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An Exact Soluble Model with the Long-Range 
Interaction for Ferroelectrics of the KDP-Type 

A model for ferroelectrics of the KDP -type is inves 
tigated allowing for the interaction of the proton subsys
tem with longwave phonon oscillations; this model admits 
the exact solution in the thermodynamical limit. 
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"' § I. BBe,lieHHe 

!Ipil H3Y'l8HHH 60JibDU!HCTB8 MO,li8Jl:&HbiX 38,liaq C0Bp8M8HHOE 

CT8THCTH'l8CKOil M8XaHHKH H8B03M01KHOCT:& HailTH TOqHoe p8lli8HH8 

oOyCJIOBJIHBaeT HCITOJI:&30B8HH8 llpHOJI111K8HHbiX MCTO,liOB 1 Harrp11-

M8p, p83lU1'lHbiX B3p113HTOB T80piU'I B03MYIJI8Hl1f.. flp11 STOM BOll

poe 0 TO'lHOCTH !1pHOJIHlK8HHH OCT88TCH 1 KBK IIpaBHJIO, OT!ipb!

Tb!M,H !1pl1 paCCMOTp8HHH peayJI:&TBTOB CJIOlKHO OT;!\8JIHTb norpem

HOCTH CBMOil MO,li8JIH OT rrorpelliHOCT8li M8TO,li8 p81ll8H>iff. YK333H

Hbl8 Tpy,liHOCTH BO MHOrHX CJiy'laHX y,li38TCH !1p80,LiOJ18Tb, ITpHMe

HHH CITel.{l1aJI:&HylO M3T8M8TH'l8CKyJO T8XHHity 11 anrrpOKCl1MHpyiOii\HX 

raMHJI:&TOHHa.HOB", paaBHTYIO ll paooTax H.H.Eoromooona (i.m .) 

[1 - 3]. 
L'!CITOJ1:&3YH H83B8HHyiO !.18TO,li>iKy, MbJ paCCMOTpilM B ,Li8HHOL 

pa60T8 ITpOCTOU BapHaHT MO,li8Jl>i Ko6aHlliH (4] ,liJIH cerH8TOSJ18K

TpHKOB THrra }( H1 P 0~ 11 rroKalKeM, qTo ero pemeH>ie MeTO.ziOM 

MOJ18KyJIHpHOrO ITOJIH HBllfl8TCH 8CV!MI1TOTl!qecKH TOql!bll.l B T8pMO

,li>iH8Ml'!qecKOM rrpe,l.(eJie: Jf- oo , V- o<>, JVfy "' ccrn.st= • 

B peayn:&raTe >iHTeHCRBHoro aKcilepHMeHran:&Horo H reope

THqecKoro v.ccne,liOllBHk!H cerHeTosneKTpl1KOB TH!la K DP, ooyc-

JIOBJieHHoro >iX lliHpOK~M lt.CITOJI:&30B8Hh8M B COHp8MCHHOk SJ18KT

pOHHX8 H ~HO~H3HXe, MHKpOCKOITH'leCRaH CTpyKrypa 3THX B81118CTB 

,~~;ocraro'lHO xopomo H3y'leHa [ 5] • XapaxrepHoil qeprolt KDP -xpHc

raa~oB AB~HeTCH HaiH'lHe KOpOTKHX BO,D;OpO,D;HUX CBH3elt,coe,D;HHHDmHX 
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TeTpaa;zwbl [ P 0 ~] • CnOHTaHHSH no~pHaa~HH npH BTOM TBCHO 

CBH38H8 C ynopH;ttOqHBSHHBM npOTOHOB H8 CBH3HX, B~KTHBHbiA ITO

TBHUH8Jl ;ltJlH KOTOpbiX HMeBT BH;tt llOTBHUHSJil>HOA HMbl C ;l!Bj'MH MHHH

Mj'MSMH. YnopfiAoqaBaHHe npoTOHOB conpoBOX;ttaeTca cue~eHHeu THEe-

XbiX HOHOB (KOMIIJieKcoB [ K - P 0 4 ] ) • II pH aTou Bauyn 

pOJil> HrpaeT npOTOH- pemeToqHoe B38HMO;tteACTBHe/4/. 

§ 2. Mo;tteJil>HbiA rauHJI:&TOHHaH. 

BBe;tteU o6oaHaqeHHH. Ey;tteM p8CCM8TpHB8T:& KpHCTSJIJl, COOTOH-

JIIHI.t Ha N sxeMBHTapHbiX aqeeK. B ;·-oft aqeftxe 

( j = 1.,2.,.3.) 
(o) 

. . . N ) ' HM6101116ii KOOp.ltHHSTY R j ' 
HSXO;ltHTCH: 

a) KotmJieKc TlllKBXHX HOHOB [ K - P 0'1 ] o npa-

Be.zteHHOif .uaocol.t M 
6) ~a llpOTOHa H8 OBH3HX, Ka~l.t H3 KOTOpHX .UOZBT HSXO

;ttHThCH B O;ttHOa H3 qacTeH ,l.IBOHHOH HMbi.CXe;ttya/6/, 6YA6ll OllHCbiBaT:& 

OOCTOHHHH llpOTOH8 C06CTBBHHbiKH l}lyHK~HHUH KB83HCllHHOBOrO Orrepa

TOpa 6 j = ( ~ _0
1 

) . IlOCKOJil>Ky pOX:& 066HX llpo

TOHOB O;ltHHaKOBa, Ubi HH38 orpaHHqHMOH yqeTOU TOJll>KO O,l.IHOrO H3 

HHXo 

raMHJI:&TOHHaH llO;lt6JlH HMe6T BH;lt 

HL 
H = H L + ~ p + H L.P (I) 

OllHCbiBaeT l}loHOHHbiB KOJI668HHH THX6JlbiX HOHOB H HMBBT XOpOmO H3-

BBCTHj'll qo p!.cy: 

4 

H 1 ( PK P-K 2.. \ 
L = 2 ~ M + M w K q K q- K ) • ( 2) 

3;tt6Cl> 9 K H p k - l}lyp:&e•o6pa3bl HOpMSJil>HbiX KOOp;ttHHST 9j 

H conpHXBHHbiX HM HMUYJI:&COB P J 

9 - 1 ~ [. ~·K 
K--L-'l·e 

VN J=1 ~ ' 

PK 1 

ifN 
ltl 

~ 
J=1 

(.. 

Fi e 
R·K d 
~ 

(3) 

(.UK - 0060TB6HHbl6 qacTOTbl, a q i HllBIOT CUbiCJl OMBIIIBHHI.t: 
•(o) a · -J- /5/ q J = R. J - R. j • OT.UBTHU, qTQ WK= 0..,.. 0 . 

rauHX:&TOHHaH KBS3HOITHHOBOA npOTOHHOft ITO;ltOHCTBKbl B03:&Y6U 

B BH;tte/6/: 

Hr-
N 

Q 
)( "J N W ~ c 

~ 6 j - ~N ~ ~ V t V . . 
j=-1. L 1.=1J:.1 cJ 

( 4) 

3;ttec:& nepB08 cxaraeuoe OITHCbiBB8T sl}ll}leKT ;tta-X8HOBOKOrO TYHH6JlH

pOBaHHH npoxoHa ueX;tty UHHHUYU&UH HMH. Bxopoe c•a· 

raeuoe COOTB6TCTBY6T ;tt8Jll>HO;tt6i.tCTBYIIIII6!ly KYXOHOBOKOUY ;ttHITOJI:&-;ttH

ITOJil>HOllY B38HUO;tt6ACTBHD npoTOHOB H Bb16paHO HallH B BH;tte B38HUO-

;ttel.tcTBHH "Bee 00 B061lHni). 
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BaaHUO~eMc~BHe KB83HCIIHHOBOM npoTOHHOM IIO~CHCT6MH C pemeT

KO.Ii c5y~ell OIIHCHBSTJ. B38HUO~eiCTBH6U "cpe~Herott OIIepaTopa C~BHra 
1 N N i! 

THJIC6JIHX HOHOB - ~ q j H "cpe,ipier0 11 KB83HCIIHH8 .1_ L. {!) . :. 
IV J= 1 N J= 1 J 

H PL 
N N i! 

~L?:'1ivJ, 
N i=1;=1 (5) 

T.e.,KaK H BO BTOpOII CJiaraeUO.Iol B (4), MH yqHTHB86.U TOnJ.KO ~8JIJ.

H0~6MCTEym~He CHJIH. 

.l!JIH li8JIJ.HeMmero YJ1. 06HO BB6CTH 0603HaqeHHH: 

N ~ N x,~,e 
Q 1,a S =-2.6· :::: N ~ I j ' XJ ~J -g N . _ J ' 

J=1 0 J-1 (6) 

B KOTOpHX raUHJIJ.TOHH8H (I - 5) HMeeT BVtll 

Q ;) 2. H= HL- NSx-2..NSi!-KNSeQ.. ( 7) 

I) llO.zt STHM no~paayMeEaeTClt li8JIJ.HO.zt61CTBHe TOrO THIIa, KOl'.l(8 

JID6He ~Ba KB83HCIIHH3 B3aHMOli6RCTBYDT C OliHH8KOBOI HHT6HCHB

HOCTDil c::J IN 

6 

0TII6THM, qTo Q = ~ q K: O • 

§ 3. AnnpoKcHMHpym~HM rauaJIJ.TOHHaH 

!lpe~CT8BHM raMHJIJ.TOHHaH (7) B BH~e: 

'J ( I< )~ K 2. ~ H= HL-QNSx-2.N S'e+CJ Q +
2

tJAIQ (B) 

H o6oaHaqH.u 

A=Sa+~Q . 
( 9) 

Cne.ztyn cxewe pa6oTH/I/,BBelleM annpoKcHIIHPY~HM raMHJIJ.TOHHaH 

H 0 
( C ) , aaEHCR~HM oT Be~qecTEeHHoro napauerpa C. 

I-\ 0 (C):::: H+ ~N(A-c)2. = 

= H~...- .Q.IVSx-+ K!. ~!_ 01 ~ (IO) 
2.e:7 NQ- ~NC.A + 2. N C • 

OTMeTHM, qTo onepatop H 0 
( C ) pacna.ztaeTCR Ha HeaaBI!CHMHe 

KB83HCIIHHOBym H pemeToqnym qacTH: 

H 
0 

(c. ) :::: H ~ ( c} + H: ( c ) + ~ N c ~, 
r~e 

Hf>(c)= -QfVSx- CJNcS~, 

H ~(c) K '2. 42.. 
Ht..+ -NQ- KAIC Q.' 

~cl 
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llpH1!6M CB060~HUe SHeprHH H COOTB6TCTBY~He cpe~HHe ~XH onepa

TOpOB (II) H (I2) nerKO BUl!HCRHmTCH B HBHOM BH~e. 

nna ~3XDHewmero y~06HO B~6CTH B raMHnDTOHH8HU (8) H (IO) 
• • HCTOl!HHKH H paccwaTpHBaTD 

Ho<.= H-d..NA, 

H: (c.) = H o (c) - ..~._AN, 
(!3) 

r;zte o( - B6IU6CTB6HHUI napaweTp , cJ.. ;> 0 

ilcnonDaya Teopeuy H.H.EoronD6oBa (~oKaaaTenDCTBo npKBo~T
CJl B / 2/): 

~ <:U.1- U 2) ~t[.U1]-t[J.t21~ ~<~1-U2),,' 
~1 ~~ 

:u.. 
~ [U] =-~~Tv-e-: <· ··'fv..= 

+ + + 
r.<.~e .U -1 = .U.1 ' :U.i. = .U.i. , :U = :U. 
CBOdO~HUX SHeprHi: 

(I4) 
- 'U.) Tv-(. .. e e 

Tr- e- ~ 
, 

, nonyqaeu ;tnl! paaHocTH 

0~ t[H~(c)]-t[Hot]f: ~<(A-C)2 )H~· (!5) 

Blil6epeu C HS ycnOBHfl a6COXDTHOrO MHHHMyMa paSHOCTH (I5), 

liTO npHBO;ztHT K ypaBH6HHD: 

c (A)H;.(c) > 
(I6) 

8 

I. 

HYXHYD B6TBD pemeHHI KOTOporo 0603H8l!HM qepea (! 

HM66M ~H paSHOCTH 

~.v(c)=.f[H!(c)]- t[Ho~-1 
TaKyn ouellKy: 

• Tor~a 

(I7) 

0 ~ ~N(c)G: t>N((A)HJ6 ~ (A"--<A)!o()H~ (I8) 

CnpaBe~HBO cne~yniUee HeTpHBHanDHOe HepaBeHcTBo, nonyqeHHoe 

B pa6oore /I I : 

'2. I' ) '2. % ~ I' 2j3 
(A"-- <A).'-, '- e I_~ + ( 2. R~ 2. t_ ~) 

H.~.' H.,. N r ~ o{ '2. N '¥3 c a o{ £. '< I9) 

r:zte +a~.= t[Ho~..], a BenHl!HHa R;. onpe;teJIHeTcH ycJioBHew: 

([H,A]_ [A,HJ_)H~ ~ R.!_. 
(20) 

IIoKaJEeM, qTo aHa orpaHxqeHa npH N ~ C>o • B!i!qHcnHH Ko»-

MyTaTop [ H, A J _ H HcnonDays HepaBeHcTBO H.H.Boromo6oBaf7/: 

J + + 
\<AB)\ ~ (AA><B B) , (2I) 

HBXO~Hiol: 

([H.>A]_ [A,H )_)He~.. G:: 
(22) 

L~[ ~DJ. '2.<p;~ +4Q~<si)H"'j· 
- ~ M N IH~ 
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ilOCKOJI:&Ky < S i >H o( ~ 1 , HBM OCT86TC!I ;ltOK838T:& orpa

H!tt'Q6HHOCT:& BeJIHIIHHbl < p ;- j N) H ~ • 11cnoJI:&3YH Teopewy {I4) 

H KOHKpeTHY~ CTpyKTypy Bbipa~eHH~ {I-5), HeTpy;ztHO UOJIYIIHT:& CJie

AY~He HepaBeHCTBa: 

~N (Ht_ )Hot.~+ [He~.] --{? [H ~ (o{)1 ' 

~ {23) 

r;zte H ~ ( o{) = H p - N M ~ 2. ( S Z! + ~ ) - ol. N 5 ~ , 
0 

t [Ho~.j f t [Hpj+ f [Ht-] , {24) 

K'2.. '2. 
0 ~ t [ H p 1 - -t [ H I ( o()] f:: -- (1 + ol. ) + ol..· ( 25) 

P Mw2. J 
0 

IToaTowy 

1 P K~ ~ L~ - < H Ll .f h1o.x 1" [H ~.-] + ~ (1 + o() + o1. = -o(. 

'i...N H..._ N MWo CJ 4(26) 

BeJIHIIHHa .f [ H L. J B npaBOA qacTH ( 26) BbiiiHCJIHeTc 11 B .HBHOM 

BH;zte H orpaHHQeHa npH )VI ~ CXJ • Ha {26) CJie;ztyeT: 

~ 

<~ p:V+MW~Q~)Ho~.~ C2. 
L I>( ' {27) 

10 

l 

I 

2. 
a;ztec:& L o<. He aaBHCHT oT N . TaKHM o6paaow, cpe;ztHee 

B neBo~ qacTH {27) orpaHHIIeHo npH N --=,. 0o , B To Bpew 

KaK caw ycpe;ztHHe~ onepaTop no Hopwe He orpaHHQeH. YIIHTbiBBH 

(22) H {27), BH;ztHM, QTO B (20) MO~O B3!1T:&, HailpHwep: 

2-L~ 
2.K ot.. .. oQ2. 
M 'd~ + ~ . 

(28) 
R:_ = 

06~e;ztHH!1!1 HepaBeHCTBa {I8) H (19), HMeew: 

o ~ ~:;(c)~ CJ9 (- J 2 fc~. \+ ~(2 R:1)t(- "d'L+J:3 

~N (J ol. ~I 2. N c;_ 0 o{ "J.) ( 29) 

3;ztec:& R !_ He aaBHCHT oT N H onpe;zteJIHeTCH paBeHcTBow{28~' 
Ha (27) BbiTeKaeT TBK~e cJie;zty~~ee noJieaHoe ;ztJIH ;ztaJI:&He~ruero He

paBeHcTBo, o6ecnetn'iBBD~ee orpaHHIIeHHOCT:& I 'dfo< /7Jot..I=.I<A)Ho<. \ 
npH Bcex N 

I(A) I~ 1+ ~RQ"J.). .f 1+ KL~ = L1ot... (30) 
Ho£ CJ Hoc. 'CJ Wo M 

3aweTHM, HBKOHe~, liTO orpaHHQ6HHOCT:& BeJIHQHHbl 

I ~ +; I = \ c o{ \ ~ 1 + 
K2. 

- L2. 
(3I) MCJw;-

CJie;ztyeT H3 {16) H ypBBHeHH!i (37) H (38), paCCMOTpeHHbiX B § 4. 

ilOCJie TOrO KBK 0~8HKH (30) H (3I) YCT8HOBJI6Hbl, Mbl MO~eM 

ilpHKeHHT:& K {29) 06b111HYIO llBlltOpa~HOIIHYIO TeXHJIJKy/I, 2/, l<OTOpBH 

il03BOJIHeT, HCXO;zt!l JIJ3 (29-31), ilOJIYQV.T:& CJie;ztyiO~HM peayJI:&TaT: 
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0 ~ ~d..(c)'= ;;JreL1or+(R;;:L1~)213J+2.e(L -+Lv 32> 
N L Ne NP 1"" .... lf. 

3,ll6C:& e - npOIII3:BOJI:&Hbl~ napaloleT p, of... = o( 1- 2.. e 
IloJiarafl 

e= 
HaxO,lllllU OKOHqaTeJI:&HO: 

;;) L1ot 
N 2./S ' 

o ~ ~~(c) ~ £; --N-~--0<:)-""> o ' 

r,lle 

(33) 

{34) 

c.:= li.. )1~ 
t;;JL-to~.(L-ta~.+L?.)+ (;JRc<.. +L + ~:·(34a) 

N '2./s N.:11~ 
.-.-o(. 

3,lleC:& t,.v HBJ!H6TCH HenpepiiBHO~ ¢JYHK~He~ napaMeTpa o( H 

yelhiBaeT npH N --.. l)<:) xax N - ~ IG" • • 
OTueTHM, qTo KaK £ ~ , TaK 111 A~ ( C ) HBJIHIOTOJ'l 

HenpepiiBHliiMH ¢lYHK~HflMH napaueTpa o{ , noaTouy Mli uoaeu nepea

TH B (34) K npe,lleJiy o/.. ~ 0 H noJiyqHT:& B CJiyqae o/.. :; 0 
1 

KOTOpiiU MH HHTepecoBaJIHo:& c oauoro HaqaJia, o~eHKY 

ol..:: 0 
0 ~ t,.., [H 0

(c)]- tN[H] {:EN~ 0 np111 N~ oo (35) 

0CHOB!iB8HO:& Ha He p8B6HCTB8X ( 34), ( 35), .II) JEHO ,llOK83hiB8T:& ClJIIII-

30CT:& Cpe,llHHX no MO,ll6JI:&HOUy ~ Ill annpOKOIIIMIIIPYD~euy 
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f.l 0.{ ~) rawm:&TOHIIlaHau, eon111 yqecu BHnyKJIOOT:& WHK~Ho-
HaJia cBoelO.JlHO~ aHeprHH t (t) = t [U.1 + t U.'2..] no napa-

lleTpy 
2
)t-:.- d'.2.-t ~ 0/i,?./IIIIIICfiOJl:&30B8T:& TeOp8M;y rplll¢!-

'at~ r 
¢lHTO,jB/ : 

ECJIH fiOCJl6;llOB8T6JI:&HOCT:& { 4J VI (X) 1 BlillYKJihiX Ha ( 0. J g ) 
qiyHK~H~ oXO.lli/ITOfl noToqeqHo 111 ¢1YHK~HK lf ( x) , To B KalK,llo« 

Toqxe ;llHqi¢JepeH~HpyeiiOOTH If l1 {X) H lf (X ) nocJie;llOBaTeJI:&HOCT:& 

{ E!_lf~ {x)1 CXO,lllllTCfl K £L {p (x). 
~X 5 ~X 

§ 4. YpaBHeHHe Anfl nonRpKaa~HH. 

PacouoTpHu no;llpOClHee ypaBHeHHe AHH onpe,lleJieHHH C. . 
BiiqHcJiflfl B flBHOU BH;lle npaByD qacT:& (!6) 111 npoKaB~.llH He6oJI:&mlll8 

npeoc>pasoBaHKR, noxyqaeu npocToe ypaBHeHHe: 

cl +t<'L/Mw; th (JQ"J..+ ~"LC?.)-= 1. (36) 

yQ'-+ ;J'LC'- 9 
0,llH8KO qilllaHqecKH ClOJiee H8rnR;llHO paCOU8TplllB8T:& BM8CTO ~ 

napa~o~eTpii 4 .II a = c - ~ 9 ' Y.llOBJI6TBOPHIOUIIII8 

y paBH6H HflU : 

9 '= < Q '\·c~;i!l' z '= < s,.)H·c~, -z l' (37) 

2).CYUI8CTBYDT TaK%6 Ill Clonee TOHKHe U8T81l8THq8QKH8 YTBep.

;ll6HHfl, U03BOJIHIOUIH6 ,llOK83iiB8T:& ClJIIIISOCT:& ope,llHHX/3/. 
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qTo SKBHBaneHTHO CH6~~e~ CHCTeue ~p8BH6HH~! 

9- MwOJ.. ~ 
0 

K 

' 

~ = ( CJ %! + K 'l ) ti-t v L S( ~-+ ( d ~ + K 9 ) "L J I 9 ' 

V[Q.DL+(-;;~+K~)'2..]/e' 

(38) 

(39) 

CHCT6M8 (38) 0 (39) COBfi8,1186T C H3B6CTH!iMH ~p8BH6HHHMH M6TO)t8 

MOJ16KYJIHPHOrO UOJIH/5/. 6CJIH npHU6HHT:& ero K MO)t6JIH (I)-(5)3) 

TIOSTOJI~ Jlli He 6y,11eu fiO,Ilp06HO OCT8H8BXHB8T:&CH H8 HayqeHHH ~H

aHqecKHX CBO~CTB UO,Il6XH (I-5). Ollpe.ll6JIH6trliX 3THJIH ~p8BH6HHHMH. 

3aueTHJI TOJ!l>K0 0 qTo UpH TeunepaType HHllte KpHTHq6CKO~ ec, 
onpe)tenHeuo~ Ha ycnoBHH 

th Q -== MW; Q 
9~ Mw;'d-+ K'2.. ? 

(40) 

B03HHK88T O,IIH0Bp6JI8HHO OUOHTBHHBH UOJIHPH38UHH B KB83HCUHHOBOJ 

3) liHTepecHo oTtreTHT:&, qTo oau rauHnl>TOHIIBH H 0 
( C ) 

H8CKOJ!l>KO OTJIHqaeTOH OT raUHJil>TOHHaH8 U8TO)t8 UOJ18KYXHPHOrO 

nonH H M. n . : H o (~) = H M' n ;+ N :Cil ,_ ( Q - ~ ) ~ • ao 

npH aTou t [Ho(E)]- t [H M.n.1 == const ., 0 

14 

llpOTOHHOit fiO,IICHCTeUe ( ~ + 0 ) H CUOHT8HH8H fiOHHpH-

38~H B HOHHOI UO,IICHCT8M8 0 o6~CXOBH8HH8H MaKpOCKOUHqecKHM CMe-

1116HH6M ( 't '¢. 0 ) THllt6JJWC HOHOB. CJie,llyeT 38M6T.I!Tl>
0 

qTo 

B8JIHqHHJi < Q )H H < £ ~ l H UpH STOJI )tOHEH!i pacctraTpHBaT:&

CH B CtrliCXe KB83HCp6.11HHX/?/t qTo ~3Hq6CKH COOTB6TCTByeT BKXm

qeHHm 6ecKoHeqHo traJioro BHemHero sxexTpHqecxoro nOJIH. ~KCH

p~m!llero H8DP8Bn6HH6 CUOHT8HHOI UOHHPH38UHH. ~PMBH:&HO pOJJ:& Ta

KOrO UOJIH MoryT Hrp8Tl> HCTOqHHKH 0 BB6,116HH!i6 B rBMHJil>TOHH8H 

BHme (cu. (I3) ). Tor)ta. HCUOX:&3~H Teopegy rpH~TCa (§ 3). 

HeTpy)tHO UOK838Tl>! 

eiW\ ej~ (Q\i=='l ,e;VVI .lin, <si!:)H= 'i, 
o<._,.+O N~ oo o(_,+o N~ oo 

I< -r,11e a==_~' 1 
Mw; - ( K )-1.. -I ~ = 1 + M CJw;. I C , 

a C: peanHayeT rulcoJIDTHHU MHHHuyu cpyHKUHH f Ht(c. )) H HBHHeTcft 

O)tHHM H3 peweHHI yp8BH6HHH (36). 

OnHcaaawl Bwme uexaHHau ~aaoBOro nepexo.~ta xapaKTepeH .IIJJH 

CT8THCTHqeCKHX CHCT8JI C B38HJIO)t8lCTBH8M 6030HHOrO flOJIH C KB85H

CUHHOBOI UO)tCHCT6JIO~. Cyiii6CTBY6T 0 HanpHuep. r~60K8H 8H8JJOrHH 

uo.~tenH. paccuaTpHBaeuoit B .llBHHoit pa6oTe. c u~AeJ!l>D ~Kxe4>, 

4) UO)t6A:& ~KKe· 6Hna npe)tJ!Ollt6H8 B pa6oTe/9/ H HHT6HCHBHO 

HayqaeTCH B fi0CJI6,11H86 BpeKH B CBH3H C paaBHTHeU TeOpHH Maae
po~IO/. 
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OUHCHBa~e~ B88HMO~eiCTBH6 O~HOi MO~ aneKTpOMarHHTHOro HSXJ

'IeHIUI C 60JI1>WHM 'IHCXOM ~y:JcypOBHeBiiX 8TOMOB(9-IO/. 

B 88Knll'leHHe STOrO naparpa4)a OTMeTHII, 'ITO Bni4J'IHII6 npo

TOHHO-~HOHHOrO B88HIIO~elcTBKH (5) H8 KB88HCUHHOBYil UO~CHCT6yY 

npHBO~HT K ~OUOXHHTeXDHOMY npHTHEeHHil KB8814CUHHOB. 3TOT ~8KT 

:aHoreKaer Ka Toro, 'ITO raMHJil>TOHI48H H p (C) 
HBXH6TCH annpOKCHIIHPYil~HM no OTHOWCHHil K cne~yll~611Y raiiHJil>TO

HHSHyf II/ : 

""" ( K'i. 
\-\ t> -=. - Q_ IV5x - ~ + M w~ ),v S i: + cor~st. {4I) 

·· § 5. HesoTopHe saue'laHHH 

B §§ 2, 3 cTporo noKasaHo, 'ITO peweHKe uo~enH (I-5) ue

TO~oll MOneKynHpHoro UOHH (ll.n.) HBnHeTCH 8CHIIUTOTK'I6CKH TO'IHHM 

B npe,11ene N ~ oo • ilpHIIeH6HHH6 BHW6 KeTO~ MOryT dHTD 

des TPY.l\8 odod~eHH HS cnyqai donee CHOEHHX MO~enei, Y'IHTHB8~BX 

OTdpomeHHHe B (I-5) B8814110~81CTBKH B pemeTO'IHOI K npoTOHHOi 

no~CKCT6118X, HanpKIIep, KOpOTKO~eiCTBy~ee B88HMO~eiCTBH6 KB8SH-

CUHHOBo 

Cne~yeT OTII8THTD, 'ITO BOSIIOXHOCTD npHMeHeHHH MeT0~8 MO

H6KYnHPHOrO UOHH ~HH a~aq C ,118HDHO~e~CTBH6M BH'r6K86T HS ~H8H

'16CKKX coodpaseHH~/5/, HO TO'IHHM (np111 N ~ oo ) STOT KeTo~ 
HBnH8TCH, K8K UOK888HO BHW6, TOJil>KO B npe~eJil>HOII cnyqae, KOr~a 

"Bee B8aHIIO,ll6ICTBYJOT CO BC811H 11 (cY/4•5/) • 
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HRHMH CHOBSMB, ecXH 11H pemae11 MO~eJil>HYil 88,ll8'1Y THUS MO~XH 

Ko6asmK /4/ ueoro~ou uoneKynHpHoro nong, To c Heo6xo~uocTDil 

$aKTH'IeCKH nepeXOAKK K MO,lleRH C AaRbHOAeRCTBHeM "Bee CO BCeMM" 

npH COXP8H6HHH HHTerpaJil>HO~ CHHH B88HMO~eiCTBHHe 

ABTOPH 6naro~pHT npo~. H.H.Eoronm6oBa (un.) aa HHTepec K 

pa6oTe H qeHHHe aaKe'laHHH H AOKTOpa ~H3.-IIaT. HayK B.K.PeAHHHHa 

3a none3HHe oOc~eHHH. 
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