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OE!lWi XAPAKTEPHCTI!KA PAEOTli 

AKTlaJibHOCTh T8MH 

IlocTpoett11e noCJie,llOBaT8JibHOi1 TeOpHH qlaSOBHX nepeXO,llOB npe,ll
CTaBJIR8T co6oi1 OAHY HS $yH,llaM8HTaJihHHX npo6JieM COBpeMeHHOH ~HSH
KH. HecMOTpa Ha doJJhmHe ycnexH, AOCTMrHyTue 11 noc.11e,llttHe roAu B 
IlOHHMaHHH M8XWIH3MOB H B pac'ieTe KOJIH48CTB8HHHX xapaKT8pHCTHK 
nepexo.ztOB, CBJlSaHttHe B·OCHOBHOM C npHM8H8HH8M M8TO,ll0B peHopMrpyn~ 
nu, -003,llaHHe Il0CJI8,ll0BaT8JlhHOi1 MHKpOCKOilH'i8CKOi1 'TeOpHH tpiSOBIIX 'ne
peXO,llOB ocTaeTCJl aKTYaJihHOi1 sa.zta'ieR. IlpH 3TOM HaHOOJJhmHe TPY.llHOC
TH B03HHKaDT npH paccMOTp8HHH qlaSOBHX nepeXO,llOB

0

Ilep110ro p<>Aa. 
0,llHHM·H3 l!OSMO~HHX IlO,llXO,llOB K np06JieMe, OKaSaBmHMCJl_BeCbMa 

nJrO,llOTBOpHHM B PM8 CJiy'iaeB, Jll!JIJ18TCH no,llXO,ll, OCHOBaHHHi1 Ha pac
CMOTpeHHH HeJIHH8i1HUX ypaBH8HHi1 ,!IJIJl 0,llHO'iacTH'iHOi1 ~YHKUHH pacnpe
,lleJJ8HHJl hum napaMeTpa nopMKa/. C »onpocoM 06 O.llH03Ha'!HocTH MH 
H80JtHOSHa'!HOCTH pemeHHR 3THX ypaBH8HHi1 eCT8CTB8HHO Cl!JlSHBaTh B'ori
poc o cy111ecTBOBaHHH O,llHOR HJIH HeCKOJihXHX qiaa 11 cHcTeMe·. IlpHMepoM 
IlO,ltOOHOI'O po,lla ypaBH8HHi1 MOgeT CJl~HTh ypaBH8HH8 EorOJIDOOBa-EKlll 
B T80pHH c11epxnpoBOAHMOCTH III. MOIIIHHM annapaTOM HCCJI8.ltOBaHHJl 
TaKHX YPll.BH8HMi1 Jll!JIJlDTCJl M8TOAU B8Tl!JleHHJl pemeHHi1 H8JIHH8i1HHX 
ypaBHeHHi1 /2/ • -

UeJih padoTu cocTOHT 11 nocTpoeHHH nocJie.ztOBaTeJihHOi1 cTaTHC
TH'!ecKOif TeOpHH RplICTaJL7IR3aIJ;lllt, a Taae opHeHTaUHOHHllX H cfpyitTyp
HHX qiasoBux nepexoAOB B wo.1rexy.11apHHX 1tpHCTMJiax Ha ooaoBe pacoMa.r:.. 
peHHJl HeJIHH8i1HUX ypaBHeHHi1 ,!!JI.fl $yHKUHH pacnpe)teJI8HHJ!. 

Hay'!Haa HOBHSHa H npaKTH'i8CKaJl ueHHOCTh 

B' padOTe npo'Be,lleH ll.HaJIH3 npH6JIKllteH,Hi1, HCIJOJlb30BaBmHXCJl B 
TeOpHax KpHCT6Jl.1H3aUHH, OCHOBaHHHX Ha HeJIHHei1HUX HHTerpaJlhHUX 
ypaBHeHHJlX ,!!JI.JI O,llHO'ill.CTH'iHOR ~YHKUHH pacnpe.zteJI8HHJl,. H noJiy'ieH 
TO'iHllR KpH1>ep1ta' ycT0Rq1111ocTH 0.11.ttopo.ztHoR ~_su no_ OTHomettHll ,,K Hen- . 
pepaBHOMY. o6pasOBaHHII 1tpHCTaJIJIH'i8CKOI'O ,pacnpe,lleJieHHJl. OiasaJIOCb, 
'!TO iicnoJihSOMBmHRca B npe.llwtYIIIHX padoTax no.ztXO.ll, B KOTOpoM no-
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AaraJIOCh, qTQ nnOTHOCTh HenpepUBHO MeHHeTClI B TQqKe nepeXOAa, He 
nosBOAHeT on11CaTh KpHCTWIAH3aUHD B CHCTeMe TBepAUX cq>ep. B AHC
cepTaUHH npe.ll)!OlKeH aJlhT6pHaTHBHUH nOAXOA K pacCMOTpeHHD tteycTOH
qHBOCTl1 B CHCTeMe TBepAUX cqiep, np11 KOTOpOM paCCMaTpHBaeTclI MaJIOe, 
HO KOHeqHoe H3Mettett11e nAOT_HOCTH n; TOqKe nepexoAa, Bnepnue nonyqeH 
Kp11Tep11n tteyCTOHql1BOCTl1, n03BOAHDm11n onpeA8Jl11Th HHlKHDD rpaHHuY 
ilAOTHOCTl1 ll(H,llKOH qiasu, BUWe KOTOpoH Kp11CTWIAl13aU11lI CTaHOBHTClI 
B03M0ll(HOH. KpoMe Toro, 3TOT KPl1Tep11n AaeT B08MOJKHOCTh :swmc-
JlllTD CKaqQK ILJIOTHOCTll B TO~e nepexOAa 6es npllllJleqemm AOllOJIHllTeJil,
HIDC TepMo,rcrui:at.w:qeCKUX coo6pruitemm. 

Kp11cTaJix11sau11P. npeAcTaBJIHeT co6on qiasonu~ nepeXOA nepooro 
POAa. H30TepMa CHCTeMU 11MeeT 11Jl0CKl1H yqacTOK, COOTBeTCTByDm11n 
o6nacTH cocymecTBOBaHHlI ll(H,llKOH 11 KpHCTaJIAHqecKOH qias. B pa6oTe 
nnepnue nonyqettu ypaBHeHHH, cornacynm11ecn c yKasaHHYMH oco6ett
ttocT.flMH nepexoAa nepBoro poAa 11 nosnonHDmtte onpeAeAl1Th paBHOBec
Hue napaMeTpH nepeXOAa: nAOTHOCTh TBePAOH H ll(H,llKOH qla3 B TOqKe 
nepeXOAa, a TalQlle OAHOqacTHqffYD q>yHKUl1lO pacnpeAeneHHlI B KpHCTaJI
AHqecKOH qiase, ecAl1 H3BecTHU CTaTl1CTHqecK11e CBOHCTBa ll(H,Z!KOH qiasu. 
Paspa6oTaHHalI TeopHH 6uxa npHMeHeHa K on11cattHXr KpHCTaJIJll13aUKH B 
CHCTeMax C nOTeHUIIWlaMH TB8pAHX cqiep H ]eHHaPAa-.l{iltottca1 npHqeM 
Buq11cJ1_ettttue sttaqeHHH napaMeTpoB nepexoAa xopomo cornacynTcH c 
3KCnepHM8HTOM. 

B AHCC8pTaUl1H nonyqeHO o6mee saMKHYTO_e HHTerpOCTeIJeHHOe 
ypanHettHe AAlI OAHOqaCTHqHOH op11ettTaUHOHHOH q>yHKUHH pacnpeAeA6Hl1lI 
H ua ere OCHOBe HCCAeAOBaHO BAHHHHe Bttemttero IIOJIH Ha OpH8HTau11ott
HUH q>aaOBHH nepexo~. CymecTBeHHHH HHTepec np8ACTaBJl.fl8T HCCJ18AOBa
HH8 CBOHCTB TaKoro nepcneKT~BHOro MaT~pHaJia, KaK BOAOPOA. OpHeH
TaUHOHHue.nepexOAU B TBePAOM NOJ18KYAHpHON BOAOPOAe MoryT 6UTh 
ycnemtto onttcauu C IIOMOmbD M8TOAa BeTBA6HHlI pemettHA H8JIHH6HHHX 
KHTerpaJihHUX ypaBH6HHH. B pa6oTe paccMOTpeHU Op118HTaUHOHHUe qiaso
BUe nepeXOJ{U B TBePAOM opTOBOAOpo,lte C reKcaroHaJihHOH l1JlOTHoyna
KOBaHHOH pemeTKOH. IlonyqeHHaa B pesyAhTaTe 3TOro HCCJ18A0BaHH.fl 
HM!pOpMaUHlI OKa3aJiaCh IIOJ183HOH Ilp11 nocTpo8HHH npOCTOH NOA8JIH, nos
BOAHDmeR ,l{aTh KaqecTB8HH08 o6~lICH6Hl18 CTpyKTypttoro nepeXOAa B 
TBepJ{OM MOJ16KYA.flpHOM OpTOBOAOpDAe. 

)lJIH samKTH Bb1ABHraDTCP. CJ16AYDmHe OCHOBHYe pesyJihTaTH, 
IIOJiyqeHHUe B J{HccepTaUHH: 

I.Paspa6oTaHa nOCJ16A0BaT6JlhHaP. TeOpHP., II03BOJIHJOmM.OilHCaTh 
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KpHCTaJIJIH3aUHD npoCTUX BemecTB Ha OCHOBe paccMOTpeHHlI OJ{HO'laCTHq
HOH q>yHKUHH pacnpeAeJiemm. BuBe,l{eHH ypaBHeHHlI, J{llDmHe B03M0ll(
HOCTh onpeJ{eJIHTh napaMeTpH KpHCTaAAH3aU11H n~OCTUX DemecTB, eCAH 
H3B6CTHH CBOHCTBa lKH,llKOH q>asu, KOTOpue MOJKHO OilpeAeJlllTh, 
onttpaHCh Ha sHatttte Mell(MOJieKynnpttoro noTeHuHalla H o6mHe np11ttu11nu 
cTaTHCTH'!eCKOH MeXaHHKH. . 

2. Bu'lHCA CHU napaMeTpU KpHCTli.t'IA H:laUHH C HC·teM C noTeHU11aJia~H1 
TBepllux cq1ep H ]ettttapAa-)llilottca. nony'leHo xopomee cornacHe c pe
synhTl:l.TaMH MalllHHHUX 3KcnepttMeHTOB .ll)JlI CHCT8MU TBepllUX cqiep 11 3KC
nep11MeHTWlhHUMH 3HaqeHH.flMH .ll)JlI KpHBOH nnall/leHHlI HHepTHUX rasoD. 

3. Hal1,zlena ToqKa BeTM e1rna Toqttoro saMKHyToro HHTerpocTeneH
ttoro ypaBHeHHlI, onpeAeAlilOma.fl TOqKy HeycToi1qHBOCTH lKH,llKOCTl1 no OT
HOllleHHD K uenpepuDHOMY o6pasoBaHIW HeOJ{HOpoAHOA /KpHCTaJIAH'lecKoW 
q>asu. BuBe,l{ell Kp11Teptti1 JCTOi1q11BOCTl1 pemeHHlI nepnoro ypaBHeHHlI 
uenO'lKH EoroxD60Ba no OTHOlll6HIID K napmUH.flM OAHO'laCTH'lHOA q>yHKUHH 
pacnpeAeA6HHlI, HCilpalUIP.DmHA KpHTep11n lulpKByAa. Il0Ka31:l.HO, 'lTO He
D03M0ll(H0 onttcaTh HeycToAqHBOCTh B CHCTeMe TB8p,l{UX cq>ep, pacCMl:l.Tpl+ 
naa ttenpepuBttoe HsMe11eu11e llJlOTHOCTH B !O'lKe nepexo,l{a. 

4. BuBe,l{eH HOBUH KpHTep11i1 HeycToAqHBOCTH B CHCTeMe TBepllUX 
cqiep Ha OCHOBe npeAnOJl0ll(8HHlI O MWIOM, HO KOH6'lHOM H3MeHeHHl1 
ilJIOTHOCTH B TO'llte nepex_OAl:l., Il03BOAHDm11n onpeJ{eAHTh CKaqoK llJlOT
HOCTH J/ TO_qKe nepeXOAl:l. 11 HH)l(HDD rpaHHll,Y llJlOTHOCTH lKH.ZtKOH q63U, 
npH KOTOpOH B03HHKaeT pemeHHe,COOTBeTCTByn~ee KPHCTaJIJIH'leCKOH 
q>ase. - · 

5 •, Ha OCIIOBe np0113BO,lllimero q>yHKUHOHaJia .ll)J.fl MHOroqacTHqHux 
q>yHKUHH pacnpeAe.nCHHlI npoBe,l{eH BYBOA TO'lHoro HHTerpocTeneHHoro 
ypanHeHHlI MP. pa.ztHaJihHOH qiyHKUHH pacnpe,lteAeHHP. B ~11,llKOCTH. 

6. M~TO,llOM npoH3BOAP.mero fPYHKUHOHaJil:l. J{JIP. opH6HT6UHOHHUX 
fPYHKUHH pacnpe,lteA6HHlI BYBe,l{eHO TOqHoe saMKHYTOe HHTerpocTeneHHOe 
ypantte11tte AA.fl OJ{HOqacTH'IHOR opHeHTaUHOHHOA fPYHKUHK pacnpe,1teneHHlI, 
HCnOAh30BaHHe KOTOporo ,l{aeT B03MO~HOCTh ecTeCTBeHHUM o6paSOM 
BHRTH sa paMKl1 np116umemm cpe,l{Hero IlOJl.fl npH paccMOTpCHHH OpHeH
T6UHOHHYX qJaSOllYX nepeXOAOB. 

. 7. IlpoBeACH y'ieT Wll1P.HM BHCmHero ilOJIP. Ha opHeHTaUHOHHYe 
qJ630BHe nepeXOJ{U. Bua:BJICHa CBH3h M6TO,lla Be'l'MCH11li B npo6JieMe qia-
30BWC nepeXOJtOB C KOHUenuneR KBaSHcpeAHHX Eoronm6oEa. 

8. IlpoBeAeHO HCCJIC,llOBaHHC optteHTaUHOHHOro ynop.HJtoqeHHP. n 
Tllep.ztOM NOJiequtpHOM OpTOBO,llOpo,11.e H napa.zteATepHK C reKCarOHaJihH0'1 
IlJIOTHOynaKOBaHH00 pel!ICTKO~. IloJiy'leHY TOqKH BOSMO~HHX 4)a30BUX 
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nepeX0,!!0B 11 BIIIA op11eHTaU110HHllX ~YHKU11» pacnpeAeJieH1111 B 11X 0KpecT

H0CTl1. fi0Ka3aH0, qTo B npH6JIHJKeHl111 cpe,!!Hero noj11 <paSOBliH nepeX0A 
M0llteT 6UTb nepeX0,!!0M BT0poro po,!!a B npOTl1BOilOJIOlKHOCTb CJIY'!Wl 
rpaHeueHTpHpomttHoR Ky611qecKoR pemeTK11, rAe atta.nor11qttuii nepexoA 
11BA11eTc11 nepexo,!!0M nepBoro po,!!a. 

9. fipeAJI0llteHa 11 noAp06HO 11CCJie,!!OBaHa 0,!!H0MepHall MO,!!eJib. nos
B0JI/D:lma11 AaTb KaqecTBettHoe 06~11ctteH11e Ha6JinAaeMoro CTPYKTypttoro 
nepexo,!!a B TBep,!!OM M0JieKyJillpH0M 0pT0B0,!!0p0,!!e 11 napBAeiiTepH11. 

Anpo6aµm1 AIIICcepTaUH11. 

0cHOBHUe MdTep11anu ,!!HCcepTaU11H AOltll8,ltllBaJll1Cb Ha ceMHHapax B 
HttcTHTyTe ¢H311Kl1 BucoK11x ,!!aBAett11ii AH CCCP II B ]a6opaT0pHH Teope
T11qecKoii ¢11311Kl1 06~e,z,;11HeHH0ro 11HCTl1TyTa .fl,!lepHliX HCCJie,!!0BaHl1H, Ha 
Bepemarl1HCKOM MelK,11,yHap0,!!H0H K0H¢epettu1111 no ¢11s11Ke 11 TeXHHKe BHC0-
Kl1X AaBAeHHR /MocKm,1979/, Ha KoH¢epettu1111 M0JIOAHX yqeHux »PBl 
AH CCCP. 

fiy6JIHKaUH11 

no pesyJibTdTaM ,!!l1CCepTau1111 ony6Jil1KOBaHO qeTupe CTaTbH. 

06~eM pa60Tli 

A11ccepTau1111 cocT011T 113 BBeAett1111, Tpex rJiaB, saunqeH1111,· Tpex 
npK110llteH11» /qTo C0CTaBAlleT 134 CTpaH11Ull Maml1HOill!CH0ro TeKcTa/, 
7 pHCyHK0B 11 cn111cKa Jl!IITepaTypu 113 15! tta11MeHOBaHHl1. B ,!!11CCepTa
U11H HeT cneuHa.nbHOR rJiaBu, RBAanmewc11 o6sopoM JIHTepaTypu. 3JieMett
Tu Jil1TepaTypHoro o6sopa co,!!epllaTCll B §§ I,2 rJiaBu I; §§ I,4 rJia-, 
Bu II;§ I rJiaBll III. 

CO,uEPJKAill!E PAEOTU 

Bo BBe,!!eHI/IH o60CH0BaHa aKTYMbH0CTb npo6JieMU, C~0PMYJI11pOBa
Ha UMb 11CCJieAOBaH1111, paccMOTpeHO B OCH0BHllX qepTax CO,!!eplltaHl1e 
pa60Tll. .: 

fiepBall rJiaBa nocBametta n0CTpOeHHD 0 .CTaTl1CT11qecKoR Teop1111, 
Il03B0JIRDme» on11caTb Kp11CTMJil13aUHD Ha !0CH0B8 paccNOTpeHHll OOBe
AeHl111 0,!!H0'laCTl1qHoit q>yHKUH11 pacnpe,!!eJieHHll.· 

B §I ,!!aHa xapaKT8p11CTl1Ka COBpeMeHHliX n0,!!XO,!!0B K npo6JieMe~ 
MK 113BeCTH0, B KpHCTMJI11qecK0H qiase 0,!!H0qaCTHqHall ~YHKUH11 pacn
pe,!!MeHHll HMeeT CH)O!eTp111l KpHCTMJIHqecK0H pemeTKH, B TO BpeM11 .. 
KaK ,il)Ia lKfllAKOCT11. Otta 0OCT0llHHa. fi03T0MY, Ha Ham ·BSrJI.fl,!l, HaH60Jiee 
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ecTeCTBeHHllM 11 nepcneKTl1BHllM 00,!!X0AOM K Teop1111 Kpl1CTaRJil13dU1111 
11nrneTCl1 OOAXOA, OCHOBaHHllii Ha pacCMOTpe111111 HeJI11Heii1rnx ypaBHeH11ii 
,!!Jill O,!!HO'laCTl1qHol-i ¢YHKU11111 pacnpeA8JleHl111, K0T0pue M0ryT 111-teTb, 
KpoMe nocT0llHHoro, HeKoTopoe nep11_0A11qecKoe peweH11e, Bos11111mm11ee 
np11 onpeAeJieHHUX 3Haqett1111x BX0Allm11x B ypanHe111111 napaMeTpon. 

BTopol-i naparpacp COAeplK11T 063op pa6oT, B KOTopux AeJian11cb no
nuTKl1 on11caTb Kp11CTaRJll13aUl1Jl C nOMOWbll BeTBAe111111 pemeHHii pa3Jil1q
HUX HeJIHHeiiHUX 11HTerpaJibHllX ypaBHeH11ii AJ!ll 0,!!HoqaCTl1'!HOH q>yHKU1111 
pacnpe,!!eJieH1111. B 3aBHCl1MOCTl1 OT THna npt16Jil1,iWlll1H, 11p11MeHllll!Ill1XCll 
,!!JIil nony'!eHl1ll 3dMKHYTllX 11!1TerpaJibHllX ypaB!JeHl1ii, pa3uue dBT0pu no
J1yqa.n11 np0T1rnope'!am11e Apyr Apyry, a Tll!OKe Mllllll1HHllM 3KCnep11MeHTUM 
11 TO'!HllM pac'!eTaM Kpl1Tep1111 11eycTOii'!HBOCTl1 ,K~i:011 (jlasi; no OTIIOIJle
H 1110 K-ttenpepuBH0MY o6pa30Ba1111n Kp11cTa.nJI11'!ecKoro pacnpeAeJieHHll. 

To'!Hllii Kpl1Tep11n 11eycT0ii'!l1BOCTl1 MOtKCT 6UTb IIOJIJ'!8H KdK TO'!Ka 
B8Tlllle111111 3aMKHyToro 1111TerpocTene1moro-ypanuett11ll .!!Jill O,!!HO'!acTH'!
Hoil qiy11Ku1111 pacnpe,!!eJieu1111, BUBO,!! KOToporo np1rneAe11 n § 3 /nnepnue 
3T0 ypaDH8Hl18 6llJI0 Il0JIJ'!8H0 D pa60Td:X /3, 4/ 11H!.Ml1 MeTO,ll,aMH/. 
YpaBHe1111e ~1M88T BIIUt: 

o f<i'J _ ">"' .1. r o ( :-") ,.., ) (:'T )··· ,~ ) -'~ .. o1c'> 111 
U"I r. - ~f. I(! Jµ l(♦f 'l:t ... 'l.K+! f 'lz. JJ 1«•l (.J <z._ . ~IC+.L • 

3,!!8Cb s l(♦,L - CJMMa ncex Henpl1B0,!!11MUX A~Jarpru!M c 1(4-J. Bepw11HdM11, 
~ - T8pM0,!!11HaMl1'!8CKal1 dKT11BHOCTb. 

B §4 113 ypaBH8Hl1.II / I/ ll0JIJ'!811 1~p11Tep11ii HeycTOli'!l1DOCTl1 ,Kf1Ut

KOCTl1 no OTHOm8Hl1!0 K 11enpepuBHOMy o6pa30Bd!llr1l0 Kp11CTaRJll1'!8CKOro 
pacnpe,!!8JI8Hl111. 3TOT Kp11Tepwn HMeeT BIIUt: • 

i -J{ ((K,fe.):: 0, /2/ 

r,!!e Je. - nJIOTHOCTb lKfllAKOii <pa3ll, e(K,Je) - ljiJpbe-06pa3 npmtoR 
KOpp8JI11U110HHOH cpyHKUl111 ,!!Jill *~K0CTl1, Aanee B §4 noKa3aHO, '!TO 
Kp11Tep11w /2/ MO~eT 6HTb noJiy'!eH 113 paCCMOTpettwll ycTOH'!l1BOCTl1 pe
meH1111 nepBoro ypaBttettwa ueno'!KW Eoro.irn6oBa /5/ no OTHowemoo K 
Bap11au11llM O,!!HO'!dCTW'!HOH ~YHKU1111 pacnpe,!!e~eHWll /n TaKOil nocTaHOB
Ke 3Ta 38,lta'la paccMaTp11Ba.nac·i, ifopKBy.l!OM 161, KO To pun no~y'!11JI ue
Toqttoe Bllpruttettwe ,ltJ!ll Kp11Tep11111 HeycTOH'!l1BOCTl1/. YpaBHeH11e /2/ He 
111-1eeT peme1111ll ,!!JIil cwcTeMu TBep,!!ux ctPep, '!TO yKa3uBaeT Ha HeBos
MO~HOCTb on11caH11a Kp11CTMJil13auww B TaKOH CWCTeMe np11 paccMOTpe
Hl111 ttenpepuBttoro 113M8H8Hl/111 nJIOTHOCTl1 B TO'!Ke nepexo,!!a. 

B §§5 ,6 paccM0Tpetta JCTOH'!WBOCTb 0,!!HOpOAHOro pacnpe,!!8JI8H1111 
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lJ Cl1CTei.:e TBcp.n,ux Ctjlep no OTHOllieHl,00 K MaJIOMY, HO KOHetJHOMy 113Me

HeHl1!0 11JIOTHOCTl1 B TO'!Ke nepexo,11a. 0Ka3a.)I0Cb, 'ITO B ::!TOM CJiyqae 

MOJIIHO o6mi.pylKl1Tb HeycTOi1'!11BOCTb D TpexMepHOfi Cl1CTeMe C noTeHu11a

JlOM TJJCP.l\UX c~iep. lloJiy'IeH Kpl1Tep11i1 11eycTOtttJl1BOCTl1, n03BOJl.fl!Ol!ll1i1 

onpeAeJI 11Tb Hl1ll\Hi01il rpau11ey 11JIOTHOCTl1 ll\11,lJ,KOfl q,63U, DUllle KOTopon 

Kp11CTaJIJll13aUml CTaHOBl1TC.ll B03MOl!IIIOi1, 11 CIUl'IOK nJIOTHOCTH ll TO'IICC 

nepexo]la. 

S'17 nocirncieH im.tJeCTDeHHOMY 11ccJie,n,oJJaH1110 TepMo,1111HaM11tJecKol1 yc-

TOiitJ1rnocT11 D03Hl1Ka10ll1el1 Kp11CTaJIJll1'ICCKOH ,11a3u. , 

i{a.K l131Jt:CTHO, Kp11CTaJIJil13UU11.ll npeACTa:a,rneT co6ofl lpa30BUH nepe

XOA 11epBoro po.11a 11 xapaKTep113yeTC.ll HaJil1'!11eM .n,ByXtpa3HOH o6JiaCTH 

/rop113011TaJlbHUH ytJaCTOK Ha 1130TCpMe ypaDHCHl1.ll COCTO.llHl1.ll/, B,I\OJ!b 

3TOI'O ytJaCTKa .n.aBJieH11e llOCTO.llHI!O 11 11MC!OTC.ll Haxo.11.1111111ec.11 ll paDHO-

Bec1111 ;.{J,\Z!KU.ll 11 Kp11CTaJIJll1'ICCKa.ll q63U. i!c110, 'ITO paccMOTpe1rnue B 

npe.n.u.n.ym11x naparpaqiax Kpl1Tep1111 HeycTOH'Il1BOCTl1 He Y'Il1TUB8JOT Tep

MO,l\l1Ha1rntJecKHX oco6eHHOCTeH :j:a3onux nepexo.n,oB nepnoro po.n.a. B §8 
n pe.n.np11HHTa nonuTKU nocTpoe1111.11 Teop1111, noJBOJI.lliOlllefi onpe.n.eJittTb 

napaMCTpu paBHOBeCHOI'O nepexo.n.a llll1,lJ,KOCTb - TBep.n.oe ·reJIO 11 q1yHK

Ul1!0 pucnpeAeJICHl1.ll B TBep,Z\OH tpaJe, om1pu.llcb Ha 3HUHl1e CTaTl1CTl1'Iec

Kl1X CBOfiCTB n\11,lJ,KOH ,pa3u, 

Ha OCHOBe yCJiomm paBHOBCC 11.ll ,i1a3 11 !iOJiytJeHHUX B npl1J!Ol!ICHl111 

2 HBHUX BHp8.iileH11ti )),JI.fl Tep~!O,lJ,l1HaM11tJeCKl1X lJJYHKU11il HCO,lJ,HOpo,11HOl1 qia-
3 u, ,'<l:l.K 'IYHKU110HaJIOB Ot(HO'IaCTl1'IHOi1 tj,yHKU1111 pacnpe.n.eJiemm, noJiy

q CHU C 11CTCMa HCJI 11Helmux ypaiJHeH11i1 )),JI.fl onpe.n. CJ! CHl1.ll BCJI 11'!11H .Pt , 
'Po , IP-;? - COOTBCTCTDCHHO nJIOTHOCTl1 iKl1,lJ,KOi1 qa3u D TO'IKC nepe

xo.n.a, OTHOCl1TCJlbHOro 113MeHeH11H 11JIOTHOCTl1 11 11ypbe-KOMnOHeHT pa3-

J!Ol!leHH.ll O,lJ,HO'!aCTl1'lHOi1 q>yHKU1111 pacnpe.n.eJieHl1H no BCKTOpaM o6paTHOfl 

peweTKl1. 3Ta Cl1CTCMa B r11nepuenHOM np116Jil1l!ICHl1l1 11MeeT Bl1,lJ,: 

( i -Je. e(Ofe)) lfojk - f 'fo'1e'1 C(O,J(.) - f Jtf C(KJe)lf~'f-K = 0, 

(i +lf1o) e_-.Pec/oClOJl): t-J oN: €//(PiJJe~•' C(K:fe) 'fKe.iKr1 
.1.j _,~ .iKii' { r"""c .:Ri'} _;:fL _ V ot 't e -e/i< p J't._ ~• C t< 1Jc.) 'f't €. 

i+ lfo - ..J. i J il ~p {Jef ~ ( Kfe) \f,<'e.L Kil J 
0TMeTl1M, 'ITO MeXMOJJeKyJJHpHuR noTeHu11an 11 TeMnepaTypa He BXO

,ll,HT .llBHO ll llOJJyqeHHue ypaBHeHMH, a CBOflCTBa ll\11,lJ,KOR <tiasu BlCJI~qeHU 
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'lepes qiypbe-o6pa3 npHMOH KOppeJI.llU110HHOi1 4JYHKU1111, T, e,, no cymecT

DY, qepes CTPYKTYPHUfi lpaKTOp lKl1,lJ,KOCTl1. 3TO yKa3uBaeT Ha YHl1Dep

CaJibHOCTb 11 ."reoMeTptt'IeCKl1H 11 xapaKTCp Kp11CTaJIJil13au1111. l{poMe Toro, 

113 noJiy'IeHHUX ypaBHCHl1H CJie.n,yeT, 'ITO nepexo.n. ll\11,llKOCTb-TBep.n.oe Te

JJO He 11MCCT Kp11Tl1'!CCKOH TO'IKl1, 

)lJJ.11 c11cTeMu TBep.n.ux cipep noJJytJeauue ypaDHeH11H .n.a10T cJJe,ny10m11e 

3HatJCHl1.ll np11Be.n.eHHOi111JIOTHOCTl1 llll1,ll,KOW qasu B TO'!Ke nepexo.n.a 11 OT-

HOCHTeJll>HOro 113MeHeHl1.ll 11JIOTHOCTl1: t e = 0,494; 'fo = 0, 0 '14 . Be-

JI 11q11HU, noJiytJeHHUe B Mallll1HHUX 3Kcnep11MCHTaX, COOTDCTCTDCHHO paBHH: 

it=- O,lf °f-0,1/g; 'f/=0,103- O,iOG. 
B §9 Ha OCHOBe nOJJJ'ICHflUX D npe.n.u.n.ymeM naparpaq1e pesyJJbTaTOD 

Hafl.l\eHa Kp11Ba.ll Kp11CTaJJJ!l13au1111 )),Jill Cl1CTeMu C noTeHU11aJJOM JleHHap.n.a

-Al!IOHCa. IloJiy'IeHHUe .n,aHHUC HaXO,lJ,.llTC.ll ll xopoweM corRac1111 C 3Kcne

p11MCHTaJibHUMl1 pesyJibTaTaM11 no nJiaDJieH1110 aproHa. 

Bo DTOpofl rRaBe Al1ccepTau11111 MCTO,ll BC~BJICHl1.ll peweH11l1 HeJ111He}i

H ux 11HTerpanbHUX ypaBHeH11i1 np11MeHeH K 11CCJie,llODamoo op11eHTa11110HHUX 

Wa30BUX nepeXO,lJ,OD D MOJJCKYR.llpHUX KplllCTaJJJiaX. HcnOJJb3J.ll MCTO,lJ, 

BeTBJieHl1.ll, MO~HO Ha»TIII TOqK11 DeTBJICHl1.ll,COOTDCTCTDYIOllll1e rpatt11uaM 

o6JiacTei1 BOSMO~Horo cy~ecTDODaH11n qas. 

B nepBOM naparpa,qie np11Be.n.e1m nocTaHODKa sa.z1.aq11 06 op11eHTa

u110HHOM ynopR,Z\OtJeHl111 B MOJJCKJJJ.llpHUX Kp11CTaJIJiaX D np1116J111l!(eH1111 

cpe.n.Hero nOR.ll 11 o6sop pa60T, TIOCDHl!leHHUX IIICCRC,lJ,0BaHl1~ op11eHTa

U110HHUX'4630BHX nepeXO,lJ,Oll MeTO,lJ,UMl1 BCTBJICHl1.ll pellICHl1H HeJ111He}iHUX 

ypaBHeHl1i1, 

B §2 MeTO,lJ,OM npo11sno.n..11mero WYHKU110HaJia )),JI.fl op11eHTau110HHHX 

qiyHKUiiR pacnpe,neJJeH11.R noJiytJetto TOtJHOe saMKHyToe HHTerpocTenemwe 

ypaDHCHl1C
0

,lJ,R.ll O,lJ,HoqacT11qttoR op111ettTaUl10HHOi1 q>yHKl.111111 pacnpe,neJICHl1.ll: 

-ln 3"11.f.§) _ :z.: -ht r Qn • ..,.(J ... ~.!) ll 
GLQ - H$(00 ,j,£.; Ji> ..... '\l i, 

"'-~·•Ina /3/ 

,. ..f.,z. lw1,_) ··· J'.,,. (~)dJ', .. -ol~ , 
r.n.e 11H,lJ,CKCH ni Hy~epy1lT Y3JJH 3aJ).aHHOi1 ~eCTKOli pemeTK11, B KOTopux 

3aKpenJJeHu l.lCHTpH T.fllltCCTM MORCKYJJ, S ~-··J\, ( JJ., ... ~) - cyMMa 

Bcex Henp11Bo.n,11Mux .n.oorpaMM c ~ Bepw11HaM11. ,llJJH onpe.n,eJJeH11n G,· 
CRYJIIHT YCJJOBl1e HOpM11pOBKl1, Pa3RO~l1B npaByxi tJaCTb ypaDHCHl1.li /3/ 
no CTeneHHM J <1'.,;i,JJ, '3.i) 11 orpaH11q1113m11Cb nepBHM 'IJICHOM ll pa3-

JJO~CHl111, noJJyq11u HCJl11HCRHoe ypaBHeH11e All.fl qiyHKl.11111 pacnpe~eJJeHl1.ll 

B 1Ipl!6.mDKemm cpe,IUiero nOJrJI. 
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IlyCTb cpnjt'lj (i:J;w1) - 8Hi130Tp0nHa.fl '160Tb B36l1M0,ztettCTBil.fl ::;. 
HMeeT Bil,zt 3JieKTp0CT6TH'leCKoro MYJibTilil0Jib-MYJibTilil0JlbH0ro B38i1M0-
Aei'icTBila. TorAa nony'leHHoe ypaBHett11e ncer.zta HMeeT pemett11e J.,.-(J)':. 
: i , CO0TBeTCTBYllll!ee 0TCyTCTBilil 0pHeHT6llil0HH0ro ynop.fl.lt0'leHH.Fl. 
TO'IKil DeTBneHH.fl, B K0T0pux Il0.flMP~TC.fl HeTpi1Bl1l1JlbHUe pemeHH.fl, on11-
CUDallll!He ynopR,zt0'leHHUe C0CT0RHH.fl, onpe,zteJiru>TC.fl C06CTDeHHUMil 3Ha
'leHl1HMl1 Jll1Heap1130:saHHUX ypaBHeH11ll • 

B §3 np0D0,ltilTC.fl y'leT I!nilHHilH BHeWHero Il0JI.fl Ha 0pileHT6lli10HHUe 
<pa30BUe rrepexo,I(H. .l{eMOHCTp11pyeTC.fl CBH3b MeTo,zta BeTBJieHl!H B Teop1111 
<pa30BUX nepexo,zt0B C K0HL1en1111en KDa311cpe,llHl1X EorOJill60Da. 

§4 CO.ztepJK11T, 06m11e CBe,zteHl!.fl 0 M0JieKyJiapHUX Kp11CTl1JlJiax 0PT0D0-
.zt0po.zta 11 nap~ei1Tep11H. 

B §5 paccMaTplr!I!aeTc.fl 0pHeHT8ll110HH0e ynopM0'leHHe B TBep,zt0M 
o- H2. 11 p- 02. .ztJI.fl cny'la.fl reKcaroHanbH0ii nnoTHoynaK0BaHHoll 

pemeTJCH. B 3T0M CJiy'lae JCB~pyn0Jib-JCB~pynoJibH0e B3611M0,lleHcTDl!e 
npHBO,lll!T B np116J111JKeHHII cpe,llHero Il0JIH K qJa30BOMy nepexo.ny BT0poro 
po.na /B OTJIH'!He OT CJiy'la.fl rpaHe11eHTpi1po:sam10i1 Ky611'1eCKOH pemeTKH, 
r.ne cooTBeTCTBYllll!Htt nepexo,ll-nepBoro po.na/. 

B TpeTbefi rnaBe paccMaTp11:saeTc.fl npocTaa OAHOMepHa.fl M0,lleJib, 
no 3BOJlmlll!8ii A8Tb Ka'leCTBeHH0e 06'.bRCHeirne H86J11J,ztaeMOI'O CTPYKTYP
uoro nepexo,lla B TBep.zt0M MOJieKyJIHpHOM 0- l-l2. 11 p- Ca. . lfay
'leu11e 3TOH MO,lleJIH np11BO,llHT K HeJIHHei1HOMy ypaBHeHHll THna E;{lj] - Eo
rOJill60Da ,llJlll napaMeTpa UOpR,ltKa - cpe,ztHero CMemeHl1.fl 8TOMOB 113 no
JIOJKeHHll paBHbBeC11H. 

§I co,lleplKHT KpaTJCHtt 063op pa6oT, nocBHll!eHHUX HSy'leHlr!D OAHO
Mepttux-c11cTeM, 11 Il0CT8H0BKY 3~8'1H. HH3JCOTeMnepaTypHaH qiasa MO
JieKyJIHpHoro OpTOI!O,llOpO,lla 11MeeT rpatte11eHTpi1pOI!aHHYD Ky611'1ecJCyio 
pemeTJCy 11 HllJ!lleTcH Opi1eHTa11110Huo-ynopR,zto'leHHOH, np11 3TOM B OCHOB
HOM COCTOHHH11 C pe.ztuee 3Ha'leH11e < 0 +):; -i . 3,ztecb O 7 - l'YI -

-KOMOOHettTa / rn-=- 0; -ti.; t 2. / CIIMMeTp11'1HOro HenpHBOAl1M0ro TeH-
30pa llTOporo paura, IlOCTpOeHHoro 113 KOMilOHeHT MOMeHTa K0Jll1'lecTBa 

ADli*eHl1H J ~ '18CTl1llU t . )l.nll reJCcarOHllJlbHOH pemeTJCl1, K6JC 
3TO noJCasaHO B rJ1a11e II, B 0CHOBHOM COCTOlIHl111 ( 0°+>=0. KaJC 

113BecTHo, TBepAuii MOJieJCyJIHpttuii O - Hi, npeTepne:saeT CTPYKTyp
HUi'i {f630BUH nepexo.n l13 reJCcarOHllJlbHOH B Ky611'1eCICYIJ q>asy. EcTecT
lleHHO npe,llnOJIOlK11Tb, 'ITO CTPYKTYPH6H HeycTOH'l11BOCTb pemeTJCl1 B03-
HmcaeT llCJie.ztcTBl1e D3811MO,lleHcTB11ll lCOJ1e6aH11li pemeTJCl1 c yce'!eHHUM 

Klla,ztpynOJib-K~pynoJibHUM ll3aHMO,lleficTBHeM np11 YCJIOBHH ( oi): 0 
)l.n.fl Ka'leCTlleHHOI'O HCCJie,llOI!aHHll 3TOI'0 npe,llnOJIOlKeHHH paccMOT-

peHa 0,ltHOMepHall CHCTeMa C raMl1JlbTOH!r16H0M: . 

8 

'./ 

<t.\ 

H-=- H pJ, + 1-1 G.-Ph + 1-1 G.-0. = z w (K) ( l(!/.p,. .d/2.) + /4/ 
I( 

+ ~ ( rn Nt 11:z. 2J cpl( ( e .:1-.P - e i1<.(.P+.t)) ( 0~0';..1. -Lt) + 
,c,-9-

+ r~: (o~o~+L -4) + 1, ~:(oi+2.), 
r,1te O'ii = 3 ( .r:)2-2, , I,, - rpa.nHeHT BHemttero 3J1eKTpH'lec1toro 

IlOJill, 'f: - onepaT0p po*.lteHllll qJOHOHOB, 'PK= -v11J(IC) ('fl(+ l{I_~) . 
B §2 11sy'laeTC.fl 0CH0BHOOCOCT0RHHe JKeCTKOH JIHHettH0H uenO'IKll 

c raMl1JlbT0Hl1aHoM H G-G. IloJCasauo, 'ITO np11 h = 2.1 ocH0DHoe coc-

TORH11e .flllJ!lleTCll HeynopM0'leHHUM; T.e. < 04 "1= 0 . Ilp11 

h = o <. o., > = - 2, . 
B §3 paccM0TpeH0 B3811M0,ztellcTBl1e KB~pynoJibHUX M0MeHTOB C JCO

Jie6aH11lIMl1 pemeTJCl1. TI0K636HO, '!TO B CHCTeMe C I'6Ml1JlbT0Hl16H0M /4/ 
cymecTByeT HeycT0H'lllB0CTb ql()H0HHOV. Il0,ltCHCTeMu, np11I!O,ltllll!6.fl npll 
h-= 2I (I7 0) JC .ztHMepHsa111111 pemeTJClrl. !3 o6meM cJiy'lae 11cJCaliteH11e 

pemeTKl1 36Dl1Cl1T OT rpa.n11eHTa BttemHero Il0Jlll '1 . B CJiy'lae I,= 0 
/T.e. np11 <. 01>.=- 'L. I tteycT0H'IIIB0CTb oTCyTcTByeT. flcHo, '!TO B 
'IHCT0 0,ltH0Mepuon CllCTeMe C raMlr1JlbT0Hi16H0M /4/ <lwYKTya111111 ,ll0JIJKHU 
Il0,ll6llJIJ'lTb cp:!.30BUH nepexo.n, 0,ltHaJC0 C0BepmeHH0 8HaJI0I'l1'1H0 paccMaT
pHBaeTCll TpexMepHall CllCTeMa, D K0T0pon M0JKH0 BU,lleJil1Tb JIHHefiHue 
11eno'IJCH M0JieKyJI c Bsa11Mo.zteficTB11eM BH.zta ~la-a. /JCDas110,ztHOMepttaa 
MO,zteJib/. B T6K0H M0,zteJil1 nepexo.zt,B .nefiCTBIITeJibHOCTli, RMeeT MeCT0. 

B 38KJill'leHHH Kp6TK0 nepe'IHCJieHu 0CH0BHUe pesyJibT6TU, nony
'leHHUe B ,ltllCcepTallHH. 

B npl1JloJKeH1111 I co,ztepJKaTc.fl 06m11e cBe,lleHHH 113 Teop1111 11eTBJie
Hl1.fl pemeHlr!H HeJIHHellHUX ypaBHeHl1H. 

B np11JIOJKeHHl1 2 noJiy'leHU C00TH0WeHHll AJill TepMO,ztHH6MH'leCKHX 

BeJll1'111H He0,ztH0p0,ztH0H <pasu /qiyHKlll1.fl pacnpe.neneH11.fl J)C-t);f:c.o,v.,t /. 
B nplrlJI0JKeHl111 '.3 MCT0~0M np0113I!O,zt.flll!ero ¢yHJCU110HaJia npoBe,lleH 

BUBOA o6mero 11HTerpocTeneHH0I'0 ypaBHeHl1.fl ,llJill p~11aJibH0H ~YHK111111 
pacnpe,zteneH11.fl B ~11AK0CTl1. 

PesyJibT6TU ,ztl1CcepTa111111 ony6Jll1KOI!aHU ll pa6oTax: 
PWl(OB B.H.,Tapeem E.c. 06 y'leTe BHemHero noJl.fl B 611<pypICa11110HHOM 
no.nxo,zte JC qiasoBuM nepexo,ztaM. - Jl)\.H CCCP, ICJ77, T.233, M3,c.'.3'.32-'.334. 
PlllK0B B.H., Tapeem E.E. ,ll\eJIJCa'leBa T.". Op11ett·1'a1111uHHoe ynopMo
'!eH11e B MOJleJCyJIHpH0M ll0,ztopo~e. ~a30BUR nepexo.zt BT0poro po.na B 
reJCCaroHaJibH0H pemeTite: .::.TM~;··1979, T0

:4O,:i/>2;cr. 25'g:.:zli{. 
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