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UpeanbHoe ynpyroe Teno. 3akoH [yka. 3akoH [lyaccoHa. CBs3b
TeXHU4YeCKMX BenuuuH ¢ kKoaddpuumeHtammu Jlame. 3akoH lyka ans
aHU30TPOMHOro Tena.

YpaBHEeHUs1 OBWXKEHUS U paBHOBECUSI B JIMHEWHOW TeOpUM YMNpyrocTtu.
MonHasn cuctema ypaBHEHU NUHEMHON TEOPUMN YNPYTrOCTH.

YpaBHeHue TennonpoBOAHOCTU ans ynpyroro Tena.
TepmogunHamunyeckue cootHoweHusi. Cucrtema YPC ans tepmoynpyroro
Tena. CootHoweHusa [ioamensi-HenmaHa. MNonHasa cuctema ypaBHeHUN
TepMoynpyrocTu.

KBasuctatuyeckme U1  AguMHaMuM4Yeckue 3adaum  TepMOYMpPYrocTu.
ABTOMOAEnbLHOE pellueHune.

3akon l'yka ﬂ

B TexHuuecknx pacyetax gedopmMaumio CTEPXKHS -1,
npuv pacTsikeHUn onpesensoT Yepes e= =y
OTHOCUTEMNbHOE YANVMHEHNE )

MaeanLHas ynpyrocTis — 0AHO3HAYHas 3aBMCUMOCTL MEX/y Cumamit n
BbI3BAHHBIMU 3TUMU CUITAMU NEPEMELLIEHNSIMM o=y(e)

[nsa orpoMHoro 60nbLWMHCTBa MaTepuarnos 3aKOH yNpyrocTy ¢ 6onbLLOow
TOYHOCTBIO MOXHO CHMTATb NIMHEVHBIM 5= Eg <« 3akoH MNyka (1)

E  mopynb ynpyrocTtun

3akoH ynpyrocTtu cnpasensnme, Noka HanpsXXeHna He JOCTUrHYyT HEKOTOPOro
npenena, HasblBaeMmoro npenesiom ynpyroctu

[lnsa Bcex matepranos, MPUMEHSIEMbIX B TEXHMKE (KPOME Pe3VHbI 1
Kay4yykooGpasHbIX NMonMmMepoB), MOAY b YNPYrocTy BECbMa BbICOK MO CPaBHEHMIO C
npeaenom ynpyroctui, No3ToMy BenuYmMHa ynpyrov edopmannm HeBenvka — He
oonee 1-2 %

B obwem cnyyae, kpome gedopmaumm B HanpaBreHNN pacTsHKeHUst , _b-bgy

6y,u,eT NponcxXoanTb U CKaTne B nonepe4yHomM HarnpaBneHun bO

[lna n3oTponHoro matepuana BenuunHa € oguHakoBa Ans BCEX HanpasneHun B
nonepevyHoM ceyeHun (HeT NpeanodTUTENbHOrO HanpasneHus ). Ecnn
Aedopmauus — ynpyrasi U nog4uHsieTcs 3akoHy 'yka, To okasbiBaeTcsi, YTO
OTHOLLEHMNE nonepeyvHon gedopmarmm K NpogosibHON — BENNYMHA NOCTOSAHHAs
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€ v koadduumeHT MNyaccoHa

B TpexmepHom crniydae 3akoH ['yka
ANs M30TPOMHOro Tena MOXHO
npeacTaBuTb criegyowmm obpasom
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O606LLeHHbIV 3aKkoH ['yKa Ans aHM30TPONHOro Tena:
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YpaeHeHue GewxeHus1 U pagHOBeCUSI:

dv
pE—V o+ pF, Gy = 3»
(M duy %) NN v
dt  dt dt dt ot

M M M L 1o Doy | G0

dt ot 6x1 6x2 6x3 6x1 6X2 6X3
vy v f, N2 Ny Ol p 1[0y 00y  05o3
dt ot 6x1 6x2 6x3 6x1 6X2 6X3

ﬁ:%.- %4_\/2%4_\/3%:]7371 %4_@4_%
dt ot 8x1 8X2 8X3

B nuHeliHOlU meopuu yrnpy20ocmu Marnbl: NepeMeLLeHnst, CKOpocTH,
aecdopmaumu. MNMo3ToMy € TOYHOCTBIO 4O criaraemblx BTOPOro nopsiaka ManocTtu
nony4aem ypaBHeHUs1 B BUAE:
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MonHas cuctema ypaBHEHWI FIMHENHOW TeopUX YNpPyrocTu

duanyeckmne CooTHOLLIEHUS
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B 15 ypaBHEHUAX HEN3BECTHLIMU SABMNSIOTCS LUECTb KOMMNOHEHT TeH30pa
HanNPsKeHUN, LECTb KOMMOHEHT TeH30pa AedhopMaLmini 1 TPU KOMIMOHEHTbI
BEKTOpA NepeMeLLEHNI, T.€. BCero 15 Hen3BeCTHbIX

Mpu npssMoM peLLeHnn 3agad 1cnonb3yTcs Bce 15 ypaBHEHWN.

B HekoTOpbIX YaCTHbIX 3aa4aXx, He TObKO AN NPOBEPKU PELLEHUS, HO U AN ero
HaxXOXAeHWs1, OKa3blBalOTCA YOOOHbIMW YypaBHEHMS COBMECTHOCTM AedbopMaLnii,
KOTOpbIE BbITEKAIOT U3 rEOMETPUYECKMX YPABHEHWN (T.€., SBMSOTCS UX
cneactevem). IHoraa ux HasbIBalOT ypaBHEHUSIMU HEPA3PLIBHOCTMY.
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YuebHukn: H.U. Bysyxos OcHOBbI TEOPMM YNPYrocTu, NNacTM4HOCTA 1

nonayyectn. O.N.TepebyLuko OCHOBbLI TEOPWUM YNPYrocTy 1 NracTuiHocTu. Kau,.
Teopus ynpyroctu 8




YpaeHeHusi JlTams u ypasHeHusi Benbmpamu

3agaum Teopum ynpyroct MOXHO (hOpMynmMpoBaTh U pellaTtb B HaNpPsbKEeHUAX
wvnu B nepemelleHMsX B 3aBUMCMMOCTM OT TOro, YTO B MNEPBYH oyepedb
Tpebyetcsa onpenenuTb.

1. B nepBoM cry4ae 3a HEM3BECTHbIE BEMNUYMHbLI MPUHUMAIOTCS HaMNpPsKEHVs .
Torga onsa HaxoxaeHWs1 6 HEeN3BECTHbIX PYHKLUMIA KoopauHaT

G50 505 TaysTyrs Ty

HY>KHO MMETb LLECTb YpaBHEHUI. /13 ypaBHEHWI paBHOBECUS 3TN BENUYNHDI
HenocpefCTBEHHO He ONpeaenstoTCs: TPeX ypaBHEHWI Oka3blBaeTcs
HegocTaTouHO. M Torga ncnosnb3yloT ypaBHEHNS HEPA3PbIBHOCTM, 3anncaHHbIe C
nomoLubto (11) yepes HanpsHKeHus:

2 2 )
: % A
(1+V)A0x+ﬂzo’ (1+v)Ao, +92 =0,  (1+Vv)Ac +E:O,
) y 2 :+t
ox ay 022 (15)
(1+v)at +a—2S:O (1+v)ar +762S _o. (AT, + 220
Yoy " yor bzox
2 2 2
roe A...Evz...z—a 2 L™ '2"+—a 2, §=06,+0,+0;
ox oy oz
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onpegensaem us yCﬂOBMﬁ, 3afaHHbIX Ha NOBEPXHOCTAX

3agaun Teopum ynpyroctm MOXHO HEMOCPEACTBEHHO peLlaTh B NepemMeLLeHnsX.
[ins aToro cnepyer 3anucatb YpaBHEHUS paBHOBECUS B NepeMeLLeHnaX. 3T
MOXHO CAenaTb, Bblpa3vB KOMMOHEHTbI TeH30pa HanpshkeHun u3 (11) n (12) yepes
nepemetleHns n nogctasue ux B (13). OkoH4aTenbHble YypaBHEHNS MOXHO
npeacTaBuTb B BUAE
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OT0 n ecTb ypasHeHus Jlame B TeOpyn yNpyrocTu.
B BekTOopHOM BUae nveem
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AHanormyHLIM o6pasoM B nepemMeLleHnAax MOXHO NpeacTtaBUTb U KpaeBble YCI0BUA
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Mnockue cmamuyeckue 3adayu meopuu ynpyzocmu

Mnockoe Han pAXeHHOe COCTOoAHue

Ecnu ToHKas nnactuHKa Harpy)KeHa ycunusmm, NpunoxXeHHbIMU Ha ee rpaHuue
napanmnernsHO NMOCKOCTW NNACTUHKM 1 paBHOMEPHO pacnpedeneHHbIMU No
TONWMHe (prC. 1), TO KOMMOHEHTbI HANPSXKEHUA G, Tyzy Ty

Ha 0benx NoOBEPXHOCTSAX NACTUHKN PaBHbI HYIO, U MOXHO NpeaBapuTenbHO
NPEeAnoNOXNTb, YTO OHW PaBHbI HYMIO W BHYTPU MMacTUHKKU. Torga HanpsikeHHoe
cocTosiHue GyAeT OnpeaensiTbCsi TONMbKO KOMMOHEHTAMM Oy, G, Tyy

N Ha3blBaeTCA NJIOCKMM Hanpsa>XeHHbIM COCTOAHNEM.
MoxHo Takke npeanosioXnTb, YTO 3TU KOMMOHEHTLI HEe
3aBUCAT OT Z, T.€. H& MEHAITCA NO TONLWMHE NNACTUHKN,
a ABnAaAlTCA (byHKLWIFlMVI TONMbKO X N y.

TeH3op gedopmaLiin B 3TOM Criydae MOXHO
npeacTaBuTb B BUAe
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Bcs cuctema ypaBHeHUI B 3TOM criydae MOXeT ObiTb NpeacTasneHa B Buae (6e3
yyeTa MacCoBbIX CUI U CUIM UHEPLLN)
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Mpu peweHuu 3adayu e nepemMeuweHUsIX ypaBHEHNI PaBHOBECUS [OCTATOYHO.

Moncrasnsas (18), (19) B (17), npugem kK ypaBHeHuaM Jlame ansi nnockoro HC
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310 3agaya o nnockom HC B nepemelLieHmsX. 12
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B pesynbTate and NroCKoM 3agaynm B HanpsXXeHnax nveem ypaBHeHUs

Mnockasa pedopmauma

lModo6Hbie yrnpoujeHus BO3MOXHb! 1 B ApYroM NpeaenbHoM crlyyae, Korga
pa3smep Tena B HanpaBneHMn o4eHb Benuk. MprumepoM MoXeT BbITb ANUHHOE
LUMMUMHAPUYECKOE UM NPU3MAaTUYECKOe TENo, Harpy)KeHHoe curnamm, Kotopble
nepneHanKynsapHbl TPOAONBHON OCK Tena U HEe MEHSIKOTCSA MO €ro AnuHe (CM.
pycyHokK). MpeanonoXum, YT KOHLEBbLIE CEYEHUSI OrpaHUYEHbI
PUKCUPOBAHHBLIMM TMAaAKUMU aBCOMOTHO XECTKUMM MMOCKOCTAMU, KOTOpble
NpensiTCTBYIOT NEPEMELLEHNAM B NPOAOSIbHOM HanpasneHuu. B aTom cnyyae
MOXHO CUYUTaTb, YTO BCE MOMepeyHble CeYEHNA HaXoaaTCA B OOHUX U TEX Xe
ycroBusix. MocKonbKy B KaX40M NONepe4yHoOM CeYEHNUN YCIOBUS OANHAKOBBI,
[OCTaTO4HO PACCMOTPETL TOHKWI CIOV MeXay ABYMSI CEYEHUSIMU, PacCTOsIHWE
MeXay KOTopbIMU — eanHMLa. KOMMNOHEHTLI BEKTOpA NEPEMELLEHU U U V
ABNAOTCH PYHKUMSMU TOSBKO X U Y, HO HE 3aBUCAT OT NPOAOSbHOM

KoopauHaThl z. MNepemelleHns w=0
Ecnun Takoe Teno, Harpy>XeHo cunamu, He

MEHSIOLLIMMKCA MO BCEN AnvHe, TO
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CnepoBaternbHo, B 3TOM Cryvae 3afa4a CBOAUTCS K HAXOXAEHWIO KOMIOHEHT TepmoauHamueckas Teopus
TEH30pa HaMPSXKEHUA G, , G, U Ty, KAk (OyHKLMA KoOpaUHaT xmy, a YpasHeHue MM66ca ans npocToit AedhopMmMpyemoit Cpeabi:
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JlokarnbHbIM aHanorom nsMeHeHus yaensHoro obbema dy GyaeT BenuunHa,
CBsi3aHHas C U3MEHEHNEM AMaroHarnbHbIX KOMMOHEHT TeH3opa AedopmaLui

Ekk =€111t€2 833
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du =Tds —p p®deyy, “)

[JoMHOXUB (4) HA NNOTHOCTb M NPOUHTErpUMPOBaB Mo 06BLEMY, NONY4YUM
dU =TdS — p°dV

YpaBHeHua M'mb6ca (1) MoXkHO 3anucatb 1 Anst eanHULbl oobema (0603HaveHus

OCTaBMsIEM NPEXHUMMN)
du=Tds+ Gijdsl-j

df = —sdT + o;;de; 5)

Kak mbl yxe 3Haem, nmeet mecto cuctema YPC:
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Teopus TepMOYNpPYrocTu
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3mo u ecmb onpedensiroujue
COOMHoOWeHuUs1 TUHelHoU
3mo — coomHoweHus1 meopuu ynpyzocmu

Hroamens HeiimaHa 19

cuctemon YPC (cnang 19)
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B cnyyae manbix gedopmaumin NNOTHOCTb NepecTaeT ObiTb CKOMOWN BENUYNHOW:

d d
V.v=—V.u=—c¢
dt dt ™
o _ —-pV-v= —p—dgkk —= In(p/po)=—em
dt dt

p=poexp(—ex )~ poll -k )~ po
KeasucraTtuyeckue 3agaqn Teopum TEPMOYNPYrocTu:
ojj,j +PF; =0
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ot

BbloensitoT cBA3aHHble M HECBSI3aHHbIE 3a4aun Teopun TepmMoynpyrocTtu
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Mpumepbl 3apay Teopum ynpyroctu. KBasucratmyeckue u
AVHaMU4Yeckue 3aaavm TepMoynpyroctu. ABToMmofernbHoe pelleHue.

1.0aHopoaHas aegopmaums

p=F/S - HOpmarnbHoe K S HanpspkeHune
S — nnowaab ceveHus
X
OpHopogHas aedopmauns — BCeE KOMMNOHEHTbI TEH30pa
AedopmMaunin oguHaKoBbl MO BCEMY 06beMmy, T.e. He
3aBUCSIT OT KOOpAMHaT

B aToM crnyyae Bce KOMMNOHEHTbI TEH30pa HaMPsHKeHWUIA, KpoMe 022, OTIIUYHbI
OT HynsA

Ha Topue eanHCTBEHHas KOMMNOHEHTa BEKTOpa HopMarnu, OTNMYHas OT HyMns, 3TO
()
=> MOXXHO 3anucaTtb rpaHu4Hoe ycrnosme 022=Pp

B pesynbTate BCe KOMNOHEHThI TeH30pa AedopMaLmii, OTANYHbIE OT HyMs,
Haaem u3 COOTHOLLEeHMS 3akoHa [yka

RN | B
=375 5, 3 )P

oy (11 22
2751, 3k 1P

2. Onpedenumb MOOynb cdeu2a U3 OnbiTa, NpUHUMNManbHas
CXemMa KOTOpOro rnokasaHa Ha pUcyHke

_F  epuHcTBEHHas koMnoHeHTa TeH3opa
Y2 S HanpshkeHwir, oTM4Has OT Hyns

CwmeLleHne nobown Toukm Gpycka nponcxoamT

BJOSb OCU Z; CMeLLEHMEM BAOSb APYrnX Ocen
MOXHO NpeHebpeyb. =>

uy=u,=0
U; =xXIgPRxQ

M3 cooTHowweHnn Kowmn Haxoaum:

C ppyrow CTopoHbl, U3 3akoHa 'yka Haxogum:
Exz :LO—xZ :LE
2u 2uS | = ZF—d
S8

W3 pucyHka cregyet:  1g(29)~2¢ :S
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3.0npeaenuTh AeOpMaLIMIO LWapa NoA AeUCTBUeM cO6CTBEHHOrO Beca

Cuna TaroteHusi HanpasrneHa f=—gr/R
NPOTMBOMONIOXXHO paanyc-BEKTOPY
Ecnu wap — n3oTponHoe Terno, To 3agava
CTaHOBUTCSH CUMMETPUYHON U OGHOMEPHOMN.

Bbibupaem cepuyeckyto cucteMy KoopauHaT:

ug=uy=0, u, :u(r)
B atumx yCnoBuAX oCTaeTcAa eanHCTBEHHOEe ypaBHEeHe paBHOBECUA:

acrr +26”"_066_G(P(P _8r_

0
or r R

G =2pe;; + ;A N3 obmx COPTHOLIJGHVIVI ANs KOMMOHEHT TeH3opa
pedopmaumnii HaxoanMm:

A

ou,. Uy uy
e =—>H &pg=—
’ °e r

Epr =3
or
OcranbHble KOMMNOHEHTbI TeH30pa AedopMaLmi — paBHbl HYMO

Ou u
G =218, +X[srr +s¢¢+see]:(k+2p)5+2X; 24




ou u

Gy =218, + x[s,, +egp+ see]: (n+ 2“)5 + 2%;
(1) u Ou
Cpp =000 = 2(p+k);+k5

MoacTaBnss HaNPSPKEHUS!, BbIPAXKEHHbIE Yepe3 NepeMeLLeHNs], B ypaBHEHNE
paBHOBeCUs 1 cobumpast nogobHble criaraemble, HaNngeM

*u 20u u gr
+-—-2—-—F/"—=0 E
or: ror 2 R(X+2p.) p=—"—-=G
nnm - ' 2(1+v)
d(1d(2\N_,r ,_ (+v)i-2v) |52 BV
) dr(ﬂ dr(r “)j—ARa A—PgiE(l_v) (t+v)i-2v)
ry.: u(0)<o0;  (3) o (R)=0 (4)

3
u(r):Ar—+C1£+Q (5)

O6lLiee pelleHre ypaBHeHns (2): 1R 372
P

MocTosiHHbIE MHTErPUpPOBaHNS Haxoaum nar.y. C, =0

[ns Toro, 4To6bl BOCMOSIb30BaTLCA BTOPLIM YCIIOBUEM, 3TOFO HAM HY>XHO
BblPa3nTb HanpsbkeHus Yyepes gedopmarim u3 (1) o5

Lo, 347 q
Haxogum: &= T10 R 3

2
Up _ 47 +C1

I0R 3

€00 = €9o

2 2
nogctaensemMm B (1) o, =(A+ 2p{3Ar + Clj + 2){Ar +Clj

10 R 3 10R 3
VMcnonbays ycrosue (4 3 3-v
Yy (4), Cl=—> R
HaxoauM: 10 1+v
B pesynbTaTte Haxoaum: u(r)z_ﬁr 3-v_(r ’
Y ' 10 |1+v \R) |

(6)
Epp = % {3(12)2 - ?://}

CnenoBsaTernbHO, BHYTpY LIapa CyLlecTsyeT
HeneopMUpPOBaHHas B paamnansHOM HanpasrneHun
NOBEPXHOCTb, rae &y =0

Pacnpe,u.eneHMﬂ KOMMOHEHT TeH30pa Hal'lpﬂ)l(eHI/IIZ Haxoaum C MOMOLLIbIO 3aKOHa %SyKa

4.0npedenums deghopmayuro OnuHHOU nosol yunuHopuveckoli mpy6hbl,
3arnoSIHEHHOW Fa3oM UMK XXMAKOCTbIO C AaBreHneM p. [laBrneHne cHapyxu
OTCYTCTBYET, CUIMON TSHKECTU MOXHO NpeHebpeyb.
3pecb Ham noTpebyeTcst UUNMHAPUYEcKasi cuctema KoopauHar
C OCbH0 Z, HanpaBneHHON BAOMb OCY LUNUHApPA.
B cooTtBeTCcTBUM € 3akoHOM [Mackansi, faBneHne BHyTpU TpyObl
M30TPOMHO U AEeACTBYET BO BCEX HANpaBeHWsIX 0QNHAKOBO.
CnepoBaTenbHo, AedopManusi CTEHOK TpyObl nponcxoaut
TOMbKO B paguarnibHOM HanpasrneHun. 3agada BHOBb
CTaHOBUTCS O4HOMEPHOMN.
YPaBHEHMe paBHOBeCuUA B uMnMHApMHeCKOVI CUcTeMe KoopauHat

06, +GV" ~ S0 =0 (1)

or r
KoMnoHeHTbI TeH30pa ou,. u, o o o
. €, =—"L g =1 g_=g.,.=€,=6,,=0 (2)
aedopmauun P ’ U zz rz zp re

Ou
Gy =218, +x[s,, +.sw]:(x +2p)5+x%

U3 cooTHOLWeH UM u ou
Oioamens- Cpp =2HEpp + k[srr + g(p(p]: (k + 2”)7 +A— (3)
HeWmaHa r or

u  Ou
Oz = X[Srr +‘g(p(p]: 7‘|:; +5:| 27

Wcnonb3ys nepBble ABa dl1d
cooTHoweHwus (3), us (1), di(idi W)) =0, (4)
HaxoAuUM r\rar

ry. Grr(Rl):_p’ Grr(RZ):O’

1 1
O6Lwee pelueHMe: u(r) = ECIF +CG - (5)
ou, 1 1
&p=—"T=—C1-Cy—,
rr or P 1 2 r2

| | (6)
ur
Epo=L=—C+Cy—
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MoacTaensas (7) B I.y., NPUXOAMM K CUCTEME YPaBHEHWIA:

2
E Cl C2 _AP Rl
= | _(1-2v)=2 |=- Cr=2=(l+v)f1-2v
(1+v)(1—2v){2 ( V)RIJ P 1=2 (v )R22—R12’
—_— 2p2
G &) G =L(1+v) RiR)
H_(1-2v) =2 =9 2
5 ( V)R22 E R22—R12

[anee nocnenosBaTernbHO HAXOAUM:

w(r)=2(1+v) RY 2{(1—2v)r+Rr22},

E R} —Ri

2 2
_p R R)
8rr(r)_E(l+V)R22 —R12 |:(1_2V)_r2:|,
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p Ry R3
=2 1-2v)+ 22
sl 200 A 205

E R | RS
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5.0npedenumsb deghopmMayuro CriIOWHO20 YUIUHOPa, PaBHOMEPHO
BpaLLlaloLLIErocst BOKpYr CBOEN OCu C YrNOBOW CKOPOCTbIO . CUMON TSHKECTH
npeHebpeyb. Cuctema KOOpAUHAT - LMnuHapuyeckast

Ha eguHuuy macchl UMnuMHApa B TOUKE C pafuyCc-BEKTOPOM r
OencTByeT LeHTpobexHasa cuna

f:a)zr

-»

z

B cooTtBeTcTBUM C ycnoBusimun, aedopMaunsa umnuHapa
NPOUCXOAUT TOSbKO B HaMpaBneHWUM I U TONbKO Nog AeNCTBUEM

3TON cUnbl

=

d(1d -
YpaBHeHne paBHOBeCHA: —G—(m)j = —pa)zri(l +v)i-2v)
dr\ rdr E(1-v) (1)
u(0)<o0;  0,,(R)=0
3
__ 2 wvi-2v) 6 G,
T (e e LA

C,=0. YT106bI HanTn C,, NocTynaem aHanorn4Ho npeapiayLuemy: onpegensem

Sog 2 o2
pRlz R22 (1 + V)(l —2v R2 - R1 -
o, (r)= > 1=—5 b z ) Aedopmanum, NoACTaBMSEM UX B COOTHOLLEHUE Af1si HAMNPSKEHWUIA, UCMONb3yeMm
Ry —Rj . S P P A BHELLHEE rpaHNYHOe YCroBIe, HaxoauM C,, 3aTeM nepemeLLEeHuns 1 T.4.
ol 2_
(1+v)(1—2v) Ry — Ry 30
6.Halimu HanpskeHUs1 8 MOJIOM YUWIUHOpe, Bbl3BaHHbIE HEPaBHOMEPHOCTLIO M3 cooTHoLeHuin [Jioamensi-Helvana Havigem
ero Harpeea. CUIon TsPKECTU 1 BHELLHUM LaBrneHnem npeHebperaem.
G = (A +20)e, + k(sw + szz)— Ko
T=T(r) -3anaHHaa dyHKUMS
Opp = (n+ Zp)s(P(P + My +82)- Ko
MpeHebperas BNUSHMEM TOPLOB, MOXHO CYUTaTb, YTO
ceyeHust Tpybbl, NepneHauKyNspHbIE K ee 0CU, OCTaTCS
PYyobl, epnenankynap ’ GZZ:(k+2p)gzz+k(sw+srr)—[<(u
i NOCKMMU 1M paboTaloT B OAMHAKOBLIX YCMOBUSIX, Tak YTO
paavanbHble NepeMeLLeHunst 3aBUCAT TONMbKO OT paauyca, Gpp =0y =Gz =0
nepemelLeHNs B HarnpaBneHnn yria oTCyTCTBYHOT. -
c du c u c c c 0 () (l—v)E du+ vE u+‘g E o
== = = = = G, = — - -
Tt 0 e E T e T -2v)i+v)dr (1=2v)1+v)r F) 3(1-2v)
OTHOCUTENBHOE YANMHEHNE B HANPaBMEHUM Z MOKa HEM3BECTHO, HO rMrnoTe3a (1-V)E u VvE du E
MIOCKMX CEYEHNI NO3BONISIET CYUTATD, YTO %00 T (1 Zov)14v) r - (=2viev)ldr =) 301-2v)¢ (4)
€ = const
= _ (-v)E L VE u du E
Orta BenunuunHa GyaeT ABHO NPUCYTCTBOBAThL BO BCeX hopMynax u notpebyer Oz = (1-2v)1 +V)SZZ (1=2v)1+v)\r dr) 30- zv)(’)
onpeaerneHyst Ha OCHOBE AOMNOMHUTENBHOMO YCIOBUSI.
_ MoncTaBnsas nepsble ABa COOTHOLLEHUS (4) B ypaBHEHNE paBHOBeCUS (2),
YpaBHEHUE PaBHOBECHST — YXKE 3HAKOMO 4o, S =Co0 _, ) " pebie A (4)8yp P 2
dr , Hangem
u ldu_u _1levde o
&2 rdr #2 31-vdr 32

ry:  o,(R)=0, o,(R)=0, (3) 31




MepBbIn uHTErpan ypaesHeHus (5) ecTb

li(m)_ll-i—v(,\)-i—cl (6)

=

rdre "’ 31-v
MocneaytoLiee MHTerpypoBaHue AaeT
r
u :i—lJrV J.(x)(r)rerrQrJrQ (7)
3ri-v 2 r
Ry
unm c c . F (1+v)
)= 2 folyars o =a ™ 0=T-1
2 roor (1-v)
Ry
1 1 ¢ C 14v 1 [ C
+v _1l+v 1 q
=310y w(r)—r—zjw(r)rdr +71_T22; 031"y 2 o(r)rdr+ 5 +
Ry

Ry
C nomoupio (7) n3 cooTHoLeHun [ioamens-HenmaHa Haxogum:
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E 1 q

C2 14
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Moka y Hac Tpu HEN3BECTHbIE NOCTOSIHHbIE, @ YCIOBUA 2.

)
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33

Ry
Ewe ogHum ycnosmem bynet . Iczz(r)rdr -0 (10)
MHTErpanbHoe yCroBue paBHOBECUS:
Ry

OTO ycrnosve MMeeT MECTO AN LunmMHapa co cBO60AHBIMY OT Harpysku
TOpLIEBbIMU NMOBEPXHOCTAMMU. DTO YCrOBME O3HAYaeT, 4To Tpyba He HeceT oceBom
Harpysku. Tpex ycnoBuin 4OCTaTOMHO, YTOObI HANTU HEN3BECTHbIE BENUYMHbI

U3 (9) n cootHoweHun dioamens-HerimaHa

Ry (11)

.
E 1 E o B
G(P(P:3(17\/)”*2.'.0)(}’)}’(1}’*;*4’144”’*2
R
E | } C,E
A= T el _GE
(I—ZV)(1+V)[2 By 34

[nsa oceBbIX HaNpshkeHU nonyyaem opmyny

G, =- E o+ vE C+ (L-v)E €
= 3(1-v)  (1-2v)i+v) ! (1-2v)1+v)™®
:—Lm+2Av—Es.

3(1-v)

Bocnonb3oBaBLUNCL IPaHUYHBIMUK YCIIOBUSIMU, HAAEM CUCTEMY
ypaBHEHWI ONg onpegeneHns NocTosHHbIX A n B
B

A-—=0
R
R,
__£ % J.(x)(r)rdr+A—%:O
CrnenoBaTensbHo: 3(1 _V)Rz R Ry
1-2
C = ( V)a*em -V,
2
Cy = 2
2= 7(1*R1 em
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0, :7R2 2 Ir
2~ R

-cpefHee 3Ha4YeHuWe npupaLLeHus TeMnepaTypbl B
npeaenax nonepeyHoro cevyeHust Tpyobl

[nga Toro, 4tobbl HaNTK oceByto AedopMaLU0, MOCTOSHHYIO AN BCEX
ceyeHur Tpybbl, UMeeM paBeHCTBO

Ry
I —L(D+2AV—ES rdr =03
3(1-v)

1

B pesynbTaTte Hangem:

Rl
Ea |1(. (R)? 17
__Lto 1
O-W’_(l_v) 2(1+(rj ]0m+r2jr0dr—0 5
Rl
Ea
Ozz :m[em —0],
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PeweHue 3agaum Tepmoynpyroctu B popme GeryLueit BOsHbI

MpocTeiiwan Knaccuyeckas HecTaLMOHapHas 3agayva Teopum

TemnepaTypHbIX HanpsikeHUn HOpMyMPYETCs Kak 3agada o TENNoBOM yaape

8T 8 T 8skk
Ce— =M\ ——31( T % (1,a)
Pea T T2 T o
8214 _ 6011
P o )
x=0: T=T, u=0 wnm 6,;=0 BO3MOXHbI
Ty ’ MHble BapuaHTbl
rpaHnyYHbIX
s X X >0 Ap OAT 0 ycnoswii
t=0: T:To,u:O akk:s:ll:s:au/ax
G =2pg; +9;; [kskk —3Kap(T-Tp)] 3)

611 #0, 63 =033 #0, 615 =03 =03; =0

Tepmoynpyaue 60sIHLI; meMrepamypHbIe HanpshKeHusl, 8bl3bleaeMble
cMmayuoHapHbLIMU U HeCMayuoHapHbIMU memMrepamypHbIMU MonsMu
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( YpaBHeHUe ABWKEHUS ] pai.zs _ (X ) )Q Koy 82 2.3) . :@

B AecbopMaumax x 572 o
2
pcga—T =hr—5 o' -3Ko TTL (1,6)
[ OCHOBHbIE YpaBHEHMSI ] o 8x Otox
B NepemeLLeH X 2,
p Y (k+2p)a—u—3K ST (2,6)
or? Ox
g = (3K0°T) Ty 3)

A+20 cp

JlHenHble 3apa4umn
TEpPMOYNpPYroctn

wg<<l T= T0(1+T TO)zTO
T OTum
cnaraemMbiM

2 2
(1.0) pcga—T :xTa—g—y(aTToﬂ BO MHOMMX
o ox otox cnyyasx
MOXHO
PelwueHunsa 3agay nuHeHoM Teopumn XopoLuo npeHeGpeyb

nccnenoBaHbl. AT peLleHns NpeacTaBnsioT cobomn
BOMHbI, BbICTPO 3aTyxatoLume Npu yaaneHuu ot

HarpeBaemol NOBEpPXHOCTU 38

Mpumep (3agaya o TennoBom yaape, 1 1 kpaeBas 3agaya)

MCI'IOJ'Ib3yF| Te XXe ypaBHEHNA, MOXeM nepenncatb ypaBHEHNA B HANPAKEHNAX:

or . 0T 80y 902K

PCs—— or kT?— TT ot 5 Co =Cg +

P 3K
Tt a

A+2u o2 A+2u

T

20 92

oc=o011, 0=T-T
812 82, 11 0

1% 1ty
V12 6t2 1-v
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x=0: 0=0;T=T;

PeLlleHve ynobHo npeactaBuTb B BUAE: —

D
5= er_‘t’|:n(1— &)—%erfc(%% —ﬁﬂ - \J

- %e17+(t°ei’]’c(1£ + \Ej
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B cBA3aHHOW HEMMHENHOW TEOPUM NOSIBMSIIOTCS pelleHus Tuna Gerywen BOSHbI
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o= LT X L _=& 4
TO _TY_TO X Is Ex ( )
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X 3KG'T }\‘T
X =+ Kpls Ex = T T Kr=—4
T k+2p( —Ty)  Kr oc,
0 6% de
or . o1 o6 El w0+0)=
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2
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PaCCMOTpVIM pelweHuna HENMHENHOW CUCTEMbI ypaBHeHI/IIZ, npegcrasndmowpe
co60W BOSHbI C MOCTOAHHbIM I'IpOCbVIJ'IeM, AOBUXYLIMeca Co CKOPOCTbO 14

Mepenaem k koopauHate X =&—V1 |

nonarasd, 4YTo BOJIHa ABUXeTCA BrnpaBo.

Torpa peleHne Tuna Geryuieii BoMHbI 4OMMKHO ByaeT yaoBNeTBOPATL CUCTEME

ypaBHeHW
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ot ox 6X2 or oX | ox? ox? or? 00X ox?
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ax 4x?
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3anncaHHbIM B aBTOMOAENbHbIX 44
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Mocne BBeaeHus 3Tux

2 (aV)* -1 ‘
U=w» (aV) —l—cocs), v= (12) | obosHaueHui npuaem K
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Bblpaxkenuns ans gedopmMaumin Yepes nepemeLleHns:

u= (ux,uy,u )

ypaBHeHVI;I paBHOBeCcuUA B Ll,VInMHApVI"IeCKOFI CcuctemMe KoopauHart

DNekapToBa cucTema KoopamHat
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