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YDK 539.2

KHHra, KpHCTAN-
norpagom Jlxk. Haem, nocssiuena Bonpocan cBsisH (GH3HUECKHX CBOACTE
¢ ux OCHOBHI P

Teopus
YOPYTHX W ONTHYECKUX CBOHCTB KPUCTAJIIOB; UMEIOTCS MOJIESHLe 3a-
nayu ¥ ynpakuenus. 3Ta KHUra BSCTCS eNMHCTBEHHHIM B MUPOBOI
nuTepaType yueGHBIM NOCOGHEM IO COBpEMEHIOf TeNSOpHOH KpHcTan-
NOpH3KKE, MWHPOKO HCMONBSYEMEIM TP H3yYeHHH (DH3HKH TBEpJIOro
Tena, KpHCTANNOPUSHKKE W OTAGMbHEIX HX PA3/eNoB B Psjie yHHBCPCH-
TETOB U (YHINKO-TeXHHYECKHX BY3OB. Kpome Toro, ona crana meo6xo-
ZUMBIM Crp: nas no Kprcran-
nodusnke u (Gu3MKe TBEPJOTO Tena,

B HACTOSIEM BTOPOM HSJ@HWH YHTeHb WUSMEHEHHS, DHECEHHbie
aBTOPOM TIpH NepewsakusX KHHIY B AHTAHH.

Pedakyun aureparypot no Qusuke



MPENVCJIOBWE NMEPEBOIYMKA

TMoTpeGHOCTH TeXHUKH, OTKPHITHE AUGQPaKUMH PEHTTEHOBCKHX Jyueft
B KpUCTAaX, PaspaGoTKa METOLOB PEHTIeHOCTPYKTYPHOTO —aHalmsa
M BOBHHKHOBCHHE [IPYTHX HOBBX METOAOB HCCIENOBAHMA CTPYKTYPhl
TBepALIX TeA NpHBETH K TOMY, YTO KPHCTAJMIOrPadisi — Hayka, MOYTH
OCTAHOBMBLIAACS B CBOEM PasBHTHH K HAually STOrO Bexa, — obpeia sateM
kak Obl BTOPYIO MOIOAOCTH M BHOBb Ctana ObCTPO paspupathes. Onmako,
ecan panee JUIM. KpHCTaiiorpaduu Oeina xapakrtepwa nauGonbuias G-
30CTh K T€0JI0r0-MHHEPANOTHYECKHM HayKaM, TO Tenepn KpucTaiorpa-
ust TeCHO Tep CO MHOTHMH (PUBHYECKHX, XHMHYECKHX
M TexHHueCkux Hayk. Llentp kpucraanorpaduu Bce Goubuie cMeinaercs
B CTOPOHY KPHCTHJIIIOQ)HBMKH; BMeCTe C STHM TNOBHILIAETCA POJIbL MaTema-

THYECKHX METONOB B oGnacti
NpUMEeHEeHUs! KPHCTANNOB B Texum(e—sce 9TO BBIABHIAET HOBBIC Tpe-
GoBaHHsi K TNOArOTOBKE KaK M TaK M

p 3 B yucGHoft JmTepatype mno
KpHCTaLI0() KpucTa H CTPYKTYPHOMY aHANU3Y, OTBeuaio-

ieft COBpeMEHHOMY YPOBHIO HAyKH.

K comanenuio, B MMelOmeHcs yueGHOH JuTepatype no KPHCTAwno-
rpagun nioxo OTPaNeHo up

KpUCTan1od Onnu - yul no  KPHCTAIIOF paduut

c sroﬂ TOUKH 3PEHHsi yXe yCTapesH; APYTHE KypChl SIBNSIOTCS CIMIIKOM
KPaTKUMH H MMEIOT TPAJAMLHOHHO MHHepaJIorWueckuit xapaxrep. YueGnuka
He MO KPHCTaIIODU3HKE, HECMOTPS HA OCTPYIO ero HeoOXOAMMOCTb, He
TIOABJISIOCH CO BPeMeHH BhIXOa u3BecTHoM kuurk Bycrepal) mu B oteue-
crBenHol, Hu B sapyGexuolt nmteparype ?).

) N. Wooster, A text-book on crys|all physics, Cambrldgc. 1938,

?) Heanas, He MAHYT it Tpya Poiirta
(W. Voigt, Lehrbuch der Krystallphyslk Lclpzlg, 1910), KoTOpHIt COXpanHA
JO CHX TNOP M3BCCTHOE BHAYCHHE KAK CIpa uslaHKe,

NepsBblit 9Tan PasBUTHA KPUCTAIIOPHIHKH.



6 Ipeducrosue nepesoduuxa

Tlepsoit u yhaunoft P 0
yueGHHKa [0 QUBUYECKOH KPUCTALIOrpadUU ABISETCA NpELNAraeMas YHTa-
TeNio B TepeBoje Khura awrimiickoro xpucramiorpada k. Has ,dusu-
ueckue CBOMCTBA KpHCTamioB“. B OCHOBY KHMIM monowen KypC Jexuu,
UHTABIMXCH 4BTOPOM JJIA CTyAeHTOB KemOpumkckoro ymupepcutera. Ilo

cTHmo " 9Ta KHMra HMEHHO Kypcom

(usuyeckot KpuCTAIIOrpaduy, 2 He KYPCOM (PHMKH KDHCTAIUIOB, TAK KAK
pacema: B Hell ¢ Kpucra pac

nosuuk#, T. e. yaensercs DHH SBJICHHH, MX

CBAI3H C CUMMETPHEHl KPHCTAINIOB, XapaKTepPHCTHUECKHM TOBEPXHOCTAM M
7. . ([IpeAnonaraeTcs, 4To YHTATEMb 3HAKOM C FEOMeTPHYECKOR KPHCTAIIO-
rpaduelt H UTO OCHOBHEIE CBEIEHHS O METOLAX M PE3yJbTaTaX SKCNIEpH-
MEHTAILHOrO cBoHCTE WBBECTHE €My M8 o0wwero
Kypca (u3HKH.)

TocTpoenue Kypca sBISIETCA BeCbMa yIAuHbM M B OOLIEM COOTBeT-
CTBYET NOCTPOHHIO Pasfienia (HaMuECKO KPUCTAInorpadi B MSBECTHOM
yueGnuxe wpucraanorpaduu LlyGnnkosa, ¢munta u Boxmsl) u xypca
KPHCTAIIOpUBHKH, UHTAEMOrO Ha (HsHueckoM (akymsrere MIY. Aptop Bo
BREJCHHH NOIPOGHO HBNIAraeT MJAH MOCTPOEHHS KHUIH, NOSTOMY Ml HE
OyAeM Ha HeM OCTAHaBIMBATLCH. YKaKeM JIHLIb, YTO K HECOMHEHHBIM
ZOCTOMHCTBAM ~KHHCH CAELYET OTHECTH NOC/E/OBATENbHO NPOBEAECHHOE

p PHOTO ¥ noap OCHOB MaTpHy-
HOro p Cne.uye’r TaK We KaK 'BO KHUTH BKJIIO-
yeHwe rias, B KpHCTa/IIAX (Tenio-
¥ 3JeKTponp u Tep P KHM  AIBJICHUSM). py

pasnena Kpucra MOXHO 06 TeM, 4T0
Tpa, BONPOCH Kpucraaorpaduu (aBoftHoe nyye-
npejioMieHHe M T. A.) aBTOpP NP aet

Heubas He OTMETHTD TaK)Ke, YTO KHHIA Hanucana ¢ GOMbIIMM NMeAaroru-
YecKHM MAcTepCTBOM. ABTOP, HE NEpPerpyias OCHOBHOIO MatepHaia, Bbl-
HOCHT B NDUJIOKEHHS PACCMOTPEHHE MHOT NBHBIX
BONPOCOB, BAKJIOYAET KANKAYIO IVIABY OueHb NOJESHEIMU PEBIOME, NPUBO-
IHT MHOrO ynpaXKHenui W 8ajauy, a Takke yKaseiBaerT BHOOP IMap wis
NepBOro YTEHHsl.

1 A B. Wy6uukos, E. E. ®auur, T B. Bokui#, Ocuosn kpu-
crannorpaguu, Man. AH CCCP, M., 1940.
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K COXANeHH0O, B KHHTE HMETCS Dsill HENOCTATKOR M MpoGeroB.
Hanpumep, B T1aBaX, NOCBAIIECHHBIX MarHuTHOH BOCHPHUMYMBOCTH H
SIEKTPHYECKOR TIOMAPHBALMH, CIIELOBANIO Gl ynemuThb BHHMaHWE Crielu-~

¢uxe pepp HHTHBIX CBOHCTB KP n Gonee p paccmo-
TpeT, CErHETONCKTPHYECKHe CBOMCTBA —OSTH BOMPOCH OYeHb BAXHEl X
B TEOPETHUECKOM M B MpaK: ot AsTop P

He HCTIOML3YET U Jlaxe He Y TIOHATHS aH pHH, ocst
BeCcLMA P LA paa ¢ Bes nocra-

TOYHBIX OCHOBAHH{ aBTOP He BKJIOUWI B KYPC BONPOC O MPENENBHBIX Ipyri-
nax CHMMETPHM; TDH STOM H3 PACCMOTPEHHS NOWTH MOJHOCTHIO BBIMAIH
W TexcTypsl. ABTOp, K CONANHHIO, He YIS BHUMAHHA NPHMEHEHHIO
METOZIOB TEOPHH IPYNN, NOCTENEHHO 3ABOEBHIBAIOMMX B KpHCTamIOGH-
suke Bce Goyee BaXHOe MECTO.

CuieniyeT Takke OTMETHTb, YTO ABTOPY He YIAOCh M3Gexarh HeONHO=
BHAYHOCTH B YNOTPEDNEHHH TepMHHA ,(pusHYECKoe CBOHCTBO®, momHMae-
MOro TO KaK KOJNHUECTBEHHAs XAPAKTEPHCTHKA BElEeCTBa, TO KaK Cro-
COBHOCTH TeNia pearnpoath Ha BHeluhee BosneficTeHe. HeuweTko Taike M
yroTpeGneHHe TepMHHA ,TEH30P, TPAKTYEMOTo TO Kak (msuyeckoe CBOM-
CTBO, TO KaK MaTeMaTHyeckass BeJMuMHa. Ha,u.o CKasaTb, UTO HCKIIOYHTHL
9Ty HEOLHOBHAYHOCTL JOBOJBLHO TPYAHO.

Onnaxo crnenyet PXHYTb, YTO OTHIONb
He CHIXAIOT HH HayuHOM KHUTH, HH ee B KaK yueG-
HOFO noCOGHS.

TlepeBoA KHHTH CAenan Ge3 COKpAlIeHNH 1 HBMEHeHNH, €C/U He CUNTATh
saMeHE! PLIX He YHoTpel B KpHCTAMIOrpacuyes
cxoft paryp uto 6 # yactbio He orosapusaercs. Jano
HECKOJIbKO anMe‘laHlﬂa, XOT$ YHCJIO UX MBI IOCTAPAMHCH CBECTH K MUHHMYMY,

BuGmorpacus, aBTOPOM, P CCBUIKH ~ TOYTH
MCKIIOUHTENIbHO HA KHHTH M CTATHH Ha aHIMACKOM #SLIKE; STO MOXHO
OGBSCHHTL T€M, YTO KHHra st CTyzeHs
ToB. B mepeose OTCyTCTBHE CCBIOK ua JMTEpaTypy Ha PYCCKOM sisbike,
€CTECTBEHHO, BHINSUIMT HelOCTATKOM. [109TOMY CCHLUIKH aBTOpa B pie
cayyaen Ha KypCsl
aBTOPOB, @ B KOHLE KHWIH NpuBeieHa JONOJHHTeabHAs GuGuorpadus,
CoNepialias NPEeUMyLeCTReHHO JHTepaTypy Ha PYCCKOM fskike. ITH
JLOTIONHEHKS! OTHIOAb He NPETeHAYIOT Ha MOJHOTY, & MPHBOAATCA /Wb AN
06I|€l"leH'Hﬁ OBHAKOMJ/IEHUS C Marepuanom Win Gonee l'llyGOI(Ol‘O HByueHUs
OTJIeILHBIX BONPOCOB.




8 Tpeducnosue nepesoduuica

Kuura k. Has, HecoMueHHO, HafileT MMPOKHH KDYr uutatenedl
Gynet mOMEsHHIM TOCOGHEM He TONbKO AJjisi CTYNGWTOB W ACHHPAHTOB
(B mepByio ouepeib (MBMKOB), HO M LA MHOTHX HAYYHBIX PAaGOTHHKOB
u oBIANETH B KpHCTAIL

HYCCKUMK [ cBoOHCTE

KPUCTAILIOB.

Centsi6ps 1960 1.

Knura Has u B camom Jfeie OnicTpo 8aBoesana BceoOuiee npusanue
KaKk OTIMuHBIM yueOHUK M Kak cmp [

JUIS CIIeUMANUCTOB.

B Awrimu oHa yie Buepwana eule jsa usnanus (8 1960 r. u
1964 r.). Ilepsoe pycckoe wusnamme (Bwimemmee B 1960 r.) cpasy e
crano GuGnnorpadmueckoft penxoctsio. Hactosuee sTopoe pyccxoe ua-
Aa»me neuataeTc ¢ MaTpui nepsoro. TTOSTOMY B TeKCTe yuTelbl JHIb
ABTOPOM DOpPU  TMEPEUBNAHMAX KHUTH
B AMIIMH M WCHpPaBJIEHH 3aMeueHHble oneuatku. [lo 9ToH e npuune
NPULLIOCh OTKASATHCS OT PACIIMPEHHs CMUCKA LOMOJHUTENbHOW MHTepa-
Typel 82 CyeT PaGoT, MOABMBUIMXCA B TMOCNEAHHE TOLML.

Moxno wapesttbes, wro mepenspanne xuard Jox. Has Gyner ¢ ono6-
penieM BCTP Grictpo KpyroM uutatenefl nutepa-
TYPH N0 KPUCTAIODHBHKE W TBEPIOMY Temy.

JI. Ll ysanoe
Jexabpp 1966 r.



NPEIWCJIOBHE

Llenb  Hactoswero  y4eGHHKA — HaTh CHCTEMATHUeCKO® OMMCAHHe
(uBHUECKHX CBOHCTB KDHCTa/llIOB B 3ANUCH M
TaKuM TyTEM, YTO TAKOe TEHSOPH H KAk OMM NpuMensiorTcs. B nannoft
KHWre HE WSYYalOTCS KOHKPETHbie CBOHCTBA KPHCTANIOB U HX CBSASH CO
CTPYKTYpOH; B Hefl paccMaTpHBAeTCs IJaBHHIM 0OPasoM elMHOe Npel-
CTaBJieHHe TEHSOPHBIX CBOHCTB KDHCTAaMIOB B acmekTax OOWMX MaTema-
THYECKHX OCHOB 9THX CBOHCTB M
MEKNY HHMH.

ViB/OXeHHe MATEMATHYECKHX OCHOB HAYHHAETCS C BBENEHWS MNOHS-
Tufi O TeHsopax MepBOro W BTOPOro pauro (uacty I); satem nokasawo,
KAKHMH TEHSODAMH MOXET OhiTb NPEJCTABJEHO TO WJIM HHOE CBOHCTBO.
TeHsops! GoJee BHICOKOrO PAaHrd W MATDPUUHBIH METOJ BBONSTCA NOBAHEE
KAK eCTeCTBEHHOe* paspuTHe Teopuk. [locnenyiomee usnoxeHue pasne-
JIeHO HAa TPH Y4acTH, B KOTOPHIX
(uacrp D), c
kpuctannoontuka (uactp IV).

B ocHOBY HacTosuell KHMCH TIONOXEeH KypC KPHCTaMIoQusuky, uu-
TaBIIKHCA aBTOPOM B KeMOPUMUKCKOM yHuBEpCHTETe NSl CTYACHTOB BTO-
POro Kypca, msyualomux Kpucramiorpapmio (kak uacTs ofuwero kypca
MUHEPANOru| H KpHcTasiorpapuu). YPOBEHb MBJOKEHHS B  OCHOBHOM
YaCTH  KHUTH HA CT ¢! BTOPOTO M Caenyio-
LIer0 Kypcop, HO aBTOP HMMen B BHIY TaKKe aCTIMPAHTOB M HAYYHBIX
PaGOTHUKOB B 06/ACTH (DHBMKH TBEPAOrO Tela M MeTaJIypruu, KoTo-
PBM NPUXOLUTCA HCNOAL3OBATH B CBOEH PaGOTe SJIEMEHTE TEHSOPHOTO M
MATPUYHOrO  MCUHCAeHMst. ABTOpP CTAPa/iCsi W3JAraTh MaTeMAaTHUECKHE
BOMPOCH Kak MOXHO 0poule, 0COGEHHO B NEPBLIX IVIaBAX, B KOTOPHIX

6% st W MaTeMaTHueckue omne-
paumi. B np Be 1S OCHOB-
HOTO TEKCTAa CBEJCHHS O TCODHH CHMMETDHH, XOTA STH CBEMleHHS H He
notpeGyloTcs  uuTaTemo,  yie y ¢

J1asa, PHUYECTBY, MOMNET OKA3ATLCH HECKOJBKO
Gonee Tpynuofi, uem ocranbuie. [locnentee oGBACHAETCS TeM, YTO Namh

P TEOPHH PHYECTBA HA YPOBHE
OCTaNbHOR YaCTH KHUCH OK&SaJioCh HEBOBMOXHEIM. ONHAKO STO sBeHHE
B Hally CXeMy PpaccMOTpeHus,
UT0 GhUIO, MO-BHAHMOMY, NPAaBHJILHBIM BKJIOUMTL €FO ONHCAHME B KHHIY.

Abrop He crpemuncs nate nommuift 0630p OMyGIHKOBAHHEIX PaGoT;
B CIMCOK JIMTEPATYPH BK/IOYEHb! JHIIL KHHCH, KOTOPHIE MOFYT GMITL
PEKOMEH[IOBaHb! 1Jisi Gollee JIETanbHONO H3yueHHs BOMPOCA, H HCIONE30
BaHHKIE HCTOYHHKH,

ep (uacto 1I), n




10 I peducaosue

Bo Bceft Kkuure cucrema MKS.
Taxast cuUCTeMa eIHHHLL suﬁpana L naBHbIM oﬁpaaom noTOMYy, HTO OHa
TIoBBOISIET MB0EKATH TIORABJNIEHHs HeyNOGHLIX MHOMuTenel 4w, KOTOpEHIE
B NPOTUBHOM CIy4ae YCOXKHAIOT MHOIHE GOPMY/ibl TEOPHH SJIEKTPHUECTBA
u marnetusma. BooGwe ropops, MOXHO GbI0 6B Mcnosb3oBath JOGYI0
PAalNMOHA/HBUPOBAHHYI0 CHCTEMY, HO Ml OCTAHOBWJHMCH Ha cHcTeMe MKS,
KOTOpas 00ianaer OCOOBIMH MpEUMYIIECTBAMM H OYEHb WIMPOKO NpuMe-
HAETCH (H3HKAMHU.

SI cunraro cBOMM mp nonrom Guar a-py
P. dpaucy u n-py H. Tenpu (¢: (Y U
KeMOPHIIKCKOro yHHBEpCHTETa), KOTOPHe MOGYAWIH MeHs Hammcarh STy
KHUFY nepBEe Bcex rnas, Mx

coBerH  BCerna NPHHOCH/H  MHe 6onbmy|o nobay. §1 Xouy TaKoKe no-
Gnarofaputs IPYrUX CBOMX APYseH M KOJUIET, NPOYHTABUIMX H oocy;x-
JlaBuIMX pyKonuch: npog. ®. Ppanka (npountasuiero ri. I— X), npod.
K. Jloucneitn (npounraBwyio nepsuift aGpocok raag I—III, VI u IX)
W copa . Byanapma. [i-p Tlommep okasan MHe NOMOIMb B HANHCAHUN
ra. XIl, a n-p ®. dymu—ra. XIV.

ra kmura Obuia wauata, koraa s paGotan B JiaGopatophi
dupmb ,Besn Tenedon xomnanu* (Hoio-Iiepcu); 5 ouenb uenio Gob-
woe cosieHcTBHe, Okasamnoe MHe Tam. OcCOGYI0 NOMOWb OKASatd MHe
Tpoe MOMX Kozyer no paGore B stoft ¢upme: B. Bomn, noshakommus-
1wl MeHs CO CBOMM METOLOM KBanpa-
TOB s BOCbMHyI'O.'IbHOl'O nucKa“ M cHaGAMBUIMA MEHS! \UHCIEHHBIMU
NPUMEpPaMH MPHIOKEHHA MATPUYHOrO METOAA, HCHO/MLSOBAHHHMH MHOH
B § 7 ra. IX, n-p A. Xoapmelin, KOTOpuifi TaKe paapemun MHE BOC-

51 pesy. ero pabor, np

Ha ctp. 220 —1, u npovex ra. X, u a-p K. Teppunr, Kotophii oxasan
MHe TOMOWb TIPH HBJIOXEHHH BOMPOCA O 9MEKTPHYECKOH M MArHHTHOH
sueprnu.

B MaTpulL CBOUCTB KpHUCTal-
7108 acex 32 xpuuannorpaq;uqeckux xnaccoa, B3ATE ¢ HeGOMLLIMMI

no
-«ecnay K. Bau }Ianua ul. l"opnoua c moGesHoro paapemeuuu aa‘ropoa.
y p B KHHre, B3ATH Herocpei-
c-rneuuo w ¢ us 8a1ay, HCNONb~
syemoro npenonasa’rennuu (akynbTera Mmiepanorun u nerpoioruu Kem-
y CcBOI0 G1aronapHOCTb.
e xo‘ren 61 BLpABUTH NOIO npusnarenmoc’rb A-py B. Bycrepy, uo
OfIHOM M8 NPUYKH, NOGYAUBLINX MEHsi HANKCATH STY KHHMry, GBI TOT HHTe-
pec, KOTOPHIHl BHIBBAT €rO xypc JeKuutt Ha akyywTeTe MMHEPANOrHHM
P Hu rne s npexie paGoran.

BpHcToNb
Vionb 1955 r. Jowe. Hait



BBEILEHHUE

3 cpofictea ONKCHIBAIOTCS  COOTHOLUEHHSIMU

Mex Ay 3 pumep, onp
H8 cooTHOLICHHs Mexcly Maccoft u oGmemom. Ilockonpky Macca u 0GHeMm

HE 3aBHCAT OT T0 M. ecTh He 3a-
BHCSLLEE OT HaoGop TaKoe p KaK
yaenbuas ponp p mexay
AByMms: 10 P! noJist ¥ NAOTHO-
CTbIO TOKH), KaXJasi M3 KOTOPHX XapaKTepHsyeTCsl Kak BEeNMYHHON, TaK
" C , Mbl MOXeM np ath, 4TO UK~

yeckoe CBOMCTBO TaKOrO THMa GyieT 3aBMCETh OT HANPABJICHWSI, B KOTO-
POM OHO HBMEpSieTCs;; [AeHCTBUTENBHO, SKCMEPUMEHTH MOKasHBAIoT, YTO
SJIEKTPONPOBOAHOCT MHOTHX KPHCTA/VIOB MEHSeTCS C  HalpaBiieHHeM.
B Takux ciyyasx roBOPST, YTO Kp B OT
paccMarTpHuBaeMbIX CBOHCTB.

Torna BO3HHKAET BOMPOC: KAK OMHMCHBATL (PUBHYECKHE CBOHCTBA
KPHCTA/I0B, KOTOPLIE MOPYT 3aBHCETh OT HAMpaBJEHHsl, NMOCKOJbKY Ode-
BHIHO, YTO C NOMOUIBIO OOHIMHEIX UHCEJ 9TOrO CAENaTh Heabas. Kpome
TOrO, HYXHO 3HaTh, KAK CBA3aH CIIOCOG OMMCAHMA TAKUX CBOHCTB C CHM-
Merpueft kpHCTanna. B mactosiuel uure namcu o’rse'rbl HA 9TH BONPOCH
M 3aTParuBaioTCs C HH

Snemponposonnoc-m—numb OnHO HB MHOI'HX cpolicte KPHCTALIO0B,
KOTOpEE MOFyT or MOXHO npHBeCTH

IPYTHX NPHMEpoB: pacip Terua, rpa-
Auemou Temneparyp ( p p
B 9N€KTp! nozne (amsnex:
Bocnpunuuunocm), NIONSIPUBALMS KPHCTAWIOB TIOL JeHCTBHEM MeXanuue-
cKoro PHUECTBO); MeXaHH-

Yeckim HanpsIKEHem (yNpyrocts); ABOMHOE nyuenpenoOMICHHE TIOML BAHS-
HHEM SIEKTPUUECKOrO TONs (MEKTPOONTHYECKUH 9(deKT) u Ton Biks-
HHeM 0 poroynpyroctb) M np.

B oTHOweRMH MHOrHX CBOMCTB, TAKHX, KAaK IUIOTHOCTH, BCe KpH-
CTannp usoTponHbl. KyGuueckue KDPHCTAIUIS HBOTPOTHB TAIOKE M B OTHO-
LIeHHH ellie LeN0ro psina CBOMCTB (POBOAMMOCTH, NOKA3ATENs MpenoMie-
HHS M 1p.); 9TO MHOFNA NPHBONMT K OLIKGOYHOMY MHEHHWIO, YTO KyGH-
YeCKHe KPHCTALi HM3OTPONHE B OTHOUIEHHH JMOOHIX cBoficTs. Mexay
TEM SNEMeHTH CHMMETPHH KyOHUeCKOrO KPHCTALia He  COBMajaior




12 Beedenue

c P 0 Tena; TaK, Hanpu-
Mep, KyOMueCKHe KDHCTA/UIH AHWSOTPONHH B OTHOLIGHHH YNPYrOCTH,
(oroynpyroct ¥ psia Apyrux cpoficTs. CaenoBaTeNbHO, MBI JOJDKHE
paccMaTpuBath  KyGuueCKHMe KDUCTAIIM KAK NOMEHLUAAbHO aHW3OTPON-
Hble; TOrAA Mil MOXEM TNPOLOMKATH CUHTATH, YTO JUIS OnpedeseHHbLX
CBOHCTB STH KPHCTA/NIH M30TPONHLi. Bce KpHCTAammni anM3OTPOMHLI
B OTHOMICHHH KaKWX-HGO WX CBOHCTB.

B wactosiilefi xHure Mui GyjeM mayuats, KaKk OMMCHBAIOTCS (usHue-
CKHe CBOMCTBA KPWCTANNOB. DONbIIOE WHCNO STHX CBOHCTB OMKCH-
Baercs Mu; B A~
nefimeM OyayT PaccMaTpPHBATHCH TOMLKO TaKKe croicTpa. Tepeuenn nx
J@eTCsl B TPUJOXKEHHH 3; KPoMe TOro, YTOOH HHTaTelb MO COCTaBHTH
cee GOlee 1IONHOE MPELCTABIIEHHe, TaM e LAETCs MepeyeHb HEKOTOPHIX
JPYTHX CBOHCTB, KOTOPHE he MOryT GHTL HEMOCPENCTBEHHO NPeACTaB-
JeHsl € TNOMOIIBIO Teuaopoa Ounmo#t u3 sanay ¢usuku, GeaycioBHO,
KPHCTAIUIOR
B 8aBMCHMOCTA OT HX amMHon W KpHCTanmHuecKo cTpyKTyper. Ho 5TO
B HEKOTOPOM CMBIC/E C/EAyIOWas CTyneHb. 31eCh Ml He CTaBuM ceGe
TaKofl uesu, a GyneM mHTepecopaThbes Gonbiie GopMofl W OOwuMH CBOR-
CTBaMK P uem . Ham
JIOCTATOYHO PACCMATPHBATL KPHCTAM, HE YUHTHIBAR €ro CTPYKTYPH,
T. €. NPOCTO KaK KOHTHHYYM, p
Hie CBOMCTBA CHMMeTpWH. BOMee TOrO, BO BCEX CAyuanX, Kpowe
onHoro, Ml OyneM CuWTaTh KPHCTAII OJHOPONMEIM, T. €. NPELno-
narath, 4YTO €ro CBOHMCTBA OJWHAKOBH BO BCEX TOUKAX (MCKJIOMEHHE
CHENaHO AN ONHOrO o — Ba).

Codepacanne Kknuzu. TeHsopw KIaCCHOUUMPYIOTCH 1O HX paxzy.
B rn. | BROAMTCS NOMsTHE TEHSOPA W MNOKABLIBAETCH, KAK TEH3OPH HYyJie-
BOFO, NMEPBOrO M BTOPOrO PAaHrOB MOryT OBITH UCMOIL30BANbI P HaY-
ueHuu cBoficTB KpucTanmios. B i I ¢
maremaTHyeckoro anmapara. B ra. HI—VI TeH3opHble METOAH mpuMe-
HSIOTCSl K OMHCAHMIO pasiuyHbiX (usuueckux cpoticts, B ra. VII u VIII
BBOJIATCA TEHSOPHI TPETHEFrO W UETBEPTOrO PAHTOB, KOTOPHIE WCMOMb-
BYIOTCS NI PACCMOTPEHHS NbE30SJICKTPHUCCKHX sBJIeHHH H yNpyrocTH.

ra. IX conepiutcs onucamme apyroro crnocoba npenctaBieHusi Qusk-
YECKHX CBOMCTB KPHCTA/IOB— C MOMOLBIO MATPHLL; MATPUYHOE HCUMC-

nenre 0cobeHHo ynoGHO OpH [ Bee
q:usmeume CBOHCTBA B STHX [r/iaBaX OMMCHIBAIOTCH npnmenwrenbno
" Hamene-

HMMM‘ Enuupi#t noaxon K ¢
COOTHOMICHUAM Mex iy HuMk naercs B . X, B m X1 n XI wn nepe-
XOIUM K may p " PHUECKHX  SIBNICHHH,
Il P nocne CBOHCTB NOTOMY, 4TO
OHH CBA3AHBI C SIBJNIEHHSMM NEPEHOCA, T. €. HeoOPaTHMbl, W MX TepMO-

H B noaxone. Jlse nocienHne
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rnasel, XII u XIV, nocesmensl KPHCTALIOONTUKE, TJIaBhbM 06pasom
snexTpoonTHueckoMy dbdexry, apienusM (GOTOYNPYrocTH W BpAreHus
NAOCKOCTH TONAPHBALMH.

BuGop 2106 O0as nepsozo 4menus. JinA TMePBOro uTEHHR KHUTH
NIPEVIAraloTCs ClefylomKe IIaBk, KOTOpe COfepiar 0olee MW MeHee
1eJLHOE MBJIOXEeHHe npeaMeTa:

Fn. 1. OcHOBbI KDHCTANIOGhHBHKH.

Ta. 11 ITapamarsaTHas ¥ QUAMArHKTHAS BOCTIPHHMYHBOCTH.

Ta. IV, Brexrpryeckas no/ispusaius.,

Ca. V. Tensop MexaHMuECKHX HanpsikeHmui.

Ta. VI Teusop nepop u P p

Fa. VIL Tbesosnextpuuectso. TeH3ophl TPEThero paura.

Ta. VII. Ynpyrocts. TeHsops 4eTBepToro para.

Fa. XL T p | 3JIeKTPONp (no konua § 4).







Hacmo I

OBLLME TOJIOXKEHKSA






rraeal

OCHOBbI KPHUCTAJIIO ®PU3NKH

§ 1. Cxansipel, BeKTOPH W TeH30PH BTOPOrO paHra

a) Cransps. B (UBHKe ‘MM YACTO MMeCM GO C TAKHMH Be/HuH-
HAMH, KaK TUIOTHOCTb HJW TeMNEparypa Tesa, KOTOPHE He CBASAHBI

c Tpu MJOTHOCTH WJHM TeMnepatypu Gec~
CMHCH&HHO TOBOPHTE 06 HSMEPEHHM 9TUX BEJMYHH B KAKOM-IHOGO KOH-
KPeTHOM Takue PaB/IeHHbIe

HaBHBAIOTCA crasApanmu. OTMETHM, YTO 3HAYEHHE CKANAPA MOJHOCTHIO
ONpENeNSIeTCS 3allaHHeM OHOrO UMCia. CKA/sPL! HASHIBAIOTCA TAKKE MeH~
30pamu HYAe6020 paKea; TPHUMHA TOAOGHOrO HAHMEHOBAHHS OGyger
pasBACHEHa HHNKE.

6) Bexmopet. B otumuMe OT CKarspop CyliecTByer APyroft THI (usH-
HSCKHX BeAKUKH, HSHEACMMX GeXmOpaNs, KOTODHE MOTYT OuiTb onpe-

ZielieHs! TOMbKO O K cuna —

XOpOWIO W3BECTHbIH NpuMep Taxol Benuquuu Yro0h NMOMHOCTHIO Onpe~

ZeIuTh CHITY, TPH B TOuKe, sanarh

Kak ee BeJWuMHY, TaK M HanpasieHue. Cymy yAo6HO M3obpaxaTh cTpenkolt
# ATHHE W

Ilpynmu npUMepaMil BEKTOPOB MOFYT CIYXHTh HAaNpsKEHHOCTh SJeK-
TPHYECKOrO MOJA B TOUYKE, MOMEHT MAFHHTHONO LMIOJS, TEMIepaTypHoiH
rpaaKestT B Touke M T. A. B macrosuue#l knwre mu OyneM 060sHauath
BEKTOPH! MOMYXHPHBIMU KypPCHBHLMH GywBamu: Tak, E Oyner oGosHauarb
HATIPSIKEHHOCTb  9JIEKTPHYECKOrO 110AA B Touke. MOLY/Mb WM AJHHA BeK~
Topa p Gyner oGosmauarbcs uepes p.

MOXHO OMpefie/uT: BEKTOP HE TOJbKO BaLaHHEM ero BE/MYHHBI H
nanpapsieHus. BMecto s1oro MoxHo BHOPaTh TPH B3AUMHO MEPIEHIUKY-
nsprsie och Oxy, Oxy u Oxy u 8ajaTh KOMNOKEHMbL BEKTOPA BLOMb HUX,
KOMIIOHeHTH BEKTOPa — STO NPOCTO TNPOEKUHH BEKTOPA HA JAHHEIE OCH.
Ecan pexrop E umeer xomnowents Ey, E,, Ej, TO MB MOXeM sanucath

E=I[E,, E, Eyl.

Takum oOpasoM, Korma ocu

P BEKTOP

Tpex ero BIOJL STHX OCeH.
BeKTOpH HASHBAIOTCS TaKKC MOH3OPAML EPEO20 Panza; NOAPoGHee
06 s1oM Oyner CKasaHo HuXKe.

2 Jox. Heft
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Merons onepauutit ¢ BEKTOPaMU COCTABJSIOT MpEAMET 8eKMOPHOZO
anaause. B nmamvuefiimeM M nouTH He OyieM MpPUMEHSTH BEKTOPHbt
aHa/u3, HO BPeMsi OT BpeMeHH GyNeM UCTIONb30BaTh HEKOTOPHE €FO NOM0-
skenusi, [Ipennonaraercsi, 4TO UMTATENb YXKe 3HAKOM C MPABHIAMH CKa-
JISPHOFO 1 PHOTO " TPalueHTa cKanspa,
[IUBEPTEHIMY BEKTOPA W po'ropa BekTopa (cM., Hanpumep, [1]1)). Csonka
BEKTOPHEIX OGosHaueHuti u (OpMyn jana B mpunoxenuu 1.

8) Tensopsi 6mopozo pawza. Tenepb HaM HEOGXOAUMO PACIIMPHTH
TonsiTe BekTOpa. PaceMotpum cneyiouw#t npumep. Ilycts snexrpuue-

. CKOE T107e, 3ailaHHOE BEKTO-

J pom E, nefcrByer Ha npo-

BOJMMK; TOFJa TO MpOBOL-

Huky Tever Tok. ITlnoTnoctb

i TOKa (TOK Yepes ewHuiLy o=

BEPXHOCTH, MEPNeHANKynsp=

HOH HanpaBjeHuio TOKa) 060=

E ' 8HauuM uepes Bextop j. Ecam

NPOBOAHHK H3OTPOMEH U Bhi~

nonusiercst 3akon OMa, TO Bek-

a 3 T0p j napannenen E (¢ur. 1, a)

@ur. 1. CooTHOmeEHHE MeX(ly MIOTHOCTHIO M MOAY.b j Mponopuuoanex

monymo E. ITostoMy MOXHO
saekTpHueckoro nonst E. 3anucaTh

GE,  (LI)

rie o — yaenbHas 3nek1ponpoaonnomb Ecmm B ocsx koopaunar Oxy,
Ox3, Oxg Bext0p j=|j1, jo Js] u Bekrop E==[E,, E,, Eg], 70, Cne-

JNOBATENbHO, .
oby, Jy==0cE, jy==oEj. (1.2)

Kaxcnan J npornop c Y E.
ot P p co6oft Kp T0

Mexly komnowentamu j w E ne GyneT TaKuM mpOCTHM, ‘TIOTOMy uTO

KpUCTa/iEl B OGN Ciyyae aHW3OTPONHHL B OTHOMICHMH S/EKTPONpO-

Boanoctu. (KyGuueckue kpuctans 06pasyior 0co6yio rpynmy KpHCTaiIos,

9NIEKTPONPOBOHOCTh KOTOPHIX HBOTPONHA; ONHAKO HA BPEMsl, KaK yroMsi=

a-n 6—8
TIPORORHHKE. J

HYTO BO BBEICHUH, Mbl GyneM CunTarh Ky HO
aHU3OTPONHLIMU W NONOGHHIMU BCEM ,upymM Kpuc’rannau. aB§b ol

B nefict P
B ELES p u.) Jl.vm p €00 (1.2)

saMeHsIoTCA cnenylo:umu:
Ji= 0y +00Ey +-0nFs,
Jo =0y Ey - 0pEy +-0nEy, 1.3
Jy=0yEy +0gFy 0y,

1) Cwm. taxe [106, 117).— ITpun. nepes.
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FIe Oy, Opgy «v . — Kanast J Tenepb nmHelnO
3@BMCHT OT Bcex Tpex komnowent E. Otciona crepyer, uro BekTop j
He COBnajaetT mo Hanpasnenuio ¢ E (¢ur. 1, 6).

Kaxani#t u3 Ko3(QuuUEHTOB 0y, Gyp, ... B ypaBHenusx (1.3) umeer
P ¢ cmpicn. Hanpumep, ecnu nonme np
BIOML Xy ') (dur. 2), 10 E=]E,, 0. 0] u ypasHenus (1.3) npunuMaior Bux
oufy
ouly
Jy=ocgE.

Cnenosatensio, Tenepb HMEIOTCS KOMMOHEHTE J HE TOMbKO BAOML Xy,
a Taloke W BAOML NBYX Apyrux oced. [Tponanbhas kowmnowenta j onpe-
nensiercst Ko3(UUUEHTOM 0y;,
a JiBe nonepeyHee — KO3 pu- &g
LMEHTaMU 0y W Oy, AHano-
FUYHO, KOSQQUUUEHT gpy OM=~
penensier KOMNOHeHTy j, mna-
PannenbHylo X, KOTIa mose
NPUIOKEHO BAONb OCH Xg.

HraK, nas Toro utobe on-
peNenuTh - SJEKTPONpPOBOA-
HOCTb KPHCTA/a, Mbl LOMKHEL
3anate neBaTh KO3(duumen-
TOB Oy, Oyp, ... Hasi yno6-
CTBA HX MOXHO 3amucaTh
B BUNe KBaApaTHOM TaGmuibl
caeayouumM 06pasom:

Ton oz o

@ ur. 2. KoMnoHenTi mMIOTHOCTH TOKA
o om o |, (1.4) npH TOfe, MPHIOKERHOM BAONL OXy.
|_og Gy oyl
9Ara rTabnvua, 3aK. B p CKOGKM, men~

30p° 8MOP0O20 paraa®), a oy, O, ... NP coGott «o.
9TOr0 Ten3opa. Jlerko BujieTh, uTO MNEPBHIM MHIEKC YKaabiBaeT CTPOKY,
a propolt — cTonGell, B KOTOPOM CTOMT KOMnowenta. Ha 2zasnoidl dua-
20HGAU CTOST KOMMONEHTH Gy, Jpp W Jgg.

CpaBuuM Tenepb TPU THNA BBEJCHHBIX BEJIHYUH.

a) TeHsop HyNeBOrO paHra (CKansip) ONPENENSETCA ONHMM WMCIIOM,
He 3aBHCAUMM OT BHIGOpa OCel KOOPAMHAT.

1) Bmecto Oxy, Oxy, Oxg Ans oceit
MB MHOrJa 6yIEM WCIONb30BATh CHMBOJIEL X, Xg, Xg, KOTXA NOCIENHHE HENb3s
CHYTaTh C KOOPIMHATAMM TOMKH, KOTOPHIE TAKHe€ OGO3HAWAIOTCS YEPes Xy, Xg, Xg.
2) TepMuH men30op 6bli_BIIEpBBIE MCNONB30BaH POUCTOM Ausi ONKMCaMust
MexatUYeCKOro Hanpskenun. TepMUH paxz MEL IPEATIOUNTAEM TEPMUHY NOPROOK,
KOTOpHt GyZieT MCrOMNL30BaThCs B €r0 OOKYHOM 3HAYEHMH B BHIDAWEHHSX THNA
wuJIeH BTOPOrO NOpsiAKa“, ,9ddexT BTOPOro ropsiaka“.

2%



Ta. 1. Ocroser kpucrasnogusuku

6) Teusop mnepsoro panra (BeKTOp) OMpenensieTCs TPeMs YUCTaMH
(KOMMOHeHTaMK), KaXJOe M3 KOTOPWX CBS3anO C ONHOM w3 Ocel KOOp-
IMHaT.

B) TeH3aop BTOPOrO paHra OMpenensieTCs NeBSTHIO yuCaaMu (KOMMO-
HeHTaMu), KaXJ0e U3 KOTODHX CBS3aHO C mapolt ocel KoOpauHAT (B3ATHIX
B Onpele/ieHHOM NOpsike). )

p HaMu p 370 P

Ges @ b ()

TOpa UMEIOT MO OLHOMY mmeucy (uanpmaep. E,); KOMIOHeHTH TeH30pa

BTOPOFO PaHra MMeOT MO 1Ba uHmeKca (Hanpumep, a,5). Yucso undexcos
Ppasro panzy mensopa.

B nactosuett rnae M He GyneM HMeTh JIe/i0 C TEH3OpaMM paHra
Bhillle BTOPOro. ONHAKO NO3JHEe MpU PACCMOTPEHMH TAKUX (UBHUECKHX
CBOMCTB, KaK Mbe30NEKTPUYECTBO W ynpyrocTe (cm. ra. VII u VIII),
OynyT BBENEHH MOHATHS 'renaopoa TPeTbEro u 'leraep’roro panros,
KOTOpHE SIBASIOTCS biM NOHsTUM ne-
BOTO, NEPBOTO W BTOPOrO panros.

Kpome 3/1eKTPONpPOBOLHOCTH, KOTOpasi Oklia mpuBeseHa B Kauectse
NepBOrO NpUMepa, KPUCTANIO(U3HKA WMeET NeNO C MHOTUMH IDYTHMH
TEH30paMu BTOPOro pawra. B oGuiem cayuae, ecnu cBOHcTBO T CBA3HBAET

nBa BekTOpa P=|[py, Po, ps} U q=1[qy Ga qs] Takum 06pasom, uTO
p=Tug +T1s0o+T1s0s
Pr=Toq1+ Tosga+Toss (1.5)

Pe=Tuq1+T5g>+ Tsds.

TABAWULA 1

He npumepo mopozo panaa,
dsa sexmopa
Tensopioe csofictno Saxamnh pextop Hraynuponaniuif Bexrop
Vnensuasi  saextponpo- | Hampsennocts snex- | InotHocTs  sJiekTpHue-
BOJIHOCTE TPHYECKOro mnoss CKOro TOKa
Kosguuuentnt  Tenno- | Temnepatyphmtit rpaau- | I1n0THOCTE — TEMJOBOrO
TIPOBOAHOCTH eHt (OTpHIaTeNbHbIH) noToKa
npo- | | onieK- | DueKTp) MHLYK-
HUILAEMOCTD TPHYECKOrO NONsA st
JlusnexTpuueckass  Boc- To we JlusnekTpuveckas nons-
TPHHMYHBOCTE pHsauust
A ¥ Maruut- | MaruutHas HHAYKUMS
MOCTE HOrO nons
MaruuTHas BOCTPMHMUH- To we HamarHuyeHHOCTh
BOCTH




§ 1. Crasspst, Gextopst u Tensoper 8T0pozo parea 21

rae Tyy, Ty, ... — KOHCTaHTH, TO roBopst, ut0 Ty, Ty, ... 0GpasyioT
TeH30p BTOPOro paura

TTu Tie Tu7j
T Tn
LTy Ty Tyl

&

B (1.6)

B rabn. 1 npusomstcs pUMEpOB CBOMCTB,
TEH3OPAMH BTOPOrO paHra.

Tlonuuit nepeuetb BCEX YNOMUHAEMHX B MAiHOM KHUre CBOMCTB KpH-
CTaos, X P p B mp 2 B KOHIE
KHUIM.

1. 3anuch € WHAGKCAMH CYMMHPOBAHMA, Tenepb yno6HO nepebitn
K sanucu (1.5) Moo
aannca’rb B BUIE

3
= ,§. Tyap
3
Pa= 2Tyt .7
=1
3
Ps= /=21 Tyq;
uam euwe 6ojee KOMMAKTHO B BUIE
3
= _erl,q, i=1, 2 3). (1.8)
~

Teneph ONyCTUM 3HAK CyMMHpOBAHUS
p=Tyg; (G j=123) (1.9)

M BBElEM Clelyiollee NPaBUAO CyMMupoBamms (no OHuwTeny): ecau
8 00nOM U mMOM dice usene undexc nosmopsemcs 0sasicds, mo asmo-
nodpasy. cymmup no smomy undexcy.
B cooTBeTcTBHU C ITUM NpPABUIOM y (1.7)—(1.9)
c060# SKBUBaNEHTHEE CNOCOOH 3anuCH NepBOHAUANbHBIX ypasHenut (1.5).
Munexc j B ypashennsix (1.9) uaswiBaeTcsi #HOeKCOM CYMMUPOBAHUSA
(nemsim undexcom). OueBWIHO, COBEPIIEHHO Ge3pasnuuHo, Kakylo Gyksy
MK WCMOnbayeM ngs 9TOH uenu, uws G OHA He BCTpeyanach eute
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rne-m6o B 5TOM e unene. Tak, HanpuMep,
CP=Tygy= Tijq['

3rech BaXHO n0A0JCEHUe TOBTOPSIOLIErocs uniekca. MHaekc { B ypas-
nenusix (1.9) sBasercs c80600nbiM UHOCKCOML).

pas M 8 marol p popnme, cso-
Godnvie undexco. 004dicHb. Obimb OOUHAKOBHLMU 60 6CEX HACHAX
8 obeux uacmax, mozda rar CyM F) "

'p
scmpenampses no 0sa pasa 8 KAaHOOM waeHe. ITO JOTUYECKH BbITE~
KaeT U3 CMHcna 0GosHauenuh. Hanpumep, bl MOXEM HMeThb ypaBHeHue
7aKOr0 BHMA

Ay~ ByCypDy = EyFrys

aech i U j— CBOGOJHNE HHIEKCH, a k M [ — UHACKCH CYMMHDOBAHMS.
OTMeTHM, YTO MPH TAKHX nopsnoK nefi B 1po-
HaBeleHHd He urpaet ponu. Hanpumep, BTOpoM unen B /ieBOH wacth
TIPUBEIICHHOTO ypaBHeHus Moxer Owrth sanucan B puze CpB;,Dy;. Hacro
YNOGHO PAcmionaraTh MHAEKCH CyMMHPOBAHMSI MONAPHO PALOM, KaK ZenaeM
Mbi, OJH3aKO 3TO 3aBUCHT WCKMIOWHTENLHO OT Hawero BrGopa. [[Tosnnee
Mbl GyleM uMeTh Nen0 ¢ MarpuuubiM ucuucienueMm (cM. rii. IX), rne
NOPSUIOK COMHOXMTesieH B NPOM3BENEHUM Yike -BaKeH.]

Teneps K yp (1.9), MBl BUIHM, YTO OHH CyM-

MupyioT Mexy paMu p u g B Kp oTBET-
CTBylOLICE ypaBHeHHe 11l BOTPONHOro Tena Gyzer HMeTh BHI

p=Tq; (1.10y

roe T— C Mbl Gynem b Tensop (1.6)

B Buge [T;]; OAHAKO B TeX CAyuasx, KOFLa 970 He MOMET npHBecTH
K HesopasyMenusM, Mel Gynem, cienys oGmuo#t npaktuke, 060sHauath
TeHsop npocto uepes T, Ges CKOGOK. Takum e OOpasoM, BeKTOp
P=I[P1, Do, Ps), eciu Ms XOTuM OGpaTuth 0COGOe BHMMAKUE HA ero
KOMINOHEHTH, MOMXHO 3anucaTe B BHAe [p;] wiu mpocto Kak p;. Koweuno,
6e3pasnuyHO, Kakyio OyKBY HCTIONb30BaTh B KauecTBE MHAEKCA B CUM-
Bonax [p;] um p;.

1) Pacnosioxenne HHAEKCOB B ypapnenusx (1.9) cienyer ycTaHOBIEHHOMY
NpaBKIY: MBAEKC TPH g COBNANGET CO BMOPLLM MHEKCOM Y Tyj Tak uTO, KOrXA
q sanucaHo mnocne 7, MEXY MHISKCAMH CYMMHDOBAHMA HE CTOMT HHKAKOFO
APYroro wmuiekca. Mpl pacnofoxumd muhiexchi npu 7 B ypapHenusx (1.5) rax,
uyT06bi OGECTIENHTh BLITIOJIHEHHE STOrO YCJIOBMS. YuraTesn, SHAKOMBUI C KHHMIOMH
Bycrepa [96], MOxeT 3aMETHTD, YTO TaM y
TIOPSANOK B Bycrepa yp: (1.9) sannwyrcs B BHAE

o= Tjgy.
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§ 2. NMpeoGpasosauns

KaK U TH p; npu
HeHT q;. BawHO OTMeTuTh, uTO HAnNpaBneHuss Ocell KOOPAHHAT BHOM-
pamcx TPOUBBO/ILHO; OHH NOMKHB JHLIL GEITH BSAHMHO OPTOrOHABHEL.
Tlpu nepexone K Apyrofi cucteMe KOODIMHAT HEOGXOMMO HalTH ApYryio
G nst (1.5). Ommako o6e coso-
KYNHOCTH  KOS(QHUNENTOB OAMNAKOBO XOpOMO MDEXCTABASIOT 00AY
u my oice GuanyeCKylo Benu-
uuHy (B HalweM npumepe —
3nekTponposoatocTs).  Cre-
JIOBATENBHO, Mexay oGeumu
COBOKYTMHOCTSIMU KO3 duituen-
TOB ZIOMKHH GHTH ONpenenex-
Hble cOOTHOWeHus, Ecmu B ne-
KOTOpOtt BHIGPAHHOM cucTeme
KOOP/MHAT 3a1aHEL BCE KO-
(ULHEHTE, TO TEM CAMEIM pac-
cMaTpuBaeMoe ¢uanueckoe
CBOWCTBO MOJHOCTHIO  Onpe-
neneso.  Tlosromy — MOXHO
HalTH KOIPQPUUMEHTH 1 B 10~
6ol npyro#t cucreme Koopmu-
Hat, CBfisb KOTOPOit C nepso-
HAYANBHOH CUCTEMOH HaBecTHa.
Kopoue rosops, mpn maMeHe- g yr, 3. TipeoGpasosanue oceft KoopauHar.
HUM CHCTEMB KOOPIMHAT W3~
MEHSIETCSi TOIBKO Cnoco6 np NeHus aHHOTO ¢ 0
caMo 1o ceGe CBOMCTBO OCTAETCS HEM3MEHHBIM.

Hama cnenyiowas sanaya— HaiiTi, Kak nameﬂﬂm'rr,ﬂ 3HaueHust BCeX
nessiTH b Ty, npu np TeMBl P 3
Yro6H pewmTs STy 8amady, Mb uonmuu cHauana onpenenmb npasuia

oceht W 8aTeM paccMOTpeT, Kak npeoGpa-
ay;o'rcn npu nepexone K HOBbIM ocsAM  KOMMOHeHTH BeKTOpoB [p;] u [g;]
(cm. § 2, m. 1 1 2)

B (1.5) 7,

1. Tlp oceit Ton ocet
Mbl Gynem nepexon OT OO CHCTEMH BaAMMHO
OPTOrOHAbHEX OCell KOOPAMHAT K APYFOM € Tem ke HauanoM. MacuraGHte
OTpesku BAOJb KakIOH W3 OCeM BCerna OCTAIOTCS HewsMenHwiMH, OGo-
SHQYHM MIEPBOHAUAILHYIO CHCTEMY OCEH KOODUWHAT UEDE3 Xy, X, X3 M
HOBYIO CHCTEMY Hepes x’ xg, x, (¢ur. 3). Yram MeXAY HOBHIMH ¥
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CTaphIMU  OCSIMHM  OTpejensioTcst TaGuuedl HaNpasAfOMUX  KOCHHYCOB:

Cmapuie ocu
X1 Xz X3

’
¥ | Gu Gz dig

v
Hosble ocu X5 | Gz Gop G (1.11)
’
X3 | Gy Gz Gga.

Tak, HanpuMep, HaNpaBAsIOUIME KOCUHYCH YF/IOB MeXIY OChiO x; u
OCAMH Xy, Xy, Xy PABIB Gy, Gy, Gys, 4 HANPABIRIOUIHE KOCHHYCHL YIFOB
MENAY OCBIO X, M OCSMM X;, X,, Xy PaBHM @, @, 0. Tlepputt unnexc
npU CUMBOJE @ OTHOCHTCS K HOBLIM OCHM, @ BTOPOM — K CTaphiM; TaK,
@;;— KOCHHYC YrZla MeXny ocamu xﬁ u x,‘)4 Tabnuua KoCUHYCOB a4y
obosHauaeMas B uenom uepes (a;;), €CTb npuMep Mampuybi.

o

@ ur. 4. MpeoGpasoparue KOMIOHEHT BEKTOpA.

Jessite b ay we apyr ot apyra; B ra. II,
§1,n. 1, MB BLBelleM COOTHOMICHNS MOXAY HuMH. OTMETUM, UTO @y + ay;.

2. Iip T BexTopa. Ilp Tenepb,
uTO ME MMeeM puilt BEKTOp p ¢ TAMH Py, P, Py B CHCTEME
ocell x,, X, Xy (pur. 4). HallzeM ero komnowentsi pj, pj,, py B HOBOH
cucreme OCett Xj, X, Xy p}, noay p p

P1» Par s (PACCMaTPUBAGMBIX KAK BEKTOPH!, HANPABJIEHHbIE COOTBETCTBEHHO
BIOJb X,, X, Xg) HA HOBYIO OCb Xy, T. €.

{ = p, cos X%, 4 ix! o,
Py==py %1~ Py COS X, X] - p, OS X X1,

1) F aBTOpLI TIOPSIOK MHAGKCOB NPU Gyj;
TO STOMY BONPOCY HET €MHOM TOUKH 3DEHHS.
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Orciona, (1.11), 1y
Py=ayp+ a0, -+ 0P (1.122)
aHANOruyNo, HAXOAUM
Po= g,y 0y, - Opy (1.126)
Py =gy +ayp, + Py (1.125)

. § 1, n. 1), nepexon OT KOM-
noHeNT B CTapoll cHcTeMe Koopnmla'r X koMnnHeH‘raM B HOBOH 3amu-
ChiBaeM B BuIlE

A=a,p, (1.13)

Tostepsist nono6ube p s .
W cHoBa ncnonbays (1.11), noayuaem

Py=ayp, a0+ aypy
Py P 0P, 0P (1.14)
py= 0P, +ayp, + agp;-

B cokpamenHol 3anucu cpsisb CTAPHIX KOMMOHEHT C HOBHIMH WMeeT BHI

pl=aﬁp}. (1.15)
Ananoruuno, Ansi APYroro BEKTOpa g
g =a,q) (1.16)

3ameruM, YT0 npu nepexode om cmapoil cuctiembl K HOBoL [ghop-
myaa (1.13)) undexcel cymmuposanus cmosm padom. Ilpu obpam-
HoM npeobpasosanuu (1.15) unOexce. cymmuposanus omdesenst
dpyz om Opyza.

8. 11, P TouKH. K (%, X5 X3)
TouKH P OTHOCHT/IBHO CHCTeME  ocelt Ox,, Ox,, Oxy ABASIOTCS OANO-
BPEMEHHO KOMMoHenTaMu Bektropa OP. Vs ypantiexutt (1.12a) — (1.128)
CIIELYeT, 4TO HOBHE KOODAMHATH TOUKH (X, X;, x;) B cucreme Oxj,
Ox;, Ox; 3anaioTCs ypaBHEHUAMH

xy = ay a8, 6k
/o
Xy == Oy Xy - Gy Xy - Gy Xg, (1.17)

,
xS == gy Xy +a)2x2 + oy

(1.18)
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W3 ypaeuenutt (1.14) nosyuaem Takme
Xy = 0y 5 Gy, X+ 0y X1,
Xy = 0, %7 - By, Xy - QX (1.19)
Xy == Q%) - 8oy Xy - ag Xy,

X, aﬂx’r (1.20)

4. TlpeoGpasosanue l(omnonem TeH30p2 BTOPOrC paHra. Bep-
HeMCsi Terepb K €AY pugq,
TpeMsi ypasHenusinu (1.5). 3amTvrm eue paa, uro KOHer‘l‘IIHe aﬂaueunu
KO3(PHILMEHTOB T, B 3THX YPaBHEHWAX 3aBUCST OT BHGOPa CUCTEMB
OCell KOOPIMHET Xy, Xy Xy Bosemew teneps woByio cuctemy oceh
{o X3, X, CBSGAHHEX CO CTapHMH OCAMH HANDBISIOUMMH KOCHUY-
camu (1.11). Bextopw p u g B HOBOH cucTeMe OynyT WMeTb KOMMO-
HEHTE p; W g;. Mul XOTUM HaliTH COOTHOUIEHWS MEXAY STHMH HOBHIMH
KOMIOHEHTAMK; 4TOOW CHeNaTh 9T0, WCNOAb3yeM C/EAYIOULYI0 NOCIeN0-
BATEJLHOCTD YPaBHEHNH:

P8 p LY g 019 g1y

BlleCh CTPE/KA 3aMEHSIET CNOBA ,BHPAKAETCH Yepes. ., “ (T. . HanpasieHa
or ¢ynkiuuu K aprymenty). ITockonbKy, Kak ye yKasbiBanocb, B Kaue-
CTBE WHEKCA CyMMUPOBAHUst MOXHO B3sTh 0Gyio GykBy, ypashenue (1.13)
MOXHO 3anucaTh B BHIE

P} =ay,p, (1. 133)

Hicnossays k B KauecTse CBOGOINOrO WHuekca, a ! B KauecTse WHIeKCa
¢ "

P P P B P

= Tudrr (1.99)

Awuanornyso, w3 ypashenus (1.16), samenss coGonHs umnexc i wHa I,
nonyyaem |
g=a,4 (1.16a)

Tenepb, koMOunupys (1.9a), (1.13a) u (1.16a), nonyuaem
Py=aypy,=ay Ty q,==a,Tya jlq;.
=Ty (.21

anech T;,—koaq;qamuuem npu q’/ B I-M ypasuenuu. TakuM o0Gpasom,

OKOHUATe/bHO UMeeM

Ty = aya,T, . (1.22)
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Vpasnenue (1.21) Bupaxaer cBsisb p) u ¢;. CpasHuM ero ¢ ypashe-
nueM (1.9). Mbl MOXeM cKasaTh, 4TO MNpu 3amere OCeil KOOPAMHAT le-
BATH 3 npeoGpasy B IEBATH Kostuuemoa T,
nofoGHO TOMYy Kak KOMIOHEHTH p;, W ¢, Tpeobpasyiorcs B p‘. " q;.
I/[TaK, Mbl JIOK334/1¥, YTO COOTHOLIEHUE MeXy STiMH KO3(duuueHTaMn —

P020 panza B BHIE
ypaBHeHun (1 22). 3710 OueHb BaXHBIl pe3ynbTaT, NMO3TOMY BecbMa Cy-
WECTBEHHO, YTOGH ero 3HaueHue ObINO MPAaBWILHO TOHSTO; Ml GyneMm
nonpoGro oGcyxnate ero B § 3.

Beino ywe otMeueno, uro B ypaeneunmu (1.22) & u [ —unnexcs
y aluj— unzekce. O6 3TOM HeoGxoaumMO
nomum‘u. HanpuMep, npw paspepThBamuu ypasnenus (1.22), kotopoe
NPOUBBOAUTCS CHAYANA [0 ONHOMY WHJEKCY, 3aTeM MO ApYroMy (nops-
10K pomu we urpaer). PassepThiBas 10 [, no.iyuaenm

7= @405 T+ 0o T 4 14y T

Tenepp k €CTh WHIEKC CyMMUDOBaHMS B KaaOM uiexe. Crenosa-
TenbHo, anbHeliee PasBepTHBalluE KaeT

Tij= ayapTy+ au“ﬂTm - auaysTis+ a0y Ty + 05T+
+ 45Ty 50, Ty + 105 Ton +- 1505 (1.23)

Kawno#t nape iwj coor yerT OIHO TaKoe y
Jlerko BUJETb, YTO BO BCEX Y/eHaX p
Moe y (1.22), p et (1 BTOPOM W MATHIE MH-
JleKChi BCerna ). L [
CyMMUPOBaHMsi Tenepb OueBMANA, NOTOMY u4r0 ypaeHenwe (1.22) mpen-
craBnsier coGOH y b IeBSTH Yp KaxJl0e U3 KOTOPBIX
VMeeT NeBSTh WICHOB B MpaBolt uacTu.

b crapeie TH TEH30pa Yepea HOBbIE,

MOWeT ObiTh nonyueno u3 06paTHoro npeoGpasoBaHusi, KOTOPOE, KaK
JIErKO BULETDH, 3312€TCS1 TAKOM ke caMol Tabmuuelt @y, HO € MHIEKCAMH,
crosimu B oGpatiom nopsike. B peaynbrare umeeM

Ty = ayay T (1.24)

TIpenocTaBisieM UWTATeNMO B KauecTse y 1l0Ka3aTh y
(1.24) ws nocnenoBaTenbHOCTH ypaBHEHU#H

p>p—>q—>q
rlie CTpenKa 3aMensieT CloBa ,BHIPaKAeTCss uepes ...“.

Crenyiouee npaBunio o6neruaer 8 npeolp
(.2 HOBbLE  KO. uepes cmapuie,
unae/ccbt CYMMUPOBAHUR CMOAM KAK MOJCHO Gaudice Opyz K Opyzy,
M e (1.249), P OHU cmoam KaK

.uomm) danvue dpyz om dpyea.
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Ypasuenna (1.22) u (1.24) MOXHO CpaBHWTHL C 3aKOHamu npeoGpa-
sosarusi BekTopa (1.13) u (1.15). Mel mOBTOPHO NMPMBOAMM 3TH BaKOHbI
B Tabn. 2, Kyna BKJIOYEH TAlOke 3aKOH MpPeoGpasoBamus CKanspa ¢.
[Lns NOJHOTH! 3M€Ch NPHBEACHH TAaK)Ke BAKOHH NPeoOpasoBauusi TEH3O-
POB TPETHETO W YETBEPTOrO PAHrOB, ONHAKO noCienHHe OymyT OGCY-
natbest Tonbko B ra. VI m VIIL Tabn. 2 moxer GHTbL HeorpaHHYeHHO
NpOAO/MKena ‘11 TEH3OPOB BHICUIEr0 PaHra.

BTu 3aKOHB MNP umMeioT ¢ ",
KaK Mo yBumuM B § 3, mory'r OrITh UCMONL3OBAHE! AN CTPOFOTO Onpene-
nernsi Tensopa. CXOANCTBO Mexy HUMH SBJSETCS MPUYMHOH OTHECeHUst
CKasipoB U BEKTOPOB K TEH30DaM.

TABJULA 2
3aKons. NPeobPa30BAKIS MeN30POB

Baxon npeobpasosanis
Hamveno- | Pawr
Dane rensopa
N HOBLe KOMIOHCKTH Hepes CTAHC | CTAphE KOMUOHGHTH 4epes HOpHe
Ckansip 0 ¢ =9 o=q¢
Bextop 1 Py =ayp; w13) | p=ayp; (115)
- 2 Ty=ayauly (22| Ty=aue,Ty (124
, .
- 3 ik = 4i1%jmnT tmn Tijn = @11 @7 tmn
- 4 10 = Cim®n00®tpT maop | Tijbt = Omi®njGon®pil mnop
5. 3axon Mbl Hawm
(cM. § 2, n. 2), ur0 3aKOH TIPeOOPa3OBaHMsi TEH3OPA NEPBOrO paHra
vi=a,p, (1.13)
C 8aKOHOM mp p TOUKH
x;=auxi. (1.18)

AHAOruuNo, 8aKOH Npeo6pasoBanusi TEHsOPa BTOPOFO paHra COBHALaeT
C BaKOHOM P 310 MOXHO 10-
Kasarh cnenylomuu 06pasom.

vt ’
p X P X3
Hekoropon rouku 5 cucteme ocel Oxj. KoopmuHarti i p———

B cucreme ocel Ox; 6ynyr x,. C
LeHWs xx; MOryT OwTb Bhpaweuw uepes x,. Ilpu atom nonysaercs

BHpaKEHUE

x;x}: ay (1.25)




§ 8. Onpedenenue Tensopa 2

CTAapHX KOOP HO-
BLIX KOODIUHAT. " Uynatens  Moxer TIPOBEPHTH ypanHeHue (1.25), BasB
passepuyThie ypaptenus (1.17) u BHNMCAB MOJHOCTBIO BHpPAaXEHWE I
KaKoro-nm6o mpouspenenus, ckaweM X,x,. Kak sakon mpeoGpasobaus
yp (1.25) ¢ cyp (1.22); nosToMy
MOXHO CKagaTh, TO K0. W max orce,
rar npoussedenue x,x;. K stomy yTnep)KAeHmO Cnenye'r 106aBUTH OHO
orpaHuueHue. 3anucaB npapyl u€acTh ypashewus (1.25) B passephyTOM
(OpME, MOXKHO CrpynmupoOBaTe NMOMAPHO UNEHBl C & = I; Hanpumep,

00Xy Xy ~+ B0y Xg Xy == (Gl - 107) X1 %o

C BylOWas rpy ujeHoB B yp (1.22)

TONBKO TOraa, Korpa T == Ty, (370 GyLer uMeTb MeCTO B Cyyae CuM-

MeTPUUHOCTH TeHaopa; cM. § 3, n. 2). BooGue rosopsi, npouspeneHus
nono6Ho TeH3opa Mpu ycno-

P peobpasy
BUW, YTO FPYMMMP u/IGHOB HE mp T. €. yuTeHO pasmiume
X3Xp W XpXy W T. I.

Auanorus mexny TeH3opa u KOOp-

JIMHAT PACNPOCTPAHSETCH W HA TEH3OPH GOJee BHICOKOrO paHra, ueM
propo#t (cu. ra. VIl u VII). Mer Gynem WHMPOKO MNONb3OBATHCH ITHM,
@HANMBUPYS B/MSHUE CHMMETPHW KPUCTA/i1a Ha KOMIOHEHTH TEH30pa.

§ 8. Onpepenenne Tensopa

BaxHOCTb mpuBenenHux B TaGn. 2 3aKOHOB npeoGpasOBaHHA TeH30-
pOB COCTOUT B TOM, 4YTO OHK MoryT GbiTh UCNO/IB30BAHBI B KauecTse
onpenenenutl, Onpedeaun Teneph BEKTOp KAK Benuduny, KOTODas B He-
KOTOPOHl _CuCTeNE KOOMUHAT X, WNeeT TpH komnoneum Py MpeoGpa-

COMVIACHO  yP .13).

60nee mmm’renbuo [34]. Mb umeem Tpu -mcna' P Pg. Psr T(oropue

p . Yro © 9THMH
qucIaMu npu WBMEHEHMH CUCTEMbI Kocp,umm? Eca 64 Mt 60nbie Hit-
uero He 3ajanu, TO Takoh BOMPOC Grin Gb GECCMBICTEHHBIM: KOMb CKOPO
C STHMM UMCTAMM He' np CHl HUKAKuX 70 npu npeos-
pasoBanuu Ocelt onu ocTaHyTcsi Gea uaMmenenmt. Ecam ske 9™u Tpu uncna
PACCMATPUBATE KK KOMIOHEHTH HEKOTOPOH (uBMueCKOH BeauuMHBI (Ha-
TpUMep, SMIEKTPUYECKOrO MoJs) BIOMb OCell KOOPAWHAT, TO TOFZa Mbl
MMeeM NpaBUJIO, YKashiBalowee, KAK HAWTH ST WMC/a NPH JOGOM 3anan~
HOM TONOXEeHnH Ocel koopaunar. BnosHe SaKOHHO BOSHMKAET BOMPOC:
npeo6pasyioTcsi M B3SITLIE HAMM TP YMCHA COMAcHO ypasHeHuio (1.13)
uni ner? CyulecTBeHHO MMeTh B BiLy, 4TO KOMNOHEHTH BEKTOPA ecTh
KOMIOHEHTL  (husutecioll 6eiununsl, KOTOPas OCTACTC HEUBMEHHOM,
TOrAa Kak OCH KOODIMHAT MOFYT M3MEHSThCH.

AHanoruuHO,  onpedesum  Teneph TEHSOp BTOPOTO PAaHra  Kak
[ Cy 1y, B poHt  cucTeMe KOOpau-
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HAT X; NEBATHIO KOMNOHeHTamH 7; KOTOpble mpeoGpasyiorcs COrsiacHo
ypaetenusy (1.22). ToBops 0 npeoGPa3OBAHKM KOMINOHEHT, Mbi NPENo-

JlaraeM, 4TO UMeeTCs OT yp (1.22) cnoco6,
wutt Hakta B moGot cucreme P 1. Tak, 4
37EKTP u (cM. mpumep Ha crp. 18)

MOXHO MBMEPUTb KOMIOHEHTE! nnoTHOCTH TOKa f, Korna mose E Hanpa-
BJICHO NOOYEPENHO BAOMbL Kawnoh u3 oceM [cm. ypasuenue (1.3)]. Ten-
30p BTOPOrO paHra, noaOGHO BEKTOPY, OMMCHBACT HEKOTOPYIO (hususie-
cKyio geauwuny (B HalleM Ciyuae 3/EKTPONPOBOAHOCTb), KOTOpas He
8aBHCHT OT 0 Hamu BhGOpa p cucTemsl
TToBTOpsieM, UTO NPH 3amete OCeH (UANYECKAT BEMUMHA HE MBMHSETCH,
a pSMeHseTCs TONBKO Ham cnoco ee npencranenus. [lonoGubie ompe-
Ienenus, ¢ Ha K TeH-
30opaMm moGOro pawra.

Tenepb BO3HMKaeT BONPOC: Kak yOenurscsi, uyro ypasuenue (1.22)
P 51 9TOr0 NOCTATOYHO CKasaTh,
YTO €CH B Np H cuc’mme P T IEBATH 08 T};
JUHEHHO Pi ¥ g; TO TIpK mepexone OT
ONHOM CHCTEMBI KOOPIMHAT K npyron T‘/ npeoBpasyiores cornacho (1.22)
H, C1e008amebHO, 0OPaayloT TEH3OP BTOPOTO PaHra.

1. Pagnuune mexay npeoGpasoBaHMAMHM MATPHubI (@) H TEH-
sopa [Tyl Xots u (a;) u [Ty} npencrabisior coGot TaCiuusi u3 ne-
BATH KOSQQMUMEHTOB, 9TO B CYLHOCTH eNWHCTBEHHOE CXOUCTBO MEXIy

. I

numu. B apyrux OHU AICHO
u8 MX onpenenenuht: (a;;) — Tabnuua kosq:q:nuuemon. cnﬂabmaloumx aBe
CMCTeMbI ocett p. i [Tyl — b KOTOpasi B O1-

HOH cucreme ocett S NEBATHIO- UMCHIAMH.
Takum _o6pasom, (a;;) CosighIBaET 1BE CHCTEMB OCef KOOp.MHAT, TOFAa
Kak [T, ;1 oTHOcWTC TONBKO K ONHOM cucteme. Hesibss, Hampumep,
TOBOPUTH O MpeoGpa3oBaHuu MaTpuubl (¢y;) K LPyrofl cucreme oceft Ko-
OpIWMHAT, TaK KaK 9TO BHIPAXEHME HE WUMEET HMKAKOrO CMBICHA.

2. CuMMeTpHYHbIE M AHTHCHMMETPHUHbIE TeHSOpbl, 'oBoOpsT, uTO
TEH30p [T”] ABISIETCS CUMMeMPULHBLM, €CU T,/=Tj,. Tak,

52 —37
28 4
L84 12

€CTh CHMMETPHUHbIM TEHSOp.
Tosopsr, uto Tensop [7y;] SBASIETCH aKmMUCUMMEMPULHBLA,

Kococummempuunsim, ecm Ty ==— Tﬂ‘ 910 osuavaer, 4o Ty
=Ty =0, Tax, Hanpumep,
7T 0-v 8
Yy 0 —a
L—8 o 0
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ecTb Ten3op (np 0 pacnpe-

JleNleHusl 3HAKOB MUHYC B TaGiuie 6yne'r Boisickena B ra. I, § 2).
BakHO OTMeTuTb, YTO UHOCTH U

HOCTH TeH30pa He 3aBUCHT OT suﬁopa ocell KOOpAUHAT, T. €. ecai

T,= T g TO W T; = 7;, Jl0Ka3aTenbeTBO 9TOTO JOCTATOYHO NPO-~

CTO, H MHl NPENOCTABMSIEM €rO UHTaTemio.

§ 4. XapaktepucTHueckas NOBEpXHOCTb BTOPOTO mopsaka’)

Mbl BuzeNM Ha npuMepax, mnpuBeAeHHHIX B Tabn. 1, uTO MHOrue
CBOWCTBA KPMCTA/IOB, 3HAYEHMS KOTOPHIX BABMCST OT HANpaBJeHUsi MX
BTOPOro pawra. [lpyrue cBoOfi-
crBa KpHCTanJIOH OMMCHBAIOTCS TeH3OPaMK GOsee BHICOKOTO Hau Gonee
HM3KOTO paHra (a HeKkOTopwe BooGuwe He Tensopamu). Haitnem remepb
reOMeTPUYeCKyIO HHTEPNPETANHIO TeHIOPa BTOPOrO PaHra.

PaccMoTpuM ypasHeHue

Syxx;=1, (1.26)
rae SU—xoanQmuneHm* Mbl He GyIeM 1OKa rOBOPHTE, UTO Sj; — KOM=~
aonen;‘m 7Tenaopa. Brinomuss CymMMupoBahue mo { M no j, nojyuaeM ua

Suuxi 4 Suexaxs + Sia¥sis - Senxaxs - Seax - Smxexs -+
- Sgy x5%1 4 Ssexsxa +Ssa)f:2;= 1
Tlonoxus S;=35;, u 06LeNMHUB NONOGHBIE UEHE!, MOJYYUM
S11x} - Seaxh -+ Susxh - 28z xxg 4281 xex, + 2Sppxsxe == 1.

970 BupaxeHue ecTh obulee ypaBHeHue TNOBEPXHOCTH BTOPOFO FOPsIKa
(KBaNpHKU) C LEHTPOM, B Hayane . D1a nosepx-
HOCTb B OCliem cayuae Gyner o. WM runep 2).

Ypasnenve (1.26) Moxer Guth npeoGpasopaHo K HOBLIM ociM OXj
¢ nomoubio ypasnenutt (1.20):

. Y —_ ’
X=Xy WX apx,

Tpu sToM nosyuaercs ypasnenue

’
S”ama,jxkx =

1) Jlanee aBTOp BE3j ) a H
BTOpOro mopsinka“. Tak mm 'lepMMH ..naanpmm“ ue no.uy!mn noka pacnpoctpa-
HeHus B Tepatype, OH P NIEPEBOie
SaMeHen TepMMHOM ,MIOBEPXHOCTE BTOpOrO nopmu(a*, a TepMHH hxn):ma-epm-
cTiueckast TOPOro
TOpsAiKa“, WAH MPOCTO ,XapaKTepHCTHUECKas MOBEPXHOCTL®  (KOrpa s'm He
MOXET BbI3BATh HEAOPasyMeHMit). — [Ipus. nepes.

2) CpolicTea nose] Iyxﬂocreﬂ smporo nopsigka cM, B kHurax [6] wam [36].
(Cm. TaKwe [112]. — [lpun. nepes.)




32 . 1. Octosel. kpucranodusux

KOTOpOe MOXeT OLTb 3amucano B BuAe

ot
Sexpxr=1.
rae
L
S = Sy
Ecnu cpasuuTb 3TO BHIp cyp npeo TeHsopa
BTOPOrO panra
’
Th= 0y Ty, (1.22)
TO JerkO BUAeTH HX B CMuiCHE 0 10A0%Ke-

HUS MHIEKCOB, a TONbKO STO M MMeeT 3HaucHMe.
TIoCKOMbKY MBl TIONONMIM Sy ==S,;, TO HA OCHOBAHHW TOJYYEHHOTO
Pe3y/bTaTa MOWNO CKadaTh, uTO KO,

i
» (1.26) n0006HO  KoO. M
CUM. 41020 P panza. Takum 06pa3oM, 3aKOHB
npeoﬁpasosalmn CUMMETPUYHOTO TeH3opa BTOPOroO paHra anna.uaIO’r
BTOPOT 106kl

Hahm KaK’ npeoGpaaymcn KOMOHEHTH  TaKOTO 'reusopa. nocra'ro-mo
paccmoTperh TpeoGpasoBaHie COOTBETCTBYIOLIEH MOBEPXHOCTH BTOPOrO
nopsiaka. Flestromy P (1.26) P

CKOli nosep. P P nas Tensopa Sy f).

Bce TeH3opu BTOPOro panra, npuseertsie B TaGi. 1, CUMMETPHUHEL
BOOGIE BCe TEH3OPH BTOPOTO PaKra, ONMCHIBAIONIHE CBOMCTBA KPHCTAN-
JI0B, yMOMUHAEMHE B JAHHOW KHure, CHMMETPMAIHM, 33 WCK/IOYEHHEM
OJIHOTO — TePMOS/IEKTPUIECKOr0 Tenaopa. Tak, HampuMep, Ans TeHaopa
VAeNbHOH SJIEKTPONPOBOIHOCTH HMeeM

. o= (1.27)

JI0KasaTenLCTBO CHMMETPUYHOCTH TeH3Opa BCETAa BKJIOUAET TepMOLMHA~
MUYECKOe DAacCMOTpenue, M Mbl OTJOKUM ero A0 NMOCHeAYIOUMX Tiab 2),
Tloka OTMETUM, §TO 9TO 3aAKMOYEHHE He SBNAETCS OueBUAHHIM. [as cay-
uas SNEKTPONPOBOLHOCTH, HAMpPUMep, OHO O3HauaeT, uT0 Kod(uument
3TEKTP Ooqs w3 J B Ha-
npaanelmu Xy 0Ipu npusioxenu noas E Brob x,, pasen KO9(uuuenty oy,
y u3 o j B X, upu

none E, NHAGKENHOM BIOMb X
CdopmynupyeM KPaTKO NOJMYYEHHBIH WaMiu pesy/bTar: Xaparmepu-
P Modicem Golmb uCNOAB3O-

1y X1, Xp, Xy B_YP (1.26)
pasMepHOCTHIO Sy u pasua 1/Y/ (Paamepuocts S;;). B0 He MOMKHO BHIMBATH
3aTpy/Henuii, eCM BCIOMHUTD, YTO B (u3KKe BOOGWIE NPHHATO CTPOMTL KpadHKH,
B KOTOPHX BJIOJb OCeHl OTKJANWBAIOTCA HE MPOCTHIE WHCHA, A MACCA, CKOPOCTE,
TeMIepaTypa i 7. 1.

cBoifcTBa Ha ctp. 7880,
96 u 222, neoOpaTnMble — Ha CTp. 2 3
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8aHa 04 ORUCAHUS 2106020 CUM. » )
panza u, s 2106020 Kpucman-
208, np ASLMOZ0 MAKUM POM.

1. TaaBubie OcH. BaxHpiM CBOHCTBOM MNOBEPXHOCTEH BTOPOrO NO-
psinKka SIBASIETCS TO, WTO OHW OGMANAIOT 2AGBHELMU OCAMU — TDENs ne-
KALUMME N0A NPSMBIMU YrAaMu APYr K APYTY HAIpPaBJEHUSMM, 1O OTHO-
WeHUIo K KOTOPHIM (€C/M X BLIGPATL 32 OCH KOOPAUHAT) ofuiee ypaBHeHue
nosepxHocTH BTOpOro nopsiaka (1.26) npusomurcs K ynpouwentot dpopme

S,x8 - Syx2 Sy = 1. (1.28)

Msi ne 6ynem anech , 4TO p
K TaKOMy yMpOuieHHio, CyulecTsyer ), Ho B ra. ll § 3 noxaxem, Kak
MOXHO HaliTH HanpapieHusi oCeft W COOTBETCTBYIOLIME MM MACITaGHbie
OTpesKu (npaxTudecku#t Meron omuckiBaercs B ra. IX, § 7, m. 2).

CumMeTpuuRbifl TEH3Op BTOPOFO paHra, TaK ke Kak ¥ Ji06as moBepX-

HOCTb BTOPOrO MOPSIKA, MPH NPHBEACHUW K FJaBHLIM OCAM NpUHUMaeT
npocrefiyio ¢opyy. Tak, Korna TeHsop

™ Su S Su 7|
S Sta Sz Sw
L Sy Sw Ses
npeoGpa3oBal K ero r/aBHHIM OCAM, TO OH 3aNUCHIBACTCH B Bile
TS 0 07
0 S 0|3
Lo o sl
91a Tabmuua 06p TaMU yp (1.28). Yucna Sy,

Sy, Sy HaBLIBAIOTCA 22BHELMU KOMNOHEHMAMY TeH3OPA [Sy] mam cBOfts
CTBA, KOTOPOE OH OMMCHIBAET.
s .28) ¢ yp

e + +a a =1

fICHO, YTO NOJyOCH XapaKTEPHCTUYECKOH MOBEPXHOCTH BTOPOrO MOpsika
wmeior nmmiy 1/V/S], VS, V'S ( q:ur. 5, a). Korna semmuusl Sy,
o U Sy 1.28) np nsier co6of samn-
coun (¢ur. 5, a). Eciu npa kosduimenta nonoKurenbipl, a OIMH OTpu-
uarenes, nosepxxoctb (1.28) sBIsieTcs OAHONONOCTHHIM FUNEPGONOUIOM
(¢ur. 5, 6); werpynHo BuLETH, YTO IBA FVIABHBIX CeueHus STOf MoBepx-
HOCTH  (IIABHBE  CEYEHUS — 3TO  UEHTPAZbHEE CeueHusl, MepneHiuKy=-
JspHBIe  TIABHLIM OCSM) — runepGoabl, a onno —sammnc. Ecau onun

) TPOroe JI0Kas3aTeNbCTBO CYUIECTBOBAHMS [AABHBIX oceli CM. B KuHHMre
iiaekxapra [36].

3 A, Han



84 Iz 1. Ocrosst kpucrasropusust

KO3(UIHEHT NONOXKNUTE/NeH, 4 [BA OTPULATENbHH, noBepxHocTh (1.28)

coGott Hui#l runepGosoun (ur. 5, 6); npu 3TOM

B3 TAQBMBIX CeNeHHS — runepGoIHl, 4 OIHO — MEMMBIH 3nmunc. Ec/m Bee Tpr
T0 €cTb MHMMBIA 9,

(¢4 p J Teuaopa, 0 K np ocaM, lmcno

uﬂ

, T
a
Ty
Xy
a T~
'] 8

dur. 5 Xapamepucrmlecune TIOBEpXHOCTH Ans Teu3opa .[Sy;].
o

rHnepO0IONA,

HE3ABHCUMBIX KOMIOHEHT paBHO |uecm EciM TeHsop npuBesen K ero
FIIABHLIM OCSM, TO YHCAO 10 TPeX;
TEM He Menee UHCAO ,CTenenedt csobonu octaeren PaBHBIM IIECTH, TaK
KAK TPH HEBABMCUMEIE BEMMYMHB HYKHBI AJS1 OTPENENieHHs HanpasieHus
OCell M TPW— /s 3a[aHVS 3HAYCHHH FIABHBIX KOMIIOHEHT.)

FIABHBIM  OCSIM.
Bepnew:n Tenepb K ypaanennw (1 9) B KOTOpOM Ten3op [T;] cesisbiBaer
BEKTOp p C q. Ecnm [T W PUUHBIH TEH30P, Ml MOXeM
33 MEHUTh €ro Ha [S,,] M 8anucath

=Sy (1.29)




§ 5. Bausnue cummerpuu Kpucraaros wa ux ceoticrea 35

Ecm Tenepe npusectn [Syl K raasubM ocsaM, TO ypasnenue (1.29)
B DA3BEPHYTOM BUE MPHHUMAET BHI

=3S8n P=3S% P:=Ss (1.30)

[cp. 3Tv ypasuenus ¢ ypashenusmu (1.5)].
Yro6L MPOU/IIOCTPHPOBATH PE3YNbTAaThl TAKOTO YNPOLICHUS, PACCMO-
TPUM CHOBA MpPUMep C SJIEKTPONPOBOMHOCTHIO (cM. cTp. 18). Mu umeeM

Ji=0E, Jy=0sEy Jy=oiE,, (1.31)
IJe Oy, Oy, Oy — [NIaBHble KOMMOHEHTE TEH3OPa yIElbHOM 3JeKTPONPOBOL-
HOCTH, WM 2aa8Hble 3. Ecmu none E

napannienbHo ocu Ox,, TaK 4TO E,_}:g_o T0 Jg— 5=0. CnenosarenbHo.
B 3TOM Clyyae BeKTOp j TaKmke na-
pannenen ocu Ox;. Takum oBpazom, Iz
Kkoraa mone E 'Hanpapnieo BiOMb o I
6ot ua Tpex TriaBHLIX Ocelt, cuTya-
uust 0COGeHHO mnpocta: BekTop j na-
pannenen E, GAHAKO BLOMb Kaknoht
u3 OCei 3/eKTPONPOBOAHOCTb pas-
JULTEN

PaccMoTpum Tenepe ciyualt, Koraa
nosie E He Napasienbio rIaBubM OCsM,
l'lpennonomum. uro. E=|E,, E;, 0. ®ur. 6. [lsymepnas cxema,
Torna j, " 6yE,, ja=0. TOKA3LBAIOWAs, YI0 NPH o = o
Ha ¢ur. 6 noxasano cootwomense DeKTOPH J M E He mapanicavhsi.
mexay j u E nas 310r0 ciyyas. 3Hast
Bekrop E, MOxHO Hatitu E; u E,; yMHOXas STH KOMMOHEHTH Ha o,
W Gy, TIONYYAEM jy W ja, @ 110 UMM CTPOMM Bektop j. Henapannembtocts

E cllellyeT ua TOr0 (haKTa, uTO o = Gy,

B Tpexmepuom ciyuae (npu Ey + 0) BeKTOp J, KOHEYHO, TOXe He mna-
pannenen E. Ha ¢ur. 6 o, > g, nosroMy Ox; MOXHO CUHTATb ,Hanpa-
BJCHUEM JIerKOH NpPOBOAMMOCTU # j MMET TEHNCHUMIO HAKJIOHATHCK
B CTOPOHY 3TOM OCH.

§ 6. BausnMe CUMMETpHM KpHCT2JJIOB HA HX CBOHCTBA

OcraBuM Ha Bpemst CBOMCTB p Ha
CBOMCTBAX KPUCTA/IOB. PaccMOTpUM BOMPOC O TOM, KaK CUMMETpuUs Kpu-
CTanna cpssana ¢ cuMMeTpuedt ero uauveckux cBocTs. KmouoM K stomy
BONIPOCY SBISETCH # nocrynat Kpucra vaBect-
Wel Ton Hasbawvem npunyuna Heilmana. "Bror npuHLMI  MOXHO
CcopMy MpoBaTh ClICAYIOUWM 06Pa3OM.

Dnemenme. cumMmempun 2106020 HuaLLECK020 CEOLCMEA KPUCMALLA
Q0a0(CHbL  BICAIOWGML — SACMEHMEL  CUMMempUL  MO4euroll  zpynnsi
Kpucmanna,
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ToueuHast TPYNNa KPHCTANA €CTh TPYNNA MAKPOCKOMMYECKUX dJIeMeH-
TOB CUMMETPUM, KOTOPbIMH 06/afaer ero CTPyKTypa. DTO NOHNTHE JeKHT
B OCHOBE pasiieneHusi KpuCTanioB Ha 32 kiacca. B nansuefiwem npen-
noxaraercs, 4T0 3HAKOM ¢ » cumMmeTpun®,

Kjaacc wu pad! cucrema“.
Oﬁsop Stux u Apymx OCHOBHBIX NOHSTHI TEOPHH CHMMETPUN KpPHCTAN-
JI0B nakTCs B TPHIONKEHMH 2, B KOTOPOM, KpOMe TOro, TnpuBenena
Tabauua SJEMEHTOB CHMMETPUH BCeX 32 KPHCTAN/MUeCKHX K/accoB (CM.
Tabn. 21).

OrvetnM TBO: npunumn Heit-
MaHa He yTBEPXKNeT, uro " snemenol pru ¢ J
Kpucrania c puu ero TpynmLL

Tpunupun Helmana roBopuT TOMLKO, YTO S/1EMEHTH CHMMETDUH (H3uue-
CKOTO CBOHCTBA JIOMKHBI BKA/04QMb SJEMEHTH CUMMETDPUH TOUYEUHOH

TpynmeL. MOXer ' W YacTO Gonee
BHCOKOH CHMMETPHeH, YeM TOueunas rpynmna Kpucraana. Kak npumep Bbi-
Helimana TOT (daKT, uT0 KyGuueckue Kpu-

CTannB OQTHUECKH WBOTPOMNH. [I2HHOE (QUSMECKOE CBOHCTBO B 5TOM
Cliyyae MOJHOCTHIO MBOTPONHO M, TaKMM OGPasOM, KOHeYHO, OGnanaer
SJIEMEHTAMH CUMMETDUH BCeX KyOWYECKHX TOUEYHHX FPymIl, KaK STOrO
Tpebyer npunuun Hetmana, PaccmoTpuM B KayecTse ApYroro npumepa

onTHYecKHe p Knacca 3m Tpur HOM CHCTEMH, CKa=
HeM T W uTo p

c KOTOpas B LAHHOM Cay-
yae oﬁoﬁ 3. p BOKPYT OCH TpPeTbero
nopmuca (onTuuecko# ocu). Jtor o6nanaer Bep "

OChI0 TPETLEro MOPsIKA W TPEMsi BEPTHKAILHHIMU IIOCKOCTAMH CHMMe-
TPUH, MMCIOWMMHCS Y TOYeuHOM rpymnsi 3, Kak 3TOro u Tpebyer mpuu-

uun Helimana. Onnako TaKKe HEHTPOM
" IpYruMH KOTOpHIX HET y Toseu-
HOH rpynnu 3m, uto paspewaercs npvmuvmom Heltmana.

Goxnee non

T uro

qmaw;ecxux cBOHCTB. Ouauueckoe CBOMCTBO KPUCTANIa-—9TO COOTHO-
wienue Mexay
UMK KPHCTAILI, Hanpmaep. ynpylocrh ectb nen«nopoe cooTHOWEHUE

MexAy p p B Kpu-
cranne. npennonomnm, 4TO Mbl 'renepb Wenaen aHaTh, OGAANGET u KaN-
Hoe (pusuuecKoe CHMMETPHN HIH
ner. Chavana Mt s'ro no or 3 p
UKCHPOBAHILIM OCAM. 3aTeM -AEMBIM

CHMMETPUM Ha KpHCTamnl) n cHoBa uCCIieqyeM COOTHOUIGHNE MeXay

1) dusocopckn HACTPOCHHBIH WUMTATENH MOMET BO3PA3UTD, YTO MBI HE MO-

WeM B neﬁcrnnrenbnocru CeNaTh STORO AJisi ONEpalHit CHMMETPHY, BKMOYAIOMMX

310 u B 9TO# Mepe Haure oneeuenemle

He CTpOro. Om-lako, KOrjia Mbl PusuKy ¢ ‘TeopHei
TPYAHO H3GeIAT! TaKHX
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8 B TeX e CAMHX Hanpa-
BACHUSX, STO W paHbilie, OTHOCHTENLHO TeX e (UKCHDOBAHHLX OCEH.
Ecmu 370 COOTHOWIEHWE He W3MeHW/OCh, Mbl TOBOpUM, YTO paccMmaTpu-
BaeMOe CBOHCTBO B JIaHHOM KOHKDETHOM KpuCTanne oGnanaer npeanona-
raBLIMMCSH 3J1€MEHTOM CUMMeTpMH.

OueBUAHO, YTO He WuMeer 3 yeM i Mbi
CUMMETPUM HA KPHCTanl WM Ha P . Tax,
ecnU MH USMepWAM yNPYTHe CBOHCTBA KPUCTAIIA M XOTMM BHSCHUTH,
SBASIOTCS M OHW LEHTPOCHMMETPUYHBIMH, TO MBI MOXEM NPOM3BECTH MH-

Bepcuio u nedop BMECTO peun kpucranna, Ecan
Mbi 1P P dor v Hanp TO OHu coBep-
WIEHHO He TaK Kak I

yke uenTp . C 0 P nauy-r Takon ne
peayJabTar, Kak i JJ.O T, e. YNPYrocTh KOH-

CTAHTHl HE H3MEeHSTCS. ’lak Gyner npu ioGott CUMMETPHY KPHCTa/Ia.
T103TOMy MH TOBOPMM, 4YTO YNpYrocTb (OMHCHIBAEMAsi TEH3OPOM ueTBep-
TOr0 panra) ecTb LeHTPOCHMMETPHYHOE csoncruo‘

Mble Po20 panza,
cummempuuns. B camom nene, ecam Mt BOSI:MEM onpenensiouee ypas-
wenne p;==T;¢; W M3MEHHM HANpaBIeHMsi p U g 1A NPOTHBONONOKHEHE,
TO 3HAKW BCEX KOMIOHEHT p, W g, uamensitcs. YpasHenuio Gynyr Toraa
no-npexieMy Y/OBICTBOPATL Te e camble 3Hauenmsi T, uro u npexae,
M [I09TOMY KOJMYECTBeNbE Ky cBOHCTBA, 0
TEH30POM T'U" HE W3MeHATCA.

Takum 00pasoM, ¢uauueckoe CBOMCTBO MOMET UMETb Ompejesennyio
COGCTBEHHYI0 CHMMeTpHIO, KOTOPasi MpOSIBISETCS HE3ABUCHMO OT TOTO,
Kakoi cummerpuell oGnanaer Kpuctamn. Bmecre ¢ TeM B COOTBETCTBUM
¢ npunuunom Hefimana dusuyeckoe CBOMCTBO KPHMCTAnIa AOMKHO UMETH
TaKxKe W BCe Te SNEMEHTH CUMMeTpHH, KOTOpHMM OGnanaer Kpucrami. Tak,
HATpUMep, YNPYrocTh reKcarOHaNbHOr0 KPUCTAINA HE TOMBKO WEHTPOCUM-
MeTpHYHA, HO UMeeT TaKxe BCe SJEMeHTH CHMMeTpuUM STOrO Kpucraana.

1. BausiHpe CHMMeTPHM KpHMCTajJa Ha ero cBoOiCTBR, OmMchiBae-
Mble TeH30pamM BTOPOrO panra. ITosioxensi, U3NOKEHHKE Bhile, NPU-
MeHUMH KO BCeM (MBUueCKMM CBOHCTBAM Kpuctaina. Bepuemcs reneph
K I BTOPOFO panra.
3u TeH3OPH, KaK MH yKe BHIEMH, HMEIOT WIECTh HEBABHCHMBIX KOMIO-
HEHT, KOTa OHM OTHeCeHH K MpOu3BOMbHON cucreme ocett. Ommnako,
KOFZa Kpucramn oGnanaer cuMMeTpued, YUC/IO HE3ABUCHMBIX KOMIOHEHT
yMmekbmaercs. Jlerye BCero WCCMeAOBaTh ITOT BOMPOC, PACCMATPHBAS Xa-
PAKTEPHCTHYECKY:O NOBEPXHOCTH BTOPOTO NOPsinKa. YpabHenue Takoft no-
BEPXHOCTH COAEPHMT CTOJLKO )K€ HE3ABMCHMBIX KOI((HMUNEHTOB, CKOMLKD

iX uMeeT CHUMMETPUYHEI TEH3Op BTOPOFO pamra,
H 9Ta NOBEPXHOCTb MOJHOCTBIO XapakTepuayer OMNUChIBaeMOe TEH30POM
C C CUMMeTpuelt 1aHHOro CBOMH-
crea kpucranna. Tpu STOM ClellyeT CuMTaTh, uTO XapaKTepuCTHYeCKas




TABJAUULA 3

B. xpucman. u na
cu. mu MiL 81110P0ZO paNZd
Hneo
Do nesabu-| T npHbe-
cumuix | xemmuh k ocam
Kaacch- | Creremst cxolt noBepXHOCTH
ratin cunmerpun * W'ee Opheuram R I
08
Usorpon-| Ky6u- |Yersipe ocu Cdepa 1 7S007
Hast veckan | TpeTbero no- 0S0
cpena paaka 00 S
Terparo-{ Onna oce uer- | [loBepxHocTs 2 iS10 07
abhias | BEPIOFO  NO-|  BpAUEHHA BO- 08 0
Omo- ||
pazka KpYr  rAaBHOM
oene 2‘;‘;?:;‘: Oja ocL 1we-|  OCiH CHMMETpHit Lo 05t
b " cTorc nopsuka| Xy (2)
¢ Tpuro- | Oa och Tperb-
HaJLHAR | €ro NopsIKa
Opro- |Tpr  Bsaumuo | Ilponspoibuas 3 |78 0 07
p 080
cKast AAPHBIE  OCH| BTOPOTO  mO- 00 S
BIOPOrO mO-|  paka ¢ ocsmu = (A
panka; ocet|  x;, Xg Xg Ma-
BHICUEro 1O-|  PAINALHLIMI
panka ner OCAM  BTOPOro
. HOpAIKA X, Y, Z
Mono- | Onxa ocb Bro- | Ilponssonbuas 4 S 0 Sg
oy~ || wmkan | poro mopsuia| mosepxiocts 0 Sy 0
rihie BTOPOFO NOpsLL-
(ifp"_ Ka C OIHOI 0ChI0 -Suz. 0 Sgs
crans X5, MApAIENH-
HOH OCH BTO-
Pporo nopsaka Y|
Tpu- |Llentp cumme- | Ipoussosbhasn 6 17 S1 Sia Sa
KIMHHA5 | TPHM WaH OT-|  NOBEPXHOCTL Sto Saa Sas
CYTCTBUE CHM- |  BTOPOFO HOpsL- Se Sue S
MeTpiit Ka, Tlonoxenue o8 S8 982
OTHOCHTEJILHO
KPHCTALIOrpa-
Guuecknx ocei
He (PHKCHPOBAHO|

* Qcit CHMMETPI MOPYT GLTD TODOPOTHHMM A HIBECHOUIKNW CAC TakoKe CTp. 335.

# Opwentauns oceil X, X, X, NOBEPXNOCTH BTOPOTO NOPAAKA 110 OTHOMIEHMIO K KPHe
CTAATOrPADHIECKHM OCAM %, J, Z 1 SACMEITAM CHNMCTWH yKasaua B Ta0a, 4. [0BaBOMIHO
3aMeuannA O BHOOPE CHCTEM KOOPAMNAT CM. B IPHAONENHH 3.
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b umeeT ¢ p no ot K KpH-
cranny. PaccMOTpMM, KaK CBsidalla XapakTepHCTHYeCKas: TMOBEPXHOCTb
C 3J/ICMEHTaMH CHMMETDUHM KPHCTAJLIA.

Hcxonsn us nmpusumna HefiMana, Mul JOMDKHBL YOEAUTLCS, YTO KaXALIH
3JIEMEHT CHMMETDUM KPUCTa/la MOXeT OHTb Takke Hafiien y Xxapakte-
puctuyeckott nosepxuoctu. CrenaeM STO Tenepb NOOYEPEHO ISt KAKAOTO
KI3acCa KPUCTA/LIOB. (JTa 3ajaya auanoruuna paccMaTpupaeMoft B Kpu-
CTaJIOONTHKE 3afave O CBS3M MHJIMKATPUCH C CHMMeTpHeHl KpuCTania.)
Pesynbtatst csenenst B Ta6u. 3. Cocrabiexue TabiMubl ynpowiaercss no-
TOMYy, 4YTO OFpaHHuYeHMsl, HAK/IAJHIBAEMbiC CMMMETpHe# KPUCTa/na, OKa3ui-
BAIOTCH ONMHAKOBLIMH B Npene/ax Jio6oft OTHEIbHON Kpucmanrozpagiuse-
croil cucmemst, Vnave o6crout JIEJI0 B Ciyuanx HECUMMETPHYHBIX ‘TeH30pOB
Broporo paura (cM. crp. 271), Teusopos nepporo pawra (cM. crp. 100)
MM TEH30DOB, MMEIOUUX pPaHr BHIue BTOporo (cM. crp. 152, 172, 294).

a) Kybuueckan cucmema. XapakTepucTHyeCKas NOBEPXHOCTL BTOPOro
ﬂOpﬂ,ﬂKa HMMeeT YeThipe OCH TPETbro Nopsifka TOJALKO B TOM ciyyae, Korna
ona spasercs cpepolt. Torna ona obianaeT BCeMu SJeMeHTAMH CHMMET-
PuH, KOTOpHIE MOTYT. MMETLCA y KyOuueckux KpucTasmon (cM. tabm. 21).
CoOTBETCTBEHHOE CBOHCTBO MOJHOCTBIO ONpPEle]eHo, KO 3auai pauuyc
ctepri. Tlpn 9TOM He CyniecTBeHHO, K KaKO# CHCTeMe OCel OTHeCeH TeHsop,
TaK KaK OH MMEET OAMH M TOT e BUI NpH /Mo6OoM BrGOpe ocelt KOOpAMHAT.

6) Mpynna 00 x cucmen (i w AbHASL AbHASL U
sras). Ip p b BTOPOrO nopsiika oGaanacr
TpeMH NOBOPOTHBLIMH OCSIMH BTOpOTO nopsinka, JexaiuiuMu noJt NPsSMBIMK
YrJIaMK APYT K APYFY, TPEMSA TIIOCKOCTAMU cuMMc’rpHu nepne UKy IS pIUbIMI
OCAM BTOPOTO MOPSAKA, M LEHTPOM C ue-
cKOro Knacca mmm). [TopepxHOCTb BTOPOTO nopnm(a MOXET 061a11aTb OCHI0
CHMMETDHMH 4eTBEPTOrO, IIECTOrO MAH TPEThero NOPSIKOB JUllb B TOM
CIMHCTBEHHOM CJlyyae, KOTAA TaKas OCb SBASETCH TJaBHOK OCHIO, @ MO~
BEPXHOCTh BTOPOr0 MOPANKA — NMOBEPXHOCTHIO BpALICHUs BOKDYr Hee.
TloBepxHOCTh BTOPOrO Mopsaka GyxeT TOraa aBTOMATHuecku o6aanate
BCeMH OCTAJbHHIMU SJIEMEHTAMM CHMMETpPHM, KOTOpLIC WMCIOTCA Yy pas/iuy-
HBIX KJACCOB 9THX Tpex CHCTeM: MOBOPOTHHIMH OCSMM BTOpPOrO TMoO-
paaka, NEeprneHArKYJIApHEIMU  IIABHBIM - OCSIM, W MIOCKOCTAMH  CHMMe-
TpuH, M Tieprie. raapuuM ocam. Jas nos-
HOTO xap Hueckon W BTOPOrO 1O-
PALKA [OCTATOMHO 3azaTh 1BA WHCIA — LAMHbL GOALWON H Maioh
nonyocett, Jl/s 3anucu KOMNOHEHT Tensopa BubepeM OCh Xy Napajienb-
HOH F/IaBHOM OCH CHMMeTpHM KpucTaina. Bce 9TH CHCTeMbl ONTHYECKH
0AHOOCH .

8) OpmopomGuneckas cucmema. TIpOU3BO/LHAA MOBEPXHOCTb BTO=
POro mnopsaka yxe 06.anaeT TpeMsi B3aWMHO MePNICHIMKYJIAPHEIMH OCIMH
BTOPOro MOpPAAKA; MH JHODKHE NpoCTO  paCnOJIOKHTE 9Tu OCH napasn-
JIenbHO  KpUCTA/LIOr paduueckuM  ocaM  BToporo nopsuka. Bonee Toro,
NOCKO/bKY CHMMETDHsi TaKOM TNOBEPXHOCTH BTOPOro NOpsika cOBManact
C CHUMMeTpHEH roJIoSNPUYECKOro Kiacca mmm, XapakTepuCTHuecKas ro-
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BEPXHOCTb BTOPOrO MOpsiika 06/aNacT BCEMHM SJEMCHTAMH CHMMCTDIH,
KOTOpBIE MOTYT OBITh ¥ KAGCCOB OPTOP cucteMu. Xap -
uecKasl TMOBEPXHOCTL MOMIOCTEIO OUPeAe/sIeTCH MHiaMk Tpex ocehl. Ecan
TEH30p TpMBeneH K KpucTamnorpaduueckum ocsM x, y, 2, TO OH Npi-
HuMaer (GopMy, ykasauuyio B TaGu. 3.

2) Monokaunnas cucmema. 3nech MH LOMKHLI NATPABHTL Ouiy W3
Ocell BTOPOrO MOPsAKA MPOH3BOJBLHON NOBEPXHOCTH BTOPOLO NOPSLIKA
Napaisie/ibho  KPUCTa/L/IOrpadHyeckofl  OcH  BTOPOro TOpsuka; TOIna
TOBEPXHOCTh BTOPOr0 MNOPSAKA, KAK JIEFKO BUAeTb, Oyfier 0OJjanars
BCEMH 9/IEMENTAMH CHMMETDHH, KaKHe MOXHO HafiTH y KJaccoB MOHO-
Kauknoft cucteMstl. Eciiu e cumtath onuolt (uicupopawhoft ocu, TO Xa-
PaKTEPUCTHUECKAs TIOBEPXHOCTb MOXKET MPHHUMATL JIOOYIO OPUENTAIMIO.
Urobri  onpeneiuTh IUIMHBL OCeH KOH
4 TeM caMuM W e (OpMy, HEOOXOLMMO 3axaTh TpH WHCAZ; AAs ONpe-
ZefieHust ee  OPMeHTAUMM HYXHO 3aiaTh eie ONHO uYMCAO (Hanpumep,
yroJ, Ha KOTOPHIH yKasaHnHas NMOBEPXHOCTb HOKHA OTh NOBEpUYTA U3

0 P ocu

CTHUECKOH TOBEPXHOCTH TaK, uTOGHl OCb X, GLUIA Mapajie/bua KpHCTAN-
norpapuueckoft ocu Broporo mnopsakal)., Torna B ypaBHenne nonepx-
HOCTH BTOPOTrO NOPsAKa He ByyT BXOAHTE APYTHE YJeHbl, COLCPKAUITE Xy,
KpoMe wiena ¢ xj 'MC/IO He3aBUCUMLIX KOMNoOmeHT Ten3opa (k0sddu-
LUeNnTos i) Gyner, paBHo 4,
KaK yKasaHo B Taﬁn, 3. Konetmo. nepefian K TJABHBIM OCAM, MOMXHO
YMEHBILHTE YHC/IO KOMIOHEHT 1O TpeX, HO TOrNa HeoBXOIMMO 100ABOY-
1H0e YHC/O, YKA3wBaiOulee PACNOJOkeHHe TAaBuLX OCeH Mo OTHOueHIO
K KpUCTA/Orpaduyeckum OCM X i 2. CMBICA 9TOrO nOno/Menws cra-
HOBHTCS ICHBIM, €C/M YeCTb, YTO A/l PA3/MYHAX CBOMCTB FAABNLE OCH,
neprenMKy ISpHLe OCH BTOPOTO nopsiaka, Oynyt MMeTs B OMIOM M TOM
we p nanpasienne. [lonoGroe spreime
HMeeT MECTO B KDHCT: Korna KpHCTan uarpe-
Baercs, TO I'/laBHEIE OCH VIIUJI/IKﬂTpVICH TOBOPAYMBAIOTCS BOKPYT OCH V),
OHM TIOBOPAYMBAIOTCA TAKKE NPH UBMCHEHWM IJIMHHL BOJHEL, YTO NMpPUBO=
IMT K AMCIEPCHH Yrila ONTHYECKHX OCeH.

0) Tpukaunnas cucmema. Knacc 1, KOTOpHH MOJAHOCTHIO ACHMMET
piyeH, OUCDHMAHO, He HAJAraeT HMKAKMX OUPAHMYEHMft HA XAPAKTEPHCTH-
YeCKyl0 NOBEPXHOCTh BTOPOro mopsiuka. To e caMoe cripaBefyiMBo M Auis
Kknacca 1, motomy uro Hueckas ye
UeHTPOM CHMMETPHH. CACROBATENLHO, YHCAO HEBABHCHMBIX KOHCTAIT, iie-
OOXO/MMBIX 1Sl ONIpelie/ieHHsi (PU3HIECKOTO CBOHCTBA, PABHO uHCIY He-
3ABMCHMBIX KOMMOHEHT — Ten30pa. BumHO, uTO uMCAO Takkx KOM-
TOHEHT DABHO WIECTH: TPH 3ANAIOT MACWITA0 BLOM, OCeft XapakTepu-
CTHYeCKOM M, a 1pu T ee ocefh.

1) MHorna Mcnoabayercs Apyroit BHIGOP CHCTEMEl KOOPAMHAT: OCh BIOPOro
nopajika napasiesnlia OcH Xg.
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§ 6. Beanunna, xapakTepu3ylomas cBoicTBO B JaHHOM
HanpaBJeHHK

1. Onpenesenne, Ilpu paccMOTpenuu CBOHCTB KPHCTAINOB, ONMCH-
DaeMUX TEH3OPAMM BTOPOrO PaHTd, YacTO ynoTpeGusiOTCS Takue BHpa-
WENUsl, KaK ,3JeKTp Th B [100]“ nam ,Bocnpu-
HMYMBOCTL B Hanpasjenuu [112]“ (uam B Apyrux nanpapnenusx). [lonsTue
anavenus CBOMCTBA B 38aaHHOM HANPABJEHHH HYKIAETCs B TOYHOM OMpesie-
Jniennn, TOCKOMBLKY B 0BLieM CJIyude BEKTOPH MOTYT OWTb He MapaslJiesbHiL.

BoaubMeM B KauecTse npiMepa SuekTponponoanocTs (¢pur. 7). Ilpu-
noxuM K Kpuctamty mnose E. Torna, pooGuie roBops, BO3HHKHYT
KOMIOHEHTH j K&K napajuiesbias, TaK u nepnenaukyaspuas E. dasexmpo-
nposoduocms ‘o 6 nanpasscnuu E onpedessemes. mozda rax napan-
nenshan E Komnowewma Jj, Oescwnas Ha
E, m. e. kax j”/E Ecau NpUJIoKeHO enutuu-
noe none (E==1), To saeKrponpoBoatocrs ¢
b uanpasaenn E npocto pasua Jj. 9ro on-
pelesenyie MPUHSTO NOTOMy, “TO mMeHHD Jy
JNIErKO HAXORMTCS M3 9KCepiMenTa. Paccuorpun
2015 TIDUMEPA SKCIIePHMEHT, MPH KOTOPOM Kpi-

n K

Rast MOKLY gy 7. BektopHas cxe-
napanie/bHHMU TUIOCKMMU  SJICKTPONAMHU, CH€  ya ' fokashiBalomas, 9TO
JIiBIMA M3 XOPOLIO 0 P yAeubHas

Ecan mp pasnenum TOK, TeKywnit vepes rpanu HOCTL B Hanpapienud E
TUIACTHHKH, HA PA3HOCTH TOTCHUMAZOB MENULY pasha jy/E.
HUMH, TO TOJYYHM 9/IeKTPONPOBOMNOCTD, d OT-
CI0Na W YLe/bHYI0 5JeKTPONpPOBOAHOCTL, MOXNO /I0KasaTh, 4TO H3MePeH-
nas TAKMM OBPA3OM BeJMUMHA CCTh YICALHAS HJIEKTPONPOBOAHOCTL B Ha-
NpaBIeHny, MNepreHsuKyJspHOM TpaHsiM [JacTHHKM. Teopust cOOTBeT-
CTBYIOLIErO Ta NJas Ter, P ™ HOHPUGHO onucaia
b XI, § 3; B Kunre MHOrO

Ecau py==8;9;, mo dan naxoscdenus seaununs S, xaparme-
pusyiouett caonimbo [Sy) 6 onpedesenron nanpassenuu, nysicHo npu-
LOXCUMb G 8 BMOM HARPABACHUL U U3MepUMb ne/mwuy py/a: sdeco
) — KOMNOKENMA P, NaPAAtenbHAR q.

2. Ananut Basp suekrp b B Kaye-
CTBE THNHYHOrO INpPUMEpA, RBHIBELEM Tenepb AHAIMTHYECKOE BhIpAKEHHE
LISl ee 3HAueHUs B aauauuom uanpasicui.

) npu K 2n06-
HoLa ocam. Bosbmen rnamlue ocu ynenbHo# 9ne|<'rponpoaounocw B Ka-
uecTBe  OCeH ycs uMeeeT Hanpa-
BJSHOLUME  KOCHHYCH /y, Uy, l: DM KOCHHYCH SIBJISOTCA KOMNOHEHTaMH
BeKTOpa JETTINE( 0 pa) 4. 11 nose

B 9TOM Hanpap/eHMH, MH HMeeM
E=[LE, LE, LE).
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C COrnIacHo y (1.31),
J=oLE, 0ylsF 0 liEl.

Komrionenta j, napannemuas E, papHa CyMME KOMTIOHENT j, CTIPOEKTH-
pOBaIl“HX Ha Hanpab/eHue E T. €.

Jy=BoiE +booE + BosE.

Takum o6pasoM, o— yAesabHOH 3. p B Ha-
npaBeHuy [, BHpPAaKaeTCn B BUAE
o = fio; - Loz 4 fios. (1.392)

Baxuuifi vactuni#t cayva#t ypasuenus (1.32) UMeeT MecTO AAS Tpymmbl
ONTHYECKH OAHOOCHBIX KPHCTALIHYECKUX CHCTEM (TETPAronaibHOM, reKca-
TOHAMbHON M TpUronanboH). Vcnonbays TaGi. 3, noayuaeM us ypasHe-

uua (1.32)
0= 0y ({4~ 1) 408l == 0, (1 — ) 40,83,

6= o, sin? 6 -}~ g cos2 6,

Hin

rae 6 — yron Mexuy /; u raasHol 0CBI0 cumme'rpnu Oxs.

' onn K npo-
uas0nsHHN 0CAN. UTOOM HalTu BHpaxeHue, comae‘rcrsywmee BhIpA-
skennio (1.32) B cilyyae NpOM3BOJILHEIX OCEH, MOCTYNHM C/efyIOUM 06pa-
soM. Ilycrs Temeps /;— Hanpabisiouise KOCHHYCH nonst E OTHOCHTEIbHO
npousBosibHEIX ocel, T. e. E;= El, Komnouenra j, napamienbhas E,
ecty (f+ E)E, nm B (JiEDIEY). C.
yAeabHas p b B A ]

P P bop

JE oyEjEy
BT TE

Wi
a=oyll;. (1.33)
Mui nonyudnu obuiee ypaBuedue i o, YACTHBIM CAYYaeM KOTOPOTO
spasercst ypasuenue (1.32).
Huorna ynoOuo BHOPATH HOBHE OCH KOODAMHAT X] W HANPABUTH ONHY
3 1MX, CKaKeM x‘, B nanpasnenwn J;, Torma, wucnonways TaGmuuy na-
TIpaB/MOMX KOCHHYCOB (1.11), Mb BuuuM, uT0 , == a;. Tlosromy ypasHe-
nue (1.33) npunuMaer BUL
0==0y0y,0y; == O}, (1.34)
B cOOTBETCTBHM ¢ ypashenneM (1.22). CrnenobatenbHo, 3Haxenue o 6 Ha-
npmmmmt x; ecmb u;‘. DTOT Ppesy/LTAT OueBHIEH TaKKE M3 Onpese-
JAcHus G".

1) Cm.

p B 1L
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Ypasuenust, nogo6use (1.32) — (1.34), Moxno nanucars aas moGoro
CBOHCTRA, OMKMCHIDAEMOTO CHMMETPUUYHHIM TEHIOPOM BTOPOTO paHra; ypas-
nenust (1.33) u (1.34) cnp H s PUNHOTO  TeH30pa.

§ 7. FeomeTpuueckue CBOHCTBA XapaKTepHCTHUECKOH}
NIOBEPXHOCTH
1. Jlnuua paguyca-BekTopa. Mel MoxeM Temepb HafiTH reoMeTpu-~
yeckylo Mutepnperauuio 0. [lycts P — Tekymas TOuKa S/NMNCOMAA
Xy =1, (1.35)
usobpaxennoro Ha ¢ur. 8. Ecam [, — nanpapssiolmme KOCHHYCH BeK-
T0pa OP, 10 uMeeM
xy=rl, .
rue OP=r. Torna, 3TO0 By (1.35),
nosyuaem

rloll;=1
WM, ucnosbays ypasuenue (1.33),

o=—,

(1.36)

Mbl yke BCTpeuasM HacTHHM Cayyalt STOrO ypaBHeHusi, Korja noiy-
UMM, YTO DPanMyChi-BEKTODH B HANDABJIEHMAX OCeH SJUIMNICOMLA WMEIOT

vy 1oy, 1V o w11V ;.

\
@ur. 8. XapakrepucTHYECKWH SJUIHNCOMA
YAEMLHOR 3NEKTPONPOBOAHOCTH.
Snauncons ommcupaeten ypahemes oyyxyx)=1.

Takoe e pAacCMOTpeHHe MPWIOKHUMO K JI06OMY CBOHCTBY, ONKMCHI-
BaeMOMy CHMMETPHYHBIM TEH3OPOM BTOpOro pamra. B oGuiem ciyuae

(1.37)

TAaK UTO MOKHO CKasath, 4T0 Oiuna r a106020 paduyca-sexmopa

HUCLeHHO pasHa

edunuye, denentoll Ha KOpeHb lcaar)pamnbut u3 seaununst S, xapar-
gusunecroe 8 mMOM Jice HQRPaBAeHU.




4 Ta. 1. Ocrosel kpuctanrroduausu

Cayuail, 0200 n08ePXHOCME S XX, ecmp zunepGonoud. Ecmm
XapaKTepUCTHYECKas MOBePXIOCTh Sy;X;X ABASETCs TUIEPOONOMION,
npuBezelinoe BHIUE PacCMOTpeHHe OCTaeTCs CNpaBef/MBBIM, HO JUIMHLL
P P D Korna aro umeer
MecTo, ynOGHO pAacCMaTpHBATh MOBEPXHOCTL BTODOTO MOpsiaKka

Spjxix=—1,

PanHyChI-BEKTOPE! KOTOPOH MMEIOT AeHCTouTenbilbie shavenns ). Panuycsi-
BEKTOPH 9ITOM TNOBEPXHOCTH BTOPOTO MOPSAKA, OYEBHAHO, TAKOBHI, YTO

(1.38)

S=——, .
r V-S
Cayuail, Koz0a nosepxrocms S;x,x;==1 ecmb MHUMbLL 94U~
coud. Tlpu sToM, OYeBHAHO, TaKxe 60sice ynOGHO PACCMOTpEThb MOBEPX-
HOCTL BTOPOro MOpsijika

Syxixj=—
KoTopas 3.
Hrak, B oGueM cliyuae Msl MCOAb3yeM NCHCTBHTEMbIME BeTBH MO-
BEPXHOCTH BTOPOrO NOPsAKE
Sypxpxy=E1 (1.39)
M TipuMensieM coorsercTpenno ypapenus (1.37) nau (1.38) b sanncumocTu
OT TOTO, BCTPeYaeT Daiuyc-BeKTOD NEHCTBHTE/LHYIO BETBbL NMOBEPXHOCTEH
%% =1 nm Sy yx,x;

2. CmoficTBo paauyca-BekTopa M HOpmaau. Tak xe kak B § 6,
I. 2, Mbl WCMOJB3YeM B KaueCTBE MDHMEPA YACALHYIO SJEKTPONPOBOL-
HOCTh W Gynem cumrarb Ox; riaBHuMu ocsmu Oy Kax u npewne, mycrs
E = LE, I,E, l,E]; Torna
J=10E. 0hE, GilE).
ChesioBaTe/ibho, Hanpag/sioue KOCHHYCH j MPONOPLUOHABIL
0ly, Oply,  Ogls
Ecin P ects Takas ToKA HAa NOBEPXHOCTH
2 _
o+ o} opf=1
(¢ur. 9), uro orpesox OP mnapamsenen E, 10 P=(rl,, rly, rly),
rie OP InockocTs, Kacatenbhas K IOBEPXHOCTH B Touke P, ectb
rh0y%) - rly0yXo 4 rlyOyxy == 1.
CrnenoBatesbho, HOpPMalb B TOYKE P HMEET HANPAB/AIOUINE KOCHHYCL,
NPONOPUHOHATIBIINE

Loy ly0p 140

1) Ecant nopepxwocts  Sypxgxj==1 ecT» AsynojsocTHmlii runcp6osous, 10
TOBEPXHOCTb Sjjxjx) = —1 Gy/leT OAUOMOMOCTHBIM rHIEPGOJIOHIOM U HAOGOPOT.
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ITostoMy nopmaib B Touke P napamienbna j.
OTOT pesy/ILTaT, OUCBUANO, HOCHT OOl Xapakrep. Ecau p,=S;q;,

mo p 021 360 q MOJCHO Hallmu nocmpoeruem
napannensnozo q paduy pa OP no-
u samen eHUEM HOPMAAU K SMOil nosepxXHO-

cmu 8 mouxe P.

Cayualt, k020a nosepxnocms S;:x;x;=1 aganemcs 2unep6oaoudo.
Ecim noepxHoCTs Syxpx;= 1 snasercss runepGOIOHLOM, BEKTOp, npo-
penennb# M3 TOMKM O napaaiesbHO ¢, MOXKET Nepeceyb XapaKTepHCTH-
YeCKyI0 MOBEPXHOCTb B MHHMOH Touke. Torma Jyuuie, Kak M mpexue,
PAccMOTPeTL MOBEPXUOCTH BTOPOro mopsaka Spx;x;=— 1. Ecim pa-
IUyC-BEKTOp, TADA/LIEJBHBI BEKTODY ¢, NEPECEKaeT STy NOBEPXHOCTH
B TOUKE P, TO HOPMaMb b TOUKe P napaiiesbha p, Kk M B PaCCMOTPEHHOM
BLILE Cayyae.

J

Hopmans

dur. 9. Cxema, 1y
H HOPMAJH XapaKTEPHCTHUECKOro SIIHIICOHAE.
ceeinie
OP n s 0 I3 1<.|cnrenmoh

THOCKOCIH 5 souk® B (Fla 5eprée nosssi ANAIL CheA NECASSAEHON MAOCHOCH)

Ha ¢ur. 10 TJaBHOE THMep ceueHMe runep-
Gosouna Syxyx;= 1. IleflcTBrTe b AR BeTnh rinepGononna Syx %)= — 1
oGoanauena WTPHX0BO mmmedl. TTocTpoetse /s ONpexe/eHus Hanpas-
JeHisl P MOKET ObiTh BHIMOJHEHO A/ ABYX HAnpabJeHutl g, a MMeHHO
ana Hanpasnesut OP w OP’. Touka P eXuT Ha nefCTBUTENLHONR BeTBH
TNOBEPXHOCTH  SyyxyX;==1 W HaXOKIeHHE HANDABJEHHS p HE BhISE~
paer TpyanocTelt. Touka P’ jiexur na KeHCTBUTE/NbHOH BETBH MOBEPXHO-
cru SUx,xj=—l Besmumusa S i 9TOTO Hanpasienust OTpHUATENbHA

(1.38). C P
napannenbnaﬂ q, O'rpuua'renbua M TOSTOMy BEKTOp p HanpasjeH TaK,
Kak rnokasano na ¢ur. 10. Eciu g noBopaumpaeTcst npoTHB 4acoBoR
cTpenku o1 nanpapnenns OA, 10, Kak MOXHO BHieTh u3 ¢ur. 10, BekTOp p
nosopaunsacTcs 1o’ wacosoft ctpenke. Korsa g cosnanaer ¢ acumnro-
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Tolt, p cunonmcx nepneﬂmmynnpﬂuu g. Tocae Toro Kak g mepecever
bCS1 (YaKe TIPOTUB YACOBOH CTPEJKH)
1o Tex nop, noxa pa;myc-nem'op He sativer nonoxennss OB; Torna p
Hq 'BEHHO OTpHua’re.vleoMy
aHavenmio OnHOH W3 riaBHHX Komnonent Sy. Korma ¢ mnpomomiaer
BpAWATLCS NPOTHB ¥AcOBOH CTPENKH, p CHOBA IBMKETCS MO 4aCOBOH
CTpesnke; W B KOHUE KOHUOB, koraa g pocturaer OC, o6a mektopa cra-
HOBRITCH napa’ljie/IbHEIMH; STO COO’I'BeTCTByCT NOJIOXKUTELHOMY  3HAYEHHIO
ORHON U3 TNABHHX KOMNOHEHT Sy

@ur. 10. Cxema, cBoficroa
MOBEPXHOCTH BTOPOFO MOPS/KA, SBAAIOWEHCH PUIIEPOOIOHIOM.
Kpupan (1)
4 4 2
1%
P S B Y
e T At e
i LT ]
Kpnoan

A % A&
P e,
Ui i e

C/ly'tatz ro20a nosepxnocms Syxpx;==1 ssanemcs  MHUMBLAM

8. s. Ias P paccMaTpuBaeM fefi-
CTBHTENbHBIA SIIMICOMA SyyX;%; = — 1 1 NPOBOLUM TaKoe Xe MOCTpoe-
Hue, KaK M Mpexne, 3a HCl 70710, 4TO p tenepb

OyzieT COBNAnaTh ¢ BHyTpeHHeH, a He C BHewHen lXOpMaIIbIO

8. CBoaka reoMeTpHYECKMX CBOHCTB. Mu MOXEM CyMMHDOBATH
paccMoTpentbie 1Ba CBONCTBA XapaKTEPHCTHUECKON NOBEPXHOCTH BTOPOro
nopsaka crenyounm o6pasom (cM. ¢ur. 8 ~10). Tlycrs p n g — nsa
BEKTOpA, CBAIAHHBE HYepes CHMMETDUMHBIA TeH3Op BTOPOro paura Sy
COOTHOLIEHNEM p; V,lq,A TTocTponM Aercr HblE BeTBU ) M
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proporo nopsuua S;xpx;==t1. Ornoxum pamuyc amuwol r, napan-
senpiul g. Torpa:

1) Ta p, q. 3a1aeTCH COO’ Py =38q.
rae S== & 1/r¥% nonoxutenbunh sHak Gepercs, KOrla PamMyc OTKJIanbi-
BAETCs A NOBEPXHOCTH Sypx,x;==1, W OTpHUATe/bHBIN, KOTAa OH OT-
KIIbIBAETCS LTS TIOBEPXIOCTH Sy;x,%) == —1.

2) Hanpanzenwe p cosnanaer C HanpaieHueMm BOCCTAHOBJEHHOH
B KOHLE papuyca-neKTopa HOpMau (piielutieft A NOBEPXHOCTH Syyx,x =1
W HyTpenned 1 noBepxHoCTH Syxx;= —1).

O6a 9TM pesyabTaTa OueBHAUM, KOTLAa BeKTOp g NapajielieH ORHOM
M3 riasubix oceft.

PE3IOME

1. 10 oceit T (§ 2, n. 1 u 3). IlpeoGpa-
30BalMe ORHOM ODTOrOHANLHOM CHCTEMb KOODAMHAT B LDYIYiO 3aiaercs
B sanucu yp

x;=a”x,. (1.18)
2. Onpeznenenne Tensopa (§ 3). Tensop ecTh (usuueckas Besmunua,
bl KOT()pO“ Al COTJIaCHO  yKa3aHHBIM HHKE

3aKOHaM.

8. 3akoubl mpeoGpa3oBaHus TeH3opoB (TaGu. 2).
Ilns Tensopa wWyseporo pamra (ckanapa): ¢f =,
JJIf TEH3Opa MEPBOrO paHra (BEKTOpa): p; Py
LJIA TEH30pa BTOPOrO paura: T =a,a,Ty
M T, AR TeH3OPOB DHCIIErO paHra.
3akon npeo6pasoBaHusi BeKTOpa MMeeT TaKo#l ke BMA, KaK M 3aKOH
p P T, 3aKoH TEH3Opa MMeeT
TaKo ke BHA, KaK M 3aKOM

(§ 2, n. 5).

4. CooTHomenue mexny Bekropamu (§ 1, . 1). Eciu sekrops p,
W g, CBA3AHBI JMHERHBM COOTHOMIEHHEM

=Ty, 1.9

10 Kos¢duuuentr Ty o6pasytor Tensop Broporo pamra (§ 3).

P! 3 3

TeHsopsl BTOPOro pamra

6. CuMMeTpnunbie ¥ aHTHCHMMeTpuuHbie Tensope (§ 3, n. 2).
Teusop (7)) cummerpuien, ecau 7y;==T;, # aUTHCUMMETpHueH, eC/i
Ty=- Ty
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6. Tnasubie ocu (§ 4, n. 1). Cummerpuunnifi Tensop [Sy)] umeer
TiiaBHEIE OCH; NP MPUBENCHMM K STHM OCSM TEH3Op HMeeT BHA
[$1 0 07
0S8, 0.
[o o sl

Jlunefiiie  cooTHowekus p;=S;q, b SToM Ciyuae ympowaiTcs
(§ 4, n. 2) w 3anuCcHBAIOTCA ChenylouM 06pasom:

=S P.=Sn  Ps=Ss

7. Beanunua, xapamepuayloman CBOHCTBG B JAHHOM HampaBJie-
unn (§ 6, . 1). Ecau p,=S,,q;, 10 Beanumny S, XapakTepuayioulyio
chuanuecuoa cBOACTBO [S,,] B JII060OM NMPOM3BOJILHO BHOPAHHOM Hanpab-
JIeHHH, MOXHO ONpele/iHTb, MpWiaran g B STOM HANPADICHHH U MBMepsis
Be/MUHHY p/q, Tie p, — KOMNOHenTa p, mapanzemhas g. Benuwuuna S

B 1, onp ay (§ 6, n 2)
S=Syliy
WM, TIDH NPHBELCHUH K TJABHHM OCSHM,
S=SE4SE+ S
Ecau ocy Ox] B Hamn 10
=8,

8. XapaxrepucTudeckas FNOBEpXHOCTH BTOporo mnopsiaka (§ 4).
XapaKTepHCTHYECKas NOPEPXHOCTH At CHMMCTPHUHOrO TeH3opa [Sy]
onpesenseTcs ypasHeHUeM

Syxx;=1, (1.26)
WM, TPH mepexose K raaBueiM ocsm (§ 4, n. 1),
8,x8 - S,xi4-Syxt=1. (1.28)

Csolicmso paduyca-sexmopa (§ 7, n. I). Panuyc-BeKTOp r Xapak-
TEPUCTHYECKOH MOBEPXHOCTH CBs3aH C Beauuunol S, XapakTepusyoulet
CBOHCTBO B JAHHOM HAMDABJEHHH, COOTHOLIGHHAMM

S=

Csoiicmso paduyca-sexmopa u nopmasu (§ 7, n. 2). Ecin p, = Sy
M eciu pamuyc-BekTop OP XapaKTEPHCTHYCCKOW NOBEPXIOCTH NpOBeieH
q, 10 P c HOpMA/H

B TOUKe P.
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I MHHMOTO  pajHy pa MOXHO wu3bexarb, BrOpan
MOBEPXHOCTL BTOPOTO MOPsKA

Syxyxy=—

M M3MEHMB COOTBETCTBylouM oGpasoM smak (§ 7, m. 3).

9. Bausnue cummerpun xpuctasia (§ 5). dopma u opuenTauus
XapaKkTepHCTUYeCKOH MOBEPXHOCTH BTOPOTO NOpSIKA /s CBOWCTBA KpH-
CTajIa, ONMMCHIBAEMOrO TEH3OPOM BTOPOTO paHra, OMpeielsieTcsi KpUCTami-
sorpapuueckott cummerpuell B cooreercTBMM C mpuuuunoM Hefimana
(cM. Taba. 3).

3ANAYH

1.'Ilyctb p; M q;— BCKTOPE,, TOPNA P1/qy, Ps/qa W Ppo/gs— TPH uHCHa, 3Ha-
YEHHs KOTOPBIX MOXHO ONpENENHTb B JI06OH cHCTeMe KoopanHat. Byayr au sta
YHCHA KOMTIOHEHTAMH BEKTOPA?
2. B uem BHISLIBATD
JH(PAKIHIO PEHTr eHOBCKHX Jnyueﬁ ecTb ¢u3nueckoe ceolictBo kpucrasna. C no-
OUIBIO PEHTIEHOrPAMMEl MOXHO OTIPENEJMTL NPOCIPAHCIMBEHAYIO 2PYNNY KpPH-
craana. Ho mpunuun Hefimana raacur, uto rqmme‘rpm (usudeckoro cpoiicta

8aBHCHT OT epynnot npramun Hefimana
HEnpUMENHM K IHQPAKIWH PEHTI@HOBCKHX ayued.
3a. Tensop yaelnbHoii 9. [oy] P nyeer
1y B CHCTeMe Xy Xy, Xgt
i 25-107 0 0 I
foy) = 0 7100 —(BY3). 107
0 —@VI-1r 18.107

DJIEKTPONPOBONHOCTD  BHIPAXKEHA B ciicreme MKS (os—1.x-1), 3arem ocn
npeoGpasonanb K HOBOH CHCTEME Xj, Xy, Xa, 3a1aHHOM CHENYIOUHMH YraaMu:

X108, =0°%  x0x,=80° xj0xy3=60°, xj0x,=30°

Cocrapute 1abanny tHma (1.11) juis 970ro mpeoGpasoBanus M NPOBEPHTH,
uTO0 CyMMBl KBaApartoB @y B KAKIOM CTONGHE M Kax(iofi CTpOKe pabHbl
enuunie. ,

36. OnpenesuTh 3naueHus KOMNOWEHT o;; M OOBACHNTL TMOJyHEHHbE pe-
3yabTATHL .,

38. HauepTuth Wa MOBLIX OCAX X M Xy CEUEHHE SIUMNCOMIA SJEKTPONpO-

BogmocTH (; i x=0, y X
10 sro rnzmwe ceuenmc. Hanect Ha ueprex crapbie OCH x, M X5
Tlposectn  panuy p OP B KOCH-

Hycu xomporo n crapoit cucreme xoopunmar pashst (0, 1/s, V'3/2). Mameputs
WTHHY STOrO PARMYCAa-BeKTOPA W HaliTH OTCIONA SMEKTPONPOBOXHOCTH B STOM
HanpasJenuH,

3n. 1

. O P nose 1 6/x npn-
NOMEHO B OP. E BJoab OCeli xy, & OTCIORA
ONpEJINTL KOMTIOHENTS! NIOTHOCTH TOKA Jj-

4 Hx. Hett
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3k, OTAOKHTL 9TH JiB HA OCAX X1, X;
4 1 3atey rpad; BeaMUHKY H
1IOTHOCTIE TOKA.

. TIpn TOM e 3a1dHHOM SAEKTPUUECKOM Nolie, ¥TO M B 3ajaue 3¢, NOBTO-
PHTL T€ KKC BLIHCAGHNS, 3AMEHHB OCH X; OCAMH X; W TOAb3YSiCh 3Ha-
,

ueHmen o5, naiinennbiv B 3anave 36. CpaBHHTL pe3yabTar C peaynsTaroM,
noayuennyM B 3anave 3.

3. Cpaphurs mka ¢ uanpae-
Jieunes HOPMAJN K SATHNCOMAY SJIEKTPONPOBONHOCTH B TOUKE

3x. Haiitu rpaduyecku napamnensiyio OP KOMIOHEHTY pezynbmpyxomeﬁ
MAOTHOCTH TOKA M 3aTeM HailTH ¢ B STOM Hanpasnenuu. CpaBHHTL 7O IHayeHue
€O 3HAYEHHSMH, HAlJICHHbIMU B 3ajiayax 3r H 3A.




Iraaea Il

NPEOBPA3CBAHUS
¥ TEH30PbI BTOPOIO PAHTA

Dra riapa COCTAaBJSeT MaTEMAaTHYeCKOe JomosHenwe k ra. I, M
JKenaoliMe nepefiTH NPSMO K (DUHYECKUM MPHIOKEHHAM MOTYT MpoMy-
CTMTh €e M TpHCTYNuTh K urenmio ra. Il 3neck Ml BepueMcs cHOBa

K p p P B ra. I, u nponomkuM uX pac-
CMOTpeHHE,

§ 1.0 oceit

1. Coot MEXAY Hampas KocuHycamu. B ra. I,

§ 2, n. 1 Ghs0 OTMeyeHo, YTO npeoGpasoBaHHe OT OAHOH OPTOroHAMb-
HOM cuctemn koopaunar Ox, K npyrot cucreme Ox| sanaercsi TaGamuett
X1 X Xy

x| an aw oy

x; an Gy Oz

7
X3 | @m Qg Gy

. @1

rae JCBATh KOSM)MU.MEHTOB lll,' He ABJAIOTCA HE3ABUCUMHMU. ITO ScHO
BUAHO M3 PACCMOTPEHHMS uucia CeOGOAH NP Ecaun
ocu Oxy, Oxy, Oxg sananwl, T0 M5 onpexenenus Hanpasienus Ox;
1eoGXONHUMO 3HATh J(BA YrJia, Hanpumep mMpory u noarory. Homwe ocw
MOryT OHTb ele MOBEPHYTH BOKPYT Ox;_ C/IeJIOBATEIILHO, HALO 3HATH
eule OJMH YroJ-— yroJ noBOpOTa BOKPYT Ox; Taxum oGpasoM, aas
OornpereseHust npeoépaaonanuﬂ HYXHBI TOJBKO TPU HE3ABUCHUMBIE BEJHUMHEL,
TI09TOMY AOJDKHEI CYUIECTBOBATH 1IECTH HE3ABUCHMBIX CooTHOMIEHNH Mexny
LEBATHIO KOS(UUMCHTAMH @)

Tak Kak Kaxpas CTpoKa TaGmuubl (2.1) npencrabager coGo# Tpu
HANPABJAIOUIMX KOCHHYCA NIPAMOH JIMHMK 1O OTHOLICHHIO K OPTOrOHa/b-
HEM ocaiM Oxy, Ox,, Oxg, TO HMeeM

@ 46, +a =1, 1 e aua,=1 (2.2a)
ay, +-a, +ay T. € Qgplpy==1; (2.26)
a ah4ay =1, T e ayay=1. (2.28)
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CurenoparensHo,
Q== 1, ecm i==j. (2.3)
Tak Kak Kawpas napa cTpok TtaGmausi (2.1) mpencrapiser coGoft

HANPABJISIOLINE KOCHHYCH ABYX B3AUMHO MEPIeHIUKYISPHEX MPSIMEX, Mbl
nMeeM

O1091 00005 + G355 ==0, T. €. 05,85, =0; (2.42)

Gyt Oy a0 =0, T. c. Gyay=0;  (2.46)

0183y - Oyl 013053 =0, T. €. 01,85, =0 (2.45)

(cp. cKanApHOe NPOU3BeeHUe ABYX B3AUMHO MePreHIUKYMMPHBIX BEKTOPOB).

Wrak,

a0y, =0, ecmm I+ j. (2.5)

Vpasuenus (2.3) u (2.5), MU OpmMO20~
HarbHoCHL, MOTYT GHTh CBENIEHH K TPOCTOMY ypaBHEHHIO

=13y, (2.6)

ecaM BBeCTH HOBLA cumnon 8y (cumson Kpowewepa), oupenenseMiitt
cuenyionuM 06pasom:
1 (-
b=

0 @+

3ameuasi, uTO Kawum# cmoabey Tabmuubl (2.1) Takke COmEpPKUT
HANPABJAIOUNE KOCHHYCH TPEX B3AHMHO MNePreHjuKy/APHHIX NPSMHX, Ha
STOT pa3 oTHOCHMTENbHO OCed OXj, MH TOMYYaeM WECTh AHAJOTHYHHX
COOTHOIEHHI OPTOrOHANLHOCTH M AUl 06PaTHOTO NpeoGpasoBaHus

@iy =18y 2.8

@.7)

OnHaKo MOXHO BUAETb, YTO STH COOTHOLICHHS He HESABHCUME OT COOT-
nowenn#t (2.6), TaK YTO OHM le CONEPIKAT NO CYWIECTBY HHKAKMX HOBHIX
cBesieHuH’.

Banmewanue o mampuyax. Ecim Brnucate B piae TaGuuLLl 3Haues
mus 3y, 10 ly 1

By by By 100
s”:(bg, By Bgg =(o 10]. (2.9
By By By 001

Me1 saKiouaeM MaTPHUE B KDYTJible CKOOKH, YTOGH OTAMUMTb X OT
TEeH30POB, BamMcanHuX B Bune Tabaumu. Ecan [T"] 06o3navaerT BCIO
TaGauuy Komnowent Ty, 70 () osiauaer pcio TaGimuy koMnowent 3.

Mu ppean yxe npe TaGimunt, (ay;) w (3y), naswannue wamu Marpu-
uamu. Teneph CliefyeT PasbiCHUTL PA3AUYHE MENCLY MATPHUAMM M Teti~
sopamu. MarTpuua—9TO 1O CYuleCTBY MaTeMaTHueCKOe nousiTue; oHa
npeacTaBnser coboft mpsamoyrosbHyio Tabanty wncen, (Cayuatino okasa-
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JIOCh, uTO O00€ pacCMOTpeHUBE HAMH Marpuubl Obi  KBAJADATHBIMH;
OJIHAKO TIO3AHEE MIL BCTPETHM HHME, NPAMOYLOJBHbIC MATPHIKL.)
HaoGopoT, TeH3op ecTb MO CyulecTsy (usHueckoe mnonsTue, 60,
KaK Mi yxe punem (cM. crp. 29), TellBOp SBASTCst (PUHYECKON BesH-
wHHOR SJIeKTp Mexny
MaTpHUAMM M TEH3OpAMH BOBHHKACT BCJEACTBME TOMO, WTO MJA H30Gpa-
Kelusl TeHsopa HeOGXOAMMO HCTIOMb30BATh MaTpuunyio Tabuauuy Kosg-
duunenToB. Mbl BHEIM, YTO VIS 3aNAHNOTO TEH30Pa BTOPOrO PaHra
Marpuua iyto ¢opmy B ™
0T BrGoOpa oceH KDOleMHaT Bee TEHSUDM MOFYT OWbTb H30GpaKennt
€ TOMOWBIO Marpuu (M ANs TEH3OPOB BTOPOrO paira Takoff cnoco6

, z;

& &
I, a , 5
@ ur. 11. Jlse opHeHTAIMH CHCTEM KOOPAMHAT.
a~—npapan cucrens; 6—enas cHTeNa,

npeAcTaB/ienks 0COGEHHO ecTeCTBeH); ONHAaKO He BCe MaTpHibl 0Gssa-
TeNbHO NPEACTAB/SIOT TCHIOPEL.

Ceoiicmso mampuib (51;)- Tycts p; ectb i-1 KOMMOHEHTa BEKTOpA.
OGpasyem 8, ump CYMMUP no 1. Ioxcras-
Jisis 8HAYEeHHA Bl/‘ noJjyuaeM

Byp==p;.
CrienoBatenbho, yMuokenwe p; wa d;; NPUBOLMT K samewe uHiekca [
nuaekcoM j. Auanoruuno,

Bljﬂ/=ﬂl‘
Tem xe lydaeM Ras T TeHsopa Ty

3yTy=Ty w ¥Ty=T,.

Baaronaps 9TOMy ynoGHOMY CBOHCTBY (8”) WMHOFLA HA3KIBAIOT Mampu-
Yeil samewjenus.

2. 3navenne |ay|. [lo Hacrosuiero momenra y hac se GHUIO Heol-
XONMMOCTH ONpene/sTh, KaKas CHCTEMA KOOPLMHAT MCMO/b3YeTCs — npa-
pas win Jaesas. Teneps HYKHO yCTanosuth pasiawuue Mexay numu. Ha
ur. 11, a nokasana npapasi CHCTeMa KOOPAMHAT, a Ha (ur. 11,6 — sepasi.
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Moxno BHIETb, YTO B Chyyac npanoﬂ CHCTCMBI NIPH JIBHXKEHUH 1O Hpa-
BUJY NPABOTO BHHTA BAOAL NOJOWKUTEIBIIONO HANPABIEHHS OCH X, 1OBO=
por Ha 90° COBMeILaeT OCh X, C OChI0 Xg auatornuno, noopor na 90°
npu nsumeuuu No MpaBWIy NPABOr0 BUHTA BLOJbL NONONKUTENLHOTO

X3 € % (umK MOpSiNOK), a NOBOPOT
na 90° npu m!mxe}mu 10 MpaBUJly MPaBoro BUHTA BLOJb MOJOKHTENb=
HOTO HANPABNeHUs Xz COBMeWaeT X; C Xp Jlan Menol  cucTeMst
OCTaeTCs CrpaBelJMBHM TO e CaMOe paccyneHnue, CCaH JABHIKEHHE N0
ﬂpaBOMy BUHTY 3aMEHHTbL NBHKEHHEM 1O JIEBOMY.

Bpenenue JeBoft CUCTEME KOOpAMHAT — MeuaibHas HeOGXOAMMOCTD,
CBSI3AHHAs C TeM, UTO ME JIO/OKHM PACCMATPUBATL TaKne OTICPaIlMH CHM=
MeTpMH, KaK OTpakeHWe B TWIOCKOCTH M MWHBEPCHS B TOUKE, KOTOpLIE
M3MEHsOT NPABYIO CMCTeMy Ha JeBylo (uau naoGopot). IloxakeM Teneps,
4TO NeTepMUHANT ') MATPHUE 1PeO6PasOBaHMst (ayy), KOTOpHIH Mbi 3anu-

meM B BHIE |al,[ pasenr -1 wim — 1, B 3aBHCHMOCT# OT TOTO,
OCTaeTCs JiM Npu cHeTeMa P npasoit (neBott)
WM M3MEHSIeTCsl Ha nenym (npasyio) [58].
Mut umeeM
@i @ Gy
lay|=|an @n an|==ay(anas— da50:) -+
ay E3p Ay

-ty (ags0tyy — 021035) 1 (A5, — On0y). (2.10)
Pemas (2.46) u (2.4B) OTHOCHTENBHO dyy, Gyp M Gy, TOJYHAEM

an — ag - ay 1
Bgag — Q33050 3y — A1, g1 — Ayl k?

(2.11)

1) JleTepMHHAHT MATPHLLI C JBYMS CTPOKAMM i BYMA cTonGuamu [(2 X 2)-

8mopozo nopadxa W ONpeleNneTcs
. a

caenyiomum o6pasoM. JletepMuHans | ¢ dl osHayaer Buipaenue (ad — be).

3 M no-
PpAOKa, MOWeT GLiTE Ompenedell uepes LCTCPNHMHAHTH BTOPOFO NOpSIKA Cle-
nytouwmM o6pasom. [lerepmMunanT

pasen

e
h

Onpe.lcneunn JIETCPMUHANTOB nucmelo nopsiika Joryr GuiTh JANB AHATOTHYUHO

d) 189, Bosee uonpoﬁ-
Hue cseneunn 0 netepmMuHaNTax CM "B Kimrax [2 38] (Cu. taixe [106, 113]. —
Tlpun. nepes.)
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rae k — koitctanta. C/1e1oBaTenbio, NOACTABNSSA 3HAUCHHN (Agy0a; — Op305y)
M 1. 4. B ypasnenue (2.10), umeem ¢ yuerom (2.2a)

@y | = k(a4 diy i) =
Teneps ypasuemne (2.11) naer
gy +aiy +afy v
(@300 — A53020)? + (Ayaon — 130)* +- (AGg — Gpe@p) — k2 °
CiienoareibHo, HCNoab3ys (2.2a), noayuaeM
(aglys — 01302)* ~+ (Galipy — Ay 0as)® - (831 Gy — Aol =
Henoanayst obuiee TONNECTBO .
(be" — b’ +(ca’ — ac’ 2+ (ab’ —ba'y: =
= (@4 b2+ ) (a4 b+ ) — (aa’ -} b’ +-ec),
NpHBoAMM HALCIHOE BHPAKeHHe K BHLY
(04 -+ o, 03 (ah oy - 03) — (00, Gyt 0y

Ho, coraacio (2.26), (2.28) n (2.4a), feBas CTOPOHA STOTO ypaBueHus
pabua exunmie. [losromy

2 = 2,

k=|a,|=* 1. (2.12)

Ecau nse cTpOKH |aj;| MeHSOTCR MecTaMH, TO 3HAK AeTEPMUHAHTA
uamensiercs. Crrenoparenbito, suak |a;| sapucut or BHOOpa HyMmepauun
oceft. PaccMoTpum ciavasa np ocu
HBIMH, KOTODOE 11a3KIBACTCS MOJNCOCCIBEHHbM NPEOOPAZ0BAHUEM:

100
={0 1 0)=g
(ay) (0 o 1) @)

[cornaciio  ypapuenmio (2.9)). B srom cayuae, oueBumno, |a;|=--1.
Teneps npexctasum ceGe, YTO 10Bas CHCTEMA KOOPIUMHAT MOBOPAuMBAcTCH
otHocuTeb0 crapoh. Tak Kak BCe @;; WSMEHSIOTCS HENpepHBHO, TO
sHavenne |a;| He MOWeT HIMenMTHCH ckauioM T -1 K — 1; orciona
8aKNIOuAEM, UTO NPW /MOGOM IPEOGPA3OBAHUH, SBJSIOLIEMCS MPOCTHM
NOBOPOTOM Ocel, | ay;| == I. JloGast npanas CHCTEMa KOOPIMHAT MOXET
OuiTh conMetliena ¢ MoGOH Apyrofl npaBod CHCTEMOH COOTBETCTBYIOUIMM
TNIOBOPOTOM; TO )K€ CAMOE CHPABENJIMBO /S JOBHIX ABYX JIEBLIX CHCTEM.
Hrak, nast npeoGpas3osanus, npu KOmopos npasas Cucmema Koopou-
nam_ocmaemcen npasott, @ aesas — aesott, |ay|=+41.
Paccmorpum Tenepn npeoGpasopanue

—1 0 O
) = ono)
@ (oot'
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KOTOPOR JET X| == — X,, X, == X,, X3 == Xy W 119 KoTOpeTO | Ay =—1.
U3 dur. 11 woxHo BumeTs, 4r0 9TO npeobpazoBaHie H3MEHSET NPABYI0
cucteMy ua JieByio (u maofopor). Temeph npencrTasum cefe, uTo noBas
cucTeMa P )il T |ay| wne moxer u3-
MEHHTLCS!  CKAYKOM M IOSTOMY OCTAeTCsi DaBilbIM A Ecn  crapas
CcHCTeMa KOOPJMHAT — NPaBasi, TakOH NOBOPOT MepeBeieT MOBYI0 CHCTEMY
B JeBylo moGOfi jKemaTeabHOH OpucHTauMH. AHAaNOTMYHOE paccykuenue
CNpaBe//IMBO, €CM CTAPast CHCTeMa sIBJSETCS JeBOH, 4 HOBAs — npaBot.
Orciona crenyer, ur0 AN npeoGpa3osanusl, npu KOMOPOM npasasn
cucmema  KoOpOuRam  cmanosumcs  Ae8od, a Ae6as — npasoil,
lay|=—11.

Tonoxus B ypashennu (2.11) k==k 1, Mm naxomumm euwe ouio
To/1e3HOe  CBOHCTBO

0= (aptsg— G3s0z),
g =k (Byay — p1009), @.13)
1= (8y,a5, — Op031).

Bnecy nepen ckoOKamu GyneT CTOSTh 3HAK IJIOC, eC/H NpeoBpasoBaHue
OCTaB/fIET NPABYIO CUCTEMY NpaBoft (MM JICBYIO JIeBOH), W 3HAK MUHYC —
B MPOTHBOMOJIOKHOM Cayuae. B obuwiem ciyuae kaxauh Kosdduument a;
pabes ero MHHOPY B LeTepMunante |ay |, B3sTOMy co sHakoM maoC Wi
Munyc.

§ 2. Bekropnoe npoussesenne. [ogspubie 1 aKCHaAbHBIE
BEKTOPHI

B BeKTOPHOM aHa/M3e MPHHATO JUIA IBYX 3aUAHHHIX BEKTOPOB p W q

p BeKTOp, i P p PX4q.
B CBA3H C STUM TNOHATHEM BOSHUKAIOT HEKOTOPHE TPYAHOCTH M OCOGEH-
HOCTH, KOTOpHE HAM HeoGX0uMMO cefuac OGCyMHTh.

B naunoi xuure Mur onp BEKTOpHOE P BEKTO-
PoB p; M g; KAk Besmunny

Vy=—npa,+ra- (2.14)

Jlerko nokasate, uto V, aKoHy mp Tel-

7] ' 3
3opa Broporo paura [cm. (1.22)]. Me MOXeM Taioke BUILETb, YTO

Vy=—(p@+prg)=—Vp

1) Ilerepmunant layy| pasen TpoltHomy nponspeneamio (a’b’c’), onpenelen-
HOMY KaK (@’ X b')-¢/, rne @', b, ¢’ — BEKTOPLI, H
ocsm Ox;. OnHaKo s JIOKASATCILCTBA TOrO, ¥TO | ay|== % 1, HyxHO onpenie-
auTH gfiﬂl( BEKTOPHOTO MPOM3BEJIeHNs), NOSTOMY MBI OTJOXKHM 9TO PacCMOTpeHue
xo §
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Cuiejiopare/bHO, [V,,] €cTh AHTUCHMMETDHYUL TeH30p BTOPOrO pamra.
BuinucuBas €ro B PaspepHyTOM BHAe, HMCEM

T 0 —(P1g2—Pet) (P —puds) ]
Vyl=| (Pg2—P:q0) o — (Pags — Psgs) (2.15)
L= (pst1—p1gs)  (Pads— Pade) 0 A
3ro Bhipa)XeHHEe MOXHO 3anmMcaTh B BUAE
TO0 —ry 1y
rg 0 —n
L—r, n )

rae
= s — Pe 1= Pv— Pis Ts= PP (2.16)

Mu npHITHCATH OTPHIATE/IbHKIE SHAKH WICHAM, CTOSUIMM B BepXHeH mo-
6ouol NHMArOHAIH, uTOOW COXPAHMTh WHMK/IHYecKud nopsaok B (2.16).

B BeKTODHOM anaiude ry, ry, ry PACCMATPHBAIOTCH KAK KOMIOHEHTHI
BEXTOPA ¥, ONHAKO Mbi CefiuaC MOKaKCEM, UTO OHH He OGPA3yIOT BeKTOpa
B CMHIC/IE J@HHOFQ HAMH ONpPELeeHus (cM. crp. 29).

I'Ipn flepexonie OT OCe#t X; K OCSAM X, BEKTOPH p, W ¢, TIePEXOAST
B p; u g Ecin yp (2.16), ong .
0CTaBATLCS B CHJIE LJs1 HOBLIX OCeH, TO

=Py — Py = Py g)q) — Ay 8y, = Gyl (Pid;— Py
[3nech y (1.13)]. 3 310

B pagBepHyTOM BilLe, NOJyYAEM, UTO Kacuh wie, crosumi B CKOOKaX,
BOHAET AB&KAB € TP anaxamu. C. eJIb)

P

1y == (a5033 — (33052) (Pofs — Pagfe) + (@aaliay — iy B30) (1o — Prg) +
(02100 — Gp203) (192 — Pof)-
Henoussys ypasenus (2.13) u (2.16), nonyuaem

ri=1tayr k aprs £ oy (2.17)

8riech nonoKHMTeNbHBIe 3HaKM GepyTcs NP NpeoGpasoBaHHM, OCTABJSIO-
1eM NpaByIo CHCTeMy NpaBoft (Wi Jesyio — zesot), T. e. npu | ay | =} 1,
H OTpHUATe/]bHEIE 3HAKH — NP NpPeOOPA3OBAHUM, NCPEBOASILEM NPABYIO
cHCTeMy B JieByio (Wiu naoGopo'r), T. €. mpu |ay | =— 1. Ananornunme
YPaBHelHs MOXHO HANNCATH MV r2 W Cnenona‘renbﬂo, Mbl IONTyuaeM

ayr. (@.18)

Ecom 6u B ypabuenun (2.18) ue Grui BOSMOXKHEI OTpHUATe/bHbIE
BHAKH, TO ry, Iy, ry 611 110n0GHO BeKTOpa,
a CJIenoBaTeNbHO, Gwm 61 TakoBuMH. OnHako mpu nepexose oT mpaBok
cucTeMil KOOpAMHAT K JNeBOH (im Hao60poOT) KOMIOHEHTH ryy Iy Iy
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HAMEHSIOTCH  TAK, WTO A%A WX He 3aKoH 1
KOMIMOHEHT BCKTOpa ,
Pi=a,p, (2.19)
, KOTOpHe mp cornacno npasuny (2.18), naswi-

BAIOTCH AKCUQAbHBLMUL Bmmopauu Hcrunible BeKTOpH, KOTOpHE npe-
oGpaaymcn comacno npasuay (2.19), Moryr GLITh Ha3BaHBl NOAAPHBLMU

orna uerKoe p
Cllulalml:lc HaMW BHBOIBI MO)KIIO CYMMHPORATH cnenylouluM o6pasom.
BexTOpHOE NpOM3BENEHHE ABYX TOAADULIX BEKTOPOB He NpeicTaBiser
coGolt  UCTUHHOTO (MO/ISPHOTO) BEKTOPA, 4 SB/ACTCS ANTHCUMMETPHUHBIM
Ten3opoM. DTOro MOXHO OKMIATL 11a OCHOBAWH ypabhewus (2.14) 7).
Tpu TH aNT] 'PHUNOrO TeH30pa, 0GO3HAueH-
nLie yepes r;, Npeo0pa3yloTcs COracHo
/ sakony (2.18) u ofpasyior TaK nasuisae-

() MBI aKCHANbHBIM BEKTOP.

/ TlonspHelft  BEKTOP MOXIIO OpescTa-

BUTL CTPe]KOH, uMeiouleil onpejeneriioe

a ¢ nanpapnenue (pur. 12, q). [lpewne uem

@ur. 12. C PasHTb NOAOGHEIM aKcuasb-
Gpaxenus nonn'pnomnek'mpa(a, HL BEKTOP, 1EOOXOJMMO BBECTH oOmpe-
M aKCHA/ILHOTO Be«Topa (6). JiesieHue NPaBo- U NeBOBMHTOBOTO JABMNKE-
Hust, PaccMoTpuM, Hanpumep, Kaxk B Bek-

TOPHOM AHAJM3E 3a/3eTCS pHOTO Nf nByX
BeKTopos. Bekropnoe np Xq Kak pgsin0 .2,

/4
rae 6— yron Mexiy Bekropamu p w g, a I — canmnman BEKTOp, nep-
NEHAMKYISPHLIN p 6 @ TaK, uTO p, ¢ u I 06pasyioT npasyio cHcreMmy.
Hnaue, RekropHoe np pugq 1 KaK BEKTOp, KOM-
MOHEHTH KOTOPOTO B npagoll cucreme xoopunna’r HMEIOT BHL:

[P4s—PoGes Psti—PiGss  P1G2— Do)

TIpuMepaMu akcuanbHKX BEKTOPOB AIBNSIOTCA Yr/ioBasi CKOPOCTb, MO-
MEHT KOJMUECTBA IBIDKEHUS, MOMEHT CHILI, POTOP NOMSPHOIO BEKTOPA.
Ha ¢ur. 12,6 nano npejcrabjenue aKcHalbHOrO BEeKTOPa, He aauucnmeL
oT BHGOpa
HBI#  BEKTOP H306paXaerTcsi OTPE3KOM NPAMOY ONpejeeHHON MJMHE 1

onpeienienol  OpHEHTALHH, poMy ) B Ty
WM UHYIO CTOpPOHY.
Yro6H NOACHUTH | uHe  MEXIy H30-~

Gpaxennpimu Ha dur. 12,a u 6, orpasum umxnun CHMBOJ B IIOCKOCTH,
nepreHnaukyIMpHOR uX pumHe. JIerko Npopeputhb, yTO NPH STOM CHMBOJ,

1) Cayuaiino 4TO B TPEX TeH30p
BTOPOrO Panra MMEET TaKOE KE WHCJO NE3aBHCHMLIX KOMIOHCNT, KaK M BEKTOP,
HO 9TO HECUPANCANKO st n06oro JZIpYroro uHcia usmepenuit. Tak, Hanpumep,
TeNIOp BTOpOTO palira sIBARCTCA Tabmiuelt
4% 4 u uMeer 6 HesaBHCHMBIX KOMIONENT, TOFIA KAk YermpexMepubi BEKTOp
HMEET TOALKO 4 KOMIONCHTH.
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naobpaxaouuit NOJSPHLIA BEKTOP, MIMENMT HANPaBJeHWe HA OGpaTHOE,
2 CUMBOJI aKCHAJLHOTO BEKTOPA OCTalilercs HenaMeHHbiM. Ecau ke otpa-
3UTh KaXUIBH CHMBOJ B MUIOCKOCTH, NapajienbHON HX NJMHE, TO pesyiib-
TaT OyneT oGpaTHM.

OnwuiueM teneph €noco6 NoCTPOeHust CUMBOJA AKCHA/BHONO BEKTOPA
nO  U3BECTHHLIM o6 pasuTh #t BexTOp,
MMEIOUIHI B 1IeKOTOPOH CHCTEMe KOOPAHHAT KOMMNOHEHTH Iy, Iy, I3, NPO-
BeleM W3 HAyala KOODAMHAT TPSMYl0, NPOEKUUSIMH KOTOPOH Ha OCH
ABASIOTCS Py, Fy, Fg. EcCH  cucTeMa
KOOpAMHAT NPaBass, TO NOJNOKUTE b
HOe Hanpapienue 9TOR NpsMOH Gyser
oNpesiensThCs JBWKENNEM N0 Npasuiy
MpaBoro BHHTA H3 HAYAJA KOOPIMHAT.
Ecnu cuctema niepasi, TO NOAOKHTEIb-
Hoe papJienie npsamoi onp
IBUKEHWeM 1O NPABMIY /IEBOrO BHHTA.
Ilns wamocTpaumu 9THX  paccyxuieuit
npencrasum ceGe {(pur. 13), uro Mu
nocrponnn cumbon OR  akchanbioro 1
BEKTOPa C KOMIOHEHTAMU ry, Iy, Iy |
B HeKOTOPO# npasoii cucteme ocedt Ox,, I
Oxy, Oxg. IlonycTuM, uTO Mu Tenepb
nepemwsin K 1HOBOW, /e80f cuCTeMe

@ur. 13, [lpeoGpasoBanue aKCH-
anbHOO BEKTOPA NpU NEPEXONie OF
npapoii CHCTEMBI KOOPAMHAT K IeBOH,

P. . peodp
HHeM @;;==— 8, (T. e. USMEHWIU Ha-
npapieHne BCeX OcCed Ha  npor ). Hosuie
B COOTBETCTBHH C ypaBHeHuem (2.18) GynayT uMeTb BHI

e p—

n=—ayr;=br;=r,
ac , OCTaHyTCS Orpesck OR’, KoTopsilt Mbl
nposeneM M3 Hauana T L uTo6n! pasiTh BEKTOp,
9TH HOBHIE i, Gyner OR, Ho

P P
HMeTb Ty e CaMmylo AuHy. TaK Kak cucTeMa KOOPAMHAT Teliepb Jepas,
T0 nosoxuresbHoe nanpasienwe OR’' onpejienisieTcss NPaBuiOM JIEBOFO
BunTa. Jlerko yGenMThes, YTO NOCTPOEHHOE HOBOE M3OOpaNeHue He OTAH=
uaerTcsi OT lef IILHOTO (33 HCK. KOTOpas Hac
He uhtepecyer). Hrax, cuMpoll, u3oGpax@ioLIMi aKCHANBHLI BekTOp, Ak~
CTBUTE/LHO OCTAETCS npu oGom npeo6p oceft Koop-
JZIUHAT, YTO, OUEeBHIHO, AIBJAETCS HEOOXONMMBLIM CBOHCTBOM TAaKOTO CMMBOJIA.

§ 8. nasneie ocu TeHsopa

Mubi orMevann Ges nokasartenncTsa B 1. I, § 4, m. 1, uro, npous-
BOAS 3aMelly OCeit, MOXHO ynp by

NOBEPXHOCTH BTOPOro nopsaka
Syxpxy=1  (Sy=5) (2.20)
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H TIPUBECTH €r0 K BHIY
3 2 2
S x4 Sxi Sy =1.

&
10T BONpOC 3aChyKMBAET NaNbHEHMICIO OGCYXNeHHS.

Ilns ynoGerpa GyneM CuMTaTh ONpPENENSIOUIMM CBOHCTBOM TIaBIBIX
oceft TO OBCTOSITENM,CTBO, YTO B TOUKAX HX NEPECEueHHs ¢ XaPaKTepHCTHYE-
CKOMl MOBEPXHOCTHIO HOPMAMhb K NOBEPXHOCTH Napanfiefbna panuycy-
BexkTOpy. OGo3HauMM uepes P TOUKY Ha XapaKTepPUCTHYECKOH NoBepX-
HOCTH, 8ajiannolt ypasmenneM (2.20), a uepes X;— sexrop OP. Torna,
ec/u Mbl 06pasyeM BeKTop S,i)(,, TO B COOTBETCTBHH CO CBOHCTBOM
palMyca-BeKTOpa M HOPMajM XapaKTepPHCTHYECKOH NOBEPXHOCTH ITOT
Bextop OyjeT napanjiesen HOpManu B Ttouke P. Ycnosue Toro, uro
Paluyc-BeKTOP W HOpMaJb HOMKHL OWTh NapasneNbHbl, €CTb yCJoBHE
TH UX , T. €.

SyX; =X, (2.21)

p

rne \— koncrauta. CoorHowenne (2.21) npencrasiser co6oit cucremy
TPeX JHHEHHHX OJAHOPOIHBIX ypabHenu#t B nepemenHnx X;. Jra cucrema
MMeeT OTJIMYHOE OT HyJisi peILeHHe JHILbL B TOM cllyqae, €CJIH  eTepMu-
HaHT, COCTaB/ieHHut 13 yp ( ero
uepes F(})], pasen nymo. Torna nonyuaem
Su—h S S
FM=| S Sa—) Sn
+ Sy Sz Sp—h

YTO KpPaTKO MOXHO 3anucarth B Buae
FQy=]8,—W;|=0. (2.23)

D10 Kybuueckoe ypaBleHue 7S N HA3LBACTCH BCKOBHLM YPABHCHUCM.
Tpu ero kophs (0603uauun WX uepes N, N’ u X”') AaioT TPH BOSMONHHX
3HaueHuss \, IPH KOTOPWX CHCTeMa ypaphenu#t (2.21) uMeer orauutoe
or Hyns pewenue '). Kawaui us KopHell onpenenser Hanpabieive,
B KOTOPOM pajuyc-BeKTOp NOBEPXHOCTH BTOPOrO MNOpsiKa napaaiencn
ee HOpManu, T. €. ONpejenser HanpaslieHue OJIHOH M3 TrJaBHBIX Oceld.

MoxHo 1NOKa3aTh, 4TO STH TPH HANPABJEHHS B3aHMHO OPTOIOHAMLHLL.
PaccMoTpuM /06Hie 1Ba M3 HUX, ONpejiensicMbie, HanpHMep, KOPHsIMH A
u ), OGo3HauMM COOTBETCTBYIOLIIE pajiityCli-BeKTOphl Yepes X; u X} .
Torna

S Xy =X, (2.24)
8, X) =N'X]. (2.25)

1) Mowno nokasars (cM. [36]), ur0 TaK Kax o onpexcaenHio sce Sy Beie-
CTBEHHEI, TO K BCe TpH Kophs A, A u M GynyT BemecTBeHHB.
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Ymuowkas ypasHehne (2.24) wa X, a ypasheiue (2.25) na X] u Bu-
yuTast OJHO M3 JPYroro, nojyuaeM

Sy (X507 — XX = O —N) X, X].

Tak Kkak S;==S;,, TO JeBas ¥acTb 9TOrO YPaBHEHWS paBHA HYIMO.
IMosTomy

O — ) X X[ =0.

Orciona, ecnu N =), 710 ckanspioe npoussenehue X, u X; pasno
HyMO; C/Ie/IOBATENLHO, 00 BEKTOPA B3aUMHO OPTOTOHAMbLHEL.

Hanpagaenus 2na6ubix oceil. Hanpabnenus Tpex riaBHeIX ocett Xl’,
X7 w X7}’ Moryr 6uTh Hallielh B KOHKPETHOM Cllyuae CIC/yiOuuM 06~
pasom. Cnauana pewaeM ypasHende (2.22) orHocurenbho . 3arem
C ONHMM M3 HaljeHHLIX 3Hauenu#t A, ckaxeM N, obpasyeM Tpu ypaniie-
Hus (2.24) W peuwiaeM WX JUIS OTHOMIEHHM X::X X Tlosropsisi 9Tu
onepauMu CO BTOPHIM KOpHeM, HanpuMep )7, naxomm X7 : X, : X[,
Tperbe nanpassenwe X7': X} : X" mower Outh Teneph Haineno no-
CTPOGHHEM MePIeHUKYAPa K NepBHM JByM.

3T0T MeTojl HAXOMJEHHS HANpaB/eHuit INMaBHLX OCel BKAIOuaeT perme-
HMe KyOWHECKOTO ypaBHeHWs W He Oueil yi06eH NpM YHC/CHHHX pac-
uerax. B obuieM Cliyuae 175 NOJYuEHHS WUMC/CHHLX PE3yJbTAaTOB Ayulile
He MeToz, TeNBHLIX NPUG, KaK 3TO ONMCAHO
B ra. 1X. Jlus aByMepHOro ciyuas 3ajaua 3HAuMTENbHO YNPOMLAETCS
u Gyler paccMoTpena Hamu B § 4 naHHOH raaBhi.

Jaunee  2na8ustx  oceil. YMHOXKHMM OOe uacTH ypaserus (2.24)
Ha X,. Torna nonyuaem

SXIXI=NX X[ =1

cornaco ypasennio (2.20), Tak Kak X] ecth pamuyc-exrop. Crieno-

BaTeNbHO, JIMHA pajuy pa, BYIOHIErO KOpHIO )/, onpe-
ZIe/ISIeTCA BEIPAKEHUEM

VXX =

v
O6oanauas JUHLL TMaBHHIX OCe, Kak M Hpexie, yepes l/VY_,. 1/V S,
l/l/:?, u cpsizupas M ¢ Sy M T. L., NoayuaeM, uro

»

Sy We==S, W

Sy (2.26)

Tarum o6pazom, mpu wkopus ypaguenus (2.22) seasiomcs mpemsa
2aa8HbLMU KOdPPuLuenmamu S,, Sy, Sy
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Ilnsi o6nerueHus SaNOMUHAHMS MOXHO OTMETHTb, YTO €C/H MOBepX-
HOCTH  BTOPOrO nopmu(a yKe NpuBelea K rAaBHEM OCAM, TO BEKOBOE

v JUP Buj
S —2 0 0
0 S—\ 0 |=o0,
0 0 S—1)
T. €.
S1—N S =N (S;—N==0,
" p KOpHeft Si Say Sy

§ 4. Mocrpoenne okpyxHocTH Mopa

Creiylouiee  noseshoe  nocrpoeiue, npeioxenioe  O.  Mopom

(1835—1918 rr.), 06LYHO yNOTPeG/ACTCS HMHIKEHEPaMH NpH  aHajlu3e

" (eM. ra. V ou VI), onHako ero

yu.oﬁuo CTONLA0BATH TAKKE W /IR MOGHX ADYTHX TEHSOPOB BTOPOrO
patira.

1. TloBopoTt BOKpYr raaBubiX oceil. Hacto ciyuaercs, 4TO Mbl XOTHM
0 TeH3opa BTOPOFO paHra OT
om!on CHCTEMbl KOOPAMHAT K _u.pyrou nosyyaiouleicss U3 nepeoft mpo-
CTHM TOBOPOTOM BOKPYr OmiOM 3 oceht xoopnmmr. B stoM cnyuae
CHJIBHO yTIp

" Tpennonoxus, uTo oci Ox} nonyuaiorcs W5 ocelt Ox,;, KaK noka-
sano Ha ¢ur. 14,a, nosoporom sokpyr Oxy Ha yron B, naMepseMbit
or Ox, B cropony Ox, Torna B COOTBETCTBUM C ONpeJieNieHHeM ay
(cm. o 1, § 2, m. 1) umeem

Gy Gz Q1 cos® smb 0
(tl,/)=(421 ag azs):(——-slno cos 0 o), @.27)
Ay agz gy 0 0 1

Yro6e ynpocTHTL WB/NONKeEHWe, PACCMOTPUM cHauana cayuaft, Koraa
Oxy, Oxy, Oxg— raashbie ocH Tensopa [S,). Torna umeem

TS0 0
os,o—l,
lo o s

[Syl=

Komnonentst Tensopa B cucteMe OX) BHNMCASIOTCS C NOMOLIBIO ypapHe-
nus (1.22)
’ .
Sy=aua;Sy  (Sy=Sy). (2.28)
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Henonbsys suauenns ay; u Sy, HaXomuM, uTo mpeobpasoBaiimil Teusop
HMeCT BHL

[Su Sw O
Sg Sp O,
Lo 0 Sl
rae
%
8j; =S, c0s204-S, sinz 6,
Sp,= S, sin? 0 4§, cos? 0, (2.29)

Sjp=-— 8, sinbcos b+, sin 6 cos 6.

3aMeTHM, UTO M3MEHM/UCH TO/LKO YeThDe KOMIIOHEHTH B /1eBOH BepXHeft
HacTM TeHsopa. YpapHeuns (2.29) MOXHO 3anucath B Buje

1 1
1= 5 (Si 4 S — 5 (S — Sy cos 20,

Spy =5 (S1+S) 45 (S, — S cos 20, 2.30)

Sy %(Sz——S,)cos 20.

Toay # pesy MOXHO Tip Tb rpag u (pur. 14,6).
TlpennosiokuM, uro” 8, < S,. OTMeTHM Ha rOpUIOHTAnbHOH OCH JBE
Toukn P u Q wua paccrosmax of O, paBHHX COOTBETCTBEHHO S; U Sp.
Ilposenem satem OKpyXHOCTL ¢ uentpoM C, BasB PQ B KavecTse .ua-
merpa. TlocrponM pammyc CR Tak, uro6s yroa Mexay CR u CQ, usMe-
pennuil npotns wacoso# cTpeskw, coctapasn 20 (yroa 6 onpenenserca
TaK ke, Kak W Ha ¢ur. 14,a). Torna, tak kak OC =1/,(S, 4 S;) u
CR=1,(S,—S,), na y (2.30) yuaeM, uTo
KOODIMHATH TOUKH R B CHCTEMe KOOPAMHAT, U30OPaXEHHOM Ha uepTexe,
Oynyr pasibi S;, u Si;. Ecnu npogomxuts RC 10 Nepeceuents ¢ OKpyx-
HOCThIO B Touke T, 10 abcuucca T pasma Sy,. D710 nocrpoenie, Hagsi-
BaeMOe nocmpoeruem okpyscnocmuy Mopa, LaeT HarisIHYIO KapTHity
uavenenus S, Sy, u S}, npu nosopore ocell Koopauiar.

Korna Ox) wma ¢ur. 14,a nosopaunpaercs ot Ox; k Ox,, yroa 0
usMensiercs ot 0 10 Yym w R nBmkercss Bao/b BepXueH NOJNOBHHLL
OKPYXHOCTH, u3oGpaxentolt na ¢ur. 14, 6, or Q no P. Ouesunno, uro S:‘
W S,, BCETa UMEIOT MIPOMCHKYTOUHME Buavensi Mexy S; W Sy W OCTH-
AT 9KCTPeManblLiX 3nauenuit, Korsa Touka R cosnajaer ¢ P wm Q,
7. €. Koraa ocn OX] cobnajaior ¢ rnapnumMu ocsmu. Jlerko bieTh
TaKKe, uTO (S;,-I-S;,) MMeeT HeH3MeHHOC 3Hauelive npu JI0GOM 11070~
WEHHU OCell KOOPIWHAT; CJIEAOBATEbHO, (s;l-p-s;?) ABJACTCH UHBAPU Al
#OM 9TOFO TipeoGpasoparivs

S-S =S+,




64 Ta. II. Npeobpasosarus u tensope: aropozo parea

Komnonenra Sy, nocTuraer nanGonbinero suauenus, pasHoro Y (S,—Sy).
xorna 20 =1/, um 0=1/,x. Ecan Ox] spamactcs b 06paTHON Hampa-
BJIEHWH, TO T04Ka R TOMe ABMDKeTCA B OGPaTHOM Hanpassennu. 3uauenne S,
OTpULATeNLHO, Koraa R nexut mibke Q.

E4 i

@ur. 14 locrpoenne okpyichoct Mopa.

- monopor ocel xoopsuar; 0--capuat, Koras S, u Sy rosou,
TenbiK; 6~ cayual, KOFAL S, H S, OTpUATEALIS; 2 - CAYS
S, H 83 NPOTHBONOAONKIEL 1O BiAKY.

Ha ¢ur. 14,6 S uS, HO oc-
TaeTcs CHPABEIMBLIM ¥ B TOM Cllyuae, Korna o6a snavemns oTpHILATe LIS,
KaK NoKasano Ha ur. 14,8, a TakKe NpH NPOTUBONONOKHBIX 3RaKax Sy
u Sy (dur. 14,2). nauenus Sy, u S}, No-npexieMy ABIAIOTCA KOOP/H=
Hatamu R, a 3nauenne S;l—af»cuuccon T; npu 9TOM BO BCeX CJy4yasx
HEo6X0AUMO YUMTHIBATL 3HAKH.

Ecmv  usBecTHel 3nauenus S’ S”, S TO MOXHO HCNOJBb30BATH

Mopa npn MIaBHBIX S, u S,. Vpan-
P R= (Szz- “) u T=(Sj, —Si) ONpeAeImOT OKPYKIUOCTL;
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TOuKH P 1 Q, B KOTOPHIX OKpY ock,
a0t snauenns Sy u S,. Ha npakruke 10 noc‘rpoeuue NO/IE3HO TABHLIM

06pasom kak GeicTpult crioco6 Busona popmys. Hanpumep, ecau S, Si,
u S,, sanant, 10 u3 ¢ur. 14,6 ouesnnno, yro
1
8;=0C— CP = (S}, -+S,)—r.
1 (2.31)
0C+CQ =5 (Siy -+ Si)+ 1
n
255,
tg20=——"2 ., 2.32
g oS, (2.32)

rie
r—cr—y/ LSy T 5%

ECH HyXHO paccMOTperh JiBe CHCTEM KOOPAMHAT, ckaweM OX] W
OXj, Wi ONHA W3 KOTOPHIX He, SIBJSETCA IABHOM, TO, MOBL3YACH OKPYH-~
HOCTbI0 Mopa, MOXHO HanucaTh (POPMYJibl, CBA3HBAIOUIUE COOTBETCTBEH-
HHE KOMMOHeHTH, KpoMme TOro, WHOFLA HyXHO y3HATb, Kai Guc'rpo

upu P oceft p
s ¢ur. 14,6 ncno Hanpumep, 4TO Sj, w3MCUSETCS MeleHHee BCErO
npu O ==/4 u Grictpee Beero npu 0 =0,

[pu nocrpoenuu ¢ur. 14,a—2 Mu npeanonarazu, ¥To BpaweHue
cucreMbl mponcxonur Boxpyr oc Oxg u uro S; < S,. Ha npaxruke
YaCTO MPUXOMMTCS MPHMENSITH HTO NOCTPOEGHHE JIIS CIyuaeB, KOTAA Nops-
ZIOK OCelt He COOTBETCTBYET paccMoTpeHHOM cxeMe. [TosToMy npensa-
raercs creaylowmt obutuit cnoco6 noctpoeus. Vs nmyx raaBHbX KOM-
TIOHEHT, Y B 6 u Bep-
THKA/LHO BBEPX NPOBOAMTCA COOTBETCTBYIOMAs ochb (cM. ¢ur. 14, a).
BnpaBo OTKAANLIBACTCS OChb AMS MeHbUIeH KOMIIOHEHTH. B3arem BBOASTCH
moGLe yno6Hsie 0608HAYeHUs OCell M AAI0TCS COOTBETCTBYIOLUE 06O8HA~
ueHusi ocelt Ha yeprexax ¢ur. 14,0, & uin 2.

2. ToBopoT BOKPYr MpoM3BOAbHON OCH, Ha npakTuke vauwe Beero
HCNOJL3YeTCA NOCTpOeHue OKpykHocr Mopa, onucanuoe B § 4, n. 1,
OAHAKO NOCTPOEHHEe OCTaeTCs ClpaBesIMBLIM M B TOM Cjyuae, Koraa
och Bpauenns Oxg He sBnsieTcs riaBHOH OCBIO Tensopa. Ec/ BcrnoMuuts
CBOCTBA XapaKTePUCTUUECKOM I0BEPXHOCTH Broporo mopsiika (eu. ra. [, §4),
TO MOXHO BHJETH, UTO e Bhile TECHO CBSZAHO
C HaXOKIeMeM TAGBHLIX OCell ONNOTO WS MABMEIX CeveHull XapakTepi-
CTHYCCKOK fOBEPXHOCTH. AHANONWYHO M MOXEM PAacCMOTPETh TpPOH3-
BOJIBHOE LEHTPANLHOE CeveliMe W NPMMEHMTL ONMCAHHOE NOCTPOeHHe AMs
HAXOXJEHHA er0 TMaBHLIX oceh.

5 Iox. Han
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B 97OM Ciiyuae TO-NpexHeMy CnpaBeiuBo mnpeoGpasosanue (2.27),

1O, TaK kak OX; me Gosnbie ocamu, yp (2.28)
conepxar GoJibliiee YHCHO UNeHOB. Tew3op, MpuBelewHbifi K I/ABHBLIM
ocsam Oxy u Ox, paccmar ceueHust u 00 i ocu OX3 umeer
BHIL

Sn 0 Saj

i 0 Sz Sy

LSu Sz Sl

Komnonentsi Tensopa B cicreme Koopmaar OXx; 8anuchBaioTes B Bie
Si =S cos?b 4§, sin2 6,
Sy =S,,sin? 04§, cos20,
Ste =Sy
Sjg=— S sin0cos b4 S,,sin b cos b, (2.33)
Sy =S,y sin04-S, cos 0,
Sy =S,,c080 48, sin 0.

Takum 06pa3oM, IS KOMOOHEHT Sn, S’ u S’ 6eapasnuuto, SBASETCS Jik
Oxy rnaBHOM OCLIO WM HeT, W NMOCTpOeHue OKPY»ocTH Mopa OfuHa-

KOBO TpUMEHUMO B OGOHX CJyuasX.

§ 5. dmuuncoun 3nauennii Tensopa

B ra. I, § 4 Mu puzens, uTO Xapaxtep

BTOPOro TNOpsIKA eCcTh ¢ PUUHOrO
Tensopa BTOporo pamra [S;]. Hapuny ¢ el umcerca npyras npencra-
unTepec ¢ [Sy), a umenno nosepx-

HOCTb, ypabHeHue KOTOPOH, NpueleHHOe K riapHbiM ocsiM [Sy), umeer
BHI

(2.34)

Ara ecTh 4T0 OHa HHKOTJIA He SBAsSeTCs
rnnep6onom10wl) ¢ nonyocsimu |8, ], |Sy| u [Ss)
PaccMOTpUM CHOBA B KaueCTBe NPHMEPa YAE/bHYIO 9JEKTDPONPOBOL-
Hocts. Mbl snaem (cM. crp. 18), wro eciu 3apao nose E enunuuxod
npH B nanpasnennn (¢ur. 15),
TO TeM caMbiM Ofpese/ena TIOTHOCT TOKa J. Ecnu pexrop E nosopa-
ynBaetcs Bokpyr O, npuueM ero AIMHA OCTAETCH HEUSMeHHOM, TO BekTOp J
ToXe Oyner Bp HO NpH STOM cBolo aummHy. JloKaxeM
Teneps, 9TO Kowel, Bextopa j Oynser omuceBarh nosepxmocts (2.34),
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TIOCTPOEHHYIO JUIS TeH30pa il sneKTponp! M lu,,] [ p:
noctb (1) ma ¢ur. 15].

®ur. 15. Tiabubie CeueHHs SMIMICOMAA YAENbHOM sieK-
TpoliposontoctH (1), enunnunol cdeprt (2) M xapakrepu-
yaeabHO ).

TMycts E==(Ey, E,, Eql. Torna j=1j1, ja Jsl=I0\E1, 05E;. osEs).
Tak Kak no ycaosuio E5 +E5-+Ej=1, 10
A A&
Fraty=t
CrenoBatenbho, KOHell BeKTOPa j JEKHT HA 9//MNCOMAE
Aok K
—~+—+—F=1
Ora noBepXHOCTbL onpenenseT OAuny j, ecau Hanpapnenme j ywe
u3BecTHO; uTOOL HaliTu Hanpasierue j, Mb MOXeM HCHOJbL3OBATL CBOM~

CTBO paliyca-BeKTOpa H HOPMa/u XapaKTep P nas
ynenbHoH ssieKTponp ™ p (8) wa ¢ur. 15},
PE3IOME

fpeoGpasosanue ocelt (§ 1). Ecim Ox, w Ox|—nse cuctemu

P P u 3aKoH P OHON B ApYryI0
HMeeT BHJ
—

Xy = a,x),
TO MeXy HANpaBMAIOUAMH KOCHHYCAMH G;; WMEIOTCA ClEfyIouue CoOT-
HolleHus, MU op .

Aty == 8,/. (2.6)

Gyt =Bype 2.8)

5*
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{ b= en

0 @+ 0
Ecan npasas (neBas) cucteMa KOOpAMUAT NPU npeoGpasoBaHuu ocTaercs
npasoit (neBoit), TO

lal=—+1

ecan e NpH NpeoGpasoBanmi NpPapas CHCTEMa NepeXOANT B JeBylO (MaM
HaoGopot), 10

| ay |=—1.

OnpejieJienne BEKTOPHOro npoussenenus (§ 2). Ecnu p; u ¢,—rno-
ASpHHE BEKTOPh, TO BEKTOPHOE NPOW3BENEHHE P, W g; €CTh AHTHCHM-
MeTpHuHHH TeHSOp V), KOMNOHENTH KOTOPOro 3ajaioTcss B BHIC

Viy=—pg+r 2.14)
Ecnu Tpu Vi b uepes r,, Tie

r=Pgs— PG 2= P Pign T3 =DPide— Py (2.16)
TO r; npeobpasyloTcs COrIACHO 3aKOHY
rp==:=% a,ry; (2.18)

SHaK TUNOC CTABHTCS TIPH NpeoGpasoBaHiy, COXPaHAIOUEM Mpanyio (eByio)
cHCTeMy KOOpIWHAT MPaBOH (/1eBOM); BHAK MUKYC CTaBWTCS, KOTIla NpaBas
CHCTEMA TePeXONUT B /eyl (1iu Hao6opor).

Axchanbkbie Bextope (§ 2). Benwumiu, npeoGpasyiommecs 1o

sakony (2.18), o6p: B TaK 0 QICUANBHO:
sexmopa. Victuniun (noqnpuun) BEKTOp MOXeT OuiTb H30OpaxeH crpes-
Kot AIMHBL W p (dur. 12, ). Axcuanbubit e

BeK’l‘op OTpesKoM ft JMHBL W
C 3ajaHHHIM uanpannumem BpauieHus (¢ur. 12, 6).

I'nasusie ocn tensopa (§ 8). [napHbie KOMNOHEHTH CHMMETPHUHOrO
TeHsopa S;; ABIAOTCS TPeMsi KOPHAMH KyGHUeCKOro ypaHeinsi aus A

18y, —2; | =0, (2.23)

010 8eK0BbLI s. Eciu ) — Kopeub 9TOro ypape-

s, T0 HANpaBJeHue COOTBETCTBYIOUIEH F/IABHOKH OCH MOXHO ONpenenuTD,
HAXOJA M3 ypasHeHutt

S, Xj=VX] (2.24)

ornowenns Xy : X1 X,

Hochoenue okpyxuocTH Mopa (§ 4). Ecim cucrema Koopuu-
Har Ox| CHMMETPHUHOTO TeH3OpA BTOPOIO paiira S NOBEpHyTa BOKpYr
onsolt u3 ocedt, nanpumep Ox; (cM. dpur. 14,a), To npeoGpasosanbie
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Komnouenti Sy, S,,, S;, UaXONSTCH W3 NOCTPOCHHUA, NOKAIAHHOFO Ha
dur. 14,6 —2; npu stom
’
R=(Sp Sy T=(S;p —Si). L RCQ=20.

Jnaunconp, snauenuii Tensopa (§ 5). Ilyctb apa pekTopa p; u g

cBA3aHL NHHERHLMU COOTHOLUEHHUSAMH
=S8 (Sy=S$)-

Torja, eciu g¢; WMeer EIMHUNHYIO JUMHY W BpAallaeTcs BOKPYr Hayana
KOODIMHAT, TO KOHEl BEKTOPA p; OMHCHLIBAET /IMICOMIL

4,04 5
e ST Y (2.34)
3

3A1!Alll'!

. Jlokasats, uro
xnanpar JMHB BEKTOpPa [p,], onpclw.nﬂemuu xak PiPi, HE M3MeHSETCS npu npe-

2, Moxasars ¢ nouou(m oxpymllucru Mopa, ut0
Su snz!
Siz S
— HHBApDHAHT 1S NOBODOTA BOKPYT OCK Xy JlaTh reOMETPHYECKYIO MHTCpnpe-
Tauuo.

(em. cTp.
4. TipuBecTH ClIeAyIOMHME TEH3OPH K TJABHbIM OCAM, HCTIOMb3YS TOCTPOCHHE
okpyHocTH Mopa:

3. Mczigo)m.:«yn OKpy)HOCTE Mopa, peurh eue pas 3ajauu 3a— 3n ra. [

11,06 308 07 -6 —3V3 0]
a)| 308 1894 0|. 6| —3V3 0 (1B
Lo o 4l Lo o 10!
T2 2 05 8 0 —47
8 [220[, )| o012 o0f
Lo o gl -4 o 2l
5, Heo6xonuMO noBepHyTh TeH3op
it P
3 10 6
8 6 2!

BOKpYT OCH Xg TaK, 4TOGbl KOMIOHeHTa 22 crana pasHo#t Hymo. Haliti 1sa Bo3-
MOXHLIX yraa noBopora, menbiiux 90° M NPOMAMOCTPHPOBATL PELICHHE TIOCTPOE-
HHeM OKPYKHOCTH Mopa.

6. Jlokasatb, YTO NOBEPXHOCTb, PANHYC-BEKTOP KOTOPOH B NAHHOM Hanpa-
BJCHHH NPAMO NPONOPLHOHANEH BEAHuuHE S, XapakTepu3yioutel CBOACTBO B STOM
HANpAB/CHUY, ABAACTCA OBANOHIOM

(S04 Sp ot 8y8d)" = (454 1)

(Ctporo rosops, 910 BOKpYr Hauana
KOOp/MHAT, BMecTe C camum HauanoM KOOpAMHAT.)







acmo Il

PABHOBECHBLIE CBOMCTBA

Ta. 1I—IX nocssiuens OGCYXAEHHI0 HEKOTOPLIX caoﬁcm
KDHCTAJIOB B CBETE MOJOWEHHH, Pa3BHTBIX B ABYX Ij
AYUHX riaBax. Paccmarpmsamcn MG TaKHe cnoucnaa‘
KOTOpHie ¥ TCpMO-
3HayeHue s10ro nono-
MeHHs pasbAcHAeTcs B ra. X, B KOTOpOH maercsi enmHoe

[ cBoficT.
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TAPAMATHUTHASL M JUAMATHUTHAS
BOCIIPUMMYUBOCTH

MaruuTHas BOCIPHUMYHBOCTL MADAMArHUTHLIX M JIMAMATHHTHBIX KPH-
CTANNOB SBASETCH TUIMUHLIM AHK3OTPOMHHM CBOMCTBOM, KOTOpOE ONH-
CHBaeTCA TEH30POM BTOPOro panra. B jauHoH rnape MH cHayaza Iajum
olipe/ienentie 3TOrO CBOHCTBA U 3aTeM MOKAKEM, KAK U3 TAKOrO onpeiese-
HUS noaTy CROHCTBA KPUCTANIOB B Ma
HuTHOM nofie. Mbi He GyjieM KacaThcs heppOMarHeTHaMa; STO aHH3OTPONHOE
CBOMCTBO KPUCTAN/IOB NPEICTaR/seT GOMbIIOK uHTEpeC KaK C TeopeTuue-
cKoft, TaK M C ‘NPAaKTHYECKOH TOYKHM 3PEHHS, HO OHO HE NOAXONMT st
paccMoTpenusi B NpefenaX TOM CXEMH M3NOWeHHSi, KOTOpas NpHHSTA
B HacTosuiedt Kiure.

§ 1. O6mue coOTHOUIEHHS

INpennonaraercs, 4TO uuTarenb 3HAKOM C s/eMeHTapHON Teopue mar-
HETM3Ma WMBOTPONHMX Tel. Miu GyleM WMeTh [EMO CO  CACRYIOLIMMM
TPeMsi BEKTOpaMH:

H— unmencusnocms MQZHUMHOZ0 nOAS WM  HANPAICEHHOCML

noss;

1 — A WM HOM@ZHW
NpencTapsiouias oGO MarHuTHUU MOMEHT Ha eunuly oGheMa
Kpucranna;

B — maznumnan uHOYKGUS WIH NAOMHOCMb MAZHUMHOZ0 NOMOKA,
ITH BeKTOPH CBSI3AHBI MEXJY COGOH COOTHOIICHUEM

B=pofi+-1, 3.1
rIe o — ckanspuas MarnuTHas BaKyyMa, co
B pauuona cuctene MKS 1), paBupiM 47/107 =

= 1,257 - 107%. Onpenenenue pexropos H, I i B moxHO HAUTH B 06k~
HbIX yuebuukax, nanpumep [1, 82, 83]2).

1) B nacrosued kuure —Beane
cucreMa MKS. Onmucanue stot cuctembl BMecte ¢ TaGJMIaMK nepexoja AaHo
B KHUIe C'rps'n'ona [87). B kuure Cuerepa u dpanka &83] HMEETCs! noncmoc
ofcyxnnenne cucrem enummil. Cwm, taoke knury Cee u Iluanaxa [79] u
ol !ym kuury Mak-Ipusn [67]. (Cum. takwe [115). — [Tpum. nepes.)

CM. rake [105, 117). — [lpun. nepes.
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Bo MHOTHX M30TPONHHIX Cpenax Hamar npsaNo
HafbHa HANPMKEHHOCTH noAs (Mckmiouas oB6nacTb Oueb BHICOKMX noneﬁ)
NOITOMY MOXHO 3anucarb

I=pH, (32

raie H — nappsakennocth NOJs B AAHHOW Cpefe M § — KONCTANTa, HasH-
naeuan MaZHUMHOL 80OCNpuumMiusocmpio. Vi3 ypasucnus (3.1) Bugmo,

I v poH wneror b $ — Ges-
paSMEpHﬂﬁ BenuuHa, DTuM Oﬁ'b!lCHﬂBTCH novueMy BeJHYHHA [, BKJIOYeHa
B ypasienne (3.2)%). Benuuuna ¢ Geap pia, HO y I
K enunvie obvema, § B yp 3.2) o6Besnol
HOil gocnpul Ecau p b TO

Cpena HasLiBACTCS NapaMAZHUMHAOLL; CIH e OHa OTpUuaTenbia—cpena
ZMaMarHuTHA.

Xora § n , YHC/ICHHOE MarHuTHOW BOC-
npummnuoc’ru AISi IaHHOTO BEUIECTBA 3ABUCHT OT TOrO, yNnoTpebisiercs Ju
Hota. w p cucTeMa efunmi. YTo6H
HaMU 6 % B paumuo-

uanuaupoaauuon CHCTeMe C/MIKLL, HAlO 3HaueHue qa B HEPAUKOHA/UBHPO-
BaHHOH CUCTEMe YMHONMTL Ha 4% B iMTeparype uacTo MCHONB3YIOTCH
W npyrue Beuuunbl: (fp — yOeAbHAS MAZHUMHAA BOCRPULMHUBOCMY,
WM MOZHUMHGS BOCADULMAUBOCHS KO edunuyy maccel, u Afp—

aAMOMHAs WIK MOAS) socnpuu The p—maor-
HOCTb, @ A — aTOMHHI!t WM MOMEKY APHHIA BeC. 3aMeTHM, uTO STH Bequ-
UMHEL anech B CcHCTEMe elMHuI.
O6vemmnss ypasuenns (3.1) u (3.2), nonyuaem
B=(1 4§ poH =pH, (3.3)
rie
=po(1+9). (3.9
B b ecth mocms cpenwt. Hnorna oka-
BBECTH
M=" =14y,
e =1+
2610 p HOCTBIO.
B xpucrannax sexrop J B ofuiem cnyyae we napainenen H u ypap-
Henue (3.2) samensercs na
. 1= poby My (3.5)
1B " MH PasHele aBTOPH NPUAEpKH-
Batorcs B3TAALOB. 3.1

B=ypy (71-)—[) H He BKJOMAIOT tg B ypaBHeHHe (3{2), TP TAKOM QUpPEeNCHHH
coxpanncrcn TOT JKe CMBICA ¢, HO cMbica [ u3meHsiercs. [lpyrue aBrophl NpocTo
ONYCKAOT po B ypaBHCHHM ( .2); B 9TOM cayuae J umeeT TakOH e CMblCA, KaKk
B JIaHHON KHHre, HO 3Hayenwe ¢ P sToit Gyner
Tenepb ONMHAKOBA C PA3MCPHOCTBIO .
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e $y — B socnpuu. .
Tenepb yp 3.1 o6uuM CrpaBeNUBLIM
HE3aBHCHMO OT TOFr0, mapasnenen Bekrop J sexropy H un wer (¢ur. 16).
MoxHo 3anucaTh B TeH3OpHOM 060-

3HauyeHHH, 4TO B I
By=poH;+1,. (3.6)
CuenosarenbHo, ot
By = po (Hy+ &y,

®ur. 16. Cessu Memnay BekTOpaMH
=po @y +4i)H, HEBwl
B COOTBETCTBHM €O cBofctboM cumMbona 8y, (cM. crp. 53). Tocnennee
ypaBHeHHE MOXHO 8anucaTh B BHIe

By=pyH) 3.7
rae
Py = (all+q’lj)' (3.8)
TaK Kak podyy U PPy — TeH3OPL moporo paiira, p,; Takke SBsCTCA
TeH3OPOM BTOPOTO pamra — P 1p Mocmi 2).
(3.8) ectb s cpenst  ypasiie-
st (8.4). BuinuCHBas ero noJHOCTLIO, uonyllaeu
Ten v ew] Tro(+dn)  pobin vy
Pat bz bas|=| eovm  mo(ldde)  eobm |
Leg vor pao! L pobm podse  po (14 dp)t
1) Tak kak P TOKA § ectb i BEKTOP, TO M8
YpaBHeHus sllel(TpoMamHTuoro nonn 10t H=j+4 D cneuyer. uto M snnsercs
B BEKTO-

paMu CM. B L. lI § 2) it7) nommp)«nelmn 9TOro omcmm HTO 151 ONpEAeseHks

npaBHIOM npanoro BUHTA. M3 npupesennoro siue ypasnensst (3.1) Brawo, uro /
TaKiKe SBASIOTCA AKCHATLHBIMH BEKTOpamH. urarenh MOXET JErko OKa-
sarb, MTO, MOCKOAbKY I; H Il,- B ypaBHeHHH (35) TpeobpasyioTcss KaK KOMIO-
HEHTH! aKCHAJbHBIX BEKTOPOB, ;7
(nonxpuoro) TEH30pa BIOPOro panra.
MeHee B sakJioueHuH o ToM, urto H ectb akCMﬂ}lebﬂ;ﬁ BeK1op,

;meercn SJIeMeHT o 3ABHCHT 01-

Hust O TIONAPHOCTH BekTopa J. I BhIE YP;

pseTcs M B TOM Caydae, eciH f-— akcHanbHblit BekTop, a H ——nonnpnu BooGue
rOBOSl, Y HHTHOIO TIOMA Y KaK B TOM
cayuae, korna Mt cuutaem E, D, P, J noaspubivu Bektopanu, a H, B, I — anb-

HBIMHW, TaK W NpH OGpaTHOM oo, Mot BHOpanK OfHy H3 IBYX BOSMONHO-
crelf, CUNTas NAOTHOCTb SJEKTPHYECKHX 3ADSUIOB CKaasipoM M, CAENOBATEMbHO,
J— NONADHBIM BEKTOPOM. OJHAKO M BUOAHE MOMM Obl CUHTATh MJIOTHOCTD
PacnpeneNieH s MarHWTHBIX 3aPANOB CKAIAPOM; TOTAA MBI NPHIL Obi K 3aKI0~
weniio, 4r0 H (cua Ha euuMIly MarHMTHOrO 3apsiia) fIBJSICTCS NOMSPHBIM BEK-
Topom. Crenyer oOTMerHTh, uTO 062 cnocoba onm:amm NPHBOAT K OJHOMY
u TOMy e 3aKOHY ", Y ,TeH30p-
uouy xapamepy ({78

lerko nokasaib, 110 cymMMa (Mi PasHOCTDb) AOOLIX ABYX TEH3OPOB OANOIO
paura ecﬂz Apyroif TEHIOp ITOrO Ke paura.
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Ten30p OMHOCUMEAbHOL MOZHUMHOL RPOHULACMOCMU KPUCTANIOB
MOXHO ONpPENENUTh KaK

¢y

B § 2 nyreM paccMOTpeHMs SHeprHW HAMArHMUEHHOrO KpWCTAana
LOKABHBAETLA, uTO py; OOPASYIOT CHMMETPHUILIA Tensop, T. e.

Vi =ty (3.9)

Torna tensop [§,,] TaKxe cummerpuues, Tak kak u3 ypaphenmsi (3.8) u
cootHowenus (3.9) crenyer, uTo

"Pl/ =

Takum o6pasom, 06a Tensopa [p;;] u [§;,) moryT OuiTL npusenens K OGumm
rnapubiM  ocsM.  Kozda noze Il Hanpasaeno 8004b 2106020 U3 SMUX
mpex 83auMHO OpmozOHarbHUX Hanpasienud, H, I u B napanneabns
Opyz" Opyzy max oce, Kax smo umeem mecmo 045 USOMPORHHLY MeA.

cnu H, wanpumep, NexwuT BOAb TAaBHOM ocw, oGosHauentolt uepes Ox,,
TO MBIl HMeeM

C. MaruurHas p Kpucranna 10 OfIpe-
u Manp €r0 rJIaBHEX BOCHPHHMUYMBOCTEH
Y10 b2 5. DM p W, KoHeuno, mo6LM orpa-

HUUCHHSM, KOTODHE MOXET HAKNIA/ILBATL CHMMETPH s KPUCTa/a (cM. Tabu. 8).
TOBOPST, WTO KPHCTA/NI NAPAMATHUTEN WAW MaMariuTeH BLOJb Nak-
HOW TnapHOM OCH, eciu Beamumia § IJisi HTOIO HanpaBieHus COOTBET-
CTBEHHO TIONOXUTENbHA MM OTPHLATENLHA. MMecTcs HECKOMBKO KpHCTall-
JIOB, KOTOpHE NapaMariuTHLl BJOJb OANON OCH M NMAMATHUTHE BAOJb
ﬂpyl‘olL Taasnele BOCNPHUMYHBOCTH JIMAMArHUTHBIX I 1APAMArHUTHBIX KpH-
CTaNN0B O6HIYHO NIeXKAT B Npenenax or —107% 5o —H()"5 COOTBETCTBEHHO;
sHauCHUs § NS HEKOTOPHIX KPUCTA/IOB fipuBENeHH B Tabn. 4.
Tak kak B ypasenuu (3.8) ¢;; manw no cpapnennio ¢ eaunmueft,
B pyy Mano or or T pedyy. UeM Menblue aHa-
uenusi ¢y, TeM Menbie I u Tem 6mnxe x mymo yron mexay B u H
(cm. dur. 16). Dnaronaps ManocTn ;; MOXHO cienaTh BaXHOE ynpouie-
HHe, KOTOPOE Mil CeMuac PaccMOTPHM.

Korma Kpucrann nomeuien B MAarHWTIOC NOJE, OH HAMArHWYUBAETCH;
TY 9TOM BOBNHKAET €ro COGCTBEHHOE MArHWTHOE TOJle, 3abucsulee OT
BOCIPHUMUMBOCTH, (OPMEL M pasMepoB kpucTaina. Crenosarenbho, jeh-
CTByIOWEC MarHuTHOE rosie B /I0GOH TOUKe MPOCTPANCTBA KAK BHYTPH,
TaK W Ble Kpucraana we GyneT paBHO NpuUONKeHHOMY 10.i0. OGO3HAUMM
coBCTBeHIOE N0/e KpHCTana uepes H,, a npunoxentoe noje — vepes Hy.




§ 1. Obwue coornowtenus 7

TABIUWILA 4
ocnp: napa. u dua. x
Kpucmannss *

Kpwerann Cherena W o “
Aparonut Opropombuyeckast . . .| —144 | —142 | —1,63
Ksapu TpuroHanbHast . . . . . —1,51
Kanpumr » PR —1,24

- Kanmuit Tekcaronanvuas . . . . —174
Bepuan » e 2,76
Pymun Terparonanbhast . . . . 10,5
PaoopHT Ky6uueckasn . . . . . . —L14
Xaopuy natpus » e —136

* Bee SHANEHHS, KPOME BHAYCHHMS IS KSXMHS, NEPECHMTANH M3 YACABHLX BOCHDHHM-
umBoCTel, BaTHIX M3 TaGau [6A); smauenMe AJS KAAMMS BBIYMCACHO NO GTOMHOR BOCHDHMM-
unmocT, Bawtolt M3 pebors Betca [3]. YMIONaR Sauer, NpHBEXEHRME B Tabane,
na 10~5, nonyuaem o6LeMiMe BOCIPHMMUMBOCTH B PANMOHAMSHPOBGNHOR CHCTEME ERMMAIL

Tone H, no K KpucTadny;
OHO CyllecTBOBanO Obl U B o-rcy-rc'rnue kpucranna. [eficrsyiouee, win
nonHoe, none (1 ero Hy), c B mo6GoH TOuKe npo-

CTPAHCTBA, €CTb CyMMa noJel,
U camum kpucraniom (pur. 17):

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

Monss H, w H, Gynyr B obuiem cayuae He
UBMEHATLCS OT TOUKH K TOUKE W OT/H-
4aTbCH APYF OT APYra KaK BHYTPH KpH- Hy
cranna, TaK W BHE ero. @ ur. 17. Cpasb mMexny

B ypapuenus (3.2) u (3.5) mxommr Bektopami Hy, Hy w H,.
neficrayouiee  none  H,. Onmako, Tak
Kak none kpucranna H, np n6HO [, €ro BAMA-

wwe na H, mano u uM o6LuHO MOXHO npeneOpeus. Cuenosatenbno,
ecM KPUCTaN noMeuieH R ojxoponoe none, H, nourn cosmanaer ¢ H,,
M noJie NPAKTHYECKW OJMHAKOBO KAK BHYTPW KPUCTANNa, TaK W BHe ero.
TakuM 06pasoM, nNapamMarHUTHLY W AUaMarHuTHHR SPPeKTH B 00HOP0O-
HOM nOse TIOYTH He 3aBUcAT 0T (popMmul Kpucranna. B § 3, n. 3, Gyner
110KA3aHO, NOYEMY HTO YTBEPICHHE CIPABEANMBO TOMLKO AJA ONHOPOA-
Horo mnons. Heobxonumo NOAYEPKHYTL, YTO MLl PacCMaTpPUBAEM TOJIBKO
napa- ¥ JMAMArHCTUKH H YTO NOCAeLHMH BLIBOA HeCNpanejaus 1nst ¢peppo-
MarHeTUKOB.
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§ 2. dHeprus HAMArHMYHMBAHMS KPHCTANIA

DHepruio, 3anacacMyio TEJIOM MpPH ero HaMarHHUMBAHMM, MOXHO HafTH,

patory, Py , YTOOHI HamarHm-
b 570 Tew0. [I0CHENHIO B CBOIO OYEpeb MOXKHO TONY4HTH, BEIYHCINB
chayajia pabory, satp IO Ha Majoe HAMarHH Ha-
Mar MOXHO P Ha-
npuMep, ee MOXHO MarHUTH WM MeHsst

TOK B CojleHOune. Baxuo ysicunts, 4t0 paboTa, HeOGXOmUMAs IS Kl
HOrO W3MeHeHHs HAMATHHYEHHOCTH TeJd, MOMXET 3aBMCETh OT TOTO, KaK
5TO H3MeHeHHe Npomapomutcs. Hike GyneT nokasaHo (jis 4acTHOrO Cliy-
uas), 4TO €CAM 3ITO noJsiem, TOKOM

T

.
,

4

LU
Lr

[RRE

AUNRRRNY

AL
Pur. 18

J P
SHEPrHH HaMarHHUEHHOrO KPHCTAMNA,

COJIEHOHAA, M €C/M STO MOJie HEeMKOM SaK/IOueHO B KPHCTA/LIe, TO moj-
Hasi satpavennas pa6ora Gyner dW = vH - dB, rne v ——oﬁmM Kpucraa.
Ecm xe nozs MarHu-
TOB, TO MOXHO NOKA3aTh, YTO NPOH3Be/enHas paGora Gyner du’/ =—ul.dH.
npvl'l“Ha TAKOTO Pas/IMyus 3aKJIOYAETC B TOM, HTO pa60'ra BABHCHT He
TONbKO OT WMEHEHWs HAMATHHYCHHOCTH TeJd, HO W OT BCeX H3MeleHft
NOJS KAK BHYTPH KPWCTA/NA, TAK M BHE r0; H3MCHEHHs e NOJA pas-
AMUHBL B 9THX ABYX CiyyasX. XOTS H3MeHeHHe HAMArHWUEHHOCTH TeJia
B OGOHX Cilyuasix ONMHAKOBO, M3MEHEHWE SHEPTHH CHCTEMHl B 11CJIOM pas-
awuno. Tlonnoe paccMOTpeHse 9TOFO BONPOCA HaHo B NMPHIONEHHH 6.

Ins nawux pesiet B raase uTOo:
1) beipaxenne, KOTOpoe Mbi coOupaemcs Bhsectd njis dW, we siaserce

Hau p — CHMMeTpust
[pyy) — nonyuntes kakoe Obi H3 P p My

HH HCTOJIb30BAM.

Paccmorpum Tenepb Cieylownh npocTo ciyyahh. Iaunnbifh KpHcTaj-
nnyeckntt  crepienb JUIMHON [ M P A Ha
YeThipe PaBHHE YACTH, KOTOPHE 3aTeM COXEHbl TaK, 4TO o6pasym KBan-
partHyl0 paMKy, mnoKasamyio Ha ¢ur. 18. Ha pamky uaBut cosieHoun,
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MMelOWHH CONMpOTHBJIEHHE R W n BUTKOB Ha emuHmily jimHb. Yepes co-
neHou mporekaer ToK J ot Garaped, 3. A. C. KOTOpO# pasna g. Ecan
numHa | BeIMKa MO CpapHenmio ¢ A, TO MOJE BAOJNL KAXIOH CTOPOHBI
PaMKu TNPAKTHYECKH ONHOPOLHO M BCEIeNO B3aK/IOYEHO B KpHCTale;
HEOLHOPOJHOE T0Jie BOJMSH YI/IOB PAMKH OXBATHIBACT TOJBKO OUEHD Malbie
uactH nosmoro obbema. Hatinem nnst pabotel, 3aTp:

Ha Ma/loe H3MeHeHHe HaMArHWYeHHOCTH KpucTaina. Ilose H nennkom onpe-
nensercs TOKOM J M ReHCTByeT BIOJb OCH KaXJIOM CTOPOHH CONEHOMAA

H=nlJ.

B oGmen cnyyae unaykiuus B B kaxno#h cTopone pamku Gyner Hanpas-
JeHa HaK/IOHHO K ocH. Ilycts B, — koMnonenta B BIOJL OCH COJIEHOMIA
B uanpasienuu H. Torna B uenu npwu uaMewennu B Gyler nHIylUHpo-
BaThCA 5. H. C.

CrienoBate/ibHO, ' yBeNMUMBaA 9. A. C. B 1EMH, Mbl MOJyYaeM

D — IR,

¢ —Anl—

PaGora, aarpauennan Garapeet 3a mpems df, Gyner
@Jdt = J?Rdt 4 Anl JdB, = J?Rdt +- AIHdB,, = J*Rdt +vH - dB,

rie v—o6beM kpucramia (v==Al). Hanpassenns H u B » nocrnenneM
YPaBHeHUH LO/DKHbI OBITh B3ATH MO OTHOWIEHHIO K OCSM KPWCTa/na, Ajs
TOr0 4TOGbl MOXHO G0 cumraTh I m B OIMHAKOBLIMH BO BCEX UeTHI-
pex cTopoHax pamku. ITepBui wieH B ypasHenuu Ajsi PaGOTH mpencta-
Basier coGokt Jukoyneno Temo. Bropott unen

dW =vH-dB wm dW =vHdB, @3.11)

MEI WHTEPNpETHPYeM Kak PaGoTy, 3aTPAaueHHYIO HA Ma3MeHeHWe HAMArHM-
YEHHOCTH.
Tenepb 1p 310 ans dW 3Hepriu 1)

dav Kpuc'ra.nna

d¥ = oH,dB,. (3.12)
1 y @B7 oy (3.12), nonyvaen
@ = vy, H,dH,, (3.13)

KOTOPO€ MOXHO 3anuCaTh B Pa3BEpHyTOM BHIE
AV =0 (i HodH, oy, dHy - paHydHy - o HodH, - pogHod Hy
- tagHodHy - pogHydlH, - prHdHy - peaHd ). (3.14)

1) Crporo rosopsi, anst 97Q
€CTb MpUpalletne c60000K0l snepeut (M. npmmmelme 6).
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CrienoBaresbHo,

1 v
v oy = Pufl ey +-paHy (3.15)

1 oW
v ol = Peflitpatl - paHy. (3.16)

Tenepb Mbt nonyunmi ¥ Kak QyHKUHIO ONHHX TOJBKO HE3ABHCHMBIX Mepe-
Mennblx H;, Hy w Hy'); MoxuO mokasarb (cM., Hanpumep, [95]), uto

s Takol dyHKuHH
a ( 0w ) 0 ( or )
T 0, \om, )

Orciona, mupdepentnpys (3.15) no H, u (3.16) no Hy, nonyuaem

g == Page
ABQIOrHUHBM MYTEM MOXHO LOKE8aTb, YTO
Pra==pa M Pory==pa.

Cie/l0BaTe/bHO, TEH30P [py;] CHMMETpHYEH.
Wurerpupys ypapuenme (3.14), HaXomuM Bepakesue IV SHEPTHH
1aMarHHueHHOro  Kpuctajna b)

1 2 1
V= v(’f pufli +912H1H2+915H|H3+'2*[‘22H§ +

1
+ pesflHy puH:%), @3.17)
WIH B COKpAIEHHON 3amuck

1
U= g op H .

§ 8. Cuuai ¥ MOMEHTBI CHJ

Onpenesene CHIL W MOMEHTa CHII, NEHCTBYIOMMX Ha KPUCTa/Jl B Mar-
WUTHOM MOJIE, N2eT BOSMOXHOCTh MSMEpSTh €r0 MArHHTIyIO BOCHPHHMUH-
BOCTH [4, 62]. B 00uieM ciiyyae CHjia H MOMEHT CHJI 3aBHCAT HE TOJIbKO
OT BOCHIPHUMMHMBOCTH KPHCTa/ia, HO M OT €ro ()OpMEI, OpHeHTALHH
# ofbeMa, a TAKKe OT HAMDMKEHHOCTH MOJs M ee HIMEHEHHS BLOJb
o6pasiia. Y106bl yNpOCTHTH WBJIOXKEHHE, Mbl GyNeM paccMaTpuBaTh pas-
JIMUHBE CJIyy4aH MO OTACTBHOCTH.

1) Tax xax yp (312) e W, cama dyn-
i T CONEPMHT NPOH3BOSHHYIO Kouc'raHTy. KOTOpYi0  yAoGHO uuﬁpah TaK,
yro6ut W 6uaa paBua uymo, Korna

Hy=
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1. MomeHT cus, ReHCTBYIOMMHE HA KPUCTAJI B OAHOPORHOM Mar-
HUTHOM noJe. IIpelnosioxum, YTO MATHHTHEIH AHNOMbL ¢ MOMeHTOM M
PACTIOJIONKEH B ONHOPONHOM MACHATHOM TNoJe Hanpsokennoctbio H Tak,
YTO OCh HMNOJA COcTaBlisier yroJ O ¢ nanpassennem H (gur. 19). Moxuo
NpeCcTaBuTh ceGe, YTO JMNOMb COCTONT M3 MATHHTHHX 3apSNOB —m W M.
Ecan 0603HaunTth yepes ! BEKTOp, HANPaBJeHHsil 0T —n K m, 10 M == ml.
Ha paccmarpnnaewn N0, Gyxet neHCTBOBATHL MEXaHHUCCKHH MOMEHT,

# aByMs npoT cwiamn — mH n mH (napa
cur), mpunONeHHLMH Ha paccrommui [sin6, Beswmiia storo Mowenta
onpenessiercst popmyJroft

G ==mHl sin § = MH sin 0.

Momenr neticTByer Tak, u4roGbl 1o
pepryTs M mapamiensio H. B pex-
TOPHOM 0003HAYEHHH

G=MX H. (3.18)

TonvepkreM, uto anech H-— nanps-

KEHHOCTb 1OJIsI, CO3NABACMOTO HCTOU-

HHKAMH, BHEWHHMH 1O OTHOWIEHHIO

K IHAOJIO. @ur. 19. Tapa cn, neficrpyiomas
Ha MarHHTHbBIA JANOAb B ‘OIHOPONHOM

dopmyna (3.18) cnpasensmpa Kak MarHATHOM mone.
B TOM Clyuae, KOFAd AMTNIONb ABASETCS
NOCTOSHHMM, TAK M B TOM, KOrId OH HHAYUHPOBAH CAMHM TOJeEM.

Mu yxXe BHICNW, YTO €CIH HaMar H KpHCTaI B OfIHO~
pOAHOE TOJie, TO WHIYUHPOBAHHHA MOMeHT M B OGwieM Ciyyae He napai-
nesien FI, moaromy Ha Takoh Oyner

MOMeHT. B M30TPOMHOM e BemecTse Wi KyGHUECKOM KPHCTallie, eCu

pamsHHeM GOPMBI MOXKHO mpereGpeus, ektop M napaiienen H u nostomy

MeXaHHYeCKHH MOMCHT paBeH HyJo.

B rensopHoM oGosHauennn (opmysa (3.18) sanuceipaercs B Buze

Gy=— MH;+M;H,. (3.19)

Tensop Gy i coGott YHBIH TEH3OP ¢ TpeMs!

HeSABHCHMEMH  HEHYJIeDbINH KOMTIOHEHTAMN, SKBHBAJICHTCH aKCHANBHOMY

sekropy (M. ru. I, § 2). Ecim v -— 0GBeM KpHCTA/IA, TO Mbl HMeeM

My=vpghyH,. (3.20)

Gy = vpo (— YpHyH 4§y HyH). 3.20)

Ec/im 3a OCH KOOPAMHAT B3ATH IiaBHbie OCH ¢y, KoMnowewrtsi O
YNPOLAIOTCH H MPHHHMAIOT BHI

Orciona

T 0 — oo (=) HiHy  wpo (% — 1) Hsth 7]
o (Y1 — o) FhHy 0 — upo (Y2 Vo) HayHy
L o—ouo (ba— 1) Hybly  wpo (Yo — o) IafTy 0

6 I, Hay
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Takup OGDA30M, MOMENT CHli, AEHCTBYIOUMX HA KPHCTAILI, 3aBUCHT TOJILKO
OT pasnocHed MeXIY raBuLIMH MaTHHTHBIMH BOCNPHHMUMBOCTAMH Y He
3apHCHT OT uX a0cOMOTHON BejmuuHbl. 3TO elle Pa3 MOKABLHBIET, YTO
BOSHHKHOBEHHE MEXaHHYECKOrO MOMeHTa OGyC/OBJEHO aHH3OTPOMHeN.

Yacmusiii cayuad. Ecim mose HeHCTBYeT B MIOCKOCTH §y H {5, TO
€MHCTBEHHOR KOMIOHEHTOH MOMeHTa CHJI GyNeT MOMEHT OTHOCHTENbHO
ocH Oxg; 9Ta KOMNOHEHTA PaBHa

po (g — $o) HyFly = 0po (§ — ) H2sing cos g =
= o —{) Fsin2e,  (3.22)

rne ¢—yron Mexny H n Oxq.

Maunviii  momeRm, 06YCA0BACHHbLE BAUSHUCM (HOPMbL 1 OpUEHMa~-
yuu obpasya 6 00Hopodros nose. Crporo rosops, H B dopmysre (3,19)
ecrs H,, B 1o mpems kax H 5 ¢dopmyse (3.20) ectb Hj. Taxum o6pa-
30M, €CH MPUHATL BO BHUManke Manoe mose H,, oGyciosnennoe camum

¢ 3.21 HaJH-
uns nons H, Zaxe wa wsoTponmmi oGpaseit B onnoponnom noxne Oyner
aefictnonats. Mowent cui, ecaM nose H me HaNpaBJeno BIOMbL OCH
CHMMETpHH, TaK KaK nemop M, ocrapasice napamienbusiv H;, He Gyner

c1poro nApA/ENLHLIM . DTOT MOMEHT OGYCIOBJEH BIMSHHEM QOPMEL
B namlom T0JIe MOMeHT,
nencmyloumn Ha o6pasisl 13 onwa-

KOBLill 0GheM, HO PasHylo GopMy, uaw no-paznouy pacnoioxeriieie, Gyzer
HMeTb PAS/IMMHYIO BEJIMYMHY. DTOT MOMEHT MOXHO OLEHHTH CJELYIOLIMM
obpasom. Taxk Kak COGCTBEHHOE TOJie KPHCTA/UIa MMeeT BeJMuiHy MO-
pumm Tjpo, yron Me)«ny M_w H, Gyner semmunnon nopanxa J/(poH) == §.
~ M2 IIns cpaHenus ykaxew,
'rro. COrIacHo q)OpMyne (3.21), MoMeHT, neHCTBYIOLMNA HA AHH3OTPOMHKIM
KpucTann, paseH ~vH%g), €CIH CUMTATH, YTO DASHOCTH MEXy Tan-
HEIMH MArHHTHEIMH BOCHPHHMUHBOCTAMH MMEIOT TOT e NOPAAOK, UTO H CaMH
BoCnpuuMuKBOCTH. TakuM 0Gpasom, MomenTa, 06y

BaHAHHEM (OPMbI HIK K MOMEHTY, cBOuM now-
HHKHOBCHHEM AHHOTDOMHH, WMEET BE/HYKHY TIOPSIIKA BOCTIPHHMSHBOCTH G,
KOTOpas, KaKk Mbl 3HaeM, cocrapiser ~107 5

2. Cuna, AefiCTBYIOWAR HA KPHCTAJI B HEONHOPOLHOM MAFHHTHOM
noJe. IIpeanosioxuM, YTO MAarHHTHHA AHMONbL C MOMenToM M moMeulen
B HEOIHOPOIHOE MAarHHTHOE Toje. Kak ¥ npexie, MEI MOXEM CYUHTaTh,
4to punonb 06p mar —m wm,

Ha MaioM P 3 CHOBA BEKTOP, Hanp or —m
K m, yepes I IIpu 5TOM [-f KOMMOHeHTa noJi, NEHCTBYIOWAs HA 110J0-
SKHTENbHEIN  MarHMTHBIR 8apsn, Gyner npepbiwarh i-10 KOMMOHEHTY, aeft~
CTBYIOWYIO HA OTPHUATENLHLIA MArHHTHHIK 3apsii, HA BEHMHHY

oHy,
ox; 1
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Bnecs H;— noze, no orHowe-
HHIO K JIHNOJIO. Tamm 00pa3om, Ha QHNOJb 6yne1‘ neficTBoBaTh CHJA,
-5 KOMMOHEHTa KOTOPOH

oH, oH,
F,:m;,x—;lj=M,W;. (3.23)

70 ypaBHeHHe CMpaBeiMBO KaK JJis TOCTOSHHONO JHMIOJS, TAK H AJS
JIMNOJIA, MHLYLMPOBAHHOTO camuM mojeM. ClENOBAaTeNbHO, €cin Manbii
obbeM v napamaruuTHOTO MM JIMaMarHUTHOTO  KPHCTAJINa, MOAYHHSAIO~
uterocs sakomy (3.5), momeluel B HEOJHOPOAHOE noJe, Ha Hero Gyner
neicTpoBath CHJIA

Fy=ul, 76)7 (3.24)

OH;
Fy= tpglyH, %)7 (3.25)

coGCTBEHHBIM TOJeM Kpuctanna npeneGperaeM). Tak Kak rotH=0 u
$js = Ppy» TIONYUAEM OKOHUATE/LHO

OH;
Fy=vpqytly 5~ 7 (3.26)

1 )
Fy=g e g, (). (3.27)

Kak wacTHei ciyvall jiS MUUIOCTPAUMH MpHMCHEHHA STHX YpabHe-
Hul paccMOTPUM TpuMep, KOTAA KPHCTALT PACMOJIONEH Tak, YTO noje
neHCTBYeT Napa/ie/bHO HANPABJEHHIO ONHOW M3 IJABHBIX MATHHTHBIX
BocnpuumMunBocTeft (nycrb 710 nanpapienne Ox,). Torna Hy=Hy==0,
H KOMMOHEHTHl CHJH, COrjiacio ypasnenmio (3.26), Gymyr

OH, oM, 0H,
Fi=opgp G5, Pyl S0, Fo=ophH, S, (3.26)
HIH
F= 5 upgpy grad (H2). (3.29)

Hanpan/ieHie Cujisi B 5TOM Ciiyuae et ¢ ¢
wiero usMeHeHns [ — BLIBON, KOTOpHH, OUEBMIHO, CMPABENJMB TaKiKe
W A8 M3OTPONHMX Ted. Ecii Besnunna §; nojoxKuTe/bHa, T. €. KPHCTAMI
AB/AETCH NMapaMarHeTHkoM B Hampasjennn OX,, TO OH OyneT NBHraTbCs
B CTOPOHY HanGo/iee CHILHOrO mosisi; Hao6opot, ecin Ox, — AHAMATHHT-
HOE HANpaBJeHHe, Kpucraimi Oyner CTPEMHTbCS RBHTaTbCS B CTOPOHY
nanGonee cnaboro nons.

VaMepenue CHbi, nenc-mymmm Ha 06pasell B HEONHOPOLHOM MoJie,
4acro Jist MarguTHOR
Pacnosioxenne oGpasua CXEMaTHYECKH MOKA3auo Ha cpur. 20, a. Jllmn-
HLH TOHKHM CTepXeHb W3 KPUCT4/Uia NOABEMIMBACTCA TaK, YTOGH ero
och Obsia BepTHKANbHA W HIWKHAH KoHell A naxomwics BOaHsH cpenveft
TOUKH NOJIA MY ABYMS P

6*
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MaruuTa, a Bepxuull Koweit B Gwn BHe 3a3opa. ViHTepecho C NOMOWBIO
ypasnenus (3.26) BHYHCAHTL CHJILI TPH TaKOM pacnooxennu. Hanpasum
ocH TaK, Kak nokasano wa ¢ur. 20, 6; NpH STOM OCh X; napajieibha
NOMI0 W CHMMETPHS MOJs Takopa, TO BAOJb ocu OXy

Hy=H;=0.
¥yp (3.26) YUHTHIBATD TOJBKO UIEHH
1. D,ammeﬂmee paccMoTpenue , WTO BAOJb HANp

@ ur. 20. CxeMa pacnosoxenHs o6pasua B roje NpH USMEPeRHK
MarHuTHOI BOCIPHUMYHBOCTH,

Ox, OTMMuHAa OT HyJs TOJNLKO OIHA meppas mnpousponmas OH,[0x,=
= 0H,[0x,. Cnenosarenbno, cornacio ypasuenmo (3.26), na xaxawii
a/ieMenT 06beMa kpucTamna du LeHCTBYIOT KOMIOHEHTEI CHIILI
0H,
APy = ot G2 do, APy = papH, 2 % Ly, dFy=0.
Tonoxus dv=adx,, rie o— MIOWA/Ib MONEPEYHOrO CEYCHUs! CTEPKHS,

HAXONUM, YTO KOMIIOHEHTH BCeil CHJbl, JeHCTBYIOMIEN HA CTepXeHb, Bbipa-
Kakores B Bmle

F‘:p‘,fw.vnf'l (98)ax,, = Pof“*l’nHl(

WK

B
1
Po f appyHy dHy = — 5 poeuHo; (3.30)
a
H, aHAJIOrHUHO,

1
Fy=—9 petpuHl
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rne Hy—none B rouke A. Otp # 3uak y ana F,
NOKasbBaeT, YTO KOMAA BEJIMuMHA ), TOJOKHTENbHA (T. €. B Clyuae
NapaMarHuTHOTO KpWCTa//ia), ST4 KOMMOHEUTa CHJM HanpaBieia BHWS.

STUX JBYX CHIIE MOXHO OOBACHHTL Crie-
nyloumm o6pasom. ITone H; co3naeT HaMarHMYEHHOCTb, HMEIOLLYI0 KOMMO-
HEHTH BIOJIb BCeX Tpex oceH. B uacTHOCTH, BIOJMIb X, NEHCTBYET MOMEHT,
nponopunonanbueift ¢, H,. Cuna F, BOsHHKaeT B pesyisTare HeHCTBHS
KoMNOHeHTs nons H, na sror moment. Xors H,=0 Brom ocu Ox,,
nponssonnas OFy/dx; BIOAL STOH OCH OTAMYHA OT HyJa (32 HCKIO-
uennem Toukn O), Tak kak H, usmenser smax, Crenosatenbo, H,
BL3bBaeT CHiy F,, eHCTBYIOLLYIO Ha MOMEHT ¢y H; W mponopumoHais-
nylo Yy Hy (O0Hy/0x,) = ¢, H, (0H,[0x,). Cuna F; BosnMKaeT B pe-
synprare JeHcTsHs /, Ha MOMEHT, NPOMOPUMOHANBHEH (o H; W Ha-
npasjieHHtt BIOML X, DTa CHia nponopumonanbha Yo H, (0H,/0x,)
= Yo, H, (OH,/0x,).

8. MexaHuueckuit MomMeHT, AeHCTBYIOMKIl HA KPHCTAJI B HEOLHO=
poaHOM MaI'HMTIIOM none, Mui PaccMOTpe/ii MOMEHT, jlenCTBlelLlMﬂ Ha
nose, u cuny, YIOLIYI0 Ha SaeMeHT 06bema

KpucTalma B Heoauopmmom noze. B ne-
P TnoJie TakKxe MO-
MEHT, HO OH JIMIUb YacCTHYHO oGycnonneH

B §3 nl B OCTanbHOM mosBIeHHe
STOrO MOMEHTd OGBACHAETCS BJMAHHEM
pasMepoB W ¢opmH  Kpucramma. 310
s¢iheKT Mepsoro MOPsAIKa, COBEPUIEHHO
OT/HYHBIA OT paceMoTpentoro B § 3, m. 1,
apexra opmel, ABisOWerocs s(dex-
TOM BTOpOr0 mopsaaka, Yrobu nomsts, PHT. n?«lu‘ut?“:”' neiicTByiowe
Kai BOSHIUKaET STOT SPdeKT, HyKHO nuup B2 AHHEH “_é‘;)’:‘l;?“;“’”“zgg:_
yuecTb, uTO Bhpaeiue (3.24) MPHME- e B mose MarHMTHOrO 3a-
HHMO K K@XJIOMy SJIeMEHTY KpHUCTaina pana.

YTO BC/IEACTBHE KOHEUHBIX PasMepoB Kpu-

cTaiia CHib, AeHCTBYIOWMe HA pas/iMuHble uacTH Kpucranna, OyryT
B ofuieM ciyyae OTAHYATBCA Kak MO , TaK H no

B pesynprare Ha OOpasel, OyxeT NeHCTBOBATE He TONBKO CHJA, HO W
MOMEHT.

Kak uacthm#l ciyuad, Mu Moxem paccmorpers (¢ur. 21) nsa sne-
MeHTa A W B IIMHHOrO H3OTPONHOrO NapaMarHMTHOTO CTEPXHS, CHM-
METPHYHO DACMOJIOKEHHHX OTHOCHTE/bHO CBOGONHON oc Bpawenus O,
IlycTb noJsie COBNAETCs MarHUTHHM 3apanoM m, naxonxmuMcu B TOuKe P.
Torna cuiet, y na A u B, panuy H mpo-
nopuKHoHa/bHE  sHavennam ¢ grad (H2) B “Toukax A W B. Tak kak
H = m|(4mpor?), rie r — paccTosiine A0 TOYKH P, Ha KOXIHH s/eMeHT
nekcTByeT cuia, np nbhas gm/ré u B CTOPOHY P,
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(Mbi aeM NoJIeM, YaCTAMH CAMOXO CTEPX-
Ha.) Duement A pacnonomeu Gumnie K P, yem sneMent B, nostomy cuia,
neicteyiomas Ha A, Gousple cuib, neficreyiome#t Ha B. Bosee Toro,
u3 ¢ur. 21 MOXHO BHOeTb, UTO IJIEYO CHJIE, NMPHIOKEHHOR K A, OTHO-
curesbHO ToukH O Gosiblile, YeM mMieyo CHIB, mpuiaoxensoft k B. Ilo-
STOMY CTepieHb GyneT CTPEMHTBCS MOBEPHYTHCA MAPALICABHO MOMIO.
[Yurarens mower serxo uro oTHO-
curenbio 'O nas cua, JeHcTByolnx wa A w B, pasHO coOTBeT-
crsenno (rg/r,)%.] HaoGopor, ecmn Ou crepwenb Gbin AuamarHuTHbiM,

OH CTpemuicsi 6B NOBEPHYTHCS MEPNEHAHKYJISPHO TOMO.

§ 4. MaruuTHAs BOCMPHHMYHBOCTbL TMOPOMIKA

Eciu cocTosuUi H3 np AHKBO0-
TPOMMbIX KPHCTAMIMUCCKHX SEpel, MOMEIIEH b MArHUTHOE MOJle, KAKIOE
sepHo OyzeT B OOWeM ciyyae NPHOGPETaTh MOMEHT, KOTO-
poro ne copnamaer ¢ Hanpasieniem H. OAHAKO M3 COOGpANEHHH CHM-
MeTPHH OYEBHIHO, NuTO peaymnpymmm MOMEHT BCell COBOKYMHOCTH

YacTHIL JOMKeH OuTh P b H;
yasp H 11, B OTJEJIBHLIX 3epHaX, noMmKHb
B CpellHeM y Ip I s sepua onpe-

NENSIETCH BbIpaKenieM

pobH = po (9 B+l -+ Wl5) H,

rae (L, Ly, lg) — nanpasisiomue Kocuuycsl H N0 OTHOMICHMIO K HANpaB-
JICHHAM TTIABHEIX sepha, a P -— b B Ha-
npasaenuu (L, L, lg) (cu. ri. I, § 6). Cpenree suauente 1 i nopomxa
eCcTh Ccpenree
AN BCEX BOBMOMNHBIX 3uaueHuf t,, I, l. Ono nomxio an BUIL

P2 by =92+ ) H,

rfie o -— YHC/IeHHbI!t KOSMGUIHENT, TaK KaK CPejHHe SHaueHus li. l§ M l§
ROJKHB OblTh papHbl apyr apyry. Ho dopmysa nomkua Guth cnipa-
BEJVIMBA M VI8 WSOTPOMHOrO Cllyuas, T. €. NpH

B orom cnyuae, Kak Mo 3uaeM, [==popH, uosromy «, Ouesuano,
paBHO /g,

Wrak, MarsuTHas BOCHPHUMYHBOCTL MOpomiKa pasna g (P, + s -+ dy),
WIH 1NpH npoussosbhOM BhiGOpe oce, V3¢, Tlocnenuee ppawenue,
KOHEYHO, ABJISITC HNBApNAHTOM (CM. CTp. 69).
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PE3IOME
OGmue coornomenus (§ 1). Bo ncex cayuasx
By=poH+1p @.n
Jlnn MapaMarHWTHHIX M MAMArHMTHEIX KDWCTA/IOB MMeeTcst 106aBouHOe
ypaBHeHue
Iy=poby;H; (3.5)

(uciiouas 06/1acTb OueHb CH/IbHBIX NIoJeH), e TeHsop BTOPOro paura [{y;]
ectb (00semnas) maznumnan eocnpuuniugocms. OTclona cienyer, 4t
By=p,;H,, @.7)
rne py;==po @, —4-9y). Tensop nroporo panra [p,] ectb maznumnas
npoxulaenocs.
dueprus HamarHuuuBanms kpucrasna (§ 2). Pabora, sarpauenas
Ha HaMar H KOTJIa 10/1e CO3/IAETCH TOKOM,
TEKYWUM B COJIEHOWJE, M 3aKJIOUEHO B KpucTamie, pasua vH,dB,, rie
v—o0GbeM Kpuctana. C yueroM (3.7) 5T0 NPHBOAWT K YPaBHEHWIO

AV = vp,;H, dH, (3.13)
s npupautenus (cBoGoaHOM) 5Hepruu. To o6crostenbcrso, uro d¥
nonHbiM 1 10Ka3aTh 'y

TeH3opa ‘P‘[/l- a cnenonarenhuo. u [yl Tpu coorne’rcrny:olueu BhiGope
p yiaen

[V vaH,H/. @3.17)

Bynyun cummeTpuumbiMu Tensopamu, [p,;] u [$;;] MoryT Guith npuBeneHbl
K uX (06utuM) ruapHeiM ocsM (§ 1). Kpucramn HasHBaloT napamarHUTHBIM
MM QUAMACHWTHBIM BAOJb OAHOIO M3 HANpABJEHMH INIABHBIX BOCTPHHMuM-
BOCTEH, €CAM BEJHYHHA ¢ BLOJMb STOrO HANDPABJEHHS COOTBETCTBEHHO

TaK KaK raBHbE BOCTPHMMYHBOCTH MAPAMArHWTHBIX H AHAMATHHTHBIX
KPHCTA//IOR OCLIUHO BHAUHTENILHO MeHblle exumiuel (~ 107%), noze, cos-
1laBaeMOe HAMArHHUEHHBIM KPHCTA/JIOM, MaJO N0 CPABHEHHIO € BHELIHHM
noseM, W MM OGEINHO MOXHO mpeeGpeub.

Cussl u momentsl cut (§ 8). Ha kawamtt snement oGpema v
KPHCTA//1a, HAXOMALLEr0Cs B MATHHTHOM noJie, elCTRYIOT MoMenT (§ 3, 1. 1)

Gy = vpo (— Yy FHy - F1H) @.21)
ool (§ 3, m. 2)
1 a
Fy= g v g 1) (3.27)
B Goasiiom KPHCTaJVIe M3MeHeHHe CHMJIbI OT TOYKH K TOYKE MOXET npu-

BeCTH K najbHefieMy Bospactanmio Momenta (§ 3, n. 3), samucsuiemy
OT QOpMBI KPHCTAIING,
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B ™6 mop 4). Bocrp ™ nop
PaBHA Vg, MM MPH NPHBENCHMH K TNABHHM OCAM,
1
3 @b o)
BANAYH

1. [lycrb Ha kpucTann Hy,

BLOAG OCH 0,\,, (2 JaTeM llakianbiBaeTca AD6H{D0'{H0$ none Bnom, Oxy uan§
60!

u (3.12). nycn. Teneph SKCNepHMEHT nOBTopgl, m:y CHauala HAnAraeTcs mose

Broas ocw Oxp, a 3ateM nose H Bioas Ox;. Cosa BLMuCAHTS npomseneﬂnyw

paloTy H 10Ka3aTh, YTO MDOHM3BeNcHHan PaGoTa NpH MPHAOKEHHH MOJNHONO

nonsi H = [Hy, Hy, 0] onnuakosa 1as OGOHX CAYU2€D TOABKO NDH [iyg == {igy.

2, HeGonbuiofi napaMarHuTHLIE KPHCTAl mnOMelleH B HEONHOPONHOE NOJe
saexTpoMarnnta W Gaaronaps GuduaspHoit nonsecke 06pasyer MasTHHK, MOTy=-
wuit KayaTbCs B CHIIOBRIM AHHUSIM,
Jlawna mastenka papua 20 caf. MaKCHMaAbHOM

o Hofde-

MOe MNpH BBIKMOYEHHH MAarHura, pamm 120 MM. 3uauenne HdH/dx, rne
OH[ox — rpamlewr noas B
panio 10 en, MKS. [laotiocrs ipucransa. pasiia 2. - 109 z/ Bettncar
GOALLIYIO TAGBHYIO

KanmHs cucTeMa) B BUIE NAMHHOM mpo-
BonoKH pa.lm\'coM 1 s nonaemeu K naeuy BECOB TaKHM 06pasoM, 4TO OH

HHTA.
InabHasn ou, KpHCTaana naknonena 1oz yrioM 6 Kk OCH IPOBOJIOKH 1 JIEXHT B IPO=
JIOABLHOI TIOCKOCTH cuMMe'rpml MaruuTa, Korna MarHiT BKNOUEH, BEPXHHH KO-

nei| JIOM TI0JI€, & HIDKHHIt — B nose
nanpsixeniocTsio 4,00 - 10 en MKS (a.unepaumxaa/u) TIpH STHX yCNOBHAX Hai-
JeHO, 4TO CHAa, ee JwmHe W paBHa

8,11 X 107® en. MKS (:-uammou). 3uau, TO raaBible 06hCMHbIE BOCTPHHMYHBOCTH
KaAMHS B DALHOHATHBHPOBAHHOH CHCTEME MMEIOT 3HauyeHHs

=g =—174-10"%,  Yy=—285.10"C,
onpenemm. yron 0.

. ManeHbKnit | KpHCTaIN 06heMoM 1 M3, FiaBHLIE BOCIIPHHMUYMBOCTH KOTO-
poro B PALIOHANH3HPOBAUHON CHCTEME CTHHHIL MMEIOT 3HaueHHs

U =10:1075% $p=06-10"5 ¢=20.10"",

noMelleH B HEOZHOPOZHOE NOCTORHIOe MAarHuTHoe rose. KOMMOHEHTH noms u
HEKOTOpHiE MX ?a"“e"m BIOAL HANPABAEHHH rAaBHLIX OCeH WMEIOT 3HaveHws
(8 enmmuax MKS)

Hy =1,0-108, Hy = 0,510, Hy ==2,0+ 108,
oH, + 108, iH_l - 108, O 5.
ax 1,0 108, =12-108 Xy == 05108,

oH, OH,
s 08108, -a— =20-108,

O BeAMUHNy W pesy. i cnabl M MOMeHTa,
HefCTBYIOUX HA KPHCTAAN,



ra2acealV

JIEKTPUYECKAS MOJSIPU3ALMSA

1

Tb, XapaKrep
B 9JIEKTPHYECKOM noe, — ewe o NpHMEp aHH3OTPONHOrO CBOMCTBA

0 POM BTOPOTO pakra. POPMANbHEIR aHAN3
TIONAPHSALMH BO MHOFOM aHAJIOTHUEH DACCMOTPEHHIO HAMArHHYEHHOCTH,
TIPOBEACHHOMY B Mpenbilyuiell IJaBe, HO HMEIOTCA TAKXKE H HEKOTOPhie
PA3/MUHS, HA KOTOPLIX MBI JIOJDKHBI GyZieM OCTAaHOBHTLCA.

§ 1. O6wue coornoumenus

CliefiylOLiHe TPH BeKTOPa aHANOrMYNH COOTBETCTHEHHO Bextopam H,
u B:

E— unmencugnocms  anekmpuie-
CKO20 NOAS, WM HANpAgiceH- L p
HOCMb NOAS;
P — nosspusayus, pasuas siexTpu-
HECKOMY MOMEHTY Ha enHuy
ofbema (MIIH NOJAPHIAIHOHHOMY
sapally Ha eNMHHLY MUIOWAH,
TIEPIIeHAHKYAPHON HANpPaBJICHHIO
noJAPU3aLHH);
D — dusaexmpuneckoe cuewenue, %E
WIH UHOYKYUS.
¢ ur. 22. Cpsse Mexny

CoorsercTeesHo ypaskenuo (3.1)  mbl sekropamu D, E u P,

HMeeN '
D=x[E+P, 4.1

FJie %) — CKaJ cobo 4ecKyio

TIPOHHLAEMOCTb BAKYYMA H PaBHAS B PallHOHaNH3MPOBaHHOK cucteme MKS
8,854 . 10*"). Ao pexTOpHOC COOTHOIeHHE WIMOCTPUPYETC (Hr. 22.
Ilns usomponusix Cpej MMeeT MeCTO ypaBHeHHe

P=xgE. “4.2)

1) CM. KHHLH, yKa3aHHbie B NpUMeuans na crp. 73.
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anasoruyHoe ypastenio (3.2) (ucxmouas 06/acTh OUeHb CHIBHBIX nOJeft),
rae E ~ HanpsukeHHOCTh TIOJSl B CpeJie, a ¥, —- Ous.aekmpuieckasn socnpi-
umuugocmy Y). Ananoruyno ypassenuio (3.3) umeeM

D —+E, (4.3)
roe x— allB/lel{mpuUElJKaﬂ nporuyaemocms,
x=xg(1 ).

Yacto GwiBaer Gosee ynoGHO P Y10 TIp
MOCTh Cpefbl 4epes NpOHHUAEMOCTh BakyyMa., ILnm sToft uemu BBeneM
Geapasmepiyi0 KOHCTAHTY

K=, 4.4
AbHOIE Ot MOCMBIO, WM

QusneKmpuseckol NoCMoAKKOL.

JIED) X Cpen BMeCTO y (4.2) nmeem
Py=yyEps (4.5)
THe Yy — Mmensop Ous. sochpun BMECTO ypan-
HeHust (4 3) nmeem

Dy=x,E;. (4.6)
e ¥ — mensop O p mocmu, P #

caenyowmM 06pasom:

=% By +xy)-
Iin nusnexTpuyeckol nocTonuHOR, KOTOpas Tenepb TOXE SBASETCH TeH-
30pOM, HMeeM BMeCTO ypapHenusn (4.4)

Ky= %. (%))

B § 4 na ocnose
%y CICAOBATENBHO, K,,-=K " 7,,—7,,‘ Tlostomy [xyl, IK;,I
n [x/,] MOryT GbiTb MNpHBElEHB K oﬁumm TNaBHBIM  OCSIM; COOTHOINEHHS
MLy

=%y U T. A
[
=Ki—1lur n
Takum oGpasom, cpolicTpa MoryT GuTh
OXapaKTePH3OBAHbI SHAYCHHAMH M HAMPABJEHHAMH TPEX I/ABHBIX LH9JIEK~
P P (¢ ) WK DUSJIeK=
TP A " GynyT

1) Ecan kpucrann o6najiaeT ConTanuo# nonspusanuedi (cM. § 71 8), P MOwHO
KaK 97Ol nonemM.




§ 2. Pasauuue mexdy u 91

B 00LIeM C/Iyyae 3aBUCETh OT YACTOTHl SJIEKTPHUECKOrO MOJIA; KPOME TOro,
OHH, KOHEYHO, NOJDKHBI BCErfid MONUMHATLCH BCEM OrpPaHHUEHHSM, Hakja-

B cTabn. 3. 3navennn
JZMSJIEKTPHYECKHX TIOCTOSHHBIX AJA PHX KPHCTAJLI B
Tabn. 5.
TABAWILA B
Jussexmpuseckie NocmoAnnbIe KPUcmanios *
Kpuerann Crcrema K| K| K Uacrora, 2y
Tunc Monoxanunas . . .| 99 | 51 50 3108
AparoHut Opropombuyeckas .| 9,8 77 6,6 4.108
Ksapu Tpuronanvhas . . . 45 46 | 50—5-108
Kanuur > “ e 85 8,0 4108
Pytin Terparonanshas . . 89 173 4:108
Xnopun uesus Ky6uueckas . . . . 63 2.105
XuopHn HaTpHR > fean 56 2.100
* MNpupexennie anatenns BosTH U3 Tabmm [54, 61], a Take 13 Kiurn Koan [24).

§ 2. Pasanune Mexny SJIeKTpuuecKOW noJspuaanned
H HAMarHM4eHHOCThIO

TIpH NPUHATOM HAMH CIOCOGE PACCMOTPEHHS MONAPHIAILS 1 HAMATHHYEH~
HOCTb IBAAIOTCA aHAJIOTHUYHBIMH BEJHYHHAMH. OllHSIKO Clenyer nMeTb B BULY,
Yro 5T AHAJOTHA HOCHT Jmuib (OpMaibHBK Xapaktep. B oramume ot
SJIEKTPHYECKMX 3aDANIOB MarHuTHble 3apSfibl He CyUIeCTBYIOT B NeHCTBH-
Te/LHOCTH, XOTA BBeACHHe MPEACTABJEHHs O TaKNX 3aPALAX SHAYHTENLHO
o6uieruaer p Tpu ¢ noaxosue 6Bl
TpHBHATH C caMoro Hauana OGLIEE MPOHCXOWJCHHE S/EKTPHYECKORO M
Markuthoro mosed. Ilpu 5TOM CienoBaso Gbl CuMTaTh, YTO MArHUTHblE
1OJA M MOMEHTH COSJAIOTCA 33 CYET HBIKEHWS SJEKTPHYECKHX 3apfios,
a HMEHHO OpOHTA/BHLIM M CIHHOBBIM MOMCHTAMH SJCKTPOHOB, @ He He-

Mar Orcyrersue nwmoro napaieusma

MeXy SJ1eKTp  HaMar
TeM  (AKTOM, YTO IVIABHBIE MArHUTHBIC nocnpuumunocw MOTyT ObiTh
H OT B TO BPeMA KaK I/aBHbie IWIJEK-
BCeraa TaKKe

P! P
nBa y BAKHBIX MPAK’
den

p
Ecnn P nome-
wen B nojse Eg, TO npu 9TOM nousie

P
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(oSo3naunm ero yepes E,). Torjanosnoe noje B Jio6olt touxe (pur. 23)
OnpeaeliseTc BblpaXeHHeM

E,=E,+E,d. (4.8)

Jlas MapaMarHeTHKOB W JIMAMATHETHKOB MCKaXaiollee BIHSHHE KpH-
cramia,Ha noje, KaK M BAENM, MAiO BCJEACTBHE MajHIX SHAUeHM{
BOCTIPHUMYHBOCTH. DTO HE HMeeT MeCTa A/ (eppOMArieTHKOB, a TaKxke

JUJIS| M3 JIEKTPHKOB, MOTOMY UTO B STOM

E E, cllyuac SHaueHun y;; HaBepaka e

Majlbl O CPABHEHHIO C efMHHIlH (CM.

Ta6n. 5), u, cnenoparemsro, E, u E,

YaCTO HMEIOT OIUHAKOBEIH NMOPSIZIOK Be-

7 amumnet, Tlose E, sasucur oT ¢oOpMbi

a wpucramia. Tak, ecim nsa obpasua

@ ur. 23. CBAsb MeXJly BEKTOpaMH W3 OJHOTO M TOrO e KpHCTannd, OTiH-

Ey Egv £, uaoIiecss Jub GOPMOH, NOMeCTHTH

B HAeHTHUHBIE 1O, T0 E,, a cieno-

BarenbHo, u E, 6ynyT pasnuukbl. Tak Kak BHYTPH KpHCTA/Ia CyLeCTByeT

none E,, koropoe u onpenenser P [ypasrenue (4.5)], T0 3TH nBa 06pasua
Gynyr py b p y

JUIs WIOCTPAIMN MOXHO 8JieCh HAMOMHMTL (€3  JIOKA3aTelbCTBA
supaxenus s E,, E, w P B clleiyiomux TpeX NpOCTHX Cayuasx,
JIeTalbHO pasobpanHeIX B yueGHuKax:

a) Jaunwsiii J 8 s noae E,
napaasession ezo Oaume.

e=0 u E,=E,;

CJielOBATEIBHO,

06) Iaockuit
OQUIYARPHROM €20 NAOCKOCUL.
BuyTpu nucka

)7 s noae E,, nepnen-

2E,=—P n
Clien0BatelibHO,
P “‘oX(Ea"“,%) wm P T_::;%ZE .
copepa 8 o s nose E,.

) 1
Buytpu cdepr

——%P w E=E,—F

3 3ng”
Crienoaredbio,
quox(Ea—a%)) MK P:(aix)zﬁE.



§ 2. Pasauuue mescdy u €3

B kaxnoM cayuae TmoJe BHYTPH Tena, BH3BalHOE MOJApH3almed,
zeficTyer mpoT y 10mo, BC. uero na-
p csi. IMosrony nose E, BHyTpn Ttesa
Ha3LiBAETCS OLROASPUIYIOLUM NOACH.

. Ymeuna 3apsda. ViaMepenust B QMJCKTPHKAX OCMONKHAIOTCR HAMN-
UueM , AM3JIEKTPHYCCKUX aHoMasMh“, BHI3EIBAEMBIX TeM OGCTO,ITeIleTBOM‘
UTO JIM3JEKTPHKM He ABJSIOTCS MICANbHEMI HENPOBOAHIKaMK. Pacemorpunm
ClIeAyiOw it pUMEp.

Iycrb TONKAas NJACTHHKA JIH3JCKTPHKA TMOMeIlUena Mexjy JByMs
napa 110CKOr0 pa i OTie/ena OT HHX
y3KkuMi 3a30pamu. B § 3 mMu mokaxeM, uTo eciii Gbl JHOJEKTPHK OB
HACANbHEIM HEMPOBOIHUKOM, TO IHIJIEKTPHYECKAs! TOCTORHHAs PABHSNACH Gbl

EMKOCTH pa C IHM3JNEKTPHKOM K EMKOCTH KOHIeH=
catopa Ges nusnextpuka. IT] uTo Topa
OCTaI0TCA MONCOEAMHCHHBIMH K Gatapee. Chauana MpH BBEJEHHH KPHCTANAd
B KOHJEHCATOpP H4 MOBEPXHOCTH KPHCTA/Ma MOABASIOTCA NMOJAPH3AILION-
Hble 3apsiibl, HO CBOGOAMBIE 3apsAEl OTCYTCTBYIOT. ONHAKO C TeueHmeM
BpeMeHH K MuacTuuke OynyT NpHTEKaTh 3apsibl TOPO e 3HaKa, UTO M
nossipusanuontsie, Tak GyneT NPOXO/MKATBCA 1O TeX MOp, MoKa e Gyner
NOCTHrHYTO 1NpefiesibHOE COCTOsIHHE, MpH KOTOPOM BHYTPM IJIACTHIKH
E=0— SHAUNT, JMIJIEKTPHK B 3TOM Cjlyyae MOXET CUMTATHCS MOIOGHBIM
HICA/IbHOMY NPOBOANHKY. EMKOCTH GylieT Teneph pasua mpOCTO eMKOCTH
ABYX y3KHX 3a30poB. TakuM 0GpasoM, eCliH M3MepeHHe eMKOCTH HCIOJib

3yerca JuIn Onpe LERIUER 0T it Habmo-
1aeMasi JH3JIEKTPHUECKARA MOCTOsHHAas GyneT 3aBHCETh OT TOrO, B Kakoh
MOMEHT BPEMEHH Mp p W OT np i 06pasua.

Ecim Ob 3a30p Mexy OGKNanKamu M IUIACTHHKON OTCYTCTBOBaJ
(3TOr0 MOXHO HOCTHUb, HAMPHMEP, NyTeM MPHMEHCHHS HAMBLIEHHHIX 3JCK-
TPONOB), TO B HJCA/ILHOM Cilyyae He Owno Gbl MHrpaiMu cBOGOIHHIX
3apsioB. ONHAKO NPAKTHYECKH KPHCTA/UI HHKOIAA He OIBACT COBEPIICHHO
OJIHODOJIHBIM: B HeM HMElOTCA HeGObliWe TPellMHbl U 06/JaCTH KOHueH-
Tpaunu l’IpHMQCeH. HAa KOTOPHIX MOryT CKOMJATHCA 3apslbl. Muroarust
sapsa o6Jieryaercs TeM 0GCTOATENbCTBOM, YTO NMPOBOAHMOCTH 3THX 0Gua-
crett 0GMYHO BhILE POBOLUMOCTH MICA/ILHBIX YacTeh KpucTania. [losromy
AdKE TAKME KPHCTA//M, KaK Cepa WM CIIOAd, 06Jajaioutue Ouenb Maliok
0ObeMHOM  9JIEKTp 0, MOryT OGHapy SHAUMTE/IbHIE
IMSJIEKTPHYECKHE AHOMAIMH BT, p HE601b-
wmx obnactett.

Murpaums 3apsioB UPOMCXOLMT H B TOM Cliyuae, KOIKA KPHCTAiL1
NOJIBEIIeH B 3JEKTPHUECKOM NOJie TaK, YTO MOXEeT CBOGOJHO BpalllaTLs.

pl/l BKJIOYEHHH MOJI KpPHCTaJlI yercss B HeM p
006pa3oM, HO MOCTENEHHO 3apAi CTEKAeT, W KPUCTANI MOBOPAauMBACTCS
B MHOE Nosioxenue. Benesictsre 9710ro pakta Guuin HCKAKEHB PEBYJIBTATH
MHOTHX TIEPBHIX JM3JIEKTD p MpH KOTO-
pHX OHA Onp b 110 MOMEHTY, JeHCTBYy y Ha KpMCTaJl B CTa-
THYECKOM H/IM HHIKOYACTOTHOM MoJe.
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§ 3. Cootnomenue mexny D, E n P B IIOCKOM KOHAEHCATOpE

Ecii Mexily OOKJAaiKaMH IJIOCKOTO KOHIEHCATOPA MOMECTHTb Tia-
CTHHKY W3 RMONEKTPHKA, TO €MKOCThb KOHJEHCAaTOpa BO3pacrer. B yue6-
HHKAX 3JIeKTPOCTATHKH 40 KOHJIeH-
€atopa C JMSNEKTPHKOM H Ges HEro PABHO AMAJIEKTPHUECKOH MOCTOSHHOM
MaTepuana, M3 KOTOPOrO CHe/aHa MJacTHHKA:

EMKOCTb_C 1. 1 b
Emkocth Ges Ki I BaKyyma
= JlusJiexTpHuecKas MoCTOsHHas

Paccyorpuy Tenepb Ciyual, KOria AHSJEKTPHK SBJIAETCA aHH3OTPOIHBIM
KPHCTA/IIOM MpOM3BOJbHON OpHeHTallti. 3Lech ke BOSHHKAET BOMPOC

O TOM, KaKHE ,JHOJEKTp p
BXOLAT B Tipn paccumpeuuu 371010
uonpoca Mbi LOMKHE CHavana HaNTH COOTHOWICHHE sexay D, E u P,
a ¢ur. 24, a obxnanku c nia-
cmukch KpuCTanna, a Ha ¢ur. 24, 6 —Ge3 Hee. l'lpn STOM Npeanona-
raetrcs, 4ro o6K/anKH T0pa M rpaHH KPHCTa

MMEOT [O0CTATOYHO GOMbluHe pasMepsi MO CPaBHEHHIO C TOJUIMHOM Kpu-
cranna L. YroGhi yACHMTb COOTHOILEHHE Memny D w E, nosesHo npen-
craputh cee, uTO Mexcly Kp
HMEIOTCS y3KHe sasopbl Llupuna sTHX azsopon ZOJKHA GHITD Geckomeuno
Mana no Tycrs Mexay OGKianKami
PasHOCTh n0B ¢,
HHE Mexny %E, P u D np Ha qmr. 24, ané6
JUIHHON  CTPEJIOK. Hyc-rb D,, E, w D, E, OTHOCATCS COOTBETCTBEHHO
K KPHCTaJNIy H BaKyyMHOMY 3aaopy. nokasaHusiM Ha ¢ur. 24, a,a D’
u E'—x DNpOCTPAaHCTBY MeXJly OOKJAnKaMu AJIs Clyuasi, KOTAA MeXcLy
o6K/anKaMy HeT KPHCTalia (q)ur. 24, 6). Daiee, nyctb ¢ n o' —
8apAN HA emHHMILY 0pa B 3THX ABYX Cay-
vasix. Tak Kak OGKJAIKM KOHAEHCATOpPa WMeIOT GOJbIUHE pasMephl W
noTeHUMan Ha KXAOM M3 HHX HMEET NOCTOAHHYIO BENHUHHY, TO SKBH-
JLOJIKHBL ITbCA  NapauieIbHO MM.
Cuenosarensno, sexropst E,, E, u E NepneHuKyJspHEl  0GK/IaKaM
xounencaropa. Ilpumenas Teopemy laycca, nosyuaem

ok, H
M, TaK KaK 3430p OYeHb Y30K,
—E
E=%=F=r.
ITMETHM, YTO TIPH STOM YAOBJET 0
0 P! Y. T

TaHrenuHaibHOR KkomMnokents £ (B qacmocm. oHa MOXer ObiThb papha
HyJ0) mpu nep uepes P P B sasope sexrop D,
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KOHEYHO, mnapaJie/ied E, HO B KpUCTa/lJIé OH HanpaslicH MOL yl‘IIOM x E.
CornacHo onHOH U3 TeOpeM 3/IEKTPOCTATHKH (BBITEKawllell Hemocpen-
CTBEHHO M3 TeopeMbl [aycca), HOpMmanbHas koMmowenTa D HenpepeiBHa
npu TEpeXoje uepes rpaHMiy, Ha KOTOPOH HeT CBOGOAHBIX 3apALOB.

P D

QN
\\\\\\\\\\&\\$f§{\\§\

°

X

@ ur. 24. CoorHowenus mexgty D, E n P B IIOCKOM KOHREHCATOpE.

scrunko wexny
6. Ges AACTHHIH En P b xpue
BATHICONRE W nanpanie.
W E 0 D B pucraste BATHIICONA
ecnn ManbHYIO y D, T uepes
( s
(D), =D,=o.

Takum 00pa3oM, OTHOUIEHHe eMKOCTEH JUI ABYX PacCMaTpHBaeMBIX
CIIy4aeB MOXHO 3anMcath B BHIE

Komnonenra D, napannensuas E, __ %
=3 xoE, =%

rae x— AM9JIEK: n K—
CTOSIHHAN 8 HANPABACHUL npunomefmozo nossn E, (cm.rn. 1, § 6, n, l)

=K,
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Otciona ciefiyeT KaK yacTHHM ciyuyal, YTO, KOTnd OAHA M3 IIIABHBIX
JMBMEKTPHYECKUX MOCTOANHEIX HANPAB/IEHa HOPMA/LHO K OOKJIAAKAM KOH-
P pasno

pa, o
YeCKO#H MOCTOSHHOMN.

Ha ¢ur. 24, 8, Pyl Her BUAHO, KaK
Hanpapiekus sektopos E, P u E, D B xpucranne, 1306pAXKEHHOM HA
dur. 24,-a, cBadaHH COO iUE)

p TH W uecko#t np ).

§ 4. ueprus MONAPH3OBAHHOTO KPHCTAIIA

Moxuo nokasath [20], uTO ec/m SJEKTPHYECKOE MOJe MOMHOCTBLIO
BAKJIOYEHO B KpUCTanje, pabOTa, NPOH3BEJEHHAs MPH H3MEHEHHH TOJs-
pHsanuu

P L Y

W = E, dD,, (4.9)
rie v—o00beM kpucramia. Kak npumep BHBOJA STOrO ypasHEHWs A
YAETHOTO CJIyas MOXKHO PACCMOTPETh NAOCKHH Konnencarop (Cu. dur. 24, a),
noxcoestentbift K Garapee. Ilpn H3MeHeHHW MOJSpH3AUMM Ha OOKJanKax

HOBEIE HHE 3apsiL ¢ MIOTHOCTEIO do
u —do na ENMHHIY TIOILANH; npu 9Tom Garapeelt Gyzer npouspenena
pabora Agdo, rne A— Oty pabory

MOXHO BHpasuth uepes E u D w ux uaMenenne B kpucraine. Ilnor-
HOCTb  3apSIOB G PABHA HOPMajibHON koMnoHente D B KpuCTaie; cie-
ZOBATeNbHO,
AgdD, = AELdD, == vE dD, = vE,dD,,
rie U—o0beM KpPHCTAia, TaK Kak SJEKTPHYECKOE NOJe HOPMANbHO
K OOK/Ia/KaM KOHJEHCATOopa.
C

pHp sHeprin 2) pa onp
creayowus 06pasom:
d¥ = vE,dDy; (4.10)
ucnosb3ys ypashenue (4.6), nosyuaem
AV == vxE, dE,. (4.11)

Orciona, TaK e K4k MpH PACCMOTPENHH SHEPrHM HAMAPHHUEHHORO KpH-
craia (CM. cTp. 79), MONHO MOJYYHTB, HTO

W ew
Y= OE[0E, — 0E;0E;
Hurerpupys “4.11) u P y

HYIO HYJIO, TOJyyadeM BHIP@XeHHE JUIs SHEPruH
. (4.12)
1) o stomy sompocy cm. rawue [103] — ITpun. nepes.

3) Jlas M30TepMHYECKOro OGPaTHMOrO HM3MEHEHHs sxo—-npnpauxem(c CBO-
Gonuol SHEpPruM; CM. TaKie NpHiowenue 6,

\1f~_—§’.m,,5,f




§ 6. 3. nose 8 o g o7

§ 6. Cuna u MOMEHT cuJ, AeHCTBYIOWUE HA KPUCTAMI
B 9JEKTPHYECKOM noJjie

Cuna, neficTsyiomas Ha HeGO/BLION OGPAsell AHIVIEKTPHKA B HEONHO-
POJIHOM MOJIC, OMHCHBACTCS BHPAXeHHEM, aHAJOrHYNLIM BRIpaXennio (3.24),
4 HMEHHO:

Fy=op 92 ﬂE‘ (4.13)

rne Pyj— COracko y (4.5), non-
HIM 0K B KpHCTante, W E,—noJie, CO31aHHOC HCTOUHHMKAMM, BHEUl-
HHMH 1O OTHOWIEHHMIO K KpucTamiy. Besemctsue sddexra nemossipsatuy
culla 3aBUCHT OT GOPMH 06pasiia, TaK KAk B AaHHOM BHELIHEM MOJE ero
dopMa BIHSET Ha BeAUHHY

l"lpn PacCMOTPEHHH napa- M DHAMarHeTHKOB MBl BHIUHCJISIH MOMEHT
CHJI, nec Ha B noJyie u
anu30TponHelt KpuCTaia. Ananornunsi MOMeHT, Bu3biBacMilt Hemapai-
NenbHOCTBIO Mexny P u E, NeHCTBYET HAa KaN(IbiH 3JIEMEHT JH3JIEKTPH-
UeCKOr0 KPHCTa/U1a, TIOMEILeHHOr0 B sJeKTpHyecKoe noje. Omnako Tenepb
BHpPaXeHUE AN MOMelTa, BCAEACTBHE Hainunsi s(deKTa NEMOJApH3AIMH,
Gyner sasuceth OT ¢opmnl kpuctanna. Ecam B ciyuae napa- u juamar-
HETHKOB BJHaHHe GOPMbl sBJsieTCst 9 PeKToM BTOPOro nopaaKa, 10 Tenepb
OHO HMrpaer CyWEeCTBEHHYIO pOJib, Jlerxko noKasarh, KaK IpHMep BJIHAHHA
GopMbl, YTO NKMCK M3 # B onHoO-
POMNOM RO7e, GyIeT CTpeMHTLCS NOBepHyThCS TaK, YTOGH €ro och cTana
Tiapajiie/ibHa noJio.

Wrak, MOMeNTa, Y 0 Ha KPHCTAIl B 00HOPOO-
HOM 3JIEKTPHYCCKOM TOJe, O0bACHsieTCs NBYMs npiHunnamu: 1) nenapan-
nenbHOCTEI0 BekTopos P i E, o6yciosnenHol anusorponueft kpucraiia,
M 2) HenapajiesibHOCTbI0 BekTopoB P u E, ofycionientoft BimsHueM ero
opmrt. B #e00HOpOOHOM TIONE MMEETCH W TPEeTbsi MPHUMHAI KOHEYHOCTb
pasMepoB KpuCTaiia, Kak Owio nokasano B rx. I, § 3, m. 3, s
AHANOTHYNOrO MAarHWTHOrO S(dekra,

§ 6. duexTpocTaTHUECKOE MOJE B OAHOPOAHOM AHHIOTPOMHOM
nuseKTpHKe 1)

Duekrpocrariueckas saava, paccmorpennas B § 3, Owra ouerb
ynpoiena, 160 npeanonaranock, Yto D u E MMEOT BO BCEM KpHCTaije
NOCTOsIHHbIE 3Hauekus, B oOuieM dke Cayuae SJIEKTPOCTATHHeCKOe mosie
B KpuCTa/lle MOXeT ObTh HeonHOpoaHbIM. Haftnem Tenepb, KakuM OOMM
YPABHEHHSIM OHO JIOJDKHO YAOBJIETBOPSATD. Mbt Or paHHYHMCA paccmoTpe-
HHCM TOJI TOJBKO BHYTPH KpHCTa/Uia; Juisi oOumocti Gyrem npennosna-
rarb, YTO B KPUCTa/Nie HMeeTCs HenpeprBHO pacnpcnc.'lemiuﬂ JICKTPH=~
4ecKkHil 3apsin.

1) 1ot naparpad Mower GuiTh Onyluen MPH MEPBOM UTEHH.

7 Ik, Hon
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Ilsa yp M D n E, umeror Bug
divD=p, rotE= —B, (4.149)
rie p—mioTHOCTh sapsma. B cayuwae cratmueckolt sanauu B= 0,
TOSTOMY
divD=yp, rotE=0. (4.15)

V3 BCKTOPHOTO aHa/M3a M3BCCTHO, YTO CC/M POTOP BEKTOPA paBel HY.io,
TO BEKTOP MO:KHO BLIPA3UTb KAK FPajuENT CKalpHOrO NOTeHUuWana;
NO3TOMY Nbl MOXeM 3anucarh

E——gradg, nu £,~‘03j5 (4.16)
B nepsoe M3 y (4.15) wmeer BuIL

s, YTO %; He SABHCHT OT X,
nosyuaem

E;
7l

Tloncrapasis ypashenue (4.16) i E/. HAXONMM ypaBHenue A/ TOTeH-
uMana @

n,,z)%rl:—p. “.17)
Tpusenennoe x raasuum oca [r] ypasneune (4.17) npunumaer BUA
" o +xz,,; n 2t == .18

Jlna Tex uactell KpUCTanna, B KOTOPHIX oﬁmemme 3apsnLl OTCYTCTBYIOT
==0), ypasuenuc (4.18) ympomaercs:

Po 4 T8y, P
n g g =0, (4.19)
Vpasuenus (4.18) u (4. 19) i\
Ha KOTOPHX OCHOBAHO pelUeHMC 3alay aeKt nas

lpoussons 8 ypasuennsx (4.18) u (4. 19) dopmanbuyio sameny

xl=y.,'){,, Xy = x/’)(o, xS:—.m"Xg.

Mbl TIOJIYYaeM COOTBETCTBENHO ypapHewns Jlanmaca u ﬂyaccoua
"r P _
=-—p n
:7)(J +ax-‘+ ? xi T oxE *oxe
VispectHile peuwicHus 9TuX ypaaueum\ MOXHO cpady e mpeoGpasomars

B peuiennst ypashenn#d (4.18) u (4.19). Barem ws ypaswenmht (4.16) u
(4.6) unaxonstes coorsercrsenso £y v Dy



§ 7. Muposackrpunccrao %

Mgl BCTpeTHM ypaBlicHusi, aHanoruunuie (4.18) u (4.19), npu uayue-

Wi CTAUMOHAPHOTO TEMJOBOrO MNOTOKA B KpucTannax (cM. ra. XI, § 4).

uaorponuoM amsnextpuke D ==xE. Ecam npu stoM p=0, TO
YPABHEHHS! SJCKTPOCTATHICCKOTO NIOAS

divD=0 n 1otE=0
03HaualoT, YTO
divE=0 u rotD=0. (4.20)

CrenyeT OTMCTHTb, 4YTO, KOT@ Cpeia alM3oTpomia, ypasHenns (4.20)
He 00s8aTeJbHO BHIIOANAIOTCS.

§ 7. MupossexTpuyecTso

H P P cBOHCTBOM TPHOGP b 3JCKTPH -
YECKYI0 NMOJSPH3ALMIO NPH HBMEHEHHW MX TeMmnepaTypu. To ecTh B Takux
KPHCT41/1aX MMEETCS COHTANNAS NOJAPH3AUNS, 4 HarpeBaHHe WM OXJa-
WACHHE KpHcTanna l'[le)OJ.lWl' K ee 310 sBACHHE

M B CTBHTENLHOCTH TIPHOGPCTeHHBIR
'r.umM oépaaoM 9/IEKTPHUECKHI MOMENT He coxpansiercs, HOO BBHAY TOrO,
4TO KPHCTan e SIBASCTCS HACANbHBIM HCTPOBOMIMKOM, MOMEHT HeATpa=
JM3YETCSi B Pe3y/bTATe MMFDAilMH 3aPSAOB K MOBCPXHOCTH KPHCTania.

YroGu 0GHAPYKHTH NHPOINCKTPHUCCKUH 9deKT, MBH MOXKEM noz-
BCPrHYTb KPHCTAL P y Harpesy u b noss-
pHsaumu. dror IKCMEPHMCHT TEOPETHYCCKH BO3MOXKHO BBIMOJHHTDL AByMs
PasIMuHBIMH  cniocoBamu: MO0 COXpansiTh HeHsMeHHHIMH OPMY H pas-
MepH KPHCTaiJa BO Bpems Harpepahusi, /n060, HA060POT, Harpesarh Kpu-
CTann NpH TAKAX YCAOBHSIX, WTO RO TCI/IOBOE pacuiupeHue Gyiet nponc-
XOAHTb coBepiieHio cBo6oAH0. Benmuunna sddexra npu 9THX ABYX 9KCne-
pumenTax Guaia Gbl pasanunolt. B nepsom cnyqsc, KOrJa Kpucrana aama‘l\
Ha, i apexr
aghgexmom. Bo BTOpOM cayuae, mpu cso()ozuiom PpacuMpeHnu (KOI‘OPOB
BHAYMTENBHO JICFie ocymccmwrs NPAKTUYCCKH) HMETCsi 106aBOYHLIA 9¢h-

KT, a " ipuecrum 9P M; Ha-
Omonaemuift B 9TOM c.ny-uc sqnqu'r €CTb CYMMa NCPBHYHOTD M BTOPHu-
noro sdpekros. Cep Mexay
1 BTOPHUHEIM 9EKTaMH, BKIIOYAIOLICE PACCMOTPEHHE IHhe309JICKTPHYCCKUX
siBaenntt, Tpebyer yuyera H cooT (em. ra. X).
PaccMoTpenie, NPOBOANMOE B HACTOSILCM naparpade, OMHHAKOBO MpH-
MCHHMO KaK K mep. y ¥ BTOP y 1nMp PHUCCKHM S(pdeKTam,

TaK M K MX cymme ),

1) Momenr, npu Harpese, mpe-
MULHOLM On Ha crp. 231,
Tepmu ii i sghghercm X sddekty

MOMeHTa ¥ Goxee nopsiKa.
OuHO He HO

Cy STHX T
€Cli OHH OGHAPYKATCH, TO JAOMKHBI GHITb OueHb MAbl (CM. [24f).

(il
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Ecau npoucxonutr HeGobiioe usMenenne rtemneparyps A7, onmHa-
KOBOE BO BCEM KpHCTamle, To BEKTOpa AP,
ONpELC/ACTCA BEIPAKCHUEM

=p, AT, 4.21)
rie p;—Tpu x Taxum 06pasom,
nuposnel(’rpu%cmm 9pPEKT B KPHCTANaX OMACLIBACTCS BEKTOPOM p.
1o nepshit BCTP HAM B KHUre npumep husu-

HeCKO020 CBOLCMBA KPUCMALA0B, OTHCHBAEMOTO BCKTOPOM.

B HEKOTOPHX KPHCTaNnaxX TNOASPHUSALHS MOXCT BO3HHKHYTbL TaKKe
NPH FHAPOCTATHYCCKOM CKATHH; 3TO 4aCTHBIA Ciyuafl MNbe3odNeKTpH-
HeCKOro sr]wfpcm‘a. Kotopuft Gyner oﬁcy)kn.ancn B rat. VII. Tak Kak Takas

ycsi CKanspom, mo-
1106uo AT, T0 91‘0 TAKKE cs pekropom. Ilp
HIKE PACCMOTPEHHE BJMSIIMS CHMMETPHH HA MUPOSICKTPUUICCKIR S(dext
TNOJHOCTHI0 TPHMEHHMO M K TIHe309ICKTPHICCKOMY S(hEKTy npH ruipo-
CTRTHUCCKOM CHKATHH.

B coorsercreun ¢ mpumimnom Hefmana (cm. crp. 35), Bektop p
JIO/DKEH COI'IACOBHIBATLCH € TOYEUIOM FPYNMOH CHMMETPHH KPuCTania.
OTciona cpasy ke CIeyeT, UTO MHPOSJCKTPHUeCKHH SppeKT He MOMKeT
cymectsopats (p==0) y KpHCTani08, 06AaNaloNUX UCHTPOM CHMMETPHI;
1a 570M OB6CTOSTC/bCTBE OCHOBAH MPAKTHUCCKHA METOZ MPOBEPKH OTCYT-
crBia UenTpa ChMMerTpuH. Jlerko CO06Pa3HTh, 4TO MUPOIMCKTPHYCCKMt
MOMCHT MOWeT OUTb napajncnen TOMLKO HANPABICHHIO, KOTOPOE SBASETCS
B KPHCTA/Ie OCOGEHHLM, T. €. He NOBTOPACTCA HMKAKMM D/IEMEHTOM CHM-
meTpun (] Ha CUUTACTCS 3JieCh
nosropexnen). Ecau B TOuCUHOR rpynne cyuiectByeT ocoGeHHoe Hanpa-
BJICHME, SIBJSIOLICCCS OCBIO CHMMCTPHMH BTOPOro, TPETLEro, HeTBEPTOro
HAM WECTOr0 TOp 70 OHO oHO Gyner p.
OnnaKo Haaudde TakoM OCOGCHHOM OCH CHMMETpPuH') (MBI HE CumTacM
3l1eCh OCb NIEPBOTO TIOPSAKA OCHIO CHMMETPHH) He SIBASIETCS HCOGXOAMMBIM
NPUSHAKOM CYWICCTBOBANHS THPO/IEKTPHYECKOTO ddeKTa; B KavuecTse
npuMepa  HA30BCM KJACC M, B KOTOPOM p MOXCT, HE HAPYWas NpuH-
unna HeMmana, nexars B Ji0GOM HANPaBJCHUM B MJIOCKOCTH CHMMETPHH,
u knacc 12). MOXHO OTMETHTD, MEX(LY TPOUHM, YTO BBEACHHOC BHIUE MO~
HSTHE OCOGEHHOTO HANPABICHHS HE CCTb CHHOHUM NOASPHOZO HANpABLE-
nus. TloaspHoe HampasJicHue — 9TO JI0GOE HANPABACHUE, 1BA KOHLA KO-
TOPOro He MOFyT GHTh HIUKAKHM CHMMCTPHK
ToyeuHo# rpynnu. Tak, Hanpumep, OCb BTOPOrO mopsaka B knacce 32
(cM. crp. 338) sBasiercs HO He

') OcoGenolt ocblo uacTo Cb, OPHCY
B @IMHCTBEHHOM HMCJE; Ty OCb, KOTOPYIO amo Ha3BIBACT ocoGeﬂnoﬁ 0CBI0,
'rarna Ha3BIBAIT 0COGEHHOM NONAPHOH OCHIO (CM. I[723 . — ITpum. nepes.
Ecan Ke He ne.vlan. OFOBOPKIH OTHOCHTSAHO OCH Me| BOTO NOPAKA, TO
HaANYHe ocu Gyner lpum. nepes.
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Bce ocobenHbe Hanpapienust NOJSAPHH, HO TOJAbKO HEKOTOPHE MOMSPHEIE
HarnpasieHus 0COOCHHBI,

Huxe P PHYECKOTO BEKTOpa p H
¢opma ero ans 21 HeneHrp MHOFO KJacca.

Tpuraurnas cucmesma. Knacc 1: cHMMETpHs He HaK/IaIHBACT HHKA-
KMX Orpanuyennit ua wanpasienne p; (py. P Ps)-

Monoxaunnan cucmema. Och X, Napanienbha OCH BTOPOro NOPSIKA,
MOBOPOTHOR WM 3epKambHOR (OcH Y).

Knacc 2: Bexrop p napaaneaen ocu roporo nopsika; (0, p, 0).

Kaacc m: BEKTOp p HMEET NPOH3BOJILHOE HANIPABJCHHE B TIGCCKOCTH
cummerpun; (py, 0, pg).

Opmopoubuneckan cucmenma. OCu Xy, X, X3 NAPANICAbHH COOT-
BETCTBCHHO KPHCTAMIOrPapHUECKHM OCSM X, V), 2.

Kaacc mm2: sekrop p mapaanenen ocu Broporo nopsaka; (0, 0, p).

Kanace 222: (0, 0, 0)

Temp bHAS, 2bHAA U MBHGS CucmeMsl.
Ocb xy napannenbHa ocu 2.

Knaccu 4, 4mm, 38, 3m, 6, 6mm: Bextop p uapz.nneneu ocamM
YeTBEPTOro, TPETHEro mak wiectoro nopsaxos; (0, 0, p;

Kaaccw 4, 42m, 422, 82, 6, 6m2, 622: (0, 0, 0)

Ky6uueckasn cucmema. Knaccu 432, 43m, 23: (0, 0, 0).
Hrak, crenyomwne 10 K1accoB TeoperHyecKH MOryT oGjalarh MHMPO=
SJIKTPHYCCKKM S((EKTOM NPH OIHOPONHOM HArPCBAHHH MIH OX/IAXICHUN
H Mbe309CKTPHYCCKHM S(PPEKTOM NPH rHAPOCTATHUCCKOM CKATHM

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

OHH NE3HBAIOTCH NOAAPHHLMU KAGCCAMU.

Yucaennsid npusep. TIPOMIIIOCTPHPYEM TIOPSUIOK BeJHYHHB NMPO-
9JICKTPHYCCKOrO 9(eKTa na NpuUMepe TypMaiuHa (TPUroHanbHas cucreMma,
Kaacc 3#1), spasoulerocs nauGoJiee HBBECTHHIM NPEACTABHTEIEM nupos.llel(-
TPHYCCKHX 3Buavenue p MCHSICTCS! B
OT cocTasa Kpucranana W Temneparype. IIpn KOMHATHOH TeMneparype
suavenne p, pashoe 1,2 en. CGSE Ha 1°C, cOOTBETCTBYT CymMe nep-
BHYHOTO M BTOpPHYHOTO 3S(dexros (24]. Taxum 06pasom, B pauHOHAIH-
aupopanioft cucreme MKS

p_l2( X 107%) = 4,0 107 il - apao.

Y0611 60Jiee HArIHO NPEACTABHTH CeOe BeHUHHY MUPOSICKTPHYECKOTO
o¢pdekra, ONpeneaMM HANPAKCHHOCTb  JKTPHUECKOTO TI0AS, KOTOpas
TaKyio e KaK ‘TeMneparypti na 1° C.
Cornacro np P, npu BOI TeMneparypbl
na 1°C BosHuKacT nonnpuaauun

P=14,0-10"" /a2,
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HAnpaBaclnas BLAOAL OCH TPCTLCrO NOPsnKa. Tnasuas JZN3JCKTPHYCCKaR
NOCTOSIHAA TYPMAAMHa B HANPaBJAeNHM, NAapajjenbHoM OCH TpeTbero no-
psinka, K3=7,1. CoOTBeTCTBYIOUAsi IMIJICKTPHIUCCKAS BOCHPHUMIHBOCTH
2s=K3—1=6,1.

CAICNOBATE LI, WCKOMAS BEJWYHHA BHYTPCINErO NOAs, NAPAAe’bHOIO
OcH X3 €CTb
P 40 10—'

%ols | 88510 2.

4. 10* /% ==T740 8/ch.

§ 8. CernerosiexvpuyuecTso

FiMeercst Apyras rpynia KpHCTAiioB, HA3WIBAEMHX CeZHENOdneKmpu-
KaMu, KOTOpas B onpeicaennolt crerenn GiH3KA K NMPOSJEKTPHYCCKUM
kpuctanaam. Cer puK, nono6Ho nup PHKY, MOXeT 06aanath
CHOHTAHHON nolmpuaaluleﬂ. HO OH MMeeT NONOJIHHTEIbHOE CBOKWCTBO: Ha-
npaueHne ero NoAspH3aluy Mower OLTb HsMeHeno na obparthoe npu
TIPUJIOHCHHH NOCTATOYNO CH/IBHOTO SJIEKTPHYECKOTO noJas. Cne.uosa‘renbuo,
B CHJBHBIX NoAsuX

MameHenne Hanpapicius NOJPHIAUKH 1id oOpzmoe non nefcTaren
S/ICKTPHNECKOTO 10719 NOWKITO OGLACHHTL TCM, 4TO NONE BHIBWBACT He-
aTOMOB B KpucTa:unie, BCACACTBHE Hero
KPHCTA/11 NPeBpaitasTcs B CBOM 9ekTputieckutt apoiimk. Ecan sce atoMms
CMEeILaoTCs Ha NOJIOBMIY STOTO PACCTOSHMUA MM Hd 3TO PACCTOANHE CMe~
1IAETCH NOJIOBHIA aTOMOB, TO KPHCTANA NEPEXOAHT B Gonee CHVINETpHYHOE
W HenonspHoe cocrosiue. OOCBIMIO 9Ta MPOMEKYTOUNAS KOHQUrypaus
BOBNKKACT NPH MIMCHCHMH TEMICPATyPhl; MO9TOMY GOJBLINHCTBO CCrHETO-
9UEKTPHKOB MMCCT TeMuepatypy nepexoda (mowxy Kiopu), Brime xotopott
OHH SIBASIOTCA UENOJSAPHBIMI JNSJCKTPHKAMH 1),

WasecTibie CErHeTOSJNCKTPHKH  BEIUE CBOMX TeMmnepatyp nepexoaa
TNPHHANACKAT FNABHLIM oﬁpaaom K TpeM Knaccam:

2227uanpum~p, ceruerTopa coub;

42m — nanpuvep, auruapodocdar Kajms;
m3m — nanpumep, THTaHaT Gapus.

(CEI‘"ETOIIE COJIb OT/IMHACTCS TCM, 4TO MMCCT KAK BEPXHIOI0, TAK U HHMHIOW
TeMnepaTypr Tep T e py

TOMLKO M@y 9THMH TeMICPATYPHLIMH TOUKAMH.) l(pucmnn B CCrHETO-
SJICKTPHUECKOM COCTOANNH, o6nanas CHoNTauHON nOnﬂpHSdllHEﬂ JOJIKEH
nMerh Gosiee HUKYIO CHMMETPHIO, YeM TOT JKe CaMHM KPHCTann B Hecer-
HETORAEKTPUIECKOM COCTOSINNK, W MPUHALICKATS K OZHOMY M3 WHPOS/Cit-

!) Ilauacmoe aBTOpOM 06bACHEHNe Cri m;.neuvm
. 3a

roh
ovmnpum o(';opon no c.eruc-ms.nckrpwuecmy, nanpum’_p [116, 174 1% 157]
B KOTOpBIX 4HTATeNh MOWET HATH CTPOroe paccmotpensc. — I1pust. nepes.
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TPUYECKHX KJAaccoB, mcpeuncietunix 8 § 7. Haupumep, cernerosa comb
B cerl PHUCCKOM K KAaccy 2; muruapo-
dochar kaus nepexomur W3 Knacca 42m B kaacc mm2; Turaar Gapus
TIPH TIOHWKCIHH TEMNIEPATYPH TIOC/EN0BATEALHO NIEPEXONHT U3 KAacca m3m
B TMPOSJEKTPHYCKHE Kaacch 4mm, mm2 n 3m.

CerHeTos/1eKTPHKH 00pasyioT Tpynny KPHCTa/MIOB. MPECTaBIsiOLLyio
Gob1IoN TeopeTHteckni nuTepec, XapaTeprayloniue nx Cnoirantas noijs-
PU3AIISA U THCTEPE3HC CONPOBOMAIOTCS 1POSIBICHICM JPYTHX Cﬂellll(lﬂl'
ueckux cBOHCTB. JLisi A3 THbUCHIICrO  Hiydeius BOMPOCA MOKIO PEKO-
Meniiosath oG3opiyio crarbio Jleponmmpa [31].

PE3IOME
1. B moGom Bewmecrne

“.1
B aHH3OTPOMHOM AMSJEKTPHUKE (HANPUMEP, B KPHCTae)
Py= Ly (4.5)

(3a mckaoueneM ofxacru oucHb CHALHLIX nozxeH); anech [y;;]— remsop
JMICKTPHYECKOH u. C.

Dy==wE), (4.6)

e
2y =% Gy 7

anech [v;,]—Tensop AnsaekTpureckoft npounnaemoctn. Tensop Aws:ex-
TPUUECKOH MOCTORION ONpefeasieTCs BHpaKenueM

i
Ky=—t @7
2, Pa6ora, np: npn KpHcTania,
eC/I 10N MOJNOCTLIO BAK/MOUEHO B KPICTANIC, NACTCS BLIPANEHUeN
AW == vE,dD,, (4.9)
rae v— o6beM kpucrasna. I 970
9UEPrHH M yunTLIBad, uT0 D), 4y, noayuaen
A = v, E, dE,. (.11

Tax xax dW spasercs nosnkiv jmdepeninaion, OTCIONA BuTeKaeT
uto [z, a caenosarenbuo [K,f u [y;,} — cummerpuuise Tensopsi. Hire-
rpupys upaxenue Aas d'F W cuntas NpOM3BOJILIYIO NOCTOMIYIO PaBHOH
HYJIO, HAXOAHM SHCPrHIO MOMAPABOBANIOIO KPHCTALIA

(4.12)
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3. Xors (opMasbHOE pPACCMOTPEHHE INIJEKTPHYCCKOH TOMSpPH3ALNH
M HAMATHMYEHHOCTH MAPAMArHCTHKOB HMCET OYeHb MHOTO OOLIEro, AEmo-
NISpHBAUNS B STUX ABYX C/y¥anX MMeCT PasHuM NOPsAOK BenmumHm. Jlpy-
TOe CyNICCTBEHHOE OTNHYHE COCTOMT B TOM, YTO y NMS/IEKTPHKOB HaGmio-
naeTcAl CTeKaHue 3apsa.

4. Jluanexrp B
oBKknagKaM  TIOCKOro opa,
€eMKOCTH KOHJEHCATopa.

6. Cuna, neHCTBYIOLIAS HA AMSJCKTPUYECKNH KPHCTANA B HEOAHOPOA-
HOM S/IEKTPHYECKOM TI0/IC, OTHCHBACTCS BHIPWKCHHCM

OE,
Fy=vP 32, (4.13)

p nyTem

roe Py — cornacko y (4.5), noa-
HBEIM BHYTPEHHHM noOJieM B I(pMCTa/U‘e. " E,——nonc. CO3aHHOE MCTOYHH~
KaMH, BHCIIHHMH [0 OTHOWCHWIO K KpHCTanny. Benencrsne sdipekra
ZenoJIfIPHSALMH 5TA Cuna 3apucuT OT (Gopmu o6pasia.

. Ecim P uw E B KpucTaine He napaniebHsi Apyr APYry, TO Ha
KpucTan l.le“CTByeT MOMEHT CHI. DTO MOXKCET OGbBSCHATLCS —BJHSHHEM
Gopmu (9¢q>em‘ IeNOJIAPHBALIMI) WAH AHW3OTPOMHEH Kpucranna. B we-

nie MOMeHT, 00y HaMe-

HenueM CHIbl F, BIOAL 06pasia.
7. Snek’rpocmmqet:koe TI0/1Ie B @HH30TPONMHOM KPHCTaj/e nOAYMHACTCS
ypaBHeHusM
divD ==p, rotE==0.

Orciona caenyer, 4r0 E MOXKHO BHIPa3HTb ucpe3 CKaisnpHbifl noTenuman ¢
M YTO B OMHOPOIHOM KpuCTaIe

W xoxy @17
MM TPH NPUBEJIEHUM K IJIABHBIM OCAM
Kl Kis i R—
g . P +rnot P (4.18)

B ofuem cayuae
divE-+£0 u rotD+0

naxe B O6NACTSIX, TAe BaPALH OTCYTCTBYIOT.

8. n B AP Tp!
KpHCTa/Vie MajdbiM  OJIHOPOAHBIM  MSMCHECHHEM TeMneparypul AT, ONKChI~
BAcTCA BHPAXeHyueM

AP, == p, AT, (4.21)

rie py— nup Owun onp BEKTOP P,
pHIfl Ko/mKen cor A C cummerpued Kpucranna. Beneacrsue
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9TOr0 TPeGOBaHHsS MMPOSIEKTPHUECKHH 3YHEKT NpH OZHOPOAHOM M3Me-
HCHHHM TEMNEPaTyphl BO3MOMNEH TO/MBKO B LECSTH MOJSPHEIX KAACCaX.

9. CerteTos/eKTpHYeCKie KPUCTAMIE 00NanaioT CIOHTAHHOR nOARPH-
3auueR, HanpaplieHue KOTOPOH MOKHO HSMCHWTb Ha OOpaTHOE TPH MPHIO-
JKEHUH JOCTATOYHO CHIILHOTO 9JCKTPHYCCKOrO moAs. BoablmHCTBO cerne-
TO/EKTPHKOB HMEIOT TeMneparypy $asosoro npespamehns (Touky Kiopu),
Bhille KOTOPOH OHH SBASIOTCH

3ALAYH
1. MNoxasars, uto THTaHaTa Gapus
NPH MOHIKEHHH TeMNepaTypbl MOMXHO . TI0CT) uro it
it KpHeTan CHauana B1OML OnHOft

y
OCH, 3aTeM OHMHAKOBO MOJAPHBIM BAOJbL JIBYX KyOHYecKHX oceil M, HaKoHeL,
ONMHAKOBO MONSPHBHIM BIOJb TPeX KyGHueckuX ocefi.



rarasea V

TEH30P HANPSAXEHHUH

§ 1. Momusitue HANPHKEHus

Ecan Tefo HAXOAWTCS NOA JeHCTBHEM BHElIHMX CHJI Wid, B Gonee
ofuiem ciyuae, eciu Ji06as yacTh Teaa ACHCTBYeT C HEKOTOPOH CcHiok
Ha COCCIHHE YacTy, TO rOBOPAT, YTO 9TO TEAO HAXOUMTCS B HAnNpsiKeH-
HOM COCTOSIHHW. PaccmoTpuM SNEMEHT OG'MMG, Haxoasumitcs B HanpsmKeH-
nom Tese. Ha wero snefcrsyior npa tuna cua. [lpexae Bcero uMeioTcs
061,emme cunb (HanpuMep, Cuaa TsKecTH), AeHCTBYIOUIME HA BCE Sae-
MeHThi Tesia; HX 0652my PHIX,
HMCIOTCS  CMJTBL, ﬂe“CIByIOLuH(’. Ha MOBepXilOCTL 9JEMEHTa CO CTOPOHH
OKPYXAIOUWX ero uactell Tea. DTH CHIH MPONOPUHOHANLHH nA0uadu
NOBEPXHOCTH JeMenTa. Takas Cuia, OTHECEHHAs K CHOMHHUC niowadu,
nasuBaetcs Hanpaycenues. B nacrosuictt raae M oGCyuIM, KaK MOKHO
JiaTh  CTPOroe onp 00no-
POOHBLM (20MO2EHHBLM), CCIH cmlu ucnc.uymumc H4 MOBEPXHOCTb 3Je-
MeHTa Onpesie/icniol (OPMBI M OPHEHTAUNMH, HE 3ABHCAT OT MOJONKEHHS
9TOr0 9JE€MCHTa B TeJeC.

1. Onroponuoe Hanpsokenne. CHavana Ml OrpaHHuMMCH 0GCYXe~
HHEM npu P 1) BO BCEM 7Te/iC ONHO~
poano, 2) BCe uaCTH Tela HAXOASTCA B CTATHUECKOM PABHOBECHH M
3) obbemHbie CHbl M OGbeMHHC MOMENTH OTCYTCTBYIOT.

PaccMoTpuM  HaxossumCs  BHYTPH TAKOrO Teda ejuHMUHEN  KyG
(¢dur. 25) ¢ peGpamm, napainesbhuMn ocam Oxy, OX,, Oxg Yepes Kaw-
Aylo Tpasb KyGa Gyser s Cuna, y na BHYTP
uacTh KyGa CO CTOPONB BHELIHMX 1O OTHOLICHMIO K HEMy uacteH tesa.
Ciny, NPHIOKCHHYIO K KaXJIOW TPalH, MOXNO DasioNHTL Nla TPH KOM-
noueHTH. PaccMOTPUM CHAuana TP Fpail¥, MCPECCKAIOUHE TPH NOJONH-
TeJbHBIX Hanpansiens ocedl Koopaunar, OGosHAUMM Heped o;; KOMIOHEHTY
cuabl, neficTyiomyio B nanpasaenuy ——Ox; wa rpamb Ky6a, mepnenun-
KyJsipHyto Ox, 1). O6Gpatum puUMMAHME HA TNPaBUAO 3HAKOB: HaNpUMEp,
Oyp €CTH CHAA, sefcTBylOulas B Hanpabaennn —-Ox, Wa rpaHb, nepreH-
ankyaapuyio OX,, €O CTOPOHB BHCIUHMX NO OTHOWIGHHIO K KyOy wacteft
TeNa Ha BHYTPCHHIOO ero uacth. TaK KaK ManpsukeHHE ONHOPOXHO, CHIE,

1) Jra peanvunma, Komeu
NPOBOHOCTLIO, KOTOPYIO MBL

MO 1e CpA3ana ¢ yNCNLUOH 94€KTpO-
i uepes o

coepi
Kike 00031
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zeficTeyioline Ha KyO uepe3 TP 3aMMC TPalM, HOMKUE GHTb PaBHH 1t

p cunam,

HOpMAAbHbLE KOMNOHEHNBL Hanps-
KEHHSI, @ Oy, Ogy, Opg M T. Jl.—
cOguzogsie Komnonenmsi. B § 2 no-
Ka3bBaeTcs, 4TO onpejiefentvie Ta-
KiM 06pa30M KOMIIOHENTH d;, 06pa-
3YI0T TEN30p BTOPOro paura. Moxio
BHACTHL, YTO JUISI NPHHATOrO namu
npapnia  3HaKOB  NOJOXHTEbHBIC
3HAYECHHST 73, Ogg, Og3 COOTBETCTBYIOT
HANPMKEHHAM pacTsieHus, a oTpH-
1ATEJBHBIC — HATIPMKCHUAM CKATHS.
B coBpeMeHHHX yueOuHKax Tcopiu
ynpyrocri OGHUYIO NPUHITO TaKoe

Z;
onpeneneniue. Onnako uuorna yno-

TpeCasercs oOpaTHoe Npasuio aHa-
KOB (HanpsKCHHS CHATHsi NOJIOKH~
TeabHb), B YACTHOCTH, NpH pac-
CMOTpeHHH  TIbe309/ICKTPHYECKOrO

na ¢ur. 25. 3mech oy, Ogy, gy —
&y

dur. 25. Cram, neficTByiomue Ha rpani
ENMIMYHOTO Ky6a B OZHOPOAHO HANpsi-
KCHHOM Tedie.

addexra u YOTOYNPYroCTH; NOITOMY HEOGXOAHMO GLiTh BHHMATE/BHEIM NIPH

Ty

3 p P

T33
23

O
0 @ T2
22
T3z
lu}a
®ur. 26. Cuab, Ha Oxy 1 Oxy

rpany eJMHUIHOro KyGa, B3fATOrO
Ocb 0%, uepnenKyARpIA NAOCK

yasIp
B OAUOPOAIO HANPSDKCHHOM Tene.
i veprese.

Haiue npeanosoxcHie 0 TOM, 4TO CAMINYILIHA KyG JOMKEH HAXONIUTLCS

B COCTOSHUH CTATHYECKOIO

Hanaract ycaosusi

ua oy, PaccMoTpHM MOMENT OTHOCHTE/LHO OCH, NPOBEACHHON Yepes eHTp
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Ky6a mapaaneasio Oxy (¢pur. 26). Tak Kax HanpsakeHne OLHOPOLHO, TO
BCE TPH Bl CHIIBI, K /mo0ofl rpanM, NMPOXOAAT
uepes CPEAHIOI0 TOUKy 9Toft rpanu. ClCNOBATENBHO, HOPMANLHLIE M CHBU-
TOBbE KOMIOHCHTH HE COSNAIOT MOMEHTA4 Ha TIPaHsX, TEpPIeHLNKY.sp-
HBIX OX], H Mbl HAXOIHMM B KauecTse YCAOBHS L1 PaBHOBECHS, HTO

Opg == Ogs.

AHATOTMUHO TIONYYAEM, WTO Gy ==0,3 W Op==Cp, TaK YTO MOXHO
sanucath
ay=y. (5.1)

. C (5.1) ocraeres cnpa-
BEIVIMBBIM 12)e TOTA4, KOrAd HANPSHKEHHe HCOAHOPOAHO, KOria Teso He
HAXONWTCS B CTATMYCCKOM DaBHOBECHM M KOrZA TPHCYTCTBYIOT OGbeMHHE
cunbl (HO He OGbeMHble MOMEHTH). DTO MONKHO AOKA3aTh CJCYIOUHM
o6pasom.

Onp

™ TaK JKe, KaK M Npexne, yuu-
THBAY, OMMAKO, TO OGCTONTENLCTHO, TO Tenepb Mbl IOMKHLI OXBATHTH

Ty

-4 6.1:,)

20y.1 g 90,1 16
0, ~ 901 L A o+ 3 ;)
(s ) ol‘—‘ bz, .__(_, ERa
f
(ﬂ’:z'y; 16z) |
dur. 27 Cuant B uanpan.nen-mn Ox;, neficTeyiomue Ha SieMeH-
TapHbilt B yCu

'mm-mn.
Chnb, AefcTayiouure na rpan, nepuenxKyASpIIe OX;, e NOKESAUY,

Cllyyan, KOra HATIPSOKCHHC MeHsIeTCsi OT TOUKH K Touke. Pasmeaun cuny,
nelCTBYIOWYI0 Ha NOBEPXHOCTH, NPOXOASILYIO Yepea3 AHHYIO TOUKY, Ha
nouank 9TOH NOBCPXHOCTH M yc’rpcnmm nJouallb MOBEPXHOCTH B Nadli-

Ho#t Touke K Hymo. [Ipenen un narps-
2keHue B Touke, Tak, KoMnolteKTa CHUIb, ncﬂcmylomeu B HanpapacHin Ox,
na sneMent ™ 1 ds, yaspusift Ox;, onpe-

Beasercs Kak o ,dS npu  ycTpeMaenuu dS Hymo. Ilpn sToM coxpa-
HAETCS TO e NMPaBUA0 3HAKOB, 4YTO W B Cayuae ONNOPOAHOrO Hanpshe-
uns: o, dS osuauaer cuay o nanpasienun —4-Ox;, cospanuyio AeHCTBHCM
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uacrefl Tena ¢ ~Ox; CTOPOHH SMeEMEHTa NMOBEPXHOCTH Ha WACTI Teid,
HaxozsuHecs € VOXI CTOPOHH STOrO 3JEMEHTa.

PaccmoTpum Teneps fica BHYTPH 0 Tena sae-

i I C ICHTPOM B Hauazie Koop-

ZMHAT pe6paml Muﬂon 8xy, sz, 3xg, MApaICABHEIME OCAM KOOPIMIAT.

Tycrv oy osuaqam‘r HANPSKCHHUS B HAYane xoop:mua-r. Haiinem ypahenne

37O 0 Xy

Cpennne 3HaueHHs KOMIOHCHTBI O, )um Kaxnoit us zmyx rpaneit, nep-

nenankyaspiux  Ox,, ykasawsl na ¢ur. 27. Cuaw, nefcrsyiomme
B manpapnehnn Ox, Ha 5TH ABE FPaHM, 3aNHCHBAIOTCA B BHAE

s A T L PR G A PA LR e

pesy/LTHPYIOLLs CHAA €CTb

035
_&l‘i 3y By Dty

Cuan, AefictByloue B Hanpapichuu Ox, Ha 1Be rpaHd, NMepreHIMKY-
asipubie Ox,, BHPaXKAOTCS B BUxE

e dayg 1
Tt A P LEN A O S P LN

¢ pesyabTHpyiowet cunof

5’“ Bx, 83534,
Auanornyko, A ABYX rpaueﬁ, neprienanKyaspbix  Oxg, Haxoaum
Pesy/IbTHPYIOULYIO B BHIE

Lo 8 3, 0y .

Ecun umeercs eme ofbeMuas Cuna, KOMIOHEHTA KOTDPOH B HanpasJie-
Hin OX, paBua gy HA CIMHHIY MaccH (HANDHMEp, CHAA TSKECTH),
TO MBl TOMyYaeM CACAYIOUICE YPABHEHHE NBHKEHHS:

99, a 95, o
—"+ﬂ+7‘j+pgl=pxx.

0xy 0xy
rae p—nuoruom " x,—ycxopclme B nanpasaennn OX;.
cuisl,  aeHcTBy B nanpaaennsix Ox, u Oxg,
nony-laem ZIBA AHANOTHUNLIX ypauucx-um Takum 06pasoM, B HTOTe MMeeM
Dx/ +P81—P"1~ 6.2)
Mut noayynan dy bHBE Y NPOCTPAHCTBEH~
Hbie B Tene €y P ero 3 OHH

ABASIOTCA  OTNPaBHON TOUKOH MPH MBYUCHUH yYNPYrHX BOJMH B TBCPABIX
Tenax. (OTMCTHM, 4TO Ml BBEAH 31eCb HOBOE NOHATHE: andipepenin~
poBauue TeH3opa BTOporo panra.) Ecam Bce vacTm Tena maxomsrcs
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B CTATHYECKOM (5.2) GoJsiee  npo-
Ccrolt BuL
ot og= .20
ax, TPEL -
(5.2a) P Mu H Y4ACTO HCTIOJib~
8yIOTCsl B TeOPHH YNPYrOCTH.
Teneps y I8 cayuas Bpauienus pac-
CMaTpuBaeMoro dnementa BOKpyr oc Ox,. MomenT cun (Hanpassenuup
4|r3
] 002415,
H 3 oz, 2 ©3)
&, oy
- 903, 1
I T-(o}z + EX Sx
0 Oy b ~&z

3o, s,
(038 - 402 v

@ur. 28, Cuibl, cO3falOLME BpawAOWHi MOMEHT BOKpYF
ocn  Oxy, y Ha
B YCIOBHSX

Ha ¢ur. 28 NpOTHB YacOBOM CTPesIKH), CO3NAHHWH CIBHFOBLIMM KOMIO-
HEHTAMH HanpsiKeHus, AeliCTBYIOLMMU U4 NBe rpany, NCPUCHAMKY/sSp-
Hbie OXp, 3amucuBacTCs B BHIC

dagy 1 aa 1 Oogy 1 1
(cn— 7)75: 7 Exn) 80, 8xq 5 g+ (“uz"F ﬁ 5 Exa) 80, 0y By =
gy 8.0y Dy O,

MonmeHT ci, B peay CABMFOBIAX KOMIIO-
HEHT Opg, 3ANHMCHIBACTCS AHANOrHYHLIM OGpa3oM ')

— g 820y By 8.

TaKe RAiyT BKJAX B MOMEHT CHi
, 4TO peay Py cn, nekt-
CTBYIOLINX Ha FpaHi, HE NPOXOMMT TOMNO 4epes CPEIHHe TOUKH 9THX rpated.
Onnako niewo xamno# #s 9TMx cua GYJET WA NOPSIOK BEJNWUHHLI MEHbINE, ueM
TUIENO CABHMrOBHIX CHY, CAEAOBATENbHO, STHMH UIEHAMH MOXHO mpenedpeus.
(B neppom 9TH CHBL () YIONapHO

TaK 4TO MX OOuwif BKJaj B CYMMApHbiii MOMEHT HMEET ewe MEHbLIUYIo BEeJuunty,
AHANOTMUHOE paccMOTpEHME NIOKAIBIBACT, UTO MOWHO TAKKE npencépeus Mo-
MeHTOM cua, ;i crerka o

CHBHIOBHIX KOMIOHEHT Ogy M Ogy.

1) HopManbibie KOMIOHEHTH dgg M O
TOro
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Crienonatenbiio, ypaBueiue JBXEHHS A Cayuas BpAUiCHMs BOKPY!
ocn Ox, umeer Bui

(O3 — Ogg) 0,05 863 G, 0%, dx, 05, =1,0,,
e [ — MoMenT wHepimn oTHOCHTEqRHO oci Ox;, B, — yraosoe yeko-
peHue OTHOCHTEIBHO TOH e OCH, HANpPaB/JeHHOE NMPOTHB YacoBOW CTpenKH,

G —obbemubiil MoMent. MomeHT uiepunn /, €cTb Beanunna nopsnka p (9x)5.
T103TOMy NOMKHO BHINOMHATHCA COOTHOLICHHE

O — Og3+ Gy =0, (5.3)
TAK KaK uHaue npu CTPOMJICHHM 3nemeHta obbema K HYJIIO BeJMYMHa 9‘
Gyner p 1/(0x)%. B cnaouHom

marepuane 910, KOHEHHO, HEBOSNOXHO; 0TCIONA caeiyer, 4To COOTHOMIE-
e (5.3) cnpapesuBo.

Auanoruuno Ay LS CyuaeB Bpa-
mennst Bokpyr Ox, u Oxg; OHu caeny p

Oy — 0+ G, =0, (5.4)

0 — Og+ G =0. (5.5)

PacnpenencHibil 0GbeMHbI# MOMEHT, T. €. MOMGHT, NPOTOPIHOHATBHBIA

obbeny, rcsi CHAamMm (onn 06 uepes

Gy, Gy Gy); OH BO3HMKAET, KOTJ@ 4HMBOTPONHHIHN KPHCTAII UAMATiH-
UMBACTCS WM TOJAPHBYeTCs B noje, kak Owio nokaszawo s ra. lII,
§ 3, nra. IV, § 5. Onnako B OTCYTCTBHE 3/EKTPHUCCKUX M MATHHTHBIX
nosch obGbemMHLIE MOMEHTH IIC BO3HMKAIOT!), M Mbl NOJMYH3aeM BMECTO
ypabuenn#t (5.3) — (5.5) npocro

(5.6)
B # mu Gysem mp ath, HTO cHerso (5.6) meerna
shinonusierca. Tem He Menee caejyer INOMHUTL, 4YTO, CTPOro roBOps,
TPAaKTOBKA MbE30I/NEKTPUUCCKUX, YNPYTMX W (OTOYNPYrMX —KONCTEHT,
KoTOopas ﬁyILCT Jland  Huke, B caydae nanuuus OG'LEMHBIX  MOMEHTOB
BCCT/Ia NPUMEHHMa 2).

§ 2. JloxasaTeancTBO TOFO, HTO Gy OGpasyoT TEH3OP

I Tenepb, 4ro bt o;
B § 1, . 1 u 2 o6pasyor Teudop pTOporo paura. Mbi 3HaeM (CM.
ra I, § 8), uro ecam conokymiocth seautuis T;; CBSI3LIBACT KOMIOMCHTH
JBYX BCKTOPOB p; M @; yPaBHEUMSIMH BHIA

n="Tyq,

') HeGonbmolt o6veminiit MoMeHT MoXer Ghith 06ycaonnen shdektom Bpa~
H-lellml n.nockocm noJspusalmn (CM. 1. ).

BEMHBIX TpH CTPOroM
noapoclmu TCOPHH YHPYIOCTH SILISICTCS €Ie AHCKYCCHOHHOi. - Obcyxienie
9TOO BONpOCA M CCHUIKM Na JMTCPaTypy Moo naittu 8 [77, 50a, 53
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10 Ty 5l 3aKOHy Tp TeH3opa H, C. HO,
o0pasyior TeHsop. I1osTomy Mbt noxamem, 4TO G CBA3HIBAIOT [BA BEK-
TOPA YPABHEHWAMH TAKOrO THNA.

BuineauM BHYTPH 0 Tena tl snemeHT mo-
H C IL 3S, 1‘0qu P. BoccTanoBuM e~
Hwn-luﬁ BexTop I, Pyl STOM . Of
Hay, pacemarTp u, ucpes piS
qmr. 29) Ara cmm Gepercﬁ TaK, 4TOOkl OHA Obijia HANpPaB/eHa B Ty Xe
cropony, yro u I (no or K 9JeMeHTy P ). Ilycrs ¢
MEHSICT HanpasieHue Tak, o,

3

YTO S/ICMEHT NOBEPXHOCTH
noayuaer BCEBO3MOXHLIE
OpHenTali®, 1O BCerna
npoxonnt uepes P. Kax
Gyner  MBMEHATHLC  MPH
oTom pdS? YroGm or-

pos

Pp i

a8 A Tn

@ur. 29. Cuna, nepena- & ur. 30. Cuuni, jeficTByloume Ha rpann TeTpasipas
BaeMas  Yepe3  SJEMeHT P

TpemMa
nopepxHocTH 3S, BT u rpanbio ABC.
B HanpsuKenM Tere.

BCTUTL HA STOT BONPOC, NPEANOAOKMM CHAYana, 4TO HANpPsHKCHHE OXHO-
POLHO, OGBEMHBE CHIE OTCYTCTBYIOT M T€JO HAXOLMTCH B PABUOBECHH.
Hatinem ycnosus pasHoBecHsi B3TOTO BHYTPH Teda JieMeHTa B Gopme
Terpasnpa OABC, nokasanhoro ha tpur 30. 3nec ABC mnpencrasasier
paceMarp 9NICMEHT itt I cina, nepe-
J1aBaeMas uepe3 Hero, pasua p)<(rmou1anb ABC). (,nnm neHcTBYIOUIHe
Ha TPH IPyTHE BBAMMHO NEPNEHIMKY/SPHLIC TPAHH TeTPasapa, MOryT OhTb

uepes ol dy crenylouus  o6pasom.
O cuH, Oxy, nony

PLABC = 6, BOC 01, AOC +0,,A0B,
pr="culi+ ol ogls.

Pe=Ouly+0mly -+ oyl
Py==cgily gl - ogelye

win

Ananoruyso,
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Cllel0BATENbHO, MBI MOXKEM 3aTHCATH
pi==0cyl;. (5.7)

y (X)) p nas moGolt  sananHOR
TOMKM H B TeX CJy4asX, KOTLA HANDSIKEHWE HEONHOPOAHO, KOrAa Jeli-
CTBYIOT OGBEMHHE CHJAH H KOMId Tel0 HEe HAXOMMTCS B CTATHYECKOM
PaBHOBECHH, 6o Jierko BHIETb, YTO NOSBJSIOIMMNICS N0GABOYHBIMH 4Yje-
HaMH MOXHO npelchpe'-lb. KOTa TeTpasip nenaercs GeCKOHEYHO MaabiM.

Tak Kak IBa BekTopa p, H [
CBSIBAHE YePEB G;; IMHEHHHIMK COOT-
HOLICHHSIMH , TOHANPSIKEHHS Sy 06pa-
3yior Teusop. s ypasnewns (5.6)
BHIHO, YTO 9TOT TEH3Op ABJAETCS
CHMMCTPHYHBIM H, C/ICI0BATE/IBHO, OH
MOXeT GbiTh npusenen K riaBHBIM
ocsm (em. r I, § 4, n. 1), Tlo-
STOMY, TICPEXONs K FAIaBHHIM OCSM,
nosy4aem

T ou o1z og | T 0 0
oy G o | —>| 0 o 0 |,
“om o ol L0 0 o |

@ur. 3l. Cum, neficteyiomre Ha

TAC Oy, Oy, Oy =——2AQBHbIE HARPA-  rpapy epuumunoro ky6a ¢ pebpamm,

UCEHUS. NApanNeNbHbIMKU HANPABIEHHAM MaBHBIX
Korna Hanpap/ieHusi F1aBHBIX Ha- Hanpsukennt.

npsokeHult BHOPaHb B KayecTse oceft

KOOP/IHHAT, CHBHrOBHE Tht i TIpH 9TOM

Ha TapannenbHbie OCSAM TPaHH BHP 0 U3 Tena 0 KyGa
GyayT neHCTBOBATL CHABI, TNOKasanHbie Ha ¢ur. 31.

§ 8. MMosepxnocTh HanpskeHuit

XapakTepucTHiecKas P BTOPOrO mopsuka AAA oy (cm.
rn. I, § 4) s TIPOCTO nosep. y Ee ypas-
HeHHe uMeeT BHI

0y X,

WAM, TIPH Tiepexolie K FAaBHBIM OCAM,

o8 ey gt =

Jlanns moayocet pasunt 1/V e, 1/ oy 1/) a5 Tockonnky Kawnoe s
HANPMKCHIA 0y, Gp, Gy MOXET OMTL KAK INOJOMKHTEALHBIM, TAK H OTPH-
UATCALULIM, 9Ta NOBEPXHOCTL BTOPOTO NOPSAKA MOKCT ObiTb AeHCTBH-
TEJALHLM HAH MHHMHM wm r r‘

8 M. Hah
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Hanpasnchne peayabTupylomeit cunst p3S, meficTBylowieh yepes sae-
MeHT TOBEPXHOCTH 3S, MOXeT OWTh HalICHO W3 NMOBEPXHOCTH HAmpsKe-
nuil ¢ nomomwio cpoicTsa pannyca-
BeKTOpa M Hopmamu (CM. cTp. 44).
Tlposenem panuyc-BeKTop r(Qur. 32)
napannesbio I — eNHHHUHOMY BeK=
TOpY, NepneHaMKyAspHOMY K 3S.
Tlycth 9TOT pajiyc-BeKTOp BCTpe=
yaeT TMOBEPXHOCTb HANPSIKEHHH B
Touke Q. Torma sektop p Gynmer
napajieseH HOpMaH K STOM TIoBepX-
Hoctn B Touke Q. Korna Touka Q
OKa3LIBAETCS JICKALICH Ha ONHOM W3
TpexX T/aBHHIX OcCeil, BEKTOp p na-
@ur.32. Onperenenme uanpagienus ~PAnicaci I, T. €. CIBHrOBHE KOM-

e pas, nonentht  oTcyrersyior. Cornacno

Mol uepes s-Yle'-Wl*;‘arﬁﬂy‘l)o nnomanky 88 cgoficry, OnucaHuoMy ha crp. 43—
HCTBO P 47, LIMHA BEKTOpa r onpencaser

TOpa M HOPMANH K xapaxrepncrumeckoﬁ s, peficr
Bylol.uee Ha 3/1eMEHT, NOKa3aHHLI{l Ha

X Taoexoeny, o ur. 32, a nmMenHo o= l1/r2, Ana-
. xapaKTepHCTIMCCKOR TOBEPXHOCTH B TOUKE Q.
llno&m)bw:lepnma “Bﬂle‘l;:l‘ LEHTPANLELIM Ce= JMTHYCCKH ¢ 3a]acTCsl  ypaBHEHHEM
ueten JapaKTepICTINECkof nonepxrocr, co- .
o P Jom (o i 1§ 6, .
tllElIH snl'ueln‘lmmﬂ naomanky S u Kacarenb 11

HOfi nA0CKOCTH, o=oylil;

£—enuuih  vextop,  wopuamuull k& 1S;
tinocKocTH,

WiH, eci¥ BCE KOMNOHEHTH FNPHBEACHH K T/aBHHIM OCSAM Hanpsikeius,
o=ali ot

§ 4. YacTueie (opMBI TeH3opa HAMpsIKeHMi

PaccMoTpuM  Temeph  (OpMy TeH3Opa  HAMpSKCHUH, TIPHBCIEHHOrO
K T/IaBHBIM OCSIM, 1Jif HEKOTOPHIX YAaCTHBIX Ciy4aen.

. p )
Ta0O07
000 l'
Looo!
I TaKOro CIyHAT B IJIMH=
HOM BCPTHKA/JLHOM CTCPXKHE TOABCUIEHHHM K CrO  KOHY TIPY3OM.
He nHOC 0 B IJHH=

HOM_CTCpiHC 0N JiclicTanem uncToro HarnGa.
2. Ilzocko-nanpsowenroe cocmosnue (OByoCroe HARPAJKCHIUE)
o
0 o 0
loo ol




§ 4. Yacrueie hopset Tensopa wanpasmenut 15

Tip P 0 JBYOCHOTO ABASCTCS
Hanpsm(el—me B TOHKOH maacTumke, Hal‘py)’((‘,HllD'r\ CHJIAMM W MOMEHTaMH,
npuaokeHHbIMH K ee nepumerpy. OkpyxHocTs Mopa aas miaocko-Hanps-
KEHHOTO COCTOSIHUS TIOKa3ana Ha (ur.

3. O6seMmHO-Hanpscernoe Cocmosnue (MpexocHoe Hanpsocene) —
nanGonee o6uias cucTeMma HanpsokeHutt € TpeMsi OTJMYHBIMM OT Hy#s
TAABHLIMH HATDSOKEHUAMH,

4. T'udpocmamuueckoe dasaenue

[—p 0 07
, g —g 0w —pdy. 7 %
L —-pr

5. Hanpsiicenue wucmozo clsuza

7 —a 007 @ ur. 33. Oxpyxuocts Mopa
0 a0 JUISL TLIOCKO-HAMPSKEHHOTO
000 COCTORHES.

(uacTHuB  cyuat  aByocnoro nanpswenus). Heoanoponnoe pacnpe-
JZiefiee YHCTO CABMFOBOTO HANPSIKEHHS BOBHMKACT B JIMHHOM CTepiue,
NOABEPrHYTOM YHCTOMY KpY . Tlocrpoenue okpy ™ Mopa ans
9TOrO CIyuas TMOKa3ano Ha ¢ur. 34, @, OTKyna cpasy BWIHO, YTO eCiu

- r
. n\e "D"‘ VAN
A\V74
|
a 6 a

Dbur. 34. Hanpumelme UMCTOrO C/BHIa.

@ —okpysuocts Mopa; 6 1 0 — cuaw, ZefCToYIONHE Ha anenexT,
o Ot Guacsatouy ContReresaG Touam B R O

ocu nosepuyTh na 45° BOKpyr Oxs, TO HOPMAJLHHIC HANPSKEHHS HCYC3-
nyT (OTCIONA HA3BAHNE HANPAJICCNUE HuCMO20 €OBuZ@) W TEH3OP MpH-
MET BHI

Ocb Oxg sasercss ocbio cOsuza. Ha dur. 34, 6 W 6 nOKasaum Cubl,
JlC“CTI)yIOLLUIC Ha TpaHd 9/MeMenTd B ABYX Pas/iMUHBIX OpHCHTALMUAX.

8"
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§ 6. Pasmuune Mexay u
ONHCHBAWINMH CBORCTBA KpHCTaMIA

Bty raaBy M 8aKOHUMM OGCYXICHHEM BAKHOTO Pas/IHus MEXIY TeH-
30poM W BCeMH P P Bhlllie APYIHMH TEH30PaMH
BTOPOrO paura. Tensopt, omc cBOfiCTBA (raxue,
KaK M4rHuTHas BOCNPHHMYMBOCTL W/H AWIJCKTPHYCCKAs ﬂpOHHllaeMOC’l‘b)
¥ MPCICTAB/sCMUE TOBEPXHOCTAMH BTOPOrO MOPSAKA, HMEIOT Ompefc-
JIEHHYIO ODHMCHTAIMIO B KPHCTA/IE M, KK MBI BHIEJH, NOMKHH COTaa-
COBHIBATLCH C CHMMQTPHC" KpHcTanaa. OHH  Ha3bBAIOTCS Mamepuane-
Holmy  men3opamt. HaoGopoT, TCHSOP HAMPsIKCHHM, KAK M TEHSOp Ae~

paccMarp B Ly rnase, MOXCT UMETh JN0Gyi0
opuemaumo B KPHCTa/l1e 1 HMeeT CMBIC/ KaK A5 H30TPONHLIX Tes, l'lO,’(Os‘
HBIX CTCKJY, TaK M JJisi dHH3OTPOMHBIX T€J— KPHCTA/I0B. T(‘)"SU]Y Ha-

He 60 CBOHCTB KpHCTaniz, a 6AHSOK no
CMHCAY K ,CHACY, NPWIOKEHHOR K KPHCTa/sy; B STOM OTHOLICHHH OH
nofo0eH 9/CKTPHYECKOMY TIOJI0, KOTOPOC MOMET, KOHEeWHO, MMeTh Mpo-
M3BOYILHOEC Hampas/eHHe B KpHCTa/ie, Takue ‘TEH30Pbl HA3HIBAIOTCA NO-
ACBBLMU MEH30PAML.

PE3IOME

Hanpsxenne B Touke P Tena MOXeT GHTbL ONpefeneHo ClelylouuM
obpasom (§ 2). Tlycts 3S — muowans sJeMeHTa NOBEPXHOCTH, COACPIKA-
wero Touky P. TlocTpouM emmHudnbiti BEKTOp I, NEPUCHAMKYASPHEH
s1oll miomanke. TlycTo uepes naowianky nepepaercs cuia p S, KoTopas
nelicTBYET € nONOMKUTEALHOR CTOPOHBI MAOWAaAKH (OmpenenseMoft Hanpa-
BAGHHCM [) HA YacTh Tesa, HAXOASULYIOCS ¢ OTPHUATEILHOM ee CTOPOMK.
Torfia CTaTHUeCKOE PACCMOTpEHHE (WM IMHAMHYECKOE, CCAH TeViO lie Ha-
XOMWTCS B CTATHUCCKOM DABHOBCCHHM) TIOKa3kIBaeT, uro npu 38— 0 pek-
TOp p cBsidan ¢ [ COOTHOLICHHCM

P

oyl ®.1)

IZie oy — KOMIOHCHTH TCH30PA BTOPOrO PaHra, HASHBAEMOTO Hanps-
JceHuem B NAUHON TOUKE.

Uro6u nath onpencncHue KHKIOM W3 JEBSTH KOMMNOMCHT Oy, HYXKHO
PaccMOTpeTh CHIIbI, ACHCTBYIOUWE HA B3ATHH BHYTPH HATIPSKEHHOrO TeAa
enubuunbifl KyG ¢ peGpamu, NapamiesbHuiME  OcaM X, (cM. ¢ur. 25).
KoMnionenTsi ¢ § == j Ha3LBAIOTCS HOP MAABHOLMU KOMIMOKEHMAMU HANPS-
XKeHnst (OHM TIO. bHLL [IPH - i ), a cilfj—
cOsuzospmu Komnonenmamu (§ 1, m 1).

VYpasnenus Osudcenuss OAfL CAYUARL NOCMYNAMENbHOZO Nepeeuje~
Hus Manoro osnementa (§ 1, m. 2) uMeoT BuR

4 -
 Fes=rin ®2



Badauu u7

WM, €Cny BCE 4YacTH Tesd HaxousTcs B CTATHYECKOM panHoBecnn,
day;
T eei=0,

rie p-—— IJIOTHOCTL M gl—‘OG'DCMHGH CH/1a HA EMMHUILY MacChl.

Vpasnenusn Osudicenun 0as cayiasn epawenus (§ 1, n. 2) sanuce-
BAIOTCS B BHAE

gy — O3+ G =0, (5.3)
o5 — g+ G, =0, 5.4
Oy — 0+ G =0, (5.5)

rae G;— o6bemubift MOMeHT (Ha eamtnuy obbema). Crenopatenbho, npu
oTCyTCTBHH OGBEMHBIX MOMEHTOB
Oy ==Cjpe (5.6)
Tak Kak [o,] sAvasiercs CHMMETPHYHBIM TEH3OPOM (B OTCYTCTBUE
00LEMHHX MOMEHTOB),er0 MOXHO MPHBECTH K FiaBHBIM oCaM (§ 2) M Xa-
PaKTEPU3OBATL MOBEPXHOCTLIO BTOPOrO Mopsika yx,x,== 1. Hanpsie-
Hue He ecTh CpolcTBo KpHCTa/Nna B OT/AHYME OT APYrHX TEH30pPOB BTO-
poro paWra (MarHHTHOM TH, IMIEKT NpoHH=-
laeMoCTH M T. 1.), BBeleHHniX panee (§ 5); ono 6ausko nO CMBICay
K ,,CM"%“, “p”llO)KC""Oﬂ K Kpucranay. CIIQJIOHH'I‘(’.III:HO, TNOBEPXHOCTH
HanpsakeHutl He 00513aHA COrJIACOBLBATLCS C CHMMETpHel KpHCTAAAA.

SALAYH

1, TNokasate, uTO NPH COOTBETCTBYIONIEM BEIGOpE OCe HanpsikenHe B O6IIeM
Cllyuae MOKHO BHIPA3UTH KaK CYMMY THAPOCTATHUECKONO JiaBieHmsi (T. €. Hampsi-
weuns B (opye Gdy) It capura (1. e, a
KOMIOHEHTL KOTOPOIO PaBHBl HYJIO).




I'a2asa VI

TEH30P AE®OPMALMI U TEMJIOBOE
PACIIMPEHUE

K 3anave 06 onpenenennu nedOPMUPOBAHHOrO COCTONHUS TBEPIOFO
7Tella, KOTOPOM MOCRALLEHA HACTOSILUAs [/aBd, MOXIO MNOROWTH, pac-
CMOTpeB CHayana GOJice NMPOCTHE OHOMEPHHIH M ABYMeDHBIH Cayyau.

§. 1. Onuomepuas nedopmauus

Ha ¢ur. 35, a usobpaxena pactsxumas cTpyna. 3aukcupyeM B npo-
cTpaHcTBe Hauano koopiunar O u 3areMm pacTsmeM cTpywy. Ilocne

a xz Az
—t e ——
0 P Q
P : x+u A'aNAu,
0 P Q

@ ur. 35. Jlepopmaiys pacTKUMON CTPYHBI.
@—10 paCTAKCHUS; 6— HOCAC PACTINEIHNS.

pactsakerus (¢ur. 35,06) np Has TOuKa P nep B P’. Tlycts
OP=x u OP =x-u.

uc x ua ¢ur. 36,a u 6.
dur. 36,a, ua KOTOPOH « ect nunctian Qyukuus x, coorsercTByeT
OJIHOPOHOMY pacTshienuio crpynrt, Pur. 36,6 wunmocrpupyer Gonee
ofuui cnyvah ueonuopontoro pacrsierus. Ilyctb Touka Q, Gnmskas
K P, nepexonwr B Q' npM pacTSKCHMH H TyCTh PQ=Ax4 Torna
P'Q' =Ax+Au. Tlpu wusy MBL M y He
aBCOMOTHBIM CMCLICHHEM TOYCK, a MX CMLIJlCHHCM npyr 011[0CH1elthO
npyra. Jlegpopmauus orpeska PQ onpenensiercs Kak OTHOUICHHE FPH-
palleHus ero JJHHbL K uepnouauznhuou June, T. €,

PQ —PQ _ Au
TP T e
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Jlegpopmanun 6 mowxe P onpenensercss BrPDKEHHEM

Au du
e= I|m Pyt rt (6.1)
Takum oﬁpasom. neq:opmlmn B mo60u TOYKe OnpesensieTcs UPOCTO
YraoBbIM KPHBHIX, Ha ¢ur. 36 a unm 6;
ecm,
144/ ‘l/
a
Pur. 36. b x

uor
B PaCTSKHMOH CTpyHe.

6e3paaMepHOM BEMMYHHON. OUEBHIHO B COOTBETCTBMU C NAHHLIM Ofpe-
Hauana HC CYLUECTBEHHO.
Ilas ot)uopot)uod neopMalKH € — KOHCTanTa, H HWHTErpHpOBaHHe
ypasuenus (6.1) naer

u==uy-ex, (6.2)
rie ug— TOUKH, B Havane .

§ 2. symepuas pedopmauus

PaccMoTpuM Tenepb, Kak onpenensercs ieopMailia  pacTsKumol
nnocko# nnactuuku. Tak jke Kak u B § 1, BHIOepeM HAyano KOOPAMHAT

) |
Auy
Axy;
0
Az A
P
T
0 =

P ur. 37. Oeymephas nedopmanus,

W 3aQuKCcHpyeM €ro B npocrpanmee (¢ur. 37). Halinem Tenepn, kax
TOYEK Bnpeds met Gydem ozpa-
s paccuomp M HanbLX Tycrb  Touka P
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C KOOpIMHATAMH (X, X;) B cucTeMe nepe-
xomut nocie gepopmauun B Touky P’ ¢ KoopauHatamu (X, uy,
Xy~ 15). Cnenopateno, BEKTOP #; €CTh cMellenue TOYKH P. UT0GH
HalTu 1epOpMalMIo B ITOH TOUKE MIACTMHKH, BBEAEM CHAYala ueThipe
BEJMYHIIBI

oy oy dus _ Oy
M= gx 62T gy an ' BT axy
HIH B COKPALLEHHON 3aruCH
.o j—
=g  @J=102. ©3)

Bce ¢, sBasiorcs Geapaamepummn BCNHYMHAMH, MaJbIMK NO CPaBHe-
HHIO C Yrobut onp T CMbICTI, BO3b-
MeM TOYKY Q, Jfexaulyio BOM3K P Tal( '~lT0 PQ [Ax,). Tocne ne-
dopmauun Q nepexonur B Q'; M ekTOp P’'Q’, OvEBWAHO, paBeH CyMMe

|

T

@ ur. 38. O npr
AcopMaiUU.

apyx Bexropos [Ax,]-[Au,l. 3nech [Agy) ecth passocTh cMelleHHH
nBYX ToueK P M Q, NeprOHaya/IbO OTCTOSILIMX APYr OT Jpyra Ha [Ax,|.
Toraa, TaK KaKk KOMNOHEHTH [u,| SBASIOTCS QYHKUMSMU KOOPAHMHAT, Mbl
MOXEM 3anucaTb

Auy =28 - Ax,+ e M

buy= 32 Ly - ok ”“2 Ay,

WM KPaTKo
By Gt By = ey By (6.5)
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Tak kak [Au;] u [Ax;]— Bekrops, orciona cnenyet (cM. ctp. 30), uro
fey] apnsiercst TeH3OPOM.

PaccmoTpum Teneps ape opuentaunn Bekropa [Ax;]: napannensto Oxy
(exrop PQ,) u mapannensho Ox, (sekTop PQp) (dur. 38) u Tem xe
cnocofoM HafinieM, KaK HCKa3uTCA NPAMOYrOMbHu 3/EMEHT ¢ BepIHHOH
B Touke P. Jlma PQ, M nonoxum Ax,==0; Toraa ypasHeuns (6.4)
TIPHHHMAIOT BHIL

Baty == S Ay — o A
Uy = Ox 1== €, 8%y,

Ouy
Aup= Ty Axy == ey Axy.

Cwmuica Beamunit Auy u Au, sicen u3 Qur. 38. Herpynno suuets, uTo €5,
onpenensieT PacTKeHne HA EMMHMLY LMHEL 0Tpeska PQ;, CNPOEKTHPO-

BaHHoro Ha Ox,, u6o

by o, .
B T om T w ]

Bequuuna ey Onpesiensier 1OBOPOT
oTpeska PQ, IPOTHB YacoBON CTPe/KH.
B caMoM Iese, TaHreHc yria 3TOTO

Buy
tgh B o Bayg *
TSK KaK Mbl pHCCMHTPHBBEM TONBKO 01.
Ma/ible CMelleHHs, TO 4y H up Manb ()

N0 CPAaBHEHHIO € Xy, & noaroMy Aug
M Au, Manw mO cpasuennio ¢ Axy.

CrenosareasHo, @ur, 39. Cmemenus npu MasoM
Aug 1OBOPOTC NJACTHHKH KaX OLHOTO
0 Ty = O 1eNI0ro B ee MIOCKOCTH.

AHanoOrHyHO, BEIMYHHA €y PaBHA PACTNKCHHIO PQ, Ha eMHHILY NIHHBI
B Hanpasnennu OX,, a e,, onpejenser (ManbiH) NOBOPOT IO YaCOBOH
crpeaxe PQy u P'Q;.
Moxuo Tenepb cip :onp Ly Ten3op [ey]
B Touke P? Yrpep [l OTBET HA ITOT BONPOC MOKHO
JlaTh TOJBKO B TOM CJyyae, e€C/H Np OTCYTCTBUH HCKaXeHH! Bce KOM-
noxentsl [ey;] pasun Hymo. B pefictutennocta ke 510 He mHmeer
MecTa. PaccMOTpHM TPOCTOM JIOBOPOT NJACTHHKH Kak JKECTKOrO Tena
B €ro MJOCKOCTH NMPOTHB YacOBOM CTpesku Ha smaneit yron ¢ (¢ur. 39).
Tpu stom kak PQy, Tak u PQ, NOBOPAUHBAIOTCA NPOTHB HACOBOH CTPENKH
Ha YIrON ¢ W NOSTOMY b COOTDCTCTBHH C FEOMCTPHYECKHM CMEICOM €y,
YCTaHOBJIGHHEIM BHILIE, MOXHO HAIHCATH

=[] 5]
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dopMa naCTHHKH He HCKkaxacercs, uwo [ey] ne oOpauwacrea B Hymb.
Yro6ul OGOHTH 3Ty TPYNHOCTb, MBI NOMKHH HaHTH CHOCOG BBIYMC/CHHS
YacTH [e,,], COOTBETCTBYIOLLeH TIOBOPOTY T€Na KaK HeA0ro.

JlioGo#t Tensop BTOPOro paura MOXET GHTb NPEACTABIEH KaK CyMMa
CHMMETDUYHOTO H aHTHCHMMETPHYHOTO TEH3OPOD; NOSTOMY Teu3op [e;]
MOXHO BanHCath B BUIE

ey =gyt

rne e,.,_-;—(e,j-{—e,,) Wwy =g (e —ey)- Jlerko wuners, uro ten-
a0p le;], 3ananubit rakum cnocofoM, spaserca cUMMETpUSHBIM, HOO

1
ey =7y+e)=

npyrofi Beeniennbift Tensop [wy] antucummerpuucH, n6o

1
oy =g (ey—ey)=—oy.

Bulle MH BHIEH, YTO B CAyYae YHCTOrO BpalleHUS TCHBOp [e,,]
urbM. OTciona , YTO
Has vacTs [ey)], 1. e. 'renaop le,,l. OIHCHIBAET degﬁop,uaumo M’rak BllellOM

=u €1z eu (eu Few) |

1
G2 Em 7 (erz-+em) on
Taxoe pasnenenme [e;;] Ha npe wactu namocrpupyerca dur. 40. Iu:
Halblble KOMIOHETH Tensopa [e;] mpencranasior coGoll pactserins na

Yeon nosopoma
NGF (eren)
7

1
+(ea-en)

(en‘p!l) & €1 5 (enten)
@ ur. 40. uepres,

YTO MPOHM3BOABHAS ncq:opuaum (cuepa) pabua coﬁcrmnuo nedopmanis
(B cepenune) mioc MOBOpOT (Cnpana).

enuHuLy JUMHEL BIOMb ocet Ox, u Ox,. KOMIOHEHT2 e, W3MepseT meH-
.volwyro aagﬁo[maumo cosuza (Mmen30puyio c0BU20BYI0 0ehopMALUIO).
Ecnn Tene nsa Hh 9JIeMENTd PACNOJIONKEHBI
napa.rmellbuo Oxl 3 Oxz. TO nocne nepOPMaIHK Yroa Mex Ly nuMu Gyner

paser o — 2, (CM. cpenumht veprex Ha Qur. 40). BameruM, B yacT~
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HOCTH, YTO TeH30pHas Ne(OPMalusi CHBUIA €, PABHA NO.L0BUNE H3MEHe-
HUSL yrAa MeXAY MBYMS YKA3aHHLIMH SJEMEHTAaMH.

1. Onsop yMep! Korna nedop 0nHO-
onia, BCe Hoey W HHTErpHp
ypasnenus (6.3) naer
wy=(ue);+eyx; @ Jj=1, 2), (6.6)
rae (4o);— TOUKM, B Havane p. n.
Ecnu Ha n Kpueas f (X, X5)=0,
TO nocne neq;opmaunu oHa NePeXonuT B f(x x;)—O rae
X ==y g = () X, ey %

Ora saMena NepeMeHHHX JMHEMHa, a OTCIONA C/EAYET, YTO NMPH OLHO-
poxnnolt nedpopmauuu;

1) npsMas ocraercs npsmMoH;

2) napannenbHbie NUHHH OCTAIOTCS NAPa/IeNbHBIMU;

3) Bce mnpAMble JMHHMH, TApaieabHble Mexdy cOGOH, YAMMHAIOTCA
Wil COKPALLAIOTCS B OXWHAKOBOM CTeNeHu;

4) 5ANMNC NEPEXOAHT B HMHOH IJLIMNC, B YACTHOCTH OKPYKHOCTH
CTaHOBHTCS 3JLIHIICOM.

§ 8. Tpexmepuas nedopmaunus

T 0 Tena, P KpHCTA/na,
BBOIMTCA AHATOPHUHO ONPCJCIEHNSM, PACCMOTPEHHHM B NBYX Mpebi-
Zywwx naparpadax. u Xy ue-
T0NIb3YETCH AAS ONpECeNns JeBSTH KOMIIOHEHT TeH30pa

a .
ey 7)% G Jj=1 2 3).

OHU HMeIOT C/Iefylomutt CMbic:
45, €9y, €gg— PACTSHKEHHA 1A €JMHUIY JUIMHHL Mapaanenbho Ox,,
g, OX3 COOTBETCTBEHHO;
45— noBopor BOKpyr Oxg B cropody Ox, mikeHHOro
anementa, napanneabuoro O Xy
gy — 1OBOPOT BOKPYr Ox3 B cTopony Ox, JHHEHHOTO
aieMenTa, napamenboro Oxy.
AHANOTHYHEI CMBICA UMEIOT 1pYrHe ;.

1) Vpaeneuue (6.6) cnpaneluluno W B TOM Clyuae, KOLNa He nunonnae’rcu
pan aNOCTH

P -
anem 1060# osro y
ciiejylolue 13 Hero BeIBox (6. l)—(ﬁ 4) Taxume cnpaue‘mnnu npH n1060ft Bemi-
UHHE CMCIIeHHS.
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Ecan Teno spaimacrcs Ges neopMainuu, TO COOTBETCTBYIOLUH Tei-
30p [e;] anTucummerpuven, Kak bt cefuac fokawen. BriGepem nauano
KOOpIHHAT HA OCH Bpautenus. Torna

= ey¥;.
Tlpu uWCTOM BpalCHHH CMeulenwe MOGOH TOUKH TNeEpNEHIHKYJIAPHO ee

pannycy-sextopy. Crnenosarenbho, u,x;==0 (10 npaBuay CKaispHOro
TIPOUBBENECHHS) HIIH

eyXiX; 6.7)
Tak xak ypapuenue (6.7) cnpasesmso Aas MOOHX X;, BCE KOS(pdu-
uMeHThl B JIEBOM yacTu NoMmkHE GwTh papusl Hymo. Orciona

e,l=0, ecm = J;

ey=—e;, ec i+ J;
9T0 i €CTh YCJIOBHS aHTMCUMMETPUYHOCTH Tensopa [e]. Tlonyuenubift
PE3YJILTAT MOXHO OHIO NPEABHAETH, YYHTHIBAS, YTO OOWYHOE BpalieHue
ONHCHIBAETCS aKCHANbHBIM BexTOpom (cM. . lI, § 2), a axcuanbHuA
BEKTOP SKBHBAJCHTCH AHTHCHMMCTPMUHOMY TeH30DY BTOPOrO panra. Tpu

1

HEBABHCHMEIE KOMIOHCHTH! TeH30pa vy == (e;;—e;) B  HecTniTenb-

HOCTH ABJSIOTCS KOMIIOHEHTaMH aKCHA/bHOrO BEKTOPE, KOTOPEIM ONHCHI~
BaeTcs Bpaulenue.
Tensop deghop mayuli le,/] onpenessieTcs Kak CHMMETPHYHAs 4acTh [e,)):

oy =y (ey+ep. ©8)
WM B PasBEPHYTOM Buzie
[ew o em| | ey % (o2 +-em) % (ess+e1)
G Ey e | = é— @12+ ex) o -;— (e2s+eg0) |.
wom wm| |yenta) pente ow

JluaronasmbHEie KOMNONEHTI €;) ONHCHIBAIOT YO.uneHUS, WM Oeghop mayuu

npyrue cnpura.
Kax n B 1ByMeprom cyuae, ancch }lnz JMHCANbIX SNCMCHTA B HEnehOp-
MHPOBAHHOM Tese OTIOXeHH napanneasHo Ox, u Ox, Tlocne nedop-

MallH OHU 00pasyioT yros, pabubifl %R—Qew AHanoruyo  MOXHO
HHTEPIIPETHPOBAT €p5 H €gy.
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1. Oauop T b Ecan nedop OIHO-
ponua, T0 Bce ey Oynyt KaK H B 1BYMep
Ccoyyae, B MBI MOXEM 3aHCaTh

uy=(ue)+eyx, G Jj=1, 2 39), 6.9)
rae (go); — TOUKH, B Havase P Pas-
Gupast e, Ha Qe ¥acTy, noayuacw

= (tg); + wyyx) ey (6.10)

Tpu usoOpaxennn jeopMmaliit  yi00HO OTAENHTH HACTb CMelleHHs,
wan TeAa KaK Lenoro M ONHCH-

BaEMyl0 NEPBBIMH [IBYMs 4YnenaMH B 1paBo#l uactH ypasHenus (6.10),
OT TOM YacTH, KOTOPas BLIILIBACTCHCOGCTBCHHO
b, u uie-

5
Hom. ITosToMy Mbl 3anvcHBacM

Uy =reyx,,
TeM CaMbiM BHpPaNan TOT GaKr, uTO & CBi-
3HIBACT CMELLCHHE K, TOYKH, BH3BaHHOC Jiedhop-
MatHelt, C NO/MOXEHHEM BEKTOPA ITOM TOUKH.

Tak kak Tensop nepopmaumit spasercs
CHMMETPHYHBIM TCH3OPOM, €r0 MOMHO MpH- P ur. 41. ledopmauus ens-
BeCTH K rNaBHBM OCsiM. Cnsuropme KOM- HHUHOTO XyGa ¢ peGpams,

napanienbHBIMH TPEM Taap-
W H J1ydacet
TIOHEHTH! NPH ITOM HCUE3AIOT, H MBI 1IOJyYaCM i 0CaM TepOpMELIE.

- - 0 0- Ha uepreie NOKA3EHO TOMBKO Ce-
f11 f1z E; 1 weiue @, ~obycronnentios cob-
elg 63 ey | —> | 0 e O |. crpentioedopuaurielt; nepemerue-

patiche Tena KaK ueroro
Leg eg5 e LO 0 el He noKasano.

TeOMeTpHYECKUM CMBICA 22GB8HOLX  OeciOpMaluil e, € ¥ & MOXHO
noHAITh, B3AB eNMHHYHBIN KyO (pur. 41) c peGpami, napanienbHbIMH
FI4BHBIM OCAM; NpH JleOPMalii MpsMbie YT Mexiy peGpamu coxpa-
HSIOTCS, @ AMMHEL peGep cranopstcs pastbiMu (1-f-e0), (14-ep), (1 4-eg).
Bro 6bt oKGKON CyuraTh, YTO raasHbie OCH nedpOpMauMy Jexar B Ha-
NIpaBJIEHHAX, KOTOPble OCTAIOTCS HeWsMEeHHBIMM NpH nedopMmauud. D10
Gbin0 OB CrPAaBEATMBO /ML B CIy4ae PABEHCTBA HYJIO BPALIEHHA ©).
Onpedeasniomum CcBOUCMBOM 22ABHULX OCEld CAYICAM MO, YMO OHL
SABAAIOMCS  MPeMA BIQUMHO NEPREHOUIYAAPHULMU  HANDGBIEHUAMU
8 mese, Komoptie npu OeopMayLL OCMAIOMCES B3AUMKO NepneHdu-
ICYAAPHBLMLL

ofbema 0 KyOGa, P Ha dur. 41,
06BeMHbLM M W PaBHO

B=(4e)(t+e)(lFed—1=c,tete
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BBUIY Manoctd e B # cucreme p. T o0heMHOE pac-
WHPEHHE 3aaaercs BNPZ)KCHMCM A-——!u H SIBJISICTCS MHBAPHAHTOM.

Tosepxrocms Oeghopmayuil, 3asuncoud Odeghopmayud u ydaure-
HUE 8 NPOU36OALHOM HGRPABAeHuY. YDAaBHEHHE XaPAKTEDUCTHYECKOH
noBepxHOCTH negopMmaumit uMeeT BHIL

eyxxy =L

9ra HIeHTHYHA W BTOPOrO MOPAnKa e;%,%) = 1,
470 MOWHO BHICTh, 34ICAB YPABHEHHA B PasBEPHYTOM BUIE. TaKuM

6
dur. 42. O,
CMewenKe U kowE BekTOpa £, BIATOrO B HELCAOPMH-
‘popantion Tese; @ 4, ocuopamoe 1a
coofieroa pazuyca-nerctopa u topia ;
copnanac HOpMAH K B T0UKE P,

oP=1/Ve; envnuunon cheps B cny.
18 OHOPORHOM TPEXMEPHOI nedhopMallii Tena.

06pa3oM, ueckasn aas Tensopa [e] usoGpa-
)I(ae’l" TOJNBKO €ro CHMMCTPHYHYIO 4acThb.

B KaK 970
B ra I, § 6, n. 1, ecTb pacTsieHHe Ha CAMHUILY JUTHHBI, WK ydaune-
Hue OTpesKa, TIEPBOHAYANbHO  HMEBLUICTO 3TO HANpaBJCHUE, Bek'ropl
(¢ur. 42, @) npencrasaser coGOK OTPE3OK ENMHMYHOM JUIMHBI B Hefe-
opmuposantom tene. Ilpn neopManiuun oH M3MEHSETCA KaK 110 JUHEE,
TaK M 1o nanpasnenwio. C Cro KOHUA B dop
€cTh

wp==cl;.
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Ynaunenue € papuo s

e

Li=sylil
WK, €CNM BHDA3UTH €ro Yepes riashble AedopMaiun,
e=efte i+l

Tlonyuennufl pesyanTar MoXIO THIO Jie-
Qopmanuh, npusenenyol na dur. '42,6. Panuyc uucrop OP b nanpa-
pacumi I uveer famny 1/)/€, a wanpasrenue @ cosnanger Hanpa-
BjeHuCM HopMaik B Touke P (cm. rai I, § 7). Ha dwur. 42,6 touka P
nexur B naockoctn Oxy i OX, HO MNOCTPOGHHE OCTACTCS, KOHEWHO,
CHpaBE/VHBLIM W B MIOGHIX APYTHX CayuasK.

Ilnst cpauucumv ¢ ¢opmolt nosepxuocty nedopmaunit na dur. 42,8
cepsl C TeMi e CaMBIMH 3Have-
HUSIMK & U €. UroGh HaliTH ypapHenue AepOPMUPOBaHHOM cdepi, noj-
CcTaBsieN B ec ypapuenue

A2 xt= 1

snavenys
xy=x, (14e,) x;:xz(l +g) xp=xq(1 ey

MpH 9TOM TO/YYEETCH YPaBHEHHE SJNIHNCOMAA

P g ”

1 EA P
(1+5|)’+(l+5:‘\)‘+ (I+En)’71' (6.11)
ot ». O0HYHO M Oepopmayuil; ero

He O/eflyeT NyTaTh C XaPaKTEPUCTHYECKOH NOBEPXHOCTBIO jedopmatuh.
Tak Kak riapube jedopMmauuu e, ez. €3 MOrYT OHITb W TOJIOKHTE/b-
HLIMH ¥ OTpHUAT

e,xi4-e, x’«i—a x2 (6.12)

MOKET ObiTh NCHCTBHTENBHLIM WAH MIBIMBIM SJJHICOMAOM HIH rHNep-
Gonownom. [T ne, yp (6.11), Bcerna
npencTasaser coGol SaMMICOua.

»Texnuuecrue*  Oepopmayuu. Tensop nedopMauuht [e,] uacto
BaIMCHIBAIOT B BUIC

1 1
e gy gl
1 1
Wy &y Th |

1 1
T x5y &

TaK yro, ManpuMep, ., = 2e;,. B € 9TUM onp
Txy D2BHE Y 10 yraa MeNUly HBYMd DPSMbIMH,
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nepeonayanbHO napantebubiMi ocsim Ox u Oy (dur. 43). Komnonentst ¢
YACTO Ha3HIBAIOT ,CABHIOBHMH KOMIOHEnTaMH nedopMaluuh®, ,CIBHIO-
BEMH AeQOPMANMSMH® WM TPOCTO ,CABHIGMM®; OLIAKO CHCAYET SICHO
NOHUMaTh, UTO HM3-3d HANMYHA 2 stn
HE PaBHBI HEAMATOHANLHBIM Teusopa  ned s
UroGbl HaGekarh NyTaHMILEL, NPHMEM YCTAHOBHBIUIYIOCA B TEXHHKE TEPMHHO-
JIOTHIO ¥ Ha30BeM | CO8LZOBHLMU O0eQhOPMAUUAMU, WIH ,MEXHU-
9 weckumu  cOsuzosbLMu  Oeghopmanuanu, W
B OT/IHYHE OT 3TOro GyleM HA3BIBATL Epg, €31
u e mensopubiMu  cOsuzosbimu  Oeghopma-
yusamu. Clelyct OTMETHTb, YTO MATPHLA TeX-
HuYecknx nedopMauuit

|
I
|
|
! Y ey e
| Ty &y T

Tzx Tyz €2

@ur. 43 T He obpasyer Tensopa. Ecau Me1 xoTuM npeoG-
wamoctpipyiomee  cumca  PASOBATH b K ApyrumM
KOMIIOHGHTE 1y yTCXHIIC-  OCAM KOOPIMHAT, TO MpoLe Beero o creaTh,
CKHX® CHBHrOBMX fcgop- B3FE KOMIOHCHTH TCHSOPA €, Jiifi KOTOPHX
Mauui. cnpasenns  OGHYNBIH 3aKOH NpeoOpPasoBAHUA
TEH30pa BTOPOro paura (CM. crp 26). 3akon
p HEPE3 €, Tyys o.» €€
Tem-neuuo. uMeeT Gosee rpomoszu(ylo GopMy us-3a noABACHMWS MHO-
wurenet 2.
TMocrpoenue oxpywuocth Mopa (cm. ra. I, § 4) ocoGenro nozesno
npu np ¢ anech oisiTh  ynoGuee
Thcst aMH b A7 KOTOPBIX
NOCTPOEHNE CNpaBennnBo Ges Kakux-1u6o nsMeHeuuM Bsons MuoxuTemH 2,
MOXKHO, KOHCYHO, MPHMEHHTh NOCTPOENHE OKPYXHOCTH Mopa u s
TeXHHUECKHX ficpopMallull, HO peanbroll HeOOXOIMMOCTH B TAKOM CIOCO0Ee
pacyera Her. HYroOw maGexaTb NyTaHWILI, UMTATEMO PEKOMEHIYeTcs HC~
N0/1b30BATH ITO NOCTPOEHHE TOMLKO /ISl HCTHHHO TEHS8OPHHX KOMTOHEHT.
ITaockan Oeghopmagusn u wucmuid cOsuz’). Korna onma 3 rnasubx
ne(bopmaunh papua HymMO, TO roBOpPSAT, YTO TEJNO HCNHITHIBAET nrocKyo
degbopmanuio ik B I Yuemstl
csuz ectb wacTubif cayyvaih nnockoh medopmauun. Tewsop nedopma-
UMM A8 YHCTOrO CaBHra BOKPYr Oxy HMCeT BHA

70 ¢ 0
e 00|
Lo 0o

1) Cwm. take [118). — JIpun. nepes.
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TIpu npHBEncHHH K IMIZBHEIM OCSM MOBOPOTOM Ha 45° sokpyr Ox 10T
TEH30p TPHHHMAET BUL
—e 0 0
0 ¢ 0|
00 01

Jleopmaitis HHCTOrO CABMIA aHANOTKYHA HAMPSKEHHIO YHCTOrO CHBHIA,
obcymnaswemycss wa crp. 118; nocrpocune okpysuoctn Mopa aas
nosopora ocelt koopaunar Ha 45°
B oGoux cayuasx HAEHTHYNO (CM.
ur. 34, @). Baxuol xapakrepHCTHKON
nedOpMalliK YHCTOTO CHBHNA SIBASICTCS
PABEHCTBO Hy. IO OGHEMHOrO paciupe-
Hus, Jledopmauusn cepsl TPH ITHX
ycnoBusix nokasana Ha ¢ur. 44. Tak
KaK BHaYEHHe & Man0 IO CPABHEHMIO
C enunuue#t, T0 M3 CHMMETPHM §ICHO,
4TO PACTMHEHHE B NPOMEKYTOUHHIX
45 rpﬂnycm,nx “HAIPABJIEHUSX  PABHO

"PW‘”"’M‘ €0guzOM') B NPOTHBO~ gy 1 44, Jleqhopmannn exummHOf
TONIOKHOCTb  YHCTOMY CIBHIY 4acTo Ccheph K UHCTOM CABHTE.

P P
Hylo ua ¢ur. 45 caepa. Ommako no cywectsy sta nedopMauus HICH-
THYHA YHCTOMY CIBMIY; CIMHCTBEHHOE pasnauuue COCTOMT B TOM, 4YTO
npocrolt CIBMN BKIIOYACT Takke Bpailehue. Ha ¢ur. 45 310 nokasano
CXeMaTHUECKH.

e
== '
-7
/ / H | N
! 124
/ / = |~ ! Y
I izV / +
( ’ i
/ I S
]
2?7

@ ur. 45. Cxema, NOKasbiBaomas, uTO NPOCTOi CABMI (CeBa)
PaBeH MHCTOMY CABHTY (B CepeAHHE) MiloC MoBOPOT (CmpaBa).

2. O6o6menne Ha cayyafi seogHopoaHol aedopmaumuu. Pesyib-
TaTet § 3, m. 1 noayyensl nJA OnHOpOMHOH neOPMANHK, OLHAKO OHU
HerocpeacTsenHo 0606aloTes W Ha cayyalt HeONHOPOAHOM NedopMati.
Boxpyr kano# TOUKH HCONHOPOIHO HANPMKEHHUFO Teld MOKHO Bhi~
JENUTH  HEKOTOPYI0 Manyio o6nacTe, B KOTOPOM nedopMaums npaxTH-
YecKi ofHOponHa, CrenoBaTebHO, sl MOCOK TOUKH MOryT GHTDL Ofnpe-
JleNleHbl HaNpaBaeHusi TPEX TAABHHIX feopMmauuit; B obwem cryyae O

1) Cu. raxe [118). — [punr. nepe.

9 Jux. Han
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OynyT pas/HYHbLIMU [ KOKAOK TO‘!lm Tena. Auanoruuno, nedopmauus
B MoGo#t TouKe P 0 Tena MOMeT ObiTh

BIO KoTOpasi Gyner MeHsTb
CBOI0 (OpMy, pasMeph i oprentanuo TIpH TIepexone OT OAHOA TOYKM
Tena K pyrof.

§ 4. JlepopmMauus W CUMMETPHA KpHCTaJLIA

ofluee H3yHeHH ye XOTA W oue-
BUILHOTO, HO BAXHOTO pasiuuns. JlepopMauus KpuCTamna He ecTb ero
CBOHCTBO B TOM CMBCJe, B K4KOM SBJSICTCS, HapHMEp, AHO/ICKTPUYCCKAs
noctoskmas, Jlegopmallis — 5TO  peaKilis KPucrania Ha BosneHcTue.
TakuM BO3ZIEHCTBHEM MOMET OHTh HANpsKEHWE (SBJCHHE YNPYrOCTH) WA

SMeKTP none (mb 9pekt). B oGoux ciyuasx

rnapHHx nedop ONpenensioTcs Kak (us-
HeCKHMK cnoﬂcrnaMn H CvMMeTpHel KpHCTanna, TaK M BeMUMHOW M Ha-~
p HO, TeH30p aedop 1onoGHO
TEH30PY He os3an cor c KpH=~

cTanna (ecqm we corfacyercs camo Bosjielicrsie). Onmako nedopmaius

MOXET OhTh TAKKE BH3BAHA MIMCHEHHCM TeMnepatyps (Tenaopoe pac-

wnpenre, cM. § 5). B stom cayyae ABASeTCs p

HHM (OHO OMWCHIBAETCS Cl(anupom) BCIIeJJ.cTnne uero  pesynLTHpYIOLLas
¢op JIOMKHA kpuctanna. Cosep-

WEHHO TO e CaMOe OTHOCHTCSH H K snek'rpmlecxoﬂ noaspuaauun (ra. V).

l'lo]mpuaaunu HE JIO/DKHA COr. c p

KOrja Oma 1 A TOJIEM, MPH. B PO HarnpasJie-

HHH; CCAM JKC OHA BHBHBACTCS W3MCHEHMEM TEMIeparyphi (IIMpPOSIeKTpH-

Heckif 9QPeKT), TO NOMKHA COrACOBHBATLCA C CHMMeTpuell KpHCTa/ia.

§ 6. Temnosoe pacumpenne’)

Ecim patypa Kpucramia
Lds Npu 9TOM, MOXET OWiThb OnHcaHa ’teHBOpO'M nquopMauuM [ey). Korna
ONMHAKOBOE Ma/loe u3MeHeHue Temneparypu AT NpOMCXOAMT BO BCEM
KpHCTa/le, TO u BCe [e;] oxasni~
BaIOTCA Mponopusonanbreivm AT, e,

- ay, AT, (6.13)

€

roe "‘1/_ KOHCTaNTHl, HasbiBaeMble lmswgﬁuuueuma,uu mena08020 pac-
wupenus. Tak Kak [s,ll——’rcuaop, T0 H [a,,]—'reuaop; Gosee TOrO,
TAK KaK [e‘/]—cumMeTpnquuﬂ TEH30P, TO i [ay] — TOXKE CHMMETPHUHEIH
Tensop. Cnenosarenbho, TEH3Op TensoBOro pacwmpenns [o;;] Moxer

1) O eIIOBOTO |
A. B. IllyGuuxonsim [120] — ITpu.r. repes.
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GhiTb NpHBENEH K [VIaBHHIM OCAM; TOrA@ ypashenus (6.13) ynpomarorcs
W JIPUHHMAIOT BHIL
6=, AT, e,==0,AT, e=0zAT, (6.14)
rHe Oy, Gy Oy— 22aBHble KoSfibuyuenms pacmupenus. Orcona cie-
JiyeT, 4TO ec/H BhGpath B xpncmnne cdepy, TO mpH H3MeHEHHH TeMe-
paryps OHa © ocamy,
nponopunonanbhbiMi (1 404 AT), (1 +a2ATJ, (1-+azAT).
Ny it (cM. ra. 1, § 4) nas

TENJIOBOr0 PacLiMpeHns “veer BUIL

XXy
WIM B TN3BHOM CHCTEMe KOOPAHHAT
o X3 - a,x3 a2

PopMa M OpHEHTALHA 9TON nonepxuoc-m B COOTBETCTBHH C TIPHHIMIOM
Hefmana (cm. crp. 35)
cummerpuelt KpHCTaIa. [Comnercnymume nanie 4 PA3/HUHBIX KPH-
crannorpadMuecKuX CHCTeM MOMWHO Halth B Tabn. 3.] [lockonbky
7TeNnoROe PacllMpenye KPHCTA/1a NOMKHO 06/anats CHMMETPHEH 5TOro
KPHCTanla, OHO HE MOXET NPHBECTH K HCUE3HOBEHWIO KaKOro-ubo aie-
MenTa cuMMeTpui (Mpeanosiaraetcs, uto (asopLie NpeBpalienis OTCYT-
cTBYi0T). VIMEHHO TO9TOMY KDHCTa/il OTHOCHTC K TOMY HIH HHOMY
KpHcTannorpac: y Kaaccy or ypHl,

TABJAULA 6
T'aagnsie Kosgifunuenns: mensos020 PaACUUPERUS KPUCNANA08 *

Kpucrann Cucrema Temmeparypa W‘l‘v 2;";;'&1 12;;0:"
Tunc MouoknumHas . . . 40°C 16 | 42 29
Aparonur OpropomGuycckas . 40°C 35 17 10

60° K —2 55
Llunx Texcarosanbhan . 150° K 8 65
800° K 13 64
Knapn, Tpuronamas . . .| Komnamias 13 8
Kansuur > e 40°C —56 25
Pytan Tetparonanbas . . 40°C 71 9,2
Mens KyGuueckas . . . .| Komnarnas 16
Anvas » e > 0,80
Xnopun HatpHs » PR >
* Mpupenennbic Gnadcuus B33TH U9 TG [54].
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Kos(pduupent obGpemHoro pacumpenus pased (o -}-op—+og), nim

B OOWIEM Crijuae oy ApaseTcs M.
Has G Ba KP T/I3BHBIE TEN/IOBOro
p p u, ¢ p PHCTHUCCKES
TEIIOBOIO P L. OIHAKO

y HeGoabwioro uucna xpucrannoa HEKOTOpbIe KOpQUUHEHTH OTPHLLE-
Te/bHb -(HanPuUMEp, ¥ Kanblira, Gepusna, Honuna cepeGpa). Manmepenusie
TEIIOBOrO P IS PAfa KPUCTAIIOB
TIpUBesieHE B Tabn. 6. St KoapuuuenTH
YACTO 3AMETHO B8aBHCST OT TeMINePaTyph
(TEOpeTHYeCKH OHH  NOMKHBL  CTPEMHTHCH
x Hymo npu 0 °K).
Ten/oBoe pacIMpeHue WHOTAA Ompene-
JISeTCS NYTEM MBMEPEHUs YBCJIMYEHHs TOM-
LHHE NIOCKONAPa/IebHOl MIACTHHKH NPH

—_— T, ©e Harpeanuu 1), CoBepuieHHO OUEBHAHO,
YTO ITUM MeTOJlOM uaMepsiercs Koadduiment

P ur. 46. Tennosoe pacui. P p
penrie ZSIPHOM Onuako B AraCTHAKE TPO-
i OTHIONL
(Cummo npeypeseno.) He SBJSIOTCA NPOCTHIMH. Ha ¢ur. 46 wuzo-

Opaxena NIAaCTHHKA, /eXAas Ha MIOCKOM
ocropauui, TIpennonoxnM, ¥r0 Touka O Ha HIKHCH NOBEPXHOCTH MJia-
CTHHKM OCTaercsi Henojpmiuol, BuGepeM oci KOopiuuar Tak, Kak noka-
3an0 wa ur, 46; ocb Ox, nepriennmkyIspua naacrunke, Tak Kak npsmue,
napamnensiisie Ox; # OX,, TapamieNbusl OCHOBaHWIO, TO AedopMallus
ONUCLIBACTCS TEH3OPOM
Jen e e’

[e,,-]:.- en ey Og |,
Lo 0 ey
ViamMepeniioe paclMpeHHe PaBHO ey == gy == 0y AT [cOTIaCHO ypasie-
HitsiM (6.8) u (6.13)); smech o4 mpencraniser co6ok KosduuueHT pac-
wmpenus proab OXg B CMHCIE Onpenesienys, nauworo B ra. I, § 6, n. 1.
Crienyer OTMETHTb, YTO NPH PAaCHIMPEHHH TpPsMas, napaiiemvuas Oxg,
p E HaaHeM €3 W eg

1. Konyc HyJesoro pacmmpesusi B kanabuure. B kambiute (Tpu-
ronanbHas CHCTeM) XaPaKTCPHCTMUECKAs TOBEPXHOCTh TEILIOBOIO pac-
P p BOKPYr OCH Tperbero
nopsinka. M3 rabn. 6 MOXHO BuieTh, 4YTO KOIQQHUHEHT TENIOBOrO
paciumpenis STOTO KPHCTanla B HaNpaBleHUH OCH TPCTHEro NOpPsAKA
TIONIOKHUTENEH, @ ABa APYrHX (PaBHHIX) KOIPQHINCHTA — OTPHLLATENBH.

1) dror 9Kcnepumentaibhbi MeTon onucan Tytronom [90). Emy dopmansuo
SKBHBAJENTCH DEHTIEHOBCKHA MCTOJL, MPH KOTOPOM H3MEPATCH HIMEHEHHE pace
CTORHHS MEKAY
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CrienoBare/bho, OAHA H3 OCel MOBEPXHOCTH TEIVIOBOTO PACHIHPEHHS
OKa3blBaeTCsl JECHCTBUTENLHON M JlBE JPYrHe — MHHMbIMM, @ CaMa nopepx-
Hocth Gyner RBYmoJocTHHM runepGosounoM spautenns (cM. dur. 5, 6).
AcuMnToTHUCCKHE KOHYC ONpenenser ceMelCTBO Hanpabienufi, Ans KOTO-
PHX panuy TOP l/Va , T. €. b T TeII0BOrO
pacumpenys pasen Hyno. Mowuo Jserko mahitu yroa 6 Mexcy sTHMA
HanpasnenusMin 1 ochl0 Oxg. Ecom

(4, 1y, l3) — nanpapnsiouIHe KOCHHYCH |‘Ti

ONHOTO K3 HANPABACHHH, [/ KOTOPHIX
T TEMNIOBOro p
paven nymo, 10

(B4 ) &y + g =
=(1—£) oy Loy - ~ -
Tak Kak I 6 \
lg==cos0,
0 9 ’
g2 = — :—: . R

Hcnonbays  3Hauenus, npHBeleHHbe
B Tabn. 6, moayyaeu

6=064,7°

Tenzosoe  paciuMpende  eAMHHYHOM g\ 1 47 Tensosoe pacumpetine
ceptt, BaITOH B KPHCTAanIe KalbUUTA, enupninoli cdephl M3 KpHCTanna
B CHJBHO NP KaubiTa.

qu pune Ha Qur. 47. MOXHO 3aMe-  Buxua KOuMueCKas HODEPXHOCTB, Ne HCIib-
THTD, UTO XOTH JUNHA OTPESKOB, Je- PR pacrikeuuh, (Cuso upeyuers
kawwx noa yraom 64,7 ° k ocu Oxg,

He M3MCHACTCA NPH HArpeBaHii, X OPHEHTAUMA OTHOCHTEJLHO 9TOR OCH
H3MEHSIeTCs, TaK KaK HOpPMaJH B COOTBETCTBEHHBIX TOUKAX XapakTepH-
CTHUECKOM TH TEMIOBOrO PaCcHIHp PHEL panuy-
CaM-BEKTOPaM.

PE3IOME
Cwmewenns 1 aeopMauun NPeNONAraioTC MabMH,

1. Jled O6wue Ecan u; o3unauaer cmeulenne
TOYKH X nedopMupoOBaNIOro Tena, 10 TeHsop [e,] ompenensiercs Bhpa-
HEeHHeM

oy

e (6.3)

ey =
CuMMETpHUHasi 4aCTb 9TONO TEH3OPd C KOMIOHEHTaMu

ey ==% (ey+e5)
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ONMCHIBAeT OeOPMALUIO B TOYKE; AHTHCHMMETPHYHAR YacTh C KOMIO-
HEHTaMH

1
oy =5 (ey—e5)
ONHCHBAET Bpaujerue.

bl Eyy, €y Egy YOaunenusnu, win degdopma-
yuamu 'p OHH TIp 9107 cOGOK pa HCTIBITEL~
BaEMbIE FIPH P JUTHHD,
TiepBoHayanbio mapanenbio Ox;, Ox, u Oxg coo’rne’rcmemlo‘ Komno-
HEHTHI €pg, €31, Eyp csi Mu My Oegpopma-
yusmu. Bemmunua 29.,3 PaBiia W3MEHCHHIO YIila MeXLY JBYMS SIICMCHTaMH,
paci P ocam Ox, # Oxg (ecrm
yron TO nono; ); AHAJOTHUHEIA CMBICH

HMEIOT €y M €. [NanHLIE necpopmauuu €y, €, € B JIaHHOH TOUKE SBJSIOTCA
FAGBHLIMH KOMIIOHeHTaMu Tensopa [e;). napibie Hanpanneins nedopma-
uufl onpenensior B AaHHOW TOYKE TPH B3aMMHO NEPIEHANKYJAPHLIX Hanpa-

BJIeHNs, KOTOphIE BBAaHMHO TIep MAPHBIMH 1PK Kedop
it B TOUKE Xap. p st Oegpop matuil,
yp KOTOpO# B BUlE
ey =1,
HIN, eC/M B KayecTse oceil BHOpaTh raasubX ged
2 2
X +ef e =1.

Benuuntinl 7y, == 2635, T,p == 203, Tpy = 26,y HasBIBAOTCA (,meXHUUC~
ckumu®) cosuzossimu dedpopmayuamu. Tabnuua, cocrapieHnas ua nedop-
MalMi pacTsHkenns i ,TCXHUYECKHX® CABUIOBBIX nedhopMaiuil, He 0Gpasyer
TeH3opa.

Tpu BHITION~

HAIOTCH COOTHOUIGHKA
uy = (tg) €55 = (), + 01y - eyxy (6.10)

cMelene 3a cyeT cOGCTBEHHO neOPMAUMM MOXKHO ONpene/uTh Kak

uy=reyx;.
Enuununsift Ky6, BHOpaHHLIA B Henctpopmuponauuom Tese TaK, uTO ero
peGpa napamiebhe! TAaBHBIX p B peaym:’rare
pamu nmMHOR (l+s,) [¢} +54) (l+e3) Oﬁsemwe panmupeuue (yue.
Juyenne oGbeMa) paBHo (e e —{-8g) HIH €.
YnuHeHue B NPOMIBONBHOM HAMPABJICHHY BHPAKACTCS B BUIS

e==eyl]

euly - eals 4 eglfs
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HanpasJsienue BekTopa ¥ M 3uavenue e s no6Oro 3aaHHOrO Hanpa-

BreHus MOTYT ObiTb Halifienbl ¢ panuyc p:
uopMa.vm NOBEPXHOCTH aedopMatuit.
chepa npeoGpasyercs npu nepop B 9JUTMNCOUA

1. (6.11)

2
A o4 oA
(he) T (e) T (Ley)
Ha3bBaeMbill Saauncoudom Oegopmayui.
Tposesientioe paccMorpenue s
W K M0GOMY NOCTATONHO MMMy OGHEMy HEONHODOHO HAPMKEHHOTO
Tena.

8. Jlepopmauus u cummerpus Kpuctaana. Jlepopmauus xpucramna
SBJISETCS He ero (UaMYecKMM CROUCTBOM, & juwib Peakuued Kpucramina
Ha Boanekcteue. Jled: (ynpyrocts) uau
SJIEKTPHYECKHM IOJIEM (IIbE30IJIEKTPHYECTBO), HE IOMKHA COrIaCOBHBATLCS

C cuMMeTpUeH KDHCTa/Ia, ecniu CaMu HanpsKeHHe M moJe C Hel ue co-

raacy . HaoGopor, ned TeMneparyput
( p HOMKHA CA C cumMeTpueH Kpu-
cranna.
4. T Ecau npu Harpese
Typa Kpuctanna pospactaer ma AT, 10 Kpuc‘ram( HCTILITHIBACT onnopon-
Hyo nedop yp
ey =0y AT, (6.13)
rne o — bl TENJIOBOTO Pacuiup [eryy] — cummerpuuHbIft
TeH3op BTOPOro paura. OTCIONA CIIENYET, YTO CYUIECTBYIOT TPH T/IaBHBIX
TENJIOBOTO P M TPH COOTBETCTBYIOLIMX MM IJIaB-

WHX Hanpandenns. JleOPMALIO B0 STHX HAPABACHKH MOXINO aTHCATH
B Bule & ==a, AT, ey=0y AT, eg==0y AT. YpapHenue XapaxrepucTuue-
CKOM NOBEPXHOCTH TCNIOBOMO PACUIHPCHNS UMCET BHIL

2 —
ay X+ ayXy o xg =
Corzaciio y Hehmana, ned TpH TEMAOBOM PaCLIpEHHt

JIOJDKHA COTJIACOBRIBATLCS C cuMMe’rpueﬂ KpucTanna,

3ALAYH
1. Manas nedopmauus HEKOTOPOFO KPHCTANIA 33]aHA TEH3OPOM
T8 =1 —17
feyl=| 1 6 X 1070,
L— o 21
O TCH30pH it {ey] [wy] v nalitu orciona sua-

ueHMs M HAanpaBIEHHMs CAABHBIX Aehopmauuit e, eg, €5, a TaKKe OCL H yroa
Bpauens,
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2. Buipaants yro.'n NOBOPOTA NOXa3aHHOH Ha (ur. 46 npsmofi, mapanneab-
Holi Ox;, uepes ¢,

3. ﬂoxaaan' -no TEMNEPaTypHas 3ABUCHMOCTb Ha3BaHHORO BhE yrna O
XapakTepHayercs BeJuunHok

V=g =24" zpao-1.
uelku J HMeoT

4. II a2
Ccaenyouyio BeJHYHHY:
a=1621, b=563, c=13234, p=134°48".

Tp p pacy

BIONL X hoL 1y
pesyabTaTh:

RO 1 a no 1 a

40 14 137-107° zpad—t 2 0 § 243.107° zpad—!
0012 171 6012 118

60 8 214 8012 82

1801 28,2

Ornoxuts B Macurabe OTPE3KM @ M ¢ COOTBETCTBEHHO BROML ocell Ox n Oz

BOCCTaHOBHTH HOPMAJH KO Beem muockoctsm  hO0L, mepeuucachubiM Boime. Ha

sTHX TOuKH

+1/V a or navana koopnnuar T0CTPOHTE FIABHOE CeueHHe xapamepucmuec«oﬁ
(010). orciona

HanpapicHus TJaBHHX oceft no omomeumo k Ox n Oz W 3HAUCHHA TNABHBLX

5. Jlisi MOHOKJHHHOTO KpHCTasna 6wm uaﬂneuu cAeNyoHe  3HAUEHHR

Hanpasrete @107, zpad™t
Tapaanensno ocn Oy (0Ch BTOPOrO MOPSIKA) o o « o & & o + 410
TNapannemsno och 02 o v v v v v v v o v o e e e e 320
Nepnennuxyaspuo ocsm Oz m Oy . . . . . Cee e 150
Nepnennuxyaspro ocu Oy u nox yriaom 45° K o Oz* . . . 16,0
* Yron OTCUNTHIBAETCA TIO HOCOBOR CTPEIKE MIpH NIOBOPOTE BOKPYT OCH OY.

O TpIA I'llaHHb!X H YTAB MCWAY CAdBHBIMH
0 Oz. I pelienne OKpYX-
Hoctu Mopa.
6. IT; Auefiku P
aib:e=0,6224:1:0,7206.

TNpy warpesasy or 0 fo 100°C yroa mexzay rpauami (100) u (110) ymeHp-
ml:eTchw 1, 14’, a yron mexay Tpausmu (001) u (011) Bospacraer na 2,84”.
storo paen 62,0-107° zpao=1,

TPH FAGBHBIX TEMNJOBOTO P




I'a2aea VI

NbE303JIEKTPUYECTBO 1),
TEH30Pbl TPETBEI'O PAHTA

§ 1. Tpamoit nuesosnexrpuyeckuit addexr

Y HEKOTOPHIX KPHCTA/VIOB NPH NPHIOKEHHH K HHM MEXaHHYECKOro
9/1eKTP MOMeHT, KOTOPOro npo-

p 3ro ﬁnneune Ha3bIBAETCS
npSAMBLM M M. H: i
HalPsKeHHE PACTKEHHS TPHIONKEHO K 1<pnc1"snny Knapua (knacc 32)
BIOJb ONHOW W3 €ro OCcH BTOPOrO MOPSAKE, TO BE/HYHHA SJEKTPHYE-
CKOrO MOMeHTd 0a eauuuuy OGBEMA, HIH BCIHYHHA MOMAPH3ALMOHHOIO
3apsNa HA EMHHLY IVIOWANH, ONPCIEISCTCS YPABHEHHEM

P=ds, @.1)
re d— M MoOynenm. Us
9TOrO YPABHEHHS CNENYeT, WTO 3aMCHA HANPMKCHUA PACTSIKCHHA HANpSi-
JWEeHHEM CXKaTHA TP K p p Ha
obparHoe.

B ofuem cayyae p p cfl, KaK Ml

BugeMM B T, V, TEHSOPOM BTOPOrO PaHra C JEBATHIO KOMIOHEHTaMH,
Torna Kak NOJAPH3AUMS KPHCTa/ia, Oylyud BEKTOPOM, ONHCHBAeTcs
Tpems NbHO Halizielio, YTo KOMId MPOH3BOJb-
HOE HanpsxeHue JJ.GMCTIIYET Ha I"yEEOS[{CKTpM‘JECKMM KpHucTani, 10 Kax-
nas KOMIOHEHTA NOJspH3alMH P, nunelHo Cchasana co BCEMH KOMNOHEH-
TaMu dl,' TOYHO TaK e, KaK B n106oM JIHBNCKTPHKE KAKIAA KOMITOHEHTa
P, niHEMHO CBfI3ana CO BCeMH Tpems Komnowentamn E;2). Tlostomy mbi
MOXEM 3anmucatb A5 P, ypabuenue

Py=dyy;01 + 1100+ duisdrs -+ iz + dieaSer + d o0+
+ digou +diprge +digose (7.2)

rie d-——nocTosHube Kos(duuuente; s P, w Py ypapenns 6ynyt
auanoru-mbl. 1%t 06 (eM. ra I,

Lo u o6'beAumm '-menu B rpasokt vacru (7. 2) MOXHO COKpa-~
LIEHHO 3anHCcaTh 3TO ypaBlieHUE B BUAE

Py =dyy01 + dragp - disiOssr
1) [lonuoe uanomenne sonpoca cm. B khurax Kspu [24] u Mssoua [66].

%) Ecan kymnalm ocnanac'r cronTannoll nonsipusaiued, T0 nox P; cienyer
TonHMaTh
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n ewe Gosee KpaTKo B BuAE

Py =dyj0;.
AHANOTHUHO, Py==dy;0,, # P3=dg;0,. Urak, ofwee cooTiouenne
Mexny P; M o uMeeT BHL

Py=d;0p (7.3)
rie d,y, — nvesosnexmpuieckue MoOyal.

BuisicHuM (uanyecknit cMbICT pasnmuHbiX Monysedt. Ecam k kpucranny

TIPHIOXKEHO pacrar 94, TO
TONAPUBAUMS HMEET KOMIIOHEHTHI

Pi=dyoy, Py=dyon Py=dypoy.

Takum 0Gpasom, muamepsis Py, P, u Pj, MOXHO B 9TOM ciiyuae HahTn
aHaueHusi dyyy, dgy ¥ dg,. Ecii npencrasuts cebe nasnee, uTO ONHO-
ocroe pactsr BILOJL
ocet Ox, u Oxg TO MOXHO BHACHNTS uanveckutt cuucn H JPyTHX
kba(uurentos dyy, ¢ j=k.

Tlpeanonoxmm Teneps, UTO K KPHCTAINY MPHIOKEHO UYHCTO CABHTO-
BOE HAnpsKeHHe Ogp. DBHINE yNe YyKaswiBaiOCh, UYTO €CNHH HMCKJ/IOUHTDH
06beMHHE MOMEHTHl, TO NPH NPH/IOKEHHH HANPSKEHUs! Oyp ONHOBPEMEHHO
NOSIBJISETCS PaABHAS KOMIOHEHTA Oy [109TOMY HMeeM

Py=dygoip+dip0n = [@yo +diz)) 010
AHAJIOTMYHHE YPABHEHHA MOXHO Hanucarb Ans P, u Py. Takum oGpasom,
cymMMa (dm—|—dm) MMeeT OnpesieflenHbl (GU3HueCKHH CMbICA, HO HEBO3-

MOXHO TPHALY c KOTOPOrO MOXHO Obiso bl
otnenth dygp OT dm. DTOT 9/IEMEHT NPOH3BOMILHOCTH B TONKOBAHHH (H3H~
4eCKOro cMbicna dypy ¥ dyyy YCTP TeM, UTO dyp=dy

u B ofweM ciyuae

dyp==dyy. (7.4
Aro nonywene fenaercsi snech Ges cTpororo oGocHoBamMs; B § 3 Mb
YBUIMM, YTO cooTHoweHue (7.4) cornacyercs ¢ nanbHelummu 0606~
LEHHSIMHA,

Kosgpumuentsi dyy,, YHCAO KOTOPLIX PaBHO 27, MPEACTaBISIOT coGOK
npunMep panza. Onp TeH30Pa TPEeThero panra
Tnionyuaerca nyTem “ NepBoro M BTOPOro
pauros, KOTOpHIe Mbl Aanu B Il l § 3. Teuaopu Ol OripenieneHl Tam
nyTeM B8ananMs 83aKOHOB WX nNpeoOpasopamys. $usHuecKas BeiuuMHa,
OMKCLIBAEMAs TPYNNON uncen p;, Gbiia Ompelesiena KaK TEH3OP nepBoro
panra (BeKTOp), eciu p, NpeoOpasyeTcs COTVIACHO SAKOHY

Pi=a,p; (1.13)

Bakon npeoGpasoBaHus 17A TeH3OPA BTOPOrO paHra [Tl/] BaANKCHIBAETCS
B BHIE

; .
Tij=ayayTy,. (1.22)
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IonoGro stomy, rosopst, uTo 27 uucen Ty, OMUCHIBAIOUHX HEKOTOPYIO

¢ y 1y, o6p TeHIOp TPETLero panra, ecam OHH MpH
oceft p. p B Tijp mo y
3aKoHY: ,
Tije ==y 8yn@enT tmn (7.5)
Kax M B cliyyae TeH3opoB Gosee Huskoro pawra (cm. ra. I, § 3), mu
uTO 970 Hamume

P
cnocoﬁa HE3aBHCHMOTO OT 3aKOHa (7.5), 11 HAXON/IEHUA NPeO6Pa3OBAHHBIX
KOMMNOHEHT TeH30pa npH HaMeHennu oceft. Eciu Gn 310 GO He Tak,
TO Onpejiefienye 3aMbIKaOCh Ok CaMo Ha CeGsi M Mbl MOJYWHH Gbl JIOTH-
YeCKH MOPOUHbIA Kpyr.

3aKoHb! npeoGpasonaHun TEH30POB NEPBOrO H BTOPOrO PAHrOB COOT-
BETCTBEHHO X
npouaseeHnH Koopnuﬂa'r X%y (cM. c'rp 28). AHanoruyHo, ypasHe-
nue (7.5) ecTb 3aKOH p Tpex
THNA XXX, 9710 cpasy ecan KO
BCeM COMHOXHTENAM 1O OTAeJbHOCTH 3aKOH npeoGpasoBanms, onpele-
nsieMeit popmystolt (1.13), uGo Torma MEl mosyuaem

Pt
XX yXp == Oy XX mOpnXns
WM Tocne nepecTaHOBKH

ol

XXXy, = Gyl (X1 X X ) (7.6)
Wrak, moGas 8anaHHas KOMIIOHEHTA TeH30Da TPETbero paHra mpeoGpa-
BYeTCs AHAJIOTHYHO Hanpu-

Mep, Ty, npeoGpasyercs nonoGHO xzxz. OnHako HeoGXOAMMO NOMHHTD,
uTO, KOrna ypaBHeHue (7 6) sanucano B passepuy’mﬁ GopMe AN KOHK-
peTHON B Dag/MuHbIX UIeHaX B npa-
BOH cTOpOHE Y nom«eu csl. Tak, npu
ujleHe X,XpXy NOMKEH COOTBETCTBOBATH KOS(QHIHEHTY npH Ty 1 C KO-
SPPUIUHEHTAMH TP XpX1 Xy, XpXgX; M T. H. €O HEML3A MYTaThb.
‘Tenepb, uToO dyp 43 (7.3) noa-
3aKOHY (7.5). Ilp YTO Ha KpH-
crant pecTByer
'aa).lannoe KDMHOHCHT&MM Ql/ B CMCTEME KoopauHat OX, M KOMNOHeH=
TaMM O], B CHCTEME Ox;. 3anaeTcs
xomnonentamu P, B cucteme Ox; M KOMNOHEHTaMH P’ B cucreMe OXx).
OGwas ¢opma yp (7.3) p or Brifopa
CHCTEMBL s n ITostomy
LIS KOMIOHEHT B CHCTeMe KOOpuHar OX] Mi MOeM 3amHCaTh

P=dj,5 @.n
e dlik — MHas COBOKyNMHOCTL 27 KO9(@uuuentop. BuiscHMM Tenepnb,
Kak dllk cBAzaHb C iy
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Kowmoneitsi Py cosisanei ¢ Pj ypasiienuen
=0yPy (7.8)
a6); C 0;; — ypanHeHueM
O = Uty 7.9
Vpasuerns (7.3), (7.8) u (7.9) oGpasyor cxemy

p Y p 0y oy

rhe CTpeJKa 3aMeHsieT c/loBa ,Bupamaa’rcn uepes...“. [losromy P’/ MOWHO

yepes o’
P} = ayPy= aydy,0, mn-*andmn“/mukﬁ/,- (7.10)
Cpasuusas (7.10) u (7.7), Mbl noJyuaem
3, = )y Ay 7.11)
Qrciona BUIHO, uTO dj,, COrNacHo y (7.5) n,
cyienosatesnbo, oGpasyorT ’relmop TpeTLero panra.
[puBesienHoe 10Ka3aTeNLCTBO 0 Xapakrepa

108 dy, cnpasennmupo u B oGwem cayuae. TeM ke cniocoGOM MOKHO
TOK43aTh, UTO COBOKYMHOCTb JOGHX Bemuni By, cpssuiaiowas asa
tensopa A, i Cj, ypanHerien

Ay=ByCp. (7.12)

ofpasyer TEH30p TPETLEro panra.

§ 2. YMenblenne UHC/A HE3ABHCHMBIX Mopyieik. Marpuumbe
o6oanavenus

B ofwem csayuae TeHsop TPeThero pama. KaK Mbl BHIEJM, MMeeT
3¥=27 Ecm NOJIHOCTLIO BCE ero
KOMMNOHEHTH, TO OHH 0GPasyioT He xsanparnym Tabanily, Kak B cayuae
TeH3opa BTOPOro panra, a TaGauuy B dopme xyGa. Ecau nepsuift uniexc
B dy;, O3HauaeT CAOM, K KOTOPOMY NPHHAANENKHT AaHIAA KOMIOHEITa,
BTOPOH MHIEKC — CTPOKY, a TPeTHi — cTonfen, 10 BCe TPH Cos GynyT
TaKOBBI:

1-it cnott 2-1 cnolt 3-1 caott
i=1 =2 i=3

iy iy yyyipdyg dyydgypdyy (7.13)

(i) diodis (dooy) Aoy (dapy) dypallyps

@) (i) diss (o) (s Aoy () (Aaze) s
Baaronaps tomy, uro reuaop [ cmMMeTpmeu no J w k, w3 uucna

T MOMH crosiume
B CkoOKax; TakuM o0GpasoM, oc'raercn 18 Heaanucumux KOMINOHEHT.




§ 2. Ymenvwentie wucan Hesasucumbtx modyaeil 141

Orciona claeyeT TaKKe BO3MOXKHOCTb MCTO/b3OBaHUS GoJee KOPOTKHX,
TaK X

np .
Jlo cux mop Mu 1aBamM BCe yPABHEHMA B TEH3OPHOM 3amuch, TaK
KaK TOJBKO T4KOH Cnocol 3amucu NOo3BoJsieT OGHAPYMHMTh HX neHcrsi-
TebHEIA XapaKTep, B YaCTHOCTH CBOfCTBa npeoGpasosamns. OnHako npu
PELICHHH KOHKPETHLIX 3a/ay BEIFOLHO MO BO3MONHOCTH YMHbIIHTL UHC/O
MHIEKCOB. DTO JOCTHraercs NYyTeM BBENCHHS HOBBIX CHMBONOB dyy, djp
u 7. 1. TaGmma (7.13) Tenepb npuHMMaeT BHL:

1 1 1 1 1 1
dy wdy s dy wdy gy dy 5 dy 5 dy
1 1 1
dip mdy dp o dy dyy 5 dy (7.14)
d13 d?s d&'

Tax, nanpumep, Mui nonaraeM dp==dy,, a dyyz==2d; Herpymo
BHIETb, YTO TePBHE WHIEKCH NpH 0Goux cnoco6ax 3AMUCH ONMHAKOBHI,
a BTOPOH ¥ TpeTui MHAEKCH
B HOBO! BANHCH OJHMM HHIEKCOM, npchra:oumM sHauenns ot 1 10 6;
TPpH 3TOM HMEETCsi CeNYIolLas CBsA3b MEXIY HHIeKCaMmu:

TeHsopHue oGoswavenns: 11 22 33 23,32 31,13 12,21,

Marpuunpe ofoswavenns: 1 2 3 4 5 6.
Isa HHIEKCA B T 3anncu yI0T
T [em. y (7.3)]; nosTOMY M5 COrJIACO-

BAHIIOCTH HYXHO C/e/iaTh C/ENYIOle HMeHeHHs B 0603HAYEHHAX KOMIO-
HEHT HanpsKeHus:

Ten o on’| o o o |

%12 2 %8 | —>|% % %

. (7.15)
O3 % COsg.l 1% % %l

(CuMBOIIBI 0y, Gy, O3 GHIH HCTONL3OBAHBL TAKKE /I OGO3HAUEHHA TVIABHBIX
HANDSKEHHH; ONHAKO BCErNa SICHO, KAaKOC BHAUCHWE NONPA3yMeBaercs.)
B nOBLX O0O3HAaueHHMAX MbI MOXeM 3anucaTh ypapnenwe (7.2) B e

1 1 1 1
Py=dyy0,+ 5 dyoe+ 5 ducs 5 A%+ duoe + 5 duos +
1 1
+ 5 dueg+5 ducs+ s

Py = dyy0y +dig0 + dg0y + a0y + digs 4 i (7.16)

ann Py n Py uMeloTca 1Ba anajorHuHBIX ypapHeins. VICNONb3ys HHAEKCH
CYMMMDOBAHNS, MBI MOXEM 3alHCaTh

=dye, (=123 j=1,2...,6) 7.17)
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Uuorna e,

nett Y, B onpenenenus dy;. Mnomm‘elm 1/, BBOmsitcs B rtaGmuuy (7.14)
ans Toro, urTolel n3bexkarh MOABJEHHS MHOXHWTENeH 2 B NOCHAEAHHX
Tpex unenax ypasHewnsi (7.16) u emy nonoGubix. MaGexarh nosesenns
UHCTENHHIX MHOXHTene# B OGOMX C/yuasX HeBO3MOMHO. Msl mpeanoun-
TaeM HMMeTb MHOXWTeNH '/, B Tabmue (7.14) nna Toro, uroGm ypasHe-
uue (7.16) u conyTCTByIOUME eMy ypapHemus s P, u Py MOriH GuTb
sanucanbl B KOMNakTHOH dopme (7.17)1).

Tabnnua dy;, BLnNHCaHHas B Bule

dy dpy dyy dy dy; dog
dyy dyp dyy dy dy dy

dy dyp dyg dy dis dyg
( ) (7.18)

sBasieTcs Marpuued. Jlerko BumeTe, uTO CTPOKHM 3TOW MATPHIUM COOT-
BETCTBYIOT CniosM B Tabmuue (7.13).

MBTPH‘IHHO 0603"51‘(0}{““ MCMOJIL3YIOTCA NOTOMY, 4TO MO CPZBHEHHIO

06yian; Gonbuest

noaswmm JIETKO p:lcllOJIO)Kl«nh KO3(hUIMENTL B NIOCKYI0 TaGnuuy
Omnaxo  HeoGXoaMmo scerna noMmuth, uT0 d;; He npeoGpasyomes
n0do6Ho Ko panza, Hecmomps Ha
Kascyueecs (ﬂduzodapn Haauiuo 06 X um)mcos) €X00cmB0O ¢ HUML.

§ 8. O6parubiil nbe3ovJiekTpHUECKHit dddext

Korza k y Kpucranty np S/IEKTPHYECKOE
noze, qaopma KpuCTajla crierka wamensiercs. 9710 nnnelme HA3LIBAETCS
&

ABARETCR TePMOJIMHAMUYCCKUM  CJIeNICTBHEM cyluccTBOBaﬂvm npsMOro sq)-

dekra. Haltneno, uto Mexay pekropa F,, sa
HANpHKEHNOCTh 9/ICKTPHYECKOrO TONs B KPHCTanne, M KoMnoucmaMM
TeHsopa nedop €y, OTHCI o GopMl K|

nMeeTcs JmHelnoe cootnourenwe. Bonee toro, npu o6pamuom nseso-
saexmpuiecior spperne nose t deghopMayui0 CBABLBAIONM me dice
camvie KoPePuyuenmeL, )7 u noas~

1) Taxoff cnoco6 Buenenmsi ;j cormacyerca ¢ pekoMewnyempimu IRE
(Institute of Radio Englneels, USA) ‘npabunamu [86]. Ou Taxe cormacyercs
c unpenencuucm t‘P irra [93]. B npoTHBOMONOXHOCTh HaM OHrT cunraer
AKO OH BEONHT 3HAK MHHYC B YpaB-

Poiirrom

HEeHHI (717)
€NTHl dyj WIHTHYNb HALIMM.

Bycrep 6] uenomayer wupie oosHawenus: Mauwm dyy pabubi Kosduuis
entaM ¢j; 8 kuure Bycrepa nas j==1, 2, 3 u pasun 2g;; ans j =4, 5, 6. Tlpp.
STOM MBI NpeAmioNaraeM, 4ro Bycrep CuMTaer Hanpshkemwsi pacTsHKCHHS MONO-
JKMTEAbIBIMK; TIpaBja, B OXHOM MCCTE OH ONpEiensier Kak MNOMOXHTEbIOe
HaNpSHKEHNE CKATHA, 1O 970, NIO-BHAUMOMY, ONHMCKA, TaK KaK Be3fe B OCTalb-
HOM vacTi CBOCH KHUFM OH CUuTaeT
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Ppusayuio npu NPAMOM A 510 , uTO
ec/ npu npsaMoM 3didexte BHINOMHSETCH ypamlenue

Py==dycp. 1.3
TO npu oOparHOM 3dipekTe CnpapennuBo ypaBHeHUE

&n=dyEy (7.19)
I TBO 9TOrO P ToB naerca B ri. X; oHO

OCHOBAHO Ha TePMOJMHAMHYCCKOM PACCMOTPEHHH. Tax xak !l“ k) T0,
ClenoBatesibHO, TeH3op dy, cummerpuuen no j u k. kak 6bu|o 6Ge3
10Ka3aTeNbCTBA YKAsaHO B § 1.

UYroGsr 3amicath ypasuense (7.19) B maTpuuHbix 0GOBHAuEHMSX, Mb
JIOMKHLL BBECTH OJIMH MHIEKC BMECTO ABYX AMS KOMNOHEHT AedopMauuit.
Ilna 370r0 Ccrenaem ClEAYIOuyIo 3aMeHY:

- s 1 1
fi f12 G 1 g% 7%
1 1
ot ot || @ gl (7.20)
1 1
€31 o Egy T Th g
Torna yp nas ey, y passepTLIBallieM ypaBiie-

nus (7.19),
ey =dyFy+ doyiFr+ dsuFsn

TpPH TMepexone K MaTPHYHLIM OGO3HAueHHsM NPUHHMAET BHIL
dyEy~+dyEy +-dy Es.

&
YpasHeHue L5 ey

238 = 1oFy —+ dyasl3 - dspoFs
NPHHKMAET BHI

1 1 1 1
5 &= duEs + 5 duF» + 5 diEs.

Muoxurenn Y/, coxpaulaorcs ¢ o0eMx CTOpOH, # B OCUIEM Ciyyae Mbi
HMeeM
g=dyE, (=1,2 8 j=1,2...6). (7.21)

Tenepb CTA4HOBHTCA SICHOW MPHUMHA BBEJeHMs MHOXMTeneH !, B non-
cranoBky (7.20). Tak Kak Mbl HCNIONB30OBAAM MHOMXMTeNH 1/, B onmpeje-
nelmnx dy (cM. crp. 141), 1eo0XOUMO BBECTH STH MHOXMTENH TaKie

€;; MHaye B y (7.21) nepen HeKOTOPLIMM YjleHAMH
c'mmm Obi MHOXWHMTENM 1/y W Mul ne cMoran Obl 3anmcarh €ro B Kpar-
KoM (opMe, T. e. KAK CYMMY MOAOGHbIX uietoB. Cnenyer OTMETHTb, uTO,
no cuacmBoM cnyuar«luocm Gnar Onapﬂ MHOXHTESIM Y/, B OnpeseneHHsx &
2T “ CABHrO~

40
BEX Acopmanutl, une.u.eunux Ha crp. 127,
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lpusenem Teneps cxemy, 06 ypas-
HeHUsl B MaTpuuHLX 0GO3uayerusix. YUnras TaGamuy no ropusoNTANM, MBI
TionysaeM ypasHeHus NpsMOro 3QpeKTa, UuTas N0 BEPTHKA/M — ypaBHe-
Hust 06paTHOTO Sdekra:

>8 e 8 & & g
T e @ a w o

o -_—
Py | dy dip diy dy dys dyg

Py | dy dyy dyy dy dyy doy
Py ldy dyp dy dy dg dy.

S

B Ta6n. 7 CpaBHMBAIOTCA YPABHEHMs NPAMOTO H OGPATHOO THe30-
SMeKTPHUECKHX S(PEKTOB B TeH3OPHON M MaTpHuHON Bammcsx.

TABAMLA 7

Onpedessronyue YpasHenus 0As npamozo u ob'pamnozo
noesoasexmpuneckux dgigher me

Tensopuan sact e s
Mpsmoii sddext . . o . Py= dijpajr, =dypy
O6parsiit siext . o . €5k = dijrEy ey =dyE;

§ 4. YmeublIenne YHCJA HESABHCHMBIX MOAY.Jel
H3-32 Orpaumvennii, HajaraeMbix cHMMeTpuell KpucTajsa

1. Coo6paxennus, B OCHOBE KOTOPBIX JEXHT JHIb AHAJIH3 CHM-
metpun. Ecin kpucrann ofnanaeT cummerpuefl (NOMMMO OCH nepBoro
nopsKa), TO MMeeT MECTO Aa ) yuena bIX
Mbe30sIEKTPUUECKUX Monyselt. Kak npammn ciiyuall paccCMOTPHMM BJIHSi~
ude LeHTpa CHMMeTpHM. IIpeanonouM, uTo Kpuctana, o6aaiaoumuit
LEHTPOM CHMMETPHH, MOABEPFHYT KOFO Hanp:

HUA BUIA H pusy Tenepb np cee,
UTO BCA CHCTEMA — KPUCTAL TIIOC nanpsieiie — CHMNETPIHO OTpa-
KeHd OTHOCHT 0 ueHTpa f ; Gymnyun ueHTpo-
CHMMCTDHUHBIM, TIPH 9TOM He M3MEHWTCS;; WO TOM )Ke NPHUHHE He HaMe-
HWTCS W KPHCTAJL; NOJPH3AUNS HKE MBMEHWT HANpPaBJeHHe HA NPOTHBO=
nonoxuoe. ViTak, Mel mOjyuaeM, 4TO TOT ke Cambifi KPWCTanA oA

ZefiCTBHEM TOMHO TaKOrO Ke p HMeeT TpOT! yio
nonsipusaumio. Takas CHTYauust BOSMOMXHA JMIIb TOTAA, KOFAA TOMSPH-
saunst pasna wymo. C, , Kpucmaan, oo. YUl yermpos

cuMMEmPUL, He Modicem Gblmy Nbe30SNCKMPUIOM,
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TouHO TaK e, WCXOLS AMlb W3 COOGpawenut chMe'rpuu M He npu-
Gerast K auaNUTWYECKHM pi , MONHO apyr
ApYry win B HYyJb KHX MOAyJNeit ans pas-
JIHYHBIX KPHCTa//OrpadHuecknx Kzaccos. B Kauectse mpumepa paceMoT-
PHM MOLYMb dgq 1AS Knacca 4. DTOT MOAYJb Onpenenser KomnoneHty Py
TIpH CIBHrOBOM HANDSMICHHW, JEHCTBYIOUIEM B MUIOCKOCTH, MepreHiuKy=
napuo#t ocu Oxy (Hanpasnewmns ocelt nokasamu ua gur. 48; ocb Oxgy
NepneHaMKy IapHa JI0CKOCTH
ueprexa). Tenepb NPeANONONKMUM,
YTO YKa3aHHOE CJIBMIOBOE Hanps-
JKeHHe MHIYUHpYer LHMOnb, mna-
pannensibit OXs, € NOAOKHTEND-
HBIM KOHILOM cBepXy (pur. 48, a). 23 x
ViaMeHenne 3Haka HanpskeHus
JIO/DKHO NPHBECTH K HBMEHEHHIO
3HaKa JANOAS, KaK

na ¢ur. 48,6. Ho Tak Kak
KPHCTANl MMeeT OCb YeTBEpTOro

L

nopsaka, To co-

CTOsIHME, nomsam{oe Ha (ur. 48,6, —-— I
TOYHO COBMAnaeT C COCTOSHKEM,

nsobpaxentuin Ha ur. 48, a; a 3

EeAMHCTBEHHOE OT/IMYHe COCTOMT ¢ ur. 48. IocTpoenne, NokaswBaiomee, 4T0
B TOM, UTO KPHCTal! TOBepHyT  AWsSl Kiacca 4 MOAYdis dgg PaBen Hyamo.
na 90°. CnenoatensHo, B 060MX

CyuasX nonspusauus 10Mmkna GLTh OAMHAKOBOH, 3 9TO BO3MOMXHO JIMLIL
TOFA, KOTNAa OHA paBHa mymio. Takum oGpasoM, dgg

2. Auagurt meropst, C TONBKO
Ha pacCMOTpenwH CHMMETPHM W NONOOHHE TeM, KOTOphie Gbiju MCHOMb-
30BaHH Bulllle, LAIOT cnoco6 PHX COOT-

HOWIeHNH MEXLY MOLYNSIMM; ONHAKO TPYAHO GHITh YBEPEHHLIMH, YTO MpH
9TOM MM HafiieM Bce coorHoweHns. Ilostomy onmue Tenepn Gonee
ueckut  Meron  mcc paccma 0 BOmpoca,
B npuuimune MeTon COCTOMT B npeoGpasopaiuu OCel KOOPAMHAT TeH3Opa
OIHMM M3 5/eMEHTOB CHMMeTPHM, KOTOpHMM oOsamaer kpuctami. [pu
9TOM KOS(UUHMEHTE, ONMCLBAIOWHE SPPEKT, He NOMKHLI MEHSTLCS NPH
npeoSpasosarun.
@) Llenmp cummempuu. Ilns MANOCTPAUMK MeTONA ONATL PACCMOTPHM
CHauana Kpucramui, LEHTPOM 'pun. Matpuua storo
npeoGpasosaisi UMeeT BHI

ay=—1,.
yp 7.11) u npe-
deckite MORYAN GyIYT BHPEKATLCH cnenyno-

B c

uwuM ob6pasom:
’
7= 8y O iy = — OBy == — ypye
10 Jox. Hat



146 ra VI nbesoanéxrpucecrao. Tensopet Tpervezo pawea

Ho Tak Kak KDPHCTAml HMEET WUEHTDP CHMMETDHH, TO

d;]k—_~ Ay

CrepnoBarenbHo,
Ay
C ApyruMu CHMMeTPHHM He TaK MpPOCTH. 3Ha-
YUTeNbHYI0 NMOMOILbL MOXET OKas3aTh MCNOJIb30BAHHE HECKOJbKO OTJHYHEIX
o 4TS mp H TaK Hasbl~

BAEMOro Memoda npsmoi nposepr, paspaﬁo'rauuoro Dymn [39, 41—43].
DT0T MeTON Jyulle BCEro OGBSCHHTL, B3SB TOT JKe MPHMEDP C UEHTPOM
CHMMETPHH ¥ Haflllsi Pe3y/nbTaThl NEHCTBHs IEHTPA HA PABAMUHLIE MOLYIH.

IeficTeHe neHTPa CHMMeTPHM Ha OCH KOOPAWHAT HBOOpakaloTcs Cie-
Bytoumm 06pasom:

Ky—>— Xy, Kper—Xp,  Ky—>—Xg, (7.22)

rze cTpejka osmauaer ,npeoGpasyercs B ...“. BmecTe ¢ TeM, cOOTHOMIE~
Hue (7.22) MOXHO WHTEpNpeTHPOBAaTL WHAaue, a MMEHHO CUMTATh, YTO
KOOPIMHATH NPOMBBOJLHON TOUKM (X, Xp, Xg) npeobpasyiorcss B (— Xy,
— X, — Xg). Mu ywe Bupemn (cM. cTp. 139), uTO KOMIOHEHTH TeH-
30pa npeoOpasylTCAs aHANOTHYHO COOTBETCTBY p

P H: 122 TIPeOGp noznoGHo np X3,
Tlenan . y (7.22), nonyuaem, wro
%1 x5 NpeoGp

Ky XG> —— Xy X

Crenosarensio,

digg—> — Ciop.
Ho 7Tak kak Kpucrann LEHTPOM ¢ , 970 npeoGpaso-
BaHHE He W3MeHsieT TeH3opa: dyy MOMKHA
npeoGpasosarbest B cels, T. €.

gy —> dygay

a nosToMy

dypy=0.

Jlerko BHIETb, WTO TO e CaMOe pAacCy)IeHHe MPHMEHHMO KO BCeM
DPYrUM KOMMOHEHTAM TeH3OPa, M MEI NONyuaeM MpexHuit oOwmi pesynn-
TaT: dl/k

Y

Jlns na fliielt  MAMOCTpauun Merona
npaMokt nponepl(u PACCMOTPHM Telieph BINSHHE HA MOAYJH OCH BTOPOrO
nopsiaka. IIpeanonoxuM, 4YTO OCb BTOPOrO MOPSAKA Napaiienbha Xg.
Toraa npeobpasoBaiine MOXHO B3aNKCaTh CEAYIOUHM 0CPasoM;

Ky Ky Xph Ky Xpo> Ky,
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uny Gosiee KOMNAKTHO
1>—1, 2->—2, 3->3. (7.23)

Bynewm Teneph GpaTh MOLYJM NOOYEPENHO M NPeOGPa3OBHIBATE HMX CO-
raacHo cootHouenmo (7.23). Eci 3uak MOAyJs NPy STOM MSMEHMTCS, TO
MOLYJ/b NOMKEH ObITh PaBeH HyJIO; ecqM e 3HAK OCTaeTCs HEM3MEeH-
HBIM, TO 9TOT MONYMb He wcyesaer. Tak, wanpumep, dygg—> —dyg3 1
nostoMy digy="0, a dyp3—> dypg ¥ TOITOMY dypy # 0. SlcHO, ut0 CO-
XPAHSIOTCA TOJNLKO Te MOYAN dyy, KOTOPHE MMEIOT B HHIeKcax anGo
ondy, 6o Tpu undpu 3. [Mostomy B crenywome#t TaGnuue OTAMYHBI
OT HyJisl TOMLKO MONYJM, BHIEJEHHHE JUPHHIM HIPHPTOM:

dyy dyy i dyyy Az g dyy dyp dys
L [ dyy Ay (7.24)
dygy dysg LS

B MarpuyHOM (J ) 06 MOLYJTH
SAMMUIYTCH TaK;

0 0 0 dy dy O (7.25)

dy dy dyy O 0 dy

Coorserctsne Mexcny TaGmuuamu (7.24) u (7.25) npoule BCEro ycraso-
BHTb, YHTas KXl c20d Tabnuub (7.24) B TakoM nopsmxe:

(o 0 0 llud“())

. Py

.\‘.
1
M 3aTeM BANMCHBAS €r0 KaK cmpoKy wMatpuyHol rtabmaust (7.25).
6) Ilpumep rpucmasnsozp raacca. O MeTOxL
Tenepb MOKHO NPHMEHWTh K KAKOMY-JHOO ~KPHCTAMIOrpauueckomy

KNaccy; B KauecTse npumepa BuGepeM 42m, knace amrnapodocdara
aMMOHMS,

DieMeHTE CHMMETPHHM 3TOFO Kiacca nokasauui Ha ¢ur. 49, a. Cum-
MeTpHsi NOJHOCTLIO Onpenessercs ocbio 4!) U OCbl0 BTOPOrO NOPALKA,
napaanenvoft x;. Ocb 4, napanjesnbHas OcH Xg, BKJOuaeT B ceGs
OCb BTOPOTO MOPSIKA, TAaKWe MNAPaiJCNbHYI0 X A Mb YKe HAULIH,
Y10 JMLIb MOAY/M, BLIJENeHHsle MXuUpubM wpudroM B Tabmaue (7.24),
COXPaHSIOTCA NPH JIEHCTBHH OCH BTOPOr0 NOPSIKA, NapajiesibHOH Xg.

1) Onepauyisi nopopora Ha 90°, CONPoBONAaEMas HHBepCUEit.

10*
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Cllen0BaTebli0, TOMLKO STH MOy HEOGXONMMO PACCMATPHBATH Hafiblile.
Ocb 4 ocu

peolbp 12 P

, 2->1, 83—»—3.

1o —
Tlostomy
Ay~ —dyy  dps—>  dyyy gy > —di  dgp—>  dyy
dypy—>  dyg  dpy—>—dyg iy —> — dgyy (7.26)

gz~ — dggy

Tawum 0CpasoM, nanpumep, dy, npeobpasyercs B — dyps. HO Ml

siaeM, 410, TAK KaK KpHcTann obnanaer ochlo 4, TO MOAYM dyyg
JoMmKeH NpeoGpasoBuBaTbes caM B cels. Crenoparenbno, dyyg==— days.

S S
K K3

a

Pur. 49. T kaacca 42m
ocelt KoOpmHAT.

@—omsmuR BwGop OpHeNTALIN OCeR KoopanHAT 0%, O%, OXsj G~ cHCTeMA
KOOPIINAT, N03YCHAT KD TePPOR IODOPOTON Ha 45° BOKPYT OcH O,

Auanormuso, Bce crpeaxs B (7.26) MOMHO uMTaTh KaKk 3HAKM PaBeH-
crBa.

Tenepn paccMOTPUM OCh BTOPOrO MNOPAAKA, NAPAMIENbHYIO Xy, Mul
BHIC/AH BuUC, YTO NPH HAIMYMM OCH BTOPOrO NOPSAKA, Napamyien-
HOM X3, OOpamaioTcs B MyAb BCe MOAYAH, HE MMEIOUIMe B MHIEKCAX
undpy 3 mam umeoue ape unppe 3. TOUHO TAK Ke NPH HATUUMK
OCH BTOPOr0 NOpsiKa, NapasiebHO! X, 06PaLLAIOTCs B HYJb BCe MOAYJH,
He uMelowne B MHAekcax undpu 1 man mmeiowme ase undps 1. Hrak,
OCTAIOTCA TONBKO CIENYIONME MOLYJIH:

iy =y dyyo (= dyy).

B C nByMs OHH 3anMWyTCs TaK:

dy=dy, dy.
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[MosToMy MaTpuua MMeeT BuIL

000 dy 0 0
(oooo 11,,,0),
0000 0 dy

Yucaennoidi npumep. Dnementsi mMarpuu (dy;) Ans nurnnpopocdara
ammonnst npu 0 °C B paunonamisuposantoti cucreme MKS (ky.zon{nstomon)
HMeloT crenyiome suavenns [64, 91]:

0 0 0 017 0 0
(0 000 0170 )>< 107" &/n.
0000 o0 517

OTMeTHM, YTO TaKoe pacnpenefienHe MOJyJeli & MaTpuie CpapeiJMBoO
TOJNBKO TPy ONpefeieHHOM MOJOKEeHHH KPHCTanna OTHOCHTeNbHO oceft
KOOPMMHAT X, Xy, X3 NOKasanHoM na ¢ur. 49, a. Ecu ocu xoopauHatr
noBepuyTs Ha 45° BOKPYr X3 TaK, uTOGh OCb X, GHUIa MepneHaMKynsipHa
NNOCKOCTH cHMMeTpru (¢pur. 49, 6), TO MaTpHita NPUHKMAET HOBYIO (OpMy

0 0 0 0 0170
(n 0 0 —017 0 o) X 107" k/n.
26 —26 0 0 0 0O

2) Tpuzonaasnan u 2excazonarsnas cucmemp.. VicnonszoBaHuuih
BRILUE METON NPsMON TNPOBEPKM ABJSCTCH CaMbM YAOGHBM CnocoGoM
ONpeleneHs yCOBUH, HAJaracMbX HAa MOLYJM, BO BCeX kiaccax, 3a
HCK: KaccoB, npuHanL K TpHr HOM M reKcaroHasb-
HOM cicremam. Do 06bsCHAETCS TeM, 4TO BO BCeX Kjaccax, Kpome
TPUIrOHA/ILHEIX M FEKCArOHAJbHHIX, 3JEMEHTbI CHMMETPHH NPOCTO H3MEHSIOT
nopsdok ocel, T. e. Kakias ochb UPeOOPA3yeTCs WM B cebs, WM B OLHY
H3 APYrUX OcCefl (BO3MOXKIO, C M3MEHEHMEM IATPABJCHHs) W He NOonajaer
HH B KaKoe NpomexyTounoe nojoxenue. B knacce e 6, Hanpumep,

BLIGPaTH P ocn P T C TAKHMH ¢ :
Xy Oyner THCH B YO KO. Xy, Xp X
B knaccax 3 u 3m Moxuo, npasna, suGparh IEKapTOBH OCH KOOPIMNAT
C TaKMMM CBOWCTBAMM, HO 5TH ocH He OyayT copnanarb ¢ OGWenpHHsi-
THMH. T109TOMY Ansi TPHrOHAJbHOM M reKcaroHajLHOf CHCTEM Crenyer
BOCINONL30BATLCS GoJiee OOWIHM AHAIUTHYECKHM METONOM. Mbl MBNOKMM
ero B o6uwx ueprax. TTpuHLMN OCTACTCS TOUHO TAKMM IKe, KAK M Npekse:
ZEHCTBHEM 3JIeMenTa CHMMETPUM KPHCTa/ia 1peo0pasyloTcs OCH KOOpau-
HAT ¥ Craphe Moy el np A K HOBLIM.

PECCMOTPMM nefictBre OCefl LWeCTOro M TpeTbero nopsankos, napan.
NeNBHEX OCH Xy, Marpuuul npeoGpasopams as nopoporos Bokpyr Ox g
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Ha 60 1 120° MMEIOT COOTBETCTBEHIO Bi

1 1. r= 1 1. ra
7 5V3 0 —z V3 0
ap=|_Llyz L o] # (ap=|_lyz _1 .
) 2V3 5 0 i) FV3 —5 [
0 0 1 0 0 1
B K dyjpe 1y cHCTeMbl iX

ik
ypasHenuit. Tax, HanpuMep, HaxomuM, uto dj,, ecTb (GyHKUMA WweCTH dyp,
2 uMeHHO! dyyy, dyyo, Gizgr gy Ayggy Ao l'[onaran d},, =d,,,, nonyuaen
YpaBHeHyte, CBsibBaiolee STH niectb dyy,. Iloctynas amanornyHo ¢ d;ﬂ,
v v
Aoy dyys dyp 1 dyy,, HAXONMM elle MSTb YPABIGHWH I TeX e CaMuX
twectut dyy,. Pewas 5T ypasieins, nonyuaeM fss OCH TPETbero NOPAaKa
COOTHOIEHHS!
iy =—dpy=—dyy; dyg==—dyp="—dyy,
2 JUIS OCH MIECTOTO NOPS/IKA — COOTHOUIEHHS!
Ay == dyyy = —dygp == dyyy = dyyp == lppy = 0. 7.27)

VenoBus, HaKnanuBaeMyie Ha IpYrHe MOLY/M, MOJYHAIOTCS HEnocpes-

CTBEHHO; WISt OCell TPETbero W WIECTOrO MOPSAKOB OHM HMEIOT BHJL

dyy=

dypy==—dyy Ay, ==dys,

iy == gy == dygy = Ay =gy ==

TaxuM 06pasoM, Myl HALUM YC/IOBHA, HanaraeMme Ha MOAYNH AN
xnacco 6 u 3. [pyrie Heneut PHUHLIE FeXCar H TpH-
TOHaNbHBIE KJACCH TOMYYalOTCs n0GaBNeHHEM K STHM [BYM KjaccaMm
TUIOCKOCTEH CHMMeTpHH K ocel BTOporo nopsaka, IHanvuetiume oOrpaHit-
YeHHs, KOTOpbie HAKJAALIBAIOT HA MOAYJH 9TH TJIOCKOCTH H OCH BTOPOrO
NOpsNKa, JIerko MOXHO HaHTH METONOM NPHMOH NPOBEPKH.

0) Mpumenenue meopuu zpynn. TIONHOE YMCNO NE3ABHCHMEIX KOM-
TIOHEHT TEHIOPa, He e 15 onp KOMKPETHOrO P
cBoficTBa MOGOrO KPHCTAMIONPAQHIECKOrO KAacCa, MOXKHO HaTi Talm(e
€ noMOwWbI0 Teopuu rpyun (cM. kuurn Yurmaua [52], a racke Barapan-
Tama u Benkarapatyny [15] u ctarvio flua [57]) }). TakuM nyreM MOXKHO
NpPOBEPHTb PesynbTaTl, TNOJyUeHHEe APYruMH Meronamu. Teopus rpynn,

KOTOpO# P B YNOMAUYTHIX KHWFaX, He onpene-
JiseT, Kakue us Mony.nen HE3AaBHCHML, @ JaeT TOJbLKO N0AHOe HUCA0
HeaaBMCHMEX Mouyfel. Onpedesenue He3aBUCHMHIX KOMNOHEHT 1isi
K@OKIOr0 K/IACCAa C NOMOWLIO METOZOB TEOPWM FPYNN ObJIO BHNOJHEHO
Gymu [44], a raoke duewn u Pymu [39); B yKazaHHHX CTAaTLAX NPHBO-

1) Cm. taioke (107, 111).— Ilpust, nepes.
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AsTCs CCUIKM Ha Apyrue pa6oTe (cM. taioke [56]). Teopwio rpynn
yn0GHO MCMOMb30BATH TOFAA, KOFAA HYXHO HCCNENOBATH CPA3y HECKOJBKO
POICTBEHHBIX KJ/1ACCOB.

§ 6. PesyabTathl Asa BCeX KPHCTALIOTPAgUIECKHX KJIACCOB

B Tabn. 8 npuMBOASTCA pE3YNbTATH, MNOJYYCHHHE IPH MNPUMEHCHHH
METOZIOB, PACCMOTPCHHHX B § 4, M. 2, KO BCeM KDPHCTAIOrpadpuyeckum
Kknaccam noouepeno. Kawnas ua TaGnui, crosummx B ckoOkaX, mpef-
crasnsier coG0H (dy;)-MaTpuily, BHIHCAHHYIO B ¢opme (7.18). B navane
Ta6n. 8 npuseneHsl 0Go3navenus. ManeHbKMe TOUKM O3HAYalOT MOAYJH,
pasHrie HyJI0. )KVIPHHE TOYKM O3HAYAOT MOLYJH, OTJAMYHBIE OT HYJs.
JIuHusi, COENMHSIONIAs JBe HPHLIE TOUKH, O3HAYACT, UTO COOTBETCTBYIO-
uMe 1Ba MOLYAs PaBHL Apyr Apyry. Korma kupnas Touka coemmHeHa
JNuHHel €O CBET/IBIM KPYXKKOM, TO 93TO O3HAauaeT, 4YTO COOTBETCTBYIO-
uge ABa MOAyJs YMCJECHHO paBHH, HO MPOTHBONOJNIOMHE M0  3HAKY.
Tak, B knacce 4 Monym dygy =dgp, dyy=dy u dyy=—dy,. JlBotioh
KPYOK BCEra COEMHFETcs C mMpHOW ToukoH. Ecmm x — unciennoe
3HaueHue MOAY/A, OGOBHAYEHHORO KHDHON TOUKOM, TO BHAYCHHME MOLY.S,
0603HaueHHOrO JBOMHBIM KPYXKOM, Gyner pasuo — 2x. Tak, B knacce 3
BLINOAHAIOTCS PaBeHCTBA dyg == — 2dy, ¥ dyg = — 2d, (B NOCIEHEM Clyuae
COeIMHUTE IbHAA JIMHUSI TIPOXOJMT uepes CBET/bfl Kpyuok). “ucno nesa-
BHCHMBIX MOLYZMeH I8 K@OKIOrO Kiacca YKasaHO B CKOOKax Crpasa
Bo3Ne MaTpuukl. Pac ocen o HO SlleMeH-
TOB CHMMETDWM COOTBETCTBYeT, 3a oco6o or X
cllyyaeB, MpaBuaaM, peKOMeHnDBaHHHM IRE [86]. Dtu npasuna cymmu-
POBaHbl B MPHIONEHHH 2.

<uanyeckuit CMEICA MaTpull TaGa. 8 Nerte BCero ysICHWTh, onpenensis

B B Kpuc-ra.rmorpaq;uqecuom Kaacce

MPOCTHIX
nponenath 3T0 camocTosiTenbio. Jlas Goliee eTanbHOrO " paccwotpenms
Ml H3GepeM KBapua, 0 Gonbuioe

TIPaKTHYECKOe anavene.
Ksapy. Tlpn koMHATHON TeMnepaType KBaply NPHHALIERHT K Kaaccy 32,
Ero (d;))-marpuua umeer sun

a % 9% % % %
Pyydy —dy 0 dy O 0
Py ( 0 0 0 —dy -—M,,)
Py 0 0 o0 0 0

aflech P W o TIOMEILEHb! Jsi ICHOCTH,

Ecaun HanpshkeHue pacTMHKEHNs o; NMPHIOKEHO nNapaniesibHo ocH Xy,
SIBNAIOILEHCS OCBIO mopono nop;mka B Kpucramie (¢pur. 50), 10 ypaBHe-
nne (7.17)

P
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33IA0TCA  MOLYJAMH, CTOAUMMH B nepsom ctonbue  (dy;)-Marpimsi,
noaToMy

Py=dyo,, P;=0, P;=
CrenoparenbHO, NOJSPH3ALNS HANPABJeHa BLOMb OCH X, ).

Hanpsxenne pacTsiienus o, BAOJb OCH X, HE BHIBBIBAET NOJSPU3A-
UMH, TapannesbHoM STOR OCH, a BLIBBIBAET NMOJSPH3AUMIO BLOJb X%

Py=—d;0;, P,=0, Py=0
(sropott cronCew MaTpuub).

Takum 06pasoM, TNOJSAPH3AUMS BHOJL OCH BTOPOFO TNOPSAKA Xy
MOKeT ObiTb BLIBBAHA WM HANDKEHHEM DACTMNEHHS BIOMb Xy, WM
PABHHM €My HANPSIKEHWEM CIKATHS BAOJb OCH Xo.
¥ KBapUa OCb BTOPOTO MOPANKA HAJHIBAETCS HAeK-
mputeckoli 0cvio.

Barasuys Ha BEPXHIOW CTPOKY MaTpHusi MO~
Jyniefl, Mbl BULMM, YTO NOJNAPH3AUMSA BAOJb OCH X
MoxeT OHTb Takie BH3BaHa CIBHrOM 04 BOKpYr
OCH X;; LA STOrO HanpsueHus

Py=dyo, Py=0, Py=0.
Tlonspusauuss BROML X, (BTOPas CTPOKA Ma-

Pur. 50. Toueunue 2

SNEMEHTH  CHMMET] nn TPHILE), OYEBHAHO, MOWET OWTb BbI3BAHA IBYMsi

a-kngpua (xnacc 32) TNyTAMH: BO-NEPBHIX, CHBHIOM Gy B IJIOCKOCTH,
p Ox,y, naouwm

U

LTy

ocel KOOpMiHaT
Oxy, Oxy, Oxy. Py=0, Py=—dyo Py

H, BO-BTOPHIX, CIBHIOM Og B MJOCKOCTH, MEPREHAMKYAIPHOM X3, AAIOWHM
Py=0, Py=-—2d,0; Py=0.

B HmKieft CTPOKe MATPHIM BCe MOLYJM PaBHb HYJIO; OTCIONA Cre-
JZyer, ¥TO HMKAKOE HanpsKeHHe He MOXET BH3BATH NOJAPHIALMIO BAOJL
OCH TPeTbero TOPSIKA X

Hinke JbHBIE dy nas npasoro
KBapua (paccuuTaupie no AauumiM Komm [24]):

—23 23 0 —067 0 0
( 0 0 0 0 067 46)% 107 k/n.
0 0 O [ 0 0

1) I X1 06bHO no
npapuny [86]: B npasoM KBapLe Ha Ipany, NeprneHHKyIsAPHONR NONONKHUTEAbHOMY
KOHLLY OCH X, MOSBJSIETCH OTPHLATENLHBIL 8apsn MPH pacTsikekuu (M, cheno-
BATEJbHO, MOJONHTENbHEH 3apsin mpH cmanm), B JeBOM KBapue Ha Tpany

y KOHWy ocH
3apsL NpH PacTsukeui. [Ipn TakOM yCJOBHH, oqesmmo. MOAyJib dyy OTPHLATENCH
U151 TIPBOrO KBApUA W MOAOKNTCNCH ISl JEBOFO.
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TMpounmocTpupyem Beanuniy NpAMOro 3((peKTa CleAyIOUMM UHC/CH-
HBM npuMepoM. [lpeanonowuM, uro uanpsxenue okarus 1 wl/cu?
(=9.81. 10* #/#?) neficTeyer BIOAL OCH BTOPOFO TOPSIKA KpHCTAMLNA
npasoro Kpapiia. Bosumkaoutas nonspusauns Gyner pasHa

Py=dy0, =(—2,3-10-12) X (— 9,81 - 10) =2,3- 1077 re/u2.

PaccunraeM Tenepb ofparunit sddexr. [Ipennonomum, uUTo SJeKTpH-
yeckoe moJe HanpspkenHocToio 100 8/ca (= 10% 6/4) neficTyer BLOAL
ocu BTOpOro nopsiaka Xy. Jedopmaums Brons stoft ocu Gymer mpencra-
BasiTb  COGOH CkaTwe, KOTOpOE, COTMACHO ypasHeHmio (7.21), MoXHO
sanucarb B Buie

e =d E;=—23-10""2.10°=—2,3.107%
JlelicTByioniee TOJE, OYEBMIAHO, BHBLIBAET TAIOKE pPABHOE PACTSIKEHHE

BLOMb X; M CABMI B MJIOCKOCTH, NEPNEHMKYNAPHOR X; (CM. nepByo
CTPOKY MaTpHUH), TaK YTO MBI HMEeM

§ 6. XapaktepucTHYECKHE NOBEPXHOCTH

Kak Mol yxe sugenu B ra. I, § 4, cuMMeTpuunmft TeH30p BTOPOro
panra MOXHO MPEACTaBHTL NOBEPXHOCTLIO BTOPOrO MOPSKA (3/IMNCOMAOM
na runepGononnom). TeH3OpH TPeThero paHra Takxke MOXHO MpencTa-
BUTB Xap PHUCTHYECKHMH OIHAKO OHM HE TaK MPOCTEI,

KaK M 175 TCH3OPOB BTOPOFO paHra;
6ostee Toro, npenc'ranm'b TeH3Op TPETBETO PAHra eMHCTBEHHOM moBepx-
HOCTDIO HEROBMOXKHO.

PaccMoTpum, Kak onp NpaKTUYeCKH.

p uTO Ha b MJACTMHKM, BHPe3aHHOW M3 KpU-
crana yASpHO P

Homy Ox{ (Qpur. 5la), y pacTske-

Hus a;l. Bosuukaowas nosspusanus 6yner o6nanars KOMIOHEHTAMH BO
BCEX TpeX HanpaBJeHusIX Ox,'. Ox;, Ox;. Komnonenra noJsipusatinm
B HanpasJeHuH Ox; Gyner 3anaBaThCHi BhIDDKCHHEM

Pi=dy,
M, B YaCTHOCTH,
Pi=d} 0
Cresor & p —

sddexr; 9Ta BeiuuuHa naer o’ruou(elme 3apima HA eNMHMLLY nnomanm
0 Ha BepX-
HOCTH IIACTHHKH HOPMA/bHOM cune Ha enuuuuy noLany. Paccnmpeune
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ycnoBull CHMMETPHM NOKA3bIBAeT, Y10 npononbuuﬂ adexT MONKEr BO3-
HUKaTh TOJLKO BIOTb B TOM
CMEICIIe, KK STO OmpeiesieHo wa crp. 100 TToBepXHOCTD, panmyc-BeKTOP
uoropon B Hanpapnennn Ox| paeH dj ,, HA3HBACTCS NOBEPXHOCMBIO NPO-
(¢ur. 516). (dra nosepxHoCTL
npe. TaKKe nedop (Y10 B HanpasJe-
HUM TIPHJIOXEHHOrO noJsi, M60 npu 06-
.
paraom s¢pexre e}, = d E; ) OueBunxo,
MOXHO BBECTH MHOFO APYFHX TOBEpPX-

P ur. 5la. Cxema, MosICHsIO- P ur. 516. Cxema, NOACHAIOWas Onpe-
mas npofoMLHLt Mbesosaex- neJelne XapakTepHCTIMECKO NoBepX=

TpHueckuii sdpexr. HOCTH /181 IPOAOJIBHOTQ T1bE30SMNEKTPH-
Benruia 83p7Aa 1 TPaHY, nepriewi- ueckoro sdipexra.

Kyasprol O, OnpeReAtercs Kosd-
v
uunewtoM dyyy, Ha rpanw, nep- yoctedl NS MPEACTABJEHHSI KOHKPETHHX
’
0x)—
2

noxn nefcTBYEM ONpeneNeHHo HanpasjeH-
HBIX HanpsokeHn) (M1 KOHKPETHRX KOMIO-
non onpeeneHto

/
T0M g,

HEHT
HBEIX 10J1e}).
e 5

opua p p
oas keapya. Uro6H Hai™H (HOPMY NOBEPXHOCTH NPONONBHOTO Mbe3O-
9JIeKTpHUeCKOTO Sddexta A5 KBapua, Mul noc'rynm crlenylomum obpa-
30oM. Panuyc-extop sToi B np Ox;
BHIP@KAETCA B BHIE

,
r= d:u = 0y,0,,0y

rae, kak npexae, Ox; — COrJIac e ¢
KPHCTANN4, 1S KOTOPHIX I‘IPMMOIIMMH Tabmun Moaysel, nawHbe B § 5.
B Kknacce 32 OTAMUHBI OT Hyas TOALKO MOAyMM dyyy, dysg, dyps Gogp
W dyg; TAK UTO MBI MMeeM
r= Ayl 13019010015 204,058,010+

+ 2045011019510+ 201201115315
Jins KPaTKOCTH 3aMeHuM (G, G Gpy), SBASOUWECH HANPABASTIOLWMMU
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kocunycamu Oxj orHocutenbno Oxy, Ox, Oxs, uepes (L m, n) w,
KpOMe TOFO, MCNO/b3YeM COOTHOLIEHNHS MEXY MOAY/SMH, NDHBEIEHHHIE
B § 5. Torna nonyunM crienyioulee ypasHeHue NOBEPXHOCTH:

r=1(R—3m)d,. (7.28)
3aMeTHM, uTO 3TO YpaBHEHHe CONEPKHMT TOJLKO OIMH M3 ABYX HE3ABH-
CHMBIX MOnyJlett.

U

Y
T
EXa
o,
§
@ ur. 52. Xapax: nbe3o-
snenpulxecxom s(pdexra aan kBapna.

ceeune, 10 TpeTbEro

8

nopaKa; 6—

oct
e, corepiaise O3 e kil 78 S0uh BoapOTD nopazka,
Ha cxeMe pHBERERbI TAKN

i

YroGbi HalTH B MOMAPHBIX KOOPAMHATAX CeueHWe STOM MOBEPXHOCTH
naockoeTbio, comepxaueit Ox, u Oxy, nonoxum [=cosl, m=sin0,
rae 0—yron mexay pamuycom-sektropom u Ox,. Torza

r==d,, cos 0 (cos? 6 — 3 sin2 0) = d, cos 306.

310 ceueHne MOCTPOEHO Ha (HF. 52, & MJIS NONOKNTENLHONO 3HAueHMs dyy.

Kak Mul yxe ynomuHamu (CM. npuMeuanne Ha cTp. 154), Takoe awaue-

nue dy, COOTBETCTBYeT JeBOMY ksapiy. Taxum 0GpasoM, B nomroGHOM
Broms Oxy

HHlt 3apajl HA rpaHM, NAPHON MONOKH Hanpas/leHHio

ocn Ox,. Korna Hanpasnenue NpUIIOKEHHOrO PacTsIrUBAIOLIEro HANPSKEHHs
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nonopaqnnae’rcn npoTuB dyacopolt cTpenku (¢mr. 52, a), npoponbHas
u pocturaer Hyas npu 0==30°,
Barem oHa uauenner sHak ¥ npu 0 ==60°, KOrza HanpsuKeHHe PACTSKEHHS
BHOBb HANPABJEHO BJOJH OCH BTOPOTO MOPSIKA, AOCTHrAeT MAKCHMYMA B
-} 2 wanpapnenwn. PaccMoTpeHHyl0 ¢Hrypy Takme JErko HHTEpNpeTHpO-
Bath M C TOUKH SpeHVm o6patHoro Mema.

Ceuenne CTH P TIOCKOCTEIO, CO-
nepxaweit Ox, u Oxy, nonyuaercn ec:m nonoxuts m=0 u [=cos0,
rae 6 — cHOBa yron mexay pammycom-BekTopoM u Ox,. Torza Ml mmeeMm

r=dy cos3b;

yiolee  cetenne na ¢ur. 52,6. dopma xapakrepu-
CTHYECKOM nonoGHa Tpem , OCTPHE KOHILK KOTO=
PHIX BCTPEHAIOTCH B TOUKe, Jexallel Ha TpuronanbHoit ocu. Ha dopmbl
TIOBEPXHOCTH HENOCPEACTBEHHO BMAHO, HTO, HANpHUMep, NMPH CHKATHH KPH-
CTa/1a KBapua BAOAL OCH TPETLEro NOPAAKA MPONO/bLHBIH MbEBOICKTPH~
uecknfl ekt OTCYTCTBYeT. DTO SICHO Takie M u3 cuMmerpuu. Ilpo-
nonbHbif 9GGEKT, KaK JIETKO BHICTb, HMeeT HanGOJbilee 3HAueHue,
KOrJIa KPHCTA/ CKMMACTCS BAOAL OCH BTOPOrO NOPSAKA (9NEKTpuueckoft
ocH).
I

£ i ann
Opyeux /cpucma/mon 1). dopmy P H 0
TPUYECKOr0 9¢dexTa sl KPHCTAMIOB APYrHX KNGCCOB MOMKHO  HafiTyt
ananoruyueiM nyrem. CuMmerpus STOH HOBEpXHO(.‘l‘H ZI0/KHA COrNIACOBbi-
BaTLes € rpynnoft I nogepx-
HOCTb /ISl KPHCTA/NA UMHKOBOK OGManK, npmlan:xemamero K knaccy 43m,
WMeeT YeTHPE NOJIOCTH, BHTSHYTHE B HALPABJCHMH YeTHPEX OCeft TpeTh-
ero nopsaka. M3 CHMMETpHMH KDHCTANnA M Marpuibl, NpHBENeHHOH B
Tabn. 8, MOXKHO BUIETb, Y4TO B KPHCTA/NIAX 9TOrO K/IACCA AABJEHHE BAOJb
OCH BTOPOrO NOPSAKA HE MOXET Bh3BATh NMPOAOALHOIO 3ddexTa (MOXKHO
OTMETHTDb, OJIHAKO, YTO NPH CIBHIE BOKPYF OCH BTOPOrO MOPSAKA BOBHH=
K4eT MbesosnexTputeckntl sdpext).

PESIOME

Onpepenenue TeH30pa Tpetbero panra, Cookynsocts 27 uncen T,,,U
ONHCHBAIOLIMX HEKOTOPYIO (uauueckylo Benmuusy, oOpasyer TeHaop

TPeThero pamra, ecim OHH cornacto yp
v
T = %Ol
cy P P

310 y
KOOPIMHAT XXXy,

1) Jlaaphetimme nonpoGHOCTH CM. B whurax doiirra [92] u Bycrepa [96].



Pestone 159

Mpsamoit nbesossexTpuueckuii spdext. Ipsnot nbesossexTprueckutt

adext sanaercss ypapHeHneMm
Py=dyo. (7.3)

rie dyj, — Nbe30/eKTPUUECKHe MOLyau, OOpasylolMe TEH3Op TPETbero
panra.

Ecmu npeneGpeun oGbeMHbIME MOMENTaMH, TO g ji B ML MOXeEM
nosoxute dy;, ==dy,;. Bnaronaps STOMy 4YMCNO He3aBHCHMBIX Monyneh
yMeHbliaeTcss 1o 18,

Matpuunas samuch, Bropoit  Tpemni mHiexcH y dy, u o6a
MHIEKCA Y Oy MOXHO OGLENMHMTL B OMMH WHAEKC, mpoGeraiouwfi snave-
Hus or 1 g0 6, mo crenyiouemy npasuiy:

TeHsopHuie oGosmauenms: 11 22 33 23,32 31,13 12,21,
MaTpuuHbie oGosHauenus: 1 2 3 4 5 6.

Mpi BBOIMM TaK)Ke MHOMMWTENM 2 B CrEnyIOLMX Clyuasx:

dyp=d,,, xorma n=1, 2,3,

2dy,=d;, xorna n=4,5, 6.
Tenepy ypasnenue (7.3) MOXHO 3anucath B Buie
Pi=dy, (1=1,2,3 j=1,2,...,6). (7.17)
Kospduunents d,; obpasylor (d,)-Marpuily M3 Tpex CTPOK M LuecTH
€Ton61L0B.

OGpathelit nbesossextpuueckuit sddexr. OCpatubitt  sdpext
8a1aeTCsi ypaBHEHHEM
&y =dyEy (7.19)

© TeMH ke CaMbidi KO9dpuuMenTaMu dy,, WTO M B YPABHEHWH TpPAMOro
odipexra. JiBa mHueKca y ey MOXHO OGLENMHHTL B OMHH COFIACHO
BHILENPUBENENHON CXeve, npHueM e, ==e, npu n==1, 2, 3 u 2e;, ==¢,
npu n=4, 5, 6. Tlpu TakoM cokpauierus ypapuenne (7.19) sanucwi-
BAETCS B BHIE

e=dyE, (1=1,2,3% j=1,2...,6). .21

Tp Ha P P C LEHTPOM CHM-
MeTpuu He MOXeT OuTh MhesosseKTPUkoM. Orpanuenys, HanaracMble
P P na Monynmn d;; Heuentp P P
NOFPAQMUCCKHX  KJIACCOB, 4YaCTO MOKHO NOMYUHTb, MCXOAS TONBKO H3
aHanusa CHMMeTpuu, Memod npAMol nposepruw UPUMCHHM KO BCeM
K/IACCaM, KpOMe K/IACcCOB TPHIOHANLHOM M TeKCATOManbHOM CHCTeM, A
KOTOPLIX Hcl Gonee oOuMH Kt METOR.

Jlnst oTo# wenn MOXKET GHTbL TAIOKE WCMONLIOBAHA TEOPHS TPYMIL.
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Tensop TpeTbero panra, Hanpumep dy;, He MOXeT GLITb MOJHOCTHIO
TpeACTaB/ieH ONHON ToBepXHOCTbIO. [108epXHOCHL NPOJOABHOZO NbE3O-

p y p BOB-
Hukalonlylo napanjesbHO p
TOp 9TOH W B M0BOM Hanp ponop JIeH
npononbﬂomy adidexty B naHHOM p #

Tpudecknii 9QPEKT MOKET BOSHWKATbL TOJNLKO BIOJbL MOMSPHHIX Hampa-
BJieHufl.

3ALAYH

1. Vcxons 10a6K0 u3 COO6paeHuli CHMMETPHH, /0Ka3aTh, 4TO s Kaacca m
€ ILIOCKOCTDIO M, Oxy,

dyy = dyg = dygy = dypp = dyg == d; == dyy = dgg = 0.

2. Vicxons M3 coobpaenmii CHMMETpHH, NOKa3aTh, YTO AAs kaacca 4
dy

—dx.

3. TMokasats, 410 a5t Kaaccos 422 u 622 noseprocn, TNPOJIOBHOTO Mbeso-
SJIEKTPUYECKOro S(peKTa He CyL y
4. l/Icnonbsyu TaGa. 8, maiiTh, KakHe Kaacch Mory1 ©O6Hapy#uBaTh Nbeso-

ekt npu CXATHH, ¥ TaKHM oﬁpason npo-
Bepwlb ‘0 BEKTOpa p, 1V, § 7.
5. Tl JNaBJCHHE unpna nep-

TeHMKYAAPHO OCH TPEThero NopsaKa. nOKﬂBﬂTb, uTO ecl[" HanpaBJieHWe napae-
HHSl NOBOPAYHMBAETCS BOKPYr OCH TPETHErO MOPSNKA, TO BEKTOP Mbe303JEKTPH-
ueckoit No Beauuue, Takwe OGyner
TIOROPauHBATECA BOKDYT OCH TPETHEro NOPsAKa, HO BABOE GLICTpEC H B MPOTH-
BOIIONOMKHOM HanpaB/ienni,




raaea v

YIPYTrOCTb.
TEH3OPBI YETBEPTOI'O PAHIrA

§ 1. 3axon I'yka

[Mon neficteuem HampsokeHus (opma Taepnoro Tena usmMensercs. Ecmi

HHXe omnp p 0 Ha-
0 npedesomn ynpy: u, T0 ABNSeTCH O] pa'mMoﬂ
T. €. NPH CHATHH €10 nbHYI0 hopmy.

Ianee mssecto (sakon lyka), uto mpu ROC‘MTO\IHO MalbiX HANPKEHHAX

Ipeanonoxum, uanpumep 4TO HAa W3OTPONHBIA TBEPABIH c'rep)xem. nefi-
CTBYET HYHCTOE Ip & mo omnpe-
nenennio pasua Alfl, rae Al-—npupaulerme n:xvmu u [ — nepBoHauanbHas
namna. Cornacno sakoHy lyxka,
e=so,

roe s — ynpyzoii nodamausocmu,
M 1100am.AuBOCmbI0, INs NAHHOM p CHCTEMB "
NaHHOTO Hanpapnienus jeopmauut, Byecte ¢ TeM, MLl MOXEM 3anmucarth

o==ce, ¢

rme ¢ — ynpyzo WM npocTo
€ HA3BIBACTCS TAKKE Mo.uynen [0ura ).

1) Hcnoabsobanne TEPMHHOB Mlo0amAusocmb W _dKecmiocmp coraacyercs
C NPHHATEIM B aMEPUKAHCKo# autepatype. B To ke Bpems MHOrHe anrawickie
ABTOPH HCMOMBIYIOT COOTBETCTBEHHO TEPMUHBL MOOYAb YNPY2OCTU W KOHCMAHMA
ynpyzocmu. Tlpk TaKol CHCTEME MOFYT BOSHHKHYTb 3ATPY/HEHHS, CBSI3aHHBIE
C TeM OGCTOSTE/LCTBOM, NTO MOAYJb FOHra SBASETCS He MOJyJeM yNpyroCTH,
a KOHCTAaHTOH ynpyrocTH. Kpome TOrO, NpenMyuIecTEOM TEPMHHOB 100amAusocy

ABJAETCH MX JKECTKHH KPHCTaNd HMEeT BHICOKOE
suaueﬂue dHecmicocmt, NORATAMBEI — BHICOKOE SHAYEHHE nobam/luaocmu I( co—
WANCHMIO, GyKBEL

“ o6parus "BYIOUIHM HO 9TOT cpam
A€rKO 3aNOMHHTD,
Amepukanckas
Cumpon |  aureparypa 2:::"“:"" PaamMepHOCTL
HACTOS(As KHHIa patypa
s TMonarausocty Monyms (Hanpsukenue) =1,
¢ t

11 . Han
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OGO6WUM TeNepb STU YTBEPKACHHS H OnpeJlEIlEHHﬁ. B . Vou Vi
MBI Y)KE BHIIE/H, 4TO
OMpeiensioTc B oOWeM Cayuae TeH3Opamu nmpom panra. Ecam K kpu-

CTanly NPUIOKeHO 6, TO BO3-
p Takona UTO K&K €€ KOMIIOHEHTA €;;
JMHEUHO CBSI3aHA CO BCEMH Tak.

11 = S0+ Siug®re + SurOrs
~+ Suna - Suadee - Suzas -+
“+ Sumds + Susts + Susdss

LIS IPYIHX BOCHMH KOMIOHEHT €;; MMEIOTCS BOCEMb 4HAJIOTWWHHX ypap-
Henuit, rac § — koncrantsl, Crienobatenbho, 3akod 'yka B oGoGuwientoft
dopwme eanuuiercs TaK:

&4 = SypCusi @8.1)

BIICCL S5 — nOOAmAuBOCMY  KpUCTanna. Ypashenwe (8.1) samensieT
JIeBSTh YDABHCHKML, B K&KJOM M3 KOTOPHX CIPABA CTOMT LEBSITH WIEHOB.
Bcero mmeercst 81 xoa(dmunent sy,

Ecu npunoxena TOMbKO OAHA KOMIOHEHTA HAMPSKEHHH, CKAKEM Oy,
TO W3 ypasHenus (8.1) BMAHO, uTO MOTYT OBITH OTJIMUHEI OT HyJs BCe
KOMTIOHEHTH JAedOpMaunH, a He TOMLKO €. OTCIONA BHTEKAeT, YTO eCiu
TPSMOYrONbHLI  CTepKeHb, BHpPe3aHHbt M3 KPUCTaana, NOABEPIHYTDL
OIHOOCHOMY PACTSIKEHNMIO TAPA/IeNbHO YeTLPEeM ero PeGpaM, TO CTepKeHb
6yner He TOALKO YIMHATLCS B HAMPABJEHHH PAaCTsKEHHs, HO W npe-
Tepriesats Capur. Ilpn 9TOM BCe yran MeXmy peGpamu CTaHOBSTCS OT-
JMUHEIME OT NPAMUX yriioB. ECTECTBEHHO, uTO, ecan Myl GyJAeM MHITaThes
M3OTHYTH KPHCTAL YHCTO M3
HATDMIEHNE K ero KOHUaM, T0 CTepeHb GyneT B OOUIeM Ciydae e
TONBKO M3rHOaTLCH, HO M 3aKpyumBaThesi. COOTBCTCTBEHHO, €CNM MOMHI-
TAThC 3AKPYTHTH CTEPIKEHb M3 KPHCTANNA, TPUMAras K ero KOHUaM UHCTO
KpyTsllee HANpsKeHHe, TO B OOWEM Chyuac CTepxeib GyneT 3aKpyuu-
BaTbCS U MBIMOATLCS.

Moxuno nocrynuth unave
€ TOMOWBI0 ypaBHeHWH

depes

Oy == CopniCr 8.2
THE Cyjpy ~ KOHCMLGRMEL 0iC2CMUCOCHU KPUCTANNA, HMCAO KOTOPHX PABHO
81. Ecan ypapHewwsi (8.1) pemnTb KaK CHCTEMY COBMECTHHX ypaBHE-
Hu#t HO Oy, TO mouny 51 cHcTeMa B ¢opwme (8.2)
c MU Cpypy B, Sijne
DopMa  COOTHOWICHNS MEXLY Cpypy W Syppy pﬂccm’rpusac’rcn B§7mn
B IX, § 4, n. 2.
DHBHUCCKUH CMHCHL Sy MOXHO [OHSTb, TPEACTaBUB cele, YO Ha
KpucTann neficTBYIOT p npocThie Ecam 610 Gruio

CABHIOBOE p Oyz, TO, , UTO B OTCYTCTBHE
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OGbEMHBIX MOMEHTOB ') o;, He MOWeT OWTb TIPHIOKEHO §e3 Oy,
MBI TIOAYuHIH Gbl

e11 == S92+ Suizi%s = (S + Su1z1) 91

Kod(HUHEHTH Siy;3 M Syp BCEMNA MOSBASIOTCS BMECTE; €CM He NpH=
HMMaTh BO BHUMAHME OGhEMHHE MOMENTH, TO B NPHHIUNE HCBOSMOXKHO
npencTaButs ceGe SKCTEPHMEHT, NPH KOTOPOM MOXHO ObIO Gl OTHe-
IMTH Syyyp OT Syppy MM, B Gosee oOuteM cryuae, Sy OT Syy. (Anano-
rHYHAR CHTYAUHS WMENd MeCTO M C Mbe30S/EKTPHUCCKMMM MOLYJISIMU
B ra. VII, § 1.) Tlosromy, uTo6b n3bexath NOSBJEHHS NPOM3BOJLHEIX
NIOCTOSHHEIX, GYJEM CUMTATh PABHBIMH JIBE KOMIOHEHTHI:

= Sijtpe (8.3)
Bumecte ¢ TeM, ecan Gu G0 pacrsir

HanpsKeHne napanienbio OXs, TO KOMIOHEHTH Ae)OPMAlMM 3anaBanuch
Oul B BuAE

Sijut

€1 == Spag¥ss  Eg2 = Sagesday
u 1. A. B uacthocmy,
€12==Sppgsy M €y = SyagTage

Ho wus TeHsopa (em. ra. VI
crenyer, ln‘o e, == &,. [Tosromy s‘m=sms, W B OGWEM cayuae Mbl
nosyuaeM, 4TO

Stjrt = Sjinr- 8.49)

Baaronaps cooriomenusy (8.3) u (8.4), Toabko 36 us 81 komnoment s,
SIBASIIOTCS HE3ABMCHAMBIMH.

Jlns onpeleneHus KOHKPETHOrO 0 CMbICAA
TOB Cypy B YP . c
HaNpsHKeHHK, MPHNOKEHHHX K KPHCTAnny W BHIOPAHHBIX TakuM O06PasoM
4TOGH BCe KOMIOHEHTH JeopMauuit MCuesanm, 3a MCKJIOYEHHEM OMHOM
HOPMa/bHOR WM Taps CABMrOBHIX KoMnonent. Takum oGpasom, uTOGEH!
BOBHHK/H CHBMrOBHIX 1edop € M ey,
HEOOXOHMO SaLaTh HATpMKCHNS

04y == Cyprofrg - Cypaifar = (€, l]l2+ ”qzn) Bt

Onsite Mt uTO BCerna BMecCTe,
nonapHo pasHsl Apyr apyry. Torna B oGwieM cnyuae

== Cyppe (8.5)
PaccMaTpupasi HacTHHe CaydaH, KaK STO JENANOCh BHUIE IR Syy7, MOKHO
HaftTn, 4TO
Cupet == Cjune 8.6)
1) Cm. npumeuanve 2 na cp. 111,
1n*
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Baaronaps coorHowenusM (8.5) u (8.6) uMCNO HE3ABMCHMLIX KOM=
HOHEHT €y, TAKNKE yMenbiaercs or 81 no 36.

Toxaxem Tenepnb, 4t0 81 KospPuUHEHT S;;); 0OPA3YIOT men3op uem-
8epmozo panza. TeH3op eTBEPTOro paHra, NOAOGHO TEH3OPAM HMBMIMX
paHros, ONpeNeNsieTC ero 3aKOHOM npeobpasoanusi. COBOKYNHOCTH M3
81 uncaa Ty, OMMCHBAIOWIAR HEKOTOPYIO (PMBMYECKYIO Be/MuHHY, 0Gpasyer
TEH30p UETBEPTOO DaHra, €CIH 9TH YHCJA TIPH HBMEHEHHH CHCTEMbI
KoOpAuHaT npeobpasyiorcs B T, rae

’
Tijt = @101 4004p T runop @®.7)

YroGb! 10KaBATH, WTO Sy, OGPAsyiOT TakOH TEH3OP, mOCTYNMM Cre-
nyiommM 06pasoM. Mel umeeM

&)= Gy By ®.8)
&0t == Spimn®mnr 8.9)
n = Gom By (8.10)

DTH TPH ypaBHeHMs CBSIBaHHI Mexy coGod Tak:

P69, 69, 60, o

Tl CTPesIKa 3aMeHsieT CNoBa uepes...“. py# (8.8) —
(8.10), nonyuaem,

slj—alha}lsklmnaom o op

Ho

’ ’

&y jop°op®
NOSTOMY, CPaBHHMBAsS KOI(M(DMUHEHTH, HAXOLUM

8% jop = Atk 1%ompnSitmne

Hakonen, 3aMeHsis MHIEKCH CYMMWDPOBAHMS, NOJIyuaeM
’
810t = UmnroWpS mnopr 8.11)
T. e. NpPHBEACHHEI BHILIE 3aKOH Tensopa
panra. Uro6m euwle pa3 mnokasatb, HACKOALKO 0G/IeruaeTca samich npu
OTMETHM, 47O ypasHenue (8.11)
CooTBeTCTRYeT 3% YpaBHEHNAM, B KAK/OM WO KOTOHIX WMEETCA 3% U7eHOB
C npaBo#t CTOpOHHI, T. €. ypapueHue (8.11) comepxur Bcero 3%=6561
UNeHOB.
TlpuBecHHOe BLILE NOKA3ATENLCTBO HOCHT o6t xapakrep. Ecmm
1B TEH8OPA BTOPOro paura A, W By, cessaubl ypasHenuem
A,]

CijuB
7o Benmunnnt Cyyy, 00pasyioT TeHsop uereproro pamra. Otciona cie-

JLYET, UTO YNpYTHe MECTKOCTH Cyp; TaKiKe OODASsYIOT TeHsOp HerBepToro
panra,
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§ 2. Matpuunsie 0Go3nauenus

Biaronaps CuMMETPHUHOCTH S5y W €y TIO MEPBLM ABYM M MOCHELHHM
IBYM HHIEKCAM Mbl MOXEM WCMO/Bb3OBATH MATPHUHHE O0GO3HAYEHHS,
"

p rnase. K p
dop KK ¥ BBIILE, sl C oMM npoGeraro-
uuM suavedns ot 1 no 6:
[om oz oa | [a % o7
O12 92 %3 [—>| % % O |,
Log oy omgl 105 o5 Oy
o de Lo
— - 1 2% 3% 8.12)
e f12 g1 1 ¢ )
f13 2 f || g € PR
-G Fa a3 1
2% g s i

B Sy M €y NBA NEPBHX MHNEKCA MOXHO OGBEJMHHTL B ONMH, MPO-

Geraioumit sHavennss ot 1 10 6; 1ABa NOCACHHHX MOXHO OGBEAMHHTDL TeM

e Cnoco0OM; B HTOFe INONYYAeTCs CJEAYIONLas CXeMd 3aMeHH WHIEKCOB:
Tensopuue obosmavenmsi: 11 22 33 23,32 31,13 12,21,
Marpuunble o6oanavenms: 1 2 3 5

Tipu stom 2u4

y P
Syyuy==Spn» KOTAA M W 1 paBui 1, 2 wm 3;
28,41 = Spyp» KOTLA MM m wid n pashit 4, 5 wm 6;
483y == Sy KOIJA W M ¥ 1 pavun 4, 5 wm 6.

Paccvorpum  Teneph  ypaBuenmsi (8.1) M e M €y, HAIMCAHHBIE
B D43BEPHYTOM BHIE,

e = Syu0u + S + Stug®is+ | €28 = Saau%u + SansOrat+ SpmeCrs
+ Su21% + Suuzmee - Suzsda + - S232101 + Sagm02 + Samac2 +
~+ Sua0s + Suse + i —+ Sa0a1031 ~+ Span0a - Sansase

B ) 3 9TH ABa Y P BHIL

1 1 1 1 1 1
&= 5,0+ g S g St | &= 5 Sus F-g Su%e 7 St +

+y

1 1 1 1
1% + Siz0 5 Sus 7 8% + 5 S 7 Sus +
1 1 1 1 1
+ 5 5% + 5 S0+ S + 7 8% + 7 Su% + 3 Su0s

W
§=5;0, M  e=Sy).



166 I'a. VIII. ¥npyzocts. Tenzopet 4e16epT020 parea

CrenoBarensho, B o0uieM ciyuae ypasHenns (8.1) MOXHO sanucaTh Gonee
KDATKO TaK: )
&= 5;9; G Jji=12 ..., 6). (8.13)
Muowutenn 2 w4 DBBOLATCS B ONPENeNeHus S, NOTOMY, 4TO TaKmM
nyTeM ynaercs usGexarh NOSIB/ICHUS STHX MHOXuTeNeH B ypaBHeHuH (8.13)
H ero MpXHO BaNncaTb B KOMIAKTHOH opMe 1).
Jinsi €5y MHOMHTENM 2 W 4 BBOmMTH He HywHO. [Tostomy, ecan Mu
3anHIeM npocTo
Cijut = Cmp @ j.o ko 1=1,23 mn=12...,6)
70, PasBepTHBAs HCKOTOPHIE WEHN!, MOKHO N0Ka3aTh, YTO ypanHetus (8.2)
npunumMaior Gopmy
g=cyg; (& j=1,2 ..., 6). (8.19)

TaGmuubt §;; W C;y, SANMCANNLIE B BHAC KBANATOB

S Siz S13 Su S5 Sie Cu G2 3 Oy O3 Cre

Spt Sz Sag Sas Sps See O Cag Cpy O3 O Ca

Sst Sz Sy S Sss Sge . Cg1 Cyz Cyg Cy Cg5 Cop (8.15)
Sat Saz Sas Su Sas Sae Ca Gz Cay Caa Can o |1V
Se1 Scz Sss S St See C1 Gz O3 Co4 Coy Cop

Se1 Sez Ses Ses Sec Sce lcu Coz Ces Cos Cor Coo

oGpasyioT Matpuun (s;;) u (C;). 3aMeTmM, uro s;ech, Kak M B Cly-
4ae Mbe30d/ICKTPHUCCKHX MORYICH, S W €y, HECMOTPSl HA HA/MUME ABYX
MHIEKCOB, HE ABNAIOTCH KOMNOHEHTAMH TEH30pa BTOPOro paura v TIO3TOMY

He npeoGpasyloTcsi MOAOCHO TaKuM Tlas np
HX K JPYrHM OCSM p BEPHYTHCH K P
060BHAYCHHSIM.

§ 8. dueprus ned)opMupOBAHHOTO KpPHCTAMIA
PaccmoTpuM  kpucrann, B p [
Gopmy enuHMuHOrO Kyba, M UTO OH HCI Manyio

P b c e;. Tlyctb Temepb Bce KOM-
noHeHTH snedopmaunn BO3pacTyT N0 e€;-}-de;. Jlokawew, uro pabora,

p npH STOM oy, neltcTBy
Ha rpanu Ky6a, BHIPaXaeTcs B Buie
AW =oa,de; (=12, ..., 6). (8.16)
1) 2u4ds

Sijpp @ He B (8.13)
cornacyercsi ¢ yCTaHOBMBuIEHCS NpakTHKOH (CM., HampuMmep, [M]) u ¢ o6osna-
yeHunMH, BBeNeHHEIME Pofirtom [92]. Bycrep [96] npumenser o6patubiii cnocoG.
TocxOonbKy BOMOXHEI JiBa cnioco6a 6onbs
wyi npu sHaveN




§ 3. Anepausn dedopsuposantozo Kpucraria 167

Chauana mp uTo ¢ g
10 &, -}-de,, TOrna KaK ocTanbHLE p "
uenTpa Kyb6a OCTaioTCsi HewaMeHurmu. [Tpu sToM Kaxnas ua ZBYX rpaHeft,
nepueHauKynspuExX OX,, CMECTHTCS MO HANPABJCHWIO OT UEHTPA Kyba
Ha Yy de,; Ipyrue dYeTHpe rpaHM NPOCTO YBEIMHATCH MO TUIOMIAMM, 4 NO-
JIOXKEHHsI MX LEHTPOB He uaMensitcs. Tawum oOpasoM, pafora, mnpouspe-
neHHas CMlaMu, NCHCTBYIOUIMMH HA MOCJEIHHE YeThIpe rpanu, Oyner
pasua nymo. PaGora, npowmspenehnas Cunofl, jeHcTBylOulel Ha rpamm,
neprenaukyspusie OX;, PaBHA WX CMELICHINO, YMHOMXEHHOMY H3 HOp-
M/IbHYIO KOMIOHEHTY CWIM, T. €. 20,!,de =o,de,. Mb noayumn
uned ¢ {=1 B ypasnenuu (8.16); umeunt ¢ {==2 u {=3 HaxonsTCs
aHAJIOTHYHO.

[Mycrs Teneps p Hamu KyG mp
capura, Bynem cuurate, uTO ABe rpamu, nepnen}lukyﬁnpuue Ox2. cme-
wawores B npo’ruaouonomnux HANpaR/eHuAX napaniensio OXxy TaK, uTo
no e,—}-de,. Tlpu sto#t necop-
Mauuu (npocToit CchBHr) U.CHpr! rpaxelt, nepreHuKy apHHX Ox,, CABH-
raorcs na paccrosmue '/, de,. Komnonenra cuan, AeHCTBYIOWAs HA rpany
B 9THX HanpaBienusiX, ecth o, C. pa6ota, np
PAacCMATPUBACMLIMM  CHJIAMM, BAIMCHBACTCS B BUle 20, « Y, dey == o, dey.
Ynennt ¢ {==5 u {==6 B ypapuennu (8.16) nosyyaloTCH AHANOTHUHEIM

B wurore Mt y , uTO Yy (8.16) B 0603Ha-
YCHWH MPHHMMACT BHJ

AW =g, de;; @ j=1,2 3).

Vpasrenve (8.16) aHanOruuHO ypABHEHMSM /18 PaGOTH HAMArHMYM-
Banus (3.11) n Ansm paGors monsipusaumu (4.9). Kanoe ua sTux ypas-
HeHu#t MMeeT AN eIMHHYHOrO oﬁhema Gopmy ,cunu¢ (H,, E, um o),

Ha Manoe “ (dB, dD, win de;). Tak xe Kak

B 9JIEKTPMYECKOM M MATHMTHOM C/yYasX, Mbl Teneph JOKAXeM, uTO

MaTpuua, nBE TaKHe [B naHHOM cinyuae MaTpu-
ua (c;)], cummerputa.

Ecmu npouecc ned u o6patumo,

TO mpowseesienHas paGoTa paBHa nmpac-raumo cnoﬁonuou sneprun dW,
M 08 eIMEMYHOrO O0HEMA MOXIO Hanucath

8.17)

Ecmi Bumoznmsercs sakon Myka (8.14), To 970 ypapueuue NPHHMMAET BHL
AW = cyye; de;. (8.18)
CrenosarensHo,

o
e Gt
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(JLoKa3aTeALCTBO  CIPABEANKBOCTH ITONO ypaBliews aHajlordyno npu-
penennomy B . I, § 2). Iugdepenunpys obe uactu ypasuienus
1O €;, nonyyaes

o (owy_ .
a5 \oe, ) =
Ho tax xax ¥ ectb @yHKuHﬂ TONBKO COCTOSIHKA TENa, ONpenesseMoro

KOMNIOHEHTaMu Aed)OpMaLliy, TO MOPSAOK Mu(epenuupoBanHs He HMeeT
BHAYEHWSl W JeBas CTOPOHA STOrO COOTHOLIEHHS CHMMeTpuuna no i W j.

flosrouy I (8.19)

¢y

Ha ¢opmii coomiowennss Mexay ¢, w sy (oMo ra X, § 4, m 2)
Cnenyer, uTo W

Sy =S (8.20)
Baaronapsi cMMMETpUuHOCTH MatpHiL (¢y;) W (S;;), onpesensemoft CooTuo-
meHusvu (8.19) u (8.20), uMC/IO 1E3ABMCHMBIX HKECTKOCTEH M NOAATIH-
BocTelt yMenbinaercs eiue Goabie — ot 36 1o 21.

Wnterpupys ypasucuue (8.18) w wcnossays coornowenme (8.19),
HAXOLMM, UTO OTHECENHas K cauwue ofbema kpucraina paGota, HeoO-
Xonumas Aist dop g op degpopma-
yuu, paBua

e ®.21)

[cp. dopmyny (3.17)].

§ 4. BausHue cUMMETpHH KpHcTanja

BC.’IﬁllCTBHE CHMMETpUH  KPHCT2/JIa  4UCJIO  HEe3aBUCHMBIX SU " E”
yMenbinaercs euwe Goabue, CreiyeT OTMCTHTL C CAMOrO Hauana, uTo
YNIPYroCTh SBASIETCS  LEUTPOCHMMETPHYHHLIM CBONCTBOM. TO O3HAuaeT,
4TO ecsu ocH P HenTpa CUMMETPHH,
TO KOMNOHENTH Sy W Cyjpy OCTAOTCH HemsMenHbiMu. JlokasatenbcTBo
9TOrO MONOMKEHMS BEChMa NMPOCTO. DIEMEHTH @;; MATPHIL NpeoGpasoBa-
HHSl PaBHi B faHHOM cnytae —3,,. Tloaromy, coruacio ypabueiio (8.11),
MH HMeeM

’
Sttt == B judrdipSmaop = Sijet

B COOTBETCTBHH €O cBolicrBoM 8y (cM. crp. 53); ans ¢,y HOKA3aTenb-
CTBO anaiornuto. OIHAKO JPYrue 9JICMeHTH CHMMCTPMHM HajaraoT Ha
ynpyrue Hoonp orp , KOTOpHE Mbi Ternepb
BOJOKHB pacemoTperb. st 9THX Orp. e
COBEPIIEHHO TaKMe JKe METONBl, KaKk B C/lyyae Tbe303/IEKTPHUECKHX
monyneit.

a) Coobpadicerus, 8 OCHOBE KOMOPILX ACICUM AUMLG QHAANS CUM~
Mempuu Kpucmaasa. YCIOpHs, NANATACMHE HA S;; W Cjj YACTO MOMNHO
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NOAYYATH HENMOCPENCTBEHIO MyTeM PACCMOTPEHus CHMMETpMM Ges mpu-
MeHEeHHst aHANMTHYECKHX METOAOB, KaK 3TO JeJialoCh Bhllle ANf Nbeso-
9NEKTPUYECKHX MofyJell. PaccMoTpuM, HanpuMep, NONATAMBOCTb Sgy AJISI
opropombueckoro kaacca 222. Oma XapakTepH3yeT PACTSNKEHHe B Ha-
ﬂpaﬂﬂeHHH OCH 0)63, KOTla K KPHUCTamly MpHIOMKEHH CABHIOBHE CHJLI

Oxy, Kak na ¢ur, 53, a.
l'Io,lleﬂcTByeM Teneph Ha BC!O CHCTEMY (KPUCTam TUIOC CABHFOBBIE CHJbI)
0CHIO BTOPOTO MOPsAKE, Mapaenbolt OX,. Kpucrann npu sTom ocraercs
HEU3MCHHEIM, TaK KaK €ro CHMMETHS BKJIOYeT OCb BTOPOrO MOPSAKE;
T0 e Oymer W c pacrsienueM, napamiesbhbiM Oxy. OnHako cwiw,

K rpaism, Ha CUJB, na gur. 53, 6.
Iy
—t P —
T 0, I E?
l L 1 b
prmm— ———
s
a 6

@ ur. 53. Cxema, nokasusaomas, Yto A8 kiacca 222
TOAATAMBOCTE Sy PABHA HYAIO.

Crienopate/lbio, Mil HMEEM TOT e CaMBIft KpPHCTaml, MO-NpexHemMy
pacTsiyToi#t BRO/ML nanpasiienns OX,, HO NOL AEHCTBHEM NPOTHBONOJONK=
HBX CHI. DTO BO3MOXHO JMIUb B TOM cnyqae, ec/H pacTsXKEHHE paslo
Hymo Taknm 06pasom, Sy, ==0. AHAJIOrHUHOE PACCMOTpPEHHE MPUMEHHUMO
K BY B P X KpucTaniorpag)
KJaccax.

6) Memod npsnod npogepku. C noMOwbio Merona mpsMoH npo-
BEpKH, OMHMCAHHOTO Ha cTp. 146, MONHO OHCTpee BCEr0 OMpPENCIHTH
HC3ABHCHMBIE YNIPYIHE KOHCTAHTHI /IS BCEX KJACCOB, 3a HCKIOYCHHEM
K/IACCOB, OTHOCSIIMXCS K TPHFOHANBHON M reKcaroHanbHoM CHCTEMaM.
Jlas MAFIOCTPAMK STOFO METORA NOCTATOUHO ORHOrO mpumepa. Bulepen,
ckaxem, Kiacc 4.

Tak Kak och 4 X3 TO OCH peo6p
CResyIoWuM 00pasom:

152, 2->—1, 3--—3.

C HO, 1npH uenb M napst
npeo6pasyloTcs 10 NpaBuay

1->22, 2211, 3333, 23-13, 3l—>-32 1221,
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Py

[pu s

M p HMEIOT BHIL
1-2, 21, 33 455 5—->—4, 6—>—6.
Tab/M1a MHACKCOB, BEIMCAHHAR B BHJIE MATPHLLW B OGBIHOM nopsiake (8.15),
npeo6pasyeTcss TOrAa TaK:

22 21 23 25 —24 —26
1 13 15 —14 —16

33 35 —3t 36
55 —54 —56
4 46

66.

Mst ONYCTHIH HWKHIOID JIEBYIO NOJIOBHHY Taﬁlllrll.lhl, TaK KaK MaTpHua
cumMMeTpuunia. IlpupaBHuBas 9Ty Tabauuy, KOMMOHEHTY 3a KOMMONeHTOH,
K TNepBOHauajbHOH, MOXHO Cpasdy BHAeTb BCE COOTHOWIEHHS MEXIy
KOMIOHEHTAMH:

3nech MCMO/BL3YIOTCA Te e O6OBIAUCHHS, UTO ¥ B Taba. 9: ManeHbKue
TOUKM O3HAYAIOT KOMIOHEHTH, PABHEIC HYJIO; JKMPHHE — KOMIOHEHTHI,
OT/MUHBIE OT HYJS; JIMHMM, COenMHsIOLIHE aBe KHPHBIE TOYKH, 03HAYAIOT,
UTO COOTBETCTBYIOLINE KOMIOHCHTL PABHLL APYr APYTY; XHpHas TOUKA M

CBET/bIE KPYIKOK, nuHACH, y pas-
HEIM, HO APOT no suaxy
8) P orn Bcex Kpucman. x Kaaccos. Ins

TPUrOHANBHON M TeKCAarOHanbHOM CHCTEM HEOGXOLMMO MDHMEHSITH AHATH-
Tvdeckuit MeTon (TaK JKe, KaK M B Cyuae NMbE303JEKTPHYECKHX MOZyJel).
MeTo/i NpsMOM NPOBEPKH MONHO HCIONL3OBATL BO BCEX APYIMX Clly-
yagX. YMCNO HEBABMCHMBIX KOMIIOHEHT MOXeT OLITh Tarke YCTaHoBJIeHO
C MOMOWIO TeOpnH rpynm. Pesynbrarsl Ansi Marpwil (s,,) n (cy) npue-
nenn B Tabn. 9. Bce oGosmauenys nawm B navane TaGamubl. YToGw

TOSCHUTH CMBICA 06O0BilaucHui, OGpaTHMCS K Kiaccam 3 u 3, Ans KOTOPSIX

Si5==—Sp  Si=2%5 Ses==2(Su— S1o);
1
Cg==—"Cp5 C4g==Cope  Co6 == (e — Cpa)-
Yueno B cKoOKaX BO3Ne KawuaoH

Marpuupl. OpHenTains ocell KOOPAMIAT COOTBSTCTBYET NPABHIAAM, PEKO-
menposannnmM IRE [86] (cM. 2), sa muek 06060
OFOBOpEHHHX Cilyuaes.




§ 4. Bausnue cumserpuu Kpucrarra 1m

<opMa nprBeNeHHON B Tabawlle MaTPUUL! ANsS COBEPIIEHHO H3OTPOM-
HOMt CPelNbl [MONYYAETCS M3 MATpPULLI AU KyOMdeckol CHMCTeMH, ecau
NOTPeOBATh, UTO €€ KOMIOHEHTH HE JIO/IKHM HSMEHSTHCS MPU MOBOPOTE
Ha 45° BOKPyr oceff KOOPAMHAT (MOXHO IIOK43aTh, YTO NPM BHIIOJNHEHHH
9TOr0 YCIOBWSI MaTpuua He OyACT MBMCHSITBCH M NpPH JIOGOM NMOBOpOTE
ocett). Buille Mu ycranouwiM, uTO CBOMCTBA KyGMHECKHX KPHCTAIIOB,
OMMCHBACMbIE TEH3OPAMH BTOPOTO PAHTA, WBOTPONHL TENEph ML BHIHM,
uTO ympyrHe KyGHUECKHX
YeTBEPTOr0 paHra, He fBASIOTCH M3OTPOIHLIMH.

2) Yucaennells npusep. JLns 4CNEHHOTO NPHMEpA BhIGEPEM KpHCTAML
AMTHAP ¢ aMMOHuUSl, NpHHAL K Knaccy 42m. (VimenHo
Ans 9TOr0 KpucTanna Ha crp. 149 npMBOAMJMCE NaHHBiE O TNbe3o-
9JIEKTPHYECKUX CBOHCTBAX.) KOMNOHeHTH MaTpuiL (s,,) u (¢y) B enunu-
uax MKS?!) npu 0° C ans sroro kpucraana, uamepexnnie Masonom [64],
MMEIOT CJeLyIOuHe 3HaueHus:

(18 07 —11 0 0 0
18 —11 00 0
43 0 0 0 >
()= uzo o (X107
1130
162)
(071 —020 0130 0 0
0710130 0 0
00 0 o
ey = ooss 0 o |X10%
0088 0
0070}

1. JlonosiHuTe /IbHBE OrpaHHYeHHs, HANAraeMbie HAa ynpyrue KOH-
cranth. Dueprus Leopmaunn Kpucranna, sanasaemas dopmysoft (8.21),
JomKHA ObITb TOJMOKHTENBHOM, MHAYe Kpucrann OyneT HEyCTOHUMBHIM.
310 osuauger, uro KBanparnunas ¢opma (8.21) momkna GuiTb cyue-
CTBEHHO NOJIOWHUTENbHON, T, €. GuTh GOJBIUE Ky st s MOOHX neHCTBH-
TeJbHHIX 8HauYeHHH E‘/‘ 33 HMCKJIOYEHWeM cayuas, Koraa BCe EU PaBHbI
Hymo. JlaHoe ycnOBHe HanaraerT Ha Sy M C;; LOTIOMMTENBHME Orpa-
MHYEHNS, KOTOPbIC MOXHO HAUTH OOHIMHLIMH AnreGPaHvecKHMH METOLAMH
(cM., nanpumep, [38]).

JIA1% TeKCarOHANbHEIX KPHCTAUIOB 9TH OTpaHWYeHMs AJA Cj TaKOBH:

>0, ey >lenl (eutcu) ca> 263,

1) B cucreme MKS ¢y # sy usmepsiorcst 8 R/M® il M*/H COOTBEICTBEHHO;
1= 105 0 1 1o/t == 10 Dafes?



TABJAUIA 9
Dopma mampuyy (sy) u (cy)
O6osHavenus
®  KOMNOHENTa, DaBHask Wy,
®  KOMIOHEHTA, OTNMYHAA OT HyJs,
@—8 paBHLIE KOMIIOHEHTSI,
.-.-oxounoneum. paBHbie [0 De/WYMHE, HO MPOTHBONOJOXHHE [0
s s @ xounoueum paBlias N0 BEAHUMHE YABOGHHOH KOMIOHEHTE,
Gpaennol WupHOH TOUKOMH, € KOTOPOH CHMBOJI COEAHHEH JIHHHEH,
s ¢ © KOMNOHeHTa, DaBHAs NO BCAVYMHE KOMINOHEHTE —H30GPANENHOR
JKHPHOM TOUKOM, C KOTOPOH JAHHBIL CHMBOJ COEAMHEH JIMHMEl,
s X 2(sy—sn),
e X —2—(0“—013).
Bee matpuu raanHoit

TpuraunHas cucmema
06a xknacca
(R Y NN
LR X NN ]
ec oo
° . o

(@0

Monoxnunkan cucmema
Bee xnaccor

Oeo 211z, @00 :-0- 2l /@O @ * @
(obsrunon ee-0 - LRI
opuenmayus), ®.0 - e--0
e -0 L] .
® - .

o/ (13) e/ 12

OpmopomGuveckan cucinema Kybuveckan cucmema
Bee knaccor

| ()

172




Tempazokanohes cucmema

Knacest 4, 4, 4/m Knaccor 4mm, 32m)} 422, 4fmmm

° .. . e

Nl Nl
o . ® ..

~

L4V 6)

B ThuzoHanukas cucmemo
Kaaccor 3, 3 Knaceor 32, 3m, 3m

AL
N

fexcozokanoHan cucmema

Bee rnaccor

N

* ToxoR BN MMeeT MaTpMuA nas OOeHX BOSMOKNLIX OpMenTaumit ans knscca 42m (2%, n

71 L %), TIOCKOALKY NDH ROGGDACKYM LICUTPR CHMMETPHH STH ABE OPHEITALMHA NePAGAH 1ML

173
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,u..'lﬂ K)’ﬁM‘lECKHX KPHCTA/NI0B OHM 3ANHCHBAIOTCA B BUAE
>0, cy>lenl eut20;>0.

Ha nonarmmeocT s;; HanaraloTCa TAKHE e OTPaHMuEHHS.

2. Coor Meny u ped: aas
H3OTPOMHBIX Ma 08, Mcnonbays np BTaba. 9 Marpuuy (s;;)
AN M3OTPONMHHIX MATepHanoB, MOXKHO BBIPA3HTHL S” Yepes Gonee npu-
BbiYHBIE BeMuMHB: Molynb }Oura w Momyab caBura. CHauana Mbl Bbi-
nuueM y P uepes KOMMo-
HEHTBHI p M Ans Cp PAAOM TE e Camuie
BENMYMHBL B (JOPME, UACTO WCMONb3yeMoit B yueOHHKAX O Teopyu
ynpyroctu:

&1 == 8110, + S0 + 8129 &= % [o; — v (o -+ a3l
8 == 8130, + §1,95 + S1209 “32:‘15 [a — v (o5 +-0)))
o= 5101 - Sig%2 +Sude o= [5 — v (G, + o)l
& =2(S; — S1) % 54=*(lj°p
ey =2 (511 — S s s =0p
e =2 (51— S12) %> ‘o"—'*lder

3nech E—wmonynb [Owra, G-—wmonynb cosura M v— KoS(huMent
TMyaccona. C ¢ iy BEIP cnena
W crpaa, monyuaeMm

1
Su=gr Se=—a ¥ 2(u—Sw) (8.22)

OTKyNa BHITEKAET COOTHOWENHE
2
O=5ay-

 Mcnobays KOHCTAHTH! XECTKOCTH, BANMHLIEM YDPABHEHUS, BLHIPAKAIOLIME
HanpshkeHns depes AeOPMAUMM, W CPABHUM MX C AHAJIOTMYHBIMM ypap-
HEHMAMM, OOBIYHO HCIIONLBYEMLIMH B TCOPHM YNPYrOCTH:

0y == €148y - Cyofp - Crofus 0y =(2p-+Neg+rep-deg,

Op == Cyp8; + Ciiy Gt o =2, + (2p.+ ey + ey

Oy = Cig®y + ity - gg==le, +dey+ (2 -+ N ey
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1
a=ylu—cden  o=pe

1
% =5 (en— Cr)en O == pes.

1
o =5 (cn— )
Orciona

peg-

ey =2p-+A H cp=N\

§ 5. XapakreprCTHUECKHE NOBEPXHOCTH H MoayJb IOHra

Ynpyrre CBOHCTBA KPHCTA/MNA He/b3s MOJHOCTHIO NMPENCTABHTH ORHOM
nosepxuocTb0.  IlpakTuveckn ro/esHa MOBEPXHOCTb, M3OGpaxaioulas
uamenenne Monyns FOura ¢ nanpapnesneM. Ilpeanonoxum, 4TO H3 KpH-

CTaNna BEIPE3AH CTEpXKeHb, JJMHA KOTOPOrO na-
pamsienbiia NPOM3BOMbHOMY —Hanpasiennio Ox;.
Ecnn k 9ToMy crep IIPHAOKHTH
pacTaXenNs, TO B oneM cnyqae OHO  BHBHBAET
He TOJBLKO Np:
LK, HO TAKKE M neq:opmauuu cnpira. Monynb
IOnra B p
KaK p 0 K 1po-
nonbHOH neopMaumH, T. e. pasen 1/s],. OGuuto
HCIO/Ib3YIOTCS XaPAKTEPHCTHUECKHE NOBEPXHOCTH,
PpaKyc-BeKTOP KOTOPHX B Hanpasiesuy OX| npo-
nopuvonazen §{, wam 1/s;,.

B Kauectse npumMepa BO3bMeM KPHCTA/UI LHHKA,
npHHANNGKALMA K FEKCAroNanbHON CHCTeMe. 3ami-
ChiBAEM OOLUEE BHIPAKEHHE

s}

111 = G110 %0 Snpg
HCTOMb3YS COOTBETCTBYIOULYIO MATPMILY NOAATH-
pocte, npnaenenuyno B TaGn. 9, Haxomuy, nepe-
xona nocne K

R ——-—

8=y, (1 — )’ + sty
(s 25 (1= a) .
i
s’n = s, sin 045,080+
(8441 25,4) sin?0 cos?0, (8.23)

oy
310" %emYau

@ ur. 54. Lentpanvroe

ceyenHe XapaKTepHCTH-

HECKOH  FMOBEPXHOCTH

ans monyas kFOnra

wwiKa [45].

Aawun pasiyea-BeicTopa npo-

HopuHoHanL Sy, . €. 06-

PATHO HPONOPLHOHBALI MO~
Ry10 1OHra.

rae 6 —yroJ Mexiy mNpoM3BoNLHLM Hanpapaenues OX] # KpHCTamio-
rpaduucckolt ocblo z (0Chio Oxy). Tlosepxuocts s:x [CL l/s;,) SABASIETCH
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B AHHOM Clyyae MOBEPXHOCTbIO Bpauenus Bokpyr Oxg [lopatimsocth
KPHCTANNa MMeloT clenyiouye sHauesus [45]:
—12

Sy =84, sp=1,1, S;3=—7.8, s5=28,7, 54==26,4-10"" n?fn.
Ceuenne nosny npH 9TOM s, Ha Gur. 54.

Mu npuBeeM Teneph BHIPANKEHHE AR s"l—-ae.-mquﬂm. oGparuoft
monynio FOura, — B HaNpPaB/eHHK EMHHYHOTO BEKTOPA [; /IS PasiMUuHBIX
KpHCTAnor pahuuecKnx CuCTeM.

Tpursunnan cucmema:

fisy 428 sy -+ 23 Bsig -+ (2hialesid) + 2filsis +(2hbsiy) +

+ Bsnt-2Lhsnt (2lesy) +2bhsy +(Qhbsy) +

4+ st (2hfisa)+ 2hlise (2l +

Bl (bl + 2blise +

4 Llisy + (2fillesy) 4

+ Ll

Monokaunnan cucmema (0ObMHAR OpHEHTAUMs, CM. cTp. 336).
ans CHCTCMB HMeeT TOT e
BHL, WTO M AN TPUK/HHHOM CHCTEMH, eCIH OTODOCHTH WJGHH, B3RTHE

B CKOOKM,
Opmopombuneckas cuctmema:

By + 26 gy -+ 20 Fis1g - Bisy + 203 500+ Bses -+ Biisy 4
+ Blisg 1 Bsee-
Tempazonanvrasn cucmema (K Kaccul 1,4, 4/m):
(54 8) 1+ Bsso—+ BB @510+ 5e9)+
A5 (1—B) @sis+ 520 {208 (B — B)s,q).

Knaccu 4mm, 32m, 422, 4/mmm. To e, uro u B npeabiayLeM
cnyuae, HO Ge3 WIEHOB, BISTHIX B KBANPATHBIE CKOOKM.
Ky6uweckan cucmema:

Sy — 2(3“ —y— % s“) (Bl B+ BE).
Tpuzonasbnasn cucmema (Knacce 3, 5):
(U — B sy fiseg -+ 5(1 — ) (2514 5u0) +
2yl (353 — B)s g+ (20,8, (363 — £) 5,e).

Knaccw 3m, 32, 3m. To xe, uro B TPEAbLyIeN Caydae, HO Ge3
YJenos, B3ATHX B ksa}\pmuue CI(OGKM,
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lexcazonasvnan cucmema:
(l — lz)zs“ - Us,, +l'§(l — lg)(ism-}—s“).

Ormetum, 4TO Ans KyOuueckoil cucrembt monysib HOura we smaserca
uaorponubiM. Ero uamenenue ¢ HanpabJienMeM SaBHCHT OT (G N
+ B31). Dra Benwumna panna HyMo m nanpaprenusx ocel kyGa (100)
uMeET MAKCUMANhbHOE 3Hauenue, pamnoe !/, B nanpannemusx (111).
CrenoBate/sio, €ro BENMUMHA  (Sy; — Sjp— !/254;) TONONMTENLNA, KAK
9TO MMeeT MeCTO AJa BCexX KyG“‘IBCI(HX METaNJIOB, 3a MCKJ/IOYEHHEM
momubnena, TO HauGoubilee 3HAYEHHE MoAyns Onra COOTBETCTBYET Ha-

(1), a 100). T X
PaNMyCLI-BEKTOPH  KOTOPOM npmo nponopuuonanbhn  Moaymo [Oura,
Gyner rorja umerh (opmy kyba co CKpyrieuHoiMu yraamu u yrayGie-
nusMd B uenTpax rpamedl. Ee uentpanbumie ceueHus, mepreniMKysp-
upe (111), GyayT OKpyKHOCTAMH. PaBeHcTBO (S);— Sj3— Ya84) =0

sBASETCS  yCloBMeM ynpyro# usorpomuu. Ecma (s — 81— aSy) < 0,
7o Moayan [Oura umeeT HauMenbluee 3Hauenue B Hanpasienusx (111)
W nauGonbiee — B (100). TII ™ monyneh [Omra

MMeeT TpH STOM BHIIYKNOCTH B UCHTDaX rpareh 1),

§ 6. OOGbemHas H JHHeHHAs CKUMAGMOCTH KpHCTaNNa

a) O6semnas cocumaemocms. BHUMCIHM OTHOCHTENLHOE YMEHbIUE-
Hve ofbema KPACTANIA TOA NEHCTBUEM EJMHUYHOIO TI'HAPOCTATHYECKOTO
naBneHusl, HA3LIBAEMOe O06seMHOL cacumaemocmpio. B ypasnennu (8.1)
NONOXKM Oy = — pdy,. Torna

€)== — PStjudu = — PSijar (8.24)

Ilns o6bemioro ckatus A (cm. ctp. 125) nmeem
A=ey=— psyus;

TakuM 00pa3oM, oGbeMuas CxumaeMocth — A/p =sS;u,. IT10 noBHIL
npumep MHBapuanta, o0pasyemoro a3 Tensopa. B marpuutoM o6osiaue-
HuM OOBEMHAS CKMMAEMOCTL WMECT BHAL

Sut S+ S+ 2(Sip+ S5+ Sa1). (8.25)

T. €. npencrabnser CoGoH CymMMy neBaTH KOI(PUUMEHTOB, CTOSUIMX
B JEBOM BEpXHEM Yray Matpuubl nozatausocrell. Ouesuano, uro ans
KyOMYeCKMX KPHCTA/IoB OGBEMHAs CXMMAEMOCTh panua 3 (sy + 28,5);
9TO Ke CIPABENJMBO W I UBOTPOINHBIX MaTepUanos. Oﬂllﬂl(ﬁ B nocnen-

1) Usobpaxenusi nopepxuoctedt Mo Lﬁ“ tOura u Mnny:m KPY'ICNHs WMDY
npupogaress B kuurax Bycrepa [96] u Llimuna u Boaca [81).

12 fox. Hal
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HeM Ciiyuae OGBINHO HAa OCHOBaHWM COOTHOWeHuH (8.22) pBOAST Beau-
unHy, 0OpaTHYK OGBEMHOH CUMAeMOCTH — 0052MHbli MO0y b
Kot £
3(sn+2s13) 3(I1—2v)
6) Jluneiinas cocumaemocms. JluHelHas CKMMAeMOCTb KPUCTajIa

ecTh OT JUTUHBL poro oTpeska, B3ATOrO
B KpUCTaJle, TIPU JeHCTBUM HA KPHCTAJNI eIMHHYHOrO CUAPOCTATHYECKOTO
naBnerus. B obuieM ciyyae ¢ Hanpa-

BJieHHeM. YIJMHelue OTpesKa, JIeWallero B HaNpaBjieHMH elHHUYHOro
BekTOpa I; (cM. cTp. 126), non neHCTBHEM IABJIeHHS p MOMXHO, MCOJb-
syn (8.24), sanucarb B BHIE
eyliy=— PSyulilys
TaKuM 00pa3oM, JMHEHHAs CHUMAEMOCTb
B=sijnalily- (8.26)
Hmxe np 2 BCeX Kp pad! cucteM
AR B B MATPHUHOM 0GO3HAYeHNH.
Tpuxaunnasn cucmema:
B == (511 Sta 519 B (510420 20) hla (515 S5 - S0 Iy -+
N p
(812 8oz +S2) B +(Sua - Sae S00) el - (S19+ Saa +-Ss0)ls-
M, [ Y (crp. 336)]:
B=(su+su-+sw i+ (nt s+ s i+
2
- (S13 = Sag + Sa9) s+ (S15+ Sag + Su0) Loy
Opmopoubuteckas cucmenma:
B= (511812 81 B+ (Siz 4 S+ $29) B S0 50+ 500) .
Te asHas, mp 1bHaR U ABRAR CUCTE MBL
(Bce knaccu)
B= (st S50 — G+ 810 — S10— 5w -
KyGuuecran cucmema:
B= 81+ 2812.
Hrak, suHelHan CKUMAEMOCTh y ONTHYECKH ONHOOCHHX KPUCTA/IOB
py JHHO TNABHOH OCH
Ilns xy cHcTeMbl P cepa a3
KyOHMueCKOro KPHCTAJUIa My MMAPOCTATHYECKOM CXKATHH OCTaeTcs Chepol.

§ 7. CooTHOWIeHHs MEXRY NONATIMBOCTAMH H KECTKOCTAMH

YpapHenus, BHpaKawLMe ;; Yepe3 ¢y, w HaoGopor, Gyayr Bune-
feHs! B crenyiomtell rziase. 3hech Mbl NaIMM MWL PAL TIONEBHBIX €O-
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OTHOUICHHH Mexay s; W ¢y aus P PHYHLIX
knaccos [17]. _
Tpuzonansran cucmema (xnacce 3m, 32, 3m):

Svn Saa S13
entep= - ="y Crg=——g"»
. sn+ S
B=
rae
2
§== S5 (511 + 510) — 2813
"
2
8= 84 (11 — S10) — 281
Tempazorasstan cuctmema (Kanaccu 4mm, 2m, 422, 4/mmm):
1 S
43 l'l
2 Crp=—2, €4y — Cpp == ————\ =28
=3 1 O = Cig
st sip ! 1
=Nz = Cog==—,
Ca3 s Cu=g 6= S0
rae
2
5 =835 (811 + $12) — 2575
Texcazonansnan cucmema (BCe Kacch):
S 1 Sin
ey ¢ -, oy — P
0+ = L el sy ] Cis N
—Sutse —
gy =~ Cu= g
rae

a
§= 5g3(Sy1 + 1) — 2513
Ky6uuecran cucmema (Bce Knacch):
)
= (S —s1) (5 F 253

2= G =5 Gu T 2509 *
1

§ 8. YucnenHbie 3HAUEHHS YNPYTHX KOHCTAHT
Y ynpyrux PBIX KpHCTaJI-
n0B npuBenekbl B TaGn. 10, Muorue kyGuueckue Kpucramin 064anaior
3aMeTHOH aHMBOTPOMMEH YNpYruX CBOMCTB, TOrAa Kak BOJAbPPaM W amo-
y

MuHuH JMllib Cllerka P rexcar HBX KPUCTANNIOB ahu-
30TpONMS MHOIAA BEJMKa; b UMHKA
pasia 1,31« 10" MK B ManpaBlieHWH, TIApaJIeJbHOM OCH 2,
w 0,175 107" s2/n B p p ocH z (s

MOXHO 3 BHIP aas B, p BhilliE)

12¢
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TABJAMLA 10
Ynpyzocmo kpucmannos
(Moparmpocts npn koMHaToii Temneparype B 10712 cu?loun.)*

Kpnerann Knace | sy S S | s [ ose su | s
Xaopun Hatpust m3m | 221 |—045| 783 | — — - —
Amomummii . , .| m3m | 159 |—0,58 [ 352 — — — —
efb . . ... .| m3m | 1,49 | —063| 1,33 | — —_ —_ _
Hukems . . . . .| m3m |0799—0,312) 0, - - - | -
Boauppan - . .| m3m |0257|—0073 o660| — | — | — | —
Xaopar narpun .| 23 (22 |—06 [86 | —| — | — | —
080 . . . . .| 4fmmm | 185 |—0,99 | 570 | 1,18|—025 | — |135
Jluruppodocpar
ammoniis . . .| 2m 18 07 1113 |43 |—1,1 — 162
Hunk . o . .. .| 6/mmm | 084 0,11 [ 2,64 | 2,87[—0,78 - —
Kagmuit . . . . .| 6/mmm | 123 |—015| 540 | 355|—093 | — | —
Keapu .. ... 32 1,27 1—0,17 ] 2,01 | 097|—0,15 | —043 | —
Typwanus . . .| 3m | 040 |—010| 151 | 063|—0016 0058 —
» Buavenun panms s pador (17, 49, 91). PiGera [9) conepur nommyto cuouy o
GewHil yIPYFHX KOHCTANT, WIBECTHIX K KONy 1044 r., 8 ZONOANENHS 10 pacoTam 1045—
1965 rr. npucnems B (50a). Coommse Rawmue muesoren Takae b 19, 78] Haomen, omme-
THM BasKHL 0630p [53a], B KOTOPOM MADARY G MAKPOCKOMMSECKOR TeOpHeH YHDYTH KoM-
CTANT PACCMATPHBAETCH MHKDOCKONHUECKAS.

Y KanMus Juuelinble CkuMaemocTn pashu 1,69 u 0,15. 107%, Y ren-
Jypa, HMMEIOLIero  UenovyeyHylo CTPYKTYpY, JMHeHHas —C)KHMaeMocTh
B HaNpasfieHuy, NapanieTbHOM OCH UEeMOYKH, OTPHUATENbHA.

PE3IOME
Bakon Fyka., 3akon I'yka Ias KpUCTalMOB SaNMCLIBACTCS B BHAE
€)== Stjn O @.1)
Oy = CipriCrp 8.2)
THe Sy W Cpyp— KOMIOHEHTH TEH3OPOB WeTBEPTOTO PaHTa: S;p —
ynpyaie nodamausocmiu W C;py— ynpyzue ocecmrocmu. Benenctsue

P Tenaopa p (xorna oTcyTCTBYI0T OGBeMHEIe
MOMEHTbI) MOXHO MOMONHTD

Stjrt == Sijin

PUYHOCTD TeH3opa sehop 03Havaer, uTo

Stjr == S jinr-
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Anranoruyto, TEeH30p Cl/” CUMMETpHYEH MO NMEPBHM NBYM W NO nochlen-
HHM JIBYM HHAECKCaM. Bnaronapﬁ 3THM COOTHOIUEHHSIM YMCJAO HeaaBu-
CHMBIX KOMNIOHENT S;;,; ¥ €5y yMeHbmaercs 1o 36.

Matpuunbie 0Go3Hauenusi. 3aMenuM Jpa MePBHX HHAGKCA NPU S;:p;
M Cypy OMHMM WHIEKCOM, NpOGEraloUlun 3HayeHus OT 1 no 6, 7ak xe
KaK MBI Lenanw LAs Nbe30SJeKTPUYIECKHX MonyneH; aHAJIOTHYHYIO 3aMeHy
BBENEM W IS ABYX NOCAEAHUX WHAEKCOB. [Ipn 9TOM MBl CTaBUM MHO-
WHTENM 2 M 4 Mepel HEKOTOPLIMH W3 Sy, HO He IlendeM 5700
a8 Cyppy. M yeM TaKie paiee 00 C OaHUM
HHIEKCOM 7% u e Torna ypasre-
hust (8.1) u (8.2) npunuMaioT Bun

& =50 ¢ Jji=12,...,6), (8.13)
o=cy8 GJj=12 ...,6); (8.14)
8nech (su) " (c,l)- MaTpHLBl € ECThIO CTPOYKAMH M  IIECTHIO

cronbuamu.

Jpyrne cootHomennusi, Pa6ota na enwnuuy 0GbeMa, npousBeneHHas

TPH MaloM ¢op KpUCTANAa, BhIp B BUIE
AW = o,de,. (8.16)
Koraa sto hop sBaseTc p u obparu-
MuM, dW  MOXHO sueprun dV,
Us Toro oﬁc'rosrrenhc'naa, uto d¥ ecth noawpi auddpeperunan, crenyer:
= (8.19)
H
Sy=s; (8.20)
TOSTOMY  SHEprist o K y o0bemy,
pasHa
1
5 ey 8.21)

anronapﬁ coorrowernusm (8.19) w (8.20) unci0 He3aBHCHMBIX MO~

y or 36 mo 21; Kpome TOroO,

Gnaronaps cuMMeTpMu KPWCTanja YUCIO HE3ABHCHMLIX KOHCTAHT YMeHb-

waercs eme Gonbuie. HakoHew, 1ONO/HHTEbHbIE OpaHHYENHA HANAraloTCs

YC/0BHEM NONOKMTE/LIHOCTH BhIpaXeHus (8.21).

Kpucran. o non npocToro

MCTBITHBAET TP ) a rakke nedop-

Mauuu capura. Modyas lOuza B 0

KaK OTHOWeHNE NPOLOJLHOO HANPMKEHMA PACTAKEHHS K npoxobHOf

Jlas Bcex KJaccoB, BKJIOYan Ky6u-

;eCKMQ, Moaynb Onra anusoTponeH; ero MBMEHeHHe C Hanpas/ieHueM MOXeT

P P
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l'ch’rb K KPHCTa/1y NPHJIOKEHO eAUHUYHOE r'HAPOCTaTHYECKOE AaBleHue.

Toraa: 1) oTHOCHTenbHOE Y 06beMa, 065e MHOG

COCUMAEMOCIBIO, €CTb Sypp, T. €. CYMMa LEBSITH KOMIOHEHT, Pacriono-

JEHHHX B JICBOM BEpPXHEM YIiy MaTpuubl (Sy); 2) OTHOCHTesHOE

LTHHBE 0 ‘BIONL [, OTpeska B KpuCTaiie,

Haaunaeuoe AURelIROl co/cu.uaeuocmm onpenensiercsi Kak B =Syl ily.
Jline#Han CxxMMaeMOCTh KyOHYECKHX KPHCTANOB W3OTPONHA,

3ALAYH

1. Hcxonst TObKO M3 Gopmy Mat-
puubl MOAATAKBOCTEH Aasl Kaacca 4.

2. Jlokasatb, uTO o6bema 1 eieT-

BHEM OMIOOCHOO pacTsienun T iic 3ADHCUT OT HANpapAGHHA pacnm(elum 3
onHCcHBaETCA BupaxenueM (sy + 2539) 7.



I 2asa IX

MATPHYHBIA METOJLY)

§ 1. Martpuunbie u TeH30pHble 0603HAYEHHS

Marpuunpie  oGosHavenws, BBenewnnie B ra. VII wu VI npu
PAacCMOTpeHHU ypaBhieHuH MbesoaneKTpuueckoro sgdexra

Py=dys;, e=d,E; ©.1)
W ypasuenmi ynpyroctu
§=81% 1= CyEp 9.2
ABNAIOTCA yNOGHHM COKpalleHHeM, KOTOPOe BO MHOIMX CIYHasX MOXKHO
b BMeCTO . Kak ywxe vy
panee, npenmy B COCTOUT B TOM, YTO OHH

TI03BONSIOT TONYYMTb TpH TepeXOie OT OJHOH  CHCTeMB! Koopnuﬂz'r
l( leyron TpoCThe  yp ans

Kpome Toro, Teﬂaop-
llhm XapakTep coolictsa, 1. e PaHr TeHa0pa M 3aKOH ero npeoGpasoBa-
HHMSl, §CHO BHIEH W8 YMCHa WHjekcoB. OJHAKO, ecam Mbl Bcerga Gynem
MOMHUTb O Pa3nuiMu 3aKOHOB NpPeo6PasoBalusi TEH3OPOB PA3HOTO palira,
T. €. UMETb B BWAY, YTO ¥;;, dyj M Sy, XOT M WMEIOT OMMHAKOBLIH BUIL.
peoGp P Yy, p npoTuB y uucna
MHIEKCOB 10 IBYX OTNanaior. Beeis Takoe COKpaileHHe, MLl MOXKeM
emte GoJblle COKPATHTh 3AMMCh M B TO JKe BPEMs BArJIAHYTh Ha ypaBHe-
HUSL C HOBOH TOUKM BDEHMs, YTO, KaK MLl YBHJMM, OKKETCA BeCbMa
n710n0TROPHEIM.  Jlas  9TOH uenu HeoGxoauMo naTh Kpatkuit  0G3op
HEKOTOPHX MPaBHI MATPUYHOH anreGphl.

§ 2. Marpuunas aareGpa?)

1. Jluueit ny marpun. Bo
WaCTh BCTPCNABLIMXCH HAM [0 CMX NOp YPABHEHHH, OTHCHBAIOLMX CBOH-
CTBA KpPUCTaNnoOB, MNpeacrasnasna co6OM CHCTEeMH COBMECTHBIX JHHEHHBIX
ypasrenud. Marpuunas anreGpa 8HauuTeNbHO OGservaer  onepaumi
€ TAKUMM ypPaBHEHHIMM,

1) (pu LEPBOM uTEHitit STy IAaBY MOKHO ONYCTHTL.
2) Cu. [2, 18, 38). (Cw. Tawke [[06, 113]). — ripur. nepes.)
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I1pennonoXuM, uTO TepeMeHHNe Xy, X ..., X, JMHEHHO CBAZAHH
C HE3aBUCHMBIMU TlepeMeHIbIMH Y, Yy, « Y, COBMeCTHIMU ypaBlEHUAMH

Xy=oy¥ +o,+ oo oy
Xy =0y ¥) + Y2t . +a-z,.y,.-

X,

my: +“m23’:+ e +°‘mny

WM B COKpAleHHOM 3auicu

Xy =0y,9; =1 ...,m j=1,...n). 9.3)
Tlpeanonoxum Tenepb, 4TO y; B CBOIO OYepeib CBABANLI C TPeTheH Cu-

CTEMOH NepeMeHHbX 2y, Zp ..., Z, YPaBHEHHAMA

Vi=Bp2r (=1 ....m k=1 ...,p) 9.4)

Torna x; CBA3aHH C 2, YPABHEHUSMH

Xy =082 9.5
Ecim ‘Tenepb BBECTH HOBYIO CUCTeMY BeJiiuH Tir onpenesiieMHX paBeHs=
CcTBaMH

Yin == %P 9.6)
TO MH CMOXEM BLIPa3HTb X, HeOCPENCTBEHHO Yepes 2y

X1 =T 12y 9.7

PaccMoTpuM Teneph Bce o M [, BhNMCanune B Buie TaGMuU CIenyiO-
UM 06pasom:

@y g Bu B ... Byp
o Oz n |ba Pn .
'l 3 +e Omn a1 Bz ov Bro

Mbl MOEM CuWTaTh, YTO STM Tabnuubi 06pasyloT BeNWYMHM, HA3LIBae-
Mole Mamputiamu & v f. Torna, ecau BCe | BHOUCAHB B Buie aHAJO-
TMYHON MaTpuue, OOWMH uneH g, T. €. 9/eMeHT, CTOsuwH B i-H
cTpoKe W k-M cTONGLE MaTpuubl Y, ONpemensercs Kak:

Toe =B = ouPup + anPor + .-

I-# CTPOKM MaT-
puubl & Ha K-l n <.'ron6eu Marpuubi B u CYMMMPOBaHHEM NOJNYYEHHHX
Taxas p M mampuy.

Mul MOMEM  3anucaTh

T=ap, (9.8)
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o6oatauas 9THM, YTO MATPHUA Y MOJYYAETCS YMHOMNCHMEM MATDHULL G
ywa Marpuiy B.

O‘IEBHAHO, YTO YMHOMEHWE MaTpull BO3MOXHO JIMIUL TOrAa, KOraa
4MCIO CTONOUOB /7eBOH MATpuusl paBHO umcny CcTpoxk npasodt. Tak,
B npelblAylleM npumepe @ sBasach (m X m)-Matpuned, a f u Y npen-
craBsiiu coGoH cootserctsento (r X p)- # (m X p)-Marpuisi. ro0k noka-
8arb STO, MHl MOXeM YCJIOBHO 3anucarth

(mX p)==(m X n) X (nXp).

B npapoi YaCTH STOrO PapeHcTBa n CTOST PSLOM; MONHO CUMTATh, YTO
TP YMHOXEHUH 1 BHYePKUBAOTCS M octaercs (m X p).

Ecan uucno cronGuos B Marpuue A PaBHO uYMCay CTPOK B MaT-
puiie B, TO roBopsT, 4TO STH MATPHULI MOZYM 06pa308ams npoussede-
nue AB.

Bosspawasick K ypaptenuio (9.3), MH BHIMM, HTO X; M y; MOXHO
paccMaTpuBaTh KAaK MaTPHLLBL. Ecau X 3aMUCaTh KaK SJIEMEHTH MaTPHLb!
M3 M CTPOK M OMHOrO cTOAGUA (MaTpuubi-cTOAG1a)

x= N

*m

TO LA TOrO, YTOGH & W y MOrau 00pasopaTh NpoOwsBenchue ay, y
CliefyeT 3amuCaTh B BHAE MATPUULI M3 7 CTPOK M OAHOrO cTonibua

N

TOPIA MBI HMeeM
X=ay. 9.9)

3aMeTuM, YTO NS UMCNA CTPOK M CTOJGLOB MOXHO HalKcaTh Cielylouiee
CXeMaTHYecKoe PaBeHcTBO:

(m X 1)==(m X n) X (2 X 1).

Auanornuro, ypasuenue (9.4) MOXHO 3anmcath Kak
y =6z 9.10)
rie z mpencrasaser cobol (p X 1)-matpuuy; Torma ypasmenue (9.5)

TIpUHUMACT BHI
X == afz. ©-11)
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2. Cnoxenve u BHuMTanne marpun. Ecm x = y u w=By,
rae X, A, y, B u w— uarpuis, 70,
o6pasom:

x,:A,/y, How 1Y)

MOYXHO BWIETb, YTO
xp+w, = (A, -+By) y;.
TostoMy Jsiormuno meectn marpuuy C ¢ saementamu Cyj, 3anapaemuimu
BHPAOKEHHEM
Cy=Ay;+By,

M HasBatb 3Ty marpuiy cymmod (A -}-B). Torma paccmarpusaembie ome-
PaUMM MOXHO 3anucaTh B Buie

X +-w = Ay + By =(A+B) y =Cy.

e marpuunl mozym 00pa3osams CyMMy, Koria ofe OHW MMEIOT
OIIMHAKOBOE YHC/IO CTPOK M OJIHIAKOBOE UHC/AO CTOAGLOB.

Onepaumst  BLlMTAHWA OAHOM MaTpuubl W3 APYrolt ompemensiercs
aHANIOrHYNLIM 06PasoM.

8 Csonka ceoficts matpuu. Cumgoas. o, B, A, B u m. 0.,
r AROULe Mozym  craa0
uy. (no ne “deaumscs) max oce, Kax ecau Obl OHU BHIPG~
gcaau oGviinsle wucaa ). llpu ymuoocenuu mampuy caedyem, 00Kaxo,
nowmnums, 4mo o6uiurno AB # BA.

§ 8. Croiictea KpuCTannoB B MaTpuuHO# sanucH
[pusenensre B ra. I — VI

y
KPHCT/UIOB, MOrYT OHTh KOMNAKTHO NPEACTAB/EHbl B MaTPUUHOH 3amuMCH.
TIpencTap/iss  9MeKTPUYECKYI0 MHAYKUMIO W HANPsKEHHOCTb NOJIA B Buue

MaTpUUL-CTONGLOB
Dy
D=|Dy| uw E=|E|,
Dy Ey

D=2E, (9.12)

MBI MOXEM 3anucath

Crporoe 10KasaTenbCTBO STOrO yTBEpKIeHus cM, B Kuure Peppapa [38].
leyroe otanune MaTpuu A ¥ B Or 06biuNBIX uKcen @ u b cOCTOMT B CAeAyIOWen:
%amleuue ab =0 o3nauaer, 410 @ uau b (wau @ u b) PaBHB! HYMO; YPaBHEHHE
=0 (0 oGosnauaer Hy.e8y10 Mampuly, BCE SNEMEHTH KOTOPOH PaBHBI HYM0)

He 0053aTeNbHO O3Hauaer, Wr0 A wan B pasubt mymo,
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rae % — kanparnas (3 X 3)-Marpuua

%z ¥g
g g2 V23|
w51 g %ag)

AHanoruyHoe BHpaKeHHe NOJYYAETCH IS MATHMTHOH BOCHIPMHMYHBOCTH

B =pH. ©.13)
Vpasienne nuposiexTpuueckoro sddexra (4.21)
AP,=p, AT
MOMeT GHTh 3aNMCAHO B Buie
AP=pAT, 9.14)

rae AP u p— MaTpHub-CTOAGUE, OTMETHM, YTO NpPH YMHOXKEHHUH
MaTpuuBl Ha OOW4HOe yucio (AT) BCe ee 3/ieMENTLI YMHOXAIOTCS HA STO
4HCI0.
AHanoruuHo, ypabHeHue TensioBoro paciumperua (6.13)
e, =0, AT
MOXHO 8alHCAaTh B BHAE

= AT (=1, ..., 6),

nin
e==alT, (9.15)

rne & npencrasasier coboh (6 X 1)-MaTpuLy, KOMINOHEHTH KOTOPOH GHM
pBefietisl B 1. VI, § 3, a & ectb (6 X 1)-MaTpuua, umeiomas Bui

el on
L] Gz
a
=] . (9.16)
ay a9y
a 2ay
ag (B
Hnorna npu TeNJIOBOro p p Gosiee ynOGHO NOJB3O-
BaThCA MaTpuuamu
a5
dog
o @z og ag
ag ogg agg|, MM u" .
2
91 g3 dag) on
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VpaBHeHus NPAMOTO N>E303/1EKTPUYECKOrO 3deKTa, KOTOPLIE M 3ami-
cuBam panee B dopme [cM. (7.17)]

Pi=dp; (=123 j=1,..., 6,

MOXHO MPEJCTaBUTH CJSAYIOUUM 06pasoM:

P =do, 9.17)
rae
o
o
Py (du dip dyy dy dyg dis :
P=|Ps|, d=|dy do dy dp dy duy| u o= :.
Py dy dgy dy dyy dy dy u‘
. s
%
¥p yupyroctu B BULE
e==80 M O=Cg, 9.18)

rie & W o npencrapasior coGolt (6 X 1)-Matpuue, a S M ¢ ecth
(6 X 6)-marpuuer, BBenennsie B ra. VI,

§ 4. Jise npou3BOAHbIE MATPUIbI

1. Tpancnonuposanue matpuusl, Bropoe us ypaswennh (9.1), sanu-
caHHOe B pasBephyTOH (opme, MmeeT Bul

& =dyEy +dp Byt dy Es,
& =dyEy + dpFy+ dyFs,
&y = dysEy +-dyylFy +-dyFs,
&y =dyE, +dyFy +dyEs,
&g = dy5Fy +dosEy + dagFs,
e = dyoEy + dpoFp - dgeFs.

Yro6er np b yp B Pl sanucH
Gea HMHIEKCOB, Mbl CHayana 8anuilueM ero Kak

e dy dy dy)

L dyy dyy dyp B

o _|an dn dn le}]
dy dy dy

dy dy dg] 5
wo) s du dyg)
# 3aTeM COKpaTuM 1O

e=dE. (9.19)
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Jlerko BuneTh, uTO di— TaKas e MaTpulla, Kak U d, HO ee CTPOKAMH
SBAMIOTCA  cTONGUK  Matpuiel d, a cronGuamu — CTpoku Marpuun d.
a d; i marpuued no o
x Marpune d.
3ro onpejenelne CnpaseaMBO K B OOuleM chayyae: MaTpuua A
ABASETCSH TP no or K Marpuie A, eciu ee
7-it cronGen, smaserca r-i crpoko#t Marpuusl A.

2. OGparuas I uTO
KBaaparHas (n X n)-MaTpuua, a X My — MaTpHIH- cmnoum (mX1)
u uTO
X=ay, (9.20)

WM B MHIEKCHOM 0GO3HaueHHH

xp=oyy; (G J=1 ..., n).

Ecnn [E p MBI uepes A=|ay|,
He paBeH Hymo (B 9TOM Cilyyae MaTpHUy o Ha3HBAIOT HeoCOG6OL), TO 9Th
ypastietiusi MOr'yT GLITb paspellleHbl OTHOCMTENBHO y;. YMiOKas i-e ypas-
HeHue Ha anreGp Y Ay Oy W CYMMUDYS
no {, nomyyaem

(k==1, ..., n);

HO 1O TeopeMe O pPa3NOXeHHH ACTEPMHHANTa 2)

Aoy =3,

TIOSTOMY
Apxy Ask/)’]-
T e
Ayxy =0y
CHEDOBSTEJIBHD, BaMEHAA MHIEKCH, uMeeM
At
=5 %

310 ypaBHeiue, 3aNMCaHHOE B BHLe

Y= yx) nwm y=a-'x,

1) AnreGp oneMenta oy
Ha (—1)+* yuaembit M3 | oy | I-# cTpoku
 k-ro croabua.
?Bra Teopema COCTIOMT B c.nenylomeM CyMMa SnEMEHTOB CTOKM (Mau
na) CEOI

cron T
paBHa STOMy T y; Ccymma CTPOKH Ha COOT-
P Apyroit c1poxu paBHa HyMO; CyMMa

Gua, nonos-

HeHHst Jpyroro cronbua, pasHa nymo [38] IepBoe M3 STHX 1pcx yTBepNIeHHIi
MoMer GLITh B KauecTBe
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SBJSETCH, OYeBMIHO, OOpaTHEIM 1O OTHOWeHWIO K ypasuennio (9.20),
ecili Mbi BBeleM onpedesenue, ¥TO &~' ecTh Marpuua, ij- sseMeHT
KOTOPOH, oBoamauenntill uepes (a~7);;, pasen Ay/A.

Hannwenm Tenepb ik-i siement npoussenehis aa~'. On pasen

_ ayhy __ dud
oy e =—g— =5 ="
KOTOpO# 3y, HasLIBa
mampuyeil u o6oanayaercs vepes I. Hrak,
aa =L
AnanornuHo MOXHO N0Kasath, 4r0 &~'a==1. Bnaronaps Takum cBOH-
crBaM Marpuua ! no o K MaTpuue .

BaxHO OTMETHTb, YTO OOpATHEE MAaTPULH HMEIOTCS TOMBKO Y KBaAPaTHLIX
HeoCcoObIX MaTpHil.

Jlerko BHIeTb, HYTO YMHOXeHwe JoGoH Marpuun Ha I ocrasiser ee
HeuaMeHHOM. Tenepb Mbl MOXeM CuuMTaTh, HYTO ypanuerme (9.20) paape-
1MaeTCsi OTHOCHTENLHO Y MyTeM YMHOMEHWS ero Ha a~!

eix=a"lay =Ily=y.
TIpuMepoM ABYX B3AHMHO OGPATHHX MATPMU SBJSIOTCA MATpUUA L=
9/IeKTPHYECKOH NIPOHMLAEMOCTH %, cBsishBaiomas D ¢ E,

" ‘P
was E ¢ D,
E=fD, rze f=x"L (9.202)
AHanornuno, u3 ypapreHuH ynpyrocru
e==SC W G==(8

1 u ¢c==s"1. Orciona Takxe cirenyer, 4To
sc=cs=1.

Mbl BHAMM, YTO §=

BBonst HMHIEKCH CyMMHP , 9TO Ke yp MOXHO
CcaenylouuM 06pasom:
SyyCj0 =1y ==Byys
HAKOHell, B MOJIHBIX TeH3OPHLX OCO3HAYCHHSX OHO MMceT BHIL
SiyuCrimn = CijrtSetmn = Sindjne .21

§ 5. Beumunna, xapaktepusyiomas CcBolcTBO
B NPOU3BOJNILHOM HANpaBJEHHH

Bra I, § 6, n. 2 Mbl HAaWK, YTO €M CHMMETPHYHBIR TeH30D
BTOPOrO paura Sy OMMCHIBAET HEKOTOPOE CBOHCTBO, TO BeJMdHMHA
S, XapakTepusyiouias STO CBOACTBO B NPOU3BOJBHOM HANPABTEHUK
(4 Iy ly), onpenensiercsi suipaxenuem

S=Syly
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YroGsl MPEeNCTaBUTH 5TO BHPAKeHHe B Marpuubod Qopme, mepe-
CTaBUM CHa¥ana YJeHH Tak, 4yTO0H  MHIEKCHI CYMMHPOBaHus CTOSIH
psnoM, T. e. npeobGpasyem ero B LSl TOraa Mel MOXeM 3anucarh

S=1I, 9.22)
WM B PasBepHyTOH (opme
S S12 Say (h
S=(llly) | Sz S Sw || L.
St Sz Ss/ \lg
Mpt nepewnn k Iy ans TOro, YTOGH MOXHO OHIIO HanucaTh NpOH3Be-
llgHHe MaTpHIl COrNacHo cXeme

AXD=AXHXEXYXEXD.

§ 6. Mosopor oceil koopauHaT

VYpapuenus nosopora ocefl koopauHar, BhBenentpie B ra. I, § 2,
JIerKO  BHPA3uTh B MaTpuunoM Qopme. YpasHenus npeoGpasoBaims
KoOpAHHAT TOuKK [dopmyna (1.18)]

T
X =ayX;
TPUHHMAIOT BHA

(9.23)

rae X/ M X — Marpullki-cTOnGUB. YpaBHerus npeoGpasoBaHus KOMIO-
HEHT BeKTOpa ,

Py ==0ypy
NPHHHMAIOT BUL

p =ap. (9.24)

Ilpa mocnenoBaTenbHHX TOBOPOTA: X' ==aX ¥ CIELyOMw# 33 HuM

X" ==bx’, MOXHO 3aMeHMTb OAHMM, OGBEAHHSA HX C TIOMOLIbIO MATPuu-

HOrO yMHOXeHust, a umenHo X7 == (ba)x.
v

peolp TeHaopa BTOPOrO  pakra,
TeH30pa HYeCKOH 1p B 3aNHCH C HH-
LeKCAMH CYMMHPOBAHMS HMEIOT BHIL

-
iy = Qg
Tpexae yeM NPUMEHSTH NPABMIO YMHOKEHWS MaTpHU, MBI JOMKHEI
PACNIONOKUTH TIOBTOPSIOIMECH WHICKCH PANOM. DTO MOXHO CAenath,
TIOCTaBHB Wl @y MOCKe ¥, W TPOM3BENs TPAHCNOHMPOBANME:
- .
Yy == G (a)) 1w
CIEAOBATE/LHO, MOXHO 3amHCaTh

» = ana. (9.25)
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Mp POB TPETHETO U 4YEeTBEPTOro pall-
ToB TaKe MOFyT GLITH NpPEACTABAEN B BHIe MaTpHuLX ypasrernh [18],
OJIHAKO STH MATpullbl JIOBONLHO TFPOMOBLKH.

§7. i ¢ MaTpun

pu pacuerax ‘0 MeTONa YacTo 3Ha-
uTenbHo obnervact pacory. My ammm allech HECKOTbKO TIPAKTHYECKHX
npuMepos ),

1. ThasHbie KO3(dQUUMEHTH ¥ TJABHbBIE HANpPABJEHHs AAA
MOHOK/MHHOTO KpHcTannad. Meron HamMmenbmux Kpaapatos. Ilpeano-
JIONHM, uTO TPeOyercss HaHTH KOMIOHEHTH TeH30pa BTOPOFO PpaHra,
ONUCHBAIOIIEr0 HEKOTOPOE CBOHCTBO MOHOKAMHHOIO ~Kpucrania. Jlas

BO3LMEM Ecau oce Ox, nanpa-
BeHa BOMh OCH BTOPOTO nopmu(a, 10 st KOS(QUUMEHTE  MOXHO
ganucarh B BHIE MATPHILLI
ay 0 oy
_( 0 agp O .

oy 0 agy
3ameTvM, YTO CHAYANA MB He SHAEM HAMPABJCHMA JIBYX [IABHEIX OCed,
nepnenankyaapubx Ox,, u nostoMy Ox; u Oxg MoryT GLTh BHOpaHB!
Kak o6wiurio, p Oxg napanjenbHo KpHCTALIorpa-
¢uqecxoﬂ ocu z; STUM onpesensieTcs: ¥ Hanpasienne Ox,.
Koappuunentr @y MONHO p b, M3Mepssn Mp pac-
wupenne crepinei, nupeaammx M8 KPUCTalia B Pas/MyHLiX Hanpasie-
Husx. Las op 0 BeK=
TopoM 1, 3anucanHeM B Bmm MaTpunp-ctonbua 1, Takoe paciukpeHue
Ha eMHHIY TPHPALEHHs TEMIEPAaTypPh MOMXHO BEIPA3HTH Kak

oy =hal

B COOTBETCTBHHM C ypashenueM (9.22). Eciu

0 ayy 0 ay 0
I=(1). TO oy (010)(0%2 0 (l)=aﬂ;
0

ay 0 ag /10
9TO e, OYeBMIHO, BHITeKaeT M3 ONpejieeHus Qgp~KOMITOHEHT B MaTpHLbl.
B ocn Ox, p p ABSETCS [
TIOSTOMY ero Mano 3aBHCHT OT HeGOMIBIION He-

TOYHOCTH B OpueHTHpopke 0Opasua. Takum 06PasOM, BEJHUMHY Cgy
MOXHO € YAOBJETBOPUTEJbHON TOYHOCTBI) HM3MEPHTb HenoCPeACTBEHHO.
HaoGopor, oy, ¥ agg YYBCTBHTENBHE K MalibiM fopopoTaM BOKPYT Oxo,
CnejioBaTenbHo, OWHOKH B OPHEHTHPOBKE OGPAsLOB, HOMMHATLHO Iapan-

1) W. L, Bond, neonySmixosannas padora, 1945,
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genvhbx Ox; n Ox;, CKa3bIBA'OTCH BechbMa 3HAUUTeNbHO. 1105TOMY Mbl
MeToJ P @y, Qg3 M Oy, KOTOPHIH
cBonNT OWHOKM K MUHUMYMY.
TTycT CTepKHY BHPESAIOTCH TaK, 4TO

sin 0y
l:( 0 ) (9.26)
cos 0
Torna, p p B 9TOM uepes A;, umeem
a3 0 agy y /sinby
A (slne,ncoso,)( 0 ap 0 )( 0 ):
ay 0 agy [ \cos Oy
sin
=(sin0, - oy +cosb - ag 0 sinf, - g |cosby « az;m)( 0 ) =
cos 0y
=sin20, - &, - sin 20, - oy +-cos20, - agg.  (9.27)
(dToT *Ke pesyabrar, , JIerKo y ' P
0603Hauelns.)
Eca ans p
neHH 10 p p A
cucremy y y (9 27) xomp:m
Moer GHTo samicara B BHIE
A =0a, (9-28)
rie A sin?0; sin20; cos?0; o
2 2
am() em{rm i ) (1),
Ap sin20, sin20, cos? 0, s
Jns onpenenenus oy, g, @ TPH pac-

wupenns: Ay, A, Ay B smu cnyvae © — kpaaparias u, BooGule ro-
BOpH, HEOCO0as MATPHIA; TOITOMY ML MOMEM paspemwwTs ypaske-
Hue (9.28) oTHOCHTENBHO o

a=07"A. 9.29)

Bosee TouHbIM pesynbTar noAyunmTcs, eciu MsMepuTh He TP,
a Gonvwe asnavenndt A;, A, W T. A. W MCOOJBL3OBATH STH PE3YJLTATH
ans y o «. TlosToMy paccMOTPuM Crie-
AyIolyio o6uylo 3anayy.

Obuan sadaua. TIycts 2y, 2 ..., 2, NpecTapasior coGolt g me-
MBBECTHHIX  BeJIMYMH, KOTOPHE TNpPH YMHOMEHHH HAa  KOI((MIMEHTH

ay, ay,

, @, naor y M, onp y1o p

M=az a2+ ... +a.2,

13 Juk. Han
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@y, Gy, ...\ Qg MOXKHO SKCHle-
PHMeHTanbHO u3MepuTh M. omnbok Mbl T10-
JlyuuM  He M, a Mo,
rae v —norpemnocts, [lposens p Takux sxcnepm«emoa npu pasiiuu-
HBIX 3HAYeHWsIX @, NojayuaeM

w=ayz +apzt ... gz — My
‘v== anz,+az=22+ . + azqzq sz (9.30)

U= ”plzl + ap222+ + apqza M,

Ecmu p>gq, 710 BHOparb ¢ ypaBHeHuH W3 p ypaBHeHulh Cu-
cteMnt (9.30) MOXHO HeckOMbKUMM cnocoGamu. [lonaras, YTO B KawAOM
moGol p cucTeMBl NOTp U paBHa HyMO,
MOXHO Da3peluTh 9T CHCTEMH ¢ ypaBHeHuM OTHOCHTENLHO ¢ Hewa-
BECTHLIX Z;, 23, +. ., 2 TaKuM OOPasoM, Ml NOJyMHM HECKOJNLKO CHCTEM
3HQUEHHM 2y, Zp, ..., Zg HO STH CHCTEMH He GyIyT TOWHO COrJaco-
BLIBATHCSA. [1pMHUUT HAUMeHbIUWX KBALPaTOB COCTOMT B TOM, YTO 3Ha-
veruss 2 HOMKEH OuTh BHOpaHs Tak, uroGu cymma ©3-4-o—4-...
+v‘“, Obia HaumMenbiiel (cM., Hampumep, kuury CkapGopo [80]).
Vpasrenns (9.30) MOXKHO mnepenucath B BUILE

v =ayz;— M, (=1, ..., py j=1,..., 9, (9.31)

ve=az—M, (9.32)

wi

rae v, z u M~— Matpuup-cTonbusl ¥ a — Marpuua KosduineHTon ay.
Tax Kak Mpl NONOKWIM, YTO CYMMA ©,0; NOMKHA WUMETh MHHHMAJbHOE
3HayeHue, TO

oy,
v 3;;=0, 9.33)
i, yunrubas (9.31),
Yy =0. (9.34)
11 v, U3y (9.31) B (9.34) u 3ameusia uH~

i
JleKC cyMmmpoBanus j Ha R, monyuaeM

(apzy— M) ay=0,

(@) ji(ayz, — M) =0,
a 3aTeM NepeXOMM K 3amMCH 63 WHIEKCOB
aaz—aM =0.

3nech  (aia) —KBaNpaTHAs  MaTPUNA, CXEMATMYECKW NpencTaBnseMan
B osune (X P)X(PX§)=(9X¢q) cnrenosarenbno, Ona o6nanaer
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obpatnott Matpuueh. [lostoMy, ymuowas cresa Kawmuil wieH Ha
(at@)”", Mbl paspeliaeM ypaBHeHue OTHOCHTENBHO Z M HAXOMMM

z=(aa) "’ aM. (9.35)
PaccMOTpuM Hallly CXeMy paccyxienn# B mesiom. Mbl sanasamuce p

YPaBHEHHSMH C ¢ HEM3BECTHBIMH, a uMeHHo az=M. Hmen nummue

Mbl P g ypashe-
Hmmu (9.34); B wurore nonyuHiM p+q ypnnuelmn ¢ p-+q uens-
BECTHEIMH.

U HaXOomuM,

(9 35), B ypas-

nemne (9.32):

v=[a@a) " a.—I]M. (9.36)

B paccMOTPEHHOM Bhilue NpHMepe C TeMJIOBLIM PACIUHPEHHEM DOJb

ypaBhenuss M =az urpano ypasienyue (9.28), noSTOMy Haumiyulllee 3Ha-
yeHue & ONpEnenseTcs (opMynok

a=RA, e R=(8,0)"'6,

Yucaennoidd npumep. Tl nspuo oc Ox, lblpeale BOCbMH-
YrOJbHEIR  IHCK; TENJIOBOro p p Ha 1°C, P
Mexny mnpor P B M AucKa,
ClenyIOLMMH:

0,= 0° 45 90° 135°,
10°=32,0 160 150 31,5.

s storo ciyuas

0 01
1 1
Lo !
2 2
&=, o of"
1 ll
T T 7
CrnenoBarenso,
1 1y [0 ot (3 1
0 5 1 4 1 1 S0 4
2 2 7 1-2- 2 2
@O=|0 1 0o —1 1o ol=l0 2 of.
1 Lo b 1 1 1ol
; _ 2
p) il -3 7 0%

18+
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(Marprna OO nomukna Geith cummerpuunol.) [losromy

1 1
QO_UT o7
3 3
07 07 2 0
3 1 3 1
- 00 77 77
@O =1 |-, 4 13|~ .

73 77 oo

3 3
02_70 70

1 1

?0 —2—0 0 2

rae A — nerepmunant Matpuunt ©¢8. B nawem cayuae A==4. Cnenosa-
TENBHO,

30 —1
—1 0 3

(9‘9)_1:%\ 02 o

TaK wro ypasvenne R=(00) " O¢ nmeer sun

Jfmrroe
R=4| 02 o—zl,

31 —1 1
Haxkoneu, onp @ no ¢op a=RA, y
11 3 [ 1513
@ 100— l[ 02 o —21 igg - —775l [a,,l
a1 -1 )| 3213

Buauenue v, Haliennoe no ¢opmyne (9.36), umeer Bun

013
—o013| o
l 0,131‘ 107%
—o3

Mrtak, Haunyuliue BHAYeHMsl &y, Ggy. Oy BANAIOTCR NPOMBRENCHHCM
maTpuusi R Ha Marpuiy p TefioBoro p p
Ecan xenareibHo cnenars GOnblue YeTHipeX HaMepeHHH, TO MOXKHO BbIYHC-
JWTh, APYrue MaTPHUH, anajoruunpie Matpuue R, ans 10-, 12-. .. yrosb-
HHX JMCKOB.
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Tenepb Mbl nepeliieM K HAaXOMIEHHIO FIaBHHX KOS((HUHEHTOR pac-
wupeHus Oy W Gy H OPMEHTAUMH FiaBHBIX OceH. Ynobuee Bcero peruarhb
9Ty 3amayy NyTeM mocTpoenus okpyxkuoctd Mopa (cm. ra. II, § 4).

X

T3

Pur, 55 Tl TA8BHBIX
KOS((HUHEHTOB M OPHEHTALHH TIaBHBIX Oceli TenJOBOro PacHMpeHHs.

Ha ¢ur. 55, nocrpoennoli B MacwraGe, riabHele ocu 0GO3HAYeHH Yepes
X, X3 Tax kax b T Ogy OTP L p Touka P
Haxozutcs Huke ocu. OueBMAHO, 4TO

tg2¢= 2ol H
55
orciona, p Bhilile , nony
@=21,18°

Pamuyc r oxpyxwHocTH onpegensercs (pOpmynon

1
=g (g — oyl g
OTKyNa HaXOLUM
r=11,50 . 107 zpa0™".

Torna o, M ¢y BHUMCISIOTCS CHeNylontnM 06pasom:
1
0= 5 (o +0)—7,
1
g = 5 @+ o) +10

0y =12,13 - 107 2pad™",
03==35,13 - 107° zpa0™",
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Ha ¢ur. 56 nokasanm na Tofl e OKpyxHocTH Mopa yerwipe HsMe-
PEHHBIX 3HAYCHHY TENNOBOFO PACWHDPEHNH, HCNOAb3OBAMHE NPH BLIUK-
cuernsx. Hanpasnenns 6=0, 45, 90, 135° orMeueHbl COOTBETCTBEHHO

Pur. 56. Il Mopa ¢ Ip!
HLIME

npu BbluMcaenusx B § 7, o 1.
[pupenetinie WHCAA RAIOT SHavens o - 10° 2pad~,

Toukamu Py, Py, Py, Py, a p p yKaaansl
TouKamn Ay, Ay, Ay, Ay

2. nasuble noecpq)uuueum H raaBHble uanpan.neuuﬂ IS TPH-
KJAMHHOTO KpucTaana. a) He
HOll cucmenme Koopounam. B kauectse apyro#t, Gonee DGuLeH MIIJIIOCTpa-
UKK  OMMCAHHBIX BLIIE METOAOB PACCMOTPHM HU3MEPeHHe Ter/ioBOro
pacLiupennss B TPHK/IWHHOM KpuCTaiie. Tak KaK OPHEHTAUMA IJABHbIX
OCell paclMpeHHs B KPuCTa/je 3apadee HeH3BeCTHa, BEIOMpaeM MPOM3-
BOJILHHE OCH X[, X X3!) M Gepeu o6paseu B BHAe Ky6a ¢ peGpamu,
NapAeNbHBIME  9THM  OCSM.
BAOMb peGep 97TOro kyba ¥ uyeTHpex ero o%emnux Auaronznen. Hanpa-
BAIOUIHE KOCHHYCH TIH STOM GYAYT Cle/LyiouMH:

(1, 0, 0, (0, 1, 0), (0,0, 1),
TVI=L LD, FVEL =L,
V30 L=, V3@ L.
Hcnonvsys ypasnenwe, awanornunoe (1.33),
A=y, = Bayy - logy—+ gy -+ 2yl -+ 2Ughhony - 2hlon,

') PekomenjiyeMasi ODHEHTALMS OCel Xy, Xy, Xy [0 OTHOWIEHHIO K KpHcTaj-
JIOTPAPUUECKHM OCAIM JaeTea B NpaBuAax, npeaioxernbix IRE [86].
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rge A— pacuMpeHne B HanpaBnenuu l;, noayuaeM B Marpuunof (opme

A= 0a,
e
4 100 0 o0 0
Ay ot 0o o 0o o0
I N
2
A 33T ¥ 33 b
A=|, | O=11 1 1 2 2 2y a= w1,
s R i A o
A 111 2 2 2 ol
4 333373 3 o1z
111 2 2 2
M 333 3 3 3
(OrmeTHM, UTO MUl He BBENH 28

TpH
MaTpuubl @&, HO OCTaBHAM MX B Ma'rpnue ©; u 710, M Apyroe BroaHe

@ur. 57, Il raaB-
HBIX Oceli TEH30pa BTOPOrO paura METONOM IOCAENOBa~
TENLHBIX NPHOIMKEHUi,

) Tak xak cempb M HMEeTCs TONBKO
WECT, HEWSBECTHHIX, MATPULA © He ABNFCTCR KRaAPaTHOM, W Lt pellie-
HUS STOH 3ajauM MeTOL HYXKHO

Cornacho ypaskennio (9.35), uannyuume 3HAYEHHsI & ONpenenaoTCs
dopmy okt
a=(00)" OA.

m 40 p p HMEIOT ClleiyiouWe  3Ha~
HeHHs:

Ay Ay Ay Ay A Ay A

13 17 37 -6 —1
100 6 3 3 5 3 3107 2pad”.
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Toraa Mo mosydaeM

(441
21 21 21 7
4 17 4 1
T of T 7
_4 4 om1
2 T2 21 7
@ 105= 3
0 0 0 T
3
0 0 0 -5
3
0 0 0 -3
10} ay
6 agy
3 ags
=| 2} =|u
3 ag
L4 ar

ud, B Buae (3 X 3)-Marpuusi,
10 4
@-100=| 4 6
3 2

oo mlw ofw = ~[= ~j—

- 109,

3).

|

ofco ofw o] |~ == ~f=

oloo o]0 oo | e~

(9.37)

Ilpysenenubie Bhile YCJOBHBIE HKCHEPHMEHTAMLHLC 3HAYeHHs Oel
noAOOpaNyl TaK, UTO BCE Ol XOPOLIO COTIACOBHIBANMCHL APYT C APYTOM.
Yro6ut 10Ka3aTh, KAK MSMEHATCH PEe3yNbTaThl NPH HANKYKH HETOYIBIX
DaHHEIX, 3aMeHMM B MaTpuue A sHavemme ¥y ma 4. Toraa noayumrcs

clefyiouit pesyabrar:

10 (995
6 595
3
3 2,95
©B) 0] 4 | =212
17
5 2,87
31 4,12
3
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6) Ha. 200816LX u znasuox oced. Tlpen-
NOJIOKHM TeMepb, YTO Mbi HMeeM HAWAYHUlce 3HAYCHHE MATPHUH @, 3ajaH-
poe B Bume (9.37). YUToOM nNpuMBCCTH 3Ty MATPHILy K FIaBHHM OCSM,
HYHO pewnTh KyGuueckoe ypasnenue (cm. ra. 11, § 3). Ha npaKTHKe

MeTon X a ¢ur. 57

NOSICHAIETCA STOT METOnN, 3aKJIoyaloluhcs B CACAYIOLIEM.

Bo3bMeM NPOHSBOJLHNH EMHAUILIA BEKTOP W NPEACTABHM €ro B Bile
marpuun-cTo6a L. Toraa marpuua cMeuleHWH W, AMS eAMHHYHOIO MpH-
pau.xeuun TEMNePaTyphl BHYMC/ACTCH U3 ypaBHEHHS

uy ==al,.

3 CBOHCTB XapaKTEPHCTHICCKON NMOBEPXHOCTH BTOPOrO NOPSAKA H3BECTHO,
yrO HANpaBjeHWe U, COBNAN4ET C HANPABJICHHEM HOPMAIH B TOUKe

B KOTOpPOH 1j mep C Xapakrep! b0, 3ateM
6epercs Hoaun i BekrTop Iy, it ou, u
COOTBETCTBYIOUIAR MATPHLA U,. TTocne 97010 GepeTcs enHHHYHHIA BEKTOP 13,
napannenbHH# U, ¥ 7. 4. Ecim nosepxHocTh BTOPOrO MOpsnKa ectb
SJMNCOHA, TQ BEKTOPH K buich OCH, Kak Ha
¢ur. 57. B o0uieM cayuae BeKTOPb! K TOH OCH XapaKTepHCTH-
YecKOR TOBEPXHOCTH BTOPOrO NOPHAKA, KOTOPAs COOTBETCTBYET [VIABHOMY

PP Vs y 5
TlepefineM Kk HaweMy uucienxoMmy npumepy. Chayana BHGHpaeM

1
L=|o],
0}
TOCKO/BKY HanGO/bLyI0 Beanumiy umeer oy [em. (9.37)]. Toraa moayuacs
(10 4 3 [1 (10
S105=| 4 6 41,
3 2 J j 0 J 3

TaK KaK CyuleCTBENNLl TOJBKO OTHOLICHNA KOMIOHENT MaTPHLbl U,
HeT HeOGXONMMOCTH HPMBOAKTH Ka¥uwi pas amuty pektopa 1 Kk ean-
Huue. TTOSTOMY NPOMO/KHM yMHOMNEHHE B caeayiouiel dopme:

10 4 3
4“”

323

115

47;

Kajee, MH YOCNEAOBATENHHO NONyYaeM

ERERE]

656 123389
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YroGsl mp poBaTh HIDKE MBI naem Toc/e/108aTe -

Hbie 16 semopa 1, AHHE,
[ 1 0,810 0,806 0803
0358 0,492 0499 T
0,268 0312 0318 0,319
91 noc. p y K na
el OCH XapakTep BTOPOrO NOPAAKE, KOTOpas
16 y TNaBHOMY ¢ Ty P p
Yrolp  HaltTu fi raapuad
npozeniaed Te e CaMble Omepaii ¢ Matpuuefl -l Mel uMeem
14 -6 —10
—‘.10‘52_-?6. —6 20 —8),
—10 —8 44
I 6 M

spaserca (x~!)gs, B 9TOT pas Mbl

EN

Tocnenosaremhte yMHO»(eHHﬁ naior

HAYMHAEM C

1 —6 —10 —10 —25788
—6 2 —23968 | ;
—10 —8 2|oo 101 400

pasnenMs mocienHee Bbpaxenue Ha 108 M nposomkms  npouecc,
MEI IO/yuacM

—1,235 —59,47
l—l,l% - (—55.90' -
4,906 § 237,38
Ce KOCHHYCOB MMeer
BHL
0 —0,218 —0,240 —0,241 —0238 ——0237
OI_, —0.175 | — -0208’ [-—0211 ‘
1 0,960 0,949 0946]
O P , COOT-
BETCTBYIOUIMX HAHG y dbd HAXONHM
HANPABAIONINE KOCHHYCH TPeTbel OCH
—0,544
0,834 ],

0,061
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0,803
Haxonnm ¢ p p B 0,500 |
0319
1043 0803) (1099
lA 6 2|.107°. lo,soo :I 685[. 1075,
323 0319 437

Janea storo sektopa pasua 13,67 - 107", Ananoruuro Haxonswes K09~
uuMEHTH pacilMpeHus B ABYX APYSHX TJABHMX HANDAaBACHHAX; OHH
paskbi 1,776 - 10™° u 3,527 - 10™°. [Lis npomepki OTMETHM, 4TO mpH
STHX BHAYEHHSX MBI HMeeM

o 40y, = 18,973 - 107%

70 MOXKHO COMOCTABUTHL CO SHAUEHHEM Gy — 0y =ty == 19+ 107°, Ko~
TOpOe GHJIO MOJYYEHO U3 MepBOHAYaNbHOM MaTpuub. MrTak, Ml noayuaem
CneaylOWHH OKOHYATe/bHLIA De3y/bTaT Ausi 3HAYEHHH [  HanpaBnenmit
TJaBHHIX KOS(GHUKEHTOB paciuMpeHutt:

4 =137-107" 2pad™* s nanpasaenun (0,80; 0,60; 0,32),
a3 =353-10"° 2pad™* B nanpasaennn (—0,54; 0,83; 0,06),
a5 =1,78-10"° 2pad™ B nanparnennn (—0,24; —0,22; 0,95).

s Gofiee MOJHOFO OBHAKOMJIEHHS C HMC/EHHHIMH MeTOAAMH HAXO-
WAEHHS rIaBHBIX KO9(GHLUKENTOB H raBHbIX OCeft cM. Knury Xaprpu [47].

PE3IOME

Marpuusas aare6pa (§ 2). Caoowenue u suiwumanue (§ 2, m, 2).
,H,Be MaTpHUbl MOTYT CKJIAALIBATLCH MM BBIMMTATLCH, €C/H 0o6e OHH HMeIOT
O/IMHAKOBOE YHC/IO CTPOK M cTonbuos. Cymma asyx marpuiu A u B, ofo-
3HavaeMan vepes A-}-B, ectb Marpuua C, SseMeHTH KOTOpOH ompene-
NSIOTCA BHIPAXeEHHEeM

Cy=Ay+By.

TIpaBH/IO BLIMKTAHMA AHANOTHYHO.

Yunooenue (§ 2, n. 1). Ecou A npencrasaser coGo#t (m X n)-
marpuuy, a B ectb (n X p)-Marpuua, To npoussenenne AB ecri (mX p)-
Marpuua. dnementr Marpuubl AB sanaircs B Bule

(AB)y, = AyBjy.

Jluneiinsie npeobpasosanus (§ 2, n. 1), Ilycts X M y — cooTser-
criento (m X 1)- u (n X 1)-MaTpuuH, CBA3aHiEE ypasHeuueM

x=ay, 9.9)
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rae & — npencrasiuser codolt (m X n)-marpuuy. ITycts Matpuua y B cBoIO
ouepent cpszana ¢ (p X 1)-marpunell z ypasnennem

y=fz. (9-10)
rae f ecrs (n X p)-marpuua. Torna Marpuua X CBsisaHa ¢ z ypasHeHHeM
X = afz. 9.11)

O6uee npaguro. Marpuili MOryT CKIAAMBATBCS, BHUHTATECS M YMHO-
skarbes (HO He Ne/uTbes) MOAOGHO OOBIMHBIM YHC/IAM, HO NP 3TOM, KaK
npasuno, AB = BA.

Tpancnonuposannas warpuua A¢ (§ 4, n. 1) noayuaercs us ma-
TPUUH A B3aMMHOM 3aMeHOH CTONGUOB H CTPOK.

Marpuna  @~!—ofpamnas  KsappatHofl  1eocOGOR  MaTpHue &
(§ 4. n. 2)—ecTe MaTPUUA, YAOBJIETBOPSIONULAS YPABHEHMIO

e l=q la=I,
rie 1— ennunynas Marpuia (y TaKoh MaTpuuel 3JeMenTH, CTOfMe Ha
VIaBHOR anaronany, pasubi 1, a ocraueiiuie — Hymo). Tlpu sTom ij-# s7e-
MeHT Matpuubl a1 papen Ap/A. rae A— perepmunant u3 |oy| u Aj—
anreGpanyeckoe LONOJHeHHe oy,

Csoltctea xpucramnos (§ 3). Inposnexrputeckuit sdexr
AP == pAT, (9.14)
rie AP u p npencrapasior coGodt (3 X 1)-marpmubl, a AT — oBuunoe
uucao (1% 1).
‘Tensiosoe pacuiupenne
e=a AT, (9.15)

rne e u @ ectb (6 1)-MaTprun.

D,HS.’(EKTPH‘-]&CKHG COOTHOLIEHHS!

D=«E, E={D, p==%"1,

rae D u E npencrasnsior coboft (3 X [)-matpuusl, a % u § seasorca
(3 X 3)-marpuuamu.

MaruuTHas MHAYKUMS

B=—H, 9.13)

rne B u H npencrasasior coGo#t (3 X 1)-marpuusl u u ecth (3 X 3)-Mar-

ma.
IMpsamokt nbesodnexTprueckut adderr
P == do, ©.17)

rne P, d u @ — coorsercraenno (3 X 1)-, (3 X 6)- u (6 X I)-marpnunt,
OGpariit nbesossiexrpuuecintt sddekr
e=dE,
rae e, de 1 E-— coorserctento (6% 1)-, (6 X 3)- n (3 X 1)-Marpuint.
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Yupyrocts
e==sg, o=cCe, c=s1,
rae € 1 ¢ npencrasisior co6oft (6 X 1)-Marpuint, a s 1 ¢ ectb (6 X 6)-Mar-
pHILH.

Mycte nponssoabtioe nanpapackue aanaetcs (3 X 1)-marpuue [ (§ 5).
Torna B STOM HanpapjieHun BeanuuHa S, XapakTepusylowas HEKOTOpoe
CBOKCTRO, CHMMETPHUHLIM POM BTOPOro panra, 3ajian-
HuM (3 X 3)-marpuuelt S, c.

S=1:SL
1 oceit (§ 6). IlpeoGpasosanie oceft
¢ MOKeT GuTh X 3)- a=(ay). Toraa

MMeJCM ANt KOOpAMHAT [(3)( 1)- Marpnua]
X' =ax; (9.23)

Anst koMnowent Bexropa [(3 X 1)-marpunual

p'=ap; (9.24)
AJS KOMNOHEHT TeHsopa [yl 0 (3X3) %,
*/ = axat. (9.25)
Tpumep meroaa keanparos (§ 7). [Tpen-
TIOJIOKNM, YTO Pe8y/bTaThl p MSMeEHUH TENOBOrO PACLINPEHHsi HEKOTO-
Pporo Kpucranna B p: B Buae (p X 1)-mar-

puubi-cron6ua A, Toraa OHM CBS3aHH € KOS(DHUHEHTAMU TerOBOrO
pacuwinpennsi, 3anucankbiMi B Buae (6 X 1)-Marpuubl @, ypasHenneM

A=0a, (9.28)
rae © npeacrasaser co6ofi (p X 6)- Marpuny, o()paaonauuylo Hanpaeasio-
LLAMH P p=©6, 10 310 ypap-
HeHie JIerKO Paspeluaercs OTHOCHTE/bHO o

a=0""A. 9-29)

Ecsm, oaxako, p > 6, T. e. uncno P 6Gonblue yucna
T0 pesyabTaril p y Laisi oty HaRAyYwero
IMX  KBaAp MOXHO

a@. a
CKasaTh, YTO HAMJYHLIMM 3HAYeHneM & siBIfeTcs
-
@=RA, e R=(8:0)"8;

MeTon nocJesoBateabHbiX NPHOIHKEHHI NPH HAXOKIEHHU TAaB-
upix oceli (§ 7, n. 26). Ilp uTo Xapakrepu-
CTHYECKOM 1OBEPXHOCTH BTOPOrO NOpPHAKA 3a1muu B Buge (3 X 3)-ma-
TPUUL & W 1AM HYKHO HAMTH riaBHLie OCH STOH MOBEPXHOCTH. BO3LMEM
NPOM3ROALULIA PANKyC-BeKTOp, onuchiBaeMih (3 X 1)-marpuuet 1. Toraa
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CBOHCTBO pAiHyCa-BeKTOPa H HOPMajlW 103BOJseT HaliTu HOpMaib U
K B KOHIE pandy TOpa:

u=al.

BosbMeM Tenepb HOBBI PanMyc-BEKTOp, TApa/ebHEA U, W HatlieM coOT-
BETCTBYIOULYI0 €My HOPMaib. ODTOT NMPOLECC MOKHO TOBTOPSTH CKOJb
YFOIKO ONrO; ecmu MOBEPXHOCTS BTOPOTO NOPALKA — SIMNCOH, TO
BeKTOPH K ocu.  H: 0Ch MOXHO HaftTi
TAKKM Ke CrOcoGOM, HO mas oﬁpa'moﬁ Marpuisl %, ITocne sToro serko
ONpelleNfeTcs TPeTh OCh.

3ANLAYH
1. O6pasosats npouspenenue AB aByX Marpuu
[
b;
ag cg|, B=( l).
by
ay ¢cg

2. Buqucmﬁb nponaneneﬂuﬁ

o 1o 23
1—13 . (;:";)leno.
2 —zs 1020

3. nycn A u B— matpuusl; mokasars, uro B obumem cayuae AB =4 BA,
BBHIYHCAUB AJSi STOTO NBAa NPOM3BEACHUA

@9x(?) » ()xen

4., Tl MeTosal anre6psl,
BEJIGHHBIX HA CTp. 371,-—370 oTBeTOB K 3anavaM 4, a—r, ra. 11 (cm. .
OCYECTBHTL TIPH BTOM B KAXJIOM Caytae ykasannuﬁ TOBOPOT OCEH KOOpAHHAT.
5. MNposeputs, NEHCTBHTENLHO AW TAaBHbIE knsWuuuemu pacuivpenus
ABAAIOTCS KOPHSMH BEKOBOrO ypashenus (cu. ra. II, § 3)

Jagy— My} =0.
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TEPMOJAMHAMHKA PABHOBECHBIX CBOHCTB
KPUCTAJJIOB )

B npensiayumx raapax Mbl HMenM 1€0 C TelVIOBHIMH, 3JeKTpudes
CKUMH M MeXaHHUeCKHMH CBOWCTBAMH KPHCTA/1a, NPHUEM KAXKIOe M3 STHX
CBONCTB PAcCMaTpHBA/OCh BHE CBSIBH C OCTANbHEIMH. B NeHCTBHTenbHOCTH,
STH CBOHCTBA CBSBaHHl APYr € Apyrom; oGCyxnennio Bonpoca 00 ux

u rnasa. Enunoe paccmotpenue
9THX CBOMCTB BO3MOXHO TNOTOMY, 4TO BCe OHH OTHOCHTCA K paBHOBEC-
HOMY COCTOSIHHIO. 3o 03HAuaeT, Yro npu H3MepeHHH TaKux CBOHCTB
KPHCTa/l  MOXeT csi B c cpenof,
TAK 410 HH COCTORHIE KPHCTANAA, MU COCTORHIE Ol(py)lmlouleﬂ cpenbl He
uauennmcn €O BpeMeHeM; MHbLIMU CIOBAMH, Mbi MOWeM CKasaTh, 4TO

OTHOCATCA K
B I‘JI XI u XII Gynyr obcywnareca csoficTia, xapamepmyloume ABNEHHS
Ilepenoca, A/ KOTOPEIX TaKOEe PACCMOTPEHHE HENpHMEeHHMO.

§ 1. TensioBbie, 9/eKTPUUECKHE M MeXaHUUECKHE
cBoiicTBa KpHcTAANA

C MexRY KoTOphle Mbl OyneM paccMarpu-
BaTh, HIIOC YIOTCS AHArPaMMOK, np Ha dur. 58a u 5862).
B Tpex BepMHAX BHEWIHEro TPEYTOJLHHKA CTOST CHMBOJM TeMrepa-
Typul 7, HANpSMKEHHOCTH SJeKTpHiueckoro nons E; M Hampmikenud oy;
STH BE/NHYHHBI MOXHO CUMTaTh ,CHIAMH, MPHIOXEHHbIMU K KpHCTaMIy.
B Tpex COOTBETCTBYIOLMX BEPLIHHAX BHYTPEHHEr0 TPeyrOJbHHKA CTOAT
CHMBOJIE! S — SHTPONHUs Ha eanHuiy 0Gbema, D, — snekTpuyeckas HHayK-
uHa gy — O npAMEIM P
ZefiCTBUA COOTBETCTBYIOUIMX Cu/. YKHPHBIE HHHU, COCAMHAUIHE MONAPHO
COOTBETCTBYIOWME BHYTPEHHNHE M BHEMIHME BEPLIMHBI, OSHAYAIOT TPU TaK

X 22GBHBLY
1) Mpu

p TeMNepaTypLl BHI3HIBaET
o6veme

P P

c
Sar, (10.1)

ds

1) 9ta rnapa MOXeT ObiTh ONYUIEHA NPH NEPBOM UTEHHH.
#dra naunofi X [51)
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rae ckansp C — TensioeMKOCTh Ha elumuly o6bema, a T — aGcomoTHas
Temneparypa.

2) Malioe uaMeHenHe HANPSKEHHOCTH EKTPUYECKOro nonst dE, phiski-
Baer M1eKTP dD; cornacHo COOTHOWICHMIO
dD, =, dE;, (10.2)
The #;— TeH3Op NH3/eKTPHYeCKoN npoHuigeMocTd (cM. ra. IV).
[3nexmpuveckue]
BNl

Harfpamennotmn
‘nom

i
T 300e e e
e

o Y
" e

Tepmuvecitoe nanpse

- Tepmoynpyaue spgermor (2]
senuuuNb!

®ur, 582 C

MRy SuexTp!

CBOliCTBAMM KpHCTaMNA.

JLin HESADHCHMBX NEPEMEHIILIX PAHK TEHIOPOD YKA3a B KPYrALX CKOOKAX, & AR CHoficTD —
B KBAAPATHBLIX CKOOKAX.

3) Manoe P do, O
unk d!,l. ONUCHIBACMOE COOTHOLIEHUEM
deyy== sy doy (10.3)

TAC Sypy  YUPYTHE HOAGTAMBUCTH (em. ra. VI,
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PaccMaTpHBaeMas QMarpaMMa WMOCTPHPYET TAIOKe S(QeKtH, KOTO-
e MB HasoBeM conpsocennvimu (coupled effects). Orm 0603Ha-
yeHB JIUHKAMY, COEMMHSAIOIHMH TOYKH, JIeWAllHe B PasHBIX yraax BHell-
Her0 ¥ BHYTPEHHEro TpeyrojibHHKOB. PaCCMOTpMM, Hanpumep, npe Inua-
roHaJibHbIE JHHHKH B HMKUeR 4acTn JarpaMMbl. 01.["8 U3 HUX 0003HaYaeT
menaosoe pacuupente (1edOpMAIKIO, BHIBAHHYIO M3MCIICHHCM TeMre-
patyphl), @ Lpyrasi COOTBETCTBYET /be30KAA0PULECKOMY Ighercmy), T. e.

P ur. 586. C Mexay
u

ACKTP! CBo¥cTBA

BHIE/CHHIO Ten/ia (M3MEHCHHIO SHTPONMH) NOA AeHCTBHEM MeXallHyecKoro
HanpmKenus. ﬂBe TFOPUBOHTABIILIC JIMHKK B 1MWKHeR vacTn Jmar paMmet
0603HaualoT TeI0, KOTOPOE BhileAseTCs! NPH AeQOPMHPOBAHNN (menaoma
deopmayuu), u mep. npu M3Me-
HeUMH TEMrepaTyphl KpUCTanna (1 NpH sanpelieHHHX aeopmaisx). Yxa-
aaHHLie CONPsIKEHHEE IGPeKTH BHPAKAIOT COOTHOLICHNS MOKAY CKANSIPAMK
M TEH3OpAMU BTOPOrO paHra, a MOITOMY K CAMM NPEACTABASIOTCS TeH-
aopamu BTOPOro pawra. Tak, st TersoBoro pacumpenust (cM. ria. VI)

aBHEHUe HMMeeT BHA
P deyy=oy, dT- (10.4)

Jlepasi yacTb AMArpaMMbl HILTIOCTPUPYeT conpspiennbie s¢dexThi, OTHOCH-
myecs K Nbe303/IEKTPHUECKMM CBOHCTBaM KpucTaaios (em. ra. VII).
TlpsiMolt nbesosnexTpuuccinit sddext B ABHOK

opme ABHEHHEM
opue yp APy dyy dey. (10.5)

14 N Han
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Tak Kak, cornacho ¢opmyne (4.1),
Dy=E; 4Py
P,

T0

dD,—#ydE,.

CJ!QAOBQ’I‘QIIBHO, €C/IH 3/IeKTpHYECKOe 1oJie B KpUCTanne MOJIepHHBaeTca
NOCTOSHHLIM, TO dP;==dD;, ¥ MB MOXeM 3anucaTh ypasHenne (10.5)
B BHIE

dD, = d,; doy, (E== const). (10.6)

Jlns onucanus npsMoro 3¢@exTa MOXHO HCMOJBL3OBATH KaK ypaBHeHue
(10.5), ax n (10.6).

Takum 06pasoM, npaMo#t u oOGparTHbi# Mhe3osnexTpuueckue I(deKTs
u306paKaIOTCA AMArOHANAMK B NEROM 4acTH auarpaMmbl. Jlerko BHaeTs,
YTO 3TH /IMHMM M306PaKaIOT JBe M3 YeTHPEX BOBMOXHHX 3aBUCUMOCTEH
Wny SJeKTP! nonem, 9neKTp!

B P Kkpucranae. Jlna Ipyrux cooTHO-
1ueHus CBﬂSblBaIOT ,uexbopmuum c mmyimuen M MCXaHHYeCKOe HanpsKeHue
€ HAanpsHKeHHOCTBIO nons., Tak xak 3TH compsdkentbie S(peKTi Xapakre-
pu3y 10 MeXAy nepsoro paura (E; wam D)
M TeH30paMu BTOPOro para (g wan €;), TO CaMK OHH OMHMCHRAIOTCH
TeH3OPaMu TPEThero paHra.

INpaBas uacTh AMArpaMMbl WJIOCTPUPYET COMpsikeHHHle SQdeKTH,
OTHOCALUMECS K THPOSJIEKTPHYeCKUM sipienusM (cM. ria. IV, § 7). Onn
XapaKTepH3YIOTCSl 3aBUCUMOCTAMH Mexay BekTOpoM (D, mnm E;) u cka-

aspom (S wan T) u, nepsoro
panra. YpaBHeHHe NMPO3/1EKTPHUECKOrO S¢PeKTa MOKHO 3aMKcaTh B BUAE
dP, == p,dT. (10.7)

Ecam Tenepb MOJIOXKTH, YTO MPU M3MEHEHUM TeMnepaTypu KpHCTaMIa
971EKTP! nosie B HeM MO

dD,==p,dT (E = const). (10.8)

Takum o0pasoM, nuposnexTpuueckuit sddexr (NpH NOCTOAHHOM n0JE)
MOXHO PAacCMaTPHBATh KAK HJIEKTPUUECKYIO NOJSPH3ALMIO, KM /1eKTpHYe-
CKyI0 temneparyps. OnHa M3 JByx
JmaroHasielt B npaBol 4acTW JAMAarpaMMil M306paNacT MUPOS/EKTPUUECKUH
s¢eerr, a apyras — asexmporaroputeckud pgexm, T. e. MsMeHenue
SHTPONMK (KOJMYECTBA TeMnna), BHI3BAHHOE [EHCTRHEM SJEKTPHYECKOro

nons. Ewe onna smnus uTO 1pu 3NeKTP
MHIYKUMH TPOMCXOAKT BHE/CHUE Tenna (M3MeHeHHE SHTPONMM); 9TO
TaK Ha menasoma P HMeeTCAl TaKKe 3ABMCHMOCTH

MeXIy TEeMIepaTypolt ¥ rojeM, aHaloruyHas TePMHYECKOMY HanpSIKeHHIO.
DM Mbt LMarpamm. Ha ¢ur, 58a u 586,
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Takum 0GpasoM, BCe PACCMOTPEHHLE CBOHCTBA KPUCTAANOB OKa3bl-
8§

BaloTCA pr MeKNY HHMH
HeOGXOHMO TOUHO ycmnonmb MpH  KAKMX YCJIOBMAX NO/DKHEl NPO-
BOHTLCS p ynpyrue MOXHO H3Me-
PpATh KaK npH Mao’repmuuecxux, TaK ¥ NpU annaGaTHUeCKHX yCIOBHSIX; MPH
9TOM IOy pastsie (kax mpasuio,
PACXOXUIeHHe COCTaBAsIeT 0KONO 19/g). Jlazee, TemnOeMKoCTh KpHCTATNA
0GBIYHO npu (uysieBom) XOTsl C Teope-

THYECKOH (HO HE C SKCTePHMEHTANbHOM) TOUKH 3PeHHs] MOXKHO HM3MEpSiTh ee
u npu npx
H TNPH MOCTOSHHBIX ,uelhopMaumx 6ynyr cjterka passiuarbes.

SlBnexus nep 0 1 BTOp 0 puuccrsa (cM. r. IV, § 7)
cayxar POM CHJBHOTO - Mexy PasNMuHEIMM CBOM-
CTBaMH Kpuc'rannon. OGpawasich K ¢ur. 586, Mb BHIMM, uTO NPY H3Me-
HeHHU TeMrieparyphi SMeKT! MHLyKIHS  (THp pu
veckut sdpekr, 00y ? p cessbio  T'— D).
OnHaKo Hapsay ¢ 9THM M ApyrH ) myTH:

T — ¢ — D; uupMu cA0BaMH, 91|em'puue:kaﬁ mmyuu.un Moxer GuTb 00y-
cJ0BJIeHa TeIIOBOrO P p PHYECKOrO
sdiexra. BOMOKHOCTL OCYlIeCTBICHHS BTOPOrO ny'm 3aBUCHT OT TOrO,
MOXET /1 KPHCTa/ edOPMHPOBATECS HAK HET.

U3 npuBefieHHEIX MPHMEPOB $CHO, YTO TEIJIOBHIE, S/EKTPHYECKHE H
MeXaHHyecKHe CBOHCTBA KDHCTA/NIA ClieflyeT PacCMATPMBATH COBMECTHO.
Yro6Ll NOHATH B3AMMO3ABHCHMOCTb STHX CBOMCTB, HANO W3YuHTh TEPMO-~

MHAMHKY 3o HaM  TONYYHTH
‘TOYHBIE BHIPAKEHHs nlm nenmmn. p P paccmatp
CBOMCTBA, M BHBECTH PSfl HOBBHIX Mexny kosdep

§ 2. TepMongunamuka TepMOyNpyrux ceoficTs

TMosichum Meron 0 Ha
npocroM npumepe. BosbMeM kpucrTann, He 06aanalmuit nhe3o- mm aupo-
S/IeKTPUUECKHMH CBOMCTBAMH (STHM YC/IOBHSIM YNOBACTBOPSCT KPHCTAMA,
nenTp np PHM €rO TepMOYTIpyTHe
Ham teneph moTpeGyerc /MWL HIKHAS YACTb AMArPaMME, M300paNen-
Holt Ha ¢ur. 58a 1 586; oHa nokasaHa oTaenbHO Ha ¢ur, 59, a u 6.
BosbMeM B KayecTne NeBsThH
Hanpsenshh oy  remneparypy 7. Toraa cocrostue KpHcranna (B uacr-
HOCTH, &y W S) Gyner onpe-
JendTbCs  3ajaHHEM !\eCﬂTM BEJIUYMH 9y u T. C TaKUM e [paBoOM 3a
He3ABHCHMHE [EPEMEHHEIE MOXHO TNpHHATH AecsTh BenMunH (e, ),
(o, S), uam (e, T). Slcno, ut0 pLIGOP B KauecTse HC3ABHCHMBIX
nepeMeHHHX TOMbKO (S, 7) (UMC/O MepeMEHHHX PaBHO ABYM) HeBO3-
MOxeH, TaknM 06PasoM, M HMCeM:
HesasucuMble nepemennnie (10) oy, T,
BABHCHMBE NepeMeHHue e, S W T. A
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B COOTBETCTBMM C STMM, PAaCCMarTpuBas eNMHHYHBIH OGBEM, MBI MOXEM
3anwucarh

yipyrocns prenpane

de,,-:(%)rdck,—}—(%;—)“dﬂ (10.9)
R,

dS= (di%)r dog+ ( o ) dr. (10.10)

B 9THX ypaBHCHHSX MpuMeHeno OCbuHOe NPABHAO CYMMMPOBAHHS (CM.
ra. 1, § 1, n. 1), Tak, nepsubt unen B npasoll uactn ypasuerns (10.9)
MpeACTaBaseT COGOH CyMMy HEBATH HJICHOB

0cy7 Oy e,y
(i), 2om= (o) ton - (ar) ot -
3/1ech e p 1o Kawnokh NpoBO-
LKTCS TIPH  NOCHMOAHMBLX OCMAALHBLY KOMNOKEHMAX — HANPAJCCHUS

dur. 59. C K

uactn

pyrus
AMATpam, nsoGpaxenubx ia Gur. 58a u 586.

u nocrosuiolt remneparype. Cumpon o, crosmmuit B KauectBe MHIEKCA NPH
unene (9z,;/0T),, osnauaer, wro auddepemnposanne no 7' nposoanrcs
npu scex oy == const. Tak Kak I u j MoryT npunumarh suasenus 1, 2, 3,
TO ypashenne (10.9) samensieT neBsiTb ypaBHeHMH; B UEJOM YPaBHEHHMS
(10.9) 1 (10.10) cuMBOAM3UPYIOT AeCHTH Y KdMAOE M3 KOTO-
PBIX NMeeT JecsTh uienos B llpﬂllOH HacTH,
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Bce uethipe mp cTosilue By (10.9) u (10.10),
WMeloT KOHKPeTHuM usuvecku#t cmuca. Ecan B ypasuennn (10.9) nomo-
sutb dT==0 u cpapuutb ero ¢ ypapsennem (10.3), TO nerxo Bupern,
ut0 (0c;;/00,), yupyrumMu

KOTOPHE MOXHO 0603HaunTh qepes Sips  BUPENb  BEPXHUH  MileKC
peerna OyneT 0603HauaTh BEAMYHHY, OCTalOUlylocs mnocroshhol. Ilonaras
dog;==0 u cpapnusas c ypasrenven (10.4), mbt Buany, uro (9e;;07),
ABATOTCH KOIPPUUUEHTAMH TENNOBOTO  PACINPEHMA 0y, M3MEPEHHBIMIT

npu [Her CTABMTHL HHAEKC O
npu ;; W MHCATh G, TAaK KaK BOSMOMKHMH, Ha MepBbIH B3rasA, Apyrok
(0e,4/0T) oxa TaKoro

Koa(duuKEHTa 03HAUANO OLI, YTO KaWnas KOMMOHENTA &) ecTh dymKiList
Tonbko apyx mepemennnx T u S, a we pecwrn.] Kosdduumeur
(0S/00y;), M3MepsieT BO3pACTAHME SHTPOMHH, BLISBAINIOE MPIIOKEMHHM

npu ype. ¥ # na T, ou
xapamepnsyeT nbe30KanopHyecKHit 3tp(pem‘—1'enno BHJEASIOUeecs Npu
KOM C)KATHM T(0S/0'

o
Tenuo, BLIEASOUCECH TPH HMIMEHEHHH TeMNEPATypH, MPH MOCTORHION
HANPMKEHHH, T, €. NPEACTaBAseT COGOM TenoeMKocTe C° Ha euHHily
o6bema npu (cp. rasa mp
TOCTOSHHOM aBNIeHHH).

Beaencrsue naanmonenc‘rlauﬁ Melny YeTHPLMA TONLKO 47O OMmHCAl-
HBIMH Teipe anddep B ypaBHe-
Husx (10.9) n (l0 10) He JTlas
MMy HHMH DAacCMOTPMM SHepruio cuctemut. K3 mepsoro sakoua tepmo-
JMHAMMKH  H3BECTHO, YTO ecjiM KpHcTann (C‘lMTaEM ero o6beM enuHHu-
HEIM) NOPJIOTUT HEOONbIIOE KOJMMYeCTBO Tersa dQ, a BHCIWIHME CHIIL

T Haj HHM y1lo paGoty dW, 7O npupaiwieHue ero
BHyTpeuueu sueprut dU ectb mosmwifl anddepenunan, sanuchipaemuif
B BHAe

dU =dwW +-dQ. (10.11)

PaGora Ha enmuuiy oGbeMa Tpu uaMenennu AedopMmauuit Ha Mansic
dey; onp ey (eM. 1 VI, § 3)

AW = oy de;;. (10.12)

Jlnsi 06paTHMOrO MPOLECCA, COMVIACHO BTOPOMY 3aKOHY TEPMOMMMA-
MUKH, CHPABEATHBO ypaBHeHue

dQ=TdS. (10.13)
Tosromy ypasuenwe (10.11) mpunumaer i

AU =oyydeyy 4 TdS. (10.14)
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Buecto dynkuun U, koTopas ynoGna, KOria He3aBHCHMLIMH repeMeHHBLIMH
aBasmoTes (e, S), Mbl paccmoTpuy Tereps gynxumio @ 1), onpenensenyio ¥)
ypaBHeHHeM

®=U—oye,;—TS. (10.15)

(Hnen oy, OGO3HAuZeT CyMMy NeBsiTH OTAeJbHbIX uleHoB.) Huddepen-
LHPOBaHKE naeT

A0 = U — o,y de;— &,y doy — T dS — S dT,

OTKyAa, ys y (10.14), y
A0 = — ¢, do;— S dT. (10.16)

Tenepp B ypasieruu (10.15) nns dynkumu @ Bce  BeAMUHHH
ABASIIOTCA BYHKIMSIMHM apaMeTpPOB oy W T, KOTOPHIMH, KAK Mbl yCJOBHINCH,
onpenensiercss coctoskue kpucraana, ITostomy @ taioke sBasercss Qymk-
uned napamerpos oy W T, u us ypasienus (10.16) nmeem

() @=-s

Tuddepenuupys nepsoe u3 STHX ypashenni no T, a BTOpoe 1O o,
(npu niocrosubX T M BCex oy, KPOME OMHOrO), Ml MONyYaeM BaXHOE

P0 _ (Oy\ [ 3S
_W‘( ar) —(oT,,) . (10.18)
U3 ypasuenntt (10.9) u (10.10) BHaHO, YTO Mbl yc‘rauosumn COOTHOIE~
HHe MexAay TEn10Boro
Nbe3oKa. stdexr. 3ot Ly BIH pesy b=

Tar KOTO aHa/n3a K03gh-
Puyuenmos 8 npassx wacMax ypasrenud (10 9) u (10.10) cummem-
PpunnbL.

Ypasrenus (10.9) u (10.10) npuMeHuMbl HE3AaBUCHMO OT TOrO,
ABAMIOTCA /I ONKCHIBAEMLIE HMH YeThipe CBOMCTBA KPHCTA/IIOB JIUHEHHLIMI

1) 31y zepmonnmmmccxyno %mkumo NPUHATO HA3LIBATL MOAHLIM MEPMO~
OUHAMUYECKUM NOMEHIUAN

?) Tak KaK ypaBHeHus: (1011) u (10. 13) onncuuam TONLKO udMeHerus U
¥ S, STH BENHUMHbI COJEPHK:

pel emepr'mo 4 B
HauaNbHOM wcrouuun (KOTOpOE MOXHO 3anap
s 1 TeMueparypy). ONHaKo To COCTOsHME, OTHOCHTENBHO KOTOPOro cnelee1 o1-
CUMTBIBATH AEPOPMAUNM €7, eme He 3anano. YTOOH DPHAATH ONpENENeHHOCTH
suavenuam U, S ueyy, GyneM cuurats, uto
JIA BCeX TPeX BeauMm; B wactHocTH, Gynem cumrars, uro U, S u ey onsospe-
MeHno OGpalaioTcss B HyAb, KOTNA KPHCTAMI HAXOMMTCS B HEKOTOPOM
AanuoM coctoskuy. Us ypapuenus (10.15) caenyer, uro mpu oTux ycnopusx @
TaKKe 06palaeTcs B nyan.
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wi ner. ONHAKO B LOCTATOYHO MAjOH OG/ACTH M3MEHEHHS NepeMeHHEIX

9TH CBOHMCTBA BCeraa OynyT MMHEHHLIMM, YOSTOMY IUIS MajbiX HAMpske-

HHfl M Ma’biX H3MeHeHHH TeMueparypsl (7. e. 04n aghifexmos nepsozo

nopadia) ypasHenus (10.9) w (10.10) MOXKHO mpOMHTerpupoBaTh. ITO
naer

T

&y = Synoy + AT,

ce 10.19

AS =ayoy + = AT; { )

anecx-. KOI(QHUMEHTE MOCTOSHHE (e CUHTZETCS PABHBIM HYMO MpH

==0). B . VI—IX,

ypanuenvm (10 19) MoxHO 3anucare B Gosee xpamou dopre

e, = sho,+a,AT,
c
AS =00, AT;

(10.20)

3llech 0; — MaTpHuHbIE SieMeHThl ypashenus (9.16). HanGosee koMnakTHO

oTH cAl npH CHMBO-
7108 115 0003HayeHus Marpuu (cM. i, IX). Torza mbl nonyuyaem
e=sTo-}-q AT,
(10.21)

AS=ac4 SAT.

OrMernM, uTO MaTpuua & (MaTpuua-cTPOKA), CTOSINAs BO BTOPOM
YPaBHEHHH, He eCTb MATpHUA G&.

1. Tenaora ned H Teps Mut pac~
CMOTpeH ueTbipe sddexra, YeThPbMs
HuMH KOS B yp (10.9) u (10.10). Tax
Kak Mbl yC. cuuTath BIMU Tiep oy u T, 10

KB M3 9THX uersipeX 5(QeKToB XapaKTepHayeTcs JuHHeH, CBA3BI-
Baolielt BeJNUKHY, CTOALIYI0 B BepXHeH uacTh ¢ur. 59, @ uam 6 ¢ Benn-
unHOH B HikHell ee uacTi. ONHAKO MMEIOTCH ABe JIPYrHe 3aBHCHMOCTH,
KOTOpHE MOMKHO HCC/IeN0BaTh: Mexiy e, # S u Mexay oy u 7. [lep-
Bl 9(EKT COCTOMT B BHleJeHMH Teria (WSMEHCHHE SHTPONHH) NpH

s KOJIHUECTBO STOrO TernJa
onpenennercn Kosdduumentom 7' (bé/bs,/)y. Bropo#t addexr cocrout
B TOM, YTO H3MEHEHHe TeMIlepaTypbl Kue n.

1) Hekoropue asropu (uanpuuep‘ Ks}m [24]) cumraor, uro Koraa KpHCTaan
3a cye: eckoro sQQeKTa WIM Harpesamus, TO ne-
popManuy m.;auuamcn ,.suy1pe|umu ﬂanpnx(elmew UroGht IOHATH, KAK BO3HH-

Kaer Takoe ip HyCTh cscﬁon~
HB KpUCTaNA ran. -rm on B lanpa-
Baewm. I) [ B

(» © HalmM PaBHb! LYJIO, XOTA nedOpMaLKK 0 He
pashl Hymo. MOXHO CYHTaTh, UTO 9TO p ip ne
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Stv panpmKexus B CAyuae 3aKaTOro KpncTaJma, T. C. TPH OTCYTCTBHH

nedopmatiuil, onpeaeasores :,,/07’), H: s¢-
exTrt H o Mexay ¢ TeroTH
H HMeeTcs
coo‘lHol.LlEHHe TaK »(e KaK Memny koacpqmuueu'raMn TeMJIOROr0 paciiin-~
penns C Mexny
HHMH MOJKHO nonyum‘b H3 Anist Kol dy N
HaBLIBaCMON cBoGonuolt suepruell TenbyMroabia:

W=U—TS. (10.22)

Jindgepeinnpys sr0 " 3ys (10.14), nosy
AV =g, de,;— S dT. (10.23)

Yeaosus Toro, uro dW¥ smmsercs noimmM aupdepedunasom [cp. (10.16)
u (10.18)], umeior BHA

I R

ey ly
9TO U eCTh MCKOMOCE KOE C N

Takum 00pasoM, cxema KOIPQUUHEHTOB L% CBOHCTB, NMPENCTABIEH-

HHIX Ha ¢ur. 59, a, umeer Tako#t BHA, KaK nokasano Ha ¢ur. 59, 6
(HIKHKMe N BepXHMe HHAeKcH onywenbt). He Bce xospduuments Hesa-
BHCHMbI; AelcT Ans onp BCeX TepMoynpyrux s¢pdextos
1EpROI0 MOPAAKA AOCTATOMHO TpeX TeHSOPOB: Sy, 0y W C°/T, BXOMA
wux B ypasuenus (10.19).

(10.24)

2. CooTHOWeHHE MeXAY aiuaCaTHUECKHMH H H30TEPMUYECKHMH
YOPYrHMH TOJATAMBOCTAMM. DBHpaXeHHE AJS PASHOCTH MEKLY yupy-
THMH npu UeCKHX M NpH P
UECKHMX YC/IOBHSIX, MOXKHO l'lO’Iy'-mTh CHenyIOuIM CIocoGoM. MCKmouny

Temmepatypu, G “ XOTsI TaKoe
HAUPsHKEHHE peanmm e cynuecmycr 310
,BHYTPEHHHM HANPSIKEHHEN ", PABHO N0 BEJHUHNE H NPOTHBONONOKHO PeanbHOMY

pH TEMIEpATypl B 3axd-

TOM KpHCTanie. B jaHHOil KHMre Mol He
0 (UKTHBHLIX HANPAKEHHSX. TAK KaK C HALIEH TOUKW 3PEHMS OHO HE SBASETCS
OCOOEHHO TOMNE3HBIM WM MPHBOJHT CKOPEE K 3amyTHIBAHMIO BONPOCA, YEM K €ro Bbl-
sicuennio. [Tpi It B HACTOR~
welt ) CcHaamH,
NPUIOKEHHBIMH K €ro ncnepxuocm (KpOMe OueHb MAJbiX SJIEKTPOCTPHKIHONHDIX
sapsinamu). Ecan wa kpucrann nei-
CTBYIOT CHJIbI TO H yayT

ecan

€CIM e MOBEPXHOCTL KPHCTanaa cBOGOANA, TO 13 yenonuil paBHOBECHS CACnyer,
uTO B HEM HET Hanpsukennil.

PuKTHBHOE BHYTpEHIiCe HANPKEHWE B BHINEYKA3aHHOM CMLICAC, KONEHHO,
COBEPIIEHHO OTAHYNO OT BHYTPEHHUX B KpH-
cranie np P Harpese A dop
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dT w3 ypasuenn#t (10.9) u (10.10) u nomowum dS==0. Toraa nomyunm

P ( 0: ,]) (0245/07)_ (0S]0sps)7 dpyt
=\ ) S0 (0877,

Pasnenus 970 BHIpaXeHwe Ha do,, HaXONMM, YYHTHIBAS COOTHOLICHWE

(10.18), o ourr O\ [ 0¢ aT
().~ = AL G o

370 COOTHOLIEHHE MOXHO 3amucath B (popMe

(S = const).

T 5
s — st = — oy - (10.26)

Ilockonbky oGO, X0Ts M He Bcerna (cM. ra. VI), Kosdduunents
TEN/10BOr0 PACWHPRITHS NOAOMMTENbHb, 8 C* — BeJHUMIA CYWECTBEHHO N0~
noKuTeNLNAs, TO npaBas uacth coornowenns (10.26) o6wuHO OTpHua-
TeNbHA. Cneuoua’rezlbuo, anuabaTHyecKHe MOAAT/MBOCTH MeHbllle Haorep-
MuuecknX. DTor (aKT MOXKHO WHTEPUPETHPOBATH CJCAYIOIHM 0GPA3OM.
l'lpn SKCIepumenTe B anuabaTHYeCKHX YCAIOBUSIX MPHIOMEHHE HANPSHKEHUs
pacmasikenus BHBKBACT nadexue TeMIEPATYPH, 4 ITO PHBOANT K YMEHb~
wenuwio nedopmauun. Torna nosmas nepopMaims, BOHUKAIOUAN NPH jan~
HOM HANPWKEHMHM, OKA3HIBAETCH MeHblle, YeM NDH M3MEPeHHH B H30Tep-

MeHblle H yecKasi noaar-
JIMBOCTD.
AHanoruunsiM CnocoGoM MOXKHO HalTH BHIpAKEHMe JJIs  PasilocTH
MeXAY Ter. MM TIPK " npu
1006H0e COO’ (10.26).

§ 8. TepmomMHAMHKA TEMJIOBHIX, SJEKTPHUECKHX
M ynpyrux csoiicts

T He METOAH, B npeasayuiem naparpage,
npuMeHuMel 1 K Gosee obuweMy caydaro (cu. dur. 58a u 5806), korna,
Kpome MMOACHCTBISL MOKAY TENVIOBHIMH 1 yupyrumu sddekramn, cie-
AyeT YUMTHIBATL W 3JjteKTpuucckue sdperthi b).

B KauecTse HE3aBUCMMBIX JiepeMenbiX Himie Mbl, KaK npasuno, 6yneM
HCNOJb30BATH (cli‘ E;, T) — penmumnn, crosiue B nepumiiax BieiuHero
Tpeyroablinka 1a ¢ur, 586; & D;, S u . . Gynyr 3aBucHMBMH nepe-
MenHpiMn.  TakoH BuGOp sBasiercs yAOGHHIM, XOTH W He CABICTBEHHO
BOSMOXHLIM; Hanpumep, B HEKOTOPHIX Cayuasx 6oee CCTCTBEINO CUM-
TaTh SAAUHLIMK ACHOPMAUMH  KPHCTAAMNYCCKON PeWeTKH, a He nanps-
xenmA. Jlpyrue papuantu BuGOpa nesapucumux nepemcrmbix: (e, £y, 7),

1) ]l it oM SM. B KuHre
Konu'[24]. B 9ToM cayuac TpeyronbHas juarpamma, n3o0paxcnnan ua dur. b8a
u 586, npeppawmaercst B TETPasap.
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(0. Ey, S) wau (o, Dy, T) w 7. L.; TP STOM M3 KDKLOFO yraa nua-
rpaMMbl Ha q:ur. 86 Gepercs no onuo#i Benmumke. B kawom cayuvae

IX Ecan xe BHOpaTh
TaKue num‘mHH, kak (E, D, S), 10 MEl OyneM HMeTh TOJNBKO CeMb
NepeMeHHbIX, YTO HEeBO3MONHO; M0 STOH mpHuKHe Ccrelyer uaGerath
ynotrp TAKNX  He cMbicaa KaK
(06, /0E), s

Ecan B KauecTBe HESABHCHMBIX NepeMeHHLX BuOpath (o, E; T), 10
nnddepennmanst e;, Dy n S moxwo sanucarh B Bune:

obpaTHn
yupyrocts TBE30SNEKTPHYCCKIR
KT pacumpette

aey=(52), o+ (522), aEs+(5H) a7, (020

npanof nueso- WOAEKTpMUCCKAR  nupOBAEKTHACCII
o NPONHLAEMOCTS shibexr

ap,=(324), a o+ (50 El)..r ,+("D‘)’EdT. (10.28)

s E'”) +E“5“§“‘ b1 (9
So ) 2% E)“ ,+(W)°'Edr. (10.29)

Takum 06pasoM, Mbl uMeeM 93 —+-1==13 ypasnenuft, B KaxuoM
W3 KOTOPEIX B npaso#t uactu copepxarca 93~ 1=13 unenos. Ka-
bl u3 onpene-
JneHHbIft qmsw(ecl(hﬂ adexr, yuaaauuuﬂ Han |mM Kak JIerKO BHUAETD,
no raaBHO# Amaronanw B npaBol wactu cucTemu (10.27)—(10.29) crost

ko'ropue Xapak’ , rnapuvie  S(deKTH, OCTaNb-
Hble ke opdexran. Tpumenss
TOT ke cnoco6, uto M B § 2, Mu Haflem Tenepb -repuonmmunqeckue

MexIy Tpex

UroGel ypasuenue (10.12) onucuBano pa6ory snek’rpmecknx cun npu
MajioM WSMEHEHMH COCTOSHMS CHCTEMH, K HeMy ClieiyeT 10GaButh eiie
oputt wies. B ra. IV, § 4, noxasano, uro sTum unenom ssasercs E, dD; ').
Tak Kak BCe W3MeHeHus 1peanonaraTcs OGPHTMMLIMM, TO U3 nepsoro
H BTOPOrO 3aKOHOB TEPMOAUHAMMKM CleyeT

dU = o ey} E, dD, + TdS. (10.30)

1) B ra. IV ucnonssosanocs Bripawenue vE;d Dy, rie v — 06beM KpHCTaina;
TIpH STOM CHMTANOCD, YTO MONE OMKHO GHITb AMKOM 38KMOWCHO B KDHCTalle.
Tk, YTO 9TO OrPAHUHEHHE MOKeT

ObiTb CHATO.
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Ecau B3STL ¢, @, onp y
@ =U —oyey—ED—T8S, (10.31)
T0, nuddep pys (10.31) u (10.30), 1y
d® = — ¢, do;— D, dE, — S dT. (10.32)

B ypastenun (10.31) Bce BeMuMHH B NpaBoit YacTH SBAAOTCA BYHK-
UMMM MepeMeHHBX (o, E;, T), onpellensiolwmux COCTORHHe CHCTEMb.
Cnenosarensho, @ Tawke spasercs gyniumest (5,5, Ej T), u Mbl MOXeM
aanucarb

dd):(%)z.rda” +(_§‘%)a, rdE‘+(g%)a, edT' (1033

C ¢ i By (10.32) u (10.33), nonyuaem
00 —_ 00 —_ 00 —
(—Fil)g,r,— e (aEI)a, T D (W)o re S (1034

Mponu¢depesunposas neppoe 3 STHX Yypashenntt no E,, a sropoe
N0 o, NoC/e 3aMeHl HMHieKca i Ha k HaXomum
020 ( Oy ) ( 0Dy, ) T
——) =52 =5 = dy. 10.3:
(du,;bEk ), 0E; ), =\ ey ) p (10.35)

AnanornuneiM cnocoGomM nosyuaem

R N
~(sir) = (), (), = oo

Vs ortux Tpex ypastenu#f cnenyer, uyro MaTpuua Kosdduunentos,
CTOAILUX B rnpasoft vacth cucteM ypasHenu#t (10.27)—(10.29), cumme-
TPHYHA OTHOCHTEJLHO IJIABHOM ;Maronai. B uacTHOCTH, M3 STHX ypasHe-
HAR BHIHO, 4TO:

a, npamozo u x
siighemos paswst dpyz dpyzy;

6) Db mena06020 p PasHbL Kodhghuyuenman
Nbe30KaAopuLecK0z0 sfigexma;

8 ip pasres Kosghgu-
quenmam P

Oti pasencTsa oTpaen na ¢ur. 586, rae oKOAO KauuoH aunmm,

p yio yKasa XapaK-
TEpH3YIOULHI STy 3ABHCHMOCTb (MHIEKCH Y KOS(QHUHEHTOB OMyLIEHH).
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B unterpanbhoft gopme ypaswenms (10.27)—(10.29) moxuo sanwcats
B BHIe !) . - P
ey = Sijuon—+ dijEx- 0ij AT,

D= dtik“]k+'l TEj+ piAT, (10.38)
88 = affey + B+ AT,

B sTuX ypaseHusx e; 1 D; LOMKHM PACCYMTHBATLCH OTHOCHTENLHO Hx
sHavennit TIpY HyJeBHIX noas u
Temneparype.

CB00Ka pe3yavmamos, NOAYLEHHBLX HQ OCHOBE mepMoOUHG M~
uecKozo paccuompenus. Jlamum Teneps Kpatkuh 0030p NOMyuEHHBIX
BhIllIe Pe3y/ILTATOB, OTGPOCHB BCE HHAEKCH, YTOOM OTYET/IHBEE BHICTYNMIO
OCIIOBHOE COZepHaHNe TOMYYeHHHX CooTHowenuH, (OveBuano, uto UpH
9TOM MHl TNpOMTphHIBaEM B CTPOrOCTH, HO TaKoBa Heuabexnas uena,
KOTOPOH Mbl JO/XHLI PACHNAuMBATLCS 82 KPATKOCTD),

BoabMeM o (neBsTh ), E (tpu ) n T B KavecTse
P p COCTOSI~
nue. Torna e (nessith )% D (tpu i) u S Gynyr
¢ o, EuT. C
ae=~du+7§df+-~d‘r
oD oD oD
dD =7 do + 57~ dE-57 dT, (10.39)

d3=.a;—aa+35 dE+WdT‘

31eCh YaCTHLIE NPOUSBOAHHE MMEIOT CMBICA YNPYFMX [OAATAKBOCTEM,

PHMUECKHX TeMJoBoro pac-
mupenns u T. 1. Va nepsoro BTOpOrO saKoHOB TEPMOAMHAMUKN BLITE~
Kaer, 4TO

dU ==ode-E dD+TdS. (10.40)

Bsenem ¢ynxuuio
®=U—ce—ED—TS.

Iuddepenumpys ee w ncnonssys ypassenne (10.40), nonyuaem
d® = —edo— DdE — SdT. (10.41)

1) Uncno MHIEKCOB MOKHO b, €CIH MpH

HeCKOM , a He

Tensopusie 06osnaucHus uuﬁpnuu I!D’IDM), uTO Ol nenocpex\mcmm HOKa3k-

paoT MPaur TEH30Pa, ONKMCLIBAIOWIEro CBOHCTBO, 2 TAKKE MOTOMY, 4TO OHH HOCST

o0muit Xapaktep M JICFKO MOFYT ObITb DAacnpOCTPaHeHB Ha TEH3OPH MoGOTo

panra. HaoGopor, mMatpuuHiie 0603uauenns HeyRoOHb! JUiS 3aNHCH TCH30POB BHIIG
aira, BTOPOrO MOPAAKA (CH,

rll,Xlll§3 b Po paaka (o4
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Tak xak @ siBIseTCH (yHKUWe# COCTOANMS, TO OTCIONA CJEAYeT, uTO

% 00 oD
F=—e gF=—D F=—S5 (10.42)

otkyna nocie auddepeHunposaHus naxoaum
e oD e oS oD aS
TE o o= or—o (10.43)
aTpHia CTOSIUX B [IPABON HACTH ypaB-
nermit (10.39), CHMMchu‘lllﬂ ). Tlostomy npsmofi m oGparHEfl MNbeso-
JIeKTP! ONHMMK M TeMH Xe Kod(HLen-
TaMM; 9TO e CNPABEN/MBO VA TENIOBOrO PACIIMPENNs i [be30KaA0pu-
YeCKOr0, NMPOIJIEKTPUHECKOFO M BJIEKTPOKAIOPHYECKOTO I(peKToB,
Vpassenus (10.38) Tenepb MOXHO 3anmcaTh B passepHyTol (opme
€ MAaTpPUYHLIMH OCO3HAUEHHSMU:

&y == 541 "1~ $1202 - $1303 - 5104~ S1505 - 1006 -
+ dLBy +-duEs - duFs --of AT,
€5 == $15% ~+ 8595 S99~ S24% - 8250 + S0+
Ay Ayl + dggEy - 0, AT,
€= 8139 8399 ~+ S3a% 7+ Sa4% - Sau%s + S30% +
- diaEy - dyaFy - dgFy -0 AT,
& == 81,01+ 4% -+ Sua%s - Su4 -+ S + 8400 +
Ay Ay By - dgyEs -0, AT,
€5 == 815~} 8200 - S350 - S40% - S50 - Sse% +
- dypEy - dygEy - dgsEg 05 AT,
£ = 5140 ~+ Sa6% —+ S35 -+ S16% ~+ 85005+ Sea% + (10.44)
+dyoEy + dygFy +dgiEy g AT,
Dy = dfjou4-duos + duoos +duos +duaos - duss +
s s+ AT
Dy = dyy0y - oy, -+ doa®3 + A0y + oy + g -+
+ 240Ey 0y - 4geEa+ Py AT,
Dy == dy0; gy, + dygoy 4 dyy0y - dygoy + dygg -+
9By - vaFly - agEs - py AT,
AS = afﬂl 0,0, - oy0, 4 a‘a‘—{— 0,0, 0,3+ PE, +

cE
+ Pyt piFy - = AT,

1) Kopotko rovops, sxo6uan Matpuust e, D, S otHocureasuo o, E, T [mar-
puua kos(duUHEHTOB B 1paBOH wacTH ypauucmm (10.39)) pancn B3STOMY CO
BHaKoM MuHyC reccuany o o, L,
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Jlis KPATKOCTH BEPXHME MHIEKCH NaHbl TOJBKO Y TePBHX WIEHOB B Ka-
WHOK rpynme unewos npaso#t vacTm. MaTpuua & onpenensiercs ypaste-
tueM (9.16). B npenuinymux raasax ME paccMaTpuBaAM IO OTAEMLHOCTH
(OpMH pa3nMuHBIX MATPUU AAs 32 KPUCTAANOrpPApMYECKHX K/NACCOB, DTH
Pe3ynLTaTH CBENEHM BMECTE B NPUAOKEeHMW 5, rie Ijs KaXAOro Kpu-
CTA/NOrPadUYecKoro Kacca MPeACTABMRHL MOMHBE MaTpuisi Kod(u-
LMEHTOB, CTOAUWMX B Npasoft uactu ypaesens#t (10.44).

Ecnu marpuibi B ypastenusx (10.44) o6osnaunts npocto Gyksamu,
TO Mbi [OJYYHM y yp

e=s"To - dlE +a"AT,
D = do - x7E 4 p° AT, (10.45)
Ca,E
AS = afe + piE -+ —7— AT,

Herpynno Bugeth, YTO AAsi JIOKA3ATEALCTBA TePMOMMHAMHYECKMX YpaB-
tenuft (10.35)—(10.37) Mbl UCNO/B30BANM TO CYLIECTBY TAaKOW Xe MeTOX,

KaKoft ns #yy==%y B A IV,
§ 4, u pasenctsa s;=s; B l'Jl. VIII, § 3; BO BCeX 9TUX CRyuasx
Gpanuch BTOphie Mp 0 na
@ ¥YnU KM namu) MO ABYM U3
HEBABHCHMBIX [IEPEMEHHBIX M MEHA/CH nopn.uox nmbq)epeuuuponaﬂm.
Takum oGpasom, nns Ba  CHMMeTp

r7ABHON AMAroHaAn MATPHUL KO9((MMUMEHTOB, CTOSIIMX B MPaBOH YacTH
ypastenu#t (10.44), n0CTAaTOUHO NPOBECTH TAKOE Xe paccymneﬂue.

Ocraercs ucc. TPH TpsiMble mexay S, D uen
TPH Takue e 3apucumoctu Mexxay T, E u o (cM. ¢dur. 586). Mcnoan-
8yfl COOTBETCTBYIOLLIME MOXHO HaTH
CrleNyiOlHe COOTHOLIEHHs MELy WeCTbI0 PacCMaTpuBAeMEIMH KOI(QHUH~
enTaMm:

0S\ ___ (0E\
oy, =)= 040
oD, Doy
pat ) = (=2 =
("sln)g, o ("Et)., r (1047
08 00y
_— =\ = E. v
(os,,),vﬁ (or),, atl (10.48)

D1u Tpu cOOTHOENHs 0603Havenbl Ha ¢ur. 586 Oyksamu £, e, f ¢ BHew~
Helt CTOpOHb GOABIIOrO TpeyroibHuka W OykBamu —£, —e u — f
€ BHYTpenHell CTODOHH Manoro TpeyroJbHUKE.

Hucno kosdpuunenTos, CToswmX B npano#t yactu ypasmenut (10.44),
ZIOCTATONHO AASt TOFO, YTOCH Onpeienuth bee 9(deKTsl Nepsoro rnopsKa,
Bce apyrue nepsbie np [em., (10.46)—
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(10.48)] MOXHO BHpasuTh uepes HHX. B uacTHOCTH, IS Nbe303JEKTPH-
uyeckoro 3pQexTa erko noKasarb, yacTHsIe
4To )

P

— E — E
Aygp = €i1mSp, R i =Dyl

kax npu T==const, Tak u npu S==const.

§ 4. Coo mexny ) Tamu,
NpU PasSAHYHBIX YCAOBHAX

B § 2, 0. 2 MUl ye BUIE/M, YTO yNpyrue NOAAT/IMBOCTH, M3MEPeHHEIE
NpY  M30TEPMMYECKHX W anuaGaTHyecKMX YCHOBUAX, PA3nMuKH. Tenepb
paccMOTpuM NONOGHbIE PasHyMA MeXcly pasHLIMU KOSGhdULMEHTaMU B OGLIEM
cayuae, B TOM 4aCAe M Jis KOS(QMINEHTOB, ONMCHIBAIOLINX 9JEKTpHYE-
ckue adpexTn (cM. ¢ur. 58a u 586).

YToGbl TOMHOCTBIO Ofp b ynpyrue 8
3ajiaTb He TOJBKO Ten/oBble yCAOBHS (I pLie MOryT Xapak’ ca
nocrosHcTooM S i T), Ho (UKCHPOBATH M 9/eKTPUYECKHE ycnonm' TaK,
MOXET NMOLePHHUBATECA NOCTORHHEM Tone E wau, 12060pot, uuaykius D.
Amnanoruyso, b KPUCTANAa Orip A KaK
TAK M 9/ICKTPHYECKHMH YC/IOBUAMH, NPH KOTOPHX OHA W3MepseTcs; ona
3ABUCHT OT TOrO, KaK MOTYT uamensTbes senwunnbl Ej;, Dy oy ey,
HauGonee nas Hac Gynyr

T == const (u3omep. 3. 310 ycnosue

KOFZIa 9KCTEPUMEHT [POBOANTCS HACTONLKO MEJJIEHHO, TO KDHCTA/ BCe
BpeMs B p OKp cpeoi.
S==const (aduabamuuecroe usmenenue). B 3TOM cayuae KpucTaan
He NO/MKEH HM TOJyuaTh, HW OTAaBaTh Tenso. Takke YCAOBMA peasi-
ayIOTCs NPH YNPYriX KOAc6aHusX KPHCTaiia, eCH W3MeHeHMs CTO/b
ObICTPH, YTO Ten/I0OGMex MexUy DA3/MUHLIMH YACTAMH KPHCTaaa
npexeGpenumMo Ma,

E=const. ITone E Gyner ocraBaTbcs paBHbIM HyJ/IO, €CH BCA MO~
BEPXHOCTb KPMCTA/IA HAXOAMTCS MNOL OAHMM H TeM e S/eKTPHYECKHM
norenumanoM. Korna E==0, T0 ropopsr, 4TO KPUCTAJUI S4eKMpUtecKu
€80600¢H, TO aHalOTHH C HiKe
COCTORIHHEM.

D=const. Eciu wnpykuus D B Kpucraise nocrosuha, To dD =
=% dE+-dP =0; cnenoparensiio, moGoe uaMesenue P 3a cuer Nbeso-
9/IGKTPUYECKOr0 MM NMPOSJEKTPHUECKOro 9(PQPEKTOB JOMKHO KOMMeH-
CHpPOBATBLCA  PaBHLIM M NPOTHBONOJOKHEIM  U3MEHEHHEM 'KaE. Taxue
yciosus B O6LieM cayuae TPYIHO OCYHICCTBHTH IKCHePUMEHTAIbHO.

TeM He Mewee NOYYMTEALHO OGCYNMTL Cayuah NOJHOCTBIO M3OAMPO-
Banno# TOHKON KpHCTaNMyeckolt nnacTuuku. Bynem paccmarpusath ycaosus
TOMLKO B UEHTPaNbHOM YaCTH NAACTHHKM BAAAM OT ee kpaes (¢ur. 60, a),
XOTsi HETPYAHO PACHIPOCTPAHUTL KAaueCTBEHHOE PACCMOTPEHHE M Ha rpa-
Huunbie yyacTku. IlycTb Bse xpucramna D = 0. Ilockonbky Ha rpanuue
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IBYX CpeA HOpMaibuias kommonenta D NOMKHA COXPANSTH HelpephiB-
HOCTb, BHYTPH TUIACTHHKH MOFYT CYUIECTBOBATH TONBKO KOMmonentu D,
TapajesbHLe ee TOBEPXHOCTAM (Hmwxuss cxeda na ¢ur. 60, a). HaoGo-
POT, HANPSKEHHOCTb MOJs E nomkua GwTh nepreHauKyiapHa noBepXHO-~
CTH TZIACTHHKA BCJICJCTBHE HENPEPHBHOCTH HA rpanuie ee TaHreHMalb-
HOM KOMMoHeHTH (paBuolt nymo). Toaspusauus P Gynet B ofileM ciyuae
Hanpap/eHa 1NOJ HeKOTOpHM yriom K uosepXHocTu !). CoorHomeHue

D
—
P
5
D
P
6

®ur. 60. Pacnonoxenne Bextopon xE, P u D B TOHKOH u30MH-
POBANHOH KPUCTAMIHUCCKOI MIACTUHKE BJANK OT ee Kpaes (a), CBAsL
Meucty sekropamu (6) u Bausinne usmenetus P (6).

mexay D, E u P nokasano na ¢ur. 60, 6. Ha ¢wr. 60, 6 sunno, wyro
P

ecau nspHa NIACTHHKH, TO
uunykuus D Gyner pasxa Hymo; npu stom E-— nenonspusyiouee nose,

HEAMH ~— Gyner 1noa-
HOCTBIO KOMACHCHPOBaTh P (%E == — P). J'Lencmmcnum, TOMLKO B 9TOM
ciyyae B D Gyner nocrosmna

(paBia nyJio). ‘lmbu y6eaurnes, 4ro B oﬁuzeM cayuae wunyxuns D ne
NOCTOANHA, PACCMOTPUM BAMANME MANOrO W3MEHeHMs Be/MYMHLI M Hallpa-
Bienns Bextopa P. Bexropwt D w %E noMKHH BCerja OCTAaBathes
BEHHO Tiap " nep Y ASIPHEIMK

ecam Myl nep or xonqmrypalmu, n30-
6pamermoﬁ ua dur. 60,06, x xoudurypauum, usoGpaxenrott na gur. 60, s,
70 BeKTOpHt D M % E M3MeHsT CBOIO Benuumuy, HO OCTAHYTCH (PUKCHPO-
BAWNBIMKW N0 wanpasacnmio. Takum oGpasoM, npu usmenenun P ocraiorcs

1) Ha npakruke npn Ha KpH-
cramia GynyT ocenarb 3apsibl |

ohnpe 3apansl. IIpu Hauiew TEOPETHYECKOM PACCMOTPEHMH Mbl LIONAraeM, 4YTo

970 He Taicer mccra, TaK KaK KPUCTa/l M30AUPOBAH OuEHb xopouxo Apgext

npu KOTOpHX P

mehsier cBoe uanpamelmc CTOMb %ACTO, MTO 3APANLI HE ycnenam aKonmRLCR,
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HEHSMENILIME (M PABHBIMM HYMO) TOJLKO HOPMajibHas KOMnoHenta D
W TaHrenuMajbibie KOMIOHENTH E.

Hrak, nas ocyuwiecrsieuns ycnosus E==0 pocratouno, uro6m 1o-
BEPXHOCTb KpHcTazna Gbina skBunorenuancioh. Bmecre ¢ rem, aas
pHnoHents yenosus D =0 nenocTatouno M3omsumu kpucranna. B o6-
uieM Cydae B M30JMPOBAHHOR niacTuiKe GONBLIMX PA3MEPOB BAAMM OT

ec Kpaep OCTalOTCH HO| a D n TaureH-
uHaibHbie komnowents E, rtorna wak ycaosus D ==const n E= const
He . Ecmn s ycaosue D==0, TO rosopsT, uTO
KPUCTAIII SACKMPULECKE 3G9HCan.

a==const !). (Me. ) (o4 = 0) mMoxu0

NPHGJHKEHHO OCYLIECTBUTH, YKPEIHMB KPHCTANA TakiM 06PazoM, 4TOGH
nedOpMaLMM MOTJIH NIPOMCXONHMTL KaK MOWHO Gonee CBOGOIHO.

e=const !). Yro0n nedopmauun €; OLJIO MOCTOSHHM, K KPHCTALTY
IleDGXOJlHMO TNPUHIOKKTL TAKYI0 CHCTEMY MeXaHHYeCKHMX HﬂllpH)KCHHﬁ,
KoTopas obecneunBana Obl NOCTOSHCTBO 8CCX KOMNOHEHT JedOpMAauuH.
MOXHO CUMTATh MPM 9TOM, YTO KDUCTAM OKPYNeH CO BCeX CTOPOH
cpenoft ¢ Geckoneunoft wectioctsio. Korna e; = 0, 70 ronops, uto kpu-
CTAI (MeXAHULECKI) 3GAHCAM.

1. Tnaeubie adexrer. Huxe yp u3 p
BMIHO, KaK BJMSIOT yC/OBHS P Ha B
raasHue 9¢qjek’ru Iepsoe u3 9THX ypamlennﬂ yime OblIO MOJyYeHO
B § 2 n O y AHANOTMYHO, HO TPU
3TOM Tp HEKOTOpLe 106: 7 s
HAMOCTPAUMK  STHX B 7 HO ypas-

nenne (10.51). Ua A‘bm‘. 586 MOXHO BHIETb, YTO BCE STH ypaBHEHHs
JIOMKHH MMeThb OjuHaKoBYl0 opmy. JlioGoe ypabiesie, BK/IOUaiolee
BEJIMUHHK, CTOSIINE B COOTBETCTBEHHBIX BEPIUMHAX OGOMX TPEYrOMLHHKOB,
MMEET CHMMETpHYHLE AHAJOPH Jis KaXJOH APYFOM naphl BeJAWUMH, 3aHU-
MAIOLUX APYr'HEe COOTBETCTBEHHEIE Bepiumtibl. TakuM 06pasOM, 10ONY4MB OHO
M3 9THX YpapHeHmM, MOXuo 3 paccmorpenus ¢ur. 586 HaiTH oCTaMb-
Hule (32 MCKJIOUeUHeM HIIIeKCOB).

1) Hsomepmuneckue u aduabamuueckue ynpyzue nooamausoctiu
(npu nocmosnnon nose)

T
sfm—s{m e (E = const). (10.49)
Tpasyio wacts y MOXHO prpeTyp b KAK TepMOy-

Npyryio NONpaBky K MONATIWBOCTH.
2) Ynpyeue (usomepsuueciue) noOGMAUBOCHU 6 JACKMPULECKU
u " x

oF

D __oE .
Stjrt ™ St =
(@ K

oty A (T'== const) (10.50)

1) B BupaxenusX, MNOAOGHLIX 9TOMy, MLl fHUIEM A KPaTKOCTH ¢ U &
BMECTO Gjj 1 £7).

15 M. Han
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3) Musrexmpunecian mocms 6 He. 1
u MexanuwecKu 030605:4014 (usomepuuneckux) coCMmoRHuAX
- 5
—y i i (7= const) (10.51)
P P K JM3/IeKTP p ).
4) H3omep. u 0 npo-
HUGAEMOCMU (NPU NOCMOSHHOLX uanpﬂmenuux)
zf]—r — PP g CE (¢ = const) (10.52)
(NMPO3NEKTPNYECKAN NONPABKA K mlaqem‘pnqecxon POHUILACMOCTH).
5) Tennoenxocms (npu X) 8 anei e~
cKu MU s, 1p OHOM X
—CE=—Tppfl, (o= const) (10.53)
p p K W),
6) Tennoemxocmy (npu NOCMOSHHOM NOAE) 8 MeXaHUueCKU
Mou " x
T
—Ce = Toyy0y,€730 (10.54)

(TepMOyIIpyras TONPABKa K TeMJI0eMKOCTH).

7) Ynpyeue (u3omepmuueckue) noOamAuUBOCMu NpPu NOCHMOAHNGLYX
HOPHAABHULY KOMNOHeHMaXx undyiuyuu. B xayecTse npumepa npomexy-
TOYHBIX YC/JOBUR MOXKHO PACCMOTPeTh WMBOTEPMMUECKME YNpyrue nonar-
JUBOCTH B PHYECKH JUMHA W IUMPHHE
KOTOpOH Beaikn N0 cpapHenwo ¢ ee TomumHoR. Kax MH yxwe bunemm,
TPH STHX YC/AOBUSX OCTAIOTCS TOCTOSHHLIMK KOMIOHenTa D, HOpMaibhas
X M TaHre E. Ecin Ox, — naupap-
Niele HOPMAI K T 0 HEie yapyrux
TIORATAMBOCTEH MOXHO 3anucaTh B BHLe

¢,

(—i) =sj, (T==const).

Oorilp,, £,y M

MOoXHO noKasath, 4TO KOSGOUUMENTH ), CBasauM ¢ S, coOTHO-
HIEHHSIMH

Gy

—sE

Shu—SEy= (T= const). (10.55)

"':1
2. Conpsmuennbie sddextol. V|
B N1, MONHO BHBECTH H IS KOIDQMUMEHTOB, OMMCHIBAIOUIAX CO-
Bee npH 9TOM YpPaBHEHH: TaKxe
eI 06uiyi0 GopMy, KOTOPYIO JNerko ToJyuuth, OOPaTHBIUMCL ONSATH
K Qur. 586,
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1 1 « saempo .
npi * X u X Oepopmayuns
(cm. § 4, n. 4)
P—py=— e, (10.56)
2) K menn08020 penus u nesoka
s MU €60600-
HOM COCMORHUAX
of) —of = —dl b2, Thg (10.57)
3) Hsomep. “ npAmOZO
u op .
i — (10.58)

8. Yucaennsie 3HaueHus K09dduunenToB. M roBopiM, YTO COBO-
KyMHOCTE BEJWUMH, XapaKTepH3YIOWMX B3aHMOCHASh MeXy BCeMH pac-
CMaTpuBaEMBIMH CBOHCTRAMH KPHCTAMIA, KONWYECTBENHO Ofpejesena, eciu

4ACTHBIX — B ypas-
wennax (10.27)—(10.29). Hexm‘opue YHCJ/IEHHLIE BHAUCHHS GLAM npu-
peneHbl B NpelbAYLMX FJaBaX. 3/ech M JaHM CIENyIOulylo cXeMa-
THYECKYIO TA0.HLLy, CyMMHPYIOLLYIO TIOPSAOK BeMMYHH KOIPPULKEHTOB NPy

ype LIS HeMeTall u Hecer Tpi
KOTAA 9TH MEHTHI  He B Hyab 43-33
cHMMeTpuM:
s E T @ E T

el|ls a « e 107" 3.107%  10®

D|d » p D {3.10- 1071 3.10-¢

Sla p QT S| 10 3.10% 10t
( JaHH B P cucreme MKS.) Omn snavenus
l’IO HeOOXOMMMOCTH ABJAIOTCH BeChMa npnﬁ:mmemlumu 3nech He NPHHATHI
BO uu  pasbpoc s KaXn0ro
TeH30pa, HM 3HAYMTeJbHHE pac B
y PpasHbX KpHCTAAnoB. [ CervHeToaneKTpPHYeCKHX KPHCTAannoB (CM.
ra. IV, § 8) nopanox pemmuus P M3 9THX 0B CO-

BepLIEHHO OT/HYeH OT TpHBENeHHHX BLIlle; KPOMe TOr0, HEKOTOpHe W3
OT TeMnepatyphl.|

Tipu onpenenelmu nopnnka BE/MUMHEL MOXHO NPOBOJHTEL BEYMC/EHUS
C TeHsOpAMH TAK e, KaK CO cKanapamu. OTHOCHTENbHAs PASHOCTH MeXay
anuaC " MMW  YOPYTMMH  MOAATJMBOCTAMH
(8 E— T Ey[sTy B pyeer, cornacko ypasuennio  (10.49), Bemuumny
nopsiaka o*(C/T)s. D70 GeapasaMephoe OTHOLICHHE XapAKTepH3yeT BesH-

16*
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uuHy TePMOYNpyroro Bua 1); Bhilte
YHUC/IEHHbIE BHAYEHHs, HAXOJIWM, YTO YyKasanHoe OTHOILUEHWe JOKHO OLITH
pasiio 107°, Buauctsi Piia OTHOCHTENbHSIX pasiocTedt nansi p Tabr. 11.

TABIHUAI

MexHdy
UIMEPEHKbLMU NPU PASAULHOLX YCAOGUAX

Vpanenne Pasnocrs, et
S E__TE - a? ~3
(10.49) s s s 10
(10.50) 107°
(1051) 107?
(1052) 107"
(10.53) 107"
(10.54) 107
da
(10.56) 7 1
(1057) /2 107"
(10.58) & —d" 107°

Kak BUAHO 43 AAHHLIX, NPUBECHIBIX B NOC/ENEM c'ronGue TaGAMUE, pas-

HOCTH Mexay npu

namuo'rcn B obieM Cnyuge AU MATHMI nonpaBKaMu, e npemma:o~

wumn 1% (snpuqu CrlellyeT TOMHHTB, YTO 9TH YHCAA TOJYYeHH Kak
L JMIWB BechMa

anGJIH)KC“HO) OI‘M(,THM, OlHAKO, 4YTO OTIIDCHTEHBHHH PAasHOCTL Mexay

HUECKUMU npu u nepop-
Mmmnx He ABJsieTcs Manolt BennunHoH; ona mmeer nopsuox 1009. drum
0cO6HIM 10 p PHYECKOrO d(ipeKTa u OGBACHAETCH TO
1) K KOpHU M3 sTOMY, KO3Gf-

d, iu

conau.
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BHHMAHHE, KOTOPOE YIeleHO 8op My nuposaex 1y, 00CyH-
naeMoMy B caenyiomem nynkre. He cuenyer nymars, uro Mbr oGpaiuaeM
0co60e BHUMAHHE Ha [HPOIJEKTPHYECKHH 3dderT NOTOMY, 4TO O

5l OT APYrux p 3¢q)emos. Moo
6110 Git TPOBECTH aHANOTHYHOE PACCMOTPEHHE ,BTOPHYHOIO® TEIIOBOMO
pACUIMPEHHS, MM ,BTOPHYHOIO“ NbEBONCKTPHUECTBA, ecan OBl 5TO

3 M BT adextsr. Bynem
cunTath, wro E=const. Tax Kax D— fie, T) ne==fy(o. T), 10
MOXHO 3anucaTh

aD -(--) de-{—(ar)dT u ds:(z—;)rda—)»(;})“dﬂ

(uHIeKCH ONyLIeHH, HO Jerko MOryT GuTh BOCcTanOBJeHw). Iloncrasup
anauenne de W3 BTOPOrO ypapnewns B nepsoe, nonoxus do==0 u pas-
nemue Ha d7T, nonyuaem

neppRuHL BTOpHuHHA

oD 05\ | (ap\ o
(ﬁ)’_(ﬁ)‘+( o )r(3f>q (E=const).  (10.59)
Ypasnenne  (10.59) onuchipaer nuposiexTpuueckuit spextT mnpn
X T.€. p NPU YCIOBHH, UTO KPWCTAIN
MOXET CBOGOLHO W3MEHSTL CBOIO
¢opuy. D10 ypasHeHHe NOKa3bIBaET,
YTO M3MepeHHLIR 9PDeKT MOKHO pas-
JlenTh Ha 21BA, OMHCHIBAEMBIX ABYMS
u/ieHaMH, CTOSLMH B IPABOK 4acTH.
TlepBrill -— nepsunnsil (WM ,HCTHH~
HHlY)  nupossexmpuueckuii 9~
gpercm,— 3anaerca uienom (0D/0T),.
DTOT uMeH OMNpeneaneT HHAYKUMIO
(NIOAITPHIALMIO), BLISHBACMYIO H3Me~
HEHHeM TeMIepaTyphl, NpH yCIOBUH,

dopma 1 06

naores gukcuposannnmi, Bropo#
qnex nu-
pos/ze/cmpuwmuﬁ sﬁgﬁmm (nm
L MOKHMA nupossexTpuvcckul s P 61 Tepsuimil n BropHvaLt

nHposseKTpUueckue ShQexTs.
§ . .
q)em‘ TIEpBOrO poia®): 910 106z )|<»§3uu JMHHS  WAMOCTDHYET  TepHiHb

Heill  nEpossekTpryeckiit 9QMEKT,  sgdiexr (npu e==const), WIPHXOBHE — BTOPI-

BosHuKalOWMH npu csoGonHol Ae- aberT, Bus«kunmuvm B CBOBORHON Kpit-

GopMauun Kpucraina. Jlerko Buaeth

ua ur. 61, yro BrOp appex T BCJIeML-

creue sasucumoctn I'—e—> D, Tamm 06pasom, KOFJa KpHCTAT MOXeT
popmup TeMJIoBoe P

P POP
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KOTOpas B CBOIO OYePellb 32 CueT nbesosnempmecxon 3aBHCHMOCTH & —> D
CO3/12€T 9/IEKTPHUECKYI0 MHLYKILHIO.

Bupasus (0D/0e), B ypaaHeHml (10.59) kax npoussenehue ABYX
NIPOM3BOAMBIX, NOJyuaeM

nepomLi BTOpUIIA
oD !'bng’le)“1 0D !§$cm Oe
(W), (ﬁ)ﬁ(ﬁ),(o—s),(ﬁ); (E=const). ~ (10.60)
910 yp (10.56), P apdext
yepea ynpyrue M M KO3¢-

¢uinenTs  TenuoBoro pacmupelmn (uyms T—>e—>o0—D na ¢ur. 61).

TpakTryecks BTOPUUHLIA 3PPeKT WHOrAA UHC/EHHO IIPeBHIAET Nep-
BHUYHBIH; MOMET Naxe 4TO TIep apdext Man,
uTO €ro He ymacrcs . O6uHO BeJHUNHON  fB-
nsercs umento (OD/0T),; 4T00H nonqub U3 Hee (6D/0 T),, HY®HO 3HATH
Nbe309NeKTPHYECKHE M YIPYrie KOSGhQUUNEHTH ¥ KO3hOUUMEHTE! Tenno-
Boro pacumpenus. Tak kak Besuuuna (OD/OT), OTHOCHTE/LHO Mana, TO
HeGoabluas OwWKOKA B Onpenesenun (OD]OT), MONKeT NPUBECTH K TOMY,
yro nepnuynbiit adpext Gyner BooGuwie He 3ameue 1).

Ceasb Mexny BTOP PHUCCKHM " KpHCTAn-
nor pagmuecko ‘CuMNeTpHeR — BORPOC, ACyKHBAIOUIMA HEKOTOPOTrO BHU=
manua. Tpu raashbix sdpexta (cM. dur. 58a u 586) HaGmopaircs o
BCeX KpUCTaliax. Y BCeX KPUCTA/IOB HAGMONAIOTCS TAKKe TenaoBoe pac-

p u Tep pyrue 3¢ Onnaxo nupossnexTpuueckut sdext
u P! i) n prueckutl ahexT BOBMOKHEI TONBLKO
y KPHCTA/I/10B, K Knaccam. [lanee, cum-

METPHS HeKOTOPHX KPHCTAINIOB TAKOBA, YTO OMW MOFYT AMCTD Tbe30SAeK-
TpHUECKHe CBONCTBA, HO He MOFYT HMeTh MHPOIIEKTPHYECKHX CBOHCTS.
‘TorAa BO3HWUKAET BOMPOC: YTO MpPH STOM JE/ATCH C BTOPHYHBLIM MHPO-
JIeKTP! Gnaronaps pacium-
PeHnio W mbe3odseKTpuueckoMy apgexry? CoraacHo Kpucraanorpadpuue-
CKOM CHMMETpUM, OH He MOXeT CYIIeCTBOBATb, XOTA NPW TOM e CHM-
MeTpHE cyuec TeNI0BOro i

Tpudectsa. TIpuMepoM TaKOrO Kpucramia asisercs o-xsapu (knacc 32).
OH uMeeT TPH OCH BTOPOrO NOPAAKA, HPUYEM J@BJeHHe BLOJbL 06O

M3 HHX P sapsnos. [lpu marpe-
BAaHUKM KPUCTA/J pAaclUMpsercs TaK, 4TO BAOAb Kawio#f M3 Tpex oceft
BTOPOFO  NOPSKA paBubie du

npusean Obi K NOSBJEHHIO Nbe30JIEKTPHYECKHX 3apAiOB, ecan Gbl OHR
He GblAN HanpaseHst oA yraoM 120° npyr k Apyry; B LaHHOM e clyuae
Bce 9deKTh B3AUMHO YHHUTONAIOTCS. CreoBaTeNbHO, BTOPHUHEIA NHPO-
9eKTP SpexT OTCYTCTBYeT. MOKHO OTMETHTb, MEXRY NPOuNM,
4TO KBApH, KOTOPLH B CAAY CBOGH CHMMeTpHH He MOXeT GBTb MMpO-

1) Janbheiimue noapoGHocTH cM. B Kiure Komu [24).
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9JIEKTPUKOM, HE MOMeT py Tb U BTOP] o TPUYECKOTO
KTd, 0 3a CYeT TEPMOYNPYroro n HECKOr0
apexron [ypasrenne (10.58)].
Takoe e paccMOTPeHie NPUMEHHMO K KYGHUECKOMY KPHCTAMIY Cyib-
¢una nueka (UuHKoBas o6MaHka, kaacc 43m), uMeiolleMy ueTHpe NOSP-
Hble OCH TPEThero NopsaKa. TOT KPHCTALI SBJSETCA [be309NeKTPHKOM,

HO nie HaoG6opot, rexcar (BiOp-
UMT, wmcc 6mm), y KOTOpOH reKcaroHaibHas OCb OCOOeHHasm, ABJSETCH
M mbed PUKOM, H MM PHKOM.

Ilpu paccmoTpennu Bcex fipieHuH, € KOTOPLIMM Mbl HMENH JesO
B HacToOslle#l rnase, COCTOsAHWE KPHUCTa/lna MNpeAnoaranock ONHHAKOBHIM
BO BCeX ero TOYKaX. Tpemuunsili nuposrexmpuueciuii agexn (nam
LONHBR  nupossekTpHyeckuit 3¢dexT BTOPOro posa‘) NpakTHYECKH
coGoit 0 .
Hepmmomepuoc HarpeBaiue €o3jaeT rpajmem TeMNeparyps, KOTOpHH
33 cyeT TenJoBOrO
Hanpsuenutt u neq;opuauuh Baiaronaps nbesosJeKTpHYECKOMY 94)¢ex'ry
9TH HANpmkKeHus M 1e)OPMALMK B CBOKO OYepEb NPHBOAST K BOHHKHO-
BEHMIO TOJIAPH3ALIMH, KOTOPYIO MOXHO OLIMGOYHO NPHHATH 34 llepBUYHOE
WM P p pruecTBO (eciu p Hejlo-
CTATOUHO TLLATENBHO).

PE3IOME

Ha ¢ur. 58a u 586 npencranieHa cBsdb MeXAY TENJOBLIMH, SJieK-
TPUUECKUMH M YPYFUMH P Ecmn , cTo-
siluMe B TPeX BepIUIMHAX BHEIUHEro TpeyrosabHUKa, NPHHATL 3a 1esaBUCH-
Mbie nepeMetHbie, TO I(PPEKTH NepBoro nopsaka (JuHeHHLE) MOKHO
B MaTPHYHOH 3aMHCH BHPA3UTH B BUleE

8:=sF T -|-dE - aFAT,
— dT o, T} o
D =d"e % TE 4-p°AT, (10.45)

% E
AS=afc+p‘:E+CTAT~

Unenr, pacnosioXertbie Ha IapHOM MAroHaau MpaBoft 4acTH STOM ch-
creMbl ypaBhenuH, ONMCHBAIOT 22aBHbLE C6OLCMAA, & VMEHHO ynpyrocTb,

IUSJIEKT PUUECKYIO n Hennar:

unenbl TPENCTABASIOT Conpascennsie agpiexmor: npsMot u oGpathuiit
pusecKue W TIBE30KaNOpHte-

ckuft adexr, uecku#t M 9.

CumMerpHs numwn MaTPHILLL KOI(HHLHEHTOB, cwnu.mx B npanon yacTi

9TUX ypaBueHul, BHTEKaeT M3 npu-
B§3uc Ha crp. 220.

Vs auarpamm, npuaeneuumx Ha ¢ur. 58a u 586, BUAHO, YTO CBOH-
CTBA KPHCTANJA SIBASIOTCH (POPMAILHO C . Tak,
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PA3HOCTA MeXNCLY p KUMH ¥ YOpYTHMH nOAAT~
auBOCTSMU (TIpH nose) aHanoruyHo
BHIUNC/ICHHIO DAaSHOCTH MeXJy Teil npu Hanpsi=
IKeHHSX M NPH NOCTOSHHKIX AeopMaluax (NpH MOCTOSHHOM nose). Boun-
ClleHNe PaTHOCTH MEN(Ay P KHMH I3 /1eKT) p
€MOCTSMH TPH TIOCTONHHBIX ¥ npu

TaKke TNPOU3BOAMTCH aHANOTHYHO. An PasHOCTH Hupamam;cn ypas-
venusmu (10.49)—(10.58).  Vpaeuenus (10.49)—(10.54)  suipaxaior

coor pMOyTIpyrie K ynpy-
M yeckue W Hp P p
K p M, THPOINEKTP! u TepMOynpyrHe
P K Vi (10.56)—(10.58) onuchBaT BTO-
puunbift nup teckult adhcex, 3a CyeT TelnoBoro
P P " P addexra, p TENJIOBOE Pac-
p Gaaropapst 1p TPUYCCKOMY ¥ pu-
4eckoMy S M p H P 9(ppexT, BO3HU-
KaIoWuit  M3-3a KOO M 0 ahpexTon.

"Omm propudnbie SddexTn 06HUHO COCTABAMIOT 196 WAM Memblte OT
ocHoBHoro 9dipexta. OJHAKO BTOPHYHLIK MUPOAEKTPUUECKHH ShdeKT He
ABASIETCH MAALM 3QPeKTOM U OOYC/OBAWBACT OCHOBHYIO 4acTh OGHYHO
uzﬁmo,naemux TIMPOSAEKTPUYECKUX sABACHUH.

3ALAYH

o
1. Jloxasats, ut0 ( T




Yacmes I

CBOVICTBA, XAPAKTEPM3YIOLLIVE
MPOLIECCHI NEPEHOCA

o X u XN TpeM TaKue Ommit-
u Tep-
MOsJleKTpUYecKkiM cBofictBam. Tak Kkak sTu cBoficrBa cBfisamb ¢ npo-
leccaMu MepeHoca ¥ TEPMONMHAMHUECKH HEOOPaTHMLIMH ABACHHAMH,
OHE He YKJNANHBAIOTCA B CXeMy 06patuMEIX s(ibektos, natuyio B ra, X.
TMostomy Goaee ynoGHO M JOIMYHO PACCMOTPETb HX Tenepb OTACALHO.
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TENJIONPOBOAHOCTh
¥ 3JEKTPOIIF OBOLHOCTH

§ 1. Tensopu Ten. ™
H TeMIOBOro CONpOTHBJEHHA

1) Tenaonposodnocms. Ecan Mexjy pasinuHEHIMH YacTSMH TeJa noj-
ZepUBACTCH DABHOCTb TEMMEPaTyp, TO B OOUlEM Ciyuae MeXIy HUMU
NPOMCXONMT [epeHOC Tenna INyTeM TenJonpoBOAHOCTH. Eciu hy, hy,
’lg‘-KDIﬂd‘leC"'Ha TenJja, NpOTeKalouiero B eIMHHMILY BPEMeHH Yepes enu-
HHMHble TUIOWANKK, NepneHHKyspubie cootsercTenio Oxy, OX, u Ox,,
TO, KaK JIErKO NoKasath, Ry, hy, hy ABAAIOTCH KOMNOHEHTaMM BeKTOpa A
(B cmbicae onpenenesus, nassoro B ra. 1, § 3). Bextrop kB nexur
B Hanpa/eHid NOTOKA Ten;a, W eCaH eIUHWYHAS NJOMANKA NepneHiM-
Kyasapua B, TO CKOPOCTh TeMIOBOFO HOTOKA Yepe3 mee ectb k. B uso-
TPONHOM Teje IIpOUecc nepeHOoca TenJsa IyTeM TelIONPOBOAHOCTH
TOAYMHACTCH 3AKOHY

h=—rkgradT, (11.1)

roe k— it} T, KO M
menonposodnocmu. Takim OGPasoM, NepeHoc Tensa NPOHCXOAHT B Ha-
npaB/enuH HauGO/bILErO mepenana TeMneparyp, npuyeM CKOpOCTL NOTOKA
NpPFMO MPONOPUHOHATLHA FPaLUeHTy TeMmeparyps. B uunexciom o6oana-
YEeHHH MBI MOXeM 3allHCaTh

or
0x; "
B kpucramie Bektop k B oOmiem cayuae me napamenes grad 7, u
ypasrenne (11.2) samensercs ua
o7
= —ky s (11.3)

k (11.2)

Kﬂ){(ﬂﬂﬂ KOMINOHeHTa & 8aBUCHT Tenepb OT BCeX Tpex KOMIOHENT rpa-
JZIMeHTA TEMNEPATYPhl, a He OT OAHOH M3 IMX, KaK B Ciyuae M30TPON-
Ho#t cpennl, Tak Kak koaduuHeHTH! kyy CBASHBAIOT 1BA BEKTOPA, TO
onu 06Pa3ylOT TEH3OP BTOPOrO paHra HAIHIBAEMBI MEHIOPOM KOSKH-

men. Kaxnut us ¢ kyy umeer
onpejesernbit Gpusnuecknit cmpica. Hanpumep, ecin enMHHUHLIH rpaiuent
TeMneparyptl Hanpapient Biois Ox,, TO TenoBoH nOTOK 1) BAOAL sTOR

') B nonoGHOM konTeKcTe Mbi GysieM BCerna MOJ TENAOBHIM MOTOKOM MON-
pasy T a CAMIMILY BPEMCHH uepes e~
Huny yARPHOI noTBKa, T. €. CKOPOCTH
NOTOKA YEpes CJUHIUHYIO NONEPEuHyI0 MIOIANKY.
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ocu pasen — ky,, @ IBa mOMepeuNHX NOTOKA, napamiedbhuX Oxy n Oxs,
PaBHBl COOTBETCTBEHHO — Ryp U —— Rgy.
Moo nokasate (310 Gyner obcyxnarscs B § 5 u 6), uro
ky=ky. (11.4)
Tostomy [kl sBISETCSH CHMMCTPRUHBIM TEH30DOM M MOKeT OuTL
BANKCAH B. BUIE
b ke ks
kg ke ko
Lkt kg hgs 1

WM, NPH NPHBENEHHH K FA2BHEIM OCAM, B BHIE

Thk 0 07

)

Lo 0 &l

Korna Tensop [ky] npueener K TaaBHeIM OCAM, ypasnenns (11.3)
NPUHUMAIOT NPOCTYI0 (GOpMy:

- or _ ar
hr*-‘kn;;;- hy= )

XapakTepHCTHYECKas TOBCPXHOCTL BTOPOFO MOPAIKA AJs KOI(du-
LMEHTOB TenjonpOBOAHOCTH ONMCHLBAETCS YpaBHEeHHEM

o

I =k (11.5)

Ryxpry=1, (11.6)
KOTOpOe NnpH nepexoje K IJaBHLIM OCAM NPUHUMAET BUJ,
X Ryl o hgxd = 1. %))

OkcnepuMenTaibHble 3HaueHus Ky, ky M Ry BCerla NOJOKHTENbHH, K
nos'rouy ypaauenuc (11.7) onucuBaet snnuncnm\~ xapaxmeplmmuue-
KUl

Ero ¢opma

u LOMKHBEL  COT BaTHCH C Kpucramia (CM.

ra. 1, § 5, n. 1.} qncyennEle TOB
TerJIONPOBOAHOCTH npmneneuu B Tabn. 12.

2) Tenaosoe X nenue. Ecmm Tpu yp (11.3) paspe-
WHTL OTHOCUTENBHO r)T/Bx/. TO NOAYUHM

or
oy Tyl (11.8)
rae ry— k 11Ba BEKTOpPA M

TI0ITOMY nGpasym re’naop BTOpPOro pa"raj, TAK HasbiDaeMuil  men3op
Koapfuyuemos mennogozo conpomussenus. ECIu 9TOT TeHsop saiu-
caTh B BHLC MaTpHUb (r—r,/), TO nocnezmm ouesuHO, Oyner oGpar-
HOH Marpuue p k=(ky) (cm. ra. IX,

§ 4, 0.2):

re=k L (11.9)
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TABJIUMILA 12

men. Kpucmaanos *
Kpiicrana Cuctexa Tenngparypa, |y g, e 3
Keapn ‘TpuronanbHas 30 65 13
Kanpuur » 30 4,18 4,98
Buenyt . 18 9,24 665
Tpacdur T'excaroHanbuas 30 89
Amomutmii Ky6uueckan 30 208
Mens . 0 410
B aGamue yasami SHAMCHES TAABIBX KOS(QIULHENTOB TENONPOBOZHOCTH B exH-
muax cuctesss MKS [02c/x-cexi-zpad). Nlanmsie wawrst w3 TG [54].
¥ [last pcex npiuCACHX B Ta0AMIe KPUCTATIOB &y ==F;j HO 3TO, KoNlewNo, He crpa-
DEAIHBO A5t ONTHYECK ABYOCHLX KDHCTRATOB.

Enpa an 1COGXOMMMO OTMeuaTh, UTO KOMNOHeHTH [r,] mo orneabHocTH
B O6lIEM Cayyae He sBJSIOTCA MPOCTO OGPATHBIMH BEAWYHHAMM COOTBET-

CTBYIOLMX [ky). Taxk, pumep
~1
rad (ke .
K i Ry n T2 onp npu P
rax. Ki T Ryp npu P KOMMIO-

HEHTH TEIJIOBOTO NOTOKA BROAL X;, KOPAA MPANMENT TeMIepaTypL Ha-
npaBnen BAOJb X,, T. €.

oT
hy=—kyy ol
E pOT, ryy ONP 7 M3 B KOTOPOM
T paTypsl BAOJL Xy, KOrna MOJHbIA Tenuio-
BOH MOTOK HANPAB/EH BIOMb Xy, T. €.
oT
oy = Felta:
Tax kax ky; ji» TO M3 COOTHOIIEHUS
, =)'y
4 Ryl "
rne A, — ner yl M I-# CTpoKH

ue |k,
H j-ro cronbua (cM. v, IX § 4, 0.2, nerxo nouqub uTo

ry=rp (11.10)
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Korna cummerpuunbifi Tensop [r,] npuBefeH K FAaBHbLIM OCsM (OHI
COBMAAZIOT € FiAaBHLIME OCSMH TeH3opa KOS(QQUUUEHTOB TEINIONPOBOL-
HocTw), TO ypasuerus (11.8) npunumaoT npocryio gopmy

or

X — rihy,

or or
oxy — ralty, xy — rahs,
OTKy/ia MOAYHA0OTCA COOTHOLIENHS

1
2N

n

XapaktepucTiyeckiil  9/Mnconn Ko3(PHLUEHTOB TEIIOBOrO CONPOTHB=-
JieHus TIPH MPUBEACHUH K TNIABHBIM OCHM OIMCHIBAETCA ypasHeHHeM

2 2 2
[
Jlerko BuAeTh, UTO JUMHEI NOJYOCEH 9TOrO 9JUIMNCOMIA OOPAaTHO NMpo-

TIOPIUHOHAJIbHBL JJIHHAM IlOleOL‘&n
GuuMeHTOB TENONpOBOAHOCTH,

p HYECKOr0 K03~

§ 2. Jipa uacTHHIX CJyuas CTAUHOHAPHOTO TENMJOBOTO MOTOKA

nOy‘I“TCanIO PaccMOTpeTh reoMeTpHUIECKHe YCJA0BUS IS ABYX YACTHBIX
CllyudeB CTaLNOHAPHOrO TeIlIOBOTO MOTOKA. TMotok Temna siBJsieTCs cTa-
UMOHAPHHIM B TOM Ciay4ae, KOrjaa BeJMuUHHA [0TOKA W Temneparypa
B MOGOH TOYKE He MBMEHRIOTCs CO BpeMeHeM.

1) Tenaosoii nomox uep('d naockyio naacmunky. Tlycrb nosepx-
HOCTH  IUIOCI 1eCKOl T,
B KOHTaKTe € ;u;ymi xopolumm nposonuukamu Teria (pur, 62, a)
M MMEIOT DAsHYIO TeMnepatypy.

nOlK!)KHM, uTO DJIMHA M IUMpuHa I(pHCTa.’lIIVNECKDH TIACTHHKY 3HAYM-
Tenbno  Gosblue  ee TOJLUMHE,  TOFAd, €CJH He YYUTHBATL KpPaeBbiX
3(eKTOB, HBOTEPMHICCKHC HOBEPXHOCTH B KPHCTA/UIC NOMKHEN GbiTh
Napanienbsl NOBEPXHOCTAM NAACTHHKH. CJ‘CAOI!.’IT&JIB]IO, FPaJMEHT TeMre-
patypu  nomken OWTb  HAUDABJCH NEPHEHANKYISPHO  MOBEPXHOCTAM
TUIACTHHKH, & TeryioBoM mOTOK B OGmeM Cliyuae GyIeT uMeTh HeKOTopoe
Lpyroe HanpasJienue,

Ha ¢ur. 62, 6 u 8 (Ju1s IBYMEpIOTO Cilyuas) pac
Bekropos h w —grad7 COOTBETCTBEHHO OTHOCHTEJBHO SJLIMTICOMAA
KO9(PHULHEHTOR TEMIOBOrO CONPOTHBIEHU W HILIMICOMA KOIDPHULIEHTOR
TENAONPOBOAHOCTH. Jlerko yGenutbes, Yro 9Ta KapTuha aHanoruuna Tof,
KOTOpaa uMeja MECTO /i danus0TPOIHOrO NM3JIEKTPHKA, NOMELeHHoro
MEX/y ABYMS NPOBOASILLUMA IVIOCKHMH SJIEKTPOLAMHK, U Obljia uBOOpaNeHa
Ha dur. 24.

ﬂpe)k;\a UEM  BHIPASHTL PE3YJILTAT aAHANMTHYECKH, OTMETHM CJCAYIO~
Lyee 00CToNTELCTBO. Tak KAK B PACCMATPHBAEMOM 1IAMK ClTyuae NpeoNpe-
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aenserca nanpapnenwe gradl, a we A, TO ymoOuee oOnepupoBaTh
c ) TaMi Teronp aue ¢ b aMH TeIio-
BOFO CONPOTHBJICHNS; NOITOMY MLl SaruiieM

dar
dxg
(31€ch NMPUHATO, TO HANpapleHHe X, MEPreHANKYJIPHO MOBEPXHOCTM
naactuiku). CKOPOCTH  TENJIOBOrO NOTOKa uepe3 [MIACTMHKY 3anaercs

dar dar
=ty e, =k, hy=—ky

a
h h
-grad T A\' gred T
™ K ‘w
[ 6

@ur. 62. IMoTok Tenia wepes MIOCKONHAPAMICALHYIO MUIACTHHKY,
HAaXOJMINYIOCH MEX1y ABYMA XOPOUIMMH NPOBOAHHKAMH TEIJa.

Ha cxem
K nnacruike (a), 180800
"AUNCOURY K05 GHMLHERTOD TeUAONPOBOANOCTII (a).

e, poscramtena opuewraie sovtopos —grad T o omoueine
won

Teneph He 4epes k, a xomnouenroti k. Kommonewrst hy u hy xapare-
pusyloT TIONepeynbie TEMjOBHE HOTOKH (ke MBI PACCMOTpHM, Kakue
auavennss MMEIOT fp M kg wa rpanuuax). Crenosatenibo, Ky, spiserca
1IerKo . Ha Qur. 62,8 penunsia 1/) %y
npejicTapiena KaK IJKHA Paluyca-BeKTopa B HANPABNEHUH X,.
2) Tennosoli nomox 6doay Oaunnozo cmepacus. Ilycrs oGpasew
B (opMe JIMHHOIO CTepiH:, u3oOpaxennoro #a ¢ur. 63, a, Buipesan
M3 TOrO e KpMCTAJLIA ¥ OPHEITHDOBAH TAK XKe, KAK NAACTHHKE, NOKA3aH-
uas na Qur. 62,a. Tlyctb mexAy TOpLAMH ITOrO CTEPXKHS NOjmep-
JMBACTCA DABHOCTb TCMIEPATYP, NPHUEM MNPEANIONAractTcsl, TO Tero-
s KpucTaana P [ Ten. b
okpyaiomelt cpennt. Toraa HanpapiieHue TEIUIOBOTO NOTOKA LOMKNO
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Gurb  napansienbio ocu crepxns. CrenopaTejbio, rpajueHt TeMnepa-
Typs Gymer waupapjen mnon HeKOTOPHM yrioM K ocH. Opuenrauns h
# —grad T OTHOCHTENLHO S/NMICOMIOB KO3(}HUINEHTOB TEIVIOBOrO CONpo-~
THBACHMS. W TEIIONPOBOANOCTH Adlia ISl 3TOFO Ciiydas Ha dur. 63,6 u 6.

~grad T

@ ur. 63. [Totok Temia BAOL JUIMHHOTO CTCPIKHS.

Ha cXemax mfpenctapicna OpuenTAuss pekropos —grad T W A WO OTHOMICHI
K CIGPWHIO (@), SATNNCOMTY KOS(PMIMENTOD Tenionoro conporusickms (6)
B o y N

Tak KaK Ha 3TOT pa3 MpeONpEAeneH0 Hanpapiedne A (Napanieb-
HOE X;), TO Teneph ynoGuee onepupoBath € KOIPDMILMEHTAMH Ter/o-
BOFO CONpoTupJieHust. [109TOMy Mbl MOMXeM Hanucars

T T
(;)_x;=_'"h“ g_)‘x = ryghy, %z_"’ﬂhl'
Ha 3107 pas nauGoiiee JErko uBMEPUMON BEAHUMHON ABJSCTCS FPANMEHT TeM-
nepaTyphl BAOJL MWHBL crepihsi, 0T [0x . On ¢BA3aH C TENIOBHIM MOTOKOM
BLOAB CTepRHs KOIpHuenTon ryq. Beamuna 1/ 7y, ects pauna panmyca-
BEKTOPA B Hal paBJieNuH X,, Kak nokasaso Ha ¢ur. 63,6.

8) Kpaesoie agbpexcmor, Ha xpasx mnactusky, nsobpaxennod ma
dur. 62, a, Tennopoit MOTOK KOMKeH ObITh mapasieien Xy 370 B CBOIO
OuCpelb OBHAYAET, UTO MBOTEPMHUCCKHE TOBEpXHOCTH ywe ne Oynyr
napajie/blibl TAABHEM NOBEPXHOCTAM MIACTHHKHM. (PAKTHIECKAs OpHenTa-
uns A wu gradT B Touke A na Qur. 62,4 W B NMONOGHBIX TOUKAX
Oyner Taxoi e, kak nokasano Ha ¢ur. 63, Toukn B n C spisiorcs
ocobuimu. Takum ofpasom, B 06aactsix, orpanuvemnbix na ¢ur. 62,a
BITPUXOBBIMK JHMsIMK, OynyT nadmonarbes kpaeshie s(gerth.

TocKoMbKY KOHLEI CTepxus, uaoGpakentoro wa ¢ur. 63, a, npsmo-
YrOJBHL ¥ TIPHJIEraloT K XOPOMWKM NpOBOMHKKAM Teria  (K4K 9TO
TOKa3alo Ha Qurype), saech TaKiKe GyLyr UMeTb MECTO Kpaesble serTs,
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VisoTepmuteckue NOBEPXHOCTH y TOPUOB CTepiusi GyayT npu STOM nep-
TEHAHKYNAPHE OCH h Byner Takum,
KaK [OKa3aHO Ha ¢|4r. 62,a. Kpaesbie aM;em'bx MOXCHO YCTPaHMTh,
eciM TpHAaTh KpasM riacthikM Ha ¢ur. 62, a Takyio dopmy, utobh oHn
6N napanniesbib h B uentpe , @ KOHLBl CTEPIKHS
(¢ur. 63,a) crenaTh napamNesbHEIMH MBOTEPMAM B LEHTPANbHOH wacTH
crepKis.

4) O6wue samewanus. [lBa PACCMOTPEHHBIX HAMM CIyuas jexar

B OCHOBE GOJBUIMIHCTBA METO/I0B ¢ Tenaonp
HOCTH KpHCTanaa. Korna Mo uMeeM mMioCKONapaivienbiylo MacTuHKy,
T0 nerko P # asnsercs, , Ry — KO3
q)I’ILLMEHT mern. B p HOpMaiu K N/IaCTHHKE, TOraa
KaKk B cllyuae crepxis Tako#f Be ¢ ry—

Mena08020 CONPOMUBALKUS CTEPIKHS. DTO TIONOKEHHE AHANOTHIHO BCTPe-
HaBUleMycA y)Ke UPH PACCMOTPEHMH YNpPYroCTH: NPUKIALHBAR MIBECTHBIE

Ml nonar. ;  BanaBas p Mbl

HBMCPSIEM JKECTKOCTh,
[napneie Tut M ¥ TeIJIOBOrO CONpOTHBIIC-
HHS M opuenraumo VX TAADHLIX OCel MOXHO ONpenenTb N0 AanHbIM,
B pesysbrare P B p: Taxoe
P npononmcﬂ Mo CYWleCTBY TaK ke, Kak wis 1o6oro apyroro
ONMCHIBA BTOPOrO palra; HEKOTOPHIE HPHMEPH!

OblIM aHBl HA CTp. 130 WoB . X,

§ 8. OGwwit cayyait crauuoOHAPHOTO TEMJOBOrO MOTOKA

PaccMorpuM Tenepb oGiuue ypaBHe#us, OMHCHBAIOUIKE NEPeHOC Tensia
IyTeM TEIIONPOROAHOCTH B KPUCTA/IE B CAyYae CTALHOMAPHOIO COCTOS-
Husl. TTpeanosoxum fiis OGUIHOCTH, YTO MO BCEMY KPHCTAIUTY HempepLiBHO
pacnpenenensi MCTOYHMKH M TIOFJIOTHTCAW Tensa, npuueM CyMMapHas cKo-
poctb BbIJCIEHHS Ternja B eJiuHHuHOM o0beme Kpucranna pasHa 1.]4
Besmunna ¢ MOWer GuTb Kak H, TAK W OTpHUA i
B CTAUHOHAPHOM COCTOSIHMM PA3HOCTh MEXULY KOJMYeCTBAMM TeiJa, BTe-
KAWero B oot 06beM 1 YXOAsulero M3 Hero, pasna KOJHMUECTBY
Teid, CO314BaeMOro B 3TOM obbeMe. C."CIlOBaTCJIblIO, Mbl MOXEM 3dnu-
carh ypaBHeHHE COXpaueHus

divh-=

Tl hy ws y

(11.11)

1o anddepenumnaisioe ypasHeune s remneparypu T no dopme naen-
TUYHO  YPABHEHMIO JUIfl  SJNEKTPUUECKOrO noTeHuuana ¢ B Kpucrauie
3 06beMHEIMI  Bap [em. (4.17)).

16 Ao, Ha
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Hcionways 707 daxr, uro k. ¥ Tepexons K TaanieM  ocam
Tensopa [ky;l, Mm nonyuaem mm T ypamlenue

0T -

hig ke M+ sW (1112

OG6uwas sanaua Qopmy/iupyercs CienylowuM o006pasoM: 3Has 3Haue-
HES TEMTICPATYPHl Ha [PAHMIAX M PACHPENENeHHEe WMCTOUHMKOB Tenna
B KpucTaise (c/n ONM MMEOTCA), NYXKHO pewnrts ypashenue (11.12) u,
TakuM 0o6pasoM, HaliTm pacnipejelienue TEMNepaTyps BHYTPM KpHCTa/ia.

Ecim cpena u3oTponia W uMeeT Koa(uiMeHT TENIoNpoBoaHocTH K,
TO yp (11.12) ynp n BUJL

k(ﬁg 24 ):-é (11.13)

(ypasrenue [ITyaccona). Jlist MHOPMX pa3JIMUHBIX KpPAaeBBIX YCJOBMH M
pacnipesenennit UCTOYNUKOB pElienys STOFO YPapHeHust HBECTHH (Hanpn-
Mep, u3 9iekTpocTartuky). Teneph Mbl OMMIIEM NPOCTYIO HNOACTAHOBKY,
TIOCPEACTBOM KOTOPOH MOXHO NONyunTh pewenne moGON saiaud o cra-
LHOHAPHOM HOTOKE Teilla B KPHCTajie K3 PeMieHus COOTBETCTBYIOLeft
sanaun 1 usmponuon cpen.

I

peobp (11.12) ¢ TIOACTAHOBOK
xy= <k,kzha)’ PRK = (ke T kX,
2y== (ruke) " "Xy, -
o MOXHO Ny KK OZIUOPONHYIO AehOPMALHIO.
Oniako oGbeM MaJoro 1pH 9TOM p

(UKCHPOBAHHEIM, TaK KaK
dX, dX,d Xy = dx, dx,dx,,

TOITOMY MOMIHOCTL HMCTOUMMKOB ¢ Ha elunuuy ofbeMa He M3MEHsiercs.
B pesysbtate Takodt nOACTaNOBKH ypanuennc (11.12) nepexoant B

17y o _aeL .
(ko) (ox* +3 oxz i+ 0xX} ) -

Ho 370 ypasuenue sBisercs pacny paryps,
CO3/1dBAEMOr0 HCTOYHHKAMH ¢ B MSDTP()I‘INOM cpene ¢ l(OQq]q)MI.lH(‘.HTOM
TenuonpoBomtocTH, pasHuM (ky ky kg™

iClonbayst nonyueHHbii  PeSYbTAT, MOXHO NPEMIOKMTL ClELylO-
i cnoco6 peenns sanaun Juis anudoTponHol cpenn. Haunem ¢ peue-
HiA COOTBOTCTEYAOUIEN SALSNM O TENAOMPOBOMHOCTH u3oTpONIOf Cpesit
c u (By ky k)™, Takum oﬁpaaom Mt
TOJy UMM pyio Kapruuy pacnp
KOB, FpauMu, wusorepMm u JAuHEl  TENJIOBOrO TOTOKA, 3aTeM HCKasuM
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kapTany coraactio npeopasosannio (11.14). Torma M noayuum Hosoe
pacipeie/lenye, COOTBETCTBYIOUCE DCWEHHIO 3a1au 78 AHNBOTPONHON

cpensl ¢ TenJonp kx, ky, kg Tlpu 31OM MBI
craBuM yulonue uro e ypa, coorser-
crBytonas onp pMaM, He

Teneps ybenurbesi B TaKol
CripaBennBocts 9T0ro npeo6pasoRauus 1S USOTEPM CIEAYET H3 BCEro
BHILIEN3 o. T b e 3TOro a8 Bek-

TOPOB TENJIOBOrO NOTOKA TPEGYeT JOMOMTHTENLHOrO 0GOCHOBaRMA. Jlerko
IOKa3aTh, YTO €CAM B 3ajave JuiA W3OTpomuoR cpenst H, H,,
Hj;— KOMIIOHEHTH TEeIIOBOrO 1MoToka B Touke X;, X,, Xg, U e B co-
OTBETCTBYIOLIEH 3aKiaye JUIf aHM3OTPOTHOH Cpennl fry, fig, Fiy— KOMIIOUEHTEL
TEMJIOBOTO TOTOKA B TOUKE Xy, Xp. X3, TO
Iy :%“ LAY

Takum 06paso, KOMIOHEHTH TEMIOBOro MOTOKA NPeobpasylores nosoGio
KOOpJIMHATaM, YTO M TpeGOBa’och NIOKA3aTh. 3aMeTuM, UTO 3T0T pesylib-
TAT HENPUMEHHM K BEKTODAM FPAiMeHTa TEMNepaTyphl, TaK Kak Own
B O6OMX Clyyasx NEPHEH/MKYJSPHH H30TEPMaM.

Tlpouecc npeoGpasoBauns HANOCTPHPYETCA MPUMEPOM, NPHBEEHHHIM
HIDKE.

1. Tensosoii norox ot -roqelmoro ucrounuka., Ouncanuwili Bhitue
METOJL MOXKHO [ b IS pacup 1eMneparypt
BOKpPYF TOUEYHOrO HMCTOYHHKE
Tenia, HaxoJiaulerocs B Gecko-
HEUYHO NpOTAKEHHOM Kpu=
crame. Tlpeapapurensio sa-
MeTHM, 4TO (POPMY H3OTepMU-
MECKHX MOBEPXHOCTEH B 9TON
3anave MOMHO HONYUHTH
HEIOCPE/ICTBENHO,  MCNONb3ys
cBOMCTBA PaAMyca-BCKTOpa M
HOPMaJM XapakTepHCTHUECKON
nosepxuocti. 3aberas Biepes,
YKKEM, UTO TEIJIO OT TOYeY- ¢ ur. 64. INpumep msorepMuueckoli nosepx-
HOTO HCTOWINKA PACTPOCTPA-  HOCTH BOKPYT TOCUIOrO HCTOWIAKA Tensa
HAETCA 10 NPSIMBIM  JIMHASIM B O@CKOHEHNOM KpHCTane.

(cm. § By ey oD SeromoRe Gonpor et
ecn  NOCTPOUTL  SJUIMICOH]L KpHCT!

Ko9(dHUeHTOB  TenIoBoro

CONpOTHBIEHNsS C LienTpoM B 3To# Touke (dur. 64), 70 paauyc-eirTop
BCEraa JICXHT B HAnpasJeHuy fl a BHCLIHAS HOpMaab K HOBLPXHOC‘A'M
9JUIMNICOK/IA B KOHILE PAIMYCa-BEKTOPA JaeT HanpapJeine — gra 7. Tlo-
9TOMY C€aMm A nopoGeH M3oTep: KON u. H: p

~grad T
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MUHeECIIE NOBEPXHOCHIL BOKPYZ MOUELHOZ0 UCMOTHIKA menAa 8 Gecro-
Heuno npam}l&'cmﬂou Kpticmaane no opme u opuenmayuu scezda

)y menosozo p enus
;cpucma/ma.
Teneph K TeMIepaTyp, HauHeM
€ peilenns 3anaun  Aas P cpenst. Ilycrs
f Tenna B Hauaue T H

B CLMHHLY BpeMenH KOJHYeCTBO TenJa Q. Bo Bcex TOuKax cpenwt, 3a
HCKJHOueHMeM Hauasia koopminar, ¢ =0, nosromy us ypassenus (11.13),
nenonayss Xy, X, X BMECTO Xy, Xp, X3, NOJyYaEM

or aw
ox’ + 0X2 + 0

(ypasnenve Jlannaca). Kax masecTino (M Kax Jerko MpoBepuTh), peienme
STOr0 ypaplieys BANMCLIBACTCH B BUIE

A
&t T, (11.19)

y
rae A -— xoncranta, R:()(]"+ X5+ Xg)/' n To — TeMnepaTypa BaaiM
0T HuCTOUHMKA. BHGOP Takoro Buua pewieHuss OGBLACHAETCS TeM, YTO M30-
TEPMUUCCKHE TI0BEPXHOCTH spasiorcsi  cdepamy, CorjiacHo ypaBHeHWio
(11.15), 8 uavane T B , OIHAKO
STy TPYAHOCTb Jerko uTO TEMJO PAcIpocTpa
HACTCA e OT TOoYeuHoro, a oT MaJlDl'D‘ HO KOHEYHOro Clpepmulmro
HCTOUHMKA,

A MOXHO onp b, BEIUNCIISA CKOP TEIIOBOrO I0TOKA
uepes chepy pannycoM R w npupasuupas ee Q. Takum oGpasom,
panuanbuuil rpasuent TeMmneparypu pasen — A/R2, nosromy TerioBoh
TIOTOK uepes e[MNMILY MOBCPXHOCTH paser kAR, w, crenosarenbio,

kA s
b 4nRe=Q.

Orciona
= Qe
A_ﬂ-k 1
1T 370 A yp (11.15), nonyyaem crenyiouee
s pacny ypbl B H3OTPOIHOM Cllyuae:

- o ~'l
T— T“,_"%lz XX XD
Tlepexos K auu3oTPONHOMY CIyyalo OCYLICCTBISEM TaK, Kak 970 Gblio
omucano 8 § 3. BuGnpans Ox,, Ox, Oxz B Kauecrtse rIaBHbX ocef,
nonaraen
b= (hilesfe)™;
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nenas noncranoeky (11.14), nonyuaem

5 - %2 %2 o\ ="
T — Te =i (kyhshy) ’*(,2—1‘+;§+,7’:) . Lo

YTO M fIBJSIETCS MCKOMBIM pacrpejie/ieHneM.

Ouernanio, 4To BAOAL 106Or0 BHOPaNNoro paauyca pastocts (7' — Teo)
najaer 06paTHO NPONOPUHONANLIO PACCTOSHHIO OT mcrounuka. Herpyano
BUIETHL TAKXKE, YTO Haille MpeJBAPUTENILHOC YTBEPMICHHE OTHOCHTEILHO
OPMEI 13OTEPMHIECKHX TIOBEPXHOCTeH MONTBEPICAACTCS, TAK KaK ChepH-
yeckue p Kne MCECTO st
ciyuas, B 3. )

TENJIOBOro CONpPOTHBJEHHS. Ormerum TaKKe, YTo B COOT\]CTCTBHH €O CKad~
BaHHBIM B KOHUE § 3. /MMM TEIIOROro NOTOKA OCTAIOTCH TPAMBIMH,
TOrjld KAk JIHUHM d 0 T Ta TeMneparypb

§ 4. daexTponpoBoaHOCTH

DopMaNIbHOE PACCMOTPCHHE NPOIECC MTEPEHOCA JIEKTPHYCCTBA B AHHB0-
TPOUHLIX KPUCTAILIEX HATOPINO NMPOBEAEHHOMY PACCMOTDEHHIO nepetoca
TenJa nyTem O 06
wenHu# 3akon Omaz

yp

Ji=— oyt =oub, (11.17)

rae jf;— MIOTHOCTb TOKd, Oy, — TEH30P YAEJbHOH 9JEKTPONPOBOLHOCTH,
¢ — noTeHuuan U E, — nanpmkeHHoCTh 9JeKTpHyeckoro nons. Buecre
C TeM, MCTIOAb3YS TEH30P YJEILHOTO SJEKTPUYECKOTO COMPOTHBIICHHS Py
MOMXHO BHIPa3Th bl U noas gepes o
TWIOTHOCTH TOKE B BUIE -

Ep=pypfp. (11.18)

Matpuua ynembHOrO 3JEKTPHYSCKOTO CONpPOTHBAeHUS 0Bpatia MaTphue

i saekTponp Uncaenupie YACALHOYO BMEKTPH=
HECKOrO COMPOTHBJIENHS HEKOTOPHIX METa/NIMYCCKMX KPMCTAIIOB npHBe-
nenst B Tabn. 13.

Cxopoctb Brijienienus 00CoyAe6a mensa B NPOBOANMKE BbIPAKAETCS
CKANAPHBIM  NIPOMSBE/ICHIEM TUIOTHOCTH TOKA ¥ HAMPMKEHHOCTH 1O,
CuiefioBaTeNbHO, KOJMYECTBO TEMAa, BLUICASIOWErocs B equHuue oGbeMa
KpHCTal/a B eMHUILY BPEMEHH, PaBuo

JiEy=pudidy=pl% (11.19)

Fne j— MIOTHOCTh TOKA, @ p-—— yJEJLHOC COMPOTHBIEHHE B HAnpaplic-
HHUM TOKA.
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TABJHIAIG

Yo 3. meman.

rnpuma/mna npu 20 C*

Kpucrana Crcrema 08, 108 en
Oux0B0 Terparonanshas 9.9 143
BricnyT Tpuronanunas 109 138
Kanmuit TexcaronanbHas 6,80 8,30
Lnnx » 591 6,13
Bonbgpam Ky6nueckas 548
Mens . 151

* Hewnsie Bosrss wa TaGam [54],

§ 6. O cummerpuunocTn Tensopa [k;] Y

OBcyxias fipjieHHe nepeHoca Teria B aHUBOTPONIHOM KPHCTaiie, Mb
CUNTANIM CTIPABEJIMBLIM COOTHOMIEHNE

ky=ky;. (11.4)

Ounnaxo 9TOro np He
Vs mHero ciiefyer, HanpuMep, YTO €CHM rPALMEnT Temnepa'rypm B lmnpa-
BJICHHH X, BLI3HIBACT HEKOTOPHH TelsoBod MOTOK B HANPABICHUK X
(onpenensiemuft KoapduuenTOM ky), TO TOT Ke CaMmii rPALHenT TeM-
neparypel, HanpapnenHufl 10 x,, GyLeT BLBHBATH TENNOBOH NOTOK (onpe-
nensieMbifl KO9(MHUMENTOM ko) TOUNO TAKOX e BENMUMHBI B Harpapie-
HUM Xy, YTOGB ysIcHHTD o np
1071€3HO CHAYANA ONMPEIEINTH, K KAKMM CJCACTBUSM MPUBENO Gbl HeBL-
nosHenne coorHomenus (11.4).

Chauana pasnoxum Tensop [&;;] Ha CHMMETPUUHYIO 1t AHTHCHMMCTpHY~
HY10 uacth (cm. crp. 122). 3areM nopepHeM OCH KOOPAWHAT JIO COBNE-
ZCHMs € TAABHLIMK ocumn CUMMCTPUUIION uYacTu Tensopa. Bropas uacrp

npu T ocraerca a qHoR (CM.
ra 1, § 3, m2.B moxe TEN30D TPUHMMAET BHIL
kn 0 0 0 kyg —kyT] 7 ku ke —knT)
0 hy O |4 —kig O ke —kyy  km kg |.
L0 0 kgl L oky kg 0L L ky —hm kel

Ecnu Kpucramt Odﬂaﬂ‘dc‘f CMMMQ‘TpHe" TO, OYEBHAHO, Hd KOMIIOHEHTHI
TeHsopa GymyT Hanararbes orp: . B

1) § 5 u 6 nacrosuell raaBsl sBamorcs Gosec TPYAUBIMH M MOryT GiTh
ONYIWICHB! TIPH NEPBOM UTCHIH.
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npUMepa BO3bMeM och (3 P ui

HYI0) BTOPOrO, TPETHEro, YeTBEPTOro MIM LIECTOro nop;mnou nycTh 912
ocb mnapaiensia ocM xy Ecam rpanment Temnepatypet manpasnen
BOJIb X3, TO B CHJY CHMMETDHMH TEIIOBOH MOTOK TaKXke LOMKEH GHTb
napannened xg. Tostomy

legy == ligy =0,
M TEHSOD YNpOWEETCS, MPUHEMAS BUL
ky ki 07
—tyy kg O |, (11.20)
L0 0 kgl
M8 paccMOTpEHHs CHMMETPHH OYEBMIHO TAKKE, YTO HamuuMe OcH (TOBO-
POTHON KK P ) TpeTbero, pPTOr0 MM 1UECTOrO TOPALKOB

0GecneunBacT BLIOJIHEHHE COOT=
HowleHusi Ky = Rgp;  ClIENOBA-
Te/bHO, TpH 9THX YCAOBHAX MLl
nmeeM

T2

bk 07
—hw kg O |, (11.21)
0 0 gl

MoxXHO  JIOK&34aTh  Herocpen~
CTBEHHO, YTO TEH30p, MMeloulni
TaKylo GopMy, lie HBMEHSeTCS Py
210604 MOBOPOTE CHCTEMBE KOOP=
ZMHAT BOKPYF OCH X

Ecim B Kpucramie mnpucyr-
CTBYIOT TUIOCKOCTH CUMMETpHH,
napajuielibHbe X3, TO JIErko 0=
Ka3dTh, UTO HANAFACTCH NAib- by r. 65. Cxena, NOKASHBAIOWAS, H10 NPA
Helliuee orpannyenne kyj # ky pacnpoctpanenme Tenna Gyner

[—ry (11.22) TPOHCXONUTH N0 CIIUPATH.

Teneps npeacrasuM ceGe Kpyrayio (ur. 65) us xkp
NpHHAJIeKAILEr0 K Kiaccy, Aas Kotoporo Tensop [k umeer opmy
(11.21); nnacTMHKa BBIPE3aHAa NEPHEHIMKYJSIPHO TJIABHOM OCH CUMMeT~
pun xy M uarpesaercs B uentpe O, YroGw TeMneparypa no BceMy lepu-
MeTpy MuacTHHKH Oh/Ia OAMHAKOBOH, HOMECTHM IUIACTHHKY B Kpyrimi
SMWK M3 XOPOWIO HPOBOAAWEr0 TEmjio Marepuana. Kak MEl TOJbKO 4TO
y6enummcs, B paccmarpunaemou cryyae TeHsop |<03<quuuen-roa TeIo~

uy nepeHoc
Telma, HMEIOT l(pyrouylo CHMMETDHMIO OTHOCHTEBIIO OCH Xy, PopMa
Pacnosioxkenue JIaCTHHKH npyu OnbiTeé TAKOBE, YTO B3JeCh COXpansercs
Ta we cummerpus. OTCIONa caeayer, yTO M3OTEPMBL 1A TIOCKOH HOBEpX-
HOCTH TVIACTHHKH NPCACTABINOT COGOH OKPYIKHOCTH,
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B rtouke P Ha OCH X, TEU’OBHC MOTOKH ONMCHBAOTCH BEIPANKEHHIMA

oT

k”a—x,'

g

or oT
_kns)‘q'» fy=— iy

Cuenosarenvro, k cocrasiser ¢ Ox, yron 0, onpenensieMsii cooTHO-
ieHuemM

2 k
tgl=re . P
€ hy by
BeileictBue  KpyrOBOH CHMMETpHH, Hanp h nomxHo Th
C pasuycOM-BEKTOPOM B OGO TOUKE MIACTHHKM TOT e CaMbifl yro.
TlosTOMY Tenno AOMKHO PACHPOCTP €S 10 packpy cnu-

pami € NOCTONHHLIM NAK/OUOM KacaTeloHOM OTHOCHTENIbHO —panmyca-
BeKTOpa
Bl IPEAnPUISIT PsijL MOMHITOK py TaKoc

pacripocTpanenye Tenaa B KPUCTAWIAX, HO BCE OHK 3aKOUMHIANCH Heyna-
uen (Coper, 1893, 1894 rr. [84, 85); dofirr, 1903 r. [92]). B cBssu
¢ gruM aBropamut Guuio cuenano ofutee saKinodenue, uTO MO Kpadiel
Mepe B mpenenax owuOOK IKCMEpHMeHTa PacnpoCTpanenue Temia ot
HB0JIPOBAHHOIO TOYEUHOTO MCTOMHUKA MPOMCXOAMT 110 IPSMHM JIHHUSIM
" uTO (11.4)

§ 6. Tepmonumamuueckoe paccmorpenne. Ipunuun Ousarepa

[pu yCTaHOBJIEHMH CHMMCTPHYHOCTH TaKWX TEH3OPOB, KaK TeHBOPLU
JIHONIEKTPHUCCKON M MArHATHOM TPOHWIIAEMOCTH W YNpPYro# XecTKoCTH,
HaM He NPHXOJHIOCH HEMOCPE/CTBEHHO NPHGerath K SKCIEPUMEHTAMbHHIM
JlaHHBIM. B CHMMETPHUHOCTH 3THX pos Mb Y6
BHIP@XKEHHUE JUIsl SHEPrUA Kp (rounee, ec B BUAE QyHK-
UMK 3JIEKTPUUECKOTO i MArHUTHOO NoJiek M KoMnoHenT nepopmauutt, pu
9TOM Mbl HCHOJIB30BAMM TO OGCTOATENBCTRO, YTO SHEPrus SIBJSIACH PyHK~
umell TOABKO ITHX NePeMeHbiX (HPH YCIOBHH, UTO OHM He ObiiM CIMLIKOM
pesviky). B nanxoM ciyuae Takoft cnocob HenpuMEHMM; NeHCTBHTENBHO,
34ech HEJb3d HANUCATH ﬂO}lO()II(?E BulpQXKeHue JUIA 9HEPIuH, MOCKOJIbKY
Mbl MMEEM JIeNO € CYUIECTBEHHO OTJMUHHIM THIIOM CBOHCTBA KPHMCTAIIOB.
Buie MpH PacCMOTPEHHH APYrUX CBOHCTB MBI CYMTANM, YTO Kpuctann

p. npu ynpyrux
cBolcTB |(pvlcr.uma MEL ocymec-runsum nedopMaLio KpHCTAMIE TAK, YTO
Ol CKOJib YIOAHO MEJJICHHO P M3 ONIOro
B npyroe. Ha ssbike TCPMOJIMHAMUKY 9TO O3HAYdET, 4T0 MBMe“cHMﬂ Guim
OGPZTMI\(I:L HﬂOﬁOpOl‘ rpouecc nepenoca Tenid nyTeM TenjaonpoBOAHOCTH
HeJIb3s OMNMCHIBATL, CHHTAA, HTO KPUCTAT HAXOAMTCA B PaBIOBECHOM

Tenno np uepes Kp c CKOPOCTLIO,
M 3AKONBI Tep olpatuMLX Tf B STOM Cllyuae Henpu-
MEHHMEL. l'lpn STOM KPHCTAMI MOXKET HAXOANTLCS B CTAUMONAPUOM COCTOR-
1K, T. € B C , HE €o Bp 10 970
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HeJb3 CYMTATH PABHOBCCILIM, MOTOMY UTO CHCTEMb, C KOTOPHIMHM KpH-
CTai B3anMOAEHCTBYET (TCIIOBME UCTOUNNMKH WM, €CIH TEIIO COBAAETCH
3a cuer snel(’rpuqecuon SHEpruM, JIEKTpiUeckue Garapen u T. 1.), HCIBLITH -
BaIOT T Teopus,

K 9TOMy cny-mlo Guina Briepble CHOPMYIMPOBAHA Ousareponl by (72, 73]
B 1931 r. Crapyo tepmonunaMuky Gojee TOWHO CiefiyeT Ha3HBATL

B 1poT teopun Oisarepa, ABASIOLEACH
no cymec1‘33 TepMOOUHAMUKOL HEOOPATHMEIX npoueccoa
Tenepb Mbl PAcCMOTpHMM TaK Ha O —
o6umit mpuHUMIT, KO BCeM

3

MOMNHO OTHECTH M Tlepenauy Tenia myrem Tennonposonnocm, " nepeﬂoc

9NIeKTPHYECKNX 3APAJOB, M MEpeHoc neulecTa nyTeM Anddysmum.
Vpasuenye, onucHnaioniee 9JEKTPHUCCKHA TOK B H30TPOMHOM MaTe-

puane,

—ogradeg,
MOXHO 3anucaTbh B BHJIe
h=LX, (11.23

rae J u X,=-—grad¢. Bekrop j, npexcrapaser coGolt nomox
(sapsna), a X, — cusy. Awanoruuno, TNOTOK Temja MPONOPLUHOHATEH
cuile, COTIacHO YPaRHEHHIO

Jo=LeXs, (11.24)

TAe BEKTOp j2 €CcTh NAOTHOCTL TEIJIOBOrO MOTOKAa, paiee 0603Ha4aBILanACs
uepes /i, a cuna X, ==— (1/T)grad T. Tpuuuna BeejicHus muoxutens 1/T
Gyner pasbschena nosaxee (7" — aGcoumoThas TeMmeparypa).
Vpasuerns (11.23) u (11.24) 6um Ou cripaBei/MBE B TOM BHIE,
B KAKOM OHH 3alMCAHLI, ec/iv Gl 064 TpoLECcca — NEePeHOC IIEKTPHYECTBA
M TIepeHOC TErJa — NPOMCXOAMIN He3aBMCHMO Apyr or apyra. Ommako
B O6lieM Cayude 9TO YC/IOBHME HE BHINOJIAETCS; KOTA B MMM, cOCTosuielt
M8 ABYX D: 06a np
OHM BJMSIOT JpYyr Ha Apyra, 4TO ﬂpOﬂDJlHE’I‘Cﬂ B BO3HHKHOBEHHH Pasiivy-
HBIX TepMO3JiekTpuueckux apdexron. B obuiem cryyae HeoGXOAMMO mpH-
Menatb GoJiee yHHBEpCanbHbie ypapHeuus
Ji=LyX i +-LoXo,
Jo=LoXi+ LK,
B KAXIOM K3 KOTOPHX TNOTOKH JIMHEHHO CBASalbl C ofeumu Cuiavd,
a He TONLKO C OMHON M3 1MX. JINNEHHOCTH 3aBUCHMOCTH MEX(LY TIOTOKOM
W CHION SIBJISETCS NPEATIOIOIKENHEM TEOPKH; BOOOIIE TOBOPSl, TAaKOE Mpel-
nonoxenne GyNeT CHPaBe/IMBO JMIUL NpH JIOCTATOYHO MANBIX CHIIAX.
Tpunumn  Ongzarepa yroepikiaer, ut0 B TaKOM ciyyae NPH  YCTOBHH
NPaBMJLHOrO BLIGOPA NMOTOKOB M CHA (CM. 1lHNKE)

Lip=Ly. (11.26)

(11.25)

1) Bonee mnosauie paborsi paccMoTpenn b kuire pe-I'poora [30].
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Moo 1poBepuTh, uTO Npy Wauem BhGOpe onpenenennit j u X pas-
mepuocti Ly, u Ly, 0nMHAKOBHL.

B Gonee oGuwieM ciyuae, KOFAA KOJIMYECTBO TMOTOKOB (M COOTBET-
crBenio cui) Gonbile nByX, ypasuennus (11.25) sanuceiBaiorcs B clejyio-

ueM Brjie:
h=LyX, @ i=1,2 ..., n). (11.27)
Coraacno npumuany Ousarepa,

Ly

Ly (11.28)

Bawio oTMeTMTB, UTO Wpemsie ueM npuMensTo mpunuun Ousarepa,
crenyer mpasuibio BHOpats j u X B ypasmennsx (11.28) n (11.27).
Mon cnosamu ,NpPaBWIbHO BLOpaTh* MH nonpasymesaem, uto j u X
JIOIDKHLI TIONUMHATLCS OMpEfle/ieRHbM TIpaBuaM. Mimest, nanpumep, 1eno
¢ ypasuenuem (11.27), Mul NOMKHBI TpeXae BCEro mpencrapistb cele,
KaKMe Cuibi COOTBETCTBYIOT HAIUMM TOTOKAM, Afis TOFO YTOGH 3HaTh,
e riapHoM IMaronamM, a Kakue SIBASOTCH

11.25

. B cnyuae y ( ) SICHO, YTO Tero-
BOH# TOTOK C/IeAyeT CBSSHBATHL C rPALMENTOM TEMNepaTyphl, d SJEKTpH-
YecKih TOK — C I OJiHAKO Jiath obiiee

TIpaBHAO 42151 BCeX cayuaes. Ckaras CBOAKA TakMX NPaBMJI faHa B Kiure
ne-Fpoora [30]. B pamiax stux npapui umeercsi onpejeiieHHas csoGona
BuGopa j n X u nas xawaok BuGpanHoi cucteMs j M X cooTHomlenue
Owgarepa (11.28) ocraercs cnpaseansuiM. Muoxurens 1/T, Bxoaswut
1o X, By (11.25), MMEHHO BClief-~
crBHe upumeuenm STHX MpaBMIL.

Mui eie Bepuiemcs K obcymnennio ypassennit (11.25), xorna nepefi-
IeM B Crenylowel rane K pAccMOTPEIHIO TepNOSIeKTPHICCKHX sBAcii,
3necb MM MpUMBEJIM ST YPABHEHMS NOTOMY, YTO OHM MOTYT cnymm‘b

nupocToit u. Ouzarepa, mp
TaKKe U K TellllOllpODOllllOCTM aHms lOTpO[]llNX KpUCTaMIoB — HEHOC[JEJ]-
[ y TpEeNMeTy PaccMOTy B nacrosmell raase. OGcyxnaeMuie

HaMM TIOTOKM AIBJSIOTCS TPeMst KOMIMOHEHTAMK TENJIOBOro MNOTOKA, mapan-
JIQIBHHIMU TPeM OCsM Koopaunar. B oOuiem ciiyuae onu B3anmoneticTByior
JPYr € APYroM; ITO ACHO 3 TOrO (aKTa, 4TO FPajMenT TeMneparypsl,
IlapallllQJIbHLl“ Xg  CO3JAET TErIoROK 10TOK He TOJbKO BHOJb Xy, HO
TA4KKE BIOJb X, M BAOJAb Xy IlpuMenenne npuuuuna Ousarepa K 9TOMy
CIIYaI0 (HECKOJBKO NPUMUTHBHOG, KK Mbl YBULMM HIKE) 18T COOTHO-
wenne (11.4).

Crienyer uMerh B BHAY, YTO MH 1O CYWECTBY He LOKA3bIBaeM COOT-
Hoiuenue (11.4), a npocro nozjgoaum ero noj Gozee MKPOKOE yTREp-
HEHME, KAKUM fABJAECTCS MPHHILMIT OHSHI'CPS.

Kpumuxa Kasumupa. Kasumup [27] oGpatini BHEManMe Ha ofpe-
JeJIGHHBIe TPYIHOCTH, BOSHUKA ¢ TIpH 1P Ousarepa
K ypanuenuam (11.3). Bo-neppeix, Teriophe MOTOKK HE YLORJETBOPSIOT
OJIHOMY M3 YCJIOBMH NPaBUILHOTO BLIGOPA NOTOKOB, COFJIACHO KOTOPOMY
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OHH JIOMKHE ObITh TIPOM3BOJIHBIMK 1O BPEMEHH OT TlepeMEHHLIX, Ompe-

cucrembl. By pHX, TpH
KOMITOHEHTH TEIJIOBOro [OTOKa He SBJASIOTCA HENOCpe/ICTBEHHO HaGimo-
naemMbiMi i MMH ; B Jo6oM ., CTPOro

FOBOp#, MBMEPAETCH TOJLKO AMBEpremius TOTOKA Tena (pPasHOCTb MeX Ly
TETNIOM, BTEKAIOWMM B JaHHLH OGbEM W BHLITEKAIOUIMM W3 Hero). JTo
nocneHee OOCTOATE/NLCTBO 03HAYAET, YTO MH MOXKEM N0BGaBHTHL K L]
NpPOUBBOMbILIR TEH3OD [k?/], we uamensioumh divh, T. e. Takoht, uro )

a ()

WM
oK), o1 o T
Ty 3% TR B0k =
3o YJIOBETBOP Anst OGKX pacip paryp
NpK yCJOBHH, YTO
K= — K, (11.29)
(11.30)

Takum 06pasoM, Teusop [k;;] onpejenex ne proJue OAHOBHAUNO, TaK KakK
noGapIeHme anrHcuMyMeTpHuHOro Teitsopa [ky], ynosnersopsiomero ycnos
suio (11.30), we npupoamt Kk uaMewenmio divh, a crenoparesbHO, He
nMoxker Gbith OOHapyxkeHO SKcnepumentanbHo. IlosToMy MH 1e MoxeM
PAaCCUMTHIBATD, YTO HAM YHACTCA KAKuM-TnGO METONOM JI0Ka3aTh CHMMET-
puunocts [k,;). B cootsercteum ¢ oTum, Kasumup mokasan, uro Kop-
pextHoe npuMenenwe Teopun OHsarepa UPUBOJMT He K COOTHOLICHHIO

hy—ky =
a cKopee K COOTHOIUECHHIO

0 (Ryj— kji)
o

(11.31)

Ecin  HuKakux 1106350'"")!)( npennono)keuuﬂ He BBOAWTCH, TO MOMXHO
McXonuTh TONbKO M3 yreepxuenus (11.31). Omnako Mu Busenm, uTO
Ha/mune a|ITHCMMMQTle|I0ﬂ Y4CTH B TEH30pe HPHUHUMIKHANBHO NPUBOANMT
K HEIIHGIIIOHZEMNM q)HSM‘leCKMM CJIEJICTBUAM TP yCJIOBMM, YTO 3Ta YacTh
yrosiersopsier coorHowenuio (11.30). Hanee, cornacko npunumny Onsa-
repa [cootnowenne (11.31)], antucummerpuunan uacts [k;;] efcreurennHo
yaosnersopsier ycinosuio (11.30). Orciona uitexaer, 410 aHTHCHMMETPHY-
Hasl uactb (k;] ne Mower OwiTh oGHapyiema 9KCIEpHMeNTAnbHO. Brupy

1) Mt omicies cunratn, wro [#;] w [#);] woryr Gure dynuumamn xoopauar,
TOCKOAbKY MBI XOTHM B it NOAYUHTD Y npu
JIEPCXOe UCPe3 rPAHHIly KPHCTasia.
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3IT0r0 Mbi  BIOJHE MOXEM MOJOKHTL AUTHCUMMETPUUIYIO YacTb [k,,]
pasroft nyuio ') u sanucars
=k (11.4)

!

Ml He 00S3aTeNIbHO NOJDKITH JeNaTh TaK, HO STO JOMYCTHMO.

Mp KM, 4YTO (11.4) ne Toraa, Kak
6}7}137 TOKA3aHO HHXe, HeoOXoauMOo CUMTATh, 4YTO TErNJONpPOBOAHOCTL
BaKyyMa rHe DaBHa Hymo. YroGL IOKa3aTh 3TO, PaccMOTPMM IIOCKYIO

b KpUCTAJLIA, JSpHYI0 X3 Ecim (11.4)
He BHINOJIHAETCH, TO B KpuCTaiie

kyy— kg + 0. (11.32)
Corsiacio npumiuny Ousarepa, sanncamiomy B popme (11.31), umeem

Oltu—t) _ g
Oxy
(npouspomias GepeTcs No HOpMan K rpaiite kpuctaiia). Cren0BaTesbHO,
wepasedctso (11.32) cnipasejunBo M A BaKyyMa, OTKYA Clefiyer, YTo
KOOPHUMEHTH Ry M kyy ne pabhni uymo. (Mol ne MOXeM, KOHEYHO,
doxaaamb, YTO B BaKyyMe IIOTOKH TeIlid OTCYTCTBYIOT, TAK KaK y Hac
Her cHoco6a 06HapyKeHUs TeIOBLX NoToKoB Ges juseprexnuu.) Ecim,
HaoGOpOT, npednorazaemces, U0 Tensop [k} cummerpuuen B pakyyme?),
T0 OH Qosdicek GulTb CHMMETPHUCH M B KPHCTallie; mem 6oaree, ecin
nonoxwuTL Tensop [ky;] B BaKyyme paBuuM Hysio, TO B KpHCTaNne OH
ZOIDKEH OHITH CHMMETPHUHBIM.

Kak Mbl Halu/ BLIWE, WAJNMUMC AHTHCHMMETDMUHOM YACTH Y TeHs0pa
[%;;] mpuBeso Gl K TOMy, ¥TO DM HAFpeBaMM KpYrioif Kpucrajmue-
CKOM NJIACTHHKH B ee WeHTpe Temo pacipocTpansioch Gui MO CoMpany.
TemioBolt NOTOK B TAKOM Cilyuae COCTOsUl Ol M3 JBYX 4acTeft: UHCTO
PALMATBHOrO TOTOKE, ONp o , K 9HCTO
UMPKYJISPHOrO NOTOKA, DTOT BTOPOH HOTOK HE UMCET NAMBEPreHIHH; Mbl
Mor/iu Gbl CK&3aTh, YTO TOSTOMY OH NPUHLMMHAILHO HE HAGIONAEM H YTO
caenannte CoperoM M POHrTOM HOMBITKH OGHAPYKMTH €ro 9KCTIEPUMEH~
TANbHO Ha s Onuako Takoe
3akJuoueHue He OBIJIO OBl COBEPIIEHHO KOPPEKTHHIM., DTH IKCNIEPUMEHTE
[0Ka3a TOMBKO, UTO ecau npednoaazams mensop [ky;) pasusii wyaio
8 sarKyyme, TO B TpeNeNaX SKCMEPUMEHTANLHLX OWHOOK B Hccneno-
BaHHLIX KPWMCTa//aX OH cuMmerprived. Mpumwm Owsarepa, 3anucaHHbift
B (opme coorrowenus (11.31), naer rTeopernueckyio OCHOBY SKCnepu-
MEHTAJIbHBIM HCCJIelOBalMSM.

1. Teopetuyeckoe oGocuopanue npuanuna Onsarepa. Mu noka
HHYErO He FOBOPHIH O 60 rBe Hp Ousarepa.
T P ero M faer Kas

1) MBl npuMeHSIN aHANOrHUNBIE npn
HOCTH NbE30S/MeKTPHIECKUX Ten3opos (cM. ra. VII, § 1).
2) D10 MOMHO CUHTaTh CIEACTBHEM npunuuna Heiimana (cm. ctp. 35),
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MeXaHuKa. PZCCMOTPBIIME 3TOFO BOHPOCA BHIXOAMT 33 pPaMKu JHaHuoh
KHMTHM, W MBl OFp: A IMWb 06mumMn

MOXKHO rOKa3aTh, YTO (11.28)
p o Kol “, KOTOpOe COCTOHT
B TOM, YTO €C/JH CKOPOCTH BCeX WYACTHIlL, MMCIOLUMXCS B CHCTEME, OAHO-
BPEMEHHO BAMEHWTb HA NPOTHBONOJONGBE, TO BCE YACTHMUE JOMKHBI

Gyayr asuratbCs obparHo TO MM TIYTSM,
1IOBTOPAN B OﬁpaTHDM nopaaKke NMoCNEAOBATENLHOCTD CYLHSCTEDBBBLL\MX
-koupurypauntl, Vupimu cnopamm, Kue y

OTJe/BHBIX YACTHILL CHMMETPUUNL N0 OTHOWICHMIO KO BPCMEHH, T. €. STH
ypaBHeNys: MHBAPHANTHHL OTIOCHTE/bHO Tpeobpasopains f—>—¢f, DTo
NPe/NOIOKeNHe OTHOCKTCA K 33KOHaM, YNPEBJSIOUUM TPOLECCAMH B MH~
Kpomupe. Ono CNpaBeAJIMBO KdK NJ18 KJIACCHYECKHX, TaK M INA KBaUTOBO~

3KOHOB TIpH OTCYTCTBUW MAFHHTHHX TosieH !).
MNTepecto OTMETHTb, YTO B MArHWTHHIX HOJSIX MUKPOCKONHYECKas 06pa-
THMOCTb TIepeMelleHts He GYJIeT MMCTh MECTa JUIs 34 PSUKEITHUX YacTHL (370
o6 dopmon s P cunnt). OGparumocts
Gyner HabmOAATLCS TONLKO B TOM Cllyuae, eCiiMi NP H3MEHEHWH Hanpa-
BJleHUSI CKOPOCTH BMEHWTh Ha [POTHBONOJNOKHOE M HANpaBJeHHe Mo,
Iloaromy coor (11.28) €00T

Ly =L, (— H). (11:33)

WHbIMM ClOBaMH, L,, sipsierca Takofl we dynxumneirt H, wak Lﬂ—t'I)yHl(-
uved — H.

JlokasatenscTBo, nanxoe Omsarepom {72, 73] ans csoero npuxumna,
HOCHT OGWMA XapakTep W He 3aBHCHT OT YACTHHIX OCOGEHHOCTEH KOH-
KPETHHIX MPOLECCOB NMepeHoca; CJENOBATENLIO, NONYYdeMble C NTOMOLLbIO
9T0r0 NPHHUKINA PeBYJLTATH CrIpa JEURFTIIY
npoueccos nepenoca. INpununn OHBarepa 3aHMMAeT B TEPMOJLHHAMHKE
HEOGPaTHMBIX MPOLECCOB T4KOe e MeCro, Kak BTOPOf 3aKOH TepMOiH-
nampkn B OGbIYHOM TepMosmHaMuKe (TepMoctatuke). Bropo#t sakon rep-
MOJMHAMHKH MOXeET OLiTh TPHHAT B K4Y€CTBE dKCHOMBI MJIH MOXKeT OuTh
BHBEIEH 3 BAKOHOB CTATHCTHUECKOM MeXaHMKH; TO e CAMOE OTHOCHTCH
u K npuHuuny Ousarepa.

PE3IOME

3aKoH pACHpOCTpAHEHHs TEIId B KPHCTA/UIC BLIPAXKACTCH B BHIE

by (11.3)

rae  hy— CKOPOCTb  TEIIOBOFO NOTOKA Cpes eAMHHLY TOBEpXio-
ctH, TCPNEHAMKYJAPHYIO  10TOKY, 07/0x;— rpajvent —TeMnepatypul

1) A TaKiKe npu OTCYTCTBUH KOPHOAMCOBHIX cha [72, 73].
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1 k;;— ko3 puunent " b ky obpasyor
Tensop BTOPOFrO paura. Ypannenne (11.3) MOXHO pa3pemHTb OTHOCH-
Temstio 0T[0x;; STO AaeT

or
= ryhy (11.8)

rae ry;;—Kkodpuunentn Tensoporo conporusienns. Marpuua kosg-
(uuMeHTOB  TEINIOBOrO  CONpOTMBNEHUs T =(ry) oOparHa Marpuue
k

re=k™', (11.9)

Moxuo nokasath (cM. HuKe), 410 Ky = k;; NOSTOMY ry;==r;, u o6a
TeH30pa lkl,] u [ry] MOXHO npuBecTH K OGLUMM FiaBHbiM OcsiM. [napriie

CTH M TJaBHEE TeNIoBOro
conpmunneﬂun FABIROTCS  BIAMMNO 06paTHEIMK aennuunmw n= 1/ky,
ry=1/ky, rg==1/k;. Xapaxrep yeckH i B TOB
TEIIONPOBOANOCTH

2 2 2
kX kX - kpxt =1 (1L.7)

M XapaKTepHCTHUCCKHN SJIMNCOMA KOI(DDUILHENTOB TEILIOBOIO CONPO=

THBJICHHS
" 2 :
[ e

JOJDKHBL - COT. [V P B COOT!
¢ npunuunom Helimana.

Korna HOTOK TPOT yepes JNELHYIO T1ia~
CTHHKY, n KoTopoft KHMH, TO B 00uieM
cliyude, Hapsly C HEPEHOCOM Tertia no HOpMAIM K TIACTHIIKe, TIPOKCXO-
AMT TepeHoc Teiia map ee o TeIJIOBOro
TNOTOKA, HOPMAJLHOrO K TIACTHHKE, K TPALMEHTy TemilepaTyphl pasno

'y Terionp "B HOpMaIH K

Ecmi e Tenio PacnpoCTPaHsIercss BAOJL JUIMHHOYO CTEPXKHS, TO B 06||leM
clly4ae MMeeT MeCTO KaK MPOJOJbHBA, TAK W TONEPEuHBM TPajHenTH

pu. € p 0 ¥ paTyps
K TEIIOBOMY TOTOKY pPaBHO 'y TEIIOBOrO CONpO
B HAlpPABJEHHH JUTMHEI CTEPIKHSL.

N CTaUMOHAPHOTO TENJIOBOrO TOTOKA B OJHOPOJHOM KPHCTAIC
ypasuerne (11.3) MOKHO OGBEIMHHTL C YPABHEHWEM COXpaHeHHs

G owm g
N 0x;

divh

rie (}—‘ CKOPOCTH  BELUIEJIEHHS! TelJid MCTOYHMKAMK B €IMHHLEe ofbema;
9TO naet
P
i

(11.11)



Pegione 255

WM TIPY TIPUBEACHMK K TJAABHLIM OCSIM

kl H_+ k 5‘37

—|—k3 (11.12)
d
C 0 TpocToit (11.14) pemenne moGoh asanauu
0 CTUHOHAPHOM TEIJIOBOM HOTOKEe B alliBOTPOMHON CPEie MOXHO noay-
UKTH HEITOCPeNCTBEHNO M3 peIeHus aHanoruyHol 3ajaum Js mo’l‘ponuon
Cpesibi.
Mam‘epmwmcune TMOBEPXHOCTH BOKpYr TOYEYHOTO MCTOYHMKA TenJa,
0Cs B p 1o dopme u opuer-
TaluH EXd TeNIOBOr0 CONPOTHBICHHS
A7S TAKOTO KPHCTAANA. DTOT pesyNLTAaT TPANO CTEXyeT W3 cBoMcTBa
pajMyca-BeKTOpa M HOPMANK XdpaKTepHCTHYECKOH IoBepxHocTH. Brosb
06oN mpamMoHl, uaywe#t M3 TOUKHM, rjie HAXOLMTCH MCTOUHHMK, PABHOCTH
remueparyp (7— Teo) 06paTHO Tpomnoy JILHO PaccTos~
HHIO OT MCTOUHHKA,
¥

J1EKTPI TOK B KpH-
cramuiax, (GOpMaNbHO AHAJIOPHUHH  yDABHEHUSIM, oUMCHBAOH TiepeHoc
Tensa:

9

% = uEpe 11.17)
Ey=pup (11.18)

8jleck j; — MJIOTHOCTb TOKa, ¢ — noTeniuan, E, — wanpsmkenrocts noas,

Oy M Py — COOTBETCTBEHHO TCH3ODH YIEJbHOH 9JEKTPONPOBOMHOCTH

W YIEJIbHOrO CcOnporTusienus. KosuuecTBO IKOYJEBd TeIia, BLIENfIo-
uterocs B enuuuue 06beMa, ONPENENseTcs BbipaxKeHuen

JiEi=puJiip- (11.19)

Coomunowenue ky="Fk;;. Ecnn ky; + k;;, 10 0T M3011pOBAHHOrO TO-
HEUNOro HCTOUHHKA TEIIO JOMKHO pacnpoc‘rpaun'rbcn 1o crmpanu. Io-
CKOJIbKY B, € UeJbio py T4KOro
CHMPANLHOrO PACIPOCTDAHCIHNS TCIia, OKOHUMIHCH HeynaueH, ObUIO clie-
NHO BaKJIOUCHHe, UTO Ky ==k DTO COOTHOWeNME Tenepb PACCMaTpy-
BaeTCA Kak vacTHUM ciyualt npumunna Owusarepa. [Mpuuumn Ousarepa
YTBENJIACT, UTO €CNH COOTRETCTRYIOWMM 06pasoM BHOpaHHHE NOTOKH Ji
v cuibl X; CsaHbl Mexay coGoft nuHeMHBIMM COOTHOLICHMSIMM

Ji=LyX; ¢ Jj=12 ..., n), (11.27)
=L;, [npn Hanuumn mavuwrnnx noneft Ly, (H)= Ly (— H)L.
e Ouzarepa

san0ck Gu, BAKJIOWHT, 7O kyy= ky;. Onnaxo, Kak nokasmipaer 6o-
Jiee TulatesbHHI aHanus, Ans Toro 4TOOB CTPOro BHIBECTH COOTHOILEHHE
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kyy==Fk; wa np Onsarepa, p b, UTO TeH-
30p [k;;] B BakyyMe CuMMeTpHMMCH MIHM, B YACTHOCTH, papeH HYImO.

Poub mpusuuna Ousarepa B
COOTSETCTBYeT pOJM BTOPOro 3aKOHa B OGHINION TepMOAKHAMMKe (Tep-
MOC’I‘BTHI(E). O6a onu MOoryT 6LITH TIOJlyYeHH Ha OCHOBAHKMH 3aKOHOB
CTATUCTAYECKON MeXaHMKH.

3ANLAYH
1. Cuurasl, wto Ha (ur. 63, a usobpawen oGpasen, BopesaHHbill M3 Kpu-
cTanna Keapua, u snavenvs npi-

Bejentbie B 10 12, HailTH OpMeNTaUMi0 KPHCTANAa, IPH KOTOPOit yroa 0 Mexny
BektopaMi — grad 7' u /& GyneT HanGoabwiM, BelamcanTh 3HaueHHe Oyayc.



raasea Xl

TEPMOJJEKTPUYECTBOY

B npeasayuiet rigse MepeHoc Tenaa M SJEKTPHYECKMH TOK IpPOBO-
JHMOCTH B KPHMCTa/lJaX pacCMaTpHBA/MChL KaK ABa OTAGNLHHX Hpouecca.
370 OO BOBMOXHO [OTOMY, YTO Mbl OGCYMIANH TOJBKO Takue Ciy-
4aM, KOIJIA MMEET MeCTO JMWib OJIMH M3 JIBYX HA3BAHHEIX MPOUECCOB.
OniHaKo Mbi OTMEYalM, YTO ecii 00a IpOLECCa MPOHCXOAST OJHOBpe-~
MeHHO, TO OHM B3aMMOLEHCTBYIOT JpPYr C APYrOM; pe3yJLTaT TaKoro

TBUS B BHIE puueckux  sdderros.

B raase Mbl C -
wme Aepmoanel«rpnuecuue annentn n l(pHCTaJIJIaX, W ToKaKeN, Kak YT
a am apderam. Chauana

pal:cmo'rpnm 'repmosnem‘puqeckue 3(QeKTh B MBOTPONHLIX POBOJHHKAX.

§ 1. Tepmosaexrpuueckne 9pQPexTsl B H3OTPONHBIX
MPOBOAHHKAX

B u3oTponHuIx np TpH PHUCCKHX
sdhpexra.

1. Tepmo-s.0.c. (9ppexm 3eeGexa). Ecmm M3 1BYX pasiuunbiX
MeTA/NIOB @ W b COCTABWTL BAMKHYTYIO LeMb M MECTd KOHTAKTOB MOJ-
JepHHUBaTh TNPH  PEBJMYHBLIX TeMilepaTypaX, TO B STOR uweru BO3HHMKaeT
s.a.c. Ecam, wanpumep, B yuactok a uenn (¢pur. 66) Bkiouen KoH-
ZieHCatop, TO OH 3apSLMTCA.

2. dppexm ITeavmoe. TlycTb yepes KOHTAKT MEXY ABYMS Pasiny-
HBIMM  MeTajlamMu  TeyeT dJekTpuueckuit Tok., Torxa aus 010, uT06H!
TO/JICPHKHBATH TEMIEPATypy 9TOrO
HerpepHiBHO NMOJBOAMTD K Hemy (WM OTBOAMTH OT Hero) Termo. Ko~

4ecTBo ITOrO Tersa mp y TOKY M HMaMeHsieT
SHAK IIpH H3MEHEHMM HATPABJEHUS TOKA ia o6parnoe. MoxHO sanmcaTh
Qup =Ty, (12.1)

rae Qa,,-—-cxopoc'rh € KOTOpOW 7Teryio HOrJIOWAeTCss B KOHTAKTe, KOrAd
o1 Meranna a k meranny b reder 1ok J, w I, — 108 pobunuenm Ieasmoe,
or pona P M OT TeMneparypsl,

Sra raapa, Gonee TPYAHAs, 9eM OCTajbHbE, MOWET GbiTh OMyieHa NPH
NCPBOM HTEHMH.

17 Ik Ha
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8. Apghexm Tomcona. Tlycts yepes HepaBHOMEPHO nanpe’ryno npo-
BOJOKY o 0 ceueHus, 3T
HOTO MeTallia, nponyckae'rcn ToK. YtoGH npu sTOM pacnpeneneuue Tex-
TiepaTypsl K
Tenno. KoMMuecTno Temna, KOTOPOE HAZO NOBOXHT B @JMHHILY BpEMCHH

b

T 2¢ T+AT
@ ur, 66. Cxema MBICIEHHOrO ONBITA JNS NONYYENHs
coorHomennt Tomcona.

K S/IeMEHTY NPOBONOKH, WMEIOLIEMY lepenaj TeMnepaTypsl B Hanpabies
HUR TOKa, paBubift dT, onpenensercs Qopmynott

dQ=+J dT, (12.2)

rie ©— kosppuyuenm Tomcona.

1. BoiBog coorHomenuii Tomcona. BbeleHHbie Bblllle BeTMYHHLL,
xapakrepusyiomre spdexru 3eebexa, IMeastne 1 Tomcona, csizantl iByMa

nox Tomcona.
Ceftuac M BHBeLeM 9TH COO Sl METO/b!
MHKH B npesnlyuied rnasel).
Paccumpum ucm». n300paxennyio Ha ¢ur. 66. Ipennonoxmm, yrto

KOHTAKTH MEy Ip awnb B aBa pe-

3epByapa Ternia A u B, mmeiomnx temneparypy T u T--A7, u uto na
o0Knamcax
npuyeM  obxnanKa, Gnnmnmuaﬂ K B, uMeer “Gonee pHCOKMH nowlumn.
Ip aercs, 4o He a npo-

BOIHMKH @ W b Tepmuuecku (d snek’rpn-(ecxu) uanmpouanu B ra. XI,
§ 6, Mbi 3anwcam y TOK Jy 1 110-
TOK Tenna j, ¢ ,cunamn* X, =-—gradg n X,——(I/T) grad T, » sune

=L X, + L X,
Jr=LiX, -+ LoX,, (123

o= Ly - LnX

u coornouienne Ousarepa

Lyy=Ly. (12.4)

1) Huxecaenyomw#i  pison, cuenammﬁ TosnepoM, B3AT € HEKOTOPHIMMU
u3MeHeHuaAMu M3 Kkuurn ge-I'poora ([30], § 57).



§LT sddexrer & 250

st paccMaTpuBaeMOfl HaMu Lienw STH YDaBHEHHs NDHHEMAIOT (OpMY

AT
J==— Ly — Ly (12.5)
AT
H=—Lybp—Lyp, (12.6)
rae H— cKopocTb, € KOTOPOH Terio p BIOJB TP

b
ko ot A k B, a J—17oK, TeKymuni "B lenw, KaK MOKasaHo WA ¢ur. 66
(nns AT=0 n Ap >0 70K J ompunamesen; nas Ap=0 u AT >0
cropocts H ompuyamesna). Benencrsue sddexros Ioyns u Tomcona
B 1POBONOKe Oynier BHACANTHCH Tenno. CKOPOCTL BHAEACHHS AKOYyJeBa
TeIna NPONOPHHOHANLHA KBAAPATY CHAML TOKA J2, xompun B CBOIO Oue-

pefb, COMVIaCHO Y (12.5),

phizienenns Teria  ToMCOHa nponopunonanbna JAT, 7. e, cornacto
yp (12.5), np Cxopoctb camoro noroxa
TeIna B COOTBCTCTBHH C YP: (12 6) AT. To-
STOMY B lepBOM MOXKHO TIp KaK TEIIOM,

TaKk u TennoM TOMCOHA M CYUWTaTh MOTOK “renna Me»my peaeppyapamu
pasrosepisis. Creiyer NPUHATL BO BHUMAHME, WTO BO BCEX CAyyanx
YUHTHBAIOTCA TOJILKO WieHbl [epBOrO NOPSAKa H uTO, HANPHMEP, B YpaB-
nenmsix (12.5) w (12.6) onyuens wunemst Goxce BHCOKOro mopsiaka,
uem AT u Ag.

Otverum cuavana, uto ecm AT=0, 10

J=—Ly D¢, (12.7)
u, Ly, ectb P snexTponp uerm,
) uenu Mexay pesepsya-
paMu B OTCYTCTBHC Toxa J=0) HaonuM. nckimovan Ag U3 ypabrenut
(12.5) u (12.6); npn TOM noxyuaem

He==—\AT, (12.8)

e
) Luloy—Lisly 1
Ln T

Banapasch ypasuenmsmi (12.5) n (12.6), nerko nokasare cyuectno-
BaHWe IePEYHCNEHHBIX BHIlie TEPMOSJEKTPHYECKHX ABMeHMH W BHBECTH
COOTHOUICHHSI MEIKLY COOTBETCTBYIOLUIMIt kosq)qmunemamn TIpexnono-
KUM CHavana, uTo
HOE COCTOSIHHE, KOTAa TOK o1cyrc1‘aye1- = 0) Toraa M3 ypaBHeHus
(12.5) cnenyer, uto

e Ly
=i (12.9)
rne A ectb Tepmo-9.A.C., a ypashehue (12.9) onpenenser mepao-
SAEKMPULECK VIO MOWHOCMS KONTAKTA, T. €. PasHOCTs NOTEHUMANOB HA
eMHULLY PABHOCTH TEMNEPATyp B OTCYTCTBHE TOKA.



260 T2, XII. Tepnosnextpuuecrao

TonoxuM Teneps AT==0. Pasuocth noTenuuanos Gyner BHI3LIBATH
KaK SJEKTPUYECKUHl TOK, TaK W TennoBolt notok (ofycnosnennuift sddex-
Tom IleanThe) Mexay TelVIOBHMH pesepsyapamu. OTHOLEHWe STHX MO~
TOKOB PaBHO

I
= (12.10)
Bnecy I, — esbrre, onp Tenna,

NOTJIOLIAEMOr0 B KOHTaKTe A.
M3 coornoutenn#t Onaarepa (12.4) ¢ yuerom (12.9) u (12.10) cpasy
e BHTeKaeT, 470

d 1,
E=—p. (12.11)
B’I‘O COOTHOLICHHE eCTb BTOPOE COOTHOIUEHKE TOMCOHG, OHO CBfA3LIBACT

TEPMOINEKTPHUYECKYIO MOLIHOCTH C Ienvthe. p
HaOMHWTS, 40 TOMCOH BHBEN TO COOTHONIEHH, MCTOAL3YS SAKOHH
TepMOMHAMIKH (TepMOCTaThKK). BTopo# sakon TepmocraThku (3anmcaH-
Heil B BHAC P K T P addexram
u3-32  HeoGpPaTHMOCTH conp ux np ne-
peHoca Tenna u InepeHoca sapsaa. ToMcon wucxoaun us TPeANonoNeHns,
4r0 BhiAedenne Teria ToMmcona W Tennaa MeabThe MOKHO paccmatTpuBaTh
KaK OGpaTHMEe NPOLECCH, W NOSTOMY NPUMEHHJ K HUM BTOPOH 3aKOH
Taxknm on nonyuun ypaemenne (12.11) (cm.,

HanpuMep, KHury Smure#na [37]), xoTopoe noaHee GHAO HOJIHOCTHIO
1o, nbHO. P SBNIEHHs Ha 0GpaTHMYI0
W HeOODATHMYIO ¥ACT He MOMel GHTb OGOCHOBAHO TCpMOMHHAMMYCCKH
W SBASETCs, Kak sSCHO ‘TomcoH, THHEIM
enneM. H TaKoro mp ABASETCS
HeJLOCTATKOM TEOPHH; 9'ron TPYAHOCTH yHanoch wuabexarh TONBKO B pe-
aysbTaTe CO3LAHMs HOBOM TepMoamMHamukH. [IpH HOBOM noAXoZe, B KO-
TOPOM SIBJICHUE B LEJIOM, Y (12.11)
chnencreuem npuhumna Ousarepa.

Iepgoe Tomcona PENCTBEHHO CrE/yeT M3 nep-
BOrO 3aKOHA TEPMOCTATHKM:

) — (T 4 AlLp) I+ (5, — T JAT = J Ao,
— ATl (v, — 1) AT == Ag, (12.12)

rae t, ¥ T, —Tennoth Tomcona. Kckmouas ¢ ua coorHomennét Tom-
cona (12.11) n (12.12), Mu nonyuaem

Wi

gy,
— e, (12.13)

370 COOTHOIIEHHE CBs3niBaeT Tenao Tomcona u Tenno INenvtbe. Mckimo-
uas 11, naxonmm

Ty =Ti (12.14)
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€00 Tenno TOMCOHa M NPOM3BONHYIO OT
TEPMOJIEKTPHUECKOH MOUHOCTH,

Tonesno 3anoMuuTh, uTO NPH 3ananHol TemnepaType temo IlenbTue
nponopuwonansio  dg/dT  [cornacto cootHowenwmio (12.11)], a pas-
HOCTb MeXAy KoammyecTeamu Temna ToMcona nponopuuoHaibha dp/dT?
[cornacuo ypapnemmio (12.14)).

§ 2. Tepmosnektpuyeckue sdipexTsl B M30TPONHOH
HenpepsIBHOH cpene

B § 1, n. 1 My wuMemrn neno ¢ El
B 3aMKHYTOH LENH, COCTOAMEH H3 JBYX ONHOPOAMHX MPOBOAHHKOB M3
PasHBIX METal/IOB. Hpemne 4eM NMepexolMTbh K KpHCTalnam, pﬂCCMDTpHM
TCOPHIO  TEPMOINEKTPHUECKHX S(PPEKTOB B W3OTPONHOH  HelpepHBHOH
cpene (me-I'poot [30], Kosnen [25]). Byaem cuurats, 410 cBoficTBa
Cpe/lbl MeHSOTCA OT TOWKM K TOUKE; $TO, OYEBHAHO, HeOOXOLMMO, KOJb
CKOPO Mb BKMIOWHAH B paccmotpenue  spexr [eaprhe. Toraa Buiie-
nenwe Tennia Ilembthe GymerT pacnpeneneso 10 BeeH cpene. OGbiummif
sdext TennThe B KOHTAKTE SABASETCA UACTHHIM CIyYaeM STO# TeopuH,
eClM CcuMTaTh, 4TO KawAmfi M3 MeTannoB oGpasyer OIHOPOILYIO Cpeny
W uTO TONBKO B MecTe p cKa
cBOHCTS.

Mp Oynem usnarath TEOPHIO Tak, 4ToOH OOJETuMTbL ee mocieylollee
0606WeHHe Ha aHH3OTPONHYIO CPedy.

1. BuBon y i noroxa.
YPaBHEHUSIMH, CBA3LIBAIOUMMH NOTOKH H CHJBL
J=—agradp—p ELT (12.15)
—Bgradp —y &2 g’“’ L, (12.16)
A yp y (12.5) u (12.6). Ipen-
qaTo B P SJIEKTPOHOR € 3apSAOM —¢€ B Cpene
SMeKTP! TOK o j. Torna j°=— jle ects

NAOTHOCTb TOTOKA S1EKTPOHOB (YMCAO SNEKTPOHOB, NPOXOAAUIMX 33 eNH-
HHLY BpEMEHH uepe3 ©/IHHHLY 1IOBEPXHOCTH, HOPMZJILHOM K HanpasJieHHI0
ux apwxenns). Bexrop &, Kak W Npexne, O3HAYaeT IJOTHOCTL NOTOKA
tenna. Tlosauee Mut p Ha CTPOroM h.
Benuuna p. ecTb SNEKTPOXUMHYECKRl MOTEHUMAN S/ICKTPOHOB MPOROMH-
MoCTH B MeTaade (CM. Hmie), o, P u 7— Koucrantil. BriGop noroxos i
u kb ow ocan ——grad}f u —(grad T)/T cnenan B COOTBETCTBMM C NpaBu-
NaMH TEPMOAMHAMHKH HeOGPATHMBIX npoteccos (cM. crp. 260) 1), nosromy

1) Ormerum, yro Gonee crpome PACCMOTpeHHe CHEAYET MPOBOAHTL C yue-
ToM Kputuky Kasumupa (cm. cp. 250),
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MBI MMeeM NpaBo MpUMEHuTH npuHLn OH3arepa U NONOKHTb KOS(ument
npu —gradp. B ypashennu (12.16) papnum f.
Banuckpas noTeHLMAN p B BHIE

p==p—ep, (12.17)
MH pasfensieM €rO HA JBE YaCTH: XHMHYECKYO uacTb, 3aBHCSULYI0 OT
cocrasa U paTypH CPElN, W SJEKTP yio gactb —eg. Crenyer

OTMeTHTb, YTO BCHEACTBHE 3aBMCHMOCTH i OT TeMmepaTyps gradp. conep-
HT YACTh, 3aBUCALYI0 o7 grad 7. TaknM 06pasoM, BANSHNE FPALNEHTA TCM-
neparype HE TONLKO BTOP UNeHaMu By (12.15)
u (12.16). 970 He coBcem yHOGHO, NHOSTOMY MOXHO ObiO Obi M3MEHHTH
Qopmy ypasrenn#t (12.15) u (12.16) Tax, uTOOH OHHM COAEPI amH IO ABA
HEe3aBUCHMBIX YJeHa B npanon qacTu: Onml—m-pazkaloumn JMLb BAMS~
HUSl HEOAHOPOAHOCTH COCTaBa, APYroM — OMMCHBAIOLIMN TONLKO BIHTHHE
rpaiuenta Temneparypsl. OAHAaKO, HECMOTPS Ha HEKOTOPOE Heyno0CTBO,
ayuige cHcTeMy  yp TaK KaK B TOM
clyyae, KOrfa ypaBHEHus (12 15) u (12.16) sanmamsi, nocnenyiouiee pac-
CMOTpEHHE CPABHHTENBHO NPOCTO.

2. CkopocTh BhieJenns tensa. YroGwl nowsTh ¢uandeckuti cMbca
Koddpuurenta o B ypapnenun (12.15), paccMOTPMM DaBHOMEPHO Harpe-
TYIO OZHOPOAHYIO cpeny. Torna grad =0 n grad p. == —egrad . ITosTomy

S=—L —aegrad [
OTKYZa CACAYeT, ¥TO ag’==0 (— yAeNbHas SNEKTPONPOBOAHOCTE), Wi

=== e%, (12.18)
TZie p — YIENbHOE SICKTPUYECKOE CONPOTHBIEHHE.
Hatinem tenepnr u3 ypasnenuft (12.15) w (12.16) smipawenne s
CKOPOCTH BHACNCHNS TenioBofl sneprun. Chawana onpexenum gradp. u3
ypabuenus (12.15), a sarem noncrasum ero B (12.16). Toraa

gradp = — a1 —o-1p ELL (12.19)

h=atf f g p ERL 220

Bgenem oGosnauenme o~'p/T= X, Tlosanee mu ysugam (cM. c1p. 265),
uto — Xfe ecth abcomorHas Tep TpUHUECKas

B Jlanno# TOuKe npu nanno#t Temneparype. Ypaeuenus (12. 19) n (12.20)
Tenepb NnepexomntT B

gradp = —o~Y* — Zgrad T, (12.21)

h=TEj" —kgrad T, (12:22)



82 T puueckue sdpextor 8 cpede 263

rne k=— (a~'B* — 1)/ T — KOS puUMEHT TeNIONPOBOAHOCTH B OTCYT-
crpue smekTpuueckoro Toka (j°=0). 3amerum, uro X cBssuBaer rpa-
AMEHT 3JMEKTPOXHMHYECKOro noTeHuuanad ¢ rpaiveHTom TeMneparypu,
Ecni snexTpuyeckufl TOK OTCYTCTBYeT, T0 HOTOK aHeprnn (CKOPOC'I‘b
NpOTEKAHNs SHEPTHH Yepes eMHHLLY

noroxa), MB yep es j" paBeH ‘renm)-

BoMy noToKy h. OMHAKO, KOFMa NPOHCXORHT MEPEHOC SACKTPOHOB, MO-

TOK j¥ nomKen e, y 10 Moxno
1OKA3aTh, UTO, B ACHCTBHTE/BHOCTH,

Jt=h e (12.23)

nOCKOllviy He BIOJIe OYEBHAHO, YTO CleayeT NMOHUMATL NMOA CKOPOCTBIO
TENJOBOr0 IOTOKA IIPH HANMYMK  SJEKTPUYECKOro TOKa, ONpenesieHus,
He Ecmu ne 3a
npesesn saull, KoTOpHE crapsnes b wactonel Kitire, 0 MOKHO npexn-
JIONMHTH YHTATENO NPOCTO NpHHsTh ypabnenwne (12.23) B Kauectse ompe-
nenenus ’l, a TaKXKe CYHTaTh, YTO BeJHYHHA h, onpenenieHHas TaKuM
nyTem, ynonnersopaer ypabuenuio (12.16).
Hcnonnsys supamenne (12.22) amsi k, ypasuenve (12.23) aas notoka
SHEPIrHH MOXKHO 3anucaTh B BHAE

(TS 4-p)je —kgrad T. (12.24)

J

Taxum 06pasoM, j# COCTONT W3 ABYX ClaraeMuX: OAHO M3 HUX 0Gycho-
BJGHO MPOTEKAIOIIMM SNEKTPUICCKHM TOKOM, a BTOPOe, YKe W3BECTHOE
HaM, BOSHHMKAET 3a CYeT FPa/MeHTa TEMIepaTyphl.

CKopOCTh BhILENICHHs TeNna B CAMHHAHOM OOTLeMe B OKPECTHOCTH
JIaHHOH TOUKHM PABHA B3STOH CO 3HAKOM MHHYC AMBEPreHUUH BekTOpa jU.
Takum oGpasom,

—divjt = — jegrad (TS 4~p) —(TE +-p) div je 4 div (kgrad 7).

TaK KaK Ml PaCCMaTpUBAEM TOJHKO CTallHONapHKeE cocTosmusl, To div j¢ =0
W BTOPOH aien B TpaBol uacté wucyesact, CENOBATENLHO, MBI HMeeM

= — je (D grad T-}-grad p) — Tj¢ grad X4 div (k grad 7).

—div j*
Wcnoavsys ypasuenue (12.21) n dopmyny (12.18), nomyuaem
—div ji == e2p (jo)t — Tj¢ - grad B div (kgrad T).  (12.25)

Taxoso mnouoe BRIpX(eNne JJis CKOPOCTH BHENeHUs Telia B efnHWY-
HOM oGbeMe Tena NPH HAnMUMK: 1) 9JIEKTpuYeckoro Toka (C IJIOTHO-
crblo -—¢j°), 2) rpammenta cocrapa (gradX) w 3) rpaavenrta Temnepa-
TypHt (grad T). Tleppui#t uneH B upaBo#t YaCTH NPEACTABISET COOOH KOy
JICBO - TCINO, DTOpO’/l— TeIO, OGYCIIOIJIIEIIIIOE 1CpM03.’leKTquCCKHMW
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sgpextamu. Tlocnennuht uien umeer Ans nac wanGonbumift murepec; oGo-
3HauYMM ero uepes q:

g=—Tjegrad . (12.26)

Tpernfi unen B npasod yactn (12.25) ecThb Tenio, OTBOAMMOE B COCes-
HHE SJIEMEHTH oGbeMa Gnarosapst OOBIYHON TEMJIONPOBOAHOCTH (B OTCYT-
CTBME SJICKTPHYECKUX TOKOE).
Ecnu reno B TO B HEM, KOHEYHO,
He MOXET NDONCXOMMTH BhACNEHWE TeNna, Tk KAK OHO NPUBOAHAO Obl
K MOBMUICHHIO ero TeMreparyp. Takum oGpasoM, B CTallMOHAPHOM CO-
crosmuu — div j* = 0, ¥ Bce TPH usiena B npaso#l yacTu ypasuenus (12.25)
nO’llKHu HMeTb TaKue 3HAYeHus, YTOOH MX CyMMa GISEFY paBHa HYMO.
Tenia B P obbeMe 3a cueT s(exra
,ﬂ)KOyIlﬂ ﬂ TEPMONCKTPHYECKUX ABNEHUH  NOMKHO KOMIEHCHPOBATHLCH
TOYHO TAKMM >Ke 0msoOOM TeNna, YTO OOYCNOBIWBAETCH COOTBETCTBYIO-
UMM PacupefesieHieM TeMneparyp, XapakTePusyeMbiM HOCACAHHM H/ICHOM
B ypasnennu (12.25).

8. BuiBop M3 mosyueHHwx ypasHenuil dopmyn ans naGisopaemsix
TepmoasiekTpuyeckux odpextor, Ms ypasuenntt (12.15) u (12.16)
MBl noJyunan ypasuennst (12.21) u (12.22) u, naxowew, ypasienue (12.25)
ANt CKOPOCTH  BHIIEJNeHHs Telnna. PaCCMOTpHM ‘Ternepb, KaKk MOMHO Bbi-
BECTH M3 9THX Y s HX Tep pu-
YECKHX BEJWYHH — TEPMO-9.4.C., Temna llenbtee u Tenia ToMmcowa.

1) Tepmo-3.0.c. Bripawenwe 17 TePMO-3.4.C. TEPMOTAPH B 3a-
BHCHMOCTH OT 2 IS [BYX TIOAIyuaeTCs MHTErp npa-
BOH W JeBOH uactet ypasuenms (12.21) no 3amxHyTOM uenn 306 paxel
HOM Ha dur. 66. [las 0 Je=0,ny (12.21)
npunuMacT Gopmy

grad (p — eg) = — Y gradT; (12.27)

TOIZIa MHTErPUPOBaHKe naeT

[ap—e fdg=— [3a1.

Ecnn Mb HauHeM C OAHOM OOKJAAKW KOHAGHCATOPA M, MPOMHTErPHPOBAD
N0 BCeH uemH, NPHAEM K APYrOH, TO HAYANbHOE M KOHEUHOE BHAUCHIS p.
OyAyT paBHH, TaK KaK OHH OTHOCSTCS K OMHOMY M TOMY e Meramty
npy OO W TOW e TeMmeparype; NOSTOMY NEPBHI Wien PaBeH HyJmo.
B peayanrate WHTerpupoBanHs HojyuaeM

e Ag == (2 — 2@)AT,
rep IPUYECKYI0
@ _ 56

Orciona onp

(12.28)
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YneHs — 2‘“’/: il —2(")/e MOXHO 1123BaTh G6COAOMAKbLMU MEP MOBALK =
TOM

M MU MBYX paccmar B
CMHCIIE, YTO Da3HOCTb MEXAY TAKHMH BeNMuMHaMu L9 moGOH napu
MeTannoB faet Hal, PHYECKOH MOWIHOCTH.

2) Ippexm Ieavmve. Tax xak divje=0, T0 j° MOKHO BBecTH
NOA 3HAK NpPOM3BOMNHOM B ypaskenun (12.26) Ans Tenia TepMO3TeKTPU-
yeckoro sidpexta, KOTOpOe NpPH STOM NPHHEMAET APYryio GopMmy

§=— Tdiv (3" (12.262)

Tas Meday np y (12.26a)
ynpouiaercsa: BHpPa)eHHe I CKOPOCTH BBUIGTEHHS Tenja Ha ennHuly
NAOWALN KOHTAKTA WMeeT BHL

— 10,3,
rae A, (5j%) — cxavox 1 n Eje. Tak kak
Ta jé, K KOHTaKTa, pep 9TO BhIpAMe-
HHE MOXHO 3alHCaTh B BUAC
— (2@ — 3O je, (12.29)

rae wmigexcel (@) m (b) OTHOCATCA K JABYM pa3iuuHBIM NPOBOMIMKaM,
a jp— HOPManbHas KOMIOHEHTA, HANPABJEHHAR B CTOPOHY G. Bhipae-
wue (12.29) omuceipaer muinenenne Tenna [lenwtbe B oOweMm ciyuae
M OCTaeTcs CNPABEAJMBHM Jae TOIAa, KOrAa TOK NEpecekaeT MoBepx-
HOCTL KOHTAKTa HE N0 HaNpaBJicHHio HOpMam. ECan HanpasJienye BekTopa
MJOTHOCTH TOKA j Ha "

HOpMank OT @ K b (T. €. NOTOK IJEKTPOHOB uanpasies ot b k @), TO
BHIPAXEHHE A/l CKOPOCTH BBIAC/CHHS TeIIA HA CMHHLY MMOMAAH KOH-

TaKTa MMeeT BRI
—_ (@) _ y®) J
7 (% x®) <.

TostoMy, yuurhinas onpexenenne (12.1), nonyuaem
(@) _ y(by
n,,=1e2= (12.30)

Wa ¢opmynn (12.30) B couetannu ¢ coorHouwennem (12.28) cpasy cue-
nyer Bropoe cootromenne Tomcona (12.11).

8) Afpgpexm Tomcona. “robx nonyunts ¢opmyny ans tenna Tom-
cona u3 ypastenns (12.26), paccMOTPUM BHOBb YCNOBHS, NpH KOTOPHX
G0 BRefeno onpenenenne Tenna Tomcowa. Kak yxe ykaswpanoch wa
crp. 258, Mu paceMaTpuBaeM Harperyio y M3 O/IHO-
POIIHOrO Meramia ¢ A, uepes KoTO-
PYIO NPONYCKACTCSs SIEKTPHUECKUH 0K J. TIPOCTPAHCTBEHHIE HIMEHEHUS

[PONCXOASIT TONLKO BAONL NPOBOJIOKH; STO HANpPABJCHHE ML IPHMEM 32
ocb X. [lycts 1ok J Teuer B cropoHy Bospacranus x. Torsa sexrop jé
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p B CTOpOHY x. Tlostomy n3 ypapuewns (12.26)
nonyuaem

dr
e
Tj rra
Taknm 0Gpa3oM, B SJeMeHTe AMMHH dX B €MLY BPEMEHH BHICJSETCH
Tenno

GAdx=TjAdS = T(%)dE:—ddT.

rae kosppuunent Tomcona t cBszaH ¢ I BHpaweHuem

1:-%(%)}{. (12.31)

i 06onx au b n koMGuim-
pys ero ¢ qiopmynoﬂ (12.30), nerko nosyanrs ypasuenue (12.13).

4) Tenao Ileavmve u menao Tomcona. TloxaxeM Tenep, Apyrum
crnocoGom, 4ro ypasuenue (12.26) naer muipamenus ana Tensa Ilenbrbe
n Tenna Tomcona. JINs STOrO HYXIO yyecTb, 4ro X 3aBHCHT OT koop-
JVHATH  JIBOAKAM X c P
BCMGACTRNE HEOMHOPOLHOCTH CROMCTB cpenst (nanpumep, npu nepcceuc-
HWH TIOBEPXHOCTH KOHTaKTa memny PABNMUMBIMH METAZNAMH) H, BO-BTO-
s Temneparypri. Crneno-
BatenbHo, grad X conepiur mBa -meHa. W Mbl MOXEM Banucath

— (%), — s (gﬁ—)x e (232

Teppuft unen B npasodl vacth npencrasaser co6odt tenno [leavrve, npo-
NOpUMOHANbLHOE TOKY W CyulecTByloiee Gnarofaps uaMeHeHusM CBOHCTB
Cpelln ¢ KOODAMHATOH (Npu mnOCTOsHHOM Temneparype). Bropo#t uneu
npencragasier coGo# Tenno ToMCOHa, NPONOPUHOHANLHOE TOKY W pa-
BMCHTY TeMIiepaTypH.

g=—Jr 0»:

4. 10B. OluenuM MOPSAOK Beaw-
YHHBL W) CTOSILMX B yp (12.15) u (12.16). Odas
XOpOLIEro NPOBOJHHMKA H3MEPSieMLIC BeJMUHHLI OCBIYHO MMEIOT ClieLyio-
1pe THIHYHLIE 30aueHnst B eausmuax MKS:

k==420 Ooc|n - cex « 2pad,
p=1,8:10"" om - m.
Tak xak e=1,6- 107"
MOLHOCTH

en. MKS, 10 aGcomornan Tepmo9ieKTpuueckas

=1,0-10"° sfzpad, S=1,6-10"%,
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JHanee, naxonum
o =% =4,6.107" a=22.10".
Ecmu pasme T ==300°K, 10
p=TZa=1,1-10"

Tax Kax

0
{==kT 4-a~'32=13. 10°45,6 - 102,
W MH MOMeM cumrath, uro Y == 1,3 10%
OrtHoluenne @Zl(ay) Ge3pasMepHO M SIBASIETCS MepOfl CBA3N  Mexmy
" b Jasi nanHoro cayuas
B
[C)

=4-107%

§ 8. Tepmosnekrpuyeckne sddexTsl B KpHCTaIIax

1. BuiBon ypasuennuil notoka. Tenepb, KOrxa Mbl NONYYHIH ypaBHe-
npst (12.15) u (12.16) aasi ¥30TPONHHLIX NPOBOAHWKOB M YBHAEJH, KaK
U3 HHX MONYYAIOTCS s PHYECKUX
9¢dexToB, OYeHb NPOCTO 0GOGIMTL STH YPABHEHWs M A ClyYas auu-
30TponHbX nposoasuxor (Jomennkama [32])Y). Eauncreennoe naMeHenue
COCTOMT B TOM, YTO KO3()duunents @, B, 7 Tenepb OKABLIBAIOTCS TEHIO-
pamn BTOPOro pamra. 4700wl BHISCHHTb, KAKHMH MMEHHO TEPMOSJCKTPH-
YECKMMH CBOMCTBAMH BLI3BAHO 9TO HMaMeHeiue, GyneM OMEpHpOBATH C HC-
XOMMBIMM YPAaBHEHUSIMH TaK e, Kak i pawbiue. [Ipu 9ToM ynoGuee pac-
cmatpuBath @, B, 7 M Bce BekTOph Kak Marpuubl (cM. ra. 1X). Toraa
B MOXKHO

o T
Ji=—y _ox_—pllz rr (12.33)

3 (12.34)

o 1
—pmm—\'me-
Cornacio npuhianty Omzarepa (cM. crp. 249), nosmas MaTpuua Kosg-
HUKEHTOB, CTOSMMX B NPaBOM YacTH 9TOH CHCTEMBl ypapHenufl, AOJKHA
Ouirb cummeTpuynol. Otciona cpasy cienyer, uTo (d;) M (7;,) — cUMMe-
TpuuHble MaTpuibi, OTCIONa BHTeKAeT TAKXKE, YTO JeBATh KO3(pQHLMeH-
708 npu (1/T)(9T/0x,) B ypasuennn (12.33) 01HHAKOBDI C AEBSTHIO KOS~
(uupentann npu 0p/Ox, » ypapnennn (12.34); HO, passepTHIBan uieHk,

11 Hmnke "o opme OTAHYNO OT 1010,
KOTOpOE Zan 1o 1o cy y © ot
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Nerko BHIeTb, TO B NePBOM YDABHEHWH CTOAT KOSGQHUHEHTE B, TOrAA
KaK BO BTOPOM By Takum 06pasoM, B MATPHYHOH 3anMMCH MEl MOydaeM

je—=—agradp—p E24T, (12.333)
h=—pigradp—y £247, (12.343)

rie [, — TPaHCNIOHMOBANHAs MaTPULA NO OTHOMeHWIO K Matpuue [.
B obuwem cayuae — necHMmerprumas MaTpuua.

2. CkopocTh Bhfenexusi Temna. AHanorwuno ypastennio (12.18)
IJIS M3OTPONHOrO CNyuas, Mul Tenepb mMeeM

a-l=1¢%, (12.35)
TAC p— MaTPHLUA YAENBHONO 3JeKTPHUCCKOro conpornpienns. Iostomy

CHMMETPHYHOCTDH 14 chneayeT W3 CHMMETPHYHOCTH &.
Ypasenns (12.21) u (12.22) npunumaior sun’)

gradp=—a~1j*— ¥ grad T, (12.36)

h= Ty j¢—kgradT, (12.37)

rie ¥ =(a" )T u k=—(Ba-'p—y)/T, npuien £ u k— rereps
marpuub (K — marpuua Tenaonp M, a X — Ma-
TpULLA, XapaKTepUsy P Hx
¢, P u Temneparypsl. Jlerko

4TO U3 @ u Y cnenyer cuMmerpuynocTh k.

Onwaxo marpuna X, nooﬁme TOBOPS, uecnmmerpwma —
OrwmernM, uro, nonaras B ypasmenun (12.36) j¢==0 n pasnaras p

Ha XHMHYECKYIO W SJEKTPHYECKYIO YaCTH, COMIACHO cOOTHOWeHMO (12.17),
MBl  NONyyaeM ypapHeHue AUl TEPMO-5.J.C. HA  eAWHHMLY IUIWHBI,
a MMEeHHO:

—gradg=—1 (2 grad T {-gradyp), (12.38)
WK B WHIEKCHOM OGO3HAYEHHH
dg 1
=1 zm(m + M) (12.384)
[Motox sHeprun ONpefessieTcs ypapHenueM, auanorwunsiM (12.23):
= h4-pje, (12.89)

1) Moo serko nokasarb, 4t0 ecau A M B — Marpunp, 10 (AB)y = B(A,.
CuenioBatennHo,

By e B 7y = e B

TaK KaK «~1.— CHMMETpHuHas MATpHUa.



§ 3. T spepexter 6 269

rae BCe TPH 4ieHa — MaTPULH-cTOAONE. O6oGmenneM (12.24) ssasercs
ypasueHie

J=(TE+pl)j¢—kgradT, (12.40)
WKW B MHACKCHOM OGO3HAYeHHH
= or
= (T8 +pd;) Jf—k,,‘d—x’. (12.40a)
Cropocrb Tenna
ojy . 0y \ e 3 (s
iy e ()-u: Dy -+ Toer ) - m(!iim) +

0 oT
+ oo (hug). (1240

y (12.36) uTo 3aK. B IIEPBBIX
ckoGKax B NpaBoM yacT, siBASTCs I-# KOMNOHeHTOH MaTpuun — &~ '§e,
a uMeHHo — (a1, j¢. Crenopatensho, neppuil wieH B MPasol  ¥acTH
ypasuenus (12.41) ectb AXKO0ysneBO TEINIO

20 jeje.
oudiTh
OKoHYaTeNbHO MH HMeeM

oty oT
— oy = oIS T gy 3_“ (j[E,,)—'r— kr (km 5;;)- (12.42)
3necb TNepBHH uleH B Npapofl YacTH NpEACTaBIseT COGOH MKOY/eRo

TeNio, BTOPOH — TEILIO, BLIACTSIOLIECCS 3a CUCT TEPMOIICKTPHYECKHX
s¢dexTon, a Tperut — Tensio, 0TBOAWMOE GIArONAPS TEN/ONPOBOAHOCTH.

8. O mar 3a cuer Tpudeckux 9ddhexTos.
Bropoft unen B npaso#t uact ypznueuuﬂ (12.42)
j=—1 0 (8
g=—T 0X/ (/2% (12.43)
p cobo#t Teio, 3a cuer Tep YeCKHX
s¢dexros 1),

Mb1 BuznM, 4T uien gfT panen BISTOH CO SHaKOM MUHYC AMBEDrEHLAN
BeKTOpa jiZy, KOTOpHiHl B obuleM ciyyac He NApaJeseH BEKTOPY

1) 970 BHpaxenue Brepshie Hoxyuuan dpendecr u Pyrrepe [35], ucxons
H3 nocrynara. comacno Koropomy wpuosnex'rpuueckne stﬁy&bexm MOXHO pac-

neobpa-
THMBIX sQJQvel('roB. 10 6uno cncnauo 210 TOI‘O, Kak Omuzarep cq)opuynhpog)an
CHOIO TEOPHIO noa-
XOfl, HCIONb3OBaHKLIH Dpendecrom  PyTrepcom, He SBISIETCH yAOBACTBOPHTENb-
HEIM, KaK MBI yxe Bijenn Ha crp. 260, X0t O 1 aeT NpaBHALILIE peayanTat.
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NAOTHOCTH MOTOKA 3eKTpoHos jf. Moxuo cuurams pektop ji%, nior-
HOCTHIO NIOTOKA SHTPOTHH, NICPEHOCHMOrO NOTOKOM S/CKTPOHOB.

Tlas " (12.43) nnsi ckopocTH Bhe~
JleHis Tena Ha eNMHPY TIONALA PAHAMAET dopmy
—T78, (jiZy). (12.44)

rie, KaKk W npexcre, cumson A, ( ) O03HAYACT CKAYOK HOPMANbLHOH KOM-
NOHEHTH BEKTOPA, 3aKJIOYeHHoro B cxoOku. C apyrofft CTOPOHEH, Mii
MOXeEM MCNIONL3OBATh Jj; BMECTO Jj§ W 3aMUCaTh BLIPAEHWE AMsl BHAe-
Jisiolerocst Tenia B BUie

8y Gill). (12.45)

rae 1, — sampuya (wma mensop) Ileavmee, onpenenseMH# Ls Kax-
JOTO IPOBOAHKKA (OpMYJIOH

=7k, (12.46)

Mpu  sanuuun y uucao
xomuonent g, (u I1,,) yMeﬂmmc'rcn. KK 7Ierko MOXHO TIOKa3aTh
TABNMLUAM
DopMbL MEPMOINEK MPURECKOZO MENEOPA
OG6GosHayeHHs
*  KOMIOHEHTA, PABHAS HYJIO,
©®  KOMITOHCHTA, OTIMUHAA OT HyJS,
@—@ paBHLIe KOMIOHeHTE,
@—O KOMIOHCHTHI, UMCICHHO PABHHIE, HO NPOTHBONIONOXHEE IO 3HAKY.

TPUKALIHOR CUCTTEMT | MONOKAUNRGA CUCEMA. [OpmOpomGUNECKGR CUcena] RyGUYECKan cucmema
(e6a knacca) (ace knaccer) {oce Knaccor) \toce xaacce) u usompon-
ese mamepuansi
® 0 @ e - @ o - ¢
@ o e ce .
® e o) - ofi® L ()}
h u cucmentbi
Knaceu Knaces
3,3, 382, 8m, Im,
4, 4, 4/m, 422, 4mm, d2m, 4fmmm,
6,8, 6/m. 622, 6mm, 6m2, 6/mmm.
L] [ L) (¢)]




§3 T spdexrer o o7

oObuHEMI Meronamu. ClieyeT noMHuTb, YTO B OOuleM ciyuae

By S (12.47)
dopma [E,] npu oObiuHOM opHenTaunn KpucTannos (cM. npunowenne 2)
TpUBECHA [UISi PA3NMYHBIX KPHCTAMNOrpPadyuecKuX Kiaccos B 1abn. 14,
rJie UCTIONb3YIOTCS Te 3Ke CHMBOJH, YTO W BLIUIE.

Tlepexons K WacTHHM CJyuasM, Kak STO ANAZ0Ch JUISi M3OTPOMHHX
MATCPHAsOB, MBI MOXEM BBICHHTb 3HAUCHWE PA3MMUHBIX KOMIOHeHT I,
Komnomentr, crosiue Ha TaHOH [MAroHamM, CBA3aHm C S(dexTaM,
aHAZIOTHUHBIMK TeM, KaKHe HaGJIONAIOTCS B W3OTPONHHX MATCPUANAX, XOTS
Tenepb, KOHEuHO, STH S((eKTH BaBHCAT OT HANDABNCHHS JJS BCEX
KPHCTaNNIOB, KPOMe KyGuueckux. HeanaronanbHbie KOMIOHEHTE X, onpe-
ZensioT  CYIeCTBOBAKe Honepeunozo sffexma ITeasmpe, KoTOpHH
crieuuduyen nst HekyGuueckux Kpuctamios [cM. (12.44)]. Ato moxHO
BHIETb HA NpWMEPe CTepxkHA M3 HekyOuyeckoro kpucramia (¢ur. 67)

Ty Beidenenue menna

loznouserue menna

®ur. 67. Cxema, moscHsiowas BOSHHKHOBEHHE
nonepeuroro sdexra Ieaprbe.

C aumHO#, NapannenbHOM X, W NPSIMOYFOJbHHIM IONEPEUHHIM CeYCHHEM.
TlycTh BAOML CTEDHKHS TeueT NMOTOK SACKTPOHOB C PABHOMEPHOM MIOT-
noctio j°==[j, 0, Ol. Tlpn sromM pexrop ji%, we Oyaer, nooOiie
ToBops, MapannencH j°, Tak Kax Hapsay ¢ MPOAOALHON KoMnoHeHToH j° X,
CYUIECTBYIOT MoONepeuntle KOMNOHeHTH X, u  j°E Ha pepxuett
rpamn, MePeHINKY/IAPHON Xp, HMECT MECTO CKAYOK HOPMANbHOH KOMINO-
Hentul jf¥,, pasunft —j°%,, a nostomy, cornacko ypasmenuio (12.44),
Gyner NPOMCXOAMTH BHEJeHHe Tenua B Kommyectse T j¢%,,. Ha npo-
THBOTONIOKHON rpanu OyeT NOTMOMATBCS DABHOE KOJHYECTBO Terlia.
Ananornunoe u nor Tenna W Ha rpaHax,
NepreHANKYISPHEIX Xg.

Ecan ManpoawdgepeniupyeM npasylo 4acth ypasuenns (12.43), To
HOXYUMM MHTEpECHHA peaysbTar. [Ipn STOM HEOBXOAUMO NMOMHHTH, UTO
3y, BABHCHT OT X;, ABOAKMM 0GpasoM. Bo-mepmuix, Tak e Kak ass
u30TpONHOH Cpean, X;, MeHSiercs C KOODAMHATOM, KOTAA W3MeHSIoTCs

ea1bt KOrAa Mil nep P KOHTaKTa
MeXAy JaABYMS PA3JIMYHBIMH  KPUCTANIAMA  MJIH MEXAY OAWHAKOBHIMHM, HO
NO-Pa3HOMy OPHMEHTHPOBAHHBIMH KpHCTasiaMy). Bo-Brophix, By, Mensercs
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c xooprunaroff BcsencTene
Typu. TlosToMy mpu ‘M epeHIPORAHAI NOTBATIOTCH /BA HIeHA. Taxuy
06pa3oM MH TONyYaeM

0%\ OT off
—r (G %), =i () o — TR (1248

Oxp

q

Tlepsuft unen B npapo# vactTn npeacrapaser coGo#i Temno IMenvTe,

HOC TOKY H BCJEJICTBUE UBMEHEHHst CBOHCTB
cpenu c # (npu ype). To o6erostens-
CTBO, uTO ji B X, HMEIOT B 9TOM uiene Pa3MMUHHE WHICKCH, TOKASH~
BaeT, 4To 3 HE B TOKA TAKXKe WrpaiT Poib;

Kpome nposonbhoro spgexra [lesbThe, ONKCHBAEMOro uieHaMu ¢ { =&,
ony aaoT eme nonepeunn#t spbexr Menptbe.

Bropott anex B npasoit yactu ypashenns (12.48) npencrapiser coGo#
remio  Tomcona, NPONOPUHONATLHOE TOKY W TpaiuenTy Temneparypel.
TIOCKONEKY B AHMBOTPONHOM Cpene Wrpaet POib TPAAHEHT TeMepaTypsl
He TONBKO B HANMpPaBJIeHMM TOKA, TO Hapsly C NPOROAbHLIM Sthiperrom
Tolcona mmeer mecto u nonepeunsiii 9ppexm Tomcona. Ilonnoe prpa-
wenne Ans Tensa ToMmcoHa, BLILENEMOro B eAuHMIle obbeMa 3a CVHUILY
BpeMeHH, MOXINO 3alucaTh B BHAE

o7
—/,t,km. (12.49)
rae 1y —— men3op menaa Tomcona, 3anasaeMuift B BRAC

P (":Tfk) (12.50)
[ep. dopmyny (12.31)].
ocnenun# unren B npaso# uvactu ypaswenus (12.48) onmcenaer
9pPexT, ¢ KOTOPHM MH elle He BCTPEeYanuch W KOTOpbiH, nosoGHo none-
peuriniM s¢dexram [Menproe ¥ ToMcowa, NPHCYLL TONLKO KPHCTAMaM.
,ullﬂ HMBOTPOIHOIO KPHCTANIA COXPAHSIOTCS JHUIL [HATOHANBHBE KOMIO=
HeHTH Z;, W NOCHCAHHH UieH CTaHOBMTCS PABHHM NPOCTO

Ins  CTAaUMOHAPHBIX  TOKOB ij/dx,:(), CleNOBaTeNbHO, 9TOT YJeH
ucyesaer. B AHUBOTPOINHBIX e KPUCTaJaX STOT 4YieH NPHBOANT K M0~
NOMHUTEJLHOMY  BBIEJICHUIO Tcnna—me/ma Bpudoemena. Yxasanumi
apdekt o0y TOKOB.

B xadccroe npumepa sq;q)cwra pruumeua paccmmpvm L-o6pasunitt
KPHCTAN, 4acTH KOTOPOFO MMEIOT eHHHYHOC —MONePeuHoe CeueHme
(¢ur. 68). ByneM cunrath, YTO OpueHTauMs oGenx vacredt Kpucranna
OZMHAKOBA W Bech KPUCTAAJ MMeeT OaHy W Ty ke remneparypy. Ilycrs
TNOTOK 9JIKTPOHOB C PABHOMEPHOM [UIOTHOCTbIO j° Teyer BAOMb HACTH
KPHCTAZ/a Napanjciblio Xy, a 3aTeM W3MCHseT Hanpapiende M Tever
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napamesbHo X3 BROML APyrod uwactu. BosbmeM Tako# kpucrann, s
Kotoporo Tensop [y,] mmeer popmy

M opuenTHpyeM ero Tak, uTOOH INaBHas Och CHMMETpuM Obina mapaa-
nenbHa xg(Toraa nonepeunoe Teno Ieabtbe He GyneT yCIOKHIT KAPTHHY ).
Mpumenun Teneph ypasenue (12.43) K sawrpuxosanHo#t na dur. 68
uacti oGbeMa. Eik , ¥ —l}IT pasHa
IUBEPreHLHK jfzm, npouNTerpuposantolt 1o sceMy o6bemy. INo Teopeme
Caycca TakoWl WHTErpan pabeH NOTOKY HODMAJbHHIX KOMIOHEHT JjiY,
Harpas/iCHHOMY Hapyx)y uepea NnoBepx- -
HOCTH, OFPaHWYMBAIOLIKE STOT OGBEM. J'
Haupapnentisie B CTOpOHY BHewuHet
HOPMa/y HOPMasibHiEIE KOMIOHEHTH Mo-
ToKa uepes AB w DE paBHH COOT-
petctBeHHo — /Xy u j¢Zg. BOmuan
MOBEPXHOCTEH KPHCTa/ia MOTOK SJeK-
TPOHOB  NMapaniened  rpausM, — BHe
kpuctanna ou pasen nymo. Crenosa-
TeJAbHO, HA 9THUX CTOPOHAX pacCMaTpu-
paeMoro o6'bema HOPMaJbHbIE KOMIO~
Henth fi%, OTCyTCTBYIOT.
Takum 006pasom,

§=TJ" (B4 — g

ME nOZyuMH s PACCMATPUBACMOrO @ur. 68. Cxema, nosicusomas
cnyuas Bhpaxenue ans renna Bpumx- BLiesenue tenna Bpumkmena.
MeHa, BOBHMKHOBCHHE KOTOPOro OOY-  Temao bhAcisCtes HOTOMY, NTO MOTOK 9ACK-
CIK)B.’[E!LO NpOCTO M3MEHEHHeM Hanpap- — POHO® r "i“:'l:x:“‘:ff nanpanxeuie
nenns j¢ B KpucTanne.
B ofuiem cnyuae moGoe oe pacnp .

TOKA B aHM3OTPONHOM KpucTanje OyneT NPHBOAMTH K TOMY, uTO
YIeHH ()jf/ax,, B ypasnenun (12.48) me Oyayr o0OpawaThcs B Hydab,
a cnenoBatenbHo, Oyner HaGmionaThbes W preNenwe Tenna Bpumikmena.

PE3IOME

1. TepmoajexTpuyeckue sddexrsl B H3OTPONHBIX NPOBOJHHKAX.
1) Tepmo-5.0.c. mepmonaps.. Ecnu Mexay ABYMS KOHTAKTAMU TepMO-
napn UMeeTcs PasHoCTh Tenepatyp AT, TO BO3HMKAET TepMO-9.4.C. Ag.
Beanuuna do/dT ectv mepmosnex

18 Lok, Han
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2) Adppexm [lessmpe. CxOPOCTh NOrAOWICHHS TemNa B KOHTAaKTE
TIpH NPOTEKaHHH TOKa J OT Metanna a k Metanny b onpepensercs Gop-

mynoft .
Qup =11, (12.1)
rae 1, — rosppunuenm Ieavmse.
Agpgpexm  Tomcona. Ckopoc'rb TPUTOKA Telsa, HeoGXOAMMOro
A7 T pe/ieriels TeMICPaTy Phl B S7ieMEHTe
NPOBOJIOKH, B KOTOPOM npupom‘ TcMncpzTypu B HanpasieHnu SNeKTPH-
yeckoro Toka paBed dT, ompenensercss Gopmynof

dQ=+JdT, (12.2)
rae ©— kospuyuenm Tomcona.
Tepsoe Tomcona, B N3 NepBOro 3aKoHa
TECPMONMHAMHUKH, WMEeT BuJ
— ATl (5, — %) AT = Ag. (12.12)

Bmopoe coomuouenue Tomcorna crepnyer u3 npuununa Ousarepa;
OHO BaNNCHIBACTCS TaK:

O — U, (12.11)

IlosToMy Mel MOXeM samucarhb anst Tenna IlenbThe W PasHOCTH MeXLY
ABYMsi 3uaveHusMn tenna Tomcomna BHpaxeHus

M,=—T2%, (12.112)
=T 2. (12.14)

2. TepmosaexTpuyeckue mtnt)EI(TH B H30TPOMHOI HenpepeBHOK
cpene. coot 110TOKA,
UMK SNEKTPHUECKHH TOK M TenonoN noToK ¢ ZICHCTRYIOUMMH HA HHX
cunamu (1 3a cuer rp
TeMNIePATypHl), W MCNONBL3YS NPUHLMN Ouaanepa. MH HAXOJHM Clenyloune

ypaBHeHust,
s TepMo-9.4.C. Ha eAMHHMUY AauHEL nmeeM [u3 (12.27)]
—gradq::—%(EgradT-kgmd DN (12.274)
rae ¥ — KOHCTAHTA AJSi NaHHOM TOUKHM NPOBOAMMKA NPH BaNaHHOM TeM-
neparype.
JI5 CKOPOCTH BHILEJIGHHS Tensia B e[Hine 00beMa uMeeM, C yueToM
(12.26a),
—div j* = e?pje® — T div (2j°) 4 div (k grad T). (12.25)
Tepsofl uieH B Mpasofl wacTh upenctapiser cOGofl LKOYleso Temio,
BTOPOH — TenJio, 8a cuer

# TpeTHh — Tevio, OTBOAMMOe GJarofaps TemIOnPOBOAHOCTH,
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Bropo#i usen npasoff uacTH, KOTOPHH MOXHO 8anucath B BuIE
—Tjgrad %, yunrmpaer xak rtenno Ilembtve, Tak u Tenno Tomcoua,

2 WUMeHHO:
Ajng-— —j;T(ax‘) j‘T(”) ",’I, (12.32)

anech NeppHifl wien B npaso#l vacth mpexcrapiser coGofi tenso INenutoe,
a BTopofl — Tenno Tomcona. CKOPOCTh BEeeHHs Telna B KOHTAKTe Ha
€IUHALY ero NIOMmAMM PaBHA

—7 (2@ —x®) je, (12.29)

e j,— HOPManbHAs KOMIOHEHT4, HANpaBieHHas B CTOPOHY @. Takum
06pasom,

7 (2@ — 3®)
Tpp== 2, (12.30)
Bripanenus 1A BCEX YNOMSHYTHX BIle BEJMUHH, XaPAKTEPH3YIOWHX
bie b , MOXHO BHIBECTH H3 STHX
Yypasuenu#t,

8. Tepmossextpuueckne sddexTs B kpucra.vmax. B cnyuae kpu-
CTamIioB CKansip LY BYI0-
wue ypashennam (12.27a) n (12.! 25) umelm‘ BHL

9% O
- —(2,,, = +a-7,) (12.382)
u

o
— B T g 1) + g (b )+ 124)

Teppwifi unen B npapoff yacTH TpencTaBisieT COGOM IKOYJEBO Tenso,
BTOpo#t — Temio, 00y P L) .
TpeTHi — Tero, Gnaronaps .

Bropol uien B NpasoM uaCTH MOXHO NPENCTABHTH CIEAYIOLUN
o6pasom:

]
i (2,

7. e. B BHIE CyMMb Tennia [lenwTwe, Tennia TomcoHa u Temna Bpumx-
mena. Tenso Ilessmbe, Bliensiomeecs B eAMHNLE TIOM@NM KOHTAKTa,
onpenensercs (popmynol

—TA, (JZ) =8, (T, (12.44), (12.45)
rae A,—cKauoK HopMaibHOH Komnowents u I, =T (Z,/e) ects

sampuya (wnn mensop) Ileasmee, B obuem cryude MMEIOT MECTO KaK
nposoAbHKH, TaK W ronepeuHnitt spdextn lenbrbe,

= Ji (az”‘) j‘T(n"‘) :}: 12,”—;. (12.48)

18*
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Tenno TomcoHa, BHIENSIOWEC B eIMHHNE O0beMa 82 eLMHHLY
BpEMeHH, PanHoO

oT
—Jitn g (12.49)
rae oz
o *T(ﬁ)ﬁ (12.50)
slech Ty, ectb menzop mensa Tomcona. B obuieM ciyuae NPOUCXOLMT
KaK 0, TaK p o Teia Tomcona,
Tenao Epubmmua. BHUIe/ISIOLIeecs] B einHule O6beMa 3a efuHHLY
BpeMeHH, UJeHOM B yp (12.48). Buime-
nenve Tenna Bpnmkmena ecth addext, CBOMC‘I‘B&HHH“ TONBKO KpHCTAn-
naMm, u 00y p pacnp SneKTpuYe-
CKOro TOKa.
Taxum 0GpasoM, Bce Tep puueckue sdd p
poM Xy YPO# ¥ ux np no obsemy. B obuem
cayuag
Epp # e

KyGuueckue xpucTainb BeiyT ceOs Kak u3oTponsble MaTepuaini. CBOH-
CTBA BCeX OCTa/bHBIX KPHCTAIIOB aHN3OTPOIHK; B CaMOM oOGiueM ciyyae
HMeeTCs ACBATH HC3ABHCHMBIX KOI(uIMEHTOB Xp.



Yacmeo IV

KPUCTAJINTOOINTHUKA






raaea Xl

ECTECTBEHHOE M MCKYCCTBEHHOE
JBOHHOE JIYYENIPEJIOMJIEHHE.
2®PEKTbl BTOPOTrO TMOPSIAKA

§ 1. JBoiinoe ayuenpeiomierue

B nauuofi rnape Mbi PACCMOTPHM HEKOTOPHE SIBJICHHS, CBSSalHie
C TNPOXONIEHHeM CBCTA uepe3 KPHCTamt. Mbi GyNeM H3yuaTh TAaBHbiM
o6pasom dsoiinoe ayuenpesosnenue (Wi O300HYIO pedpaKyuio): ecre-
npofinoe nyuenp PS €CTECTREH-
Hoft AM30TPONHKU KPUCTA/MIA, M HCKYCCTBEIHOE JABoktunoe JAyyenpenom-
JIGHHT, BHIBBIBAEMOE SJIEKTPHUECKHM TO/eM (3JeKTpoonTnueckult sddext)
WM Mexanuueckum nanpsukenueM (poroympyrocts). Bonpoc o spawenun
n. Z (nam ol ) Gyner obcy-
Hparbes B caenyiomel raase. ITornouwenue cpeta KpUCTamiaMp Ml pac-
cMaTpuBath He OyJnen.
l'lpc,u.nonarae'rcn UTO uMTaTeNb yHe nmeet TpeacTanieHne O SIBACHUH
ZIBORKOrO  syuenpe. (em., p, kumey XapTwopwa u
Crioapra [48]1)). B n. 1—38 uanaraorcs ociioBHEe 9J/IeMeHTapHbie (paKTH,
NpECTABASIOMNE Jils HAC Mirrepec. [lOKasaTenbcTBa OMHMCAHHLIX B 1. 1
CBONCTR MHAMKATDHMCH, KOTOPHE OCHOBaHb Ha ypapuewusx Makcsenna,
Zanbl B TIPHAOKEHHH 8; JUISl MOHMMAHHS NOC/CAYIOUIEro H3/IOKEHHT OHM
HE ABJSIOTCH HCOOXOMMMBIMH.

1. Mupukatpuca. B usomponnoli cpene mmaneKkTpuueckne coHcTsa
Ha 4acToTax y
D=+E, wm D=uxKE, (13.1)
THE % -—— IMSJIEKT CPELEl, %) — AUSMEKTPHYC-
CKas llpOHHllaEMOCTI: nal(yyMn n K — oruocnrenbHas Au3NeKTpHuecKas
( u K, BooGue
roBOps, He COBHMZK}P c IIHQJICKTPH'-IQCKO“ TIPOHHUACMOCTLIO U JAMIJEeK~
TpHyecKoh crar MK Ha
HUBKHX 4acTOTax). Ha ypanummu Makcpensa crenyer, uro ecim OTHO-
CHTEJILHYIO MarHuTHYI0 mnponuuaeMmocts M ==p/p, (cM. crp. 74) noso-
JUTH PABHON ennbmue, TO
PO epe3 CpENy ONHCHBAETCA q:opMynoﬂ

P HUTHBIX

=t 18.2,
VK (13.2)
1) Cm. raie (119, 122). — Lpur. nepes.
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rjie ¢-—CKOpOCTL B BakyyMme (c= I/Vuop.o (cMm., Hanpumep, Kuury
A6parama u Bekkepa [1]1). Takum 06pasom, nokasamens npenromaenus n,
onpenensieMbi#t KaK ¢/v, 3aMHCLIBAETCS B BUJE

n=VR. (13.3)

B cayuae anusomponnoii cpenwt (cm. crp. 90) ypasmenns (13.1)
BAMEHSIIOTCS Ha

Dy=wyE), D= ,E,. (13.4)

Korna B ypasnenusx Maxcsenna smecto (13.1) mcmonbayorcs ypashe-
unst (13.4), To nomyuaercss cneayioutnii pesynnTar, JOKasaHHEU B npu-
nokeHnu 8: B OGLICM CNyyac uepes KPHCTAWI MOYT PacHpOCTPaHSITHCS

@ ur. 69. MocTpoenue MHAMKATPHCH.

9r0 MOCTPOCINE RACT AN NOKASATEA TIDEAONACHY 1 RANPARACHMS KoneOamyH nok-
Topa D 15 ABYX RAGCKO-ROAAPHAORANKHX DOM, CSSAUMMX C SARRHHON BOMOBOH

He OnHA, a 08¢ BOJHL, MMCIOUIME JAHHYIO BOJIHOBYIO HOPMamh. Dth
BOJMHBI MJIOCKONONAPUIOBANEL M CKOPOCTh MX pasmuiua. SHauenue c/v iis
Ka)kIol BOJHES MOMKHO HA3BATH ROKAIAMEEM NPEAOMACHUS 1 LIS AHHOR
BOMHEL YTOOH! b b ns npe. IS 9THX
JBYX BOJIH OT p ux obuett ! HOPMATH, OBHIYHO CTPOST
SMIMNCOMA, HasuibacMbll (onThueckol) umduiampucoil. Ecmm X, x,,
Xg— TIABHEIE OCH TCH3OPA JIMBJICKTPHUECKON MOCTOSHHOM (MiH Jin3JieK-
TPUUCCKOM MPOHMUACMOCTH), TO HHIMKATPHCA ONPENIENSETCS YPaBHEHHeM

A4
"_’1'+E (13.5)

e ny=VK, ng———l/Kz. ng=VK; Ky, Ky K3—rnanuse ausiex-
TPHYECKHE MMOCTONHHEIE).

MuamKaTprca HMeeT crenyiouiee saxnoe csolicrso. ITposesem 1 navana
koopauuar npsmyio OP B npousnosbhoM Hanpabnennn (Qur. 69). Ilo-

") Cw. taaue [17). — [lpun. nepes,
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CTPOHB LEHTPATLHOE CEueHHe HHIMKATPHCH, MEPHEHIMKYMpPHOE STOH
npsamMolt, noxyunM summnc. Tora NOKAsaTeAM NPENOMACHMS AAS MBYX
BOJH, (DPOHTH KOTOPHX HOpMadbhbi k OP, paBhsl manHaM noJyoceh
sroro aammica: OA u OB. Bexrop muayKuun D B MIOCKO-NOJSPH3O-
BAHHOK BOJHE, TNOKA3aTeJb NpPeNOMACHHs I8 KOTOPoH pasen OA,
koneGnercs napaanenbio OA. Ananornuso, B BOJHE, JUIS KOTOPOft MoKa-
saresb npenomackust pasek OB, sekrop D koneGretcs napannensko OB,
Orciona Kak yacTHbfl cayuadh cremyer, YTo IS ABYX BO3MOMHBIX BOJH
c xy npesomienus GyAyT paBHb fg
M g a BeKTOp D B 3THX BOJHAX MAPAJJeNeH COOTBETCTBEHHO Xy H X
AHanornuyno, BOJHOBAs HOPMAdb X, COOTBETCTBYET JABYM BOJHAM, IS
KOTOPHX TMOKA3aTeNH NPCJOMACHNS DaBHBl fig W A, 4 BeKTOp D) mapan-
qeneti Xz M X, Takoe pacCyKIEHHE MOXHO NPOBECTH M JJIA BOJHOBOW
nopyManm Xg. [0 3TOH NpHuMHE Ny, Ny, Ny W HABLBAIOTCS 24GBHHMU
nOKQ3AMEARMU NPEROMACHUS.

OTMeTHM, 9TO CaM MO ce6e NOKA3ATesl MPENOMICHNs He eCTh TEH30p,
XOTSl €r0 H3MeHeHHst ¢ Hanpauncmmm ONPEsieAsOTCH, KK Mbi BHIEH,
IHSseKTPHueCKOl

Vpasuenne (13.5) moxuno anucaty b nuoh q)opme

B,x|+Bzxz+Bxx3: 1, (13.6)

rae Bi= l/nf: 1Ky, a By n By umeior ananorsuuui#t embica. WMhuimn
caosamu, By, By, By BASIOTCS BEAHUMHAMH, OGPATHBIMH TJIABHBIM JHSJEK-
TPHUECKHM NOCTOAHHLIM, H sl OTHOCH

cxunu Henporuyaesocmasy. Herpynno nonsts, uro ypasuenne (13.6)
npencTapnser coGOH ypapHeHHE XapaKTePHCTHYECKOW MOBEPXHOCTH BTO-
poro mopsimka (cM. ctp. 31) aas  OTHOCHTENLHOM HHBJEKTPHUECKOH
nenponnuaemocty. Ciie10BaTeNbHO, 972 XapAKTEPHCTHYCCKAS TIOBEPXHOCTL
COBMAJAeT ¢ HHMKATPHCOM.

2. Baussue cuMmerpun KpucTania. Jlo CHX NMOP M paccMarpuBaim
ofwuit cayya#h, T. e. CUMTANH, YTO CHMMETPHS KPHCTA/ia He Hanaraet
orpannuennfi wa ero ontnveckne csofictsa. Ecmm kpucrann oGnanaer
cummeTphe, TO (OpMa H OpHEHTALNs HHAMKATPHCH MOAMMHSIOTCS TEM e
OrPAHHYEHHSM, YTO M XapaKTePHCTHUECKas MOBEPXHOCTb is JOGOro

0 pom Broporo pamra (cm. ra. I, § 5, . 1).
OTCiONa "CNeNyeT, YTO HHAMKATPHCA KyOMUECKHX KPHCTAIIOB SIBISETCS
chepolt; TaK KaK BCe UCHTPAMbHLE Ceuchns cdephl npencrasasior coboi
OKPYXHOCTH, STH KPHCTA/MIB HE OGJANAlOT JBOWHLIM JyuenpesioMieHHEM.

Tas BHBLX. ABHBLX W ABHBLX KDY~
CTAMIOB MHAMKATPUCA MPEACTABASET COGOH SIMMICOHA BPAIEHHS BOKPYr
raasHoft ocu  cummerpun (¢pur. 70). Tpnnmmas 9Ty OCh 83 OCb X,
YpaBHeHHe MHIMKATPHCH MOXHO 3amHCaTh B BHIE
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LlenTpansHoe ceyenie, MEPNEHIHKYARPHOE TAABHOH OCH (M TOJBKO 3TO
UEHTPA/LIIOE CEHEHHE), CCTh OKPYKHOCTL (PanuycoM ;). [1oToMy TOMLKO
') HOPMaJTH, HANP
BLOJAL FIaBHOM OCH, NBOKIIOE JAyuenpe-
JOMJIEHHE  OTCYTCTBYET. Cnapnas ocb
Ha3LIBACTCS ONMULECKOU 0CBIO, 3 TAKHE
KpucTans — 00noocHb i,  Tlokaza-
00as TeNu TNpesoMAeHHst g K n, HPHHATO
HABLIBATL COOTBETCTBEHHO OOHLCHOBCH-
HbLM W HeoOblroSerHbiM, Kpucrann
HA3BIBAIOT  NOAOIHCUMENbHLLM, €CNH
(ny—ng) >0, w ompuyamersusi,
ecnu (n,— fg) < 0.

Illlﬁ TPeX OCTANLHHX KPHUCTANNO-
rpaduueciux  cHCTEM — OPIMOPOMOU-
HecKoll, MOHOKAURHOL W MPUKAUH-
HOUl — WNJNKATPHCA  ABJISIETCS  TPEX-
ocubM samunconnoM. Ona umeer dsa
KPYroBHX CeueHms, Kak MOKasaHo mna
| dur, 71; crenoBaTenblio,  HMEIOTCH
nBa ||I|Gpﬂlllll.le HanpasieHnus  BOJNO-
BHI. p st KOTOPHIX iBORKOE
JyYeTPESIOMICHHE  OTCYTCTBYeT. Dtu
nna My ocAMU nepsozo poda,
W TIPOCTO  OMMUMeCKUMI OCAMU, @ Takue KpUCTauibi — 06y0c-
HbLAE.

Onmuveckas
oot

dur. 70 M\wulkmpuca aas (nono-
8 0

3. Bosnosas nosepxHocTh '), TIpeAnoONoKuM, UTO BHYTPH KPHCTANIA
TIOMCIeH TouCHbA HCTOUNMK cBeTa, PPOHT HCIyCKAeMOH BOJHI B OGOM
MoMenT BpeMenn 06pasy pep ) B
Tpeacrasum ceGe, 4r0 B puill  MOMEHT Mbi - 107I0-
JeHue BOHOBOrO (ponta. OGPa3OBAHHYIO TAKHM JlyTeM NOBEPXIOCTH

2 noeep. 2),

1) 00, kpucmann. B 0 KpH-
cTanna CoCTONT M3 Chepr U 9 APYT npyra
B TOYKAX, JEXaunx Ha onTHycckoM ocu (¢ur. 72, @ u 6). D10 MOKHO
NOKAYATH MyTCM NOCTPOSHHS MILMKATPHCH. B JalHOM cayyae MiuKaTpica
ABASICTCH SMIHICOUROM Bpaiienust (cM. ¢ur. 70), 0 paauyc ee Kpyroboro
UCHTPANLHOrO CeYeHHst PABCH fly. CJ'(‘JOII&TC!H:IIO, OANA rAaBHas nosyoch

1) dror pasnen ne sasercs pur] it wacth
TAankl, HO MUl OyIEM HCnOAL30BATL CrO PEsyaLTaTH B Til. XIV.

2) D712 TEPMUHOJIOrHS COPMACYETCS C TOH, KOTOPYIO Mcnoabayior Jana, Xapr-
wopn u Crioapt, Xaycron, Pomepc u Kepp, Tyrron, Byn. Jle-I'poor, Moxanucen
u Bycrep maa TaKUM Ayuesoll

y OHa CAYXHT P MCCTOM TOUEK, JOCTI~
TaEMELIX AYUAMH K ANHOMY MOMCUTY BPEMCHH.
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moBoro UENTPALHOro cevenns Oyner BCerna pasha fy. Jlpyras riasHas mo-
2yoch OyNeT HMETH BHAUENNE, MPOMENYTOUHOE MEKIY g ¥ 1, (cM. (ur. 70).
Mzt 3HaeM, ¥TO B KPHCTAJUie OT TOYEUHOTO HCTOYHHKA B MIOGOM HanpaBieHui

‘.\\\‘ﬁ N / /-...

)

@ur. 71. JlBa KpyroBeX CCUEHHS MHAMKATPHCH M JBe ONTHYECKHe
ocn neporo poita OPy u OPy B Cliyuae JBYOCHOTO KpHCTanxa.
O6a KpYTOBIX CeteHist CONCPIKAT AABIYI0 OCI, WMAMKATPICH, AMNA KOTOPO e

XDYX OCefi_ MTRMKATPHCH.

POMCKYTOURYIO DOAMNHAY MEXAY MMHANK OCTANBHDX
eROBATC.bED, DAAHYC BTHX CoNCHHH PADCH CPERUCMY FAABOMY NOKEIATCMO pe-
nownems.

pacnpocTpansiiorcss sise  BOJHEL I1OCTPOCHHE MHAMKATPHCH NOKA3LIBACT,
YTO /I8 OJHOM M3 HUX NOKA3aTenb NPEJOMJeHHs L JI0GOM HanpaBJeHuH
PpaBell fy; CeIOBATENbHO, CKOPOCTH STOH BOMHbI HE 3aBUCHT OT HanpapJenus

Onmuyectas Onmuyecias
ocs +|ats
| |
a 3

dur, 72

@~ LA TOACHATCALHORO KPICTANAY; §— AN OTPHLATEALHOCO KPHCTAINA,

H BCErJa ONMIAKOBA; JJs APYrOM BOJHb NOKA3aTENh NMPENOMJEHHS H3Me-

HACTCH OT My IO N, B 3aBHCHMOCTH OT Hanpapnienus BOJIHOBON HOpManH.
OyseT COCTOSITh M3 ABYX MOJO-

NIOBEPXHOCTH BPAUICHHT BOKPYT

creft: cepit (OOHKHOBEHHAs BOTHA) W
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Jeolitioe

Unmuyeckas,
oo Jyuy Bonnooan
‘Hopmans
P,
N
0|

@ ur. 73. Bonnosas NOBEPXHOCTH

HEOGBIKHOBEHHOM  BOMHBL  Jsi

(NONOKUTEALHOrO)  ONHOOCHOrO
KpHcTanna,

BOMOBAs CKOpOCTE 7 SleMeNTa DoATO-
uTa' B TOUKE
N; nyesas i
it

Boro. gy P nponoptuio-
Hamus ot ngonop.
ionantHa OP,

onTuueckol ocu (HeOGHIKHOBEHHAs BOMHA);
ofe MOMOCTM KAacalTcs Jpyr Apyra
B TOYKAX, JNEKAWMX HA ONTHYECKOH OCH.

HOM BOAMH H3O0paKeHa OTHENBHO Ha
¢nr. 73. HeoOxonuMo pasimyaTe BOJHO-
BYIO HOpMAnh M Hanpasaektie Ayia, 6o,
Kak sICHO M3 yepTeika, STH NBa HanpasJe~
HHSl He MICHTHYHLI, HAnpHMep, B TOUKE p
ayd nanpasnen no OP u He coBnanaer
C HOPMA/ILIO K MOBEPXHOCTH B 9TOH TOUKE,
Bce ymsepocdenus., coerannsie Hamu

ABHO racaauce
804106bLX Hopmared *). Ha dur. 73 s04-
HOBGA CKOPOCHb NS yuACTKA BOJHOBOrO
¢Qponta B TOYKE P MPONOPUNOHANbHA
ON — oTpeaky, NepneHmnKyasSpHOMY Ka-
careqbHofl B TOuke P, TOrka KaK 2yuesan
cropocmy nponopumonasbha OP, TTyrem
TOCTPOCHHST HMHAHKATPHCH  OMPERLAACTCS
BOJIOBAS CKOPOCTD. Cre/oBATENLHO, MO~
CTpOEHNE MHIMKATPHCH JaeT AJMHY OT-
peaka ON B TOM clly4ae, KOFAA H3BECTHO
ero Hanpassenue. MeTojiamu aHanuTHYe-
CKOW reomeTpun Jerko [MoKasaTh, 4TO

o3 I3

N
. l) .

N/

C

@ ur. 74. T'naBHbie CeueHusi BOAHOBOH MOBEPXHOCTH JIBYOCHOrO KPHCTaMia.
OnTHuECKHE OCH JEIKAT B IAOCKOCTH X, ¥ CM. TaKoe Qur, 76,

BOKPYT ocu (310

BOJHGL €CTH SJUIUICOMNL BPALUEHUS

e
Jlauub oce#t STOro SJMMICOMAA MpoRopuuoHambuel 1/n,, 1/n,, 1

Oynem).
Ino.

) O
BAETCH B KHUre Byc1epa [96]. B :mm mmre NPUBONATCS TAKIKE JPYPHE NONesHEe

P

KOTOPHIE Mbl 3A€Ch OMyCKaem.
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2) Asyocunit Kpucmaas. Bonnosas NOBEPXHOCTh LMS JBYOCHOrO
KpuCTamna He TaK FAPOCTa, KaK WM ONHOOCHOrO. [isi BOMHOBHIX HOpMa-
ned, nexannx B MoCOR M3 TPEX TIJaBHLIX MUOCKOCTEH HHIMKATPHCH,
Kapruna ovenb GiM3Ka K Bhllle 15 KPHCTa/1II0B.

@ ur. 75. OGumit BHjL ¥ Ceuenne BOAHOBOH NOBEPXHOCTH NBYOCHOrO
kpucramia (no Xapruwopuy u Crioapry [48] ).

Tlyrem P Ko (Mbt

CleiaTh 9TO YNTATENO), YTO BOJHOBAS MOBEPXHOCTE COCTOHT M3 JBYX
noJocTell W KaJias raashas P HX 1O OKPY

u snmmncy. [nasHbie ceuerus " p " Ha

¢ur. 74, a cama nosepxHocTh 1) usoGpawena na ¢ur. 75.

§ 2. duexrpoontnueckuii appexr n poroynpyrocrs

1. daexrpoonrtuyeckuii sdpexr. OcHopurie nosowenns. B ri. X
GLIIO 110Ka3aHO, uTO B OCuieH (OpME AMIMEKTPHYECKAs NMPOHUUACMOCTD

npu bIX " Temneparype
MoxKer ObTh 3ajaHa B BuAe (0D,/0L’])°' 7+ Bo MHOrMX 3anavax mnosme
JIONYCTUMO CHHTATh, UTO KOS( p

Kpucranna npu Temneparype ¥ He 3aBHCAT OT Hanps-
EHHOCTH HMEKTPHUECKOro noss. OnHaKo paccMatpupaeMuiit Hike sdpexr
SIBJSIETCS NPSIMBIM n KOW 11p

MocT ot noas. P: Terpar i wam i

1) Anan sr0il MOXHO HaliTH B KHHre
Haxyca [59].
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B KOTOPOM nore E, raaBHOl ocu

Tako#t npumep Myl BbiGHpaeM Just Toro, 4ro6u munykuus D Guiia napan-
JienbHa NoJio E; Tip 5TOM MO NpHYHHE, KOTOpas CTaHet sicno#l nosnuee,
Oynem paccMaTpuarh Kpuctann Ges uentpa cummerpuu. 3apHcuMOcTh D
or E MOXHO NpEeACTaBNTb B BHAE Psina

D == + aE? +BES (13.7)

rne ¥, o, B—koucranru. (Crenyer oTmuath ¥© OT % — DHSJEKTPH-
uecKoM npoxuuaemoctH Bakyyma.) Ha ¢ur. 76 npsmas nnmusi ¢ yriaosbim
ko9(duuMenTOM x0 MBOGpaKaer NepBLIK ujeH Npasofl uacTH ypasHe-
uust (18.7); unens Broporo u Gosice BHCOKOrO MOPSIKOB XaPaKTepHaYIOT
I, rpaguxa M OT STOW NPSMON; BEJHYHHA OTKIIOHE-
nusi ctpemntest K nymo npu E — 0. Kosgn-
1o uMenT o OGLINHO OTpHUATENeH, YOITOMY MPH
sanaunoM nose E pesmunna D npn ydere
BCEX 4/IEHOB OKa3biBAaeTCsi MeHblue, 4eM npu
HCNO/L30BAHUH OAHOTO TOMBLKO MEPBOro YiaeHa.
JuaneTpuueckas 1pOHHIAEMOCTD, OMpe-
JeqeHuas no yraosoMy KOS(@HUUEeHTY Kpu-
BOH, BanMCHBAETCS B BUAE

u=%%=x°+2a5+3§5’+ ... .(13.8)
@ur. 76. Hennmeitnocts y
sasucumoctn D ot £ Ilpn OOLIYNO HOCTHKMMBIX BHAUEHWSIX Ha-

NPSKEHHOCTH TNIOAS YJCHH BTOPOTO M Gonee
BHICOKOTO TIOPSZKOB JAIOT HHNTOXHO MAnylo n00aBKY K JIHSJEKTPH-
yecko# 1p TaK 4TO0 € ¢ HuMH 9dekTs O6HIUHO
TPynHo OOHapyXuTh, ONHAKO HG OAMUYLCCKUX YGCMOMAX MAnble HaMe-
Henus nnanek‘rpnqeckoﬂ TIPOHHUAEMOCTH IKBHUBANCHTHL MAJbIM H3MEHEHUAM
TnoKasaressi MpeJIOMJeHusi, KOTOphie MOryT OHTH HM3MCPEHBI C BHICOKOH
crenenbio  TOYHOCTH., Hcnoanays adgext ABOHHOrO JyuenpenoMmaeHus u
ONTHUECKYI0 WHTEPDEPOMETPHIO, MOMKHO Ge3 TPyla M3MEpHTb PasHOCTE
nokasatesiell MPEOMACHHS JJs JBYX BOJH, MOASPHIOBAHHLX BO B3AUMIO
NepreHinKyIAPHEIX Hanpanenusx, cocrasasioutyio |+ 107, uro coorser-
cTByeT p 4ECKHX NP pasnoft 2 + 107%, ITo-
npaeka K P n, obyc.
BeMUUHOK MONS, MOXKET M He NPEBHIUATh NO OTHOCHTENLHOM BEJHUMHe
nonpasoK K APYrMM BeNHUMHAM, HANPUMEP K ynpyruMm KoncrantaM., Tem

He MeHee mepBas ocoboe mo. uGo ee serye
p 7Sl MPCJOMIICHHS KPUCTA/IIA, BHIBbIBAEMOE
P nonem, 7 M M.
Crenyer uro Kas np 8aBHCHT
OT 4acTOThl SJIEKTPHYECKOro noJs. O P CHOBA K

BHILE UaCTHOMY CAY4aio, T. e. GylieM cuntath, 40 mnaykuus D napan-
nenvua nomo E. Kpupas A ma ¢ur. 77 nsobGpaxaer saBucHMOCTL D
or L na uusknX uactorax. Kpusas B nokasmpaer cesisb Mexay D u E
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HA ONTHYECKHX 4acTOTaxX. ITPEANONOMHM, UTO CBETOBAST BOJHA MPOXOAHT
yepea KPHCTamn Tak, yto sektop E napanienen ocobertoi ocn. KoneGaims,
BHSLIBAEMbIE CBETOBOH BONHOM, MOXHO NPENCTABMTL JBOHHOH chenKon

M3 Havana P . ITokasarens npe.
Hanen KBAIPATHOMY xopmo w8 yraonoro Kosddmumenta KpHEOf B
B Hauane Teneps 4ro

HAMM HAMPABJEHHN MPHIOKEHO CTAaTHUECKOE SieKTpHueckoe mone Ep, Tak
4TO CBAisb Mexxny D u E npu 9TOM CTaTHYECKOM §oJge u30Gpamaercs
Touxot P, Tenepb KoneGauusi, BOIMMKAIO-
e MpH NPOXONACHUH CBETOBOH BOJHH
4epes KPHCTA/LI, H300PAKAIOTCA ABOHHON
crpenkolt C, ucxomsuet us touku P.
Yron, cocranasemsitt 910l CTpenKoli ¢ OcLIo
abcunce, KOTOPHIH  OmpenensieT HOBLiM
nokasarens npenomicHus, Gyner menbie,
4eM yros HakaoHa kpusoft A B Touke P.
Taxum 06pasoM, Be/MUMHA SJEKTPOONTH-
4eCKOro a(ipeKTa XapakTepuayercs uaMe-
HenneM yriosoro.xoadduunentactpedki C ¢y ¢ 77. 3apcnmocts D ot E
B TOuKe P npu MEHEHHH CMEenLaloIero B OTCYTCTBHE M MNPH HAIMUMH
nonst Ey. D107 spext uennss omucarh CMewaioero noas.
npocto ypasueknem (13.8), notomy uro

CMe Jlaiollee 1noJe sIBISETCs CTaTHUECKHM, B TO BpeMs Kak rnose E 1on 3xa-

dD|dE

KOM ) ¢ BHICOKOH Onnako Mt

MOKEM paanomm-b n?==w[r, B psii MO CTEMEHsM cMewaowero noas E
3areM p KOpeHb, 1y

n=n0~ aEy+bEg+ ..., (13.9)

re a uob— B, a nd— npe. npn Eg=0.

TIpennonoxXuM Teneph, 4TO KPHCTAIT MMeeT UeHTp cuMMeTpun. Ecin
HANpap/ieHne CMeIaloNero nofs MaMeHHTcs Ha oOpaTHOe, TO (H3nYeckas
KapTHHa He M3MeHseTcsi, a C/eOBATeNbHO, HE H3MEHMTCS W NOKasareb
npenomuennsi, Oxmako 3uak npu E, B ypashennn (13.9) nomwen Ourh
H3MEHEH, l'los'romy MH MMeeM

n=n’—aEy+bEg— .... (13.10)

Ypasuenns (13.9) u (13.10) cosmectsnt anwp npn a==0. B wrore Mmul
TonyyaeM o

n=n"40ES+ .... (13.11)

Ecan e y KpHCTamia OTCYTCTBYIOT SJEMEHTH CHMMETPHM, MPHBOASIINE
K 9KBHBAJEHTHOCTH JBYX MPOTHBOMOJOXKHHX HANpPABACHHA CMELAoWero
noasi, T0 MpH noJsst Ha iy b
TpPesOMJIEHNS  YIKe He J0JKeH OCTaBaThCs HEN3MEHHBIM; CJeNoBaTeNbHo,
B 9TOM Caiyyae uien nepsoro nopsuka (aEy) nomken ocrarbes !). Uncao

1) My naspisaeM aFy wicHOM NMEPBOTO MOPSIKA NOTOMY, UTO OH JA€T u3Me-
Herue NEpBOro MOpsiKa (12— nl) B 3uauenny NOKA3aTens npeioMaeHus.
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nast 9/1eKTPOONTHYECKOrO 3dpeKTa
B KpHCTALIAX paa.vmquon cummerpun, obcyxpaercss mmke. Ilpusenennue
PACCYIUICHUS MIOKA3HIBAIOT, UTO NPH HAMMYHH UCHTPA CHMMETpHM sddet
HEpPBOro MOPSAKA B KPHCTA/IE OTCYTCTBYET. B UCHTPOCHMMETPHUHEIX
KPUCTANNaX M B IKMIKOCTSX MOTYT CymeCTBOBATh TOMLKO 3(PeKTsl,
OMUCHIRAEMBIE UJCHOM BTOPOrO TOPSNKA (bEf,) M 4nenamu Gonee BLICOKHX
UETHBIX «MOPSNKOR, MOITOMYy MOXHO OXHIATB, YTO B HECAMIUKOM CHJALHBIX
nonsix TH sddexr oueHb Mansl. DddekT, onpenensieMuit uneHOM BTO-
pOro nopsaxa bE w unenamm Gosee BHICOKUX YETHHIX MOPSINKOB M BO3=
MOXHHE B MOOHX MaTepuanax, Hasupacrcs dgpexmon Keppa.

2. doroynpyrocts. OCHOBHBIE MoJOXKeHusl, Ilusnexrpuueckas npo-
HHUAEMOCTb W JIBJIEKTPHYECKAs MOCTOSIHHAA, a CJel0BaTeNbHO, W MOKa-
saresihb MPEJOMJACHHS SBJSIOTCS, UOOGLL\C rosops, f]]yHKLlHﬂMH HE TOJLKO
TPHJIOHEHHONO IIEKTPHUECKOrO MO, HO TAKKE M MCXAHHUECKHX Hanps-
KeHult B Kpucrannie., Hamenenne nokasarens NpenoMAeH s, BH3LIBAEMOE

nbes

. b VPV

muneckum dpgexmor). Mu pubepeM B KaUeCTBE MPHUMEPA KPUCTANLT, pac-
cMarpusapmmics B npeanyweM pasuenc. Ecin K kpucTamny BIOMb ero
0ocoGenHOl OCH HapsiLy C SJeKTPHUECKHM cMenlaowuM nonem E, npuio-

HEHO O, Koe o, TO no npenomie-
HUs JUI CBETOBON BOJIBI € SJICKTP Koxed,
B 9TOM

1 +aBy+a'o - bES 4 ' 4 b'Ego 4 ..., (13.12)

rae a, @', b, ¥, b” — xoncrantsi. Buile Mb MOKasam, YTO y UCHTPO-
CHMMETPHYHEIX KPHCTAMIOB 4JCH LlEo oﬁpau.lae'rcn B HYJb. OJJ.H&KD aTo
He OTHOCHTCSl K COOTBETCTRYIOUIEMY 4JI€HY MEPBOrO MOPSNKA B BHPAKCHUN
Ans mbesoonTHueckoro sdipexta (. e. K umeny a’c). JeHcrpurenbho
uameHenne nanpansenus E, Ha 0GpaTHOC He BHI3LIBACT HMKAKHX M3MEHEHM
B KPHCTa/UIC, TOTA KAaK NepeMena sHaka y o BJIHSCT Ha COCTOSHHE KpH-
cranna (PacTscHUe 3aMCHSICTCS CXKATHEM) M MOSTOMY B OOuieM Ciyuae
CK3HBACTCS HA BeaMYMHe n. BOT MOueMy aae B H3OTPOMHBIX MaTepHa-
nax, TakMX, Kak crexsio, Habmonaercs nbesoontHueckul spext nepsoro
TMOPSIIKE, XOTS JEKTPOONTHYECKHH IPEKT NEPBOro MOPSIKA OTCYTCTBYET.

n

8. OGwwuit cayualt. Ilokasaresb MpPENOMJICHHS KPHCTAMIA MOKHO
NPEACTABHTH C MOMOUILIO MHAMKATPHCH, KOTOPas, KaK Mbi BumemH B § 1,

umeer QGopmy . b Hyp 3TOrO 9.
SIBASIOTCS TeH30pa HOM 0H3NCKTPHYCCKON Henpo-~
HHLLAEMOCTH B‘l H2 ONTHYECKMX 4acToTax, T. €.

Byyxpxy=1 (13.13)

(no onpenerenwio B;; ==, 0F,/ dD;). Taxum obpasom, HeGoabuoe uame-
HeNue 1NOKas3aTens MpesoM/eHUs, BhI3BAHHOE neficteneM SJICKTPUYECKOrO
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110/ HJIH MEXaHHYECKOr O HANpPSKEHHS, WICHTUYIIO 11e60: ABIIOMY H3MEUECHHIO
(GOpME, Pa3Mepa M OPHEHTALMM HMILHKATPHCHL. ITO M3MeHeHWe Hanbonee
ynOGNO ONMCHBATh, Bajapan Majke H3MeHenus Kospduuuentos By.
Ecan npexeGpeub uieHaMms MOPSAKA BHLIC NMEPBOTO B BHPAKCHHIX s
NIEKTP nonelt u T

KO3((HLUHEHTOB NPy NpuAOKeHHH ioss Ej, u nanpsokeuntt oy, aanumy-rcn
B BHIE

AByy =21 E = ypom (13.14)

TI€ Zyy, — TEH3OP TPETHEro panra, H KOTOpOro T
sxexTpoonTuIeckuit SQGeKT, H T, — TEHIOP HETBEPTOrO pPanra, ompe-
neasiownii nbesoonTuyeckuh  spdext. Kosdpduumentn 2, nasmsaorcs
nexm, M, a Ty — 115€300NMuUnECKUMU.
T THIHYHBIE THX (B MKS):

2y = 1072 x/a,
Ty 2107 a2 =10""cu2fon.

OTMETHM, uTO yp (13.14) aHANOTHYHO
o azeK
noust (oﬁpamuu nbesosneKTpryeckut shdekt) M MexaHuuecKnx ||anpn~

aennit (ynpyrocrb)
ey =dy;Ly - Synou (13.15)

rne dp;— pHueckne ¢ B Sy — H.
TonoGuo ABy;, e;; — Gesp Bennuuna. P udus cop-
NANAI0T COOTBETCTBEHHO C PasMepHOCTSMU z K . Boaee Toro, st KoId-

duuneHTH GAN3KM MO MOPSAKY BENMUAL; TaK, B eamhnuax MKS

Ay 31072 5~ 107

TlbesoonThucckill Shdext uHOrza BLHPaXKAIOT yepea AeHopMaLny, a He
uepea manpskenus. Tak Kak oy ==cpe. (cM. crp. 162), 70 ypasue-
nue (13.14) Mmoo nmepenucats B dopme

ABy; = 2B+ Pijresr (13.16)

rae
Pijes = TymiCrirss  Tijat == PijrsSeshr (18.17)
B Pijrs np. Mu. 3aMeTuM, uTO

OHM

Tak Kak & 10 ¥y e 10", 10 p umeer crenyiowmlt TOPALOK BemH~
wms: ~ 1072 10" = 107", Kosgpmumenris B, no nopaaky semi-
YHHBL PAaBHBl €IHHHUE, MMOSTOMY AB ABARKIOTCH Me[]()n OTHOCHTENILHOTO
MCKAKEHHs  MHAMKATPHCH, Takum OGPasoM, 5TO OTHOCHTEALHOE HCKA-
erne, rpybo rosops, PaBHO JeCsTOW Kone JehOpMaunH.

10 mw Han
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4. Tepeuunelii 1 BTOPHYHLIL 9JeKrpoonTHueckue spPextri. lipn
OGCYKACHHH BIEKTPOONTHYECKOrO S(dexta Mul 10 CHX 10p He yKashl-
BaNM MEXaHHYECKOTrO COCTOAHMS KPHCTAnna: KpuCramsi mMor OuTh CBOGD[IEH
(HanpsoieHus PAaBHEL HYMO) wAM BakarT (nepOpMaUMM PaBHH  HYJIO).
OnHAaKO MeXaHWYECKOE COCTOSHME KPHCTA/IA HENb3si CUHTATL HeCyLIecT-
BeHHHM. TaK, ec/in KpHCTamt CBOGONEH, TO BCIEACTBHE OGPATHOrO Mbhe3o-
9JIeKTpHUECKOro sbdekra CTaTHYECKOE SIEKTPHYECKOe NOJe Byjer BL3H-
BaTh AeOPMalNK, KOTOPHE B CBOIO OUEPENb BCIAEACTBHE MbE3OONTHYE-
ckoro sddexra GynyT NPHBOIMTL K
3ra cu-ryalum oyenb MOXOkA KA TY, |<oropan uMena Mecto KU caysas

(eM. . X,
§ 4 m. 4) Sncmpoomuueamﬂ srpqmm‘. aozx-mxalouum B KpHCTaNIe
epsunst s (WM, HCTHH-

uuM“), aadpexr, o6yc. # P "
abdexranu, — smopuunsin (WM ,noxubiM“).  Ddexr, uaGmonaemut
B CBOGONHOM KDHCTA/IC, SIBASCTCS CYMMOH TNCPBUYHOIO M BTOPHYHOTO
spdexros.

TIOpAIOK BEAHUMHE BTOPHUHOFO SPPEKTa MOKUO ONPENENTL Crie-
nyouwmm  o6pasom. Ilone E TpUYECKHe  Aed
unn e==dE. Brn nedopMaiun B CBOIO OYEPCH, BLIBHBAIOT H3MCHCHHC B
3aMUCHBACMOE CNICNYIOWMM 06Pa3OM:

AB == pe = (pd) E.

Hcnoassys BLie TPHGIIK JaHHbE, y , 4TO
apakrep uft p addexr, no nopsiaky

d,
BEJHYMHEI PABEH
107.3.107%=3. 107",

‘Taxum oGpaaoM, BTOPHILHT s[pfpem CPaBHUM MO MOPSAKY BEITHYHHLY
¢ o KpucTame; mociennHnfl, kax
Mbl yXe BHJIENH, 3ajaeTcs Kosq)qmunemom Z2~ 107

Ecau 8 IKCMepUMEHTaX K CllOGOﬂIIUMy Kpucranny ﬂlelD)l(ellO noCTo~
SIHHOE MoJie, TO H3MepsieTcss MMEeNHo 547(]16«1‘ MPH MOCTOSHHBIX MEXaHH-
YECKHX HAMPSOKEHHSX, T. €. CYMMA NEPBHYHOTO U BTOPHYHOrO 9eKTon.
Sdpdexr npu (meps 9hPeKT) MOKHO
HBMEPHTH, NMPUAOKUB K KPHCTANY MeEPEMEHHOe FOJe BHICOKOW YacTOTH.
Jledopmaiun KPHCTAILIA TOTLA OYeHb MAAH (MPEANONAraeTcsi, YT0 4acToTa
1019 1 Kpernyienne Kpucranna 6 TaK, 4to p He
Peaynbmpy ABOKHOE N1y IeHne nsmeune‘r 3HAK C qac-ro-ron
nossi u Moxer Gwith mamepeno (Kapnenrep [26])

b. Bausmue cummerpun. 1) OGujue coobpusicerus, 0CHOBARKbIE HA
ananruze cummempui. UtoOL ueTKO MPeACTaBUTL ceGe BANSHME, OKashi-
BACMOE HA WHAMKATPHCY MPHAONEHHLIM snempuqecmm TIONEN MM Mexa-

NOJIE3HO BOC 06uLHM
Kpucma. Ha i no0  BAUSHUECH BHeULHe20
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so30eiicmsust, Gydem 06400amb MOLLKO MeMU INEMERMAMUL CUMME-
mput, KOmOpHe ABAROMER OOHUMIL 041 Kpucmansa 6 omcymcemsue

u 8 ome xpucmaara Y). Cupa-
BCAJMBOCTL STOFO NPHHUUNIA MOYTH Ouesniua. ECan Mbl feficTsyeM ommim
u3 9THX OOLIMX SJEMEHTOB CUMMETPHH HA BOSACHCTBHE (Tepen ero npu-
nOWEHHEM K KPHCTAJy) H HA KPHCTAAl (B OTCYTCTBUE BO3NCHCTRUSA), TO
HH BO3NEHCTBHE, HH KPHCTALT He uameHaTcst. OTCIOBa CACAYET, HTO Kpu-
CTamI TpY NPHJOKEHHH NAHHOTO BHEWHero poaueficTsns GyneT Tarike
06nanats 9THM 9eMeHToM cummerpun. Ecam ske Mpi Gynem neficreopaTh
SJEMEHTOM CHMMETPHH, HE SBJSIOLIMMCS OOWMM JUIA KPHCTAINA M BO3-
JCHCTBHS, O STO WPHBENET K ONPENCICHHEIM HaMeHeHusM. OTciona
caenyer, YTO KPHCTAZN NpH NPHIOKEHHH NGHNONO BHEUINErO BOJCHCTBHS
He 6yne’r, ISOU(’)U.le rosops, 0611ana'n. ITUM SJIEMEHTOM CHMMETPHH.

N

1 o
a &
bur. 78. C y o
KpucTamna kxacca 23.
= SICUNTI CHUNSTPHI 3 OTCYTCTONe SIEKTPIGCKONG. U0 111N NEXAIECKOro
HApRCIS 0SSV CHeTpy, OGS it onsupmseoRe KDHC

RHOOCHOTO  CHMMAIOLLETO MANPSIKENHS, TADAAACABHORO [11

Kak npumep npuMeseHusi STOFO NMPHHLMIA PACCMOTPHMM Caydali, Koraa
¥ KyOuyeckoMmy Kpucramny kmacca 23 (¢ur. 78, @) npunomeno smekTpu-
deckoe noJe, NapajjenbHOe OCH TPeThero nopsska. OCh TPeThero no-
PANKA SBJSETCS eIMHCTBEHHHIM SJEMEHTOM CHMMETPHH, OGLIMM AJS HOJS
u Kkpuctanna. ITosTomy onThycckue CBOHCTBA TAKOTO Kpucranna Gyayt
COOTBETCTBOBATL ~ CBOKCTBAM ~ ONHOOCHOFG  KPHCTAMNIA  TPUFOHATLHOIO
Knacca 3.

Ml MOXEM HenoCpe/iCTBCHHO BMJETL, YTO MPH MPUIOKEHHH ORHOOC-
HOPO MEXaHHYECKOrO HANMpPshkeHHs MAPaUIeIbHO OCH TPETHEro, UeTBepToro
W IECTOFO NOPSKOB KpHCTANN GYNIET OMTHUECKH OAHOOCHHM € OChIO,

Ecmn e o,
nne NPUAONEHO BJOJML OCH BTOPOrO MOPsIKA MIH B npomsonbuum
TO KpHCTAMN onTMuecKH ABYOCHHM. OTH e

Jror npunuun B cue Goaee obmeit Gopme puepsre v chopmyanposan
nbepOM Kioj lp" ¥ OUBUNO B AnTepaType HAsblBacTcs BPHHLMIOM KIOpH (CM.,
wanpumep, [121)). — ITpus. nepes.
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BHBOJB CNPABEIMMBE W B TOM Clyuae, KOMLA BMECTO ORHOOCHOIO
MEXAHHYECKOrO HAMpsHKEHHs Ha KpuCTasn Jxenc'rnye'r SJIEKTPHYECKOe
none.

PaccMOTpHM MHTEPECHHHl NpHMep, HILTOCTPHPYIOLHH  CHOPMYIHPO-
BaHHHK Beite mpuuiun. ITycTh kpuctamn Knacca 23 naxoaurcs nou aef-
CTBHEM OJIHOOCHOrO HAMPAKEHHUS, Hanpapnentoro o [110]. Ha dur. 78, a
HSOGPG"KEHH JMEMEHTE CHMMETPHH HEHANPMKEHHOro Kpucranna, a us
¢ur. 78,6 BuULHO, YTO EIMHCTBEHHBIM SJEMEHTOM CHMMETpHH, OGLIHM LS

0 " SIBIETCS OCh.
BTOPOrO NOPS/IKA, COBNAKAKUAT C OChIO Xg. C/IENOBATENBHO, OCh X
BOMKHA ObITH [JIaBHOW OCHIO HMHIAHKATPHCEH; OCTalbHbIE ABE INABHBIC OCH

N

N
a 6

@ur. 79. CrepeorpaMmb
KpHcTamna m3.

.- BISNENTH CHMMBTOAN 3 OTCYTCTILO BIGKTDINBCKORO TONT LI MOXAIINEKor0

RAUPRNGHT; §—bIOMENTI CHUMCTDIL, OUe Mif NeRAUDIXEKHOTO KpiiraAia

(00CHORO. CAHMBIOUIETO HANDAXEHUR, NAPALIETLHOTO [110].

MHOMKATPUCH JIOXAT B IUIOCKOCTH X X, TpHYEM HX HANpasneHus He
CBfIBAHH C HaNpaBJieHHEM HAMPSHKEHHs. dror pesynnTar  CnpaBenns
Takke ans knacca m3 (dur. 79). Oamako B Kpucramnax Gosee CHMMeT-
PHUHLIX KyOuuccknx kiaaccos 43m, 432 m m3m uanpasichme [110] wn
SBISETCS OCBIO BTOPOrO MOPS/KA, WM JIEKHT B TJIOCKOCTH CHMMETpHU.
CrenoBateibHO, €CTH KPHCTA/U, IPHHAMIeNAWIH K ONHOMY M3 9THX KJac-
cos, oxar Baoab [110], 70 onna M3 ocelt WHAMKATPHCI NOMKHA OHITH
nzpanncmma HanpasJICHNIO CHATHS.

2) V. uucra MbLX 7 K0agH-
puguenmos. Mu snaem, uro By == By, [lostomy B ypasuenun (13.14)
AByy == ABy, npu mobux Ey u oy Ofciona crenyer, uro

Zyn = Zjupe (13.18)
3ro YUCHO 1 c 27
no 18 u BBECTH , AHAJOTMYHBIE TEM,
KOTOpHE GHUIM  HCTIO. s pHYeCcK pon (cM.

crp. 140). 3amena CHeNYIOMmHM  CilOCO60M,
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entn Bj) BaMECHBAOTCA TONBKO C ONHEM HHICKCOM, MNpoeraoium
3uavenns ot 1 no 6:

[ Bu Bz Ba| [ B Be B
By By By || Bs By By |. (13.19)
LBy By Bw! LBy B Byl

CoOTBCTCTBEHHO ABA MEPBHX HHAEKCA MPH 2y, OOBLEMMHTIOTCS B OLMH,
npoGeraiowuft suavenns oT 1 1o 6, M Mb BanMCHBAaEM ypasuenue
SJIEKTPOONTHYECKOro sdexra B Buue

AB,=z,E, (1=1,2 ....6 j=1,23). (1320

Tlpu 3amene MHICKCOB Y 2y, MHONCUMENUL 2 UAL Yy HE NORBAAIOMCH.
H: 2

uro npu
MHIEKCOB Y Mbe30S/IeKTPUYECKHX Monyaeh dyy. UroOu nouars mpuuniy
9TOrO p: , CPaBHUM y ueckoro sddexra
ep=dyeEy (7.19)
C ypaBHEHHEM' SJIEKTPOONTHUECKOro sddexra
BBy = z;,E,.

3ameruM mnpexue Bcero, ur0 y dyy OObelHSIOTCS 08  NOCACONUX
HIJICKCA, COOTBETCTBYIOLUME MHICKCAM Y €, TOTAA KaK Y 2y, 0Gbemn-
HAIOTCS 060 nepubiX VIJIEKCA, COOTHETCTBYloWMe MuleKcaM y AB,.
Onnako 370 He MMeeT K BOMpOCY O 2. Muoxwu-
Tesn 2 MOSBAMOTCS Meper dy; MOTOMY, 4TO OHM HCMOMB3YIOTCA MPH OMpe-
JieNieHMH ONIHOMHIEKCHHX Aedopmaunit. Onpeselienne ONHONHACKCHEIX B,]
naercsi Ges MHOXHTENCH 2, MOSTOMY OHH W He MOSBASIOTCA MEPel Z;.

Orpaunuenms, HanaracMye CHMMCTPHEH KPHCTA/TA Ha 2y, COBEPUIEHHO
QHAZIOTHUHEL OF PAHHYCHISM, HATATACMBIM Ha be30SIEKTPHIECKIIe MOLY I d .
Marpuunt ans dy;, npuselientiie B 1aa. 8, Moryr OuTH HCHOMB3OBANBL
M OIS 2y, C JBYMA HIMEHEHHSMH.

a) ¥ 2, npoGeraer suavenns ot 1 1o 6 nepgsiil wunekc, a y dy—
smopoti. Tlostomy TaGmuuel GyiyT BepHbl ANS 2;;, eCau CY4uTaTh [ HOMe-
poM cmoabla, a j — HOMEPOM CmpoKt, 40 06PaTHO OOKYHOMY MOPSKY.

6) IlockombKy MHOXHTENM 2, KaK YKasaHO Bhilue, OTCYTCTBYIOT,
clieliyer CYMTaTh, YTO CHMBOJKI, OOO3HAYECHHBIE JBOMHLIME KPYKKaMH,

npocro ¢ pasubie, HO TIp
NOKHBIE 1O BHAKY TOUKaMH,
C KOTOPHIMH HalHbie CHMBOMM ;c
CHMBOJIBI, Py L IOMKHLL 0
%e, 4TO M CHMi p KPYIKKAMH.
3) V. MBLX X Koapu-

wucara

yuenmos. Tax xak B ypashenwu (18.14) ABy=AB) nnms mobux E,
M Oy TO

Tyt == Tper (13.21)



TABAMILAIS
Poprmet mampuy, X k]
u p*

OGosHauenHus

Jag = n p-maTpuy
®  KOMMOHEHTa, paBHas WYMo,

@  KOMfoHenTa, OTAuKan OT Hyus,
@—@ PaBHBE KOMIOHERTH,
@—C KOMIIOHEHTH, WHCJEHHO PaBHLE, HO NPOTHBONONOKHHE N0 3HAKY.

Aas m=MmatTpHn
® pasHas WHUPHOH  TOu~
KOil, ¢ KOTOPOH AANHEI CHMBOJ COERMHEH numleﬁ
© KOMIOHENTA, paBHas B3IATOH ¢
o6osnaueHnof WHUPHOH TOUKOH, C kmopoﬂ nz\nnuﬁ CUMBOJ  COBLMHEH
nunmed,
X (n—ma)

Nasp-MmaTpun

® aBHast WHPHOH TOUKOH, € KOTO -
POii NaHHEIH CHMBOJI COEMMNER aunne,
@© KOMIOHEHT, pablias BSATON C
lloi’l WHPHOH TOUKOM, ¢ KOTOPOH JaHHEH cumnon COeHHeR JMHue,
* § (P11 — P12)
TpuknukKas cucmena
. 06a xnacca
Ocb 20z, oo
(obbiunan oo e
opermagun) [ o o o

cmemo

* Bnepswe omn warpium onpenemn Tloxkenie [75], WO Ou Rouycrwa owwGKil gas
2, KJGCCOD, KOTOplie MOVIOPAACS BCRM TOCIGAYIOUA TFTOPANK 0 TEX 19, 10Ka Birasa
o T, B s
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Tpodonowentie maba. 15

TempuzoHosbHas cucmema
Knaces Hnaccer
4,4, 4fm dimm, Tom¥ 422, 4fmmm

(10)

TpuzoaneHan cucmema
Knaccer Knaceor
3m, 32, 3m

0>”
x>

8)

TexcazonuibHaA cucmema

Knacoor _ Knace
Bm2, 6mm, 622, 6/mmm
ece . - -
SRR Y4 5)
Kybuueokon cucm
Knaccor youdeotan ema HKaaceo!
23,m3 43m, 432, m3m
@ >(s)

“ W3omponHas cpeda

* Takoii BHA UMCCT MAIDHIA XSl ANYX DOSMOMWLX OpHenTauuit kaacca a2m (204, u m 1 x,),
OCKONLIY LPH AODALACHMN LCHTPA CHMMCTPIN STH ADC OPHOUTALMN HEPASAMUHMLL,
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Janee, MOCKOMbKY MPH OTCYTCTBHH OGHEMHBIX MOMEHTOB Gy == oy, (CM.
crp. 111), MB MOXEM MOJIOKHUTH

T = Ty (13.22)
Tlocnenuss onepauisi aHAZOTMuHa TOW, KOTOPYIO Ml Jenain JJs ynpy-
rux noxariuBocrelt (cM. crp. 162).

Brnaronapst cootHowenusM (13.21) u (18.22) umcno HesaBHCHMBIX
K09 HIMEHTOB yMeHbiuaercss 0T 34=81 mo 36; nosToMy MH MOXEM
p 8 TeM, Kakue MCMOJb-
30BA/INCh IIA yNPYrux KoHcrant (cM. crp. 165). 3ro nenaercs crenyro-
wumM 00pasoM. B ypasHeHuu nbesoonthueckoro siexra

OBy=my0y (L1 k=1, 2, 3) (13.23)

unnekcs y ABy; ofwennmsiorcs b coorserctnun ¢ (13.19); ananornyno
3aMeHSIOTC MHIEKCH y Oy TOMA Mbl MOJyuaem

AB, =m0, (mon=1,2,...,6). (18.24)

KO3uUUeHTS! T, CBA3AHM C Ty, COTMIACHO CICLYIOWEM MpAaBHAM:

Ty =Ty Korna n=1, 2 nm 3,

Ty = 2Ty, KOTHA n=4, 5 mm 6.

B pesy 0 -
HOB C HANpsHKEHHAMH CHBMFa B Mpasok uactu ypasnenus (13.23).
p P uncna MOXHO CPABHHTB C COOT-
_uncna Y ynpyrnx

B ypasHenun
€1y = SijriOut- @®.1)
IIpH BaMeHe S, HA S, ¥ HEKOTOPHX WIEHO MOSBASIOTCH MHOXKKTEMN 4,
4TO OOYCNOBMEHO NOABJEHHEM IOGAROUNBIX MHOKHTEJeHl 2 B pesyibTate
BaMeHbl E‘/ Ha €,.

m
TockonbKy sueprusi ynpyro#t o
i ynpyrue Bl CBSI3AHBI COOT Cy=cy
M §;;==§;, ONHAKO B OOwWeM cayuae
Tn = Tpme (13.25)

Takum 0OpasoM, UHCIO HESABMCHMBIX KOI(DQHUHEHTOB T, NI TPHKIMH-
HOrO KpuCTanna ocraercd pabhuiM 36. Yucno meaapncumbix Kosdd-
WHEHTOB Toyp AR APYrux KJIaccOB YMEHbIUACTCS B COOTBETCTBMH C MX
cuMmerpuetl,. DTO YMEHbUIEHHC aHANOTMYHO YMEHBIUCHMIO uHCTA YMmpy-
FHX KOHCTAHT, 38 HCKJIOUEHHEM TOTO, YTO T, 7 T,, H 4TO MHOXHTE/NH 2
IOSIBAMOTCS Y APYTHX UieHOB. DOPME MaTpHLL (77,,,) MPUBECHE B Ta6a. 15,
Wicnosb3opanHbie 0603HAYEHNS!, AHANOrMYHBIC BBEICHHHIM paxee, ykKa-
sann B Havane Tabnmunl. Kak m mpesne, mcnosbayercs oGuienpuis-
Tas
(cM. npunoxenne 2), KpoMe 0COGO OroBOPeHHHX CiyuaeB. ‘Incio Hesa-
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BHCHMBIX KOMMOHGHT JUIsl KaWHOrO KJAcCAa yKasaHO B CKOGKAax BOSE
MarpHUbl,

Ecan MLt XOTHM onucarh nbesoontHueckuit sddexr, momaysce nedop-
MauHaMH, 3 He HANPOKEHHSMH, W MCXOZMM M3 ypaBHeHHs

BBy = pypeys (b dors=1,23), (13.26)

TO Nepexosl K MaTPpHUYHBIM 0603HaYEHUSIM NeNAeTCA aHaJorHyHbIM nyTeM.
Winexcst y ABy; obvemnmsiores cormactio (13.19). Tlpu samene winex-
COB y €, HEOOXOIHMO BBECTH MHOMHTENH !/, MepeX CABHrOBHMM Jedop-
maunsimu [popmyna (7.20)1. (Cokp B yp yi
FOCTH Oy == €84y IPOBONNTCA MO TOUHO Takof e cxeme.) Me nonyuaen
Torna BMecto (13.26) ypashenue

OB, =Pty (mon=1,2, ..., 6),

NPHYEM P, CBA3AHH C pyjp; COOTHOMEHHAMH
Prn = Pijrs BI% BCEX ML W N,

T. e. mmoocumeau 2 uau ‘[, omcymcmsyiom. B obwem crydae
Pun # Ppme Jl€TkO nOKagsath, 4O
Prn == TmrCrns  Tmn == PrurSrn-
bopmu MATPUUB (p,,,) NS PABMMUMBIX K/IACCOB MOAOGHEI (popMaM

MaTpuusl (r,,), 32 HCKJIOYEHHEM TOrO, 4TO 4aCTh MHOKHTeneHl 2 CTOMT
y npyrux kosdduunenros (cm. 1abn. 15).

6. doroynpyrocte KyGuueckux Kpucramnos, Hs tabn. 15 suamo,
uTO NbEBOOMTHYECKHE CBOMCTBA KYOMUECKHX KPHMCTANJIOB M MBOTPOMHHIX
MaTepHasio He OJMHAKOBH, KyGuueckue KJacch NEJSITCs HA IBE PYIMH.
B knaccax 23 u m3, B KOTOPHX OCH BTOPOrO MOPSKA COBMARAT
c ocsmu Ky6a (ero peGpamu), st ONpelie/enus NbE30ONTHYECKHX CBONCTB

uerHpe Jlas  BTOpOM rpymmH  KAaccom,
Y KOTOPHIX C OCsiMH KyGa COBNAnaioT ock 4 uin 4, NbE30ONTHYUCCKUE CBOK-
CTBA ONPENENSIOTCA TOMLKO Tpems kosdduunenramn. Mccaenyem Temeph
AHANNTHUECKM HEKOTOPHE UACTHHE Cayuam yupyrux BosjeHcTBult na
KyOHYECKHEe KPHCTAMIBL

1) Odnoocroe Hanpsiscenue 80046 ocu Ky6a. PaccMoTpuM KyGuue-
ckuft Kpuctamn knacca 28 uam m3, Ha KoTopwik JeHCTBYeT OJHOOCHOE
HANPSDKEHHE PACTSIKCHMsS ©, NapanncabHoe ocu Kyba. Tlyers Ox,—
nanpasnenne Hanpskenns n nycts Ox,, Oxg-— nBe Apyrue ocu KyGa.
Jlo npunoxenns cobott chepy

(13.27)
p BO= 1/(noy.
L

P
BO(x} 453+ x)=
a npe. acs s
Ton necraren

‘Tenepb ypasHeHneMm

B x? - Byxt - By +2B,x,x5 - 2By x3%, +2Byx,x,

. (13.28)
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Marprunoe ypasHenue

AB, =m0, (13.29)
B Pa3BePHYTOM BMJE 3aNHCHBAETCA TaK:
(4B B, — Bo e omg Mz 0 0 0)fc [#ue
ABy By — Bo my Ty omg 0 0 010 Tg0
By, By— B mp oms s 0 0 0ffo0 o
AB | = By |T[0o 0 0 = 0 ofl0]T]0 |
ABg By 0 0 0 0= 0f]0 0
| 2B, By 0o 0o 0 0 o nloj Lo
(Mui ucnonb3oBanu  MPaBUIO MaTpHu, 1p Ha

crp. 184.)

Tak Kak By==Bg==Bg=0, ocsmu wuHaukarpuch smusorcs Oxy,
Ox, u Oxy (370 MOXHO BHIETb TAIOKE W M3 CHMMeTpHH). UToOH HalTH
HMaMeHeHHs TPeX I'JIaBHBIX NOKasatesiefl npenoMueHus, sanuienm By = 1/n%.
Orciona AB,=A(2/n})AnP C 1OCTaTOYHOM CTENeHbl0 TOUHOCTH Mbi
MOMXeM 3aMEHHTL £, Ha n% 9TO jaer

Ay == — 5 (0 BBy = — (1) 7y (13.30)
Ananornuno,
Aty — 5 (P e (18.31)
H
Anig=— - (1 =, (13.32)
C. KpHCTa asyocuuiM, Kak sunno ua raun. 15,

IS KPHCTAIIOB, NPHHAIOKAMKX K TPEM APYrHM KyOHUECKHM KIacCaM
(48m, 432, m3m), cxema KkOI(Q(HUHEHTOB HMeeT TaKOH Ke BuJ, 34
MCKJIOYCHHEM TOr0, YTO Ty, =Ty Takum oOpasoM, B 9TOM Ciyyae
Ang==An,, ¥ KPHCTAI OKABHBACTCS ONHOOCHHIM.

Ha ypapnenntt (13.30) —(13.32) sicHO BHAHO, 4TO JBOWHOE Jyue-
NPEJIOMJICHHE ISt CBETOBOrO JIyua, PACHPOCTPANSIOUIEroCs BLOMb OCH Xg,
BrIpaxaercs hopmynoft

fy—ny = Ay — Ay = — 5 (0P (g — e, (18.38)
a NS CBETOBOTO Jyud, PACHPOCTPAHSIOWErOCs BAOML OCH Xg — (op-
Mynoft

Ry =By By = b (my — e, (13.34)

roe ny Wony — AW TP B
HHSIX,  Tiap "

P P P P
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Us nposesieHNHX BHUNCNEnHit JNErKO BHLETh, MOYEMy A/ KPHCTAN-
0B KNaccoB 23 m m3 KOIpUUHCHT T, He PaBeH w; (B OTHYHE OT
TOTO, KaK NEepBOHAYAAbHO CYuTaN nOKI(EJIbC). Ecau Xy SBASETCS] OChIO
4eTBEPTOro HOPS/IKA, TO ABOHHOE Jiyderp B g
H X3 MOMKHO GblTb ONMHAKOBO B COOTBETCTBHM C NPHHUMIOM CHMMETPHH,
copMyampopannbM Ha crp. 290, nOITOMY Typ==m,. OnuaK0 y Kpu-
CTAI0B KNaccoB 23 n m3 ock Xy SIBJISIETCA JIMUIL OCBIO BTOPOro Mno-
PSIKA, M B KDHCTA/IE, HAXONSILIEMCS MOA ACHCTBHEM HAnpsokeHifl,
HANPABACHHS X, H Xy HE CBA3aHL CHMMeTpuedl. B cooTsercrsuii ¢ sTim
CHMMETPHsI KPHCTA/Ia Kiacca 23, MOABEPrHyTOro AEUCTBHIO paccMarpu-
BAEMOrO HArpsKellMsi, MONINKACTCS N0 CHMMETPHH Kiacca 222; anano-
FHYHO, CHMMETPHS KpHCTa/Ma Kmacca m3 nomwkaercs no mmm. OGa
TIOJYYAOUIHXCs KJacca  sip/sioTes 3 P! KHUMH M,

JBYOCHBIMH.

C

MeXLy T IS KPHCTAAA0B KJacCOB 23
M m3 Nerko noJiyyaircs ue'ronou npsmMol nposepku (cmM. crp. 146).
Ocp TPETbero NopsaKa B IOJOKHTEIbHOM OKTanTe ILEHLT[X)’@T 1a OCH
KOOpAHHAT M, CNEeA0Bare/bno, Ha HHAEKCH 110 C.IlEIlyIOLLlSH cxeme:
152, 253, 3->1.

‘Takosul 11peoGp npn x (
oGoaHauensX. CIEAOBATCALHO, NPH TAKIX OGOSHATCHHAX Mt nony'mem'

1122, 2233, 83— 11, 23 »31, 31 > 12, 12 -»23.

Ati xe np npu 08, X 3aMMCHI~
BAKOTCS B BHAE
12, 23, 3—>1, 45 56, 6>4.
Tlosromy
Topy T Mgy = Wy, Typ S Mg =gy, Ty = Wy == Mgy
Toaa = T == Tgpr

Kak TokasaHo B Tabn. 15. Ocranvusie kod(duunents o6pautaiorcs
B HYJb, B UeM MOXHO yOenuthcsi, necTBys onHOW M3 Apyrmx oceft
TPeTbero NOpsIKa.

dopmyan (13.33) u (13.34) orHOCATCS K KyOHUCCKOMY KPHCTaLIy,
HAXOJSILUEMYCS TIOMl JICHCTBHEM OLHOOCHOTO PACTSKEHHsl, NapaiesibHOro
ocn ky6a. B Tabn. 16 npusonstcs (GOPMYyAb Ui HEKOTOPBIX APYIHX

"

His dopmyn (13.33) u (18.34) m mabn. 16 Buamo, uro, CxHuMas
KyOuueckii KpHCTa/mn BAOJL KyOHUECKOW OCH H Hamepsii BOSHIKaioLiee
npH STOM IBO#HOE Jydernp JeHne B yNSPHOM
HANpPaB/EHHIO HATPSKEHHS, MOXKHO HAUTH BHAYCHHS (T — T1p) H (70— Tyg).
Taxne HM3MEpEeHHs CAesath CPABHHTE/ILHO JIErKO. OnHaKO MOXKHO T0Ka3aTh,
YTO C MOMOWBIO OJHHX JIHLIL P ABOUHOro  Jiyyenp JeHust
HeJb3H ONPENCNNTD Ty U Ty, WIM Ty, H Tyq MO oTACABIOCTH. B opmynnt
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TABJAWLA I

Jsoiinoe ayuenpesomaenue KyGusecKux Kpucmannos
nod npu pasauunsLx

HanpasAenunx KAGA0Oenun

Hanpasze- | Hanpanne- (y=ny)
oocroro | nabmoe-
nlnpn)xm-xon " nHst wasccw 23, m3 kngcen 43m, 432, m3m
1 1
1100 [010] | — 5 (n0)% (g — 1) — g (06 (ryy — ma)
1
1001) | — 5 @0 (s — 9 — % (930 (ry—a0)

O1] | = (%o [ — g (b ]| — 5 (O a (1 — 720

O] |~ 5 (09 [ G| — 5 (3935 o — 720

i | Bee |- (myeny — g (e
Hanpa-

BReHNS,
nepren

UKy asp-

nb!eylllpl]

Bcerfia OynYT BXOAMTb HMMEHHO PaBHOCTH (g — Typ) WM (T — Tya).
Uro6bl nOAYuHTh ABCOMIOTHBIE SHAYEHHS Ty, Typ Tyq, HEOCXOMMMO MPO-
nenath sHauMTEsLHO GOjee TPYnHble p o
O[HOTO M3 MOKasaTe/neH NPEJOM/IEHH TPH MNPUIOHEHHH HANPSIKCHUS.
Jlna 9TOrO HYXKHO BOCMO/Ib3OBATHCA HMHTEPPEPOMETPUUECKHM METONOM.
Yro6L MBMEpUTh T4, YNOOHO p y p
cxarna Buosb [111]. Kpome TOro, w4, KOHEUHO, OMpeeliseT HaMeHeHHe
TIOK&3aTeJs NPeJOMJICHHS 110/l JICHCTBHEM HATIPMKEHHA CABHTA B MJIOCKOCTH,
nepreHaMKyspHod KyGuuecko#t ocu.

Usmepennnie snavenns =, w Py A HEKOTOPHIX KYGHUECKMX KpH~
CTa)IOB mpuBesenbl B TaGa. 17, DTH sHaueHnsi MHONLA CJierka 3aBHMCHT
OT JANHMHLE BOJIHBL cBeTa. K BONPOCY O BHAKAX ciienyeT OTHOCHTCA OuYeHb

9. P P KPUCTAl  XJIOPUAA HATPHA,

1) Bsona onpenenehne w; [Moxkeabc [75] cumtan HampsieHme cxaTns
MOJOWUTEALHBIM M MOCTABUJ 3H4K MMHYC B MpapoH 9acTH ONpEAeNsIONIero
ypaBHenust (13.24). B HacTOAUICH KHHrE MBI CYMTAEM MONOMHTENbHBIM HANpNe-
tive pactmienns. IMostomy =;; y Ilokkenbca u y Hac onmHakosel. B kauectse
enpuinm s wg, Hokkenc nenosbsonan Madfel.
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coxareifl Brosb KyGuueckot ocu. U3 rtaGn. 16 mosyuaem, uro

5 (0 (my — ).

ap—ny=—

Wa rabn. 17 Ml BHIMM, YTO Da3HOCTh (%y — Ty5) < 0; 1O yc/ioBHIO
HAMpSIKEHHe o OTPHUATENLHO; MOITOMY PASHOCTH () — n )= (1, — M)
orpuuatesbia. CriegoBatesibho, NPH CKATHH BAOJAbL KyOHueckod ocH

KPuCTana Xacpuaa Hatpus IM OTP KpH-
CTAJVIOM.
TABIHUAT
Domoynpyzocme Kybuseckux Kpucmassos*

a. 0as D-runuw vampus

Wpuerann L Knace | my | me | ot | M | | e | e
Kanuesnie m3 37 | 9l 85 |-—065 | —543| —4,82([12]

KBaCcuB! ’
Hurpar Gapus | m3 | 1811|400 | 352 |—1,69 |—2384|—17,13|[10]
Hutpar ceununa | m3 | 70,21 | 89,34 | 82,05 | —1,39 [—19,13 | —11,84 | [10]

Xuopun Hatpusi | m3m [ 0,25 146 —0,85 —121 75]

Xuopun kanus | m3m | — — —4,31 1,70 (78]

P mooput m3m |—0,29 1,16 0,608 —145 175]

Anmas m3m |—0,43 037 —0,27 —0,80 [23, 76)
0. 3nauenusn

i
045" D-nunuu Hampus

Jurepa-
Kpucrann Kaace | py, Po | Pw P | Pu=pa| | Tpaes
Kaunessie m3 | 027 | 035] 031|—00086/—0,0792—0,0704 (12]
Kpacis

Hutpar Gapus | m3 | 249 | 340 3,20 —0,0205—0,992 |—0,713 |[10]
Hutpar commma | m3 | 850 | 8,78 8,67 —00191|—0281 |—0,174 |[10]

Xnopun narpusi | m3m | 0137 | 0178 |-00108) —00408  |[75]

Xnopur kanus | m3m | — — —0,0276) 0,0595 [75]
Paooput m3m | 00558| 0228 00236 —0,1722 (751
Aamas m3m |—0,125 0325  |-0,11 —045 (23, 76)

* NMuesooruueckie kos(duumenti pupaxents 8 10712 atjne=10"1 catjon, ynpyro-
onmwccKte KOs dueNTH GespasuepL.
** Jlonoauureanie aanmie cu. o paGorax (11, 14, 22, 23, 63, 68, 70, 71, 04).
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§ 3. O6uee paccmoTpenne ShdeKTOB BTOPOro HOPsAKA

1. TeprogueamMuueckoe paccmorpenme. Mu  yxe Buieau, 49TO
9/IEKTPOONTHYECKHt 1 TMbe3oonTHueckuit dddexti spasoTcs dddexTaMu

BTOPOro 1nopsiikKa, TaKk Kak OHH 3a  cyer "
,uuanel(rpuqeckoﬁ TIPOHHLAEMOCTH OT SJIEKTPHYECKOro 10Js ¥ MeXaHHuye-
CKHX O noao6uux shdhekTon

BTOPOrO MOPSIKA, YHCAO KOTOPHX AOBOJBHO 3HAYHTENBHO, MOXHO PO~
BECTH TaKiM e o6pasom, Kak Guuio yxe cuenano pis sd¢exTos nepsoro
nopsiika B ra1. X. OHAKO 10/HOE PACCMOTPEHHE C/HIIKOM JJTHHHO, 4TOOH
MPHBOJHTL €ro 31ecCh, MO3TOMY Mbl HAMETHM JIHIUDL DGLU.YID CXeMy paccy-
snennil. TIpH STOM HHAEKCH Y PA3AMuHLIX TEHSOPOB MH GYJEeM OMycKaTh.
Takue 0608HayeHHs!, €CTECTBENHO, SIBJSIOTCS HECTPOFHMH, HO, KOra BO3-
HHKHeT 1‘1606)(0}1“140(1‘];, JIerko llcpeﬂ'ru K CTpOrumM 0003HaYeHHSIM.

Tax xe xak B ri1. X, Gynem cuntars o, £ u T uesanucuMbiMu nepemeir-
HBIMH, OrpefeNsOWKMH cocTosue Kpucrana. Tbesooniueckitt sdekr,
KAK MB yXe BHLe/H, MO CYwlecTBY OGYCAOBIEH W3MEICHHCM AMSJEKTPH-
YECKOt MPOHHUAEMOCTH [OJ JEHCTBHEM —MCXAHMMCCKUX HANPSMEHHN.
CuaenosatesibHo, mbesoonrudeckutt sgexs mponopnyonaen

0; o (oD
= (5)- (13.35)
Tax kak D spaserca dy nopsinox  nuddep p
BaHHs MOXHO H3MEHHTb M 3anmHcaTh
& __ 0 (oD\_oa
= (@)= (13.36)

riie d — nbe303/EKTPHIECKIN MOAY/b, 10 ONPEENEHHIO PABHLM NPOH3-
ponHol 0D/0s. Taxkum 06pasom, KOIQ@HIHEHTH, ONHUCHBAIOILNE H3MeNe-

HHE M9JIEKTPHYECKON np WoB " OT Me;
HANPSDKEH:M, YHCJACHHO PABHH KOS((OULUHENTAM, ONHCHBAIOLIHM M3MeHe-
Hie PHUECKHX MOAyneH B u or nons. Crenyer,

ONINAKO, OTMETHTb, YTO SO YMBEPICOCHUE CNPABEOAUBO MOAVKO B MOM
cayuae, K020a 4ACMOMG NOASL 6 060UX CAYHGAX 0OUHAKOBA.

Kosdppuunentss dd/OE MOXKHO, MCNONBL3YS TEPMOMMIAMUYECKOE YpaB~
Henpe (10.35), samicath B BMIE

ad d (0D 0 (0s

=l = () (18.37)
Takum oﬁpasoM, M3MEHEeHHe HHSJ(CI(TPH‘!CCKOH NPOHUILAEMOCTH B 3aBH-
CHMOCTH OT KOro co

BTOPOH NPOUsBOAHON nedopmauuu 1o noio, d%[0E2, Dra nponsBoaHas
onucHBaer sBienue ssexmpocmpuxyuu (cM. § 3, n. 2). dnexrpo-
CTPHKLUSI B p 0, e or

H, N a1 oT 0 1he3 4eCKoro
opdexra, 0Oy 0 i 10 e or E. Takum
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06pa3oM, Mbl YCTAHOBW/IH CBASH Mexay (OTOYNPyrocThIo, SJIEKTPO-
crpukumelt 1 xosdduunenramn Od[0E.

Ananornyso, MOXHO HafiTH MIOTO HHBIX 3aBHCHMOCTEH Mexy Apy-
THMH BTOpLIMH TponssomukiMu €, D u S mo o, E w T. Bce atu Bropre
NPOHSBOIHLIE ONUCHBAIOT a@tpex’rﬂ BTDPDI‘O nops{m(a. B KavecTse npu-

6/0c

Mepa MOXKHO %[00 — M BTOPOro
nopsinka, MoxHo ynomuy'rb TaKKe NPOn3BOaHbe (0%/ds OT), KOTOpHE
¢ p TeMIIEPaTypHyIo

b eft 0&/35; S b Bl paBHE KO3(H-

HeHTaM, TEMI0BOr0

P BE/()TrOT p
B ri. X Owi0 NOKa3aHO, 4TO INepBbie MPOM3BOAHBIE (HAnpuMep,
ODJOE, 0:[0T), onnchibaiomue PHeKTsH NEPBOro MOPSAKA (JIHIJEKTPH-

YecKyio mp b, p p M [p.), MOXHO Tpea-
CTaBHTHL KaK 8riopbie 3 ie 0 .
Mu onpenensm @ cnu:ylomxm oBpasonm:

d® =—edo—DdE —SdT; (10.32)
TorAa, HAupHMep,

9%
— 35
n09TOMY
__ oD b

OE = T oE "

Orciona clefyeT, 9TO TPOH3BOAHBIE, NOROOHHE 02D/0E? — Besmuune,
orpenensiomel H3NEKTPHIECKYI0 NPONMILAeMOCTh BTOPOro nopsaka (u
9/IEKTPOONTHYECKH SPPEKT BTOPOrO MOpsaKa), MOKHO MPENCTABHTH KaK
mpemsu nponssomiue D:

D 0%

o= (13.38)
Ananornuno, Kosdduumuentnt (02D/0c OF), KOTOpHE, KaK Mbi NOKa3ajm
BHIIE, OMp KR ¥ 9JIEKTPOCT bift 9ppexrr,
TOME MOXKHO 3anKCaTh Kak TPeTbi npomssoansie O

0*D 03D

% 0B = 30" (13.39)

2, BuexkTpocTpHKUUA U MOpduueckue sddexrel. B caydae el
HOrO 1besodJiekTpuieckoro sdpexra (1. €. apdekra nepporo nopsnxa),
ocsl B ML ns p

CKOMY Hanpskenuio (npsmo#t sddekr), a nedopmauns — nomo (oGpar-
el spekr). Korna nanpskenns u nepopmauns Majus, HYXHO pac-
CMaTPUBATL TOJLKO JHHEUHHIE sWekTu Tpn GoMbWKMX HANPSIKEHUX 1
IIQOGXO!U‘IMO BO " KBaZpaTHYHLIC

9(p47uuu. Tlosromy asas obpartoro stb(])clﬂ‘a MOXIO Banucath

871 = il Yy

(13.40)
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TlepBuit wieH B Npapo#f YacTH BHP@kKaeT JHHeHnBIA nbeaosnekTpH-
ueckufl adekT. dije coGoit

ik 1jE =
==(0e;/OE;) npu 6ecKoHequ MajioM none. Bropo#l ynen omuchBaer ne-
p AbHBIE TP p "
HOM; 970 — SNEKTPOC P unen,

BTOPHX MPOMBBOAHBIX jgedopMauun mo mnomo. Ecau nanpasaenne
N0Js U3MeHseTcs Ha oOparHoe, TO BCe KOMIOHEHTh E; H3MEHAOT 3HaK,

nosromy ned 2 YleHaMH, TaKKe HaMe-
HAIOT BHAK W PACTAXEHHe B3aMEHACTCA Ha CkKatne u T. 4. HaoGopor,
BTOPOU wiieH Mpu 1noJist Ha o0p. He H3Me-

useT snaka. Bxonsuuil BO BTOPOM WieH TEHSOP 7,y SIBJSETCS TEH3OPOM
YeTBEPTOrO PAHrd, KOTOPHIN, O9EBHAHO, CHMMeTpudel no mape i u [ w

no nape j u k. Y p padHyecKnX KNacCOB OH HMeeT
TaKHe e OTJIMYHEIC OT MY/ KOMIOHEHTH, KaK (POTOYNpyrie TeusopH
Typr B Pyry- He nee TH B HyJb JdKe

IS MSOTPONHHIX MATCPHA/IOB; OTCIONA CJIEfyeT, HTO S7EKTPOCTPHKILHA
MQuer Halmonarbess B mOGHX MaTepuajax, BKJOYAS CTeK/Na M KHA-
kocTH. B 3tomM o 9. peaKo
OTANYGETCH OT MbEIOSIEKTPHYECKOR, KOTOPAR JHHEHHO BABHCHT OT MONA
M, KaK MH YKEe BWIEJN, OTCYTCTBYeT B UEHTPOCHMMETPHYNHX KpH-
craniax.

Vpasuenne (13.40) MOXHO PAacCMaTPHBaTL H C JAPYroH TOUKM BpPeHHS.
Bannimem ero B Buie

(B 1upED) Ere (13.41)

TIpu TaKON 3amicu TEH3Op TPEThero paHra 7, FE, oxaswsaercs nonpas-
KOl K d‘;};k B ofiuem caydae KO BCeM KOMIOHEHTAM d?/k cnenyer noGa-
BUTH Majyl0 NONPABKY, NMPONOPIHONANLHYIO MOJIO.

OCTAHOBHMCS €11e Ha  OJHOM BOIpOCE. npu HaNOXKEHHH  SJIeKTPH~
4ecKoro rmnoJs MOMer WiH He MNoHH-
3uTbea (B COOTBETCTBHM € MPHHILANIOM, CHOPMYMHpPOBanibiM Ha cTp. 290).
B moGom ciydae nonpasoutbie unenst 7Y,,E, oOpasyor Tensop, koro-
PH JOMKEH COFJIACOBMBATLCS C CHMMETPHEH KOMOUNAIHH: KPHCTAIL NIIOC
nose. Ecm sra CHMMETPHSI HHXKEe CHMMETPHH CaMoro Kpucrania, 1o
MOMNPABOYHBIE Y/CHHl MOTYT TMPHBECTH K MOABJEHHMIO KOHCUHBIX 3Havenutt
HEKOTOPHX KOMIOHEHT dyy,, PpaHee paBnux Hymo. MubiMu cropamn,
KOrja CHMMETPHSl KPHCTa/una non JNEUCTBHEM TOJIS TIOHIKAETCH, MOryT

ke

HOBEIE Huect MOIlVIlIL 3tH HoBHE MO-
Ayam np noMo M, C. nedop-
Malio, npo 10PLLUOHANBIYI KBAAPATY MO/, ﬂonoém,m yacTHE) -nm
sbdexta BrOPOro nopsuxa peb M

B o6iem ciysae Mopduueckit stixbcm nomken nabmionarbes acema.
KOrJid BO3JieHCTRHC, MOHMKAS CUMMCTPHIO  KPHCTa/ina, BH3LBACT 10-
sIBJIEHHe  HOBBIX HHX 9TOMy BOJAeH-
CTBHIO.

P 0B, TP
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PE3IOME
JIBoiiioe nydyenpenomaetue. Yp a
B BHIE
5% K
. (13.5)
nj ng ny

rne ny=VK, n,=VK, ny=VK,— zrasnse noxasemesu npe-
romaenus. Nnnukarpica (13.5) naenTHIna XapaKTEPUCTHYECKON NOBEPX-
HOCTH JUisl OTHOCHTE/ILHOM [MS/IEKTPHIECKOM HENPOHHILAEMOCTH

Byxi 4 Byxs+ By =1, (13.6)

rie By=1/K,, By=1/Ky Bs
SJIEKTPHICCKHE HENPOHHILAEMOCTH.
Il KyOHYeCKHX KPHCTAMIIOB My == My = Mg, [eKcaroHaiblbe, TeTpa-
FOHAjIHEE H TPHrOHAJLHBE KPHCTANLIN 00HOOCH (N ==Ny==Mg, Ny==1,);
OHH  TMOJOXHTEJIbHLI, eCiH Il2>ﬂo, W OTpHUATEeNbHBl, €CciAH ﬂ’< ng.
OpTDPOMGH‘lQCKHe‘ MOHOKJIMHHBIE H TPHKJIMHHBIE KPHCTANIb anocnu.

1/Kg-—rnasieie  OTHOCHTEJBHBIE JIH-

AaextpoonTuyeckuii n npezoontuueckuil sddexre. Ecmn K Kph-
cTanily TPHAOKEHH 9/EKTPHIECKOE TOJC M MCXAHHUECKHE HAMpSOKeHws,
TO KOI(MHUHEHTH HHIAHKATPHCH B‘]xix, 1 wM3MeHsOTCS Ha Masnyio

o 1 P P JBHYIO 11041
ABy = 2y Ey - ynopse (18.14)
Bueck 2y, — ue K pasy Ten3op
TPRTHErO PAra, 3 Ty — e 1o

Dlie TeH3Op ueTBeproro pamra. Ypasuenue (13.14) moxwno samicars
TaKke B BHAE (BHPA3UB HATIPSIKEHHS! Yepe3 fedOpMaiuit)

2B+ Dijestrsr (13.16)

AB,

Pijes = TijuiCrirss Tijer == PijrsSrsnts (18.17)

3eCh Pyyps—

DaekTpoonTriecku alM)em" MpH TOCTOSIHHBLIX HAIPKEHUAX SIBISICTCS
cymmolt s¢dexta npu mocTosHHHX nedopmaumsx (nepsuiIHbilt sdderr)
u noGousoro sddexra, obyc. 0 TPH=-
YECKOro M Mbe300nTHYecKoro addexToB (zropuunbifl sddexT).

Tak kak By==By, 10 2, =2y, O6vemunsn unnexcs y ABy n
B3 MEPBHIX mmem.a ¥ Zyp B omuu,” npoGeraouyfl snavenns ot 1 10 6,
YPaBHenue 9JeKTPOONTHUECKOro 3ddexTa MOXMO 3anucaTh B BHIe

L2 .0 6 n=1,23). (13.20)

OB, =2,,E, (m=

20 Dox. Har
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Tlpu 3amene z;y —> 2., 2 u Yy ne B obutem
cayuae WMEOTCA 18 He3aBHCHMLIX KOMIOHEHT Zj;. 3a cyer cHMMETpHH
KPHCTa/Ia 5TO YHC/HO YMEHDLINAETCS TAK e, KAK B Cllyuae Mbe303JIEKTPH-
yeckux Moysied. Popma Marpuubl (2;) oauHakosa ¢ (Hopmol TpaHCro-
HUPOBAHHON NbE3OSNEKTPHYECKON MATPULL (dy;), 32 HCKIIOYEHUEM TOTO,
YTO HEKOTOphie MHOXMTE/H 2 OyAyT CTOSTH ¥ APYTHMX uNeHOB. \

Tak Kak By ==Bj;, T0 %y ==Ty; TaK KaK 0,;==0; B OTCYTCTBHE
0GBEMHHX MOMENTOB, TO .\,m*nm,,. Tostomy, HCNOAL3Ys ABYXHHAEKC-
HblE P MECKOro  3¢)gexTa MONKHO
sanucaTh B q>opma

OB, =m0, (m, n=1, 2 ..., 6), (13.24)

T =Tyjpp KOTRZ n=1, 2 w3,
My == 2Ty, KOTAA =4, 5 wm 6.

B obuem ciyuae

Tun P e
Ecan uyeckubt a¢gekT BHp yepes He
B 06 ), TO ero TIPUMET BUAL
AB g, (m,yn=1,2 ..., 6),
npuyem
Prun = TrCrns - Tmn = PoueSens
Tpu uncna Y Pijes 2 v Yy He mo-

spasiorcs. B obwem cnyuae
PuunF Pume

BooGwe ronops, umerorcs 36 HesaBuCHMBIX KOSQPUUNEHTOB Ty, H Py
D10 UHCHO YMEHbUIACTCS 33 CYET CHMMETPUM KPHUCTayna O TPEX y Hau-
Gosee CHMMETPHUMHBIX KYOUIeCKHX I(IIdCCOB.

DueKTpoONTHYSCKIM 1 coot-
BETCTBEHHO MPOMBBOAHLIMU THna 02D/OE? w (OZD/Do aE) Ecan 3anucarth

n=n04aEg+ o 4-bEE4-boP - V'Ew 4 ...,  (13.12)

To uieH @E, BHpaKaer SiCKTPOONTHUECKUH S(deKT Nepsoro nopska
(smuedtupd  sddext). B ueHTPOCHMMETPHUHBIX KPHCTAIAX  JHHeHHBIN
9/IEKTPOONTHYECKHH ShdeKT e MOoXeT umerh mecra. Unen a’c Bhpaxaer
AKHeNHbI TbesoonTrIeckuil odpext n wien bEL — snextpuuecknit sdpext
BTOPOrO nopsnka (agpgbexm Keppa wnu KBanpaTmuHufl 9/1EKTPOONTHYIEC
Kkult sdekT); 06a sTH spdexTa MOrYT BOBUHKATL B KPHCTAWIAX JHOOOR
CHMMETpHIL,




Badaun 807

BuilnCHBas COOTBETCTBYIOUME NPOHSBOAHME W HCNOMb3Ys TEPMO-

it KHe B v X, MOWHO Haﬂ’m psin
MeXay p BTOPBIMH  TiD

no o, E n T. Tak, nanpumep, NbesoonTnyeckie KOIYHHUHEHTH! (BleaEbc)
u Kos(duunenTs saextpocTpukunn (0%/0E?) dopmaabno CBsisaHu  Apyr
¢ nmpyrod. Omnako KoSG@HUMENTH paBHE APYr APYry TOJNLKO TmpH
YC/IOBHK, 9TO YaCTOTa Mojst B OGOMX ciyuasX onmHakosa. Takoro Tuna
9¢deKTH BTOPOro NMOPsAKA MOryT OWTh ONHCAHE C NOMOMIBIO TPETHHX

KIL
B ypasuennn nbesossexTpuyeckoro sdipexra

V3 dgmﬁ' Tl

BTOPON WIEH B TPAROY YaCTH BHIPAXKAET SJCKTPOCTPHKILMIO; B HEM Tuje —
TEH3OP MCTBEPTOrO PaHra, aHANOTMYHBN Tyjpy W Pyjpye

(13.40)

SALAYH
L. Jlokasars, uro B Ky K KnaccaM
43m, 432 v m3m, non THAPO-
AaBAEHHS it p (dmjdp) = 7’!“[10, rae

Po= (P11 -+2p12)/3,a p —nuorHoCTH.



Ira2aea XIV

BPALLEHME [UIOCKOCTH NOJAPU3ALUH

§ 1. Beenenne

Ot snennst ABORKOrO nyuenp NieHus, pacc 0csl B npe-
IbULYWEH TaaBe, CllefiyeT OTAMYATL SIBNCHHC BPAI4EHUS  NAOCKOCMU
no. Wiy OHO COCTOMT B TOM,
uTO IpH TP n P 0 P 4eCKOro
Cpeta uepes onp P p
UMK TOBOPAYHBACTCS, MpHYEM Yrox p KAK OHIO Y

ToMmuMHE dro we sBrenne HaGmonaercs

B HEKOTOPHIX KyOMuecKux KPHCTA/NaX, a TaKie BO MHOIMX OMHOOCHHIX
¥ IBYOCHHX KDHCTA/INIAX NPH NPOXONKIEHHH CBETAa BJOJMb ONTHYCCKON
OCH — HANpaB/eHysl, B KOTOPOM OOMuYHOE JBOMHOE JyyenpesioMienue
OTCYTCTBYET (ApKHH npnmep— a-KBaplL).

Ssnerne p OGBACHSIETCS CRNYIOUIHM
00pasoM. Bo Bcex ciywasx, KOrna MmioCKO-MoJIIPH3OBAHHAS BOJIHA C MPO-
M3BOJILHBIM HATIPABJIEHHEM MJIOCKOCTH MOJAPH3AMH BCTYTAET B HEKOTOPYIO
CPeAly, OHa PA3/AraeTcs HA JIBe UMPKY.APHO~MOJAPH3OBAHHbIE BOMIHE —
ONHY C mpaBulM, JPYryi0 C JieBbM HanpaBjeHueM Bpawienus!). Ha

¢ur. 80, a P B TOYKE BCTYMieHus
BOAHM B Cpeiy, Kak OHO mp 2 cMOTPSI-
ueMy hasctpeuy Bosie. Bektope OA u OB, uzoOpaxaiouyie Bexrophi £
ABYX UMPKYJSIP KoseGannt, B NPOTHBO-

c yrioso# ckopoctbio. Bexrop OA4,

BpAWAKACS N0 4YacoBOH cTpeske, mpencTasnser coGof NPaByi KoM-

nouenty, BekTop OB, BpamAOWMACA NPOTHB YACOBOW CTPEIKH, — JEBYI0
y. D nse B B COBOKYMHOCTM (DOPMA/IBLHO 9KBH-

BasentHol  Bektropy OC, y cBoe p u np

1) ¥ uupKyAApHO-NONAPHIOBAHHON BOMHK C NPaBbiM  BPAUIEHHEM BEKTOP
HMHAYKUMM D B JIaHHOH TOUKE BpallaeTcsi NMPOTHB YacOBOH CTPENKH, eCclu CMO-
Tpeth B Bosnt. C. i naGaio-
RaTens, CMOTPSIIEro HaBCTpeuy BOAKe, BEKTOP D BPAI@eTcs NO YacOBOI CTpEJKe.

PUKCIPOBAKHELI MOMEHRM BpeMeNU KOHUbI BeKTOPOB D s TOueK 3ajaHHON
BOJIHOBOH HOpMaJik 00p: NMHAIO. D npu
XO3MIEHHH BOJHEL MOXHO HALJSUHO MPENCTABHTL cet‘:e, CCAM CUNTATH, UTO 9TA
BHHTOBAA JMHUA PABHOMEPHO ABMIKETCS BAOJb CBOEH OCH, HE MIMCHSIACH U HE
TIOBOPAYHBASCE.
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coboft  mip

CaMa paccMaTpupaeMas Cpelld sSBJSETCS ONTHYECKH aKTHBHOW (neBOBpa-
waroue#t 6o npaaoapamalomeﬂ) n09ITOMy J1BE uup«ynupno-nonnpuao-
BAHHBIC BOJIHbI B Helt € CcKO-
poctamu. B peaynma’re “ecnn cunmamh, wro mpn Bc'rynnemm B cpeny
o6e BOJHB HMENH OHMHAKOBYIO (asy, TO TpH BHXOLE M3 CPEls OHM

¢das. Kapruma, naGmonaemas B TOUKe
phxona, noxa:mﬂa Wa qmr 80,6. Bekropn umaykumn OA’ u OB’ no-
B MPO1 0MKHLIX C papHoit

|
1
1
A
a

ur. 80. npr
CBeTa Yepes KPHCTaMl B HaNpPAaBJEHuH, B KOTOPOM OGBIYHO® JBOHHOE
JIyYenpenoMIeHHe OTCYTCTBYeT.

0 ACIGAONSLIE BOKTOpUD » TOKS BCTYTACHIS Do D CPEAY; O pacioiOe-
DEKTOPO B TOWKE BLAXOKA BOMRH 3 CPE

Yr/I0BOK CKOPOCTBIO, HO Teneph OHM TNPOXONAT uepe3 BEPTHKANLHOE
noJioMeHHe He OmHOBpeMenHo. KX pesynbTupyiowet Teneps sBsieTCs
sekTop OC’, KOTOPHH KOZICGAETCs B MJIOCKOCTH, cocTapisiomel yroa ¢
¢ seprukanbio. Herpynno sunes, wro, korma sekrop OA’ commanaer
¢ BepTHKa/bio, BekTop OB’ ewe o’rxnoneH oT Hee na yron 2¢. Yroa 2

ecTb pasHocTh (pas. C. noanpu-
3ayuu pasen NOAOBUNE POASHOCMU gﬁas Medicdy 08 ymz QUPKYAAPHO-10=
p MU KO. mu, B cnyuae, Ha gur. 80,

€ 1paBbiM nmeer O yio (hasoyio) ckopocTh,

MOSTOMY OHA BLIXOJMT M3 CPEAbl, ONepexas JieBYO KOMIOHEHTY no daae ).

1) Yro6bi nomoub unTaTemo paaoﬁparbcn B 9TOM BONpOCE, NPHBEJEM CJe-
nyoiee CHO TP

Mbi MOXEM NPEACTABHTH KAXLYIO H3 nnyx no:m KaK WECTKYIO BHHTOBYIO HHHIO,
nepeMEelAlILyiocs B cpelie myreM wucrtofi Tpamcasuum. ITpm sTOM war (aamna
BOJIHBI) OJHOM BHMHTOBOH JHHHMH CJErka OT/MuEH OT Wara APYroi, OTAIMHBI ¥
CKOPOCTH MepeMEeWeHusl; Hao60poT, WMCAO BHTKOB, MPOXOJSUUMX 4Epe3 Aanuyio
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TlnockocTh p pHY no wacosoii cmpeaxe
C ToukM SpeHus uabiionatens, CMOTPAIIEro HapcTpeuy ayuy. Takoe
h . W oy MH, B C BUH C
TP.pMHHOJlOI‘“en. Ha30BeM Apassii W ONPEefesiiM ero Kak noA04cument-
noe (npH ycniosuu, YTO BHOpana mpamas cucteMa xoopamHat)'). Moxno
b, YTO 3HAK BP €O BHAKOM TOH LHPKYJSIPHO-
NONSIPUBOBAIHON KOMIOHEHTE, KOTOPas HMeeT GOMbLIYI0 CKOPOCTb, T. €.
TpaBoe BPAUIEHHC COOTBETCTBYET TOMY CIyualo, KOrJa KOMMOHENTA
€ TPaBHIM HANpaB/IEHHEM BPALEHHs WMEeT B cpese OOJBLUIYIO CKOPOCTD.
BuipasiuM Teneph yros p uepes P .
H fy IBYX UHPKY. X (uipexcot r u L
OTHOCSITCA  COOTBETCTBEHHO K npason 1 aepof KDMHOIIEII’I‘&M)A Yucno
OGOPO’I‘OB BEKTOPAa HHAYKIHH HPHBOH KOMIIOHEHTH, YKJIa1bLBAIOWMXCS
MENAY TOMKAMM BXOA H BHIXONA (YACHO BHTKOB BHHTOBOM JMHMH),
pasuo df), rae d — pMHa UYTH W M — LAMHA CBETOBOH BOJHK B NN~
no#t cpene. lnsi sieBod KOMIONUCHTH YHCIO Takux 060poToB pasHo dfh;.
Paanoctb yncna 060poToB ecth pasHocTh (as. CrenopatesbHO, PasHOCTb
‘a3, BHpaxeHHas B paiuaHax, pasna

1
2rd (Tl
suech A\g— mna BOmH 8 saxyyme. Takum o6pasoM, yros noBOpoTa
" P PUP!
wd

X (n,—n,). (14.1)

Yrox P " HA EJMHHILY JUIHHBI TYTH BOJIHB!
B nanHoW cpene p=¢/d, washBaeMLi yOeAbHOLM BPGUEHUEM, ONpe-
nensiercst hopmynoht

o (=) 14.29)

Pasnoctb (n;,—n,) oueHb Mana mO CPAaBHEMMIO C EAMHMUER; nns
GOJILUIMHCTBA  ONTHYECKH AKTHBHBIX KPHCTAMIOB (M, — f,) — BEJIAYHHA
nopsika 10" wm ewe mewvme. TIpu 0BLIYHOM e ABOMNOM Jyuenpe-

TOMKY Cpenbl 83 €IuHMNY BpeMenn (4actoTa), Ans OGEMX JMHMH OXLMHAKOBO.
QHKCHPOBAHHAA TOYKA KA JHHUM COOTBETCTBYeT OMpefesenkofi dase. B ror
Moment, korna OA w OB nHa ¢ur. 80, a saliMyT BepTHKaabHOE NOJOXEHHE, OT-
METHM COOTBETCTBYIOMIME TOMKM Ma OCEMX BHHTOBHIX JHHMsiX. DTH ABC TOWKH
Gynyt csi BMECTE C JHMHASAME C D
TpUYEM TOWKA, HAXONAL@ANCS HA MPABOH JIMHWM, JOCTHPHET INIOCKOCTH Bbi-
xozma Obictpee Bropoii. B sror moment OA’ wa ¢ur. 80,0 3aummaer Bepru-
KanbHoe nonoxenue; OB’ HpuMeT 9T0 MoJOKCHHE B HEKOTOpHiH Gosiee nO3uuuit
MOMEHT, KOPZia IMIOCKOCTH BBIXOAA JOCTMPHET TOWKA, NAXOAAWasicA HA Jesofi
auHug. ClefoBaTenbHo, B TIMOCKOCTH BhIXOZa OA’ NPUMET BEpPTHKANLHOE M0N0~
ekue panbiue, uem OB’, KaKk u nokasauo ua gur. 80, 0.

1) [IpaBLis KBapleM Ha3bIBAGTCA TAKOH KPACTAMN KBApUa, KOTOpi 0Gna-
JAeT TIPaBhIM BPAUICHHEM BIOJL ONTHUECKOH OCH.
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pasHoCTb ) HMEET BENMuMIY TOpAAKA
o1 107 no 107", Omnaxo B ¢opmy1|e(l4.l) JJIHHA BOJHE Ny OYEHb Maja
no © Makp ueCcKO’ d; 970 O3nayaer, yTO, He-

CMOTPS Ha MaNlOCTh (1, — 1,), YTOJ BPAUIENHS ¢ MOKET HMETh SHAYUTEILHYIO
BeMuMHy. B KauecTBe WNCIEHHOTO NMpUMepa PACCMOTPHM Cilyualt, KOraa
MOHOXPOMATHYECKH{l NYyYOK CBETa C )\0=5893A (KeNTas JMHMS HATpHs)
NPOXONUT BAOML ONTHYECKo# ocH mpaporo o-kpapua. Ilpn stom ny—n,=
=17,10- 107%, Cuenosarenbno, miactunka Toaupol 1 ax, BupesanHas

HOPManbHO K ONTHYeCKOH ocCH, P TIOCKOCTh p
Ha yroa
@ 0,379 pad = 21,7°,
B coriachu ¢ paHHBIM Bbime 06 n

nO/SIPH3AINE  HAfAEHO, YTO ec/H WHPKY/PHO-NIONSPH3OBAHHAS BOJHA
BXOJMT B HEKOTOPYIO Cpely, TO, BHIXONS M3 Hee, OHA OCT4ETCA LMPKY-

TaK, OTMETHTb CYLIECTBEHHOE CBOH-
CTBO OTHUCCHI . AKTHANHX MBOTPONHHX Cpel, KyOHUeCKHX KPHCTALIOB
M (B Cayyae MPOXOXEHHS CBeTa BAOJAb ONTHYECKOM OCH) OJHOOCHBIX
M ABYOCHBIX KPHMCTa/IOB: 08¢ HUDKYAAPHO~ROAAPUIOBAHHbIE BOAHLL,
uuenwue npOMIUBONONONHOE HANPABALHUE SPAUCNUS BEKMOPG D
u ¢ p Lmobl0, npoxodam uepes
manyro cpeﬂy, He u3MeHssick no gope, m. . we usMensn cocmon-
HUA NOAAPUSAUY, mM020a KGK COCMOAHUE NOASPUSAKUL NAOCKO=
NOAAPUSOBARHON BOAHEL NP SMOM USMEHUMCS.

] u ABoiitoe
JyHenpesiomeHue

Paccmorpenwe, np BHIUE, TP Mmb K H30-
TPOTHBLIM MaTepuanaM ¥ KyGMUECKuM KPHCTA/JAM, 4 I3 OCTA/bHLIX
KPHCTA/UIOB — JIHIIbL TPH TPOXOMICHHH CBETA BAOJL ONTHIECKOH OCH.
31y OroBOpKY HEOGXONMMO CHENATh MOTOMY, YTO TOJILKO B STHX Ciyuasx

ne HannyueM OGLIYHOrO
RBOMIOrO AyHenpeoMieHs, Tenepb b LOMKHb NOCTABHTL Gonee 06wl
BONPOC. l'ch’rb B ABOSKONPE/IOMJSIOLIEM KPUCTA/IE HA0MONACTCH BpaLie-

HHe npu CReTa BAOJbL ONTHYECKOH
0CH; Kakue HOBLIEe 9(b[bel(TH I|0$IBW1CH, ecJil B TaKOM KpuCTajjie CpeT
yner p p B AIPYrH: ? B sToM ciiyuae ppauenne
IJIOCKOCTH MOJISPH3ALIH nznarac’lcﬂ Ha OOLIYHOE ABOHNOE JIYYenpenome-
HHE M MOXeT paccmarp Kak BO3MyLLeHHE ro.

PaccMOTPHM, HanpHMEp, BOAHOBHC MOBEPXHOCTH -KBApUA, H30Gpa-
sennpe (Oes coGmonenns Macuwraba) na dur. 81. Kak yne ykaspisanocs,
0~KBAPL SIBJSCTCS MONOKHTELHHM OJUHOOCHEM KPHCTAIIOM M, ClejoBa~
TeJbHO, B OTCYTCTBHE B n €ro BOJHOBHIC
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MOMKHB nATH COGON cepy M SJUIMNCOMA BpaLle~
Hus, "Kak nokazaro na ¢ur. 81 CnUOWHHMH NMHKAMA. DTN NOBEPXHOCTH

KacaloTcs Jpyr JApyra B TOUKaX, JIeXalMX Ha ONTHYeCKOH OCH, 1o-
CKOJIbKY CKOPOCTH JIBYX BOJH
B 9TOM HaNpaB/leHHH ONMHAKOBHI,
IlBa rnaBHBIX TiOKasaTens Tpe-
JIOMJIEHHs1 KBAplia HMEIOT 3Haue~
Hus n,== 1,568 u ng==1,544,
CriefioBaTeNIbHO, OTHOMLEHHE Pa-
JLMyCOB BOJIHOBBIX ﬂOBerHOC’I‘eM,
TIEPIEH/IMKYNSPHLIX ONITHYECKOH
ocu, pasto 1,553/1,544=1,006.
Hasmune Bpawenus NAOCKOCTH

Onmuvecran
oco

@ ur. 81. BoaHoBbe I0BePXHOCTH ¢-KBApIa
(ne B MacwraGe) W MX HCKaXenue 3a CYET
BpAlEHHA TIOCKOCTH NONAPH3AHUH.

(TETLHAT PANNOCTH MOKAY PAAMYCAMH ABYX
e nosepxiocrel (cmloumue Kpuntie),
uanpamien x
ocu, papiia 6 - oo nekenme xm-
0K noBepX socon e 1A0CKOCT!
anpusau {aupmkﬂume o som Cpeien Anma
panycon) paio £2.4 B HanpaBAENIH ONTH-

gy HANpABACHHSX, He oueH
GeCKOR 0CH, MNCET SHAHTENLHO

NOJAPH3AUME MPHBOAHT K He-
60/LIIOMY  HCKAMEHHIO  (hopMEL
9THX BOJIHOBHIX MOBEPXHOCTEH,
KaK TOKA3aHo INTPHXOBBIMU /M~
HusM Ha dur. 81, It nosepx-
HOCTH Temepb He KACAIOTCS LPYr
npyra. Paccrosnne Mexuy HUMM
BIOJL ONTHYECKOW OCH COOT-
BETCTBYeT PAa3HOCTH CKOPOCTEH
IBYX UMPKYJISIPHO-TIO/SPHBOBAH-
HEIX syuelt, o6cyxnapiefica s § 1.
D10 paccTosiKe Ouenb Mano M
cocrapnser Okono 5+ 10~5 puau-
Wbl panuyca; na dur, 81 ono no-
Ka3aHo B CW/ILHO mpeyBeimueii-
HOM BHJC.

Tloka MB He paccMaTpuBanM

r|

"

wein,
10, PARWAIbHOE HoKa:
enie panno 2,7 - 105,

ARTCHHL BOMOBHX HOPMaAEH,
Tokax Py , eHCKaNERNI
TOBCPXHOCTH KACAIOTCN ApYT /YT
i ONipesensior HanpabAC AYIh,

e omonx nonepocreh oreyr:

o P, sewar peerox nepeceneiina

LMH, Ml MOT/IH CUHTATh, YTO JIBE
BOJIHOBHE TOBEPXHOCTH  OfHO~
OCHOTO  KPHMCTa/1d  OMHCHBAIOT
PACNPOCTPaleHie M3 TOYEYHOro
KCTOYHMKA  [BYX  OTACJ/bHBIX

HOD0M s ‘voms

CON,  ON. haockocr, 7bMNE K DOMMOBOR

nonepocr A1 ieobualonemon Do b Touw
W Qi ucpncwmuiyasputs ON; 1 ONy.

n. X BOJH,
TUIOCKOCTH NOJ/IAPU3ALIHH KOTOPHIX
cocrasnsior npsmo#t yron. Te-
ﬂpr. Nocjie BUAOU3MEeHEeHHsI BOJi~

H 110, MBI IO-

HOBHIX TIC € yuerom

JlyuaeM, 4TO BAOJDL OMTHYECKOW OCH PACHPOCTPAHAIOTCH NBE HE MIOCKO-,
2 WHPKY/ISIPHO=ONSIPHIOBAHNEIE BOJMMEL. [LJisi IPOMBBOJILHONO HanpasJients
B Kpucranne Oyner uMeTh MeCTO ciesyiouwas kapTuma, Kak u npexe,

060fl  sanannofl  BOJNOBOW HOPMAZbio CBsBaHBl 0ge OMpeseJenie

BONLI, TPOXOJisLME

uepes KpucTaan Ges  HaMell

s csoell  Gopmul.
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Ho Tenieph smu 08e 804HbL 8 06UeM CAY4HQE OKQAINBQIONCH SAAUNMIU~

HECKU-NOAAPUSOBARHbLML, JIBA DJUTHIICA, KOTOPHE ONPENESIOT HONAPHIA-

1KIO STHX ABYX BOJH, HMEIOT ONIMHAKOBYIO OPMY, HO COOTBETCTBYIOT NPO-
Ux O

T X OCH C€OCTaB.

npsiMOH yrosi APYr € APYrOM M COBNAAAIOT C IJABHLIMA HANPABICHHAMHA
KoneGanntl, KOTOpHE CYUECTBOBA/IM GHl ILAS A4HIOH BOJIHOBOW HOPMAmM,

Onmuvecran Onmuuecran
och ach

. 82 kB or BOJIHO-
BOH HOpMaJM B NpPaBOM KBapue Ans @ u it
BOAH,
O HOpiaA 0BOSNENS DAMMATLILIM CTPEIKAI, DITNICH, OIICULICAINE KORLON SICKTPIE
HECKOFO BeKTOps, CHpOEKTUPOBAL kit rlonepxocT, cpept, Jinst ABYX HAUDABIENWT, As KOTOPHX &
€ PABIO Ny 1A CXHIILE, SAMITHOGTS CUTLAD HpeyDenNeNs.

eciu Gbl KPHCTa/t He Obli ONTHYECKH AKTHBHEIM, ITpH pacmpocTpanenku
B HanpabJCHIH ONTHYECKOH OCH 9TH BOJHLI, KAK Mbl yKe BHACNH, OKaaui-
BAOTCH UNPKYJIAPHO-NI0ASPH30BAHHEIMU. B ocrambHbix cayyasx 9Julmi-
THUHOCTL R (OTHOWICHWE Majo OCH 9jmmnca k Gosbuiol) Mensercss ¢ ia-
npaBenyeM,

B k B coom c J B4ABHCHT TOJILKO OT
yraa Meay BOJNHOBOW HODMAJbIO M ONTHYECKOH ocbio. Hamchene
SJUIMNTHYHOCTH AJIA TONO KPHCTA/IIA CXEMAaTHYeCKH nokasako Ha dur. 82.
Broab onTueckoft ocu k==1, HO nupH OTKJIONEHMH OT Hee GHCTPO

nanaeT a0 Majioh ,aB yron 56°107
€ ONTHYECKOH OCHIO, CTAHOBNUTCA paBHLM HyJ o (MKuseccn n Mioncrep [89];
oM. Takke [21, 69]). Korna HOpMaIlh y/sipHa  OnTH=
4eckOM OCH, SJLIMNTHYHOCTL & cuosx CTAHOBHTCSl KOHEYHOM, XoTsi u
MaJof; NPy 9TOM 3HAK s o6oux

BJUIHICOB M3MEHSITCSl Ha OGPaTHBIN (k._ — 0,00203).
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Jns onTHYeCKHM AKTHBHHIX JBYOCHWX KPHCTa/moB Habionaetcs ana-
NOrRYHAs KapTHHa, MOXHO CuMTaTh, YTO BPAUIEHHE MJIOCKOCTH l‘lDIlﬁPﬂ‘

3auK dopmLt
Tak e Kak B Clydae OZHOOCHBIX KPHCTA/NOB, .KaKAO# BOMHOBOM HOp-
MaJH COOTBETCTBYIOT NBE OMP ST

BOJIHBI, CBSI3aHHBIE APYr € APYrOM ONHCAHHBIM BIlIe cn0c060M. Bros
ONTHYECKUX OCel DACMPOCTPAHSIOTCH JiBE WHPKYJAPHO-TONSPUIOBAHHEE
BOJIHEL

UYrobu cnenats ABJIEHHs BP n 1
0Gosiee TOMHBIM, MBI QKB Tenepr PacCMOTpeTh 3aBHCHMOCThL CTENEHH
i il or P 0. P MbE

LOJKHB HAUTH 3ABUCHMOCTbL SJUIMITHYHOCTH JIBYX HEUSMEHSHOUIHXCS BOJH
oT Hanpapienus. Ilpu STOM cjlenyer uMeTb B BHAY, YTO HArNpanienue

pacnpocTpaHenus BomE (. e. p nyua) He ¢ na-
npapjienueM BOJNOBOH HOpMa. PaccTosnie Meiy ABYMs H3oOpaen-
HuMH Ha ¢ur. 81 B aoboro
panmyca Xxap PasHOCTL CKOPOCTEN IBYX BOJIH, PACcHpOCTPaHsIO-

HHXCS B OIHOM Hanpaauenuu. [as namux nene ynoGHee OnpenenuTh
nOKa3aTe/d TPEJOMACHUs JBYX BOJH C 0Ouieh BOMHOBOA HOpManbio.

npe 1 Js 3al@HIONO Ha-
% HOpMau TOJIOKH KOPHAMHA
ypasiieus
(12— n72) (n2 — n"?) = G2, (14.8)
3pecb n' w n’—nma nipe. KpHCTAIN
uMen Oul B Clyuae OTCYTCTBUSI § HErO ontweckoh axrusnoct; G —
napamerp, Majuih no c " C Ha-
[ yeT BeHuHIY m M OJAPK-
satun (wm eupauum)
Brnosb onTHuecKO# OCH, Kak Mbl 3uaeM, n/==n"=n. [aa storo
cayuas ypasuenne (14.3) ynpowaercs
G
n=nt-=. (14.4)
2n

Pa3HOCTb Meky ABYMs TOKASATEJSIMH [PEJOMJICHHSI PaBHA Gjn, nostomy,
corsacio dopmyne (14.2), yaeablOe Bpauieline BHPaKaeTcs B pHue

=G
=— 14.5
Aot a5

Myl e naem szech JlokasaTesbcTBa ypashenus (14.8). 910 ypashe-
HHE TOAYYEO YNCTO TEOPETHYECKH M IKCIEPUMEHTANBIO eie He A0CTa-
T0uNO NPOBepeno. BLiBOA 3ITOr0 ypasilenus OCHOBaH HAa PACCMOTPEHHH
TOBe/ielMA  COOTBETCTBYIOLICH aTOMUOW MOAEAW KPUCTAia B 3/EKTPO-
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MATHHTHOM TTOsi¢ cBeTOROH BoaHEL. [loApoGHOCTH wwTaTen, MOXET Haittn
B cTatbax YKupeccn [88]1) u Konnona [28], a Takke B knure Bopna [19];
1eO0XONUMO, OMHAKO, HMETh B BHAY, YTO STOT BHBOA COAEPKHT P
HESICHOCTEH, KOTOpHie MPUBENH K B psge onyG
pabor. MoxuHO pexoMeHnoBath Takme 0Csopiylo crarbio Xoexa [53].
Kak Mbi yue ckasann, G H3Mensercss C H3MeHeHHeM HampaBJeHus
BO/MHOBOH HOpMami. B ynoMsnyTo# Teopun G mpencTapiseT KBajparTHu-
Hyl0 GYHKUKIO HANPABSIOLMX KOCHHYCOB l,, 1, 1y BonnooM HOpManu
no K P p cucreme ; TAKHM
06pasoM, M MONEM 3amHCatTh

G =gl goli+ Busls+ 28usbls+ 28alshy -+ 28121y, (14.6)

G=gylly  (gy=8p 4.7

rie gy — KOS(GUUEHTH, OMHCHBAIONINE ONTUTECKYI0 aKTHBHOCTb KPU-
cranna. Kosqduuuentn gy; 00pasyior Tensop, HasBaeMHH 2upayuon-
HOLM M; on Gyzer p HHKe.

§ 8. Mpunuun cynepnosunun

PaccMOTpHM Teneph, TO MPOMCXOAMT, KOTAA Ha TJIOCKO-Napailielb=
HYI0 IJIACTHHKY ONTHYECKH aKTHBHONO KPHCTA/UTA HOPMANbHO K Hell nanaeT
MAIOCKO-NIOJIMPH3OBANHAs BOJHA, DTa BOAHA PACUIENNAETCH HA ABE 9JUTHN-
by bi, ISl KOTOPHIX HOPMAJIb K TUIACTHHKE
SABIAETCA BOAHOBON HOPMAJNBIO. ECAH 1y W Ny — NOKABATEAN Mpe;OMICHNS
ASA STHX ABYX BOJH, TO PA3HOCTb (a3 MEaY HMMH, BOSHMKAIOLIAs nocie
TIPOXOWACHHA €MHHYHOIO PACCTOSHMA B KpMCTaje, Bhipaxaercsa q:rop-
Myso#

A=%(n,—n2).

p us yp (14.3). 310
YPABHEHHE SIB/ISIETCS KBALPATHBM OTHOCHTENLHO N W HMEET KOpHH n¥
u nZ. Mu MOXEM SanucaTh paBeHCTRO

(g — npR==nj+-nj—2 l/nf_n""

Tenepb, MCHOJbBYS BHIPAKEHHs JIs CyMMbl 1 NPOUSBENEHHs KOpHe#t ypas-
nenns (14.8), monyuaem

(m—mp=n"+ 0" — 2V P Ge,

1) Xuseccu [88] cumran p nas
KpHCTajna (B npasofi cucreme

) B b y
¥ Mpl. Jlasee Mul npHinMMaeM, 410

KOTOPOro
anakk G M p O/MHAKOBLL
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Taxk kak G <& n'n”, T0 ¢ JOCTATOUHBIM NPHUOIHKEHHEM HMEeM
AZ——[(n'—n”)!+—,-T] (14.73)

Boosst cpemmutl noxasatens npenowienus n==) n'n”, ypasneue
(14.7a), MOXHO Nepenucath B BHIC

=842 (14.8)
3 (W —n)

rae

(14.9)

v (14.8) das aByx s1-
JMnTHYEC ¢ pacc
Mot BOJHOBOH HOpMANbI) OT & (pasnoc’m q;aa
B OTCYTCTBUE BPAlUEHWs MJIOCKOCTH MOJISPU3a-
unm) 1 2p (pasnoctn (as, onpenenseMolt yiesb-
20 nman BpallieHKeM p, KoTOpas HaGmonanach Obt
ﬂ B OTCYTCTBHE JBOHHOrO JyYempejioMjeHus).
Cpasy e BWMNO, 4TO BpalleHHe IJIOCKOCTH
nonsp BCerna y M HEKOrIA
®ur. 83. Mamocrpamms '€ YMEHbIUACT  ABOflioe  Jryuenpesomsenye.
npunumna  cyncpnosumm (B KauecTse mnpumepa MOXHO yKasaTh Ha
AR BpaweHus HAOCKoCTH  dur, 81, Ha Kcympon BHIIHO, YTO 3a CyeT Bpa-
u 06 LiieHHs! no-
BEPXHOCTH pacxo)urrcﬂ) Yrobu  noscHuTh
ypasuenue (14.8), pacCMOTPUM TPAMOYrO/bHEIA
TPEYroAbHuK, npusencHnuft na ¢ur. 83. Yron § B 3TOM TpeyroibHuKe
CBfI3aH C S/UIMNTHYHOCTLIO (CM. cTp. 813) cooTHOMICHHEM

k=tg(—§-p). (14.10)

370 COOTHOLICHHE JOKA3LIBACTCH B OGWEH TeOpHH, KOTOPYID MHl Bech
He HajiaraeM. W3 paccMOTpenusi TpeyroJibluka SICHO, 4TO

A

ZBOMHOrO NIy uenpesiomie-
AR

tgp=2, (14.11)
cnenosatenbho, yunthinas (14.9), noayuaem
G
1 14.12
gh== TE—my (14.12)

Takum oO6pasoM, Qopmyan (14.10) u (14.12) noaHocTbIO ONpenensior
sanunTHYnOCTL B 1A moGOM BONHOBON HOpManM uepea snauenus n’, n”
u G ans 9T0R HOpMANH.

Mel yXe BHIeH, YTo obycnon-
JIeHHO® ONTHYECKOH aKT p n,n n
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[cm. (14.3)]. Takum oOpasoM, Hauie PacCMOTPEHHe SBJICHMS BpauleHus
TUIOCKOCTH TOMSIPH3ALMH (OPMATLHO ABJSETCS TMOJHBIM.
Vi (14.8) dop p b BaXHL  npunyun
s M OGbIYHOTrO JBOH-
HOTO Jly Mut TOsBKO NP ero, JIOKa-
saTenncTBo unTaremo. Ji00as BOMHA, NATAIOUAN HOPMATLHO HA KPHCTAll-
JHYECKYIO M/IACTHHKY, P43/1araeTcsl Ha B 3JUIMITUYECKH-MO/SPHI0BAHHEE
Kommonentsl, OTHolleHHe Manoft ocu smmnca K GoapioH oGosHa-
vaior yepes k. I1poxoss uepes IVIACTHHKY, STH KOMIOHEHTH npHOGpeTaioT
HEKOTOpPYIO pasHOCThL (a3 (0003HauaeMylo Juis eIMHMIB TOJUMHBI nia-
CTHHKH depes A) H 110 BRIXOAE M3 KPUCTAIa BHOBL OGBEAHHSIOTCH B BOJHY,
NOJApU3aLKs KOTOPOH, KOHEWHO, OT/IHYHA OT TOJSIPHIAUMM NafaioLuet
Bosmb. MoxHo JIOKa3aTb, YTO IPH NPOXOMAEHHH CBETa Yepes ONTHYECKH
aKTHBHBIA KpHCTaL1 To. Bbl-
wejuel BOJHB 6y;m' TakuM e, kakoe Hnabaonanoch GW B TOM Ciy-
uae, ecim OBl CHAYANA WMENO MECTO TOJBKO ABOMHOE Jlyyempesomie-
HWE, @ 3aTe — TOMbKO TNOBOPOT MJIOCKOCTH —mnoaspusawii. Cootr-
HOWEHHE STHX JBYX 9(exTOB ONPEAENSETC TPEYrONbHUKOM, H300pa-
eHHbiM Ha dur. 83. Bosee TOUHO 3T0 MOKHO CHOPMYJIMPOBATD CIELYIOLIHM
obpasom. Bossa Bemer cebsi rak, Kak ecqm Obi OHa MPOXONM/IA yepes
CTONY TOMKHX TJIACTHHOK, YACTh M3 KOTOPHX SBJSETCA TOMLKO ABOAKO-
NPENIOMJSIOUIHNH, @ YACTh — TOJbKO ONTHYECKH AKTHBHBIMH. Ilas emm-
HHYHOTO NYTH TNOJHAS BEJHYHHA YHCTOrO JABOHHOrO JiyuenpenoMieHus
9KBMBAZIEHTHA PAsHOCTH (aa 8§, a NOJNAA BE/MYMHA BPAICHHS MIOCKOCTH
NOJisIPH3AINE — Bpawenuio p. Jlerko BraeTh, 4r0 8 W p cBusaubl ¢ A u B
COOTHOMIEHHSMM

2p=Asinp,

=AcosB, rre tg %p)—

§ 4. Benmuuna sddexra

Ml yXe BHASIH, UTO B Clyyae MPOXOKAEHHS CBETA BIOJb OMTHYe-
CKOH OCH PasHOCTh npe. IByX
PHU3OBANHLIX KOMIOHEHT MOXeT ﬁmb nopsaka 107 -t TEKMM 06pasom,
B COOTBETCTBHM C opumysiolt (14. 4) O/n Oyner TaKKe BEIMYHHOM no-
paaka 1074 TIpennosnaras, 410 Gjn wveer nm APYruUX  Hanpapnenut
TOT Xe NOPANOK , H3 P (14.12) , 4T0
nomken GWTb OueHb Mal, ecin OObluHOE nnynpenwnenme ' —n") u
ouenb Mano, T. €. ecau Mp He Gepem HampasiieHue, OYeHb 6:maxoe
K ontuyeckoh ocu. IBOHHOC J1yuenp B Hanpasie-
HHH,  COCTARISIOMLCN Gonvuioh yrox ¢ on-m-xecxon 0CBIO, MOKET OuTh
pasto 107, Torna tg@—lO'/lO =10"% Orciona k= 1€ (Y2 B)="1a00-
CreA0BATEbIO. SAIMTITUNHOCTS ZBYX HEH3MCHSIOLHXCSA BOJIH GyieT OueHb
61>ICTp0 YMEHbUIATLCY  OT BUAUCHHUS, PABHOrO eNMHHLEe (B Hanpassenun
onTuyeckott ocu). Ilo 9TOM mpuuMHE TPYAHO WBMEPHMTL BpalueHHe
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TJIOCKOCTH HOJISIPU3AUMM B JIOGOM HANpaBJElHH, CKOJIbKO-HHOYIb 3HauH-
TEAbHO OTKJIOHSIOIEMCS! OT ONTHYECKOH OCH: [IBE HEH3MEHSIOLIHECS BOJHEL

Gynyr oucHb Maio s OT MUI0C BOJH.
Ilanee, us ypaskenus (14.72) MOXHO BHAETb, YTO LA Nanpasienufl,

HalleKMX OT ONTHYECKOH OCH, HOe [BOMHOE 11y

HHe, o6ycnoBienHoe o H HMeeT y

nopsiaka 62/[n2(n’—n")]. Jlnsi npuBEfEHHBIX BHINE JAHHBIX TIONyuaeM
10'""/10’2=10ﬁ°. ‘Takum o6pasoM, shdexT BpauleHns MIOCKOCTH NOJs~
PH3aUMH TIPH OT p OT OnTHYeCKOH ocH
He TOJIbKO 6 ZBOMHBIM Jlydenp HO M
(ot 107* 5o 107
BJISt PACCMATPUBAEMOIO npumepa) B noumucu k ¢ur. 81 npusesens

s OHH MOFYT CIYXHTb 106aBOUHOR
Mll-'llOCTPﬂLll/len 3TOro llOJIO)KCHIMI.

§ 6. Tensopusie csoiicrsa [g;]

O6cynnM Tenepb BONPOC O BIMSHUH KPHUCTAIOrpaduueckod CHMMeET-
pHH Ha GOPMY rHPALMOHHOTO TeH30Pa [gy;], BBeNlenHOro ypabHerueM (14.6).
Il 9TOrO BBIICHUM CHAYa/a TEH3OPHBIE CBOMCTBA lg;;l- T. e. HaljueM,
KaK np s B gy NpH oceit P T.
3ror Bompoc e CBOIO ouepesb CBsizaH co cpoMicrsamu G M p.

HautieM € PacCMOTPeHHsi ONTHUECKOM AKTHBHOCTH KYGHYECKHX KpPH-
CTA/I0B, Y KOTOPHIX BO BCEX Hanp
HUsiX. YJiesiblioe Bpauienie MOeT GiiTh NPaBLM WK JIEBBIM, [09TOMY
HeOGXOMMO YCTAaHOBHTh TPABWIO 3HAKOB, COXPaHsiOulee CHIY AJsi Mpa-
BOH M I8l ICBOY CHCTEM KOOPANHAT. B § 1 HACTOsmLeH riiapbl Mbl yse BBenH
Npapuiio, COrNACHO P npasoe Bp cunraercs -
HEM B mpaBo cucTeme koopmuHar. Crieayiouiee oOnpeesiene sBAsieTcs
06uuM st NPABolt M At JIeBO# CHCTeM KOOp/uHaT. Eciiu wanpasiienue spa-
WeHHst TI0CKOCTH MNOJNPH3AUMM W HANIPABJIGHHC BPAUICHHS OT OCH X,
K OCH Xxp BOKPYT OCH X OJMHAKOBbI, T. €. €CIH M BpalleHve, H CHcTeMa
KOOPJIHHAT SBJISIOTCH NPABHIMH WM JIEBHIMH, TO YIEJbHOE BpalleHHe P
no onp 3 B IPOTHBHOM CIlyuae p Cuu-
T4I0T OTpHUATENbHBIM. TakuM 06PasoM, NPUMMCHBAHHE BPAILCHHIO TOTO
WM MHOTO 8HaKa 3aBMCHT OT BHOOPa CHCTEMbi KoOpIWHAT. OTCIONa Cre-

AyeT, YTO NpH Mepexone OT MNpaBodl CHCTEMLI KOOPIMHAT |< nesokt (n
HA060POT) BHAK YHENBHOFO JOIKEH

BeJMuMKA, KOTOPas BeieT celsi TaknM OOPasoM, Haswipaercs ncedocra-
AApoM. BakoH NPeo6pasoBalis NCCBIOCKANIPA MOXHO BANMHCATL B BHAE

p=tp,

rJle 3HAK TUI0C OTHOCHTCA K TP KOTOpEIE npa-
BYI0 CHCTEMY TIPano# (1 /IeYi0 — nenoH), 4 BHAK MUHYC OTHOCHTCH K NPeoG-
PAsOBaHHUHAM, KOTOPLIE IPABYI0 CHCTCMY NPEBPALIAIOT B JIEBYIO (1 1a060POT),




§ 6. Tensopnete cootlcroa [g;;) 819

Ilepexoas Tenepb K AHMIOTPOIMULIM KPHCTA/IAM, MH BHIMM, YTO Be-
smunna G, sseennasn ypasnenued (14.8), spasercs ncesLockanspoM, TaK
KaK ee 3HaueNe JUIsi BOJHL, NPOXOAALICH BJIOAL ONTHYECKOM OCH, MPO-

nopi YICALHOMY BP p Lnsi 9TOrO P
Tenepb paccMOTPUM NPeoGpasOBaHHE ypaBHeHHs
G=g,li;. (14.7)

Mu snaem, uto [, u ll TP Tepexoje OT oOcell X; K HOBHIM OCAM x;
npeoBpasyIoTcst KaK (NMOJAPHLIE) BEKTOPH, 4 UMEHHO:

a1 _ .
L=ayl, L=a,l,
u uro G KaK 1ices, T. €.

P y
G=10",

NpHYEM BHAK 3aBHCHT OT TOrO, TIEPEXONMT NPaBasi CHCTEMA B JIEBYIO

(i POT) MM HET.

+ 0" =g 0,b0, 0,
Hin
O’ = Gyuli i
rae ,
=1 [ (14.13)

Taxkum 06pasoM, ecim M xorTuM, uToGm ypashende (14.7) coxpa-
usno oo opMy npu moGom BhBOpe CHCTEMH KOOPIMHAT, KO3(dm-
LMeHTH £, IOMKHE NPeoGpasontiBaTbes coracio sakony (14.13). Jlerko

TABAMLA B
3arnonst npeobpasosanus NOAAPHLIX U AKCUAAbHBIX MEH30POB

Beawsuna Bakon npeodpasopaiks Tlpuvep
Cxansp ¢ =9 Temneparypa
Tcennockansp ¢=*¢ Vaenvuoe Bpauiexue
TlonspHuli BeKTOp Pi=ayp; I'panment TeMIEpaTypst
Axcuanpusii Bextop ri=tayry BekToptoe  mpospeneHyie
MOGHIX  IBYX  TONSPHBIX
BEKTOPOB
Tonspuwit  Tensop 7} = apaply Teusop  AusJIEKTPHUECKOMH
BTOPOro panra TPONHIEEMOCTH
Axcuanoupii - TeHIOp R;/ e, Ty | Pupannonusil rensop
BIOPOro panra
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BuIeTb, YTO ypasuenne (14.13) nientnuno 3axkoky npeoGpasosaums TeH-
30pa BrOPOTO PaHra, 3a UCK. anakop k., @ .
KoTOpHie NpeoGp: corsacko yp (14.13), aK-
CuanbubLMGL men30pamu 6mopozo panza. OOLIYHME TEH3OPH BTOPOrO
panra, ¢ KOTOpHIMH Mbi BCTPEYAJIMCh 0 CHX TOpP, MOXHO HA3LIBAaTh NOAAP-
HOLMU MeN3QPaMu BMOPOZO PAH2@, KOrJd HEOOXOMMMO NOLYEPKHYTH
pasmiure. Pasmmune mexny " P BTO=
POro PaHra aHAJNOrHUHO PABJMUMIO MEXAY HOJAPHHIME H AKCHAJBHBIMU
BekTopamu (cM. crp. 58). B 71a6an. 18 nana cpomka sakoHos npeoGpa-
B0BaHWS NOJAPHHIX M AKCHANbHHIX TEH30POB HYJEBOIrO, NEpPBOro M BTO-
POro pamros.

§ 6. Bausimue cuMMeTpuHM KpHCTAMda HA g

Hc yeM Tenepb p TaTH, yueHHbie B NpEIbAYLIeM Tapa-
rpae, s PACCMOTPEHMSI BJMSHHA CHMMETPHM KDWCTaija Ha KOMIO-
HeuTh” [£;)]. [IpHHUMIHANLHO MCTOL PACCMOTpEHWS COCTOMT B ClleAyio-
mem. [lpeoGpasyem [£;;] onHuUM H3 BJEMENTOB CHMMETPMM KpHCTaiia,
He 3a6nBasi MOCTABHTH 3HAK MHHYC, €CJIH npH ﬂPeOﬁpZEORZlIMH CcHucTeMa
KOOPIMHAT TEpPexoiuT M3 Npasod B Jesylo (wi HaoGopot). Ilpn stom
HOBble KOMIMOHEHTH LOJIKHBI OLITh MAEHTHUHb CTapeM. OGHUYHO ynoGHee
BCEro NPOMBBOAMTL NPeoGpasoBaHe, NOJb3ysCh METOAOM MpSMOM Mpo-
Bepku (cM. cTp. 146). P KpMCTaLI,

UEHTPOM mp oceft p noa
LeHTPa CHMMETPHH MOXHO 3amHCaTh B BHIE

1> —1, 25 —2 3->-=3

TaKuM OOpA3OM, NpPaBasi CHCTEMA MEPEXOAMT B JIeBYIO (HiH HaoGopot).
Tloaromy ,
Ly=—8y

Ho gj;=g,; nosromy g,,==0.C M oLl
Kpucnaar He Modcent n

B kauecTse APYroro NpHMepa PacCMOTPMM KPHCTAMN Kiacca m. Ecmu
och Xy YASPHO MM, TO P ocelt Koop-
RMHAT BaIMCHIBAETCH B BHIE

11, 25—2, 33

8lieCh ONAITh NPaBasi CHCTEMA KOOPUMHAT NEPEXOAHT B JIEBYIO (MM Ha060-
por). C CHTH NP y clenyiouHM 06pasom:

Eu—~>— 8 > 8w En > &
B> — 8 Bus—> 8o
833> — By



§ 6. Bausnue cummerpuy Kpucranna Ha giy 30

u tensop [g;] npmumnaer popmy

0 £ O
g2 0 8x|- (14.14)

0 gy 0
Tloctynass nosoGHeiM 06pasoM €O BCeMH HeELCHTPOCHMMETPUYHBIMU
KJAcCaMu, Mbl 1y TaGamus OT Hynst (g1
npuseﬂemme B 1a6i. 19. Ilpn 5TOM OCH KOOpPIMHAT BHOHPAIOTCA B COOT-
B 2. Tax xak Bce
TabnHuB CMMMOTD"‘H(H OTHOCHTE/IbHO TJIasHO! JMArOHaJM, JieBbie YacTy
Tabami Yucno T yKasaHo B ckoGxax

OKONIO Kaw/iol Tabauupi.

Tpu Tabamu, np B 12621, 19, caenyer obpa-
THTb Ha P! HHT JleTaim. Kpncramlu KJaccos m,
mm2, 4 u 42m p MoryT ONTHYECKYIO AKTHB-

HOCTb, XOTSl STH KJACChl H He suamnomopq)m-l 1). Kpucrammi knaccos
4w 42m OmHOOCHH; MOXHO NOKA3aTh, MTO BpALUElHe NAOCKOCTH MOJsi-
pH3auny BIOJIL onTuyeckol ocu Y 9THX KPHCTA/JIOB [OJDKHO OTCYTCTBO-
Bath. K TOMy e 3aK/IOUEHMIO Mbl IPAXOMMM, 3aMeuas, uTO s OGOMX
9TUX KJACCOB gay==0. Cile/loBaTE/bHO, ONTHYCCKAsS AKTHBHOCTH Y KpH-
cramnon knaccos 4 u 42m BOSMONMA TOJBKO B NANpaBJelMsX, BLOIb
KOTOPHIX MMEETCHl TaKie W JBOHNOE JyuenpesioMJiciie; NOSTOMY OCHa-
pyxerne Takoro sddpexra LOMKIO ObiTb CBS3ANO € ONpeE/CHHHIMH
Ilo cux mop B jmreparype He GLuI0
C006Illelll/[lr) 06 oﬁlmpymelmu ONTHYECKOH AKTHBHOCTH y KPHCTZIMOB 9THX
xiaccon. B NpOTHBONOJOXMOCTL KpuCTaiiaM Kkaaccos 4 wu 42m Kpu-
Crajuil, NpHHALIeNALMe K Kiaccy m, SIBNSIOTCH IBYOCHHIMH. 37ech
MMEIOTCSl  IBe  BO3MOMIOCTH: I) TJIOCKOCTb  CHMMETPUH  COLMCPHHT obe
ONTHYECKHE OCH MM 2) TUIOCKOCTb CHMMETPHH Je/WT TONOJAaM yroJ

Mexcny uimi. B nepsom cayuae " BIOTL
ONTHYCCKMX OCeH HEBO3MONHO B cuny ycuosull CHMMETPHH; B APYrHX
onTHyecKas Bo stopom cayuae

CHMMETPHA TAKOBA, WTO BLOJb omnqccl(ux ocell  MOWET MPOHCXONNTD
M 1o, npHYCM OHO JOJDKHO OWiTh OIMiIa-

KOBO 10 " no auaxy. U OIMH TplMep

KPHCTaJIa nepsoro Tnnz’ KPHCTAJLZIOB BTOPOro TWna He Hahjieno [88].2)

B Kpucrannax Knacca 2 TaKme BO3MOMHBI ABa cnydas: oCb BTOPOro
NOPSAKA MOMET JeNaThb HIH HE Jiearh B IMIOCKOCTH ONTHYCCKHX OCeH.
B nepsom ciyuae B/O/Ib Ofenx ocelt
20mi010 GLITh OLHUAKOBO, BO BTOPOM — BpAlleHe IJIOCKOCTH NOJspH3a-

1) Knace PHBIM, eCln
nyx P opmax,
B pmmux OJuia OTHOCWTEJNBNO JIpYTOit.
2) Tlpnmep KpHCTaMIOB 2-r0 'mna—LlH, (SeOy), [126). — I1pun. nepes.

21 Jow, tan
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Buo eupayuonnozo mensopa |g;)
O6osHaueHHsn
*  KOMIOHENTa, paBHasi Hyaio,
@  KOMIIOHEHTa, OTAHUNAS OT Hyas,
®—¢ DaBHBIE KOMTIOHGHTH,
®—O KOMIOHEHTbI, PAaBHLIC 110 BEAHYMHE, HO NPOTHBOINOAOXHLIE MO 3HAKY.

Bee TeHsopst raaBHOM
TpukaukKas cucmema
Knace 1
6 ® &
® o
e ®©
Mook auHHOA cucmema
Knace 2 Knace 2
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(obb1ynan . @ . e
opuenmayun) Ja Jdo
Opmopom6uyeckos cucmemn
Knoc222 T Rnaco mm2
o - - e
' ..
o 3 oJn
TEmP“ZDNﬂﬂbHﬂR cucmema -
Knaceer 4, 422 Knace 4 Knace F2m
o\ B \g : oz [+ @ °
ol Ja J4m

TpU2OHEUABHOR U 2EKCAZOHANBHAS CUETEMbI
Knacew 3, 32, 6, 622

o 2)
Ky6uvecxan cucmema Haomponkan cpeda
Knacent 432, 23 6e3 yeHmpa cummempuu
.
m Q]
B crenyionwx Kaaccax Bee [7] pawns mynios dmm,

&Bm, 3m, 6mm, 6, 6m2-
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UMM BLOJb KaWAOH M3 ONTHYeCKMX ocefl MOXer Gmth pasmiunbiM, OG-
HapyKensl Kpuctajie oGoux unos [96].

¥ xpucrannos knacca 222 oana wa Ocedl BTOPOr0 MNOpsiKa BCEria
NEKUT B IVIOCKOCTH ONTHYECKHX OCeit; TNIO3TOMY BpAlEHHE MJIOCKOCTH
TIOJAPU3ALME  BJOAL ONTHYECKHX OCel onnakoso. Halneno Heckonbko
NPHMEPOB TaKMX Kpucraiios [96].

Jas o-kBapua (knace 32)-— eNMHCTBEHHOIO IOJHOCTBIO HCCJIENOBaAH=
HOTO ONTHYECKH AKTHBHOIO H 0 H3JI0-
WeHnast TeopMsl _ BIOJHE /
s hg==5100A (Kuseccu n MoncTcp [89|) 6u1m nonyueuu cneayo-
uwie 3uauenys ')

fu=En—= T 582 107", ggu=112,96.107"

Jins apaBoli CMCTEMbl KOOPIMHAT BEPXHHH 3HAK OTHOCHTCA K NPaBOMy
KBapily, a HHXHWK — K JIEBOMY.

P E 3I0OME
TIOCKOCTH B P cpene U KyGH-
4ECKHX KPHCTAIaX, & TAKWe B OCTANLHBIX KPHCTAMIAX NMPH PACHpo-
CTPaHEHHH CBETa BIOJb OMTHYECKOH OCH. B sTHX Ciyyasx umeiorcs
I8 BOJHBI, MPOXOLsUME 4Yepe3 cpeny Ges H3MeHeHHS COCTOSHHS TOJisi-

pusauun. DTH BOJMEL UHPKYJSPHO B
p Oun pacnp C PasHbIMK cooTBeT~
asIM TP n, uny. I o
BOJHA HA JBE UMPKYJSAPHO=MONSP!

KOM"OIIeH’I‘H ¥ BHXOIMT U3 CPellkl B BHAE HIIOCKD-HOIIﬁpHBOBaHHOﬁ BOJIHBI,
TJIOCKOCTb  NIOJIsIPH3aUMH  KOTOPOH nosepHyra Ha yroi ¢. Pasuocrs ¢as
ABYX UMPKyJsp pasha 2¢. Yaeavroe Bpa-
LIeHNHe OnpenenseTcs ¢opMynon

o= =1 (y—n), (14.2)

rie d — JUIMHA TIyTH BOJIBI B CPele W Ay — JVIHHA BOJIHLI 8 BaKyyMe.
Bpatiene no 4acosol cmpesre ¢ TOYKM 3peiiusi HaGiionarens, CMOTpsi-
L{ero HABCTpeuy N4y, A1 32 npagoe 3uax p 3aBu-
CHT OT TOr0, GepeM /M MB TIPaBYIO WIH JIEBYIO CHCTEMY KOOPAWHAT.
Ecin Kak BpalleHve, TaK W CHCTEMd KOOPIMHAT SBJSIOTCS MPaBHIMH HIH
NIEBLIMM, TO p HMEET TIOJIOXKHTENbHEI 31aK; eciii Bpalenne npasoe (esoe),
a cucTeMa KOOpPMMHAT Jiepas (pasas), TO p MMeCT OTPHUATE/bHBIR 3HaK.

TUIOCKOCTH B H JBYOCHBIX

KPHCTAJaX B HANPaBJEHMAX, HAKJOHHBIX K OnThYecKolt ocH. B xpu-

crajie, O0GNAfalOLEM KaK ONTHYECKOH aKTHBHOCTBIO, TaK M ABOHHBIM

1) Mbt u3MeUAn 3HaKHN, TIOTOMY UTO HASBAHHBIE ABTOPB! CUHTAIOT TIOJOKHTEINb-

HbIM ncnougaummuum KpHCTAAN B OTAWUKE OT Hawero Buibopa (Cp. mpumcuatue
ua ¢

21%
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i # HOPMA/IM UMEIOTCS IBe
Bo)mu, KOTOpLIE npoxonm- uepe3 KpUCTann 6e3 H3MEHEHMS COCTOSHMS
NOJISIPH3ALUMH, ITH BOAHLL B OBLIEM Cllyyae SJUIMITHYECKH TOMAPU3OBAHEL,

npuyeM (opMa SJUIMNCOB, p MH, s
HHX OMMHAKOBA, HO HANPABJEHWS BPAUIEHHS NPOTUBONOAOKHEL. Bosb-
mHe  ocH B3AHMHO YISPHEL M C ¢ raas-

HEIMM HanpasJeHHsMH KoJeGaHul, KOTOPHE CYLleCTBOBaAM Ol LJs HaH-
HOH BOJIHOBOM HOPMaJid, €Ciu O KpHCTaml He GBUI ONTHYECKH AKTHBHBIM.
Tlokasaresnn TIPEJIOM/ICHMS  JUIST 3THX BOJH SIBJAOTCS  MOJIOKHUTEIbHBIMI
KOpPHSMH Y PaBHEHHS
p P
(n2— n)(n> —n"*) =Gz, (14.3)

rae n’, n” — NoKasatejM NPEJOMJIEHUS B OTCYTCTBME ONTHYECKOH aKTUB-
woctu, G — 2upayus, BeANYRHE, KOTOPAs ONpEieNsieT ONTHYECKYIO aKTHB-
HOCTb B JaHHOM uanpasiexnun. [upauuss G smsercs QyHkuuelt nanpas-
JICHHS; OHA 3ANHCLIBAETCS B BHje

G=gyll; (Gy=2gp. (14.7)

rie £y — THl »
TIpH NPOXONUIEHUH CBETA 4EPe3 IJIOCKO-NAPAIeNbHYIO  MIIACTHHKY

yp

=82 ()2 (14.8)
8:%(71’—'1”). p;:;, A=V,

Ati ypaskeHus BEPaaoT A (PasHOCTb (as MeXJY HBYMS 9JUIMITHICCKH~
) uepes 3 (pasHoctb (as B OTCYTCTBUE
onmeckol akTupHocTH) M 2p (pasHocTb (a3, Koropas 3auapajach Gwl
VAE/bHHIM BPALIEHHeM p B OTCYTCTBHe OGLIYHOTO IBOWHOIO JiyuefipeioM-

Jienus).
DMNTHYHOCTL &, T. €. OTHOWeHHe Maiod ocH K GOJbLOH ans 94-
JIMNCOB, OTP TeX WBYX BOJH C Mau-

HOM BOJIHOBOM HOPMAJILIO, KOTOPHE HE H3MEHSIOT CBOCH MOJAPH3ALMM,
Bhipaxaercs popmyioft

(14.10)
rue
(14.12)
Yp (14.8) p c a8
C M ABOUHOrO Jiyyenp MBJ10-
skenunft na crp. 317,
B puG JApaNG; ONM 1peoGpasyioTc

10 3aKOHY
tp G=:kG;




3adauu 325

8HAK B3aBUCHT OT TOTO, NEPEXONHT Jii Npapas (Jiepasi) CHCTEMA KOOPIH-
HﬂT B Jenyto (npasyio) wm ner. Tensop [g,] ectb axcuaisnoll men-

8MOpP020  parea, wuics 1o sakoHy (cM.
TZGII 18):

&=t a,0,8,

Onthueckass aKTUBHOCTb HE MOXET CYUIECTBORATE Y ULENTPOCHMME-
TPHUHBIX KpHCTanno. OHa moxer Gum» 0OHapy¥eHa § KPHCTa/NIOB, nph-
Haj, Kk 15 u3 21 Heuenr YHOTO Kilacca.

3ALAYTH

1. Kakue orp: BAOJAL ONTH-
ueckoM OCH Hanaraer chM&TpHﬂ B cayude knacca mm2?
4K PACTONONEHH INIABHHE OCH [£);] OTHOCHTENLHO MIIOCKOCTH CHMMe-
TPHH B KpucTamne waacca m? Kakosa ¢opma rtemsopa [g‘,] TIPHBENEHHOrO
K TAABHEM OCSM?
3. 1

B moannck Kk ¢ur. 81,
ucnonbayﬂ APYTHE YHCAEHHbIC sHaucuun AAS 0-KBaplla, yKasauHLe B Hacrosueil






NMPUJTOXKEHWS






1. CBOJIKA BEKTOPHBIX OBO3HAYEHMHA
U ©OPMYJ

B nacrosuwett mmre BEKTOPH HAOPAHBI KYPCHBHHIM  NOZYNHMPHEIM

wpupTOM, ol p B CHCTEME Ox,, Ox,,
Oxs omsuaqalouﬂ uepea P1» Por Pg. Mbl 3annceiBaeM
P=1pyv P2 psl;

4acTo Bekrop p oGosHavaercs yepes p; W [pl.
AGconiomuas sesuiuna, W 044Ka, BEKTOPA p 0603HAYZETCH Yepes p:
. P=Rtrtr= e
EQuHuunuii 8emop — 9T0 BEKTOP €AMHUYHON I/MHBI.
Cransproe npoussedenue BeKTOPOB p W g 0603HAUACTCS Yepe3 p+
u onpenesiercs Gopmysnoh
P q=pg,= pqcosf,
rae 0 —yron mexay p u q.
B d

B \p P H g ob cs yeped p X g w omnpe-
nensiercsi popmyJIon
P X g=(pgsin0)¢,

rae I— # BekTOp, YISpHBIR p M g TaK, 4YTO p, @
n I ofpasyior npasyio cucremy. Kommouents: p X g B npasoft cucreme
e creny P
(P25 — Pses Pt — Pl Pr92— Potfi)-
Ip cKansipa ¢, TOYKM,

ecTb BeKTOp, 00o3lauacMbilt uepes gmd qa, n onpc,uelmeTcx Gopmymnott
O O "_v]
Ox;’ Oxy’ Oxgl*

ﬂuﬂepeenuu}t Bem'opa P, ABJASIOLIErOCH tbyHKLLMEH KOOpJJMNaT TOYKH,
ectb ckansip, o6o3HauaeMuili yepes divp, w onpenmensercss (popmynol

grade =

=0 %P | Ops O

e =G 0w, Y ox =
Pomop sextopa p, s, ocs y TOUKY, ecTh
BeKTop, 00 #t uepes rotp. CHTHL €rO B MPasot cucreme

KOOPJIMHAT BANHCHIBAIOTCSA B BUIC

Opy 9Py Opy _ Opy 0Py _"L]
Oxg  Oxy' Oxg  Oxy' Ox  Oxpl®



2, CAHMMETPHSI KPHCTAJIJIOB 1 [IPABHJIA BbIEOPA
OCEll KOOPJMHAT

B naunmom mp Kparko p. p TIOHSITHS
H CHMBOJIM, YNOTPeOisieMbe B YueHHH O CHMMETPUW kpmualmos. H ONH-
CBIBAIOTCA NPaBUia Bubopa oce#t

Kuure, B p WU MbE Wintepna-
uuouam.nux rabami [55]
B Kiyre » we

NOIXOL K BOMPOCY O KPHCTATIOTPA(UIECKON CHMMETDHH, OLHAKO 31eCh
yHoOHee HauaTh C PAaCcCMOTPEHHS) MHKPOCKONHYECKOH, aTOMHOM CHMMETPHH,

Pemerka u 9Jementapuas suelika. Pewemia ectb Geckoneunas
cncremMa pacro, TOUEK;

O‘IKH C'(HTHIUTCFI ecid  no
K KaXno# n3 hux pemerka OAMHAKOIIH H MMEET OfHY W TY K€ OpMeHTa-
w0, HOeanrvHuim Kpucmaanom N0 ONPEAC/ICHHIO HABBACTCH TeJO, Pac-
NOJIOEHHE aTOMOB B KOTOPOM 00pa3yeT PeuleTKy; 9T0 O3HAYdeT, uTO
ﬂ) OTHOCHTEJILHO J1I060M TOUKH peuleTkH  pacioJioneHne atoMoB OJAMHE-
KOBO, 6) pacnojioeHne aroMoB OTHOCHTEJIbHO noGott TOUYKM, He ABJsIO-
uieftes Touxkoi PEUIETKH, OTVIMYAETCs OT PACIOJIOKCHUS ATOMOB OTHOCH-
TebHO ToueK peuterku. Ecan, naoGopor, 3sanan waeaibnpii xpucrami,

TO PEIeTKY MOXIO P B3sIB TP YO TOUKY B
Hauana KOOP/MHAT M 33TeM HaWsi BCE ONMHAKOBO PACMONIONEHHEIC TOUKM
B CMBIC/IE HX aTOMHOFO OKPY . dopma (10, KoHeyHo,
He ) TAKAM PEIETKH HEe 3ABHCAT OT TOTO,
KaKas TOYKA BHOpawa B KauecTse Nauaza Koopamuar. OnpeneseHubii
TaKUM 0GPasoM wneanbHui ABNSICTCS npo’

pealTbHbi KPUCTAMT He TOJLKO OTPaHMYeH, HO M OTJHYACTCH OT MMcalb-
HOTO paa MUty ¢
MoxHO cunrath, uTO pemieTka 06pasoBaHa TOYKAMH lepeceuelus Tpex
CHCTEM Mapajyie/bHLIX W PABHOOTCTOMMX APYr OT JAPYra TmiocKocTeH.
DTH TWIOCKOCTH HE/ST KPUCTANI HA MICHTHYHBIC SICMEHTApHble napai-
npu. nu e pHOLMY Seidiamu.
TaknM 06pasoM, NPUMHTHBHAS SJieMeHTapnasi suefiKa eCTb NapajJiejient-
mep, colepxauldi TOUKK PEUIETKH TOJIbKO B CBOMX BepluMnax. B nanunolt
pelleTKe ONpesie/icHHe NPUMUTHBHOR 9JEMEHTAPHON HUCHKH He SBJSIETCS
O/IHOBHAUHKIM, KOO YKA3AUILIEC CHCTEMBI MJIOCKOCTER MOryT OBiTh BHOpab
UUCIIOM 3 y BLGOPY COOTBETCTBYET CBOS
MPUMUTHBHAs  dJieMeHTaplas auefica, ‘acro Gunaer ynoGiee sHOpath
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GOABINYIO 3/EMEHTaPHYI0 AueHKY, KOTOPas CONEPIKHT TOYKH PELIETKH He
TOJLKO B BEPUIHHAX, HO M B LEHTPAX rpauedl HiM B Lentpe obbema,
a MHOPI@ W B APYrux Mectax. Takue sueHKH HA3HBAIOTCA MHOZOKPAMHO

npu. MU 304 My swediamu. Kak TaK
H MHOTOKPaTHO 15 AYelKH pib1
HaMu ¥ Tpex peGep, xompue oéoana-

uaioTcs BekTopamu @, b, .

TaockocTd peweTky, KPUCTANIMMECKHE TPANH W HANPABJCHHS.
BosbMeM HEKOTOPYIO TOUKY PEIIETKH B KAauecTBe Hauana KOOPAVHAT M MO~
Besem oci Ox, Oy, Oz, napaiienbHee COOTBETCTBEHNO @, b, ¢ (pur. 84).
MOXHO TI0Ka3aTh, YTO MJIOCKOCTH,

KOTOPAsi OTCEKAET HA OCSX OTPe3KH 2

alk, bk, ¢/l, rne h, k, |— uense
YKCJIa, HE HMelouMe OGMHX MHOXHTE-
ek, TIPOXOANT Yepe3 TOYKH peleTku
H ABJSIETCH OAHOH M3 nJOCKOCTeR CH-
CTeMbl napajijie/IbHbiX H PaBHOOTCTOS -
KX APYT OT APYra MIOCKOCTeH, npo-
XOMsKMX Yepe3 BCE TOYKH PeIUETKH.
Takas cHCTeMa naocKocmeil peweniu
o6oanauaercs cuMsosioM (hkl). Yncna
h, k, I nasviBaiorcs (Munneposcru mi)
unOeKcamu 3TOW CHCTEMB M/IOCKO-
cTelt. ¢u 84 Onpenenetne ocel Ox,

Ecnn kpucrain orpakuues mio- 0y, Oz, peGep sneMentaproii suefikn
CKHMH TPaHSIMH, TO STH FPaHu napai- (“31""“90" neiiic) a, b, ¢ i oce-
JIeNbHB  TUIOCKOCTAM  petieTku. ITo- X yraon g f Y.
sromy cumpon (hkl) wmeer v BTOPOH
cMbica, 00603HAYas 2zpaxs, napannenbHyio maockoctsm (hkl).  Takux
rpaHelt CyulecTBYeT nBe, MO OMHOM C KAXIOW CTOPOHB! KpHCTajna. [ paub,
PACNIONONKEHHAS 110 TY e CTOPOHY OT HA4aja KOOPAWHAT, uTO M INIO-
CKOCTb, OTCeKaiouast Ha ocsx orpesku alk, bk, cfl, 0Gosnauaercs yepes

(hkl); npot rpanb yepes (hkl); uepTouku Hal
MHIEKCAMH COOTBETCTBYIOT 3HaKy Muiyc. COr/iacHo 3QKOHY PAKUOKAAb~
HbLX UHOEKCOB, BCE MIIOCKOCTH, TP cobokt

rpaHd  KPHMCTAMIa, JOMKHK OTCEKATh HA OCSX TAKHE OTPE3KW, IVIHHEI
KOTOPHIX, OYIYuH BHP@KCHH Yepe3 HEKOTOPHE MACHITAOHWE OTPE3KH
BAOJL Oce# (np a, buc), Kax
HHe YuCa (PALMOHAJIHBIM UHCIOM HA3LIBAETCA 4YMCHIO, KOTOPOE MOXHO
sanuMcarb B BHIC pfg, The p M q—uejable uncia), DTOT 3aKOH Ot
NepBOHAYaNbHO  CHOPMYIMPOBAI HAa OCHOBE HAGMONCHWH HAL rpaHsMH
KPHCTAJVIOB, 4 B HACTOsILLEE BpEMs SBJISAETCS 1IPOCTO CJACACTBHEM peuieT~
uaTol CTPYKTYpPbl KPHCTAJIOB.
Bexrop, np M3 wayana B OBYIO TOUKY peuierkH,
B Bepiumie J O# AueHky, MOwer GBITb 3anMcaH
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B sute Ua+-Vb+We, rae U, V, W —ueasie uucna. Onpenenenioe
TaKHM 06pazoM p 06 {UVW]. Tax kak nas
HanpasJsienus 3uars 101bKo otoutenre U 1V : W,
TO Oﬁu‘lHO nuﬁupalo’r Takue Tpu UEJHX 4YHcia, KOTOpble HE HMEeioT
obux Mpowutesed. B kpucramiax kyGuueckodl cuctemsi (onpenensieMoit
Hibke) nanpapaenue [JVW] nepnennuxyaspro nuockocrsm pemerku (UVW),
HO [Jisi APYTHX KPUCTAM10B 3TO 06LYHO Hie CIPaBEN/INBO. Bo Bcex cay-
yasix Hanpassenne [UVW], Gyayud napaasiesibHbiM psidy TOUEK PemieTkw,
napansienbHo TaKke cemMelcTBY wau 3owne rpaue; [UVW|] sBasercs wa-
TnpaBjieHleM ocu 30Hbl. CorsiacHo  n1erko NOK23HBAEMOMY B0KOHY 308
(naspiBaeMoMy Taike 3axonom Beiicca), rpaub (hkl) Bxomut B 30MY
rpave#t ¢ ocvio [UVW], ecim

hU RV 4-1W = 0.

JuemeHTH cummeTpin. BOAbWHICTBO KPUCTAIOB RAPSAY C nepe-
Hocamu (T KpuCTa Kol p oGua-
Zider OnpeseienHon cuMMmpueh Dnst
ONMCAHMSl CHMMCTpHM  JIyuIUe  BCEro
PasNOWUTL €€ HA IAeMEHMbl CUM~
Mempuu. ﬂllﬂ TIOICHEHNS PACCMOTPHM
¢ur. 85, na Koropoll H3OGpPANEH
ABE CHCTEMH AaTOMOB, IpEACTABJ/IeH
HEIX YEPHLIMH ¥ GeJBIMH  KPYMKAMH,
Ecau 3Ty CHCTEMY aTOMOB NOBEPHYTH
Ha 120° (uiw ua Y3 mosuoro o06o-
pOTa) BOKPYF OCH, Mpoxonsiuielt depes
TOYKY P W nepnenanxyssipolt mio-
CKOCTH YepTema, T0 KapTHHA, OUYEBUIHO,
He wuaMenntcs, Ilocienyioume noso-
pornt na 120° Takxe He GyAYT mpu-

ur. 85. Cxema, nosicusiomasn BODMTb K H3MeHenusiM. IT0 CBOHCTBO
ONPEACICHHE SNCMCHTOR CUMMETPHH.  nayjof  CHCTEMBI TOUEK MOKHO OIH-

cath, CKasas, 4TO Oua OGNanaeT no60-
pomuott 0cbio i ocvio,
npoxosiuel yepes TOUKY P NepriecHANKYIIPHO NAOCKOCTH ucp’rema Tpu
CIUIOUIHME JIMHUK HA (ur. 85 0603HAUAIOT 3epKanbHbLe MAOCKOCMUL, MM
nAOCKOCMU CuMMempUil, TEPIIeHIMKY/ISPHIE NIOCKOCTH YepTexa. Yactn
ueprera no o6e CTOPOHE OT IJIOCKOCTH CHMMETPHH CBSIBAHH ApYr
C NPYroM Kak TpenMer M ero sepkajibeoe msoGpawenue. Hime npuso-
AMTCH  MepeyeHb 9JIEMCHTOB CHUMMETPHH, Ha KOTOpLIE MOXHO pasiio-
KMTH  CHMMETPMIO JIOGOM CHCTEMEI, M ONepaund, CBA3AHHHE C KAKALIM
SJIEMCHTOM. .

1) Llenmp cummempuu, ECIM NOMECTHTL HAYAJIO KOOPAMHAT B UEHTpE
CHMMETPUH, TO ACUCTBUE LENTPa CUMMETPHM NEPEBOAUT TOuKY (X, Yy, 2)
B(—x, —y —2z). 9ma p gt
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2) Bepranvran naockocms. DTOR NIOCKOCTH OTBeyaeT ONEpauys,
KOTOpast NMEPEBOIUT KAKIYI0 TOYKY B €e BePKATbHOE M30OPAKENHE OTHO-
CHTEJIBHO 3TOH MIOCKOCTH.

3) IN. Sro#t M OTBEYAeT OMepauus,
KOTOpasi NePeBONMT KMKAYI0 TOYKY B ee 3epKaJbHOE H30OpaXeHue B STOH
NAOCKOCTH W 34T€M NMEPEHOCHT ero napaijielbHO 3TOH NJIOCKOCTH.

4) ITosop ocy n-20 Tako# ocu oTBeyaer onepanus
noBopota Ha yron 2m/n BOprl‘ STOH OCH, Tie N — [0J0XKHTEbHOE
ueJnoe Yucio.

5) Bunmosas ocs n-zo nopsdra. Takol ocu oTseyaer onepaumus
nopOpoTa Ha yrosi 2m/n BOKPYr STOM OCH, CONPOBONAAEMOrO TPAHCIS-
unei AoaL 3TOH OCH.

6

och n-20 Tako# ocH OTBewaeT onepauus
noBopotra Ha yron 2m/n BOKpyr smn oCH, COTPOBOXAAEMOro HHBEpCHel
B 3a1anHOH TOUKE 3TOM OCH.

He Bce Jpyr oT Apyra.
TﬂK, HMHBEPCHOHHASt OCb MEPBOrO MNOPAAKA COBNANaeT € LEHTPOM CHM-
METpHH; VHBEPCHOHHAsS OChb BTOPOro MNOPsiIKA SKBHBA/JIEHTHA IJIOCKOCTH

ynspuo#t 3TOR ocu; I 0Cb TPCTHETO
fOpsiKA 9KBHBAJIEHTHA llOBOpOTHOﬂ OCH TpeTbero Mopsiika IJioC LEeHTP
CHMMETPHH.

Besienctsue  pelueryaToro CTpOeHHsi KPUCTAJIOB Y HHX MOFYT Cyiie-

CTBOBaTbh He BCE SJIEMEHThl CHMMETPUH M3 NPHBELEHHOTO flepeyHs. MoxHo

J10Ka3aTh, YTO B KPHCTauax e v ocu
TONIBKO TEePBOro, BTOPOrO, TPETHEro, qemepmro M WECTOr0 NMOPsIKOB

o ocelt ¢ n="5 u n>6 6r0
uune,neno M3 3aKOHA PAUMOHAJIHEIX MHIEKCOB). Peieryaroe crpoenke
KPHCTAJIIOB HAJIATaeT TaKKe orp: Ha n

CBAI3AHHBIC C BMHTOBLIMM OCSIMM M TNUJIOCKOCTAMH CKOJIbXEHusl.

l'lpoc'lpalw'rsellﬂue rpynnsi. 32KOI40M€p"0£ pacnosioxesne sJeMeH-

e B pelleTke 2pynnoit.

OﬂClJﬂul‘UL NPOH3BOAHMAs JOGLIM 9JIEMEHTOM Tpynmnui, A0/MKHA OCTABJIATEL

cummerpud, [pu nocnenosarenb-

HOM PACCMOTPEIMH BCEX BOBMOKHOCTCH OKA3HBACTCH, UTO HMCETCA TOJbKO
230 pas/uYHKIX NPOCTPAHCTBEHHLIX CPYNM.

Toueunsie rpymmel H Kpucramiorpadguyeckue Kaaccel, [pu usy-
YeHuH (PUBHYECKHX CBOMCTB KPHCTAJIOB HAC MHTEPECYIOT HE OTHOCHTE/b-

Hble a ToMbKO ux OpHENmayus.

Bosnukaer Bonpoc: Kakue cHM-

MeTpuH, JMIWb KX 6op M OpHeHTaumeH,

BHe BABHCHMOCTH OT OTHOCUTENbHOO PACHIO/IONKCHHS STHX DJICMEHTOU

a TaKie o1 c CKOTb-

HeHst H BHHTOBLIMM OCMu? OTBET Ha 5TOT BONPOC ONPCAEJSCT BHAM
CHMMETpHH, oGnanaior B

KpHCTa/IIa H €ro neanbHan ¢opma pocra.
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KPHCTAIIOB:

a) HEHTP CHMMETpHM,

6) sepxaibhas MIOCKOCTb,

) TNIOBOPOTHLIE OCH NEPBOTO, BTOPOro, Tpe’rbero. YETBEPTOrO ¥ 1ECTOTO
TOPSAKOB,

) MHBEDCHOHHHE OCH NEpBOro, m‘oporo, TPETbEro, YeTBepPTOro
M LIECTOTO NOPSULKOB.

B cnyuae KOMOMMALMM STHX S/ICMEHTOB Ml MOXeEM CYMT4aTh, uTO BCE
OHH TIPOXOLST Yepe3 OmHY TOUKY; ¥ p
TIHYECKHX moueunnmMu zpynnamu ).

Moxuo nokasatb, npopepsis Bce 230 NPOCTPAHCTBEHMBIX T'PYNN, YTO
UMEIOTCs TONbKO 32 Toueunvie rpynnel. Kpucramie noapaspensiorcs ua
32 xpucma. ux Kaacca rpyn-
NaM CHMMETPHH.

Tlepeuncaenne 82 TOMEUHBIX FPYRN M KPUCTAAAOTPAPHYECKHX
KJAcCosB. Daementet CHUMMETPHH 32 TO‘IB‘IHHX Tpynn  noKasaHbl
B 1abn. 21 (crp. 336 — 40) ¢
3nech MOXHO JaTh Cliefyiouiee onpeneneuue cmpeorpm‘mqecxoﬁ npoex-
UMK, WHPOKO " B padmu: 1) aercs,
u4ro’ 0COGas TOuK TOMUHON TPYNNM HAXOLMTCH B LCHTDE 1306pa-
Kawowelt cdepi; 2) OpHEHTALMM H/IEMEHTOB CHMMETPHH OTPECHsHOTCSH HX

P c cdepui; 3)  xaxnas
Awarpamma, npusenemwas B TaGn. 21, npeacrasiser coGod MpoekuUHIO
OnHOM ycdep: cepel Ha IBHYIO Tl
3ra y 13 TOUKH, na cepe no Apyrywo
cTopoHy or or Hee

(Tako#t mpoexumed éwm 6b|. nanpumep, npoexuun cepepuodt noaycdeput
BeMM M3 I0XKHOTO TOJIOCA 114 HKBATOPHAJILHYIO MNOCKOCTH). CuMBONH,

Anst Ha cTepeo-
rpamme (cTepeorpaduyeckol MPOEKUmi), NOACHSIOTCS BO BTOPOM CTo/GUE
Ta671.

B 1abi. 21 kawap#l Kjaacc 3afaH NOMELIEHHHIM Hal CTepeorpamMmoit
DJIEMEHTOB  CHM-
MeTpuH (9TH OGOBHAUEHHSI TIOACHEHH B TchbcM cronbue taba. 20). Aror
CHMBOJI He 0693aTe/IbHO BKJIOUACT BCE SJEMCHTH CHMMETPUM HaHmOro

KJIdcCa, HO M3 HanMuus BK, B CHMBOJ,
00658aTe/ILHO CIIeYeT IPHCYTCTBHE BCEX OCTA/bHBIX 9JIEMENTOB (10 CYUIeCTBY
CHMBOJI BKJOUaeT Goabuiee uMCIO ueM CTporo

JJisl onpejiesieus TOueyHoW rpynmm). Tak, wanpumep, cumson 4/mmm
03HAYAET, YTO MMEIOTCS TNOBOPOTHAS OCh YETBEPTOrO TNOPSAKA, nepnex-
) r P prryp
Onuaxo,
[‘COMQTPYI'I(:CKMO q‘lHl‘} PHl HE HMEKT pemcrlmroro CTPOCHMS, JUISI HHX 3HaueHs n
Bee

cum-

n ne orp
Me'lpun TaKuX Quryp oGssarensno npoxo}mr uepes oy 10'my.
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TABNUWUA
Cumeonse 3.aeMERIN0B CumMempuy 32 moueunx epynn

Drement cumeETpHIL Cunon na crepeorpanne | MUTERNALNONGL-
Uentp cummerpun Cumpona Het i
3epKanbuas MIOCKOCTD Cunonisas  nmpsmas m
HIM OKPYXHOCTH
Tosopomsie ocu
Ocb mepBoro nopsuika CumBona ner 1
Ochb BTOPOrO MOpsAKA . 2
Ocb TpeTbero nopsuka A 3
Ochb 4eTBEPTOro NopsaKa . 4
Och wecToro NopsuKa ‘ 6
Hnsepcuonnsie ocu
Oct nepsoro nopsnka =uentp cuM- | Cumpona Her T
MeTpuu
Ock BTOpOro nopsika == sepkanbuas | Tor we, uto nna sep- | 2 (= m)
TOCKOCTD, MEPUEeHAHKYIAPHAs OCH KaNbHOI MNOCKOCTH
Ochb TpPeThero NopsKa = NoBOpoTHAS 3
OCh TPETHErO TOPSAKA MAIOC LEHT A
cumMMeTpuI
Ock yeTBEPTOro INopsaxa (BKJouaer ® i
TIOBOPOTHYIO OCb BTOPOrO NOPska)
Ocb BIECTOro TOps/Ka == NOBOPOTHAR B(=3/m)
oChb TPETLEro MOpSKA IOC nep- @
HeHAHKYsIpHaR K Heil II0CKoCTh
IMKynapuas " (4/mm), nanee, TJIOCKOCTD,

conepawas 97y och (4/mm), M, nakouel, 3epKa/bHas MIOCKOCTD, TaKKe
conepKaLan 9Ty och M JeKawas moA yraoM 45° k nocienmell miocko-
cti (4/mmm). O6Gpamasich K 1abn. 21, M BHAMM, YTO Y NaHHOH TO-
HeYHOW TPYNNEL MMEIOTCS HE TOJILKO 9TH 9JEMEHTH CHMMETDHH; OLHAKO
HeTPYANO TOKA3aTh, UTO W3 NAJHYMS ITHX IIEMEHTOB ¢ HEOGXOMMMOCTHIO

Y P flockocTelt 1 ocel




TABAHUAZ

Hnemenmot cummempuy U npasuna 8vi60pa ocel
8 32 Kpucmannozpaguueckix Kiaccax

CumBonb B paMKy

Tpuknurran cucmema

Moroxnukas cucmema
m

<
=
<

222 Opmopom6buyeckas cucmemum

T Ty
" Ty

336




Tlpodoasicenue ma6a. 21

TempozoHasbHas cucmema

22 Ik, Hap 337



Tpodonxcenue maGa. 21

TpuzoHanbKas cucmema

338



Hpodoswcenve maGa.

[excagonanbHas cucmema

6 g
622
y
Y
\ 2
By
6mm bm2
U, U
ly
&
2,3

6/m mm

339



Hpodonacerue maba.

Kybuueckan cucmema

23
AT y Vel Y
)z, T2
&y 4,3,
432
4 y
Ly
X%y

340

N
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BTOPOrO UOPsKA, HOKA3amubiX Ha crepeorpamye. OGime npasuaa Aas
NOCTPOENHsi CHMBOJIOB TOYEYUBIX TpYNN 3jech oGCykiaThes ne GyayT,
TaK KaK A7 noc. 0 Ol He  HYKHEL
CrepeorpaMmbl ¥ CHMBOJBI, TpuBencHuble B Tala. 21, comepxkar Bce
ueoﬁxonumue CBeJleHHsl, MNpuueM CHMBOJBI  KJNACCOB, HMMEIOLUMX LEHTP
CHMMETPUH (lleHTpOCMMMETpH‘II!LIX I(IlaCCOE) BAKJMOYEHH B PAMKH.
Onucannble  CUMBOH — OCHOBAHH HA  CHMBOAAX, —MPEJJIOMEHHBIX
Morenom u [‘epMaHqu B psne kuur u crateft eiie HCNOB3YIOTCS CTaphie
], e B JlaHHOW Xuure; Aas cnpa-
BOK OHH npuneneum BO BTOpOM cToaGue TaGn. 23.

Cumsonet {hkl} w (UVW), Cumon ({hkl} oGosnauact Bce rpanm
KPHCTAMIA HJAH CHCTEMbl naockocTel PpelueTkH, KOTOpble MOJayuaioTCs H3
rpanu MaH 1 u (hRI) p ee ¢ 9/IeMeNTOB
CHMMETPHH JlanHo# Toueuno#t rpynnel. Tlosyuennas TtakuM cnocoGom
COBOKYMHOCTh rpauell 00pasyer hopiy; STH IPANH HABLIBAIOT ,FPAHTMIt
dopmu {kkl)“

Auanornuio, cuMpon (UVW) oGosnauaer Bce HanpaBienus, KOTOpbie
MOXHO noayunth #3 [UVW] pasMuoxenueM C NOMOLIbIO  SJEMEHTOB
CHMMETPHM JIaHHOM rpynmbl.

Kpucrannorpaduueckue cucrembl. Bce Kpucramorpaduueckue
KJACCL, YHCI0 KOTOPHIX PaBHO 32, 06BIMHO 1)6179-1[]4!]5][01‘ B Ce€Mb KPHCTAIO~
rpaduueckux cucteM, Kak ykasano B TaGa. 21. Knacc Bk/miouaercs B AaHnyio
|«pucra:m0rpa¢u'xecl<y|o CHCTEMY B TOM Cayuyae, €CHH ero CHMMeTpus
06.’[3}[5@1’ onpeaeneHHbiMH XapaKkTepPHbIMH csoticrBamu. Haspauus cucteM
M TpeGOBaHMs, KOTOPbIM JIOMKHA YLOBJIETBOPSITH CHMMETPHS KPHCTaana,
BXOASEr0 B NAHHYIO CHCTEMY, NPHBOASTCS HHNKe.

1) Tpuxaunnas cucmema. VIMEIOTCS TOMBKO OCH NeEPBOro Mopsika
(MOBOPOTHEIE MAH HHBEPCHOHHEIE).

2) Monoxasunnan cucmema. Vimeercsn ojya och BTOPOro NOpsaka
(110BOPOTHAS MM MHBEPCHOHHAS).

3) Opmopombuuecran cucmena. VIMEIOTCS TPH B3AHMHO ncpneunuuy-
ASPHBIE OCH BTOPOro Mopsiaka (NOBOP HIM
et ocet Gosee BHICOKONO MOpsiKa.

4) Tempazonasvnan cucmema. ViMeercs onna och  ueTBEPTOro
nopsaka (MoBOPOTHAS WM HHBEPCHOHHAS).

5) KyGuueckan cucmema. VIMEIOTCS ueThpe OCH TPeTLEro MOPsAKa,
PACTIONOMKEHHbIE NAPANTeNbHO OCGLEMHHM AHaroHaiM KyOa.

uzOHabraR cucmema. VIMeeTcs oaMa OCh TPEThEro Mopsaka
(NOBOPOTHAS WAH HHBEPCHOHHAS).

lexcazonarsnan cucmema. Vimeercs onna och INECTOTO NOpsinKa
(NOBOPOTHAS MM MHBEPCHOHHAR).

BuiGop oceit Ox, Oy, Oz. Onncannoe puie 0GBLEAHHEHHE KAACCOB
B CHCTEMBI MpPHMENsieTCst NOTOMY, 4TO MpH STOM AJs BCEX KJaccon OAHON
cHcteMB MOXHO BuGpath omuy M Ty ke cucremy ocett Ox, Oy, Oz,
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Bonee Toro, Koria BrGOp Ocell cmenan (B COOTBETCTBMH C Ompele-
JIEHHEIMH TP HiKe), UTO  MOXHO
B3ATL TAKyIO yio  suerky, aib:c B Koropoh
XapaKTepusyer AauHYiO CHCTeMy. IIpH 3TOM 4acTo GkiBaeT HEOGXOMMMO
BHOPATL MHOTOKDATHO NMPHMHTHBHYIO siuelky; Mesd B Buiy 5TO 0GcToOsi-
TE/bCTBO, MHl M OCTaBMM 32 COGOH NMpaBO NPHMEHSTH HENPHMHTHBHYIO

oceft

avetiky. Himie npaeuna, P
Ox, Oy, Oz or pakrep CHMMETpHMH Kaxio#
CHCTEMH; KpOME TOrO, i Memay

a, b w ¢ u vexay yraamu o, B u 7, nokasamneidu na ¢ur. 84,
1) Tpukrunnan cucmema. a==b=c; a#p+7.
2) Monoxrunnan cucmema. Ocy Oy napanrenbha OCH BTOPOTO

nopsAKa;
a#b+ ¢, a==q=90°£p.

8) Opmopombunecxasn cucmena. Ox, Oy, Oz napannenbhs ociM
BTOPOFO MOPAIKa;
N atbtc, a=f=1=90"

4) Tempazonansnan cucmena. Och Oz napannentua OCH ueTBep-
TOr0 TOpRAKa; o
a=b+#c, a=f=1=90°

8) Kybuueckan cucmema. Ox, Oy, Oz napamnenbhn peGpam KyGa,
0GbeMIbIe IMArOHAMH KOTOPOro SIBASIOTCS OCAMH TPEThero Nnopsika;

a=b=c, a==f=17=090°

6) Tpuzonasvnasn cucmema. Ocb Oz napanienbHa OCH TPEThero
nOpsAAKa;

a=b+c, a=p=90° 7==120°

7) I'excazonansuasn cucmenma. Och Oz napannenbua OCH WECTOrO

nopanxa;
a=b+c, a=B=90° q=120°.

ViHora cunTaior, uTO TPHrOHANbHAS M FEKCArOHAMLHAS CHCTEMH, HMEIO-
LHe aHanoruunble CHcTeMsl oced, 0oGpasyior onHy cucremy. [ nexo-
TOPHX CHCTeM ( As - Terpar p npasuna
He ONpEeeNsloT HANPaBJeHus BceX ocefl, nosToMy Ans Gosee CHMMETpHY-
HHX KIACCOB 9THX CHCTEM BBOJWITCS AONOJHHTeNbHbE npasuna. Hanpas-
nenns Ox, Oy, Oz ykasawwl ma crepeorpammax Tabm. 21 BO BCeX Tex
cayyasnx, KOrjaa MpaBuia rOJHOCTBIO ONPENesioT UX MNOJOKEHHE OTHOCH=
TEJLHO /IEMEHTOB CHMMETPHH,

Ocu B ycnnoaxe Munsepa — Bpans u B poMGOSApHYEcKO
ycranoske !). BILE COOT y TpHro-
HabHOH 1 reKcarouanbnon CHCTeM HeJbast ycrauoumb. YTO y HUX MMEIOTCSH

1) Matepuan, Hanoxenusii B 9TOM pasjene, He SBASETCA HEOOXONMMBIM ANS
TOBHMaIiis OCHOBNOTO TEKCTA KHMIHM M NPHBOAHTCA HAMU AIS HOJHOTHL.
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OCH TpeTbero nopsiaka u Tem G0Jee OCH HIECTOrO NOPSAKAE, XapaKTepHre
179 9THX cHcTeM. T1o 970H npuykMHE K yKa3aHHHM OCSM YacTo N06ABAAIOT
ueTBepTyi0 OCh, 0603HauaeMylo uepes Ou, HANPABASA ee B MAOCKOCTH
Ox, Oy non yrnom 120° k ocam Ox n Oy u sanapas Macuab BLOJbL
5TOH OCH paBhuM a. B sroM cnyuae ocu wasmBalorcs ocsmu Bpass—
Mu/mepa. Cumson TPaHH MJIH CHCTeMbI naockocre#t peiieTkH nmpH 3TOM
BaNMCHIBAETCH TAK )Ke, KaK Ipexne, 833 MCKMIOYEHHEM TOrO, YTO Tenepb
OH CONEPKHT YeTHpe Muiekca, T. e. B 06uweM cayyae (hkil), rie wHnekc i
orHocutess K ocu Ou. Wuiekce h, k, I He HesaBHCHMEI Npyr OT APyra;
MOXHO MOKA3aTh, YTO OHM CBS3aHH COOTHOUIEHHeM h -4k —+1==0. IIpe-
HMyIUECTBO MCNONL3OBAHKA YETHIPEX OCeH COCTOHT B TOM, UTO KPHCTan-
nUYeCKHE rPaHM OnHOM W TOH e opMu, ckaweM {hkil}, oGosnauaoTcs
COBOKYIIHOCTSMH HHJEKCOB, KOTOpHE, €CIH He CHUHTaTh B3HAKOB, NOJY-
HAIOTCSl O/IHA M3 APYrOft MPOCTOH NEpPECTaHOBKOM MHIEKCOB; TaKuM 06pa-
30M, 5TO NPABMIO CTAHOBWTCS OOGUIMM IS BCEX CHCTeM.

Bonpoc 06 0603HaveHun HanpapieHuti B TPHFOHAMBHOR M reKcaroHasb-
HOM CHCTEMAX He BOBHMKAET B OCHOBHOM TeKcTe NaHHOM KHMTM; Ojako
B CBASH C TeM, YTO 9TOT BONMPOC OOHUHO COBEPMIENHO He PAcCMATpH~
BaeTCst B yueﬁnnxax. Mbl CyMTaeM TMONe3HbIM CIENaTh CJAefyioulue 3a-
Meyanusi 1), BuGop TOH nan HHOH CHMBOJHKH 3aBHCHT OT €€ NpHMEHEHs.
Jlns MHOFMX 1ene nyumme BCErO HCNIOAB3OBATH TOMBKO TpH OcH OX,

)y, Oz u saflucuBars nanpaprenne sekropa Ue—+-Vb-+We B suie
[UV*'W], nmn [UVW]. Torna c tpems uncramn U, V, W moxno oGpa-
WATHCA COBEPIUEHHO TaK jke, KAK C TPEMs WMCIAMH CHMBOJA HAnpapiie-
nust [UVW] B moGo#t apyro# kpucramnorpapuveckoit cucreme, B wacr-
HOCTH, NS HMX CnpaBeiquB 3akon 301 Beflcca, KOFAa OHM MCMIOMb3YIOTCH
B COUETAMHH C MuaeKcamu rpane#t h, k, I Henocrarkom Tako cimBo-
JHKH ABASIETCA TO, YTO HANpaBJenws, CBA3aHHBIE LPYr ¢ ApPYroM onepa-
HHSIMH CHMMETPHH TONeuHOH rpynnbl, He Bcerna 0608HAUAIOTCH TaKuMu
COBOKYMHOCTAMH MHJEKCOB, KOTOpHE MOMYYalOTCA OiHa M3 APYro# npo-
CTOH MepecTaHoBKOM HILEKCOB (C TOWHOCTHIO 11O 3HAKOB).

310 saTpyamenHe ycTpauseTcs MPH HCMOJBSOBAHMM APYrHX 0603na-
YeHHH ~— € ueThipbMs Takwue CTpPOro
OTJIMYATH OT TPEXMHAEKCHHX, ONHCaHHHX Boie (T. e. ot [UVW] wam
[UV*W]). Hanpasneuwe, Tak e Kak H rpamb, 00603HAuaeTCsi B STOM
cayuae cucreMolf uermpex uucen [U'V/T'W’], npuueM cyMMa IepBrX
TPeX M8 HMX pasia Hymo, 7. e. U’+V’'-T'=0. Hanpasnenne
[U'V'T'W’] o6osnauaer HanpabieHHe BeKTOPa

Ula+-V'b+ Tt W',
rae {— BeKTOp, uMeiouw#l Jamny @ W nanpaprenHufl Baonb ocu Ou.

(MoxHO nNOKagaTh, uTO ONpejeNeHHble TAKHM TNyTeM UeTHPE HHieKca
ABNAIOTCA HOPMA/bHEIMM TPOGKUHSIMH yKA3aHHOrO BEKTOpA Ha veThipe

1) 310, Bonpoc obcynnaercs B crathe Hounes [33]; Tam ke npuseseHbl
CCHUIKH Ha AHTEPATYpY.
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ocH; LJMHA  STHX Mp pasna 3aa, 3a, *fa
u ¢.) B uertipexunnexcrom 06osnavennn och OX HMeeT CHMBOX 21 101,
B TO BpeMsi Kak B TpexXuHAeKcloM o6osHaueinn — cumos [10%0], um
[100]; TakiM 06pa3oM, CHMBOJbLI OJIHOTO H TOFQ K€ HAMPABJCHUS B ABYX

BHIASAST P B uerhip
oGosnauensix sakor Beticca (dopmymupyercs  caenyomuM  06pasom:
rpaub (kkil) npunasnexur K soe ¢ oceio [U'V'T'W’], ecan

RU A RV - T A= W' = 0.

B HEKOTOPBIX KPUCTAZIAX TPHFOHAMGHON CHCTEMB! BOSMOXeEH BHGOP
. TPHMHTHBHON POMGOIAPHUECKOH SeMeHTapHOH fAuetiku; COOTBETCTBYIOLIME
ocu Ox, Oy, Oz, po. P MU, MW MUANe] Ml

OcsiMIU, ONMHAKOBO HAKJIOMEHH K OCH TPEThero MOPsAfKa, NpuueM

. a=b=c¢ u a=p=1y.

PoMGoszpyueckylo  siueiiKy MOXHO Takke BHOparth (XOTA 370 OGHYIO
JaeT MeHblile NPeHMyLIecTs) B APYTHX KPHCTAMIAX TPUFOHAMBHON CHCTEME
M B KPHCTaInaX TeKCAromaibol CHCTEMbl, HO B STHX Clyuasx TaKas
aneMenTapuas sveitka we Gyner npUMMTHBHOM.

BuiGop oceli Ox,, Ox;, Ox; J[lns 3anuck TeH3OPOB W Mavpwi,

p KPHCTANNOB, HCNOAL3YyeTCs HHas

cucrema ocell, a uMeHuo Ox,, Oxy, Ox; DM OCH BCErla B3AMMHO

nsipubi.  Pac ocelt Ox;, Oxp Ox3 othoCHTENHHO

Ox, Oy, Oz B pasmMuHBIX KPHCTALIOTPAPHUECKNX CHCTEMAX Onpejeasercs

cooGpaenuamy  ynoOcTea; B nacrosimeli KiMre Mbl CleiyeM NpaBHaaM,

pekomennoBanuniM IRE [86]). Dti npaBuia MOXHO pesioMHPOBaTH Crie-

AyowmM 0Gpasom.

Mouomzummu cucmena. Oxy| Oy,

BHAS AbHGR U AbHGR  cucmenbl.

Ox;]| 0z, Ox,]|Ox.
Opmopombuneckas u KYOuuecKas cucmemb.
0x,]|0x, Ox,||Oy, Ox4f|Oz.
Mpuusto BuGupats ocu Ox; TaK, utoGu OHK OGPasoOBLIBANK TPABYIO
CHUCTEMY KAaK [Jisl JIEBHIX, TAK W JUIS NIPABHIX KPHCTANNOB suau’rvmm(va})thx

xaaccoB!). Ocu Ox,, Ox,, Ox; yxasaiu Ha crepeorpammax Tabn. 21
BO BCEX CIyuasX, KOFA MPHBC/HHHE NPABHAA MOIHOCTLIO OMPENeNsIoT

1) Cm. npHicuanie na crp. 321,
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HX TOJIOMEHHe OTHOCHTENBHO SJEMeNTOB CHMMeTpun. Taxk opMymi-
PYIOTCA  yCOBHS, HeOGXOMMMEIE IAsi TOrO, 4TOGH ONPCAE/MMTH ANA BCEX
32 knaccoB (OpME MaTpPHIU, MNPEACTABJAIOWMX CROHCTBA KPHCTAIIOB.
Onnaxo, uroGEr  MOKHO GbLIO

PHYECKHX KO9(]-
rbmmem‘nn) A1 KaKOro-sM00 JaHHOr0 KPHMCTAnna, HeoGXOLMMO BBECTH
JIONOMHHTENbHBE NPABHIA OTHOCHTEBHO OPHMENTALMM H B3AMMHOTO Pacno-
nowenus ocett Ox;, Ox, Ox. 3nec BoaMOXeH WHPOKKH BbiGOp,
OIHaKO,  Bep craner p cHcreMa,  mpen,

IRE [86].

Omunonenus. om npasun. JLs HEKOTOPHX MAaTpHI CBOHCTB KpH-
CTaZNIOB MHOTAA  HCnoabayercs uuoll BuOop ocet Ox,, Ox,, Oxj.
HauGonee Bawwuuil u8 HuX — BHIGOD OCell 4151 MOMOK/IMHHOM CHCTEMH,
npu kotopoM Ouxy|[Oy. Tako#t BHIGOP NPUMCHSETCS PALOM ABTOPOB.

OnTHYECKH H30TP KPHCTAJNBL,
Wnorna Kpucrannorpac};wuckue cHCTeMbl oﬁ'bu\mmlo'r B TPH TPynnbl no
HX onTHueckuM cBoifctBaM. Kax nokasawo B ra. XIII, § |, n. 1 u 2,
OnTHYEeCKHe CBOHCTBA NPO3PAYHBIX KPHCTANNOB MOXKHO Onucare € no-
MOLLBIO 3JIIMIICOMAA, HA3HIBAEMOro MHJlMl(ﬂTpHC()n. B ciydae TPHKIMHHBIX,

u oprop KX KPHCTA//I0B BCe TPH OCH MHAMKAT-
PHCH HMEIOT i yio ammy. C. , MHIMKATDPHCA B STOM
ciyyae MMEeT 1BA KPYrOBHIX LEHTPaibuuix ceuennsi (cM. ¢ur. 71); Hop-
MalH K STHM JBYM CEUEHHSIM Ha3BIBAIOTCS ONMUMECKUMU OCAMU Nepeozo
poda. B COOTBETCTBHH C STHM TpH Y Kpucraznorpad,
CHCTeMBI NA3HIBAIOT 08yOcHbiMu. JINSi TPHIOHAMBHBIX, TETPArOHAMBHEIX M
reKCaroHanbHHX KPHUCTANMOB HHAMKATPHCA SBASETCS 9J/MICOMAOM Bpa-
WEHHs M MMEeT TOJKO OAHO KPyroBoe LentpanbHoe cevenue. Hopmaan
K 3TOMY €AHHCTBCHHOMY CEYeHHiO, COBNaAIOILas ¢ OCbK) BpalleHus, Hadbl-
BATCS ONMUYECKOil 0CbIO. l'loa'romy TPH yKasaHHBIE CHCTEMU HA3bIBAIOT
00HOOCHbLMU.  [Lnsi  KyGHUeCKOH CHCTeM:l HHAMKAaTpHCa HMeeT (opmy
chepr, BCIIGJCTBHE Yero 974 CHCTeMa
XOTs Takas rpynnMpPOBKA CHCTEM OCHOBAHA JHIb HA ONTHUECKHX CBOM-

CTBAX, OHA H K Apyrum HGO LeLH PsijL MHBIX CBOHCTB
p MOXHO b C TION B un B obuieM
cayvae ¢ BTOpPOro ; K TaKuM

oTnocsTCs  BCe  cBoficTna, BhIpaXKaeMble  CHMMETPHYHLIMM - TEH30PaMK
proporo paura (cM. ra. I, § 4 u 5).

Onmuuecku

Alsyocusie cucmensl: Oonoocusie cucmemvt: ugomponnas
cucmema:

TPUKAHHHAS TeTparoHanbhas K)’GH‘IECKGH

MOHOK/HHHAS TPUrOHAJBHAS
opTopoMGHYCCKas rekcaronanbias
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JNTEPATYPA N0 KPHCTAJIOTPAGHH

Xopouwkm B yuenue o ABASIETCS KHAra
Punaunca [74] 1),
CnpaBouHofi KHUrOH N0 BONPOCAaM TEOPHK KpHCTan/orpadMueckoit cummer-

MU CymaT TaGNHUE! NS DA pa-
P Y2

¢un*, 1. 1, ony B 1952 r. y CO30M a-
¢os [55]. '

Tonuwiii ¥ cxarwii BHBOA Bcex TOYEUHBIX u TIPOCTPAHCTBEHHBIX rpynn (Ma-
B padore P. ZSehi'ruﬁ »Marpuasio-
anreﬁpauqecuoe a3BUTHE KPHCTAMION] qaullcckux ylm S. rist.,

1934) (I’Olle‘lllblep rpynnu), gﬂ &3.: ) (pemerku); .'é!ﬁ (1935) (llpocrpan-
cnxeuuue rpynnbt); 94, 100 ( 1936) (npoupancmennue rpynnm) 1?)

i) Cw. raske yueGnukn (114, 123]. — ITpun. nepes.
2) Ipoctoi ¥ Harnsuuibil BeBON peurerok BpaBs W BceX NPOCTPaHCTBEHHBIX
rpynn nau II B. BenoBbiv [97—100]. — ITpun. nepes.



3. CBOJIKA CBOWCTB KPHCTAJUIOB

B 1a6n. 22a u 226 Bce BexTOpH H TeH3opw B rpymnax [I—VI no-
nsphbl, kpome BekTopoB H, B u I; 9Tn nocnesnue akcuanbibl. Kako#t us
EuH(®u X C HUMH POB) AIBJAETCH AKCHANBHBIM,
a Kaxoft NOMAPHEIM, OTYACTH BABHCHT OT HAIEFO BHIGOPa (CM. NpHMeua-
Hue Ha cTp. 75). Bo n'mpou cronbue taGa. 22a ykasauu CBOMCTBA MM
HTH. 3ec 3
Caonc'rna. uaasamm KoTopux B Tabn. 22a sakmoqenu B Knanpa’mue
cKoOKH, no K
HEMOCPENCTBEHHO HaJ i, (Xorsi Bce cBOHCTBa MMeIOT cBOHCTBA, 0OGpar-
HHI€ N0 OTHOWEHHIO K HMM, B TaGr. 22a BKMOYEHH TOMLKO Te OGpaTHhe
CBOHCTBA, KOTOPHE YNOMANHYTH B OCHOBHOM TeKCTe.)
CeoficTsa, ypasHeHis KOTOPHIX 06 LeMHeHb GurypHOH CKOOKOH, TepMo-
ZMHAMHYECKH CBA3AHLI.
Lugpor, 2 no, pH OTHOCATCS K TIPHIIOKE-

B tpervem cronGue TaGn. 22a u 226 npHBENCHH YPaBHEHHS, OMpe-
nensiowue CBOHCTBA, yKasanHble BO BTOPOM croabue. [lpocras nponop-
ILHOHALHOCTD Me»my nepeMeHuuMu ykasauuan ajlech, CIPaBeNIHBA TOILKO
s 2! L Ias 6 3na-
uenmtt anHHMHETCﬁ nuq)q)epenunanbuoe onpe.ne fIeHHe; HANpUMEp, AAR M-
SJIEKTPHYECKOH NPOHMILAEMOCTH

K =3F
o sroit npwmne yp B B pae Cayuaes
JAHEX B TeKcTe,
Pamencuue 'reuaopnux csottcte ua rpynnet 1—VII 1o nexoropo#t
crenexn 3MeKTp
Hue, Bmmuelmoe B |pynny 1, cnﬂaunﬂc’r leusop nmporo pama (npo-
Ka) C

BbLAC

neHnst JKoysieBa 'mnna) ypaauenuem

9=puJiJp-
D10 ypaBHEnHe MOXHO NPHUSTH 33 ONPEACACHHE Py, H TOTIA €IO CAEAYeT
orhectn K rpynne IV. Takum 06pasoM, HeonpeneneHHOCTh CBAI3aHA C MPoO-~
HBBOJILHOCTBIO BLIGOPA oOnpenessiouiero ypasnenusi. Ecin e onpenensiio-
uee ypaHenne MsOPaHO, TO TeM CAMbIM ONpPENCJeHa M rpynna B Haiwett
cxeme. Hao00pot, paur 7ensopa He SBAAETCA NPOM3BOJLHBIM.
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Tensopet, onucsi8arouue Ceolicmsa Kpucmas408,
ynomsnymeie & dannoli Knuze

ypl;‘s,ﬁ‘;‘.’m Cuoficrio Obuwe

Wicrpanuua | s cosddusH entes ‘ypaitenwe MEKAY KOMTOHeNTaNH
1. Crannp, censviarouuil 08a ckarnpa

(10.1), 205 | Tennoemxocts C | AS = (C/T) AT ] -

11. Tensop nepsozo parea, c8a3b18a10ULE CKANAP 1L 86KMOD

(421), 100 | [upossekTpuuc- APy =p, AT
ckuit spdext 1

(10.37), 219 | Snextpoxanop- AS =pAE, -
ueckuit spdexr1

(1046), 222 | Tennora noaspu- AS =t AP
sauuu

(1046), 22| Tlore,  oGycao- E, =—4AT

BJICHHOE H3Me-
HeHueM TeMrie-
patyphl 1
100| Monspuaauys npu Py =—dyp —_
FUAPOCTATHYE-

CKOM CiaTHH 1

1. Tensop emopoeo panza, césaviearousuic d8a sexmopa

(4.6), 90 JlussekTpuue- D; == wyEy CuMMeTpUYHbIit Tek-
ckas npoHKUac- s0p
MOCTB 2

(9.20a), 190 | {JlusaexTprue- Ey =8,D; To me

cKasi HENpONH-
uacmocts] 2
(4.5), 90 LlmsnekTpruecKas Py = wnyiyEy

BOCHPHHMYH-

BOCTH

348
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Houey

Croi 06
Jrammeit |y woapmentu ‘Vpanserme xR KouRONeTa
(37), 75| Marnutnan mnpo- | B; = pyHy Crmmerpuunbiii Ten-
HanaemocTs 2 30p
(35), 74| Maruwtias  soc- | 1 = pobyHy To we
npumMuHBOCTS 2
(11.17), 245| Vnensuas snex- | j; =opkEy, P
Tponposoa-
HOCTD
(11.18), 245 | [Ynenvhoe snex- | E; = puiy -

TPHUCCKOE €O~
nporusaenue] 2
(11.3), 235 | Tennonposon- by =—ky (OT/0x))
HOCTH 2

(11.8), 236 | [Tenuosoe conpo- | 07/0x; = — ry;hy . »
THBIEHHE] 2
(12.36), 268 Tepmosaextpuue- | dp/Ox; = F—
¢80 3| =— ¥, (07/0xy)
(12.43), 269 (J*=0) nam ,notox | Hecummerpuamii
SHTPONHH® =jf)."k TeH30p

1V. Tensop smopozo pm{za cmawmlomuu CKAARD U MEH3Op
amopozo panz

(6.13), 130| Tennonoe pacum- | e;; = ayy AT
penue 2 CxMMeTprunbIi

(10.19), 215 IMbesokanopuue- | AS = a0 TeH3op

ckuit spdexr 2

(10:24), 216{ Tepmuscckoe wa- | oy = — £y AT

npskeHHe 2

T
(1024), 216 | Tennora nedpop- | AS = fiyey o e
MauH
(8.24), 177 | Jlepopmauus npu | ey = — Syyppp CummeTpHunbif
rrIpOCTaTHYe- Tensop
CKoM Cacatin 2 (Sujrn == Sjink)
(1246), 270 [ Kosgduumenrt 1y = (T/e) Ty, Hecummerpranbiit
MNeabTne 3 TeH30p
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P
ypabHelus

Croficrio o Obuue
Aetpamena | W woadirrents: ypapretiue MeXXIy KOMIOHeHTaMH

V. Fensop mpemvezo panea, CA3vi6alOWUi BeKmop & men30p
8mopozo patza

(7.3), 138 Tpamoii  mveso- Py =dyjpop
9seKTpHIecKuil

ekt 4

(7.19), 143| O6pamnpiinveso- | ey = dyjuky dyjy = dyy
9NEKTPHYECKHFT
spdext .4

(1047), 222| Mpmmoit  mweso- | Py =eypep |}
sneKTpHuecK it 1

spext 4 ogn = ey
(1047), 222| ObpatHuiit nbeso- o =—cypk
9JIEKTPHUECKHH
sdext 4
(13.14), 289| nekrpoonTie- AByj =z, 2un = 2
cxult sppexr 5

VI. Ten3sop wemeepmozo panza, c6a3ui8anuull 0sa mensopa
8mopozo patza

(8.1), 162| Ynpyrue nona- Cy = SyjniOkt St = Sjip =
TAKBOCTH 6 = Sy = Suiy
(82), 162| (Yupyrwe wect- | oy = cymen gt = St =
KoCTH] 6 =yt == Cpuyy
(13.16), 289 | Ynpyroontuve- 8By = Pyt Pt = Pjut = Pujin
ckHe Koo du-
UHEHTH 7
(13.14), 289 | IMsesoonruue- AByj = myjpop;
ckue  Kospdu-
upenTHl 7 Tkt = ikl = Tj1k
(1340), 303 | DnexTpocTpHK- e =TumEiEr Yitjre = Tujr = Yujn
uus 7

VII. Axcuanbroid men3op 8mopozo parea, 300a0uul usmerenue
nces0ocKamipa ¢ HanpasieHueMm

(14.7), 315| OntHueckas ak- G = gylily CHMMETPHYNBIH Ten-
THBHOCTH  (PH- 30p

PaLHOnHbIH
Teisop) 8 .




Mpunroxenue 3 351

TABJUILAZG

Ten3opoi, _vmm;m_vmwe 6 OGHHOI KNUZe U He Bbipadcaroujue
80lCMBU KPUCMANN0E

Tonsprblii T€H30p, CBALIBAIOWMH Jsa NONAPHEIX BEKTOpa

Hovep o o6
ypamnens, Tenaop Voinonne Mesay KOMmONEITANE
(5.7), 113 | Haupskenne pi=oyl; Cumnerpuunbit
TeH3op *
(6.9), 125 | Nlepopmauusn Bme- | u; — (ug); = eyl; [eij] me cummer-
CTe ¢ I0BOpOTON puuen
(6.10), 125 | Hegpopmauns + | u;— (ua); = eyyx; + (e cammerpu-
-} nosopor + oyx; wen, [v;] e
cuMMeTpHieH
* Cu, crp. 1.
Hekortophie Tensopsl, paccmar B KpHCTANIOD H
He BKjtouenubie B Ta6a. 22a w 226, IlepeuncnmM pan cpolicTs, onp-
el Ho He B Tabn. 22a u 226.

Kospduumentnt camonndpysun [17].

Tupomaruntinil 1 nvesoMarmatubh apdexrn [93]. (Cywecrsopanne
Mbe30MarHUTHOrO SPQeKTa TRepIO 1e yCTanoBAeHo '),

MarunrocTprkims.

Ynpyrue kos(duunentit BToporo nopsiaka (ctp. 303) [16, 40, 42, 49).

TbezoonTHuecKHe KOS(DOHIHMENTH BTOPOrO MOPsuIKa.

Anektpoontuyeckue KospuiHeHTH BTOPOro nopsaka (agdexr Keppa)
(cTp. 288).

9JeKTponp TH OT AaBjenus [29).
TeMIoBOro OT Temneparyprl.
Tensopsl, BHPAXKAOUWE APYyrie SGPeKTH BTOPOro H Gosee BHCOKOro
nopszkos (crp. 301-—303).

HekoTopbie aHM30TpONHBE CBOWMCTBA KPHCTAJNJOB, HeENoOcpea~
CTBEHHO He BhIpa}aemble Tensopamu. Hume nepeuncren pss coicTs
KPHCTAI/IOB, KOTOpHiE PCACTBEHIIO  He o
Onﬂal(o 9TO He 03HaAYaet, YTO TO WM MHOEe cBOMCTBO, yKasannoe lIH)I(e. He
MOXeT ObiTh, B KOHEUHOM CyeTe, BLIPAKEHO 'lepe3 TEH3OPul (Hanpumep,
noKasate/b NpeOMJEHHs CBA3All C TEHIOPHOW An9/eKTPHuECKOH N0CTO-
HIIHOH): HMeercs B BMAY JHIOL TO, UTO CaMo no cee OHO He sBAsICTCS
TEH3OPOM,

1) Henano nbesoMarHMTHbIE 9(QeEKT Obl  TCOPETHUECKH NpENCKA3aH
W. E. Jisanomunckum u B. A, TasrepoM M 9KCepHMEHTanbHO OOHApyen
A. C. Boposuk-Pomanoswim:[101]. — ITpun. nepes.
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Haupsokense oTpsBa 110 NIOCKOCTSM CUaMOCTH.

Jln9neKTpuuccKas npounocTb.

l'lpeneﬂ TeKYYecT MpH IAACTHYCCKOM llc(b()plﬂlp(lﬂallhld, MexaHuue-
CKOe ynpouHenHe M HanpshkeHne paspuiBa NJIaCTHUHBIX KPHCTAMIOB,
Tlokasarene npenomnenus (ctp. 279—81).

8t cBoUcTBa,

Tpetie,

NOBEPXHOCTHYIO TBEPNOCTH,

NOBEPXHOCTHYIO SHEPrHIO,

OTpaxenue MOJAPUBOBAHHOIO CBETA,

CKOPOCTh POCTA H PACTBOPEHHS KPHCTAIA,

(UBMKO-XMMUUECKHE CBOMCTBA: CKOPOCTb NOTYCKHeHHs, (Urypsl
TPAaBJCHUS H T. J.

OG6umft 0630p aHM3OTPONHMH METANNOB MOXKNO Haitri B cTatbe Boaca
u Maxkensu [17].



4, YUCJIO HE3ABUCUMBIX KO3®@UIIUEHTOB
BJIS1 KAXXAOTIO U3 32 KPUCTAJUIOTPAGUYECKUX
KJIACCOB

B rabn. 23 anm Kawaoro us 32 KPHCTALIOrPapHUECKHX KAACCOE
YKa3ano uucno ans noa-
HOro onpenenenns moGoro cpofictea Kpucraana, CBOWCTBA KPHCTaalioB
pasnenenst na rpynne, o6osuavennsie 1, 2 m T. A. Koukpernoe cBofi-
CTBO, Mpunaanexauwee K moGoH M3 rpynn, MOXHO HalTH, OGPaTHBLUKCEH
KO BTOpOMY cronGuy taba. 22a, rae Kaxaoe CBOHCTBO 0GO3HayeHo uHC-
70M, YKABHBAIOWHM HOMEp PPYANH, K KOTOPOH 9TO CBOHCTBO OTHOCHTCS.
Tonuyio ¢opmy. Matpuus moGoro cBoHCTBa AMA MOGOFO KI4acca MOXKHO
HallTH £a CTpaumlle, HOMEpP KOTOPOH yKasan B CKOOKAaX B 3aroJioBKe
Kaxnoro cronbua.

TABJAMUA 23

Cumpoa kaacca UHCAO HESABHCHMBX KOS(DHIKEHTOR
- - 4nb

HowaRLIL "‘&ﬁ’ﬁ;‘ (np,' 101) (crp": 38) (cmsm) (crxézl)sz, (u.:1 12) (crp:"ZSH) (np?:ﬂ?)
1 [} 3 6 9 18 21 36 6
1 Ci(Ss | 0 6 9 0 21 36 0
2 Cy 1 4 5 8 13 20 4
m Co(Cu)| 2 4 5 10 13 20 2
oYm Can 0 4 5 0 13 2 0
222 Dy (V) 0 3 3 12 3
mm2 | Cay 1 3 3 5 9 12 1
mmm | Dy (Vy)| 0 3 3 0 9 12 0
4 [ 1 2 3 4 7 10 2
[ A 0 2 3 4 7 10 2
4/m Cun 0 2 3 0 7 10 0
42 D, 0 2 2 1 6 7 2
amm | Cy 1 2 2 3 6 7 0
iom Dypa(Va)| 0 2 2 2 6 7 1
4fmmm | Dy 0 2 2 0 6 7 0

23 Nx. Hait
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TTpodonscenue maba. 23

Cimpon xnacea UHCAO HeaABHCHMEIX Koa(HitkenTon
srepua- 4ns
wwonam | QS Ko ion) (ep: a8 | (crpo 2 | TR (cxp172) | ccrp 200 | cerp
3 Cy 1 2 3 6 7 12 2
3 Cy (Sp) 0 2 3 0 7 12 0
32 Dy 0 2 2 2 6 8 2
3m Cyy 1 2 2 4 6 8| o
m Dy 0 2 2 0 6 8 0

6 Co 1 2 3 4 5 8 2
6 Can 0 2 3 2 5 8 0
6/m Con 0 2 3 0 5 8 0
622 Dg 0 2. 2 1 5 6 2
6mm + | Cyy 1 2 2 3 5 6 0
6m2 Dy, 0 2 2 1 5 6 0
6/mmm | Dgy 0 2 2 0 5 6 0
23 T 0 1 1 1 3 4 1
m3 Ty 0 1 1 0 3 4 0
432 o [ 1 1 0 3 3 1
1Bm Ty 0 1 1 1 3 3 0
m3m | Op 0 1 1 0 3 3 0
Wsorponnas cpena

6e3 ueHTpa CHM-

MeTpuH 0 1 1 0 2 2 1
Hsorponnan cpena

C LCHTPOM ChM- .

MerpHi 0 1 1 0 2 2 0
Uueno  knaccos,

oGnanaonmx

cooTBETCTBYIO-

M cpodersom | 10 32 32 20 32 32 15

Uncno u

TOB JUIsi JIPYTHX BO3-

MOMHBIX -remopuux CBOMCTB, BK/IOUAS ewe He OTKPHTLE, MOXHO HalTH
B amnTeparype, ykasanxol na crp. 150, a Takxe B cratbsx Daranaurama
u Cypbsnapatanet [13], dymu [40—44] u duewn 1 dymu [39]. YacTuui
cayuail Tensopa miecToro panra obeyinaercs Mssonom [65].



5. MATPULIbI PABHOBECHBIX CBOWCTB JUISl 32
KPUCTAJUIOTPA®UYECKHX KJIACCOB

B r1a6n. 24 noxasaHo, KaK BAMSET KPUCTANNOrPadHYecKas CHMMETpHS
Kaxaoro u3 32 KknaccoB Ha (OpMy MaTpHil, BXOAAUMX B yPaBHEHH#
(10.44) u (10.45). s ynoGcra Mbl NMOBTOPHO NPHBOAMM 34€Ch 5TH
YypaBHeHus::

&1 == {370y 4 5199, +-S199 4S04+ S1s% +
+ 8163 + AL Ey A+ doEy - dy By 4-f AT,
8 = §1291 ~+ S99 - Sy - S04+ S0y +
A $009g + diay + oo+ dgEy -+ AT,
g == 8130y - Sa9% - Sp3%3 S50 ~+ $35% +-
830+ disEy +-doaly +-dysEs 40y AT,
£ == 8149 ~+ S24% - S35+ 8440 + S
- S0y~ duiEy - Engly 4 dyEy -0, AT,
== 8150, ~}~ S50 - S3390 - 8409, ~+- 5% +
+ S56% - disFy A dunly - dasEs 40, AT, (10.44)
8 == 81491~} S30% - Sa0s - Sag0s - 5605 +
- Sty - igFy A gy -+ dugEs 10, AT,
Dy == dfy0; +dyy0, +dygos + dygos +dusor +
+digsg 25 TEy - mioFy 4= tsEa -0 AT,
p == 0y ~+ Ay, oy + A0y +- w3y +
- g3+ t1oEy A kaolly + 253 + 22 AT,
Dy == dyy0y + Ag0y + d g+ dyy0y + dygoy +
- dyq% -+ 11sEy sty A 20sEy - ps AT,
AS =ofo, +-,0; 039y 0,0, 42555+ g3+
+ BBk pbatpis+ S AT,
e==sF7Tg 4 d[E 4 al AT, .
D=d7 g4 TE -p° AT, (10.45)

o E
AS = afe -piE 4 =7~ AT.



TABAMILA 2

Onn 32 Kpucmasrsozpafuueckux Kiaecos
O6osnavenus
. KOMIIOHEHTa, PaBHasd Hymo,
@®  KOMIOHEHTa, OTAHUHAs OT HyJs,
”—e PaBHblE KOMIIOHEHTDL,
0 KOMIIOHEHTBI, YHC/EHHO DaBHBIE, HO MPOTHRONONOKHHE NO 3HAKY,

aBH;
HOJ WHPHOH 'r‘::tumﬁ. € KOTOPOH NAHHBIA CHMBON COEIHHEH JHHHEH,

@ KOMIIOHEHTA, PABHAs B3STOMY C OOpaTHLIM 3HAKOM YABOGHHOMY 3Haue-
HHIO KOMNOHEHTEI, 0603HaueHHON WHPHOH TOUKOH, C KOTOPOH Nanmbif
CHMBOJI COENWHEH JHHueil,

X 2(sn—sp)-
Kawnas nosmas (10 X 10) P raaBHOl
RHMaroHauH.
Tpukaumos cucmema N
Hnace 1 Hnace 1
[ E AT a E T

secceed

Eacoao®

csje0e0e

ejeessesce e
=

55 AS(eo e

q§
H
3

o

.

AT
0
[
.
°
.
o
®

13

10
4
4
2
1

34

3 AS|e e e o
Knace 2/m .
o

©00 -0 ¢
eee -
eoe -

~ocano0 B

NN ENY T

8

B RIEEEES
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Opmopombuveckas cucmema

Knace mm2
o E AT
DK o ofe o
o0 e o ole . glo
O] .. ole
Ele oo 9 . ole]®
“ee 3 .. ool
A 8 o @le o o]afB
K] 3 0 aakl
D+ s . 0 . NAE
1 o ol . 0ol
sS(e e e 18 T <.« ele22
Knace mmm
o
000 o o ofe o .
200« s ofe .
00 ofe
. o|e]®
. o]0
° HRE
noEl
ofelo
hd 1
<Je]1
TempazoHubHas cucmema
HKnoco 4 ’ Knace 4
I AT 4 E AT
° XX
o~ ! IS S (M 3}
oo o ) e e ele
LI o7 ole] 7
o4 oo 8
-0 of 2 e|.l 2
« . . 2 ole| 2
Df» o o ol 1 ole| O
(= ol ! olef 1
AS[6=e ® e <|e]16

24 Jix. Ha 857



Tpodonscenue maba. 24

cucmema (np

Knace 4/m Hnace 422
L4 E AT 4 E AT
B RN S JAA B
P T st.t:.::.::ts
o TINCNCE
2 e e aele o2
T B TINCN S
' R RTnE
2 A5[0e @+ + o]s « <e|T2

(nace 4mm
o E AT
3
P R M b .
...f\../?. 3 2
CEEECECEEN ] PR Y ) 2
o LN H
eeo®. ... . 0lel1 1
As’—oo-......E E

Knace 4/mmmn

Zleommvdoa




Mpodoaswerue mada. 24

TpuzoHanbHan cuemenma

AT
L]
€ 7 o7
6 .o
2 12
. 2 T+ 2
D 1 .0
1 -1
45 18 cleji2
Knaco 32
o E AT
.l

<|-l6 6
olelz ol
olef2 .2
T 2 Tl 2
oefo 1
oo |1 i
RO 1

Knace 3m

IS~ womvoo

359



Tpodoakerue maba. 24

TexcazoonbHaA cucmenta
Knace &
4 E 4T

AR

1Gle oo oo
ISlcommma

1Blmovwea
[ETP e

H 8
o3 1
.| 2 2
vl 2 2

1 o

1 1

A il
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TIpodonaiccrue maba 24

Kyuteckan cucmenma

Knaccwr 23 u d3m Knageet 3, 432w m3m
o E AT o E AT
o e
L P R D o e 3
« e e .\.| 0
DRRIER 1O 1Bk 1
rErvrenh 1
Dle o o o .\.o 0
s e e . o1 1
s5Teoe - « o[- - <[o]7 6
Haomponkasn cpeda

6--. 2

<. 0

.« .. 1

P 1

Dfe o 0

« .. 1

45 [e—0—o 5
B r1abn. 24 o6 MaTpHLLI, B TeKcTe Ha cTp. 38,

101, 1562, 172. Bce ko3(duiuenTs B NPABHX YACTSX STHX ypaBHenuft
npeicTaBaeHs B puie oaHolt Marpuuu [(64-3 4 1) X (6434 1)]=
={10 X 10] caenyiomum oGpasom:

o E AT
§ —— ynpyrue NoJaTIUBOCTH,
— ‘
s s al « d nbeaosnewrpu YeCKue MOAYJH,
& — Thi TEMIOBOrO [ p
* —Jll‘l3!|eKTpM‘4(,CK(’K! l'lpOHlﬂ.lﬂCMOCTl‘lv
D a |w]p| B ™
as “t o lor T — a6comoTast -re:mcpanpz
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CGoKy KannoH Manuuu yxasauo HUCJIO HE3ABUCHMBIX KOI(PULLHENTOB
AN KAKAOro : s, d, « % p, C/T,
a BHU3Y ~— T10JIHOE UuC0 P oce#t P
Xy, X, Xg OTHOCHTE/LHO S/ICMCHTOB CHMMETPHU COOTBETCTBYET MpABUAAM,
npusenenHuM B npuaoxenuu 2. Bee (10 X 10)-Marpuiihi CUMMETPHUHB!
OTHOCHTE/IBHO' FiapHo# Mvaronams, Bce ApyrHe pasckcTsa M COOTHOLUE-
HHA MEKIY Marpuu, onp
YKA3aHL CUMBONAMW, OOBSICHCHHBMM B Hauane TaGimusl (srm cumpon
COBNAZAIT C UCIIOMb30BAHHLIMU B OCHOBHOM TEKCTE),




6. MAFTHUTHASI U SJIEKTPHYECKAS
3HEPIHg

B nononwenne Kk paccmoTpenmio, nposenennomy B ra. NI, § 2,
pra. 1V, § 4, u B ra. X, § 3, caenaem elie cieayiouie 3aMeyanus OTHO-
CHTEJILHO MAarHUTHOM M 9JEKTPUUECKOH 3Heprud.

l'chTb W3MCHEHHE CTaTHYCCKOrO 3JCKTPOMArHUTHONO MOJISt BHI3LIBACTCS

p 3apsa0B W TOKOB,
Makc MOMHO yro mnp npu 3TOM pabora
BHpaXaercs B BUAC

" aW= [ (EdD+HaB)d, (16.1)
\2

rae dt—sneMeHT 00keMa, & WHTCrPUPOBAIME NPOMIBOLMTCS TO BeeMy
npoctpauctey V.

cayvae p 0 0 mp 3aTp: pa-
Gora pasna Bospactauuio d¥’ csoGounot smeprum Wi
AW = dW’.
Ecin pacemar p cucTeMa Tip ner coGok
HIN Hamar TEJI0 TIOC 3APSAB H TOKH, CO3AAI0-

uMe  COOTBETCTBYIOLME TOAS, TO J/if H3OTEPMHUECKOrO 0GPaTHMOrO
U3MeHeHHs COCTOsMst 9TOH cucteMb Bupaxenwe (I16.1) MoxHO npu-
pauste dW’. Tlpu stom IV 3aBucur He TONLKO OT YCNOBHH, B KO-
TOPHX HAXOAWTCS TeJO, HO M OT BEJHMMHLI M DACTIOJONCHUS BHELIHUX
sapsnoB M TokoB. Crenosarenbto, yno6uo paspeauts \I7 Ha nBe vacT,
OfiHA M3 KOTOPHX (0GosHauuM ce uepes W) 3aBHCHT TONBKO OT COCTOR-
HMSl Teia M MOXeT OuTh HasBaua c60600Hol sHepzuel meaa. B cayuae
ynpyro#t sueprum Tena (cM. ra. VI, § 3) Tpymnociu B onpeneseuun
CBOGOAHOM SHEPIHH Te/d He BOSHWKAIOT, WEO BCS 9HEPIMsl JMOKAIHBOBAHA
(M, BO BCSIKOM CJIyude, ce MOXHO CUHTATh JIOK2JM3OBAHHON) B CAMOM TeJc.
OnuaKo B paccMaTpUBAEMOM HaMH Clyuae pasjiesicHHE SHCPIUM HA YaCTD,
I(O'I‘Opoﬂ oﬁnanac‘r Tes0, U HAa OCTABUIYIOCH YaCTh HECKOILKO HPOHBHOJILHO.
TIOCKO/ILKY MAFUTHE W SJCKTPUYECKHC CHIH B/SIOTCS AaNbHOACHCTBYIO
muMy. Tak, MOXHO naTh Crepyiomice OnpeseseHue:

f (0B - poFP?) d=.

v-wi

W= U —
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(nmrerp TCSL TIO  TPO y BHe Tenma). Toraa, Tak
wax i tena D= %E w B==poH, A mo60ro 0GpaTHMOro maMese-
Hist OISt

A= [ (EaD +HdB) ¢ (116.2)
v,

V; — 06beM, 3aHMMacMEH Te/OM).
1
TIpu MHOM OTpescneHuy

=0 — L [ B2+ pofi?) .
v

Torga ans moGoro 06paTHMOro M3MEHCHHs MOJst

av = [ (EdP+H dl)ds. (116.3)
Vi

Crcnosatensio, 8 supaxenan st d¥ wan dU (cv. ctp. 218) ¢ pasuum
NpaBoOM MOXHO uCROub3osats E;dP, un E;dD,. Kakoe Gu ompesesie-
HHe Hu OBIO TIPHHATO, MBI
ckuM BLBOzaM, w60 Bupaxenus (116.2) u (I16.3) ana d¥ ornmuaoTes
Apyr OT Apyra Ha nomuuh auddepenuuan

1
34 vf (1gE? 4 poH?) dt.

CiicaiyeT OTMETHTH, UTO C/M NPH M3MeleHWW fOJst pasMepil U gopma
KpucTania mmelmmw (970 OyAeT WMeTh MCCTO, KOrAa KPHCTAII ABIsIeTCs
NbE30INCKTPUKOM), TOYKH TIPOCTP
TepBOHAYAILHO BllyTpM |(puc1‘a1u|a. TIOC/IC UBMCHCHUs OKAXYTCH BHE KpPH-
cranaa (u naobopor). B Takmx Toukax wusmencuue P u I, a caepopa-
Teabho, w D u B yxe ne Oyner nenpepuisuuim. [lostomy, cTporo ro-
Bopsi, Besuuuna EdD up coGolt
SHCPrUH HA enMHULY obnema KpUCTasia JuibL B TOM chyuae, KOraa pas-
Mephl M (OpMa KPHCTa/Ia COXpasorcs nexaMennbiMu, OIHAKO JIerko mo-
KasaTh, YTO eC/H CUHTAThL EdD tounumM BLIPAXKEHUEM U TIPU HANUYMM
neopmanni, TO TOSB/SIOWNMECA TIPH STOM MOTPEUIHOCTH B TCPMOAMHA-
MUUCCKHX COOTHOIICHMAX GyiLyT milih MajLiMu nonpano-mumu uneHamu.

Bonee nosmoe ofcymaeHue paceMar 3/1€C]

MOXHO Halitu B kuure Bekiepa w Hépuera [5] u B crathax Fyrreu—
refima [46] u Ktunra [60].




7. PASJIMYUE MEXIY
HU30TEPMUYECKHUMH JHHIJIEKTPHYECKUMH
NPOHUIIAEMOCTAIMH
3AXATOrO ¥ CBOBOJHOI'O KPHCTAJIJIOB

Y7065 NpOKITIOCTPUPOBATDL BLYHC/CHHS, IPUBOASLLME K COOTHOLICHUSM
(10.49) — (10.55), nanum snech BuBOA ypasHenust (10.51). Tlocaennee
BHIPOXACT PA3HOCTb AUIICKTPHUYCCKUX npmmuaeMoc’l‘cn B8aXaTOr0 W CBO-
GONHOr0 KPUCTA/IIOB W, TAKWM OODA30M, OMUCHBAET Ty YACTb AHMIJICKT-

Koropas 00y p
9¢¢el<1‘oM Vpaaﬂclme (10.51) umeer BuR
Xy — 5y = — dypill 05y, (T== comst).

Tlycts Temneparypa T mnocrosuna. Torna us ypasuemwit (10.27) u
(10.28) nonyuacm

demn:(‘;:m ) o0+ (ae,,...) dE;, @y
le"(ow) “+(dl: )dE/ n7.9)

Tonaras 8 ypapuenun (117.1) de,, =0 u ymuowan ero Ha (doy/0z,,
HAXOMM

e

0= () ) om+ (522), (o), 02 179

Ho, cornacko coorsomennio (9.21), nepsuilt uieH B npapoft uacTu 91oro
ypasueuus pasex

Biybig dopg == doyy-
TlosToMy, MOACTABUB TIOJNY U3 yp (117.3) doy,
B ypastenne ([17.2) u pasiems ero wa dEj, mu uveen
D, ) _(_@ __(0Dy\ [ O3 (as,,,,,
( 0E; ), \'0E; )a = (l):;,() (l)tmn) OF, )"

D70 ypasHenue sksupanentio ypasnenmo (10.51).



8. IOKASATEJILCTBO CBOﬁCJB WHIMKATPUCH
,C NOMOLbIO YPABHEHUHM MAKCBEJLJIA 1)

B cucreme MKS ypashenuss MakcBe/na 3anuCHBaioTcsl B BULe
tolH=j-+D,
ot E=—B;

8ech TOYKA O3navaer Nudepenunponanve 1no BpeMenu. Ilpospauiie
KpucTanml 0641201 HU3KOH TPOBOAMMOCTLIO M lie sBASIOTCH (eppomar-

(Is.n

HETHKAaNH, nOaTOMy UX MaruutHas np OyeHb Mano
OT NPOHHLAEMOCTH BAKYyMa, M MBI MOXEM IOJOXHUTb
) J=0, B=pH. (18.2)
Torna yp (I18.1) ynp " BUIL
otH=D (118.3)
" 10t E = — pofl. (118.4)

Mil XOTUM HCC/ICHOBATL CBOHCTBA MJIOCKO-TO/MPHIOBAHHLIX D1EKTPO-
NarnuTHBIX BOJH, MPOXOAsuMX uepes Kpuctant, Tlosromy Gymem wckare
peuene ypastenn#t (I18.3) u (118.4) B Bune

E=Eyexp [m(t— *)]?) (118.5)

rae Ey— nocTOsHHLIA BEKTOp, ® M ¥ — KOHCTAHTHI, ! — eIMHUYHLIA BeK-
TOp, £~ PALMYC-BEKTOP TOUKH [X;, X5 Xg]. DTO peuienue npeacrapiser
coGOH TNOCKYI0 BOJIHY, FOCKOJIbKY B JIdHHLIH MOMEHT BpeMeHu f Bek-
T0p E uMeeT TOCTOSHHYIO BCaMuMHy HA BCell moBepxHoctu r - I==const,
npesnc i coGott b, HOpManbHylo K I OueBMiHO, uTO ¥
CKOPOCTb  PAcrpOCTPALCHUs BOJHOBOrO ()POHTA BAOMb BOMHOBOH
HopMann I ¥ ur0 Ey— aMIuTyna, a o/2m — YactoTa BOJHEL.
TMoxactabass 310 Bupaxenue aas E B ([18.4), nosyuaem

— pol = rot {r; exp [lw( —!T’)J} (118.6,

1y Cu, crp. 279—81.
%) dro CONCPKUT , XOTS B Hero
Jlas onucanws Quuawncckoro COCTOSIHHSE

MOWNO B3fTh MO0 ACHCTBHTENLNYIO, KGO MiMMylo HACTb STOFO BHDAKEHHS
(cm., nanpumep, kuury Juyca [59]).



Hpunoscenue 8 367

Viapecrio, yro potop np ckanspa ( ¢) Ha BeKTOp
( A) MOXHO D caeny P
rot pA=grot A} (grad¢) X A.
et 370 COOT u uro E; He 3aBHCHT OT KO-
opauHars, TaKk uTo 1ot Ey==0, M noayuaem u3 ypasuenus ([18.6)
poll = Eq X gradexp [lm(t — Lﬂ—’)‘, . (M18.7)

Hanee, grad (¢« [)==1, 4TO MOXHO BMACTH, BHIIMCLIBAS CrO KOMIOHEHTH
nostomy ypasueuue (I18.7) MOXHO mepenucarb B Bije

Pl =
"=Eo{ — i—gcxp [lus (t-« "Tl)] grad (re l)}

MM

Qnociocmu NOCIOSNHON Qasbr

) 1 . r-r\]
vl =22 (1 Ep)exp [1m(t-— T)J
Vluterpupys 1o £, nonyuaem
1 r-t
voH == (1 X Eq) exp [lm (IA T)] =
1
=5 (UXE). (18.8)
Orciona MOXHO 3anHcath ®ur. 86. CoorHouenue Menmy
el sekropamu D, E, B, i
== Hyexp [lw(l - —)] , (8.9 =» RIOCKO-10AAPHIOBAION chro-
BOii  BOJIe, TpoOXoAsUlel uyepes
rae ABOSKONDEAOMASIONH KpUCT A,

poly= (1 Ep). (T18.10)

£~ nonmonas wopans; §—nanpanneine
yua.

B (I18.9) uro H nsieT co60K MIoCKyio
BOJIY, COBTIanaloNLyIo no ¢pase ¢ soanok E. Bupawenue (I18.8) conepxkur
BaXHLIH pe3ynbTarT; @ MMCHHO M3 HEro c/eayer, 4ro BeKTop anpﬂeH/lHKy-
Jsipen IIOCKOCTH, B Koropolt nexar I u E. dro mumocrpupyercs ¢ur, 86.

Mu nioxa He 3HaeM, KakoB yron Mexay E u [, HO y Hac lle MCTIOMb=
sopano ypasuenue (I18.3). Tloncrasnss supawenme (11 8.9) v ypapue-
nue (IT8.3) mak xe, kak mu noxcrasnsum (I1 8.5) s (IT 8.4), nosnyuaem

D =rot {Ho exp 10 (t - "_v’)]} =
==— H, X grad exp [lw (t —_ Iv—l)] =

-—-——ﬂ"—(le‘lL,)cxp[m( »;’-)]
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Hurerpuposanue no £ paer

-l
2—%(l><Ho)exp[tm(t—'T)]. s.11)
OTKyna, yuuthias pupakenue (I18.9), unecw
: D=—TLaxm. (118.12)

CrenoBaresbHo, Mu Romkub Hanpasute D ma dur. 86 nepreduy-
asipio ¢ w H. Takum o6pasom, mul noaywunu, wmo sosus. D u
agasomen wucmo nonepeunnmu. Bexropu D, E n I nexar B oguoRt
TJIOCKOCTH, TAK KAK BCC OHH TNEpneHAMKYJIspubl H.

Tlonctasnsst suipawenve nas A wus (118.8) 8 (118.12), nonyuaem

1
D= o X UX B (118.13)

Wcnonbayem Tenepb NPaBuiio passepTsipailis TPOHHONO BEKTOPHOTO MPO=
maBesienysl, COTWIACHO KOTOPOMY

IX(UXE=1(l-E)—E{ - )=1({-E)—E.
Crenosatenbyo, ypasnenne (I18.13) sksupazentHo ypasHenmo

1ov?D — E41(1- Ey=0. (118.14)
Wrax, sanaswmch ypasnenuamu Makcsenna (I18.1) u ycnopusmu (I18.2),
MM S Chyuas TIOCKMX BOM nonyumnn ypasuenue ([18.14). Ono e
3aBucuT OT cpasu Mexny D u E, onpejensemolt CoOHCTBAMH CPesbl.
Tenepp nojoxum, yro D u E cpssanbl Menly COOOH TEH30OPOM JuBMEK-
TpuueckoH mponyuacmoct. Eciv mepeHTH K r/aBHHM OCSM  TeHSOpa

JMINCKTPUUCCKOM TpoHuuaenoctn (npu stoM Ey==Dy#, u T. A.), 70
(I18.14) samucumiBacrcst B unckcio# Qopme B Bune ypasiicnns

p‘,‘uzD‘~%'— 44, (- E)=0
M JBYX aHAIOIMUHLX ypasuenu#t. Creposavenvio,

py=-A¢:E)_; (118.15)
e

ananoruydLe ypasuenust nosyuaorcs ans Dy w Dy,

Tak Kak BekTopst D ¥ [ B3aUMHONEPNEHIMKYJIAPHL, CKANSIpiOe
npoussenenie D « I papuo nysmo. BripasuM 510 NpOMSBejeHHE uepes KO-
nosentst D, zanasnuie B Bune (I18.15) v ABYX awanoruuHbiX ypasHemnft,
Pasjienus 91d BHpaXeldst Ha ckanspuoe npoussencuue (I- E), kotopoe
B OGuieM cayyac He PABHO HYJO, Mii NOJyuaeM

2 2 2
s L. S— (118.16)

1 1 1
Cepgt? gt ———pgu?
Pl P P
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310 BOJIHOBY10 U uepes

xocymycu U, b, l,, BONHOBOM HOpMain. Bamerud, uro (I18.16) svasercs
KBAAPATHLM ypABHEHHEM OTHOCHTe/MbHO v2. CrenoBarentio, B 06uwieM
ciyuae ans Kaxaok cuctemvl Iy, lp, Iy wmelorcs apa suavenus v2. Ecam
‘Mbl 6y,|1€M paccMaTpuBath TOJALKO INOJOXKUTEJLHLIE 3HAYCHUS T, TO nony-
yaeM, YTO I/ KAXKAOrO HANPABJEHHs [ WMEIOTCS [Be BOJHEL C PABHBIMM
ckopoctsvi. Tlonoxus [k, Ly, Ll==[1, 0, 0], naxoanm nBe CKOpoCTH
B HANPABACHUH OCH X,

=

OnpepesM Tercpb Mpl 22a8KHble CKOPOCHUL CIEAYIOUMM 06pasoM:
1

1 1
Uy =T~ 2 Up==TFm==, Ugs= e
T Ve T Vet 0T Vaew
Vpaenenue (118.16) moxuo nepenwcath B Gonce npoctolt dopme:

(118.17)

R

Tak kak ¢== l/‘/l’n“u' TO TPH FJIABHbIE CKOPOCTH MOXHO BLIPA3HTh
B BHAE

¢
U= Vg == e,
VK,
i
¢ ¢
U= V==,
1 ny Ty

THE My, My, Ng—TPH TJABHLIX TOKA3aTens INpesoMsednst (CM. CTp.
280 — 281).
me. 0 JlokaxeM . Tenepb,
YTO /IBC BOJHOBHE CKOPOCTH, CBfIZANHLIC C AAHHON nmmmmn HOpMaJIMO,
8a3I0TCS NMOCTPOCHUEM MIAMKATPUCH, OMHUCAHHBIM HA CTP.
Mycrs v2=1v'% u v?= "2 — gpa Kopus ypasueuus (I18. 17) Torna,
eciu 9TO ypasHeHue sanucath B Buae f(v2) =0, umeem

flw)=0 u f(v?)=0. (118.18)

W3 ypasuenns (T18.15) cneayer, ut0 wanpasisolme KOCHHycwh D
TIPOTIOPLHOHANLHB

I (118.19)

Toncrasass v'2 u ¥"2 puecto o p ([18.19), nonyqaua HATPABASIOLIHE
KOCHHYCH  1BYX D, HOPMAIbIO
[, L L] OGo3uaunm otv cucTeMbl Hanpzrsnmumx KOCHHYCOB Yepes
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(a/, b, ¢y u (a", b", c”) coorercrsenHo. UroGm AKOKasaTh, 4TO STH
JIBA HarpasJielust B3AUMIIO (ePreHOUKYSPHB, 2aMeTUM, YT0
I T S
(@E=vY(vi—0?) " (E—v?)(—07)
S s ()

L
R T

B coorserctsuu ¢ (118.18).
Terepb nepelieM K HOBHM OCHM, 3a1aHHLIM TaGauuedt

X1 X2 X3

FA RS

x; a" b

. X|h Lol
TOrma Xj eCTh HATPAB/EHWE BOMHOBOH MOPMAMH, @ X| W X,— IBA Ha-
npasnenys D. Jlokawes Tenepb, UTO X M xj— FNABHHE OCH LEHTPAJb-
HOTrO ceuerst WMHAMXATPUCH, TNEPNeHANKYJISPHOTO X;. H  uTO AJHHB

nonyoce#t 9TOro UIMNCA PABHH NOKA3ATENsSM Tpenomienus cfv’ u ¢/,
VYpasitenne unaMkaTpuch (CM. crp. 281) sanwcmBactcs B BHAE

B x4 Byt +4-Buxi=1,

npuveM By ==(v,/c)* u 7. A. [locne nepexona K HOBMM OCSIM 3TO ypaB-
Hepine NpAHUMaeT BUJL

Byxxi=1, (118.20)
rie .
B =0,0,B,, ms.21)

DnnNTUYECKOE CceueHue, HODMANBHOE K Xj, HAXOZMM, MOJAras Xg
Toraa
Bl x" - 2Bl x0x}, 4 Byl = 1 (118.22)
s ypasuenus (I18.21) umeenm
,
Bio = 013 By; == 01,05, Byy + 01503,Byp + 11309385y =
= a'a"B, + b'b"By+c'c"By,  (118.23)
Vicnonbays BuipaceHnst sl HANPAB/SIOUMX KOCHHYCOB, 3ajaHible B BUIE
(118.19), u cuntan By nponopumonanvibiM <f u 7. JA., M UOJyyaeM,
4TO NpaBas yacTb yp (118.23) np nbHa
o + 5 +
% )2 ' )2 ¢ ! r2) 2 2
(= o) (ei—v") * (o) (d—v") T (d—o) (-0
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HeTpynHo yGemuTbes, uTo 570 MICHTHUHO
v f (@) — v (")
v —¢ '

KoTopoe paso Hymo cornacio (I18.18). Cnenosaremvtio, Bj,=0.
OTCI1018 CaeAYeT, YTO X, W X, — rMaBHHE OCH SIMITHYECKONO CEueHMs.

Mrr no/mxHbl Termeph TOKasaTh, ¥TO JJMHBL NOJYOCeH STOrO cevenus
PaBHBl NOKasaTensM npenomsenst. JlauHa MNONyocw, NapamnesbHOM xi,
pasua l/VB;‘, a MB XOTHM nokaaarh.’-n‘o oua pasua cfv’. Huemu
C/I0BaMM, MBI IOKHH [JOKa3ath, 4T0 2By ==v'2.

Mut umeem

g 2 2 2 G

Bu = aypayBu = a1Bu -+ a12Bp + 6138y = "By +b'*By 4-¢"*Bs,

uan

A T -
(u _0,2)2 (- U,z)a L (vﬁ- v,;)r

I

2B
B, =

o

[ C e R

TIONOKHB B STOM BHPAKCHHH czB,,sz/‘ﬁ, TOC/E TIEPEMHOKEHHST |
NPUBEJCHHS TOLOGHHX UJCHOB MOAYYUM

2 2
vf_‘urz)] (i —v?)+ (E=o (vh—o?)

4
R S N
+ (vz_vlz)a (’0:-—'0’2
s ([18.17) cnenyer, uTO 3TO ypabHeHHe mnomme'rcn. Taxkum 06pasom,
2Bj =02,
aHaJOrMYHO,
2R — of?
2B, =",
4TO M TPeGOBANOCH NOKA3ATH.
Hanpasaenue Ayua JUI BOJHBL €CTh HANpABJEHUE, B KOTOPOM
#  yuacTox o ¢poura (cM.
ch 284) Ono mume'rcu HANpaBieHueM TNOTOKA SHEPrHM M TOITOMY
sanaercs sexmopos Iloiiwmunzal)
S=EXH. (118.24)
Ci , Bekrop S ynspen E n H, xax Ha

¢ur, 86. Ortmerum, uro yran mexay D n E, a taxe mexay S u I
OZIMHAKOBEL.

1) Cm., nanpuwmep, [1]. (Cm. rakxe [117). — [Tpun. nepea.)



OTBETbI HA 3AJIAYHM U NOSICHEHHSE

I'rasa 1

1. Her, notoMy 410 OHH Tpeo0pasyioTcs HE KaK KOMIOHEHTH BEKTOPA.

2. MNpununn HeliMana npriMensiercst K cummempuu (PH3UYECKOro CBOICTBA.
CyMMeTpusi PeRTTeHorpaMMbl moauunsiercs mpunuuny Helimana n 3aBucut ot
ToueuHol rpynms o6bekta. T rpynna He U3
P P , 2 Nno TnoracasmsiMm
3a. :

[2540’ 0 0 7

0 4107 0 om~1. u—1y
0 0 16-107 |

) JOMKHBL GiTh THABHHIME OCSMH.

3n. Mcroauays yparenie (1.32) u sHaueHus MANPaBASIOUWMX KOCHHYCOB TO
OTHOWIEHMIO K OCSIM X;, mosyuaem o =7-107 ox~* . #=%. (C npyroit cropousi,
3aMeuas cuMMerpuio Mexay Oxp u OP, nonyuaeM o == o)

3. V76 - 107 a/x? wanpapasmouwe kocumycs [0, —1/V76, 5 ggﬁ 1,
T. €. BEKTOp j JesHT B NIOCKOCTH XgXy MOA yraom 6°36" k ocu Oxy u P24
K ocu — Oxg.

3u. Oy 10MKHBI GbITH NAapaJeNbHu,

I'raea I
1. M
¥jp, MOAyuAEM

S 33KOH BeKTOpa, (26) u cBolictBo
PuPL= 8D} Gy Py == Sy Py = Pl
2. OGpamasich k ¢ur. 14,0, uMeenm

Su S
Siz Sp

[=s“sn—s§2=oa—-ﬂ,

e r— pamuyC OKPYMHOCTH. DTa BEANMHA €CTb KBAApaT JUIMHB KacatedbHol
K OKpYIKHOCTH, NpOBefieHHol 13 touku O, , CIEOBATENbHO, SIBJSCTCS MHBAPH-
AHTOM.

4,2) 10 0 07 (osopaunsaem Ha 19° BOKPYr xg OT Xy K x1.)
02 0
Lo o4/t
6) [ —9 0 07] (MNonopaunsaenm Ha 30° BOKpYr Xg OT X; K Xg.)
03 0
00 10|
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B) | _l (ToBopaunsaeM Ha 45° BOKPYT g OT X3 K X1.)

000
040
loo 9l
r) 10 0 07 (floBopaunBaeM wa 26° 34" BOKpYF Xp OT Xy K X1.)
[ 12 0
0 00

5. HeooxomuMo noBepryrh Ha yroa 53°38" nau —82° 16’ mokpyr Xy
O Xy & Xp

Taasa I
1. lporapenentas paota pasha:

1 '

1) g e 5 papllh 4 vt o
1 1

2) g H + g i H o+ penHlotye

2. ¢=13-10"% (8 PAIIIOHANH3HPOBAHMOI CUCTEME eAnHHL).

3. B nanpanaenn nodis § = — 256-107%; 6 = 53,7°,

4, Cuna pasua 1,47-107° # (= 1,47 0n).

Hanpasasomue kocunycs cnast: (0,29; 0,81; — 0,52). Heo6xonnmo umers
B BHAY, UTO A5 CTATHYECKOFO MArHMTHOTO 104 B CBOGOAHOM NPOCTPAaHCTBE
dw H=0 u rot H =0.

Mexanuueckutt moment pasen 3,1-107%x . 1 u zefictoyer pupapo (ecan cu-
cTeMa KoOpnMHAT MpaBas) BOKPYr ocu (— 0,573; 0,817; 0,082) (1ot MOMenT
NpPHMEPHO DPaBEH MOMEHTY, CO3MaBaEMOMy rpysoM Maccofl 3 e, aeicTyiomum
M2 nJeuo LIMHON )

I'rasa V

1. oy =y + o}, rae o, =a‘/--—713-§”0M Ho= %— Sups 9By — TURpOCTA-
THYECKOE NaBaenue. KoMnonents °i'1' 06AaRaioT TeM CBOMCTBOM, YTO CyMMa KOM-
NOHENT, CTOSUMX Ha IIaBHOI AHArOHamH (u;l), pasua wnymo. [TpeoGpasyem c:j
TaK, uTOGH uieHH, CTOAMe Ha ruaBHo Awaromam, ucyesam. [lemaercs 910
cxenylonuM 06pasom. Tlycts oy, M oy, MMEIOT NPOTHBONONOXNME sHakw. [1o-
BOpAtUBAEN CHCTEMY KOOpIMHAT BOKpYr Oxg IO TeX nOp, MOKa He OKaxercs,
410 6}y =0 ( Py Mopa). 3aten " cHcTenmy
KOOpAHHAT BOKPYT HOBOit ocu Oxy 1O TeX NOp, TOKA He OKAMercs, uTO a£2=0.
TTpi STOM KOMNOHEHTA Gy, OCTAeTcs PaBHOIi NyMO, 3 CIEIOBATENBHO, KOMIO-
Henra c;, ZOMKKA GBITh Takie paBHa Hymo. I'MIPOCTATHNECKOE JaBieHHe ody

He u3MeHserca Npu npeoGpasonaku oceil, Taxum o6pasoM, TpeGyemoe CBOHCTBO
JIOKa3aHO.

raasaVil

1, H: al TAABHBIX 1y oceii
yron 22,5° BOKpyr Oxg or -+ Oxy k ~+ Oxy. 3WaueHusi raaHbIX nedopManui
924 6; 0,76) - 107,
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Danee, wy mpeacraBaseT coGofi nosopor Ha V5.10-% pad_Bnpaso (ecan
cHcTeMa npasas) BOKpyr ©, 2/V5, 1V5).
2. 20T Vol 4 oy.

3. Vkasanme: p ero Kotma
Ha KOMTIOHGHTH BIONG CMGBUBIX OCEft
4. Tnasiie, ocn pro Oz (£2°;

@ =29,0-107% 2pad=1 (1 02); ag=75-10"" zpac) 1(1102).

®ur. 87. lNosichenne K peuiennio 3anaud 5ra. VI,
Unppy yxasupaior suavemie a-10° 2pad=. Cresa npeacras KPYKHOCTH
Mopa; CRaSA XAl SHAUEIS Te1I0BOT0 PACLIYENS L1 DESTANALIK mnpuwle)mn Taashne
(2DpaDeIlts TENJOBORO PACLIHPENYA DLNEACHI HMPIUIMH IH
pu nOCTpOCHHH HepTexeli HCNONb3OBAINL NPABNAA, ONHCAHHHE HA (,11) 63,

5, 41,0-107% 348-107% 122.10-% zpad—1; 90°; 20,7° 69,3° (¢ur. 87).

6. 6y =99-10% ag=17,3-107% a3 = 34,7 -10~® zpad-1,

Trasa VI

1. Cwm. taGa. 9.

2. Paccmorpum ennmunbift ky6. Ms dopMbl Marpuupt nopatansoctedt Bumio,

uTo k rpanan {100}, He BLISbIBaIOT H3Me-

Henus oGbema. H 1 Ha rpanu {100},

sanuchiBawotcs B Bune 157, 3T, (3T, tne (I, L, ly)— HanpaBasionwe KoCuHycht
obbema, 9TUMH

TaMH, BHIpaXaercs B Buue
oyt o+ o5 = (S + 250) (AT + BT+ B5T) = (s +25) T+
I'rasa IX

1. [ @by +crby
agby+Caby |
. ; 1;3”14'0:;”3
1 12 43
—9 25]|. .
5 a7 (5 0 —10 0)
3, () u 8 12
(> %)
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Trasa XI

1. EcAn a— yron Mexjy OChl0 CTEPIHS M OCbIO TPETHENO MOPSAKA (Xg), TO
tga=Vryjry; a~=37,2% sin by, = (r1— rs)/(rh+ r8); Oyaxe, = 16,7° (Gaaro-

naps
MocTh B gu(ypepentupoBanu),

Tarasa X1

1. Cornacto ua crp. 291, ne-
npu T CHATHH oMK

B

Gbith cepoli, Mt myeen
ABy = ABy == ABy = (pyy +2p12)e, ABy=AB;=AB;=0.

CnenoBarebHo,

8 py 2 +2l7|‘> AP

An——~—(m,+2pn)~—=
rraea XIV
1. Bpamwenue parHO Rymo, ecaH OCH sexar B nep-
X y. paBibl 1

Hmo, eciu ONTHYCCKHE OCH JeXKaT B MAOCKOCTH, nepneimuxyaﬂpnoﬁ EA
IHA OCh JIENHT B TWIOCKOCTH CHMMETPHH, IBE Apyrue — Nox yraoM 45°
11 i K rAaBHBIM OCSIM TEH30P 3aNMCHIBAETCS

K
B BuRe

T+Vere 0 o
0 *‘V!?m'i‘!;u 0"
0 0

0
TpuyeM 3a TPETbIo TMaBHYl0 OCL Gepercs OCh, Jewaian B MIOCKOCTH CHMMETPHR
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