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1. BBEAEHHE 

Kpaee~e 3aAa4~ 0 B036Y*AeH~~ CTOpOHH~M~ ~CT04H~KaM~ BOnHO
BOAI1~X C~CTeM C HeOAHOPOAH~M~ rpaH~~aM~ npeAC Taen~~T ~HTepec 

np~ peweH~~ npaKT~4eCK~x npo6neM paA~0~3~K~ ~ ycKOPHTene~ 1 1 ·8~ 
A~~paK~~~ eonHOBOAHO~ rapMOH~K~ Ha OTKp~TOM KOH~e nony6ecKo
He4HOro eonHOBOAa "'ccneAOBaHa a 141 • B pa6ore I f> ! MeTOAOM 3a
Aa4~ P~MaHa-r~nb6epra ~ccneAOBaH~ npo6neM~ A~~paK~~~ ~ pac
npocrpaHeH~~ 3neKTPOMarH~TH~x eonH a cno~H~x Hanpaan~~"'x 
CTPYKTypax. CneAyer orMeT~ Tb, 4TO peweH~~ c~ cre~ ypaeHeH~~ 

~3 141 , a TaK~e ypaeHeHH~ B~Hepa-Xon~a-~Ka /BX~/, Hcnonb3ye
~~x B 3TO~ pa60Te /CM. ~OpMyn~ /1/ ~ /2//, 3a B~ C~T OT ~3Me
HeH~~ npaao~ 4acr~ f /noKan~3a~~~ cropoHHero ~CT04HHKa/. An~ 
peweH~~ nOA06H~X KpaeB~X 3aAa4 cneAyeT pewaTb COBMeCTHO Cs.1C
TeMy /1/-/2/ ~ c~creMy ypaeHeH~H, nony4aeMy~ ~3 rpaHH4H~x 
ycnOB~H AnR cny4a~ npaBOH noKanH3a~~~ ~CT04H~Ka, KaK 3TO 
CAenaHO B / 6,7 / , 

B pa6ore 171 MeTOAOM BX~ peweHa 3aAa4a o eo36Y*AeH~~ Mar
HHTH~x BOnH B nony6eCKOHe4HOH KOaKc~an bHO~ C~CTeMe /Kpyrnw~ 

BOnHOBOA C BnO~eHHO~ nony6eCKOHe4HOH KOaKc~anbHOH n~HHeH/. 
PaccMoTpeH~ ABe coeMeCTHwe CHCTe~ ypaaHeH~H AnR ABYX nono
~eH~~ ~CT04H~Ka. HH~e np~ BOAHTC~ peweH~e Kpaeao~ 3aAa4~ o eo3-
6y~AeHHH TE-eOnH * B nony6eCKOHe4HIIIX KOaKC~anbHWX CHCTeMaX 
/eM. p~c. 1/, nony4eHHoe MeTOAOM KnacCH4eCKOH 3aAa4H PH~a-
Ha 18 1

• npoBeAeH~ paC4eTw nnOTHOCT~ ~ nOTOKa 3Hepr~H pacce~H
HO rO nOnR, B03H~Ka~ero np~ AB~~eH~~ MOAYn~poeaHHOrO ~CT04HH

Ka TE -eon H e c~cTeMe /eM . pHc. 1a/. 

2. nOCTAHOBKA 3A,llA4H 

3aAa4a 0 B036Y~AeHI-1~ CHMMeTpH4H~X 
nony6eCKOHe4H~X KOaKc~anbHIIIX C~CTeM ** 
K cneAY~~eH C~CTeMe ypaeHeHHH / 8 / : 

TE - eonH e OAHO~ ~3 
/ CM, pHC. 1a/ CBOA~TCR 

* TE -eonHbl - TRANSVERSAL ELECTRIC /nonepe4Hble 3neKrpw 
4eCKHe/ BOnHbl, 

* * B c~creMe, npeAcraeneHHOH Ha pHc. 16, pac4eT eo36Y*AeHHR 
npOBOAHTCR aHanor~4HO. 
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[ dwe twz {L i + 1> = o npH z ~ 0. /I/ -.. 
j dwe lwz F = 0 np1o1 - z < 0. /2/ 

MaTpH4HHOe RAPO L HMeeT BHA 18 1 : 

1 (<o. d !) (d '1 , a 2) (0, d '1)(d 2, a 2 ) \ 
L .. (O,a2) ~O,d{Hd2,a2) (O,d:)(d2, a '2>) 

rAe (0, d i> = J 0 (vd 1 ) - npOH3BOAHaR ¢>YHKUHR 6eccenR Hynesoro 

nopRAKa; (d!•J2) =J0(vd1 ) HJ1> '(va2) -J0(va 2 ) HJ 1> '(vd 1) 
H T.A. 3AeCb F - HCKOMbl~ BeKTOp, ¢>ypbe-KOMnOHeHTa /¢>.1<,/ nnoT
HOCTH noeepXHOCTHOrO TOKa, HaSeAeHHOrO Ha CTeHKaX BOnHOBOAOB 
paAHYCOS d 1 H d 2 ; f - ¢>. K, BeKTOpa nOnR, B036ymAeHHOrO HC
T04HHKOM BHYTPH BOnHOBOAa, 8~4HCneHHaR Ha Te~ me paAHycax. 
Hcnonb3YR npeo6pa3osaHHR ¢>ypbe AllR ¢>YHKUHH F(w), 

... ~ 00 .. 

F(w)=(217)- f dte-lwtF(t), 
0 

/3/ 

1-1 RAP a L (w) , 

L(z-t)=(217)~ jdwelw(z:-t)L(w), - /4/ 

H nOACTaBH B /3/, /4/ ~ ·ypasHeHHe /1/, nony41o1M ypasHeHHe AJ1R 
Hei-13BecTHOi1 ¢>YHKI.IHH F(t): 

Jh 00 A ... ... 

(217) f dtL(z-t)F(t) =-C(z) np~--1 z~O. /5/ 
0 

YpaeHeHHe /5/ RBn.AeTC.A OAHOCTOPOHHHM ypaBHeHHeM THna CBePTKH 
nepaoro POAa / 8/ . 

Gil 

Cl PHC. I 
t' 

2 

3. PEWEHHE 3AAA4H 

PeweHHe ypaeHeHHR /5/ MOmeT 6~Tb Ha~AeHo MeTOAOM Kpaeeo~ 
3aAa4H PHMaHa. npeo6pa30BaHHe ¢>ypbe t (w) MaTPHU~ L(z) 
H ¢>YHKUHH ~z) npHHaAJlemHT KJlaccy ¢>YHKUH~ f 2(-oo,oo), AJl.A 
KOTOp~X B~nonHReTCR ycnOBHe 

00 A 2 
J I L (w) l dw < oo • !61 

-oo .. 
L(w) H C(w) YAOBneTBOPR~T ycnOBH~ renbAepa 18( 0603Ha4HM 

~ i(z) npH 
( + (z) ~ ~ 

0 
npH 

z > 0, 

z < O 
171 

H AOOnpeAenHM ypaBHeHHe /5/ Ha BCe~ Ae~CTBHTenbHOM OCH Z, 
BBeA.A ¢>YHK1.1Hio1 

... 
... \ F(z) npH z > o. 
F + (z) = 0 z < 0, npl-1 

F _ {z) = ~ 0 npH z > 0' /8/ 

HeH3BeCTHa npH z < 0. 

noACTaBn.A.A B~pameHH.A /7/ H /8/ B ypasHeHHe /5/, npeo6pa3yeM 
ero K BHAY 

-'Jloo,.. -+ -+ ... 

(217) J dtL(z-t)F+{t) = -f+(Z) + F_(z), -oo < z < ..,. /9/ 
_.,., 

H3 ypaeHeHH.A /9/ BHAHO, 4TO npeo6pa3oeaHHe ~YPbe ¢>YHKUHH 
F _(z) AOnlKHO npHHaAJlemaTb Knaccy f 2 (- oo, oo ) H YAOBneTBOP.ATb 
ycnOBH~ renbAepa. npoAenae npeo6pa30BaHHe ¢>ypbe no W B ypae
HeHHH /9/ C y4eTOM Teope~ 0 CBePTKe ¢>YHKUH~, nony4HM 3aAa4y 
PHMaHa 

L(w) F + (w) =-f+ (w) + F _ (w) /10/ 

npeo6pa3yeM /10/ 1< SHAY 

F+ (w) = D(w) F _ (w) + H(w), /II/ 
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A .... 1 _. "1 -. 
rAe D(w)~L- (w)- K034>¢>111.111eHT 3aAa411 P11MaHa, H(<4) .,-L-(w)C+(w)-
ceo6oAH~~ 4neH B~pa~eHI1R /11/, RBnR~I1~CR ~.K. nnOTHOCTI1 no
eepXHOCTHOrO TOKa, HaBeAeHHOrO Ha CTeHKax (r = d l• d 2 ) rnaAKI1X 
6eCKOHe4H~X BOnHOBOAOB. ~ 

Tpe6yeTcR HaHTI1 ABe ~YHKL11111 F + (w ') , aHani1T114eCK11e e eepx
Hei1 11 HI1~He~ nonynnOCKOCTRX KOMnneKCHOH nepeMeHHOH w' COOT
BeTCTBeHHO , npeAenbH~e 3Ha4eHI1R KOTOP~X Ha Be~eCTBeHHOH OCI1 
npl1~taAne~aT KnaccaM ~YHK1.111~ f 2 ( 0,"") 11 f 2 (-oo, 0) 11 YAOB
neTBOpR~T ycnOBI1~ renbAepa, a Ta K~e Kp~eBOMy YC/10811~ / 11/. 

8~411C1111M ~aKTop- MHO~I1Tenl1 Ma T P114~ D(w) . AnR 3Toro pasno~I1M 
ee a PRA no npoeKTopaM P+, KOTop~e CTPOI1M c noMO~b~ MaTPI1ll nay-
1111. AHani1 TI14eCKOe npOAOn;eHI1e 3ne MeHTOB MaTP114~ O(w) e eepx-
H~~ 11 HI1~H~~ nonynnOCKOCTI1 KOMnneKCHOrO nepeMeHHOrO W CBO 
AI1TCR K aHa/111TI14e CKOMy npOAOn~eHI1~ COOCT BeHH~X CKanRp-~yHK1.111H 

A(w) pasno~eHI1R D(w) no npoe KTopaM. A(w) npeACTaBnReTcR 
00 w 

e BI1Ae >.(w) = w m ll (1- --)exp iP 0 ( w) I c A06 aeneHI1e M MHO~I1Tene~. 
n=l a n 

o6ecne411ea~11x He 6onee 4e M cTe neHHO~ poeT np11 w ~ oo e KOMn
neKeHo~ nnoc KoeTI1 w. Ko3~~111.111 eHT 3aAa411 P11MaHa 0( w) e~pa~aeTcR 
4epes ~a KTOP-MHO~I1Tenl1 L;1 (w) : 

A A_ 1 A,...r 
D(w) • L + (w) L _ (w) , /1 2/ 

rAe 

A - 1 
L ± (w) 

1 
A y h A 

P++ P .... 
(O, d '1)f {d ;,d~) ~ (d~a~)f 

/1 3/ 

(O, a 2)
1

=(0 , a2 ) expliva 2 1,(d'1,d2>' =(d;,dpexp l iv (d
2

- d
1
) 111 T.A. 

/14/ 

h
1 

"' hexp l iva2J,h = a + f ;u, f - CKa/1Rp 11 AJ111Ha BeKTOpa MaTpl1ll~ 
A 

L (w) COOTBeTeTaeHHO. .. 
Bb1P~*eHI1e AnR eeo6oAHOr o 4neHa H(w) HaXOA11M Aanee e no

MOUi b~ p +. 

CyMMapHbiH 11HAeKe saAa411 P11MaHa AJlR paceMaTpl1eae Moi:1 el1eTeM~ 
y paBHeHI1H /1 - 2/ OnpeAenReTCR Bblpa~eHHeM ~ / 

1 A 00 
K=K 1 +K.., = --. ln ( detD(w) ] 

" 2rrl ...,. / 15/ 

11 pase H Hyn~. A- 1 
~aKTOp-MHO~I1Tenl1 L + (w) /eM. ~pMyny /13// YAOBneTaopi!~T 

YC110Blo1~ KOMMyTaTI1BHOH ~aKTOp113a41111, n03TOMY npaea R H n eeaR 
~aKTOPI13alll111 L(w) 1101 eoanaAa~T APYr c APYrOM, a 4ae TH~e 
11HAe Ke bl K l 11 K 2 o6a pa eH~ HY/1~. 

4 

no TeOpeMe 0 pa3peWI1MOeTI1 ei1CTe~ 11HTerpanbH~X ypaBHeHI1H 
e pasHoCTH~MI1 RAPaM11 Ha nonyoe11 1 10 1 ycno e11e I( 1 = K 

2 
= 0 

RB/1ReTeR He06XOAHMWM H AOCTaT04HbiM AJlR ey~eCTBOBaHHR H eAI1H
CTBeHHOeTH peweHHR KpaeBO~ 3aAa4H PHMaHa . 3TO 03Ha4aeT, 4TO 
3aAa4a nOCTaB/1eHa KOppeKTH0 1111: OHa 6 e3yenOBHO H 0AH03Ha4HO 
paspeWHMa 11 ee pewe HHAe yeTOH411~0 no OTHOWeHHIO K Ma/10My 113Me
HeHHIO K03~H4HeHTOB D(w) H H (w) . 3To eneAYeT H3 Toro, 4TO: 
1/ peweHI1e 3aAa4H AaeTCR B RBHOM BHAe 4epe3 HHTerpan~ ~ypbej 
2/ npeo6pasoeaHHe ~YPbe e e Tb orpaHH4eHHbiH onepaTop H, eneAoea
TenbHO, npH Man~x H3MeHeHI1RX nOAbiHTerpanbHO~ ~YHK41111 F + (w) 
no ny4aeT Manble np1o1pa~eH11R. 

PeweHI1e HeOAHOPOAHOH saAa411 PHMaHa e HyneBbiM HHAeKcoM eo
rna c Ho TeOpeMe n 11yBH/1/1R 11MeeT BHA 

~ A -1 ~ 

F + (w) = L + (w) 'l' + (w) . / 16/ 

npoH3B0/1bHble BeKTOpHble n011HHO~, aAAHTHBHO AOn0/1HR~I1e pe
weHI1e /16/, paeH~ Hyn~; OAHOPOAHaR KPa§BaR sa~a4a P11MaHa 11Me
eT 1111Wb TPI1B11a/1bHOe peweHI1e. ~YHK41111 ~+ 11 ~- eeTb Kpaeeble 

3Ha4eHI1R ~YHK1.111i:1 ifJ + (W '), aHa/111TH4eeKI1X B sepxHeH 11 HH~HeH 
nonynnOeKOeTRX KOMnneKeHOH nepeMeHHOH W' eOOTBeTeTBeHHO , 11 
npi1HaAne~aT Knaecy ~YHK411H f 2 (-oo, oo), YAOB/1eTBOpR~I1X ye/10811~ 
renbAepa. 

... _ ., 00 .. ~ ~ 0 .. 
'P + (w) = (2rr) f dz e 191 z 'l'(z), 'l'_ (w) =-(2rr ) f dze 191z'l'{z), 

0 -
;"'+ -~ 00 . A-+ 

'P(z) = (2rr) f dwe-!wz L+ (w) H(w). /17/ 
-oo 

Hcnonb3yR ABYMepH~e npoeK1.1110HHble onepaTOpbl P ± lo1 COOTHOWeHI11! 

,.. n ,.. ,... ,... ,... ,... 
(P ±) =P± (n - 1.1e noe 411eno ), P + P- =P .... P+== O, 

P + F(w) = F + ( w) , P_F(v.) = -F .... (w), 
/ 18/ 

npeo6pasyeM B~pa~eHI11! /17/ K BI1AY 

/ 19/ 
.. .. 
'l'± (w) =P± L +( w) H(w). 
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c!>yHKUHH H(w) 1-1, cneAoBaTenbHO, W ± (w) HMeiOT pa3Hbl~ BHA 
B 3aBHCHMOCTH OT MeCTOnO~O~eHHH H3ny~aTenH B CHCTeMe. 

8bi~HcnHM e~o~pa~eHHH H(w) e pa3nH~HbiX o6nacTHX KoaKcHanb-.... .... 1~ 

HOsA CHCTeMbl, HCnOnb3yH c!>OpMyny H(w) =-L- f. 1!>. K. nOnH HCTO~-
HHKa f HMeeT BHA /6/. 

... 1 
f =--

(0, a 2) ) 

bmax 

(
[Oid{,bMia2] (ObM)=2rr

2
i J bdb(O,b')jib,w), 

' '- c b 
[Oid2,bMia'~l min /20/ 

(0, d 1) (bM, a 2) 

[Oid'1 ,bMia2] ·I (O,bM)(di,a2) 

0 

npl-1 0 < r < a ' 0 < b < a 

H(w) = (O, bM) 1 
(0, d 1) ( 0 ) • 

npH 

npH 

npH 

O <d 1 <b<a 2 , 

0 < b < d 1 < a 2 , 

d1 < a 2 < b , 

b < a2 < d 1 . 

/21/ 

B npaeo~ o6nacTH npH d 1 < r < a 2 , ct 1 < b < a 2 

H(w) = -' 2 .... 1 t bM d,) ) 

(d'1 ,d~) d{. bM) 

npl-1 b < d 1 < d 2 

(0 , ~ ( ~ ) • .... 
H(w) /22/ 

npH dl < d2 < b 

... (bM, a2) 0 
H(w) - - ( 1 ) • 

(d2, a;) .... 
8blnHWeM Bblpa*eHHH 'I' + (W) BO BCeX npOCTpaHCTBeHHbiX 06naCTHX, 

Y~HTbiBaH pa3nH~HblsA BHA - p ± . npl-1 0 < r <a 2 ' 0 < b < a 2 

... 00 

'I'+ (w) = I 
n=O 

6 

,;"'J" (0, ~)(0 , a 2) ~ v n 

_d_(O,a
2
')(w- w ) w 

dv n n 

( Cd1,a2)); ;_(w) = 0. /23/ 
(d 2· a 2) 

) 

' ) 

np1-1 b < d 1 < d 2 

.... ... 
'I'+ (w) = 0; 'I' _(w) 

oo (O,d1)~(d{,d 2)~(d2,a2)~(0,~ vk ( 1) ./
241 l 0 

k=O v0 ~ (O,d l )(w +Wk )w k 
dv 

np..., d 1 < b < ct2 

... .... oo (O,d!)~(d1Jd2)~(d2,a2)~(d}, bM) vk ((d d')) 
'l'+(w)=O;'I'_(w) =I - ' 1' 2 /25/ 

k =0 (d , d ) d (d, d ') ( ) ( d , • d 
1' 1 dv- 1' 2 W+W k Wk 1 1 

npl-1 d 2< b < a 2 

... .. oo (O,d{);(d1,d2):(d2,a2)!(bM, a2) vk 0 
'l'+(w) =O;IJI_(w) = I d - ( 1 ) . 

k = 0 (d, , ) ( ) dV 2' a 2 w + wk w k 

/26/ 

H3 e~o~pa*eHH~ /23/-/26/ cneAyeT, ~To 3Ta 3aAa4a HMeeT ABa 
BHAa peWeHHH B 3aBHCHMOCTH OT nono~eHHH H3ny4aTenH 0THOCI-1Tenb
HO pa3pb1Ba rpaHH4HbiX yCnOBHsA B T04Ke Z = 0. 

KorAa HCTO~HHK nonH HaXOAHTCH cneea OT T04KH Z=0, peweHHe 
HMeeT BHA 

.. A _ 1 "" v'-;;(0, bM)(O,a ')~ V0 ~d ',a')) ... 
F (w) =-L (w) l 1 2 , F (w) =0./27/ 

+ + d (d, ') -
n =O -(0 a') (w-w )w 2' a2 

dv ' 2 n n 

AnH HCT04HHKa, pacnono*eHHoro ... e npaeollt o6naCTI-1 (z>O), Hc-
nonb3YH Kpaeeoe ycnoeHe I 11 I, F + (w) onpeAenHM H3 ¢oPMYnbl 

.... ~ 1 .... ~ 

F + (w) = L : (w) ljJ _ (w) + H(w) /28/ 

rAe H(w), W_(w) Bblpa~aiOTCH c!>OpMynaMI-1 /22/ H /24/-/26/. 
B o6~eM cny4ae peweHHe 3aAa~H onpeAenHeTCH c!>OPMynaMH /27/ 

1-1 /28/. 

4. PAC4ET nnOTHOCTH H nOTOKA 3HEPrHH 
PACCE~HHOrO non~ nBH~YmErOC~ HCT04HHKA 

Pe3ynbTaTbl 4HcneHHoro aHanH3a cpeAHHX /no epeMeHH/ eenH4HH 
nnOTHOCTI-1 noTOKa 3HeprHH Sz H nnoTHOCTH 3HeprHH i pacceHH
Horo nonH e CHCTeMe /eM. pHc.la/, o6nacT b z<z 1 , noKa3aHbl Ha 
pHc.2 /pac~eT npoeeAeH Ha 38M CDC-6000 c Hcnonb30BaHHeM na
~nporpaMM / 12/ , HanHCaHHbiX Ha H3b1Ke c!>QPTPAH/. 
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s,p 

01-... , .............. ""'=' 

-( 

II y l 

11 tL , ; ,. 
"" ' \ / ...... , 

r 

• 

2 

P11c . 2 

,or fd''l' 

Hanp~~eHHOCTb non~ pacnpeAeneHHOro MOAYn~-tpo8aHHOro 11CT04HI1-
Ka 8 c~-tCTeMe aaAaeTc~ 8~pa~eH~-teM 

... 2J!i (b0.a2) exp l-iz0 (k-yk0)-{ (k-yk J 2 (yf3a2) -2J-iz bk-k J <rf3r1((0.d~) f(w k) c--1 -- ___ :__:;__ __ ..,;::__ ____ .....:.... _ __:_ __ 
' c (O,a2) l[y(k-f3w) - k

0
]-d (O,df) 

rAe€>0, a=
2

ln2 ,f-An11Ha cryCTKa 8 c06CT8eHHOH CI1CTeMe , 
2 f_~ . 2 2 2 -1 

y = (1 - f3 ) , k = y(k 0 + {3w 0), w 0 = k 0 - v , k 0 = w
0 

c , 

w 0 - 4aCTOTa KOne6aHI1H TOKa 113ny4aTen~ 8 Co6CT8eHHOH CI1CTeMe 
K00PAI1HaT. _ _ 

Ha pi1C. 2 811AH0, 4TO Sr. 11 W y6b18810T HeMOHOTOHHO C POCTOM 
CKOpOC~I1~eHI1~ 113nY48Ten~. 06paTHbiH nOTOK 3Heprl111, 803HI1-
K8~11H np11 nponeTe 11CT04HI1Ka C {3> 0, MeH~eT 3H8K np11 y :a l,03 
11 11MeeT A8a MaKC11MyMa: np11 y= 1,03 11 y = 1,07. A6conJOTHbiH MaK-
CI1MYM 113ny4eHI1~ A811~y~eroc~ 11CT04HI1Ka (f3< 0) COOT8eTCT8yeT 
Y = 1,03. np11 penRTI1811CTCKI1X CKOpOCT~X ABI1~eHI1R 11CT04H11K8 

8 

3Ha4eHI1R S z, W y6bl8aiOT C POCTOM y, KaK y - 2 , 0TMeTI1M, 
4TO peweH~-te 38A8411 8036Y~AeHI1~ B CI1CTeMe /eM. PI1C . 16/ np11Be
AeHHbiM MeTOAOM np080AI1TC~ 8H8nOri14HO, T.K. Kpae8a~ HeOAHOPOA
Ha~ 3aAa4a P11MaHa 11MeeT eAHHCT8eHHoe peweHI1e /11HAeKc aaAa411 
paseH HynJO/. 

ABTOp C411TaeT CB011M npH~THbiM AOnrOM no6narOA8PI1Tb npo¢. 
E.n.~11AK08a, 3.H.Ypa3aKo8a, A.5.Wsa4Ky aa CTI1Myn~-tpyJ0~11e 
A11CKYCCI111 11 nOCTO~HH~H 11HTepec K pa6oTe . 

mHEPATYPA 

I. HeHHKe X., fYHAnax ¢. PaA110TexHI14eCKI1H cnpa804HI1K , T. 1, 
H.-n . , roc3Hepr0113AaT, 1960. 

2. Bani1TOB P.A. 11 AP· noHAepOMOTOpHOe AeHCTBI1e 3neKTPOM8rHI1T
HOro nonR. "Co8eTcKoe PaAI1011

, H., 1975. 
3. na8n08 B.C .• Ypa3aKOB 3.H .• nooaH08a B.n. !T¢, 1978, 48, 

2 , c.334. 
4. BaHHWTeHH n.A. TeOPHR A11¢p8KU1111 11 MeTOA ¢8KTOPI138U1111, 

"CoaeTcKoe PaAI10", M. , 1966. 
5. WecTonano8 B.n. MeToA aaAa411 PHMaHa-f~-tnb6epTa e Teop1111 

A11¢paKU11H 11 pacnpocTpaHeH~-t~ 3neKTpoMarHI1TH~X 80nH. H3A-80 
xrY , XapbKos, 1971. 

6. HryWKI1H n.n. , YpaaaK08 3.H. U~-tn11HAPI14eCKHe 3neKTPOMarHI1T
H~e non~ 11 nna3MeHHble cryCTK11. H3A-so HHH.R¢ MfY, 4. 1, II, III , 
M., 1969. 

7. HpKerynos A.W., Ypa3aK08 3.H. , W8a4Ka A.5 . OH.RH, 
P9 -12614, AY6Ha, 1979. 

8. raxoa ¢.A., 4epcK11H 10.11. Ypa eHeH11~ T11na c8epTKH . "HayKa", 
H., 1978. 

9. HycxenHWBHnH H.l1. CHHryn~pH~e HHTerpanbHble ypa8HeHH~. 
"HayKa", H. , 1968. 

10 . fox6epr H.U., KpeHH H.f. YHH, 1958, T.13, 8b1n.2, c.3 . 
11. faxoa ¢.A. Kpae8~e 38A84H. "HayKa", M., 1977 . 
12. 11pKerynos A.W. , Wea4Ka A.5. 011RH, P1 1-12661, Ay6Ha, 1979 . 

PyKOnHCb nOcTyn11na B 113A8TenbCKI1H OTAen 
3 M8pTa 1980 rOAa. 

9 


