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6yHaT.RH r. r. P2 - 12518 
0 cneKTpe rr-Me30HOB B .RAepHO~ cpeAe 
npH 6onbWO~ nnOTHOCTH H TeMnepaType 

nony4eHbl Bblpa>KeHH.R, onpeAen.RIOliiHe non.RpHaa~HOHHbl~ 
onepaTOp rr -Me30Ha n<w, k, T) B .RAepHO~ cpeAe, COCTO.Rllle~ H3 
B3aHMOAe~CTBYIOliiHX HyKnOHOB, fl33-H306ap, rr -Me30HOB npH 
6onbWO~ nnOTHOCTH p H TeMnepaType T. npH 3TOM Y4HTbiBaeTC.R 
HanH4He B HarpeTO~ .RAepHO~ CPeAe B3aHMOAe~CTBYIOliiHX rr -Meao
HOB, HaXOA.RliiHXC.R B paBHOBeCHH CO CpeAO~. HccneAOBaHbl OCO-

Ci'( .... 6eHHOCTH TeMnepaTypHO~ ¢YHK~HH rpHHa rr -Me30Ha ~ w , k, T) 
npH paanH4HbiX T. onpeAen.RIOliiHe cneKTP rr -Me30HOB. nony4eHa 
3aBHCHMOCTb KpHTH4eCKO~ nnOTHOCTH pk(~ OTT H HCCneAOBaHbl 
ycnOBH.R nO.RBneHH.R rr-KOHAeHCaTHO~ HeyCT0~4HBOCTH npH 60nb
WO~ nnOTHOCTH p H TeMnepaType T, B03HHKaiOliiHX B CTOnKHOBe
HH.RX T.R>KenbiX .RAep. 

Pa6oTa BblnOnHeHa B na6opaTOPHH He~TPOHHO~ ¢H3HKH OHRH. 

npenpKHT 061>ellKHeHHOrO KHCrHryra SlllepHbiX HCCnel!OBSHHA, Lly6Ha 1979 

Bunatyan G.G. P2 - 12518 
On rr-Meson Spectrum in Nuclear Medium at High 
Density and Temperature 

The expressions for polarization operator IHw, k, T) 
of rr-mesons in nuclear medium consisting of interacting 
nucleons, llaa -isobars and rr -mesons at high temperature T 
and density p are obtained. The presence of interacting 
rr -mesons in balance with heated matter in medium at 
high Tis taken into account. The singularities of the 
temperature Green function ofrr-meson ~(w,k,T),determining 
" -meson spectrum at various T,are investigated. The 

dependence of the critical density pk(T) on T is obtained, 
and the conditions of the rr- condensate instability, 
appearing by high density p and temperature T,arising in 
heavy nuclear call isions, are investigated. 

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

B HacTO.Rlllee speM.R aKTHBHO H3y4aiOTC.R TeopeTH4eCKH H 3Kcne
PHMeHTanbHO CBO~CTBa .RAep npH 6onbWO~ nnOTHOCTH H TeMnepaTy
pe, s 4aCTHOCTH, cneKTP rr -Me30HOB B TaKHx ycnoBH.RX. HHTe-
pec K 3THM HCCneAOBaHH.RM B03HHK B CB.R3H C pa6oTaMH 
A.6.MHrAana 1 11 . rAe 6blno yKaaaHo Ha B03MO>KHOCTb rr -KOHAeH
caTHO~ HeyCT0~4HBOCTH .RAepHOrO BellleCTBa npH nnOTHOCTH p >pK. 
Mo>KHO C4HTaTb ycTaHosneHHbiM, 4TO npH o6bi4HO~ .RAePHO~ nnoT-
HOCTH Po rr -KOHAeHCaTa HeT 121, H An.R nony4eHH.R rr -KOHAeH-
caTHO~ HeyCT0~4HBOCTH He06XOAHMO P >po · nony4eHHe nnOTHOCTH 
p , CYllleCTBeHHO npeBbiWa10111e~ Po, B03MO>KHO B CTOnKHOBeHH.RX 
T.R>KenbiX .RAeP 6onbwo~ 3HeprHH / 4,5 / . TaKHe nnOTHOCTH p, no-sH
AHMOMy, He AOCTHraiOTC.R Ha Ae~CTBYIOliiHX B HaCTO.Rlllee BpeM.R 
3KcnepHMeHTanbHbiX ycTaHOBKax. AanbHe~wHe 3KcnepHMeHTanbHble 
pa60Tbl B 3TOM HanpasneHHH CB.R3aHbl CO CTPOHTenbCTBOM HOBbiX 
ycTaHOBOK, cne~HanbHO npeAHa3Ha4eHHbiX AJl,.R H3y4eHH.R rr -KoH
AeHca~HH H csepxnnoTHbiX .RAep 131. 

He BC.R BHOCHMa.R B .RAPO 3HeprH.R MO>KeT 6b1Tb 3aTpa4eHa Ha 
ysenH4eHHe nnOTHOCTH, 3Ha4HTenbHa.R ee 4aCTb nO~AeT Ha B03-
6y>KAeHHe CHCTeMbl. EcnH TaKOe B036Y>KAeHHOe COCTO.RHHe MO>KHO 
nonaraTb CTaTHCTH4eCKH paBHOBeCHbiM, HnH XOT.R 6bl 6nH3KHM K Ta
KOBOMy, TO ero CpeAHHe CBO~CTBa MO>KHO OnHcaTb, BBOA.R TeMne
paTypy T, COOTBeTCTBYIOliiYIO 3HeprHH B036Y>KAeHH.R. 

KaK noKa3biBaiOT pac4eTbl 1 41
• ynnoTHeHHe .RAP a p I p 0 - 3 -;- 4 

COnpOBO>KAaeTC.R HarpeBaHHeM 3TOrO ynnOTHeHHOrO .RApa AO 
T --100 M3B. no3TOMY Heo6XOAHMO H3y4aTb cneKTP " -Me30HOB 
B .RAePHO~ cpeAe npH 6onbWO~ nnOTHOCTH p H TeMnepaType T, 
4TO H .RBn.ReTc.R npeAMeTOM AaHHO~ pa6oTbl. Ba>KHO nOH.RTb, KaKHe 
3HeprHH H MaCCbl CTanKHBaiOliiHXC.R .RAep HaH6onee 6naronpH.RTHbl 
An.R B03HHKHOBeHH.R rr -KOHAeHCaTHO~ HeyCT0~4HBOCTH H o6pa3o
BaHH.R csepxnnoTHbiX .RAeP. CneAyeT TaK>Ke Bbi.RCHHTb npH paa
nH4HbiX P ,T COOTHOWeHHe Me>KAY BpeMeHeM ycTaHOBneHH.R paBHO
BeCH.R B CHCTeMe tT, BpeMeHeM trr nepeXOAa H3 06bi4HOrO co
CTO.RHH.R B COCTO.RHHe, COAep>Kalllee rr - KOHAeHCaT, H BpeMeHeM t k• 
B Te4eHHe KOTOporo np~-1 CTOnKHOBeHI-!H .RAep p 1-1 T OKa3biBaiOTC.R 
TaKHMI-1, 4TO P ?. P k(T) . B npeAbiAYllle~ pa6oTe 16 1 Mbl nony41-1n1-1 
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3asHCHMOCTbPk(T) AHA He cnHWKOM 6onbWHX T~ 0 .37 0,5m 17 . 
HeKOTOPble coo6pa>KeHHA o B03MO>KHOi1 3aBHCHMOCTH p k(T) npH
seAeHbl TaK>Ke s 1 71

. B AaHHoi:i pa6oTe Mbl paccMaTpHsaeM T ~ m 17 • 
npH KOTOP~X CBOi:iCTBa AAePHOi:i cpeA~ cy~eCTBeHHO MeHAOTCA. 
Ha1-16onee Ba>KH~i:i, He Y'-ITeHHbli:i paHee / 6/ , 3ct>¢eKT COCTOHT B no
ABneHI-11-1 s AAepHoi:i cpeAe np1-1 T :?: m17 6onbworo 4Hcna "-Me3oHos, 
HaXOAA~HXCA B TennOBOM paBHOBeCI-11-1 C AAepHOi:i cpeAOi:i - 11 4ep-
HOrO H3ny4eHHA 11 

11 -Me30HOB. Mbl Y4HTblsaeM TaK>Ke nepexoA 
HyKnOHOB B ~ 33 -H306apbl npH TaKHX T, HO He Y41-1TbiBaeM 
B03MO>KHOCTI-1 nOABneHHA 6onee TA>KenbiX pe30HaHCOB 1-1 Me30HOB, 
nonaraA, 4To T XOTA 1-1 senHKo, HO see >Ke T < 6m 17 -m. B pa3-
Aene 2 M~ nony4HM s~pa>KeHHe AnA 4aCTH nonApH3a4HOHHoro 
onepaTopa " -Me3oHa, o6ycnosneHHoi1 s3aHMOAei1cTsHeM "-Me3o
HOB C HYKflOHaMH 1-1 ~33 -H306apaMH, B pa3Aene 3 Hai1AeM BKnaA 
s nonApH3a4HOHH~A onepaTop 11-11 s3aHMOAei1cTBHA. B pa3Aene 4 
B~ACHHM BHA cneKTpa 17-Me30HOB s cpeAe np1-1 pa3nH4H~x p, T, 
a B pa3Aene 5 Hai1AeM 3aBHCHMOCTb pk(T) 1-1 06CYAHM, K KaKHM 
Ka4eCTBeHHbiM BbiBOAaM MO>KHO npHi:iTI-1 Ha OCHOBe nony4eHHbiX 
pe3ynbTaTOB. 

2. nonRP~3AU~OHH~A OnEPATOP nP~ 50nbWOA TEMnEPATYPE 

1. PaccMaTpHsaeM pasHosecHyo CHCTeMy npH TeMnepaType T, 
COCTOA~YO 1-13 HYKnOHOB, ~33-H306ap H 17 -Me30HOB. nonO>KHM, 
4TO npH scex T CHCTeMa H30CHMMeTpH4Ha; npH T =0 3To HyK
noHHaA CpeAa C Z ~N. npH 'I' ~0. T. e. npH 11 HarpeBaHHH 11 CHCTeMbl, 
HeKOTOpoe KOnH4eCTBO HyKnOHOB nepeXOAHT B ~ 33 -H306apbl, 

npH4eM 4HCna ~++.~+ .~-. ~--H306ap paBHbl Me>K.qy C060i:i. nnoT-

HOCTb HyKnOHOB H ~ -H306ap, HX XHMnOTeH4Han p.(T) onpeAenA-
OTCA, 04eBHAHO, 1-13 npOCTOrO ycnOBHA: 

d... dp 
P=A I V=p +P" =4 f .Q.Q._-n(p)+ 16 f-- n"(p) 

N u (217 ) 3 (217) 3 u /1/ 

-1 -1 
n (p) = (1 +exp [ ( £ (p)- p. (T))/ T]) , n~ (p) =(1 +exp [ ( £ ~ (p) +w ~ -p. (T))/ T]) 

2 2 
f(P)=P / 2m, f~(p)=p /2M~, w~=M~-m. 

~cnonb3yeM cHcTeMy eAHHH4 ·h = c = m 17 = 1 . B 3THX >Ke 
eAHHH4aX H3MepAeM TeMnepaTypy, TaK, T=1 03Ha4aeT T=m 17 = 
=140 MaB. B /1/ n~ 3aMeTHO OTnH4HO OT 0 TOnbKO AnA 

T;::£~(P)+w~-p.(T),nH6o .qnA p.(T)- w~. 

4 

17 - Me30Hbl HaXOAATCA 

B TennOBOM paBHOBeCHI-1 C 11 HarpeTOi1 11 AAePHOi:i cpeAOCl, n03TOMy 
HX XHMnOTeH4Han /-( 17 = 0. 

2. CneKTP " -Me30HOB w (k. T) onpeAenAeTcA oco6eHHOCTA
MH aHanHTH4eCKOrO npOAOn>KeHHA TeMnepaTypHOCl ~YHK41-11-1 rpHHa: 

(i' ... 2 ... 2 v ... -1 
Xv(w ,k,T)=(w -k -1-TI (w ,k,T)) 

m m m 

(v=O,+,-) 

- C AHCKpeTHbiX 3Ha4eHHi:i Wm ~2m11 iT Ha BCO KOMnneKCHYO nnoc
KOCTb w

18 1
• nonApH3a4HOHHbiA onepaTop npeACTaBHM s BHAe: 

121 

ll=ll 8 +Ilp+~. /3/ 

I1 s 1-1 I1 p 06ycnosneHbl 17 N- B3aHMOAei1CTBHeM B S- p - COCTOAHH
AX I 11, a !111 - B3aHMOAei1CTBHeM 17 -Me30HOB APYr C .qpyroM. 
Bbi4HCnHM !117 B cneAYO~eM pa3Aene. Benl-141-iHa n s= -417ps+ 

COAep>KHT aMnnHTYAY S -pacceAHHA 8 +, KOTOpaA npl-1 Z =N Ma-
na, 1-1 M~ eo npeHe6peraeM. npHMep~ pac4eTos c BKn04eHHeM 11

8 
np1-1 He6onbWHx T!>0,5 .qaHbl s /6 / . 

3. llp(w ,k,T) CTpOHTCA, KaK 1-1 s 16 1 , cornaCHO npaBHnaM 
AHarpaMMHOCl TeXHHKI-1 npH T ;i 0 18 ~ OH COAep>KHT TeMnepaTypHble 
~YHK41-11-1 rpHHa HyKnOHOB §(cfy ,p, T) H ~-H306ap §~(cff ,p,T) 

Ilp(w,k,T) = ~+~ +~ 

=117NN(§§) •~ +~17N~ n~r§~(w ,k)+ '§§~(-w ,-k)) ·~~ 

+ ;17 ~ ~ (§~ §~ ) 1 ~ ~ . 
HenpHBOAHMble sepwHHH~e 4aCTH: 

+ 

, N N = i r v Ck),.. ca. 1) . 1 A = i g A c k) i A (s A. k). r = 1 • 
17 17Nu 17Nu Nu Nu 

-; "~~ = ig 17~~Ck)(s~~. k)T~~ 

/4/ 

/51 

... ... ... ... /9 / 
3AeCb sseAeHbl SN~ .s ~~·TN~ • T ~~ -nepeXOAHble cnHH 1-1 H3ocnHH. 

r I r (SN~ )af3 =(3/2a 1r 1/2{3), (S~~ )af3=(3/2allr3/2f3) /5 '/ 
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VI aHanorVI4HO Ami TN~ VI T~~ ¢opM¢aKTOp a 77NN -aepwVIHe 

( ) ( 2 2 -1 / 10/ 
v k : 1 + k rc) r c =0,27, cor nacHo . 3Ha4eHVIfl acex aenVI4VIH 

B /4/, /5/ 06CYAVIM HVI>Ke. nonHble aepWVIHHble 4aCTVI 

1~~ B /4/ onpeAenfi~TCfl CVICTeMO~ ypaaHeHVI~ 

11(w ,k,T) - 4£=-c+~+~+-a:(. 

=r77 NN + q(w,k,T)(§§)gNN+ ,q~(w,k,T)(§§~(w,k)+ 
+ §§~ (-w, -k))g N~ + ~1~~(w,k, T)g~~ 

~ ~ 

~. ~~' 

A A 

,j-~ (w , k, T) = 177 N~ + ,j-~ (w ,k, T)C§§~(w, k)+ §§~ (-w, -k))~~~+ 
A A 

~ ,... " -to -to . A NL1 
+

1
j" (w, k, T )(§§) gN~ + 1j"~~ (w,k,T)(§~ § ~) g ~~, 

!6! 

~ ,.0 ~ ~ -+ • • A~~ tj"~~ (w , k, T) = r 77~~ + 'j"~~ (w ,k, T)( §~§~) g ~~ + 

-+ -+ A ~~ ~ -+ -+ 
+ 'j"(w ,k,T)(§§)gNN + J~(w,k,T)(§§~(w ,k)+ 

+ §§ (-w ,-k))g~~ 
~ N~ 

A A A 

A A A 
, .q~ , q~~ TaKafl >Ke, KaK CnVIH-VI30CnVIHOBafl aaaVICVIMOCTb q 

-+ 
T 
77NN ,-;77N~ , ;77~~ B /5/ 

A 

if= i j"(w ,k,T)(;;.1)7, ~&'i 'j"~(w,k,T)(S.k)TN~ 
/5' 'I 

A 

1 ~~ = i j" ~~ ( w • k . T) ( s ~~. k) T ~~ 

8 /6/ BXOAfiT HenpVIBOAVIM~e aMnnVITYA~ paccef!HVIfl, He COAep
>Ka~VIe rpa¢VIKOB, VIMe~~VIX B nonepe4HOM pa3pe3e OAVIH 77-Me30H, 
4aCTVILIY-A~PKY, VI306apy-A~PKY: 

6 

g =(aa_, ){fi'')g'(k)77 2/ m*p
0 NN 

g~N=(O-SN~ )(T'TN~ )g~N 'g~~·=(S~N·S~N )(T~N·T~N )g~~ 

ANN -+ -+ -+ -+ NN A NN -+ -+ -+ -+ N ~ 
g ~~ = (S ~~ a)(T~~r)g ~~ , g ~~=(S~~·SN~ )(T ~~·T Nd g ~~ 

A ~~ -+ -+ , -+ -+ , ~~ 
g ~~ = ( S ~~ • S ~~ ) ( T ~~. T ~~ ) g ~~ 

171 

BVIA acex g a /7/ o6CYAVIM HVI>Ke. 
KaK o6~4HO a TeopVIVI KOHe4H~X ¢epMVI-cVICTeM 1 11 ~VI3 /4/, /6/ 

nony4aeM a~pa>KeHVIfl, coAep>Ka~VIe nVIWb npOV13BeAeHVIfl non~cH~x 
4aCTe~ <!>YHKLIVIVI rpVIHa §a VI §. t. /VI 3¢¢eKTVIBHbl~ 3aPfiA KBa3VI4ac
TVILI eq-1 111 1 /, nocne 4ero BXOAfi~VIe a /4/, /6/ a~pa>KeHVIfl 
nerKO B~4VICnfi~TCfl, KaK VI B / 6/ . 

C§ a§ a (w 'k)) = e f dp . n(p)- n(p+k) 
q 3 ----- e ,.1 

(277) W+£ (p)-c(p+k) ' q ' 

(<la a -+ -+ ( ) (~ § ~(w, k)) : f ~ . n P - n ~(p+k) 
(277) 3 

W+ c (p)- C ~(p+k) -w R 

(
(<la.(<l a -+ -+ 

~~~~(w,k)= f~. 
(2 77) 3 

n ~ (p)- n ~(p+k) 

w + ( ~ ( p ) - ( ~ (p + k) 

112/ 
wR =2,36 - peaoHaHcHafl 4acToTa .B 3TVIX ¢opMynax VI Aanee 

!8! 

y>Ke MO>KHO BblnOnHVIT b aHanVITVI4eCKOe npOAOn>KeHVIe C W m Ha BC~ 

nnOCKOCTb W VI TeM c;aMbiM nony4VITb aHanVITVI4eCKOe npOAOn>KeHVIe 
j"(w) , j"~ (w) , j" ~~(w)a /6/ VI !l(w) /4/. 

4. HenpVIBOAVIMafl aMnnVITYAa NN -paccefiHVIfl g'(k) o6cy>KAanacb 
a 16 1 , VI eo acex AanbHe~wVIx pac4eTax Anfl g' (k) VICnonbayeTcfl 
¢opMyna /20/ Vl3 /6 ~ KaK VI a 16 1 , npVIHVIMaeM I 12 / o6~4Hble 3Ha4eHVIfl: 

g 77N~ (k) = 3 v'2 77 a(k)=g 77 ~~ (k), a(k) =0,08 (1 + k 2 • 0,23)-1 , 191 
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a .QJUI OL.!eHK11 Kopa s el1eTeMe N ~ 11 ~~ nonaraeM 

1 
g~N (k) = "3g 17 N~k)v(k)f, NN ~~ N~ 1 2 

g ~~= g ~~ =g ~~= g ~~ = 3 g1TN~ (k). 19'1 
16 1 

Cnpase,qnl1soeTb 3TI1X 04eHOK 191, 19'1 o6ey~,qanaeb s 

no,qeTaSI1S 151, 15'1, 15''1, 171, 191 S 141, 161 11 ~~-
411ef111S 11HTerpaiJbl 181 11 eyMMbl MaTpi14HbiX 3IJeMeHTOS a , S , ; , 
T B 141' 161' nony411M OKOH4aTeflbHOe Sblpa~eHI1e ,Qflfl np(w ,k,T) 
11 el1eTeMy ypasHeHI1~ ,Qflfl ~ , ~ ~ , ~ ~~ : 

8 

nv(w ,k,T) =4k
2

rv(k)<l> (w,k,T)~(w ,k, T) + k2y'2;;;.(k) 136 X P N 

... ~ ... ... 
x[(<I>~(w ,k,T)-<I>~(w, k,T))~~ (w,k,T)+ 1101 

+ <I>~~ ( w , k , T) ~ ~~ ( w , k, T)), 

r 1 = ~ ~ c ij • ~ 1 "' ~ • ~ 2"' ~ ~ ' ~ 3 = ·~ ~~ ' 

r 1 , Cv(k), r 2 ,g 17 N~(k), r
3

, g 17 ~~(k). 
1111 

3,qeeb sse,qeH~ o6o3Ha4eHI1fl: 

- ' 277
2 

16 -- ~ 
c 11 =1-2g (k) -- <I>N, c 12 =- -v'2"a(k)v(k)C(<I>~ -<1>~ ] , 

Porn* 9 

16 --
cl3 = -<I>~~. g Cv(k) y'2" a(k), c21 :-4 y'211a (k)fv(k)<l> N = c 

31 
, 

32 · [ ~] 
c22= 1 +c32' c32=-3"a(k) <1>~-<1> ~ , c33=1+c23 ' 

32 . ( ) 
c23: - 3 "a k <I>~~, 

<l>N(w ,k,T)=-<f>N(w ,k,T)+rpN(-w ,-k,T), 

~ 

¢ (w,k,T) =- m*
3 jdcn(cX1-n(~:)) l-ux+.!__(x 2-if)ln~l. 

N (277)2k 3 0 T 2 U+X 

<I>~ ( w , k, T) = ¢ ~ ( w , k, T) + ¢ ~ ( -w , - k , T) , 

3 

¢ (w ,k,T)=-~- j de n(c)(1-n(c)) 1 1 (x2- i!.±r)~ x 
~ k3(277) 2 0 T 2 4a 2 

111 'I 
2 

x ln( 1+y-2ax )+.l(x2- (1-yl)ln( 1-y-2~)-...!.l, 
1 +y +2ax 2 4a2 1-y+2ax a 

k2 
U=W-

2m* 
x=lv'2m*c 

M~ 

k2 
f3= w-wR- --, m*= 0,9m. 

2M~ 

M~(M~-m* ) a=----
2m* k

2 y = y'1-4af3 

<l>yHKL.111fl <I>~~ OTf1114aeTefl OT <I>N f111Wb 3aMeHO~ n(c, T) Ha 

~ 
n ~( c , T ) 11 m* Ha M~. 4To6bl nony411T b <1> ~ 113 <1> D., Ha.Qo 3a-

3 3 
MeHI1Tb nepe.Q seeM 11HTerpanoM M~ Ha m* ,n Ha n ~· 11 

k y'2M ~ c (M ~ -rr.* )m* 
X=---, a=------

m* 2M k 

k 2 
f3 = w - w R- 2m*-. 111 "I 

~ 

5. Mo~HO nonaraTb He 3asl1efi~I1MI1 OT TeMnepaTyp~ SXO,Qfl~l1e 

SO see <)>OpMyflbl Henpi1SO,Q11M~e sepWI1HH~e 4aeTI1 11 Henpi1SO,QI1M~e 

aMniJI1TY.Qbl 11NN-, 11N~- , "~~- , NN-, N~- , ~~ -paeeeHHI1fl. Ae~eTsi1-
TeiJbHO, OTTaiJKI1SaTeflbH~~ KOp Ha MaiJbiX, :::; 0,4 <1>, paeeTOfiHI1fiX 

o6yenosneH, KaK 11 .Qflfl paeeeHHI1fl s nyeTOTe, o6MeHOM Tfl~eflbiMI1 
4aeTI14aMI1. no3TOMY 3aSI1e11MOeTb OT T Morna 6~ eTaTb S HI1X 

3aMeTHO~ f111Wb .Qflfl T ~m. HO eTOflb 6onbWI1x T M~ paeeMaTpl1saTb 

He 6y,qeM. TaKI1M o6pa30M, sefl 3asl1ei1MOeT~ n JT) o6yenosneHa 

3asl1ei1MOeTbiO OT T ct>YHK411~ <I>N, <I>~, <I>~ s /101, 1111, 111'1 
11 3aSI1e11MOeTbiO ~(T) eornaeHO 111. np11 He 04eHb 60IJbWI1X 

T:::; 0,3 + 0,5 3asl1e11MOeTb n JT) onpe,qenHeTefl neps~M enaraeM~M 
B 141, 1101, T.e. <I>N(T) S 1101, 1111. C ,QaflbHe~W11M poeTOM 

T >_ 0,5 +1 3aMeTHYIO ponb Ha411HaeT 11rpaTb 3asl1ei1MOeTb OT T 
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~ 
8Toporo cnaraeMoro 8 /4/, /10/, T.e. <I>~ (T), <I>~(T) 8 /10/, 
/11/. nocne~Hee cnaraeMoe 8 /4/, /10/, T.e. <I>~~ 8 /10/, 
/11/, HrpaeT cpa8HHTeJlbHO Many~ ponb npH 8cex paccMaTpH-
8aeMbiX HaMH T < m. npH T >_1 8 /3/ CTaH08HTCH CYI!IeCT8eHHbiM 
nOCile~HHH 4IleH 077 , KOTOpbiH 8bi4HCilfleTCH 8 CJle~y~l!leM pa3~eJle. 

3. B~4HCnEHHE nonRPH3AUHOHHOrO OnEPATOPA 0 77 

1. npH fiOJlbWHX TeMnepaTypax HeOfiXO~HMO Y4HTbl8aTb nOHB
JleHHe B HarpeTOH H~epHOH Cpe~e 1T-Me30HOB, HaXO~fllliHXCH 
B TenJlOBOM paBHOBeCHH CO cpeAOH ( p.

71 
= 0) - 11 4epHoro H3Ily4eHHH 11 

" -Me3oHoa . B3aHMo~ei1cTBHe " -Me30HOB 6y~eM onHCbiBaTb nar
paHmHaHoM Bai1H6epra1 13 /: 

f1T7T (x) =(2 F 1T7T ) -
2 

I: C;* (x 1) 17 (x
2 

))[ -a
11 

17 * (x
3

) a117T(x 
4

) + 

1 ... -2 .... 
+2"("*(x3 )#(x 4 ))]: l : (2F1T7T) A(x

1
;x

2
jx

3
;x

4
) x 

(:(if*(x 1 )rr(x2 ))(#*("a );(x 4 )):] x
1 

sX
2

=x
3 

=X
4 

=X, 

r~e 17 - onepaTop "-Me30HHoro nonR, a nocTOHHHble HMeJOT 
Ofib14Hble 3Ha4eHHH 

G -l g 2 
2F1T7T=Cr> (....:.b),..l,2+1 ,a, a /4m 2 .. t, g /g ... 12 

m gv A v • · 

/12/ 

Ha nopore ¢H3H4ecKoi1 o6nacTH pac4eT aMnnHTY~bl "" -pacceR
HHH 8 fiOpHOBCKOM npHfiJ1HmeHHH C TaKHM B3aHMO~eHCTBHeM XOPOWO 
cornacyeTcR c 3~cnepHMeHTailbHbiMH ~aHHbiMH 1 14< BblpameHHe /12/ 
OnHCbiBaeT 1171 -e3aHMO~eHCTBHe 8 nyCTOTe, a He B H~epHOH cpeAe. 
BilHRHHe cpe~bl o6cym~anocb a l l ! . B Hawei1 pa6oTe He paccMaTpH
eaeTcH H3MeHeHHe f1T7T a cpe~e. Pac4eT c /12/ HMeeT l.leilb~ 
IlHWb Ka4eCTBeHHO npe~CTaBHTb, KaK BJlHHeT 71 1T -e3aHMO~eHCTBHe 
Ha cneKTp 1T -Me30HOB. 

2. HMeH narpaHmHaH /12/, Mbl MomeM no o6bi4HbiM npaeHJlaM 
HaHTH co6CTBeHHO 3HepreTH4ecKy~ 4aCTb n 1T ( w • k . T ), o6ycnoa-
JleHHY~ 1T7T-e3aHMO~ei1CTBHeM. npH 3TOM CJle~yeT HMeTb 8 BH~y, 
4TO Ofibi4HaH S -MaTpHl.la 

S = T ( exp [ i f f ' ( x) dx l ) 
/13/ 

10 

t 

CO~epmHT HMeHHO JlarpaHmHaH 83aHMOAeHCT8Hfl f: n 5 ~ n03TOMy 
H 8 8blpameHHe ~Jlfl 0 11 80HAeT TaKme f 7717 / t:q' 

o~·~ q 
n~ (w, k, ri) = ~ = -[A(k, v ; k, v l x ; X) + A(x; x l k,v; k, v )] x 

v,W,K v,w,K' /14/ 

x<: G *(x);(x)) : > - [A(x; k,v lk.v ; x) + A(k,v ; x l x;k,v)] x 

x < : (11* (x)rr (x)): > , x = (r, ;), v; k = (w, k), v = 0, + , -
v v 

3~eCb 3aMKHyTaH 11 -Me30HHaH neTJlfl :ll = < : (77~ (X)11 l1 (x)): > 

- cpe~Hee OT HOpMaJlbHOrO npOH3Be~eHHH OnepaTOp08 1T-Me30H
HOrO nOJlfl no paBHOBeCHOMy COCTOHHH~ C TeMnepaTypoi1 T . 
:ll-nOilY4HM H3 CpaaHeHHH C BblpameHHeM ~Jlfl TeMnepaTypHOH Ma
l.IYfiapOBCKOH ¢YHKLIHH rpHHa ;8 / 7T-Me30Ha ~(r-r', X->- x') npH 
coena~a~I!IHX apryMeHTax r- r '= ±0 

~ '(+0) =-<J· (77 (X)11 *, (r+ 0, X)) > 
VV - T V V 

... 
dk ... ... - + o ,Tl f - ----(w 2 -t-k2-fiV(w ,k,T)) le - Oti.>m 

vv m (277)3 m m 
/15/ 

dk ... ±owm 
= o , T l { - --- ~ (w , k. T) e 

vv m ( 217)3 v m ' ti.lm 211im T. 

HcnOilb3YH o6bi4Hbli1 MeTa~ Bbi4HCileHHH TaKHX cyMM / 15/, Hai1~eM 

<ik' d t: ± o( ... , 
~ ' (±0) = 0 'r ---- [ r --~-<+ l)e ~ ((,k,1)x(±()-

vv v v (211)3 c 21Ti v 
/15'/ 

l v .... 
( = ± iw . X (() ( 2 ( - -~!_! __ (§_:_~~_!_)_ ) -1 ] , a.; , 

x(() = (e (/T -1) -1 

11 



./ 

CD 

C- C+ 
P~c. 1 

KOHTyp ~HTerp~pOBaH~R C ~306pa~eH Ha p~c. 1. 0H COCTO~T ~3 
C+ ~ C _ , OXBaTbiBaiOI!l~X nono~~TenbHYIO ~ OTP~l.laTenbHYIO nony-
OC~. T04Ka ~ = 0 ~CKnl04aeTCR ~3 o6nacTei1, OXBaTbiBaeMbiX KOH
TYPOM ~HTerp~poeaH~R. np~ ~ = 0 y ~ <.;, k, T) oco6eHHOCTe£1 HeT. 
Ka K Mbl y6eA~MCR a cneAYIOill~X pa3Aenax 4 ~ 5, ~ <.;, k, T), 
KPOMe OC06eHHOCTei1 Ha Aei1CTB~TenbHOi1 OC~, MO~eT ~MeTb noniO
Ca np~ 4~CTO MH~MbiX ~ = ± i w i (k, T), 4TO ~ COOTBeTCTBYeT 
nORBneH~IO "-KOHAeHCaTHOi1 HeyCTOi14~BOCT~. nocneAHRR CYMMa 
a 115'1 COAep~~T Bb14eTbl1)(,;, k,T) a 3T~x non10cax. CpaeH~BaR 
onpeAeneH~e ~(±0) C onpeAeneH~eM n B 1141, 3aKnl04aeM, 4TO: 

-+ 
* dk d.; (/\ -+ <:(" (x)", (x)):>=-o , I-----[- r ----:-.v <.;.k,T)x<O + 
v v vv (2 ")3 c 2 "1 v 

+ 1161 d.; ... ... -1 
+ I ---.- ~ ).; . k. T) x <-· ,;) - l x <.;)(2.;-aiT <.;. k. T)l a.;) J. 

c_ 2m .;= ±iw i 

3To Bblpa~eH~e COAep~~T nonHbli1 , nonRp~3ali~OHHbli1 onepaTop 
IT(~k. T). Bb14~cneH~e 1161 MO~Ho ceecT~ K Bbl4~cneH~IO ~HTerpa
noe no Aei1CTB~TenbHbiM nonyOCRM OT pa3HOCTei1 nOAbiHTerpanbHbiX 
<f>YHKLI~i1 HenocpeA!fTBeHHO BbiWe ~ H~~e Aei1CTB~TenbHOi1 OC~. 
Oco6eHHOCT~ ~<.;. k. T). onpeAenRIOI!l~e 3T~ ~HTerpanbl, Mbl noA-
po6Ho 06CYA~M B cneAYIOI!leM pa3Aene. 

Ecn~ ~(,;) ~MeeT n~wb non10ca Ha Aei1cTe~TenbHOi1 oc~ 
W = w~ , TO 1161 CBOA~TCR K 

dk' + aiT -t 
< :("*(x)" .(x):>=-o 'r-----[-x(w )(2w-----)- + + 

v v vv . (2")3 k aw w-w k 116'1 

aiT - 1 l ( - ) (2 - ----) - . + X -w k . w aw w = w k 

B ~3oc~MMeTp~4ecKoi1 cpe,Qe w =w+=-w-
k k k • 

12 

) 

\ 

\} 

<: ("* (x)" ; (x)): > = v v 

... 
= o , r -------- 2dk vv . 3 -----------------------------

(2") (2w - _@_) wk / T 
aw w = w k ( e - 1) 

/16 "I 

noACTaenRR /16/ a /14/, nony4aeM 

... 
v ... - 2 

IT"(w, k, T) = (2F "") 
dq d t: d t: r -----(-I __ l;,_ x<.;) + r __ _i,_x(-,;)) X 

. (2") 3 c 2"i c 2"i + -

x (}; ~11 (.;,q, T)·<-.; 2+ q 2 -w 2+k2 +1)+2~v<.;,q,T)(-w.;+kq+~))-
p. 1171 

... ... ... 2 ... 2 2 -+2 
dq 2(-w.;+kQ+~) -.;+q-w+k+1 - r ---- l x <.;) [ ----'-----,-------- + l ---------------------1 . 

. (2") 3 .;=±iwi 2.; -aiT VI a.; p. 2.;- aiT~'-Ia.; 

np~ T=O ace Bblpa~eH~R 1161 ~ 117/, 04eB~AHO, o6pal!la10TCR 
a Hynb, ecn~ HeT non10coe 11 <.;), .;= ±iwi, 'T.e. HeT "-KoH
AeHcaTHoi1 HeycTOi14~BOCT~. 8 117 I BXOA~T IT -nonHbli1 nonRp~3a
LI~OHHbli1 onepaTop a cpeAe. noaToMy Bblpa~eH~e 

IT=IT +IT +IT 1181 
s p " 

npeACTaBnReT co6oi1 ypaBHeH~e AnR IT. nony4eH~e 061!lero peweH~R 
1181 Mbl Q6CYA~M. B cneAYIOI!leM pa3Aene nocne BbiRCHeH~R CBOi1CTB 
IT<.;. k, T), ~ <.;. k, T). a Tenep b Hai1AeM Bblpa~eH~e AnR 

v -+ v -+ 
IT"(w,k,T), 3aMeHRR B 1171 nonHbli1 IT Ha IT"(w,k, T). 

T.e. 1)(,;, k, T) B 1171 Ha 

- -+ 2 -+2 -v -+ -1 
~v <.;. k, T) = <.; - 1- k - IT" <.;, k, T)) . · 12' I 

TaKaR ~v<.;, k, T) ~MeeT n~wb Aei1cTe~TenbHble non10ca wq • 

B ~30C~MMeTp~4ecKoi1 cpeAe nocne Hecno~HbiX Bbl4~cneH~i1 
nony4~M 

-v ... 2 -+2 1-4J 
IT (w, k, T) = -J(4- 3(w - k )) + 3J-------, 1191 

" 1-6J 
rAe J (T) onpe.QenReTcR ~3 ypaeHeH~R 

13 



-2 00 dqoq2 
J(T) = (2F TTTT ) f --------------------------y;-------- , 1201 

0 2rr2wq (T)(1- 3J(T))(ewq(T) T- 1) 

a w ;(T) 113 ~-\w, k, T) = 0, 

2 ... 2 3J(1-4J) -1 
w (T) = q + [ 1 - 4 J + ----------]( 1 - 3.1) 0 • /2 1 I 

q 1- 6J 

04eB11AHO, J(0)=0,11 w ~ (T) , J(T) pacTyT C POCTOM T, HO 113 1201 
111211 HeTPYAHO 3aKI110411Tb, 4TO O<S_,T(T) < 1;6 np11 11106b1x To · 

B pa3Aene 5 Mbl npi1BeAeM pe3y11bTaTbl 411CileHHbiX pac4eToB 
pk(T)npeABapi1Te11bHO 06CYA11B B pa3Ae11e 4 CBOHCTBa nQJlHOro ' v -. (7\ '4 
nOI1.API13a4110HHOrO onepaTopa ll (~,k, T) 11 <IJYHK41111 ~ 11 (~, k, T) o 

4. CBO~CTBA nOJUlPlt13Al..llt10HHOrO OnEPATOPA IHw, k, T) 
lt1 CnEKTP rr-ME30HOB 

1. lt13 <IJOPMYil 1101, 1111, 111'1, 111''1 Ail.A <IJYHK411H ~N• 
~to,. , ~~ _,.ACHO, 4TO ll(~) 11MeeT 110rap~<IJMI14eCKI1e T04KI1 BeTBI1e-

HI1.A. ll(w, k, T) 11, cneAOBaTeilbHO, 9)(w, k, T), onpeAeileHbl Ha 
KOMnileKCHOH n110CKOCTI1 w, 11MeiO~eH pa3pe3bl Ha Be~eCTBeHHOH 
OCI1, onpeAeil.AeMble nOI10>KeHI1eM T04eK ~TBI1eHI1.A. Ail.A AeHCTBI1-
Te11bHbiX w Ha pa3pe3ax ~N (w\ ~to,. (w), ~to,. (w) COAep>KaT norap11<1!Mbl 
OTPI14aTe11bHbiX Be1111411H, 11 n03TOMY Ail.A TaKI1X w Im ll (w) of 0. 
Cpa3y >Ke OTMeTI1M, 4TO Ail.A Rew=O scerAa Imll = O. 06nacTI1 
(w,k),rAe Imii(w,k),fO, onpeAeil.AIOTC.A 1131111, 111'1 Ail.A T=O 
YCI10BI1.AMI1 

I) w + k 212m- kv < o. v = ,J2P.7m~ 

II) w- k 212m+ k v > 0, w- k 21 2m- kv < 0. · 

III) w < w R + k 21 2(Mt-,.- m), 2ax- y > 1. 

IV) w < wa+k21 2(Mt-,.-m), 1-2aX < y < 1+2ax, 

/221 

r:p.e a ' y ' X 113 I 11 I 11 I 11 'I 6epyTC.A npl1 ( = /l• npl1 Ka>KAOM 
k pa3pe3bl Ha AeHCTBI1TeilbHOH oc11 w onpeAeil.AIOTC.A AJ1.A T = 0 
113 1221. Ha p11c. 2 npeACTasneHa B Ka4ecTse npi1Mepa o6nacTb 
(w,k), rAe Imll(w, k,O)'t'O Ail.A p=1.8. Bc.A KapTI1Ha B HaweM 
CI1y4ae 1130CI1MMeTpi14HOH cpeAbl, 04eB11AHO, CI1MMeTpi14Ha OTHO-
CI1Te11bHO 3aMeHbl w Ha -<U· CaMa Im ll(w) 113o6pa>KeHa Ha p11c. 3 
np11 k 2=3, p= l,S,T=O. B11AHO, 4TO se3Ae Imll<O 11 Imll-+0 np11 
w ... o. B 3TOM np11Mepe n (w) 11 g)(w) onpeAeileHbl Ha n110CKOCH1 

5 

w 

4 

, , 

,,,'' 

,' 

,.· . .. 

. . . . 
I 

I 

- , :>,;"'> e ri~ . ' .. , T 'J' I ''-\ r .. ! I( ¢Y 3 
4 8 10K 

P1-1c. 2. 06nacTb (w,k), rAe Imll -10 np~-1 T=0-3aWTPI1XOBaHa; 
4aCTOTbl rr -Me30HHoro non.A w (k) 1-1 i w i (k) np11 T = 0 - cnnow-
Hble KPI-1Bble; iwi (k) np~-1 T=0,63 - KPHBa.A C T04KOHj w

0 
(k), 

nony4eHHble np!-1 Im n = 0 - WTPI-1XOBaHHble KPI-1 Bble. p = 1.8. 

-Jmn 
10 

5 

0 
2 

w 
P11c. 3. 3aBI1C11MOCTb Imll(w) np11 p=1.8,k2=3 11 T=O - cnnow-
Ha.A KP11Ba.A, T = 0.63- KPHBa.A c T04KaMI1, T = 1.5- KP11Ba.A c Kpec
TI1KOM. no.ACHeHH.A 8 TeKCTe. 



C pa3pe3aMH Ha AeikTBHTenbHOH OCI-1 OT 0 AO w 
1 

== 1,1 1-1 OT w
2 

= 2,65 
AO w3 = 2,9 1-1 CHMMeTpH4HO An.R W < 0. Ha PHC. 3 npeACTaeneHa 
lm ll (w + i8), T. e. Ha BepXHeM KpaiO pa3pe3a; Ha HH>KHeM KpaiO 
Imll(w -i8) > 0- MeH.ReT 3HaK. Im ~ onpeAen.ReTc.R Imll, 
no3TOMY Ha Kpa.Rx pa3pe3oe 

~(w + i8, k) - ~(w- i8, k) = 2ilm~(w, k). 1231 

,[\HCKpeTHble C06CTBeHHble 4aCTOTbl TT -Me30Ha, T. e. nOiliOCa 
~.onpeAen.RIOTC.R 1-13 ypaeHeHH.R: 

-1 ... 2 4 2 ... 
~ (w, k, 'I)= w - k - 1 - ll(w, k, T) = 0. 1241 

KaK HeTPYAHO y6eAHTbC.R 1Hcnonb3Y.R 1101, 1111, 111'11, 3To 
ypaBHeHHe He MO>KeT HMeTb KOMnileKCHblX peweHHH, OHI-1 n~-160 

4HCTO Aei1cTBHTenbHble, n1-16o 4HCT0
4

MHHMble. Bee ero pew~HH.R 
Cyll.leCTBYIOT IlHWb TaM, rAe Imll(w, k) = o. npl-1 Imll(w, k) ~0 
noniOCOB Y ~, T. e. AHCKpeTHblX C06CTBeHHbiX 4aCTOT TT -Me30Ha 
B cpeAe, HeT. ~HOrAa roeop.RT 0 pa3pe3e Ha AeHCTBHTenbHOH 
OCI-1 KaK 0 KOHTHHyyMe C06CTBeHHbiX 4aCTOT. np~-1 T=OCneKTp TT
Me30HOB HMeeT, KaK H3BeCTHO ~/, TPI-1 BeTBI-1, OHI-1 H306pa>KeHbl 
Ha p1-1c. 2 Ail.R p= 1,8. B paccMaTpHeaeMOM npHMepe p = 1.8 > pk (0)== 1.5, 
n03TOMy npH k 1< k < k 2 ~(w,k,O) HMeeT 41-iCTO MHHMble non10ca 
w(k) = ± iwi (k), w 2(k)=·-wf(k)<0. 3aBHCHMOCTb Wj(k) npeA-
CTaBJleHa Ha PHC. 2. ,[\Jl.R TeX k, rAe lm ll ~0, HeT peweHH.R 1231 
w(k), HO ecn~-1 nono>KHTb Ail.R 3THX k Imll =0, no.RB.RTC.R pe-
weHH.R w 0 (~, l-1306pa>KeHHble Ha PHC. 2 WTPHXOBaHHOH KPHBOH. 

2. n_pH T~O 1-13 1101, 1111, 111'1 .RCHO, 4TO npH n l06biX k 
Imll(w, k, T) = 0 nHWb An.R Rew = 0, T . e. Ha MHHMOH OCH. 
no3TOMY n pH T;, 0 cllYHKI..II-11-1 n (w) 1-1 ~ (w) onpeAeileHbl Ha nnoc-
KOCTI-1 w C pa3MepOM no BCe a:i AeHCTBHTenbHOH OCH, HCKnl04a.R 
nHWb T04KY Re w = 0 . ~ He HMeeT non10coe Ha Aei1cTBHTenbHOi1 
OCI-1, HO An.R BCeX w HMeeT MeCTO COOTHOWeHHe 1231. EcnH npH 
T ~ O. p > pk (T), T.e. B CHCTeMe eCTb TT -KOHAeHCaTHa.R Heyc-
TOH4HBOCTb, ~(w) HMeeT non10ca w (k,T )= ± i w i (k, T) Ha 

MHHMO.:i oc~-1 An.R k 1 < k < k 2 ; 3aBHCHMOCTb wi (k) Ail.R p = 1.8. T=0,63 
npeACTaeneHa Ha p1-1c.2. B Ka4ecTee npHMepa Ha p1-1c. 3 H3o6pa-
>KeHa Imlltw; k', T) npH k 2= 3 An.R T =0,63 1-1 T = 1,5.-KaK BHAHO, 

npH T~ O Imll ~ O 1-1 He Mana Ail.R 1.1 < w< 1.6. rAe An.R T = O Imll = O. 

npl-1 w _2 2,9 - rpaHHI..Ibl o6nacTH, rAe npH T = O Imll = 0. Imll $ 0.1. 
04eHb Mana. np~-1 w == 3 Jm ll MO>KeT HMeTb 6onbWHe 3Ha4eHH.R, 
nHWb Ha 04eHb Y3KHX, - 0,001.1-iHTepeanax w, yKa3aHHblX CTpen
KaMH. 3TO CB.R3aHO C TeM, 4TO npH T = 0 ll(w) HMena non10ca 
npHMepHO npH 3THX W · 

~HblX OC06eHHOCTei1, KPOMe pa3pe30B 
w 1-1 noniOCOB ± iw i (k) npH p > p k (T) 

Ha AeHCTBHTenbHOH OCI-1 
np~-1 T f O ~ (w ,k , T) He 

HMeeT. 

16 

3. ~3 3THX pe3ynbTaToe .RCHO, 4TO e ctJopMyne 1171 An.R 
ll77 (w,k.T) HHTerpanbl no ,f CBOA.RTC.R K HHTerpanaM no AeHCTBHTenb
HbiM nOilyOC.RM OT pa3HOCTei1 nOAblHTerpanbHblX ctJYHKI..IHH Ha eepx
HeM 1-1 HH>KHeM Kpa.RX pa3pe3a, T.e. OT YABOeHHOH MHHMOH 4aCTH 
nOAbiHTerpanbHOrO Bblpa>KeHH.R. npl-1 p > p k B Bblpa>KeHHI-1 An.R ll

77 I 17 I npHcyTcTeyeT TaK>Ke cyMMa Bbl4eToe e non10cax w (k , T) = 

= ± i wi (k , T) , He HC4e3al0ll.la.R 1-1 np~-1 T = 0. YpaeHeHHe I 181 
CB.R3blBaeT AeHCTBHTenbHYIO 1-1 MHHMYIO 4aCTH ll 

v ( v v) v ( v v ) - 2 dq 
1

1 ° ) Rell = Re ll +ll + Re ll = Re ll + ll + (2F ) {----- --( { d<fx(<f -
p S 7T p S TTTT (2TT) 3 7T - oo 

00 -+ -+ -+ -+ r d <fx(- ,f }[ I Im ~ (,f, q,T)(- ,f 2+ q 2- w 2 + k 2 + 1) + 21m~ (,f , q , T) X 
~ ~ v 0 

1251 
-+ ... .... v .... v v -2 dq v .... 

x (-w,f+ kQ +'h )]-ReB (q,T)I , Imll = lmllp-(2F ) {-- ---1mB (q,T).; 
TTTT (277)3 

Bv(q, T) = I x(<f}[2_:--~{_:_~-~~:_-~-- I _-:.{_2+ q 2 -w 2 +;2 + 1 
<f= ±iw . . an v + ~ ---------:--li------1. 

I 2,f- - --- 2,f- _@ __ 
a,; a,; 

B o6ll.leM cny4ae peweHHe 3Toro ypaeHeHH.R An.R pa3nH4HblX 
T , p > pk (T) np~-1 HanH4HH TT-KOHAeHcaTHOH HeycTOH4HBOCTH, 

T.e. npH Halll-141-11-1 B B 1251, Mbl HCCileAyeM B AanbHeHWHX pa6o
Tax. Tenepb paCCMOTPHM KPHTH4eCKYIO n.DOTHOCTb p k (T), npH Bbl-
41-iCileHHI-1 KOTOpoi1 HCnOilb3yeM ll = ll p + ll 

17 
, onpeAen.ReMbiH ' ctJop

MynaMH 1101, 1191. 

5. 3AB~C~MOCTb TT-KOH,[IEHCATHO~ HEYCT0~4~BOCT~ 
OT TEMnEPATYP~ ~ nnOTHOCT~ 

1. Ecn~-1 np~-1 TeMnepaType T CHCTeMa HMeeT nnol-H-OCTb p > p k(T) . 
TO 3TO 03Ha4aeT, 4TO An.R , HeKOTOporo HHTepeana 3Ha4eHHi1 k 
ecTb peweHH.e ypaeHeHH.R 1241 w 2 (k) < O; np~-1 p = p k ( 'I) eCTb 
0AHO k = k k (T, p), A.fi.R KOToporo w 2 (k k , T ) = 0 . 

Ha p1-1c. 4 npeACTaeneHa 3aBHCH~oCTb p k(T) AJl.R pac4eToe 

c ll = fi7T + n p IKPHBa.R 1 I 1-1 An.R cpaBHeHH.R c n = n p , T. e. 6e3 
Y4eTa n7T IKPHBa.R 21. 3aBHCHMOCTb Pk (T) OT pa3nH4HbiX 
eapHal.IHH napaMeTpoe NN-; N~-. ~~~ . TTNN-, TTN ~- , "~~ -
B3aHMOAei1CTBHH, . onpeAen.RIOUIHX .llp(T) 1101, nOAP06Ho paccMaT
PHBanaCb e 113/. Bapvtal.IHH 3THX napaMeTpoe npHBOA.RT K H3MeHeHH.RM 
pk (0) , HO 3aBHCHMOCTb pk (T) OCTaeTC.R 6nH3K.OH K H306pa>KeHHOH 

17 



6.5 

pk 

6 

5.5 

5 

4.5 

l5 

3 

2 

P~c. 4. 3ae~c~MOCTb KP~T~4ecKo~ 
nilOTHOCT~ p lL ('!) OT TeMnepaTypbl 
Tc y4eTOM 1177 /Kp~Bafl 1/ ~ 6ea 

y4eTa Il 77 /Kp~Bafl 2/. 77-KOHAeH
CaTHafl HeyCT0~4~BOCTb AOCT~raeTCfl 
B o6nacT~ · (p, T ), ne>Kal!le~ BbiWe 
Kp~e~x. TpeyronbH~K ~ao6pa>KaeT 

MaKC~MailbHY~ nilOTHOCTb p, nony-
4aeMy~ e CTOilKHOBeH~~ Ca c Ca 
np~ 3Hepr~~ E/ A = 500 M3B Ha 
HyKilOH, ~ COOTBeTCTBY~Y~ 3TO~ p 
TeMnepaTypy T . KpecT~K ~ao6pa>KaeT 
Te >Ke Bei1~4~Hbl Ailfl CTOilKHOBeH~~ 
Ne c U np~ E/ A . = 250 M3B, a 
T04Ka - Ailfl CTOilKHOBeH~~ Ne 

c U np~ E/ A = 2,1 r3B 14~ 

Ha p~c. 4. Mbl np~BOA~M pe3yilbTaTbl pac4eToB c Ha~6onee pean~
CT~4eCK~M~, Ha HaW B3rilfiA, napaMeTpaM~ B3a~MOAe~CTB~~, KaK 
3TO MO>KHO 3aKI1~4~Tb ~3 06CY>KAeH~fl B pa6oTe ~/ ~ B pa3Aeile 2 
HaCTOfll!le~ pa60Tbl. 

2. KaK B~AHO ~3 p~c. 4 , p k(T) np~ T .S 0.5 pacTeT cpaeHw 
TeilbHO MeAileHHO, ~ o6e KP~Bble Ha 3TOM p~CYHKe OTI1~4a~TCfl 
MallO. np~ 60ilbW~X _0.3 .s T ::: 2 KP~Bafl 2 pacTeT 6biCTpee' 
4eM 1 , T. e. y4eT ll77 yMeH bwaeT p ('I) Ailfl T aK~x T. 3To 
Ka4eCTBeHHO f!CHO ~3 /19/. Ae~cTB~TeilbHO, np~ TaK~x T J << l / 6, 

- ~ 2 -
~ Il77 (0 , kk, 'I)•-J(l+ 3kk) < 0, ~3-3a 4ero y4eT Il 77 ~ np~BO-
A11T K yMeHbl!!_eH~IO~ Pk (T). C AailbHe~w~M pocToM T 2: 2, KaK MO>KHO 
y6eA~TbCfl , Il77 (O,kk,'I) > O, ~ BKil~4eH~e f1 77 yBei1~4~BaeT pk('I). · 

0TMeT~M 3Aec b, 4TO B HaweM cny4ae k 2k = 3 Ailfl T 5 1. 3 , np~ 
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6onbw~x T k i pacTeT, k ~(2) = 9. 0TC~Aa MO>KHO 3aKil~4~Tb, 4TO 
M~H~MailbHafl 06IlaCTb, B KOTOpO~ B03MO>KHa 77-KOHAeHCa~~fl, 
~MeeT pa3Mepbl ·- 172 <I>M. 

MO>KHO o~eH~Tb 4~cno 77-Me30HOB, T04Hee, 77-Me30HHbiX 
v 

KBa3~4aCT~~, N 77 B C~CTeMe. 3aB~C~MOCTb nilOTHOCT~ 

v m 2 p ('I) = ( 11 c 3 
11 -------) 

he 

00 dq 2 
r ----~-o 277 2 - X (w q ) 

... -3 
'I'M I 

v = o. +,-
/26/ 

~3o6pa>KeHa Ha p~c. 5. 4To6~ nony4~Tb OTC~Aa o~eHKY Ailfl 4~cna 
11 -Me30HHbiX KBa3~4acT~~ N~ e c~cTeMe, COAep>Kal!le~ A 
6ap~oHoB ~ ~Me~~~~e~ nnoTHOCTb p, HaAo, 04eB~AHO, yMHO>K~Tb 

p:(T) Ha (477 / 3)r~(p0 / p)A. Ta K, Ailfl T = 2, p~(2)=0,25.p/p 0=3 
Ha~AeM Nv(2)=A, a Ailfl T= 1- Nv( 1) = A/5. 

11 11 

~(Tl 

0.3 

0.1 

0 3 T 

P~c. 5. 3aBI1C11MOCTb p:('I)(<l>M-~ 
OT TeMnepaTypbl. 

3. 6onbw~e ynnOTHeH~fl fiAepHoro Bel!leCTBa p / p
0 

3 74, nony-
4aeMble np~ CTOilKHOBeH~fiX fiAep 60ilbWO~ 3Hepr~~, HeM~HyeMO 
conpOBO>KAa~TCfl C~IlbHbiM pa3orpeBOM cpeA~ ~/, n03TOMy 3aB~CI1-
MOCTb pk (T) fiBilfleTcfl 04eHb ea>KHO~. Ae~cTB~TeilbHO, ecn~ np~ 
CTOilKHOBeH~~ fiAep o6pa3yeTCfl C~CTeMa C T - 1, 5 7 2, TO np~ 
3TOM Ailfl B03H~KHOBeH~fl 77-KOHAeHCaTHO~ HeyCT0~4~BOCT~ nOTpe-
6oeanOCb 6bl ynilOTHeHI1e cpeAbl B 5 710 pa3, p/ p -5 7 10, 4TO fiBHO 
HeAOCT~>K~MO. no3TOMY 04eHb Ba>KHO Ha~T~ Ha~6Jnee 6naronp~f!T
Hble YCilOB~fl, np~ KOTOpbiX B CTOilKHOBeH~fiX fiAep ynilOTHeH~e 
pip -3 74 conpoeO>KAanocb 6bl cpaeH~TeilbHO He6onbwo~ T . Pac-
4enS ynnOTHeH~fl p/ p 0 ~ TeMnepaTypbl T 6~11~ npoeeAeHbl e /4/ 

Ailfl CTOilKHOBeH~~ pa3Il~ 4Hb1X fiAep np11 pa3HbiX 3Hepr~fiX Ha HyK
IlOH E /A . Ha p~ c. 4 Mbl HaHecn~ nony4eHHble e 141 MaKc~Manb
Hbl e p ~ COOTBeTCTBYIOlll~e ~M T , nOily4aeMble np~ CTOilKHOBeH~fiX 

Ne c u np~ E/A = 250 M3B ~ E / A = 2 ' 1 r3B ~ np~ CTOilKHOBe
H~ fi X Ca c Ca np~ E/A = 500 M3B. B~AHO, 4TO Ha~6onee 
6naronp~ f! THbiM fi Bil fl eTCfl nocneAH~~ cny4a ~, r Ae p 3 aMe~Ho 
npeeocxoA~T p k ('!). Yeen~4eH~e 3Hepr~~ Ne e 8 pa s e cTOilKHo-
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seHHRx Ne c U npaKTH4eCKH He yny4waeT ycnosHH s03HHKHo
seHHR rr-KOHAeHCaTHOH HeyCTOH4HSOCTH. 

J.1TaK, AilR nony4eHHR p > p k (T) HaHI1Y4WHX YCilOSHH CileAyeT 
OlKHAaTb S CTOilKHOSeHHRX AOCTaT04HO TRlKeilbiX RAep, A > 40, 
C 3HeprHeH Ha HYKilOH E/A :, 0,57 1 r38, HO He 6o11ee, T~K KaK 
np~-1 TaKHx 3HeprHRx T < 1. a np~-1 6onbWHX 3HeprHRX, HeCMOTpR 
Ha 3Ha4HTeilbHOe ysenH4eHHe nilOTHOCTI-1, see paSHO p < p k (T) 
1-13-3a 04eHb 6onbwHx T. 

4. O~eHHM Tenepb speMR, Heo6xOAHMoe AilR o6pa3osaHHR 
rr -KOHAeHCaTa npH p > pk(T). rr -KOHAeHCaTHOe none S cpeAe 

-1 _ , 
HapacTaeT co speMeHeM ~exp[t/trr ], rAe t rr = · 2w - xapaK-

TepHoe speMR HapacTaHHR nonR, w·= maxw i (k) - MaKCHManb
Hoe 3Ha4eHHe MHHMOH 4aCTOTbl w i (k) Me30HHOrO nOilR npH AaH
HOM p > pk(T), T. B npHMepe Ha p1-1c. 2 AilR T=0,63, p=l.8 
1-1 pk(0,63) = 1.74 3Ta Se11H4HHa W = 0,05. JICHO, 4TO w('I, fip) 
np~-1 T, pk (T) onpeAenReTcR senH4HHOH fip = p- Pk ('I). np~-1 

fip -+ 0, 04eSHAHO, w-> 0, a t rr-+ 00 • C yse11H4eHHeM fip pacTeT 
w. 3asHCHMOCTb wC"lp) AilR pa311H4HbiX T noKa3aHa Ha PHC. 6 ' 

1-13 KOTOporo SHAHO, 4TO speMR trr -10-23 C AOCTHraeTCR npH 
fip ~ 0,270,3, T.e. AilR 6biCTporo HapacTaHHR ·rr-KOHAeHCaTHOrO 
nOilR 3a 10-22 - 10-23 c He06XOAHMO 3aMeTHOe npeSbiWeHHe l'ip-0,5p , 

0 npH4eM C pOCTOM T He06XOAHMOe fip 3aMeTHO yse11H4HSaeTCR. 
JICHO, 4TO speMR t rr < 10-23 C He HMeeT 4>1-131-1 4eCKOrO CMbiCila S 
HaWeH 3aAa4e. O~eHKa MHHHMailbHOro S03MOlKHOrO trr 06CYlKAa11aCb 
S 116!. 0 speMeHH ycTaHOSileHHR CTaTHCTH4eCKOrO paSHOSeCHR t T 
MOlKHO COCTaSHTb npeACTasneHHe, 3aMe4aR, 4TO CpeAHee speMR, 
He06XOAHMOe HYKilOHy, 4T06bl npOHTI-1 paCCTORHHe nopRAKa pa3-
Mepos MHHHMailbHOH 0611aCTH, S KOTOpOH S03MOlKHa rr - KOHAeHca
~HR /eM. n.2 3TOro pa3Ae11a/, COCTaSilReT -10-e3 C. BpeMR tT' 
04eSHAHO, 3aMeTHo 6onbwe 3TOH senH4HHbl, tT = 10-22 c. CneAo
saTeilbHO, npH l'ip_?0,2 HMeeM trr < tT · 

B npo~ecce CTOilKHoseHHR TRlKeilbiX RAeP p "' T CHCTeMbl MeHR
IOTCR CO speMeHeM / 4 / . .l\IlR nOily4eHHR rr -KOHAeHCaTa He06XOAHMO, 
4T06bl S npo~eCC CTOilKHOSeHHR p > pk (T) 6bl110 S Te4eHHe Spe-
MeHH t k ?: trr(T, fip = p - p k (T)) npH H3MeHRIOIIIHXCR p "' T. J.13 

~::[~ 
0 0.1 0.2 oJ t:..fJ·.P-A 
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Pa.1c. 6. 3asHCHMOCTb w i 
OT fip = p - p k (T) AilR 
T = 0 - cnnowHaR KpHsaR, 
T=0,63- KPHSaR C T04KOH 

1-1 T= 1,5 - KpHSaR C Kpe
CTHKaMH. 

AaHH~X, npeACTaSileHH~X Ha pHC. 4 1-1 5, MOlKHO 3aKI1104HTb, 4TO 
s CTOilKHoseHHH Ca c Ca np~-1 E/A = -500 M3B 3TH ycnosHR 
SblnOilHRIOTCR, 1-1 rr -KOHAeHCaTHbiH nepeXOA S03MOlKeH. np~-1 He-
AOCTaT04HOM npeSbiWeHHI-1 nilOTHOCTI-1 p- p k (T) CHCTeMa He ycneeT 
nepeHTI-1 S rr -KOHAeHCaTHOe COCTORHHe 3a TO speMR t k , S Te-
4eHHe KOTOporo p > p k (T). KpOMe TOro, AilR npHMeHeHHR CTaTHCTH-
4eCKOro onHcaHHR Heo6XOAHMO, 4T06bl t k > t T . Pa3yMeeTcR, 
see npHSeAeHH~e HaMH O~eHKI-1 HOCRT npH611HlKeHH~H xapaKTep. 

AsTop 6naroAapeH C.T.oenResy, A.A.oeilbKosy, C. A.oyHRTosy, 
M.K.BonKosy, B.A.ToHeesy, H.H.KypHilKHHY 3a none3H~e coseT~ 
1-1 o6CYlKAeHHR. 
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