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YIIPYT'UE JE®@OPMALINU AHU3OTPOIIHBIX TEJI

1 MaJgblie nepopmManum CIJIOMIHON CPeabl
[Ipu nedopmanmu CIUIONIHOW CpeAbl €€ YaCTUIBI CMEMAIOTCS W3 CBOUX
NEePBOHAYANILHBIX MOJIOKEHUI: YacTUlla HaxXoAuBIIascs 10 aedopMalii B TOUKE

X C KOOPJIMHATaMH X;, OKa3bIBAETCS B PE3yJbTare

nedopManuy B TOUKE X C KOOpAMHATaMH X;. Bextop
U=X—-X, u=x—X; (1.1)

Ha3bIBAaCTCSl BEKTOPOM MepeMelleHui. 3agaHue BO BCeM 00beMe, 3aHUMacMOM

TEJIOM, BEKTOpHOTO moJsi U(X) MOJHOCTBIO ompenenser aehopMHPOBaHHOE

COCTOSIHHE TeTa.

PaccmoTpuMm  yacTHily BMeCTe€ C HEKOTOpOH OECKOHEYHO Majoil ee
okpecTHOCThIO. Jledopmanuio Tena BOJM3M JAaHHOM YacTUIBI MBICIEHHO
Pa3oKUM Ha TPH JABWIKEHUS: 1) MOCTYyMaTeIbHOE MEPEMEIICHNE YaCTHIIBI BMECTE
C OKPECTHOCTBIO M3 TOUYKH X B TOUKY X; 2) MOBOPOT OKPECTHOCTHU KaK TBEPJOTO
TeJa BOKPYT HEKOTOPOH OCH, TMPOXOMSIICH dYepe3 TOUKy X; 3) COOCTBEHHO
nedopmariio, T.€. TaKOe MEePEeMENICHHE OJJTHUX YaCTUIl OTHOCUTENBHO IPYTUX, MPU
KOTOPOM U3MEHSIETCS] PACCTOSIHUE MEXKy YACTUIIAMHU.

[loctynatenbHOe TEpeMEIICHHE YacTHIBl BMECT€ C OKPECTHOCTHIO

ompenaensiercss BekropoMm U(X). OcTanbHbIC [1Ba IEPEMEMICHUS OIPEICISIOTCS

IIPOU3BOAHBIMHK  BCKTOpPA nepeMemeHI/Iﬁ 10 KOOpAuHAaTaM. Ot JCBATH

MPOU3BOIHBIX 00Pa3yrOT HECUMMETPUYHBIA TEH30p — TPAJMCHT IMepeMeIICHUN
gradi(X)=VU. Ero CcuMMETpUYHYIO 4YaCThb HA3BIBAIOT IMEH30POM MAJIbIX
oegopmayuii (TEH30POM JAUCTOPCHN)

1= = .1 1({ ou; ou
e==(VUi+ (Vi)' ), gy =—| —L 4 —K | 1.2
(Vu+ (o)) =2 a0 o (1.2)

a4 aHTUCUMMCTPHUYHYIO YaCTb



> (Vu- (Vo)) oy = M M
2\ OX,  OX;
(1.3)
Ha3bIBAIOT MEH30POM MANbIX 8PAUEHUL.
B oxpecTtHOCTH MaTepuaIbHON YaCTHUIbI, HAXOAUBIIEHCS 10 AedopMaluu B
TOYKE X, CMEILECHUS PaBHBI

B (%)

—

(X+0%) = U(X) +

5% =U(X) +®- 5% + & 0%,
. (1.4)
k

CwmernieHuss 4YacTHI[ OKPECTHOCTH OTHOCHUTEIbHO WM30paHHON 4YaCTHIIBI,
HaxoAuBIIEHCs 10 AeopMalluK B TOUKE X , PABHBI
Ol (X+0X) =U(X+0X) —lU(X) =0 0X + & OX,
OU; (X+0X) = U; (X+X) — Ui (X) = U; (X) + @ OX + & OX - (15)

AHTHUCUMMETPUYHOMY TE€H30PY (@ CTaBUTCS B COOTBETCTBUE AKCHUAIBHBIN

BCKTOpP (5 ) Ha3bIBaCMbIN BCKTOPOM MaAJIbIX BpaHIGHI/II;’I, C KOMIIOHCHTaMH

1
? =—§5ijk60jk’ (1.6)

npudeM @ - 0X = @ x 0X . [loatomy
OU(X+0X)=pxOX +¢&-O0X. (1.7)
[Ipennonoxum, uto &X)=0. Eciu Jdp — cocraBnsoomas BekTopa OX,
NIEPIICHIUKYJIIpHAsT BEKTOPY @, TO OU(X+OX)=@xdp, OU=@dp. DTO 3HAYUT,
YTO CMENIEHUE KaXJAOW TOYKHM X+OX OKPECTHOCTH MPONOPIHOHAIHHO
PACCTOSTHUIO Op OT 3TOM TOUKH A0 OCH, MapajlIeIbHON BEKTOPY ¢ U MPOXOASIIeH
yepe3 TOUKy X. HampaBneHue 3TOro cMmemieHus NeprneHInKyIsIpHO KaK OCH, TaK U
BEKTOPY Op, COCIUHSIOLIEMY 3Ty OCh C JaHHOW TOYKOM OKPECTHOCTH. JTO

O3HAYaeT MOBOPOT BCEH OKPECTHOCTH KakK IIEJIOT0 BOKPYT OCH BparieHus. Yol (B
paanaHax) ¥ HampaBJIEeHUE dTOTO TIOBOPOTA COBIMAIAIOT COOTBETCTBEHHO C JUTMHOM

Y HAIIPaBJICHUEM aKCHUAJILHOTO BEKTOpa (.

[ToacrasuB B (1.6) KOMIOHEHTHI TEH30pa MaJIbIX BpaieHui (1.3), moxydum



1. (éuj ou ) 1. ou 1. ou; 1_ ou 1. ou

s | M2 M Zo Ti_2s M s 0
ATTLOM ax Tk, )T Ao T e G T a % o T M o,
1. ou 1. ou 1. ou 1
=8y —K+ 0 —~ ==, —, @p==rotd. 1.8
ATk, ok, T2k, T2 (18)

J

[Tomoxxum @(X)=0. Torma OU(X+oX)=g-0X. IlpencraBum TEH30p
nedopmaluii pa3okKEHHEM 10 IUaJaM €ro TIJaBHBIX BEKTOPOB [; B BHIE

&=¢&(1y PPy + €2) P2 P2 + £(3)P3P3, TIC U1 CHMMETPUYHOTO TeH30pa [ - Pj = Jj; -

Hycts gq) =€ #0, £5) = &3 =0. Obo3HaIMM [; - OX = 6%y, TOrAA
OU(X+0X) = x4,y -

DTO0 3HAYUT, YTO CMEILEHHUS BCEX TOYEK OKPECTHOCTHU MapaljiesIbHbl BEKTOPY
f, ¥ [PONOPLUUOHANBHBl PACCTOSHUSAM COOTBETCTBYIOIIUX TOYEK OTO
NENEHIUKYISPHOM K 9TOMY BEKTOPY IUIOCKOCTH OX, = 0. Takum o06pas3om, B 3TOM
cllydae MPOMCXOAUT Y/UIMHEHUE B HAIIPABICHUY, IAPAJIEIbHOM [}, B OTHOLUIEHUU
(1 + g) 1.

B o6mem cnmyuae, kora Bce TIaBHBIE 3HAYEHUS TEH30pa € OTJIMYHBI OT
HyJs, TPOUCXOJUT HAJOKEHHWE TaKuX YAJUHEHUHM B TpeX B3aUMHO
NEPICHINKYISAPHBIX ~ HAMpPaBICHUSIX, OMPEACNsAEMbIX TJIABHBIMH BEKTOpaMHU
TEH30pa € .

OnpenenyM HW3MEHEHUS pPACCTOSHUN B HANpaBlICHUM IPOU3BOJIBHOTO
€AMHUYHOIO BEKTOpA 71, KOTJa OX = nos . Jlo nedopmaim 3To paccTossHUE paBHO
0S. B pesynbrare nedopmMaiiuu Touka X + 70 CMECTUTCS OTHOCUTENIBHO TOYKU X
Ha BEKTOp Ou =g-nods. CocTaBismoias 3TOr0 BEKTOpa B HANpaBJICHUU 7 PaBHA
n-0u=rn-g-nos. OTHOCUTEIHHOE W3MEHEHHE PACCTOSHUA B HANpaBICHUU 7 B

pe3ynbTaTte Majoi aegopManud € COCTaBISET

Haiinem oTHOCHTENbHOE M3MEHEHHE 00beMa npu nedopmaruu. Beigenum B

OKPECTHOCTM TOYKM X MaJbli NpsIMOYTOJIbHBIN Mapajuienenurnesn ¢ pedpamu,
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HapajielbHbIMU TJIaBHBIM BEKTOpaM TeH30pa € u paBHbIMH |y, l,,l5. B pesynbrare
nedopMani OH TPEBPATHTCS B NPSAMOYTOJBHBIA Mapajulenenunes ¢ pedpamu
L =Q+eg)h, I, =QA+ep)ly, I3 =1+ &3)l;. OtHOCHTENBHOE H3MEHEHHE 00beMa
paBHO

AV Ll =Ll
Y 11,1,

Ecan HpeHe6peqL KBaJI[paTUYHbIMHU U KYGI/IqHBIMI/I 1o 8(i) YJICHaAMH, TO

AV
728(1) +€(2) +€(3) =Ekk - (110)

DTO BBIpAXXEHUE HE 3aBHCHUT OT BbIOOpAa KOOPAMHATHOW CUCTEMBI, SIBISSACH
MHBAapUAHTOM TeH30pa Aeopmainuii. OTHOCUTEIbHOE U3MEHEHHE 00beMa MOKHO
BBIPA3UTh YepEe3 BEKTOP NMEPEMEILIECHU:

ﬂZé‘kk:%:diVU.

111
\ OX (L1

HaiineM wu3meHeHue B pe3ynbTare aepopManuyd yria MeEXIy JByMs

CAMHUYHBIMU BEeKTOpaMu P u (, KOTopblie a0 AedopManuu ObUIM B3aUMHO
oproroHanbHbl (P-(=0). [locne nedpopmanuum KOCHHYC yIiia MEXIYy HHUMH

NPUOIU3UTEIIBHO paBeH

Sz%—Zﬁ-s-q. (1.12)

[[TapoBasg 4acTh ggiil TeH3o0pa jaeopManuii € OMUCHIBACT H3MEHEHHUE

o0beMa, HO ¢opMa MOJ ACHCTBHEM MIAPOBOTO TEH30pa HE H3MEHSETCS: BCE

npsiMble, KOTOpbIE ObUIM  OPTOTOHAJIBHBI A0  JedopManuu, OCTarTCsA

—

OpPTOTOHATBHBIMHU U TIOCIE Hee: ecnu P-G=0,Tou p

JleBuatop TeH3zopa aepopmariuii



1
eze_égiil’ (S :5ij _égkké‘” (113)

J
OIHUCHIBAET Ie(OpMaLUI0, IPOUCXOAALIYI0 0e3 M3MEHEHHs o0beMa, T.K. ey =0,
HO ¢ u3MeHenueM ¢opmel: ecnu P-=0,Tou p-e-G=p-e-q.

Ecim 3amano mro0oe mosne mepememiennid U(X), MOXHO HaWTH IOJIe
nedopmaruii €(X). Bo3HukaeT Bompoc: 1Mo Jr000My JIH TEH30pHOMY MO0 €(X)
MOKHO BOCCTAaHOBHTH BEKTOpPHOE moje U(X), WM BCSKOE JIM TSH30PHOE IT0JIC
sBIsieTCs nedopMalueii HEKOTOpOro BEKTOpHOTo moisia? BeiBeneM ycrnoBus,
KOTOPOMY JIOJDKHO YJIOBJIETBOPSITH TEH30PHOE T0JIe, 4TOOBl OBITH Jedopmarueit

HCKOTOPOIro BEKTOPHOTIO I10JIA.

Paccmotpum rote. I1o onpenenennto

8(9”'
OXy
BBIpa3I/IM KOMIIOHCHTHBI 3TOI'O HCCBI[OTCH30pa qepe3 HpOI/ISBOI[HBIe BeKTOpa

IIEpEMELICHUI:

ag.. 1
Si—L =5
ikl an 2 ikl

w1, Oy
OXOX; 2 " ox,ox,

Btopoe cmaraemoe paBHO HyNIO, T.K. MPEACTaBISIET COOOW CBEPTKY

2 2
0 U; 0 U;
CI/IMMeTpI/I‘lHOFO TCH30pa = nu aHTI/ICI/IMMCTpI/IIIHOFO T€H30pa

X, OX|  OX0X,

Oyl = —Oi|k - 3AMETHM, YTO U3 TCH30PHOT'O aHAJIM3a U3BECTHO, YTO

1 82uj 1
— 0y ——— =—(rotgradi). =0. 1.15
2 " oxox 2( gradu), (1.15)

3armumem (1.14) B Bune
0(0;0U, /0 o(rotu). ta
(mt“’)--:l (Oudu/x) _ 191 )', rotszlm.
b2 OX| 20X 2 X

(1.16)

1
C npyroii CTOpOHBI, Erotu =@ (cm. (1.8)), mosToMy nosryyaem



(rote). :%, rots:a—(p. (1.17)

U ox, OX

N3 (1.17) cnemyer, 4rtoO (rota)T:grang, nostomy B cuiny (1.15)

rot(rote)” = Inke =rot(gradg) =0. JIuddepeHunanphas omeparms  B3ATHS
poTopa OT pOTOpa TEH30pa Ha3bIBACTCS HECOBMECTHOCTHhIO M 0Oo3Hawaercs Ink.
OKOHYATENBHO MOJIy4aeM

2
0“em

Inke=0, &, 0iny—"—
ikm® jnl axkaxn

=0. (1.18)

Takum oOpa3oM, [OKa3aHO, YTO €CIM TEH30pHOE TIOJIe SIBISETCA
nedopmaliieil HEKOTOPOro BEKTOPHOTO TMOJsi, TO €ro HECOBMECTHOCTh paBHA
Hymo. YpaBuenus (1.18) HazpiBatorcs ypasnenusmu coemecmuocmu Cen-Benana.

Korna Tten3zop nedopmaruii 3aBUCUT TOJBKO OT OJHOM KOOPJUHATHI,
HanpuMep X5, u3 (1.18) cienyer, uro

2 2 2
0 511:8 822:8 1o _
x5 x5 ox5
3 3 3

0, (1.19)

a OCTAJIbHBIC TPpHU YPABHCHHUS COBMCCTHOCTHU YIAOBJICTBOPAIOTCA TOXKIACCTBCHHO. N3

ypaBHenui (1.19) cnenyer, uto &4,&,,,&;, TMHEHHO 3aBUCAT OT Xj:
gaﬂ = Aaﬂ + BaﬁXS (a,ﬁ = 1,2; Aa,B = A,Ba’ BO.’ﬂ = Bﬂa) . (1.20)

K cootHomenusim (1.20) cBomsTCs BC€ ypaBHEHUS COBMECTHOCTH MIpH

3aBHCHMOCTH TeH30pa jJehopMaIiiii TOJIbKO OT OJTHOW KOOPAUHATHI.

2 Tenzop HanpsiKeHU
[Ipu npedpopmupoBaHMM KpHUCTAJUIA BO3HHUKAIOT CHJIBI, CTPEMSIIUECS
BOCCTAHOBUTH TMEPBOHAYAIbHYIO KOH(urypamuio. Kak moka3piBaeT Teopus
KPUCTAJIUTMYECKON PELIETKH, 3TU CHJIBI OTHOCITCS K OJM3KOAEHCTBYIOLIUM:
3¢ (dEeKTUBHBIN paanyC WX JEHCTBUS HE MPEBBIINIAET HECKOJIBKUX MOCTOSHHBIX
peleTKu. DJIeMEeHTapHble 00bEMBI, UCIIOJIb3yEMbl€ B TEOPUHU CIUIOLIHBIX CpEe,
BEJIMKU 10 CPABHEHUIO C DJIEMEHTAPHBIMU STYEUKAMU KPUCTAJLIA; IIOATOMY CJIETYET

CUMTaTh, UTO CHUJA, JEUCTBYIOIIAs BCIEACTBUE epopMaliuy Ha JIFOOOW MBICIEHHO

8



BBIJICIICHHBI B KpPHUCTale O00BbEeM, MEpeaaeTcs TOJAbKO Yepe3 IMOBEPXHOCTD,
OrpaHUYHBAIOIIYIO0 3TOT 00beM. Toraa HAIPSHKCHHOE COCTOSHUE B KaXKIOH TOUYKE
KPUCTA/IA XapaKTEpPU3yIOTCS COBOKYIHOCTBIO cHiI PdS, meifcTByroumx Ha
BCEBO3MOYKHBIE TIPOXOIAIIHME Yepe3 3Ty TOUKY IUIOMIAIKU C CAMHUYHBIM BEKTOPOM
BHEIIHEH HOpPMand 7 © miomagsio 0S (BekTop P mMeeT pasMepHOCTH
HAINpPSDKEHMS: CHJIa Ha TJIOIIAIb).

Takum 00pa3oM, HAPSHKEHHOE COCTOSIHUE B TOUKE OMpeaesieTes QyHKIMen
P(7) wmm, eciu BBecTH oGo3Hauenms F =PdS, N=ndS, ¢ysxmmeir F(N).
JlokaxkeMm, 4uto 5Ta (yHKuus JmHeitHa. PaBenctBo F(AN)=AF(N), rme 1 —
NPOM3BOJILHOE, HO HE CIHMIIKOM OOJbIIOE BEIIECTBEHHOE YHUCIO, CJCIyeT
HEIIOCPEICTBEHHO 13 ompeaeieHus BektopoB F u N . Kpome Toro, cripaBeaiiBo
paBenctBo F(EN )=XF(N,), Takx Kak cyMMapHas CWIa, JAeHCTByIOIas Ha
IUTOINAKY, HE 3aBHCHUT OT TOTO, IJIOCKas WM peOpPUCTas MOBEPXHOCTh y ITOU
TUTOIAIKH.

Tak kak BekTop F — nuHeiinas GyHkums BekTopa N, CyIIECTBYeT Takoii

—

TEH30p BTOPOro paHra o, He 3aBucsauuii or N, uto F =o-N wuiam

TeH30p G Ha3bIBACTCS MEH30POM HANPAXCeHull; BIOJIHE ONpenesnss (QyHKIUIO
P(7), oH wucYepIbIBaIONIC XapaKTEPU3YeT HAMNPSIKEHHOE COCTOSHHUE B TOYKE.

UToOBl ero HaWTH, JTOCTATOYHO H3MEPHUTH CUJIBI P(k), JNEUCTBYIOIIME HA TpHU

ImIomaaKkyu C HCKOMINUIAHAPHBIMH HOPMAJIsIMH ﬁ(k), TOrga KOMIIOHCHTBI O'ij

SIBJISIIOTCS PEIICHUEM CUCTEMBI JICBSITH JTMHEWHBIX YpaBHEHUN
K. — pk)
[Iycte HOpMamu K IUIOHIAAKAM IMAPAJUICIBbHBI OpTaM: i) = e.. Torma

ngk) =0 , TaKk 4TO cucrema (1.2) mpuHUMAeT BUJ



Takum o0pazom, o; — 3TO |—as KOMIIOHEHTa CHIIbI, TNPHIOKEHHOH K

1
CHHHHHHOﬁ IJI0IaaKe, BHCIIHAA HOPMAJIb K KOTOpOﬁ HalIpaBJICHA I10 OCH Xk .

Tak kak cwia, jeficTByromas Ha | cM? IJIOMIAIKA ¢ BHEITHEH HOPMAJIBIO 7,
9

paBHa P =0 -0, HopmallbHas KOMIIOHEHTA 3TOW cuiabl N-P=n-o-N=o,Nnn, a
NOJHAsA KacaTelnbHas (JIeKamas B INUIOCKOCTH  IUIOIIAJIKH)  COCTABIIAIOIIAs

P—fifi-P= (I-nn)-o-n. KacarenpHoe (CIBUTOBOE) HAIMpPSHKEHHE B 3aaHHOM

— — —

Hanpasienun | paBHo | -o-fi=0ylin; eanuHnunblii Bexrop | ndexur B

IJIOCKOCTH IJIOIIAJKH U, CIEA0BATENBHO, IEPIIEHIUKYIISIPEH BEKTOPY 71 .
MpICIEHHO BBIJEIMM B Tell€ HEKOTOphld 00beM V, orpaHuMyYeHHBIN

ITOBCPXHOCTBIO S. Ecim Ha Ka}i(IIBIﬁ QJICMCHT ITOBCPXHOCTH dS HGﬁCTByeT CHJIa

PdS =o-dS, To Ha Bech 00bEeM JCHCTBYET CHIIa

F=JpPds =fpo-nids, F=Jprds={poyn.ds. (2.4)

S S S S
NHTerpan  mo  3aMKHYTOM  ITOBEPXHOCTH, COIVIACHO  TeopeMe
Octporpaackoro-I'aycca, = MOXHO  mpeoOpa3oBaTb B HMHTErpal IO

OrpaHU4YMBAEMOMY 3TOM MOBEPXHOCTHIO 00BEMY:

F =ffo-nds=[[[dive’av, F=doyns = [[[ 2 Teav
S Vv s v

(2.5)
C npyroit cTOpoHbI, IO BTOpOMY 3aKoHY HbroTOoHa
- [l She. A= foSu 2
CpaBnuBas (2.6) ¢ (2.5), noxyuum
oo, 0%y,
mdmy v = mp—dv w%dvzj\ﬂp?‘;'dv.

Tak Kak 3TO paBEHCTBO CIIPaBEIJIMBO MpHU J0OOM BbIOOpe oObema V , TOHKHBI

OBITH PaBHBI MOJBIHTETPAIHHBIC BHIPAKECHUS

dive’ =,0@ 0% _ oy :
o2’ OX, ot?

2.7)

10



OTO ypaBHEHHUs JABWKEHUS YIPYroro Tejla — TaK HAa3blBAEMblE€ YpaBHEHUS
91ACMOOUHAMUKY, U YpaBHEHUs Kowiu. YpaBHEHUs paBHOBECHUS YIIPYTOro Tela
— YPaBHEHHUS 21ACMOCMAMUKU

0oy

dive' =0,
OXy

(2.8)

Ecnu Ha Teno neiictByer oObemHas cuia f (pa3MepHOCTh 3TOr0 BEKTOpa —

cuia/oobeM), OHa JOJDKHA ObITh IpUOaBJieHa K JICBBIM YacTsIM ypaBHeHUi (2.7) u

(2.8). Harmpumep, ypaBuenus Ko mpu HamTnIuu 00 bEMHBIX CHUJT IPUHUMAIOT BU]T
. . o 00; 0%y,

dive' + f = p—, —k 4 f = pi, (2.9)

ot OXy,

MoOMEHT cuJjl, JEUCTBYIOIIMX HA MBICICHHO BBIJIEJICHHBI 00beM V ¢

MIOBEPXHOCTBIO S € YYETOM OOBEMHBIX CHJI paBEH

M =JprxPds +[[[rx fdv, <Jf;f> X Pde+_m ax fdv. (2.10)
S \Y

BelpasuM 1noBepxXHOCTHBIE ycunusg B, depe3 TeH30p HalpsOKEHUH WU

npeoOpa3yemM MOBEPXHOCTHBIM UHTETPANl B 00bEMHBIN:

RS = fpriouno - m"”‘(x 1) g

3amernM, 910 —— ——=Xj— - +0y -, IpHdeM ——=07j, TaK 4YTO
OX| OX| OX| 0X|
OX |
o v 0y - CootHomrenus (2.10) MOXKHO 3arucath B BUAC
|
80‘k|
M. m X + f, [dV +m 10l AV . (2.11)

B monpiHTETpanbHOM BBIpKEHHWM IEPBOTO HMHTETpaia CyMMa, 3aKJIIOUYCHHAs B
CKOOKM, paBHa cuie, ACHCTBYIOIIEH Ha eauHuIly oobema Tena (2.9), a Bce
MOJIBIHTETPAILHOE BBIPAKEHHE — €€ MOMEHTy. Takum oOpa3om, Bce IeHCTBHE
MOMEHTOB TOBEPXHOCTHBIX YCHJIMH W OOBEMHBIX CHJI Ha BBIJCICHHBIA 00BEM

CBOOUTCA K TNIEPBOMY HHTETpajy, a BTOPOM [OJDKEH PaBHAThCA HyN0. Beuny

11



IPOU3BONILHOCTH 0oObeMa V OTCloa clefyeT, uYTo oOpamaercs B HOJNb U
HOI[BIHTeraJIBHoe Bpra)KeHI/Ie

Sijkoij = 0. (2.12)
DT TpH PABEHCTBA JAIOT YCIOBHMS CHMMETPUYHOCTH TEH30pa HATIPSHKEHHUIA:

51jk0kj =03, —0,3=0, 01303, =0, 0y —01, =0.

3 O06001eHHbIi 3ak0oH ['yka

—

[Toncuntaem paboOTy BHEIIHUX YCHUIIMNA P, IPUIOKEHHBIX K TOBEPXHOCTH S
yrnpyroro tena, oobeM kotoporo V. Eciu moj AEMCTBHEM 3THX YCHWIMM TOYKU

IOBCPXHOCTHU HUCIIBITBIBAIOT MAJIbIC CMCIICHUA ou , TO pa60Ta

54 ={psii -Pds = {pouRds .
S S

Tak kxak P=0-0, r1e 7 — €AMHUYHBIA BEKTOp BHEIIHEH HOpMald K

MOBEPXHOCTH S, TO

54=4psii - -iidS = fpowoin;ds .
S S

[TpeoOpazyeM MOBEpXHOCTHBIN HHTETPal B 00bEMHBIN C TTOMOIIBIO TEOPEMBI

Octporpanckoro-I'aycca
5A:”jdiv(5ﬁ-c)d1/:jﬂaxi(éuiaij)dlf.
Vv Vv ]
[To mpaBuity audpepeHImpoBaHus MPOU3BEICHUS

oou; 00j;
5A:IJIaT;GijdV+IJj5uiaT?dV. (3.1)
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. 0ou:

[IpocTpaHCTBEHHBIE NPOU3BOJHBIE MAIBIX TMEPEMEUICHUN a—' paBHEI
X.
j

MaJIBIM JIUCTOPCHUSIM O&j; + O

ij > HO TaK KaK CBCPTKd aHTUCUMMCTPHUYIHOI'O TCH30pa

50}” ¢ CHUHMMCTPHUYHBIM TCH30pPOM O'ij — TO)I(I[@CTBGHHBIﬁ HOJIb, IICPBOC

MO/IBIHTET PaIbHOE BRIpaXKeHHE U3 (3.1) CBOAUTCS K 0 O¢;; -

ITo ypaBuenusm Kommw (2.7) doy, /X, = pl;, @ Su; MOKHO paccMaTpUBaTh

KaK u#;0t, Tae Ot — BpeMsd, B TEYECHHE KOTOPOTO IMPOMCXOAAT MEPEMELCHU O .
1 0,.. .
Hanee, pliU;ot==p—(U;l;)St, HO 5TO — HM3MCHEHHE KMHETHYECKOI JHEpruM
2" ot

eauHUIBl o0beMa 3a BpeMsi Ot (B NMPHUOJIMKEHUH TEOpUU MalblX aedopmaruil
IUIOTHOCTh p B Ipoliecce 1ePOopMUPOBaHUS OCTAETCS MOCTOSIHHOM). Toraa BTopoi
uHTerpan u3 (3.1) oka3piBaeTCcsl N3MEHEHUEM KHHETUYECKOW 3Hepruu K ynmpyroro

tena. Takum oOpa3zoM, paboTa BHEITHUX CHJT

SA= || o050V + 5K,
\

TaK 4TO 4acTh pabOThI, 3aTpayuBaeMasi Ha TO, YTOObI COOOIINUTH €IUHHULE 00BEMa

Tela Myt Ae(pOpMaLHIO & , OKA3bIBACTCS PABHOM

Yl‘lpyrHe (TOLIHee — HHHeﬁHO-pryFHe) TCIa XApPaKTCPHU3YIOTCA TEM, 4YTO
HalpsOKCHUSL B HHUX  IIPONOPHHMOHAJIBHBI I[C(bOpMaHI/IHM. B IMPUMCHCHUU
KpucTtajajiaM 3TO O3HA4acT, 4TO TCH30P HaprDKeHI/Iﬁ JIMHEWHO 3aBUCHUT OT TCH30pa

nedopManmii, 1 3Ta TMHEHHAs 3aBUCUMOCTD

O-ij :Cijk|gk|’ c=C- ¢ (33)

ompenensieTcss MarepuaibHbiM  TeH30poM C; OH Ha3bIBACTCA MEH30POM
Ko3¢huyuenmos ynpyeocmu Wi K03 duyuenmos xcecmxocmu M BhIpaKAETCs B
krc/em?, nun/cm? um H/m?.

HNmeroT MecTo 1 00paTHBIC COOTHOIIECHUS

gij =Aijk|(7k|, SZA"G, (34)
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B KOTOPBIX MAaTEPHAIBHBIM TEH30pP A HA3bIBAIOT MEH30POM KOIDhuyuenmos
ynpyeou nodamaugocmu. ETo BHYTpEHHSSI CHMMETPHUS COBIIAJACT C CUMMETpHEH
tensopa C, pasMepHOCTh KO3()(HUIMEHTOB MOJATIMBOCTH CM2/IMH, CMZ/KIC WIH
Mm?/H.

YroObl HaWTH paboTy, HEOOXOAMMYIO I KOHEYHOTO H3MEHEHHS

I[e(bOpMaHI/II/I CAMHUIIBI o0beMa AHU3O0TPOITHOTO YIIPYTIOro TCjia OT 3HAYCHUA 8(0)

110 3nadeHns £ HY>KHO ITPOMHTETrPUPOBATH BhIpaxkeHue (3.2) ¢ yuerom (3.3):

c®

RO
OTOT WHTerpan B OOILIEM cllydyae 3aBUCUT OT IYTU HUHTETPUPOBAHUS.
YcnoBueM HE3aBUCUMOCTH HMHTErpaja OT IHYTH HWHTEIPUPOBAHUS  SBISETCA

cymectBoBanue Takor pyHkuu W (g),, 4T00bI

oW oW
=E’ Cijklgkl == (3.9)

(%‘ij

C-¢

Torga padoTa o ynpyromy aegpopMHUpPOBaHUIO €TUHUIIBI 00beMa OyeT paBHA

@
R= 8I Gijuénd&ij = W(s(l) ) — W(s(o)) :

RO
tak 4yTo (QyHKuus W (g€) OKaxkeTcs MIOTHOCTHIO PHEPTHU YHPYro#t aedopmariuu.

ITpu ecrectBenHoM npeanonoxennud W (0) =0 ona paBHa

1 1
W :_Cijk|gijgk| :_8“C"8. (36)
2 2
N3 (3.5) cnenyer, 4to
o°W O°W
Ciju = oo C= o6 (3.7)
ij“ <kl

a 9ro o3HavaeT, 410 Cjy = Cyjj. YUNThIBas BHYTPCHHIOK CHMMETPHIO TCH30pa
€ (&j=¢j), NONyyaeM, 4YTO €CIU BBINOJNHACTCA COOTHoweHue (3.4), TO
BHYTpEHHSS1 cuMMeTpus TeH3opa C paBHa:

Cii = Cji = Gijik = Cuij - (3.8)
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B dopmynax (3.3), (3.6) u (3.7) ynoO6HO 3amMeHHUTHh Hapbl uHaAEKCOB 1 u Kl
rPeYeCKUMH MHJEKCaMu A U 4, IpUHUMaromuMu 3Haduenus 1,2,3,4,5,6. [IpaBuia

nepexoja MOXKHO 3a7aTh Tabmuei 1:

Ta6muna 1 — [IpaBuina nepexoja K IBYXHUHICKCHOMN 3aIiCH

ij 111]22|33(23|31|12
Al1]213/4|5|6

B  nanmHoit pabGoTre mpuHATO, UTO JUI  TeH30pa  Aedopmaruit

gljl(IJHAZLZlB) 51 .
&, = . u o0partHO &; = . Jnd TeH3opa HampsKeHUH

o’ =0jj, (ij <—>Z:1,2,3,4,5,6). IIpu »TOM CBepTKa TEH30POB HANPSIKEHUN U

nedopMaliuii 3anucrIBacTCA B BUJE Oij&ij = cte oy

Jlnst koMnoHeHT TeH3opa C mepecyeT kK0d(p(HIMEHTOB NPOBOIUTCA 10 (hopMyJIe
CcH* = Ciiui (ij <> A=1..,6;kl <> £=1,...,6). Jlns TeHsopa mnomaTiMBocTH A

paBuJIoO NepecyeTa Ko3(PPUIUEHTOB UMEET BU:
Aﬂ,u = y . _ ) _ nim Aljkl = .

[Tocne nepexonaa k ¢hopme 3anucu ¢ UHIAEKCAaMU A U 4, MEHSIOIUMUCS OT 1

1o 6, cootHomenus (3.3), (3.4), (3.6) u (3.7) npuMyT BUJT COOTBETCTBEHHO

Gﬂ :Cﬂﬁugﬂ’ (33|)
8/1 = A;V’UO'#, (34I)
1 1
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oW

= 3.7
& 0¢,0s, (3.7)

CootHomenus (3.3) u (3.4) HaA3BIBAOT 0000wWeHHbIM 3aKoHOM [ VKa 07
anuzomponuvix cpeo. Ecam Hago ydecTb M TEMIIEpAaTypHOE pacIIUpEeHUe
KPHUCTAJUIOB, UX JIOMOJHAIOT TEMIEPATYPHBIMU YJICHAMH.

[Ipy OOHOPOAHOM HM3MEHEHUM TEMIIEPATYPBl HA ® TpagyCcoB KpHUCTAII,
CBOOOJIHBIN OT BHEUTHUX HATPY30K, UCHBITHIBAET TEMIIEPATYPHYIO AehOopMaIIiio

&jj =240, &, =a,0;
a TEH30p O. Ha3bIBACTCS MEH30POM KOIPDUYUESHMO8 MEeNI08020 paAcuiupersi, OH
CUMMETPHYEH, €T0 pazMepHOCTh K2,

B ob0mem cnydae, xorma Ha KPUCTALT BO3JEHCTBYIOT M MEXAHHUYECKHE
HAMpPSHKEHUS, U U3MEHEHUST TEMIIEPATYPhl, TEH30p MaJbIX AehopMallnii craraeTcs
13 JacTel, 00yCIIOBICHHBIX KKIBIM M3 ATHX BO3JICUCTBUI B OTJEIHLHOCTH:

&j = Ajuou + &0, £,=M,0,+a2,0. (3.9)

Torna TtemmepaTypHble 4YICHBI TIOSBISIFOTCS W B BBIPAKCHHUSIX IS
HanpsHKEHUN

ij = G — 5;© 0,=Ce,- B9, (3.10)
a TeH30p P Ha3BIBAETCS MeH30pPOM K0IpPuynuenmos mepmoynpyzocmu (TEH30pOM

TEMIEPATYPHBIX HanpspkeHui). OH, KaKk U 0L, CHMMETPHUYEH U UMEET pa3MEpPHOCTh
H/m?K.

3akonsl Tepmoynpyrocta (3.9), (3.10) Ha3BIBaIOT CcOOMHOULEHUSAMU
Iweamena-Hevmana. YCTaHOBUM CBSI3b MEXIAY MAaTEPUAIBHBIMU TEH30PAMU,
BXOJSIIIUMHU B 3TH cooTHoienus. [loncraBum B (3.10) nedpopmanuu, BeipaskeHHbIE
u3 (3.9)

3= Cony0, = (B, —Cr,)®.

Tak Kak 3TO TOXAECTBO JAOJHKHO YAOBJIETBOPATHCS NPH MPOU3BOJIBHBIX 3HAYEHUSX

HaNpsHKEHUN o ; U TeMieparype ©, U3 HEro CIeIyI0T HCKOMBIE COOTHOLIEHHUS
1
C/ly uv 5/11/’ CijkIAkImn 2(é‘lmé‘m +5|n61m) (3-11)
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B,=Ca,, Bij = Cijaiq - (3.12)
3amenum B 3akone ['yka (3.3) (Ho He (3.4)!) TeH3op Manbix nedopmaiuii Ha

TEH30P-TPAUCHT IEPEMCIICHUN, MOCKOIBKY Cipin@j, = 0. Torna MoxHo 3armcars

ou ou
Ojj :Cijkla_XT’ G:C"G_X' (3.13)

IToncraBuB (3.13) B (2.7), moydyuM ypaBHEHHS NBUKEHHUS YIPYroro teja

(YpaBHEHUS >aTOAMHAMUKH )

U,

o%u. 0%
C. = L
ijkl 8Xi8X| P 8t2

C-.-gradgradu = ,0?, (3.14)

a TOJICTaBUB UX B (2.8), MOJIyYMM ypaBHEHHUS YIPYroro paBHOBecHUs (ypaBHEHUS
AIACTOCTATUKH )
ou, ;
Ciy ———=0, C---gradgradu =0. (3.15)
U ox,0x
i
JT0 cucTeMa TpexX JUHEHHBIX Nu(PepeHIaIbHbIX YPABHEHUN B YaCTHBIX

IPOU3BOJHBIX BTOPOTO MOpsAKa c Tpems HeusBecTHbIMH Uy (X). Ero ynoGHo

IIOJIB30BAThCS JUIA PELICHHs 3aJad TEOPUM YIPYTrOCTHM B TeX Clydasx, Korja
I'PaHUYHBIE YCIOBUS 3a/1aHbl B epeMelleHnsax. [Ipu 3a1aHny rpaHUYHBIX YCIOBUI
B HANPSKEHUSX yA0OHEe 3aIucaTh YpaBHEHUSI TEOPUH YIIPYTOCTU B TakoM (opme,
4YTOOBl HEU3BECTHBHIMU OBLJIM KOMIIOHEHTHI T€H30pa HampspkeHud. OHU JOJDKHBI
YIOBJIETBOPATH YPaBHEHHUSAM YIPYroro paBHoBecus (2.8), a MoiydeHHbIE U3 HUX C
NOMOIIbI0 3aKOHAa ['yka KOMIOHEHTBl TeH30pa Jedopmalii — ypaBHEHUSIM
coBmectHOoCcTH CeH-Benana (1.18). Takum 00pa3omM, MpUXOAUM K CUCTEME JCBATH

nudepeHnanbHbIX YPAaBHEHUN OTHOCHUTENIBHO LIECTH HEU3BECTHBIX (YyHKUUN

Gij ()_()
. T aO'IK
dive =0, —%£ =0, (3.16)
OX
820'pq

C TpEMs IpaHNYIHBIMHA YCIIOBUAMU
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rne P — BekropHas (yHKIMS KOOpAMHAT, 3aJaHHAas Ha BCEU IMOBEPXHOCTH
yIpYroro Tena.
VYpasuenus (3.17) Ha3zpiBatoTCa 0OOOILICHHBIMU Ha Cllydyail aHM30TPOITHOTO

Tena ypasuenuamu benompamu-Mumuennia. MOXHO Ho0Ka3aTh, YTO CHUCTEMA

ypaBHeHu# (3.16), (3.17) Bceraa uMmeeT penieHue U NpUTOM €JUHCTBEHHOE.

4 CumMeTpHs YIPYTHMX CBOHCTB KPUCTAJLIIOB
B maparpade 3 BBeaensl matepuanbHbie TeH3opel C, A, a u J,
XapaKTEPHU3YIOIIUE YIIPYTrue CBOMCTBA, TEIUIOBOE PACIIMPEHUE U TEPMOYIPYTOCTh
KpucTaJuioB. TeH3opsl A U 3 — CHUMMETpPUYHBIE TEH30pbl BTOpPOro paHra. B

IJIABHBIX OCSX aHU30TPOINHHU B 3aBUCHUMOCTH OT KJIacca CHMMETPHUU KpUCTaslla 3TU
TEH30pbl MOTYT UMETh TPHU Pa3IWYHBIX TJABHBIX 3HAUCHUS, JBa Pa3IHMYHBIX
IJIAaBHBIX 3HAYEHMs WJIM OJHO IJVIaBHOE 3HaueHue. COOTBETCTBYIOLIUE MaTPHIIbI
KOMITOHEHT TE€H30pa O MPE/ICTaBJIEHbI HIDKE:
o 0 O o 0 O o 0 O
0O a, O, |0 ¢ O}, |0 o O] (4.1)
0 0 o4 0 0 o 0 0 ¢
OTmeTriM, 4YTO  HEKOTOpble  MaTepuanbl  (HampuUMep,  KaJbIIUT,
TUJICHIMAMUHUHAPTPAT W Jp.) MOTYT UMETh HEKOTOpbIE TJIaBHbIC 3HAYCHUS
TeH30pa KO3(p(UIMEHTOB TEIJIOBOrO PACIIMPEHUs OTpUUATENbHBIMH. Torma B
TaKUX KpHCTa/UIaX CYIIECTBYIOT HANpABJICHUS, B KOTOPHIX JIMHEHHBIE pa3Mepsl
KpUCTAJlJIa TIPYU TIOBBIIICHUN TEMIIEPaTyphl HE YBEIMUMBAIOTCS, & YMEHBIIAIOTCS.

CymecTByIOT U HalpaBJICHHS, B KOTOPBIX TEIUIOBOE PACIIMPEHUE PABHO HYIIIO.

Hanpumep, y KaibliuTa 3TO HampaBJIeHHE cocTaBisieT yroia 64°43 ¢ riaBHOI
OCBKO CUMMETPHUH X3.

OO6mwmii  BUA  TEH30pOB  KOI(PPUIMEHTOB YNpPyrocTd U  ynpyrou
NOJIaTJIMBOCTH, WHBapHAHTHBIX OTHOCHUTEJIBHO BO3MO’KHBIX

KpUCTaUIOrpaUuecKux U MpeAesibHbIX TPYII, TPUBEAEH B Tabauue 2.
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Tabnuna 2 — CTpykTypa MaTepHaibHbIX TEH30POB YETBEPTOrO paHra
JUTSL pa3JIMYHbIX KPUCTAJUTMUECKUX KJIaCCOB

Knaccer Gy 1 4y, Knaccel G 1 4y,
Cy Cp Cy Gy G C 2, m, 2Im Cy Cp Gz 0 G 0
. GGG Ed) e (&8 a
21 KOMIIOHEHTa 3 G s Cao 13 KrgMHOiIeHT 1 0 Gy O
. Cu Cus Cys ' Cy 0 C
18 uaBapruaHTOB e C 44 46
m 55 56 MHBapHaHTOB sym Cys 0
(TPUKJIMHHBIIT) Ceo Ceo
(MOHOKJIMHHBI
i)
2, m, 2Im CuleCo 000 Goll 920 g, | [0 &2 G 0 00
) P a0 0 Co i 20 0 0
13 KOMIIOHEHT, Cay Cps 0 9 KOMIIOHEHT Cy 00
12 unBapuaHTOB sym Css 0 sym Css 0
Ces ) | (pombmueckmii Ces
(MOHOKJIMHHBIN)
Cu Gy Gz Gy G5 0 Cn Gy, Gz G4 00
Cu gls —(614 Cgs 8 Gy G —%14 8 8
3 — 33
7 KOMﬁOHeHT, sym Cy Cpy|| 6 KOMIOHEHT sym Cu Ciy
6 MHBApUAHTOB 66 Ceo
-Gy
C._C Ces = 2
_tu—Cp
Cos = Ay Ay Ay Ay Ay O \Agg=2(Ay —Ap) | ( Ay Ay Ay Ay O 0
Age =2(41 — 4;5) Ay :;113 —014 Aés 8 Ay j13 —1314 8 8
33 33
(TPUTOHANBHBII) Ay 0 24y (TPUTOHAIBLHDI Ay 0 0
sym Ay 24 i) sym Ay 24,
Agg 6
_ Cn Gy, Gz 0 0 -Cg
4, 4, 4/m Cu Gg 0 0 GCg
"7 KOMIIOHEHT, Caz 0 0 O
6 MHBapHaHTOB Cy 0 O
Cy O
(TeTparoHaJIbHbIH o o Ces
- 23, m3, 432,
422,4m7}1711,n£112m,4/m 43m, m3m ChpCr,C, 0 0 O
6 KoM L eHT Cy Cpr Gy 0 0 O 3 KOMITOHEHTHI G G 8 8 8
" C;1Cs 0 0 O 11
(TeTparoHaIbHBIN 1 z 0 0 0 (ky6udeckuii) w 0 0
C44 0 O sym C44 0
_61 6 16/m|62216mm| sym C44 0 C44
6m2 ,6/mmm,o0,00/m Ces ) 0000, 0000
2. oo ol cy KOMITOHEHTHI
> s C66 2 C117C12

5 KOMITIOHEHT
(rekcaroHaJbHbIH)

(M30TPONHBI)
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Tenszopsl C 1 A MOKXHO Pa3lOXHUTh Ha HEIPHUBOAUMBIE YACTU. DTU YaCTH
BBIPAXKAIOTCS YEPE3 HENPHUBOIUMBIE TEH30PHI ¢ MOMOIILI0 H30TPOIHEIX TEH30POB
Kponekepa u JleBu-Unsura. K HENPUBOAUMBIM TEH30PaM BTOPOIO PaHra OTHOCHT
J€BUATOPHI:

D, = a6, — b6, + (a+b)eg;, D, =—age, +a6,6,,
D, = a6, — a6,6, + 2a6,6;. (4.2)
K HEnpUBOAMMBIM TEH30PaM YETBEPTOIO PAHIa OTHOCAT HOHOPBHI:
N; = (b +C)EE €] — C(EELE,E, +E€,6.6 ) —D(E€E:E; +E6:€€6) +
+(d +€)(E€,(E,6; + E56,) + (6,65 + €56,)€.6)) — J(E€, (€165 + €5€)) + (€5 + €561 )E€) —
—h(E€1(E€; +€,6) + (B, +E,6)Ei€)) + (C + B)E6,6,€; — A(E,€,6565 + E3656,6,) —

—d (€,€,(€,€; + €56,) + (E,6; + €5€,)E,6,) + (T + 9)(E,€,(E€; + €5€)) + (€165 + €5€))€.E,) —
—K (€6, (€€, + €,8)) + (€€, + €,6))€,6,) + (2 + D)€;6;6;6; — e(€56;5(€,6; + €58,) +
+(€,6; + €56,)€:6;) — T (E56;(E16; + €56 + (€65 + €581 )€€5) +
+(h+ K)(E585(EE, + E,€)) + (€€, + E,€))E;E;3),

N, = (b+C)E€ €6 — C(EEEE, +EE,E6) —b(EEE€; + ExE66)) —
—9 (€161 (€16; + €56)) + (€163 + €36))€,€)) + (C + Q) €,€,6,€, — a(E,€,65€; + E365€,€,) +
+(T +0)(€,6, (6183 + €38 + (€163 + €561)€,€;) + (a + D) €36,6:€; -
— T (656;(61€; + €;6)) + (6,65 + €5€)€;363),
(4.3)
N3 =(d +e)(E€,(E,6; + €:6,) + (€,6; + €:6,)€18) — h(EE (€€, +E8)) + (B, +€,€)EiE]) —
—0 (6,6, (6,83 + 658, + (663 + €5€6,)€,8,) —K(€6, (B8, +€,61) + (€€, + €,61)€,5€5) —
—€(€365(6,€; + €56, + (6,63 + €36,)6563) + (N + K) (€365 (68, + €,8)) + (66, + €81 )€:63),

N, =-N(EE (€€, +&,8)) + (6, +E,6))86)) + N (€€, (€, +€,8) + (E€; +€,€)€s,),

N5 = 86666 + a(E1616:€; + €:6:616) ) + AE,6,6,€, — A(E,€,6:6; +€3836,8)), (4.4)

N =—0(C.€6 (6,63 +€:8)) + (€163 + €:8))818)) + G (€6, (6185 + €:6y) + (€163 + €361 )ELE)),
N7 = —3CE€1€,6 —C(EEE,€, +€,6,€/6) +AC(E,61€5€; + E£:6161) —

Ng =2a€,€€6) — aA(E€/E,€, +E,6,66)) — A(E€6:E; +EEE6 ) + (4.5)
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Paznoxenue tenzopoB C u A mpoBeneMm B ABa 3tana. Ha mepBom starme
BBIJIEIMM U3 HHUX CHMMETpMYHble 1O BceM HHiaekcam uactu C® u A®),
ocrasmmecsa yactu C?? u A®?) ofpamaroTcss B HOIb IPU CUMMETPHPOBAHHMH IO

BCEM HHJEKCaM:
NG (22) (4) _ (22) _

A=A"+ A" diyi = Aijay» Aija” = Aija — Ay - (4.6)

B coorHomenusx (4.6) moO WHAEKCAaM B CKOOKax MPOU3BOJUTCS

cuMmMmeTpupoBanue. CootHomeHus g TeHzopa C anamornussl (4.6). Ilonb3ysck

MEeTOJIaMU TEOPHM TNPEACTaBIeHUs] TPYIMI, MOKHO IOKa3aTh, cto TeHzop A

pasnaraercs Ha CKalsApHYIO, JEBHATOPHYI0 M HOHOpHyIo yactH, a A®? — mHa

CKAJLIPHYIO U ACBUATOPHYIO YaCTHU:

4
A.Sm) 1 5(u5k|)+D(u 5k|)+N|JkI’ (4.7)
2) _ /(22 22 22 22
At =19 (56 - 5(u5|<|))+[ (D( 54 + D75, )_D((ij )5kl):|'

(4.8)
CBeprIBaH IIpaBbIC M JICBBIC YaCTH 3THUX PABCHCTB, HaﬁﬂeM BbIpAKCHUA

HEIPUBOAUMBIX TeH30poB 4epes Tensopsl AY n A
1 2
4 4 4 4 4
D=4, D =2 (34 -5 )
4 2 (4 B¢ .
Nlﬁkl) = A.Skl) I )5(ij5k|) + D((ij)é‘kl) ;

2y 1 22 22 22
122 = 4A|(|kk)’ D) =345 —41%955;.

JIs KpUCTAIIJIOB T€X KJIACCOB, Y KOTOPBIX HENPUBOJMMBIC JI€BHATOPHI U
HOHOpPBl KpaTHbl €AWMHUYHBIM, paznoxeHus (4.7) u (4.8) cCyllIecTBEHHO

YOPOIIAXOTCA U PUHUMAIOT BU

22
Aijg = A| 5(u5k|)+AD D(u5k|)+AN Nukl +A|( )(5ij5k| = &%) +

1
+AE)22) [E(Di?é‘kl + Dﬁé}j ) —D(Oijé‘kn} —
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1 1
:5( A0 + 240255 +§(A,(4) — A ) (5405 + 5183 ) 4 +
+%(A|(34) +24%2 )(Di(j)5k, + Dy ) + (4.9)

+%(A§>4) - AI(DZZ))(Di(Iié‘jI + DS + Dyl + Diydy )+ ANy
3nech KOdPHUITEHTHI A|(4) =/® y A|(22) = BBEJICHBI IS €IUHOOOpa3us
3aIMCH.

CormacHo Teopeme [epmaHa KpUCTAIBI TEKCAarOHAIBHONW CHCTEMBI
TpaHCBEPCAIbHO HW30TPOIHBI 110 YIPYTMM CBOMCTBaM, COCTaBIIsAsI BMECTE C
TEKCTYpaMu KJIacC YIPYroil CHMMETPHUH oo/mm. Bce HammpaBiieHUs, COCTaBIISAIONINC
C TJIABHOH OCBIO CHMMETPUH OJWH W TOT € YroJ, MO YINPYyrdM CBOWCTBaM
OJIMHAKOBBI, XOTS Yy TeKCaroHaJbHBIX KPHCTAIOB OSTH  HaIpaBJICHUS
KpUCTAJIOTpaUUecKkd pa3iMyHbl. IJTO OJWH W3 MHOTHX ClydaeB, Korja
CUMMETPHS CBOMCTBA KPHUCTAJIJIA BBIIIE CAMMETPHUH CAaMOT'0 KpUCTaJLIa.

VY KpHCTAJZIOB T'C€KCAarOHAJILHONH CHCTEMBI U TEKCTYp JICBHATOPHI U HOHOPHI

KpaTHbl C€AWHUYHBIM, IMPUYCM CAWMHHUYHBLIC ACBUATOP W HOHOP ONPCACIIANOTCA

dhopmymamu
1
Di(j) :E(3kikj —5ij), (4.10)
1
Ni(j)lm = g(35kikj KiKin — 30K ;K Oimy + 36 6im) ) , (4.11)

—

rae K — equHUYHBIA BEKTOP TJIABHOW OCH CUMMETPHUH; B KPUCTAILIOTPAPUUECKOM

cucreMe koopauHaT K; =3, a Gopmynsl (4.10) u (4.11) nepexoasat B GopMyIbl
s D° [oo/mm] =D; u3(4.2) n No[oo/mm] =N- u3 (4.5). s 3TUX KPUCTAIIIOB

koddureHTs! U3 (4.9) paBHBI

1 1
A® = oo (8 + 345 + 4+ 24y), AP = o (34 + 43— Au),

2 1
AW = o (84 + 6453 + 2415+ Ayy), AZD = 5(21411 — 641y +4413— Ay),

(4.12)
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8
4
A7) :g(An + Azg =213 — Agy)-

Tenzop C pasznaraercs tem ke obpazom. B dopmyne (4.9) B nmpuMeHeHnn K
tenzopy C ko3hUIMEHTHI eCTECTBEHHO 0003HAYNTH C|(4),...,CE)22). Otn

kodpbunreHTsl  moAcuMThHIBalOTCS 1Mo popmynam  (4.12), TIme BMeECTO

A, Agg,...s 43 moxcraBisiores  Cq,Cs,...,Cl3, HO BMECTO Ay, ClleAyeT

noACTaBIATh 4C,, .

Ecin k03¢ duiyeHTs! C|(34),Cé)22),C,(\14) WIN A,(D4),A|(322),A,(\,4) OOpaTHINCh B
HOJIb, TEH30pbl KO3((ULMEHTOB YHPYroCTU U MOJATIMBOCTH OKa3blBAIOTCA
M30TPOITHBIMU TEH30PAMHL.

Kpucrannsl kyOMueckoil CHHIOHUM OTJIMYAIOTCS MO CUMMETPHU YNPYTUX
CBOMCTB OT M30TPOIHBIX TeJ, COCTaBJIAs KJIAacC YIPYyrod CUMMETpUH m3m.
HoHopel 111 HHMX KpaTHBl €IMHUYHOMY, a JEBHATOPHI OOpAIIalOTCsl B HOJb.
[Tostomy pasnoxenue (4.9) nnad KyOMUECKMX KPHCTAJUIOB €Ile YIPOILAeTCs U
IPUHAMAET BU]

A :A|(4)5(ij5k|) +Al(\|4)Ni(j)kl +A|(22)(5ij5k| —5(ij5k|))=

1 1
= §(A|(4) + 2A|(22) )6}j5k| + g(Al(A') - AFZZ))(é‘iké‘ﬂ + 5i|5jk )Al(34) + AI(\I4)M(J')kI-

(4.13)
EavHUYHBIE ~ HOHOp KyOMYeCKOW CHMMETPHUH NO[mBm]: Ng wumeer B

KpUCTAUIO(U3UYECKOI CCTEME KOOPAMHAT KOMIIOHEHTBI

1 npu yemolpex pasHviX UHOEKCax,
Ni?ld =< -1/ 2 npu 08yx napax paenvix unoexkcos, (4.14)

0 6 OCMAJIbHbIX CYHAAX.

Koadduruentst paznoxenus (4.13) moacuuTsiBaroTcs 1o popmMyiam

1 1
4P = §(3A11 +2415 + Ay ) A7) = Z(4A12 — ),

1
AP = g(2,411 — 241, — Ayy). (4.15)
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Tenzop ympyroctu Takxke omnpegensercs ¢opmyrnoi (4.13), rme Mecto
K03 GuIueHToB A 3aHUMAIOT K03 duiueHTs! C; TOCIEAHNUE MOACUYUTHIBAIOTCS 110

dopmynmam  (4.15), B  KoTOpble  BMECTO A1, 45,4,  TOACTaBIAIOTCS
cooTBeTCTBEHHO Cq,(5,4Cy, .
Hecummerpuunocts TeH3opoB C M A 1o HMHAEKCAM XapaKTEPHU3yeTCs
(22) (22)
COOTBETCTBEHHO Kodpduumentamu C\“” u 4“7, nmpudyeM U3 paBeHCTBA HYIIIO

OJHOTO M3 HHUX CIEAyeT PaBEHCTBO Hymro Jpyroro. Ilockonbky ympyrue
MOCTOSTHHBIE CYIIECTBEHHO 3aBUCAT OT TEMIIEPaTyphl, KO3(PPHUIMEHTHI yHpyroi
AHU3O0TPOIIMU TAKXKE 3aBUCAT OT TEMIEparypbl. Tak, y KAMEHHOU COJIM II0 Mepe
MOBBILIEHUSI TEMIIEPATypbl yOpyras aHWU30TPONUS YMEHBIIAETCA BIUIOTH JO
temneparypbl 690K, npyu KOTOpON KPUCTAUI CTAHOBUTCS YIPYTO-U30TPOITHBIM, a

IpU JAIbHEHIIEM MOBBIIIEHUHA TEMIIEPATYPhl 3HAK YIPYTrOd aHU30TPONHUU (T.€.
(22) (22) .
ko3 Punnento C, u A7) wmenserca. CreneHb yNpyro aHU30TPOIIUU

u3MepsieTcs 0e3pa3MepHbIM OTHOIIIEHUEM

2y —Ap) _ 2Cu

A= = :
Ay Cii— G

(4.16)

KOTOPOE€ XapaKTepU3yeT 3aBUCHUMOCTb COMPOTHUBICHHUS KyOMUECKOro KpHUCTaylia
CIBUTOBOM JiepopMaIiiyl OT HAlpaBJICHMUSL.
VY M30TPOINHBIX U TUPOTPONHBIX TEJN TEH30Pbl YIPYTOCTH U MOJATIMBOCTH

WU30TPOIHBI:

Ak :A|(4)5(ij5k|) +A|(22 (5 O — 5(ij5k|)):

10 @ (22) AG — (4) (4.17)
3(,4 + 240256 + 3( (S + S ) 48,
1

aHAJTOTUYHBIC (OPMYJIBI CIpaBelIuBhI s TeH3opa C. [ W30TPOIHBIX Tell U3
dbopmyi (3.11) crnenyroT COOTHOIICHUS

(C11 - Clz)(An - A12) = (C11 +2C, )(A11 + 2A12) = Cy gy =1, (4.19)

a u3 popmyi (4.16) — cOOTHOIICHUS
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Gy~ G =2Cy,, 2(1411 - A12) = Ay (4.20)
JUia  XapakTepUCTUKHM  YIPYIMX CBOMCTB  M30TPONHBIX TEJ  Hapsaay ¢

K03 GUIIMEHTAMH YIPYTOCTH U MOAATIMBOCTH MONB3YIOTCS Takke modynem FOnea

E=1A4,,, xosppuyuenmom Ilyaccona v=—A,/4,, modyiem 0bvemHoco
cocamus K =(Cyy +2C,)/3, moodyrem cosuca G=(C,;—-Cy,)/2=1/4, n
koagppuyuenmamu Jlame A=C;, u p=G. JIpa HezaBUCHUMBIX Kod(dduuueHra

MOJIHOCTBIO XapaKTEPU3YIOT YIPYTHe CBOMCTBA U30TPOITHOTO MaTepHala.

5 IlpocThbie HANIPSsKEHHbIE COCTOSTHUS

[IpocTeiMM  HaNpsDKEHHBIMM ~ COCTOSHUAMM ~ OyJeM  CUMTaTh  TakKue
HaIpsKEHHBIE COCTOSIHUSA, ITPU KOTOPBIX TEH30p HANPSKEHUNA G JIMHENHO 3aBUCUT
OT JIEKapTOBBIX KOOPAUHAT

c=E+B-r, aij=Sij+Bijk-xk, (5.1)
rae E n B — He 3aBucdmme ot KoopauHaT T€H30pbl: E — CHMMETpUYHBIA TEH30D
BTOpPOTO paHra, B — TeH30p Tperbero paHra, CMMMETPUYHBIA 10 MEPBBIM JIBYM
WHJICKCaM.

Teopema o npocmuvix HANPANCEHHbIX cOCMOAHUAX: ECIIA B U30TPOITHOM Teje
IOJ, JEUCTBHEM HEKOTOPBIX YCWUJIMH, IPUIOKEHHBIX K €ro IIOBEPXHOCTH,
BO3HHMKAET KaKoe-TMOO MPOCTOE HAMpPSIKEHHOE COCTOSIHUE, TO B OJAHOPOJHOM
aHU30TPOITHOM TeJie TOU ke (OpMBI TOJI ACHUCTBHEM TEX K€ YCHUIUN BO3HUKAET
TaKO€ K€ HANPSIKEHHOE COCTOSIHUE.

JIoKa3aTenbCTBO OCHOBAaHO HA TEOpPEME O E€AMHCTBEHHOCTH pPELICHUs
YPaBHEHHUM TEOpUHM YIPYrocTu. JlencTBuTenbHO, B ypaBHeHUs benpTpamu-
Mutyenna (3.17) BXOAAT TOJBKO BTOpbIE MPOU3BOJHBIE TEH30pa HAIPSIKEHUMH,
KOTOpPBIE IIPU IPOCTOM HANPSKEHHOM COCTOSIHMM BCE PaBHBI HYJIIO, TAK YTO JTH
YPAaBHEHHUS yAOBJIETBOPSIOTCS TOXKIECTBEHHO. B ypaBHEHHUs ynpyroro paBHOBECHS

Koum (2.8) BooO11Ie HE BXOASIT HUKAKUE XapaKTEPUCTUKKA Marepuania, Tak 4To OT
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3aMEHBI OJTHOTO TeJia APYTUM (TOi k€ (POPMBI M P TEX K€ TPAHUYHBIX YCIOBHSX )
TU ypaBHEHUS HE H3MEHsSIOTCS. Takum o0pa3oM, OAHO M TO K€ IPOCTOE
HaMpsHKEHHOE COCTOSIHUE OKa3bIBACTCSI PEIICHHEM YPABHEHHI T€OPUU YNPYTOCTH
B HANpPSDKEHUSAX JUISI BCEX BO3MOXHBIX OJHOPOAHBIX YIpPyrux Tein. B cuny
TEOPEMbl O €JAMHCTBEHHOCTHM HM JUISI KAaKOTO M3 ATUX TeJl HUKAKOTO JPYroro
pEIIEeHUs CYILIECTBOBATh HE MOXKET.

Paccmotpum cnydam, Korma moJie HAOpsKEHWH OJHOPOJHO, T.€. TEH30p
HaMnpsHKEHUN HE 3aBUCUT OT KOOPAMHAT. YpaBHeHUs Kol ya0BIE€TBOPSAIOTCS MPU
3TOM TOXIAECTBEHHO, IOATOMY JOCTATOYHO MPOBEPUTH TOJIBKO BBIMOJIHEHUE
TPaHUYHBIX YCIOBUMU.

Bcecroponnee cxkarume. Ecim Ha  ympyroe  Teno  JIEMCTBYET
TUJIPOCTATHYECKOE IABJICHUE p, TPAHUYHBIE YCIOBUS TAKOBBI:

G-n=-pn, oyn;=-pn, (5.2)
TO€ 7 — €IWHWYHBIA BEKTOP BHEIIHEWM HOPMAJIM K IMOBEPXHOCTH. OUYEBHIHOE
peuenue
c=-pl, Ojj =—pJ;; (5.3)
YAOBJIETBOPSET BCEM YPaBHCHUSM M TPaHUYHBIM YCIOBHSIM. Takum oOpasowm,
HAMNPsHKEHHOE COCTOSIHUE COBEPIICHHO HE 3aBUCUT OT YNPYTHX XapaKTEPUCTHUK
tena. Jlebhopmarnus xe

e=—pA-1, & =—pd (5.4)
OT HUX CYIIECTBCHHO 3aBUCHT. CHMMETPHYHBIN TEH30p BTOPOro paHra Ay = Ay

Ha3bIBACTCA mMEH30POM Koaqbgbuuuenmoe corcumaemocmu. C €ro MNOMOIILIO

,[[e(l)OpMaL[I/IH moAa I[@ﬁCTBI/ICM InaApOCTAaTUYCCKOI'O JaBJICHUA 3aIlIMChIBACTCA B BUAC
®OpMy.HBI, BBIpAXKAIOIMNUEC KOMIIOHCHTEI A] TCH30pa A qcpe3 KOB(I)(I)I/IHI/IGHTBI
YHpyro# mnojarmiuBocTH A, U1 BCEX KPUCTALIOrpaduuecKux —KIaccos

npuBeIcHBI B Ta0nwuie 3. 13 Hee BUIHO, YTO BIMSHAEC CUMMETPHH KPHCTAJIOB Ha

nux )Ie(i)OpMaI_[I/HO IIprU TUAPOCTATUYCCKOM JAaBJICHHUHU TAaKOBO K€, KaK U Ha BCC HX

26



JPYTHUE CBOMCTBA, OMHCHIBAEMBIC TEH30paMU BTOPOTO paHra (IUAJICKTPUYECKas
IPOHUIIAEMOCTh, TEIJIOBOE PACIIMPEHUE U T.I1.).
Ta6muma 3 — Tenzop k03P UIIMEHTOB CKUMAEMOCTH

JJIA BCEX KpI/ICTaJIJIOFpa(l)I/I‘-IeCKI/IX " IpCACIIbHBIX KJIACCOB

CucremMbl Tenzop Aij = Aj
Ay + Az + A %(Ale + Ay + A36) %(A15 + Ays + A35)
TPUKJIHHHAA CHCTEMA 3( g+ dog + Azg) A+ A+ Ay 3 (A + Ay + Ayy)
%(Als + Ays + A35) %(AM + Ay + A34) Agg + Ayz + Ay
Ag + Ay + A 0 %(Als + Ays + A35)
MOHOKJIMHHASI CHCTEeMa 0 Apy + A1y + Ayg 0
21X> %(A15 + Ay + Ass) 0 Agg + Ap3 + Ay
Ay + Ay + A %(Ale + A + Ase) 0
21X3 %(Als + Ay + A36) Ayy + Ay + Ay 0
A+ Az + Ay 0 0
pomMouYecKasi cHCTeMa 0 Ayp + A + Apg 0
0 0 Asz + Apg + Ay
TPUTrOHAJIbLHAY, A+ Ay + Ay 0 0
TeTparoHaljibHas, 0 Ay + Ay + Agy 0
rekcaroHaJibHasi 0 0 A33 + 2A31
CHCTEMBI M TEKCTYPbI
KyOn4eckas cucreMa u 0 A +24, 0
H30TPONHbIE TeJIa 0 0 Ay 424,

OTHOCHTEIRHOE HM3MEHEHHE Oo0BbeMa mona I[GﬁCTBH@M I'mapoCTaTH4YCcCKOro

nasnenuss AV /N =g; =— p?lii XapakTepusyercst ckanapom K= ,aﬁ = A

Koaghpuyuenmom ececmoponneeo pacmsdcenus. ObparHas eMmy BennuunHa K

Ha3bIBACTCS MOOYIeM 8cecmopoHHe20 pacmsicenus. V3meHeHue (Hopmbl
QHU30TPONIHBIX  T€X  IOJ  JOEHWCTBHEM  THAPOCTATUYECKOIO  JABJICHMS
XapakTepu3yeTcs: JeBUATOpOM JedhopMaliuii &jj =—PRjj, TPONOPLIHOHANBHBIM
JIEBUATOPY TEH30pa KOIP(PUIIUEHTOB CKUMAEMOCTH:
— 11
Rij=A; 3K 7. (5.6)
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OnHoocHoe pacTszkeHHe. PaccMOTpUM — IMIMHAPUYECKHM  CTEPKEHB
IPOM3BOJILHOIO IONEPEYHOr0 CEYEHHUs IUIomaau S, K TopLaM KOTOpOro
IOPUJIOKEHBl PACTATMBAIOIIME CHUJIBI SO, PaBHOMEPHO paCHpPEENICHHbIE IO
IIOBEPXHOCTU TOPLIOB; OOKOBas IOBEPXHOCTb CTEPXKHSA CBOOOJHA OT HArpys3oK.

O603HaunM yepe3 ( €AMHUYHBIA BEKTOp, HAMPABICHHBIA BJOJb OCHU CTEPXKHS.
Ten3op HapsHKEHUN

c=0qq, ojj = 0G;Q; (5.7)

yIOBIIETBOPSIET TpaHUYHBIM yciioBusaM. [1o 3akony ['yka onpenensiem negopmanuu

e=0A--qq, &j = 0 a4y - (5.8)

OtHocuTenbHOe  yaiauHenue crepxkus Al/l = &jtid; =o4juqq - Ero

OTHOIIIEHHE K HANpsLKEHUI0O o — oOpaTHas BenuuuHa mooyia [Owea E nns

HarpasneHus (: ecnu BBecTd obosHavenue Gid; = (qq),, rae ije>4=1..6, 10
KOMIIOHEHTBl ~ Hanpspkeus — npumyt  Bua o, =(40),,  aepopmanun
¢, =04,,(49),, obpatnas Benmmunna moayJis fOnra
S . .
E(q) = Ajadiqi9xa =49 -~ 49 - (5.9)
Breraucnenne wmomynst FOHra MOXHO YIPOCTHTH: €CIM BBECTH O0O03HAUCHUS

Gid; =(dd),, rme ij«>A=1..,6, TO KOMIIOHEHTbI HANPHKEHUH NPUMYT BUJ
o, =0(q0),, nepopmaunu ¢&; =04, (4q), W, HakoHeu, OOpaTHas BEIMYMHA
moxyiia FOura

E_l(Q) :Azy(QQ)A(QQ)ﬂ- (5.10)
Ota dopmyna ynobHee Gopmyinbl (5.9), B Heli MEHbIIIEC ClaraeMbIX, a 3HAYCHHUS

4,

, OCpYTCsS HENMOCPEACTBEHHO M3 OKCICPUMCHTAIBHBIX JaHHBIX. PacderHsie

dbopmybl 11 BeuncaeHus: Moayisi FOura coOpansl B Tabmuiie 4.

Ta6imua 4 — OGparHas Benuunaa Moy FOura E2(g)

O61mme popmyanbi E‘le/wQAQ , 0,=4i4j, j<>1=1..,6

TpuxkiuHHas cucrema
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E™*= A11Q12 + AzzQz2 + AssQe? +(Agy +2453) 0,05 +

+(Ass + 2431) 030, + (Ags + 2415) D10, + 2( A4 + A6 ) D104 +
+2(As + Ay ) 0205 + 2(Agg + Ays) 0306 + 245005 +
+24160,06 + 24560,06 + 24240504 + 243,050, + 24350505

Monoxkunnas cucrema (21X2, mL1Xp)

E™Y = 4,00 + Ay 05 + A3305 + (Aygy +2423)0,05 +
+(Ass +2431) 030, + (g + 2412) 010 + 2(Ags + Ags ) D205 +
+2 4150105 + 2 4350305

PomoOnueckas cucrema

E*= A11Q12 + A22Q22 + A33Q§ +(Agg +2453)0,05 +
+(dss +2431) 030, + (Agg +2415) 010,

TerparonajibHas cucrema

E*t= Ay (le + sz )+ A33Q§ +(Agg +243)(O1 + O) 05 + (Agg +2412) 10, +24,60:(01 — O5)

Jns xkmaccoB 422, 4mm, 42m, 4lmmm ko3 dunment 416=0.

TpPlFOHa.]IbHaH N IreKCaroHaJbHasi CUCTEMa H TEKCTYPbI

E*t= A, (1- 05 )2 + 1433Q32 + (A +2413) 1~ 03) 03 +244(30, — 0,)04 +24,505(30, — )

Ky6uueckas cucrema E = A, — (24, — 24y, — Ay, )(OF + 02 + OF)

UsoTponnble Tea £ = 4,

OTHOCHUTEIBHOE M3MEHEHHME TOJILIMHBI CTEP>KHS, TOYHEE, €ro JIMHEHHBIX
pa3MEPOB B HANPABJICHUU M1, NEPIEHAUKYJISIPHOM K HAIIPABICHUIO PACTSKEHUS,

pasao Al(m)/ I(M) = &;mm;. Beipasum nedopmanuu vepes HanpsoKeHus, TOrza
AI(M)/I(M) = & 4jqgmim;qyq. OTHOmIEHUE H3MEHEHHs TONIMHBI CTEPXKHA K

WU3MEHEHHUIO €ro JUTMHBI, B3SITO€ C OOpaTHBIM 3HAKOM, HA3bIBAETCSI B TEOPUHU
ynpyroctu xoagguyuenmom Ilyaccona n odo3nayaercs v . Ecau 06001MTH 3TO
MOHATHE HA aHW30TPOMHBIE Tena, kod(duinment [lyaccona okaxkercs (yHkimei

JIBYX B3aMMHO NEPIEHAUKYISPHBIX HANIPaBiICHUN ( U m !

CAIM)/I(M) _ AjaMimiGG _ mm--A--dq (5.11)

AI@)/1@)  Apndndpded  Ga--A--qg

v(q,m) =

bonee ynobna mist Beruncnenuit opma 3amucu:
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(5.12)

Moxno onpenenuth kKoddduimeHT IlyaccoHa aHM30TPOMHONM ympyroil cpenbl u
TaK, 4YTOOBl OH 3aBHUCEJI HE OT JBYX €IMHUYHBIX BEKTOPOB, a TOJHKO OT OJIHOTO,
€CJIM TPAKTOBATh €ro KaK XapaKTEPUCTUKY M3MEHEHHUS IUIOMIa[e B MIOCKOCTAX,

MCPIICHANKYJIAPHBIX K HAIIPABJICHUIO PACTAKCHHA:

_AS(@)/S(@) 5.1
201(d)/1(d)

Tac  xac  AS(A)/S(@)=e-(1-G0) =;(5 -4a;), a  xehopvaum

v(q,m) =

MOJICUUTHIBaIOTCS 110 hopmyrie (5.8), umeeM

~(1-40) _ A4, (S — Aa)
qq--A--4q 2 Aprt9n0p O

(@ =-32 (5.14)

3amerus, uto (GG--A--Go) " — st Momyms FOmra E(g), a GG--A--1=G-A-q —

—~

HOpMaJIbHasE COCTaBJISIOIIAs TeH30pa Kod(ppuuueHToB cxumaemoctd A B

HarpaBjeHuu (, MoJiydaeMm eie oJHO orpezaeneHue koddduimenta Ilyaccona

AHU30TPOITHOM YIIPYTOU CPEBI:
1 I
v(@)=>[1-d-A-GE@) | (5.15)

[Ipu OAHOOCHOM paCTSKEHUU OO0BEM CTEpXKHS HU3MEHseTcs (0OBIYHO

yBenmuuBaetcs). OTHOCHTebHOE M3MeHeHne o0bema AV /V = &; Tpu 3TOM paBHO

AVN =oAjgdj=0G-A-q, (5.16)
roe A — TeHsop Ko3(pQHUUUEHTOB CxnMaeMocTH. CPaBHUBASL STOT PE3yNbTAT C
dopmymoit (5.15) mis kosddunuenta Ilyaccona v((), BUAMM, YTO H3BECTHAs
dopmyna AV/V =@1-2v)o/ E, onpenensiomas OTHOCUTEIHLHOE H3MEHEHHE

o0BeMa IIpru OJHOOCHOM PaCTAXKECHUU U30TPOIIHBIX TCJI, CIIPABCIJIMBA TAKKC U AJIA

aHU30TPOIHBIX Tel B (hopme

AV _1-2v(0) _

- 5.17
vV E() 647
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Ha mpumepe koaddunmento Ilyaccona v(G,m) u v(() wmbl eme pa3

yOexaaemcs, 4TO OJHAa M Ta JK€ BEJIMYHMHA, XapaKTepU3Yyollas CBOWCTBO
U30TPOITHOIO Tejla, MOKET 00001aTbcs Ha aHU30TPOIHBIE Tela Pa3IUYHBIMU
crioco0aMu, U BbIOOp TOTO WJIM MHOTO 00OOIIEHHS 3aBUCUT OT TOTO, KAKOE UMEHHO
CBOMCTBO aHU30TPOITHOTO TEJIA MBI XOTUM OIHUCATh.

Cnsur. Ilycte Kk OOKOBBIM I'paHAM NPSIMOYTOJBHOTO OpyCKa IMPHIIOKEHBI
KacaTelbHbIE PABHOMEPHO paclpeesieHHbIE CHIIbI; OpYyCOK IMOJA AEUCTBHEM 3TOM
CUCTEMBI CHJI HAXOAMUTCS B paBHOBecHH. Ha eauHMIYy TIOIAAN MPUXOIUTCS CUila
o . Topusl cB0OOAHBI OT Harpy3ok. HampspkeHus B Opycke Ha3bIBalOTCSI B 3TOM
ClIydae cO8U206bIMU VI CKAbLIBAIOWUMU; OHU PABHBI

c=0(pq+4p), oij=0(piqj+qipj), (5.18)
rae p U ( — eIMHUYHBIE BEKTOPbI HOpMasel K OOKOBBIM IpaHsM. Jlepopmanuun
MO>KHO MIPEJICTABUTH B BUJIE

€=20A--pq, &;=204ypq (5.19)

(MCIIONIb30BaHa CHMMETPHUYHOCTh TEH30pa A TIO JBYM IOCICAHHM HHJICKCAM).
OcoOblii MHTEpEC MPEACTaBIsET CABHTOBas KOMIIOHEHTA TEH30pa AcopMariuii
p-€-G=20pq--A--pG =20 Ay piqpxq) - OTHOLICHHE CHIIBI, NPUXOISLICHCS Ha
CIMHUITY TUTOIIAIA MOBEPXHOCTH, K yJIBOCHHOW CIBUTOBOW KOMITOHCHTE TEH30pa
nepopmanuii  HaseiBaeTcs Mmooyiem cosuea G(p,g) ans  mapbl  B3aMMHO
NIEPIICHIUKYJIIPHBIX HampaBieHud p W (. Moaynas caBura oOmnpenesercs
dbopmyroit
G H(p.G) =4pG A PG =44 Pid; Pk - (5.20)
bonee ynobna myis Beraucnenuit opmyna
G™(5.4) = 43, (PG + GP) (PG +GP) .. (5.21)
rne (pq+4p), = riqj + rigi, 1 <> 1=1..,6.
®opmyasr (5.20) u (5.21) mokaseiBator, uto Moayinb casura G(p,q)
CUMMETPHUYCH OTHOCUTEIIBHO HAMpaBICHUH p u (
G(5.4)=G(@G,p). (5.22)
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OKCHEPUMEHTAIBHO PEANIM30BaTh PABHOMEPHO pACIpPENEIICHHbBIE KacaTelbHbIE
YCWIHSI Ha IOBEPXHOCTH CKOJIb-HUOYAb TOYHO JIOBOJIBHO TPYAHO, HO MOJIYJIb
ciBura, omnpenensieMbld (opmynon (5.22), urpaer BaXHYIO pPOJb B TEOPHU
aucinokauu. MMeHHo, ecim BEKTOp 7 — E€JUHHAYHBIA BEKTOP HOPMAIHM K
IUIOCKOCTH CKOJIBKEHUS, TO JUIsl JUCIIOKAlMM, JEHCTBYIOIIMX B JaHHON cHUCTEME
CKOJIb)KEHUS, Hauloyiee CYyIIECTBEHHOM XapaKTEpUCTUKOM YIPYTUX CBOMCTB

KpHUCTaJlJla OKa3bIBaeTCs Kak pa3 Moayiib casura G(p,q).

B otauuue ot HU30TPOIIHBIX TCJI, AHU30TPOIIHBIC TCJIa II0A I[CﬁCTBHCM

CKaJIBIBAIOIIMX HANPSHKEHUH NpeTepreBaT 00bEMHOE PaCTsHKEHUE (MITH CHKATHE).
Ono paBuo AV /N =g; =20APd =20A¢ P, Tme A —  TeH30p
KO3 PUIIMEHTOB c)KUMaeMocTh. Tak kKa BEeKTOppl p H  (  B3aUMHO

NEPNEHANKYISPHBL, Oy P 0y =0; oTcloma crnexyer, 4To OOBEMHOE pPACHIMPEHHE

O] ICICTBUEM CKaJIBIBAIOIIUX HANPSIKEHUN ONPEACISETCS JEBUATOPOM TEH30pa

BcecTopoHHero pacTsukeHms: AV /V =20R,, pq; -

6 U3rnd u kpyueHue KpuCTALIOB

PaCCMOTpI/IM IIPOCTBIC HAIIPSIKCHHBIC COCTOSHHA, B KOTOPBIX TCH30PD

HaNpsHKEHUN XapaKTepU3yeTCsl TMHEUHON 3aBUCUMOCTBIO OT KOOPJAMHAT.

M3rn0 npsAMOYroJbHOr0o KpHCTALIHYECKOro Opycka. Paccmorpum
IPSIMOYTOJIBHBIN KPUCTAIUTHYECKUI OPYCOK JIJTMHBI 2¢, MUPHUHBI 2@, TOMIHUHBL 20,
K TOpIlaM KOTOPOTO MPHIIOKEHBI U3rH0aoimne MOMEeHTbl M 1 —M COOTBETCTBEHHO.

CespkeM ¢ OpyCKOM CHELHMATbHYIO CHCTEMY JIeKapTOBBIX KoopauHaT OX;X, X3,

KaK II0Ka3aHO Ha pucyHKe 1. OpThI 3TO CUCTEMBI €],€,,6é3 0003HAUMUM 771, 7i U (

COOTBCTCTBCHHO.
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X2

< <« M M 5>
X < >
* < > © Ce 2b

2c

Pucynox 1 — U3rub npsimoyrosibHOro 6pyca

— —

Narubaromme momentel M 1 —M MOTYT co3gaBaThCsi CUCTEMOM HArpy30K,
CXeMaTHYEeCKU M300paKCHHON Ha PUCYHKE 1: K TOpIy X5 =¢ NPUIIOKEHBI YCHIINS
P =kx,q (Ha eAMHULY IUIONMIAAN), 3 K TOPIY X3 =—C HPHIOKEHBI yCHIusi —P .

N3rubarommii MOMEHT YCHIIMH, IPHIIOKEHHBIX K TOPLY X3 =C,

ab

N =[xy PdS = [ [ xpix kxpeicxclxy = =abkm; (6.1)
S —-a-b 3

oTcroga HaxomuMm K :3M/ 4ab® wu BBIP)KAEM Ye€pe3 BEIUYMHY H3THOAIOLIEro

MOMEHTa M TpaHHYHBIE YCIOBUS Ha Topmax Opycka Xx5=xc. OHH paBHBI

o-(£G)==%(3M / 4ab3)x'2€1. OTUM TpaHWYHBIM YCIIOBHUSAM, a TaKXKe YPaBHCHHSIM

yIPYroro paBHOBECHS], YAOBJIETBOPSET TEH30P HAMPSKEHUN

3M
4ab®

B CHGHI/IaHBHOﬁ CUCTCMC KOOPAWHAT HC paBHA HYJIO JIMIIb OJHA €0 KOMIIOHCHTA

(0)

X200 ; (6.2)

o3 = (3|\/| / 4ab3)x’2. ITo 3akony I'yka kOMITOHEHTa TeH30pa AchopMariuii

HITpuxu 31€Ch MOKa3bIBAIOT, YTO JAHHAS TEH30pHAs BEJIMYMHA OTHECEHA HE

K KpucTauiorpaguueckoil, a K cHeuuaibHOM cucreme KoopauHat. Tak,
!

K02(p(ULHEHTB! A5 HE COBMNAAAIOT C TAOIMYHBIMU 3HAYEHUAMU KOI(PPHLUEHTOB

NOAATIUBOCTH, €CIHM TOJIBKO peOpa OpycKka HE HAIIPaBIIEHBI 10 COOTBETCTBYIOIUM

OCsiIM KpHCTaHHO(I)HSH‘{eCKOﬁ CUCTCMbI KOOPpAHMHAT, OHHU CBsA3aHBI C TaOJIMIYHBIMU
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3HAYCHMSAMH ~ KOO((UIMEHTOB IOJATAMBOCTH  JAaHHOTO  Kpucramia A4,

4 —_—
cooTHowleHUAMU A3 =P, Py, A,,, B KOTOPBIX OJICMEHTB Matpuisl P,

ONpEACTSIOTCS ~ KOCHHYCaMH  YIJIOB  MEXAYy  OCSAMH  CHCIHAIBHOW |
KPUCTAITOPHU3UYECKON CHCTEM Cj = COS( X, Xj) .

N3ru6 Opycka XapakTepu3yeTcsl MOCTCICHHbIM W3MEHEHHUEM KOMIIOHCHTBI
@] BEKTOpa MaJblX BpAIICHWH INpU NPOABIDKCHHH BJIOJNb Opycka, T.c. B
HampaBlIeHHUH ocu X3: m3rub y =0¢[/0x5. CormacHo dopmyae (2.17)
O¢y | Ox5 =rot &5 . IloacunTaB IPaBYIO YaCTh 3TOTO PABEHCTBA, HaileM

_Oggy 053 Og3 1ogy
ox, Oxy Ox, 20xj3

(6.4)

[loncraBuB croga BbipakeHust (6.3) Juisi KOMIIOHEHT TeH3opa jaedopmanui,
MOJIy4YUM
34;
=—3M.
4ab

Orromrerne D =M/ HasbiBaroT owcecmrxocmovio Opycka Ha uzeu6. 3aMETUB, YTO

(6.5)

1/ Ay3 — o10o Mmoayis IOura E(Q) B HanpasieHun AanHbI OpycKa, HOTydUM

D(d) =gab3E(q). (6.6)

Oxka3bIBaeTCs, *KECTKOCTh Ha W3rU0 HE 3aBUCUT (MPU 3aJaHHOM HaINpPaBJICHUU

BEeKTOpa () OT OpUEHTAIIMN BEKTOPOB 711 U 7i.

B omimune OT UW3OTPONMHBIX TEJN, AaHU30TPONHBIE Tela TMPU U3rUoOe
3aKpYYMBAIOTCSA.  3aKPYYMBAHUE  CTEPKHA  E€CTECTBEHHO  XapaKTEPU30BaTh

N3MCHCHHUCM KOMITIOHCHTBI §0é AKCHAJIbHOTI'O BCKTOPA MaJIbIX BpaHleHI/Iﬁ BIOJb OCH

cTepKHs X3, T.e. HPOu3BOAHOI & = 0¢)}/0x; . Tlonydnm

g 0ok _0eiy 105, 0s 67
ox; O0x, 2\ 0x; 0x, ’

a TIOJICTaBMB ClOJa BbIpaxkeHue (6.3) UIsi KOMIOHEHT TeH3opa aedopmariuii,

Haunjem
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B 3A32 I3
8ab

3amMeTuB, UTO  Ajs =2A3y =2GG--A--gm, OTHECEM  3aKpyuMBaHHME K

9:

(6.8)

HpOHBBOJ’IBHOfI CUCTCMC KOOPAHWHAT:

B 3IM
4ab®

Ota dopmyna cnpaBeninBa, B YaCTHOCTH, U B KPUCTAIUIO(DU3HUECKON CHUCTEME

9= A i jqicm, - (6.9)

KoopauHaT. UToObl mHpu pacueTe MOXKHO OBUIO TMOJB30BAThCA TAOIMYHBIMU
3HAYCHMAMH KO3(QQUUMECHTOB yNpYyrol NOAATIMBOCTH A, (opmyry (6.9)
1enecoo0pa3Ho Mpeodpa3oBaTh K BUY
3M o (qq)ﬂ,:qiqj (ij <> 1=1..,6)
I=——-—54,,(49),(gm+mq),,,
8ab (Gm+md), =am +mq (kl <> 1 =1,...,6)

(6.10)

O6beM Opycka npu H3rude HE H3MEHSETCS: pPaCIIUpPEHHE OJHOU €ro
IIOJIOBUHBI KOMIIEHCUPYETCS CKAaTUEM JPYTOM.

Kpyyenue Kpyrioro KpucTALIMYECKOro CcTep:kHsA. Paccmorpum

AHM30TPOIHBIN KPYIJIbIH CTepKeHb pamuyca R u mmmHbl 2|, K TOpIaMm KOToporo

npuIoKeHbI KpyTsmue MoMeHThl K n —K', a 60koBasi HOBEpXHOCTh CBOOOIHA OT
Harpy3ok. BBezmem chnenuanbHyr0, OTJIMYHYKO OT KPHUCTAIOPU3UYECKOH,

JEKapTOBY CUCTEMY KOOPJHMHAT C HA4aJIOM B LIEHTPE CTEPIKHS, OCh X3 KOTOPOH (¢
OPTOM €5 = ¢ ) COBIAJaeT C OChIO CTEPXKHS, OCH ke X, u X, (c opTamu € =m u
€, =7 ) MIePIEeHIUKYJISIPHBI K HEH U APYT K JIPYTy, a B OCTAJILHOM IIPOHU3BOJIBHBI.

Kpome TtOro, BBemeM B KaXIOW TOYKE MECTHYIO CHUCTEMY KOOpIMHAT,

IIOCTPOCHHYIO Ha OpTax e, é';, U (, HaMmpaBJICHHBIX BJIOJIb KOOPJUHATHBIX JIMHUI

HHJ’IHHI[pH‘-IGCKOﬁ CUCTCMbI KOOPIHMHAT. L[I/IJ'H/IHI[pI/I‘—IeCKaﬂ CUCTCMA KOoOpAWHAT

CBSI3aHA CO CIEIMAIbHON COOTHOMIEHUAMU X; =T COSQ, X5 =rSing.
Kpyrsmuit MomeHT K MOXXeT OBITh CO3JaH MPUIOKEHHBIMH K TOPLY X3 =

YCUITUSIMH P= kréq, Ha eJIMHUILY TUIomaau. Toraa
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27 R
K = [rxPds= [ [re, kré(prdrdgp:%;zR“kq, (6.11)
S 00

OTKyJla HaXOoIuM k:2K/7rR4. ['paHUYHBIM  YCIIOBHSIM c-q:(ZK/ﬂR4)ré¢,,

G -€,=0 ynoBneTBoOpseT TEH30p HANPSKEHUI
2K
c=—r(€,d+0€,). (6.12)
7R
UroObl BBIpa3UTh €ro B CHEIHUAIBHON CUCTEME KOOpAUHAT, 3aMETUM, YTO

re, = xy7 — x5m . Taknm oGpasowm,

2K ST, L
o= ——[x1(ig +Gn) — x5 (mq + gm)). (6.13)
7R
Jns Beluucienus aedopmanuil 3amMIIeM KOMIIOHEHTHI TE€H30pa HANpsKEHU B
BUJIE

! 2K ! ! .
Gﬂ:m(xlé“lﬂ _X255/u), (6.14)

3Ta (hopMa 3aIKCH HEMOCPEICTBEHHO ciaenyeT u3 (6.13). lebopmanuu &) paBHBI

!/ 2 K ! !/ ! !
&, =——7 (Ajax1 — A35%3). (6.15)
7R
3akpy4HBaHHE MO OCH Ha CAMHUIYY MJMHBI CTEPXKHS paBHO 3 =0¢;/0x; .

Bocnonb3oBaBmucs popmynoit (2.17), Haitnem

9 Oty  Ogpg 1 Ogy Oég | (6.16)
ox; O0xh, 2\ 0x; 0x,
YyuteiBas (6.16), momydum
2K ,
F=—7(Ayy + 4s5) - (6.17)
7R

Ornomrerne C =K/$ Has3bIBaeTCst dicecmkocmpio CTEPXKHS HA Kpyuenue,
OYCBHUIHO

~R*

Apg + Ass
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YroObl BbIpa3uth xKecTkocTh C uepe3 TaONIMyHble 3HAYEHUS KOIPPHUIMEHTOB

YIOPYrou NOAATIIMBOCTH, PACCMOTPHUM BBIPAKEHUE

1 ! 1 14 ! 14 [ 14 [ 14 [
2 (Ayy + Asg) = Apzpg + Ajz13 = Apzpz + Alzga + Azzzs — Azzzz = Akaxs — 4asas -

3nech KOI(PPUIMEHTH yOPYrod MOAATIMBOCTA TMO-TIPSKHEMY OTHECEHBI K
CIICLIMAJIbHOW CUCTEME KOOPAMHAT, HO UX YK€ MOXHO BBIPAa3UTh I[OCPEACTBOM

eAMHCTBEHHOTO OpTa (j, HAMPABJICHHOTO IO KOOpAMHATHOW ock Xj. Tak Kak B
HpOHBBOHBHOﬁ I[eKapTOBOﬁ CUCTEMC KOOp):[I/IHaT 3TO Bblpa)KeHI/Ie MOKXHO
MNpCaACTaBUTL B BUIC

Agad 9 — 4ijaqi 9% = 4ija (O — 4949
rac q] — KOMIIOHCHTBI CIMHHUYHOI'O BCKTOPA q OTHOCUTCIIBHO 3T0ﬁ CHUCTEMBI, TO

YKECTKOCTh CTEP>KHSI Ha KpydeHue OyJeT paBHa

zR*
C(q) = : (6.19)
4Aijk| (S —‘JiCIk)qJ‘%

Y wmsotponHoro tena Ay = Ay =1/G (G — mMomyns ciBura), Tak 4To €ro

YKECTKOCTh Ha KpyueHue C = 7rR4G/ 2 . [loaTOMY BETUUYUHY

_2C(q) _ 1
AR 2454 (B — 4i9x) 499

G(d) (6.20)

Ha3bIBAIOT MOOYIeM CcO8uca aHU3OMpPONHO20 Mmamepuana oai Kpyuerus. C

MOMOIIBIO CHMMETPUYHOTO MATEPHATIBHOIO TEH30pa BTOPOTro paHra Zj = Ay H

dopMyiIsI (6.9) MOXKHO IIPEACTABUTE OOPATHYIO BETHIHHY Momyist casura G (q)

B yI00HOM J1J1s1 BBIYMCIICHUS BU]IE
G@)=2(d-2-4-E7()), (6.21)
rae E_l(ci) — oOparHas BenuunHa Moayist FOura. Bua tenzopa Z mpezicrasieH B

tabmurie 5.
[TockonbKy aHM30TPOMHBIC CTEPXKHU TMPHU HM3THOE 3aKPyUHUBAIOTCS, MOYKHO

OKUJIaTh, YTO TIPU KPYUCHUU OHH OymyT U3rudarhes. J[elicTBUTENBbHO, TTOICUNTAB
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' 8g01' — 88{33 . agé3 —

! = oP) _ O¢13 _ Oy __
Cooxp oxp 0%

Oxg  Oxz 0%

2K, , 2K,
7ZR4 ASS’ Wy = 7TR4 A34’

Hailnem, 4To och M3ruba mapaiienbHa BeKTopy AgsM+ Ag,fi, a abcomroTHas ero

2K
BEJMYMHA I = ?\/ (,03'5)2 + (%4)2 . OTO BBIp@XEHHE 3aBUCUT TOJBKO OT
T

KpUCTaJIorpauueckoil OpHUEHTUPOBKU CTEpXKHS, T.e. KOMIIOHEHT opta (. B

IPOM3BOJBHONW, B YAaCTHOCTH B KPHUCTALIOPU3UYECKOM, CHUCTEME KOOpAMHAT

4K == — —
v =—34dd - A- (E - dd)- A---ddq .

Tabmuua 5 — Tenzop Z ji = Ay A9 BCex KpUCTauIorpauueckux 1 mpeaenbHbIX

KJIaCCOB
Cucremsl Tensop Z; = 4
1 1 1 1 1 1 1 1
A+ dsst5deg AT Ae 5 A G Aea +5 A +5As
1 1 1 1 1 1 1 1
TPUKJIMHHASA CUCTEMA 1A +5 g +54  Ap+i Aty A 3Asst5 A0 +5 A
1 1 1 1 1 1 1 1
T Aes t5 A5 +5As G Ase 5 Ay +5 A3 Azt Ay +5 A5
1 1 1 1 1
Ay + 4 Ass + 5 Aes 0 g Ag + 5 435 + 5 Ais
MOHOKJIMHHAsI CHCTeMa 0 Ayy + 5 Age + 5 Ay 0
1 1 1 1 1
21X5 5 Aes +5 A5 +5 A5 0 Azg + 5 Ags + 5 Ass
1 1 1 1 1
A+ Ass + 5 Ags 3 Aus 5 Aie 5 A 0
1 1 1 1 1
21X3 TAms+5A4e+5 40 Ay +5Ase + 7 Asa 0
1 1
1 1
Ayy + 5 Ass + 4 des 0 0
poMOuYecKasi cucTeMa 0 Ayy + % Age + 5 Ay 0
1 1
A +i4,+3 0 0
TeTparoHaJbLHas b 3 Aas 3 Aes . .
cHCTEMA 1
34,-14,+14 0 0
TPUIOHAJIbHAS, 2711 2712 T aad
0 S4,-34,+14 0
rekcaroHaJibHas 211 2412 T 44744
1
CHCTEMBI U TEKCTYPbI 0 0 Azz+5 Ay
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1
KyOndeckasi cucremMa 0 Ay + 3 A 0
0 0 Ay + 5 Ay
M30TPOIHBIE TeJIa 0 2411 — 4y 0

7 TemneparypHble HANPAKEHUSI B KPUCTAJLJIAX

VYpaBHenust ynpyroro paBHoBecus V-o=0 u coBMeCTHOCTH aedopmaiuit

Inke=0 CIIPpaBCAJINBbI HC3aBUCHUMO OT TOI'O, HAXOAUTCA JIX BCCb KPUCTAJI IIPH

OJIHOM ¥ TOM XK€ TeMIlepaType WIH TeMmIeparypa OT TOYKU K TOUke MeHsieTcs. Bo
BTOPOM cllydae, OJHAKO, HEOOXOJMMO TPHHSATH BO BHUMAHHE TEMIIEpATypHBIE
yJieHbl B cooTHOIIeHusX [roramensi-Helimana (3.9), (3.10)

e,=4;,0,+0,0, €=A--0+a0. (7.1)

B pesynbrare ypaBHenuwe benpTpamu-Murtuenna CTAaHOBUTCS HEOJHOPOIHBIME:
BMecTo (3.17) momydaem
Ink(A --0) =—Ink(a®). (7.2)
B oaHOpOAHBIX TeMIlepaTypHBIX MOJISIX BCE OJHOPOJHBIE Tea, U30TPOIHBI
OHM WM HET, PpACHIUPSIIOTCS COBEPIIEHHO CBOOOIHO, €CIU JSTOMY He
MPENATCTBYIOT OKpY’Karolue Tejia. B HEOHOPOAHBIX K€ TEeMIIepaTyPHBIX MOJISIX
OJIHA YaCTU TeJla MEIMIAI0T CBOOOJHO PAaCIHIMPATHCS JAPYTHM €ro 4acTsiM, U 3TO
MPUBOJUT K BO3HUKHOBEHHUIO TEMIIEPATYpPHBIX HANPSXKEHUN B OJHOPOAHOM TETIE,
MOBEPXHOCTh KOTOPOro CBOOOIHA OT KaKUX-TO Obl HU OBLIO HArpy3o0k. Teopema o
€AUHCTBEHHOCTH PEIICHUSI YPAaBHEHUN TEOPUM YHPYrOCTH IMOKA3bIBAET, UTO IS
BO3HUKHOBEHHUS TEMIIEPATypPHBIX HANpPsHKEHUNW HEoOXOAuMO, 4TOOBI YpaBHEHUE
benprpamu-MuTtueria (7.2) ObUI0 HEOAHOPOAHO. DTO BBIMOJHACTCS JIUIb MPU

Ink (a®) # 0; orcroza ciemyer, 4To TEeMIepaTypHbIC HANPSKCHHUS HE BO3HUKAIOT

HC TOJIBKO B OAHOPOAHBIX TCMIICPATYPHBIX IIOJISIX, HO U B TCMIICPATYPHBIX IIOJIAX,

JIMHEMHO 3aBUCAIINUX OT JCKAPTOBLIX KOOPAHWHAT.
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C npyroii ctoponsl, ycioBue INK(a®)=0 He TONBKO HEOOXOAWMO, HO H

JOCTaTOYHO JJISI BOSHUKHOBEHHUS TEMIIEPATYPHBIX HaNpsoKeHHH. JleMCTBUTEIBHO,
€CIM OHHM OTCYTCTBYIOT, TO TeH30p nedopmamuii €=00 U OH JOJIKEH

yIIOBJIETBOPATH YpaBHEHHIO coBMecTHOCTH INnkg=0.

Tak kak MOBEPXHOCTh KpUCTaIa CBOOOAHA OT JEHCTBUS HArPY30K, CPETHUN
TEH30p TEMIEPATYPHBIX HANPSLDKEHUH M CPEAHUN MOMEHT 3TOrO TE€H30pa paBHbI
HYJ0. OTO OOCTOATENHCTBO YACTO HCIOJNB3YEeTCS IMPU PEHICHUH 3a1ad o
pacrpeeeHud TEPMOYIIPYTUX HAIPSKEHUM.

PaccmoTpuMm mpocrediyro U3 TaKuX 33dad — 3aJadyy O TEPMOYIPYTUX
HAMPSDKEHUSX B KPUCTAJUIMYECKOM TUIACTUHKE TOJIIMHBI 2@, TeMIieparypa
KOTOPOM MEHSAETCS TOJBKO IO TOJIIMHE. BBeneM eKapToBy CUCTEMY KOOPJIWHAT

OX,X,X3 ¢ HayanoM B cpeaHe minockocTy miacTuHku. Ilycts ocu OX] u OX5,

MEPIICHANKYJISIPHBIE OJIHA K APYTOMW, JIEXKAT B CPEIHEN IJIOCKOCTH IUIACTUHKH, a

ocb OX; HampasieHa [0 HOpMalX K Hel. OueBUAHO, HE TOJIBKO TEMIepaTypa, HO
¥ HaIpsDKEHUS U iepopMarivy He 3aBUCAT HU OT X7, HU OT X,,.

YpaBHEHUS yIIPyTroro paBHOBECHUS UMEIOT IO3TOMY B/

dois _g (7.3)
dx3

(H_ITpI/IXOM OTMCYCHO, YTO KOMIIOHCHTbBI TCH30pa G OTHCCCHbBI K CHCTCMC

koopauHaT OX]X5X}). Peenns ux oj; — KOHCTaHTHL. Bce OHU paBHBI HYIIO, T.K.

Takum 00pazom,
, — — —
o3=0,=05=0, (7.4)
¥ OTJINYHBI OT HYJIS TOJIBKO TP KOMIIOHEHTHI, 07, 0%, O .
N3 ypaBHenuii coBmectHocTH (1.20) cnenyert, 4to
gy =C,+x5B, (1=1,2,6) (7.5)
2 =L T X3b; »<,0), -
rae C) u B) — uucna, He 3aBUCSIIME OT X3.

VYuuteiBas (7.4), 3akoH ['yka (7.1) MOXHO 3anucaTh B BUJIE
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C)+x3B) =4;,0,+a;0 (1,u=1,2,6). (7.6)
Yepenuum paBeHCTBO (7.6) MO IUTACTHHKE, T.€. IPOUHTErpUpPYyEM 00€ ero

4acTU MO X3 OT —a A0 a W pe3ylnbTaTbl pa3fieliuM Ha 2a. YYUTbIBas, 4TO

YCPEAHEHHBIN TEH30p HAIPSHKEHUM PaBEH HYJIIO, OJIYyYUM
! 3 ! !
B, :?al(xg(a) (A, 1u=1,2,6). (7.8)
TakuMm o0pa3om, Mbl HallUTU TPU KOMITOHEHTHI TEH30pa J1ehopMalinii:
! ! 3 ! !
&) =a) (<®>+?x3<x3®>j (A,14=1,2,6). (7.9)
Tpu paBeHnctBa (7.6), nepenvcaHHbIX B BUJIE
!/ !/ ! 3 ! !
4;,0,, :05/1(<®>+_2X3<X3®>_®J (A, u=12,6), (7.10)
a

MOJXHO pacCMaTpUBATh KAdK CHCTCMY TpPCX JIMHEHMHBIX ypaBHCHI/Iﬁ OTHOCHUTCIIBHO

TPEX HEU3BECTHBIX KOMIIOHCHT TEH30pa HAIpSOKEHUH o7, 05, 0. DTy CHUCTeMy

!

JA?

d, 4y, =6, (rAu=126). (7.11)

JIETKO PENTh, Halas Matpuny d’; , oOpaTHyio K Matpuue 4,

[Tone TepMoOyTIpyrux HanpsLKEHU onpenensercs popmynaMu

O . =

! ! 3 ! !
_laa(e)s Snxe)-0] am120,
x

(7.12)
0 (¥ =3,4,5).

Otcroga ¢ momompbio 3akoHa ['yka (7.1) MOXHO MOMYyYUTh W TPU €IIE HE

HalJIeHHbIC KOMITOHEHTHI TeH30pa JAehopMariuii.

Ecnu TemmeparypHoe T1oj€ CHUMMETPUYHO OTHOCHTENBHO CpEIHEU

IUIOCKOCTH IuIacTHHKA: O(—xj3)=O(xj3), TO cpemnmii ero MomeHT (X50)

oOparaercst B HOJib, 1 BMecTO (7.12) umeem

. :{dgﬂa;«@)—@) (2:4=12,6),

7.13
“ 0 (7 =3,4,5). (713
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CI/IMMeTpI/I‘-IHOC OTHOCHUTCIIbHO cpez[Heﬁ IINTIOCKOCTH IIJTaCTUHKH
TECMIICPATYPHOC IIOJIC II0JIy4YacTCs, B YaCTHOCTH, IIPWU PABHOMCPHOM HAIrpcBe

IUIACTUHKHU, IIOOTOMY

ha?| (x3 )
(@)-0=——|3 22| -1/, (7.14)
6k a

rae h — cKopoCTb MOBBIIIEHUsS TeMIepaTypsl, K;=Kj; — KOMIOHEHTBI TeH30pa

TEMIEPATYPOIIPOBOIHOCTH B cucrteMe OX, X, X%, a — NOAYTOJIINHA [UIACTUHKU.
14243

Taxkum oOpa3zoMm, IIpU PaBHOMEPHOM HATrpEeBaHWU KPUCTALIUYCCKOUN TIJIACTUHKU B

HEW BO3HUKAIOT TEPMOYIPYTHE HANPSHKEHUS

d’ ,a’ha? )2
, A /1, 1—3(§j (y,41=12,6),
o, = 6k a (7.15)
0 (r =3,4,5).
HpI/I Hal‘peBaHI/II/I IIJTAaCTHUHKA 06I>ILIH0 OKa3bIBACTCsI C)K&TOI?I C KpaeB — TaM

’ ' ’ 2 ' < .
HANpPSOKEHUs paBHbl o, (ta) =—d’,aha /3k3 — W PacTAHYTOM MOCpEIUHE; B
Cpe/HEl TUIOCKOCTM IUIacTHHKM  Hanpsokenus o, (0) :d;(/laﬁhaz /6k§. [Ipn

oxyiaxkneHun rmiactuHku h <0, mo3sromy Bce HampsHKEHUS TPOTHBOIOJIOXKHBI

BO3HHUKAIOIIUM IIPHU HAI'PCBAHUMU.
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