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I. BB8,IleHHe 

Bo MHOrHX ce r n er oaae xrpanax B1lIlIe Tott IOl nepexona B YIJOpH.IJ;OtteHIm e 

CO CTOJIHHe cymecTByeT eme onna xapaxrepnaa TeMIJepaTy pa , H:HJlle IWTOPOI1 

nORB.lUJIOTCR KJIaCTep b1 6JlliJKHerO IJ O~rIm, HJlH MHKpo,noMeHb1, c pa slloH rro
1,JIJIP:Hsaiefi .napauerpa nOPJI.nK/ • ITO,n06IlLlC <j).1Jy iCTy aun oHIm e aapomana 

KYK / 3 nassaa aHTHqJasHblMH <P.JIyI<TyaU:HJIMH, non vepxa aaa , 'iTO OHH JIBJIHIOT

CR pa auonanaocrr.n r eTepW SHHX ®!YKTyaU:H}!, na He06xo,nYJMOCTl> yxera KO

ropsx YKaSIlBaJI WpeHKeJll>/ /: TottKa , B KOTOPO' TaKHe saponunm BOSHHKa

IOT , MOJlleT 6b1TL HaSBaHa TOttKOH HYIWeauíH/5,6 • 

Henasao EpYI<MaH H P:HraMoIlTH/7 , 8 , HccJleJLYJI rlJepp03J1 CKTp:HKH Ha 
:H H(Q - D CP. c nozonun 3. Cf H.IJ;epHOrO xnanpyno.nsaoro peaonanca , 06 

HapYJKH.JI:H r eTePaPas Hb1e <P.JIyKTyaUH:H B KOHe ~lofi Te~mepaTYPHo fi 06J1aCTH BO 

xpyr' TOttKH nepexona , ITo HX MHeH:H1O TaKHC JIIe <p;JYKTyaU:H YJ lla6J1IO,naJrnCl> H 

B ce rH CT03J1eI<Tp:HKe RB Ca F') . CJle.lLOBaTCJll>HO, HIDite T O ~ KH IJ~peXO.lLa MO

JIICT cy uec'raoaa'rs ,npYI'aJI T e~epaTypa HYK.J1e8U'II1, KOTOPYIO eCTCCTBCHHO Has

BaTl> HIDKHet\, B OTJlntt:He OT nepxnejí, HaXOMUJlcilCJI maue TO'IR:H nepexona , 

ITo,nttepKHeM, ttTO :HMeHHO ttepes oÓpasoBaHHe SapO.lL~Iel1 .lLpy roH qJa Sbl 

npoac xonar npou ecc nepenOJIJIp:HSaUH:H Cer He'I'03JleKTpHKon 9/ . 

TaKHM oÓpa soM, y tteT r eTeporpaSHblX ~.JIYKTyauHH .lL.J!JI MHor:HX ce rHeTO 

3J1eKTpHKoB HeOÓXO,n:HM. MHKpocKOnHtteCKaJI TeopMR Ta J~X W~íTyru~Hfi )L.JIJI 

npOHSBOJll>llblX C:HCTeM 61l.J1a pasBHTa n p'a6oT ax aBTopa IO-I4 H 6bl.JIa rrpOHJI

JIIOCTpHpOB8Ha paS.JI:HttHllMH Mo,neJIm,rn/I 57• STOT rr0,11X0.lL /1 0- 14/ 6bl.JI cqoPMY

JrnpoBaH TaKJKe":H ,Il)IJI cerHeT08JIeKTp:H"KOn!I6-18/ . B ,naHHOM coooae aaa 6y 

,ILyT 60JIee no.npoÓHo :HCC.JIe,nOBaHbl cnofiCTBa cer HeT03.JIeKTpHKoB c r eTepoWs3

HblMM <P.JIYKTyaunRM:H, oco6eHHo B Kp:HT:HtteCKofi OdJIaCT:H , a nOJIy tt eHHble pesYJl l>

TaT b1 ·6Y,ILyT cpaBHeHbl c 8Kcn epHMeHTaJll>Hb1M:H ,11aHHb1M:H . 

PaCCMOTp:HM ce rneroane xrpaxa c BO,nOpO.!lHb1M:H CBJI311M:H/I 9/ , TaK na

hecn~i t'Ü hti~ y.l1cnrryr t 
U€Jj:B~:K tJCCJJefií)RaUn~ 

6WSJtirlnTEH A 



3HBaeMHe CerHeTOa~eKTpMKR IÇQP - TMrrj KOTOpUM COOTBeTcTByeT raMM~bTO

liuaH B rrceB~OCITMHOBOM rrpe~CTaB~eHUM 20,21/. OrrepaTopHaH CTpYKTypa Ta

«oro raM1MbTOHU8Ha aHa~OrM'IHa raM!il:~bTOHMaHaM, orrMC1IBaIOmHM MarHMTHhIe 

CMCTeMH. BJrAAHMe rerepoçaamrx cImYKTyauMll na MarHeTMRM 1I.CCJIe.n;OBaJIOCb 

paHee/12,22-24/. TI03TOMY, MCXO~ U3 YKa3aHHoll aHa~orMM, MO~HO 3apaHee 

rrpe~CKa3aTb, RaRMMM Ka'IeCTBeHHu~m ocodeHHOCTHMM dY~T od~a~aTb reTe

pO~83HHe cerHeT03~eRTpUKU. TaR, RaKa'lMe rrapaMarHUTHhIX 3apo.n;uwefi B 

MarHeTUKax Mo~eT rrpMBeCTu/25/ R rrOHB~eHMIO IrrapOKoro MaKCUMYMa Terr~oeM
IWCTU I-m~e 'l'O'IRM KIOPM, 'ITO HadJllO~aJIOCb/26/, nanpanep, B weppUMarHUT

l-fOM Er C,. O~ • llonocnue aHOM8JIUM TeMOeMKOCTM 3KcrrepMMeHTaJIbHO ocaapy

~eHhI TaI~e U B HeKOTophIX cerHeTOaJIeKTpMKax, HarrpUMep/27/ B K:Se O~ . 
B MarHeTM1\8X HIJ:~e TO'I:K11: rrepexo.n;a Mo~eT rrOHBMTbCH .n;orrOJIHMTe~bHhIll cxa

qOK 'rerrJIOeMKOCTM, CBH3aHHI:lll C HM~Heji'r TO'IKOll HyMeaIJ;MM/6/. Iloxozae aHO

Ma~bHhIe CI\8'IIeM HadJIlOlíaJIMCb I\8K B MarHeTMKaX, HarrpMMep/28/ B Cr" Mn v xf1s, 

. Ta1C M B cerueroanexrpnxax, TaRMx, KaK GJ Mo 0lt (cM/29/) M 

80. Mo G, (CM/30/). B cerHeT03JIe1CTpM1ce (NH.,) H (S0l,):I dhIJI ocnapy

~eH/3I/ rarose aHOMa~bHhIll MaKCMMYM ,IJ;M3~eRTpM'IeCKOll rrpOHMI..\aeMOCTM HlPKe 

TO'IRM cÍla30Boro rrepexo,n:a. Y MeTaCTadMJIbHhIX MarHeTM:KOB H~e TeMTIepaTyphI 

rrepexo.n:a B03MO~HO rrOHB~eHMe Ma:KCMMYM8 HaMarHM'IeHHOCTM, HarrO~illHaromero 

cooTBeTc'fBYIClllMll MaKCMMYM , OdHapYJKeHHhIi1/32/ B MMKTOMarHeTMKe Y (FI!. xl/(.). 
AHaJIOrMlfiIhIll MaKcMMYM rrOJISIpM3amm .n;oueH, rro-BH,IJ;IDt10MY, MMeTbCH 

:vI y nexoropux MeTaCTaduJIbHhIX cerHeT08~e1cTpM1COB. Ha~M'lMe rerepopasnsx 

cPJIYK'ryauMH. B MarR8TMIC8X Mo~eT npasecra I{ CPhIBY nepexorta B'I'OpOro porta 

na rrepBhIn/23/. 3TO MO~e'l' CJIY}llliTb Od'bHCHEHMeM Toro, 'ITO BO MHOrMX rvrar

HeTMKax .n;ellCTBMTeJIbHO Had~IO~aIDTCH rrepexo,n:H rrepBoro po~a, Ko~ophIe He~L

3R orrpaB~aTb CYIlleCTBOBaHH8M crrMH-4JoHoHHoi1 CBH3M, CJIMIlIKOM cJIadofi m 
aToro, UJIM rOMocIJa3HuMM WJ~RTya~rn B paMKaX MeTo~a peHOpMrpyrrrrH 33/. 

KOH8'IHO, poxs cIJoHOHOB li cerHeT03JI8ICTpMIcaX 3Ha'lMTeJIbHO ooasue , 'IeM B 

MarHeTMKaX, O~HaKO M reTepo~a3HHe W~YKTY8I..\MM B HMX He MeHee B~H. 

KpoMe M3lJeHeHMH po~a rrepexo.n;a reT8po~a3HhIe WJIYKTY~M HBJIHIOTCH rrpaB

nononocsoã rrpM'tllmotí rrOHBJIeHI1H TaK Ha3hIBaeMoro ueurpaxsnoro naxa B )];M

HaMVI'IeCKmll cI!OPMWaItTOpe cerHeT08JIe1CTPM1\OB/3/, rcrna KaK WOHOHHhIe CTe

neun CBOÓO)];hI ne~OC'l'aTO'IHU ~JISI ero MHTeprrpeTamm/34,35/. B CJIYqa.e cer

HeT03~eKTpMKoB Qa30BhIe rrepexo~hI rrepBoro po~a MorYT dhITb BhI3BaHhI He 

TO~blCO reTepoeDa3HhIl\lli ffJJIYIC'ryaI..\MHMM MJIV! C~MaeMOCTbIO p,ellleT1u/36,37/, HO 

TaIDKe aCHMMeTplI'lliOCTbIO ~BYXMMHMMYMHhIX rrOTeImMaJIOB/38/ M TOqelfiUlrvru: 

~eepeKT.aMM/39/. HaJIM"tIM8 IC8IeMX-JIMÓO MHhIX creneneã csooons TOJKe MOJKeT 

rrpMBecTM K CPhIBY rrepexo~a BToporo po~a, aHaJIOrMqHO TOMY,KaK pe3KMM 

xoananc peIlleTKll B pe~Ic03eMe~bHHx coe,nHHeHMHX rrpOBOIJ;JIpyeTcH CKatIROOdpa3

HHM M3MeHeHMeM BaJIeHTHocTM/40743/. B pea~bHhIx BeIlleCTBax pa3JIMtIHHe yrro

MHHYTHe 3~eKTH MOryT coce~CTBOBaTb M ~a~e YCMJIMBaTb .n;pyr ~yra. Harr
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pMMep, BBe~eHV!e TIpuMeceil B aH'l'UlQepp03JIeICTpMIC C., q 1-1,2 .yn8Jil1'lMBaeT pOJlb 

nOMpl1:3aIU1oHHhlX: 1eJIaCTepOB, cocYIlleC'l'By,IOIl{J'1X C napaanercrpnxecxoã (pa30H B 
7 44/.OKpeCTHOCTM TO'llKI1 1Ja30Boro rrepexo,n:a

2. PeHOPMI1DOBaHHlifi rawlJlbTOHHaH 

.lLJIH Y'IeTa rerepoóaauux coC'lOm{Mll B CerHe'1'03JIeK'l'pMKaX KJlP - TU

rra c.nenyer , cororacno OÓlL\eM TeOPI1M/10-1 4/, nponens ycpezmenae rro .rere

P0Wa3HhIM g)~YlcTyaI..\MHM, nOCTpoHTb ~eHQPMHPOBaHmJJir raM11Jlb'rOHMaH, Ta1\ .JKe, 
1\a1\ 3TO ,I(eJIjeTCH .II.Jill MarHe'rMKoB/ 3/, I\.pMCTa~JIOB /13,,45-47/ :H csspx

rrpoBo~HMKOB 48/. B pe3YJIbTaTe raMMJIbTOHM3H cerHeTo3~eKTpMKa C 3apo~hl
lliaMM rrapa9JIeKTpI1'IeC1\ott cIJa3hI rrpMHMMaeT BM~/16-18/ 

H=Hf (±) H,~. H", =(~ ""; + r, V/,L -I W-i) N 
~ (I) 

l
J :lI:" ) ( rl ~ B li< X)-(.nwo( +n'wol. ) ~ Siri. - Wo( Ç-; 'li/ Ju Si~ + ii S,,c. ~.p( (,(~(·;9) 

L tf ~ 

B KOTOpOM . 
- 1 I (cp+++.#- cp- -.:. - cp + + - -)

1J- 't 4f -I- i ' f ~ 'd' ,
li J 

, (---- "".E == f ( E+ + E_ ) , .Q =- ~ (E- -. E+) > .D = ~ 'L CP. - <p. 
o .. . L I-J ~ ) 

+-+- r:': ---- +4++
tL =-~ cp, B" ,,:; ~ ,.. + cp, ._ cp, . 
d/i ~d' ~ ...~ "J "1 .. 

E_ M E+ - aHeprMM nporona B ~BYXIVrn:HMMYMHOll rro'reHI..\MaJIbHOIl HMe, COOT

BeTc'rBYIC!Ql1e aHTMCMMr'ileTpM'IHOMjT (E) M Cl1:MI'IleTpV!tIHOMY (f+) COCTOHHMm,r,
++++ 

E ) E+ ; <1',-; - -- - Ma TpV!tIHhIe 3JleMeHThI OT rrOTeHIJ;JIa~a B3aMMo~ellc'r 
. ~ • "J 

BHH L - ro M J - ro rrpOTOHOB no CMMMeTpMqHhIM M~l1 aHTMCM~~~eTpM~fhIM 

BOJIHOBhIM ~YHKqHHM, B 38BMCMMOCTM OT COOTBeTCTBYIDIl{MX 3HaKOB; ~ - XH

MM'lleC1rn:í1 uoremraaa. raMUJIbTOHV!aH (1) aanan na rrpOCTpaHCTBe T z: 

~® ~, rne r; OTBeqaeT rrpOCTpaHCTBY cocroanaã C uapyurennoã Z,,
CMMMeTpI1ett, TO eCTb cerHeTQ3JIeKTpMqeCK:HM COCTOHHMHM, a ~ - rrpOCT

paHCTBY 2:. - CMMMeTpMtIHhlX COCTOHHMM, TO eCTb napa3~eKTpMqeCKOfi Wa
... rlY '11\ 

3e. HCnOJlbJOBaHO Od03HaqeHMe Jiol. == r. ir/. .n:M V - fi Karl'lIIOHeHThI orre

paTopa crrMHa 1/2, cooTBeTcTBYIOIllero "i - t~ rrpOTOHY M3 ~a3hl ~ 
BeJIM1lliHhI W1 M \\12, - lCOHueHTpaIJ;MM CerHe'l'03~eKTpl1'lleClCOll M rr$pa3JIeICTpM

qec1\ofi epa3 coo'rBeTcTBeHHO. 3TM BeJlli'lliHbl Orrp8~eJIHJOTCH IvlliIlliMl1:3aUMell 

TepMO~l1:HBMl1qeCKOrO rrOTeHI..\Ma~a 

~ = - fn -rr e~p (- (ún ( f.:>@ ;;; 1) (2) 
rrpM YCJIOBMM HOpMl1:pOBleM 

(3)W,+ w~ =1. > o!::. WJ. 6 1. • 
TaKI1M Qdpa30M, O~Ha TI3 BeJIn'lliH w~ nrpaeT pOJIb ~ono~HMTe~bHoro napa
MeTpa rrop.fI~Ka/5,49/ 

3 



.. 

)J,;rrR: OObI'lHbIX. CerH8T08JIeKTpl'IIW/20/ cnpaaeztnxaa HepaBeBCTBa .Q'« 
«..Q. ,B« n , rr08TOI'v1Y rarvrnJI:bTOHHaH (1) MOiKHO ynpocrars, no.naraa 

B HeM 3 

'" U~ _)_ ~~ ~I;;~_ 
HJ ::: N ( ""5" w.,( +Eo \-Iel )A V!rI. 'II,J.?: Jii Ui". ~.tf.. 

'X. LJ 4 (4)
- -º- 'W,,- r S.<I

L 
Y'lT8M TaKiKe, 'lTO cerHeT08JIeKTpl'IKI'I c BO~OpO~HbIMH CBR:sHMI'I xapaKTepMSY-

IDTCR: ~aJI:bHo~eficTBy~qnMM Cl'IJIaMH, rr03TOMY rrpn6JIKiKeHMe cpe~Hero rroJIR XO

P0!il0 onacssaer TaRl'Ie BeU\eCTBa. B 9TOM rrpl'IOJI1'IiKeHl'Il'I rarJIl-!JI:bTOH1'IaH (4) npa

H1'IMaeT B~ ':l

H = f w} (:J TJ + f6',t. ) + tt, -I) 'v/o/. N - ( 5) 
ot 

.	 ~ ~~ ~~ 

~ (1 W,l ~ v ~'- +.D. 'Wo/. oi~ ) ~ 
B KOTOpOM ~Lo 

l==!JL!J...rz-: == !.. L < s'J. / ,. iJ d (,<1 
( 6) 

IJo< - N L (, -' 

Cpe~Hl'Ii1 ncennocrran <3"",,( nrpaer pOJI:b rrapaMeTpa rrOpR:~Ka.~ cerH8ToaneK

TpZqeCRoi:\: <íJasH OH OTJIll'leH OT HYJIR, a ,n;JIR: rrapa8JIeRTpl'I'leCKOfi TOjK

~8CTBeHHO paBeH HYJIID: 

U1f-O, ~=o. (7) 
TepMO.IU1HaMI'I'leCIllif1 noremniax (2) B rrpllOJIRiKeHllll cpe~Hero rrOM pa-

BeH ~ :l 

U = ti + v , li == ~ (~V +J ~ ) + 13 IVo( ( Eo-p) 
a <11	 <1<1.. o« 't f / (8) 

_~{~cJ,[t-;al(t:l<>;~w.,(a+.0:l)11:l]1. 
B ~aJI:bHelimeM ~ y~o6cTBa óy,n;eM llcrrOJI:bSOBaT:b OOOSHa'leHllR: 

c- u_ v w_D... T:::~ 
~ -= G1 , VI :: ""1' = T) = ~, - 1 

PaCCMarpMBaeMaR: Cl'ICT8Ma xapaKTepllsyeTCR: ,n;BYMH HeSaBllCl'IMHMil rrapaMeTpa-

Mil nopanxa <õ l'I "" , xoropue sa,lJ;mOTCR: ypaBHeH1'IR:MI'I 

JL: D ~ =0 (',11.0). 
g~ ''0\11 

llepBoe	 l'IS 8Tl'IX ypaBHeH1'IH ,n;aeT
 
w'H Vi.J w~õ5+ w J _ V'-w-~-õ-J.-+-w-;l-"7 = o , ( 9)
 j 

~T 

a nropoe [ JI w(t-w) ] .;I.
 
(4u-õ~) w;l.+ 'W WTh ~ - ~ IA. - W = o. (lo")
 

3. OCHoBHoe COCTOJ1HRG 

llPH HYJIeBOfi TeMIIepaType HS ypaBHeRRfl (9) CJIe~eT 

.·tõ:J.=f- w~(4u-1):J. 
(lI) 

(:JU- w)2 

4 

a (IO) rrpllBO,IU1T K paBeHcTBY 
_ fJ.u - w (12) 

w - 4« - i . 

.IJ.ru:r Bl:lrrOJIHeH1'IR: YCJIOBM.fI O ~ 'W ~ I ,n;OJIiKHO 6hITb cnpanenmtnuv O.n;HO 11S ne

paBeHcTB, JIllOO 

u ~ ~tlp {t, ~ J 1-~""1 .	 (13) 

JrnOO 
'f[1. ~ 'i-w 1 

t). ~ Ln 14 ~ :). , --lll.-.s .	 (14) 

B CBOID O'lepe~:b, rrapaM8Tp rrop~Ka, (6) TaKiKe OrpaHM'leH: O 6 ~"~I. 

IT03TOMY llMeIDTCR: ,n;orrOJIHl'ITeJI:bHbI8 HepaBeHcTBa, llJIH 
(15)w~t)u~t, 

HJill 
1	 L { 

W ? J: ' lA - ii". •	 (16) 

KOMÓl'IHl'IPYR: (I3)-(I6), SaKJiIO'laeM, 'lTO cvemannoe COC'l'omUf8' npz T = O 
MO.iKeT CYllleCTBOBaT:b npa BhIrrOJIHeHlll'I onnoro :vIS YCJIOBl'Iti, JIllÓO 

w 1
U c ~ , w > -; ~	 (17) 

JIl'Ido 
1- w <: (

u > -~- , cu -;r	 (18) 

3~ec:b OCTaBJIeHbl ~OJI:bRO 3HaIDJ: HepaBeHCTBa, '!'aR KaI< npz W ::: 1/2 CRTY

auHR: TpliBllaJIHsyeTCR:: 

W c s: () - o (LV:: 1.. ) C L U. L ~) .	 (19) 
- c;l'	 - ~ 

YCJlOBIDI (17) H (18) JIHIIffi neooxomeeze "yCJIOBWI "yCTOíflMBoCTH•. .llJm B!1

R:BJIeRllR: ~OCTaT01J:HHX YCJIOBllM Ha)~O cpasiorn, npn T -+ O ·TepMo.n;IlHal"llli1J:eC

IDJ:8 rrOTeHUllaJIH cMernaHHofi Cl'ICTeMU II 'lllCTOrO cerHeT08JIeRTpllKa c w ~I. 

B rrepBoM cJIY'lae MS (8) HaXO~M 
(~'1-W/ 

11 ~ :T [B (li- w) + " ( Eo -fi) ."'ti -1 
] . 

~R: 'll'ICTofi CMcT8Mbl ( w= I) llMeeM 

:fo~t-[tJ.U+4(Eo;v)-f~W:J.]. 

CpamidaR: 8'l'H BllpaJKeHIDI, B~1'IM, ''lTO 
1-W )

~ <. Jf o (u ';. -t;l- ,	 (20 ) 

TO eCT:b TOJI:bKO YCJIOBllH (18) OTBe'laIDT a6COJIIDTHO YCTOM'lllBOMY COCTOR:

HHID npn T = O. 
4. KpHTH'l8CKOe nOB8,n;8HR8 

KpMTll'leCKaR: TOlIKa onpenenaerca paBeHCTBaMil () = O, W ::: 1/2, 
T = Te • Ms ypaBHeHHfi (9) II (10) .n;JIR: RpllTl'I'leCROM TeMIIepaTyphI rrOJIY'laeM 
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c..:> (2I)T = 
c 4 aJz.tl-. :J.w 

3Ta TeMITepaTypa MeHI:.llle, 'ieM rreMnepaTypa nepexozta B 'tfi1CTOM cerHeT08JIeK

TpHKe lia ' ~TO CJIe.uyeT MS CpaBHeHHH YKaSaHHHX TeMIIepaTYp: 

alltJ, w - "- wT= -/ 1=
c ~ a'LH,:Jw o ~ c ~ a'di. w 

KpllTll~eclcaH TeMrrepaTypa (21) MMeeT CMhICJI JIIDIlI:. npn Ct.? L 1/2. E:c.JllI w ~ 

1/2, TO Te. -- O. 
reTepowaSHHe ~KTyaUllu B cerHeT08JIeKTpUKe MorYT rrpUBeCTU K CpH

BY rrepexo,n:a BToporo po,n:a Ha rrepBH.ti:. CMeHa po,n:a rrepexo,n:a ocymeCTBJIReT

CH Ha TpllKpllTli~eCKOH JIllHlili, orrpe,UeJIHeMOM COOTHOllleHHeM: 

:1 ( s~ Te. . 1- q w 2 - ~"Te. )
tJ. =-	 w + . 

é 8Tc - f+- 4 w 2 8Te. . (22) 

Ilpn MaJIoi1 ~aCTOTe TYHHeJIHpOBaHID! <...U a: I MOJKHO ynpccrm-s BblpaJKeHHR, 

rrOJII:.SYRCI:. paSJIOJK8m-IeM 
O J( 3 (x <<. f) . artl, 'Y- == 4- [h i+ X ~ 'X + 

~ 1-1 3 

Tor,n:a ~ KpHTM~eCKOH T8MITepaTypbl (21) UM8eM 
J 

- rv ( w (~-8-T w<L.(). (23) 

A ~R TpllKpMTH~eCKOR JIllHHH M3 (22) Haxo,n:MM 

u.i: ~ ; - tí (() ;;l. (w <L.. f) . (24) 
KpMTM~eCKoe li TpMKpMTM~8CKoe rrOBe,n:eHMe TepMO~HaMM~eClrnx BeJIH

~H CYll\8CTBeHHO pa3JIn~HO. Hanpmsep, npn L = (T - Te ) / Te. .~ - O 

napauerp rrOpHJJ;Ka l1í,iee'l' aCIU.mTo'rMKY 
f/ f). 

(-T) , fÁ#- U t ,
 
6"'
 r-.J	 

(25)
{ (-T //q, (1 = l(t: 

KpMTM~eCKMH llH,UeIW O'l'JIH~ae'l'CR 01' TpYmpllTU~eCI{QrO. 

MO.lKHO BBeC'l'M HOBblM KpllTll~8CKIcr:t1: llH,IJ;eI\.C t:. , XapaKTepM3YIOII~,üi 

aCllMI1TOTH~eCKOe rrpu T ~ Te rrOBe,UeHlle cPa30Boi1 BepORTHOCTll 

VI ~	 L + 11 ( _ L) é. ( 26). 
~ /1 w 

O~eBH,n:HO, 

E... = lm fn Yw' / ~ ITI.	 (27) 
"'l-tO 

Ananaaapya ypanuenan (9) 11 (IO), y6eJK,UaeMCR, ~TO na TPUKpllTI1~ecKoi1 

~HHll (22) MH,IJ;eKq (27) To~e MeRffeTCR CKa~KOM: 

6 

i.f '	 ut:llt, (28)E.. = 
1/'J. , U -:: Ui: ' 

KpnTll~eClwe noaenenae B8pOHTHOCTll (26) rrpx E. = I cornacye'rca C 8KC
rrepHMeHTOM MepHHra II CYBeJIaKa /44/. 

Heoóxo~MhIe YCJIOBllH CTaÓllJII:.HOCTll reTepowa3Horo cerHeT08JIeKTpll
Ka B KpUTu~ecKoi1 TO~Ke MOJKHO HafiTH, rrOTpeÓOBaB rrQHOEnTanLHOCTU BTO

pofi rrpOll8Bo,n:Hoíi: :I( i1 

( 
~ ) = 4tt Te - u) .~ - "w ) (T:;:Tc.) . 
~W1 ~=o ~!c 

Orcnna rrOJry~aeM 

úJ1 (1- 4 w;l.) 
U > 4T (;:~Lo >0 (29) 

Co 

B ~aCTHOCTll, rrpll MaJIot1: "tIaCTOTe TYHHeJIHpOBaHI1H 
u '7 ~ W :l (ccJ <..< -( ) • (30) 

5-. CJIaóoe TYHHeJIHpOBaHlle . 

B CerHeT08JIeKTpllRe cymecTByeT Wa80BHM rrepexo,n: rrpll RpllTll~eCKOfi 

TeMITepaType (21), ec~ TOJII:.KO CU ~ 1/2. To eCTI:. ~acTOTa TYHHeJIHpO

BaHHR ,nOCTaTO~HO MaJIa. IIpYl tJ <'L. I .paCCMOTpeHHe ynpoiuaerca , a Ka~eCT

BeHHble pe3YJII:.TaTH He Me~cH~ ~ óOJIee ~eTKoro BHffBJleHllR Ka~eCTBeH
HbIX ocoõeunocreã npoaaazaaapyea rrpe,n:eJII:.HYIO CYlTyaIJ,llIO W -- (1. Torna (9) 
II (10) ,naIOT 

i h w:lõ VI-~ (3I) 
Õ =- ~T' - f(u.-cr 2 

CllCTeMa CTaÓllJII:.Ha, eCJIll rrOJIOXHT8JII:.HbI BeJIll~lHH 

~~ 1/ ~ [ :l. ~ T + 3 wa(1- f) Q) 1'> O 
~ -~ 4u - õ	 ,
'Ow:l - ~T aT -w:z (1- 0-'-) 

• (32) 

c, = W~():l(1-(J.:l)LL ft.-' 10.
 
~T[~uT-w:l(.,-õ.:l) (lA. + ~wõ
 

~H T = O 3TH YCJIOBHH rrOKa8UBàIOT, ~TO rrpu u ~ O CllcTeMa c reTepO~8
HhIMM @IyI{TyaIJ;lliIMI1 Me TaCTaÓllJIbHa, a npz U) 1/2 CTaÓllJIbHa. 

IIpu T ~ O ,n:JIR rrapaMeTpa rrop~Ka, cerHeT08JIeKTpll~ecKoM BepOHT-

HOCTM U TeITJIOeMKOCTM HaXO,UHM aCllMTITOTMI~ 

IN :2 
Õ z: (-:J. el"lc.p ( - -=F- ) , (33) 

g,1.{

w~wo[(- ~~p(-~}J (Wo =- ) ~ (34)"li -1 
-It .2 

Cv ~ \lI-;-~ etxp (_ ~ ) . (35) 
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'I 

QTÓOp pememrH ypasaenaa (42) , cooTBeTcTBYIOO~nx cerHeT03~eI{Tpn'ieCRoí1:B c~y~ae o ~ u f 1/2 reTepo~asHHx ~~KTyaullH B CllCTeMe HeT rrpll 
II napaanexrpasecnoã ~a3aM, ocy,!LIeCTBJmeTCH c rrOlV/OIJ~bIO Me'l'o,na soccraTeMIIepa'l'ypax HIDKe resmeparypa HYI\JIeamm 
HOBJIeHMR HapyrneHHoí1: cIDWileTpllll/12< coroiacuo !{OTOPOMY )~OJDKHhI BhIrrO~HHTbT = nU' 
CH c~e.nyRllime rrpe,ne~bHhIe YC~OBllR:n ~ AAth riU	 (36) 

Ms (36) Bll,n;HO, ~TO T - o npn U -+ 1/2 II ~TO T", - 1/2 rrpn ic ...... O. tÚYl Gf 1=0 J em 6"",. == o .	 
(43)n	 1....,.0 h..-,o

C~~aH u ~ o cooTBeTcTByeT ~CTOMY cerHeTo3~eRTpllKY (óes re~epoWas BepORTHOCTb cerueroanexrpauecxoâ cfJa3I:I rrpllHl1Mae'l' Bn,n;
H~X ~KTya~ll) c OÓH~OM KpllTll~ecKoH TeMITepaTypofi To =1/2.	 111 

f
 
tJll-fii~ +~h (6j-U;)


RpllTll~eclwe noneneaae CllCTervThI onpezrenaerca pa3~O.1KeHMeM TepMO,IJ;11:	 W =: 
fU -6t~ - G'ij.	 (44)

HaMll~eCKllX BeJIH~H rro CTerreIDIM T == (T - Te) I Te ,r,n;e Te = 1/8. 
3TO ,naeT c~e.nyroll~e BHp~eHllH ~H rrapaMeTpa rrOpH,n:Ka:	 TaR KaK ~ orpaHll~eHO, TO l1S (44) Bll,n;HO, 'iTO rrpl1 YBe~~eHlln BHem

Hero rrOJIJI BOSHllKaeT CllTyaullH, Kor,n;a~) '/D. - 'I'). 3 
,..., ~3~ (-L) .v r t .	 VI =1 (h =h,,) . (45) 

~ -	 3 (37) 
1. '1(~ (-L) 11" , a ~ J:" :I	 C~e,n;oBaTe~bHo, BHeillHee 3~eKTpll~ecKoe rro~e rro,naBllHeT "reTepo~asHhIe 3af po,nRillltI, KOTopHe	 ,n;OCTHrHeTHC~eSaIDT,RaK TO~DKO rro~e Be~~llHH
 

cerHeT03~eRTpll~eCKOH BepOHTHOCTll
 
"~ 3(-tj 3 

[
~+ LI:/;-	 h ~ !JU- 6";, > ~n -= tI, .u_ (46),? q(~U-3)' ~, 

w~ (38) " ~6;. T~
 
1.. -- .11J. _ .l..
 
~ + O • :IH (-L) ) U - f}.	 Hanpnaep, npn 1~~eBOM renneparvpe 

II TeillOeMKOCTll	 h" == L< - "i 
~ 

( T = o) . 
. (47) 

~ U* l 7 Ilpz h""7~"	 napaanexrpaaecxae saponauor B cerHeT03~eKTpHKe OTCYTCTBYIOT •C == :2 u -3' .2 (39) 
V	 -f.~f O.-iZ33 (-L) u:== t	 :P:~~"';') Bo:rr~~(~c)Tb p =:. T:!1... w eJ.1 ~	 

- = 
'õh (48)q,iasoB~H rrepexort HBJIJIeTCH nepexonou nroporo pena npa U '- O ll~ll u'> 3/2. -''3h· h=O 'O hJ. "=0
 

Ilpn O L L.t L 3/2 B cxcreue npcacxonnr nepexon nepnoro pena, II pasxo H OCHOBHOM COCTORHllJl:
 
.1KeHRH (37)-(39) TepHillT C~C~. CMel~ po,n;a rrepexo,n;a HeTpy,nHO rrpoc~e ~ (1- f). u)
 

*(

( T= o ) .
 ,IJ;11Tb, llcrrO~bSYH ~aS~O.1KeHlle EaH,nay ,n;~ TepMO~HaIlm~eCKoro rrOTeHqlla~a. ;]e =	 (49)'tti - "1
 

B c~~ae waSOBoro rrepexo,n;a rrepBoro po,n;a BbIDle TO~tll rrepexo,n;a llMeeTCH
 YCJIOBIDI YCTOiftmBoCTll, llcc~e~OBaHHHe B rryHKTe 3, rroKasHBaIOT,'iTO rrpll
MeTaCTaÓRnbHOe COCTOHHlle ~o TeMITepaTypH CIIllHo,n;a~bHoro pacrra,na T = O sapo,IJ;Hillll cymecTByroT, ec~ u ~ 1/2. ITpll 3TOM BOCrrpllllMNJiBOCTb

Ti! = Lt IA + 3 Gg a) ( 1- GS :J) , \ri!:: w (Ts ) J ~ == Gl'7Sl< 40) (49) oTpll~a~eJIbHa. 8TO 03Ha~aeT, ~TO npll Ha~o~eHllll 8~eKTpn~ecKoro rro
JIJI aaponana npespauaiorca B ioracrepa c noaapaaanaeã, ocparaoã oc6.	 BHelllHee nOJIS
 
HOBROM rrOMpllSaQMll cerHeTo3~eKTpllKa.


ECJIH cerHeTo3~eKTpllK Haxo,nllTCR BO BHelllHeM 3~eKTpll~eclwM noae , BÓJIHSH KpllTll~ecKofi TO~Kll
TO BMeCTO raMv!A:bTOHllaHa (4) nano oparr, 

"'.... rv "''- . S ~ H,l (Eer.r.t ) =Hol - T L;. ic/. E€lX.t , (41)	 f) U ~) -1 3 
Lo de!:::::. ~ (- L ;l u".:f. ""i ,
 

r,ne cllliTaeTCH, ~TO rro~e Ftt;d HarrpaBJIeHO B,n;O~ OCll E • I1cc~e.nyeM 3TY [ 
(50)
 

o. õ,. o (-T) -f - .l-JJ 
, Vi - ~ 

cllTya~ID, ~ rrpOCTOTH rro~araR úJ - O.
 
"B K3~eCTBe rrapaMeTpa rrop~Ka Tenepb KMeeM
 't 

Ilepexon sroporo pozta cooTBeTCTByeT U '>3/2, noarony BÓJIHSll Te nocnpa
G"": :: ih w}6;+~ w.J ( h= E~f ) . (42) Jl:~BOCTD Bcer,n;a rrO~O.1KllTe~bHa. KpllTll~eClarH l1ImeRC B TpllKpllTR~eCKOH 

ri.. ~T l~
J	 TOlffie Ut; = 3/2 ne MeIDreTCH. 
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7. 3apO~9laI01!!eecíI c8rH8ToM8KTpM1l8CTBO 

B rrapaMeRTplftIeCRo:tl epa3e (T ') TJ napaaerp IIO.PSf.,1Uta paaen HY-
JlIO. To ecrr, B cpenneu CMCTeMa ne rrOJIJII)M30BaHa. TeM He MeHee B HeM 

MoryT cymecTBoBaTb KnaCTepU c xaoTMlleCKMM HàrrpaBJIeHHeM rrOJIHPM3aqllM. 

Pa3Mepu TaKMX IwaCTepoB B rrpMÓJIJUKeHMM cpe,n:Hero rrOJIH OneHHTb HeB03MO~
HO, HO }IX cymecrnonairae Y"t1MTbIBaeTCH ÓJIaro,n:apH TOMY, llTO TepMO,IUlHm.rm:

lleCKMH rrOTeHnMaJI (8) ,n:82{e rrpH ~ = O HBJIHeTCH ~YHKUMell 0a00Boi1: Bepo-
JI'rHOCTM W : 

~ ) J o [ J WW h(f-IN) w]u (w) =.!.. [u (w{)-w + i t Eo -f - Dn 'reh rr c ~T • 
~ T. 

~I3 YCJIOBMH aKCTpeMaJIbHOCTH 'él f1 (w) / Jw =o CJIe.n:yeT 

= J. W[lI 'v/W tIl 't-"')W]
W ,9. + ~ Ch ~T caT > 

OlleBM,n:HhIJv'l pemeunex xoroporo CJIy.llillT VI =1/2. ITPM 

llaeM /) ( I W )Y(t )': -!r (lf;- + E -I ) - :l r.n ~ cn ~T .o 

Terna, KaK B cny-rae "t1Mc'roro rrapaaJI8KTpMI{8 ( w == O), l\11I 

· á' (O) ::*(f + ED- jt) - eh (" cJ, ~) = (f (1) . 

ECJIH pa3HOCTb cJ, (w /~T) 

ll~=g(O)-~(-f) '= ,,;. - t c..h:J.(lu!4T) 

(51) 
ypasaemrs 

(52) 

aTOM M3 (51) nozy-

MMeJIM ÓU 

(53) 

rrOJIO.llillTeJIbHa, TO aTO 03HallaeT, llTO COCTOHHMe c r (1/2) óOJIee TepMo


,n:MHaMMllecRM Buro,n:HO, lleM COCToHHMe c y(O). IToaTOMY, XOTR cpe,n:HHH rro

AAp:H3anHH 11 panna HYJIIO, OTJII1"t1Me W OT HYAA. CBl1,I(eTeJIbCTByeT, llTO
 
B C11CTeMe Mo*eT cy~ecTBoBaTb RBa3l1,I(aJIbKHM n0PH.n:oK, cooTBeTcTBYromnM
 

:e03HMKHOBeKHIO KJIaCTepOB co cJIyllatí:Ho:tí: no HarrpaBJIeHMIO rrOJIJIp113anReft·.
 

8KB11BaíeHTHoe HBJIeHI1e B MarHeTHKax Ha3uBaeTc~ 3apo,n:HllieBHM ~eppoMar~e

TM3MOM 50/. B ,n:aHHOM CJIYllae aTO HBJIeHHe MO*HO Ha3BaTb 3apO,n:HllieB~1
 
cerHeTÕaJIeKTpMlleCTBOM.
 

Bapomnaeaoe cerHeT08JIeK'rpMlleCTEO CYlIlE;cTBye~' B JlIHTepBaJIe TeMIIe
paTYP OT Te no sepxneã TeMrrepa'l'YPH HYlweanRM 
BeHcTBOM tJ.)f =O, OTKy,n:a 

-'. t</1 
I" = ~ ch (w / tJv: I ) - ~ en clJ (w /4T" I ) 

~H Toro llTOÓU rrpOBepMTb, rrpM KaKMX YCJIOBMHX 

T~ ,0rrpe,n:eJIHeMoi1: pa

• ( 54) 
ypaBHeHI1e (54) MMeeT pe

nretraa, paccacrpaa JJ;Be KpaftIDI8 C11TYarurn, xo rna w /0.' «1 .H xoruta 

w / "In I >> 1 • B rrepnox czyxae .n:JIH pa3HOCT11 (53) ?rrpaBe,1J,.7IHBo 

paanoxenae ~) (W )
Âll ~ .L (u 4- !:Y..- - «1 

<1 4T :J.T T ' 
TIpMHMMaH BO BH~~aHMe YCJIOB11e YCTOM~BOCTR reTepowa3Horo COCTO

HHM (30), ·BH,1J;HM, llTO npa MaJIoi1: llaCTOTe TYHHe.JllipOBaHHH A~ >.0 npa 

BCeXTeMIIepaTypax Burne KpMTM~ecKoM, ,n:PyrHMH CJIOBaMH,·~/~oa • B rrpo
TMBOrrOJIO*HOM cJIyllae 
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I
 

\ 

i 

~ ~ ~ - eh 1L ( ~ »i) .t: 

CJIe,n:oBaTeJIbHO, .n:JIH B~pxHeM. Te~IepaTYPH HYItneau1:l:ll rroJIyllaeM 

T' ~ _L<~ ::. o. 36'( U ( w, » 1) . 
n 4 1l.1 ~ -r,; (55) 

B To'me~' 3apoJJ;HllieBoe cerHeTOaJIeKTpll~ecTBo MClle3aeT. TIpM TeMITepa

TYP'ax OT Te ,n;o T ~ BepOH'rHOCTb W =. 1/2, rax xe, KaI{ 1:1: B paoore Ky
Ka73/ . 

8. POJIb pa3M8pHOCTR 

B rrpMÓJIIDKeIDiM cpenaero no.na nce pe3YJIT,TaTbI , Kaf{ M3BeCTHO, ne 
3aBHCHT OT pa3MepHOCTH rrpOCTpaHCTBa. ~ aHaAYI3a pOJIM pa3MepHOCTM Ha

no OóMeHHbrn: MHTerpaJI !:I- •. B raMMJIbTOrrnaHe (4) C"t1MTaTb ÓJIH3Ko,n;ei1:cTBY
d I.d 

IOOJ:HM. PaCCMOTpMM, narrpmrep, ,n:BYMepHYIO CM.CTervry ua xnanparaoâ pemarxe 
G B3aHMo,n:eMCTBMeM TOJI1KO ÓJIH}KaMmMX coce,n:eli. Tor,n:a B CJIyllae eu~ O 3a

,n:alla pernaeTCH TO"tlHO. YrrOpH.n:OlleHHOMY COCTOHHMIO OTBellaeT MaKCMMaJIbHOe 

COÓCTBeHHoe 3Ha'lJ:eHI1e rpancóep-aaTplll'...IJ;Jl, a pa3ynoPMo'lJ:8HHOMY - MillUIMaJIb

Hoe.B aToM CI1TYffiU1M "tlllCJIeHHOe perneHHe rrOKa3HBaeT, llTO reTepo~a3Hoe 

COCTOHHHe Mo~eT cymecTBoBaTb JIllllib KaK M8TaCTaÓHJIbHOe B OKpecTHocTH 

KpMTMllecKoi1: 'ro"tlKH npn Li ~ 1/2. IIpM y,n:aJIeHIllI OT -ç TerrJIOeMKOCTb 

CTaHOBMTCH OTpMnaTeJIbHoi1: , llTO cBl1,I(e'reJIbCTByeT o HeycTolltrn:BocTM CMC

Ter/lll. CooTBeTcTBYIOmee noseneaae TeIIJIOeMIWCTH rrOKa3aHO na PHCYHI\8, rne 
u. ==, 1] / 41ii npmnraae r 3HalleHMH u·= 1/2 (KpMBaH I), ti ~ 3/2 ('I{pHBaH 

2), IA. = 3 (KIlMBaH 3). 

Cv 

o Te 

rª~~ TerrJIOeM1{OCT1 MeTaCTa
ÓMJIbHOM ,IJ;BYMepHoM CMCTeMH c 

B3aHMoJJ;eí1:cTBMeM ÓJIMiKaMnU1X co

ce,n:e:t1 KaK ~YHlcr~M TeMIIepaTY

pu. 

2Te T 

OÓil~M BUBO,n: rrp11Be,n:eHHoro aHaJIM3a cfle.n:yIOillHM. reTepo~a3Hoe COCTO

HHMe CTaHOBHTCH MeHee YCTOll"t1MBHM rrpM rrOHM*eHMH pa3MepHocTM rrpocTpaH

CTBa M oJJ;HoBpeMeHHoM YMeHbrneHMM pa,n:Myca B3aMMo~ei1:cTBHR. 

11 



,o 

9. Rmmmle .ueg?eKToB 

44/B axcnepaveurax MepI1Hra H CYBeJIaRa/ OWlO Bl:1HCHeHO , 'lTO YBe

JIHtleHHe KoH:ueH'l'paI~H.l1 .n;eifJeRToB B cerHeT08JIeKTpíme YCJ1:JIHBaeT reTepoWa3

mie qlJIYlcTyarum. 81'0'1' Q1aICT HaXO)1;I1T npocroe 06'bRCHeHHe B paccearpnaae
MOH Mo.n;eJIH. , 

IIYCTb .n;eWeRTHocTb cerueroanexrpaxa COCTOHT B TOM, 'lTO ae sce 

Y3JIl:1 perneTKM 39HRTH COOTBeTCTBYIDU~MH aTOMa~m. TaRYID CHTyauMID MO~H0 OITH

carz, c rrOMO~bID nepeaennoã 'L L =1 O; I. raMMJIbTOHHaH r'e'repcóaaaor-o oer

HeT08JIeRTpHRa c ~e~eKTa~lli rrpHHHMaeT BM.n; 

H=Hf Ef) H:l , (56 ) 

'"" .:l,\ r z ~SrY-l-L ':::-W", L 1.. S;rJ. ~Oi ~. "l. -.D. \101,1. L l~ 1L( .... Li Ld ~ a .. l. d i 
~ 

- 'Wp. ~ S'~ E '11 + !:!!L r U. tl. ~. + VIr). (E0- ,tf) L:" ~. •o o 

ri L 'ri- erLt l I. t).. . ~J ~ J (. l. 
o ~ Ld <l L 

.llJrH pa3.n;eJIeHHH nepeaeunsx , OTHOCH1I{l1XCR R rtcennocmmaa H .n;et%JeK'raM, 

BOCrrOJIb3yeMCH BapMaI..U10HHbIM npaananon I'aõoca-Borcomõcaa. BBe.n;eM raM11JIb

TOH113H 

H :: (f) Hr). ($) + H(lt) (57)J 
o <L 

• .;1. 'V Z 1. "" \'" x '" w.I. ~ 

H (s) ::: - woI 1: J.. SI",/. ~0.l - .o. v/o( ~ J;vt: - ET '5;. Siot: 
do. LJ L l.iJ 

H(~) := - 2: <p o 'h rz -I-~ ~. .o oii L.d <. ~ J ,.., ~ l.o 

)l.nH JIlOOl:1X ,n:BYX raMlIJIb'l'OHHaHOB H H Ho cnpaneunanu HepaBeHCTBa 

ti + 1.- <. H- Hc '> ~ li ~ U + t- ~ H- Ho)o;> (58)OG N d ifo N 

r.n;e 
/lo =- ~ In h e'XJ? (-(3H o) . 

8qxpeRTHBHI:le ROHCTaHT.bl, BXOMLUHe B rrpOOHl:1~ raJVrnJIbTOHYl:8H (57), HélXO)J,JIT

CH 1I3 YCJIOBI1R 8RcTpeMYMa BeJIll1lliH.bl 

j=:Jo + ~ <H- «;»; (59) 

OTHOCHTeJIbHO ROppe.JUm1WHHhlJC tPYHIam:t1: 

d'i li li-= -- =: o , J7 i i tr <Si: '>0< Sl.i,( ~'o/. >0 lf< Sl.~ >0 

. (j Jlj 
(60);p

:::. o .
= 
?<l(.'tl:>o 07< 'i>. 

I., d 
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YCJIOBMR (60) ~8roT 

i.:: lo -: 1l~ n>. J n::: SL <1[;'>0 ) E=Eh t < 17.;'">0 ,) 
(,d l'<f J
 

, ~t i . {'U)
cp - L (1.. < o. Sl~ >0 - i i/
~o~-oL 

W 
p.. ~d l. .... d a' 

_ ( s x E~-r:t.s 'Z )! z: )i - E + ~ Wr/.. S2 < i;.""o + T < i.oi. '>0 .o 

XMMH'l8CRHH rrOTem~lIaJI;U orrpe,n8JIHeTCH KaK ~YHKUlIH TepMo,nHHaMH'leCRllX 

napanerpoa rrpH tPHRCHpOBaHl1H cpenneü ROH~eHTpaUl1lI neq)8KTOB C -= 1- <'ll(>. 
M3.rrOJq~eHHUX·BI:lpa~eHI1H BM.n;HO, 'lTO HaJIM'!I1e B CerHeTOSJIeRTpHKe ne~eK

TOB rrplIBO,n:I1T R rrepeHOpMHpOBRe raMlIJIbTOHlIaHa, rrOXOiK8M H8 TY JOTopaH
í~MeeT MeCTO rrpH ycpe~HeHlII1 rro reTepoqa3HHM ~YRTyaL~H1J/I3, 4 • IT08TO

MY eCTeCTBeHHO, qTO rrOCJIe,nHlIe YCH~BaIDTcH OJIaro,napH rrpMcYTcTBMID ne

<fleKToB. 

10. ITpo'!I1e CBoRcTBa 

KBa3H.TI:lIHaMlllca Mo.n;eJII1 MOJKeT ObITl> lICCJIe.n;OBaHa C rrOMO~bIO MeTo.n;a 

MOHTe-KapJIo. TaRoe I1CCJIe.n;OBaHlIe ObIJIO rrpoBe.n;eHo .n;JIR Mo.n;eJIlI C B3alIMO~ 

~eMCTBl1eM J~i ='J!N 11 npa paaza-max H3~aJII>HbIX YCJIOBHRX napaaerpa no

parnca Õ (O). BBOM <fJ0PMaJIbHO BMeCTO ,n:HcKpeTHhIx mares nponsnypu iAoH

Te-KapJIO uenpepannoe BpeIvlH, 3aBHClIMOCTI> 01' nero napaaerpa nopamca 11'f();K,

110 nlmpORCMMllpOB8Tb 3aI\OHOM -d'" t 
(J(t) =S-(o) e-h'-t- + ~ (1- e ), 

B KOTOpOM ~€t - pannoaecnoe 3HaqeH1I8 napanerpa nopanxa , r - ROH

CTaHTa peJIaRca:UI1M, ~HCJIeHHOe SHa'leHIIe !\OTOPOM orrpe.n;eJIReTCH rrapaMeTpa

Mll raMMJIbTOHl1aHa. 

Kor~8 ClICTeMa npencrasaaer CoOoY. reTepOlDa3HYIO CMeCI> , ee 

KMHeTlI'leCKlle xapaRTepI1CTI1RlI HBJIRIDTCH JIlIHefiHOM KOMÓMHa~l1ell BeJIH'!11H, 

COOTBeTCTBYromHX paSH.blM wasaM, paSYMeeTCH, c yqeTOM rrepeHopMMpOBKll. 

HarrplIMep, Kos<flt%JlIUHeHT ~~Y31II1 lIMeeT Bl1.n; 

D = wi Di (W,) + 'W:l "D:l, (w.d . 

AHaJIOrlI'lHUM oopa30M Bhlp8~eTCH .n;lIHaMll~eclli1í1 wop~aKTOp, a COOTB8TCT

BeHHO, li cexenae pacceanna HettTpoHOB reTeporna3HbIM cerHeT08JI8KTplIROM. 

ABTOPY rrpl1HTHO nodnaronaparr, aa none auue oÓCY'J.c,n:eHI1H li COBeT.bl 

H.M.IT.naRRltY 11 A.C.lllYMoBCRoro, a sa MaJ.JllIHHhle BbI'lliCJIeHI1H E.K.EaJ.JllmpOBa, 

B.II.rep.n;Ta 11 B.E.:KHCJIHHCRoro. 

13 



.JIHTEPATYPA 

1. Bruce A.D., Cowley R.A. structural PhaBe TranaitionB. Taylor and 
FranciB, London, 1981. 

2.	 AI\C8HOB B.Jl., TIJIaKvIJ~a H.M., CTaMeHIWBJI"tJ: C. Pacceanae HeMTpOIJOB cer
H8'i'08JIeKTpHlw.Mll. 3Hepr08TOhIH3,n;8T, MOCKBa , 1984. 

3.	 Cook H.E.-PhYB'. Rev , , 1977, B15, p.1417. 
4.	 Frenkel J. Kinetic Theory Df Liquida. Clarendon, Oxford , 1946. 
5.	 !O:KaJIOB B.H. B m-r.: l1POdJIeMbI CT8TMCTR1IeCKOH MeXaIlliKl1. OJ1í1M ,U17

11490, ,UydHa, 1978, c.43'7. 
6.	 Shumovaky A.S., Yukalov V.I.-Chem. PhYB. Lett., 1985, 111, p.617. 
1.	 Rigamonti A., Brookeman J.-Phys. Rev., 1980, B21, p.2681. 
8.	 BrOokeman J., Rigamonti A.-Phys.Rev., 1981, B24, p.4925. 
9.	 Poaenaan r.H., 'Oxamcm B.A., 'Ienenen 1O•.JI., lIlyp B.H.-TIncbMa JK3TcI> , 

1984,39, c.397. 
101lOKaJIOB 13 J1.-TriQ, 1976, 26, c .403. 
11:	 Yukalov V.I.-Physica, 1981, 108A, p.402. 
12. Yukalov V.I.-Phys.Lett., 1981, 85A, p.68. 
13• .Yukalov V. I.-Phys.Rev., 1985, B32, p.436. 
14.	 ~~aJIOB B.H. OVUll1, PI7-85-370, ]ydH8, 1985. 
15.	 IllYMoBclaüí A.C., IOEaJIOB B.H.-3tIAH, 1985, 16, c.1274. 
16.	 Bamcrpou E.K., I01caJIoB B.:H. 13 Im.: TIpHM8HeHHe MeTo,n;OB KJIaCcH"tJ:ecKoM 

:vI IeBaH'l'üBoí1 reopnn H: pemenmo QJH3l'1:"tJ:ecICllx aanas. Y1S,n;.YHHB., KytidbI
men, 1983, c'.99. 

11.	 Bannutpon E.K., IOKaJIOB E.VI. 13 KH.: TIPOdJI8MbI CTaT:vICTH"tJ:ecKoiii MexaHH-' 
101 • OI~I ,U17-84-850, ]yÓH8, 1984, c.76. 

18.	 Bannotpon E.IL, lOI{a.lIOB B.H. E KH.: Me)K,Il;YHapoJJ:H1IM CHMIIOSHyM no :vIS-· 
6paHHbIM np06JI8MaM cTaTMcTH"tJ:8cKorr MexaHHltll, OMflM,,U1?-84-407, ]yd
aa, 1984 , c. I 5 • 

19.Blinc R., Hadzi ·D.-Mol. Phya , , 1958, 1, p.391. 
20.Blinc R., Zeks B. Soft Modes in Ferroelec'trics and Antiferroelec

trics. North-Holland, Amsterdam, 1974. 
21.	 Lines M.E., Glass A.M. PrincipIes and Applications Df Ferroelec

trics and Related Ma~erials. Clarendon, Oxford, 1977. 
22.lIlYMOBCK:vIí1 A.C., lO1{aJIoB B.\tI.-]AH CCCP, 1980, 252, p.581. 

23.	 Shuroovsky A.S., Yukalov V.r.-Physica., 1982, 110A, p.518. 
24.ll1YMOBCK:vIM	 A.C., lOIcaJIOB 13.11. 13 RH.: Iv'Ie)K,Il;YHap0JJ:H8JI IIIKOJIa no qm:sHKe 

BllCOIUIX 8HeprRM. 0I1ffi1 .ll24-83-179, ]ydHa, 1983, c.223. 

25.	 Shumovsky A.S., Yukalov V.I.-Chem. Phys.Lett., 1981,83, p.582. 
26.	 Yumoto S., Mizoguchi M., Jida S.-J. Phys. Soc , Jap , , 1984, 53, ' 

p.26. 

14 

>lj 21. Echar1 L., Tollo M., G111 P.-Sol. State Comm., 1980, 36, p.1021 • 
28. Bãrnor K., SQntondrOD C., Neitzel U., Gmelin E.-Phya. Stat.Sol.,

.Ir 1984, B12), p.541. 
29.	 TIacetImUt JI.A., CJleOapeHTto H.B.-<DTT, 1982, 24, c.944. 

30.	 Soott J. Habbal P., HidBka M.-Phya. Rev., 1982, B25, p.1805. 
31.	 Gos1 K.-Jop.J.Appl. Phya., 1980, 19, p.1051. 
32.	 Reioonor M., Stoiner W., Kappler J., Bauer P., Besnua M.-J. Phya., 

1984, P14, p.1249. 
)). I{OBAJIOllItO A.A., Harasa 3.JI.-wTT, 1983, 25, c.2723. 

)4. MeioDnor O., Dinder K.-Phyo. Rev., 1975, B12, p.3948. 
35.	 B1nder K., Me100ncr O., Moia H.-Phys. Rev., 1976, B13, p.4890. 
36.	 Bano n.r, 3~mOHlto B.V1.-nt3TlD, I973, 64, c.650. 

37.	 Nettloton R.1!J.-.1.Phyo., 1914, C7, p.)785. 
38.	 Ohtomi K., Nalcono H.-J. Phya. Soa. Jap., 1978, 44, p.387. 
39.	 JIe,BoIlJOl{ A.U. ti :n;p.-JK3T~, 1979, 7f.. , c 345. 

40.	 Romirftm R., 'Qlioov L.-Phyo. Rev., 1971, B3, p.2425. 
41.	 Varmo O., Hoino V.-Phya. Rov., 1915, B11, p.4763. 
42.	 Ko'tlapJ1l[ A.lI., XOMOlrn~ lL.Y!.-JK3'J\i:l, 1976, 71, c.767. 

43.	 JefferDon J.lI.~. Phyo., 1916, 09, c.269. 
44.	 Mehring M., SuwolQok D.-Pbya Rev Lett., 1919,42, p.317. 
45.IOKaJIOB B.M.-T~, 1976, 28, 0.92. 

46.	 Yukalov V.I.-Phyo:J,oQ, 1911, 89A, p.363. 
47.	 Yukalov V.I.-Phyo.Lott., 1981, 81A, p.433. 
48.	 lIlYMoBoIrnH A.C., lOItaJ[oB 13.V1.-.IIAH CCCP, 1982, 266, c.320. 

49.	 Yukalov V.I.-Phyo. L~tt., 1981, 81A, p.249. 
50. Xspn It.M.-Y\IlH, I984, 142, c.331. 

I
 
I
 

I 
~ 

.1J 

PYKOnl1Cb nocTynRn8 B H3~aTan~CRnn OT~arr 
8 anpQllR 1987 ro~a. 

15 



HET nH nPOBEnOB B BAWEA BHBnHOTEKE? 
8111 MOlKeTe DO.IY'IHTb DO OO'ITe nepe'IHC.IeHHIIIe HHllte KHHnl, 

eCJIH OHH He 6111.1H 38lt838HIII paHee. 

A9-82-664 TpyAw coae~~~aHMR no xonneKTMBH- MeTOABM 
ycxopeHMR. AY6Ha, 1982. 3 p. 30 K. 

A3,4-82-704 

A11-83-511 

A7-83-644 

A2,13-83-689 

A13-84-63 

AZ-84-366 

A1,2-84-599 

A17-84-850 

A10,11-Bit-818 

A4-85-851 

A11-85-791 

A13-85-793 

A3,4,17-86-747 

TPYAW IV lleli!AyHapoAHoii mxonw no HeiiTpoHMoii 
~M3Hxe. AY6Ha, 1982. 

TpyAW COBeiiiBHHR no CHCTeM8M M MeTOAaM 
aH&nMTM~eCKMX •w~MCneHMM Ha 38H M MX npMMeHeHMD 
B TeopeTM .. eCKOM ~H3HKe. ,lly6Ha, 1982. 

TPYAW HeMAyHapoAHoii •xonw-ceMHHapa no ~H3HKe 
rR•enwx MOHOB, AnymTa, 1983. 

TpyAw pa6o .. ero COBelllaHHR no nPCI6neMaM Msn)"'eHMR 
M AeTeKTMpoaaHMR rpaaMTaQMOMHWX BonK. AY6Ha, 1983. 

TPYAW XI Heli!AyH8POAHOro CMM003MYM8 no 
RAePHOM 30eKTpoHHKe. 6paTHcnaaa, 
~exocnoaaxHR, 1983. 

TPYAW 7 He~HapQAHOro COBeiiiBHMR no npo6neMaM 
K88HTOaoM TeOPHH nonA. AnymTa, 1984. 

TPYAW VII He*AYHBPOAHoro CeMHHapa no npo6neMaM 
~M3MKM BWCOKMX 3HeprHii, AYf5HB, 1984, 

TPYAW • He>KAyHaPOAHOro CMMnoaMyMa no Ma6paHHwM 
npo6neMaM CT8TMCTM .. eCKoo0 -XBHMKM. AYf5Ha, 1984 • _,, ... ,..., 
TPYAW V He~HBPDAHOrO coee•aHMR no npo-
6neMaM HBTeHaTM .. ecxoro MOAenHpoeaHHR, npo
rpaMMHpoaaHMG M MBTeHBTM"eCKMM HeTOABM peme
HMR ~H3H .. BCKHX 38AB ... AY6Ha, 1983 

TPYAW IX BcecooaHOro coae~a""" no ytxopHTBORH 
aaPR*eHHWX "aCTMq. AY6Ha, 1984 /2 TOMB/ 

TPYAW He*AYHapoAHOM wxonw no crpyxrype 
AAPB, Anywra, 1985. 

TPYAW He*AYHBPDAHOro coae~aHMA no aHanHTH .. eCKHM 
BW..HCneHHRH Ha 3BH M MX npMHeHeHHO 8 TeOpeTH .. e
CKOM ~M3HKe. AY6Ha,1985. 

TPYAW xn He*AYHapoAHoro CMHn03HYMa no AAePHOM 
3neKTpDHHKe. ,lly6Ha 1985. 

TPYAW Y He*AYHBPOAHOM wxonw no HeMTPOHHOii 
~H3MKB. Anywra,1986. 

5 p. 00 k. 

2 p, 50 K. 

6 p. 55 K. 

2 Po 00 Ko 

It Po 50 Ko 

It p. 30 k. 

5 p, 50 K, 

7 P. 75 K, 

3 p. 50 K, 

13 p.50 K. 

3 p. 75 K. 

4 p. 

4 p. 8o x. 

4 p. 50 K, 

3&K83111 H& YDOMHHyTIIIe KHHrH MOryT 6111Tb HanpaaneHIII no aapecy: 
101000 MocKaa, rnaano'IT&MT, n/H 79 

H3A8TenbCKHA OTAen 06~eAHHBHHOro HHCTHTYT& HABPHIIIX HccneAOB&HHI 

lOKanoB B. H. Pl7-87-229 
feTepo$a3Hbie qmyKTyan;HH B cerHeT03JieKTpHKax 

PaCCMOTpeHa MO,D;eJih cerHeT03JieKTpHKa K,lJ;P-THTia, B KOTOpOM 
c~eCTByiOT reTepo$a3Hbie tl>nyKTyan;HH. Ha:H:,o;eHbi ycnOBHH cTa-
6HJihHOCTH TaKHX cocTOHHHH:. Hccne,o;oBaHo BJIHHHHe reTepo$a3-
Hb~ qmyKTyan;HH Ha TepMO,IJ;HHaMHqeCKHe xapaKTepHCTHKH, B oco-
6eHHOCTH B KpHTHqecKOH 06JiaCTH. lloKa3aHo, qTo TIPH onpe,o;e
JieHHOM COOTHOrueHHH Me~y napaMeTpaMH raMHJihTOHHaHa TIOHB
JI.ReTCH TpHKpHTHqecKaH JIHHHH, feTepo$a3Hhle qmyKTyan;HH cy
~eCTByiOT B HHTepBane TeMnepaTyp OT HH~HeH TOqKH HyKJiean;HH 
T n < T c ,o;o BepxHe:H: ToqKH HyKnean;HH T; > T c. B npoMe~yTKe 
OT T c ,o;o T~ CHCTeMa npe,o;cTaBJIHeT co6o:H: gapo,D;bmieBbiH cerHe
T09JieKTPHK. lloBe,D;eHHe $a30BhlX BepOHTHOCTeH cornacyeTCH 
C 9KCTiepHMeHTaJibHb~H ,o;aHHb~H. 

Pa6oTa BbiDOJIHeHa B ITa6opaTOPHH·TeopeTHqecKo:H: $H3HKH 
OIDIH. 

DpenpHHT 061>e.llHHeHHoro HHCTHTYTa H.nepHbiX ucCJJe.nosaHHM:. ,lJ.y6Ha 1987 

TiepeBOA T.ID.UyM6pa:H:c 

Yukalov V. I. Pl7-87-229 
Heterophase Fluctuations in Ferroelectrics 

The model of KDP-type ferroelectric, in which hetero
phase fluctuations can occur, is considered. Stability 
conditions of such states are found. The influence of he
terophase fluctuations on thermodynamic characteristics, 
especially in the critical region, is investigated. It is 
shown that for some correlation between Hamiltonian pa
rameters a tricritical line appears. Heterophase fluctua
tions exist in the temperature interval from a lower nuc
leation point Tn < Tc up to an upper nucleation point T~ > 
> Tc. In the region between Tc and T~ the system is a kind1 

of an incipient ferroelectric. The behaviour of phase pro
babilities is in agreement with experimental data. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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