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1. BBEAEHHE 

3HaH~e CBOHCTB n~OHHOrO nonR B RAepHOH cpeAe HeOOXOA~MO 
AnR peweH~R MHOr~x 3aAa4 RAePHOH ~~3~K~ ~ npe*Ae acero AflR 

~3y4eH~R B03MO*HOCT~ fT -KOHAeHCaTHOrO ~a30BOrO nepeXOAa/1·3/ 
~ 6n~30CT~ RAep K rr -KOHAeHCaTHOH HeycTOH4~BOCTH 14"61 . nocKOnb­
Ky COrnacHO pean~CT~4eCK~M O~eHKaM !7,S/ Kp~T~4eCKaR nnOTHOCTb 
Ben~Ka, Pc?; (2+ 3)p O , AflR fT -KOHAeHCa~~~ Tpe6yeTCR Cyl!leCTBeH­
HOe ynnOTHeH~e, KOTopoe He~36e*HO conpoeomAaeTCR Harpeea­
H~eM19•101. no3TOMY HeOOXOA~MO ~3y4aTb CBOHCTSa n~OHHOrO nonR 
e cpeAe KaK np~ T=O, TaK ~ np~ T I= 0, 4TO ~ Aenanocb e Pf!Ae 
pa6oT. -KaK 6blno enepeble noKa3aHo a 111< pewaiOIIIYIO ponb e6nH3H 
Kp~TH4eCKOH T04K~ rr-KOHAeHca~H~ ~rpaiOT ~nyKTya~~~ nHOHHOrO 
nonfl. B HaCTOfll!leH pa6oTe Mbl npOAOn*~M 3T~ ~ccneAOBaH~R, np~-
4eM orpaH~4HMCfl 3AeCb ~3y4eH~eM ~30TponHoro fiAepHoro Bel!lecT­
ea npH nnOTHOCT~ p < p c (T) , KOrAa B C~CTeMe e111e HeT cpeAHero 
n~OHHoro nonfl, <;>I= 0. TepMOA~HaM~~o~ecK~e ycnoe~R rr -KOHAeHca­
~~~, TO eCTb noReneHHfl <-;,> I= 0, 6YAYT paccMOTpeHbl e cneAyiO­
I!IeH pa6oTe. Bo ecex pac4eTax ~cnonb3yeTcR MeTOA TeMnepaTyp­
HbiX fYHK~~H rp~Ha112< KaK 3TO Aenanocb ~ B npeAbiAYIII~X pa6o-
Tax 

1 
•
11•18•141 . AaHHafl pa6oTa eCTb HenocpeACTBeHHoe npo­

AOn*eH~e'141. Ccblnaf!Cb Aanee e TeKcTe Ha ~opMynbl ~3/14/, Mbl nepeA 
HOMepOM ~OpMyflbl CTaB~M ~~~py 1 ~ T04Ky. Hanp~Mep, CCblnKa 
Ha ~OpMyny /6/ ~31141 Bblrflf!A~T TaK: /1.6/ ~ T.n. Jlnfl ~3y4eHHfl 
CBOHCTB ~HTepeCYIOIIIHX Hac Ben~4HH ll", ~ BOflH3~ Kp~TH4eCKOH T04-

-+ 
KH, B 4aCTHOCT~ ~X 3aB~C~MOCT~ OT w,k, Mbl B ABYX CfleAYIOIIIHX 
pa3Aenax 2, 3 Aflfl T =0 ~ T I= 0 eocnonb3yeMCfl AflR Bbl4~cneH~R 
~HTerpanOB B /1.6/ annpOKC~Ma~~eH /1.]/, 3aMeHflfl ll3" ero 3Ha-
4eJi~eM np~ w =0, k=lfo, a 3aTeM e pa3Aene 4 o6cyA~M 3ae~c~MOCTb 
ll OT W, k ~ CfleACTB~fl, K KOTOpbiM OHa MOmeT np~BOAHTb. 

2. nHOHHOE nonE B H30TPOnHOM RAEPHOM BEmECTBE 
B6nH3H KPHTH4ECKOA T04KH nPH T=O 

1. PaccMOTp~M n" /1.6/ np~ T=O. 4acTb BblpameHHfl /1.6/, 
~C4e3a10111afl np~ T =0, npeACTaBnfleT COOOH BKnaA B n fT TennOBbiX 
~nyKTya~~H n~OHHOro nOnfl / 114epHOrO ~3ny4eH~fl 11/. 4aCTb ll",He 
~C4e3aiOI!IaR npH T =0, eCTb BKflaA ell" OT KBaHTOBbiX ~nyKTya~~H 
np~ T =0. H3 Hero cneAyeT Bb14eCTb 6ecKoHe4HbiH eaKyyMHbiH BKnaA 
ll" /0,0/, Y*e BKfll04eHHbiH B Ha6niOAaeMyiO Macey nHOHa, 4TO 

0 5bE !:' l~1f · . 

~Gr ~tl_: 

6~5ffi10TEK!\ 
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~ noApasyMesaeTcR sesAe Aanee. 3aMeT~M, 4TO secb 6ecKoHe4H~~ 
SKJ1aA K·saHTOSbiX <)lnyKTYa4~~ S fi

71 
MOlKHO ~CKJ1104~Tb, 6epR narpaH­

lK~aH S3a~MOAe~CTS~R /1.5/ S <)lOpMe HOpMaJ1bHOrO npo~3SeAeH~R, 
KaK 3To Aenanocb s 111 •131, rAe 6btna noAp06Ho ~3y4eHa n~wb 4aCTb 

171 fi , o6ycnosneHHaR TennOSbiM~ <)lnyKTya4~RM~. 

HeycT0~4~socTb n~OHHoro nonR onpeAenReTCR sen~4~Ho~ 
- a--1 m -1 I I v lLI = minJJ "'JJ (0, k 0, p, T) S 1. 7 • C APYrO~ CTOpOHbl, 

6narOAapR MaKC~MYMY ~ np~ ;;; 2 
-+ 0, lLI - 0, k - k 0 see J-1HTepe-

CyiO~~e HaC Aanee SblpalKeHJ-1R S /1.6/ ~ T.n. MOlKHO, KaK YS~A~M, 
csecT~ K HHTerpanaM no ~MnynbcaM k-ko H ManbiM 4aCTOTaM (.!)- 0, 
SaMe~~ A11R 3THX k, lLI T04HYIO ~ -<)lyHK4HIO ee annpOKCHMa4He~ 
npH lLI - 0, lLI - 0, k- k 0 • noseAeHHe CHCTeMbl S6J1H3H KpHTH"leCKO~ 
T04KH onpeAenReTCR MRrKO~ MOAO~. 

71 -+ 
2. CornacHO CKa3aHHOMy SbiWe HaC HHTepecyeT fi (lLI, k) 

p - p c (T), w 2 
-+ 0, lLI - 0, k - k O. 3aMeHHM SHa4ane AnR 04eHKH 

s /1.66/ Ha A,TOrAa npH T =0 ~3 /1.6a/, /1.66/ Ha~AeM 

npH 
i\ 

111 ~ Y~k~' -+ ll (p, 0) = 5A1l (p, 0) = 5A ( --- -~~. Y 1 = Y(r, k, p) = 
(271)3 71 I 1 a/ 

= fdrflm~n(i-iO k.)e-er 
0 ' I 

371 -+ . n (o. k • P , o) 

20A
2 

-;s 
-+ -+ -+ 

dk1dk2dk3 

rrr <271 > 6 

-+-+-+ _.oo 
8(k1 +k 2-k 3-k) f dr Y 1 Y2 Y 3 • 

0 

/16/ 

60J1bWHe k» k}l He SHOCRT SKnaAa S /1/ HS-sa CSO~CTS lm~n 
/eM. /11, 13• 14 ;. YpasHeHHR /1/ MOlKHO pewaTb 4HcneHHO, HaXOAR 
lm~ n cornaCHO !lSI, HO Mbl He CTaHeM 3AeCb 3TOrO AenaTb, TaK 
KaK TaKO~ paC4eT 04eHb CJ10lKeH. Hac HHT~pecyeT noseAeHHe fi 71 

s6nH3H KpHT~4eCKO~ T04KH, TO eCTb npH ManbiX w< fF S /1.7/, 
B 3TOM cny4ae sblpalKeH~R /1/ MOlKHO np~6nHlKeHHO npeo6pasosaTb, 
~CnOJ1b3yR HaJ1H4He AOCTaT04HO pe3KOrO MaKCHMyMa nOAbiHTerpanb­
HbiX <)lyHK4H~ S HHTerpanax no k i npH k1 "' ko , ~ << 1 , 4TO HCnOJ1b­
sosanoc b ylKe paHee s 111 • 141• AnR 04eHKH HHTerpanos s I 16/ MOlKHO 

-+ -+ ~ 

lk 1 I s 8 -<)lyHK4HH H s dk 1 saMeHHTb Ha I k o 1. Cor nacHo cKasaH-
HOMy SO BSeAeHHH Mbl 3AeCb npOSeAeM npH6J1HlKeHHOe S~4J-1CJ1eHHe 

~HTerpanos S /1/, HCnOJ1b3YR /1.7/ H He Y4HTb1SaR S03MOlKHO~ sa-
SHC~MOCTH w2 OT lLI, k , TO eCTb SaMeHRR fi 371 ero 3Ha4eHHeM npH 
w =0, k = k 0 (T). B nepe4HCJ1eHHbtX npH6nHlKeHHRX HS I 1 I nony4aeM 

04eHKH S6J1H3H KPHTH4eCKoH T04K~: 

2 • 

'I' 

•,.. 

'ri!· 

;:~~·'· 

'{!' 
:j 
l·v•i 

,'1'' '•I I 
, I 
,f < 

;:,: 
t 

·.·~·, 

i:J 

1 oo ~dt -er 
'Y(r,k)=- J 

2 
6

2 2
=-(ci(z)cos(z)+si(z)sin(z))/13 

13 o x 13- +e /2/ 

oo oosry -1 -2 2 f dy =Y(z), Z=Xrf3 , X(q)=lLI +yq, Q=k-k 0 , 
o f3y + X 

liT n (p,0)=5Arl(p,O) -5A(c 1 

-2 
(.!) Qo + .... ), 
61T8f3y 

qo ~ ko· 

k5 
- "313 

2; Qov'Y 
-- arctg __;;,.___ 
v'Y w 

/3/ 

37T -+ n (O, k, p, o) 
2 

oo 1 ---x 
-20 2 k 6. I(;) ( ( dycos(ry) . r::- ..J 13Y+w2 -A · o o vY 
"8 

x arctg ( 
qo..JY' -- .)) 3 

' ..Jy/3 + (;)2 

X 8 (n 1 + n 2- 03 - k /k 0 ), 

'16' /CM,' , CTp. 326/, 

roZ> = r rr 
dii 1 dn -+2 dii 3 ------x 

k 3 (27T) 6 
0 

ri'1 =k1 /k 0 

/4/ 

3. B /3/ c 
1 

- nocTORHHaR npH w .. o H see 3TO SblpalKeHHe A11R 
1117T (p, 0) OCTaeTCR KOHe4HbiM npH w-+O,nocTORHHaR S /3/ sa­
SHCHT OT o6pe3aHHR HHTerpana no k, OHa COAeplKHT pa3HOCTb 6ec­
KOHe4HbiX BKJ1aAOB OT ~HTerpanos•no 60J1bWHM k,KaK fibll10 OTMe4eHO 
sblwe. CornacHo /1.3/, /3/ A11R w 2 

HMeeM s6nH3~ KPHTH4ecKo~ 
T04KH npH T =0 ypasHeHHe 

-2 2 - -2 0 
(.!) =lLio +5A(c 1-c

2
lLI-C3 lLI + ... ), c 1>. /3a/ 

~CHO, 4TO npH AOCTaT04HO 60J1bWO~ nnOTHOCTH H30Tp0IlHO~ <)la3bl 
lLI~ + c

1 
·5A = 0, H3 /3a/ nony4HM;; =0, HO /3a/ ,04eBHAHO, He 

MOlKeT HMeTb peweHHH w < 0, 
0TMeTHM, 4TO S pa6oTe 1161 AllR SKJ1aAa KSaHTOSbiX <)lnyKTYa4HH 

S fi 117 6biJ10 OWH604HO nony4eHO norapH<)lMH4eCKH paCXOARI!IeecR 
eblpa)l(eHHe 11 1" - ln lw 1. 0wH6Ka asTopa 1161 npoHcTeKaeT OT Toro, 
4TO OH npHnHcan nHOHHO~ <)lyHK4HH rpHHa S RAepHOM se~eCTSe He­
npaSHJ1bHble aHaJ1HTH4eCKHe CSOHCTSa, a HMeHHO, ero S~palKeHHe 
A11R X cooTseTcTsosano 6~ HanH4HIO y ~ peanbHoro non10ca npH 
k - k O, lLI - 0, TOrAa KaK S AeHCTSHTeJ1bHOCTH ~(e> HMeeT T04KH 
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BeTaneH~R H OnpeAeneHa Ha nnoCKOCT~ e C pa3pe30M Ha AeHCTB~-
TenbHOH OCH /11, 1S, 14/, KaK yKa3blaanOCb BbiWe. np~ 3TOM, KaK 
MOIKHO 3aKnl04~'rb ~3 /1.7/ 1111 , cKa40K /1.4/ Im~ Ha pa3pe3e 
He Man. 

4. Y6eA~MCR Tenepb' 4TO n SIT (p, 0) I KaK ~ n liT(p, 0) I He 
COAePIK~T pacXOA~MOCTeH np~ w~O. AnR AanbHeHW~X O~eHOK npeA­
CTaB~M /4/ B B~Ae 

SIT 160A2 kg 3/2 ~ oo oo - -112 
n (p,O) .. - y- ·l(k) fdr( Jdycos(ry).(,8y+w2) X 

IT
3 

0 k~ /5/ 

J'Yqo 1 
x(----3 ~~JY>s 

(,8y+w2) s1i+ ... )+ 

k2 
0 

r 
-2 

dycos(ry) ( rr _ YY.B+~+ ... )] 
, 2 qovr v ,By+w2 o v.BY+w2 

Hac ~HTepecyiOT Manble w2 ,n03TOMy MOIKHO Be3Ae npeHefiperaTb w2 

no CpaaHeH~IO C k8,8- 4, B 4aCTHOCTH B nepBOM HHTerpane no 
dy a 15/. Ka4eCTBeHHO npaaHnbHYIO 3aa~CHMOCTb HHTerpanoa no 
dy OT r B /5/ KaK npH r-+0, TaK H np111 r -+oo MOIKHO nony4~Tb, 
ocTaanRR a o6oHx HHTerpanax nHWb nepBbiH 4neH a pa3nOIKeH~H 
~c~. TorAa /5/ npH6nHIKeHHO nepen~weM a B~Ae /cM! 161 c.941/ 

2 6 llk2 -
n31T (p, 0) -- 160A: ko y-3/2I(k) I r 0 dr[ ITko - kovY ci(rk~)l3+ 

ITS 0 y"fj ,8 16! 

co 3 1 
+ r drf (r)l, f(r)"".!!.. -
1/k~ 2 y{Jr 

k2r 
0 
r 

0 

dzcosz 

yZ+rJ2r ,a-1 
ko Y Y ci (r k ~ ) • 

,8 

nepBbiH ~HTerpan no dr B /6/, 04eBHAHO, HHKaKHX paCXOA~MOC-
TeH He COAepiKHT. CXOAHMOCTb llSIT (p, 0) np~ ;;) ~ 0 onpeAe-
nReTCR noaeAeHHeM nOAbiHTerpanbHOH <J!YHK~HH l3(r) /6a/ B nocneA­
HeM HHTerpane no dr np~ r ... co • Ecn~ 3AeCb cpa3y nonOIKHTb rJ =0, 
TO H3 /6a/ npH r -+oo HaXOA~M /CM, /lG/ C. 434/ 

IT 3/2 -112 - -1 2 
f(r) .. ("2) (,Br) -k

0
yy,B ci(rk

0
) /6a/ 

H, Y4~TbiBaR caoHcTaa ci /cM/151, c. 942/, 3aKnl04aeM, 4TO npH 
w = 0 ll SIT (p, 0) OCTaeTCR KOHe4'HbiM. 3aSHCHMOCTb OT W f(r) 
/6a/ np~ T-+oo HMeeT BHA /CM. I ltV C. 432/ 

' 2 
IT s12 -112 _ - 2 kofi 

f(r) .. ('2) (,Br) (cosz (1- 2C( yz)) + sin z(l- 2S(yz))- ci(r ko) --;r-, 

-2 ,8-1 z = w r , /66/ 

C, S - KOCHHYC H CHHYC HHTerpanoa <JlpeHenR /cM/161 C. 945/. 
H3 /6/, /66/ c y4eTOM caoi1cTa C, S, ci cneAYeT, 4TO npH ;;; ... 0 

4 
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.,, 
':, 
' . 
~· t 

ll/ 

-~ 
it 

f~ 
',I 

(;. 
\t' 

,,·,?. 
'' ' ,. 
i·.· 
:.1 

I
~; 

i') 
,\:* 

1,; 

i 
1~' 
~~: 

i~ 

; 

I - ~- -- - ----- -· -·-- -~-_! 

., 

n 
SIT - SIT HMeeM - Cl + C 2 W , TO eCTb y4eT ll BeAeT B paCCMOTpeHHOM 

cny4ae K'nepeonpeAeneHHIO nocTORHHbiX a /3/, /3a/. 

5. B 3THX o~eHKax Mbl 3aMeHRnH nonHyiO aMnnHTYAY ITIT -pacceR­
HHR a cpeAe A H3 /1.66/ 3aTpaao4HOH A ~3 /1.5/. AnR H3Y4eHHR 
A(w1,jil;w1,P1; "-2•p 2 ; w2, PsJ. a6n~3H KpHTH4eCKOH 
T04KH w ... o paccMOTpHM BXOARIIIYIO a A A~arpaMMy - 3aMKHYTYIO n~~~oH­
HYIO neTniO H3 ABYX n~HHH C CYMMapHbiM ~MnynbCOM ~ 4aCTOTOH, 
6nH3KHMH K HyniO, \q\ « W: 

... -+ -+ -+ 
W1+w, P1 + q w2 + w, P2+ q " 

2-+4~1T .... 
= A (IT) u (w , q, p, T) XX .... 

\q\ -+ 0, w-+0 
.... 

-w2, -P2 -+ 
-wl, -p1 

-+ 
<tiT< ... 11 ... 11 dk de1 

w, q, p, T) = --
2 

(j(w, q,p, T) = -- f-- f-- · 
2 · (21T)3 e 2rri 

r de2 1 
21Ti T X 

... ... ... <e1+e2V T -1 -1. xx<e 1 )x <e2) ~<e 1 'k) ~ (~ ' k+ q) [e -1][ <e 1+e2+w) +<e 1+e2-w) J, 

H3 /7/ RCHO, 4TO np~ w-0, \q\-0 <t1T-a 0 + a 1<U
2 +a 2 q 2 • 

B 3TOM pa3Aene Mbl paccMaTp~aaeM cny4ai1 T = 0: 

dk 00 dr 2 -+ 
d(O, 0, p, 0) = 2 f -( )S f 2 Y (r, k, p, 0) • /7a/ 

31T O IT 

B6n~3~ KPHT~4eCKOH T04K~ aen~4~Ha Y yiKe Bbi4~CnRnacb Bblwe. 
nocne 3aMeHbl nepeMeHHbiX (k - k oll w = z, r w 2 I ,B = t ~3 /7a/ 
nony4aeM o~eHKY 

k2 00 00 2 2 
d(O,O,p,0)=-0- fdz fY (t(1+yZ ), p,O)dt. /76/ 

/31T4;;; 0 0 
3Ta aen~4~Ha a6n~3~ KP~T~4ecKoi1 T04KH pacxoAHTCR -1/w. O~eH-
Ka ~HTerpana B /76/ C y4eTOM CBOHCTB Bi, Ci /cM.

1161
,c. 942, 

657/ AaeT 
k2 

0 
(j IT - - -4wiT 2,Bvy 

. .!!.. 
2 ' 

/7a/ 

rAe K03414!H~~eHT nepeA 1/w He Man. 
11HTepecHo OTMeT~Tb, 4TO noaeAeH~e <tIT -1/;;; nony4anocb ~ a pa-

6oTe /17/ /KoHe4HO, c APYr~M K03414l~~~eHTOM/, rAe Bbl4~cneH~R 
npOBOA~n~Cb HHbiM cnoco6oM: He C ~-<J!yHK~~RM~ n~OHHOrO nonR B 
RA6PHOM BellleCTBe, KaK B HaW~X pa6oTaX /11,13,14/, a C np~4~HHoH 
~ j4lYHK~~eH, ~Me10111eH KOMnneKCHbiH non10c np~ k-k 0 , w - 0, no-
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A06HO TOMY, KaK 3TO AellallOCb paHee a1181 A11R CHCTeMbl C pOTOH­
HbiM cneKTpoM npH T~ 0. Pac4eT APYrHx aenH4HH, II1", II 8", TaKHM cno­
co6oM, KaK a 117~npHaen 6bl, KaK nerKo npoaepHTb, K peaynbTa­
TaM, COBepweHHO He nOXO*HM Ha HaWH. 113 rpa~HKOB, BXOAR~HX 

e A, oco6eHHOCTH npH T =0 HMeiOT nHWb BbiAeneHHble a /7 I neTnH 
H3 ABYX nHOHHbiX 11HHH~ C n011HbiMH HMnyllbCOM H 4aCTOTO~, 611H3-
KHMH K HY1110 lql<<w,w- 0. Ceo~cTaa nonHo~ aMnnHTYAbl pac­
cMaTpHaaeM Aanee TaK *e, KaK 3TO AenaeTCR e 1181• nycTb A, -
aMnllHTYAa, He COAep*a~aR HH B OAHOM KaHane rpa~HKOB /7/ 

--+-+~-+ 
c q=O, m =0. TorAa AllR nonHo~ aMnnHTYAbl pacceRHHR A(p,-p,p',-p~, 
BXOAR~e~ B 11.66/, Ha~AeM 

- -+ -+ 
A (p, p') ==A 'I (1 - 4A '<1 11

), 18/ 

a AllR HMnyllbCOB p .. ± p' 

A(p,±p) ==A'. (1+4<1
71
A')/(1-4A'(f 11

). /Sa/ 
KaK BHAHM, npH w-+0 A He pacXOAHTCR 
TOMY H BCR aenH4HHa II 8", COAep*a~aR 
npeAeny npH w-+ 0. 

-+ -+ 
HH npH KaKHX p, P ', no3-
A,CTpeMHTCR K KOHe4HOMy 

6. HTaK, Mbl y6eAH11HCb, 4TO npH T=O aecb nonRPH3a~HOHHbl~ 
onepaTop II e /1.6/ He COAeP*HT pacXOAHMOcTe~ e6nH3H KPHTH-
4ecKoa71 T04KH, W-+0.· npH T =0 B H30TpOnHOM RAepHOM ee~eCTBe 
He npOHCXOAHT pOCTa ~llYKTya~H~ nHOHHOrO nOilR B611H3H KpHTH-
4eCKOH T04KH. no3TOMy He HCK11104aeTCR B03MO*HOCTb 611H30CTH 
o6bi4HbiX RAeP n~oTHOCTH Po K ,-KOHAeHcaTHO~ HeycT0~4HBOCTH, 
4TO 6blno 6bl aaaeAOMO HeB03MO*HO, ecnH 6bl AllR T =0 II 11 COAeP*an 
pacXOAHMOCTH npH w-+0 oKaK 3TO .HMeeT MeCTO AllR T I0-' 11 ~ 

3. nHOHHOE nonE B H30TPOnHOM RaEPHOM BE~ECTBE 
B6Ill1311 KPHTH4ECKO~ T04KI1 nPH T t 0 

1. Cao~cTea II" npH T ~0 e6nH3H KPHTH4ecKo~ T04KH 8 npeHe6-
[1 3" . w 1 pe~eHHH H BKilaAOM KBaHTOBbiX ~llYKTya~HH! TO eCTb PRAOM 

c 2x (0 e I 1 • 6a/, 6blnH noAp06Ho H3y4eHbl e· 11:'c y4eToM pac­
CMOTpeHHoro B npeAbiAY~eM pa3Ae11e BKilaAa KBaHTOBbiX ~llYKTya­
~H~ /3/, 13al npocTble anre6paH4eCKHe ypaeHeHHR AllR 11 1": 

171 5Ak~T TT{3T ll: - -2 
II == 6A 11 (p, T) == _ ( ---:;-2 ) + 5A ( c 

1
- c

2 
w- c 

3 
w + ••• ) , 

&ryyw e.:;J 
191 w2 =w2 + nl", 

0 

nony4aiOTCR H3 I 1 • 3/, I 1 • 6/, ecnH w 2 « 2,T (x = 0) HllH ecnH 
T «;;; 

2 « 1 (x = 1)
1111 I c 1 H3 /3/, /3a/ I. RcHo, 4TO BK11104eHHe 

B II"KBaHTOBbiX ~llYKTya~H~ He MeHReT Cy~eCTBeHHO noeeAeHHR 

6 

• 

\ 
: .. :;; 
,.1 
'.·~. 

l
}t 
::~ ;: 
,f. i 
'.~.' I' 

,. 
,, 

9 ~ 

' I 
'1~, 

''f 
t 

\ 

' 

' 

I ---- -- -- -- -- -- _ __:_..... 

Be11H4HHbl II 
1
" npH T ~0 B611H3H KPHTH4eCKO~ T04KH w...O,H ace Bbi­

BO~bl, C~ellaHHble a 111 ~0CTaiOTCR B CHile; npH Tt0 ypaeHeHHe 
g)- (w, k, p, T) = 0 He MO~eT HMeTb peWeHH~ W 2 (k) ~ 0. 

2. Bb14HC11HM Tenepb II 
8
" npH TtOe Tex ~e npH611H~eHHRX, 4TO 

H a npeAbiAY~eM pa3Aene AnRT=O.KaK acerAa, Hac HHTepecyeT no-
871 -+ -

BeAeHHe II (w, k, p, T) npH k- k0 , w- 0. 3aMeHRR a /1 .6/ A Ha A, 
nony4aeM npH T t 0 

2 -+ -+ -+ 
3JT lOA dk1 dk 2 dk 3 -+ -> -+ _,1/T 

II (O,k 0,p,T)==--,- ( e 8(k 1+k2+k 3-k) (drY1 ~Y3• 
1T (2TT) 0 

-+ g ~ . 
Y1 (r, k 1, p, T) = I dg~(g)x(g)e == 2 (dg Im ~(g-iO)sh(gr)x(~) + 

c 0 
~ -{r /10/ 

+ ( ~ Im 5l (g - iO) e 
0 

B611H3H KPHTH4eCKO~ T04KH nOAbiHTerpanbHaR ~YHK~HR B /10/ HMeeT 
pe3KH~ MaKCHMYM npH k I - k0 , g - 0, H O~eHKY Y I nony4aeM, HCnOilb-
3yR AllR g) Ty ~e annpOKCHMa~HIO, 4TO H B npeAbiAY~eM pa3Aene: 

2 Y y dy sh (y X r f3 - 1 
) 1 Y y dy -y xr 1 f3 

Yoo-f +-( e 
f3 o (1 +Y 2)(exp(yX'F' 1~ 1)-1) {3 0 1 + y2 /11/ 

06peaaHHe y == [ {3 x-1 == {:JX-1 (Mat- m +- k 2/2(M 11-m)) onpe-
AenReTCR CBO~CTBaMH lm11 1 P• 1 • Y I 3aBHCRT OT yXr{3 - 1 H 
yX{3-

1
T-1

, r~ 1/T H 6biCTpO y6biBaiOT npH w-0 C pOCTOM 
q == I k -k0 1. Y4HTb1BaR 3TO, H3 I 10/ npH611H~eHHO nony4aeM 

8TT 10A2 -+ liT Qo 2 8 
II (O,k,p,T) .. - --I(k) fdr( ( k 0 Ydy) , q

0
;: k

0
• /lOa/ 

11
8 0 -q 

J, 0 

O~eHHM Y/11/ B cny4ae w«T,TOrAa npH k-ko3KCnOHeHTbl B /11/ 
MO~HO pa3/lO~HTb B PRA, TaK KaK Y > T/X AaiOT MallbiH BKilaA B 
HHTerpan. npH k- k 0, W- 0 HMeeM 

Y- TTT/X + (r 2T -r)[/y. /lla/ 

XoTR Mbl H HHTepecyeMCR noeeAeHHeM 11" npH w-+0, HO, nocKOilbKY 
B fl8"/10a/ BXOAHT HHTerpan B TpeTbe~ CTeneHH, Mbl OCTaBHilH B 
/lla/ He TOilbKO CHHrynRpHbiH npH X-+0 411eH, HO H BTOpO~ , He 
COAep~a~H~ X.Ha /l~a/, /lla/ HaXOAHM 

II3" --(k8o10A2 "3Y-312) I(k) T2 ;-s (1- Q,;-y;;; 
---· + 

2{3,2 T 2 . 

Q 2 -2 Qs 812 -s yw y w 
+ ----- - - --), 

10132,4 T 4 140{3 s,e T e 

2 8 
2(M11 -m) k 0 + 8ko -. 

/106/ 

Q -
M/1- m 
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3AeCb MOIKHO OCTaBI-I~b ~I-IWb nep&biH 4neH, ecn~-1 npH ManbiX iJ -+ 0 
H T f. 0 He TOnbKO iJ T- « 1, I.ITO yiKe npeAnonaranocb npH nony4e-

- -ll n s" HHI-1 /lOa/, /lla/, HO H wT « 1. B 3TOM cny4ae MOIKHO 
npeHe6pe4b no cpaBHeHH~ C fi117 a6ni-13H KPI-1TH4eCKOH T04KH, ecnH 
A Te c;:;;2 « 1, 4TO H Aenanocb e 111( 0AHaKo npH T ~0 a KpHTH-
4eCKOH T04Ke we-:/0, KaK Mbl y6eiKAanHCb a 111 ~ H MOlKeT 6b1Tb TaK, 
4TO iJ~/T« 1' HO WeT-Il> 1, H TOrAa HaAO cpaBHHBaTb ll 1

" 
CO BCeM BblpaiKeHHeM /106/. npeHe6pe4b ll317 MOIKHO, ecnH He TOnb-

- llj ll - 3 6 -KO Te<<we A, HO H Te >>A /we, Te»A,Te >>A We .EcnH 
IKe a pac4eTax c AaHHbiM A oKaiKeTcA, 4TO 3TI-1 ycnoBHA He Bblnon­
HA~TCA, TO ~A OnHCaHHA ~a30BOrO nepeXOAa He06XOAHMO Y4HTb1BaTb 
He TOnbKO ll 17, KaK B/11/,HO H fiSIT.fiCHO, 4TO npH AOCTaTOI.IHO Ma­
nbiX A ace 3TH ycnoBHA BblnonHHMbl, HO cKonb yrOAHO Manble A 
BPAA nH npeAcTaBnA~T ~H3!-14eCKHH I-1HTepec. KaK MOIKHO 3aKn~4HTb 
H3 paC4eTOB a1111 C y4eTOM nHWb ll 117 , ~a30Bb1H nepeXOA npOHCXOAHT 
npH TaKHX T , ;;; , 4TO 3TH ycnoBHA MoryT BblnonHATbCA AnA A< 0, 5, 

e e -
BO BCAKOM cny4ae AnA .A - 0, 1 • _ 

3aMeHa a /166/ A Ha nonHy~ A He MeHAeT , KaK H npH 
T~ 0. cy~qeCTBa npoBeAeHHbiX Ol.leHOK n 3". ~pMynbl /8/ AnA I\ 
ocTa~TcA, 04eBHAHO, npeiKHI-IMH. Beni-14HHa Cl" /7/ Bbi41-1CnAeTCA npH 
T~O. w- 0, q-OTeM IKe MeTOAOM, 4TO 1-1 ll~B oTnH4He oT T=O, 
AnA T.;, 0, T » (;jll AHarpaMMa /7/ pacXOAI-ITCA npH w-+0 He TOnbKO npH 
ManoM CyMMapHOM HMnynbce ABYX nHOHHbiX nHHI-IH B neTne. ,itn.R ManbiX 

!"q I « lJ Hal:iAeM 
17 11 11 k~T ,;-kilo /l 2/ 

Cl (O,O,p,T) .. --Cl(O,O,p,T)- --( - + ... ). 
2 2 17;.;3 4vr bv'Y171lTw8 

nocKOnbKY Mbl paccMaTpHBaeM T »; ll, BTOpOH 4neH B /12/ ropa3-
AO MeHbwe nepaoro. EcnH IKe cyMMapHbiH HMnynbc nHOHHbiX nHHHH 

a neTne He Man, Jql > iJ, TO 
17 -+ 1l -+ 11 k,~T17 

(j (0, q,p, T) .. --
2 

Cl(O,q, p, T)--
2 

( . -2l-+l + .... ) , /12a/ 
. ~w q 

4TO a HaweM cny4ae MeHbwe /12/. 
n17 -ll 

,llo CHX nop Mbl n~OBOAHnH Ol.leHKH An.R T»w • npH HH3KHX 
TeMnepaTypax T<<iJ Hanii14He B AHarpaMMe ll

317 
nHWHHX cyMMHPOBaHHH 

no wm HnH HHTerpHpOBaHHH no II,; npHBOAHT, KaK nerKO BHAeTb, 
K TOMy, 4TO ee BblpaiKeHHe CQAepiKHT AOnOnHHTenbHbiH ~aKTOp 
-A(Tw2) 2 « T no cpaBHeHH~ c ll

117
• 

3. ~TaK, non.RpH3ai.IHOHHbiH onepaTOP nHOHa B .RAePHOM ee~qeCTBe 
/1 .6/ e6nH3H KpHTH4eCKOH T04KH COAepiKHT pacXOA.RtqHeCA BKnaAbl 
OT TennoebiX ~nyKTYaliHH nHOHHOro non.R. CneAOBaTenbHO, ypasHeHHe 
/1.3/ ~ y4eTOM ll17 He MOIKeT HMeTb peWeHHH C ManbiMH ;;; ... 0 HH npH 
KaKOH KOHe4HOH nnOTHOCTI-1 p. 3TO 03Ha4aeT, 4TO TennOBble ~nyKTya­
I.IHH nHOHHOrO nonA HCKn~4a~T 6nH30CTb OAHOPOAHOH ~a3bl AAePHOro 

8 ,. 
_____ ,._.-,., -~-

BetqeCTBa K COCTO.RHH~, B KOTOPOM 4aCTOTa nHOHHOH MOAbl 06pa~qa­
nacb 6bl a Hynb. YcnOBH.R JT-KOHAeHCai.IHI-1 ~opMynHpoeanHcb a111~H 
Mbl e~qe BepHeMC.R K HX HCCneAOBaHH~ B nocneAy~eH pa6oTe, a 

n ~ ~ 
CeH4aC KpaTKO o6CYAHM 3aBHCHMOCTb OT w,~, 0 4eM rOBOpH-
nOCb B KOHI.Ie 1141 • 

4. 3ABI1CHMOCTb ll 
17 

OT w, k 
1. B narpaHIKHaHe TTTT-e3aHMOAeHCTBHA /1.5/ A>O - nonOIKHTenb­

Hble nOCTO.RHHble. B 3TOM npocTeHweM npH6nHIKeHHH ll 117 nony4HnOCb 
-+ 31T -+ 

He3aB!-1CA!qHM OT w, k , HO ll OT w, k 3aB!-1CHT. 3Ta 3aBHCHMOCTb 17 ... 

ll OT w, k He H3MeHHT CytqeCTBeHHO BCeX pe3ynbTaTOB, eCnH 
COXpaHHTC.R, XOT.R 6bl npH6nHIKeHHO, annpOKCHMai.IHA /1.7/ An.R ~ 
npH k - ko , w '=+ 0, p ~p • no3TOMY Heo6XOAHMO Bbi.RCHI-ITb, KaK fi31T 
3aBHCHT OT w,k npH \ -ko, w-0.113 /4/, /lOa/ .RCHO, 4TO KaK 
npH T =0. TaK H npH T.f, 0 3aBHCHMOCTb n 317 OT k onpeAen.ReTC.R ... ... 4 3aBHCHMOCTb~ OT k HHTerpana I~) B I/. nocne HecnOIKHbiX Bbi-
4HCneHJ-1H HaHAeM 

l(k) = .&
2 

{ 
(2rr) 6k 3 X 

0 

1, k:;: k 0 , 

(3ko-k)/2k .. 1-3(k-k0 )/2k0' 3k0 _:>k~ko•/13/ 
o, k > 3k

0
, 

TO eCTb B HaweM npH6nHIKeHHH II 317 npH k=:;koHe 3aBHCHT OT k, a 
npH k > k 0 3aBHCHT OT (k- k ~ nHHeHHO. II 3TT < 0, TaK 4TO npH 
k = k 0 II 317 HMeeT Ha!-1MeHbwee 3Ha4eHHe H pacTeT c poe ToM 
k-k0• 3as!-1CHMOCTb X(k) /1.71 npH k ~k 0 HMeeT BHA 

2 "'2 
X(k)=y(k-k 0) +w(O,k0 ,p,T), /14/ 

a npH k > k 0 

" ( 2 - ll X k) .. y (k- k 0) + w (0, k0 , p, T) - y 
1 

(k - k 
0
) , 

317 
y 1 =-31I (O, k0 , p, T)/2k

0
• 

3aeHcHMOCTb X OT k /14/, /14a/ 6nH3Ka K 
B HaH6onee I-1HTepecHOM cny4ae, KOrAa II~ 
3TO Tpe6oeaHHe 03Ha4aeT 

Til All ~ -s « 1 • 

/14a/ 

/1.8/, ecnH y1 /2y«1. 
AaeTC.R ~opMynoH /116/, 

/15/ 
Pac4eTbl, He Y4HTbiBa~~qHe np~-1 T f, 0 II 317 , np1-1rOAHbl, ecnH a6nH3H 
KPI-1TH4eCKOH T04KH BblnOnHeHbl He TOnbKO ycnOBH.R, npHBeAeHHble 
nocne /106/, HO TaKIKe H /15/. 

2. 06cy,qHM Tenepb 3aBHCHMOCTb II 17 OT w. BbiWe Mbl Hawnl-1 II317 

npH W"'Q. 113/1.66/, /7/ .RCHO, 4TO ll317 3aBHCHT OT w2 ,fi317_fi317+ 
'4 
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+a
1
w 2, KaK H !.1" B 11.11. Beni1411HY a 1 MO>KHO o~eHHTb, 3aMe4aR, 

4TO npl1 (J) »e .. M~-m + k~I2(M~-m) .. 2 lo'IMeeM nSIT .. 0, 
OTCIOAa al-- n SIT (0, k o> e-2 • Pe3ynbTaTbl pac4eTOB 6e3 y4eTa 

SIT -+ . SIT-e 
n (w, k ), 04eB11AH0' He 113MeHRIOTCfl CHnbHO' ecnl1 n I e < 1. 
3To ycnoa11e no cy~ecTBY coanaAaeT c npi1BeAeHHbiMH nocne 11n61. .... 817 ~ .... 

npl1 T =0 y4eT 3aB11CI1MOCTI1 n (w, k) OT w, k He MeHReT. 
04eBI1AHO, BbiBOAa 06 OTCyTCTBI1H paCXOA11MOCTer:i B ll IT npH w -+ 0, 

3. ~TaK, Anfl cnpaeeAn11BOCTH pac4eTOB, npi1BeAeHHbiX B AaHHOr:i 
pa6oTe 11 paHee B /lli,He06XOAI1MO BblnOnHeHI1e ycnOBHr:i, np11 KOTO-
pbiX He TOnbKO flSIT(O,ko) Man no cpaBHeHHIO C filiT B6nH311 Kpi1-
TI14eCKOr:i T04K11, HO Manbl 11 Ben114HHbl Yt ,a l' 8 npOT11BHOM cny4ae 
HaWI1 np116n11>KeHHR, B 4aCTHOCTH 11 annpoKCHMa~l1fl I 1 . 7 I AnR ~ -l, 
He cnpaBeAn11Bbl, H Tpe6yJOTCR ropa3AO 6onee cno>KHble 11ccneAoBaHHR 
c 11CnOnb30BaHI1eM 11Hb1X MeTOAOB Bbi4HcneHI1fl n.~. Ho B ni060M 
cny4ae 113-3a ~nyKTya~l1~ n110HHoro nonR nORBneHI1e peweH11r:i 
w2 (k)::; 0 ypaBHeHI1fl T,"" 1(w, i, p, T) = 0 He MO>KeT cny>KI1Tb Kpi1-
Tepl1eM 7T-KOHAeHCR~I111, nOABneHI1fl B RAepHOM Be~eCTBe cpeAHero 
n11oHHOro nonR <it > = qi .;,. 0. 

AnR nony4eHI1fl ycnOBI1~ IT-KOHAeHCa~I1H He06XOAI1MO 113Y411Tb 
TepMOAI1HaMH4eCK11e CBO~CTBa RAepHOrO Be~eCTBa B HeOAHOPOAHOH 
~a3e lnp11 <$I= 0 I, 4TO 6yAeT CAenaHo a cneAYIO~er:i pa6oTe. 

ABTOP 6naroAapeH B.H.E~HMOBY H B.K.~rHaTOBH4Y 3a none3Hble 
COBeTbl H 06CY>KAeHHfl, 
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