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MHCTMTyT llAepHblX HCCnej\OB3HHH. )ly6Ha, 1993 

.o...oi 

Pci:JBHTll~ .TeXHHKll 9KCnepxiMeHTa B. o6iiacTH I(al'm±6~o.ii' Ciriiliiii B' < 

nocJieAHee BpeMH YCl11ll1110 BHHMamxe K COCTOHHIUIM KBaHTOBOro·arie:K-' ' 

TpoMarHllTHOrO noJIH, He HMeiOIUHM KJiaCCR'·IeCKllX aHanoroB. 0AHllM . 

l13 TaKllX COCTOHHllll HBJIHeTCH· COCTOHHlle aJieKTpOMarHHTHOrO UOJIH 

c cy6nyaccoHoBci~.ii cTaTHCTHKoii <P~Toiio~, KoTopoe ~boTB~~cT~Y~T 
MeHbWllM <J:>nyKTYai.J;llHM "illCJla <J:>oTOHOB no cpaBHeHlllO C llOBeCTHblM 

Han6onee' 6ril13KHM K KJiaccii"leCKOMY ccic~oHiuiio ~- iorepeHTllblM co~;o
HHlleM. B p_a6oTe . [1} pac'ciiaTpHBaJillCb ycnoBHH cyi~eCTBOBaHll.si: cy6ny.i' l 

accoHoBcKoro a<J:><J:>eKTa B MOAe1lll napaMeTpH"!ecKoro Y(;H1leHHH cnrHana 
l1 wyMa. CocTOHHHe cy6nyaccoHOBCKOll CTaTllCTllKll B aTOH MOAe1lll JIB
JIHeTCH HepaBHOBeCHblM. llpeACTaBJIHeT HeCOMHeHHblH llHTepec onpe

AeJieHHe. cTaTnc,THKH, TepMOAHJiaMH"ieCKll paBH~BeCH:bi:X: ,(),oa~-cncTeM · B 
HeKnaccn"lecinixcocTosiHuHx. Tipoci'eiiwair MoAe1ri. orill:cb!saeT AByx6o
noHHblii npo~ecc, COOAaiOI.Ullll C)KaTble COCTOHHllH1 KOTOpblll npoXOAllT 
B TepMOCTaTe. 06cy)KAeHHe CTaTHcTllKll "illCJia'KBaHTbB.li'paBHQBeCHOll 

MOAenn, onHCblBaiOI.Ueii napHble Bon6y)KAeHHH 6o:Je-nonH, 6bl1lO npoBe-

AeHo B pa6oTax [2, 3].. . . .• . . . " .. ·, · ·... · . . -· -..::: .· 
· ThMnnbTOHHaH, coj:\ep)KaU\ii.ii ~nmiHeiiHb!e "{JJopM:~ 6o'3e-onepa'TopoB 

panHblX cppTOB, 

IL~)~+~~t~k.,f~~((a~·a,_+,a(f.t): 
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rAe at 
1 
ak JIBJlHlOTCH 6o3e-onepaTopaMll pO)KAeHU.ll U yHU"iTO)KeHHH KBaH-

•• ~ ; ___ ·,~ "" .;_j v· u~ ~ :.~. ·.: u ;~'J _, .. ·,~.:J "';', --~~:< . · 

TOB ll011H C COOTBeTCTBYIOI.UeU "iaCTOTOU Wk 1 9 - KOHCTaHTa B3a.HMO-

AellCTBllH1 u~nonbnye~CH ~JIH paccMoTpe~ nillpo~oro i<py~a'HBJieHnii 
B TBepAblX. Tenax: .. <floTOH-:-<flOHOHHblX BOaUMOAellCTBUll B, noiurpnTOH-

. ~ '1 ··:.- . . '-. ' '<'- . ._· ' ·. • ' ,.. ; . ) . • ' .· '·" ""· •• - ., ' ',, 

HblX CllCTeMax,; .aKCUTOH-<flOHOHHblX B3allMOAeHCTBUll. B M01leKy11HpHb1X 

Kpll~Tai'J~~-, a: ~aKlKe B oaAa"!ax pacceHHUH cBeTa Ha <J:>oHoHax n APYrHx 
[3, 4]. . ..... . - k> . • 

B .Ka"ieCTBe l{PHTepHH cy6nyaccc;>HOBCKOll cTaTHCTUKll pacc~oTpllM 
yCJIOBUe npeBblWeHHH·cpeAHUM 13Ha"ieHHeM""iUC1la KBaHTOB ero AHCnep-

•i cnn D(n)':;f~\ _ }.,,,- ·. ,· ____ ,. :;~ '~-<~: , ·. '-': .• ~"' :/ ... 

.. ;• '\J .:: ;: ; 
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l 
F(n) = D(n)- < n > < 0, 

D(n) :ii<(1?---:;~;;:..' <n:;2~"::····:'(2f 



rp;e cpep;HHe t3Ha'leHH.!I <f>H13H'leCKHX Bemi'IMH B JC.IIOBHHX TepMOp;UHa

MM'leCKOrO paBHOBeCIIJI f!JAJT pnpep;e.IIHTbCH KaK Cpep;HH_e no KaHOH11'le-
CKOMJ aHC~6mo Th66ca, T.e. . . 

. 1 .. 
<A?= Q Tr(AR)~·;· R ~·e-tiH 

. ' Q~ Tr{R): 
1 

} = I(6T. 

.. 13 HaWeH CTa~be Mbi. I!~~a)KeM_ HeB~13MO;~(HOCTb cy6nyacCOHOBCKoro 

paBHOBeCHoro a<f><f>e~Ta ~ 6?~e-CHCTeMe C ll<~·P.IJ:biMll BOI36y)l(p;eHHHMll. 

~ '; c·; 

L ·o;o;Iili 6one~ocn;IIrrrurTop n· TepM:ocTaTe 
~· .. -- . ' . ·.: . . ' ' . ' ~.' '' . . ,-·.. ,, ) :. 
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B . cJiy'!ae oiHoii cTeneHH. cBo6op;bi raMnnbTOHiiaH ( 1) HMeeT BHp; ~ 

" . 
. JI =;:::.~a+a ~ g_ (a2 + (a+)2), 

·· ·· .c"'·". · 2 ·. .. . 
[a, a+}=~~ : g<~ 

, ' ;i !·· ~ 

(3)' 

H OllMCbiBaeT p;ByX60130HHble BOI36y:tKp;eHMH KBaHTOBOro oc4H.JI.IIHTOpa ' 

Ha 'laCTaTe w. 
, ,I(n.!l pac'!eTa cpep;HMX 13Ha'leHMH 'IMC.Jia H KBa):(paTa 'IMC.Jia KBaHTOB 

6yp;eM HCllO.IIbi30BaTh MeTOA KaHOH~'leCKoro npe86pa,;(m'aHM.!I raMHJib

TOHMaHa [5]: BB~p;eM,·HOBble ~ol3e:~neP,aTopbi.a,_ftf.: 
~ . . . -- ' ' ~ . . . ; : " } 

• ~- ¥- • 
·j ,..;_ ..• '+' 

- .~a.-va, "+ ·. . ,., 
ua .~_,va, 

' - -'. "'' » .• • ' ~ 

. [a;'a+}= ·1 
::. ;; '· ' .· . -... '' ~ 

: .... ~ .. r~.~-1 

~ 

2 ".12::.:;1· .•:; u -v =·, 
... ~; ;;,·t~ ;=-~~· 

"' ._ ' - ; . . . ~ f'. • . ~ ~-. ~ . . . . " 

npep;cTaBJIHIO~Ue. raMH.IIbTOHUaH B p;uarOHaJibHOM BHp;e: 
- :/-~ -· --~-~--c--:-~-"'- ::· 

· :H :::=: Eaa+a +'Eo,, ' . ' ·· ·· · 

·:r· •'-r·.: 
"···· 

, .. . . ,-~ 

~ ~;: .• "'1 --·~ 2~: f/:' '"' 

E
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- w - g 0 - --w + -w - g g - - • a ., · 2 2 ' ·' ·, \·,, .. ,., W•,( , ..... ·' 

rp;e napaMeTpbi npeo6pa130BaHHH u, V Be~eCTBeHHbl H nop;'!UHHIOTC.!I 

cn~p;yro~~M. COOT~f?WeH~~~~ ~- ; _{ -..) 

···*"~ .. ---,j'---- -.. ~~ ...... ~-·---·-·'" 
t~·~~.,~i~j-:';;:~~ ~<~~;J )~~~;.-~; 
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2 _i.:·~i' 
··V = _V.I.- g-

.. 2v'l- g2 , ; i+~".,·:.:-u;v<'O. '' u2·:= -~---' 
·' 

2 ·.· ._.9 

llop;c'!eT CTa TUCTU'leCKOH CJMMbl 'II C~ e;:J;HHX riHa'leHuii '. 
.:. ,' ~ . 

Q = , exp( -/3Eo) 
1- exp( -/3Ea) 

_. ···"' exp(_~) 
--:- 2 sinh ( ti2w v'L-'-· g2) ': 

..... :(4) 
·• \\!-" 

< n..>;=:= v
2 + (2v~ +l).n0 , 

n
0 

= (e;{JEa _ 1)-1, 

< ~2 >= v4 (12n~:+ i2~o:+ s)+ ~2(12n!+.10n0 +2) +2~~ ±.no (5) 

fripiiBOAHT K pe13y.JibTaTy: 

! -~: 

F = v 4(8n! +Bn;. 4- 2) + v2(8n!+6n~ + 1) + n! ~ 0 • (6) 

· JlerKO Bllp;eTb; · ~i-~ np~ .JIIo6biX .13Ha'leHiiHX. napaMeTp(>B CliCTeMbl . 

. (g, w, T) ycn~Bue cy6Iiya~coHoBtKoii cTa:TncTuxu. (2 ). He ,B~no~~eTcH. 
8To yTBep~p;eHn~ ·B npeAe.JibHOM cny'lae Hynesoii TeMnepaTyph1corna

cyeTc.!l co cp;en~HHhfM p-~Hee BtiBOAOM o cynepnya:cc~HOBCKOH CTaTH-. 

CTHKe KBaHTO~ ·B c)KaTOM cocTOJIHMH <PoKa [2]. 

"L.-: 

2. )J,Ba CB.H3aHHbiX OCD;II111I.HTOpa.B TepMOCTaTe 
'~ .-~ . ·-- . -~ :.:.. . ..-.,..._ ~" -

,I(nH p;Byx cTeneHeix cBo6op;bi. 6ol3e-nonH·raMil.JibTC>HllaH (1) npep;-
cTaBn~~TCH B BHAe: ' ' ' . ~ :~"· ' '' 'i' . . . . . . . '• ·; 

H = w .. a+ a+ wbb+b + g(ab + b+ a~), (~, a.+J =J, ., [b, b+] = 1 (7) 
~ ". . . . ' . ' ~ - . , __ . '· ~ 

H Mo)J(eT 6biTL'ricnonbtJOBaH. p;n.!l·onnc~H.!I,"HanpiiMep 1 npocTeiiwero 

cny.fM. Bl3aHi.mp;eHCTBMH; MOHOXpOMaTH.qeCKOro CBeTa. C.·· HI30Tponl:tbiM 
• - .:. • • •-' > • .' ,_ -· ~ - -
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KpMCTaJIJIOM 1 rAe a+(a) HBJIHIOTCH onepaTOJJaMU,pO)I\:AeHIUI (yHM'ITO

:>KeHMH) ¢oTOHa1 a b+(b) :-:cooTBeT~TBYIOll.liie ont!"pa~opbl nonepe'IHbiX 
¢oHoHOB [4]. ,I(IDI npHBeAeHnH raMIIJibToHimHa K AMaroHaJibHoMy BMAY 

BBeAeM xaHoH:w~ecxoe npeo6pa:3m~aHIIe: · .. , , 

a= ua +v/3+, b = Jla+ + v/3. 

ll:J KOMMYT~MOHHblX,COOTHOWeHMll1 .HaKJiaAb1Ba!:!MblX Ha HOBbie one

paTOpbl XBa:JM'IaCTM~ a+, a,· fJ+ 1 {3: 

[a, a+]= 1, 

(,8,/3+]= 1, 

..; 
[a+,p+];::: 0, 

[a+,/3] = 0, 

(a,/3] = 0 

- (c.t,p+J = o 
' cneAyeT, 'ITO napaMeTpb1 npeo6p_a::wBaHn.ll AOmKHbi nownmHTbCH cne-

AYIOlllMM paBeHCTBaM: 
~' .,.; .!, < : ~ --r-( 

u 2
- v2 = 1, v2- Jl2 =. 1, (8) 

o6ecne'IMBaiOll.lMM 6o:Je-CTaTMCTMKY 1 H paBeHCTBY 

.-; 
UJl = vv; ~ ~. {9) 

COXpaH..IIIOll.leMy He:JaBMCMMOCTb KBaHTOBbiX,nepeMeHHblX1'0THOC..Il~MXC..Il 
.K pa3Hb1M OC~MJIJIHTOpaM:YcJIOBH..Il (8) II {9) BbiAeJI..IIIOT ABa Ha6opa 3Ha

'leHMll. KoacpcpM~MeHTOB 'KaHOHll'leCKOro npeo6pa30BaHII.Il:E< ', 
·, 

u = v, v = p., uv <0 II, 
',l" .}t; 

uv>O u = -v, v = -jl, 

C OAllHaKOBblMM :JHa'leHM..IIMM KBaApaTOB BeJill'IMH U H V 

1+~···:,, '1''~ u2 = v .1.-: ,;-:- · v2 ,;,. ·-·v J.·-·r;;-

2yfl - k2 , 2yfl - k2 , 

k'i.",;,_ 4g
2 

(wa + w6)2 · (10) 

'a.rn AB~ 'Ha6opa g:aioT OAHH~il~b!ii p~oyn~Ti~ np~ Allaro~ari~[3a~MM ' 
(7): ····. ,.·,'' ' 

•- 'if,:;_ Ec,a+~ + E13p+p + E 0 ,' ·: · ·- {11) 
: . 6 ' ' 6; 

.::•E.x = wV1-•k2.+:2 ,·. Ep = wVl_:;,p ~2;•· 
•: -'~ ··. .·; .. . . . w~ +~{ /'; ,,·:.:· 

Eo = -w + wV1 ,... k2
' w = 2 ' 6 = Wa - Wb· 

' 4 

1' 
} 

'};i/' ... 
\I 

. Bbi'IMCJI..Il..ll cTaTMCTll'lecxyiO. cyMMY · 
,·' 

'"'; .. '· ,.;., 

,'~~X::J~Cr · ~"',_ • .f) · " exp(~PEci) · 
;:Q = ,(1.::- e~PEa) (1,... e..:.pe~) 

" 

,··1_,;~: ' '(12) 

II cpeAHIIe :JHa'leHM..Il 

+ 2( ' '1·)' ' < na >=<a a >= v na + np+ + na, 

< nb >=< b+b >= v2(na + np + i)'+''ri~i 
; 4 .: riC:.~< a+ a i~ P;l' , · np ='<:p+fJ>~ · PE 1 : , r·

1
, 

1(13) 
· e a- 1 · · e tJ -.1 

+ ' '2 2 + 2 2 ,. ' ' 
<(a a) .>= 2na + na, . ; < (/3. /3) >= 2n13+ np,. 

' l '-· . '~·· - ... .·" . • -.; . ... J. • - '- .· -

MMeeM B MTOre:.,, 
~ . . : ~ ;, . 

' ' ' 2 
,,. Fa =D(nd)- <, na =::=::.<na .. > ~ 9, 

Fb ~ D{nb)::::;; '< nb >~< nb > 2 ~ o:·. 
' .. · '(i4) 

. ·.··; 0'1eBllAHo, '<ITO. ycnoBMe cy6nyaccoHOBCKoii. cTaTMCTMXM. (2), AIDI 

· ~6bix~ ~c~u~ni~op~l3 He: Bhiii~Ii~uie-:r:c1t '~~ "~im ·~a~mx '~it'a~~Hif..llx' ~a-
'paMeTpoB (wa,wb, T,g): 3a:MeTHM, 'ITO aTo:JaxJtiO'IemxeyKa:Jb1BaeT Ha 

· ~enecoo6pa:JHOCTb_I1~PeCMOTpa Bb.IBOAa o BO:JMO:>KH.OCTH BO:JHHKHOBe

HM..Il. cy6nyacCOHOBCKOrO pacnpeAeJieHli..Il. 'IIICJla cpoHOHOB' npM TeMnepa

Typax H::H:>Ke HexoT.opoii noporo:Boii ie~1lepaTypb1, cAenaHitoro. B (3]. 

· : Cpa.B'IIIiM Bb1pa~eHllii ·Ami ¢yHK~IIM F B cnyqa..~~x · OAHor~ ( 6) ~ ABYx 

{14) .oc~M1IJI..IITOI>OB. B o6<;>nx cny'IMX ycnoBMe cy6nyaccol;l!J~OCTll He 
YAOBJieTBOp..lleTC..Il, OAHaKo xapaxTep cTaTliCTliKM qncna :JanonHeHIDI 

npH aTOM . pa31Ill'leH: ,I(JtJI CB..Il3aHHb1X 6ooe-octinJIIDITopoB KliHeMaTli-

. -~eCKM He:JaBliCllMOCTb llX nepeMeHHblX, Bblpa:>KeHHM paseHCTBOM (9), 
np:&BOAMT K liX CTaTMCTli'I~CKOH HroaB~lCMMOCTM. IloCJieAH..Il..ll Bb1pa:>KeHa 

TeM 06CTO..IITeJibCTBOM1 'ITO Ka:>KAM M3 ¢opMyn (14) onpeAeJt..lleT OAMH 
oc~imiDITop B TepMocTaTe:· HanpoTnB, lienn:HeiiHoCTb c'a.MoAeiicTBM..Il 

oc~nn~~opa c r~MJibTOHllaHOM (3) npHBOAMTK ero HeTpHBHaJibHoii 
~- CTaTMCTllKe

1 
Bb1pa:>KeHHOll cpopMyJIOll {6). - . . . - .. 

. .. 3aMeTliM HaKOHe~, ~Tonpn .HyJieBOll paCCTpOHKe 6 CTaTllCTli'Ie

CKa.ll cyMMa AByx OC~MJIIDITOpOB (12) paBHa KBaApaTy CTaTliCTll'leCKOll 

cyMMbl (4) OAHOrO OC~llJl1UITOpa C ra.MMJibTOHMaHOM (3)>,Ilanee, B npe

AeJie l:l -t 0 cpyHK~M..Il F AM' ixonH:~rO':.}~~na KBaHTOB ( na+ n&) cncTeMb1 

i 

:5 
~ 



(7) paBHa JABOeHHOII <l>YHK~lUI F ;o;nn •mcna ImaHTOD 'cucTeMbi (3);' a·.:ro 
0:3Ha':laeT, 'iTO npH UOJIB!IeHUU BbipmKp;einUI ( Wa = Wb) · CTa TIICTHKa ;IJ;BYX 
CBJI:JaHHbiX OC~II1I1I.liTOpOB CTaHOBllTC.li np;eHTII'-IHOII CTa TIICTIIKe O;IJ;HOrO 

c:oc~HIIIIJITopa. AHanorH'iHoe CB<JHCTBO cTaTucTiiim nonHoro 'iiicna na

nmJHeHHJI CBJIOaHHbD~ ociiimnJI~~pOB Ha6rr~~aiiOCh B nap;a':le KBaHTOBOH 
;IJ;HHaMIIKII [6]. 
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flpHHHMaeTCR flO,I\flHCKII Hll npenpHHTbl, C006J 

HHCTHTYT8 RAepHbiX HCCJJeAOBUHHH H «KpiiTKHe coo6meH 

. YCTaHOBJieHa CJJe,l\yJOlUUR CTOHMOCTb .flOAOHCK':f· Ha 

OH51J1. BKJIJOtiaR nepecbiJIKy, no OTAeJibHbiM T~MaTHQeCJ 

HHAeKc TeMaTHKil 

I. 3KcnepHMeHT8JlbHaR <f>H3HK8 BbJCOKHX :mepmii 

2. Teope-ruqecKaR <f>H3HKII BbiCOKHX 3Heprnii . 

3. 3KcnepHMeHTaJlbHUR HeihpOHHIIR <f>H3HKil . 

4. TeopeTHQecKaR <f>HaitKn HH3KHx 3ueprnii 

5. MaTeMUTHXa 

-6. 51)l.epHaR cneKTpocxonnR H PiiAHOXHMHR. 

7. <l>H3HKU TR)I(eJlbiX HOHOB 

. 8. KpHoreHHKa 

9. YcKopHTeJIH 

10. ABTOMaTH33UHR o6pn6oTKH 3KcnepHMeHTaJlbHbiX Am 

ll. BbiQHCJJHTeJibHaR MaTeMnTHKn H TexHHKn 

12; XHMHR 

13. TexHHKa <f>HaHqecKoro 3KcnepnMeHTa 

_14. HccneAOBnHHR TBepAbiX Ten H )I(HJ\KOC'l'eH SJAepHb1MI1 

15. 3KcnepHMeHTaJlbHUR <f>H3HKa R,l\epHbiX peaKUHH 
npH HH3KHX 3HeprHRX . . . .·:: 

· 16 • .li.03HMeTpH11 H <f>H3HKU 381UHTbl 

18. Mcnonb30BaHHe peaynbT8TOB 

H MeTO,I\OB <f>yHAaMeHTdJibHbiX <f>H3HQeCKHX HCCJJe)l.O 

B cMe)I(HbiX o6naCTRX uayKH H TeXHHKH 

19. BH<xt>H3HKa 

«KpaTKHe co~meHHR OHSIH• (6 BblnycKoB) 

fiOAflHCKa·~~~eT 6bJTb $p~euri'c Jlio6oro Me~l 
: qo i seeM sonp~M o<f>opMJJeHHR 'noJ\nlicKH cne, 

Te.nbCKT~H OTAeJI OIUIH no <mpecy: 141980, r.)ly6ua, l 


