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IIPE[INCJIOBAE

KpECTanIN RHUGIEKTPHKOB HCCHENYIOTCA H IPHMEHAITCA
ceiidac Bce Ooapme #W Goabme. MHorme pasfieaH KpHCTANIO0~
¢u3AKE, CBA3AHHHE C TaK HA3HBAGMHIMH 3JEKTPHYECKAMH
(ITAPO3NEKTPHYECKEME, CETHOTO3IEKTPHIECKHMH, IHE303JICK-
TPEYECKHMH, BJIEKTPOONTHYECKEMH) KPHCTAJIAMH, IOJYYHIA
3a IOCJefNHHe TOXH 3HaYuTedbHOe pasutume. Ho Bce ke
31eCh IO-IPEKHEMY MHOT0O M HAYYHHX, M OPAKTAYECKAX
npobaem.

Hayunasa npo6iaeMa B mO3HAHAHA JEKTPHYECKHX KPHCTAJ-
JIOB CBOJHTCA K YCTAHOBJEHHIO OIPAPORH HX CAMOIPOM3BOIb-:
HOM (CIIOHTAHHOH) 5JAEKTPHYECKOH HmOAsApH3amum. 3Aech mo-
Jlo/KeHHe [lajKe CIO;KHee, 9eM B MarHeTH3Me, I[ie CHOHTaHHAs
HAMarHMYeHHOCTh OOBACHAGTCHA BJIE€MEHTADHKHMA MArHHTHE-
MA MOMEHTAMH BJIEKTPOHOB. JJEMOHTADHHX BJIEKTPHICCKHAX
AHOoJel B IPHpPOAE, KaK M8BECTHO, HET, 4 CAMONPOA3BOIbHASN
3JIeKTPAYECKAS MOJSAPH3ANAsS KPHUCTAIJIOB — HE PEJKOCTb..

CoBpeMeHHasg TexXHHKa TpebyeT MHOro XOpomuX H pas-
HHIX 3JIOKTPHYeCKHX KpHCTajaaoB. Takme kpucramnn mpeobpa-
3YIOT TEILI0 B JJIEKTPHYECTBO, H HA0GOPOT. ITO HHPOIIEKT-
puka. TakxoBH, Hampumep, TypMaamH, caxap. Hpmcramau
Obe309J6KTPHKOB ReOPMHEPYIOTCS HOX REHMCTBHEM 3JIeKTpH-
YeCKOr0 IOJsS, 4 MeXaHHYeCKWe HATPY3KA BR3HBAKT B
HUX DJIEKTPHYECKYI0 moaspusanmio. HamGonee mn3BecTHHIA
Ibe303JeKTPAYECKHH KpHCTada — KBapn., Hpmcramae mee-
303J6KTPHKOB H3JIy4Yal0T H OHPHHAMAIOT 3BYK H YIBTPa3BYK,
CTa0HIN3HPYIOT IO 9aCTOTEé H3JIyYeHAsT PAAHOCTAHIMAH, pas-
rPaHAYABAIOT YaCTOTHHE NHANA30HK B BRICOKOYACTOTHOH Te-
neOHAH, CAYKAT AKTHBHEIMU DJIEMEHTaMH B H3MEDHTEJbHEHIX
npuGopax H Hp.

HBanTOoBasg pagmosieKTPOHMKA TaK:Ke He ob6xommtca Ges
9JIGKTPHYECKUX KPHCTANIOB. TakHe KPHCTAJIH YIPaBIAIOT
J1a3ePHHIM ITYYKOM: OTKJOHAIOT €ro, MORYJHPYIOT OO HHTEH-
CHBHOCTH, 06ecneddBal0T NOJYyYeHAe MOMHHKX (¢TETAHTCKHX?)
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HMIYJIbCOB; JIOKTPHYECKH® KPHCTANJIH HCHOOJbLSYIOTCHA NJIA
reHepanul TapMOHHK.

Cpeim 3J6KTPHYSCKHX KpHCTANJNOB ILEHTPAXBHO® MECTO
OPHHANJIEKAT COrHETOINOKTPHKAM. TaKHMH KpHCTAIJaMH
SIBIAIOTCA, HampHMep, COTHOTOBA COJb, THTAHAT Gapma, RH-
ragpodochar kammsa. CerHEeTOsIEeKTPHKHE — IEKTPHYECKHA
aganor ¢eppomMarmeTEKoB. OHH CHOHTAHHO IOJSPH30BAHH,
pasbuBaloTCA Ha OTAGAbHEE® 06aacTHE — goMeHH. Cermero-
SJOKTPHKH HMMOIOT BHICOKYI0 JHIIEKTPHYECKYI0 IpPOHHIIae-
MOCTh, B8 HHX MOKHO JeJaTh MajorabapuTHHe KOHJeHCATO-
PH Goasmio#i eMrocTe. B paifione TemMmepaTypH BOSHHKHOBe-
HES (HCY63HOBEHHs) CIOHTAHHOM HoaspusanmE (B obGmacT:
¢$asoBoro mepexofga) COrHOTORIEKTPHKHE HCIHTHBAIT AHOMA-
JHI0 OTPAKTHIOCKH BCOX (HBWIECKHX CBOMCTB: TOILIOBHX, Me-
XaHAYOCKAX, 3JAeKTpHYecKHX, onrmdeckmx. Ilpmpoma sTHX
AHOMAJHI ome HO AU KOHNA IOHATA, HO PO3K0O® H3MOHOHHE
CBOMCTB COrHOTO3JOKTPHKOB MOKeT GHITh BHITOAHO HCHOJb30-
BaHO B H3MODHTEJILHOH anmapaType H pajHoammaparype.

I'maBHO® BHEMaHHe B KHHT® YANACTCH SJI6KTPHIGCKHM
RPHCTaJIaM; ORHAKO CBOMCTBAMH, CXONHHMM C HHMH, 00ia-
NAalT H HOKOTOPHE AaHHBO0TPONHHE XHIJIEKTPHIOCKH® CPORH.
9TO 3JeKTPeTH H Hbe803IeKTPHIECKHe TeKCTypH. OcHOBHL
CBeIeHHs 0 HEX H 00 HX CBOHCTBAX TakKe OYAYT KPATKO H8-
JO’REHH B KHHT®.

Onucanme CBOMCTB 3JOKTPHYECKHAX KDHCTAJIOB BO MHO-
roM CcBA3aHO ¢ KpHcTagiaorpajmesi. ITEM 0Gyca0BIeHO Ha-,
JW4YEe B KHHTe HepBO# riaBH, sBIAIoOmMe#cs, IO CYHECTBY,
KpHcTamnorpapmdeckaM BBefeHmeM. HKpmcramaorpaduma B
ImKoJe He M3yYaeTcd, a B By3aX HPENOJaeTcs B OrPAHHYOH-
HoM of6BbeMe. K ToMy iKe KDHCTAJNJH CTAadW ITEPOKQ HpHMe-
HATHCA CPaBHHUTOJIHbHO HONABHO, H 0 HAX HANACAHO €Ie MaJo
kaar. Bce aro cosgaer TPyAHOCTH B IOHHMAHAH CBOHACTB
KPHCTAJJIOB H B CBOI0 0Y6peAb B HX NPHMOHEHMH H HPAaBHIb-
HOM HcHOab30BaHEH. HacToAamas KHHTa paccYMraHa Ha TO,
9700K XOTA GH YaCTHIHO BaHONHHTh HIPOGE]H B SHAHHAX O
KPHCTaJIaX IMAPOKOr0 KPyra TeXHHWYECKHX CIOINHAIHCTOB,
CTYeHTOB H JIO0HMTeJ O TOXHHKH.



I'napa I

KPHCTAJLIbI TNJIEKTPUKOB

Kpacraznu B HX cHMMerpas

JlHoNeKTPHKAMH HASHBAIOT BemeCTBa, He IPONYCKAIOIEe
aleKrpEYecKHil ToK. OfHAKO, CTPOro roBops, BEImECTB, KO-
TOPHO COBePHIEHHO He IPONYCKAIH OH 2JeKTPHYECKHH TOK,
mer. Jlaske B cralHX mOAAX HPAKTHYECKH BO BCEX JHBJICKT-
PEKax mMmeercsi XoTA O HeGoabmas 3IeKTPHIECKAsS IPoBo-
AHEMOCTH, 06YCIOBNEeRHAsA HAJNHIAeM 3apsyKeHHHX IPHMece,
nedeKTOB CTPOPHHA H IpP. JNEKTPHIECKOe YHeAbHOe COmpo-
THBJIGHH® JQHIIGKTPHKOB OYeHb BEIMKO H cocTraBiaser 10—
10'5 OM-cM; nmpOBogHMOCTH ke odYens Maxa (10-1°—
1015 Ou~1l.cm7!). C mOBHIIeHHEM HAOPAKEHHOCTH 3JEKT-
PHIOCKOTO IOJA KO NeCATKOB W COTeH KMIOBATT Ha 1 cM Hiam-
HH Jla’Keé B XOPOIIHX JHIIOKTPHKAX HOPOBOAHMOCTH BO3pac-
TaeT, # OHE IPOOHBANOTCA.

* [IA9IeKTPHKEA (HeIPOBOAHUKA) GHBAIOT TBEPAHe, ;KHALKAE
7 ragoobpasane. I'oBopsa o TBePAHX AHIIEKTPHKAX, HPOKAe
BCer0 HMEIOT B BHAY amMopHHe Bem[ecTBa, T. €. BeINECTBa,
He MMEIOI[He KPHCTANIEYEeCKOHM CTPYKTYPH. TakoBH, HAampH-
Mep, MHOIH® ILIACTMACCH, CTeKJa, OPraHWYeCKHe COeJHHe-
HAA TAOA BocKa, AHTapA m Ap. Ceifyac, ogHAKO, yKe HeJAb3s
rOBOPHTD 0 TUAJIEKTPHKAX , He YIOMHEHASA O KPHCTaJIJIaX,, KOTO-
PHe BAIIE 09eHb MEPOKOe IPAMEHeHHAe B COBPeMeHHO TeXHUKE.

ITo HeKOTOPHM CBOACTBAM KPHCTAJIH JHDIOKTPHKOB IPHE-
OANAAIBHO He OTJIMYAIOTCA OT BEmecTB, He AMEIONMX KPHC-
TaJIF96CKOT0 CTpoeHHEA. B BMIKTPHIECKAX IOJAX OHH TOIK®
B KaKO#-To cTeneHHE 001aK10T 3JI6KTPHYECKOM IPOBOJEMOCTHIO,
OOIAPHSYIOTCA H HMMEIOT JH3JeKTpEIecKme morepm. On-
HAKO PAJA CBOMCTB KPHCTANIHICCKHX JHIACKTDPHKOB OTIHYA-
eTCsA OT CBOMCTB TBEPAHX BEIIECTB AaMOP(HOro CTPOEHHS.
ITpesxkme Bcero aTo pasiEYMe KacaeTcs H30TPONHA (H aHH30T-
ponmm) cBoiicTB. AMopjHHe BemecTBa H30TPOIHH *, T. e.
* Ipapna, OpE OOMOmM BHEIIHWX BO3JeHCTBRIT HAHM OCOOHX yCHOBHMH

HBrOTOBJGHHA aMOpPPHHM BemecTBaM MO)KeT OGHTH NpHAaHA aHH-
soTpomHOCTh (cM. ra. VI).



HX CBo#icTBa (HAampHEMep, 3JEKTPONPOBOAHOCTH) OAMHAKOBH
o BceM HampaBJeHHAM. Bce KpACTannH AHSAEKTPHKOB aHH-
30TPOIHH ecJH He D0 BCeM, TO IO KpaiHe# Mepe IO HeKOTo-
PEM ¢QusHIecKMM cBoiictBaM. Tak, KpHcTa/uH caxapa H
KBapOa HMMeIOT HEONHHAKOBYI0 IPOBOAHMOCTh H HEONHHAKO-
BHIE ONTHYECKH® CBOMCTBa M0 PasHKEM HaOpaBJIeHAAM, KPHC-
TaJJAH KaMeHHOH COJH — pa3jMYHEe ynpyrae CBOMCTBA
HT. i. YacTHHM, HO BajKHHM CIyYaeM aHH3OTPOLIHAH ABIAETCA
YHANOJAPHOCTh, CBOACTBeHHasg MHOIHM KpHcTaiaiam. Ham-
Gosiee HaTIANHHA IPAMED YHANOJAPHOCTA — H3MEHEHHE HPO-
BOJHEMOCTH B HEKOTODHIX KPHCTAJIJAX II0 OJHOMY H TOMY K6
HampaBJeHEHI0 NpH H3MeHOHWH HAOPAaBJeHHA 3JA6KTPHYECKO-
ro moias (T. e. IPH IepeMeHe IOJIOCOB).

flBieHNe aHM3OTPONHMH KPHCTAJIOB €CTh Pe3YJbTAT Ie-
PHOAMIECKOr0 pemeTIaToro CTpPoeHHs. B KomedHoM cuere
C BTHM CBA3aHO H TO, UTO KPHCTAJNJIH MOLYyT HMeTh TAKHe
9JIeKTPHIECKH® M ONTHIECKHe CBOMCTBA, KOTOPHE aMOP(HEM
resaaM (DO KpaiHei#i Mepe B ©CTECTBEHHOM COCTOSHHMH) COBCEM
He OpHCyIgA. [{pyraMa cioBaMH, B HBKOTODHX €CTECTBEHHHX
KPHCTaJJaX caMa IOpupofga oGecmeuymBaeT BO3MOKHOCTh IH--
PO3JIeKTPHIECKAX, MNbE303JEeKTPAYECKAX, DIGKTPOONTHIe-
CKAX U JPYrAX ABIEHHH, TOTAA KaK B aMOPPHHX JHIJIEKTDH-
KaX 3TH ABJIGHAA BOOOINe He MOryT BOBHHKHYTh HJH BO3HH-
KaloT JAOIb> B pe3yjbTaTe BHENIHAX HCKYCCTBeHHHX BO3Jeli-
crBuit. K aTtoMy Hamo moGaBMTH, 9YTO yKasaHHHE QH3AIECKHE
CBOHCTBA, cHeOH(QHYECKH® [JIA eCTeCTBEHHOI0 COCTOSAHHA,
BHIpaKeHH B KpHCTajjax 6ojiee 9eTKO H MX MOKHO HCIOJb~
30BaTh ¢ Goubmell HaJeKHOCTHIO, IeM CBOMCTBA, HPHAAHHLIE
aMoppHEIM BemecTBaM HCKycCTBeHHO. VIMeHHO mosToMy Ha
OpPaKTHKe B NOAABJAAIOIEM 4YHCJIE ClIydiaeB yHOOTpeGasAioT
€CTeCTBeHHEI® HMJH HCKYCCTBeHHO BHIDAN[eHHHE KPHCTAJMH,
obmagarompe OUPo- HAH DHe303PPEeKTOM, BIEKTPOONTAIECKH-
MH H JpYTrAMH HY)KHHIMH CBOHCTBaMH.

Henr3ds DOHATH HEKOTOPHE CBOMCTBA KPHCTANJIHYECKHX
Tex (e3 sHAHHA CHMMOTPHMH KPHCTAJJIOB.

YopomerHOMY DOHAMAaHHIO TOro ¢axTta, 9T0 B pAfe Cay-
93eB aTOMH B KOHJAGHCHPOBAHHOM COCTOSHAH 00pa3yioT KpHc-
TAINIAYECKYI0 POMIeTKY, MOTYT IOMOYb O0OIIHe sHePreTHYecKHe
coobpaskeEns. B mpomecce «KOHIGHCHPOBAaHHA» KaKIHi
aTOM CTPEMHTCA BaHATH LOJOKEeHH® C HamMeHbIIed SHepruei,
TaK JKe KaKk MapHK, DepeMemalomuaica B cfepHUecKoi dame,
CTpeMHATCA HmOmACTh B caMoe HIKHee HOJoKeHHWe. B Hekoro-
PHX (ecam He BO BCeX) CIyYasgX YHOPAMOYeHHOE PACHOJIOKE
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HHe 00eCHEYHBAeT aTOMAaM COCTOSIHME ¢ MAHAMYMOM JHepTHH.
YcuaoBua pasa Toro, 9ToGH aToMH 06pa3oBajd KpPHCTAJJIHYe-
CKYI0 PemeTKy, CymecTBYIOT, O{HAKO, aJleKo He Beeraa (Ham-
PHMep, H3-3a BHICOKOH BA3KOCTH CPE[k), HO €CJIA OHA Haid-
1[0 — KpucTadia obpa3yercs.

B 3aBECHMOCTH OT TOro, M3 KaKHX aTOMOB COCTOMT KpH-
CTANIA3YIOMAsACA CHCTeMa W B KAKAX YCIOBHAX MPOTEKAaeT
KPHCTALIA3anAsA, BO3HAKACT TA WA MHAs KPHACTAJIHIECKas
pemeTKa, CTPYKTypa KpHUCTaljla. B cBolo odepenb COCTaBOM
aTOMOB H CTPYKTYPO# KpPHCTAJIa OHMpefedsloTcs ero ¢guamge-
CKHe CBOWCTBa.

IIpu MakpockomAYeCKOM ONMCAHMH pANA (PH3AYECKAX
CBOHMCTB KPHACTaJJIa MOKHO HE YYHTHBATH 0COGEHHOCTeH ero
pemeTyaTofl CTPYKTYPH H CYHATATh KPHCTAJJ HEIPEePHBHOH
OAHOPOAHOM cCpefol. JTHM HyTeM MOKHO H3y9aTh TaKHe
BajKHHE CBOMCTBA KDHCTAJJIOB, KaK, HampAMep, 3JIEKTPO-
NPOBOMHOCT, JJEKTPHYECKAS HNOJApPA3ALHsA, Hbe309QPeKT,
yOpyrde CcBo#cTBA. 3a PEIKUM HUCKIYEHAEM H MH OymeMm
paccMaTpMBaTh KDHCTAJJI KAaK HEOPEPHBHYI0 OJHOPORHYIO
cpeny.

OT THDAa KpPHCTAJJNMYECKOH peIeTKH 3aBHACAT OTpAaHKAa,
pHemHAA GopMa M CHAMMETDHS KPHCTAJIJNa HJIHA, KAaK MHOTAA
TOBOPAT, KPUCTAIJIAYECKOT0 MHOTOTDAHHHKA, KPHCTAJJIHYe-
CKOTO MHAMBHAYyMa. 3Haf CHMMETDHIO KDPHCTAJJla, MOKHO,
najke He MCCIeqyd ero, HIpPeACKasaTh olmue ocoGeHHOCTR
NPAKTAYECKH BceX (usmuecKux cBoiicTs Kpuctamaa. V3 cam-
METPHHA KPHCTAJJIa, B aCTHOCTH, BHITEKAIOT BCe 0COOOHHOCTH
ero aHA30TPONIHH.

ITousTHe cAMMeTPHA HPHMEHAIOT Jamie Bcero (HO He TOJb-
K0) K reomeTpHuecKuM ob6bextam (purypam). dmrypa Ha-
3HBAETCA CHMMETDPHYHOH, €ClI¥ ee MOKHO pPa3fe]dTh HA ONH-
HaKOBHE 9aCTH, PacmoJOKeHHHE onpejiejJeHHHM 00pasoM 1o
OTHONIEHHIO APYr K Apyry. HoHKpeTHoe ommcamme cHMMeT-
PHM 3aBHCHT OT 9YACJA TAKAX 9acTed M WX PaCHmoJOKeHus.
IIpamepn cmmMeTpmunHX ¢uryp mpmeenenn Ha pmc. 1.

JnA ommcaEdsa cHMMeTPEH QHIyp (KPHCTAJIJI0B) MCIOJb-
3YIOTCA HOHATAA 00 OCAX, IIOCKOCTAX, HeHTpe H JPYTHX
oneMenTax caMmerpuHu. Durypa mMeeT oCh CHMMETPHH, €CJH
IocJie MOBOPOTAa HA ONpefeleHHHA yroa ee HOBoe HMOJOKEHHE
He Oyner oram4aTeCA oT HcXofnHoro. Hampmmep, ¢urypa,
n3o6paskenHad Ha pHc. 1, a, ofmamaeT ochl0 CHMMeETpHH
9eTBePTOro IOPANKA, NEePHeHNUKYJIAPHOH IUIOCKOCTH dep-
te:ka. IlopAmok ocm ompenenseTcs BeJAIAHOR MAHAMAJIBHOTO
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a — QErypa c oCbi0 CHMMETPEH Y€TBEPTOrO HOPANRKA; 6 — (EIypa ¢ NeATPOM CaM-~
METPHH; ¢ — (ETYpa C 3epPRAIBHO-IOBOPOTHOR NChIO HIECTOTO HOPANKA

yria, Ha KOTODHI HY;KRHO HOBeDHYTh (Hrypy RIS COBMe-
mennss. J{aa ¢ATypH ¢ OCHIO' 96TBOPTOro HOPAAKA TaKol
mOBOPOT paBeH !/, OKPY;RHOCTH, IIECTOr0o HOPARKA — /g
7 1. 1. LleaTpom cummerpun ob6nagaer Ta ¢urypa, xammol
TOYKe KOTOPOi ecTh paBHad HA JIMHAH, COCAHHAKMPER 9Ty
TOYRY C IIeHTPOM, H DAaCIOJIOKeHHAfl Hd TAKOM Ke paccros-
gma (pme. 1, 6).

B mexoTopux ¢Erypax (KpmcTaliax) MOTYT CORepP:KATHCA
9acTH, KOTOPHe MEHAIOTCH MeCTaMH HmyTeM GoJee CIOMHEIX'
mpeo6pasoBanmii Ge3 HW3MEHeHHS HMCXONHOrO BHRa QHrypH.
ITogo6HKe mepememeHHs MMEIOT MECTO, HaNpEMep, HPH 8ep-
KJILHHX IO0BOPOTaX, HPEACTABAANINAX Co0ofi KoMOHHAIHIO.
ABYX omepanuii: IOBOPOT C HOCHGAYIOIIEM OTpaKeHHeM Jac-
Telk GErypH B INIOCKOCTH, IOPIEHAHKYIAPHOH OCH IIOBOPOTA.
Qurypa 5a puc. 1, 6 IMeeT 3epKaJbHO-IOBOPOTHYIO OChH HIEC-
TOro mopsAAKa (HOPAKOK OCH OIPEeJe]seTcA YIJIOM IOBOpOTa,
Kak ® mpu o6GHYENX moBoporax). Ilpm manmamm B ¢rmrype
IIOCKOCTH CHMMETDHH 6@ PaBHHO 9acTH 06GMOHHBAIOTCA Mec-
TAMH TIYTeM OTPa)KeHHA B 36PKaje; oTpaskeHHAA ¢urypa He
OT/IHYAeTCA OT HCXOfHO#. Jlerko BHEeTH, 4TO 3MaHHe (pHC. 2)
EMeeT ILIOCKOCTh CHMMOTDHH, NeDPHeHAUKYJIADHYI0 Y6PTeKY,

CamuMeTpua a1060if ErypH KOHEYHHX pa3mMepoB (B TOM
9YHCIe CHMMOTPHA KPHCTAJJIAYECKHX MHOTOTPAHHAKOB) OIH-
CHBAeTCA TOJBKO JABYMA BHIAMA 3JJIEMEHTOB CHMMETDHH:
IOBOPOTHHMH H 3€PKAaJbHO-IOBOPOTHHMH ocsaMH. Herpyamo
BHEAeTh, 9TO oONEpandd NeHTPA CHMMOTDHH SKBHBAJEHTHA
86PKAJBHO-IOBOPOTHOM OCH BTOPOTO HOPARKA. JJIEMEHT CHM-
MOTPME — OCh II@PBOTO TIOPANKA — ABIAGTCA OREHHYHOR
ollepanuei, MOCKOJBKY IPH 3TOM QHTypa OTOKAECTBIAETCH,
T. @. 0CTaeTcsaA Ha MecTe (63 mpecGpas3oBaHmil (AJIH HOBOPHYTA
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Puo. 2. 3naEne ¢ NAOCKOOTHI0 CHMMETPHH, DEpIeHHKYAADHOR CHEMKY H Iepeoce-
xapomelt daca] OBepxy BHES

Ha 360°, 9o B KoHeuHOM cuere TO ke camoe). [lmockocTs cHM-
METPHE TaKEM 06pa3oM MOKHO TpPAKTOBATh KaK 3epKaib-
HEI{ DOBOPOT BOKPYT OCH HEPBOTO HOPAAKA. 3aMETHM, 4UTO
OpH 3epPKAJbHHX I0BOPOTaX NPaBHe YacTH QHrypu mpeobpa-
3YWTCA B IeBHe, 1 Hao6opoT. B wacrHOCTH, INIOCKOCTD CHMMOT-
pHH (3epKaJo) upeobpaayer, HAIPAMEP, IPaBYIO PYKY BJIeBYIO.

PemeruaToe cTpoeHHe KpPHCTANJIOB OTPAHHIMBAET THCJIO
KPHOTAJJIAYECKAX MHOTOTPAHHHKOB pasHOi# cHmMeTpmd. B
KPHCTAJIaX BOSMOKHH IOBOPOTHHE H 3€pPKaJbHO-IOBOPOT-
HHE OCH TOJBKO HepBOTO, BTOPOrO, TPEThEro, YeTBepToro H
mecToro NOPAAKA. Pas3inuyane KOMOMHALIMHM STHX 3JIEMEHTOB
(Toymee, omepammil) CHMMETPHH 00pasyioT I'PyNIOH CHAMMET-
PHH, B KOTOPHX JOHYCKAIOTCA TOJBKO OHPEXEJIeHHHE COJeTa-
HAA., 1A KpHECTAIIAYECKAX MHOTOTDAHHAKOB BO3MOKHH 32
rpyonos caMmerpma. Kpmcraniaw, pasHme mo cocraBy, HO
OpHHAQJIe/KaMIEe K OXHOM ¥ Toif e rpynme cmMmeTpHHM, 00-
pPasyoT KpHCTAJUIEYeCKHH XJjacc.,

CoBOXYNHOCTh YACTHI[, COCTABIMAIOMHX KpHCTAIJ, ofpa-
8yeT OpPOCTPAHCTBEHHYIO -pemeTKy. {aA KasKmoro BHRa pe-
meTk:H MokeT OHTh BHOpaH OCHOBHOA mapaJjiejemmme]
(smemMenTapHas s4eiika), y KoToporo peGpa paBHH KpaTdaii-



muM tpaHcaaumaM. JloGyo TpexmepHyio pemeTky (a 3Ha-
YAT, B €¢ OCHOBHOM Hapajiiejienune]) XapaKTepPH3YIOT MeCTh
OapaMeTpoB: TPH OCHOBHHE TPAHCIALWH mO OCAM a4, b H.c,
o6o3HavaeMule 9TUMH ke OyKBaMH, W TPH yria a, f, y Mex-
oy ocaMa buc, c 1 a, a u b coorBercrBenHo. CoraacHo 3ToMy
RS JIOOHX KPHCTAJAIOB MOI'YT CyIIeCTBOBATh MECTh pa3imd-
HHIX CHCTeM KOOPAMHAT, Ha3HBaeMHX cEHErommamu. Opnma
¥3 CHHIOHME — IeKcaroHaJbHAaji — IOApAasfesaeTcd Ha col-
CTBeHHO TeKCaroHaJbHYI0 A POMGO3PAIECKYI0, TAK KaK IeK-
CarOHAJBHEE W POMOO3ApPHYIECKHEe KPACTAJIH HMEIOT Dasimd-
HEHe OPAMATABHEE (He COAep/Kamae BHYTPH ceGA y3ioB) pe-
merkH Bpase *. Kiaaccudaranma KpECTaII0B C y4eTOM pas-
amynsa pemetrok BpaBe mpWBOOAT K pasfeieHMio WX ‘Ha TOMb
KPHCTAJIOrpaPHICCKAX CHCTOM.

Pacnpenenienne xpuCTani0B 1O CHErOHAAM H cHCTOMEM
€ yKazaHM lapaMeTpoB OCHOBHOrO mapajiejemunefa, Ha3-
BAHHMA KJIACCOB, HaGOpa DIEMEHTOB CHMMOTDHH B 0GoaHade-
HAA rpynn cEmMMeTpud faHo B TaGa. 1. B dopmynax cummer-
PHE OpHMBEleHH JHAMb OCHOBHHE 3J6MEHTH CAMMOTDHH KpH-
CTAQJVIOB Pa3HHX KiIaccoB. Tak, B TaGauime He YKa3HBaGTCH
(xpome kiacca 1) snemenT cmmmerpEd 1, KoTophEd mpHCYyI
BCeM KJaccaM; B TeX CJAydYafX, KOTJa IpHBeJeHa CTapmiad Io
TMOPAAKY 0Ch, IONIAHEHHAA eif MIafmasa no MOPARKY OCh (COB-
Imafaiomas o HaOpaBlIeHMI0) He ykasuBaerca. Umeao oced
B IJIOCKOCTed B gopMysnax CEMMETDHH 3alMCaHO B CKoOKax.
B ra6amme npusemenn o6Gosmadenmss rpynn mno Hlenduin-
Cy, eme HMeIOmMHEe XOKNeHWe, a TakKe 0003HavYeHHs, NPH-
BOAEMHe B KpHCTasiaorpapmaecknx «VHTepHammoHAIBHHX
TadIAmax».

Bubop xpucraanorpadmueckoii CHCTOMH KOODAHHAT OI-
peAenser E Bu0OD TaK HasHBaeMO# eJHHAYHOA TpaHH, T. €.
T'DaHH, KOTOpPaf ABIAGTCA AWATOHAIBHOH IMIOCKOCTHIO OCHOB-
HOr'0 mapajejendnefa pemeTKH. Ba;KHNMHA BeJWYHHAMHA B
KPHCTANJIOrpaguu SABIAITCA OTHONIPHHSA eJUHHYHEX OTpes-
KOB a, b, ¢, ompefenAaomuX eqAHHIHYI0O rpaHb. Ilomoxennme
(opmenTanuo) Jil0God rpaHE KPHCTANIA MOKHO HaéiTh, pac-
CMaTpHBasj, HAOPAMED, OTHOMIEHAs EIUHAIHHX OTPe3KOB a, b,
¢ K BeqmudmHaM oTpe3xoB A, B, C, orcekaeMHX Ha OCAX TaH-
HOi rpambio (pmc. 3):

a b c

A B C-

* Bcero cymectsyer 14 TpaHECaAnmOHHHX pemeToKk Bpase.
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B armx gpo6sAXx 9mcamTeNm PaBHH OCOBHM ONHHAILAM, a
8HaMeHaTeJH [OJKHH GHTh HOJKMHA YACIAMHA (YHCIOBHE Ia-
PaMeTpH), HOCKONBKY BCAKAA IpaHb aHGO 0TCEKaeT Ha KoOp-
REHATHHX OCAX IIeJ0e YHCJO0 OCEeBHX efUHHN, nuGo mpm Ha-
pPaliebHOM HmePEeMEI[eHEE MOKOT GHTH IpHBEleHA K TAKOMY
HOJO)KeHHI0, IPH KOTOPOM OHa HPOXOAAT Uepes TPH yaia.

c

Pro. 3. I'paHH EpHOTANNA © HH-
mexcamu [111] m [281]

Orciona cnegyer, 970 yKasaHHOe OTHOINEHMe BCOT[a BHIpaiKa
€T OTHOIEHH® IEJHX JACeJ]
a b c

T. T. T=h.k. l.

Takum o6pasoM, Tpu unciaa h, k, I ompenensior monaosxe-
HHAe a1060# rpaHm KpHEcTaxna. [[as rpaHeil atH yAcaa, o6HIHO
HasHBaeMHe HHJeKcaMH Munnepa, 3aIHCHBAIOTCA B KPYTIHX
cko6Kax. Tak, HHEOKCH OJWHHYHHX IpaHed 3aNECHBAIOTCSA
B Bage (111). Napexcu MmEnmepa MOTryT GHTh Kak HONOKH-
TeNBHHMH, TaK H OTPHEOATONbHHMH; B IOCIEJHOM CJIydae
HaJl HAMH CTaBHTCA 3HaK MumEyc. W3 ompeneneHHA HWHAEEK-
cos Mmunepa caegyer, 4ro ecad IpaHb KpHACTalXjla HAapas-
nenbHa Kakoii-nE6G0 kpHCTayiIOrpadHIecKod ocH, TO HHEBKC
€e II0 dTOH OCH paBeH HYIIO.

Amagormuane 0603HAaYeHHS C NOMOINBI0 HHAEKCOB Mui-
Jlepa MO)KHO BBeCTH i peep # APYIHX HampaBIeHHH B KpHC-
ranne. [{appu mHEAEKCOB B 9TOM CIyIae CTABATCA B NMPAMEe
CKOOKH *.

* Jlna KPHECTAJJIOB TeKCarOHAJbHOM CHCTOMH HCIONBIYHTCH qe'ru(})e
ocu. Tpm ocm a, b, u cocraBaaior MemAy coboit yroa 420° (60°)
¥ IOPOeHANKYJIAPHH (MeCTEPHHM® (¢TPOHHEIM®) ocsM. Uersepras
0Ch ¢ CoBHajaer ¢ «mecrepHOi («rpofinoiis) ocro. Takaa cacrema
KOOpAHEAT HA3HBaeTCA {ycTaHOBKOiX DBpapes. Kpome Toro, pms
KPHCTaJJIOB POMGOSAPHYECKOX CHCTOMH MHOTQA MCOONB3YeTCA
«ycramoska Munnepa»: Tpoiixa peGep pomGosppa (MeKEY KOTO-
PHMH 3aKJI0YeHA TpPOHHAA OCb) ONpejeAseT OCH a, b, c.

14



~ o o2 oo/ oo/ mmm
Puc, &. HXx0CTPanEs Opefile BBEHX IpPYyIN CHMMETPHH
a — BpamaomuilcA KOHYC, rPynna CEMMETPHE oo; 6 — HENOABEIMHHI KOHYC,
TPYINA CHMMETPEE co mm (FPYNN® CHMMETPHHM IOJAPHOrO BEKTODA);, 6 — CKpY-
YeHHNI! QEIMAND, IPyNIA CAMMETPHA o 2; 2 — Bpamaromafica NENEAADP, rpynna
CAMMETPHE oo/m (rPyIHIA CHMMETPHHM aKCHANBHOI'O BEKTOPu); & — HemnomBMKHRMN

UANEHAP, I'PYIIA CBMMETPHE co;nimm; ¢ ~— map 6es Nnockocrell coMMeIpHE, rpyn~
Na CMMVETPMH 00/002; % — HAap C NAOCKOCTAMH CHMMETDHH, rpymma oo/co mmm

Ilpr onmcanmm QHU3HIECKNX CBOMCTB KPHCTAJNIOB BayKHOE
3HAYeHA® HMEeT CHMMOTPHA TeJ BPAIIEHAA, ONACHBAEMHX
TaK HABHBAGMHMH IpPEfeJbHHIMH TIpPyNIaMA CHAMMeTDHH.
CMEICa c0Ba «npefeabHRIAY COCTOAT B TOM, 9TO TAKAMH IpyI-
IIaMH ONHCHBAITCA (QHIypH, HMEOIUe OCH CHMMOTDHH BCe
YBeJIHIARAIOIMErocs HOPAfKa M AocTAraiomme B mpegene Gec-
KoHeYHOCTA. YoM BHIE HMOPANOK OCH, TeM Ha MEHBIIHH yroJ
HYKHO HOBepHYTH QUTypY, AAA TOro YTOGH OHA HOCJE IOBO-
poTa HEW49eM He OTJMYAjJach OT MCXORHOHA. [[nA Tes BpameHHA
1 PATyp, AMEIMAX OCA CHMMETPHH 0O, TAKOH IOBOPOT MO-
’KeT 0CYIeCTBJIATHCA HA CKOJb YTOJHO MaJHid yroJ.

ITpemenbanx rpynn camMmMerpEd Bcero cems (pmc. 4). Onm
ONMCHRAIT TPYONH CAMMOTPHH mapa, IWIHHADPA, KOHYyca.

15



OO6HHENA QUIHHAD HMEeT OAHY OCh G6CKOHEYHOrO0 HOPALKA M
GecKOHOYHO® MHOKECTBO OCOl CHMMOTPHH BTOPOTO HOPAAKA,
MePNeHAUKYAAPHRX ocH oo. Kpome Toro, mmmmmjgp mmeer
ORHY HMONEePEeYHYI0 OCH 0O IJIOCKOCTh CHMMeTpHH m H Gecko-
HOTHOe THCJIO-IIOCKOCTeH, MPOXoAAmMAX 16pes3 och oco. I'pym-
ma CHMMOTDHH TAKOrO NHJIMHApPa o0G03HAYAeTCA oo/mmm.
9Ty Me TPynmy CHMMETDHA HMEeT SJJIHNCOHK BPAIMCHHA.

OnBako ecIm NWIMHADP BaKPYYeH (CKPYYeH) BOKDPYT OCH
00, BCe 6ro INIOCKOCTH CHMMEOTDHH IPOHARAIOT; FPyNOa CHM-
MOTDHH B 3TOM Ciaydae O0G0BHAUA®TCA CHMBOJAMH o02. Y
BpAIMAIOIMerocs MUWIHHADPA HOT HPOAOJBHHX IJIOCKOCTeH CHM-
MeTpHH (rpymma oo/m). HenoaBH/REHIA KOHYC HMEeT OCbh CHM-
MOeTPHH 0o H ILIOCKOCTH, TPOXOfAIIHEe epes Hee (Ipymma co mm),
a BpAmAKMMAACA — TONBKO OCh CHMMOTPHHA oo (Tpymma oo).

IMapu, Rak reoMerpwyecKkHe (PHrypH, MOTYT IPHHALJIE-
JKaTh K JBYM rpynnaM cEMMeTpua. B mepBom ciygae gas ma-
P2 XapaKTepHO TO, YTO BCE €ro JHAMETPH HMEIOT CHMMOTPHIO
maauHApa (o6uaHOre). I'pynma cuMMeTpEE mapa B 3TOM CAY-
qae 06o3HauaeTcA oo/ co/mmm ¢ NOTIePKABAHHEM TOTO, ITO
9YHCIO0 TAaKHX AwaMetrpoB GeckomesHo. Bo BropoM caygae
map HMeeT XHAMOTP C CHMMeTpHell 3aKPydYeHHOre IHIHHADA,
Ipynma cEMmerpmE Taxkoro mapa oGosmavaerca oo/ 002,
PeansEuM gasmyecKkaM 06pasoM TAKOro mapa ABAAETCA WAp,
BHPE3AaHHHWA H3 Cpefi, Bpamfalomel NIOCKOCTH HOAAPH3a-
AU cBeTa (HAIPHMEp, M8 PacTBOpa caxapa B BOJ®).

ITonesHo 3aMeTHTH, YTO CHMMETDHIO IOPBOro IIapa HMeeT
BOJIHIHHA, HASHBAGMAA B MATOMATHKe CKAAAPOM, & BTOpPO-
ro — IICeBROCKAJNADPOM. ¢lICeBHOCKaNAPHHID map ABIACTCH
o6asareanH0 Au60 mpaBoii, 1HGO A6Boi PUrypoi (B 3BaBECHMOC-
TH OT TOr0, IO KAKOMY BHATY BAKPYJYeHH €ro JHAMOTPH),
HMeeT CBO#l «3HAK IPABHSHH (JIOBHBHE)», HASHIBAOMHIl HHOI-
Ja 3HAKOM SHAHTHOMOpP(HSMAa, H HBMEHAGT 3TOT 3HAK IpH OT-
paxeHrH B 3eprajge. HemonBHKHHIT KOHYC HMEOT CHMMOTDHIO
MOJAAPHOr0 BeKropa (pHc. 5, a), a Bpamaomuica NRIREAD —
CHMMOTPHIO AKCHAJBHOTO BeKTopa (pmC. 9, 6). IloaspEEM
BOKTOPDOM, KCTaTH, ONHCHBAITCA HAUPAKEHHOCTH 3JIGKTPH-
geckoro noias E, snexTpH4ecKH#l THOOJBHEIA MOMEHT P, 9JIeK-
TpEIecKas moiApusanua P, a aKCHAJNBHHM BOKTOPOM —
MarHATHO® WOJ®, HAMATHHYOHHOCTb, MATHHTHHA MOMOHT H
mp. * Jaa moaApHOro BOKTOpPa XAPAKTOPHO PasiHIHe ero

* Yacro B AHTEPATYpe MATHHTHO® IOJe H306DAyKAOTCA IONAPHEIM

BORTOPOM, HO TAKOe W300pasKeHWe He OTBEYAeT er0 MCTHHHON
CHMMETDHH.
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a 5 Pumo. 5. Tpaduseckoe HsoGpame-
} HHO TOXAPHOIO (a) W ARCHANLHO-
ro (6) BexTOpOB, OTPEUANIICE MX

DI

PECTIONOIEEHRS ATOMOB B RPHOTAX-
4 a¢, OYpeuANIIee  IOXAPHOMY

(BBEPXY) M HENOZAPHOMY HANpAB-
FoHuAM

A
M _,__O..f.___o_..___o_. —_——

A’ 4
— O —+—O——O—s =¥

KOHIOB II0 8HAKY (HampHMep, 0 BHAKY 3JeKTPHYECKOTO 3a-
PAfa), a AIA aKCHAJIBHOTO — II0 3HAKY SHAHTHOMOpPQPH3MA
(gampEMep, MO HAUPABIGHHIO TOKA B COJNGHOHJE CO CTOPOHH
CeBOPHOIO H JO}KHOT'O IIOJIOCOB).

na onAcaHEA MHOrAX (HSHYECKHX CBOMCTB KPHCTAJJIOB
B&/KHOO SHAY6HH® MMEeT CHMMOTPHA HOKOTOPHX HANPABJICHMIA.
3mech MH OrpaHHYEMCS PAcCMOTPeHHeM IOJAPHHX HampaB-
JeHmH, T. 6. TAKAX, Y KOTOPHX OPOTHBONOJNOKHEE KOHIH (-
3WYECKH PAaSAMYHH. JTO pPasidmuEe Mo;KHO Hamboxee Jerxo
HOHATH HAa IPHMEpe PACIIONOMKEeHHA ATOMOB, IOKA3AHHOIO HA.
puc. 6. HanpaBremme MN Ha menouxe HeONHHAKOBO ¢ HAM-
pasrenmeM NM. B camoMm resre, Ha mepBOM HAUPABAGHHH Pac-
crosiHAe OT aToMa A Ho aroMa B MeHbme, YeM HA BTOPOM.
ITonsipHOCTH 3TOi Hemouykm BHABHTCA eme Gojee weTko, ecam
MH OIPHOHEITEM, HANPHMED, aToMaM A IOJO0KHTeABHHH 3apAx,
a aroMaM B — orpmnmarensEuii. HmxaAaa nemouxa Ha pmc. 6
HeIoJAPHA.

IlonspAEne HaOpaBIeHEA MOKHO HAHTH B KPHCTAJJe,3HAA
ero CHMMETDHIO H 3JI6MGHTH CHMMeTpHH, Ecam B RpHcramne
BHOpAHO HANPABJIEHAE, IPOTHBOMOJOKENE KOHIH KOTOPOTO
He MOryT 6HTH COBMEHIGHH ADPYT ¢ APYIOM,— HAUPaBIGHHe
HoasApHO. B HOKOTOPHX KPHCTANIAX HMOIOTCA HONAPHHE HAI-
PaBlNeHHNA, KOTOPHE He HMMel0T ceGe PaBHEIX, ©CIH MOMKHO
TaK BHPASHTHCA—OHH 6THHCTBEHHH B CBoeM pofe. Takme Ham-
PaBlIeHAA HA3HBAOTCA ocoGeHHNME nonapEmMHA,. Iloaspabe
H ocoGeRHHe MOJSAPHHE HANPABIGHAA HMEIOT CHMMETDHIO IO-
AApHOro. BeKTOpa MM GoJlee HH3KYIO, HO €if NOAYHHEHHYIO
(cM. HEDRe).

’

M
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Ha pmc. 7, a n3oGpakeH KpPHCTAAJ TypMajmMHA, NPHHAL-
Je)KaIEA K Tpynne CEMMeTDHE 3m pomGoampuuecKoil cHCTe-
MH (0Chb CHMMETDHM TPOThero HOPAAKA H TPH IJIOCKOCTH,
npoxopsimue deped och). HanpaBuenme, coBmajaiomee c
0CbI0 3, B 9TOM KPHCTAJJ€e MOJAAPHOE, TAK KaK HMEIOIMMHCH
9JIEMEHTaMA CHMMETPHH HPOTHBOLOJOM{HEE KOHI[E 3TOH OCH
COBMECTHTh Hesib3fl. II0CKONBKY Ipyroro Taxoro HampaBie-
HUA HET, OHO ABJAETCA 0COGeHHHM moasapHuM. Ha puc. 7, 6
IOKA3aH KPHCTAJLJI IMHKOBOH oOMaHKE ZnS (B MOmU(UKAIAH

19§

Pue. 7. Npeaxpanie GOPMB KPHCTAAIAYECKHX MHOrOTpPaNANKOB
a — TypMaimH (3m); 6 — chastepAT (i3m); ¢ — KanbmuT (3m)

cdameprra). IT0 KyGuueckmit kpmcrana. OH HDPHHAIEIKHT
K rpynme cummerpnn 43m. Herpynno BmaeTs, 4To mpocTpas-
CTBEHHHE [HAroHAJH B 9TOM KDHCTajlJe IPEACTABIAAIT CO-
6o#f moaApHHEE HampaBiaeHusa. TaKHX laIpaBICHHA B KpHC-
TaJJe dYeTHpe, @ I0ITOMYy OHH HpPOCTO HOJAPDHHE (a HO
oco6enHne moaapHme). Hpucraan kanenmmra (puc. 6, 6) oT-
HOCATCA K poM003fpHYecKod cECTeMe H MMeeT IpPynny CHM-
merpam 3m. Cpenm 2/1eMeHTOB CAMMETDPHH 3TOTO KpPHCTAJLIA
HMeeTCsL NEeHTDP CHMMETDHH, KOTODHH COBMEmAeT NPOTHBO-
LOJNOKHEEe KOHITH JI000ro W3 HampaBieHAH. JT0 SHAYAT, UTO
B KPHCTAJIE KAJBIMTA HET NONADHHX HampaBieHAd, M TeM
6osiee 0COOEHHHKX IOJAPHEX.

ITo manAYAI0O WAA OTCYTCTBHIO HOJAPHHX HAOpaBIeHHMH
B KPHECTanJaX Bce 32 KPHCTA/JUIMYECKHX KJacca Iexecoot-
PasHO pasfeqHMTh Ha TpH YacTH. H mepBoil m3 HAX OTHecem
KPHCTAJJIH, HEMeIomue ocoGeHHHEe HOJAPHEE HANPaBICHAR
H TOJBKO Te 2JEMEHTH CHMMETPHH, KOTOPHE CORep:KaTcs B
rpynne HOJAPHOTO BEKTOpPa. JTOH TIpynme HOJKYEHEHH
10 rpymu: 1,2, 3, 4,6, m, mm2, 3m, 4mm, 6mm. Kpmcranns,



NpAHAJJIeKamMde K 9TEM rpynoaM, MH Gy/ieM Ha3HBaTh HO-
aapauMa. I[IpexcraBaTeseM DONAPHHX KPHCTAJIOB ABIASTCHA
KpHCTaJLI TypManuHa. VI3 ceMHE DpefieIbHHX IPynI CHMMeT-
PHE iBe — 0O H OCOMM — ONHCHBAT CHMMOTPHIO HOJAPHEIX
¢uryp (EampEMep, KOHYCOB).

Ko BTopoif 9acTH KPHCTANIHICCKHX KJI8CCOB NPHHAJIE-
7AKAT KPHCTAJJNH, y KOTOPHX HeT HE HOJAPHHX, HA 0coben-
HHX DOJAPHHIX HANPaBIGHHHA. ITO KIacCH HENOJAPHHX KpHC-
TaJJIOB ¢ HEHTPOM cHMMeTpmH. TaKHX KIacCOB KPHCTANIOB

Puo. 8. IoxApane HANPABNCHHN
B GasHCHO# (DepHeHUKYASPHOH
OCH 3) NXOCKOOTH KBapUa

11: 1, 2/m, mmm, 4/m, 4/mmm, 3, 3m, 6/m, 6/mmm, m3,
m3m. OHrypH, ODNCHBAGMHE NpeNeJIbHHIMH TIPyHOaMA
oo/mmm, oo/ co/mmm, oo/m, HMEIOT NIEHTDP CHMMOTPHH H
ToKe HemoaApHHe. He MMeIOT noaApHHX HampaBieHHH B fu-
IypH ¢ CHMMETPHOHA 00/002 H 002, XOTA-OHH HO HMEIOT H
IeHTpPa CHMMETpHH.

Ocrabmmecs 11 kpmcramamgeckmx KiaaccoB — 222, 4,
422, %2m, 32, 8, 622, 6m2, 23, 432, Z3m — ommCHBAIOT CHM-
MeTPHI0 TAK HA3HBAGMHX MOJAPHO-HOHTPAJBHHX KPHCTAJ-
moB. B TakEX KpHcTanaax ecTh MOJAPHHEE HaOpaBIeHHA, HO
HOT 0COGPHHHX HIOJAAPHHX. PaBHHE moaApHHe HanpaBAeHAA
006pasyOT COBOKYNHOCTh IONAPHHX BOKTOPOB, B CyMMe paB-
Hyl0 Hyao. HanpuMep, B KpucTagnax KBapna ecTb TPH paB-
HHX MNOJAAPHHX HANPABIGHAA, COBOAKAKIAX C OCAMH 2,
7 onHE 06Pa3yIoT CHCTEMY C PesyabTHPYIOIIEM BOKTOPOM, PaB-
HEuM Hyno (puc. 8). HanpaBnenmse 1o 9YeTHpeM HIPOCTPaH-
CTBOHHHKIM JHATOHAAAM NOJSAPHHE BEKTOPH B cdasepuTte (CM.
puc. 7,-6) TaxRe 06pasyioT COBOKYNHOCTh ¢ HYJIOBOA pea3yilb-
THPYIOMSA. '

TakoBH 0COGEHHOCTH MaKpPOCTPOSHHA (BHEIIHed (OpPME
¥ aHA30TPONAH) KPHECTaLI0B. [{15a onMcanuA PAfa HX CBOMCTB,
OXHAKO, 8THM OTPAHHYHTHCA HEJAL3A B HeOOXONEMO 3HATH HX
MEKDOCTPOeHH®e. MHKpPOCTPYKTypa KpPHCTAJJIOB ONHCHBA-
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eTCA ¢ MOMOMBI0 TAK HABHBAOMHX NPOCTPAHCTBOHHHX I'DYIN
cummerpun. Takme rpynme comepaar gononmETeNBLHHe (IO
OTHOIIGHHIO K 9JIOMOHTAM CHMMOTDPHH KOHEYHHX QHTYp) 2ie-
MEHTH CHMMOTDHH: N6DEHOCH, IJIOCKOCTH CKOJIBKOHHAA H
BEATOBHE ocH. Bcero cymectsyer 230 npocrpanmcTBeHHHX
rpynn caMMeTpHE KpHCTanioB. Ilocroasry, kak yxe roso-
panoch, HEKe GYAYT ONMMCHBATECA MAKDOCKONHEYECKH® CBOM-
CTBA KPHCTA®JIOB, B Gomee moxpo6GHOM paccMOTpeHHE HmpoCT-
PAHCTBOHHOH CHMMOTPHE KPHCTAJNJIOB S8A6CH HOT HOOGXOMEMOC-
TH,

OHEETPEYECKANl NOJAPHIAHEA

Cnoco6HOCTE RH3IEKTPHKOB HONAPHB0BATHCA — ONHO H3 HX
¢ynnamenTransEHX cBolicTB. Ilox monspmsammefk smech mme-
eTcA B BHAY Hpomecc, CBASAHHKIA ¢ COSNaHHEM B JHDJIOKTPHKE

+g -7

mopx ReMCTBHEM 3JOKTPHYECKOr0 NOJNA 3NOKTPHYOCKHX M-
mojeii. Ilpocrefinmit amexTpEYeckHE AMIONb—ABA pPaBHEX
[0 BeJHYHHEe W HPOTHBOMNONOKHKIX IO 3HAKY SJGKTPHISCKHX
3apafa ¢, HAXORAIAXCA HA HEKOTOPOM DaccTOAHHE ! Apyr
of npyra (puc. 9). OcHoBHOH xapaKTepHCTHKOX qAmONA fAB-
AAGTCA ero IGKTPHYSCKHHM MOMOHT P, OUpefeaAseMHE COOT-
HOIeHHOM

=g (1.1)

JIOKTPHYECKA MOMEHT ©CTh HOJAPHHE BOKTOP, HANPABAEH-
HHI OT OTPHIATEIHHOTO 3aPA/la K MOJOKHTEIbHOMY; IHCIOH-
HO OH paBem ¢l.

IlonApAsamusA RHEIGKTPHKOB, B0OGIE TroBOpA, MOMKOT
nponsoliTH B pesyJabTaTe MHOTHX IPOI6CCOB, HO TJIABHHYE H3
HEX — NONAPHSANHA 32 CUeT CMENOHHA (mepeMemeHHA) 8a-
pAnoB. 3nech MK EMeeM B BERY o6paTEMoe CMeIIenme: saps-
JKOHHH6 YACTHI[H ATOMOB H MOJIEKYd KaX B I0JO, TAK ¥ IOC-
jIé ero CHATHA NPORO/KAKNT NPHHARNOMATD TeM K6 CAMEM
aToMaM B MoJiexyJnaM. Taxoe cMem[eBHe SapAfOB Ha3HBAeT-

C YOPYTHM,
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a “% -0,
T + L + 5 330 -
. . - xF
i D=4xd, £4x0, ) 4 i 7l
- JIid —————— g’ £
+d' +d‘
' -d,
. Ay Pro. 10. Kompemcatop Ges pam-
L ‘}; i 7 saeETpEEa (a), © HBOTPONHMW
¥4 l.IlI ;; nusxexrpuxoM (6) B ¢ AHA3OYPON .
£ 240, HMM JHONCXTDHEOM (6)
*%

B npocreiimeM caydae B JHIIOKTPHKE IOJAPH3YIOTCH
TONBKO ATOMH *: HX 3JOKTPOHH CMOIIAIOTCA OTHOCHTEILHO
HOJIO/RATONBHO SAPAKEHHHX ANOpP. JTOT IMPOIECC HOCHT HA3-
BaHH® NOJSAPHSANHH JJOKTPOHHOTO cMemeHHA. Ecam nm-
3JIeKTPAK 00PAa30BAH IONOKHTEJBHHMHA H OTPHIATONbHEMHE
monaMm (mampamep, kpHcraaa NaCl), To monapmsammsa (mo-
MHMO 3JI6KTPOHHOH nONApHsanuu), 06ycioBIeHHEAA CMOMIORH-
eM HOHOB M3 CBOHX IIOJIO/KOHH{, HA3HBAETCA IIOJApPHUSAIHEH
HOHHOTO CMemiendsi. Bo Bcex ykasaHHHX CIyIafaX HONSPHSa-
OB OPHBOMHT K BO3HHKHOBOHHIO IEMOHTADHHX (mpOCTei-
MEX) RENOM6H, a MHSIOKTPHK B HEJOM, MAKPOCKOIEYECKH,
OKA3HBAGTCA MOJAPH3OBAHHHM, H 60 CYMMapHAasA HOJAPH3a-
nnsa ** eaunanu o6vema P ompemensieTcA COOTHOMEHHEM

P = Np, (1.2)

B KOTOpoM N —YHCJI0 316MOHTAPHHX AHNOJel B eHEHNG 06%-
eMa, & p — YJIGKTPHISCKAHE MOMOHT OJHOTO AHIOJA.

Ha pmc. 10, a nponmecc monApHsanE® IPeACTABIEH Ipa-
¢ugeckn. Ecam maacTHEH HEKOTOPOro KOHROHCATOPA HMEIOT
3apAfX ¢ NOBOPXHOCTHOff IIOTHOCTHIO Op, TO BHYTPH Hero
B BAKYYM6, KaK HBBECTHO HB3 SJIEKTPOCTATHKH, COBIAETCA
HAOPM)REHHOCTHh SIGKTPHYecKoro moia E,, ompemensemasn
COOTHOMMOHHOM

E, = 4no,. (1.3)

* O0LYEO0 DPHHEMAGTCA, TTO AMPAOKTPHR SACGKTPHEYGCKH HeiTpanen
(cyMMapHHE NOJOKHTOALHHO H HOATOALHHO BApANH o0pasy-
IONEX Or0 YACTHI PABHHW) H CBOOOJHEIX 8apAROB (3apPAMAOB, M
BXOAMEX B CTPOGHHE JMBIOKTPHKA) HOT.

** 3ech m YACTO fiaNee STO CIOBO XapaKTepusyeT QHBHUECKYIO Be-
JHYNEY, CTeNeHb SANOJAPHSOBARHOCTH, a He OPONECC NOAAPH-
SaIuN.
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Ilone E, HasmBaeTcA MHAYNUPYIOMAM H YacTo 0603HATAETCA
G6ykBoit . BaxxHo mox4epKHYTH, 9T0 moJie D (siieKTpHIecKan
AHEAYKOAA) o6yCI0BIeHO W ONPEeNesAeTCA TONbKO BHOIIHHMH,
cBOGOHKIME 3apAaMH.

To sxe camoe moxe D moaApHSYeT QAIEOKTPHK, MOMEI[EH-
HHH B KOHJEHCATOP: ero MOJOKHTeJbHEEe 3aPANK CMeIIalOTCs
B CTOPOHY OTPHLATeAbHHX, H HaoGopor. Bayrpm mmanexrpn-
Ka CMEMEeHHHE 3apANL 9JeMEeHTAPHHX [HIojed B3aHMHO
CKOMIEHCHPOBAHK, M PeBYJIbTAT HOJApH3aNuE 00HApYKHBA-
eTCA TOJBKO HA TPaHHUIPE, HA KOTOPOH MMEeTCA I0BePXHOCT-
HHii 3apAJ ILIOTHOCTHIO O’

U3 prc. 10, 6 BugHO, 9TO AHDJIEKTDHK B IEJIOM AMeeT JH-
IOAbHEIA MOMEHT

gL = 0oSL, (1.4)

rie L — paccrosaEme MEKAY DJIGKTPONaMH, a S— miaomanb
nnacTEH. B CBoX ovepels MHNONBHHIA MOMEHT BCero oGpasma
9epe3 AWIOJBHHE MOMEHT efHHHANH 00beMa P onpepmenmrcs
H3 COOTHOIIOHAA

PV = PSL, (1.5)

rge V — o6wem pmamexrpmka. Cpasmmsas (I.4) = (I.5), mo-
aygaeM

P =, (1.6)

OTKyZa cJjemyer, YTO HAWIOJBLHEIA MOMEHT eJUEMNIEH 00mema
NM3JeKTPEKA YHCJIGHHO paBeH IOBEPXHOCTHOM NIOTHOCTH
CBA3aHHHX 3apAfoB. CBAsamHHE 3apax ¢’, TaxaM obpasom,
Helirpanmayer 9acTs cBoOogHOrO 3apsana o, PasmAna Mexmqy
9THMHA 3apANAMH ONpefe]seT HAUDPAKEHHOCTh DJIOKTPHYe-
ckoro moana E B pguanextpmke

E = 4n (00 — ¢') = D — 4nP. (L.7)

Bes@unHA NIOTHOCTH CBA3AHHOIO 3apAfa ' B3aBHCHT OT TO-
ro, HACKOABKO 5(PPEeKTHBHO NOJAPH3YETCA NUIAGKTPHK, OT
ero moJAAPH3YyeMOCTH, Koropasg o6Go3Hadaerca o6HIHO GYK-
Boit o, ® of TOro, KaKk BEJIHKO II0JIeé B nudJeKTpHKe E: ;

o' =P = aE. (1.8)
CpasrnBas (1.7) r (1.8), monyqaem
D = (1 + 4na)E, (1.9)
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a mocixe 0003HAUeHHA cojep:;Kamefica B CKOOKax BEeJIHIAHE
gepes €& HMeeM

D = ¢E. (1.10)

Beamunra € HasHBaeTCA JHYJIGKTPHIECKON HpOHHLAe-
mocteo. OHa, Tak ’Ke Kak H a, XapaKTepuadyeT cO0COGHOCTD
OM3JIeKTPHKA K dJIeKTPHIECKOH HmOJApH3aNWH H IOKA3HIBAaeT,
BO CKOJBKO pPas HAIPs/KeHHOCTh IOJIA B BaKyyMe, co3faBae-
Mas 3apafaMd Co, BHIN® HAOPS)KeHHOCTH IIOJA BHYTDH [H-
DJIEKTPAKA, CO3JaBaeMoi TeMH ke aapamamu. UeM Brume Be-
JNWYAHK O W €, TeM CHJIbHEe HMOJAPH3YeTCA NHIIEKTPHK, TeM
HEKEe HAOPAMKEHHOCTHh DJIeKTPHYECKOro HOJIA BHYTPH HEro.

ITpegénpHEEIMA cay9aAaME ABAAIOTCA BaKyyM M METAJJIHL
B sakyyme @ = 0 (¢ = 1), a B MeTaanax 3a cdeT CBOOOTHHIX
9JIGKTPOHOB BHENIHEEe I0JIe MOKET GHTh IOJHOCTHI0 CKOMIIOH-
capoBaHo (PpopMaJbHO I METAJJIOB & ¥ & GECKOHEYHO BeJH-
KH).

Wapykousa D, sanps:keHEHOCTh noiaa E m noaspumsamms
P apasaiorca moaspuuMA BekTopamu. IlosromMy mpmBefeHHbe
BHIIe BHPA;KeHHS MOTYT OWTH 3ammcaHH B gopme

D=FE+ 4P, P=oaE, D =-:E (I.11)

BaxHo DOO96pKHYTH, 9TO B naOTpOHHdM IH3JIEKTPHKE BCe
9TH IOJIS JIe;KAT HAa ONHOW HPSAMOH, X0TA LOJIe HONAPU3ALEH

Pu HAIPaBJIeHO HABCTPedy HOJIAM D u E (cm. pme. 10) *.

IIpocTeie YHCieHHEE W BOKTOPHHE COOTHOMICHHWsI, CBA3H-
Bawmue noia D, E 1 4nP, CHIBHO yCIOMHAIOTCA OPH mepe-
Xome K KPHCTAJIaM, K AHH30TPONHHM [QHA3JEKTPHKAM. OTO
YCJIOXHeHH® CBA3AaHO C TeM, 9T0 B o0meM ciyiae B OTIHIHE
OT M30TPONHHX TeJ] HANPaBJIeHAE CMEIIeHHsA JACTHI Hof, Aeli-
CTBHEM BHENIHEro MHAYOUPYIOIMEro mOJIs He COBOANAeT C Ha-
OpaBJeHHEeM 3Toro HoJasA. B -aHA30TpOmHOM JHDJIEKTPHKE Ha-
OpapjleHHe CMeIeHWsi B3apSKeHHHX YacTHI COBIafaeT He
¢ BremHEM mojeM D, a ¢ HampaBIeHAEM II0JA HAalPAKEHHOC-
ta E (puc. 11). 1o o3nagaer, 9ro mone D cosmaeT HampAKeH-
HOCTH 3JIeKTPAYECKOTO HOJSM, COCTABIAAIONIAe KOTOPOTO HMe-
ot snavenns E,, E,, E; mo ocam z, y, 3; pe3yabTApyIOmasn
9THX TpeX moded ®W fgaeT moie E, B HampaBieHHH KOTOPOTO
cMemaeTcs 3apsAn. Takoidl XapakTep B3aBHCHMOCTH MEKIY

* Ecam npuHATH, 9TO HOJe moasgpusanmn P HampaBiemo or oTpH-
IATeNbHWX CBASAHHMWX 32PAAOB K NOJOKHTeNBHHM ' (KaK 3/6Ch

OPHHATO), TO MOJIA D E u 4nP coBmajaor mno HAIIPaBIEGHNO.
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BOKTOPaMHE (BOKTOPHHMH IOJMH) Ha3HBAGTCA TEH3OPHEIM.
BeqEYHHN @ H & B aHH30TPONHOM JHIJAOKTPHKe yKe HE AB-
AAKNTCA OOHYHKRMHA 9HCAAMA (CKaJfApaMH), & CYTh TeH30DH.

4

N
o Puo. 11, Cuemenne sapsfa BJAHH-
£ SOYDONHOM JmGAEETpHEE NOJ Rei-
- £ Ol 4 CTRNEM EEAYREpywmero noas D
L7 i
4

- Tensop [a] ommcmBaer cBash Mexxy Bekropamm P m E
H-AME6T BHJ
E, E, E,
Py ay oy ay
Py oy Oy Oyl '
Py ay ay g, (L12)
B sToM cooTHOmeHHEH a;; — _KOMIIOHOHTH TeH30pa, & p;

u B, — xommonenTn Bexropos P m E (mx npoexmmm Ha och
X, Y u Z).

B passepryrom Bupe coornomenme (I.12). sammcHBaercsa
KaK, K TPH COOTHOINCHHSA

Py = aukF1 + ayEg + oy,

Py = anB1 + 0g,E, + 043Fs, (1.13)

Py = ag1E1 + ay,E; + agsEs.

Tensop le] ommcmBaer cBass Mexxy Bexropama D m E
E, E, E,

D1 en €13 813

D, e e e (1.14)

Dy e5 &5 gy

M B DPa3sBepHYTOM BHJI BANHCHBACTCA AHAJOTHIHO TOH3ODY
[a):

D1 = enkE1 + e3Ey + e13Fs,
Dy = eqE1 + e553E; + 53E;, (1.15)
Dy = eg1E1 + e34E5 + e55Es.



Hs (1. 13) m (I.14) BagHO, KaK KaKJaA AS KOMIOHEHT BEKTO-
poB PubD BHPa)KAeTCA I0Pes BCO KOMIOHOHTH BexTopa k.

CpaBHHTe/IBHO IPOMOBAKHEE TeH30pHLe ypapHenms (I.12—
15) 8HAYHTeNHLHO YNPOmANTCA B TOM CIAydae, KOrjga pac-
CMATDPHBAETCA HO IPOMSBOJLHO® HANPABICHHe mOJed B KpHc-
TajAe, & HOKOTOPHe YacTHHe. OxasnBaercd, 910 B J060M
KpHCTaJAne MOryT OHTh BHGpPaHH TAK Ha3HBAOMHE IaBHHE
HampaBieHAsa. EciHm cHCTeMa NPAMOYroJAbHHX KOOPNHHAT B
KPHCTa/LIe BHOpaHa Tak, YTO €6 OCH COBHANANT C I'TaBHHMHA
HAOPABICHAAMHA (TAKasd CHCTeMa HASHBAeTCA TIJABHOH), TO
ypaBrenana (I.12—15) ympomalorca ® umeloT BHR *

E, E, E,
Py 0,0 0 (1.12a)
P, 0 a 0
Py 0. 0 as,

Py, = o, E,
P’ = %E, (1.13a)
Py = a3k,

E, E, E,
D1 € 00
D, 0 & 0 (I.14a)
D; 0 0 &g

Dl = BlEl
D, = g E, (1.15a)
Dy = e4E,.

BenmunHH @, 4, &3 HABHBAIOTCA INIABHHMHA IOJAPH3IYe-
MOCTAMH, 2 8, €,, €3 — IVIABHHMH NHIIOKTPHYCCKHMH IPO-
HHIA0MOCTAMH.,

Taxam of6pasoM, B Tex CIyJasX, KOrfja SJAOKTPHYECKOe
mome E HAanmpaBieHO HO TIJIaBHHM OCAM, ROMIIOHOHTH BOK-
TopoB P m D Tak:Ke HAIpaBJAeHH IO IIaBHHM OCAM. B aroM
OTHOmMEHMH JI06G0# KPHCTaNJ IO TPeM HAUPABIGHHAM BeNeT
ce6n mOK0GHO M3OTPOIHOMY NHBICKTPHKY, XOTA B OTIHIHO
OT IOCHeXHOT0 KPHCTANJ IO BCOM TPeM IJAaBHHM Hampasie-

* BMecTO IBYX HMHJGKCOB B BEeJHYHHAX ¢ M € B DTOM CIyJae 3amH-
CHBAOTCA ANA OPOCTOTH OAHH M3 JBYX ONHHAKOBHIX.
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HEAM MOMKET HMETh PasHHe MOJAPH3YEMOCTH O;, O, O3 A
pasHhe [A3JIeKTPHYCCKH® IPOHHIAGMOCTH ), €, Eg.
CEMMeTpAA KPHCTA/IOB HAKIAMHBACT OIPENeIEHHHO® YC-
JIOBASI HA COOTHOIICHH® MEKAY KoapPHImeHTaMu €, &, €3
(a Takmxe @y, &y, atg). Hambosee mpocThiM sBAsMETCA OXydYai
KyOmdyeckux kpmcTaaiaoB (cM. ta6a. 1). Jas takmx Kpmeran-
IOB & = &, = g4 = €. JTO 03HAYaeT, 9TO 0 OTHONICHHIO
K 3JIGKTPHYECKOH MOJAPH3amH¥ BO BHEHIHEM ILOJNe KyGmde-
CKHMe KPHCTAJJIH HHYEeM He OTAHYAIOTCA OT M30TPOHHMWX [H-
a7eKTpAKOB *. CooTHomeHHe €, = &, = €5 AIA KYOHMIECKHX
KPHCTAJJIOB COONIONAaeTCA NPH BCeX HANPaBIGHHAX. HOJEH.
JmanexTpuueckas IPOHAMAEMOCTh KPHCTANJIOB CPEXHHX
cacreM (T. e. KPHCTAJJOB, IPHHAJIEKAMAX K TeTPAaroHAIb-
HOi, TeKCaroHAJBHOH ® POMGOSIPHIECKOX CHCTeMaM; CM.
Taba. 1) momUMAAETCA COOTHONIEHHAM & = €, == €;. Takmm
o6pa3oM, TaHHEHEe KPHCTAJJIH HMEIOT Be PasAHIHEe JAJEKT-
pHYeCKMe MPOHANAEMOCTH: BEJIHYHHY €3 H OJHHAKOBHE B3HA-
9eHMA €, (€,) B [BYX HOPUHeHAHKYJIAPHHX (K [JIABHOMY Ha-
HpaBJIeHAIO, BLOJb KOTOPOIo € = €g) HampasieHusaX. B aTmx
KPHCTaJIaX TJaBHAA OCh CO 3HAYEHHEM € = €g COBIAHAET
C OChI0 CEMMETPHH HamGoJiee BHICOKOTO mOpAAKa (€ OCHIO
3,4,%, 6 namm g), KOTOpasg B KPHCTA/NIaX CPeIHAX CHCTEM
TOJBKO OXHA. B kpmcraanax mmsmux cmcreM (pomOGmIeckoit,
MOHOKJIMHHOH M TPHKJIMHHOH) NHSJIeKTPHYECKHE HPOHHIAe-
MOCTH II0 BCeM TIJIABHHIM OCAM PAa3JHYHH: €, 3= &5 5= &g.

Opuerranus noneit D, E u 4nP B anuaoTpOmHOM JMBIOKT-
pPHEKe masa obmero ciydas mpencraBiena ma puc. 10, 6. Ilo-
JIe3HO 3aMETHTH TIPW 9TOM, 4TO BHYTPH AUDJIEKTPHKA HepIeH-
AUKYJIAPHEM K IOBEePXHOCTH IUIACTHH KOH@HCATOPA SABJIAECTCA
He HHAyOHUpylomee mode [, a HAUPSKeHHOCTH JIEKTPH-
qeckoro moig E. ITOT peayabTaT e€CTh CJIENCTBHE TEOPHH
JJIEKTPOCTATHIECKOTO HOJA M BHIXONHT 3a PaMKH Ipejjarae-
MOTO 37eCh PacCMOTPeHHA. Bce mpmpoguBIIAECA BHNI® COOT-
HOIICHHS MKy IOJAMH JJIA Clydass aHH30TPOUHKIX JHIIEKT-
PHKOB COXPAHAITCA B BeKropHOM Bapmante (cM. [.11). I'pa:
¢HrIecKoe COOTHOMIEHAe MEKY OJIAMA TaK:Ke JaHo Ha puc. 10.

HMonapusanas TAIEKTPHKOB MOMKET OCYIECTBIATHCA HE
TOJABKO IyTeM UPHJIOREHHs dJIEKTpHIeckoro moias. Tak, ms-
MEHeHHe NOIAPH3AMAH Y NIHPOIEKTPHKOB 06yciaoBieHd

* [lo oTHOmMEHMI® K APYrEM CBOilcTBAM (HAmpmMMep, YUPYIHEM) H
K DONApHM3auWH ApYyraMm cmocobamu (a He BHEIIHHEM TOJIeM) Ky-
6GugecKMe KPMCTaJJH NPAHOWONANBHO OTIHYANTCA OT H3OTPOUEHX
AM3IOKTPHUKOB,
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H3MEeHeHNEM MX TeMIePaTypPH, a dJeKTPAYeCKas N0JAPN3annsa
Ibe303JI6KTPHUKOB OCYMIeCTBIAOTCA IyTeM KedOpMHPOBaHHS.
B mocnegmee BpeMs BHEMaHHE HCCIELOBATeNeH IPHBIEKAaeT
eme OfXMH BHJ HOAAPH3AIMH — NOJAPH3ANHA, 00yCIOBIeH-
Hajg MAarHATOdNIeKTpHYecKHM 3ddexroM. ITO sABIeHHE Co-
CTOHUT B HOJAPH3ANUA HOKOTOPHX KPHCTALIMYSCKHAX [HITCKT-
PHKOB 33 CYeT NPUJIOKOHHS MATHHTHOTO IIOJIA M B HAMATHH-
9YHBAaHHM 38 CY6T NPHIQKEHUA DIOKTPHIECKOro IIOJIA:

E ~ AH, (I.16)
H ~ A™E.

Ilonspnaanma 3a cueT MarHATO3JeKTpAIecKoro addexTa Tak-
;Ke MMeeT TeH30PHHI XapakTep, XOTA BeaWImHAa A, paccMar-
pHBaeMaA KaK TEH30p, HA3HBAETCA AKCHAJBHHM TeH30DOM
H HeCKOJIbKO OTIHYHA OT OGHYHKIX HOJAPHHX TeH30poB. Mar-
HHTOJIEKTPAYeCKas mojapu3anusa (agPeKr) Boamo:xkHA B IIO-
JAAPHHX H GOJBIIAHCTBE MOJAAPHO-HEATPAIBHHX KPHCTAJJIOB
(Bce kunacch, xpome 43m, 6m2, 6). B memTpocHMMeTpHIHEIX
KPHCTAJIJIaX OHA HEBOBMOKHA.

B HexoTOpHX coeHHEHMAX MOKeT MMETh MECTO MarHMT-
HOe M DIIEKTPHYECKOe YIOPAKOYCHHE Jake IPH OLHOX H TOH
ke TemmepaTtype. K Takmm coegumeHmsaM oTHOCHTCA (QeppHT
Bacmyta BiFO, (cermerofeppomarueTmk, mMeOIE#A CerHeTO-
9JIEKTPAYECKOe H aHTEPEPPOMATHHTHOE YHOpPANOYeHHe), He-
xotopue Gopanmre MegB,0,,X (rme Me — Mg, Cr, Mn, Fe,
Cd, Ni, Cu, Zn, Co, X — Cl, Br, I). N-I-6opanur, nHanpm-
Mep, HMeeT CerHeTOdJeKTPHIecKoe ® aHTHPeppoOMarHHTHOE
yoopagodenne. Baammnaa opmenranua P.p 1 M., (cmoHTan-
HOA HAMarHM9YeHHOCTH) IPH STOM CTPOrO COIIACYeTCH C CHM-
MeTpHe#l KpHucraiia (KOTopas JJIA BHICOKOTeMIEePATyPHO# Mo-
mEpuKanEa ABIAETCA KyOmduecKko#) m apyr ¢ gapyrom: Pg, |
. Mcy. Ilpninoxenme MarHMTHOTO MoJisA B dToM Oopammre
33 CYeT MArHHTOdNeKTpmIeckoro sfdexra mpEBOgAT K mepe-
opuentanua P.; CcerseTosneKTpAIECKHX JOMEHOB.

PeanpHEE KpHCTAJLIH Cofepkar AeeKTH B IpHMecH, 9TO
NaeT BO3MOKHOCTH 00pa3oBaHHA JJIEKTPHIECKOH MONAPH3A-
MM 3a CY6T HEOKOTODHX HPONECCOB, KOTOPHe Ha3HBAOTCA
PeJaKCAMOHHEIMA M CBASAHH C ONPEMeJEeHHHM IIOCTeIeH-
HEIM ynopsafoYeAHeM npmMeced m fedeKToB mof AeicTBHeM
BHemHero moiA. [{A pARa MHAIEKTPHKOB (CTEKJIa, KepaMH-
YECKHX AH3IEKTPHKOB H JIpP.) PeaKCAMOHHEE BHIK MOJAPH-
BaNHHd ABIAITCA KaKe GoJiee CYIMECTBOHHKMHE, YeM MOJIApHA3a-
una cmemendsa. OHH mO3BONAIOT HAGIIONATh HATEpECHHE H
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NoNesHLe ABNOHNA, HANPAMeDP Oponect GopMUPOBAHESA IEKT-
peroB (cM. ri. VI). Jlna He 09eHB YACTHX KPHCTAJJIOB peJaK-
CAIlHOHHHE BHAH NOJSAPHSAIHEE TAK/e CYIMeCTBeHHH, aGco-
JOTHAA BOJHYAHA TAKHX HOJAPH3ANENA MOKeT SHAYATENbHO
IpeBHINATh NONAPHSANHIO CMEN[OHHA.

IlpamecE m nedeRTH coBKAIOT GAATONPHATHEE YCJIOBHA
IJA yBeamdYeHHs 3JeKTPOHPOBOJXHOCTE KpPHCTANnoB. B cBolo
ogepenb Gnarofaps 9IeKTPONPOBOJHOCTH COBJAIOTCA YCJIO-
BEA (0c0GeHHO B IepeMeHHHX MOJAX) AJA PACCEMBAHUA YHOP-
THE B [H3JIEKTPHKe (mE3JeKrpEieckme moaspm). Ho atm
SIBIGHAS 3a94CTY0 He CBASAHH C IPONECCaMi, MMeIomAMHA
IpsiMoe OTHOMPHHE K OCHOBHHM CBOMCTBAM KPHCTAITHIOCKHX
AHDJNIEKTPHKOB, B MH HX paccMaTpHBATh He OyHeM.

Kpacraza xak snexTpmueckas Garapes.
CoonTanBan noaspH3anEA

IlpencTaBnenre 0 HOCTOAHHOM MATHHTe CTAJNO BIOOJHEe HPH-
BHYHHM. B 9acTHOCTH, IOCTOAHHHMA MATEATAMHE MOTYT OHTH
KPHCTAJUIH jKesesa, HEKexs, kobanbra B ap. Tawol. Marmer
THE3M (PpeppomarHeTEsM) 0GyCAOBIEeH YHOPAAOYCHHNM pacmo-
JIOKeHAEeM MATHHTHHX MOMEHTOB 3JIEKTPOHOB, KOTOpHE
H o6pasyloT HAaMAaTHHYCHHOE COCTOSHEe KPHCTANNAa, 6r
CHOHTAHHYIO (CaMONPOH3BOJIBHYI0) HaMAarHEIeHHOCTh. Ci10BO
«COOHTAHHHI® IDOXYEPKHBAET 8HeCh TO 0GCTOATEARCTBO, UTO
KPHCTA&JJI MO’KQT GHThP HAMATHHYEH B OTCYTCTBHEe BHENIHOTO
MaTHHTHOTO II0JIfA, 663 Hero. JJeMeHTAPHKX 3JeKTPHYECKHX MO~
MEHTOB (RHIOJeji) YaCTHIH, 06pasyomae [ASICKTPHK (SMeKT-
POHH, IPOTOBH, HEATPOHH), KAK H3BECTHO, He MMET, H IO~
9TOMY Ha OCHOBE aHAJOTH HeJb3A OKHAATH, YTO B IPHEPOAS
Ha#iyTCA BemecTsa, obnanaomue CIIONTAHHOMH 5IGRTPHISCKOH
monapmsan@eii. OQHAKO TaK@e BemeCTBA CYMECTBYIOT, XOTHA
OHH MeHee HSBECTHH H H3Y4YeHH, JeM (}oppOMArHOTHKH.
Yactunu, o6pasyiomue MaTeprio (B 9ACTHOCTH, AHIIOKT-
PEKH), 061afal0T 3JIeKTpHYeCKAMH 8apsAfaMd. OTH 3apAXH
MOTYyT HMeTh JABa (IPOTHBOIOJOKHHX) SHAKA: INIIC H Mh-
HyC; 3JeKTPOH, HAaIpHMep, HMeeT JJOKTPHYSCKHH B8apAx
—e = 4,8-10™° ax.-cT. en. sapAjga, a OHPOTOH — TOYHO .Ta-
Koil Ke IO BeJmIMHe, HO HOJOKHTeNbHHI sapax. Herpynmo
BHAETH, UTO 38 CY6T YHOPANAOYEHHOTO PACIOJIOKEHHA 8apsa-
/KeHHHX YaCTHI IPOTABOMOJOKHHX SHAKOB MO)KHO HOJYIHTH
BJIeKTpHIeCKYI0 nmonAprsanuio. Hanbosee mpocroii caywai—
yKe pacCMOTPeHHHH 9SJeKTPHYeCKHH pumoab. B cTpyk-
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Type HEKOTOPHX AHIIOKTPHKOB TaKHe DJICKTPHIECKHe MH-
OOJIE JIeHCTBHTOJNbHO HMEIOTCH, H ©CJAH OHH OPHEHTHPOBAHK
B OAHOM HANpABJGHHE — KDPHCTAXJI OyAeT CHOHTaHHO HO-
AApH30BAaHHWM. Hak M B ciyJae MarmeTH8sMa, CJIOBO ¢CIOH-
TAHHO® (CAMONPOM3BOJBHO) O03HAYAeT, 9TO KpHCTANA obaa-
AaeT JJAEKTPHIECKOH HOJApH3anueii B OTCYTCTBHE DJIEKTDH-
gecKoro (B JaHHOM CJydae) HmOJA.

Taxum oGpasom, # 3/iech NpEpoNa GopMaNbHO COXpaHAET
mapajienusM B MarHETHHX H 3JIOKTPHYECKHX ABJIGHHAX.

Puo. 12. Cnomranno noaspa- o \\\ /Z/ 5
SOBMRELIE EEOSCXTEE NP INIA w\ IFITTTTTFT

a — nojie CuoHTaHHO# monA-
pH3aNMH B OTCYTCTBHE HefiTpa-
JH3YOIEX. 3apAROB;, 6 —

CIIONTAHHAAL  HONAPEBAIMA \ \ _~-~-—--c=<=_,/ / ——c----===

HellTPAINBORAHA  BHENIHEMN Ay ++¥+++++++
CBOGONHWME BapPANAME

Hapsany ¢ HOCTOSHHHME MABrEHTaMH MOTYT CYHECTBOBATDH
HOCTOAHHHE ¢JJEKTPHKM», T. . BemecTBa, o6aamaomue
CBOMCTBAMH 2JI6KTPHYECKO GaTapeH WM HCKYCCTBEHHO 3aps-
KeHHOTO 3JIGKTPHIECKOro KoHfleHcaTopa. CBA3aHHNe 3apAnN
CHOHTAHHOH HOJAPHBAIHA IPH 9TOM CO3AI0T BHOIIHE® BIIOK-
TpHYeckoe moje (pmEc. 12, a). OnEaKko pasimume Me;KAY Be-
mecTBaMH, 00Jajal0lEME CHOHTAHHOH HaMaTHAYEHHOCTHIO
HIA COOHTAHHOH HOJAApHsamEeli, COCTOAT HE TOJLKO B PA3HOH
npuponie (IPOMCXO0MKIMEHNHA) STAX COCTOAHHA. Pag BosHEKHYB,
CHOHTQHHO® HAMAarHHYOHHO® COCTOAHHE MO)KeT COXPAHATHCHA
(BoO6mme roBops, IpE ONPpENIENCHHKNX, HO OGHYHKIX YCIOBHAX)
CKOJb YrojHO ROJTr0, B TO BpeMA KaK CIOHTaHHOe IOJA-
PH30BaHHOE COCTOAHH® Aake B OGHYHHX YCHOBHAX JOBOJb-
Ho GHCTpPO yTpaumBaercs (mO KpaiiHeii Mepe BHemHe). ITO
OPOHCXOfAT HOTOMY, 9TO 3a CYeT BHYTpDeHHe# (KOHEYHOI)
IPOBOJHMOCTHE JI060ro AMaNeKTPHKA 3apANH IPOTHBOIOJOK-
HHX 3HAKOB JOCTHTAlOT BHICTYHAIOIMAX HA IOBEPXHOCTH,
CBA3aHHHX 3aPAKOB CHOHTAHHO NOJSAPH30BAHHOTO JHDIEKT-
Puka m HeliTpanmsyioT mx. Eme Goxee mpocTo cBABaHHHE
3apANN CHOHTAHHOX NOJAPH3ANME MOTYT OGHTH CKOMIeH-
CHpOBAaHH HPAKTAYECKH BCerja HMOIOIMEMHCA CBOGOAHHIME
sapsAmaMA B atMoc)epe, B peayJbTaTe Jero ymOMAHYTaA BH-
e snexTpEIecKan 6aTapesd 6HcTpo paspmxaerca (pac. 12, 6).
CnomtamHO mONApH30BaHHOE COCTOAHHE AHANEKTPHKA IDH




3TOM, KOHEYHO, He YTpaumBaercs, HO OHO KOMIEHCHpYeT-
Cf1 IPOTHBOMOJIOKHO OPHEHTHPOBAHHHM I0JIeM CBOOONHEIX
3apAN0B; YJAaJHEB 3TH 3apAAH, ONATH MOKHO OCHAPYVIKHTH
COOHTAHHYIO MOJISIPA3AUMIO *.

WsBecTHEW OBa THDA AWBJIEKTPHEKOB, 00jajalomEX CIOH-
TAHHOH HmOJIApH3anueii: NAPOIIEOKTPHKY U COTHETOIOKTPHKH.

a 2

HAH
HH

B nmpoanexTpmkax smexTpHdYecKme AMHOJIA BCOX dJEMOHTap-
HHX fTeexk ** kpmcrajiia OpHEHTHPOBAHH B OHOM HADpPaB-
nernu (puc. 13, a). B cermerosnexTpuKax OXAHAKOBAA OPHEH-
TanuA AEOOJIeH dJeMEeHTApPHHX. 960K HMEeT MecTO B Ipejie-
JlaX OJTHOTO JIOMeHa, B TO BpeMs KaK B [OMeHAX [UIIOJIH OpHeH-
THPOBaHH Ho-pasHoMy (puc. 13, 6). CnegoBaTenbHO, NOHATHO
«OEPO3NEKTPUK» fABisierca Gojee o6muM, B COIHETODNOKTPH-
KE — 9acTHHH Cly4aili HHEPOJIEKTPHKOB: CETHOTONIEKTPHKH
6CTh IHpPO3JIEKTPHKH, padbmBaiommecs Ha JOMEHH.

ITon mupoanekTpEKaME B COGCTBOHHOM CMEIC]IE BTOrO CJIO-
Ba MOHAMAlOTCA JuHeiHHe AWYJIEKTPUKH, obiajnaiomue
CHOHTaHHOH monsipmsanmeit. CioBo «wiMHEAHEE» 3/leCh HMEET
TOT CMBICJI, UTO B TAKHX JM3JIeKTPEKAX HOJIADPUBANUA JHHEH-
HO (IpAMO IPONOPIHOHAIBHO) 3ABHCHT OT HOJA

P = aE, (1.17)

TOT/Ia KaK /Il HeNWHeHAHKX [MIJeKTPEKOB (HalpEMep, cer-
HOTOZ/IeKTPAKOB) BTa 3aBECHMOCTh HeJNWHeHHA H HOXApH-
3yeMoCTh 0L 3aBACHT OT BeJIHYAHH moxa E

P =a (E)E. (1.18)

ITEposeKTpAIECKEe KIAaCCH KPHCTaJJI0B MOTYT GHTB
oTo6paHH Ha OCHOBaHEE cooGpakeHmit cmmmerpuu. [leiicT-

AL o s

— Ageiikax
1 { 4 @ — JHHeRHHH NRPO3JIEKTPHK;

> 6 — CerHeTO3JIEKTPNK

* MarguTHHe ABJGHHS, KAK HBBECTHO, OGYCIOBJIEHH ABMREHHEEM
DJIOKTPMYECKAX 3apPsAfIOB; MATHHTHHX 3apsAfoB B NPHPOAe He Cy-
mecTByer, @ MO3TOMY CIOHTARHAA HAMATHHYEHROCTH He MOKeT
GHTD «HEHTpPaIH30BAHAY.

*+ Jlna npocTorH OymeM paccMaTpHBATH TOJNBKO OJIBH, cyMMapBHIi
DJIeKTPHUECKAH AUOONb BCeX 3JIeMEHTADHHX AMNOJeH aieMeRTap-
HO#l AYeiiKH.
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BATEJIbHO, €CIM KPHCTAJJ AMeeT CIOHTAHHYIO IOJAPH3AIHIO,
TO ee HAampaBleHHWe ABJIAETCA COBEPIEHHO ONpefeeHHHM
(3pauET — efMHCTBeHHHM) u noaapHuM. CiemoBaTejabHO,
CHOHTAaHHASA WOJAPH3aNMAA B KPHCTalJe COOTBETCTBYET 0CO-
GenHoMy NOJADHOMY HampaBJeHHWI0O. JTO B CBOK OdYepedb
03Ha4YaeT, 4YTO CIIOHTAHHO NOJAPH30BAHHHE KPHCTAJJIKI
TOJKHH OPHHAJIEKaTh IO CHMMETPHE K ciaexyiomuMm 10 mo-
aapHEM Kiaaccam: 1, 2, 3, 4, 6, m, mm2, 3m, 4mm, 6mm.

To, 4To KpHCTaJIJI NPHHANIEKAT IO CAMMETPHHE K OJHOMY
n3 npnsefiesHsx 10 kiaccoB, eme He TOBODHT O TOM, 4TO OH
HempeMeHHO o6xajgaeT CcHOHTaHHO# moaapmaaunmeir. He
TOJbKO CHOHTAaHHAA NOJAPH3ANUA ONUCHBAETCA NOJAPHHM
BEKTODOM, MOKeT CIY9YHThCA, 4TO H Kakme-mGo Aapyrme
CBOMCTBA KpHCTaJJa OTBETCTBEHHH 3a TO, 9T0 B HeM BO3-
HAKJIO oco0eHHOoe moxApHoe HampaBieHwe. Ciegyer 3aMe-
THTb, O{HAKO, 9T0 HA IPAKTAKE KPHCTAJIJ KHJEKTPAKA, HPH-
HaJUIe;Kamu# K O[HOMY M3 HOJIAPHHX KJIacCoB, BCerfa mMe-
eT CHOHTAaHHYK HOJSAPH3anHIO.

Hambosee THOAYHEMA JHHEAHHIMA IIHPO3IEKTPAKAMK
ABJAIOTCA TYpMaJumH (gEMeroadoMoGopocmamkar, NaMg
[Al3B3-Sig(OOH)g]), caxap (Cy3H,3011), cyasdpar amTmsa
(Li;SO,-H,0), sunmoxmcamit xammii (K,C,H,O4-1/,H,0).

Kpucramau ysxe paccmMorpemmoro skparme (c. 18) Typ-
MalWHAa OpPWHAJJIe:KaT K poMGosApHmiecKodl cmcTeMe (KJacc
3m). HampaBieEne cCHOHTaHHO# MmOAApW3anMA 37ech COBIA-
naer ¢ ocsi0 3. Hpmcranau cynsdara aaTms, caxapa A BHH-
HOKHCJIOTO Kajusa OpPHHAJIeKaT K MOHOKJIMHHOH CHCTeMe
(kyacc 2); och 2 B 9TEX KPHCTALIax OoIpefieliseT HanpaBJieHHe
CHOHTAHHOH HONAPH3aNWH. KAK 0co0eHHaA moaApHaA OCh.

AGconoTHOE 3HAYeHWe CIOHTAHHOHW HOJAPH3ANWHE KpHC-
TaJAJ0B MOKeT GHTH rpy6o oNeHeHO U3 CHEAYIOIUX IPOCTHX
coobpakeHmit. Hak ye yKasHBaJoCh, HOJAAPH3ANHAA KPHC-
ta;na (B TOM 9Mcie CHOHTaHHAf) YUCJIEHHO PaBHA INIOTHOCTH
IOBepXHOCTHOTO 3apAna. B mpepmeabHOM ciayiae OHa paB-
Ha CyMMapHOMY 3apffy BCeX BJeKTPOHOB (MM IPOTOHOB),
pacmoo’KeHHKX Ha HOBEPXHOCTH DJIEMEHTADHHX Ad9eeK KpH-
craana. Tak, B mpocreiimeM ciydae IIeJOYHO-TaIJORTHHX
KPHCTAJJIOB [OCTaTOYHO PacCIMTaTh YACAO0 y3i0B N pemer-
km mHa 1 cM?* (pmc. 14)

N =1/, (1.19)

* Kamwit TAKOH y3es CONeP)KHAT 8apsAf, PaBEHIl 3apANY SIEKTPOHA
(e = — 4,8.10" »u.-cr. ex.). 3ameruM, 4dTO mENOIHO-TAINIO-
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rie a — mapamMerp pemeTKH. JlaA IMeJ09HO-TAJIOMAHHX
RpucTannop a == 6-10~® cu. Orciopa N == 3-10* cm™.
IToBepxHOCTHAS MIOTHOCTH, OIPeAEAAIONaA HpeReJIbHEe 3HA-
9eHHA (COOHTAHHOH) NONAPH3AIMEH, B 9TOM CJy986 COCTABHT,
0 = Peyn = Ne = 3-10'4.4,8-1072° =~ 1,2-10° sa.-ct. en/cm?.
O6uvHO CcHOHTaHHAA NOJAPHBANHA BHPAKAETCA B MHKPO-
KyJoHaX (MAJUIMOHHWX JonAX KyiaoHa) Ha 1 cm? (MH/cm®).

— 1

1 MK = 3-10% am.-ep. (1 am.—cT. ef. 3apapa = 1/;-10° MK),
B, caepoBareabHo, 0 == 40 MK/cm?.

Huwxe (ra. II) 6yayr npuBegenn sHawenma Pey AaA THTA-
Hara Oapma (BaTiOs) — KpAcTanma, B HEKOTOPHX CTpPYK-
TYpHHX oTHOmeHEAX Gmmsxoro x NaCl.

Hamepennaa CHOHTAHHOHR HONADH3ANHHE JHHOAHNX JH-
9JIeKTPHKOB J0BOJIBHO 3aTPYAHATENBHH, TAK KaK 3aPARN Pey
GHCTPO HeHTPaNHA3YITCA B OOWYHHX yCaOBHAX. UroGH ms-
GesxaTh 9TOTO, MAeJANHCh, HANPHMOD, HONKTKA H3MEPHTH
ODOBepXHOCTHHH 3apAR Ha CBe)KeM pasjoMe TYpMAaJHHA,
nepueHAEKYAAPHOM ocE 3. OgHAKO mpE 3TOM DOAYYaNH
CAJIbHO 3aHW/KeHHH® 3HaueHHA Po; (H3-3a yTeUKH 8apsfa,
HOPOBHOCTH DPAas3ioMa H T. fi.). JGHAYeHUA CHGHTAHHOH IONA-
pHSamuA JHHOHHHX NMAPOIEKTPHKOB MOTYT GHTHL H3MepeHH
H omocpefoBaHHO depes mbe3oaddexr (cm. ra. IV). Tarme
H3MepeHnA AAIOT CAeAyoImEe 3HaYeHHMsA Po; NpH KOMBaTHOH
remmeparype * (B MK/cM?): rtypmanmm — 17; cyasdar am-
T — 6; Kaxmilt BRHHOKACANNE—86. ITH 3HaueHEA GIHSKE K
OpuBefieHHOMY BHINEe ONEHOYHOMY BHAUCHHIO Pgy.

AAHHEe KPHCTAJJAH HMET KyOHIeCKYyH CTPYKTYpy H OHPO3JEK-
TPHKAMH OHTBH He MOTYT, 87ieCh OHH DAaCCMATPHBAIOTCA KAK HaH-
Gonee mpocTHe IO CTPYKTYpe.

* CooBTaHHajA NOAAPUBANAA KPHCTANAOB SABHCHT OT HX TeMmepa-
TypH (cM. ra. III, mupoaddexr).
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I'nasa II

CETHETO3JIEKRTPHKHA

O6umue ceepenns

CerHeTodIeKTPUKE — CIOHTAHHO MOJSAPH30BAaHHLE JHDJIEK-
TPHKH, pasOmBalomuecd Ha jomeHH. QopManapHO cersero-
9JMIEKTPHKH ABIAITCH dJIeKTPHIGCKAM aHAJIOTOM (eppoMmar-
HETHKOB, OJHAKO II0 CYMECTBY OHH COCTaBISIOT LOJKJIACC
IEPO3IEKTPHKOB: CETHETOYNEKTPHKE NPEACTABIAIT ¢06oik
OAPOBNIEKTPHEKA, pa30mBalommecss HAa JOMEHH.

Eme coBceM HelaBHO 0 CeTHETOJIEKTPHKAX HAYEro He
GHIIO M3BECTHO M Jla)Kke He OHIZIO SCHO, MOKET JH CYIIECTBO-
BaTh iUdJAEKTpHIecKui aHanor Ppeppomarmermamy *. Hagaao
paboT mo M3YyUeHHIO CBOMCTB JMAIEKTPHKOB, AHAJOTEIHHIX
cBoiicTBaM JeppOMarHeTHKOB, MOKeT OHTHL OTHECeHO, II0-BH-
mamomy, K 1921 r. m cBA3aHO ¢ mMeHeM YemCKOro Y4eHOTO
Basnameka, m3ydumBmero psj aHOMAaJuWil CerHeTOBO# conm
(KNaC,H,04-4H,0). B 30-x rogax atE paGore Gbiim ye-
memHO NpPORoKeHH ¢uamkamm JleHmHrpagckoro ¢usmko-
rexaageckoro mHcTHTyTa (M. B. Hypuaros, II. II. HoGeko
7 1p.). TepMEHE «CerHETOINEKTPHKA» M (CETHETOIIEKTDPH-
gectBoy» mpmHaguae;kat H. B. Hypuarosy **. 3maumrtennHoe
BIHAHAEe Ha Pa3BATHE pPaGoT IO CETHETOITEKTPHKAM HMend
mecaenoanma B. M. Byna, xoropuit orkpua B 1944 r.
mpeAcTaBHTeNS HOBOTO THOA HEOPraHWIECKHX CETHETOIIEKT-
puxoB — rturaHar Gapusa (BaTiOg).

OugeBnHO, 9T0 CHOHTAHHO NOJSAPH30BAHHOE COCTOSHUOE
B KPHCTAJIJAAX MOKeT OHITH YCTOHYHMBEIM B TOM Ciydae, KOTAA
0HO 3HepreTmiecKH (ojiee BHTOJHO, YeM HeIIOJADPH30BAHHOE.
ITpm aTOM AJA COOHTAHHO HMOJAPH30BAHHOTO COCTOSHHESA HYX-
HO YYHTHEBATH He TOABKO SHEPrAI0 €ro KPHCTAJJIHYecKoll pe-
IIeTKY, HO W HeprHI0 BHENTHEro WOJs, CO37laBaeMOTo MmoJfA-
pHBamUOHHHME 3apsAfgamMu {cM. puc. 12, a).

* CunbEuit MarmeTmsM ((oppomMarmeTH3M) H3BeCTEH YKe MHOTO
crojgernif,
** 3a pyGexxoM CerEeTO3JeKTPHKA Ha3HBAITCA (eppoOdTEKTPUKAMY,

9TO MEHee Y[adHo.
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Jaa nuHeHBHX DHPO3IEKTPHKOB CHOHTAHHO NOJSPH30-
BaHHOE COCTOSIHAE YCTOMYMBO BCET/ia, IPH BCEX TeMIepaTypax
(BmaoTH MO pasnoKeHMA KpHCTadJda npm Harpese). s
CerHETODNEKTPHKOB HaJWime CIOHTAHHON moafApmsainmd Xa-
PaKTepHO TOJBKO B OIIPefielcHHOM HHTEpBaJje| TeMmepaTyp.
B sToM mETEpBaze cerHeTORNEKTpPHUECKHE KPHCTAINJH, KaK
OpaBHIO, WMET pasiudHHe KPHCTaJImdecKhe (CTPYKTYp-
Hble) MoguPumKanA®M, W HE BCe OHH 00IafaloT COOHTAHHOMK
nonspuaanumeii. VaMeHeHme CTPYKTYPH TaKOro KpHCTalia,
COIIPOBO’KNAaeMOe BO3HHKHOBeHHeM (HCYe3HOBEHHEM) CIIOH-
TaHHOH NOJApH3AmuM, Ha3HBaeTcA ($asoBHIM IEpexXofoM, a
TeMIepaTypa, eMy COOTBETCTBYIOINas,—TeMIepaTypoii ¢a-
30Boro mepexoja, miam Toukod Hiopm. B o6xacta daszosoro ne-
pexofia pe3Kko MeHAIOTCA I AMEIOT aHOMAJIAY IOYTH BCe CBOMCTBA
KpHCTaJljIa: 9JeKTPAYecKue, ONTAYeCKAe, MeXaHmdecKae # Jp.

Hak yke otMezasoch, Gyfyunm cnoHTaHHO IOJAPH30BaH-
HHIMH, CeTHeTORJeKTPUKE pa30HBAaIOTCA Ha JOMEHH. B caMuix
o6mux geprax 9TO ABIEHHE 00YCIOBIEHO TeM, 4TO B Pe3ylb-
TaTe pa3bmeHHA cB0oGofHAsA »HepPTrHA YMeHBHINAETCHA 3a CIeT
CHIDKeHHA 9HEPra’ 3JIeKTPOCTATHYECKOTO IIOJA 3apAfoB
chioHTaHHO# moaspumsanumm. IIpomecc pasOEeHEA Ha JOMEHH
He Mo)KeT EATH GecmpefiebHO, TaK KaK Ha o6pasoBaHme rpa-
HAIl MeKAy HEMH B3aTpaudBaeTcs oIpefejieHHas DYHEPrHd.
Bupgnmo, paBeHCTBO MesK[y 9Heprmeidl, BHIATDHIBaeMOil 8a
CYeT yMeHbIIeHNsA 9YHEPTHH JIEKTPOCTATHIECKOTO HOJA, H
Tol 9Heprmeil, KoTopaA HeoGxopxmma [IA o0pasoBaHHUA CTe-
HOK, CTaBAT Opefies AlaibHeiimeMy pasbmeHmio. Itm cooGpa-
’KeHHA CIpPABe[UIEBH JJA Pa3OMKHYTOIO KDPHCTAJIa, HO H B
clIydJae 3aKOpO9eHHOT0 KpmcTajuna pa3bmeHme Ha obxacTm c
Pa3aMYHKIM HAmpaBleHWeM CIOHTaHHOA moxapm3amum Pey
ROJ’KHO AMETH MeCTO XOTA OBl yKe HOTOMY, 4TO B KaKJ0i m3
HEX 9TO HAampaBjeHHe MOKeT GHTh PasuamuBbM (eciaHd, KO-
HeYHO, B KPHUCTaJJe HMEIOTCA MO KpailHell Mepe ABa paBHO-
OpaBHEIX HalpaBJeHNA).

Pas6ueHne cerHeTo21eKTPAKOB Ha A0MeHH 06yCIOBIBBaeT
PAJ €ro HeJIWHEAHHX CBOMCTB, I B HepBYI0 OdYepefb HeIH-
He#HYI0 3aBECHMOCTH JEKTPMYECKOH MmoJsApH3anumm, cCO3/a-
BaeMOll BHEMHEM NoOJeM, OT BEJHYHHH ITOT0 HOAA. ITO
o6bACHAETCA TeM, 9TO HampaBieHHme Pcy B JoMeHaX COTHETO-
3JIeKTPHKOB BO BHEMHeM mIojJe MOeT OHTL m3MeHeHO Ha
OPOTHBONOJIOKHOEe (fOMeH HepeopHeHTHPOBAH) M 9TO JLIA
Pa3HHX [IOMEHOB 3Ta IHepeopHeHTAnusA NOCTHTaeTCA IpH pas-
NPYHHX BHeMHHX noaax. Ilpm cpaBReHmm JmHEeAHHX OHpO-
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9JeKTPHKOB B CerHeTOdJEeKTPHKOB MHOTZa YKAa3EIBaeTCA, 4TO
pasnE9YEe MeKAy HHEMH COCTOHT TOJABKO B TOM, 9TO [OMEHH
Y CerHeTOdJIEKTPHKOB MOTYT II€PEOPHeHTHPOBATHCA, a y JH-
HeAHHX NHEPO3dIEKTPHKOB mXx HeT. Hak yKe ykasmBajocCh,
9TH ABa COCTOAHHA (OpPMaJbHO aHAJOrMIHH (06a XxapakTe-
pusyiorcA HammumeM Pg;), HO IO CymecTBY, HO-BHAHMOMY,
pasamuaoTci. EcTh OCHOBaHHA cYHMTaTh, 9T0 B JHHEAHHX
IEPO3JIEKTPHKAaX CIOHTAHHAA MOJAPH3andA BO3HAKAeT IO
TaKAM HampaBJeHHAM, KOTOpPHE B MCXOAHOM (IapasineKTpH-
9eCKOM) COCTOSIHHH OBUIE 0COGEHHHIMH HONAPHEIMH.

B 50-x romax Ghnm o6Hapy)KeHH BemecTBa, o6ragalomme
cBoiicTBaME, OJIMBKUME K CBOMCTBAM CETHETOdNEKTPHKOB, HO
nMelomue pAX CYIMecTBeHHHX ocoGeHHoctell. Pedr mpmer o6
aHTHCeTrHeTOdJeKTpuKax *. OHE TaKiKe ABIAIOTCH HeJlwHei-
HEIME [M9JEKTPHKAMH, XOTA BHJ 9TOH HEJWHEAHOCTH pes-
KO OTIHYeH OT ToH, KoTopasg HPHCYIIa CeTHETODNEKTPHKAaM.
B crpykrypHOM OTHOmEHHAH 0COGEHHOCTH AHTHCETHETODIEKT-
PHKOB COCTOMT B TOM, 9TO OHH HMEIOT I[eIOYKH 3JeMeHTap-
HHX fAY6eK C IPOTHBONONOMKHOA opmeHTammelr Pg,. Ilocae
¢da3oBOoro mepexofa B aHTHCETHETOIJNEKTPHUIECKOE COCTOSHHE
aNeMeHTapHasA sfAYelika HOBOH MofAPHKaIHHE Impe/CcTaBIAAeT
c060H COBOKYIHOCTH HMCXONHEIX 3JeMEHTAapHHX CIOHTAHHO
MOJSAPA30BAaHHKHX AYeeK. TaKas COBOKYNHOCTh HOCHT Ha3Ba-
HHe CBepXCTPYKTYpHoi sueiiku. COBOKYNHOCTH CBEpXCTPYK-
TYPHHX 3JIeMEHT3PHHX A4YeeK 00pa3yloT JOMEHH B aHTHCET-
HeTOdNeKTpAKax. Takme JoMeHH He 001afal0T MaKpPOCKOIHIe-
CKOH CHOHTAaHHOH MOJNApH3aNHeH, TaK KaK IOJApH3amdd HC-
XOJHHX IOAbAYeeK CKOMIEHCHPOBaHA YrKe B IIpefieliaX CBepX~
CTPYKTYpHO# AYeHKM.

B oaHoM 7 TOM jKe KpHCTalle HpPH pa3NAYHHX TeMIepa-
Typax MOKeT HMeTh MecTO pa3JHYHOoe 3JeKTpPHIecKoe yIo-
pAfoYeHHEe: NapadieKTpAYecKoe, IHPOIIGKTpHIECKOe, Cer-
HETOBJIEOKTPHYeCKOe, aHTHCeTHeTOIeKTpuIecKoe. Bouee Toro,
Jake IIDH OJTHOX H TOH jKe TeMIepaType TaKme yIOpsafode-
HHA MOTYT HpPHCYTCTBOBATh OAHOBpeMeHHo. V3BecTHH KpH-
CTaJJIH, B KOTOPHX 10 OAHOMY U3 HapaBJeHHi yHopAaoIeHAE
NPO3JAeKTPAYECKoe, a IO JPYTOMY — CEerSeTOdJIeKTpHYecKoe
(aHTHCErHeTO?JAeKTpEIECKoe) H T. A. Hmke AxA mpocToTH
4acTO IOJ CIOBOM (CErHETORIEKTPHK» OyleT HOHEMATHCA
KPHCTANd, HMEOMuHR CerHeTOdIeKTPAIECKOoe, AaHTHCErHETOo-
OJIEKTpHYECKOe yHOpANOYeHAe NJIH HX KoMOHMHamumio.

* B marmerwame 5THM BemecTBaM (OpMaJbHO aBANOrWIBH anTHfep-
POMATHeTHKH.
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B mocnenfme rofll sHaunTeAbHOS PASBHTHE HOMYHMIR HC-
ClIeIOBAHAA TaK Ha3WBAaeMHX HeCOGCTBEHHHX CerHETOIEKT-
PHKOB. OTH BeImeCTBA TaKke MMEIOT JOMEHH C MAKPOCKOIH-
9ecKo#l Pgny, HO BeJWYHHAa €6, KaK OPaBHIO, OdYeHb MaJja.
Cps3aHO 3TO C TeM, YTO B HeCOOCTBEHHHX CErHETOdIEKTPHKAX
¢$a30BHA Nepexof, cOBepPIAeTCA He BCJEACTBEHE BOSHHKHOBE-
HAsA Pcg, a BclefcTBHe KAaKOTo-JdHG0 Apyroro gusmIecKoro
AIBJICHAA, HanmpEMmep, fAefopMamEm KpHcrajia, NOABJCHEA
ONTHYeCKOHM aKTHBHOCcTH M T. I. Hak mpmHATO roBopHTH, B
HecoOCTBEHHHX CeTHETODNIEKTPHKAXx Pe; He sABAAETCA Hmapa-
MeTpoM Hepexofia. THOWYHKME IpefCcTaBATENAMHE HECOOCT-
BEeHHKEIX CeTHETOJEeKTPHKOB ABJIAIOTCA MOAu0AaT rafoJdHAS
Gdy(MoO,)s m $ropGepranar ammonnsa (NH,),BeF,.

Brmmarue mcciieoBaTesieli cefigac HpHBAEKAIOT KPHCTAJ-
JIH, WCHHTHBAOMXe TaK HashHBaeMHe dJacTHYecKHe Pas3oBHe
mepexopn. B wactHocTE, paccMarpEBaioTcA ¢eppoaacTEKE-
CeTHeTOJJIeKTPHKH, HmpocTo ¢eppossactekm ® np. Ecam or-
P2aHHYABATHCA CeTHETODJIOKTPHKAMH, TO pedb MOMKeT HATH
TOJABKO 0 TAKMX KPHCTAJNIaX, B KOTOPHX BOBHHKHOBEHHIO
COOHTAHHOX moaApmaanmE P.; COOTBETCTBYET CHOHTAaHHAA
nedopmMan®A Teg. Peg H reg B BTOM caydae SIBAAIOTCHA PaBHO-
npaBHHIME IapaMeTpaMd Iepexofa. BpAjx mE mMeeT CMEICH
paccMaTpEBaTh TaK@e BemecTBa “OTAEJNBHO, IOCKOJBKY
AJA CerHETORNEKTPHKOB CYIIECTBeHHO BOBHHKHOBeHHe Pop
H TOJBKO B O0YeHb DPeAKHEX CJIYYafAX Iy He ABAAETCA IIapa-
MeTpoM Hepexofia HapAay ¢ Pg¢;. B HexoTopex xpmcTal-
Jlax IepexoAH o0GyCJOBIHBAIOTCA TOJBKO JAedopMmamueit,
HO HasHBaTh HX Torga ¢eppoaracTEKaMA GecCMHICIEHHO.
B xpmcraamax KHg(SeOs), dasosuit mepexon mpm —62°C
MoKkeT GHITH Ha3BaH JIACTHYECKEM TOJBKO C HEKOTOpO#l Ha-
TAKKOM, TaK KaK ® Jpyrue mapaMeTpH (Ho He Pcy) oTBETCT-
BeHHH 3a IIepexof.

Eme coBceM HelaBHO CErHETORNEKTPHIECKOe COCTOSHHE
BemecTBa OLIJIO H3BECTHO /JIA eMHHI KPHCTAJJIOB H CYHTA-
Joch cBOeoOpa3HKM KypheaoM. B HacTosimee BpeMA H3BeCTHO
Gosee cra BemecTB, 06JafalOIMUX CErHETOIEKTPHICCKAME
CBOHCTBaMH, a YACJIO TBEPAKX PACTBOPOB CETHETOAIEKTPHKOB
BO MHOro pa3 Goabme. VI3 Bcex dJIeKTpHIECKEX KPHCTAJIIOB
B HacToAmee BpeMa HamboJiee MIMPOKOe HPAMeHEHAe B TOX-
HEKe HAaXOAAT MMEeHHO CeTHeTOodJeKTpuKHE. Hmke paccmor-
PEHH 0COGEHHOCTH CTPYKTYpPH H CBOMCTB HEKOTOPHX Hambo-
Jiee IPE/ICTABATENBHHX B Ba)KHHX B HAYYIHOM X HPAKTAIECKOM
OTHOIIEHHH KJACCOB CETHETOdJIEKTPHKOB.
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Crpyxrypa cermeroaiiekTpHros

ConoHTaHHAaA NONADPH3ANHEA TECHO CBA3AHA C ATOMHOE CTPYK-
TYpoO#l KPHCTAaJIJOB M B KOHEYHOM CUeTe OMpPEHNEeNAeTcsA 9TOM
CTPYKTYpOi#i B XxapaKTepoM cBs3eit Me:xAy dacrmmamm. Coe-
AyeT YIHTHBATH IPH HTOM, 9TO AJA CETHETOINEKTPHKOB BajK-
HO 3HATh He TOJBKO o0Ide CTPYKTYpHHE JaHHAHE O IOJOe-
HHHE aTOMOB B pemeTKe, HO H (4To Oojee BajkKHO) Xapakrep
H3MeHEHMA CTPYKTYpDH, NOpPHBOJAAMEUX K BO3HEKHOBEHHIO
CIOHTAHHOH NOJADH3aNHH, NOPHYNHH €e BO3HUKHOBEHHS.
damava oTa, Kak HmpaBHIO, caokHasA. JlocTaTouHo cKa3aTh,
9TO0 CTPYKTYpPa CEerHETOBOH COJH (IePBOTO CeIHETORIEKTPHKA)
I MeXaHA3M BOSHHKHOBeHHSA B Hed COOHTAHHOM IOJIAPH3ANAH
OLLIA yCTAHOBJEHH TOJHKO HEJaBHO ¢ HMCHOJB30BaHHEM Au(-
PaKOuE PEeHTreHOBCKHX. Jydeil M HEATpPOHOB.

ITo MexaEE3My BOBHHKHOBEHHA CHOHTAHHOH IOJAPH3AMUH
BCe CErHETOdJEKTPUKH MO)KHO pasfelddTh Ha JBe TIPYMIH.
[na mepBodi rpymnn posHmKHOBeHme Pg; o6yciaoBampaercs
YIOPAKOYEHHEM OIpefleIeHHKX 3JIeMEHTOB CTPYKTYpH (Ha-
mpuMep, BOJAOPOAHHX CBA3eil), a JJIA BTOPOA — cMemeHHeM
HEKOTODHX HMOHOB, B8aHHMAaBmINX B CTPYKType RO Iepexoja
IeHTPOCEMMETPAYHOE IOJIOMKEHHE.

TEnAYHEEIM HmpefCcTaBHATENEM CETHETOIEKTPHKOB C YIO-
PANOYHBAIOIUMHACSA HIEMEHTAME CTPYKTYDH ABJIAETCA NHTHA-
podocpar ranma (KH,PO,, KDP). Kpucraxx sroro coenm-
HeHAA OPHHAAJIEKAT K Kiaccy 42m TeTparoHaJbHOH CHCTEMH.
IIpm xoMHaTHOI TeMmeparype W BHme (BIJIOTH 0 PasyosKe-
HHAS) KPHCTAJJ HMeeT HeCerHeTO3JeKTPHIecKyl Moaudmkxa-
A0, T. €. ABJAETCA HapadiaeKTpuKoM. CeraeToaieKTprdecKas
mMonupuranma BozHmMKaer B Kpmcrtanie mpa —150°C = cy-
mecTByeT HH)KE 9TOH TeMIEpaTypHI.

B crpykrype mopmpmrammm KDP, cymecrsyiomeir mpm
KOMHATHOI TeMmepaType, KaAuil aToM (ocdopa oxpy::ex
9YeTHpPHMA ATOMaMHA KHCJIOPONA, PACHOI0KEHHHIMH B BepHId-
Hax WMOYTHE HIPAaBHABHOLO TETPasfApa, CJHErKa CHaTOTO BHOIb
oct ¢(4). ITu PO, -rpynnu m aToMBl KaquA PacHoOJOKeHH TaK,
aro atoMn K m P orcrosar gpyr or Apyra Ha mOJOBHHY Ie-
puosa pemerk: mo ocu ¢ (t. e. Ha ¢/2). Kaxnaa rpynma PO,
CBSi3aHA BOJOPOJHLIMH CBABAMH, CMEIEHHHMHE OTHOCHTEIbHO
Hee Ha paccTosAHEe c¢/4 BROAH ocu ¢. ITa CcBA3L o6pasyercA
MeXIy ONHHM «BepXHHM» KHCIODOAOM OJHOH IPpyHIBl H Of-
HUM (HIKHEM» KHCJIODPOXOM coceameir rpymnn PO,. Bopmo-
POJIHEIe CBABH IOYTH TOYHO IePIEHAMKYIAPHH ocH ¢. BOaman
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kamaolt rpynou PO, pacHmonoskeHH TONBKO fiBa aToMa BO-
nopona (w3 weThpex). B mapasmexTpmueckoit Momudpuramum
(B 9acTHOCTH, IpH KOMHATHOH TeMumepaType), OJJHAKO, aTo-
MH BONOpPORAa He YHOPAROYEGHH, a CTATHCTHIECKH INEpecKa-
KHBAIOT MOKAY ABYMA IOJOKEHHSAMH pPaBHOBECHA TaK, 4TO
OCYINECTBIAETCA TOJNBLKO TaKoe IOJIOKeHHe, IPH KOTOPOM Yy
BepXHedl M HED)KHeldl map KHCIOpOAOB HMeercA BOamsd (Hiad
BAJH) TOJBKO IO OFHOMY BOAOPOAY (HampmMep, TaK, Kak
3TO mOKa3aHO Ha puc. 15, a). JlamonbHEHE MOMEHT B CTDPYK-
Type BEOJb OCH C B 3TOM Cly4ae OTCYTCTBYeT.

Pro. -15. Crpyxrypa mareapodocdera xaxma (KH,PO,)

a — xoapurypanua rpynnu HsPO, (RHOOJLENA MOMEHT B HanpaBJIEHHH ¢ OTCYT-
cTBYyeT); 6-— KoHpHrypanma rpynoa H,PO,, B KOTOpO#t HMeeTCA ANIONLHHR
MOMEHT, OpPHCHTMPOBASHNE 10 O°H c (CTpeiKa y aroMa gocdopa yKas:Baer Ha-
mpaBjieHHe CMelNeHHA 9TOro aroMa)

Ilpn dasosom mepexone (—150°) crpyxrypa KH, PO, cy-
I[eCTBEHHO He MEHAETCH, NPOHCXONUT JHIIb OHPEJeJEHHOe
yHopsfioieHHe BOJOPOAOB B ONMCAHHHX BHIIEe BOJOPOAHHX
CBABAX. JTO YHODANOICHAE CBOAUTCH K TOMY, UTO HMIKO. DTOM
TeMImepaTypH y ¢BeDXHEX» H (HIDKHHX) KHCIOPQEOB 06Ga
Bofiopofia (mpoTOHA) HaxopATcHA amGo BGAM3H, anbo BRaIH.
JlByM pasHHM BO3MOKHHIM BapHaHTaM TAKOTO YHOpPsAAodYe-
HEs (OAMH H3 KOTODHX m3o0pameH Ha pHc. 15, 6) cooTBeTCT-
BYDOT /{Beé IPOTHBONOJOKHEE OPHEHTANAH CHOHTAHEGH mMOJs-
pusanuu (¢BBepX» H «BHH3» IO OCH ¢). B mpefiena® opHOro
JoMeHa COOHTAHHAS MOJAPH3ANHUA BCeX dJIeMEHTADHEX AUeeK
HampaBjleHa O[AHAKOBO, a B COCEJHHX /[OMeHAX — IJPOTHBO-
HOJIOKHO.

YnopsanodeHne BOJOPORHKX CBfi3ell B c'rpymxijid (xoTo-
poe IpPOHCXONHT, KaK yiKe YKA3HBAJOCh, B HANPEBACHHAX,
HepHeHAUKYASPHKX OCH ) ETPaeT pPoib KaK GH 4CIyCKOBO-
ro KpIOYKa»: IPH TaKOM ynopsigodenud rerpasppit PO, upm-
ofpeTaloT AAIOJbHEE MOMEHTH, OPDHEHTHPOBAHHHE IO OCH C
u ofycnoBiaeHHHe cMemenHeM $ocdopa m3 meHTPOB TeTpasA-



poB. IIpr ynopsanoYeHEE BOXOPONOB IIPOHCXOMAT TaKHKe CMe-
menne atomoB K. IToxasamo, yTo HampaBleHEe CHOHTaHHOMH
HOJIAPU3aNAHE COBHOANaeT CO CMemeHHeM P H IpOTHBOIOIOMK-
B0 cMemeEni0 K. BosEEkmas cmoHTaEHas DONXApHE3ANHAA
neraer och 4 B KpHCTanne OCOGEHHOH NOJADPHOH OCBHIO 2
(c moTepeit KBYX oceil 2, mePIEHIAKYIAPHHX OCH C), B MOHOJ0-
MEHH3MPOBAHHHK{ KpHECTANI (T. €. KPACTANI, ¥ KOTOPOIO BCe
JAOMEHH OpHEHTHDPOBAHH B O{HOM HampaBlieHHH) mpmoGpera-
T CHMMeTpHIO KJacca mm2 poMOWdecKoi CHCTEMH, T. €.
npeBpamjaeTci H3 TeTparoHaabHOTOo B pomGmueckmii. Hpan-
paTHas (OepHeHAWKYJIApHAS OCH C) 3jIeMeHTapHasA svYeiKa
IOpH Dmepexofe M3 KBajpaTa HmpeoGpasyercs B poMG.

HKpome KDP, cermerosnekTpaIecCKEME CBO#CTBaMH 0671a-
naoT puragpodochaTH ® AErANPOAPCEHATH KANHSA, NE3HSA
n pybmmma (KH,AsO,, RbH,PO, RbH,AsO,, CsH,PO,,
CsH,As0,), a Takxe COeHHEHHSA, Y KOTOPHX BOXODOJ 3aMe-
meH Ha peiirepmit D (KD,PO,, RbD,PO, ®m T. 5.). Bce ama
CeTHETORIEKTPHKA HMEIOT Te jKe CTPYKTYpPYy M CHMMETDHIO
(c cooTBeTCTBYIOmE 3aMEHOIl AHAIOTMIHHX aTOMOB), 9T0 H
KH,PO,. CnouranEasg noxspH3anus B STHX COEAHHEHHAX
BO3HHEKAeT mpm pasnmiHoii TeMmepatype (—180 = '50°) mo
HaIpaBlIeHHI0 ocH ¢. MeXaHH3M mepexona TOT ke — ymopsd-
JoYeHHEe IPOTOHOB (JeiTOHOB) BOZOPOJHHX CBA3EH.

PaccMoTpeEHOe ymopsAgOYeHHe NPOTOHOB BOJOPONHHIX
ceazeit B crpykrype KH,PO, moxer GrTh HasBaHO JImHeI-
HHM ynopsagodenmeM. OHO DOpPHBOKAT K BO3HHKHOBEHHIO
COOHTAHHOH mONApPH3anué B GOXBOIOM YHCJIE CETrHETO3NEKT-
PHUYECKEX (M aHTHCErHETODJNeKTPHIeCKHX) COSANHEHMI, AMEI0-
IMEX pasiMdHyl0, HMHOTJAA HOBOJIBHO CIOKHYI CTDYKTYPY.
TakoBw, manpmmep, tpurammmacyiaspar (NH,CH,COOH)s-
-H,S0,, ryamupmuamomuamiicyaspar (FAC, C(NH,),-
-A1(SO,)-6H,0), MeranaMMonuiiHNe allOMHHAEBHE KBACIH
(CHgNH,-AI1SO,),-12H,0 u np. 3ameruM, 4TO BO BCeX
9TUX caydasx HampaBieHue P.; mepOeHAMKYJIAPHO HIOCKO-
CTH, B KOTOPOi# IPOMCXOAHUT YHOPAKOYeHHe BONOPOAHHIX CBA-
3efl. ITO XapaKTepHO BOOOmE JJisAi BCEX CETHETOIJIEKTPHKOB
¢ YNOpPAAOYHBAIOIAMHCHA 3IEMEHTAMH CTPYKTYpH. ¥YOoOpA-
Jl09eHAe IPOTOHOB BOJOPOAHHX CBA3eil — IpoCTeHIMHMA CIy-
Jaii, B gpyrux cerEeTosneKTpEKax mepexof COIPOBOKAAETCA
yHopAjgo4eHHeM pajdKalos (HHTPDAT HATpHA, HHTpaT Ka-
nuA, AEKAIBOEACTPOHNMANPONHOHAT H Hp.) HIH JIPYTHX
3JIEMEHTOB CTPYKTYPH. ITH 3JEMEHTH MOTYT HMETb 3JIeKT-
pudeck®me Ammoiad au0o mocaeauue oGpasyoTca B pe3yJlbTaTe
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Tabauna 2

HeROTOpHE CerHeTODJIEKTPAEA B AHTHCETHETONERTPHKH, AMenmue (asoBsie
IepeXO/H ¢ YNOPSAOTeHHEN CTPYRTYPSHI

Temne-
Xnuuaeckaa popMyna E&;?:e‘:;ﬂ ‘,‘;‘g,‘}f‘ IIpnMeqanne
°C
KH,PO, HOurmapodocdar xamua 451
KD,PO, NeiiTrepodochar xamma —60
NHH,FO, g;l;nnpoéocd)al‘ ammo- 425 Ammcersero-
NaKC,H,04-4H,0 CerseToBa COJb +24m
—18
(CH;NH,COOH), - H,SO, '(I‘ prgénunnncynbd)a'r 49
C(NH;)Al(S0,),-6H,0 I'yaRBEAUHAIOMHAHAE- DazoBuit me-
cynsdar (FAC) ermen
(NH4CH;)AL(SO,);-12H,0  AmioMEHEAMeTHIAMMO- —97 -
HNEHKO KBacIh
(NH,),80, Cyabdar aMMonms —49
LiHy(Se0;), Kuncauit cesemmr am- —79
A
CSNgH, THOMOYeBAHA —104,
—97
—93,
—71
NaNO, Harper Barpasa 165
KNO,4 HuTtpar xaans 125
> -
Mg,B-0,Cl Boparar 25 Heptomen
BJIEKTPHK
G -
Cdy(M0oOy)s * Moau6aar ragoamama 163 E;go borsen-
9JIeKTPHK

* dasoBne nNepexofn B Gopannure m Mojm6naTe rafOJIMHAA TPAKTOBATh OJHO-
SHATHO KAK HEPeXONH «yNODANOIeHHA» He NPEeNCTABIACTCA BO3MOKHLIM.

IepecTPOfKE M ymopsf0YeHEA CTPYKTYpH. Cnmcok HekoTo-
PHX CETHETOIEKTPHKOB W AaHTHCETHETOIJEKTPHKOB C YIO-
PANOYMBAIOMAMACH 5JEeMEHTAMH CTPYKTYPH UOpHBEIeH B
Taba. 2.

N3 cerHeTo9/1eKTPEKOB, B KOTOPHX BOSHEKHOBOHHE CIIQH-
TaHHOH moaApmaanmm npu $asoBHX mEpPeXOfaX ompeselseTcsa
CMeIeHAeM ONpefeJeHHHX HMOHOB, HamGONBIIEr0 BHEMAHHA
3aCJHY/KHBAIOT CETHETOSJNEKTPHKH, FMEIOmHEe KHECIOPOJHO-
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OKTa3/[pMYECKHil THN CTPYKTYpH. B Takmx cTpyKTypax BHyT-
pd KHCJIODOXHHIX OKTA3[pOB COMEPIKHUTCHA OJMH M3 KATHOHOB
(Ti, Nb, Ta). IIpu ompenenennoii TeMmepaType 3TH KaTHO-
HH YXOJAT H3 CBOEro IeHTPAJBHOTO HOJOKeHHMsA H 06pasy-
eTcs HOJAAPHAsA CTPYKTypa *.

THOAYHKM LpPEACTaBATENEM CETHeTOdJIEKTPHKOB KHCJIO-
PO/IHO-OKTa3/[pUYECKOr0 THOA ABJIAITCH CErHETORNEKTPUKH,

Prc. 16. Ry6nueokas NepoOBCKATO-
BAA OTPYETYpa coemuHeHEE& ABO;
A — Ba, Pb, K; B —Ti, Nb;
O — KHCIOPOK

uMelOIEe CTPYKTYpy MmHepasa meposckmra CaTiOj;: Tmra-
gar Gapua BaTiO;, tmramar cemana PbTiO; m mmobar xa-
nzs KNbOs. B BHCOKOTeMneparypHOil mapasieKTpHEdecKoi
MOAEPHKAIEUM BCe 3TH CETHETO3JEKTPHKH HMEIOT HJealb-
HY10 KyOHIecKyl0 AYelKy: TodeuHas rpynna MoguduKanam —
m3m. Ecam sanmcath B o6meM BHie GopMysy IepOBCKHTO-
BHX cermerodjeKTpmkoB Kak ABQ; (pmc. 16), 1o BO Bcex
HEX #MoH B HaxoamTcs B meHTpe mecTH KHCIOPOZOB (KHCJIO-
poaHoro okxrasipa). OKTasApH coeMHEHH ApPYT C APYroM
BepmEHAMHA H 00pa3yloT Kapkac, cojiep:kammii Goapmume my-
croTH, 3aHATHe aromMamm A. Ilapamerp a sueiikm B KyGuue-
CKO# Momm@EKANuM /1A BCeX MePeYHMCIEHHEIX CEIHETODIeKT-
PEKOB cocraBiasger okoixo 4A (4-107% cm).

Trranar Gapua — HamGojee THOMYHHA IEPOBCKATOBhLIH
cergeroanekTpuk. Bume 120° C om sBaserca KyGmueckuM,
npm 3Toii TeMmepaType HCHOHTHBaer $asoBoe IpeBpamieHHe
C BO3HHKHOBEHHOM CIOHTAHHOH HOJAPH3ANHUE M CTAHOBHTCH
TeTparoHaJAbHHM. TaKoB OH H HpH KOMHaTHOi TeMmepaTtype.
Temuneparypy 120° mHasmBalor Temmepatypoii (rouxoit) Hio-
pu, mmxe 120° BaTiO; sABageTca CerHETOIEKTPHKOM.
B aroit Mopmpuranmmm- (KoTopas cymecTByeT, B 9acTHOCTH,

* Boofme rosopsa, npm (as30BHX Nepexojlax OPOHCXOAMT Gouee
CI0/KHAA IepecTPOKA CTPYKTYPH, TaK 9YTO He BCerpa YAAaeTcs
cBA3aTh HOABJIGHHe IIOAAPHON Mogudukanmm ¢ KakmM-1Eb0 ompe-
NeJIOHHHM CMOIIEHHEEM OJHOT0 HMOHA.
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Pue. 17. Tlepecrpoiika CTPYRTYpu BaTiO; mpm mnepexoge ma KyGuueckoii MORH<
¢uxanen (a) B Terparonazsnyio (6)

g

gt

Pnc. 18. HanpapieHHe CHOHTAHHON NONAPHSAHHA B TeTPATORANLHOM (a), poMGE-
gecnom (6) m pomGosnpmgecnom (6) BaTiO,

OPE KOMHATHO TeMmepaType) THTaHAaT Gapus HpHHANIECKHT
OO0 CHMMETDHA K rpyunme 4mm.

XapakTep mepecTpoMKH CTpYKTYpH B Touke Hiopm Bmaen
u3 pEc. 17. B OpEMHTHBHOM ONHMCAHMH 3Ta HEPECTPOHKa
CBOAHTCS K CMEImEHHI) HOHA THTAHA H3 NEHTpa KHCIOpPOA-
HOTO OKTasfpa Ha oueHp Maaywo Benmumay: 0,13.107% cm.
TerparomanbHOCTh fAYeiKH, OHBmeEH [0 mepexofa KyGade-
cKkoit, Hesexmka. OTHOmeHHe ocell c/a, XxapaxTepH3ywoImee
3Ty TeTparoHaaIbHOCTH, cocraBisger okouao 1,01. Takoe cwme-
ImeHAe XOTA ¥ MaJo, HO BechMa BaykKHO: B sueiiKe BOBHHKAET
9MIOKTPHYECKAA Mumoab (CHOHTAHHAA WIOJAAPHSANHAA) B Hal-
paBaeHWA OAHOH U3 oceid 4 (puc. 18, a). B Kpucraane Takmx
ocelt TpH, 7. €. HMeeTCA MmMeCTh ONWHAKOBHX BO3MOJKHHX -Ha-
npan.uennii CMeIMeHnsA; B IpeJejax OXHOI0O JOMeHa BO BceX
AYefiKax CMemeHHe O[AHAKOBO IO HANpPAaBJEHHIO.

Ilpa pansmeiimem oxiaxnennm BaTiO;, mmeiomero Tter-
pParoHanbHYI0 CTPYKTYpY, BOamsm 0° OH HCHHTHBAeT BTO-
poe ¢asoBoe mnpespamende H CTAHOBHTCA POMOHICCKHM.
HoBymo cTpyKTypy MOKHO TpPAKTOBaTh KAaK CJlerka HCKa-
HeHHYI0 KyOHMdYeCKYIo 3a CUeT CMeImeHWs MOHAa THTaHA B Hall-
paBJieHHEA AMaroHaj® rpafm sdYeitkd. [Ipm TakoM eMemenunm
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OflHA /[MATOHAJNh YJJIHHAETCA, a JApyras YKOpauHBAETCH
(pmc. 18, 6). Touewnan rpynma cAMMeTpHE pOMGHYECKOro
BaTiOg— mm2.

B6anar —80° BaTiO; mcusitoiBaer Tperhe dasopoe mpe-
BpalmeHEe H CTAaHOBHTCA (HM)Ke 9TOH TeMmepaTyps) pomGo-
sppudeckuM. VckaskeRHe sgefikm B aToM ciydae $OpMaIbLHO
COOTBETCTBYET CMEIEHHI0 THTaHA B HANPABJICHAH LIPOCTPAH-
CTBEHHOH [MATOHAIHM SYeiKH, UWPHBOAAmMeMY K Aedopmamam
mocJiefHeA B 3TOM Hampasaennn (puc. 18, 6). Togewnas rpyn-
Ila cCEMMeTpHH 3Toif Moxudmkanun 3m. Pombmueckas m pom-
6oanpuueckas mopmpmramum BaTiO,; raxke sBasoTcs cer-
HOTO?JMeKTpHdecKEMH. HampaBiieHWe CHOHTaHHOH NOJApH-
3aIEA BO BCeX TPeX CErHETORNEKTPHICCKEX MoJRHPEKammax
COBHAia6T C HANpaBJGHMOM CMemeHHA moHa Ti H3 meHTpa
KHCJHOPOXHOTO OKTadpa.

@asopue nepexoqu B TATAHATe CBHHNA E HHO(aTe Kaims
CXOMHH ¢ mepexojaMm B TuTaHaTe GapmA. Ilonmyumemme B
mocjlefHee BpeMs IHPOKOe IPEMEHOHWe B HeJMHOHHOH OI-
THKe KpECTannas HuoGata nutaA LiNbOy m ramTanara amres

Tabaxna 3

HeRoTOpLie CErHETORIEKTPHKE H AHTHCETHETOIEKTPHKH KHCAOPOAHO-OKTADAPHIE~
CEOro THOA

%omty:: Han ?&%‘Z“&q ’rr{e}o?:,p ik IIpEMedanme
BaTiOg Turasar Gapusa 120, 0, —80
PbTiO, TaTagaT CBMHIOA 500
KNbO, Huobar xanmsa 410, 210, —40
LiNbO, HuoGar nnTHA 1210 -
WO, Tpexoxuch Bosbppama 900, 740 ::":’ncewewanem-
CdyNbyOr Iuponnobar KagMms —88 -
PbZrO, IlapkoBaT CBEHIA 230 gglrmernmauenr
NaNbO, HuoGar Hatpus —40, 360, Asmacergerooiext-
470, 640 P¥
KIO, Hopar kamma 212 E::::;:qnewg&o-n
CerHEeTOeKTPHIe-
CKOI'0 yIOpAROYeHHMA
Bi TigO13 Croncruilt THTAHAT 675 -
i BACMYTA .
BiFeO, ®eppET BHACMYTa 850 HMeer H MarHHTHOe

ynopapnodeHHe
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Puc. 19. CBepxoTpyETYypHLIC AYefiKH B AHTHCETHETOBICKTPHRAX

a — NHH,PO, nocue $asoBoro mepexona 52m - 222; 6 — PbZrO, mocae ¢a-
80BOro mepexona m3m — mmm. JKAPDHHME JHHAAMH OOKASAHA CBEPXCTPYKTYP-
RaA s9efira, DYHKTAPDHON — mpaBmMibRHE BHGOpP HOBOH poMGauecKol suedtkm

LiTaO; B mapasijexTpEuecKod MofMQHKANEE- ABIAOTCA
poM00DPAYECKAME ¥ HMeI0T OJMHAKOBYIO CTPYKTYpY, CXOA-
HYIO CO CTPYKTYpPOi MAbMEHHTA HJH CHJIBHO CKAaTOTO IO IIPO-
CTpPaHCTBeHHOH AmaroHan® KyGa meposckmTa. LiNbO; Hmxe
1200° C, a LiTaO3 mmxe 640° C aBaAOTCA CErHETOINEKTPH-
Kamd. J[aHHHe 0 HEeKOTOpHX CerHeTOdJIEKTPHKAX H aHTHCEr-
HOTODJIEKTPHKAX CO CTPYKTYPOH KHCIODPOSHO-OKTasfpade-
CKOro TENA IpHMBejleHH B Taba. 3.

THOAYHEIM AaHTHCETHETOZJIEKTPHKOM ¢ YIOPAAO0YHABAIONIH-
MHCS 3JIeMeHTaMH CTPYKTYpPH IPHE (a30BOM mepexoje C mOAB-
JMeHEEM I[eNOoYeK fAYeeK C IPOTHBOMOJOKHOM HmonspH3ammed
aBasierca parappodocpar ammonma NHH,PO, (ADP). Iror
KPHCTaJyI OpE KOMHATHOM TeMImepaType HMeeT TaKYyIO jKe
cTpykTypy, Kak ® KH,PO, (monoxemme kanms 3aHEMaer
ammonmit). IIpm temmeparype —123° C B xpmcranme cosep-
AaeTcA YHOPAAOYEHH® BONOPOAHHX CBA3eH, AHAIOTHIHOO
npHBeieHHOMY Ha pHC. 15, a. AHTHOOAsIpE3anAsA B COCeNHAX
9JIEMOHTAPHHX AYefKaX OPHEHTHPOBAaHA B ITOM CJydae IO
ocH a (mnm b) Kpucranna (eponeHAAKYIAPHO OCH €). DIEMEH-
TapHAasA AYeliKA OJHOTO MOMeHa IIPH 3TOM CTAHOBHTCA CBODX-
CTPYKTypHOY — cocTosmeif B3 YeTHpeX AUeeK mapasieKTpH-
weckoit Mopmdmrammm (pmc. 19, a).

Cpens KHCIOPOJHO-OKTa3ApHYECKEX COeJHHEHHHE Xapak-
TepHHe JJIA AHTHCETHETOJIEKTPHKOB 0CoGeHHOCTH HamGoiaee
4eTko HalmiofalTca Ha mapkoHare cBEENA PbZrO;. Brime
230° C PbZrO; aBnsercs KyOHYecKEM KpPHCTAJJIOM, & IpH
9TOH TeMmepaType HCHHTHBaeT (asosoe IpeBpPAHICHHE H
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Puo. 20. HecoGOTBeHHRE CErHETO- AP
oaeKTpEYeckHe $)a30BHE negexom.: ‘_/:_‘1;_ -+ i Al
a — Cdy(Mo0O,)s, nepexon 42m —
~+ mm2; ——
6 — (NH/)sBeF,, nepexox mmm— i
- mm2 -~ 4 7
/4

HEKe CTAHOBHTCH aHTHCErZeTodneKTpuKoM. IlosBieHme aE-
THCETHETORJIOKTPAIECTBA CBASAHO C BO3HAKHOBOHHEM CBOpX-
CTPYKTYDH H COIIPOBOK/TAETCSA CMeIIeHAeM, TJIaBHRM 00 pa3oM,
moHoB Pb m Zr B maockoctr ab (QaHTHCErHETORIGKTPHK «CMe-
meH#sA»). B  aATHECerHeTOdNEKTPHIECKOH  MOAEPEMKAmmE
PbZrOg mpepncraBaser coGoit pomGudeckmii Kpucrana (Tpym-
na mmm).

Csepxcrpykrypa PbZrO; Mosker 6uiTh nonsATa B3 pHC. 19, 6.
B mHampaBieEHEAX a ®H b HcXomHO# KyOHUeCKOd HOAB-
AYeHKH aHTHOApAJJeNbHaA OpHEHTANHA JANOJel OCYIMeecTB-
JAAGTCA JJIA COCONHHEX map AdYeeKk (0OGKHYHO B APYTHX aHTHCET-
HOTOJJOKTPHKAX — JJA COCeXHAX AYEeK).

B HeKOTOpHX HCCIO[IOBAHHAX NOKa3aHo, 4To B PbZrO,
AMeeTCs HOCKOMIeHCHPOBAHHO® CMEIM[EHHe aTOMOB KHCJIOPOXA
B HAOpaBJIeHHHE ocH <. Ero rpymma cEMMeTpDHE TOTAA HEKE
230° C 6ynmer monsipaoit, mm2. Takoe HCKa)KeHHe CAMMETDHH
B PbZrO; mo%HO mOHATH TaK, 9TO B KPHCTAJIE HMEET MECTO
HeCOOCTBOHHHH CerHeTO3JeKTpHIeCKHH (Pa3oBHIl nepexon,
ofycnoBieHHNi «aETAHaMargmdenHocThio». [lapasmexTpm-
9eCKasa MogadEKamEsaA KPACTANIA TOTAa JOKHA OMHCHBATHCA
rpynnoi 43m.

Heco6cTBeHHRE CerHOTOOKTPUIECKHIA Tepexol B Mouul-
nare rapoamaEsa Gdx(MoOQ.)s mpm 163°C, no-BEnEMOMY, Tak-
e o0yCJoBJEeH «aHTHHAMATHAYeHHOCTHIO». Bhme Temmepa-
TYpH Iepexofa KPHCTAJJ @MeeT I'pYNNY CEMMeTpEE 42m.
flueiika mpm mnepexofie yABamBAeTCA B INIOCKOCTH Gasmca,
HoBaA rpynna cemMerpEd mm2 (pmc. 20, a).

Hexoropuie cergeroanexrpudeckme 6opanurta (Me3B,0,5X,
Me — jgByxBanenTHHi# Meramn, X — rajores) mmeior (aso-
Bhe mNepexofH TENa 43m —mm2 (¢ y[ABOeHmeM sYeHKH),
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43m — m, 43m — 3 m. lo-BunumoMy, nepBHii U3 HAX TaKKe
0o6ycaoBieH «<aHTHHAMarHWdeHHOCTEIO» (aHador PbZrOg).
IBa dasosux mepexopa B (NH,),BeF, (npu —90 °C u upm
—97° C ¢ ynBoeHmeM sYeHKH), MO-BHAMMOMY, 0GYCIIOBIEHHI
«CMATYGHNEM» BpAmMATEJBHHX MOJ KojdeGaHMH 9JeMEHTOB
CTPYKTYpDH (cM. Hmxe). Bropoi mepexox mpmBoauT K moJsAp-
HOH CTpYKType mmm — mm2 ® SABIAeTci HecoGCTBEHHHM
cernerosaexkTpudeckaM (pmc. 20, 6).

JloMenBas cTpykTypa

CerseroaneKTpEYeCKMe JOMEHH NPEACTABIAIT C000# COBO-
KYOHOCTH 3JIeMEHTAPHHX fA9YeeK, HMEIONHAX OJMHAKOBOE HAI-
PaBlIeHHe 5JeKTPHYIECKON moxspm3anmmm (CHOHTAHHOM). JTO
IPHBOAAT K TOMY, 9T0 HOMEHH CErHETOIEKTPHKOB 00JagaioT
MaKPOCKOIIHYECKOH 3JIEKTPHYECKO# moagpmaammeit Py,
B 5ToM CMEICiIe CerHETO9IEKTPHYECKHe JOMeHH aHAJOTHIHH
deppoMarsATHHM — 00JACTAM COOHTAHHOH  HaMarHHYeH-
HoctH. B deppoMarmeTmKax [OMeHHHE CTEHKH HMEIOT JO-
BOXBHO GOJBIIYI TONMUHY (HECKOJBKO €OT HOCTOSHHHEX
peIeTKn), KOTOpas 3aBHCHT OT COOTHONIGHUSI MEKAY oOMeH-
HOH 9HeprHedl m 3meprheli aEmsotponnmd. OGMeHHasA dHeprus
B PeppomarmeTEKax mpEMepHO Ha mOpPAAOK Goxbmme sHeprad
AHHBOTPONHH, YTO H NPHBOJHT K OBOJHHO IIHPOKHM CTEH-
KaMm.

B cermerosieKkTpEKax HeT aHAJOra MATHATHOH 0OMeHHOMH
sHeprud. IIpm Hanmumm B HUX 9/IeKTPOHHOA W HOHHOH moJA-
pH3anAA IIABHYI0 POJb, MO-BEAMMOMY, HIPDaeT 3IEKTPOCTa-
THYeCKOe B3aHMOMEMCTBHe MeKAY MOJAPH30BAHHEIMA HMOHA-
M. 3HaueHHA JHePTHH B3aWMONIEHCTBHA NApANJeAbHHX H
QHTANAPANNENBHEX PANOB JHOOJEHA B JUIICKTPHKAX OTJIH-
9al0TCA HE3HAYATEJIbHO, UTO MO3BOJAECT HMETh Y3KYIO HO-
MEHHYI0 CTEHKY, KOTOPYIO YKe HeJb3sd PAcCMaTPHBATh KaK
HeIpepHBHYI0 o6Giaacts. Takmm o6pa3om, ompefenaomei
3{eCh SABIAETCH 9SHEPTHSA AHHEB30TPOLHH.

B caydae BHCOKoOli aHA30TPOHHE KPHCTAJJa BEKTOP IO-
JApH3anEd B CErEeTOPJeKTPHKe Y)ke He Gymer Bpamarbca
BHYTDPH CTEHKH, a HPOCTO HECKOJBKO YMEHBLHIMTCA ero ab-
CONIOTHAA BeAHMYEHA Ge3 M3MeHOHHA HAIPABIGHHA IO ONHY
CTOPOHY CTEeHKH; BEKTOD OpOMAeT dYeped HYJIeBoe 3HAUYeHHe
H GymeT HMeTh HPOTHBONOJOMKHYIO OPHEHTANAIO IO APYTYio
cTopory cteHKH (pmc. 21). B aTom ciydae saHepras aHH30TDO-
OHE He JlaeT BKJaja B 9HEPrHI0O CTeHKH, XOTA H OK@3hWBaeT

46



ompefeasmee BINAHAE HA e¢ CTPYKTYPY. B ciydae nuakoi
AHA30TPOIHAMA KPHCTANNIa (B BHCOKOCHMMETPHYHEIX KPHCTAJ-
N1aX) MOKHO KOIYCTHETH, YTO BEKTOP HoJAsApH3anud Gymer mo-
BODAYHEBATHCA BHYTPH CTEHKH.

CymecTBeHHY10 9aCTh 9HEPIHH CTEHKH B CEeIHETOJNEKTPH-
KaxX MOMKeT COCTaBJIATH YHPYras DHEPTHA. JTa DHEPrud CBA-
3aHAa ¢ MeXaHHYOCKAMH HANpPSKCHHUSAMM, BH3BAHHHMH H3Me-
HOHASMH NOJAPASANME BHYTPH CTEHKH dYepe3 INbe303JeKT-
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Pro. 21, Vismenenwe CHOHTAHHON HAMATHHYCHHOOTW H CHOHTAHHOM NOAAPH3ATMH
H& FPaHENAX (eppOMArHETHEA (@) H OerEeTodXexTpEEa (6)

pudeckmit apdexT. Yupyras sHeprus, Kak OpaBmiao, Guaro-
OPHATCTBYET CYXeHHI0 cTeHKH. 1lo mopafxy Beam4YwHEH OHA
CpaBHOMA C HUOOJNBbHOM 3HEprueii.

T'eomerpnsa pomenoB. Ilpm cermerosmexrpmieckmx ¢aso-
BHX Iepexo/lax B KPHCTAJIaX BO3HHKAeT CHOHTAHHASA HOJA-
pusauesa. Kax npasuio, KPECTaNIK CErHOTO3IEKTPHKOB IPH
BHICOKHX TeMIEpPaTypax He MMelOT CHOHTAHHOH HONAPH3ANHH,
mOCeRHAA XapaKTepHA HJA HHESKOTeMIEpPaTypHHX obaacreid
cymecTBOBaHMA KpHcTaina. ClegoBaTelbHO, BHRICOKOTEM-
mepaTypHas HNApadleKTPHIeCKas MOXHQUKANUA DDA BOSHHK-
HOBEHHH CIOHTAHHOH IOJAPHA3aNHH CTAHOBATCA GoJjee HH3KO-
CHUMMETPHYHOH.

CEMMeTDHA CErHeTOdJeKTPHYECKOR MORAPUKANAE MOMKET
OHTH HalifieHa, €CIH H3BECTHH CAMMETDHA BHICOKOTEMIIEpa-
TYpHOH MoABE(UKANHME W HaOpaBleHHe CIOHTAHHOM NOJAPH-
3anmd. IIpE BO3HEKHOBeHHH IOCHeNHEH KDHCTANJI MOKOT
HCHOHTHBATh Nbe303JeKTPHUECKYI0 HJIH 3JeKTPOCTDPHKIMOH-
HYO AedopMamum, IO KOTOPHM H MoOKeT OHITh ompejeseHa
HoBasag cmMMerpua. Ilpocreifmmit npEMep — IPHA BO3HHKHO-
BeHHH CHOHTaHHOH moispumsanuum B Ky6mdeckom BaTiOg; npm
120° xy6udeckas Aveiika mpeoGpasyeTcsi B TeTParoHaJbHYIO
3a CYeT pacTAKeHHA II0 HANIPaBJIEeHHIO OXHOM M3 ocell deTBep-
TOr0 HOPARKa, 0GYCIOBIEHHOrO IEKTPOCTPHKIIHEH.

HN3MeHeHAss CAMMETPAH MOTYT GHITH HAA/IeHH N0 NPAHIALY
cammerpuu Hiopm. B o6mux 9eprax cyTs 5TOro IpOHIHEIA
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CBOAHTCA K TOMY, UTO 2JeMEHTAMH CHMMETDPHH CJIOKeHHKIX
IBYyX ¢uUryp GYAYT TOABKO Te, KOTOPHE ABIAITCA OOIEMH
I KaEaod m3 ¢uryp B orReabHoctd. Ilpocreiimmit mpumep:
HaJO)KeHHHe APYT Ha APyra TPEYrOJbHHK H INECTHYrOJb-
HEK (puc. 22) mMeI0T OCh CHMMETPHH 3, HPHCYIYI0 o0emM
durypam, m Tpum (ABIAAOMEeCA o6muUME AusA obeux ¢uryp)
OJIO0CKOCTH CHMMeTPHH, IPOXOAAMmM@e Yepe3 3Ty oCh (rpymma
3m). Ilpn cerHeTosneKTpHIeCKEX (A30BHX IEPEXORAX «CKJIa-
ABIBAIOTCA» BIEMEHTH CHMMETPHH KDPHCTAJIa B CIOHTAHHOM

Puo. 22. O6mHae SAEMEHTH OHM-
MeTPHH IIECTHYTOALHHKA H Tpe-
YroXbHHKA IPH YEAS&HHOH HA pH-
CYHK® MX BIaHMHOHI OpHeHTANNH
H B3AHMHOM IONOMEHHH 00pasy-
0T rpynuy CHMMeTDHEH 3m

monapusanun. Ilocnaexmmas, kak yme orMeyanocs B ra. I,
ABJIACTCA NOJAPHHM BOKTOPOM H HMEeT CHMMETDHIO oo mm.
Jlerxo BupeTs, HampEMep, 9T0 AJMA Kiaacca m3m (OOATH CIY-
qaii BaTiO4) nonspuki BekTOp, HaIpaBJAeHHKWHA mo ocd 4 Ky-
6mdeckoit AvYeiikW, HPHBOAUT K rpymme 4mm, HaIpaBJIeH-
HHHA 0o ocu 2 — K rpymme mm2, mo ocu 3 — K rpymnme 3m.
ITAM H3MeHEHHWAM CHEMMOTPHH H COOTBETCTBYIOT TETParoHaab-
HO®, pPOMOMYeCKOe M pPOMOOIAPHYECKOe HNCKAKOHEA sIeeK
(cm. pme. 18). PeaynapraTHl m3MeHeHHMH CHAMMeTPHH HpH Cer-
HETODJOKTPHUeCKHX (a30BHX Mepexofax A KyOmdecKumx
KJIacCoB HpHBeJeHH B Tabm. 4

Tabaana &

VsMeHeHHe CUMMETDHH NIPH BOBHHEHOBEHHH CHOHTAHHON 3jeKTpHYecKoll HONADH-
8aN¥H N0 HENOAAPHHM HANPABJICHHAM B EyGAYeCKAX KpHOTAIIAX

HsMeHeHHe CHMMETDHH IIDH pa3jHYHOM HalpaB/eHHH
CHMMeTpHA B
apaBHOKTDH- CIIOHTAHHOR IIOIADH3ANHHA
JecKo#t Momm-
PrKanmm [100] [1113 [110] [hk0] | [hkk] | [hhi] | [hkI]

m3m  4mm(6) 3m(8) mm2(12) m(24) m(24) m(24) 1(48)

432 46) 3(8)  212) 1(24) 1(24) 1(24) —
i3m mm2(6) — m(12) 124) — — =
m3 mm2(6) 3(8) m(12) m(12) ‘1(24) 4(24) 1(24)
23 26) — 112) 1(12) — — =




Ilpr moMomm momoGHEIX TaGaHMI ONIpeNeNaAeTCA CHMMET-
pHA CErHOTO3AOKTPHYECKOr0 KpPHCTAJLIa B MOHONOMEHHOM
cocToAHEHU. B 3TOM COCTOAHMA KPHCTAJLI MOEET IPUHAJJIeKATD
K OJHOH M3 NHMPO3JEKTPMYECKAX TPYIN M BCErja ABJIAOTCA
moJsipHEIM KpucraiaiaoM. Takoil ke cmmmerpmeil o6aaganoT A
OTMieJIbHLE JOMEHH KPHCTaJljia, eClH OH He MOHOJOMOHHEI.

JII06OIHTHO OTMETHTH, YTO €CJIHM KPHCTAJJ HCHHTHBAET
HECKOJBKO CIeAYIOIMIHX OfHWH 3a JAPYrdM CerHeTo3jeKTpude-
cKAX (a30BHX NEPexXofoB (OTIHYAIOMUXCA BEJIMUYHHOH U
HanpaBJeHEeM CHOOHTAHHOH MOJAPM3amEM), TO NOJYIUTH
npefcTaBieHne 00 n3MeHEeHHH ero CAMMETPHH OPH mepexofax
MOKHO, IPHHOMAA, YTO KaKAbi Iepexof OCYMEeCTBIHETCA
13 IapasieKTPAIeCKOA BRHCOKOTEMIEpaTypHO#A MognduKannm.
9TO m03BOJAET FOBOPHTH O TOM, UTO Ka;KAOMY HOBOMY CerHe-
TOAJIEKTPAIECKOMY (a30BOMY Hepexofy Kak Ol COOTBETCT-
ByeT «3axofl» B IAapaljIeKTPHUYSCKYI0 MONMPHKALIHIO.

B Taba. 4 mocae CEMBOJIOB IPyHI CTOAT B CKOGKax mud-
PH, YKa3HBalOm{Ee 4YWCJIO0 HANpaBJIeHHWHE, KpHcTajiaorpadm-
9YeCKM PAaBHHX* TOMY HAaIpaBICHHIO, II0 KOTOPOMY LPOHC-
XONHT OPHMEHTHPOBAHHAS CHOHTAaHHAaA Hoasapm3andA. Jlerxo
BUAETH, 9TO COBOKYHIHOCTH BCeX [OMEHOB, OPHEHTHPOBAHHHIX
PAaBHOMEPHO IO BCeM KPHCTAJIOTpadAiecKH PaBHEIM HampaB-
JIeHASAM, NPHBORHAT K TOMY, YTO MAaKPOCKOIMYECKH, B IIEJIOM,
KDPHCTAJAJX CerHeTODJIEeKTPHKA, pas3bmThiA Ha [OMEHH, HMeeT
Ty Ke rpynny cHMMETPHH, KOTOPYI0 OH HMel [0 HmepeXona
B mapasieKkTpuieckoii mogmpmranmm. Takmm obpa3oM, KpmH-
CTaJa mocje pa30HeHHS HAa TOMEHH MAKPOCKONMMYECKH «BO3-
BpamaeTca» K HpeKHell CHMMETDMH W ero MaKPOCKOIM9ecKHe
cBoficTBa (ympyrue, Nbe302JIeKTpAYeCKHe H HAP.) KOKHH
paccMaTrpMBaTHCA € mO3WNmit aTo# «cTapoi» cmmmerpmm. Ha
puc. 23 HpejcTaBieHH CcoBOKymHocTH fAomeHoB BaTiOg Bo
BCEX TPeX CerHeT03JeKTPHYeCKHX MoAuPHKAamUAX M HOKa3a-
HO, 9TO BCE€ STH COBOKYIHOCTH HMEIOT OfHY M Ty Ke TOUed-
HYI0 CHMMETPHI0 — CHMMOTDPHIO Iapa’jeKTPHIeCKOd MOJH-
¢ukanum THTaHaTa Oapms.

PaccMarpmBas cermeTodieKTpMUECKHe JOMEHH KaK JABOH-
HOKH, MOKHO yOOMHTHCA, 9TO 3JEMOHTAMM JBOXHHKOBAHMWS
TOMEHOB ABIAIOTCA YyTpaueHHEI®e HPH Iepexofe dJIeMeHTH
CAMMeTPHH KPHCTa/JIa 0 CPAaBHEHHIO C BJIEMEHTaMH CHMMeT-

* B gaacce m3m, HANpuUMep, KpHCTANAOrpaduyecKH DABHH BCe
ocE 4 wpmcTamia (Tpm ocH, mecCTh HAampasieHmii), Bce ocH 3 (ue-
THpe OCH, BOCeMb HANpaBieHHi) # T. J.

* ]
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pum nomena. B wacrHocTH, 3TO 06GCTOATENBCTBO O06BACHACTCA
BO3BpPAIIEeHMOM KPHCTANJA K MCXONHOM CHMMETPHH HOCHIe
PasneieHAA Ha JOMEHHI.

HKHorkpernoe paccMoTpeEme KasKA0H COBOKYIHOCTH paB-
HHX HaOpPaBJeHHEH H03BOJAET OHPENEJHTb, KaAKHE YIJH BO3-
MOKHH MEKAY AOMeHaME (Me;KNy HampaBienneM ux Pgp),
KaK OPHEeHTHDOBAHH T'DAHANH MEeKAY HEMHA. YIATHBAsA, ITO
B peajibHOM KPHCTAJN/Ie KOMIOHGHTH JOMEHOB-ABOHHHKOB CO-
9eTAI0TCA IONAPHO, MOKHO TaKKe HAWTH BCE BO3MOMKHEE HX

Pre. 23. CxemaTmueckoe H3o6paskeHHe COBOKYHMHOCTell Nnomenos BaTiO, B reTpa-
ronaxsHOlt (a), pomGuaecroili (6) m pomGoappEIcCEoil (6) MopmPmranmax

YacTHHe COYeTaHMA W T. A. JIPYTEMHE CIOBaMH, 3T0 N0O3BOIAT
A Ka&KAOr0o- M3 KPHCTAIIOB PEIIMTh BCe BOOPOCH, OTHOCH-
‘IHEeCS K TeOMeTPHH JOMEHHOH CTPYKTYpH. 1

Tak, madpumep, B KpHCTa/IaX Kiaacca m3m (caydai
BaTiO;) upm mepexome m3m —4mm oxa3HBalOTCA BO3MO-
HHMH coueTaHus, umeomue 180°-Hue cTeHKH (aHTHIIAPAIIIONb-
Hajgd OPHPHTANHsA B COCeMHEX AomeHax) ® 90°-Hhe CTeHKH
(B3aMMHO TEepPHEHAMKYJIADHAA OPHEHTAIHA ¢ TIpaHHIAMH,
copnagalomuma ¢ mrockocramu TEoa (110). Jlns mepexoma
m3m — 3m mnanpaBierds P, B COCeHHX JOMEHAX MOTYT
cocrasaaTs 70°32, 109°28’ m 180°, a nnsa mepexoma m3m —>
—mm2 — 60°, 90°, 120°, 180°.

OcoGennocTH MOMEHHOTO CTPOEHHH aH'mceI'He'roa.ﬂem-pu-1
KOB peryJdapylTCA [BYMA 0OCTOATENbCTBAMH: HAJTUIHEM]
aHTANapaliie]bHON OPHEHTANUM JHIOJel B COCeRHHX Iiernod-
Kax s9eeK H PaBHONPABHOCTHI0 HALNPABICHAA AHTEIOJADH-
3alEH M0 KPACTALIOrpadHIeCKH ONHHAKOBHM HAN[IABICHHAM.
CBepXCTpyKTypHasA dJeMeHTapHAf fAdYeilka ONHOL® NOMEH
ABagerca nu6o moNAPHO-HeHTPaNbHOM, TH60 mEHTPOCHMMeE
PHYHOH; CHOHTAHHOM HoONApH3amued (MaKPOCKEAMIECKOH




JNOMEHH aHTHCErHeTOdNIEKTPHKOB He obaanmator. [lonnas coso-
KYIOHOCTH CBEPXCTPYKTYPHHIX AYeeK HOMEHOB MMeeT CHMMeT-
pHUI0O HCXOMHOH IapasjeKTPHIeCKOH MogdPUKaau.

Brnme yke ykasHBaJOCH, 9TO IJIA MOHMMAHHA Ipomecca
pa30HeHns CerHeTOdIEKTPUKOB HA JOMEHH HE0GXONHMO YIM-
THBATh dHepreTHIeCKAe W reoMeTpHYecKHe (IMCIO0 KPHCTAJ-
;orpadudecKn OAMHAKOBHIX HANpaBiIeHHW#) cooGpamkeHus.
Ciona ciexnyer Tak:Ke [o6aBUTh OUeBM[HOe TpeGoBaHHE TOTrO,
YTO FPAHUOH MEKAY NOMEHaMH HOJIKHH OHTH 3JIEKTPHIECKH
HEeATPANbHHIMA, MOCKOJBKY MMEHHO TAKOE MX COCTOAHME CO-
OTBETCTBYeT MUHUMYMY JHEPrHM KpHCTa1Ia. IT0 00yclIoB-
JMBaeT HeOGXOMMOCTH TAKOH OpPHMEHTAIMHU JMUIOJEHA B COCEX-
HAX [OMEHAaX, IPA KOTOPOH HPOEKIHA BEKTOpA IOJIAPU3ALHU
HA TPaHEOY CO CTOPOHH OXHOTO AOMeHa PaBHA IO BEJIHIHHE
1 IPOTHBONOJOKHA TI0 3HAKY IPOCKIUHA BEKTOPA NOJAPH3ANAR
npyroro (cocegHero) moMeHa (OpMEeHTAIHA JOMEHOB IO THIY:
«TOJIOBA» NUNOJEH ONHAX IPUMHEKAeT K «XBOCTY» NHUIOJeH
cocenaux momenoB). Ilommmo atoro, Heo6XomUMO YIHTHBATH
Tpe6oBaHHS MHHAMYMAa YIPYIod DHEPIMH: OPHEHTAXAA OH-
HaKOBO KeOpPMHUPOBAHHHX AYeeK B PA3JIMYHHX [OMeHAX pas-
auvHa. Bumme yike oTMedaNloch 3HAYeHHe YHPYToi sHepram
IIA MOHMMAaHHA XapaKTepa IPaHHI MEKAY HOMEHAMH, 3/{eCh
/Ke pedb HAeT O TOM, KaKHe ODHEHTAaIHH JIOMEHOB pealH3y-
I0TCA B KOHKPETHOM ClIydae.

Yxasanane coobpasenns 06 0coGeHHOCTAX JOMEHOB COr-
HEeTO3JIeKTPHKOB CIpPaBe[/IMBH | [JIsi aHTHCETHETO3IEKTPHKOB.
3nech, oHAKO, HeCymecTBeHHO TpeGOBaHHE DIGKTPHIECKOH
HeHTPaJNbHOCTH TPAHHI], TAK KAK AHTHCETHETO3JIOKTPHYECKHE
JIOMEHH BJIGKTPHYeCKHE HefTpanbHH. PasbmeHme ke Ha f0-
MEHH B 9TOM CJydYae JIETKO HOHATH, €CJIH YIECTh He TOIBKO
OHepreTdYecKHe Ccoo0pajKeHus, HO H PABHOBEPOATHOCTH
ODMEHTAIMH AQHTHIOJSAPHSANUHA 10 KPHCTALIOrpadHIecKH
ONMHAKOBHIM HAIPABJICHAAM.

JloMeEN B CETHETOPNEKTPUKAX H AHTHCETHETOBIERTpH-
kax. JloMeHH B CerHeTO?JNeKTPHKAaX MOKHO M3yJaTh pa3jmy-
HEIMA C€IOCOGAaMH: METOXOM B3aps’KeHHHX HOPOITKOB (0CaMK-
JeHHe IOPOIIKOB Pa3JIMYHOTO I[BETa, a TAKKe ARMA, POCH,
UHes HA NPOTHBONOJIOKHHX KOHIAX JOMEHA HJIH IHPOIJIOKT-
pPHUKa), MeTOXOM TpaBJIeHHA (IPOTHBOHOJOKHO SaPHKEHHLIe
KOHI[H JIOMGHOB TPABATCA C PA3JIAYHOA CKOPOCTHIO), 3JIGKTPOH-
HO-MAKPOCKONAYeCKAMHE METONAMH (CKAHHEPYOmEHE MHKpOC-
KO, SMHCCHOHHKIA, IPOCBEIUBAIOMA), ONTAYECKEM METOTOM
(3 DoNApPEBANMOHHOM MAKpPOCKOme) M MuOrmMHE ApyrEMu. Ha



Pro. 24. IanoxbHbIi MOTHS flOME-
HOB TeTParoHaabnoil Mopudnxa-
nem BaTiO; (nmmookootrs (001)
KyOnueckoli mopuduxaunmn)

Puc. 25. JloMeRN Ha NAOCKOCTH
(001) rerparomanbnofi MopmdmH-
raEr BaTiOs
a — CXeMaTH9ecKoe n306paKeHne
a 90°% HHX ® 180°-HHX CTeHOK;
6 — pealbHAA KapTHHA B TO~
-a JIAPA3ANEOHHOM MEKPOCKOIIe

o B3 Y Y KI KA KA 3 K2 6
~===ER L L=
||| le]l+]|+]|+]~]~
|||+ ]|+]|+]>]|>
SRR
=== e
=== s
OO

TYpMaJIEHe 3JEKTPHYeCKAs MOJAPROCTh HM3yYajdach BIEpPBHe
MeTOXOM 3aPsUKeHHHX IOPOIIKOB, W IepPBoe HabIIOMeHHE KO-
MEHOB B CeI'HETO3JIOKTPHKe (CerHeTOBA COJXb) GHIIO BEIOJIHEHO
TakKe sTEM MeTofoM. Hambosee mmpoxoe pa3BHTHe B IOC-
JeffHee BpeMs HOJYYHIH ONOTHICCKHH M 3JIEKTPOHHO-MHKDO-
cKonwvecKmil MeTofhl. IIpocreiimum M3 HAX ABIAETCA ONTH-
9eCKHH, XOTA, K COKAJIEHAI0, OH HEOPAMOHUM K KPHCTAJIIaM,
Y KOTOPHX ONOTHYOCKHe MHIMKATPHCH B COCEJHMX JOMeHAX
OapajJiIeAbHH, TAK KAK B 9TOM CIy4ae BCe JOMEHH B IOJADPH-
8aIlHOHHOM MHKPOCKOI® «HOOTacaloT» OXHOBPEMEHHO.

Ipass Ky6a mnapasiekTpmdyeckoll MogudHKammm TeTpa-
roHAJBHOTO THTAHATA Gapus B o0meM ciaydae BHRITJIAXHT
CXeMAaTHYeCKH TAK, KaK Imoxka3aHo Ha pmc. 24. Ha arom pm-,
CyHKe m306pa)ieH TaK HA3HBAGMHH AMMNOJbHHHE MOTHB 3TOM:
MoANQEKANAM, YKASHBAIOIHA OpHEHTAI[AI0 CIOHTAHHOK
nonspusanmu Pey Bo Becex aneMeHTapHHX AYGHKAX BCEX JoMe-
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nos*. Ha pucyHKe BEIHH THIH TDaHHN ¢ YIi0oM MEXAY Ham-
pasixenusamu 180 m 90° B mepsoMm ciygae HanpaBieHHe CHOH-
TaHHOM MOJAPH3aNAN IaPaJieJbHO JOMEHHOM rpanune (Ijoc-
KOCTH pasfesia), a BO BTOPOM CJydYae I'DaHHIA COCTaBJIAET
45° ¢ HampaBieHHeM CHOHTAHHOM HOJAPU3ANMA B OT/eNb-
HOM JoMeHe**,

B peaarnoit nnacrueke BaTiO; wame, ognako, npegcras-
nensl 90°-Hble OMEHHHO IpaHUNH, Aa K TOMY ’Ke, KaK mpa-
BHJO, C mpeoGiajaHMeM OJHOH KOMIIOHEHTH HaJ ApPYroi.
TakoBa, Hampumep, pealbHasA JAOMeHHaA CTPYKTypa, IpH-
Be/leHHAS Ha PHC. 25, HOJYYeHHOM IpH ONTHYECKHX HaGaio-
HNeHNAX B HOJAPH30BaHHOM cBere. llaacTuHKE ¢ Hampasie-
HEeM Pgy, e;KaluM B BX NIIOCKOCTH, HAa3HBAKIT d-TOMEHHRMHA
(kak, Hanpmmep, Ha pmc. 24). IlnacTuEKE ¢ HampaBieHHeM
Pen, DepHeHAMKYJAADHHM HX OJIOCKOCTH, HA3HBAKT C-H0-
MeEHHMHA. B cocemEmx c¢-gomeHax Pg; aHTHIAPAJIeJbHH,
a B a-fomernax cocrasiaar 90°. YacTo dacTh JOMEHOB, 3a-
HEMAOMEX MeHBIIYI0 LJIOMajgb B G-JOMEHHOM KPHCTaJIe,
nMeeT KImEO00Gpas3Hyio dopmy.

IIprGamxenHas omeHKa, YIMTHBAIOMAsA SHEPruI0 aHH30-
TPOOMHE M YHEPrHi0 JUIOJBHOrO B3aMMOJECHCTBHA B KPHCTAJ-
nax BaTiO,;, mpuBogmT 1A aETHDApAJIENbHHIX JOMEHOB
K HmHpHHEe CTeHKH NOPAAKa OJHOH 3NeMeHTapHOH AueiiKm
u K sHepram rpaHunms okoiao 10 spr/cMm®. Ommt mokasmsaert,
gro 180°-mas rpammma B BaTiO; meitcTBuTeNBHO Upe3BHIaM-
HO Y3Ka, a ee sHepruA 6JHM3Ka K pacueTHOMH.

90°-nan rpammna B BaTiO; mMmeer Gosee cioskHOE CTpOe-
Hue m caabomePopmmpoBanEHe ATeiikn. 'pammna oxkassBaer-
CA MHEPOKoiA (0 HeCKOabKAX coT A), a e sHeprus cocraBaseT
mecatkm opr/cm®. IMumpmra pgomemos B BaTiO; Bapsmpyer
B J0BOJbHO ITMPOKHX HpefeNax: OT MEKDOHA O COTHX MHK-
poHa.

Ha pmc. 26, a mpusefleHa MOHOKJHHHASA 3JeMeHTapHAA
Aveiika TpEramnEEcyabdpata (TT'C) B mapasmexkTpmaecKo#t
monndmkanmn. CaMMeTpHsa Aveiika 2/m. [iBa mpoTEBOmOMOMK-
HHX HaIOpaBJeHNs NONAPHSANAE IO oCH 2 IPHBOAAT K ABYM
pasIAYHEIM 3JeMOHTADHHM sYedkaM, HMEIOIAM CHMMeT-
puo 2 (pmc. 26, 6). OnHa W3 HAX YCAOBHO MOKET GHTH Ha3-

¢ Jlumoxd, HAUPABNOHHKE H3-3a WePTe;ka, 0608HAYeHH 3HAKOM (),
a 8a YepTe;k — SHAKOM (—).

*¢ Bugmas m3 PHCYHKa «3y0YaTocTh® 9TOlf TPaHHAIH ABJAAETCA MH-
KPOCKOIEYECKOif, IPH OOWINHX HalmiofeRmAX TIPaHHNA Opej-
CTABAAGTCA NPAMOJHHEHHOI.
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Puo. 26. [lanoxsasie MOTHBM B TpArzammmcyandare (TTC)

Pro. 27. TunuuEas JOMCHHAR OTPYETYPA TI'C, BHABASEMAS METOJAOM TPABACHHA

BaHa mpasoii, Torjaa Apyrad 6yner aesoii. OTAEMIATL X MOMK-
HO, HAIpAMEp, TAK: 6CJH CMOTPOTh CO CTOPOHH IOJOKATON b~
HOT'0 KOHIA BJIEeKTPHYECKOr0 JUIOJS, TO OCTPHE Yroa MeXLy
JUIMHHOH W KOpOTKO#l rpaHAMEH B OXHO# sAdelixe oGxommrcs
(Dpu ABM;KeHHH OT JJIHHHOH I'paHH K KOPOTKOi) IO wacoBoi
CTpellKe, & B Ipyroif — HpOTHEB YacoBoif cTpenku. Vismenenne
HANpaBJIeHHES NOJAAPHBANUE B Ka)KEOH M3 TAKAX SIEEK COI-
POBOXKNIaeTCSI HM3MOHeHEeM HX 8H Ka OJHaHTHOMOpPH3Ma.
Ha pmc. 26, ¢ msobpakeH JHOOJBHHE MOTHB B CTPYKType
ABYX COCEJHHX [JOMEHOB. SHAK DJHAHTHOMOpPHE3MA [OMEHOB
ycI0BHO m300paKeH IOJXYKPYTOBOH CTpEAKOH, HANpABICHH®
BpAaIleHAA KOTOpPOi B OJHOM HANpABJCHHH O3HAYAET ONUH
3HAK OHAHTHOMOpPESMAa, B JAPYroM — OPOTHBOMOJIOKHMIA.
Hanpapiesne DOJYKPYTOBHX CTPEJIOK JOJKHO ONPENSIATHCH
IOpHE PacCMaTpHBAHHH BCOX AY€eK CO CTOPOHH OJZHOTO H TOTO
e (CKa)keM, HOJ0KATEIBHOI0) KOHIA AHOOJeH.

Hak smgao 3 pmc. 26, sieMeHETapHEHe A9eHKH B COCEIHAX
gomenax TI'C opmenTmpoBaHH DapaiieabHO, ITO HCKJIIO-
9@eT BOSMOKHOCTh HX HAGIIOlCHAA ONTHIECKHM METOOM.
Onnaxo gomerHoe crpoerme TI'C xopomo mayueHO ApyruMm
MeTOJAMH: TPABIGHHSA, dJIEKTPOJIIOMHHECIeHTHHM, 3apsiKeH-
HHX IOPOHIKOB.

Xora pomenmas crpykrypa TI'C B smHaumTenbHOH Mepe
SaBHCHT OT YCJOBHil BHpAamuBaHuWA KpHcTaaia (B ocobeHHO
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Puc. 28. Homenm B TI'C nociae mepemno-
AAPA3ANHMH KPHOTAANA (BHIAABACHBI METO-
AOM TPABACHHA)

Puo. 29, [loMeRHOE CTpOeHHE HA Z-CpO3e
KH;PO,, BHABACHHO? METOOM POCH

OT .TeMIepaTypH poc'ra), B GOJBIIMHCTBe KPHCTANJIOB, He
IOABEPTaBITAXCA BO3NIOACTBHUAM DIEKTPHILCKAX H MeX aHHTeC-
KHX ToJeil, JOMeHH HMeloT GopMy cTepKHeH, opnen'm-ponan-
HHX B HaOpPaBjiieHAW OCH Y C TeYeBHIEOOPA3HEIM CeUeHHEM.
JloMeHE 0HOTO 3HaKa OpHEHTANHH IPEACTaBAAKT co6oM Kak
6u mosie (MaTpHEIy), BEYTPH KOTOPOTO MMEIOTCH NOMEHH IpO-
THBONOJIOKHOR opueHTanmu (pmc. /27). [lnueHas och wewe-
BHNEOGPA3HOTO CeYeHHS OPHEHTHPOBAaHA BJOJAb OCH @ KpH-
CTaJJa ® JEeKHT HPAMEPHO B IJIOCKOCTH OOTHYECKAX OCeii.
WUnraa ¢opma rpammm Mexay aomeHamm Ha Y-cpese TI'C,
BHIABJICHHAS MeTOJOM TpABJIEHHA, NpHBefeHa Ha pmc. 28.
I'paEngu Mexay AoMeHaM# ODHEHTHPOBAHH IO OCH @ KpH-
cranna (rpanmng Apyroit opmenaTanmm B TI'C He HaGumio-
oaercs).

ITepecrpoiika CTPYKTYpH, HCKasKeHMe 3JIeMeHTapHEIX
ageex m opmenraumn Aunmojiesi 3 KH,PO,KDP) y:xe Guan
paccmMorpeHH (ctp. 38). Ha pmc. 29 npmBeneno noMerHoe
crpoerne kpucraana KDP Ha maacrunke Z-cpesa, BHABIeH-
HO® MeTo/[0M pocHl (TouHee, MeToXoM mHes). ['panmma Mexay
JIOMeHaMH B 3TOM KpHCTajiIe mapajiexbHa Hiaockoctm (100)
n (010), manpaBxerne monspmaanum cosmagaer ¢ (001) mam
(001). Illapuna ROMEHOB COCTABAAET eAMHAIE MHKPOH (2—
3-107* cM), sHeprusA rpaHEUH — oxoao 40 apr/cm®.
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Puo. 30. lanoxsELIe MOTHBHI Cer-
HeToBO# OCONM

a — sneMeHTapHan Adefika mapa-
9JIEKTPUMYECKAX Monupmxammit;

6 B 6 — ONMHAKOBHIE 3JIEMEHTap-,
HHe AYefflKH B CErHCTO3JEKTPH-
gecKoit MomuPEKANEE, HMelomHe
IIPOTHBOMOJIOHHBE OpHEHTAMHA
CIIOHTAHHOMN NOJAPHSALAA Pcn;
e-— COBOKYIOHOCTb AvYeeK, HMeio-
mas rpyany CHMMEeTPHH mapa-
9JIeKTPHIECKAX MORnpaKanmit 222;
9,6 — MAIOJHbHHE MOTHBH H BOS-
MOKHHE TPAHHON MEemXy poMe-
HaME no (010) = (004) (B upmek-
cax mapasiieKTpEyecKoit Momudn-
Kanum);

% — KOMEHHAA CTPYKTYpa Ha X-
cpese cerseToBot conm (y49aCToK,
HA KOTOPOM BHAHH ONHOBpPEMeH-
|0 a- H ac-JOMeHH)

]

st b BN

3HaYHTeNIbHHI HMHTEPEC NPEACTAaBAAKT RUIOIBHEE MO-
THBH B CTPYKType Cer{eToBO# coam. Y CEerHeToBo# coaum
HCXOAHas pombmueckas sueiika ¢ cammerpieir 222 (puc. 30, a)
mocje ¢$asoporo mepexofa B Ppe3ylbTaTe BO3SHHKHOBEHHA
COOHTAHHOM NOJAPH3aNHE IO OCH @ CTAHOBHTCA MOHOKIWH-
HO# u mpuoGperaer cummerpuio 2. MsMeHeHme sueiikm Tpe-
O6yer mepeoGo3HaueHUs oOceill, KOTOpOe COCTOMT B TOM, 4UTO
poMOmgecKad oCh a CTAHOBHTCA MOHOKJIMHHOHK OChI b, m Ha-
060poT; OCh ¢ cOXpaHseT cBoe HmpexkHee o0o3HadeHme (pHC.
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30, 6). IIpoTHBOMOIOKHO OPHEHTHDOBAHHHE AIGHKH HMEIOT
OJHH H TOT Ke 3HAaK »HaHTEHOMopdmaMa (pmc. 30, 6, 6).
Hcxonmas cmmmerpmsa KpmcTanana (rpynma 222) mosker GHTh
HOoJy9eHa B pe3yJbTaTe COYeTAHHA MOHOKJIMHHHIX IOJAPH30-
BaEHEHX sveek (pmc. 30, 2). Ux momapHHWe couerammsa mpm
IUIOTHOM NpHJEraHEE COCeJHHX A4eeK HPOTHBOMOJIOMKHOM
DOJAPHOCTE MOIYT HPHBECTH K JABYM OPHEHTAaNHAM TpaHHI]
Mex 1y foMeHaMu 1o naockoctAM (001) m (010). Ha pme. 30, 9, e
npuBefleHH JBAa TAaKEX COYeTAHHA M3 YETHPEX BOSMOIKHEIX.

JloMeHE B peaJabHOM KpPHCTaJjie CETHETOBOM COJNE Ipex-
CTaBJAIT c060# mIacTEHKH, HapaaxeasHne maockocra (010)
m (001), 1. e. mmockocTAM ab m ac. [JoMeHH, mMeomue rpa-
HHEOH, HapajjeilbHHe IUIOCKOCTH ab, OpHHATO HA3HBAaTh
ab-moMeHaMH, a mapaijeJbHHe HJIOCKOCTA ac — ac-AOMeHa-
Md. B monspmaoBaHHOM cBeTe mM3-3a PasJIMYHON OpPHEHTAL AN
AYeeK B COCeHAX [JOMEHAX MOCHeJHAe «IOTacal0T) IPH pasand-
HHIX OPHEHTANHAX KPHCTajjia. OTO HO3BOJSET BHALETH HOIe-
PEMEHHO TO OAHY, TO APYryI0 KOMOOHEHTY JOM@HHOH CTPYK-
TYPHL.

B coorBercrBEm ¢ pmc. 30, 4, e Ha a-cpe3ax KpHECTaJIOB
CeTHETOBO# coxm 06a 9TH THHOA AOMEHOB MOTYT HaGIIORAaTHCH
onaoBpemeHHo (puc. 30, a). Caexyer, ogHAKO, OTMETHTH, UTO
B cmay aHm3orpoumm miaockocTE (100) xpmcramaa sHeprms
oGpasoBaHus rpaHmi ab- @ ac-momMeHOB pasamuHa: ab-mo-
MeHH (ojiee CTa0HMABHHE, 9TO CBHAETEJLCTBYeT 0 (ojee HH3-
KOif »Heprmu rpaHHUI (CTEHOK) TAKAX AOMEHOB II0 CPaBHEHHIO
¢ 9HeprEe# rpaHMN ac-KoMeHOB. B wacTHOCTH, ac-moMeHH
AMeloT HECKOJbKO 0ojiee BHICOKYIO BEPXHIO TeMIepaTypy
Kiopm, weM ab-goMeHH.

Jdmeprus fefopManEd KpUCTaNIa, CBA3AHHAA C OJHOBDe-
MeHHHM CyImecTBOBaHHEM ab- W ac-IOMeHOB, HOHMKaeTcA
Gnarogapsa o6pa3oBaHMI0 KIMHOOGpa3HHX XoMeHOB. Bmecte
C TeM IPH COYETAHWH ITUX JABYX THIOB JOMEHOB HeJb3f JIOC-
THYD MX NJOTHOTO NPHJIEraHusA APYr K APYIY, 4TO HPABOAAT
K o6pasoBaHmI0 010KOB (KasKIKH H3 HAX COOTBETCTBYeT,
HO-BHAEMOMY, OJHOMY THOY JKOMEHOB), MeKAY KOTOPHMHA 006-
pasylTCH MAKDPOTPEIIHHE.

PacueTH moKa3HBAalT, YTO B CETHETOBOH COJH TPaHHINA
MEKAY MOMEHAMH COCTABAfAET OKOJO J[BYX NEpHONOB 3ie-
MeHTapHO# saueitkm (~ 24 A), a ee sHeprmA — HECKOJBKO
CoTHIX 9pr/cm?. .

Jlomennoe crpoenme Kpuctaanos PbZrO; B pombmueckoit
MogHQHUKAanEA CXOZHO C JIOMEHHEIM CTPOeHHeM POMOHIeCKOro
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BaTiO;. 910 DOHATHO, TaK Kak B 0G0MX 3THX KPHCTAaJJIax
poMbuueckans MomudEkanmuAa o6yCiAOBIeHA BO3HHKHOBEHHEM
mOJAPHESAaNAE B KyOHYeCKHX NapaajeKTpHYeCKHX sAdedKax
0 HampaBieHWAM ¢ mEReKcamn: Tuma (110). Pasmamma memay
HOMHE COCTOHT B TOM, 4T0 B poMGmaeckom PbZrQ,; snemenrap-
HafA fAvYellKa ABJIAETCA CBepPXCTPYKTypHOH, a B BaTiO; —
3T0 cTapaa Adelika Kybmueckoit MopmpmKammm.

B crpykTtype anTtmEcermeroanextpmka NHH,PO, maio6o-
DHTHHM ABJIACTCA TO, YTO CBEPXCTPYKTYpHHEe dieMeHTapHHE
AYe#KE OTAGABHHX foMeHOB (cM. puc. 19, a), opmerTHpOBAE-
HHe mox yraom 90°, mMeloT pa3HHe 3HAKH dHAHTHOMOpPU3Ma.
BosHEKHOBeHMe AHTHCETHETOdJEKTPHYICCKOH MognduKamum
B 3TOM KpmcTajuie mpoucxoaut mpr —125°. Ilpm aTom mepe-
XOfie CTPYKTYpa HCKa;KaeTCA TAK CAIBHO M PEryAAPHAA «yma-
KOBKa» ee TaK OCJIOKHEHA, 4TO, KaK HpaBmio, KPACTAAN pac-
CHIaeTCA B MOPOIIOK (ABJIeHHEe, CXO[HOe C TAK HABHBAEMOM
osnoBAHHOA wymoii). Tonrsko HOpHE 09eHb MENJIEHHOM H PABHO-
MEepHOM OXJa)K[AeHAH MOKHO H30eKaTh-II0JIHOTO paspymeHus
KpHCTaJjIa.

B HexkoTOopHX HeCOGCTBEHHHX CEeTHETOIJNEKTPHMKaX, Kak
YKasHBaJoCh BHINE, CHOHTAHHAA HOJAPH3AMAA MOKET OHTH
obycioBnena aHTHmoisApuaanueii. BosHEKalomas mpm aToM
CBePXCTPYKTYpa C YABOGHHMEM AYEHAKH [[aeT BO3MOKHOCTH
PpaBHODPaBHOTO 00pa3oBaHAA JOMEHOB, COCTOSNIHX M3 CHa-
PeHEHX sgdeeKk. Takoe cmaphBaHHe, OZHAKO, MOKeT GHTH
ABOSAKAM OPH OXHOM H TOM ’Ke HalPaBJIeHAH CHOHTAHHOH MOJIA-
pusagun. O6iacTd OXHOrO W TOTO 3Ke JIOMeHa, COJAep:;Kamme
9aCTH ¢ PA3IHYHHM COApHBAHHAEM fYeeK, Pa3feisloTCA TaK
HasHBaeMHME aHTHQasHHMA rpanmnamm. [lommMmo aTEX
TPaHEIN, KPHCTANJI, KOHEYHO, AMeeT OGHYHHe JOMeHEHe Tpa-
HANH, pasgeasiomue 061acTd ¢ ODPOTHBOLOJOKHHM HAIpaB-
nendeM Py,

Pazosnie Hepexoabl H CHOHTAHHAA NOJISApH3AIAA

dnemenTn TepMopupamurd. DasoBre mepexogH B CerHero-
3JIeKTPEKAX ¢ BOBHEKHOBeHHOM (HCUe3HOBEHHEM) COOHTAHHOM
OONAPH3ANME MOKHO TPAKTOBATH C HOBHIEA 3aBECEMOCTH
dHeprEH KpHCTajja OT TeMmepaTypH. llnsa onmcammsa atoil
9HOPIHH HMCIOJAB3YITCA TePMOXMHAMHYECKH® QYHKIMH: CBO-
Goxmoit sHepruW, BHyTpeHHEH SHEPTHH, TePMOJAHAMHEIECKOTO
moteHnuana, sHTanbnEg ® op. Oramvawrca 3TH QyHKIEEA
ApPYT OT APYTa TeM, 9TO OHH 3aBHCAT OT Pa3AHYHHX IapaMeT-
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poB (MexaHEIeCKHe HAaNps:KeHHS M MexaHmuecKme Aedopma-
[AH, 3JIeKTPAYECKOe NOJe H dJeKTPHICCKAA HHAYKIAA, DICKT-
pHEIeCKas MOJNAPH3ANAA, TeMIEPATYPa A 9HTPOIHA H T. J.).

Jia onmmcaHES HpONECCOB, CBA3aHHHX €O CIOHTAHHOR
nonfApmsandeii, mamGonee yRoGHO paccMaTpPABATL 3IHEPrHI0
KpHcTasaa G xak gyBEknmio TeMueparypH 7', HanpsoxkeHHHR ¢
n monsipmsanum P. JlupdepennmanbHOe BHpasKeHHe BTOMK
¢YEROEE mMeer BH

dG = — SdT + rdt, + E,dPp, (11.1)

rae S — SHTpONIHA; ry — KOMOOHEHTH TeH30pa fedopmamuii;
E,, — KOMIOHeHTH BeKTOpa HANPSIKEHHOCTH 3JIEKTPHIEC-
Koro mojs; P — ajexkTpmueckasa moaspmsamusa m I — TeM-
nepatrypa. PaccmMaTpmBas HeHanpsykeHHHE KpActana (& =
= 0), pyEKRnHEI0 G MOKHO PA3NOKHTH IO CTEHEHAM MOJAPA3a-
oA ¢ Ko3punmeHTAMHA NpH NONAPHU3ANHAA, 3aBACAIAMH OT
TeMIepaTypH.

JlaA KpECTaNN0B, EMEIOMAX TONBKO OXHY OCh CIOHTAHHOIM
noaspusanue (cermeroBa coas, TI'C, KH,PO, m MmHOrme
Apyrae), BO3MOKHE TOJNBKO fiBe opueHTamdd Poy Py u
—Pg¢q. Ilockonbky o6a aTH HaupaBieHHES paBHOIPABHH, TO
B pasioeHum cBoGopgmoit smeprmm [G = G (P, t)] opm Ham-
pAKeHAAX f, paBHHX HYJIO, GYAYT HPHCYTCTBOBATH TOJNBKO
WIeHH ¢ YOTHHMH CTeHeHAMHE HOJAPH3AMAN -

G = Go+ 5 a*Pla + PPl + 5 VPt ... (I12)

HanpsasxeHHOCTH 3/I6KTPAYECKOTO IOJA B BTOM CIydae ompe-
ReasAeTcA BHpaKeHHEM

E = o = @*Pen + PPLa + vPa + ... (IL3)
C

I

B 3aBECHMOCTH OT YHMCIa, 3HAKOB H BeAWIAHH Koaddum-
uuentos pasnoskenmsa (I11.2) ¢dopma KpmBo# CymecTBeHHO
MeHsileTcA. ECJIH 3HaKH BCex WIEHOB PA3iOKEHHS IIOJOIKHA-
teasuu (a*, B, y > 0), To KpABaAg HEMeeT ONHH MHHEMYM
B Hagaxe KoopamuaT npa Po; = 0 (pmc. 31). B arom cayqae
BO Bceil o6aacTm ma3MeHeHdA P ycroiiumBo mapaaneKTpuYe-
CKoe COCTOSHMe.

CHOHTAHHO NOJAAPHA30BAHHOE, CETHETOIEKTPHYECKOE CO-
CTOSIHHe, KaK IIOKa3HBaeT aHanH8 ypaBHeHHA 0G/0P¢y = 0,
MOMKeT OCYIIeCTBAATHCA INpPH pasAMdHHX 3HaKax a*, P, 7



B AByx cayuasx. B mepsom ms timx peayaprar Pen %0
mMeer Mecro npm ycaosmm a* << 0, § > 0. Ilpm maxoM
KosppunmenTe y CHOHTAHHAA HOJAPH3ANAA ONpPENEIAOTCHA
¥8 COOTHOIICHHS

Pgn —_ 0-_; . (11.4)

CpoGonHass sHeprmsa B 5ToM ciaydae (pumc. 32, a) mMeer
MaKCHMyM B Hadajie KOODAMHAT M [[BA CHMMOTPHYHHX MHHH-
myma. CocrosiHme CO CHOHTAHHOM NOJAPH3aNMell ABJIAETCA
ycroitumsum CpaBrerme pmc. 31 m 32, a mokashBaer,

=

Pro, 31. OHepruA KpHOTAXAA B BABHOEMOOTH OT HOASPHSANMH B HAPAsXCKTpH=
YCOROM OOOTOSHHH

*\1

Pro. 832. CermerosuexTpugeckuli kpuoranx © (Qasosnm mnepexopom II popa

a — SHEPrag KPHECTALIA B SAaBHCHMOCTH OT NOJAPHSALMAN,
G —- COOBTAEHAA WOUAPHSAMA B BABHCHMOCTH OT TeMIEpaTYPH

YTO HeOpPepHBHOe W3MeHEHMe Q¥ OT IOJOKHTEJBHOTO 3HA-
9eHHAA K OTPHNATEIBHOMY IPHBOAAET K H3MEHOHHIO CTaGHIbB-
HOTO IapasjeKTpmIecKoro cocrosHdma (a* > () k crabmib-
HOMY CeTHOTOJJIEKTpHAIECKOMY cocTogHmI0 (a* << 0); npm
camoit Temneparype nepexofia T'x arx = O.

B paccmoTpeRHOM cilyuae cHOHTAHHAA moaApmsamua Py
TAKKe ABJIAETCA  HeNPepHBHOM ¢QyHKNEeHd TeMmepaTypH
(pmc. 32, 6) m o6pamaercs B HyJs HpH TeMOepaType IpeBpa-
meHnss I'y. Ecam npmuars, uro xosddmumenr a* nmHeHHO
3aBHCHT OT TeMOepaTyphl
T—T,

— (IL.5)

(rme C* — xomcraHTa), TO JJIfi CHOHTAHHOH HOAAPHBANHH
(opm B = const) ms (II.4) nonyuaercs mapaGommdeckas 3a-.
BHCHMOCTb OT TEMIpPATYpPH

P§B=K(TK_T)1 (IL6,

a* =
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rme K — mexoTopast ttocTosHHAN. OHePTHA KpPHCTAMNA Me-
HAGTCA IPH Iepexofe HENpPepHBHO; IpeBpameHme maer Ges
CKDHTOH TEIJIOTH, HO CONPOBOKAAETCA CKAaIKOM TeII0eM-
KOCTH, 4TO XapakTepHo nias ¢asoBnx mepexoxos II popa.

(asosnii nepexon II pona ¢ BO3HAKHOBeHHeM (ECYE3HO-
BeHHEM) CIOHTAHHOM MOJIAPH3AHA HMEeT MECTO B KPHCTAJLIAX
GEI'HETOBOH COJIH, TPHrAMOUHCYAbPAaTa B HEKOTOPDHX HApY-
rEX.

Ycaosme a* >0, p<<0, y >0 Taxixke cooTBeTcTByeT
CJIy9al0 CHOHTAHHOIO IOJSAPH30BAHHOIO KPHCTANJIA — KpH-
Basg G ABAsAETCA B 2TOM caydae hoiee ciaoxHod (pmc. 33, a).

Tt

Puo. 38. CermerosaexTprueckmil EKpaOTaxx ¢ (¢asoBhim nepexoom I popa

a — 3HePrEf KpHCYanJa B SABHCHMOCTH OT NOJAPWSANUMEA; 6 — CUOHTAHHAA
NONAPHSANMA B SaBHCHMOCTH OT TEMIEPATYpPH

N3 pucyska BufgHO, 9T0 KpHBafg G mMeer TpH MHHEMyMa —
OfEH B Hadaje KoopAamEaTr up® P.; = 0 = gBa Apyrumx, coor-
BercTBylomme 3HadeHHAM P.; 5= 0. Ecnm coorHomenue riy-
0HH MEEAMYMOB 3aBHCHT OT TeMOepaTypH H IOTeHIHAJbHEE
f6aphepH HeBeJUKH, TO OyAeT HMeTh MeCTO LEDPEXOJ H3
DapasieKTPAIECKOTO COCTOSIHES B CErHEeTO3JIeKTPHIECcKOe.
B otamume ot mpeanaymero caydJas CHORTaHHAS MOJAAPHASAAS
(pmc. 33, 6) m sHepras KpmCTajja B TOYKe LEDPOXOAa Me-
HAIOTCA cKadkoM. CKpHTas TemnoTa HpeBpameHAs EMeeT
KOHEeYHOe 3HAYeHHE, YTO XapaKTepHO Ay (a30BHX NEPEXOR0B
I poma*. AGcoamioTHas BeJHYHHA CKPHTOHM TEmIOTH HpeBpa-
menusa AQ ompefiensiercA u3 COOTHOIEHHS

T
AQ = —% Phu. (IL.7)

* HamGosee TummummHM npumepoM $asoBoro mepexopga 1 poxpa sB-
JseTcs TaAHHe JbAAa, CONPOBOKAAEMOE ¢CKPHTOH TOMJOTOH mja-
BACHHAD,



THNRYHEHME TIPEACTABHTENAMH COTHOTOSNEKTPHKOB, HC-
onTHBalomux ¢asosHit mepexon I ponma, asasiorca BaTiOs,
KNbOs m np. Hampamep, ckphrTas Temaora mpeBpamieHEA
nasa BaTiO; mpm mepexome m3 KyOmdeckodh Mopupuxammm
B TeTParoHAJbHYI0 cocTaBiseT 0koyo 30 Kaja/Moxb BemecTsa.

3aMeTHEM, 9YTO B CErHETORJIEKTPHAKAX, HCINTHBAOMAX (a-
30BHIf mepexon I pofa, m3-3a HaJHIHA CKPHTOR TEmJIOTH Hpe
00pasoBaHHA MMeeT MeCTO TeMIEpPaTypHHi TACTepe3mc pPARa
¢m3mgecknx BeamymH. CoCTOMT OH B TOM, 4TO HpH Harpepe
H OXJaK[eHHH KPHCTAJJIa 9TH BeJWYAHH HIpPH ORHOH W TOH
sKe TeMmepaType BOIE3E TeMmepaTypH Iepexofa HMeIT pas-
JAYHEE 3HAYCHHA.

B cermerosnekTpEKax, NCHOHTHBAOMEX (Pa3oBhe mepexo-
nut IT pona, mMeer MecTo ckaukooGpasHOe H3MEHEHHE TEIIO-
eMKocTH. B Kpmcraamax xwucaoro cyabdpara aMMOHHA
(NH)HSO, B6amsm 0°C m rpurammmecyabdpara ¢asosse
mepexofH 0THOCATCA K mepexofaM II pona. B HexoTopux Kpm-
CTaJIaX Hepexofikl He MOTYT OHTH KAAaCCU(PHAIAPOBAHKE C IOJ-
Ho#t ompepmesenHocTEO. Tak, Hanpmmep, B KH,PO, moaroe
BpeMA IIePeXOji PacCMaTpPHBAJCA KaK cHenEPHIECKHH, He
moxosxmit au Ha I, 5m Ba II poa. TonbKo cpaBHETENBHO HeAaB-
HO TOYHHE TeIUIOBHE H 3JeKTpHIECKHe M3MepeHHsS IOKa3ald,
970 B 3TOM KpmcTajuie (Kak ¥ B APYrEX, OpPHHAJJeKaOiEX
k rpynnme KDP) ¢asoBme mepexoas HamGozee mpaBAILHO
XapaKTepH30BaTh Kak mepexoAn I poja (o6HapyikeHO Haad-
9@e CKPHTOM TemnoTH mpeolbpasoBanms, cKadka Pp u mp.).

C feHOMEHOJIOrEIECKOH TOYKH 3PEHHA AHTHCEIHETODIEKT-
prHYecKaAa MoanPHKAMAA B NHAJIEKTpHRKe o0pasyercs TOTAa,
KOTrjJia NIpHM BO3HHKHOBOHHMH CHOHTAHHOH IOJApPH3aNAH CO-
CTOAIHWe ¢ AaHTHOApPaJIeJbHOR moJApH3ammeld COCeHAX BJe-
MeHTapHHIX fAYeeK KpHcraiaja oGxapmaer Gosee HM3KOM 2Hep-
rueif, 9eM ¢ mapaIeabHOM.

IIpm TepMogMHAMAYECKOM ONVMCAHAM AHTHCETHETORIEKTpPH-
KOB CJe/yeT MCHO0Jb30BATH HOHATHE MOJAPH3ANHM IOApemIe-
Tok. OGosmavasa P, COOHTaHHYI0 MNOJIAPH3ALHAI0 OfHOH HOJ-
pemertkn, a P, — gpyroix (P, = — P,), mo amajormm «
(11.2) 6ymeM mMmers

G — Gy = of (P24 P}) + ayP,P, + B(Pi+ Ph) +
+ v (P2 + Py) + (I1.8)

rae af, af, f u y — Pynaxnun remoeparypu. (B pasioxenni
opaiato E =0, r =0.
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B oTcyTcTBHE BHOIIHEro 3JEKTPHYECKOTO MOJA AJA aHTH-

CerHEeTORJIeKTPHKA BHIIOJHAETCA COOTHomeHme P, = — P,,
u noatoMy BupakeHme (I1.8) mMokHo 3ammcars B BHAe
G — Gy = (207 — a3) P? + 28P% - 2yPS. (I1.9)

IIpoBonsi aHanm3 mOCHERHEro BHPA)KeHHs, MOKHO IIOJY-
MATH HEKOTOpHE 3aKAIYEeHHs O XapaKTepe mepexofa B 3aBH-
CHMOCTH OT 3HaKOB KoadppunmenroB. Peayaprath sroro ama-
JM3a MOKa3HBAIOT, 9T0 ecad 2af — af > 0, ro G umeer Mu-
HEMYM B Touke P, = 0; mpm 2af — af << 0 B aroit Touke G
AMeeT MaKCEMyM, HO B TO ’Ke BpeMs JOCTHTaeT MHUHHMYMa
npua HexoropoM P, = 0. Taxum o6pasoM, ecim ¢ maMeHeHHEM
TeMmepaTypH 2of — af MEHSAeTCsA 0T OTPUIATENBHOr0 K IO-
J0)KATeJbHOMY, 3HAYHT HMeeT MeCTO aHTHCETHeTOdJIeKTpH-
veckuit Pas3oBHit mepexon.

Pop Takoro mepexona Gyaer onpenensAThCsA 3HAKaMA JBYX
Koap¢punmentos. Ilycte f >0 m y > 0. Torma sAcro, 41O
©[JUHCTBEHHHM peUIeHHeM ypaBHEHHsA

66_1?4 = 2(20* — a¥) P, + 8PP - 12¢P% = 0 (I1.10)
opu moixoxurensaoM 2af — af asaserca P, = 0.

Ecam nonoxkmTs, ogHaKO, 9TO BelW4mHa 20,; — O, MO-
JK@T M3MEHHTH 3HaK M CTaTh OTpHOaTeAbHOH (HpH ycaoBHH,
gro mo-npexxaeMy f > 0, y > 0), u npnraTh

2 — af = A (T — Tx), (11.11)

to amKe I'g (T'x — TeMmepaTypa Iepexofa) BOBMOKHO pe-
menme (11.10) mpn P, 3= 0

A(Tg-—T

- _‘-24‘6—) , (11.12)
coorBercTByI0mee ¢paszoBomy mepexony II poma (cm. puc. 32).

Ecam monoxuats Teneps P << 0, T0 mp: J0CTaTOYHO MAJHX
NONOKATEAbHNX 20f — af maMeHeHme cBOGONHOH BHeprum
¢ BozpacraHEeM P, GyJeT clelylomuM: CHa4Yaja BO3pacTaHHe
OT MAHHEMYMa OpH Hyle, 3aTeM yOHBaHWe 10 MAHEMYMa OpH
HekotropoM P, = 0 m 3areM omaTs Bo3pacraHHe (CM. pHC.
32, a). Ilpu Hexortopoil Temmeparype (cooTBeTCTBYIOmEeH Ma-
JoMy, HO IOJOKHTEIBHOMY BHAYEHMIO 20,—0,) MEHEMYM
npa P, 7 0 craBoBETCA MeHbme MmEEMyMa mpm P, = 0,
H cHCTeMa COBepmIaeT CKadoK M3 coctosHmA ¢ P, = 0 B co-
croaname ¢ P, & 0. Ilpomcxomur ¢asosmii mepexon I popa.
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W3 paBeHcTBa TepMOMUWHAMHEYECKAX HOTEHIMAJOB [0 H IOCHIe
Iepexofa JerKO paccYATaTh CKAYOK CHOHTAHHOA IOJNApPH3a~
IEA KaKk DaBHOHA

* &
p= 52“1 (11.13)

B kpmcrannax ¢asoBHii mepexof H3 aHTHCETHETOIIEKT-
PHYECKOTO COCTOAHAA MOKeT OCYIECTBIAATHCH HE TOJIBKO
B mapasieKTpuiecKylo Pasy. BoamoKkHH TaKiKe IIepeXOAH Me-
KLY aHTHCETHOTO3JEKTPHYECKOH H CerHeTodJeKTpaYecKoi
MonEpEKAEAMA; OHA BO3MO)KHH TOJNBKO IIPH OLpEeNe]eHHOM
COOTHOMIEHAH Me;KAY a0COJIOTHOA BeJMYHHOM ¥ 3HaKaMH
Koadpdpunuenros pasnoxenus (IL.8).

BremBne Bo3feHCTBEA TaK)Ke OKa3HBAIT BiWsAHHEe HA
¢$asoBHe mepexoNk B CeTHETORNOKTPEKaX. Bausanane nanboaee
IPOCTHX W3 HHX — THAPOCTATHIECKOr0 C;KATHA P H BHEMI-
Hero ajeKTpEieckoro moia E MokHO ommcarth, HCHONB3YA
OpABefleHHRe BHIIe TepPMOXHHAMHYECKHe COOTHONMIEHHSA.
ABanma noxasuBaer, wro ans (asoBux mepexofmos I popa
CABHT TeMIepaTyp Iepexofa OoT T'MApOCTaTHICCKOro AaBICHHAA
ompefieNsieTcA BeJIMYMHAMH H 3HaKaMd H3MeHeHHA o0BeMa
2 cKpHTO# TemiaoTH mepexopa. las BaTiO,, ranpamep, yBe-
JAYeHde THAPOCTATHIECKOTO CIKATUA IPHBONMT K HOHMKEHHIO
temnepatyps Hiopm, 1. e. mepexony m3 Kybuueckoil Mogndm-
Kaguu B TerparoHansHylo (y = 0Txg/dp =~ —6 rpan/xﬁap),
IpuioskeHHe ke BHeIIHero noaA nopumaer I'x (B6amsn 120°C),
‘T, €. CHOCOGCTBYeT COXpaHeHHIO IOJAPA30BaHHOH Mopudumka-
nae npu Goxee BHCOKo# TteMmepatype (¢ = 0Tyg/0E =
= —0,45 rpanx. cmM?/pmn).

Jlna cerEeTosneKTpHKOB, ECOHTHBaKmMux mepexox II po-
Aa, paccCMOTpeHHHIe BO3AEHCTBHA TOKe BAMAIT Ha (asoBHi
Imepexof, XOTA H He TaK, KaK JJA CerHETOdNeKTPHKOB ¢ ¢da-
sosmMu nepexomamm I poma. Ilas TI'C y = 2,6 rpap/k6ap.
Has cerneroBoit conm B BepxHeit Touke Hiopm y = 11 rpan/
/x6ap, B AmKHei 3,6 rpan/k6ap. Taxum o6pasom, B aTOM Kpmc-
Taane TIHAPOCTATHYECKOe CHKATHE MOBHINACT TEMIOPATYDY
u Bepxmeit (+424°), u amxneit (—18°) rouex Hiopm. Ilosmmre-
HHe TeMIepaTypH pepxHeit Toukn Hiopu mper Goaee GrcTpo,
YeM HIUKHell, B B IeJIOM OKa3bBAeTCH, YTO FHAPOCTATHIECKOO
C:RaTHe pacmupseT HHTePBaJ CYMECTBOBAHHA -CHOHTAaHHOH
IONAPA3ANAHE B CETHETOBOH COJH.

dnexkTpHYecKoe moje fexaeT Gojee riaafkoll saBmcAMoCTh
CIOHTAHHOH MOJAPH3anWA OT TeMImepaTypH B CEerHeTOdJIeKT-
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puKax ¢ fasoBuM mepexooM 11 poma (pmc. 34, a). IlosTomy
3Rech TPYAHO TFOBODHTH O CMEIMEHHH TOYKE HKiopm nop mei-
cTBEeM HoiaA*. O TaKOM CMeIIEHHA MOKHO B KaKOii-TO Mepe’
TOBODHTH TOJIBKO IDH AelcTBEE cirabux noxeii. VI peamanna
Ko3()IHeHTOB ¢, XapaKTepHSYIOMHEX 9TO CMEIIeHHe, OKaskh-
Baerca Manoii: naa TI'C oma cocrasnser 0,012, gaa cernero-
Bo#i conm B BepxHeit Touke Kiopm 0;16 m B Hmmmeir —0,032
rpag.cu?/mun. CaefosatensHo, B HIKHel Touke Kiopn Hem-
Hee mojie cMemaeT ee B 00JacTe Gojiee HA3KHX TeMIEpaTyp
(cM. raxme c. 103).
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Pro. 3i. BausaHHe BHEIIHErO DECKTPHICCROrO DOAA Ha (asoBLIi mepexopx B CerueTo~
SHEERTPHEAX, HCOLITLIBAIIEX IEPEXORLI
a — 1I popa, 6 — I popa

IIprnoeHne dAEKTPHIECKOrO HOJNA K AHTHCETHETODJIEKT-
PEKY IpH TeMIleparype Hm:Ke TeMmepaTypH Hiopm cmoco6-
CTBYeT NePeXOAy K CEerHeTODJeKTPHIeCKOll cTpyKType (Aas
KoTopoit P, AMeer TO jKe HampasjeHme, uto u P,). I1o o3Ha-
Yaer, 9T0 NIPANOKEHH® NOJsA IOHEKAeT TeMmepaTypy ¢aso-
BOTO IIepexofia AaHTHCEIHETODJNEKTPHK — CeTHEeTOdNeKTPHK
B TOM CJIIydae, KOT[ja CerHeToajeKTpadecKas $asa HaXOAUTCH
npu Goxee BHCOKOi TeMmepatype. Ecian ske 1A aHTHCErHETO-
9JIeKTPHKA BHCOKOTeMIepaTypHas#A Momu(HKAmAA SABIAETCH
HapasieKTPEIeCKOM, TO PacCyKIeHHA 0 XapaKTepe CMOIIEeHus
rouke Kiopm He ABasAIOTCA cTOAb oueBHAHKME. OgHAKO, pac-
CMaTpHBas AaHTHCETHETOdNEKTpHIecKylo: (ady Kak Gouee
YHOpPAN09eHHYI0, IeM CerHeTOdJeKTPHIeCKasd, W HCXOAA u3
TOT0,. 9T0 IPHJIOKEeHAe IMONA NMpAGIA/KAeT AHTHCETHETOIIOKT-
PHYeCKYI0 MOAMPHKANWI0O K CErHeTO?AEKTPHYOCKOH, MOKHO

* B cerneTOaNeKTPHKAX, HCNWTHBARMux $asoswi nmepexox I popa,
HECMOTDA HA BJIHAHHEE BHOITHETO MOXs (0 KpaliHeit Mepe B He 09eHb
CHJIBHHX NOAAX), IPOAOJLKAGT HMOTh MECTO TeMIIepATypa, HIpH
KOTOpO# CHOHTARHAA HOAAPH3ANESA (XOTA GH YACTHI) BOSHMKAET
cKauKoM (cM. pmc. 33,6),

3 M. C. JKemynes ]



BaKJII0YHETH, 9TO TEMIEPATypu IEpPEexofia AHTHCETHETOIEKT-
PEK — NapasjIeKTPHK IIOX MReHCTBHEM NPHJIO0KEHHOTO II0JA
noHmKaeTcs. JT0 B HaGJIOfaeTCAd SKCOepAMEHTaJBHO.

IlprnoskeEneM BHEIIHETO IOJS MOMHO aHTHCETHETODJIEKT-
puk (B mpmHDENe — ai06oil) mepeBecTM B CerHETOdNEKTpH-
9ecKoe COCTOAHM®, T. . OPHEHTHPOBATH AHUIOJhLHKEE MOMEHTH
06enx mOApeIneTOK B OJIHOM ¥ TOM jKe HalpapJeHHA. JTO MOK-
HO CheJaTh AaKe TOr[a, KOTJa BHICOKOTeMIepaTypHas MoJH-
duKanus ABAsAETCA HO COTHETOIJIEKTPHYECKOH*, a mapasieKT-
puueckoii. Ilose, mpm KoTopoM coBepmaeTcs 3TOT HmEPeXof,
HasHBaercs KpurmiecKuM Ey. Ero Benmumna gepes koapdm-
OUeHTH B PasiioKeHHH QYHKNuE cBoOGONHOM BHOprum BHIpa-
Kaercsa COOTHOIEeHHeM

= .L. *__ o¥yn

E, 3V (ag — a;)". (I1.14)

Hanwqme KpATHIECKOT0 HOASA B aHTACETHETORIEKTPHKAX
OPHBOAAT B CAJHHHX IEePeMEeHHHIX NOJAX K UX NOJsSpPUBaLKH,
Kotopass B 3aBucuMoctu P = P (E) mmeer BHA NBOMHHX
mereab rucrepesmca (cM. pmc. 49 ma crp. 89).

Beamunea KpATEYECKOTO mOJA AJsS JAHHOTO aHTHCETHETO-
9JEeKTPAKA 3aBACHT OT TEMIEPATYPH KpHCTAJJla, TOYHE® OT
TOro, HACKOJBKO HIDKe TeMIepaTypH Iepexofia HAaXOAHUTCHA
Kpucrama. Hpurmueckoe mone ompefesnsier CBOeOGpasHHT
Iepexof aHTHCETHETONEKTPHYECKON MoauduKammM B CerHe-
TodJeKTpHIecKylo. JTo ¢asoBHit mepexon I pona, compoBosk-
AQIOIMACS BHAeJeHAEM CKpHTo#A TemioTH. HavuecTBeHHE®
coo0paKeHAsA O BIWAHHM THAPOCTATHYECKOIO [AaBJIeHAA Ha
TeMIepaTypy HIpeBpalleHds AHTHCEIHETOBJNOKTPHKOB CBO-
AATCA K caeayiomeMy. IlycTs ragpocTaTwieckoe C;KaTHe IO-
BHINAeT CHOHTAHHYIO NOJAPH3ANHI0 NONBATIEOK AHTHCEIHETO-
9JIEKTPEKA. OTO OBHaYaeT HOBHINEHHE YCTOAYMBOCTH AHTH-
CeTrHETORNOKTPHIECKOIO COCTOSHHA, a CJAef0BaTeIbHO, H
TeMIepaTypH Iepexofa aHTUCETHETORNEOKTPHK — CEerHOTO-
9JEeKTPUK M aHTHCETHETOXIEKTPHK — HapasiaeKTpEK. Ecam
e THApPOCTATHYECKOe CIKaTH® IOHH;KAaeT CHOHTAHHYIO IIO-
AApH3anuI0 HONBAYEEK, TO TeMIepaTypa o6oHX IepexofoB
TOKe CHEKAeTCH.

* Ecam BHcoxoTemmepaTypHas (asa ABAAECTCH COTHETOdICKTPHIE-
CKO#i, TO IIepex0f AHTHCETHOTO3JEKTPHKA B CETHETODJIEKTPHYECKOO
COCTOSIHE® MOJKHO TPAKTOBATh KaK PesyJbraT CMOMEHAA Iof peii-
cTBEeM oA Toykp Hiopm B o6jacTe Gojlee HMBKHX TeMuepaTyp.



denoreronormueckan Teopus liJ&BOBHx IepexofioB B He-
cOGCTBOHHHX CEeTHOTOIOKTPHKAX paspaboTaHa AJsA CIyYaes,
KOTJia OapaMeTp Nepexofa ABIAETCA ABYXKOMIOHEHTHRIM
(m = &), 9To CooTBETCTBYOT CAYYA0 ONpPEAe]eHHOr0 YyOOopAROo-
9eHHA CTPYKTYPH B ILNIOCKOCTH C BOSHAKHOBEHHEM CBODX-
CTPYKTYDH H CHOHTaHHOM moaspmsaman P.;. B oramuame or
BupaskeHns (I11.2) mas HecoGCTBEHHHIX COTHOTOBIOKTPHKOB
B KagecTBe 1| B § P.; BuGpana GHTh He MoKeT. BHpaskeHHe

27 @, %y
Puo. 35. [lusdeKTPHIECKHE M YII Zr s
pYrHe cBoiiorsa mMommbpraTa rago- — L
aaanA B o6aacte ¢asoBoro mepe- rg
xoma npr T = 163°C 4 15
€0 — muaNieKTpEECKan NPOAAIaE- w? 14
MOCTh MCXAHWIECKH CBOGOIMHOrO /F+
kpucianta, eU — mexammuecky 45
Ba)KATOr0 Kpucramna,! o? — Ci , ,
(Cs — KOHCTQHTa MHECTHOCTH) 0

" e

TePMOAMHAMAYECKOTO HMOTOHIHAJNA, ONACHBAIONEro CBOHCTBA
TaKHX KPHCTAJJIOB, €CTECTBEHHO, ABJAETCA 00Jee CIOMKHEIM,
gem (I1.2):

© = 5+ &) + B engp + Lo — ) +
+ e+ B 5 (20 (I1.15)

Jasa omacamnsa $a3oBHX HepexofoB ¢ mosABieHEeM Pgp 9To
BHpaKeHHe Heo6XOHMO JONOJHATH, CMEMAHHHMA HHBADHAH-
TaMd, 3aBHCAMYMY OSHOBPEMEHHO OT KOMIOHEHT mapaMeTpa
uepexona & or moasapusanud P: aniP u (n? — &%) P. Ilog-
poOHHA aHanIE3 0COGEHHOCTOH HEepexofa M CBOMCTB HeCO00-
CTBOHHHX COIHETO3JIE6KTPHKOB OBOJBHO I'PDOMO3JOK, H K Ha-
CTOAMEMY BpeMeHH OH Gosee miad MeHee paspaboTaH mpm-
MeHHTOIBHO K MoaHOHaTy rafoJiMHAA W HEKOTOPHM Gopa-
mataM. B wacTHocTH, B CoriacHE C ONEITOM TEOPHS HpeA-
ckaswuBaeT miaa Gdy(MoO,), (pmc. 35) maaylo aHoMaamio
JE3IeKTPII6CKOA IPOHANAGMOCTH €33 B 00JaCTH HOPEXOHAA.
B nmapaasnexkTpmueckoit fase €33 He moguIMHASTCA 3aKOHY Hio-
pam — Beiicca m ¢ TeMmeparypodl mouTH He MeHAercA. llaa
MeXaHWYeCKH 3a)KaToro KpHCTAJIAa JJIA €33 aHOMAJIHH OT-
cyTcTBYI0T. Bo3HEKHOBeHne P.;, KaK HOKa3HBAaeT COMOCTAB-
JieHAE TEOPHH W OIBITA, MOYKHO OHHCATH B 9TOM KPHCTAJI® He
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iipamolt ceasso P cnm , a ceassio P ¢ smeprmett U m U
cnnt

Brime npm onmcaEAE $a30BHX HOPEXOJOB HO YIATHBAACA
BKJaJ B cBoGoaHylo aHeprmio (cM. 11.1) sHeprEm aneKTpoHOB
(smeKTpOHHOM mOCACTEME). ITHM (aKTHIOCKA IPAHEMAETCH,
970 MeXaHH3M ()a30BHX IEPEXOJIOB B CETHETOINOKTPHKAX HE
CBfABaH C DJIEGKTPOHHHME Bo36Y)XNeHAAME B KpHcTaixe. Ta-
K06 IO0JIO}KeHAe, BooGIIe roBops, CIpaBe[IABO Aad GOJNBIIAH-
CTBA CIy4aeB @ 08HAa9aeT, 9TO B OOGHYHHX YCIOBHAX BKJIA/OM
9JIeKTPOHHOH TENIOEMKOCTHE B OGI[YyI0 TeNmJIOEMKOCTh KpH-
cTanaa MokHo mpeHe6peys. OXHaKo AAA CETHETOIIOKTPH-
KOB-IOJYIPOBOJAHHEKOB B OKPECTHOCTH TeMmepaTypH ¢asoBoro
mepexofia BRJAAJ JJ6KTPOHHOH IOACHCTeMH B CBOGOAHYIO
9HOPTHIO (83 CYOT 3aMOTHOTO BKJAJa 9TOH MOJCHCTEMH B aHO-
MaJbHYIO 94CTh TENJOGMKOCTH) MOJKOT OKa3aThCA OIM{YTAMEIM.
B npocreiimem ciaydJae CEerHETO3NOKTPHKA-IOJYIPOBOAHHEKA
n-TEDA ¢ IIEPHHOH sampemeHHO# 30HH FEg KoHIeRTpammei
cBOGOAHEIX HOCHTeNOH n, OfHAM THIOM ypoBHe#l mpmamma-
HEA (c sHeprmeit U; m KoHIEHTpanueil 9JI6KTPOHOB HA STHX
ypoBHaAX N) m ofHMM THIOM ypOBHei HpHIRIAHHA JHPOR
(c smeprmeit U, B KoHNeHTpanmeii JHpPOK HA ypoBHAX P)
cBOGOfHAA SHEPrAsA JIGKTPOHHOM moAcHCTeMH G, (Kak [o-
HOJHeHHe K 9HeprEH KpHcTaxia B Bupaskennu (II.1) sammca-
BaeTCA B BHI®

Gy=nE+N (Eg— U,— PU,)=N (Eg— U, —Us) (11.16)

(/N > xoHmeHTpanm® cBOGONHHX 3JIEKTPOHOB).

AHaiu3 3HePrEE KPHCTANJNA C yI6TOM SHOPTHH BICKTPOH-
HO# HNOACHCTeMH IOKAasHBaeT, 4To B o6aacTu PasoBoro mepe-
X0ofla B CErHOTOINOKTPHKAX-NOJYNPOBOXHAKAX MOKHO Ha-
6aiofaTh pAN HHTOPECHHX ABJOHWHA, KOTOpPHE B HACTOSMIIEO
BpeMsA JOCTaTOYHO Xopomo maydeHH Ha KpucTadnax BaTiOs
(mmpwHEa 3anmpemeHHod 30HK ~ 3 8B), SbSI (mmpmra sampe-
meHHOX 30HH ~ 2 3B) m xp. Cioma oTHoOCHTCA, HampmMep,
BAHNAHEEE (OTOAKTHBHOTO OCBelleHMS Ha TeMmepaTypy ¢aso-
BOro mepexofa (reMmeparypy Hiopm), cmoHTaEEYI0 moaspm-
8anHi0, AOMEHHYI0 CTPYKTYpY. O9TO SBJI6HH® HMCIONB3YeTCH
B ycTpoiictBax ontmueckod mamat (sddext «omTmIeckoro
HCKa)KeHHA»), paGoTalOmMEX Ha COrHETOdJAeKTPHKAX-IOJY-
OpoBoAHEKAX. VsydeHEe SIeKTpoHHOH HMOJCHCTEMH B cerme-
TOQJIeKTPHEKAX MHTOPECHO B B YHCTO HAYIHOM NIAHE, TAK Kak
OHO I03BOJAET BHACHATH POJb IEKTPOH-POHOHHHX B3amMO-



neficTBmif B BOSHEKHOBEHHNH CIOHTAHHO HOJAPH30BAHHOTO
CeTHOeTO3JOKTPEIECKOTO COCTOAHHA.

Muxkpockonnmyeckne Mogesms. Hapsany c upuBesenunimME de-
HOMEHOJIOTHYECKEMHE NPeCTaBIeHAAME 0 (as0BHX Iepexofax
¥ CHOHTAHHOM IIOJIAPHSANHAE COTHETOJIOKTPAKOB K HaCTOAIe-
My BPeMeHH JI0BOJbHO JeTaJbHO pasdpaboTaH pAj MOAeIbHHX,
MAKPOCKONAIECKHX.

1A omeHKHE TOro, MOCTaTOYHO JH BeJHKa DJEKTPOHHAA
NoJIApH3anuA, YTO0H IepedTH A3 HemoJaApE30BaHHOIO COCTOM-
HEA B NOJAPU30BaHHOE, HEOGXOAEMO YIeCTh, 9T0 CIOHTaHHAA
noJApH3andA MOKeT BOSHEKHYTH TOTla, KOT/la DJHEePTrHus B3aH-
MOfe#CTBAA [AHNOJNe# (HHAYNUPOBAHHWX AeACTBYIOMEM IO-
aem F = E + (4n/3) P) npeBricutr sHepruio, HeoGxoauMyo
IS TOTo, YTOOH BHI3BATH HMCKAasKeHHO BJIOKTPOHHEIX o6ouo-
9eK, T. e. CO3AaTh HeoOXOAAMH AUMOABHNI MOMeHT. B cay-
9aeé mpocToii KyOmdeckoil pemeTKm, copep:xameir B 1 cM®
N moHoB ofHOTO BHAa, HONAPABOBAHHOE COCTOSAHHE CTAHOBHT-
csA crabmabHHM TOrja, KOrja 3JeKTPOHHAS MOJASPH3YeMOCTh
1) IpeBHIIaeT KPATHIECKOe BHAYCHHE:

3

YTO COOTBOTCTBYeT TaK HashBaeMoil 4m/3-KaTactpode.

Kax npaBuxno, paa kpacramios ycaosne (11.17) me Bumou-
HAGTCA W CHOHTAaHHAA HoJsApm3andsa oTcyrcrtByer. Onmako
IS HeKOTOPHX KyOGHMUecKHX KpHCTaanoB moxe JlopeHna (co-
oTBeTCTBYIOmee BexmimEe (4n/3)P B yKkasaHHOM BHIIe Ipo-
CTOM CJIy9ae) HMeeT IO HOKOTOPHM HampaBJIeHHAAM Koa(dm-
NUeHTH, 3HAYUTeJbHO HmpeBocxopamue 47/3. Ecam mpm stmx
ycaosuax coorsomenme (I1.17) Gyner BHIOIHEHO, TO H HpH
MeHBIMHAX 1) B KPACTAJJI® MOKeT BOBHAKHYTH CIOHTaHHAS IO~
AApHAsANEA.

Ecam gomycTdTh, 9T0 B HEKOTOPOM KpHCTAJJe YCIOBHA
«4n/3-raTacTpoQE» BHIONHAITCA, TO A NONYISHHA TeM-
mepaTypH ¢asoBoro mepexoja Heo6XOJEMO BBECTH TeMIepa-
TYPHYI0 3aBHCHMOCTH IOJAPHB8YEeMOCTH XOTA OH oOfHOTo H3
#oHoB. J]1a 0GBACHOHHA NASIEKTPEIOCKHX CBOMCTB CersEero-
9NeKTPEKOB THIA CMEMEHHsA (HampmMep, BaTiOj) nocraros-
HO, 9TOGH OfHa H3 nounpnayenoc'ren 1 oGaapnaxa craboit nm-
HeliHo# TeMmepaTypHO#l 3aBECEMOCTbIO. Mofieam ¢ aHrapmo-
HEYeCKEMH OCOUJIATOPAMH YCHONIHO NPHMEHAITCA HAJA
TaKHX CETHeTOdIeKTPHKOB.



Hasa o6bACHeHEA CBOACTB CEIHOTOdNEKTPAKOB C YIOPAAO-
YABAIOMEMECA 3IE6MEHTAMH CTPYKTYDH, TaKHX, KAaK Cerse-
toBa coxs, KH,PO, u TT'C, Tpebyerca npyroit xapaxrtep TeM-
mepaTypHO# B3aBECHMOCTH HOJApPH3yeMoCTH 1. V3BecTHo,
9T0 MaKpPOCKONHMYECKafs BOCHPHEMIABOCTH O TAKMX CETHOTO-
9JeKTPUKOB BHIIEe TOYKH Hiopm (A7 cermeToBoii coJim BHIIE
BepxHe#l Toukm Hiopm) obpaTHO mpomopmmoHainbHA TeMIe-
parype. 10 06GCTOATENLCTBO HO3BOJNAET IPEANOJNAraTh, ITO
AN OOMCAHAA CHOHTAHHONX HOJAPH3aNMM B TAKHX CErHETO-
JMIEKTPEKAX MOKeT OHTH HCHOONb30BaHa Teopmsa, Gasmpyio-
mascd Ha NPefIoJI0KeHNH 0 CyHIeCTBOBAHAM MOCTOSIHHHX JA-
mojie#l, KOTOpPHEe MOTYT OPHEHTAPOBATECA BHYTPEHHHEM IIOJIEM.
B moasipHHX KANKOCTAX TaK®e JANOJE HPEACTABIAIT coboit
DOJIADHE® MOJIEeKYAH. B KpmcTamiuveckoil pemerke HeIb3sd
BHJIGJIATH OTAGALHE® MOJAPHLHE MOJEKYJIH, CHOCOGHEe mepe-
opueETEpOBaThCA. ONHAKO 3KBHBAJEHTOM HOJSIPHHX MOJe-
KYJ MO)KeT IBUTHCA HOH (C 3apAXOM (), CHOCOOHHA 3aHAMATH
ABa (mam Gosee) moso;keHHs paBHoBecus. IIpmmepom Taxoro
moHa sABaserca mpotoH cBasm O—H...O B TpuramnuHCyIB-
daTe, KOTOPH MOKeT 3aHEMATH JIBA YCTOMIHBEIX IOJIOKEHAS

paBHOBECHA Ha paccTOAHEA S OT HEHTpAa CBASH.

Pacuer mons Jloperna pius TeTrparosanbHOM MogadaKanum
BaTiO; nokasuBaer, 4To HamGoJsee CHIBHEM SABIAOTCA B3aH-
mopeiicteme Ti m 0° (cm. pme. 17). KoagdpmumenTtn, onmcu-
BaloIqde 3TO B3aEMOJeiicTBHe, npuMepHo B 8,2 pasda IpeBH-
maioT o0n4HOe 3HaueHEm® 47/3, YTO ABIAETCA NPHIMHOMK
3HAYATEIHHOIO BO3PACTAHHS HOJA B 006IaCTH HEHTPaIbHOIO
HOHAa B CTPYKType mepoBckmTa. CMemeHHWe mOHA THTaHa H3
IeHTpa KHCJIOPOJHOTO OKTasjpa (AMeiomeecs B TOTParoHalb-
Hoii MofimPEmKamUH) CAILHO YBeJIHYHBAGT AOJI0 IEKTPOHHOMK
moasipu3andé B OCHOBHOM 33 CYeT YBONHYEeHHS LOJsApPH3a-
num, cosnaBaemoi 0° Iloas momos 0’ B cBOIO 0Yepens Bo3meii-
cTeyioT Ha uoEH Ti, B peayiabraTe wero o6pasyioTcd Iemnod-
KH AEDoJeli, OpEeHTHPOBAHHEIX B OJJHOM H TOM e HaIpaBie-
HAH, CO3/Aa0IAe COOHTAHHYI0 NOJADM3ANMI0 B KpHCTaJIe.

Bo3EnKHOBeHHe CIOHTaHHOH HOJIADH3anEU B pAAe KpH-
CTAJIIOB MOKHO TPAKTOBATh KAK Pe3yJbTaT IPOABIEHMS IICEB-
poapderra fIma—Tenmepa. Ilcespoaddexr fAma—Tennepa
COCTOHT B TOM, YTO IpPH HAJHYHE B BRICOKOCHMMETDHYHOM
KpHCTaJUle ABYX AOCTaTOYHO GIH3KHEX JHEPreTHYeCKAX 30H
(BasleBTHO# m CBOOOMHOI) H3MEHEHHe PHOPTHE JTOKTPOHHOMK
DOACHCTeMH OpH NOHHKEHHH CEMMETDPMHM KDHCTAJIa TaKoBo,
9TO CTAHOBHUTCA BHITOJHBHIM HOABIENNE COOHTAHHON LOJADH-
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sanmu. Pacuer moxasniBaer, 94TO [JIA IEPOBCKATOB B MOJeJH,
YYHTHBAIONOEH B3anMOIeACTBHE TOJIHKO BHEITHAX N-COCTOAHMAH,
KpuTepu# BO3HHKHOBEHHS CHOHTAHHOH NOJADH3anWM 3alm-
CHBaeTcd B BHJE

A< (IL.18)

rie A — mupnHa 3anpemeHHO# B30HH, P — Macca dieMeH-
TapHO# AYeHKH, ® — YACTOTa OPEJE]BHOTO ONTHIECKOTO KO-
ne6aHAA, @ — KOHCTaHTA B3aMMOJEACTBHA JJIEKTPOHOB C (ho-
moHamMu. Tpem ¢asoBuM nepexogaMm B Kpucramiae BaTiOg
COOTBETCTBYIOT CBOH YACTOTH IpeJeJbHHX ONTHYECKHX Kole-
GaHmil (BHpPOKIEHHHX B CHMMETPHYHOM COCTOSIHHH).

Bo3ErkHOBeHEEe CHOHTAHHON HONApDH3AaNHUE B IEPOBCKH-
TaxX, KaK ¥ B HEKOTODHX JPYTHX KPHCTAJNJIaX, OPA BEIOJHE-
gam yceaosaa (II. 18) oGasano BzammoneiicTemio (mepeMemu-
BaHMIO) 3aIOJHEHHHX M HOYCTHX 30H KpHCTajuIa (B MakcH-
MaJbHO CHMMeTpHYHOM KoHPurypammm). M3 HepaBeHcTBa
(I1. 18) caexyer, aTo HamGoxee adPeKTHBHRIM 3TO B3aMMOEH-
CTBHE OKAa3HBAETCA IPH JOCTaTOYHOM GIMBOCTH B0H, TaK 9TO
HamGoNee CymMECTBeHHHM fABJIAETCA B3aHMOJeHCTBHE BaleHT-
HOH 30HH W 80HM uposogmmoctu. OmneHxa ana BaTiOs
naer @ ~ 107% ex. CGSE, A ~ 1 3B, o ~ 10'2—10'% cex™,
9T0 YKa3HBaeT HA BO3MOKHOCTH BHIIOJHEHHS AJIA 3TOTO KpH-
CTajula KpHTepHus BO3HMKHOBEHHA CErHETORIEKTPHIECTBA.

JlanaMAKa KpEcranangeckoll pemieTkn B (pasoBbie mepe-
XOABl B CETHETOIEKTPHUKAX. TelIoBHe KojeGaHHS aTOMOB
B KpPHCTalllle MOKHO PacCMAaTPHBATh KaK COBOKYINHOCTH HOp-
MaJbHHX KOJeGaHMi KpHCTaXamIecKoil pemerkm. Te m3 Ko-
neGaHmil, KOTOpHE NpeACTaBIAAIOT co00# CcMemeHMe IOJ-
pemeToX KpHCTajiia KaK [eJoro, Ha3KBAIOTCA Ipe/e]bHEIMH.
Ecnm mpepensHnie KoneGaHAA CBA3AHH ¢ H3MEHEHHEM MaK-
POCKONUYECKOro AHIOJIBHOIO MOMEHTAa, TO OHH HAa3HBAalOTCA
AHEIOJAbHRIMH.

PaccMoTpenme ypaBHeHWA JABHIKEHHA MJIA HOPMaJbHOM
KOODAHMHATH B 3JeKTPHIECKOM II0Je NPHBOAAT K CIAeRyomeMy
BHP@KEHUI0 [JIA RHIJIeKTPHYECKOA NPOHANAEMOCTH € JJdA
CAyYAs HECKOJHbKHAX NpefleIbHHX KoXeCanmid:

—et Yt

3nech €, — BHICOKOYACTOTHAS AHIIEKTPHYECKAas NPOHHIIae-
MOCTh (BIA ® > 0g), Wx — YACTOTA IPeleNbHHX Koieba-

n



HE#, fx — cuaa ocmmaasaTopa. Ecam gampod Moje mpmmm-
CaTh KOHCTAHTY BaTYXaHHA Yy, TO HOCHEHE® BHPaKeHHO
uproGperaeT BHA

Ix

W3 sroro BHpakeHHs BHAHO, 9TO Pe3KOe BOBPACTAHHE & Ha
HHSKHX YacTOTaXx B HOKOTOpoil o6macTH TemmepaTyp (9ro
XapaKTePHO JLIA COTHEeTOdIeRTPHIeCKOTo $asoBOTo mMepexofa)
MoReT GHTH CBA3aHO C POSKAM M3MEHEHHOM aCTOTH My Of-
HOTo H3 IpefeJbHHX KoieGamuil (yx << wx). KoneGanme, qa-
cTota KoToporo np:m I’ — T'x pesko yOnBaer, OGLYHO HASH-
BAIOT CETHETOIIEKTPHUOCKHM KoJeGaHmeM, MM MATKOH MoJoM.
Yacrora aToro KoseGamma ¢ yderom 8axoHa Hiopm — Beiic-
ca GymeT EMeTh TeMIEpPaTYPHYX 3aBHCHMOCTh BHOA

oy ~ (T — Tr)’

HNsBecTHOP M3 AWHAMHKH DeIIeTKH COOTHOIIeHH® JIMHpe-
Ha — Caxca — Texnepa
2
o e
L _ 5 (I1.20)

2
(l)T ee

(rme &g — craTHYeCKas [HANEKTPHIECKAA HPOHHEIAEMOCTD,
8, = £») YKaSHBaeT, YTO CJIyJal0 €s—> 00 (COTrHETOBJIEKT-
pEYeckEil (asoBHiT NEPEXOR) COOTBETCTBYOT ¢CMATYCHHEd
nomepevHo# (TaHreHEnUaNbHOHK) onrHYecKoir* Mopmu (w1 — 0).
Ilpwm manw9nm aErapMOHHYHOCTE MOAH KoaeGaHHMit mepecTaiT
6GHTH HOpMaJbHHMA. YdeT 9PeKToB 3anasAHBaHMsA MPABOTHT
K TOMY, 49T0 IpefieIbHAasA YacTOTA ®T- COOTBOTCTBYeT He 0ec-
KoHeuyHo#t gamHe BoaHH (¢ = (), a gamEe BOJXHH, Majo#i mo
CPaBHeHHIO ¢ pasMepaMM KDHCTajia, Ho Goapmiofi mo cpas-
HeHHI0 ¢ Pa3MePAMH 3JeMEHTapHOH AYeHKH.

Haywenme npupoAsl CerEeTOdJeKTPHYECKHX SBJCHHNE Ha
OCHOB@ IPE/CTABIOHAA NMHAMAKH DEIIOTKW, KOHLENIOUH MsAT-
KOl MofH 9SKCOePHMEHTAaJIbHO BefIeTCA MeTOAaMH KoMGHHa-
OHOHHOr'O PACCOAHHA CBeTa, HOYNPYIoro paccesHHA HOHTPO-
HOB, HH(paKpacHO# CIEeKTPOCKOIHHM, NyTeM H3yIeHHsa 3¢-
¢dexra Méccbayapa, cnexrpos JIIP m AMP. O6rexramn pas
H3y9eHHS OPK 9TOM 4Yame BCEro ABAAIOTCA CErHETOJ/IeK-
TPHKH (CMEIIeHAA» KHCIOPONHO-OKTadAPHIECKOH CTPYKTYDPH

* B aKycTuyeckoif BETKH COCeHHe YacTHOH KoueGamorca B Oftmm p*
KOpoll Qase, a B ONTHYECKOR — B HPOTHBOLONOKHON,
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