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HANPSI)KEHHOE COCTOSIHUE 3EMHOM KOPBI

JKaoko A. B.

CraTps MOCBSIIIEHa aHATUTHYESCKOMY OIPEIETIeHHI0 €CTECTBEHHOTO IOJS HAlpsDKEHMI B 3eMHOM kope. Ha ocHoBanmn
paHee BBITOJHEHHBIX aBTOPOM HCCIICIOBAaHUH BHIBOJUTCS YCIIOBHUE PAaBHOBECHS IIPU3MBI CMEIICHNS, a TAaKXKe 000CHOBBIBA-
eTcsl TeOMeTPHsI HanboJIee OITaCHOH MOBEPXHOCTH CKOIbKEHHS. [IpeioskeH KpuTepHii IpeaebHOro paBHOBECHS (TIPOIHO-
ctn). [TomydeHHbIe pacueTHBIC 3aBUCHMOCTH JUISl HAYaJILHOTO ITOJISI €CTECTBEHHBIX HAIPSDKCHUH OCHOBBIBAIOTCS HA YIIPY-
TO-IUTaCTHYECKOM XapakTepe ne(opMupoBaHus TOPHEIX MOPO/,.

Knroueswvie cnosa: ycrosue pagrogecus; (hyHkyuonan, ouggepenyuanvhoe ypasHenue, HanpajiceHHoe cocmosHue; Kpu-
mepuii NPOYHOCMU, 2PABUMAYUOHHAS U MEKMOHUYECKAs KOMROHEHMbl NOJIA 20PU30OHMATLHBIX HANPAICEHUL.

OrnpeneneHue NEPBOHAYAIBHOIO YPOBHS €C-
TECTBEHHBIX HAIPSKEHUI MacCcuBa TOPHBIX IO-
pOI SBISETCS OJHOW M3 MPHOPHUTETHBIX U (PyH-
JaMEHTaJIbHBIX 3a7a4 FOPHOTO J1eJ1a, FEOMEXAHU-
KM, TeONMHAMUKH, Te0JIOTHH 1 Hu3uKu 3emin. B
FEOMEXAHUKE U TOPHOM JIeJIe 3HaHUE paclpeie-
JICHHUSI Ha49aJbHBIX TOJIEH HApsHKCHUH HEe00XO-
MO, TIPEXJIe BCEro, /I pacuera HampsiKeH-
HO-71e(hOPMUPOBAHHOTO COCTOSHUSI DIIEMEHTOB
CUCTeM pa3pabOTKH, OMPENeleHUs HX pazMe-
POB, GOpMBI M pacToNokKeHus], 00eCIIeUeHHs UX
YCTOWYMBOCTH, a TaKXKE ONPEICICHHS Harpy30K
Ha Kpenb TOPHBIX BBIPaOOTOK. BeprukambHas
COCTABJISIONIAs IMOJIl HAYaJbHBIX HAIPSKEHUH
C TEOPETUYECKOM TOUKHU 3pPEHUsl ONpPElEseTCs
BECOM TOPHBIX MOPOA U TIIyOMHOH ee pacroio-
JKEHHMS, YTO TAaK)Ke TTOATBEPIKIaeTCs pe3ylbTara-
MU HKCHEPHUMEHTAIBHBIX HCCIEI0BAaHUM, B TOM
YHCIIe B YCIOBUSAX TEKTOHUYECKON aKTUBHOCTH.
[TosToMy manbHelHe paccykacHust OyayT OT-
HOCUTBCA K TOPU30HTAJIBHOM COCTaBISAIOIIEH
HaIPSKCHUH.

[lepBoHauanpHOE TOJIE HANPSHKEHUH SBIIS-
€TCsS CyMMOM TIpaBUTALMOHHBIX U TEKTOHUYE-
CKHX COCTaBIIsAIONIMX. B cBOIO ouepens rpaBuTa-
LIMOHHAsI KOMIIOHEHTA TIONS HadaJbHBIX Hamps-
YKSHHI MOXET OBITh TIPEICTaBIIeHA B BUJIE CYMMBI
JIBYX COCTAaBJISIOLINX, KOTOPBIE YCIOBHO MOXKHO
Ha3BaTh «ympyras» M «iactuaeckas». [lox
ynpyeoti cocmagasioujeli ol HadalabHBIX Ipa-
BHUTALMOHHBIX HAIPSDKEHUH clelyeT MOHUMATh

HalnpsDKEHHUE, BHI3BAHHOE HEBO3MOXXHOCTBIO 0O0-
KOBOTO (TOPHU30HTAJIBHOTO) PACITUPESHUS TTOPOIT
MOJ JeMCTBUEM BEPTUKAJIBHONH KOMIIOHEHTHI (T10
A.H. uanuky). [Inacmuyeckas cocmasasaiowasn
10751 TOPU30HTAIIBHBIX TPAaBUTALIMOHHBIX HAIIPs-
JKEHHUH co3JaeTcs of AecTBreM GOpPMUPOBaHUS
B MaccrBe NPU3Mbl CMEIEHHUS, T. €. BOSHUKHOBE-
HUA TOBEpPXHOCTEH CcKoNbxkeHus. IloBepxHOCTH
(MJI0ILAIKK) CKOJIBKEHMSI BO3HUKAIOT HAUUHAS C
HEKOTOPOW TITyOMHBI, 3aBHUCSIICH OT MPOYHOCT-
HBIX CBOMCTB M 00bEMHOTO BeCa MacCHBa TOPHBIX
nopoz. Jls onpeaeneHus miacTH4eckol CocTaB-
JISFOIIEH TOPU3OHTAIBHBIX HANPSHKEHUI HE00X0-
JUMO pacroJiaraTb yCIOBHEM PaBHOBECHSI IIPH-
3MBI CMEILEHUS M TeOMETpUel Harnbosee OnacHoR
TIOBEPXHOCTH CKOJIbKeHHsS B MaccuBe. OpHaxo,
Kak OyZeT MOKa3aHO HMXeE, YCIOBHE PaBHOBECHS
MIPU3MBI CMELIECHUS HE SIBIISIETCS YHUBEPCATIbHBIM
JUISL TIPOM3BOJIBHOM (DOPMBI TIOBEPXHOCTH CKOJIb-
JKEHUS U YIJIOB €€ HAKJIOHA.

PaccMoTpuM  momympocTpaHCTBO — (TOMILY
3eMHO# KOphbl). Pa3o6beM ero BepTHKaIbHBIM Ce-
YyeHueM Ha ABe yacTh. OTOpocuM OIHY M3 HHX,
3aMeHsIst ee JIeWCTBHE MO TTyOHHE 3IMI0poit pac-
MIpEJeNIeHUs] TOPU3OHTAIBHBIX TJIABHBIX Harps-
xkeHull. TakuM o0pas3oM, onpeneneHne miacTu-
YeCcKOW (?KECTKOMJIACTUYECKOH) COCTAaBIISIFOLICH
KOMITOHEHTBI
CBOJUTCS K ONPEACICHHUIO ATOI AMIOPHI, TO ECTh
OTIpe/IETICHNIO 3aKOHa PacIpeesIeHUus] HOpMallb-
HBIX HaNPsDKCHUH ¢ TITyOMHOM.

TOPU3OHTAJIBHBIX HaHpH)KeHI/Iﬁ
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B paborax [1, 2] moka3aHO, YTO YCJIOBHE
paBHOBECHsI TIPU3MBI CMEIIIEHUS B OOIIEM BHUJIC
orpenenseTcs ypaBHEHUEM

I[Y(V—y)(y'— f)—C(1+ y'2)+(T’+ fE") y’]dx+

+(E-B)-f(T,-T,)=0, (1)
rjie Y — oObeMHBII BeC TOpHBIX mopom; Y,Y —
(yHKIMM THHUR OTKOCA M TTOBEPXHOCTH CKOIIb-
JKEHMS, COOTBETCTBEHHO; Y’
(Gynxuun nosepxnoctu ckonbxenus; 1, E, T,
E  — BHemHue KacarenbHbIE U HOPMAJIbHbBIE pe-

1
AKIIUM Ha BCPTUKAJIBHBIX TI'paHiIX IMPU3MbI CME-

— IMpOU3BOAHAA

IIEHNUSI, COOTBETCTBEHHO, CJieBa U crpasa; f = tg
¢ — kod(unmeHT BHYTpEeHHETO TpeHHs (TaH-
TeHC yriia BHyTpeHHero Tpenus); C — cueruie-
Hue MaccuBa ropueix nopon; E',T'— coorser-
CTBEHHO MPOM3BOJHBIC (YHKIUH HOPMAIBHOM
W KacaTeJbHOW COCTABISIOIIUX MEKOIOKOBOM
PEaKIUH.

B oqHOpOIHBIX MaccHBax MpH yIiiax HaKJIO-
Ha TIOBEPXHOCTH CKOJIBKCHUS, MPEBBIIIAIONINX
yroil BHyTpeHHero TpeHus (3 = ¢), ycioBue
PaBHOBECHS MPU3MBI CMEILCHUS ONpEIeIseTCs
ypaBHeHueM [1, 2]:

v(y-y)(y-f)-c(1+y?)
1+y"?
+(E-E)-f(T-T,)=0.

dx +

]

2)

Jl1g y9acTKOB ¢ yIilaMH HaKJIOHA TTOBEPXHO-
CTH CKOIIBXXEHHS K TOPU3OHTY (9 < () ycloBHe
paBHOBECHSI UMEET BU/I:

v(y-y)(y-f)-c(1+y?)
1+ fy'

+(E —-E,)-f(T,-T,)=0.

dx +

f

)

Vpasuenusd (2) u (3) noiay4yeHsl U3 ypaBHe-
ausa (1). [Ipudaem ycmoBue (2) mompa3ymMeBaeT
MPUCYTCTBHE W KacaTelbHOW, W HOPMaJbHON
COCTABIISIIONIMX MEXKOJIIOKOBOH peaKIii, a ypas-
HeHue (3) — TOJBKO HOPMAJIbHOH COCTaBIISTOIICH
[1,2].

[TpousBoaHbIE
BXOJISIIHE B yCJIOBHE paBHOBecHs (1) HE MOTYT
MIPUHUMATh TIPOU3BOJIHLHBIC 3HAYCHUS, 2 UMCHHO

MEXOJIOKOBBIX  pEeaKIIui,

MOJIOKUTENbHBIE. B mpoTHBHOM citydae paboTa
MeKOJIOKOBBIX peaKIni Ha BO3MOYKHOM TiepeMe-
[IEHUH CUCTEMBbI CTAaHET MOJIOKUTEIbHOM, UTO, B
CBOIO OY€epe]ib, HEBO3MOXKHO. J[pyrumMu ciioBaMu
MEKOJIOKOBBIE PEAKLUHM CTaHYT OTPHULATEIBHO
BIUATh Ha YCTOWYMBOCTh. WM nelcTBUTENBHO,
KOTJa MEXKOJIOKOBBIE PEAaKIMU IMOCTOSHHBI (HE
3aBUCAT OT X), TO OHH HE COBEpIIAIOT PadboTy
Ha BO3MOXKHOM IEPEMELICHUH, a MPOU3BOIHAS
(GyHKIMH MEXOJIOKOBBIX Peakluil paBHa HYIIO.
Takum o0Opazom, HyIeBoe 3HaueHHE pPAOOTHI
MEKOJIOKOBBIX PpEaKIHid SIBISETCS €€ JKCTpe-
MaJIbHbIM 3Hau€HUEeM (MaKCUMAaJIbHBIM), IIPEBbI-
CHUTb KOTOPOE OHA HE MOXET.

Ecnu npusma cMerieHust HaxoquTcs B paB-
HOBECHM, TO KaXJblil ee OTCEeK TaKXe ypas-
HOBEIIEH. JTO, B YaCTHOCTH, O3HAYaeT, YTO Ha
BO3MOXHOM TEPEMEIEHUN BCEH MPU3MBI CMe-
HIeHus] paboThl BHYTPEHHHX W BHEIIHUX CHII,
JIEHCTBYIOMINX Ha OTCEK, PaBHBI. YaembHas 000-
OlIeHHasi BHYTPEHHsSI CHila paBHA IOJBIHTET-
paJbHOMY BBIpAXEHHIO (2) ¢ 0OpaTHBIM 3HAKOM,
TakuM 00pa3oM

-y -f)-c(i+y?)
1+y"?

F'(x)=

rae F(X) — ynenbHas 00001IEHHas BHYTPEHHSSA
CHJIa Ha BO3MOYKHOM (TOPH30HTAIEHOM) ITepeMe-
IICHUU BCEW MEXaHWUYECKOW CHCTEMBI (IPU3MBI
CMEIIICHUS ).

B oOmiem ciygae pabora MeKOIOKOBBIX pe-
Ak MpeacTasisieT co0oi cymmy paboT HOp-

2 (4)

MaJIbHBIX U KaCaTelbHBIX COCTABISAIOIINX, KOTO-
pBIE€ HE 3aBUCAT APYT OT JPYra U SABJISIOTCS 3a-
BEJIOMO OTPHULATENBLHBIMH. [103TOMY PaBEHCTBO
HYIII0 pabOThl BHYTPEHHUX CHII HA BO3SMOKHOM
nepeMelieHn cucTtemMbl o3Hadaer E'=T'=0.
Tonoxum, B ypapuennn (1) E'=T' =0, nony-
YUM CIIETYIONTHI (PYHKITMOHAI:

J[v(?—y)(y’— f)-c(1+ y’z)]dx+

+(E -E)-f(T,-T,)=0. ®)

VYpauenus (2, 3, 5) MO3BONSAIOT OIEHUTH
YCTOHYHMBOCTH OTKOCOB IO MPOU3BOJILHOM TIO-
BEPXHOCTU CKOJBKCHHUS.

OmnpenenuM yCIOBUS MPUMEHEHHS (QYHKITH-
oHaJoB (2, 3, 5) B KauecTBe YCJIOBUW paBHOBE-
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cust. {nst aToro mponuddeperHunpyeM ypaBHe-
Hue (4) o X ¥ COCTaBUM HEPaBEHCTBO:

_dF' _oF'dy  oF' d(y-y)
dx oy dx a(y-y) dx
o ds2fy—y? (Y-y)(y-f)
=y y'(y-y + >0, (6
(y-vy) (Hy,z)z e (6)
e Y’ — Bropas mpou3BogHas (YHKIHHU I1O-

BEPXHOCTH CKOJIBKEHUS TI0 X.

Hepagenctso (6) onpenenser GopMy U yIiIbl
HaKJIOHa TOBEPXHOCTH CKOJIBXKEHUS, TPU KO-
TOPBIX TPOU3BOJHBIC MEKOIOKOBBIX pEaKIni
MEHBIIIC HYJIsA, TO €CTh IOBBIIIAIOT YCTOHYH-
BOCTh IIPU3MBI CMEIICHUSI.

HecnoxHo nokasars, uyTo ypaBHenue JI. Oii-
nepa ansa dynakuonana (2) [1, 2] He ymoBier-
BOpSIET HEPABEHCTBY (6) mpu Y = const, To ecTh
JUTSE IoTyTipocTpancTsa. [loatomy 1utst mosympo-
CTPaHCTBA YCJOBHE PAaBHOBECHS IPHU3MBI CMe-
IeHus OyJeT OMHCHIBAThCS (QYHKIIMOHAIOM (5).

s ompenenenuss HawOoJiee OMACHOM ITO-
BEPXHOCTH CKOJNBKEHUS IS (yHKIHoHana (5)
HEOOXOAMMO PENIUTh CIEAYIONIYI0 BapHUaIllMOH-
HYIO 3a/1a4y:

J[Y(y_y)(y'_ f)—C(1+ y'z)]dX—>max,

[Tpumem Y= H = const, torna qudpdepen-
nuansHoe ypaBHeHme JI. Diinepa Oymer nMeTh
BU/I:

C,—(C/(y*-1)
—y)=- . Q)

(H

rae C, — npou3BoIbHAs TOCTOSAHHAS.

OueBHIHO, YTO MOIBIHTETPATBHOE BBIPAXKE-
Hue (5) Ipu OTCYTCTBUY BHEITHMX aKTHBHBIX CHJI
HE MOXXET OBITh OTPHULATEIBHBIM, IOITOMY HPH-
paBHSEM €T0 K HyJIIO U BEIPa3HM H3 HETO BHICOTY
Kpaitnero orcexka H — Y. Ilocie storo Gepercs
YyacTHasi MPOU3BOAHASI TI0 TPOM3BOMHON (YHK-
IIUM TTOBEPXHOCTH CKOJBKCHUSI M IPHPAaBHHUBA-
eTcs Hylio. B utore onpenesnseM MUHIMAIbHYIO
BBICOTY OTCEKa, MPH KOTOPOW BO3MOKHBI TIOSIB-
JIeHUS TUTOIIAJOK CKOJIbKeHUs. Takum oOpasom,
HMeeM ClIeIyIollee TPaHIYHOE YCIOBHE ISl TI0-
CTPOCHUSI IOBEPXHOCTH CKOJIBKEHHUSI:

Y(%)=f+y1+f?=tg %+% ,

3aMeTHM, 4TO ATOT pe3yjbTaT BeChbMa Oue-
BHJICH W TIOATBEPKIACTCS HEpaBeHCTBOM (6). 13
JTAHHOTO TPAHUYHOTO YCJIOBUS TPOU3BOJIbHAS
noctosiHHas B U GepeHInaIbHOM YpaBHEHUU
(7) C, = 0. Takum obpaszom, muddepeHumransHoe
ypaBHEHHeE, orpenesoniee (pyHKIIN0 Handoee
OTacHON MOBEPXHOCTH CKOJIBKEHMS JJIsl MOy~
NPOCTPAHCTBA HMEET BUJL:
C ( yr2 _ 1)
(H-y)="—— ®)
Y f
[IycTh y’ = p —mapamerp, H — y=h— my-
Ouna Touku. Torjma TaHTeHC yIvla HAKJIOHA IO-
BEPXHOCTH CKOJILXKCHHS B TOUKE, coTmacHo (8),

fyh
paBeH 1+T. Jlnst ompeneseHus CHIIOBOTO

BO3JEHCTBUS NPU3MBl CMELIEHUS MOACTaBUM
ypaBHeHue (8) ¢ COOTBETCTBYIOLIMMHU 3aMEHAMHU
B yCJIOBHE paBHOBecHs (5), MOJy4YUM BBIpake-

HHUC:
2 ¢
E =5 [ (-2 -p)dp. ©
Ty

Jns onpenenenus miacTUYECKONW COCTaBIIA-
I0I1I€ TOpU30HTATILHON KOMIIOHEHThI IPOUHTET -
pupyem ypaBaeHue (9) 1 BO3bMeM MPOU3BOIHYIO
no ryoune h:

(10)

VYpasuenue (10) ompenenseT TOPU30OHTAIb-
HYIO COCTAaBJISIOILYIO HAaIlpsKeHUH, HeoOXoau-
MYIO JJIs yAep KaHUs IPU3MBbI CMEIIEHUs B TIpe-
JICIIbHOM PaBHOBECHH (KPUTEPUN TIPOUYHOCTH).

Kak ykassIBanoce BbIIIE, TOPU30HTAJIBHAS
KOMITOHEHTA HadaJbHBIX I'DAaBUTAI[MOHHBIX Ha-
MPSDKEHUM CKIIAIbIBAETCS U3 YIIPYIOM U IIJIacTH-
YECKOM (KECTKOIUIACTUYECKOM) COCTABIISIIOLIMX,
MO9TOMY BBIpaKEHHE JJIsI e onpeaesieHus OyneT
UMETH BH/I:

v fyh
6. =——vyh+yh-2C,[1+— =
r 1—vy Y C
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1 fyh
— yh-2c, 1+
1-v C

(11)

rae V— ko3 UImeHT nonepevnoii aegopmannu
(koo pumuent Ilyaccona), 6. — ropu3OHTaIb-
Hasi KOMIIOHEHTa HAYaJIbHBIX T'PAaBUTALMOHHBIX
HaIPSKCHUN.

Kak crenyet u3 ¢popmymnsl (11), makcnmanb-
HO€ OTHOILIECHHE TOPU30HTAJIBLHOH TIpaBUTALU-
OHHOH KOMIOHEHTHI K BePTHKaIbHOH (G, = Yh)
MOJKET, B 3aBUCUMOCTH OT MEXaHWYECKUX U Jie-
(OpMaLIMOHHBIX XapaKTEePUCTUK MAaccHBa, J0-

CTHUTaTh 2.

Taxum o6pasom, no rmybunsr H, | pacnpene-
JICHWE TPaBUTAIMOHHON KOMITOHEHTBHI TOPH30H-
TaJbHBIX HANPSKCHUH TMPOUCXOTUT COTIIACHO
3akoHy A. H. Juanuka. Huxe 310l mmyOMHBI
Ha TOJIe YNPYTHX HANpPsSHKEHHWA HAKIIAIbIBAETCS
MOJIE TUTACTUYECKUX HAIPSDKCHUM, a 3aKOH UX
00IIIero pacmpeesieHusl ONMCHIBAETCS ypaBHe-
HueM (11). OTmMeTnm, 4TO 7S y4eTa TeKTOHHYe-
CKOW KOMITOHEHTBI T'OPH30HTAJIBHBIX HaIpshKe-
HUHU K TIpaBoi yactu ypaBHeHus (11) HeoOxomm-
MO MprOaBUTh €€ 3HAYCHNE.
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