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Ba)f(Hei1we~ XapaKTepIIICn1K0l-1 nna3MeHHbiX CIllCTeM RBnReTCR AVl
3neKTplll4eCKaR npOHIIIlIaeMOCTb (k. w), KOTOpaR CBRSblBaeT (\>ypbe
KOMnOHeHTbl BeKTOpOB 3neKTpVl4eCKO~ IIIHAYK4111111 0 (k, w) III 3neKTplII
4ecKoi1 HanpR)f(eHHOCTVl ~(k.w) npIII Man~X B03My~eHIIIRx 3neKTpOMar
HIIITHblX nonei1 B nna3MeHHO~ cpeAe 111. 3Ta (\>YHK4VlR BnepBble 6bln,;l 
Bbl4111cneHa A. A. Bn<;,!COBbIM AnR 3neKTpOHHoro ra3a C MaKCBennOBCKI4/-I 
saKOHOM pacnpeAeneHVlR 3neKTpOHOB no CKOPOCTRM B cnY4ae, KorAa 
cpeAHRR TennOBaR 3HeprVlR 3neKTpOHOB 3k6 1'/2 Ik6 - nOCTORHHaR 
50nbllMaHa, T - TeMnepaTypal MHoro MeHbwe IIIX 3Heprllllll nOKOR 
me 2 12~ B HacToR~ee B~eMR 60nbwo~ IIIHTepec B~S~BamT B~COKOTeM
nepaTypHble 3neK TpoHHbie Vl nnaSMeHHble CIIICTeMbl C TeMnepaTYpo~ 
4acTIII4, 6nVl3Ko~ K 3HeprlllVl nOKOR 3neKTpoHoB. 3TOT VlHTepec, KPO
Me 06~eHaY4Horo 3Ha4eHIIIR, 06ycnoBneH nOTpe6HOCTRMIII 3KcnepIIIMeH
TanbHOI-1 (\>VlSIIIKVl nna3M~ III ClllnbHOT04HO~ nnaSMeHHO~ 3neKTpOHVlKIII, 
TaK KaK B na60paTopH~X yCT2~oBKax Y)f(e COSAaH~ nna3MeHH~e CVl
CTeMbl C penRTIIIBIIICTCKO~ 3neKTpOHHOH KOMnOHeHTOH 13t III ClllnbHOT04
H~e nY4KIII C penRTIIIBIIICTCKVlM TennOBblM pa36poCOM 14/. HccneAOBaHIIIR 
penRTIIIBlllcTCKoi1 nnaSMbl He06xOAIIIMbi B aCTpO(\>1II3VlKe, HanpIIIMep AnR 
nOHIIIMaHIIIR paAIIIOIIIsnY4eHIIIR nynbcapoB 15~ III Ba)f(Hbi AnR nOHIIIMaHIIIR 
np04eCCOB B 6YAY~IIIX TepMORAepHblX peaKTopax, TeMnepaTypa nna3
Mbl B KOTOPblX 6YAeT 6nlllSKa K penRTIIIBIIICTCKOH '6/. 

PaCC~OTpVlM npoAonbHym AIII3neKTplll4ecKym npOHIIIlIaeMoCTb penRTIII
eIllCTcKO~ nnaSM~, KOTopym HeCnO)f(HO nonY4VlTb, IIICXOAR illS nVlHeapIII
SOBaHHoro KIIIHeTVl4eCKoro ypaeHeHIIIR Bnacoea Vl CIIICTeMbl ypaBHeHIIIH 
MaKceenna ICM., HanpIIIMep, 1711: 
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MeHHaR III npocTpaHcTeeHHaR KOMnOHeHTbl 4-eeKTopa CKOPOCTVl, ko 
III k - BpeMeHHaR Vl npocTpaHcTBeHHaR KOMnOHeHTbI 4-BonHoeoro BeK
Topa (k w /e), dO ",i17U 2 . du. CYMMVlpOBaHVle npeAnonaraeTcRo 
no copTaM 4aCTIIIlI/3neKTpOHaM III 1II0HaM/. B B~pa)f(eHIIIVl III B Ka
4eCTee paBHoBecHo~ (\>YHKlIIIIIII pacnpeAeneHVlR 4aCTIIIlI no CKOPOCTRM 
e~6paH penRTIIIBlllcTCKVlA 3aKOH MaKcBenna /8 ! IpacnpeAeneHIIIR ~TTHe
pa-CIIIHra 
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f 0 a exp (- a 11 0 ) /417 K 2 (11 ) , 121 

2rAe a == mc 
<!>YHKt\IMI III B 06l1\eM cnY4ae He Bb.palKaeTCfl 4epe3 f.13 Bec THbie 

cnet\f.1anbHble <!>YHKtlf.1f.1, n03TOMY ee aHanf.1Tf.14eCKOe f.1CCneAOBaHf.1e 
B03MOlKHO TonbKO npf.1 Tex f.1nf.1 f.1HblX aCf.1MnTOTf.14eCKf.1X pa3nOlKeHf.1flX 
no ManbiM napaMeTpaM. TaK, ecnf.1 paCCMOTpeTb HepenRTf.1Bf.1CTCKf.1~ 

npeAen 1/a ... 0, TO BblpalKeHf.1e III nepe(;1AeT B f.13seC THOe npe,Q
CTaBneHf.1e, HaA,QeHHoe BnaCOBbiM/ 2/. HeAaBHO 6b1no nOKa3aHO, 4TO 
B 06paTHOM npeAeflbHOM CnY4ae a ... 0 lynbTpapenR'ff.1Bf.1CTCKf.1H npe
Aenl $YHKtlf.1~ 111 aHanOrf.14HO HepenflTf.1Bf.1CTCKOMY npf.16nf.1lKeHf.1~ MOlK
HO Bblpa3f.1Tb 4epe3 f.13BecTHy~ cnet\f.1anbHY~ $YHKt\f.1~ 19/. B pRAe pa
60T f.1CCneAOBaHbI pa3nOlKeHf.1R <!>YHKt\f.1f.1 111 B KaKO~~nf.160 y3KO~ 
cneKTpanbHoA 06naCTf.1, rAe B03MOlKHO aCf.1MnTOTf.14eCKOe pa3nOlKeHf.1e 
no ManblM napaMeTpaM: Ikc I «1 f.1nf.1 I kc / (ll -11 « 1 110 I • 

B AaHHoH pa60Te 6YAeT nOKa3aHo, 4TO Af.13neKTpf.14ecKY~ npOHf.1
ft\aeMocTb t (k, w) MOlKHO npeACTaBf.1Tb BO Bce~ cneKTpanbHoA 06

naCTf.1 3Ha4eHf.1.:1 W f.1 k B Bf.1Ae pflAa no ManOMY napaMeTpy l/a, rAe 
3neMeHTbi pflAa COCTaBnfl~T - 0/a)n f.1 BbipalKa~TCfl 4epe3 f.13BeC THY~ 
cnetlf.1anbHY~ $YHKt\f.1~ - f.1HTerpan BepORTHOCTf.1 OT MHf.1MOrO aprYMeH
Ta W(z) ~ 11/, nOACTaBnflfl 12/ alII f.1 nepeXOAfl K HOBOA nepeMeH
HO~ f.1HTerpf.1pOBaHf.1fl ~ no $OpMyne 
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3aMeTf.1M, 4TO B HepenRTf.1Bf.1CTCKOM npeAene (c ... ~) 

~2 
a ] __ -a (1 + _).r - 141 

(l_~2)IA! 2 

TorAa C Y4eTOM 141 f.13 f.1CXOAHO~ <!>YHKtlf.1f.1 nonY4f.1M 

a 2 -1)/2 H 2 
exp r - . I' ]. ( 1 -,8 ) exp [ - a (l "- .....t::...-)] . Y (a , ,B 2) , 151 

(1 ~2)'. 2 

rAe 

y(a,{32) exp I -a [ ( 1 - ~ 2 )- \:, - (I + ~ ) I I . { I - (3 2 ) - 5/2 1612 . 

<!>YHKtlf.1fl 161 B HepenflTf.1Bf.1CTCKOM npf.16nf.1lKeHf.1f.1 (c+~) CTpeMf.1TCR 
K eAf.1Hf.1t1e, B T04Ke p2= 0 OHa Af.1$$epeHtlf.1PyeMa np0f.1330nbHoe 
4f.1CnO pa3, n03TOMY ee MOlKHO pa3nOlKf.1Tb B PflA Te~nopa: 

Y(a.(j2) '\'... y 
(n) 

2 . 13:~ 11 171 
n ~ 0 [II ~ = 0 • 

2rAe ylll) - np0f.13BOAHafl n -ro nopflAKa no aprYMeHTY (3 • .l\anee, 
f.1CnOnb3Yfl pa3nOlKeHf.1e Ill, HaXOAf.1M 
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nOACTaBnflfl 181 B 13/, f.1MeeM 
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\1 __'d_ In kc~ lexp( ~lhl~2d{3.(J) 

22i7 () 2kc {3 (,I ~ kc ~ 

npf.1 HepenflTf.1Bf.1CTCKOM npeAene c • ~ onepaTopHoe BbipalKeHf.1e B $f.1
rypHblX cKo61<ax CTpeMf.1TCR I< eAHHf.1t1e, cneAOBaTenbHO, nocneAHRfl 
CTpOl<a BbipalKeHf.1fl 191 npeACTaBnReT c06o(;1 AHCnepCf.10HHY~ $YHKtlf.1~ 
HepenflTf.1Bf.1CTCI<O~ nna3MbI, 1<0TOpaR BbipalKaeTCfl 4epe3 cnet\f.1anbHY~ 
<!>YHl<tlf.1~ W(Z), TO eCTb ICM.!II'1 
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--> 1 + iJTT .z.W(z). C ...., De, /10/ 

rAe 

z ~(~)'!2 /11/~C~) '.' 
k 2e kc 2 

Y4~TbIBaR npeAenbHoe paBeHCTBO /10/, HaxOA~M cneAy~~ee npeA
CTaBneH~e A~cnepc~oHHO~ ¢YHK~~~ ff (k,w) B B~Ae pRAa no napa
MeTpy l/a: 

p aw 2 a r- a (_2)n (n) 

f (k,w) 1 + ~ ~-p .~-'-~~.--. "'-t --y 


k 2c 2 n! 
I X 
I 
(3=o" 4TTK2(a) n=o 

/12/ 
an 2TT 3/2 

x-·_(-) [1 +iJTT'Z.W(Z)]'
aa n a 

CneAyeT OTMeT~Tb, 4TO np~!ACTaBneH~e /12/ nonY4eHO C T04HOCTb~ 
AO 3KcnOHeH~~anbHblx 4neHOB ~exp(-a),TaK KaK cornaCHO /10/ 
npeAnonaraeTCR HepenRT~B~CTCKIA~ npeAen /APyrV1M~ cnOBaM~, 6blna 
pacw~peHa 06naCTb 3Ha4eH~~ CKopocTe~ 4aCT~~ V = f3 C OT [0, c) 
AO [0, De ) / • 

¢opMyna /12/ npeACTaBnReT c060~ A~3neKTp~4eCKY~ npOH~~ae
MOCTb f e (k.w) B B~Ae pf-lfja OTHOC~TenbHoro napaMeTpa l/a BO 
Bce~ cneKTpanbHO~ 06nac T~. Bbl4v:cn~M nepBbl~ 4neH 3Toro pRAa, 

.TO eCTb Ha~AeM ¢YHK~~~ fE (k.w) B cna60penRT~B~crcKoM np~6n~
lKeH~~ /n~He~HoM OTHOC~TenbHO napaMeTpa l/a /. AnR 3Toro 3aMen1M, 
4TO 4neHbI OAHoro nopRAKa OTHOC~TenbHO l/a COAeplKaTCR B OBYX 
cnaraeMblX pRAa /12/. HenocpeACTBeHHoe A~¢¢epeH~~pOBaH~e ¢YHK
~~~ /6/ AaeT 

(1) I 5 
(2) I 35 3 

- -a. /13/
y {3=o 2 Y {3= 0 4 4 

nOACTaBnRR /13/ B /12/ ~ YAeplK~BaR n~He~Hble OTHOC~TenbHO napa
MeTpa l/a 4neHbl, HaXOA~M 

aw 2 aE -a 

f e(k, 'w) = 1 + ~ P 


x 
k 2c 2 4TT K2 (a ) 

/14/ 
a 3 a2 2TT 3'2 

x (1 - 5 -.- - - a --)[(-) (1 - '; TT Z WCZ ») 1. 
aa 4 aa 2 a 

Aanee, Y4V1TblBaR, 4TO B paccMaTpVlBaeMoM npVl6n~lKeH~~ a » 1, 
Bocnonb3yeMcR aCVlMnTOTVl4eCKVlM pa3nolKeHVleM AnR ¢yHK~~~ MaKAo
HanbAa npVl 60nbwVlx 3Ha4eH~RX aprYMeHTa ! 11 /: 

4v 2 - 1rr -a /15/K I' Ca ) y--e .(1-,- +- ... ) 

2a 8a 

KpOMe TOrO, 3aMeTVlM, 4TO AnR ¢YHK~VIVI WCZ) CnpaBeAn~BO COOTHO

weHVle /11/: 

~ d W( z) /16/1 ~ i /;;. Z • W( z) == - i v' rr 
2 dz 

TorAa Vl3 /14/ HecnOlKHO nonY4~Tb npOAonbHY~ A~3neKTp~4eCKY~ 
npOHVI~aeMOCTb nna3Mbi B cna60penRTVlB~CTCKOM np~6n~lKeH~~: 

f n r,,2 15 
f ( k, w) = 1 ~ ~ --p- (1 - --) . I 1 -'- i y TT • z· W ( z) + 

k 2 c 2 8a 

5 2 - 15 2 
+ -[1+2(1+z )(1+ iJrr zW(z))J-'- -ll -'- 2(1-,-z )(l+iJrrzW(z))l 

2a 8a 
/17/ 

_ ~[ 2(1 + z2 (1 - z 2»( 1 + i V;- z W( z) - 2 (1 + z2)] l. 
8a 

rAe z =kwc (a/2)\i2 =w/(J2 kV ), V = (e/m)'h - TennOBaR CKO
T T 

pOCTb. 113 ¢opMynbl /17/ HecnOlKHO nonY4~Tb Vl3BeCTHbie paHee cna60
penRT~BVlCTCKVle BblpalKeH~R ¢YHK~VI~ f r (k, w) AnR nna3MeHHbiX 
BonH C ¢a30BbIMVI CKOpOCTRM~ w /k. MHoro 60nbW~M~ TennOBO~ CKO

POCTVI V T ' (I z I »1). AnR 3Toro, Vlcnonb3YR aC~MnTOT~4eCK~e 
¢opMynbl AnR ¢YHK~VIVI W(z)/l11 

1 3 Z
1 -'- i J-:; zW(z) - --- + vrrze - /18/ 

2Z2 2 z 4 

Ha OCHOBe /14/ HaXOAVlM 

22.2)( 8+.kV 1--)+ 
2a T a /19/

/ (k,(1) = 1 - ~(w:/w2)11 - ~ 3( (u 

.TT w 1 w 2 3U)4 w 2 
--[l + ~ 2 + -- - )] exp [ - 1 l.+iV2 
kVT a k2V~ 8k4V~ 2k2V~ 

BblpalKeHVle /19/ npVl k 0 nonY4eHO B'12' a np~ k i- 0 - B"13/. 
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B npOnlBOn0J10)l(HOM npe,QeJ1e, KOr,Qa <1>a30Bble CKOPOCTI-1 nJ1a3MeH
H~X BOJ1H MHOrO MeHbWe TenJ10BO~ CKOPOCTI-1 4aCTI-14 V T (Iz I « 1), 
y4I-1T~Ba~ pa3J10)l(eHl-1e W(Z) npl-1 MaJ1~X 3Ha4eHI-1~X aprYMeHTa 'Ill: 

1 + "zW(Z) 1 +- i )Ic, -..f:L /20/
2(} k 

1-13 	 /14/ HaXO,QI-1M 

2 

/ (k, (j) ) 1 . k ~ l-i(" ~)l!, ~( 1 1 /21/+- -)J.
k 2 () 2 19 k Sa 

OTMeTI-1M, 4TO B~pa)l(eH~e /21/ OTJ11-14aeTCH OT aHaJ10r1-14HOrO Hepen~
TI-1B~CTCKoro Bblpa)l(eHI-1H TOll\:>KO MHI-1MblM Cfl.5raeMbIM, a AeHCTBI-1Tenb
H~e 	4aCT~ COBna,QaIOT 111 . 

np~paBHI-1Ba~ ,Q1-1311eKTpI-14eCKYIO npOHI-14aeMOCTb K HynlO: 

,P(k,(l) o. 	 /22/ 

nonY4aeM ,Ql-1cnepCI-10HH~e ypaBHeHl-1e An~ nI-1He~H~X nJ1a3MeHH~X BOJ1H. 
B 4aCTHOCTI-1, B npl-16J1I-1)1(eHI-1I-1 /19/ ,QnH ,Q~cnepcl-1l-1 (v Re(" 1-1 Ae-
KpeMeHTa 6eCCTOnKHOBI-1TellbHOro 3aTyxaH~H}' Im(" I-1MeeM 

.) :n 
(d.... (,)2 ( I _ ~) I _ 11 	 /23/ 

')- )p .) III_(/ 	 _(l 

.) 

(f}"- .) 	 4 
Tt - :~ 	 a 

}' --P-ll ~lexpt 'd . I. /24/- '2 kVT II 8a k4v4 2 ')k 2 V 2 
T - T 

3aMeTHM, 4TO penHTI-1BI-1CTCKHe TeMnepaTypH~e 3<1><1>eKT~ npl-1BOAHT 
K YMeHbWeHl-11O 4aCTOTbi KOlle6aHHH /23/ 1-1 AeKpeMeHTa 3aTyxaHI-1A 
J1eHrMlOpOBCK~X BOJ1H, npl-1 3TOM Hal-16011ee CI-1J1bHOe BJ1HRH~e penATI-1
BI-13M OKa3WBaeT Ha Al-1cnepCl-11O /23/. 3TOT <1>aKT OTMe4aJ1CA B pa
60Te '13'. XOTA TaM AonYWeHa HeT04HOCTb B onpeAeJ1eHI-1H 4I-1CJ1eH
Horo K03<1><1>1-14I-1eHTa. B 4aCTHOCT~, ~3MeHeH~e Al-1cnepc~1-1 /23/ AO
CTl-1raeT 10Z Y)l(e npl-1 TeMnepaType - 10 K3B 1-1, c~eAOBaTeJ1bHO, MO
)l(eT 	 6blTb 1-13MepeHO B COBpeMeHH~X 3KCnep1-1MeHTaJ1bHb1X yCTaHOBKax. 

B HE::1-130TepMI-14eCKO~ nna3Me C TeMnepaTYPOH 3J1eKTpOHOB Ii r . 
MHoro 60J1bWeH TeMnepaTYp~ 01 • a TaK)I(e C MaCCOI1 1-10HOB 11l 1 • MHO
ro 60nbweH MaCCbl 3neKTpOHOB mt, AI-1cnepCI-10HHOe ypaBHeHl-1e /22/ 
I-1MeeT ewe OAHO peWeHl-1e C ManOH MH~MOI1 4aCTb~ /1-10HHO-3BYKoBwe 
Kone6aH~H/ lll. I1cCJ1e,QyeM BJ1I-1AHl-1e pen~TI-1B~C TCKI-1X TeMnepaTypHblX 
3<1><1>eKToB Ha :ny nJ1a3MeHHYIO MOAY. AnA 3Toro, aHallOr1-14HO' 1 ". 6y

6 

,QeM nOJ1araTb, 4TO BKJ1a,Q B AI-13J1eKTpI-14ecKY~ npOHI-14aeMOCTb 3J1eKT
POHHO~ KOMnOHeHTbl I-1MeeT BI-1,Q /21/,a 1-10HHOH - /19/. TorAa npl-1 
BblnOJ1HeHl-11-1 HepaBeHCTB 

(}r » 19 
j 

k {J'pP me ; » mp 	 /25/ 

1-13 ypaeHeH~H /22/ AJ1~ 4aCTOT~ K0J1e6aH~H 1-1 AeKpeMeHTa 3aTyxaHI-1H 
1-10HHO-3BYKOB~X BOJ1H B cna60penHTI-1B~CTCKO~ nJ1a3Me HaHAeM 

k 2
,2 	 5 () 30.ke I(v (1 - ) , /26/

mj 2aj 2 mjmp wpf 

k 2 me l' y ~(l _1_)(~ --) "-l-	

/27/2 Sap 2 mj mj 

rAe ~HAeKc e HYMepyeT napaMeTp~ 3J1eKTpOHHO~ KOMnOHeHTbl nna3Mbl, 
a i - 1-10HHO~. 

OTMeT~M, 4TO Ha 4acToTY 1-10HHO-3BYKOB~X BOJ1H /26/ 60J1bWOe 
BJ1I-1~Hl-1e OKa3~BaIOT peJ1HTI-1BI-1CTCKl-1e TeMnepaTypH~e 3<1><1>eKT~ 1-10HHOH 
KOMnOHeHTbl nna3M~ /B nepBOM nopAAKe OTHOCI-1TenbHO TeMnepaTYp~/, 
np~4eM OHI-1 npl-1BOAAT K YMeHbweH1-11O 4aCTOTbl. C APyro~ CTOPOHbl, 
Ha AeKpeMeHT 3aTyxaHI-1A /27/ OCHOBHoe Bnl-1~H~e OKa3~Ba~T peJ1H
TI-1BI-1CTCKl-1e TeMnepaTypH~e 3<1><1>eKT~, 06ycnOBJ1eHHble 3J1eKTpOHHO~ 
KOMnOHeHTO~ nJ1a3Mbl, KOTopa~, B OTnl-141-1e OT neHrMlOpOBCKI-1X BonH, 
npl-1BOAI-1T K YBeJ11-14eHI-1IO AeKpeMeHTa 3aTyxaHI-1~ /27/. 
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PyKonHCb nocTynHna s H3AaTenbCKH~ OTAen 
26 ¢espan~ 1987 roAa. 

Boronro6oB H.H./Mn./, llonHKOB ll.A., 
Tacea M.A. 
llH3neKTpHqecKaH npoHH~aeMoCTb OAHOPOAHOH 
H H30TpOTIHOH nna3Mbl B Cna6openHTHBHCTCKOM 
TipH6nmKeHHH 

p 17-87-129 

HccneAoBaHa AH3neKTpHqecKaH npoHH~aeMoCTb nna3Mbi npH 
BhlCOKHX TeMTiepaTypax B Cna6openHTHBHCTCKOM TipH6nH)J(eHHH. 
llonyqeHo npeACTaBneHHe ~YHK~HH AH3neKTpHqeCKoro OTKnHKa 
B BHAe PHAa OTHOCHTenbHO 6e3pa3MepHoro napaMeTpa, paBHOro 
OTHOIIIeHHW TeMnepaTypbl qaCTH~ K HX Macce TIOKOH, C 3neMeHTa
MH PHAa, BbiPaJKaiD~HMHCH qepe3 H3BeCTH&Je cne~HanbHbJe ~yHK~HH 
BO BCeH cneKTpanbHOH o6naCTH. llpoaHanH3HpOBaHO BnHHHHe cna 
6openHTHBHCTCKHX TeMnepaTypHb~ 3~~eKTOB Ha AHCTiepCHW H 3a-
TyXaHHe neHrMropOBCKHX H HOHH0-3BYKOBbiX BOnH, 

Pa6oTa BbmonHeHa B Jla6opaTopHH TeopeTHqecKoH ~H3HKH 
OIDUI. 

Coo6UleHHe 06'be,llHHeHHOro HHCTH'fYT8 .R,JJ;epHbiX HCCJie,li;OBaHHH. ,lzy6Ha 1987 

Bogoliubov N.N.(jr.), Polyakov P.A., 
Tassev M.A. 
Dielectric Permittivity of Homoseneous 
and Isotropic Plasma in Sligtly Relativistic 
Approximation 

Pl7-87-129 

A behavior of permittivity of plasma at high tempera
tures is investigated. The expression of dielectric res
ponse is expanded into a series in powers of {a-i ) where 
{a-i) is a nondimensional parameter being equal to the 
ratio of particle temperature to their rest energy. An in
fluence of slightly relativistic temperature effects on 
dispersion and attenuation of Langmuir and ion-acoustic 
waves is analysed. 

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