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NPEAMCIOBUE NEPEBOJYMKA

[Torpe6HOCTH TeXHMKM, OTKPHITHe AU pPaKUMH PEHTTeHOBCKHX JyueHt
B KpucTannax, pa3paboTka MeTOQ0B PEHTIeHOCTPYKTYpHOrO aHanuaa
¥ BO3HMKHOBEHME JpPYrMX HOBHX METONOB MHCCJEAOBAHHA CTPYKTYPH
TBepPAHX Te/ TPUBEJIH K TOMY, H4TO KpUCTAIJAOrpadus-— Hayka, TMOUTH
OCTAHOBMBILAACA B CBOEM Pa3BUTHM K Haualy 3TOro Beka, — obpena sareM
Kak Obl BTOPYI0 MOJONOCTb M BHOBbL CTaja GLICTPO passueatsesl. OInako,
ecqH panee nas Kpuctaasorpadum Obina xapakrepHa Hanbo.sbluas 61n-
30CTb K Te0JOrO-MHHEPAAOTHUECKUM HAyKaM, TO Tenepbp KpUCTATIOrpAa-
¢ug TecHO nepenenacb CO MHOTHMM pasfenaMu (PHU3HYECKHX, XMMHMYECKHX
M TexHuuecknmx Hayk. Llentp kpucraanorpagum Bce 60iblue CMeLLAETCH
B CTOPOHY KPHCTaN10dU3NKK; BMECTe C 3THM MNOBHILAeTCA POAb MareMa-
THYeCKHX MeTOA0B B HCCJAENOBAHMM KPHCTANIOB, pacluMpsiorcs ofaacTu
NPUMEHEHUs KPUCTAAJAO0B B TeXHHMKe-— BCE STO BLIABMIAeT HOBbie Tpe-
OoBauns K TIORFOTOBKE CNELMANMCTOB, Kak MccaenoBatenelt, Tak M
MHXEHepOB, N BLIBHBAeT HeOOXONMMOCTb B yyeGHOM JMTepatype o
KpUCTaniognsuke, KPUCTANJIOXUMHUM M CTPYKTYPHOMY aHAAM3y, OTBEYai-
Lie#t COBPEMEHHOMY YPOBHI HayKM.

K cowanemi, B umeroueltca yueOno#t auteparype no KpHCTAI10-
rpaduy TI0XO OTpameHO M3MeHsOLleecs M Pa3BUBAIOLLCECH COnepaHie
coBpeyenHOR Kpuctanroguankn., OnHM yuyeOHMKM nO KPHUCTAAAOTpaguu
C 9TOM TOUKM 3pEHMA yXHe yCTapenau; nPYrHe Kypch ABJIAIOTCA CJHLIKOM
KPaIKIMM H UMEIT TPauUMOHHO MHHepalornyeckult xapaktep. YueOHuka
K€ MO KpPUCTANIoQU3NKe, HECMOTPA Ha OCTPYIO ero HeoOXOAMMOCTb, He
NOABIAIOCh CO BPeMeHH BbIXOAA M3BeCTHOM kHuru Bycrepal) HM B OTeue-
CTBEHHOH, HM B 3apylewHolt aureparype2).

Iepoit M 1[OBOJLHO YynauHOM TOMBITKOM CO3naHUSI COBPEMEHHOTO
yueOHuKa 1o uMyeckOl KPUCTALTOr padiy ABASETCH NpeljaraeMas 4uTa-
TE/M0 B mepeBOe KHMra aHramiickoro kpucraanorpagda k. Has ,dusu-
YECKMe cBOHMCTBA KpiCTal’I0B“. B OCHOBY KHHIM TOJOXEH KypC NeKUMH,
YHTaBLINXCA aBTOPOM A1s CrynentoB KeMGpuamckoro yHuBepcurtera. Ilo
CTI.II0 H3.TOXEHNR I COJEPWAHMK) 3T4 KHUFA ABIAETCA MMEHHO KypCoM

)N Wooster, A text-book on crystall plysics, Cambridge, 1938
, %) Heman, pasymeercs, ke ) mOMAHYTH eule (yHIAMEHTAJAbHBIA TPy Pofirra
(\\. Vioigt, Lehrbuch der Krystallpliysik, Leipzig, 1910), kotopbii COXpaHiLl
#0 CHN TIOp n3GeCIHOC 3mavuenie Kak CrpaBounoe Halauie, NOILTOKHBARINEE
NEPBLI 31an pasBuTna Kplcrasiorpadui,
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dusnueckolt Kpuctasiorpagui, a He KypcoM GM3NKM KPUCTAIIOB, TaK KaK
CBONCTBA KPHCTANIOR paccMarpiBaioTcd B Hell ¢ Kpuctananorpaduyeckux
NO3xUMK, T. e, OCHOBHOE BHHMAHHE YNEJAETCA CHMMeTpMM sABAeHMH, MX
CBAI3M C cHMMeTpHeff KPHCTAII0B, XaPaKTEPHUCTHYESKHM TOBEPXHOCTAM M
1. 1. (Tlpennoaaraerca, yTo ynrarte’ b 3HAaKOM C reOMETPHUECKON KPHCTAIIO0-
rpagueit 1 YTO OCHOBHHE CBEIEHMA O METOIaX M Pe3y.bTaTaX SKCMepHMEeH-
TAIbHOTO MCCAENOBAHNA CBOHCTB KPUCTAIA0B M3BECTHHI €My 13 OBIUero
Kypca ¢U3sMKi.)

ITocTpoenue kypca sBIfieTCsd BecbMa ynayHbIM M B OOLIEM COOTBET-
CTBYeT NMOCTPOEHII0 pasjnena ¢(U3NyeckOol KPHCTAATOrpacdii B U3BECTHOM
yueGunke kpucratnorpagun LUyGunkosa, ¢anxta m Bokus!) u kypca
KPHCTAXTOMHINKY, YHTAEMOrO Ha ¢ManueckoM ¢akyabrere MI'Y., Aptop BO
BEENCHIHM MOApPOOHO M37naraeT mnJaH NMOCTPOEHUA KHUTH, MO3TOMY M He
OyneM Ha HeM OCTaHaB/JIMBATBLCA., YKameM JHilb, YTO K HECOMHEHHBIM
JNOCTOMHCTBAM KHMTM CJeRyeT OTHEeCTH TNOCJAeNOBATENbHO TIPOBENEHHOE
npHMeHeHile TEH30PHOro annapata 1 noapobHOoe H3/0KeHHe OCHOB MaTpHuy-
noro annapara. CresiyeT OTMETMTh TaK e KaK JOCTOMHCTBO KHUI'M BKIIO-
yeliMe I'V1aB, NOCBALLEHHLIX HeCTAUNOHAPHLIM ABAEHUAM B KpHUCTaaaax (Tennao-
Y 3JEKTPOTNPOBONHOCTH N TEPMO3JeKTPHYECKMM sBiAeHnsAr). Hekoropyto
OOHOCTOPOHHOCTb pasfena KPHCTALIOONTHKH MOXKHO OOBACHUTb TeM, UTO
TpagMUMOHNLIE BOMPOCH ONTHYeCcKO# Kpucraniorpagun (asofinoe nyye-
npesoMIeHIe W T, 1.) aBTOp MNpearno.garaer M3BECTHBIMH YMTaTe.lio,

Henb3s He OTMeTHTb TakKe, YTO KHUra HamucaHa ¢ 60JbIUMM Tearoru-
HEeCKMM MacTepCcTBOM. ABTOp, He Meperpyxas OCHOBHOTO MaTepHafa, Bhi-
HOCHT B TIPWIONEHMA PacCMOTPeHHe MHOTOYHCJAEHHLIX [OMOJHMTEJbHBIX
BOMPOCOB, 3dKAOUAET KaXIyH0 raaBy O4eHb TNOJE3HLIMH pe3ioMe, TPIBO-
OMT MHOI'O YTNpa)KHEHMH W 3ajay, 4 Takke YKasHBaeT BLIOOp rJaaB nds
NepBOr0 YTEHHA.

K cowxaiednw, B KHUIe HMeeTCs psa HelIOCTaTKOB M npobelos.
Haupumep, B rJaBaxX, NOCBAIEHHBIX MarHUTHON BOCTIPHHMYHBOCTH 1
3.ICKTPHYECKOH TNOJApH3alMK, CJe10Ba10 Obl YREJNTb BHHMAHHE CelH-
¢nke eppoMarunTiLiX CBOHCTB KpHCTaa10B M 6ojee noapoGno paccyo-
TPeTb CerHeTOdJeKTPUYeCKNe CBOHCTBA-— 3TH BOIPOCHI OQYEHb BaXHBl M
B TEOPETMYECKOM M B TIPAKTHYECKOM OTHOIUEHHH, ABTOp COBCPILUEHHO
He HCTIOMBb3YeT I 1aXe He YIIOMUHACT OHATISA aHTHCHMMET pMH, OKa3aBlierocs
BechMa ITOLOTBOPHLIM 478 psina pasnesioB Kpucrainodpusuky. Bes nocra-
TOYHLIX OCHOBAHIH ABTOp He BK/OUMI B KypC BONPOC O NMPeaeIbHbIX FPyI-
nax CHUMMETPHH; TPl 3TOM M3 PacCMOTPEHHA TNOYTH MOTHOCTLIO BHITIAIH
H TEeKCTYphl. ABTOp, K COXATeHHIO, He YIEIWT BHHMAHHA TPHMEHEHMIO
METOO0B TEOPMM TIPynm, NOCTENeHHO 3aBOEBHBAKIIMX B KPHCTAI0(I-
3NKe BCe (0.1€e BAXHOE MeCTO.

CrieayeT Takke OTMETHTb, YTO &BTOPY He yaa’1och n3bewarh HEOIHO-
3HaMHOCTH B ynoTped.iennd TtepmiiHa ,¢n3nyeckoe CBOHCTRO®, 1tOHHMae-

1) A, B. Uly6uukos, E. E. ®annt, . B. Bokni, OcHOBM kpu-
cranaorpadumn, [131. AH CCCP, M, 1940,
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MOTO TO KaK KO.IMYECTBEHHAs XapakTepuCTHKa BeiUEecTBd, TO Kak Cro-
COGHOCTb Te7a peaiHpOBaTb HA BHellHee BO3JeficTBMe. HeueTkO Takixe M
ynotpeb.ienue TepMAHA ,TEH30P*, TPAKTYeMGrC TO Kak ¢ilaliyeckoe CBOH-
CTBO, TO K4k MaTemarTHueckas Beauuyna. Haio ckasaTb, 4TO MCK.IOUUTH
3Ty 11€0JHO3HAYHOCTL JOBOJIBHO TPYIHO.

Ozamako caeiyeT MNOJYEPKHYTb, YTO OTMEUYCHHBIE HEJOCTATKH OTHIOIb
He CHIMKAIOT W1 HAYYHOH LEHHOCTH KHHIM, HH ee AOCTOUHCTB Kak Yyuyel-
Horo mnocobus.

INepeBo1 KHUIHM caefaH 6e3 COKpaIueHNH 1 H3IMeHeHHH, ec.IH He CYMTaTh
3aMeHH HEKOTOPHIX He YNoTpelbasioliHXcs B COBETCKOM KpHCTAT110rpadi-
YeCKOH /IMTEpAType TEPMHHOB, YTO OOJbllelt YaCTbIO HE OrOBAPNBACTCS.
JlaHO HeckOJabKO TNpUMeyanuit, XOTA YHUCJAO HX Mbl MOCTapa.uiCh CBeCTH
K MHUHUMYMY.

Bubmorpatus, npHBOSHMAH &BTOPOM, COIEPKHT CCHAKH TIOYTH
UCKTIOUHTEIbHO HA KHUMM H CTaThbM Ha aHrJHHCKOM A3biKe; 3TO0 MOXHO
OOBACHHTD TeM, YTO KHUra sBJAeTCH yYeOHMKOM AJs aHTTHHCKHX CTYICH-
ToB. B mnepesone OTCYTCTBIle CCLLIOK Ha JMTEpPaTypy Ha PYyCCKOM H3bIKE,
€CTeCTBEHHO, BBITAAAHT HEnOCTaTKOM. ITosTOMY CCHIIKM aBTOpa B pale
C/ydaeB JNOMOJIHEHL CCBLIJIKAMH Ha COOTBETCTBYIOILHME KYPChl COBETCKHX
aBTOPOB, 4 B KOHLE KHMI'M NpMBeneHa nOMOJHHTenbHas Oubanorpadus,
cozepamas TPeUMYILeCTBEHHO JUTepaTypy Ha pYCCKOM ssblKe. ITH
JOMOMHEHNA OTHIOAb HE MPEeTeHAYT Ha NOJHOTY, a NPUBOAATCA JMUIb .
obJierueHis O3HAaKOMIEHNA ¢ MatepuaioM niM Gosee riybOKOro H3yueHus
OTZE/bHBIX BOTIPOCOB,

Kuura k. Has, HecomHeHHO, HalpeT wWMpOKMH KpPyr uuTaresefl u
Oyzer monesHbiM mnocobieM He TOAbKO A/ CTYNEHTOB M acTHpaHTOB
(B mepBylo ouyepenb $M3NKOB), HO M /R MHOTHX HayuyiHX paCOTHHKOB
U MHXeHepOB, MKEJarIHX OBIaNeTh NpHMeNseMBIMH B KpPHCTAT1A0GH3HKe
(EeHOMEHOIOTHUECKUMH  METORAMM  MCC/lenOBaHiA  (PU3LUECKMX CBONCTB
KPHCTA110B.

JI. Lllysa.i08



NPEINCIOBHE

Llete HacTosiero yyeOHHKA — QaTh CHMCTEMaTHYECKOE  ONHCaHue
¢uanyecKix CBOHCTB KPUCTAT/IOB B TeH30PHOH 3anucy M OOBACHUTD
TAaKHM TyTeM, YTO TaKoe TEeH30pH M Kaxk OHM npHuMeHawoTcd. B naHHo#
KHHre He H3YYaloTC KOHKPETHLIe CBOHCTBA KPHUCTAJJIOB M HX CBfsb CO
CTPYKTypO#; B Hell paccmaTpuBaeTcsl riaBHHM o00pasom ennHoe upeg-
CTaBIEHHE TEH3OPHBIX CBOHCTB KPHCTAI/IOB B 4CTMEKTax OOILMX Marema-
THYECKHX OCHOB 3STHX CBOHCTB WM TepMOLHHAMMYECKMX COOTHOILeHUH
MEWKAY HHMH,

Wanomenne mateMaTHyeCKHX OCHOB HauMHaeTcs C BBENEHHs TOHf-
THH# O TEH30paX MEPBOr0 W BTOPOrO PaHroB (Hactb l); sareM nokasaHo,
KaKiMH TeH30paMM MoOwxer OLITb TpPEACTAB/EHO TO MM MHOE CBOMCTBO.
Tenaopui €osiee BHICOKOTO PaHra M MaTPHYHH MeTOR BBOIATCH TO3ZHee
KaK ecTeCTBeHHOe pasBuTHe TeopuM. [lociedylouwlee H3nomeHMe pa3ne-
JIEHO Ha TP YacTH, B KOTOPLIX PAaccMaTpHBAalOTCH PaBHOBeCHbIe CBOHCTBA
(uactw II), cBoficTBa, cBf3aHHLE C mpoueccamu nepeHoca (sactb IIf), u
KpuctanroontTuka (uacte IV).

B ocnoBy Hacrosie#t KHUrM TOIONKeH KypC KPHCTANNOGHBHKI, UH-
TABILMHCA aBTOPOM B KemOpMIMCKOM YHMBEPCHTETE A/ CTYNEHTOB BTO-
poro Kypca, usyyalomux kKpucranaorpagur (kak wactb ofLiero Kypca
MHHEpaJoruy M Kpucraianorpaduu). YposeHb HB/J0WEHMS B OCHOBHOf
YaCTH KHMMH PacCydTaH Ha CTyLEHTOB-pU3MKOB BTOPOIO M C.Jleaylo-
LIero KypcoB, HO aBTOp MMeJ B BHAYy TaKe acnipaHToB M HayYHbIX
paboThukoB B 06jacTH (M3NKM TBEpAOrO TeAa W MeTajaypril, KOTO-
PHIM MPHXOANTCA HCNOJL30BATh B CBOEH palOTe SJEeMEHTLI TEH3OPHOro M
MaTPHYHOTO MCYMCIenWs. ABTOp CTapanca M3iaraTbh MaTeMaThyeckiue
BOMIPOCHl KAK MOXHO mnpolie, Oco0eHHO B MEPBHX F/aBaX, B KOTOPHIX
HeTaTbHO OCBACHAIOTCS TEH3OPHHE 0603HAYeHMs M MaremaTiyecKue ore-
pawmi. B npuaoxennusx npuseneHbl HeOGXOAMMHE /151 IOHMMAaHHS OCHOB-
HOTO TEKCTA CBENEHHAA O TEOPHMM CHMMETPHM, XOTA STH CBEleHMA M He
noTpeyloTCcas uNTAaTe O, yXKE 3HAKOMOMY C CHMMeTpHel KpPHCTaslloB.
'naBa, nocBslennas TepMOIMEKTPHYECTBY, MOMET OKA3ATHCH HECKOIBKO
Gonee TpymHOH, ueM ocTatbHLle. [locienHee OOTBACHAETCA TeM, YTO .1aTh
Y.10B.IETBOPHTE.TbHOE H3.TOMEHHE TEOPHH TePMOSIEKTPUYECTBA WHa YPOBHE
OCTaILHOM YaCTH KHUTH OKAa3aJ0Ch HeBO3MOMHBIM. OIHAaKO 3TO fBIEHNE
HACTO.TbKO eCTeCTBENHO YhJaAblBAeTCss B HALY CXeMy pPAacCMOTpPeHHus,
NTO ObLIO, MO-BHAHMOMY, NPABUJLHHIM BK.IIOYMTL €r0 OTNMCAHHE B KHUTY.

ABTOp He CTpeMMACA 1aTb MOJHHH 0630p ONyG.JHKOBaHHHX paboT;
B CIHCOK JNTepaTypH BKJIOYEH JMIIb KHHFM, KOTOpHe MOTYT OhiTh

PEKOMEH10BaNL A (O/ee NETAaNbHOrO MYyeHHss BOMPOCA, M MCTIOJb30-
BaHHHE MCTOYHHKH.



10 Npeducnosue

Bo Bceft kHure uCnoab3yercs pauMOHaaM3uMpoBaHHas cucrema MKS.,
Takas cucTeMa enHMLL BHIOpaHa TJaBHHIM 00pasoM TOTOMY, YTO OHA
noasoaser n3bexarb MNOABIEHMs HeyAOOHBIX MHOMKHTeNMeH 4w, KOTOpLIe
B TNPOTHBHOM C/Iyuae YCJIOXHSIOT MHOTHMe OPMYJ bl TEOPUM SJEKTPHYECTBA
n MmarHerusma. BooOuie rosops, MowHO Oblo Obl MCNOMABb3OBATh JOGYHO
PAaLMOHAAU3NPOBAHHYIO CHCTEMY, HO Mbl OCTAHOBMJAMCH Ha cucreme MKS,
kotopas obnanaer OCOOBIMH TPEMMyLIECTBAMM M OYeHb IUMPOKO MpyMe-
HAETCA (PUBHUKAMM.

$1 cynTa CBOMM NPUATHLIM NOJIOM BLIpa3utb 0/aronapHOCTb A-py
P. Oeancy u n-py H. lenpn (daxynbTer »iiHepasoOrMH H TETPO.IOIHH
KemGpunwckoro yHusepcurera), KOTOphie MOOYOUJIM MeHs HANMCATb STY
KHUTY H KPUTHYeCKH PpAacCMOTpeaM TepBhie BapHaHTH BceX raas. lx
COBeThl Bcerna INPUHOCHIM MHe OoJsbliyi0 TOJb3Yy. $1 Xouy Takxke no-
6.arozaputh APYrHX CBOMX IApYyseft M KoA/er, NPOYMTABIIMX M OGCY K-
NaBUIMX pykomick: npog. @. Ppanka (npoumraswero ri1. I — X), npod.
K. JloHcnettn (npounrasiuyr mnepshift Habpocok raas 1—III, VIII u IX)
v capa D. Bynnappa. I-p Ioazep okasan MHe nOMOLIb B HamucaHUy
ra. XII, a g-p . dymn—ra. XIV,

dra kHura Obi1a  Hawata, korga s paGoran B sabopatopuH
dupmbl ,Benn tenedon womnanHu“ (Hero-Ixepcu);, s oyeHb LeH 607b-
woe coneftcTBhe, OkazaHHOe MHe TaM. Ocolyw mNOMOLUL OKa3anu MHe
Tpoe MOMX koJjer no pabore B stoft ¢upme: B. boun, mosnakomus-
Iufl MeHs CO cBOMM HeonyOJMKOBAaHHLIM METOLOM ,HaMMeHbIUNX KBanpa-
TOB 178 BOCbMHYIOJBHOTO [WCK2“ M CHAaOOMBIUME MEHA WYHC/eHHLIMH
NpUMepaMn TPUJIOKEHHs MATPUYHOrO MeTOR3, MCTOJb30BAHHbLIMHM  MHOH
B§ 7 ra IX, n-p A. Xonge#tH, KOTOpHI Takwke paspeiuMs MHe BOC-
TN0/Tb30BATLCS Pe3yAbTATAMH ero HeonyOAMKOBaHHIX paboT, NPHBESEHHBIMU
Ha ctp. 220 — 1, u npouen rn. X, u n-p K. Feppunr, koropui#t okasan
MHEe TIOMOLUb TpPH M3MOXEHHMM BONpoca 00 9MeKTpUYECKOH M MarHMTHOH
SHEpI UM,

OGosHayeHns, UCTONb30BaHHEE B Tab/aMllaX MaTpMlLL CBOHCTB KpMCTal-
JOB BceXx 32 kpucraniorpaguyeckux KJacCoB, B3fTbl C  HeOONbLINMH
U3MeHeHUsIMM H3 HeonyGJaMKOBaHHOro ,PykcBoacTBa IO Nbe30sJeKTpH-
yectBy“ K. Ban Haitika u I, I'opnoHa ¢ moG: 3HOro paspelieHus aBTOPOB.

HekoTopbie ynpasmHeHns, npuBefeHHble B KHUre, B3AThi Henocpen-
CTBEHHO MJM C HelOJbIIMMM M3MeHeHMsMM u3 cOOpHMKA 8anady, KCNOJb-
3yeMOro mpenonasarte/saMM GakyJbTeTa M :pajoruM M nerposorun Kew-
OpMIKCKOrO YHMBEpCMTETa, KOTOPHIM # ] PHHOLLY CBOKX 0J1aronapHOCTD.

f1 xoren Ob BLIPA3UTb MO IPHU3HATerbHOCTL B-py B. Bycrepy, ubo
ONHOM M3 MpUuMH, NOCYAMBIUMX MeHsi HAn.ICATb 3Ty KHUrY, ObLT TOT MHTe-
pec, KOTOpLIf BHI3BAJ €ro KypcC JeKuu# Ha ¢akyabTeTe MHHEPaaoruy
v nerponoruy KeMOpumxckoro yHMBepcuTeTa, re fi mpexnae paloran.

Bpucroas
Hioab 1955 r. Hawe. Hail



BBEIZEHUWE

duaHyecke CBOHCTBA KPUCTANIOB ONNCHBAXTCA COOTHOLIGHHAMH
Mex1y MBMepHMHMM BeiuunHayu. I1nOTHOCTb, Hampumep, Ompenensercs
W3 COOTHOLIEHNs Mexny Maccoft M obGwpemoM. ITockoabky Macca M 06beM
He 3aBUCAT OT HAanpaejeHusi, TO [JIOTHOCTbL ecThb CBOMCTBO, He 3a-
BUCAllee OT Hanparnenns. HaoGopor, Takoe CBOMCTBO KPMCTAAIOB, Kak
yIenbHas 9MeKTPONPOBOAHOCTb, OMPENENAeTCs COOTHOIUEHHEM Mexay
OBYMsl BEJMYHHAMH (HAMPAKEHHOCTbIO 3JEKTPHYECKOrO TOJA U MAOTIO-
CTbI0 TOKA), Ka}Oan M3 KOTOPHX XapakTepusyeTcs Kak Be’anunmioH, tak
u HanpasienueM. CrepoBarenbHO, MLl MOXEM TpPEINo.ararh, yto ¢usi-
yeCckoe CBOMCTBO Takoro tuna Oyner 3aBuceTb OT HampaBjenud, B KOTO-
pOM OHO MaMepneTcs; AeHCTBUTENIbHO, SKCTIEPHUMEHTL! MNOKA3bLIBAIOT, YTO
3JEKTPONPOBORHOCTE MHOTMX KPMCTAJJIOB MEHAETC C HAnpas/eHHeM.
B Takux cayuasx roBOPAT, YTO KPHUCTANN aHu3ompones B OTHOLIEHHH
paccyarpyuBaeMuX CBOHCTB.

Torpa BO3HMKAeT BOMPOC: Kak ONNUCHIBATL (U3HueCKMe CBOHCTBA
KpUCTAIT0B, KOTOPbIE MOFYT 3aBHCETb OT HAMpaBJeHMs, MOCKOJbKY Ouye-
BUIHO, UTO C TOMOWbI0 OOLIYHEIX YHCEJ 3TOrO CReJaTbh Heabss. Kpome
TOr'0, HYXHO 3HaTb, KaK CBsf3aH cnocol OnMcanus TakuX CBOHCTB C CHM-
MeTpuel kpucTanna. B Hacroswe#t xHure QaloTCA OTBETI Ha ITH BOTIPOCH
W 3aTParuBaiOTCs HEKOTOPLIe CBA3AHHMBIE C HHMM TIPOOGJeMBI.

DAeKTPONPOBOJHOCTL — JIHILIb OJHO M3 MHOTMX CEOHCTB KPHMCTaLIOB,
KOTOpLIE MOTYT 34BHCETb OT HanpaB/jeHMs H3MepeHus. MOXHO npuBecTH
MHOXECTBO [LpPYFrUMX TpHMMepOB: PACMPOCTPaHEHHE Temnta, BH3BAHHOE rpa-
DVEHTOM TeMneparyp (TerJONPOBORHOCTL); TNOJAPH3AlNA, BO3HMKAKLIAS
B IOM3JEKTPHKAX, MOMELUEHHEIX B SJAEKTPHYeCKOe TO.e (AN3/JEKTpHYeCcKas
BOCIIPHHUMYHBOCTD); TOAPHU3ALMA KPUCTANIOB 104 JeHcTBHeM MEeXaHuye-
CKOr0 HampskeHHs (Tbe30sJIeKTPUYECTBO); Ledopmallksa, Br3BaHHAs MeXaHu -
YeCKNM HanpsixeHHeM (YIPYrocTb); ABOHHOe Jyyempe/aOMJEHHE TNOL BAHA-
HUEM 3/IEKTPUYECKOTO MOoas (3JeKTPOONTHYeCKMl ad¢ekT) M non Bans-
HHUEM MEXaHMYeCKoI'0 HampsieHus (HoTOynpyrocTh) U Ap.

B oTHowieHnH MHOUMX CBOHCTB, TahMX, Kak NJIOTHOCTb, BCe KpH-
CTaAd M30TPONHH. KyOnueckue KPHCTATIH M3OTPONHK TaKe U B OTHO-
IICHNN eWle LeMoro psana CBOHMCTB (MPOBORMMOCTH, TOKAasare s MpeloM.ie-
HHA U J.lp.); 9TO HHOrna NpPHUBOAWT K 0LUH60‘IHOM}’ MHeHI10, UTO Kyﬁld-
YeCKMe KPUCTannsl M3OTPONHB B OTHOWIeHMM mOGHX cBoticTB. Mewny
TEM 9JIeMEHTHl CHMMeTpMM KyOMYeCKOIO KpMCTanla He COBIAfaioT
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C 9JEMEeHTaMM CHMMETPMM TMOJHOCTbI) M3OTPOMHOrO Tena; TaKk, Hanpu-
Mep, KyOMuecKHe KPUCTAAahbl aHM3OTPONHB B OTHOLLEHWM YTIPYyTOCTH,
dortoynpyrocti U pana Apyrux ceofictB. CienoBatesnbHO, Mbl JOMKIH
paccMarpusaTbh KyOMyeckHe KpPHCTAMIH KaK HOMEHYUAAbHO EHH3OTPOI-
Hble; TOrZa Mbl MOXEM INPONOMKATL CHUUTATL, HTO A4 onpeae/zeﬂubtx
CBOMCTB 3TH KPHCTATIH M3OTPONHH. BCe KpHCTarIo aHH3OTPOIHbI
B OTHOIUEHNH KaKuX-aubo HX CBOHCTB.

B nacrosme#t kHure wnl OyReM M3yuaThb, Kak ONHCLIBAIOTCA (uanue-
CkMe CBOHCTBA KpHMCTanJoB. bDoJbluOe YUCJAO STUX CBOWCTB ONHUCH-
BaeTCs MaTeMaTHYeCKUMH BEJINYMHAMM, HA3bIBAEMLIMH MeH30pami; B Nalb-
HeftiueM OynyT paccMaTpuBaTbCst TOAbKO Takue cpofictBa. IlepeueHb uX
IaeTcs B MPWJIOKEHUM 3; KpoMe TOro, yroOH WYHTaTeNb MOF COCTaBUTh
ceGe OOsee NoOJHOE NpenCTaBieHHE, TAM KE NAETCA MNepeyeHb HEKOTOPHIX
IOPYrux CBOMCTB, KOTOpbie He MOTryT OLITb HEnocpeiCcTBEHHO NpencTas-
JeHL C TnoMowbi TeHsopoB, OnHo#t m3 sanau ¢usuky, 6e3ycnoBHO,
fIBJIAETCA BLIYHUCJIEHHe 3THX TEH30POB 4AJA KOHKPETHLIX KPHCTANJI0B
B 3aBMCHMOCTM OT MX aTOMHOH M KPUCTanaNyeckoit CcTpykrtypei. Ho sto
B HEKOTOPOM CMbICJe CJIEQyiOmias CTyTNeHb. 30eCh bl He cTaBuM cefe
Takol uenM, a 6ynem unTepecoBatbca OoJblue ¢Gopaoft 1 06wuMM CBOH-
CTBAMM TEHSOPOB, YeM HX peanbHHMH YHCJEHHLIMM aHayewusaMu. Ham
NOCTAaTOYHO pacCMaTpHBaTb KPHUCTAMI, HE YYUTHBAA ero CTPYKTypH,
T. €. NPOCTO KaK AHU3OTPOMHBLI! KOHTHHYYM, HMEWUE onpeneeH-
Hele cBofictBa cuMmerpuu. Dosee Toro, BO BCex cuayyasx, KpoMe
OfHOro, Mbl OyneM cuuTath KPHUCTanAn ORHOPOLHEIM, T. €. TNpeano-
Jaratb, YTO €ro CBOHCTBA OJQMHAKOBbI BO BCEX TOWKAX (MCKJIOUEHUE
COEJaHO AJ OJHOTO KOHKPETHOTO CBOHCTBA, — TEPMOS/EKTPUYECTBa).

Codeporanue Kuuzu. TeHaoph KAacCHGUUHPYIOTCA MO HUX paHey.
B rn. | BBOIMTCH TOHATME TeH30pa M TOKA3HBAETCA, KAK TEH3OPHl Hy.Ie-
BOT0, TEPBOrO M BTOPOro paHroB MOryT ObiTh HCNOAb30BAaHH MNpPH U3y-
yeHHn cBOHCTB KpuctamioB. B ra. H comepxutca nanbHeffluee pasButHe
MareMatnyeckoro anmapara. B ra. HHI—VI TeHsopHble aeTombl npune-
HSIOTCS K ONUCAHUIO pasjuuHbiX ¢uanueckux cBo#cts., B ra. VI u VIH
BBONSITCA TEH30PHl TPETHEr0 M YETBEPTOrO DPAaHrOB, KOTOpble MCMOJb-
3YIOTCS 171 PAacCMOTpPEHMs TIbe303JeKTPHYECKMX SIBJEHMH H ynpyrocr,
B ra. IX comepxutcs onmcaHme Apyroro cnoco6a npencTaBieHus ¢u3m-
ueCKMX CBOMCTB KPHMCTA/IOB— C MOMOLILY) MATPMI; MarTpHUHOE HCYHC-
neHHe OCO0eHHO YAOGHO NpPH BHINOJHEHNN WYHCAEHHHX pacyeToB. Bce
¢dusnyeckye cBoficTBa B STHUX rAaBaX OMMCHBAIOTCA MNPUMEHHTETHHO
K PaBHOBECHOMY COCTOSHMIO M TePMOJHHAMMYECKH OOpATUAMLIM H3MeHe-
HuaM. Ennnbi#t noAXon k ¢uanyeckMM CBOMCTBAM M TePMOLMHAMIIYECKUM
coOTHOLIEHNAM Mexay numH faetca B 171. X. B ran. XI n XII M mepe-
XOOUM K M3YYEHMI0 NPOBOIMMOCTH M TEPMOIIEKTPHUECKUX fABJIEHHH.
Tlocnennne paccMaTpPuBAKOTCA TOCAE PABHOBECHHX CBOHCTB TNOTOMY, HTO
CHH CBA33HH C SIBJEHMSIMM NepeHoca, T. e. HeoOpaTuMH, M MX TepMO-
HVHaMIKa HYXMaeTcsi B  CHeuManbHOM mnoaxoge, JlBe nocienHue
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raasul, XN u XIV, noceslleHB KPUCTANIOONTHKE, TJIaBHHM 00paszom
9JEKTPOONTHYeChOMY 3¢dekTy, aABAeHMAM (OTOYNPYrocTH W BpalleHus
MJIOCKOCTH TOJs pU3alLLly,

Bui6op 2aa8 Oam nepso20 umenus. Jas mepBoro uyTeHMs KHHUrY
NpensaraloTcs CIeLYIOILHe FJaBbl, KOTOpble coaepwar O0oJee MiM MeHee
LenbHOE MBI0KeHMe MpenMera:

Ta. I. OcHOBH KpHUCTAMNOQUBMKY,

[Fa. I, TlapamarHuTHas U OMaMarHUTHAS BOCTIPHMIIMYHBOCTH.

Fa.  IV. Daektpuyeckas noJspusauus.

Fn. V. TeH3op MexaHHueCKHX HampsikeHuft.

Fan. VI. Tensop nedopmaunit W TenI0BOe pacCUIMpeHHE.

[Fn. VI, TlbesoasnextpuyectBo. TeH30pH TPETbEro pawra.

[a. VI, ¥npyrocts. TeH3oph ueTBepTOro paHra.

Fa. XI. TennonpoBogHOCThL M 3.1€KTPONPOBOJHOCTL (RO KoHua § 4).
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OBLLUME TTOJIOXKEHWA
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OCHOBb! KPHCTA/VIO®PH3UKH

§ 1. Ckanspsl, BEKTOPH M TEH30Pbl BTOPOTO paHra

a) Craanpsi. B Ousuke bl uacTO uMeeym [es0 C TaKUMH Be/IiyH-
HamMH, KaK TJIOTHOCTb HMJM TEMIeparypa Tena, KOTOPble He CBA3aHLI
¢ HanpaBienuem. [lpu ompene’eHuN TJIOTHOCTM WJM TeMnepaTypH Oec-
CMBLIC/IEHHO TOBOPUTL 00 M3MEPEHHMM STHX BEJNYNH B KaKOM-THGO KOH-
KpeTHOM HampasjeHuu. Takue HeHanpabB/eHHuie (UaHUeCkHe BeJHYMIIb
Ha3uBaTCA cKaanpamu. OTMETHM, YTO 3HAYeHMe CKanApa TNOJHOCTBLI)
onpenenserca 3anaHveM oznHoro unciaa. Ckanaphi Ha3HBAIOTCA TAKKE #eH-
30pamu  HYA€8020 paH2@; TpUUMHA NOLOGHOrO HauMeHoBaHusa Oyrer
pasbACHeHa HIDKE.

6) Bexmopei. B oramune oT ckaaapOB CyllecTBYeT APYro#t THI Quam-
YeCKMX BEJUYIH, Ha3uBaeMBIX Bexmopamu, KOTOpHE MoryT OHTL ompe-
IejeHb TOJbKO MO OTHOIUEHMIO K HampaejeHuro. MexaHumyeckas cuaa—
XOpOLIO W3BECTHHH NMpHMep Takoff BeNHYHHBL. YTOOB MOJHOCTBEK) Ompe-
OeJiTh CUNy, NPHIA0KEHHYIO B HeKOTOPOH TS)lIKe, H906XOILHMO 3a0aTb
Kak ee BEJHYHMHY, Tak W Hanpas/ieHue. CHiy yloGHO HaoOpawaTh CTpeakot
onpeneseHHON IJHHL W HanpaB/eHHs.

IpyrumMu npuMepaMH BEKTOPOB MOTYT CHAYXHTb HaNPSKEHHOCTb 3JeK-
TPHYECKOTO NOJA B TOUKE, MOMEHT MAarHHTHOFO IHIOJA, TeMmepaTypHuift
rpazMeHT B TOYKe W T. A. B macrosmmelt xnure ™Mbl Oynem 00603Hayath
BEKTOPHl MOJYXHPHLIMU KYpCHBHLIMH OykBamu: tak, E Oyner oCosHauarb
HaNPAXKEHHOCTb 9JEKTPUUECKOro noJf B Toyke. Mozpysb WIM AJAMHA Bek-
Topa p Oyner o6o03HauaTbCA 4YeEpe3 p.

MosxHO ompepesnTh BEKTOP HE TOJbKO 3aiaHNeM ero BEMMYMHL H
HanpapjeHus, Buecto sToro MOxHO BHIOpaTh TPH B3AHMHO NEPTIEHAHKY-
asphbie ocl Ox,;, Oxp, ¥ Oxg ¥ 331aTb KOMIOHERMbL BEKTOPA B10Jb HUX.
KoxrnonenTsl BeKTOpa -— 3TO NPOCTO TPOEKIMH BEKTOPa Ha JLaHHbIE OCH.
Ecan sekrop E umeer xomnonedtin E;, E,, E;, TO Mbi MOXeM 3amnucarhb

E=|[E,, E,, Eg].

Takuar 00pasod, KOrZa OCH KOOPIMHAT BHOpPaHbI, BEKTOpP TMOJHOCTbIO
OmpenesfeTca 3anauNeM 3HaueHHWHM TpPeX ero KOMIMOHEHT B10Jb 3THX oOcefl,
BekTOpbl Ha3biBAKOTCA TaKKE mMeH30paMu nepsozo0 paHaa; NOLPOCHES
06 3TOM OyneT CKaaaHO HMKe,

2 Jx Han
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Meronbl onepauuft ¢ BeKTOpaMM COCTABIAIOT TPEAMET BEKIMOPHOZO
anaau3a. B opanbHeieM Mui noyrw He OyIeM IPHMEHATb BEKTOPHBIR
aHaJu3, HO BPeMsA OT BpeMeHH OyneM HCNO.Tb30BaTh HEKOTOPBIE €ro MnoJo-
wenus. Tlpenmonaraercs, Yro uurareab ywe 3HAKOM C TPABHJAMH CKa-
JAAPHOrO M BEKTOPHOro TpPOM3BeLeHUYM W TOHATHAMM TpajueHTa CKanapa,
IHMBEpPreniMH BEKTOpPA M poTopa Bekropa (cM., Hampumep, [1]')). Cronka
BEKTOPHLIX 0003HayeHu#t U GopMyn HaHa B TIpUIONeHHH 1.

8) Tensopn: smopozo pauza, Tenepb naM HeOGXOOHUMO PACIUMPUTh
nouarue Bektopa. PaccmorpuM chenyiowmu#t npumep. IlycTb sqekrpuye-

. CKOE ToNe, 3aLaHHOE BEKTO-

J pom E, ne#icteyer Ha mpo-

BOLHMK; TOrZa TO TPOBOL~

HUKY Teyer TOK. IlnorHoCTb

J' TOKa (TOK yYepe3 eIHHHULY IO~
BEPXHOCTH, TepNeHIUKYJIsp~

HOft HanpaBneHuIO0 TOka) 000~

E E  8HaumM vepes Bektop j. Ecan
NPOBOIHHK H30TPONEH Y Bbis

noaHserca 3akoH Oma, TO BeK=

a 5 top j napannenen E(dur. 1, a)

¢ur. 1. CooTHOIIGHHE Mexay ILIOTHOCTbIO M MOLYJb j mponopuuoHaneH
SJIEKTPHYECKOro TOKa f M HanpseHHOCTBIO  moxyaw E. TTosToMy MOXHO

saekTpuueckoro nosas E. 3aMHCATh
a~-B H30TPOMNHOM NPOBOLIIHKeE, 6—8 AHU30TPOMHOM .
IIPOBORHHKe. J= oE, (1. 1)

rie ¢ — yuenbHas sjekTponpoBoiHocTh, Ecam B ocax koopmuHar Oxy,
Ox,, Ox; BekTOp j=[J;s Jo» J3s] ¥ Bexrop E=|E,, E,, Eg], TO, Cne-
LOBaTeJbHO,
j1=aE1' j2=GE2, ja-'=dE3- (1.2)
Kaxnas koMnoHeHTa j nponoplyoHanbHa cooTsercTByiouleft koMnoHenre E.

Ecny e NPOBOJAHMK TperncTaBiseT coGoft KPUCTann, TO COOTHOLUEHHe
MewILy KoMrnoHeHtamu j m E He OyZneT TakuMm NPOCTbIM, TOTOMY NTO
KpHUCcTanibi B OOileM Cayyae aHM3OTPOTHbI B OTHOLIEHHH SJEKTPONpo-
ponHoctH, (KyGuueckue kpucrannel o06pasyor ocofyo Ipynny KpHCTanios,
9JIEKT PONPOBOAHOCTb KOTOPHIX M3OTPOMNHA; ONHAKO Ha BPEMA, KaK ynoMsa-
HYTO BO BBeJleHHH, Mbi 0y.1eM cyHTaTh KyOHUYeCKHEe KPUCTAbI NOTEHIHABHO
aHU3O0TPOMHLIMH ¥ MOLOCHbIMH BCeM APYrMM Kpucrania™, a B § 6, mn. 1,
NOKaMkeM, 4TO B JeHCTBHTENBHOCTHM KYyOHYeCKME KPUCTaJJbi M3OTPOMHH
B OTHOLUEHWM sJeKkTponposopsocty.) Jlns kpuctannos coorHoweHus (1.2)
BaMEHSIIOTCA CNELYIOLIHMU:

Ji=0yE;+015Fp 4 015Es,
J2y=0Ey +03Fp + 0nsF, (1.3)
Js =931 E;y 495 492y,

1) Cum. takwe [105, 117]. — Ilpum. ncpea.
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rie 6y, O, ... — KOHCTaHTHl. Kamnan koMnoHeHra j Temepr JHHe#HO
3aBUCUT OT BCeX Tpex komnoHenr E. Orcioma cnenyer, yToO BEKTOp j
He coBnanaer no HampasnaeHuio ¢ E (¢ur. 1, 0).

Kaxnpit u3 kos¢pduuueHToB oy, Oyp, ... B ypaBHeHusx (1.3) umeer
onpeneseHHbit QU3uyecku#t cMeica, Hanpumep, ecnu mnosne NPUJIOKEHO
BRob X, Y (¢ur. 2), ro E=|[F,, 0, 0] u ypasHenus (1.3) npuHUMaIOT BUL,

Ji=o0ouEy,
Jo=o0yE,
Ja=0yF;.

CrenosaTe/IbHO, Tenepb MMEIOTCA KOMIOHEHTH jJ He TOJBKO BLOJb Xy,
a Takke W BLOJb IBYX LPYrux oceft. IlpomonbHas kommoHeHra j onpe-
nensierca k09(pPHUUMEHTOM ay,,
a 1pe nonepeyHbie -— K03 hu- Ly
LMEHTAMH &y M 0g. AHaT0-
I'MYHO, KOSQQUUHEHT dy3 On-
perensier KOMMOHeHTY j, ma-
pannenbHylo X,, KOria Tno.e
TIPUTOIKEHO BLOMb OCH Xg.

Wrak, pas Toro urodbl omn-
peneuTb  SJeEKTPONPOBOL-
HOCTb KPHCTaJNa, Mbl LOMKHBI
3a1aTh [eBATb KOSQPULUHEH-
TOB 84, Oy9, ».. Aa8 ynoO-
CTBE MX MOMXHO 3amucarb
B BHIAEe KBaipaTHol Ttabmuub
crenyiowuM o6pasom:

[ o1 o12 o137 dur. 2. KoMooHesTH INJIOTHOCTH TOKA
o o om |, (1.4) npu noJe, MNpitioxeHHOM Bioab Oxy.

031 932 O33

Dra tabauia, 3akJIOYeHHan B KBagpaTHbie CkOOkM, 0GO3HayaeT meH-
80op emopozo paHea?®), 8 6y, Oyp, - .. NPEINCTABAAIT COGOR KOMROHEHMBE
STOro TeH3opa. Jlerko BHpeTh, YTO TepPBbLI MHIEKC YKasbiBaeT CTPOKY,
a BTOpOH — cTonfel, B KOTOPOM CTOMT KOMMOHeHTa. Ha 2sasHol dua-
20HGAU CTOAT KOMIIOHEHTBI Gy, Jpp H Ogs.

CpaBHHM Temnepb TPH THNA BBELEHHBIX BEJIMYHH.

a) Tensop HyneBoro paHra (CKansp) OMNPEenensieTCs OLHHM YHC/IOM,
HE 33aBHMCALIMM OT BLIOOpa OCeH KOOPIHMHAT.

1) Bmecto Oxq, Ox,, Ox; 1na o6osiauesds HanpabaeHusi oc€Hl KOOpAHHAT
Mbl HMHOTZa OvIeM HCnoAb3oBaTbh CHMBOIK X{, Xg, X3 KOTHA NOCAENHHE HE/b3fl
CIyTaThb € KOOpAMHATaMH TOYKH, KOTOpble TaKx€ O6O03HAWAIOTCH 4Epe3 xq, Xo, X

?) Tepmun men3op GH BNEpBHE HCCOJb30BaH PofirToM 148 ONHCaHHA
MEXaHuUYeChOro ManpsikeHus, TepMUH pasz MH NpEANOYHTAaeM TEPMUHY nopsook,
KOTOpHi#i 6yfier MCHOb30BaThCA B €r0 OCHYHOM 3HAUCHUH B BHIpAmEHMAX THNA
»WICH BTOpPOro nopsaka®, ,9¢QpeKT BTOFOro nopsaka“.

ol



20 a1 OcHoswl kpuctaarnodusuky

6) TeHsop nepBoro paHra (BeKTOp) OMpefensieTCsl TpPeMs YHC.1aMH
(KOMMOHEHTAMY), KamkIoe M3 KOTOpbIX CBA3AHO C OLHOH M3 ocefl Koop-
IMHAT.

B) TeHsop BTOPOro paHra onpenensercs ILEBATLIO YHCJAMH (KOMIIO-
HeHTaMH), Ka;I0e M3 KOTOPHIX CBA3aHO C napoii ocelt KoOpAMHAT (B3ATHIX
B OMNpeneTeHHOM Nopsanke).

INpunateie HaMu o603HayeHHWs TOAYEPKMBAIOT 3TO pasnuune. Ckanap
3anucbiBaerca 6e3 MHIeKCOB (HampuMep, MJOTHOCTb p); KOMIIOHEHTH BeK-
TOpa MMEIOT 1O ONHOMY MHIeKCy (HampuMmep, E,); KOMNOHEHTH Tenaopa
BTOPOTO paHra UMEIOT MO ABa MHAekca (HAarnpuMep, ¢,,). Yuc.so unoexcos
PGBHO pOHZY MEH30pa.

B Hacrosieft rnase Mbl He OyieM HMeTb [eN0 C TEH3OpaMM paHra
Bhille BTOporo. OnHaKO NO3LHee MpPH PACCMOTPEHMM TAKHX (DM3MYECKHX
CBOHCTB, Kak Tbe3ossekTpuyecTso M ynpyrocte (cm. ra. VII n VIII),
OyLyT BBeieHbl TIOHATHA TEH30POB TPETbEro M YeTBEPTOrO paHros,
KOTOp&l€ ABJAIOTCS €CTECTBEHHBIM pPACLIMPEHMEM TNOHATHH TEH30POB Hyne-
BOTO, NEPBOr0 M BTOPOro pPaHroB.

Kpome snekTponpoBonHOCTH, KOTOpas Okia TpHBeleHa B KayeCTBe
Nepeoro mpuMepa, KPHUCTANNO(U3MKA MMEeT HeN0 C MHOTMMHM APYTUMH
TEH30paMH BTOPOro paHra, B ofmem cayyae, ecnM CBOMCTBO T CBA3BIBAET
IBa BeKTOpa p=I[p,, psy Ps] U =19y, @s g3] TakuMm oOpasom, uro

P1="Tuq, + T 29> +T139s,
P2 =T @+ Tp0o + T 73,
Ps="T2q; + T 505 + T3575,

(1.5)

TABAWULA 1

Hexomopue npumepsr men3opos smopozo pana, CEA3b16AFOULUX
08a sexmopa

Tenaoproe CBOMCTBO 3a1gHnH BEKTOP NHnyuuposaHEH{ BEKTOD

Vienbnas saextponpo- | Hanmpswensocts oaex- | [notHocts  8fekTpHYye-
BOJHOCTD TpUueckoro noJs CKOTO TOKa

Kosgp¢uumenti  tenno- | Temneparypubif rpamd- | [lioTHocTs  TEMAOBOrO
NPOBOAHOCTH eHt (oTpMlaTenbHEui) NoTOKa

Ouanektpuueckas Npo- | HanpswennocTs sjek- | SsekTpHueckas MHAYK-
HHUILAEMOCTb TpHueckoro noJs uus

JusnextpHueckas  Boc- To xe IMsnekTpHueckas noss-
NpUIMYHBOCTb pusauldﬂ

Maruuthas  NpoHunae- | HanpsxennocTh MarkuT- | MarHUTHas MHAYKUHS
MOCTB HOro noJs

Maruursas BoclpuMMuH- To xe HamaruM4esHocTb
BOCTb
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roe Ty, Typ, ... —koucTanTH, TO roBopat, 410 7Ty, 7o, ... 00pasywoT
TeH30p BTOPOro pawra
Ty Tig Ty
Ty Ty Ty |, (1.6)
Ty Ty Ty |

B tabn. | npuBomATCs HECKONBKO MPHUMepPOB CBONCTB, OMHCHIBAEMHX
TeH30paMH BTOPOrO paHra.

ITonHbift mepeyelb BCEX YNMOMHMHAEMBIX B HaHHOM KHUT'e CBOWCTB KpM-
CTannoB, ONHCHBAeMBIX TeH30pPaMM, NPHBEIEH B MPHJOKEHHH 2 B KOHLE
KHUTH,

1. 3amuce ¢ uHgexkcamp cymmuposanmus, Temepb ynoOHo mepeftTn
K COKPAaiLIEeHHOM 3amiCH TEH3OPHBIX COOTHOLIEHMM. YpaBHenMs (1.5) MOkHO
3anucatb B BHIE

3
P ==]§ Ty

3
I)Z ::% T2]q], (1.7)

3
Ps= 2 Taqu-»
j=1
WM eule 6ojlee KOMMAKTHO B BHIE

3
pizg'fﬁq]. (=1, 2, 3). (1.8)

Tenepb ONyCTHUM BHaK CyMMHpoOBanusa
pi=Tyq; (@ Jj=1 2,3 (1.9)

¥ BBeleM CJeLyiOilee MPaBUI0 CyMMHpOBaHus (no IftHwrelny): ecau
8 00HOM u MOM dice uaene underc nosmopsiemcs 08ascdbi, Mo G8MO=
MamuvecKu noGpa3ymesaemcs CYMMUPOBGHUE NO 3NMOMY UHOEKCY.
B cootsercteuu ¢ stum npasunom ypasuenus (1.7) — (1.9) npeacrasasior
co6o#t sKBMBaneHTHbIe CNIOCOOH 3aNMHCH TEPBOHAYANbHEX ypaBHeHu#t (1.5).
VHnekc j B ypasHennsx (1.9) HasHBaeTCs wuHOeKCOM CYMMUDOBGHUS
(Hemoim underxcom). QueBnnHO, COBeplueHHO Ge3pasnuyHO, KaKylo GyKBY
Mbl MCnosb3yeM nns STO# UenM, JMuwb Obl OHA He BCTpeyanach etle
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rae-b6o B STOM e uneHe. Tak, Hanpumep,
Pi=Tyq,= th‘?j-

3nech BaXHO no40dceHue NOBTOPsIOMErocs MHiexca. Mupekc { B ypas-
Hennax (1.9) asnsercs cso6odunim unOercoml).

B ypasnenuu, 3anucanuom & maroli coxpauwjennoli ghopme, cgo-
60o0Hbie unOerch OOAHCHbL Obimb OOUHGKOBLIMU B0 BCEX HAEHAX
6 ofeux Hacmax, mo20a Kax UHOEKCH CYMMUDOBAHUS OO0AIHCHD
sempenamscs no 08a pasa & KaHwOOM 4aene. STO JOTHYeCKM BbITE-
KaeT U3 cMbicia o6o3HauyeHutt, Hanpumep, Mbl MOXEM MMETb ypaBHeHHe
TAKOro BUIA

Ay BypCpDyy = EpFpji

alecb [ 1 j-— cBOGOLHblE MHOEKCH, 2 B M [-— MHIEKCH CyMMUpPOBalus,
OTMeruM, yro npM Takux o0O3HAYeHHMRX MOPALOK COMHOMMTeJeit B MpPo-
usBefcHUM He urpaer poau. Hanpumep, Bropo#t ujger B neBoft wacTu
NpUBENEHHOTO ypaBHehusi MOker OHTb 3amucad B suge CpB,D,. Yacto
yno6HO pacmnoJaraTs MHIEKCH CYMMHPOBaHHA NOTapHO PALOM, KaK LeNaeM
MH, OLHAKO 5TO 3aBHCHT MCKJIOWMTENbHO OT Haiuero Bouifopa. [ITosnnee
Mbi GyIeM HMeTb LeJ0 C MaTpMyHeM McuHcneHMeM (cm. ra. IX), rae
NOPALOK COMHOMKMTeNelt B NPOM3BeLEHMH YiKe BaxeH.]

Bosspawasce tenepb k ypaBHeHuam (1.9), MH BMINM, Y4TO OHM CyM-
MUPYIOT COOTHOLUEHHE Mew1y BekTopamu p M g B kpucramne. Coorser-
CTBYIOIeE ypaBHeHHe AJA M30TPOMHOTO Tena OynerT MMeTb BHI

pi=Tgq, (1.10)

rae T — koucranra. CokpameHHO Mbi OyneM aanuchiBath TeHsop (1.6)
B Buze [T, onHaKO B TeX CaAyyasx, KOTLa STO HE MOXeET NPHBECTH
K HelopasyMeHusM, MH Oylem, cnelys oGziyHoH npaxtHke, o603Hayath
TeHsop mnpoctro uepes T, Ges ckoGok. Takum e o06pasoM, BeKTop
P=1ps, P2r P5l, ecnin Ml xoTHM 0OpatiTb ocofoe BHMMaHue Ha ero
KOMMOHEHTH, MOXHO 3amicats B BHIEe [p;] uam mpocto kak p;. KoHeuno,
Geapa3nmyHo, kKakyw OyKBY MCNOAb3OBATb B KayecTBe MHAEKCAa B CHM-
BoJax [p;] nmm p,.

1) Pacnosoxenle UHIEKCOB B ypaBHeuusx (1.9) caeryer yCTaHOBJIEHHOMY
NpaBUJy: MHAEKC NpU ¢ COBMNafaer co smopuM VHiekcom y Ty Tak 410, KOria
g 3anucaso Tmocsae 7, Mexny HHIEKcaMM CYMMMpOBaHM$l HE CTOMT HMKakKoro
Ipyroro uHiekca. Mbl pacnoJoxuad Hiaekcsl npu 7 B ypaBHeHuax (1.5) Tak,
yTO6bl 06€CNeulTh BHINOJHEHHE STOTO YCAOBHA. Yutateab, 3HAKOMEH ¢ Kuuroi
Bycrepa [96], MoxeT 3amMeTuTh, 4TO TaM YroTpeb.seTcs o6paTHBIH TPaJHIMOHHOMY
NOp#;10K HHEeKCOB: B o603HaueHusx Bycrepa ypassenus (1.9) sanymyTcs B Buie

Pi=Typg;.
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§ 2. Mpeo6pasosanus

B ypasHenusx (1.5) mocrosHubie kO3(p¢uuMeHtnt 7, ONpelensior
KaK H3MeHAIOTCS TPH KOMMOHEHThI p; TIPH M3MeHeHuUM 3HayeHMM Kommno-
HEHT ¢;. Ba}HO OTMETMTb, YTO HanpaB/ieHNs oce#t KOOPIMHAT BHIGH-
PAIOTCA MPOM3BOJLHO; OHM AOMXKHbI JHIL ObiTb B3aHMHO OpPTOrOHAJbHBL.
Ilpu mepexone K ApPyro#t cucTeMe KOOpPAMHAT HeoGXOIMMO HaltTH LPyryro
COBOKYNHOCTb Kos¢¢duunenros nns ypasHenutt (1.5). OnHako ofe coBo-
KYIHOCTH KO3((HUMEHTOB OLMHAKOBO XOPOWIO TIPEACTABIAIOT OOHY
u my sice QUNYECKYIO BEH- a2y
yuHy (B HaweM npuMepe —
3JeKTPOnpoBoIHOoCcTh).  Cire-
LOBaTeJbHO, MewLy obenmu
COBOKYTIHOCTAMM KO3 pULIHeH-

TOB JOJ/KHbI OBITh OTIpeneleH-
Hbie cooTHoweHnud. Ecan B He-
KOTOpOH BHIOpaHHON cHcTeMe
KOOPAMHAT 3a7aHbl BCE KOS(=-
(bMLMEHTBI, TO TEM CaAMBIM pac-
cMaTpuBaeMoe thuanyecKoe
CBOMCTBO MOJHOCTBIO Ompe-
nenedo. IlostoMy — MOMKHO
Ha#Th KOoSGPUUMEHTH U B JIO-
Gott npyro#t cucteMe KOOpIH=
HaTt, CBA3b KOTOpPOH C MepBo- &
HayanbHolt cucTeMoft uaBecTHa.
Kopoue rosops, npu HiMeHe- ¢y 3. [Npeobpasosarue oceli KOOPAMHAT.
HUM CcHCTeMbl KOOpIMHaT W3-

MeHfieTCsl TOJbKO Cnocol mpencrabieHNs AaHHOro (HM3HYeCKOro CBOMCTRA;
caMo no ceGe CBOMCTBO OCTAeTCA HeW3MEHHBIM.

Hawa cnepyromas 3anaya -— Hafit¥, Kak M3MEHAIOTCA 3HAayeHMs BCex
LeBATH KOS(duUMeHToB T, mpu npeo6pasoBaHUM CHCTEMbl KOOPIMHAT,
Yrolbl pewmMTh STy 3a1ayy, Mbl LOMKHB CHayana OMNpereauTh NpPaBHJa
npeofpasoBaHus ocelt KOOPIAMHAT M 3aTeM pacCMOTpeTb, kKak mnpeobpa-
3YIOTCA NpY Tepexoie K HOBHIM OCAM KOMIOHEHTbI BeKTOPOB [p;] M [g,]
(em. § 2, . 1 n 2).

1. Tpeo6pasosauus oceit koopamuat. Ilon npeoGpazosaHneM oceft
KOOPAWHAT MbI 6y,U.EM NOHUMAaTL Iepexon OT OLHOA CHMCTEMB B3aMMHO
OPTOTOHa/bHBIX oCelt KOOPAMHAT K LPYroft € TeM xe Hayanom. MacurabHbie
OTpPe3kM BHOJb KawIoft M3 oceft BCeria OCTalOTCA HeUaMeHHbMH. OG60-
3HayuM NepPBOHAYaJbHYIO CHCTeMy oOcCelt KOOPAMHAT uyepe3 Xy, X, X3 H

HOByIO cuCTeMy wuepes Xj, X, Xy (¢ur. 3). Vribi MemAy HOBHIMH X
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CTapHiMU  OCAMH  OTPeienslOTCA TabMHleR HANMpaBISIOWIKX KOCHHYCOB:
Cmapusie ocu
X1 X X3

7
Xyl an Gz M3

7
Hospie ocu x, | an g a3 (1.11)
’
Xg | 1 Q32 Qss-
Tak, HanpuMep, HAMPaBAsOWME KOCHHYCH YI/IOB MEXIY OCbIO Xj M

OCAMH Xy, Xp, Xy PABHbI Oy, Ggp, Gpg, & HATIPABJSAIOLINE KOCHHYCHI YIJIOB
NEKILY OCbI0 Xy M OCAMM X;, Xj, X PABHEl G, G, a.. [lepBuiit nunexc
TpY CUMBOJIE 4 OTHOCMTCH K HOBBHIM OCfM, 4 BTOPOM — K CTaphiM; TaK,
@,;— KOCHHYC yria Mexny OCAMH xlf " le). Tabauua koCHHYCOB Gy
ofo3Hayaemas B UeNOM uepes (a;), eCTb NpUMED Mampuys.

I3

z

P 3 p; g g
P
g p:
P Tz,

® ur. 4. [peo6pazoBaHue KOMNOHEHT BEKTOPA.

ey

Ilepstb KOS(QUUMEHTOB @ He He3aBHCHMMbI APYT OT Apyra; B ra. lI,
§ 1, n. 1, MH BhiBEZEM COOTHOLIEHHA MEXAY HUMH. OTMETHM, UTO Gy + Gy

2, llpeo6pasosarne komMnoHeHT BekTOpa, IlpeanonoxuM Teneps,
YTO Mbi MMEEM HEKOTOPHIlt BEKTOD p C KOMIMOHEHTaMH p;, Py, ps B CHCTEMe
ocelt x;, Xp, X3 (pur. 4). HaitieM ero KOMMOHEHTH p;, p;, p, B HOBO#

cucteMe oceft X;, X,, x;. KoMnoHeHTa p} monyyaercs NpOEKTHPOBaHHEM

P1v D2v P (paccMaTpPHBaeMBIX KAK BEKTOPbI, Halpas/eHHble COOTBETCTBEHHO
BAOMb X, X, Xg) Ha HOBYK OCb X1, T. €.

"' e ’\xr - N,
Py == Pp,COS X, X, P, COS X, X, | p, COS X, X,.

1) Hekotopbie aBTophi ynorpe6asior oGpathbifl MOPAIOK MHAEKCOB NpPH ayj;
1O STOMY BONpOCY HET eAuHON TOUKH 3peHHs.
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O7ciona, Mcnoab3ys oGosiavenus (1.11), no.1vuaem

Py = Gy, Py 0130y - Oy (1.12a)
dHa.TOTUYHO, Haxoium

Py = Gg,P; + GyoPy + 45D (1.126)

Py =0g, D, + G0y Gy, (1.128)

Hcnonbsys cokpauieHHsie o0o3Hayenus (cM. § 1, nm. 1), nepexon or KoM=
NMOHEHNT B CT&pOﬂ cUCTeMe KOOpAHHAT K KOMIIOHeHTaM B HOROHM 3amnu-
ChiBaeM B BHIE

p;=aijpj. (1.13)

IToBropsn monolHele paccyxIeHus nas obpariioro npeoOpasoBaHus
M cHoBa ucno.maya (1.11), noayyaem

b= aup; + @y, 1y aslp;'
Py == 03P} + Coopy 4 Py (1.14)
Py= a1ap; - ayyp, -+ aaap;'

B coxpame}IHoﬂ 3anucH CBA3b CTAPbIX KOMITIOHEHT C HOBBIMH HMECET BH]

pizaﬂp}_ (1.15)
AnanoruyHo, LNs LPYroro BEKTOpa g
q,= aﬂq}. (1.16)

3ameTHM, YTO npu nepexode om cmapoli cucmembr K Hosoll [ghop-
myaa (1.13)] undexcor cymmuposanus cmosm psdom. Ilpu ofpam-
HoM npeobpa3zosanuu (1.15) underco. CyMmuposanus omoeneHsi
Opy: om dpyea.

8. MpeoGpasosanne kKoopauHaT TOUKH. KoopamHathi (X, X5 Xg)
TOuYKM P oTHOCMTEnbHO cHcTeMbt oceft Ox;, Ox,, Ox, ABAAIOTCA OLHO-
BpeM&HHO KOMNOHeHTamM BekTopa OP. VI3 ypasuemmit (1.12a) — (1.128)
CNeYeT, YTO HOBHE KOOPAMHATH TOWYKH (Xj, X, Xy) B CHCTeMe Ox;,

Ox;, Oxy 3anaiorcsi ypasHeHHsIMH

14
Xy =0, + Gy9%y + Cy3Xa

Xy == Gy Xy - Gy, - Gy X, (1.17)

'
Xy == Qg Xy AgyXy = BggXys
nnu
xl=a
H

X, (1.18)

iy
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W3 ypasuenutt (1.14) noayuaem Taxxe
Xy =ayx 1+a21 2+a31 3
x2=a19x +ayx 2+a39x3. (1.19)

Xy == Oy5% 1+a°3 z+aaa 3
nau
X, =0,X; (1.20)

4, Mpeo6pasoBanye KOMMOHEHT TEH30pa BTOpOro paura. Bep-
HeMCfl Ternepb K COOTHOLIEHHMIO MEXLY BEKTOPaMM p M @, BbIPRKEHHOMY
TpeMs ypanHenuamu (1.5). 3amerum elle pas, YTO KOHKpPETHbie 3HayeHUs
kospduumenros T, B STMX ypaBHeHMsX 3aBHCAT OT BLIGOPE CHCTEMBI
oceft KOOPIAMHAT X;, X, X5 DBo3bMeM Tenepb HOBYIO CHCTeMy oOcelt
X}, Xj X CBA3AHHHX CO CTAPHMH OCAMH HATpPABJSIOLIMMH KOCHHY-
camu (1.11). Bektope p u g B HOBOH cHCTeMe OyAYT MMeTb KOMMO-
HeHTBl p; M ). Mbl XOTHM HaiTH COOTHOMIGHUS MEXIY STHMH HOBHIMM

KOMTIOHEHTaMH; 4TOOH CHenarb 970, HCMOJAb3YEM CJAELYIOWYI0 MOC/enO-

1.18 (19 1.16)
I ( ) .__; q g_» I;

3IeCh CTpe/ika 3aMeHAeT CnoBa ,BHPamaerca wepes...“ (T. e. Hamnpas.jeHa
oT QyHKUMM K apryMmeHTy). ITocko/bKY, Kak ywme yKa3blBaaocb, B Kaye-
CTBE MHIEKCa CyMMUPOBaHUA MOXKHO B3ATh Mobyio 6yksy, ypasHenue (1.13)
MOXHO 3anucarb B BHIe

Py =GP, (1.13a)

Vcnonbsys £ B kayectBe cBOGOLHOro uHuekca, a [ B kayecTBe MHiekCa
CyMMHpPOBanMsl, NepenuiueM ypasHeHne (1.9) cnenyoutnm ofpasoM:

Pe = Tot (1.9a)

AHanoruuHo, u3 ypasHeHus (1.16), sameHss cBoGoIHbIM MHzekc I Ha [,
no.iy4yaem )
q,=10a,4; (1.162)

Tenepb, komGuHupys (1.9a), (1.13a) u (1.16a), noayyaem

Py= P, =0}, 19, = ¢, Ty 11‘7;.
WK
=T/q); (1.21)

31eCh T;].-—Kos;(p(pnuueﬂr npu q;. B (~M ypaBHeHuu. TakuM obpazom,
OKONYATENBHO 1IMEEM

T, =a,a,T,. (1.22)
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Vpasrenue (1.21) soipawaer cBfisb p; u ¢;. CpaBHuM ero ¢ ypasHe-

uueM (1.9). Mb MomeM cKa3aTb, YTO NpH 3aMeHe oceft KOOpDAMHAT Ie-
BATb KOshpuumenros Ty; npeoOpasyiorcs B AEBATb KOI(PPULMEHTOB T;i-
noLoGHO TOMYy KaK KOMMOHEHTH p, M ¢; Npeofpasyiorcs B p; M g
Hrak, Mpl 10KA3aIM, YTO COOTHOLUEHHE MEXAY STHMM KOd(QHUHeHTaMu -—
3GKOH nPeobpa308GHUS MEH30PG BMOPO20 PaH2G — 3ATNCBAETCA B BULE
ypaHenus (1.22). IT0 oveHb BaHBI} pe3y/bTaT, NOSTOMY BeCbMa Cy-
LIeCTBEHHO, 4YTOOLI ero 3HayeHue OO TpPaBUJIbHO MNOHATO; Mbl OyneM
nonpoGHo o6cyxnath ero B § 3.

Buino yme orMeyeHo, yro B ypaBHenuM (1.22) R ¥ [— MHuekcw
cymMMMpoBaHusa, a [ M j— cBoGonHble nHAekce, OO sTOM HeOGXOLMMO
NOMHUTb, HanmpuMep, TpM pasBepTHBaHHM ypasHeHus (1.22), koropoe
NPOMIBOANTCA CHayana IO OLHOMY MHIEKCY, 3areM IO ApyroMmy (nops-
LOK poian He urpaer). PassepToBas no [, nonyyaem

’
Tij= 040, Ty + 1059 o+ Q055 1.

Tenepp % ecTb MHIEKC CYMMHPOBaHMA B KawaoM uiene, Crenosa-
TelbHO, LaflbHeliliee paspepTHBAHHE nder

Ti’j = ayauTy 4 anajom + apa;3Ts - 0oy Ty -+ 2055 Tpp 4
+ 03 Tos + 0130, Ty - 013055 g0 - 04305 5. (1.23)

Kaxno#t nape sHauyeHm#t [ u j COOTBETCTBYeT OIHO TaKOe yPaBHeHHe,
Jlerko BMzZeTb, YTO BO BCEX WY/NEHAX PACTIONOXEHHE HHAEKCOB, Onpeiense-
Moe ypasBHennmeM (1.22), coxpaHserca (Hampumep, BTOPOH M NAThIN HH-
IeKCH Bcerza OLMHakoBH). llenecooOpasHOCTb 00o3HauyeHH# ¢ MILLeKCAMH
CyMMMpPOBaHUS Telepb OYEBMIHA, TOTOMy uTO ypaBHeHue (1.22) mpen-
craBasier COOOM COBOKYNHOCTb IHEBATH YPaBHeHHH, KawI0e U3 KOTOPHX
HMeeT NE€BATb YJEHOB B Mpaso#t yacry.

YpasHeHHe, BHpaXaiomiee CTAPbie KOMIOHEHTbI TEH30Pa Yepe3 HOBble,
Moxer OHTb NOJy4YeHO M3 o6paTHoro mnpeoGpas’oBaHus, KOTOpOe, Kak
JIErKO BULETb, 8312eTCA TakOM e caMmoit tabauuelt a,;, HO C MHIEKCamu,
croamymy B oOpaTrHOM mopsnke. B pesyanrare umeeM

T;= akiai].T;:,. (1.249)

INpenocrasasem uynrareno B KayecTe yNpawHeHMs LOKa3aTb YpPaBHEHWe
(1.24) us nocnenoBaTeabHOCTH ypaBHeHutt

p—=>p —>q —q,

TIE CTpenka aaMeHseT CJOBa ,Bbipawaerca yepes ...“.

Chenyiomee npaBuiio ofneryaer 3samOMHHaHMe: 8 rnpeolpa3osanuu
(1.22), romopoe smpasicaem HoBme KoMnOHenms. Hepes cmapie,
UHOCKCOL CYMMUpOBGHUS CMOSM KGK MOMHO Gaudzce Opyz k Opyzy,
8 obpamnom sice npeobpazosanuu (1.24), HaoGopom, OHu CMOAM KOK
ModHcro Oaavwe dpyz om dpyea,
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VpaBHeHua (1.22) u (1.24) mOWHO cpaBHMTb C 3akoHaMu npeolpa-
sopaHus Bekropa (1.13) u (1.15). Mb NOBTOPHO TMPUBOIMM STH 3aKOHH
B Tab1. 2, KyIa BKJ/IOYEH TaKKe B34KOH NpeoOpasoBaHMs ckanaapa .
Ilns noJHOTH 37eCh TpPUBEIEHH Takie 3aKOHW MNpPeoGpaloBaHUA TEH30=
pOB TPETLETO U YETBEPTOr0 PaHros, ONHAKO noOCJAelHHe OyLyT o6Cyx =
natbes Toabko B . VII m VIII. Taba. 2 moxeT GHTb Heor paHu4eHHO
NpOLO/MkeHa 1]l TEH3OPOB BHICINETO PaHra.

dtu 3aKOHH MNpeoGpa3oBaHus HMeIOT (PyHAAMEHTA.TbHOE 3HaueHHe H,
KaK ME YBHIHM B § 3, MOIyT ObTb MCTIONB30BAHE 478 CTPOTOrO Ompene-
neHus TeH3opa. CXONCTBO MeIYy HUMM $IBJAeTCS MPUYMHON OTHeCEeHHs
CKanApoOB ¥ BEKTOPOB K TEH30pPaM.

TABAWULA 2
Saronsbt npeobPa308aRUST MERIOPOE

BakoH npeobpasopanus
Hanmeno- Panr
BEHHE Tensope
HOBbL € KOMNOHCHTH Yepe3d CTaphbie CTaphie KOMIIOHCHTHI ‘lepe3 HOBLIE
Ckansp 0 ¢ =¢ p=¢
Bexkrop 1 P =a;p; (1.13) p=aup; (1.15)
! !
P ,
~— 3 Ty = 0u8mnT imn Tije = 8m 00T tmn
- 4 Tijkl = aimajnakoalmenop Ti]‘ki = amianjaokaplenop

5. 3akon mpeo6pa3oBaHus NPOM3BENEHMS KOOpAMHAT. MEb Hawm
(cMm. § 2, 0. 2), yro 3akOH TpPeoOpPa3cBaHHA TEH30pa MEPBOro paHra

py=e,p, (1.13)

OIMHAKOB C 3aKOHOM NpeolGpa3’oBaHHs KOOPAMHAT TOYKM
[
Xp=a,%, (1.18)

AuanoruyHo, 3akoH npeo6pa3’oBaHMsi TeH3Opa BTOPOIO paHra COBMALaeT
¢ 3aKoHOM npeo(pa3’oBaHNa npoussederusi KOOPAMHAT, DTO MOMKHO Lo=
Ka3aTb caedyiowuM o6pazoM.

Paccmorpunm npousseneHus x;x;, 06pasoBaHHEe KOOPIAMHATAMH X,
HekoTOpolt Toukn B cucreme ocel Oxj. KoopnunaTe sTOf *e TOuYKHU
B cucreme oceft Ox; O6ynyr x;. C momombio ypasHenu#t (1.18) mpousue-

r
IeHus XX, MOTYT OwTh BhpameHH uepes x,. [lpu stom moJyyaercs
BHPaXEHHE
7ol _ ¢
XX) == 0,,X,0,%, == 0,,0,X,X, (1.25)
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CBA3LIBAIOIEE TIPOM3BENEHUS] CTAPHX KOOPAMHAT C MNPOU3BEIEHMAMH HO-
BuIX KOOpAMHAT. YMTarenb MoOmeT npoBeputb ypasHenne (1.25), BasB
pasBepHyThie ypasHenns (1.17) u BLNMCAB TOJNHOCTLIO BHPAXEHHE 1.1
KaKoro-1M6o mpousBeneHus, ckaweM X x,. Kak 3akoH npeoGpasopanus

ypasrenne (1.25) dopmanbHO cosnanaer ¢ ypasHenuem (1.22); mosrtomy
MOKHO CKa3aTb, YTO KoMNoHerma men3opa T, npeobpasyemcs mak sice,
KaK npoussedenue x,x;. K 3TOMy yTBEPHIEHHIO CleLyeT LOO2BUTH OLHO
orpaHHuyeHue, 3anucaB NpaByld yacTb ypasHenus (1.25) B passepHyTOHt
dopMe, MOXHO CTPYNNMpPOBaTh MONApHO uneHs C R = [; Hanpumep,

8118)9%1 %2+ 81a0)1 X3 X1 = (8100 —+ Qo) X1 X

CooTBeTCTByWOIIaA TPYNNUPOBKAa 4neHOB B ypasHeHnu (1.22) Bo3MOXHa
toabko toraa, Korna T, = T;, (910 OydeT HMETb MeCTO B CJyyae CHM-
METPUYHOCTH TeH3opa;, cM. § 3, n. 2). Boolmwe roeops, NpousBeleHHs
KOOPIMHAT mNpeobpasyioTcd TNOLOGHO KOMIIOHEHTaM TeH3opa MNpH ycao-
BMM, YTO TPYNNMpPOBKA 4YJEHOB He NpoM3BeleHa, T. €. Y4TEHO pasinune
XiXo U XpX; M T. L.

AHanorus MewLy KOMIIOHEHTAMM TeH30pa M TPOH3BelEHHSMH KOOp-
IMHAT PAacmpoCTpPaHAeTcss W Ha TeH30pH G(oJiee BHICOKOrO paHra, 4yem
sropoit (cM. ra. VII n VIII). Mu OyineM IMMPOKO NOJB30BATHCA STHM,
aHaMM3Npys BJAMSIHME CHMMETPHM KPHCTaNia Ha KOMIOHEHTH TEH30pa.

§ 8. Onpenenenne TeH3opa

BaxHocTe mpuBeneHHHX B Tals. 2 3aKOHOB MpeoOpa30OBaHHs TEH30«
pOB COCTOMT B TOM, W4TO OHM MOTYT OHITb MCTIONBL3OBAHB B KaueCTBe
onpeneneHuit. Onpedesum Tenmepb BEKTOP Kak BeJMYUHy, KOTOpas B He-
KOTOPO}t CHCTEME KOOPIMHAT X, MMEeT TPH KOMIOHeHTH p;, Tpeolpa-
ayomuecs cornacHo ypasHenuaM (1.13). Hccnenyem sto onpenenenne
60.1ee BHuUMaTeabHO [34]. Mb umeeM Tpu uMCaa: py, ps, Ps KOTOPHIE
CBA3LIBAEM C HEKOTOpOH cHCTeMo#t koopauHar. Uro mpousoMzer ¢ sTuMn
YUCMaMM TIPH M3MEHEHWH CHCTeMn KoopanHat? Ecam 6n M Gofblue Hu-
Yero He sajganM, tTo tako#t Bonpoc OHI Gn GecCMBICAEHHHM: KOJMb CKOPO
C 3TMMH yYHCJaMM He NpPOM3BOAMTCA HHKAakuX AeficTsuit, TO npu npeoG-
pasoBannu oce#t OHM ocTaHyTCa Ge3 M3MeHeHHt#., Ecam e 9T TpH yucna
paccMaTpuBaTh KaK KOMMOHEHTH HeKOTOpo# ¢uauyecko#t BemMyuHn (Has
NipuMep, sJeKTPHYECKOrO MOJA) BAOJb oOcelt KOOPAMHAT, TO TOTa MH
HMEEM NPaBUMO, YKasnBalollee, KaK HafiTM 5TH wucja npH no6oM 3anaH-
HOM NO010eHn ocelt KOOPAMHAT. BNo/He 3aKOHHO BO3HMKAeT BOMNPOC:
npeo0pasyiorcss /M BaATEle HAMM TP YMcaa COTAACHO ypasHenmio (1.13)
HMM HeT? CymeCTBEHHO MMETb B BHULY, YTO KOMIOHEHTH BEKTOPA ecTb
KOMIOHEHTL  ghu3uneckoll BeauduHbl, KOTOPAR OCTAeTCH HeM3MeHHOH,
Torna kak ocu KOOPINHAT MOTYT H3MEHATbCS.

AHanornuiio, onpedesum  Temepb TEH30p BTOPOr0 paHra Kak
PHsnueckyio BEIMYMHY, ONHCHBAEMyID B HEKOTOpPO# CHCTeMe KOOp.IM-
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Hat X; LeBATbI0O KOMNOHeHTaMu T, KOTOpHe INpeo6pasyloTcs COTJAaCcHO
ypasHenusm (1,22). T'osops o nmpeoGpasoBaHMM KOMIIOHEHT, MLl MIPEMos
JiaraeM, 4TO MMeeTcs HesaBUCHMBIR oT ypaBHeHuht (1.22) cnocol, nossonsio-
Mt HalTH KOMIOHEHTH B nio0o 3anaHHON CHCTeMe KOOpPAMHAT. J1.19 3/1eK~
TPOMPOBONHOCTH, KOTOpas Onia B3fATA B KauecTBe Npumepa (cm. cTp. 18),
MOXHO M3MEPHTb KOMIOHEHTH TMJIOTHOCTH Toka f, korna nose E Hanpa-
BJIEHO TIOOYEpenHO BIOJb KawAOH M3 oce#t [cM. ypasHenne (1.3)]. Ten-
30p BTOpOTO paHra, nonoCHO BEKTOPY, OTMCHBAET HEKOTOPYIO ghusute-
ckyro seaudury (B HalleM CJayyae SJEKTPONPOBOLHOCTEL), KOTOpas He
3aBUCHT OT CAeNnaHHOro HaMM BHIOOPAa KOHKPeTHOM CHCTEMH KOOPIHHAT.
ITosTopsieM, uyro TpH 3aMeHe ocelt (U3MYeCKas BeNMYMHa He HM3MeHseTcs,
a M3MeHsieTCs TOJbKO Haw cnocol ee mpexncTaBieHMs. Ilomo6Heie ompe-
LeJieHMs, OCHOBZHHHE Ha CBOMCTBaX TpeobpasoBaHMsl, MPHUMEHNMbl K TeH=
3opam J06oro paHra.

Tenepr BO3HMKaeT BOMPOC: Kak yOeauThCs, Yro ypaBHeHue (1.22)
LeHCTBUTENbHO fBJAsieTCA OMNpereneHneM? [l 5TOrO LOCTATOYHO CKal3aThb,
YyTO eCAM B NPON3BOJBHON CHCTeMe KOOPIMHAT AEBATb KOIQPUUMEHTOB T,.j

JMHEMHO CBA3LIBAIOT KOMIOHEHTH BEKTOPOB p, H g; TO TPH Tepexolie OT
oIHOM cHCTeMb KoopnMHatT Kk npyro#t T, mpeo6pasyiores cornacto (1.22)
u, caedosamenbto, o0Gpa3yIOT TEH3OP BTOPOrO paHra.

1. Pasnnune mewny npeoGpasopaHusimu Matpuusl (@) m TeH-
sopa [T;,]. Xora u (a;;) u [T] npencrasasior coCokt TabMnibl U3 1e-
BATH KO3((HUMEHTOB, STO B CYIIHOCTH eNMHCTBEHHOE CXOICTBO MeXIy
HuMH. B LpyruX OTHOLIEHUAX OHM COBeplieHHO pasauyHe. ITocnennee acHO
u3 ux onpeneseHuit: (a;)— tabauua K0apGHUUNEHTOB, CBASHBAILINX IBe
cucteMbl oceft koopauHat; [T] — ¢usnyeckan BeJMYHHA, KOTOpas B Ol-
Ho#t 3anaHHO} cHcTeMe ocelt KOOPAMHAT NMPEACTaBNAETCA NEBATBLIO YHUCJIaMHU.
Takum o6pasoM, (o) CBA3LIRaeT ILBe CHCTEMH OCeH KOOPAMHAT, TOTAa
Kak [T,] oOTHocWTCA TOMbKO K OIHOM Cucreme. Henbds, Hanpumep,
roBoputb 0 Npeo6pa3oBaHMM MaTpHLb (@;;) K APyro#t cucreme oceft koop-
LVHAT, TAaK Kak STO BhIPAXEHHE He MMeeT HHKaKOrO CMhIC.1a.

2. CAMMeTpuuHbie M AHTHCHMMETpPHUHBIE TeH30pbl. [oBOpAT, YTO
teHsop [Ty] spasercs cummempunnnn, ecmn T, =T . Tak,

T 52 —37
28 4
| —3 4 12 ]

€CTh CHMMETPHYHHIH TEH30D.

Fosopsr, uTo TeHsop [T;,] SBAAETCH QHMUCUMMEMPULHLIM, WA
kococummempunnvin, ecin T,'=— Ty dro osnauaer, yr0 Tyy = Ty =
== T43=0. Tak, Hanpumep,

0 —y B

L—g o« 0
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eCTh THOUYIIBIA GHTHCIMMETPIYHLIM TeH3op (MPHYUNIA YKa?auHOro pacmpe-
nedeus 311aKOB Munyc B TtabaHue Gyner BufcHeHa B ra. II, § 2).

BakHO OTMETHTb, YTO CBORCTBO CHMMETPHYHOCTHM M aHTHCHMMETpHY-
HOCTM TeH30Pa He 3aBUCHT OT BHOOpPa oOCeft KOOPHAMHAT, T. e, eC/H
T,= * T, 0 M T;].= * T;.,. Jloka3aTenbCTBO STOTO NOCTATOYHO MPO-
CTO, U Mbi TIPeOCTAB.ifeM er0 UHTATEH.

§ 4. XapakrepucTuueckas MOBEPXHOCTbL BTOPOrO Mopsnkal)

Mpl BUZEIHM Ha npuMepax, mpuBeneHHHX B Tafa. 1, yro MHoOrme
cBolicTBA KPHUCTAJ10B, 3HAYEHUA KOTOPHX B3aBHCAT OT HampaBleHHUs HX
13mMepenus, NPeNCTaBAAIOTCA TEH30pPaMy BTOPOro padra. Ilpyrue cBoft-
CTBA KPHCTAMJIOB ONHCHBAKOTCA Tensopamu Oosee BLICOKOTO MM Gouee
Huskoro paHra (a Hekoropee BoOOwe He TeHsopamyu)., Haltnem Temepb
reoMeTPUYECKYI0 HHTePNpeTalUNio TEeH30pa BTOPOro paHra.

Pacemorpum ypaBHeHue

Syxx; =1, (1.26)

roe Sy -— Ko9(pPUUMEHTH; MH He GyaeM TOKa rOBOPHTB, YTO S, — kom-
NOHEHTH TeH3Opa. BHMoJsHafs cymmupoBaHve No [ W mo j, nojyuaeMm M3
(1.26)

S11x7 4 S1o%1.x5 4 Sigx1 %5 - Sap ks +- Sooxf -+ Spsxoxs 1
- Sar1x3x1 + Ssaxgxe —I—Sssxg =1.
Monowus S;=S;; u o6beauHMB NOROGHBE UNEHH, NOSyYHM
Snxi —I—Szzxg —I—Sssxg - 2838x2%3 + 28513, 4+ 2S1ex1%2= 1.

B10 BHpameHHe ecTb oOuee ypaBHeHHe MOBEPXHOCTH BTOpPOro Mopsika

(KBALPUKH) C UeHTPOM, HAXONAILMMCH B Hayane KoOpIMHar. JTa noBepX-

HOCTb B ofuwieM ciyyae Gyler S/JHNCOMAOM MM THNepGOJOHIOM 2),
Ypasrenne (1.26) Mower OLiTh npeofpas’oBaHo K HOBLIM OCAM Ox:

¢ noMombio ypasHeHui (1.20):

’

— - —— !
X =0k, W Xx;=a; X,

ITpu srom NOoJy4yaeTca ypaBHeliHe
4 4
Si].ak[al].xkxl =1,
“*‘_—h‘.

1) Nanee aBTOp BE3Ze HCTIONbL3YET TEPMHH ,KBaipuka®, a He ,MOBEPXHOCTH
gg:{izrg nopsaka“, Tali KaK TEpMUH »KBa/pUKa" HE NOJYYMT NOKa pacnpocrpa-
Barienon OTEUCCTBEHHOH KpHcTannorpaduueckoll JauTepatype, OH NpH nepesose
CTqucxaﬂTEPMMHOM “.,nosepxnocn BTOpPOro mnopsinka“, a TEPMHH ,XapaKTEpH«
NopsKa® :Ballpldka =~ TEPMHUHOM ,XapaKTepHCTHYECKasi MOBEPXHOCTb BTOPOro
Momen & AU NPOCTO ,XapakTepucTHvecKasi MNOBEPXHOCTL* (KOTAAa 9TO He

HKET B;Igggb Henopasymennil). — ITpust. nepes.
Ba MOBEpXHOCTEH BTOPOrO MOpsiKa CM, ax {6 .
(ot ramen 119, -—Igpu/u. nppcs.)p paika oM, B kuurax {6] win [36]
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KOTOPOe MOMeT OWThH 3anMCaHO B BUAE

[ AU
S XX =1,
rie
14
S = aklaljsij'
Ecan cpaBHHTb 3TO BhipaweHHe C ypaBHeHHeM nNpeofpas’oBaHMs TeHsopa
BTOPOrO panra

T;j =a,0,T,, (1.22y

TO JIETKO BUJETh MX MIEHTHYHOCTL B CMHCJE OTHOCHTENLHOTO TOJOKE-
HUfAl WHIEKCOB, 4 TOMBKO STO M HMeeT 3HayeHMe.

INockonbky Mbi monoxumn Sy;=S;, To Ha OCHOBAHIM NOTYYEHHOTO
pesynbTaTa MOXHO CKadaTh, WYTO KodPpghuyuenmvr S, nosepxrocinu
smopozo nopadka (1.26) npeobpasyromcss nodo6HO KOMNOHEHMOM
CUMMEMPUYLHO20 MeH30pa 8mop020 paHza. Takum o06pa3oM, 3a8KOHBI
npeo6pasoBaHusl CHMMETPHYHOTO TEH30pa BTOPOr0 paHra COBNANAIOT
C 83aKOHAMM TIpeoOpa3oBaHMsl TIOBEPXHOCTEH BTOPOro NOpsaKa; 4ToOhl
HaltTH, KaKk mnpeoOpasyloTcs KOMIOHEHTH TAKOTO TeH30pa, AOCTATOYHO
paccMorper TpeoOpasoBaHMe COOTBETCTBYIOLIEH TOBEPXHOCTH BTOPOro
nopsaaka. ITostoMy nosepxHoctb (1.26) HaswiBaeTcs xaparmepucmuye-
CKOl nosepxHocmbi 8mopozo nopsadra nas Tensopa Syt).

Bce TeHsopn BrOporo paHra, npuBeieHHnie B TaGa. 1, CUMMeTpPHYHEL;
BooOllle BCe TeH3OPH BTOPOrO paHra, ONMCHIBAKIIME CBOHCTBA KPUCTAN-
JI0B, YNOMHHaeMHE B HaHHOM KHHMre, CHMMETPHUYHH, 33 MCKJIOYeHMeM
OJIHOT'O — TEPMOSNEKTPHYECKOTO TeH3opa. Tak, Hanpumep, IJd TeH30pa
yIAeNnbHON 3JeKTPONPOBOLHOCTH MMeeM

0y =0, (1.27)

Hoka3are/scTBO CHMMeTPHYHOCTH TEH30pa BCerla BKJOYAET TepPMOLMHA«
MHYeCKO€ PAacCMOTpPEHHe, M Mbl OTJOKUM ero IO TNOCHeLyIOIUHX TAaB 2).
IToka OoTMeTHM, HTO 5TO 3aKJIOYeHNE He fBJfeTCA OyeBHUAHHIM. [las cay-
yas 3JEKTPONPOBOIHOCTH, HampHMep, OHO O3HAyaeT, YTO KO3GDGUUMEHT
BJIEKTPONPOBOLHOCTH Gy, ONpefieNNsieMH Rt U3 U3MepEHUS KOMIIOHEHTH f B Ha-
npaBlieHNH X, TpY NpuaokeHnH noad E BooJb X, paBeH KO3((UUHEHTY 65,
onpeleseHHOMY M3 H3MEpeHHsi KOMMOHEHTH Jj B HampasjaeHMM x; TpH
none E, npunoxeHHOM BLOJb X,.

CdopMynupyeM KpaTko TOMYYEHHEH! HaMyl DPe3YJbTaT: Xaparmepu-
CMUMeCKAR NOBEPXHOCMD B8MOP020 NOPSOKA MOdcem Ouimb UCNOAb30*

1) dusuueckas PasMEpHOCTb Xy, Xp, X3 B ypasreHuu (1.26) ompeiensiercs,
pasMepuocTeio S U pasHa I/V(Paamepuocn Sj7). B10 He ROMKHO BHISLIBATE
3aTpyauenull, ecau BCOMHHKTb, YTO B (H3HKE BOOOLIE TIPHIIATO CTPOHTh rpaduky
B KOTOPLIX Bi0Ab OcCell OTKNAALIBAIOTCH HE NMPOCThIE YHCJAA, 8 Macca, CKOPOCTh,
TeMnepatypa ¥ T. L.

2) TepmOaHHAMHYECKH O6paTHMBIE CBOHCTBA paceMaTpHBAOTCs HA cTp. 78—80¢
06 n 222, peobparumbie — Ha CTp. 246—53.
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gaHa 0.0 ORNUCAHUS 2106020 CUMMEMPULHOZO MEH30Pa BMOPOZO
paHza u, 8 Hacmuoctmu, Oas onucanus w6020 ceolicmea Kpucman-
208, NpedCcMasAse 020 MAKUM MEHIOPOM.

1, 'nasusie ocH. BaxHuiM cBoitcTBOM mnoBepxinocTefi BTOPoro mno-
pﬂnxa fB.TAETCA TO, YTO OHH oénanalor 2AQBHbIMU OCAMI — TPEMS .1e-
WAIUMH TIOL TIPSMHMM yraaMy APYr K APYTY HAnpasieHUsIMH, O OTIIO-
ieHHI0 K KOTOpPHM (ecaM ux BHOpPaTh 38 OCH KoOpILHuart) obluee ypaBHeHue
A0BepXHOCTH BTOpOro nopaznka (1.26) npuBOIMTCA K YNpPOLIEHHOH @opme

S,x2 48, %3+ Syx2 = 1. (1.28)

Mo He GyneM 3IeCb LOKa3HBaTh, uTo npeobpa3oBaiive, TpPHUBOLAALLEE
K Ta4KoMy ynpoueHuio, cywectByer?!), Ho B ra. I, § 3 nokawewm, Kak
MOXHO HaHTH HampaBJeHNst ocedt M COOTBETCTBYIOILME MM MacluralHue
oTpe3kM (mpakTHMuecKMB Meron onMchiBaerca B ra. IX, § 7, m. 2).

CHMMeTpHYHEIM TEH30p BTOPOrO paHra, Tak e Kak U Ji06as noBepx-
HOCTb BTOPOrO TOpPAIKA, NPW TNPUBELEHHM K TJIaBHHM OCAM NpPHUHUMAET
npocreftinyio ¢gopmy, Tak, Korna TeHsop

~ Su Siz Sa
[Syl={ Sz S S
1 Ss1 Sey Sasg
11peoGpa3oBaH K ero rJMaBHHIM OCAM, TO OH 3alMCLIBAETCA B BHIE
=S 0 0
0 S 0;
1o 0 S

sta TabiMua o6pasoBaHa Kosgpouumentamu ypasHenms (1.28), Yucna S,
Sy, Sg Ha3LIBAKTCA ZQBHLIMU KOMNAOHEHMAMY TeHsopa [Sy;] unn ceoh-
CTBa, KOTOPOE OH ONNCHIBAET.

Wa cpaBuenns (1.28) ¢ kaHOHMYECKMM ypaBHEHHeM

2 2 2
atta =
fICHO, YTO MOJYOCH XapaKTePUCTHHECKOM MOBEPXHOCTH BTOPOTO mopsnka
mveior namny 1/Y'S], 1/V'S,, 1/V'S; (¢ur. 5, 0). Korna semmunnn S,
S, S, nonoxuTenbHL, nopepxHocts (1.28) npencrasaser coGoft sanmn-
coun (¢pur. 5, a). Ecom 1Ba k03UUMEHTA NIOJOKUTELHH, & OLMH OTPH-
datenen, nosepxHoctb (1.28) sBasercs OLHOTOJOCTHEM THTEPGONOHAOM
‘¢ur. B, 6); HeTpyaHO BUMIeTb, YTO 1BA [MABHHX CEueHHs STOH MOBEPX-

MOCTH  (rigBHbIe CeYeHHs — STO  UEHTPANbHHE CeyeHHsl, MNepTeHIHKY-
AAPHBIE TV@BHeIM OCAM) — runepoar, & OOHO -—aanunc. Ecan omun

—

') Ctporoe noxasaTeabctso CYLIECTBOBAHHA TINaBHBIX OCe# CM. B KHHI®
Diizenxapra [36].

3 k. Hap
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Kos(duuMenT noJOXUTENEH, a [Ba OTPUuATeNbHBl, MoBepxHocTh (1.28)
npencrapaser coGoit IBYNOJOCTHEN runepGosoMa (¢pwur. 5, 8); Npu 9TOM
ILBATJI8BHHIX CeyeHus — runepOoabl, 8 0LHO — MHUME# s1;mnic. Ecam Bee Tpu
K09 ULHEHTa OTPHLATENbHE, TO TIOBEPXHOCTb €CTh MHUMBIA SJITHIICOML.
(Y cuMMeTpHYHOTO TEH30pa, OTHECEHHOTO K MPOM3BOJLHBIM OCSM, WYHCJIO

Ly

5 =2

6 8

®ur. 5. Xapakrepuctnueckne NoBepxHocTu AMs TeHsopa [Sy).

@ — SNAUNCOMA; 6 — OLHOMOACCTHBIM rHnepBONOKA; 8 —~ ABYNOACCTHLIR
runepbonona,

HE3aBUCHMBIX KOMIOHeHT pasno wiecTH, Ecmu TeHsop NpHBELEH K ero
I'MIaBHLIM OCAIM, TO YUCJO HE3ABUCHMBIX KOMIOHEHT yMeHbLUaeTCs LO Tpex;
TeM He MeHee YHCNO ,CTeneHeit cBoGOANH“ OCTaeTCA PaBHBIM LIECTH, TakK
KaK TpW He3aBHCHMHIE BEJHYHHH HYXHB [/ ONPENE/NEHHS HampaBJjeHus
ocelt W TPWU — 4] 3aJaHMA 3HaYeHHH TI'JIaBHHX KOMMOHEHT.)

2. ¥YnpouieHue ypapHeHHil mpH TNpPHUBEAEHHAM K TJABHBLIM OCAM,
BepHemca Teneps kK ypasHenuio (1.9), B koropoM Tensop [7;] cBsismiBaer
BEKTOp p ¢ BektopoM g. Ecmm [T');] — cuMMeTpPHYHEI# TEH30D, MH MOMeEM
3aMEHATL ero Ha [S,,.] W 3amnucaThb

py=Sy4;. (1.29)
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Ecan tenepb mnpusectv [S,;] K raasHuM ocaM, TO ypasheHue (1.29)
B pasBepHyTOM BMIE NpPHHMMaeT BHUL

=510, Pr=3S5:02 ps=Ssqs (1.30)

[cp. oTH ypaBHenus ¢ ypasHenuamu (1.5)].
Yro6nl NPOMMIOCTPUPOBATL PE3YJLTATH TAKOTO YIPOLIEHHS, PACCMO-
TPUM CHOBA NIPUMEDP C SJEKTPONPOBOZHOCTRIO (cM. cTp. 18). Mmu umeeM

Jhi=0E, Jr=0k, Jjs=asE,, (1.31y

rie 6;, Oy, 03— I'JIaBHBlE KOMIOHEHTH TEH30pPad yLeanHOH 9JeKTPONPOBOL-
HOCTH, MM COKPAILEHHO 24a8Hbe daekmponpogodrocmu. Ecnn none E
napannensHo ocd Ox,, Tak 4To Ey=E4==0, 10 jo— j;==0. CnenosatensHo,
B 5TOM CJyuyae BeKTop j Takwke nNa-
pannened ocu Ox,. Takum o0pasoM,
korna none E Hanpas/jeHO BLOJb JO-
6ott M3 Tpex raaBHEIX OceH, cuTya-
uns ocobeHHO mpocra: BekTOp j TNa-
pamnenen E, onHako BIOMbL KamIoh
U3 oceft 5/JeKTPONPOBOLHOCTL pas-
JIMyHa,

PaccMorpum tenepb cayualt, koria 0"
none E He nmapannesbHO IJIaBHEIM OCAM,
lpemnonownm, uro E=[E;, E, 0]. ¢ur. 6. ILsyvepsas cxema,
Torna j,=o,E,, Jjo==0,E,, Jjs=0. TOKaspBaowas, uT0 TpPH o £ oy
Ha ¢ur. 6 nokasaHo CcoOTHOWeHue BEKTOPH f M E He napannensHsl.
Mexay j u E pis oT0ro ciyyas. 3Has
Bekrop E, Mowuo Hatttm E; u E,; yMHOXas 5TH KOMINOHEHTH Ha o,
M o, TIONyYaeM j, M j,, @ MO HuM cTpOMM Bektop j. HemapaanembHocts
BEKTOpOB j W E HemOCPeiCTBEHHO CleAyeT W3 TOTO (paKta, YTO oy + Os.
B TpexmepHoM cayyae (npu F < 0) BekTOp j, KOHEYHO, TOXe He ma-
pannenen E. Ha ¢ur. 6 o, > 0,, nosroMy Ox; MOXHO CYMTaTh ,Hanpa-
BJIEHNEM JerkOH mnpOBOIMMOCTHY W j HMMEeT TEHIEHUMIO HaKJOHATHCA
B CTOpOHY 5TOH OCH.

)

§ 6. Banauve cumMMmeTpunm KpucTanjoB Ha mXx cBolicTsa

OcraBuM Ha Bpems oOCyxaeHNe CBOHCTB TEH3OPOB M OCTAHOBUMCA Ha
CBOMCTBax kpucTannoB. PaccMOTpUM BOIPOC O TOM, KaK CHMMETPHS KpH-
CTa/lsla CBA3aHa C cUMMerpueft ero ¢usuyeckux cBoicTB. KnwouoM k stomy
BOTIpOCY sBasieTcs (hyHAAMEHTaNbHbil NOCTYNAT KPUCTANIOPUSNKY, H3BECT-
Huft non HassaHmem npunynne Helimana., STOT TNPUHUMD  MOXKHO
Chopmymposate caenyowuM 0GpasoM,

Snemenmor cummempitu 2106020 hu3uLeckozo C80LCMEN KPUCMALAL

OAJCHBL  BKAIONOMD  SAEMEHMbL  CUMMEMPUL  MO%eLHOl 2pynnul
Kbucmanaa,

3%
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TouyeyHas rpynna Kpicra’ia ecTb TPyTna MakpPOCKOTHYECKUX 3.1eMeH-
TOB CUMMETPHH, KOTOPuiMi 00.a3aeT ero CTPyKTypa. DTO TNOHATHE JeXUT
B OCHOBe pasieneHus KpucTa.ioB Ha 32 kaacca. B panbHeftieM nper-
noJjaraeTcs, Yr0 4YMTate.lb 3HAKOM C MOHATHAMH ,5JEMEHTHI CHMMETPUH®,
SKpUcTaLIOTpaguyeckrt Kaacc“ M ,Kpucraanorpaguueckas cucrema‘,
OG30p 3THX N LPYrMX OCHOBHLIX MOHATHH TEOPHM CHMMETPUH KpPUCTAI-
JOB [L4€ICH B MNPUJIOHKEHHM 2, B KOTOPOM, KpOMe TOro, TpHBeneHa
tab.1uua 5JeMEHTOB CUMMeTPHM BCeX 32 KPHUCTATMMYeCKMX KJ4acCOB (CM.
tabn. 21).

OTMeTuM CHEAyIOLlee CYLIECTBEHHOE 00CTOATEJbCTBO: npuuuun Heft-
MaHa He YTBEPIKIAeT, YTO 9JEMEHTH CHMMeTpPHH (hU3UYeCKOro CBOHCTBA
KPUCTaN1a ONMHAKOBHI C SJEMEHTAMH CHMMETPHM €ro TOYeYHOR TpymmH.
[Tpunuun He#mana ropopuT TOMBKO, YTO SJEMEHTH CHMMETpHH (pH3MYye-
CKOTO CBOMCTBA JOMKHII BKAO%GME 3NeMEHTHl CHMMETPHH TOUEYHOH
rpynnsl. Puskueckoe CBONCTBO MOwer oOaanars M yacto obnanaer 6o.iee
BLICOKOH CHMM2TpHeH, 4em ToyzyHad rpynna Kpucranna. Kak npumep Bhi-
nonHeHus npuHuuna HelimaHa BcmoMHMM TOT (akT, 4TO KyOHuecKMe KpH-
CTaJibl ONTHYECKH H3OTpOnmbl, JlaHnOe ¢H3nyeCkOe CBOHCTBO B 5TOM
Cly4ae TOJHOCTBIO M30TPOMHO M, TakuM O0pas3oM, KOHeyHO, oOaanaer
9JeMENTaMM CHMMETPHUM BCEX KYOMYECKHX TOYEYHBIX TPYTN, Kak 5TOrO
tpeOyer npunuun He#tmana, Paccmorpum B kayecTBe LPyroro npumepa
ONTHYeCKHe CBOMCTBA KPHCTANJa Kaacca 3m TPUTOHANBHOM CHCTEMBi, CKa-
®eM TypMmanuHa. laBecTHO, uTO H3MeHeHHe TIOKadartels npPeJOMJeHUsA
¢ HanpaBieHdeM H300pawaercs HHAMKATPHCOM, KOTOPas B HAHHOM CJay-
yae ilpelcTaBiaseT COOOM 3/aMNCOMA BpALUEeHMs BOKPYT OCH TpETbero
nopsanka (ontnyeckoft ocu). dror sanmncoun obaazaeT BepTHKaIbLHOMN
CCbI0 TPETLEMO MOPSALKA M TPeMA BePTUKANbHBIMM TUIOCKOCTAMH CHMMeE-
TPUM, UMEIOLIMMHCH Y TOYeyHOH rpyrnwe 3m, kak 3T0Oro u tpefyer mnpmii-
uun He#imana, OpHako sanuncousn Takxke o0/nanaeT LEHTPOM CHMMETPHH
Y HEKOTOPBIMM ApPYrMMM S7JeMeHTaMH CHMMETPHH, KOTOPHIX HeT y TOuey-
HO# rpynmel 3m, YT0 paspewaercsn npuHuunom Heftmana,

Pacemorpim GoJsee BHMMaTenbHO, YTO TNOHHMAETCH TMOL ,CHMMETpHeR
(hu3UYeCKHX CBOHCTB“. PH3MueckOe CBOMCTBO KPHCTA11A — STO COOTHO-
IUeHHEe MEXIY ONpeneNeHHbIMHM M3MePHMBIMH BEJMNYHHAMH, XapaKTepu3yio-
wuMy kpucrann. Hanpumep, ynpyrocts ecTh HEKOTOpOE COOTHOLUEHHe
MEXIy ONHOPOALHbIM HAMpsREHUeM M OLHOPOIHOR medopMaiiMedt B Kpu-
cranne. [Ipenanonowuy, yto MBI Teneph KenaeM 3HaTb, OG/alaer .M Aa-
HOe (PU3MYeCcKOe CBOHCTBO OMpeleNeHHHMM 9JEMEHTAMH CIYMMETPHM .M
Her. CHayana MH M3MepsieM 9TO CBOWCTBO MO OTHOLIEHHIO K HEKOTOPHIM
(UKCUPOBAHHBIM OCAM, 3areM JAeHCTBYeM TNpPEANONaraeMbiM 3.1eMEHTOM
CUMMETPHM Ha KpHCTaaal!) M CHOBZ HMCCNeiyeM COOTHOLUGHUE MEW.1y

1) @uN0cOhCKH HAcTpOCHHBIM unTaTels MOMKET BO3pasuTb, YTO Mbi HE MO-
weM B JeMCTBUTCALHOCTH cAeNaThb 9T0I0 M8 onepauiit CHMMCTDHH, BKJIOYAIOLIHNX
OTpa:xKeHWE HIH HHBepculo. DTO MpasHALIIO, H B STOM Mepe Hawe onpeneieline
we cTporo. QnHaKO, KOTAa Npl CBa3bBaeM (DU3HKY ¢ MaTeMaTHUeCKOM Teopuelt
CHMMeTDHH, TPYAHO H36eikaTb HCHOJb30BaHHA TaKMX I1IEBLINOAHHMBIX Otiepauni.
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H3MepseMEIMY BETHYUHAMII, BBHIMOMHASA U3MEPEHUA B TeX e CaMbiX Hanpa-
BIEHUSAX, YTO M paHbllle, OTHOCHTENBHO TeX e (PUKCHPOBAHHHIX Ocefl,
Ecny 5TO COOTHOLIEHNE He M3MeHMJOCh, MBI T'OBOPHM, YTO PacCMaTpH-
BaeMOe CBOMCTBO B JaHHOM KOHKPeTHOM KpHcTaane ofnazaer npeano.a-
raBLIMMCA SJEMEHTOM CHMMETPMMU.,

OueBHIHO, YTO He HMeeT 3Hayewusa, pnelCTByeM JM MBI 3JEMEHTOM
CHMMETPMH HA KPUCTAN MAM Ha H3MepfieMHE BeaMuyMHbl. Tak, Hanpumep,
ecqM MH H3Mepu/M yNpyrue CBOHCTBA KPMCTalnd M XOTHUM BHISICHUTH,
AIBJSIOTCA JU OHM LEHTPOCHMMETPMYHBIMH, TO MBI MOMKEM TPOM3BECTH HH-
BepCHI0 HanpsxeHu#t u nedopmauuit BMECTO MHBepCHM KpucTanna, Ecau
MH TIPOM3BeLEM MHBEPCHIO IedOpMalMi M HAmpskeHM#M, TO OHM coBep-
LIEHHO He M3MEHATCH, TaK KAk OJHOPOIHBIE HANPSKeHus u pedopmauum
yxe UeHrpocuMMerpuuHbi. CrenOBaTeNbHO, M3MEpeHMs Lal)T TAKOH e
pesyJeTar, Kak M 1O WHBEPCHH, T. €. XapakTepusylouMe ynpyrocTs KOH-
crantsl He uaMmeHstcs. Tak Oyner npum a000# CHMMeTPUM KpMCTaana,
TTosToMy MBI TOBOpMM, YTO YNPYrocTb (ONHCHIBaeMas TeH3OLOM WYeTBep-
TOTO paHra) ecTb UEHTPOCHMMETPHYHOE CBOHCTBO,

Bce ceolicmsa, onucvigaemvie men3opamu smopo20 paHaa, yewmyo-
cummempuute,. B caMoM nese, eCa¥ Mbl BOJbMeM ONpPeneffiollee ypas-
Heuve p;=T g, n UBMEHUM HanpEB/IEHUS p U @ HA NIPOTHBOTOJOKHHE,
TO 3HaKH BCeX KOMMOHEHT p; M ¢, MaMeHaTCs. ¥YpaBHeHuio Oynyt TOrna
NO-TIpekHeMy YAOBJETBOPATb Te e Camble 3HayeHus T, 4To WM mpexne,
M TIOSTOMY KOJMYECTBEHHBIE XapaKTepPUCTMKH CBOHCTBA, BbIPaWAEMOro
TeH30poM T;;, He W3MEHSATCS.

Taknm o00pasom, ¢U3Hyeckoe CBOHCTBO MOXET MMETb OMpeleneHHYIo
COOCTBEHHYIO CHUMMETPHIO, KOTOpas MNpPOABASACTCA HE3ABHCUMO OT TOTO,
KaKol cummerpueit obranmaer kpucransn, Bwmecre ¢ Tem B COOTBETCTBHH
¢ npuHuunom Heftmana ¢usnueckoe CBOHCTBO KPHUCTanna LOJKHO MMEThb
TaKxe W BCe Te 9JeMEHTh CHMMeTPHH, KOTOPHMHU o0aanaer kpuctana, Tak,
Hanpumep, ynpyroctb eKCarOHaJbHOTO KPHCTa/Ma He TOJBKO LEHTPOCHM-
MeTpyU4Ha, HO HMEET TaKKe BCEe SJEMEHTH CHUMMeTPHH STOrO KpucTanaa,

1. Binanve cummeTpuu kpucranna Ha ero cBoiicTea, OMuChIBae-
Mble TEH30paMu BTOpPOro paHra, ITonOMNeHHs, M3NOKeHHbie BLILIE, TIPH-
MEHUMBH KO BceM (u3MyeckuM cBoHicTBaM Kpucrtanna. Bepuemcs Teneps
K CBOHCTBaM, BHPaXaeMblM CHMMETPUYHHMM TEH30paMH BTOPOrO pPaHra,
S1u TEH30pHI, KaK Mbl yXKe€ BHAEJIH, UMEIOT WeCTh HE3aBHCHUMBIX KOMIIO-
HEHT, KOrna OHM OTHeCeHnl K TIPOM3BOJBHOH cucTeMe ocefl. Onhmako,
KOrna kpucrann obnanaer cumMerTpHel, YHMCJIO HE3aBHCHMBIX KOMIIOHEHT
YMeHel1geTcs, Jlerye BCcero MCCJeLOBaTb 3TOT BONpPOC, paccMaTpuBas Xa-
PaKTepHCTHYECKYIO TOBEPXHOCTL BTOPOTO MOpPAnKa. YpaBHeHHe Takoft no-
BEPXHOCTH COLEPMHUT CTONBKO He He3aBUCHMBIX KOS((HIIHENTOB, CKOJIBKO
HEJAaBHCHMEIX KOMIIOHEHT HMMeeT CUMMETPHMYHHH TEH30p BTOpPOro paHra,
Y 3Ta noOBepXHOCTb NOJHOCTHLI) XAPAKTEPUBYET ONMCHBAEMOE TEH30POM
CBOficTBO. CUMMeTpHS NOBEPXHOCTH COBNANAeT C CHMMETPHEH NanHOTO CBOMH -
¢TB& Kpucranna. IIpM 9TOM CJelyeT CYMTaTb, YTO XAPAKTEPHUCTHYECKas



TABJIWLA 3

Bauagrue gpucmansozpaguseckoli cummempru na csoficmsa,
ONUCLIBUEMbIE CUMMEMPUL HBIMU TNEHIOPAMI 8MOPO20 PUH2L

MeTPHH

OTHOCHTEJNLHO
KpHCTanmorpa-
(QHYECKHX OCeH
He (HKCHPOBaHO

Yuecno
Tenaop, npuse-
OnTtHyeckas X Buz xapaKkTepucTHye- neaapir
Knacck- | CHeTeMBl a%ﬁ,ﬁg;’gﬁ;" b CKO/l NOBEPXHOCTH ti:lg;gx nenrrl-xgmﬂl;otg:m
dHkanus 1 ee OpHMEHTaHs unuen-| opHenTamMH =
TOB
HUsorpon-| Ky6u- |UeTnipe ock Cipepa 1 7S007
Hasl yeckas TPETLEro To- 0S0
cpena paixa 00S
Terparo-| Onsa ocb uer-| [ToBepxHOCTDL 2 S 0 07
Ono- Ha/lbHas g:ﬁ:gro ro- gg;l;leHglﬂaB:gﬁ ( 0S 0
O;H:e ; l;g'jlia;a%' OnHAa OCb mie-| OCH CHMMETDHH L0 0 S,
ch b CTOro rnopsaika x3(2)
Tpuro- | OnHa ocbk TPETL-
HalbHas | €ro nopsnka
Opro- |Tpn  Bszammuo| [IponsBonuHas 3 [ TS 0 075
poMbrue-| mnepnesnnky- NIOBEPXHOCTL 0S, 0
cKas JfpHBIE  OCH BTOpOr0  mo- 00 S
BTOpOro mo- palika ¢ ocaMH - 38—
panka, oceit X3, X, Xg, NA-
BHICIIEr0 MO- pannensHelMH
psanka Het OCAM BTOPOFO
nopsafka x,y,2
MoHo- | OnHa ocb BTo-| [lponssonphas 4 7S 0 Si7
IlBy- KAMHHas | poro nopsaka MOBEPXHOCTL 0 Ss; O
BTOpOro nopsi-
OCHBIE
Kp- ] Ka ¢ ONHO#H OCbIo ~Sa1 0 Sg.l
cTanb! Xp, Mapannefib-
Ho#t oOcH BTO-
poro nopsnka y
Tpu- )Llentp cumme- | [IponsBofbHas 6 | Siu S12.Sa17T
KJHHHasg | TPHH HaAK OT- noBepxHoOCTbL Si2 Sz Ses
€} TCTBHE CHM- BTOpOro Mopsi- St Sor S
ka. [lonoxenie —31 <28 2382

#* Oci CHMMETpIH MOTYT GbiTb NOBOPOTHBIMIL ILNII HHBEPCHOMHBIMY; CM. TaKKe cTp. 335,
## OpHenTauMs oCell X;, X, Xy NOBEPXHOCTH BTOPOrO TNOPALKE NO OTHOWIEHINO K KPHe
crannorpadHuiecKuM oCAM X, J, Z H BJCMEHTEM ciVMeTpuH ykaagHa B 1864, 1. Jlo6apoumbie
3aMeyarng O PHOOpe CHCTEM KOOPAHMMAT CM. B NPHNOMEHHH 3,
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R

MIOBEPXHOCTb HMeeT (PHKCHPOBAHHYIO OPHeHTALMIO MO OTHOIMEHHI0 K Kpu-
cranny. PaccmMoTpuM, Kak CBSisaha XapakTePUCTHYeCKas TOBEPXHOCTDL
¢ 5JeMeHTaMH CHMMETPWM KpHCTA.17a,

Hcxons ua npuHumna Helimana, Mul JOMKHe! yOeIUTBCH, YTO KaXIbIi
971eMEHT CUMMETPHM KPHCTani1a MOXeT OBITh TakiKe HalieH y Xapakre-
pucTuyeckolt nosepxHocTH. CrenaeM 910 Tenepb MOOYEPEAHO ANS KAKAOTO
k1acca KPHCTannoB. (IDTa 3ajaya aHanornyHa paccMaTpuBaemoR B KpM-
CTA/IOONTHKE 3ajaye O CBA3H MHIMKATPUCH C CHMMeTpuel KpuCTanna.)
PesyavraTh cBefeHH B Tabn. 3. CocrasieHMe TabauUE Ynpowlaercs no-
TOMY, YTO OrpPaHHYeHHs, HaKNaihBaeMHe CHMMeTpPHeH kpucTasnia, OKassli-
BAIOTCA OLMHAKOBHIMM B Tpejenax NGO OTAENbHOR Kpucmarnozpagpuye-
cxoli cucmenst. Vinaue 06CTONT €70 B Cyyasx HECUMMETPHYHBLIX TEH30POB
BrOporo pasra (cM. crp. 271), TeHsopos nepsoro panra (cu. crp. 100)
WM TEH30POB, WMEIIMX paHr Buiute sroporo (cM. crp. 162, 172, 204).

a) Kybuweckas cucmema. XapakrepucTHyeCkas IOBEPXHOCTH BTOPOro
MOpALKA WUMEET YeThipe OCH TPEeThro MNopsika TOJNBKO B TOM C/y4dae, KOrna
oHa sBJsercs Cpepolh, Torna oHa obnamaer BCEMH 3S/E€MEHTaMH CHMMET-
pHH, KOTOPbie MOTYT MMEThCS y KyGuueckux kpucrannos (cm. tabn. 21).
CooTBeTCTBEHHOE CBOMCTBO MOJHOCTBIO OMNpeneneHO, KOIAa 8ajaH paiMyc
cepri. IlpH 3TOM He CyILECTBEHHO, K Kakoft CHCTEME OCER OTHeCEH TeH30p,
T4K KaK OH HMeeT OLMH M TOT e BUI npH Jio6oM BHOOPE oCelt KOOpAMHAT,

6) I'pynna 00nooCHBL X cucmem (MempazonaibHAS, 2EKCA20RAALHAS 1
mpuzonaabuas). [IpousBonbHas NOBEPXHOCTH BTOPOrO nopsilika obnanaer
TpeMsl TOBOPOTHLIMY OCAIMM BTOPOrO NOpPSIKA, JNEXALIUMM MOJL MNPAMbIMH
yraaMmu apyr K Ipyry, TpeMs TIOCKOCTSIMM CUMMeTPHM, NEPNEeHANKY AP HBIMH
OCAIM BTOPOr0 MOPAIKA, U LEHTPOM CHMMETPHM (CHMMETpHs OPTOPOMOHYE-
ckoro knacca mmm). [loepXHOCTE BTOPOro nopsiaka MoxeT 06/aiarh OChiO
CUMMETPUM YEeTBEPTOro, LIECTOr0 MMM TPeTherc NOPALKOB JIHLIL B TOM
eIMHCTBEHHOM Cnyyae, KOria Takas OCb fIBASleTCS TJaBHOM OChIO, a no-
BEPXHOCTE BTOPOrO TNOPSIKAa — MOBEPXHOCTBIO BPAILEHMs BOKPYr Hee,
INoBepxHocTe BTOpOro mopsinka 6yzer Toria aBTOMaTHyecku ofnazarh
BCeMH OCTa/bHBIMM SJEMEHTaMH CHMMETPYM, KOTOpHIe MMEKTCH Y pasnny-
HHX KJaCCOB 3THX Tpex CHCTeM: TOBOPOTHHIMH OCAMH BTOpOro mno-
panka, NEPNEHANKYAAPHEIMH  TJIABHHIM OCAM, M TIJOCKOCTAMM CHMME-
TPUH, Tapanie/lbHHMH W NePreHIHKYAAPHBIME TNaBHBIM ocsM. [Jlns non-
HOTO  OmnpeneneHMs XapakTepUCTHYECKOH TOBEPXHOCTH BTOPOro mno-
PRika pocrarouyHo samaTh B2 YHCAd — AJMHB  Ooabuiof M Manoh
noxyoceft. Ilas 3anuCH KOMNOHEHT TeH3Opa BHOEpEM OCb Xj Napajnelb-
MO} TJaBHOM OCu CUMMeTpMM KpHCTanna. Bce STH CHCTeMbl ONTHYECKH
OLHOOCHSI,

8) Opmoponbunecwas cucmema. T1poussonsHas NOBEPXHOCTH BTO-
s:gso:lgpﬂﬂka yxe o6naliaeT TpeMsl B3aHMHO NepPneHOMKYJAPHBIMY OCAMH
KebHo Kﬂopﬂﬂxa; MBI JOJKHBI TPOCTO DPACNONOXWTH 3TH OCH Tapan-
HOCKOE pl:CTannorpacpuqecng oCsAiM BTOpOro mopsiika. Bonee TOro,
¢ cumu Y CUMMeTpHsi TakOH nOBePXHOCTH BTOPOr0 NOPsAKA COBnanaer

METpHeR ronoanpuyeckoro knacca mmm, XapakTepUCTHueCKas 1o-



40 I'a. 1. OcHoswt kpucrasrogusuxu

BepXHOCTb BTOPOro mnopsika objanaer BCeMM SJeMEHTaMH CHMMETpHH,
KOTOPHE MOTYT OHTB y K1aCCOB OPTOPOMOUYECKOl cCTeMb. XapaKkTepHCTH-
yeCKasl MOBEPXHOCTL TOJHOCTBIO Onpele]sercd IaMuamu Tpex oceft. Ecau
TEH30p mnpHBelAEeH K KPUCTaNIorpadHyecKuM OCAM X, ¥, 2, TO OH NpH-
HuMaeT GOpPMY, YKA3aHHYIO B Taba. 3.

2) Monoraunnas cucmema. 3neCb Ml LOMKHbl HANPABUTHL OLHY M3
oceli BTOPOrO MOPAAKAa TPOU3BOILHOM NOBEPXHOCTH BTOPOrO TNOpPSIKA
napaanenLHo  KpucTansiorpaduueCckOf  oCM  BTOPOrO TNOPsAKa; TOraa
NOBEPXHOCTL BTOPOrO MOPsnka, Kak Jerko BMIeTb, Oyder o6napath
BCEMM SJeMEHTaMM CUMMeTpPHHM, KaKMe MOXKHO Ha#HTH y KJacCOB MOHO-
KJUHHOH cucreMul. Ecny ne cunraTe onnol (UKCHpOBaHHOH oOcu, TO Xa-
paKTepUCTHYECKAsl TIOBEPXHOCTH MOKET NPUHMMAaTh MoOyio OpHeHralHio.
Yrobbi OnpenenuTbh AnMEm  OCelt XapakTepPHUCTHYECKOH TIOBEPXHOCTH,
a TeM caMbiM M ee ¢opMy, HeOOXOLHMO 3aZaTh TPH 4YMCaa; OJs OTpe-
IENeHUsl €€ OpHMEeHTalMM HyxXHO 3a1aTh eule OLHO uyucno (Hampumep,
yrona, na KOTOpHH ykasanHas NOBepXHOCTL LOMKHa OHITH TNOBEPHYTa H3
HEKOTOPOro TPOH3BOJBLHOTO MOJONeHHs). PacrnonomuMm ocu Xapakrepy-
CTHYECKOW TOBEPXHOCTH TaK, YTOOb OCb X, OHJA mapasjenbHa kpHUCTan-
norpaguyeckofl ocu Broporo mopsikal). Torma B ypaBHenWe mnOBepX-
HOCTY BTOPOFO NOPALKA HE OyAYT BXOIMTL LPYyTHe WieHH, COLEpallue Xy,
KpoMe unexa € xi Yucno HesaBHCHMHX KOMIOHeHT TeHsopa (kosddu-

LM eHTOB XaPaKTEPUCTHYECKON OB PXHOCTH) Oy LeT, Ce10oBaTeNbHO, pPaBHO 4,
Kak Yykasawo B Tabn. 3. KowneyHo, nepefins K rniaBHHIM OCAIM, MOXHO
YMEHDBIUMTE 4UCNO KOMIOHEHT 1O TpexX, HO TOTAa HeoOxoauMoO nobasou-
HOE YMCNO, YKAasbBaloLlee paCnoJo}eHHe IJaBHHX oceft MO OTHOWIEHUID
K KpHcTannorpaguyeckum ocsM x WM z. CMuCn 3TOFO LOMOJHEHHs CTa-
HOBHUTCSl AICHBIM, €C/IM Y4ecTb, YTO ANs Pa3iMYHEIX CBOHCTB rJIaBHHE OCH,
NEPTNEHINKYNSAPHEE OCH BTOPOr0 mopsika, OyLYT MMeTb B ONHOM W TOM
e MOHOKJHMHHOM KpHCTane pasnnyxHoe HanpaesaeHue, [TonobHoe sBieHME
HMEeT MEeCTO B KPHMCTANNOONTHKE: KOrAa MOHOKJMHHBIM KpUCTaln Harpe-
BaeTCA, TO T'JIABHHE OCH HHOUKATPUCH nosopaqusafo'rc;] BOKpYT ocH ¥,
OHM TIOBOPaYMBAIOTCA TaKKE NpPH M3MEHeHWH JIJMHH BOJIHBI, 4TO NpPHBO-
INT K LHCTIepCHM yraa ONTHYECKUX Oceft.

0) Tpurxaunnas cucmema. Knacc 1, KOTOPHIH TONHOCTHIO aCHMMET-
puyeH, OYEBHIHO, He HasaraeT HUKAKUX OTpAHMYeHHMH Ha XapaKkTepuCTH-
ueCKyI0 TIOBEPXHOCTb BTOPOro mopsizka. To e camoe CrpaBeliMBO M s

knacca 1, MOTOMY YTO XapakTepHCTMYECKAs TMOBEPXHOCTh ywe obnanaer
ueHTpoM CHMMeTpuM. CrenosaTenbHO, YHC/O He3aBHCHMHX KOHCTAHT, He-
O06X0AMMBIX HJis OTpPeneneHus (pHUaN4eCKOro CBOMCTBA, PAaBHO YHCHY He-
33BMCHMBIX KOMNOHeHT. MOXHO BMIETB, NHTO WYHCJAO TaKMX KOM-
TOHEHT pAaBHO IeCTH: TPH sazawT Macwrab BAOAbL OCelt Xapakrepu-
CTHUECKOM TIOBEPXHOCTH, & '1PH ONpelenfioT OPHEHTAUMIo ee oceH,

1) WHorna wucnoabsyetcss Apyroft Bol6OP CHCTEMBl KOOPAHHAT: OCb BTOPOTO
NopAifika TapailenbHa OCH Xg.
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§ 6. Beauuuna, xapaktepusyiomas cBoHCTBO B AAHHOM
HaNpaBJeHUU

1. Onpenenenne. IlpH paccMOTPeHNN CBOHCTB KPHCTAN/IOB, OTHCHI-
BaEMbIX TEH30PaMM BTOPOro paHra, Yacro yrnoTpeGnsioTCs TakMe Bhipa-
WEHMs, KaK ,5/]eKTpONPOBOLHOCTS B Hampasnaewun [100}“ mam ,BOcmpu-
MMYMBOCTb B Hampasnenuu [112]“ (wam B npyrux vanpasnenusx). ITousTue
3HaueHUsi CBOMCTBA B 3a1aHHOM HATPABJIEHMH HYXIAETCH B TOYHOM OMpele-
NeHuy, NOCKOMbKY B 00ieM CNyYyae BEKTOPH MOTYT OHTb He NapaafebHEL

Bosbmem B KayecTBe mnpHMepa ajeKkTpornpoBoaHocTs (¢ur. 7). Ilpu-
noxuM K Kkpucraany none E. Torma, Boofuie roBopsi, BOSHMKHYT
KOMIMOHEHTH J Kak napaJjenbHasi, Tak U nepnedaukynspuas E. Szexmpo-
nposodrocms o 8 nHanpasaenuu E onpedensemcs mozda wax napas-
seasnass E romnowewma J, Oenennaa sa
E, m. e. xak j”/E. Ec/M PUIOKEHO eNMHWY- J

rnoe none (E==1), T0 31eKTPONPOBOLHOCTb C
B Hanpasnexnu E npocto pasHa J,. Bro on-

peneneHye TPHHATO TIOTOMY. N4TO HMeHHO J,

JIerKO HaXONUTCs U3 sKcnepuMenra. PaccmoTpum
L]l IpUMepa dKCTIePHMeHT, nPH KOTOpPOM KpH- E
CTa//IMYeCKas MIACTHHKA NOMEIMAeTCs MeXLy o . o BexTopHas cxe-
napaie/bHbIMH MIOCKHMHU 9JIEKTPOLAMM, CLE-  ya pokaspiBaiomasi, 410
JIAHHBIMH U3 XOpOLlIO HPOBOAAILErO MarepHana. ylenbHaa sJA€KTPOnpoBOJ-
Ecan Mbi pasie/nM TOK, TeKywiMit Yepes rpaHM HOCTH B HampasieHud E
NJaCTUHKH, H4 DPA3HOCTb NOTEHLMAIOB MEmAy pasta J;/E.
HUMH, TO TONYYMM 3JEKTPONPOBOLHOCTb, a OT-
CI0fia ¥ yHeNbHYIO 9JEKTPONPOBOAHOCTb. MOXHO LOKasaTh, YTO M3MepeH-
Has TakuM o6pPasoM BeJHYMHA eCTb YAeJbHas 9JEKTPOTPOBOILHOCTL B Ha-
npaBJeHMy, TepTeHIMKYJNApHOM TpansAM naactHsku. Teopus coOTBer-
CTBYIOILEr0 SKCMepUMeHTa AMS TeMJOonpOBOAHOCTH TOAPOOHO OmHcaHa
B ra XI, § 3; B KkHUre mpHBeleHO MHOrO NOAOOGHBIX NPHMEPOB.

Ecau pi=Squ, mo 048 naxoscOenus 8eauuunbt S, xapaxme-
pusyroweli ceolicmso [Sy] 6 onpedesennon Hanpasaeruu, HYHHO Npu-
AOJHCUME @ 8 SMOM HGNPGBAEHUU U UMEPUMb 8EAUYUHY p”/q; 30ecs

p) —KoMnouexnma p, napasressnas q.

2, Ananutuveckue BbipaweHnus, Basis 9/eKTpONpOBOAHOCTb B Kave-
CTBE TUMMYHOrO MNpuMepa, BHBELEM TeNepb aHAJNTHYECKOE BLIpAXKEHNe
A8 ee sHayeHWs B 3aJaHHOM HAMpaBJIEHHUH,

1) Bupasicenue dns anexmponposodnocmu npu npugedexuu Kk 2406+
HbiM ocam. BosbMeM rnaBHeie OCH YHENbHOW SMEKTPONPOBOLHOCTH B Ka-
decTBe oce#t koopamrar. IlycTb 3ajansHOe HamnpaBleHVe MMeEeeT Hampa-
BISOUIMe KoCHHYCHl [y, lp, I3, DTH KOCHHYCBI SIBJSIIOTCH KOMIIOHEHTaMM
BEKTOpa enMHMYHOM LAMHs! (eZMHMYHOrO BektOpa) /. Ilpunoxus nose E
B 3TOM HanpasnieHuH, Mb MMeeM

E= [L,E, LE, 1,E].
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CnenoBaresbHO, corsacHO ypasHexusm (1.31),
J=I[0,,E, o,l,E 05l E].

Komnonenra f, napannensHas E, paBHa CyMMe KOMIOHEHT J, cmpoekru-
poBaHHBIX Ha HampaBieHue E, T. e.

j" = lldlE + 1202E + lgdsE.

Takum oOpasoM, ¢ -— sHayeHue yILe.anOﬁ BJIEKTPOTIPOBOLHOCTH B Ha-
npaBneHun [, BHPaXaeTcs B BHIE

o = ljo; + l30s 4 os. (1.32)

Bawubitt uactHni#t cayua#t ypasnenus (1.32) uMeer mecto nas rpyrmmes
ONTHYECKH OIHOOCHHIX KPHCTaMIHYeCKHMX cHMcTeM (TeTparOHajbHOM, reicas
roHansHoM M TpuroHanero#t). Wcnonbays tabn. 3, monyuaeM us ypaswe-
nus (1.32)

o=0,(f4 +8) +a3ls = o; (1 — &) + o,

6 =o0,s8in26 4 o5cos2 0,

HJn

rie 8 -—yron mexny I, u rnasuoit ocbio cummerpuu Ox,.

2) Ypaguenue 0 saexmponpogoOrocmu npu npuseOenuu K npo-
U36046HLM oCM. YTOOol HaliTM BhIpaXeHHe, COOTBETCTBYIOLIEE BLIPa-
weHuio (1.32) B ciyyae npoM3BOJBHBIX OCe#t, MOCTYNHM CJeLYIOWMM 06pa-
soM. Ilyctb Tenepn [/, -— mampasasioline KOCHHYcH MoJs E oTHOCHTENbHO
npousBOJbHHX oceft, T. e. E;=El. KomnoweHta j, mapannenvHas E,
ectb (j- E)/E, nm B TensoproM o6osnauenun (f,E,)/E"). CnenosarensHo,
yZLenbHasi 3JIEKTPOUPOBOAHOCTD B HATIpaByieHuy [; onpepensiercs GopMy.10h

JIEy  oyEjE;
=g =—p—
Har
o= 0,1, (1.33)

M noayunnu ofwee ypaBHeHWe A/ 0, YAaCTHHIM CJy4aeM KOTOPOro
fiB. eTca ypasHenue (1.32).
Huorpa ynobxo BeiOpars HOBbie OCH KOOPAMHAT x; W HanpaBUTb OLHY

U3 HHMX, CKamem x;. B Hanpdenenuu /;, Torpa, ucnosmbays tabauuy Ha-
NPaBJAILUX KOCUHYCOB (1.11), Mbt BULuM, uTO [, = @y;. TTosToMy ypasHe-

nue (1.33) mpuHuMaer Bz
0=3},04,04) = 0}, (1.34)

B COOTBeTCTBUM ¢ ypaBreHueM (1.22). CnenoBaTenbHO, 3HGYEHUE 6 8 HO-
npassenul X, ecmp o,. DTOT Pe3yNbTarT OYeBHIEH TaKie M3 Onpele-

, 11°
JICHNS G0

1) CM. onpeneneHHe CKansipHOrO MPOH3BEISHMs B NPHIOKEHHH 1,
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YpaBuenus, noaobusie (1.32)—(1.34), MOxHO Hamucarb Aas nO6Oro
cBONCTBA, OMMCHIBAEMOrO CHMMETPHYHBIM TEH30pPOM BTOPOrO paHra; vpa-
srennsa (1.33) u (1.84) crpaBenJuMBH M a8 HECHMMETPHYHOrO TeH30pa.

§ 7. FeomeTpuueckue cBoiicTBa xapakrepucTuueckoii
NOBEPXHOCTH

1. [auna paauyca-sektopa. Mb MOXeM Tenepb HallTH TeoOMeTpH-
YeCKYIo MHTepnperailMio o, ITycre P — Tekyluas TOYKa SJIMIICOMIA

uzobpasxeHnoro Ha ¢ur. 8. Ecam [, — HanpaBasiiome KOCHHYCh BEK-
ropa OP, TO uMeeM
x;=rl,
rie OP=r. Torpa, nOICTaBNAs STO Bhipawenue B ypaBHexHe (1.36),
noJyyaeM
2 —
reol =1
uaM, ucnoaw3ys ypasnenue (1.33),
1 pom L
re’ T Ve o
Mu yie BCTpeyany HacTHeift cJayyaft sTOro ypaBiieHHs, KOria nony-
YUNH, YTO PaLMyChHI-BEKTOPHl B HAaNpPaBJEHUSX OCelt S/JMNCOMAA MMEIT

awy 1/V o, 1V e, w1/ a5

g =

(1.36)

¢ ur. 8 Xapakrepuctnuecku#ft SJAMTICO 1R
VIEJbHOR 9A€KTPONPOBOAHOCTH.

DNNHMICOMA OMHCLIBACTCA YPABHEHHEM o % %=

Takoe e paccMmoTpende mNPUNOKNMO K JIOGOMy CBOMCTBY, OINCHI-
BAEMOMY CHMMeTPMYHHM TeH30pOM BTOPOro panra. B o6lieM cayuvae

1 1,
S-‘=—’-_'2—. r=—_‘—/.’:s:, (1.37)
TdK 4TO MOXKHO CcKasaTh, 4TO OaunG r 4106020 paduyca-8exmopa
Xapaxmepucmuyecrkoli nosepxHocmu 8mopozo NopAdKa YUCAEHHO DABHA
Kopuw ksadpamuomy us seausunti S, xapaxmepusyrowedl gusuie-
CKoe ceoticmso 8 mom e Hanpasaeruu,
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Cayuaii, ko20a nosepxuocms Syxx;=1 ecmp 2unep6oroud. Ecan
XapaKTepUCTHYeCKas NOBEPXHOCTb S;ux;x; == | sBJsercs runep60I0MIOM,
NPUBENIEHHOE BHILIE PacCMOTPeHNe OCTAeTCH CHPaBeNMBLIM, HO JJHMHBL
HEKOTOpPbIX panMyCcOB-BEKTOPOB CTAHOBATCA MHHMBIMM. Korna 3to mmeer
MecTo, YIOOHO PacCMaTpuBaTh NNOBEPXHOCTb BTOPOrO MOPSIKa

Syxpxy=—1,
paznycri-BEeKTOPE! KOTOPOH UMEIOT LeficTBUTENbHEIE 3HayeHMs 1), Panycu-
BEKTOPbl 9TOH MOBEPXHOCTH BTOPOTO MOP#AKA, OYEBHAHO, TAKOBHI, YTO
1 1
E, r=— T:—_T—S: .
Cayuali, rozda nosepxnocms Sx;x;==1 ecmv MHuMbLE S44un-~

cou0. Ilpn 3TOM, OYEBMEHO, Takwe GoJee YAOBHO PACCMOTPETH MOBEPX-~
HOCTb BTOPOro TOPfAIKA

Se=— (1.38)

Syjxpx;==—1,

KOTOpas ABIfETCA NeHCTBUTENbHBIM 9JIHTICOMAOM.
Vitak, B ofLieM cJyyae Mbi HCTOJB3YyeM OeHCTBUTE/bHHE BETBH IO~
BEPXHOCTH BTOPOrO MOpPSALKA

M npyMeHsieM COOTBETCTBEeHHO ypaBrenus (1.37) mam (1.38) B 3aBucHMOCTH
OT TOro, BCTpEYaeT pafNyC-BEKTOP peajbHYI0 BeTBb MOBepXHOcTe#
Syxx;=-~4-1 nm Syx,x;=-— 1.

2. CeoiicTB0 paguyca-sexTopa W HOpmaau. Tak we kak B § 6,
M. 2, MBI MCMOJB3YeM B KayecTBe NpUMepa YHEJbHYIO SJEKTPOIpPOBOL-
HocTs M Oynem cuurars Ox; rnaHbiMu ocsmu oy, Kak ¥ npemae, mycrb
E=|[LE, I,E, [,E}; Torna

J=I[oLE, o,lbE, alsE].
CrenoBare/bHO, HanpapisiloLiMe KOCHHYCH j TPONOPUMOHANbHE
oy, Goly,  ogls.
Ecan P ects Takas TOYKa Ha MOBEPXHOCTH
2 2 2
a,x; +o,x; H-0, x5 =1
(dur. 9), uyro orpesox OP mnapamneneH E, 10 P=(rly, rly, rly),
rie OP=r. Il1rockocTb, KacaTe/lbHas K TOBEPXHOCTH B TOuke P, ecTb
rlis x; - rlyopxy - rlgigx; = 1.
CrenosarenbHo, HOpManb B TOYKe P HMeeT HanpaBJslOLIMe KOCHHYCH,

TIPOTIOPLIMOHAJIbHbIE
Lio,, Lo, 50

1) Ecan nOBEpPXHOCTE Si;x,xj=1 ecTh [IBYNOJOCTHHI! rumep6osons, T1O
NOBEPXHOCTb Sijxixj = —1 6yneT onsononaocTHeM runep6ononnoM M HaoGopor,
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[TosToMy HOpMaip B Touke P napaijenbHa f.

SroT pesy.LTaT, OYeBHIKO, HOCHT ofunit xapaxtep. Ecau p,=S,I.qI.,
mo Hanpagaenue p Oaf 300QHH020 § MONCHO HGIMu nocmpoeruem
napasneavtiozo q poduyca-sexmopa OP xapaxmepucmuvecxoii no-
BEPXHOCMU U 3GMEM BOCCMAHOBACHUEM HOPMGAU K Mol nosepxwo-
cmu 8 mouxe P,

Cayuait, k020a nosepxnocms Syxx;=—1 fs.1emes 2unep6oa0u0or.,
EcnM noBepXHOCTH S,jxixl.=1 ABJAeTCA runepHO.IOMIOM, BEKTO P, Npo-

peleHHbit M3 Toukn O mapannenbHO @, MOXKET mepeceyb XapakTepHCTH-
yeCKYI0 TOBEPXHOCTH B MHUMOR Touke. Toria Jayyule, kak M mpexie,
paccMOTpeTh MOBEPXHOCTb BTOPOro mopsaka S;x,x;= — 1. Ecm pa-
LHyC-BEKTOP, mapainelbHHY BEeKTOpY ¢, TNepecekaeT STy MOBEPXHOCTH
B TOYKe P, TO HOpMaib B TOYKe P napannensbHa p, Kak M B PaCCMOTPEHHOM
BLILIE CJyyae.

P:J

HOpMAnb

®ur. 9. Cxema, nosicHfiolasa CBOMCTBO panMyCa-BeKTOpa
I HOpPMajM XapakTepHCTHYECKOro SJIHNCOMAA.

Msofipakeno medrpanbuoe cedentHe XapavTepHCTHUECKOD SATHNCOFEA, COLep-
HKautee paruyc-sexiop OP u onyweHnblfl u3 O nepneuRHKYnap K Kacarenbuoh
nnockocTH B Touke P. (Ha yepteske moxass nlb clen KacaTenbHON MNOCKOCTH.)

Ha dur. 10 unsoBpameno rnasHoe runepGoiMyeckoe CeyeHue runep-
Go.tonna S;x%; = 1. [leficTBuTebHas BeTBL runep6ononna Syx,x; = — 1

000sHayeHa wTpUXOBO# Juunel. IlocTpoeHne nns onpelefieHus Harpas-
JEHNs p MOmer OHTH BHNOMHEHO AJS JByX HanpaBjeHu#t g, a HMeHHO
Aast HanpaBnenuft OP m OP'. Touka P nexur Ha nelcTBUTENbHON BeTBH
MOBEpXHOCTH Syx;X;==1 M HAXOKIEHWe HaNpaBIeHUs P He BHI3HI-
BaeT TpypHocTedt. Touka P’ nexur ka geficTBHTebHOR BeTBH MOBEPXHO-
CTH Sy, x;= —1, Benmunwa S 117 STOrO HATpaBJenuss OTPHUUATe]bHE

B cootserctsun ¢ ypaswenuem (1.38). CrenosatenLHO, KOMIIOHEHTa P,
napainenbHas ¢, OTpUUATebHA M TOITOMY BEKTOp P HANpPaBJeH Tak,
KaK mokasano wa ¢ur. 10. Ecin ¢ nosopaunsaercss NPOTMB YacoBOM
CTpesky OT Hanpapaenns OA, TO, KAK MOXHO BUAETb U3 ¢ur, 10, BexTOp P
foBOpaunBaercss no wacosoft cTpeske. Korna g coBnaiaer ¢ acuwnTo-
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TOH, p CTEaHOBHMTCHA NepneHLMKYJApHBIM ¢. Tlocje TOTO kKak @ nepeceyer
acUMnToTy, p NpOJOJKAET NOBOPaYMBATHCHA (Yre MPOTHB YAaCOBOW CTPEJkH)
o0 TeX TOp, MOKa paaMyc-BeKTOp He 3aliMer monowenus OB; rtoria p
Y @ CTaHOBATCA aHTHNAPa/JeNbHBIMM COOTBETCTBEHHO OTPULATEJbHOMY
3HaYEHMIO OLHOM M3 TNaBHBIX koMnoHeHT S, Koraa ¢ mnpomomxaer
BpalLaThcsl MPOTHMB 4acOBOM CTpesKH, p CHOBA IBMNETCA MO 4acoBOH
CTpeJKe; M B KOHUe KOHLOB, koria ¢ noctHraer OC, ob6a BekTopa cTa-
HOBSITCA TapaJieNlbHBIMM;, STO COOTBETCTBYET TO.IOKHUTEJLHOMY 3HAYEeHMIO
OLHOM W3 INaBHBHIX KOMMOHEHT S

¢ ur. 10. CxeMma, nosicHsiollasi CBOMCTBA XapakTepPUCTHUECKOH
NOBEPXHOCTH BTOPOre Mopsiika, siBasiomeiics riunepdononIoM.

Kpusaa (I) —~ ceuenue runepGononna, ONMHCHBAEMOIO YpaBHeHHeM

3 3
P . .
i’ r= I

Kpusas (2) —ceuenne runepbonoHaa, ONHCHIBAEMOrO YPABHEHHEM
= 2 i
S, %, %,= 1 3 + 3 = 1
CCK PR S

Caysaii, xo20a nosepxnocmy Syxx;=1 sgasemcs MHuMbBLM
sanuncoudonm. Jlas onpepneneHusi HampaBJeHMs p paccMaTpruBaeM jefi-
CTBUTE/BHBIA SJMMNCONL Spyx,X;==-—1 1 NPOBOIMM Takoe e mocrpoe-
Hue, Kak ¥ Tpexfe, 3a HCKJIOHYeHHeM TOro, YTO HampaB/eHNe p Tenepb
Oyzer cOBMajiaTs ¢ BHYTpeHHeH, a He ¢ BHEIWIHER HOPMAJBIO.

8. CBonka reomerpHrueckux cBolicTB, Mb MOXeM CYMMHPOBAaThb
paccMOTpPeHHHE B4 CBOWMCTBA XapakTepPHCTHYECKON TOBEPXHOCTH BTOPOro
nopsipka chepyowuM obpasom (cM. ¢ur. 8—10). Tlyers p n g-—nBa
BEKTOpPA, CBA3AHHHE 4EPe3 CHMMETPHYHbIA TeH3Op BTOPOTO panra S,

COOTHOIWIEHNEM p; == S,,q;. TTocTpOuM LeficTBUTE/bHBIE BETBH TNOBEPXHOCTH
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Broporo mnopsnka S;x,x;= kt 1. OrnoxuM panuyc amwo#t r, napan-
neibHbift g. Toraa:

1) KounoxenTa p, mapannenbHas g, 3a1aeTcs COOTHOLIeHHEM p, = Sg,
rie S== X 1/r?, nonowureseHL#t 3Hak OepeTcs, KOria pampuMyc OTKJAfbi-
BAETCH JJIA TOBEPXHOCTH S;;X,x;== |, ¥ OTpUUATENbHEI}, KOTrd OH OTKJa-
IBIBAETCA I TMOBEPXHOCTH S;yx;x;= — L.

* 2) Hanpasnerne p cOBNajaeT ¢ Hanpab/eHNeM BOCCTaHOB.JIEHHOH
B KOHIie pasiuyca-BeKTOpa HOpMamy (BHelHef Jist IOBEPXHOCTH Syyx Xy = 1
M BHYTpeHHe# LISl MOBEPXHOCTH S;x,x;=-—1).

OvyeBuzHO, uTO 002 peayibTata ChpaBelJMBB, KOrna BEKTOP g
napanneneH OfHOM M3 IJIaBHEIX OCeH.

PE3IOME

1. Tlpeo6pasosauue ocell xooppunatr (§ 2, n. 1 u 3). INpeobpa-
30BaHNe OJHOR OPTOroHanbHOM CHCTEMBI KOOPAMHAT B LPYTYIO 3anaercs
B COKpallleHHOR 3amuCHl ypaBHEHMEM

x;=auxj. (1.18)

2, Onpepenenue tensopa (§ 3). Tensop ectb dusnyeckas BennyMHa,
KOMIIOHEHTH KOTOpO# TpeOBpasylOTCsi CONNAaCHO  yKasaHHBIM  HUMKe
3aKOHaM.

3. 3akonst mpeoGpasosanus rensopos (rabJ. 2).
Ilns tewsopa HyneBoro pawra (ckanspa). ¢’ = ¢,
ILns TeH30pa mepBOro paHra (BekTopa): p;= QP
Ans TeHsopa BTOPOro paHra: T;I,:a,,,aﬂTk,
U T. L. A8 TEH30POB BHICLIEr0 paHra.
3akoH npeolpasoBanHusi BEKTOpa MMeeT TaKOM ke BUL, KAK M 33KOH
npeobpasopakns KOOPAMHAT. 3aKOH TPeoOPA3OBAHMA TeH30pa MMeer
TaKO® e BMA, KaK M 3aKOH NpeoOPa3OBaHUA TPOMSBEACHUS KOOpJIMHAT

§ 2, n. 5).

4. CoorHomenne mexay eextopamu (§ 1, n. 1). Ecan Bextops p,
N g; CBA3aHBl JMHEHHBIM COOTHOLUEHHEM

P1=T1ﬂj- (1.9
TO kospuuuenter T,; 06pasyioT TeH3Op BTOPOro panra (§ 3).

Tensope! BTOpOro pasra

5. Cummerpuunbie w anTucHMMeTpuunbie Tendopn (§ 3, nm. 2).
Tenzop [T};] cummerpuuen, ecnn T,/=Tﬁ, H aHTHCHMMeTpPHYEH, ecnH
T =__T

iJ Ji
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6. I'naguvie ocu (§ 4, n. ). Cummerpuunnit Tensop [S;] umeer
rIaBHLE OCH; MPH NPHBELEHMM K STHUM OCHIM TEH30p MMeeT BMJ

'S; 0 07
0 S, 04,
L0 0 Sl

Jluneitebie  cooTnOmeH s p,:Si,q, B 3TOM CJyyae ynpouaKTcs
(§ 4, n. 2) n samucuIRaOTCH CheayloW Uy 06pa3oM:

=580, po=S:05 P3 = Sgqs.

7. Beanuuna, xapakrepusyiomas cBoicTBO B AAHHOM Hanpasle-
nuu (§ 6, n. 1). Ecim p,=S,,g,, 10 BeMuuHy S, XapakTepuaymouLyo
¢usnyeckoe csofictso [S;;] B NI060M NPOM3BOJILHO BHIGPAHHOM HATIPAB-
JeHNM, MOXHO OTpPeLesUTh, NpHUiaras @ B 9TOM HANpPaBjieHHH M U3Mepss
Be/MYUHY p,/q, rie p, — KOMNOHeHTa p, TapainenbHas g. Bemuumna S

B HampaBnexun I; onpenensiercss ypasrenneM (§ 6, m. 2)
S = Sijlll]’
Uny, NPHM NPUBELEHHM K TJaBHBIM OCHM,

S=SE4 2+ S,

L
Ecan oce Ox| HanpaBieHa B BHOPAHHOM HAMHM HATIPABJEHHM, TO
S=S§;

11*

8. Xapakrepuctuueckas NOBepxHOCTh BTOporo nopsaka (§ 4).
XapakTepucTHYeCKass TOBEPXHOCTH 1HJs CHMMETPHYHOrO TeHsopa [S,,]
OTnpenensieTCs ypaBHEHHEM

Syx;=1, (1.26)
Wi, npu nepexoge K ryaBHeiM ocaM (§ 4, m. 1),
S8 4-S, x2S, x2=1. (1.28)

Csolicmso paduyca-sexmopa (§ 7, n. I). Papuyc-sekrop r Xapak-
TepPUCTHYeCKOM TIOBEepXHOCTHM CBA3aH C BeJMYMHON S, Xapakrepuayouiei
CBOWCTBO B NAHHOM HAnNpaB/JeHHH, COOTHOLICHUAMH

1
S = —, — =
VS
Csoticmso paduyca-sexmopa u nop.iaau (§ 7, n. 2). Eciv p,— Sya;

M ecay panuyc-Bekrop OP XapakTepHCTHYECKOfl TOBEpXHOCTH TpOBeleH
napannenbHo ¢, TO HanpasjieHHe p COBNAfaeT C HAaNpPaBleHHeM HOPMAH
B TOuke P.
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[TosBneHuss MHUMOro panMyca-BeKTOpa MOXHO Halexatb, BhiOpaB
NIOBEPXHOCT: BTOPOro mOpska

Syxx;=—1

¥ W3MEHMB COOTBETCTBYIOMMM OCpa3om sHak (§ 7, m. 3).

9. Biusvue cummerpuu Kpuctaana (§ 5). dopMa u opuenrauus
XapaKTepUCTHYeCKOH TIOBEPXHOCTM BTOPOro MoOpsiaka AJs cBoMCcTBA KpH-
¢Talla, ONHMCHLIBAEMOrO TEH30pOM BTOPOrO paHra, ONpene/Aercs KpUCTal~
aorpaduyeckoit cuMMerpHeil B COOTBETCTBHMM ¢ npuHuunom Heltmana
{cM. Tabn. 3).

SALAYH

1. Ilycte p; u g;— BekTOpH, TOrHa p1/qy, Pa/gs M Ps/Gs— TPU uncha, 3Ha-
YeHHSl KOTOPBIX MOXHO OMNpeieinTh B JMio60ft cHcTeMe koopanHaT. ByayT am sTh
upcna KOMIOHEHTaMH BeKTopa?

2. B yeM Omm6OYHOCTD CEAYIOMEro YMO3aKMOYeHHs: CHOCOGHOCTh BBISBHIBAThH
IHGPaAKUMIO PEHTIEHOBCKHX Jyuel ecTh (pu3MyecKoe CBOHCTBO kpuctanna. C mno-
MOIIbIO PEHTTEHOrpaMMbl MOXHO ONPELENHTh NPOCMPAHCMECHHYI0 2pynny Kpw-
craana. Ho npurumn Hefivawa raacut, uto cMMeTpHf (PH3HUECKOrO CBOHCTBa
3aBHCHT OT mouexnoil zpynnei Kpuctamna. ChepoBarenbHo, npuHunn Hefimara
HEMPHMEHHM K nH(PaKuHK PEHTreHOBCKMX nyueit.

3a, Tensop ynenwHO}! 8NEKTPONPOBORHOCTH [o;] HEKOTOPOrO KPHCTaNIa HMEeT
CHAEAYIOINE KOMIOHEHTH B CHCTEME KOOpAMHAaT X3, Xg Xg

i 25. 107 0 0 T
[oy] = 0 7107 —@BYV3- 100 |,
0 —@V3)-1r 13. 107

DNeKTPONpOBOJHOCTL BoipaxxeHa B cucreme MKS (om—1.x~1), 3ateM ocu
' ' '
npeo6pasoBaHbi K HOBOM CHCTEME X, X, Xg, 3aNaHHOM ClenyiomKMHM YIIaMH;

H0x, =0,  x0x, =30°, x,0x, =60°, x,0x, =30".

CocraBurs Tabmuuy thna (1.11) zas sToro npeo6pa3oBanis u NPOBEPHTH,
YTO CyMMbl KBafpaTtOB a;; B KaxAioM cronbue M Kawnoll CTPOKe paBHbl
enHnye

36. Onpenennth 3HAYEHHA KOMIIOHEHT c;j H OOBACHUTHL MNOAyUeHHbE pe-
3yabTaTHL.

7 7
38. HayepTuth Ha HOBBIX OCAX X, M X, CEYEHHE SJIMICOHAA SJEKTPOMPO-

!
BOTHOCTH (xapaKTepHCTHYECKO} MOBEPXHOCTH) MAOCKOCTHI0 X; =0, yunTHBas,
IO 3710 rnaBHOe ceueHHe, HaHecTw Ha ueprem cTapble OCH X3 H Xg.
3r. Mposectn panMyc-Bexktop OP B HanpaBieHuy, HanpaBafiouine KOCH-

ych kotoporo B ctapoit cncteme koopanHat pasknt (0, 15, V' 3/2). Wameputh

LMY 8TOrO panmyca-BeKTOpa M HaliTH OTCIONa SAEKTPONPOBOIHOCTH B STOM
Hanpasnenn.

3n. ITpoBeputs nocnepmuit pesyasTaT aHalHTHUECKH,
Jlomg:é Ilpennonomnty, 4TO SJAEKTPHUECKOE [ONE HANPAKEHHOCTHIO 1 8/4 mp-
ompe B Hanpasrednn OP. BHYHCINTL KOMIOHEHTH E; Bronn Ocelt Xy, a 0TCiofa
PELENUTL KOMMOHEHTHl MAOTHOCTH TOKa Ji

4 DOw Wan
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3. OTNOXUTL 5TH KOMIOHEMTH f; B BhIOpanuoM MacmTabe Ha OCAX Xy, X,
Xg M 3aTeM Ofpefeanth rpapuueckn BEeNMyHHY M HampaBieHHe pesyabTHPYIOUIeH
MIOTHOCTH TOKa.

3a. [Ipn TOM e 3afaHHOM 9JeKTpuuecKOM MOJe, 4TO M B 3ajaue 3e, MOBTO-

7
puTh Te € BBIYHCICHHA, 3aMEHMB oCcH X; OCAMU X; K NOJAb3YyACHL 3Ha-

7
ueHHEM O, HafilenrblM B 3afaue 36. CpaBHMTb DPe3ylbTaT C PeayNbTaToM,

NoIyYeHHHIM B 3ajaue 3.

3u. CpaBeuTh HaliieHnOe HampaBJeHHe PpESyNbTHPYIOMEr0 TOkd C Harpab-
JeHHeM HOpMalM K SIHMICOHMAY SASKTPONPOBOIHOCTH B Touke P,

3K. Haltu rpabmueckn napamtennhylo OP KOMIOHEHTY pPe3yanTHPY.ouIei
NNOTHOCTH TOK2 M 3ateM HaliT ¢ B 5TOM HanpaehaeHunM. CpaBHMThL 9TO 3HAaueH 1€
CO 3HAYEHMAMH, HaiZeHHBIMM B 33javax 3r u 34.
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NPEOBPA3OBAHHS
U TEH30Pbl BTOPOrO PAHTA

Sra rnasa COCTaBJfeT MaTeMaTHyeckoe ZzOmMOJHeHWe kK ra. I, H
xeNallte nepefitH npAMO K ¢GU3MYECKUM TIPUJOKEHMAM MOryT mnpomny-
CTUTb €e M TpPUCTYNIUTE K uTeHHO ria. IIl. 3mece Mn BepHEMCsi CHOBa
K HEKOTOPHM BOTpOCaM, pPa3cOpaHHbIM B . I, W MPOROMKHM MX pac-
CMOTpEHUE.

§ 1. MpeoGpasoBanne oceli KoopauwaTt

1. CooTHOmeHUA Me}AY HanpaBjsiloUlHMH KocwHycamu. B ra. I,
§ 2, n. 1 Owin0 OTMeyeHO, YTO npeofpa3oBaHde OT OLHOR OPTOrOHaJb-

wott cucreMr koopaumatT Ox; k apyro#t cucreme Ox; zanaerca Tabiuued
Xy Xg Xy
x' a a a
1 11 12 13
/ . ' (.1
Xy | O;1 Gpg Qgg
7
X3 | @31 Q3z Q33
roe fesfiTb KOSQQUUUEHTOB @, He SBJSIOTCA HE3ABUCHMHIMHU. ISTO SICHO
BULHO M3 pacCMOTPEeHMs YHcna cremeHe#t cBoGonb npeobpasosamns. Ecmm
ocu Oxy, Ox, Ox; 32naHbl, TO AN5 ONpeleNeHus Hanpasnexus Ox|
HeOOXOAMMO 3HATE [Ba YrJa, HampuMep wHpoOTy M noarory. Hoeee ocu
MOryT CniTh elle NOBepHyTH BOKpYr Oxj, cAenOBATeNbHO, HAMO 3HATH

elle OAMH yYrojs — yroJ MOBOPOTa BOKPYr Ox;. Takum oO0pasoM, #Js

onpenesexusi nPeoOPasOBAHUA HYKHBI TOJBKO TPH HE3ABHCUMEIE BENMYUHBI,
NOSTOMY NO/MKHBI CYLLECTBOBATH LIECTH HE3ABUCHMEIX COOTHOLUEHHH MEMAY
REBATHIO KOG UUNEHTAMH &),

Tak kaxk kawmnas crpoka Tabmmubi (2.1) npescrasaser coGo#t Tpu
HANPABJAIIIYX KOCHHYCa NPSMOR JHHUM 1O OTHOLUEHUIO K OpPTOrOHalbe
HHM ocam Ox,, Ox,, Ox; TO MMeeM

ail + aiﬁ + afa = 1, T. €. alkalk = 1; (2'28)
oyt oty =1. T e auay=1 (2.26)

ad, t-at,+ad =1, T e aguy=1. (2.28)
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Crenopare.ibHo,
ety =1, ecan {=Jj. (2.3)

Tak kak kawnas napa crpok rtabmmus (2.1) npencrasiser coboit
HaNpP aBAfAIOILNE KOCUHYCH JBYX B3aUMHO TEPTEHAMKYJAPHLIX TPAMLIX, MBI
uMeeM

Gp Ogy - Goglizy - o333 =0, T. €. ayy0q, =0; (2.4a)

G31011 V- OgyQ1p +- Qa3 =0, T. €. @aga,, =0; (2.46)

011091~ Qyalpp 4 C13s3 =0, T. € 41,05, =0 (2.48)

(cp. ckaspHOe npoOU3BeseHNe ABYX B3AUMHO NEPTIEHANKYAPHEIX BEKTOPOB).
Yrak,

Gpop =0, ecmm [ J. (2.5)

Ypasuenns (2.3) n (2.5), Ha3LBaIOLIMECH COOMHOULEHUSME OPMO20-
HOABHOCMY, MOTYT ObITH CBEAEHBl K NPOCTOMY YPaBHEHHIO

Gty =3y, (2.6)

€C/JM BBECTH HOBHI CHMBOJ BU (cumson Kpownerepa), onpernensieMuiit
crefyromuM 06pasom:
1 (l=j)v
a,,z{

0 ¢+

3ameuan, 4TO Kawabi#t cmoabey Tabmuus (2.1) Takke comepHHUT
HATIPABJSAIOLLINE KOCHHYCH TPEeX B3aVIMHO MepneHAMKYJAPHLX TPAMLIX, Ha
STOT pas oTHocHTensko ocelt Ox;, Mbl NOMyyaeM WECTh aHAJOrMYHHX

COOTHOLIEHM# OPTOrOHaJbHOCTH M A4 06paTHOro npeoGpasoBaHys
gy = By (2.8)

@.7)

OnHakO MOXHO BMLETB, YTO STH COOTHOLUEHHS He HE3aBHCUMH OT COOT-
HOWeHHH (2.6), TaK YTO OHM He COLePHIAT N0 CYHIECTBY HMKAKMX HOBHIX
CBEJeHUH,

3amenanue o mampuyax. Ecau BeinMcaTe B BUge TabJulb 3Haye-
HuA 8, TO TONYYNTCH eOUHUYHAS MOMPULQ

B B2 ¥y 100
Bij —_— 621 622 623 =[(0 1 0 . (2-9)
31 B3z By 001

Mul 3ak/ouaeM MaTpuubi B KpYribie CKOOKH, YTOOH OTJIMYMTL HX OT
TEH30pOB, 3aTNHCaHHBX B BUZe Ttabauil, Ecanu [TU] 0603HaYaeT BCIO
tabnuuy komnowert Ty, To (3;) O3Hayaer BCIO TaGJMLY KOMNOHEHT 8y

Mu BBE/m ywe nBe Tabmmub, (a,;) u (8,,), Ha3BAHHEHE HAMH MaTpit-

uamv. Termepp crenyet pasbACHUTH Pasnuyde MEXAY MATpPHUAMH M TeH-
sopamM. MaTpuua— 570 TO CyLLECTBY MaTeMaTHYyeCKOe TNOHsATHE; OHa
npencraBaser coGoit mpsmoyrosbnyio taGmuuy uucen. (Cnyua#tmo okasa-
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noch, uto ofe paccMOTpeHHbie HaMH Marpuubi OB KBaAPaTHLIMM;
OOHAKO NO3LHEE ME BCTPETHM HHBIE, TNPAMOYTOAbHBHE MATPHIH.)
HaoGopor, TeH30p ecTh 1O CymlecTBy ¢pH3Myeckoe MNOHATHe, MO0,
Kak Mbl Yae BUOend (cM. cTp. 29), TeH3op sBasercd (u3Myeckoft Besu-
yuHOH (HampHMep, SJEKTPONPOBOAHOCTHIO), PopMasbHOE CXOLCTBO MEXAY
MaTPUUAMM M TeH30paMy BO3HUKAeT BCJEACTBME TOrO, 4TO 4/ M3o0pa-
HEHUSl TeHsopa HeoGXOAMMO MCIIOJb30BATb MATPHYHYO Tabauuy kosd-
¢uumenroB. Mbi BHZeaM, YTO AJA 3a1aHHOTO TEH30pa BTOpPOr0 pPaHra
Marpuia Ko3ddUUMEHTOB NpPHHMMAeT pasfiuuHylo ¢OpMy B 3aBUCHMOCTH
ot Bubopa ocefi koopamHar. Bce Tenaopn Moryr ObiTh M306paredsi
C mOMOWBI MarpHil (M 4ns TEH30pOB BTOPOro paHra Tako# cnocob

I Iy

Z, %y

x, Lz 5

a
® ur. 11, JIBe OpreHTauHy CHCTEM KOOPAHHAT.

a —npepas CHCTEME; 6 — neBag CHCTeMa,

NPeACTaBNeHUs OCOGEHHO ecTeCTBeH); ONHAKO He BCE MaTpulbl 00s3a-
TE/bHO TNPECTaBASIOT TEH30PH.
Csolicmeo mampuypl (BU). IMycts p, ectb I-fi KOMIOHEHTA BEKTOPA.

OGpasyem Bupaxenne 8,p, n npoussenem cymmuposanue no I Iloncras-
nast 3navenus 8y, noxyyaem

Syp=1py
Crenosarensho, ymHOmeHne p, wa 3, TpHMBOLMT K 3aMeHe MHuekca [
UHAeKcOM j. AHAnOru4Ho,
Bypy = Pr
Tem xe crocofom monyyaeMm LA KOMIIOHEHT TeHsopa Ty
STlp="Ty n 3Ty=T,

Buaronaps stomy ynmoGeomy caoficrsy (8;)) mworna HasuBalT Mampu-
uel 3amewenus. )

2. 3nauenue |@y|. Jlo Hacroswero MOMeHTa y Hac He ObIJIO HeoG-
XOLMMOCTH oOmpepne.’aTh, Kakas CHCTEMA KOOPAMHAT MCTOMAb3YeTCH — Mpa-
Bas unu nepasi. Tenepb HYXHO YCTAHOBHTL pasnuuMe Mexny HuMu. Ha
¢wur, 11, & nokazaua npaBas CHCTeMa KOOpAHHAT, a Ha ¢ur. 11, 6 — nepas.
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MoxHO BHIeTb, 4TO B ciyyae npaBoH cHCTeMs NpH LBHIKEHMM TIO Tipa-
By TPaBOro BUHTA BJOJb NOIOMHTEIBEOrO lanpaBlieHns Ocit X; NOBO-
por Ha 90° coBMellaeT OCh X, C OCbIO Xg aHaNOrmuno, nosopor Ha 90°
NpHY IBWKEHMM MO TPaBHUAy TNpPaBOro BHHTA BLOJbL TOJIOXKHUTEJBHOI O
HampaBJleHNs X, COBMellaeT X3 € X, (UMK/AMYecKu# nopsnok), a mMoBOpOT
sa 90° npM nBMEHHH TIO TpPaBHNy NPaBoOro BHHTA BAOJL TOJIOKUTETb-
HOTO HanpaBjeHus X; COBMeIlaeT X; C X, Jlaa .eBolt cHcTeME
OcTaeTcs CNPaBeNVIMBBHIM TO e caMoe pacCyxX.deHue, eCM ABMMeHHe To
NpasoOMy BHHTY 3aMeHHTb LBMXKeHHMEM MO JeBOMY.

BBenenne neBo#t cHCTeML KOOpIMHAT — MeyYanbHas HeOOXOLMMOCTS,
CBA3aHHAs C TEM, YTO MBI JO/MKHBI PAacCMaTpuUBATh TakMe OMepailuy CHM-
METpHH, KaK OTpa¥eHHe B TJIOCKOCTM M HHBEPCHA B TOYKE, KOTOPHE
H3MeHSIOT TPaBylo CUCTEMY Ha JeBYIO (MM HaoGopor). IlokameM Temeps,
YTO ZeTepMMHaHT 1) MarpullH np206pa30OBaHus (e, xoTopH# ML 3anu-
eM B BHIE IaUI. pases -1 uam — 1, B 3aBUCMMOCTM OT TOrO,

ocraercsi M mpu mnpeoGpazoBaHUM CHCTeMa KOOPAMHAT npaBolt (1esoil)
MIM MaMeHsieTcsl Ha JheByIO (npaByio) [B68].

Mul MMeeM
an 01z Q13
lay;|=|0n @n 8n|= 0y (0055 — Cslig) +

31 Q33 Ggg

4 @42 (Gos0ay — Gp1033) + Q13 (€ Ggp — Gnp031).  (2.10)
Pewasn (2.46) u (2.4B) OTHOCHTENBHO @y, @y ¥ Q3 MNOJYyYaEM

- —_— — T
Q9093 — Q3a0sy Og3091 —— Q31023 031035 — Q3051 k

an a1z _ agy _ 1 @.11)

1) JletepMuHAHT MaTpHUEl C ABYMs CTPOKaMK M aByms ctonbuaMu [(2 X 2)-
MaTpHubl] HasbBaeTCH OemepMuHaHMOM 8mOpoz0 nopadka w ONpenensercsa

a
crenyiommM o6pasom. JlerepmuHanT l e d o3Hauaer BuipaxenMe (ad -- bc).

Hetepmunant (33X 3)-MaTpHubl, HasbiBaCMblt OemepMuxanmoMm mpemvezo no-
pAadka, MoxeT OBHITh ONPEAENCH Yepe3 LETEPMHHAHTEL BTOPOro nopsizka ciae-
AyownM o6pasoM. JlerepMHHaHT

a b ¢
d e f
g h k
paBeH
e f df+cde
Lk g k g hl

Onpenefesys JeTEPMUHAHTOB BHICLIErO NOpsaka MOryT OBTh LaHbl aHAJOrHuHO.
O6uee ompenenckie mpuBeseHo e npumeyannH 2 Ha cTp. 189. Bonee non;])oﬁ-
HHE CBENCHHS O JieTepMuHaKTax oM. B kHurax [2, 38]. (Cm. takxe [106, 113]. —
ITpum. nepes.)
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rae B — koHcranra. CnenosaTeibHO, MOACTABAAS BHAYCHUS (Qgallgy — Gpglsy)
¥ T. 4. B ypasHenne (2.10), nmeem ¢ yuerom (2.2a)

|ay,| =k (63, + dfg+ aig) = k.
Teneps ypaBuenne (2.11) paer
ai; + o + ais 1
(32093 — 33033)% + (Qa3001 — 031093)* + (231023 — B33001)* — K? °
CaenoBarenbHO, UCNOAB3Yys (2.2a), noayyaem
(Qgo825 — O330p0)* - (G330iay ~— 031 095)® —+(Og1 Cap — Cgplly)? = k2.

Hcnoab3ys obiee TOXIAECTBO

(be' — b’ 4 (ca! — ac' P +4-(ab’ — ba')2 =

= (@24 B2 4 c?) (0 4 0"+ ¢*°) — (aa’ < b + cc'y?,
NpUBOAMM HaWIeHHOE BhipaweHNe K BHLY
(ag1 + a3+ aga) (a§1 + a5, - afjs) - (a31a21 + Ggylty, + a33a23)2 =k

Ho, coraacHo (2.26), (2.28) u (2.4a), nepas CTOPOHZ STOrO YpaBHEHHS
paBHa epunuue. IlosTomy |

k='aul=___{:1. (2.12)

Ecmu nBe crpokn |a;| MeHsAlOTCH MecTamM, TO 3HaK JeTePMHHAHTa
usmensiercs. Crnenosarenbno, sHak |a;| 3aBucur OT BHOOpa HyMepauuu
ocell. PaccMmorpum cHawana npeo0pasoBanye, OCTABJAIOLLEE OCH HEH3MeEH-
HLIMM, KOTOPOE HA3LIBAETCH MONCOLCMBEHHbIM NPeolD 306 AHLEM:

1 00
ey=[0 1 0]=g,)
(ay) 001 Sy

[cornacHo ypasnenmio (2.9)]. B sroM cnyyae, oueBuAHO, laulz—i—l.
Teneps npencrabum cefe, YTO HOBasi CUCTEMa KOOPRMHAT MOBOPAYNBAETCS
OTHOCHTENbHO CcTapo#t. Tak Kak BCe @; WU3MEHSIOTCA HEMPEePHIBHO, TO
3Hauenne |ay| He MOWET M3MEHMTbCA CKaukoM oT +-1 k — 1; orciona
3akJyaeM, 4yro npu Jwbom npeoGpa3OBaHUM, ABJAILIEMCH TPOCTHM
TIOBOPOTOM Oceft, Ia,j|=+ 1. JlioGas npaBas cucreMa KOOPOMHAT MOMET
OuTb cosMewena ¢ 1000#t apyroft mpaBo#t cHcTeMmO#t COOTBETCTBYIOLIMM
TIOBOPOTOM; TO K€ CAMOE€ CNpaBefJMBO AJfl JIOOBIX OBYX JIEBLIX CHCTEM.
Wrak, nas npeobpasosanus, npu xomopom npasas cucmema xoopOu-
Ham ocmaemcs npasod, a sesas — aesod, |ay| =4 1.
Paccmorpum Teneps mpeo6pasosamue

—100
(a): 010,
i 00 1
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KOTOpOE NaeT X; = — X,, X; = X,, X; ==X, ¥ 1% KOTOPOro |a;|= —1.
Ha ¢ur. 11 moxHO BumeTs, uTO 3TO Npeo6pasoBaHMe M3MeHSIET TPABYIO
CucTeMy Ha JeByi0 (M Haobopor). Tenepb npencraBum cebe, YTO HOBas
CHCTeMa KOOpIMHAaT TNOBOpaunBaercs. lleTepMMHAHT | @, | He MOXer u3-
MEHUTbCA CKAYKOM M TIO9TOMY OCTaeTcsl pPAaBHEIM —{. Ecnn crapas
cucTeMa KOOPILHHAT -— TPAaBas, Takofl TOBOPOT NepeBeneT HOBYIO CHCTEMY
B JeByl0 JI0OCO# xenarenbHOM opMenTauMiu., AHAanNOruuynoe paccymueHue
CpaBefMBO, €cal CTapas CucTeMa SIBJIAETCA JeBOH, a HOBas — npasoit.
Orciona chenyer, YTo L1 npeobpa3o8aHus, Npu KOMOpOM npasas
cucmema  koopOuram cmaHosumcs Ae8oli, « aesas — Npasoi,
lay|=—11.

Monoxus B ypaswenun (2.11) k=t 1, Mb HaXomuM emwe OLHO
nonestce CBOMCTBO

a1y = T (02055 — @u3tlsy)s

Q13 = o (Gug091 — Gayap), (2.13)

O1g =T (1030 — Cpalt3y)-

3necy mnepen ckobkamM OyHeT CTOATb 3HaK TLMIOC, ecil npeoGpa3oBaHue
OCTaBJsieT NPaByl0 CHCTeMy TNpaBo# (MM JeBYiO J€BOH), M 3HAK MHHYC —
B TPOTHBOMOJIOWHOM cayyae. B ofrem cayyae kamabi#t kosdduUneHT ay
paBeH ero MHHOPY B IeTepPMMHAHTE |aU|, B3STOMY CO 3HAKOM ILIIOC WM
MHHYC.

§ 2. Bekrtoproe npoussenenue. [lonfiprbie u aKcuanbHbIE
BEKTOpHI

B BeKTOpHOM aHaniu3e NpPHUHATO A4AA ABYX 3aJaHHEIX BEKTOPOB p M ¢
onpejensTb BEKTOP, HasbiBaeMbil BEKTOPHBIM TpOM3BeneHueM p X 4g.
B cBs3M C 9THM TNOHATHEM BO3HUKAIOT HEKOTOPBHIE TPYLHOCTH M OCOOEH-
HOCTH, KOTOpbie HAM HeoO6XOouMO ceiyac OGCYRMTS.

B naHHOM KHUre Mut ONpeneJMM BEKTOPHOE MNPOM3BENEHHE BEKTO-
pPOB p; ¥ ¢; K&K BEJHYMHY

Vy=—p4;,+ pra: (2.14)

Jlerko nokasats, YTO V,; MOLYMHSAETCS 3aKOHY npeo0pa3’OBaHUA TeH-
3opa Broporo padra [cM. (1.22)]. M MOmeM takxe BHIETb, HTO

Vy=—(— Pq -+ Pﬂj) =— er

1) NleTepMHHAHT l 2| pase TpoiinoMy npomzBenetnio (a’b’c’), onpenenen-
HoMmy Kak (@’ X B’)-¢’, rue a’, b’, ¢’ — enHHHYHEIE BEKTOPH, MapallenbHule

7/
ocaM Ox;. OnHako 1asl [OKA33aTENbCTBA TOrO, YTO lagl==x 1, nyxHo omnpene-
JMTh SHAK BEKTOPHOrO MpPOHM3BELEHMs, NOSTOMY Mbl OTJIOXHM 5TO pacCMorpenine

mn§ 2



§ 2. Bexroproe npousgeQertie. ITorsprbie 1 aKkcuansHble 8exTOpbL 57

Cnenosarensro, [V ;] ectb aHTHCHMMETPHYHBIA TeH30p BTOPOrO para.
Buinuchisas ero B PasBepHyTOM BHILe, HMeeM

P 0 — (7192 —r2q1)  (Psg1—p19a) ]
V= (P1g2—p:q1) 0 —(pgs—ps9a) |.  (2.15)
L—(psg1 — p1g3) (P23 — P3qe) 0
D10 BuipameHMe MOXHO 3amMcaTh B BHAe
T 0 —ryg rg 7
rs 0 —r |,
| —ry rp 0 !

rae
ry= pyds— Pdas To= Psg1— P93 Ts= P92 — PoGr- (2.16)

Mpbl TpUNMCany OTpHUATENbHBIE 3HAKM YJAeHaM, CTOSMM B BepXHe# mmo-
Goysolt guaroHanu, utoObl COXPaHMTh UMKJMYecku#t nopsnok B (2.16).

B BexTopHOM aHamM3e ry, ry, r3 PacCMaTpPUBAIOTCA KAK KOMIIOHEHTHI
BEKTOpa #, OLHAKO MbI ceMyac TOKaxeM, YTO OHH He 0o0pasyioT BekTopa
B CMHIC/e RaHHOrO HaMu onpenenenus (cM. crp. 29).

7 -
[Tpu nepexone OT oceft x; K OCAM X; BEKTOPBI p, W ¢, TEPEXOAAT

B p. u ¢. Ecmm apHenve (2.16), onpenensiouee r,, TNPOAOMEKAET
p; a; yp p ] p
OCTaBaThCA B CUME OJf HOBBIX OcCed, TO
I ___ 17 [ _ . .
Ty = P93 — Py == Oy 0gy9; = Gg;Dy057; = Gyl (piq/ p]ql)’

[3neck ucronb3oBano ypaswene (1.13)]. BamuckiBas 3TO BHpPaweHuE
B pasBepHYTOM BHAe, MOJyyaeM, YTO Kawabifl ujeH, ctosiun#t B ckOOKax,
BOHIET nBamAB C MPOTHBOMOJNOMHBIMU 3HakaMM. CnenosaresbHo,
7
ry = (Canliss — Gp3l35) (Paqs — Pads) +(Gagley — G21038) (Psg1 — P198)
+ (@108 — G23031) (P1G2 — Pag1)-
WUcnonpays ypasrenns (2.13) u (2.16), nonyuaem
r; = __.{: aurl ___{: a12r2 ___{: CGy3lg. (2.17)

Bnecy monoxurensHbie 3nak¥ GepyTcs NpH NpPeoGpasoBaHMM, OCTABJISIO-
LIeM NPaByIo CHCTeMy TPaBOR (MM NeBYio — JeBo#), 1. e. npH | a5l =4 1,
M OTpMUaTe/NbHBE 3HAKM — NPH TPeOGPa30BAHUY, TIEPEBOJALLEM TPABYIO

Cucremy B neByio (MaM HaoGOpOT), T. €. TPH Ia,,.-|=— 1. AHanoruyHwue
YPaBHeHHs MOXHO HAMMCATL AJA r. U r;. CrenosarensHo, MH NOJyyaeMm
! —
ry=tayr,. (2.18)

Ecan 6 B ypapuenuu (2.18) He 6biM BO3MOXHH OTPHUATENBHBIE
8HaKW, 10 r,, r,, ry NPeo6pa3oBanuCh Gbi NONOGHO KOMIIOHEHTAM BEKTODA,
8 CrenosarenbHo, GbiM 6 TaKOSHMH. ONHAKO NPY mepexone OT npaBof
CHCTeMH koOpnuHaT Kk Jesoft (Myn Ha00OpPOT) KOMIOHEHTH Fy, Iy, Ig
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M3MEHSIIOTCA TaK, YTO LM HUX He BLITIONHAETCA 3aKOH TpeoGpasoBaHus
KOMIIOHEHT BeKTOpa ,
py=a;p, 2.19)

Beanunen, korophie npeoGpasyrorces corsacHo npasuny (2.18), Hasui-
BAIOTCH QKCUGAbNBIMU Bexmopamu. VICTHHHbE BekTOpH, KOTOpLie Tpe-
00pasyloTcs COraacHo Tpasuay (2.19), MoryT GHITH HAa3BaHL M OASPHbME
gexmopamit, Koria HeOOXOLNMO TpPOBECTH YeTKOE pasnuuue.

CrenaniHe HaMH BHBOLL MOXHO CYMMMpOBAThb CEAYIOLIMM O6pa3oM.
BektopHoe npousBeienve IBYX TOMSPHBIX BEKTOPOB HE TMPENCTAB.ISET
co0o#t MCTHHHOrO (MOJIPHOrO) BEKTOpA, @ SBJAETCH AHTHCHMMETPHYHL!M
TEH30POM. IDTOr0 MOXHO OXHMAaTh Ha OCHOBaHMM ypasHeHus (2.14)1).
Tpu HesaBHCHMBIE KOMTOHEHTH aHTHCHMMETpPHYHOTO TeH30pa, 00603HAYEH-

Hble yepea r,, NpeolpasyloTcs COriacHo
/ aakoHy (2.18) u o6paayioT Tak HasHBae-
(3 MBI}t aKcuanbHEf BEKTOp.

/ IMonspHbIt BEKTOP MOXHO TpencTa-
BUTb CTpeJkolt, uMeromielt ompepeleHHOe
a ¢ HanpaBaeHue (¢ur. 12, a). Ilpexne us2)
& ur. 12. CumBomMueckie mso- N300pasuThb NoLOOHLIM COCOCOM aKCHAME -
6paxeHVs OJAPHOTO BEKTOpa (@)  HEIf BEKTOp, HeoOXOLUMO BBECTH OIpe-
# aKCHanbHOro BekTopa (0). LleNleHe TIpaBO- M JIEBOBMHTOBOrO ABHMKE-
Hyusi. PaccMoTpuM, Hampumep, Kak B Bek-
TOPHOM aHa/M3e 3aJaeTCs HampapBjieHWe BEKTOpPHOrO TNpPOW3BeLeHMS ABYX
BekTOpOB. BexTOpHOE TNpousBeneHne p X ¢ onpexensercs kak pgsin 0 . Z,
rae 6 —yron mewny BekropamM p M ¢, 4 I-— enuHUYHLI!t BEKTOp, mep-
TEHIMKYMAPHbIft p U @ Tak, 4To p, q u I o0pasyloT npasyro cuCTeMmy.
Mnaye, RekTOpHOe MpoUSBELEHNE p M @ ONpPELenseTcs KaK BEeKTOp, KOM-

TIOHEHTBl KOTOPOro B nprsof CHCTeMe KOOPAMHAT MMEIOT BHA:

(P93 — Pi@2r  PsGr— P93 P12 — Pots].

[Tpumepamy akcuanbHbIX BEKTOPOB MIBJAIOTCH Yrjosas CKOPOCTb, MO-
MEHT KOJMYECTBA IBMKEHHS, MOMEHT CHJIE, POTOp TOJAPHOFO BEKTOpA.
Ha ¢ur. 12,6 naHo npexncraBieHde aKCHAaNbHOFO BEKTOpa, He 3aBucAlLee
ot BLIOpa MOMNOKUTEIBHOTO HANpaB/eHusi BUHTOBOFO AprieHus. AKCHA.Tb-
Hbift BeKTOp M300pamaeTcsi OTpesKOM NpAMOH oOnpeleseHHOH ANMHLI K
OTpene/IeHHOH OpHeHTaLMH, KOTOPOMY TPHIKMCHBAETCH BpalleHue B TY
UM MHYIO CTOPOHY.

Yrolbl MOACHUTb pas/iMyve MexAy BeNNYNHAMHM, CHMBOJHYECKH H30-
OpameHHbiMH Ha ¢ur. 12, ¢ n 6, oTpasuM Kawiabit CHMBOJ B IJIOCKOCTH,
NepreHIMKYAAPHOR UX anMpe. Jlerko TpoBepHTb, YTO TPU STOM CHMBOJ,

1) CnyuaitHO OKas3anoch, 4TO B TPEX MBMEPEHNSX aHTHCUMMETPHUHBIE TEH30p
BTOPOrO paHra MMeeT Takoe € uHcIO He3aBHCHMBIX KOMIOHEHT, Kak M BEKTOp,
HO STO HECMpPaBeLMMBO Aas Mo6Oro Apyroro yucna usMmeperuit. Tak, Hanpumep,
UeTHIPEXMEPHBIH aHTHCUMMETpUUHbI TEH30p BTOPOrO paHra sipasietca TabaHuei
4% 4 1 nMeer 6 He3aBUCHMBIX KOMIOHEHT, TOrfila KaK YeTHPeXMepHblt BEKTOp
HUMEET TOMbKO 4 KOMIIOHEHTH.
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n3o0paskaioniufi MoJdpubf BeKTOpP, M3MeHMT HalpasJeHue Ha oOpaTHoe,
a CHMBO. dKCHAJbHOTO BEKTOpPA OCTaHeTCs HenMsMeHHHM. Ecau ke oTpa-
3UThb KawIBif CUMBOM B ILIOCKOCTH, TNapasJefpHOH UX LJuHE, TO pesy.db-
rar Oyner oOpariieiM.

OnuiseM Terepb crnocol NOCTPOeHUsi CHMBOJA aKCHAJbHOFO BEKTOpA
NO MBBEeCTHBIM KOMNOHeHTaM. YToOw H300pasuTh axkcHalbHHH BEKTOD,
yMemUit B HEKOTOPOH cHCTeMe KOOPAMHAT KOMIOHEHTH ry, Fp; 3, TPO-
BeleM M3 Hauala KOODIMHAT NPAMYIO, TNpOEKUMSIMH KOTOpOHf Ha ocH
ABAAIIOTCH Iy, rp, ry. ECHM  cHucTEMA
KOOPILMHAT TpaBas, TO TMOJOKHUTENb-
HOe HampaBJeHue 3TOH mpAMo#t Oyner
OTpeLeNaTECA ABHMKEHHEM TO TpPaBHIy p P
Npasoro BUHTA M3 HAyana KOOpIMHAT.

Ecnu cuctema neBasi, TO NONOKUTENb- 2 7
HOE HampaBJieHie NpsAMoli onpenensercs ~~a__ 2
IBHXKEHHeM TI0 TpaBUJy JeBOro BHUHTA. R_~ &
L0155 MAMIOCTPALIMA STHX PACCYIEHHH I

npencraBuM cebe (dur. 13), uTo MBI :

noctpouna cumsoa OR  akcuaabHOro I, I

BEKTOPA C KOMIOHEHTAMHU ry, rp, Iy |,

B HekoTOpo# npasot cucreme ocett Ox,, IT;

O, Ox. IlomyCTuw, §TO M1 Temeph ¢ur. 13. Mpeobpasopanye akc-
nepewiiy K HOBOH, 2804 CUCTEME  gp; uono BexTOpa Mpi Tepexone or

KOOpIAMHAT, 3a1aHHOH npeoOpasoBa- npaBoit clcTeMbl KOOPANHAT K JeBOit.
HueM @, ==—28;; (T. e. M3MEHHIH Ha-

npaB/eHHe BceX oceff Ha MPOTUBONOJONHLE). HOBble KOMIIOHEHTHI
B COOTBeTCTBUM C ypaBHeHMeM (2.18) GyayT MmeTb BHI

4
r=—oyr,=dr,=r,

4 CJefosaTesbHO, OCTaHyTCA HeudMeHHbiM#. Otpesok OR’, KOTOpEHI Mbi
NpoBeleM M3 Hayala KOOPLMHAT, WYTOOH H300pasuTh BEKTOP, MMEIOLLHH
9T HOBBIE KOMIOHeHTH, OyIeT HampapjeH TmpoTHBonosoxHo OR, HO
MMeTb Ty e CaMylo AauHy. Tak Kak cuCTeMa KOODIMHAT Temnepb JeBas,
TO TOnOXHTeNbHOEe Hampasiene OR’ onpepensieT¢si TNPABHIOM JleBOFO
BUHTA. Jlerko yGemnThCs, YTO MOCTPOEHHOe HOBOE M300paxieHHe He OTJM-
YaeTCA OT MepBOHAYANBHOTO (332 HCKJIOYEHHMEM TPAHC/ALHHM, KOTOpas Hac
He purtepecyer). rak, cumBon, usobpamaiouinil akcuanbueil BekTOp, AeH-
CTBMTENBHO OcTaeTcs HeudMEHHBIM Tpu MoGoM npeoOpasosaHuy ocelt koop-
AMHAT, 4yTO, OYEBHIHO, AIBJIAETCA HEOOXOAMMBIM CBOMCTBOM TAKOFO CHMBOJA.

§ 8. T'nasusie ocu Tensopa

Mui oTmeyaan Ges nokasatennctBa s Fa. I, § 4, n. 1, uro, TIpOU3-
BOLs 3aMmeny oceft, MOHHO YNPOCTHTL YpaBHEHME XapaKTepucTHyecKOH
NOBepXHOCTH BTOpOro mopsika

Syxix,=1 (Sy=S,) (2.20)
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¥ TIPMBECTH €ro K BHIy
2 2 2
SI)<:1—|--SZ)<:2—1--83)63 =1,

Sror Bompoc 3acayxuBaeT AafbHelliero 0OCYKIAEHus.

IOns ynoGcrea OyneM CYMTATL ONpeNensiOLIMM CBOHCTBOM [J4BHBIX
ocelt TO 06CTOATEILCTBO, YTO B TOYKAX MX TNEPeceyeHys ¢ XapakTepucTiye-
CKOH TNOBEpPXHOCTBIO HOpManh K TMOBEPXHOCTH TNapainenbHa paiuycy-
BekTopy. OO003HauuM 4yepes P TOYKy Ha XapakTepHUCTHHYeCKOH MNOBepX-
HocTH, 3anaHHOR ypapueHuem (2.20), a yepes X, — Bektrop OP. Torza,
ecin Mul oOpasyem BekTop S;X;, TO B COOTBETCTBHY CO CBOHCTBOM
paznyca-BeKTOpa W HOpMalH XapPakTepPUCTUYECKOH TOBEPXHOCTH STOT
BekTOp OyIer napamteneH HOopManu B Touke P. VYcnoBue Toro, uro
panvyc-BeKTOpP M HOpManb AOMkHbH ObiTb TNapasfefbHb, €cTb yC/IOBHE
TIpONOPUNOHAJBLHOCTH MX COOTBETCTBYIOILMX KOMIIOHEHT, T. €.

rie h— koHcranta. CootHoweHue (2.21) npexncrapaser cofoft cucremy
Tpex JNuHEHHHX ONHOPOIHBIX ypaBHeHu#i B mepeMeHHeXx X;. Drta ciucreMa
HMEeT OTVIMYHOe OT HyJS peuieHHe Jylb B TOM Cly4de, eCld LeTepMH-
HaHT, COCTaBJEHHbIt N3 KO3(pdUUKEHTOB ypapHeHu#t [o6o3HayuM ero
yepes F (M)]. pasen Hyaw. Torpa monyuaem

Syy—2  Spp St
FN=| S Sa—2 Su |=0, (2.22)
Sz Szz  Sgz—12

49TO KpaTko MOXHO 3anucatb B BHIE
F)=|S,,—,|=0. (2.23)

910 KyOMyecKOe ypaBHeHMe 15 A HE3HIBAETCH BEKOBLLM YPGBHEHUEM.
Tpu ero KopHs (0603HayuM ux uyepes A, A” u A") 1al0T TPH BOBMOXKHBIX
3HayeHuss A, TP KOTOpPHIX CcHUCTeMa ypaBHeHuit (2.21) umeeT oTviMyHOe
oT Hyas pelienne !). Kawnawft M3 KOpHeff ompelenseT HampasjeHie,
B KOTOpOM paidyc-BEKTOp NOBePXHOCTH BTOPOro MOpAIKa NapajieseH
ee HopMaind, T. €. ONpPefensieT HanpaBieHde ONHOM W3 INaBHBIX oOceft.

MoykHO TIOKa3aTh, YTO STH TPH HAampaBleHysi B3aNMHO OPTOrOHAa/bHE.
PaccmotpuM mofbie 1Ba #3 HUX, ONpeleiseMbie, HampuMmep, KOpHaMg A/
u N, OG03HAaYMM COOTBETCTBYIOUIME PaiiyChi-BeKTOPH Yepes X, u Xj.

Torna

S, Xy =X, (2.24)
SX; =X, (2.25)

1) Moxdo nmokasath (cM. [36]), uTo Tak kak no oOmpeneneMio Bece S;; Beie-
CTBEHHBl, TO U BCE TPH KOPHA A/, A" u A"/ 6ynyT BEIUECTBEHHDL.
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VMuoxas ypasHende (2.24) Ha X, a ypasHenue (2.25) Ha X; M Bhi-
yuTas OAHO W3 LPYroro, NOJyyaeM

Sy (XoX) — X1 X[)= (v — ¥) X, 7.

Tak kak S;;==S;, TO seBai YacTb STOr0 YpaBHeHds paBHa Hymo.
[Mostomy

O — M X X] =0,

Orcona, ecin N =£)\’, TO ckansipHoe npousseleHne X; # X; paBHO
HyJ10; C/eJOBATeNbHO, 00a BEKTOpPA B3aUMHO OpPTOrOHANbHbl.

Hanpasaenus enasubix oceli, Hanpasnenns Tpex raasHeiX oceft X7,
X] u X} woryr ObiTb HaftieHbl B KOHKDETHOM Ciyuae CreiyiomuM oG-
pasoM. CHauana pemaem ypaBHeHue (2.22) oTHocuTenbHo A, Barem
C O.HMM 13 HaltleHHLIX 8uayeHudt A, ckawxeM )/, obpasyeMm TpH ypasHe-
nua (2.24) u peluaem uX A8 OTHoweHu#t X7 :X;: X, Tlosropss stu
omepauMd CO BTOpbIM KOpHeM, Hampumep X7, Haxoamm X[ :X;:X7.
Tpetse HanpaBneHue X' : X, : X, Moxer OwTb Ternepb HalineHo no-
CTpOeHUeM TepNeHAMKYIApa K TepBhHiM IBYM.

DTOT METOL HaXOXIeHusi HanpaBJeHUH TNMaBHBLIX OCelt BKJAIOYAET peLie-
Hie KyGMYecKOro YpaBHeHMs ¥ He oyeHb ynoGeH TIPM YMCHEHHBIX pac-
yerax. B ofeM cayyae Ans mosydeHus WYNC/HEHHBIX Pe3y/bTATOB Jyullie
JICMOJ/Ib30BATh METOJ TNOC/EeL0BATENbHBIX NMPHOIMKEHUH, KaKk 9TO ONMHCAHO
B ra. 1X. Jnas pByMepHOro cnyyas 3anaya 3HayuTeJbHO YIIPOLLAETCH
1 OyzeT paccMoTpeHa Hamum B § 4 naHHO# rnaswl.

Harunvi enaeuvix oceii. YMHOwUM ofe yacTu ypaBHeHus (2.24)
Ha X;. Toraa noayuaem

4 4 4 4
Sy X =NX, X, =1
cornacHo ypasuenuio (2.20), Tak kak X; ectb pamuyc-sektop. Crneno-

BaTe.ILHO, NJIMHA pajHyca-BeKTOpa, COOTBETCTBYIOLLErO KOpPHIO A/, ompe-
IensieTCA BbIpameHHeM

w7 |
VX{X{:W.

06031aqa9| LAMIiK FNaBHBIX OCel, Kak W mpewxze, yepes 1/]/51—, 1/]/:9:
V'S, u cesabipas M ¢ S, # T. 1., monyuaeM, uTo

N=S8, NM=S, M=S§, (2.26)

Tarunm o0pason, mpu KopHs ypaswenusn (2.22) sesswomcs mpems
erasnelaty Koaghpuyuenmasu S;, Sy, Ss.
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IOns ofieryeHusi 3aMOMMHaHHs MOXHO OTMETHTb, 4TO €C/M TIOBEpPX-
HOCTb BTOPOro TOpSAKA y¥e TpHUBeLeHa K IJIABHHM OCHAM, TO BEKOBOE
ypaBHeHie yTNpolaeTcs U NPHHUMAeT BUL

S§—\ 0 0
0 S—r 0 |—o,
0 0  Sz—A
T. €.

(S1—N(S;—N (S —1=0,

M paBeHCTBO KOpHe#t koadduumentram S, S, Sy OueBMIHO.

§ 4. Nocrpoenue okpywHoctu Mopa

Crenymomwee TnoJesHoe TNOCTpoeHMe, mpednoxeHHoe O. Mopou
(1835—1918 rr.), ofw4HO ymoTpeO.NsieTCs HMHmeHepaMM TPU aHajaM3e
TeH30pOB HanpsnkeHu#t n nedopmaumht (cM. ra. V u VI), onuako ero
yILOGHO MCTOJL30BATL Takwe M AAA JMoObX IPyrMX TeHsOpoB BTOPOro
paHra.

1. MoBopot BOKpyr rnaBHbIX Ocef, YacTo cayyaercs, 4TO MBI XOTHM
npeoOpasoBaTb KOMMNOHEHTH CHMMETPUYHOrO TeH30pa BTOPOrO paHra oT
ONHOW cCHCTeMbl KOOPIMHAT K Lpyro#, mnonyuvamoelics W3 nepBo# mpo-
CTHIM NOBOPOTOM BOKpYT OIHO#f M3 ocelt koopauHar. B stom cayuwae
ypaBHeHus Npeo0pa3oBaHus CHILHO YTIPOLIAIOTCS,

IlpexanonoxumM, 4TO OCH Ox; nonyqaiorcs M3 oce#t Ox;, Kak TNoKa-
3aH0 Ha ¢ur. 14, e, nosoporoM Bokpyr Ox; Ha yron B, uamepsembitt
or Ox, B cropody Ox, Toraa B COOTBETCTBMM C OMpeleneHUeM Gy
(cm. ra. I, § 2, n. 1) umeeM

a1 Qg Qg3 cos® sinb O
()=\%: @3 ap|=|—sinb cosb 0], (2.27)
' Gy Ggy gy 0 0 1

Yro6r ynNpOCTHTL M3NOXeHMe, PAacCMOTpPMM CHayala cayyalt, korna
Ox;. Oxy, Oxg— rnaBHbie ocM TeHsopa [S,]. Toraa umeem

=S, 0 07
[Si/]= 0 Sg 0 .
lo 0 54!

KomrioHenTu Tehsopa B cucTeMe Ox, BHIYHMC/SIOTCA C TIOMOIIBIO ypaBHe-

Hus (1.22)
SI

ij ==

Sy (Sy=S). (2.28)
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Henonbays snauenmns ay; u S;;. HaxomuM, yTo npeoGpasoBaHHBIM Tensop
¥MeeT BML

[Su S O]
Sp Sz O
Lo o0 Sl

rae
S =S, cos26 4 S, sin26,

S, =S, sin26 4 S, cos? §, (2.29)
Se=—2, sinbcos 04 S, sin b cos 6.

3aMeTuM, YTO M3MEHWNMCh TOJBKO 4eThipe KOMNOHEHTHi B JeBOH BepXHett
yacTd TeH30pa. YpaBHeHMs (2.29) MOXHO 3anucaThb B BUAE

1 1
Si=7 (814 S — 5 (S;— Sy cos 26,
Sip=g S+ 5+ 5 (Sa— S cos 26, (2.30)
S)y= % (S; — S;) cos 26,

ITonyueHHEI#t pesynbTar MomHO mpencTaBuTh rpaduueckn (ur. 14, 6).
INpennonoxum, uro S, < S,. OTMeTMM Ha FOpPU3OHTANbHOH OCH IBe
TOYKH P 1 Q ua paccrosusx or O, PaBHLX COOTBETCTBEHHO S; H S,
IlpoBenem satem OKpPY»HOCTb ¢ ueHrpoMm C, BasiB PQ B KauyecTBe aMa-
merpa. Tloctpoum pamumyc CR tak, yto6m yron mexay CR u CQ, usme-
PeHHbI#t NPOTHB vacoBo# crpenkn, coctapasn 20 (yron 6 onpenensercs
TaK ke, Kak H Ha ¢ur. 14,a). Torna, tak Kak OC =1/,(S;+S,) u
CR=1/,(S;—S,), Ha ocHoBanuu ypaBHeHu#t (2.30) nosayuaeM, 4TO
KOOpIMHATH TOYKM R B CHCTeMé KOODLMHAT, H300paeHHOH Ha uepTexke,
OynyT papHbi Sze 1 S;,. Ecin nponomkuts RC 10 NepeceyeHusi ¢ OKPY-
HOCTeI0 B TOuke T, 10 aScumcca T papHa S;,- D70 mocTpoeHue, Ha3bi-
Ba€Moe nocmpoenuenm owpyscrocmu Mopa, NaeT HATISIHYIO KApTHHY
MaMeHenus S7, S, u S}, TIPH MoBopoTe OCell KOOPLUHAT.

Korna Ox] Ha ¢ur. 14,a nosopaymBaercs ot Ox; ¥ Ox,, yroa b

usMeHsiercs or 0 no Yn m R nBmeTcss BLOJb BepXHe#l NOJOBHHEI

OKPYXHOCTH, M306paxeHHOH Ha ¢ur. 14,6, ot Q no P. OyeBuniHO, YTO S;l
/4
U S, BCerna mmeior TIPOMEXYTOYHbie 3HaueHus Meway S; ¥ S, W LOCTH-

Tal0T SKCTpeMa/bHLIX 3HaYeHuft, KOrna Touka R copmazaeT ¢ P Wau Q,
T. €. Korma ocu Ox; COBMNAZAOT C TIJaBHLIMH OCAMM. JIerKO BHIETEH

TaKxe, yro (S;l—}-s,‘ﬁz) VMeeT HeHsMeHHoe 3HayeHMe npu N0COM TMOJO-
MEHUH OCelt KOOpAMHAT; CepoBaTeNbHO, (511 +Sﬁli2) ABNACTCR WABGPIAR:
MOM 3TOro npeobpasopanys

811 + 8;2 =3S,+S,.
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KomnoHenTa S, 1oCTHraeT HaubObLUIETO 3HAueHHs, PaBHOrO 1/, (S,—S,),
korna 20 =1/,x, umn 6= 1. Ecin Ox] Bpawaerca o 0OpaTHON Hampa-
BJIEHHH, TO TOUKA R TOXe ABIKeETCS B 0OpaTHOM HarpaBJieuny. Snauenne S,
OTPHUATENIbHO, KOrIa R MeXdT Hixe Q.

I %
x!
0 g x
a
s ;
26 y ! Al
Sl Sh S S: 811,85
0 P U S5 )@
1
]
>
F——3(5;#5,)—=
]
St Sy
s{ S, Sz | SnSh S{ 8¢ S S
j: C S, 0 : 0'6;2
T
8 e

®ur. 14. NMocrpoenne oxpyxrocTH Mopa.
@ --noBopoT Oceft KOOpAMKAT; 6--Cnyuyall, Korsa S; M Sy noOnoHH

TenbHH; @~ cayuafl, Koraa S; v Sy OTPHUATENBHEN; &~ Cnyuall, KOrAa
S, B S; NPOTHBOTONOMKUK IO BHAKY.

Ha ¢ur. 14,6 sHavenus S; u S; nosomuTeNBHbI, HO NOCTPOEHHE OC-
TaeTCa CHPaBeANNBLIM M B TOM CJyyae, Korna ofa 3uauyenuss OTPULATEbHE,
KaK TokasaHo Ha ¢ur. 14,8, a Takwke NpPH TNPOTHBOMONONHBIX 3Hakax S;

14 7
u S (dur. 14,2). 3navenns Sj, u S}, no-mpexHeMy SBIAIOTCH KOOpIH=
Hatamu R, a sHaueHue S;, — alcuuccolt T; mpu STOM BO BCeX cayyasx
HeoOXOIMMO YYHTHBATb 3HAKH.

Ecnn usBectHn smauenus S),, Sj; Sz, TO MOXHO KCTOJB3OBATh
OKPYXHOCTb MOpa Tpi HaXOMAEHHH raaBHHX KOMIOHEHT S; u S,. Ypas-

(! ’ _ ’ ’ .
Hehusi R=(Sp, Sj) n T=(S,, —S;;) ONpeNesIOT OKPYRKIOCT;
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ToukH P ¥ Q, B KOTOPHX OKPYKHOCTL TiepecekaeT rOpH3OHTA/ILHYIO OCh,
1a10T 3HaveHuss S; n S,. Ha npakThke TO NOCTpOeHHE TNOJE3HO TJaBHHIM
- 4 14
oop:liso:vl Kak GbicTpmift cnoco6 BhiBofa ¢opmya. Hanpuwmep, ecin S, S,
u S,, 3ajansl, T0 43 ¢ur. 14,6 oyeBunHO, uTO
1 '4 14
SI=OC——CP=7(SH+S —r,

22

L (2.31)
S;=0C+CQ = (S}, + Siz)+ 7.
¢ ,
28
tg20=——", (2.32)
522'— Su

rae

1 4 ! \9
r=CR= I/_E (822 — Su)' + S;:'

Ecnu HyxHO paccMOTpeThb 1LBe CHCTeMul KOOpIMHAT, ckaxeMm Ox; M
Ox}, HU OIHA W3 KOTOPLIX He SIB/SETCS T/IABHOM, TO, TMOJB3YSACH OKpYX-

HOCTEI0 Mopa, MOXHO Hamucath ¢opMyJbi, CBS3LBAIOLME COOTBETCTBEH-
Hble KOMMOHeHTH. KpoMe TOro, MHOFZa HyXHO y3HaTb, Kak ObiCTpo
V3MEHSIeTCS HEeKOTOpas KOMIOHEHTa NpH TOoBOpoTe ocefft KOOpPIMHAT.
Hs ¢ur. 14,6 sicHo, Hampumep, 4TO S{z WU3MEHSIETCA MeLJIeHHee BCero

npu 6 ==/4 u Gricrpee scero npu 6 =0,

Ipu nocrpoenuu ¢ur. 14,4 —z MB npennosaraiyd, YTO BpaleHHE
CHUCTEMbl TpPOMCXOAUT BOKPYF ocM Ox; um uro S, < S;. Ha npakruke
HaCTO TPUXOLUTCS TIPUMEHATh STO NOCTpOEHHe AJIs CJyyaeB, KOrja nops-
IOK ocelt He COOTBETCTBYET paccMoTpeHHO#t cxeme. lloaTomy npenna-
raeTcs caenyrommit ofmutt crioco6 nocrpoenus. M3 nsyx raaBHHIX KOM-
IOHEHT, y4acTBYIOWMX B 1peo6pa3oBaHiyl, BhiGupaercs Haubosbluas U Bep-
THKANIbHO BBEPX MPOBOAMTCH COOTBeTcTByIoiwlas ocb (cM. dur. 14, a).
Bnpaso orknanmiBaercs och 1S MeHblue#t KOMNOHEHTH. 3aTeM BBOMATCH
moChie ynobHsie 0603Hayenus ocell ¥ HAKOTCA cooTBeTCTRYyIoLMe 0003Ha-
HeHus oCel Ha ueprewax ¢ur. 14,6, 6 wau 2.

2. TNlosopoT BOKpYr mpouasonbHo#t ocu. Ha npaktuke uame Bcero
HCTIO/I3yeTCA mocTpoeHMe OkpymHocTd Mopa, onucaHHoe B § 4, m. I,
OIH3KO TNOCTpOeHMe OCTaeTCAi CNpaBen/MBHIM M B TOM Clyyae, Koria
OCk Bpamenuss Oxy He SIBNSIETCH rNaBHOM OCBIO TeH3opa. ECAM BCTIOMHMTB
:Bohcrsa XapaxkTepHCTHYECKOH NOBEePXHOCTH BTOPOro nopsinka (M. 1. 1, § 4),
“0 MOXHO BHAeTb, YTO PAaCCMOTPEHHOE Bbilue NOCTPOEHHE TECHO CBS3AHO
¢ HaxowIenveM riaBHBIX OCeH OMHOro W3 r/iaBHHIX CEYeHHH XapaKTepu-
cTHYecKol NOBEPXHOCTH. AHANOrMYHO MBI MOXEM PaccMOTpeTh MNpOK3-
10/bHOE  LeHTpaibHOE CeyeHde M TIPHMEHNTb OMNCAKHOE NOCTPOEHHe A7
13XOmIeHNs ero rnaBHLX ocef,

b IOx Has
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B atoM cayyae no-TpewHeMy cnpaBeinuBo mnpeoGpasosaHue (2.27),
HO, Tak kak Ox; He sBasAIOTCA OOMBlUE raBHBIMU OCAMH, ypaBHeHus (2.28)
conepxar Ooaelnee yuca10 4YieHoB. TeHsop, NpHBefeHHHH K TI/aBHEIM
ocam Ox; u Ox, paccMaTpMBaeMOro ceyeHHs M oBuyHol ocu Ox,, MMeeT
BHIL

Su 0 Sa7

0 S22 528 .
LSn Sgy Ssal

KommoHeHTs! TeHsopa B cucTeMe koopnuuar Ox; 3anicHBAIOTCA B BUILe
S;l =§,,cos20 4-S,,sin2 6,
=S, Sin? 0+ S, cos? 6,
Sga =S4
S;,=—38,,sinBcos 64 S, sin 6 cos, (2.33)
Sge=—8,,sin 0+ S, cos b,
S, =S,,c0s61-S, sin 6.

Takum 06pasom, L1s KOMIoHeHT S7, S;, u Sj, GeapasinyHo, ABISETCS
Ox, rnaBHolt OCbIO MAM HeT, ¥ TIOCTpOeHHe OKpy»HOCTH Mopa onuHa-

KOBO MNpUMEHMMO B 000UX CayuyasXx.

§ 5. danuncoun 3nauenuit TeHsopa

B ra 1, § 4 Mn Bugeny, 4TO XapaKTepHUCTHYeCKas TNOBEPXHOCTb
BTOPOrO TOPSAIKA eCTb reoMeTPHUYECKOe MpPenCTaBieHHe CHMMETPUYHOro
TeHsOpa BTOporo pawra [S;,]. Hapsny ¢ He#t umeercs apyras npencra-
BASIOWIAA MHTepeC TNOBEpPXHOCTs, CBsidaHHas C [S;;], a uMeHHO moBepx-
HOCTb, ypaBHEHHME KOTOPOH, NpuBeNeHHOe K raaBHbiM OCAM [S;], umeer

BHI

Ora NOBepXHOCTb €CTh MAMNCOUL (3aMETHUM, HYTO OHA HUKOFLa He SBJIAeTCS
runepbononnom) ¢ nonyocamu |81, |Sy| u | S,

PaccMoTpiM CHOBa B KayeCTBe TIpUMepa YAEALHYK) SJEKTpOTPOBOI-
HOCTb. Mnbl 3HaeM (cM. cTp. 18), yrto ecau sanaHo none E enuHuyHOH
HanpseHHOCTH, TpUNOKeHHOEe B ONpeneneHHOM HanpaspeHun (¢ur. 15),
TO TeM CaMbiM ONpeleneHa TAOTHoCTh TOoKa jf. Ecan Bekrop E nosopa-
yupaercs BOKpyr O, Npuyem ero AjaMHa OCTaeTCs HeM3MeHHOH, TO BekTOp J
tToxe OyneT BpamwarbCd, HO MPY 3TOM H3MeHsieT CBOKO AaMHy. JlokameM
Telepb, YTO KOHen BexTopa j OyZeT ONNCLIBATb TNOBEPXHOCTL (2.34),
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NOCTPOEHHYIO Lnsi TE€H30pa yIeabHOH 31eKTpONPOBOLHKOCTH [cU] [moBepx-
woctb (1) Ha dur. 15].

Ty
(1) —2
1 .
2 J
(3)__|/vo;
o)
" wa\ \1\g x

®ur. 15. I'naBuble ceueuus sAAMNCOMAa yneabHOH snek-
TponpoBomkocTH ([), enMununol cdephbl (2) M xapaktepH-
CTHYECKOH! MOBEPXHOCTH yAeNbHOM 31eKTPONPOBORHOCTH (3).
Mycts E=[E,, E,, 253]- ;rorﬂaz.f-_—‘[jl- Jar Jal=10,E}, 0;Eq, o5E).
Tak kak no ycaosuio Ey 4+ E;+F3=1, 10

2 2 2
Ji J2 J3
Ttz t =1
1 %3 O3
CrnenoBarenbHO, KOHEL BEKTOPA j MEXHT HA 3MAMNCOMIE
2 2 2
X X, X
1 2 3
—~+—=+—==1
Sy S O3

dra mosepxHocTb onpeieaser 0.4 (ny j, ecad HampasaeHue j ywe
M3BECTHO; 4TOOL HallTH Hanpasaerue J, MB MOXeM HCNONb30BAaTh CBOMH-
CTBO panMyca-BeKTOpa M HOpMan¥ XapakTepUCTHYeCKOH TNMOBEPXHOCTH ZLast
YIenbHO! 3neKTpPOTNPOBOLHOCTH [noBepxHoCTh (3) Ha dur. 15].

PE3KOME
NpeoGpasosauue oceft (§ 1). Ecam Ox; n Ox;— nse cucrems

OPTOrOHanbHEIX KOOPAMHAT M 33KOH TNpeoOpasoBaHuss OLHOH B Apyrywo
uMeeT BHup

/ ——
X =0,%,
TO MeXny HanpapasiOMlMMA KOCMHYCamu @;, HMEIOTCS caelyioillde COOT-
HOILEHNUs, HA3LBAEMHlE COOMHOULEHUAMU OPMOZOHAABHOCL:
Oyl = 8“, (2.6)
iy = 3y @.8)

B*
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rne

1 =),
t;":{ ( ) (2.7)

0 (+J).
Ecau mnpasas (feBas) CUCTeMa KOOpPIAMHAT NpH TpeoOpasoBaHui OCTAeTCs
npasoit (aesoit), TO
lay |=—+1

ecny Xe TpH TpeoOpasoBaHMM MpaBas CHCTEMA TNEPEeXOIMT B JEBYH (4au

HaobopoT), TO

Onpepenenue BekTopHoro npoussenexus (§ 2). Ecan p;, v ¢,—rno-
JNAPHBEIE BEKTOPH, TO BEKTOpHOE TIpOoM3BELEHNE pi U g; eCTb aHTUCHM~
METPHYHB(H TeH3op V,;, KOMIOHEHTH KOTOPOFO 3aLalOTCsi B BHIE

Vij=-—pg;~+p: (2.14)
Ecan Tpu HesaBHMCHMBIE KOMMOHeHTH V;; 0GO3HaunTb Yepes ry, rie

iy

r1=Pods— Psfa. 2= P3Gy — P13 T3==DPi2— Podpn (2.16)
TO r; TpeofpasyioTCa COrnacHO 3aKOHY

rp==>%a,r,; (2.18)

3HaK MMOC CTaBUTCA TpH npeoOpas3oBaHUH, COXpaHsaoieM NpasByio (neByo)
CHCTEMYy KOOpILMHAT NpaBoi (neBOH); 8Hak MuHyC CTaBUTCH, KOTJa Npasas
cHuCTeMa MepeXOLUT B Jesyl0 (MAM HaoGOpPOT).

Axcuanpubie Bexktopsl (§ 2). Bennunnn, npeoGpasyiowiuecs no
3akOHy (2.18), 06pasylOT KOMIIOHEHTH TA4K HA3HBAEMOFO GKCUUALHO20
sexmopa. VicTHHHBIH (MOASPHHR) BeKTOp MOXeT OHTbL M300parweH crpen-
koft onpenencHHOH LaMHH W HanpasneHus (dur. 12, a). AkcHaneHwBt xe
BEKTOp H306pakaeTcsi OTPEe3KOM OrfpeleneHHON IJMHBL M  OpUEHTALUH
¢ 3a14aHHHIM HanpapneHMeM BpauteHuss (¢ur. 12, 6).

IFnasuele ocu Ttensopa (§ 8). ['naBHEe KOMTOHEHTH CHMMMETPHYHOrO
TeH3opa S;; SBJAIOTCS TPeMsi KOPHAMU KyOnueckoro ypaBHeHusi Aas A

Isil_)‘sljl‘_:O- (2.23)

Ha3HBAEMOrO BeK08bM ypasHenuem. Ecam A’ — KopeHb 3TOro ypaBHe-
Husd, TO HanpaBieHHEe COOTBETCTBYIOLIEH rnaBHOM OCH MOXHO OTlpelelNTh,
Haxozxs W3 ypaBHeHuH

— X’
o S (2.24)
oTHoweHus X, 1 X, : X
MMocTpoenue okpywuoctn Mopa (§ 4). Ecam cucrema koopnu-
Har Ox, CHMMETPUYHOrO TEHBOpIa BTOPOro paHra S;; MOBepHyTa BOKpYT
onko#t us ocet, nampumep Ox; (cM. ¢ur. 14, @), To npeoGpasoBaHHbie



Badauu 69

goMriOHeHTH S, S;,, S|, HAXOISTCA M3 NOCTPOEHHsl, [IOKA3AHHOTO Ha
¢ur. 14,6 —2; npu sToM
- ’ ’ —_— L .
R=(Sy Sp), T={(Sip —S}). L RCQ=26.

Danuncoun 3HaueHu#t Tenaopa (§ 6). ITycrs 1Ba BekTOpa p, M ¢,
cBfA3aHbl JUHEHHHMM COOTHOLUEHHMAMHU
(Sll.=Sﬂ).

p,=S,4;
Torza, €CaM ¢, ¥MeeT eIMHMYHYH0 IAnMHY M BpallaeTcss BOKpYr Hauana
KOOpPIMHAT, TO KOHEU BEKTOPa p; ONMCHIBAET 3NIAUTICOML,
2

"f-|-"§-+-x3 1 2.34
CRECE- i @8

3ALAYH

1. okasaTb, Hcnonbsyss OOO3Hau€HMs C VHIEKCaMd CyMMMpPOBaHMSf, 4UTO
KBa1par MIMHB BekTopa [p;], onpenensieMulit Kak p,p;, He U3MEHAETCS MpH Npe-
o6pasoBaHuH KOOpAMHaT. (Takie BEenHuHHb Ha3LIBAIOTCH UHBAPUAHMAMU.)

2, MNokasatb ¢ moMoulbio OKpymHOcTH Mopa, uto
Si Spe
Sz Sg
— WHBapmallT Jif [OBOpOTa BOKPYF OCH xg JaTh rEOMETPHUECKYIO MHTEpIpE-
TauMio.

3. Vcnonbsys okpyxHocth Mopa, pewMTs eule pas 3agaum 3a—3n ra. 1
(cm cni)_.‘ 49),

4, TpuBectH cnenpyioulde TEH3OPH K TAaBHEIM OCAM, MCMONL3yd NOCTpoOeHHe
okpyxHocT® Mopa:

"11,06 308 07 —6 —3V3 0]
a) | 308 1894 0/, 6| —3y3 0 01
I o o 43l 0 o 10!
T2 2 07 i 8 0 —47
B){2 20|, | 012 0
10 0 9! | —4 0 21
5. HeobxonuMo noBepHYTH TeH30p
T—1 3 87
3 10 6
8§ 6 21

BOKDYr ocu x3 tak, uto6nl koMnouenta 22 crana paBoR Hynio. HaitTh nBa Bo3-
MOMHBEIX yria nosopora, MexbluMx 90° M Mpoun1OCTPUpPOBaTh pelerHe NoCTpoe-
HHEM OKpymHocTH Mopa.

6. llokasarb, uTO MOBEPXHOCTb, PamuyCc-BEKTOP KOTOPOR B XaHHOM Hanpa-
BICHUM Mpano nponopuuoHane: BenuumHE S, XapakTepuayouleit CBORCTBO B 3TOM
Hanpas/iexHy, aBnserca oBanOHIOM

(127 + Spxt + Sga3) = (] + 5 + x3)%

(Crporo rOBOpA, 9TO YypaBHEHHe MOBEPXHOCTH,

Ko NOCTPOEHHOR BOKpPYr Hauana
OPiuHar, BuecTe ¢ CaMHM HaualoM KOOP.MHAT.)
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PABHOBECHBIE CBOWCTBA

Ia. M—IX nocesiwensl 06CyKTEHIN0 HEKOTOPHIX CBOACTB
KPUCTaMN0B B CBeTe€ MNojoehull, PasBUTLIX B ABYX Mpeabi-
AVUIHX T[JaBax. PaCCManI‘IBaIOTCﬂ JUIE TaKHE€ CBOUCTBa,
KOTOPHE O1HOCATCH K PaBHOBECHHM COCTOSIHMAM H TepPMO-
IuHaMHueckH O6paTHMEIM NpoHeccaM. 3HaueHHE STOTO MoJo-
WEHUS! PasbACHAETCA B ra. X, B KOTOpOH JaeTcsl eauHoe
paccMoTpeHue o6cy:knaeMblx (u3MYecKUX CBOKCTB.
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NMAPAMATHUTHAS U JAUAMATHUTHAS
BOCIIPHHMUNBOCTH

MaruuTHas BOCTIpHMMYMBOCTh TapaMarHMTHEIX M LMAMArHATHHX KpH-
CTa1J0B SBASETCHA TUNHMYHEIM 4HM3OTPONHEIM CBOHCTBOM, KOTOpOE OmNu-
CuIBAETCA TEH30pOM BTOpOrO paHra. B maHHo# rnase Mul CcHayana majnuM
onpeLeneHiHe 3TOro CBOMCTBA U 3aTeM MOKaXeM, KaK M3 Takoro onpeiene-
HUA TIONYYAKOTCHA BripaXEHUs, ONHCHIBAIOIIMe CBONCTBA KpMCTAnnOB B Mar-
nutHoN none. Mu HE Gynem kacaTuea deppoMarHETH3ME; ITO AHH3OTPOTIHOE
CBOHCTBO KPUCTNJOB MpelcTaBasieT 6OAbWION MHTepeC KaKk C TeOpeTdue-
ckolt, Tak M C TIpaKTU4eCKOH TOYKH 3peHus,, HO OHO He MOAXOIMT Aaf
pacCMOTpeHnsi B TIpellenaX TOH CXeMbl MBNOKEHUS, KOTOPas TNpPHHATE
B HacTosllel KHAUre.

§ 1. O6mue cooTHOmEHHS

INpennonaraercs, 4To YMTATENb SHAKOM C dnEMEHTapHOH Teopuelt Mar-
HeTM3Ma W3OTPOMHLIX Tea. Mu OyleM uMeTb Jeno €O CAeLYHOLLMMH
TpeMsi BEKTOpaMmM:

H— unmencusrnocme MG2HUMHO20 hHOAR WUIN  HONPAICEHHOCMD
noas;

I — unumencusrnocmes HOMGRHUMUBGHUA WIM  HOMOG2HUYEHHOCMS,
npencTaBnaomas cofol MarHUTHbIY MOMEHT Ha eIMHHIy ofbeMa
KpHUCTanna;

B — maznumnas unOyKyUS WAV NAOMHOCHE MAZHUMHO20 NOKIOKQ.

OTi BeKTOPH! CBA3AHB Meway COGOH COOTHOLIEHHEM
B =M+, 3.1
TLe b, -— CKafApHasi KOHCTAHTa, MarHHUTHas TPOHMIlaeMOCTb BaKyyMa, CO

3HayeHdeM B pauvoHanusupoBaHHo# cucreme MKS?), paBHbiM 4w/107 =

=1,257 . 10~°. Onpenenenue Bexktopos H, I 1 B MOKHO HaiTh B OObiu-
HEIX yyeSHurax, Hampumep [1, 82, 83]2).

1) B mpacrosiieil Kuure Besge  MCNOMBL3YETCsl  PANMOHANH3HPOBaHHasu
cucréMa MKS. Onucasee s70#i cuCTEMBI BMecT€ ¢ TabJHMUAMM MEPEXONA AaHO
B kuure Crpstrona [87]. B kumre Cnerepa u dparka [83] umeercs nonesuoe
o8cyxnesne cucreM enuuMi. CM. TAKKE kuury Cee u [umaaka [79] u Gonee
NOMKY0 kuury Max-TI'puBu [67]. (CM. taxwxe [115]. — ITpuns. nepes.)

%) Cum. takxe [105, 117}. — Ipuns. nepes.
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Bo MHOrudX M3OTpPONHBIX Cpefax HaMmalHiYeHHOCTb TPAMO TPOMNOPUIO-
HAJbHA HaNpPsXEeHHOCTH MOoJA (MCKIoyas o0nacTb OYeHb BLICOKMX ToJeft),

HOSTOMY MOXHO 3anucarhb
= poH, (3.2)

roe H -— HanpsxeHHOCTb MO B 1anHOM cpefe d ¢4 -— KOHCTAHTa, Hasbl«
BaeMass Maznumuol eocnpuumiusocmero. V3 vpasneHusa (3.1) Bulko,
uro I n pH vMeOT 0aMIIaKOBYK) pPa3IMEpPHOCTDb; CJAELOBATENbHO, $ — Ges-
pasMepHas Benuuuna. JTHM OOBACHAETCH, TOYEMY BeNHUYMIA |, BKJIOYEHa
B ypasHenue (3.2)'). Beanuuna ¢ GespaaMepHa, HO NOCKOJBKY I OTHOCHTCA
K endnule o6beMa, § B ypasHeHdH (3.2) HasbipaeTcsi 00BeMHOU MO2HUM-
Hoi gocnpuumyugocmero, ECAN BOCTIPUHMYMBOCTL § MOJOKHUTENbHE, TO
Cpella Ha3bBAETCH NapaMG2HuUMHOL; €CNU XKE OHA OTpHuaTe.bHa—Cpena
IMaMar HUTHA.

Xots U u GespasMeptiag BesHyMia, YUCJIEHHOe 3HAYelne MarHUTHOH Boc-
NPHAMYHBOCTH LJA AAHIIOFO BelleCTBA 3aBHCHT OT TOFO, YNOTpebasieTcs JH
pauMoHANM3MPORAHHAA HAI HePAUMOHANNSUPOBAHHAS CHCTeMA efHKIL, HTOOR!
NOJIVYUTh BBENEHHOE HAMU 3HayeHMe 00beMIIOfl BOCIIPHMMYMBOCTH B palio-
HANU3UPOBAHHOM CHCTeMe elMHull, HAalO 3uayeHue ¢ B HepallMOHANH3MPO-
BAHHOM CHCTeMe VMHOXUTL Ha 4w. B nnteparype 4acTo HCNOJL3YHOTCH
M JpyrMe BeJHMYMHBL U/p — y0CAbHAR MGZHUMHGR BOCHPULMHYUBOCHD,
WY MORHUMHGS BOCRPUUMUUBOCHL HG eOunuly Mmacce, N Aljp—
GMOMHAS WM MOARPHOR MA2HUMNHGR BOCAPULMHUUBOCMD, T1€ p—ILI10T-
HOCTh, @ A — aTOMHBIt UM MONEKyJAApHBIf Bec. 3aMeTHM, YTO 3TH Besu-
YiHBl OTpeleNeHH 37eCh B palldOHANM3UPOBAHHON CuCTeMe eLdHML.

OGpenynnss ypasHeHus (3.1) u (3.2), nosyyaem

B =(1+4-9)pH=pH, (3.3)

p=ue(l +94). 3.4)

BenununHa 1 €CTb MAZRUMHGA NPpOHUYOEMOCHb CPELBL. Hnorna oka-
3bIBaeTCA TOJIE3HBIM BBECTH 6e3pa3mepH0e OTHOLeHue

rne

=t = '
M o I+

HA3HIBAEMOE OMHOCUMEAbHOL MG2ZHUMMHOE NPOHUNGEMOCHBIO.
B kpucrannax sexktop I B ofuweMm cayuae He mapajjened H u ypas-

Henye (3.2) 3aMeHsieTcs Ha
I;= vy Hj (3.5)

1) B otHolueHuu OGO3HaueH!Hil M TEPMMHOJOrNI pasHbIE aBTOPLl Mpiiiep:xu-
BaioTCA PasauyHLIX B3rasnoB. Hekotoprie 3aMeHsoT ypasheHue (3.1) ypaBHeHueM
B=py(H-+1I) 1 He BKaouawr gy B YpaBHeHue (3.2); IpH TakOM ONpEncAeHHH
COXP3HAETCA TOT e CMbich ¢, HO cMbicha [ uamexsierca. /lpvrue aBTOPHL MPOCTO
ONyCKaoT {4 B YPaBHCHHIH (%.2); B 5TOM cayuae ] HMeeT Taroji € CMLICH, Kak
B NaHHOH KHHre, HO 3HaucHue U HaMelsfercs; pa3MepHocTb 3TOH BemuullHbl 6) neT
Telepb OJMHAKOBa C PasMEPHOCTBIO {.
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roe ;; — KOMIOUEHTH  men3opa ’.uﬂzmunuoﬁ socnpuumiusocmu t),
Tenepb YypaBHeillie (3.1) apaseTcss OCHIAM COOTHONIEHHEM, CNpaBefnHBLHM
He3aBHCHMO OT TOro, napadiieie Bektop [ Bektopy H unu uer (dur. 16).
MOKHO 3aNKCATh B TEH3OPIIOM 060-

3HaueHuH, YTO B A
B, ==poH; -1, (3.6)
C1e10OBaTENBHO, w,H
B,=1w (H, -+ ‘?t,‘Hﬂ =

dur. 16. CBA3b Mex1y BEKTOpaMU
_ H ByulL

= po (8;;~+9i)) H; J

B COOTBETCTBHM CO CBOMCTBOM cuMBoia 8;; (cM. ctp. 53). ITocnenmee
ypaBHellde MOXKHO 3arMCaTe B BHIe

B, -.:p.”Hj, (3.7)

try = o Byy + 1)) - (3.8)

Tak Kak pd;; ¥ VY¢9sy -— TEH3OPE BTOPOrO paiira, Wy TaKWe SBIAETCSH

TeH30pOM BTOPOTO DPANra —— MEH3OPOM MUZHUMHOL RpjOHILyGeMOCH Y %),

VpasreHue (3.8) ects oCoflieHde n4s aHM3OTPOTHOH Cpenbl ypaBHe-
Hus (3.4). BrimuceBas ero MOJHOCTEI, TNOJyYaeM

rne

T 12 P T 44¢0) vobig todis
Mo1 Mop a3 | = voday o (1 4 doo) vobas .
Lpgr Mg Mag! L podm tobaa po (1 - dg9) ]

1) Tak KaK NNOTHOCTb 9JEKTPUUECKOrO TOKa J €CTb MoNApHBI BEKTOP, TO H3

ypaBleHus sJekTpoMarmutHoro noas rot M ==jf-4 D creayer, uro H aBasercs
aKCHANLHBIM BEKTOpOM (Pa3nHuMe MEM/NV IONAPHLIM M aKCHaAbHLIM BEKTO-
pamu cy. B ra. 11, § 2). Jlna no1TBepALIeHHA YTOTO OTMETHM, UTO 1A ONpPEseNeHun
HanpaBaenua H OTHOCHIENLHO HanpaBA€HHA TOKA HEOOXOIMMO BOCIONb30BATHCA
NpaBUAOM MPaBOro BHHTA. 13 MpHBETEHHOTO Bolwie ypaBHenua (3.1) BumHo, uto [/
M B Takxke SBAAIOTCA aKCHaAbHBIMM BekTOpaMu. Yurtatenb MOXET JeTKo MOKa-
8ath, urto, nockonbky I; w H; B ypaBHeHuu (8.5) npeo6pasyioTca Kak KOMnNO-
HEHTHl aKCHMaNbHLIX BEKTOPOB, ¢;; Mpeo6pasvioTcss Kak KOMIOHEHTH OOBYHOrO
(nonspHoro) teHsopa BTOPOro panra.

Tem He Medee B 3aknoueHHH O TOM, 4T0 H ecThb akcuaibHBHII BeKTOp,
HUMEEeTCA 9JEMEHT HeONpelieNeHHOCTH. JTO 3aKniOueHHe 3aBUCHT OT npednoaoswie-
HUs 0 noaspHocTu Bektopa jf. [lpHBeseHHoe BHIIE ypaBHEHHE MOASA YIOBAETBO-
pferca 1 B Tom cayyae, ec f— akcHanbHeIl BexTOp, a H — noagpHuid. BooGuie
roBopsa, )paBHEeHUA SNEKTPOMAlHUTHOrO [OJA YIOBJIETBOPAIOTCA Kak B TOM
cavyae, korga mu cuutaem E, D, P, f nonsapueivu Bektopamy, a H, B, I — akcuanb-
HBIMH, T3K M MpU oOpaTHOM MOAO:KeHHH. ML BLIGpanH OIHV H3 JABYX BO3SMOXHO-
crefl, cuuTaa NAOTHOCT SNEKTPHYECKHX 3apAl0B CKaaapoM M, CEIOBATENbHO,
J—noaspupiM BekTopodM. OIHAKO Mbl BOJHE MOIMM Gl CUMTATb MJOTHOCTH
pacnipeieneHus MarHMTHBIX 3apASOB CKaNAPOM; TOTH@ Mbl Mpiuiam OH K 3aKio-
4eHno, 4t0 H (cuna Ha eiMHULY MarHUTHOTO 3apaia) ABAAETCA MONAPHBIM BeK-
TopoM. Cnexyer oTMmeTHTb, uT0 06a Cnocoba ONMcasusa MNPUBORAT K OTHOMY
U TOMV e 3aKOHV Mpeofpa3oBanuf H, CleI0BaTeNbHO, K OIMHAKOBOMY ,T€H30p-
HOmy xapaktepy* [¢;;].

Jlerko nokasatb, Y10 CVMMa (1AM PA3HOCTBL) JMOGBIX IBYX TEH30POB OHOTO
Paura ecru 1apyroii TeHsop STOrO e paHra,
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Tensop omuoOCUMENBHON MO2HUMHOL NPOHUKGEMOCHY KPUCTANIOB
MOKHO OTNpEnenuTb Kak

Ky '
My = T By + 4y

B § 2 nyrem paccMOTpeHMsi 3HeprMd HaMarHMYEHHOrO KpUCTanna
IOKA3LIBAETCS, YTO P, 00pasyHT CHMMETpU4HbIH TeHsop, T. e.

Viy=tr (3.9

Torna rensop [9;;] Takwe cuMMeTpHyeH, Tak Kak U3 ypasHeHus (3.8) u
cootHouwenus (3.9) caenyer, yTo
iy i
! e e— —— TE= —— ——8 == .
Y ™ i o i Pt
Takum obpasoM, o0a TeHsopa [p,,] d [$;;] MOryT GITb MpHBELEHB K OGLMM
rnaBHuM ocsM. Kozda nosne H nanpasaeno 800as 2106020 u3 smux
mpex 83GuUMHO opmiozoHaabHuLX nanpasaenud, H, I u B napassesrsnbl
Opyz Opyey MGK 9e, KGK MO0 UMEEm Mecmo OAf U30MPONHLX med.
Ecay H, HanpuMep, nexuT BROAL MnagHOM ocu, 0Go3HaueHHOH yepes Ox;,
TO MBI HMEEM
B=ypH, 1=y} H,

t1 = po (14 90).

ChenoBaTenbHO, MarHHTHasi BOCTIPHEMYHBOCTb KPHCTAanna NOAHOCTHIO OTpe-
ZIENSCTCS 3HAYEHHAMU ¥ HAaNpaBJECHUSMH €ro rnaBHLIX BOCTPUMMYHBOCTEH
010 Pp, 5. BTH BOCTIPUMMYMBOCTH, KOHEYHO, TMONYMHAKTCSA JHOGLIM Orpa-
HUYEHHSIM, KOTOPHE MOXET HAKNaALIBATh CUMMeTpHUs KpucTanna (cM. Taba. 3).

loBopAT, 4TO KpuCTann napaMariHuTeH UaM LMamarHuTeH BAOAL HAaH-
HOM rnaBHOM OCHM, €CaM BeMYMHA ¢ 1JIA STOFO HAMPABAEHHS COOTBET-
CTBEKHO TOJOXUTENbHA MAM OTPHUATEIbHA. VIMeeTcs HECKONBKO KPUCTaf-
n0B, KOTOPHE NapaMarHUTHH BAOAb OLHO#f OCH M HHAMarHMTHH BAOJb
Lpyro#. [napHee BOCTPHMMYABOCTH LMAMAarHATHHIX W NapaMarHUTHEIX KPu-

CTannoB OOLYHO A€XKaT B Mpenenax oT —107% 10 —1—-10"5 COOTBETCTBEHHO;
3nayendss ¢ Anfl HeKOTOPHIX KPUCTAnnoOB MpuBEnEHH B Taba. 4.

Tak wak B ypaBueHud (3.8) Q;; Maad 1O CPaBHEHHIO C endHuueR,
KOMIIOHEHTB! {1,;; M10 OTAMYAKTCH OT KOMIOHEHT poby. 'eM Meublue gha-
yenus ¢, TeM Menbiue I ¥ TeM Gmike K Hyao yroa Mexay B u H
(cm. ¢ur. 16). baarozaps Manoctu iy MOXHO CILenarb BaxHOE yIpoile-
HHe, KOTOPOe MLl Cefuac pPaccCMOTPUM.

Korma kpucrann mnoMewleH B MarHWUTHOE TOne, OH HaMariidyuBaeTCs;
NP 9TOM BO3HHUKAeT ero CoOCTBeHHOE MarHMTHOE TOJ€, 3aBHCHILEE OT
BOCTIPUMMYNBOCTH, (DOpMH M pasMepoB kpucrtanna. CrenoBarenbno, AeH-
CTBYIOIEE MarHutHoe rone B aw000# TOUKE MPOCTPAHCTBA Kak BHYTPH,
TaK ¥ BHe KpucTanna He OVIET PaBHO TPUJIOKEHHOMY noai. O603HaYUM
colcTBeHHOE Tone Kpucranna yepes M, a npuioxennoe none — yzpes H,.
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TABIHIOA 4

Ma2RUMHOGR BOCHPRUMHUBOCIS ROPAMASHUMAIY U OUAMAHUMNOLX
Kpucma.asos *

Kpucrann Crerema 4, l ¥, s
Aparosurt Opropombuueckast . . .| —1,44 l —1,42 —1,63
KBapu Tpuronanvuast . . . . . —1,51 —1,52
Kanblut » e e e s —1,24 —1,38
KanMuit Iekcarosanbhas . . . . —1,74 —2,85
Bepian » e 2,76 1,29
PyTuan Terparosanbhas . . . . 10,5 11,2
DAOPUT Ky6uueckan . . . . . . —1,14
Xnopun HaTpus » e e e —1,36

* Bce 3HAYeHHl, KDOME@ SHa4YeHHs AN KaAMHS, nepecdyTaHsl H3 YIENbHBIX BOCNIPHUM-
uynpocied, BoATHIX M3 TabuaHn |54]; BHaueHHe MR KAIMHS BbIYUCJAEHO N0 @TOMHEM BOCH{HIIM-
quBocTH, B3ATON M3 paboTh Befitca |3]. YmuOman angyenHs, npusenexswe B Talanue,
na 105, nonyyaem o6beMHBe BOCIPHMMYHBOCTH B PRLHOHEJIH3VUPOBRHHON CHCTeMe eJHHHLL.

Tone H, cosnaercs HCTOYHHKAMH, BHELUHVMHU MO OTHOLIEHHIO K KPUCTANAy;
JHO CyllecTBOBano Ol M B OTCYTCTBME KpucTanaa. [leficTByiomiee, uay
101HO€, Tosie (oho3HayuM ero H,), cyliecTsyiouiee B no6o# Toyke npo-
‘TPaHCTBA, €CTb CyMMa Tnoxaeff, CO3LaBaeMbiX BHEIUHUMM HCTOYHHKAMH
1 camuM kpuctamnoM (¢ur. 17):

H,=H,+H,. (3.10) Hy

Tons H, u H, 6ynyt B ofweM cnyuae Ho

13MEHATLCH OT TOYKM K TOYKE M OTaH-

18TbCA APYT OT APYra K4K BHYTPH KpH- H,

‘ranana, Tak M BHe €ro. ®ur, 17. Ceasp Meway
B ypasnenus (3.2) u (3.5) Bxomur BexTopaMu Hy, Hy u H..

seficteyomee none H, Onmsako, Tak
<aK mone kpucranna H, nponopunouansko [[uy, €ro HCKawawomee BaMs-
ive wa H, mano u um oOmusO MOxHO mnpeneGpeyb, CrenoBaTenbho,
*CIM KPUCTann moMemes B onkoponsoe none, H, noyru cobnanaer ¢ H,,
1 mone npakTHYeckM OLWHAKOBO KAK BHYTPH KPUCTannd, TaK M BHE €ro.
aKkuM 00pasoM, napaMaruMTHBI! 4 AMaMarHuThbifl apdexkTH B 00nopol-
10M nosge TOYTH He 3aBUCAT OT ¢opMel Kpucrazna. B § 3, m. 3, Gyzer
10Ka3ano, noyemMy STO YTBEPIEHME CIPaBELANBO TOMLKO IJs OLHOPOL-
10T0 noas. HeoOXOLMMO TNOAYEPKHYThb, YTO Mbi PACCMATPHUBAEM TOJBKO

lapa- W nuamarkeTHKM M YTO MOCJAeLKMH BLBOZL HECTIpaBenJ MB /s heppo-
43rHETHKOB.
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§ 2. Dueprus HAMATHUYMBAHUS KpucTaJJIa

Duepruio, 3anacaeMyio Tel1OM NPH €r0 HAMATHHYMBAHUM, MOXHO HalTH,
onpeneaus paboTy, KOTOPYIO HeOOXOLHMMO COBePWINTb, YTOGH HaMarHu-
TUTL 970 Teno. IToCnelHIO B CBOIO OYePelb MOMKHO TOMYYHTb, BHIUMCILUB
cHayana PaboTy, 3aTPaueHHYI0 Ha Manoe M3Melekle Hamaruuyenwuoct. Ha-
Maruy4yeHHOCTb KPHCTanla MOXHO H3MeHATb PasmnukbiMu criocobamu. Ha-
npumep, ee MOXHO HM3MeHMTb, IepeMellan NMOCTOfAHKbLIE MArHNTH AN MeHAf
TOK B CcojenoMZe. Baxuo yacuuthb, yTo pafora, neoHxoouMas Anf nak-
HOro N3MeHEeHNs HaMariHYeHHOCTM Tend, MOMET 3aBHCETb OT TOrO, Kak
9TO M3MewsenMe npomsoiuTcs, Huke OyleT nokasauo (Ans YaCTHOroO CJIy-
yas), YTO €CAM STO M3MeHeHHe BHIBHIBAETCA TOJeM, CO3LAHHHIM TOKOM

SALLULLA T

J b </E
1 JPJ, t::b e
' | F'—:rdb :r"“b /

¢:; <MD

¢ PP »\-—4?
AT

¢ ur. 18. DaekTplueckas cxema ans Onpepenesus
SHeprud HamarkHueMHOro KpHctania.

COJMEeHONIA, M eCaM 3TO TOJE UENNKOM 3aK/MIOYEeHO B KpHCTamie, TO moa-
uan s3aTpayeHuas pabora 6yner AW = vH . dB, rie v— o0beM KpucTania,
Ecan e nsMeHesHe TOAA BHI3BIBAETCH NepeMelllelsHeM NMOCTOAHKbIX Marki-
TOB, TO MOKHO NOK&34aTh, YTO NpoU3sefennas padora OynerdW = —ol « dH.
Ilpyyuea TaKoro pasiauyMs 3aKAlOHaeTCs B TOM, YTO PaboTa 3aBUCHT He
TOJABKO OT H3MEHEHHSl HAMarkH4eHHOCTH Tena, HO M OT BCeX M3MeHenuit
noafs Kak BHYTPM KPUCTanda, TAK M BHe €ro; HM3MeHenMs ke TONA pa3-
AUYHB B 9TMX IBYX cayuasx. XoTa M3MeHenMe HAMArHMYEHHOCTH Te.1a
B O0OMX CayyadX OLMHAKOBO, M3MeHenMe 3HEPrMHM CHCTeMH B UenOM pas-
anyso., Ilonnoe pacCMOTPeHHe STOrO BONpPOCa LaHO B MPHIONKEHHH 6.
Has Hawyx uenelt B wacrosiueft raape LOCTATOUHO KOMCTaTHPOBATb, YTO:
1) Buipaxenue, KOTOpOe Mb cobupaeMcsi BuBecTH Anf dW, He aBaseTcs
eIMHCTBEHHO BO3MOXHEIM, 2) Hall KOHeuHBIt pPe3yabTAaT — CHMMeTpUA
;] — nosayunrcs Kakoe Obi M3 Pa3nUuHBIX BOSMOMHBLIX BBIPaXEHMH Mbi
HU HCTIONbL30BA/H.

PaccMoTpuM Teneph caenyiomwmit npocto#t cayuad. aunnbift kpucran-
JNYeCKUIt CTepielb IANHON [ M TomnepeyHblM cCeyeHHeM A paspesan na
yeTupe paBubie YacTH, KOTOPHE 3aTeM CAOKeHH Tak, yTO 00pasyioT KBal-
paTHylo paMky, noka3amiyio hna o¢ur. 18. Ha pamky naBuT coneHous,
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UMeloLUNH CONpPOTHBAeNe R M n BUTKOB Ha eNMHMUY IaMHb. Yepes co-
nesous npoTekaer Tok J or Oarapeu, 3. L. C. KOTOpo# pasua ¢. Ecan
gapna [ BenMKa TNO CPaBHEHMIO € A, TO TOJe BAONb KAWIOH CTOPOHH
paMK¥ TIPaKTHYECKM OLHODOLHO ¥ BCEUENO B3aKNIOYEHO B KPHCTanne;
HeOJHOPOLHOE ToNe BOMM3H YrIOB PAMKM OXBATHIBAET TOJALKO OYeHb Masble
yacTH noaxoro oGrweMa. HaineM Bripaxenne s paboThi, 3aTpauuBaeMOH
Ha Manoe MsMeHeHMe HaMarunyensoctd kpucranna. Ilone H uennkoM onpe-
nesfeTcsl TOKOM J M IeHCTByeT BIOAbL OCH KaXIOM CTOPOMBI COJ1eHOMAA

H=nl.

B ofmeM cayuae HHIyKUHs B B Kawaoi CTOpose paMkn GyieT Hanpap-
nena Hakaouno k ocu. Ilycte B, — koMnouenta B BAOAb OCH CONeHOMIA
B HanpaBnenwu¥ K. Torza B uenu npu usMenenin B Oyner uumyuupo-
paThCsl 9, H. C.

4B,
Anl 'Tt' .
CnenoBaTeabHo, yBenpuuBaa . A. C. B UENHU, ML NoayqaeM
dB,
¢ Aﬂl 7 == JR.

PaGora, saTpauennas Oarapeelt 3a BpeMsa df, Oyner
@Jdt = J2Rdt 4~ Anl JdB, = J?Rdt |~ AIHdB, — J?Rdt + vH - dB,

roe v—obbeM kpucramna (v = Al). Hanpasaesus H u B B nocaentem
ypaBHeHHM LOMKHb ObiTh B3ATH 1O OTHOLIEHUIO K OCAM KpuUCTaana, Aas
TOIro yTo6bl MOXHKO Obino cunrate H M B OnMHAKOBHIMM BO BCeX YeThi-
pex croponax pamid. IlepBhift unew B ypaBuenumu Ias pafoTH mpencTa-
Basier coboft mwoyneBo Tenao. Bropoft unen

d¥ =oH-dB wm dW =vHdB, 3.1

MH HHTepripeTHpyeM Kak paboTy, saTpauyeHHyl0 Ha M3MeHeHHE HaMaruu-
YeHHOCTH.
Tenepr npupapuneM sTo Bhipawekne ias dW npupaileHuio suepruu 1)

Kpucranna
a¥ = vH,dB,. 3.12)
IMoncraBass ypasuenue (3.7) B ypasuenne (3.12), noayuaem
d‘I"='vl.Lqude, (3.13)

KOTOpOe MOXHO 3anucaTh B Pas3BepHYTOM BHIE
A% = (p,, H,dH, 4 pyoH,dHy + pasfT1dHy 1o Ho@H, - popHpd Hy +
~+ togHpdHy 4~ pay Hol Hy - papHadHy - 0.55HdHy).  (3.14)

') Crporo rosops, 1A M30TEPMHUECKOr0 X OGPATHMOrO H3MEHEHMA 9TO
€CThb npupawente c80600H0 Inepeun (CM. npuioietie 6).
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ClleoBaTeabKo,
1 o¥
7'0—1_Tl‘=lLuH1 + vz +panfly (3.16)
H
1 o ,
;51_1—229121'11 ooty + o, (3.16)

Tenepy Mbi moayynan ¥ kak GyHKUMO OLHMX TOABKO HE3aBHCUMHIX Tepe-
Menubix Hy, H, u Hg'); Moxuo nokasath (cM., HanpuMep, [95}), uro
Ina TakoH ¢yHKuMm

v} oV i} ov
W(Bﬁs')zm(?ﬁ—l)'
Orciona, nuddepenunpys (3.16) no H, n (3.16) no H,, nonyuaem
12 == Phpg-

AnanorvysbiM NyTeM MOXHO JLOKAa3aTh, YTO
Pra=ta1 W Phog==sg.

ChaenoBaTennto, Tensop [p;] cuMMeTpuye.
Huterpupys ypasuenne (3.14), HaXoauM Bbipawekne Ias SHEPruH
HaMarHuYyesHoro Kpuctanna!)

1 2 1 2
V= '0(5 paaF el Hy = past | Hy - 5 popfls 4~

1 B
o+ ptdi). (.17)
UM B COKpalleHHOH 3anucu

1
‘IJ.= ?'vaHiH].

§ 8. Cuab ¥ MOMEHTH! CHJ

Onpezenecnye CUAb ¥ MOMEHTa CWJI, NeHCTBYIOLIMX Ha KPUCTAMI B Mar-
HWTHOM rOJE, 1aeT BO3MOMHOCTb M3MepPATb €ro MarkMTHYIO BOCTIPHMMYH-
BOCTb [4, 62]. B ofweM cnyyae cuna 1 MOMEHT CHA 33BUCAT HE TOJBKO
OT BOCNPMMMYMBOCTH KPUCTanna, HO H OT €ro QopMui, OpMeHTalmnnu
U o0beMa, a Takwke OT HANPMKEHHOCTH TOAf W ee M3MeHeHHs BLOJb
oOpasua. Yr1oOb ynpocTHTL Manoxenne, Mb OyneM paccMaTpuBaTbh pas-
JIMYHbIE CayyaM TO OTIAEAbKOCTH.

1) Tak kaxk ypashente (3.12) onpenenser aumb usMenenuwe ¥, caMa ¢yHk-
mia ¥ comepxMT NpPOM3BOMAbHYK KOHCTaHTy, KOTOPYIO YAOGHO Bu6parh TakK,
yro6ul ¥ 6bl1a paBHa HyJo, KOraa

Hy = Hy = Hy=0.
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1. MomeHT cua, AeficTBytommpil HA kpHCTaaJ B OOHOPOLHOM Mar-
HuTHOM moJe. IlpennonomusM, 4YTO MarHMTHbIM ANNOAL C MoMeHTOoM M
pACTIONONEH B OLHOPOAHOM MArHUTHOM TOne HanpmkennocTblo H Tak,
yTo OCh AMTIONsA cocTasasgeT yroa O c uanpasnenvem H (dur. 19). Moxko
npeACTaBuTb cebe, YTO IMTONb COCTONT M3 MArHMTHLIX 3apPANOB —m W M.
Ecau ofo3HaunTb Yepes I BeKTOp, HanpasaeHuuit o —m k m, 10 M= ml.
Ha paccMaTpyBaeMbitt nunoab OyleT AeHCTBOBAThL MeXanHYeCKMH MOMEHT,
o6pasoBankuit [BYMS NPOTURONONOKHHMH CunaMu — mH n mH (napa
cun), TPUIOKeHHHMM Ha pacctosmuu lsinb. Benmuwna srtoro MomewTa
onpezenseTcs GopMynoH

G =mHlsin b= MHsin8.

MoMenr peHcTByeT Tak, 4TOOb TIO-
BepuyTs M napanneabno H. B Bek-
TOpHOM 0003HAYeHHH

G=MXH. (3.18)

[MonuepkueM, uyto 3iech H — nanps- mH !
MEKHOCTb 1OJAs, CO31aBaEMOro HCTOY-
HUMKAMH, BHELIHMMYM TI0 OTHOLIEKHIO
K LUTONIO $ur. 19. Mapa cun, peitcTByroman
S ’ 3.18 Ha MarHUTHBIA JHNOAL B OXHOPOIHOM
opmyna (3.18) crpasepnuBa Kak MarluTHOM TIOJe.
B TOM Cayyae, KOria IMNOJb fABASETCA
NOCTOAHKLIM, Tak M B TOM, KOIZA OH MHAYUMPOBAH CAMHM TOJEM.
Mu ye BUZeay, YTO €CAM HAMarkuyuBaeMHIH KPUCTaAa MOMeHleH B OHO-
ponKOe mone, TO MKAYUHpOBaHuHH MOMewT M B ofLieM cayyae e napan-
nenes H, nostoMy na Takoft kpuctann OyneT IeftcTBOBAaTb MeXanMyeCKHH
MOMenT. B MaoTpomnoM ke BelllecTBe MaM kyOMYeCKOM KpucTanne, ecau
BausAneM QOpMbi MOXHO TipeHeOpeyb, BekTop M napanaenes H v nostoMy
MeXanuyeckM MOMEHT paBeH HYJIO.
B TensopnoM o6osuauenuu ¢opmyna (3.18) samuchiBaeTcs B Buze

Tensop G,y npenctasiasOumit co0OH aHTHUCHMMeTPUUHLIH TeH30p € TpeMs

HE3aBUCHMBIMY  HEHYJNEBLIMY KOMIIOMENTAMM, SKBUMBANEHTEH aKCHAABLHOMY
Bekropy (cM. ra. I, § 2). Ecau v — o6beM KpucTanna, TO Mbi HMeeM

Mi - 'vl-ko(«pin/- (3.20)

Gy = vpo (— Qut H) + 95 H H ). (3.21)

Ecan 3a ocu koopnmsar BaaTH raaBHLE OCH ¢, Komronewth Gy,
YNpowanTCs 1 NpUHUMAT BUAL

I mH

Ortciona

0 —upg (1 — S Hifly  wpo(ds— 1) Hefy T
vpg (Y — ) HiH, 0 — vpo (Y — bs) Hofty
Lo —upg(bg—¢q) Hafly  upo (o —ve) Halls 0 <t

6 Ix Haa
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TaxkuM o06pasoM, MOMEHT CHJ, NeHCTBYIOUINX HA KPUCTAAA, 33BHCHT TOJLKO
OT pasHoCcMell MEXIY TNaBHbIMM MarkiTHbIMM BOCIIPMMMYMBOCTSMH M HeE
3aBUCHT OT MX a0comoTHOH Beanynubl. DTO elle Pas NOKA3HBAET, YTO
BO3HUKHOBEHHE MeXaHMYeCKOro MoMenTa OO0y CJOBJeHO aHM30TPOTHeH.

Hacmueil caywal. Ecan none nefictByer B maockocTH ¢; u &y, TO
eINHCTBEHHOM KOMNOKEHTON MOMenTa cMs1 OyLeT MOMEHT OTHOCHTENbHO
och Oxy 9T KOMIIOHEHTA PaBHa

o (O — o) H,H, = v (§; — §p) F?sing cosp =
— Lo — &) Hisin2g,  (3.22)

roe ¢ — yron Mexay H u Ox,.

Manesdi  rsomenm, 063ycA08AeHHBIE BAUSHUEM HOPpMbL U OpUCHM(-
yuu obpadyc 8 00Hopodnoxm nose. Ctporo rosops, H B popmyne (3.19)
ectb H,, B 10 BpeMa kak H B ¢opmyne (3.20) ecto H,. Takum oGpa-
30M, €CAM TIpIHsATL BO BHuMauue Manoe none H,, oGycnos.iessoe camum
kpuctainoM, dopmyaa (3.21) okasbiaercas HeToyHOH, BeaenctBue nanu-
yna noas H, nawe nua uMsoTponmui#t ofpaseu B onmoponsoM none Gyrer
neficTBOBaTb MOMeHT cua, ecaM node H wHe HanpaBaeHo BLOAbL OCU
CHMMeTPHMH, TaK Kak BekTOp M, ocTaBasch napanneabsniM H, ne Gymer
ctporo napanneabsM H . 3TOT MOMeHT OGyCnOBAeH BAMSHMEM (HOPMBbI
¥ opuenTauuM. J[leHCTBUTeNbHO, B [LAHHOM TNPHJOKEHHOM TI0Je MOMEHT,
neicTBylown#t Ha o0pasubl M3 H3OTPONHOIO KPUCTanna, MMEIOLLMe OJHHA-
KOBHIHt 00DbeM, HO pasuyio (opMy, MM O-PasHOMy pacnonoientnie, Oyner
MMeTb PAa3AMYKYI0 BeaMyMHy. DTOT MOMeHT MOXHO OUEHMTb CAEAYIOLIMM
oOpasom. Tak Kak cOOCTBeHHOe TON€ KPUCTanna UMeeT BeJHYUHY no-
panka [fpg, yron Mexay M u H, Gynet Bennynuo#t nopaaka [/(p f) =
CnenoBarenbHO, MOMEHT COCTaB nsieT ~ vfPpeR. Iaa cpashenns }Ka)KeM
yro, cornacko ¢opmyne (3.21), MoMent, nelCTBYIOWMH KA aKU3OTPONKLIH
KpUCTann, paBeH ~'UH2puoq). €CJIM CYUTAaTb, YTO PA3HOCTM Mekay raa.-
HBEMM MarsUTHEMH BOCTIPHMMYHBOCTAMM MMEIOT TOT e NOPSAAOK, YTO U CaMu
BocnpuuMuuBoCTH. TakuM 06pasoM, OTHOLIeHHe MOMeNTa, 06YCIOBIEHHOr O
BANAKMEM (OPMBI MAM OpHEHTAUMH, K MOMeHTY, 00s3aHHOMY CBOMM BO3-
HUKHOBEKMEM aHM3OTPOTMY, HMeET BeAMYHHY NMOPANKA BOCTIPHMMYMBOCTH ),

5
KOTOpaf, Kak MbH 3HaeM, COCTaBJAfIET ~107

2, Cuna, peiicTByOmANA HA KPUCTAJA B HEONHOPOLHOM MArHHUTHOM
nose. IlpeinonoxuM, YTO MarMuTHbLIH IMMNOAL C MOMeHTOM M roMeuten
B HEeONHOPOLHOe MarkuTHOe mnoje. Kak M mpewne, Mbl MOXEM CYUTATh,
yTO AMNOAb 00pa30BaH MarHUTHHIMM 33pALaMH —m W 1, HAXOASIWUMUCS
Ha ManoM paccTosuuil /; 0003HayMM CHOBA BEKTOp, HANPAaB/EHHLH OT —m
k m, yepes I, Ilpn sToM I-1 KOMmOHenTa monas, AeHCTBYIOLIAA Ha TOJO-
WUTeAbKb(H MaruuTHHM 3apsan, OyleT npesbiiuath -0 KOMOOHenTy, nei-
CTBYIOUIYI0O Ha OTPHUATeJbHBIM MaruuiHbil 3apan, Ha BeIHYUHY

oM,

0&'] l]'
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31ecb H;— mno.e, o0yc/0BIeHHOEe MCTOYHHKAMHU, BHELIHMMH MO OTHOLIe-
wito k¥ munoao. TakuM o0pasoM, Wa munoab OyreT AeHcTBOBATHL Cilia,
i-f1 KOMIIOHEHTa KOTOpOH

_6Hy, _ ., OH

OT0 ypaBHeHNe COPABELIMBO KaK J18 TIOCTOAKHOrO IMIIO.IA, TaK M 4.1
IMOO.Js, MHAYUMPOBAHHOIO CaMHM TOJEM. CaejoBaresbHO, €CJAH Majbil
ofbeM U TapaMarHHTHOroO MM LAHAMarHMTHOrO KPHUCTA11a, TOLYHHAIO-
werocd 3akoHy (3.5), TNOMEleH B HeONHOPOIHOe T10Je, Ha Hero 6yne’r
ne#cTBOBATL cHna

0H
Fy=nl, W;' (3.24)
W oH
Fy=vpqpHy W; (3.25)

(coGcTBenlbIM TONeM KpucTaina npeneCperaeM). Tak kak rot H==0 n
$/p = Pppr TIONYYAEM OKOHYATENBHO

0H
Fy=vpbpH, TX% (3.26)
uan , s
Fy =5 vpodjn ox; (HyH}). (3.27)

Kak yacTub#l ciyya#t nas ManlOCTPauMM TpPHUMeHeHHsi 3THX YpaBHe-
HU{ PaCCMOTPUM mpiMep, KOrAa KPHUCTAWT PACTIONOKEH TaK, YTO MoJje
LeHCTBYyeT mnapannefbHO HANPAaBAEHUIO OAHOM M3 TIiNaBHBIX MarHMTHBIX
BOCOPUMMYMBOCTeH (nvCeThb 910 nanpabaeswe Ox,). Torma Hy=—=H,=0,
Y KOMNOHEHTH CHMJb{, COraacHo ypasuesuio (3.26), OynyT

H. H, o0H,
Fl';"’&*o‘?1H1%—x:» F2='0P1>‘P1H1%,T;» Fa=@Po‘P1H1a§» (3.28)
HIN

F= 5 vuq), grad (H2). (3.29)

Hanpasienne cuabl B 9TOM cayuae coBnafaeT C HanpaBlenueM kanGoab-
lero uaMenelns /72 — BBIBOL, KOTOPHIH, OYEBHIHO, CIPABENIHB TaKXKe
U JL19 MBOTPONKEX Ten. Ecam Bennuiua §; NoNoKHTENbHA, T. €, KPUCTAM
fARseTCH MapaMarkeTHKoM B nanpasaewun Ox;, 1O o Oyler LBUraTbes
B CTOpoHy manbonee cuibkoro moas; waoGopot, ecmt Ox; — nuaMarkuT-
HOe wanpapsende, KpHCTaan OyIeT CTPeMHTbCA [IBUrarbCs B CTOPOHY
Haybo.iee ciaboro no.as.

HManmepenne cnanl, peficTByioillelt Ha ofpaselt B HeOLHOPOLHOM MOMJe,
HaCTo Hcnoab3yercss IMA ONPeNeNelns MarkuTHOM BOCNPHMMUMBOCTH [4).
Pacnosomenne o6pasua cxemaTHueckn nokasano ua ¢ur. 20, ¢. Lauu-
Wbt TOMKUEt CTepeHb M3 KPUCTA114 TOABEWUMBAETCA TaK, YTOOL ero
OCh Obl1a BepTHKadbhHa M HIKHMH Komeu A waxozniacs BOausm cpenuedt
TOYKI nons Mewly ABYMS TJIOCKUMM TOAIOCHLIMH HAKOHEYHHKAMM 9JIEKTPO-

6%



84 Ta 11, HapamasHutnas u OuamazruTHan B0CRPUUMHUUBOCTU

MarkuTa, a BepxXuuit koweu B Ouin BHe 3azopa. MuTepecho € MOMOLBIO
ypasuenus (3.26) BHIYMCAMTH CHJAL TNPH TaKOM pacnonowenun. Hanpasim
OCM Tak, Kak mnokasawo na ¢ur. 20, 6: npu aToM oCb X, napainesbha
oMo M CHMMeTpPHS TIONA TaKoBa, YTO BLOAbL ocH Ox,

H,=Hy=0.

CnenosaTenbso, B ypaptenti (3.26) 1eo0X0A1MMO YUHTBIBATL TOMBKO YJIEHEI
¢ k=1, Jaabuelfee paccMOTpelne NOKa3LIBAET, YTO BLOJb HalipaB.ieHus

W

a 5

¢ ur. 20. CxeMa pacrnonoxenus obpasua B MnoJje [pH H3IMepeuHH
MarHuTHOH BOCIPHUMYMBOCTH.

Ox, oTayysa OT Hyas TOJALKO OnMA TepBas TpPoOMsBOaHAas OH,[/0x, =
= 0H,/0x,. Cnenopatenbko, coraacko ypaBhenuio (3.26), Ha Kawiuh
aneMenT o0beMa KpucTawa dv LeHCTBYIOT KOMIIOMEHTH CHJbI

dF, = poburHy 22 dv,  dFy= pgbuH, L do, dFy==0.
dxl 0.’(,'2

IMonowne dv=oadx,, rie o— ILIOWAb MONEPEYHOrO CeYeHNs CTepHHd,
11aXOLIM, YTO KOMIOHEHTH BCelt cuabl, neHCTByomlelt Ha CTepiKelb, Bbpa-
WAanTCA B BUIE

B
f‘:’ (%[Z:)dxz- F2=P‘0faq’u (gx )dxz- Fy=0,
A A

Ui
B

1
Fi=yp f ayotydHy = — 5 N o (3.30)

A
H, aHanor U4Ho,

1
F2 =T pOaLPqu, (3'31)
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rne Hy—noae B touke A. OTpuuaTenbhbift 3Hak y Buipawenus nas Fy
nOKa3LIBdeT, YTO KOrLa Beauyuua Y, MNOAOxuTenbsa (T. €. B Cayuyae
napaMarHuTHOrO KPMCTaina), T4 KOMIOHEHTA CHAH HANPaBJeHa BHMB.

[TponcxoxIekye STHX IBYX KOMIOHENT CHJbI MOXHO OOBSICHUTb Cae-
aytownM obpason. ITone H; cospaeT HaMarHuueHHOCTb, MMEIOMLYI0 KOMIIO-
HeWTW BIOJAb BCeX Tpex oceft, B wacTHocTH, BoOAb X, LeHCTBYeT MOMEMT,
nponopunonanbkbitt §,,H,. Cuna F, BO3uMKaeT B pesyabTaTe AeHCTBHS
koMnosesTHl noas H, wa sror Moment. Xota H,=0 Bpoab ocu Ox,,
npousponkas 0H,/0x, BROAb STOH OCH OTAMYHA OT Hyas (32 MCKIO-
yesneM Toukn O), Tak kak H, uaMenseT 3uaxk. Caenobartenbno, I,
BL3kiBaeT cuay Fp, IeHCTByIOIYI0 Ha MOMeHT 9,/ M mponopumonanb-
nyio  $y,H, (0H,/0x,) = 9,,H, (0H,/0x,). Cuna F; BO3muMKaeT B pe-
syabTate OeficTeus ), wa MoMewT, nponopuuonanbhmi Op,t; u mHa-
npaBieHHBI BIOAb X, DTa cuaa nponopunosanbha G, H, (0H,/0x,) =
= Py, H, (0H, 0x,).

3. Mexanuueckuii MomenT, AelicTByOM Kl HA KPUCTANA B HEORHO-
pPOLHOM MATHHTHOM MOJe. Mbl paccMOTpeny MOMEHT, HeHCTBYlOmMH Ha
RPMCTanan B OLHOPOANOM NOJe, M CHAY, LeHCTBYIOWIYIO Ha 31eMeHT o0beMa
Kpuctaana B HEOAHOPOAKOM IO.IE, B ne-
OIHOPONHOM TOJe TaKkKe BO3HHMKAeT MO-
MeHT, HO OH JIMLIb YacTHYHO OOyCnOBJEH
BJIMAHKMEM aHU3OTPOINY, o6cymna3mnmcn
B § 3, n. 1. B ocranbhoM nosBienne
9TOiO MOMeHTa OODBACHAETCH BaMsHMEM
pasMepos U opMy Kpuctaana, 310
adpeKT nepBOrO MNOPAAKE, COBepIlEHHO
OTIMYHHH OT paccMoTpensoros § 3, n. 1,
afpdekta GopMe, sBasiomerocs sddek-
TOM BTOpOro nopsaska., YroOw mnowsts, P ur. 21. Cuam, peiicrByiomue

KaK BO3HHMKAeT 9TOT S(QEKT, HyKHO ayiup 153 MIUHHLE HIOTPONHK! napa-
4eCTh. YTO BIDAN 3.94 UMe- MarHMTHEH cTepienb, Haxoaf-
y , bipaxenne (3.24) np muiies B MOJE MarHUTHOrO 3a-

HUMO K KaXIOMY 3JeMeHTy KpHCTanna paza.

YTO BCMeCTBHe KOHeYHHX pa3MepOB KpH-

cranna cuab, [LeACTBYIOIUMe HAa pasiMuylble 4YacTH KpucTaana, OynyT
B OOmeM cayyae OTIM4ATBCA KaK TIO FelMYMHe, TaK M TO HanpaBJeHHIO,
B pesynbrate na oOpaseu OyneT LeHCTBOBATb He TOABKO CHAa, HO H
MOMent,

Kak vacruwbt cayva#t, Mel MOXeM paccMotpeth (pur. 21) nBa sne-
Menta A n B pauuHOrO M3OTPONHOrO napaMarHuTioro CTepXHf, CHUM-
MCTPIYHO  pacTIONOKEeHHHX OTHOCHTenbHO cBofozHOM ocu Bpautenus O.
Ilycts nose cosnaeTcs MarBMTHHM 3apAIOM 1, HAXOAAWIMMCA B Touke P.
Torna cuam, IefictByiomive Ha A ¥ B, uanpaejenn 1o paguycaMm u npo-
nopunonanckn  snayeunaMm ggrad (f2) B Toukax A w B. Tak kaK
H = m[(4nwyr?), roe r — paccTofnMe 1O TOYKM P, Ha KawIbilt aneMeHT
AeficTBYeT cuia, nponopumoHanbhas Ym/r® v Hanpabaennas B cTopony P.
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(Mbi npenebperaen noneM, BLI3BAHHLIM Pa3AMYKbIMY YaCTAMM CAMOTO CTEPH=
ua.) AieMent A pacnonowen Oamie K P, yeM ateMewT B, nosToMy cuia,
Ieficteyomas wa A, Goablue cuaw, HeftcTsylowett ua B. Bo.aee Toio,
n3 ¢ur, 21 MOXHO BMAETb, YTO TAEHO CMIbl, NPUIOKeHHOH K A, OTHO-
cuteabio Toykn O Soubive, YeM Teyo CMaH, npuaoweknoi k B, [Ilo-
9TOMY CTepwekb OyleT CTPEMHTbCA TOBePHYThCS MNapa’inenbHO MO.TIO.

[Unratess MOMeT nerko mOKasaTh, YTO OTHOLIEHHE MOMEHTOB OTHO-
cutensio O nns cun, nefictBylomux wa A M B, paBHO cooTBeT-
CTBEHHO (rB/rA)e.] HaoGopot, ecan Obi crepxelb Obln IMaMarHMTHEIM,

on CTpeMuacst Obl NOBepHYTbCA TEPTEHAMKYAAPHO TMOMI0.

§ 4. MaruuTHas BOCMPHUMYHBOCTH MOPOLIKA

Ecay nopoinok, cocrodaiunft 13 npou3BONbEO OPHEHTHPOBAKHHX aHU30-
TPONHEIX KPHUCTAMIMYeCKUX 3epeH, TNOMellleH B MArBUTHOe TOJe, Kawaoe
sepio OyzeT B ofuweM cayyae npuobpeTarh MOMEHT, HanpaBJieHne KOTO-
poro ue coBnamaer ¢ HanpapiewneM H. Onmako us cooGpawmenntt cum-
MeTpMH OYeBMIAHO, YTO pPe3yabTHPYIOUIMH MOMEHT BCelt COBOKYIHOCTH
yacTHy, AomkeH OwThb Hanpabied BAOAb [, caelOBaTe’bHO, TEPTEHIM-
Ky apuble fI koMnouenTh I, BOshuKalollHe B OTHE/bHHIX 3¢PHAX, AOMKHEI
B CpeineM yuuuTO)arthes. Ilpopoabuan koMnowenta [ nas sepua ompe-
IenseTcsl BRIpameleM

poVH == po (011 4ol - 0a15) H,

roe (I, lp, l3) — HanpaBIsoute KOCHHYCH H nO OTHOLIEKMIO K Hanpar-
JleluAM 1aBHEIX BOCMIPUMMYHBOCTeH 3epua, a ¥ — BOCTIPUMMYNBOCTbL B Ha-
npasaewuu (I;, L, I3) (cM. ra. I, § 6). Cpensee 3nayenue [ nna nopoilka
eCTb CpelMee 3HaueHMe STHX TNPONONbKBIX KOMIIOMEHT, ONpPeleNeHHbX
Ins BCeX BO3MOMWHEIX 3nayeHuht [, I, I3, OHO NOMKHO MMETb BUL

po% Py %o 4 99) H,

2 42 2
rie o-— YUCAeHHHH KOS(hQHUMEHT, Tak KaK cpelune 3uavenua L, L n i3
jomxunl OwTh pashni Apyr apyry. Ho ¢opMyna nonwua Owrtb cnpa-
BeJTMBA U 75 M3OTPOMHOIO Cayudas, T. €. TPH

Y =9 ="9=19.

B stom cnyvae, kak Mp suaeM, [=poyld, nostoMy o, oueBunHO,
paBso 1/,

WTak, MarsuTuas BOCTIPMMMYMBOCTL MOPOIUKA PaBHa /g (b, by ),
MAK, 0pPM NpPOM3BOARHOM BuGOpe ocedt, !/3d;,. Tlocaennee Brpakente,
KOHEYHO, fBAAETCA MHBapuauwToM (CM. cTp. 69).
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PE3IOME

O6mue cootsomenus (§ 1). Bo Bcex cayyasx
B,=poH,+1,. (3.1)

Ilna napaMarduTHBIX M IMaMarHUTHBIX KPUCTaanoB MMeeTCs 1003BOYHOe
ypashenne

I = Po‘PuHi (3.9)
(uckniouan 06nacTh OYeHb CUAbKBIX Monel), rie Tes30p BTOPOro pamra (9,1
ecTb (o6seMmHas) MmazHumeas socnpuumiusocme, OTCIOLA CAELYET, YTO

B, = p‘i/Hi' 3.7

rie pi/=po(3i/+q)”). Teusop BTOpOro pawra [p,] ecTb MazHumHas
npoHuyaeMocts.

dueprus HamarHuyuBanus kpuctasaa (§ 2). PaGora, satpauennas
Ha N3MeHeHHe HAMarHM4eHHOCTH Kpucranana, KOrpa rnoJje co3naeTcd TOKOM,
TeKyILMM B COJMEHOMAE, M 3aKMIOYeHO B KpucTanie, passa vH,dB,, rie
v -—00peM KpucTanna. C yyetoM (8.7) 3TO NPHUBOIMT K YpPaBHEHMIO

dY = vy, H,dH, (3.13)

ILns npupawenus (cBobonmo#) sueprun. To obcrosrenncTso, uto dW¥
ABNAETCA NOMAHBIM LHddepeHunanoM, nosBoaseT 10KA3aTb CUMMETPUYHOCTD
Tensopa [py], a caenosaTeanto, ¥ [,;]. Ilpu coorBeTcTayromeM BEOOpE
MIPOH3BOJILHON MOCTOAHHON noayyaeM

, 1

By nyyn CUMMeTpHYHBIME TeH30paMu, (] ¥ [g,] MoryT OLITb TIPUBELEHE]
K ux (o6wmuM) raapubiM ocam (§ 1). KpucTann uaswiBaloT napaMarHHTHBEIM
Al guaMariuTHHM BAOJbL OAHOIO M3 Hanpanneunn raaBHbIX BOCTIPUHMMYH=
BOCTeH, eCnu BedWYMHA ¢ BIOAb 3ITOrO HANPABAEHHS COOTBETCTBEHHO
NOIOWKHTeAbKA MAM OTpUUATeNbHA,

Tak kak rnaBhble BOCTIPHMMYMBOCTHM TNAapaMarkUTHBIX M IMaMarkuTHBIX

-b
KPHCTannoB OGLINKO 3HAYMTenblO Mempwe eamuuus (~ 107°), none, coa-
lapaeMOe HaMarHUYeHHLIM KpuUcTannoM, Mano no CcpaBHEHMIO C BHellHHM
noneM, 1 UM OOBIYHO MOXHO Tpenelpeyb.

Cumbt u momenthl cua (§ 8). Ha kawautt snement ofbeMa o
Kpucranna, Haxonsuerocs B Mar iMTHOM Tnone, Ae#cTBYIOT MOMenT (§ 3, . 1)

Gy = o (— $u1p b1y -9, H,H)) (3.21)
M cunbl (§ 3, n 2)
1 7}
Fl:=_2"vl"'0'!?jk—0;i'(Hij)' (3.27)
B Gobwom kpuctanne maMenelMe CUAH OT TOUKH K TOYKE MOXeT TpH-

BeCTH K panbMeftiieMy BospacTawuio MoMenta (§ 3, n. 3), saBucamleMmy
OT QopMul KpucTania.
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Bocnpuumuusocts mnopomka (§ 4). BocnpuuMyuBocts nopolika
paBha /g9, uAM OPU NpuBelelHH K FAEBHLIM OCAM,

3 (e 00).

3ALAYH

1, MycTb HA kpuCTann HeficTBYET MOAE€ HaNpmuKEHHOCTbIo Ffy, HampasieHHOE
Bronb ocu Oxy, 8 3aTeM HaknagbBaeTcsl 400aBounoe none BRoab Ox, uanps-
WEHHOCTLIO M. BHUMCAMTD [IPOM3BEICHHYI0 padoTy, MCNONb3YA YpaBHEHHUS (§ 7)
u (3.12). [lycTh Tenepb SKEMepUMeHT MOBTOPEH, HO CHayana Halnaraercsa none Hs
Broab oen Oxg, a 3areM none f7; Baonb Oxy. Crosa BHIUMCAKTL NPOM3BEAECHHYIO
paboty u MnOKa3ath, UTO MpOM3BeneHHaA pa6oTa MpPH MNPUIOKEHHH MOJHOTO
nons H =[H,, H,, 0] omnakoBa nast 060MX C/lyuaeB TOJBKO MPU {ya == froy.

2, HefonpwOif NapaMarHUTHBIK KPHCTaAd MOMEHIEH B HEONHOPOLHOE MOJE
SJeKTpOMAarHuTa ¥ 6narofaps OMduaApHO# MogBecKe OOPa3yeT MasTHHK, MOry-
K Kayarbes B MIOCKOCTH, NEPNeHauKy MAPHOH rOPH3OHTANBHEM CHIOBLIM JMHHUSAM,
Oauxa MastHuka pasHa 20 ¢u. Hanpasneliue MakcuMalbHO# BOCHPHHUMYHBOCTH
KpucTalna napanielbHo MareHuTHOMY momo. OTkjomerme kpucTaiia, HaGnioxae-
MOe MNP BHIKMOYEHMM MaruuTa, paBHO 1,20 wmm. 3naueune HOH[dx, rue
OH/0x —rpanueHT MOJs B HaNpaBleHMM [IBIKEHUS KPUCTalla, MOCTOAHHO M
paBHo 1013 ex. MKS. [notHOcTh KkpucTanna pasha 2,7 103 xz2/m8, Buluuciutsb
HalboJblyI0 TaBHYI0 BOCIPHMMUYHBOCTD.

3. MoHokpucTann kagMuf (rekcaroHalbHas CHCTEMa) B BHAE NJMHHOH Mpo-
BOJOKH paguycoM 1 mMM MNOuBeeH K MAeuy BecoB TakuM o0Opas3oM, 4YTO OH
HAXOLUTCS B NPOAOALHOH M MOMEpevHON MIOCKOCTAX CUMMETPUH SJEKTPOMarHuTa,
I'nasuas och KpHCTalla HaKJMOHEMa MOL YIJOM § K OcH MPOBONOKY M JIEKHUT B NPO-
RONMbHOH NNOCKOCTH CHMMeTpMM Marumta. Kord4a MaruutT BKJOUYEH, BEPXHHU# KO-
Hel MPOBOJOKM HaXONHMTCA B MPeHEOpe:HMMO MaloM MoJe, a HIKUUE — B 110/
HanpsxerHocToio 4,00 105 en. MKS (amnepsumuos/m) Tlpu sTuX yenosusx Haii-
IeHo, uTO cuna, neficTeyiollan Ma MPOBOJOKY, Mapamieilbla €e LJAHHE U paBHa
8,11 X 1078 en. MKS (nsromor). 3nas, uT0 raasHble 06bEMHblE BOCIPUUMIHBOCTH
KajMusi B pAUMOHANMSMPOBAMHOH CHCTEMEe MMEiOT 3HaUEHus

G=ty=—174-10"  {3=—285.107F,

onpegeaurb yroa 6.
4, Maneubku#l kpuctana o6veMoM 1 mm3, rnasubie BOCIPHUMYHBOCTH KOTO=
poro B panHOHAIM3MPOBAKMHON CHCTEME eNMHUL HMEIOT 3HaueHNs

$1=10-10"% ¢3=06-10"5 ¢3=20-10"",

NoMellleH B HEOQHOPOAMOE MOCTOAHHOE MarHUTHOE foje, KoMnoseHTel noas u
HEKOTOPHIE KX TDafHMEHTHl BAOJb HaNpaBAcHMH raaBHBIX Ocell MMEloT 3HaueHns
(e enurmuax MKS)

H;=1,0-108 Hy=0,5-108 Hy; =2,0-108
oHy _ . 108 oH, _ 8 _0_1_—1_1__.. . 108
73}1__1’0 108, ~0—x2—_1,2 108, axa_o,s 108,

OHy o OHy 108
W;_O'S'IO' axq_Q'O 108,

OnpenefuTh BeJHuUHY H HanpabieHHsi Pe3yNbTHDYIOWEH CHALI M MOMEHTa,
Aefic1BYIOLIUX Ha KpHC1al,
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AJIEKTPHYECKAS NOJISIPU3ALMA

Toaspusauus KPUCTa1sa, BHIRHBAEMan 3JeKTPHYECKUM TOTEM, fBIAETCHA
elle ONKUM NPUMEPOM 8HHIOTPOIHOrO CBOHCTBA KPUCTANNIOB, ONHCHBAEMOrO
Tel30POM BTOPOro panra, $opManbHBA aHanHs sAEKTPUYECKOR moaspHaa-
UMM BO MHOIOM aHaJOruyeH pPacCMOTPEHMIO HAMarHMYeHHOCTH, TPOBENEH-
HOMY B NpelbiAyHied IiaBe, HO MMEIOTCH TaKXe H HEKOTOPHIE Pa3NHyKA,
Ha KOTOPHIX Mb HO/MKHb OyLeM OCTaHOBHTHCS.

§ 1. O6mue cooiHOmEHUA

Crenymoiye TPH BeKTOpa aHANOTHYHLI COOTBETCTBeHIO BekTOopaM H,
Iu B

E — uumencusrocme  saexmpuie- D
CHO20 NOASl, WM HGNpsoCeH- P
Hocme noAst,

P — nosrspusagusn, paBHas saeKTpH-

YeCKOMY MOMEHTY Ha eIMHUUY
obbeMa (uan TMOAS PU3AUHOHHOMY
3apany Ha eIMHMuY TIoHLany,
TNe PrIeHAMKY ISAPHON  HanPaBaeHUIo
noJaapu3aumn); — -

D — Ousaexmpuuecioe creucrue, #,E

WM #HHOYKUUA.

dur. 22 Ceass Mex
CoorseTcTBerno  ypasnennio (3.1) mbl BIZ:TO[)GMH %’f‘;g,fp{‘y

uMaeN
D=+E-+P, 4.1
rhe 7y, — CKkanapHas KOMCTANTa, NPeACTABAAIONAS COOOM ANINEKTPUUECKYIO
NpoHuIlaeMOCTb BAKyyMa M paBHas B paudoHaTManpoBakHol cucTeMe MKS
8,854 . 1071#1), 310 BexTOpHOE COOTHOWEMIe WANOCTPHPYeTCA (Hr. 22,
s usomponnex cpen uMeeT MeCTO ypaBHehne

P =«yE, 4.2)

———

1) CM  kHury, ykasauhbie B OpIMeuaHtn Ha c1p 78,
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aHanoruynoe ypapnenuo (3.2) (uckarouas 00:1aCTh OYeHb CHABHHIX no.ett),
rie E -— sHanpsxessOCTb NOAA B CPelle, 4 ¥ —- OUSACKMPUyecK G 80CApIL-
umyugocme 1). Aunanoruyso ypaehennio (3.3) umeeM

D =+E, (4.3)

rie % — OusneKmpusecKas nPOHUyGeMoCcms,

= (1 4.

Yacto OmBaer Gonee ynoOHO BHIPaXaTb AM3NEKTPUYECKYI) MPOHHUUAe«
MOCTb CpeiH 4Yepes NPOHMUAEMOCTb BakyyMa. Jlas sTolt uenm BBezem
Be3pa3sMepHYI0 KOKCTaHTY

*
K = (4.4)
HA3LIBAEMYIO OMHOCUMEAbHOU OUIACKMPUYECK 0li NPOHUYAEMOCMBIO, UIH
QusnekmpuyecKoli nocmosiHroll,
Ilna arusomponHeix cpel BMecTO ypaBhenusa (4.2) uMeeM

Py =gy, E, (4.5)

rie ¥, — MeH30p OudieKmpuueckoll 8ocnpuuMyu80CHY; BMECTO ypaB=
HeHus (4 3) umeeM
D;=w,E,, (4.6)

rhe %, -— MeH3op Ousnexmpuuecroli nporuyaemocmu, OnpeneaseMbtt
CneLyIOIUM 0GpasoM:
= %0 (8 1))

Ilns nusneKTPuYeCKOH TNOCTOAHHOH, KOTOpas Tenepb TOHe ABJAETCHA Tek-
30pOM, MMeeM BMeCTO ypaBuehus (4.4)

=" (4.7

B § 4 na ocHoBe sHepreTHyeCkMx cooOpamenu#t IOKa3bIBAETCH, YTO
% ="%y CaenoBateasio, Ky=K, wu y; =7y, TlostoMy [%], Kyl
u {y,,] MoryT OuTh npuBeneubx K "O0IHUM TNaBHLIM OCAM; COOTHOIUeHHﬂ
Memny rfNapHHIMH KOMIIOHeHTaMn OYeBHOHbIL

%, =K, ¥ T. L

=K —1unrt 5

TakuM ob6pasoM, IAMSAeKTPUYECKHe CBOMCTBA KpHUCTani1a MOryT OHTb
OXapaKTePH30BaHbl 3HAYEHHUAMM M HalpaBJeHUAMH TpeX rAaBHBIX LH3.J€K-
TPUYECKUX TPOHUUAEMOCTeH (IUDNEKTPHYECKUX TIOCTOAHMEIX) MAM IMSNEK-
TPHUECKNX BOCTIPUMMYMBOCTelt, DTH 3uayewus M uanpabBaeunss OynyT

1) Ecau kpucTann o6nazaet cnoHtamiof nonapusaurel (cm. § 7 u 8), P mowHO
KHTPENPETHPOBATL Kak K3MEHEHMe 9TOH MOJApU3ALUY, Bbl3BaKHOe MOJNEM.
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p oOllleM Cly4ae 3aBUCETb OT YACTOTH SJAEKTPUUECKOrO TOASA; KPOME TOro,
OHHM, KOWEYHO, LOMKHBI BCEra NOIYMHATHECH BCeM OrPaHMYeHUsM, HaKna-
Ib(BAeMBIM CUMMeTpHelt KPUCTanaoB, B COOTBeTCTBMM ¢ Tab:1. 3. 3uayenus
AU NEKTPUHECKHX [TOCTOAHHBIX OJAf1 HEKOTOPLIX KPHUCTANIOB HpHBeILeHbI B

taba. 5.
TABJWULA §

Husnexmpusecue NOCMORAHHbIE KPUCHAAN0S *

Kpucraiap Cuctema K, K, K, Yacrota, 2y
Fune Monokauunas , . ,| 99 | 5,1 50 3-108
Aparonut OprtopomOuueckas ,| 9,8 7.7 66 4. 108
KBapu TpuroHanbHas . . . 4,5 46 | 50—5-108
Kanbuur » ... 8.5 8.0 4.108
Pytun TeTparosanbhas . . 89 173 4-108
Xnopud uesus KyOuueckan . . . . 6,3 2.105
Xnopun marpusa » e 56 2.103

* ITpuBeneHHble 3uaueHusn B3ATH H3 Tabnuy [64, 61], & Texkxe M3 kumH Kazn [24]

§ 2. Paaauune mempuy 8sjekTpuueckoil mosspusauueii
H HAMaruu4€HHOCTBIO

TNpu npunaToM HaMu cnocobe PacCMOTpPekys NONAPH3AUNA ¥ HAMATH1YeH-
HOCTb ABASIIOTCA 2HANOrMYHLIMY BeanynkaMu. OnKaKo cnelyeT UMeThb B BUAY,
YTO 9T4 AaHAAOTMA HOCHT aMiub GoOpManbeel XapakTep. B oTanume ot
9JEKTPUYECKUX 33pANOB MArkMTHBle 3apAiH He CYyLLeCTBYIOT B ZLeHcTBH-
TeNbHOCTH, XOTR BBeleHMe TPeACTaBNeHMS O TAKMX 3apANaX 3HAUYMTeNbHO
ofaeryaer paccyxienue. JIpy ¢usMyeckn peanbHOM NOAXOLE CAeoBano Oui
npu3KaTh C CaMoro kayana oOLlee TNPOMCKONIEHHE 2JIeKTPHYECKOrO M
marunthoro noxelt. Ilpu sTOM crenopa’1o Ob CYMTAThb, YTO MArKHTHbiE
MOl M MOMEHTH CO3LAIOTCSA 338 CYeT ABHMEHMs SJeKTPHYeCKMX 3apAaLoB,
a ¥MeHHO OpOMTanbHBIM M CNMHOBHM MOMeMTaMM SJeKTPOHOB, 4 He he-
NOABMKHBIMY MarHUTHBIMU 3apanamMum. OTCyTCTBlfle NOJHOro rapannennsma
Mexiy sneKTpHYeCkoH nonsapusatie 4 HaMarHMYEHHOCTBLIO TOAYEPKUBAETCH
TeM aKTOM, YTO riaBkbie MarHUTHHE BOCHPHHMYMBOCTHM MOryT ObiThb
NOJIOKUTENBHBIMY U OoTpuuaTeabHbiMy, B TO BpeMs KaK r.JaaBHbe IHU3.JeK-
TPuYeCkMe BOCTIPUMMYMBOCTH BCeria MNOJOHKUTenbkbl. lIMerorcs Takwke
IBa CrelyIOIMX BaWHKHX TPAKTHYECKUX pas3miuns,

1. Sdigherm Oenormpusayuu. Ecnv nonspusyeMuit Kpicrann nome-
eH B rmnonae Ea, TO NPH 3TOM BO3HHMKEET co0cTBeHHOEe TIONE Kpuctanaa
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(o6o3uaunm ero yepesa E,). Torna noatoe none B mobGo#t Touke (dur. 23)
ONpefensieTCAl BHIPAXeHNEM

E,—=E,}+E,. (4.8)

Ing napaMarseTMKOB M IMAMarHeTMKOB MCKaWaiOllee BAMAHME KPH-
cTaina Ha mnojde, KaKk MHB BULEIH, Ma10 BCIEACTBHE MaJbX 3HAYEHHUH
BOCTIPMMMYMBOCTH. DTO He HMeeT MeCTa A8 (eppoMarHeTHKOB, a TaKme

L5 IUSNeKTPUKOB, TIOTOMY YTO B 3TOM

E; E, Cnyyae 3Hauewnss y,, HaBepHAKa He

MaJbl NO CPaBHEHHUIO C efunHMuel (CM.

1aba. 5), u, caenosatensno, £, u E,

4aCTO MMEIOT OLMHAKOBLI NOPALOK Be-

» anyutibl. ITote E, 3aBucHT OT GOPMH

kpucranna, Tak, ecam gnBa oOpasua

@ ur. 23. Cea3p Mexpy BexktOpaMu M3 OJHOrO M TOrO Xe KpHUCTanaa, OTay-

E; E; u E,. yaloyecs auiib GopMo, NOMeCTHTb

B MueHTudyiteie noJas, To E,, a cneno-

BaTeabto, ¥ £, OynyT pasmnunb. Tak Kak BHYTPH KPHCTanna CyLleCTBYeT

noxe E,, koropoe ¥ onpenerseT P [ypauenne (4.5)], To 5TH 1Ba 00pasua
OynyT oOHapyMBaTb PasnMUHYIO MOJASPH3AUUIO.

Ias MANOCTPauUMM MOXHO 3HeCh HANOMHHTb Oe3 1OKAa3aTeNbLCTBA
Bupawenua naa E, E, u P B cilenyowmux Tpex TPOCTHIX Cayyasx,
IeTalbHO pasofpaHsHX B yyeOnHMKax:

a) Jaunneli u30mponueli cmepycens 8 O00HOPOOHOM noae E,,
napassesbHoM €20 OruHe.

E,.=0 w E,=E,;

a?

CleOBaTeNbHO,
P =y E,.

0) Ilrockuli usomponweili Ouck 8 00HopoOHoMm noae E,, nepnen-
OUKYARPHOM €20 HAOCKOCML.
Buytpun nucka

wE,=—P w E=E,—L.
ChnenoBarenbko,
P 1
P="07,(Ea—,:) nwm P = T rox E,.

8) Haomponnasn cgepa 8 00Hopodrom nose E,.
BuyTpu ceph
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B kaxzoM cayyae mnone BHYTPM Tena, BHI3BaKHOe TNOAApU3auMelt,
neHCTBYET NPOTHBOTIONONHO TPHAOKEHHOMY TIOMI0, BCAEICTBHE YETO Ha-
6aonaeMas moaspusaumns nowmkaercs. Ilostomy noae E, BuyTpu Tena
HA3LIBAETCH OLNOAAPUSYIOUUM nOACH.

2. Ymeuxa 3apaoa. ViaMepenus B IN9NEKTPHKAX OCNOKHSIOTCS HaaM-
yieM , IM9JNEKTPUYECKNX aHOManu#t“, BHI3HBAeMHX TeM OOCTORTEILCTBOM,
yTO AHDAEKTPUKU He ABAAIOTCA MLealbHBIMM HETPOBOLKMKAMU. PaccmoTpuM
ClelyIOWUR TpuUMeED.

[TycTe TOHKas NNACTHHKA [AM9NEKTPUKA TIOMelleHa MeXay JAByMS
napanienbubiMy OOKNaIKaMy TIOCKOrO KOHLEHCAaTOpa M OTHenena OT HHX
yskuMn 3asopamu. B § 3 Mu nokaxeM, uto ecnu Oul nusnekTpuk Obin
MIeaNbHbiM HETPOBOLKUMKOM, TO LM9JIEKTPHYeCKAs IOCTOAKHKAN paBHANACh Obl
OTHOILEHUID €MKOCTH KOHLEHCaToOpa C LU3JEKTPUKOM K eMKOCTH KOHIeH-
catopa Oes nuanekTpuka. Ilpennonowum, 4To OOKNaIKM KOHAeHCATOPa
OCTAIOTCA TOACOenuHeHHbMY K OaTapee. Cuayana npM BBeieHMM KPUCTanna
B KOHIEHCATOpP Ha NMOBEPXHOCTH KPUCTANAA MNOABASIOTCA TNOAAPHU3AUHOH-
uHe 3apann, HO cpofoauHe sapsanbl OTCYTCTBYIOT. ONHAKO C TeYeHNEM
BpeMesy K TaacTHire OyAyT NpUTeKaTb 3apAiH TOrO ke 3HaKa, 4TO H
nonsipusaunontbie. Tak OyneT MponomxaTbcs 4O TeX NoOp, Noka He Oynet
IOCTUIHYTO TMpelenbliOe COCTOAHME, TIPY KOTOPOM BHYTPM TLIACTHHKH
E=0, n10TOMY YTO IM3JEKTPHUK B STOM CAyude MOMKET CYUTATHLCH NOLOOHBIM
MLeaNbHOMY TPOBOAKMKY. EMkOCTb OyzeT Temepb paBHa NMPOCTO e€MKOCTH
LBYX y3KMX 3a3opos. TakuM o0pasoM, ecau MaMepelMe eMKOCTH MCIIOAb-
ayeTcsl 4Af ONpefenenus NUSAeKTpHYecKOH nocTosHHOH NMmacTikku, Habaio-
IaeMas LM3JEKTPMyeCcKan nocTosuuas OyleT 3aBMCeTb OT TOrO, B Kakoft
MOMEHT BPeMeHH NPOU3BOLUINCHL MMepenys, W OT NMpoBOAMMOCTH ofpasua.

Ecmn 6m sasop Mexapy oOknankaMy M TacTMeKOff OTCYTCTBOBAM
(310r0 MOXIIO LOCTHYb, HANPHUMep, NMyTeM NMpPUMeHEKUS HaNblleHHHX JeK-
TPONOB), TO B HIeanbHOM cjyyae ke OnaO Obl MMrpaumy cBOOOLHHX
sapsnoB. OnHako mpakTHYeCKH KPUCTAnn KUKOrna He ObiBaeT COBeplleHHO
ONUOPOIKHIM: B HeM MMEIOTCA HeGoabluye Tpelluhnl M 00AacTH KOHUeH-
1pauuy npuMecefl, HWa KOTOPBIX MOTyT CKOTAATBCA 3apaabl, Murpauus
sapsia obneryaeTcs TeM OOCTOATeAbCTROM, YTO NPOBOIMMOCTH 9THX oOna-
cTelt O0hIYKO Bhillle TPOBOAMMOCTH MA€aNbKBIX yacTelt kpuctanna. IlosTomy
Aaxe TakMe KPUCTannb, KaK cepa way caiona, obnanaiomie ovyekb Manoft
O0beMHOH 9MeKTPONPOBOIKOCTBLIO, MOIYT OOHAPYKUBATL 3HAYUTENbLHLE
AM3TeKTPUYeCKHE aHOMAanyuy BCJELCTBME NPOBOIMMOCTH NOLOOKHX Heboab-
Wwyx obnacrteft.

Murpauud 3apsanoB NPOUCXOZMT M B TOM Cayude, KOFLa KPHCTann
NOZBeiley B 9MeKTPUYECKOM MOJe TaK, YTO MOweT CBOOOLHO BpalLaThCHl.
Ipn Bkmouennn moas KpUCTann OpHeHTHPYeTCH B HeM OnpeleneHHbIM
O6pa3soM, 110 nOCTeneHHO 3apsj CTekaeT, M KPHUCTana TOBOPAUMBAETCH
B 1MHOe nonowewnne. BenencTBue storo ¢axta OuiaM HCKameHbl Pe3yabTaTh
MHOrMX Neppuix MaMepekuit IuaMeKTPUYeCKOH NPOHHUAEMOCTH, NPU KOTO-
PHX OHa OmpepensiaCh nO MOMeHTY, NellCTBYIOUIEMY WA KPMCTann B CTa-
THYECKOM MaM HUM3KOYACTOTHOM MOJE.
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§ 8. Cootnomenne Mewxny D, E u P B NIOCKOM KOHAEHCATOpE

Ecny mexny oOknankaMy IIOCKOTO KOMAEHCATOPA NOMECTHTH Maa-
CTHHKY W3 IM3JEKTPUKA, TO eMKOCTb KONIeHcaropa BoapacTeT. B yue6-
HUKaX SJEKTPOCTATHKY TIOKA3LIBAETCH, YTO OTIOLIEHME €MKOCTeH KOHIeH-
caTopa C OMSJEKTPHKOM M Oe3 Hero PaBHO AM3JEKTPHYECKOH NOCTOAHHOM
Matepuana, M3 KOTOPOro Crae.asa mnaaCTHHKAa:

Emkoctb ¢ nusaextpukoM  [lpoHuu@eMocTb fHMaNEKTPHKa
EMkOcTh 6e3 nusnekTpMka [IpOHMLAEMOCTb BakyyMa

== [lusnexTpHyeckas MOCTOSAHHAsS

PaccmoTpum Teneph cnvyal, KOria IMSNEKTPUK ABAAETCA AHMBOTPOMHBIM
KPUCTaNAOM TMPOU3BOAbHOH OpHeHTaunu. 3LeCh yke BO3HMKAeT BOMNPOC
O TOM, KakHe ,IMSNeKTPUYeCKas TNpPOHHUAEMOCTbY M ,IM3JeKTPHYeCKan
NOCTOAKKAA“ BXOIAT B MpHBEelekkoe ypaBHenye. [IpyM paccMOTpesuH sTOro
BONPOCA MBI NOMKHHE CHauana HafTH cooTHoweune Mexay D, E n P.

Ha ¢ur. 24, ¢ nokasans oOKnaiKy KOHIEHCATOpa C BBelenHOH naa-
cTHHKOH KpucTanna, a Ha ¢ur. 24, 6 —Oe3 wuee. Ilpu sTom npennona-
raeTcs, Yyro OOKNANKM KOHIEHCATOPA M TPaHM KPUCTAAnMYeCKOR MAaCTHHKH
MMEIT LOCTaTOyHO OoJbluye pasMepbl MO CPaBHEHMIO C TOMLMHON KpM-
cranna l. YroObl yacuuTh cooThowenne Mexay D u E, nonesuo npen-
ctaButh cebe, YTO MexIy KpucTanaoM M OOKJaIKaMH KOHIeHCATOpa
UMEIOTCA 'y3KMe 3a30phbi. LIMpuua sTHX 3a30pOB nOMKHA OHTb GeCKOHEYHO
Mana mo CpaskeHMI0 ¢ Tonummoft kpucranna. Ilycte Mexnay oOkaankaMu
NPUJIOKEHa TNOCTOSHHAA PA3HOCTb NMOTEHUMANoB ¢. IlpuMepHoe cooTHOLIE~
HMe MeXLy BeKTOopaMn xoE, P u D upenctabneo na ¢ur. 24, ¢ u 6
pauso# crpenok, Ilyere D, E, n D, E, OTHOCATCA COOTBETCTBEHHO
K KPHUCTanay M BaKYyMHOMYy 3a30py, TOKasaukmM Ha ¢ur. 24, a,a D’
n E —k npoctpaHCTBY Mexiy OOKMaIKaMu LJA CAyuas, KOFAd MeKAy
ofknaikaMu HeT kpucTanna (¢ur. 24, 6). IHanee, myctb ¢ M o —
3apsal Ha eIMHMUY maowlagw OOknanmoK KOMAeHCaTopa B STHX ABYX Cay-
yaax. Tak kak OOKAaIKM KOHIeHCATOpa HMeloT Oouabluine pasMepb u
MoTeHUHan Ha KaOKIOH M3 HUX HMeeT NOCTOAKKHYIO BeNIUYUHY, TO 3KBHU-
NOTEeHUMANbHbIE [MOBEPXHOCTH LOJMXKHB pPACTIONATATLCA NAPANAENbHO HM.
CnepoBatensto, Bekropu E,, E, w E’ neprnengurynspun oOOkJaikaM
kounencaropa. Ilpumenss TeopeMy Iaycca, mo.ay4vaeM

o=:%E, n o =xkFE’,

MU, TaK Kak 3a30p OueHb Y3OK,

c’
EFE = 2= Er——.
¢ 1 %0

OTMETMM, YTO TPH STOM YIOBIeTBOPAeTCs TPeOOBanMe HenpepHBHOCTH
TaHreluMaIbHON KOMINOWenTn E (B Y4CTHOCTH, OHa MOXeET OHTb paBHa

HyJIO) TP TIEpeXO/ie Yepe3 NOBePXHOCTh KpHCTanaa. B sasope Bekrop D,
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koneyso, mapannenes E, WO B KpUCTaane OH HampaBniel mnoi yraoM K E.
Cornaco OZHOH M3 TeEOpeM 32.1€KTPOCTATHKM (BbiTekalollell Henocpen-
cTBEHHO M3 Teopemb [ aycca), wopmaabhas KOMMOHenTa D HelpephiBHA
npu TepexOle vYepe3d Trpanmuy, Ha KOTOPOH HeT CBOOOLKBbIX 3apAnOB.
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®ur. 24. Cootnomenns Mexny D, »E u P B IJIOCKOM KOHIEHCATOpE.

@ —~ KOUACHCATOP C KPHCTANHYeCKoH NuaCTHHKON, noMellenHON MewAy 3/eKTpOoAaMH;
6~ Konpencarop 6e3 KPHCTANMHMUeCKON MAeCTHHK; & —mHanpasiemis E H P B KpH-
CT21/e OTHOCHTE/BNC S/JHICOMAR RHANEKTPUYECKOH BOCNPHHMUHBOCTH H I@npasie-
nust E ¥ D B Kpuctanite OTHOCHTEMbHO 9/HNCOHAR K1BNEKTPHUECKOH NPOHHIAEMOCTH.

C.'IeILOBaTeJleO, €CJMN HOPMAAbHYIO KOMIIOUEHTY Dc o6o311ayiITh Hqepes
(Dc)n’ 0
(Dc)n=Dv=°'

Takum o6pasom, OTHOLleHMe eMKOCTEH Aas ABYX PACCMATPUBAEMHX
CIyyaes MOKHO 3alHCATb B BHIE

C __ o _ Kowmnoneura D, napamnenssas E, = —K
T %k, T

TIe x— IM9NeKTPHYECKasn NPOHUUAEMOCTb M K — IMBJEKTPUYeCKas IO-
CTORHuas 6 HanpasaseHuu npusoscertozo noas E, (em.rn. I, § 6, i, 1),
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Otciona cnelyeT Kak YacTHWM cayyal, yTO, KOTAa ONHA M3 [NABHHX
IU3;IEKTPHYECKHX TIOCTOAHKBLIX HATpPaBJesa HOPManbuo K oOKNaiKaM KOH-
IEeHCaTOpa, OTHOLUEHHe eMKOCTelt HenOCPeACTBENHO pPaBHO [HM3JEKTPH-
YyeCKOH TOCTOAKHOMN.

Ha ¢ur. 24, 8, KOTOPYIO HeT KeOOXOLMMOCT¥ TNOACHATb, BUIHO, KaK
nanpasnenns BekTopoB E, P u E, D B kpuctanne, uzo0pareHHOM Ha
¢ur. 24, a, ces3aHbl COOTBETCTBEHNO C S/MMICOMLAMM LMSICKTPHUYeCKOH
BOCNPHMMYMBOCTH ¥ LMSJAEKTPUYECKOH NPOKHUAeMOCTH 1),

§ 4. dueprus NOJNAPH3OBAHHOTO KPHCTANAA

Moxuno pokasatb [20], 4TO ecnaM SJeKTPHYECKOE TOJE TOJHOCTHIO
3aKJI04eHO B KpHcTanne, paboTa, nNPOM3BeAenHAs NPH M3MEHEHUM NOJA-
pu3auMM KpuCTaina, onpeleffseTcs ypaBHeHHeM

dW = vE,dD, (4.9)

rie v — o0BeM kpuctanna. Kak npuMep BHBOLA STOrO ypaBHesns Aas
YaCTHOrO CJIy4as MO 110 pacCMOTPeTh IIOCKUH Kouaencarop (cM. dur. 24, a),
noicoenvHennnit k Oarapee. IIpy uaMewenun nosspusauuy Ha oOKJanKax
KOHIEHCATOpa IOABATCA HOPGLIE NOBEPXHOCTHBIE 2AapPAAbl C NMAOTHOCTHIO de
M —doc Ha enusmily maoulanu; npu sToM Oatapeeft OyneT npouspelena
pabota Apds, rie A—nmaowans oOknanok Komiencatopa. ITy paboty
MOXHO BHpasutb 4epes E u D u uxX usMenenne B kpuctaine. Ilnot-
HOCTb 3aPAIOB ¢ PaBHa HOpManbuoOi KoMnowenTe D B Kpuctanie; cne-
LLOBATENbHO,
A¢dD, = AEldD, = vE dD,= vE,dD,,

rie v— o0beM KPMCTaNna, TaK Kak SAEKTPUYeCKOe ToNe HOPMAanbHO
K OOKJaIKaM KOHIEHCaTopa.

CnezopaTenbko, Npupallienyue SHEPruM 2) KOMAEHCATOPA ONperenseTCs
caenywiumM obpasom:

d¥ = oE,dD;; (4.10)
NCToNb3ys ypasuenye (4.6), nonyuaeM
Lll}‘=='v‘/.UEi dEj. (4.11)

2

Otcrona, Tak e KaK npu PacCMOTPEHHM SHEPruM HaMg HHYEHHORO KpPH-
cranna (cM. cTp. 79), MOXHKO TOJYYHTb, YTO

o ¥ v

Y~ OE,0E; — OE;0E; — ¥

Wuterpupys ypasuesye (4.11) u npupaBuuBas TpPOU3BO.ILHYIO NOCTOAH-
HYIO HYJIO, TIONYYaeM BHpaXcenne A1 SHEPruyu

¥ = vy B, (4.12)

1) Mo stoMy Bomnpocy ¢M. takwe [103). — ITpum. repes.
?) Mns  u30oTepMuuYecKoro OOGpPaTHMOrO H3MEHEHMS 9TQ — IIpHpallenye €BO-
601HOI 9HepruM; cM. Takxe npuioxenue 6.
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§ 5. Cuna u MOMEHT CHJ, fAeficTBYIOmHE HA KpHCTAN
B 9JEKTPHYECKOM MNoJe

Cuaa, ne#icrByomas na neConbiioft o0pasell LHMSNEKTPHUKE B HEOLHO-
PO UIOM NO.€, ONUCHIBAETCA BHPaXKEHMEM, aHaNOrMYHbM Bhipaxenuio (3.24),
a VMEHHO!

Fy=vP 5ot (4.13)

rue P, — monaspusauns, onpeienseMmas, coraacko ypasneuuto (4.5), mno.i-
HbIM nonem B Kpuctanne, u E,— none, cosiauiioe MCTOYHMKAMH, BHELl-
HUMH TIO OTHOIUEHMIO K Kpuctanny. Benencteue sddexra penoaspyusauum
cuna 3aBUCHT OT GOpMEl 0o0pasuia, TaK Kak B IAHHOM BHELIHEM MOJE ero
dopMa BauseT Ha Beauunny P.

[Mpn paccMoTpesnu napa- M IMaMarHeTUKOB MH BBIYMCISAAM MOMENT
cuA, IeHCTBYIOWIMH Ha KPHUCTann B OLHOPOLHOM Toae M OOYCNOBAeHHLIH
aunsoTponyeit kpucranna. AmHanoruyebif MOMEHT, Boi3biBaeMHH Henapan-
nenbHOCThio Mexay P u E, nefcTByeT Ha Kamabift sneMeHT NUSJEKTpH-
YeCKOro KpucTanna, TNOMeILeHHOro B aaekTpuueckoe noje. OnHako Tenephb
BbipaXXelne 1 MOMEeHTa, BCAELCTBHE Haanyua sddekTa AEnoasapusauui,
Oyzer 3aBuceTb OT GopMbi Kpuctanna, Ecay B cayyae mapa- M auvamar-
HeTHKOB Bauskne GOpMbl fpaseTcs 9¢g¢eKToM BTOPOro nopsika, To Tenepb
OHO WrpaeT CYWIECTREHHYI0 poab. JlerkO NOKasaTb, KaK MPUMp BAMAHHA
GOpMH, YTO LUCK M3 u30mMponHo2o LNSNEKTPHKA, NONBELIEHHWH B OLHO-
porkoM none, OyieT cTPeMUTbCA NOBEPHYTbCHA TaK, 4TOOH € O OCb cTana
napannenbha TO.IO.

WUrak, nosenenue MOMenTa, IAeHCTBYIOIErO KA KPUCTann B 00HOPoO-
HoM 3NEKTPUYeCKOM Tone, o0BACHAETCA IBYMA npuym#amu: 1) memapan-
neJbHOCTEI0 BekTOpoB P u E, ofycnosnennoft awnsotpoavieft kpucraana,
M 2) HemapannenbHOCThIO BekTOpoB P 1 E, ofycnosnesHol BAHANMEM ero
dopmel. B reodnopodrom none mMeercss M TPeTbsi NPUYMHA: KOHEYHOCTb
paavepos kpuctanna, kak Obio nokasawo B ra. I, § 3, m 3, nna
8HAJIOrMYKOrQ MarHUTHOTrO sddeKkTa.

§ 6. DaekTpL- cTATHYECKOR MOJE B ONHOPONHOM AKH3OTPOMHOM
ansJek puke 1)

OneKTpocTaTHyeckan 3alaya, paccMoTpewnas B § 3, Obina ouenb
ynpounena, u6o npennoaaranoc, 4to D u E ¥MelOT BO BCEM KpHCTanne
nocronuibie 3Hayeuus. B ofmeM ke cayuae sJeKTPOCTATHYECKOE TMOJe
B Kpucranne MoxeT ObTb HeonwoponusiM. Haltnem Tenepb, kaknM oOiuM
YPaBuenuaM OHO JNOMKHO YIOBJETBOPATb. MbI OrpasMyUMcs paccMoTpe-
HMEM TOJAA TOALKO BHYTPM KpHCTanna; aas obwwocrty OyneM npeanona-
raTo, 4yTO B KpHUCTanne HMeeTCA HenpepbLIBHO pacnpezxeneuubm SNEKTPU-
YeCKuH sapsai.

—————
') 70T naparpat MOXer ObTh ONYLUEH NP MEPBOM HYTEHHH.

7 HOw Hen
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Ilpa ypaBuenns Makceenna, comepwamue D u E, umeior BuL

divD=p, rotE= —B, (4.14)
ro€ p-——MAOTHOCTL B3apsna. B cayyae cratmyeckolt samaun B =0,
1OSTOMY

divD=p, rotE=0. (4.15)

Us BEKTOPHOrO aHannsa U3BCCTHO, 4TO €CaH POTOP BEKTOpa paBeH HYyJio,
TO BEKTOPp MOXHO BLIPA3UTb Kak rpaiuesT CKaaapHOrO TOTEHIHana;
nO3TOMY Mbi MOXEM 3anucatb

-~ -~ 0
E=—gradg, um b,=—5}%. (4.16)
B wunnekcubix ofosnayeHusx nepeoe Hs ypaskenn#t (4.15) umeeT Buzn
9D, _
dxi p'

ucnoabsys ypaeuesne (4.6) v npennoaaras, uTo w; HE 3ABHCHT OT X,
nonyyaeMm
OE;

%3 Tx; =p.

lNoncrapass ypasuenne (4.16) ana E;, wuaxoaum ypapHeuue IAs TOTEH-
unana @

o2
V.U ng;x}- = — p. (4. 17)
IMpuBenennoe K raaBHHM OCAM [»;} ypaBuenne (4.17) npunuMaer Bun
0? 02 o
“’+_a‘£+3—‘-'i=—. (4.18)

3
Ilns Tex vacreft kpucrania, B KOTOPHX OOBEMHbIE 3apslbi OTCYTCTBYIOT
(p=0), ypasuenne (4.18) ynpouwaercs:

aﬂcp 0% 0%
+ 2 ax“+ s —g =0, (4.19)

Ypasrerns (4.18) u (4.19) SIBASAIOTCS ¢yunameHTaanbmn ypaBHeHUAMY,
12 KOTOPbIX OCHOBAHO pEllleHHe 3373y SJMEKTPOCTATHKM A KPHUCTannoB.

IMpousBons B ypasueunax (4.18) u (4.19) dopManbkyio saMeny
Xy == 'I,;/’Xh Xg == 'llg/nX2, Xg = 'IIQHXQ,

MB NOJYuaeM COOTBETCTBenHO ypaBuewus Jlamnaca u Ilyaccoua
0 <r 0% 0% 0% 0%

=—p ;5 =0
+ axi= TP M GxiToxi T ox:

HEBECTHbIe pewenus STHX YypaBHEMMH MOXHO cpasy e npeofpasoBarsb
R peitenua ypaBHenuit (4.18) u (4.19). 3arem u3 ypasrenu#t (4.16) u
(4.6) uaxoaarcs cooTsercTBenno £; u D,.
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Mo BCTpeTHM ypasueBus, aHanoruyHne (4.18) m (4.19), mpu usyye-
HHH CTAUMOHAPHOrO TelJIOBOFO IIOTOKA B kpucTaniax (c. ra. XI, § 4).

B wusorponmom nusqaekrpuke D =xE. Ecan npu stoM p=0, 10
yPaBHEHHs MEKTPOCTATHYECKOrO TIONfA

divD=0 u rotE=0
O3HayaKwT, YTO
divE=0 n rotD=0. (4.20)

ChenyeT OTMETHTb, WYTO, KOIa cpeld AaHM3OTPONHA, ypasHeHus (4.20)
He 003aTesibllO BbITIONHAIOTCA.

§ 7. NuposneKkTputecTBO

Hexoropeie kpuctalan 006/a0410T CBOKCTBOM TPHOOPETATb SJEKTPH -
YeCKYIO TOJAPH3AUKIO TIPH H3MEHEHHH UX reMnepaTypH. Ecan ke B Takux
Kpuc'ra.rmax HMeeTCa CNONTAHHAA TIONSpHU3dukd, TO HArpeBaHWE MIH OXja-
KIEeHHE Kpuc'ra:ma TNPHBOLAT K €€ K3MEHeHHIO. JTO sIBNEHHE HAa3biBAETCH
nupodaseKmpuseckum dpdexmom. B 1eHCTBUTCALHOCTH TNPHOOPETeHHbIH
T4KHM OOpA30M SNEKTPHYECKHH MOMEHT He COXpaHfAETCA, KOO BBHALY TOrO,
4yTO KpHCTaJlJl He fABAfETCA HOeadNbHbIM HerOBO,U.HHKOM, MOMEHT HeHTpa-
JH3YETCA B PE3yNbTATe€ MHUrpduHM 33pAfOB K TNOBEPXHOCTH KpHCTANna,

Yro6bl OGHAPYKHTL TNHPONEKTPHYECKHH 3(GEKT, MbI MOWeM nOx-
BEPFHYTb KPHCTAMN OLHOPOZHOMY HATrpeBY M HAOMIONATh H3MEHEHHE TOAR-
pHBﬁuHH. Aror axcnepumeHT TCOPETHHYECKH BO3MOXHO BbITIONHUTDL ABYMA
pa3AMYHB'MH cnocofaMu: anbO COXpAHATb HEH3MEHHbiMH (OpMY K paa-
Mepbl KPHCTaNA3d BO BpeMs HArpeBaHus, au0o, HAOOOPOT, HArpeBaThb KpH-
CTana TNpU TAKHX YCNOBUAX, HTO €ro TennoBoe pacmupeHue 6yne'r NpOHC-
XOLHMTb COBepLUEHHO cBOGOLHO. Beanynna adderra npu sTHX ABYX SKCMe-
puMeHTax Obina Obl pasnauyHol. B mepBOM Cayyae, KOria KpHCTaMn 3awar,
HaGnonaembii  3¢EKT HA3BLIBAETCA NEPBUMHLIM NUPOINCHMPULECKUM
3 ppexmom. Bo BTopoM cayyae, mpu cBOOOLHOM pacwikpeHin (KOTOPOE
3HAYUTEJLHO Jerye OCYIUECTBUTL TNpPAKTHYeCKH) MMeeTcs HOOABOYHHIH -
()eKT, HA3LIBAEMbIN BMOPUYHBIM RupodreKmpuiecKim dpdexmon; Ha-
Gsionaembif B 3TOM cayyae sPpeKT eCTb CyMMa MEepPBHYHOTO W BTOpHY-
Horo agdipextoB, CepbeaHoe OOCYHIEHHE COOTHOLIEHHA MEWLY TEpPBUYHEBIM
H BTOPHYHEIM 3()(PeKTAMH, BK/IOYAIOIEe PACCMOTPEHHE ThE303MeKTPHYECKHX
fBneHuHt, TpebyeT yyeTa TEepMOMMHAMHYECKHX COOTHOWEHu# (cM, ra. X).
PaccMmorpenne, mnpoBOIMMOE B HACTOAIEM mnaparpade, OLMHAKOBO Tpil-
MEHHMO KaK K TNEPBHYHOMY H BTODHYNOMY NHPOIJNEKTPHYECKHM 5(eKTaM,
TAK H K MX cyMMe !).

1) MoMeHt, BO3HUKaIOIIH{ NPH HEONHOPOJHOM HAarpeBe, Ha3bIBAETCH Mmpe-
MUYHOM  nupodsexmpuseckum ghgexmom. OH paccmatphBaerca Ha cTp. 231.
TepMun mensopuasbHull nUpOINeKmPUYECKLl SghgheKm OTHOCHTCS K SQObeKTY
BO3HMKHOBEHHS KBalPyTOAbHOrO MOMeHTa M MOMEHTOB 60/ee BbICOKOrO Nopsixa.
CymectBoBanre 5THX S(heKTOB SKCIIEPHMEHTANLHO TOUHO HE ) CTAHOBJEIO, HO
€can oHM OOHapy:kaTcfl, TO MOMKHL ObiTh OueHb Mannl (cM. [24]).

]#
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Ecan npouncxoauT He6oablioe H3MeHewue TeMneparypbl AT, OauHa-
KOBOE BO BCEM KPHCT4.1n€, TO H3MEHeHHe BEKTOpa TNOAApH3auuh AP,
Onpene/feTca BhipameHHeM

AP, = p,AT, (4.21)

roe p;— TPpH nuposserkmpuieckux rodPpguyuenma, Takum obpasowm,
NIHPOINEKTPHYeCKHHt 3GhEKT B KPHCTANNAX OMNMCHIBAETCH BEKTOPOM p.
JTo mnepBhIft BCTpeTHBIUMitCA HAM B HacTOAWIEH KHure TpuMep ¢bu3u-
weCcKo20 C8olicmea Kpucmaano8, OTNHCHIBAEMOrO BEKTODOM,

B HekOTOpbIX KPHCTANNAX TMOMAPH3ALUHA MOXET BO3HHKHYTb TaKiKe
TpH THIPOCTATHYECKOM CHATHYM; 3TO WYACTHBIM Clyyall Tmbe303NAeKTpH-
yeckoro sddexTa, koTophitt Oyner obcywnarbea B ra. VIl Tak kak takas
No/ifspu3auksa TnNpoONOplLHOHANbLHA LAaBJACHHIO, ABNAIOLIEMYCA CKangapoMm, mno-
106HO AT, TO 3TO CBOHCTBO TAKKE OMMCLIBAeTCH BEKTOpOM. IlpoBommmoe
HHXE pACCMOTpCHHE BAHAHKMA CHMMETpHH HAa THPOSJEKTpHYeCKHH ekt
TIOJIHOCTBIO TIPHMEHHMO H K TNbE30SJEKTPHYECKOMY 3(GEKTY TIpH THApo-
CTATHYECKOM CIKATHH,

B coorBercrBun ¢ npuHuknoMm Hetimana (cm. crp. 35), Bekrop p
JOJMXKeH COriaacoBbIBATLCA C TOYEYHOH rpynmol CHMMeTPHH KpHCTanana.
OTcropa cpasy e CaeAyeT, YTO MHPOSNCKTPHYECKHH adhEeKT He MOwer
cymecrsoBath (p==0) y kpucTannos, 06nafaoOWKX LUEHTPOM CHMMETpHH;
Ha 9TOM OOCTOATE/LCTBE OCHOBAH MPAKTHYECKHH METOL NPOBEPKH OTCYT-
CTBHSl LEHTpa CHMMeTpHH. JIerko cooOpasnTb, HTO THPOINEKTPUYECKUH
MOMEHT MOxeT ObITh NApanneneH TOJAbKO HANpaBleHHIO, KOTOPOE fABAAETCH
B Kpuctanine OCO6GHHbIM, T. €, He TNOBTOPACTCA HHKAKHM 3JEMEHTOM CHM-
MeTpHH (M3M:HeHHe HATIPABJAEHHS HA TIPOTHBOTIONOMKHOE CYHTAETCH 3L.eCh
rosTopenueM). Ecnu B TOYeyHOH rpymnmne cymiecTsyer ocofeHHoe Hamnpa-
BJEHHE, SABAAIOLlEeCA OCbI0 CHMMETPHH BTOpOro, TpPETLErO, YETBEPTOro
HIM IECTOrO0 TOPAAKOB, TO OHO o0n3aTenbHO OyAeT HANpaBlieHHEM p.
Onnako Hanuyue TaKOH OCOOGEHHOM OCH CHMMeTpHHl) (Mbi He cuYMTaeM
3lech OCb MEPBOrO MOPALKA OCbI0 CHMMETDHM) HE fABASETCA HEOGXOLHMBbIM
TIPU3HAKOM CYILECTBOBAHHA THPOSNEKTPHYECKOrO 3(eKTa; B KayecTBe
TIpUMEPOB HA30BEM KJacC #, B KOTOPOM p MOWET, He HApyluias MpHH-
uuna Heftvana, nexaTs B /MOOOM HANpPABJAEHHH B TIAOCKOCTH CHMMETDHH,
i kaacc 12, MOMXHO OTMETHTb, MEWKZY TIPOYHM, YTO BBeleHHOE BBILUE TO-
HATHE OCOOEHHOrO HANpPABJEHHA HE €CTb CHHOHMM MOASPHOZO HANpasAe-
nus. TlonspHoe HampapnaeHue — 3170 n1000e HanpasieHwe, IBA KOHuUA KO-
TOpOro HE MOryT ObLITh COBMeH€Hbl HUKAKHM 9JEMEHTOM CHMMETpHH
TOYeyHOH rpynne. Tak, HanpuMep, OCb BTOPOrO TNOpAIKAa B Kaacce 32
(cM. cTp. 338) snBAsETCA TOAAPHBIM, HO He OCOOEHHBIM HATIPABJEHHEM.

) OcoGennofl ocbio 4YacTO Ha3HBalOT OCb, MPHCYTCTBYIOLLYIO B KPHCTalle
B €I1MHCTBEHHOM 4HCJIE; TY OCb, KOTOPYiO aBTOP Ha3biBaeT OCOOEHHOH OCbio,
TOrza HasblBaloT Ocob6enHoll nonspHolt ocvio (cM. [123)). — IHpunm. nepes.

2) Ecan we He JenaTb OroBOPKH OTHOCHTENBLHO OCH MEPBOro Mopsaka, 1o
HaaHuue ocOOeHHOM ocu OyaeT HEOOXOAMMBIM TIpH3HAKOM. — [IpuM. nepes,
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Bce ocofenHbie HANpaBAeHUS MONAPHBE, HO TOMALKO HEKOTOPBLIE MOJASPHbIE
HaTpaBJeHHs OCOGEHHDI,

Huxe npuBelennl HATNpPABJAEHHE THPOINEKTPHYECKOrO BEKTOpa p H
¢opMa €ro KOMINOHEHT Aast 21 HelleHTPOCHMMETPHYHOTO KJaaccd.

Tpurasunnag cucmema, Knacc 1 cuMMeTpHs He HAKMANBIBAET HHMKA-
KMX OFpaHHYEHH{ HA HanpaBiaeHue p; (pq, Pa Ps).

Monoraunnas cucmema, OCb X, NapannebHa OCH BTOPOFO NOpPAIKA,
NOBOPOTHOH HaK 3epkanbHOit (OCH ).

Knacc 2: Bekrop p napaaneneH ocu BToporo nopsaka; (0, p, 0).

Knacc m: BeKTOp p MMEET HPOW3BOJLHOE HANpaBAECHKHE B IJAOCKOCTH
cummerpuk; (pg, 0, ps).

Opmopombuuecras cucmema. OCH X;, Xy X3 TAPaNIEIbHH COOT-
BETCTBEHHO KPHCTANNOrpacMyecKuM ocaMm X, Yy, 2.

Knacc mm2: BexTop p napanneneH ocu Broporo nopsnka; (0, 0, p).

Knacc 222: (0, 0, 0)

TempazoHarbHas, MPUZOHOABHGS U 2eKCAZORAALHAS CUCMEMbL,
Ocb X, napajineibHa OCH 2.

Knaccw 4, 4mm, 3, 3m, 6, 6Gmm: BekTOp p TapanneNeH ocaM
YeTBEPTOrO, TPeThbero uau mectoro nopsakos; (0, 0, p).

Knaccw 4, 42m, 422, 32, 6, 6m2, 622: (0, 0, 0).,

Kybuuwecran cucmema. Knaccu 432, 43m, 23: (0, 0, 0).
Wrak, caemyomue 10 knaccop TeopeTHyeckw MOryT o6jajaTh MHpO-
S/EKTPUYECKHM 3(DQEKTOM TIpH OLHOPOLHOM HATPEBAHHK WAH OXJAXKIEHHH
H MbE303JIEKTPHYECKHM 3eKTOM NPH FHAPOCTATHYECKOM CIKATHH:

1, 2, 8, 4, 6, m, mm2, 3m, 4mm, 6mm.

OHK HA3LIBAIOTCS NOAAPHLLMU KAQCCAMU.

Hucrennnli npumep. TIpOWANIOCTPHUpYEM TNOPALOK BEAHYHHBI MHPO-
3NMeKTPHYeCKOro 3¢ipeKTa HA NMpHMepe TYPManuHA (TpHrOHAJAbHAs CHCTEMA,
kaacc 3m), ABAAIOLIEroca HanGonee H3BECTHBIM TIPeLCTABHTENEM NHPOINEK-
TPUYECKHX KPUCTANNOB. 3HAYeHHE p HECKOJbKO MEHMETCH B 3aBHCHMOCTH
OT COCTaBa KpHMCTaana H TeMmnepaTypbl. Ilpu KOMHATHOH TeMmeparype
aHayeHue p, pasHoe 1,2 en. CGSE Ha 1°C, cOOTBETCTBYET CymMme nep-
BHYHOrO H BTOpHYHOro 3dipexros [24]. Takum ofpasoM, B pauuoHanu-
3upoBaHHOH cucTeMe MKS

p= 1,2(% el 10_5)= 4,0-107% x/m2- 2pao.

YUrobbi 60Nee HAar iAo HO NPeLCTABUTL CeOe BeNHYHHY TTHPOINEKTPHYECKOrO
5(dekra, ONpenesHM LANPMKEHHOCTh 3JEKTPHYECKOrO TOAsf, KOTOpPas
BLI3bIBAET TAKYIO W€ TOMAAPH3AUMIO, KAK W3MeHeHHe TeMmneparypsi Ha 1°C,
Cornacro mnpHBELeHNOMY 3HAYEHHIO p, TNPH BO3PACTAHHH TeMIeparypH
na 1°C BO3HUKEET TNOJAPH3ALHS

P=14,0.10"" x/n2,
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HATpaBJeHHAR BROJAb OCH TPETbErO mopsnka. [naBHas IMINEKTpHYECKas
TNOCTOSIHHAA TYPM@NMHA B HATIPABNEHHH, NApanneabHOM OCH TPETbEro Mo-
panka, Ky=17,1. COOTBETCTBYIOIAN NHINEKTPHYECKAS BOCTIPHHMYMBOCTD

X_3=K3—' 1=6.1.

CrnepoBaTeNlbHO, KHCKOMas BeaM4KHA BHYTpPCHHEro noJad, TMapanjeabHOro

OCH X3, €CTb
R -6
Eg P 4,0-10

w/s  8.85-10712.6)]

=7,4-10% g/u =740 g/cn.

§ 8. CernerosaekrpHiecTBo

Iveerca npyras rpynna KpHCTan/ioB, HA3bIBAEMbIX Ce2HemodseKmpl-
KaM.4, KOTOpan B ONpeLeNeHHON CTeneHu CNM3KA K NHPOINEKTPHYECKHM
kpucrannaM. CerHeTOSNEKTPHK, NOLOGHO NKPOSNEKTPHKY, MONKET O6/Manath
CTIOHTAHHON NOJAPH3auKEH, HO OH HMMEET NONOJHHTENLHOE CBOHCTBO: Ha-
TpaBJAEHHE €ro TOAApH3ALMK MOWET ObiTh HM3MEHEHO HA ofpaTHoe TpH
TIPHIOKEHHH LOCTATOYHO CHALHOrO aneKTpuyeckoro noas. CnenosarenbHo,
B CHJbHBIX MEPEMEHHbIX TOMAX TOMfApU3alUksA OCHAPYMHMBAET FHCTEpE3HC,

M3veHenne HANpaBneHHA TONAPH3ALKK HA oOOpaTHOE NOA HeHcTBHEM
9MEKTPHYECKOrO TON MOMXHO OOBACHUTH TEM, YTO TOJE BbI3bIBAET He«
00ab1I0E OTHOCHTENLHOE CMEILEHHE ATOMOB B KDHCTanne, BCAEACTBHE YErO
KpHCTann TpeBpainaercsd B CBOM snekTpuyeckuit nBOHHUK. Ecnn BCe aTtoMbi
CMEILAIOTCA HA TIONOBHHY 3TOr0 pacCTOfHMS HAH Ha STO PACCTORHHE CMe-
I 2eTCs NONOBKHA aTOMOB, TO KPHCTAAM TEPEXONUT B GONEE CHMMETPHYHOE
W HenoaspHoe cocrosHue. OOBIYHO 3Ta TPOMEXYTOYHAs KOHGHrypauus
BO3HHKA:T TIPH HM3MEHEHHH TEMIIePATYpbl; NOSTOMY OOJbLIMHCTBO CerHeTo-
SNEKTPUKOB HMeeT TeMNepatTypy nepexooa (moury Kiwopu), Builie KOTOpOH
OHH ABJSIOTCA HETIONADHLIMH IHANEKTPHKAMHK ),

VsBecTHbie CerHETOSMEKTPHKHM Bhillle CBOMX TEMIEpaTyp Nepexozna
NPHHALNEIKAT raaBHbiM OOP430M K TpeM KaaccaMm:

222 — HanpuMep, CErHeToBa COJb;

42m — nanpuMep, IDHruLPOGOCGHAT Kanus;
m3m — HanpuMep, THTAHAT GapHs.

(CerHeroBa COMb OTNHYAETCA TEM, YTO HMEET KAK BEPXHIOID, TAK H HUIKHIOK
TeMIepaTypbl Tepexona, T. €. OOHAPYHUBAET CIOHTAHHYIO N0 NAPH3ALIKIO
TOJIBKO MEXAY STHMH TeMIepaTypHbIMH TO4YKaMu.) KpHcrann B cerHero-
3MEeKTPHYECKOM COCTOfHKH, OONAZAaf CTIOHTAHHON nonspu3saukel, nomxeH
nMeTb OOnee HHM3KYI0 CHMMETPHIO, YeM TOT XE CAMbili KPHCTAAN B Hecer-
HeTOINEKTPHYECKOM COCTOfIHHHK, M TIpHHANJNENATb K ONHOMY H3 NKPO3IJEK-

1) [laBaeMOe aBTOPOM OGBACHEHHE CETHETOSNEKTPHUECKHR ABNCHMH HeylaunOo
K COIEPXHT PsAj HeTOWHOCTEW. 32 NOcAenHHEe roAnl ONYOAMKOBaH wenpil psag
OGLIHPHBIX 0030POB MO cerserosneKTpuuectsy, Hanpumep [116, 124, 126, 127),
B KOTODBIX YHTATE]L MONKET HaliTH CTPOroe paccMmotTpenue. — Ilpus. nepes.
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TPAYECKHX KJacCOB, NepeyncaeHHbiX B § 7. Harpumep, cernerosa coib
B CErHeTOINEKTPHYECKOM COCTOAHHH MPHFALNEXHT K KAACCy 2 AWrHApo-
¢dochar Kanks NEPeXOIMT H3 Kaacca 42m B kaacc mm2; THTaHAaT Oaphsa
npH TIOHWKEHHH TeMNEpATyphbl MOC/eLOBATENLHO NepeXOAuT U3 Kaacca mdm
B NHPO3JEKTPUYeCKHE Kadcchl 4mm, mm2 u 3m.

CerHeroanekTphki 00pa3yioT rpynny KpPHCTARAOB, TNPeACTaBASIILYIO
Gonbliof TeopeTHyecKHH HHTepec. XapaKTEPH3YIOLIHe HX CTIOHTAHHAA MOAs-
pH3AUHA W THCTEPE3HC COTIPOBOXIAIOTCH NpOfABAEHHEM LPYTrHX CreukGH-
yeCKHX CBOHCTB. Jlas pajbHeHlero H3yyeHHs BOMPOCA MOWHO peKo-
MeHnoBaTh 0030pHyio crarbio Jlesonwmpa [31].

PESIOME
1. B moGom Bemwecrse
D;=xE,;+P,. (4.1)
B aHH30TpONMHOM NMSAEKTPHKE (HAanpHMEp, B KpHCTannle)
Pt-‘—""oXqu (4.5)

(38 MCKMOYEHHEM OONACTH OYEHb CHIbHbIX NOJeH); 3nech [y,] — TeHsop
IHSAEKTpHYECKOH BocmpuuMynBoCcTH. CnenopaTenbHo,

Dy =x,E;, (4.6)
roe

gy =% (8 1)
3Lecb [x;]— TEH30p AMINEKTPHYECKOH mpOHHUaeMOCTH. TeH3op AHINEK-
TPHYECKOR TIOCTOAHHOKR OMpelennercs Bbip@KEHHEM :
‘I.U
%o .

2, Pafora, npou3aBeleHHAs TIpH H3MEHEHHH TIONAPH3ALKH KPHCTanna,

€CNM TIONE TOMHOCTBIO SAKJIOYEHO B KPHCTanne, LAETCA BbIPAMEHHEM

Ky= 4.7

roe v— o0beM KpucTanana. IlpHpaBHHBARA 3TO BbipaweHHe TPHPALLEHUIO
SHepruM u yuuTbisas, yro D, =x,E, noayuaem

d¥ = ov,,E,dE,. (4.11)

Tak kax d¥ sBasercs mnOAHbIM IH(QepeHuManoM, OTCIOLA BuITEKAeT
4TO ["U" a cnegoBaTenbHO [K,}] u [y ;] — cuMmMerpuuHbe TeHsope. Hure-
rpupys BohipaweHue aas d¥ u cuuTan NpOW3BOJLHYIO NOCTOSHHYK) paBHOM
HYMO, HAXOLHM SHEPrHI0 TOIAPH3OBAHHOrO KPHCTAa11a

¥ = on,EE,. (4.12)
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8. Xora ¢opMaIbHOE pACCMOTPEHHE IM3JIEKTPHUECKOH NOISIpHIALHM
¥ HAMarHHYeHHOCTH TApaMarHeTHKOB KMeeT OYeHb MHOro OOHLero, Lemno-
JApH3alKuA B STHX IBYX CAyyasX MMeeT pasHbiff NOpsLOK BelHuMHH. Jlpy-
roe CyLlECTBEHHOE OTJHYHE COCTOMT B TOM, YTO ¥ IHSJEKTPHKOB Ha0.10-
LaeTcsl CTekaHMe 3apsnd.

4, JlnsneKTpHYecKas TNOCTOAHHAA B HATIPABAEHHH, TepreHIHKY/IAPHOM
O0kAaIKaM TMAOCKOrO KOHLEHCATOpA, ONpPENENsercss NyTeM H3MepeHHs
€MKOCTH KOHJIEHCcaropa.

6. Cuna, ne#cTByiomlas Ha LH3JMEKTpUYeCku# KpHCTana B HEOLHOpOX-
HOM 3JEKTPHYECKOM TMOJNE, ONHCHIBAETCHA BbipaXEHHEM

OF,
F,=1)P,-67j‘. (4.13)

rae P;— nonspusauss, onpelenseMas, COFJIACHO ypasHeHuio (4.5), noa-
HbIM BHyTpeHHHM noneM B Kpucraane, M E;— none, cosnaHHOe MCTOYHH-
KaMi, BHELIHHMH TIO OTHOIUEHHIO K KpHCTaJIle Benencreue adexra
LIenoNIApH3allHK S5TA CHNA 3aBHCHT OT (OpMbi ofpasua.

6. Ecou P u E B KpuHCTanne He napanienbHbl Lpyr ApYry, TO Ha
KpHCTANN LeHCTBYET MOMEHT CHI. IJTO MOWeT OOBACHATbCA BAHAHHEM
dopMb  (3ddekT nenonnpusalmK) HAM AHM3OTpONMeld kpucraana. B ue-
OLLHOPOLHOM MOJNE BO3HHKAET A00aBOYHbIY MOMEHT, O0YC/IOBNEHHbI# H3Me-
HeHueM cusel F, Bpoabn ofpasua.

7. DNeKTPOCTATHYECKOE TIONEe B AHM3OTPOMHOM KPHUCTAaane NOILYKHAETCS
YDPABHEHHAM

divD =y¢, rotE=0.

Orciona caenyer, 4To E MOXHO BHPAa3uTh Yepe3 CKANApHHIA 1OTEHUHAN ¢
H 4TO B OLHODOIHOM KPHCTanse

9%
Rl ror rrieai S (4.17)
HJIH TIpH HpHBeneHHH K rJaBHbIM OCHM
i i - 4.18
R Y s *.18)

B ofmeM ciayyae
dvE+0 u rotD+0

Lawe B 00JacTAX, rie 3apaibl OTCYTCTBYIOT.

8. UaMenenne monspusauuu AP, BH3bIBAEMOE B IHPOSMEKTPHYECKOM
KPHCTanae ManbiM ORNHOPOLHHM M3MeHeHHeM TeMmeparypbi AT, OMNHCHI-
BaeTCs BLIPAMEHHEM

AP, =p,AT, (4.21)

rae p; — NUpO3neKTpuyeckue k03PUUNCHTH, OHH OTpEnensioT BeKTOp p,
KOTOpbIH 1OMKEH COFNACOBHIBATHLCA ¢ CHMMeTpHe#t KpucTanna., Benencrsue
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9TOr0 TpPEOOBAHUA TNHPOINEKTPHYECKHH 3hPeKT TNpH OLHOPOLHOM HaME-
HeHHH TeMNepaTypul BO3MOXeEH TOJbKO B JeCATH MOIfpPHHX KA4CCax.

9. CerHeTO»NeKTpHYSCKHE KPUCTAINL 00JANAI0T CTOHTAHHOR nOAsApH-
sailMefl, HAnpaeJsieHHE KOTOPOH MOXHO H3MEHHTb Ha o6paTHoe NpH TNPHJIO-
MEHHH LOCTATOYHO CHABHOrO 3JAeKTPHYECKOrO noJss. BOosblKHCTBO cerHe-
TO/IEKTPHKOB HMEIOT TeMNepaTypy ¢:a3oBoro npespailedns (Toyky Kopw),
BLILIE KOTOPOH OHH ABAAIOTCA OOBYHHMH HENONSPHBLIMH AH3JIEKTPHKAMH.,

SALAYH

1. Moxasarb, uTO TOCNefOBaTENLHEIE M3MEHEHHS CHUMMETPHM THTaHarta Gapus
TipH 1OHUMEHHH TEeMIIepPaTypsl MOXHO OOBACHHTH, MOCTYJIHPOBEB, YTO KCXOMHBIA
KyOGHYECKHH KPHCTANN CTAHOBHTCH CHauana MOASPHBIM B1ONb ORHOM KyOuueckoi
OCH, 3aTeM OJMHAKOBO MOJAPHBIM BIOJAb NBYX KYGHUECKHX OCEH M, HaKOHen,
OJIHHAKOBO TIONSIPHBIM BAOJAb TPeX KyGHuecKHx oOceil.
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TEH30P HANPSXEHHUH

§ 1. MouaATHe HANpMKEHHA

Ecau Teno HAXOIWTCA TnOL IHeHCTBHEM BHEIUIHHX CHJ WK, B Gonee
ofiweM cayyae, ecnn mobas 4YacTb Tena AeHCTBYET ¢ HEKOTOpOH CHJIOH
HA COCELHHe Y4CTH, TO rOBOPAT, YTO STO TeJO HAXOLHMTCA B HANpAKEH-
HOM COCTOfEMH, PaccMOTpuM 3neMeHT 00beMa, HAXOIALIKICA B HANPANKEH-
HOM Tene. Ha nero zecTByioT ABa THna cua. Ilpexne Bcero HMEIOTCA
Oo0beMHble CHAbi (HATIpHMep, CHAA TAMECTH), LeHCTBYIOIHE HA BCE 3ne-
MEHTH TE€Nd; HX BENMYUHA TPONIOPLHOHANLHA 06520y 9NeMeHTa. Bo-BTophiX,
MMEIOTCS CHABI, IEHCTBYIOIIHE HA TOBEPXHOCTb 9NEMEHTa CO CTOPOHHBI
OKPYKAIOWKX €ro YacTel Tena. ITH CUAbI TPONOPLHOHANLHBI nAOUGOU
NOBepXHOCTH 9oneMeHTd. Takas cuna, OTHECEHHas K eNMHHUE nAowadu,
HA3LIBAETCH HanpAXCenueM. B HacTosiel raaBe Mbl OOCYIHM, KAK MOXHO
I14aTb CTpOroe onpeleneHue HanpskeHus. HanpsweHue HasbiBAIOT 00HO-
POOHLLM (20M02eHHBIM), €CAH CHAbI, AeHCTBYIOIHE HA NOBEPXHOCTb M€~
MeHTd OnpeleteHHON ¢(OpMbl ¥ OpHEHTAlMH, He B8aBHCAT OT MNOJOMKEHHS
3TOrO 3JeMEHTA B TeJe.

1. Onnoponnoe Hanpmxenue. CHayana Mbi OrpaHHYHMCR OOCymIe-
HHeM COCTOfIHMH, TIpH KOTOpbIX: 1) HanpakeHHe BO BCEM Tene OLHO-
pOZHO, 2) BCe YACTH T€I1d HAXOLATCA B CTATHYECKOM pABHOBECHH K
3) o6beMHbie CHAbl H O0beMHbIE MOMEHTHI OTCYTCTBYIOT.

PaccMorpum  Haxonsiuifca BHYTpH TaKOro Tena €NMHHYHBIR KY6
(¢ur. 2b) ¢ peGpamm, napanaenbHbiMu ocsM Ox,, Ox,, OX; Yepes kax-
LYI0 rpaHb Ky0a OyIeT mepenaBaThcsi CHaa, LEHCTBYIOMAs HAa BHYTPEHHIOK
yacTb Ky6a CO CTOpOHB! BHEIUHHX TIO OTHOLUIEHHIO K HeMy vacTeft Tena,
Cuny, TNPHIOKEHHYIO K KAWIOHK rpaHH, MOXHO pa3NOXKHTL Ha TpH KOM-
TIOHeHTbl. PaccMoTpuM CHayasia TPH TpaHu, TEepeceKaollie TPH TONOXKHK-
TeAbHbIX HANPABAEHHS OCe#t KOOPAMHAT. O0O3HAUNM 4Yepes o;; KOMIIOHEHTY
CHJbl, AeHCTBYIOUlYI0 B HanpasneHuu ——Ox; Ha rpaHb ky0a, nepneHiu-
kynspHyio Ox;!). OOpatuM BHHMAHWE HA TpPaBMAO 3HAKOB: HATIpHMED,
6,2 €CTb CHNA, NeHCTBYIOILAA B HampasaeHun —Ox, HA rpaHb, TepreH-
augynapHyio Ox, <O CTOpDOHH BHEIIHHX MO OTHOINEHHIO K KyOy yacreft
Tena Ha BHYTPEHHIOIO ero 4acTb. Tak Kak HanpmkeHHe ONHOPOLHO, CHJbI,

1) Ota BeamyuHa, KOHEYHO, COBEPLICHHO HE CBfi3aHa ¢ yAeabHOH s.siekTpo-
NpPOBOKHOCTbIO, KOTOPYIO MBl TaK:i€ O0O3HAYHIH Uepe3 oy
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IeHcTBYIOIKE HA Ky0 yepes Tpu 3aiHHe rpaHH, LOMKHH ObiTb PABHBI H
NpPOTHBOTIONOKHBI CHAAM, TIOKA34HHbIM HA Gur. 25. 31ech 0, Ty, Tgg —
HOpMGAbHbBlE KOMROHeRMb HANps-
WEHHSl, 8 GOy, Opy, Opg M T. L.—
cOsuzosble KomnoHernmsi. B § 2 no-
KA3BIBAETCA, YTO OTpENENEHHblEe Ta-
KHM 00pa30M KOMIOHEHTbI ¢, 00pa-
3YI0T TEH30p BTOPOro paHra. Moo
BHOETb, 4HYTO IAJNA TNPHHATOrO HAMH
npaBu.na 3HAKOB TNONOXKHUTENbHBIE
AHAYEHHS 7y, Oy, 933 COOTBETCTBYIOT
HATIpSKEHHAM PACTAKEHHA, a OTpH-
UATENbHbIE — HATIPTKEHHAM CHATHA.
B coBpeMeHHbIX YYeGHHKAX TEOpHH
ynpyrocT OObiYHO MpPHHATO TAKOE
onpenenchue. OIHAKO HHOrna ymo-
Tpebasercs o0parHoe NpaBuaO 3Ha-
KOB (HATIPSKEHHS CIKATHA MONONKHK- g”“'- 25. Cuabl, neficTsyionwe Ha rpani
JIHHHYHOTO Ky6a B OGHOPORHO HATps-
TenbHL!), B Y4ACTHOCTH, TpH pac- SKEHHOM Teme.
CMOTpEHHH  TIb€303JEKTPHYECKOrO
aperra u GOTOYNPYTOCTH; NOSTOMY HEOOXOLMMO ObiTh BHHMATENbHBIM NPH
MCMONb3OBAHMH YHCNEHHBIX 3HAYCHHH, NPHBOLMMBIX PA3NHYHLIMH ABTODAMH.

I3

, T
| 0 022 2
O3z
O3 I
Oz3

& ur 26. Cunnl, selicTByiollne HA TepneHIMKyaspHble Oxg W Oxg
rpaHp efHMHMYHOrO Ky6a, B3ATOrO B OJHOPONHO HAMPSKEHHOM Tele.
Ocb Ox; nepneHAHKYJISpHE MJIOCKOCTH YepTexa

Haiue npennonoxeHue o TOM, YTO eAHHHYHHIH Ky6 LOMKEH HAXOLMTLCS
B COCTOSIHMM CTaTHYECKOrO pABHOBECHY, HA/IaraeT ONpENEeneHHbIE YCAOBHA
H4 3;. PaccMOTpUM MOMEHT OTHOCHTENBHO OCH, TPOBENEHHOM Yepes LEHTP



108 Tn 'V Tenszop nanpsscenu

ky6a mapaaneabHo Ox; (¢ur. 26). Tak kax HanpsedHne OZHOPOIHO, TO
BCe TPH KOMIIOHEHTHI CHJbI, NPHAOKEeHHOH k MoOOH rpaHH, TPOXOAAT
yepes CpelHIOK TOYKY sTolt rpaHu. CnenoBaTenbHO, HOpMaabHbie W CLBM-
roBble KOMMNOHEHTH HE CO3[4I0T MOMEeHTd HA rpaHaX, TepNeHLHKYAAp-
HeiXx Ox,, W Mb 12XOOMM B KaYeCTBe yC/IOBHA Il PABHOBECHS, YTO

O28 == a2

AHanOrH YHO TIONYYAEM, YTO G5 ==0,3 H O =0y, TAK YTO MOXHO

3anucaTth
G” =°}i' (5-1)

2. HeognopopHoe nanpmwenne. Coornowenue (5.1) ocraercs cnpa-
BENJUBBLIM A&Xe TOrLd, Koria HanpmkeHuHe HEOLHOPOLHO, KOrna Teao He
HAXOLMTCHl B CTATHYECKOM PABHOBECHH M KOFLA TNPUCYTCTBYIOT OObeMHbie
CHnbl (HO He OODBEMHbie MOMEHTBbI). IJTO MOXHO IOKa3aThb CAELYIOLLMM
o6 pasoM.

OnpenenuM KOMIOHEHTbI HANDANEHHS TAK e, KAK KW TpEexIe, yyu-
TbiBadg, OILHAKO, TO 00CTOATENBCTBO, HTO TENnepb Mbi AOMKHbBI OXBATHUTDb

Tz

b (o 524 o)
‘—-—>

80y 1 b A + 9% 15, )
(0',, ox,' 2 éz;) ‘ g G ox, 27"
ﬁl 0 6‘22 ! — — ,
v |
<_I

(0?2 - %2 1 6.1:2)

®ur. 27. Cunsl B HanpaBienuu Ox;, AeHCTBYOMME HA SJeMeH-
TapHulit Napajnenenunel B yCIOBHSX HEONHOPOAHO HaNpsKeHHOro
COCTOSIHHS,

Cunpt, 1eHcTBYIOLHE HE [PAHM, neprendukyaspubie Oxs HE NOKA3aHDLYL,

CIVyaH, KOrLA HaMpseHHe MeHseTcs OT TOYKH K TOuke. Pasnenum cuay,
LeHCTBYIOYIO HAa TOBEPXHOCTH, TIPOXOASILYIO Yepe3 JAHHYIO TOYKY, 1
naomasb 3TOH TMOBEPXHOCTH M YCTpPEMHM TJIOMIAAb TOBEPXHOCTH B ndn-
HOMt Touke K HyMO. [lpenen nonyueHNOro BEIpaXeHus W ONpefeNsneT Hanps-
*KeHue B Touke. Tak, KOMTNOHeNTa CHIH, Ne#CTBYOWeH B Hanpasnenun Ox,
Ha 3NeMeHT NOBEPXHOCTH MOWALbIO dS, neprenivkysiphbift Ox;, onpe-
Lensiercs Kak 0, dS npu ycrpemnenuu dS k Hymo. Ilpu STO‘VI coxpa-
HAETCA TO XKe TNPABUNO 3HAKOB, 4YTO KW B CJjy4de OLHOPOAHOrO Hamnpssxe-
HuA: o, dS o3HayaeT cuay B HanpasieHuu - OXx;, CO3NAHHYIO JEHCTBHEM
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yacte#t Tena ¢ —4-Ox; CTOPOHbI 3/MEMEHTA MOBEPXHOCTH HA HACTH Tena,
waxonsimecs ¢ -— Ox; CTOPOHbI ITOrO I/MEMeEHTA.

PaccMmoTpuM Tel’lepb HAaXo#sKHCA BHYTPH HANPMKEHHOTO TeJa 3Jie-
MEHTApHBI TPAMOYTO/bHBIM TApanfenenknel ¢ LUeHTPOM B Hauajge KOOp-
IVHAT W pebpaMmu AJuHOH 0x,, 8X,, 38X, MapannenbHLIMH OCAM KOODLHMHAT.
IycTb o;; 03HAYAIOT HATPSXKEHMS B Hauane koopiuHar. Hafinem ypasHeuwe
IBUXKEHWSl STOTO 3MeMeHTAPHOro napannenenunefd B Hanpasnenuu Ox,.
CpellHHe 3HaYeHHSl KOMIIOHEHTbI ¢, I/ KaMIOH W3 NBYX TIpaneH, nep-
neHIuKyAspHeXx  Ox,, ykasansl Ha ¢ur. 27. Cuabl,  nefficTsyiomye
B HanpaeieHud Ox; HA STH [BE rpaHH, 3aNHCHBAIOTCA B BHIE

— (cu - ’g‘%_l' 3x )8x2 LEPI (511 + 5 0 ) Oxl) Bxy Dxs;
PesyNLTHPYIOWLAS CHIA €CTb
Ooy

—El- Bxl Bxg 3x3.

Culpl, peficrByiowpe B HanpasneHudn Ox; Ha 1Be rpaHk, TEPNEHLHKY-
anpubie Ox,, BHPAKAOTCA B BHIE

—_ (cu——%“é’. 1 Bxg) dx,3%, wm (51,_,+ gx” é 8x2) dx;0x,
C pesyJapTHpyIoLlel cuioh
0315
Oxy

Auanoruudo, ans  IBYX rpaHeﬂ. nepneHinkyaapHbix  OXg Haxomum
pe3yALTHPYIOLMLYIO B BHIE

S, bx,8x,.

0313

0.’(3

Ecnu uMeercs eme o0beMHas CHAA, KOMNOHEHTA KOTOpO# B HATpAaBJje-
Hui Ox, paRHA g, HA ELHHMIY MacCbi (HanpHMep, CHJIA TAXKECTH),
TO Mbi MOJYYaeM CJeLyHOLee YpABHEHHE IBMKEHUA:

Os Oo 0 -
012 18 +reg81=pxw

6}(1 0)(2 6.’(3
rie p-— IJIOTHOCTb K X, — YCKOpeHHe B Hanpasnenun Ox,.
PaccvarpuBas cunbi, IeficTByioiine B HanpasieHusx Ox, u Oxs,
noJyyaeM IBA AHAJOTHUHBIX ypaBHehksi. TakuM 06pa3oM, B HTOre HMEEM

+ 08, =px; (5.2)

Mebi nonyyunu ¢>yHnameHTaanue yPABHEHH, CBA3bIBAIOILHE IPOCTPAHCTBEH-
Hbi€ H3MeHeHHA HanmeeHuﬁ B Tes€ ¢ YCKOpEHHSIMH €r0O 3JIEMEHTOB; OHH
ABJAIOTCA OTTPABHO#l TOYKOH NpPH M3YYEHHH YTNPYFHX BOJH B TBEpPIbIX
Teaax. (OTMeTuM, YTO Mbl BBeNH 31eCb HOBOe NOHATHE: AHGepenin-
pOBaHHe TeH3Opa BTOpPOro pamra.) Ecam Bce yacTn Tena HAXOAATCA

d3x,8x,8x,.

03,,
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B CTaTVYEeCKOM pAaBHOBeCHH, ypaBHeHus (5.2) npuHuMaior 6o.ee mpo-
CTOH Bup,

OGU

Vpashenns (5.2a) Ha3bIBAIOTCA YpABHEHUSMU POBHOBECUS U YACTO HCTIO.Tb-
3YIOTCSl B TEOPHH YTPYrOCTH.

3anuiueM Tenepb YpABHEHWE [BWWEHHs Ias CAy4as BpallleHus pac-
CMATPHBAEMOro 3/eMeHTa BOKpYr och Ox;. MoOMeHT cHn (HANpaBIEHHBIN

I3

A 30 15
H (023 +5.’L‘3 2 ma)

80y 1 6a,)

Sz,
(0:32 + (31'3
0 6.1‘3 - l-rz

(0'32 - 2—22' % 6.1-'2)1

(0w - 5 00)1

dur. 28 Cuapl, co3zawliMe BpAIAOMUi MOMEHT BOKPYT
oci OxX;, AEHCTByIOmMii + HA 9JeMEHTAPHHI napainejenunen
B YCNOBHSX HEONHOPONHO-HATIPAXEHHONO COCTOSHHMS.

Ha ¢ur. 28 NpOTHB YACOBOH CTpe/IKM), CO3LAHHBbI# CABHrOBLIMH KOMIIO-
HeHTAMH HANpsXeHus, AEHCTBYIOLWHMH HA IBE rpaHH, TepneujHKysp-
Hoie Ox,, 3aNKCLIBAETCA B BHIE

Ocgs 1 1 Oopo 1 1
(cs2 — 0;2- 5 sz) 8x, x4 5 ox, (c32 + —5;"_3 5 8x2) bx, 8% 8x, =

== 0gp 8%, 8%, 8 x5,

MoOMeHT cHJl, BO3HMKAIOWIKM B pe3ysnbTaTe IEHCTBHA CIABHrOBbIX KOMIIO-
HeHT Cyg, 34MMCHIBAETCA AHA/JIOTHYHBIM 006pa3oM 1)

— Gpg 8%, 8, 0X 5.

1) HopManbHbie KOMIOHEHTB Ogpo M Ony TAKie LOANYT BKIAL B MOMEHT CHI
BCIECTBHE TOTO OGCTOATENLCTBA, YTO Pe3ynbTUPYIOLas HOPMalbHBIX CHJ, Aefi-
CIBVIOIMX Ha TIpaHd, HE NPOXOAMT TOYHO Yepes CPEelHHe TOUKH 9THX rpaneil.
Onnako naeyo kawno#t M3 9THx cHA OyneT Ha NMOPAIOK BeIHYHHH MEHBINE, YeM
NNeYo CHOBHIOBBIX CHJ, CREJOBAaTENbHO, STHMH WYNEHAMH MOMXHO MNpeHeOpeyb.
(B nepsoM npuOAMiKenHH STH Ccuibl (GAKTHYECKH MONAPHO YPaBHOBEWHBAIOTCH,
TaK 4TO MX OOmu#t BkJaj B CyMMApHBIH MOMEHT HMEET €Il€ MEeHbIuyi0 BelHyuHy,)
AnanoruuHoe paccMOTpPEHME MOKA3BIBAET, YTO MOXHO TaKke npenefpeub Mo-
MEHTOM CHJ, BO3HHKaIOLIHM BCREJCTBHE CNErKa HELEHTPaNbHOrO PacrnofOKeHHS
CHBUTOBBIX KOMIIOHEHT Ogy M og;.
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C1enoBaTe bHO, ypaBHEHHE [BHXKEHHs IJA CIyYyas BPALIEHHS BOKpYT
oci Ox, uMeeT BHUL
(035 — 929) 3, 85 85 + G, Bx, Sy Bx5 = 1,8,

roe [, —MOMeHT uHepluu OTHOCHTenbHO ocu Ox,, 6, —yrnosoe ycko-
peHne OTHOCHTENBHO TOH e OCH, HamnpaBJieHHOE NMPOTHB YACOBOK CTpeskH,
G, — o6 beMubift MOMeHT. MOMeNT nHepuku [; eCTh BeNHYKHA NOpsLKaA p(3x)S,
[TosTOMY LOMKHO BBLIMOJHATECA COOTHOLUEHHE

9gp—— Ge3+ G, =0, (5.3

T4K KAK MHAYe TIpH CTPEMJEHMH S/eMeHTa O6DBEMa K HYIO BENHYMHA Oy
Oyzer OecnpelenbHO BO3pacTaTh NponopuuoHansHo 1/(3x)2. B crownom
MarepHane 3TO, KOHEYHO, HEBO3MOWHO; OTCIOLA CJelLyeT, YTO COOTHOLUE-
nie (6.3) cnpasennuBso.

AHanoOru4yHO ONpELENATCA YpPABHEHMA IBMKEHHA ILJA CJAy4YaeB Bpa-
weHuss BOKpyr Ox, H Oxz OHH 3aNUCHLIBAIOTCA CAeLyiomuM o0pasoM:

913— g+ G, =0, 5.4
Tg1 ~— S1p ~+ G5 =0. (5.5)

PacnpenenenHbit 00beMHHt MOMEHT, T. €. MOMEHT, TNpPOTIOPUHOHAN =
Heift ofbeMy, BbidbiBAeTCA CHAAMH JanbHOmeHcTBuA (OnuM  00O03HAYEHDI
yepes G,, G,, Gy); OH BO3HMKACT, KOrZd AHH3OTPONHHH KpHCTAA Ha-
MATHHYHBAETCA HJH MONAPH3YETCA B TOJe, KAk OH/O TMOKasaHo B rj. III,
§ 3, nra. IV, § . Onnako B OTCYTCTBHE INEKTPHYECKHX H MATHHTHEIX
noneff OGDbMHble MOMEHTHL HEe BO3HMKAOT '), M Mbl TOJNYYa€M BMECTO
ypasHeHu#t (5.3) — (6.5) npocro

94 = e (5.6)

B nanbreftuem M OyzeM npeanonararb, 4ro paBeHcTBO (5.6) Beerza
BLINOJHAeTCA. TeM He MeHee cJenyeT TNOMHHTb, YTO, CTPOro roBOpA,
TPAKTOBKA NbE303NEKTPUYECKHX, YNPYrHX H (QOTOYNPYruX KOHCTAHT,
koTopas OydeT ILaHA HHXKeE, B CNyyae HanH4yua OOBEMHBIX MOMEHTOB He
BCEera npHMeHuMa ?),

§ 2. JokasarenbcTBO TOro, uto G 06pasyioT TEH3op

JlokaxeM Tenepb, YTO KOMIOHEHTH HAampsweHHs Gy OTIPELENEHHHE
B § 1, n 1 u 2, o6pasyioT TeH30p BTOpOro paHra. Mbi 3HaeM (cM.
ra. I, § 3), uro ecnu COBOKYNHOCTb BesimyHH T;; CBASLIBAET KOMIOHEHTI
ABYX BEKTOPOB p; H §; YpaBHEHHAMH BHIA

pi=Tyq,

1) HeGonbmoit o6beMHBIE MOMEHT MOXET ObTh 0OyclnOBiIEH S(b¢eKTOM Bpa-
HIeHusl MJOCKOCTH nonspusaumy (cM. ra. X1V).

%) [Mo-BUAHMOMY, B JMTePaType elle He Obi10 AaHO yOeLUTENbHOrO PaccMOT-
peHHsl Hu3MeHeHHi, HeOOXOAHMMBIX NpH y4ere OOBEMHBIX MOMEHTOB (LOMOMHH~
TelbHHE CCHIKH Ha JuUTE€Patypy cM. B paGore Pamana u BucBanatanu [77] ).
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70 T); NOLYMHSIOTCHA 32KOHY Npeo0pasOBaHHA TEH3OpA H, CNELOBATENBHO,
o0pa3yior TeH3op. I10STOMy MH ILOK2XeM, YTO o;; CBASLIBAIOT 1BA BeK-
TOpa ypAaBHEHHAMH TAKOro THIA.

BuzenuM BHYTpH HARPSMEHHOrO TeJa TPOM3BOJIbHHE 9JEMEHT TO-
BEPXHOCTH € Tomanbio 8S, copepxamuit Touky P. BoccraHoBHM elu-
HHYHBIH BeKkTOp I, TEpTNeHIMKYNApHbIK 3TOK noBepXHocTH. OBGO3HAYMM
CHIy, TIPHIOWEHHYIO K paccMaTpHBAeMOH TIOBEpXHOCTH, 4Yepe3 poS
(¢ur. 29). dra cuna Geperca Tak, YTOOH OHA Obina HANpaB/eHd B Ty e
CTOpOHY, 40 4 I (MO OTHOIWUEHHIO K 3JIeMEHTY noBepxHocTH). Ilyctb
MEHAET HanpaBneHue TaK,
YTO S/JEMEHT TOBEPXHOCTH
nonyyaeT  BCEBO3MOMKHBIE
OpHeHTallHK, HO BCerna
npoxoauT vuepes P. Kak
Oyner M3MEeHMThCA  TIpH
arom pdS? UYrobwi oT-

péS

p \
és

dur. 29. Cuna, nepesa- < ur. 30. Cunsl, feHCTBYIOIHE Ha rPaHK TETPasapa.
BaeMdsl u4epes SneMeHT  06pa30BAHHOTO TPEMS KOOPHHHATHLIMH TMOCKOCTAMH
NOBEPXHOCTH &S, B3ATHM u rpanbio ABC.

B HanpsixeHM TeJe.

BETHTb Ha 3TOT BOMNpPOC, MPELNOJOXHM CHAYand, 4TO HampsmeHHe OLHO-
pOLHO, OCBbeMHbI€ CHAbI OTCYTCTBYIOT M T€NO HAXOIMTCH B PaBHOBECHH.
Hatinem ycnoBus paBHOBECHS B3ATOrO BHYTpH Tena 3JeMeHTa B GopMe
terpasnpa OABC, nokasanHoro Ha ¢ur. 30. 3uece ABC mnpencTaBJseT
paccMarpuBaeMbift 91EMEHT NIOBEPXHOCTH, NepreHANKYNAPHbI# I, cuna, nepe-
naBaeMas wepe3a Hero, pasna pX(naowaib ABC). Cunbi, nefictsyiomue
HAa TPH APYrHe B3aWMHO TEpNEHIMKYNAPHHE TPAHK TETPAasipd, MOryT OHTb
BBIDAXEHB Yepe3 KOMIOHeHTbl HAMPMKEHHs oy ChAelylomkM 00paso.
Onpenenss cuib, napannenbHeie Ox,, nonyyaeM

MABC = ¢,,BOC -} 6,,A0C 4~ ¢,,AOB,
1= 0nli~+ G1ls + 915l

P2 == Oy + Gg0ls - Gpals,
Ps = gl - 0gals 4 0gely.

WJTH

AHanorunyHo,
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C.lea08aTensHO, MB MOMEM 3anHCAThb
pi=0,l; (B.7)

Ypasuenvsa (5.7) OCTAIOTCA CNPAaBEANHBBLIMH AJs JIOCOH 3a0aHHOH
TOYKH W B TeX CJIy4YasX, KOrla HampsXeHHe HEOIHOPOLHO, Koria nefi-
CTBYIOT OGDBEMHBIE CHJABI H KOFAAd TEJNO0 He HAXOOHMTCA B CTATHYECKOM
paBHOBeCHH, W00 NerKo BHAETb, HTO TIOABIAIOIHMHUCA ﬂ.OﬁaBO‘JHHMH Y1e-
HaMH MOXHO TpeHeOpeub, KOFLA TeTpasip IesnaerTcd GECKOHEYHO MA/bIM.

Tak kak nBa BekTOpa p; M [,
CBA3AHH 4epe3 cll' JHHEHHHMH COOT-
HOLIEHUAMH, TO HATIPSKEHHS Gy 00pa-
ayloT TeHsop. V3 ypasnenus (5.6)
BHJIHO, WYTO 3TOT TEH30p fABMAETCA
CUMMETpHYHBIM H, CNe10BATENbHO, OH
MO¥T ObiThb NpuBeLEH K FJaBHBIM
ocam (eM. ra. I, § 4, n. 1), Tlo-
9TOMY, TNepexonn K FJAdBHHM OCAM,
N0y YyaeM

%3

T o o1g og | i 0 07
S1g Cg2 Cg3 —_ 0 52 0 »
- O3 Cgg Oy 0 0 o |

®ur. 3l. Cuan, pellctByiomue Ha
Tie Oy, Oy O3-—24QBHbBE HANPA-  rpapy enumHuHOrO Kyba C peGpaM,
HCeHU S, TapanienbHbIMH HallpaBJeHHAM [NaBHBIX

Korna HanpasneHus rnaBHbIX Ha- HanpsxeHui.

npsXenult BHIOGpaHbl B KayecTBe OCeHt
KOOPIMHAT, CIBHrOBLIE KOMIMOHEHTH HANpSIKEHHs MCYe3aloT, TpH 3TOM
Ha TapannenbHbie OCAM FPAHH BHIPE3AHHOTO W3 Tesa elHHHYNOro kyba
OyLyT ILeHcTBOBAaTb CHJbi, TNOKA3aHHbie Ha ¢wmr. 31.

§ 8. NoeepxHocTb HaNpaWeHu#h

XapaKTepucTHUECKan TNOBEPXHOCTb BTOPOrO NOPALKA AAA oy (CM.
ra. I, § 4) HaseiBaeTcs mpPOCTO nodepxrocmbio Hanpswenuli. Ee ypas-
HeHHe HMeeT BHI

Oy XX, = 1,

HJW, TIpH Tiepexolle K FaaBHBIM OCAM,
2 2 2
0, X, 4o, x; o xi = 1.
JLaHE nonyocelt paBHbi 1/V°1- I/Vc2. l/]/ca. INockonbKy Kawaoe ua
HATPSKEHHH O, Op, O3 MOMET ObITb KAK TNOJOMKHTEJNbHBIM, TAK H OTpH-

uaTenbHLIM, 3TA TOBEPXHOCTH BTOPOr0 NOpAAKA MOMeT ObiTb LeHCTBH-
TeNbHBIM MM MHWMEIM SJIIMIICOMAOM HAW THIEPOOJOHAOM.

8 k. Haft
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Hanpasnenue pesynwrupyioumie#t Cuibi p8S, ILeHCTBYOWEH Yepes e~
MEHT NOBEpXHOCTH &S, MOXeT ObiTb HARIEHO H3 NOBEPXHOCTH HATpsKE-

dur. 32. Onpenenenne HamnpapJeHHS
peynbmpywmeﬁ CHJIHL P8 S, nepenaBae-
MO# uepes sjeMeHTapHyIo maomanky 8S
(ucnonb3yercs CBOHCTBO panmyca-Bek-
TOpa W HOpMa/y K XapaKTepHCTHYECKOl
NOBEPXHOCTH HANpsKeHu#).

I —~envBHuMbIl  BEKTOP, HOpMmajbHbLih K &S;
P —~neplEeHAHKYAP K MJIOCKOCTH, KecaTejabHOR
K X2paKTepPHCTHUECKON MOBEPXHOCTH B TOUKe Q.
TnOCKOCTL YEpTEX8 SBANETCH UEHTPRJLHLIM Ce-
YEeHHEM Xa8paKTepHCTHYECKOH noBepXHOCTH, CO-
nepxawnm p ¢ L. He ueprexe nokasguu nuiub
cnenpl sneMentapuoll mioweanku &S M Kacatesb-
HOM TJIOCKOCTH,

HAH, €CNIH BCE KOMIIOHEHTH

TIpHBEMEHDI

Hult ¢ TOMOMIbIO CBOHCTBA paimyca-
BEKTOpa M HOpManu (cM. crp. 44).
ITposenem panuyc-sexrop r(dur. 32)
napajnenbHo ! -— enuHHYHOMY BEK-
TOpY, NEpNEeHIHKyAspHOMY K oS.
[Tycrb aToT panMyc-BeKTOp BCTpe-
YaeT TNOBEPXHOCTb HANPAMEHHH B
touke Q. Torma BekTOp p Oyzer
napanneneH HopManu K 3T0# nosepx-
HocTH B Touke Q. Korma Touka @
OKa3bIBAETCA JeXaleH Ha OLHOH M3
TpeX riaBHBIX OCEH, BEKTOp p na-
pannened I, T. €. CLBHrOBbIE KOM-~
noHeHTH orcyrerByoT. Corsacho
CBOHCTBY, OTIHCAaHHOMY Ha CTp. 43—
47, nnuHa BEKTOpa r oOnpenenser
HOpManbHOE HanpsmkeHHe o, pelcT-
ByIOLLEE HA B/IEMEHT, TIOKA3aHHbIH HA
¢ur. 32, a uMeHHO o= 1/r2. AHa-
JHTHYECKH G B41a€TCA YpABHEHHEM
(em. ra. 1, § 6, n. 2)

o= cijlllj,

K rJAaBHbLIM OCAM HanpsKEHus,

o= cllf +Ggl§ +cal§.

§ 4. Yacruoie dopmel TeHaopa HanpsweHui

PaccvorpumM  Tenepn ¢opMy TeH3opa HanpsiKeHuH,

NpHBELEHHOTO

K FJaBHBIM OCAM, ANf HEKOTOPBIX YACTHBIX CJYYaeB.
1. Jlunelino-nanpssicennoe cocmosnue (0OROOCHOE Hanpfiscerue)

T o

0 07

000 |
Looo
TprMepoM TaKOFO HATPSKEHHA CIyHHUT HampsiKeHHe, CO3LABAEMOE B IJIMH-

HOM BEPTHKAJbHOM CTEpIHE

NMONBECLICHHbIM K €ro

KOHLY TpY30M.

HeonnoponHoe pacnpeneneHse OLHOOCHOIO HATIPSKEHNs BOSHUKAET B LJKH-
HOM CTEpKHE TOL LEHCTBHEM YKCTOro Haruba.
2. Ilrocko-nanpsoicennoe cocmosinue (08Y0CHOE HAnpsiiCenue)

_0’1 0 0—
0 0’20 .
.o 0 0.l
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TlpuMepOM HEOAHOPOAHOTO pACHpeieqeHUs 1BYOCHOrO HANPAXEHUs ABIAETCA
HATPAKEHHe B TOHKOH TJIACTHHKE, HArpy:eHHOH CHIAMH H MOMEHTaMH,
TPUJIOWEHHbIME K €e mephMerpy. OKpyHOCTE Mopa anf Maocko-Hanps-
WEeHHOr0 COCTOfIHHA TOKA43aHA Ha ¢wmr. 33.

3. Obsemuo-ranpsscernnoe cocmosinue (MPexocHoe HanpsiceHue) —
naubonee oOWlan CHCTeMa HANpsKEHHB C TpEMsA OTJNHYHBIMH OT Hyns
FABHBIMH HaTIpSMEHHAMH,

4. Tudpocmamuuecroe Oasiexue

E—p 0 07
0 —p O | um —p, [ %
0 0 —p! 0
5. Hanpsaycenue wucmozo cosuza
T —e 0 07 $ ur. 33. Oxpyxnocts Mopa
0 ¢ 0O ISl MJ0CKO-HAIp MK EHHOTO
000 COCTOAAHHA

(uactHbift cnyua#t aByocmoro HanpmkeHus). HeonHopomHoe pacnpe-
LeJieHHe YMCTO CABHrOBOTO HAaNpsXKEHHA BO3HMKAET B HJMHHOM CTEpXHE,
NOABEPrHYTOM YHCTOMY KpyuYeHuio. IlocTpoenne OkpymHOcTH MoOpa nns
9TOr0 CNyyas NNK43aHO Ha ¢ur. 34, @, OTKyna Cpa3y BHIHO, YTO €CJH

a (1) 8

P ur. 34 Hanpsxenue uHcTOrO CABHrA.

a — okpyxuocte Mopa; 6 K @ — cuibl, TeficTBYIOLIHE BE sneMem,
B OPHEHTELMAX, OTBEURIOLIMX COOTBETCTDEHHO ToukaM B u C.

ocu moeepHyTb Ha 45° Bokpyr Oxs, TO HOpMA/bHbie HANIPSKEHHS MCYE3-
HyT (OTCIOLa HasBaHHE Hanpsadicerue 4YuCmMo20 cO8u2a) W TEH30p TIpH-
MeT BHL

© a O
(= = =

<
0
0

Ocb Ox, sBasercs ocvio cosuea. Ha ¢ur. 34,6 u 8 mnokasaHb! CHIM,
HeHCTBYIOIHE HA I'DAHM B/MeMEHTa B ABYX pAa3jHYHbLIX OpHEHTALHSX.

g%



116 F'a V Tenzop manpswcenud

§ 6. Pazauune MEXAY TEH30POM HAanpskeHuli W Teusopamu,
onucHBAKOWKMY CBoficTBA KpHCTaANA

Oty raary MH 3aKOHYMM OOCYWIEHHEM BaXKHOTO PA3NHYMA MEWLY TeH-
30pOM  HaNpsXeuui U BCEMH PACCMOTPEHHHIMM Bhillle IPYTHMH TeH30paMH
BRTOpOro panra. Tenaophbi, OMHMCHIBAIOMHe CBOMCTBA KpucTanna (TakMe,
KaK MarHuTHas BOCNPHHMUYMBOCTL HJH LU3.JIEKTpuyeCKas HpOHHuaeMOCTb)
W MNpelcTaBjseMbieé TOBEPXHOCTAMH BTOPOro nopsiKa, HMET Oonpene-
JNEHHYI0 OpHEeHTAalUHI0 B KpucTaJjne M, Kak Mbi BHIENH, LOJIKHBI COr.ja-
COBLIBATLCA C cuMMeTpueR kpuctamna, OuH HE3WBAIOTCA MAmMepua.db-
HouMu mensopamu. Haobopor, Tensop nanpsxenu, Kak W Tensop Le-
¢opmaunft, paccmarpuBaeMbit B cnelyiomeit raase. MOWeT HMeTb JIOOYIO
OPHEHTALHIO B KPHCTAJ/IE H MMeeT CMBICA KaK 1A H30TPOTHLIX TeN, NoL06-
HBIX CTeKMy, TaK M A8 AHH3OTPONMHBIX Tel -— KpucTannoB. TeHaop na-
npseHuRt He onuchiBaer kakux-nubo cBOMCTB kpucTanna, 4 GAK3OK No
CMBICTY K ,CHJe*, TPHIOKEHHOR K KpHCTaany; B STOM OTHOLUEHHH OH
nonobeH 9NeKTPHYECKOMY TOJIO, KOTOpPOE MOMET, KOHEYHO, HMETb IpO-
H3BOJIbHOE HanpaBieHHe B KpucTanne. Takue TeH30pbi HA3LIBAIOTCA no-
AEBLLMU MEeH30paMU.

PE3KOME

Hanpmuenne B TOuke P Tena MOmeT ObiTb ONpeNe]eHO CAELYIOLIHM
obpazom (§ 2). Ilycrb 6S — maowmianb 3/eMeHTa TOBEPXHOCTH, COLepKa-
wero Toyky P. TlocTpouM ennHuuHbift BekTop [, mNeprneHAMKYaspHbift
stoft maowmanke. IlycTh Yepes naowlafiky nepenaerca chaa p3S, KoTopas
IeHCcTBYeT ¢ MOJOXHTENbHOR CTOPOHBLI TOWALKK (onpenenseMoft Hanpa-
BnenueM [I) HA 4YacTb Tend, HaXOAAHIYIOCA C OTPULATENbHOH ee CTOPOHHI,
Torna cratuueckoe paccMOTpeHue (WAM LHHAMHYECKO®, €ClH Ten0 He Ha-
XOIHTCSl B CTATHYECKOM PaBHOBECHH) TNOKasbiBaeT, uro mpH 8S — 0 Bek-
TOp p cBasaH ¢ I COOTHOIUEHHEM

pi=°ijlj' (5.1)

ie O, -— KOMIIOHEHTH TeH30pa BTOPOIO paHra, HasblBaeMOro Hanps-
sicepueM B LaHHOR TOuUKe.

Urofb naTh ONpeleNeHHE KaXIOM W3 LEBATH KOMIOHEHT Gy, HYKHO
paccMoTpeTb CHbl, NEACTBYIOIUME HA B3ATHN BHYTPH HANPHKEHHOrO Tena
enunuyHbit KyG ¢ pebpaMmu, napaiaje]bHEMH OCAM X; (CM. ¢mur. 25).
KoMnoHeHTh ¢ { == j HA3LIBAIOTCA HOpMAAbHLIMU HOMNOHEHMAMU HaAnpsa-
HeHUA (OHH TOJOKMTENbHbI NPH PACTAMKEHHH), 8 KOMIOHEHTH € [ == j—
cosuzosvimu Komnonermamu (§ 1, m. 1).

Vpasunenus Osusicenusn 045 CAYHQAS nOCMYNGMEAbHO20 nepe.Meuje-
RBus Maioro aseMenta (§ 1, m. 2) uMeT BHL

0611 .
ox; TPEI=FEX (5.2)
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14, ecad BCe 4acTH Tesd HAXOLATCA B CTaTH4eCKOM paBHOBEeCHH,

ad’U 0
ox; “+pg,=0,

rie p— TJOTHOCTb H g,—— O0DbEMHAs CHIA HA eIMHHLY MAacChl.
Voasuenus Osusicenusn 0asn cayuas spawmenus (§ 1, n. 2) 3anuck-
BAIOTCA B BHIE

O3 — O3~ Gy =0, (5.3)
0y3 — O+ G2 =0, (5.4)
dgy ~— 01p + G5 =0, (5.5)

rie G,— o6beMHbit MOMeHT (Ha emuHuuy o0beMa). CnenoBarenbHO, NpH
OTCYTCTBHH OOBEMHEIX MOMEHTOB

Sy =0 (5.6)

Tak kaxk [oj;] sBnsieTCs CHMMETDHYHHEIM TeH30pOM (B OTCYTCTBHE
06bEMHEIX MOMeHTOB),eF0 MOMKHO IPHBECTH K TaBHHIM ocaM (§ 2) u xa-
paKTepu3OBaTh MOBEPXHOCTLIO BTOPOrO MOpsiika o,x,x;== l. Hanpswe-
HHE He eCTb CBORCTBO KpHCTaJana B OTJHYHE OT LpYrHX TEeH30pOB BTO-
poro panra (MarHMTHOR BOCIPHHMYHBOCTH, JH3JEKTPUYECKOH IpOHH~
uaeMOCTH W T. L.), BBereHHHX panee (§ 5); ono OaM3KO nO cMbiCay
K ,cune*, npunokeHHo#t k KpucTanny. CrenoBarenbHO, TNOBEPXHOCTDb
HanpmxeHu#t He 00s3aHa COrJacOBHBATLCH C CHMMeTpueRt KpuCTaana.

SALAYH

1. [oxasaTtb, uTO NpH COOTBETCTBYIoMmEM BHOOpe ocell HamnpsikeHue B obueM
caydae MOXHO BBIPasHTb KakK CyMMY TFHIPOCTATHUECKOro naBieHus (T e Hamps-
weHust B ¢opMe ob;;) M HanpsukeHusi caBura (T. . HampshkeHusi, HOpMaMbHEE
KOMIIOHEHTH KOTOPOTO PaBHBL HyJlo).
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TEH30P JE®OPMALMA U TENJIOBOE
PACIIUPEHHE

K 3anaye o0 onpenenensn nedOpMHPOBAHHONO COCTOSHHA TBEPIAOTO
TeNa, KOTOpOM TOCBAlleHa HACTOSLLAs [/laBa, MOXHO nono#Ttu, pac-
CMOTpeB CHayana GoJsiee MPOCTHE OZHOMEPHHIR W IByMepHbft Cayuau.

§ 1. Onxomepuas gedopmaunus

Ha ¢ur. 35, a naoOpawena pacrsikumas crpyna. 3adukcupyeM B npo-
cTpaHcTBe Hayano koopauHar O u 3areM pacTaHeM CcTpyHy. Ilocne

\ x Az
a T  —
0 P @
5 . x+U Ax+Au
0' Pl 0'

@ ur. 35 JepopMauus pactsxuMoit CTPYHBL
a = 10 pacTHIKeHHSA; 6 =~ nocne PacTaXenH .

pacrsxenns (¢ur. 35,6) npowussonbHas Touka P nepeitner B P’. Ilycrs
OP=x u OP =x-u.

VisMeHeHne cMeLieHHs & C KOOpAMHAaTOR x mokasaHo Ha ¢ur. 36,a u 6.
&ur. 36,a, na koTopol & ecTb auHeNHas ¢yHKuMA X, COOTBETCTBYeT
ONHODONHOMY pACTSHEHHIO CTpyHb. ®ur. 36,6 wunmocrpupyer Conee
o6wuit cnyua#t HeonHopoaHoro pacrsikemks. IlycTe Touka €, Onuskas
k¥ P, nepexonur B Q' npu pacTswenus u nycte PQ=Ax. Toraa
P'Q = Ax—4-Au., Tlpn wusyuenun pedopMaluu MH HHTEDECYEMCs He
a6COMOTHEIM CMeilleHHEM TOYeK, a4 KX CMeilleHHeM APYT OTHOCHTENBbHO
npyra. IedpopMaums oTpeska PQ onpenensercs Kak OTHOLUEHHE MNPU-
pauleHksi ero AJHHL K NepBoHayanbHOR ILnuHE, T. €.

PIQI — PQ . _é_li
PQ T Axt
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Lepopmayun 8 moure P onpenensiercs BhipaKeHHEM

. Au du
e= lim A_=—d——. (6.1)

Ax 50 X X
TaxkuM oOpa3om, nedopmauus B n0GOR TOuUKe onpepensiercs NPOCTO
YrIOBHM KO3(HUHEHTOM KPHBLIX, H300pameHHLx Ha ¢ur. 36, a Hau 6;
JedopMauks ecTb NPOH3BOAHAS CMellgHHsi MO KOOPAMHATE M fBJIAETCH

u u

uﬂ/

0 z 0 x
a )

® ur. 36. 3aBuCHMOCTb CMENIEHMS U OT KOOPAMHATHl X
B pacTaXuMOH CTpyHe.

@ — ORHOPONHO® PECTSHMEHHE; 0 — HEONHOPORHOE PECTHHEHHE,

GeapasMepHolt BenuynHo#. OueBUIHO B COOTBETCTBHH C IAHHLIM Onpe-
IeJleHHeM, YTO MOJIOWeHHe Hayana KOOPAMHAT He CYLIeCTBEHHO,

HOns o0nopodrol nepopMaukk e — KOHCTAHT3, H HHTETPHPOBaHHE
ypapxents (6.1) naer

u=u,+ex, (6.2)
rae do— CMelleHue TOYKH, Haxoisllefcs B HAayale KOOPHMHAT.

§ 2. Jipymepuan aedopmanus

Paccmorpum Teneph, kak onpenensercs nedopMauus pacTmxuMOit
nnockolt nnactudku., Tak we kak W B § 1, BriGepeM Hayano KOOpIMHAT

xZ,
2 r

Auy

Iy P

P ur. 37. IBymepHas nedopMaums,

u 3apukchpyeM ero B mpoctpaHcrBe (dur. 37). Hafnem Teneps, kak
CMEILEHHs] TOYEK MEHSIOTCH C KOOpIAMHATaMu. Bnpedv Mu 6ydem ozpa-
HUMLBAMBCA  paccMOmpenueM Maswx cMewenud. Tlycte Touka P
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C KOOpIMHATaMU (X,, X,) B HENOABHXHOM cCHcTeMe KOOpAMHAT mepe-
xonuT nocne pedopmaunn B Touky P’ ¢ koopaunatamu (¥, +u,,
X5+ u,). CnenoBaTeabHO, BEKTOp u; €CThb cMmemlenwe TOukk P. YTolu
HaltTu nedopmauuic B 5TOR TOyke TNACTHHKH, BBEIEM CHAYa/i1ad YeTwiDe
BEJIUYHHLI

¢ __ Ouy ¢ _ Oy . — Ous __ Oug

H™ 9! 127 Gx, AT Gx ¥ Oxgt

HIH B COKpalleHHOR 3ammcu
ou
eij:a—x; & j=1, 2. 6.3)

Bee e;; sBnsioTCs Oe3pasMepHbIMM BeJIMYMHAMH, MaJbiMH TIO CpaBe-

Huo ¢ enuHuiel. YToOnl onpenenautrb WX TeOMETpPHYECKHR cMhica, BO3b-
MeM TOYRYy Q, nexawyio BGmusu P, tak uwro PQ=|Ax,;]. ITocne ne-
¢opmauny Q mepexonuT B Q; u BekTop P'Q’, OuYeBMiHO, paBeH CyMme

Ly

i)

@ ur. 38. OnpeneneHHe KOMNOHEHT NedopMaumif MPH KByMepHOH
LeGOopManuH,

nByx BekTopoB [Ax,]-+[Au;]. 3pecb [Au;] ectb pasHoCTh cCMemenuit
IBYX Toyek P 1 Q, mepBOHayanbHO OTCTOSILMX APYT OT Apyra Ha [Ax;].
Torna, TaK KaK KOMTIOHeHTH [u;] sBASIOTCA QYHKUMAMH KOOPAHHAT, Mbl
MOeM 3anKcaTb 0
(22
Aul - 1 A + Ax‘z'
(6.4)
Ou 0”2
A”z— 2 A 1+ sz,

WAH KPAaTKO
— Yu; —
Auy = 3%, Ax,=e,0x,. (6.5)
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Tak kax [Au;} u [Ax;]— BexropH, oTCona cnenyer (cm. cTp. 30), uro
[e;;] ABNsIETCA TEH30pOM.

PaccmorpuM Tenepb nBe opueHTauuu bekropa [Ax;]: napannenvho Ox,
(sexktop PQ,) u mnapannenbHo Ox, (BekTop PQ,) (¢ur. 38) u Tem we
cnioco0oM HaftneM, KaK HCKAsHTCA NPAMOYTOAbHuift aneMeHT ¢ BeplumHOH
B touke P. [las PQ, mu nonoxum Ax,==0; Torza ypaBHeHus (6.4)

MpUHKMAIOT BUML

ou
Auy = ai‘ Axy = ey bx,,

ou.
Au, = a::- Ax, = e, Ax,.

Cubicn BennymH Au, u Au, sicen us ¢ur. 38, Herpynno Buzets, uto e,
onpejensieT pacTsiKeHHe Ha EIMHKLY LAKHHb OTpeska PQ,, CrnpoexkTHpo-
BaHHoro Ha Ox,, u6o

Aul aul

Bxy T Ox ow
BeanunHa ey, oOnpeneaser noOBOPOT
orpe3aka PQ, npoTuB 4acopot ctpenks,
B caMoMm rease, TaHreHc yraa 3toro
TIOBOPOTA OTPENeNsieTcsi Bhip MKEHHEM

Aug
Ax, +AU1 °
Tak kak Mbl paccMaTpPHUBaeM TOJbKO
Manbie CMEeHIeHHsl, TO u; KW Uy Manbl
N0 CPaBHEHHIO ¢ X,, a TNo3ToMy Au,
u Auy, Mans no cpaBuennio ¢ Axy,
CaenosarenbHo, ®ur. 39. CMeulenus OpH ManoM

Aug MOBOPOTE INACTHHKY KakK OIHOrO
= Bx, b LEJIOro B €€ IIOCKOCTH.

AHanoruyHo, BeJMYHHA €y PaBHAa pacTsxeHWio PQ, Ha eiHHMLUy IJHHbBI
B HanpaBaeHnn Ox,, a e,, onpenenseT (Manbif) nOBOPOT Mo yacoBoft
crpenxe PQ, u P'Q,.

MoxHO Tenepb CHPOCHTb: NpPaBHALHO JIH ONKMCLIBAET TeH30p [e;]
IedopMmaukio B Touyke P? YrBepauTesbHHI#t OTBET HA 3TOT BOMPOC MOWKHO
IaTb TOJLKO B TOM Cayyae, €C/H NPH OTCYTCTBHM MCKaeHHRt Bce KOM-
MOHEHTbI [ei,] paBHel Hyalo, B neHCTBHTeNbHOCTH e 3TO He HMeeT
mecra. PaccMoTpuM npocToft MOBOPOT NAACTHHKH KaK KEeCTKOro Tena
B €ro NAOCKOCTH TPOTHB YACOBOW CTpenku Ha maand yroa ¢ (dur. 39).
pu arom kak PQ,, tak u PQ, NOBOPayHBAIOTCH NPOTHB YACOBOR CTpeNKH
Ha yroa ¢ H NOSTOMY B COOTBETCTBHH C TEOMETPHYECKHM CMBICIOM €
YCTaHOBJEHHBIM Bhill€, MOXHO HamnucaTb

h0 —o
leyl=| . o
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dopMa nnacTHHKH He HCKakaercs, HO [e,] ue ofpawaercs B HyJb.
Urobn 06O#TH 3Ty TPYAHOCTb, Mbi ROMXKHH HalTH cnocol BLIMHCJEHHS
yactu [e;;], COOTBETCTBYIOLIEH NOBOPOTY Tena Kak Lenoro.

Jlio6o#t TeHaop BTOPOro paHra MOxer OHTb TIpeACTaBAeH KaKk CyMMa
CHMMETDUYHOTO H aHTHCHMMETDHYHOTO TEH30pOB; NOSTOMY TeH3op [e;]
MOMXHO 3alHCaTb B BHIE '

ey =gy oy
1 1
rie e,=(e,;+e;) ¥ ©,;=-(e;—e;). Jlerko BHAETb, YTO TeH-
BOp [ey], 3amaHHbIt TakuM CNOCOOOM, SBASETCS CHMMETPHYHLIM, HOO ™

1
ey =g (e, Ten)=¢y
npyroit BBeleHHbi#t TeHsop [w,] aHTHCHMMeTpHueH, KOO

1
o =gl —e)=—u

Buie ™Mb BHzenH, 4YTO B CIyuae WHHCTOrO BpaileHIss TeH3op [e;]
OKa3biBAeTCH aHTHCHMMETpHUHBIM. OTCIONA 3aKMIOYaeM, YTO CuMMempui-
Has 4acTb [e,], T. e. TeHsop [e;,], onuckiBaer dedhopmayuio. Hrax, Buenom

1 _
T v 5 (era+em)

1
&2 S22 7 (e12+ e1) g
Takoe pasnenenue [e,] Ha npe yacTh Hanocrpupyercs ¢ur. 40. Iuaro-
HanbHBE KOMIOHEHTHI TeH3opa [ey] mpencraBasioT COOOR pacrskeHus na

Yeon nosopoma

\=2" (e2-€12)

¥ (Eeten) =& 27 ‘é‘ (erz+e2)

P ur. 40. IBymMepHEIft uepTex, WIMOCTPHPYOMHUA TO 06CTOATENLCTBO,
4TO NpOM3BoJbHas AedopMans (cneBa) paBHa co6CTBEHHO N€(opMaykH
(B cepemte) maioc NoBopoT (cnpaba).

equHuLy LWHel Brosib ocett Ox, u Ox,. KoMnonenTa e;, H3Mepser mew-
s0pHy1o Oepopmayuio cosuza (men3opryw cdsuzosy®w degop mayuip).
Ecmi B HepedOpMHpOBAHHOM Tene 1Ba AHHEHHBLIX 3MEMEHTA PACIONONEHD
napannenbHo Ox, u Ox,, TO nocne nedopMauuk yron Mexny HUMH Oyner

paBeH %n-—-?e,a (cM. cpensnit weprew Ha ¢ur, 40). SameTn™, B yacr-
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HOCTH, HTO TEH30pHa#a necpopmauuﬂ CIBUra &, paBHa noL06uHe KH3MeHe-
HUA yrjia MexXny AByMs YKa3aHHLIMH 3J€MEHTaMH.

1. OnHopoanas Apymepnas pedopmanusa. Koraa pedopmauus onHo-
ponHa, BCE KOMIOHEHTH e;; SBASIOTCA KOHCTAHTAMH W WHTErpHpOBaHHe
ypaBHeHust (6.3) naer

uy= (o), +eyx; @ Jj=1 2), (6.6)

rae (up),— CMEILEHHEe TOYKH, Haxonsuwefcs B Hayane KoOpAMHAT!).
Ecunt Ha HeepOpMHPOBAHHOM NNACTHHKE NPOBefieHa kpuBas f(x,, x,)=0,
TO nocie nedopManuk OHA TEPEXONHT B f(x;, x;)=0. rae

x; =X, +u,=(4); + X, +eljxj°

Dra 3ameHa nepeMeHHHX JMHeftHa, a OTCiONa CHAELYET, YTO NPH OAHO-
ponHoit necdopMarluu:

1) npsiMass ocTaercs npsMoOM;

2) napannenbHeie AHHHM OCTAIOTCA NApannesbHbIMH;

3) Bce npsMbHle JHHHM, NapannenpHbie Mexay coCoM, YanmHSIOTCA
WK COKDAUIaIoTCs B ONMHAKOBOR CTeneHu;

4) saJMNC nepexomuT B MHOR "3/JMnC, B YacTHOCTH OKPYXHOCTb
CTAHOBMTCS 3JIIHICOM.

§ 8. Tpexmepuan medopmanus

Onp:neneHne nedopMali TPEXMEPHOrO Tesa, HANpHMEp KpHCTaana,
BBOJMTCA AHANOTHYHO ONpEjeNeHHsM, pPacCMOTPEHHBIM B JBYX Tpejbi-
nymux naparpadax. MameHenwe cMemeHuss u; € KOOpIMHATaMK X, HC-
NONb3yeTCs NS ONpelieNieHksi NEBATH KOMIOHEHT TeHaopa

ou ,
e”=a§- ¢ j=1 2, 3).

OHy HMET ChaefyIOWHR CMbICT

€11, Cgo, €33-— PACTSIKEHHs Ha eDMHHLY ILJMHLI napanaenvdo Ox,
Ox,, Oxg cOOTBETCTBEHHO;
e, —noBopor Bokpyr Ox; B cropoHy Ox, suHeRHoro
aneMenra, napanaembHoro Oxy;
ey, — noBOpoT BOKpYr Oxy B cropoHy Ox, anHefidoro
sneMenta, napannensHoro Ox,.

AHanOrHyHbIR CMBICST MMEIOT ApYTHE e

1) YpaBuenne (6.6) cnpaBesnuBo H B TOM caydae, KOrid He BHINOJHSETCH
HaloXEeHHOe paHee TpeGoBaKKE O MalOCTH CMeweHHs. IT0 ypaBHEHHe onpede-
Asem ORHOPOIHYyio nedopManMio TpH cMemeHHH moboft Benkukubl. [losToMy
cnenyoomKie K3 Hero BuBognl (6.1) — (6.4) Takxe cripaBelanBsl TIpH Jiobolt Benu-
YKHE CMELieHHS.
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- Ecnu Teno Bpawaercs Oe3 pedopMauu, TO COOTBETCTBYIOILMH TeH-
30p ley] aHTHCMMMETpHYEH, KaK Mbi Ceiyac poKawmeM. BrifepeM Hauano

KOOpIMHAT Ha OcH BpaileHus. Torna
lli = eljxj.

INpu uyucroM BpamleHWH cMemieHHe n1000R TOYKM TnepreHIHKYIAPHO ee
panuycy-Bektopy. CnenosatenbHo, u#;X;=0 (Do npasuay ckanspHOro
npousBeeHKHA) KK

ei/xixl':O. (67)
Tak kak ypaBreHue (6.7) cnpaeennuBo 1ns JIOOBIX X, BCe Ko3dpdu-
LUHEHTH B J1eBOM yacTH LOMKHBI ObiTh paBHb Hyao. Orciona

e,; =0, ecn = J;

ey=-—e; eum I+ j;
STO M €CThb YCNOBHSI AHTHCHMMETPHYHOCTH TeHsopa [e,]. TlonyueHHu#
pesyn,>TaT MOWHO Obin0 TpenBHAETb, YYMTHIBAs, YTO OObIYHOE BpaileHue

ONMKUCHBAETCA AaKcHanbHbIM BekropoM (cM. ra. II, § 2), a akcuanbHbilt
BEKTOP SKBHBaJEHTEH AHTHCHMMETPHYHOMY TEH30py BTOpOro para. Tpu

1
He3aBHCHMBIE KOMIIOHEHTH TeH30pa == (¢;;—e;) B ILeHCTBHTENDb-

HOCTH SIBASIOTCS KOMIOHEHTaMH aKCHAaJbHOMO BEKTOpAa, KOTOPLIM ONHCH-
BaeTCsi BpalleHHe,
Tensop Oeghop mayuii [e;;] onpenensieTcs Kak CUMMETPHYHAs YacTb [e,):

€y = ';‘ (e,;+¢,. (6.8)
WAM B Pa3sBEpPHYTOM BHIE
~E11 €12 531— i ey -15 (é12 -+ e21) —;— (e13 + g )—
gp Ezg Ex | = —;“ (e12+ €21) (22 % (e23 +e32) |.
| Btz e | _—;— (€13 + €51) %‘ (es -+ e32) €gy

JluaroHanbHbHE KOMIOHEHTH €;; ONHCHIBAIOT YOAUHEHUS, Hak Oechopmayuu
pacmadiceHusn, LPyrve KOMIOHEHTH TPeACTaBAAT nedOpMauuk CABUra.
Kak u B IByMepHOM Cayuyae, 3lech 1Ba JHHEHHLIX 3aeMeHTa B Hexedop-
MUpPOBAHHOM Tene oTaoxkeHn napantessHo Ox; u Ox,. ITocne nedop-

MauuK OHH O0pasyioT yroJ, paBHEM —2—1=—2e12. AHanoruyHo MOXi0

MHTEPIIPETHPOBATb €43 U Eg.
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1. Onxvopornas Tpexmepnas Aedopmanus. Eciaun nedopmauns onno-
pOIHa, TO BCE KOMMNOHEHTH e;; OyIyT KOHCT@HTAMH, KaK W B LBYMEPHOM
cioyuae, M MbH MOKEM 3anvcathb

uy=(ug)+eyx; (L Jj=1, 2 3), 6.9)

rie (uy); — CMEIUEHHE TOYKM, HaXOIAUleHcA B Hayale koopiauHaT. Pas-
Gupas ey Ha LBe 4acTH, TOJyYaeM

u; = (uo)l—}—muxj—}—suxj. (6.10)

IMpu usobpawenuu gnedopMmaiid YAOOHO OTHENHTb YacTb CMeLIeHus,
Bbi3BAHHYIO NEpeMEeIleHHEM HAK BpailleHHeM Tena Kak ueioro M OMNuChi-
BaeMyl0 TepBHMM JIBYMf uJeHaMmu B TipaBO#t uacTh ypasHenus (6.10),
OT TOM 4acTH, KOTOPas BH3LIBaeTCs COOCTBEHHO
IedbopMaunelt 1 ONHCHIBAETCH NOCAEIHHM YJle«
oM. IlosroMy Mbi 3anucwiBaeM

€3

- Zz
ul_Elix,-,

TeM CaMbiM BBIpaWas TOT (aKT, YTO & CBsl-

3HIBAET CMELIEHHe &, TOYKH, Bbi3BaHHOE nedop- /
Mauuelt, ¢ nOnOKeHHeM BEKTOpa ITOH TOUKH.

Tak kak TeHsop nedopMauuit sBaseTCH
CUMMETPHYHBIM TE30POM, €ro MOXHO npu~ ¢ ur, 41. Jledopmauns enu-
BeCTH K raaBHbiM ocaM. CIpuroBbie KoM~ HHuHOro Ky6a ¢ peGpamy,

NOHEIITH NPU STOM UCHE3AIOT, W Mbi MOJyuaey  NAPAMIENLHLIME TPEM  riap-
HbIM OCsM JedopMauHi.

P - — 0 0 Ha ueprexxe nokasaHo TOJNBKO CMe-
1 12 B3l £y I
LieHHe Uy, ofycnosnennoe  cob-
Elo fop Epy | —> | 0 & 0 . cisenno ARedopmeumel, nepemese-
HHe M BPRUICHHE [en@ KaK Kejoro
[_E31 <23 &3l LO 0 e ! He NOKAa3aHO.

TFeoMeTpuyeckut CMuICT 2408HHLX Oehopmayull €, € H E; MOKHO
NMOHATh, B3fB eNHHMYHHR KyO (dbur. 41) ¢ pebpamu, napannelbHLIMH
r1aBHLIM OCAM; mpy AedopMauyi NpsMbie Yrabl Mexny pebpaMui coxpa-
HAIOTCA, a IJKHL pebep cTaHOBsTcs paBHbIMH (1 ¢), (1 ¢5), (1 4 &5).
Brao 6br ommbkO# cyuTaTh, YTO raaBHBE OCH AedopMauud nexat B Ha-
npaBjeHUsAX, KOTOPbie OCTAIOTCA HeW3MEeHHLIMH TNpu pedopMaunu. 310
Obino Obi CnpaBelJuBO JHIUL B CAyYaeé PABEHCTBA HYJI0 BpALleHHS w,.
Onpeldessnowum CeoUCMBOM 2AQBHLLX 0CEl CAYICUM MO, YMO OHU
ABARIOMCA MPeMsT B3QUMHO NEPREeHOUKYARDHOLME HANDASACHURMY
8 mene, Komopwie npu Oedhopmayuy oCMAIOMCA B3QUMHO nepnerdu-
KYASPHOLMIL,

VameneHne ofbeMa epuHuyHoro KyOa, usobparkeHHoro Ha dur. 41,
Ha3WBAeTCA O0BeMHbLM paCUiupeHiem K PaBHO -

A=(l4e)(l+e)(1d-e)— l=¢,+e;+¢
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BBULY ManocTH €;. B npousBOJbHOR cucTeMe KOOpAMHAT OGBEMHOE pac-
LIMPEHHE 3alaETCH BbipaeHHeM A=¢; u sBJASETCH HHBAPHAHTOM.

Tlogepxnocms Oeghopmayuii, sasuncoud Oegpopmayuii u yoaune-
Hue 8 NPou38ONbHOM Hanpasienuu. YpaBHeHHe XapaKTepPHCTHYECKOR
NOBEPXHOCTH nedopMaukit wMeer Bun

euxixlz 1-

Sra nOBEPXHOCTb KIEHTH4YHA MOBEPXHOCTH BTOPOro MOPALKA eyxx; =1,
YTO MOXHO BHIeTb, 3aNKCaB YpaBHEHHs B pasBepPHYTOM BHIE. TaKHM

7
[}
o a
&

7 a 1 la
ARSI

o K’ z

) 8

® ur. 42, OnHoponHas TpexMepHas JebOpMaris,

a— ofycaosiientoe AeopManuefi cCuveweHHe & KOHIA eRHHHYHOrO BeKi0pa £, B3RO0 B MenedopvH-
poBanHOM rese; 6 — onpenesieHHe HANPABJEHMS & N0 HaNpP2BieHH©O [, OCHOBEHHOE M8 HCIONDL3OBAHHH

cBOJICIBE PERHYCa-BEKTOPa H HOPMaJH XpaKTepHCTHYeCKON nosepxHoc i1 aedopmaunii. Hanpasnenne &
copniangel ¢ HanupabBJjeHMeM HOPMAJH K Xa8paKTepHCTHYECKON NnoBepXHOCTH B TO4WKe P. PacTaxeHHe & B

HaupasieHHH [ onpelenfeTCH COOTHOIIEHHEM OP==1/V5' 3 @—nedopMaUMA eAMHHuHON ceprl B CIy-
Yge ORHOPORHON TpexmepHON HeopMauHH Tese.

00pasoM, XapaKTepHCTHueCKas NOBEPXHOCTb LAs TeHsopa [e,] uzobpa-
XKaeT TOJbKO €r0 CHMMETPUYHYIO YacTb.

Nedopmaunss B NPOKSBONLHOM HanpaBJ€HHH, KaK 3TO ONpeje’eHo
B I, § 6, n. 1, ectb pacTaweHne Ha eNMHHLY AJMHBI, WUAH yO.AuHE-
Hue OTpeska, NepBOHAYaJLHO HMeBllero 3TO HanpaBneHue. Bexrtop [
(dur. 42, @) npencraBaser co60H OTpe30OK eNMHHYHOM anuHL B Hene-
¢opmupoBaHHOM Tene. Ilpu nedopMauuu OH M3MEHSETCA KaK nO JJMHE,
Tak K MO HanpabjeHuio. CMeilleHHe ero KOHLA BCNeACTBue JzedOpMaluu
eCTb

ul:eillj'
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VinuHeHue & paBHO KOMNOHEHTe ¥ B HatpaBjeHuH ! W, CJeLOBaTesbHO,
e=ul, = eijlilj'
WJH, CAM BLIPASUTb €ro Yepes riaBHbe nedopMaunH,
_ 2 2 2
e=¢ t-¢lZ ¢, l?

[TonyueHHbift pe3ysnbTaT MOMKHO NPENCTaBUTb TaKke NOBEPXHOCTLIO 1e-
¢opmaunlt, nprsesenHoRt Ha ¢ur. 42,6. Panuyc-sekrop OP B Hanpa-
prennu ! mveer wmmy 1/) e, a HanpaBieHWe ¢ COBMafaeT C Hanpa-
BJeHHeM HOpMaau B Touke P (cM. r. I, § 7). Ha dur. 42,6 Touxka P
nexur B naockoctd Ox; u Ox, HO TOCTpOEHHE OCTaeTcCs, KOHeyHo,
CnpaBeluBbLIM H B JIOObIX APYTHX CayyasX.

Ilna cpaBHeHust ¢ ¢opMoit moBepxHOCTH nedopmaukit Ha ¢dur. 42, s
nokazaHa nedopMaunsi enuHHYHOR! cdepn C TeMH Ke caMbIMH 3Have-
HUAMH &, H ;. YTOOb Ra#Tu ypaBHeHne RedopMupoBanHOR ceprl, noz-
CTaBNfEM B €€ ypaBHeHue

2 2 2
X txitxi=1

3HAYeHHs!
x;=xl(1+e1), xy=%,(1+-¢,), x;=x3(l+e3);

npH 3TOM NOAy4aeTCss ypaBHeHHE 3JJIMIICOKIA

19 1,2 12
* Xy x

3
(1 + ) + (1+ep)? + (1 +eq)?

DToT 5AMMNCOKL OOLIYHO Ha3bIBAETCSl 844uncoudonm Oedpopmayuti; ero
He cliefyeT nyraThb ¢ XapaKTepPHCTHYECKOR NOBEPXHOCTLIO nedopManuft.
Tak Kak [/aBHble nebOPMalHKU €, €, €3 MOTYT ObITb H MOJOXKHTE/b-
HBIMH H OTpHUATe/bHBIMH, NMOBEPXHOCTb zedopMaliuit

g, x e x5 e xi=1 (6.12)

=1 (6.11)

MOXeT ObiTb HeHCTBHTE/NLHBIM HJAH MHMMBIM 3JJKNCOHLOM HAH THIEp-
6onounom. IlopepxHocTb ke, 3anaBaeMas ypabHeHueM (6.11), Bcerna
npexncrasaser cobo#t sankncoun.
nTexnuneckue* Oegpopmayuu. Tensop nedopMmauuht [e,] uacTo
3anHCLIBAIOT B BHIE
i 1 1
& Ty T lex
1 1
Txy Ey 5 lyz |»

©|

1 1
) Tex 5 lyz €z

TaK 4YTO, HANPHMED, T,, = 2¢;,. B COOTBETCTBHM C ITHM OMpelelieHHeM
KOMIOHEHTa 7¥,, paBHA yMEHbLUEHWIO yIna MeWLy JBYMsl NpsMbMH,
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nepsoKaua’IbLHO NapaineabHuiMu ocsM Ox u Oy (¢ur. 43). KoMnonenTs 7
YacTO Ha3blBalOT ,COBUrOBLIMH KOMNOHEHTaMu pedopMaunit®, ,CHBHIroO-
BuIMY  NeDOPMAUMAMH® HAM NPOCTO ,CABMraMu®; OLHAKO CAeliyeT SCHO
NOHUMATb, YTO HM8-3a Ha/MukA NO6ABOYHHIX MHOXuTEneR 2 5T BeHYHHH
He paBHB 1IRIMArOHaTbHBIM KOMNOHEHTaM TeHsopa ZHedopMallifi &,
Hro6t n3bemaTh nyTAHAUL, NPUMEM YCTAHOBMBLIYIOCA B TEXHHKE TepMUHO-
NOSMI0 M HasoBeM 7 cO3uzoswmu Oeffopmayusmu, UM ,MeXHU-

wecHumu® cosuzosviMu Oeghopmayusimu, u
J B OTIMYHEe OT 3TOro OyneM HasblBaTb &y, Eg
W &y MEH3OPHLIMU cOBuz0BbiMY Oeghopma-
yuany. Crenyer oTMeTHTb, YTO MATPUUA TEX-
HUYeCKHX nedopmaunit

Ex  Txy Tax

Ey yz

Yax Tyz %2

Txy

0
He obpasyetr TeHsopa. Ecau Mn xoTum npeob-
dur. 43 Tlocrpoeuue, basy b P

HATIOCTPHpYIOMEE | CMbiCA pasoBaThb KOMOOHEHTH HedopMaumnit K LpyruM
KOMIIOHEHTEI 1y , TeXiue-  OCAM KOODIWHAT, TO NpoLLe BCEro STO Crenath,
CKHX® CABHTOBHIX iedop- B37B KOMIOHEHTH TE€H30pa €, LA KOTOPHX
Mani. cnpapenavB OObIYHHH 3aKOH npeoOpaszoBaHHs
TeH30pa BTOpOro panra (cM. crp. 26). 3akon
npeobpasosaiusi 1epOpMaunit, BLIPAKEHHBIX 4Yeped &, Y, ..., €C-
TECTBEHHO, uMCET OOnee rpoMO3LKYI0 (GOPMY u3-3a.NOABNEHUS MHO-
Huteneht 2. a
IToctpoenne okpymHoctu Mopa (cm. ra. I, § 4) ocobeHHo no.esHo
npu npeobpasoBaHud KOMnoHeHT aedopmauuil; snecb onaTb ynobHee
NOAb30BATLCA TEH3OPHbIMM KOMOOHEHTaMH gAedopMallult, nns KOTOPHIX
NOCTPOEHHE CrnpaBenanBO 6e3 KaKuX-1u60 uaMeHeHnlt. BBoas MHOXUTE AN 2,
MOMXHO, KOHEYHO, NPHMEHUTb NOCTPOEHHe OKpyxHOcTH Mopa u Aas
TeXHHYECKuX nedopMmauuft, vo peanbHo#t HeoOXOLMMOCTH B TakoM cnocobe
pacueta HeT. YToObi usbexaTb NyTaHHIb, YUTATENO PEKOMEHIYETCH KC-
10.1530BaTh 3TO MOCTPOEHHE TONBKO LS HCTHHHO TEH30PHBLIX KOMMNOHEHT,
ITrocran Oepopmanus u wucmpti cOsuz!'). Korna onHa u3 raaBHBIX
pedopMauuit paBha HyJ 0, TO FOBOPAT, YTO TENO HCMEITLIBAET NLOCKYIO
OechopMay L0 UAM HAXOLMTCA B NAOCKO-HANPAKEHHOM COCTOAHUU. Hucmoll
cdsuz ecth 4HacTHuft cayua#t naocko#t nedopmauun. Tensop nedopma-
uuit mas ynctoro capura Bokpyr Oxg HMeeT Bup
770 ¢ 07
00|
00

o m

1) CM. takwe [118]. — [Tpun. nepes,
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Tpu npuBezeHun K raaBHLIM OCaM nOBOpOTOM Ha 45° Bokpyr Ox; sTOT
TEH30p NpUHHMaeT BUIL
—e 0 O
0 ¢« 0.
000

JlepopMaums YHCTOrO CABHIA @HAJOMMYHA HANPRAKEHHIO YHCTOro CIBHTA,
obcywnapiieMycs Ha ctp. 115; nocTpoenne OkpyxHOcTH Mopa nas
noBopota oce#t KoopmunaT Ha 45°
B 000uMX CJyYyasX MAEHTHYHO (CM.
¢ur. 34, a). Baxuo#t xapaxkTeprcTHKOR
nedopMauny YMCTOrO CHBHra sIBASIETCH
PaBeHCTBO Hy/110 00BEMHOTrO pacuikpe-
Hus. IledopMauns coepbi mpH 3ITHX
yCAOBHAIX noKa3aHa Ha ¢wr. 44, Tak
KaK 3HayeHue € Mano0 MO CPaBHEHHIO
C enuHuuelt, To U3 CHMMETPHH $CHO,
YyTO pACTSHEHME B NPOMEKYTOYHBIX
45-rpanycHbIX HanpaBJEHHAX pPAaBHO
HY 10,

Tpocrmuin cOsuzom') B MPOTHBO- & yp 44, Jleopmals ensHHIHON

NONOXHOCTL YUCTOMY CHBHIY 4acTo c(pepu NpH YHCTOM CABHrE.
Ha3LBalOT IedopMauxio, HaobparweH-
Hyl0 Ha ¢ur. 45-cneBa. OnHako no cyulectBy 3rta nedopMaius HieH-
THYHA YHCTOMY CABHMTY; €LHHCTBEHHOE pa3fuyue COCTOMT B TOM, 4TO
NPOCTOR CHBHT BxaIO¥aeT Takwe BpauteHune. Ha ¢ur. 45 370 nokasaHo
CXeMaTHYeCKH.

T -7
! /’ l, " 1
! £
' / = iy / + Nz?
7 / 12 1
; / ! ]
/ / e
1L
;7

¢ ur. 45. CxeMa, noKasbiBaioulas, 4To npoctolft cuBur (cieBa)
paBeH UHCTOMY cABUTY (B cepenlHe) mioc noBopoT (crpaBa).

2. O6o6wenne Ha cayuaii HeonHopoaso# pedopmanun. Pesynb«
Tatel § 3, n. 1 noayyeHn nas opHoponHo#t nedopMaukd, OLHAKO OHH
HenocpencTBeHHO 06olwialTcs ¥ Ha cayyait HeonHOponHo# nedopmauum,
Bokpyr kawaoR TOuUKH HeOZHOPOLHO HANPSKEHHOrO Tena MOXKHO Bbi-
IenuTh HEKOTOPYI0 Maayio obJactb, B KoTOpoR nedopwmalus npakTu-
yeckn oxnHoponHa. CnenoBatenbHO, Lasi JIOGOM TOYKi MOryT ObiTh Ompe-
ZeneHbl HanpaBfeHus TPeX raapHHX necdopmauuil; B 06ileM Cayyaeé OHu

1) Cum. takwe [118). — ITpun. nepes.

9 JHx. Has
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OyiIyT pazInuiBEMI 114 KamAOH TOUKM Tena. AHaioruuno, LedopMmauus
B mo6oH 10uKe HEOIHOPOLHO HedOpMIPOBAHHOIO Te.1d MOMKET ObiTb
XAPAKTePU3ORAHA MOREPXHOCTHI0 Aedopmauuit, koTOpas OyIeT MeHsTh
CBOIO ¢GOpMYy, pasMepn K ODHEHTAUHMIO NpHM nepexoie OT OLHON TOuky
Tena K jpyroil.

§ 4. JedopmauMs u cuMMeTpus Kpucrajia

3akoHunM obuee uayyenne nedopManuit ycraHOBAEHHEM XOTH H OYe-
BHAHOrO, HO BaXHOro pasapuus. Jlebopmauus kpucraina He eCTb €ro
CBO}CTBO B TOM CMhIC]I€, B KaKOM SIBARETCSH, HANPUMEpP, AHINEKTPHYECKas
nocrosHHas. [Jlepopmauus — sTo peakuus Kpuctanna Ha BoazeHcTBue,
Taxim BoaseHcTBreM MOueT OHTb HanpsikeHue (FIBJIEHHE YnpyrocTH) Uau
35EKTPHYECKOe mnoje (nbesosnektpuyeckut sddext). B oboux cayvasx
BETMYMHA ¥ HanpaBfieHue TnaBHLIX fedopMauuit onpenensioTcs kak puau-
YeCKMMH CBOHCTBAMM M CUMMETpHER Kpucranna, Tak u BeaMYHHOR H Ha-
npapjeHueM BoszeftctBua. CnepoBaTe/bHO, TeH30p pedopMauuit, nonobHo
TEH3Opy HanpsikeHus, He 00#A3aH COrJ1acOBHIBATLCH C CUMMETpHER Kpu-
cranna (ecnu He cornaacyetcsas camo BoszeftctBue). OnHako zpedopMauus
MOweT ObIThb TaKe Bhi3BaHa K3MEHeHHEM TeMmnepatype (TennoBoe pac-
mupenne, cM. § 5). B sTOM ciyuyae BospeHcTBue SBASETCA HeHanpaBjaeH-
HbIM (OHO OmuChiBaeTCs CKAJAPOM), BCReACTBUE YEro peaysNbTupyollas
zedopManus NONKHA COTNACOBLIBATLCH ¢ cuMMeTpuedt Kpucranaa. Coep-
IIEHHO TO e CaMOE OTHOCUTCH H K SaeKTpuyecko# moaspuszauuu (ra. IV).
TTonfipusauusi ne pOMKHA COrnacoBHBAaThbCA C CHMMeTpHelt Kpucrtanina,
KOTZa OHa Bbi3biBAETCS INOJEM, NPHIOKEHHHIM B MPOK3BOJALHOM HallpaBuje-
HUH; eCNH e OHa BHI3bIBAETCSA KH3MEHEHHEM TeMnepatyphbi (NMUPO3JEKTPH-
yeCKHH 3¢QeKt), TO LOMKHA COrnacoBbiBaThbCs C CHMMMeTpuelt KpucTanna.

§ 5. Tenaosoe pacmupennel)

Ecau teMnepatypa kpuctanna uaMeHsieTcs, TO nedopmaius, BO3HHKAIO-
L2 NpH STOM, MOXeT ObiTh OmicaHa TeH3OpOM Iedopmauutt [e,]. Koraa
OLMHAKOBOE Manoe MaMeHeHue TeMnepatypu AT npOMCXOIMT BO BCEM
KpucTanne, TO nedpopMauksi OLHOPOLHA M BCe KOMNOHeHTH [e;;] Okasbi-
BAlOTCA NponopiuoHanbHueiME AT, T. e.

ey =0y AT, (6.13)

rIe o; — KOHCTaHThl, HasbiBaéMbie K03puyuenmamu menn0sozo pac-
wuperus. Tak kak [e,] — TeH3op, TO H [2,;] — Tensop; Gosee Toro,
TaK Kak [e;] — cHMMETpUUHEIA TEH30p, TO H [o;] — TOMe cuMMETPHYHBiR
Tensop. CaenoBaresbHO, TEH30p TEMJOBOrO pacuiupenus [oy,] Momer

1) OcoGeHHOCTH TENNOBOrQ pacliHPeHHsl KPHCTAMIOB NMOAPOSHO PacCMOTPEHLI
A. B lly6uuxoBuM [120]. — ITpum. nepes.
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6niTh MPUBEIEH K raasHbM OCAM; Toraa ypauspenus (6.13) ynpoutaioTca
W NPUHHMAIOT BUI

e, =, AT, &, = 0,AT, e,=0,AT, (6.14)

re o,, Oy, Oy~ 24GBHbLe K03 PPuljuenmb. pacuwupenus. Otciona cje-
LyeT, 4TO ecau BLIOpaTh B KpHCTadne cepy, TO npu W3MEHeHHWH Temne-
paTyphl OHa CTAHOBUTCA 3AAMNCOUAOM (31MMNCOMAOM JedopMaunit) c ocamy,
nponopuuoHaibHeiMu (1 42, AT), (1 J-0, AT), (1 J-azAT).

YpasneHue xapaxktepucTuyeckolt nosepxHocTH (cM. ra. 1, § 4) mas
TenJI0BOr0 pacllUpeHus MMeeT BUIL

HJH B rnaBHOM CHCTEME KOOpIAMHAT

2 2 2 —
a,x; +-a,x; o, xi = 1.

dopMa W OpHEHTALMA STOM NOBEPXHOCTH B COOTBETCTBMM € MNPHUHUHIOM
Hetimana (cM. cTp. 3D) NONYMHAIOTCA OFPAHUYEHHSM, HAKJAaLbiBaeMbiM
cumMerpreit kpucrasiia. [CooTseTCTBYIOLIHE NaHHHE LA PA3NUYHBIX KPH-
craanorpadmyeckux cHcTeM MOkHO Hahith B Taba.  3.] Tlockoabky
TenAOBOE pacliMpeHHe KpHCTasljJa LOMKHO o6najaTe cuMMeTpue#t sTOrO
KpHCTan1a, OHO He MOXKET NPHBECTH K MCYE3HOBEHHIO KaKoro-nnbo sie-
MEHTa CHMMETpHH (mpenno.araerTcs, 4TO (PasOBble mpeBpalleHHs OTCYT-
cTByioT). VIMEHHO nOTOMY KpHCTaIn OTHOCUTCA K TOMY HMAM HHOMY
KpucTaniorpauyeckoMy K/accy HesaBHCHMO OT TEMNepaTyphl.

TABJAWLA 6
Frasnbie woadhghunienme: mennos020 PACUIUPERUR KPUCMALANOE *

. i 210%, | 010, | 6p.107,
Kpuc raan CucreMa TeMneparypa 2;(1 -1 :;a() 21 epiz 5—1
Tunc Mouokauusasg . . . 40°C 1,6 42 29
AparoHut Oprtopom6uueckas . 40°C 35 17 10
60° K —2 55
Llnuk FekcaroHagabHas . 150° K 8 65
300° K 13 64
KBapu TpuroHanvHas . . .| Komuarhan 13 8
Kanbuut » . 40°C —b5,6 25
Pytun TeTparoHanbHas . . 40° C 7.1 9,2
Mens Ky6uueckas . . . . KomnartHas 16
Anmas » Cee » 0,89
Xsopua HaTpls ) e e > 40
* TIpuBCleniible 3naychun B3aThl 03 tabaun [54).

g%
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Kospduunenr ob6beMHoro pacumpeHuss paben (o, o —~a23), niH
B ofuleM cayuyae oy, nocielHee BHpPaXeHue sBAAeTCH WHBAPHAHTOM.
Ins GOnblUMHCTBA KPUCTAIOB IaaBHuie KO3(pHUKHEHTH Tenja0BOro
paclippeHHst MOJOXKHTENbHH, M, CHAeLOBaTeldbHO, XapaKTepPUCTHYECKasi
NOBEPXHOCTL TENAOBOr0 pacClUMpPeHHsl fBAAETCH 3/UIMIICOMAOM, ONHAKO
y HeOOMbIIOrO 4YHCAa KPUCTaMAOB HEKOTOPLie KO3(QKIMEHTH OTpHLA-
TeabHH (HanpuMep, y Kanbuwta, Gepusana, Romuna cepeGpa). ViaMepeHubie
3HayeHHs! KO3 GHUHEHTOB TeNAOBOr0 PacUIKPeHHs AAs psna KPHCTaLIOB
npuBefeHsl B Taba. 6. Dt kK03 HIMEHTb
YaCTO 3aMeTHO 3aBHCAT OT TeMIepatyphi
_______ | 5~ —=——— (TEOPETHYECKH OHH JOMDKHbI CTPeMHTbCH
+ K Hyao npu 0 °K).
/ TennoBoe paclukpeHue HHOTAA Onpene-
/ nfeTCA NYTeM H3MePeHHs yBelHHeHHs TOJ-
/ HHHB NIIOCKOMapaniedbHOR MAACTHHKH NPH
i % ee HarpeBaHum !). CoOBepIlUeHHO OYeBHIHO,
YTO 3THM METOLOM H3MepPsieTcs KO3(dHIHEHT
dur. 46. TennoBoe pacmM- PacliMpPeHus B HanpaBaeHuH, INepneHIHKY-
penrie TockonapannensHol  aapHoM naacTuHKe, ONHaKO B 1acTHHKe NPO-
MLIACTHHKH, M3BONBHOM OpueHTaUuH nedOPMAlKK OTHIOLb
(Cumbuo npeysesiero.) He sBAAIOTCH npoctuiMu. Ha ¢wur. 46 uso-
OpaxeHa nnacTHHKa, Jexaillas Ha NAOCKOM
ocHoBankH. IlpennonowuM, uto Touka O Ha HuxHel NMOBepXHOCTH MNaa-
CTHHKH OCTaeTcs HenonBuxHOM. BuibepeM ocu KOOpIKMHAT TaK, KaK nokKa-
3aHO Ha ¢ur. 46; ocb Oxy nepneHnMKyAspra naacTuHKe. TaK Kak npsiMbie,
napannesbibie Ox;, u Ox,, napanneabHb OCHOBaHHIO, TO AedOpMaLlks
ONHCHIBAaeTCs TEH30POM .
jen e e

leyl=|en exn 5],
LO 0 egl

VMaMepeHHOe paciiupeHue DPaBHO egq = €43 = 033 AT [cOrmacHo ypaBHe-
HusM (6.8) u (6.13)); 3mecb oy npencrabBaser coboft koadduumeHT pac-
wupeHusi Bioab Oxy B cMbiCle onpefenenus, faHsoro B ra. I, § 6, m. 1.
Ciefyer OTMeTHTb, YTO NPH DaCIUHPeHHH npsMas, napanneibHas Oxg,
NOBOpPaYyMBAeTCs, 3ITO MNOLTBEPKIAETCH HaluuhHeM KOMIOHEHT &€, H £y

1. Konyc nyneBoro pacmupesus B Kajabpnurte, B ka/buute (Tpu-
rovanbHas CcHcTeMa) XapakTepPHCTHYeCKas NOBePXHOCTb TeMAOBOro pac-
LIKPEeHHA SBASIETCS MOBEPXHOCTbIO BpailleHWs BOKPYr OCH TpeTbero
nopsinka. Ws tabn. 6 MOXHO BuIeTb, uyT0 KO3(QdHUKEHT TeNnnoOBOro
pacliupeHdss 3TOr0 KpHcTaana B HanpaBiaeHWH OCH TpeTber0 mnopsika
nonokuTeNneH, a ABa APYyruX (paBHbIX) KoaddHulKkeHTa — OTpHUATENbHE.

1) 31OT skcnepHMeHTanbHLIE MeTon onican TyrToHoM [90] Emy dopmansho
SKBHBAJIEHTEH PEHTreHOBCKHiT MeTOn, MpH KOTOPOM H3MmepsieTcs H3MEeHeHHe pac-
CTOSIHHA MEXIy NapallensHbIMH aTOMHBIMH TUIOCKOCTSIMH.
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CnenoBatenbHo, OfHa k3 Oceft MOBEPXHOCTH TeIVIOBOrO paCLikpPeHus
OKa3LiBaeTCs AeRCTBHTENbHOM M [Be LPYrHe — MHUMBIMM, a caMa NoOBepX-
HoCTb Oyzner ABYMOMOCTHHIM Tunep6OAOUIOM BpamleHusi (CM. ¢ur. 5, 8).
AcuMnToTiyecKkuit KOHyC OMNpepensieT CeMeHCTBO HanpaBaeHuR, A/ KOTO-
pBIX paiMyc-BeKTOp 1/1/41 b6eckoHeyeH, T. e. KO3GbOHUMEHT TennoBOro
pacumnpenns paBeH Hynio. Mowuo Jerko Hattu yroa 0 Mewny sTuMH
HanpaBneHusimi u ocbio Oxz Ecan
(. Ly, I3) — wanpapJssioline KOCHHYCHI
OJIHOrO W3 HanpaBaeHHR, nasi KOTOPbIX
KO3 ¢HUUKEHT TeNnnoBOro pacuiupeHus
paBeH Hyxnio, TO

(B48) oy iy =
= (1 —_ z§) a1+l§a3 =0,

T

Tak Kak
lg=-cosb,
TO
—_ %
tg26 = 2

Hcnonbsys  3HayeHusi, INpuBeldeHHbie
B Taba, 6, noayuaeM

b =64,7°.

TennoBoe  paciumpeHue  eIWHUYHOR & .1 47 TemnoBoe pacwmperie
C(pepbl, B35ITOH B KpucTanige KaablHTa, epunHyHOR chephl H3 KpHCTaMna
ﬂpeﬂ.CTaBJleHO B CHJLHO npeyBe.rlHLIeH- KalbuMra.

HOM Bulie Ha (.bl/l[‘. 47. Moxnso saMe- Bunua KoHMyecKasm nOBepPXHOCTb, HE MCILK
THTbL, YTO XOTH IJMHA OTPe3KOB, Je- ThlBAKOWAsA pacume:x;:lé‘)(CHnbuo npeysenn-
Kauux non yraoM 64,7° k ocu Ouxg,

He H3MeHSIeTCA INPH HarpeBaHHH, KX OpPKHeHTauus OTHOCHTEJNbHO 3T0R oCH
H3MeHsIeTCA, TaK KaK HOPMaJdH B COOTBeTCTBeHHbBIX TOUKAaX XapaKTepu-
CTHYECKOHN NOBEPXHOCTH TENAOBOrO PacliMpeHusi NepreHiHKYAAPHb Panuy«

caM-BeKTOPaM.

PESBKOME
CMellleHusi 4 RedopMain NPeANONAralOTCs MaibiMH,

1. Jdedopmanuu. O6mue nosoweHus, Ecnn y; O3navaer cMelleHue
TOYKH X; ReQOPMHPOBAaHHOIO Tena, TO TeH30p [ei,] onpelensieTcd Bbipa-

KeHHeM
Ou

CMMMeTpH'-lHaﬂ yaCcTh 3TOro TeH30pPa C KOMMOHEHTaMHu

1
gy =13 (ey+e;)
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onucuiBaer Oeghopmayurd B TOUYKe; AHTHCHMMETpPHYHAR 4YaCTb C KOMIO-
HEHTaMH

1
wy; =5 (e —¢y)
ONMNCHBART BpGujeHue,

KOMNOHEeHTbl &y, €5, €33 HA3LIBAIOTCH yOalHeHusIMU, WM OeghopMa-
yusmMu pacmssiceHusl, OHH TPelNCTaBJAIT cOOOM pacTseHUs, HCIHITH -
BasMbie Npu LedOPMALUHN D IeMEHTAMH eIMHHYHOR NJMHbI, PACMO.I0KeHHHMH
nepBonayanbHo napaatenrHo Ox,, Ox, 1 Oxg cOOTBeTCTBeHHO. Komno-
HEHTbl Eog, €3, E;o HA3LIBAIOTCH mMEHIOPHHIME COBU208bIMU OeghopMe-
yuamu. Beinuuna 2,y paBHa UMEHEHHIO Yyraa MeAY ABYMs 3neMeHTaMu,
pacronoweHHbiME 10 ZedopMailii napaanenbHo ocaM Ox, uH Oxg (ecau
yron yMmeHbuaercs, TO AedopMauus noJOXKHUTENbHA), aHAJOrMYHEMK CMBICH
UMeIOT &3, U &;p. [ NaBHHlEe AePOPMALUNH &, &, €5 B LANHOK TOYKE ABIAIOTCA
ri1aBHHIMH KOMNOHeHTaMn TeHsopa [e,]. ['naBHbie nanpaBaeHus Ledopma-
unit OupefeJsiOT B LaHHOH TOYKe TPH B3aUMHO repPreHIMKYASPHBIX Hanpa-
BJEHHS, KOTOPble OCTAIOTCS B3aUMHO nepreHIHKYaspHBIMU nPpH 1edo pMaLHy,

Hedopmauns B TOUYKe XapaKTePU3yeTCs nosepXHocmbro Oeghopmayuil,
ypaBHeHHe KOTOpON B3amuchiBaeTCsi B BHIe

XX, = 1,
HJH, €CJH B KauecTBe oceit BHOpPaTh HampaBaeHHs FnaBHBbIX pedopMaumit,
g X2 g x2tex2=1.
Beauunhbr 1, = 2e55, 7,,==2e3, 7Y,, = 26 Ha3bIBAOTCH (,mexnute-

ckumu®) cosuzosamu Oeghopmanuamu. Tabauua, coctaBneHnan us fedop-
Mauu#t pacTmKeHUs H , TeXHHYeCKUX* CIBHroOBbIX Ledopmauuit, ne o6pasyer
TeH30pa.

2. Opnopoatas aedopmauns. Ilpu onHoponHo# nedopMaLMK BHINOJ-
HSIOTCA COUTIOLICHHS

uy= (Ug); +eyx; ="(ug) ~+wyx, 4, x ) (6.10)
CMellleHke 32 cyeT COOCTBeHHO AeOpPMaAlHH MOXHO Onpenenutb Kak
ul=EUXj.
Enuuuuebifl kyG, BuOpaHHbt B HenedOPMHPOBAHHOM Tene TaK, YTO ero
pebpa napannenbHbl HanpaBaeHHSM rJaBHHX neopMaumit, B pesynbrate
nedopMauuK npeBpailaeTCs B NPSMOYroabHbit nNapaanenenunen c peb-
pamu aamuolt (1 -+ g)), (14e5), (1-}-¢p). O6semroe pacuiupenue (yBe-
auueHye 00'beMa) paBHO (g, 4 &, &) MM €
YanauHeHine B NpPOU3BOIbHOM HampaBJ/eHHH BhbipaXcaeTcsl B BHle
€ ':—Eil-lll »
Hiai

g = ellf tepl3 —|— eglae
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Hanpabnenue BekTOpa # v 8sHayeHne € aas ai060ro 3alaHHOIO wanpa-
BJeHHst MOTYT OniTh HalleHH C MOMOIILIO CBoftcTBa panuyca-BeKTOpa u
HopMaiu NOBepXHOCTH AecopMaunfi.

Ennuuunas cdepa npeobpasyercs nprn pepopMauny B 31THICOUL

P % X
1 2 + 2 2
(e () ()
HasbiBaeMuft s.24uncoudom Oeghopmayuii.
[poBenessoe paccMOTpexHe As OLHOPONHOM NepOPMaUnK NPHIOKKMO

i K n000My HOCTATOYHO MajoMy OGBeMy HeOLHOPOLHO HaIPAKEHHOro
Tena,

=1, (6.11)

3. Jedopmanus u cuMmeTpusl kpuctaana. edpopmauua kpuctaina
fIBNsfieTCA He €ro (H3HweCKHM CBOMCTBOM, a CKOpee peakilMel Kpucrania
Ha BozlcicrBue. Jleopmauns, BhidaBaHHAs HanpsiKeHueM (YNpyrocTb) HAH
3/JEeKRTPHYECKUM nOneM (Mbe303NeKTPUUECTBO), He LOJMKHA COraacOBLIBATLCH
C cuMMeTpHel KpuCTaina, ecau CaMM HanpsikeHHe M none ¢ Heft He co-
raacyworcs. Hao6opot, nedopMaius, BH3IBaHHas HW3MEHEHHeM TeMMepaTypHl
(TennoBOe paclukpeHHe), AOMKHA COrAacoOBLIBATLCH C CHMMeTpuelt Kpu-
cranja.

4. Tenaosoe pacuupenue. Ecnn npy onHoponHoM HarpeBe TeMmepa-
Typa Kpucraana BospacTaer Ha A7, TO KPHUCTAIA UCIHTuIBAeT OAHOPO.-
HyI0 ZLehOpPMALMIO, ONMHMCHIBAEMYIO ypaBHeHHeM

ey =y AT, (6.13)

rie oy — KO3 pHUMEHTH TENAOBOr0 pacliupeHHs, [ay;] — chMMeTpUUHbI}]
TeH30p BToporo padra. OTCiopa crelyeT, YToO CVlllecTBy{OT TPH I/1aBHbIX
K03 HLMeHTa TenA0BOro pacllMPeHust  TPH COOTBETCTBYIOIKHX UM I'naB-
HHX HarnpabJeHusi. lepopMmaiiiio BLOIb STHX HanpaBaeHHH MOKHO 3arKCaTh
B Bulle g =a; AT, e, =0, AT, g3 =103 AT, YpaBHenle XapaxkTepHCTHYe-
CKOft MOBePXHOCTH TeMNOBOrO pacllikpeHusi HMeeT BHI

2 2 P R—
X3 4o x5 o x2 = 1.

CornacHo npuHuuny Heftmana, nedopmauus npe Teni0BOM pacLivpPeHUu
IO.1KHA COrVaCOBLIBATBCH C CHUMMeTpHe# KpHCTalia.

SALAYH

1. Manas nedopmauis HeKOTOPorO Kpuctalia 3afiaa TE€H30POM
8 —1 —17
fef]=] 1 6 01x107C
L5 0o 2
Onpeneauts TeH3opwl fedopmaunti [¢;;] 0 Bpautenns o] 0 HaliTH oTcoza 3ua-

YeHHs 1 HalpaBlellHs IJaBHLIX Jepopmawmii ¢;, €, €5 a TaKH€ OCb H yrod
BpalleHHs.



136 T'ar. VI Tensop dedopmayuil u tensosoe pacuuperue

2. Buipasutb yroa moBopota nokasaHHolt Ha ¢wr. 46 npsmoi, napannenn-
Ho#t Ox., yepes a;

3, MNokasats, uTO TeMrnepaTypHas 3aBHCHMOCTb Ha3BaHHOro Bhiue yria 0
XapaKTepHsyeTcs BeNHYHHOI
V= a2y = 24" 2pad-i,

4. TapaMeTpn syeiikKH MOHOKJIHHHOIC KpHcTania (s¢pBHIAHTa) HMelOT
CNeNYIOmYI0 BeNHUHHY:

a=1621, b==563 c=1323A p=1344g".
[IpH penTreHorpadryeckux HaMepeHHsIX KOSPHLKEHTOB TEMNOBOro paciuupeHus

BIOAL HOpManed K oNpefeneHHBIM TocKocTaM A0l monyyeHn  cleayiollie
pesyabTarhi: )

B O ¢ @ B O ¢ a

10 14 187 10~° zpag-1 20 0 8§ 243.107% zpag—!
00 12 171 16 0 T2 118

6 0 8 214 8 0 12 8,2

18 0 4 28,2

OTnOXHUTL B MaciiTabe OTPe3KH a H ¢ COOTBETCTBeHHO Bionb ocelt Ox u Oz u
BOCCTaHOBHTb HOPMalh KO BCeM TIWlockocTaM HOl, nmepeuncnenrnM Bhine, Ha
9THX HOpMalfix OTJNOXMTL B COOTBETCTBYiOlleM MaciuTabe TOYKH Ha PaCCTORHMSX

+ 1/V o or Hauana koopaHHaTt. ITocTPOUTD MMaBHOe ceuelilie XapaKTepHCTHUeCKO#
NOBEPXHOCTH TEeIIOBOrO paciukpeHis, napamnensHoe (010). Onpenennts otciona
HarpaBneHHs TAaBHBIX ocelf Mo OTHolreHHI® K OX U O2 W 3HayeHHs TJaBHBIX
KOS HIMEHTOB TeIMOBOro pacliMpeHUsl dy K ag.

5. Ilna MOHOKJAMHHOrO KpHCTalJa ObiNH HaliieHH chenyioutHe 3HaweHHS
KO5(hHIIHEHTOB TEINOBOIO paCluHpeHHs:

Hanpasnenue a:10%, 2pad—1
Mapannenvro ocu Oy (0Cb BTOPOroO MOPAAKE) « o o « o o + 410
Mapannensto ol O2 .« v v ¢ v v v v v v st s o 0 o o 320
Mepnennukyaspto ocaM Oz K Oy . .« o v v v v v o v 0 15,0
MNepnesnukynspro ock Oy ¥ non yraom 45° k ock Oz * , . . 16,0
* Yros OTCYHTLIBAETCH MO Y2COBO/ CTPEJKE ONpH NOBOPOTE BOKPYr ocH Oy.

Orpeneants TPH INMaBHBIX KOS (QQHUIHEHTa pacliHPEeHHs H YT/l MEXAY CNaBHLIMH
HanpaBieHHsIME H ocbio Oz. [TpoHaMOCTpHPOBaTL pellieHHe NOCTPOEHKEM OKPYHK-
Hocti Mopa.

6. [NapameTph! suellkH opTOpOMOKMYECKOro KphcTaana (aparosura)

a:b:ic=0,6224:1:0,7206.
Ipu HarpeBarun ot 0 no 100°C yroa mexny rpaesmu (100) u (110) ymenb-
mwaetcsl Ha 1.14°, a yron mexny rpaksmu (001) u (011) Bospacraer Ha 2.84”.

KosdduuneHt 066 MHONO pacmuperts yToro kpucTania pased 620 . 10°° zrao—1.
BriuHcanTb TPH IMaBHBHIX hO3(pHI{HEHTa TEMIOBOSO PacIuHperus.
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NBE3O3NEKTPHUYECTBO ),
TEH30Pbl TPETBEIO PAHTA

§ 1. Npamoil nbesaoanextpuueckuit addexr

Y HeKOTOPbIX KPHUCTaNAOB NPH MNPHAOKEHHH K HHUM MeXaHHYeCKOro
HalpsKeHHs] BO3HHKAeT 3JMeKTPHyeCKuit MOMEHT, BeanyHHa KOTOPOro mpo-
NOPUKHOHANbHA TNPHAOKEHHOMY HanpsokeHuio. DTO sBJeHHEe HasbiBAeTCH
npAMbM Noe303aekmpuneckum 3Ppgexmon. Hanpumep, ecau 0nHOOCHOe
HanpspkeHHe pacTsmKeHHs NPHJAOKEHO K Kpuctaany Keapua, (kaacc 32)
BIONb OJHO# K3 ero ocett BTOPOro nopsnka, TO BeduWyuHa 3neKTpHYe-
CKOro MOMeHTa Ha enMHHLY O00beMa, HAH BeJHYHHA NOAAPU3ALHOHHOrO
3apsiia Ha eluHuUY NJOWalH, OnpeledsieTCsi ypaBHeHHeM

P=ds, 7.1

rie d — KOHCTaHTa, HasbiBaeMasi nse3dasexmpuueckum Molyserm. U3
3TOTO ypaBHeHHsl CJAeAyeT, YTO 3aMeHa HampsKeHusi PacTsiKeHus Hampsi-
WeHHeM CWaTusi NpPUBOLKT K H3MeHeHHIO HaNpaBleHHs NOASPU3ALKK Ha
obpaTHoe,

B ofiueM cayyae HanpspkeHHOE COCTOSIHHe XapaKTepH3YeTCs, KaK Mhi
BHIeMM B TaM. V, TeH3sOpOM BTOPOro paHra ¢ HeBSTbIO KOMIOHEHTaMH,
TOrla Kak noaspusauks Kpucranna, OyAyuys BeKTOPOM, ONHCLIBaeTcs
TpeMsi KOMIOHeHTaMui. DKche PUMeHTanbHO HalZeHO, YTO KOTIa NPOHM3BOJb-
HOe HanpsakeHHe AeHlCTByeT Ha Ibe303JeKTPHYeCKMR KPHCTan1, TO Kawk-
nasi KOMIOHeHTa moJsph3alii P; AuHeRHO CBsi3aHa CO BCeMH KOMMOHeH-
TaMu G, TOYHO TaK e, Kak B JMIOCOM LM9/MeKTpuKe KawIas KOMIOHeHTa
P, nuHe#tHO CBsizaHa CO BCeMM TpeMsi koMnoHeHTaMu E;?%). TlosToMy Mbi
MOMeM 3anucaTb s P, ypaBHeHue

Py =d,y,0y 112012+ 115913 121921 120920 125528 1~

—+ 13108 + d132%5 + dy3394s (7.2)
rze d — NOCTOSHHbie KO3Gb¢uUKEeHTH; s P, u P; ypaBHeHus 6yayT
aHanoruyHei. Mcnoabsys npuHaToe 0603HaueHHe CyMMHpPOBaHHA (cM. ra. I,

§ I, n. 1) u obbenuHas uyieHn B npaBoft yactu (7.2), MOXKHO COKpa-
L,eHHO 3anKcaTh 3TO YPaBHeHKHe B BHIe

Py =d,1,0,p 12450, 151958

1) MonHoe HanoweHue Bompoca cM. B kuWrax Kspu [24] u Mssona [66].
%) Ecnu kpHcTann obnamaeT CROHTaHHOR roaspHsauuedl, To nox P; caenyer
nOHMMaTh H3MeHeHue 9TOH NoNAPH3aLUHH, BH3BaHHOe MEXaHHYECKHM HanpsxeHHeM.
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M etle 6onee KpaTko B BHIe
Pl =d1ikcfk'

AHa10rMuHO, Py=d,;3;, W Py=dy;3;,. Wrak, obillee COOTHOLeHNE
Mex1y P; M o,; UMeeT BUL

rie dy;, — Nnve309.1eKmputeckue mooyau.

BrisichuM Qusuuecknit cMbiCa pasauyHbiXx MOLy.te#t. Ecau Kk kpuctamny
NPUIOKEKO OILHOOCHOe pacTArvBaioiliee HampskKeHHe ¢,,, TO BO3HMKAOLlas
NONAPU3AL A MMeeT KOMIOHEHTH

P =d, 0, Pp=dy 0, P3=dy,3.

Takum obpazom, uamepas P;, P, M Pj; MOXHO B 3TOM C/y4ae HalTH
3HadeHMa d,y, do, H dg,. Ecinm npencrasutk cebe ZLanee, 4TO OLHO-
OCHOe paCTAruBamllee HanpsikeHMe TPHKJAAbIBAETCA NOOYepefHO BLOJb
ocet Ox, u Oxz TO MOKHO BHACHHTL (YU3MUECKHP CMbICT M LPYruUX
KO3 PUUNEHTOB dyj, C J=E.

Tlpeanonoxum Tenepb, 4TO K KPHCTANNYy NPHIOKEHO HUCTO CABHrO-
BOe HampsiieHHe o,,. DBbillle yXe YKa3biBanoCb, YTO eCJH HCKJIOYHTD
o0beMHble MOMEHTHI, TO TPH MPUNOKEHHH HanpskeHHs o, OLHOBpPEMeHHO
NOsIB/ASETCS paBHAs KOMIOHEHTa oy . I109TOMY HMMeeM

Py =d,150,p 3 dy203 = (@112} dy2y) 0103

aHaJOrMyHbie YPaBHeHMs MOXHO Hamucatb naa P, n P;. Takum o6pasowm,
cym™a (dy;p+d,p) HMeeT onpeleneHHbI® PU3NueCKUE CMHC/I, HO HeBO3-
MOXHO TNPULYMaTb SKCTePHMeHT, C TIOMOLULI KOTOPOIO MOXKHO Obln0 Obi
OTLeJUTh dy, OT ;5. DTOT 37eMeHT NPOU3BONLHOCTH B TOJKOBAHUM (UaH-
YeCKOro CMbiCNa dp H dy;, YCTPAHACTCA TEM, YTO MPUHUMACTCH dy,, = d;p
u B ofmeM ciyuae

Ay =dygje (7.4)

D10 momylleHue Henaercs 3fech Oe3 cTpororo O0OOCHOBaHMs; B § 3 Mml
YBULNM, 4YTO COOTHOWeHWe (7.4) cornaCyeTcs ¢ HanabHeRwMMmp 06006-
HleHHAMH.

Kosdpuumentsi dy;,, uMCAO KOTOPHIX PaBHO 27, mpeiCTaBAslT COGOH
npuMep men3opa mpemsezo panza. OnpeleneHde TeH30pa TPeTbero paHra
nonyuaercs nyreM 0606uieHus OTpelencHU# TeH3OPOB NePBOrO M BTOPOrO
paHros, KoTOpbie Mbi namn B . I, § 3. TeHaopbl 6bian onpenfeseHb TaM
NyTeM 3alaHufi 3aKOHOB MX TipeoOpasoBaHusa. <Ousnueckas BesHuMHa,
onMchiBaeMas rpynno# umkcen p,, Obisla Ompelie/ieHa Kak TeH30p NepBOro
paHra (BeKTOp), eC/H p; NpeoOpasyercs COr/IaCHO B3aKOHY

p;=a”Pi- (1.13)

BakoH mpeo(ipa3oBaHus A7 TeHsopa BTOpOro paHra [7;] sanuchiBaetcs
B BUIE

Tiy= iyl pe- (1.22)
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ITono6Ho atoMy, roBopsr, 4to 27 uucen 7T;,, OTMUCHBAIWHUX HEKOTOPYHO
¢duanuecKy0 BeJHuMHYy, 00pa3yfOT TeH30p TpeTbero paHra, eCiu OHU TpH

7
u3MeHeHHM oCe#t kOOpAMHAaT Tpeolpasyiorcs B 7y NO  CaAedyOlleMy
3aKOHy!

TU’? == 0yl; mbn! tmn: (7.5)

Kak u B cnyuae Ttensopos Oonee HM3koro paHra (cM. ra. I, § 3), mm
Noj4epKyBaEM, HTO 5TO ONpelelieHHe NOLPAa3yMeBaeT Ha.MyMe HEKOTOPOro
cnocoba, He3aBUCHMOrO OT 3akOHa (7.5), ona HaxOXIeHNUs npeobpa3oBaHHbIX
KOMIIOHeHT TeH3opa nNpH MaMeHeHuM oce#t. Ecam 6b 910 OHJIO He Tak,
TO OnpelefeHHe 3aMbiKanoch Onl caMoO Ha cebst M MBI nonyuunu Obl JOru-
YeCKM TIOPOYHBIM KpyT.

3akoHbl npecbpa3oBaHMs TeH3OpPOB MePBOrO M BTOPOrO PaHroB COOT-
BeTCTBEHHO OJMHAKOBbI C 3aKOHaMM TpeoOpa3OBaHHA KOOPAMHAT X; U
npousseleHMHt KOOPAMHAT X.x; (CM. cTp. 28). AHaNOrMyHO, YypaBHe-
H¥e (7.5) ecTb 3aKOH npeoépasosaﬂnﬂ NpOu3BelileHUH TpeX COMHOXHTeNeH
THIA X;X;Xp. DTO Cpasy CTAHOBUTCH OYEBMIHbIM, eC/¥ NMPUMEHHTb KO
BCeM COMHOXMTesaM MO OTIeJbHOCTHM 33akOH npeobpa3oBaHus, Onpene-
asembift gopmynott (1.13), ubo torma Ml nonyyaeM

x! xjxk = Uy X0 X g X

ne

HN nocye nepeCTaHOBKH
xixjxk - allajmakn (xixmxn)- (76)

Wrak, mofas samaHHas KOMIIOHeHTa TeH30Opa TpeTbero paHra npeoGpa-
3yeTCAl aHAJOrHYHO COOTBETCTBYIOLleMy NpOM3BeLeHMIO KOOpAHMHAT. Hanpu-
Mep, Ty, NpeoOpasyercs nonolHO xix, OnHako HeOOXOLMMO TOMHHTB,
YTO, KOrZa ypaBHeHMe (7.0) samMcaHO B pa3BepHyTOH (hOpMe ILJA KOHK-
pPeTHON KOMMNOHEHTLI, NOPAAOK COMHOXMTefelt B Pa3iM4YHHX 4yJeHaX B mpa-
BOM CTOpOHe YpaBHeHHsi LOMKeH COXpaHaTbecA, Tak, KOIpQUUMEHT npH
YNeHe X(XpX; JIOMKeH COOTBETCTBOBATL KOI(DQPHUUHEHTY MpPU Typg U C KO-
3 UUNEHTAMH TIPU XpX, X3, XpX3X; W T. L. €r0 Helb3s NyTarhb.
IlokaxeM Temepb, YTO KOS(QPHUUMEHTH! dyy, M3 ypaBHeHHS (7.3) nox-
YMHSIOTCA 3aKOHy npeobpa3opanus (7.5). Ilpenmonowum, uro Ha KpH-
cTaan JeHCTBYyeT HeKOTOpOe (DUKCHPOBAHHOE MeXairMyeCKOe HamnpsmikeHMNe,
3212HHOC KOMNOHEHTAaMM oy B CliCTeMe KOOpLHHAT Ox; W KOMINOHeH=
Tamu ou B CHCTeMe koopruHaT O.x;. BosHukaiulas nonspusalus 3anaercs

KOMINOHeHTaMH P, B CHCTEMe Oxi M KoMnoHeHTaMM P B cucteme Ox).

O6mas ¢opMa ypaBHeHus (7.3) COXpaHsieTcsi He3aBMCHMO OT BhiGoOpa
CHCTeMbl KOOPAMHAT LJ8 OTMCAaHWfA NoJApH3auuu M HanpsokeHnft. Ilostomy
LS KOMIIOHEHT B CHCTeMe KoopauHar OX; MH MOXeM 3alucarb

g
P, a',lk T (7.7)
rie d — MHas COBOKYMHOCTb 27 ko3d¢uuMeHToB. BhificHUM Teliepb,

KaK d CBﬂSaHbI ¢ dype
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Komnorents P; cprsanbi ¢ P; ypaBHeHHeM
'3
P, = a,P, (7.8)

a g;; € o — ypaBHeHHeM
Smun = CjmCpnC g (7.9)
Ypasnennsa (7.3), (7.8) u (7.9) obpasyior cxemy
p i p 09
rlie CTpe/Ka 3aMeHseT CNOBA ,Bhipadaerca uepes...*. TlosTomy P’ MOXHO
BbIPA3UTb 4epe3 ¢’ CaeLytoluM o6pa3oM:

Py = Py = & Q1,09 mn = 4imn®mOnS e (7.10)
CpasxuBas (7.10) u (7.7), MB noJyyaeM
d:.jk = Gyl Cpn i (7.1

Orciona BunHO, 4TO djy, NpeoGpasyroTCs COrVIACHO ypasHeHmio (7.5)
Cle0BaTe/bHO, oépaayfor TeH30p TpeTbero paHra.

IlpuBeneHHoe 10Ka3aTelbCTBO TeH3OPHOIrO XapaKTepa KO3¢(¢uikeH-
TOB d;y, cnpasei1MBo ¥ B ofwem c/iyyae. Tem e cnocoGoM MOXHO
noxaaarb 4TO COBOKYMHOCTb MOOLIX BeaMuMH B, cBaskiBaiomlas IBa
TeHaopa A, u C;, ypasHeHVeM

ofpasyeT TeH30p TPeTbero paHra.

§ 2. Ymuenbmenne yncsa He3aBUCHMHIX MoayJei. Martpuuusie
obo3HaueHus

B ofmeM cayyae TeH30p TpeTbero paHra, KaK Mil BHIeJNM, MMeEeT
33 =27 HesaBUCHMbiX KOMMNOHeHT. Ecsin BmimucaTh NOJIHOCTBIO BCe ero
KOMTIOHeHThi, TO OHM 00pa3yloT He KBaipaTHYK TalaMLy, Kak B Cjyuae
TeH30pa BTOPOro paHra, a tabmmuy B ¢opme kyOa. Ecam mepsbitt uHiekc
B d,;, oO3Haiaer C/OH, K KOTOPOMY NPHMHALJEHHUT JaHHAas KOMIOHeHTa,
BTOpOV( MHIeKC — CTPOKY, a Tperutt — cronbell, TO BCe TPU cios OynyT
TaKOBbI:

I-# cnott 2-#t cnott 3-#t cnon
=1 =2 =3
dyyy8yy2 dyys da11a12828 dy11a12lay (7.13)

(dl2l) d122d123 (d221) d222d223 (d321) d322d323
(d151) (d152) G138 (Gag) (Gosp) dogs  (dsa) (Gaze) dgs
Brarozaps oMy, uto TeHsop d;, cuMMeTpuyed no j M k, w3 uncna

He3aBUCHMBIX KOMIIOHEHT MOXHO ncxmoqmb KO3 PullNeHTH, CTOAILMe
B CKoOkaX; TakuM oO0pa3oM, ocraeTc 18 He3aBHCHMBIX KOMIIOHEHT.
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OTcrona clelyeT TaKiKe BO3MOXHOCTb HCINO.T530BaHMs GO.Jee KOPOTKHX,
TaK Ha3biBAEMBIX MOMPUUHLLX 00603HaueHul,

Ilo cux mop Mbl NaBail BCe ypaBHeHMs B TeH3OPHO! 3arlHUCH, Tak
KaK TOJbKO TakO# Crnocol 3anmicH No3BOAsfeT OCHAPYXKMTb MX LeHCTBH=
TeJbHE} XapakTep, B 4aCTHOCTH CBOMCTBA MpeoGpa3oBaHus. OLHAKO NpH
pellleHHH KOHKPETHbIX 3alay BBIFOLHO TO BOSMOMHOCTH YMeHbIUMTb YHC/IO
MHIEKCOB, DTO JOCTHraeTCA MNyTeM BBeNeHHS HOBBIX CHMBONOB d,,, d,,
i T. 4. Tabamua (7.13) Tenepb NpHHHMaeT BHL:

1 1 1 1 1 1
du 9 dlB 9 dl.’) d21 9 d26 9 d2b d31 9 dﬁi 0l d.b
1 1 1
d12 9 du d22 9 d24 d32 D) d34 (7- 14)
dxa d23 daa-

Tak, Hanpumep, Mbl nonaraeM dy =d,,, a d,,= 2d, Herpynno
BHIETb, 4YTO MNepBble HHAeKCH MNpPHM ofouXx cnocofax 3amucH OLMHAKOBLI,
a BTOPOt H TPeTMR HHIEKCHi TeH30PHOro 0003HaYeHMsl 3aMeHSIOTCH
B HOBO!t 3anmMCH OLHHM HHIeKCOM, npoberaloiiuM 3HaueHus ot 1 no 6;
NPH 9TOM HMeeTCA CAelyHOIlas CBf3b MeXLY HHIeKCaMH:

TeH30pHbie 0o0o3HaseHMs: 11 22 33 23,32 31,13 12,21,
MaTpuyHbie 0603Hawenus: 1| 2 3 4 5 6.

IlBa nocnenHuX uHZeKCa B TeH3OPHOM 3alHCH COOTBETCTBYIOT HHIEKCaM
KOMIOHEeHT HamnpsikeHus [CM. ypaBHeHue (7.3)]; mostoMy nns cornaco-
BaHHOCTH HYXHO CleflaTh CllefyiOLlie H3MeHeHHsi B 0003HayeHHsIX KOMIO-
HEHT HarnpaKeHus:

Ton o3 oa o1 % O
%12 %22 %3 | —> | % % 9%

. (7.15)

L Ogy Og3 O3z ! Lo 94 o3t

(CumBoabl oy, G5, 0y ObiJIM HCONb30BAHL TaKXKe 419 0603HAaYeHUs IJaBHBLIX
HampsiKeHMIt; OLHaKO Bcerfa #CHO, Kakoe B3HaueHWe IOIPa.yMeBaeTCs.)
B HoBbIX 0003HayeHHAX Mbi MONeM 3alHCaTb ypaBHeHue (7.2) B BUie

1 1 1 1
Py =dyo +5 dyg%% +35 dysy +3 dyg36 +d 29, + 7 dys05 +

1 1
+ 5 4% + 5 dud +digs,
WK
Py =d, 0, 4-d 50, +-d 303+ d 1404 + d o, +d 6% (7.16)

ans P, u Py uMelOTCA 1Ba aHaNOTHYHBIX YpaBHeHusi. Klcnonbays MHAeKCH
CYMMHPOBaHHf,, Mbi MOXeM 3anKCaThb

Pi=dy; (=1,2 3 j=1,2 ... 6). (7.17)
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HHorna BO3HHKaeT COMHeHHe B 1leJecO00PasHOCTH BBeleHHs MHOMXMHTe-
net 1f, B onpejeteHus d;; Muoxurenu !/, BBomsrca B Tabamuy (7.14)
Laa Toro, 4To6H M30exkaTb NOABNEHHS MHOXKHUTelelt 2 B nOCHeLHMX
TpeX useliax ypaBHeHus (7.16) u emy nono6Hux. WMabewarb nossneHus
YHUCJeHHbIX MHOXMTeJelt B OBOMX CnyuasX HeBO3MOXHO. Mbi mpeanouu-
TaeM HMeTb MHOXMTenu '/, B Tabamue (7.14) mnns toro, urobbi ypaBHe-
Hue (7.16) M cOmyTCTBYHOilMe eMy ypaBHeHus ans P, u P, mornn ObiTh
3anMcaHu B kKOMIakTHOR dhopme (7.17)1).
Tabmua d,;, BbinMCaHHas B BHAe

dy dy dys dy dys dyg
dyy dys dog dy doy dy
dy dyp dagy dyy dgs dy

(7.18)

fABAAeTCs MaTpuuett. Jlerko BMAeTb, 4TO CTPOKM STON MaTpuisl COOT-
BeTCTBYIOT caoaM B tabauue (7.13).

MarpuuHbie 0603HaueHHsi MCNONL3YIOTCA TMOTOMY, YTO IO CPaBHeHMIO
C TeH3OpHbIMH 00/Jafal0T TpeHMylleCTBOM OOnbluet KOMMAKTHOCTH M
NO3BONAIOT JIerkO pPACTMONOKMTb KOI(QUUMEHTH B TNIOCKYH Tabauuy.
OnHako HeoOX0nuMO BCerja NOMHMTb, YTO d,; mue npeobpasyromcs
no0o6HO KOMNOHEHMGM MEH30PC BMOPO20 PGH2Q, HECMOMPA Ha
Kascymeecs (6aazo0aps vaauwuio 08yx UHOEKC08) CX00CMB0 C HUMU,

§ 8. O6paruuilt mbesvanekTpHuecKkuil addexT

Korza k nbeaosnekTpHueCKOMY KPHCTaNNy MPUJIOKEHO SJNeKTPHUECKOE
noJe, ¢opMa KpPHCTaina Clerkd H3MeHseTCA. DTO #BJieHHe Ha3biBaeTcs
obpamHuum Nve3ossekmpuueckum PHghexmor; ero CyleCTBOBaHMe
fIBAAETCA TePMOAMHaMHUyeCKUM CJheACTBHeM CYLIECTBOBAHMA npaMoro 3q)-
¢ekra. HaltmeHo, uTO Mexny KOMNOHeHTaMM BekTOpa FE, sanaioliero
HaTpseHHOCTb 3JIeKTPHMYECKOro MNOJs B KpHUCTanie, M KOMIOHeHTaMu
TeH3opa LeOpMalMit &;;, ONMHUCHLIBAKIIEr0 H3MeHeHMe (OPMbI KpPHCTanNa,
VIMeeTCsl JMHeftHoe coOOTHOWeHNe. Donee Toro, npu obpamuom nveso-
anexmpuveckom agpgerme nose u Oedhopmayuro C8A3LBAIOM me die
camue Kosuyuenmo, KoOmMopble CBAILLBAIOM HANPANCEHUE U NOAS-

1) Taxo#t cnoco6 BBeneHus d;; cornacyercsi ¢ pexomennyeMbiMd IRE
(Institute of Radio Engineers, USA) npabunaMu [86]. On Takixe cornacyercs
¢ onpenenesneM <$oitrra [93]. B nporHBOnOJOKHOCTL HaM POHrT cyurtaer
HalpsO)KEeHUs] CKaTHe MONOXHTENLHbIMH, ONHAKO OH BBOJAMT 3HaK MHHYC B YypaB-
HeHHd (7.17); B peayabTate nojydaercs, 4TO NpHHATbie POirToM Kospduiy-
enTbl d;; WICHTHYHbl HaluKM.

Bycrep [(6] ucnoabsyer uHbie 0603HaueHHs: Haulk dy; paBHbI KOsdbdHuH-
eHTaM ¢;; B Kuhre Byctepa ans j=1, 2, 3 u paBubi 2g;; naa j =4, 5, 6. Ipu.
9TOM Mbl MpelnonaraeM, 4To BycTep cuMTaeT HalpsiKeHHs PacTsxeHHf 1O0.10-
MHUTENbIIbIMK; [paBla, B OZHOM MECTe OH ONpeienseT Kak MOJOXKHTENbHOE
HallpfxeHNe cxaTHdA, 110 STO, No-BiIIMOMY, ONnHKcKa, TaK KaK Be3ne B OCTadb-
HO# yacTH cBOCH KHHI'M OH cUhHlaeT MOJNO:XHIebHbIM HalpfAKeHHe pacTamCls,
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pusayuio npu npamom sphexme. AHaIUTHUeCKM STO O3HAYaeT, yTO
€c/M MpH npsMoM 3¢ekTe BLITIOJHAETCA ypaBHeHHe

Py=d,;;3, (7.3)
TO npu ofparHoM 3ddekTe CpaBefMBO YpaBHeHHe
El-k = dl]'r'?Ei' (7.19)

Iloka3aTenbCTBO STOr0 paBeHCTBA KO(hMIIHEHTOB HaeTcst B r'A. X; OHO
OCHOBAHO Ha TePMOIMHAMM4eCKOM PaccMOTpeHMM. Tak Kak &; =¢,; TO,
Clef0BaTe/IbHO, TeH30p d;; CUMMeTpHueH no J M k, kak Obin0o Oes
IOKa3aTenbCTBa ykazaHo B § 1.

YroObl 3anucath ypaHeHue (7.19) B MarpuuHbix 0603HaueHMSX, Mbl
ILO/KHBI BBeCTM OIMH HMHIEKC BMeCTO IBYX ANS KOMIOHeHT AedopMalnii.
Ilns sTOro cheilaeM crlefyrOlLyl) 3aM:HY:

— 1 1 -
fn f12 &3 1 7% T
1 1
G fm x| —> | 5 f2 H e, (7.20)
1
€1 fo3 €33 T8 T €3

Torna ypaBHeHMe 4as &, TOJy4aiOLleeCs pPasBepThiBaHWeM YpaBHe-

Hua (7.19),
&y = dyyEy F-doy Es + dgyy Es,
NpM nepexoie K MATPUuHbiM OOO3HAYeHHAM TPUHUMAET BUL

gy =dyEy 4-dyEy 4-dy L.
YpaBHeHHe 115 epg
€93 = lypsE; - Gpp3E5 + dapsF s
NPifHIMaeT BUL
1 1 1 1
TE8=y dy4E, + 5 dosEz + 5 dasEs
Muoxwurenn !/, cokpawaorca ¢ obeux cropoi, M B OOmeM Cayual Mbi

nMmeeM
e, =dyF, (=123 j=1,2 ... 6). (7.21)

/

Tenepb CTaHOBUTCH fACHOM NMpPMUMHA BpeleHMA MHOXKHTeJelt !/, B MOX-
ctaHoBKy (7.20). Tak Kak MBl MCNOMb30BaAM MHOXMTeNM !/, B onpene-
neuusx dy; (cM. cTp. 141), HeoGXOLMMO BBECTH STH MHOXMTENM TaKie
U B OnpelencHHUs g; MHaye B yPaBHeHNH (7.21) Nepel HeKOTOPLIMH YleHAMH
croany Ob MHOMMTenM !/, M Mbl He cMoran Ob 3amMcaTb ero0 B KpaT-
kot hopMe, T. e. KaK CymMy MONOOGHHX uneHOB. ClenyeT OTMETHTh, yTo,
IO CYAaCTAMBOM CayuaiHOCTH, Gnarofaps MHOXHTENSM !/, B OTpeneNeHusX g;
KOMIOHEHTH &4, 3, M &g COBMNANAIOT C KOMIOHEHTAMH ,TeXHUYEeCKHX® CABUrO-

BbiX MfepopManMit, BBeLEHHHX Ha cTp. 127,
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[IpuseneM Tenmepr cxeMy, 00DbeLMHAIOLWIYI MNbe303JeKTPH4eCKHe ypaB-
HeHHMs B MATPHuHmX 0603HaueHMsaX. Yuras tabauily no ropH3OHTa M, Ml
nosyyaeM ypasHeHHss MpaMoro a¢gdeKrta, YnTas NO BePTHMKAJH -— ypaBHe-
Husn obpaTHOro adderTa:

>e eg €3 gy € g

l_ St Ca C3 Oy Sy Cg

A A
E, Py |dy dip dyg dy diz dyg

Ey Py |dy dy dpy dy dpy dy
Ey Py | dy dyp dgg dyy dy dg,

B tabn. 7 cpaBHUBATCA YpaBHeHHA NPAMOro M O6PaTHOrO mbe3o-
SJIeKTPU4ECKUX 3((DeKTOB B TEH3OPHOH M MaTPUUHOM 3amMCAX.

TABIOIWUA 7

Onpedeasrowue YPAGSHERUR OAR NPAMO20 1 0TPAMHO20
noe303ACKMPutecKux dghghe KMmoes

Tensopras 321HCh MarpHunas 3anuch
s b k=1, 2, 1=1, 9,3, j=1, 2, ¢+, 6
Mpamon spdert . . . . Pl::dljk“jk P =dij°j
OﬁpaTHblﬂ S(t)(peKT .« . tip = dijkEl ey =dUEi

§ 4. YmeHpmeHHe 4YuCJa He3aBHCHMBIX Moay el
u3-3a orpaHuHeHuil, HajJaraeMeIX CUMMeTpuel Kpucraana

1. Coo6panenns, B OCHOBE KOTOpPHIX JENHUT JHIIL AHAJH3 CHM-
merpud., Ecan kpucraan ofnanaer cuMMeTpMedt (NOMMMO OCH NepBOro
nopsnKa), TO MMeeT MeCTO lHa/ibHelilliee yYMeHblueHMe YHC/IA He3aBUCHMBIX
Nbe303JIeKTPHYeCKUX MonyJsett. Kak kpafiHuft cnyyait paccMOTPUM BJAusi-
HMe LeHTpa cuMmMeTpuM. IIpelamosomuM, 4TO Kpucrani, obJanaomut
UeHTPOM CMMMeTpPMHM, MOLBEPrHyT BO3LeHCTBHX) MeXaHNYeCKOrO Hampsie-
HMf NPOM3BOJNLHOIrO BHIAa M NOJAApuayercs. Temepb mnpencraBuM ceGe,
YTO BCA CHCTeMa -— KPUCTa/AN IUIOC HanpsikeHMe — CHMMeTPMYHO OTpa-
®eHa OTHOCHTeNBLHO IeHTPa CHUMMeTpuu. HanpskeHue, 6ynyuu LeHTpO-
CUMMeTpPHYHBIM, NPH STOM He H3MeHHTCHA; O TOM e NpPHUYMHe He M3Me-
HUTCA W KPHUCTaAna; NOAApH3allks ke H3MeHUT HanpasJ/eHWe Ha NPOTHBO-
NMOJIOXHOe, HTaK, MBl INOJIy4YaeM, 4HTO TOT Xe CaMuit Kpuctani non
IeMCTBMEM TOYHO TAKOr0 e HARPMKeHUS JMeeT NIPOTHBOTOJIOKHYIO
nonspusaumio. Takas CHUTyaluus BO3MOXKHA JMIUL TOrZLa, KOrAa MNOJApPH-
sauua pasHa Hymw0. CrnenoBate/lbHO, Kpucmassa, o6A60GrUULE LEeHMPOM
cummempuu, He moscem Gvoime Nbe303ACKMPUKOM,
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TouHo Tak ke, NCXOZA JMUEL U3 cooOpameHHit CHMMETPHUM M He @PH-
feras K aHaNMTUYeCKMM pacyeTaM, MOXHO JOKasaTb paBeHCTBO ApYT
LPYyry uaud obpaileHMe B Hy/Jb @Bbe303/JieKTPU4eCKMX MOLyJelt Aja pa3-
JMYHBIX KpUCTaLIor pagHyeckuX knaccoB. B kayecTBe mpuMepa paccMoT-
pumM Monynb da LS Kjacca 4. DTOT MOLYJIL OnpelensieT KOMNOHeHTY Py
NPy CIHBMIOBOM HamnpsiKeHMH, AeHCTBY!OLUEM B TWIOCKOCTH, NepreHIHKY-
aapHott ocu Owxg (HanpaBieHds ocelt nokasane Ha ¢ur. 48; oce Oxg
neprneHIMKyspHa NJOCKOCTH
yepremka). Tenepb NpeinoOKUM,
YTO yKa3aHHOe CIBUIOBOe Hamps-
AeHWe MHIYUMpYeT IMNOAL, Na-
pannensHeift Ox,, ¢ MONOKUTENb~
HBLIM KOHILOM cBepXy (dur. 48, a). x5 x,
HsmeHeHHe 3Haka HanpsKeHUs
IOMKHO TIPHBECTH K HN3MeHeHHIO > ——
3HaKa JunoJs, Kak nsolpaxeHO
Ha ¢ur. 48,6. Ho Ttak kKak
KPUCTA/NI MMeeT OCh 4eTBepTOro @ @

nopsaika, TO HalpsieHHOe CO-

Lo

CTOfIHMe, OKa3aHHOe Ha Jur. 48,6, - _
TOYHO COBMALAET C COCTOSHUEM,
nsoOpaweHHnM Ha ¢ur. 48, a; a 6

€MHCTBEeHHOE OTJIMYMe COCTOHUT < ur. 48. [NocTpoeHre, NokaswBaouiee, YTO
B TOM, 4YTO KPHCTaJJ NOBepHYyT g kaacca 4 Moayab dgg paBeH HyJo.
Ha 90°. CnenoBaTesinHO, B 060HX

cy4asxX noNsipusalus LOMKHa OHTb OIMHAKOBOM, a 3TO BO3MOXHO /ML
TOrja, KOrza OHa paBHa Hymo. TakuM oO6pazoM, dg; =0.

2. Anaautnyecke wmertoanl. CooGpaweHHs, OCHOBaHHHle TO/BKO
Ha pacCMOTpPeHMH CHMMeTPMH M MOLOOHHe TeM, KOTOpHE ObI/IM MCMOJb-
30BaHH BHlle, LAOT M3ALWHEI CHOCO0 HaxodIeHHs HEKOTOPHIX COOT-
HOLEHNH MeXILy MOLYNAMM; OLHAKO TPYAHO OHTL yBepPeHHBIMH, YTO MpPH
3TOM MBI HaliileM BCe COOTHoOlueHusd. JloaToMy onuiueM Tenepk Oonee
ChCTeMaTHueCKHM  MeTOL  MCCNefOBaHMs pacCMaTpHUBaeMOro BoOMpoOca.
B npunuune Meton coctout B mnpeo6pasoBaHuM Ocet KOOPIMHAT TeH30pa
OIHMM M3 S5JeMeHTOB CHMMeTpxM, KOTOpHMHM ob6aamaer kpuctami. Ilpw
STOM KO3(Q¢HLUMeHTE, ONNCHBaKMMe S5PPeKT, He NOMKHBI MeHATbCA NPH
npeoOpasoBaHuy,

a) Lenmp cummempuu. Ins wanOCTPaunM MeTOLA ONATH PACCMOTPUM
CHayana Kpuctann, oOnafalOluit WeHTPOM CHUMMeTpHH. Marpuua storo
npeo0pa3oBaHusl UMeeT BUIL

ay=-—13,.
B coorerctBun ¢ ypaBHeHMeM (7.11) M cBOHCTBOM (yHKILMH BU npe-
00pasoBaHHEe Nbe303JeKTPHYeCKHe MOLY/MN OYILYT BRIPaxaThCA CJELyio-
muM obpasom:

d;jk = atlaimakndtmn = Buajmslmdlmn = dljk'

10 Ax. Hett
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Ho Tak kak kpuCtann uMMeeT LEHTDP CUMMeTpPHH, TO

’ —
ije = di/'k'
CrienoBaTesbHO,

dsz =0.

HefcTBUA € APYrUMH OllepainusaMM CUMMETPHM He TaK NpPOCTH. 3Ha-
YITeJbHYI0 MOMOIL MOKeT OKA3aTh HCNONL30BAHHE HeCKOJBKO OT/NYIBIX
0603HaueHuH# Aj9 npeoOpa3zoBakuil KOOPAMHAT M TPHM2HeHMe TaK Ha3bi-
BAeMOro Memoda npamoll nposepry, papaboraHHoro ¢ymu [39, 41—43].
10T MeTOL Jayyiue BCerO OODACHHTE, B3fIB TOT Me TNpPHMep C LEHTPOM
CUVMeTPHM ¥ Hallifl Pe3yJdbTaTH AeMCTBHMA UEHTPAa Ha Pa3nNyHHe MOLY/H.

HeficTBHe LeHTpPa CUMMETPHMM Ha OCH KOOpAMiAT M306paxaiorcs Cle-
LyroiuM obpasoM:

Xy =>— X, Xo—>— Xp, Xg—>— X (7.22)

roe CTpe/Ka O3raiaeT ,npeobpasyercss B ...%. BmecTe ¢ TeM, COOTHOLUe-
Hue (7.22) MONKIO MiTepnPeTHPOBaTb HHAaye, a MMeHHO CHMTaTh, 4TO
KOOPIAVHATH NPOH3BONBHON TOUKM (X, Xy, X3) Mpeobpasyiorcsa B (— x,,
— Xp, — Xg). Mb yxe Buzean (cM. crp. 139), uTo KOMNOHEHTH TeH-
3opa Mnpeobpasyldrca ananorMyHo COOTBeTCTBYHOLIMM IPOM3BeleHUAM
koopanHat, Hanpumep, dy,, npeobpasyercs nono6HO NPOUSBEACHUIO X, X2,
Jlenas NOACTaHOBKY, OMNpeieNsieMy!0 COOTHOWeHUeM (7.22), moayuyaeM, YTO
x;x2 npeo0padyloTcs clenyiomumM obpasom:

2 2
Xy X3 = — X2,

Cren0BaTe bHO,
digp—> — dy.

Ho Tak Kak kpucrann obnazaeT LeHTPOM CHMMeTpPHH, STO Npeobpa3o-
BaHHe He }3MeHseT KOMMOHEHTH TeH30pa: KOMNOHeHTa dyp AOJKHA
npeofpasosarsca B Celd, T. €.

Ay20 —> d 22

a nosroMy
d.on =
122 .

Jlerko BHpAeTh, HTO TO XKe CaMoOe pacCyMieHHe NPUMENNMO KO BCeM
LPYr¥M KOMIIOHEHTaM TeH30pa, M Mbl MOJyuaeM TpPeXHUH obyit peayb-
TaT: dlik__—o'

6) Ocv smopoeo nopadka. Jlna nanbHeluie#t HATIOCTPaUMN MeTOARA
npsMoR NPOBEPKM PACCMOTPHM Tenepb BJMsAHMe Ha MOAY/ OCH BTOPOro
nopsanka. IIpeAno.JOkMM, 4TO OCb BTOPOro MOPsIiKA MapaiientHa Xs.
Torna npeofpa3oBaHie MOXKHO 3anucaTh CAeldyiOwlm 00pa3oM:

xl'—)—xl, xz'—)—xz, xs‘—)xs,
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nau 6oJlee KOMNAKTHO
l>—1, 2—»—2, 3—-3. (7.23)

Byvoem Tenepr Oparb MOAYJIM MOOHEPeAHO M NPeoOpa3OBHBATL MX CO-
rnacHo cooTHoweHn (7.23). Ecau 3Hak MOLY.s NpPH 3TOM M3MeHMTCH, TO
MOLYNb NoTieH OHTL papeH HY/NH; eCAM e 3HAK OCTAeTCs HeM3MeH-
HHM, TO 9TOT MOLYJb He McYe3aeT. Tak, Hanpumep, d g3 —> —d;33 ¥
nosToMy dys3 =0, a dyp3—>dp53 U TO3TOMY d, 5 5 0. $lcHO, uTO CO-
XPaHSITCA TOMBLKO Te MOAYAM d,;,, KOTOPHE MMEKT B MHAekcax aubo
onHy, nu6o tpu uudppm 3. Iloatomy B crepyioileit Tabauue OTJAMYHE
OT Hyns TOMBKO MOLYJH, BHe/eHHble HUPHHM LIPHDTOM:

dlll d112 d113 lel d212 d213 d311 d312 d‘a‘13

d122 d123 d222 d223 d322 d323 (7'24)
d:aa d233 d333‘

B wmarpnyHoM (ZBYXMHIEKCHOM) OOO3HAaYEHHWH COOTBETCTBYIOLIME MOLYJH
3anUILYTCS TaK:
0 0 0 dy di; O
0 O 0 dy dy O
dg dgg dgg 0 0 dg

(7.25)

CoorBercTBie Mexay Ttabmvmuamu (7.24) u (7.25) npoie Bcero ycraHo-
BUTb, yMTas Kawuuit c4ofi 1abanuwm (7.24) B TakoM nopsike:

° 0 - @

\. I
M 3aTeM 3amlHCHIBAf €ro Kak cmpoky MarpuuHo#t Tabmuuw (7.25).

8) Ilpumep rpucmasnozpadpuneckozo waacca. ONUCAHHBIR MeTOL
TernePb MOMHO TPHMeHHTB K KaKOMy-aM0O KPHUCTa/MIor paguyeCKOMy
KJacCy; B KayeCTBe NpuMepa BnGepeM 42m, knacc aurunpogocdara
aMMOHHSI,

DneMeHTH CHMMETPHMM 3TOr0 KJacca TnokasaHd Ha ¢ur. 49, a. Cum-
MeTPHsl MOJHOCTLI0 ONpPefenseTcsl OChbi0 Z‘) U OCBK BTOPOro TNOPALKA,
napannensHoit x;. Ocb 4, napa/iiejbHas OCH X4, BK/O4aeT B cebs
OCb BTOPOTO TMOPfAAKA, TaKke TNapasJe/bHYI0 X3, @ MB YXe HaLLH,

YTO NMIUL MOLYJM, BHJeNeHHHe KUPHHM mmpupToM B Tabauue (7.24),
LOXPaHTC] TPM AelCTBHM OCH BTOPOro MNOPfAnKa, NapaineNbHOR Xg.

1) Onepaunis nosopotra Ha 90°, conposoXxAaeMas uHBepcuel,

10*
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CrenoBateNbHO, TONBKO 5TH MOLY/AM HeOOXONMMO PaccMaTpUBaTh Aafblie.
Ocb 4 npeobpasyer ocH KOOPAMHAT ClelylOLIUM 06pa3oM:
l—2, 251, 3—5—3.
Iostomy
dys—> —dpy dyy—> dpg Ay —>—dy  dgp—>  dgy
diog—> dyg oy — —dyyy Qoo = — dyyy (7.26)

Ayss —> — g

Takum o6pasoMm, Hanpumep, d,,, NpeoGpasyercs B —dys Ho mu
3HaeM, 4YTO, TaK Kak Kpucrann obganaer ocbl0 4, TO MOAYAb dy4
Lomkel Npeobpa3oBriBaThcs caM B cebs. CnenosartesibHo, dyjy3 =— dpg.

R

Z,,
a

@ ur. 49. Toyeynnie snNEMEHTH CUMMETPHM Kaacca 42m 1 opHeHTalLus
oceff KOOppMHaT.

a— obuiuunifi BeiGop opuenTanuu ocell koopnuuat Ox,, 0x, Ox, 06— cucrema
KOOpnHIaT, NoAyuyeHnas H3 nepBofi MOBOPOTOM Ha 45° Bokpyr ocu Oxy.

AHanoruyno, Bce CcTpesku B (7.26) MOXKHO uMTATh Kak 3HAKM paBeH-
CcTBa.

Tenepr paccMOTpPUM OCb BTOPOro MNOpsIKa, NAPaNENbHYO x;. MH
BUIenM BhllE, 4TO NpPH HaJM4M¥ OCH BTOPOro MNOPALKA, mapannennb-
HOM X3 oOpailaloTcs B HYJb BCe MOLY/M, He HMelOUlde B MHIeKCax
uudppy 3 uam uMewoiime 1Be uuppei 3. TOYHO Tak Ke NPH HAMMYMH
OCM BTOPOr0 NOPALKa, NapasenbHol X,, 00pallaOTca B HYJIb BCE MOLYJH,
He KMerll¥e B MHIekcax undpu 1 nmam umeromue nse uMdpps 1. Mrak,
OCTAITCA TOJEKO CJeLyiOliMe MOLYNH:

d123 = d213» daxz (= dam)-

B o6oaHayeHusx ¢ nByMs MHIeKCaMy OHM 3anmMIUYTCHA TaK:

d14 = d25’ dae-
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TTosToMy MaTpuua MMeeT BHL,

000 d, 0 0
0000 dy O],
0000 0 dy

Hucrennvili npumep. diementbi Matpuust (dy;) ana nurunpodocdara
amMoHus npu 0 °C B paunoHanuaupoBaHHol cucteMme MKS («yzo#{nsromon)
UMel0T CJelyHOliMe sHayeHus [64, 91]:

0000170 0
0000 0170 |xI107™"x/m.
0000 .0 517

OTMeTHM, 4TO TakOe pacnpelesieHMe MOLYyJelt B MaTpHle CNpaBellNBO
TOJNBKO NpPH ONpele/eHHOM NOJOMeHWM KPUCTalla OTHOCHTENbHO OCeH
KOOpIMHAT X,, Xj, X3, NOKa3aHHOM H4 ¢ur. 49, a. Ecau ocu koopamHar
NoBepHyTh Ha 45° BOKPYr X3 Tak, 4ToObl OCb X, GHJA NepheHLMKYspHa
NJIOCKOCTH CHMMeTphM (dur. 49, 6), TO MarpHud npuHuMaer HOBYIO GoOpMy

0 0 0 0 0170
0 0 0 —017 0 0]X 107" w/u.
26 —26 0 0 0 0

2) Tpuzonaasnan u zexcazonarstas cucmemsl. VICnoNb3OBaHHBIM
Bbllle MeTOL MNpSMOR MNpOBepKM #ABJASeTCA CaAMbIM yAOOHHM crocofoM
onpejelieHHsl YCNOBMM, HanaraeMblX Ha MOZAY/NH, BO BCeX KJaccax, 3a
UCK/IO4eHNeM K/1aCCOB, MPUMHAANEKALLNX K TPUrOHaJbHOM M reKCAroHAJb-
HO# cHCTeMaM. DTO O0ObACHMETCA TeM, 4TO BO BCeX KJ4cCaX, KpoMe
TPUrOHaJbHHX YW reKCarOHa/NbHbLIX, 3J€MEHTH CUMMETPUH NPOCTO N3MeHAT
nopsadox ocett, T. e. KaXnas OCb Npeobpasyercss Ui B ceGs, UM B OLHY
U3 NIpyrux oceft (BO3MOKHO, C M3MeHeHWeM HANpaBleHHWs) W He NONander
HM B KakOe NpPOMexyTOYHoe noJOmeHMe. B knacce we 6, Hanpumep,
HeBO3MOXXHO BHIOpaTh NeKAPTOBH OCH KOOPIMHAT ¢ TAKUMH CBOMCTBAMI:
X, OyneT npeoGpa3oBLIBATLCA B NHHEMHYID KOMOUHGUUIO X, Xp Xg.
B knaccax 3 n 3m mowHO, mpasna, BHIOPAaTh NEeKAPTOBH OCH KOOpPAMHAT
C TaKMMM CBOMCTBamu, HO 3TH ocH He Oynyr cosnazatb ¢ oOLienpHHs-
TolMH, T10STOMY nnsi TPHrOHAMTBEHOM ¥ reKCAarOHaNLHOM CHCTeM ClenyeT
BOCMOJ/Ib30BaThCA Ooslee OOLUMM AHANUTMYeCKMM MeTOLOM. MH M3NOMUM
ero B o0 uX yepTax. TIpUHLMN OCTaeTCA TOYHO TAKHM e, KaK W Ipewmie:
Ie#CTBMEM 3JleMeHTa CHMMeTPHM KpHcTanna npeobpasyioTcs OCH KOOpIM-
Rar Y Crapele 3HayeHUs MOLY/elt NPUPABHUBAIOTCA K HOBHIM.

PaCCMOTpHM JefiCTBHe Ocelt 1eCTOro M TpeTber0 NOPALKOB, Napal.
Je/IbHHX OCH X3, Marpuubt npeoGpasoBaHus /s NoBOpoToB BOKpyr Oxg
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Ha 60 u 120° uMMerOT COOTBETCTBEHHO BHI

IR L e
(ai/)z __%V‘g _%_ 0 H (ai/)z _%l/"é ___%_ 0 .
0 0 1 0 0 1

Ipumensis st npeobpa3osaHus K d;;,, NONyuaeM CHCTeMbl COBMECTHHX
’ -
ypaBueHutt. Tak, HanpuMep, HaXOAMM, 4TO d| , eCTb (PYHKUNA WeCTU d;y,,

. 4 —
@ UMeHHO: dyyy, dyyg dygor a1y Gog, dopp. Tonaran dy =d, ., nonyq:,aem

YpaBHeHe, CBAsbiBaiOwee STH wecTb dyy. Iloctynan aHanornsHo ¢ d,,

digyr A3y Gpyp U Gy, HAXOLUM ellle NATH YPABHEHMH 171 TeX e CaMuiX

wecTH dy;,. Pewas sTH ypaBHeHus, nonyuaeM 418 OCH TpeTberO NOpSIKA
COOTHOLIEHAS

iy =—0yp==—dyy dpp=-—dp=—dy,,
a 179 OCH LIECTOr0 NOpfAiKa — COOTHOIEHUs
Ay = Qyyp = — dypp = dpyy = dpyp = Gppy = 0. (7.27)

Vcnosua, waknanbiBdeMble Ha LPyrie MOLYJM, MOJYHalTCs Hemocpen-
CTBEHHO; ANA OCeft TpeThero M LIECTOrO NOPSIKOB OHM HMEKT BHI

dua = dzza- dipg = — 213 dan = dyg,
dxaa = dzaa = daxz =dyg=0dzp;= 0.

Takum o06pa3oM, MH HawWAM YCNOBUS, HanaraeMbie Ha MOAYJM L7
k1accoB 6 u 3. JlpyrMe HelleHTpOCUMMeTpH4YHbie I'eKCArOHaJbHHe M TpH-
roHanbHele KJacCH Moay4arorcs pobaenenVeM K STHM IBYM KJaccaM
NIOCKOCTe! CUMMeTpUM M oOCeft BTopor0 nopamka. JlannHeftuue orpawu-
YeHMS, KOTOphle HaKNaibiBaKT Ha MOLYJM 3TH NJIOCKOCTH U OCH BTOPOTO
NOopsiiKa, JerkO MOXHO HaHTH MeTOLOM NpAMOM NpOBepKH.

0) ITpumenenue meopuu zpynn. TIONHOe HHCAO He3aBUCHMHX KOM-
MOHeHT TeH30pa, HeoOXOAMMOe A/ OTpele/leHUs] KOHKPETHOIO TeH30pHOro
CBOMCTBA JOOOro KpUCTanaorpadyuuecKoro KJacca, MOXHO HaHTH TaKwke
C NOMOLUBLKX) TeOpHM rpynm (cM. KHUrM YurmaHa [52], a takwe bDarapaH-
taMa U BeHkartapattyny [15] u crateio HHa [B7]) ). Takum nyTeM MOXHO
NpOBepHThL pe3yJ bTaTh, NOJYyueHHHe APYrMMHM MeToiamu. Teopus rpynn,
NpPUJIOKEHUsI KOTOpOH pa3BUBAKOTCA B YIOMSHYTHX KHUrax, He Onpele-
JfeT, KaikMe M3 MOAYJelt He3aBUCUMB, & LaeT TOJLKO NOAHOE YUCAO
HE3aBUCUMHX MOLyJed, OnpeOesenue He3aBUCHMHX KOMIIOHEHT LNf
KAXAOr0 Kaacca C NOMOIUBI0 MeTOLOB TEOpHM rpynn OHJO BBEIIOJNHEHO
dymu [44], a takke duewn ¥ Pymyu [39]; B YKa3aHHHX CTATBAX NpPUBO-

1) Cum. taxwe [107, 111). — Ilpunr. nepes,
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nATCA CCHLIKM Ha gapyrve pabotu (cM. Takie [56]). Teopuro rpymn
yILOGHO UCMOAb30BATE TOI'Ad, KOria HYXHO HccaenoBaTh Cpasy HeECKOJBKO
POLCTBEHHH X K/NaCCOB.

§ 6. PeayantaTel Aasi BCEX KpHCTANJOrpadHuECKuX Kaaccos

B rabn. 8 npuBOmATCA pe3ysabTaTH, MNOJy4YeHHBIE NPH TpHMeHeHUH
METOINOB, PaCCMOTpeNHHX B § 4, M. 2, KO BCeM KpPHCTA1n0rpaduyeckuM
knaccaMm nooyepenHo. Kawnas M3 T1abaui, CTOAMX B CkOOKax, Tpel-
cTapiser COOON (dyy)-Matpuiy, BLNNCaHHY!O B Qopme (7.18). B Hauane
tabn. 8 npuseleHb 0003HaueHMA. ManeHbKHe TOYKM O3HAYAOT MOLYJH,
paBHEie Hymi0. XXHpHble TOYKH O3HAYalT MOLYJH, OT/M4HBle OT Hynsl.
JIMHMA, COelNMHAOIAA [Be KHUPHule TOUKH, O3HAuaeT, YTO COOTBETCTBYIO-
IHe ABA MOLYJs paBHbl Apyr Apyry. Korna ixupHas Touka coOeiMHeHa
JAMHYel CO CBeTJBIM KpYXKOM, TO 3TO O3HaudeT, 4TO COOTBETCTBYO-
I¥e [Ba MONYJs YHC/IeHHO PAaBHB, HO MPOTHBONOJOMXHEI MO 3HAEKY.
Tak, B Knacce 4 MORyM dyy = dgp, diy=0dys W d,=—d,,. IBotHon
KPYKOK BCera COelHHfleTCs C XHpHo# Touko#t. Ecim x —- uncnenHoe
3HayeHne MOLY.Ns, OOO03HaYeHHOrO KUPHOM TOYKOM, TO 3HAueHHe MOLYJA,
0603HA4eHHOTO NBOMHHIM KpYKOM, Oyler paBHO — 2x. Tak, B knaacce 3
BHINOJIHAIOTCA PaBeHCTBA d,g = — 2d,y M dpg = — 2d,, (B nocJefHeM cNyyde
COelMHHUTe/IbHas JUHMA MPOXOIMT Yepe3 CBeTNHR Kpy#ok). YUMcno Heaa-
BUCHMBIX MOLYJeH [JA KaKIOro KJacca yKa3aHO B CKoOKax crpasa
BO3Je MAaTpMUH, PacnonoxeHMe OcCeft KOOPIMHAT OTHOCUTENLHO SJeMeH-
TOB CHMMeTPHH COOTBETCTBYeT, 3a MCKJIO4eHMeM OCO60 OroBOpeHHHIX
cnyyaes, npasunam, pekomeHzoBaHHeiM IRE [86]. 3TH npaBuna cymmu-
POBAHH B MpPHIOXeHHH 2,

Dusiuecknit cMbica MATpul Tabn, 8 nerye Bcero YACHHTH, Onpenenss
NOJAPHUSALIMIO, BEIBHBaeMyl0 B BLIOpPAHHOM KpHCTaanorpabuueCKOM KJjaccCe
IefCTBYeM paaNMuHBIX TPOCTHIX HANpshKeHMt, YMTare/lo pekOMeHayercs
NpoLeNaTb 3TO CaMOCTOATenbHO. Il GoMee [eTanbHOrO paccMOTpeHHMs
Mb H3bepeM Nbe303JeKTpHueCKMe CBOMCTBA KBapua, MMelOilero 00Jbluoe
NpaKTH4YeCKOe 3HAyYeHHe.

Heapy, YIpy KOMHATHON TeMNepaType KBapl NPHHALNEKHUT K Kaccy 32,
Ero (d;)-marpuua ueer Bup

1 S O3 Y S5 Se
Pydy —dy 0 dy 0 0
P[0 0 0 0 —dy —2dy]);
P \0 0 0 o 0 0

allecb P; U o, NOMellleHH N/ ACHOCTH.

Ecnan HanpswxeHHe pacTsadeHMs o, NPWIOWEHO Napa/yleNbHO OCH X,
ABNAIOLLENCA OCbI0 BTOPOro nopaiaka B KpHcTatte (¢wur, 50), 10 ypaBHe-
Hue (7.17) nokasbBdeT, 4TO KOMMOHEHTH BOSHHKaOLleH noaApu3aLuH



TABAMWLA 8
Popma mampuyer (di;)

O6oznavenus

® KOMIOHEHT3, paBHas HynIo,
@ KOMIOHEHTa, OTNMYHAA OT Hy.S,

@—4& paBHbie KOMINOHEHTH,

@—C KOMIOHEHTH!, PaBHbi€ N0 BeaHuline, HO MPOTHBONOJOXHbBIE
no 3Haky,
©® KOMINOHeHTa, paBHas B3ATOH ¢ OOpaTHHIM 3HAKOM YyABOEH=
HO¥ KOMIIOHEHTe, € KOTOpOH oHa cOeaVHeHa aHHMed.

Lenmpocummempuunsie kaacco!

| Bce modyau paansl Hynw

HeueHmpocummempuyHb/e Kadaceul

TpuknuHHag cucmema

fnace 1
00000

o0 0000
o000 0 0/ 18)

MoHoKnuHHGA cucmema

Knace 2 Knace 2
2llz, * o o @ o O 2”‘”3 " o o O @ »
(odvturas
opueHmayus) 00 * 0 - « s o 00 .)
« o s @ « 0/B o000 .0/ ®
Kpace m Knace m

?-‘-‘”ﬂ o000 .0 - m 1. 'Y )

(oOst4Han . .

opuenmagusy \ ¢ * @ ¢ @ oo L4
o000 ¢+ @ /00 ---oo-(lO)

Opmopoméurieckan cucmema
Knacc 222 Knacc mm2

CEEETH R (ST

Tempa2oHabHoA cucmema -
Knace 4 Knocc 4

G, TR,




TempozoHasibHas cucmema (rpodossseHue)

HKnace 422 Knace 4mm
<oo--o-)“) .—...o-(s)
Knace 42m
2z, , [, \ R
(- e o o + @ (2)

Ky6uueckan cucmema -
Knacc 432 Knacevt 43m u 23

G (N

Bce modynu paerot Hymo

TpuzoHanbHUSA cucmema
Knace 3 Knace 32

O~2 ©
O . o (%) »w o o o YO
o0 O ¢ o (6) e o o o o o (2)
Knace 3m Knace 3m

m'L'ri * . D

mlz;
(obbiznas f° °
opueHmayus)

reKCuZOH(]IleuH cucmemo

Knacc 6 Knacc 6mm
<H.oo- (4) <H.--.>(8)
Tax see, kar knace 4 Tax e, kax KAacc 4mm

Knace 622 Hnace &

:::?\;;)m

2)
Tax e, Kax xnacc 422

Knace Em2

mJix,
(obbiurasn [* ° ° 2
opuexmayus) T s e .

o o o o o » (I) (”
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3alal0TCSl  MOLYJsIMI, CTOSWMMM B TepsOM cToabue (d;,)-MaTpuub,
noaToMy
P,=dyo, P,=0, P;=0.

CrenoBaTenvhio, TOIAPU3alMA HANpaBaewa BLOJL OCH X, 1),
Hanpskelde pacTsxenusi o, BIOAb OCH X, He BbI3bIBAET MO.IAPH3d-
LMH, Tapanie]bHOit 3TOM OcH, @ BLI3bIBAET MOMNAPM3ANMI0 BAOTHL X,

P,=-—d;o, P,=0, P;=0

(sTopoft cronCell MaTpHLHl),

Takum o006pasoM, noaspHsau¥s BAOJL OCH BTOPOrO TOPAAKA X,
MOxeT ObITh BbI3BaHA WM HaNpMKeHHeM PacTMXKCHMA BLOJL X, WM
PaBHLIM eMy HATPSHKeHMeM CAaTHA BLOJL OCH Xo.
Y KBapua ocb BTOPOro nOpPAiKa Ha3ulBaeTcs IAeK-
mpusecrkoli ocvi.

Barnfsuys Ha BepXHIO0 CTPOKY MATPHLL MO~
LyJelt, Mbi BUAMM, YTO TOJAPH3AINA BLOMbL OCH X,
MOXeT OLITL Take BLI3BAMA CABMIOM o, BOKPYT
OCM Xy; INfA 3TOrO Hanmpkelys

P,=d,0, P;=0, Py=0.

u

o

Jgapu3auMa BLOJL X, (BTOpA Ma-
dur. 50. Toucunsle Honspusau A 26( paa cTpoxd \:la
5JEMEHTBl CHMMETDHH TPHULLLY), OYeBHIAHO, MOWET OLITb BLI3BAHA JBYM$
c-KkBapua (kjacc 32) u NyTAMM: BO-MEPBLIX, CABMrOM o B IIOCKOCTH,

BbLIOOP OpteHTalNH neprnexpukyaapuoi Ox,, paiowuy
OCeH KOOpAHHAT

Oxll 0x‘£| Ox:]‘ Pl = 0. P2 = dl405, P3 =] 0'
H, BO=BTOPbLIX, CIBUTOM oy B TMJOCKOCTH, nepnelmm(y.nﬂpuoﬂ X3, AAKLUM

P, =0, P,——2d,0, Py=0,

B mKHel CcTpOKe MaTpHMilbi Bce MOLYJAM PaBHbl HYJ; OTclOna clie-
LyeT, YTO HMKAKOE HAMpskKeHHMe He MOMXET BHI3BAThL MOJAPHU3AUMO BLOJb
OCH TpeTber0 TOpPAIKa Xs.

Hmke npupelenb! SKcMepUMeHTabhble 3HAUYEHMS d,/ L1 TPaBOro
kBapua (paccultannbie 1o nankeM Kanu [24]):

—23 23 0 —067 0 O
0 0 0 O 067 46]|% 107" x/n.
0 0 0 0 o0 O

1) Tono.xnTeIbHOE HalpaBjeHie x; OCHUHO ONpele’aeTCs MO CAEAYIOMEMY
npaBuay [86]: B nmpaBom kBapue Ha rpaHH, NepneH;iHKYIAPHOR MON0KHTENbHOMY
KOHIY OCH X;, NOfBJAAETCH OTPHIATENbHBIH 3apaAn NpH pacTaxkeHuH (¥, caeno-
BaTeJLHO, MOJOXKHTEJAbHBHR 3apsx MNPH CxaTid); B JEBOM KBapue Ha TIpany
NepneH UKy AAPHoi NoJOKHTENLROMY KOHIY OCH X, MOABAACTCA MOAOKHTEIbHbIR
3apax npu pactaxenut [Ipd TAKOM yC.10BiiH, OUEBILIHO, MOYb (/j) OTPiATE/I€H
JJas MpaBoTO KBapua M MOJOXKHTCNEH I8 ACBOCO,
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TponnmocTpupyeM BeNHYHHY TPAMOTO 3ddeKTa caeAyIOWHNM 4Hc/eH-
HLIM NpuMepoM., IIpelno.siowMM, 4TO HaipskehwMe cxarua 1 xlcm?
(=09,81. 10% 4/#?) nehcTByer BLOJIL OCH BTOPOro NOpsAIKa KpHcranna
npaBoro kKeapua. BoanMkawwas nosapusauns 6yner pasHa

Py =d,0, =(—2,3-10-2) X (—9,81:10)=2,3-1077 x/m2

PaccuntaeM Tenepb oOpathuiit addext. IlpeninonowmiiM, 4TO 8.7eKTpH-
yeckoe noJje uanpskernoctoio 100 g'cm (= 10! 8/4) nmefticTBYeT BLOJDL
ocH sroporo nopspka x;. IledpopmauMs BHO.b 3Todt OcH Oyzer npeicta-
BanTb c00Oit cxaThe, KOTOpOe, COr/ack0 ypaBHeHHMO (7.21), MOwxHO
3anucaTb B BMIe

e, =d,E,=—23-107%.10'=—23.10"%

IeticTByiOlIee TOJMe, OYEBUIAHO, BLI3bIBAET TaKXe paBHOe pACTMKEHMe
BIOMb X, M CIOBUr B TUIOCKOCTH, TePTEHIMKYNADHOR X, (cM. NepBYIO
CTPOKY MaTpHIB), TaK YTO Mbl HMeeM
-8
gp=dE,=—d;;E;=23.10
"

gy =d,E, = —0,67 - 1075,

§ 6. XapakrepucTuieckne NOBEPXUOCTH

Kak Mbt ywe BuAeaM B ra. I, § 4, cUMMeTpHyHbift TeH30p BTOPOro
panra MOXHO TPeACTABUTb TIOBEPXHOCTLY) BTOPOro MOpPANKA (3/JUNCOUIOM
nnu runepbononnoM), Tel3ope TpeTbero panra TaKke MOXHO IpeicTa-
BUTb XapaKTePHCTHYECKUMH TOBEPXHOCTAMY, OLHAKO OHM HE TdK TPOCTHI,
KaK XapaKTepHCTHYeCKHe TOBePXHOCTH IJS TEH30POB BTOPOro0 pawra;
Oosiee TOro, NMpefcTaBUTL TEH30P TpPeTLero paura eLNHCTBeHHON TNOBepx-
HOCTBIO HEBO3MOXHO.

PaccmoTpuM, Kak onpepensieTcsl NOBEPXHOCTL, MOJE3HAsA NMPAKTHYECKH,
IlpennonoxuM, 4YTO HA TMOBEPXHOCTL IJACTHHKM, BLIPE3aHHON M3 Kpu-
CTand TepNeHAVKYASAPHO TNPOM3BOJLHOMY HampaBlenmio, 0003Kauen-

Homy Oux| (¢ur. 51a), neftcTByeT HOpManbhOe Hampsiehde pacTsie-

HUs °;1' Boauukawowans noaspusauus Oyner o0nanatb KOMIOHEHTAMM BO

BceX TpeX wanpasnenusx Oxj, Ox;, Ox;. Komnowenra noaspusaiuy
B Harpapesun Ox; OyneT 3anaBaTbes BLIPAXelHeM
I 7
Pi _dincu
M, B YacTHOCTH,
;g 7
Pi=d ¢

111711°

Cnenopatesnito, d),,  M3MepseT ,MPONO/BHLINY  NbeE30SNCKTPIYECKHU
apdekT; 3Ta BeJMYMHA [aeT OTHOLUeHWe 3apala HA eLWHAUY Naowwany,
BO3HMKAIILEr0 HA NOBEPXHOCTI IIVIACTHUHKM, K NPHIOKENHOH K 0BepX-
l‘!OCTH NJIaCTHHKHU HOpMaﬂbHOﬂ Ccilile Ha caitHULY nJaowaiy, PaccmoTpeHne
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yCJIOBUM CHUMMeTPHUH TOKa3oiBaeT, uTO NPOLOALHbIM 3deKT MOXKeT BO3-
HHKaTh TOJLKO BAOJL HAlpaBieHHH, #B/AIOLWINXCA IMOJAPHBIMA B TOM
cMbic/e, KaK 37O omnpelenedo na ¢tp. 100. IloBepxwocTh, panMyc-BeKTOP

KoTOpo# B Hanpasnewun Ox; paBek d;, , Ha3LIBaeTCH NOBEPXHOCMBIO NpPoO-

00AbHO20 Nbe30dsemputeckozo 3Pgerma (pur. 516). (D1a NOBEPXHOCTD
NPeNCTaBIART TaKKe NeOPMALMIO PAcTAMKeHHsl, BO3HMKAIOLYIO B HanpaBJe-
- HUM TIPUNOWKeHHOr0 no.s, ubo npm o6-

' Y
patson sdpoekte &), =d; F|.) OueBunto,

MOXHO BBeCTH MHOIr0 IAPYrMX noOBepX=

/ “ s
r
‘T"Z
1]
/‘Tl
- rd
”
Ay
1, \
“ \
0 x,
& ur. 5la. CxeMma, noscusio- @ ur. 516. CxeMa, noscHawLaA Onpe-
mas MpojoJbHbIH Mbe30sJeK- neJeHre XapakTepHcTHUYeckol MoBepx-
TpHuecKrl sdiekr. HOCTH 11l MPOAOJBLHOTQ Ihe309MEKTPH-

Besuuyia 3apRAfd HA IPaHH, NepHennns YyecKoro S(b(bek'ra.

KyaspHoh Ox{, onpenensieTcs KoS¢-

duunenTOM d{”, Ha rpamd, mep- pocTel JMJA NpelcTaBieHMs KOHKPETHBIX
ne NUKyAapHoi Oxé—xostb(buuneu- KOMITOHEHT TMOJAPH3alluH, BO3HUKAIOHIUX
non AelcTBMeM ONpelie/leHHO Hampapneti-
HBIX HanpsxeHUH (MM KOHKPETHBIX KOMIO-
HeHT nehOpMailiy, BO3HHKAIIIKX MO AeHCTBHEM ONpele/leHHO HarnpaBJ/ek-
HEIX noneht).

Dopma nosepxrocmu npodrabHozo Nbe3odseKmpuieckozo sghdernma
0.5 reapya. Ytobbl Hafith ¢HOpMy MOBePXHOCTH NPOLOJLHOTO Mbe30-
9/eKTpHueckoro sdgekTa Ans KBapila, Mbl MOCTYNMHM cJenyowum oGpa-
30M. PanMyc-BeKTOpD STO#f NOBePXHOCTH B MPOU3BOJLHOM Hanpas/esuy Ox{

Bbipamaerca B BHIe

/
TOM d21 '

7
r= dm - alialialkdi/k'

rge, kak npexne, Ox; -——OcH KOOpPIAMHAT, cOr/acOBaHibie ¢ CUMMeTpHel
KpHUCTa/d, AN KOTOPLIX NpHUMewnMbi Tabamubi MOLy/ed. Lankbie B § 5.
B kaacce 32 OTAMYHBI OT HyJaA TOJALKO MOAYNM dyyy, Gypen Giaan doge
U dys TAK UTO MH HMeeM

F = Q4,001,811 - Oy1 0120458100 F- 204, 045050 193 1
4 2015010198519 - 2015044845855,
s KpaTKOCTH 3aMeHMM (@, Gy, Gyy), ABISIOLIMECH HANPaBAAIOLMMH
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kocuwycamn Ox; orhocutensno Ox,, Ox,, Ox,, vuepes (L, m, n) w,

KpOMe TOTO, chonbsyem COOTHOLIE KU Memny MOILy.fIﬂMH, anBe,U.El{Hble

B § 5. Torna monyuuM cienyioiliee ypaBheHHe TIOBepPXHOCTH:
r=1(2—3m?)d,. (7.28)

3aMeTHM, uTO 3TO ypaBHeHHe COZEPXMT TOJLKO OIMH W3 JIBYX He3aBH-
CUMBIX MOZ#yJeft.

u

z.x,

& ur. 52. XapaxrepHcTHuecKas NOBEPXHOCTb NPOJOJBLHOTO Mbe30-
sJieKTpHueckoro shdekTa A KBapua.

a — neHTpasJbHOe ceyeHHe, Neprennukynaspuoe ocH Oxy sBasioulefics OCbIO TPETHEro
nopsinka; 6— ceuenne, conepxauiee Oxy v Ox, —OnNHy M3 ocefi BTOPOro mopsinka.
Ha cxeme npupeneHbl TAK)Ke CTepeorpaMMbl 51 eMeHTOB CHMME TPHY B 06 HX NpOeKLHsX.

YroOui HaftT B MOJAPHLIX KOOPAMHATaX ce4eHHe STOH MNOBepXHOCTH
na0ckocTvio, colepxatlet Ox; n Ox,, nonomuM [=—cos0, m=sinb;
roe 6-— yron mexny pammycom-sektopoM M Ox;. Torna

r=d,; cos 0 (cos? 6 — 3 sin2 b) == d,, cos 30,

D10 ceuenre NOcTPOeHO Ha ur. 52, ¢ AnA TOJOKUTENLHOTO 3HAYEHHA dy,.
Kak Mo ywe ynoMmunand (cM. mpuMeuanMe Ha cTp. 154), TaxkOe 3Haue-
1iMe d,; COOTBeTCTBYeT JeBOMY KBapuy. TakuM o6pasoM, B nonoGHOM
KpUCTalle Hanpsende pacTaXehHs BAOAL Ox, BLI3LBAET NOJOKHTE!Nb-
Hbifi 3aPAL Ha IPasM, nepreliIUKYNAPHOK I0.70KUTeJbHOMY HArpaBleHHIO
oc Ox,. Korza sanpasnelite NPpUOKeKHOTO PACTAr UBAIOLIErO HaTIPsKeHus
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NnoBOpayMBaeTcs MNPOTHB YacoBO# crpenku (¢ur. 52, @), mnporoabHas
KOMIIOHEHTa MO.spH3aluy yMeHblllaeTc M HOcTHraeT Hyas npu 6 = 30°,
Barem oua u3MensleT 3Hak M npu 6= 60°, Koraa nanpsikekde pacTAKenUs
BHOBb HarpaBJ/eHO BJ10b OCH BTOPOTO MOpPALKA, AOCTHIAeT MakcHMyMa B
—+ u uanpaenenuu. PaccMOTPeHHYI0 QUIYPY TakiKe NerkO MHTepNpeTHPO-
BaTb M ¢ TOYKH 3penuss obparnoro sddekra.

CeueniMe TOBePXHOCTH TPOLOJBLHOrO Nbe303(deKTa MIOCKOCTbI), CO-
zepwauielt Ox; M Oxy, nonyyaercs, ecad nojoxuts m=0 u [ =cos b,
roe B — croBa yron mexnmy pannycom-sextopom M Ox;. Torza Mui MmeeM

r=d,, cos® b;

COOTBETCTBYIOlEEe ceYekle MNOKasawo Ha ¢ur, 52,6. dopma xapakrepu-
CTHYecKOH NMOBePXHOCTH NOLOOHA TPeM MHMHAANMKAM, OCTPHE KOMUBI KOTO-
PHX BCTpeyaloTcs B TOYKe, JeXalleff Ha TpUroHanbho#t ocu. s dopmui
NOBePXHOCTH HeMOcPelcTBEHHO BMIHO, YTO, HanpHMep, MPH cKaTUM KpPU-
cTaana Keapla BLOJML OCM TPETLero Nopaika NPOLONbHLIH Mbe303neKTPH-
ueckU# 30(eKT OTCYTCTBYeT. IDTO fcHO TaKXe M M3 cHMMeTpuu. Ilpo-
LoNbHEY addekT, KAk JMerk0 BUIeTb, HMeeT HauboJblllee 3Hauewie,
KOTJa KPHUCTaAn c¥UMaeTcd BAOJML OCH BTOPOrO MOpsiika (3JeKTpUyeckoft
oci).

IMosepxnocmu npoOoabrozo nve3ossekmpuieckozo 3fipexma 0Oas
Osyeux kpucmasnnos'). POpMy NOBepXHOCTH NMPOLOJLHOrO Tbe30INeEK-
TpU4YeckOro 9¢deKTa AJMH KPHUCTANJIOB APYruX KAaccOB MOMXHO HaHTH
ananornynuM nyteM. CHMMETpHs STOM MOBepXHOCTH LOJKHA COT/ACOBbI-
BaTbesl ¢ TOYeWHOM TPYyNIIOf cMMMeTpMHM KpHcrania. Hanpumep, nosepx-
HOCTb LNA KpUcTanna uMkkoBoit oOManky, npuuaiiexailero k knaccy 43m,
YIMeeT YeTHPe MOJOCTH, BHITAKYTble B HANpaBleHMN YeThipeX Ocelt TpeTh-
ero nopanka. Ma cHMMeTpHMM KpHcTaana M MaTpUUH, TPHBeleHHOH B
tabsn. 8, MOXHO BHIAeTb, YTO B KpPHcTal/naxX STOTrO Kjacca LaBJeHMe BAOMb
OCHM BTOPOTO TOPSAAKA He MOMeT BLI3BATL NPOLONLHOrO 3ddekTa (MOXIO
OTMEeTUTb, OJHAKO, YTO NPH cABMre BOKPYT OCH BTOPOrO NOPAIKA BO3HH-
KaeT Mbe303JeKTpuyeckuit sddekr).

PE3BIOME

Onpenenenue TeH3opa TpeTbero panra. CosokynuocTs 27 yucen Ty,
ONHCLIBAIOLIMX HEKOTOPYIO (M3MUecKYI0 BelnuynHy, oOpasyer TeH3Op
TpeTber0 pPanra, ecTM OHM TNpPeoOpasyloTcA COIMACHO YPABHEHHIO

’
Tlik la/maknTlmn '

d10 ypaBHehMe cOBMajaeT ¢ ypaBHehHeM npeoOpa3oBaHiia TpPON3BeleHH
KOOPIMHAT X;X;Xy.

1) JanbHeiimne noapoOHoeTH oM. B Kuurax Qoiirta [92] » Bycrepa [96].
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Ipsimoit nbe3oanexTpuueckuil apderr. ITpsmolt nbesosekrpudeckut
sddeKT 3a1aercsl ypabBiieHHEM

Py=dy05. (7.3)

rae dy;, — MbeCOEKTPUYECKUE MOAynH, 00pas)ioune TEHTOP TPeTLETO
paHra.

Ecau npenebpeus 06beMHBIMH MOMEHTaM{, TO Gy =3y, M Mbl MOMeM
no1oKuTy dy;p =dy,,. Bnaronaps 3TOMY 4YHCIO He3aBHCHMbIX MOZLYyJel
yMenbiuaetca o 18.

Matpuunas 3anuce. Bropo#t ¥ rperuit umiexkcw y djp u o6a
MHIEKCA ¥ 9), MOXHO 00beIMHUTL B OOMH MuIekc, npoberamowyit 3uaye-
uis or 1 1o 6, no crelyOleMy TpPaBHaY:

TeHzopubie obosmayenus: 11 22 33 23,32 31,13 12,21,
Marpuydbie o6oamayewusn: 1 2 3 4 5 6.

Mbl BBOIMM TakXe MHOMMTETM 2 B C/JeLYIOUIMX cJyyasX:

dy,=4d,,, xorma n=:1, 2,3,

2d,;,, =d;,, xorma n=4, 5, 6.
Teneps ypasieune (7.3) MOXHO 3afmHcaTb B BHJE
Pi=di]c/ (l=l. 2. 3; j—_—l, 2. ceey 6). (7.17)

Koapdpuurents d,; obpasyior (d,)-marpuuy M3 TpeX CcTPOK M LiecTH
cT01610B.

O6patHbil  nmbeaoanekTpuueckuil 9oddekr. OOparubiit  addekt
3ajaeTcs ypaBHelileM
ep =dE, (7.19)

¢ TeMH e caMHMM KO3(@HuMenTaMH d;;,, YTO M B ypaBHeHMM NPIMOTO
spdekra. IlBa WHAeKca Yy €;, MOXHO OODbeIMHMTb B OLMH COTJIACHO
BLilllenpuBEleHHOH cXeMe, MpPHYeM e;, =¢, npu n=1, 2, 3 1 2¢; =e¢,
npu n=4, 5, 6. Ilpn TakoM coKpautesun ypasuenue (7.19) 3sanucwi-
BaeTcs B BHIE

J=d,E, (1=1,23 j=1,2 ..., 6). (7.21)

TpeGopanus, Hansaraembie cummerpueil. Kpucrain ¢ uewrpom cum-
METPMM He MOXeT ObiTb Ibe303anekTpukOM. OrpanMyerus, [anaraeMHe
CHMMeTpMell KPUCTANIOB Ha MOLYJH dl] HeUeHTPOCHMMET PitYHbIX KpucTan-
JorpaduyeCKMX KJIaccOB, YacTO MOKHO MOJYYHTh, HCXOAl TOALKO U3
ananusa cuMMeTpun. MemoO npsmod wnpogepxu TPHMEHMM KO BceM
KJaccaM, KpPOMe KJaccoOB Tle‘OHa.anOH U TekcaroHaibHOR cHcTeM, I
KOTOpPHX HeoOX0AMMO MCNOJb30BaTh 60.see 0B1uMit anatuTHYecKMit MeTOL,
Has stoft ueanm MO:er ObITL TakXe MCNONb30BaHa TeOpHUA TPYINL,
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Tensop TpeTbero pawra, Hanpumep d,;,, He MOWeT ObTL MOJHOCTLIO
npeicTaBnek OLKOH TOBepXHOCTLIO. [Tosepxunocms npodoabhozo Nve3o-
s.eKmpunecrozo dfexma w300pakaeT KOMIOKEHTY MOJAPH3aLUM, BO3-
HUKAIOIIYI0  Napaife/bl0  TNPHAOKEHHOMY HANPAKEHUID PACTANKeHHUS.
Panyyc-BekTop aTO# MOBepXHOCTH B MOGOM HanpasJ/eHUM NPONOPUHOKATEH
npono/bHOMY 9¢dekTy B AankoM HanpaBliewuM. IIpomoJbHbiit nbe3osnek-
TpUyecku#t s(PeKT MOXeT BO3HMKATRP TOJBLKO BLOJbL MOJAPHBLIX Harpa-
BJIeHU#,

3ALAYH

1. Ucxons 1onbko M3 cooOpawmennit cUMMeTPHH, 1OKa3aTh, YTO Mg Kjaacca m
€ IJIOCKOCTbIO m, NepneRnnkyAsrHoll Ox,, BBIMOJHAIOTCA COOTHOLIEHHA

iy = dig = dyy = dpp = dpg = dop, = dpg = dyg =0

2. Hcxons n3 coobpaxeldil cuMMeTpHy, MOKasaTh, YTO AAs_Knacca 4
dry = —dyye

3. MNokasath, uTo AAs kAaccoB 422 m 622 NOBEPXHOCTh MPONOJBLHOIO Mbe30-
siaekTprueckoro sbdexTa He cymecTBYeT HH B ONHOM HanpaBieHHU

4. Ucnonbsya Tabn. 8, HaHTh, kaklle kaaccsl MOryT oOHapymHBaTh Mbe3o-
saekTprnuecknil sPhekT npn ruapocTaTHYECKOM CKaTHH, H TakHM o6pas3oM npo-
BEPHTb KOMIOHEHTHl MHPOSJCKTPHUECKOrO BEKTOPa p, nprBenekusie B ra [V, § 7.

5. [TocTosIHHOE ONHOOCHOE faBJEHHE MPHIOKEHO K KPHCTaldy KBapua nep-
NeHIMKYJAPHO OCH TPeThero nopaika [lokasaTe, 4TO ecam HanpaBnemve napje-
HHSl TMOBOPauMBAETCA BOKPYT OCH TPETLErO MOPSAIKE, TO BEKTOP MbE303JNEKTPH-
uecKkol MNOJAPH3ALMK, OCTaBasCh MOCTOAHHBIM MO BeMuYMHe, Takke Oyier
NOBOpPAuMBaTLCA BOKPYr OCH TPETHEro MOpsika, HO BiBOe OblCTpee W B MPOTH-
BOTIOJIOKHOM HampaBJeHNH.



I »n a6 a VI

YIPYrocCThb.
TEH30PbLI YETBEPTOIrO PAHrA

§ 1. 3akou I'yxa

[Mon ZeiicTBMeM wmampsikeHMs (opMa TBepLoro Teda MaMensiercs. Ecan
BeJIMYMHA HanpsKeHHs HUKe OTIPele/IeHHOTO TPele/bHOrO 3HauYeHHs, Ha-
3LIBAEMOrO npedesoM ynpyzocmu, TO IedopMmauus asafeTcs 0OpaTHMOH,
T. €. NPH CHATHM HalPMKeHUA TeJO NPUHUMaeT NMePBOHAYAILHYID (OPMY.
Hanee msBectHo (3akOH ['yka), uTO NPHM LOCTATOYHO MaJbiX HanpaKeHMsX
ZedopMauys MPOTopUMOHA/LHA BeJMudhe TNPHUJIONEHHOr0 HanpsXeHHs.
IlpennonoxuM, HanpuMep, YTO Ha H3OTPOMHLIK TBepabift CTepenb HAeH-
CTBYeT uHcTOe pacTXekde o. Jlponosbnas pedopmauus € no oOnpe-
Ienennio pasna Alfl, roe Al — npupailenve Iaunbl U | — NepBonaua/byas
nnuka, Cornacno 3akony [yka,

=sa,

e § — KOHCTaWTa, HasviBaeMas KoHCcmanmoll ynpyzoli nodamausocmu,
UM nodamaugocmsro, NN LaHHOH KOHKPEeTHOH cHCTeMBl Hanpmxehu#t H
LAHHOro Hampassienus ILedopmaunit. Bmecte ¢ TeM, MBI MOXeM 3arucaTb

rle ¢ — KOHCMGHMG ynpyzoll sicecmrocmu, WM TPOCTO HCECHMKOCMD]
¢ HasbiBaeTcs Takke MonyaeM fOwmra ).

1) McnonvsoBaike TepMHHOB HOOamAUBOCME W HCECMKOCMb COLNACYETCH
C NPHHATHIM B aMepUKaHcKoil anTepatype B TO me BpeMa MHOrne AaHIJIHHCKHE
aBTOPBl MCNOMB3YIOT COOTBETCTBEHHO TEPMHHBL MOOYAb YRpY2OCMU W KOHCMAHMA
ynpyzocmu. [lpn TakoHi cHCTeMe€ MOryT BOSHHKHYTL 3aTpynHEHHs, CBf3aHHbBIE
¢ TeM OOCTOATENALCTBOM, 4TO MOAYAb FOHra fBAfIETCA HE MONLYJNEM YNPYroOCTH,
a KoHcTaHTofl ynpyrocTh. Kpome TOro, mpenMyImecTBOM TePMHHOB Hofam.ausocme
W OeCMKOCmb ABASETCS HMX HardaAHOCTL: EeCTKHH KpHCTAMI HMEET BBICOKOE
3HAUEHHE osrcecmxocmuy, NOJATAMBLIY — BEICOKOe 3Hauekne fNofamausocmu. K co-
MaNeHHI0, HauadbHble OyKBbl aHrJmiickMX CJOB ,ecTkocTh* (stiffness) m ,mo-
AATAMBOCTL® (compliance) o6paTHBl COOTBETCTBYIOMMM CHMBOJAM, HO 9TOT (akT
JIErKO 3aMOMHHTD.

AMepuKkaHckas
CumBon |  nurepatypa h ;\:;:":'Tc'fa: PaawephocTb
HaCTOAI@sA KHHTa paryp
s MNonatauBocTs Monyab (Hanpsetine) 1
c XectkocTs KoHcrarra Hanpsxerne

11 In Han
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O606mry Temeps 3TH yTBePXIelius M onpefesenus. B ra. V u VI
MH yXe BUIETI, YTO OLHOPOLKOe HanpsielMe M OnHOPOZHAs AedOpMailys
onpenenalOTca B OOLIeM cayuae Tensopamu BTOporo paura. Ecsam k kpu-
CTa/Ty TIPHJIONKEHO MPOM3BOMbHOE OLHOPOLHOe HanpsikenHe oy, TO BO3-
HHKalolllas 04HOPOLKan NeOPMaLUA TaKOBa, YTO KaX1ad ee KOMTIOHEHTA ey
JUHeHHO cBA3aHa cO BceMH KOMIOHEHTAMHM warnpskenus, Tak, HanpuMep,

&1 = Sy111%1 - Syue%ie - Sinpsis
—+ S1121921 T+ Sy120%92 - 81129905 -
~+ 81181981 - S115298 + S1138%5s0

Ans LPYTMX BOCLMHM KOMIOMEHT €;; MMEIOTCHl BOCEMb aHANOTMUHHX ypaB-
HetHft, rie § — koucrantui. CrenosaTesnho, 3akod I'yka B 0606uientioft
¢opMe sanHileTcsd Tak:

&1y = SyriOrr: (8.1)

Blech S, — nodamaugocty Kpuctanna. Ypasuene (8,1) 3amensier
JeBATb ypaBHeHMit, B KaXIOM W3 KOTOPLIX CIIpaBa CTOMT JEBATL UJIEHOB,
Bcero umeercss 81 kOIQPUUUEHT §yp,.

Ecmu npunowmena TONbKO OfKa KOMIOHEHTAa HANpsXehHs, cKaxXeM 6y,
TO U3 ypasuenua (8.1) BHANHO, YTO MOTyT OHITL OTJMYHBI OT HYJa Bce
KOMIIOHEHTH feOpMauMy, a He TOALKO €,,. OTCIOLa BhHITEKAeT, YTO eCJH
NPAMOYroJibKbif  cTepeHn, BhipesauHbift M3  KpHcTannia, MNOABEPrHYTh
OLHOOCHOMY pacTAXeHHIO NapaeJbHO YeThiPeM ero pebpam, TO cTepXehb
OygeT He TOMBKO YIJMHHTbCH B HANPABJEHHN PacTsiKeHHs, HO M Mpe-
TepneBars cABHMr. IIpH aTOM Bce yribi M2KRy pebGpamMH cTaHOBATcA OT-
JMYKLIMA OT MPSAMBX yrjoB. EcTecTBelHO, uTO, ecqu Mbi OyneM mnbiTaThes
M30THYTb KpUcTaLIMYecKUH cTepiKelb, MPHMKNanHBas wHcTO Harubamiliee
Halpsmxende K ero KOHUAM, TO cTrepiekb OyierT B oOuUleM clyuae He
TOIbKO Marubarbed, HO M sakpyunBaTbcsl. COOTBRTCTBEHHO, eC/AM TOTbI-
TaTbeA 3aKPYTHTH CTePXekb U3 KPHcTa/la, NPujaras K ero KOHUAM YHCTO
KpyTalee Hanpsikesde, TO B ofuleM ciyuas creprwelb OyleT 3akpyuyl-
BaTbcA M U3rubarbca.

MoHO MOcTYNMTL MHaue M BHIPA3UTb HANPSNEHUA uePed AeOpMalliy
¢ MOMOUILIO ypaBHeHHH

Sy == Cyprfrp (8.2

rune ciik,—xoﬂcmaﬂmbt acecmrKocmu KpUcTadiia, YUCJIO KOTOPLIX PaBHO

81. Ecin ypashenns (8.1) pewnTh Kak cHCTSMy COBM2CTHHIX YpaBile-
HHit OTHOCHTE/JbHO Gy, TO MOJYYMTCsS cHcTeMa peiliekHit B popume (8.2)
¢ KOIpGUUMEHTAMH €y, ABJAIOWIMMUCA JIMHEHHEIMU QYHKUMAME S5

dopMa cOOTHOWEHUS MEXLY Cypy M Sy paccMarpuBaetcs B § 7 M
B IX, § 4, n. 2.

dusnyeckhit cMHCA Sy, MOXHO TNOHATb, NpencrasuB cefe, uTO Ha
KprcTana ne#cTBYIOT pasjiMykble TpOcTHe Hanpskelbs. Ecan 6bi 6u0
NPUNOKENO CABHUIOBOE HanpshkeHMe Syp, TO, BCTIOMHHARA, YTO B OTC)TCTBME
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00 LeMHHX MOMeHTOB !) o, He MOXeT OHTb TNpPUIOKeHO Ge3 9y,
MB NOJYHRAM Obt

&1 = Sy112%12 + S1y21%1 = (Sy112 =+ Sy121) F12-

KoappuuMenTb §y1p M Syyp; Bcelld TNOABJHIOTCA BMecTe; €C/M He TpH-
HUMaThb BO BHMManHe OOBeMible MOMEHTH, TO B MNPHUHIUIIE HeBO3MOXHO
npencTaBuTh cebe 9KcTepPUMEHT, NPH KOTOPOM MOXHO OHJIO 6bl OTHE-
MHTb Syyqp OT Sygey WM, B Goiice OOMleM cayuae, Sy, OT S;;y. (Auano-
ruyHas cHUTyallusl MMesja MecTO M ¢ Mbe303JeKTPHUecKUMHU MOLY NAMU
B ra. VI, § 1.) Tlostomy, uroObl u3lexarh TOABNeHUS MPOM3BONLHLIX
NOCTOAAHHH X, 6}'1181\( CYUTATL pPaBHLIMM JBe KOMIIOHEHTDI:

Skt = Sijip- (8.3)

BumecTe ¢ TeM, ecan Obi Obijo MPUJIOKEHO OLHOOCHOE pacTArMBaiOilee
sanpsxekde napaanenvio Oxz; TO KOMNOHeHTH fehOpMauyu 3anaBasuchb
O6H B BHIe

€11 == Snss¥am  Spu T S2233%3

¥ T. 1. B vacthoctH,
€p == S1o8933 M By = Soy35933.

Ho u3 onpelenehus KOMNOMeHT TeHsopa Jedopmauun (cM. ra. VI)
CNELYET, HTO & ==€y. JIOITOMY Sy533 == S35, H B OOIlleM cjyuae Mbl
nonyyaeM, 9YTO

Syrt = Syt (8.4)

Bnaronaps coortouenusny (8.3) u (8.4), Tonbko 36 u3 81 KOMNOHeHT Sy,
ABJAIOTCA He3aBHCHMBLIMH,

Ins omnpelenesdss KOHKPETHOrO (U3NYeCKOro cMbicna KoadduilMen-
TOB Cyj, B ypashennn (8.2) npencraum ceGe cOBOKYMHOCTh KOMMOHeNT
HanpskeHUt, TIPUJIOMEHHbIX K KPHCTalTy M BpiOpaHHBIX TakMM o6pasoM
yTo6Li BCe KOMMOHEHTH OeOpMauuit Hc4e3aml, 3a HUCKJIOYeHMeM OIHOH
HOpMaJbHOM MJH Mapbhl CABUrOBHX KOMNOHeHT. Takum o6pasom, uroO6ui
BO3HMK/H KOMIOHEHTHI TeHSOPHHX CHBMrOBLIX HedopMmauuit e, U ey,
HeoOXOLMMO 3a1aTh HaNpAMeHUs

3y == Criafrz ~+ CpjerBa = (gt Cyjoy) 8o

Onatb Mbl MPUHEMaEM, YTO KOS(QHUIHEHTL!, Bcerna NOABAAIOLIHeCA BMeCTe,
norapuHo pasuul Apyr apyry. Toria B ofleM cay4ae

Cijrt = Cijipe (8.9)

PaccMaTpuBas YacTHbie cyuaH, KaK STO Lesanoch BLILIE JUIAL Sy, MOXKHO
HaiiTH, YTO
Cijir = Cjunpe (8.6)

1) Cm. npumevarne 2 wa ctp. 111,

11
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Bnaronaps coorsowennsmM (8.5) u (8.6) uMcnO He3saBUCUMHX KOM-
NOHEHT €y TaKXKe yMehblilaeTcss OT 81 10 36.

TTokaxkeM Tenepb, uro 81 koatduuMent Sijry OOPA3YIOT men3op uem-
sepmoz2o patza. TeH30p 4YeTBepTOrO paHra, noﬂo6uo TEeH30paM HHUBLIUX
paKros, oONpejeJfeTcs ero sakonoM npeobpazopanus. COBOKyNHOCTH U3
81 uncna Ty, OMMCHBAIOULAN HEKOTOPYIO BH3HYeCKYIO BeJMuMty, obpasyer
TeH30p YeTBepPTOrO panra, eca¥ STH YHca MNpPH M3MEHEHMM CHCTEMb
KoOpIMHAT NpeobpasyioTcd B Tim, rie

7
Tijrt = 00440015 T mnop: 8.7

Yrobul nOKasaTb, WTO Sy, O0OpasdyioT TakoH TeH3Op, MOCTYMUM cle-

Lytowun o6pasoM. Mul Mmeen

l; = Gl (8.8)
Ept = sklmnomn’ (89)
%mn = %om apnoop (8- 10)

dTH TpM ypaBHeHHs cBfi3aHbl Mexniy coboff Tak:

P68 B9 1)

€ =5 o,

rie CTPeJKa 3aMeHsieT c/J10Ba ,BhipanmaeTca yepes...“. Kombunnpys (8.8) —
(8.10), nmoayuaem,

I

€1 = %% Satmn Pom Yon%op"
Ho

o ’
&)= Sijop%0p’

NO3TOMY, cpaBHMBasA KO3(hGMIMeHTH, HAXOIMM
siljop = aikaﬂaom pnsl. imn*
Hakonew, 3aMensin MHIEKChI CYMMHPOBaHHf, MOJy4aeM
s;jki = aimajnaﬁoulpsmnop' (8- 1 1)

T. e. NpUBeleHkbill BHIle 3aKOH NPe0Opa3OBakis TeH30Pa YeTBepPTOro
paura. Yrobwi ellle pas mnoOkasaTb, HAacKOJbKO ob6jeryaercsl sanMch MpH
HCMOMb30BaKNM MHIEKCOB CYMMHUPOBAHHA, OTMeTHMM, YTO ypaBuehMe (8.11)
COOTBETCTBYeT 3¢ ypaBHeHHAM, B KaXJOM M3 KOTOPLIX MMeeTcs 34 u/eHOB
¢ NpaBO# CTOPOKBI, T. e, ypaBhehMe (8.11) comepmut Bcero 38=6561
Y/ 1eHOB,

IlpuBenersoe Bbllle OOKa3aTeJbCTBO HOCUT OOUWMHt Xapakrep. Ecan
1Ba TeHsopa BTOporo panra A; u B, cBf3anbl ypashehleM

Aij - Cijleki'

10 Beamunibi Cyy,, OOPasylOT TeHsop ueTBepToro pawra, Orciona cie-
IlyeT, YTO YMPYrue KECTKOCTH Cyy; TaKXe OOPA3yIOT TeH30P HETBEPTOro
paura.
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§ 2. Matpuuusle o6oaHauenus

Braronaps CHMMeTPHYHOCTH S5, M Cyppy MO TiEPBBIM IBYM M NOC/ELKMM
IBYM WHIEKCaM Mbl MOXeM WCIOML30BaTL MarpHudbie 0003nayenus,
BBEJCHHHE B Npeininyilelt rnase, KOMNoOHeHTH HanpsixeHH# M KOMIOHEHTDI
IdedopMauyi, Kak ¥ Bbillle, 3aNMCHBAIOTCA ¢ OLHUM MHIekcoM, npoberaro-
UM 3Hayewus or | mo 6:;

i o1t Sig O3 o1 O O3
Oi9 Cgg COg3 |—>| % 2 9 |,
—031 Og3 OJg3._! % 64 03
—_ 1 1 =
31 _ !6 _— 55
- — 2 2 8.12
€1 &1z 3t ( )

f12 €22 g3 [—> %:6 &g %‘4 .
1 %31 f23 €33 1
2

B S;u M Cyp B2 NePBHX MHLEKCAa MOXHO OOBELMHHTL B OLMH, MpO-
Geraoluylt sHaueuus ot | Lo 6; ABa MOCAeAHMX MOXKHO OOBEIMHHTb TeM
ke CrocoboM; B MTOre MOJNYUAeTCs CJeAYIOLLas CXeMa 3aMeHH MHAEKCOB:

TeHzopubie obosnauenua: 11 22 33 23,32 31,13 12,21,
MaTpuulble oGosHauenns: [ 2 3 4 5 6.

[Mpu atoM BBOAATCA MHOXHUTeIM 2 U 4 ClelyOWuM 0OpasoM:

Sijr1 == Spm KOTA@ m W n paBiyl 1, 2 wmn 3;
28,41 = Spp» KOTL@ MMM m WM n paBubi 4, § uau 6;
48,15 = Spype KOTIA M M ¥ 1 paBubt 4, 5 uan 6,

PaccmorpuM Temepp ypaBhenus (8.1) nns e, M &, HanucauHbie
B pasBepHYTOM BHIE,

&1y == Sy311911 + S1112%12 - S1115%1s | €25 == S2311941 - S2812912  S281391
—+ S1121921 —+ S1122922 ++ S1126%25 + —+ 2321025 - S2322022 + S2823%23 +
+ S1131931 - S1132932 = S1135%8 - 8253198) 52382032 ~+ S2335%33.

B marpuynoM o0603naueHMM 3TH [Ba ypaBHeHMsi NpPUHHMAIOT BHA
1 1 1 1 1 1
€ = 8§19 +§'516°6 +Tz' S15% ~+ T8 =5 Su% +T $46% +T S4s% +
1 1 | 1 1
+ 5 1% + S2% 5 1% + —+ 7 S46% 5 Sa2% + 3 Sus +

1 1 1 1 1
—+ 5 1% + 5 $14% + $13% 7 Sa6% 7 Sea% + 5 Sag%s

WK
g =S$,9 U €y == 5445}
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CacnoBarenblo, B ofilleM cayyae ypaBuenus (8.1) moxmno 3ammucaTh 60.1ee

KpaTKo Tak: )
, &= 5,5 t j=1,2 ..., 6). (8.13)

Muoxuremt 2 u 4 BBOAATCA B ONpelesesds s TNOTOMY, WYTO TaKHM
AyTeM yAaeTcsl M3bexaTb NOfBJeHMs STHX MHOMMHTes el B ypaBuehnu (8.13)
H €ro MOMHO 3anucaTb B KOMIaKTHOM ¢opme !).

Ilns ¢y, MuOXMTENH 2 M 4 BBOZMTL He Hyxwno. IlosToMy, eca Mbl
3amuiieM NPOCTO

Cijnt= Cmn ¢ j, kI1=12,8 mn=1,2...,06)
TO, Pa3BepTHiBas HeKOTOPHE useHbl, MOXHO NOKa3aThb, YTO ypaBhehusa (8.2)
hpyuuuMaloT Gopmy

o=cye, (& J=1 2, ..., 6) (8.14)

Tabauubt §; M €y, 3amMCatibie B BHie KBalParoB

[ S11 S1a S13 Su S Sie €11 €2 €13 € €5 Cig
Sa1 Seo Sag Sz Sa;  Sze €ay Cap Cag Cy Cgz Cop
S31 S3z S33 Ssy S Sse .

S41 Sg2 S43 Sy Sgm Sqe

Sgi’ Ss2 Ses Soa Sss Sse
Se1 Se2 Ses Ses Sez Se6

€31 C3z C33 Cay Cgy Cz 8.15
€40 C€az Cug €y Cgp Cgp | (8-19)
Co1 Cpz Cp3 Cs4 Cpp Cpg

Ce1 Co62 Cs3 Cos OCos Cep

o0pasyior MaTpuubi (S;;) M (cy). 3aMeTuM, 4YTO 3Lecb, Kak M B CJy-
uae Mbe30JEKTPHYECKHX MOLyneH, S, H €, HeCMOTPS Ha HalMuMe IBYX
VHIEKCOB, He AIBAIOTCS KOMIOHeHTaMM TeH30pa BTOPOrO panra M MosToMy
se npeobpasyoTca nofobHO TakMM KomnouentaM. Jlna npeoGpasopanus
X K IpYrUM oOCAM KOOpIMHAT HeOOXONMMO BepHYThCH K TEH3OPHBIM
06031aueHHAM.

§ 8. dueprua nedopMupPOBAHHOrO KpHCTANNA

PaccmorpuM kpucTant, HMelOWHH B HeleOPMHPOBAHHOM COCTOAKHY
dopMy emmuuyHOro Ky0a, W MPEANOJOXHM, YTO OH HCNHTHBAET Matylo
OLHOPOLHYIO LeOopMalMI0 ¢ KOMNOHeHTaMH &;. IlycTb Temeph BCe KOM-
noveuTH HedopMaunH Bo3pacTyYT A0 €&;—+de; IlokaweM, uro pabora,
NpoM3BelekHas TIPH 3TOM KOMIIOHEHTAaMH HampPsKeHUs 9, LeHCTBYIOWMMH
Ha rpansi Ky6a, BHPaXaercs B BHIe

- dW =, de, =1 2, ..., 6). (8.16)

1), BBenetiye MuoxuTenel 2 n 4 B onpenenenns $;4, a He B ypaBHeHHe (8.13)
corjacyetca € yCTdHOBHBIIefics MPakTHKOH (CM., Hanpumep, [86]) u ¢ obosma-
yeHnsiMy, BBeL€HEBIMK PolirtoM [92). Bycrep [96] npumenser obpatwrbidl croco6,
NockoabKy BOSMO:KHBL IBA CNOCOSa onpe.lefeHus, HEOOX0IMMO NPOSABAATL 60Mb-
Y10 BHUMATENbHOCTL TPY HCIIOVb3OBAHKK YHCACHHBIX 3HAUEHHL.
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Crayana npennosNoKUM, YTO KOMNOHeHTa IeopMaunu e BO3pacTaer
10 &, —+de,, TOrna Kak OCTanbHbie KOMMOMEHTH AeopMalliy u NONOKeliHe
ueHTpa Kyba ocraiorcs HemsMelHbiMu. Ilpu sTOoM Kawunas M3 IBYX rpaueff,
nepnesINKy.19pHpX Ox,, CMeCTHTCA MO HanpaBJeHMIO OT UEHTPa kyDa
Ha !/, de;; ApyrMe Yerhipe rpasy NPOCTO YBENMYArca MO TOWlady, a no-
JOMeHNs MX UeHTPOB He HaMenarca. Takum oOpasom, pabora. mnpousBe-
IeHHas CcHuIaMM, JeHCTBYIOIMMM Ha NOCMelHde ueThiPe rpaud, Oyler
paBua Hymo. Pabora, npoM3Beientas CHJoH, neficTByIoWlelt Ha rpany,
nepreHavkynspise Ox;, paBHa HX CMellleHHIO, YMHOXeHHOMY Ha HOp-
MaAbHYI0 KOMNOHEMTY CMJB, T. e. 29,!/,de;, —oc de,. Mu mnoayunam
yieH ¢ {=1 B ypapuetuu (8.16); unewn ¢ {=2 u [ =3 mnaxonsarcs
aHaTOrM4HO.

IycTb Temepr paccMarTpuBacmHit HamMM Ky nperaprueBazT IedOpMailHio
casura. DyzeMm cyMTarTh, yTO ABE rpadu. nepiesaukyaapubie OX, cMe-
HAI0TCA B NPOTHBONONOXHKBX HalpaBJenuax napadiensho Oxg Tak, YTO
KOMNOHKeHTa JeopMauuy e, BO3pacTaeT 10 e, +ds,. Ilpn sro# medop-
Mauuy (npocTodt CHBUr) LeHWTPh rpasett, nepnewmukynsapunx Ox,, CIBH-
ra:oTcs Ha paccrofHde !/,de,. KoMmmownenra cunbl, HeffCTBYIOLLAA KA rpanu
B 9THX HanpaBJeHusX, eCTh o, CreloBaTenbHO, pafora, NpouaBelennas
paccMaTpMBaeMEIMH CHjaMM, 3anMCHBaeTcsl B Buie 2a, - 1/,de, —o,de,.
Unewt ¢ [==5 n {=06 B ypaBnenun (8.16) noayualoTcs aHaNOTHYHHIM
NyT2M.

B urore Mu nonyyaeM, uyro ypabhenue (8.16) B Tensopuom 0603ua-
YEHUM TIpUHHMMaeT BMI

dW =g;; dey ¢ j=1, 2, 3.

Ypapuenne (8.16) aHajsoruywo YypaBHewuuM 4717 paGOTH HaMa HAYH-
pawifn (3.11) u ans paboTw noaspusauuyn (4.9). Kawxnoe us atux ypas-
Hehu{ WM2eT L7 efumMusoro ob'bema ¢opMy ,cuam‘ (H,, E; um gp),
VMHOXeHHOH Ha Maloe ,cMemlewde® (dB;, dD; nam de)). Tak e kak
B 9JEKTPHYeCKOM M MAarHHTHOM CJY4adX, Mbl Temeps» J[AOKaMEM. 4uTO
MaTpuila, CBA3bBalOwIad IBe TakHe B2JMYMHE [B JaHHOM Cayyae MaTpH-
ua (¢;)), cuMMeTpuyHa.

Ecan mpouecc nedopmaiuy npoTeka:T M30TepMHueCkM M o0parumo,
TO npoM3senensan paboTa pasua BO3pacTamuio cBoGonmol swepruy dW,
M LJA eIMHMYHOTO OO6BeMa MOXHO Manucarh

d¥ = dW =q,de,. 8.17)
Ecan BoimoansieTcss 3akoH T'yka (8.14), To sTO ypaBuelMe NpuHMMacT BUIL

Al — ¢y2) de;. (8.18)
Chenoparemo,
o .. -
T Sty
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(IlokasaTe1bCTBO CNPaBeLJMBOCTH 3TOrO YypaBHekMs aHanoruyko mpu-
Begensiomy B ra. I, § 2). IOuddepeHunpys obe yact# ypaBhehls
no e, noiyyaeM

LAY

3 (7o) = e

Ho Tak kak W ecTh OYHKUMA TOJBKO COCTOfHMA TeJa, ONpPele/AeMOr0
KOMIIOHeHTaMy ZedopMauud, TO MOPALOK ANQdepeHUMPOBaHNA He MMeeT
3HayeHMss M JeBas CTOPOHA 3TOrO COOTHOLUEHMs CHMMeTpuyla no I M Jj.

IMostomy
CU=011. (8.19)

V3 Qopmbi cooThowenus Mexay c¢; M sy (cm. ra IX, § 4. n. 2)
CiAelyeT, uTO H
8= Sy (8.20)

Braronaps cuMmerpuunocTd Marpuu (c;) ¥ (S;), Onpele’fseMO#t COOTHO-
wesnamMy (8.19) n (8.20), unMca0 He3aBHCHMBIX KECTKOCTeH M NOLAT/M-
BOCTel yMembluaercsi ewle Gosblue — 0T 36 1o 21.

Wuterpupys ypasmenme (8.18) M Mcmoabays cooTnowenne (8.19),
HaXOIUM, YTO OTHeCeHHas K enMuMue o6beMa KpHCTanna pabora, He00-
XOAMMas Ins CO3namus LedOpMalMy €, M Has3hiBaeMas dHepeueld Oeghopra-
Yuu, paBHa ,

— 8.21
5 CiE ) (8.21)
[ep. dopmyay (3.17)].

§ 4. BausiHue cuMMeTpuyu Kpucraana

Benenctene cummerpum KpucTanna YMCIO He3aBHCHMEX S; M ¢y
yMenbinaerca eille Gosbite. CreLyeT OTMeTHTb € CaMOro Hawana, 4TO
VIPYrOCTh #BASETCA LEHTPOCHMMETpPHYHEIM CBOHCTBOM. JTO 0O3Hayaer,
YTO eCJM OCH KOOpAMHAT npeo6pasoBaHbl LefCTBHeM LeHTpPa CHMMeTpHH,
TO KOMNOHEHTH Sy, M Cyp OCTAIOTCS HeM3MehhbiMM. JlokasaTenb(TBO
9TOTO MOJIOXKeklHs BeCbMa NMPOCTO. DJeMeHTHi @y MaTPHibl npeobpasopa-
HUsl paBHBbI B LLaKHOM CJyyae —BU. IoaTomy, cornacko ypasuenuio (8.11),
MH HMeeM

I —— —
S1 et == Sim®jnBod 1S mnop = Sijes

B COOTBETCTBMM €O CBOHCTBOM 8;; (cM. ctp. B3); Anf €y, LOKa3aTENb-
CTBO amanoruyno. OnHako Lpyr¥e S/eMeHTH CUMMETPHM HajaraloT hHa
ynpyrue KOHCTAHTBL OTIpeie/ieHHble Orpanlyenys, KOTOpbie Mbl Telepb
LOMKHBl PaCCMOTPETSD. D,.nﬂ HaXOWIeHNa 3THX Ol‘paHW{eHHH HCTIOIL3YIOTCA
COBepLIEHHO TaKHe e METOLH, KaK B CJy4ae TMBbe303JeKTPHUECKUX
Mony e,

a) Coobpascerusn, 8 OCHOBE KOMOPLLX AeHUM AUUL QHOAUS CUM-
Mempuu KpucmaanG. YCNOBHS, HanaraeMbie Ha Sy M €y, YaCTO MOXHO
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NOJYYUTh HeMOCPeNCTBEHHO INyTeM PacCMOTPeHMs CHMMeTpHM Ges ripu-
MeHeHMA aHaJUTHYeCKHNX MeTOAOB, KaK 3TO 4eJiajoChb BhLillle 47151 I1be30-
3JEKTPHYeCKUX MonyJelt. PaccMoTpum, nanpMmep, MOLATIMBOCTE Sg, AJA
opropoMbuueckoro knacca 222. Omna XapaKTepHsyeT pacTsiKelMe B Hg-
npaBiekuu ocd Oxg; KOrLa K KPHCTANTy NPHJIOKEHH CLBUTOBHE CHAH
B TJIOCKOCTH, Neprnesaukyaspuoit Oux,, kak TOKasawo ua ¢ur. 53, a.
[ToneitcTByeM Tenmeph Ha BCIO CHCTeMy (KPMCTana IIIOC CABUrOBHIE CHJHI)
OCBIO BTOPOrO mopsnka, napannensuolt Ox,. Kpucrann npu arom ocraercs
HEN3MeHHEIM, TAaK KaK er0 CHMMeTpMsi BKJIOYaeT OCb BTOPOr0 NOPAAKA;
70 we OyleT M ¢ pacTswelueM, napamniedpiuM Oxg OLHaKO CHJH,
NPUIOKeHHble K TpanaAM, 3aMeHMATCHA Ha CHJE, NOKa3alHble Ha ¢ur. 53, 6.

I3
——— e —
0 T Z g i Ty
—-— —_—
Z3
a 6

¢ ur. 53. CxeMa, nokassiBawouias, uTo Aas kjgacca 222
NoAaTANBOCTL Sy, PABHA HyJo.

CrenoBaTeNbho, MH HMeeM TOT K€ CaMbilf KpPUCTamI, I10-TIPeXHEMY
pactanyTHit BIOMb HanpaBiehnsa Ox,; HO NOA LeHCTBHeM NPOTHBOMOJIONK-
MBIX CHJI. 3TO BOBMOXHO JHMIUB B TOM CJy4ae, eC/IM PacTsaXehHe PaBHO
Hymo. Takum obpasoM, S; = 0. AHaJOrMYyHOe PacCMOTPeHNE NPUMEHUMO
kK OOJIBLIUMKHCTBY MONAT/MBOCTe#t B pa3IMYHEX KpHUCTanIorpaduyecKuX
Kjaccax.

6) Memod npamoli nposepru. C noMOLBK MeTOLa NPAMOH Npo-
BepKM, OMNMCasHOro Ha CTp. 146, MoXHO OnCTpee BCero ONpeLeiMTDh
He3aBMCHMMEIE YIIPYTMe KOHCTaHTH [IJs BCeX KJacCoB, 33 MCKJAIOYeHHeM
KJaCCOB, OTHOCALIMXCA K TPUroHanbHOH K reKCaroHajbHOH CHCTeMaM.
Jins MATIOCTPAlMY STOrO0 MeTOLAa LOCTATOYHO OLHOro mpuMepa. Bubepew,

CKaweM, Kjaacc 4,
Tak Kak och 4 napanienbia X5 TO OCH KOOpAMHar Npeolpasyrorcs
chenyoiyM obpasom:
-2, 2—-»-—1, 3—-—3.
CrenoBaTe/IbHO, NPH uemblpexuHOeKCHOM 0003HGY¥eHUU Taphl MHIEKCOB
npeobpasyoTCs Mo TNPaBHAy

1122, 22—11, 33383 23—-13, 31—>-32 12 —21,
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Tpy O8yxundexcrom 0603naueHun nPe0OPa3OBatna HHIEKCOB UMEIOT BU
1-2, 2—1, 353, 455 5—>5—4, 6—-—6.

TabnnuannnekcoB, BhNUCakkas B BHIe MaTPHUH B 06HYHOM nopsiake (8.15),
npeobpasyercss TOrja Tak:

22 21 23 25 —24 —26
11 13 15 —14 —I6
3 3B —34 —36

55 —54 —56 .
4 46
66.

Meut onmycTHAM HMXHIOIO JIeBYIO MOJIOBMHY TabJsMiE, TaK Kak MaTpHila
cuMMerpHyna. [lpupaBuMBas a1y Tab/MLy, KOMIIOHEHTY 32 KOMIIOHEHTOMH,
K TNepBOHayaqbHOM, MOXHO Cpa3y BHAeTh BCe COOTHOLUEHMS MeXAY

KOMITOHEHTaMU:
'Y o
N1t
[

N

3pecy ucnombaywrcas Te ke 0003Hawesus, 4TOo M B Tab/n. 9: MaheHbKHe
TOYKM O03HAYAIOT KOMIIOHEHTH, paBHHIE HYJIO; XUPHBE -— KOMIOHEHTH,
OTJIMYHEE OT HYyJd; JMHHM, COEIMHAIOIMe [Be XHUpPHBE TOYKM, 03HAYaIOT,
YTO COOTBEeTCTBYIOILME KOMIIOHEHTH! PaBHEI APYT APYTY; KUpHad TOYKA M
CBETNHH KPYXOK, COelMHeHlble JHUKMel, COOTBETCTBYIOT YHC/EHHO paB-
HBIM, HO NPOTHBOMOJOXHEM MO 3HAaKYy KOMIOHEHTaM.

8) Peayasmamul Oast scex Kpucmaanozpaguueckux Kacccos., Ias
TPUrOHANBHON M reKcaroHaJbHOH CHCTeM HeOOXOAUMO NPHUMEHATL aHa/M-
THYeCKHHt MeTON (Tak e, Kak M B CJyYae Nbe303JeKTPHYeCKHX Monynelt).
Meron npsmolt npoBepKHM MOXHO HCIOAL30BaTh BO BCeX APYrUX CJy-
yasx. YMCno He3aBUCHMBIX KOMIOKeHT MOXeT OMTBL TaKwe YCTaHOBJIEHO
C' MOMOMWBIO TeOpuM rpynn. PesynbraTsl ins marpuu () # (¢,) npyBe-
neswt B Tabn. 9. Bce o6osnauenns panwbl B Hayate tabauupt. YToOm

MOACKUTE CMECJ 0B03Hauvennlt, obparumcsa K Kjaaccam 3 M 3, /19 KOTOPHIX
Si5=—So5 Sag = 285 Sgg = 2(Syy — S12);
_ 1
Ci5=""Cos C46==Co5 Cop= 5 (Cuu — Cpa).

Unca0 He3aBYCMMHIX KOMIOHEHT YKasbiBaeTcsi B CKOOKaxX BoO3ne KawIoH
marpuubi, OpMeHTauMs OCelf KOOpIAMHAT COOTBETCTBYET TpPaBHiaM, PeKo-
mennoBautniM IRE [86] (cM. npunoxenne 2), 3a HCKaOuenHeM 0co6o
OrOBOPEHHHIX CJy4aeB.
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®opMa npuBenentolt B Tab.auue MaTpUUB LA COBEPIUEHHO HM30TpOI-
HOH Cpelbl TMOJYyYaeTCs M3 MaTpUUB AJA KyOHU4YeCKOH CHCTeMH, ecu
norpebOBaTh, YTO ee KOMIOHEHTH He LOKHE HSMSHSTLCA NPH MOBOPOTE
Ha 45° BOKpPYr oCelt KOOPAMHAT (MOXHO MOKA3aTh, YTO IPM BHOONHEHHH
9TOr0 YCAOBUA MarpHua He OyneT M3MEHATHCA M NpH JI060M MOBOpPOTe
ocet), Buime Mb ycramoBMnM, uyTO CBOHCTBAa KyOM4eCKMX KpPHCTanNoB,
OTMCHBAeMble TeH30paMH BTOPOrO paura, M3OTPONHLI, TelePb MBI BUIMM,.
YyTO ympyrve CBoHcTBa KyCMYeCKMX KPHUCTa/VIOB, OMHCHIBaeMoie Tel30paMI
YeTBePTOTO PaKra, ke fBJIAIOTCA KH3OTPOTHEIMH.

2) Yucaennvlli npumep. Ins wncieHsoro npuMepa BeifepeM KpUCTaN
auruipodocdara amMmomus, npuUHaLJewamwu# K kmaccy 42m. (MMenno
AnA 3TOTO KpHuCTanna Ha crp. 149 npuBOIM/MMCH [alkblie O Mbe3o-
8/JIeKTPUYECKUX CBoOHCTBaX.) Komnowenrs marpuu (s;) ¥ (c;;) B eanuu-

uax MKS'") npu 0° C nna storo kpucrasna, usMepehlibie MasonoM [64],
UMET CJedYIOmHe 3HadeHUA:

(18 07 —1,1 0 0 0
18 —1,1 0 0 O
) = 43 0 0 0 o 107"
y= 1,30 0 ’
113 0
16,2}
(071 —020 013 0 0 0
0,71 0,13 0 0 0
0,30 0 0 0
—_ i1
()= 0088 0 O X 10%.
0,088 0
0,070}

1. JonosHuTenbHble OrpaHuyeHusl, HaJaraembie Ha ynpyrue KOH-
CTaHTh,, JuePTHA LeopMauuM KpUCTanna, 3anaBaeMas ¢opmysof (8.21),
LomKHa OHLITb MOJNOXMTeNbHOM, HHaye KpHUCTala OyldeT HeyCTOHYMBLIM.
OT0 oa3uauaer, YTO KBaLpatMynas ¢opma (8.21) momkua OHTH Cyile-
CTBEHHO MONOMUTeNbHOH, T. e. ObThb Conblle Hyns A7a JIOOHX NeHCTBU-
TeNbHBIX 3HAYeHHH e, 3a MCKJTIOYeHMeM Ciyuadl, KOrla BCe €;; PaBHH
HYJIIO. Jlauuoe yC10BHe HaJiaraer Ha SU H CU LONOJHUTeJIbHEE Orpa-
HUYCHMA, KOTOPHiEe MOMXHO HalTH OObiuHbIMM anrebpaMyeCKHMH MeTOLAMM
(cM.. nanpumep, [38]).

Ilns rekcaroHaJbHBIX KPHCTA/IOB STH OrpanMueHHs LA C;; TAaKOBHL

€ >0, cyu>lepl (Cucip) s > 26,

1) B cucteme MKS ¢y n s,, n3MepaoTea B #/MI 1 M2/H COOTBETCTBEHHO;
1 1=10% 0n; 1 /M2 =10 Onjem?



TABJAOWLA S
Popma mampuy (s;) u (cy)
O6o3HaueHHsd
® KOMMOHEHTA, PaBHas HyMo,
® KOMIOHEHT3, OTJHUHAA OT Hyas,
@—@ PaBHble KOMIIOHEHTH,

@—QKOMIOHEHTH, paBHble M0 BEJHUHHE, HO [MPOTHBOMOJOMKHBE [0
3HaKy,

oA S @ KOMIOHEHTA, paBHas MO BeNHUYHHE YNBOEHHON KOMMOHEHTe, H30-

Gpawennoft wupHoB TOUKOH, ¢ KOTOpOH OHa CoelinHeHa JHHHEH,

mis ¢ @ KOMIOHeHTa, paBHas MO BeJHUMHE KOMIIOHEHTe, K306panenHok

WHMPHOH TOUKOM, C KOTOPOR oOHa CoeinieHa JMHHKEt,

s s X 2(sy ~ S12),

ms ¢ X —2-(011—'012)-

Bce MaTpHIBl CHMMETpPHUHBl OTHOCUTENbHO I'JaBHOH gHATOHANH.

TpuKAuHKOA cucmemd

06a knacca

o000 0O

0000

X N N

00

[ N ]

e/ (21)

Monoknurnos clucmema
Bee knaccer

Oct 2 |l z, s -0 Ocs2llz, /® @@ ° ° *
(06bryHan o0 -0 [ N BUICEN
opuermayusny - @0
-0 [ N I

[ I [ )

e/ (13) ®/ (13)
Opmopom6uyecknn cucmema Kybuueckun cucmema
Bce xnaccer Bee knacevt

o0 . . ¢ o S
Q@ O o o * o
@ o ° o o o
... o o
® - .

e/ 9 3
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TempozokaneHas cucmemo

Knacce: 4, 4, 4/m Hnaccer 4mm, 42m)¥ 422, 4/mmm
RN N1
® o o ® o o
&/ (1)

~ Truzonanbeon cucmema _
Knacewt 3, 3 Knaceet 32, 3m, 3m

N > N1

[excozoHOABHOA CUCMEMA

Bee knaccer

i
.

# Taxolt BMA HMeeT MaTpuua 418 00enX BOSMOXHBIX OpHeHT2UMP i Knecca @2m Clixn
m | X)), NOCKOJNbKY NpPH ROGEBJIEHHN LEHTP2 CHMMETPHH 9TH [BE OPHEHTALHH HEpasH (MMl
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In kyOMueCKMX KPUCTAJJIOB OHM 3anmHMCHBAIOTCH B BHIe
€y >0, ¢y >l €+2¢,>0.

Ha nomarimeocty SU HaJIaraloTCA TaKHe e OrpaHu4yeHus.

2. COOTHOWIGHHS MEWAY HAMpPSIKEHHAMH H AedOPMALHAMH LIS
H3OTPOMHKBIX MATepHANOB. Hcrnonbays npuBesentyio B Taba. 9 marphuy (S;;)
1 U3OTPOMKBIX MaTepHa/OB, MOXHO BHPasuTh §;; uepes Go.ee mpH-
Bhiynble Bennumubi: Moayae 1Owura u Monyne caBura. Chayalla Mbi BEH-
NULIEM YyPaBHekus, Bhipa)aiOlyie KOMIOKEHTH! deOpMauMit weped KOMIO-
HEHTH uanpﬂmeunn, U 474 CpaBHeHHs 3arMiiieM pPALOM Te Ke Cambie
Be/HYHKH B (OpMe, YaCTO UCMOMb3yeMOH B Yy4yeOHHKaX 10 TeOpPHH
ynpyrocru:

& == 8119+ 120 + 51270 &= iE [0, —v (o213l
g2 = 8,59, + §11% + 51295 ez=iE[°2‘—V(°3+°1)]-
&3 = 81,01 - §15% + $11% ea—%[ca—v(c,—]—%)],
&, =2(8;; — §2) % 54=%34.
&5 =2(S;;— 512) 5 eazécf,,
8= 2 (81 — $12) % esz‘é—ce-

3peck E —monyie Ouwra, G —wmomymb cpBura u v-— Ko3QQULHEHT
Ilyaccona. CpaBnMBas KOS(DQUUNENTH y BhpameHHH, BHIHCAHHHX CleBa
U crpaBa, NoJy4aeM

1

1 v
Su=-f» Se=—F H 2(511"'312)-:?- (8.22)
OTKYZla BHTEKaeT COOTHOLUeHHe
G— E
20049

Vlcnonbayss KOMCTAHMTE! eCTKOCTHM, 3amiileM yPaBHeHMs, BHPaXalkollue
Hanpsxenus uepes AeopMauMH, M CPaBHUM MX C aHaJOTHYHEIMM ypaB-
HeHUsIMM, OOGHYHO MCTIOJB3YeMbIMH B TeOPHH YIIPYroCTH:

0y == 1€ €128+ €83, o = (2p + 1) &y - dey - he,
Op = €128y~ €118 - Cpo8s oy = Ae; - (24 N gy - hey,
O3 == €198+ C1282 + €183, - og=kej 4D+ (20 +- N g5,
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1
0y = ‘2“(011 — C1p) &, 04 = P&y,
1
% =_2'(Cu -— C1p) &, Op = {485
1
C =g (Cy— e Og = Pq-

OTtcrozna
cy=2p+X u cp=Mh

§ 6. XapakrepucTuueckne moBepxsocTH M MoAayab kOura

Ynpyrue cBO#CTBa KPUCTAJNa Hesb3sl MOJHOCTbIO NMPeNCTaBUTh OLHOH
NOBepXHOCTbIO. [IpaKkTHuecKM 10Jle3Ha IMOBePXHOCTb, H300pamamoilan
uametienve Monyns IOwra ¢ manpapienneM. [IpelnosOMMM, YTO H3 KPH-
CTajjia BLipe3al CTepiehb, IJMHa KOTOPOro mna-
pansesbHa NPOM3BOJIbHOMY HanpaBJIeHMIO Ox; .

EcnM K STOMY CTeDXKHKIO MPHJIOKUTL HANpsKenMe -3 10" om o
pactsxenus, TO B oOLleM CJyYde OMO BLI3HBaeT
He TOJIKO NMPOLOJBHYIO M MoOMepeynbie Ne(opMa-
uny, HO Takwe M medopmaumu casura. Moapyne
IOuwra B wWanpaBnesnM PacTsHEHUs ONpenensieTcs
KaK OTHOLIeHHe MPOLOJBLHOrO HAnpsehHs K Npo-
n0/bKOY nedopMauny, T. e. paBen 1/s;,. OGuKO

HCTIOJIB3YIOTCH XapakTepPUCTHYeCKHe MOBepXHOCTH,
panuyc-BeKTOp KOTOPHIX B Harpapiesun Ox; npo- —l !

, / ¢

nopuuonanen s, um 1/si.
B kayecTBe npuMepa BO3bMeM KPHCTANT LUMKKA,

NpUHALJeKAM MY K reKcarokaibko# cucTeMe, 3anu-

crBaeM oOLlee BhipaxeHHe

L3

o7

! .
snu - almalnalpalq - smnpq'

MCMOMb3Ysl COOTBETCTBYIOMYI0 MaTpuiy MNOLaTH-
BoCTelf, NpuBefeknylo B Tabn. 9, HaxonuM, mepe-

X0ls TOCJTe HEeKOTOPHX ynpouleHu#t K COKpaliehi- -
HHM 0003KayesNaM: ¢ ur. 54. LlentpanbHoe
S =Su (1 — @ff + 0y +- eckoft . ToBepRHOCTH
Flut ) (= e e
Hau
Sy == 8, Sint 6 -4 5 cost 6 - oponanet Ly, 76,06
4 (St 28,5) sin? B cos?B, (8.23)  pamie npCrRpLATE RS M-

rie 6 -—yroa Meway NPOUSBOJILKEIM HanpablenneM Ox; U KPHCTaNi0-
'
rpaduyeckolt ocbio 2z (ockio Oxy). Tlosepxuocts ), (uam 1/s),) sBAseTCs
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B IaHHOM CJIyude TNOBEPXHOCTbIO Bpatlleluss Bokpyr Ox,. [lomaTnuBocTtu
KpHCTanna UMelOT ClleAYIOllMe 3uayewus [45]:

s, =8,4, sp=11, s53=-—T7,8, 853=28,7, 5,==26,4.10"" u?/n.
Ceuelive mosyuaeMo#f NpY 3TOM MOBePXHOCTH s;l nokasano Ha ¢ur. 54.

Mu npusenem Tenepb BHpaxehHe LMA S, — Be/MMuMHLI, OOpaTHOH

mMonymo tOura, — B Hanpap/eHMH eNMHMYHOTO BeKTOpa I; ANA PAa3MHYHbIX
KpHUCTaNIor pad HueCKUX CUCTEM,
Tpurkaunnas cucmema:

by + 21 Eisyp - 20055 3+ (2Uillasyy) + 20kesys +(2hs,e) A
—+ l§322+ 213 [3555 + (21213324)"}‘ 21,1148, +(2111‘33w) +
+ s+ (21212534)"*— 21, I35 +(211l2l§5'36)+
+ BBy +(2hlsg) 4 2L Bls, +
-+ - I lgséb + (21?1213353) +

U

Monoraunnas cucmema (0oObunas OpHenTauus, cM. CcTp. 336).
CooTBe’rCTBylou.lee BHIpaXeHue A4 MOHOKJIMHHOH CHCTeMHl MMeeT TOT e
BUL, YTO M LNA TPUKJMHHOMR CHCTeMB, eC/i OTOPOCUTbL Y/ieHH, B3fATHE
B CKOOKH,

Opmopombuseckas cucmema:

1151, 203 13815 - 213 1385 1 15855 1 202 (355 - [3555 - 12354,
+ B lsgs - 12 By
Tempazonansnas cucmema (Knaccu 4, 4, 4/m):
(154 B) 514+ BSag+ 11 (25,2 ~+ Se) +-
+ 1 (1— lg) (2815 549) +[21112 (l? — 1) Sle]-

Knaccw 4mm, 42m, 422, 4/mmm. TO we, uTO U B NpenHLyHleM
cnyuae, Ho 6e3 w/eHOB, B3sTHX B KBaipaTibe CKOGKU.
Kybuveckasn cucmena;

S —2 (su —Spp— '%‘ S-u)(ﬁlg + B+ lgli)-
Tpuzonassnas cucmema (knacchu 3, 3)
(1 — 13 51y sy -5 (1 — 13) (2515 + 54) +-
+ 2yl (315 — B)s s+ (20,15 (3828 — 1) s,).

Knaccu 3m, 32, 3m. To e, YTO B MNpeanii)LieM Ciayuae, HO Bes
YnenOB, B3ATHX B KBaapaThbie CKOOKM,
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lexcazornarbrnas cucmema:

(1 — B sy Bisas 55 (1 — 1) (2515 + 5,,)-

OTMeTHM, uTO 475 KyOGMueckoM cucreMbl Moiynab [Omwra we sBnsercs
nzorponuuM. Ero usMenenue c wanpabiewsneM sasucut ot (Iilz 4035 1-
+ BI3). Ora Bemunna paBua HyMO B HanpaBjemMsx oceft ky6a (100) u
MMeeT MaKCHMajbhOe 3Hauyehke, paBuoe !/; B wmanpaenenmsx (111),
CrnenoBaTesibho, eCaM BeJHuMHA (Sy; — Sy;p — !/28;) NOJONHTeNbHA, Kak
9TO HMeeT MeCTO AN BCeX KYOMYeCKMX MeTa/lIOB, 33 HCKJIIOYeHHeM
Mo/mbrena, TO HauboJbliee 3nayenwde Monyas IOwra COOTBETCTBYeT Ha-
npasnennsin {111), a nanMenbinee — wanpasnesuam (100). [Tosepxmocts,
panMych-BeKTOPE KOTOPOH NpPAMO NponopuMosanbhibi Moayso IOwra,
OyzeT Toria uMeTb (opMy Kyba €O CKpPYrJeHHHIMH yrjaMu M yriyGie-
HuAMM B Uewtpax rpawe#t. Ee cevenns, nepnewnukynspueie (111), kax
Nerko BUAETb, OYAYT OKPYXHOCTAMH. PaBeHCTBO (S — 85 — '/35,) =0
fABJMieTCH yC/oBHeM ympyro#ft wusorponud. Ecnm (s, — $5, — Y,e8,,) < 0,
10 Momy/nb FOwra umeeT wuaMMenbluee 3uauendle B Hanpapnenusx (111)
u naubonbluee — B nanpasiesnax (100). [Toeepxuocts Moayne#t FOura
ViMeeT P STOM BHITYKJOCTH B IeHTpax rpawueft’).

§ 6. O6pemuan u JuHelinas CHMHMAEGMOCTH KpHCTAAJA

a) OGsemuas cocumaemocts. BHYNCIMUM OTHOCHTe/bHOE YMeHbllie=
Hie 06BbeMa KPHCTania nold NeHCTBHeM eOMHHUHOrO TMIPOCTATHYeCKOro
LaB/ielun, HasbiBaeMoe o0BeMuol coacumaemocmero. B ypasuenun (8.1)
NOJIOKUM oy = — pb,;. Torza

&) = — PSijuSer = — PSijre (8.24)
IOas o6peMuoro cwatna A (cM. cTp. 125) MMeeM
A== —PSysi

TakuM 0O6pasoM, o0bemuas CXuMaeMocTb —A/p==s5,,,. O9T0 HOBHH
npuMep uuBapuanta, 00pasyeMOro u3 Tensopa. B marpuynom 0603naye-
HHM OObeMHas CHMAeMOCTb MMeeT BMI

S1~t Spa =+ S35+ 2 (812 + Sp3 4 53 (8.25)

T. e, nNpelcTaBiser Co6oM CcYyMMy neBATH KOs((MUMeHTOB, CTOALLUX
B NIlecBOM BepXHeM yr/y MaTpullbl nopartauBocteft. OueBMano, Yro A4
KYOMYeCKHX KpHMcTaJn0B o0beMHas CiMMaeMocTb pabha 3 (S, -+ 2s,,);
3TO e CNPaBelJIMBO M JJA W3OTPOMHHIX MaTepHantoB. OIHako B NOC/eli-

1) Wso6panents noBepxrocTed monyas FOHra m Moayns Kpyuenls LHIMHADaE
npuBoaftcs B kHurax Byctepa [96) n Hlwnna n Boaca [81).

12 IOx. Han
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HeM ciayyae OObHIYHO Ha OCHOBaHMM COOTHOLIeHMH (8.22) BBOLAT Be.U-
yuKy, o0paTHYI0 O0BeMHON CHUMaeMOCTH — 06BeMHbLE M0OYAb

K = 1 ___E
_3(311 +2812)_ 3(1—2V) *

6) Jlunednas cocumaemocms. JlMueHnas CKMMaeMOCTb KpUCTa/na
eCTb OTHOCHUTE/bHOE YMeHbllleHHe HAJHHBI HeKOTOpPOro OTpe3ka, B3ATOro
B KpHCTadse, NPH AeHCTBUM Ha KPHCTAMJ eLMHMYHOrO TM'MIPOCTaTHYECKOro
IaBnenua. B oOmeM cayyae nuHeftnas CHMMaeMOCTb M3MelsieTrCd C Hanpa-
BJelMeM, Y IJMHeHMe OTpes3Ka, JeXalller0 B HarpaBJeHUH eIUHUYHOrO
BekTOpa [; (cm. ctp. 126), nom meHcTBHeM naBJiekHsi p MOMNKHO, HCNOMb-
aya (8.24), sanucaTh B BHle

eylily=— pSypplilyi
TakuM 06pasoM, JMHellas CXKUMaeMOCTb
B==synlil;- (8.26)
Hmxe npuBesenb 119 BCeX KPUCTa/orpaduyeCKMX CHCTeM BhIpPameHus

nna B B MarpuukoM 0603HaueHMH.
Tpukarunnas cucmema:

2
B=(S11 4 S12+ S19) I1 - (S16 + S26 +536) Lilo - (8,5 So5 1 535) Lal; +
2 2
(812 S22 1 S25) I (814 - Saa - S30) Lols - (S1g - Sa3 - S33)la-
Monokaunnas cucmema [obbunan ycranoBka (ctp. 336)):
2 {12
B=(u+ S+ 1) i+ (2 oo+ 529) o+
2
(813 4 So3 3~ S33) I3 - (515 - So5 - S30) Ll
Opmopombuneckas cucmemas
2 2 2
B=(S11+ S12 - 513) {1 - (S12 + Soo - $23) Lo+ (S15 - S23 + §3) L.
TempazonGAbHAR, MPUOHAALHGA U 2eKCQ2O0HAAbHAS CuCMeMbl
(Bce kKJaacchH):
B= (511 812+ $13) — (511t §,2 — §y5— S33) &
Kybuueckas cucmema:
B=1su+2sp.
Htak, nuueikas CHMMaeMOCTh Y ONTHWYeCKM OLKOOCHBIX KPHCTan/oB
obnanaer KpyroBoH CUMMeTpHell OTHOCHUTEJbHO TJaBHOH OCH CHMMeTpHH.

Ina kyGuueckoft cuCTeMH JHHeltHasd CXMMaeMOCTh H3OTPONHA: Cgepa M3
Ky6HueCKOro KPUCTa/na NpH FMAPOCTATHUECKOM CXATHM OCTaeTCA Cepoid.

§ 7. CooTHOMIeHHA MewAy NOAATIHBOCTAMH H KECTKOCTAMH

YpaBHekts, BbpawaiOllie §;; uepes ¢, H Haobopor, OYLYT BuiBe-
HeHH 8 Clefyiomlelt rjaBe. 3peCb Mbl LaiHM /MWL PAL MOJNE3HHX CO-
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OTHOLICHMH MeXAy §; H C;; IJA HEKOTOPbIX BbICOKOCHMMETPHUHLIX
KaaccoB [17]. _
Tpuzonasvhas cucmema (knaccu 3m, 32, 3m)

_ Sas __ Saa __ S13
Cu+C|2—‘—'S » bn—"C=—g Cg=——%»
o — _ S14 Con e S1HS12 C,, — Sl S12
=" 33 = s ' =g
rane
2
§ == 833 (S + $12) — 25i3
"

2
8 =84, (S;1— S12) — 28140

Tempazonaavuas cucmema (knaccH 4mm, 42m, 422, 4/mmm):

__ Si _ 1 ____ 513
Cu+¢12-—'—‘s s 511‘_512'—_—311_3_12’ Cig=——F»
__ Su+Si 1 1
Cog=—g » Gy = Nk Cog == Se’

rie
2

§ = g5 (S31 + $12) — 2513.

Iercazonanrvhasn cucmema (BCe KaaccCHh)

_ Sm _ 1 513
Cy—-Crp= ra Cpy—~Cpp= H—sw’ Ca=——%"

S11+ S1z ey o= !
3 ’ 44 344,

Caq ==
rie ,
§ = S35 (84, + Sp2) -— 2515,

I{y6uneckas cutmema (Bce K.aacCH)

o == Su A S
U7 (91— $12) (511 + 2812)°
— —512
(su— 312)1(311 +2sp9) ’

044=‘E4‘;.

€2

§ 8. YucaeHubie 3HAUEHHR YNPYTHX KOHCTAHT

UMcnennble 3nHaYeHMs YONPYruxX nojaTaMBOCTeR HEKOTOPBLIX KpHCTan-
noB npusenenni B Taba. 10, Muorue kybuyeckue Kpucraanbi 06janaior
3aMeTHOH auusoTponMeft ynpyrux cBOHcTB, TOrZa Kak BOJAbQpaM M anio-
MuHMH JIMILL CJerka asM30TPONELl. Y reKcarOHalbHHX KPHCTAaNJOB ank-
30TpONMs MHOrLa BeNMKa; HampuMep, JHMHefHas CXMMaeMOCTb IlMHKa
papsa 1,31.10"" M2/4 B wanpaBnemuu, napaaenLHOM OCH 2,

u 0,175+ 107" 42/n B wanpapiesusx, nepneHmIKyJIAPHLIX OCH Z (3TH
3na'elind MOXHO BHYHC/UTbL HB BLIpaXeuus 4as f, npHBeLeHHOrO Bbille).

12+
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TABJAWULA 10
Ynpyzocme wpucmannos
(nonatavBocTh MPH KOMHATHOH Temneparype) *

Kpucraan Kaacc . S1a Su Saa S8 S14 See
Xnopn Hatpua mdm | 221 |—045 | 783 — — — —
Amompnnit . . . . m3m | 159 [—0,58 | 352 | — — — —

Mem ...... m3m 1,49 {—0,63 ] 133 | — — — —
Hukeno . . . . . m3m | 0799|0312 0,844 — — — —
Boabgpam . . . . m3m | 0,257 [ —0,073] 0,660 — — — —
Xnopar satpusl. . 23 22 |—06 86 | — — — | -

OnoBo. .+ .. .| 4mmm| 18 [|—0,99 | 570 | 1,18!—0,25 — | 13,56
LDvrunpotocgar _
aMMOHHA . . . . 42m 1,8 07 113 {43 |—1,1 — | 162

Urk . o . . . .| 6/mmm | 0,84 0,11 | 264 | 2,87 |—0,78 — —
Kagmut . . . . .| 6/mmm | 123 |—0,15 | 540 | 3556|—0,983 | —
Kpapu. .. ... 32 1,27 10,17 | 2,01 | 0,97 {—0,15 |—0,43 | —
Typmanmy . . . . 3m 0,40 | —0,10 { 1,51 | 0,63;—0,016] 0,058 —

* 3ayenud BINTH M3 paGot [17, 49, 91 INocaemnss peboTa CONEPMHUT MOAHYIO CBOIKY
snayeruit ynpyrux KOHCTenT, MSBECTHHWX k kouny 1944 r. Hambonee mnospume ngnnbie cM.
B kumrax [9, 78]. (CM. Taixe HoBmH 0G30p [125]. —[Ipus. nepes.) TlomaTamsocTH BLIpe-

senw B 101 42k,

-13
Y kapums nuHefiHbie CxumaeMoctd pasHw 1,69 m 0,15.1077, ¥V Ten-
Jypa, WMEIOUIEro LEeMNOYEeYHYK CTPYKTYpY, JHHEHHas CXMMaeMOCTb
B HanpaB/ieHWH, napanjeJbHOM OCH LENOYKH, OTpHuaTebHa.

PE3KOME

3axkon I'yka. 3akoH ['yka 1/ KpUCTaNIOB 3anMCLIBAETCH B BUIE

€y == SypiOn1r . 8.1)
Sy = Cyynirrs (8.2)

Tae Syp; M_Cyjp— KOMIOHEHTH TEH30OPOB WETBEPTOTO PaHra: Sy, —
ynpyzue nodamausocmu WM Cyp — YRPY2UE IHCLCMKOCNLL. Bcnencreue
CUMMETPHUYHOCTH TEH30pa Hamnpskesui (korza OTCYTCTBYIOT oOO0beMHbIe
MOMEHTBbI) MOXHO MOJOMHTD

Syyet = Sijip

CHMMETPUYHOCTb TEeH30pa LedOpMauHi O3HAUEET, HTO

Stirt == Syipe
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AHATOTHYHO, TEH3OP Cyyp, CHMMETPHYEH NO MEPBHM IBYM M MO mocies-
HMM [BYM MHIEKCaM. Dnarojapsi STHM COOTHOLICHHSM WYHMC/IO HE3aBH-
CHMBIX KOMIOHEHT Sy, M Cyy, yMenbluaercs 10 36.

Marpuunsie o6Go3HaueHusl. 3aMeHUM 1Ba NEPBLIX MHLEKCA TNPH Sy,
W Cpjpy OLHMM MHIEKCOM, mpOCeraioliuM 3sHayesus ot 1 no 6, raxk xe
KaK Mbl LeJanM A5 Tbe309JeKTPUYECKHX MOLYJEH; aHaJOTHYHYH 3aMeHy
BBEIEM M Ina ABYX TOCNEAHHMX MHIEKCOB. Hpn 3TOM Mbl CTaBHM MHO-
WuTEAM 2 M 4 TepeA HEKOTOPLIMH M3 Sy, HO HE JeNaeM STOro
An8 Cypp Vicmonbayem Takoke BBenenubie patiee 00O3HAYCHHS C ONHHM
MHIEKCOM LN KOMNOHEHT Hampskeuu#t M pecdopmauntt., Toria ypasue-
nusa (8.1) u (8.2) npunnmaior Bun

&= 8,9 ¢.j=12,...,6), (8.13)
o = Cyey ¢ j=12,...,6) (8.19)
agech (S,) M (Cy)— MaTpuus C WeCTbi0 CTPOYKAMH W IIECTHIO

cronbuamu.

Jipyrue cootHowenus. Pabota wa enumuuy obbema, npousBeneHHasn
npH ManoM HM3MEHCHMH neq)opmaunn Kpucranna, Bpra)KQETCﬂ B BHIE

AW = o de,. (8.16)

Korna 3To maMeneHne nedOpMallMi sBASETCH M30TepMHyeckKMM M olpartu-
MuiM, dW MOXHO TpHpaBHATL BO3pacTaHuio csoGoanol sueprun d¥.
Us Toro oBcroarenbcrsa, uro d¥ ecth moaHbilt iUdgepeHiMan, Caenyer:

Cy==Cy (8.19)

Sy= Sy (8.20)

NOSTOMY SHEPTHs nedOpMaUMy, OTHeCeHHas K enMHHYHOMY oODbemy,
paBHa

1
] (8.21)

Bnaromaps cootHowennaM (8.19) u (8.20) umcno He3aBUCHMBIX MO-
IaTnMBOCTEM W KecTKOCTel yMmewviluaercs oT 36 mo 21; Kpome TOro,
Gnarofaps CHMMETPHM KpMCTanna YMCIO He3aBUCHMBIX KOHCTAHT yMekb-
waercsa ewe Gonvuie, HakoHel, LONOJHUTe/bHbIE OTPaHHYEHUA HanaraloTCs
yC/NOBHEM MNOJIOKUTeNbHOCTH Buipawennsa (8.21),

Kpucrannuueckuit crepaeHn non Le#CTBMEM TNIPOCTOTO PaCTMKEHUA
VCHBITLIB2ET MNpPOLOJbHBIE M TOMNEpeyHbie neopMaluM, a Takwke Aedop-
MauuM casura. MoOyas fOHeq B HanpaBieHMM PacTMKEHHA OTPenensercs
KaK OTHOLIEHHe TMPONOJNBLHOrO HAalpPMKEHUs PacTMKeHHs K TPOLOMLIICH
negpopmaunu. Ins Bcex KpUCTanaorpadHyecKHX KJaccoB, BKAKYas KyOH-
HECKHE, MOy b IOnra aHU30TPOTIEeH, €ro U3MEHeHHUE C HanpaBIeHNEM MOXKET
ObiTb MPEACTaBAEHO COOTBETCTBYIOLIEH reOMETPHYECKOH TOBEPXHOCTBHIO.
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ITycTh K KPUCTA 1Ty MPHUAOKEHO €AMHMYHOE THAPOCTATHYECKOE [IaBJIEHHUE,
Torna: 1) oTiocurenvkoe yMekblleHue 00bEMa, HasbiBaeMOe 008eMHOLU
CHUMAEMOCMBIO, €CTb S;p,, T. €. CYMMa AEBATH KOMMOHEHT, PacmnoJo-
WEHHLX B JIEBOM BEPXHEM Yriy Marpuubl (S;); 2) OTHOCHTe/IbHOE
VvMeHbLIEHNe JAMHH HANPABAEHHOrO BIOAL [, OTpeska B KpHCTalte,
HA3LIBAEMOE AuHelnol CaHuMaeMoCHblo, OTIPelleNsieTC Kak p:s,jkkl,lj.

Jinne#nan CXKHMaeMOCTb KYOMYECKMX KPHCTAIJOB M30TPOMHA.

SALIAYH

1. Ucxoas TOAbKO H3 PacCMOTPEHHS CHMMETPHM, onpenennth (opMy MaT-
pHuH TOAatanBocTed Mas khacca 4.

2. Hokasatb, 4T0 H3MeHenle o6beMa KyOHueCKOro KpHUCTania nmos IeHcT-
BHEM OIHOOCHOTO pacTshxkeHus 7 He 3aBHCHT OT HanpaBieHHs pacTIKeHus M
ONHCHBAETCs BHpawenneM (si1 + 2s12) 7.



I' naea IX

MATPHYHBIA METOAY

§ 1. MarpuuHsie u Ten3opHbie o6o3HaueHus

Marpuusie oOosHayeHns, BBefeHHwie B ra. VII u VI npu
pacCMOTPEHHY ypaBHEHMH Nbe303NEKTPUYECKOro 3dperra

Pl=dlfcf' Ef=dUEl (9.1)
H YpaBHEHUH ynpyrocrtu
€, =Sy9;, O,=CyE; 9.2

ABJAIOTCA YLOOHBIM COKpAllleHHeM, KOTOpPOEe BO MHOTHX C/y4YasX MOXHO
NPUMEHATh BMECTO TeH30pPHHX oOOosHayenutt. Kax yke yKa3biBanoch
paree, TIPEMMyHIECTBO TEH3OPHLIX 0003HaueHMH# COCTOMT B TOM, YTO OHM
MO3BOJIAIOT TOJYYUTb TIPM TNEepexone OT OJHOH CHCTEMB KOOpPIAHMNar
K Lpyroft TpOCTbie ypaBHeHHs Ans TpeoOpasoBasns KOSGMQPHUHEHTOB,
ONHUCHLIBAIOILUX HEKOTOpOE (pH3Nyeckoe CBOHCTBO. Kpome TOro, TeHsop-
HLIY XapakTep CBOKHCTBA, T. €. paHr TeH30opa M 3axkoH ero npeobpasoBa-
Hus, o0o3HayaeTcs YMCJAOM MHAekcoB. (OnHaKo, ecau Mbl Beerna Oyiem
TIOMHUTb O pasJMyuN 3aKOHOB TpeoOpa3oBaHUsl TEH3OPOB PasHOrO pawra,
T. €. UMeTb B BMAY, 4TO ¥; dij M 8, XOT M HMEIOT OLMHKAaKOBLI# BU.,
npeoOpasyioTca TO-PasHOMY, TO BO3PAMEHMA NMPOTHB YMEHbIUEHHR YHUCAa
VHIEKCOB IO IByX OTNanaioT. Beens rakoe COKPALIEHME, Mbl MOMEM
eumle GOJbiue COKPaTHTL 3aMMCb M B TO e BPeMs B3rNAHYTL Ha ypabhe-
HU C HOBOH TOYKM 3pEHM#A, 4YTO, Kak Mbl yBMAHM, OKaXeTCs BeCbMa
naonoTBOpHLIM.  Jlns  aro# ueam HeoOxonMMO natk Kpatkuit o0sop
HEeKOTOPHIX MNpPaBUi MaTpuykolt aareCpw.,

§ 2. Marpuunas anre6pa?)

1. Jluneiinsie npeoGpaszoBaHus u YMHOXeHue MaTpul. Dosbiuas
4YacTLb BCTPEYaBLUMXCA HAM AO CHUX NOP ypasHeHMH, ONMCLIBAIOILMX CBOH-
CTBa KPHUCTaNNOB, NpeacTaBisla Co0off CHCTEMBl COBMECTHBIX JHHEHHBIX
ypasHeHu#t, Marpuunas anrefpa sHauMTeNbHO oOOneryaer  Onepalyu
C TaKKWMH YypaBHEHHSMH,

) Tlpy mepBoM uTePHKM 3Ty TA2BY MOKHO OIYCTIITL.
2) Cum. [2, 18, 38]. (Cm. rawwe [106, 113). — [Trum. nepes.)
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[IpenoNOKNM, YTO NEPEMEHHLIE X;, X, .., X, JMHEHHO CBA3AHM

C HE3aBHCHMLIMH TIePEMEHHBIMH Yy, You « .., Y, COBMECTHLIMH yPaBHEHHAMHU
Xy =0,y + Yo+ . o 40y,
Xo==0g ¥+ OgoVo+- '+ %Y,

xm == + am2y2 +

HWJH B COKpaulleHHOH 3amnucH

-

x,=a”yl (i:——l: cees M, j=11 v n). (93)

[lpennonoxum Temepb, uTO y; B CBOK Oyepenb CBA3aHL C TpeTbeHt CH-
CTEMOH nepeMeHHLX Zy, 2y, ..., Z, YPABHEHHAMH

Vi=PBpz, U=1L....m k=1,....p). (9.4)

Torma x; CBA3aHH C 2, YPaBHEHUAMH

Xy ==0yB112p. (9.5)
Ecnyu Tenepb BBECTH HOBYI) CHCTEMY BEJHUMH Y,,, ONPENCNSEMbiX paBen-
CTBaMH

Tie =% (9.6)
TO Mbl CMOMEM BLIP23HTb X; HEMOCPENCTBEHHO Yepes z,:

xl=lezk. (9.7)

PaccMorpum Tenepp BCe o u [, BbinkcaHHbIE B Buie Tabaul clenylo-
wuM o6 pa3om:

a1z ... %, Bn Big .- Byp
o  ogg ... 0 | o, (Ba Ba ... Bap |,

%m1 %mB s« %mp Bar Bre +oo Bro

Mul MOXEM CyMTaTh, YTO 3TH Talauubi 0OpasylOT BeNHYMELI, HasLBae-
Mbie Mampuyamu & v B. Toraa, ecaum Bce 4 BHINMCaHLH B BHIE aHano-
ruysoft MaTpuubl, oOWMH unes q,, T. € 3JEMeHT, CTOAWHE B [-i
CTpoKe W R-M crosfle MaTpuubl ¥, OTNPEneNseTcs Kak:

Tip =08 == 0 Brp + tpoPop 4+ - .

970 BLIpaXKEHHE MONYYaeTCsl MOUJEHHLIM YMHOMXEHHMeM {-it CTPOKM MaT-
puubl & Ha k-# cronbey MaTpuub B M CYMMHPOBaHHEM TOJYYEHHbIX
npousseneHnit. Takas onepauns HasLIBaeTCA YMHONCeHUeM Mampul,
Mui MOweM 3anucaTb

Y =2af, 9.8)
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ofosHayasn STHM, YTO MarTpuna ¥§ MNOJAYHaeTCs YMHOMXKEHHEM MaTPHuH &
Ha Matpuuy B.

OueBHIHO, YTO YMHOMXeEHMe MaTPMIL BO3MOMHO JMIUL TOrL@, KOria
yucio CcTonblUOB NeBOft MaTpHLBl PaBHO HMCAY CTpOK npaso#t, Tak,
B TIpenbiyLleM npumepe & seasnack (m X n)-maTpMue#t, a § u y npex-
craBasayn co6o# cooTBeTcTBeNHO (1 X p)- U (m X p)-Marphubl. HToOul noka-
3aTb 3T0, MBI MOXEM yCJOBHO 3aIrucathb

(mX p)=(m X n) X (nX p).

B npaBo#t yacTH 3TOr0 paBeHCTBa # CTOST PAROM; MOXHO CYMTaTh, YTO
NIpY YMHOXKEHHMM n BbiepKMBalOTC M ocTaercs (m X p).

Eciu uncno cronuos B Marpuue A paBHO YMCAy CTPOK B MaT-
puue B, TO rosopsr, uro sTH MaTpuun Mozym ofpa3osame npou3sede-
Hue AB.

Bosepamance & ypapnennio (9.3), MBl BHAMM, YTO X; H ); MOXHO
paccMaTpuBaTh Kak MaTpHuusl, EcnM X, 3anmucaTh KaK SJeMeHThI MaTPHILbI
M3 m CTPOK u onHoro cronbua (MaTpMubl-cronbua)

[i‘l

Xm

TO ana TOro, u4roObl @& Wy morau o6pa3oBaTh NpPOM3BeLEHHE ay, ¥
clefyeT 3amucath B BHMAE MaTpHUUL M3 1 CTPOK M onnoro croabua

N

Y2
v=|:|;

Yn

X = ay. 9.9)

TOrna Mbi HMMEEM

3aMeTHM, YTO LJA YUCAa CTPOK M CTOJOLOB MOXHO HanuCcarh CAEAylollee
CXemMaTHyeckoe paBEHCTBO:

(mX D=(mXn)X(nX1).
AnasoruyHo, ypasuenne (9.4) MOXHO sanucath Kak
y == Pz, 9.10)

rie z npencrasaser cobo#t (p X 1)-matpuuy: Ttorma ypassenue (9.5)
NpUHMMaeT BHUL
x =afz. .1
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2: Cnoxenne wu BbluuTaHue Martpuu. Ecmm x =Ay ¥ w=By,
rie x, A, y, B 1 w— marpuusl, 10, sanMchiBas ypaBHeHMs CJeLYIOLIMM
obpasom:

X;=Auy, w w; =By,
MOXHO BHJeTb, YTO
X +w=(4,+ By y;.
ITostomy noruyno BBecTM Matpuuy C C s/eMCHTaMH C,;, 3a1aBaeMbiMH
BLIpaxKeHHeM
Cy=Ay+By

M Haleatb 3Ty matpuuy cymmo#t (A -B). Torma paccmarpuBaemvie one-
panuy MOXHO 3amicaTh B BUIE

X +w=Ay~+By=(A+B)y=_Cy.

Ilee MaTpuubl Mmozym obpasosams cymry, xoria o0e OHH MMEIOT
OLVHAKOBOE YHCNO CTPOK ¥ OAMHAKOBOE YKCIO CTONOLOB.

Onepauns BLIYMTaHMA OfHOH MaTpHUsl M3 LPYro omnpemenserca
aHaNOTHYHBIM 00pPa3oM.

8. Ceogka cBoiicte matpuu. Cunmeosst &, B, A, B « m. 4.,
npedcmasafiiowLe  Mampuys, Mo2ym CKAGOW3IGMbCA, BLLLUMAMBLCA
u ymuoscamocs (HO He OeaumbCs) mar sz, KAK ecau Obl OHU BHLPG-
sicaau obviunsie wucaa '), Ilpu ymuoscenun mamiuy caedyem, 0OnaKo,
novyums, umo o6nuHo AB +# BA.

§ 8. CoiicTea KpucCTaNJIOB B MaTpU4HON 3anmucy

IMpusenennvie B ra, [I1— VIII ypassenns, omucuiBaiomye cBoiCTBa
KPUCTANNOoB, MOryT ObiTb KOMIaKTHO NpPeLCTaBJeHb B MaTPHYHOM 3amUCH.
[Ipencrasiias 5JeKTPUYECKYIO MIHAYKUMIO H HalpAXEeHHOCTb TONs B BUIE
MaTpHL - CTOJOLL0B

Dy [ E
D= l D2 n E= | Es |,
Dy Eq
MBl MOXEM 2anHcaTh
D — xE, (9.12)

1) Crporoe IOKa3aTeabCTBO STOTO YTBEPXKIEHMs ¢cM. B kunre deppapa [38).
Ilpyroe otanune marpuy A u B oT o6bIUHBEIX YHCEN @ K b COCTOMT B CAELYIOMIEM:
ypaBHenMe ab =0 o3nauaer, 4TO @ WK & (win @ K &) paBHH HYMO; YPaBHEHHE
AB =0 (0 o603Hauaer KyAe8ylo Mampuyy, BCE SJIEMEHTH KOTOPOH paBHB! HYMO)
He ofs3atenbHO o3navaer, uto A uan B paBHH Hymo.
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roe % — kBanpathas (3 X 3)-MaTpuna

%2 Y2 g3
%31 Y3 a3

(*11 712 “ml

Ananornusoe BHpaxeHHe TNOJyYaeTcs LIS MarHUTION BOCHPHUMYHBOCTH

B = pH. 9.13)
VpasreHue nuposnekTpuyeckoro sdoerra (4.21)
AP, = p, AT
MOXeT ObiTb 3aMycaHO B BHIE
AP =pAT, (9.14)

rie AP n p — MatpHubi-cronbubn. OTMETHM, UTO TPH  YMHOMXEHHH
MaTpHub Ha oObiynoe yucao (AT) BCe ee 3JEMEHTH YMHOMKAIOTCA Ha 3TO
yHCno, )

AnanoruyHo, ypaBeeHue TennoBoro pacumpesus (6.13)

EU = OLU AT
MOXHO 3anucatTb B BHIE

gg=q, AT .(I=1,...,6),
7h)
e=aAT, (9.15)
rae & npexncrasaser cobolt (6 X 1)-Matpuuy, KOMIOHEHTL KOTOPOH ObiaH
BBezenbl B . VII, § 3, a & ectb (6 )X 1)-MaTpyua, uMerowas BUf

@1 en
G2 Go9
a3 ] “%s3
R PE (9.16)
a5 2&51
ag (254, J

Unoraa mpu BuIYHCAEHMH TeILIOBOTO paciuvpenus Gonee ynoOHO MOJbao-
BaTLCA MaTpUUaMH

{on

CL22
411 %12 %31

33
djp Ugg doy{, MJH .

Gop
a5 Gy %33

@31

212
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YpaBHeHHs TPAMOro NbE303JNEKTPHUYECKOro a¢ddeKTa, KOTOpLIE Mbl 3ami-
cuiBany panee B dopme [cM. (7.17))

Pi=dy; (=123 j=1,...,6),

MOMHO TIPEACTaBUTb CJAELYIOMM 00pa3oM:

P =dgo, (9.17)
rme

9

G2

Py dy dig diz dyy dyp dig .
P=1Pl, d=\dy dy dp dp doy dyg| U o= :

Py dyy dgg dgg dpy dgs dos q4

s

9

YpasHeHus ynpyrocTH BLIPaMaloTCA B BHLE
e—Sc u o —ce, (9.18)

rie & ¥ o npeacrasasior coboit (6 X 1)-matpuun, a2 § U € ecTb
(6 X 6)-Marpuun, BeeneHHuie B ra. VI, § 2.

§ 4. JBe npou3sogHbie MaTpPHULI

1. TpancnonupoBauue matpullbl. Bropoe ua ypasHenutt (9.1), sanu-
CasHOE B pasBepHyTol ¢OpMe, HMEET BUL

ey =dyE, 4 dy Fs +dy Es,
ey = Aoy 4 dpEy - dgFs,
&3 = dy3E; +dysEy +dgFls,
e, = dyF; + doyFy +dgyEs,
ey = dysEy - doEy + dgeEs,
eg = dygEy + dogEy - dgeF.

Yro6u NpescTaBUTb 3TO ypaBHEKHE B COKpPalUEeHHOM MaTpHyHOR 3amicH
Gea MHLIEKCOB, Mbl CHayana BanMiiueM ero Kak

(=1 du dy da)
£ dig dpp dy

g
&3 dig dog da x| E
&4 dyy dpy dgy 2
E)

g
|6

¥ 3aTeM COKpaTHM 10
e =dE. 9.19)
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Jlerko BMperb, 4YTO d¢— Takas e Marpuula, Kak U d, HQ ee CTpOKamu
ABAAIOTCA CTOA0ULI Matpuubl d, a cronfuaMum — CTPOKH Marpuubl d.
Marpyua d; HasHBaETCA MPAHCROKUPOBOHHOL MaTPULEH NO OTHOLIEHHIO
Kk Matpulle d.

JT0 onpemeneHMe cnpaBeiaMBo M B oOmieM ciayyae: MaTpuua Ag
ABAAETCA TPaHCTIOHMPOBaHHOM 1O OTHOIUEHMIO K Marpuiue A, eciu ee
r-i cTonlbeu sBaserca r-# cTpokoit Marpuub A.

2. OGparHas wmarpunad, IlpennonoxuM, 4YTO @& — MPOM3BOJbHas
kBaipatHas (n X n)-MaTpula, a X M y— Matpuuu-croabus (n X 1)
M 4TO

X =ay, (9.20)

WM B MHAekcHOM 0603HayeHUM
Xy =0a,Y; ¢ Jj=1, ..., n).

Ecnn peTepmusasT 3 a,, KOTOPbiff Mul 00OsHauuM uepes A=|a,|,
He paBeH Hy/I0 (B 9TOM CJyyae MaTpuLy & Ha3LBalOT Heocolol), TO 9TH
ypaBHerUsi MOryT OBITb paspelleHb OTHOCHTENBHO y,. YMHOXas {-e ypas-
Hexne Ha anreCpauyeckoe nomoJHeHHel) A, anemeHTa oy, U CyMMHpYS
no I, monyyaem

Apxy= Apoy Yy k=1, ..., n)

HO TIO TEOpeME O DPasnOMEHMM neTepMHUHanTa?)

Apoyy = Aakj'

NIOSTOMY
Apxy =103,y
T. €.
ApXy=A4Y.
CrnemoBaTenbHO, 3aMEHAs MHEAEKCHI, HMEeM
_.A/l
=7 %

dro ypaBHeHMe, 3aNHMCaHHOE B BUIE

yl=(a‘1)l].x]., nu y=a-x,

1) Anre6panueckHM IOMONHEHHEM SJEMEHTa a;p HA3HIBAETCH YMHONEHHEIHR

Ha (—-1)”" IeTepPMHHAHT, MOJYuaeMHR M3 |oj;| BHYepknBanneM - cTpokm
U k-ro cTonblia.

O)Sra TeopeMa cocToMT B chaeiaywomeM, CyMMa SJeMEHTOB CTPOKM (WM
cTon6ila) IeTepMHHAHTA, YMHOMEHHBIX Ha CBOM anrebpanueCcKkHe IOMOJHEHHS,
paBHa 9TOMY JETEPMHHAHTY; CYMMa 9JEMEHTOB CTPOKH, YMHOMEHHBIX Ha COOT-
BETCTB} I0LIHE aareranqecxme JOMOMHEHKA APYrof CTPOKH, PaBHA HyMo; C)MMa
9JIeMEHTOB C€TOA0LA, YMHOXEHHHX Ha COOTBETCTBYIOLINE anrebpaHueckie nonon-
HCHHA apyroro croabya, paBua Hymo [38]. IlepBoe u3 sTHX Tpex yTBepix.iesit
MoxeT OHIb KCNONLIOBAHO B KayeCTBE OIPeiEsieHuA NeTepMHHaHIa.
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ABNAETCA, OYeBMAHO, OOGPaTHHIM TO OTHOWIENHIO K VpaBhenuw (9.20),
ecm Mbl BBeLeM onpedesenue, YTO a&~! ecThb Marpuua, [j-# sneMenTt
KOTOPO#, obosHauernuifl yepes (a'),;, paseH Aylh.

Hanuwem teneps {k-# aneMesT mnpoussenenus ae~i. OH pabeH

aUAk/ blkA

Marpuua, sneMeHTaMM KOTOPOH fBMAIOTCA O;,, HA3bIBACTCH €OUHUYUHOL
mampuyeir n obo3uayaerca yepes l. Mrak,

az-'=L
AnanornyHo MOKHO TOKasath, 4T0 &~ !¢ =1. Baaromaps Takum cpoft-
cTBaM MatpHua «~! HasviBaeTcA O6paMHOL TIO OTHOLICHHIO K MaTpHIE &.
BaxcHo OTMeTHTL, YTO OOpaTHBE MaTPHUUL MMEIOTCS TOJLKO Y KBaLpaTHLX
HeoCOObIX MaTpPHLL.

Jlerko Bupers, 4TO yMHOXenHe JoOoft MaTpuubl Ha 1 ocTaBnser ee
neuaMeHHO#H. Termepn Mbl MOMeM CYMTaTh, 4TO YpasHenue (9.20) pazpe-
[IaeTCs OTHOCUTENLHO y TNyTeM YMHOMXEHHA €ro Ha &t

e x=a-lay=Ily=y.

[lpuMepoM ABYX B3aMMHO OOpATHBIX MaTpHL fBJSIOTCA MaTpHla AH-

9JIEKTPUYECKOH NPOHMLIAEMOCTH %, CBsa3wbiBaiomas D ¢ E,
D = «E,

u mampuya ,0ussexmpuieckoll Henpornuyaemocmu* B, cBasviBaio-
waa E ¢ D,
E=pD, rze B=="L (9.20a)
Ananornyso, M3 ypaBHeHMH ynpyrocTu
g=8¢ M G=ce
Mol BUEMM, 4TO s =c¢~! 1 c=s"t, OTClOLa TaKKe Crexyer, 4TO
se=cs=1L
BBOILH HNHIEKCBI CyMMHPOBaHHﬂ, 3TO 2Ke ypaBHeHue MOXI10 3anMcaTb
cnepyomuM o0pasom:
S1j€sp == CyySpe = O
HaKOHell, B MOJIHBLIX TEH30PHHX 0003HaYeHUsIX OHO MMEEeT BHUJI
S1juiCrtmn = CijptSutmn == O1mdjns (9.21)

§ 5. Beauuuna, xapakrepuaywomwas cBoHcTBO
B NMpOM3BOJBHOM HANPABJEHHK

Bra I, § 6, n. 2 Mu Haway, Y10 eca¥ CHMMETPUUYHBLIH TEH30p
BTOpOro panra S, ONHCLIBAET HEKOTOPOe CBOWCTBO, TO BeAHYHHA
S, XapakTepu3yioilds 3TO CBOHCTBO B TPOHM3BONLHOM HANpaB.JIeluu
(/s Ly I3), onpenpensercss BhIpaXuceHUueM

S::S,jlilj.
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Yrolu npencTaBUThL 3TO BLIpaXEHNe B Marpuuno#t ¢opwme, mnepe-
CT4BMM CHaYa1a YJIeHH Tak, YTOOW MHEGKCH CYMMMPOBauMsi CTOAMH
psnoM, T. e. npeoOpasyem ero B [,S,l;; TOrna Mb MOXeM BamucaTh

S =181, (9.22)
1AM B PasBepHyTOH ¢opMe
St Sz Sm hL
S=( Ll | Stz Se2 Ses || 2 |.
Sz Sea S/ \ Iy

Mu mepewnu k l¢ ans Toro, 4roOb MOuHO OLIIO HamMcaTh TpOM3Be-
IeHNE MaTpHLl COT/aCHO CXeMe

(IXD=(1XPIXEBXHIX B X D.

§ 6. Mosopor ocelt koopauuart

YpaBuenus noBopoTa oceft koopiHHar, BuiBeREHHbe B ra. I, § 2,
JerkO BLIPasUTb B MaTpUuHOM ¢opMe. Y paBeewus npeoGpasoBakus
koopauHar Touky [popmyna (1.18)]

!
X, = ay%;
NIPUHUMAIOT BMI
x/ = ax, (9.23)

roe X' M X — MaTpuubl-CTONOUM. YpaBuenwus npeoGpasoBaHUs KOMIO-
HEHT BEKTOpa ,

Py = by
IPUEMMAIOT BUIL

p’ =ap. (9.24)
I'Ba mnocnenoBaTeNbHLIX TOBOPOTa: X' =—ax M CJeLylOUMH 33 HUM
X”="bx', MOXHO 3aMeHHTb ONWMM, OCbLEIMHfa UX C TIOMOMLIO MaTpHYy-
110ro yMHOM€HHMs, @ UMenko X7 = (ba)x.

YpaBHenuss npeoGpasoBaHUs KOMIIOHEHT TEH30pa BTOPOro paHra,

HANpUMEP TEH30Pa AMSJEKTPHYECKOH TNPOHMIaeMOCTH, B 3aNMHCH C MH-
IeKCcaM! CYMMIIPOBaKMsl MMEKT BHL

’ — -
%y = Ay

Tpexne yeM nNPIMEHATb MPABUIO YMHOMEHHA MaTPMUL, MHB JOMKHBI
pacnonoKuTL TOBTOPSIOLIMECH MHAEKCH PALOM. ITO MOXKHO CHEJaTh,
TNOCT4BUB YMEH @y TOCNE ¥, W TPOM3BELS TPaHCTIORMPOBaHME:

L .
%= Gt (Q) 1
C/elOBATENBHO, MOXHO 3aTHCATh
%’ = axas. (9.25)
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I1peobpasoBanys KOMIOKEHT TEH30POB TPETbEr0 M YeTBEPTOrO paH-
roB TaKe MOTYT ObTb NPeACTaB/eHbl B BUAe MaTpUykbiX ypasHeHutt [18],
OIHaKO STH MaTPHUB LOBOJbLHO I'pOMOBIKH.

§ 7. MNpumepsr BbiuucAeHuH ¢ NOMOWBIO MaTpun

Tlpy yncnesHbIX pacuyeTax mpuMeHEHME MarPHYHOrO METONZ HacTO 3Ha-
yurenbeo oOseryaer pabory. Mbl nagum 3mech HECKONLKO TPaKTHYECKHX
npuMepos 1).

1. Taasubie xoodduuueHTs! u rJaBHbie HANPABJEHHE AAA
MOHOKJIMHHOIO KpHCrtaana. Meroa nauMeHbliux ksaapartos. [lpenno-
NOXHUM, uro TpefyeTcsa HaliTH KOMIOHEHTH TeH30pa BTOPOrO pawra,
OMNCLIBAIONIEr0 HEKOTOPOE CBOMCTBO MOHOKJMHHOrO Kpuctanna. s
OnpeneneHHOCTH BO3bMeM TemsoBoe pacumpesye, Ecmm och Ox, Hampa-
BJleHa BAOJL OCH BTOpPOro mNOpAlKa, TO 5TH KO3I(PQUUUEHTH MOXKHO
3anucath B BUIE MaTPULLLI .

ey 0 agy
a={ 0 anp 0 |,
agy O agg

3aMeTHM, YTO CHayaJa Mbl He 3HaéM Hanpapfewks IBYX IJIaBHBIX OCeH,
nepnesaukyaapuuix Ox,, u nosroMy Ox; u Ox; Moryt OuTh BuiOpaHsl
npoussonbHo. Kak o6wiyHo, HanpasuM Ox, napajfensho KpUCTaanorpa-
Gbuyeckolt OCH 2; STUM omperensercsa M Hanpasierne Oux,.

Kosdppuumentst «;; MONHO OnpelenuTb, HaMepss NPOLOJbHOE pac-
IIMpEHHe CTepPIKHeH, BLIpe3asHbIX M3 KPHUCTalNa B PasiMyHLIX Hampasie-
HusX. Jlns npOM3BONLHOIO HAampaBleHMsl, 3aLaBaeMOro eaMHUYHBLIM BeK-
Topom |, samucasHEM B BMEe Martpuubi-croabua 1, Takoe pacuupenue
Ha elVHHUY NpPUpalieHMs TEMNepPaTypH MOMHO BLIPa3HTL Kak

B COOTBETCTBHM C ypasHeHueM (9.22). Ecau

0 agq 0 adgy 0
1={1), 10 ,=(010)| 0 an 0 1} = ay;
0 a3y 0 Ggg 0

3TO e, OYEBMIHO, BLITEKAET M3 OMNPEHENEHUS Cpp-KOMIOHEHTH MaTPHLHI.

B uanpasnenny ocu Ox, pacwupenye sBJAETCA MaKCUMaIbKHM MJH
MHUHHMalbHLIM, TIO9TOMY €ro 3HayeHHe MaJO 3aBMCHT OT He(OJbLIOH He-
TOYHOCTH B OpMeHTHpOBKe oOpasta. TakuM o00pasoM, BEeNMYMHY Ogp
MOXHO C YVIOBJETBOPUTENLHOM TOYHOCTHIO M3MEPUTL HEMOCPENCTBEHHO.
Haoboport, o, ¥ o33 YyBCTBUTENbHB K MalHM nOBOpoTaM BOKpPYr Ox,,
C/eROBaTENLHO, OWHMOKN B OpHEHTHPOBKE 00pa3lloB, HOMHHAJIBLHO Tapad-

1) W. L. B o nd, seony6ankoBanuan pa6ora, 1945.
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gemsibix Ox; M Oxs, CKa3LIBAOTCH BeCLMa 3HAYMTE.IbHO. I1OITOMY Mul
NPHMEHUM CJeLyIoWuf MeTol OnpeleleHus oy, Ogg M O3, KOTOPHIH
CBOAKT OWHOKH K MHHUMYMY.
[lycTh cTepHM BLIPEIAIOTCA TaK, HTO
S'.ﬂ61
1= 0 . (9.26)

cos 6,

Torna, 0603Hayas pacuiypesie B 3TOM HampaBjJesuH uepes A;, uMmeeM

a1 0 ag sin 6y
Al - (Sin 61 0 cos 61) 0 Gao 0 0 =
ey 0 oy cos
sin 61
=(sinb; - a;; 4-cosb, - ag O sinb;.ay J-cosb cazx)| 0 |=
cos 61

=sin? 0 . a;, + sin 26, . oy, +c0826; - ags.  (9.27)

(d1oT Ke pesy.JIbTaT, OUEBHAHO, JErkO MNOJYYHTb, MCMO.IbL3YA TEH3OPHBIE
0603HavyeHHts,)

Ecnn nns HeckOAbKMX pasanunubx opuestauuit Oy, 6, ..., 6, naii-
LEeHH COOTBETCTBYIOUIME B3Hauesuss pacwupenntt A,, 4, ..., A,, TO Mbl
noJyuaeM CHCTeM  ypaBuesnl, noso6umx ypaseewdio (9.27), koropas
Moxer ObITb 3amMcana B BHAE

A =0g, (9.28)
rae A sin? 6; sin20; cos%0, a1,
A— /}2 L = sjn‘f 0-2 si'n 202 -C(-)S'f 0? ' — | ag |.
Ap sin®*0, sin 20, cos?(, %33

I1s ompenenenus &y, Oy, O ROCTATOYHO M3MEPMTb TP BHAYEHMs pac-
wmnpennst: A,, A, As;. B stoMm cayuae € — xBaaparsas M, BooOule ro-
BOp1, Heoco0as MaTpulla; NOSTOMY Mbi MOXEM PaspewnTb ypaBHe-
HHe (3.28) oTHOCHTEIbHO &:

a=07""A. (9.29)

Bonee TOuHHLIM pesyabTar MOJYYMTCA, €CJAH M3MEPUTb He TpH,
a Ooabiue 3uayewu#t A,, A, M T. I. ¥ UCNOJAL3OBaThb 3TH Pe3y.1bTAThI
A9 HAXOWIEHUs HAWIYYLIero sHauenMs &. I10STOMY paccMOTpHM c.e-
Iyowyo o0y 3anayy.

Obwasn 3adaua. Tlycts 2y, 2, ..., 2, TPeACTaBAAIOT COOOH ¢ He-
M3BECTHHIX BEJMYMH, KOTOPBE WPH YMHOXKEHHM Ha KO3(DHILHEHTHl
Gy, Gy, «.., O, NAKOT BEIMYMHY A, OmpenesaMyio PaBeHCTBOM

M=azy 4 a2y 4 ... +az2,
13 L. Han
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3anapanch 3HaueHHAMH KOS(DQUUUEHTOB @y, Gy, ..., 8, MOXKHO IJKCTe-
puMenTaabHO u3MepuTh A. Benepcreue owmbok skcnepUMeHTa MH TO-
JyYUM He MCTMHHOE 8Hayenne M, a wexoropoe 3uauenne M-1-o,
roe v —mnorpeinkocth. IIpoBens p TakMX SKCMEPHMEHTOB NPH Pasiny-
HBIX 3Hayewuax ¢, nonyvaeM

V= an2 - apt+ ... a2, — M,
Vo= a2121 + a2222+ + aEq e — Mo (9.30)

v _.ap,zl—l—apoza—l— —]—-apq 9 Mp.

Ecnu p>g¢q, TO BuIOpaTb ¢ YypaBHEeHHWH M3 p YpaBHeHMH CH-
creMnt (9.30) moxmuo HeckoabkuMi crnocoOamu. Ilonaras, YTO B xa)aoM
u3 ypaBeenuit moGolt BLIOpasHOH CHCTEMBI TOrPEeLINOCTb U PaBHA HyJIO,
MOXHO pPaspeliNTb 3TH CHUCTEMbl ¢ YPABHEHMH OTHOCHTENLHO ¢ HEH3-
BECTHBIX 2y, Zp, ..., Z, TakuM 00pasOM, MBI MONYYHM HECKOJbKO CHCTEM
3HaYeHMHt 2, 25, ..., Z, HO BTH CHUCTeMb He OyAyT TOYHO COr.naco-
BLBaTbCHA, [IPHHUMN HauMeHLIUNX KBaLpPaTOB COCTOMT B TOM, YTO 3Ha-
uenusi z LOMKEM OuTv BuOpambl Tak, uroOm cymma 2434 ...

. —1—-1}2 Ovina HauMeHbiued (cM., Hanpumep, kuury CkapGopo [R0]).
Ypasrerus (9.30) MOXKHO Tepenucats B BHIE
v =uay2;,— M, ¢t=1....,.p0 j=1..., 9, (9.3
HJH
v=az—M, (9.32)

rae v, z 1 M — matpuupi-cronfust ¥ a — MaTpuua KospduUHeHTOB ;.
Tak Kak Mbl TOJOXMAM, 4YTO CYMMa U, LO/DKHA MMeTh MMHMMAIbHOE
3HayeHMe, TO

0v;
f ()_z; =0, (9.33)
uny, yunteiBas (9.31),

IMoncraBnas suayewus U, W3 ypasuenwuft (9.31) B (9.34) n sameHsn Hu-
Iexc CyMMMpOBawMsi J Ha Kk, mo.IyyaeM

(apz,— M) ay;=0,
uam
(@) ji (a2, — M) =0,
a 3aTeM TepPexoiuM K 3anicH 6e3 MHIEKCOB
aaz—aM=0.

3necy (a@) — KBaipaTHas MaTpuila, CXeMaTuyeckn IpencTas.IfeMas
B BHUEe (X p) X (pXq)y=(g X ¢q); cnepoBareavso, oHa o00.1anaer
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——

obpatuolt marpuueit. [lostoMy, yMuOxas CaeBa Kawniblil uneH Ha
(ata)“, Mbl paspelnaeM ypaBHEHHE OTHOCHMTENLHO Z M HaXOLUM

z=(ata)"] atM. (935)

PaccMoTpuM Hawly cXeMy paccynesuft B uenoM. Mwl 3apaBanuch p
ypaBHEHMAMH C ¢ HeH3neCTHMH, @ HmensOo az=M. Vmes anunme
ypaBHeuHs, Mbl L00aBUM p HEMBBECTHWX ¥, ONPEe/AeMHX ¢ ypapHe-
Husmu (9.34); B urore mnoayumaMm p-+-q ypassesu#t ¢ p-+4¢ Heus-
BECTHBIMH,

3uayelns vU,, XapakTepHsylOLIME TOYHOCTb HaMepenuit, HAXOIUM,
NOACTaBJsA 3HAYewHe Z, ONpepenseMOe COOTHoweHueM (9.35), B ypas-
uenne (9.32):

-1
v=[a(aa) as —I]M. (9.36)
B paccMOTpeHHOM BLille TIpUMepe C TENAOBHIM paclHpenHeM poJb

ypasuesuss M ==az wrpano ypasrenne (9.28), mosToMy HanIyyluee 3Ha-
yeHNe & omnpeznedsercda GOpMynoHi

a=RA, rze R= 6:0)7'6..

Yncrenunnii npumep. llepnennukynspuo ocM Ox, Buipesan BOCLMM-
yroabHHE INCK; 3HaUEHMs TETIOBOro pacwMpeHus sa 1°C, uaMepenHbie
Mexay TpPOTHBOTIONOMXHBIMM CTOPOHaMH B TIIOCKOCTH IHCKa, OKasaJHuch
CrefyOLIHMHU:

6,= 0° 45° 90° 136°,
A, 10°=320 16,0 150 31,5.

Ina storo cayvas

[0 0 1l
1 1
- 1 —
p) )
8=, o o}
1 1
17 -1 3
Crenoatensho,
0 0 11
o Ly vy ] s
9 2 I7 1 5 2 2
OO=|0 1 0 —1 =lo 2 o},
1 0 0
1—1-0 1 1 1 1.02’.
2 2 ) 5—17 2 2

L

13*
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(Marpuua O nomxna OurTs cuMmerpuusoft.) Tlostomy

1 1
2 0 0 5 07]
0% 0% 20’
i
13 1 13 1
0 0 ! - | = =
1| 7 7 7 2
OO =F1=11 3 I I I
2 2 2 7|
3 3
%o 170 0 2

rie A — nerepmunant Matpuun ©¢0. B usawem cayyae A =4. Cnenopa-
TeaLHO,

: 3 0 —1
(9,9)-12T 02 of,
—10 3

_TaK YTO ypaBhenue R = (0¢0) ' O umeer suzn
: —1 1 3 1|

R= 02 0 —2

Hakoneu, onpegenss @ no ¢opmyne &= RA, noayyaem

32,
| —11 3 1 168 ( 1513 (an
- 3 106=—4- 0 2 0 —2 15'0 = —7,75 = | @31 | - 106.
31 —1 1] l31'5 32,13 ags |
Buayenve v, uattnennoe no ¢opmy.ae (9.36), uMeer Bun

0,13‘
=0,13 e
l 0113‘ 107",
—0,13

Urak, HaMayyiine sHayenua oy, Os, Ogy SaLaAlOTCA TPOM3BCIEHUEM
Matpuubl R Ha MatpHLy MaMEpeHHbIX 3HaueHH# TENIOBOrO paclIMPEHHS.
Ecam xeadate.1slio ciegarh GoJbie YeThiPex H3Mepenuil, TO MOKHO BLIYNC-
AUTb, APYTHE MATpHUH, anaioruynwie Matpuue R, nas 10-, 12-,.. yroab-
HMX LMCKOB.
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Tenepb Mbl TepelineM K HaXOXACHMIO T'J1aBHLIX KO3(QUUMEHTOB pac-
wHUpesHs o, M oy M OPHEHTALMH TIaBHLIX OCeft. Yjpolwee Bcero pewars
9Ty 3anayy NyTeM TNOCTPOEHHs OKPyxkHoCcTH Mopa (cm. ra. II, § 4).

o

D

-
to

S

dur. 55 [locTpoenne OkpymHOCTH Mopa M HaXOXIEHMA IAABHbBIX
k03¢ pHULMEHTOB U OpMeHTauMy raaBebix OCef TEMAOBOrO pacmiypenys.

Ha ¢ur. 55, noctpoexno#t B Macwrale, raaBuuie ocH 0003HayeHul Yepes
X, Xs. Tak Kak KOI(@HUNEHT &g OTpHuaTeNeH, nsobparkaiomlas Touka P
Haxomutcs Hke ocu, OueBHnHO, 4YTO

2|°‘31| :

—an

tg 2=

OTCI0na, HCHOJIBSyﬂ HpHBeﬂ.eHHbIe BLILIE 3HayeHU4q, nonyqaeM
¢=21,18°,

Panuyc r okpyxHOCTH ompenensercs bopMyJoH

1
2 (aaa - a11)2 + agr

rr=
OTKyZia HaXxOLHUM
r=11,50-10"% 2pao~'-

Torna @, U oy BHYNCAAIOTCH CAELyOWMM 00pa3om:

oy

(0t g3} — 7,

'2_
oy = -
%=7

(ous + a53) +7,

Tl e\
0, = 12,13+ 107" zpad™,

@g=36,13. 107 2pad™',



108 ra. 1X. Marpuune merod

—

Ha ¢ur. 56 noxasaHbl Ha To#t ke oKpywHocTH Mopa yerbipe usMe-
PeHHBIX 3HaYeHWs TEIJAOBOrO paclikpeHusi, HCMOAb3OBaHHHE MPH BbLIYM-
cneHusx, Hanpasnenus 6=0, 45, 90, 135° ormeueHn COOTBETCTBEHHO

=0
3]
B

Lz

—t— A.? AZ A4 A, l

@ ur. 56. [NocrpoeHue oOkpyxHocTH Mopa ¢ ueTHIpbMSl SKCNEPUMENTANb-
HbBIMM 3HaY€HUSIMH TEIIOBOrO PacIUMPEHHS, KCMOAb30BaHHBIMH
nNpH BuiyucaeHusax B § 7, m. 1

INpueenennbie yHCna NBKOT 3HAYEHHs o » [0° 2pad™,

ToykamMu P,;, P,, Ps, P,, a usMepeHHble 3HaueHMsl pacluMpeHu#t ykasaHboi
TouKaMu A,, A,, Az A,

2. 'naBuble KO9pumueHTH M rAaBHbIE HANDABJCHHUA AJf TpH-
KJMHHOrO KpucTanna. a) Haxoocdenue ko3P puluenmos 8 npou3sons-
HoOli cucmeme rwoopdunam. B xauecTse npyro#t, 6onee ofweft uanoctpa-
LMK OMNHCAHHBbIX Bbllle METOLOB pPACCMOTpPHM H3MEpeHHE TemaoBOro
pacluMpeHMs B TPHKJIMHHOM KpucTanne. TaK KaK oOpHeHTalusl IiaBHbIX
oceft pacuiMpeHuMs B KpMCTaasle 3apaHee HeuapeCTHa, BLIOMpaeM NpoOH3-
BOJbHBIE OCH X;, X», X31) u Oepem oOpasen B Bume Kyba ¢ peGpawmu,’
napaanembHBIMM  9TuM  ocAM. KoapguuuenTsr paclinpeHns usMepsoTcs
BLOAb pefep aToro kyba M yeThipex ero o0beMHbIX nuaroHane#t, Hanpa-
BAAIOINME KOCHHYChl MPH STOM OYAYT CAeLyHOuiuMH:

(1, 0, 0), (O, 1, 0), (0, 0, D),
FVi=1L 1L V30 —1 D,
V30, 1, —D, $V3 L D,
Hcnonbays ypaBHeHue, ananoruyHoe (1.33),
A= Ly = Loy 4 Bogy - Fogg - 2lpliorgg + 213ty 0 + 2Ly,

') PexomeHnyeman OpuEHTalust OCEH Xy, X, X3 [0 OTHOWEHHIO K KpHCTaj«
aorpacpnqecmm O¢fiM ZaeTcsd B MpaBufiax, MPEIJIOMEGHHRIX 1IRE [861.
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roe A — pacuwikpeHvie B HanpaBiaeHuu [; no.Jy4aeM B MaTpHYHOM ¢dopme

A= Oa,
rie

A 1 0 0 0
A» 01 0 .0
As 0 0 1 0
1 1 1 2

As 333 3
5 3 3 3 73
1 1 1 2

As T3 3 7T T
1 1 1 2
Aq 3 3 3 3

wino wjno win wie © o o

—

{ay

wio Wi wie wiv o o o

a2 |

(OTMeTHM, YTO Mbli He BBeAM MHOMMTENH 2 B MOCJERHHE TPH KOMMOHEHTH
MaTpulll @&, HO OCTaBWAM MX B Matpuue ©; u To, M Ipyroe Bnomue

I

5 /B

W
/-

& ur. 57, TocTpoenne, NosACHANILEE HAXOXIEHHE TJaB-
HBIX OCEH TEH30pa BTOpOro paHra MeTonoM mnochenosa-
TEAbHBIX NpHbAumKeHni,

nonyctiMo.) TaK KaK BBIMOJHEHO ceMb M3MepeHHR M MMeeTcsi TOAbKO

WecTh HEMSBECTHHX, MaTpwia © He sBnsieTcsd KBaipaTHOM, M 1aa peuie-

HHf 9TOM 3anay¥ METOA HaMMEHbIUNX KBAApaTOB HYXHO BHILOMBMEHHTb.
CornacHo ypaBHeHuio (9.35), HamayylliMe 3HAYeHMA & OMPERLNFIOTCHA

topmy noit
a=(0:0)""BA.

INpennonoxum, YTO wuaMepeHHbie pacllMpeHMs MMEOT Caelylowue 3Ha-

YEHUA:
A A Ay A Ay Ay A
06 8 3 2 1%,

3 3 3

107° 2pao=".
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Torma Mbi nomyuaem

7 _4 4 1 1 1 1),
o o1 o1 7 7 7 7
4 o _ 4 1 L1 11}
1 o1 o 7 7 7 7
_4 4 1moon L1 1]y
\0? 21 o1 21 7 7 7 7 -
a- 0" = —
3 3 3 3
6o 0 0 g -5 -5 3|3
3 3 3 3 13
¢ 0 0 -5 F -7 5|7
3 3 3 3 17
¢ 0 0 -3 -3 3 7|7
37
3
]0‘ au
6 g
3 a33
_—_ — . -]
- 2 - aog 10'
3 a31
4 a12
nau, B Bupe (3 X 3)-MatTpuubi,
{10 4 3
a-100—=1 4 6 2. (9.37)
3 2 3

IpuseneHHbe BhilllE YCIOBHbIE IKCMEPHMEHTANbHLIE 3HaYeHus Obiny
nonoGpaHL TaK, YTO BCE OHM XOPOIUO COrNacOBLIBANKCh ADYT C APYrOM.
UtoObl nOKasaTh, KaK WSMEHATCA pe3yAbTaThl NpPH HAJIHYHM HETOYHBIX
IaHHHIX, 3aMEHHM B Marpule A 8Havenwe 13/; na 4. Toria nonyumrcs
caenyiomuit pesynabTar:

10 9,95
g 5,95
9,95
3 3
G0y 0 4 | =212
L
37 4,12
3
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api

6) HaxodxcOerue 2aa8H01x KO3 Ppunuenmos u 2nasHeix oceti. Ilpen-
MOJOXHM Terepb, YTO Mbl MMEEM Haujyullee 3HAYEHWEe MATpwilH &, 3ajaH-
noe B Buae (9.37). UYroObi npmBecT# 3Ty MaTpMIY K FiaBHBIM OCAM,
Hys®HO peumTb KyOmueckoe ypasenne (c. ra. II, § 3). Ha npaktuke
MCIOJB3YETCSl METOL MOCNENOBATe bHLIX npuOavwennt, Ha dur. 57
[IOSICHSAETCA 3TOT MeTO., 3aKJIoWaluwuics B CAELYIOLIEM.

BosbMeM npOM3BOAbLHLIM €IMHHYHBIH BEKTOP M MPEACTABHM eroO B BHIE
marpuubi-cton0a 1. Torna Marpuua cMemeHMH #; Anf EAMHMYHOTO NpM-
paleHNs TEMNepaTypLl BHIYUCAAETC U3 yPaBHEHMA

u, =al,.

U3 cBOMCTB XapakTepUCTHYECKO# MOBEPXHOCTH BTOPOrO NOPAAKA M3BECTHO,
y7O HampabfieHHMe Wl; COBNAnaeT C HanpasneHueM HOpMaik B TOuke P,
B KOTOpO# 1, mepecekaercs ¢ XapaKTepHCTHYECKOM MOBEPXHOCTbIO. 3areM
Gepercs HOBhIft eIuHM4HLI# BekTOp l,, mapannenbHHM 11, M BHIYNCASETCH
COOTBETCTBYIOIAs MaTpHla U,. Ilocne aToro Gepercs enMHUYHLI BeKTOD Iy,
napanneJbHbiff Uy, M T. A. Eciu noBepxHocTh BTOPOrO mopsika e€cTb
3JUIMNCOKA, TO BEKTOPH CXOIATCA K HaWMeHbuieM OCHM, Kak NOKa3aHO Ha
¢ur. 57. B ofmem cayyae BeKTOPHI CXOLATCA K TOH OCM XapaKTepHCTH-
yecko#t NOBEPXHOCTH BTOPOrO MOPALKA, KOTOPasA COOTBETCTBYET 1aBHOMY
K03GOHIIEHTY, UMeloweMy Hauboabliee YHCAGHHOE BHayeHue,
[MepettneM k Hawemy uumcieHHoMy npuMmepy. CHawana BhiOmpaem

1
1, = ol,
0]

NOCKOJIbKY HAuOOMbILYIO BENHYHHY HMeeT d,; [eM. (9.37)). Torpa ioayniasm

10 4 3
1-105= 4 6 2

1 10
0}=[4].
32 3510 3

Tak Kak CYUECTBEHHbI TOJAbKO OTHOLIEHHA KOMNOHEHT MaTtp#lbi 1,
HeT HeoOXOIMMOCTH NPMBOAMTL Kawab# pas nauHy Bexropayl k enns
Huue. ITosToMy nponomkuMm yMHOXeEHMe B crepywomeft dopme:

10 4 3)(10 125
4 6 2 4= 70
3 2 3j1t 3) 47 |

haJnee, Mbi NOCNENOBATEJNbHO NOJy4YaeM

1671 22734 310687 )
1014 14080 193434 | .
656 ; 123389 |
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Yrolbl npOLeMOHCTPHPOBATL CXOAMMOCTb, HMMKE Mbi JldeM MOCJEeLOBAaTe/b-
Hble 3HayeHHs KOMMOHEHT BeKkTOpa l, mpuBefEHHOrO K elHHMYHOM ILauHe,

(1 0,895 0,828 0,810 0.806 0,803
0| [0358]|—>| 0464|—]0492| - 0,499 - [0500]| 5 ...
0o 028 0,312 0,318 0,322 0,319 J

dTa nocnenoBaTENbHOCTb HANPaBAAIOWKX KOCHHYCOB CXOLMTCH K HaWMeHb-
me#t ocH XapaKTePHCTHYECKOM NMOBEPXHOCTH BTOPOTO MOPsAKAa, KOTOpas
COOTBETCTBYET HanOoabllieMy TIA1aBHOMY KO3()(HIMEHTY pacluipeHus.
UroObl HalTu HawMeHwluw# raaBHbift KOS(QHIHEHT paclukpeHus,

MpoIenaeM Te e CaMble omepauuM c¢ Matpuue#t «¢~!. Mb uMeem

{ 14 —6 —10

a . 100 =g | —6 2 —s].
—10 —8 44

INockonbky HauboablukM 3HayeHueM sBaseTcA (0~1);3, B STOT pas Mul
HayyHaeM ¢

[0

0

ll_—

1
IocnenoBatenbHble YMHOWEHHA HAIOT

14 —6 —10) (0 —10] [ —532 —95788
—6 21 —s|loj=| —8||—460] | —23268];
—10 —8 441} 4 2100 101 400

paszieaMB mnocnepHee BbipaxeHue Ha 108 u npomomwuB mpotecc,

Mbl moay4aeM
—1,235 —59,47

—L146 [ —» | —55.90 | —» ...
4,906 237,38

CoOTBETCTBYIOWAs NOCAELOBATENbHOCTb HAMpaBJAIOIMX KOCHHYCOB MMeeT
BHL

0 —0,218 { —0,240 —0,241 —0,238 —0,237

ol |—0175] 5 | —0208 [ o |—0217| o | —0.20| - | —0.223] ...
1 0,960 0,949 0,946 | 0,946 | 0945 |
(QO6pasoBaB BEKTOpHOE MNPOM3BElEHHE HAMpaBAAIOWNX KOCWHYCOB, COOT-

BETCTBYIOLUMX HauCOablieMy M HauMeHblleMy KO3(duLHeHTaM, HaXOLHM
HanpaBafiOlIME KOCHHYCH TpeTbelt ocH

[ —0,544 I

0,824
0,061 )
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{0,803
HaxonuM koaduilueHT pacluupeHuss B Hanpasienuu | 0,500 |:
0,319
(10 4 3 0,803 10,99
4.6 21.107%. 10500] = 6,85].10“5,
3 2 3) 0,319 4,37

IlauHa STOro BekTopa papHa 13,67 - 107°. Amnanormuno Haxomatcs kosd-

(HUMEHTH pAaCIUMPEHMA B IBYX APYrMX TNaBHLX Hanpap/eHUsX; OHM
-5 -

pasuel 1,776 - 107" u 3,627 - 10 5, Jlasi npoBepKM OTMETHM, YTO npu

9THX SHAYEHHAX MEL JMeeM

o, o, +-0g == 18,973 . 1075

9TO MOXHO COMOCTABUTb CO 3BHAYEHHEM 0y, —} Ogp - 0igg =19+ 1075, Ko-
TOpoe OHNO MOMYYEHO M3 MepBOHayYanbHOM MaTpuubl. MTak, Mb monyyaeM
caenywowmni oKoHwaTeNbHER pesynbTart Aaf 3HayeHHM# u  HanpaBneHmui
raaBHBHX KO3((HUKHEHTOB pacluypeHufl:

ag = 13,7-10~% 2pad™? B nanpapaenun (0,80; 0,50; 0,32),
ap =353-10~% 2pa0~! B manpapnenun (—0,54; 0,83; 0,06),
ag = 1,78-10~% 2pao™1 B HanpaBaeHun (—0,24; —0,22; 0,95).

Iasn Oosee nOJHOTO O3HAKOMJEHMS C WYHCAEHHLIMM METOAAMHM Haxo-
*KIEHUSA FNABHEX KOS((HIMEHTOB M raaBHBIX oceft cM. kHury Xaprpu [47].

PE3IOME

Marpuunaa anrebpa (§ 2). Caroocenue u suuumanue (§ 2, n. 2).
IlBe MaTpHIlbi MOrYT CKJALbiBaTbCA MM BLIYUTATbCA, €CAH O0e OHM UMEIOT
ONMHAKOBOE YHCJIO CTpok u croabuos, CymMa 1ByX marpuu A u B, ofo-
BHavaeman yepes A -+ B, ecto marpuua C, snementhi KoTOopoM onpere-
NAITCA BbipaXeHNEM

CU = AU + BU-

ITpaBuao BHIYHTAHMA AHAMOrMYHO.

Yunoowenue (§ 2, n, 1). Ecnam A npencrasnser cobolt (m X n)-
matpuuy, a B ects (n X p)-marpuua, To npousBencHue AB ectb (m X p)-
Marpuua. dnementhi MaTpulltl AB 3apatorca B Buze

(AB)y = A;Bp.

Jlunelinpe npeobpasosanus (§ 2, n. 1), Tlyctb X ¥ y — COOTBeT-
ctBeHHO (m X 1)- u (n X 1)-MarpHibl, CBABAHHLE YpaBHEHHEM

X =ay, 9.9)
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rie & -— npencrasiser cobolt (m X n)-marpuuy. IlycTh MaTpulla y B CBOKO
ouepenb cea3aHa ¢ (p X l)-marpuuelt z ypaBHeHueM

y = Bz, (9.10)
rze B ectb (n X p)-marpuuia. Torna MaTpuua X CBsizaHa C Z ypaBHeHHEM
X =afz. 9.11)

O6Guee npasuao. MaTpyuubl MOTyT CKAAILIBATLCA, BHIYWTATbCA M YMHO-
aTbCA (HO He LeJHTbCA) MOAOGHO OOBIYHBLIM YHCJAAM, HO MPH STOM, KaK
npasuao, AB = BA,

Tpancnonuposannas wmatpwua Ay (§ 4, n. 1) nonyvaercs ua ma-
Tpuubl A B3auMHO# 3aMeHOR cTONOLOB M CTPOK.

Marpuua «-!— ofpamnan kBazpaTHOM HeocoOOoft MaTphle &
(§ 4, n. 2)— ecTb MaTphla, YAOBJETBOPAIOIIAN yPaBHEHHIO

gz~ l=ala=I,

roe |— enwHuyHan MaTpuua (y Takoft MaTpHULL SJeMEHThbl, CTOfLuKe Ha
rnaBHOM Lmaronanu, paBHbl 1, a ocranbuble — HyJ0). Ilpu aToM ij-# ane-
MeHT MaTpuubi @~' pasen A, /A, rae A — nerepMuHauT M3 [0y | u A;—
anre0panyecKoe LONONHEHHE 0y

Ceoiicrea KpucraanoB (§ 3). [NuposnexTpuyeckut adpdext
AP = pAT, 9.14)
rae AP u p npexacrasasior cobo#t (3 X 1)-Marpuuni, a AT -— ofniyHOe
yucao (1 X 1).
TennoBoe paciuupeHue
e==aAT, (9.15)
rie e u & ectb (6 X l)-Marpuiibi.
Iyu3neKTpuYeCKue COOTHOLLEHHS
DzuE, E=pD. p=%—1'

rie D u E npeacrasasiior coGoft (3 X 1)-MaTpuubi, a % u B sBasiorcA
(3 X 3)-marpuuamH,
MaruunTHas MHOYKUHSA
B=2ypH, 9.13)
rie B w H npeacrasasior coboit (3 X 1)-matphus u g ectb (3 X 3)-mat-
pua.
IIpsivo#t nmbezoasnexTpuyeckult addekT
P =dg, 9.17)

rae P, d » € — coorBerctBeHHO (3 X 1)-, (3 X 6)- u (6 X 1)-Marpuibi.
O6paTHbit nbeaoaneKTpuueckult ekt

e = th,
rie &, d¢ 1 E — cootBerctBeHHO (6 )X 1)-, (6 X 3)- u (3 X 1)-MaTpuub.
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Vnpyrocthb
e=sg, G=ce, Cc=s5"1
rIe & i g npeacrapasior cobo#t (6 )X 1)-Marpuun, a s u ¢ ectb (8 3 6)-Mar-
pHUbI.

[Tyctb npousBo.bHOE HampaBiaeHwe sanaerca (3 X [)-matpuuett 1 (§ 5).
Torza B 9TOM HAanpaBIeHWH BeJHYMHA S, XapakTepH3YIOwmas HEKOTOpOe
cBOMCTBO, ONMCHIBAEMOE CHMMETPHYHBIM TEH3OPOM BTOpPOrO paHra, 3ajlaH-
HeiM (3 X 3)-marpumuelt S, onpenenserca caenyiomuM 00 pa3oM:

S =181
Mpeobpasosanne oceit koopaunat (§ 6). [lpeofpasosaume oceft

KOOpZnHAT MOXeT OniTb mpenctasieHo (3 X 3)-mMarpuuelt a = (@) Torpna
uMeeM nnA koopawmiar [(3 X 1)-maTpuual

X' =ax; (9.23)
I koMmnioeHT BekTopa [(3 X 1)-maTtpuua)

p'=ap; (9.29)
LA 1 OM 10HENIT TeH3opa [‘/.U], npencrapaneMoro (3 X 3)-MaTpuuedt %,

»’ — axay. (9.25)

Ilpumep NpuMeHeHus MeTOAA HauMeHbmux ksaaparos (§ 7). Ilpexn-
NONOMXHM, HTO pe3ynbTaThl p M3MePeHH#t TennoBOrO pacCluKpeHH HEeKOTO-
pOro KpucTanna B pasnHYHbLIX HanpaBJeHHAX BuNKCaHbl B BUIe (p X 1)-Mar-
puubi-ctonfua A. Torma OHM CBSI3gHbl € KOS(OHIKEHTaMM TemIOBOrO
pacuiupenns, 3ankcaHubiME B Bume (6 X 1)-Matphubl @, ypaBHEHHEM

A= Pq, (9.28)

rie O npencrasaser cofo#t (p X 6)-marpuiy, o6pasoBaHHYIO Hanpabasfio-
IUKMH KOCHHyCaMm¥ HanpasneHu#t mamepenws. Ecam p==6, TO 310 ypas-
HeHHe JIEerKO pa3peluaeTcs OTHOCHTENbHO &:

a=0""A, ' (9.29)

Ecnu, onHako, p > 6, T. €. yncno uaMepeHut Gonblue YHUCna HEM3BECTHHIX,
TO pe3ysbTaThi HaMepeHHH KOMOMHMDYIOTCA A9 NMOJYYeHHsl Hau.IyylIero
ajayeHud &. Ha OCHOBauMM nNpWHUWNa {1aMMEeHbIIMX KBaApaTOB MOXKHO
CKa3aTb, YTO HAWIVYIIMM 3HAYEHHEM & SABJAETCH

a=RA, rie R=(00)""0,

Meroa mocaeacBaredbHbIX RpUGAMMKEHUHt MPH HAXOMAEHUU TNAB=
ubix oce#t (§ 7, n. 20). Ilpennoiown, uro k03 (HUKHEHTH XapaKTepH=
CTHYECKOM MOBEPXHOCTH BTOPOTO MNOpsALKa 3anaHbi B Buie (3 XX 3)-Ma-
TPUIB & W HAM H)>KHO HalTH rnaBHuie OCH 9TOM moBepxHOCTH. BoO3bMeM
NpPOU3BOMbHLI} panmyc-BekTOp, onuchiBaeMmuift (3 X 1)-matpuue#t 1. Torna
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CBOMCTBO panuyca-BeKTOpa M HOpManH M03BOIAeT HalTw HOpManb U
K NOBEPXHOCTM B KOHIle pajHyca-BeKTopa:

u=gql.

BosbMeM Tenepb HOBLIft panmyC-BeKTOp, mapalieldbHbift U, W Haftnem cooT-
BeTCTBYIOILYIO €My HOpMaib. ITOT MNPOLECC MOXKHO TOBTOPATh CKOJb
YrOLHO LOJArO; €eCAH MOBEPXHOCTb BTOPOr0 MOPALKAa — SJJIMNCOHL, TO
BEKTOPH CXOAATCA K HamMeHbuie# ocu. Hambosbluyio ocb MOXHO HaTh
TakuM ke cnocoboM, HO aan obpaTHOH MaTpuubi &~1, Ilocae sTOro Nerxo
onpenensieTcs TPeTbA OCh.

SALAYH

1. O6pasosatb npousBeneHue AB IByx Matpuil

far & b
A= as cg}, B‘:( 1).

a; c3) &
2. BbluuCHiITh NPOM3BEEHHS
0 3 2 0 2 12 —1 (1o 23
1 —1 3|x| 31}, (00 5)><21oo.
2 1 4 —2 g 10 —20

3. MMyctb A W B — MaTpuupl; MOKa3aTh, 4YTO B ofweM cayyae AB == BA,
BBIYMCIMB ISl STOTO 1iBAa MPOU3BEnCHuS

eox(!) « (1)xeo

4. lNonbsysice MeToAaMyl MaTpUiHOH anre6pwl, NpOBePUTH MPABUABHOCTb NpU-
BeleHHBIX Ha crp. 372—373 otBeToB k 3anavam 4, a—r, ra. Il (cM. cTp. 69);
OCYIUECTBUTb NP 5TOM B Kau[IOM ClyuYa€ YKa3aHHbH NoBOpOT ocelt koopauHaT.

5. [lpoBeputb, nEHCTBHTENBLHO MU I[JaBHBIE KOS%@)ML{MEHTH paciuupeHus
AIBNAIOTCS KOPHAMH BEKOBOTO ypaBHeHms (cm. ra. II, § 3)

‘ U.ij —_ )‘Bij I == 0.
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TEPMOJWHAMHKA PABHOBECHBIX CBOUCTB
KPUCTAJUIOB 1)

B npembizyuiux rnaBax Mbl MMeaM REMO C TEMJOBbIMH, SJaeKTpHye-
CKMMH M MEXaHHWYeCKHMH CBOMCTBAMH KPMCTaJ/d, mpHYyeM KaXmoe W3 STHX
CBOMCTB paccMarpHBAlOCh BHE CBA3M ¢ OcranbhbiMi, B neflcTBHTeAbHOCTH,
5TH CBOMCTBAa CBfizambi APYr ¢ ApyroM; obcyxieuuio Bompoca o6 Mx
B3aMMO3aBHCHMOCTH ¥ MOCBAlllena Hacrosilas raasa. Exnnoe paccMorpeHne
STHX CBOMCTB BO3MOMHO MNOTOMY, YTO BCE OHM OTHOCATCA K PaBHOBECs
HOMY COCTOAKHIO. JTO O3HayaeT, YTO NPH MH3MepeHHH TaKuX CBOMCTB
KpHUCTaJJ MOXET HaXOLHWTbCS B pAaBHOBECHH ¢ OKpyXamwolle#t cpenoft,
TaK YTO HH COCTOfHHE KPHCTanana, HM COCTOfIHME OKpYaiolle# cpeibl e
M3MEHAIOTCA €O BpEMEHEeM; HHbIMH CIOBaMM, Mbl MOXEM CKasaTh, 4TO
3TH CBOMCTBA OTHOCATCA K TepPMOILHMHAMUYECKH OOpDaTHMbIM M3MEHEHHAM,
B ra. XI u XII 6ynyr ofcywnarbes CBOMCTBA, XapaKTEPHIYIOLIKE AB/ACHHUS
nepeHoca, AnA KOTOPHIX TaKOE pacCMOTpEHHME HempHMEHHMO,

§ 1. TennoBbie, 3AEKTPUYECKHE ¥ MEXaHHUYECKUE
cBoficTea Kpuctaana

CoorHolueHnss MeXIy CBOHCTBAMM, KOTOpbie Mbi OynmeM paccMaTpH-
BaTh, WIJMIOCTPHUPYIOTCA AHMarpaMMoft, npencrasnentoft va ¢ur. 58a n 5862),
B Tpex BepuMHaX BHELIHErO TpPeyTONbHHKA CTOAT CHMBOJL TeMnepa-
Typsl T, HanpsikeHHOCTH 3nekTphueckoro nois E, W manpsxenut o
9TH BeJMYUHBI MOXHO CYHTAaTb ,CHJIaMH®, NPHJIOKEHHbIMH K KpMCTanay,
B Tpex coOTBeTCTBYIOLIMX BEPLINHAX BHYTPEHHErO TPEYrOAbHUKA CTOSAT
cuMBO/bI S — anTpOnMA Ha eauhully ofbema, D;— sanekTphuueckas HuIyK-
ums ¥ €, -— nedopMauks. ITH BENHYHHb SBJAIOTCA MPAMbIM PE3ynbTaTOM
nehcTBUg COOTBETCTByIOL[LHX CHJ, )Kl/lprle JUHIH, COenuHAKLLKHE nonapuo
COOTBETCTBYIOLNE BHYTPEHHHE M BHeLlKHe BepLIMHB, O3HAuAOT TPU TaK
Ha3LIBAEMbIX 24GBHHX 3pdexma.

1) Tipu ofparnMoM npollecce BO3pacTalKe TEMNEPATYPbi BLI3bIBAET
B E€ANHNYHOM ofbeMe H3MeHeHue 9HTpOl’1HH, onpenenfeMoe COOTHOLUEHHEM

ds =% ar, (10.1)

1) 31a rnaBa Moxer ObITb ONYLUEHA NPU NEPBOM UTCHUH.
£)31a nWarpamMa sBAseTCA PasBUTHeM NuarpaMmbl, janHOH Xexmatom [51].
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rae ckatap C — TenlI0eMKOCTb Ha elmkuuy ofbeMa, a T — abcoaioTnas

TeMneparypa,
2) Manoe naMenenue HanpsKEKHOCTH SJeKTpHYecKoro noas dE; Bbisbi-

BAeT li3MeHeHHe 3JeKTphyecko wuuaykuumum dD, cOriacHo COOTHOLWIEHIIIO
dD,= %y dEy, (10.2)
TA€ v, — TEH30P ILK3.IEKTPHYECKOR npouulaeMocTd (cM. 1. IV},

JnexmouvecKue
BESUULIHLY

Hurpamernrcms

1 36
Tepmuvecicoe Hanpsuerue

Teprcynpyzue apeermen [2]
MexaoHuueckue Tenaosme
BE/NUNLHbY BenUYUMb

@ ur. 58a, COOTHOILEHUE MEXAY TEMNOBBIMH, SAEKTPHUCCKHMH U MEXaHHYECKMMH
CBOHCTBAMM KpHCTANNA.

Las HMBIX L1ep HX peHr FeHsopoB YKAa3aH B KPYIJBIX ckobkex, 8 LAs CBOMCTB—
B KBa1PATHLIX CKOOKaX,

3) Manoe uamenenue uanpsern#t do,, BLI3LBaeT MaMeHenye pedopma-
umt de,;, OMMCLIBAEMOE COOTHOLUEHHEM
de;; = sy, ds,,. (10.3)

THe Syp — YUpYrue nojaramsocth (M. ra. V).
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—

PaccmaTpuBaeMasi IMarpaMMa HAMIOCTpHpYeT Takwe 3(QeKTH, KOTOo-
pue MB Ha3oBeM conpscerneimu (coupled effects). Omnn  oGosua-
yeHbl JUHHAMM, COEIMHAIOILMMH TOYKH, Jeiallye B pasHbiX yriaX BHell-
HErO M BHYTPEHHEro TpeyrodbHUKOB. PaccMorpuM, Hampumep, IBe AHa-
ronaibHbie JHHMM B HMxHeH uacTH Anarpammbi. OIHa u3 HHX 0003HayaeT
mena080e pacwupente (1ehOpMalKIo, BLI3BBAHKYID H3MEHEHHEM TeMmne-
paryphi), @ Lpyraa COOTBETCTBYET N&230KAAOPUYECKOMY dPdermy, T. e.

® ur. 586. COOTHOWIEHUA MEX/Y BENMYMHAME, XaPaKTEPUIYIOLUMH
TEIVIOBHE, SMEKTPUUECKHE M MEXaHMYECKME CBOHCTBAa KpHCTaMa.

BBLIZENEHHIO Tenna (H3MEHEHMIO HTPOMMHK) NOL LeHCTBHEM MeXaHHYECKOTO
Hanpsxenun, JlBe rOpH3OHTaNbHbie AMHHH B HiXHe#t YacTH AHarpaMMbl
0003HaYalT TENNO, KOTOpOe BhifeNseTcs Npr Ne)OPMUPOBANUM (Mmensoma
OJebopmayuu), 1 mepmuneckoe Hanpscerie, BOIHUMKAIOU(ee NPU HaMe-
HeYMH TeMmeparyphbl Kpucranna (M npu 3anpelleHHbX AedopMauusnx). Yka-
AaaHHBIE CONpAXEHHbIe 3QQEKTH BHPaXKAT COOTHOLIEHN MeXIY CKaasapaMu
¥ TEeH30paMM BTOPOro pawra, a moOITOMy K CaMH IIPeACTaBJSIOTCA Teh-
3opaMu BTOpPOro paura. Tak, AJd TenJaoBOro pacwMpenus (cM. ra. VI)
ypaBHeHHe MMeeT BMI

de;y=uay; dT. (10.4)
JleBasl wacTb AHarpaMMbl HIJAOCTPUPYeT conpsuentibie 3¢GeKTh, OTHOCA-
U[Mecs K Obe303.1eKTPUYECKUM cBOHcTBaM KpHcratlioB (cM. ra. VII),
IlpaMoft nbezosnexTpHyecku#t 3ddekT onucinactcss B aMdpQepesua ibiok

topMe ypasuetueM ,
dPy=dy Cop. (10.5)

14 Om. Hant
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Tak kak, cor.aacuo ¢opmyae (4.1),
D, =E,;+ P,

TO
dpl=dDz_"-0dEi'

CrepoBatenbHO, €C/H SMEKTPHYECKOE MOJe B KPHCTanle NMOLIEPKHBAECTCH
noctofiukbiM, T0 dP;=dD,;, n Mb Mowem 3anucath ypaskenne (10.5)
B BHIE

dD;=d;;, doy, (E = const). (10.6)

Ina onucanus npaAMOro 3¢peKTa MOKHO HCNONb3OBaTb KaK YypaBHEHHe
(10.5), tak u (10.6).

TaxkuM ofpazoM, npsaMoft M OOpaTHb# nbe3osneKTPHueCKHE 3(PeKTh
N306pamaloTca IMArokanaMM B neBO# yacTH aMarpamMbl., Jlerko BHIETD,
YTO STH JMHHM M300paxcaAlOT ABE M3 YeThipeX BO3MOXHBLIX 3aBHCUMOCTeR
MEWLY SJEKTPHUYECKHM MNOJEM, SAEKTpHueCKOM MHAyKUMeft, HanpsiKeHueM
1 pedopmaunet B nbeaoaneKTPHYECKOM KpucTaine. JBa Ipyrux cCOOTHO-
IIEHHA CBA3HIBAIOT neOPMAUKIO ¢ MEAYKIHEH U MEXAHHYECKOe HanpsaKenue
C HanpseHHOCTbIO noaf. TakK Kak 3TH conpsennble 9¢¢deKThl XapaKre-
PH3YIOTCA 32BHCHMOCTBIO MeXIY TensopaMmu nepsoro pawra (E; wau D))
M TeH3OpaMM BTOpOro pawra (o; WIH €;), TO CaMyi OHM ONKCHIBAIOTCA
TeH3OpaMK TPETLEro pawra.

[TpaBas yacTb nMarpaMMmbl W/IJMIOCTPHPYET COHpsKeHHbie 3(deKTH,
OTHOCALIMeC K NHpOSJEKTpHYeCKMM fBjaehuaM (cM. ra. 1V, § 7). Oumn
XapaKTepHayIOTCA 3aBHCHMOCTAMEH Mexay BektopoM (D; wau E;) ¥ cka-
aspom (S unn T) #, cnemoBaTeNbHO, BHPANKAOTCA TEH3OpPaMH MNEPBOro
patra. YpaBileHKe NHPO3JeKTPHYECKOro adhgeKTa MOKHO 3anKcaTh B BHAE

dP,= p,dT. (10.7)

Ecau Tenepb NO.JOXHTb, YTO NpPH H3MEHEHHH TEMNepaTypbi KpHUCTanna
9MIEKTPHYECKOE MNOJE B HEM MONJAEPIKMBACTCA MOCTOAMHBIM, TO

dD, = p,dT (E = const). (10.8)

TakuM o6pasoM, NHpOSJEKTpPUYECKHH 9¢deKkT (NpH NOCTOAHKOM MOJE)
MOX(HO PaccMaTpHBaTb KaK SAEKTPHYECKYID MOAAPH3ALMIO, UNK SneKTpHYe-
CKYI0 HHLYKIHIO, BBbI3BaHHYIO HaMeHenueM TteMmneparyphl. Onmua u3 ABYX
auaronane#t B npasoft yacTH IMarpaMMmbl H3oOpaaeT NHPOsnEKTPUUECKUR
athdeKT, a Apyrad — saeKmporanropuyeckuli sgghexm, T, e, N3MeHeHue
sHTponuu (KOJKMYECTBAa Tenna), BbiaBaHHOe REHCTBHEM 3neKTPHYECKOro
nons, Eile ofHa nMHYus nokasbiBaeT, YTO NMPH H3MEHEHMH 3JEKTpPHYECKOH
HHAYKUMH OPOMCXOIMT BhifeNeHHe Tenaa (M3MEHeHHe BSHTPONMH); 3TO
TAaK HA3bIBACMasA MenAoma nOAfpu3Quyuy; WMEETCs TaK¥e 3aBUCHMOCTb
MeXx Iy TeMnepaTypol W noseM, asajoruykas TEPMHYECKOMY HanpsXKEHHIO.
OTHM Mbl 32KaHYNBaEM OMKCaKue nuarpamm, nokasauubix ua dur, 58a u 580.
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TakuM 0o0pasoM, BCE PacCMOTpelHbie CBOHCTBA KpHCTannOB OKasbi-
BAIOTCA B3aHMOCBA3aHHbIMHU. ITpH OOCYXiennn 3aBHCHMOCTER MEKLY HUMH
1eOBX00MMO TOYHO YCTaHOBHTb, MPH KakMX YCJAOBMAX LOMKHH mpoO-
BOLMTLCA M3Mepenud. Hanpumep, ynpyrue nomaTauBOCTH MOXHO H3Me-
psTb KK NpPH H3OTEPMUYECKHX, TAK M NpPH anuabaTHYeCKHX yCIOBHAX; npH
3TOM TIONYuaTCA pa3Hbie SKCIePHMEHTAaIbHBEe peayabTaTh (KaK MPaBHIO,
paCXOXIEHHE COCTaBnfeT Okono 19/,). [lanee, TennoeMKOCTb KPuETasina
OfLYHO M3MEepseTCA NMPH NOCTOAKHOM (HyJEeBOM) LaBJEHHH, XOTA C Teope-
THYeCKOH (HO He € sKcnepHMeHTanbHOM) TOYKH 3peHHst MOXKHO H3MepATh ee
¥ npH NMOCTOAHHBLIX AeOpMALMAX; 3HAYEHHA NPU NOCTOAHHBIX HANPANEHHAX
¥ NpH NOCTOfHKBIX NebopMauuax OyAyT cierka pa3nuuaThbes.

flB/1eus nepBUYKOTO ¥ BTOPHYKOTO NiposnexTpuyectsa (M, . IV, § 7)
CJYXaT NpPHMEPOM CHJILHOTO B3AMMOLEMCTBHA MEXKLY pas/IMYHBIMH CBOM-
ctBaMM kpucrannoB. OGpaitasch K ¢ur, 586, Mbt BHAHM, YTO NMpPH H3Me-
HEHUH TeMnepatypbi BOSHHKAET 3MEKTPHYecKas HHAYKUMA (NHPOSJEKTPH-
yeckult sPdexr, obycnosnennHB HenocpencTsensoi cBasbio 1 — D),
Opniiako HapaLy ¢ STHM BO3MOXHbI U LpYyrue (KOCBeHHbie) MyTH: HanpuMep,
T — e D; unbiMH C/IOBaMH, 3JEKTPHYECKAs HHEYKIMA MOXET ObiTb 06y~
CnOBJeHA KOMOMHallMe#t TennOBOro paCiuHpeHHs M Mbe303NeKTPHUECKOro
apexta. BoamMONHOCTL OCYLIECTBACHHS BTOPOrO nyTH 3aBHCHT OT TOTrO,
MOXET M KpHCTann AepOPMHpPOBATLCH UMM HET.

W3 npuBenestbiXx npHMEpPOB $fICHO, YTO TenJOBLE, S/AEKTPHYECKHE H
MIXaHHYeCKHe CBOMCTBA KpDHMCTaljna CaAELYeT paccMaTpHBaTtb COBMECTHO.
Yto0bl nOHATb B33aMMO3aBUCHMMOCTb STHX CBOMCTB, HAaLO H3YYNTbh TEpPMO-
IMHAMHKY COOTBETCTBYIOLIHX MPOLECCOB, DTO nO3BOAMT HaM MNOAYYHTb
TOYHbIE BHIpAWEHHA [/ BEJHYHH, XApPaKTepM3YIOLIMX paccMaTpHBaeMbie
CBOMCTBA, M BLIBECTH DPsii HOBLIX COOTHOLIEHHM MeXAy KO9(pUIHEHTaMM.

§ 2. TepmoaunaMuka TepMOYNpPYTuXx cBOHCTB

TMosickuM MeTOA TEpPMOLMHAMHUECKOrO MCCNELOBAHUA Ha CAeRyOLleM
npocToM npuMepe, BoabMeM KpHcTa/a, He ofnanaiuiuit nbeso- WAK nNUPo-
9JIEKTPHYECKUMY CBOMCTBAMM (STHM YCJOBMSM YIOBJNETBODAET KpHCTAM,
MMeoLIKi LeHTp CHMMETPHH), H PacCMOTPHM ero TepMOynpyr¥e cBoHCTBa.
HaM Teneps noTpefyercs AHMIUb HMKHAS YacTb NMArpaMMbl, H306paXdeHs
ok na ¢ur. 58a n 686; ona nokasaua oraeabko na ¢ur. 59, a u 6.

BosbMeM B KaueCTBE HE33aBHCUMBIX MEPEMEHHBLIX [EBATb KOMIOHKEHT
HanpsweHu#t o;; u temneparypy T. Torzma cocrosmue Kpucranna (B yacT-
HocTH, KoMnouewT gnedopmaukit e;; M surponus S) Oyner ompe-
LensThCs 3alaHueM LecsiTH Beauumk ¢ M 7. C TakuM ke npasoM 3a
He3aBUCHMbIE MNEPEMEHHLIE MOXHO NpHUATh LecaTb Beauunk (e, S),
unu (oy, S), uan (g 7). flcwo, 4tO BHLIGOpP B KayecTBe HE3ABHCHMBIX
nepeMelitbix ToAbkKO (S, 7T) (YHCNO nepeMeKHbIX pPaBHO J[BYM) HEBO3-
Moxceit. TakuM o0Opa3oM, Mbi MMeEeM:

nesaBucuMbie nepementie (10) o T,
3aBMCHMbie nepeMenEbe €, S M T. 4.

14*
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B COOTBETCTBMM C STHM, paccMaTpyBas eIMHMYHBIE OGDBEM, MEI MONEM

3anucaTb
TErn/10B0€

¥OpyTocTh paciunpeHne
Ocyy e
o= (_am )T dayy 4 (Tf?f.) dr, (10.9)
iThesoka opuyeckui
shdent TelM0eMKOCTh
_ (0S8 0S
ds_(_aﬂ'_]g[—)r dckl+(—5—7_"_)ch' (10.10)

B aTuX ypaBhenuax npuMeneno oObiyiOe mNPaBUAO CYMMHMpPOBaiihA (CM.
ra. 1, § 1, n. 1). Tak, nepsrit utes B npasoft uacth ypaswenus (10.9)
npencrasiser co00#t CymMMy IEBATH YJEHOB

I)EU' OEU OEU
( Ocgy )T Do = ( 0311 ) doy, +( 0512) Bt oo

3nech pHddepesuypoBalie N0 KaxnoH KOMIOHEHTE Hanmpsikewus npoBO-
JUTCA TNPH  NOCHOSHHLLX OCMAAbHLLX KOMHOHEHMAX  HARPSHCEHIS

a

®ur, 59, OTHOcawmecs K TepMOyNpyrum CBOHCTBaM uvacTu
nuarpamm, H306paXieHHBIX Ha ¢ur. 58a u 580.

v nocTosikHO# Temneparype. CuMBoa ¢, cTOsuiM#t B KauecTBe MHAEKCA mpH
ynene (6s,j/6T)<,, o3uayaer, utro nMgepenumpoane no T npoBOLHMTCA
npH scex oy = const. Tak kak { u j MoryT npuunmarb swavenus 1, 2, 3,
10 ypastenMe (10.9) 3aMensieT neBATb YpaBHEHMM; B LeJIOM YpaBHEHHA
(10.9) n (10.10) cumBONM3NPYIOT ILecATb YypaBHeHut, Kaxpoe U3 KOTO-
pbiX HMEET LeCATb YJEHOB B npaBOR 4YacCTH.
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Bce uernipe npou3Bonmbie, cTosuie B ypapHerusx (10.9) u (10.10),
MMEIOT KOHKpETHbI#t dusnuecku#t cMmeica. Ecnau s ypasuwennu (10.9) nono-
wnte dT=0 u cpaBuutb ero ¢ ypaeuenueM (10.3), TO nerko BMIETH,
4yTO (65,1’6ck,)r ABIAIOTCA M30TEPMUYECKMMH YyNpYr¥MMH nOAAaTIMBOCTAMY,

KOTOpbie MOXHO 0003HauuTh yepe3 sfikl; Bnpeib BepXHM# MHIEKC
pceria Oyzer o603Hayath BeJHUHHYy, oOcTamoulywcs nocroawuoft. INonaras
do,, =0 ¥ cpaBHHBas C ypaBHEHHEM (10.4), mb BummM, uro (0e,/0T),
ABAAIOTCA KOS(POUUUEHTAMH TEMNOBOrO pacllMpeHus 2, HM3MepeHHbiMU

npu nocToswHOM Hanpswennd. [Her 1eo0X0mumOCTH CTaBUTL HHAEKC O
npM o, M nucath o, TaK Kak BO3MOXHbI#, Ha nepsbift B3raaL, Apyroft

koapduument (0e;,'0T) OKasniBaeTcss GeccMbiCieHKbiM; BBeneHHe TaKOro
Kosdduuuenta 03Hauano Obi, 4TO Kaxaas KOMMOMEHTA e, eCTb (QyHKLMA

TOAbKO IBYX mnepeMmewhbix T u S, a wue gnecatn.] Koadopuuvenr
(0S/dcy,;), maMepsieT BO3pacTakhe SHIPOMMM, BbI3BAHHOE NpPHIOKEHHBIM

Hanpsekdem, NpH nocTOoswHOM TeMmepaTtype. YMuOxeuseit wa 7, ou
XapaKTepHsyeT Nbe30KanoOpHyeckuit sdextT — Tenno, BhiAeNsolIeecs npy
M30TEPMUYECKOM CXaThMh KpMcraana. Bemwuuna T(0S/0T), onpenenser
TENJIO, BLILCNAIILEECs NpPH H3MEHEHMM TeMmnepaTypbi, MNpPH NOCTOAHKOM
HANpSKEHMM, T. €. npeicTaBiser coboft TennoemkocTs C° Ha enMHMLY
o6beMa npH NOCTOAHIOM HanpskeHMH (Cp. TemioeMKOCTb rasa mnpH
NOCTOSIHHOM [1aBJIeHUH).

BenenctBue B3auMOREHMCTBHMA MEXAY YEThipbMA TOJBKO YTO OMHUCAH-
HbIME a¢deKTaMn ueTbipe nuddepesunanbibiX KoadguiuenTa B ypabhe-
unax (10.9) n (10.10) He wneaaBMCHMbI., JIi91 HaXOmAEHMs COOTHOLUEHHM
MEeX Iy HUMM paccMOTpHM 3SHepruio cucrembi. V13 mepBoro 3akoHa tepmo-
IVEaMMKM M3BECTHO, YTO ecaM Kpuctann (CuuraeM ero o0beM emuuMy-
HbIM) nOrnaoTHT HeOonbllioe KonAMyecTBO Tensa dQ, a BHelllHe CHJbI
NpoM3BeNyT Hajl HHM 3JeMentapuylo paborty dW, TO npupauiesue ero
BHyTpenkelt sueprud dU ectb nonub#t nuddepesuman, 3anuckiBaeMbift
B BUIE

dU =dW +-dQ. (10.11)

Pabora #a enunnuy o6beMa npH M3MEHEHMM AedopMaiyuft Ha Manbie
BenHuMibL de;; onpereaserca ypasmenvem (cm. ri. VIII, § 3)

dW=cljdE[j' (10.12)

Ilna ofpaTumoro npouecca, COracHO BTOPOMY 3aKOHY TEPMOLMHA-
MMKH, CnpaBeiiMBO ypaBheHue

dQ=Tads. (10.13)
[lostomy ypasnenue (10.11) npuunmaer sun

dU =o¢;de;;+TdS. (10.14)
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Bumecro ¢yskunn U, koTopas yno6na, KOrza He3aBHCHMLIMM NEPEMEHHEIMY
ABAIOTCA (g, S), Mbl paccMOTpuM Tenepb dynkunio O 1), onpeneasemyio 2)
ypaBHenyeM

Q=U —oye, —TS. (10.15)

(Hnen ope;; 0OO3HauaeT Cymmy AeBATH OTHeJbHHX uYnenoB.) JlH¢depen-
uMpOBaHHe LaeT

d® =aU — o, deyy —eydoyy—T dS — S dT,
OTKyZa, Mcnoab3ys ypaswenue (10.14), nonyuaem
d® = —¢, doy; —S dT. (10.16)

Teneps B ypasuenuu (10.15) npasn  dyukuum @  Bce BenMyMub
AIBIAIOTCS (YHKUMAMYM napaMeTpos o;; U T, KOTOPBIMH, KaK MBI Y CJOBHITHCD,
olnpenenseTcs cocrosuMe kpucranna. [Tostomy @ rakke sBaseTcs ¢y HK-
uue#t napamerpos o;; M T, n ua ypasseuus (10.16) umeem

oo oo
—m— = — 2 —_7 =—S. .
(Oau )T v (77 ), (10.17)

Ingoepensunpys neppoe n3 9THX ypaskesn#t no 7T, a BTOopoe no oy
(npu nocrossubix T M BCeX 0y, KPOME ORHOr0), Mbl MOJYyyaeM BaxmOe
mepmoOurHaMuyecKoe COOMHOWECHUE

020 Oeyy 0S8
“W_(W),Z(Tu)r' (10.18)
Vs ypassenn#t (10.9) u (10.10) BMIHO, YTO MBI YCTaHOBMIM COOTHOLLe-
HMe MexAy Kosh¢UUMEHTaMH TemAOBOro pacliMpenus M koadduuyestam,
OnpenensoluMY Nbe3oKanopnyecknt sgdext. ITOT cyllecTBeKHbIY peaynb-
T4T TEPMONMHAMUYECKOTO aHaju3a noKasbiBaeT, YTO Mampuybl roap-
uyuenmos 8 npasex uacmax ypasrenudi (10.9) u (10.10) cunmmem-
puunsL,
Vpasuenna (10.9) u (10.10) npuMeHuMb He3aBHCHMO OT TOrO,
ABAMKOTCA NH ONMChiBA€Mbie MMM 4YeThbipe CBOMCTBA KPHCTANNOB auHeHHBIMH

1) 3Ty TEpMOAMHAMUUECKYIO DYHKIMIO MPHHATO Ha3pBaTb MOAHLM MepMO-
Ounamuueckum nomenyuanom.— IIpu. nepes.

?) Tak kak ypaBuenus (10.11) u (10.13) onucwiBaioT TOAbKO uaMerernus U
H S, 9TH BEJAMYUHB COLEPKAT MNPOU3BONLHBIE MOCTOAHHBIE, XapPaKTEPHIYIOILUE
COOTBETCTBEHHO BHYTPEHHION SHEPruio U SHTPOMMIO B HEKOTOPOM (PMKCHPOBAHHOM
HauanbHOM COCTOSIHEE (KOTOPOE MOXHO ONPeneNHTh, 3afiaB HayalbHble Hamnpsike-
Hus ¥ Temnepatypy). OnHaKo TO COCTORKHE, OTHOCHTENLHO KOTOPOro CAEAYET OT-
CYMTHIBATh HE(HOPManMH ey, €me He 3agaHo. UTOOB npupaTh onpeneneHHOCTDb
sHayenusM U, S ueyy, O6ylem CuHTtaTh, YTO DHKCHPOBAHHOE COCTOSHHE ORHMHAKOBO
ANf BCEX TPeX BENMYMH; B YacTHoCTH, Oynem cuutats, uro U, S M e, onHoBpe-
MeHHO ofpawaioTcs B HyJdb, KOrjj@ KpDHCTalJl HaxOfuUTCA B HEKOTOPOM
JaHHOM COCTOfIHMM. M3 ypasrerus (10.15) cnexpyer, 4to npH stMx ycnoBusix @
Takxe o0paiaercsi B HyJb.
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i Her. OIHAKO B JNOCTaTOYHO ManoM 06JacTH M3MEHEHMS mepeMeHHbiX
sTH cBOMcTBA BCerna OynyT numefubiMM, mOSTOMY LAsi MaibiX Hanpsxe-
WM W ManbiX H3MeHenuM TeMmnepatyphl (T. e. 048 apghexmos nepgozo
nopsdra) ypasHenns (10.9) u (10.10) MoxHO npOuHTErpupoBaTh. ITO
naer

T
&y = Sijri%y ~+oyAT,

2 (10.19)
AS = a0, + AT;
3fech KO3(OUINEHTH MOCTOAHHEI (¢4 cuMTaeTcCs paBHBIM Hymi0 npy
¢,;=AT==0). B nByxunnekcubix 0503Haueusx, onucatHbix B ra. VII—IX,
ypasuenns (10.19) moxuo sanucatb B Gonee KpaTko# dophe

g = sfjcj o, AT,

Co (10.20)
AS = a/cl. +—T— AT,

31ecb &; — MaTpMumbie sneMenTn ypashenua (9.16). HauGonee xomnaktuo
STH COOTHOLIEHMA 3anMCLIBAIOTCA NPY HCNOAb30BaHMM OyKBEHHBIX CHMBO-
noB aas oBo3nayenus Matpuu (cM. ra. IX). Torza Mbl noayuaem

a=STG+¢ AT,

s (10.21)
AS:G‘G—}'——T—'AT.

OrMeruM, uyro Martpuua & (Mannua-CTpo:-(a). CToqlllafs BO BTOPOM
YpaBHEHUY, HE €CTb MaTrpuua &.

1. Tensora peopmMapMum M TepMHYECKHe HaNpsikenua. Mo pac-
CMOTpeny ueThipe 23(Q¢eKTa, ONHUChBAeMbie HYETHpPbMA AH(depenunanb-
HEIMU Koadduunentamy, croawmmu B ypaswenusax (10.9) m (10.10). Tax
KaK Mbl YC/IOBMAMCL CYMTaThb HE3aBMCHMBIMI mepeMenHbiMH ¢ M T, TO

Kaxabift M3 3THX uweThipex 3(QEeKTOB XapaKTepu3yeTcsi NHHHeH, CBA3bI-
BaioLlelt BeaMyHHy, CTOALLYI B BepxueRt yactu ¢ur. 59, @ umm 6 ¢ penu-
ynHo# B Hmxueft ee wactH. OmHAKO MMelOTCA ZBE IpYyrue 3aBHCUMOCTH,
KOTOpbIE MOXHO HCCA€nOBaThb: Mexay €, M S u mexay o u 7. Ilep-
Bbit S5QPEKT COCTOMT B BLIZENEHMM Tenna (M3MEHEHHe SHTPOMMM) mpH
neopMalluy; Ias M30TEPMHYECKOrO0 mnpouecca KONMYeCTBO 3TOrQ Temja
onpenensercs kosdouuuentom 7 (0S/0ey)r. Bropo#t sddext cocrout
B TOM, YTO M3MeHeHHe TeMIepaTyphi BLI3biBAeT MeXaHuyeckye Hanpswenus b,

1) Hexortopbie aBTOpH (Hanpumep, Kooy [24]) cunrtaiot, 4TO KOrga Kpuctamd
JehOpMHPOBaH 3a CYET Mbe303NEKTPHUECKOro sgdexta WUNM HarpeBaHus, TO Ie-
¢opMal¥ BHI3BIBAIOTCA ,BHYTPEHHNM Hanpsxenrem®. UToObl NOHATH, KaK BO3HM-
KaeT TaKoe MpEeNCTaBJCHHUE, CAeNatM CNeAYioee npeianonoxeHue: nycts ceobos-
Hbill KDHCTaN] HarpeBaeTCs TaK, 4YTO OH paCIuMPAETCA B ONPEAENEHHOM Hampa-
BAEHUML. [IpunoxeHHble HanpsxkeHHs, a CNefOBaTENbHO, ¥ HaNpSKEHNUA B KPUCTanNe
(B COOTBETCTBUM ¢ HaillM OMpPEAENEHHEM) PaBHBI HYMO, XOTA AedopMalud U He
paBHbl HyMio. MOMHO CUMTATh, YTQ 9TC paciuMpeHle BH3LIBACTCHA HE M3MEHEHUEM
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DTN wHanpskewua B CAydae 3aKaTOr0 KpUCTAlia, T. €. NPH OTCYTCTBUH
nepopMaumil, onpeic.T0TCS K03 PULMEeHTAMY (93,;'0T),. Haspanunie sg-
(eKTH #ABIAIOTCA COMPAXEHHBIMH, M MeXAY KOS(pQPUUMEHTaMH TenaoThi
IedopMaun U KOSQPHUMEHTAMH TepuHYeCKOTO HANPMKEHUT MMeeTCs
COOTHOLIEHMe, TaK e Kak Mex Ay KO3(pQHUuUeHTaMH Tema0BOro paciuy-
peHHsl M mbe303JeKTpHYeCkUMn Koadduuyentamu, CoOTHOLIEHHE MexAy
HHMH MOXEO NOJYYHTb M3 BhIpaMeHUs A8 TePMOIMHaMMUYeCKOR (yHKIUMH,
Ha3biBaeMo#t ceobonnoft sueprue#t [eabmroanua:

¥Y=U—-T8. (10.22)
IOnddepesuupya 310 Boipaxenne W ucnoabays (10.14), nonyyaem
¥ =gy de,, — S dT. (10.23)

Venosusa toro, uro d¥ spasercs moasuM anddepenunanom [cp. (10.16)
n (10.18)], nmetor BUL

o
(Faes_) =“(‘#) =/ (10.24)
ir €
9TO M ecTb HCKOMOE TepMOLMHAMHYECKOE COOTHOLIeHMe,

Takum o6pasoM, cxema KOS(hHUMEHTOB AJn CBOMCTB, mpelcTaBiiek-
X Ha our. 59, a, UMeer Tako# BMA, Kak nokKasakwo ua ¢ur. 59, 6
(HKHNe W BepxHNe HHIEKCHl onyulenb). He Bce koadduumentn Hesa-
BUCUMBI; LeHCTBUTebHO, AN OnperesenHs BCeX TepMOynpyrux sagdextos

nepBOro NOpsAAKa LOCTATOYHO TPeX TEH3OPOB: sf}k,, ey 1 C°|T, BXORS-
uyx B ypasuenus (10.19).

2, CooTHomieHne Mexay agvabaTHUECKMMM M H30TEPMHUECKHMH
VOPYrMMH NOAATAMBOCTAMH. DBuipawenne 1ns pasHOCTH MexAy ynpy-
UMM nOAaTANBOCTAMY, namepeuuumu npu anna6amqecxnx " l'lpld HBOTepMH-
YeCKMX YCJOBMAX, MOXHO NOJYYUTb ChenyiouluM cnocobom. Vcknouum

TEMNEPATYPHl, @ HEKOTOPHLIM , 00bEMHLIM" HANPAMEHUEM PACTAKEHUS, XOTA TaKOE
HanpsixkeHHe PeanbHO HE CYWECTBYeT., TO (PUKTHBHOE HalpsikeHHe, HasbiBaeMoe
»BHYTPEHHMM HaIMpSKEHUEM", PABHO MO BEJHYMHE ¥ MPOTHUBONONOXKHO peanbHOMY
HanpsKeHHIo (JaBAEHUIO), BOSHMKAIOMEMY MpH M3MEHEHMM TEMMepaTypsl B 3axa-
TOM KpucTamiae. B paHOM «Hure MBl CTapainChb He NMPUMEHATb MPEACTaBIEHUSA
O (JUKTHMBHBIX HaNpAXEHUAX, TaK KaK C Halel TOUKM 3PEHHA OHO He ABIAETCH
0COGEHHO NOJIE3HBIM ¥ NPHBOIMT CKOPEE K 3alyThiBaHUIO BOMPOCA, YEM K €r0 BBI-
ackennio. [IpH OnHOPOAHOM HanpsiKeHHOM COCTOSHUM, pacCMaTPUBAEMOM B HacTofl-
el rnaBe, HanpseHuf B KPUCTAMIE HEMOCDECTBEHHO OMpPEeNENAIOTICH CHIaMM,
NPUJOKEHHbIMI K €r0 MOBEPXHOCTH (KPOME OYEHb MalblX 9J€KTPOCTPHUKLHOHHBIX
HanpaxeHuH, Bbi3blBaeMbiXx NOBEPXHOCTHbiMM 3apsanamu). Eciu ma xpucrann nefi-
CTBYIOT CUJIb! PaCTSIKEHHA, TO U HanpsikeHus OYAyT HaNPAXEHUAMH PaACTAKEHUN,
ecnu ACHCTBYIOT CiKMMAIOUME CHJB, TO BO3HHMKAIOT CXUMAIOUME HaNpAKeHH;
€C/H XEe MOBEPXHOCTb KPUCTAMNa CBOOOAHA, TO U3 YCJOBMH paBHOBECUS CJAELYeT,
YTO B HEM HET HanpaxeHui.

PUKTHBHOE BHYTpEHHEE HaNpaXeHHe B BHIUEYKA3AHHOM CMbICAE, KOHEUHO,
COBEPIIEHHO OTAHYHO CT peanbibiXx BHYTPEHHUX HalpaxeHuil, BO3UuKaloix B Kpu-
ctanne npH HEOJHOPOAHOM HarpeBe KM MAaCTHYECKOH AethopMaumu.
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PRSI

dT u3 ypasuenn#t (10.9) u (10.10) u noaoxwum dS=0. Torna no.1yyum

Oy (0249/0T),, (0S[Oap))1 dpy
PasjenMB 3TO BhipaweHHe Ha do,,, HAXOLMM, YYHTHIBAs COOTHOLUEHME
(10-18). 0 0 0 0 oT

)~ (@), =— (1), (), (&)

(ask, S“‘(‘a‘:k, .= —\ar) \er ) \5s), (10.25)
D10 COOTHOLIEHME MONHO 3anMcaTb B (opMe

T
Stpet — Spmt = — Oy g+ (10.26)

ce

TMockonbky 06LYEO, XOTA M He Bcerna (cM. ra. VI), kosdduumentst

TENJIOBOr0 pacliMpeHis no.10uTebls, a C° — BeqNyMHA CYyLUeCTBEHHO NO-
NOXMHUTENbHAA, TO npaBad YacTb cooTHowehua (10.26) ofwiyHo orpHua-
tensHa, CnefoBatennHo, anMabaTHyeCkMe noOLaTAMBOCTH Melblue HM30Tep-
MHMYeCKUX. 3TOT (aKT MOMNHO HHTepnpeTHPOBaThb CleAYIOILNM O06pa3oM.
[py skcnepHMente B anMabaTHyecKUX YC/AOBUAX NMpHJIOKEHHe HAMpPsxeHNus
pacmasceris BL3LBAET naAdeHue TeMNepaTypr, a 5T0 NPUBOINUT K yMerb-
weruto nedopmauuy. Toraa nonuas negpopMaiys, BO3HUKAOLLad npH Lau-
HOM HampsXeHWM, OKAa3bBAETCA MeHbllue, YeM mpH M3MepeHHMM B M30Tep-
MHYeCKMX YCNOBMAX; COOTBeTCTBEHHO MeHblue M apMabaruyeckas nojar-
JIUBOCTb.

AnanornyseiM cnoco6OM MOXHO Haltty BhipamelHe 178 pPasHOCTH
MEXLY TenJOeMKOCTAMH NpH NOCTOAHHOR AedOopmallM¥ W npH mOCTOAHHOM
Hanpaxenuy, nonobuoe coorHowenuio (10.26).

§ 8. TepmoauHaMHMKa TEMJOBHIX, IJEKTPHUECKHUX
M ynpyrux ceolicte

TepMonukaMuueckHe MeTOLbl, OMMCakHne B npelbiyilleM naparpade,
npuMenuMbl M k Oosee ofuiemy caywaio (cM. ¢ur, 582 u 586), korna,
KpoMe B3aMMOLEHCTBHA MENIY TENNOBHIMM M ynpyruMu sdekramy, cie-
LyeT YYUTHIBaTb M SJEKTpUYeCkHe adderTh 1),

B KauecTBe He3aBHCHMBbIX mepeMeHHLIX HIDKE Mbl, Kak npaBuno, Gymem
ucno.b3oBath (9, E, T) — BenMuMnE, CTOsLUME B BepluMHAX BHEIUHErO
Tpeyroibuuka wa ¢ur. 586; e, D,, S ¥ T. A. GYLYT 3aBHCHMBIMM nepe-
MenubiMH. Taxkoft Bol6Op sBAseTcs yNOOHBIM, XOTfl M He eIMHCTBEHHO
BO3MOXHBIM; HAanpUMep, B HEKOTOPHX Cayyasx 00.7€e eCTeCTBEHHO CYH-
TaTh 3afaHHBIMM JeOpMallMM KpPUCTANTHYeCKOM pelueTkH, a ke xanps-
wenua. JIpyrue Bapuante BuOOpa He3aBUCUMBIX NePeMeHHLIX: (eys Epn 1),

1) Janbhefimee o0606uieHNE € Y4ETOM MarHHUTHBIX 9QGHEKTOB CM. B KHHre
Ksnu [24]. B stom cnyyae TpeyroapHas nuarpamma, usobpaxesHas Ha ¢ur. 58a
u 5806, npeBpawaerca B TETPasap.
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(o). Epn S) mmm (cy, D;,, T) n 1. 1., npy 3T0M M3 KaWIOro yria fHa-
rpaMmnl Ha ¢ur. 580 Oepercs no oxmo#t seanunue. B kaxzmoMm cayyae
OKAa3biBAaeTCH TpHUHAALATL HE3aBUCHMBEIX nepeMelibiXx. Ecayu e Bribpathb
takue Benuunmd, kak (E; D, S), T0 Mb OymeM MMeTb TOJBKO CeMb
nepeMesHbiX, YTO HEBOSMOXHO, N0 3TOM npuuune caenyer usberarsb
ynorpebieniia TakMX HE MMEIOINX CMbicna KO3((HIMENTOB, Kak
(Oe4l0E})p, &

Ecmu B ravecTe He3aBUCHMBIX nepemenubiX BhOpath (o5, E T), 10
nupdepesumans e, D; u S Moxuo 3anucarb B BHIE:

obparHbift
yOpy rocTh Nbe3os/eKTpHYeCK Uit Teryosoe
sbdekt paciinpenne
d (ae”) a +(ae”) dE +(ae”) a7, (10.27)
g o—\5— [¢] - —
. ki i~ s .
T\ Ospilg, g OLplq ¢~k of /o
npavMofl nbeso- RHSNEKTPHUECKEA  NHPOSJIEKTPHYECKHH
9eKTpHYecKnit NPOHMNAEMOCTD sddext
s¢pext

ﬂbeSOKﬁ.’lOqueCKHﬂ sneKTpoxanopuqecxuﬂ TeIv10eMKoCTh

stipekT sdexT
({088 208 28
4= (Gag)y, %0 +(aE5), , Fio+(ar), 7 009

Takum ofpasoM, Mbl uMeeM 9-}-3 }-1=13 ypasuenu#t, B Kaxnom
U3 KOTOpHX B npabo#t yacty cozepxarca 9—+ 3 -+ 1= 13 unenos. Ka-
Wbt M3 nudgepesuranbHeX KOS(h(UUNEHTOB XapakTepusyeT omnpere-
neunbit ¢uanveckut adoexr, ykasauubift nHan uuM. Kak nerko Buzerh,
no raaskoi nMarokanM B npaBolt yactu cucrembi (10.27)—(10.29) crost
KO3 (QULNEHTH, KOTOPbie XapaKTepH3YIOT raaBhbie 3hQeKTH, ocTanb-
Hble ke KOs HUMENTH OTHOCATCA K compswmenubiM adgexram, Ilpumenss
TOT *e cnocol, yro M B § 2, MH naltieM Tenepb TepMOLHHaMHUYyeCKue
COOTHOIUEHUS MeXILY KOS(hQMINEHTaMH npYUBeLEHHBHIX TPeX ypaBHenufl.

YroOw ypasuenne (10.12) onuceiano paboTy sneKTPHUYECKHX CUA mpH
ManoM H3MeHEHHM COCTOfMHsl CMCTeMbl, K HeMy caenyer n00aBuTb elle
onuk unen, B ra. IV, § 4, nokasano, yro stum unewoM saBaserca E;dD,; ).
Tak kak Bce u3MenenMsa npeamonaraioTcs oOpaTHMBIMH, TO H3 nepBOro
Y BTOpOro 3aKOHOB TEPMOLMHAMMKY CAeLyeT

1) B ra. IV ucnonvsoBanoch BuipaxenMe vE; d Dy, rae v — o6beM kpucTanna;
npu STOM CYHTANOCH, YTO MOJE JOMKHO ObiTh LENMKOM 3aKJIOYEHO B KpHCTamIe.
B npunoxeHur 6 BpiyHCACHHMA IMPOBEIEHH TaK, YTO 5TO OrpaHMYyeHHE MOMKET
OLITL CHATO,
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Ecan B3ath ¢yukuuio O, onperensieMyio ypaBhenHeM
®=U—oye;—E,D,—TS, (10.31)
10, nudpdepenuupys (10.31) u ucnoawbsya (10.30), noayuaem
d® = —e¢,doy — D, dE;,— SdT. (10.32)

B ypasnesun (10.31) Bce Bennynne B npaBof YacTH AIBJSIOTCH PyHK-
WiiAMHM  nepeMeHHbIX (cu, E;, T), onpeneasiOlUX COCTOAHME CHCTEMHI,
Cnenosareabtio, @ Takwe spaserca ¢ynkumedt (o, E; T), n Mb MOMeM
3anucarhb

40— (ST?;)E. a4 (g—gi) (AE,+- (g—‘;’) 4T (10.83)

CpasunBan Kos¢d¢uumentsi B ypasuennax (10.32) wu (10.33), nonyuaem

()= (3),=0n ()= wosn

[ponuddepeninpoBas nepeoe M3 STUX ypaBkewM#t no F,, a BrOpoe
no o, mocne 3aMekH MHAeKca { Wa R Haxomum

- ('a%)f (ge‘éﬁ“) = (Zﬁ; )E'T= dhy.  (10.35)

AnanoriuknM cnocofoM monyyaeM

14
(e (B, (B, oo

W3 stux Tpex ypaBsewuit caenyer, 4YTO0 Marpulla KOS(QQHUIMEHTOB,
cToAlNX B npaBo#t yacTH cMcrem ypaBrewn#t (10.27)—(10.29), cumme-
TpUYHA OTHOCHTENbHO raaBnoOM nuaronanu, B yacTHOCTH, M3 STHX ypaBHe-
HUit BUAHO, YTO:

o) rosppuyuenmo. nPaMo20 U O06PAMHOZO NbE30INEKMPUHECKUX
agpcbexmos pasnvi Opyz Opyzy;

6) rosgpbuyuernmo menso08020 pacliupenus Pasus KodsppuyueHmar
nee3oKanopunecko2o 3pdexma;

8) Koagppuyuenmu nupossrckmpuuecko2o sppexma pass Koapgu-
QiLeHMaM BAeKmporaropudeciozo apdexma,

Dtn paBencTBa OTpamenn Ha ¢ur. 580, rie OKOJO KawIOH JiiHHH,
naobpaxaroulelt onpeneseHHyI0 3aBUCUMOCTD, YKa3al kosddulenT, Xapak-
Tepnayloumﬂ 3Ty 3aBUCHMOQCTb (HHAEKCH Y xoaq)qmu,ueu'ros onyu.\eHu).



220 T'a. X. Tepnodunamuxa pasHoeecubix CHOLCTE KPuUCLTAAn08

B umurerpaabusoit dopme ypasuenns (10.27)—(10.29) Moxuso 3anucats
B Bume 1) ET ; E
&) = SijuiSri~+ drijEr -+ 2;; 07,

D, = dlyopm 3 TE)+ piAT, (10.38)
E a ¢ £
AS = dijayy 4 pi Ei 45— AT.

B stux ypaBhennax e; u D, nomHE pacCYHTHIRATLCA OTHOCHTEJBHO MX
3HayeHNt npy HyJIeBuiX HanpmKenMaX, HaNPAKEeHHOCTH no.aa M HayaJlbHoH
TeMneparype.

Cso0ra pe3yabmamos, NOAYHEHHLLX HG OCHOBE mMePMOOIHAMU-
wecKozo paccromperus. lanuM Ttemepr KpaTkuB 0630p NO.JYYEHHH X
Bbillle Pe3yJbTaToB, OTGPOCHB BCE MBAEKCH, YTOObI OTYET/iiBee BLICTYIHIO0
OCHOBHOE COLEepanie nonyyenuex coorsowennit. (OyesmaHo, YTO npH
9TOM MBI MNPOMrphiBaeM B CTPOTOCTH, HO TakoBa Hensbexuas IleHa,
KOTOPOH ME IOMXHbl PacnjaydBaThbCa 3a KPATKOCTL).

BosbMem ¢ (zeBatb koMmnowent), E (Tpu KoMnouenTw) M T B KauecTme
HE3aBUCHMBIX MNEepeMeHHLIX, ONPeiesaAllNX TepPMOLMHAMHYeCKOe COCTOf-
uue. Torna e (ueBarb KoMmoHeHT), D (rpu KomnoHehTn) M S 6ynyT
¢yHkunamn o, E n T. CruenomaredibHo,

Oe Oe Oc
d3=—0—;d0+3—EdE+T)T dT,
oD 0D oD
__ 0S8 as N .
S = 5 d3 + 5 dE + 7 dT;

3leCb YaCTHHIE TPOM3BOLHHE MMEIOT CMHCA YIPYrUX nozaTauBocred,
NbLE3OIEKTPHUECKHX KO3GDOUUMEHTOB, KO3DGDUIHEHTOB TENIOBOr0 pac-
wMpeHus ¥ T. 4. Ma nepBoro M BTOPOro 3aKOHOB TePMOLMHAMMKY BHITE-

KaeT, uToO

dU =ode 4~-EdD1-TdSs. (10.40)
Beenem ¢yHkuuio

O®=U-—0e—ED—TS.

IOuddepenuypys ee u ucnosabays ypaBHenue (10.40), nonyuaem
d® = —eds— DAE— SdT. (10.41)

1) Yneno MHACKCOB MOXKHO HECKOJBKO YMEHLHIUTH, €clu IPH TepMOAHHaMH-
JECKOM HCCIeNOBaHHH MCNONAL3OBaTh MATPHYNLIE, @ HE TeH30pHbIe 0003HayEeHus,
TeHaophvie 06o3HayeHHs BoiOpaHsl NOTOMY, YTO OHY HENOCPENCTBEHHO TOKAa3bi-
BaioT l’Faur TEH30pa, OMHUCLIBAIOLIErO CBOHCTBO, @ TaKAKE MOTOMY, YTO OHM HOCST
o6muil XapakTep u 1€rko moryT ObiThb pacnpocTpaHeHbi Ha TeH3opsl JMoforo
panra. Hao6opoTt, maTpHuHbie 0603Haueia [{eyO6HH Laa 3anuci TeH30POB Bhilie
qena)?mo%o:s;))aura, HEOOXOZHMBIX 1Al Onucakla 9QGEeKTOB BTOPOro NOpAAKa (CM.
ra. ' .
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Tak kak @ aBaseTcs QYHKUMEH COCTOfAHMA, TO OTCIOLA CHELYET, UTO

oD oo e
et G=—D P =--5 (10.42)

OTKyZA2 mocne nudQepeHypoBaHns HaXOIuM

o _oD o _ oS oD _ s,
OE~ 0z ' 9T @s' or _ JE’

CTenOBAaTebHO, MaTpHlla KO3(OUILNEHTOB, CTOALUIMX B paBOi 4YacTH ypas-
nenutt (10.39), cummerpnuHa!)., TlosToMy npsiMo#f M oOpaThmift mNbeso-
aJeKTpHueckie sbGEKTH OMUCHBAIOTCA OLHUMM M TeMM e KO3d¢HuneH-
TaMM; STO K€ CIpaBed/MBO LJA TENJOBOro pacluMpeHys W Nbe30Kanopus
YecKoro, NMUPOSJNEKTPUUECKOTO M SJEKTPOKAIOPHYECKOr0 3(QEeKTOB.

(10.43)

VpasHenns (10.38) Ttemepb MOMiIO 8sanucaTh B PasBepHyTOH Qopme
€ MATpUYHBIMY O0O0BHAYEHHAMMH:

g = st oy - §1202 -}~ 51303 | 51401+ 51595 -+ 5169 —+
4 dhEy A= dyEs A-dy Es +oi AT,
€, == 5120, ~ S350 - 52993 S2494 ~ S2595 + Sp606 +
- dypEy - dyoEy + dapEg -+ 0 AT,
€3 = §,39; |~ Sp30p |~ 53303 - 53494 ~} S35%5 | S36% —+
- dsE| +- dpsEp +-dasEs 405 AT,
&4 = 51401~ S2402 ~} 53493 —+ 54494~ 54555 —+ S4e% +
~+ dyyEy 4~ dyyEp ~+ dyEg 404 AT,
&5 = §159; —F 82592 ~+ S3593 ~+ 54594 - S6895 - S5e%
~+ dysEy 4 dosEp 4 dggEg 405 AT,
& = 51691 —+ 52692 1 53673~ S46%4 - S5695 1 Seg% - (10.44)
- d16E) 4 dogEy +-dsgEs + 06 AT,
D, = diy0y + dy205 + d1305 + 1304 - d 1505 - d1o%6 1~
g TF R TS S 3—]—p"AT
D, = dy0y ~+ dgpp 2393 - g0y - dgsTy +- 6% +
= %1oF s - %90E3 4 %g5E5 + P AT,
Dy = dy0, +-dg,05 + d 3303+ d3404 + 3505 +- daeT6 +
- #13E1 4= %g5Fp - %sF5 4 Ps AT,
AS =ofa + a0, + 0,0, + a0, + o0, +-ago, + PIE, -

c* E
+ poEa+- poEs + —5—AT.

1) KopoTko roeops, sxoGuak MaTpHud &, D, S oTHocuteanHo s, E, T [mat-
prua kosthduuuesToB B npaBoft wactu ypaseennii (10.39)] paBen BiaTomy €O
3HaKoM MHHycC reccMaHy @ otHocHTenbHO o, £, T U CUMMETDIlueH.
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Ias kpaTkoCTM BepXHMe MHIEKChl JAaHb TOJbKO Y MePBbIX U/NEHOB B Ka-
KIOH rpynme uneHoB mpaeoft uactM. MaTpuua & onpenensercs ypasHe-
HueM (9.16). B npenmiayuux riaBax Mbl paccMaTpHBAJH MO OTAENLHOCTH
GOpMBl pa3MYHEIX MaTpuy AaA 32 kpucTannorpacdHyeckux Knaccos. ITH
pesynbTaThl CBeLEHE BMeCTe€ B MPUJIOKEHMH 5, rie AJs KawIOoro Kpu-
CTannor paUyeckoro kJjacca MpeincTaBieHbi MOJHbie MaTpHUL KO3 U=
LMEHTOB, CTOSWIMX B npapoit uacty ypasHenutt (10.44).

Ecnu marpuubi B ypasHennsx (10.44) oGosHauntb npocTo OyKBamy,
TO Mbi MOJYYNM CJAELYIOLIME KOMNAKTHble YpPaBHEHMs:

e=s"To 1 dlE 1" AT,

D =d"c -+ %>TE - p° AT, (10.45)

Ca,E
AS = afg + pfE +——AT.

HerpynHo BuzeTb, yTo A7 LOKa3aTeNbCTBA TePMOAMHAMWYECKUX ypaB-
HeHnt (10.35)—(10.37) Mbl HCMONB30OBAJN 1O CYLIECTBY TaKoft ke Meron,
KAKOH MPUMEHANCA A7 [LOKA3aTeNbCTBA PABEHCTBA xy =1, B 1. IV,
§ 4, u papeHcrBa s;=s;, B ra. VI, § 3; Bo BCex sTHMX cayuyasx
Gpanucb BTOPbie TMPOM3BOLHbIE OT TEePMOAMHAMHYECKOrO MOTEHIMANa
(O, ¥ u U saBnsiorcs TepMOLMHAMUYECKVMY MOTEHUMaNaMM) 1O LBYM M3
HE33aBUCUMBIX MepeMeHHBX W MeHAICs MNOopAnoK nuddepeHIHpoBaHNs.
Takum oOpasoM, IJs J[OKa3aTeNbCTBA CHMMETPHYHOCTH OTHOCHTEJBHO
rnapHo# pMaroHanu MaTpuubl KOS(GUUUEHTOB, CTOAWMX B NMpPaABOH 4acTH
ypaBHenn#t (10.44), LOCTaTOYHO MPOBECTH TaKOE Ke PACCYXneHHe.
Ocraercss MCCNELOBATh TPM NpPsMLEE 33aBUCHMOCTH Mexnay S, D M e u
TPH Takue Ke sapucumocty Mmexny 7', E ¥ o (cM. ¢ur. 586). Hcenoab-
3ys COOTBETCTBYIOILME TepMOIMHAMMYECKHNE NOTEHUMAaJbi, MOMXHO HaHTH
ClefyiomiYe COOTHOLUEHHSI MEeXILY LIeCTbI0 PaccMaTpuBaeMbiMM KO3dbHLH-

eHTaMMU:
oS\ (0B
(), . =), =% (10.46)
aDi acjk T
(T)E—I-,;)E. 1‘= — (m)a{ r == em. (10-47)
oS adu £
(OTu)r. E=_(W)a' =75 (10.48)
dtu Tpu cootnoleHns oGosHaueHs Ha ¢ur. 586 Gykpamu £, e, f ¢ BHew-
Helt CTOPOHB Oonbworo TpeyronbHuka M OykeaMu —f, —e u — f

C BHyTpeHHeft CTOPOHBI MaJoro TPeyrojbHUKE.

Uncno kosduLNeHTOB, CTOAMX B npasofl wacru ypasnenuyt (10.44),
LOCTaTOYHO L/ TOro, YToObi OnpeneauTb BCE S(MbEeKTH NepBOro MNopsaika.
Bce npyrue nepsrie npouspoiubie [cM., HanpuMep, cootHowetus (10.46)—
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e —e——

(10.48)] MOXHO BLIpasuTbL Yepes HUX. B yacTHOCTH, 1aA Mbe309.IeKTpPU-
yeckoro 9(dexTa Jerko L0KasaTb, BHIHMCHBAA YacCTHLIE INPOM3BOAHHE,
yTO .
— — E
Ay = CimSin s e1jr = QiimCinn

kak npu T =const, Tak ¥ npu S = const.

§ 4. CootHomenus meway ko3dduuueHTaMu, U3MEPEHHBIMU
Npu pasauyHBIX YCJAOBHAX

B § 2, n. 2 Mb yxe BUIeaH, YTO yNpyrve noLaTJMBOCTH, M3MEpPEHHLIE
npy M30TEePMHYECKMX M anuabaTvueckuX YCJOBMAX, pasnuuHH. Tenepsb
paccMOTPHUM nolobHbe PasINyMa MeXLY PasHLIMU KO3 HIMEHTaMH B 0OLieM
ciaydae, B TOM 4Yiiche W N8 kKO3GhGUUNEHTOB, OMICHBAIOIIUX 3NEKTpHYe-
ckve sdbekTh (cM. ¢ur. 58a u 586).

Yro0bl MOMHOCTLIO OMpene/uTh YNpyrue NojaTIMBOCTH, HeoOxonMmo
3a1aTh HE TOJIbKO TeI/OBbie YC/IOBUs (KOTOPHE MOryT XapaKTepHU3OBaThCA
nocrosHeTBOM S uan T), HO GUKCHPOBATb M 9JEKTPHYECKHE YyCNOBHUA: TaK,
MOXET MOAJAEPHUBATLCA MOCTOAHHLIM none E wan, HaoGopot, nuaykuus D,
AHanoruuHoO, TENJOEMKOCTb KPUCTA/Ja ONpenensieTcss KaK MeXaHHueCKHMH,
TaK H 3JEKTPUYECKUMH YCNOBMAMY, NPH KOTOPHX OHA M3MepseTcs; OHa
38BMCHT OT TOro, KaK MOFYT H3MeHATbCA BenuunHnl E; D), oy ¥ ey
Haubonee BawmHbiMU 1151 Hac ycnoBusMHM OyLyT ciaenymoilye,

T = const (u3omepmuuecroe uamererue). ITO yCIOBHE BHIOJHACTCH,
KOrja 3SKCMNEePUMEHT MPOBOIMTCH HACTOJNBKO MELJEHHO, YTO KpHUCTala Bee
BpeMA HAXOIMTCA B PABHOBECHMM € OKpywkawule#t cpenoi.

S =const (aduabamunecroe usmernenue). B atom cayuae kpicrani
He J[O/KEH HM 1oJyuyath, HM OTHaBATh Temno. Takue yCIOBMA peaH-
3yI0TCA TNpPH YNPyrux koneGaHusX KPHUCTAnna, ecaM H3MEHEeHMs CTOJb
6LICTPEI, UYTO TemnooOMeH Meway pasJM4HBIMM 4HacTAMM  KpHUCTANa
npeHeGpexuMo Man,

E = const. Tlone E Oyner ocTaBaTbCsl PaBHLIM HYMIO, €CAM BCA MO-
BePXHOCTb KpHCTanna HaXOLWTCA MNOL OLHUM M TeM Ke 3JeKTPHYeCKUM
notenumanom. Korna E=0, TO roBopsT, YTO KPUCTAI1I SaeKmputecku
c80000er, 1O aHANOTMM € OMIICAHHEIM HMIKe MeXaHMYeCkM CBOOOLHEIM
COCTOSIHUEM.

D =const. Ecau uHpykuus D B KpMcTanne nocrosHHa, To dD ==
=%, dE-+}dP=0; cnenoparencHo, noboe usMeneHue P 3a cuer nbeso-
3NeKTPUYECKOrO0 MM NHPOINEKTPUYECKOrO 3(PQeKTOB LOMKHO KOMIleH-
CHpPOBaTbCAA pPaBHBIM M TMPOTUBOMONOWHBIM MaMeHeHHeM x E. Takue
ycnoBus B ofmieM CJyyae TPYLHO OCYUIECTBHTH 3KCIEpHMeHTalbHO,

TeM He wMeHee mOyuHTenbiO OOCYIMTH cyuyait MOJHOCTHIO M30IMPO-
BaHHOH TOHKOM KpHCTaJNYeCKo naacTuHkH. Bynem paccMaTpusaTh yCJa0BUA
TOJbKO B LLEHTPaJbHOH YacT¥ NJAacTHHKM BLAMM OT ee Kpaes (dur. 60, a),
XOTA HeTPYIHO PacnpoCTPaHHTb KAyeCTBEHHOE PaccMOTPeHMe M Ha rpa-
HMYHble yvacTkM. Tlycrb BHe kpucraana D —=0. ITockonbky Ha rpaHHue
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IBYX cpel HOpMaTsHas koMMNOHenTa [ [0MKHA COXpansTo HenpepHB-
HOCTb, BHYTPM NNACTMHKM MOFYyT CYHIECTBOBATb TO.JIbKO KOMIOHEHTH D,
napanesHbIE €€ TIOBePXHOCTSM (HMwHas cxema Ha ¢wur. 60, @). HaoGo-
pOT, HanpmKeHHOCT: noas E 10KHA ObiTh MepreHpHKYAapHa NMOBEPXHO-
CTH IIaCTHHKY BCAEACTBME HETNPEepHBHOCTH Ha TpaHulle ee TaHreHUMa/b-
Holt KOMMOHeHTH (paBho# Hynw). TToaspusauus P Oyner B ofiiem cnyuae
HanpapieHa IOL HEKOTOPHM yraoM k mnoBepxHocru ), CooTioleHHe

D
<R Vi

P %@%\%&M& \\\\\\\ w6 .
\\\\\ \\\\\\ Nlnns l P
A 2,
\\\\\\\\\ 6

a

@ ur. 60. Pacrionoxenue BekTOpOB %9E, P v D) B TOHKOH 301K~
POBaKHOH KPHCTaMaHYecKOl TNacTHHKE BIAlH OT €€ KpaeB (a), CBA3b
Mex1y BekTOpamu (6) ¥ BAHAHHE H3MEHEHHA P (6).

Mmexny D, E u P nokasaHo Ha ¢ur. 60, 6. Vs ¢ur. 60, 6 BunHo, uyro
ecnu noaspusauva P rnepneHINKYyaspHa NOBEPXHOCTAM MJAACTHHKH, TO
unnykuus D Oyner paHa Hynwo; npu stoM E — nenonspusyiouiee noie,
CO318HHOE NMOBEPXHOCTHBIMY MNOJsAPU3ALHOHHBIMY 3apanaMy, — OyLer noJ-
HOCTBIO kKOMNeHCHpoBaTh P (v E = — P). IleHcTBUTENLHO, TONBEKO B 9TOM
Clyyae B H30JNPOBAHHOM mJacTMHke MHaykums D Oyner nocTosHHa
(paBHa Hymo). Yrobbi yOenutbes, yro B ofuieM cayuae munykuus D He
NOCTOAHHA, PAaCCMOTPHM BJMAHHME MaJOro M3MEHEHMsi BeJMyMHbI W Hampa-
BneHus Bektopa P. Bekrops D M % E 1OMKHH BCerna OCTaBaThCd
COOTBETCTBEHHO MNAapaliebHHMH W MeprieHAlKYJIAPHEME  MOBEPXHOCTAM
NJACTHHKM; C/ELOBATENbHO, €CAM MBI NepefineM OT KOHGUrypauuM, uso-
GpawenHott Ha ¢ur. 60, 6, k KoHbUrypauun, usobpawen: i Ha ¢ur. 60, 8.
TG BekTOpPbl D U %yE M3MeHAT CBOIO BEJHYMHY, HO OCTaHyTCA (PHKCHPO-
BAHHBIMH TO HanpaBieHuio. Takum o6pasoM, NMpM uaMeHenuu P ocTaioTcs

1) Ha npaktike npu craTHYeckVX SKCMEPHMEHTaX Ha IOBEPXHOCTAX Kpu-
ctanna OyayT ocenath KOMIIEHCHPYIOLIME 3apsiibl H SKPaHHPOBATh MNoAspH3aLti-
OHHblE 3apafsl. [IPH HalleM TEOPETHUECKOM PpacCMOTPEHM¥M Mbl [OJaraeM, 4YTO
STO HE MMEeT MeCTa, TaK Kak KpPHCTalJl H30MMPOBAH OYeHL XOpOLIO, Stbtbem
SKPAHUPOBKH HE BO3HMKAeT NpH AHHAMHYECKHX SKCNEPUMEHTAX, MPH KOTOPnix P
MEHfIeT CBOe HallpaBleHHE CTOMb YacTO, YTO 3apaibl HE YCIEBAT HAKOMHTHCS.
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e

HeM3MEHHBbIMM (M DaBHEIMM Hy.T0) TOBKO HOpMAalbHas KOMMoHeHTa D
¥ TAaHFeHuHaJbHEIE KOMITOHEHTHI E.

Urak, anas ocywects.ienus ycnoBus E= (0 nocratouHo, yrobn Ino-
BepXHOCTb KPIICTA113 6ni1a aKBUMoOTeHUMa nhoft. Bwmecre ¢ TteM, 44
BHIMIOHEHHA yCa0Bis D =0 nelocraTouHo mso.asunM kpucraana. B o6-
uleM cayyae B H30.JMPOBAHHOM maacTHHKe OOJBIUMX pasMepOB BAanu OT
ee KpaeB OCTAalOTCA HeHM3MeHHBIMM HOpManbHas KoMmnoHeHta D) M TaHreH-
uuaTbHbie KOMMoHeHTh E, torzna kak ycnoeus D —const m E= const
ne BhinoaHaiorcs. Ecau prinonnserca ycnosue D=0, 10 roeopsar, uro
KPHCTAN SALKMPULECKE 3GICAM.

o =const ). (Mexanusecku) cso600noe cocmosntue (3;; = 0) MOKHO
npubNMKEHHO OCYLIECTBITb, VKPENMB KPHCTAN TakuM 06pasoM, yroObl
nehopMauMM MO, /il MPOUCXOLMTL KAk MOKHO Gosnee cBOGOLHO.

e=const !). Hrobw nepopmauun e; ObiN0 MOCTOAHHB, K KPUCTANTY
HeOOXOLMMO NPUNOWHTL TAKYK CUCTEMY MEXaHNYECKHX HarpsikeHMH,
koropas obecneunBana Obi NMOCTOAHCTBO 8C€X KOMIOHEHT AedopMaiuy.
MOXHO cYuTaTh NPU STOM, YTO KPHUCTaL1 OKPYXeH CO BCeX CTOPOH
cpenott ¢ GeckoHeuHoH kecTkOCTbIO. Korna EU=O' TO TOBOPAT, UTO KpH-
cTann (MexaHuuecku) 3axcam.

1. Taasubie sdhdexTh. Hume npusossTcs ypaBHeHHf, H3 KOTOPHIX
BHAHO, KaK BJUAIOT YCAOBIHA U3MEPeHUH Ha KO3Gh(MINeHTH, ONUChIBAIOLNE
r1aBHeie ddexto. IlepBoe M3 aTUX ypaBHeHH#t yxe ObIIO MOAYYEHO
B § 2, n. 2. OcradbHne ypaBHeHMs BHIBOIATCHA aHAJOrMYHO, HO NpH
sroM TpelyioTca HekoTopuie o6aBouHbie npeoOpasoBaHus MHAEKCOB; L9
HATIOCTPaUMl 3THX ripecbpaszoBaHMit B NPUJIOKEHMM 7 BLIBENEHO ypaB-
Henyve (10.51). M3 ¢ur. 586 MOxHO BMAETH, YTO BCE 9TM YpaBHEHUs
ILO/LKHB MMETh OnMHakoByo ¢opMmy. Jlioboe ypasHeHMe, BKJIOYaIOLlEe
BETHYMHEI, CTOSIIME B COOTBETCTBEHHBIX BEPIUMHAX OOOMX TPEYTOJbHHUKOB,
IIMeeT CHMMETPHYHbie aHanoru AJs KawAOH LPYro#t mapel BEJHYHH, 3aHH-
MAIOLIMX LPYI M€ COOTBETCTBEHHbIE BepIUMHb. Takum 06pasoM, NONYYHB OLHO
U3 3TUX ypaBHeLu#t, MOWHO M3 paccMoTpeHns ¢ur, 580 HalTH OcCTanb-
Hbie (32 HCKJIOYEHWEM MHIEKCORB).

1) Hsomepmuieckue u aduabamuneckue ynpyzue noOGmMAueoCmy
(npu nocmosinnoM noae)

T
s$jk1 _siTjkl= — e e (E = const). (10.49)

IpaByio YacTb 'yPaBHEHMs MOXHO HHTeprIpeTMpOBaTh Kak  TepMo-
yIPYIyio NONPasKy K NOAATAMBOCTH.

2) VYnpyeue (u3omepmuneckue) nodamaugocmuy 8 SAeKmMpuiecKu
3UNCAMOM U 346 KMPULECKU CBO6OOHOM COCMOSHUSX

sgki -— sﬁki =—dy A7, (T = const) (10.50)
(Mbeso3MeKTpUYECKas MONPaBKa K NOLATIMBOCTH).

1) B BblpameHuAX, nNOLOOMBIX STOMY, Mbl MHIIEM &I KPaTKOCTH ¢ H &
BMECTO a;; H ¢j4.

15 HOx. Hal
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8) [fusarekmpuieckas RPOHULGEMOCMb 8 MEXOQHUMECKU 30IHAMOM
U MexOHu4ecKu C80600HOM (H30MIEPMUYECKIX) COCMOSHUAX
e e E —
y— ¥, = dikldjmnckimn (T = const) (10.51)
(nbes03.7eKTPHYECKAn MONpABKa K ANSJEKTPHHeCKOH NpOHHUAeMOCTH),

4) Hsomepmuueckasn u aduabamuuecrkass Oussexmpuieckas npo-
HULGeMOCE (MPU NOCMOSHHBLX HANPANCEHUAX)

uisj——u{j=—pipjgf (e =const) (10.52)

(nUpOsneKTPUYECKAn MOMpPaBKa K AMSJEKTPUYECKOH NMPOHULAEMOCTIH).
5) Tennoemrocms (npu ROCMOAHHUX HANPANCEHURX) B8 dreKmpuye-
CKU 3GamoM U 3AeKmpuiecKy C80600HOM COCMORHUAX

CP _CE—=_—_ Tp,p;RY (¢ == const) (10.53)

(MMpoaneKTpUYECKas MOMNPAaBKa K TEIJIOEMKOCTH).
6) Tensoemrocme (npuw NOCMOSHHOM NOAE) 8 MEXQHUYCCKU
3a3Camom U C80COOHOM COCMOSHURX

C! — CG == — Taijakiczikl (E= COl’lS'[) (10-54)

(TepMOynpyras MoOMpaBKa K TEIJOEMKOCTH).

7) Ynpyeue (u3omepmuueckue) nodamausocCmi Npl NOCMOSHHBLX
HOpMAAbHUX HOMHOHenmaX uHOyKyuu, B KauecTBe nmpuMepa nmpoMexy-
TOYHBIX YCJNOBMH MOMXHO DPAcCMOTpeTb MBOTEPMMUeCKHe YNpyrue mnopar-
JMBOCTH B 3JEKTPUYECKHM H30JHPOBAHHON INACTHHKE, NJMHA M IUMPHHA
KOTOpOHt BeMMKM MO CPAaBHEHMIO ¢ ee TOJIMHOR. Kak MH ywxe Buzenw,
NpH STHX YCJOBMAX OCTAIOTCA TOCTOAHHHIMM KOMMOHeHTa D, HopMmannHas
K NIaCTHHKe, M TaHreHuuaneHue komnonente E. Ecin Ox, — Hampas-
JeHiie HOPMaJIM K NJAcTHHKE, TO SKCIIepHUMEHTa/bHble 3HaueHuss ynpyTux
NOJAT/MIBOCTEt MOMWHO 3aniCaTh B BMAE

Ot
(b_ll) = s;jk, (T= const).
ri/D,, B, Es

. — E ;
Mo)HO NOKa3aTk, 4YTO KOIPPUILUEHTH Sij CBASAHBI C 533, COOTHO
LieHNAMI
dyyd
* _ E — __ ijY1kt . -
S — St = —“L (T = counst). (10.55)
2. ConpsweHHble addexThl. YpapBHeHus, nomo6GHHE NpPHUBENEHHHIM
B 1.1, MO¥HO BHBECTM M AJf KOSG(HULMEHTOB, ONHUCHIBAIOIINX CO-
npsxeHHbie 3¢Q¢dekTH. Bce nonyyaeMHe INPH STOM ypaBHEHHs Takke
uMeloT OOULYI0 GOpMy, KOTODPYIO Jerko Nojyunth, oOpaTHBLUMChL OMNsThb
K ¢ur. 580.
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1) ITuposrexmpunecrkue 1 s1eKmMpoKGrOpuLecKEe KO3 Puyemol
npu ROCMOSHHUX HGNPSJCEHUSX U NOCMOAHHLX Oeopmayusnx
(cM. § 4, n. 4)

—pp——aE cE T4T
p—r= alkc‘i‘wk mdllm' (10.56)

2) Koaghghuyuernmor menso6ozo pacuiupenus u nvee30KaA0puLeCrue
KO3PPUYLEHMbL 8 SNEKMPULECKI 3GHCAMOM U S/eKMPULECKE 80600~
HOM COCMOSIHURX

D_ nE — __ T @Re, T
o —ap=—dy, 8% D (10.57)

3) Haomepmuneckue u aduabamunecxue Kospiuyuenmu npsmozo

i 00pamHo20 Nbe3osseKmpuieckux sghpexmos

— 4T T _E

ds ifk=_p7_C°.Taik' (1058)

ik

8. Yucaennnle aHaueHua koddpduuuentoB. MH rosopiM, 4T0 COBO-
KYIHOCTb BEJHYHH, XapaKTepPUSYIOWIMX B3aMMOCBASL MEXIY BCEeMM pac-
CMaTpyUBaeMHMHM CBOMCTBAMY KPHCTANJ3, KOJMYECTBEHHO OMNpeneseHa, eciu
W3BECTHLI 3HayeHHsi 4YaCTHEIX TPOU3BOLHBIX — KOSG(HINEHTOB B Yypas-
nenmax (10.27)—(10.29). Hekoropne uMcneHHne 3HayeHus OblAM npH-
BelleHH B TNpelHAYIMX InaBax. 34ecb Mbl AafuM CJAenyIoIyl cXema-
THYeCKYIO Tab. 1My, CyMMUPYIOILYIO NMOPALOK BEINYMH KO3(QUUNEHTOB MNpPHU
KOMHATHOH TeMmnepaType AJs HEMeTal/INYeCKUX M HeCerHeTO3/EKT PUYECKUX
KPUCTA/NIOB, KOTLA 3TH KOSGQUUHeHTH He 0OpallaloTcs B HYIb M3-33
CHMMETpHH:

s E T s E T
e |§ d a 3 10711 3.10°12 10~3
Did » p D|3.1072 1071 3.10°¢
S|le p QT S 10°%  3.107% 104

(3HaueHus HaHH B pauMoHanuaupoBaHHol cucreme MKS.) Dru 3Hauenus
no HeoGXOQMMOCTH fBJSIOTCA BeCbMa MPUOIMKEHHBIMI. 3nech He MPHHATHI
BO BHHMaHMe HM pasbpoc 3HaYeHHH pa3THUHBIX KOMIOIEHT Kauaoro
TeH30pa, HM BHAUNTEJbHBie PAaCXOMAeHMss B BEIHUMHE KO3((HUUHEHTOB
y pasHbeiX KkpuctamnoB. [[lnsm cerHeTOsneKTpHYECKHX KPHCTAIIOB (CM.
ra. IV, § 8) nopsanok BeJMUMH HEKOTOPHX M3 3THX KO3 UUHEHTOB CO-
BepLUEHHO OTJIMYeH OT NMPMBEIEHHHX Bbillle; KPOMe TOro, HEKOTOpHE M3
KO3(Q@UUHEHTOR OOHAPYKUBAIOT 3aMETHYIO 3aBUCHMOCTb OT TEMIEpaTyphi.|

[pu onpeneneHMH MOPAIKE BeNMYMHBI MOXHO MPOBOILMUTH BbIiYilCNEHUS
€ TEH30paMM Tak e, Kak €O ckanapamu. OTHOCHTeNbHAA PA3HOCTb MEXLY
annabaTnyecKMMM M MBOTEPMMYECKIMH  YNPYrUMil  MOAATIMBOCTAMM
(sS E—sT: EyjsT. £ ymMeer, cornacHo ypasheHuwo (10.49), Bennunny
nopsanka o2/(C/T)s. ro GespasMepHoe OTHO:LEIMe XapaKTepH3yeT BelH-

15%
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YYHY TepMOYNPYTOro B3aUMOLEHCTBHSA 1); MOACTaBJAA MpPUBELEHHLIE Bhillle
YNC/eHHHE 3HAYeHWsl, HAXOLMM, YTO YKa3aHHOe OTHOLIeHHe LOMKHO ObiTh

pasuo 107°, BHaueHus psma OTHOCHTENbHbIX pasHOCTelt naHmi B Taba. 11,

TABAWULOATUI

OmHuocumensvHsle pasnocmu mexcdy 3RAUCRUAML Kodghghuyuenmos,
UIMEPERRLIMIL NPU PA3AULHBIX YCAOBURX

Vpasuenne Pastiocts e oo
(10.49) §HE _gTE —@7“;)—5 1073
(10.50) T —sBT % 1072
(10.51) o T —y T ;—“Z 1072
(10.52) y$e T ﬁ;” 1078
(10.53) cPe _CE-* (cf% 1078
(1054) cE_CF ﬁ 1078
(10.56) r—r g:—, 1
(10.57) P — oF xd 107
(10.58) ds —df R‘f;Ti 1073

Kak BUMIHO W3 NaHHLIX, NPHMBELEHHLIX B NociefHeM cTonbue TabaHib, pas-
HOCTH Mexny koadduuMeHTaMy, UBMEPEHHBIMU NPH Pa3NMYHBIX YCAOBUAX
apasioTea B OCIEM cnyvyae JMlb MajuMM MONPaBKaMH, He NpeBbIlLaIo-
mumMp 19 (BopoueM, cnenyer MOMHUTb, YTO 3TH Yiicaa MOJYYeHbi Kak
npousBefeHNs U OTHOLIEHUs KOS(PUUUEHTOB, ONPENENEHHHX MMllb BEChMaE
npu6mikenHo). OTMETHM, OIHAKO, YTO OTHOCHTE/bHAAl PAa3HOCTbL MEKLY
NUPONEKTPHYECKHMH 3QPEKTaMu NpPH MOCTOSIHHLIX HAMPAKEHUAX U nepop-
Mauuax He ABJAETCS Manoi BeJMuMHOH; oHa MMmeeT nopsazok 10095. dtum
ocofnM MONOMEHHEM MUpOsJeKTpuyeckoro adupekta um oOmwAcHAeTCa TO

1) KBanpaTubie KOPH# M3 OTHOLIEHHH, MOTOCHBIX 9TOMy, HasblBAOTCS KO-
duyuenmamy mepMoynpyzol, sAexmpomepMueckol u 3nexmpoMexaruseckoli
cgn3u.
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pHUMAHHE, KOTOPOE YLENeHO 8MOPUNHOMY RUPOSIAEXMPuLectsy, 00CyK-
naeMoMy B cienyiouleM nyHkre. He cnepyer nymarb, uro Mbl oOpallae
ocoboe BHIIMaHMe Ha MNHUPOANEKTPHYeCkuft sddexkT noToMy, UTO OH
MPUHUHNKAILHO OT/MYEETCA OT APYrUX CONpseHHHX 3¢QEKTOB. MoxHo
6n10 Obl MPOBECTH aHATOIMYHOE pPaccMOTpeHue ,BTOPHYHOIO® TENJIOBOTO
pacluMpeHiis, MM ,BTOPHYHOTO® MbE30SNEKTPUYECTRE, €CiIH 6bl  3TO
ONpaBAbiBAIOCH BEJHYNHON YKa3aHHBIX 3(GEKTOB.

4, NMepsuuneiit u BTOpUuHBl MuposnexTpuieckue s@derrrl. Dynem
cuntath, uro E=const. Tak kak D= f (e, T) n e=fy(e, T), TO
MOMXHO 3arucaTb

a'D-_.(—) de +(g?) aT  n de=(g—:) do +(ar) dT;

(MHIEKCBl OMYyLIeHbl, HO Jerko MOryT OuiThb BOCCTaHOBJeHw). TlopcraBup
3HaueHue de U3 BTOPOro ypapHeHUs B nepBoe, monowus de=0 n pas-
neanB Ha dT, nonyyaem

ne%xgxquuﬂ BT%%HHHPA
sdipeKT adbeKT
oD oD (0D i}
(o—r)=(o‘r)+(¥),(a—ra‘) (E=const).  (10.59)

VYpapHenne (10,569) onuceiBaer nuposnekTpuueckuft apobexT MpPH
NOCTOAHHBIX HANpPAMEHHUAX, T, €. UBMEPEHHbIlt IPU YCJAOBMH, UYTO KPHCTaM]
MOWeT CBOOOZHO M3MeHATb CBOIK
¢opMy. DT0 ypaBHEHMe NOKasLIBAET,
4YTO U3MEP eHHuIl 3¢HEKT MOKHO pas-
ILeNMTb Ha 1Bd, ONMCHLIBAEMBIX IBYMS
YJeHaMl, CTOALIMMH B NPaBoOH yacru,
NepBuitt — nepgununbili (NN , UCTUH-
HHHtY)  nupossexmpuveckuli 3%-
therm,— zanaetcs unesom (0D/0T),,
ITOT unNeH onpenenseT MHILYKLHIO
(MONApUBALHIO), BLIBLIBAEMYIO H3Me-
HeHVeM TeMnepaTyphi, NpU YCJIOBMY,
yTo hopMa N 00 BEMKPUCTANA COXpa-
HAIOTCA (UKCHUPOBaHHHIMU. Bropoi
4/IEH XapaKTePUBYET BIMOPUYHBLE nit-
possexmpuseckull spexm (Man
HIOXHBIH THPOSAEKTpHUECKNH 3¢- q)H;{uSgéngjgﬁ?x:??;e 194(1) ;ggfgf‘”"m
¢dekT nepsoro pona“); sto 1006aBoy- "
Hlt MHPO3IEKTPHUECKHH OMEKT, e (e eoixonbie < Bropr:
BOSHMKAOULIK NpH cBo6onHoM me-  Huib shoexr, Boaﬂﬂ::(:;?ll:]lleﬂﬂ B CBOBOLHOM KpH-
¢opmMallMu Kpucraiia, Jlerko Buaerb
3 ¢ur. 61, 4TO BTOPHUUHLI! NUPOANEKTPUUECKHH 3PDEKT BOSHHKAET BCJEL -
cTBHe 3aBUCHMOCTH T — & — D. TaxkuM 00pa3oM, KOFa KPHCTAL] MOXeT
<BOGOAHO 1eOPMIPOBATLCS, TENNOBOE paciiipeHNe BLI3bIBAET AeOPMALHIO,
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KOTOpas B CBOK OYEPelb 32 CYET Mbe303/1eKTPUYECKOH 3aBHCHMOCTH & — D
CO3naeT SAEKTPUUYECKYI0 WHAYKUMIO.
Bupasus (0D,0z), B ypapHenun (10.59) kak npousBeneHHe LBYX

NPOUSBOLHEIX, MOJyuaeM

nepBHYHBI} BTOPIIEHBT
shdext eKT

Gel s
(%)),Zg—?)f(%—?)r(gg)r(@—q}){ (E=const). (10.60)

dro ypasHeHMe, 3KBuBanenTHoe (10.56), BripawaeT BTOPMUHBHIH addexT
yepes Nbea30seKTPHYECKe KOIMMULIHMEHTE, YTIPYrHe KeCTKOCTH U KO3(d-
dUUMEHTE TennoBoro pacumpenus (nyrs T—>e—>o0— D Ha ¢ur. 61).

TIpakTHyeck¥ BTOPHYHbIH 3PGEKT HMHOrL2 YNHCJAeHHO MNpeBbiluder nep-
BUYHBI}; MOWeT La)e OKaszaThCd, YTO MepPBHYHEIA 3GhEeKT HACTONLKO Mal,
yTo ero He yracrcs oOHapywurb. OObHYHO M3MepAEMOH BeJHUHHOH B-
aserca uMeHHo (0D/0T),; urolw noyuute U3 Hee (6D/OT),, Hy®HO 3HaTb
IILE308JIEKTPUUECKe U yNpyrue koadpdHUUMEHTH U KO3(HIHEHTH Teno-
poro pacumpenus. Tak kak BeawunHa (0D/0T), oTHocuTenbHO Mana, TO
neGonbluas ownbka B onpenenedun (0D/0T), MOXET MpPUBECTH K TOMy,
yTO neppuuHbill adpext OyneT Boobile He 3ameueH 1),

Cbs3b MeWLy BTOPHYHBIM MUPO3IEKTPHUECKUM 3bQEKTOM M KpUCTan-
JorpadHyeckoft CHMMeETpHel — BONPOC, 3aCAyXHUBAIOLIUA HEeKOTOPOro BHU-
MaHua, TpH raaBHbIX scddekta (cM. ¢ur, 58a m 580) Habniopaiores BO
BCEX KPUCTANaaXx.Y BcexX KPHCTANI0B HabMIOnaloTCa Takke TeNnoBoe pac-
wnpenne u trepmoynpyrue addekts. OnHAKO MUPOSNEKTPHUECKHH 3bdeKT
(neprMYHLIf ¥ BTOPHYHBIH) ¥ NbE303/IeKTpHYECKHH 3QEKT BOIMOXKHBI TONBKO
y KPUCTannoB, NpHHAglexauuix K onpefeneHHHM knaccaM, [lanee, cum-
METPUS HEKOTOPHIX KPHCTAJJIOB TAKOBA, YTO OHM MOTYT MMEThH Nbe303.JeK-
TpUyeCKkHe CBOMCTBA, HO He MOTYT HMeTb MHPO3JIEKTPIHECKHX CBOHCTB.
Torpa BO3HMKaeT BOMPOC: YTO NpHM 3ITOM JeNaercs € BTOPHYHHM MHpO-
aMeKTpHYeckuM 3QexToM, nospasOmNMEs 01aronaps TenIoBOMY Pacium-
peHHI0 M Mbe303JEKTPIYeCKOMY 3dbdekTy? Cornacno kpucrannorpacpuye-
CKO}t CHMMETPHM, OH HE MONET CylleCTBOBAaTb, XOTA NpPH TOH e CUM-
M2TpHH BO3MOXHO CYIeCTBOBAHHE TEMJIOBOIO PACUMpPEHHA M Nbe30sJeK-
TpuyectBa. [IpuMepOM TaKOrO Kpiicrania aABaserca a-kBapu (kiaacc 32).
OH uMeeT TpH OCH BTOPOFO MOPsAKa, NMpPHYEM [aB.JIeHNE BAOJIb nioOOH
Y3 HHX Bbi3bLIBAeT MOSBJAEHHME NbE30JNEKTPUUECKMX 3apsioB. Iipn uarpe-
BAHHY KPIHCTaNa pacluMpsieTes TaK, YTO BAOJL KaXAOH M3 Tpex ocelt
BTOPOrO MOPALKA BO3HUKAIOT paBHHe pedopMauuu. 3t AedopMaiumu
nprsead Obi K MOSBJMGHHIO Mbe303.1EKTPUUECKIHX 3apanoB, ecau Okt OHH
He GbIM HampaBJeHH mog yraoM 120° npyr Kk Lpyry, B naHHOM e cayuae
BCE 3¢PeKTH B3aMMHO YHHuTOmaloTcA. CnenoparebHO, BTOPHYHBIR MHpo-
QMEKTPUYCKUH 3GMEKT OTCYTCTBYyeT. MONKHO OTMETITh, MeWAY TMpPOHMM,
4TO KBapll, KOTOPHI B CHMy CBOEH CUMMETPUM He MOWeT ObiTh mMpO-

1) JlanbhefiluMe NOAPOGHOCTH cM. B KHure Ksgu [24).
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9.1eKTPUKOM, He MOKET OGHApYWHUBaThb H BTOPHYHOTO MbE30I.TEKTPHYECKOro
s¢erTa, BO3HHKAIOUIEr0 33 CYET TEPMOYIPYTOrO M MHPOSIEKTPIYECKOrO
axpek10B [ypapHeHie (10.58)].

Takoe ®e PaccMOTpeHMe MPHMEHNMO K KyGuueckOMy KPHUCTANTy Cyab-

¢Gina uMHKa (U1HKOBAs O0OMaHKa, K.Jacc 43m), HmeioleMy 4eTHpPeE Mno.asp-
HbiE OCH TPeThero MOopAnKa. DTOT KPHUCTAT1 ABINETCH MbE303JNEKTPUKOM,
HO He muposjekTpukoM. HaoBopor, rekcaroHanbHas MonMcbiikauus (BIOp-
uHT, KJacc 6mm), Y KOTOpOH rekcaroHa.IbHas ocCb 0cobenHas, fBAseTca
Il MBE303JIEKTPUKOM, H IHPOSIEKTPHKOM.

IMpn paccmoTpeHMt BCex #BJICimH, € KOTOPHIMH MB MMM [eno
B Hacrosiueff rnamre, COCTOAHME KPuCTA.11d MNpEANOIara’loch OLHHAKOBbIM
BO BCEX €ro TOYKaX. Ipemuumunli nupossexmpuweckuli apgpexm (Mnu
»TOWHHR MNHUpOsIeKTpuyeckuit ab¢deKT BTOPOro pona“) MnpakTHYeCKH
npejcran.1ser coOoft pesynsTaT HeOLHOPOJIHO HANpsiKEHHOrO COCTONHMS,
HepaBnoMepHoe HarpesaHMe cO314€T TPAAMEHT TEMIIEPATYpPH, KOTOPLIH
38 CYeT TEIJIOBOTO pAaCliMpeHMs BHI3LIBAET TNOABJEHHe HEONLHOPOIHBIX
HanpsokeHift ¥ nedpopMaumnit. Bnarofapa MNbeaosneKTPiHECKOMY 3bQeKTy
9Tk Hanpskesua M LedOopMalsili B CBOIO OYEPEenb NMPHBOLAT K BOIHMKHO-
BEHMIO MOJspH3alUMK, KOTOPYIO MOXHO owlNnb0YHO NpPHHATE 32 NepBUYHOE
UM BTOPHYHOE MIIPOSJEKTPHUYECTBO (€CNM SKCMEPUMEHT BHINIOJIHEH HeILO-
CTaTOYHO TILLATEIBHO).

PE3IOME

Ha ¢ur. 58a m 586 npencrabneHa CRA3L MEWIY TeNNOBLIMH, SJeK-
TPHUYECKHMHM W YIpYruMH CBOHCTBaMH kpucTanna. Ecmit BenMyuHw, cro-
fAlllie B TPEX BEPIUMHAX BHEIUHErO TPEyroO.JbHUKA, NMPHHATL 338 HE3aBHCH-
Mble TMepeMeHHBe, TO 3(Q¢deKTbl MepBoro nopanka (JMHEHHBIE) MOKHO
B MaTPMyHOH 3anMCM BHIPA3UTL B BHIE

e = sk To 4-d7E + «FAT,

D=d"e -+ %> TE + p AT, (10.45)
3, E
AS = afe 4 pE - AT.

YoaeH!, pacno.1oxenike Ha raapioit nuaroHam npasoft yacty 9ToH cu-
CTeMBbl YpamHeHu#t, OMHUCHIBAIOT 24G8HbIE C80HCMBG, 8 uMeHHO YTIPYrOCTD,
LHJEKTPUUECKYI0 TPOHMIlaeMOCTh M TemioeMkocTh, HepuwarowanbHee
yneHbl TMPENCTABNSIOT ConpsoieHnvie 3ppexme: npaMol U oOpaTHHH
NKLe303meKTpUYeCK e 3GpeKTH, TEMI0BOe PaclIMpeHHE M Mbe3oKalopuye-
Ckuft apdekT, MHUPOINEKTPHUECKH! M  3JIEKTPOKAJOPHYECKUH SDQEKTDI.
CumMeTpus nosHOR MaTpMUE KO3(GMIHEHTOB, CTOALMX B MpaBof yacTH
9THX ypaBHeHHH, BHTEKAeT M3 TepMOLIHAMHMYeCKHX coolpameHi#t, mnpu-
BeleHHHX B § 3 M cyMMupoBaHHHX Ha ctp. 220.

113 gumarpamm, npuBeneHHLIX Ha ¢ur. bBa m 586, BHRHO, YTO CBOfi-
CTBa KpiCTalia fABIAIOTCA GOPMATHHO CHMMETPHYHLIMIL. Tak, BLIYHC/IEHne
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PazHOCTH MExAy M30TePMUYECKMMM M aanalaTM4yecKMMHM YNPYTUMHM MOJAAT-
JUBOCTAMH (TP MOCTOSIHHOM I10J1€) BBINOJHAETCS COBEPLIEHHO aHANOTMYHO
BHIYMCICHHIO DPA3HOCTH MEXIY TEeINNOeMKOCTAMM NPH NMOCTOAHHBIX Hanpse-
EHUAX U NP NOCTOAHHHX nedopMauusax (Npy NOCTOAHHOM none). Briun-
cJeHHe PaiHOCTH MEXAY M30TepPMIYeCKMMM IM3JEKTPHUYECKMMH TNPOHULA-
eMOCTAMHU NPHU NMOCTOAHHBLIX HATPAKEHUAX M MNPU NOCTOAHHLIX fedopMannax
TaKKe TPOM3BOAUTCH AHANOTHMYHO. ITH PA3HOCTH BHIPANKAIOTCA Yypas-
HenuaMn (10.49)—(10.58), Vpapuenus (10.49)—(10.54) Beipawaior
COOTBETCTBEHHO TepMOYTIPYTiie ¥ NbE3OINEKTPHYECKHE TMONPABKM K YNpy-
rM NOAAaTIUBOCTAM, NbE303JEKTPUUECKHE U MHPO3JIEKTPHYECKHE NOMPABKY
K IMONEKTPHUYEeCKOH NMPOHULAEMOCTH, MUPONEKTPUUECKHE H TEPMOYTIPyTHE
NONpaBKH K TensoeMKocTH. ¥YpapHenus (10.56)—(10.58) onucbiBaioT BTO-
PVYHBEIE NMUPOSNEKTPHUECKUN 3¢ (eKT, BO3HMKAIOWINH 33 CYET TEMNJOBOro
pacuMpeHus U nbe303JIeKTpHyeckoro addexTa, BTOPHYHOE TEnnoBoe pac-
1IMpeHNe, BO3HUKAIOIee Onaronaps NUPOSNEKTPHYECKOMY M NbE30SNEKTPH-
yecKkoMy sggekTaM, W BTOPHYHBIH NBE303JEKTpUUECKUH 3d¢eKT, BO3HU-
Kaloun§t 13-3a Mbe30Ka.JOPHYECKOro M MNHPO3JEKTPHUYECKOro s(¢eKTOB.
3t BropiuuHbie 3hdekTh o0nYHO COCTaBAAT 196 MM MeHpluie OT
OCHOBHOrO 3¢pexTa. OLHAKO BTOPMYHBIH MUPOSNEKTPHUeCKuH addekT He
ABNAETCA MaJbiM s¢dekToM U 00ycnA0OBAMBAET OCHOBHYIO 4acTh OObIYHO
HabMmonaeMuiX MHPOSJEKTPHUUECKUX sABJIEHUN.

SALAYH

or 061} aau) 07‘)
1. [okasats, utO (Osu)s=(0—8). H 4TO (ﬁ = — (Wu -
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CBOVCTBA, XAPAKTEPU3YIOLLIME
MPOLIECCHI NMEPEHOCA

I'n. X1 u X1l nocBAmEHH TpeM cBOHCTBaM KPHCTANNOB, TaKke OMNu
ChiBaeMbIM TEH30paMM: TEMIONPOBOLHOCTH, SJNEKTPOMPOBOLHOCTH U Tep-
MOSJEKTPHYSCKHM cBoficTBam. Tak Kkak STH cBOHcTBa CBA3aHHL ¢ Mpo-
HeccaMu MNepeHoca M TePMOAMHAMHYECKM HEOOpaTHUMEHIMU fIBAEHUSIMH,
OHM HE YKIaILIBAIOTCH B cXeMy 00paTuMbX 3¢¢eKTOB, nakHylo B ra. X,
INosromy 60nee yno6HO W JOTHYHO paccMOTPEThL HX TEMEPh OTAEABLHO.
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TEMJIONPOBOAHOCTD
N JIEKTPONPOBOAHOCTDH

§ 1. Teusopn ko9 duuueHTOB TENJONPOBOAHOCTH
H TENJOBOro COMPOTHBJEHUS

Iy Tenaonposodnocms. Ecnn Mewny pasinyHbIMA 4aCTAMM Ted MOJ-
JEpKHBAETCA DPA3HOCTL TEMNEPaTyp, TO B OOWIEM Cayyae MEexny HUMH
NPOUCKONNT mepeHOC Tennaa nyreMm TenJdonpososHocT. Ecau by, Ay,
h; — KOJMYeCTBA Temna, NPOTEKAIOMEro B €IMHMLY BPEMEHM uepe3 enu-
HiMHBIE TJIOWANKY, MepreHAMKyasapHeie cootBercTBeHHO Ox,;, OX, u OX,,
TO, K&K JIerkO MOKasarb, Ry, hy, A, ABNAIOTCA KOMMOHEHTAMM BekTOpa A
(8 cMbicne onpeneneHns, nanHoro B ra. I, § 3). Bekrop Ak nexur
(B Hanpap1eHMM MOTOKA Tenna, M ecld eLMHMyYHasd IJIOLLAKKA nepreHaH-
kyaapHa B, TO CKOPOCTb TENMJOBOIO MOTOKA uepes Hee ecTb A. B uso-
TPOMHOM TeNle MpPOLeCC mnepeHoca Temaa nyTeM TervlonpoBOAHOCTH
NogUMHAETCA 3aKOHY )

h=——kgradT, (11.1)

rie R — noJOWMTeNbHEH KOS(GhULYMEHT, HaseiBaeMuilt x03fghuyuenmon
menaonposodrocmu. TakuM o0pasoM, NepeHoc Tenaa NPOMUCXOLHT B Ha-
npapieHny Hanbo/bllero nepenajna TeMmneparyp, npuueM CKOpOCTb TOTOKA
npsAMO NPONOPUMOHANLHA TpanyeHTy TeMrepatyphi. B uHzekcHom oGosHa-
YeHNH MBI MOMeM B3anHcaTh
or
=—k=. 11.2
hy o (11.2)
B kpucranne Bektop kB B ofwem cayyae He napaanenen grad T, u
ypasHeHue (11.2) samensercs Ha
oT
hi=_kii5x-—j. (11.3)
Kawnan koMmoHeHra B 3aBMCHT Temeps OT BCEX TPeX KOMIIOHEHT rpa-
IMEHTa TeMIepaTyphl, & He OT OJNHOM M3 HUX, KaKk B CJyyde M30TPOl-
Ho#t cpenbi. Tak Kak KOS(PQUUMEHTDI k;; cBA3LIBAIOT 1Bd BEKTOPA, TO
OHH 00pasyioT TEH30p BTOPOrO paHra, HasniBaeMbill men3opoMm K03 PH-
puyuenmos menaonposodocmu. Kaxnni us koshdHUNEHTOB k;; MMeeT
onpeneneHHLIN dusKMyeckuit cMbicd, Hanpumep, ecam enMHMYHBIR rpagHeHT
TeMrepaTyps HanpasieH BroJb Ox,, TO TemnnaoBoi moTok 1) Broib sTOH

1) B nono6rom koHTekeTe MH OyieM Beerna Mon TElJMOBHM MNOTOKOM MNOA-
pasyMeBaTh KOJUYECTBO TEMNa, MPOTEKAaIoWero 3a efMHiuy BpPEeMeHM Yepes enu-
HULY T[OBEPXHOCTH, MNepNeHAHKYISAPHOR HanpaBleHHIO MNOTOKA, T. € CKOPOCTDb
HOTOKA Hepe3d €NHHUUHYIO MNOMEPEeYHYIo MAOIIANKY.
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OcH paBeH — Ry, @ 1BA MOMEPEYHBIX MOTOKA, napasnenbHeix Ox; U Ox,,
PaBHBI COOTBETCTBEHHO — Ry, M — Kg,.
MoxHo nokasate (910 Gyner ofcywnarecs B § 5 u 6), uro

ky=k,. (11.4)

Mosromy [R;] sBAseTCA CHMMETPHUHBIM TEH30pOM M MOXET OhiTb
3anucaH B BHIe

ku ki ks

kig kog ke |,

Lka kg ke !

WY, Npy® NPUBEAEHUHN K TJaBHBM OCaAM, B BUieE
Tk O 07

0 0 Kyl

Korna Ttensop [k,] npuseseH K rnaBHbiM oCaM, ypasHeHus (11.3)
NPHHUMAIOT NPOCTYIO opMmy:

or or or

hy=—Fk—— T hy= — ky <— r hy = — Y

XapaxkTepucTHyeckan MOBEPXHOCTb BTOPOro NOpPsnKa Ajs KoM=
UMEHTOB TENJONPOBOLHOCTH OMHUCLIBAETCA ypPaBHEHNEM

(11.5)

kuxixj—_—l, (11.6)
KOTOPOe NPU nepexope K rIJaBHbBIM OCAM MPHHUMaer BHA
kox? 4 k,x2 4k x2=1, (11.7)

dxcnepuMeHTalbHbie 3HayeHna k,, Rk, M ky Bcerna nOJOXHUTENbHB, M
noaToMy ypaBHeHHe (11.7) onucbiBaeT 3JUIMNCOMI — Xapakmepucmuye-
crull ganuncoud rodppuyuenmos menaonposodnocmu. Ero dopma
Y OpMeHTalMs LOMKHBI COrJacOBbLIBATLCA € CHMMeTpHel kpucranna (CM.
§ 5. n. 1), Hekoroprie uHc/leHHble 3HayeHHsi KO3(GHULHEHTOB
TENJONPOBOLHOCTH npuBeneHsl B Taba. 12,
2) Tenaosoe conpomussenue. Ecnam Tpu ypasHenus (11.3) paspe-
LWHTb OTHOCHTENBHO 6T/6xj, TO NOJY4YUM

or

—571=—ruhj, (11.8)
roe ry — QyHkuum ki. Koapduunenrs r;; CBA3LIBAIOT 1BA BEKTOPA M
nosToMy o0pasyioT TEeH30p BTOPOro paHra, T4k HAasbiBAEMBI meH30p
Koaphuyuenmos menaosozo Conpomusaenus. ECIN 3TOT TEH30p 3anu-
CcaTh B BMIE MATPHILbI (r_rl) TO moCJefHAs, ouyeBHAHO, Oymer obpar-
Holt MaTpule k03(gduuneHTOB TennonpoBoiHocTH k= (k;,) (cm. ra. IX,
§ 4, n. 2)

r=k. (11.9)
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TABAWIAIL
Kosghfuyuenme: mennonpogodnocmu Kpucmansoe *

Kpucraaa Cucrema TEMHS;():R'I}‘pa, by, Ry % ky
KBapu TpuronansHas 30 6,5 11,3
Kaabuur . 30 4,18 498
BucMyT . 18 9,24 6.6
Tpadur ekcarouanbHas 30 355 | 89
AnroMUHu# Ky6unueckas 30 208

| Mezb . 0 410

* B re0nune ykasaHbl BHEYEHHS TJ2BHBIX KO3((QHIHMEHTOB TEIUVIONPOBOLHOCIH B enH-
nunax cucreMsl MKS [docinm.cex . 2pad), Hannpie B3a1bl M3 Tabaun [54].

*% [lng BceX IpHBENEHHBIX B Tab/Hue KPHCTAMNOB ky==ky HO 9TO, KOHEYno, e cnpe-
BELJHBO NN ONTHUECKH NBYOCHBLIX KDHCTAMNOB,

Enpa nn HeoGXOOMMO OTMEYaTb, YTO KOMMOHEHTH [r;] no oTnenbHocTH
B o0LleM CJyyae He ABJAAIOTCS OPOCTO OOPATHLIMM BeJMYHHAMH COOTBET-
CTBYIOIIMX KOMNOHeHT [k;;]. Tak, Hanpumep,

rig % (k).

Koapduuuents By, ¥ rp Onpenensiorcs npu COBEPLIEHHO Pas/MyHBIX
skcnepuMentax. Koadduuuenr &, HaxoouTcs NpH M3MEPEHMH KOMDO-
HEHTH TemJOBOrO NOTOKAa BHOJbL X;, KOTAa FpajuMeHT TeMmepaTyphl Ha-

npasneH BLOJb Xp, T. €.

or
h-1=— k12 5’5’-

HaogBopor, r;, onpenenseTcs M3 aKcmepuMeHTa, B KOTOPOM H3MepseTcs
KOMNOHEeHTa rpajyeHTa TeMmnepaTypbl BAOJb X,, KOMAa MOJHBIH Tenso-
BOK nOTOK HanpaBjeH BAOJb X,, T. €.

or

6)(1 - rlzhg-

Tak kak k”.=kﬁ, TO U3 COOTHOLIeHMSA
oy
Yy [Ryl °

rie A;, — neTepMMHaHT, nOJyyaeMui#t U3 |R;;| BhuepKkUBaHMeM [-# CTPOKM
u j-ro cronbua (cm. ra. IX, § 4, n. 2), nerko nonyyuTb, 4TO

"U=rﬂ. (11 10)
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Koraa cummerpiuibiit TeHzop [r;] npuBeseH K IJaBHHM OCAM (OHM
COBNAnalT C IIaBHBIMH OCAMH TeH30pa KO03((pHUNeHTOB TEn’IonpoBoOL-
HocTH), To ypasieHus (11.8) npuHuMmaoT npoctyio Qopmy

O_T — —r.h ﬂ_ — — 1.} 6_T — —rhi
ox " B, Fafln gas = 88
OTKYI4 MOJYYAKTCA COOTHOLIEHHS
11
M=% TR TR

XapakTepUCTHYECK U 3JJNNCOML KOPGHUUNEHTOB TENAOBOTO COMpPOTHB-
NeHHs nPM NPHBEJEHUH K PJIABHBIM OCfIM OMMCHIBAETCA YpaBHEHHEM

2 2 2
T X 4+ ryXs —+ raXs = 1.

Jlerko BupeTb, yTO AJMMHE NOJyOCelt 3TOTO sanunconiaa o6paTHO npo-
NOPUNOHANBHEL LJMHAM NONYOCel XapaKTe pHCTHYECKOTO INNCOHAA KO3~
(GMIMEHTOB TENJIONnpPOBOLHOCTH.

§ 2. JiBa uacTHHIX CJyYas CTAlHOHAPHOrO TEMJOBOr0 MOTOKA

Toyyureatuo paccMoTpeTh reoMeTpHyecKHUe YCJIOBHA 451 IBYX YaCTHBIX
clyyaeB CTAaLMOHAPHOrO TemJOBOrO noToka. IloTok Tenna sBAseTca cTa-
UMOHAPHEIM B TOM CJyyae, KOTAd BeJM4YHHa nOTOKA M TeMmeparypa
B JIOOOH TOYKE HE U3MEHAIOTCA CO BpeMeHeM.

1) Tennosoli nomox uepes naockyw niccmunxy. IIyCTb nosepx-
HOCTH nNOCKO-napalinencHOl KpUCTANNMYeCKOM mJaCTHHKH HaXxonaaTcs
B KOHTaKTe C IBYMf XOpOWNMM npoBOLHHKamu Tenaa (¢ur. 62, a)
Y UMEIOT pasHyIo TemmnepaTypy.

Tlonoxum, 4TO AMMHA M WIMPUHA KPUCTANIHYECKOM NJACTHHKH 3HAaYM-
TeTbHO GoJblie ee TOJIIMHB, TOrA3, €CHN He YYMTHBAaTb KPAEBHX
adderToB, M30OTEepMHYECKHE NOBEPXHOCTH B KPHUCTANE LOMKHH ObiTh
napa’nnenbHsl MOBEPXHOCTAM naacTuHkH. CrenoBaTeNbHO, MPaIMeHT TeMne-
paTypel pomkeH OHTb HanpaBJIeH nepneHIMKYIIpHO MNOBEPXHOCTAM
NAaCTHHKH, 4 TenJoBOR mOTOK B ofileM cayyae OyAeT MMeTb HEKOTOpOe
Lpyroe HamnpasJeHke.

Ha ¢ur. 62, 6 v 8 nokasaHo (41 LBYMEpPHOTO CAyYas) pacrnoNOKEeHHe
BekTopoB B M —grad7 COOTBETCTBeHHO OTHOCHTENbHO SJUIMNCOMLA
KO3 GHUUNEHTOB TEnJ0BOTO CONPOTHUBJEHHS H 3JIMNCOMAA KOI(PQHULNEHTOB
TennonpOBOLHOCTH. Jlerko yOennThbCsi, YyTO 5Ta KapTHHA aHanoruyHa Tof,
KOTOpas MMeJNa MECTO L1 aHHW30TPOMHOrO AUSJEKTPHKA, NOMEHIEHHOTO
MEXIY IBYMA NMPOBOASLIMMM MIIOCKMMM 3]eKTpoiamH, M Onina u3obpameHa
Ha ¢ur. 24.

Ilpewze uyeM BHIPa3UThb pe3y.IbTaT AHANHTHYECKH, OTMETHM CJELYIO-
wee oGcToATENbCTBO. Tak Kak B pacCMaTpPHBaeMOM HaMM Cayyae npenomnpe-
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ar———

nensercs HanpaBiaenwe gradT, a He B, TO yio0Hee 07IepupOBATEH
¢ Ko3(duilNEHTaMK TEMJONPOBOLHOCTH, 4 He € KO3(h(HLMEHTaMH TEnIo-
BOTO COnpOTHBﬂEHHﬂ; NOSTOMY MBI 3anuueMm

dr dr dr
h1=—'k117{5- hy=—kyp dxg’ /13=—ka1d—x3

(3LeCh NpUHATO, YTO HANpaBJeHHE X, MNEePNeHAHKY/APNO MOBEPXHOCTAM
naacTuHky). CKOpOCTb TemnOBOrO MNOTOKAa 4Yepe3 MJAaCTHHKY 3ajaeTcs

$ur. 62. Iotok Temna vepes mnJockonapasiienbHyio MAACTHHKY,
HAXOALLY OCH MEK1y ABYMf XOPOLIMME NPOBOIHEKAMM TEMNA.

Ha cxeme npencrasrena opHentauMs BeKiopoB —grad T n A 110 OIHOLICHHMIO
K naacTiike (a), aanmmconny koaddHUHEHTOB TerIOBOTO CONPOTIBICHHA () M aJ-
Jnnconny KoadhhiiHeHTOB TeNJoNpOBORHOCTH (8).

Tenepb He uyepe3 ki, a xomnoHeHToH h,. Komnonents hy M hy; Xapakre-
puayloT nonepeyHbie TenJOBbE NOTOKM (HHKE Mbl PacCMOTPHM, Kakue
3HayeHHss MMeOT h, W Ay Ha rpanuuax). CnenosaTesibHo, B, apasercs

Haubonee Jerko uaMepumolt sennyuHo#, Ha ¢wur. 62, 8 BeaMynna ll'lfk—11
npeicTaBneHa KaK IJMHA pajuyCa-BeKTOpa B HANpaBNEHUH X,.

2) Tenaosoli nomox 8004b OaurHOZO cinepschs. IlycTb ofpasew
B (opme ILIMHHOrO CTepXHd, M300paweHioro Ha d¢ur. 63, a, BHIpPE3aH
H3 TOTO e KpHCTa11a ¥ OPHeHTHPOBAH TaK ke, KaK MJ/aCTHHKA, MOKa3aH-
mag Ha ¢ur. 62,q. TlycTe MewLy TOpUaMH STOTO CTepxkHs noazep-
XKUBAETCH pHBIlOCTb TemnepaTyp, anQEM npeunonarae’rcs, 4yTO TEenJao-
NpOBOAHOCTb KPHCTA11a  3HAYNTEIBHO 1IPeBLILAET TEMIONPOBOIHOCT
OKpywamoule#t cpensi. Torua HanpaBneHMe TEMJIOBOTO MNOTOKA LOJKHQ
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ObiTb napaanenbHo ock crepwHs. CinelopaTe/bHO, TpalMeHT TeMmnepa-
TYpe OyIeT HanpaeJeH NoIL HeKOTOpwM yraom K ocu. Opuenrauus b
¥ — grad T OTHOCHTeNILHO SJTHNCOMIOB KO3((HiINEHTOB TENJIOBOrO CONpo-
TUBJIEHUs ¥ TENNONPOBOIHOCTH AaHa AN 3TOro cayyas Ha ¢ur. 63,6 u s.

A

-grad T

-gred T

(]
® ur. 63. [lotok Tenaa BrONb AJHMHHOrO CTEP:MHS.

He cxemex mnpencrasjena opHeHTanHs BekTopoB —grad T 1 £ 1o oTHOEHINO
K CTepxHi0 (@), ammiconny koaddunnentoB Tenncsore conpotesnenns (6)
H sanunconny k02dQuniieHToB TeNNONPOBORHOCTI (8).

Tak kak Ha 3TOT pa3 nmperonpereneHo HanpassieHue R (napannefb-
HOoe Xx,;), TO Tenepb ynoOHee oONepHPOBaTb € KO3(GdHUHEHTAMH Tennao-
BOTrO cOnpOTHBAeHMA. IlosTOMy MBI MOXeM HamucaTb

oT oT or
E=“’11h1’ Oy Tt a—xa‘z—’mhr

Ha sror pa3s nan6oJee nerko HamepuMol BeNTHUYKHON ABAAETCA MPALUEHT TEM-
neparypy BLO/bL LJHHE cTepxHs, 07/0x,. OH cBs3aH ¢ TensIOBHIM MOTOKOM

BLOJIb CTEPHHA KO3DGDUUHEHTOM ;. Bennyuna I/I/r11 €cTb IJKHa painyca-
BEKTOpa B Ham paBMEHHH X;, Kak NOKas3aHo Ha ¢ur. 63,6.

3) Kpaesvie apperxmn. Ha kpasx nnaacTuHky, uaoOpawmeHdHOR Ha
¢ur. 62, @, TennoBO# NOTOK LOMKEeH GBITb mapaisieleH X;; 3TO B CBOIO
ouepelb O03HayaeT, uTO M3OTEpPMHYECKNE MOBEPXHOCTH yxe He OyayT
napaJJjesbHbl T3BHBIM MOBEPXHOCTAM NAAcTHHKM. PakTnyeckas opHeHTa-
uigs B u gradT B Touke A Ha ¢ur. 62,¢ m B noLoGHBIX TOYKEX
GyIeT Takol ke, KaKk noOkasaHo Ha ¢ur. 63. Toukw B u C saBasioTCs
ocofumn. Takum ofpasom, B 0061acTsX, OrpaHHueHHbXx Ha ¢wur. 62, ¢
IUTPUXOBBINH IMHMAMM, GyayT HaOaI0LaThC KpaeBele 3GQQEKTH.

[TockoMbKY KOHUB!I CTEpkHs, M300pameHHOTO Ha ¢wur. 63, ¢, npamo-
yroMbiHbl W OpHJEraioT K XOpOMMM mnpOBOAHMKAM Temsia (K&K 3TO
NOKAa3aHO Ha (Urype), 31eChb Takme OyAyr MMETb MECTO Kpaesbie S(PQeKThI,
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V3oTepMHUYeCKHe NOBEPXHOCTH Yy TOpILOB CTepxiHsa OyAyT mpH 3TOM nep-
NEHIMKYJIAPHB OCH CTepKHS; COOTBETCTheHHO HanpaeneHue ki Oyzmer Taku,
kaKk nokasaHo Ha ¢ur. 62,a. KpaeBrie sdQekTH MOXKHO YCTPaHHTh,
ecaM MPUIAATh KPasM MIaCTHHKM Ha GMI. 62, ¢ takyw ¢opMmy, urolbi OHM
6bIIM NapanyieNbHl Hanpas.1eHHio B B LEHTpe nJacTHHKY, 8 KOHLULI CTEpIKHS
(¢ur. 63, a) cnenaTp napannenbHeIMM H30TepMaM B LEHTPAJIbHOM 4acTH
cTepaKHS.

4) O6uwue 3amewanus. JlBa pacCMOTpeHHBIX HAMM CHyuas JIEKAT
B OCliOBe GOJbIIMHCTBA METO10B M3MepeHHs k03t duiINeHTOB Tennonposo -
HOCTH KpucTtaata. Korza Mel MMeeM MJIOCKONapasfesbHYI nAacTHHKY,
10 naubonee nerk0 UsMepumolt BedMuMHON sBASETCH, OYEBUIHO, B, — KO-
(UUNEHT menionposoOrOCM Y B HanpaBJeHHH HOPMAIM K MJIaCTMHKE, TOT4
KaK B CJy4ae CTEpiHA TAKOH BeNMUUHOH ABAAETCA ry; — KOIQ@PHUKHEHT
menn0B8020 CONPpOMUsAeHLS CTepXHs. DTO NOJNOWEHNe aHaIOTMYHO BCTpe-
yaBLIEMYCSl Ye NpH pacCMOTPEHMHM YNpPYroCTH: NpPHKJALBIBAS K3BECTHHE
HanNpsKEHHs, MB H3MepfAeM NOAATIMBOCTH, 3alaBas HedOpMalllH, MH
naMepaeM KecTKOCTb,

['naBHEE KO3GM@HUMEHTH TENJONPOBOJHOCTH M TEMJOBOrO CONpPOTHBIE-
HUS M OpMEHTaUMI0 MX TJ3BHBIX OCeft MOMKHO OnpereNuTb MO A&HHHIM,
NONYYEHHBIM B pe3y/bTaTe M3MepeHMit B Pa3nuyHHIX HanpasJeHusx. Takoe
BLIYHC/IEHHE NPOBOIUTCH MO CYLUECTBY TAK ke, Kak s Moboro Apyroro
CBOHCTBA, OMNCHIBAEMOrO TEH30pOM BTOPOrO pAaHra; HEKOTOpHIe MPUMEpH!
Geiy maHel Ha crp. 130 w B ra. IX, § 7.

§ 8. O6muit cayyail cTaUOHAPHOIO TEMJOBOTO MOTOKA

Paccmorpum Temepb oOuiMe ypaBHEHHs, ONHCHIBAIOLLKE MEepeHOC TemnJa
nyTeM TENJONPOBOLHOCTY B KPUCTaasJe B CAyyae CTAUMOHAPHOTO COCTOA-
Hus. TlpeanonowuM ans OOIHOCTH, YTO MO BCEMY KPHCTAANy HenmpephiBHO
pacnpefeneHsl MCTOYHMKM M MOTVIOTMTEJM TenJa, mpuyeM CyMMapHas CKO-

pocCTb BHAEJENHA Tennaa B CAHHHYHOM obbeMe Kpucranna pasHa ¢.

BennunHa ¢ MoweT OHITb KaK NOJOXHMTENLHOM, Tak M OTpPHuATE/LHOH.
B craunHOHapHOM COCTOSHHH Pa3HOCTb MExIy KOJMYeCTBAMH Tenna, BTe-
Kaioiero B JioGo#t ofbeM M YXONMIIETO M3 HEro, paBsHa KOMMYeCTBY
Tenna, co3iaBaeMoro B sroM ofbeme., ClefoBaTenbHO, MEI MOMXEM 34mM-
CaThb ypaBHEHHe COXpaHEeHHs

. 5 6}11 _ '
divh=gq, um B, = q.
Toxncraenas 3HaueHue h, u3 ypasHenus (11.3), monyyaem
0T .
UW=—¢]. (11.11)

dro auddepeHunanbHoe ypasHeHMe AJs TeMmneparype T no ¢OpMe MIeH-
THYHO YPABHEHHIO I/ 3JEKTPUYeCKOTO noTeHuuana ¢ B KpucTamne
¢ HenpepHBHO pacnpeneneHHsiMM OO0beMHbIMH 3apasamu [cM. (4.17)).

16 Ax. Hatt
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WUcnoneays ToT ¢akr, urto ky=k;,, ¥ nepexoms K TIIaBHbIM OCAM
Ten3opa [k,], Mbl nonyyaem nas T ypabHeHue

0T 02T 0%T .
bz Hheg g ke S =—1 (11.12)

2
2 :
X3
O6mas 3azaua Qopmyaupyercs caeayiowmum o0pasoM: 3Has 3naye-
HUS TeMneparypsl Ha TpaHMiax M pacnpeje’eHHe HCTOYHMKOB TerJa
B KpHCTaane (ecaM OHM MMeloTcsl), HyxHO pewnth ypabHenne (11.12) u,
TakMM 00pasoM, HaliTH pacnpereneHHe TeMmepaTypsl BUYTPH KpPUCTanaa.
Ecan cpena M30TpOnHa M uMeeT K03GhGUUMEHT TENNONPOBOLHOCTH X,
T0 ypaBueHue (11.12) ynpoiuaercs M npHHMMaeT BML

0T 02T or .
k : = — 11.1
(s + o +om) =~ (11.13)

(ypasHeHne Ilyaccowa). [lng MHOMMX pasiMYHBIX KPaEBHIX YCJAOBHH u
pacnpeneneHn#t MCTOUHMKOB PEWIEHHs TOTO YpaBHEHHs M3BECTHH (Hampu-
Mep, M3 3JeKTpocTaTHky). Tenmepb MH OMNMIUEM NPOCTYIO NOLCTAHOBKY,
NOCPeICTBOM KOTOpO{ MOMKIIO MOJY4MTb peeHHe no6of 3aiaud o cra-
UMOHApPHOM NOTOKE Temna B KpHCTanne M3 pelieHHs COOTBEeTCTBYIOMIeH
3azayM LJs M3OTPOMHOH Cperdml.

TpeoGpasyem ypaBHenue (11.12) ¢ mOMOLILIO NOACTAHOBOK

Xy = (hibohe) " RPXs, oy = (Rikoke) R,
x3=(k.koks) e B X,.

3ro npeobpasoBanie MOKHO NpeICTABUTL KAK ONHOPOLHYIO Le(hOpMaltio.
OnHako 00DbeM Manoro sneMeHTa npH STOM UpeoGpa3OBaHMM OCTAeTCH
(PMKCHPOBAHHBIM, TaK KaK

Xm an dX3 — dxl dx2 dxa.

(11.14)

nosToOMy MOLIHOCTL MCTOYHHKOB ¢ Ha eiMHMLy ofbema ile M3MeHsieTcs.
B pesysnbrate Tako#t nmOnCTaHOBKM ypaBHenue (11.12) nepexoaut B

s { 02T 0T 02T .
k.koks) " . .
(ki)™ ( S+ 7+ 357

Ho st0 ypaBHeHne sBnsercs ypaBHeHMeM pacrpelefi€HHs TeMrneparypsl,
€031aBaeMOT0 MCTOYHMKAMM ¢ B M3OTPOIHOH Cpene € KO3(p¢HUNEHTOM
1

Ten/ONpOBOLHOCTH, paBHBIM (B, Ky R) ™

Mcnonbaysa nosyyeHHBI pe3ynbTaT, MOXHO MNPELNONUTH CJaeLylo-
Wi cnocol peweHNs 3aayM AJsl aHU3OTpOnHOH cpenrl. HayHem ¢ perue-
HMA COOTBETCTBYKOWEH 3anauy O TemaonpOBOLHOCTH M3OTpONNOH Cpein

1

¢ kosdduurenTon tenaonpooaiocth (B Ry k) %, Takum 00pa3oMm, Mbl
nONYYyuM HEKOTOPYID KapTHHY pacrnpese’eHHsi BOOOpPAMKAEMEIX MCTOYHM-
KOB, IpaHul, M30TepM M JMHUH TenjoBOTO NOTOK3, 3aTeM MCKA3UM
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kapTHHY corJacHo npeoGpasosanvio (11.14). Toraa mel monyyum HoBOe
pacrpeneneHue, COOTBETCTBYIOUIEE PELIEHHIO 3ajauyd A19 aHM3OTPOMHOH
cpelH C KO3(@UUMEHTAMH Ten/onpOBOIHOCTH Ry, Ry, kg Ilpu sTom Ml
CTaBUM YCJOBHME, YTO MOUHOCTb MCTOYHMKOB M TeMneparypa, COOTBET~
CTBYIOLLAA OMpENENEeHHHM H30TepMaM, He M3MEHsIOTCA.

Tenepb HeoOXOZMMO YOEIUTbCS B 3AKOHHOCTH Tako#f mpouenypH.
CnpapeliMBOCTL STOrO npeoOpaaopaHus ANsi M3OTEPM CJELYeT M3 BCero
BHULLEH3JIOKEHHOr 0. TIpMMEHNMOCTL e 3TOro npeoGpasoBaHUs AJs BEK-
TOpOB TEMJIOBOTO NOTOKAa TpebyeT NONOJHUTENBLHOTO 0GOCHOBaHMA. Jlerko
IOKa3aTb, YTO €CAM B 3ajaye Aad M3OTpomHo# cpenw Ky, H,,
H,— KOMIOHEHTHE TenJIOBOro moToka B Touke X;, X,, X; M eC1u B cO-
OTBETCTBYIOMIEH 3a/a4ye A5 aHM3OTPONHOH Cperdbl A4, Ay, Fig — KOMIOOHEHTEHI
Ten.J0BOMO MOTOKA B TOYKE X;, Xy, Xg, TO

- = h T. L

Takum 00pasom, KOMNOHEHTH TENJOBOTO MOTOKA npeofpa3yloTcs nonolHO
KOOpIMHATaM, YyTO M TpebOBaIOCh NOKAa3aThb, 3aMETHM, YTO 3ITOT Pe3yfb-
Tar HeNpUMEHHMM K BEKTOpaM TIpalleHTa TeMneparypH, Tak KaK OHH
8 O0OMX CJy4YasX nepneHINKYJsApHH M30TepMaM.

Tlpouecec npeofpa3oBanns HATKCTPUPYETCH NPUMEPOM, NpHBENEHHBIM
HHxe.

1. TenaoBoii MOTOK OT TOYEUHOro HCTOYHHMKA. OnNcaHHHH Bhbille
MEeTOL MOXHO MpUMEHNTb L/ HAXOMIEHMA pacnpeiefeHusl TeMmeparypH
BOKPYT TOYEYHOrO HMCTOYHMKA =1 ~grad T
Tenna, Haxonsuerocs 8 6ecko- iy
HeYHO  nPOTMKEHHOM  KpH-
craane. Ilpensapurensno 3a-
MeTHM, 4TO (HOpMYy H3OTEpMHU-
YeCKUX moBepXHOcTelt B sTOH
3ajaye  MOXHO  MOJYYHTb
HenocpencTBeHHO, MCmONb3ys
CBOficTBa pannyca-BeKTOpa H
HOpMaJH XapaKTe pUCTHYECK O
nosepxHocry. 3aberas Bnepen,
YKaxeM, uTO Tenyao OT Touey~ < ur. 64. [lpumep M3oTepMuueckoll noBepx~
HOTO MCTOYHHKA paCHPOCTpa- HOCTH BOKPYr TOYEUHOro H“CTOYHHMKA TEMMa

HAeTCS O NpsAMEIM  JHHHAM B O€CKOHEYHOM KpHucTasaie,

(cv. § 5); ciexonarenvo,  Tade sosepiocts no depe n opnema toretu
eC1l  NOCTPOUTh 3AIUNCONA Kpuerania.
K03(PHUUNEHTOB  TEmn.I0BOro

CONpOTHBIEHHA C ULEHTPOM B 3Tol TOuke (dur. 64), To paauyc-BeKTOp
BCErfa NexUT B HanpaBiaeHuM B, a BHelHAs HOpMaib K NOBEPXHOCTH
9/MMNCONIA B KOHLE pannyca-BeKTOpa laeT Hanpasaenne — grad7. Ilo-

3TOMY €aM 3J/Mncoup nojpofeH M30TepMHUYeCkol noBepXxHOcTH. Hsomep-

16*
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MULECKUE TOBE) XHOCMU BOKPY2 MOYEUHO20 UCMOYHUKG Mmenie 8 6ecKo-
HEUHO NPOMSAVCEHHOM Kpucmadse no (opme u opuenmayuu 8ce2dq
no006Hb daauncouldy KO3PPUUUEHMOB mMenn08020 CONPOMUBAEHUS
Kpucmanna.

Tlepexons Tenepb K HaXOWIEHMIO pacnpelefeHHs TeMneparyp, HauHeM
C pelieHMs COOTBETCTBYIOMieH 3azayd Ans HaoTponHo# cpenb. Ilycrs
TOUEYHBLIt MCTOYHMK Tenja NOMEIleH B Hayale KOOpIHHAT M BoiaenseT
B eIMHMILY BpeMeH! KOJMYecTBO Temaa Q. Bo Bcex TOYKax cpeibi, 3a

HCKMIOYeHHeM Hayana KoopiuHar, ¢ =0, noatomy M3 ypasHenus (11.13),
ucnonb3ya Xy, X, X; BMECTO X, Xp X3 MOJAy4aeM
02T or

5 =0
aX~ + 0X3 + 0x?2

(ypasreune Jlannaca). Kak M3BecTHO (M Kak Jerko MpOBEPMThb), pellEeHHE
3TOTO ypaBHeHHs 3amMCLIBAeTC B BHIE

T=%+T°o, (11.15)

1

rae A — KOHCTaHTa, R=(X'1"—$—'X§—}—Xg)/’I u T — TeMneparypa BiaJH
OT McTOYHMKA. Briop Takoro BMna pemeHus oObsICHAETCH TeM, YTO H30-
TepMHYeCKHEe TOBepXHOCTH sBAsoTCA Cdepamu. CornacHo ypaBHEHHIO
(11.15), B Hayane koopzmHaT T oOpamaercd B GECKOHEYHOCTb, OIHAKO
3Ty TPYLHOCTb Jierko ualemarb, NpeinoJiokMB, YTO TEMIO pacnpocrpa-
HfeTCs He OT TOYeyHoro, 4 OT Manoro, HO KOHEYHOro cepuyeckoro
MCTOYHHKA.

3HayeHHe A MOXHO OMpeLeaNThb, BLYHCAA CKOPOCThb TENJNOBOTO NOTOKE
yepes ctepy pamMycom R ¥ npupasnuBas ee (. Takum o0pasow,
pamnanbHei rpanMeHT TeMmnepaTyph paseH — A/R2, nostoMy TenJoBo#
TIOTOK Yeépe3 eNMHHIY NOBEPXHOCTH paBeH RA/R%, H, CJIelOBATEJBHO,

kA :
.W@.-,Rz:Q,
Orciona
_ Q..
A=k

MNoxcrasass 370 3naveHue A B ypasHeHue (11.15), nonyuaeMm crenymouiee
BHpaXeHue AJg pacnpepeneHus TeMneparypn B H3OTPOMHOM Cayuae:

r—7,=2 LRt (XXX

Tepexon ¥ aHM30TpONHOMY C/YHalO OCYHIECTBAfEM TaK, KaK 3TO OHIO
onucao B § 3. Bubupas Oux, Oux, Ox; B KayeCTBE INIaBHHX oOCef,
noJaraeM

k= (kikske) ™
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neJas noacraHosky (11.14), noayyaem

. o2 2 A\ Th
T — T =2 (kksky) ’f(k—l‘+k—;+k—j) > (L19

yTO W ABJIAETCA MCKOMBIM pacmnpeliefeHHEM.

OueBUIHO, YTO BLOJb JHOGOTO BEOPAHHOTO pannyca pasHocTb (T — Teo)
nafaer oOpaTHO NMPONOPLUMOHANLHO PAacCTONHMIO OT HCTOYHMKA. HeTpyaHo
BUIETb TaKXe, YTO Hawe npelnBapUTe;bHOe YTBepiAeHUe OTHOCUTENbHO
(OpMHE H30TEPMHYECKUX MOBEPXHOCTeH MOITBEPXKIAETCS, TAK KaK CgepH-
yeCKHe H30TEpMHuYECKNE MOBEPXHOCTH, MMEIOHIME MeCTO IS M30TpOMHOro
cayyas, MCKaXKAITCa B 9/IUNCOMI, NOLOGHBIN annunconny koadguuueHToB
TEIJIOBOro conpoTuBiaeHus. OTMeTHM TakkKe, YTO B COOTBETCTBHM CO CKa-
33HHHIM B KOHUE § 3, NMHMM TennoOBOro MOTOKA OCTAIOTCH MPIMBIMH,
TOTA2 KaK JMHMM MAaKkCHManbHOTO rpaileHTa TeMneparypbl HCKawaloTes.

§ 4. daexrponpoBoAHOCTH

dopManbHOe paccMOTpeHHE npoLecca nepeHoca 3JeKTpHYeCTBa B AHH30-
TPOMHLIX KPHUCTANJNAX @HAJOTMYHO NMpOBeLEHHOMY paCCMOTPEHHMIO mepeHoca
TENNa myTeM TemonpoBOZHOCTH. OCHOBHBIM ypaBHeHHeM sBaserca 0606-

weHHH#t 3akoH Oua:
. 0%

= — gy~
Ji i I

=o,,E,, (11.17)
Tie j;— NNOTHOCTb TOKA, ©;, — TEH30p YIEJbHOH 5/EKTpOnpOBOIHOCTH,
% — nOoTeHUuHMan W E, — Hanps:eHHOCTb SJEeKTpMYeckoro noJs. Buecre
C TeM, KHCIOJBL3Ys TEH30p YIAEJbHOrO 3JEKTPUYECKOTO COMPOTHBJEHHS Pip,
MOXHO BHIPa3UTh KOMMNOHEHTHl HANPMKEHHOCTH MOJS yepe3 KOMIOHEHTH
UJOTHOCTH TOKa B BHge

Marpuua ynenbHOTO 3/1eKTPHYECKOTO CONPOTHBJEHHs oOpaTHa Marphile
vaeabHOH 9JIeKTPONpPOBOIHOCTH. YUNCNEHHBe 3HAYEHHsA yIeNbHOTO 3/eKTpH-
YeCKOTO COMpPOTHBJIEHHS HEKOTOPHX METaJNIMYEeCKHX KPUCTAJIOB mnpHBe-
AeHH B taf.1. 13.

CkopocTb BHIENEHNs O0%%coy.Aesc mensa B NPOBOLHYMKE BHIpaxaercs
CKangpHbHiM MNpPOM3BEJEHMEM MJIOTHOCTH TOKA M HanpseHHOCTH nofd.
CiexopaTebHO, KO.JMYECTBO Ten.Ja, BILEJAIOMErOCs B einnuue ofbema
KpucTaa1i1a B edMHMUY BpeMEeHH, paBHO

JEE =ty =07% (11.19)

rupe j—l’l.’IOTHOCTb TOKa, 2 p— YLEJbHOE CONpOTHBJEHNE B HanpasJje=-
HHUM TOKa.
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TABJWILA 13
Yoenvnbie anexmpuseckue cONPOMUBACRUA MEMANAUMECHUX
kpucmaanos npu 20 C*

Kpucrana Cucrema s Of‘g’ z’;t-m 10~ EFS:)M.M
OuJoB0 TerparonaasHas 99 14,3
BucmyT Tpuronansnas 109 138
Kanmuit [ekcaronannhas 6,80 8,30
Lunk . 591 6,13
Boandpam Ky6uueckas 5,48
Mens v 1,51

* Nannble B3ATH M3 Tabanm 154],

§ 6. O cummerpuunocTu Tensopa [k;;] 1)

O6cywnan aBJeHHe nepeHoca Temaa B aHW3OTPOMHOM KPUCTANNE, MBI
CYMTANM CNpaBeiJUBLIM COOTHOLUEHHE

OnHako 3aKOHHMOCTb 3TOr0 MPennQOaONeHHs COBEpIUEHHO He OYeBMIHA.
Ws Hero caepyer, Hampumep, yTO eCJM IpafiMeHT TeMmnepaTtypbl B Hanpa-
BJIEHMH X; BbI3HBAET HEKOTOPHIH TEMNOBOH MOTOK B HANpaBJEHHH X,
(onpenensemuit KO3bGUUNEHTOM Ky ), TO TOT e CaMmblit TpaiueHT TeM-
neparypw|, HanpaBfeHHbi#t N0 X,, GyZeT BEI3bIBaTh TEMJIOBOH MOTOK (Onpe-
zensieMbi#t K09 duLMEeHTOM R,,) TOYHO TAaKOH e BENMYMHLI B HanpasJe-
HUM X;. YUTOOL YACHMTH ComepiaHHMe paccMaTpHMBAEMOro MpeImoJOweHHs,
noMe3HO CHayala OMpeneiMTb, K KaKuM CJeACTBHAM MpHBeO Obl HEBhI-
noJHeHue cootHoweHus (11.4).

CHayana pasnoxuM TeH30p [%;;] Ha CHMMETDHYHYIO H BHTHCHMMETDHY-
Hyo yacty (cM. crp. 122). BareM nosepHeM OCH KOOpDIMHAT 10 COBna-
IEHMS C TI8BHBIMM OCAMH CHMMETPHYHOH 4acTH TeHsopa. Bropas yacTs
npd npeoOpa3oBaHuM ocel KOOpLMHAT OCTAeTCs AHTHCUMMETPHYHOR (CM.
ra. I, § 3, n. 2). B urore TeH3op npuHuMaeT BHIL

(11.4)

{kBn 0 073 T O kig —ka] | kn kiz —kaT
0 ky 0 || —kg O  keg |=| —kig ke Ry |.
L0 0 Ryl L Ry —kiy 0 1 Ry —kay kgl

Ecan kpucrann oBnazaeT cummerpuedl TO, OYEBMILHO, & KOMIOHEHTH
TeHaopa OyiyT HanaraTeCs onpelefeHHHe OrpaHuyeHus. B kavecTBe

1) § 5 u 6 nacTosume# raaBu sBAMIOTCH 60N€E TPYAHEIMM H MOTYT OBITh
ONyuEHH NPU NePBOM YTEHKH.
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npuMepa BOSbMEM KpPUCTaa/, UMEKMMH OChb (IOBOPOTHYI WK HHBEPCHOH-
HyI0) BTOpOro, TPETHEro, YETBEPTOTO MJH IIeCTOrO MOPAAKOB; NYCTb 3Ta
ocb napannenbHa OCH X3 Ecau rpanuenr rtemnepaTyps HanpasJaeH
BI0Jb X3, TO B CHIY CUMMETPHM TENJOBOH NOTOK TaKwe NOMKEH OHITb
napannened xz IlosTomy

ko =ky =0,
W TEH30D YNpOWAeTcs, NpHHUMas BHUIL
ky kp 0 7
ki kg O | (11.20)
L0 0 kgl

W3 paccMOTpEHHs CHMMETPMM OYEBMIHO TaK¥ke, YyTO Haiauyle OCH (MOBO-
pOTHOH MM MHBEPCHOHHOMN) TPETLETO, YETBEPTOTO WM INECTOrO NOPALKOB
oOecneyuBaeT BHINOJHEHHUE COOT-
HOWEHUs R, = Ryp;  CJefoBa-
TENbHO, NpPH 3TUX YCJAOBHAX MBI
HMeeM

Iy

ky ke 07
—kiy kn O |, (11.21)
0 0 kgl

MoxmHO  IOKa3aTb  Henmocpen-
CTBEHHO, YTO TEH30p, MMEIINH
Takylo (GOpMY, He N3MEHSIETCA NpH
41060M OBOPOTE CHCTEMBI KOO~
IMHAT BOKDYT OCH Xj.

Ecnu B Kpucranne npucyr-
CTBYIOT MJOCKOCTH CHMMETDWH,
uapannebHbie Xz TO NE€rKO 1O-
KasaThb, 4YTO HANaraercd nafb- ¢ yr, 65. CxeMa, NOKA3LIBAIOMAS, YTO NPH
Hetiee OrpaHuYeHue kij 5 kj; pacmpocTpaNenne Tenga 6ynet

Pa— (11.22) NPOMCXOAUTEL MO CHOHMpaH.

Tenepb npencrasuM cebe Kpyriyio naacTuHky (dur. 65) ua kpucranna,
NpUHALNEKAWero K Kaaccy, Lns KOTOporo TeHsop [k;] umeer dopmy
(11.21); nnactmHka BHpe3aHa nepneHIMKYJAAPHO TJAABHOH OCHM CUMMeT-
puM x; W HarpeBaercs B ueHrpe O. Yroll TeMneparypa no BceMy nepH-
MeTpy nNJacTHHKH Oblj1a ONNHAKOBOH, MNOMECTHM NJNACTHHKY B KpYrabii
LMK M3 XOpOWIO MPOBOAALIErO Temao Marepuana. Kak Mbl TOJBKO yTO
y6enunuchb, B paccMaTpUBAaeMOM Cayyae TeH30p KoadduiMeHTOB Tenno-
NPOBOLHOCTH, & CJELOBaTeNLHO, M YPaBHEHMs, OMMCHIBAIOLINE NepeHOC
Tenaa, MMEIOT KPYTOBYIO CHMMETPMIO OTHOCHMTENbHO OCH Xy dopma u
pacnosioxenne NAACTHHKM OpPH ONbITE TAKOBH, YTO 31€Ch COXpaHseTcs
Ta e cumMmerpHsa. OTCIOAa cJaelyeT, YTO M30TepMEl Ha MJIOCKOH nopepx-
HOCTM MJIACTHHKHM NpEencTaBnsloT coloft OKPyXHOCTH,
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B Toyke P Ha OCM X, TENJIOBLIE MOTOKM ONMCHIBAIOTCH BHIPAMEHUAMH

oT oT or
h1=_ku'ax_1- ha——kztgx—l=k1zgg- hy=0.
Cnenosatensto, h cocraBiser ¢ Ox; yroa 0, onpexsensembit cOOTHO-
1eHneM

tgG:-’i‘i:—ﬂ-.

T k1

BcneacTBue kpyrosolt CHMMETpHMM, Hanpap/ieHHe B gOKHO COCTaBIHThb
C pajMyCoM-BeKTOPOM B JI0GOH TOYKE MJACTHHKH TOT e CaMblft yro..
TlosToMy Tenno mOMMHO pacnpOCTPaHATbCS MO pacKpyuuBaiouieRcs cni-
pani € NOCTOSAHHBIM HAKNOHOM KacaTelbHOH OTHOCHTETbHO painuyca-
BEKTOpA.

Bbl1 npeAnpHHAT pAL nONHTOK OOHApYyXMTb Takoe ,cnupaneobpasHoe
pacnpoCTpaHeHHe Temaa B KpHCTanaaX, HO BCE OHM 3aKOHYMJNCL Heyl a-
yeyt (Coper, 1893, 1894 rr. [84, 85]; dottrr, 1903 r. [92]). B cBaau
C 5THM aBTOpaMy ObNO crenaHo ofwiee 3akJIOYeHWe, yTO mO KpakHed
Mepe B mnpelenax owHNOOK 3IKCNEepHMEHTa pacnpOoCTpaHeHMe Temaa OT
M30/MPOBAHHOTO TOYEYHOTO MCTOYHNKA MNPOUCXOLHT MO NPSIMBIM JMHHAM
1 yro coorHowenue (11.4) BeinosHgercs.

§ 6. Tepmonuuamuyeckoe paccmorpenne. llpunuun Onaarepa

Ilpu ycraHOBneHMM CHMMETPHYHOCTM TaKMX TEH30pOB, KK TEH30PEl
IM3NeKTpUYecKO! ¥ MAarHUTHON npOHMIAEMOCTH H YNPYrolt MecTkocCTH,
HaM He MPMXOIMOCh HemOCpeACTBeHHO NpuOerarh K SKCNepHMEHTabHbIM
ILaHHHM. B cHMMeTpHYHOCTH 3THX TeH30pOB ML YyOeXIaJaHCh, 3anKCHIBAs
BHipaxX€eHNe L1s dHepruy Kpucranna (ToyHee, ee M3MEHEHHMA) B BUIE BYHK-
UMM SJIEKTPHYECKOro M MArHUTHOrO none# u KOMNoHeHT Aedopmaunit. Ilpn
9TOM MBI KHCMOJb30BANH TO OOCTOATEJLCTBO, YTO SHEPTUA SABAANIACH PYHK-
LMel TONbKO ITHX NepPeMEHHBIX (NpH YCAOBUM, YTO OHM HE OBIIM CJAMLIKOM
BequkM). B naHnoM cayuae Ttakoft ¢cnocof HenmpuMEHMM; NeHCTBUTENbHO,
3fech Helb3si HanucaTbh NOLOOHOE BHIP@KEHHE AJS SHEPTHH, MOCKOJbKY
MBI MMEeM 1eJ0 C CYHEeCTBEHHO OTJMYHBIM THNOM CBOWCTBA KpUCTAMJIOB.
Brimie npu pacCMOTPEHHMM [LPYTUX CBOHCTB MBbl CUMTajM, YTO KpMCTaMJ
HaxOIUTCA B PaBHOBECHOM COCTOSHWM; HanpuMEp, npM ONMCaHHWM Yynpyrux
CBOMCTB KpHCTanna Mb OCYLeCTBAAAM AePOpMAUMI0 KpUCTaala TaK, 4TO
OH CKOJb yroLHO MENJEHHO MEPeXonMa K3 ONHOr0 COCTOAHMS paBHOBECHS
B apyroe. Ha s3bike TepMOAMHAMMKM 3TO O3HAY4eT, YTO M3MeHEeHus OHu
o6parumel. Hao6opoT, npoiecc nepeHoca Ten/ia nyTeM TEMIONPOBOAHOCTH
Henb3s ONMCLIBATh, CYNTad, YTO KPUCTaNJa HaXONNTCA B PaBHOBECHOM
cocrosHuM. Tenno mpoTekaeT yepe3 KPUCTANd C KOHEHHOR CKOpOCThIC,
H 3aKOHbl TePMOIMHAMHKHN OOpaTHMHX MPOLECCOB B 3TOM CJyuyae HenpH-
MeHUMbl. TIpH 9TOM KpHCTana MOXeT HaXOAMTLCA B CTAILMOHAPHOM COCTOf-
HHH, T. €, B COCTOSIHMH, HE H3MEHAIOLLEMCA CO BPEMeHeM, HO 3TO COCTOAlNe
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§eab3s CYUNTAThb PABHOBECHBIM, MOTOMY 4YTO CHMCTeMbl, C KOTOPHIMH KpH-
¢Taal B3auMOne#CTBYeT (TEM.1OBHE MCTOYHMKYM M.IM, €CJHM Tem10 CO3MaeTcs
aa CueT 3JEeKTPUYeCKOH SHEPTUM, SJeKTpuueckHe Garaped M T. I.), HCHBIThI-
BaloT HenpepblBHHe H3MEHEHUA. TepMOD,HHaMIl'{eCKaH TE€OpH4, npuMeHUMasn
K 9TOMY cJyuvaio, Obina Bmepeeie copmy.auposana Onzarepom 1) [72, 73]
B 1931 r. Crapyio TtepMoznnamyuky Oosee TOWHO CcJaeayeT Ha3bBaTb
,TEPMOCTAaTHKOH® B NpPOTHBOMOIOKHOCTL Teopun OHaarepa, aBaswoiedcs
no CYWeCTBY TepMOOunamuroli HeoOpPaTMMHX NpOLECCOB.

Tenepr Mbl paccmoTpum Tak HaswBaeMuB npunyun OH3c2epa—
OGN NpHHUHUN, NPUIOKUMBIH KO BCEM SBJEHMAM NepeHoca, K KOTOPHM
MOXHO OTHECTM W mepejayy Ten/a nyTeM TemJONpOBOLHOCTH, M MepeHOC
3JEKTPHYECKUX 3apsfOB, M MEpelioc BellecTsa nyTeM AUdQysuH.

VpaBHeHde, ONMCLIBAIOMIEE 3JEKTPUYECKHH TOK B M3OTPONHOM Mare-
puane,

J=—ogrado,
MO:KHO 3anucatb B BHIE
Jh=LX, (11.23)
rne ji=4 u X,=—grado. Bekrop j, npexncrasnser cobolt nomox

(sapspa), a X, —cusy. AHanOruyHO, MNOTOK Temjaa MNpPONOPUHOHANEH
CHJie, COrnacHo ypaBHeHHIO

Jo=L,X,, (11.24)
rie BEeKTOp jJ, €CTb MJOTHOCTHL TEMJOBOTO NOTOKAE, paHee 0003HAYyaBLUAsACH
yepea h, a cuna X, = — (1/7) gradT. Ilpuynna BeeneHus Mmuoxurens 1/T

OyaeT pasbACHeHa noapHee (7 — abCoMIOTIAN TeMneparypa).

VpaBHenns (11.23) u (11.24) 6bin OB cnpasedJMBH B TOM BHIE,
B K2KOM OHM 3amyuCaHH, ecay 6n 062 mpouecca — nepeHoC 3JEKTpHYECTBA
I mepeHoC Tensa — INpOMCXOIN/M He3asucuMo npyr ot znpyra. Onnako
B o0wieM CIyyae 5TO YCJAOBME HEe BHLIMOJIHAETCS; KOTAA B LENM, COCTOsMLeH
Y3 IBYX pa3iHyHHX MeTal1J0B, OLNOBpEMEHHO mpOUCXOLAT 06a mpouecca,
OHM BJMAIOT APYr Ha LApyra, YrO’ IipOsBJAETCH B BO3HHKHOBEHHH pasfny-
IIBIX TEPMO3JEKTpHuyeCKHX sddextoB. B obwmem cayuae HeoGXOIMMO npu-
MeHaTe Gosiee yHUBepCaablible YPaBHEHUs

jl = L”X, +L11X2'
L= L21X1 +L22Xz'

B K&XAOM H3 KOTOpHIX NOTOKM JHMIleHHO CBA3aHH! € ofeumu CHNaMy,
a He TOJbKO C onHOH M3 HUX. JIMHeWHOCTH 3aBHCHMOCTH MeXILY MOTOKOM
M cunOf ABJSETCS MpeinoaoxeHHeM TeOpUH; BOOOLIE rOBOps, TaKOe npei-
nonoxenue OyzeT cnpaBelJMBO JMIIb npH ZOCTATOMHO MafbiX CHJAax.
Npuiiuun Onzarepa yToep:[aeT, yro B TakOM CJj4ae npH  YCJIOGBHH
NpasuabHOTO BHOOpa MOTOROB M CHMAI (CM. HHUXe)

L,=L,,. (11.26)

(11.25)

1) Boace mosnie padoTm pacCMOTpeHE B Kiitre pe-I'poora [30].
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Moxno nposeputh, 4r0 npu HaueMm BeiGope onpeaeneHuit j u X pas-
Mepioctd Ly, M Ly, ORNIIEKOBEL
B Goaee ofmwem cayuyae, KOria KOJHYECTBO MOTOKOB (M COOTBeT-
CTBEHHO CM.1) Goabwie ABYX, ypaBHeHMs (11.25) sanucwiBaIOTCH B Clenyio-
leM BHge:
Ji=L;X; i /=12, .... n) (11.27)

Coraacio npuHuuMny Onsarepa,
L,=L;. (11.28)

BaxHO OTMETHTh, 4TO Npexpe uyeMm npumeHaTb npuHuMn OHzarepa,
cienyer npaBunwHO BuiOpath j M X B ypasnemusx (11.25) m (11.27).
Ilox cnosamu ,npasiibHO BhLIGpaTh' Mu noipasymesaeM, uro J u X
LOMKHB NOSYMHATLCA ONpelefeHHBIM npasuaaM. limes, Hanpumep, neao
¢ ypasHenyeM (11.27), Mbl fOMWHBL mpewne BCero NpencTaBaATb cele,
KaKile CH.IBl COOTBETCTBYIOT HallMM [OTOKaM, L1 TOTO 4YTOObl 3HATh,
Kakue uJeHs PaCmOJOMEHH HA TJaBlOH 1MaroHany, a Kakue fBJSIOTCA
no6oynsiMu. B cayuae ypasHenu#t (11.25) coBeplieHnno SICHO, YTO Temao-
BO}t MOTOK ClelyeT CBA3HBATL C TPaiHEHTOM TeMnepaTyphbi, a 3.J1eKTpH-
Yecku#t TOk — C IpasMeHTOM MOTEHu¥ana; 0aHako HeoOXOomMMO 1aTh ofilee
npasuio nfa Bcex cayyaeB. Cxkaras CBOLKA TaKMX HPaBMN LaHA B KHHUTE
ze-I'poora [30]. B pamkax sTHX npaBuJ uMeeTcs onpeieseHHas cBofona
Buiopa j M X M 17a Kaxgzo#t BeiGpanHoi cucremut § U X COOTHOWeHHe
Onaarepa (11.28) ocrastca cnpasennusbiM. Muoxureab 1/7, Bxopsuuit
o onpeneteHdio B X, B ypasHeuus (11.25), nosBaseTcd MMEHHO BCJex-
CTBNE MNpHUMEHEHHs STHX NpaBuJl.

Meul ewe BepHemcsl K ofcympeHuio ypasHeHu#t (11.25), korna nepeit-
IeM B cjeiyiolleft rnaBe K pacCMOTPEHMIO TEPMOSAEKTPHYECKHX sABJEHuf,
3peck MB OpMBeNM STH YPaBHEHMs NOTOMY, YTO OHM MOTYT CJYXHTb
npoctolt uamoctpaunelt npumeHeHns npuHuMna OHazarepa, npUIOKUMOTO
TaK¥e M K TerJONpPOBOJIHOCTY aHM3OTPONHHX KPUCTA110B — Henocpes-
CTBEHHOMY NpesMeTy paccMOTpenns B Hactoswel raase. OfGcyxnaembie
HaMy MOTOKH SBJSIOTCA TpeMsl KOMITOHEHTAMM TENROBOTO MOTOKA, mapal-
JebHRIMM TPEM OCHM KOOpauHaT. B ofmem ciydae OHM B3aMMOIEHCTBYIOT
IpYr € ApyTOM; 9TO §CHO M3 TOTO ()axTa, YTO TIpajiMeHT TeMNeparyph,
napaniebHbil X, CO34aeT TENJNOBOH MNOTOK He TOJBKO BAOAb X;, HO
TaKk®e BEOdb X, U B10ab X3 [Ilpumenesue npuHuuna OHaarepa k STOMY
cayyaro (HeCKOTbKO HPHUMHMTHBHOE, KaK MBI YBUIMM HIXe) JaeT COOTHO-
wenue (11.4).

Crepyer uMeTb B BMAY, YTO MH nO CYIIECTBY He LOKa3HBaeM COOT-
Howenye (11.4), a npocto nompozuM ero noa OGonee MMPOKOe YTBEpP-
*kueuue, kakum spnsercs npuHuun OHaarepa.

Kpumura Kasumupa. Kasumup [27] oOpatun BHHMaHue Ha Onpe-
IesieHHEIe TPVAHOCTH, BO3HMKAIOLIME NpH npuMeHeHu npuHuuna Onaarepa
K vpaBHeHuam (11.3). Bo-nepsriX, Tenq10BHE NOTOKH He yIOBJETBOPAIOT
01HOMY M3 YCJOBMH MpaBMabLHOTO BHIGOpa MOTOKOB, COTJACHO KOTOPOMY
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OHM JOMKHB OHTb NPOM3BOIHEMH MO BPEMEHN OT NepeMeHHLIX, onpe-
ZeNALIKX TEPMOLMHAMMYECKOE COCTOAHME CHCTEMbl. BO-BTOpHX, TpH
KOMNOHEHTH TEeN/OBOr0 MNOTOKA HE HBJIAIOTCA HenmoCpeiCTBEHHO Habaio-
J4EMHMH  (PU3NYeCKNMHU BeNMYEHaMM; B MoOGOM IKCnepuMeHTe, CTpPOro
rosops, M3Mepsercs TO.IbKO AMBEPreHUHMs MOTOKA Tenaa (pasHOCTb MEXIY
Ten.J0M, BTEKAIOWM B HNaHHLI# O0DBEM M BHITEKAIOWIMM M3 Hero). JTo
nocnentee OGCTOATE/LCTBO O03HAYET, YTO Mbl MOueM n0GaButb K [k

NpOM3BONBHEH Ten3op [kiy], He wawemsmiomm#t divh, T. e. Takof, uyrol)
0 o oT
a7 (4 3) =0

Ok} or o 0°T

Ox; 0Ox; Y "0x; Ox;

WU

=0.

910 ypaBHEHHe ynOBAETBOpPAETCH LJs MOOBIX pacnpelneneHnit TeMmnepaTyp
npu YCIOBHH, YTO .

ki = — kj, (11.29)
Oky;
T =0- (11.30)

TakuM 06pa3oM, TEH3Op [ki,-] OnpeneneH He BMOJHE OAHO3HAYHO, Tak Kak

106aBAeHKe aUTHCUMMET pHYHOrO TeHsopa [kfy], yrosaeTsopsiomero ycio-
suio (11.30), He npueonuT k wuamenenumio divh, a cienoBarenbHO, He
MoxeT OhTh OOHapyXeHO sKchepuMeHTanbHO. IIosTOMy MBI He MOXeM
pACCYHTLIBATb, YTO HAaM YIACTCA KakMM-nuGO MeTOLOM LOK23aTh CHMMeT-
puuHocts [R;;]. B coorserctBuu ¢ stuM, Kasumup nokasan, uro kop-
pexkTHoe mpuMeHeHue Teopuu OH3arepa NpPHBOAMT HE K COOTHOLICHHIO

klf_ k]l= 0.

a CKOpee K COOTHOLIEHHIO
0 (kyj— ki)

o 0. (11.31)

Ecnn Hukakux n00G4BOYHHX TIPEANOJOMEHMH HE BBOIUTCH, TO MOMXHO
HCXOINTb TOJbKO W3 yTBepamaenus (11.31). OnHako MBl BHIENH, 4TO
Hannuyue aHTHCUMMETPHYHOM YacTH B TeH3Ope NpHHUMONAJbHO NPHBOIUT
K HeHaOnonaeMBM (U3NYECKUM CJELCTBUSM NpPH YCIOBHMH, YTO 3Ta 4acTb
yiosnersopser cootnomenrio (11.30). anee, cornacHo npuHunny OHaa-
repa [cooTHowenue (11.31)], anTucummerpuuHas uacts [k;;] neHCTBUTENBHO
yaosnersoprer yciosuio (11.30). Orciona BHTEKaeT, YTO aHTHCHMMETpPUY-
Had 4actb [k} He MOxeT ObiTb OfHapy:keHa 3KCHepHMeHTanbHO. Beumy

1) Ml 10AsUB CynTats, uro [£;;] u [k3] Moryr 6uts Gynkumsmt koopammat,

NOCKOJLKY MBI XOTMM B pfadpHefiliieM MOJAYYMTb YPABHEHHS, NPUMEHHMBIE NPH
nepexoae 4epes rpaHuily KpHCTalia.
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STOTO Mbl BIOJHE MOXKEM NOJOMHTL aHTHCHMMETPHUHYIO 4acTb [k
pasnoft Hyaw 1) ¥ 3anucaTb
kiizkii' (11.4)

Mpb He 0073aTenbHO NOMKHEI IEJaThb Tak, HO 3TO AOMYCTHMO.

TpennonoxuM, yto cooTHowenue (11.4) He Brnomusiercs. Toraa, Kak
OyIerT noKasauo HIwe, HEOOXOLMMO CYMTaTh, 4YTO TeMJIOTPOBOLHOCTD
BakyyMa He paBHa Hymo. YroObl nokasaTb 3TO, PacCMOTPUM MIOCKYIO
nOBEPXHOCTL KPUCTANNA, NePNEHANKYNAPHYIO X3 Ecan coornomenye (11.4)
He BHIMOJIHAETCA, TO B KpHCTajle

Ry — ky3 =+ 0. (11.32)
Cornacho npuuuuny OH3arepa, aanucaHHoMmy B ¢opme (11.31), umeem

Otk —kig) _
6)(3 -

(npoussonHas GepeTcs no HOpManM Kk rpaHuie kpuctanna). CrenosarelisHO,
HepaseHcTBO (11.32) cnpaBen/MBO W ANA BaKyyma, OTKYAA CJEIYeT, YTO
K03 dHuNeHTs Ry M Ry;; He paBHH Hymo. (MH He MOmeM, KOHEyHO,
doxa3ams, YTO B BAKYyME NOTOKM Temna OTCYTCTBYIOT, TAK KaK Yy Hac
HeT cnocoba OOHapyweHHs TemJOBHIX NOTOKOB Oes pusepreHuyy.) Ecam,
HaoGopot, npednosazaemcs, 4T0 TeH3op [k,;] cummeTpuueH B Bakyyme 2),
TO OH Oosscer ObiThb CHUMMETPMYEH M B KpUCTanne; meim 6osee, eCH
NONOWUTL TEH3Op [R;;] B BakyymMe paBHHM Hy/2/0, TO B KPUCTANne OH
DOMKeH GHTbL CUMMETPHYHBIM.

Kak Mbl Hamau BeIle, Hanuyue aHTHCUMMETPMYHOHM 4acTM Yy TeH3opa
[;;] npuseno OH K TOMY, YTO NpH HarpeBaHMM KpYriao# kpucraniuue-
CKOM NMIAaCTMHKM B ee LEHTPe Temn0 pacnpocTpaHanock 66 no cnupasu.
Tennosoft nOTOK B TakOM cayyae cocrosn Obl M3 ABYX 4YacTeft: YHCTO
pamManbuoro MnoToKa, ONpelenseMOro MOLLHOCTBIO MCTOYHMKA, M YHUCTO
UMPKYNAPHOrO MOTOKa. DTOT BTOPOH NMOTOK He NMeeT OMBEPreHUMH; MEH
Moran Gbi CKasaTb, YTO MOSTOMY OH MPHHUMOMAJIbHO He HaGJIoLaeM M YTO
cnenannsle CoperoM n QOHTTOM NOUHTKH OGHAPYMKHUTH €ro 3KCnephMeH-
TalbHO OCHOBHIBAMNCH HA OWHNOOYHHIX mnpeanotoxeHusX. OHAKO Takoe
aakJoyeHne He Obi10 Obi COBEPUIEHHO KOPPEKTHBIM. ITH 3KCMepHUMEHTH
NOKa3anu TOJNbKO, YTO ecAu npednosazame men3op |k;;| pasHom Hyato
8 8akyyme, TO B NpEIeNax SKCNEPUMEHTANbHBIX OMMOOK B MCCeI0-
BaHHBIX KpUCTa1nax oH cuMmMerpuyeH. Ilpunumn OHaarepa, 3anMcaHHbiH
B ¢opme coorHowenns (11.31), maer TeopeTHyecKyl0 OCHOBY 3KCIiepH-
M2HTaJbHBIM HMCCJEeLOBaHUAM.

1. Teopetuueckoe o6ocHoBaHue npuHuuna Ouxsarepa. Mu noka
HHYero He TOBOpUJIH O KakoM-1160 IOKa3aTeNbCTBe npuHUnna Oﬂaarepa.
TEOPETW{ECKOE 000OCHOBaHUE €ro CnpaBeATUBOCTH LaeT CTaTUCTH4YeCKas

1) MH npyMeHsaM aHAJOrMYHHE PACCYKTEHHS NPy O60CHOBAHNM CHMMETPHY-
HOCTY MbE303JeKTPHUCCKMX Teirzopos (cM ra Vi, § 1).
2) 3To0 MOMHO Cum1aTh CAefCcTBHEM npuHuuna Hedimana (cM. crp. 35).
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Mexaunka. PaccMOTpeHNe 3TOro BOMpPOCAa BHIXOAMT 33 paMkM  gaHHOH
KHMTH, ¥ Mbl OTPAHMYMMCH JIMIIb HeCKOJILKHMMHM OOLIMMHM 3aMeyanuaMu.

MoxHO nokaszatb, uT0 cooTHouweHMs (11.28) gBasoTcs craencTBueM
npennoNoXeHHs O ,MHKPOCKONH4ECKOH OOparrMOCTH®, KOTOpOE COCTOHT
B TOM, YTO €C/M CKOpPOCTM BCeX YACTHL, MMEIOLIMXCA B CUCTeME, OIHO-
BpeNEHHO 3aMEHHTb Ha NPOTHBONOJONHLIE, TO BCe YACTHUBI LOTKHBEI
fvayT IBHrarbcs OOpartHO mO nNpoOHIEHNEIM MMM nyTAM, HenpepriBHO
noBTopsAs B 0OpaTHOM MNOpsiKe MOC/]eI0BATEIbIOCT CYILEeCTROBABIUMX
KOHQurypaun#t. MHBIMM CcNOBaMH, MEeXaHMYECKME YypaBHEHUs IBUIKEHMs
OTHEJbHHX YaCTHL CHMMETPHYHH MO OTIIOWIEHHMI0O KO BpeMeHH, T. €. 3TH
vpaBHEHH MHBADHMAHTUE OTHOCHTENbHO npeobpasopanua f— —t. I1o
Npeinoa0XeHHe OTHOCHTCA K 3aKOHAaM, YNPAEBJSIOLIMM MpPOLECCaMH B Mi-
kpomupe. OHO CrpaBelJHBO KaK IJA KJAaCCHYECKMX, TaK M /i KBAHTOBC-
MEeXaHNYeCKUX 3aKOHOB IBMXKEHHS NpH OTCYTCTBHM MAarHMTHBIX moJjelt!).
[1HTepecHO OTMETHTb, YTO B MarHMTHBLIX MOJIAX MHKpOCKOnM4eckas ofpa-
TUMOCTb NepeMenleHus He OyleT MMeTh MECTa INA 33PsKEeHHBIX YacTHi (3T0
o6bacHaeTCs GOpMOH BHIpaXeHHs Aas JopeHueBolt cunb). OGpaTUMOCTDb
Oyner HabaOIATLCS TOJMBKO B TOM CJy4ae, €CJU NpHM H3MEHeHMH Hampa-
BNEHNs CKOPOCTY M3MEHMTb Ha NPOTHBOMOJOMKHOE M HanpabJeHHe mnoJs.
Mosromy coornomenns (11.28) 3aMeHSAIOTCS COOTHOLIEHUAMHU

Ly;(H)=L, (— H). (11.33)

HueiMu cnosawmy, Lii saBnseTcss Tako# we Qynkumedt H, xax L; — pyHk-
uneht — H.

JIlokasarenbcTBo, naHHoe OH3arepom [72, 73] ans cBoero mpuHuMna,
nocur o6wuft XapakTep M He 33BMCHMT OT YaCTHHIX OCOOEHHOCTEH KOH-
KPETHHX MPOLECCOB MepeHoCa; CaeI0BaTelNbHO, 110.Ty4YaeMble ¢ MOMOILLIO
HTOr0 MNpPHHUMNA pe3yNbTaThl CnpaBeinuBbl AN JIOOBIX HeoOpaTHMEIX
npoueccoB mnepeHoca. [lpuHuun QOHzarepa 3aHMMaeT B TepMOLHHaMMKe
1ieofpaTMBIX NpPOLECCOB TaKOe e MeCTO, Kak BTOpOH 3aKOH TepMOaM-
HaMHKM B OOHYHOH TepMOaMHamuKe (TepMocTaTuke). Bropo# 3akon Tep-
MOIMHAMUKY MOXeT OHTb NpPHHST B KayecTBE aKCHOMEI MM MOXeT OHTb
BHIBELEH W3 3aKOHOB CTATHUCTHYECKON MEeXaHHKM; TO Xe camoe OTHOCHUTCS
M k npuHuuny OHsarepa.

PE3IOME
33aKOH pacnpoCTpaHeHMs Tenja B KPUCTA.IE BEIPAXaeTCs B BHIE
or
hi=_kij(ﬂ;' (11.3)

rie  h,— CKOpPOCTb TENJOBOr0 MNOTOKA YEpe3 eJMHHUY MNOBepXHO-
CTH, MNEepNeHIMKYJpHYIO NOTOKYy, O7/0X;— IPaIMeHT TeMneparyphl

1) A TakKe Mpu OTCYICTBHM KOPHOAMCOBEIX cma [72, 73).
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u k;;— k0adduilkenTs TennonposoiHocTy. Kosdduiuents k;; obpasyior
TEH30p BTOpPOro paHra. Ypasuenue (11.3) MOHO paspewiuTh OTHOCH-
TeabHo 0T/0x; 510 naer
' oT
Txl—_'iihi' (11.8)
rie r;; — KOSGPUUMEHTE Ten/no0BOTO CONpoTHBAeHHs. Marpuua KoO3¢-
HUMEHTOB TenJOBOry CONpOTHBJEHHS T =(r;;) oCparHa Marpuue
k03(pULKENTOB TennonpoBOAHOCTH K= (k;;):

r=k. (11.9)

Moxuno nokasarb (CM. Huxe), uro k.= R;; nosromy r,=r;, 4 00a
TeHsopa [R;;] u [r;;] MOXHO npuBecTH K OOWMM riasHbiM ocaM. [naBHbie
KO03¢hHUKEHTH TENJONPOBOLHOCTH W IJdBHHE KO3(¢HUKEHTH TENJOBOro
CONpPOTHBJEHHS SBJJIOTCA B3aWMHO OOpaTHbIME BeNHWuMHAMH: ry = l/k,,
ro=1/ky, ry=1/ks. XapaxkTepHCTHUECKHH SNUNCOML KO3PPHLUHEHTOB
TENIONPOBOLHOCTH
2 2 2 __
ko kx2tkxl=1 (11.7)
M XapaKkTepHCTHYECKHH 3JHNCOHI KO3((GHIIHEHTOB TEenJOBOro cOnpo-
THBJIEHHS
2 2 2 __
r X2 S-rxs 4-rxs =1

IOMKHH COrACOBHIBATLCH C CHMMETDHEH KpHCTanna B COOTBETCTBHH
¢ npuHuunoM HefimaHa.

Korna TennoBo#t moTOK NMpOTEKaeT yepes MNJAOCKONapanienbHylo mna-
CTHHKY, TMOBEDPXHOCTH KOTOPOR SBIIOTCA M30TEDMHYECKHMH, TO B OOLleM
cayyae, Hapsly C MEPeHOCOM Ten/aa nO HOPMANH K MIACTHHKE, NPOMCXO-
IKT NepEHOC Tema napanienbHO ee moBepXHOCTH. OTHOmenKe Ten0BOTO
nOTOKa, HOPMaZbHOrO K MJACTHHKE, K TIpPaiMEHTY TeMnepaTypsl PaBHO
KO3(M(}ULKEHTY TEnJIONPOBONHOCTH B HANpaBiEHHH HOPMANH K MJACTHHKE.
Ecnu e Tenno pacnpOCTpaHsieTcs BLOJE LJHHHOTO CTEpPXKHdA, TO B O0ileM
c/yyae HMEeT MeCTO KaK MpPOAOJLIBIH, TAK W NONEpEeYHbift TPaIMEHTH
temneparyphi.  OTHOWEHHE NPOAOJBHOrO  rpajMeHTa  TeMneparypu
K TEMJI0BOMY MNOTOKY paBHO KO3(GhHUMEHTY TEMJIOBOr0 CONPOTHUBIEHHS
B HAnpaBieHMM LJMHH CTEpPKHL.

Ins  cTauuonapHoro TemJOBOTO MOTOKA B OLHOPOLHOM KpHCTanfe
ypasHenye (11.3) MOxHO OOBEIMHUTH C ypaBIi€HNEM COXpaHeHus

. _ 6/11_‘
divh=gq, wm 6—x;—q.

rie g-— CKOpOoCTb BbIIEJEHUS TenJja HNCTOYHUKAMH B €IMHHLE o6beMa;

9TO J1dert T
lim=_q' (il.11)
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Wiy NpH NPHBEIEHHH K TJaBHLIM OCAM

0T

0T 0T
Ri—+k—+k—
! Oxy 2 0x, 3

=—q. (11.12)

2
0xy

C nomowpio npocroi noncranosku (11.14) pewenne nwGolt 3amayu
0 CTAUMOHAPHOM TENJOBOM MOTOKE B AHM30TPOMHOM cpele MOMXKHO noJy-
yuTo HENOCPEeACTBEHHO M3 PEUIEHHS aHaJOTHYHOR 331ayk IJs H30TPOMHOH
Cpelbl.

W3oTepMHuueckHe 1O3EPXHOCTH BOKPYT TOHEHHOro MCTOYHMKA Temna,
Haxoismerocs B OeCKOHeYHO NpOTAXREHHOM KpMCTalie, N0 ¢pOpMe M OpHeH-
Tauu¥ noa00HBl 3/ TMNCOMAY KO5(GHUMEHTOB TEIN.I0BOr0 CONpOTHB.IeHHUS
119 TAKOTO KpHCTanna. ITOT peayibTaT IpAMO ClelyeT M3 CBOHCTBA
painyca-BeKTOpa ¥ HOpMANH XapaKTepHCTH4YeCKOH noBepXHOCTH. Broawb
aioboft npaMolt, MAymeR M3 TOYKM, rae HaXOLWTCH HCTOYHMK, pa3sHOCTb
temneparyp (7— T) M3MeHAeTcs OOGpaTHO MpONOPUMOHANBLHO PAaccTos-
HMIO OT MCTOHYHHMKA,

VpaBHeHHs, OMHCHIBAIOIIHE 3JeKTPHUYECKHH TOK npOBOLMMOCTH B KpH-
cTaniax, QOpMaNbHO aHaJOTHYHB YPABHEHMAM, OMHCHIBAIOINM NEpeHOC

Temnaa:
9
ji=—aiktg?k=aik5k, (11.17)

E; =i (11.18)

aleCb f; — NAOTHOCTb TOKA, ¢ — IOTeHUMan, E, — HanpameHHOCTb nojs,
8;, W py — COOTBETCTBEHHO TEH3Opbl YIeJbHOH 9.]eKTpONpOBOLHOCTH
U YOeNbHOTO COINPOTHUBJCHHUA. KonunuectBo AXKOy/eBa TenJa, BEIJEJAI0-
[eroca B eAHHMUE 06'bema, onpelenseTcsd BbipaiKeHHEM

JiEy=pud i (11.19)

Coomnowenue ky;=kFk;. Ecm k< k;, TO OT M301MpOBAHHOTO TO-

YeyHOTrO0 MCTOYHMKZ TenJo LOMKHO pacnpocTpaHaThes mo cmupanu. Ilo-
CKOJIbKY 9SKCMepHMeHTbl, MOCTaB/JeHHble C (eJbi0 OOHAapyXeHHsl TaKoro
CNUpaJbHOTO PACHPOCTPAHEHMsA TeN/d, OKOHYMAMCL neyaaued, Obl.10 cpe-
NaHO 3aKJIoueHye, YTO k;;==k;. OTO COOTHOWEHNe Tenepb paccMarpu-
BaeTCs KaK uacTHu ciayualt npuHumna Omsarepa. Ilpmiuun Ousarepa
YTBEPHAAET, YTO €CMM COOTBETCTBYIOIIMM 06paszoM BhLIOpaHHbie MOTOKM j;
M cuIbl X, CBA3aHBI MeXLy COOOH /MHEeHHBIMM COOTHOLIEHUMH

hi=LX, (. J=12.... 1), (11.27)

10 L,;=L;, [npu Hanuunu marHutHbix none#t Ly (H)=L; (— H)].
HenocpenctaeHnoe ucro.1baoBaHMe npuHiuuna OHaarepa [O3BOJSET,
Ka3a10Cb Obl, 3aKmouuth, uT0 k;; = k;;. OaHako, kak nokasbiBaer 6o-

Jee Twlateabibft aHamua, A8 TOTO 4YTOORI CTPOrO BRIBECTH COOTHOWEHHE
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k;; = k;; n3 npuHunna Ousarepa, HEOGXOIMMO MpPEAMO.JOKUTH, YTO TEH-

aop [k,;] B Baxyvme cUMMeTpWueH WaM, B 4aCTIIOCTH, paBeH HYJIO.
Poab npununna Ousarepa B TepMOAHHAMUKe HeOOpATHMBIX NPOLECCOB

COOTBETCTBYeT PO.IM RTOPOTO 3akoHa B OOLIYHOH TepMoOAMHaMMke (Tep-

mocrarike). O0a OHM MOTYT ObiTb HO.JIy4YeHbl Ha OCHORAHWM 3aKOHOB
CTaTUCTHYECKON MeXaHukH,

SALAYH

1, Cywrag, uto Ha o¢wur. 63, a UsolbpaikeH oOpasel, Buipe3aHHBIH U3 KpH-
€Tan1a KBapua, M ¥CMNOMb3YA 3HAYEHHMH KOpOUUBEHTOB TeNJONPOBOIHOCTH, NPu-
BeeHhble B 1261 12, HaliTi OpPHEHTanMIo KPYCTAAIa NPH KOTOPoit yroa & mMexny
BektopaMu ~— grad 7 u £ 6yaeT HaMOOAbIuuM. BHIUMCAUTL 3HAUeHHE By
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TEPMODJBJEKTPHIECTBOY

B npenmnyme#t rnase nepeHOC Temnd M SMeKTpHUYeCKUt TOK NpoBO-
IVMOCTH B KpPMCTA17aX pacCMaTpMBaMiCh Kak 1Ba OTAENbHBIX mpouecca.
dro Obi10 BO3MOXHO MNOTOMY, YTO MEl OOCYKAANH TONbKO TakHe cay-
yay, KOrna HMeeT MeCTO JMib OAWH M3 IBYX Ha3BaHHHX NpOuecCOB.
OnHakO MH OTMeuanH, yro ecaM 00a npouecca NMPONCXOAAT OLHOBpe-
MEHHO, TO OHM B32aUMOLEHCTBYIOT Jpyr C LPYroM; pe3yJabTarT Takoro
B3aUMOZeHCTBUS mNpOSABIAETCA B BHIe TEePMOINEKTPHUYeCKUX 3¢ PeKTOB.
B Hacrosueft rnaBe M CHOpMyaHpyeM OCHOBHbie YpaBHEHHS, ONMHCHIBAIO-
Hlve TEpMO3JEKTPH4ECKHe fBJeHMs B KPUCTATIAX, W MOKAMeM, KaK 3TH
VPABHEHHS TIPUMEHAIOTCH K pasiuuHeIM HabnoaaeMeM sddexram. CHauana
pa.cMOrpMM TepMOSJeKTpHYeCKHe 3¢ PeKTH B M3OTPOMHLIX NMPOBOLHMKAX.

§ 1. Tepmoanekrpuieckue sdpeKTh B H3OTPONMHBIX
NpOBOAHUKAX

B M30TpOnHBIX nNpOBOAHNKAX BO3MOXHH TpM TEPMOS/EKTPHUECKHX
sthpekTa.

1. Tepmo-3.0.c. (3Ppgpexm 3eebexa). Ecmm ua IByX pasnnuHbX
MeTanI0B ¢ M b COCTaBUTb 3aMKHYTYIO Uenb M MeCTa KOHTAKTOB MNOL-
IepKURaTb MNpPH pAasIuyHHX TeMneparypax, TO B STOH uenM BO3HNKaeT
9.4.c. [Ecan, HanpuMep, B yuacTok ¢ uenM (¢ur. 66) BKJIIOYEH KOH-
JeHCaTop, TO OH 3apaiuTCH.

2. 3ppexm [lesvnmpe. TTycTb Yepes KOHTAKT MeIY IBYMs pasiHy-
HbIMM MeTaniaMM TeueT SJEeKTpU4eCKM#t TOK., Toria Ans TOro, 4TOoOH
NONLePKUBATh TeMIepaTypy STOTO KOHTAKTa NOCTOSHHON, He00XO01MMO
HeNpepHBHO NOABOLNTL K HeMy (MM OTBOLMTbL OT HerO) Tenao. Kosm-
YeCTBO 9TOr0 Tem/a NPONOPUMOHATLHO MpPOTEKAIUEMY TOKY M H3MeHseT
3aaKk NpH M3MeHeHNM HanpaBJeHMA TOka Ha ofparHoe. MOXHO 3anucaThb

Qup= 1,7, (12.1)

rac Q,, — CKOpPOCTb, ¢ KOTOpOH TennO mOT/OLUIAETCs B KOHTaKTe, KOrLa
OT Meraana a K Meraany b teser Tok J, v I, — woafpuyuenm leavmee,
3aBHCAILMH OT poda COMPUKACAIOIMXCA NPOBOLHUKOB M OT TeMIepaTypHl.

1) 3ta rnaea, Gonee TPyAHAs, dYeM OCTaNbHbIE, MOWeT OLITH OMYWIEHA NPH
NEPBOM YTEHuH.

17 A# llss
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3. O¢pgpexm Tomcona. IlycTb uepes HepaBHOMEPHO HArPeTYIO Npo-
BOJOKY MOCTOSIHHOTO MOMEPEYHOrO CeHeHMs, M3rOTOBJEHHYIO U3 OAHOpO-
HOTO MeTa11a, Tponyckaercs TOK. YUToOH mpy STOM pacnpelefeniie TeM-
NepaTy phl OCTABAIOCh HeM3MEHHHM, K TPOBOIOKe HeOGXOAMMO MOLBOLMTD
Tendo. KonmuecTBO Tenmsa, KOTOpOe HAZO MOABOAMTL B €IMHHUY BpemcuH

S

® ur. 66. CxeMa MBICACHHOIO OMBITA AAAl MOJYYEHus
cootHomeruit ToMcona.

A

K 3JIEMEHTY MNpPOBOJIOKH, WMEIOLIEMY Nepenan TeMnepaTypH B HanpasJe-
HUM TOKa, pasubift dT, onpemensercs hopMyno#

dQ=1J dT, (12.2)

rie ©— ko3 pgpuyuenm Tomcona.

1. BuiBon cootHomenust Tomcona. BpeneHnsle Bblllle BeTHYMHL,
xapaktepusyiomee 3ddexth 3eebeka, INenbThe n ToMCONE, CBA3aHbE ABYMsI
COOTHOLIE!IMAMH, M3BECTHBIMM TNOJ HasBauueM coomuouienuii TomcoHa.
Cefluac MM BbiBeleM STH COOTHOLUEHHSl, HCMOJb3Ys METOLbl TepMOANHA-
MUKH HeoOpaTHMLIX TpOUeCCOB, OMMCaiHLIE B Mpenbiiyiwe# raasel).

Paccvotpum uenb, uaobpawenHyio Ha ¢ur. 66. Ilpennonomum, uyro
KOHTAKTH MeXJIy npOBOJHHKAMHM ¢ W b mnomelleHb B 1Ba GONBLWIMX pe-
sepryapa Temna A M B, umeioumx temneparypy T v T-+HAT, ¥ uyTo na
oOknankax koHpeHcaropa C yCTaHOBMNAach PasHOCTb MNOTEHUMANOB Agp,
npuyeM oOkaanka, Gamwalimas ¥ B, uMmeeT 6o0Jee BHICOKMH MOTeHUMA.
ITpennonaraeTcs, yTo KOHIEHCATOp He 00/aznaeT TEMIOEMKOCTbIO, & NMpo-
BOIHHMKM G M b TepMMueCKM (M 3JeKTpMueckM) M3onuposaHu. B ra. XI,
§ 6, Mbl 3anMcanM ypaBHeHMs, CBA3HBAIOIME SNEKTpHueCKHH TOK f; M no-
TOK Tenna jf, ¢ ,cunamu* X; = —grado u X, =—(1/7) grad 7, B Buze

Ji= Ly X, Lo X, (12.3)
Jo= Ly X, 4 Ly X,

n cootnowenne Ouaarepa
Lyo=L,,. (12.9)

1) Hinkecnenytomu#i BHIBON, clenauubiéi TTonzepoM, B3fiT € HEKOTOPLIMI
H3MeHeHusMH u3 KHwrH ne-I'poora ([30], § 57).



§ 1. Tepmosnextpuueckue sghpextvl & u30TpONHBLY NPOBOOHUKAX 259

L. paccMarpyBaeMOfl HaMM Ueny 3TH YpaBHeHUs NPUHUMAIT GOpMY
AT =
J=—L11A9—L127, (i2.5)
AT
H=—L21A<9—L227, (12.6)

rie H — ckopocTb, € KOTOPOH TeNns0 PacnpOCTpPaHseTCs BLOMb NPOBOLHH-
koB OT A k B, a J— TOK, Texywn#t B uenM, KaKk nokasaHo na ¢ur. 66
(mas AT=0 u A¢ >0 10K J ompuyamesen; n1a Ao =0 u AT >0
ckopocts H ompuyamessna). Benenctere adoektos Iwoyna u ToMcoua
B NpOBO/OKe OyneT BHueAaTbCa Tenn0. CKOPOCTb BbiLeneHHs NXOYJeBa
Ten/sa NpOnOpuUMOHANbHA KBAADATY CUJIBI TOKA J?, KOTOpHH B CBOIO Oue-
penb, cornacho ypashenuio (12.5), nponopumonanen AT?; CKOPOCTh
Buiienenns Tenna Tomcona mnponopuMonansha JAT, T. e., cornacHo
ypasrennio (12.5), nponopudonaneha AT2. CkOpocTb caMOro noTOKa
Tel1d B COOTBETCTBMM ¢ ypaBHenueM (12.6) nponopumonanbha AT. Ilo-
STOMY B nepBOM npHOMHKeHUH MOXHO NpeHeOpeyb KaK IXOYJNEBHM TENJOM,
T2k M TennoM ToMmcosa ¥ CYuTaTb MOTOK TeMNa MeXLy pe3epByapaMn
pustomeproin. Cnenyer MNpUHATL BO BHUMAHHE, 4TO BO BCeX CJIyuasx
YUHTBLIBAIOTCS TOMBKO 4YJeHbi MEPBOr0 MOpPsIKA M YTO, HANpUMep, B YpaB-
Hennsax (12.5) u (12.6) onywenb 4neHnl Gonee BEICOKOrO mnOpsmKa,
yem AT n Ae.
OrMetuM cuauana, uto ecmn AT=0, 10

J=—Ly Ae, (12.7)

M, CNeLOBaTeNbHO, L;; eCTb M30TepMHuECKasT 3/eKTPONpPOBOLHOCTbL UEMH,
cozepwaliedt koHAeHCATOp. TennonpoBORHOCTL A uenM MeWAY pesepBya-
pamu B orcyrcteie Toka (J=0) naxomum, uckniouas Ao U3 ypasieHutt
(12.5) u (12.6); npu stoM noJyyaem

= \AT, (12.8)
rne
N Lulop—Liply 1
Lu T

Banasaacb ypasHenvamu (12.5) u (12.6), nerko nokasatb CymecTso-
BdHMe mMepPeYMC/EHHBIX BhILE TepPMO3JEKTPHYECKHX sBJEHUH M BLiBECIH
COOTHOLIEHUS! MeXLY COOTBETCTBYIOIMMM KO3(uUMenTamu. Ilpennoso-
UM CHauana, 4o BeanunHa AT ¢UKCHPOBAHA, M PACCMOTPHUM CTAUMOHAp-
Hoe cocrosnMe, Koria Tok orcyrcrsyer (J=0). Torna us ypasnenns
(12.5) cnenyer, uro

Lip
rie A¢ ecrtb TepMO-3.4.C., 4 ypasHeHue (12.9) onpenenser mepro-
SACKMPUMECK YO MOUHOCME KOHTAKT3, T. €. PAZHOCTL NOTCHUMANOB HA
eLIHNIY Pa3HOCTH TEMIEpATYp B OTCYTCTBHE TOKd,

Ay
AT

17*
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IMonoxum tenepp AT =0. Pazuoctb norenunanoB OyneT BhI3bIEATb
KaK 3JeKTpUYeCKMH TOK, TaK M Tem10BOH u0oTOK (00ycnoBaeHHu#t atdek-
ToM [lenbThe) Mexay TemaoBHMH pesepByapamu. OTHOLIeHke STUX no-

TOKOB PaBHO
H Loy

==, (12.10)

3neck 11, — kosdpouument IlenbThe, onpelensiOwni KOAHHECTBO TemJa,
nornoiaeMoro B KOHTakTe A,

Mz cootnowenn#t Onaarepa (12.4) ¢ yyerom (12.9) u (12.10) cpasy
e BHITEKAET, YTO

de O
=T - (12.11)

DTO COOTHOWIEHMe eCTh BTOpOe COOTHOWIeHHe TOMCOHa; OHO CBA3bBaeT
TEPMOS/JIEKTPHYCCKYIO MOILHOCTb ¢ KOadduuuentom Ileabthe. KMurepecto
HanOMHUTb, 4TO TOMCOH BbiBE€l STO COOTHOLUIEHHE, MCNOJb3YH 3aKOHH
TepMOIMHAMHMKH (TepMocTaTuxy). Bropo#t sakon Tepmocratukyu (3anMcan-
HH{l B BHIe pAaBEHCTBA4) HENPHMEHHM K TePMOSNEKTPU4ECKMM sddeKTam
M3-32 HeoOpaTHMOCTH HeM30exHO CONPOBOMUAIOIMX MX MPOUECCOB ne-
peHOca TenJa M nepeHoca 3apaaa. TOMCOH MCXOIMN U3 MpPEeLNOJOKEHHS,
YTO BbifiesleHMe Tenna TomcoHa M Tenna IlenbTbe MOMXHO paccMaTpUBaTh
kak OOpaTUMbie TNPOUECChi, M MO3TOMY NPHUMEHHN K HHM BTOPOM 3aKOH
TepMOIMHAMHMKH. Takum criocofoM oOH moayuMsn ypaBhenue (12.11) (cm.,
Hanpumep, kuury 3numrtehna [37]), kotopoe nospHee OblIO MOJHOCTLIO
NOATBEp:KAEHO SKCNepuMeHTanb#o. Pasnenenve spnenHns Ha obparumyio
¥ HeoOpaTHMyl0 4acTH He MOXeT ObiTb OOOCHOBAHO TePMOAMHAMHYECKH
M sBJAETCA, KaK ACHO Co3HaBan TOMCOH, LOMONHHTENLHLIM MpennoJo-
weHueM. HeoOXomzMMOCTb BBeleHHs TaKOro NPEeLNONOXEHNs SABISETCA
HEOCTAaTKOM TEOpMM; 9TOH TPYLHOCTH YAanoch Habewarb TOJBKO B pe-
3ynbrare co3fanus HoBolt TtepMomuHamuku. Ilpu HOBOM moaxone, B KO-
TOpOM siBJieHHe paccMaTpHBaeTcs B UenOM, ypaBHeHue (12.11) okasniBaercs
cnencreneM npuxunna OHaarepa.

Tlepgoe coomuowenue Tomcona HeNOCPeLCTBEHHO ClefyeT M3 mep-
BOTO 3aKOHA TepPMOCTATHKH:

0O,,J—d,,3+-A1,,)]+(x,—r,) JAT=J A,
HIN
—All,, 4+ (z, — 7, ) AT = Ag, (12.12)

roe ~, U t, — Tennotel Tomcona. Mckmwoyaa ¢ us coorHowenn#t Tou-
cona (12.11) u (12.12), mel nonyuaem

dilgy gy,

BT = g — T (12.13)
9TO COOTHOLIeHMe cBA3LIBaeT Tem.10 TomcoHa # tenao Ilenbtbe, Wckamo-
uas Il;,, Haxommm

d%
Ta——Tb_—_ Td—Ta, (12.14)
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nocieiHee COOTHOLIeHHEe CBf3blBaeT Tell0 TOMCOHA M NpPOM3BOIHYIO OT
TEpMOS/IEKTPHYECKOM MOILLHOCTH,

[ToneaHo 3anOMHMTb, YTO NpH 3aLaHHOH TeMneparype Tenno IlesnbTbe
nponopuMonanbHo de/dT [cornacHo cooTHomenuio (12.11)], a pas-
HOCTb MEXIY KOJMuecTBaMM Tenmsaa TomcoHa NpOnOpuHOHAbHA d%p/dT?
[cornacHo ypasuenuio (12.14)].

§ 2. TepmoanexTpuueckue 9tbhbheKTH B H30TPONHON
HenpepsiBHO# cpene

B§ I, n 1 Mp uMenu neno € TepMO3NEKTPHYECKUMH sddeKTamu
B 3aMKHYTOH uemy, cocTosiue#t W3 ABYX OIHOPOIHBLIX NpPOBOLHUKOB M3
pasHbIX MeTannoB. [lpewje uyeM nepeXOmuThb K KPUCTANNAM, PAacCMOTPHM
TEOPHI0O TEPMONEKTPUUECKMX 3(eKTOB B HBOTPOMHON HenpepblBHOM
cpere (ze-Tpoor [30], KanneH [25]). Byaem cuMrath, uro cBOHCTBa
Cpellbl MEHSIOTCH OT TOYKH K TOYKe; 3TO, OUYEBHIHO, HeoOXOIMMO, Kob
CKOPO MBI BKJIIOYMIM B paccMoTpende M addekT Ileabthe. Torpa Bhige-
netMe Tenna [Ilenbrbe OyneT pacnpeleneHo no Bcell cpere. OOCblumblit
shperT IleabThbe B KOHTAKTe ABJAETCA 4YACTHHIM CaYyudeM 3TOH Teopuy,
eC/M CHUMTaTh, HTO KawIblfl U3 MeTannoB 00pasyeT OJHOPOIHYIO CpeLy
M 4TO TOMbKO B MeCT€ KOHTAKTA MPOMCXOAMT CKauko0OpasHoe M3MeHeHHe
CBOMCTB.

Mpl GyneM Manarath TeOpHIO Tak, 4TOOH OOMeruMTb ee Mmoc/enylomiee
o6olieHre HAa AHM3OTPOMHYIO Cpepy.

1. BriBon ypaBHeHuil moToka. 3ananyuMcs ClenyIOIMMH OCHOBHBIMH
ypaBHeHUAMH, CBA3HBAIOILMMH NMOTOKM W CHJBL:

J'=—ogradp—p £l (12.15)
h—=—Bgradp —y E2L L, (12.16)

OtH ypaBHenus aBamoTcH 0000wenreM ypashennit (12.5) n (12.6). Ilpen-
NOJIOMHM, YTO B pe3y/bTaTe NBHXKEHHS 3JIEKTPOHOB C 3apSLOM —e B Cpelle
CO304eTCA 3NEKTPUYECKM# TOK naoTtHocThio j. Torna jé=— jle ectsb
NJOTHOCTL MOTOKA 3JEKTPOHOB (YHCIO 3NEKTPOHOB, NMPOXOLAIMX 33 elln-
HHUY BpeMeHH Yepe3 eIMHHUY NOBepXHOCTH, HOPMaJbHOM K HanpasJeHHIo
UX nBMkeHHs). Bextop A, Kaxk M npexne, 03HauaeT MAOTHOCTb NOTOKA
tena. Ilosnnee Mbl noapofHee OCTAHOBHUMCH Ha CTPOFOM onpefeneHun K,
BenuunHa g eCThb 3JeKTPOXMMHYECKHH MOTeHUMAN 3JEKTPOHOB MpPOBOLM-
MOCTH B MeTanne (cM. HHxe), o, B M 7— KoHCTanTel. BuiGop notokos j¢

nh ncun —grad;: v —(grad T)y/T cpenan B COOTBETCTBMM C mpaBH-~
JaMy TepMOAMHAMUKH HeoOpaTHMbIX npoueccoB (cM. crp. 260) 1), nostoMmy

1) OtMeTnM, uTO 6OJ€€ CTPOrQe paccMOrpeHite ciaeiyeT NpPOBOLHTL € yHe-
ToM Kputhkn KasmMupa (cM. ctp 250).
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MBbl HMeeM mpapo NpUMeHHTb npuHuMn Onsarepa M noJIOXUTL KO3 QuLMeHT
npu —gradyp B ypasiienun (12.16) pasubm f.
3anMcbiBas nOTeHUHAN p B Buie

p=p—ep (12.17)

Mb pasfle/ifeM €ro Ha JBe YacTH: XMMMYeCKyi0 4acThb, 3aBUCAWYIO OT
COCTaBa M TeMNepaTtyphbl CPelibl, U 3JeKTpHueckyio yacth —eg. Cneayer
OTMeTHTb, YTO BCJELCTBHE 3aBUCHMOCTH p OT TeMneparyphl gradp conep-
XKUT yacTh, 3apucamylo ot grad T. Takum o6pasoM, BAUsHHE rpaiHeHTa TeM-
nepatypul OMHCLIBAETCH HE TOJNbKO BTOPHIMU ulieHaMH B ypaBHeHsix (12.15)
u (12.16) Bro He coBCeMm yA0OHO, MO3TOMY MOWHO OBUIO Obl H3MEHMTDH
¢dopMmy ypasHenuft (12.15) u (12.16) Tak, utolel OHM coepikany no ABa
HE3dBUCUMHX YyJieHa B NpAaBol 4acTH: ONMH— OTpamaioiMi JHIIb BAMs-
HHs HEOIHOPOLHOCTH COCTaBa, APYroff — ONHCHLIBAIOIIMA TOJMLKO BJHsAHHE
rpannenta TemnepatypH. OZHaKO, HeCMOTpPS HA HeKOTOpoe HeynoGCTBO,
Jyuyllle JMCNOMb30BaTh MMEIOILYIOCH CHCTeMYy YypaBHeHMH, TaKk KaK B TOM
cnyuae, Korna ypasHenns (12.158) m (12.16) 3apauel, nocienyiomee pac-
CMOTpeHMe CpaBHUTEJbHO MPOCTO.

2. CropocTb BbieJeHust Tenja, YroOb noHaTb (UaMuecKNH CMBICH
kos¢pduumenta o B ypasHenun (12.15), paccMOTpUM paBHOMEpPHO Harpe-

Ty10 onHoponnyio cpeny. Torna gradp =0 n gradp = —egrad . IToatomy
f=—1

=—Z =oegradg,

OTKYZa CllellyeT, Y4TO &e?2==0¢ (06— yle/bHass 3NeKTpONPOBOLHOCTL), MM
a~1= e2p, (12.18)
rie p — ylAelbHOe 3JEKTPHUYECKOe COMpOTHBJEHME,

Haitnem Tenepb us ypasnenntt (12.15) n (12.16) Bu'pamenve nns

CKOpOCTH BHeJenus TennoBo#t suepruu. Chauana onpepenum gradp us
ypasuenus (12.15), a sarem nmoxcraeum ero B (12.16). Torna

gradp = — o1 — o1 £ (12.19)
h=atfy +@fe- p BRI (220

Beenem 0603naueHne a~i3/T=2X. Tlosnnee M yBHIMM (cM. cTp. 265),
yto -— 2/e ectb afCOMIOTHAA TepMO3JIEKTPUYECKas MOILHOCTb NpPOBOLHHKA
B LaHHOW TOuYKe npM HaHHOH Temneparype. ¥paBuenus (12.19) u (12.20)
Tellepb NEPEXOAAT B

gradp = —a-1°— Xgrad 7, (12.21)
h=—=T.j —kgradl, (12.22)
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NN, A ekl it -

jae k= -—(3 13 —y)'T —KospduuMeHT TenI10npPOBOIHOCTH B OTCYT-
creie 9 12KTpiyeckoro Toka (j° =0). 3ametum. yro X cBA3LiBaer rpa-
IMEHT 3JTEKTPOXNMHUYECKOrO MOTEHUMANd C PAIHEHTOM TEM JepaTypht.

Ecnyn 3/eKTpHYSCKUR TOK OTCYTCTBYET, TO MOTOK SHEP~HH (CKOPOCTb
[POTEKAHHS SHEPIrVM 4epe3 €IMHUUY MOBEPXHOCTH, MNepPTEHIUKYAApHOH
HarpaBJeHHI0 TIOTOKA), KOTOpHM Mbl 0003HauuM uepes j¥, paBeH Tem.o-
roMy noToky k. OIHako, KOrAa NPOMCXOLUT TNEpeHOC 9JeKTPOHOB, TO-
TOK J" LOJMeH COlepXaTh 4YJeH, yUMTHBAOWMH 5TO IBHKeHHe. MOIKHO
MoKasaTb, 4T0, B AEHCTBUTENbHOCTH,

: Jt=h-ppe. (12.23)

[TOCKO/IbKY He BIOJHEe OYEBMIHO, YTO CJeLYyeT TOHMUMATh NOL CKOPOCTHIO
TeIJOBOTO MOTOKA IpH HANMYMM  3JeKTPHYECKOr0 TOKa, OlpelesieHHs,
NaBaeMbie pa3NMuHHMM aBTOpaMH, He OIMHAKOBW. ECJM He BHWXOLUTH 3a
npelepl 3ana4, KOTOPHE CTABATCA B HACTOAweH KHure, TO MOXKHO TNpel-
JOMUTb HUTATENIO TMPOCTO MPHMHATb ypaBHeHMe (12.23) B kauecTBe omnpe-
neteHuss h, a TakKe cuMTaTb, 4TO BeauuHHa kb, onpelejieHHas TaKuUM
ny 7€M, YILOBJETBOpseT ypaBHenuio (12.16).

Vcnonbays Buipawenne (12.22) nns h, ypashenue (12.23) nng notoka
3Hepriy MOXHO 3amucaTb B BHIe

Jf=(TE 4-p)je — kgrad T. (12.24)

Takum oOpasoM, J¥ COCTOMT M3 IBYX ciaraeMwX: OLHO M3 HUX obycro-
BJIEHO TNpPOTEKAIOIMM 3JEKTPIYeCKUM TOKOM, & BTOpOe, YKE M3BECTHOC
1taM, BO3HMKAEET 33 CYyeT NpalheHTa TeMNEparyph.

CkopocTh BhiIeNeHMss Tensa B elMHMuHOM OOBeMe B OKPECTHOCTH
LailHO# TOYKM paBHA B3ATOH CO 3HAKOM MUHYC LMBepreduUMM BekTOpa f©.
Takum 06pazom,

—div# = — je grad (TE 4-p)— (TZ -p) div j& - div (kgrad 7).

Tak Kak Mbt paccMaTpuBaeM TOJbKO CTaMOHapHHe coctoanus, 1o div f¢ =10

M BTOpOH ujen B Tmpasoft uacTm McuesaeT. Cien0BaTeNbHO, MH MMeeM
[ 4

— div jo = — je (X grad T }-grad p) — Tj¢ grad £ 4 div (k grad 7).
Hcnonways ypasnenve (12.21) u cdopmyay (12.18), nonyuaem
—divjt=e2p(fe — Tj¢ - gradY4-div(kgrad T). (12.25)

TaxkoBo noiHoe BHpaxeHHe ANA CKOPOCTH BBIAE/JEHHs Tenaa B eilUHUY-
HoM oObeMe Tema mpi HadM4Mm: 1) SAeKTpPHYeCcKOro TOKa (C MJIOTHO-
cTbio — ef¢), 2) rpamventa cocrasa (grad £) u 3) rpanneHra Temnepa-
Typhl (grad 7). IlepBuit uneH B npaBoft 4acT npencrasiseT co6oi mxoy-
neBo  Temao, BTOpPOH — Tenio, OOYCI0BMeHHOS TepMOSJIEKTpHYECKUMH
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adrpextamu. ITocneniuft uteH umeeT AAs Hac HanboablUi MH1epec; obo-
3HaYuUM €0 uHepes ¢:
g=—Tjegrad ¥, (12.26)

Tperu#t unen B npaso#t uactv (12.25) ecTs T2n10, OTBOLMMOE B COCel-
HUe 3s.deMenTH oObema Gaarofapsa OObIYHON TerJIONPOBOLHOCTH (B OTCYT-
CTBME 3JEKTPHYECKHX TOKOB).

Ecnu Teno HaxoZuTcd B CTAUNOHAPHOM COCTOSIHMM, TO B HEM, KOHEYHO,
He MOMXET NPOMCXOLUTb BrieNeHHe Tell.a, Tak Kak OHO MPHBOIMJIO Obi
K TIOBHIUEHUIO €ro TeMmepaTypd. TakuM oOpa3oM, B CTaUHMOHAPHOM CO-
crosnun — div f# =0, ¥ Bce TpM yjena B NpaBofl yacT! ypasHenus (12.25)
LOMKHW MMeTb TaKie 3HauyeHus, 4roOH uX cymma Obi1a paBHa HYJO.
Hanpumep, 8&wnd24cnuz Tenna B HekotropoM ofbeme 3a cueT s¢dexta
IxOyas M TepMOSJeKTPHYECKUX fBJeHMH [LOMKHO KOMIEHCHPOBaThCA
TOYHO TaKHUM Ke 0ms5000M Tenna, 4To o0yCNOBAMBAETCS COOTBETCTBYIO-
UMM pacripene/leHHeM TeMNepaTyp, XapaKTepH3yeMHM TOCTEIHHM Y/JeHOM
B ypaBHeHnu (12.26).

2. BuiBoa M3 moayueHHRIX ypaBHeHuil opmya aas HAO0faemMbIX
TepMoagekTpuueckux appexro. Va3 ypasuemntt (12.18) u (12.16)
Mbl TOJy4HAHN ypaBHerHs (12.21) u (12.22) u, HakoHeu, ypasHeitne (12.25)
L9 CKOpOCTH BHIeneHHs Terna. PaccMoTpuM Temepb, KaK MOWHO Bhi-
BECTH W3 STHUX YpaBHEHMH BblpaXKeHUs LS HAOMIOLAeMbIX TEPMOSJEKTpH-
YeCKMX BeJMYNH — TepMoO-3.4.c., Tera IlensThe ¥ temia Tomcona.

1) Teprmo-s5.0.c. Bupawenne nna TepMo-3.4.C. TepMONaps B 3a-
BHCHMOCTH OT X 1J9 LBYX METa/VIOB MOJy4aeTCsl MHTErpUpOBaHWeM mpa-
BOH M JeBOH uacTelt ypaBHeHus (12.21) no saMkHyTOff UenH, H3oOpaweH-
Holt Ha ¢ur. 66. [1a crauMorapHoro coctosnus j¢ =0, ¥ ypasrenne (12.21)
TIpUHUMAET opMY

grad (p — eg) == — XL grad T; (12.27)

TOrZa MHTErpHpOBaHNe LaeT

[do—e [ag=— [zar.

Ecnu Mbl HauHem C OnHOH OOKJanKH KOHIeHcaTopa W, NPOMHTErpHpOBaB
no Bceft UenH, NpHieM K ApPYro#l, TO HayajJbHOe M KOHEUHOE 3HAYEHUA .
6yLyT paBHH, TaK KaK OHH OTHOCATCH K OLHOMY H TOMY Xe MeTalay
IIpY ONHOH M TOH e TeMmneparype; TMOSTOMY MepBmfl uJieH paseil HyJIO.
B pesynabraTe MHTerpHpOBaHMA NOJyyaeM

¢ Ao == (5O $@) AT,

Orciona onpesensieM TEPMOJIEKTPHYECKYIO MOLLHOCTb!

Ac i) g®) .
= (12.28)
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Urenst — 5®/e u — £®)/e moxwo nassare a6cosomubmu mepmosaex-
MPULECKUME  MOWHICMAME JBYX pacCMaTPUBAaeMHX MeETa1/OB B TOM
CMbIC/IE, UYTO DAa3HOCTb MewIY TAaKMMHM Be.MuMHaMy 19 Mobofl mapw
MeTalOB 7aeT HabniofaeMOe 3HaueHHe TepMO9EKTPHYECKOH MOILHOCTH,
2) e ITeavmpe. Tak xak divye=0, To j¢ MOXHO BBecTu
noll. 3HaK MNpOH3BOAHOM B ypaBHenun (12.26) nasa Tenna TepMO3JeKTpH-
yeCKOro 3eKTa, KOTOpOe IIpH STOM MpHHUMaeT LPYryw ¢opMy

g=— Tdiv(Zj°). (12.263)

Ilns noBepXHOCTH KOHTaKTa MeXLY NpOBOLHMKaMH ypasHerue (12.26a)
ypoLLaeTcA: BEIDAXKeHMe LJS CKOPOCTH BbiENeHMS Terja Ha enHHUULY
naolany KOHTaKTa MMeeT BHL

- TAn(Zje)'

rie A, (£f¢) — cxayok HOpMaibHOH KOMMoHeHTH! XLje. Tak Kak KOMIOHeH-
Ta fé, HOpManbHas K MOBEPXHOCTH KOHTaKTa, HENpepbiBHA, 3TO BhLipaie-
HUE MOXHO 3amycaTh B BHAE

— T(2@ — £®) je, (12.29)

rie uHuekcH (a) ¥ (b) OTHOCATCA K 1BYM pa3jiM4YHEIM IIPpOBOIHHMKAM,

a J,— HOpMaTbHas KOMIIOHEHTa, HAlpaBleHHas B CTOPOHY «. Buipaxe-
nue (12.29) onucoieaer Buinenenne Temna IlenbToe B ofueM cayuae
M ocraeTcsi CTNpaBelJMBbIM LAXe TOIAA, KOrLa TOK MepeceKaeT MOBepX-
HOCTb KOHTaKTa He MO HanpaBNeHHI0 HOpManu. Ecay HanpasseHde BeKTOpa
TJIOTHOCTH TOKA J Ha MOBepXHOCTH KOHTaKTa COBMNaiaeT C Harnpas/eHHeM
HOpManu OT & K b (T. e. MOTOK 9JEKTPOHOB HaupaBleH OT & K a), TO
Bhipa)keHHe ANA CKOPOCTH BhlieqeHHs Tela Ha eNMHUuy TIOUIafH KOH-
TaKTa MMeeT BMI

L ~a) vy J
T(X ) <.
Iostoumy, yuutbiBas onpezenenve (12.1), nonyuaem

@ —_gh)
RSy

I, (12.30)
Wa dopuyam (12 30) B coueranuu ¢ coornoienven (12.28) cpasy cne-
IyeT BTOpoe cooTHomenne Tomcona (12.11).

3) Ippexm Tomcora. UYrtoOw nonyuyurb Qopmyay A s Tenra Tom-
coua M3 ypasineuns (12.26), paccMoTpHM BHOBL YC/IOBMS, NPH KOTOPLIX
6bio BBefeHO OTpeleneHMe Temaa ToMmcoHa. Kak yxe ykasblBanoch Ha
crp. 268, MH paccmaTpHBaeM HEPaBHOMEPHO HarpeTyio NPOBOJOKY M3 OLHO-
pOLHOrO MeTa/jJa C TIOCTOfHHHIM TOTEPeYHbiM Ced2HHeM A, yepes KOTO-
pYIO TIPOMYCKAeTCsl SJMeKTpHueCKMHt Tok J. [IpoCTpanCTBEHHble M3MeHeHMHs
NPOMCXOLAT TOJLKO BAOJb NMPOBOJOKHM; 3TO HATpaRTelide MW TNpuMeM 3a
och x. Ilycts TOK / Teuer B CTOpoHy BospactdiMa x. Torma sexrup j¢
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HampaeJeH B CTOPOHY yMeHbiutenus x. [lostomy i3 ypasuenus (12.26)
0.7y 4aeM
dx

g=Tje i

Takum oOpasoM, B 3JeMeHTe AJUHH dx B eIHHMLY BpeMeHM BLIAGJAETCHA
TErnJo

qAdx=TjeAdS=T(2)dL=—x/dT,
rae kosdduuneHT TOMCOHA T CBSI3aH ¢ X BhipaXeHHeM

T (0%
1—_——7(0—T)x. (12.31)
3anMcHBas 3TO BHIpaxeHHe A1 000MX NMPOBOLHUKOB & M b M KOMOMHU-
pya ero ¢ ¢opmynoft (12.30), nerko nosyunTs ypasHende (12.13).

4) Tenno Ileavmve u mengo Tomcona. TlokakeM Tenepb APYriM
cnocoboM, u4to ypaBHeHMe (12.26) maer Beipaxenns Aas Temna IlenbTbe
v tenna ToMcona. [insi 9TOro HYMXHO Y4eCTo, yTo L 3aBUCHT OT KOOp-
IHHaTHl BOSKMM oOpasoM: X MeHsileTC € KOOPAMHATOH, BO-NMepBbIX,
BCJEACTBHE HEOLHOPOALHOCTH CBOHCTB Cpesbr (HarpuMep, IpH Tiepeceue-
HUM TIOBEDPXHOCTHM KOHT@KTa MEXAY pasJUuHBIMM MeTa/lJaMH) M, BO-BTO-
pbiX, BCMEACTBMe HEPABHOMEDHOrO pacnpelefeHus Temneparypel. Cneno-
BaTenbHO, grad X COfep:MT f1Ba ujeHa, M MHE MOXeM 3anMcarthb

. on O e O e [ O2Y OT
IMepsrift unen B mpasoft uacty npexncrasager cobo# tenao IlenbThbe, npo-
NOpLUHOHaIbHOEe TOKY M CyluecTByiolee Onaronaps MaMeieHHsM CBOHCTB
cpenn C KOOpIMHaro# (mpHM mocrosHHOH Temneparype). Bropoft uned
npencrasaser cofoft Tenno TOMCOHAa, NPONOPUMOHANLHOE TOKY M rpa-
IMeHTY TeMMepaTyphbl.

4. NMopanok seanuuHbl koapduurentoB, OuenuM NOpALOK Bedn-
upHb KO3(QUUHEHTOB, CTOSMX B ypaBHeunax (12.15) m (12.16). Has
XOpOLIero TpPOBOLHUKA H3MepAeMbie BeJAHUMHbI OOBIYHO HMEKT Chelyio-
[iMe THTHYHbie 3HAueHUs B enMuuuax MKS:

=420 Oxc; M - cex + 2pud,
¢=1,8.10"" ox - x.

-19 -
Tak kaxk e=1,6.10 en. MKS, 1o a’jcomoTHads TepMOINeKTpUYyecKas
MOLIHOCTb

—ze—= 1,0.107° 8/epao, =i{,0. 107,
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Jlanee, HaxoLum
e l=e2=14,6.10""% a=2,2-10%.
Ecm Bastb 7 =300°K, To

B=T%a=1,1.10%,

Tak kak
. a"lﬁ?__'r
k = — —-—T-—.

TO
=FkT +2-'32=1,3. 10°+4- 5,6 - 102,

¥ MH MOMeM cuwraTb, yro y==1,3 . 10"
Otuouniene B%(ay) GespasMepHO M sBJSeTCA Mepolt CBfi3M MeXAy
TEIIOBLIMY U 3MeKTpHyecknMM s¢dpextamu. Hns naduoro cayuyas

B2 _ 4. 08
(w{)—4 107,

§ 8. TepmosnexTpuueckue addexTh B Kpuctaanax

1. BuiBog ypaBHeHuil noToka. Tenepb, KOria Mbl MOJNYYHIN YpaBHe-
Hua (12.15) u (12.16) 119 MBOTPONHLIX TNPOBOLHMKOB M YBUIAEAM, Kak
U3 HUX MOMYHAIOTCA BHpAXeHUA AJf HAOJIONAeMBIX TepMO3JIEeKTPHUYECKUX
3¢peKTOB, OueHb TpocTo 00OOIUMTL 3TH YpaBHEHMA M AJs cayyas ady-
30TponHLIX npoBoinukoB (JoMennkam [32])!). EnnHcTBeHHOE H3MeHeHHe
COCTOMT B TOM, YTO KOSG((HUMEHTH o, B, { Tenepb OKA3HBAIOTCH TEH30-
pamu BToporo paura. YToObl BBLIACHUTb, KaKNMHM IMEHHO TepMO3JEKTpH-
YeCKMMH CBOHCTBaMM BLI3BAHO 3TO M3MeHeHme, OyldeM OnepHpoBaThb C MC-
XOIHBIMY YpaBHEHHAMM TaK e, Kak M padblle. [TpH atom ynobHee pac-
cMaTpuBath o, §, 7 M BCe BeKTOpDH Kak MaTpuubl (cM. ri. 1X). Torza
B HHIEKCHBIX O0O3HAuYeHHAX MOMKHO 3amucaThb

, o 1 or

Ji=—oy "—af:k — Bir T Oxp " (12.33)
op 1 or

b= — Bt G — Vi T 3y (12.39)

Cornacio mpumimny Oiarepa (cM cTp. 249), mosHas marpulla KO3¢-
¢uneHTOB, CTOALMX B NpaBoll YacTH 3TOM CHCTEMbl ypaBHeHMH, LOJMKHA
Obith cuMMerpuunott. OTciofa cpasy clefyeT, HTO (o) M (Y ;) — CHMMe-
Tpuursie Matpuubl. OTCIOna BHITEKAET TaKWe, 4YTO JeBATh KOS(HIKeH-
t0B ipH (1/T) (0T /0x,) B ypasHerny (12.33) 0aMHAKOBH € NeBATLIO KO3~

¢uunentamy npu Op/Ox, B ypaBHeHMH (12.34); HO, pasBepTHBas U/eHH,

1) [puBeiennHoe HinKe PacCMOTPEHMe Mo GOpMe HeCKOJLKO OTJMYHO OT TOrO,
KOTOpOe nman JloMeHukami, HO 7C CYLieCTBY COBMagaeT € HHM
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Jerk0 BHMAETb, Y10 B NEPBOM YpPaBHeHNH CTOAT KosuuMeHTH B,,, Toraa
KaKk BO BTOPOM {;. Takhm o0pasoM, B ) aTpMYHOM 3amMCH Mbl MO.Ty4aeM

je=—agradg—pgird—r-. (12.33a)
h=—ptgrad;—yﬂ3rq—r-. (12.34a)

rie [, — TpaHCMOHMpOBAaHHas MaTpHUA NO OTHOIEHMIO K Marpuue .
B o6wem cnyusae B— HecHMMeTpHuHad MaTpHua.

2. CKOpocTh BhiteneHns Temaa. AHajsorMyHo ypasHenuo (12.18)
L7151 M30TPOTIHOTO CJyuas, Mbl Tenepb HMeeM

a~l=1¢%, (12.35)

roe p-— MaTpHua yIAeNbHOFO 9MeKTpH4YeCKoro conporuBienus. ITostomy
CHMMETPHYIIOCTb @ CaefyeT M3 CHMMETPHYHOCTH &.
Ypasrenus (12.21) u (12.22) npunnmaior sun ')

gradp=—a-4¢— g gradT, (12.36)
h=Txg j° —kgradT, (12.37)

rie E=(a" BT uk=—(Ba B~ ¥)/T. npuiem E n K— Tenepb
MaTpuubl (k— MarpHua kosd@HuHeHTOB TennONpOBOLHOCTH, a ¥ — mMa-
TpULa, XapakTepusyloian TepMOa/eKTpH4eckne cBoficTa kpucTanna). Mx
KOMIIOHEHTH SIBJSIOTCH (PYHKUMAMM KOODLMHAT M TeMrepaTypu. Jlerko
IOKAa3aTh, YTO M3 CHMMETPMYHOCTH & M ¥ ClelyeT CHMMeTpMuyHOCT: K.
Onnako Marpuua X, Boolule roBops, HeCHMMeTpHuHa. _

OrmeTtum, yro, nonaras B ypasHemuM (12.36) jé==0 u pasnaras p
Ha XMMHYECKYIO U 3JIEKTPHUYECKYIO YacTH, COrNacHO cooTHolueHuo (12.17),
MB  TONysaeM YypaBHeHHe LAl TEpPMO~3,A.C. HA eIMHHUY LJUHH,
a HMEHHO:

—grado—=——(E grad T -grad p), (12.38)
UJN B MHIAEKCHOM 0603Haqu““
o __ 1y (O &
—E—— -E‘_-lk( I —+—7x—l-). (12383)

ITorok 3HepruM onpefensieTcs ypaBHeHHeM, aHanoruuHeiM (12.23):
je=h4-pje, (12.39)

1) Moxno Jerko nokasate, 4t0 ecau A M B — marpuun, 10 (AB), = B(A,,
CrnenosateabHo, . |
Iy = T Be(@ )= T Bex L,

TaK Kak «~!-— CHMMETpHYHAA Marpuia. '
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rne BCE TpHU 4.eHa — MarpHub-cronbun. OOoOuiernem (12.24) sBnsercs
ypaBHeHe

jr=(TE,+pl)je—kgradT, (12.40)
IaH B MHAEKCHOM 0003HayeHUH

. - . or

j;z=(7‘2"1 —]—-pﬁm) j[e-—kkl'a—xl‘. (12.403)

CKOpOCTb BbleJeHUS TeMnJsa OMNMUCHIBAETCA ypaBHEeHHEM

Of . or O 5 \ e 0 (s
——m=“(3w Txk'Fm%)li—T Ty (JiZu) +

2 or
+m(kk,5§). (12.41)

Yparrenue (12.36) moxasnBaeT, YTO BblpaxeHHe, 3akJNI4EHHOE B IEPBbIX
ckoOkax B mMpaBo#t YacTH, ABJAETCS {-B KOMIOHEHTON MaTpuub — &~!j¢,

a umenno — (a~'), j¢. CnenoBarenbHo, nepBhift 4leH B TpaBof 4acTH
ypasuennn (12.41) ecte MkoyseBo Temao
€%, J 1%
OkoH4aTeJbHO MH HMeeM
Ojy . d (e 9 or

3neCb MNepBHI uneH B mpaBoff 4acTH npencTaBaseT COOOH HKOY/AEBO
TEINIO0, BTOPOH — Temo, BHIE/AIOIEECT 32 CYET TEPMODIEKTPHUCCKUX
apdexros, a Tperuit — Temnao, oTsoiMMoe OJarofaps TEMNONPOBOILHOCTH.

3. O marpeBaHMM 3a cueT TepMO3JeKTpHuYeckHX 3IPdekTos,
Bropo# unen B npaso#t wactn ypasrenus (12.42)

. (7] .
g=—T 5= (iZy) (12.43)

npencrasaner co0of Tenso, BHZefIOLleecs 3a CYET TepMOINEKTPHYECKHX
adpexToB 1).

Mb! BUOUM, UTO 4YNeH [1/T paBeH B3ATOH CO 3HAKOM MHHYC JIMBEpreHUNH
BeKkTOpa jiX,, KOTOph# B ofweM cayuae He napasjeneH BeKTOPY

1) 310 BLpaxenne Bnepsbie Noayuuau Jpendect u Pyrrepc [35), ucxona
M3 MoCTyqarta, COIVIACHO KOTOPOMY TEPMOI9JeKTpHueckHe 9((MEKTH MOMNHO pac-
cMarphBaTh Kak ofpaTHMble K HE 3aBUCALIKE OT COMpPOBOMIAlOMMX KX neobpa-
TUMBIX 9¢dexToB, JTO OLLIO crenano no Toro, kak OHaarep chopMyaHpoBad
CBOI0 Teopuio HeoOpaTHMbIX npoueccosB. Taxo# ,NceBrOTEpMOCTATUUECKHH® M01-
Xo1, Henoab3oBauHblii JpendecToM K PyrrepcoM, He fBASETCA YIOBIETBOPHTEb-
HBIM, KaK Mbl yxe BHuedlt ha ctp 260, XOTA OH M naeT NpaBHAbHLIA pe3yabTar.
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NJIOTHOCTH TIOTOKA 9AEKTPONOB ji. MOXHO CuMTaTh BeKTOp jiL; M.0T-
HOCTbIO MOTOKA SITPONHH, TEPEHOCHMOrO NOTOKOM 3JEKTPOHOB.

7179 TOBEPXHOCTH KOHTakTa BHpakeHne (12.43) L1s CKOPOCTH Bbife-
JeHus Tenja Ha eNUHMLY NJOMAIN NpuUHiIMaer GopMy

—T8, (7EZ ) (12.41)

rie, kak M npewkie, cMMBoa A, ( ) 03HAYaeT CKAYOK HOPMaAJbHON KOM-
MOHEHTbl BeKTOpa, 3aknoueHHoro B ckobku C apyrofl cTopoHb, Mbl

MOX€M HCI0JIb30BaTh jl BMeECTO jf M 3anucarb Bhbipdiende A4 Bblie-
JAoUlerocqa Ter.ia B Bule

A, (1T, (12.45)
roe 11, — sampuga (mnn mensop) IMespmse, onpelensemuiit 4J Kax-
L1010 NPOBOAHMKA GdopMyaoH

I, =72k, (12.46)

ITpy HamMuMM 3/1eMEHTOB CHUMMETPHMH Y KPUCTATJA UMCAO He3aBHCHMBIX
koMnounent X, (M [l;,) ymenbiuaercs, Kak Jerko MOMXHO NOKasarb
TABIY LA WM
DOPMBL HEPMOIACKMPULECKOZO MEHBOPA
O6o3nayeHus
. KOMIIOHEHTa, paBHas HYJIo,
@® KOMIIOHEHTa, OT/JHuYHas OT HyJ4,
®—@ DaBHbI€ KOMIIOHEHTHI,

@—O KOMIIOHEHTDL!, YHCJICHHO paBHbLIC, HO NPOTHBOIOJOXHLIE [0 3HAKY.

TPUKAUHHOA cUCMEma | MoHOKUNHOA cucmemn [Opmopor Suseckon clicmema) KyOuveckas cucmema

(o6 xnacca) (ace Knaccwt) (6ce kaaceer) (6ce kngceol) U Uspmpon-
Hble mamepuanet

o000 ® -0 e . .
o000 « @ o e @ o
® 0 99 ® - @|(5 * « @3

TpuzonansHan, MEMPEEZOHANLHAA U SEKCAZOHANBHUA CLCIMEMbI

Knaccw: Hnaccor
3, .i, 32, 3m, 3m,
4, 4. 4/m, 422, 4mm. 42m, 4/mmm,
6,6, 6/m €22, 6mm. 6m2, 6/mmm.

o o .ls) LI 4 .(2)

[}c: N
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ob6biuHbIMUH Meronamu. CrelyeT NMOMHMTb, uro B 00meM cayuae
X, FX, (12.47)

dopma [X;] npu o6bIuHOM OpHeHTALMH KpuCTannoB (CM. TPUAOKeHNe 2)
npUBeAeHa NS pasJMYHBIX KpHUCTaniorpadHyeckUX kJaccoB B Tabna. 14,
riie MCNIOML3YIOTCA T€ Xe CHMBOJbI, YTO M BhILIE,

IMepexons K uacTHpiM CAyuasM, Kak STO Jesalocb AN M3OTPONHHX
MaTEepHAI0B, Mbl MOXeM BHIACHHTb 3HaueHue DasNMuUHBIX KOMIOHEHT X,
KOMIIOHeHTBI, CTOfILNE HA Ta4BHOM AMaroHanM, cBA3aHH ¢ sddeKTaMy,
aHaNOTVYHBEIMM TeM, KakHe HabMIONAlOTCA B M3OTPONHHX Marepuanax, Xors
Tenepb, KOHEYHO, 9TH 3¢QeKThl 3aBUCAT OT HaNpaB/eHUs ILNA BCex
KPHUCTA/IOB, KpOMe KyOuueckux. HennaroHanbHbie KOMIOHEHTH X, OMpe-
IeNAIOT  CYleCTBOBaHMe nonepexunozo afhexma [leavmbe, KOTOpHIY
cnelmdpuueH AJas HeKyOMuecKMX KpucraianoB [cM. (12.44)]. 3to moxHo
BUAETb Ha NpHMepe CTepxkHsA M3 HekyOuueckoro Kpucraana (¢ur, 67)

I ButBenenue wnenna

/

JZ

Iy J e’ L__..f Ly

\ﬂazﬂamenue menna

dur. 67. CxeMa, Nosicusiomasl BO3HHKHOBEHHE
nioitepeunoro spdexta [leabThbe.

¢ ILMMHOR, napanfienbHOH Xx,, M NPAMOYrOJbHLIM MONEpeUHbiM CeyeHNeM,
ITycTh BHOJb CTEPXHA TeueT NMOTOK SJEKTPOHOB C PaBHOMepHOH INOT-
Hoctblo j°==[j*, 0, O]. Ilpu srom BekTOp jfi%, He Oymer, BOOOWE
rosops, napanieieH j°, Tak Kak Hapsany C npononbuon KOMNOHeHTON j¢X,,
CYWECTBYIOT TOTepeyHbie KOMNOHenThl f¢X, M j*%;. Ha BepxHeft
rpaHH, NepreHINKYIApHOH X, HMeeT MeCTO CKa4OK Hopmanbﬂoh KOMIIO-

HeHTbl JiX,,. paBHb#t —j Y., a nostomy, cornacHo ypasxennio (12.44),
6yneT npoOMCXOIMTb BHIeNeHMe Tenna B konMuectBe 1 j°%;,. Ha npo-
THBOIONOKHON rpaHd OyleT NOrMOWATLCA paBHOE KOJHMYECTBO TeIa.
AHanorMyHOe BbiZe/eHMe M MOr/OmEHNE Tella TIPOMCXOIMT M Ha rpaHsx,
NepneHANKYSAPHBIX Xg.

Ecan Mu npomud¢epeHiypyeM npapylo yacth ypasHeHus (12.43), to
TNONyYnM HHTepecHblt pesysbrar. Ilpn 3TOM HeoGXOZAMO MOMHHTB, YTO
Y,, 3aBMCHMT OT X, IBOskMM 0Opa3oM. Bo-mepsbix, TaK e Kak A
M3OTPOMHOH cpend, X, MEHAETCs C KOOPAMHATOM, KOrla M3MEHFIOTCA
CBOMCTBA Cpenbl (HampHMep, KOr4a Mbl MepecekaeM NMOBEPXHOCTb KOHTAKTa
MEWIY ILBYMS Pa3qMYHLIMM KPHCTANNaMM WM Mew1y ONMHaKOBbiMH, HO
NO-pa3HoMy OpHEHTUPOBaHHLIMH KpucTannamu), Bo-ropuix, X,, Mensercs
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C KOOpIMHATON BCNEeACTBYME HepaBHOMePHOCTH paclpefeleHHs Temlicpa-
Typbl. Ilostomy npu auddepeHuMpOBaHUM MOABAMOTCSA ABA YneHa. Takum
00pa3oM Mbl TIONyYaeM

. 0z; 0%, or ojs
_ ) ik e ik - i
q-—-—j[T(m)[-—jiT(W—)xm-— Tllkm. (1248)

IMepBbilt unen B npaBofi yactu npencrasaser coboft tenno IMeavToe,
NpONOpUNOHANbHOE TOKY M BO3HMKalOulee BCNEACTBHE H3MeHEHMs CBOHCTB
cpelbl ¢ KoopaMHuatoft (npu nocrosHHON Temneparype). To ofcrosTennb-
CTBO, 4TO Jj; M X, VMEIOT B S5TOM 4JeHE DAa3JMuHble MHIEKChi, NMOKa3bi-
BAET, YTO M3MeHeHUs X, He B HanpaB/ieHMM TOKA TaKke UrpalT poJb;
KpoMe nponoabHOro sgibekra IlenbThbe, OMMCHLIBAEMOrO useHaMy ¢ ==k,
OHH Hal0T eme nonepeuHblih s¢dexr ITenbTbe.

Bropo#t unen B npaso#t wacth ypasnenMs (12.48) npexncrasaser coboi
tenno TOMCOHa, NpPOMOPUNOHANTbHOE TOKY M rpalMeHTy TeMIeparypsl.
IMockoabky B aHM3OTPOMHOH Cpele MrpaeT poJb FPalieHT TeMNepaTyphl
He TOJbKO B HAMpaBjieHMN TOKA, TO HApALY C TNPOLOJbHbIM 3(hdeKTOM
ToMcoHa ¥MeeT MecTO M nonepeunsiii spdexm Tomcora. TloaHoe Bripa-
»enve nJs Ternna TomcoHa, BblienseMoro B envHHue o0beMa 3a efMHHU.LY
BpeMe M, MOXHO 3anicaTb B BHIE

or

_jl‘:ikm’ (12.49)
rae t,, — menaop mensa Tomcoxa, 3alaBaembll B Bule
T azi,,)
Ty o= —— | 2 1250
i 7 (OT ; )

[cp. dopmyny (12.31)]. )
IMocnennnit unen B mnpaso#t yacTh ypasuennd (12.48) onmuceuiBaer

3¢ deKT, ¢ KOTOPHM Mbl ellle He BCTpeyanuch M KOTOphil, 11ono0HO momne-

peuHbiM sdbextaM Tlebthe m ToMcoOHa, NPHCYI TOMLKO KpHCTalIaM.

Ing M30TPONMHOrO KPHUCTANIA COXPAHAOTCA NMIUb JMArOHA/ILHbBIE KOMIO-

HeHTbl X, M TOCNeAHMH YieH CTAHOBUTCS PAaBHLIM TNPOCTO

dj;

—TX Py

IOas craunmoHapHbHX TOKOB ajf/ax,—_:O, CneloBaTeNbHO, 3TOT 4YJ€H
licyesaeT. B aHM30TpOMHBIX e KpMCTaN1aX 3TOT 4JeH NpPUBOIMT K JO-
MOJIHUTE/ILHOMY BBILENEHNIO Teraa— menae bpuldxcmena. YrasaHHbi#
athpekT 0OyCJOBINBAETCA HEONHOPONHOCTLIY pacnpeneneHns TOKOB.

B kauectBe npumepa S¢¢ekra BpumxMena paccmorpum L-o6pasHbift
KPHCTANM, YacT¥ KOTOPOrO MMEIOT eJMHHYHOe TOMepedHOe CeleHMe
(¢ur. 68). Dyzem cuurath, uTO OpHehTaums oO0eMX uacTelf KpucTanaa
OIMHAKOBA M BeCb KDHUCTAA1 Mmeel OLHY ¥ Ty ke Temneparypy. Ilyctb
NIOTOK 3JeKTPOHOB C DPaBHOMeDHOM TLIOTHOCTHIO j° Teyer BLOJL 4YaCTH
KpucTanna napannenbHO xy, @ 3areM M3MeHseT HanpasieHue U Teder



N

3

Pesome

napalieNbHO X; BLOJAb JApyro#t uwactit, BosbmeMm Takofl kpucTand, Ans
KOTOpOro TeHaop [X,,] umeer popmy

N

u OpHMEHTHpyeM ero Tak, 4TOObl TJaBHas OCb CHMMMerpuM Oblia mapan-
J..abna xg(To! 1a nonepeyHoe Temo [lenbThe He OyneT YCAOKHATL KAPTHHY).
Ilpumenny Tenepb ypasHenne (12.43) k 3awrpuxosanHoit Ha ¢ur. 68
yacth o6beMa. KoMmoHenTh £, TNOCTOSHHBI, M Bennumia — g/T pasna
fuBepreHuut jiX,,, TPOMHTEerpHpOBaHHOM no BceMy OObemy. Ilo Teopeme
laycca TakoH MHTerpan paBeH TOTOKY HODMANbHbLIX KOMIOHEHT JiX,.,
Ha!(paBJeHhOMY HAPYKY Hepe3 NOBepX- "
HOCTH, OFpaHuuuBalIie STOT 00BbeM. J
Hanpasaennibie B CTOPOHY BHellHeH
HOpMaal HOpMaJlbHuie KOMIOHEHTH T10-
Toka 4epes AB u DI paBHb COOT-
peTcTBeHn0 —j¢X,, u f°¥s. B6nan
TIOBEPXHOCTEH KpHCTaNia MOTOK 3JeK-
TPOHOB  MapanfieieH TpaHsM, BHe
KpHCTa11a OH paBeH Hymo. Cnenosa-
Te/IbHO, Ha 3THX CTOPOHAX paccMaTpH-
BaeMoro o0beMa HOpMasbHble KOMIMO-
HenTw fiY,, OTCYTCTBYIOT.
Takum obpaiowm,

‘}-: TJT (Zu - 233)-
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Mbl nO.IyuMAM AAS paccMaTpHBaeMOro dur. Ma,
clyyas Bhipawenue 1Js Tenna Dpumk- Bhjenenne temna BpumxMena.
MeéHa, BO3HHUKHOBeHHUe KOTOpO[‘O Oéy- Tenao BuineNsieTCH UOTOMY, 4TO NOTOK 3JeK~-
C.HOBJIGI-{S NpOCTO M3MeHEHMeM HarpaB-  TPOHOP r “i”ﬁg;g;angl":e Hanpapienue
Jeuus f° B KpHcTanne.

B ofmem cayuae n000e HeOLHOpOIHOe paclpelefeHe TMAOTHOCTH
TOKa B aHU3OTPONMHOM KpHCTaife OymeT TpPHUBOLHT-o K TOMY, 4TO

Y.IeHH 6]'?/6x,, B ypavuenunn (12.48) me Oyayr ofpauwiaTecss B HY.b,
a creponatenvno, Oyler Habnwonatbcs M BhileleHne Temsa Dpumkmena,

PE3IOME

1. TepmoanexTpHueckne 9peKTH B H3IOTPOMHHIX NMPOBOAHHMKAX,
1y Tepro-3.0.c. mepmonaps. EcaM Me:kny IBYMS KOHTaKTaMM TepMoO-
napn MMeercs pasHocTb Temeparyp A7, TO BO3HMKaeT TepMo-3.4.C. Acg.
Besmuiina do/dT ectb mepmoasexmpusecas MOUHOCHS.

1b d» Han
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2) Sppexm [Meavmve. CKOPOCTb NOraOUleHus TeMja B KOHTAKTe
NpM TpOTeKaHuW Toka J OT MeTaasa @ K MeTanny b onperenserca ¢dop-
MyJsioH .
Qup =11,,J, (12.1)
roe O, — rospdbuyuenm Iessmoe.

3) Ippexm Tomcorna. CKOpOCTb TNPUTOKA TelNa, HeOOXOLMMOro
L] TIOLLEPHAHUA CTaUMOHAPHOrO pacnpelieneHNs TeMNEpaTyphl B SJeMeHTe
NpOBO.IOKY, B KOTOPOM NpPHPOCT TeMileparyphl B hanparJjeHHH SJeKTpH-
YeCKOro TOKa papeH dT, onperensercs dopmynoft

dQ =+JdT, (12.2)

rie t-— xosppuyuenm Torcona,
Ilepsoe coomuoumenue Tomcora, BhHITEKaOIee M3 TNEpBOrO 3aKoHa
Tepmoﬂm{amuxu, HUMeeT BUJ

— ATL, 4 (v, — 7,) AT = Ag. (12.12)

Bmopoe coomtuouenue Tomcona cnenyer w3 npunuuna OH3aarepa;
OHO 3anMCHIBAETCH TakK:
% gy
ST =" (12.11)
IlosToMy Mb MOueM 3anucatb Ans Tenna [lenbTbe M pasHOCTH MEXLY
LBYMs 3HayeHMsiMM Terna ToMmcOHa Bmipasenns
dg
I]a,,=—Tﬁ, (12.11a)
d%
drz2"
2. TepmoasektpHueckue 3bhdexTs B HM30TPONHOH HenpepbiBHOl
cpene. 3aiaBluMCh COOTBETCTBYIOIUMMHM YpaBHEHHSAMH TOTOKA, CBA3bIBAIO-
IYMH  SJIeKTpHYECKHH TOK M TeMJOBOK MOTOK ¢ HeHCTBYIOIUMMHM HA HuX
cunamMM (BOBHMKAIOIMMM 32 CuYeT rpaliMeHTa NOTeHUMana M rpalueHTa
TeMnepaTypk:), ¥ Mcrnonbsys npunuun Onzarepa, Mbl HAXOLMM CleLYIOMe
ypaBHeHHsI.
Ins TepMO-s.i.c. HA eLMHMUYy AaMHBL HMeeM [u3 (12.27)]

(12.14)

':a—':b=T

—gradg=— -:; (Xgrad T + gradyp), (12.27a)

roe X -— KOHCTaHta Ans LaHHO# TOYKM MpPOBOAHMKA MpPM 3a4aHHON TeM-
neparype.
s cKOpOCTH BHile]eHHs Temna B eIMHHue OOBbeMa MMeeM, C Y4YeTOM
(12.26a),
— div j* =e%pje® — T div (Xj°) +div(k grad 7). (12.25)

I[lepspi#t unen B TpaBOf uacTH NpeiCTaBiseT COGOH NXKOYNEBO TeEMaO,
BTOpO# — TeMn/0, BBIIENSAIONIEECs 32 CYeT TepMOINEKTPHUECKHX 3 PEKTOB,
W rpeTMH -— 1enno, OTBOAMMOe Onarozaps TemsoipOBOLHOCTH.
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Bropo#f ujen npaBoW uacTH, KOTOPHIE MOXHO aanucaTe B BuIe
~Tjégrad ¥, yuurnibaer kak Terio Ileabtbe, Tak u Temio Tomcowa,

2 HMEHHO:!
orn (0Z\ OT |
T (_()T.)A T (12.32)

e ()Z 0xr
-—=IT 5— ox; ]lT(r)T—

31ecCh TNepBLM YleH B Mpapol wacTu mpeicTasaseT cobo# tenno IlenbThe,
a sTopo#t — temi1o Tomcona. CKOpOCTb Bhileneins TemJa B KOHTaKTe ia
eJVHHIY er0 NJOWAaZM paBHa

—7 (2@ — x®) e (12.29)

rie jp-— HOpMaibHas KOMMOHEHTA, HanpapieHHas B CTOpOHY a. Takum
ofipasom,
T (zl@) — x(b)

oI, =
ab e

(12.30)
Belpawenus nns BceX YNOMAHYTHX Bbillle ReNMUMH, XapaKTepH3YIOLUX
HabJI0faeMbie  TepMO3INEKTpHYecKNe S(dEeKTH, MOXHO BbIBECTH H3 STUX
ypaBHeHNH.

3. TepmosnexrpuueckHe adpdeKTH B KpHcTaJnax, B ciyyae kpu-
CTa1J0B CKanap X 3aMemaeTcsl TeH30pOM X;,. YpaBHeHHs, COOTBETCTBYIO-
mHe ypaBHenuam (12.27a) u (12.25), umewor BHL

Oy 1 or Ou
— = —?(Z,,,W_f- E) (12.382)
"
of4 v 0 oT
- ﬁfr_k:e2pln-ji]; — T 5— ()X (./i +m(kk, Wl)' (12.42)

IMepBuift unenm B npasoft 4acTH TpeAcTaBadeT coOOH MKOYJAEBO Temno,
BTOpOH — Tenno, 0OYyC/IOBNEHHOE  TepMOSJNEKTPHueCKMMH  sddexTamH,
TpeTH}t — Tenno, OTBOAMMOE OaaroLaps TerONPOBOAHOCTH.

Bropo#f wunen B mnpaBoft 4YaCTH MOXHO MNpPeNCTaBUTL CJeLYIOIHMM
o0pasom:

o, 0%\ . (O%\ oT ofg
— 7 55 (15) = — i (52 ),‘—JfT(a—r)xax—,,_Tzik Sy (12.48)

T. €. B BHIe cyMMH Temia [Ileabrhe, Tenna ToMcoHa M Temsa Bpmnx-
MeHa. Tenao ITespmove, Bhilensiowleecs B elvHMUe TWIOIMALM KOHTaKTa,
onpenensercs GopmyJaoh

—T8,(jfZy) =8, y). (12.44), (12.45)

rie A, —cKaiok HOpManbHO# Komnoventnt M I, =T (X,/e) ecTb
mampuya (Mav men3dop) IMeavmeve. B oOweM ciyuyse uMelOT MeCTO Kak
NpoJONbHLIM, Tak M TONepeuHbitt sddekThi IleabToe.

18+
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Tenao Tomcowa, wuifensiomeecs B eluHuile ofbnemMa 3a eAHHHLY
BpeMelH, paBHO

. or
—Jin _dxk ’ (12.49)
rae
T (oZu , ;
Tm—_?(ar )x, (12.30)

3lecb T, ecTb men3op menaa TomcoHa. B obinem crayuae npoucxolut
BblAe/ieHUe Kak HPOLOJBHOr0, Tak ¥ MNoMnepeuynoro teinaa ToMcoHa.

Tenao Bpuodsicmena, Buiiensiolleecs B eiMHMie o0bema 33 eIHMHNLY
BpeMeH, ONMHMCHIBAETCA NOCJAeAHUM 4JeHOM B ypaBHeHun (12.48). Brige-
JeHve Termna BpuixmeHa ectb 9¢eKT, CBOHCTBEHHEHH TOJbKO KpHCTal-
naM, ¥ O6GYCNOBIMB2€TCA HEOLHOPOAHOCTLIO pacrpelefeHHs 3JEKTpHue-
CKOr0 TOKZ.

Takum o0Opa3oM, Bce TepMOSJAeKTpUUeckWe ShdexTs OIpese TAIOTCA
TelizopoM Y, TeMmnepaTypolt u UX NPOM3BOLHEIMM NO 00BeMy. B ofimem
cayuae

i # Lo

Ky6uueckne kpucraniu BenyT ceGsi Kak M30TponHnie Marepuanu. Ceoft-
CTBa BCeX OCTaJbHBIX KPHCTANJIOB aHM3OTPONHBI; B camoM OOIueM cayuae
¥MeeTCsl LeBATb HE3aBHCUMbIX KOSG((DHUHEHTOB X .
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ECTECTBEHHOE U UCKYCCTBEHHOE
JBOUHOE JIYYENPEJIOMJEHHE,
99PEKTH BTOPOro NOPAIKA

§ 1. Jsofinoe nyuenpeJsomienne

B naHHoMt rnaBe MBI pacCMOTPMM HEKOTOPble fIBJEHWA, CBA3aHHbie
C MpOXOwIeHneM CBeTa ueped Kpucrala. Mpi OyIeM M3yyaTs r.JaBHBIM
o6pa3oM 08olinoe ayuenpesomaerue (unu Os0l4HYI0 pedparyu): ecTe-
CTBellHOe [BOfii0e ny4enpesoMaeHHe, BO3NUKaKOMmee 61aronaps eCTeCTBeH-
1Ot aHMSOTPONMM KpHUCTalTa, U HCKYCCTBEHHOe ABOHHOE JyuderpesoM-
JleHile, BLI3LIBAEMOE SJIEKTPUUECKHM MOJIeM (3JMCKTPOONTHYECKUH 3¢derT)
WM MeXaHM4yeCKUM HanpsmxeHueM (doroynpyrocts). Bonpoc o spaujenuu
naockocmy noaspusayuy (Mnv onmuueckol axmugrocmu) 6yner o6cy-
WIaThCa B clenyrowedt rnase. ITornowelye cBeTa KpucCTaalaMy Mbi pac-
cMaTpuBaTh He OyneM.

INpeaitoaaraercs, 4TO 4uTaTesb ykKe MMeeT NpeCTaB/eHne O SBJEHHH
IBOHHOIO JyuenpenoMJeHusi (CM., Hanpumep, KhHHry XapTwOpHa o
CroapTta [48]1)). B n. 1-—3 uanaraiTcs OCHOBHbie S/€MeHTapHbie (HaKThbi,
npeiacTaBAfOLMe N Hac uHTepec. JlOkasatenbcTBa OnMcanubiXx B 1. |
CBOMCTB MHIMKATPUCH, KOTOpLIe OCHOBaHL Ha YypasHeHusax MakcBenna,
IaHbl B MPHJIOXeHuH 8; LN MOHMMAHUA TOC/ELYIOLEro M3JMO0MeHUd OHH
He SIBASIOTCA HeOOXOILMMBIMYL,

1. HHpukatpuca. B usomponroli cpele ImsneKTpuueckne cBOHCTBa
Ha ONTH4YECKUX HacTOTaX O.IMCHIBAIOTCH YpaBHEHUAMY

D=+E, wmw D=xKE, (13.1)

roe ¥ -— AM9JEKTPUYECKAs [IPOHMLAEMOCTb Cpelbl, %, — LUSJEKTpHuue~
CKas npoNMLAeMOCTL BAKyyMa ¥ K -— OTHOCHTeNbHas AMSJeKTpHuecKas
MPOHYULAEMOCTb, MW IHINEKTpHYyeckas nocTosHHas (» u K, BooOuie
rOBOpS, He COBMAJAOT C AUSMNEKTPHYECKON MPOHMLAEMOCTBHIO W AN9JEK-
TPU4ECKOH ITOCTONHHOM, u3MepeHHBIMM CTaTHYeCKuMil MeTOLAMM WM Ha
HUBKMX uacroTax). M3 ypaBuenu#t Makcpeana cnelyeT, YTO eC/lu OTHO-
CUTEJIbHYIO Mai HUTHYIO npOnuuaeMocTh M =p/p, (cM. cTp. 74) nono-
KUTb PaBHOM eliHMLE, TO CKOPOCTb PacipOCTPaHeHHs 9/eKTpOMar HUTHBIX
BOJIH Yepe3 Cpely OMMChizaeTcs (POpMY/IOH

v::f%?' (13.2)

1) Cm. rakike [119, 122). — ligum. nepes.
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rie ¢ -—ckopocTh B Bakyyme (c=1/)%p,) (CM., Hampumep, Kuuiy
Abparama 1 Bekkepa [1]1). Takum 06pasoM, noxasamesrd npesossenis n,
- onpelenfeMblfl Kak ¢[U, 3anuchHBaeTCs B BHIe

n=VK. (18.3)

B cayyae aHuzomponnoii cpeibl (cM. crp. 90) ypasnenus (13.1)
3aMEHAIOTCH 11

D,:=MUE'], wiu Dt=“0KUEj' (13.4)

Korna B ypasHennsx Makcsenta Bumecro (13.1) ucnoabsyworcs ypashe-

Hug (13.4), To noayudaercs cneAyOIMH pesyibTaT, LOKasaHHBH B Tpu-
JoxeHun 8: B oOuweM Cayuae yepe3 KPHUCTANN MOryT PacnpOCTPaHATLCS

dur, 69. [locTpoeHue WMHIMKATPHCHL

OTO MOCTPOEHLle M2eT NBA 1I0KA3RTEAA NMPENOMACHHA W HanpasieHus koaebenuit Bek-
Topa D MRS ABYX NAOCKO-NONSIPUBOBSHHBIX BOAH, CBASEHHBIX € 38N@HHON BOJHOBOM
HOPMAABIO,

He OnHa, a O0ge BOJHB!, WMelO¥e IAaHHYIO BOJHOBYIO HOpManb. Oty
BOJIHbI VIOCR O NONSAPH3OBAHBI ¥ CKOPOCTb ¥X pa3nyuyHa. 3HaueHwe ¢/vV Aasa
KaMOH BOJIIBI MOKHO Ha3BaTb 1LOKQ3GMeLeM NPEAOMACHUS N OISl LaHHOH
BOJIHB, UT0OLI 1306 pasuTh 3aBUCHMOCTD TIOKA3aTeNs NPeOMIEH s 15 3TUX
IBYX BOJH OT HanpasieHyusi MX oOwielt BONHOBOH HOpMaan, OOLIYHO CTPOSAT
9NAMICONE, HasbipaeMuift (OnTuyeckol) undurxampucoli. Ecnu x;, X,
X3— r4BHBIE OCY TeH30pa IMSJEKTpHYeCKOH TNOCTOSHHOR (Mau Iuasek-
TPMYECKOH NPOHUILAEMOCTH), TO WHAMKATpPHCa OMNpeleNfeTCss ypaBHeHneM
2 2
A % A (13.5)

n n: +
rie nl=]/!?l, n,=V Ko ng=V Ky (K;, K, K;—rnasnbie Lusnek-

TPuYeCK¥e TOCTOAHHBIE),
VHaukaTpuca uyeeT clelyiollee Baxuoe cBo#tcrso, [Nposenem 13 Havana

koopausar npsmylo OP B npou3soanuoM Hanpasneruu (¢ir. 69). llo-

2
ng

‘)—CM. tanxke [117). — IllpuM. nepes.



¢ 1 IHoodrce ayuenpeaomnerite 281

CTPOMB LEHTPaNhii0e Ce4eHHe WHANMKATPHCE, MepreHIiKy.15pHOe 310H
npaMo#t, noayyuM suamnc. Torna nokasarem npeoMIedMf AT ABYX
BOJ/IH, (POHTHI KOTOpHX HOpMaabHLi K OPF, pasHbl #1MHam 00.yocedt
storo samunca: OA u OB. Bexrop uHpykuun D B n10ock0-no.spuso-
BaHHOM BOJHe, nOKa3aTeJb [pesOMIeHua A1 KOi0poA pared OA,
xoneGnercs napannenbHo OA. AHanoruyHO, B BOJHe, IS KOTOPO/A NOKa-
3areb npesoMnenus pasen OB, pektop D konebaercs napaancasho OB,
Orciona Kak YaCTHHIH cayvalt crelyeT, YTO IJ4 IBYX BO3MOIKHBIX BOJIH
C BOJHOBOH HOPMANbID X; MOKa3aTenu npenoMaeHus OyIYT pasHH f,
M Nz a BeKTOp D B 9THX BOJHAX napajne/eH COOTBETCTBEHHO Xp M Xj.
AHanoruyHo, BOJHOBas HOpMajb X, COOTBeTCTBYeT [BYM BOJHaM, Aad
KOTOPBIX TOKAa3aTeNu [peJOMJEHUst PaBHL 75 U ny, a BekTOp D napan-
nedeH xg ¥ Xy, Takoe pacCyleHue MOXHO TNPOBECTH W [As BO.JHOBOR
HOpManH Xz Ilo sTO# npuuuHe 1y, n, ng ¥ HA3LIBAIOTCA 24G8HbIMU
ROKQ3ame 1AMU NPEeNOMACHUS,

OrmMeTuM, YTO caM Mo cefe NOKa3aTenb NPEJOMJEHH He eCTb TeH3Op,
XOTS €ero u3MeHEHMsi ¢ HanpaBjeHueM OMPele/siOTCd, KaK Mbl BueaH,
AH3JIEKTPHYECKOH TOCTOSHHOHK, fBAMOIIEHCA TEH3OPOM.

Vpasuenne (13.5) moxHO 3amucath B uHOH ¢hopMe

Bix 4 Boxy + Baxi =1, (13.6)

rie Bi= 1/nf= 1/Kq, a By v Bz uMe0T aHanoruuHeift cMbica, VHbiMy
ciosamu, By, B,, B; apaswoTca BeayuynHaMy, OOpaTHBLIMK 1 1aBHLIM 1¥3JeK-
TPHYECKNM TOCTOSIHHBIM, M Ha3biBAIOTCS OTHOCHUTE/bHBIMU OUSACKMpPUle-
CRUML HenpoHuyaemocmsamu. Herpyano nonsats, yto ypasHeHue (13.6)
npencTaBaseT co004 ypaBHeHMe XapaKTepHUCTHYECKOM NOBepXHOCTH BTO-
poro nopsaka (cM. cTp. 31) M9 OTHOCHTENbHOH nyS/IeKTPHYECKOH
HenponuuaemMocty, ClenoBaTeqbHO, 3Ta XapaKTepHCTHYECKas NOBEPXHOCTD
COBItallaeT ¢ WMHIMKATPHUCOH.

2. BausHMe cuvMeTpHHM KpHcTaana. /1o CuX 10op ME paccMarpupasim
ofwuit cay4afl, T. e. cumTany, uTO CUMMETPHS KPMCTakJad He Hajaraer
OrpaHuyeHMt Ha ero onTtHyeckue CBOHCTBA. Ecin Kpucrann o6nagaer
cuMMeTpHelt, TO ‘popMa M OpHeHTAlLMsl MHIAMKATPUCH TIOLYMHSIIOTCH TeM Xe
OrpaHu4eHMsIM, YTO W XapaKTepUCTHYeCKass TOBEPXHOCTL A4s 06010
CBOHCTBA, OMICHIBAEMOro TeH30pOM Broporo pawra (cM. ra. I, § 5, n. 1),
Otciofa "CielyeT, YTO MHAMKATpHCca KyOuYeCKnX KpUCTAMIOB ABJSETCH
chepolt; Tak Kak Bce LeHTpajbHbie ceYeHHd cdepbl NpeaCTaBAsIOT cOGOH
OKPYHOCTH, 3TH KPHCTaAbi He 00JafaloT IBOHHBIM NyuyenpeOMiaeHHeM,

las 2eKcazoHQAbHBLX, MPMPAZOHAALHILX W MPUZOHOAbHBIX KpH-=
CTaNM0B MHAMKATPHCa NpencTaBiseT cOGOH 3MMMNCOMA BpailieHusi BOKPYT
rnasHo#t ocu cumMetpun (@ur. 70). Tlpunuman 3Ty ocb 8a Ocb Xg,
YDPaBHeHue MHAMKATPHCH MOXHO 3anucaTbh B Buie

2 2 2
o N B
—+to+—==1
o 0 e
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LlenpaibHoe cevenue, MNepiteHANKYI9pHOE [13aBHOM ©OCH (If TO 1hKO 3TO
UEHTPAJIbHOE CeYeHke), eCTb OKPYAHOCTb (paiauycoM f,). ITosToMy TOABKO
Onmuseckas L% BOMHOBOH HOpManu, HanparJeHHOH
oce BLOMb I'/1aBHOW OCH, NBOHHOE Jyyernpe-
JOMJIeHWe OTCYTcTBYyeT. [1aBHas OCb
Ha3bIBaeTCA oRMU1eCKOl OChio, 8 TaKhe
KpuCTanie —— 00roocHetmu. Tlokaia-
Bonwosas TEW TPENOMIEHW ny 1, TPUHSTO
HOpMAfb HA3biBATb COOTBETCTBEHHO OGLIKHOBEH-
Holm Y1 HeoOwlkHOBeHHHM. KpucTain
Ha3bIBAIOT  NOAOJCUMEAbHELM, eCTH
‘ (n,—ny) >0, u ompuyamervroim,
eciu (n, — ny) < 0.
Inn Tpex OCTafbHWX KpHCTa110-
rpaduyeckux  CUCTEM — OpMOpPOMOIL-
YOCKOI, MOHOKAUHHOO W MPUKANLH-
HOli — BWHIVMKATpICA HAB/AETCA TPEX-
ocHbIM ammnconnoM. OHa uMeeT Osa
KPYFrOBHX CeYeHMsl, KaK I1OKA3aHO Ha
i odur. 7l; cnenosaTenbHO, MMeEIOTCH

@wur 70. Uniuxatpuca s (nono- 288 U30panHLIX Hanpaz/ieHus BOJHO-

JKHIeNbHOr0) OHOOCHOrO KpHCTanga  BPIX HOpMasieHl, 1717 KOTOpHIX ABOHiOe
JyyenpenOM/eHue OTCYTCTBYeT, ITw

IBa HalpasJeHusl Ha3LBaKOTCA onmuueCkumii OCAMU 1epBO2O poda,
Wi npoCTO onmuueckumu ocamu, a Takue KpHCTaJIJIbI—aByOC-‘
HbltU,

3. BoaHoBaa nosepxuocTh !). IlpeanoaomuM, yTo BHYTPY KpHCTA11A
NOMCIUEH TOYeYHElt UCTOYHMK CBeTd, PPOHT MCiyCkaeMOH BOAHBLI B nI00OH
MOMEHT BpeMenM OOpasyeT HenpepbiBIO PacIUBPAIOLIVIOCS MOBEPXHOCTD,
[IpencraBuM ceGe, YTO B HEKOTOpPhHI MOMEHT Mbl 3abMKCHpOBaIW 110/10-
*eHue BOAHOBOro ¢ponra. OOpa3OBaHHYI TakkM M0yTeM [OBEPXHOCTb
Ha3biBAIOT B0AHOB0I NOBEPXHOCHBIO 2).

1) O0noochuili kpucmanss. BONHOBas MOBEPXHOCTL OAHOOCHOIO KPH-
€Tan/a COCTONT U3 Chephi B SANUNCOMAA BpaLLEHHUs, KAacaoIuuXca ApYr apyra
B TOYKAX, JCkauMX Ha onTnyeckoft ocu (dur. 72, a u 6). ITO MOKHO
IOKa3aTh NyTeM NOCTpOeHMs MHAMKATpUCh. B naHHOM Ciyyae MHAMKATpLca
ABJINETCA 3MMNCcounoM bpawenus (cum. ¢ur. 70), ¥ paauyc ee KpyroBoro
LEeHTPalbHOro0 ceyeHun paseH . Clelosare/bHO, OLHA r/aBHas NMOJYOCh

1) 270T pasuen He ABAAETCH HEOOXOMIMBbIM 1A MOHMMaHMA OCTanbHOH YacTH
rnaspl, HO Mul 6yn€M HCNONL30BaTh ero pesyabraTtt B ria, XIV.

2) D1a TEPMHHOJIOrHs COrfacyercsi ¢ Toff, koTopylw nenolbsylor JaHa, Xapr-
mopH u Crioapt, Xaycton, Pomxepc 1 [Kepp, TyrroH, Byn. Je-I'poor. Moxancen
n Bycrep nasbiBaioT onpenensemyio TakHM Cnoco60M MOBEPXHOCTb Ay4es0il
nosepXHOCMbI0, OCKOIBKY OHA CAYKHT FEOMEeTPTIHECKNA MECIONM TOWEK, AOCTH-
raeMbiX JyyaMH K J4HHOMY MOMEHTY BpeMeuil,
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000! O LEHTPabHOr O ceveHus OyneT Bcerna paBHa . Jpyras riaBHas no-
nyoch OyIeT uMeTh 3HaYeHue, MPOMEeXYTOUHOE MeXLY fg U 1, (cM. dur. 70).
Mbi 3naeM, YTO B KpuCTaine OT TOYEYHOr0 HCTOYHMKA B MOOOM HanpasJeHHH

@ ur. 71, /IBa KpYroBbIX CEYEHHS! HHIMKATPHCH H NBE OMNTHYECKHE
ocu nepeoro poaa OP; n OPz B chyyae IBYOCHOTO KPHCTAMld

Oba KPYruBbIX CeueHHSl COMEPHAT [NEBHYI0 OCb HHAHKBTPHCH, AAMHA KOTOPOH HMeer

OPOMEXYIOUHYIO BeAHYHHY MEWAY RAMHEMH OCTRALHLIX NRYX OCeMl MHIMKATPHCHL.

ReLOBATENLHO, PANHYC STUX CeMEHMN DEBEH CpelHEMy rASBUOMY NOK@3ATeAN fipe-
LOMACHHS,

pacipoCTPaAHAIOTCA JLBE BOJHKI. nOCTpOeHHe WHIVKATPUCB! TOKa3biBaeT,
4YTO AJ OOHOM M3 HHUX ITOK43aTelb NpeJOMJEHHUS B JI000M HarnpaBJeHUH
paBeH Ay, CNeNOBaTeNIbHO, CKOPOCTDb 5TOH BOJIHLI He 3aBMCHT OT HanpaeieHNs

Onmuyeckas Onmuvecitas
0cb | och

| |
a ]

@ yr. 72, BonHOBbie MOBEPXHOCTM ORXHOOCHOrO KPHCTAJNE.
4 — LiS NOROKHTEAbHOrO KpUCTan/a; 6 —nhs OrpuiaTeIbHOr0 KpucTanna,

¥ Bcerja OAHMHAKOBA; IJs LpYrOM BOJHLI ITOKa3aTesb NPEJOMJCHUA H3Me-
HHeTCH OT Hy IO M, B 3aBUCIMOCTH OT HamnpasJieHHss BOJHOBOM HOopwma.iu.
CrepoBarebHo, BOJHOBAg [OBEPXHOCTh OyAeT COCTOSThL M3 OBYX M0J0-
cTelt: ccepnl (0ObIKHOBeHHAd BOJIHA) M TIOBEPXHOCTH BpAILEHHS BOKPYT
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vamnuyeciasn

och Ay Borrosas
Hopmary
P
N
0
A

¢ ur. 73. BornoBas nOBepXHOCTD

HeOOLIKHOBEHHOT  BOAHbLI 478

(monoxurensHOr0)  03HOOCHOTO
KpHCTaIa.

Bosxosan CKOpPOCTL ¥ 3JIeMEHTR BOJIHO-

B0 0 (poOHTA B Touke P npONOPLHO-

Hanbea ON: nyueBes CKOpOCTH mponop
nuoHanLka 0P,

Iy
C

RV c ) ’i} }

onTuyeckolt ock (HeoGbIKHOBEHHAs BOJIHA);
ofe DONMOCTM KacaloTcs APYr Apyra
B TOYKAX, JIEWALIMX Ha ONTHYeCKOH ocH,

BonHoBaa 110Be pXHOCTL HeOOBLIKHOBEH-
HOM BOAHb M300pawmeHa OTHAEJbHO Ha
¢ur. 73. HeoOxozuMo pasnuyark BOJIHO-
BYIO HOpMajb M Hanpasietue ayia, ubo,
KaK SICHO V3 yepTexka, 9TH [Ba HampaBJje-
HHMf He MIeHTHYHH; HanpuMep, B TOYKe P
ayy HanpasineH no OP u He coBnanaer
C HOPMAJIbIO K MOBePXHOCTH B STOR TOUKe,
Bce ymegepowdenun, cOeaannbie Hamu
OMHOCUMENEHO UHOUKAMPUCHL, KOCANNUCH
802HOBs X HOpMasel ). Ha ¢ur. 73 goa-
HoB8as CxOpoCMs LIl YYACTKA BOMHOBOFQ
¢poHra B TOYKe P npoONOpPUHOHAIbHA
ON — 0Tpe3ky, nepneHAuKyIAPHOMY Ka-
caTeJbHOH B TOYke P, TOrzna Kak Ay4esasn
cxopocme nponopunoHansHa OP. Tlyrem
NOCTPOeHUsl WHAMKATPUCH OMNpenelsercs
BOJIHOBas ckopocTb. ClienoBaTesbHO, no-
CTpOeHNe MHILMKanHCbI JaeT ANJuHY OT-
peaka ON B TOM cJy4ae, KOria M3BeCTHO
€r0 HanpasJeHue. MeTOILaMH aHaJuTH4e-
CkOHl reOMeTpuM JieFrKO [10Ka3aTh, YTO

I3 X3

N/

® ur. 74. I'naBHble CeueHHsi BOTHOBOH MOBEPXHOCTH ABYOCHOTO KpPHCTalaa.
Ournyeckne OCH JIeXKAT B MJIOCKOCTH X, %5 CM. rakwe ¢ur. 75,

BOJIHOBAs! ITOBEPXHOCTD HeOObIKHOBEHHOH BOJIHBI €CTb 3JAAMIICOMN BpaiueHus
BOKPYF OITHYECKOH OCH’ (3TO NOKa3aTeJbCTBO MBl NMPHUBOLuTL He GyrneM).
Josbl Oceft 3TOrO sJaMnCOMAA npPOMOPUMOHANbHH 1/n,, 1/n, 1/n,.

1) OnpefeneHue HaupPaBAEHUS AYyYa C NOMOLILI MHAMKATPUCH pPaccMaTpu-
BaeTcsi B khure Byctepa [96]. B 9TOffl LHHre npuBOATCA Takie APYFHE NONE3HbIE
reoMerpuyeckHe MOCTPOCHHUS M COOTHOLICHHS, KOTOPHE Mbl 31eCh OIyCKaem.
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2) [Jsyocuwii kpucmaas. Bonnopas 11OBepXHOCTb 1JA JBYOCHOrO
KpucTaiaia He TaK NpoCTa, Kak AJs OLHOOCHOFO. Ons BOIHOBuIX HOpMa-
qedt, Jewawux B J00O# U3 TpeX TrJaBHHX IJOCKOCTeH UHIMKATPUCHI,
KapTHHA OYEHb 6auska K OmMcaHHOff BHILIE LM OLIIOOCHBbIX KpPHCTaNJOB.

®ur. 75 O6muit BuA u ceyeHHe BONHOBOj MOBEPXHOCTH 1BYOCHOrO
kpuctanta (mo Xaprwopny u Cmoapry [48))

[TyTeM noOCTpOeHMs WHAVKATPUCH JerKO MOKa3aTb (MBI IIpefOCTaB/seM
CIeNaThb 3TO YWTAaTeNI0), YTO BOJIHOBas MOBEPXHOCTh COCTOMT M3 IBYX
nojocreft ¥ Kawpas riaaBHai MJOCKOCTb MNepeceKaeT WX 1O OKPYXHOCTH
¥ sanuncy. T1aBHble ceyeHUss BOJHOBOM OBepXHOCTH I110KasaHbl Ha
¢ur. 74, a caMa noBepxHOCTb 1) MaoGpaweHa nHa ¢ur. 75.

§ 2. dnexrpoonTHuecknil addext M poroynpyrocTs

1. dnexrpoontuuecknit appext. OcHOBHBe MONOXKeHus. B ra. X
Obi10 moka3aHo, uto B OOwel GopMe INusJeKTpuYeckas HpPOHMLAEMOCTh
np# MOCTOAHHBLIX MeXaHu4eCKHX HanpsmKeHUsix H nOCTOAHHOM TeMitepaType
moxer OwbiTb 3anana B Buze (0D,OE)) ,. Bo mHorux sajayax Bno:He

LONYCTHMO CYUTATh, YTO KOS(GPUUMEHTH AMIJEKTPUYECKONR NMPOHNLLAEMOCTY
Kpuctanna npy 3afaHHOH TeMmepaType nOCTOfIHHH M He 3dBUCHAT OT Hanps-
WEHHOCTY 3JeKTpuyeckoro noJas. OnHak0 paccMaTpuBaeMbift Huwe ekt
SIBJISETCA 1PSAMbiIM CJAEJCTBHEM 3aBUCHUMOCTHM AMSJCKTPHYECKOH NPOHMilae-
MOCTH OT 110/, PaccMOTpUM TeTparOHaNbHEIH MY MOHOK.TMIIHBI KpPUCTaL,

1) AHaauTHyeckoe paccmOIpeline 5TOH MOBEPXHOCTM MOXHO HaiTH B KHHre
Haxyca [59].
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B KOTOpOM JeHcTByeT noae E, napanieanioe r.aBHOH OCH CHUMMETpPHH.
Taxott npumep Mb BbiGMpaeM L1s TOro, 4Tobbi MHLyKiua D Gnina napan-
JieJbHA 1OJIIO E; lpy 9TOM MO NpuYUHE, KOTOpad CTaHET ssCHOH 1no3nHee,
fvaeM paccMaTpuBarh kpuctana Oe3 ueHTpa cuMMerpuu. 3aBucuMoctb D
oT £ MOXHO npeacTannTh B Bule paja

D=4E + aF2+ BE8 4 ..., (13.7)

roe ¥, a, B— koncrautui. (Cnepyer oramyaTh ¥° OT %y — AM3.JIEKTpH-

yeckolt npoxuitaemocty# BakyyMa.) Ha ¢ur. 76 npsman JuHuA € yriOBbIM

kospduunenton +9 usoOpawaer nepBbift ujen npasoff wacTM ypasue-

Husl (13.7); y.ieHw BTOporo 4 00Jee BLICOKOTO MOPSAKOB XapaKTepPHU3YIOT

OTK/AOHeHHe rpadyka 3asucyMOCTM OT 3TOH NPAMOM, BesSNYMHA OTKJOHe-

Hua crpemurca k Hymo nipu E— 0. Koagdu-

D uuenT & OGbIYHO OTpHUILATENeH, T03TOMY Ipy

e safaHHOM none E BeanuuHa D npu yyere

-, BCeX UJEHOB OKA3biBAGTCA MeHbllle, YeM Iipy

- ¥ICNO/Ib3OBAHUY OLHOTO TO/ILKO NEPBOro unena,

P IlyanekTpuyeckas npOHUILAEMOCTD, Oflpe-

IesleHHas 110 YrJOBOMY KOS((MUMEHTY KkpM-
BOM, 3anuCLIBaeTCA B Bule

x=28 — 04 2aE +3BE2 4 ... .(13.8)
dur 76 Henunelinocrn

3aBucumocty D or E. [Tpu 0OLIYHO AOCTMKMMBLIX BHAYEHHAX Ha-
NpsKeHHOCTH MOJs 4Y.1eHbl BTOpPOro u GoJee

BLICOKOI0 MOpPSLKOB JAlOT HUYTOXKHO Maayio 100aBKY K Iu3JeKTpu-
YeCkOH [POHWLLAEMOCTH, TAK YTO CBA3aHHbie C HUMH 9(hdekT 0O0BIYHO
TpyLHO 0oOHapyxuTb, OLHAKO HAO onmuveCKix 4QCMOMaX Manuie M3Me-
HEHUA nnanempuqecxoh npon—muaemocm 9KBHBaJieHTHbB MaJibiM M3MeHeHKSIM
MOKa3aTesisl NpenOMJEHKs, KOTOpPHe MOFYT OHWTb M3MepeHsl C BLICOKOH
creneHbld TOYHOCTH. Kcnonbays adgekT ABOKHOrO JyyenpesoMJeHus u
ONTHYECKYID HHTephepOMeTPHIO, MOXKHO Oe3 TpyZa ¥M3MepHuTb pasHOCTb
nokasareJneft npenoMJIeHUs 174 JBYX BOJH, noJ5pH30BaHHHX BO B33aWMHO

-6
nepreHIMKYAAPHBIX HanpasieHusx, cocrasasowyio 1- 1077, yro coorser-

CTBYeT pa3HOCTY IM3JIEKTPUYECKNX NpPOHNLaeMOCTe, paBHOM 2 .« 107°. Io-
npaBka K AMSJEKTPUYECKOM MPOHMIAeMOCTH, OOYyC/IOBIeHHAs KOHeuHOM
BeJMYKHON 110/15, MOXET M He mnpeBbIIATh MO OTHOCHTENBHOH Be/Mylile
MONpasoOK K JLPYrUM BeJMYKHaM, HanpuMep K yNpyruM KOHCTaHTaM. TeM
He Menee nepBas Be/MYMHa 3aHuMaeT 0c0GOe noaoxelive, u0o ee nerye
n3MepuThb. }lameHeHNe MOKasaTess NPeJOMJEHHSI KPHCTA/Na, Bhi3biBaeMoOe
SJEKTPUYECKUM T0JEM, Ha3niBAETCH JAEKMPOONMuLeckKiin appexmon.
ChenyeT HanmOMHMTb, YTO AM3JEKTPHYECKas NPOHMLAEMOCTb 3aBHUCUT
OT YacTOThl SAeKTphyeckoro nons. OOGpaTHMCs CHOBA K OOCYHIEBlueMyCs
Bbillle YaCTHOMY CJyYal, T. e, OyneM cuurath, yro Muaykuus D napan-
aeabda nono F. Kpusan A Ha ¢wr. 77 usobpamaeT 3aBucuMocTh D
or E na uusknx uacroiax. Kpupas B norasbiBaeT cBasb Mexay D u E

fre tg;{X E
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Ha owThHueCckHX uavtorax. [lpeinonomiiM, YTO cueTOBaA BO.THA NPOXOANT
yepe3 KPUCTALN Tak, 4ro Bekrop £ napanienen ocobennoi ocii KoaneGanus,
BLI3bIBAEMbie CBETOBOH BOJIHOH, MOXHO NpelCTaBWTb ABOHHON CTpe.IkOH,
ncxopsmett M3 mavana xoopzmuar. [TokasaTesib 1ipeqoOMJeHus PONOPLKO-
HajeH KBaApaTHOMY KODHIO M3 YrioBOro Kosgouuuenta Kpusoh B
B Hayale KoopauHar. Tenmepb MNPEAMOJIOKHM, YTO B PACCMATPHBAEMOM
HAMy HampaBJeHNN MPW.I0KEHO CTaTHYeCKOe 3/eKTpuueckoe nose E,, Tak
yro cBA3b Mexmy D u £ npu STOM craTruyeckOM none u30Opamaercs
Toykolt P. Tenepb Ko/e0aHus, BO3HMKAIO-

L€ NPH NpPOXOWAEHHM CBETOBOH BOJHH D
uepea kpwcrani, usobpawaiorcs npofiof "4
crpenkoft C, ucxomsiedt H3 TOukH P. P
Yroda, cocTasiseMbilt 3TOH CTPeKOM € OCIO -
a0cuucc, KOTOPHM  OnpeleseT HOBbIM P B
noKasaTenb NpenOMaeHus, GyleT MeHblue, '

yeM YrOJ Hak/oHa kpusoit A B Touke P. 'l

Takum 0o0pasoM, Be/lyyMHA 3JEKTPOONTH- L E
yecKOro a(eKTa xapakTepuadyercs MaMe- 0 Ey

HeHueM yrnoBoro kosdduinenra KpuBo#t A & yr. 77. Sapucumocts D or E
B TOYKe P npy M3MeHeHuM CMEILAIOMEr0 B OTCYTCTBHME M NP HAMMYMH
rnond Ep 3T1OT sddekT Heab3a oOnucaThb CMEIAKILero noas.
npocTo ypasueHuem (13.8), noTomy uyro

C\eialo'liee NOJe SABJISAETCA CTAaTHYECKuM, B TO Bpemsa kak noqe E non 3ua-
koM iipoussoanol dD/dE wuameHseTcss ¢ BhiCOKOH uacTOTOH. OnHAKO Mbi
MOXeM pas/oXuTb N?=x/v, B pfAl NO CTeNeHAM CMewaowero noas Ly
¥éBAEKAA 3aTeM KBAAPATHBHI KOPeHb, NONyvaeM

n=rn9+4aE,+bEs+ ..., (13.9)

rie & u b— KOHcTauThl, a n®— nokasatenb npenomienns npy Eqo=—0.

[TpennonomxuM Tenepb, YTO KPHCTANN MMeel UEHTP cuMMeTpuu. Ecau
HanpaB/ieHHe CMeLLaIoUlero 110/ KW3MeHMTCs la ofpaTHOe, TO (pusnyeckasn
KapTHHA He W3MEHAETCs, a CJeLOBaTeJbHO, He W3MEHUTCA M NOKa3aTeJb
MpeJOMJeHNs, OIHAaKO 3Hak npu E, B ypaBHenuu (13.9) nOMkeH ObITb
uameHeH. [losToMy MBI nMeeM

n=n"—aEy}+bEg— .... (13.10)

YpaBreHus (13.9) n (13.10) comecTHnl muwb 1ipy a=0. B urore Mbl
nonyyaeM 0 2

=n +bE;+ .... (13.11)

Ecan e y KpuCTanna OTCYTCTBYIOT SJeMeHTH CHMMETpHH, IIPMBOIALLNE
K SKBMBAJEHTHOCTH JIBYX MNPOTHUBOMOJOMXHLIX Hanpas/eHuM CMellaioniero
no/s, TO Np¥ H3MeHeHMM HampamieHWss noJs Ha 00paTHOE nOKa3aTelb
NPeJOMJACHHA YKe He NOMKEH OCTaBaThCl HEM3MeHHLIM; CJELOBaTe/bHO,
B STOM C/yyae uJjeH nepsOro nopsnka (aE;) momken ocTarbed b). Yncno

1) MH naseBacM aF, uneHoM nepBOro ncpslixa NOTOMY, YTO OH N8ET u3Me-
HeHue TCPBOro nopsamka (17 — n%) B 3HaYeHUM MOkasateas TpelOMICHHS.
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ko3 dduieHron, HeoOXOAMMOE A5 ONMCAHNS SJEKTPOOIITIUECKOrO y(pdeKTa
B KpMCTA11aX pa3nuyHON cuMMeTpuu, oOcysnaercs Hinke. [IpupeneHHbie
paccyXzienus ITOKa3bBAOT, YTO NMPY HAJHYMM LEHTPa cuMMeTpuy sddekT
nepBOr0 MOPSAKA B KpuCTadle OTCYTCTBYeT. DB 1enTpOCHMMeTpHYHbIX
KpHUCTATIAX ¥ B MUIKOCTSX MOTYT CyWweCTBOBaTh TO.IBKO 3¢dekThl,

onucbiBaeMbe u.1enoM BTOpPoro nopamka (bEg) # uneHaMy Gonee BHICOKHX
YeTHBIX MOPAAKOB, ITOSTOMY MOKHO OXHAATh, YTO B HECJMLIKOM CHIbHHIX
110.19X 9T 9pderTh OYeHb Majbl. Sdekt, onpeneiseMbt YNEHOM BTO-

2
poro nopsaka bEj m ujenamy O6oJee BLICOKHX YeTHHIX TOPALKOB M BO3-
MOXHHIft B moOOLIX MaTepuanax, HasbiBaetcs apgexmonr Heppa,

2, ®oroynpyrocth. OCHOBHBIE MOJMOXKeHHUSA, JlHaneKTpuyeckas npo-
HYLLAEMOCTb K JMBJ/IEKTpUYECKAsl MNOCTOfHHas, a CJeNOBATeNbHO, ¥ MOKa-
3aTe/lb MPENOMJEHHs SBJSIOTCH, BOOOLLe FOBOPS, QYHKUUSMU He TOJbKO
NPU/IOKEHHOTO SJEKTPHYECKOrO NOJA, HO TaKke ¥ MeXaHuYyeCKUX Hanps-
weliv# B Kpucramne. sMelleHue 1OKa3aTesisl mpe/OMJeHHs, BH3bIBAeMOe
Me aHHYECKMMy HanpsxeHusMy, HasbiBaeTcs ghomoynpyzocmeto (fbe3oor-
museckum apgerxmonr). Mbl BHiGepeM B KayecTse NPUMepa KpyucTai, pac-
cMaTpuBasiunfics B nperninyweM pasneie. EcAM K KpHCTaMIy BLOJbL ero
0COfGEeHHOR OCY HapAfy C 3JeKTpHYeCKHM CMewwamomuM nonaeM E, npuio-
MCHO OLHOOCIIOe MEXaHMYyeCKOe HanpsmeHHe o, TO MOKa3aTe/b Mpe’oMie-
HHs A8 CBeTOBOH BOJIHBI C 9JEKTPHYECKMM BEKTOPOM, Ko.iebnouiumcs
B 3TOM HafpagJieHuH, OnpeliessneTCs BbipaAXKEHHEM

n=r1"+aF,+a ctbE+b+bEps+ ..., (13.12)

rae a, @', b, V', b" — KoHcTanTs. BHIie MBI MOKa3any, YTO Y LEHTPO-
CHMMETPUUHbIX KpHCTamioB 4YneH aF, obpawaercs B HyJb. OnHako 3T0
He OTHOCKTCHA K COOTBETCTBYIOLULEMY Y/E€HY MepBOroO MOPSAKA B BLIPAXeHHH
ANs nbe3oonTuyeCkoro sdgekta (T. e. K uneHy a’c). JeHcTBuTenbHO
M3MeHeHue Hanparnenus E) Ha OOpaTHOe He BHI3LIBAET HUKAKUX naMeHeHMH
B KpuCTaJJe, TOrLa KaK mepeMeHa 3HAaKa y ¢ BJHAeT Ha COCTONHMe KpH-
cTanna (pacTsmeHHe BAMEHsETCsl CMaTHeM) M mOSTOMY B OOuieM cliyvae
CKa3LIBAETCs HA BeJMynHe n. BOT noyeMy nawme B K30TPONHLIX Marepua-
JaX, TaKuX, Kak CTek/a10, HaOMIOnaeTCs nbe3OONTHYECKu#t SPQeKT neproro
nopsiKa, xOTd 3JeKTpoonTuyeckuit aekT nepBOro nOpaIka OTCYTCTBYET.

3. O6muit cayvah. [lokasaresr npedoM/eHHMs KPUCTania MOXHO
MpEeNCTaBuTh C MOMOLLbI0 MHAMKATPHCEHL, KOTOpas, KAk Mbl Buiean B § 1,
uMeeT (GOPMY 9/IHICOMAA; KOSDQUUMEHTH YpaBHeHHs STOFO S/IMNCOKAA
IBJISIOTCSA KOMNOHEHTaMy TeH30pa OTHOCHTENbHOR auaJeKTpuyeCkolt Henpo-
HULAeMOCTH Bj; Ha OnTuyecKMx 4aCTOTax, T. e.

Byxx;=1 (18.13)

(no onpelenexyio Bi;=“anz 0D;). Takum 0Opasom. HeGO/bIIOE u3ve-
Helile NOKa3aTeJs NpeJOMJeHNs, BH3BaHHOe HeHCTBHEM B/CKTPHYECKOTO
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no1Y WY MeXaHuYecKOro HampsikeHus, WIEHTHYHO He0GO.IbIIOMY M3MEHEHUID
(OpMEI, pa3Mepa ¥ OpHEeHTAUuM MHOMKATPHCH. OITO n3MeHeHue HanGosee
yoOOHO ONuChIBATb, 3andBas Mafjple u3MeHeHusl KOSQPHLKEHTOB Bil'
Ecau npeHeOpeub 4/eHaMy NOpSIKa Bhille NEPBOrO B BbipadeHMsX 118
9.1eKTPUYECKUX NOJeH ¥ MexaHuYeCKuX HanpshkeHuH, TO usMeneHns AB;,
K03 DULMEHTOB npH npuioxeHuM nois E, u Hanpawenn#t o, 3anmuyrcn

B BH]JIe
ABy = 2y Ep + T yrire (13.14)

FAe 2y, — TeH30p TPETher0 paHra, KOMIMOHEHTH KOTOpOro Ofnpeje/aioT
31ekTpoonTHYeCkilt 9PdeKT, ¥ Ty, — TEH3Op YeTBEPTOrO paHra, Ornpe-

penaowuit nbesooutnyeckutt sdoexr. Kospouilnesith 2;y, wuaspiBawTCA
saeKkmpoonmuteckum, a KOSPPUUNEHTH Typp — Moe300NMILECKUMIL.
[IpiBenes TunMyHbie 3HA4YeHUs STHX KOapQUUMeHTOB (B eiuHuuax MKS):

-12
2, 107 " /s,

Ty 10~ m2/n = 107" c 12/0n.

OrMeruM, yto ypasHenue (13.14) coBeplueHHO aHANOTMYHO YPABHEHHIO,
onucHBaoeMy nedopMalMIo KpUCTadna non HeHcT3yeM SJEKTPHYECKOrO
noJs (06paTHHHN nbe30aneKTpuueckuit addeKT) M MexaHuyeCkux Hanps-

WeHu# (ynpyrocTs) ]
e;; = QpyEp 4 Sypitrpr (13.15)

rie d,; — Nbe30s/eKTpyuyeckie KOS(Q@uUUEHTE W S;;,, — NOLATIHBOCTH.
Mono6Ho ABy, e;; — GeapasmepHan Be MYHHA. PaamepHocm d v s cop-
najpaor cooraercmeﬂuo C pasMepHoCTsMu 2 M =. Bonee ToOro, stu koag-
¢uLyenTH GMM3KM MO MOPAIKY BeNWYMHH; TaK, B eldnHnuax MKS

dy =3+ 1072, s~ 1071,

[Meesoontiyeckuft athdekT MHOrAa BhIpaMaioT Yyeped nepopmauun, a ue
yepea Hanpsikenys. Tak KaK Op = CpppeS,s (CM. CTP. 162), TO ypapne-
une (13.14) MOxHO nepenucatb B pOpMe

ABj;=z,Ep +Dijrsers (13.16)
Ie
Pijrs = T:ljklcklrs' "-‘-ljkl = piirssrskl‘ (13 17)
KospuuueHTH pyy,, HA3BIBAIOTCA YNpyzoonmuteckum. 3ameThM, 4TO
OHM SIBJSIOTCS 6e3pa3meprmm BeJMYMHaMHU,
Tak kak = =~ 107 % 4 e~ 10“. TO p MMeeT caenyiouut NOPsALOK Belk-

ynHbl: ~ 107+ 10" = 10!, Kosdpuuments B, no6 nopanky Bein-
YHHBI paBHbl eaumuile, noaTroMy AB;, sBJAIOTCA Mepoft OTHOCHTEbHOTO
HCKaXeHus wHAVKaTpuchl. TakuM OOpa3oM, STO OTHOCHTe/JbHOE HCKa-
weHue, rpybo romops, paBHO necaTolt none AedopMauui.

19 Ox. Haf
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4, NepeuuHbiit 1 BTOPHUHLI 3JeKTpOoONTHYECKHe adderTrl. [Ipu
O0CYXIEHNH 3/IEKTPOONTHYECKOrO s(derTa MBI L0 CHX NOP He YKasbi-
BaJy MCXaHMYECKOrO COCTOsHMsI KpUCTaNjia: Kpucrana Mor OuTh cBOGOLEH
(HanpmaeHusl paBHb HYJAIO) win 3axar (nepopMauuy paBHb  HYJIO),
OnHakO MexaHuyeckOe COCTOfHNe KPMCTanNa He/b3fl CYNTATb HeCYlecT-
BeHHbIM. Tak, ecnu Kpucrana cBoGoieH, TO BCAeLCTBMe OOpaTHOFO mbe3o-
BJIEKTPHYECKOr0O aeKTa CTaTHYeCKOe 3JeKTPHYECKOe NMONe OGYAeT Bbi3bie
BaTb ne(bopmauun. KOTOpHie B CBOIO O4Hepenb BCJIeACTBHe nbe30OnTHye-
cxoro apdexTa GyLyT NPMBOLMTL K U3MEHEHHUIO MOKAa3aTeNs MpelOMEeHMS,
OTa cuTyaums OvyeHb NOXOXka HA Ty, KOTOpas MMeld MeCTO IJis CJAyyas
NepBUYHOrO M BTOPWYHOrO NHPO3JEKTPuYeCKUX sdpdekroB (cM. ra. X,
§ 4, n. 4). DuexrpoonTuyeckuit sekT, BOHMKAOWME B KpHCTalle
C sanpewenHbiMK JeOpMaUMAMYH, Ha3biBaeTCs Mepsutinbim (UMY ,UCTHH-
HbIM®), @ appexT, 00yCAOB/IEHHDbIH! Nbe303IeKT PYYECKUM 1 Nbe300NTHYECKIM
sgpexTaMy, — smopuiHeiiy (M ,NOXKHBIM®). Dddekr, HabionaeMbilt
B CBOOOIHOM KpuCTalle, sBSETC CYMMOM NepBUYHOrO M BTOPHYHOrO
a¢peKTOB.

[TopsinOK BenuuHHbI BTODMYHOIO 3eKTa MONKHO ONpPeleuThb Cle-
ayiomyM o6pasoM. [lose E Bni3biBaeT nbe303JeKTpHYecKue nedopma-
uwn e =dE. 3tu nedopmauuy B CBOIO Oyepelb BHI3LIBAIOT HU3MeHeHMe B,
3anucbiBaeMOe CNeLYIOINM 00pasoM:

AB = pe = (pd) E.

Hcnoab3ys npuBonMBlinecs Bbillle npubnMKeHHble faHHBIE, NONYYaeM, YTO
KOs(ppHLKEHT pd, xapakrTepusyolM#t BTOPHYHLIH 3QQeKT, N0 nopamKy
BeJIMUMHBI PaBeH

10°'.3.107%=13.10"",

TakuMm o00pasoM, BTOpuYHEIM 9SddexT cpaBuuM 0O NOPAIKY BeJMYHHB!
c asdodexroM, HabmopaeMbiM B CBOCOIHOM KpHCTalsie; nocnenHuBt, Kak

MBI ye BuJIeNY, 3343aeTCH KOSPQHIMEHTOM 2 = 107,

Ecan B sKcmepyuMeHTax K CBOGOLHOMY KPHCTANYy NPuIOKEHO mOCTO-
fAiKHOE I10Jle, TO ¥W3MepseTcsl MMeHHO 9(deKT npyu NOCTOSHHBIX MeXahH-
YeCKMX HAampsiKeHusx, T. e. CYMMa nepBKYHOrO M BTOPHYHOrO 5¢QerTOB.
Sddekr npu nocTosiHHOH nedopMauu¥ (nepPBUYHBI 5(DEKT) MONKHO
Y3MepUThb, NPUNOKUB K KpHUCTAMIY NepeMeHHOe MNOJe BLICOKOK 4acTOThI.
Jledopmanuy Kpucranna TOrza OyeHb Masbl (MPeLoJaraercs, YTO yacToTa
noas M KpemJeHkie KpHUCTaina BhiGpaHbli Tak, YTO pe30OHANC He BO3HMKaeT).
PesyabTupyiomee npofiHOe JyyenpelOMJeHue M3MeHseT 3HAK C YacTOTOH
nonst M MoxeT OuiTh M3Mepeno (Kapnenrep [26]).

5. Bansuue cummerpun. 1) O6uue coo6padiceruss, 0CHOBAHHbIE HA
anonuse cummempun. Yrobo 4eTko npencraBuTe cefe BiAusuue, OKa3bi-
BaeMOe Ha MHIVKATPUCY NPUJIOMKeHHBLIM SJeKTPUYECKUM MoneM WJM MeXa-
HUYYEeCKHMY HanpsiKenusiMH, NOJE3HO BOCMOJAbL30BATHCH CJSLYIOHM OOLIMM
NPUHUHUNOM: KDLCMAAA, HOX00AWUlECs no0 BAUSHUEM  BHEULHE20
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so30elicmeus, 6ydem 062a0amb MOALKO MeMU BACMEHMAML CuMMe-
mpul, Komopsie SEASIOMCA 06uumu ONS KPUCMOAAQ 8 OMCYMCMmELe
go3deldcmeus u go3leiicmeus & omcymcmeue wpucmanse '). Crnpa-
BeAJMBOCTb 3TOrO MPHMHUMITA MOYTH OyeBHIHA. Ecan Mbl feHCTByeM OnHuM
u3 9TuX OOWKX 5/IeMEHTOB CHMMETPHM HA BO3JelCTBue (mepei ero npu-
JOWEHNEM K KPHCTANY) ¥ Ha KPHUCTaml (B OTCYTCTBHe BO3LeHCTBHS), TO
HY BO3LEHCTBHe, Hu Kpuctaan He uaMenstca. OTcCioza c/leliyeT, 4TO Kpu-
CTAMNl NPU NPWUJIOKEHWHM LAHHOTO BHeEWIHero BO3aeHCTBUA OyrneT Takwe
ofnafatb STUM SJEMEHTOM cHMMeTpuu. Ecay e Mot OyneM neficTBOBaThb
9MEMEHTOM CHMMeTpMH, He ABAIOLIMMCA OOWMM AJA KPUCTaijsa W BO3-
neMCTBUA, TO 3TO nNpUBeleT K OfpeleNeHHbIM w3MeHeHusM. Otciona
CMeAYeT, YTO KPHCTANJ NpPH NPUIONKEHUH IaHHOrO BHelllHerO BO3LEHCTBHs
He OyIer, BooOuwe roBops, 00/a5aTb STUM S/7eMEHTOM CUMMETPUH.

N

Iy Iy

Z, <y
a 6
@ ur. 78. CrepeorpamMmbl 51eMEHTOB CUMMETPUH KyGHUECKOro
KpucTaala knacca 23.

a -—9JleMeHTH CHMMETDHH B OTCYTCTBHE SJIEKTPHYECKOrO mOJjs HII1 MeX8HHYecKOro
HANpXeHus; 6-—ojeMeHTh CHMMETpHH, OOLiHe & HeHanpsAXeHHOro KpHCTama
H ORHOOCHO/O CHHMAIOLLEero HanpsieHHs, napaesssoro [110].

Kak npuMep npuMeHeHHs STOrO MpuHLVNA PACCMOTPUM CaAyyaH, KOrna
K kyOuueckoMy Kpucramny knacca 23 (¢ur. 78, a) NPUIOKEHO 3JEKTpH-
yeCKOe NOJe, mapannenbHoe OCH Tperbero nopsanka. Ocb TpeTbero no-
pAIKa fBJIAETCH €IMHCTBEHHLIM S/IEMEHTOM CHMMeTpHy, OOWMM Ais noJs
u kpucraiana. [losToMy onTuyeckMe CBOHCTBA Takoro KpucTaana GYLyT
COOTBETCTBOBaTb CBOHCTBAM ONHOOCHOrO KPHUCTajAna TPHUrOHANbHOFO
Knacca 3.

Mpbl MOweM HenoCpeICTBEHHO BHIETb, YTO MPH MNPHJIOKEHHH OJHOOC-
HOTO MEXaHMYeCKOr0 HAMpsueHHs MapasiieslbHO OCH TPETbero, YeTBEPTOrO
KAy 11ecTOr0 NMOPAAKOB Kpuctann OyLeT OnTHYeCKM ONHOOCHBIM C OChIO,
napan/iefbHON HanpaB/eHUI0 HarpsikeHus. ECAM Xe OLHOOCHOe Hampsiwke-
Hye [PUIOKEHO BLOJb OCH BTOPOr0 MOPALKA uAW B MNPOU3BOJLHOM
HanpapJeHuH, TO KPHCTaANl CTAHOBWTCA ONTHYECKH JABYOCHBIM. 3Ty e

1) 3tor npunukn B ewe Gonee ofmeH dopme Bnepssie Gbia CtOpPMyAHPOBAH
ITbepom Kiopu u 0ObLIYHO B AnTeparype Ha3biBaelrcd MpPHHIINOM Kiop (CM.,
Hanpumep, [121]). — Ilpun. nepes.

19*
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BHIBOALI CMpaBeliBbl W B TOM CJyyae, KOTAa BMEeCTO OIHOOCHOrO
MEXaHHYeCKOrO HanpseHMsi Ha KPHUCTAA] neHCTBYeT SJEKTPHYeCKOe
node,

PaccMOTpUM LHTepeCHBIlt mpuMep, WIIIOCTPUPYIOWME chOPMYaupo-
BaHHbI#t Buille npuHuun. Ilycrb kpucrana knacca 23 Haxoawtcs non neft-
CTBHEM OJIHOOCHOr O HanpskeHMs, HanpasaeHHoro BLoJb [110}. Ha ¢ur. 78, a
1300pameHbl BJEMEHTH CHMMETPHHN HEHANPSKEHHORO KpycTaana, a u3
¢ur. 78, 6 BMIHO, YTO eAVHCTBEeHHLIM 3JEMEHTOM CHMMeTpuyu, OCUM A
HEHANPAKEHHOr0 KPMCTA1Na M NPUIIOKEHHOTrO HANpPMXeHus, sBJSETCH OCh
BTOPOr0 nOPsiAKa, COBNAjalowas C OCbI0 Xg CleNoBaTeNbHO, OCb X4
n0oMkna OLiTh rNaBHOH OCbI0 MHIMKATPHCLI; OCTaJibHbie [Be [JaBHLIE OCH

N

T3

N

Iy X
a 6

@ ur. 79. CrepeorpaMmbi 5I€MEHTOB CHMMETPHM KyOuueckoro
Kkpuctaana ms,

@ — 5/leMEeHThl CHMMETPHH B OTCYTCTBHE 9/IeKTPHUECKOTO MNOJs HJAM MEXBHHYECKOro
HenpmeHHs; 0 —oJeMeHTH CHMMETPHH, OOLiHe &JS HeHAUPAKEHHOrO KpHCTaNNe
H ONHOOCHOTO C/KHMEIOLLEro HanpsmhenHsd, napaiessHoro [110].

HHILHKanMCbI JewaT B MNJOCKOCTH X;Xp, MNPHYEM HX HaﬂpaBﬂeHHﬂ He
CBSI3aHE! C HAnpaB/eHWeM HanpspkeHNs. OTOT pe3y/bTaT CrpaBel B
TaKkwe nqs kjaacca m3 (¢ur. 79). OnHako B kpucramniax Gonee CHmMer-

puYHBIX KyOndeckuX knaccoB 43m, 432 u m3m Hanpasnenme [110] uan
ABJSETCA OChIO BTOPOrO MOpSUIKA, WM JIEXHT B MAOCKOCTH CHMMeETpPHH.
CrenoBare/bHO, €CAM KPUCTAWI, NpHHALA€Kamm#t K OLHOMY M3 STHX Kiac-
cos, cxar Buoab [110], TO onHa u3 Oceft MHAMKATPUCH KOJMXHA ObiTh
napa//e/bHa HanpaBJeHuIo CaTHs.

2) Vmeustiienue HUCAQ HESQBUCUMBLX SAEKMPOONMULECKUX KO3 P~
guyuenmos. Mu 3naeM, uro By = B,,. Tlostomy B ypasiennn (13.14)
AB,;=AB;, npu niobuix E, u o, OTciona cnenyer, 40

2k = Zjip: (13.18)

D70 COOTHOLIEHNEe YMeHbIUAET YuCIO He3aBUCUMBIX KO3(d¢puLMeHTOR ¢ 27
10 18 W no3Boaser BBeCTH COKparieHHbie 00O03HAaYeHus, aHANOrNYHbE TeM,
KOTOpble OBINY HCIIOIb30BAHbLI L5l Mbe303/JEKTPHYECKHX TeH30pOB (CM.
crp. 140). 3amena npouseomutcs crenytownM crocoboM. Kosdduun-
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€HTbI Bil 3anHCbIBAIOTCS TOJIBKO C OLHUM MHAOEKCOM, npolerapiuyum
3HauyeHMus OT 1 no ©6:

B Big Ba| [ Bi Bs B;
Big By By || Bs By B |. (13.19)
LBy By By ) L By B, Byl

CooTBeTcTBEHHO IBa NEPBLIX WHIeKCAa NPy 2y, O0beAMHSIOTCA B OmMK,
npoCerarownit 3Havenuss of 1 po 6, M MB BanuCbiBaeM  ypapHeHHE
3/JEKTPOONTHYECKOTO 3pheKTa B Bune

AB,=z,E, (1=1,2 ....6 j=1,2 3) (13.20)

[Ipu samene MHIEKCOB Y 2, MHosicumesu 2 uau '[, ve nossanwomes.
HanoMHuM, YTO MHOXHUTENM 2 MOABMAMCH NMPY BBELEHHH COKPAIUEHHBIX

VHIEKCOB ¥ MNbE303JeKTPHYECKUX MOLyJel di g UTOOBI TOHATL NPUYMHY

3TOrO pPa3jnuysl, CPABHHUM ypaBHeHue nbeaoanempnqecxoro apdekTa

& = dypE, (7.19)
C ypaBHeHHeM 3JIeKTPOONTHYeCKOro scekra
ABU S zUkEk.

SameTuM npexie BCero, uTO y d;y OObenuHsOTC 08a nocaeOnux
VHIEKCa, COOTBETCTBYIOLIME pmnexcam Y &, TOFLA KK Y 2,5, 00benu-
HAIOTCA 08a 1ep8sX WHIEKCa, COOTBETCTBYIOIIME WHIEKCAM ¥ AB,,.
OIHAaKO 3TO He MMeeT OTHOLUEHHS K BOMPOCY O MHOXuTeaAx 2. MHOXM-
TeNu 2 NOSBJSIOTCS nepell dy; MOTOMY, YTO OHM MCNO/b3YIOTCs NPy Onpe-
JeneHun OILHOMHAEKCHH X ne(popmaunh OnpeneneHye OAHOMHIEKCHBIX Bil
Jaetrcs Ge3 MHOmwuTeNel 2 ITO9TOMY OH# ¥ He NOABJAIOTCH nepen ZU.

OrpauuyeHns, HanaraeMele CUMMeTpyel KPHCTA1NA HA 2y, COBEPLIEHHO
QHaJOr M4 Hbl OFpaHHUYEHUAM, HajaraeMbiM Ha be303JIEKTPHYECKE MOLY N dU'
Marpuupl aas dy,, npuseieHHbie B Talx. 8, MOryT ObiTb MCNONL3OBAHDI
H 4jaa ZU, C ABYMSfl M3MEHEHWAMH.

a) ¥ z; npoGeraeT 3Havenus oT 1 10 6 nepéeid MuIekc, a y dy—

émopoii. Tlostomy TaGnuubi OYAYT BepHbI ANA 2,;, €CAM CYMTaTb [ HOMe-
poM cmoabya, a j — HOMepOM Cmpokt, YTO 06paTHO OOGLIYHOMY NOpPSIAKY.

6) TlockoabKy MHOXKHMTENM 2, KaK YKa3aHO Bhillle, OTCYTCTBYIOT,
ClleflyeT CYMTaThb, YTO CHMBOML, OGO3HaYyeHHble HBOMHBIME KPYMKaMy,
00603HaYalT NPOoCcTO KOS OUINEHTH, YHCNEHHO paBHbie, HO MPOTHBOIO-
JOXKHBIE 11O 3HAKY KO3dduluenTam, 0603HAYEHHLIM MUPHBLIMH TOYKAaMH,
C KOTOPbIMM [aHHbie CHMBO.IL COENVHEHBl JUHHAMY; CleLOBaTe/bHO,
CUMBOJIbI, 0003HaYyeHHble IABOMHBIMM KpYMKKaMy, LOMKHB 0003HAYaTb TO
e, YTO M CHMBOJLI, O0O3HAYeHHLIe MPOCTHIMM KPYHKAMMU,

8) Vumeusuenue wucaa nHesasucumsx nsezoonmuyeckux kospPgu-
yuenmos. Tak kak B ypasHeunn (13.14) AB,;=AB;; pan nobuix E,

W 3, TO
Tyr = Tk (13.21)



TABJAWUAI

Dopmbr mampuy Hee3oonmuseckux xKosgfunuenmos =
u ynpyzoonmusuecrkux xodgighunuenmos p *

O6o3HavyeHUsn

Oans == u p-MAaTpHI
e  KOMITOHEHTa, PaBHaf HYIIO,

@ KOMIIOHEHTa, OTIMYHAS OT Hyas,
@—C DPaBHbIE KOMITOHEHTDI,
@—C KOMITOHEHTLI, YHCIEHHO PaBHble, HO MPOTHBOMOMOKHLIE MO 3HaKY.

Dag m-MaTpuu
@® KOMIOHEHTa, PaBHas Y.IBOEHHOH KOMMNOHEHTe, 0603HaueHHOH xupHOH TOU-
KOi, ¢ KOTOPOH nanHLIl CHMBOJN COEJMHEH JIMHHUEH,
© KOMIOHEHTa, PaBHasl B3ATOI ¢ O6PaTHLIM 3HAKOM YABOEHHOH KOMITOHEHTE,
0603HaYeHHON MMPHOH TOYKOH, € KOTOPO#l jaHHBLIA CUMBON CO€IMHEH
NuHKeH,
X (711 — 719)-
Oag p-MaTpHL
@ KOMIOHEHTa, paBHas KOMIOHeHTe, 0603HayYeHHOM #UpHOHA TOUKOH, C KOTO-
pofi KaHHLIH CHMBOJ COEAMHEH JHHNEH,
© KoMNOHeHTa, paBHa# B3ATOA ¢ O6paTHBHIM 3HaKOM KOMIOHEHTe, 0003HAueH-
Holt axupHO# TOUKOH, ¢ KOTOpO# IaHHBLIE CMMBON cOeavHeH AnHued,

* g (Pn—pu)

TpuxAuHHOS cucmema
06a knacca

MoHoKILHHAs cucmema
Bee knacem

Ocv 211 &

Oco 21l z, L
(00bryHasn ®
opueHmayus) °

(20

Opmopombuveckas cucmema
Bee knacent

* Bucppbie sTH Marpuuw oupenesna Tlokseasc 73], HO OH LOWyCIHs ownIks rid 10
H3 32 KJaccOoB, KOTOpHe NORTOPAJNCH BCEMH MOC.1e1)0LLHMMI ABTOPEMH RO TeX 1op, uoka Bai apau-
TeM (7, 8] He yKA3aN HA HEX.
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Ipodoracerue maba 15

TempozoraabHAA cucmema

Kﬂaccu _ Knacew
4,3, 4/m 4min, F2m* 422, 4/mmm
@ ¢
s o o (]0)
TpuzononbHaA cucmemn
Knaccet Knaccb
3m, 82, 3m

)
)

®

JexcozoHnAbHOA cucmema
K{/_accw Knaccor

Bm32, 6mm, 622, 6/mmm

3
SR

Ky6uuecias cucmema

Knacest Kracee
23, m3 43m, 432, m3m
o e 4) \>

z

.
]
.
]

e X o

# Takoll RHUL MMeeT M8TpHIA LAsi ABYX BO3MOMULIX OPHEeHTalHM Kaacca Bm 2ffxy B m | x),

NOCKONbKY npH no0aBJenHH LeHTpA CHMMEeTPHH STH NBe OPHEHTAUHH HepasanuMMbl,
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Jlatee, MOCKOIbKY TpH OTCYTCTBUM OO beMHHX MOMEHTOB Oy =gy, (CM.
crp. 111), Mu MOMEM I10.I0KUTh

Riir = i (13.22)

[TocnenHss onepaumst aHaJIOrHYHa TOW., KOTOpYIO MH Jedany AAd ynpy-
rux nojaTauBocTelt (cM. crp. 162).

Braronaps cootHowenussm (13.21) u (13.22) uynciao0 He3aBUCHMHIX
KO3 dullueHTOB yMeHbiuaercs ot 3# =281 no 36; nosroMy MH MOKEM
TIPUMEHAITb COKpamleHHbie 00O03HaueHusi, NMONOOHHE TeM, KaKue ¥Cno/b-
30BaNUCh LA YIIPYrUX KOHCTAHT (CM. ctp. 165). D10 nexaerca craenyto-
mwyuM oBpa3oM. B ypaBHeHuu 1ibe30onTHYECKOro addexra

ABli_""'lestel ¢ j,kI=1 2,9 (13.23)

uHiexcel y AB;, ofvenuHsiorcs B cootserctsun € (13.19); ananoruuno
3aMEHAIOTCS aneKcu Yy 0p TOria Mb NOIyyaeM

AB,=w,,5, (m,n=1,2, ..., 6). (13.24)
Kospuunentsr =,, CBA3aHb C m, COFMACHO CJELYIOUMM MpaBu.IaM:
Tpp == Typp KOTAA 1= I, 2 uaun 3,

H]

.m”=2.—.i].kl, korna n=—4, 5 nau 6.

MHuoxuTeny 2 MOSBJASIOTCA B pe3y/ibTaTe nonapHoro oOObelVHeHus yJje-

HOB C HanpsokenusMyu CIBMra B TpaBolt yacTu ypasHenus (13.23).
[IposeneHHOe COKpallleHHe YNCTa HHIEKCOB MOXHO CPaBHHTb C COOT-

E€TCTBYIOILUM COKpalleHHeM 4YucJa HHACKCOB Yy yINpyrux NOAATINBOCTEN

B YpPABHEHUH
P & = SiniOur (8.1)

llpu 3amene s, Ha S, y HEKOTOPHX 4YAEHOB TOSBJSIOTCS MHOXHTENH 4,
4TO 06yc.r.IOBJ1eH0 nossneHneM 100aBOYHHX MHOMWUTENEH 2 B pesyabTate
3aMeHb & Ha e,

[Mockonbky SHepI‘Hﬂ yipyroft negopMaiuu OLHO3HAYHO OMNpELenseTcs
neopMaumaMi, YUpyrue KOHCTAHTHI CBA3aHBI COOTHOWEHUSMH C;; == Cj
W §;=S,, OLHako B oOweM cryyae

T E T (13.25)

TaxkuM 00pasoM, YHCJIO HE3aBUCHMBIX KOIDOUIHEHTOB w,, LIS TPUKIMH-
HOrO Kpuctania ocraercs paBHbiM 36. Yucio HezaBucuMmbix kosdou-
LLHEHTOB T A1 Apyrux Kaaccos VMEHbMIAETCS! B COOTBETCTBHM C MX
cuMMeTpueil. 37O yMeHbLIEHHE aHANOTMYHO YyMeHbIIEHMIO uuciIa yhpy-
T¥X KOHCTaHT, 32 VCKJIOYEHNEM TOrO, HTO %, &= =, H 4YTO MHONHUTEIH 2
TIOABAISIIOTCH y APYrUX 4.1€HOB. $OpMbI MaTpull (,,,) puBeLeHb B Tabn. 13.
HcnonbaoBanHue 06GO3Ha¥eHysl, aHaNOrMYHLE BBEAECHHHM paHee, yka-
3anb B Hayane tabmmubi. Kak w npempe, Mcnonbayercs OGHienpuHs-
Tas OpHMEHTallMsl OCe#l KOOPIAMHAT OTHOCHTENTbHO 3JIEMEHTOB CHMMETpHH
(cM. mpunomeHne 2), kpoMe 0¢O0O OrOBOPEHHBIX ciAyyaeB. Ymucao Hesa-
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BHUCHMBIX KOMITOHEHT IJif KaXIOro KJacca YKasaHO B ckoOkax Boane
Mart pullbl.

Ecnu Mbi XOTuM OIucaTh Nbe300nTHYECKUH 3 dekT, noabaysck nepop-
MalUuaMM, @ He HamlpsKEHHMAMYM, M MCXOLUM 43 ypaBHEHusi

AB; = pyesys (b Jo 1 s =1, 2, 3), (13.26)

TO Tepexol K MarpuyiniM OOO3HAYEHUSIM [Lenaercsl aHAJTOTMYHHIM TIyTeM.
Vingekch y AB,;; ofvenunstorcs cornacHo (13.19). Tlpu savewe unzek-
COB Yy &,, HEOOXOLUMO BBECTH MHOXUTENM !/, TEpel caBHFOBBIMM Ledop-
maunaMu [popmyna (7.20)]. (Cokpaiuenne MHIEKCOB B YpaBHEHun yiipy-
FOCTH Gy = €y /S, IPOBOLNMTCA 110 TOYHO TakoOfl :e cxeMe.) Mbr nonyuaem
toraa BMecto (13.26) ypasnenne

AB,=p,.e, (mn=1, 2 ...,6),
npuyeM Pmn CBfI3aHb! C pijrs COOTHOWEHUSIMU
pm”=pll.rs oJis BCEX m U n,

T. €. MHoocumesn 2 uan ‘[, omcymcmeyiom. B ofuwem cayvae
Pmn F Pnm- JIETKO TIOKa3aTh, 4TO

Pun = %mrlrnr Tmn = PmrSrn-
dopMbr MaTpullbl (p,,,) LI pa3miyHbIX KJaccoB MNOLOOub opMam
Matpuubl (%,,), 328 HCKIIOYEHHEM TOFO, YTO YaCTb MHOMuMTened 2 crouT

y LpyruX KosgouikentoB (cM. taba. 15).

6. ®oToynpyrocte Ky6uueckuX KpuctannoB. Yia rtaba. 15 BumHo,
YTO NbE30OONTHYECKHE CBOUCTBA KYOMYECKMX KpPUCTAZJIOB M M30TPOITHHX
MaTepuasIoB He OAuHaKOBH. KyOwuyeckue kaacchl HesfTCH HA LBE IPYIHIb.
B knaccax 23 u m3, B KOTOpbIX OCH BTOpOrO I[1OpfAAKA COBMAAAIOT
¢ ocaMu kyGa (ero peSpaMu), LSl OTIpefeneHus Tbe30ONTHYECKUX CBOHUCTB
HeoOXo@uMb uyeThipe ko3t ¢uunenta. JIIns BTOpOU Trpyritkl  KJaccos,
V KOTOpHX € ociMyu KyOa coBnanaiotr ocu 4 nan 4, Nbe3oONTHYECKUE CBO-
CTBa OINPELENsIOTCA TOMbKO TpeMs KoadduuneHramu. MccnenyeMm Tenepb
4HaNYTHYECKN HEKOTOphI€ YaCTHbiE CAy4Yau yiipyrux BO3neHCTBUA Ha
KyGHYeCKHE KpyCTaNbl,

1) Odnoocrnoe nanpasicenue 800ab ocd KyGa. PaccmoTpnm kyGuye-
cku#l kpucrand kaacca 23 wuam m3, Ha KOTOpLIf NEHCTBYeT OLHOOCHOE
HalnpsEHHE pacTsXeHus o, mnapaanenbHoe ocu kyba. Ilyers Oxy—
HanpaBneHue HanpsoxeHus u nyctb Oux, Oxg— nBe Apyrue ocu KyOa.
Ho npuiomenus HanpsXeHMs HHIMKATpUCA TpeAcTtasisia coloit cdepy

B (a2t xix2)=1, (13.27)

a NOKa3aTenb IIpe/OMIEHYS ONpeiensncd u3 BhHpameHus BO= 1/(nY).
[Mox ne#cTBueM HaipsKEHMs HHAMKATPUCA H3MEHSIETCs W OMUCHIBAETCH
Tenepb ypaBHEHHEM

By x} 4 Byxi + Byx2 4 2B x, x5+ 2By xsx, 4 2Bexyx, = 1. (13.28)
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MarpuyHoe ypaBHeHue
AB; =0, (13.29)

® Pa3sBEpHYTOM BuIE 3aNUCHIBACTCA TaK:

(AB;) B, — B0 [r11 =1z %13 0 0 0] (e 0
ABy By — B0 #y ®y mp 0 0 O0]f0O 139
ABy By— BO "13 "11 6 0 of]o 7159
AB | T B, 0 zg 0 Of||0] T 0 |
AB, By 0 0 = 0]lo0 0

las,) B, 0 o 0 0 =,)lo0j 0

(Mo ucnoab3oBasy TpPaBUIO  YMHOXEHUsl Marpull, TpPUBELEHHOE Ha
crp. 184.)

Tak kak B, = By=Bg=0, ociMu unaukarpuch sapasotcs Ox,,
Ox, u Ox, (3TO MOXHO BULETb TaKXe W u3 cuMMeTpuy). UroOb HaliTh
U3MEHeHus TpeX riaBHBIX TOKaszaTenefl mpenoMaenus, samuweM By = 1/n.
Orciona AB,=—(2/nf)An,. C rnoctaTounoOit CTeneHbl0 TOYHOCTH Mbl
MOXEM 3aMeHHTb 1, Ha n% 3TO naer

Ay = — o (1 AB, = —3 (19 .. (13.30)
AHano uuno,
Afz?:—%-(no)3 T 30 (13.31)
H
Ay = — o (% 5. (13.32)

Chenosaresbn0, KPuUCTan CTaHOBUTCSA ABYyOcHbiM. Kak Bugno ua rabn. 15,
L/l KPUCTAJ/0B, NpPVHALJICKAULHX K TPEM ApYruM KyOMYecKuM KJaccaM
(43m, 432, m3m), cxeMa KOa(PHIHEHTOB HMeeT TakOM Ke Bui, 3a
MCKJIOYEHUEM TOr0, YTO w;p=—T,3. 1akuM 0Opa3oM, B 9TOM CJy4yae
An, = Ang, W KpHCTaJN OKA3LIBAETCA OLHOOCHHIM,

W3 ypasuenut (13.30) —(13.32) scuo BumHO, Y4TO IABOHHOE nyye-
NpenoMAeHue A7 CBETOBOrO Jyua, PacrpOCTPaHSIOLIErocs BAOJb OCH Xo,
BHpaxaercs (HopMy.o#H

1
ny—n) =An, —Any =— 7'(”0)3 (71 = T12) O (13.33)

a AnA CBETOBOrO Jyya, pacrnpOCTpaHAiolerocs BAOJb OCH X3, — HOp-
MyJao#

1
ny—n, =An, -—An2=—?(n°)3 (7 —7y3) G, (13.34)

rae ny v N — nOKaszateay TNpenoOMA€HUA COOTBETCTBEHHO B Hamnpasn€-
HHfX, napannelbHOM K TEPNEHIMKYIApHOM HAanNpaBJeHKI0 HANPAKCHHA.
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M3 npOBEAEHHHIX BHYMCIEHMA 1€rkO BHMIeTb, TNOYeMy N1 KpuCTai-
N0B KynaccoB 23 u m3 koadduuuent =,, He paBeH =3 (B OTAMYME OT
TOI'0, KaK MepBOHayaabHo cunran [lokkenabc). Ecau x| aBasercs ocbio
YeTBEPTOro nopdanka, TO IBOHHOE Jy4yenperOMJaeHue B HaNpaBleHUAX Xo
H X3 AOMKHO ObiTh ONMHAKOBO B COOTBETCTBMM C NPYHUNIIOM CHMMETpY,
chopMymipoBaHHEM Ha cTp. 290, nOITOMY i, = 7y3. OnHako y kpu-
CTa110B KAaccoB 23 ¥ m3 0OCb x, fBJAETCH JMllb OCbK) BTOPOrO MO-
panka, ¥ B KpuCTantie, HAXOLAILEMCH TOL ILEHCTBHEM HATIPAKEHHH,
HanpasJIeHHA X, U X3 HE CBA3aHbI cmmerpnen. B cootBercTBUM € 9TUM
CUMMETpUA KpHCTanna knacca 23, moaBeprHyTOro AEHCTBUMIO paccMarpu-
BAEMOrO HANpAMEHus, TOHHXAETCH N0 CUMMETpHM Klacca 222; aHano-
I'MYHO, CUMMETpH# KpuCTania knaacca m3 mnoHwmaercs no mmm. OO6a
NOJIYYaIOUIMXCS KJAacca SABAAIOTCA OPTOPOMOUYECKHMYM M, CNELOBATENbHO,
JBYOCHBIMH.

CooTHollenus MeWAY KO3 dulHeHTaMy T 1] KPHCTANTIOB KJIAaCcCOB 23
¥ m3 JNerko TMOJy4yaloTCs METOAOM npsaMofl nposepku (cM. ctp. 146).
Ocb TPETLEr0 TOpALKa B TMOJOKHUTEIbLHOM OKTaHTe ﬂ.eﬂCTByET Ha OCH
KOOpIAVHAT H, CIELOBAaTETbHO, HA MHIEKCH MO CJEAYIOIEH cxeme:

152, 253, 3>1.

TakoBb npeofpa3oBanus WHAEKCOB TIPH Yemblpe X tHOCK CHbLX (TEH30 PHBIX)
o603Hayenusnx. CrnefoBate/bHO, NPH TaKWX OGO3HAYEHUAX MBI MOAYYaeM:
11 - 22, 22— 33, 33 11, 23531, 31512, 12 - 23.

Atu we npeobpa3osauus Tpu O08YXUHOeKCHbX 0003HAYEHHAX 3aTMUCHI-

BAIOTCA B BHIE

152, 2—-3, 351,455, 56—6, 654.

[TosToMy
Ty = W == Tgg Tp = Tp3 = Tgpp T3 = T2 — W32

KaK , noxkasaHo B Tabn. 15. Octanbubie kosdduuuents o6pamaioTcsa
B HyJb, B 4eM MOwHO yOenutbcs, IeHCcTBys OLHOM u3 Lpyrux oce
TpeThero NOpALKa.

dopmynnt (13.33) u (13.34) orHocaTcs K KyOuyecKOMY KpHCTally,
HaxogsileMycs Toj AefCTBHEeM OLHOOCHOrO PACTsWeHus, NapasiebHOro
ocu ky6a. B T1abn. 16 mpuBomsaTca GOpMyAb I HEKOTOPHX LpPYrux
Hanpapenufl Hanpsykenus u HabJI0LeHus.

Hs ¢opmyn (13.33) u (13.34) w t1abn. 16 BuZHO, uTO, CXKUMAaA
KyOuueckuit KpucTann BLOJb KyOuyeckol OCH ¥ n3Mepsss BO3HUKAIOLLEE
TPH 3TOM IBOKHHOE JyYenmpesoMiIeHHue B HANpPAaBAeHWH, MEPNEHLUKYIAPHOM
HaTpaBJAEHHIO HATIPAKEHUA, MOKHO HAUTH 3HAYCHUA (Toyy— Toyp) H (Fy— Ty3)-
Takue wuamepeHus cpenatb cpaBhuTesbHO Jerko. OLHAKO MOXKHO TOKA3aTh,
YTO C NMOMOMHIBID ONHMX JiMIUb W3MEPEHHH JIBOMHOrO JYYENpeNOMJIEHHS
HeJb3fl OMpPENENUTb Ty W Ty WIH Ty H w3 N0 OTAEAbHOCTH. B QopMyb
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TABJHWIA 16

Heolinoe ayuenpesomaenue Kybuueckux kpucmannos
nod delicmsuem 0OHOOCHO20 HANPANCEHUN NPU PA3AUMHbLIX
HAnPABACHUAX HAOAK denun

Hanpasae | Haupasae (rp—ny)
Hue nue
onHoocHoro | uabawoze- _
Hanps.xeans uusi KaaccH 23, m3 Knacenl 43m, 432, m3m
1 0)3 1 0)3
[160] [010] |— 5 (3o (7 — %12 — 5 (n e (rny — 7po)
1 1
[001] |— 5 (n9)fe (rpn — 715) — 5 (n9)%e (= — =12

1] | =5 ()% s [ — Gt || — 5 (1995 (1 — w0

O} |— 5 (e [rn— 5 Grtm)]| — 5 (1035 (o — 710

| ——

(11} | Bee |— g (n0oery — o (M) amyy
Hanpa-

BJEHN4,
neprnes-

AVKysp-

Hbie [111})

Bcerna OYAYT BXOIMTb VMEHHO pasHOCTH (%y— Tpe) HAH (myy — ).
Yto6u nonyuntbh abCOMIOTHHIE 3HAYeHusi wyy, Tpp, w3 HEOOXOIMMO TIpO-
LenaTb 3HAYMTENbHO 00nee TPydubie U3MEpeHHs a0COMOTHOrO K3MEHEHHs
OIHOrO Hu3 ToKasareneil MpeaOMIEHHA NpH TPUIOKEHHHK HanpaKeHHusa.
Ilng 9TOr0 HyXHO BOCHOJBL30BATbCA HHTEPHEPOMETPUYECKUM METOLOM.
Yrolbl u3MepHTh T, YLOOHO TNPWIOKMTb K KPHCTAJANy HANpsKeHue
cwarus Bponb [111]. Kpome Toro, =m,,, KOHe4HO, OmpelensieT uaMeHeHue
TIOKa3aTeNs NpeNOMIeHNs 0L NEHCTBHEM HANPAKEHUs! CABWrA B TTOCKOCTH,
nepneHIuky apHofl kyOuyeckon ocu.

ViaMepenHbie 3HayeHust my ¥ p;; LN HEKOTOPHIX KYOuYeCKHX KpH-
CTannoB mpuBefeHH B Taba. 17. DTn 3dHayeHus vHOrAa CNerka 3aBUCAT
OT IJMHH BOJHH CBéTa. K BOTMpOCy O 3Hakax CAeAyeT OTHOCHTCA OYEHb
BHUMaTtenbHO ). PaccMoTpuM, HampuMep, KpHCTann XJOpHAa HaTpus,

1) Beoas onpexenenye =y, [Okkeabe [75] cumTan Hanpamenue CxarthA
MNOJOXUTENbHLIM ¥ MOCTaBHMA 3HAaK MHHYC B OPaBofl YacT¥ Onpeaensiolero
ypaeuenyn (13.24). B Hacrosiuel Knure Mbl CYMTaeM IOJOKHTENbHBLIM Hampake-
Hue pacrsikehnd. [lostomy =j; y [lokkenbca m y Hac onunakoBhl. B kauectBe
CAUHNIL AR T, lokkeabe ucnonbsoBan mMm2fel
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CwaThil BLOAbL KyOuueckodt ocu. M3 t1aba. 16 moayuaem, uto

1
m—n = —7(’10)3 (71 — ®12) -
Ha tabn. 17 MBH BMIUM, YTO pPasHOCTb (wmy; — Typ) < 0; MO  yCAOBMIO
HaNpsAKEHWe ¢ OTPULATENbHO; TOSTOMY DasHOETb (R — 1) = (R, — Hg)
orpuuarenbHa. CnenosatenbHo, TpH CHaTu BAOAb KyOuueckoit oOcH
KpUCTann XJOpuAa HATpus CTAHOBUTCA OJHOOCHBIM OTPHUATE/JbHHM KpH-
CTaJIIIOM.

TABJAUWLAI7
Pomoynpyzocme rkybusecxux xkpucmasnos*
a. 3nauenusn neesoonmuyeckux Kodgppuyuermos 0an D-aunuu nampus

Kpuctann K 1ace Ty Tig T Ty Tyy = Tga | Ty — Ty 'z;l;:g«i
KanueBnie m3 3,7 9,1 8,5 |—0,60 | —543| —4,82{[12}
KBaci{bt
Hurpar 6apus | m3 18,11 40,0 | 352 |—1,69 |—23:84|—17,13|[10]
Hurpar cBvHua | m3 | 70,211 89,34 82,05|—1,39 {—19,13| —11,84|[10]

Xnopvn watpua | m3m | 0,25 1,46 —0,85 —1,21 [75]
Xnopus kaausa | m3m| — — —4,31 1,70 [75}
b moopur nm3m |—0,29 1,16 0,698 —1,45 [75]
Anmas m3m |—0,43 037 —0,27 —0,80 [23, 76])

6. SHauerusl ynpyzoonmuueckux x03Hguyuernmos
Oas D-aunuu nampus

Kpuctann Kanacc Pu Py Dis Pu Pu—Pv | Pu=Po ':I;l;:%g‘_
KanveBre m3 0,27 0,35 0,34 [—0,0056|—0,0792|—0,0704| [12}
KBacuhbl

Hutpar 6apus | m3 2,49 3,40 3,20 |[—0,0205\—0,992 |—0,713 | [10}
Hurpat cBunua | m3 8,50 8,78 8,67 |—0,0191|—0,281 |—0,174 l[lO]

Xnopun uatpus | m3m | 0,137 0,178 |—0,0108 —0,0408 [75}
Xnopun kama | m3m — — —0,0276 0,0595 [75]
Pawopur m3m | 0,0558 0,228 0,0236 —0,1722 [75}
Anmas m3m |—0,125 0325 |—0,11 —0,45 [23, 76]

# MNbesoontHyeckue KOS(GGHLHEHTH BLIPAMKEHH B 10712 42y 10— 11 CcM30K, ynpyro-
onTHyeckHe KosdibHuUHeHTH Ge3pasMepHsl.
* JlonosnuTesbHBeE Kadmbe cM B pabortex (11, 14, 22, 28, 63, 68, 70, 71, 94|

)
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§ 3. OSmee paccmorpenne 3QGeKTOBR BTOPOro MOPsAKA

1. Tepmopunamuyeckoe paccMorpeHne. MBI yKe€ BuUIeTH, uTO
51EKTPOONTHYECKKE U Tbe3oonTnyeckufl adpdexTr aBaAIOTCA sbhdeKTaMu
BTOpPOTO TMOpALKa, TAK KAK OHY BO3HMKAIOT 38 CYET 3aBHCHMOCTH
IM3JEKTPHYECKOM MpPOHHLIAEMOCTH OT 3JEKTPHYECKOrO TMOJA U MeXaHuye-
ckux Hanpswenufl. OO6CyxIeHue TepmoLuHaMuku TOLOOHHX sdderToB
BTOPOro TNOpPAIKA, YHCJIO KOTOPHX AOBOJbHO 3HAYMTEJBHO, MOMHO MNpoO-
BECTH TaKuM e 06pa3oM, kak OhJIO yke clenaHo A1a 3¢ (EeKTOB NEpBOro
nopsinka B ri1. X. OIHAKO NONHOe PacCMOTPEHME C/UIIKOM AJIHHHO, YTOOHI
NPYBOINTb €ro 31ech, NMOITOMY Mbl HAMETUM Jumb OOHLYIO CXeMy paccy-
kuenndt. Tlpu STOM UHIEKCH! y pasnMuyHbBX TE€H30pOB Mb OyAEM OMYCKAaThb.
Takue 0603HaquHﬂ. €CTCCTBEHHO, fABJAAIOTCA HECTPOruMH, HO, KOrAad BO3~
HYKHET 1e06X0nMMOCTb, NErko nepefiTy K CTporuM o0O03HaYeHHAM.

Tax xe kak B rn. X, Oynem cyutatb ¢, E u T He3aBUCUMBIMH TNEpEMEH-~
HBIMY, ONpENEeNAIOUMY cOCTOAHuE kpucTanna. IlbesoonTuueckut soekr,
KaK MB y@X€ BUIETM, MO CYHIECTBY OOYC.TOBJMEH H3MEHEHWEM LNUSJEKTpU-
YECKON TMpOHWiIlaeMOCTH TOL ILeHCTBMEM MEXaHMYECKUX Hanpsxenuil.
CrnenoBarenbHO, Nbe30ONTHYECKHH 5(QeKT NPONOpLUHOHATEH

=2 (57)- (13.35)
B o E
Tak kak D apnsercs ¢yukuuefl coctosnusn, nopsaaok AucddepeHyupo-
BanHusl MOXHO M3MEHMTb M 3aMHCaTh
o2 (L)-2 (13.36)
a 0E \ 0s OE

rae d — nbe303NEKTpHYECKUit MoLysb, TO ONpene/eHHI0 paBubifl npous-
Bonuo#t 0D,0s. Takum oOpa3oM, KO3(p(ULUHEHTH, ONUCHBAOLIUE H3MEHE-
HME AUDNEKTPHYeCKON TNpPOHMIAEMOCTH B 3aBHCHMOCTH OT MEXaHHYECKHX
HATpKEHUH, YNCNEHHO paBHH KO3PQHIUEHTaM, ONUCHIBAIOLIUM H3MEHE-
HUE Tbe303JTEKTPHYECKUX Monynel B 3aBucuMocTH oT noas. Crenyer,
OIIHAaKO, OTMETHTb, YTO SMO YMAepscOeHue cnpasedsuso Mmoabko 8 Mom
cayuae, £020a wacmoma noas 6 o6oux cAy4Qax 00UHAKOSA.

Kosdduunentsl 0d/0E MO¥HO, HMCTIONb3ys TEPMOAMHAMHYECKOE ypaB-
venne (10.35), 3anucath B Bune

E-5(2)-5E) o

TakuM 00pa3oM, M3MEHEHHE IMINEKTPUYECKOH TMpPOHHIAEMOCTH B 3aBu-
CHMOCTH OT MEXaHHYECKOr0 HamnpsKEHHA OKa3biBaeTC CBHA3AHHHM CO
BTOpOM TIpOU3BOIHOK nedopMaiuy No nomo, 0%/0E2. dra npousBonHas
ONKCHIBAET fBAEHUe aaexmpocmpurkyuu (cM. § 3, n. 2). dnexrpo-
CTPUKIMS BO3HUKAET B pe3y/brate Ksadpamuyrol 3aBUCUMOCTH & OT E
¥, CJA€I0BATETbHO, OTJUYaeTcs OT OOpPaTHOrO MNbE303IEKTPHYECKOrO
addexta, 00yci0BAeHHOrO suHeiinol 3aBucuMocTbio & OT E. Takum
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00pa3oM, Mb YCTAaHOBW/IM CBA3M Mex1y ¢OTOYyNpyrocTbio, 3JAeKTpo-
cTpuKuMed u Ko duiuentamu O0d/OF.

AnajoruyHo, MOXKHO HafiTH MHOTO WHHX 3aBHCHMOCTEH MexZy Lpy-
ruMH BTOpHMY npou3soiHbiMu e, D u S no o, E u T. Bce sty BTOpHE
NpON3BOAMbIE ONUCHBAIOT 3¢((eKTH BTOPOro nopsaiaka. B kavecrse mpu-
Mepa MOXHO TPHBECTH TNpPOU3BOLHHE 0%/0c? — MONATAHBOCTH BTOPOIO
nopsnka. MOMXHO YIIOMAHYTb TaKke NpOu3BOLHHE (0%/050T), KOTOpbie
ABNSIOTCA KO3(UIHEHTAMH B BHPaXE€HHH, OTNHKCHIBAIOIWEM TEMIEPATypPHYIO
3aBHCUMOCTb TONAT/IUBOCTEH Og/0g; 3TH KOI(DDHIUEHTH DPABHH KO3(u-
LIMeHTaM, XapaKTepuayomluM 3aBUCUMOCTb KO3(hPUIHEHTOB TENN0BOro
pacwupenus 0g/0T OT MeXaHHYECKUX HanpseHui.

B rn. X O6un0 nokasaHo, 4TO TMepBbie NPOU3BOLHHE (Hanpumep,
OD/OE, 0:/0T), onuchiBaiomne 3pQEeKTH NepBOro nopaaka (AUSJEKTpu-
YECKYI0 TpOHHLLAEMOCTb, TEIIOBOE pACHIMPEHHE H Ap.), MOXHO TIpEex-
CTaBHUTb KakK smopbie TIPOM3BOLHLIE TEPMOAMHAMHYECKOrO MNOTEHIHANA ®.
Mb onpezensmu @ cnenyiomuM o6pasoM:

d®=—edo— DdE— SdT, (10.32)
TOrLa, HATIPUMED, ,
@
D=— 3E’
TI03TOMY
,_9D __ @0
T 9E T 02"

OTciona CJaeLyeT, YTO TpPOH3BOAHLE, nNonoOube 02D,0F2 — pennynne,
onpenensio e [M3NEKTPHYECKYI0 TIPOHUIlAEMOCTb BTOPOr0 NOpsinKa (u
3/TEKTPOONTHYECKUH 9¢hPEKT BTOPOrO MOpAIKA), MOXKHO TNPELCTABHTb KaK
mpemby npousBoLbe P:

02D 030

Ananoruyno, koagdguuuenth (02D/0c OF), KOTOpHE, KaK Mbl MOKAa3anu
BHIILE, OTpPELeNfIOT TNbE30ONTHYECKUH U 9TEKTPOCTPUKLUMOBHBHN 3 deKTH,
TOXE MOXHO 3anucatb Kak TpeTbH HpOH3BOILHHe &:

62D 030

3 0E—  0s 0Bt (13.39)

2. daekTpocTpukua 1 Mopbpuueckue sdpdektr. B cayyae auvefi-
HOrO MNbe30seKkTpHyeckoro spdekra (1. e. sddexra nepsoro nopsanka),
obcymnapierocss B ra. VI, nmonspusauus NponopuMOHaNbHA MeXauuye-
CKOMy Hanpsenuio (npamolt sddext), a nedopmauus — nomo (obpar-
HHfl addext). Korma HanmpskeHus u medopMaimss Manbl, HYXHO pac-
CMaTpuBaTh TOJbKO Juuefibe sdoexth. [Ipu 60MbMNX HATIpANKEHUAX U
IzedopMauusax HeoOXOZMMO TpUHMMATh BO BHHUMAHWE U KBaZpaTHYHLIE
spdert. TNostoMy nas oBpatHoro sbdexra MoxHO 3amucaTh

8je = dipEy Y upEiFy (13.40)
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[lepBuitt unew B mpaBOfl yacTu BHpamaer JuuefHHM IbE303JIEKTPHU-

ueckult apopext. Kosdomiuent d?,k npencrapnser coboft 3nauenne d, =
= (0¢),/OE;) npu Oeckoneyno ManoM mnone. Bropo#t uneH ONnCHBAET ne-
¢$opMaLH, TPONOPUNOHANbHBIE TIPOU3BEIEHHAM KOMMOIEHT HaNpPAKEHHOCTH
no.aA;  3TO — 3JEKTPOCTPHUKLHOHHHHA 4yned, BH3LBaWIMA  MOsABIEHKE
BTOpHX TpOM3BOAHHX JedopMauuu no mnomo. Ecau nanpasaeHue
noas usMmensierca na o0paTuoe, TO BCE KOMIOHEHTH E; W3MEHSIOT 3HaK,
nosToMy AedOopMauuy, ONHCHBAEMHE JHHEMHBMH YNEHAMH, TAKIKE HsMe-
HAIOT 3HAK W pACTAXEHHE B3aMeHseTcs Ha cxarue W T. 4. HaoGopor,
BTOPO! uJeéH NpH W3MEHEHWM HampaBieHus noas na ofparHoe nwe uaMe-
HseT 3Haka., Bxoismufl BO BTOpOH uneH TeH3op Y, ABIAETCA TEH3OPOM
YETBEPTOrO paHra, KOTODPHH, OYEBMAHO, CUMMETpHYEH No nape i{ u [ u
no nape j u k. ¥ pasiuyHbiX KpUCTANIOrpadhuyecKuX KJACCOB OH UMeeT
TAKHE XKE OTAHYHBIE OT HYJNS KOMMOHEHTH, Kak (OTOYNIPYrHe TEH3Ophi
Typy W Pyp- He BCE KOMIOHEHTH TOCMENHUX OOpaimaioTcs B Hyab Lawe
1A U3OTPOMHLEIX MAaTepuanoB; OTCIOLA CAEAYET, YTO SJAEKTPOCTPUKIHA
Mower wualnomatbcsl B mobbX MaTepuanax, BKJQYas CTEKAA M Kul-
KOCTH. B 3TOM OTHOLIEHUM S/EKTPOCTPHKIMOHHAA JHedOopMaius pesko
OTIMYAETCA OT TbE30IJIEKTPHYECKON, KOTOpas JuneiHO 3aBHCHT OT MONs
W, Kak Mbl Y)ke BHAENYM, OTCYTCTBYET B LEHTPOCHMMETPHYHBIX KpH-
cTanax.

Ypasuenne (13.40) MOXHO paccMaTpuBaTb U € LpYro# TOUKM 3peHuSs.
3anuiieM ero B Buie

&= (G +'TujkEt> E, (13.41)

[lpu Takoi 3amucu TEH3Op TPETBErO paHra 7,,,F, okaswsaercs monpas-

Ko#l K d?,k. B ofieM cayyae KO BCeM KOMIOHeHTaM djpj cnenyer nola-
BHTb MaJyl0 [ONpAaBKY, TNPONOPLKHOHATbHYIO TOJIO.

OcraHoBuMcsA ewe Ha OXHOM Bonpoce. Ilpu HalOMKEHUH SJEKTpH-
YyeCcKoro noJsfl CHMMETpHA KpuCTanaad MOXET TOHM3UTbCH UJIH HE TOHH-
3uthcs (B COOTBETCTBUM C TIPHHLHIOM, CHOpMynHpoBaHubiM na crp. 290).
B nioGoM cnyyae monpaBouHbie uneHb 7, E; 00pasyior TeHsop, koro-
phifi LOMKEH COrNacOBHBATLCA C CHMMETpHEN KOMOUHALMYM: KPHUCTAII TLTIOC
none. Ecau sta CuMMETpus HHXKE CUMMETpuM CaMoro Kpucranria, TO
HOHpaBO‘{HbIe YJM€Hbl MOryT NpHBECTH K TMOABJECHUIO KOHEYHHX 3HayeHuil
HEKOTOPHIX KOMIOHEHT d,,, paHee pPaBbX Hymo. MHeMK cnoBaMu,
Koraa CvMMETpus Kpucraaaa ToL AEHCTBUEM TI0af TIOHMKAEETCH, MOryr
B803HUKHYMD HOBbI€ TbE303JICKTpUYECKUE MOLY.TH. 3JTU HOBHE MO-
LVaH TpONOPUHOHATbHB TOMO M, CHENOBAaTENbHO, ONpelensioT nedop-
Mauuio, TNpONOPUUHOHANBHYI0 KBaLpaTy mnoJs. TTonoOubift wacTHBIf TUIN
3 hdexTa BTOPOrO MNOpPALKA HA3bBAETCA Mopghuneckum apgexmon.
B ofwem cnyuae mopduyeckuit adoext Aomxed Habaronatbes BCeraa,
KOorna BO3neHcTBHE, TIOHMXKAA CUMMETpPHIO KpHCTAN1a, BbIRLIBAET TIO-
fABJEHUE HOBBLIX KOS(PUIIHEHTOB, TpPONOPUHOHAIbHEIX 3TOMY BO3zneH-
CTBMIO,
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PE3IOME

Jpoiinoe ayuenpenounenne. ¥Ypasnenue unOuKampucel 3anucHBaeTca
B BHLE
2

X x2 x
_;_.}_ 4+ =1, (13.5)
r[l . r[2 r[é

rie ny=VK; nmo=VKyp n3=YVKs— 2108nbe noxasameau npe-
aomaenuf, Viupukarpuca (13.5) naeHTHYHa XapaKTepHCTHUECKON MOBEpX-
HOCTH ZJIA OTHOCHUTEIbHON AUSNEKTPUYECKOW HENpOHMILAEMOCTH

B,x} 4~ Byxt 4 Byxs =1, (13.6)

rie B;=1/K;, By,=1/K,, By=1/K;~—rnaBHbe OTHOCUTENbHHE [4-
9/EKTPHYECKUE HETIPOHULLAEMOCTH.

Ilns kyOuueckux KpuCTamOB ny = n, =n,. [ekcaroHanbHne, TeTpa-
roHaNbHbie M TPUIOHAIBHBIE KPUCTAMIB 00HOOCHbL (My==MNy="1,, Nz==H);
OHU TONOXHTENbHB, €CTH fl, >Ny, ¥ OTPHLATENbHH, ecau n, < M.
OpTopOMOuyecKue, MOHOK/IHHHHE H TPHUK/MHHBlE KPHCTAAdbl O8yoCHbL.

dunexrpoonTuueckuil u nbesoontuyeckuil sddextn. Ecnu k kpu-
CTanny TPUIONKEHB 3MEKTPHYECKOE TOJE M MEXaHWYECKUE HanpsXKeHus,
TO KO3(DQPHUNEHTH HHIUKATPUCH Bux,xj=1 U3MEHAIOTC Ha Manayio
BeanuuHy AB,, TpONOpuUKOHANbHYI0 NOMO M HATIPANKEHUSM

ABU = 2yeE Tykrie (13.14)

Bneck 2y, — saexmpoonmuseciue Kospuyuenmet, 0Opasyouue TEH30P
TPETLErO Paura, @ wyy, — nbe300nmuneckue Kospguyuenms, obpasyio-
HHe TEH30p uYeTBeproro paura. YpasHewue (13.14) MOxHO 3anmucathb
TaKKe B BHUAE (BBIPA3HB HATIPAKEHHUA YEpe3 LeQOopMallui)

ABy; = z,ytEf ~+ Pyyestres (13.16)
rue

Pijrs = TyriCrirss  Tiygri = PijrsSeskis (13.17)

Anechb py;,—- OeapasMephbie ynpyzoonmuteckue Kosgpgpuyuenmol.,

DaeKTpoonTHyecknit 3QPEKT Npu TOCTOAHHHX HAMPAKEHUAX SBJAETCA
cyMMofl sddexta mnpu nOCTOAHHHX AedopMauuAx (NEpBuynbE 9 peKT)
1 nobounoro sdoekra, oOycnoBneHHoro koMOunauuefl Nbe30saEKTpH-
YECKOr0 H TNbE3OONTHYECKOro 3PeKTOB (BTOpHUHBLIN adhdekT).

Tak xak By =B, T0 2z, =2, OOvemunas uniexcn y AB, u
IBa TIEPBLIX HHIEKCA y 2, B OAuH, npoberaomuft 3navedus ot 1 1o 6,
ypaBHEHHE 3JIEKTPOONTHYECKOro a¢ekTa MOKHO 3anucaTh B BHIE

AB, =z,,E, (im=1,2,...,6 n=1, 2, 3. (13.20)

mn—n

20 Ox. Had
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Npu 3amere 2j,, — 2, MHOWuTe M 2 u !/, He nossasiorcs. B obuwem
cryyae MMEIOTCs 18 HE3aBUCUMBIX KOMIOHEHT 2,. 3a CYeT CHMMETpHH
KpUCTanna TO YHCAO YMEHBIIAETCA TaK We, KaK B CAy4Yae Nbe30SJEKTpHu-
yeckux Monyne#h. dopMa MaTpuub (2,) OauHakoBa ¢ QOpMO# Tpaucmo-
HHPOBAHHON NbE30SMEKTPHYECKON MaTpPHLLL (dll)t’ 3a MCKJIIOYEHHEM TOrO,
YTO HEKOTOpHE MHOXMUTETH 2 OyAyT CTOATb y APYruX YJEHOB.

Tak kak By =By, T0 =", TaK KaK 0, =13, B OTCyTCTBHE
06bEMHBIX MOMEHTOB, TO Ty, == %), [03TOMY, UCNIOAB3ys ABYXUHIEKC-
Hete 0003HaYeHus, ypaBHeHue NS TbE30ONTHYECKOro adiperTa MOWHO
3anucath B (opMe

ABm= Tmn®n (m» n=1, 2, ..., 6), (13,24)
rae
T = Typp  KOria n=1, 2 umwm 3,

l

Top = 2%y, KOTHE n =4, 5 umm 6.

B ofwem cayyae

- -
Cnn %unm.

Ecnu nbesoonThyeckuit atherT Bhpasuth Yepes nedpopMaiuy (3anMCaHHHE
B OLHOMHIEKCHbX 0003HauyeHusx), TO €ro ypaBHEHue NpUMET Bul

AB, =p,.e, (m,n=1,2, ...,6),
TIpHYEM
Pon = %meCrnr  ®my = PmrSen-

TMpu cokpaillenyy Yuci1a UHAEKCOB Y py,s MHOXuTEM 2 Wik !y me mo-
apnsiorca. B ofmeM cayuyae

pmn #pnm'

BooGwe ropops, umMeTca 36 HE3aBUCHMBIX KOS(GDULHEHTOB T,y W Ppype
D10 uyKCIO yMeHbIUAETCH 32 CYET CHMMETPHM KpPUCTajlda LO TPeX y Hau-
fonee CHMMETPUYHBIX KyOUYECKHX KJaCCOB.

daekTpoonTHYeCKUH K NBbE30ONTHYECKUH (D DEKTH ONpPEneNsoTCs COOT-

BETCTBEHHO TPOU3BOAHLIMH Tuna 02D;0F? u (02D/0c OE). Ecnm 3anucarb
n=n0+4-aE,+ a'c +bEE4-b'® - V'Ec 4 ..., (13.12)

TO yneH aFE, Bulpaxaer 35AEKTPOONTHYECKHH 9¢((EKT MepBoro nopsunka
(muuefinbift  spderT). B ueHTPOCUMMETpPHYHHX KPHCTannax JHHEHHBIH
9MEKTPOONTHYECKUH 3deKT He MOWKET MMETb Mecta. YUnen a’c Bhipawaer
MuHERHBIA be30onTHYeCKHH sdext u unen bE] — snektpuueckudt sddekr

BTOPOro nopsaka (3pgexm Keppa wuny KpaipaTuuibi 5.1eKTpOOTryue~

ckuit apdeKT); o0a sTH sPdexra MOryT BO3UMKATL B KPUCTAANAX JOGOH
CHMMETPHH,
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BuinuceiBas COOTBETCTBYIOIIME TPOU3BOLHBE W WCTOJIL3YA TepMO-
IVHAMMYECKHE COOTHOWIEHKS, TpHBENEHHHE B ri. X, MOXHO HalTu psazn
3aBHCHUMOCTEHM MEXAY pas3auyHbiMi BTOpbLIMH TNpOu3BOAHbIMU &, D u S
no o, E u 7. Tak, nanpumep, nbe3oonrtuyeckue kosdpduuuents (02D/0F0s)
1 KO3ddUUHEHTH 3AeKTPOCTPHKLIK (0%¢/0F2) ¢opMaIbHO CBA3AHH ApYr
¢ apyroM. OnHako ko3hPuUMEHTH paBHBl APYr LpYry TOAbKO TIpH
yC.10BHY, YTO YacTOTa moas B o0ouX CJayyasX OIMHAKOBA. TaKOro THMNa
stdekTH BTOPOro mopsika MOryT ObiThb OMHCAHB C TOMOIbBIO TPETHHX
TNPOU3BOLHBX TEPMOIAHHAMUYECKUX TIOTEHIUAMOB.

B ypaBueHni nbe3o3nekTpuyeckoro spekra

_d?jkEl +TupEiEy (13.40)

BTOPOH uJeH B MPABOH YACTH BiIP. 1T S/MEKTPOCTPUKLKIO; B HEM ;1) —
TEH3Op YeTBEPTOIO panra, aHATOTMYHBIN Wyp; M Py

SADAYH

_ 1, [loxasary, YT0 B KyGMUECKMX KPHCTanlaX. NMPHHALIEHKAMX K Kaacca
43m, 432 v m3m, vaMeHenve MOKasaTeda MPENOMAEHMA MO1 AEHCTBMEM ruxpo-

CTaTHYECKOTO J[AaBJCHUA orpeienserca ¢Gopmyaost p (dn dp) = ——n 3py rane
Po= (Pu + 2p12),3, 8 p — INOTHOCTD.
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BPAILEHME IJIOCKOCTH NOJIAPUSALUH

§ 1. Beepenue

Ot aBaenus LBONHOrO JyyenpesOMJEHHs, pacCMaTpuBaBIUErOCs B Tpe-
ILAYIER rnaee, ClefyeT OTAUYAaTb SBAEHUE BPGIUYeHUS NAOCKOCMU
noasipuseyuy, Win onmuiecKoli axmusnwocmy. OHO COCTOHT B TOM,
YTO IpH TMNpOXOXWICHUH IITOCKO-NONAPHIOBAHHOMO MOHOXpPOMATHYECKOro
CBETA YEPE3 ONpPENEIEHHBIE U3OTPOMHLE MATEpHaNH TJIOCKOCTb TOJApH3a-
Luy MOBOPAaYHBAETCA, TpuUYyeM Yyroa MNOBOpPOTd, Kak OBIIO YCTAHOBJIEHO,
TpOTIOPLKOHANEH TOMLUHE MaTepuana. I1o ke sABneHue Habmopaerca
B HEKOTOPHIX KYOMYECKUX KpMCTANnax, a TaKkKe BO MHOrMX OLHOOCHHIX
W IBYOCHBX KPMCTa/nax TpH NpOXOMIEHUM CBETd BIOJb ONTHYECKOH
OCH — HanpaBneHus, B KOTOPOM OOHYHOE [BOWHOE JyYenpesoMJIeHue
OTCYTCTBYET (fApKu#t npuMep — a-KBapu).

flpnenue BpameHus TMAOCKOCTH MOJApU3ALHH OOBACHAETCA CTeLYIOIUM
006pa3oM. Bo Bcex caywasx, Korza naoCKO-TONApU3OBaiHaA BOJHA C Mpo-
H3BOJbHBHM HaNpaBJCHUEM IIJIOCKOCTH MOJApH3aLKY BCTYNaE€T B HEKOTOPYIO
Cpely, OHa pa3naraeTcsl Ha ABE UUPKYJIAPHO-TIONAPH3OBAHHHIE BOJHH —
OLHY C TmpaBeiM, JLpyryilo C JeBbHM HanpaBieHueM BpalueHus ), Ha
¢ur. 80,a mnOKa3aHO pacnonOmeHHe BEKTOPOB B TOYKE BCTYIIEHUSA
BOAHM B Cpely, Kak OHO TNpencTaBasnoch Obl Habnonaresai, cMOTps-
weMy HaBcTpeyy BogHe. Bekropw OA u OB, wsobpaxaiowiue BeKTOpH D
IBYX LMPKYJISApHO-NIONAPUOBAHHLEIX KOs€0aHult, BpamaioTCs B NPOTHBO-
NOJIOWHHX HaNpaBAeHusxX C OLMHAKOBOH yrnoBo# ckopocthio. Bekrop OA,
BpaLAIOMUiCA N0 YaCOBOM CTpeske, TNpencTaBaseT cobo# Npasyio KOM-
TIOHEHTY, BEKTOp OB, Bpaiaiouiica npoTUB YaCOBOH CTpPEJKH, — JIEBYIO
KOMNOHeHTy. OTH B KOMMOHEHTH B COBOKYMHOCTH ()OPMAJIbHO 3KBU-
BanenTHh BekTOpy OC, COXpamsiOLIEMY CBOE HAlpaB/eHHE W TpencTa-

1) ¥V uypxkyaapHO-NOAAPH3OBaMMOA BOMHK C TIpaBhIM BPamIeMiieM BEKTOp
MHIYKuMY D B gaHHOH TOUKe BpamaeTcs MNPOTHB YacOBOH CTPENKH, ecay CMo-
TPEThb B HAampaBieHMM pacnpocTpamenys Boanbl ChenoBaTenbHO, Aaa Habaio-
Jarens, CMOTPALIEro HaBCTPeuy BOJHE, BekTOp D BpallaeTcs Mo 4acoBOH CTpedke.
B gurcuposarnui smomenm 8pemMeru KOHUH BEKTOPOB D 1asl TOYEK 3anaHHON
BOJTHOBOH HOpManu o6pasyioT NMpPaBOBMHTOBYiO aunuio. Wamenenve D mpu npo-
XOX:eHMY BOJHBI MOXHO HarisfijlHO MpeIcTaBHUTL cebe, ecay cYuTaTh, UTO 9Ta
BHHTOBaA NMHMA PABHOMEpHO ABMKETCR BIONb CBOEH OCH, HE M3MEHaACh W He
NOBOpPaYMBasiCh.
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pasiolleMy coboit NpOU3BOJBLHOE TNIOCKO-TIOJNSPU3OBAHHOE Konebauue.
Cama paccMaTphBaeMas Cpella sBJAETCA ONTHYECKH AaKTHBHOHU (seBOBpa-
waoweld u00 NpaBOBPAILAOILEH), TO3TOMY IBE LWHPKY/IAPHO-NOAAPU30-
BaHHble BO.THB DACTPOCTPAHAIOTCA B HEl C HECKOJbKO pAa3auyHBIMH CKO-
pocTaMu. B pesynbTaTe, €CaH CYMTATb, YTO TNpH BCTYIUIEHWH B Cpeny
ofe BOAHB uMeau OIMHAKOBYIO (basy, TO Tpu BHIXOJE H3 Cpelbl OHH
npuoBpeTyT HEKOTOpYI0 pasnocTb has. Kapruwa, wualmonaeMmas B TOuke
BbiX0l4, TNOKasawa na ¢ur. 80, 6. Bextopu mupykuuu OA’ u OB’ no-
NpeXHEMY BpAaWAIOTCA B TPOTUBOTOJNOMHBLIX HAaNpaBleHUsX C paBHOM

[
|
|
v
a )

& ur. 80, Bpamenue NAOCKOCTH TIONAPHBAIMAKM TIPY MPOXOKAEHHH
CBETa uepe3 KPHCTana B HalpaBleHMH, B KOTOpOM OOHYHOE ABOMMOE
JyYyenpeloMIeHue OTCYTCTBYeT.

4 — pacloyioyKeHHe BEKTOPOB B TOYKe BCTYIJIEHHMS BOJIMB B Cpely; 6 — pacrnonoxe-
HHe BeKTOPOB B TO4YKe BBIXOHAa BOJHB M3 Cperbl,

yrnoBofi CKOpPOCTBIO, HO Tenepb OHH TIPOXOAST YEpe3 BepTHKa/bHOe
TOTOKEHHE HE ONHOBpeMEHHO, WX pesysbTupyowmeil Ttenepbh sBaseTcs
Bektop OC’, KOTOpHt KOnEGneTCs B TJIOCKOCTH, COCTAaBJSIOLIEH yroa ¢
¢ sepruranbio. HerpyaHo Buzets, uro, korna sektop OA’ cosnanaer
¢ BepTukanbio, BekTop OB’ emwe OTK/MOHEH OT Hee ua yroa 2¢. Yroa 2¢
ecTb pasHocTs a3, CrenosarenbHO, Y204 NO8OPOMA RAOCKOCMY NOASPU-
3ayuu paser NOAOBUHE PG3HOCMU (HA3 mexcdy 08YMA YUPKYAIPHO-NO-
AAPUB0BGHHBLMY KoMnoOHenmamu. B cnyyae, uso6pamennom ua ¢ur. 80,
KOMIIOHEHTA C TIPaBHIM BpaieHueM nMeeT GOnbuiyio (pa3oByr) CKOpOCTh,
NO3TOMYy OHa BBLIXOJAUT U3 Cpelni, OTepexas JNEeBYI KOMIOHEHTY 1o ase 1),

Ty YrofH nomoOYbL WYHTATENo pa3ofpaThbesi B 5TOM BOIPOCE, MPHBEREM cle-
Iyowwee ROMOJHHMTENbHOEe o6bAcHenne. Cornacuo IpepbnyIeMy IIPHMEYAHHIO,
Mbl MOXEM MpeAcTaBUTh KamAYI0 M3 IBYX BOJH KaK #ECTKYIO BHHTOBYIO JHMMIO,
NepeMeltaomyiocs B cpene NyTeM wuctodt Tpamcasiuuu. Tlpu sToM mar (nnuma
BOJHH) OOHOH BHHTOBOH JHMHMM Cl€rka OTIMYEM OT Iuard APYro#, OTAMYME K
CKOPOCTH TEepeMemenns; Mao60poT, HHCIO BHTKOB, NPOXOASALIMX HEpe3 AaHHYIO
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[TnockocTh moaspu3aUHH OKA3bIBAETCHA TOBEPHYTOH no uacosol cmpenxe
C TOYKH 3peHus Habmonarens, CMOTPALIErO HaBCTpeyy ay4yy. Takoe
Bpail€ny€ NJIOCKOCTH MO.I9pu3auuy Mbl, B COOTBETCTBUY C OﬁmerHHﬂTOﬂ
TepMHHO.’IOl‘Heﬂ, Ha30BEM NpasviM | OnpelieuM €ro Kak noaoscumens-
Hoe (npu ycnoBuH, 4TO BHOpaHa mpaBas cucTeMa xOOpAMHAT)'). MoxHO
3aMOMHHTbL, 4YTO 3HAaK BpalleHHs OLHHAKOB CO 3HAKOM TOM LUHPKYIAPHO=
NOAAPH3OBAHHON KOMIIOHEHTH, KOTOpas UMeeT GO/bYI0 CKOPOCTb, T. €.
npas0€ BpalICHHE COOTBETCTBYET TOMY Cayyaro, KOrjia KOMMOOHEHTA
C TpaBLIM HAMpPaBJEHHEM BPALIEHHS UMEET B Ccpele GO.blIYI0 CKOPOCTh.
BripasuM Teneph yron moBOpOTd Yepe3 NOKa3aTeNH TPENOMIEHUs n,
W #; ABYX UHPKYJSPHO-TIONAPU3OBAHHBIX KOMIIOHEHT (MHIEKCH r u [
OTHOCATCH COOTBETCTBEHHO K TpaBofi u neBo#t koMnonewTam). Yucno
0GOpOTOB  BEKTOpa MHIYKIHH TPaBOfl KOMNOHEHTH, YKJaLHBAIOIUXCA
Me¥Jy TOYKaMy BXO4a U BbIXOAAa (YUCJHO BUTKOB BHUHTOBOM JHHUHK),
pasno djk., rie d — naMHa myTd M A, — Anuna CBETOBOU BOMHBI B LaH-
HoM cperme. Ilnsi n€BOM KOMIIOHEHTHI YMCTO Takux oGOpoTOB paBHO d/f),.
PaznocTb ykcna o60pOTOB €CTh pasHoCTh a3. CnenosarenbHO, pasHOCTb
(a3, BHpaxeHnHas B painaHax, paBHa
1 1 2nd
21-.d(—);-—-Tr—):-—lo~(n,——n,);
slecb Ay— LNUHA BOJHH 8 8axyyme. TakuM o6pa3oM, yron noBOpoTa
TJIOCKOCTH TOJMAPU3AIUK OTpenensierca ¢opMyoi

d
=7 (1 —n,). (14.1)

Yroa noBopora mMJAOCKOCTH MOASPH3AUUM HA €IMHHMLY ILJHHB NYTH BOJHM
B LaHHOW cpene p=c/d, Ha3HBaEML} yOesvHbiM 8paUleHUEM, OTIpE-
neasetrcs GopMynoh

p= o (1 —1). (14.2)

Pasnocts (n,—n,) OuYeHb Mala TNO CPaBHEHMIO C enuHuiell; nns
COMBUIMHCTBA ONTHYECKH AKTHBHHX KPHCTANIOB (7, — M,) — BETUYUHA

nopsika 107 unn ewe mewbwe. [lpu OGHIYHOM e ABOHHOM aAyyerpe-

TOYKY cpeibl 3a enMHHMLy Bp2MenH (YacroTa), Aaa OOEHMX JHHHH OJMH2KOBO.
DHKCHPOBaHMAA TOYKAa HAa JNHHHH COOTBETCTB}eT OINpeneneHHoi ¢ase. B TOT
MomeHt, korga OA u OB Ha owr. 80, a 3afiMyT BepTHKANLHOE MNOJOXKEHHE, OT-
MeTHM COOTBETCTBYIOIME TOYKH Ha O6eMX BHMTOBHIX JHHHMAX. DTH nBE TOYKH
6ynyT NepeMeiaTbcs BMeCTe ¢ BHHTOBLIMM JHHHAMM C DasjHYHOH CKOPOCTDLIO,
NpHYeM TOuK3, HAXOAAUAACA HA MNPaBOH JHMHMM, JNOCTHIHET INOCKOCTH BHI-
xo42 O6hictpee Bropol. B stor Moment OA’ na ¢ur. 80,6 3anuMaer BepTH-
KanbHoe rionoxenne; OB’ npuMeT 9TO TIOJNOXEHME B HEKOTOPHH 6onee NO3nHMI
MOMEHT, KOrja IMJOCKOCTH BHIXOia JOCTHrHET TOYK3, HAXOAALIAACA HA JEBOH
aunpm. Clen0BaTeNbHo, B M0CckocTH BHxona OA’ npuMeT BepTHKaNbHOE MOJO-
wenne panbluie, yem OB’, xak u nokasano Ha our. 80,6.

1) [lpaBLIM KBapueM HasbiBaeTCA TaKOf KPHCTaal KBapua, KoTophift oGaa-
ZaeT IpaBbIM BpauueHHeM BAOMb ONTHYECKOH OCH.
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JIOMJEHHH Pa3HOCTb MOKa3aTesell MpeJOMMEHHs HMEET BEJHYUHY TNOpAIKa
-3 -

or 10™% no 107", Onnaxo B popmyae (14.1) nakHa BOMHB A, OueHb Mada

110 CpaBHEHHIO C MaKpOCKONMHYECKON BeHUHHON d; 9TO 03Ha4aeT, YTO, He-

CMOTDS Ha MATOCTb (f; — #,), YTOJ BPAILEHKs ¢ MOXKET UMETb 3HAYUTEIBHYIO

BeJUYKHY. B kayecTBeé uMCNEHHOrO mpHMepa paccMOTpUM Cayyafl, Korna

Q2
MOHOXpOMaTHYeCKu#l TyYyok cBeTa ¢ A\y=— 5893 A (xenras Aumus HaTpus)
NPOXOINT BLOJb ONTHYECKON OCH TMpasoro a-keapua. [lpu sToM n,—n,=

=7,10. 107° Cnenopatensto, maacrhuka TOMmuHOM 1 M, BhpesaHHas
HOPMA/TbHO K ONTHYECKOH OCH, TOBOpAaYMBAET TIOCKOCTb TNOJAAPU3AUMH
H3 yroJa
__ =.107'.7,10. 1078
5803. 10~
B cornacuu ¢ naHHeM Boitie OObCHEHHEM BpALIEHUS TLIOCKOCTH
NoAApH3aUKM HANLEHO, YTO €CIAH UHPKYJISPHO-TIONAPH3OBAHHAA BOJHA
BXOIHT B HEKOTOpDYIO Cpely, TO, BHXOIf U3 Hee, OHa OCTAETCH LHPKY-
JNApHO-NONAPU30BaHHON. MTaK, HEOGXOIHMO OTMETHTH CYILECTBEHHOE CBOH-
CTBO ONTHYECKH AKTHBHHX M3OTPOMHBIX Cpell, KyOHYECKUX KpHCTaNnoB
i (B Ci1yyae MpOXOXIEHHWs CBETa BAOJb ONTHYECKOH OCH) OZHOOCHHIX
K IBYOCHHX KpPUCT/UIOB: 08€ LUPKYASRPHO-NOASPUI0BAHHDIE BONAHbL,
uMeWLe nPomuBONOLONCHOE Hanpasienue epaujerun sexmopa D
U pacnpocmpanfiomuecs ¢ pasiuunoll CKOpOCMbIO, NPOX0ORm wepes
maKyn cpedy, He UIMEHARCL no hopme, M. e. HE UIMEHAR COCMOA-
HUfl noAspusauyuu, mo0a KGK COCMORHUE HOARPUSAYUL HAOCKO-
NOASIPUIOBAHHOL OAHbLL NPU SMOM UBMEHUMCS.

=0,379 pad =21,7°.

§ 2. Bpamenue maockoctu moafApuaanku u ABOHHOE
ayuenpejomaeHue

Paccmorpenue, TNpOBEIEHHOE  BHIUE, TPHMEHHUMO JHlIL K  K30-
TPOMNHLIM MaTepuanaM U KY6H‘{eCKHM KpucraanaM, a nAjg OCTaJbHHX
KpHCTaJIJ'IOB—J'IHLUb pu NPpOXOXIEHHY CBETa BAOJb OnTHYEeCKO# ocu.
DTy oroBOpKy HeOGXOLMMO CIEJaThb NOTOMY, YTO TOMBKO B STHX C/yuasx
Bpameuue NJOCKOCTH TNONAPU3AUKH HE OCTOXKHACTCH HANMHYHEM 06bIYHOTO
IBOfHOTO JyyenpenoMnenus, Tenepb Mb LOMKHH NOCTaBUTh Gonee oG
Bonpoc. [lycTb B NBOSKONPENOMJSIOLIEM KpHCTadle HaGniolaercs Bpapie-
HHE TIOCKOCTH TOJAPH3AUHH TIPH MPOXOKIEHUM CBETA BAOMbL OTNTHYECKOH
OCH; Kakhe HOBHE 3((eKTH TNOIBATCH, €CAu B TAKOM KpPUCTaiane CBET
Oyner pacnpOCTpaHaTLCs B APYruX Hanpapienusx? B aToM cayyae spamienue
TIOCKOCTH TIOAPU3ALMH HANAraeTcs Ha OOHIYHOE LBOHHOE nyyenpenoMne-
HHE W MOXET paccMaTpuBaThbCA Kak HeGOMblIOE BO3MYLEHHE MOCHELHEro.

PaccmoTpuM, HatpuMep, BO.JHOBHE TNOBEpXHOCTH a-KBapua, usobpa-
#eHHbie (Oe3 cobnionenus Macturaba) Ha ¢ur. 81. Kak yxe yka3biBaaocsh,
a-KBapl 9BJIAETCH NMOMOXHUTEIbHHIM OLHOOCHKLIM KpHCTa.’IJIOM H, cJiaenoBsa-
TE/bHO, B OTCYTCTBHE BpALIEHHH TJOCKOCTH NOASPH3AUMMH €ro BOJHOBbiE
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TOBEPXHOCTH LOJKHH TIPEeNCcTaB/aTh co60# chepy M 3anuncoul Bpaile-
HHS, Ka8K TIOKa3aHo Ha ¢ur. 81 cnnownbiMu AunusMH. DTH TIOBEPXHOCTH

KacaloTcs Lpyr Apyra B TOYKaX,

Onmuveckan
och

Jdexamux

& ur. 81. BonHOBBHIE TOBEPXHOCTH a-KBapLa
(ne B MacwTafe) ¥ MX HCKAXKEHHe 33 cYeT
BpAIIEHHS TIOCKOCTH TIONAPH3IALHH.

OrHOCHTeIbHEA DA3HOCTL MexAy paRHycaMH ZABYX
HeHCKaXeHHHX TOoBepXHOCTel (CrOWIMBle KDHBHE),
HanpaBlieHHbIX FOL NpAMbIM YIJOM K ONTHYECKOH
ocH, paBHa 6 « 1078, Paznanvhoe ucKekeHHe Kax-
Aot NOBePXHOCTH 32 CYeT BPALUEHHUS MJIOCKOCTH IO~
JPH3ALHM (BbIp@XKEHHOe B RONAX CpexHell JJuHb
PanHycOB) PABHO £2,4 - 1075 8 HanpapJeHHH ONTH-
ueCKOl OCH, HO BO BCEX HaNpaBJiCHUfX, He OyeHb
6au3KUX K ONTMUecKofl OCH, HMeeT 3HAYMTENILHO
MEeHbLIYIO BeJIMYHHy. B Hanpasselind, COCT@BJSIOLIEM
npsMOfl yroa ¢ ONTHYeCKON OCbio, paRuaibHOe HCKa-
eHHe PaBHO +£2,7 « 1078,
ON; B ON,—~nanpaBnenHs BOJHOBLIX HOpMasedl, R
KOTOphX k=0, B Toukax PyPs, Q,Q, HeHCKaxenHas
H MCKa)XXeHHas NOBEPXHOCTH KaCalTCH ADYr Apyra;
BTH TOUKH ONpelesdl0T HAnpaBieHHs Jyded, XJs KO-
TOpWX HCK®)XEHHe BOJHOBWX nOBepXHOCTEHl OTCYT-
ctByeT. ToukH Py K Py Jexat B MeCTax nepeceyeHus
BOJHOBOM rOBepXHOCTH JIJs OOLIKHOBEHHON BOJHLI
¢ ON, u ON;; nJOCKOCTH, KacaTeJbHhie K BOJHOBOM
NOBEPXHOCTH Il HeOOLKHOBEHHON BOJHBI B TOY-
xax Q, M Q,, neprnenaukynaspest ONy u ON;.

HA ONTHYECKON OCH, TO-
CKOJBKY CKOpOCTH IBYX BOJH
B 9TOM HanpaBieHuH ONHHAKOBEI.
Ilpa raaBHbIX TIOKa3aTens mpe-
JIOMJEHUS KBapila HMEOT 3Haye-
Hus n,= 1,653 u n,=1,544,
Cnenopatensuo, OTHOLUEHUE pa-
JHYCOB BOJHOBH X TIOBEPXHOCTEH,
NEPNeHAUKYNIPHBIX  ONTHYECKO}
ocu, pasno 1,553/1,544=1,006.
Hanuyke BpaieHHs TJIOCKOCTH
NONApH3aLMY TNPUBOLKT K He-
60/bWOMY HCKAXEHHIO (HOpPMH
3TUX BOJHOBHX TIOBEPXHOCTEH,
KaK TOKa3aHO WITPUXOBHMY Ju~
HusMu Ha ¢ur. 81. IAtu nosepx-
HOCTH TeNepb HE KacalTca Apyr
Ipyra. PaccTosuue Mexny HuMu
BLOJb ONTHYECKOH oOCH COOT-
BETCTBYET pasHOCTH CKOpOCTEH
IBYX UKPKYJAPHO-NONAPUSOBAH-
HbIX nyyedt, obcywaapweiica s § 1.
ITO paccTOfHHE OYEHb Mano H
coctasaser okoao 5. 10-5 pau-
HH pajguyca; Ha ¢ur. 81 oo mno-
Ka3aHO B CHAbHO TPEYBEIUYEH-
HOM BHIE.

TToka MBl HE paccMaTpuBasu
BpaLleHus TJIOCKOCTH MOJApU3a-
LMK, Mbl MOTTH CYHTAaTh, YTO ABe
BO/IHOBL€ TIOBEPXHOCTH ONHO-
OCHOI'0 KPHCTania OMUCHBAIOT
pACnpOCTPAHEHUE U3 TOYEYHOrO
MCTOYHUKAa  JIBYX  OTIE/]bHHIX
NAOCKO-1OARPUI0BAHHLLX BOJH,
TJIOCKOCTH TO/APU3ALMH KOTOPHIX
cocrapagior npsMoft yroa. Te-
nepb, NOC/e BULOH3MEHEHUS BO.I-

HOBLIX MOBEPXHOCTEH ¢ YYETOM BPALIEHHS MJIOCKOCTH MNOJAPH3ALMH, Mb! 110-
JAy4yaeM, 4TO BAONL ONTHYECKOM OCH pacmpocCTpaHslOTCH IBE HE TLTOCKO-,
4 QUPKY/I9pHO-TIONAPHIOBAHHBIE BOHH, [l19 NpOu3BOALHOrO Hanpasienus
B kpuctajane OyZeT HMETb MecTO Cienyiowias kapTuna., Kak u mpewxie,
¢ moGoN 3amanHOfl BOMHOBOR HOPMAanbi0 CBs3anbl 0ge OMpeneJeHHHe
BOJIHb, TpPOXOISIUKE yYepe3 KpHcTaan 0e3 uIMEHEHHs CBOefl (DOpMEL.
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Ho rtenepn smu Ose 8osnbl 8 o6ujesr cayiae OKG3bIBAIOMCA SAAUNIMU-
wecKu-noasipu3osannusiyy. JlBa sanunca, KOTOpHE ONPEAEISIOT NONAPUZa-
UMIO 3THX ABYX BO.IH, HMEIOT OLHHAKOBYIO (POPMY, HO COOTBETCTBYIOT IpoO-
THBOTIO/NIOXHHM Hanpabi1eHusM Bpamenus. Mx O0onbline OCH COCTaBASIOT
npaMOf yroa Apyr ¢ LpYrOM H COBMNAfai0oT C IJaBHLIMH HaNpaB/CHUAMH
koaefann#, KOTOpHE CywleCTBOBaAM Obi An# IaHHOW BO.IHOBOH HOpManu,

(24}

Onmuyecias Onmiyecran
och

d ur., 82. Vismenenne sanmnTHYHOCTH B B 33BMCHMOCTH OT HanpaBAEHMA BOJIHO-
BOH HOpManu B MpaBOM KBapue pad oOHKnOBEHHOH (2) H HeoObikHOBenHOH (6)
BOIH.

Bosuosbie HOpMasy 0603H2yeHH PAXHAJbHBIMH CTPEJIKEMH, DJUIHICH, ONHCHIBAEMEIE KOHLOM SJIeKTpPH-
YeCKOro BeKTOPa, CTNpoeKTMpOBAHKH HAa NMOBEPXHOCTL chepH. Jliis ABYX HanpasJjeHufi, Lis KOTOPHX 2
He PABHO HYJI0 HJH eAUMHHLE, SJUIHIITHUHOCTH CHJBHO ripeyBejHyeHa,

ecmu Obl Kpuctanda we Obll ONTHYECKH aKTHBHLIM. [IpH pacrnpocTpadeHuu
B HanpaBjleHHH ONTHYeCKOM OCH 3TH BOJHH, KK Mb Ye BUIEJH, OKa3ul-
BAIOTCH LMPKYIAPHO-TIOTHPHIOBAHHBIME. B OCTanbHBiX cayyasx sanun-
THYHOCTL R (OTHOWIEHHE Maj10fl ocu ammunca k 0OMbIOH) MeHsieTcs € Ha-
npaB/eHeM.

B a-kBapue k B COOTBETCTBHM C CUMMETpHEH B8aBHCHT TOJbKO OT
yraa Mexly BO.JHOBOW HOpPMaiei0 M ONTHYecKON ockio. Mamenenue
3. LTMIITHYHOCTH 719 3TOrO0 KpPHCTAn1a CXeMaTHYyeCKY TOKas3aHo ua ¢ur. 82,
Bnonr onruyeckoft och k=1, HO npu OTKNOHemuu OT muee GHICTPO
najaer 4O Masoil BEIHYUHBI, 4 B HANpaBJEHUH, COCTABAIILEM yroa 56°10
C ONTHYECKOH OCbIO, CTaHOBUTCSH paBHBIM Hy0 (XKubeccu u Mionctép [89];
cm. takxe [21, 69]). Korza BomOBas HOpManb TepneHIMKYJAApHA ONTH-
4eCKOH OCH, SJIJUNTHYHOCTb K CHOBA CTAHOBUTCH KOHEYHOH, XOTH H
Maloff; Tpu 3TOM “HAK BpAalleHHs TUIOCKOCTH MOJApu3auuu Aag 060HX
9/J/MNCOB K3MensieTcs Ha oOpatubift (R = — 0,00203).
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Ilns onThyeckd AaKTHBHBIX JIBYOCHHX KPUCTaN10B Hafmonaercs aia-
JOoruyHas kapruHa. MOXHO CyuTaTh, YTO BpalleHHE TILJOCKOCTY MO.IApH-
3auuy BbI3bIBAeT HEGO.bLIOE HCKaXeHHe HOpPMB BOJHOBOM TNMOBEPXHOCTH.
Tak e Kak B Ciy4yae OLHOOCHBIX KpPHCTAJ1M0B, KawAO{ BOJHOBOH HOp-
ManH COOTBETCTBYIOT JB€ OTNpPELEIEeHHHE OAMUITHYECKU-TIOISpH3OBaAHHbBIE
BOJHBI, CBSI3aHHBIE ApYr C APYrOM ONHCAHHHIM Bhilie crnocoboM. Buonb
ONTHYECKUX OCEfl pacnpOCTPaHsIOTCA [BE UMPKYJIAPHO-TNIONAPH3OBAHHBIE
BOJIHBI.

Yrolw coenaTb OnucaHue ABJeHUs BPAILEHHd TIOCKOCTH NOAApU3aLUH
0onee MOJNHBHM, Mbl LOMKHE! TENepb PAaCCMOTPETh 3aBHCUMOCTb CTETEHH
HCKAMKEHUA BO.JIHOBON TMOBEPXHOCTH OT HamnpasieHus. OLHOBPEMEHIIO Mbl
LOMKHB Ha#WTH 3aBHCHMOCTb SJITMITHYHOCTH IBYX HEHU3MEHSIOIUXCH BOJH
or wanpasienus. Ilpu 9TOM crnenyeT uMeTs B BHLY, YTO HalpaBieHHe
pacnpoCTpaHeHus BOmuE (T. €. HANpaB/eHue Jyya) He COBMNajaer C Ha-
TNpaBJeHHeM BOJHOBON nopManu. PaccrosHue Mewiy InByMs usoOpa)en-
HbMU Ha ¢ur. 81 BOJHOBBIMEH TOBEPXHOCTAMH B HampasieHud JO6Oro
panuyca XapakTepu3yeT pasHOCTb CKOpOCTe# ABYX BOJIH, pacnpoOCTpaHsio-
HUXCH B OLHOM HanpasideHud. Jns wawux uenefl ynoGuee omnpenenuTb
NOKasaTenH IMpenoMaeHus ABYX Boau € oOwlefl BOMHOBOH HOPMAMTLIO.
BosMOxHbIE 3HAYEHHs TIOKA3aTess TNpPEJNOMIeHHss £ AN 3aJaHHOrO Ha-
TNpaBJeHHs BOJHOBOM HOpMaiu sSBASIOTCA MOJNOMUTEIbHHMH  KOPHAMH
ypaBHeHus

(n2 — n?)(n2 — n"%) = G2 (14.3)

3pece #’ u n” — [Ba TOKa3aTens NpeJOMJeHus, KOTOpHE KpPHUCTAA
uMen Ob B cayyae OTCYTCTBHS Y HEro ONTHYeCKOW akTupHOCTH; G —
napamMerp, Maibll 1O CpaBHeHuld ¢ enunuiedl W u3MeHmIOMACA C Ha-
NpaBneHUeM; OH XapakTepH3yeT BENHYUHY BpAailleHHs TJIOCKOCTH NOJSApH-
3auMy (MM 2upayui).

Bronn onTuyecko# ocu, Kak Mb 3HaeM, n’' =n" =n. Jaa sToro
cayyas ypasuedue (14.3) ynpomaercs

—2
m—n =G
tak kak 3Hayenue G Mano, TO
n=ntS (14.4)
2n

Pa3HocTh MeXLy LBYM# TOKa3aTensMu npenoMiaeHus pasua (G/n, 10OSTOMY,
coraacuo dopmyne (14.2), vienbHoe BpamieHHe BLIpaMaeTCs B BULE

=Q
Aot

p= . (14.5)

Mu HE JaeM 3nech [OKa3aTeabCTBAa ypasHedus (14.3). 9t0 ypasHe-
HHUE TIOJYYEHO YHCTO TEOPETHYECKU W SKCTIEPHMEHTAJIbHO ellle He AO0CTa-
TOYHO npoBepeHO. BLiBOL 9TOr0 ypaBHeHHs OCHOBAH HA PACCMOTPEHHM
noBeleHus COOTBETCTBYIOILeil aTOMHOH MOxenw KpuCTajnna B 3JEKTpO-



§ 8 Hpunyun cynepnosuyuy 315

MarHHTHOM TION€ CBETOBOH BOJHLI. [JOAPOOHOCTH yYuTATENb MOMET HAaUTH
B cratbsx Xueccu [88]1) u Konmoua [28], a takxe B knure Bopua [19);
neo0X0nHMO, OIHAKO, UMeTb B BHAY, YTO 3TOT BLIBOJ COLEPHUT DAL
uesicHocTefl, KoTopme mnpuBeau K owulkaM B pafe Ony6auKOBAHHBIX
pabor. MoxHO pekOMeHIOBaTb Takke O0C30pHYI CTaTeio Xoeka [53].

Kak b ywe ckasat, G u3MeHseTCs C U3MEHEHHEM HanpaBieHus
BO.THOBOH HopMaau. B ynmoMsmyro#t Teopun G npencTaBaseT KBaLpaTHy-
HYIO QYHKUMIO HAMpaBAsIOMUX KOCuHycoB [, Iy, I3 BOHOBOH HOpManu
N0 OTHOWIEHHID K HEKOTOpOH npOu3BOJbHOM CUCTEME KOOPAMHAT, TaKHUM
06pa3oM, Mbl MOMEM 3amucarhb

G= gulzl + gazlg‘i’ gaal§+ 28aslols 1 2835:lsl 4+ 28100115, (14.6)
HIH
G=gy,l, &y=8&p) (14.7)

rie gy — KospduukenTs, ONHCHBAIOLIME ONTHYECKYIO aKTHBHOCTH KpPHe
cranna. Kospduuuents g; 00pasyloT TEH30p, Ha3bBACMHA 2upayuox-
HoiM mMeH30poM; OH OyLeT pPacCMOTPEH HHXKE.

§ 3. NpuHnun cynepno3uuunu

PaccMOTpuM Temepb, YTO MPOMCXOIMT, KOrLa Ha TIOCKO-TApaJnelb-
HYIO TACTHHKY ONTHYECKH AKTHBHOTO KPHMCTA//1d HOPMaNbHO K Hell manaer
NNOCKO-TIONAPH30BAHHAS BOMHA. JTa BOJHA PACLIENNAETCH Ha [1BE SJUIMII-
THYECKH-TIONAPH3OBAHHEE KOMIIOHEHTH, AJf KOTOPHX HOpMaib K MJACTHHKE
ABJARETCH BOJHOBOH HOpManbio. Ecnu n, u f, — NOKAasatenu MpenoMJeHus
I79 STHX ABYX BOJH, TO pa3HOCTb (a3 MexIy HUMu, BO3HHKAIOLLas MOCie
TpOXOWIEHHS ELHHHYHOTO pPAacCTOfHMH B KpucTanne, Buipaxaercs ¢op-
MyJ1o#

2
A= %(”1— ny).

[Tokasatenu TpeJIOMJCHHA My U N, HAXOAATCA M3 ypasuewus (14.3). 3Iro
ypaBHeHHe SBISETCS KBAIPATHHM OTHOCHTE/IbHO M2 M UMEeT KOpHH n2

H n'f,. Mui MOXeM 3anucaTtb paBEHCTBO
2 2 SURCE
(g — np)2 = ny+nz — 2V n2n?.

Tenepb, HCNOMb3ys BHpPaXEHHs L] CYMMB M NpOusBefiehus KopHe#l ypaB-
neHus (14.3), nonyuaem

(ny— P =n" 4 n"* — 2V n2® _Ge,

) XKuBecc [88] cumran p nosomcumensHbiM LIS 28BO8PALLAIOE0
KpucTanna (B NpaBol cucTeMe KOOPAHHAT) B NPOTHBONOJOAHOCTL OCLIYHOMY
onpeienenio, KOTOporo npuicpxusaemcd H M. Jlanee Mbi TpuHHMaeM, 4TO
3naku G M p OZMHAKOBHI
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Tax kak G <€ n'n”, T0 ¢ LOCTATOUHHM TNpHOHKEHHEM HMeeM

A , ” (o
A2_—A—2(;-[(I’L —n )2+ n/n” ]- (14.73.)

Brons cpenwuil Tokasatenb mnpenoMaenus 7= ) n'n”, ypapHenue
(14.7a) MOXHO TNepenucaTb B BHIE

A2 =182 - (2p)% (14.8)
rue 0
_ 2z —n") _ =0
8_-————10 . P Wik (14.9)

YpasueHue (14.8) Buipamaer 3aBucuMocTb A (pasHocTh ¢as ABYX .-

JHNTHYECKK-TIONSAPH3OBAHHBX KOMIIOHEHT, COTPSKEHHBIX C paccMarpuBae-

MO# BOJHOBOH HOpManbio) oT 8 (pasHocTu (a3

B OTCYTCTBHME BpALleHus TJIOCKOCTH TOJApU3a-

uHK) ¥ 2p (pasHOCTH a3, OmpenenseMOfl yienb-

2P v BpateHueM p, koropas Halmonanach Obi

B B OTCYTCTBUE J[BOHHOIO JyYEnpeJaOMJeHus),

Cpa3y e BHIHO, 4YTO BpaLleHUEe IIOCKOCTH

8 NONAPH3AUMKH BCErId YBEMUYUBAET H HHKOrLa

dur. 83 Wamoctpaups HE YMEHbLIAET  IBOWHOE  JTy4ernpeIOMIEHHE.

rpuHoMna cynepnosuumy (B KauecTBe nNpuMEpa MOXHO YKasaTb Ha

Ans Bpallenns maockoctw  ¢hur, 81, Ha KOTOpOU BULHO, YTO 33 CYeT Bpa-

NOnApUSAUMN M OOLIMHOTO  yneyyg muOCKOCTH NOJSPH3ALHN BOJHOBHIE TO-

NBOMHOTO JydenpenoMae-

s, BEPXHOCTH pacuupsiorcs), Yrolbl NOACHUTBH

ypaBhenue (14.8), paccMOTpUM TIPAMOYrOMbHEI#

Tpeyro/ibnuk, npuBenennbit na ¢ur. 83. Yron f B aToM Tpeyrosbhuke
CBfi3aH € IMNTHYHOCTBLIO (CM. cTp. 313) cooTHOWEHHEM

k=tg(%p). (14.10)

Sro cooThoMeHHe LOKa3biBaeTcs B OOmieHl TEOpuH, KOTOPYIO Mbi 31€Ch
ue uajlaraeM, Yia paccMOTpeHHs TpeyrojbHHKa fCHO, HTO

th=—2§. (14.11)
clenoBaTesbHO, yuuThBas (14.9), noayyaem
a
tgf=c--———-. 14.12
gp n (nl _ ﬂ”) ( )

Takum oOpasom, ¢dopmyast (14.10) u (14.12) no.mHocThio ONpenensioT
9JUIHNTHYHOCTD R 118 MoOOH BOTHOBOH HOpMaau yepe3 anauenus n’, n”
u G nna sTOH HOopManu.

Mb ye BuZETH, YTO HCKaXeHue BO/HOBBIX NMOBEpXHOCTel, 06yCi0B-
JeHHOe ONTHYECKON aKTHBHOCTBHIO, OmperenseTcs BeauuuHamu n’, n” n G
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[cm. (14.3)]. Takum 0Opa3oM, ualle pacCMOTPEHUE SBJIEHUS BPAILEHUS
TIOCKOCTH TONApH3auun (HOPMaIbHO HBJASETCH TOJHBIM,

VYpabuenue (14.8) nosonser chOpMyJHpOBaTh BaAXHBIU npunyun
cynepnosuyuu L9 BPALIECHHA MIOCKOCTH TNOAAPU3AUUKH H OOBLIYHOrO LBOMH-
HOro .syyenpe.’oMieHus. Mb TOJBKO TpuBeleM ero, NpelOCTaBass NOKa-
3aTebCTBO uurarenmio. Jliobas BOAHA, manaloulas HOPMadbHO Ha KpPUCTad-
JUYECKYIO TIIaCTHHKY, Dpa3iaraercs Ha IBE 9/JAUNTHYECKU-110.19pU30BaAHHBIE
koMnoHeHTh, OrHowenue Maaokh ocu samunca K GOJbIOH 0603Ha-
yaior yepe3 R, Ilpoxons yepes NaaCTHHKY, 9TH KOMIIOHEHTH! NpHOGpETAIOT
HEKOTOpYI0 pasHOCTh (a3 (0603HAYaEMyI0 I EAMHULE TOJLIHHL 1.14-
CTUHKH 4Yepe3 A) u 1o BHXOIE U3 KPHCTaNMa BHOBb OGBENMHSIOTCS B BOJHY,
NoAApU3aLKag KOTOpOW, KOHEYHO, OTIUYHA OT MOAApHRALMH TNazaouniei
BOJMHB. MOXHO 110Ka3aTb, 4TO TpPH TPOXOWIEHHH CBET4 YEPe3 ONTHYECKH
aKTHBHH{ LBOAKONPENOMASIOMMA KPHCTANT COCTOSHUE MOJAPUBALKK Bbi-
wenme# BoAHH OyLer TakuM e, kakoe Hafmonarocb Ob B TOM Cay-
yae, ecin Obl CHayana UMENO MECTO TOJbKO IBOHHOE .JyuyenpesoMie-
HHE, @ 3aTeM —TONbKO TOBOPOT TJOCKOCTH mnoaspusaunu, Coor-
HOLIEHHE 3THX 1BYX 3(EKTOB ONpenenseTca TPeyronbHUKOM, H308pa-
eHHbM Ha Qur. 83. Bonee TOYHO 3T0 MOXKHO CHOPMY.THPOBATL CAELYIOMUM
o6pasoM. Boama Bemer ce6s Tak, kak ecau Obi OHa TPOXOZMJA yepes
CTONY TOHKHX TIACTHHOK, YaCTb M3 KOTOPHX SBASETCY TOALKO LBOSKO-
NPeTOMAAIOIYMY, & 4YacTh — TOJMbKO ONTHYECKH AaKTUBHHIMU. [lnw enu-
HHYHOrO TYTH TMOJHAa# BeNUYHHA YUCTOrO ABOHHOrO JyyenpenoMieHus
9KBHMBANEHTHAa pasHOcTH (a3 8, a Mo.muas BEAMYHHA BpaitlleHus TIOCKOCTH
nongpu3alliy — Bpalienuio p. Jlerko Buzeth, 4TO 8 M p CBw3aHH ¢ A u B
COOTHOLIEHHAMY

20=AsinB, 3=Acosf, rze tg(%p)z.k_

§ 4. Beauunna sdidekra

Mb yxe Buieau, 4TO B CJyyae MpPOXOXIEHHUS CBETa BAOAb ONTHYE-
CKOW OCH pa3HOCTb NOKasaTenefl TPENOMIeHUs LBYX LUPKYJAIPHO-TIONH-
pU30BAHHBIX KOMIIOHEHT MOXeT GuTb mopsmka 107%, {TakuM 0Bpa3om,
B coorBercTBUH C opmyno#t (14.4) G/n Oynmer Takke BeauyUHOU TO-

-4 —
paoka 107", Ilpeanonaras, uro G/n wMeeT AN9 LpPYrux Halpasjenuit
TOT e TOPHNOK BemuyuHbl, u3 GopMyns (14.12) nonyuaem, uro tgf
pomked OHTb OYeHb Maj, ecau OOHYHOe nBynpenoMinenue (n' — n") ne
OueHb Mano, T. €. ecau Mb He OepeM mampapienue, OuYeHb Oau3KOe
k onrtuyecko#t ocu. Hanpumep, LBOHnOe nyuenpenomsieHHe B Hanpasne-
HUY, COCTaB.IfIOIEM OOnbmIOM Yros C ONTHYECKOH OCbIO, MOXET OwiTb
-2 ~4,, =2 -2
pasuo 107°, Torza tgf=107"/10""= 107" Orciona & = tg (1 B)="/u00-
C.len0BaTenbHO. SJAMITHYHOCTb ABYX HEU3MEHSIOLIUXCH BOJAH OyLEeT OueHb
OLHICTPO YMeHbLIATBCS OT 3HAYEHHH, pasiloro eauHuue (B HanpaBJeHUH
ontuyeckoit ocu). Ilo stoit nmpuduHe TpPyZHO u3MEpHTL BpAalLEHHE
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TIOCKOCTH TIOJISIpH3alKK B Ji00OM HANPAaBAEHHH, CKOJbKO-HHOYIb 3HauM-
TEJbHO OTKJOHAIWEMCH OT ONTHYECKON OCH: IBe HEH3IMEHAIOLIHECH BOJIHBI
OyZyT OyeHb Mal0 OT/IMYATLCH OT ILIOCKO-TIONSPH30BAHHHX BOJH.
Ilanee, u3 ypapnenus (14.7a) MOXHO BHIETb, YTO A9 HATPABJEHHH,
JaneKkux OT ONTHYECKOM OCH, [ONMONHHUTE/NbHOE [BOMHOE NyyempenoMae-
HHE, 06chIOBJIeHHO€ BpameuueM NJOCKOCTH l'lOJlﬂpPlB&U.l/ll/l, HMEET Be./'ll/lqml}

nopsaKa G2/[n (" —n")]. Ilns fpuBeleHHBX BHIIE NAHHHX MNONy4YaeM

- -2 -6
107°/107" =10 ™. TakuM o6pa3oM, 3QeKT Bpailenus MJIOCKOCTH NO.R-
pH3aluK TpH OTKIOHEHHM HampaBineHus HaOMIOLEHHA OT ONTHYECKOH OCH
He TOMBKO MEpeKpHBaeTcs OObMMHHM JABOHHEIM Ny4eNnpenoOMAEHUEM, HO u

3HAaYMTENbHO yMeHbluaercs no abcomorHott Beanumte (ot 107* no 107°
IJs paccMarpuBaeMoro npuMepa). B nomnucu k ¢ur. 81 npuseneHn
YHCNeHHble 3HAYeHHs IS G-KBaplla; OHH MOTYT CJayXHTb 100aBOYHOH
HIJIIOCTpalliell 3TOro MoJOXeHHus.

§ 5. Tensopusie csoficTsa [gy]

OGcynuM Tenepb BONPOC O BAMAHHH KpPHCTaNJIOrpadMyecKOH CHMMET-
pHu Ha GOpMY ripallHOHHOTO TeH3Opa [g], BBeLeHHOro ypaBHeHueM (14.6).
Ilns sTOro BHIACHKM CHayasna TeH30pHHE CBOHCTBa [gij] T. €. HahneMm,
KaK npeoOpasyoTcs KO3(MOHIHEHTH &y NpH K3MEHEHHH OCEH KOOpIMHAT.
Srtor BONpoCc B CBOIO Ouepeib CBA3aH CO cBoHcTRaMH G H p.

HauneM ¢ paccMOTpeHusi ONTHYECKOH aKTHBHOCTH KYOMYECKHX KpH-
CTaNNOB, Y KOTOPHX YyIAeJbHOE BpauleHHE OJMHAKOBO BO BCEX Hampas.e-
HHAX. YIenbHOe BpaileHHe MOeT ObThb NpaBbM KK JEBHM, NO3TOMY
HeOoGXONHMO YCTAaHOBHTL TNPaBHIO 3HAKOB, COXpaHMAIOWEe CHAy ANd Mpa-
BOH U Z1s JeBOK cHCTEM koopaMHat, B § 1 Hactosmett riapbl MH yxe BBesu
NPaBWIO, COrJACHO KOTOPOMY NpaBO€ BPAULEHHE CHHTAETCH MOJOKUTENb-
HelM B npaBoit cucteMe kooprauHat., Crelyioillee OINpene/eHue SBASETCS
o6LIKM a5 NpaBoR ¥ 119 N€BOH CHCTEM KoopakHat. Ecnu Hanpasneuue Bpa-
IEHHs [JIOCKOCTH MNONApH3alliK ¥ HANpaBleHHE BPAILEHHH OT OCH X,
K OCH X, BOKPYr OCH X3 OLHHAKOBBHI, T. €. €C/H M BpallEHKe, H CHCTEMa
KOOpAKMHAT ABNAIOTCA TMpPaBbLIMH HIH JEBHIMH, TO YZLEJbHOC BpALICHHE p
MO ONpELENEHHIO CYMTAETCA MOJOKHTENbHLHM; B MPOTHBHOM C/y4a€ p CHH-
TAIOT OTpHUATEJbHHM, TakuM 00pa3oM, NPHNKCHIBAHKHE BPALICHHIO TOrO
WIKH KHOTO 3HAaKa 32BHCHT OT BHOOpa CHCTeMBl kKoopAnHat. Ofcioja cle-
LyeT, YTO MNpH IE€pPEeXone OT npaBof CHCTEMH KOOpAMHAT K /1€BOH (u
Hao0OpOT) 3HAK YIEJbHOrO BpALIEHH NOJIKEH H3MeHATbCs, Pusuueckas
BEJHYHHA, KOTOpas BeieT cebsi TakuM OGpasoM, HasHBaeTcA ncesdocka-
A8poM. 3aKOH npeoOpa3oBAHUA NCEBAOCKANAPAa MOMXHO 3aMkCcath B BHie

p'=top,

rJe 3HaK nJioC OTHOCHTCHA K npeo0paiOBaHHAM, KOTOPHE OCTaBJfAIOT MNpa-
BYIO CHCTEMY NpaBoft (M JEBYIO — JIEBOH), @ 3HAK MHHYC OTHOCHTCH K npeob-
pa3oBaHKAM, KOTOPbIE NPaBYIO CHCTEMY NPEBPAILAIOT B JEBYIO (M HA060pPOT).
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[Tepexons Temepb K aHH3OTPOMHBLIM KPHUCTANTaM, MBI BILLIM, Y4TO Be-
auuuna G, BBeneHHas ypaBHeHueM (14.3), fABAseTcs NCEBLOCKAIAPOM, TaK
KaK €e 3Hau€HHe AJA BOJHH, NpOXOnAmled BHO.Ib ONTHYECKOH OCH, mpo-
NOpLUKHOHAILHO YAEJIbHOMY BpALIEHHIO p AJS ITOrO HampabJeHHs.

Tenepb paccMOTpHM Npeofpa3OBaHKE ypaBHEHHS .

G=giililf' (14.7)

Mu 3HaeM, uto [, lj Npu nepexoie OT Ocel X; K HOBBIM OCAM X
npeofpa3yorcs Kak (MOJApHLIE) BEKTOpH, 8 HMEHHO:

L=ayl, L=a,l,

1 yto G npeoGpasyercs Kak NCeBAOCKAIAp, T. €.
G==+ (G,

NpUyeM 3HAK 3aBHCHT OT TOrO, MEpPEeXOIWT MNpaBas CHCTEMAa B JEBYIO
(unu HaoGopot) uau Her. CnenosatesbHO,

f —

ol _gijakllkamllm
HITH
[y ——_—— 1 37

Y _gkmlklm'

roe

Bem= T ay Crmi8iy (14.13)

TakuM 00pasoM, eciu Ml XOTHM, uto0n ypasHenue (14.7) coxpa-
HANO CBOIO GOpMy mnpH Ji0GOM BHOOpE CHCTEMB KOOpAHHAT, KO3ddu-
UMEHTH & LOMKHH npeo6pa3oBHBaThes cornacHo sakoHy (14.13). Jlerko

TABJAWI A 18
3Saxons. npeobpa30saRUA NOAAPHLLX U GKCUGALHLIX MEH30POE

BeJsimuuHa 3akon npeofpasoBaHus TIpumep
Cxansip ¢ =¢ Temneparypa
IceBnockansp o =*¢ Yaenbuoe BpameHue
MonspHulii BekTOP p; =a;p; I'panuent Temnepatyphi
AxcHanLHLIH BEKTOP r,‘{ =t ayr BekTOpHOe npou3BejieHue
Mo6LIX JBYX MOJSPHLIX
BEeKTOPOB
Monsipukit TeH30p Tzlj= gy Th TeHsop AU9NEKTPHUECKOR
BTOPOrO paHra NPOHUI[AeMOCTH
Akcuanbuhit TeH3Op RU =t a0, Ty I'upainonHH TEeH30p
BTOPOrO paHra
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BuneTh, 4TO ypamneHue (14.13) mneHruuno 3akoiy npeoGpaszopaims Tei-
30pa BTOPOrO paura, 3a HCK.IoueHueM 3HakoB 1. ®uaiyeckue BeauymuH:I,
KOTOpHE npeoOpasyiotcd cornacHo ypasHeHuio (14.13), Hasmpalorca ax-
cuaabubi My Plen3oparmn 8mopo2o pan2a. OOSUHLIE TEH3OPH BTOPOrO
paHra, ¢ KOTOpHMu ME BCTPEYANHCh 1O CHX NMOpP, MOXHO Ha3HBarb NOAAp-
HbLMIL MEH3OpaMi 8MOPO20 paH2G, KOrLa HEOOXOLMMO MONYEPKHYThb
pa:muque. Pa3zuyie Mexny NOJApHBEIMH H aKCHaJbHLIMH TEH30paMu BTO-
poro paHra aHaIOrH4HO pA3NHYKIO MEXAY NOJIAPHHIMH M aKCHAJbHLIMH
BexkTopaMu (cM. ctp. 58). B Ttabn. 18 nana ceozka 3akonos npeoGpa-
30BaHKA l'lO.'IﬂprlX W aKCHAIbHHIX TEH30pOB HYy.J1€BOTO, NEpPBOiO H BTO-
pO: 0 paHros,

§ 6. Bansuue cummerTpuu kpucrasna Ha g

cnoas3yem Ttenepr peaynbTathl, NONYYEHHbE B MNpEnbAYILEM napa-
rpade, I19 pacCMOTpPEeHHs BJHMAHHA CHMMETPHH KPHCTA11a HA KOMNO-
nenthl [gyl. IlpuiuknuasbHO MeTOL pPacCMOTPEHHS COCTOMT B CJELyiO-
meM. [lpeoGpasyem [gy] ONHHM H3 S/1EMEHTOB CHMMETDHH KDHCTATIa,
He 3a0ulBas MOCTaBMTh 3HAK MHHYC, €CJH NpH NpeoOpa30BaHHH CHCTEMA
KOODAIIHAT MEepexXOIMT M3 npaBoff B J€BYIO (uau waobopor). Ilpu stOM
HOBHE KOMMOHEHTH HOMHL ObiThb HIECHTH4UHbI cTapbiM. OOHuHO ynobHee
BCEro NMpOK3BOAMTH Npeo6pasoBaHHE, MNOJb3YACh METOLOM mNpAMOft mpo-
Bepku (cM. crp. 146). PaccMoTpuM, HanphMep, KpucTann, 06nazalomiuit
LeHTpOM cuMMeTpitd. IIpeoOpasoBaHue Oceft KOOpIHHAT NOL IEHCTBHEM
LleHTpa CIMMETpIIH MOXHO 3amucath B BHIE

l » —1, 25 -2, 3 —»--3;

TakuM 00pasoM, npaBas CHCTEMa NEepeXONMT B JEBYK (Wnu HaoGOpOT).
ITosToMy

g;l::_gil'

/ k4 —
Ho 8= & NO3TOMy gU—O. CnenoBartensHO, yeHmpocuMmempuinblii
Kpucmaan He Mosxtem 8pau,amb NAOCKOCMb NOAApu3Gyuu.
B kayectse Lpyroro npHMepa pacCMOTpHM KpICTa1n kaacca m. Ecam
OCb X, HAanpaBuTh NEPNEHIMKYAAPHO M, TO npeofpa3oBaHke Ocelf KOOp-
AKHAT 3ankCLHiBaeTcsl B BHIE

-1, 2—»-—-2, 3-3;

3feéchb ONATh NpaBas CHCTEMAa KOOPAMHAT NEPEXONMT B JIEBYIO (M1 Hao0o-
por). CnenosarenbHO, KOMNOHEHTL! npeoCpasylorcs caenyouuM 00pasoM:
Eun—=>—8n B> 8i» 83> — &
o2 > — B2 Ho3 > &oas

833> — L3
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H TeH30p [g,;] npuHuMaeT dopmy

[0 &sa O _’
gz 0 gos |. (14.14)
L0 g O _|

IMoctynas nOROOHHM 00pa3OM CO BCEMH HelleHTpOCHMMETPHYHBIMH
KJAacCaMH, MH nosysaeM Taliulb OT/IMYHHX OT Hyns KOMOOHeHT [gyl,
npuBelieHHble B Ta6a, 19. Ilpu 3TOM Ocu KOOpIMHAT BHOHpAIOTCA B COOT-
BETCTBHM C MNpaBHNaMH, NPHBEICHHHMH B NpuaoxeHun 2. Tak Kak Bce
Ta6JIHU.b.‘ CHUMMETPHYHH OTHOCHTEIbHO IJIaBHOR AuaroHaJM, JEBHIE YacTH
TalNKll OnymeHul., YHCNO He3aBHCHMHIX KOMIIOHEHT yKa3aHO B CKOOKax
OKOJMO Kamaol TabJulH.

Ipu paccmorpennu Tabnuu, npuBeneHHHX B Tabn. 19, cnenyer oGpa-
THTb BHUMaHHE Ha HeKOTopHe uH’repeCHue JeTranu. KpHCTaJIJlbl KJ1aCcCOB m,

mm2, 4 ¥ 42m TEOpETHUECKH MOryT OGHApYKHBaTb ONTHYECKYIO aAKTHB-
HOCTb, XOT 9TH KjacCH H He 3HaHTHOMOPQHH 1), Kpucrannw kJaaccoB

4 u 42m OLHOOCHH; MOXHO NOKa3aTh, YTO BpailleHWe MNJIOCKOCTH MOMs-
pHusallii BLOJb ONTHYECKOR OCH Y 3THX KPHCTA/IOB NOJIKHO OTCYTCTBO-
BaTb. K TOMYy e 3aK/IOYEHHIO MH NpPHXOIMM, 3aMeuass, 4TO AAA OOOHX
3THX KJAcCOB g33=0. CrenosarenbHO, ONTHYECKAs AKTHBHOCTb Y KpH-«

CTANNOB KaaccoB 4 u 42m BO3MOxHa TOJbKO B HanpaBJeHHsX, BLOJb
KOTOPLIX MMEETCHl Takwe 4 J[BOHHOE NyyenpelOMJeHHe; T09TOMy OOHa-
pyseHue Takoro s¢dexra LOMKHO OHITb CBA3AHO € ONpELEJEHHBIMH
9KCNEPUMEHTAILHEIME TpYIHOCTAMH. JlO CHX mop B aureparype He OG0
coobweHult 06 OOHapyeHHH ONTHYECKOM aKTHBHOCTH y KPHCTANIOB STHX

knaccos. B nporuBONONOMHOCTL KpHCTanaaM kiaaccoB 4 u 42m  Kpu-
CTaNiH, MpHHALJENallMe K Kiaaccy m, ABJAKOTCA ABYOCHHMH. 3neck
HMEIOTCA 1BE BO3MOMHOCTH: 1) N/IOCKOCTL CHMMETpHH COLEpXHT 00e
ONTHHYECKHE OCH HJH 2) NJIOCKOCTh  CHMMETpHH ILEJIMT TonoJjaM yroJ
Mex1y HHMH. B nepsoM cnyuae BpaiieHue MJIOCKOCTH NONSPH3alMH BLOJb
ONTHYECKUX OCe#t HEBO3MOXHO B CHNY YCJOBHE CHMMETpHH; B LPYrHX
HanpaB/EHHAX ONTHYECKAsd AKTHBHOCTL BO3MOXHAa. BO BTOpPOM cayuae
CHMMETPHA TaKOBa, 4YTO BLOJMb ONTHYECKHX OCEH MOXET NpPOMCXOLMTDH
BpalCHHE MNJIOCKOCTH noNApu3alluy, npryeM OHO JLOMKHO ObiTh OXKHa-
KOBO MO BEJMYMHE M MPOTHBOMONOKHO MO 3HaKy. KapecteH OLMH NpHMEp
KPHCTan/la nepBoOr0 THNA; KPHCTANIOB BTOpOrO THNMa He HaitneHo [88].

B kpuctannax knacca 2 Takxe BO3MOXHB [Ba CJyyasi OCb BTOpPOroO
nopanKa MOXET J€XaTb HJIH He JieKarb R MJOCKOCTH ONTHYECKHX ocelt,
B nepsom cayuae BpaiieHue nOCKOCTH MOJfApu3auuk BLOAL o6eMx oceft
LOMKHO OBITb ONMHAKOBO, BO BTOPOM -— BpAEHHE MJIOCKOCTH MOJspH3a-

1) Knacc nasviBaeTCs SHAHmMUOMOPPHHbIM, CTH KPUCTAJNL], TNPHHALNEKaHE
K HeMy, MOTYT CyumecTBOBaTL B LBYX pasiuMYHEIX (JOpMax, 3epKanbHO-CHMMeT-
PHYHBIX OfH2 OTHOCHMTENBLHO HPYroOM, :

21 IOx. Hen



TABJWULAI
Bud aupayuonrnozo mensopa [g,]
O603HauYyeHHuHd
KOMIIOlieHTa, pPaBHas HyJlo,
KOMIIOHEeHTd, OT/HYHAa OT Ryunf,

paBHbi€ KOMIIOHEHTHI,

1.

KOMIIOHEHTL, PaBHLIE M0 BeJuyHHe, HO MPOTHBOMOJOMKHLIE IO 3HAKY.
Bce Tenzopn ciMMeTPHYHBI OTHOCHTENbHO INABHON AMaroHaljM.

TpuksuHHON cucmema
Knace 1
[ N ]
o0
el (6
MOHOKNUHHOA Cucmemad
Knace 2 Knace 2
2|z e -0 2@ @
(ofbiyrasn @ - @
opueHmayusn) ol (4 o (&)

I_glacc m I_f_nacc m

mlx, e @ ﬂ m_L.:ca « o @
(obbtytasn .o . ®

] (2) L ] (2)

opuesmayus) L
Opmopom6uYECKAA CuCmemn
Knace 222 Itnoce mm2

et
@ - e @ o
[ ]

L o] ® | oj ()

L

Tempo2oHubHOg CuGmemd _
Knacce: 4, 422 Knacc 4 Knace 42m

N. —Y. 2"1"-;..
o2 L @ Lo

Tpu2OHONbHOR U 28KCU2OHANBHOA CLCMEMbI
Knacew 3, 32, 6, 622
=
L]

-

o] (2)

Ky6uqeckon cucmema Haomponkas cpedo
Knaccor 432, 23 6ea yeHmpa cummempuu

m 1)

B CACLYIOIMX BEuCHTPOCHMMETPHINLIX KASCCEX BCE KOMPOHEHTHI [gU] pesE Bymo: 4mm,
Pm a9m fmm, 6, 6Gm2.
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LMK BLOMb KawIO# H3 ONTHYECKHX ocelt moxer Obith pasinyHbiM, O6-
HapyXeHH KpucTa1nn o0oux tunos [96].

Y KpHCTANIOB Kjacca 222 OAHA M3 OCeff BTOPOrO mnoOpALKa BCeria
JIEXKUT B IJOCKOCTH ONTHYECKHX OcCeH; NOSTOMY BpalCHHE MIOCKOCTH
NONApH3alKHKM BIOJIb ONTHYECKHX OcCelt ONHHAKOBO. HalneHo Hecko.IbKO
NPHMEPOB TAKUX KpHCTa110B [96].

Ina a-kBapua (kaacc 32)-— eIMHCTBEHHOrO NOTHOCTHIO HCCHAELOBaii-
HOrO ONTHYECKH AKTHBHOIO H IBOSKONPENOMISIOIIEr0 KPHCTA1l1a, H310-
}EHHas TeOpHs BNOJHe NOATBEpiIaeTcd. B pesynbrare usmepeHuit g,
i )0_510015\ (KuBeccu u MioHcTep [89]) Onnn noayueHm caenymo-
e 3HaueHwus 1):

€= Egn=T582.107° gyu==112,96.107°,

Ina npaBoff CHCTEMB! KOOpDIMHAT BEpXUMit 3HAK OTHOCHTCH K INpaBOMy
KBaplly, a HHXHHH -— K JN€BOMY.

PE3IKOME

Bpamenue naockocTu nmoaspusanud B 430TPONHON cpene 4 KyOu-
YeCKHX KpucTtaaaax, a Takwke B OCTAJbHbIX KpucTajaJax npu pacmnpo-
CcTpaHeHuu CBeTa BHOJAbL ONTHueckol Ocu., B atux cayuaax umeiorca
IBE BOJIHH, TNpOXOAAIKE uepe3 cpely 0e3 H3MEHEHHA COCTOAHHS TOJs-
pusaiyn., STH BOJHH UKHPKYJAAPHO MOJSPH30BAHH B NPOTHBOMOJOMHBIX
uanpasneHuaX. OHH pacnpOCTPaHAOTCA C Pa3HHIMH CKOPOCTS#MH, COOTBET-
CTBYIOLUMMH MOKA3aTe/ 1M NpEJOMAEHHS n, ¥ n;. Tlajaomas niocko-noas-
pH30BaHHAsd BOJHA paCLIENJAETCH Ha JiBE UMPKYJIAPHO-NOIAPH3OBAHHbE
KOMNOHEHTH H BHXOIMT U3 CpELbl B BHLE HJIOCKO-I’IOJIﬂpHBOBaHHOH BO.THH,
NJOCKOCTh MNOJNAPU3ALLIMKM KOTOpOH mOBepHyTa Ha yroa ¢. PasHOcTh a3
IBYX UMPKYJAApHO-MOIAPU3OBAHHBIX KOMIOHEHT paBHa 2¢. YIenbHOe Bpa-
HIEHHe onpenensercs GopMynoft

p=g =1 m—n) (14.2)

rie d — AqMHA OYTH BOJAHH B CpPele M Aj— LJHHA BOJIIL 8 BAKYYME.
Bpaulenne no uacosold cmpeare € TOYKHM 3peHus Habaionarens, cMOTpsA-
Hlero HaBCTpeuy Jay4y, TPIHHMAETCH 3a npasoe BpallieHHe, 3HAK { 3aBH-
CHT OT TOro, OepeM JM MB MNpPaByl0 HIH JEBYI0 CHCTEMY KOOpIIHAT.
Ecnn kak BpaimleHue, TaK H CHCTEMA KOOPAMHAT SBJAIOTCA NpPaBbIMH HJIH
JEBBLIMH, TO p HMEET MOJOXHKTEJbIibIH 3HAK; €C/H BpaLieHKe npasoe (eBoe),
3 CHCTEMA KOOpAMHAT /eBad (nmpaBas), TO p HMEET OTPHUATE/bHBI! 3laK.

Bpaulenne naockocTH mOJApu3ALUMH B OOHOOCHBIX ¥ ABYOCHBIX
KpUCTaANax B HANpaBJEHHAX, HAKJIOHHBIX K ONMTyHuecko# ocu. B kpu-
craane, OOMAajalomeM KAK ONTHYECKOH AKTHBHOCTBIO, TaK W JBORIBLIM

1) Mbl u3MeHMIM 3HaKH, IOTOMY YTO Ha3BaHHLIe aBTOPH CYMTAIT MONOXUTENb"
HbIM JleBOBpautaoii KpHCTalI B OTAHYHE OT HairerO BhGOpa (Cp. MpuUMevalue
Ha c1p 319).

21%
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nyyenpesoM/ekkeM, L] NPOH3BOJbHOK BOMHOBOH HOpMajH HMEIOTCS ILBE
BOJHE, KOTOpHe NpPOXOIAT 4epe3 KpHCcTanl (€3 H3MEHEHHS COCTOAHHS
noNsipu3alHd, DTH BOMHB B OOHIEM Clyyae SJJIMNTHYECKH NONSAPH3OBAHHI,
npuyeM (OpMa 3JUIHICOB, ONpPEAENAMAX COCTOAHHE MOJNAPH3ALMH, s
HHX OIMHAKOBA, HO HANpaBJEHHS BPALIEHHS MPOTHBOMONONKHH. bBonb-
IIHe OCH 3JJKNCOB B3aHMHO TNEpneHIMKY/IsIpHH H COBMAJAKT C TIJjaB-
HEIMH HanpaB/JeHHIMH KoneOaHuf#t, KOTOpHe CyLlecTBOBaau Obl ANA HaH-
HOW BOJNHOBOM HOpMamM, ecau Ohl KpHCTAN1 He Obll ONTHYECKH AKTHBHHIM,
[Mokasatenu npenOMACHHS IJS STHX BOJH SIBJAIOTCA TOJOXHTENbHHMHU
KOPHAMH YpaBHEHuUS

(n2 — n'®)(n2 — n"%) = Ge, (14.3)

rie n’, n”-— nokasarenu NpEJOMIEHHsi B OTCYTCTBHE ONTHYECKOH aKTHB-
noct, G — 2upayust, BEIMUKHA, KOTOpAs Onpelenser ONTHYECKYIO aKTHB-
HOCTb B JaHHOM Hanpasienud. [npauus G sBasercs ¢ymkuuel#t Hanpas-
JeHus; OHA 3anMCHIBACTCA B BHIE

G=gylly (&8y=2g (14.7)

rie gij-—KOMHOHEHTH 2UpOYUOHHO20 mer30pa,

Tpi NpOXOMAEHHH CBETA YEPE3 MIOCKO-NApaANebHYI0 NAACTHHKY
€IMHUYHON TOMIKKBI BHIOJHSIOTCS YpaBHEHHs

A? == 884 (202, (14.8)

3::-2—1:—(71'-—””). p-‘=£. ﬁ:]/n’n”.
Ay An

74 ypasueHusi BHpawaior A (passocTb (a3 Meway ABYMS SINHNTHYECKH-
NOJAPH3OBAHHBIMH KOMMOHEHTAMH) uepe3 & (pasHocTh (a3 B OTCYTCTBHE
ONTHYECKOH aKTHBHOCTH) W 2p (pa3HocTh (a3, KoTOpas 3alaBanach Obt
yIe/bHbIM BpALIEHHEM p B OTCYTCTBHe OOHYHOrO IBOMHOrO JyuenpesoM-
Nenusn).

dnaunTHyHOCTL kR, T. €. OTHOwexHe Mano#t ocu K Ooabwolt nas aj-
JIUNCOB, oupeﬂenmomux COCTOfAHKe oI pH3all ik T€X IBYX BOJH C naw-
HOH BOJIHOBOK HOpManbio, KOTOpHIE He H3MEHAIOT CBOEH nonspu3allku,
BhIpaxaercs (Gopmysof

k=tg 1B, (14.10)

rue
G

-;l-(fl, — Il”) *

tgB= (14.12)
Vpasuenue (14.8) nosponsier COOPMyIHPOBATL APURYUN CYREPROIUYLL LIS
BpallleHHﬂ [IJIOCKOCTH TNOJIApH3AlLlHK H ABO#HOr o nyqenpenomeﬂun, H3J10-
WeHHHH Ha ctp. 317.

Benuunun p u G sBAfIOTCS ncesdockaanpamu; OHR npeolpasyiorcs

O 3aKOHY
p'=xp, G==G;
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8HaK 3aBHCHT OT TOrO, TeEpeXOLHT My npasas (NeBas) ckCTEMa KOOpLHU-
wat B JeBylO (npasyio) unu Her. Tewsop [gyl ecTb arcuarbhbill mex-
30p 8mopozo paHaa, npeobpasyioluics no CJAELYIOMIEMY 3aKOHY (CM.
taba. 18):
/ ——
gy=T 4,,8,8,

OntHyeckas aKTHBHOCTb HE MOMET CYLIECTBOBAaTb Y LEHTPOCHMMET-
puyHHX Kpucranno, OHa oOHapymeHa Yy KpHCTAa/NnOB, NMpHHALNEKALUX
K 15 u3 21 nelenTpOCHMMETPHYHOIO KJacca,

SALAYH

1. Kakue orpanuueHHs Ha BpaijeHHe NJOCKOCTH MONfpu3anuy BAOAL ONTH-
qeCKOH OCHM HajaraeT CHMMeTpHsl B Cllyuae Kiacca mm2?

2. Kak pacnonOxens rnaBebie OcH [gy;] OTHOCHTENBHO MNOCKOCTH CHMMeT-
puH B KpHCTaane kjacca m? KakoOBa (opma Tensopa [gi;], IpuBENEHHOrO K raas-
HEIM OCAM?

3. poBeputh uHCNeHHHe JAaHHLE, MpUBEfieHHble B MNOANMCH Kk ¢ur. 81,
HCronbL3ys ApyrHe UMCICHHBIE 3HaueHMsi ANS ¢-KBapu@, ykasaHHbE B HaCTOAIWeR
raaBe.



[MPUJTOXEHWS



1. CBOJKA BEKTOPHBIX OBO3HAYEHURA
H ®OPMY I

B wnacrosmuelt Kuure BeKkTOpH HalpaHH KypPCHBHHIM TOJYXHPHHM
wpKHoTOM, HanpuMep p. KoMnoHenTH p B cucTeMe koopauHat Ox;, Ox,,
Oxg 0603HaualOTCA 4epe3 py, P, Pz MH 3anucHBaeM

pP=1py. po Pl

YacTO BEKTOp p 00O03HauaeTca uepesa p; Wik [p;l.
Abcortomnan sesuiuna, Wik 04uHG, BEKTOPA p 0003HAYaeTCA Yepes p:

rP=p+p+pri=pp,
EOunuuRsil 8eKmMOp -—— ITO BEKTOP €IMHHYHON I/MHHI

CraanpHoe npoussedenue BeKTOPOB p W g 0003HayaeTcs uepes p - g

u onpenenasercs GopMyJoH
p - q=pg,= pgcosb,

rie 0 — yron Mexny p u q.

Bexmoproe npoussederue p v g 060o3nayaeTcs uepes p X g U onpe-
nensercs popMynoH

p X g=(pgsinb)l,

rie ! — eluHHYUHN BEKTOp. NEpNEHIHKYNAPHHHE p H g Tak, utoO p, @
u ! o0pasyor npaByl0 chcTeMy. KoMnoHewTn p 3 ¢ B mnpaBoft CHCTeme
KOOpPJMHAT 3arHCHBAIOTCA cAeLyouuM o0pasoM:

P95 — Psdz. P39y — P93 P19 — Pl
Tpaluenm ckanapa ¢, ABAAIOILEroCs (GYHKUKHEH KOOPAMHAT TOYKH,
ecTb BEKTOp, 0GoskauaeMht uepes grad ¢, W Onpenensercs ¢GOpMynoH
_[9% 9¢ O
eade =55 5 ol
Jlusepzenyus BeKTOpa p, ABNAOMerocs dyukunel KOOpIMHAT TOYKH,
ectb ckansap, oGo3xauaeMuit uepes divp, u onpeneasercs dopMyaoh

divp opy _;r_g& +0p8 _%

= 0x, T ox, T 0xs Ox,°

Pomop BexTOpa p, ABASIOIErocs (GyHKUKEH KOOPAMHAT TOYKH, eCTb
pekTop, of0o3nauaeMuil uepes rot p KOMNOHEHTH €ro B mpaBoit cucTeme
KOOpLMHAT 2aNHCHBAIOTCA B BHIE

[ﬂv_s _ 93 Om __Ops  Ops _"ﬂ]
ax, axs ’ ax8 axl ' dxl 0.”2 ¢



2, CHMMETPHSl KPUCTA™NIOB H NPABHJIA BBIEOPA
OCEH KOOPJHUHAT

B naHHOM npuaoXeHHW KpatkO pas3bHpalOTCs pa3TMLlLIE NOHATHS
K CHMBOJH, ynorpefnfeMble B Y4EHHM O CHMMETDMM KPHCTaN/I0B, M OTH-
CbIBAIOTCA TpaBHaa BblOOpa Ocelt KOOPIMHAT, HCMOMb3YEMHE B HACTOSLLEH
kHire. B ofo3HayennaX ¥ TEpMHHOIOTHH Mb NphIepXuBaemcas MHTepHa-
uKoHanbHHX Tabauu [55].

B Hacrofmelt xHure B OCHOBHOM HCNOJb3YETCA MAaKpOCKOMHYECKmH
NOAXOL K BOMPOCY O KPHCTaNNOrpadnueckoff CHMMETpDHH, OLHAKO 31eCh
yIoOHee HayaTb C pacCMOTPEHHS MHKPOCKOMHMYECKOH, aTOMHOH CHMMETpPHH.

Pemerka u oaemeHTtapuas sauelika. Pewemra ectb GeckoneyHas
TpeXMepHas NEpHOLHYECKAs CHCTEMA OJMHAKOBO pACMOJNOMEHHHX TOLEK;
TOYKH CYHTAIOTCA OIMHAKOBO DAacnO.IOWEHHHMH, €CAH N0 OTHOLIEHKIO
K KOXAOH M3 HHX pelleTka ONMHAKOBA H HMEET OLHY H TY € OpHEHTa-
uno, Hoearvnbim xpucmaasor no OnpeleleHHID HalbBaeTcA T€JO, pac-
NONOKEHKHE ATOMOB B KOTOpPOM o00pa3yer pEWETKy; 3TO O3Hayaer, 410
a) OTHOCHTENLHO nIOOOH TOYKH DPELIETKH pPAacnoNOMKEHHE aTOMOB OLMHA-
KOBO, 0) pacnmoONOXKEHHE aTOMOB OTHOCHTENBHO JIOOOH TOYKH, HE ABJAI-
HIeHCs TOYKOM peLIeTKH, OT/JMHAETCA OT DPACMOJOKEHHS aTOMOB OTHOCH-
TeJAbHO TOueKk peinetku. Ecau, Hao60poT, 3amaH mAeanbHbIft KpHCTaT,
TO peIleTKY MOXHO NOCTPOUTb, B3fB NPOH3BONLHYIO TOYUKY B KayeCTBE
Hayana KOOpIMHAT M 3aTeM Halis Bce OIHHAKOBO DPAaCMOJOMEHHHE TOYKH
B CMHCJE KX aTOMHOr0 OKpymeHus. PopMa i OpHEHTauus (HO, KOHEuIo,
He MOJOKEeHHE) HalieHHOH TaKHM CocOOOM PELIETKY HE 3aBHCAT OT TOro,
kakad Touka BoiOpaHa B KauecTBe Hayana koopiuHar. OnpeneneHHuH
TaKiM O0pa3oM HIeaJbHHI# KpPHCTANI ABJAETCA GECKOHEYHO TPOTMKEIHHM;
peanbHHI KpPHCTana He TONbKO OrpaHH4€H, HO M OT/IHHAETCA OT KIEaNb-
HOro pasiuyHbIMH CayuyalilibiMH LedEeKTaMH.

MOXHO CuHMTaTh, 4TO pelleTka 00pa3oBaHa TOYKAMH liepeceyeHHs Tpex
CHCTEM napaiienbHHX W DPaBHOOTCTOAWMX ApYr OT Ipyra TIOCKOCTed.
OTH NNOCKOCTH IET9T KPHCTANN HA KMIEHTHYHHE 3J€MelTapHhie napan-
Neslenunensl, HAa3blBAEMbIC NPUMUMUBHBLMI 3NEMEHMAPHBIMI S4elK oML,
Takum 006pa3oM, NpuMHTHBHAS 3NemMeHTapHas sAyelka €CTb Iapansienenu-
Tien, coaepialliii TOYKH pEIHeTKH TOJbKO B CBOMX BepllMHax. B nanHo#
pewerke onpeleneHHe NPHMHTHBIION 3JEMEHTapHOM fuelxii He ABJfETCA
OIHO3HayHHM, KOO YKa3aiiHbe CHCTEMbI MJIOCKOCTEH MOTYT OHTbL BHIOpaiibl
6eCKOlEeUHHM YHCIOM cnocoGOoB, M KawAOMY BbiOOpPY COOTBETCTRYET CBOA
NPHMHTHBHAA 9JeMeHTapHas suebka. Yacro OwiBaer ynoCuee BHOpaTh
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OONbIIYI0 371EMEHTApHYIO AYelKy, KOTOpas COLEP:KMT TOYKH DEUICTKH He
TOJbKO B BEpLIKHAX, HO H B UEHTpaX rpaHelt wuau B uentpe o6beMa,
a MHOTHA M B ApyruX Mectax. Takme AueflkH Ha3LIBAOTCA MHOZOKPAGMHO
npuMumugHetMy  aeMenmapusimu  fuelixamu. Kak npuMuTHBHAf, TaK
¥ MHOCOKPATHO MNPIMMTHBHAA SJeMEHTapHHe A4YelKIi ONPEneastioTCs OMH-
HaMy ¥ HanpaBJE€HHAMH TPEX HemapannenbHHX pebep, KOTOpbie 0603Ha-
4alTCA BEKTOpaMu @, b, c.

MnockocTy peweTku, KpucTAJAHUECKHE TPaHH ¥ HANPABJIACHHUS.
BosbMem HEKOTOpYIO TOYKY PEIUETKH B KaYeCTBE Hayala KOOpAMHAT K Mpo-
senem och Ox, Oy, Oz, napannenbHele COOTBETCTBEHHO @, b, ¢ (¢ur. 84).
MoOXHO noOkasaTh, HTO TJOCKOCTb,

KOTOpasi OTCEKaeT Ha OCAX OTPe3KH 2
alh, bk, c/l, rne h, B, | —ueane
YyKCc/a, He uMernke 06KUX MHOMKHTE-
Jielt, NIPOXOILHT Yepe3 TOUKH PEIUETKH
¢ ABAAETCA OLHOM M3 NJIOCKOCTEH CH-

CTeMbl Mapasje/bHHX H PaBHOOTCTOS- ¢

KX APYT OT Apyra maoCKOCTelH, npo- B \%p

XOIAIIMX Hepe3s BCE TOYKH DELUETKH. * ¥
Takasn cucreMa nrockocmeli pewemru g 4

ofo3Hauaetcs cuMBonoM (hkl). Yucna

h, R, | na3pIBAIOTCA (MUANEPOBCHUMY) 4

unlexcamu 5TOM CHCTEMBH MJIOCKO-

cTel. dur, 84. Onpepenenue oceii Oy,
Ecnu kpuctann orpaHuueH njo- Oy, Oz, pebep sJleMEHTapHOM Auetiku

CKHMK FpaHAMH, TO STH rpaHu napan- (12PaMeTpoB siuelikn) a, b, ¢ u Oce-

JeJbHR MIOCKOCTAM peletku. Ilo- BLX yraos e, , Y.

3TOMY CHMBOJ (hkRl) uMeer u BTOpOH

CMHCJ, O00O3Hayas 2paHe, TapanneabHylo nnockocTaM (hkl).  Takux

rpaHeft CymecTByeT ABe, Mo OJHOH ¢ KamaOof CTOpOHH KpHCTanna. ['paHs,

pacnonoXeHHas MO Ty K€ CTOPOHYy OT Hauaja KOOPIMHAT, YTO W MJIO-

CKOCTb, OTCEKalomas Ha ocax orpesku afh, bfk, c/l, 0603HauaeTca yepes

(hEl); NpOTHBONONOXKHAA TPpaHb 0Go3Hauaercs uyepes (hkl); yepTOukH Hal
MHIEKCAMH COOTBETCTBYIOT 3Haky MuHyc. COrnaciio 30KOHY p@yuOHGAb-
Hblx HOeKCO03, BCE IJOCKOCTH, NpPELCTABIMONME COGOH BO3MOXHHE
rpaHH KpHCTan1a, LOMKHH OTCEKAaTb HAa OCAX TaKHE OTPE3KH, LJIHHEI
KOTOpHIX, OYyLy4Yd BHIP@XEHb YEpe3 HEKOTOphie MaciiTaOHbE OTPE3KH
BLOJb Oceft (npONOpUHMOHAIbHHE @, & K €), OTHOCATCA KaK palHOHab-
Hble YHCna (PalMOHAJbHBIM 4YHCNOM HAa3HBAETCA WYHC/IO, KOTOPOE MOMKHO
3ankcatb B BHIE p/g, e p W ¢ — uensle uucaa). OTOT 3aKOH OHA
nepBOHayanbHO CHOPMY/NMpPOBAH Ha OCHOBE HACmoOZeHHM Hal rpaHAMH
KpHCTa/ 0B, a B HacTOALIEE BpEMA ABJIACTCA npocto CcneacTBHEM pemeT-
4aTOH CTPYKTYpPH KPHCTaJJIOB.

Bzktop, npoBeneHHH! K3 Hauana KOOpAMHAT B MoOYyi0 TOYKY PEIUETKH,
HAXOLAILYIOCH B BeplUHHE SJNEMEHTapHOH AueltkH, MOweT OHTb 3anucdu
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B pute Ua—+Vb +4+-We, roe U, V, W —uenue uncaa. OnpenenenHoe
TakWM 00pasoM HampasjeHue 0603Hayaercs cuMBogoM [UVW]. Tak kak ias
onpeleneHus Hanpasieuns HeoGX0IuMO 3HaTh TONBKO OTHOWeHKe U 1 V 1 W,
TO OObLIY4HO BLIOHPAIOT TAKHE TPH UEJHIX YHCNA, KOTOpHE HE MMEKT
ofwux MHowutene#t. B kpucrannax kyOuueckol cHCTeMbl (OnpenesseMmoft
Hike) HanpasneHne [UV W] nepnennukynspHo niaockoctam peiuerkn (UVW),
HO Al APYrHX KPHCTALIOB 5TO OOHYHO e cnpaselnuBo. Bo Bcex ciay-
yanx HanpaeneHue [UVW], Oyniyun napanjenbHelM DALY TOHEK DELUETKH,
napanienbHO TaKKe CEMeHCTBY MAM 3owne rpanett; [UVW] apasercsa Ha-
NIpaBJEHHEM oOCU 30HbL. CornacHo nerko LOKa3LBaeMOMY 3GKOHY 30K
(Ha3HIBaEMOMY TaKwe 3akoHoMm Belicca)., rpaub (hkl) BXOZHT B 30HY
rpanet ¢ ockio [UVW], ecan

hU BV 41 = 0.

daeMeHTH CUMMETPHH. BONBLIKHCTBO KPHCTANNOB Hapaly € mepa-

HOCAMH (TpaHCAAMAMHE), 3a1aBaEMBIMH KPHCTAJIHYECKOH peweTkol, 06.1a-

IaeT onpereneHHo# cuMMetpuelt. Ias

ONHMCaHuA CHMMETpHH Jy4dlle BCEro

pa3noWUTL €€ Ha SAeMeHmbl CUM-

Mempuu, JIna TOSCHEHH pacCMOTpPHM

¢ur. 85, Ha koropolt H30OpameHH

o IBE CHCTEMbI arOMOB, MpPEICTaBlEeH-

HBIX 4YEepHbIMH H OCNBIMH KDYKKAMH.

Ecau aty cucreMy arOMOB noBepHyTb

o) Ha 120° (unu Ha Yf; nonHoro o0Go-

poOTa) BOKpYr OCH, NpOXonsdiue# uyepes

TOYKYy P ¥ nepneHIHKynapHO# mjo-

CKOCTH YepTexa, TO KapTHHa, O4EBHIHO,

He wu3Menutca. [Ilocnenyiomue mnoso-

porst Ha 120° Takwe He OynyT npu-

¢ ur. 85, Cxema, noscusiowas BOIKTb K M3MEHEHHAM, DT0 CBOMCTBO

OnpenenCHue 3JCMEHTOB CUMMETPHH, NaHHOM CHCTEMH TOYEK MOMXHO ONH-

cath, CKa3aB, YTO OHa 00nalaeT noso-

pomHOll ocvl0 mpempvezo NopaCKa, WM N0BOPOMHOL mpoliHoli ocbio,

NpOXOAsel yepes TOYKY P nepneHIMKyApHO NAOCKOCTH yepTema. Tpu

COMOLIHE NHHHK Ha ¢ur. 85 0603HAHAIOT 3epKaAbHBIE NAOCKOCMI, WK

naockocmu cummempuy, NEPNICHIHKYNSApHBE MIOCKOCTH uepTexa. Hactu

yepreka 1o ©0e CTOPOHH OT TMJIOCKOCTH CHMMETPHH CBfI3aHH JIpyr

C IpyroM Kaxk TpeIMeT H ero 3epkajbHoe naoOpameune. Hike npuso-

JAHTCA nepequb 3JIEMEHTOB CHMMETDHH, Ha KOTOphHi€ MOKHO pasno-

KHTb CHMMETPHIO NI00OH CHCTEMBI, H ONEpalMK, CBSI3AHHHE C KaXIbM

3JIEMEHTOM.

1) Lenmp cummempunu. Ecni nOMECTHTb HAauan0 KOOPAKHAT B LEeHTpe

CHMMETPHH, TO IEHCTBHE WEHTpAa CHMMETpHH NMEPEBOAMT TO4KY (X, ¥, 2)
B (——x, —J¥, —z). Ora onepauus HazbBaeTCH UHBEpcuel.
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2) 3eprasvnan naockocms. DTOH NNOCKOCTH OTBEYAET OMeEpailus,
KOTOpas NEpeBOLMT KamKAYI0 TOHUKY B €€ 3epKajlbHOEe H30OpameHHe OTHO-
CHTEJbHO 3TOH TNJOCKOCTH.

8) Ilrockocms cHoabsicerus. DTOH MIOCKOCTH OTBEYaeT Onepaus,
KOTOpas TepeBOLMT KamAyl0 TOUKY B €€ 3epKanbHOe M300pameHue B 5TOH
TJIOCKOCTH K 33aTEM MEPEHOCHT €ro mnapasfefbHO 3TOM IIOCKOCTH.

4) Ilosopomuas oce n-zo nopsdra. Takol ocu OTBeyaeT Onepaius
NOBOpPOTa Ha yroa 2w/n BOKpPYr 3TOH OCH, TrI€ 7 — IOJOKHTENbHOE
Heno0e 4yucno.

5) Bunmosas ocv n-20 nopadxa. Takoff ocu oTBeyaer omnepauus
noBOpOTa Ha yroa 2w/n BOkpyr 3TOoft OCH, CONpPOBOXHAEMOro TpaHC/s-
uuet sponb 3ToM OCH.

6) Hnsepcuonnan oce n-20 nopsodrxa. Takol ocu OTBeuaeT omepauus
NOBOPOTA Ha Yyroa 2m/n BOKPYr 3TOH OCH, COMPOBOMIAEMOro HHBepCHeH
B 3ajaHHOH TO4YKE 3TOH OCH.

He Bce Ha3BaHHHE onepaulin CHMMETPHH He3aBHCHMH IpYTr OT Ipyra.
Tak, HHBEpPCHOHHAas OCb TEPBOrO MNOpSAKA COBNANaeT C UEHTPOM CHM-
MEeTpHH; HHBEPCHOHHAas OChb BTOPOr0 IOpAIKA SKBHBANEHTHA TJOCKOCTH
CHMMETpHH, NMEPNEHAMKYNAPHOR 5TOM OCH; HHBepCHOHHAs OCb TPETHLEro
nopf/ika SKBHB3JNEHTHA MOBOPOTHOR OCH TPETHEr0 MOPSALKA MJIOC UEHTp
CHMMET pHH.

Bcnencrsue peLueTanoro CTpOCHHﬂ KpHCTaJIJIOB Y HHX MOryr Cyuie-
CTBOBaTb He BCE 3JEMEHTH CHMMETPHM H3 MpPHBELEHHOro nepeuns. Moxwo
IOKa3aTh, YTO B KPHCTaNaX BO3MOKHBL TMOBOPOTHHIE H BHHTOBHIE OCH
TONBKO MEPBOrO, BTOPOro, TPEThEro, YETBEPTOrO H LIECTOrO MOPAAKOB
(MCTOpHYECKH 3aKJIIO4eHHe O HeBO3MOXHOCTH Ocelt ¢ =05 u n > 6 Oun0
BbiBEIEHO M3 3aKOHAa pallMOHalbHHX wHHIekcoB). Peweruatoe crpoenue
KPHCTaJ/IOB HANaraet Takme ONPELENEHHHE OrpaHHueHHsi Ha TPAHCJIALHH,
CBsI3aHHble C BHHTOBHIMH OCSMH H TIIOCKOCTSMH CKOJbXEHHS.

MpocTpaHcTBEHHBIE FPYNNbl. 3aKOHOMEPHOE pACIOJIOKEHHE 3JeMen-
TOB CHMMETpHH B pELIETKE HA3LIBAECTCA MNPOCMPOHCMBEHHON 2pynnoi.
Onepauus, npou3BoIKMAad JIOOHM 9JMEMEHTOM [PYNNH, AOMXHA OCTaBJATH
HEH3MEHHLIM pacrofOXeHne 3/JE€MEHTOB CHMMMETpHH. IIpu mocnenoBare/b-
HOM pPacCMOTpEHHHM BCEX BO3MOXHOCTEH OKa3biBAETCH, YTO MMEETCH TOJBKO
230 pa3nnuHHX NPOCTPAHCTBEHHHX TPymm,

Toyeunsie rpynnsl ¥ Kpucraanorpaduueckue kaaccel. Ilpu usy-
YEeHHH (U3MYECKHX CBONCTB KPHCTANJOB Hac HHTEPECYIOT HE OTHOCHUTE/b-
HbI€ 1N0./0%CEHIs. JNEMEHTOB CHMMETPHH, @ TOJNbKO HX OpUeHmayus.

BoaumkaeT BOMpOC: KakHe BO3MOXHBI KOMOHHalHH 3JEMEHTOB CHM-
METpHH, OTJIHMYAKILMECT JHKIIbL WX BHOOPOM M B3aWMHOM OpHEHTaunel,
BHe B3aBHCHMOCTH OT OTHOCHTEJbHOrO pacloJOXEHHA 3THX 3JEMEHTOB
CHMMETPHH, @ TaKXE€ OT TpaHCJAUKM, CBsI3alHHX C TJIOCKOCTAMH CKOJb-
MEeHU ¥ BMHTOBHIMH oOciMu? OTBET Ha TOT BONPOC OMPELENSET BUILH
CHMMETpPHH, KOTOpHIMH 001a1aI0T MAKPOCKONMKYECKUe (pu3KH4eCKHe CBOHCTBA
KpHCTaNJa ¥ €ro uieajbHas (opMa pocTa.
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BoaMoxHH crenyiomie MAaKpOCKOMHYECKHE  3JIEMEHTH CHMMETpPHH
KpHCTa110B:

a) LUEHTP CHMMETpHH,

6) sepkasbHas MAOCKOCTh,

B) MOBOPOTHHE OCH NEPBOro, BTOPOro, TpeThEro, YETBEPTOro H LIECTOr o
TIOPSLIKOB,

r) MHBEPCHOHHBIE OCH TEpPBOro, BTOpPOro, TPETLEro, YETBEPTOro
H IUECTOr0 MOpPSAKOB.

B cayuae KOM6HH3U,HH 9THX 3JEMEHTOB Mbl MOXEM CHHTaTh, 4YTO BCE
OHH TNpOXOLAT 4epe3 OLHy TO4KY; BO3MOXHpe KOMOHHauuKu MaKpoCKo-
NHYECKHX 3JEMEHTOB CHMMETPHM HA3LIBAIOTCA MOHuEUHbIMU 2pynnaxut).

MoxHo nokazatb, nposepsia Bce 230 npOCTPaHCTBEHHHX [pPYNON, YTO
uMelTCcq TOMbKO 32 ToueuHHE rpynne. Kpucranne nozpasnensloTca Ha
32 kpucmannozpaguueckux Kaacca COOTBETCTBEHHO TOYEYHHM TrpyI-
naM CHMMETDHH.

Mlepeuncnenne 32 ToueuHmx rpymn u Kpuctaanorpaduueckux
KNAaCCOB,  DneMeHTH CHMMETpHH 32 TOYEYHHX T[pyNn TOKa3aHH
B Tabn. 21 (crp. 336 — 40) ¢ noMomwbio cTepeorpaduuecknx npoexuuit.
3nech MOXHO HaTh CJELYIOIUEE OMpeneNeHHe CTepeorpadHuyecKolt npoek-
UHH, LIMPOKO HCMOAb3yeMOH B Kpucrananorpaduu: 1) npeanonaraercs,
yTo ocofad TO4YKA TOYeYHOH Trpynnbl HAaXOLHTCA B UEHTpe H300pa-
Kawwel chepr; 2) OpreHTaUHH INEMEHTOB CHMMETPUH ONPENEJAITCS HX
NEPECEYEHHIMH C MOBEPXHOCTBIO u300pamaiomet cohepr; 3) kawnas
IuarpamMa, npuseseHHas B Tabn. 21, mnpexncrasnser cofoft Mpoexuuio
onHOH noaycdepbl H3oOpawariiel cpeprsl Ha IHAMETPAJbHYIO MJIOCKOCTD.
Ota npoekuna nmoayyena M3 TOYKH, HAXOIAWIEHicA HA cdepe noO Apyryio
CTOpOHY OT AMAMETPANbHOH TNJOCKOCTH M HanboJee yIaleHHOH OT Hee
(takolft mpoekukelt Onina Obl, HAMpHMEp, NPOEKWHA CEBEpHOH moaycdepH
BeM/H K3 IKHOrO MOJIOCA HA 3SKBATOPHANBHYIO TIOCKOCTb). CHMBOJH,
HCMO/Mb30OBAHHbLIE 14 OO003HAYECHHS 3JEMEHTOB CHMMETPHH Ha CTepeo-
rpamme (Crepeorpaduueckoft NpOeKlHH), NOSCHAIOTCA BO BTOPOM CTOJ0UE
taba. 20.

B taa. 21 kawnabi#t KJacc 3ajaH TOMEILEHHBIM Haj CTEpPEOrpaMMoi
CIIMBOIOM, cOZepwawuM OGO3HAYEHHS NOPOMAAIOLMIKX SJEMEHTOB CHM-
MeTpuH (9TH 0003HaueHHs TOACHEHH B TpeTbeM cronbue taba. 20). dror
CHMBOJI He 00f13aTeNbHO BKJIOYAET BCE 3JEMEHTHl CHMMETPHH JAaHHOrO
KJaacca, 1O M3 HAJH4YHA 3JEMEHTOB CHMMETDHH, BKJIOYEHHHX B CHMBOJ,
00513aT€IbHO CJCLYET NPIiCYTCTBHE BCEX OCTANbHHX 31€MEHTOB (MO CYLIECTBY
CHMBOJ BKMIOYaeT GOJ/biliee YKCAO 3JEMEHTOB, YEM CTPOro HeOOXOAMMO
LJs ONpeleJelna ToueuHol rpynnu). Tak, HanpuMep, CHMBON 4/mmm
03HAYaeT, YTO MMEIOTCH MNOBOPOTHAA OCb 4YETBEPTOr0 MOPALKA, NEpNEH-

1) Bo3mOMHbl€ 9]A€MEHTHl CHMMETPHH ['€OMETPHYECKHX GHryp COBMapaioT
¢ MakKpOCKOMHUYECKHMH SJIEMEHTaMH CUMMETPpHH KPHCTaJJIOB. OI!MaKO, HOCKOJley
reoMeTpuiecKue [pldl‘ypbl HE MMEIOT PeIleTyaToro CTPOCHus, NJI1 HHX 3HaUYCHMS n
A8 TMOBOPOTHBIX M MHBEPCHOHHBIX OCeH He orpaHuueHbl. Bce sneMentdl cum-
METPIiH TakiX QUIYp 06f3aTebHO MPOXOAAT uepe3 ORHY TOHKY.
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TABJ

H I A2

CumaonbL 50eMERMOE CUMMEMPUL 32 moOvewHbLx 2PYNN

NEeHITUKYAApHas K HeH IJOCKOCTb

D.1eMeHT CHMMETPHH CuMBUI Ha cTepeo. paMMe Ml’l:;%“ﬁﬁr,ggi‘qb'
Llentp cuMMeTpuu CumBONa Het 1
3epkanbHas MIOCKOCTh Cnnownas npsaMas m
iU OKPYXKHOCTD
ITosopomavie ocu
Ocb nepBOro nopfika CuMBONa pet 1
Ocb BTOpOrO MOpfika ‘ 2
Ocb TpeThero mopsika A 3
Ocb 4eTBEpTOro NOpsnka . 4
OCh IIECTOrO MOpSIKa . 6
Hneepcuonnne ocu
Ocb nepBoro nopsika == UeHTp cuM- | CuMBOJa HET 1
METPHH
Ocb BTOpOro mopsinka = sepkanbHas | TOT e, yTO Kas 3ep- 2(=m)
IJIOCKOCTb, MEPNeHIUKYASpHasd ocH Kanbnoft nnockocTu
Ocb TpeTbero NOpfAnKa == NOoBOPOTHas 3
OCb TPETHLEro MOPSANKa ILINC LEHTP A
CHMMETPHH
Oc, YeTBepTOro NOpAnKa (BKAOYAET @ | i
NOBOPOTHYI0 OCb BTOPOro nopsika) .
— I
Ocb 11eCTOro nopfika =mnoeo yoTHas [ &(=3m)
OCb TpPeTbero Mopsika Mic Nep- @ ‘ o

IMKYNApHad 3epKanbHON naockocTu (4/m), Hanee, 3epkaibHas MIOCKOCTb,
COZepkalias 31y ocb (4/mm), H, HaKOHEW, 3epKaNbHas MJIOCKOCTh, TAKWE
CoIepXaluas Ty Och W Jexaias nop yr.ioM 45° k nocnelnelt nAOCKO-
ctu (4/mmm), OOpawascb k Ta6n. 21, MH BHIMM, 4Y4TO y LAHHOH To-
yeynoft rpynnel HMETCA HE TOJbKO 3TH 3/JEMEHTLl CHMMETpDHM; OLHAKO
HEeTPYAHO MOKAa3aTh, YTO K3 HATHYIA STHX 37eMEHTOB C HEOOXOLMMOCTBIO
BBITEKAET CYLIECTBOBAIIHE OCTAIbHBLIX 3€PKAILHHX TJIOCKOCTER M OCel
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Anemenmel cummempuy U npasusa sei6opa ocell
8 32 xpucmannsozpaguveckKux xKaaccax

CHMBOJE UEHTPOCHMMETPHYHHX KPHCTalIOB 3aKMIOUYEHbl B PaMKy

TpuraunHas cucmema

MoHoknuuHas cucmema

292 Opmopombuueckas cucmema 2

X% mmm 7,




TIpodosarcerie maba.

21

Tempazonanbran cucmema

422
|
( % >'zz
I,
4mm 42m
2}z,
Y Y
Iy Iz,
LI, Z,T,
Yy
Ty
I,

22 Ok, Han

337



TTpodosacenne maba.

21

TpueoHanbHan cucmema

3

338



ITpodonscenue maba,

21

[excazonanbuan cucmema

Y
I,
E

E

622
U,

2

1

Em2

u 1) ! l
X, 2y~ €,y

(6/mmm]

z,

8

2% 339



TTpodosswcerue ma6a 21

lybuveckan cucmema

23
Y Y
1z, Lp
X7, %

T,
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BTOpPOro MNOpsiKa, NOKasaHHHX Ha crepeorpamMMe. OOliue npaBuna ans
NOCTPOEHHS! CHMBOJIOB TOYEYHBIX rpynm 3aech o6cyxnaThcs we OyIyT,
TaK KaK [/1f TOHMMaHHsi MNOCNENYIOUEro H3JIOMEHNSs OHH He HYKHbL
CrepeorpaMMbl M cHMMBOMH, mnpuBeieHHHe B Tabn. 21, cozepwar Bce
HeoOXOnMMHE CBELEHMs, TIPHYEM CHMBOJBL KJacCOB, HMEIOUIMX UEHTp
CHMMETPHM (LEHTPOCHMMETPHYHLIX KJIaCCOB) 3aK/IOYEHbi B PaMKH.

OrnucaHHHE CHMBOJK OCHOBaHH Ha CHMBOJAX, TPEnJOXEeHHHX
Morenom ¥ I'epmanHoM. B psine kHur u cTaiel eiue WCNOJb3YIOTCA CTaphHe
o6o3navenns Lllendauca, He npumeHsOmMeECs B JaHHOHM KHHMre; 1ns Chpa-
BOK OHM TNpHBEIEHH BO BTOPOM cTOs6ue Taba. 23.

Cumousnt {hkl} u (UVW), Cumeon {hkl} oGosHauaer BCe rpaHu
KpHUCTanna WA CHCTEMH MAOCKOCTEH peileTkH, KOTOPHE NOJYYalTCA U3
rpaHd WAM nnockocTH (hkl) pasMHOMEHMEM ee C TOMOUIBI0 3/EMEHTOB
CUMMETPHH gHaHHOM TouyeyHo#t rpynnei. [lonyyeHHas TakuM Croco6oM
COBOKYTHOCTL rpaHeft ofpa3yeT ¢bopmy; STH rpaHi HasbBaiOT ,IpaHAMM
dopmer {kEL} <.

AnanoruyHo, cumpos {(UVW) oGoaHauaeT BCe HanpaBlieHusi, KOTOpHE
MOXHO mnosnyunte M3 [UVW] pa3aMHOmeHHEeM ¢ TOMOLIBIO S5/1€MEHTOB
CHMMETPHM JaHHOM rpymmH.

Kpucraanorpadpuueckne cuctemsl, Bce kpHcTannorpaduueckue
KJ1AaCCHl, YHCJIO KOTOPHX paBHO 32, 06pyHO O6Bbe IHHAT B CEMb KPHCTaN/1O0-
rpaguyeckux CHCTeM, kak ykasaHo B Taba. 21, Knacc BksioyaeTcs B naHHYIO
KpucTannorpaduyeckylo CHCTeMy B TOM CJyyae, e€CnM ero CHMMETpHS
obnafaer onpeneNeHHHMH XapakTepHHMM cBoHicTBamMu. HaapaHus cMcTeM
1 TpeboBaHHA, KOTOPHM JLOJMKHA YLOBNETBOPATH CHMMETPHsi KpHCTasna,
BXOLSEr0 B LAHHYIO CHUCTEMY, NMpPHUBOLSATCS HHIKE,

1) Tpuraunnas cucmema. VIMeloTcss TONBKO OCH MEpBOrO MOpMLKA
(NOBOPOTHHE MMM HHBEPCHOHHHE).

2) Monokaunnan cucmena. ViMeerca onHa Ocb BTOpOro mnopsnka
(NOBOPOTHARA MJM MHBEpCHOHHas).

3) Opmopombunecras cucmema. ViMeloTcs TpH B3aMMHO NepneHiNKy-
JfipHHE OCH BTOPOrO TMOPALKA (MOBOPOTHHE MJH HHBEPCHOHHHE), HO
HeT oceft 6ojsee BHCOKOrO NOpsiiKa.

4) Tempazonaasnas cucmema. ViMeercs onHa oCb YeTBEpTOro
nopsiika (NOBOpOTHas MM MHBEpPCHOHHas).

5) Ky6uueckas cucmema. ViMeloTcs yeThipe OCH TpETbEro TOpsNKa,
pacronoxeHHHe MapaJienbHo O0beMHHM AHaroHansM kyda.

6) TpuzoHasbHas cucmema. ViMeeTcs OLHA OCb TpETHErO NOpsiKa
(NOBOPOTHas KM HMHBEpCHOHHas).

7) Fexcazonassnan cucmema. ViMeercs opHa OCb HIECTOrO NOPSALKA
(noBOpOTHasi MM HMHBEPCHOHHas).

Bei6op oceii Ox, Oy, Oz. OnucanHoe BHile OGbenMHEHHME K/ACCOB
B CHCTEMb NpHUMEHSIETCS MOTOMY, YTO NMpH STOM A5 BCEX KJacCOB OLHOH
CHCTEMH MOXHO BHOpaTh onmHy u TY we cucremy ocei Ox, Oy, Oz
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Bonee Toro, korna Br6Op oce#t cnenan (B COOTBETCTBMM C Onpene-
JEHHRIMM TpaBHUIAMH, YKA3aHHHIMM HMKE), OKa3LIBAeTCH, YTO MOWHO
B3ATh TAKYID 9SJEMEHTapHYIO s4eltky, OTholeHne a:b:c B KOTOpPOH
XapakTepusyer nanHylo cucteMy. [Ipu stom wacTo OniBaeT HEO6XOZMMO
BEI6paTh MHOTOKpPATHO MPHMMUTHBHYIO syefiky; UMes B BULY 3TO OOCTOs-
TENbCTBO, MH M OCTaBMM 3a cOOOH NMpaBO NpPUMEHATh HENPHUMHTHBHYIO
Ayeiky. Huxe NpUBONATCA IIpaBUNa, ONpenesiollle OpUEHTALMI0 Ocelt
Ox, Oy, Oz oTHOCHTENHHO XapaKTEpPHHX 9JEMEHTOB CUMMETDHM Kawioft
CHCTEMH; KpOME TOrO, MPUBOLATCS COOTHOIUEHMS, CYUIECTBYIOLUNE MEeXLY
a, b u ¢ m Mexny yrnamu o, § ¥ 7, nokasaHHeiMM Ha ¢ur. 84.

1) Tpurauunasn cucmenma. a=b=c; a+p+y.

2) Monoxauunasn cucmema. Ocb Oy napannenbha OCH BTOPOro

nopsiaKa;
a+b%Fc, a=7=90°+p.

3) Opmopombuueckasn cucmena. Ox, Oy, Oz mnapannensHH ocaM
BTOPOrO TOPfALKa;
a+b*c, a=f=1=090°

4) Tempazonassnan cucmema. Ocb Oz napannenbHa OCH YeTBep-
TOr0 NOPALKA;
=bs+c, a=B=1=090°

5) Kybuueckan cycmema. Ox, Oy, Oz napannenvHn pefpaM ky0a,
O0BbeMHBIE IMaroHall KOTOPOrO SIBASIOTCH OCAMY TPETBEro NOPSLKa;

a=b=c, a=f=1=090°
6) Tpueonassnan cucmema. Ocb Oz napannenpHa OCH  TPETHETO

nopsinKa;
—b#e, a=p=90°, 7=120°

7) lexcazonasbnasn cyucmema. Ock Oz napannenpHa OCHM 11ECTOTO
nopsika;
a=b+c, a=pg=90° 1=120°
VHorpa CuMTalOT, YTO TPHUrOHAnbHAA M IEKCaroHaNbHas CHCTEMH, HMEIo-
IMe aHaMOTMYHBE CHUCTeMbl oceff, 06pa3lyioT OnHy cuctemy. Jas Heko-
TOpHX CcHCcTeM (HanpuMep, A/s TeTparoOHanbHOW) NMpUBELEHHHE MpaBH/a
He ONpelesdAl0T HANpasJeHHUs BCeX ocelt, MosToMy Eas 6onee CUMMETpHY-
HEIX KJaCCOB STHX CHCTEM BBOASTCH LOMOMHMTEIbHHE npasuna. Hanpas-
nenus Ox, Oy, Oz ykasanH Ha cTepeorpammax Ttaba. 21 BO Bcex Tex
Cnyyasix, KOTia MpaBH1a NMOJHOCTBIO ONPENeNsiOT MX NOJOXEHHE OTHOCH-
TEeNBHO 9.1EMEHTOB CHMMETPMH.

Ocu B ycrtanoBke Muasepa — Bpass u B pomGosnpuueckoi
yctaHoske !). Ha ocuomaHnMM ykas3amHbX BHIIE COOTHOLEHMH y Tpuro-
Ha,pHOH M rekcaroHanbHOW CHCTEM HeMb3si YCTAHOBHTb, YTO Y HUX HMEIOTCHA

1) Marepuan, MsnoxeHHHA B 5TOM pasjene, HE ABNAETCS HEOOXOAMMEIM IAf
\IOHMMAHNAl OCHOBHO [0 TEKCTa KHHI'M M MPHBOANTCA HaMHU 1Jis MOJHOTHI.
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OCH TpeThero mopsiika ¥ TeM 60.1ee OCH IUecTOro Mmopsika, XapakTepHeie
LS 9THX cucTeM. 10 370X mpyuMHE K YKa aHHEIM OCAM 4acTo LOGAaBAAIOT
yeTBEpTYI0 OCb, O6O3nayaemyio wepey Ou, Hanpasssn ee B MNIOCKOCTH
Ox, Oy noa yraoM 120° ¥ ocaMm Ox um Oy ¥ 3a1aBas MacwiTab BLOJB
5TO# OCHM paBHHM a. B sTOM cCayyae ocu HaswBalwTcs ocamu Lpass —
Muansepa. CuMBON rpaHn MnM CHUCTEMH NJIOCKOCTEH pelleTKH npH 3TOM
3aMNCHBAETCH TaK e, KaK [pPEexie, 3a MCKAIOYEHHeM TOro, YTO Terepb
OH CONepWMT YeTwipe MuIekca, T. e. B obieM cayyae (hkil), roe unnekc i
oTHocuTcs k¥ ocu Ou. WHpekcwt A, k, I HE He3aBUCHMM LpYT OT LApyra;
MOXHO MOKa3aTh, YTO OHHM CBf3aHH COOTHOIWEHMeM A -k 1= 0. Ilpe-
MMYLLECTBO WCNOJ1>30BaHMsl yeThipex ocefi COCTOMT B TOM, YTO KpHCTal-
JMYeCKHEe rpanM O1HOHM M TOH e (OpMbi, CkaxeM {hkil}, o6oaHayaTCs
COBOKYITHOCTS MM HHIEKCOB, KOTOpHE, €CJM He CYMTaTb 3HAKOB, MOMY-
YawTC OiHA M3 Apyrofi NpocTOH mepecTaHOBKOM MHIEKCOB; TakuM OOpa-
30M, 3TO NpaBMUNO CTaHOBUTCH OOLIMM AJf BCEX CHCTEM.

Boupoc 06 o603nauenuy nanpabneHnft B TpUroHanbiiofh M rekcaroHalb-
HOM CHucTeMax He BO3HHKAeT B OCHOBHOM TeKCTe NAHHOH KHMIM; OIHAKO
B CBSI3N C TeM, YTO 3TOT BONpPOC OOHYHO COBEpIEHHO He pacCMaTpu-
BaeTCs B yyeOHMKaX, MH CYMTaeM MNOME3HHM CIETaTh CJeLyIOLlNe 3za-
MeyaHus!), BriBop TOH MaM MHOH CUMBOJMKM 3aBHCMT OT ee NpHMEHEHHS.
Ins MHOrMX uene#t Jayywe BCero HCIONB3OBaTH TOJMBKO TpH ocH Ox,
Oy, Oz n sanuciiBath HanpaBneune Bektopa Ua +Vb -+ Wc B Buze
[UV*W], nan [UVW]. Torpa c¢ tpems uucnamu U, V, W mMoxHo obpa-
IaThC COBEPINEHHO TaAK #e, KaK C TPEMA YMCIAaMM CHMBOJA2 Harpas.ie-
A [UVW] B moGo# npyro# kpucrannorpabuyeckoi cucteme. B yact-
HOCTY, AJS HUX ChpaBenMB 3akOH 30H Beficca, korfia OHM MCNOJB3YIOTCS
B COYETAaHMM C uHIekcamM rpanelt A, k, I. Hepocrarkom takofi cumso-
JUKH AIBJAETCA TO, YTO HanpaB.JeHMs, CBA3AHHHE APYr C ApYroM onepa-
LUMAMM CHMMETDMM TOYEYHOH Trpynnb, He Bcerna OOO3HAYAIOTCS TaKHMH
COBOKYIIHOCTAMM HHIEKCOB, KOTOpLIE TNOMYYalOTCs OfHA M3 Apyro# npo-
CTOM nepectaHOBKO# MHIEGKCOB (C TOYHOCTHI) 1O 3HAKOB).

D10 3aTpyiHeHMe YCTpaHseTCH NpPHM MCNONb30BaHMM APYrUX 0603Ha-
YeHHH — C yeThipbMA MHIEKCaMH. TaxkMe OBO3HAYeHHMs HEOOXORMMO CTpOro
OT/MYaTh OT TPEXUHAEKCHHX, oOnucanHMX Beive (T. e. ot [UVW] umm
[UV*W]). Hanpaeienue, Tak e Kak M rpaHp, ofosHayaercs B STOM
cayyae cucremoft vernipex uwmcen [U/V/T'W’'], npuuem cyMma nepBhiX
Tpe€X M3 HUX paBia nymo, 1. e. U/ 4+ V/ 4T =0. Hanpasnenue
[U'V'T'W’] oboaHayaeT nanpaBieHMe BEKTOpa

Ua+V'b4+Tt+We,
rpe /— BEKTOp, MMelOWMHA IIMHY @ W HanpaBlIeHHH# Broab ocH Ou.

(MoxHO noOkalaTh, YTO oONpeneleHHbHe TaKHM MyTeM YeTuipe MHAEKCa
ABAAIOTCH HOPMAJTBHBIMM MPOEKUMAMH yKA3aHHOrO BEKTOpa Ha YeThpe

1) 2101 BOTMpOC O6Cympnaercs B cTatbe JloHHes [33]; TaM ke npuBepeHH
CCHUIKM Ha JuTepatypy.
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OCH; IJHHA 9THX MNpOEKUMK paBHAa COOTBETCTBEHHO 3,ou, 3,4, 3fa
u ¢.) B uernipexuniexcHoM 0603HayeHHH ocb Ox HMEET CHMBOJ [2”0].
B TO BpPEMs Kak B TpexHHIEKCHOM o0003HaueHun — cuMBon [10*0], wuan
[100]; TakuM O6pasoM, CHMBOJE OJHOIO M TOrO e HanpaBjeHUs B ABYX
0003HaYeHHsX BHI/ANAT COBEPLIEHHO pasnuyHo. B  veThipexuHuekcHHX
obosnauennsx 3akoH Beficca ¢opmymupyercs crenyiomwmm o6pasom:
rpaub (hkll) npunannemuT ¥ 3oHe ¢ ocwio [U/V'T'W’], ecam

RU’ 4BV’ 41T 4 IW — Q.

B HekoTOphiX KpHCTannax TPHrOHAMbHOH CHCTEMH BO3MOMKEH BhIGOp
NpUMUTHBHO# pOMOOSIpUUECKOH BJeMEHTapHOH syeliKy; COOTBETCTBYIOLLNeE
ocu Ox, Oy, Oz, HasbiBaeMHe pomGos0putecumu, Wi MUAAEDOBCHUMY,
ocsimu, OLMHAKOBO HAK/NOHEHH K OCH TPEThEro MOpANKE, MpHYEM

a=b=c n a=p=1.

Pom6osnpnueckyio siueiky MOMKHO Takke BHOpaTh (XOTH 3TO OOHIYHO
IaeT MeHbille TNpeuMyLIeCTB) B APYrHX KPUCTANNax TPUrOHaNbHOH CHCTEMEI
H B KpUCTa/nnax TreKCcaroHajbHOM CHCTeMbl, HO B 9THMX CJy4Yasx Takas
s/eMeHTapHas sivefika He OyleT MpHMHTHBHOH.

BuiGop oceit Ox, Ox,, Ox, [lna 3anucH TeH30pOB M MaTpHL,
NpeACTaBAsOWAX (H3KYECKNe CBOUCTBA KPHCTANIOB, MCMONB3YEeTCsA MHasg
cucteMa oce#t, a uMeHHOo Ox,, Ox,, Oxs. DT OCH BCerja B3auMHO
neprieHnvkyaspud. Pacnonowenne oceft Ox,, Oux, Ox; OTHOCHTENLHO
Ox, Oy, Oz B pas/NYHHX KpHUCTaMIOrpadUyecKnX CHCTEMAX OMpelensiercs
cooGpaweHusiMH ynoOCcTBa; B HacTOsiUed KHUre Mbl CJELYeM IpaBuU/aM,
pexoMenzoBaHHuM [RE [86]. 3T npasuna MOMHO pesiOMHpOBaTb CJe-
LyloLluM o6pasoM.

Monorauntasn cucmena. Ox,||Oy.

Tempazonaﬂbﬂan. MpULORCABHAR U 2e8KCGROHAABHGR CUCHEMbL.

Ox4]|0z, Ox,||Ox.

Opmopombunecas u Ky6uueckas Cucmemsl.

0x,]|0Ox, Ox,||Oy, Oxg4|Oz.

Mpunsto cuurath, uto ocu Ox;, Ox, Oxy Bcerna o6pasyoT Npasyio
CHCTEMY KaK AJsi JEBbX, TAK M L8 MPaBHX KPHUCTa/JIOB 3HAHTHOMOPQHHX
knaccoB ¥). Ocu Oxy, Ox, Ox, ykasaHn Ha cTepeol paMmax Ta6sa, 21
BO BCEX CIy4asX, KOTJa TpHBEJEHHbiE NPaBHJA TOJHOCTbLIO OIPeeNsioT

1) Cu, npuMedalue Ha c1p. 32l
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MX TMOJOXeHHe OTHOCMTENbHO 31eMeHTOB CHMMeTpuM. Tak dopMyu-
pyloTCs yCNOBMsi, HeOOXOLMMHE nJsi TOro, YTOOH ONpenenuTh AJsi BCeX
32 knaccoB GOpMH MaTpMl, npeaCTaBAAIOMINX CBOHCTBA KPUCTANNOB.
OnHako, YTOOGL MOXHO OBINO OZHOBHAYHO OINpEeeNsTh YUC/NEHHHE
3HayeHusi (PU3NYECKUX KOHCTAHT (HanpuMep, Nbe303JEKTPHYECKHX KOsbh-
(GUUNEHTOB) 1A Kakoro-nnbo LaHHOrO KpHCTanna, HeoOXORMMO BBECTH
NONOMHUTENbHEE NpPaBH/ia OTHOCHTENBHO OpHEHTallUy M B3aHMHOrO pacro-
noxennss ocett Ox,, Ox, Ox; 3necb BosMOWeH wuMpokufi BHOOP,
OIHaKO, BEpOSTHO, CTaHeT oOCUIENpHHATOR CUCTeMa, MpPEeNJOKEeHHas
IRE [86].

Omicnonenus om npasus. JINs HEKOTOPHX MaTpull CBOWCTB KpH-
CTannoB MHOrZa ucrnonpsyetcs uHo# BeOop ocett Ox,, Ox, Ox,.
Han6onee BawHH#t n3 Hux — Bnibop oOce#t nnsi MOHOKJIMHHOH CHCTEMH,
npu koTopoM Ouxgl|Oy. Takoli BHOOp IpUMEHsiETCA PALOM aBTOPOB.

OnTHyeckn H3OTPOMHBIE, OAHOOCHBHIE M [ABYOCHBIE KPMCTAaJJbL,
MHorna KpucTannorpaguyeckye CHCTEMH OOBEIHHSIOT B TpH IPyNMH MO
HX onrtuyeckuM cBo#icTBaM. Kak nokasano B ra. XIII, § 1, n. 1 u 2,
ONnTHYeCKHe CBOMCTBA MpPO3payHHX KPHCTAJNJIOB MOXHO ONHUCaTb C MO-
MOLLBIO SJJHNCOMIA, HasHBaeMOro MHuMkarpuco#l. B cnyuyae TpHKIHHHHX,
MOHOKJMHHHX ¥ OpTOpOMOMYECKMX KpHCTAN/NOB BCE TpPH OCH MHAMKaT-
pPMCH MMEIOT pasnuuHylo nauHy. CrnenoBaTenbHO, HHRHKATpHCAa B 3TOM
c/iyyae VMeeT [Ba KpPYroBHX LEHTPaJbHHX ceyendst (cM. ¢mr. 71); Hop-
Manu K STUM IBYM CEYEHUSM HasHBAIOTCH ONMUueCKUMU OCAMU Nepso20
poda. B cooTBeTcTBMM C STMM TPH YKasaHHHE KpHcTaanorpabuueckue
CUCTEMH HalHBAIOT O08YOCHWiML. IlNf TPWMroHaJbHHX, TETParOHaJbHHX H
reKCaroHaJbHHX KPHUCTA/NJIOB HHIMKATpHCA fBJSETCS SJJIMNCOHLOM Bpa-
IeHHs W VIMEET TOJIBKO OLHO KpPYroBO€ LeHTpatbHOe ceyenne. Hopmanb
K STOMy €IMHCTBEHHOMY CE4YeHMIO, COBNajfaioLlas ¢ OCbI0 BpaileHWs, Ha3H-
BAaeTCs onmuueckoli ocvio. IT0STOMY TpH yKasaHHbe CHCTEMH HasbIBAlOT
o0HoocHbMu. Jlns KyGuuecKOH cHCTeMH HHOIMKaTpuca HMeeT GopMy
cepH, BCJIELCTBHE YEro sTa CHCTEMA HA3HBaeTCS onmuiecky U30mponHol,
XoTs Takas rpynndpoOBKAa CHCTEM OCHOBAaHAa JHIUL HAa ONTHYECKUX CBOM-
CTBax, OHa IpMMEHHMa U K ApYruM CBoHcTBaM, H6O Lenbifl psAn MHEIX CBOHCTB
KPUCTAlJOB MOMXHO ONNCHBATh C NOMOLIBID 3ANUNCONAA uaN B OOuIEM
clyyae C NMOMOUIBIO NMOBEPXHOCTH BTOPOrO TMOpsnKa; K TakUM CBOHCTBaM
OTHOCATCA BCe CBOY{CTBA, BHpaXKaeMHe CHMMETPUYHLIMM  TEH3OpaMM
BTOpOro paHra (cM. ra. I, § 4 u B).

Onmuvecru

ZlsyocHbie cucmemsis Oonoocusie cucmemst: U30OMPONnHas
cucmema:

TPUKJHHHas TeTparoHanbHas kyOuyeckas

MOHOKJ/IHHHas TpHUIroHa/bHas
opTopoMbuyeckas rekcaroHanbHas
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JUTEPATYPA 1O KPUCTANNOTPAOHH

XopomuuM BBeIeHHEM B yUYEHHE O CHMMETPUH KPHCTAMIOB SIBAGETCH KHHra
duanunca [74] 1).

CnpaBouHoil KHHMro# Mo BONpocaM TeOPHME Kpucrtamaorpaduueckoit cummer-
pur cayixar ,VutepHauuoHanbHblE TAOMMLB AN PEHTrEHOBCKOHM Kpuctaaaorpa-
q)nn"isTs.] 1, ony6nukoBanubie B 1952 r. Meuw1yHapO1HbIM COI0O30M KPHUCTAMIOrPa-
tdoB .

TMoakbl#t 1 c.xaThlil BLIBOA BCEX TOYEUHBIX M MPOCTPAHCTBEHHBIX TPyNm (Ma-
TEMaTHYeCKH HECKOJBLKO CIOMHBIH) colepxHrca B pabore P, 3eiitua , Matpuuso-
anre6pauveckoe pasBuTHE KpucTamorpapuueckux rpynn® [Zs, i, Krist., 88, 433
(1934) (rouenusic rpynnui); 90, 289 (1935) (pewmertkn); 91, 336 (1935) (npocTpan-
cTBeHitble rpynnnl); 94, 100 (1936) (npoctpakctBeHnble Ipynmsl). | 2)

1) Cm. takwe yueOuuxu [114, 123]. — ITpum nepes.
2) MpocToit ¥ Harmaaubli BLIBOA pelieTOK DpaBs M BCEX MPOCTPAHCTBEHHBIX
rpynn gad H. B. Benosbim [97—101]. -— ITpum. nepes.



3. CBOJKA CBONCTB KPUCTAJJIOB

B rabn. 22a u 226 Bce BekTOphl M TeHsopw B rpynnax I[I—VI no-
AApHbl, kpoMe BekTopoB H, B uw I, sTn nocnepHyue akcuanbubl. Kako#t ua
BekTOopoB E M H (M CBS3aHHHX C HMMH BEKTODOB) SIBISIETCH @KCUANbHbLIM,
a Kako#l noJaspHHM, OTYACTH 3aBHCHT OT Hawero Brbopa (CM. nmpHMeya-
Hue Ha cTp. 76). Bo BTOpOoM cTonbue Tabn. 22a yxalzaHui CBOHCTBA HJH
K03 dUUMEeHTH. 3nech HCMOJB30BaHH CJenyiole o603HayeHwus.

CeoficTBa, HasBanHsi KOTOpHX B Tabn. 22a 3aK/MOYEHbI B KBaApaTHbie
CKOOKH, #ABJAIOTCS OOpaTHHMM MO OTHOILEHMIO K CBONCTBAM, YKa3aHHEIM
HEnocpencTBEHHO Haj HuUMU. (XoTs Bce cBoficTBa MMeiOT csolcTra, obpar-
HHE MO OTHOIUEHMIO K HUM, B Tabia. 22a BKJIOYEHH TOJBKO Te OOpaTHhie
CBOMCTBA, KOTOpHE YNOMAHYTH B OCHOBHOM TEKCTE.)

CeroficTBa, ypaBHeHNs KOTOPEX O6beIHHEHH GHUrypHOH cCkoGKOH, TepMo-
ILVHAMHYECKH CBfI3aHHI.

[udpr, HabpaHHbie NOAYKHUPHLIM LIPHTOM, OTHOCATCA K TpHIONKe-
HUIO 4.

B tpervem cronGue Tabn. 22a u 226 npuBeseHH ypaBHeHMs, OIpe-
Ieasowye CBOHCTBA, YyKasaHHHe BO BTOpOM croabue. Ilpocras nponop-
ILMOHANBHOCTb MEXAY NEpEMEHHHMM, yKalaHHas 3fieChb, CNpaBenanBa TOJLKO
1] NOCTAaTOYHO ManuX 3HaueHu# aTHX nepeMeHHHX. Jlaa 6oapluMx 3Ha-
ueHul rnpuHuMaetca nMddepeHIanbHOe OnpeleseHne; HanpuMep, LS LH-
3NEKTPHYECKO# MPOHUILAEMOCTH

= 9Dt
v OE; *

[lo stoft npuuuHe ypaBHeHHsi, MpMBeneHHHe B TaliMilax, B psine Cly4aeB
OT/IMYAIOTCS OT ypaBHEHMH, NaHHHX B OCHOBHOM TEKCTE.

Pasgenenve teHsopHuix ceoficTB Ha rpymnnm [—VII 1o Hekoropo#
CTENeHM npousBOMLHO. Hanpumep, ynenbHOe 3/eKTpHYeCKOE COnpOTHBiE-
HYe, BkJIOYeHHOe B rpynny III, cBA3smBaeT TEH3Op BTOPOro padra (mpo-
U3BelleHHEe KOMIIOHEHT IJIOTHOCTM TOKa) CO CKansipoM (CKOpPOCTBIO Bhije-
JIEHUsl JKOYNeBa TerJa) ypaBHEHHEM

‘}_—:Plk JiJg

DTO ypaBHEHHME MOXHO NMpPHHATH 3a ONpPENE/]EHHE p;,, U TOr4a ero crenyer
oTHecTH K rpynne IV. Takum o6pasoM, HeONpeLeIeHHOCTL CBsi3aHa € Mpo-
M3BOIBLHOCTbIO Bbi6Opa onpepeisoilero ypasHeHus. Ecan e onpenensio-
lee ypasHeHue u3bpaHo, TO TeM CambiM OfipeaeneHa W rpynna B Hauef
cxeme. Haobopor, paHr TeHsopa He fBISETCH TPOU3BOJBLHLIM,



TABAHILUA 2

Tensops:, onucsisarowue C60HCMBA KPUCMaAAos,
ynomanymeie 6 OQRHOG KHUZE

Homep

ypaBuenHs CsofictBo Onpenensiowee O6wHe cOOTHOWEHHSs

H CTPanHua Uy KodddHuH enrs ypaBHeHHe MEXAY KOMMOHEeHTaMH
1. Cransnp, csnsosarouuil 0sa crarapa

(10.1), 205 | Temnoemkocts C AS = (C/T) AT ‘ -—

Il. Tersop nepsozo patia, C6sa36i8al0tull CKOARP U 8CKMOP

4.21), 100
(10.37), 219
(1046), 222

(10.46), 222

100

Muposnexrpuue-
ckult sppexr 1
Anekrpokanopu-
ueckuit spdexr 1
Tennora nonsipu-
salluu 1
lMone, o6ycno-
BNEHHOE H3ME-
HeHueM TeMne-
partyphbl 1
Noaspusalyis npu
rUApOCTaTHYUE-
cKoM CxaTuu 1

APl=plAT
AS =pAE -
AS =t AP
E =-—1;AT —
Py =—dyyp -

I11. Tensop smopoeo patiea, cénsvisawluli d0sa sexmopa

(46), 90

(9.20a), 190

4.5), 90

HOusnexrpHue-
ckasi npoHHLae-
MOCTb 2

[AnsnexkTpHue-
cKas HenpoHu-
11aeMOCTh | 2

Jusnexktpuyeckasn
BOCHPUHMYH-
BOCTh 2

Dy =y Ey Cummerpuynbift TeH-
s0p

E; =§UDj To xe

Py = %y yE; . e
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Ipodoasicerive maba. 22a

Homep C
ypaBHeHHs BOHCTBO Onpexneasiowee ObLure COOTHOWEHHS
1 cTpanmua nan KoabdHUHEHTE! ypaBHeHHe MEXJY KOMIIOHEKTaMH
(3.7), 75| MarnurHas npo- | By =pH; CuMMeTpUYHHIE TEH-
HMilaeMOCTh 2 30p
(3.5), 74| MaruntHas BOC- | I} = oyt To we
NpUEMYHBOCTD 2
(11.17), 245| Vnenvhan onek- | f; =apEp .
TPONPOBOA-
HOCThb 2
(11.18), 245 | [(YnenbHoe snex- | E; =ppjp . »
TpHUECKOE CO-
npoTuBNeHue] 2
(11.3), 235 | TenaonpoBOs- hy =—ky@T/ox))| o
HOCTb 2
(11.8), 236 | [TennoBoe conpo- | dT/0x; =— ryh; .
THBIEeHuE] 2
(12.36), 268 | TepmOsnekTpuue- | Op/0x; == -
CTBO 3] =—Z,(0T[ox,)
(12.43), 269 (/¢ =0) unu ,norok | HecumMMmerpUunkit
SHTponuUK® =j;’2ik TEH30p

1V. Tensop smopoeo patea, C8A3bi8aIOUUL CHAASP U MEH3OP

8mMopozo patza

(6.13), 130
(10.19), 215
(10.24), 216
(10.24), 216

(8.24), 177

(1246), 270

Tennosoe pacu-
penlie 2

[Tbesokanopuue-
CKMI shdekr 2

TepmHueckoe Ha-
npsixexne 2

Tennora nedop-
Mauuu 2

Hedopmaius npu
rulipocTative-
CKOM cxcatun 2

Kostduuenrst
Meabrbe 3

ey =ay AT

AS = ay5y

of =~ fy AT )
AS = fiyeyy

ey = SijprP

Ny = (T/e) Ly,

CuMMeTpuyHsIi
TEH30p

To xe

CummeTpHutbiit
TEH30p
(Stjrr = Sjirr)
HecummeTpuuBbIf
TEH30p
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TTpodosscerue maba 22q

Howvep
ypeBHeHns CaoiicTBo Ounpene.asioutee Obuine COOTHOWEHHS

H CTpeHMiie uan koahduutents ypasHeHue MeANy KOMIICHeHTaMHu

V. Tenzop mpemeezo parea, C8s36:18Q10WUT 6eKMOpP U MEH30P
8mopoz0 paHaq

(7.3), 138 Tpavoit  mbeso- Py =dypap
SJEKTPUYECKHUH

sthoex 4
(7.19), 143| O6partHelii nbe30- e = dyE dyp =dp
9JIEKTPHYECKUH

sthbekt 4
(1047), 222 Mpamo#i mbeso- P, =epepm
9MEK TPUYUECKHIT
sdext 4 e = Oy
(1047), 222 O6parHbIt nbeso- aje =—eyE
9IEKTPUYECKuil

sppext 4
(13.14), 289 DnekTpoonTuye- ABy; = 2/ Ey 2y = 2/
ckuit shbext 5

VI Tensop wemsepmozo paxza, ceaswsaioujuli 0sa mensopa
8mMOpo20 parea

(8.1), 162| Ynpyrue nona- &) = Syriou Sijpt = Sjip; =
TJAUBOCTH 6 = Sk = Spuyy
(8.2), 162| [Ynpyrue mecT- aj =Clptn Cijpt =Cjipi =
KoCTH] 6 = Cyjp == Cp1y
(13.16), 289 Ynpyroontuue- ABy = pyritn Pijrt = Pjipt = Pijir
ckhe kosddu-
LUMEHTLI 7
(13.14), 289 | IMnresoonThue AByp = pjpiap
ckre Kkospdu-
UMEHTBI 7 Tijrl = TjiRl = Ttk
(13.40), 303 | DnexTpocTpHK- e =TuEiE Vitjr = ijr = TiLjk
uud 7

VIl. AxcuasvHelli men3op smop0z0 paHza, sa0aruwjul w3MeHeHue
ncesOOCKOAAPO € HANPABALHUCM

(14.7), 315| Ontuueckas ax- G = gilily CuMMeTpHUILIK TEH-
THBHOCTb (ru- 30p
paluOKHbIH
TEH30p) 8
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TABJI L AD?226

Ten3ope:, ynomsinymere 8 OCHHOL KHUZE U He BLLPAMCAIOUiLEe
CBOUCMBG KPUCMAAADS

[onsipHblil TEH30p, CBA3LIBaOWMH fBa MOAAPUBIX BEKTOpa

v Hovep Onpeie 191001€E Ofne cOOTHOLeHHS
hpél:glae;u{;a Tensop ypaBHenue VeXLY KOVNOHEHTauH
(6.7), 113 | HanpsixeHue pr=-syl; CuMMeT PHYHBILH
TEH30p ™
(69), 125 | Nledopmauun pMe- | u;— (uo); = eyly [ey;] ve cummer-
cTe ¢ IOBOPOTOM puueH
(6.10), 125 | Nedopmauus + up— (Up) = ex; -+ [e;] cummeTpn-
~+ MOBOPOT + oy ueH, [oy] He
CHMMETPHYEH
* Cm, crp, 111,

HekoTopbiz TeH30phIl, paccMaTpuBaeMbie B KPHCTANJNOPH3HKE M
He BkJOueHHbie B Tabm, 22a u 226, IlepeyncsmM psan CBOHCTB, Omu-
ChiBaeMmX TEH3OpaMM, HO He Bowenuux B Taba. 22a u 226.

Koat¢puuuentnt camonuddysuu [17].

IMupomaruuTHet M NbesoMarHUTHeH adgertst [93]. (CyiuectBosanue
nBe3OMarHUTHOrO addexTa TBEpLO He YCTaHOBMeno !).

MarunurocTpukLuS.

Vupyrue kospduunents sroporo nopsaka (ctp. 303) [16, 40, 42, 49].

[Tresoontnueckue KOpQUUMEHTH BTOPOro NOpPSLKa.

SnexTpoontnyeckie koshduLHEHTH BTOpOro nopapka (s¢dekr Keppa)
(cTp. 288).

3aBUCHMOCTb 3JIEKTPONPOBOLHOCTH OT naBnenus [29].

3aBHCUMOCTh KOSDQHLNEHTOR TENNOBOrO pacilNpeHds OT TeMnepaTypHl.

TensopH, Beipaxaloiie ILpyrue sp¢dekTe BTOpOro u 60.Jee BhCOKOro
nopazkoB (ctp. 301—303).

HekoTopbie anusoTpomHble CBOHCTBA KPHCTANNOB, HEMOCpen-
CTBEHHO HE Bbipaxaembie TeH3opamu. Hume nepcuncaen psan cBoficTs
KpUCTAJIOB, KOTOpLIE HENOCPEACTBEHHO HE BLIpAKA'OTCA TEH3OpaMM.
OZzHakO 3TO HE O3HAYaeT, YTO TO MJM MHOE CBOMCTBO, YKAa3aHHOE HUXe, He
MOXer ObiTh, B KOHEYHOM CuYe€Te, BbLIPaXeHO 4Yepe3 TEH3IOPH (HanpuMep,
noKasaTenb MPENOMJIEHUA CBA3aH C TeH30pPHOK AMANEKTpHUYeCKOH MOCTO-
fIHHOM); MMeeTCd B BMAY JMIUb TO, YTO CaMO no cebe OHO He ABJAsETCS
TEH30POM.

') HenaBno nbesomaruvtHbif 9PdeKkT Ol TeOpeTHYeCKw MNpencKasaH
W E. Nsanomwunckum w B. A. TaBrepom u skcnepuMeATansHO OGHapyixeH
A C. BopoBuk-PoMaHOBbM. -— ITpum. nepes.
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HanpsxeHnne OTpeBa 110 MJOCKOCTAM CHalHOCTH.

IlusiekTpuyeckas IPOYHOCTE.

IMpenen TekyyecTH npM NAaCTHYECKOM nedpOPMHpOBaHMM, MeXaHMye-
CKOE YINpOYHEHME M HaNpMKEHHE pa3phiBa MIACTHYHHX KPHUCTA/I0B
[NloxasaTenn npenomaenus (ctp 279—81).

IToBepXHOCTHLIE CBOHCTBA, BKJIOYAIOILME:

TpEHMeE,

NOBEPXHOCTHYIO TBEPAOCTS,

NOBEPXHOCTHYIO 3HEPrHuIo,

OTpaXXeHMe MOJIAPU3OBAHHOIO CBETa,

CKOPOCTb pOCTa K paCTBOPEHMH KpHCTalna,

¢GU3MKO-XMMUYeCKHE CBOHCTBA: CKOPOCTb TMNOTYCKHEHWd, HIYpH
TpaB/ieHust U T. L.

O6wnit 0630p aHM3OTPONMM METANNOB MOXHO HaiiTw B crarhe Boaca
n Makkensu [17].



4, YUCJIO HE3ABHUCHUMbBIX KO3¢PUUMEHTOB
IS KAYXIAOro M3 32 KPUCTAJJIOTPAPHUYECKHUX
KJIACCOB

B rtafa. 23 naa «awaoro M3 32 KpHUCTAT10rpadUYecKNX K.IacCOB
VK420 4KuCJI0 HezazHcuMuiX KOSGHUUMEITOB, peOOHXOArM~X 149 00.1-
HOro omnpesnenenvst 11060 0 cpodetsa «phetatia CRONCTBA KPIICTANIOB
pasnenedn ia -pynnu, ofosuadewtue 1, 2w T. a1 jiouKper.o¢ cnok-
CTHO, .ipunaaie;caiee i JOGOH U3 rpinfl, MOXIO wa™Th, OOpaTHBILHCDL
KO BiopoMy ¢T0.101v Taba. 22a, rie Kamioe cncHeTBo 060 uI2Y€HO0 uiic-
JOM, VKA3HBAMIMM "GMCP TPYINL, Kk KOTOPO 310 CBOHCTBO OTi!OCHTCS.
IMonuywo dopmy uarpiin 1060 0 cpoieThd 114 M060I0 K1acca MOMHO
Ha'Tii nHa CTpanmile, 1HOMEp KOTOpOY ykaian B CckofkaX B ar0no0BKe
Kaxnoro croadiia.

vl a2y 23

| Canvroa 1 Tanca Yean gerd Wi LY RO | UTenrn
. ) , . 4us s
u:(:‘i:ae;::bﬁﬁ n?}‘nixjce; E(c‘rp ! 1C1) (c1p2 W) | (c rpd 211) ("%21)02‘ ((‘rpf’ 17| (1 p7 gy e rp832‘2)
I - '
I

1 o 3 6 9 18 21 3% | 6

I C, (Sy) 0 6 9 0 21 % 0
—

2 Cs 1 4 5 8 13 20 4
m C(Cy)| 2 4 5 10 13 20 2
2/m Con 0 4 | s 0 13, 2 0
222 I Dy (V) 0 3 3 3 9 12 3
mm2 Cop 1 3 3 5 9 12 1
mmm Dop(VR) 0 3 | 3 0 9 12 0
4 C, 1 2 3 4 7 10 2
z S, 0 2 3 4 7 10 2
4/m Cun 0 2 3 0 7 10 0
422 D, 0 2 2 1 6 7 2
dmm Cio 1 2 2 3 6 7 0
2m Dag(Vy)| © 2 2 2 6 7 1
4/mmm | Dy, 0 2 2 0 6 7 0

923 nx Han
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[Tpodoasicenue maba. -23

CumBon Knacca Yucnao HesasMCHMBIX koaddnUMeHTOB
HuTepHa- 4ub
“"33%"“" nﬁ:ﬂ:;’ (c‘rp.1101) (C'rp2 38) (c1p3271) (°T§§21)52- (ch.6172) (c‘rp..l 294) (C'rp.8322)
3 Cs | 2 3 6 7 12 2
3 Cs; (Se) 0 2 3 0 7 12 0
32 3 0 2 2 2 6 8 2
3m Cy 1 2 2 4 6 8 0
3m ad 0 2 2 0 6 8 0
6 Cq 1 2 3 4 5 8 2
6 Can 0 2 3 2 5 8 0
6/m Cen 0 2 3 0 5 8 0
622 Dy 0 2 2 1 5 6 2
6mm Cour I 2 2 3 5 6 0
6m2 Dy, 0 2 2 1 5 6 0
G/m’ﬂm Dﬁh 0 2 2 0 5 6 0
23 7 0 1 1 1 3 4 1
m3 Ty 0 I 1 0 3 4 0
432 0 0 I 1 0 3 3 1
43m T4 ] 1 1 ] 3 3 0
m3m Oy 0 1 1 0 3 3 0
KH3oTponuas cpena

6e3 HeHTpa CuM-

MeTpuu 0 1 1 0 2 2 1
Msorponnas cpena

¢ UEHTPOM CHM-

METpuH 0 I 1 0 2 2 0
Yucao KaccoB,

ofnalaaiux

COOTBETCTBYIO-

UM CBOWCTBOM 10 32 32 20 32 32 15

Uncno M nepeueHb HE3aBHCHMHX KOS(OHUMEHTOB IAS LPYrUX BO3-
MOMHEIX TEH30PHBIX CBOMCTB, BKJIOYAA €IUe He OTKPHITHE, MO.<HO HalT
B JMTEparype, ykasaHHo# Ha cTp. 150, a Takxe B cTarbaX Barasanrama
u Cypesnapatiain [13], dymu [40—44] v duemn u dymu [39]. Hacrhbift
ciyyalf Tensopa luecToro paura obcyxnaercs Masonom [65].



5. MATPHLbI PABHOBECHBIX CBOWCTB JJS 32
KPUCTAJIJIOTPA®UYECKHUX KJIACCOB

B Tabn. 24 nokasaHo, kak BAMRET KpHCTannorpaduyeckas CHMMETpUS
Kaxzoro W3 32 KnacCcoB Ha (OpPMY MaTpHil, BXOAIMX B YPaBueHHUSA
(10.44) u (10.45). IOns ynobcTBa Mb TNOBTOPHO MNPUBOLHM 3LECH 3TH
ypaBHeHus:

&y = 85 oy 4~ 5,50, = 5,595 51434 4= 81635 +-
~+ 5169 A5, E1 +doEy 4 dy Es+~af AT,
&, = 8,531 - Sp90, - S2495 —+ $2404 + S5%5
~+ 82006 T dioE | + dpEy - d3pEy +0, AT,
€3 = $130; - S230 - S3595 1 83,94 —+ S3a05 +~
- 8350 10, 3E — dpsFa +dysEy + 03 AT,
€4 = S3401 50495 - S3405 - S440s 54575 1
—+ 54696 + AuE - EpiFp - dgyEs 0, AT,
€5 = 8159, 5250 - S3595 - S45%4 85595 1
—+ 85696 1561+ 12550 - dgsEs 05 AT, (10.44)
€6 = S160) —1 S26%2 - S3695 ~ 1694 1 S5%
—+ Sge0s +—i6E 1 - (ogFa 4 dygEs g AT,
D, =dl 0, +d 90, + 395 4 dy40, + d15% +
+ 1606 + 2 TE | +20Ep F-213E5 4 p3 AT,
Dy = dy,6y ~Ays0, - dgg0y + Ayy5, - 957 +
- dagog — %4oFy  %00E | %03E5 + pp AT,
Dy = dy0, - dgy0p +- 305 94 - dogs
- dsg0g - 1sEy %3 Ep - %gsEg 4~ 5 AT,
AS =afo; 2,0, 2305 29, + 59+ %6% -
+ BEs -+ poEo+pis+ o AT,

e=sf"Tg +d7E +-afAT,
D =dTg +»5TE 4-p° AT, (10.45)

CO‘,E
ASZG;{‘—U +p:E+ —T—AT.



TABIMIUA 24
Mampuysr paerdszcrblx c8oiicms
oast 32 kpucmasnozpapuneckux KAGCCo8

O603naveHus

KOMMONHEHTa, PaBHas Hi Mo,
KOMNOHEHTa, OTAl4HafA OT H\J4,
PaBEBIE KOMMOHEHTEL,
KOMITOHEH1bl, HHCJACIHO PAaBHble, HO NPOTHBOMOJIC.KIIbE MO 3HaKY,
KOMICHEHIZ, paBHas \ 1BOCHIOM\ 3HavcHim hOMNIONEHTH, 0CO3HaYEH-
HO# :Kupuoil roukoil ¢ KOtopoll iaHubt! ¢nMBOJ coetnileH nuHnel,
KOMIOHEHTA, PABHaf LB3410M} C OOP&iNbIM 3HAKOM ) (BOGHHOM\ 3nAye-
MK KOMMOHEHTH, 000$HaUeHHOI ,&upioN [O4KOM, ¢ soTOpOH zanlisi
CUMBOJI COC HIHEN JAHHLCIL,

X 2(spy— 1)

Kawias moamast {10 X 10)-varfuia cuMMciphiuiga OIHOCHICRLHO TJaBHOR
RmMaroHaiu.

ooble.

TrresaunHKas cucmemy

Knace 1 vane 1
o E AT c E AT
ecO0 @O BCE D o®ec e s oy
2009 QC¢co 2ale QOO E @ @|o o o|@
@09 @@ Coe e DOECO OB e o ofB
fleoa a@eale o ojef2 floesoeals s «jaju
299 ¢9 909 028 20 @@ 0CQ|ee ¢« 0
209800 2C 0 @06 0@ 80 Q@ @ ¢ sj@ 6
'Y I « e . clp@ @ |6
Dleaoeooeoecs|ls’ D|e s o oo sj@aa@|s]|O
® 60600 06se|c 1 s e v ci@@@ief !l
0S| 2@ @0 @@ ® €055 d5le® @83 0@ . 0|
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B tabn. 24 obbenunennt Marpulbi, npHBEJekuLbE B TEKCTe Ha cTp. 38,
101, 152, 172. Bce koaduuuenThi B npaBbiXx YaCTAX STHX ypaBHEHuH
npencrasjekbl B Bhue oxwo#t Marpuub {(6+34-1)X 643+ 1)]=
==[10 X 10] cnenyiowmum oGpasom:

G E AT

§ — ynpyrue noaaTyIiBOCTH,
s s de | « d — nbe3o3/IeKTpHYECKHE MOLY/H,
@ — KO3(MOULIKEHTH TEIJIOBOr0 pacliKpenks,
% — IM3JIEKTPHYECKHE MNPOHKLAEMOCTH,
D d « | p P — DHPO3NEKTPHYECKUE KO3PPHUIHENTD!,
C — TenI0eMKOCTb,
AS at pe lor T — abcomoTHas TeMnepaTtypa.
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C6oky Kaxnpoft MaTpuiLl YKa3ano YHCHO He3aBUCHMBIX KO3(QHILHEHTOB
LN KawI1Oro CBOHCTBA B CaelyiomeM nopsike: s, d, «. %, p, C/T,
a BHH3Y — NOJIHOe yucno koadduuuenros. Pacnonoxekne ocefl KOOpAMHAT
Xy, Xp, X3 OTHOCHTE/IbHO 3JIEMEHTOB CHMMETpHM COOTBETCTBYET TNpPaBH/IaM,
npuBefeskbiM B npuioxennu 2. Bce (10 X 10)-Marpullbi CHMMET PUYHbI
OTHOCHTE/IbHO T/IaBKOH NHaronain. Bce npyrue paBencTBa M COOTHOLLE-
HUS MELY SJ/IeMEeHTaMH MAaTtpull, OnpefenseMbie TOYeunof cuMMerpued,
yKa3aHbl CHMBOJaMK, OOBsCHEHHbiMH B navane Tabiulln (T4 CHMBOJLI
COBMANAIOT C HCTOJMb30BAHKHIMU B OCHOBHOM TEKCTe).



6. MATHUTHASl U BJIEKTPUYECKAS
9HEPIrugl

B nononmenue Kk paccMOTpennio, nposesessomy B ra. III, § 2,
Bra iV, § 4, u B ron. X, § 3, chenaem ewe caenymoulye 3aMeyanus OTHO-
CHTEJIbFO MarHMTHOH W 31EKTPHUYECKON 2Hepruu.

ITycTb uaMemenue CTATHYECKOrO BJIEKTPOMArHHTHOIQ NOJIA BHIBHIBAETCS
nepeMeillesneM 3apsafoB K H3MeHeHHeM TOKOB. J1O/IbBYsICb ypaBHEHHAMH
MakcBenna, MOKHO NOKasaTh, YTO nNpOW3BeleHkas npH 3ToM paGota
BHpaXaeTcsl B BHIE

dW = [ (EdD+H dB)dr, (I16.1)
v

rie dt-— 3/eMeHT 00beMa, a WHTErpHpOBAHME NPOM3BOLHTCH NO BCEMY
npocrpanctey V.

B cnyuyae wusorepMuueckoro ofpaTWMOro mnpoiecca 3atpayelkas pa-
GoTa pasha soapactanuio d¥’ csoGonuoft sweprun ¥':

dwW = d¥”,

Ecnu paccmatpuBaeMas TepMOLHHAMMYECKAs CHCTEMa npenctasnser cobol
NOJIAPK30BAHKOE KK HAMAarkHYeHHOe TeJIO MJIIOC 3apAibl H TOKH, CO3Aal0-
Wye COOTBETCTBYIOLlME TIOJIf, TO IJf H3OTEPMUYECKOrO OOpaTuMoro
H3MeHeHKHs COCTOsiHuA 3Tof cucTeMbl Bhipawenune (I16.1) MoxHO npwu-
pastste d¥’. Ilpu stom W' 3aBHCHT He TONLKO OT YCNOBHH, B KO-
TOpHIX HaXOLWTCA TeJO, HO W OT BEJIHYKHB KM pPACMOJIOXKEHKS BHELIHHX
sapsnos 4 TokoB. Cnenosatenbno, yno6uo paspenuts U7 ua 1Be uacTw,
OIKa K3 KOTOpHX (00o3HauuM ee uepes W) 3aBMCHT TOJNBKO OT COCTOSA-
HHS Tesla H MOWeT ObThb HasBaHa c80600xoi asHepaueli mesa. B cnyuae
ynpyro#t asxepruu Ttena (cM. ra. VI, § 3) TpyanocTs B onpenenexuu
ceofonHON amepruM Tena He BOBHKKAIOT, U0 BCS SHEprus JIOKaNH30BaHa
(u/H, BO BCAKOM CJIyHae, ee MOXHO CUMTATh JIOKAJK30BAKHON) B cCaMOM Telle.
Oznxako B paccMarpuBaeMOM HaMu CJyyae pa3jefenHe SHEprud Ha 4acThb,
KOTOpOH 06/lafaer TeNo, ¥ Ha OCTABIUYIOCH YACTb HECKOIBbKO NMPOM3BOJMbYKO,
NOCKOJIbKY MaruuTHble ¥ 3J/IEKTpHUYECKHe CHJIbI ABJAIOTCH ILa.TIbHOILeﬂCTByIO'
LLLHMH. TaK, MOXHO Aarb C/ELYyIOLlee Oripele/ieHne:

T =y _% f (%oE? 1 poHP?) dr.,
V-Vi
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(snTerpHpoBatue NPOK3BOIMTCA MO NpPOCTPAaHCTBY BHe Tena). Torna, Tak
kak BHe Tena D=%E u B=yp H, nnn nioforo 0oO6patuMOro uaMene-
HuA NnoJs

¥ = [ (EdD 4+ HdB) dx (116.2)
v,

(V, — o0beM, 3aniMaeMuil Te/lOM).
Ilpu unoM onpenenenuu

T=0— 5 [ CoB 4 poh?) dr.

v

Torza nad moGoro o0paTHMOro KH3MeHeHHs noJs

d¥ = [ (EdP -+ Hal)dr. (11 6.3)
Vl

CnenoBatenbho, B Buipawenuu ais d¥ win dU (cM. ctp. 218) ¢ papubiM
npaBoM MOXHO ucnosmbsoBath E,dP, wmi E;dD,. Kaxkoe Gbi onpernene-
Hue HH ObUIO NPHHATO, Mbl NPHXOLKM K OLHHAKOBLIM TePMOLKHaMuye-
ckuM BhiBOzaM, u00 Bhipaxenus (I16.2) u (I16.3) nna d¥ ornmuanTcs
Lpyr OT Apyra Ha nojubift aunddepentinan

0] IN——

Crenyer oTMeTHTb, YTO €C/M NpH U3MeHEHHH NOJs pasMepb! H GopMa
KpUCTaN/a uaMensioTcs (3T0 Oyler MMeTb MeCTO, KOrLa KPUCTaNN ABJSETCS
Nbe303JIEKTPUKOM), TO HEKOTOphbie TOYKH npPOCTPAHCTBA, HAXOLALLHECS
NEpPBOHAYAJILHO BHYTPH KPHCTa/Na, MOC/E u3MEHEHHS OKANYTCA BHE KpH-
cranna (u naobopor). B Takux Ttoukax usMenenue P u I, a cnenosa-
tTeabtio, # D u B yxe ue Oyner uenpepmiBHbiM. IloatoMy, cTporo ro-
pops, Bemwuuta EdD npencrasnser cofoft Bospacranue CBoGonmoft
3HEPrHH Ha elulully O0bpeMa KpHCTa/vla JMlib B TOM CJlyyae, Korga pas-
Mepbl H GOpMa KPHCTANJA COXPAMAIOTCH HensMenHbiMM. OnHakoO Jerxko no-
Ka3aTb, YTO eciau cuutath EdD TOYHHIM BbHIpAXEHHEM W OPH Ha/IUYMu
nedopMauyit, TO NOfBJSAIOLLKECS NpW STOM MOrpPeuIsOCTH B TepMOLKHa-
MUYECKHX COOTHOLIEHHAX OyLYT JHIUb MajbiMi NONPABOYHBIMH YJIEHAMH.

Bonee noanoe obcyXpenue paccMatTpyBaBIUKXCS 34eCh BONPOCOB
MoxnO wHalttu B kuure Dekkepa u Ilgpuura [5] u B crartbax I'yrren«
retiva [46] u Kénura [60].



7. PA3JIMYHME MEXIY
HU30TEPMHYECKHMH ITHAJNEKTPUYECKUMH
NMPOHHUUAEMOCTAAMH
3AXXATOro H CBOBOIHOI'0 KPHCTAJLJIOB

Hro0b npou/iocTpHPOBaTh BLIUKC/IEKHS, NPHBONSLIKE K COOTHOLIEHUAM
(10.49) — (10.55), namum specb BoiBOL ypaskenus (10.51). ITochenuee
BHIpaXaeT pasHOCTb LM3JNEKTPHYECKHX IPOKHLAeMOCcTel 32KaTOro H CBO-
00OLHOTO KpHCTA/JJIOB M, TaKuM OGpa3OM, OMKCHLIBAET Ty YaCTb LHAJEKT-
PHYECKOHt TpPOHULLAEMOCTH, KOTOpas OOYCJOBJEHA Nbe303JEKTPHYECKUM

addexToM. Ypasuenne (10.51) nmeer BHI -
x) — x5, = — Ay, (T=comst).

ITycrb Temneparypa T nocrosnua. Torza us ypapuenudt (10.27) u
(10.28) nonyuaeM

dem,,=(g::’;’) ,,,,—1—("‘”’”)}5,, 7.1y
4D, — (gf’) kt+(aDl) dE,. (I7.2)

IMonaras B ypastenuu (I17.1) de,, =0 u ymnoxas ero ua (do,,/0s
HaXOLHM

mn)Ev

°=(3::2)5(%::;'),5‘“”—%(3:;:) (";g;j”) dE,.  (17.3)

Ho, cornacko coorsowennio (9.21), nepeuift usel B npaBoft yacTu sToro
ypaBHEeHHS paBeH

TosroMy, nonctasuB noJyuesnoe u3 ypasuenus (I17.3) suauenne doy
B ypasuehue ([17.2) u pasnenus ero na dE;, Mbi umeeM

(35,481, ~~(220, 50 (3
oE; J, 0E; ), — Ospy 'g' Oemn /g\ OE; ) ,°

D10 ypaBuenue 3xBHBaNenTHO ypashenuio (10.51),




8. JOKA3ATEJbCTBO CBOﬁCuTB HWHIHUKATPUCH]
C NMOMOUIBID YPABHEHHHU MAKCBEJIJIAY)

B cucreMe MKS ypaBnenus Makcpessia 3anuchiBaloTcsi B BHIE
rot H=j-1 D,
rot E=—B;
afecb TOYKA o3HayaetT MHpdepenllnpoBakue no BpeMenu. ITposapaunbie
KpHCTa/IBl 06/1a7a10T HHBKOH MpOBOLMMOCTBIO M HE ABJAIOTCA (eppoMar-

HEeTHKaMH. ﬂos'romy HX MarHutHasd npoOHKIAEeMOCTh OYeHb MaJO OT/JIHYEETCH
OT MpPOHHUAEMOCTH BaKyyMa, M Mbi MOXEM I1OJIOXHTDb

(I 8.1)

J=0, B=ypH. (118.2)
Torna ypaeseuns (IT18.1) ynpowaioTcs ¥ NPHHEMAIOT BHI
rot H=D (18.3)
H
l'OfE=—p~0ﬁ. (118.4)

Mui XOTHM HCCNe1oBaTh CBOHCTBA MJIOCKO-NOJIAPHBOBAHHBIX 3MEKTPO-
MarsMTHbLIX BO/IH, NpOXOISALIKX yepes KpucTadl. ITosroMy GyneM uckaTb
pewenne ypaenenutt (I18.3) u (I18.4) B BuIe

C0\72
E=E,exp [tm(t—’_‘)] ), (118.5)

v

roe E,— nocrosunbift BEKTOp, ® W U — KOHCTanThl, [ — enutuunbiil pek-
TOp, r — Painyc-BEKTOD TOUKH [X;, X,, Xg]. 70 pewenue npencrasiser
coCoft TJIOCKYI0 BOJIKY, NOCKOJbKYy B [aWHHP MOMEHT BpeMenn f Bek-
top E nMeer nocTosHuyl0 BeNHUMHy HAa BCeH noBepXHOCTH r - [ == cormst,
npencrasasiouwielt coCo#t njockocrb, wopManehyio k [ OueBunno, yto v
eCTb CKOPOCTb pACNpOCTPABeHHs] BOJNHOBOro ¢)poOMTa BLOJbL BOJHOBOMH
wopMasu I ¥ uto Ey — aMnauTyna, a o/2w — 4acToTa BOJIHBI.
[Mozcrasnss sto Bhipawenue nas E B (I18.4), nonyyaem

— pol-'l = rot {EO exp [iw (t — Lv-l—)J} . (I18.6)

1y Cm crp. 279 —81.

2) 370 BHPaXEHME CONCPIKUT KOMIVIEKCHbIE BEMMYMIB, XOTS BXOLASILME B HETO
(uslYeCKNEe BEMMYMHLl AeHCTBUMTENbHbL JUUIA OMMCaHuA (QU3NYECKOro COCTOSHHS
MOXHO B3ATb Jm60 neHCTBHTEAbHYIO, JM6O MIMMYIO 4acThb STOrO BBHIPAXKEHHS
(cM., Hanpumep, kuiry [xyca [§9]).
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HspecTno, 4To pOTOp mnpOnu3neleHHs CKaaapa (MarpuMep, ¢) Ha BEKTOp
(sanpuMep, A) MOXHO pa3sIOALNTh CJeLylOWUM O0pasoM:

rot pA = rot A -} (grad¢) X A.

Hcrnonbsys 3T0 COOTIIOLIENHE W BCMOMuHas, urto F, 1€ B3aBMCHT OT KO-
oprukatH, Tak 4to rot E;=0, Mu nojyuaeM u3 ypasHenus (I18.6)

ol = E, X gradexp [iw (t — r_v_l_)] . (Is.7n

Danee, grad(r - I)=—=1, 4TO MOXHO BHMIETb, BLIIIHCHIBAS €r0 KOMIMOHEHTHI;
nosroMy ypasnenue (I18.7) MOXHO nepernicate B BHUIE

poll =

=E0{ — l—:}exp [tm (t— %l)] grad (r-l)}

WIH

poﬁ = va— (I X Ep)exp [iw (t — rTl)] .

Hxurerpupys no £, noayyaeM

pofl = % (I X Ep) exp [im (t — rTl_)] =
=L(xE). (1188)

fnocrkocmu nocmoaxHol Pasdb

Orciona MOXHO 3anucarb ®ur. 86. COOTHOLIEHHE MLy
BektopaMu D, E, B, H, l u §

H=H,exp [[m (t — '_l_)] . (18.9) B niocKo-noAspU3OBaKkok cBeTO-
v Boll BoJame, mpoxonsine#l uepes

rie JBOSKONPENOMASIOINI KPUCT A,
1 { —BONHOB2A HOpMaNb; §—HanpapJeHHe
P‘{)HO = _J (l X Eo)- (n 8. 10) Jqy4da.

Bripaxenue (I18.9) nokassiBaer, uro H npencrasnfer coboft mIoCkyw
BOJIHy, cOBNazaomywo no ¢ase ¢ sonxoft E. Buipaweune (I18.8) conepxur
BaxHbift pE3ysILTaT; & HMEHHO M3 Hero cjenyer, uto sexrop A nepnenuky-
AApes MIIOCKOCTH, B koTOpol newat I u E. Dro uiniocrpupyercs ¢ur. 86.

Mni noka we 3naeM, kakoB yroa Mexay E u I, HO y Hac ke MCIOJb-
3oBano ypapuenue (I18.3). Ioncrasnss Bripaxenne ([1 8.9) B ypasne-
uue (I18.3) Tak we, xak Mpi monctasssnu (IT 8.5) B (IT 8.4), nonyuaem

D =rot {Hoexp [t (t — ’T’)]} —

—— Ho X grad exp [1o{t — £34)] =

v

=—%—°~(l>< Hy) exp {z’w(t— 1——)]
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HUnterpupoBauue no f naer
1 r-l
=— (lXHO)exp[iw(t——-—)], (M18.11)

v
OTKyZLa. yuuTniBas Buipaxenue (I18.9), nveem

D=—_(UXH). (N8.12)

CrnenoBarenpko, Mbl LODKHB Hanpasute D na ¢ur. 86 nepnenpuky-
aspuo I w H. Tarum obpasom, Mot noaywuau, wmo goawnt D u H
neanromcn uucmo nonepeunnimu. Bekropu D, E u I nexar B onuoft
MJIOCKOCTH, TAK KaK BCE OMHM Nepnesauxyaspusi H.

IMoncrasnss Buipaxenue 1ns H us ([18.8) B (I18.12), nonyuaem

1
D=— 5 UX{UXE). (118.13)

HcrnonssyeM Termepp npaBu/o pa3BepThIBakHA TPOMHOrO BEKTOPHOrO INpo-
H3Befenus, COrJIaCHO KOTOPOMY

IX(IXEy=I(I-Ey—E(l-)=1!(-E)—E.
Crenosarensno, ypasnenue (IT8.13) skBHBanenTHO ypaBHEHHIO
w?D — E-+}I(l- E)=0. (I8.14)

Wrak, sanaBuikch ypabnenusMu Maxcsenna (I18.1) u ycnosusmu (I18.2),
Mbl LJIS Cllyyasi NAOCKKWX BOMM nonyuunu ypasienwe (I18.14). Ono ne
saBucuT OT cBf3n Mexiy D wu E, onpenensemoft CBOHCTBAMH Cpelbl.
Teneps nonoxuM, yto D u E cBasakb Mexay co60H TeH3OpOM LHS/EK-
Tpruecko#l npouuuaeMoct. Ecnm nepeftTh Kk raaBHBIM OCAM TeH30pa
ILu3nekTpuyeckolt npouunaeMoctd (npu stoM E;=D,/x; ¥ T. 1.), TO
(I18.14) sanucniBaeTcs B uHLeKchOM ¢GOpMe B BHIE ypaBilieHHs

D
pvDy — ok -4 (1 B =0
H LByX asaJorHunbix ypasuenntt. Crepoarensho,

p=-1¢B (118.15)

——— 02
% 0

aHANOrHYKHEe ypaBuewus noayuvawores ans D, u Dy,

Tak kak Bextopyl D u | B3aHMHONEPNEHIHKY/ADHH, CKaNApHOE
npoussenenue D - I pasro wyso. BripasuM aT0 npousBenenue yepes KoM-
nouentsl D, sanauubie B Bune (I18.15) u AByX ananoruunbiX ypaBHenuit.
PasnenuB st Bhipawenns Ha ckanapuoe npoussenenme (I E), koropoe
B ofuleM C/yuae Ke paBHO HYJIO, MBl NOJydaeM

12 2 12
L S EN . "y (118.16)

1
—_— LI, | — g2
% o % o % o
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D10 ypasuenue onpeleseT BOJHOBYI CKOPOCTh U UYEPE3 HANPABJAIOLLKE
kocunych I, I, I BomoBo# wopwmasiu. 3ameruM, uto (I18.16) sBasercs
KBAaApPAaTHBIM ypaBiekHeM OTHOCHTeNqsHO v2 CJenoBatesibho, B 06ILeM
cayuyae nns Kawaolt cuctemmr Ly, l,, I; uMewotcs nBa 3uavenus v2. Ecnu
MH GyxneM paccMaTpuBaTh TOJBKO NOJOMKHTE/NbHbIE 3HAUeHHs ¥, TO MoJy-
yaeM, yTO AJs KaXIOro HampaBiesus [ WMEIOTCsi IBe BOJNH C PAasHLIMH
ckopoctsmu. [lonowus [, L, I]==[1, 0, O], HaxonuM 1B€ CKOPOCTH
B HanpaB/eHHH OCH X

~ Vi "V
Onpenenun Teneps mpu 2.0G8HbLE CKOpOCMU CNELYIOWEM 05pasoM:
1 1
Vum' TV T Vo
Vpasuenne (I18.16) Moxuo nepenkcats B Gosee npoctoft dopme:

A A A
bt =0. (N18.17)

— vt v, —v? vg—vﬂ

2
Uy

Tak kaKk ¢ = 1/} pg#y TO TPH TNIBHBE CKOPOCTH MOXHO BEHIpaslTh
B BHIE

4 c
— '02-_—— »
VK VK V.
HJIN
0, = c v 4 Vo — 4
1 ’11' 2—’129 a_nav

roe n,, My MHy— TPH TN3aBHHX MNOKasateNs NpENOMJenks (CM. CTP.
280 — 281).

Horazameascmeo nocmpoenun undurampucet. JlokaweMm Teneps,
YTO OB€ BOJHOBLIE CKOpPOCTH, CBS3aHHLIE C HAHHOHM BOJHOBOH HOpMaJbio,
3Q/12I0TCH NOCTPOEHNEM MHIHKATPHUCH, OnHcanubM Ha cTp. 280.

Mycts w2 =1'? u v®==v"? — gBa kopus ypasuenus (I18.17). Torna,
ecall 370 ypaBuenue zanucats B BUAae [ (v?)=0, uMeem

f@)=0 u f(v9)=0. (I18.18)

W3 ypasuenus (I18.15) cnepyer, 4t0 manpasisiowlMe Kochuycht D
NPONOPLHOHATBHb!

L R . (18.19)
v} —o* v;—v" U, —v

Moacraeass 02 ¥ "2 smecto v? B (I18.19), nonyyaeM Kanpasnsiolke
KOCHHYChl IBYX Wanpaeiesui D), CBf3aHHBIX C BOJHOBOR HOPMaibio
{4, L, ). OGosnayuM 3TH CHCTEMH HANpaBIAOWMX KOCHHYCOB Yepes
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R RSV

@@, b, ¢)u(a”, b", c") coorsercrsenno. YToObnl 1NOKa3aTh, YTO 3ITH
IBa HanpaBledus B3aHMHO NeEPHeniVKyNsApHBI, 3aMETUM, YTO

1‘2

2

1ol ? K7 1l 2
a'a" b0 '’ = (v‘i_vIZ)(vf_vllz) + (vg—-v"")(vg—v”"’) +
4 _ S
-+ (vg_vl2)(v§_v”2) - o't — g =0

B coorsercTBuk ¢ (I18.18).
Tenepb nepefineM K HOBBHIM OCAM, 3aJaHHHM Tabauueh

X1 Xy xg
xla b ¢
X |a" b ¢
x|l I Iy

Torna x; €CTh HanpaBlense BOJHOBOM HOpMaiM, a X; W X, — IBA Ha-

npasnenuss D. JlokaxeM Teneps, 4TO X H X, — I/IaBHHE OCH LEHTPab-

HOro cedenua HHOHKATPUCHI, MNepNeHinKyaapHOro x;. U 4YTO0 LJIKHBI

NoJNyocei 3TOro SJJHNCA PaBHH NOKasaTensM NpenoMiaesus c¢/v’ u cfv”.
Ypapnenue HHIMKATpHCH (CM. cTp. 281) sanuchiBaeTcs B BHie

x2 4 Byx2 -+ Bx? =

npuyeM B; = (v,/c® v T. 1. Ilocne nepexona K HOBHM OCAM 3TO YpaB-
HeHKHe TPHHUMAET BHI

B, x x =1, (118.20)
rne
7
B ,=aua,B,. (118.21)

SnnuntHiecKoe CevelHe, HOPManbHOE K Xy, HaxonuM, nonaras xy=0.

Torna
B;lx'2 +2 'x’ +B ’2— 1. (118.22)

Ha ypasuenun (I18.21) umeeM

Bp= 1405, Bpy = 01,05 By 01505, By + 013055833 =
=a'a"B, + bV By,4-c'c"B;.  (118.23)
Vcrnombays Bhipasenns LMs HanpaBisiOIMX KOCHHYCOB, 3aJaHHBE B BUAE
(118.19), u cuvras B, nponopumoHanpHeM 2 ¥ T. L., MBI MOJy4YaeM,
yTo npaBas vacTh ypaskenus (I18.23) nponopunonanbha

2,2
Lv; Lo}

133
] s I | Oy Il O | C e

2
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Hetpynso y0enutecs, YTO 3TO BBIPAMEHHE MIEGHTHYHO BbiPaMKEHHIO
vl?f(vl2) — vll?f(v”2)
’

v:z__vnz
KOTOpoe paBHO. wymo cornacko (I18.18). CrenoBatensno, Bj,=0.
Orciona crenyer, 4ro x; H x;—l‘JIaBHHE OCH 3JUIHNTHYECKOrO Ceuenms.

Met nomkubl TEnepe IOKa3aTh, YTO AJHHB NOJyOCed ITOro ceyenus
paBubi noxasatenaM npenomnenus. JliMka nonyocs, napainenbiolt x,

pasna 1/} 31,1' a Mbl XOTHM TMOKa3aTh, YTO OHa paBHa ¢/v'. UnniMu

7
C/MOBAMH, MH JOJ/KHBI JOKa3aTh, uTO (2B = v'2.
Mui uMeeM

By = a1,00By = a1 By - a12Bas + alsBss = a'?B, 4 b'2By 4 ¢"2B,,
WK

i + 2o} + IR
op, — A= " (A= " (Ao .
i I Ig |

2 72\2 + 2 2\2 + 2 2\2
(f—o?f * (d—v?' " (5—0v?)
7
ITonoxuB B 3TOM Bhipawenun ¢2B;;=v'2, noc/e LepeMuoXenus W

npuBenesns NOLOOKBX WJIEHOB MOJyYHM
I 2
(2 — o) (i —v?)+ (=07 (v —v2) 4
l2
(U o2 7.2 2.3 (1!‘—'0’2)-—0
Ha (I18.17) cnepyer, uto 9TO ypaBlenHe BhNoJusercd. TakuM 06pasoM,
2B — g2
’B| = v,
aHaJIor HYHO,
op! ___ 02
®By,=v",
yT0 ¥ TpeOOBaIOCh NOKA3aTh.

Hanpasaenue aywa 105 BONHB €CTh HanpabBselue, B KOTOPOM
pacnpocTpanfercs OrpaHuyenubif  y4acTOk  BOJIHOBOro  $ponTa (CM.
cTp. 284). Ono saBNAETCA HanpaBliesWeM NOTOKA SHEPrHH H TNOSTOMYy
sanaetca gexmopox [loiinmunzal)

S=EXH. (118.24)

Cnenosarensiio, BexTop § nepnesaukynspes E uw H, kak nokasano na
¢ur. 86. OrMernm, yro yram Mewny D u E, a Takke Mewny S u 2
OIVHAKOBHL,

1) Cum., nvanpumep, {1). (Cm. raxwe [117]. — ITpun. nepes.)
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r'rzasa 1

1. Her, notoMy uto oHu npeobpasyioTcsl He Kak KOMIOHEHTH BEKTOpa.

2. Mpunwin HefiMana npuMeHsieTcsl K cuMmempuu (QU3NUECKOro cBOHCTBa.
CuMMmerpusi peHTrésorpaMMbl nojayumsiercss npunnuny Hefimava u 3aBucHt or
Toyeysoi rpynnb o6bekta. IlpocTpalicTBenHas rpynna omnpeneasercs He u3
CHMMETPUH PEeHTTeHOI'PaMMbl, 4 N0 XapaKTEPHBIM MOracaHuaM ped.eKCoB.

3a.
T 25.107 0 0
0 4.107 0 J oM™=l -1

0 0 16 107

x; HOMKHB ObiTb TVIaBHBIMH OCSIMU.

31. Hcnoapsys ypashenue (1.32) u spavenus HanpaBAAOIKMX KOCHHYCOB MO
OTHOIJCHUIO K OCAM ., NoayuaeM ¢ =7:107 om~'- ;m—-1 (C npyroit cropohm,
samevas cuMMeTpuio Mex1y Oxp U OP, noayyaem ¢ = dg.)

3. V76 - 107 a/m% wanpaBasiomme xocumycw [0, —1/V'76, 51 3/76 |,
T. € BEKTOp j JEMHUT B IJOCKOCTH XpXg MOA YIMIoM 6° 36" k Ocu Oxy u 83° 24
K oct — Ouxg,

3u. OHU fomKHB ObITh MapasiieabHbl

rrasa Il

1. Ucnosabayn 3akoH npeo6pasoBaHus BEeKTopa, ypaBuexue (2.6) u cBoHciBO
3jp, MosydaeM

7 7 1 _7 7 7
PPy =@ayPpyayPp="3;,P;Py = PPy
2. O6pamasnce k our. 14,6, MMeem

S Sig

= S11522 — 8%, = OC2 — 12,
S12 Sap 1

rie r— pamuyc OKPYXMHOCTH. JTa BeJHYMHA ECTh KBa1par IJInHBb Kacare/bHol
K OKDYHOCTH, NpOBenentolt u3 touku O, u, crejoBarte/bo, fBAfETCS MHBapH-
aHTOM,

4,23 710

07} (MoBopaunBaeM Ha 19° BOKpYr xg OT X3 K X;.)
0
3

0 {MoBopaunBaem Ha 30° BOKPYr X3 oT x| K xa.)
0
0

- —
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B) 70 0 07 (TosopauuBaeM Ha 45° BOKpYI xg OT Xp K X1.)
040
0 0 9
r) 710 0 0- (TosopaurBaem Ha 26° 34" BOKpPYT Xz OT X3 K X}.)
0120
0 00

5. Heo6xomumo noBepuyTs Ha yroa 53°38° mm --82° 16" Bokpyr xg
OoT X1 K Xo.

rrasa 11

1. Mpoussenetnas pabora pasHa:
1 1 :

1) ) Pqu + 0} P~22H; + wpet Hy,
1 1

2 7‘“22”3 + ‘2—}*111'1? + poy g Hy.

2, ¢ =13-10"% (B panvionanu3upoBaHHON CHCTEME ENHHML).

3. B uanpaBnenun noas ¢ =— 25,6-107%; § = 53,7°.

4, Cusa pasha 1,47-1075 » (= 1,47 0n).

Hanpapasiomue kocunycs cuabl: (0,29; 0,815 —0,52). HeobxonuMo umers
B BHAY, UTO N8 CTATHYECKOrO MarHMTHOrO moas B cBOGONHOM MPOCTPaHCTBE
div H=0 » rot H =0,

Mexanudeckuii Moment pased 3,1 -10™%4-n u neﬁcTBgeT BMpaBo (€CaH cu-
cTeMa Koopimkat Npasas)) sokpyr ocu (— 0,573; 0,817; 0,082) (S10T MOMEHT
NpUMEPHO paBEH MOMEHTY, CO3laBaeMOMy rpysoM Maccoét 3 me, nelCTBYIOIUM
Ha 11eYo AJKHO# 1 ma.)

lfarasaV

1 - # » 1 3 1 Y

. 8=¢ il+ 9 roe °U=°l}_"§ 1j%k H o‘=§- Sppy 0%y —rugpocTa-
L o

THUECKOE naBjeHne. KoMnowentsl g ] 061a5a10T TEM CBOHCTBOM, YTO CyMMa KOM-

NOHEHT, CTOSHUMX Ha raaBo#t qmaronam (o)), paBa mymo. IlpeoGpasyem o
Tak, 4ToOBl YneHbl, CTOSIME Ha rJaaBHOH nmaroHasw, ucuesanu. [enaercs 310
caelylomum 06pasoM. [1ycTb op, u ¢, HMEOT NpOTMBONOAOKHbe 3staku. [lo-
BOpauMBaEM CHCTEMY KOOPIMHAT BOKPYF Oxg 1o T€X nop, MOKa HE OKaweTcs,
yto 9;; =0 (nocrpoekme oxkpyxHoctm Mopa). 3ateM NOBOpauMBAEM CHCTEMY

KOOPIMHAT BOKPYT HOBOH ocu Ox; IO TeX MOP, NOKA He OKAKETCH, UTO dpy = 0.
* o
[lpu 370M KOMMOHENTa d;, OCTAETCA PaBHOH My O, a CAENOBaTeNbHO, KOMIO-

Ed
HEHTa agy NOMKHA ObTb TaKke paBHa Hy/o. ['mapoctaThyeckoe naBJaeHue ody

He M3MEeHsieTcsl NpH npeo6pasoBahuH ocefl, Takum o6pasomM, TpeGyeMoe CBOHCTBO
Iokasaho.

TF'rasaVi

1. HaonpaB.nelma rnaBHbIX pedopMaiHuil nosyyaloTcs NOBOPOTOM oOcel Ha
yroa 22,5° sokpyr Oxg o1 + Oxy k + Ox;. 3naueuus riasHpiX AepOpMaLmil

9,24; 6; 0,76) - 10~¢,

25 JAx. Hap
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Jlanee, o npeictasaser coboél mnosopor ka V5.10"¢ pad Bnpaso (ecam
cucTeMa KOOpAMHAT NpaBast) Bokpyr wanpaBaenms (0, 2/V'5, 1/V5).

2. 28TV o2, + oZ;.

3. VYxasaHue: pasnoXMTb PafuyC-BEKTOP M IMEPEMEUIEHHE €ro KOHua
Ha KOMIOMEHMTHl BIOJb IMaBHBIX OCel.

4, T'naBHBle OCH PacnofoxeHb MNapafienblio W nepneHmvkyaspro Oz (+2°);
@y =290-107% zpad=t (1 Oz); a3 =7,5-10"" zpad~! (| Oz).

.
0]

@ ur. 87. [NoscHeHve k pewexumo 3anaun 5 ra. VI

Lndppu yxasusawt sxayerue #.10° 2pa0~. C(sneBa npencTaBieHO NOCTPOEHHe OKPYXKHOCTH
Mopa, cnpasa naHh 3H8YeHHN TenJOBOrO PACIIHPEHHS NJA PA3JHYRLX HAnpaBiexHl; TiaBHbe
HANPABJeHHs TENJAOBOrO PACITHPEHHS BHIAENEH1 IKHDHBIMH JIHHHSAMH,
Mpy nocTpoeHHH YepTexkelt MCNO/B3OBAHL NpaBHNA, OnHcaHHbie Ha crp, 63.

5. 41,0-107% 34,8.107% 122-10-% 2pad—1; 90° 20,7°% 69,3° (pur. 87).
6. 2, =99.1078 ay =17,3.107% a5 = 34,7-107¢ zpad-L

I'aasa VIl

1. Cm. 1aba. 9.

2. PaccmoTpuM enumnunbiit ky6. Ma ¢opMbl MaTpuubl NORATIMBOCTER BHIHO,
4TO CABMTOBblE HampshkeHws, NpUJoxeHhble k rpanaM {100}, He BbISHIBAIOT H3Me-
HeHns o6bema. Hopmanbhble Hanpshkenms, nefictByiompe Ha rpamm {100},
sanuceBaotcs B Buge I2T, I2T, T, rne (4 Lzs 1) — HaNpaBAsOmUE KOCHHYCH
HanpasneHua pacTmielns. Msmenenme 061EMA, BHISHIBAEMOE STHUMM KOMIOHEH-
TaMM, BHIPAWAETCA B BHIE

1+t e = (Sy1 + 219) (BT + I8T + BT) = (55, + 25, T-

I'zasa 1X
1. ( atb1 -+ ¢1bg
AB = | agh; 4+ cobs | .
gsbl'i'csba
> —5;5. (42 43).
_5 37 5 0 —l0 0

3. (1) n (; 12)
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Frasa XI

1. Ecin 2 — yron Mem1y OCbIO CTepKHA M OCbIO TPETLEro Mopsamka (xs), T0
tga="Vryr; a=2372% sln by, = (ry— ra)/(r1+ r3); OBuaxe, = 157° (6naro-
naps wCnoJbL30BaHMIO MOCTPOSHHS OKpymHOCTH Mopa ycrpalfercs HeobOXoxu-
MOCTh B IuddepeHLrpoBatum).

TFraea Xl

1. Cornacko npunuuny, chopMyanpoBanHoMy Ha c1p. 291, sanuncoun me-
dopManui B %ﬁuqecmx KpHCTa/1aX NP THIPOCTATHYECKOM CXATHH HOMKEH
6HTh cthepoil. Mb nmeem

ABy = AB; =ABy = (pi1+2p1a) e, ABy=ABy=A4Bg=0.
CaenosarebHo,

ns A n3 2py2 4
A”=—'§‘(Pn+2plz)3—:=—2———-—————p"t p"-—f—.

TF'zrasa X1V

1. Bpainende paBHO HyaIO, €CIM ONTHYECKHE OCH JewaT B ILTOCKOCTH, Mep-
HEHIVKY/IApHO# x nam y. BpawmeHus paRHbl W MNPOTHBOIOJOXHB MO HanpaBsJfe-
HMIO, ecqM OMTMYECKHE OCH JExaT B [OCKOCTH, NEPNeHIMKYAIpHOR 2.

2. OnmHa oCb JE€XHUT B MIOCKOCTH CHUMMETPHM, IB€ LPyrue — nox yriaom 45°
K nJjockocTi cuMmMmetpuu. [lpuBeneHiblfl K IMI2ZBHBIM OCAM TEH30D 3anuCHIBAETCH

B BH1E B _
+Vg?2+ g2 0 0
0 —Veh+eh 0

0 0 0.l

npuyeMm 3a TPETHIO IaBHYIO OCh 6epeTcsl och, Jexkamas B MJOCKOCTH CUMMETDHH.
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