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BseneHIIe 

ll11HaM11qecx11e, TepMOlliiHaMIIqecxlle 11 yrrpyr11e csoficTBa KpllcTanna 

TeCHO CBSI38Hbl C KOne6aHIISIMII STOMOB KpiiCTannllqeCKOH peWeTKIIo ATOMbl 

cosepwaroT xone6aHIISI s6nll311 11x rrono*eHIIfi paBHoBeCIISI B KpiiCTanne rrpn 

scex TeMnepaTypax: np11 T = o<K 113-3a KBaHToBoMexaHIIqecxllx HyneBbiX 

xone6aHnfi, a rrp11 KOHeqHbiX TeMnepaTypax - B pe3ynbTaTe Terrnosoro nsn

*eHIISI. CnexTp xone6aHIIfi aTOMDB peweTKII MD*eT 6biTb paccq11TaH 11 'reM 

caMbiM MoryT 6bJTb BhJqllcneHbi 4l11311qecx11e senllqiiHhi, xapaxTep113yrow11e 

Maxpocxon11qecx11e cBoficTBa KpllcTannoB, ecn11 113BecTeH noTeHullan B3aii

MonefiCTBIISI Me*nY aToMaMII perueTKII. floTeHullanbHasr aHeprllsr KpllcTanna 

B an11a6aT11qeCKOM np116nii*9HIIII MO*eT 

MOM9HTanbHblX KOOplliiHaTHblX B9KTOpOB 

BseneM onepaTopbi cMeweHIIfi aToMoB 

cornacHo orrpeneneHIIro 

6bJTb aan11caHa KaK lf!yHKUIISI OT 
.... .... Ill 

aTOMOB peweTKII: l!=U(R1 , ... ,~) • 

uf 113 nono*eHIIfi ,paBHoBe-

(I) 

rne CT8TIICTIIqeCKOe 'cpenHee 6epeTCSI no paBHOB9CHOMY COCTOSIHIIID CIICT9Mblo 

Ecn11 npennono*IITb, qTo aMnniiTYllhi xone6aHIIH aToMoB peweTKII Manbi 
,·. . . ' . 

no CpaBH9HIIID C IIX paBHOB9CHhlM p8CCTOSIHII9M1 TO nOT9HUIIanbH8SI aHepriiSI 

KpiiCTanna MO*eT' 6biT~ pa3no1KeHa B psrn DO MBnbiM aMnniiTynaM Kone6a

HIIHo 
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llHH8MH'IeCK8SI TeOpllSI KpllCTanna, OCHOI3bl KOTOpoti 6binll 38nO)I{eHbl 

eme 60 neT TOMy uaaaa B KnaccnqecKnx pa6oTax lle6aSI /2/, Eopua n Kap

Maua l 3 /., B OCHOBHbiX qepTaX npaBHnbHO OTp8)1{8eT CBOHCTB KpUCTanna 

Y*e B ee npocTetiumx npn6nu)l{eHnHx: B rapMounqecKoM npn6mi)I{eHHH 

(eM;, uanpnMep, 11•4•51 ) nnu B npn6nn*eHnn, Y'IIITbiBaiOmeM no Teopnn 

B03MymeHUSI HH3mHe nopSIAKH aHrapMOHH3M8 ( CM., HanpJIMep, /6/) • 

B nocneaune roabi, oaHaKo, cuoaa ua6n10aaeTcH 3Ha'IJITenbHhiti nuTepec 

K AHH8MHqeCKOH Teoplllf KpHCTannn<!ecKoro COCTOHHIIH B CBSI3ll C nccneaoBa-

HlfeM KpHCTannoB C CHnbHbiM 8HrapMOHH3MOM - TaK H83biB8eMbiX KB8HTOBblX 

KpHCTannoa TBepnoro He If KpncTannoa npn BbiCOKHX TeMnepaTypax, 

6mi3Knx K TeMnepaType nnaaneHHH. 0Kaaanocb, 'ITO o6menpnHHTaH auua

MH'IecKaH 'TeOpUSI KpMcTannnqeCKOii pemeTKU He npJIMeHIIM8 B ynOMSIHyTbiX 

cnyqagx. 

1.J acTOTbi Kone6auntl a To MoB rennH npu T = 0 °K oKa3biB810TCSI 'IHCTO 

MHHMbiMU B KBaaurapMouuqecKoM npn6nn)l{euuu 1 71 , 'ITO oauaqaeT ueyc

'totiqnaocTb KpUCTannH'IeCKOr~ COCTOSIHHSI 11/, T.e. TeOpUH npUBOAUT K 

HBHOMy npoTnBope'IHIO c onbiTOM. ( KaaanrapMOHH'IeCKIIM npu6nH)I{euneM 

o6bi'IHo H83biBaeTcSI npu6nu)l{ei!He, B paMKax KoToporo coxpaHSIIOT nHmb 

KB8ApaTU'IHb!E- 'lneHbl pa3nO)I{ei!H51 noTeHuUanbHOH 8Hepr11H 1 OAH8KO y'IHTbi

B810T TerinoDo0 pacmupenne pemeTKII). 

llnH · KplicTannoa nnepTHbiX raaoa Ar Kr n Xe 6btnO npo-

aeaeno aeTanbuoe cpaanenne aKcnepiiMenTanbHbiX aaHHbiX II TeopeTII'IeCKIIX 

peaynbT8TOB1 nony'leHHbiX Ha OCHOBe npHMeneHHSI 06bi'IHbiX MeTOAOB TeopHII 

aoaMymeniiti 
181 

(eM. TaK*e l91). YcTanoaneno, 'ITO xoTSI npnMeHeHIIe 

06bi'IHbiX MeTOAOB TeOpllli B03MymeHIIti AnSI pac'leTa JlllH8MH'IeCKIIX1 TepMo

AIIH8Mli'IeCKIIX II ynpyriiX BenH'IHH, XapaKTepii3y!OmiiX CBOHCTB 8TIIX KpiiC

TannOB1 npxmeaeT K peaynhTaTaM, xopomo cornacy10miiMCH c aKcnepiiMeH

TanbHbiMII A8HHbiMII B o6naCTII TeMnepaTyp T < 1/3 T m ( T m - TeMne

paTypa nnaaneniiH), np11 6onee BbiCOKIIX TeMnepaTypax: T > (0,3-0,5) T m 

4 

ORO He aaeT aaeKB8THOl'O 0 

niiTYAbi Kone6aniiti aToMoa .1= 

1'810T 6-10% Me)l{aTOMHOro .!= 

<jleKTbi aurapMoHH3Ma urpa10 

rrepaTypax: 0T > 0,5 ·r m ll 

na Y*e ue MoryT 6biTb pac< 

Hbie B036y;~~(lleHIISI CIICTeMbio 

noaTOMy B03HIIKaeT HE 

TeOpiiiO 8Hl'8pMOHII'IeCKIIX K!= 

CBOHCTB~ KpiiCTannoB, a· TO~ 

TeMnepaTyp1 6nii3KIIX K TeM 

uenii. cneayeT rrocneaoaaTeni 

BHe BCex IIOp>IAKOB1 IlpliMelil 

MOCTb rrpiiMeneliHSI caMocorJ 

a 1951 roay 1101. 

B nocneaune roAbi nae 

6btnll paapa60T8libl OAliOBpe,l\ 

Ta C8MOCOrn~COB8HliOH Teop· 

ne pa6oT ncrronbayeTcSI aapx 

aneranTnoe nano*eniie aTor 

rpynne pa6oT rrpnMeli>IeTC>I , 

noapo6noe nano*enue aToro 

pa6oTax I 13,141 6bma neaa: 

Mli'IeCK8SI TeOpliSI anrapMOlill 

MeToaa ABYXMepHbiX TepMOAi 

6binO IIOK838HO /11,15< 'ITO 

B nacTo>ImeM coo6meni 

unKna pa6oT no Teopiin anrl 

meM auae '<jlopMynnpyeTc>I Cl 



>TOpOi1 6binii aanoJKeHbl 

lle6aH /2/ 1 EopHa II Kap

~T CBOiiCTB. KpliCTanna 

ecKoM rrpn6nnJKeHIIII 

IITbJBaromeM rro Teopnii 

HarrpnMep 1 /6/). 

TCH 3H81UJTenbHblll IIHTepec 

HnH B CBH311 c nccnenoaa-

aK H83biBaeMbiX KB8HTOBbiX 

COKIIX TeMIIepaTypaX1 

r~ o6merrpnHHTaH nnHa-

HIMeHJIMa B YliOMHHyThiX 

I °K OK83biB810TCH 'IJ!CTO 

'I 
1 'ITO oanaqaeT Heyc-

• TeOpliH lipUBOllliT K 

wcKnM npii6nnJKeHneM 

JOI"O COXp8HHIOT nliiUb 

3Heprnn 1 onnaKo Y'lliThi-

Kr n Xe 6bmo npo-

18HHbiX II TeopeTII'IeCKIIX 

o6bi'IHhiX MeTonoa Teopnii 

'ITO XOTH lip!IMeHeHne 

ra nnHaMII'IeCKIIX1 TepMO

:nx CBOHCTB 3TIIX Kp!IC-

{JO!UJ!MCH C aKCliepnMeH

/3 Tm Tm- .TeMrre

ypax: T > (013-015) Tm 

OHO He naeT aneKB8THOI"O OliiiC8HliH CBOHCTB 3TIIX KpliCTannoB 1 XOTH 8Mli

niiTynhi Kone6aHnii 8TOMOB pemeTKII lipii 3TIIX TeMnepaTypax Manbi II nOCTII

I"8JOT 6-10% MeJKaTOMHoro paBHOBecHoro paccToHHIIH •. CnenoBaTenbH0 1 ·atP

tPeKThi aHrapMOHII3Ma nrparoT cymecTBeHHyro ponb npn 6onee BhiCOKnx TeM

nepaTypax: T > 015 T m II rapMOHII'IeCKIIe HOpManbHbie Kone6aHIIH KpiiCTan

na yJKe He MoryT 6biTb paccMoTpeHhi KaK xopomo orrpeneneHHbie aneMeHTap

Hhte B036yJKneHIIH CIICTeMhlo 

noaTOMY B03HIIKaeT Heo6xonnMOCTb_ cclJopMynnpOB8Tb lliiH8M!I'IeCKyJO 

TeOpiiiO 8HI"apMOHII'IeCKIIX KpiiCTannOB T8K 1 'IT06bi OHa li03BOnHna OliiiC8Tb 

CBOHCTB~ KpiiCTannOB 1 B TOM 'lliCne II KB8HTOBblX KpiiCTannoB 1 BlinOTb no 

TeMnepaTyp 1 6nnaKnx K TeMnepaType rrnaaneHnH. llnH nocTnJKeHnH. aToii 

uenii. cnenyeT nocnenoBaTenbHO y'InTbiBBTb aHrapMoHn'IeCKoe aaanMoneiicT

Bne acex nopHnKoB 1 npnMeHHH caMocornacoBaHHyro Teopnro. Ha aeo6xonn

MOCTb npnMeaeHIIH caMocornacoBaHHoro rronxona o6paTnn BHnManne Eopn 

B 1951 rony 1101.· 

B nocnenane ronhi nneH Eopaa rrony'Inna nanhHeiimee paaBnTne n 

6binli paapa60T8Hbl onHOBpeMeHHO II He3aBIICIIMO Tpn 3KBIIBaneHTHbiX BapnaH

Ta caMocorn~coBaHHoii Teop.nn aarapMoHn'IecKnx KpncTannoa. B onaoii rpyn

ne pa6oT ncnonbsyeTCH aapnaunoHHhiii npnaunn nnH nocTpoennH Teopnn1 

aneraHTHoe nanoJKenne aToro aapnaHTa Teopnii naao B ;ttl. B npyroii 

rpynne pa6oT lipiiMeHHeTCH nnarpaMMHaH TeXHIIK8 nnH liOCTpOeHHH TeOpiiii 1 

rronpo6noe nsnoJKeHne aToro aapnaHTa MOJKHO HaiiTn B KHnre 1121. B 

pa6oTax I 131 14/ 6bma aesaancnMo npennoJKeHa caMocornacoaanHaH nnHa-

MU'IeCK8H TeOpiiH aHrapMOHli'IeCKliX KpliCTannOB 1 OCHOB8HH8H Ha lipliMeHeH!III 

MeTona nayxMepHbiX TepMonnHaMU'IeCKliX clJyHKUliH fpnna. BnocnencTBlle 

6bmo noKasaHo 1 111 1511 'ITo ace aTn Tpn BapnaHTa Teopiin aKBHBaneHTHhi. 

B HacTOHIUeM coo6meann KpaTKo npnaonHTCH ocHoBHbie pesynhT8Thi 

unKna pa6oT no Teopnn aHrapMOHII'IeCKIIX KpncTannoB. B pasnene 2 B o6-

meM anne ~opMynnpyeTCH caMocornacoaaHHaH nnHaMn'IecKaH TeopnH aHrap-

5 



MOHH'!9CKHX KpHCTannOB1 OCHOB8HH8Sl Ha DpHM9H9HHH M9Tona nsyxBpeMeH

Hb!X TepMonHH8MH'I9CKHX $yHKUHH fprraa. B paanene 3 Ha OCHOBe aTOM 

TeopnH HCCnenyroTCH CBOHCTBa rpaneueHTpHpOB8HHOH KyOH'!eCKOH pemeTKH 

C ueHTpanbHb!M napHb!M B38HMoneiiCTBH9M onH)I{8HlliHX coceneii. 

2. 06mee paccMoTpearre 

Cornacno I 141, Mbi paccMaTpHBaeM ueno'!Ky ypaaaearrii nnn onao-

$OHOHHOH ljlyHKUHH fpHHa C y'!eT.OM 8HrapMOHH'!9CKOro B38HMoneiiCTBHH Bcex 

nopsrnKoB. Dprr aTOM TeopHSI CTpOHTCSI TaKHM oopaaoM, '~!O B Ka'!eCTBe 

aynesoro . nprronH)KeJmn rrcnonbayeM ncesnorapMoHH'Iecxoe nprronrr*elme, 

onHCbiBaromee pacnpocTpaaenrre caMocornacosaaHbiX $oHoHoB 6ea aaTyxanrrn. 

B aToM nprromi*eHnH 'IaCTOTbl w ki u BeKTopbi nonnpnaaurrrr 

HHH pemeTKH onpenenHIDTCH H3 ypaBHeHRSI 

; I: i Koneoa-

w2 ea 
kj kj 

!.._ :£ e/3 
M N e. m, f3 ki 

......... 
ik(f-m) 

e ~a/3 
fm ( 2) 

KOTOpoe OTnnqaeTCSI OT COOTB9TCTByrornero yp8BH9HHSI rapMOHH'I9CKoro 

-a{3 
nprr6nrr:>KeHIIH TeM, 'ITO crrnosan MaTprrua <I> em , sxonnman B ypasae-

ane ( 2), nsnsreTcsr peaopMrrposaaaoii MaTpnueii, onpenenneMoii BTOpbiM 

nporrasonHhiM oT cpenaero aaaqearrn Me)l{aToMaoro noTenunana: 

;e~= Ve v~ <V(Rl , ... , RN) > ::: 

1 ..... ..... -+ -+ f3 -+ -+ 

::: exp t2ok <(ue Ve)(um Vm) > lvevmuO(Cl , ••• ,eN). 
r.,m 

( 3) 

6 

Q,' 

-~-

. Puc. 1 •. CxeMaTrrqecxn 
B ncesnorapMoHHqecxoM 

B ncesnorapMoarrq 

pnn nnarpaMM caMocorr 

TH'!ecxoM srrne npencTal 

B ncesnorapMonrrqecxoM 

BeplliHHbl v2 t H300J 

BO BTOpOH CTpOKe '!epe':3 

u nsyxqacTH'!Hbie Koppel 

a ott ( ncesnorapMOHHqect 

ayeMcsr nprr6nH*earreM c 

*enrreM cpennero crrnoBI 

HHSI 8TOMOB B pemeTKe .1 

ecnu npH cyMMHpOB8HHH 

COOTB9TCTByiDii(He paanrr• 

DoMHMO y'!eTa nep· 

Hb!M $OHOHHb!M noneM B 

Hbl B03MO)I{Hbl9 npoueCCb 

'!Hcna $oaoaos, npnsonnr 

Ke '!aCTOTbi caMocornacc 



HeHnn MeTona · nsyxspeMeH-

3nene 3 Ha OCHOBe STOH 

BHHOH KyonqecKOH perueTKH 

Kafirunx cocenen. 

ano'IKY ypaBHeHnu nnH OllHO

eCKOro B38HMO!leHCTBHH BCeX 

opasoM, q~o B KaqecTBe 

toHnqecKoe npn5nn>Keime, 

IHhiX !floHOHOB oes 38TyxaHMH •. 

nonHpnsaunn ; k 1 Koneoa-

a{3 
fm ( 2) 

lHeHHH rapMOHH'IeCKOrO 
B. 

1 BXOllHlli8H B ypaBHe-

onpenenHeMofi BTopbiM 

:>ro noTeHunana: 

( 3) 

a cr 
~ 

--+--- +· -+-----

Pnc. I. CxeMaTnqecKnfi snn ypaBHeHnH nnH onHo!f!oHHofi !f!yHKunn fpnHa 
B ncesnorapMoHnqecKoM npnonn>KeHnn. 

B ncesnorapMoHnqecKoM npnonn>KeHnn cyMMnpyeTcH 5ecKoHe'IHhiH 

pHn nnarpaMM caMocornacoBaHHoro !f!oHOHHoro nonH. Ha pnc. 1 s cxeMa

Tn'leCKOM snne npencTasneHo ypasHeHne nnH onHo!f!oHoHHofi !f!yHKunn fpnHa 

B ncesnorapMoHnqecKoM npnonn>KeHnn. YpaBHeHne nnH peHopMnposaHHofi . 

BeplliHHhl , nsoopa>KeHHofi KsanpaTnKoM, cxeMaTn'lecKn npnseneHo 

BO BTOpOH CTpOKe qepe3 MCXOllHYID BeprunHy, M30opa>KeHHyiD B Bnne TO'IKH 
1 

H llBYX'I8CTM'IHhie KoppenHUHOHHbJe !flyHKUMH1 p8CC'IHT8HHbie C llOMOllibiD TO'I

HOfi (ncesnorapMoHnqecKoti) !f!yHKunn fpnHa. OTMeTnM snecb, 'ITO Mhi nonb

syeMCH npnonn>KeHneM caMocornacosaHHoro !f!oHoHHoro nonH, . a He npn6nn

>KeHneM cpenHero cnnosoro nonH XapTpn, KoTopoe He y'IHTbJBaeT cMeme

HHH aToMoB s perueTKe n Mo>KeT obiTb nonyqeHo ns Hamero npnonn>KeHnH, 

ecnn npH cyMMHpOB8HHH no f H nJ B ypaBHeHHM ( 3) OTnycTMTb qneHbi1 

COOTBeTCTBYIDlliMe pa3nH'IHbiM ysnaM ( f .j, m ) • 

lloMHMO yqeTa nepeHopMnpoBKn aneprnn !f!oaoaos caMocornacosaH-

HhiM ¢oHoHHhiM noneM B cnenyiDmnx npnonH>KeHnHx Teopnn MoryT obiTb y'ITe-

Hhl B03MO>KHbie llpOUeCCbl Heynpyroro pacceHHHH Tpex, 'leTbipex H oOnbruero 

'IHCna !floHOHOB1 npHBOllHlliHe K 38TYX8HMID H llOllOnHMTenbHOH nepeHOpMHpOB

Ke '18CT0Tbl C8MOCOrnaCOB8HHbiX !floHOHOB /14,16/•. 
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nonpo5ao nccnenoBaHa Teopng B a¢¢eKTHBHOM Ky5nqecKoM rrpn-

/14/ . 5nHlli9Hllll 1 B KOTOpOM yqHTbiBaiOTCH ITpOU9CCbl Heynpyroro pacceHHHH 

Tpex ~OHOHOB1 ITpHBOllHllill9 B Hll3lli9M ITOpHllK9 K 3aTyXaHHIO CaMocornaco

BaHHbiX ~oaoaoB, B aToM rrpn5nnllieHHH Mbi rronyqaeM onao~oHOHHYIO ~YHK

UHIO ~Bnne 1141 ~ 

G-> (w) 
kj 

2wkj 

w 2 -wh- 2w]tj nkj (w) 

(4) 

npn pacqeTe MaCCOBOrO onepaTopa ll kj ( W ) 1 yqHTbiBaiOmero Tpex~o-

aoHHbie aeyrrpyrne npouecchi pacceHHHH, Mbi cyMMnpyeM 5ecKoaeqJihiii pHn 

nnarpaMM caMocornacoBaaaoro ~ciaoaaoro rrong (eM, pnc, 2, rne ToqHbie 

~yHKUIIII rpnHa ll305palli9Hbl llillpHbiMll llllHHHMH C KpylliKOM 1 a- Hyll9Bbi9 -

nceBnorapMOHIIq9CKH9 - TOHKHMII llllHHHMII ) o YpaBH9Hll9 llllH nepeHOpMHpO. -

BaHHOH BeplliiiHbl V
3 

npnBeneao Bo BTopoii cTpoqKe, 

c co 
----.,1---+~ 

~~-<+Q+~+ 
Puc. 2, CxeMaTH'19CKHH BIIA ypaBH9HliH AllH OAHO~OHOHHOH ~yHKUllll rpnaa 

B 8~~9KTIIBHOM Ky5H'I9CKOM rrpH5llH)I{9Hllll, 

8 

KoppenHunoaayiO ~: 

TeopeMbi sarrnrneM B Bnn 

< u£ u~·> _1_ 
M'N 

1 · 00 dw 
x.-f~ 

TT ·- -oo 

YpaBHeane cocToHl 

KpncTanna npn· sanaHHhr: 

HM99T Bllll! 

p =-
1 

3V 
!. 

e.-a 
rne V - o5'beM KpHcTal 

3anncaaaaH caMOCI 

eT nnaaMnqecKne, TepMc 

TOTa CaMocornacoBaHHbi 

(4): 

€:... = w... + Re ·· 
kj kj . 

a MHHMaH 'laCTb MaCCOE 

r ... =-1m n ... ( 
kj kj 

CBo5onHaH H BHyTpeHHH 

c noMOllibiO onpeneneHHI 

B9TCTBY!OlliH9 COOTHOlli9) 

)1{9~ paCC'IHTaTb H pHll 

T9pMOllHHaMH'I9CKH9 H ) 

CaMocornacoBaam 

Toll:, ecnn sanaH SJBHhiH 



Chi Heynpyroro pacceSIHIHI 

aaTyxaHRID caMocornaco-

I89M. OllHOtPoHOHHYID tPyHK-

(4) 

t y'IRTbiB8IDIU9rO TpextPo

.tMnpyeM 6eCKOH9'1Hblll pSill 

(eM. pnc. 2, rlle TO'IHbie 

KpyxmoM, a HyneBbie -

pO'IK9e 

O~OHOHHOH tPyHKURR fpnHa 

I 

r 
I 

KoppenSIUROHHYID tPYHKUHID cMemeHHSI aToMoB c noMOIUbiD cneKTpanbHOii 

TeopeMbl 38ilHlli9M B BHll9 

ett 
ef3 ... ... ... 

< u£ u~·> 1 I k ... t ik (£ -m) 
e X 

MN kj 20J kj 

1 00 dOJ 
(5) 

X -- I eOJ/12_ 
-lrrf 'Gkj (OJ + !i8)] (O=kT). 

TT -oo 1 

YpaBH9HH9 COCTOSIHHSI KpHCTanna,·nony'I9HH09 H3 ycnoBIISI p8BHOB9CHSI 

KpHCTanna npH 38ll8HHbiX BH9lliHHX c;unax - B ll8HHOM cnyqae ll8BneHIISI ,P t

HM99T BHll: 

p =-
1 

3V 
I 

e. a 

rlle V - o6'heM KpllcTanna. 

( 6) 

3anncaHHaSI caMocornacoBaHHaSI cncTeMa ypaBHeHilii .(2)-(6) onpenenSI

eT AHH8MH'I9CKH9, T9pMOAHH8MH'I9CKH9 H ynpyrHe CBOHCTB8 KpllCTanna. ', 'lJac-. 

TOT a caMocornacoBaHHbiX tPoaoaoB onpenenSieTcSI nonrocaMH tPyHKUHH fpuaa. 

(4): 

E -> = OJ -> + Re ll ... ( E ... ) 
k J kj k J k J . 

( 7) 

a MHHMaSI qacTh MaccoBoro onepaTopa onpenenSieT aaTyxaaue tPonoHoB: 

( 8) 

CBo60llH8SI u BHyTpeHHSISI aHepruu KpncTanna TaKme MoryT 6biTh aanucaHbi 

I 14 15/ 
c noMOIUbiD onpeneneHHbiX Bbtllle BenH'IHH • • Torna, ucnonhaySI cooT-

BeTCTByromne COOTHOlli9HHSI T9pMOAHH8MHKH H CT8THCTH'I9CKOfi M9X8HHKH, MO

meM paCC'IHT8Tb H pSill llpyrHX BenH'IHH, xapaKT9pll3YIDIUHX AHH8MH'I9CKH9, 

TepMOAHH8MH'I9CKH9 H ynpyrue CBOHCTBa KpHCTanna. 

CaMocornacoBaHnaSI cncTeMa ypaBHeHHii ( 2) -( 6) cTaHOBHTCSI aaMKHy

Tofi, ecnH 38A8H SIBHblll BHA MemaTOMHOrO ilOT9HUHana •. Torlla AnSI K8)!(llOrO 
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THI18 KpHCT8nnH'I9CKOH pemeTKH p8C'I9Tbi MoryT 5b!Tb l{OB9):{9Hbl ):{0 KOHU8 

H MOryT 5biTb nccnel{OB8Hbl CBOHCTB8 KpHCT8nn8 BO BC9H o5ri8CTH ero cy-

lll9CTBOB8HHSI. 

3aMeTnM, 'ITO p83BHT8SI TeopHSI 5bin8 CH8'18n8 rrpnMeaeH8 .H8MH l{nSI nay-

qeHHSI MOl{enbHOH 38):{8'111 - l{nSI HCCnel{OBilHHSI CBOHCTB 8Hr8pMOHH'I8CKOH nn-
1 171 

H8HHOH U9I10'1KII • Ilpn 9TOM 5binO BnepBbl8 I10K838H0 1 'ITO p83p850T8H-

H8Sl. TeOpHSI npHB8):{9T K I10SIBneHIIIO SIBn8HHSl HeyCTOH'IHBOCTII! niiH8HH8Sl ue

QO'IK8 CT8HOBHT6SI HeycTOH'IIIBOH npn l{OCT8TO'IHO 5onblll0H 9Heprnn HyneBhlX 

Kone5aHIIH OTOMOB nnn npn JlOCT8TO'IHO BhlCOKOH TeMnep8Type. 

3. AnnaMntiecKne 11 TepMonnuaMH'IeCKHe cnoli:CTB8 KpncTann8 

Ha ocnone KpaTKO 113nOlK8HHOH Teopnn 6binll nccnel{OB8Hbl CBOHCTB8 

rp8H8U8HTpHpOB8HHOH Ky6H'18CKOH ( fllK) pemeTKII C U8HTp8nbHbiM I18pllb!M. 

B38HMO}l8HCTBH9M 6nli;>!<8HillllX COC8):{8H npn I10CTOSIHHOM BH91llH9M l{8BneHHH 

. 
5 

. I 18, 191 .:..h.h 
B I1C8BJlOrapMOHil'I9CKOM npn nHlK8HHH 1 8 T8KlK8 B d't''t'eKTHBHOM Ky-

. . ' 120,211. 
5nqecKoM npn6nnlKemm B pactieTax 5bm ncrronbaonaH MOl{enbHbiH 

noTenun8n Mopaa c Bbi5opoM napaMeTpa noTenunana ar 0 = 6. Ilpn TBKOM 

Bbi6ope rrap8MeTpoB noTeHuHana noTenunan Mopaa B o6nacTH Tennonoro 

p8Cillllp8HHSI M8nO OTnii'I88TCSl OT 6onee peanHCTH'I9CKOrO I10T8HUH8n8 fleH-

. I 121 
Hapna-AlKOHCa ( 12-6) • 

Ma~epecaoli: oco5eHHOCTbiD nonytieHnoli: caMocornaconaauoli: cHcTeMhl 

ypaBH8HIIH (2)-(6) SIBnSieTCSl B03HHKHOB8Hll8 lll!H8MH'I8CKOH HeyCTOH'IIIBOCTH 

1181-1211 ' 
pellleTKH. MolKHO I10K838Tb 1 'ITO pemeTK8 1 K8K CBSI38HH08 COCTO-

SIHll8 aToMOB
1 

o6ycnonnenaoe npHTSirnnaromeli: qacTbiD M8lK8TOMHoro rroTeu

unana, I1pll M8nhiX l{8Bn8Hl!SlX ( M9Hbllll!X, '19M Kpl!Tl!'I8CK08 p < p c ) CT8-

HOBHTCSI HeycTOH'Il!BOH npll TeMnepaType HeycTOH'IliBOCTII T s (P ) no OTHO

Ill9Hl!ID K pacnpocTpaHeHHID KonneKTHBHbiX noa5y)l(l{eHnli: -:- caMocor.ilaconau

llbiX QJOHOHOB .. l.JaCTOT8 C8MOCornacOB8HHbiX QJOHOHOB f k (' B OKpeCTHOCTH 
" 1201 

TeMnepaTypbl HeyCTOH'Il!BOCTII T s ( p) MOlK9T 5b!Tb 38I1HC8H8 B BII!l9 

10 

f'"' 
t J 

IJ 
' .4 ~-

-~~··· 
{ 

f kJ = c1 (k-+i) + c2 ( /!iJv 

T8 QJOHOIIOB CT8HOBHTCSI 

HOrO COCTOSIHIISI Kpl!CT8 

I 
HbiX QJOHOHOB B5nn3ll Tell 

nn'IHIIhi Ti:r I £ ki :: 10 

8TOMOB 3li8'1HTenbHO l'f91 

I1pHM9pHo· 10% p8BHOB9CJ 

3aBHCHMOCTb rrpHBE 

. oT npHBeneHHoro ll8BneH 

kT I ( I P* ,;, p ( 

r g . I 2 -nap8MeTp nc 

Tofi:qnnocTn nelKHT 6nnat 

3DB 1221 : T* :: 0,5 (: m . 

pb!BllCTOH nHHHeli:. 3TO ~ 

BOCTb nrpaeT cymecTnel 

p < PC ). 

0TMeTHM 1 'ITO KOll 

o6ycnonneua uennKoM a 

JlOB8HllH npyrnx 8BTOp01 

lK9Hllll. 

Hannqne KpnTntiec 

TenhHOA neycTOA'IllBOCTI 

COCTOSlHHSl 8TOMOB1 KOTI 

IlpHneneuaoe ~pnTntiecK 

nMeeT aaaqeane P* 
c 

nanneunHx p > ~ , en• 

unro, yKa3bJBaeT ua To, 

naeTC!l nepexonoM nop!l 



>lTb llOBelleHbl llO KOHU8 

lO'Bceii o6nacTII ero cy-

npl!MeHeH8 HBMII llDSI li3Y

HCTB aHrapMOHllqeCKOH Dli-

1K838H01 qTo paapa6oTaH

oiiqHBOCTII: Dl!HeHHBSI ue-

5onhmoii aHeprllll HyneBhlX 

~eMnepaType. 

aa KpllcTanna 

I!CCDellOB8Hhl CBOHCTBB 

: c uenTpanhHbiM napHhiM 

HHOM BHemHeM llBBneHIIII 

TaK~e B 3¢~eKTIIBHOM Ky

l!CnODb30B8H MOileDbllhlH 

ana ar 0 = 6. npn T8KOM 

B o6nacTII Tennonoro 

qeCKOI'O noTeHUII8D8 nen-

ICOI'D8COB8HHOH CIICTeMhl 

IMllqeCKOfi HeycTofiql!BOCTII 

~ia; K8~ CBSI38HHOe COCTO-

:TbiO Me~aTOMHOI'O noTeH

iTI!qeCKOe p < p c ) CTB

UJ~OCTII , T s (P) no OTHO

>,!leiiiiH - caMocornaconan-

~OB £iJ B OKpeCTHOCTII 
/20/ 

hlTb 38nliC8H8 B Blllle 

Ta ~oHoHoB cTaHOBIITCSI KoMnneKcHoii, qTo oanaqaeT neycToi,qiiBOCTh nan-
/1/ . . 

Horo cocTOSIHIISI KpncTanna • 0TMeTHM1 qTo aaTyxanHe caMocornaconan-

I 
HblX ~OHOHOB B6Dl!3ll TeMnepaTypbl HeycTofiqliBOCTII MBDO II no nopSIIlKY Be-

. . -1 120 21/ 
nllql!Hbl r;, I ( kj :: 10 I • 0THOCI!TenhHble CMeiUeHIISI COCellHIIX 

8TOMOB 3H8qiiTeDbHO MeHbllie IIX paB!IOBeCHOI'O paCCTOSIHIISI II COCT8BDSIIOT 

npiiMepHo 10% paBHoBecnoro paccTOSIHIISI npii T = T s ( P ) • 

3aBIIeliMOCTb npnnenenHoii TeMnepaTypbl HeiicToiiqHBOCTII T; P * 

. OT npiiBeneHHOI'O llBBneHIISI p * npeneTaBnena Ha pile. 3, rne T * 

kT I c P * = P ( a 3 I c ) c -rny6nna noTelluiianhnoii SIMhl, a 6 = 

r 6 I 2 -napaMeTp noTeHUIIana nennapna-n~onca ( 12-6). Kpnnag' neye-
0. 

TofiqnBocTn ne~nT 6nnaKo K Kpnnoii .. nnannemu1 KpneTannoB nuepTHhiX ra-

3DB /22/: T* ::0,5 ( 1 + 0,2 P* ), KDTopag noKaaana na pile. 3 npe
m 

pblBIICTOH DIIHIIefio 3TO yK83bJB8eT H8 T0 1 qTo KOne6aTenbH8SI neycTofiqn-

nocTh nrpaeT eymecTBennyJO ponh npn nnannennn npn ManhiX nanne!InHx 

p < PC ). 

OTMeTnM, qTo Kone6aTenbHBfl neycTofiqnnocTb, nonyqeunaH naMn, 

o6yenonnena uennKoM anrapMonnqeeKn~n s~~eKTaMn n oTnnqne oT ncene

nonannfi hpyrnx aBTopoB 1231 , oenonaHHhlX na KBaanrapMonnqecKDM npn6nn-

~ennn. 

Hannqne KpnTnqecKoro nannennH Pc oanaqaeT oKonqanne Kone6a-

TenhHDfi neycTOJ!qnnocTn pemeTKn: ee Kone6annH ne paapymaJOT CBH3BIIHOro · 

COCTOHHllfl 8TOMOB 1 KOTOpoe Tenepb CT86HDll3llpOB8HD BllelliHIIM llBBnenneM. 

npnnenennoe KpnTnqecKoe nannenne llDH cnnhno cBHaannbiX KpncTannon 

nMeeT anaqenne p * ::. 1,35 12 11. CTa6nnhHOCTb KpneTanna npn BbiCDKHX 
c 

nannennHx p > p , cnenyJOIUa~ na npenno~enuo11 Teopnn, no nameMy Mne
c 

HJIJO, yKa3bJBaeT na To, qTo nnannenne rrpn BhiCOKIIX nannemmx o6ycnannn..;. 

naeTCfl rrepeXODOM nopHllDK-6ecrropHllOK 1 rne oeHOBIIYIO ponb nrpaiOT 

]] 



to 

T.it 
t 3 

as~ ~ Tm _ -----------------------
0.~ 

0.2 

~ 0.5 fJ) t5 

t~/ 

.A>>2 

p* 

Puc. 3. KpusaH aeycToii'IUBOCTU T s* ( P * ) cunbHOCBSiaaaaoro KpucTanna. 
KpuBaH ImaBneHUH KpucTannoB uaepTHbiX raaos /22/ noKaaaaa npepbiBUCToii 

nUHUeii, 

12 

-, 

.L· . ~ 
--.t, 

'~.J 

\ 

KopoTKoneficTByiOmue KOP!= 

aToii npo5~eMbi aeo6xonu11 

BUHbl B · Me>KaTOMHOM noTE 

CUti, 

1.0 

D.8 

T.* • 

Puc. 4. K'pusaH aeycToti'l 

0TMeTUM1 'ITO peiUE 

aTOMOB1 MO>KeT 5b!Tb pa:: 

TOBO-MexaHU'IeCKUMU Hyn 

aTOMOB nocTaTO'IHO Mana 

·r = 0 ° K. .llasneaue Ka~ 

poBaTb cucTeMy, Ha puc, 

cna5oCBSI3.aHHbiX KpUCTan. 



Tm_ ----~--

(5 p* 

:HnbHOCBH3aHHOI'O KpHCTanna. 

·DB /22/ llOKa3aHa npepb!BHCTOtl: 

KOpOTKOll9HCTBY!OIUH9 KoppenHUHII. nng 6onee ll9TanbHOI'O liCCnenoBaHIIH 

9TOtl: npoiJneMbl neo6XOllllMO npllHHTb BO BHIIMaHII9, 'laCTb TBepllOH cep.oue

BIIHbl B Me)KaTOMHOM noTeHiinane, a TaK)K9 B03MO)KHOCTb llOSIBneHIIH BaKaH-

cntl:. 

T,* 
4.0 

o.8 

0.6 

"/ 
/ 

I 
I 

I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
l•2.05 

--.... ---.... ........ 
A =2.24 

:,{:2.1 

o.s 1.0 

--
....... ........ ........ 

1.5 

T." 
I c 

I 
/ 
A=3.0 

p• 

PH c. 4. K'pnaag aeycToti:'IHBOCTH T s * ( P * ) cna5ocagaannoro' KpncTanna. 

0TM9TIIM
1 

'ITO peweTKa, llOCTpOeHHaH ll3 nei'KIIX 1 cna6oCBH38HI!biX 

8TOMOB
1 

MO)K9T 6biTb paapyweHa KaK CBH38HH09 COCTOHHII9 aTOMOB KBaH

TOBO-M9X8Hli'I9CKIIMII HyneBbiMII KOne6aHIIHMII 1 T.e. ecnn 9Heprng CBH3ll 

aTOMOB .OOCTaTO'IHO Mana, KpllCTann He HBnHeTCH yCTOH'IIIBbiM .[la)Ke rrpll 

·r = 0 ° K. naanenne KaK auewaee none n a aToM cnyqae MO)KeT cTa5nnnan

poaaTb cncTeMy. Ha pnc. 4 rrpe.ocTaaneua Kpnaag neycToii'lnBocTn .ong 

cna6ocagaaUHbiX KpncTannoa, r.oe A = z e I f(g) -6eapaaMepUbiii rrapaMe~p 
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CB.Hsn aToMoB, z -•mcno 6nn)Kafinmx cocenefi, E cgJ -HyneBa.H aHeprn.H 

Ha aTOM B rapMoHnqecKoM npn6nn)KeHnn, B cnyqae Manoro naaneHn.II 

p << 1 Bb!p8)KeHne AnSI TeMnepaTypbl HeycTofiqnBOCTll cna60CB.II3aHHb!X 

/20/ KpllcTannoB MO)KeT 6b!Th sanncaHO B BRAe ' 

Ts*-:. (1,36 /'A) ('A ->. 0 //4 ::. (1,23 />.) (P* -Po* ) 114, (20) 

rne >. 0 -:. 2,2 (1- 0,26P*) P6 :1,7 (2,2 ->. )/20/, 

l1ccneAOBaHbl AllHaMnqecKne ll TepMOAitHaMnqecKne CBOHCTBa fllK pe

meTKll c asanMoneilcTBneM 6nn)Kafimnx cocenefi ao acefi o6nacTn cymecT-
/20 21/ 

aoBaHn.II KpncTanna • , OoKasaHo, qTo Bbime TeMnepaTyphi HeycTofiqn-

aocTn npn P < P c cymecTByeT BTopoe ycTofiqnaoe cocTo.HHne, a noaene

Hne c!>nsnqeCKHX Bennqna, OllHCb!Ba!Oll!HX CBOHCTB8 KpHCTanna, ItMeeT BaH

nepBanhCOBCKllfi xapaKTep - nn.11 npnMepa Ha pnc, 5 npnaeneHa P- V nnar

paMMa KpncTanna,- qTo yKa3biBaeT Ha c!>asoBbiti: nepexon nepaoro pona 

• anolih KpnBofi aeycTofiqnaocTH T s ( P ) , OTMeTnM TaK)Ke, qTo Koac!>c!>nnn-

eHT TennoBOI'O paClliHpeHH.II aT ll TennoeMKOCTh C p B OKpeCTHOCTll 

T (P ) nponopnnoaanhHbi [ 1- T~ I T (P) ]-1 /d cTpeM.HTC.II K 6ecKoHeqaocTn s s 

npn T .... T s 1201 ~ 3aMeTHM, onHaKo, qTo nn.11 nonyqean.H 6onee peanhaoti 

KapTnHhi c!>asoaoro nepexona .aeo6xonnMo yqecTh B03MO)KHOCTh nepexona B 

Apyrne c!>a3b! 0 B qacTHOCTll 0 B )Kll}lKOe COCTO.IIHHe. 

B o6nacTn TeMnepaTyp, saaqnTenhHO 6onee Hll3KHX TeMnepaTypbi Hey-' 

cTotiqnaocTn ·r.s ( P) , pacqeTbi nn.11 c!>nsnqecKnx aennqna, onpenen.HJOll!HX 

CBOiiCTB8 KpllCTarina, BbiiTOnHeHHbie Ha OCHOBe ll3nO)KeHHOil: BO BTOpOM pa3-

nene caMocornacoBaHHOil: Teopnn KpncTannoa B ac!>c!>eKTHBHOM Ky6nqecKoM 

npn6nH)KeHHH ll Ha OCHOBe npHMeHeHH.II 06bJqHbiX MeTOAOB TeOpHH B03Myll!e

HHfi1npllBOA.IIT K onnHaKOBWM pesynhTaTaM /24/, 

14 

pt 

a 

Pnc ... 5, 3aancnMocTh ITJ 
npnaeneHaoro naanean.11 

0TMeTitM 0 qTo CaM 

c yqeToM aeynpyrnx npc 

Hll3llJeM nopS!AKe. naeT l 

Hb!Mll A8HHb!Mll 0 a T8K)Ke 

MoHTe-Kapno B nmpoKo~ 

I'830B /9/, 



(0) 
f 0 -llynesasr 9lleprnsr 

nyqae Manoro AaBneunsr 

fiqHBOCTH cna60CBSI38llllbiX 

)/: 

(20) 

. /20/ 
7 (2,2 -.\ ) 0 

aMnqeCKHe CBOii:CTBa fliK pe

·li: so aceli: o6nacTn cymecT

'btwe TeMnepaTypbi ueycToli:qn-

fiqnsoe cocTOSIHHe, a noBeAe-

'TB8 KpHCTanna, HMeeT BaH-

pHC, 5 npHBeAeHa P - V AHBI'

>IH nepexoA nepsoro poAa 

1.1eTHM T8K:>Ke 1 qTo K09<jJ<jJHUH-

'CTb C p B OKpeCTHOCTH 

~ CTpeMSIT~SI K 6eCKOJieqHQCTH 

:nSI nonyqeanSI 6onee peanbuoli: 

:Tb BOSMO:>KHOCTb nepeXOA8 B 

:e HHSKHX TeMnepaTypbi Hey-

t sennqnu, onpeAenSIIO!IlHX 

HSno:>KeHHOH BO BTOpOM pas

B s<jl<jleKTHBHOM Ky6nqeCKOM 

'>IX MeTOAOB TeOpHH BOSMyme

lf, 

' 

a 

, , 
I 

I 
I 

I 
I 

I 
I 

I 

, , 

T* 
2,0 

1.5 

1.0 

~--- 0.9 0,8 
----0.6 

~----~~~.----~l----~,~---s~--~,----~r-----v• 

3 
Pnc;· 5. 3asncHMOCTb npnseAeuaoro o6'beMa KpHCTanna v·* = ( f I r0 ) oT 
npHBeAeuuoro AaBneHHSI P* 

0TMeTHM, qTo C8MOCOrnaCOB8liH8SI AHH8MlfqecK8SI TeOpliSI KpliCTannoB 

c yqeToM ueynpyrHx npoueccos paccesrunSI caMocornacoaauHbiX <jloaouos B 

answeM nopSIAKe ABeT AOCTaToquo xopowee cornac11e c 9KcnepHMeHTanb

HbiMH A8HllbiMH, a T8K:>Ke C pesynbT8T8Mll KnaccHqecKOI'O 9KCnepHMeHT8 

MoHTe-Kapno B WHpOKOM HHTepBane TeMnepaTyp AnSI KpHCTannoB HHepTHLIX 

rasos 191, 
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TaKnM.o6paaoM, paaBnTaH caMocornacoBaHHaH ~nHaMnqecKaH TeopnH 

KpncTannoB noaBonHeT nccne~oBaTh KaK ~nRaMnqecKne, TaK n TepMo~nua

MnqecKne n ynpyrne cBonCTBa KpncTannoB Bo Been o6nacTn TeMnepaTypbi 

nx cymecTBoBaanH. 

CqnTaeM CBOHM npHHTHbiM ~onroM Bb!pa3HTh 6naro~apROCTh H.M. nna

Kn~e aa nocToSIRRbie o6cyM~eRnH n coBeTbi n B.n. AKceuoBy sa cymecT

BeauyiO noMOllih npn Bhmonueunn qncneRRbiX pacqeToB. 
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