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OBIIASI XAPAKTEPUCTHKA JIMCCEPTALIMOHHOM PABOTBI

AKTYa/ibHOCTh TEMbl. KOHCTPYKTHBHbIE 3J1IEMCHTHI BUJa KPYTOBBIX
KOMbLEBBIX MIACTHH M3 CKMMAeMbIX M HECHKMMAEMbIX MaTepHasioB MIMPOKO
MPUMEHSIOTCS B  MAalIHHOCTPOEHHH, B CceMCMOCTOMKOM CTPOHUTEILCTBE H
coBpeMeHHOH TexHuke. OJHa W3 OCHOBHBIX 3adad i 3¢ dexTUBHOrO H
HALEKHOTO WCTONb30BAHUA 3THX 3JEMEHTOB B HMHXKEHEPHOW TMpAKTHKE
sBnsercs  paspaboTka  000OCHOBaHHbIX ~ METONOB  pacuera TpH KX
npoekTupoBanu.  Knaccuyeckas — Teopus  IUIACTHH M o6oso4exk,
GasupyloLascs Ha NPEeANnoIoKeHUAX TUIA TUNoTe3 Beprymuu - Kupxroda -
JIsBa 0 HeehOPMUPYEMbIX HOPMAJISX U CYLIECTBYIOLIME YTOYHEHHbIC TEOPHH
NOCTPOEHbI /U1 TOHKOCTEHHBIX TeJ, KOrJa Ha WX JIMLEBBIX MOBEPXHOCTAX
3aj1aHbl 3HAYEHUs HANpsUKeHUH. DTUM TEOPHAM MOCBALLICHBI MoHorpaduu M
pymsi C.A. AmbGapuymsna, H.A. Angyrosa, I'.b. barmacapsHa, M.B.
beny6eksina, B.B. bonotuna, B.B. Bacunbesa, A.T. Bacunenko, M.H. Bekya,
B.3. BuacoBa, W.U. Boposuua, K.3. TI'annmosa, B.Il. T'mynu, AJL
Fonbaenseiisepa, A.I'. Topwkosa, 3.U. I'puromioka, .M. ['puropexko, A.H.
I'yas, HO.I1. JKuranko, B.A. 3apyukoro, M.A. MWneramosa, H.A.
Kunbuesckoro, B. Koiirepa, M.C. Kopuuuuna, B.A. Koponesa, B.A.
Kpeicbko, C.I'. Jlexuuukoro, A.H. Jlypbe, JLA. MoscucsHa, X.M. Myiurapu,
I1. Harau, FO.M. Hemuposckoro, 10.H. Hosnukoro, H.®. Obpa3sLosa, [1.M.
OruGanosa, B.H. Maiimymmna, B.JI. Ilenexa, B.B. IMukyns, O. Peiiccuepa,
O.M. Canonmxksita, B.C. Capkucsana, W.I'. Teperyiosa, C.I1. TumormueHko, B.
dmore, T.T. Xauarpsaua, JL.II. Xopowyna, K.®. YepHuxa u 1p. [To aTum
TEOPUAM peLIeHO GONbLIOe KOJINYECTBO BaXKHBIX MPHKIAAHBIX 3a/1a4.

OJIHAKO B TEXHHKE M CTPOMTEIbCTBE YACTO BCTPEUAIOTCS COCAMHEHMSA
Goslee MONATIMBLIX TOHKOCTEHHBIX TeJl ¢ MeHee MOIATAMBbIMH. B pacderax
TakMX [JIaCTHH Kjaccuyeckas M YTOYHEHHbl€ TEOPHHM HEMPUMEHUMBI,
MOCKOJbKY Ha JIMLEBBIX [OBEPXHOCTAX NaHbl KMHEMATH4YCCKHE HIIH
CMeIIaHHble YCIOBHS.

Hacrosiias AuccepTalMoHHas paboTa MOCBALICHA PELICHHIO KpaeBbIX
ja/1a4 TEOPUHM YIIPYTOCTH JUTS KPYTOBBIX KOJIBLEBBIX MIACTHH M3 CKHMAEMOTO
W HEC)KHMAEMOro MaTepHalioB, KOT/Jla Ha HX JIMLEBBIX MOBEPXHOCTAX 3a1aHBbI
KOMIIOHEHTbl ~ BEKTOpa  [EpEeMElleHHs  WJIH  CMEIIaHHble  YCJIOBHA.
PaccMOTpeHbl OQHOCIOHHBIE, ABYXCIOHHBIE H TPeXCJIOWHbIE€ TMJIaCTUHBI C
HECHKUMAEMBbIM  CPEIHMM  CJIOeM, KOTrJia MEKAy CJIOSAMH  BBITIOIHAIOTCA
YCJIOBHSI [IOJIHOTO KOHTAKTA.

Llesib paGOThI 3aK/II0YAETCS B HCCIIEIOBAHHH CIIEAYIOLLHX BOMPOCOB:

BoiBecTH  (pOpMyJBI Ul BBIYMCJICHHS ~ KOMIIOHEHTOB  TEH30pa
HamnpsUKEHUH W BEKTOpPa MNEepeMELUEHHs KPYroBbIX KOJNbUEBBIX MIACTHH H3
CKMMAeMOro M HEC)KMMAeMOro MaTepuasioB, Koraa Ha WX JIMLEBBIX
MOBEPXHOCTAX 3a/laHbl KHHEMATHYECKHE M CMELIAHHBIE yCIIOBHA.
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BbISBHTb OCOOEHHOCTH HANpMKEHHO — Ae(POPMHUPOBAHHOIO COCTOAHMUA
[JJaCTHHbl W3 HECKUMAeMoro Marepuaia, Koraa Ha MpOTHBOTOJOKHAIX
TOBEPXHOCTAX 3alaHbl HOPMAJIbHbBIE MEPEMCILICHHA.

BeiBecTn bopmyJibl st onpeeieHus Harnpsi>KeHHO -
nepOpMUPOBAHHOTO  COCTOSAHHSA JBYXCJIOHHOM M TPEXCJIOHHOM  I1aCTHH,
COJIEpYKALLMX CJIOH M3 CKHMAEMOr0 H HECXKMMAEMOro MaTCpHaJIOB.

BoiBecTH (OpMyJibl Ul OMpeAesieHHss aMIUIMTYIL YCTaHOBHBUINXCA
BbIHYK/IEHHbIX KOJeOaHUH KPYTOBbIX KOJIBLEBbIX MIACTHH 13 CAUMAEMOTO H
HEC)KMMAEeMOro MaTEpPHasIoB H BbISIBUTbL UX OCOOCHHOCTH.

BeiBecTH (hopMmy.ibl LISt ornpeaesIeH st HanpsKEeHHO —
neOopMHUpPOBAHHOIO  COCTOAHHMA JBYXCJIOIHHON  KpyroBoii KOJIbLIEBOM
[TACTHHBI M3 CKMMAEMOro M HECKMMAEMOro CJIOEB, MpH €€ BbIHYHICHHDIX
K0JIeOaHUAX U MPOBECTH €ro aHaJM3.

HayuyHast HOBH3HA. ACUMNTOTHYECKUM HHTErpHpOBalineM ypaBHEHHI
TpeXMEpPHO! 3aja4ud TEOPUH YNPYroCTH B LMIMHAPHUCCKHX KOOpAMHATax
BbIBEJCHbl PEKyppeHTHble (OpMyJibl U ONpeieieHis KOMIMOHEHTOB
TeH30pa HANpsHKeHWH W BEKTOpa MNEpEeMELICHHA KpPyroBoil KOJIbLIEBO#
[JIACTHHBI M3 CKUMAEMOTO W HEC)KMMAEMOro MaTepuasioB, Koria Ha JIMLEBBIX
MOBEPXHOCTAX 3alaHbl MEpeMeLIeHus WK yCJIOBHs cMeLaHHoi  3anaun
TEOPHH YNPYTOCTH.

BbisiBJIEHO BJIMAHME HECKMMAEMOCTH MaTepuala Ha HanpskeHHO-
n1eopMHUPOBAHHOE COCTOSIHHE MIACTHHbI.

Conpsras o0uIie UHTErpajibl ypaBHEHHH Wis [UIACTHH 13 CRUMACMOTO
M HEC)KMMAeMOro MaTepuasioB BbIBEACHbI PEKYPPEHTHbLIC (dopmyJibl st
ONpeNeNeHns  HarpsKEHHO-Ae(OPMHPOBAHHOIO  COCTOAHUA CJIOMCTHIX
(1BYXCJIOMHO# W TPEXCJIOHHOM) MIACTHH, COACPIMKALLHX HecKUMaeMblit CloH,
KOrJa Ha JIMLEBBIX MOBEPXHOCTSAX 3alaHbl KHHEMATHUECKHE HIIH CMCLIAHHBIC
yCJIOBHS.

ACHMITOTHUECKHM  HMHTErpUpOBaHMEM  JHHAMHYCCKHX ypaBHEHHI
TEOpHH  YNPYrocTH B  UMIMHIPHYECKMX  KOOpPAWHATAX  BbIBE/CHDI
peKyppeHTHble (OpMyJbl Ul ONpeeNeHus aMIlInTy L yCTaHOBHBIUMXCS
BBIHYKIEHHBIX KOJIEOaHHH KPYroBbIX KOJIBUEBBIX [UIACTHH W3 CHHMACMOro
WIN HECKMMAeMOro MaTepHasioB, M JBYXCJIOWHOM MacTuibl, COCTOALLEH W3
C)KMMAeMOro U HECIKUMAEMOT0 C/I0€B.

BbiBeeHbl AHCIEPCHOHHbIE YPABHEHMs Ul ONPEAC/CHHA  [JIaBHBIX
3HAYEHHNHi 4acTOT COOCTBEHHbIX KOseOaHHii.

[IpakTHyeckasi 3HAYHMOCTD. PesysibTarhl 1cCrie1I0BaHHUM,
TMpUBENEHHBIX B paboTe, MO3BONAIOT YTOYHHTH pactet KOHCTPYKTHBHbIX
3JEMEHTOB BHMAA KPYrOBbIX KOJBLUEBbIX [UIACTHH W3  CKMMAcMbIX W
HeC)KHMAeMbIX MaTepHaIoB M PE3MHOMETAIMYECKMX CEHCMOH3O0MATOPOB.
Pesynbratbl MOryT ObiTb MCII0/Ib30BaHbl B KB u B celcMOCTOHKOM
CTPOMTEJNILCTBE.

OcHOBHbIE __ TOJIOKEHHA, BblHECEHHbIE HA 3aLUMTY. Ha ocHOBe
npoBefeHHbIX HCCEN0BaHNM aBTOPOM BBLIHOCHTCA HA 3QULHTY eneayromHe
MOJIOKEHHUSA.
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Mcxoas M3 YpaBHEHHWH TPEXMEpHOH 3ajadn TeOpHH ynpyrocti B
UMTMHAPHYECKHX KOOPAMHATAX ACHMITOTHYCCKAM METOIOM BbIBEICHbI
peKkyppeHTHbie  (opMyJibl s BBIYUCIIEHUS HanpsHKEHHO—
1eOpMHUPOBAHHOTO COCTOSHHSA KpyroBO#i KOJIbLIEBO#H MIacTHHBI, KOTa
Ha ONHOM ee JIMLEBOH MOBEPXHOCTH 3a/aHbl KOMIMOHEHTBI BEKTOpa
nepeMeLleHus, a Ha NPOTHBOINOJIOKHON — YCJIOBHA nepBoif, BTOPO# MK
cMeIaHHOM KpaeBoi 3a1a41 TeOpUH ynpyrocTH.

. JlokasbiBaeTcs, YTO pEeKyppeHTHbie (opMyJibl AU onpeeNeHus

KOMIOHEHTOB TeH30pa HampsOKeHWH W BEKTOpa MepeMelleHHd,
BLIBENCHHbIE U IUIACTMHBI M3 CXKHMaeMoro Marepuana, He
NpUMEHMMbI JUIS TUIACTHHBI M3 HECKHMAEMOrO Martepuaia, Koraa Ha
[POTHBOMONOKHBIX JIMLEBBIX MOBEPXHOCTAX  3a1aHbI HOpMaJIbHBIE
nepememienus. Hajinena —japyras —acuMmnToTdka BbIBEICHBI
COOTBETCTBYIOUIME  PeKyppeHTHble  QOpMyJBl  JUIA BBIYHCIICHHSA
KOMIOHEHTOB TEH30pa HANpPSDKEHUH ¥ BEKTOPA MEPEMEILICHHA.

. BbiBe/ieHbl peKyppeHTHbIe (opMyJibl ISl ONPENCICHH KOMIIOHEHTOB

TeH30pa HAMpsKEHHH ¥ BEKTOpa nepeMeLIeHUs JIBYXCJIOWHO# KpyroBoi
KOJIBLIEBOIl MJIACTHHBI, COCTOALIEH M3 CXKMUMAeMoro H HECXKMMaAeMOro
CIIOEB W TPEXCIIOMHON MIACTHHBI € HECXKHMACMbIM CpeIHUM CIIOeM,
MozenupytoLe padoTy pe3sHHOMETaNIHYCCKUX celCcMOU30JIATOPOB.

. ACUMITOTHUECKMM HHTErpHpOBAHHEM YpaBHEHUH TpeXMepHO#i 3a1auu

TEOpHH  YNPYroCTH  BbIBCICHDI peKyppeHTHbIC GbopMysbl  JUIA
onpeneneHns aMIuIuTyI KOMIOHEHTOB TeH30pa HanpsHKeHHH U BEKTOpa
nepeMeLleHns  KPYroBbIX KOJIBLEBbIX IacTUH M3 CXKUMAeMoro H
HECKIIMAEMOrO MaTEpUaJiOB MpU WX YCTAHOBHBLIMXCA BBIHYXIEHHbBIX
KoseOaHUsIX.

. BbiBeJieHbl AUCIEPCHOHHBIC YpaBHEHHSA H YCTAHOBJIEH CHEKTP IIaBHBIX

sHaueHHii COGCTBEHHBIX KoneGaHMii, MpH KOTOPOM MPOHMCXOMUT
PEe30HAHC 1 Pe3K0e BO3PACTAHHE aMILIHTY L BBIHYKIEHHBIX KOJIEOaHHUH.

. Jloka3aHo, 4TO B prl"OBOﬁ KOJIbLIEBOM IUIaCTHUHE M3 C)KHMaeMoro

marepualia BO3HMKAIOT OJIHA TMpOAOJIbHAA U JABE TOINEPEYHBbIE
(CHBHFOBHC), KOTOpPbIE UMEIOT CBOH HE3aBUCHUMbIE 4acCTOThbl
cOOCTBEHHBIX KosichaHmni.

. lIOKa3aH0, 4YTO B MJIACTHHE W3 HECHKHUMAEMOro marepuaia BO3HHUKAKOT

npoaosibHble COOCTBEHHbIE koneOaHus, KOTOpblE TECHO CBsA3aHbI C
MornepeYHbIMH (cIBUroBBIMH)  KOJICOAHMAMH  C UCXOJHOro 1iara
UTepALMHU 1 MMEIOT OMHAKOBBIE C HUMH HaCTOThI.

. Jloka3aHo, 4TO B D.ByXCJ'longlX MJIaCTHHAX, COCTOSLIMUX M3 CKHMaAeMoro

U HEC)KMMAaemoro cJjioeB, BO3HHKAIOT MPOAOJIbHBIC U TMOMNepe4HbIC
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cobcTBeHHBIE KosebaHus, KOTOpble B3aMMOCBSI3aHbl C MCXOAHOTO Iara

UTEpaLuH.

Anpo6auusi ___pa6Gorbi. OCHOBHbIE  pe3yibTaThl  AMCCEPTALMHU

JOKJIaZIBIBANIUCh U 00CYKIaJIUCh:

® Ha MeXIyHapoAaHoil koHpepeHuuH «OnTHMalbHOE YIMpaBleHHe,
YCTOHUMBOCTH M NPOYHOCTh MeXaHuyeckux cuctem» (Epesa,
Apwmenus 2002r.)

e Ha XII pecny6nukaHCKOH KOH(GEPEHLUHH MOJOIBIX YYEHBIX [0
MmexaHuke (AraBHazazop, Apmenus 2001r.)

® Ha MEXIyHapoAHOH HayuHOH koH(pepeHumH «IIpobaeMsbl cenbekoro
XO034MCTBAa M 9KOJOTMH 3aKaBkazckoro pernona» (EpeBan, ApmeHus
2001r.)

® Ha Hay4HBIX CEMHHapax «MeToabl pacueTa TOHKOCTEHHBIX CHCTEM»

e Ha coBMeCTHOM 3acenaHuu MHctutyra Mexanuku HAH PA Hay4HbIX
COTPYAHMKOB TeMBI «1291» M HayuHOro ceMuHapa «MeToabl pacuera
TOHKOCTEHHbIX cuctem» Muctutyra Mexannku HAH PA

e Ha obuieM HayyHOM cemuHape MHctutyta Mexannku HAH PA

Iy6aukanuu. ITo teme nuccepraumoHHON paboThl OmyOJMKOBaHbI 7

paboT, CIMHUCOK KOTOPBIX MPUBOAUTCS B KOHIIE aBTOpedepara.

CTpykTypa u 06bem paboThl. JIucceprauronHas pabora u3jiokeHa Ha

112 nevaTtHbIX cTpaHuuax. OHa COCTOMT M3 BBENEHHWs, TpexX [JaB H
3aKJII0YEHMS, CONEPKMUT 8 pPHCYHKOB, a TakKe CIHCOK JMTepaTypbl 204
HauMEHOBaHHH.

COJEPXAHHUE PABOTbI

Bo e6edenuu 060CHOBAHA aKTyallbHOCTh IMCCEPTAILMOHHON pPabOTHI,
chopMyIMpOBaHbI LETH U 3aja4i UCCIIEIOBAHMSA, 1aH KpaTKuii 0630p pador,
TIOCBAINEHHBIX 3aTPOHYTHIM B IHCCEPTALMM BOMPOCAM, OTEUECTBEHHBIX W
3apy6exHbIX aBTOpOB. B 0630pe Haubosee nojaHo 0TpakeHbl HCCIEIOBAHNUS, B
KOTODBIX MCIIOJIB3YETCSI aCHMITOTHYECKUI MM ONM3KMEe K HeMy MeTonsl. B
TEOpHUH 000JOYEK M TIUIACTMH AaCUMMTOTHYECKHE METOAbl  MOJyYHIIH
MHTEHCHBHOE pa3BuTue Onaromaps paboram A.Jl. [onbaenseiizepa, K.
Opunpuxca, A. I'puna, U.U. Boposuua, IL.LE. Tosctuka, H.I'. T'ypsiHosa,
M.HU. T'yceitn-3ane, A.B. Konoca, H.H. PoraueBoii, }0.A. Ycrunosa, I'.H.
Yepnsimesa, 10.J1. Kamurynosa, B.B. ITonsrosckoro, B.C. Capkucsza u ap. B
TEOPHUHM AHMU3OTPOMHBIX O00JIOYEK ACHUMNTOTHYECKHH METON  MOJYYHI
pa3BuTue B pabotax JI.LA. Aranossua, P.C. I'eBopksna, A.M.XauatpsiHa u zp.
AcumnToTHyecKuii MeTon wucronb3oBaH B paborax FO.U. Byrenko, H.I'.
Ps6enkoBa. M3yyeHuto B3anMoaeHCTBHS MIIACTHH M 000JI0YeK C pa3InuHbIMH
(GU3MUECKUMH TMOJNIMHM € HCMOJNL30BAaHMEM AaCHMNTOTHYECKOro MeToja

MOCBSIIEHBI paboThI C.A. AmbapuymsHa, I[".E.BarpacapsHa,

M.B.Benybeksna, C.O.Capkucsna, E.B. T'anaktnonoa, HW.E. 3umHo,

A.C.KocM0IaMHaHCKOTO0, B.H.JIoxkuHa, A.J1.PagoBHHCKOrO,
6
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H.H.Porauesoii, D.A.Tponna, K).A.YctunoBa u ap. ACHMNTOTHYECKOMY
aHaIM3y YpaBHEHHWH CTATMKW M AMHAMUKM OOOJIOYEK B KJIaCCHYECKOH H
YTOUYHEHHOM MOCTaHOBKax nocBsiieHbl pabotel .M. [I'puronioka, B.M.
Kopnesa, I'.E. ToBctuka, JI.LH. llIkyTrHa u ap.

Bo BBeIeHHH B 0OLIMX YepTax U3JI0KEHO TakKe CoaepKaHue paboThl.

B___nepeoii _2nage mnyTeM  acUMNTOTHYECKOr0  MHTErPHPOBAHHS
ypaBHEHHH MPOCTPAHCTBEHHOM 3a1aul TEOPUH YNPYrOCTH B LIMJIMHAPUYECKUX
KOOpJAMHATaX BbIBEAECHbl PEKYPPEHTHbIE (OpMyJbl IS ONpeaeseHHs
KOMIOHEHTOB TEH30pa HAMpPSHKEHWH M BEKTOpA MEpPEMELUEHHs KPYroBbIX
KOJIbLIEBBIX MJIACTHH W3 CXKUMAEMBIX M HEC)KUMAEMbIX MaTepHalIoB, Koraa Ha
WX JIMUEBBIX TOBEPXHOCTAX 3alaHbl KUHEMAaTHYeCKWEe WJIM CMellaHHbIe
rpaHu4Hble ycnoBus. [TokazaHa posb BIUSHUS M3MEHSEMOCTH KOOPAWHATHOM
JUHWUM  HA  aCUMMTOTHYECKWe  mpouecchl. [IpuBeneHsl  npUMeEpBl,
WTIOCTPUPYIOLLHE MPUIIOKEHHS BbIBEAECHHBIX (GOPMY.I.

B nepseom napazpaghe ctaBsaTCs OCHOBHbIE KPAaeBbl€ 3a1auu:
MMeEeM KPYTOBYIO KOJIBLEBYIO MUTACTHHY, 3aHUMAIOLLYIO CeAyIoLLyo o6nacTb

MpOCTpaHCTBa:

Q= {r,(a.z: RySr<RO<¢@<s27,-h<sz<h h<R, h<< R—Rﬂ}
TpebyeTtcs onpenenutb Hanps)KeHHO — e(OPMUPOBAHHOE COCTOSHHUE
MJIACTHHbI, €CJIM Ha JIMUEBOW MOBEPXHOCTH = =-h TMJACTHHBI 3a/aHbl
KOMITOHEHTBI BEKTOpa MEPEMEILIEHUS

ui(r,0,z=-h)=uj(r,e) j=r.z (1
a Ha NPOTHBOIOJIOXKHOMN JIMLEBON MOBEPXHOCTH z = h - HANIPSIKEHHSA

o,(r.o.z=h)=0/(r.¢) j=r.o.z ?2)
nepeMerLeHus

u}(r.cp,z:h):uj‘(r.(p) J=10,2 3)

WJIN UX COOTBETCTBYIOLINE KOMOHHALIMH
a) u,(r,p,z=h)=u,(r,p) o,(rp,z=h)=0(re) j=r¢ 4)
0) o,(re,z=h)=0,,(r,¢) u(rg,z=h)=uj(r,0) j=r¢ (5)

Bo emopom napacpaghe B ypaBHEHHSX TEOPHUH YMNPYrocTH B
LWIMHAPUYECKUX KOOPAMHATAX C YUETOM O00BbEMHBIX CHJI M TEMMEpPaTypHOro
nons no Moznenu roramens — Heiimana, nepexoaom Kk 06e3pa3MepHbIM
KoopaAuHaTaM &, 77, ¢ u 6e3pa3MepHbIM MEPEMEIEHUAM %, v, W TIOJyYEeHbI
CUHIYJISIPHO  BO3MYILUEHHbIE  TEOMETPHYECKHMM  MajbiM  MapameTpoMm
&=h/R ypaBHeHHUs  OTHOCHTEJbHO  MCKOMbIX  KOMIMOHEHTOB  TEH30pa
HanpsukeHut o,,, 0,,,0..,0,.,0,.,0,, H 06e3pasMepHbIX KOMITOHEHTOB BEKTOpa
nepemelieHust u, v, w.  M3BECTHO, 4YTO pelIeHHe TaKoi CHHIYJIApHO
BO3MYILEHHOI CHCTEMbl CKJIANbIBAaeTCS M3 pelueHMii BHyTpeHHeil 3azauw,
JOMHUHUPYIOLLEH BHYTPH MIACTHHBI U COMPSKEHHBIH C HUM pellIeHHs 3a1a4yu
MOrpaHUYHOrO CJI0s, KOTOPOE B OCHOBHOM MposBiser cebs BOiM3M 60KOBOI
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OBEPXHOCTH. i ObIcTPO (IKCMOHEHUMANLHO) 3aTYXAeT N0 Mepe yaalleHus oT
00KOBOIH MOBEPXHOCTH.
Peuwienue BHyTpCHHeﬁ 3aJa4y  MWETCA B BUAEC XAPAKTEPHOro s

paccMaTpuBaeMoro KJjlacca 3ana4 U3BECTHOTIO ACHMIITOTHYECKOIO
pas3jIoKEHHUA

Q o gmﬁsQ(s)(é:. ’]-{) S O._S (6)
rane x,=0 nns Bcex nepeMewleHuit M Kk, =-1 ans Bcex HanpsKeHWid
OZHOBPEMEHHO, CUHMTas, YTO BJIMAHHUA OOBEMHBIX CHJI M TEMMNEPaTypHOro
MOJIi  COM3MEPHMBl C  BIMSHHEM TOBEPXHOCTHBIX BO3ACHCTBUH, OHM
NpEeICTaBIIeHbl B BUIE ACUMITOTHYECKHX PSIIOB

— 52 (9 . N o

F,=e"F & n)/R j=rpz s=0S, 0=£""'0"(¢.n¢) 5=0,8 (7)
IToncraBuB (6), (7) B CHHIYJAPHO BO3MYILEHHYIO CHCTEMY YpaBHEHMIA,
W3BECTHBIM CIOCOOOM MostydeHbl GOpMYJibl Ast KO3 PULHEHTOB pa3lioKEHHs

(6):

e 00 ( . v
ol =chiEm+onEns) j=rez, 0 =——ol + ]
) m 1—V 720

1 i
u® =y® +4—G-a,‘;2, +u(&n.8) (u,vir,0) ®)

A+v)(1-2v) (s)
E(I—V) 0-7/’)+Wt (g’ﬂ’é‘)
() ()

(s) (5)
rae oy, .4, v, W, ONpeacystoTCs Mo noay4€HHbIM A1 HUX PEKYPPECHTHBIM

HOpPMYJIam ) maeoazenivilapk!
dopmynam, a To ) TVPZ Uy Vg oW HeusBecTHbic  (PyHKIMH

;l:;g;p;};lp(cﬁa.n(usﬂ),. KOTOpbI€ OMNpeaeNneHbl M3 COOTBETCTBYIOLIMX TPaHHUHBIX

B mpemvem napazpaghe paccMOTpeHbl TMPUMEPBI, WIUTIOCTPHPYIOLLME
NPUMEHEHNE BBIBEJCHHBIX PEKYPPEHTHbIX (HOpMys: Korza OIHOM JIMLEBOM
MIOBEPXHOCTH COOOLIEHbI MOCTOSHHbBIE TIEPEMELLEHHUS, a MPOTHBOMOIOKHOMH —
MOCTOSIHHbIE HOPMAJIbHOE M TAHTEHUWAILHOE HAMPsHKEHWs, KOraa ojHa
JIMLIeBasi MOBEPXHOCTb HECTKO 3aKpernyieHa, a K MpOTHBOMOIOXKHOM JHLEBO
MOBEPXHOCTH TPWIOXKEHA TaHreHuuanbHas (KpyueHue) WM HOpMasibHas
Harpyska, pornopLHOHaIbHAs Pafuycy .

Y.

P (rg: P Py)

WO = w(Em+¢

On.o,, s A

Puc. 1

B uactHOocTHM, KOrja TMjacTHHa ckaTta Ha BenuuuHy A (puc.l), ee
« p
HanpspKeHHO — 1e(OPMHUPOBAHHOE COCTOSTHHE C TOUHOCTBIO O(&) MMEET BHI
8
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o ARl G-A— o,=0 . Fig = a0 =0
s Ty VIR LA e X "
h+z A
U =—— u’=uw=0 (9)

3 2403

M3 nosiyueHHbIX pelieHni W NpHBEACHHDIX NPUMEpPOB JIeJIaeTCs BBIBO,
4TO JUIA KPYrOBbIX KOJNbLEBBIX [UIACTHH, B OTIMHHE OT MPAMOYTOJIbHbIX
MJaCTHH, HTepauHOHHbln npouecc HE 06p|>13ae'rc>1 M HE TMPUBOAHUT K
3aMKHYTOMY pemeHmo, Jaxe npu MOCTOSAHHbIX BHELIHUX BO3IEHUCTBUSAX.
[IpuuuHOi JTOTO  ABIACTCA  MIMEHACMOCTb KOOPAMHATHBIX  JIHMHHIL,
06ycNaBIMBaIOUIKX MEPEMEHHOCTD K02 PULMEHTOB MEPBOH KBaZpaTHYHOM
dopMbl. A TaKKe CIeIyeT, UTO BbIBEACHHDIC peKyppeHTHbie GOpMYJIbl He
TMPUrOMHBI, KOTJAa TMNacThHa W3 HeC)KMMaeMoro Marepuana v=1/2) u
O/IHOBPEMEHHO Ha JINLIEBBIX MOBEPXHOCTAX 3a/IaHHbI yenosus (1), (3) naw (1),
(4). Jlns TaKMX NIACTHH NPUMEHEHa JpyTas acCHMNTOTHKA.

B uemeepmom napazpaghe B YPaBHEHWSX TCOPHH yIpPYrocTH
npunumMaetcs v =1/2 1 K HUM MPHCOCIMHACTCA COOTBETCTBYIOLEE YC/IOBHE
HEC)KUMAEMOCTH

ol vl 10u, ou,
—L+—u, +— +—=
PR rop oz
CosepumB mepexon Kk 6e3pasMepHbIM KoopaMHaTaM W 0e3pasMepHbIM
rnepeMeLLeHnsAM, pellieHHe CHHTYIAPHO BO3MYLIIEHHOH CHCTEMbI ypaBHEHHii
WILeTcs B BHIE aCHMMITOTHYECKOro pasjioKeHHs (6), rae acMMNTOTHYECKHE
nopsiAKH HCKOMBIX KOMITOHEHTOB TEH30pa Haﬂpﬂ'lKeHMFI U BEKTOpa

nepemMeLeHns MPUHUMAIOTCA

=30l (10)

KH,, b Kﬂw - Ka,, =_3a K, = Os I\.d,, H Kn,, &2 K-nw o —21 K, = K(l =_] (I 1)
B pesynibTate /Ui HCKOMbIX BETHUHH MONTY CHDI peKyppeHTHbIe hOpMyJibi:
Fol i

Gy 0 () g i (8); o Oaas)s e M X330 (s)
O'" —O'::(,'FO'”, j—r.(P.Zq O =0, C a; +0,.

ao,(s) 1 A (30'{1)
) = g® _Q__z_".;.o-“)- ARy g 1200t -CZ“—“agn *u" (12)

s 0 ,f 677 ey 0 2G rz0
w(.r) i W(.\) +w(x) _C au(()” +lu(\) +lav(()_") e é_’i ?g_g‘)l.Q,—l- U(‘,) +"l——a—o-'&_
o R T Oy MIRNgE | ¢ T ¢ On
A e __é_azo'gr)»]_ © =_c ﬁ"_fi-‘ﬂ+la,"ﬁ+la<‘-” d¢
3 652 35 55 352 6772 , z2e ; 65 é: (‘57] 5 rz -

KOTOpbl€ CYLIECTBEHHO OTJIM4YAIOTCA OT cooTeTcTBYlOWMX popmyn (8),
BbIBEJICHHBIX JUTA TIACTHH W3 CKUMAEMbIX MaTepHasloB.

DYHKUMM  WHTETPUPOBAHHSA, BXOAAWIME B (12) onpeneneHsr M3
rpaHUYHbIX yenosuii (1), 3) n (1), (4). B 4acTHOCTH, OHY HMEIOT BHL
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