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It 063.91.02 npH MOCKOBCKOJ.1 op;i;eHa Tpy;noBoro KpacHoro 3HaMeHH 

qJH3HKO-TeXHH'!eCKOro HHCTHTyTa (r • .l(OJironpy;nmHI, J,IOCKOBCKOH odJiaCTll), 
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Maorlle HeJillH6llHl:l6 ;zu.r(JJ(J!epeHUllaJII,Hl:le :ypaBHemm ).\C:,IIJCKaJOT 'laCT

Hl:le pemeHl'l.fl B Bll,ll;e :ye ;IU1H8HHhlX BOJIH. l{ HllM OTHOCl1TCfl l\6Jihlii 1rnacc 

:ypaBH6Hllli, OIIHCl:lBaJOmllX Ko:Ue6amm B H6JIHH6ilH!:lX .l\HCIIEpr11py10mi1x cpe

;nax, B 'l8CTHOCTll, rHllPOllHHaMHKe, IIJI83Me H ;np. 

]1111111, B IlOCJI61lHH6 1l6CflTHJI6THfl' 11HT6peci I, l1CCJI6.l(CBam110 IIL]l06HhlX 

pe 1116 HHll p,eaKo ioa poc. IIpll 3TOM 61mn o6HapylKeHhl BHa 'laJie 'lllCJIGlll!O, 

aaT6M OIIllCaHhl aaaJil1TH'l6CKH TaK Ha31:lBaeMhl6 BIIOJIHe l1l!Terp11pye1.ih16 

CHCT6Ml:l (Bli!C) , He ,llOIIYCKailllllle CTOXacT1rnaum1, T .e • Hecdpa-

Tl1MOro ne pe pacnpe ;ne JI6 HHfl am, pr1111 no CT6 IIG HflM CBOCl0,1\l;l • Ye ]ll'!HeHHhle 

BOJIHl,I HM6 HHO B TaKllX Cl1CT6MaX IIOJIY 'lHJil1 Ha3B8Hl1fl CC,JIHTOHOB. COJil1TO

Hhl. Bli!C BhlXOAflT H3 B3al1MO]lei1CTBHfl, He 113M6Hflfl CBOei1 !])opMbl 11 CKopoc

TH, TaK 'ITO B6CI, peayJibTaT B38HMO]l6llCTBllfl COCTOHT B 113M6HeHl1H llX 

(J!aa. Mu He 6y;neM·npll'A6PlK11B8TbCfl CTOJII, yaKoro onpe;neJI6Hl1H, a dy;neM 

Ha31:lBaTb COJIHTOHOM :')'61lHH8HHJ'IO BOJIH:y. 

BoIIpoc 06 yIIpyroCTll 'BaaHMO]leilcTBHfl COJIHTOHOB OKa3aJICH T6CHO 

CBH3aHHllM C !Ipo6JieMott ~epMH-IIacTa-YJiaMa. EoJiee Toro, HCCJI61lOBaHl16 

Ha ynpyrOCTL B3aHMOA6llCTBHfl COJIHTOHOB OKa3aJIOCL GllHHM H3 Hal160JI66 

npHMl:lX H npOCTl:lX T6CTOB AJIH OTB6T8 Ha BOIIpoc, apro]lH'!Ha HJIH BIIOJIHe 

11HTerpnpyeMa ;naHHaH CHCT6Ma. 

Co;neplKaHne AHCC6PT8UHH MOlKHO :')'CJIOBHO pa3,ll;6JIHTL Ha· llB6 'l8CTH: 

K nepBOil OTHOCflTCfl BOTipOCli 1 CBH38HHl:le C paCCMOTp6HH6M T60pllH 

CJiad'on ·-ryp6yireHTHOCTH, KOTopafl MOlK6T dl:lTI, 11CCJI61lOBaHa M6TO]l8Ml1_ 

TeopHH Bcia.MynieHntt {~6.nacTL IIpHM~HHMOCTH KOTOPO~ 6CT~ 'w'/11.T < K~¼ 
a;necb \}I,/ - IIJIOTHOCTI. aHeprnn ~yp6:yJieHTHOCTll, rtT - IIJIOTHOCTL 

TenJioBott aHeprnn IIJiaaMi., de= Ve/ Wpe, - ;ne6aeBcK11i1 pa;zu.ryc 

aJieKTpoHoB, 1< - xapaKTepHoe BOJIHOBoe qncJio) c noMolllbIO :ycpe]lHeHHfl 

!IO CTaTllCTH'l6CKOMY aHCaMdJI~. 

®\l.'bCJl!ill(;ll!JU,j ~crJr111 
nnr.,r,n,_n, ,1.,~ 1- --,,,,.,~-,.,!\ 
'""'4V)-JL.il:;IA J.1~ ... :. . .,I -... ~\..lt~;;.i{~,,:J · 

• · 6?~5Jf✓IOTEHJ.\ 
""'~ LI ...aa...a.--,....:, ,.,:...; . ...,_ 



B lJ8C'l:HOCTH, pacCMOTpeHa npo6JieMa YCTOHlJHBOCTH, HOHH0-3BYKO

noil T,1p6yJieHTHOCTH B ITJIOTHOfi nnaaue, a TaKme Hall,lleHH KoppeJIHUHOH

nble ~YHKUHH neHrM10poBcKofi (l) H HOHH0-3BYKOBofi ($) TypoyneHTHOGTH. 

u,lU!aKO TeopmI GJiaoon TypoyJieHTHOCTH Hecnoco6Ha 00'.oflCHHTI, HH 

)UlHaMHKH, HH cneKTPOB Jl6HrMJOpOBGKOH (t)-TYPO.YJIGHTHOCT11 npu He 
2 f 

CJIHlllKOM MaJIHX nJIOTHOGTHX ,rnepr1rn noJifl 1 > 'vt/ /nT .,, 1<. ole 
l-TM6THM, lJTO B 3TOM CJiylJae nrnpHHH KoppeJIHUHOHHOH WHKiti!H ITOPHAKa 

JIIUl6HHOit lJaGTOTbl ~ tJ . 

B 3TOM BTOpOI.! CJIYIJae Mbl npHXO,lli!M K MO,ll6JIH CHJII,HOH Typ0yJI6HT

HOGTH IlJIOTHOll nna3Mbl. W3B6CTHO, lJTO rrnaaMa, KaK HOHH3HpoBaHHHll 

raa I COGTOHJllHll H3 aapmKeHHblX qacTHit, -OOJia,lla6T ooraTb!M Ha6opoM paa

JH!lJHl,IX MO,ll KoJieOaHHti (KOJIJI6KT11BHblX CTe nenen CBOCiO,zul) • 

l(JIH oonr,mnHCTBa Ha HHX B nennHefiHOM nl)l!6mi:meHHH nonyIJeHH 

Y paBHe Hl!H 1 ,llony CK8JOIIiHe COJIHTOHHO-IIOAOOHhl6 peruemm (y paBH6HH6 Kop

Te B6P8-A6 Bpnca, EyccnHecxa, illpe;zu1Hrepa c neKoTopb!M caMocornaooBaH

HhlM TIOT6HUHaJIOM B 38BHCHMOCTH OT MO,ll6JIH H ,lip.). 

B )U1GC6pTaUHH paapa6aTblBaJOTCH H lIDilOJII,3YJOTCH KaK aHaJIMTHIJeo

KHe I TaK H q;,rnne Hlill6 Me TO,ltH UCCJI6 ,llOB8HIIH H6JIHH6HHliX y paBHeHH!J: • B 

IJaGTHOCTH, IlOCTpoeH H rrpaKTHlJ6CKH peaJIH30BaH anropHTM MH H3YIJ6Hlt1H 

npo6JI6Ml,I ~epMH-IlacTa-YnaMa C TOIJKH apeHHH CTOJIKHOB6HHH OOJIHTOHOB 

B paMKaX pa3JIHIJHliX MO,ll6Jie lJ: T60pHH IIJia3Ml,I ( S -COJIHTOHli, f -S -comi:

TOHl,I H 'Ap.). B peayJILTaTe OOHapy~eHO H6jnpyroe B3aHMO'AellcTBHe 

t. -COJnITOHOB_, BilJIOTI, )tO HX CJIHtlHHJI, npHqey lJllCJID COJiilTOHOB He coxpa

HI!eTCH (cM. oClpaTHliH MBTO.lt aa,JtaIJn nopi,iu pacceHHllH B-.F..3axapona 

}l A. E .lilaClaTa). 

AHGC6PT8UHH COCTOHT H3 BB6,ll6HHH., Tpex rJial3, 38KJIJOlJeHHH y 

T{leX IIpHJ!OlKeHHi1. 
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Bo BB6]16HHH npHBO.z\HTCH o6aop JIHTepaTyp1,1, Kaca10melicfl TeMli 

,llHCC6pTaUllH, a Ta.KlK~ KpaTKO H3JiaraJOTCfl OCHOBHlle H'A6H H IlOCTaHOBKU 

aat1a1J no rna:aaM. 

IIep:aaa rJiaBa IlOCBHmeHa 11CCJI6'AOBaHHJO H6KOTOpllX H6JIIIH6liHhlX flBJIS

HHll B IlJIOTHOll nnaaMe. B IJaCTHOCTH,paccMOTp6HO B3al1MO,llelicTBH6 aKyc

THlJ6CKHX (a.) KOJie6attnll c IJaCTOToli · (-'? « Ve, "Yi n HOHHo-a:ayKoBoll 

(S). 

B H6H30T6pMHtJ6CKOll IlJI83Me ('7; >> t 
H6IlOCp6,llCTB6HHO nepexo]ll!T ~ aKyCTHtJ6CKYIO npll 

) llOHH0-3BYKOBaH B6TDh 

K" ~ Ye /1fe , 
( 14 = ...J T. ! 11t~ - Tenno:aaH cKopocTL • 3JI6KTpoHOB, Ve - tJacToTa 

napHliX CTOJIKHOB6HHfi ::lJieKTpOHOB C 3Jl6KTpOH8Mll) ~ BCJI6,l\CTBH6 llTOrO . . 
pacna,l1Hhl6 B3aHMO,llellcTBHH JIHH6MHliX s -Kone6ami:n H ~- -KoJie6aHHii 3an-

pemeH!:l 38KOHaMll coxpaH6HHfl. 0,llH8KO npH onpe,lleJieHHOM ypoBH6 $ -Typ-

6yJieHTHOCTH, W/nT > 1(.,
1 d:, yurnpemie KoppeJIHUHOHHhlX {ilyHKUHli nonell , . . 

MOllteT npl1B6CTll K paCII8)1y f ➔ f-t- S • ]lJifl HCCJI6,llOBaHllfl 3TOrO 3qJW6KTa 

IlOJiytJe HO ,lll!CIT6 PCHOHHOEl y pa:ane Hile Mfl a. -:-KOJI6 OUHHH B rrpHCYTCTDllll 

pa3BHTOil 5 -Typ6yJI6HTHOCTl1. ( i>½,I~-)- , -
% ~ -.:-;.:-- "' K, ,. j 1<1 ( x, i< ) K 1> IC', 

I • ) Wo. - ----- . 
W- L )'k =---- K I<, K - t.>'- AW•- -t- L 0 

2 11. 7; ""~ (I) 

IlpH W, <..< !Ji Wit~ B03HHK86T mme_TlllJ6CKafl HeycTO!J:tJHBOCTI,. B 

onpe 'ASJieHHblX ycJIOBHHX H6ll30TponHafl S -Ty poyneHTHOCTI, MOlK6T oKa-

38TI,CH H6YGTO!J:IJHBO!J: OTHOCl!TeJILHO B030Yllt'AGHHH (a)-Kone6aHHl1. HHKpe

M6HT TaKon H6YCTO!J:lJHBOCTH OU6HHBaeTCH cnemi10m11M o6paaoM: 

_.l.Q C • l {)' ; 
, rr \xi· Co"J v • .>Ll'I. ,. ( 2 ) 

'61<. = ~ w~ ~'T (40o ... ~ ~l<'.'-t-olU)1. 
D 21C1 \(1 - . . 

PaCCMOTp6HHaH H6YCTOillJllBOCTI, g)aKTHlJ6GKH npHBO'AHT K yxomi 3H6p-_ 

rHH S -KoJie6aHH!J: H3 6eccoy ,llapHTSJII,HOlt OOJiaCTH BOJIHOBliX lJHCeJI 
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( le> K~ ) B 06JiaeTI, 'laeTJillX KYJIOHOBeKHX eoy,n;apemrn. 8TOT npoueec 

MOlK6T paeeMaTpirnaTI>CH KaK ,1l;OilOJIHHT6JII,HaH ;ziHeCHilaUHH aHeprHH S -

BOJIH. B o6paTHOM npe ,1l;6JI6, T .e. Kor;zia w' >'> .awK ~ , H3 (I) 

noJiyqaeM H6YCTOH'lHBOCTI, rH;llpO;!!HHaMH'l6CKOro THila C HHKp6M6HTOM, paB-
\,.5, . , 

HliM Ilplt 01( <.<. W 

1 f t( % ,II . 2 .a ]'1/.s 
W'=-(-if3wo.. t T SLtt. Vo Co.S- Vo I 

(3) 

vi. ,,. 
a npn 0 -'it >> w B03HHKaeT ;ziuecanaTHBHaH H6YCTOlt'lHBOCTI>, HHKpe-

M6HT KOTOpoa 6CTI, 
~ 

w v,. [ u 2 2 '° ·l :t 
w" = We, \ i. "i-) T .Si.t-t 60 Co3 Vo • 

YeJIOBID'i B03HHKHOB6HIDI 3THX H6YCTOfi'lHBOCT6it COOTB6TCTB6HHO.· 

1 > eos1 &o ~n2 0.._U >'f\'\Q.X\.2(1i&t, (tne~e/h7,:Wii>3l 

H 
( l'lle ~ \'5 > Si.11..2 t90 C.o~/ Bo > ( A {Jr:.}~ 

m;. Wo. f 
BHMO, 'lTO OHR pa3BllBaIOTCfl JIHIDI, IlpH /J. 0o « j , 

B § 2 3TOH rJiaBH IlOJIY'l6HO H HeCJI6;llOBaHo ypaBH6HHe .MR KoppeJIR

UIWHH!,IX IWHKUHii H6H30T6 pMH'l6eKoli KBa3HCTaUHOHapHoit IlJia31lli ,- B KOTO

poli B03MOJKH!l paena;llHli6 B3aHMO;ll6itCTBKfl e -BOJIH C y'laCTM6LI S -BOJIH. 

KoppeJIRUllOHHble qiyHKUHH CJia60B3aHMo;ziencTBYIO~HX nonen MOJKHO 

npH6JIHlK8HHO npe;zicTaBHTI, B BH;lle: 

< E! tL; > = r: & (i<- ~-J hlu>-~'1,, r;zie 

I~ = l E~ r- lf' ~ ( K, w J {4) 

{llH;ll6KC l= f, 5 COOTB6TeTBY6T f HJIH S -KOJie6aHMffM). 

4 

;,, 

Pacna;zim,ie B3aHMO;ll6!iCTBIDI (._,., t'+ $ , paapemeHHli6 B H6H30T6p

MH'l6CKOit IlJia3M6, npHBO;llHT K H3M6H6HHIO eneKTpa f -Ty p6yJI6HTHOeTH 

npaKTM'leeKH BO Been o6JiaeTH BOJIHOBliX 'lHeeJI. 

IOI,$ ( - ) B o6JiaCTH I« K,. KoppeJIHUHOHHli6 cJ)yHKUHH . T K, W 

HM6IOT BH;ll (nopeHU6BOil KpHBO!i): 

c- ) 1 \'(1<) 
lf K,w =rr (w-wK")2+ ()'(1eJ)'1 (5) 

B 06JiaeTH MaJil:rX BOJIHOBliX 'lHe6JI KOpp6JIRUHOHHaR qiyHKUHH 'f(i<,w), 

KaK H B l130T6PMH'l6CKO!i nJiaaµe, onpe;zieJIR6TCH 4- IlJia3MOHHliMU B3am1lO-

,n;e lie TBllRMH. 

B H6H30T6pMH'l6CKOit IlJia3M6 BalKHYIO pOJII, HrpacT pacna;llHliH 'lJieH; 

a,n;ee1, IlORBJIRBTeR e~e O'AHO xapaKT6pHoe BOJIHOBOe 'lHeJio 

.s " / )''2 I<" = K,. \Te Ti · , r;zie 

C • f/1,/ I 
\< .. = (nte/m,). :5 cte OT'A6JIR6T o6naeTI>, r,n;e ,ll;OMllHHpyeT 

llH'AYUHpOBaHHOe paeeeHHHe nJia3MOHOB Ha HOHax ( K,K.J, OT 06JiaeTH, 

B KOT Op on npeoC>Jia;ziaeT paeeeRHHB IlJia3MOHOB ]ipyr Ha ,n;pyre. ( I« K,.). 

!Ipn l<'> K!. BoaMoJKeH paena;zi t- t'+ S , aanpe~eHHl>i1 B ;zi11anaa0He 

K<. K~ • B o6JiaCT.lf K>"! L!OlltHO HanneaTI, ypaBHeHl18 

.a _, J ( - K- )t f , t • t 1 I< .& K,. 2. -. JI( x 
'f> (K,w)WIC =-r-ini;fe" I £e+ENl1 K1 Ka \,/tc, 1 

,c ~( W- w1-W2.) [v11<! 0{ w1 - W~ ) -t \\(: ~(w,_ + W~ ) 1 " 
I I. ICa, 2. 

~ ... - (6) 
~ b t K-~,-K1) JK1 cJ w1 cJw1 . 

YpaBH8HH8 (6) B npe;zinoJiolKeHnH, 'lTO H6JIHH6i1HH!i e;ziBnr qaeTOTli 11 ym11-

PBHHe KoppeJIHUHOHHllX cJ)yHKUHi1 ;zioeTaTO'lHO MaJIH, TaK qTo 

I 11. 
ACJ"'(Jc), y(1e)«Wp~(1<~) Ole, MolKeT.6liTI> pemeHo M6TO'AOLI noeJie;zio-

BaTBJII>HliX npH6JIHlK6HHit. 
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B l130T6PMli'l6CKOH rmaaMe (~=ii,) yurnpemrn KOppeJIHUl10HHOfi 

'IYHKUl1l1 

. i. _. [( i )1 I )2 l 1. 
fjl, = n \f (\<' w) w- WK + dl'K f<s ll 

.. s (7) 

(r;n;e 11s::: -./i: /m,_' - cKopocTb 110HH0-3BYKOBl:lX BOJIH) onpe;n;eJIHeTcH 

1f-TIJia3MOHHUMl1 B3allMO,D;etlcTBl1,llMl1, Il03TOMY M011t6T Cil:lTb 3Haq11TeJII,HhlM 

;n;JIH f -DOJIH C MaJihlMl1 BOJIHOBb1Ml1 q11cJiaM11, I<< K ! • Ilpl1 K "> K! 
ll6Jil1q11Ha Clt { t() YM6HblJla6TCH nponopu110HaJibHO { K! /K )4 • B He

ll30TepMl1qecKOll TIJia3Me ( 1; ')~\t) KOppeJIHUl10HHl:le ijyHKU1111 ;n;Jil1HHl:lX 

( -BOJIH TaK11t6 CBH38Hhl C paCC6HHl16M f -IlJI83MOHOB ;n;pyr Ha ;n;pyre l/1 U0-

3TOMY B6,llYT ceCiH npaKT11qecK11 TaK 11te, KaK 11 B cJiyqae Te= Ti. . Kop

peJIHUHOHHl:le ijyHKUl111 KOPOTKOBOJIHOBl:lX f -KoJieCiaHl1ll C \( > Kit onpe;n;e

JIHIDTCH pacna;n;Hh!M ( e_, e".+ S ) TIPOU6CCOM 11 pa3Jil1qHhl ;n;JIH pa3Hl:lX MOlll"" 

HOCT6H reHepau1111 f -TypCiyJI6HTHOCTl1. ECJI11 IlJIOTHOCTb 3Hepr1111 f -Ko-
f 

JI6Ci8Hl1H uf,. B OCiJiaCTl1 BOJIHOBllX q11ceJI I(~ K.., y;n;oBJI6TBOPH6T 

ttepa!JeHCTBY vli./h.T > (trte/mt.}°311 
, TO~~:::"{:;)(~){:,). 

B oCipaTHOM npe;n;eJie, K~r;n;a W!/11."f ~ (l'l'le /tn.t )311 , IlOJIYqa-

6M !l~ =-.Jm,Jm: ':' "'i:"' r (l ... ~)/':I , Y = l</1<! 
\. eh.e . 

s s 
KoppeJIHUl10HHll6 ym11peHl1H '°1 11 .<lz. 11M6IDT TOT lite IlOPH'AOK 

r . e ( el T.) m Bem1q11Hhl, qTo /J.1 l1 Ll1 , noaToMy np11 W» n. e > ~ 
, '. " 

pacna;n; f-,. f + S aanpemeH, Ilpl1 3TOM TypCiyJieHTHOCTb CTaHOBl1TOH 

Cl1JlbHOi1. 

Bo BTOpOH rJiaBe l1CCJie;n;oBaHa Cl1TY8Ul1H, Kor;zia T60pl1H CJiaCioil. 

TypCiyJI6HTHOOTl1 CTaHOBl1TOH H6IlP11M6Hl1MOll, a B6CbMa cymecTB6HHOll HB

JIH6TCH Kopp6JIHU11H ijaa. B 3TOM CJiyqae Ml:l npl1XO;z!HM K H6Jll1H6HHhlM BOJIHO

BblM ypaBHeHIIBM, BalKHblMl1 qacTHhlM11 pemeH11HMl1 KOTOpl:lX HBJ!HIDTOH OOJ!l1TO

Hbl.IloKa3aHa Ilpl1HUl1Ill18JlbHaR pOJ!b f -BOJIH B npoueoce oCipaaOB8Hl1fl 

l1 B3al1MO,D;ellcTBl1H 0,D;HOM6PHblX JieHrMIJpODCKl1X COJIHTOHOB. 
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B § I rJiaBhl 2 uccJie;n;oBaHI~ p·ememrn ;n;ucnepc110HHoro ypaBH6Hl1H, 

OTI11Cb!Baromero KBaa11pacna;n;Hyro (MO,llYJIHUl10HHYID) H6YCTQllql1BOCTb CTI6KTpa 

f -BOJIH. STO ypaBH6Hl16 cnpaB6;n;Jil1BO Jll11J1b Ha HaqaJibHOll CTa;n;1111 Heye-

TOllql1BOCTl1 

1 1 2 

1 
w,., W~e Wpe Wp; 

---t--+ · w1- K'l.1'e2 4 ho l; W,1. 

\tJ,. 
l.J .-!. ~ = 0 . . 

2~ Pe 

(8) 

ECJI11 BOJIHOBoe q11cJIO Hl13KoqacTOTHoro (H • q •) B03MY mel!l1H MaJio, 

K< \<o (r;n;e Ko -BOJIHOB06 q11cJio, COOTB6TCTBYIDmee MaKC11MYMY B CTI6KT

pe f -TypCiyJI6HTHOCT11), TO H6YCToitqJ1BOCTb CTI6KTpa MOIKHO HaaBaTb 

MO,llYJIHUl10HHOH. EcJm I<>'> Ko , TO HeycTofiql1BOCTb - 1rnaa11pacna;zittoro 

Tl1Tia. YCJIOBl16 pa3Bl1Tl1H 3TOH H6Jll1H611HOit H6YCTOitql1BOCTl1, np11BO;n;Hmeli 

K 11 cmmaH11ID11 nJiaaMoHOB, eCTb W/n'T >'XK 1oll (?C. - q11cJieHHblfi 

KoarM)11u11eHT ~ I). 
G TIOMOmhID ypaBH6Hl1H (8) MOlKHO onpe;n;eJil1Tb xapaKT6pHble BOJIHOBl:le 

q11cJia: 114 
:f. (2 Yne W \ 

KhQ"'S = de 21 ~ n.., '"fe - ecTb BOJIHOBoe 

ql1CJIO, OT;l\6JIHIOmee OCiJ!aCTb, r;n;e Y pacTeT C pocTOM \< , OT OCiJiac-
,f [ -4 w 1•/1 

TH, r;n;e 'l( B!:IXO;n;HT Ha IlJl8TO, 11 K.,.~= Je G l-1oTe - BOJIHOB06 

q11cJ10, Haq11HaH C KOToporo, HHKp6M8HT ~ \~ ~ ~ = 0 • 
n, ,, ""-WU:JILJr 

YcJioB11e paaB11T11H tteycToiJ.q11BocT11 'v.J /ni > -X. l<.2 d: MOEHO 

nerKO TIOJI~l1Tb TaKllte, HCXO,D;SI H3 i COOTHOIJl6Hl1H ;n;JIH qacTOTbl f -KO-

Jl6 Cia Hl1ti 
t .t 

f 3 1< ole w 
{) +- - Pe ,,., w K = Wpe z Wpe & \'lo I e 

w 
(9) 

PaBeHCTBO (9) MOmHO paccMaTpl1BaTb KaK onpe;n;eJI6Hl16 3Hepr1111 

HepeJIHTl1Bl1CTCKOH KBaanqacT11Ubl (nJia3MOHa). 

Ile pBl:lH qJie H B {9) e CTb Mac ca IlOKOH, BTopon - Klrne THqe cKaH 

3Hepr11H, a Tp6THH - IlOT6HU!1aJibHafl 3Heprl1fl B3811MO;n;ei1.cTB11H IlJia3MOHOB 

;n;pyr C ;n;pyroM (3H3K Ml1HYC COOTB6TCTBY6T Ilpl1Tflllt6Hl1ID). 

B § 2 3TOH rJ!aBl:l, ;n;JIH 11ayqeHl1H H6Jll1H6tiHOH CTa;n;Hl1 pa3Bl1Tl1fl pac

cMaTpnBaeuon HeycToHql1BOCTl1 y;n;oCiHO l1CTIOJ!b30B8Tb ;n;HHaMl1qecKoe on11ca

HH6 HeHrMDpOBCKOH TypCiyJ16HTHOCTH, npe;n;JIOX6HH06 B.E.BaxapoBl:lM. 
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ti 6eapa8MepHllX nepeM6HHllX CIICT6Ma np11HHM86T BHA: 

L'{i + tpxx = On lf> 

6 nu. - & "n x .c = \ \.f' \ xx 
)_ 

(IO) 

BamHllMH ycTaHOBHDmHMIIOR pemeHHRMII 3TOll OIICT6Mll HBJIRIOTCR JieHrMIOpo:e-

CKH6 COJIHTOHll. f L t 1 
exp i. l l<oX - { \{0 -A \I:. ) i 

lf = ~m c.\... tA" tx- Mst) 1 
\<o == M, 

~ ' 
f1\(. = y>.., /&1-11:). 

(II) 

C IlOMOll(l,IO pemeHHR CIICTeW ypaBH6HHll (IO) Ha 8BM IlOK888HO, 'ITO. 

~ -COJ!HTOHbl (II) B08HHKaIOT B pe8yJIJ,TaTe pa8BHTHH paccMoTpeHHOH He

JIHH6UHOU HeycTOlltJHBOCTH. MemAY 11HT6 rpaJiaMH ABHmeHHH Cl1CT6Mll (IO) 

I J ( 2 , 2 6n2 v 2 ) ,-11 = \ \f\2 
dx 1-1 I3 = o\'\. (\fl+ \'f.w I +7 -t-T'" ct~ 

~+~=O 
c>t. ox 

'AJIR COJIHTOH011 (II) YCTaHa11JIH118eTCR CJI6AYIOl1(8R CBR8J,: 

I 
_ t 5 M: -1) _.L_ _,_ M! I, 

!> - ( 1- M~ Y-, 4J 4 (I2) 

Ha OCH0116 (IO) paccMoTpeHa 3BOJIIOUHH H6IlO'ABHXHUX CHMMeTpl'ltJHblX 

HatJaJIJ,HllX riaKeTOD H Hal1AeHa 8aBIICHMOCTI, lfc ( l) (8Aecr, 

'f'c =jlf'(x-= O, t) \ ). IlpH t,. 00 ~c - 1, / 2vf • IlpH HC

noJI1,80BaHHH 6e8llH6pUHOHHOro 0Ill'IC8HHH, T.e. npH 8aMeHe Cl'ICTeMll (IO) 
ypaBH6HH6M (S3) 

, . :l . 

i ~ --t- "Pic;ir + \ '-f 1 'f' = o (!3) 

8a1111cHMocT1, 'Pc l-t) cTaHoBHTOH KBa8Hnep110AHtJec1toi! npH -l:+ ~ " 'fcli.), 
He cTpeMHTCH HH K KaKoMy onpe'AeJieHHOMY npeAeJIY, T.e. wopMHpo11aHHH 

COJIHTOHOB 8a KOH6tJHll6 BpeMeHa He npOHCXO'AHT. 8TO 06'.bRCHHeTCH TeM, 

'ITO ypaBH6HH6 llipe'A11Hrepa C Ky6HtJeCKOH H6JIHHel1HOCT!,IO (I3) OilHCUBaeT 

HepacnaAHhlll cneKTP 'Aame IIPH (JQJ!l,fill'IX H6JIHH6ilHOCTHX, B OTJ!HtJH6 OT 

8 

,, 
"· 

-~ 
l 
I 

q 
! 

J 
1 

KBa3HpacnaAHoro crreKTpa, KOTOPllll om1-c1111ae TOR, Hanp11Me p, y pa11HeHII6M 

KopTe11era-Ae BpHca. 

TOT qiaKT, 'ITO npH nepeXOAe K CHCT6M6 (ru) na6JIIO'Aae TOH cj)opMHpo

B8HHe f -COJIHTOH011, o6'.bRCHH6TCR 1108MOlKHOCT!,IO npe11pa1lltHIIH 1i86!1TOtJ

HOll 3Hepr11H e -nJia8MOHOB 11 3Heprm!l HOHH0-811YK01111X 110JIH, U ee ll8JI;y

tJ6HHH 1'18 o6JiaCTH JIOKaJIH88UHH IlOJIH Jl6Hl'MIOpOBCKHX KOJie6aHHi1. illcnoJII,-

80BaHHe 6e811HepuHOHHoro OilHCaHHR HeJIHHettHOH HeyCTOtftJllBOCTII C no

MOll(l,IO (I3) CIIJIJ,HO IICKamaeT ee KapTHHy. 

B § 3 rJiaDll 2 pacdMaTpH11ae TOH tJIICJI6HHOe MO'A€JlllpOBaHl16 C no

MOll(l,IO CHCT6Mll (IO) l1 ypaBH6HHR llipe'Al'!Hrepa C Ky61IIJ6CK0ll H€Jlllll6ll

HOCT!,IO. KaK H8116CTHO, ypaBH6HH6 (I3) Oil11ChlBaCT BIIOJIH6 l1HTerp11pye

MYIO CHCTeMy. TipOB6'A6HHhl6 11 paMKaX (I3J 8Kcnep11M6HTll Ha 3BU IlO'AT11€p

'Al'!JIH, 'ITO Ilpl'I 1188HMO'A6ilCT111111 COJIHTOH011 11 8THX YCJI011HRX HX (!!OpMa, 

aMilJil1TY'Aa 11 CKOPOCTH OCTaIOTCH. H6H3M6HHllMH (yrrpyroe 118aHMu7'6MCT1111E 2 
C 'APYrOll CTOPOHll, 3HeprHR 'ABYX 0'Al'!H8K01111X COJIIITOH011 il3 npH 

Ms <'-160JI!,lli6 3HeprnH I3 COJIHTOHa, HM€10lll6rO Ir= 2Ip 'ITO ;yKa8ll

DaeT Ha D08MOXHOCT!, HX 11 CJIHHHHH11 • 

Ilpouecc 06'.be'Al'!HeHHR.ABYX COJIHTOH011 11 O'Al'!H OllJI OOHapymeH npH 

tJIICJI6HHOM pemeHHH CHCT6MU (IO). CH 11oaMomeH, €CJ!ll IlOT6HU118Jll,HaR 

3H6prHH 1188HMO'A6llCT11Hfi COJIHTOHOB 'APYr C 'APYrOM 110 11CHKOM cJiytJae 

6oJIJ,me HX OTHOCHT6JII,HOH KHH6Tl1tJeCKOll 3HeprHH. 

8TOT npouecc MomHo HHTepnpeTHpoBaT1> KaK 06pa80DaH11e 118 'A11YX 

K1188HtJaCTHU B086ym'AeHHOro COCTOHHHH CuCTaBHOH KBa8HtJaCT11Ull H noc

JIBAYIOIIIHil nepeXO'A ee 11 OCH011H06 COCTORHIIe rryTeM H8JIYtJ6HHH 11 'A6\P6KTa 

Macau". 

GJIHRHH6 COJIIITOHOB(yMe H1,fil6HH6 HX mHpllHllAX), KaK l1 11 KO}I}IailC JI6Hr

MIOp011CKl1X BOJIH11 ,npe'ACTa11JIRIOT co6ol1 MeXaHII8MU Cil6KTpaJI1>HOH rrepeKatJKII 
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f -BOJIH B KOpOTKOBOJIHOBYIO OOJI8CTD, rl-\6 B03MO~HO.llX SqJqJ6KTIIBH06 

rrornomeHll6 38 ctJeT 38TYX8HIIH JaHl-J;ay. Ilp00Jl6M8 COJIIITOHOB II llX B3a

llMOl-\6UCTBHH T6CHO CBH3aHa C rrpo6JI6MOti CTOX8CTH38l\HII B H6JIHH6tiHblX 

CIICT€Max. 

B Tp6TMti rnane B K81J6CTB6 rrpnMepa C ITOMO~IO SBM H3Y1J86TCH 

i'\l!HaMnKa qiop1rnpoBaHIIH II B38HMO;'ietiCTBIIH COJIIITOHOB B paMKax 11 YJIYtJJll6H

HblX11 ypaBH6Hllti KopTeBera-;'ie Bp11ca (Ki'\B) H MOi'\Hqllll\HpOBaHHOrO ypaB

HeHHH KopTenera-,n;e Bp11ca {MKi'\B). 

Ypa~H6HH6 Ki'\B, OITIICblBaIOmee JIIHpOKllti KJiacc BOJIHOBblX npOl\6CCOB 

npn ytJeTe cna6oti H6JIIIH6tiHOCTll II l-\llCnepc1111 BOnH, IIM66T BIii'(: 

U.t + U.x + l uz)x + Uxxx =-0. (I4J 

YpaBH6 mm ( 14) HBJIH6 TOH BnonHe IIHT6 rp11py 6MOti raMHRDTOHOBOti 

CllCT6MOti, H€ i'\OITYCK8!01!16ti CTOX8CTll38l\Hll. ](nH Hero, B 1J8CTHOCTH, Me;

TOi'\OM o6paTHOil 38i'\81JII T60pHl! pacceHHIIH (OSTP) nonytJeHbl TaK H83bl

B86Mbl6 f'/ -connTOHHble pe Jll6HIIH, onncblBaIOm11e ynpyr11e B38HMO;'ieticTBIIH 

CORIITOHOB, T.e • T8Kll6 B38HMO,ll;6tiCTBIIH, B pesynDT8T6 KOTOpblX H3M6HH

€TCH RHJIID <l)asa CTanKHBUI01!1HXOH CORllTOHOB. YnpyroCTD IIX ll38HMO,ll;6tiOT

BHH HBnHeTCH H6 cnytJaUHOCTDIO, a BblpameHneM OTCYTCTBll.fl CTOX8CTll3a

unn ll ITOJIHOCTDIO HHTerp11pyeMoti CHCT6Me. 

B § I OTM6 tJae TOH' lJTO B ,ll;RIIHHOBORHOBOM npe,n;ene' T .e. npn K>,. 1, 
HapyJ11aeTOH ooHOBHoe npe,n;nonomeHne, nononD30B8HHoe np11 BhlBO'Ae ypaB

HeHIIH (14) 0 TOM, lJTO BO€ BORHbl ;'\BnmyTOH B nonomllT6JlDHOM HanpaBJie

Hllll OCIIX, lJTO BH,ll;HO H3 ,n;ncnepc110HHOro OOOTHOJll6Hll.fl .n;nH RllH6tiHblX 

BORH, w = 'I< ( 1- ~ 2
). HenpaBIIJlDHOe onncaHH6 ,ll;llcnepcnn KOpOT_KllX 

BORH npnBO,ll;HT K 11 HenpnHTHOMY 11 ycnOBIIIO H6YCTOtitJIIBOCTll pa3HOCTHblX 
. 3 . 

CXeM npn 1JHOR6HHOM HOCJI6,ll;OB8Hllll (14), L<C.n (C - H6KOTOpblti KOSqlqJH-

l\H6HT~I). 
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HaM11 npe.n;JiaraDTCH a1taJior:11 ypaBHem1n K,n;B II MK,n;B 

Ui + Ux + ( u")x - U,cx-t =- o, us) 

KOTOpble, BO BOHKOM onytJae, H6 xyme ypaBH6Hll.fl (I4) OITIIOblBaIOT SBOJIIO

l\lllO ,ll;nHHHblX H€JIIIH6UHblX BOnH, a TaKme "Y ,ll;OOHI,111 C TOlJKll 3p6Hl!fl Bhl1Jl!C

JlllT6nDH0il M8T6M8Tl1Kll. 

113 (IS) np11 U➔O oJie,n;yeT ,n;nonepcnoHHoe oooTHOJ11eH11e W = 
= \<{.1+1<&).B OIICT6M6 KOOp;'illH8T, ,ll;BnmymetiOH O 6,ll;HHHlJHOti OKOpOOTDIO, 

STO ypaBH6HH6 npllHHM86T BH'A: 

U-1: + LU.'(\) x + U.)oc,c - Uix t o. (16) 

B § 2 rnaBhl 3 ITOCTP06H8 CHMM6TplltJH8H H6HBH8H cxeMa 2-ro nopH,n;

Ka TOtJHOOTll .n;nH pelJleHll.fl Ha SBM ypaBHeH11ti (I4) 11 U6). YcJIOBlle yo

TOti1J11BooT111JHOR6HHOro p6lli6Hll.fl ypaBH6HllH (16) no STOU oxeMe 

't/h. .( i nerKo peanll3Y6TQH B OTRll1Jll6 OT mecTKOro orpaHll1J6HH.fl 
~ 

't (Ch., B03HIIK8IOll\6rO np11 1JIICJI6HHOM p6lli6Hllll (14). 

B § 3 STOfi rnaBbl H8til-\6Hhl pemeHIIH ypaBH6HIIH (16) np11 n =2,3 

B Bll,ll;e CORIITOHOB, o6pa3yIOmllX o,n;HonapaM6TplltJ6CKll6 C6M6tiCTBa pemeHnti 

-2 \( A 1/z ] 
U=AC.h t 7.(:lA-t 3)) (x-Mt)X , M = ~ A Cr7) 

II H8tii'\6Hbl BblpameHllfl 'AJIH H6KOTOpblX 38KOHOB coxpaH6Hll.fl paccMOTp6HHhlX 

y p8BH6Hlli! •. 

B paMKax ypaBH6Hll.fl (I6) H3ytJanacD SBOJIIOl\11.fl H81J8filHblX .n;aHHblX 

lllli'\8 (17). 8,n;ecD 'X xapawrep113Y6T OTH0Jll6Hll6 JllllpllHbl connTOHOB K 

mn_p11He H81J8JIDHOrO naKeTa. Korl-J;a ?{ ~1, o6pa3Y6TO.fl Ol-\llH COJlllTOH II 

JIIJI6tiqJ KOpOTKOBOJIHOBblX OOl\llJ!JI.fll\llti, np111JeM aMITJIIITYi'\8 o6pa3YIOll\6rOc.fl 
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COJil1TOHa M6Hl,lll6 aMIIJil1TY ~ Ha'llaJll,HOro rraKe Ta. Ilp11 ,c < 1 B aa:e11c11-

MOCTl1 OT KOHKpeTHOll B6Jil1'1l11HllX B03Hl1KaeT O,!U1H l1Jil1 H8CKOJI1,KO COJil1-

TOHOB, rrpwleM T6M ClOJI1,llJ8, 'lleM M8H1,lll6 ?( • 

B § 4 rJiaBU 3 C IIOMOUU:,ID 'lll1CJI6HHOrO MO'A6JI11poBaHl1fl 11ayqaeTCH 

'Al1HaMl1Ka B3al1MO'A8l1CTBIDI COJil1TOHOB. GTOJIKHOB6Hl1e ~yx COJil1TOHOB, 

KaK 8TO cne~eT 113 (17), B03MOlKHO Jil11lll,, ecn11 ()QJI1,llll1fi 'AOrOHH6T 

M6H:&lll11U. Ilocne rrepeKpUTl1H COJil1TOHOB Ha6JIID'Aa8TCH OT!ll61IJI8Hl16 BOJIHll . . e 
paapexeHl1SI Manon aMrrn11Ty~ A . 

Grrpe'Aenl1M KoawcJ!11u11eHT HeyrrpyrocTR Ki.net KaK OTHOll!eH11e aMrrn11-

TY~ B03MYJll6HIDJ, pOlK'A1iHHOro !Ipl1 CTOJIKHOB6Hl111 COJil1TOHOB, K aMIIJil1Ty

'A6 MaKcl1Man1>Horo con11T0Ha. HaJ.111 ClUJio ycTaHo:eneHo, 'llTO Kinet pac

TeT C YB6Jil1'1l6Hl16M aMIIJil1TY~ COJil1TOHOB. 

Ilp11 paccMOTpeHl111 ypaBH6Hl1H (16) 0 n =3 HeyrrpyroOTl, B3al1MO

'ABllCTBl1H COJil1TOHOB oKaau:eaeTOH Ha IIOPH'AOK ()OJI1,lll6, 1J6M HeynpyroCTl, 

B38l1MO'A6IlCTBl1fl OOJil1TOHOB ypaBH6Hl1fi (16) npl1 n.=2. TaKl1M oelpaaou, 

npl1XO)Ulld K BUBO~, 1JTO ypaBH6Hl1e (16) npl1 n. =2,3 on11cu:eaeT ,!U1Ha

Ml1'1l6CKl16 H6Jll1H6l1HUe 011CTeMU, B KOTopux B03MOlKHa CTOXaCTl18aUl1fl 11, 

CJI6'AOB8T6JI1,HO, HeoClpaTl1MUfi oClMeH 3Heprl1efi MBXAY CTeneHSIMl1 CBOOOAUo 

0CHOBHU6 peayn1,TaTU, IIOJIY'll6HHll6 B ,!U1CC6pTaUl111 1 MOlKHO ocJ!opMy

Jil1poBaT1> cne,l\yID!lll1M oClpaaoM: 

I. Ha OCHOBB Cl1CTBMLI r~p0Al1HaMl11JBCKl1X ypa:eHeHl1fi, pemaeMHX 

M6TO'AOM B03MY!ll6Hl1ll, Hai1'A6HU H6YCTOH1Jl1BOCTl1 cneKTpa S -TypClyneHT

HOCTl1 B IIJIOTHOl1 nnaaue, B 'llaCTHOCTl1, Kl1H6Tl11J6CKaH, rH'ApO,!U1HaJ.111qec

KaH l1 ,!U10Cl1IIaTl1BHaH, a TaKlK6 B6Jll11Jl1Ha nopora H6YCTOH1Jl1BOOTl1. YCTa

EOBJI6HO, 'llTO np11 ypoBHe S -TypClyneHTHOCTl1, npeBUlllalOJll6M noporo:eoe 

3Ha'll6Hl16 l..lri.op , B OClJiaCTl1 W ( 'V~, °Vl IIOHBJIHIDTCH H6YCTOH1Jl1BU6 

BeTBH aKKYCTl11J60Kl1X KoneClaH11ll. 
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2. IloJiy'lleHll l1 1/ICOJI6'AOBaHU ypaBH6m)H, UIIllCb!BalO!i\lie 1-:c,pptaJIHUl1-

0HHU6 cI!YHKUl1l1 l130TpOIIHOii JieHrM!OpOBCKOll l1 CBHSaHHol! C He i1 $ -Ty p-

. 6yJI6HTHOCTl1 B YOTaHOBl1Bll!6MCH KBa31/IOTaUaoHapHOM COCTGHHlrn, ll H6-

1/180T6p!i4l11J6CKOll nnaaMe • KoppeJIHU110HHbl6 Yllll1pcmrn OYlil6CTB6HHO paa

Jll11JHU B oClnacTl1 Manux l1 ClOJil,llll1X BbJIHOBblX 'lll1CeJI. lJLKaanHL, 1JTO 

cI!opMa KOppeJIHUI/IOHHblX Kpl1BUX B6Jil13l1 peaoHaHOHllX Ila CT CT IIMeE T Bl'i/4 

nop6HU6BOll KPl1BOll. 

5. IloKaaatto, 1JTQ 06paaoBaH11e l1 B3al1MO]{eiiCTBl1E JICHrWvpLBCIU!X 

00Jll1TOHOB, KaK l1 'Al1H8Ml1Ka arrepl10,lU1'1l6CKOi1 HeycTOUlJllBOCTU, He MCJryT 

11ay1JaTl>OH B paMKax a,nua6aTH1JeCKoro np111ClJil/llK6HIDJ, TaK KaK CY!ll6CTB6H

HYID poJll, B 3THX npouecoax 111rpa10T H.1J. ]{Bl1lKEHlrn IlJI83MU. Pa3pa6STl:l

Ba6TCH aJirOpl1TM M6TO'Al1Kl1 'lll1CJI6HHOro 11ccne140:ean11H H6Jll1H6tiHblX ypa:e

H6.Hl1l1. BnepBhl6 06HapylK6HO Heynpyroe B3al1MO'A6iiCTBH6 f -cum~TOHOB. 

IlpeMaraeTcH HarJIH'Al!aH cI!11aH'll6CKaR 1/IHTepnpeTau11H u6paao:eamm u :eaa

VIMO'AelloTBl1H mmrMIOpoBOKI/IX COJIUTOHOB Ha HS.blKe B3ul11.!L,l.l6UCTBl!H 1rnaav.-

llaCTl1U. 

4. ]J.nH on11caH11H H.ll. BOJIH 11 rrnaaMe 11 r11.4pu/4HHaJ.IUKe npeMom;

Hbl 11 YJIY'llm6HHUe 11 ypal!H6Hl1fl K}.IB l1 ~IK,zJ.B. TiuKaaaHo, 'llTO B (JTJil1'1llle OT 

ypaBHGHHH K,l!B l1 MK,l!B, B paMKax 3THX ypaBH6HHl1 B3allMO'A6HOTHl1e COJIH

TOHOB HBJIR6TCH Heynpyrl1M, 1JTO 11rpaeT npl1Hl\lll1111an1,HyIO puJIJ, C TG'llKl1 

apeH11H npo6neMu ~epu11-nacTa-YnaMa. 

IlpeMolKeHHhle ypaBH6HHH onl1CblBaIOT ]{l1HaMll'll6CKl1e CllCTeMU, D KO

Topux B03MOEHa CTOXaCTl138Ul1fl, T.e. H6u6paTI/IMOe nepepacnpe]4€Jl€Hl16 

3Heprl1l1 no CT6IIEHRM CB060'AU. 

CCHORHli6 peayJI:&TaTU, 1/13JIOlK6HHlle B 'Al1CCepTal\l1l1, 'AOKJI8)l;llll8Jil1CJ, 

Ha I Boeco10aHoli ll!KoJie no ~HSHKe nnaauu ( Momma, 197 4 r. }, Ha II 

Mem,nyHapomiol1 KoHcJ!epeHUHH no Teopu11 nnaaMu ( K11e:e, 1974 r.}. Ha 
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eir.e rcµ;Hot\ ROH1)epe HUIU! 11JlOMOH0COBCRl16 qT6Hl1H11 , l.lrY, 1975 r., Ha 

ItoHC1ep211u11Rx, rI0CBR!ll8HHhlX JlemrnCRllM i'(HHM (TI'Y' ,Ily:nraHCle ,1976, 1977rr.)' 

Ha cewrnapax B UIHl'I, ~WAH 1,1 TI'Y 1,1 orry6Jil1RoBaHhl B paooTax: 

r. X.L.MAYJIJioeB, ~.X.XaK11MoB, B.r.1iaxaHI,R0B •. lKT~, 44,. N, 4, 698, 

1974. 

2. Kh.O.Abdulloev, V.G.Makhankov. Plasma Peysics v.17,421, 1975. 

3. Kh.O.Abdulloev, I.L.Bogolubsky, V.G.Makhankov. Physics 

Letters 48A, 161, 1974. 

11. V.G.Makhankov, I.L.Bogolubsky, Kh.O.Abdulloev. Preprint JINR 

E-9-8225, Dubna, 1974. 

5. Kh.O.Abdulloev, I.L.Bogolubsky, V.G.Makhankov. Nuclear 

Fusion 15,21, 1975. 
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