha moBepxHOCTH IIapa
33AaHa BHEIHAS C’)KUMaeMasl Harpy3Ka.

Bomnpock! yCTOMYUBOCTH COCTOSIHHSI PAaBHOBECUSI M30TPOITHOTO 1Iapa IIOA AeHMCTBUEM paBHOMED-
HBIX IIOBEPXHOCTHBIX Harpy>kKeHuU IOAPOOHO NCCAeAOBAHEL B paboTax [['y3p, 1979, 1986 a]. Ucchae-
AOBaHUS BLIMIOAHEHEI B paMKaX TpexMepHON HeKAaCCUYeCKU AMHeapusupoBaHHoU Teopuu (HAT),
HCTOKH KOTOPOM BOCXOAAT K MHKPEMEHTAABHOM TEOPUU MEXaHUKM AePOPMUPYEMOTO TBEPAOTO TeAd
[Biot, 1965]. B HacTosimiee BpeMs TpexMepHas HAT noayunaa OoAbllIOe pa3BUTHE U IPUMEHSETCS
MM IICCA€AOBAHMS PA3AWYHBIX 3aAa4 MexaHuKH [['y3p, 1979, 1986 a, 6, 1989; Kyaues, 1988; Akbarov,
2013, 2015].

B HAT paccMaTpuBarOTCS ABa COCTOSHUS Ae(POPMUPYEMOTO TeAd: IIePBOE (ABU)KEHUE, pABHOBe-
cue, mporecc Aed)OpMUPOBaHUA) — HadaAbHOE MAU HEBO3MYIIleHHOE, BTOpOe — BO3MYylIleHHOe. Bee
BEAWYMHBI, OTHOCSIIIVECS KO BTOPOMY COCTOSIHHUIO, IIPEACTABASIIOTCSI B BUAE CYMMBI COOTBETCTBYIO-
IIUX BEAWYUH IIEPBOTO U BTOPOT'O COCTOSTHUHM. BO3MYIEeHUsI CIYNTAIOTCS MAaAbLIMU BEAWYMHAMH I10
CPaBHEHUIO C COOTBETCTBYIOIIMMU BeAUUYNHAMHU IIePBOro (HEBO3MYILLEHHOT0) coCcTosiHUS . [1pu Aar-
PaH>XeBOM CIIOCOOe OIUCAaHUs AePOPMHUPOBAHUS UCIIOAB3YETCsI TAKKe eCTeCTBeHHOe (HepedopMu-
POBaAHHOE) COCTOSIHME, KOTOPOE COOTBETCTBYET OTCYTCTBUIO HAIIPSIKEHUU U AepOpPMalluil B TEAE.

ITop OAHOPOAHBIM HaUaAbHBIM COCTOSHUEM NPUHUMAIOTCI Ae(pOPMUPOBAHUSA B BUAE

ur%:()‘m_l)xm1 (1)

TAe Uy, — KOMIIOHEHTHI CMEIeHUsI BAOAL KOOPAMHATHHIX OCeH, A ,— KO3 DUIUEHTH YAANHEHUS
(YKOpOUY€eHUs) BAOAb KOOPAMHATHBIX OCel, X, — A€KApTOBble KOOPAWHATHL.
B 0AHOPOAHOM HAYaABHOM COCTOSSHUU CUCTEMBI YPABHEHUS ABUJKEHUW B PaMKax CKHMaeMOU
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CpeAbl B AQHI'PAaH’KEBBIX KOOPAMHATAX (KOTOPBIE B €CTEeCTBEHHOM COCTOSHUU COBIIAAQIOT C AeKap-
TOBBIMHU KOOPAMHATaMu) uMeroT Bup [['y3p, 1986 a, 0]

62

i — 2 +pQ?%>
imap ax; g P ma

Ug =0; i,B,a,m=12,3,4; Wjyep = CcoNst. 2

H

I'paHWYHEIE YCAOBHS Ha IOBEPXHOCTH OOAACTH S| B HAUPSIKEHUSIX TAKOBHIL:

O0Ugq
Nj @ijag —o— =Pj, ()

aXB
raAe Ua — COCTaBAsIOIE€ BEKTOPA BO3MYIIEHUA HepeMeU.[eHHﬁ; P] — BO3MYIIeHUne IMOBEPXHOCT-
HBIX CHA; P — IIAOTHOCTBL CPEABL; Ni — KOMIIOHEHTBI OPTa HOPMAAHM K IIOBEPXHOCTU TeAd B eCTe-

CTBEHHOM COCTOSIHUH; O, — CHMBOA KpoHeKKepa; map — KOBApHAHTHBIE COCTABASIOIIE TE€H-
30pa 4eTBePTOro PAHTa, XapaKTepU3ylollue AMHENHbIe, HEAUHENHBIEe (DU3UKO-MeXaHudeCKue CBOU-
CTBAa CPeABI U ee HAYAaABHOT'O HANIPSI>KEHHOTO COCTOSAHUA. [Ipy pacCcMOTpeHUN 3apad CTaTUKKU UHEP-
IIMOHHaA caaraeMas pQ 2 O mg B YPaBHEHUHU (2) onycKaeTcs, Tae Q — IIUKAWYecKas 9acToTa rapMo-
HUYeCKON BOAHHI.

B03MOXHBI pa3AnMuHbIE KAACCU(UKALIUY B IIOCTaHOBKe 3apa4 HAT. B 3aBUCHMOCTH OT XapakKTe-
pa AeMUCTBUS MOBEPXHOCTHBIX HArpy30K BBIAEASIOTCS ‘CAepsdlue” (HeKOHCepBaTHUBHEBIE) U “MepT-
Bble" (KOHCepBaTHUBHBIE) TOBEPXHOCTHBIE CUABLI. [IOBEpPXHOCTHBIE “CAepdAIIINe"” CUABI — 3TO T€ CHUABI,
KOTOpBIE YCIIEBAIOT 3a U3MEHEHUAMHN KOHPUTYPALUN IOBEPXHOCTH TeAd B Ipolecce AehOPMUPO-
BaHM4, T. €. OHU, CAEAYs IIpoleccy Ae(pOpPMUPOBAHUSA, MOTYT U3MEHATh HAallpaBA€HUE AENCTBUA U
BEAUUYMHY. B pacyeTHOU IIpAKTUKe ACMCTBUS KUAKOCTH U ra3a MOAEAUPYIOTCS B BUAE "caepdmux”
cuA. IToBepxHOCTHBIE “"MepTBEIE" CHABI B IIpollecce AePOPMUPOBAHUSA COXPAHAIOT CBOU IIEPBOHA-
YaAbHBIE HAIIPABAEHUS ACUCTBUA U BeAndunHy. B HAT BBIAEASIOT TaKyKe TPU Pa3AMUYHBEIX BapUaHTa
TEOPHUM B 3aBUCUMOCTH OT BEAWYUH Ae(popManuii B Ha4aAbHOM cocTogHuu [['y3b, 1986 a]: a) Teopusa
OOABIINX (KOHEUHBIX) HAa4aAbHBIX Aecpbopmanuii (T.0.H.A.); O) IepBBIN BapUAHT TEOPUN MAABIX HadaAb-
HBIX AePOpPMAIIUM (CABUTU U YAAUHEHUS IBASIIOTCS MAABIMM 10 CPABHEHUIO C eAMHUIIeN) (I.B.T.M.H.A.);
B) BTOPOM BapHUaHT TEOPUU MAaABIX HaUaAbHBIX AepopManuil (AOIIOAHUTEABHO K II.B.T.M.H.A. CIUTAET-
Csl, 9YTO CBSI3U Me>KAY KOMIIOHEHTaMM TeH30pa Ae(popMalvi U epBBIMU IPOU3BOAHBIMU OT CMellle-
HUM ABAJIOTCSA AMHEWHBIMH) (B.B.T.M.H.A.).

JaHHasg KraccuUKAIUs OTHOCUTCS K METOAY MCCAEAOBaHMS, T. €. IoKa3bIBaeT, yTo B HAIT nme-
eTCsl BO3MO>KHOCTB UCCAEAOBATh KOHKPETHBIE 3aAaUH OTAEABHO B paMKaxX 3THUX BapUAHTOB TEOPUH.
Takast He0OXOAUMOCTB CBSI3@Ha C TeM, YTO B PAMKax CYILIECTBYIOIINX TEOPETUYECKUX MOAEAEN 3eM-
AM pacCMaTpUBaeMble TUIIBI KOHKPETHBIX 3aAaU peIleHbl B IIpeAeAaX AMHEMHOU TEOPUU MAABIX YII-
pyrux pedopManuil U AMHEMHON TEOPUM YIPYTUX BOAH, KOTOPEIE IBASIOTCA AOCTAaTOYHO IPyOBIMU
npudamwkeHuaMu. HAIT aBasgeTca TeopeTudecku 60ree OOOCHOBAHHBIM U (DYHKIIMOHAABHO PACIIU-
peHHBIM. Ko dunmeHT OCHOBHBEIX AN EPEHIIUAABHBIX YPAaBHEHUMN ABUJKEHU AMHEWHOM KAAC-
CHUYeCKOU TEOPUU COAEPIKAT AMIIb NHHOPMAIIUY O AMHENHBIX (DU3UKO-MeXaHN4YeCKUX CBOMCTBAxX Cpe-
AbL. [ToaToMy UX pellleHHe SBHO 3aBUCAT TOABKO OT 3THX IIapaMeTpoB. ApyTrue reoMeTpuieckue 1
CHAOBBIE TapaMeTpPHI B PeIlleHUH 3aAa4 BXOAAT C ITIOMOIIIBIO TPAHUYHBIX U HAUYaAbHBIX YCAOBUH. [Tpu
TAaKOM IIOAXOAE OCTAeTCsl OTKPBITHIM BOIIPOC O NpeAeAax NPUMEHHUMOCTH IMOAYYEeHHBIX pellleHuH.
OOBIYHO TaKMe BOIIPOCH! PeIIaloTCs IIyTeM COIIOCTaBAEHUS TeOPeTUUEeCKUX U CYIeCTBYIOIINX JKC-
NIepUMEHTAABHBIX PEe3yABTATOB. DKCIIEPUMeHTaAbHBIe Pe3YABTATHI He BCerAa UMeloTcd. Aaske IIpU
UX HAaAUYMU BBeAeHHe SKCIIepPUMEeHTAAbHBIX AQHHBIX B TeOpeTUYeCKHe Pe3yAbTAThl IPUBOAUT K I10-
AY3MIUPUYECKUM OKOHUYATEABHBIM BEIBOAAM. B HATT oCHOBHEIE ypaBHEHUA ABUJKEHUA TUIA (2) B
KadecTBe KO3(P(PUIIMEHTOB, KPOMe ITapaMeTPOB AMHENHBIX (DU3UKO-MeXaHUUYeCKUX CBOUCTB, COAEP-
>KaT TaK’Ke ITapaMeTpPhbl 0 HEAUHENMHBIX (PU3UKO-MeXaHUUYeCKNX CBOMCTBAX, FTeOMETPUU 1 HATIPSIJKEH-
HOCTHU cpeAbl. CAepOBATEABHO, X pellleHUs B SBHOM BHAE 3aBUCAT TakK’kKe OT 3TUX IIapaMeTpOB.
KpoMme Toro, kauecTBeHHas TEOPU TAKUX YPABHEHUU ITIO3BOASIET CTPOTO TEOPETUYECKUM IIyTEM OII-
PEAEAUTH U IPEeAEAbl IPUMEHUMOCTH IIOAYUYEHHBIX pe3yAbTaTOB. Hanmpumep, Takue IpeAeAbl yCTa-
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HAaBAWBAIOTCS B BUAE KPUTHUYECKUX BEAWUYUH IIapaMeTpa Harpy>KeHUM, IIPU AOCTUKEHUU KOTOPBIX
CHCTeMa YPaBHEHUH (2) TepsgeT CBOIO SAAMITUYHOCTD U IIEPEXOAUT B TUIIEPOOANYECKUY BUA,. VIMeH-
HO Ha TAKUX CepPbe3HBIX HAayYHBIX OCHOBAHUSAX IIPUMEHIEMBIN IIOAXOA Ha3bIBAETCS HEKAACCHUYeC-
KHUM (T. €. HEKAQCCUYHOCTE CB3aHa He TOABKO CO CIIOCOOOM AMHeapu3aluu). B caydae, KOraa Impea-
BapUTEABHO UMEIOTCSI MHAOPMAIUU O BEAUUYNHAX Ae(popMaliuy, TOraAa B COOTBETCTBUM UM AEAAETCS
BBIOOD Me’XKAY BapHMaHTaMU TEOPUM HA4aAbHBIX Aepopmanuii. Ecau BeAmynHEl ynpyrux pAeopMma-
UMY MaAble, T. e. € < 0,02, u reoMeTpuUs, UCCAEAYEMEBIX TeA He T'HOKas (TePMUH MeXaHUYeCKUH),
TOTAQ YAOOHO IPUMEHATh OOAee IIPOCTOM BTOPOU BapHaHT TEOPUU MAABbIX HAUYaAbHBIX AeOpMaIiuii.
Ecau pecbopmanyiy MaAable, HO TeAO THOKOe (HaIlpuMep, CTep>KHeBaTOe, TOHKOCTEHHbBIE TAACTUHEIL U
IIAWUTEIL, OOOAOUKH U T. A.), Ay4llle IPUMEHATH IIePBBIN BAPUAHT TeOPUU MaAbIX Ha4aAbHBIX AedpopMa-
uuii. Ho ecan pepopmaniu 60AbIINE, TO HEOOXOAUMO IIPUMEHSTh TEOPUIO OOABIINX Ha4aAbHBIX Ae-
dopMmanuii. [TocrepHUN BapUaHT IPUMEHUM U BO BCEX BHINIENIEPEUYUCAEHHBIX CAydasax. [Ipu aToM
PEe3YyABTATH PA3ANYHBIX BADUAHTOB TEOPUH B CAydae MAABIX AedhOpMalui MeXAy cOO0OU OyAyT COB-
apAaTh. B HacToAmEeN cTaThe AAS UCKAIOUEHUS HEAOPA3yYMEHUM U B CBSI3U C HEONPEAEAECHHOCTBIO
nH(OpMaui 0 TBEPAOM dApPe 3eMAU PACUYETHl BHIIOAHEHE! KaK B PAMKAaxX MAABIX, TaK U OOABIINX
HadaAbHBIX pAedopManuii. ECTeCTBEHHO, 4YTO IPU HEONPEAEAEHHOCTH IIPEAIIOUTEHNE AOATKHO OBITH
OTAQHO pPe3yAbTaTaM, IOAYUYEHHBIM B PAMKaxX TEOPUU OOABIINX HavYaAbHBIX AepbopManuii, HeB3upas
Ha OCAOKHEHMS BEIYUCAUTEABHOTI'O XapaKTepa.

Tax>ke pa3AndaloT ABa CAydasi IPEeACTaBA€HUS IAOCKOM rapMOHUYECKOM BOAHEL. B mepBoM Bapu-
aHTe U3MeHeHUe PACCTOSHUSA MeKAYy MaTepUaAbHBIMU YaCTUIIAMU 3a CUeT HauaAbHOM pAedopMaliuu
He YYUTBIBAETCS, & CKOPOCTh PACHPOCTPAHEHN BOAHBI Ha3BaHa 'eCTeCTBEHHOU" MAU "HaTypaAb-
Hou" [Thurston, Brugger, 1964; I'y3p, 1986 6]. Bo BTopoM u3MeHeHHe PACCTOSHUS MEKAY MaTepUaAb-
HBIMHU YaCTUIIAMU 3@ CUeT Ha4aAbHOM Ae(pOpMalli YUUTHIBAETCS, @ CKOPOCTh PACIIPOCTPAHEHUs BOA-
HBI Ha3bIBaeTCA "UCTUHHON". Pa3dAndyaroTcsa Tak>Ke IIOCTAHOBKU 3aAaUU YCTOMUUBOCTHU AAS CKUMae-
MBIX M HECJKUMaEeMBIX MOAeAel AeDOPMUPYEMBIX TeA. B HacTodIIel cTaTbe paCCMOTPEHEBI 3aAa4H
TOABKO AAST COKUMAEMEBIX CPEA B CAyYae "HCTHHHBIX" cKopocTell. O0001eHne Pe3yABTATOB AAS APY-
TUX CAy4aeB HOCUT TEXHUYECKUU XapaKTep.

B caryuae paBHOMEPHOM OAHOPOAHOU BCECTOPOHHEN Ae(POPMAIIUN OAHOCBA3HBIX U30TPOIIHBIX CPEA,
A1 =A, =A3 AAT BCeX HA3BaHHBIX BAPUAHTOB TEOPUHU HAYaABHBIX AeOpMalUM Wi, B €AUHON
dopwme [I'y3p, 1986 a] uMmeeT BUA

Wijap =M 08 8ap +Ho (8iadjp +3ipdja )+ So (8 8ap ~Biadjp ), (4)

TAe AAS T.0.H.A., I.B.T.M.H.A. U B.B.T.M.H.A. BBEA€HBLI COOTBETCTBEHHO 0003HaUeHUs

Ao =Aay - Sy,  pg=A%bg + Sp; &)
)\O :)\iao_SO, uoz)\?_bo"'soy S0:0—0; (6)
Ao =29 ~Sp, Ho=bg+Sp, Sp=0p. (7)

Beanumnsl ag, by, Sy u 0g B ycroBuax Ay = Ay = A3 ONPEAEASTIOTCS U3 BBIDAKEHHH 8 =
=Agj = 2Mji by =Hjji So = 58[3 ; Og = 088 . Beamunnbl Agj U Hjj SBASIIOTCS DA€MEHTaMH Mart-
PHIEI YIPYTHX IIOCTOSTHHBIX CPEABL. B caydae BcecTopoHHero ckaTtus Aqp = Aoy = Agz; Aj =0
mpu i #j. B aTux popMyarax mo mHAEKCAM CYMMHPOBaHUE He BEALTCS; ogﬁ u 583 — HOPMaAbHBIE
KOMIIOHEHTHI TEH30pa HallPSyKeHUM, COOTHEeCEHHbIe eAUHUIIEe IIAOIIAAU HepAe(DOPMUPOBAHHOI'O 1 Ha-
Y9aABHOTO Ae(POPMHUPOBAHHOTO COCTOSIHUM. SIBHBIE aAreOpanyecKre BEIPAKEHUI AT Agj, Wjj U SSB
MIOAY4YalOTCsl IPU PaCCMOTPEHNN KOHKPETHBIX YIPYTUX noTeHnaAoB [['y3n, 1986 a]. BBuay ux rpo-
MO3AKOCTU OHU 3A€Ch He IPUBOAATCH.

C yueToM (4) ypaBHeHUe (2) 1 ycroBUA (3) IproOPeTalOT BUA,

(Ag +2pg)grad divu— g rotrotu+pQ2u=0, 8)
[N(Ag+ Sp)divu+(2pg — Sg) NMu+(pg + Sg) Nxrotu]=P. 9
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ITpu 3apaHNU Ha TOBEPXHOCTHU "CAepdleli” Harpy3KU IIpaBast YacTb YCAOBUA (9) IPUHUMAET BHUA,
P=Sp (Ndivu—-N Mu-N xrotu), (10)

rae P — BekTOp IpaBBIX 4acTel I'PAHUYHBEIX YCAOBUN B HANIPSKEHUSIX Ha ITIOBEPXHOCTU TeAd, U —
BEKTOD BO3MYyllleHUs NepeMelieHuss, N — opT HOpPMaAu Ha IAOUIAAKE IIOBEPXHOCTH TeAd.

YpaBHeHUE (8) MOAHOCTBIO COBIIAAAET C YPaBHeHHEM /AaMe KAaCCUYECKONU AMHEUMHON TEOPUH YII-
PYTOCTH, €CAM IIapaMeTpHl A U [l 3aMeHUTE ITapaMeTpaMu Ay U |y coraacHo (5)—(7). I3 cTpykTy-
pe! (9) 1 (10) crepyeT, 4TO B OOLIEM CAy4Yae B 'PAHUYHBIX YCAOBHUSAX TaKas aHAAOTMS B AMHEWHOM
TeOpHUHU OTCYTCTBYeT. OHa MMeeT MECTO AUIIb AAS CAyYas "CAepdAInX" Harpys3o0K.

TakuM oOpa3oM, MaTeMaTHUYeCKas 3aAa4a YCTOMYUBOCTH U30TPOITHOTO LIapa IPU PABHOMEPHOM
BCECTOPOHHEM CKaTUU (DOPMYAUPYETCS B BUAE YPaBHEHU4 (8) U rpaHUYHOTrO ycAaoBud (9). B cayuae
3aAAHUSA BHEIIHEro Harpy’KeHus Ha IOBEPXHOCTH Il1apa B opMe “MepTBBIX" HArpy30K B IIPABOU
YaCTH I'PAaHUYHBIX YCAOBHUM (9) HeoO6xopuMO NpUHATH P =0.

B Takoi mocTaHOBKE 33pada YCTOMYUBOCTU COCTOSSHUS PAaBHOBECHS TeAd IPOU3BOABHOU TeOMeT-
pHYecKoM (pOpMBI U3 CKMMAEMBIX Cpej IIPY BCECTOPOHHEM CKATHUM MOAPOOHO UCCAeAOBaHA B pa-
ootax [['y3p, 1979, 1986a]. [lokazaHo, 4TO B CAydUae 3apAaHUs Ha BCeU IIOBEPXHOCTHU TeAd "cAepAmux”
Harpy30K COCTOSIHUEe PaBHOBECHS, OIIpeAeAeHHOe BhIpakeHueM (1), IBAsIeTCS yCTOMYMBBIM IIPU BHI-

IIOAHEHUsI YCAOBUU 2
7\0+§H0>Oa Mo > 0. (11)

YcaoBust (1 1) AONKHBI BBIIIOAHSATBHCSA BCETAA U IIO3TOMY OHU CUHUTAIOTCSI KaK OBI OTrpaHUYEeHUEM
Ha CTPYKTYPY YPaBHEHUA COCTOSIHUSA. B kauectBe KOHKPETHBIX MoAeAelr CpeAbl paCCMOTPEHEI: a) yi-
pyroe n3oTpoIlHOe€ TeAO C IIOTEHIIMAAOM I'dpMOHNYECKOI'0 TUIla B paMKaX T.6.H.A. 1 IIOAYYEHO yCAO-
BUe YCTOI:I‘«IHBOCTH B BHAE

2 4 gt
0<Aq<1; Eb\+§u§§%+§ug <A <1; (12)

6) yapyroe TeAn0 ¢ KBAAPATUYHBIM IIOTEHIIMAAOM B PaMKaX B.B.T.M.H.A. 1 YCAOBUA YCTOI:IFIHBO-
CTH IIOAYYEHEI B BUAEC

(2—A1)Ev\+§u§>o; u+3(>\1—1)§v\+§u§>0; (13)

B) YIPYTOIAQCTUYECKOEe TeAO (AedopMallMOHHAs TeOopHsl) B paMKax B.B.T.M.H.A. U YCAOBUSA
YCTOIZHHBOCTH B BUAE p< Ll; (14)
T) YIPYTONIAQCTHYECKOe TeAO (Teopus nAaacTuuHocTU [TpaHATAs—Pelica) B paMKax B.B.M.T.H.A,.

P< Ay (15)

AAd BceX pacCMOTPEHHBIX MOAEAEeH CpeABI IOKa3aHo, YTO B CAyYae 3aAaHMA Ha IOBEPXHOCTH U30-
TPOITHOTO IIapa “CAepdIuX' Harpy30K IIPU BHITOAHEHUHU yCAOBUM (11)—(15) cocTogHmMe ero paBHO-
BeCHUsl ABASETCS YCTOUYMBBEIM. B 3THX Npeperax paclnpepereHHe OAHOPOAHBIX AedpopMaluil OypeT
PaBHOMEDHBIM.

PaccmartpuBas Tenao B hopMe I1apa (MaTepuan CpeAbl — KBAAPATUYHBIY YIIPYTUM IOTEHITUAA, Ae-
dopMaIoHHasa TeOPU MAABbIX YIIPYTOIAACTUUECKUX AepopManiii 1 Teopus IAaCTHYHOCTHU [TpasHA-
TAsT—Pelica, HaCAeACTBEHHO-YIIPYTOe AUHENHOe TeAO HeCTaperolllero TUIIQ, BA3KOYIIPYTolAaCTUYeC-
KOe TeAO), IOKAa3aHo, UTO B CAydae "MepTBBIX' IIOBEPXHOCTHBIX HAaIPY30K CYIeCTBYeT KpUTHUeCKas
Pyp (110 BeAndnHe MeHbIIle, YeM BeAUYHMHA [ ), IPU AOCTHOKEHUU KOTOPOM COCTOSTHME PABHOBECHS
1mapa, oIpeAeAeHHOE BeIpakeHueM (1), aBasgeTcs HeyCTOMYMBEIM. B pe3yabTaTe pacnpepereHUe B
TeAe OAHOPOAHEIX AedpOpMalui CTAHOBUTCS HEPABHOMEPHEBEIM. AHAAOTUYHBIE PE3YABTATHL IIOAYYe-
HBI TAK>Xe B pAMKaxX TEOPUU OOABIINX HAYaABHBIX Ae(POPMAIUi C IPUMEHEHNEM PAa3AUYHBIX YIIPY-
I'MX IIOTEHIIUAAOB. B 3TOM caydae B 00IeM BUAE HEBO3MOJKHO ITOAOOPATE HEPABEHCTBO A A, Mg
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U Sy Tak, YTOOBI OHO 0OeCIIeYnBaAO BHIIIOAHeHUe ycAoBUs (11) He3aBucumo oT popMel Teaa. [1o-
3TOMY B pPaCCMaTpUBAaEeMOM 3aAade, IIPEACTaBAsAA OOIIMe OAHOPOAHBIE PellleHNs YpaBHEeHU (8) aHa-
AOTHMYHO KAACCUYECKOU TEOPUU YIPYTOCTH U TPeOys BEIIOAHEHUE IPAHUYHBIX YCAOBUM (9) (B mpa-
BOM YacTu HeoOxopnMO NpuHATE P =0), AAd oIpeaenreHNsT MUHUMAABHBIX 3HAUeHUN KPUTHIECKON
Harpy3KH MOAYYEHO CAEAYIOIlee XapaKTepUCcTuYecKoe ypaBHeHHUe [I'y3p, 1979, 1986 a]:

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

Hcnoaws3ya dopmyasl (5)—(7), U3 ypaBHeHU4 (16) BEIUMCAIIOTCS KPUTHYECKHUE CUABI UAU AePOP-
Mallu¥, IPUBOAAIINE K IIOTePe YCTOMYUBOCTHU COCTOSTHUA paBHOBecud (1) mapa.
B npepenrax B.B.T.M.H.A. AT YIIPYTOTO U30TPOIHOTO TeAa [['y3p, 1986 a]

Aig =M +28igl; Wy = ogﬁ:%A(Aimzzmg—s)w()\%—l); A2j—1=2()\j—1).

Torpa BeAMYMHEBI U3 YpaBHEHU (7) COTAACHO 3TUM BBIPA’KEHUSAM NPUOOPETAIOT BUA
Ao =A—Sg: Hg=H+Sy;, Sg=-P.
[MoacTaBAsIst 3TU BEIpakeHUs B GOPMyAY (16), ToAydaeM Caepyiolllee YPaBHEHUE:
2P2 -P(3A+5u)+2u(A +u)=0.
MuHUMaABHBIM KOPEHBb 3TOIO KBAAPATHOTO YPaBHEHUS UMeeT BUA
/2

P _3)\+5u—(3()\+u)2—4)\u)1 _ V] EB
P 4 4(1-2v) O

1/2
-4y - (16v2 - 8v + 9) @. (17)

3Aech U paree (POPMYABI HalIMCAHBI OTHOCUTEABHO Koa(ddunuenTa IlyaccoHa V, Tak Kak 3TOT Ia-
paMeTp B reo@U3NYECKUX UCCACAOBAHUAX HallleA OOAee IIMPOKOe MCIOAB30BaHUE, HEJKeAHU Iapa-
MeTphI AaMme.

B caydae T.6.H.A., UCIIOAB3Ys M3BECTHBIE BHIpDAKeHUA Ajg, Hj 4 51(3)[3 u3 [I'y3p, 1986 a] ars rap-
MOHHMYECKOI'O yIIPYyTroro MOTeHIUaAd, C HOMOIIBIO (5) M3 ypaBHeHHUA (10), aHAAOTUYHO IIPEABIAYIIE-
MY CAy4alo, KpUTUUECKYIO BEAUYNHY YKOPOYEHUN OIIPEAEAUM B BUAE

() L 5rv(sr )+ ([s-v(s+ ) -a(1-2v)[a-v (s )] )
o 8-2v (1+2v) ’

w C (3-2v)(a+v)
O e (e "

MoO>XHO TOAYYHUTH TaK>Ke pacueTHBIe (POPMYABL AAST CAYUasi KBAAPATUUHBIX, MypHaraHCKUX U APY-
I'MX TUIOB yIpyTux noTeHuaros. ®opmyas! (17) u (18) cCBUAETEABCTBYIOT O TOM, UTO IIOTEPU YCTON-
YUBOCTU COCTOSTHUSI PABHOBECHS PEAAU3YIOTCA KaK IPU MAAbIX, TaK U IIPU OOABIINX AeOopMalusax
U HOCAT OOIIUM XapaKTep.

BHyTpeHHsIsI HEYCTONMYMBOCTh. KpuTniyeckre BeAUUYNHBI HATTPSIJKEHUN U AedpopMaliui, IpuBo-
AdlllNe K HapylleHUIo yCAoBus (11), BEI3BIBAIOT B TeAe ABA€HUE, KOTOPOE B TEOPUU HA3bIBAeTCA “BHYT-
peHHel" HeyCcTOMYUBOCTEIO [Biot, 1965; I'y3p, 1986 a, 6]. B cryyae n3Ha4aAbHO U30TPONHEIX CPEA Ha-
YaAbHBIE HAIPS)KEHMsS UTPAIOT POAB KakK OBl BHYTPEHHEN CTPYKTYPBI, IOAOOHOM BHYTPEHHEN CTPYK-
Type KOMIIO3UTHBIX CPeA B @aHU30TPOITHOM IPUOAMIKEHUY B IIpepenrax PeHOMEeHOAOTUYECKOIO (KOH-
TUHYAABHOTO) IIOAXOAQ.
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ITpy KOHTHHYaABHOM ONMCAHUU MAaTEePUAAOB "BHYTPEHHSAA" HEYCTOMYUBOCTB UCCAEAYETCSI ANSA
OeCKOHEYHOr0 TeAd, KOTAAQ Ha "OeCKOHEUHOCTH' 3aAaHa ONpeAeAeHHasa Harpyska. HeycTronunBocTe
IIpY 3TOM He CBsSI3aHa C BAUSTHUEM I'PAaHUYHLBIX YCAOBUY M FeOMETPUYECKUX Pa3MePOB TeAd UAU JAE-
MEeHTOB KOHCTPYKIMHU. KpuTHyecKre BeANYUHEB] HAIIPS>KEHUN U Ae(popMaIuii OIPeAeAsIIOTCS OTHO-
CUTEABHO CUCTeM AU depeHIarbHBIX YPpaBHeHUH (2), (8) B OecKOHeyHOU 0OAacTU. B ycroBuax
BO3HUKHOBEHUA SIBA€HUA "BHYTPEHHEN'" HEYCTOMYMBOCTU CUCTEMA YPaBHEHUA (2) TepsaeT CBOUCTBO
SAAMITUYHOCTHU. [IpH 3TOM HapyllIaloTCs YCAOBUS €AUHCTBEHHOCTH pellleHUsd (11) AMHeapHU3upoBaH-
HBIX 33Aa4. [TpepeabHOe 3HaueHue KO3 PUIeHTa YAAMHEHUSI (YKOPOUeHsT) A [ IIPU 3aAQHUN CTPYK-
TypPBl YIPYTHUX IOTEHIIUAAOB OIIpeAeAsieTcs U3 ypaBHeHuUs (11). B cayuyae MopeAanpoBaHUs IIpoliec-
ca AepOpMUPOBAHUS C IOMONIBIO0 FTAPMOHUYECKOTO YIIPYTOro MOTeHIINaAd B paMKax T.0.H.A. COTAAC-
Ho (9) u (11) moAryuaem

* 1+V * 3 2V_1
M=o E0= (19
v 4 (2-v)

B cayyae KBappaTHUYHOTO yIPyroro noreHnuaaa (11) u (12) B paMkax T.0.H.A. IIOAyYaeM

1/2
* 1+V * 12\)_1
A :Ei . gg= - — = 20
! 2—vE 072 2-v (20)

B CAy4dae AWHEWHOTO YIIPYTOT'O M30TPOITHOTO MaTepuaAd B paMKax B.B.T.M.H.A. IIOAy4YaeM

P = « _12v-1 91
xp = H: F0T o 1oy 1)

B dopmynax (19)—(21) €y — nmapaMeTp BceCTOPOHHEN pedpopManium. V3 npuBepeHHBIX (POPMYyA
(11)—(15) u (19)—(21) AAST PA3AWYHBIX YIPYTUX NOTEHIIMAAOB, IOAYYEHHEBIX B paMKax B.B.T.M.H.A. U
T.0.H.A., CAeAyeT, 4To B Ipeperax HAT nipu BcecTOpoHHEM paBHOMePHOM AedOPMHUPOBAHUU (CiKa-
THH) U30TPOIIHOTIO IlIapa Ha YPOBHEe HANPS KEHUM, CPAaBHUMBIX II0 BEAUUNHE C MOAYASIMM CABUTQ,
IIPOUCXOAUT "BHYTPEHHAA" HEYCTOUUYNBOCTD.

dusnyeckoe UCTOAKOBaHME "BHyTPEeHHEHN' HEYCTOMYMBOCTHU B PACCMATPUBAEMOM CAy4Yae COCTO-
UT B cAaepymolieM. B pepopMUpPyeMBIX TBEPABIX CpPeAaX BBIIOAHEHUE yCAOBUA U >0, A + % p>0
OKa3bIBaEeTCI HEAOCTATOUHLIM AASL OOecIieueHus (PU3NUYECKOU COCTOITEABHOCTU AQABHEUIIIero npo-
necca Ae(pOpMUPOBAHUSA YIPYTOM cpeabl. Hapsay ¢ 3TUM AOAKHBI BBIIIOAHATBECS OTPAHUYUTEABHBIE
YCAOBHUS U HA BEAMUYWHBI HAIPSKEeHUU U Aepopmanui tumna (19)—(21). [1pu HapyeHun AaHHBIX
YCAOBHUM PAaCCMOTPEHHBIE CPEABL TEPSIIOT CIIOCOOHOCTB Ae(POPMHUPOBATHECA KaK YIIPYTHe TBEPABIE Te-
Ad. 3AeCh peub He HAET O TOM, KaKie MeXaHU3Mbl PeaAu3yIoT AQHHBIN IIpoliecc. Ba>kHO, YTO IIpu AOC-
TUJKeHUU TaKUX IIPEAEAOB y’Ke HeAb3sl BeCTU Pa3rOBOP O KAKUX-TO 3aKOHAX paclpeAeAeHUs Mapa-
MeTPOB YIPYTOCTH TBEPABIX AePOPMUPYEMBIX CpeA. EcAn BeAmduHEI AeOpMaIuy U AQBA€HUS OBI-
AU OBl HUJKe, TO O "BHYTPEHHeN" HeyCTOMNUYMBOCTHU He MOJKET OBITh U peur. DTO IBA€HUE He SIBAS-
eTcs Heu30e>XHBIM. B ApyroM cAaydae pacupepereHUe A@BAECHUN BO BHYTPEHHUX CTPYKTypax 3eM-
AU, HapylleHus PyHAAMEeHTaABHBIX TPeOOBaHUM MeXaHUKU MOTAU OBl ¥ He IIPOUCXOAUTH. Ecan ObI
YAAAOCHh OOOCHOBAHHO CKOPPEKTHUPOBATh PACIPEAEACHUE AABAEHUS, TO 3TO MOTAO OBI OBITE BEIXOAOM
U3 CAOKUBIIIENCS CUTyaluu. MHaue TOAYYeHHBIe Pe3YALTAThl CTaBAT II0A COMHEHME BO3MOKHOCTE
CYIIIeCTBOBAHUS BHYTPEHHETO IAPA 3€MAU B BUAE Ae(DOPMUPYEMOTO TBEPAOTO Tead. ['eopusnyeckoe
SIBA€HHE THUTIa MAarHUTHOTO TIOASI 3EMAU SIBASIETCSI CEPBE3HBIM ITOATBEPIKAECHHUEM O TBEPAOM Aedop-
MHPYeMOM siApe. B cBsI3m ¢ 9TUM B CBeTe U3AOKEHHBIX PE3YABTATOB BO3HUKAIOT Pa3AMYHEBIE BOIIPO-
CBI: AOCTOBEPHA AU MH(pOPMAIUSA O CKOPOCTSIX PACIPOCTPAHEHUSI YIPYIUX BOAH B TAYOOKUX TOPU-
30HTaxX 3eMAU? AOCTOBEPHEI AU Hay4YHBIE IIPEACTABAEHUS O CYIIEeCTBYIOIIUX CTPYKTYPHBIX eAUHU-
1Iax 3eMAN? AOCTOBEPDHO AU paclpepAeAeHUe AABAE€HUSA 110 TAyOuHe 3eMAUu? U T. A.

CoBpeMeHHbIe AOCTUJKEHHUS HayKU MeXaHUKM O PACIPOCTPaHeHUHU YIIPYTUX BOAH B Ae(hOpMUPY-
eMBbIX cpepax [['y3p, 1986 6] co cBOel CTOPOHEI TaKKe NPEABSIBASIOT HEKOTOPhIe TpeOOBaHUs, KOTO-
pBle AOASKHBI BHITTOAHSATHCS.

PacnpocrpaHeHue ynnpyrux BoAH B Ae(pOpPMUPOBaHHBIX cpejpax. Broinoanenue ycaosus (11)
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o0ecrneynBaeT TakKe AeMCTBUTEABHOCTh (HEOTPHUIlaTEAbLHBIE 3HAUEHUsI) CKOPOCTEM pacopocTpaHe-
HUS MaABIX BO3MYIIeHUN (ycaoBudg Tuna Apamapa [Tpycaean, 1975; T'y3p, 1986 6]) B BUpAe BOAH Ma-
AOY aMIIAMITYABI B CPEAAX C HAa9aAbHBIME AepopmanusiMu. CAepOBaTEABHO, PABEHCTBO HYAIO UAU He-
AEUCTBUTEABHOCTb CKOPOCTH PACIIPOCTPAHEHUA aKyCTUYEeCKUX BOAH COOTBETCTBYIOT "BHYTpeHHeN"
HEYCTOWYNBOCTY HANIPSIPKEHHBIX CPEA,

B caydae BceCTOPOHHETr0 pPaBHOMEPHOTO IIPEABAPUTEABHOIO C)KATHUsI U30TPOITHOU CPEAB! "UCTHH-
Hble" CKOPOCTHU PAacIpOCTPaHeHUs B Hel YIIPYTUX BOAH ONIPEAEASIOTCS BhIpakeHUAMU [['y3n, 1986 0]

pCZ=A+2u-2PKZ; pCi=p-2PKE, (22)

rae C;, Cg — "uctuHHBIE" CKOPOCTU KBA3UIIPOAOABHBIX U KBA3UIIONIEPEYHBIX YIPYTUX BOAH; K E '
KSR — K03(PUITUEHTE HEAMHEMHOT'O AeMCTBUS U30TPOITHOU cpepbl [ CapoBckult, Hukoaaes, 1982;
Kyawues, 2009]. CTpyKTYpHI BEIDQ)KEHUN AN KS n K SR KOHKPETU3UPYIOTCA C 3apaHueM (DOPMBEI yII-
PYTHX IIOTEHITUAAOB.

B cayyae npuMeHeHUs yIIPyroro NoTeHnuanra Tuna MypHaraHa u “"MCTUHHBIX" CKOPOCTEU B paM-
Kax B.B.T.M.H.A. ToAyueHEI [Kyaues, 2009] caepyroniyie BEIpa>KeHU

KR=_1 [sn+6u+2(c+5b+3a)], KE=_"—[ar+4u+c+3p], (23)
6K 6Ko
B paMKaX II.B.T.M. " T6HA —
KPR:G; [7A +10u + 2(c + 5b + 3a)], KSR=6; [3( +2u) + ¢ + 3b], (24)
0 0

rae &, b, ¢ — Moayau ympyrocTn TpeThero mopsiaka, Kg = A + % K. Ecam B (23) u (24) npuHATE 8=

=b=c=0, ToO TIOAYYUM PE3yABTATHl, COOTBETCTBYIONINE KBAAPATUIHOMY YIIPYTOMY IOTEHIMaAy. B
paMKax B.B.T.M.A. —

1 3-v R 1 2-v
KR = 5A+6u)=— — , KR= BA+4p)=—°" "~ | (25)
P 6Ky ( ) 2(1+v) 5 6Ky ( ) 2(1+v)
B paMKax II.B.T.M. U T.0.H.A. —
1 5-3v 1 3(1-v)
KR = 7A+10u)= ———  KR= AN+2p)= (26)
P 6K ( ) 2(1+v) S 2K, ( ) 2(1+v)

®opMyAHI (23)—(26) II03BOASIOT BEIYMCAUTD BAUSHYE HEAMHEHHON AepopMaliuy Ha CKOPOCTH pac-
NIPOCTPAHEHUs YIIPYTUX BOAH.

Hcnioab3ysa hopMyAsL (22), BLIBOAUM YCAOBUS, IIPU BBEIITOAHEHUN KOTOPHIX B IIPEABAPUTEABHO PaB-
HOMEPHO U BCeCTOPOHHE Ae(pOPMUPOBAHHOMN U30TPOIIHOM CpeAe CKOPOCTH PacIIPOCTPaHEHUs YIIPY-
T'MX BOAH SIBASIFOTCSI AeICTBUTEABHBIMU. COOTBETCTBEHHO B CAyYasaX B.B.T.M.H.A. U T.0.H.A. IIDU KBaA-
PaTUYHOM YIIPYTOM IIOTeHIMAaAe B YCAOBUAX BBIIIOAHEHUS

P 2(1“’2) P 2(1“’2) 27)

b (1-2v)(3-v) M (1-2v)(5-3v)

B HAIIPSI)KEHHOU U30TPOITHOM CpeA€e He MOJKET PAaCIPOCTPAHATECS IPOAOABHASA YIIPyTrasd BOAHA C Ael-
CTBHUTEABHON CKOPOCTBIO. AaHHOE YCAOBUE AAS MONEPEYHLIX YIPYIUX BOAH EMeeT BUA

P l+v P 1+v (28)

wo2-v'op 3(1-v)
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AN IOAYyUYeHUS YUCAeHHOM OIIeHKM B CAydYae MCIIOAB30BaHUSA IIOTEHIIMaAd TUNla MypHaraHa U3
dopmya (29) u (24) caepyeT, UTO HApSIAY C AQHHBIMU Ko durimeHToB AaMe A 1 L He06X0AUMO 06-
AAAATh TAK)Ke YNCACHHOMN MH@OpMaIel 0 MOAYASIX YIPYTOCTH TPEThEero MOopsipka a, b, C.

UncaeHHbIE pe3yAbTaThI B 00CyKAeHNs. COrAacHO pe3yAbTaTaM, IOAYIEHHBIM B IIPEABIAYIIIUX
paspenrax (popmyasl (11)—(21) ArS TeOpeTHUUECKOTO NpepeAd NPOYHOCTH U HEYCTOWUYMBOCTHU CO-
CTOSHUS PaBHOBeCcHUs U (OPMYAHL (22)—(28) prg pacnpocTpaHeHUusd YIPYTUX BOAH B AebopMupoO-
BAQHHBIX CPEAAX), BBIIIOAHEHEI COOTBETCTBYIOIHE pacyeThl. B TaOA. 1 IpUBEAEHEI YNCAEHHEIE 3HAUe-
HUS KPUTUUECKUX CUA U YAAMHEHUHN, COOTBETCTBYIOIIUX IOTEPE YCTOMUYNUBOCTU COCTOSTHUS PABHO-
Becusd (1) mo reoMeTpudecKUM (popMOU3MEHEHUSIM IIPU 3aAQHNU Ha ITIOBEPXHOCTH I1apa ''MepTBhIX"
CHA U 11O "BHYTPEeHHEeHN" HEeyCTOMYMBOCTU IIPU 3aAaHUU Ha IIOBEPXHOCTHU "CcAepdIux’’ Harpysok. Pe-
3yABTATHI AT P/ U paccumTans: o hopmyae (17), aasa (A )g — mo (18), a ars )\? — 1o (19). Osn
TIOKAa3bIBAIOT, UTO B paMKaX KaK TEOPUU MAABIX, TaK U OOABIINX HAYaAbHBIX AepopMaluii coCTOs-
HIe PaBHOBECHS IlIapa B paCCMaTPUBAEMOM BUAE HArpy KeHUS SIBASIETCSI HEYCTOMUUBBLIM. 3A€Ch Ke
(Taba. 1, cTpoku 2 u 4) NpuBeAEHBl KDUTHUYECKUE 3HaUeHUs CUA U KO3(pdUeHTa yAUHEHU (VKO-
pOYeHUs), IIPU AOCTUKEHUM KOTOPHIX B LlIape Pearu3yeTcs “BHYTPEeHHAA" HeyCTOMYUBOCTb COOTBET-
CTBEHHO IIPU MAABIX U OOABIINX Ha4aAbHBIX Aepopmanusax. [Ipu cpaBHeHUU pe3yAbBTAaTOB BTOPOU U
4eTBEPTOMN CTPOK C pe3yAbTaTaMU TPEeThel U IITON CTPOK TabA. 1 caepyeT, YTO HEYCTOUUYMBOCTE CO-
CTOSTHUSI PABHOBECHS YIIPYTOI'O OAHOPOAHOTO U30TPOIIHOTO IIapa 10 FeOMeTpUYEeCKOMYy (PpopMOou3Me-
HEHHUIO B CAy4ae AeMCTBHUS Ha ee MOBEPXHOCTU "MepPTBHIX' HArpy30K IIPeAllleCTBYeT “BHyTpeHHeN"
HEYCTOMYMBOCTHU. B cAydae pAeMCTBUS Ha MOBEPXHOCTH “CAEAAINNX' HArpy30K COCTOSTHUE PABHOBE-
CHA 1Iapa M0 reOMEeTPpUYeCKUM (DOPMOU3MEHEHUAM yCTOMINBO. [ToaToMy "BHYyTpEeHHASA" HEyCTOUYN-
BOCTB B 3TOM CAy4Yae IIPOUCXOAUT Oe3 IIpeABapUTEABHOTO hopMon3MeHeHUs1. Heo6X0AMMO TOAUEPK-
HYTb, YTO U3 OPMYA KPUTUYECKUX CUA U YAAMHEHUS BUAHO, UTO OHU OT FeOMEeTPUYECKUX ITapaMeT-
POB 11apa U (popM IOTePU YCTOMYMBOCTHU He 3aBUCAT. DTOMY OOCTOSAATEABCTBY B padore [['y3b, 1986 a]
AaHO UcUYepIbIBalolllee 0ObsiCHeHUe. B paccMaTpuBaeMBIX 3ajadaxX I'paHUYHAs IIOBEPXHOCTD SIBAS-
eTCsl OAHOU M3 KOOPAMHATHBIX ITIOBEPXHOCTEN cheprUeCcKol CUCTeMBI KOOPAUHAT. B cuAy xapakTe-
pa ypaBHeHU Aame (8) (B KOTOpBIE BXOAAT IPOU3BOAHBIE OAHOTO MOPsAKA) U YKA3aHHOI'O OOCTOS-
TEABCTBA COOCTBEHHBIE YMCAQ He AOAJKHEBI 3aBUCETh OT TeOMeTPUUYEeCKHUX IIapaMeTpoB 3aAauu. B cay-
4Jae pacCMOTPEeHMs 3aAa4 YCTOMUYUBOCTH TeA, OTPAaHNYEHHBIX HECKOABKMMY KOOPAUHATHBIMU ITOBEPX-
HOCTSIMU, KPUTHUUYECKUe HarpPy3KHU OYAYT 3aBUCETH OT FTeOMETPUYECKUX [TapaMeTpOB (HallpuMep, OT 1a-
paMeTpOB TOHKOCTEHHOCTH). OTCYTCTBUE BAUSHUM IIAACTUYECKUX U BA3KUX CBOMCTB MaTepHaia (dop-
MyABI TUIA (14) 1 (15)) Ha BeAMUNMHY KPUTHUECKUX ITapaMeTPOB CBA3aHO C TEM, UTO B CHUAY IIPUHS-
TBIX 3@aKOHOB COCTOSTHUA HeyIpyrue pAeOpMalluU IBASIOTCSA HEC)KUMAEMBIMU U B CBSI3U C BCECTO-
POHHOCTBIO C’KaTHsI B HQAYAaABHOM COCTOSHUM HeyIpyrue AepopMaluyi He BO3HUKAIOT.

Pe3yabTaTEl pacueToB, BHIIIOAHEHHEIE IO (popMyaaM (25)—(28), npuBepeHEL B TaOA. 2. B uncan-
TeAe IIPUBEAEHEI AQHHBIE, OTHOCAIINECA K B.B.T.M.H.A., @ B 3HaMeHaTeAdaxX — T.0.H.A. HHCAQ, TpUBEAEH-
HBble B CTPOKax 4 U 5 TaOAUIIB], TOKA3BbIBAIOT, UTO B CAydYae IIPEeBLIIIEHUs 3TUX 3HQUEeHUN YCAOBUSA
(27) u (28) B paMKax paccMaTpuBaeMbIX BapuaHTOB HAT He BBIIIOAHSIOTCH, T. €. B CpeAe He MOI'yT
PacIpOCTPAHAThECS YIPYTHE IPOAOABHEBIE U ITONIepeUHble BOAHBI C AeHCTBUTEABHOM CKOPOCTBIO CO-
OTBETCTBEHHO. boaee IBHO TaKOI BBEIBOA CAEAYET U3 PE3YABTATOB TaOA. 3, TAe€ IPUBEAEHBI YUNCAEH-

Taoammgal

v 0 0.1 0,2 0,3 0,4 0,41 0,45
PD/H 1 1 1 1 1 1 1
Po/u 0,5 0,53 0,57 0,60 0,64 0,64 0,65

AU 0,5 0,58 0,67 0,76 0,88 0,89 0,94
1
(Ao 0,75 0,79 0,84 0,89 0,94 0,94 0,97
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Taoarumnga 2

v 0 0.1 0,2 0,3 04 0,41 0,45
K R 15 1,3182 1,1668 1,0385 0,9286 09184 0,8793
P 2,5 2,1364 1,8333 1,5769 1,3571 1,3369 1,2586
K R 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 /U 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

Hble 3HAaUYEHUSI BEAUUYUH C|2 n C é, paccumTaHHEBIe IO (popMyAaM (22) ¢ HCIIOAB30BaHHUEM pacCydeT-
HBIX 3HaUeHu# K § u KSR u3 TabA. 2. B uncanuTeAe Pe3yABTATHI COOTBETCTBYIOT CAYYalO T.0.H.A., @ B
3HaAMeHaTeAdX — B.B.T.M.H.A. B pacueTax UCIIOAB30BAHBI AQHHBIEC HA ITIOBEPXHOCTU BHYTPEHHETO SIA-
pa 3emau mopean PREM [Anderson, 2007]:

i =1567010° MITa, P =32885[10° MIla,

p=1276 —, v =0,443

CM
K =13434[10% MITa.

Beawumnb 2 P K§ u 2 E Kg B TaOA. 3 XapaKTepu3yloT BAUSHUA AePOPMUPOBAHUS YIPYTON

CpeAbl Ha BEeAMYUHBI IPOAOABHBIX U IIONIEPEUYHBIX BOAH. VIX YMCAeHHBIe 3HaUeHud (CM. TabA. 3) 1o-
Ka3bIBAIOT, UTO 3TH BAUSHUSA OTPOMHEIE U ITIOA UX BO3AEUCTBUEM B Ae(POPMUPYEMOM TBEPAOU CpPeAe
He MOTYT PaCIpPOCTPAHATHCS YIPYyTue OOBbeMHBIE BOAHBI C AEMCTBUTEABHOM CKOPOCThIO. HuskHUe
WHAEKCHI P yKa3bIBaIOT, YTO 3TH 3HAUEHUST OTHOCSTCS K IIPOAOABHBIM, @ S — K IOIIEPEYHBEIM BOA-
HaM. Bonmpeky U3A0KEHHOMY M3 AQHHBIX PUC. 1, @, 6 ¥ YUCAEHHBIX PEe3YABTaTOB, YKa3aHHLIX B IIep-
BOM U 4eTBepTOM CTOADOIax TabA. 3, caepyet, uTo B PREMB ycaroBusix P2 2|0 cKOpoCcTu TPOAOABHBIX
U TOTIEPEYHBIX YIIPYTUX BOAH B IIape MPUHATEI KaK AeHCTBUTEABHBIE. DTO ellle pa3 I0Ka3bkIBaeT, 9To
MaHHBIE O PU3UKO-MeXaHUUeCKUX, aKyCTUUYECKUX U IAOTHOCTHBIX XapaKTEePUCTHUKAaX B TEOpeTHYeC-
KHX MOAEASIX AOAKHBI PACIIPEAEASITBCS COTAACHO COOTBETCTBYIOIIUM TpeOOBAaHUAM MeXaHUKU Aedop-
MUPYEMBIX Cpej, C HAYaAbHBIMM HANIPSIKEHUSAMHU C YIeTOM HeAMHEWHBIX 3aKOHOB COCTOSAHUA. [Toay-
YyeHHBbIe KOHKPETHBIE Pe3yAbTAThl OTHOCATCSA K AQHHBIM BHYyTpeHHero siapa. C ApyTroil CTOPOHEL, OHU
NIPEACKA3bIBAIOT, YTO IIPU PelLIeHUH BOIIPOCa O pacpeAeAeHUN (hU3UKO-MeXaHNUeCKUX IIapaMeTpOoB
cpej MaHTUU M AUTOC(dEePHl TaK)Ke He0OXOAUMO 00paboTaTh U UHTEPIIPETUPOBATH COOTBETCTBYIO-
IIYIO TeOAOTO-re0(pu3ndeCcKyro HH(POPMAIINIO Ha Oa3e HeAMHENHBIX (XOTd OBl B Ipeperax HAT) Teo-
pHUI C y4eTOM IIPpeABAPUTEABHOU Ae(POPMUPOBAHHOCTH CPEABL.

JAAaHHEIE O COCTaBe MaTepHhara BHYTPEHHETO JAPA YKa3bIBAIOT Ha €r0 aHU30TPOIHIO (CM. puc. 1, 0)
[Litasov, Shatskiy, 2016]. EcTecTBeHHO, YTO B @aHU30TPOIIHON CPEAE BCAEACTBHE MAAOCTU CABUTOBBIX
KeCTKOCTEU ABACHUE "BHYTPEeHHEN'" HEeYyCTOMYUBOCTU OYAET MPOSIBAATHECS IPU 3HAUUTEABHO MEHb-
X YPOBHSAX HArpy30K U AepopMaliuy, 4eM B N30TPOITHBIX IPUOAVIKEHUAX.

Taoaumma 3

90

Clzo,KM/c 2P/pKR, CIZ,KM/C CéO,KM/C 2P/pKR, Cé,KM/C
KM/C KM/C

121,44 —4566,81 — 444537 12,25 —2780,80 — 2768,56

—6556,41 —6434,97 —2984,41 —2972,16
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3aMeTHM, 4YTO IPUBEAECHHEIE B AQHHOU CTAaThe PE3YABTATHI IOAYUEHEI Oe3 yueTa BAUSHUS TeMIIe-
paTyphl, pacIpepeAreHHe KOTOPOM TOKa3aHo Ha puc. 1, a. YueT TeMnepaTypHBIX BAUSHUN Ha KPUTH-
YyeCcKHUe BEeANYHUHEBI HEYCTOMYUBOCTH ellle O0oAee yCyTIyOAsdeT ToAOKeHHUe. [Toa AelicTBUEM TeMIlepa-
TYPHBIX IIOAEN IIPOIIeCC HEYCTOMYUBOCTU PEAAU3YETCS IIPU CYILIECTBEHHO HU3KOM YPOBHE AABAECHUM.
ITosTOMy yueT TeMnepaTypel He OyAET OKa3bIBaTh KaUYeCTBEHHOE BAUSHUE Ha BBIBOA O HEAOCTATOU-
HOCTHU MHTEPIPEeTAUN reOPU3NIECKUX AQHHBIX B IIPEAEAAX KAACCUYECKOM TEOPUM. YUeT TeMIlepa-
TypPBl HEOOXOAUM IIPU PellleHNH KOHKPETHEBIX 33Aa4 AOKAABHOTO paclpejpeAeHUsl pacCMaTpHUBaeMbIX
apaMeTpoB.

Paboma BrinoAHeHa B paMKax HAYWHO-uccAegoBameAbckol nporpammbl HAHA no meme “Komn-
AeKC meopemuiecKkux U 5KCnepuMeHmMAaAbHbIX UCCAegOBAHUU MEeXJUCUUNAUHAPHLIX NPOOAEM reome-
xanuku", ymsepxgennoli I[Tocmanosaenuem INpesuguyma Hayuonaabhoii Akagemuu Hayk Asep6aii-
gxana Ne 5/3 om 11 ¢peBpars 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

O 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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