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MeTOjJ. nsyxspe~IBHHbiX ¢YilKUHil rpHHB B "onenu el311Hra 

c nonepe'IHbiM none~t 

Ha OCIIOBe MeTO:Jil nsyxr.pe:.leHHbiX <j;yHKUHJI rpuua pa3BIIT CaMocorna

COBllllllbiR llOJlXOil, Jlnsl Bbi'II!CllCifiiH CllaKTpa KOJ!nlC>KTI!llllbiX B036pK,laHIIfl H 

CBo5oaHoR 3Hepr!tll • MoaenH H 3UHra c noncpe'!Hh"' non eM B npa6nu~·ceHHH 
xaoTH'IaCKHX <j>a3. Btoi'IIICiieHbl TaKx;e see napHLie KoppenHUHOHHI ;c rjlyHKUHH 

c y'<eTo" oco6eHHOCTH IIX cneKTpanbHoii HHTeHclmHocTH np11 HY·lClloif '!acTo

To. To'IHOCTh npu51!1!>KaHHH KOI!TponupyeTCH c no"OWbJO KI!HeMaTH'Ieci\I!X 

npasun cy~•~t. TloKa3aHo, 'ITO Hcno.'Ib3oaaHI!e nocnemmx an11 onpcncneHI!H 

napaMeTpB nopl!LlKB npi!BOili!T K Ha<jJU311'1BCKHM pe3yJThT8TilM. 

Pa6oTa BblllOJTIIeHa B na6opaTOpHII TeopeTH'IaCKOH <jlH3HKII OIHIY!. 

npenpi!HT 06t.elli!HeHHOrO HHCTI!TyTa !lllapHbiX IICCJ!aJlOB8HH~. lly6Ha 1978 

Aksionov V,L., Konvent H., Schreiber J. Pl7 ~ 11369 

Methcx:l of Double-Time Green's Functions for the Ising 
Model with Transverse Pield 

On the basis of the method of double-time Green's functions 
a self-consistent RPA is developed to obtain the spectra of collec
tive excitations and the free enE>rQy for the !sin~ model ·.dth trans
verse field, Taking into account U1e zero.-frequency anomaly of the 
spectral intensity we are able to calculate all the correlation func
tion.;:; uniquely, The level of a.cc;u·acy of the used RPA is estimat
ed by the kinematic sum rules. It is also shown that the applicati
on of the last one to determine the order parameter yields unphy
sical results, 

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

MeTOA ABYXBpeMeHHbiX <iiYHKUHH rpuHa, BBeAeHHbiH B 

KBaHTOBYIO TeopuiO MarHeTH3Ma H.H . .Iioromo6oB~M u 

C.B.T.116JIHKOBbiM /t;, nonyqun wupoKoe paJBHTHe 2- 4;u a 

HaCTO.Ili.J.{ee BpeMJI JIBJIJleTC.Il OAHHM H3 3<txlleKTHBHbiX B TeOpHH 

COHHOBbiX CHCTeM. 3TOT MeTOA 003BOJIJleT B paMKaX eAH

HOrO $opMaJIH3Ma paCCMaTpHBaTI, KaK AHHaMuqecKHe, TaK H 

TepMOAHHaMuqecKHe CBOHCTBa CHCTeMbl. llpl'l npaKTHqeCKOM 

ero npHMeHeHHH npHXOAHTCJI llOJIL30BaTLC.Il HeKOTOpOH npo

UeAypoii nocneAoBaTeJILHbiX npu6nu*eHHH - pacuenneHneM 

uenoqKH ypaBHeHHH AJI.Il <iiYHKUHH rpupa /<l>r I. TpyAHOCTLIO 

MeTOAa JlBJI.IleTC.Il OTCYTCTBHe 061J.{ero KpHTepH.Il TQqHOCTH 

CAeJiaHHOrO npH6JlH*eHH.Il. ,L\JI.Il 3TOH UeJIH MO*HO 6LIJIO 6LI 

HCDOJIL30BaTL,TOqHble COOTHOWeHH.Il THOa KHHeMaTuqecKHX 

npaBHJl CYMM / 
4

•
5< llOCJieAHHe *e 06blqHQ HCOOJIL3YIOTC..Il AJI..Il 

onpeAeneHH.Il napaMeTpa nop..RAKa B cucTeMe. TaKue pewe

HH..Il, B 061J.{eM, He YAOBJieTBOpJIIOT TepMOAHHaMuqecKOMy 

paBHOBeCHIO /MHHHMYMY CB060AHOH 3HeprHH B AaHHOM 

OpH6JIH*eHHH/, OOCKOJILKY npaBHJia CYMM, KaK TO*AeCTBa, 

ne coAep*aT HH$opMauuu o TepMOAHHaMHKe. K TOMY )l(e 

npH TaKOM DOAXOAe TPYAHO OUeHHTL TQqHQCTL npHH..IlTbiX 

npu6JIH)I(eHHH. 

B HacTOJIIJ.(eii pa6oTe Mbl npeAnaraeM 6onee nocneAo

BaTeJILHYIO npoueAYPY pacqeTa: C OOMOIJ.(LIO <l>r onpeAeJIJI

IOTC..Il CDeKTp KOJIJieKTHBHbiX B036Y)I(AeHHH, a TaiOKe CB060A

Ha..ll 3Heprux u KoppeJIJIUHOHHble <iiYHKUHH. YpaaHeHHe AJIJI 

napaMeTpa DOPJIAKa HaXOAHTCJI H3 YCJIOBHJI MHHHMyMa 

TepMOAHHaMuqecKoro OOTeHUHaJia, a npaBHJia CYMM HCllOJIL-

3YIOTC.Il AJI.Il OUeHKH TQqHQCTH OpH6JIH)I(eHHJI. 
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0TMeTHM e~e OAHY TPY.D.HOCTL B MeTo,D.e q,r, Ha KoTopyJO 

HHOr,D.a He o6pa~aiOT ,IJ,OJDICHOrO BHHMaHHJI. 0Ha CBJI3aHa 

C T,M, 'ITO o6~'1HaJI TeXHHKa cneKTpanLH~X npe,D.CTaBne

HHH 2•3/ He JIBnJieTCJI B o6~eM cnyqae .D.OCTaTo~~:H .D.nJI 

nonHoro onpe,D.eneHHJI KoppenJIUHOHH~x cilYHKUHH 
6 

· 3To 

o6ycnosneHo oco6eHHOCTLIO npH w=O B cneKTpanLHOB HH

TeHCBBHOCTH J(w), KOTOpaJI B o6~eM cnyqae HMeeT BH,IJ, 

J(w) = Co(w) + J(-)(w), ·r.D.e J(-)(w) onpe,D.enJieTcJI KOMMyTaTop

HOH cilYHKUHeii rpuHa IKq,r I H J(-{O)=O.llpH'IHHOH B03HHKHO

BeHHJI TaKOB OC06eHHOCTH JIBnJieTCJI HanH'IHe HHTerpanoB 

,IJ,BIDKeHHJI IHnH KBA3HHHTerpanOB, KOTOp~e MOryT nOJIBHTLCJI 

B pe3ynLTaTe c,D.enaHHoro npu6niDKeHHJII;.;'~TO npHBO.D.HT 

K He3pro,D.B'IHOCTB cilB3B'IeCKBX BenH'IBH 7 IIJIH, ,D.pyrHMH 

cnoBaMH, 1C HapymeHHIO npHHUHna OCft.a6feHHJI ICOppenJIUHH 

npH 6eCKOHe'IHO 6onLWHX BpeMeHaX 
7

•
8

• cl»opManLHO HanH· 

que oco6eHHOCTH o6ycnosneHo noJIBJieHHeM nonroca npH w==O 
s aHTHKOMMyTaTopHoi cilYHKUHH rpuHa I Aq>r I; 'senH'IHHa 

c onpe,D.enJieTcJI B~'leToM ee B 3Toii TO'IKe 6 • O,D.HaJCo 

Aq>r CnHHOB~X onepaTOpOB o6~'1HO He y,D.aeTCJI B~'IHCnHTL 

nonHOCTLIO. fipo6neMa ICOHCTaHT~ C B03HHJCaeT H npH 

HCnOnL30BaHHH npH'IHHH~X q,r. 3HaHHe CB060,D.HOH 3HeprHH 

D03BOnJieT pa3peWHTL H 3TY TPY.D.HOCTL, TalC JCaiC ICOHCTaHT~ 

C MOryT 6~TL HaH,D.eH~ B BH,D.e pa3HOCTH H30TepMH'IeCKOH 

H H30nHpOBaHHOH BOCnpHHM'IHBOCTeH/7 ,8~1COTOp~e BLI'IHC

nJIIOTCJI, COOTBeTCTBeHHO, no CB060,D.HOH 3HeprHH H q,r. 

OTMe'leHH~e TPY.D.HOCTH oco6eHHO OT'IeTnHBO npoJIBnJI

IOTCJI B MO,D.enu H3HHra c nonepeqH~M noneM: 

X Z Z 
H =- l'ISn-llz !.JnmSnSm • 

11 nm 111 

HHTepec K 3TOH MO.D.enu o6ycnooneH TeM, 'ITO oHa co,D.ep)I(IIT 

B ce6e BeCLMa pa3H006pa3H~e cilH3H'IeCKHe CBOHCTBa. BOT· 

nuque oT npocToii MO.D.eJIHH3HHra, nonepe'IHoe none I' sl1/ 

MO*eT npHBO,IJ,HTL K nOJIBneHHIO KonneKTHBHLIX B036y)I(,D.eHHH. 

llpu 3TOM <8~> I 0 npH sc«ix TeMnepaTypax; ynopJI,IJ,O'IeHHe 

*e CnHHOB no OCH Z, <8 > f= 0 , HIDKe HeKOTOpOH TeMne

paTyp~ lcllaloB~ii nepexo,D. 3a C'leT o6MeHHoro B3aHwo

.D.eiicTBHJI J mn I B03M0)1(110 nHWL npH r < r c·KPHTH'IeCJCOe 

3Ha'leHHe f' "' 11z· J O = liz!. J .KpoMe MeTO,IUI'IeCKOrO HHTepe-c mn 

4 

Ca MO,D.enL 111 HMeeT TaK*e H npaKTH'IeCJCOe 3Ha'leHHe B 

CBJI3H , C, ee WHpOKHM npHMeHeHHeM B TeOpHH TBep,D.oro 

Tena >lt. 

Mo.D.enb I 11 uccne.D.ooanacb pa3nH'IHbiMH TeopeTH'IeCKH

MH MeTO,D.aMH. lionbWOe KOnH'IeCTBO pa60T, HanpHMep/5,l!r-12/, 

OCHOBaHO Ha MeTO,D.e ,!J,BYXBpeMeHHbiX q,r H npu6JJH)I(eHHH 

xaoTH'IeCKHX 4Ja3 lllX<l>l. B paMKax ,LJ,auHoro MeTo,LJ,a cso-

6o,LJ,naJI 3HeprHJI He BLI'IHcnJinacb, a ypaBHenue ,LJ,nJI napa

MeTpa nopJI,D,Ka onpe,D,enJinOCb H3 CDHHOB~X npaBHJl CYMM. 

llpH 3TOM ,!J,O CHX nop HeT JICHOCTH B onpe,D,eneHHH KaK 3TOrO 

ypasHeHHJI Is pa3nH'IHLIX pa6oTax nonyqenLI pa3nH'IHble 

ypaBHeHHJII, TalC H TO'IHOCTH fiXq>. 

B ,LJ,aHHOH pa6oTe pa3BHBaeTcJI npoue,D,ypa caMocorna

cosaHnoro OnHCaHHJI ,!J,HHaMH'IeCKHX H TepMO,!J,HHaMH'IeCKHX 

xapaKTepHCTHK MO,LJ,enH 111 B nxq,. B~'IHCneHLI TaK*e see 

KOppenJIUHOHHLie 4JyHKUHH C yqeTOM OC06eHHOCTH cneKTpanb

HOB HHTeHCHBHOCTH. ,lJ,nJI OUeHKH TO'IHOCTH fiXq> BLIDOJJHeH~ 
'IHCJleHH~e pacqeTbl OTKnOHeHHJI nonyqeHHLIX KOppenJIUHOH

HLIX IPYHKUHH oT TO'IHLIX cooTnoweuu:H ,LJ,nJI HHX. llpooe,LJ,eu 

aHanH3 ypasueHHJI ,LJ,nJI napaMeTpa nopJI,D,Ka. OcnoBHLie 

pe3ynLTaTLI c4JopMynuposanLI B 3aKJJJO'IeHHH. 

2. KOMMYTATOPHblE 
JJ AHTJJKOMMYTATOPHbJE fl>YHKIJ.HJJ 
TPJJHA 

'1 o/ 
Boe,LJ,eM 3ana3,LJ,LIBawmue ,LJ,ByxspeMeHHLie <l>r 

1 ·~ ,LJ,JJJI 

onepaTOpOB 4JnyKTyaUHH CDHHOBLIX KOMDOHeHT aS~~~ S~;-- 8\'j . 

( +)a{i a {1 
G- (t- t') = -iU(t- t') < \1'38 (t),uS (t')]. -, ~ 

lllTl 11 Ill ± 
~sa(t)··-sf1( ') <±! ~ <<u 11 . , o m t ,'/ , 121 

r,LJ,e (-) - o6o3uaqeuue ,LJ,nJI K<l>r, (.+) - ,D.nJI A<l>r, a= x,y,z. 

YpaoHenue .D.BH)I(eHHJI ,!J,JJJI cilypLe- o6pa3a <l>r 121 c ra

MHnLTOHHanoM I 11, no JCoTopoMy npoH3BO,!J,HTCJI ycpe,D,HeHHe 

B 121, HMeeT BH,!J, 

wd~:/3 (w) = il£ a{3y <s;;,onm + (1 ± 1)¢:~ + 
y 
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. "" f' S y 'S/3 ± . "" + 1 ~ fxay << il ;o m>>w + 1 £.. fzay 
y y 

z y - {3 ± f Jile « SeSil ;oSrr('> w• 

/3/ 

r,l\e cp ~~ ~ <o8~oS~> ~ <S~S~>- <8~><8~, { a{Yy - e,l\H" 

HH'IHblB aHTHCHMMeTpH'IHblB TeH30p TpeTbero paHra. IlpH 

llOJiy'leHHH /3/ HCflOJib30BaHbl KOMMyTai.{HOHHble COOTHO" 

weHHJI cnHHOBbiX onepaTopos: 

[S~,S~ = iifa(3yS~bnm , 
y 

/4/ 

KOTOpble B cnyqae CllBHa 8 o= Y2 MOryT 6b1Tb npe,l\CTaBneHbl 

TaK:lKe B BH,l\e 

a {3 Y 1 
ss ='hlf{3 8+--0{3. ilil ayil 4a y 

/5/ 

PaccMoTpHM o6bl'IHoe IIX<l>, TOr,l\a <J>r s nocne,l\HeM 

qneHe B /3/ pac.QenHTCJI: cne,l\yiOII.{HM o6pa30M: 

«8~(t)S~(t);oS~ (t')» .... 

a {3 y 
.... <8 ><<DS (t);oSo (t')» + 

n m r 
<S/3 >«oS a (t)oS yo(t ')» 

m il r 
/6/ 

CucTeMa ypaBHeHHii /3/ B 3TOM cnyqae npHHHMaeT 3aMI<Hy

TbiB BH,l\: 

~ lfuJoay- i(fxay I' + fzay J0 <8~>))8ilf 
. ~ <811 I <+>Yf3, ) -1i'lzy<zap. il>Jilf G fm \w= 

. ~ ·sy "' 
= 1 ~ fa(3 y <- il >uilm 

(3a 
+ (1 ± 1)¢mil · /7/ 

B ,1:\ononHeHue x ypasHeHHJIM .l\JIJI cl>r pa-ecMoTpHM 

yCJIOBHJI paBHOBCCHJI B CHCTe.Me C raMHJlbTOHHaHOM /1/. 
06bl'IHO /5,10,11/ orpaHH'IHBaiOTCJI ypaBHeHHCM id/dt<S~(t)> = 

a -c{Sil ,H)>= 0, KOTOpoe npHBO,l\HT K TO'IHblM COOTHOWCHHJIM 

/8a/ 
y 

<8 > "'0, il 

6 

"' v z £.J
0

<8·8 0 >=0, 
f ill il 1 

/86/ 

I' <8 z > -I J n < 8x S ~ > = 0 
n f ill il r. 

/8s/ 

B ,1:\aJibHeiiweM Mbl socnoJiblyeMcJI ell.{e O.l\HHM ypasHe

HHeM: id/dt <-8 a(t.)S j:$ (t)> = 0, KOTOpoe npH a = X, f3= Z B IlX4> 
n m 

,1:\aeT flOJie3HOe COOTHOWeHHe 

1'<8~> = hz"S~ ·. h z = L J ilm<S~. /9/ 
m 

3aMeTHM, 'ITO /9/ flOJiy'leHO 6e3 ,1:\0flOJIHHTeJibHOrO pac

uenneHHJI THna npu6niDKeHHJI MoneKynJipHoro nonJI /IIMII/ 

B /8B/. 
IlpH OTCYT~TBHH BHeWHero flOJIJI, B CHJIY TpaHCJIJIUHOHHOB 

CHMMeTpHH <-8p> He 3aBHCBT oT y3na peweTKH. Y'IHTbiBaJI 

3TO, a TaK:lKe /8a/, /9/ B nepeXO,l\JI X npOCTpaHCTBeHHOMY 

!flypbe·npeo6pa30BaHHIO, CBCTeMy ypaBHeHBB npe,l\CTaBBM B 

BB.l\e MaTpB'IHoro ypasHeHHJI ,1:\JIJI A<l>r: 

,.(t) ..,(-) " " 
Gq (to) ~· G q(<u) t 2Lq(w)c,b-q, /10/ 

-,. " 
r,l\e cp ~ TpaHCflOHHpOBaHHaJI OTHOCHTeJibHO cp MaTpHI.{a; 

MaTpHUa L q (w) HMeeT BH,l\ 

<o2-t'(f'-<SX>J ) iwh -h (['-<8X>J ) 
q z z q 

,. 1 
L (uJ)""-~-

q w(w 2-f 2) 
q 

-ih w 
z 

-I'h z 

w2 

-iwf' 

(-) 
G q (w)- Kcl>r, xoTopaJI onpe,l\eJIJieTCJI xax 

h <8 z> iw<S z> 

c<-\w) = 
1 

\-:o<S '> 
f 2<Sx > 

q 
W2-f 2 

_g, 

q f' 

-h <Sz> -iw<S ~ 
z 

iw( r- <S X > J ) 
q 

w2 -h2 
z 

-h <S z> 
z 

iw<S x> 

f'<8x> 

/11/ 

/12/ 
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cl>yHI<UHJI 

( 2 = h 2 + I' (1 - <S ~J ) 
q z q /13/ 

r.ne J = ~ J iqtf-f') 
q r -f' Pf' e ,onpe.nenJieT 3Heprwo I<onnei<-

THBHbiX B036y>K,neHHH H, I<ai< BH)J,HO, npH Hei<OTOpOH TeMne
paType tq MO:>KeT o6paTHTbCJI B HOnb, T.e. ,naHHaJI MO)J,a 
MO>KeT 6b1Tb MJiri<OH. 

11HTepeCHO OTMeTBTb, 'ITO HeBblllOnHeHBe ycnOBBJI /9/ 

npBBQ,IJ,BT JC HapyweBBIO cBoiicTBa CBMMeTpaa Kcl>r G (-)afi:w)= 
q 

= c<-)f3a (-w) B noJIBneHBJO B aeii ae!llB3B'Ieci<oro nonroca npa 
-q 

uJ == 0. .U.n• JIBHoro Bbi'IBcneHBJI Acl>r, I<ai< BB,nao H3 ypaB
HeHHJI I 10/, aeo6xo.nawo 3HaTb I<oppenJI~HOHHble !llYHI<~HB. 

3. KOPPEJI~HOHHJJE fi>YHK.QHH 

)J.nH onpe,neneHHJI I<OppenH~HOHHbiX lilYHI<UHH Bocnonb-
3yeMCH Teopaeu cnei<TpanbHbiX npe,ncTaBneHHH 12.3/. 3a
MeTHM, 'ITO B o6u_.eM cnyqae cnei<TpanbHYIO HHTeHCHBHOCTb 

JAB ((d) ~(2rr/ Z) n~ <n\ B\ m><rn\ A\ n>exp(-En /(})ti(En -Em-uJ) 

lilYHI<UHH <-B(t ')A(tf> MO>KHo npe,ncTaBHTb B Ba,ne I 61 
J AB(w)=CAif>(uJhJ~B(w), r.ne CAB <-?npe.nenJieT .naaroHanb
HYIO 'laCTb (En =Em)J AB (w), a JAB (uJ) - He,naaroHanbHYIO 

(E
11 

;i.E
11

!) Kai< neri<o noKa3aTb /o/ , cnei<TpanbHaJI HHTeHCHB

HOCTb J AB(uJ) onpe,nenJieTCJI Acl>[', a J ~~ctJ)(J <Jib=O}o-0) 
onpe.nenJieTcJI Kcl>r. KoacTaHTa C ABB03HH"KaeT, ~r.na Acl>r 
&MeeT nonroc npa w=O, a paBHa Bbl'leTy: 

C .. TT lim [wG (+) (w)]. 
AB w-+O AB 

/14/ 

8 

Tai<HM o6pa30M, ecna nonL30BaTbCJI Kcl>r, To o6IUee Bwpa
>KeHHe ,nnJI I<OppenJillJIOHHbiX lilYHI<UHH HMeeT BH,IJ;: 

¢ af3 C
a{3 . Joo dw 

J.-){3a. (-){3q 
U (w+i£)-G \w-id 

mn mn 
+ 1 --nm nm -<Xl 2rr expwf3 - 1 

/15/ 

Bbi'IHCnJIJI Ca{J Ha OCHOBe ypaBHeHHH/10/-/12/,nony
'laeM cne,nyiOIUHe qCOOTHOWeHHJI: 

Cay=O, a=X,y,z 

([' -<Sx>J )Cxz = h C xx, 
q q z q 

(I'_ <Sx>J )C zz = h C xz. 
q q z q 

KoppenJIUHOHHble lilYHI<~HH 
nonL3YJI Kcl>r /12/, B BH,ne 

cj/-)a{3 
q 

h <S~A L<Sz> 
z q 2 

;(-)a[3 
= 1 - L<S z > 

( 2<8 X> 
q A 

2 r 

-h <S ~A - .!_<S X> 
z q 2 

/16a/ 

/166/ 

/16B/ 

nony'laeM, ac-

-h <SlSA 
z q 

_!_< S X> I /17/ q 2 

i<Sx>:A 
q 

r.ne A =(1/2t }cth(fqf'3/2). llo,ncTaBnu/17/,/16/B/15/, 
(j q ~ 

nonyqaeM CBCTeMy He3aBBCBMbiX ypaBHeHBB )J,nJI I<OppenJI-
llJIOHHbiX lilYHI<~BH: 

¢xy =~Sz>, 
q 2 

c <S x> f3c 
¢ YY = q cth-q-

q 21 2 

/18a/ 

/186/ 
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1ZY i /sx <p' =--""- >, l18al 
q 2 

C-<Sx>J t <S z, f-5 ( 
1 XX 4 ch xz q 

cth--q, l18rl 4J - ~ 

q h q 2h 2 
z z 

I' - '-.S X~~ J 
X 

f :s : {J t 
0 zx_ q cp 'l.Z ~ - --4-- cth-__2 llB.u.l 

q h q 2h 2 
z z 

113 KOMMyTaUHOHHbiX COOTHOllleHHH H YCJIOBHH l8al CJie-

.u.yeT, 'ITO Q xz_ c-!JZX H, CJieJJ.OBaTeJibHO, .!J.Jlll llOJIHOTbl 
q q 

CHCTeMbl 1181 He xaaTaeT o.u.Horo ypaaHeHHll, HanpaMep, 

.!J.JIJI cl>YHKUHH ¢~z · To )l(e caMoe MO)I(HO cKaJaTb H o cReTe

Me ypaaHeHHH I 161. TaKou peJyJILTaT liBJilleTCll cne.u.cTaaeM 

ueo.u.uoJHa'IHOCTH Bbl'IHCJieHHH Acl>f': ypaaueuue JJ.Jill Acl>f' 

co.u.ep)I(HT KoppeJiliUHOHHhle cl>YHKUHH, KOTOpble, a cao10 

O'lepe.IJ.b, onpe.u.eJIHIOTCll 'lepeJ CaMH cl>f'. )l,eHCTBHTeJibHO, 

T. K. cneKTpanbHhle npe.u.cTaaneHHll JJ.Jill Acl> r onpe.u.enliiOT 

KoppeJiliUHOHHble cl>YHKUHH o.u.uoJuaquo, TO, acnoJibJYll I 101, 
nonyqaeM cucTeMy ypaaHeHHH JJ.JIH KoppeJiliUHOHHhlX cl>YHKUHH 

7\ 
¢ 

q 

~(+) ~(+) 
G (w+ id- G (w-id 

_ _g ______ _SL______ + 

exp fJ <v + 1 

:\ A 
2R <b 

q q 
=i {..£c:!. 

2rr 

1191 

r.u.e 
~ . ~ ~ . ~ . {Jw 
R =1 f (dw/2l7HL (co+ld-L (u;-tdl/(e +1). 

4 -oo q 4 
Bhi'IHCJlllll 

R c noMO~biO I 111 H no.u.cTaanu a I 19 I, nonyqaeM, q . 

"A 

'ITO det(l-2Rq)=0, T.e. CHCTeMa ypaaHeHHH 1191 .!J.JIJI 

KOppeJIJIUHOHHbiX 4!YHKUHB HenOJIHaJI. 3Ta CHCTeMa HMeeT 

BH.!J. 1181, 'ITO JapaHee He O'leBH.!J.HO, llOCKOJlbKY TO'IHOe 

Bhlpa)l(eHue 1141 UO)I(eT 6b1Th HapyllleHo npoue.u.ypou pac

uenneHHJI. Mo)I(HO JaKJIIO'IHTb, 'ITO a paMKax .u.aHHoii MeTo

JJ.HKH noJIHOCTbiO onpe.u.enHTb KoppeJiliUHOHHhle cl>YHKUHH He 
y.u.aeTCJI. 

10 

' ' 

I 

8 npaHuane KoucTaHTbl c;ufJ MO)I(HO 6hlno 6bi onpe.u.e-
q I ' 

JIHTb C llOMO~blO HHTerpaJIOB JJ.BH)I(eHHJI 1 71.11MeHHO llOCJie.U.-

HHe H JIBJIHIOTCH HCTHHHOH npH'IHHOH llOJIBJieHHJI OC06eH

HOCTH B cneKTpaJibHOH HHTeHCHBHOCTH. 0.u.HaKO BOllpOC 0 

aa.u.e 3THX HHTerpanoa ocTaeTCJI OTKPhlTbiM. KpoMe a.u.-

.!J.HTHBHblX HHTerpaJIOB .!J.BH)I(eHHJI, a TaKOBbiM B MOJJ.eJIH 111 
liBJilleTcJI, HanpHMep, onepaTop K = 2: J S S a cnyqae, 

nm nm n m 

eCJIH CYMMHpOBaHHe llpOBO.!J.HTCJI no 6JIH)I(aHlllHM COCeJJ.JIM, 

MoryT cy~eCTBOBaTb JIOKaJibHble HHTerpaJibl .!J.BH)I(eHHJI, KaK, 

HanpnMep, onepaTop S i B Mo.u.enu 11JHHra. llpu npu6JIH)I(eu

HOM pellleHHH Ja.IJ.a'IH MOryT fiOJIBHTbCJI H TaK Ha3blBaeMble 

KBaJHHHTerpaJibl .!J.BH)I(eHHJI, HanpHMep, B MOJJ.eJIH f'auJeH-

s z 
6epra a llXcl> onepaTop i . 

4. TEPMOAHHAMHqECKHE XAPAKTEPHCTHKH 
MOAEJIH 

)],Jill Bbl'IHCJieHHJI CB060JJ.HOH 3HeprHH BbiJJ.eJIHM B 111 
- s z BJaHMOJJ.eHCTBHe CO cpe.IJ.HHM CllHHOM <J '~ < i ·- : 

x Jo ~ z 
Ho cc -[' :£ S 11 1 --

2
--u - Joa ~ S 11 , 

ll 11 

TOr.U.a, BBO.!J.H cl>opMaJibHbiH napaMeTp CBJI3H 

uaau I 11 MO)I(HO npe.u.cTaBHTb B au.u.e 

H(A) = H
0 

+ H 
1
(,\), H 

1
(A) = A(H - H 0 ). 

A , raMHJihTo-

fiapaMeTp CBJI3H ,\ MeHJieTCJI OT 0 .!J.O 1, 'ITO COOTBeTCT

ayeT nepexo.u.y oT raMHJibTOHHaHa H0 K nonHoMy raMHJibTo

HHaHy H. Onpe.u.eJIJIJI cao6o.u.Hyro 3HeprHIO, JaBHCJllUYIO OT 

A, H JJ.HdMilepeHIUIPYJI ee no A, llOJiy'laeu TO'IHOe COOTHOllle
HHe/13/'-

F 
1 dH [A) 

F 0 + I dA<---aA>,\' 
0 

1201 

r.u.e F0 - cao6o.u.Ha.ll JHeprHJI cHcTeMbl c raMHJibTOHHaHoM H0 • 

11 



)l.n.11 nony'leHHJI <H 1(.\) > aocnonL3yeMC.Il cne.D.YIOI.UHM 

l}lopManLHbiM npHeMOM /eM. /3/ §34/. HcnonL3Y.Il /5/ H 

ypaBHCHHC ,ll,BH)I(CHH.Il ,D,n.ll onepaTOpa S~ C raMHnbTOHHaHOM 

/1/, nony'laeM cTporoe paaeHCTBO 

Y id Y l X 1 Z Z 
<S (t)--S (t)> = - =--<S > - --rT"!. J <S S >, n dt n 2 n ,;; m nm n m 

/21/ 

H3 KoToporo cpa3y nony11aeM Bblpa)l(eHHe ,D,n.ll BHyTpeHHeii 

JHeprHH 

Y id Y rN x 
<H> = ~ <Sn(t)dtSn(t)>- 2<8 > , /22/ 

a TaK)I(e Bblpa)I(CHHC 

<- 8 Y id Y --;p:-->>. = < n (t)dtSn(t)>A+ --

DH 1(>..) 
X 2 

1<8 >>.. + Joa 
/23/ 

2 

C ,D,pyroii cTopoHbl, HcnonL3YJI cneKTpanLHble npe,D,cTaBne

HH.Il, nonyqaeM 

Y id Y "" dw 
<S n(t)-Sn (t)>,\ = J --

dt _
00 

2rr 

. LG (-)yy( . ) G(-)yy( . )J 
lw nn(A) w + 1£- nn(A) uJ- 1< 

----;f3w - 1 /24/ 

llo,D,cTaBn.ll.ll B /24/ ~r G ~-;(YY 
nx~ 

H3 I 12/, nony'laeM B 

<S~(t)id/dtS~(t)>A = -{l'<Sx>A + J0 a 
2

)/2 

H, cne,D,OBaTenbHO, BHyTpeHHIOIO JHeprHIO /22/ H CB060,D,HYIO 

JHeprHIO /20/ B TaKOM )l(e BH,D,e, KaK H B flMll. 0TCIO,D,a 

cne,D,yeT, 'ITO ypaBHeHHJI ,D,n.ll <8 ~ H <8 x >, Bbi'IHCneHHble 

no CB060,D,HOB JHeprHH B fiX~, HMeiOT TOT )l(e BH,Il,, 'ITO 

H B llMll: 

z hz hf3 /25/ 
<S > = "'211 th-2, 

x r hf3 
/26/ <8 > = -th-, 

2h 2 

2 2 2 
r,D,e h = hz + r . 

12 

.. 

• 

~ 

.. 

TaKa.ll CHTyauH.Il o6b.IICH.IleTc.ll, no-BH.D.HMOMy, TeM, 'ITO 

B raMHnbTOHHaHe I 1/' B OTnH'IHe OT MO,D,en,ll raii3eu6epra, 

OTCYTCTByeT B3aHMO,D,eBCTBHe nonepe'IHbiX KOMnOHeHT, H, 

cne,D,OBaTenhHO, KOnneKTHBHble B036y)I(,D,eHH.Il, KOTOpbie B 

fiX~ He npHBO,Il,.IIT K nepeHOpMHpOBKe Cpe,D,Hero non.ll, He 

,D,aiOT BKna,D,a B TCpMO,Il,HHaMH'ICCKHe BenH'IHHbl. 

Ha ,D,aHHOM JTane Mbl nony'laeM B03MO)I(HOCTb nonHOCTbiO 

onpe,D,enHTb Koppen.IIUHOHHble ~YHKUHH, Hcnonb3Y.Il onpe,D,e-

neuHe KOHCTaHT C af3 B BH,D,e /7 ,f!/ : nm 

CaB_ ..!._ [ / Taf3 _ (-)a{3 J 
n\n- f3 X nm X nm • /27/ 

r,D,e H3onHpoBaHHaJI /Ky6oBcKaJI/ aocnpHHM'IHBOCTb x ~~fi= 
= -a<;;~af3 (w = 0). H3oTepMH1fecKa.ll aocnpHHM'IHBOCTb Bbi

'IH~nJieTC.Il no onpe,D,eneHHIO: x ~~f3= a<S~ >/ilH ~ , r,D,e 

H m - HeO,D,HOpO,Il,HOe BHCWHee none, npHBO,Il,.IIIUee K OTKno

HCHHIO cpe,D,HHX 3Ha1feHHB npoeKUHB CllHHOBbiX onepaTOpOB 

Ha y3ne oT O.D.HOPO.D.Hblx. B nHueiiHoM npH6n.ll)l(eHHH no 

JTHM OTKnOHCHH.IIM ypaBHCHH.Il /25/, /26/ COXpaHJIIOT CBOB 

BH.D.. BLmonH.Il.ll Bbi'IHcneHHJI /eM. TaK)I(e /14/ I, nony'laeM 

Bblpa)l(eHHJI ,D,nJI H30TepMH'leCKHX BOCllpHHM'IHBOCTeB B fiX~: 

X 
q 

T zz AZ'I. 

1 - J A q zz 

1 '._s z ,( flhJ 
0 

- 1)/h 2 

T xz _ __ ---------
Xq - 1-J!jAZZ 

'I 
X q 

X 
<S z> 1'-Jq<S > T xz 

XX ' -------x =-----, q 

h z h z 

r,D,e Azz= O'<Sx>+hi/ib)/h 2
, 4b 1 - th 2(f3h/ 2) 

H T ay= X (-)ay (a= x, y, z). 
xq q 

/28a/ 

/286/ 

/28B/ 
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HcnoJib3Y.II Kci>r B ua.ne 1121 H Bblpa)l(eHH.II l27l,j2BI, 
MO)I(eM llOJIY'IHTb BCe He06XO,IJ,HMble KOHCTaHTbl C ~~ . Ha

npHMep, 

C zz= h 2 b/t 2(1 - A J ) q z q zz q • 1291 

Bbi'IHCJieHBe OCTaJibHbiX KOHCTaHT noKa3b1BaeT, 'ITO 

OHH Y.IJ.OBJieTBOp.lllOT ypaBHeHH.IIM 1161. a{3 
JaMeTBM, 'ITO Bbi'IHCJieHHble HaMB KOHCT~HTbl C q CoB

na,IJ,alOT c TaKOBbiMB, nony'leH~blMI;J B pa6oTe u/ H3 pe3yJib

TaTOB ,IJ,BarpaMMHOH TeXHHKB' 
9

·
15

' B llXcl>. 

5. IIPABHJIA CYMM 

llOCKOJlbKY B MeTO,IJ,e .D.BYXBpeMeHHbiX ci>r HeT o6wero 

KpHTepH.II TO'IHOCTH pacu,enJieHHH, ,IJ,JI.II 3TOrO MO)I(HO HC

llOJib30BaTb npauuna cyMM. PaccMoTpHM KHHeMaTH'IeCKHe 

npaBHJia CYMM, KOTOpbie CJie,D,yiOT H3 KOMMyTaU,HOHHbiX COOT

HOWeHHH B BB,IJ,e 151: 

f3 1 -·sas > = -4il f·~ <- m m a 
'\' i + ~ --l y 
y 2 af1y "Sn? 1301 

3TO yCJIOB~e COBMeCTHO C yCJIOBH.IIMH paBHOBeCH.II 

id/dt<S~(t)SiJ.t)>O npu a= fJ =0 H a= z, j1 ~ x no3BOJI.IIeT nony

'IHTb 6onee o{)mBe TO'IHbie COOTHOWeHH.II, COOTBeTCTBeHHO: 

y Z i X z y 
l31al <S S > = -<S >o =-<SS> 

n m 2 n nm m n ' 

X Y i Z Y X 
<S S > = "2""' <S > o = - <S S >, n m n nm m n 13161 

HcnoJib3Y.II I 161, 117 I, 1291, BB.IJ.HM, 'ITO KoppenJiu,HoH

Hble 4JyHKU.BB <Sh Sg > npu /1 =X, Z YAOBJieTBOp.IIIOT TO'I

HbiM COOTHOWeHB.IIM 1301, 1311. )J;JI.II KOppeJI.IIU,BOHHbiX 

)l(e tilYHKU,BH npB a::: {1 B a = x. , fj = z CllBHOBble npaBBJia 

CYMM /301, C yqeTOM 1251, 1261, He BblllOJIH.IIIOTC.II. 

Ha puc. 1 npuae.neHbl pe3yJibTaTbl qucneuuoro pac'leTa 

BeJIB'IHHbl OTHOCBTeJibHOrO OTKJIOHeHB.II 

14 

a j:J . y 
.'\ af3= 4f<Sn$ m>- (1/4)8af3 -(i/2):I.taf3y<Sm>], 

y 

I 

~ 

... 

# 

~ 

Puc. 1. 3aeucuMOCIIIb eeAu
'lUHbl OIIIKAOHeHUU fl. a{3 = 

[ 
a {3 

= 4 <Sn S n > - o a{3 I 4 

8 

4 

11 ·10-2 
J.fJ 

-(i/2):I.< af3y<S~>] u Olll-
y kY:Jo 

KAOHeHU.JI ~p 0111 COOIIIHO
UieHU.JI /BB/ 0111 llleMnepallly

pbl. 

0 0.1 Tc' 0.2 

a TaK)I(e OTKJIOHeHH.II /\, OT TO'IHOrO COOTHOWeHB.II IBBI, 
B 3aBBCHMOCTH OT TeMnepaTypbl npB r =0,4. Bbi'IHCJieHH.II 

npOBO,IJ,BJIHCb B npa6JIH)I(eHHH 6JIB:>KaHWHX COCe,IJ,eH, llJIOT

HOCTb COCTO.IIHHH ,IJ,JI.II J q 6paJiaCb B MO,IJ,eJibHOM BH,IJ,e: 

1 ·---

(1/1'!) 2. r (J ) ~ I dwpo(w)f (J 0 w), Po (w) = (2/rrh/1- (t) 
2• 

q q -1 

KaK BH.IJ.HO H3 puc .1, KoppeJIJIU.HOHHble cPYHKU.HH pa3JIH'IHbiX 

KOMllOHeHT CllHHOB ,IJ,aiOT pa3JIB'IHble OTKJIOHeHH.II. 0HB He 

npeBbiWaiOT 70/o, KpOMe OTKJIOHeHB.II ,IJ,Jl.ll cPYHKIJ.BH llpO,D,OJlbHbiX z z 
KOMllOHeHT CllHHa <SnSn >, KOTOpoe pe3KO B03pacTaeT npB 

cTpeMneHHB T K 'I' c . OcT~bHble ~ af3 --> 0 npu T-+ T c , 

T .K. OHH nponopU.BOHaJibHbl <8 >.QqeBHAHO, 'ITO B 06JiaCTB 

Tc BCe pe3yJibTaTbl MO:>KHO paCCMaTpBBaTb TOJlbKO KaK 

BHTepnoJI.IIU.BOHHble. AHanorB'IHble pac'leTbl npu pa3HbiX 

r llOKa3b1BaiOT, 'ITO UpB yMeHbWeHBB r BCJIB'IBHa OTKJIO

HeHHH yMeHblliaeTC.II. 

MO:>KHO C,IJ,eJiaTb BbiBO,IJ, 0 TOM, 'ITO llXcl> C OTHOCHTeJibHO 

XOpOWeH TO'IHOCTbiO OllHCbiBaeT BHTepllOJIJIU,BOHHbiM o6pa30M 

BO BCeH 06JiaCTB TeMnepaTyp IBCKJIIO'Ia.ll OKpeCTHOCTb 

$a30BOrO nepexo.nal cneKTp HeB3aBMO,IJ,eHCTBYKKIJ.HX KOJI

JieKTHBHbiX B036y:>K,D.eHHH B MO,IJ,eJIH 111. 
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6. AHAJIH3 YPABHEHH.H ,l{Jl.H IIAPAMETPA 
IIOP.H,l{KA 

06bi'IHO B TeOpHH CllHHOBbiX CHCTeM C UeJJbiO llOJJy'leHH.II 
ypaBHeHHJI ,AJJJI napaMeTpa llOpJI,nKa HCllOJlb3yJOTCJI CllHHOBble 
npaauna cyMM. B HacToHIUeM paJ.n.ene Mbl paccMoTpHM JTOT 
CllOC06, B CB113H C TeM, 'ITO B npe,AhiAYIUHX pa6oTaX /S, lO- 12/ OH 

npHBO,!J,HJJ K pa3JJH'IHbiM ypaBHeHHHM, /'IT~ HBHJJOCb llpH'IHHOB 
KpHTHKH MeTO,!J,a ABYXBpeMeHHbiX <l>r 15 • IloKa)t(f,(M, 'ITO npH 
llOCJJe,!J,OBaTeJJbHOM Bbi'IHCJJeHHH KOHCTaHT C ~f:5 TaKOrO 
po.na HeO.IJ.HOJHa'IHOCTH He BOJHHKaeT. HcnoJJLJYH IBal 
H 191, nonyqaew, 'ITO 1 Jne¢ ~f = 0. 1131211 nonyqaeM, 

'ITO }',. J f ¢nzz = 0, a llOACTaBJJJIH /8al B 1301, BH,AHM, 'ITO 
p n rn 

XII X Z <Pnn~-.,8 ,<8 > • Y'IHTbiBaH ace JTO BMecTe c 191, Hl ypaa-
HeHHB l18r/, l18,n/ llOJJyqaeM KoppeJJHUHOHHble ~YHKUHH 

lnpu T ~· T c I 

¢xx=(l/N)2(< /2J
0

)cth({:3< /2)-<Sx>
2 

nn q q q 

zz ' z 2 '1\w = (1/N) :}'.. (< I 2.10 )cth( {:3< /2) - <8 > . 
1 q q 

IIo.n.cTaBJJ.II.II JTH ~YHKUHH, a TaK)t(e ~YHKUHJO <P~~ I 1861 
a ycnooue 1301, nonyqaeM o,nuHaKoooe oo acex Tpex cnyqa

HX ypaBHeHHe 

1 1 '1,' ( q {:3( q 
2 ~ Nq-Jo cth-r-· 1321 

3aMeTHM, 'ITO JTO ypaBHeHHe llOJJy'leHO TOJJbKO Ha OCHOBe 
npaaun cyMM. YpaaHeHHe 1321 6biJJO nony'leHo TaK)t(e a 
pa60Teil1/ H3 ycJJOBHJI <(8y ) 2 > = 1/4. 

06cy,nuM ypaaHeHHe 1321. PaccMoTpHM cnyqaii .n.anLHo
,neiicTBYJOIUHX CHJJ B raMHJlbTOHHaHe 111. Tor.n.a cllypbe- o6pa3 
B3aHMO,!J,eBCTBHH OTJJH'leH OT HYJJH JJHWb B OKpeCTHOCTH 
TO'IKH q = 0, H MO)t(HO npe,nnOJJO)t(HTb MO,!J,eJJbHbiB BH,!J, B3aH-

-q 2 r 2 
MO,AeBCTBHJI J q =Joe 

0 
, r,ne r O - pa.IJ.HYC B3aHMO-

,neBCTBHH. B JTOMcnyqaecyMNbiTHna (1/I\1) "}'.. Jqfq"' O(v/rill. 
q 

16 

I • 

r,ne f q - peryJJHpHaJI ~YHKUHJI OT q , V - 06'beM JJJe.MeH
TapHOB Jl'leBKH. IlpOBOAH pa3JJO)t(eHHe DO 1lr ~ B 132/, 
nonyqaeM, 'ITO <8 z> ao aceii o6nacTH TeMnepaTyp JJe)t(HT 
BbiWe <Sz > B IIMII 1251. IlpH JTOM AJJH T c nonyqaeM 

ITMIT 2 2,. 3.. 
oueHKY T c ,T c [1 + (4r /J 0 J(v/r0 JJ. 3ToT peJyJJLTaT 
Haxo,nHTCH a npoTHBope'IHH c peJyJJLTaTaMH BbiCOKo- I 16/ H 
HHJKoTeMnepaTY,P?oro paJJJO)t(eHHJI I 17/, a TaK)t(e ,nHarpaM-

. .MHOB TeXHHKH ;g , r,ne llOKaJaHO, 'ITO yqeT ~yKTyaUHB 
npHBOAHT K llOHH)t(eHHJO <S z> BO BCeii 06JJaCTH Te.MnepaTyp. 

Ha puc. 2 npHae.n.eHo TeMnepaTypHoe nooe.neHHe <Sz> B 
ABYX CJJy'laHX r =0,4 H r =0,25, Haii,neHHOe 'IHCJJeHHbiM 

peweHHeM ypaoHeHHii /25/ I cnnowHaJI JJHHHJI/, /32/ /wTpHx
nyHKTHpHaH JJHHHJII, a TaK)t(e ypaBHeHHJI /2.4/ H3 pa6o
Tbl I 15/ /nyHKTHpHaH JJHHHJI/, nony'leHHoro ,nHarpaMMHoii 

0.5 

<sz> o.1. 

0.3 

0.2 

0.1 

0 

r/1,• 025 

•w o&." --~··..::::; ·~·~····· ••••• 

..... , · .. .... . , .......... ...... 
"' .. ·., 

··•·· •... ···•··•· ~ ' : \ 

0 

r /lo· 0.1.0 . "· 
! -----·---- ............ . -- . X 

f 

.• .. · 
II .· '' .. ··•· ' 

: \ . \ 

\ 
\ 
\ 

0.1 015 02 

------- kT/:11 

005 0.25 

Puc. 2. 3aeucuMoc•r. napaMeJrpa nopJIOKa <S z> o• JreMne
paJrypr.r. 

TeXHHKoii. Pac'leThl npoao,nHJJHCL B Tex )l(e npH6JJH)I(eHHHX, 
'ITO H B npe.nhiAYIUeM paJ,nene. To'le'IHoi JJHHHeA Ha puc. 2 
noKaJaHo peweHHe ypaoHeHHJI Hl pa6oThl /51, KOTopoe no
nyqaeTc• H3 ypaBHeHHJI /32/, eCJJH B HeM OT6pOCHTb 'IJJeH 
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,. ~- (tiN)~ (1'. S x>Jq 
1
1 q) cthfJ,q 12. 

q 

O.n.uaKo HHKaKHX 

OCHOBaHHH .IJ.JUI 3T?r0
1 

HeT, a paJnO)I(eHHe flO napaMeTpy 
t·r~ /eM. TaK)I(e · 11 / noKaJblBaeT, 'ITO L 2 HMeeT TOT 

)l(e DOpH.IJ.OK, 'ITO H OCTanbHble qneHbl. llpH l, =0,25 ypaB· 
HeHHe /32/ npaKTH'IeCKH COBna.n.aeT C llMll. llpH yBenH'IeHHH 
l' 3TO ypaBHeHHe, Bbl'IHCneHHOe KOppeKTHO B MeTO.IJ.e 
ypaBHeHHH .IJ.BH)I(eHHH B llX<I>, npHBO.IJ.HT K ue<iJHJH'IeCKHM 
peJynbTaTaM: llOBbiWeHHIO OTHOCHTenbHO llMll BO BCeH 
o6nacTH TeMnepaTyp, 'ITO ssnseTCH cne.n.cTBHeM uenpa
BHnbuoro y'leTa <lJnyKTyauau napaMeTpa nops.n.Ka B .n.auuoM 
no.n.xo.n.e. llo3TOMY B Ka'leCTBe ypaBueuas .n.ns ·.S z cne.n.yeT 
ucnonhJOBaTb ypaBueuue /25/, y.n.oBneTBop.RIOI.l.{ee ycnoBHJO 
TepMO.IJ.HHaMH'IeCKOrO paBHOBeCHH. 

7. 3AKJIIOqEHHE 

KopOTKO c<iJopMynupyeM OCHOBHble peJynbTaTbl pa6oTbl. 
PaJBHT nocne.n.osaTenbHblH no.n.xo.n. K caMocornacosauuoMy 
OllHCaHHIO .IJ.HHaMH'IeCKHX H TepMO.IJ.HHaMH'IeCKHX xapaKTe· 
pucTHK Mo.n.enu liJHHra c nonepe'IHbiM noneM B llX<I>. B 
CHCTeMe HMeJOTC.R HeJaTyXaJOII.{He KOnneKTHBHble B036y)I(.IJ.e· 
HHH, KOTOpbie He .IJ.aJOT BKna.n.a B TepMO.IJ.HHaMH'IeCKHe Be
nH'IHHbl, HMeJOI.l.{He B peJynbTaTe TaKOH )l(e BH.!l., KaK H B 

llMll. 
)J.n.R Ol.{eHKH TO'IHOCTH npu6nH)I(eHHJI HCDOnbJOBaHbl KHHe-

MaTH'IeCKHe npasuna cyMM. Pac'leThl uarnH.IJ.HO .n.eMOHCTpu
pyJOT CTeneHb OTKnoHeHHJI OT HHX. llX<I> OC06eHHO nnoxo 
y'IHTblBaeT npo.n.onbHble cnauosble KoppenHUHH B o6nacTH 
Tc. TeM ue Meuee llX<I> npe.n.no'ITHTenbuee llMll, nocKonbKY 

OHO fl03BOnJleT npOCTO y'leCTb KOnneKTHBHble B036y:>K.D.eHHJI 

B Mo.n.ena. 
llpu npasunbHOM ucnonbJOBaHHH cneKTpanbHbiX npe.n.-

cTasneuau B o6bi'IHOM no.n.xo.n.e Bbi'IHCneuHJI ypasueuus .n.nJI 
S 

z 
napaMeTpa nop.ll.IJ.Ka < · ua ocuose npaBHn cyMM nonyqa-
eTCJI e.IJ.HHCTBeHHOe ypasueHHe, HO < sz ·· flOKa3biBaeT <iJHJH

qecKH uenpasunbuoe nose.n.euue. 
AsTopbl npH3HaTenbHbl H.M.llnaKu.n.e Ja CTHMynupyiOmue 

o6cy)I(.IJ.eHHJI H JaMe'laHHJI. 
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