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MoaoaaepreTH'IHOCTb '18CTHU 0 YCKOpH9MbiX B nHHeAHbiX HHJlYKUHOHHb!X 

YCKOpHTenSIX ( nHY) /J, 2,31, B 3H8'1HTenbHOA CT9fi9HH OflpenenSieTCSI speMeH

HOA 38BHCHMOCTbiD HMITynbCa H8flpH*9HHSI BTOpH'IHOA 06MOTKH HHJlyKTOpa. 

OoaTOMy BOITpOC ~OpMHpOBBHHSI 8TOI'O HMITynbCa C KOpOTKHM ~pOHTOM H XO

poweA CTa6HnbHOCTbiD flnOCKOA '18CTH MOWHbiM HMITynbCHb!M reaepaTopoM, 

HarpylKeHHbiM OllHHM HnH HeCKOnbKHMH HHJlYKTOpaMH C KOMflneKCHbiM BXOil

Hb!M COflpOTHBneHHeM, HBnSieTCSI OllHHM H3 B8*H9AWHX BOITpOCOB ITp09KTHpOBa

HHSI HHilYKUHOHHOA H HMITynbCHOA CHCTeM YCKOpHTenH. £cnH y'leCTb K TOMy 

*eo 'ITO 8TH JlB9 CHCT9Mbl OITpenenSIIDT H T9XHHK0-8KOHOMH'I9CKHe fiOK838Te

nH YCKOpHTenH, TO CT8HOBHTCSI O'leBHJlHOA B8*HOCTb H3y'leHHSI 38BHCHMOCTeR 

KapTHH aneKTpOM8I'HHTHbiX rroneA B KOHCTpyKUHHX CHCTeM H HX BnHSIHHSI Ha 

yKa3aHHbie rrapaMeTpbi H xapaKTepHCTHKH. ,_ 

HHilYKTOp nHY rrpeacTaBnHeT co6oA crreuHanbHbiA HMrrynbCHbiA TpaHc!pop

MaTop ( HT) C OTHOW9HH9M BHTKOB0 paBHb!M 9JlHHHUe-, H OTHOCHTenbHO Ma-

noA senHqHaoA HHilYKTHBHOCTH HaMarHH'IHBaHHH L~ , 'ITO ITpHBOJlHT K cy-

W9CTB9HHOMY H3M9H9HHID BXOJlHOI'O COIIpOTHBneHHSI B Te'I9HHe HMIIynbca H yc

nO*HH9T BOIIpOC COI'n8COB8HHSI U9IIH CHnbHOTO'IHOI'O HMIIynbCHOI'O KOHTypa 

B WHpOKOft IIOnoce '18CTOT 0 KaK 8TO Tpe6yeTCSI JlnH rrony'leHHSI xopoweA ~op

Mbl HMIIynbCa BTOpH'IHOI'O ( yCKOpHIDW9I'O) H8flpH*9HHSI/4,5,6/. 
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a) Pac'li}T aneKTPH'leCKHX H MarHHTHbiX noneii 

HHayKTOpOB H ceKUHH 

HarrpH)I(eHHOCTb BHXpeBoro ::meKTpHqecKoro rronH B ToqKe z Ha ocH 

E tO, z J OllHHoqHoro HHJlYKTopa, cxeMaTHqHO M3o6pa)l(eHHOro Ha pHc. 1, 

onpeJlenHM liHTerp!ipOB8HiieM ypaBHeHH51 )lnH HanpH)I(eHHOCTii MarHHTHOrO no

nH H8 OCII KaTylliKii C TOKOM/7/, no)lCT8BiiB B ypaBHeHHe B38MeH nnoTHOCTH 

CKOpOCTb H3MeHeHHH MarHMTHOll MHllYKUMM B ceplleqHMKe B TOK8 
• 2 
B ( r , z) r ( z 

0
) d r d z 0 

2 2 -3/2--. 

2lr (z
0
)+(z-z

0
) J 

2 
d E(Cl,z)= 

. ( 1) 

EcnH rrpenrronO)I(IiTb
0 

qTO OTHOCMTenbH851 !iMITynbCH851 MarHMTH851 npoHMU8e-
dH /9/ 

MOCTb MaTepHana cep)leqHMK8 /L f:o;. He 38BHCHT OT ~- li OT H 

TO 

8 1 r i 
llollt;.lrl 

B(r, z 0 )=B(r) = ·---- = --------- • 
277r 

B pesynbTaTe HHTerpHpoBaHMH (1) nor 

llO +£ C yqeTOM ( 2) rronyqMM: 

OT r 1 llO r C H no z 0 

P.o 1L t;. I 
E(O, z)=---· Cn 

477 

2 2 2 2 
l<z+0+vlr

1
+(z+rl Jl(z-Cl+vlrc+(z-C) J 

L(ll+£l+vrf+<z+£ ) 2 Jl(-;~ )+vr:+(z---£J
2J --, 

• 

( 2) 

OT -£ 

( 3) 

rile r , r 1 , r £ 
- TeKyiUHA, BHyTpeHHHA H Hapy)I(HhlA p8llMYChl ceplleqHHK8 

MHllYKTOpa, COOTBeTCTBeHHOi Z , Z o - KOOpllHH8Tbl TOqKM li oJneMeHT8pHOll 

nnomallKH d r x d z ( M}; H 
1

, B
1

, iH r.) - npoH3BOllHbie no BpeMeHH Harrpg-
o 

)l(eHHOCTH MarHMTHOro nong H HHllYKllliH BO BHyTpeHHMX M HB pannyce r cno-

51X ceplleqHMK8 COOTBeTCTB8HHO( 

Hhl cep)leqHHK8 MHllyKTOpa (M); 

aMrrep 

M.ceK 
~ ) ; £ _ rronoBMHa nnn-

ceK 

- CKOpOCTb M3M8H8Hii51 TOKB B B03-

u aMIJeP 6y)l(ll8IOIUeM o6MoTKe ( ) ; p. 
0 

- MarHMTHaH npoHHuaeMoCTb BaKyyMa 
ceK 

= 477 • 10-7 (reHpn ). 
M 

4 

' 
I 

,I 
I 

I .... , . , 

tJ 
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0 2. 
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I 

2 

tl'ilzJ 
;--

PHCo 1. 3CJtH8 HHllYJ[TOpa. 1 - cepll8'1BHX, 2 - soa6y)I(Jla: 

BHTOX0 3 - Xa6en& fiHT8BHRo 
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a) Pac'ieT aneKTPH'ieCKHX H MarHHTHblX IToneH: 

HHayKTOpOB H ceKUHH 

HOCTb Bl!XpeBOrO 9ll8KTpl!'I8CKOrO II0ll51 B TO'IK8 Z HB OCM 

l!H.QyKTOpa, CX8M8Tli'IHO M306p8)1{8HHOrO HB pMCo l, 

rpHpOB8Hl!8M ypaBH8Hll51 All51 Haiip51)1{8HHOCTll MarHHTHOrO !10-

WKII C TOKOM/7/, IIOACT8Bl!B B ypaBH8Hl!8 B38M8H !1/IOTHOCTII 

oCTb H3MeaeHH51 MarHHTHoil HHAYKUMII B cepae~HMKe B 
• 2 
B ( r , z) r ( z 

0
) d r d z 

0 ----;-------2--3/2 -- . 
2lr (z

0
)+(z-z

0
) J 

. ( 1) 

)!{liTh, 'ITO OTHOCl!T8llbH851 l!MIIYllhCH851 MarHIITH851 !IpOHIIU88-

na ce pae 'IHIIKa 11 l'l 
dH 

He 38Bl!CIIT OT ~- If OT H 

B ( r) 
Biri P.oP.I'llr! 

2rrr 

l!HTerpllpOB8Hll51 (J) !10 r 

OM ( 2) IIOliY'lliM: 

OT r 1 ao r f II rro z 0 

------
-·en 

2 2 2 2 
l(z+fl+v'r 1+(z+rl Jl(z-eJ+v'rf+(z-rJ J 

--------------
L(:& -..fl+v'r£ +(Z+ f l 

2 
JL ( z- e ) + y'r:::Tz- f1

2
J 

/9/ • 

( 2) 

OT -f 

( 3) 

- T8KYWllll 0 BHyTpeHHllll If Hapy)I{Hblll p8llliYChl C8pll8'lHl!K8 

OTB8TCTB8HHO; z , Z o - KOOpllliH8Thl TO'IKII II 9/I8M8HT8pHOll 

d z ( M); it 1 , Bi' B ( r.) - rrpoH3BOllHhie rro BpeMeHII aarrp51-o 
liTHOro IIOll51 II l!HllYKllllll BO BHyTpeHHIIX li Ha paanyce r CliO-

COOTB8TCTB8!1HO( 

liHllYKTopa ( M); 

) . 

~-'' 

aMrrep 

M.CeK 
~ ) ; f _ IIOliOBllHa llllll

CeK 

- CKOpOCTh li3M8H8Hli51 TOKB B B03-

p. 0 - MarHliTH851 IIpOHl!U88MOCTb BaKyyMa 

4 

,--.:~· 

i 

(I 
I' 

~ 

.. \ -

3 

.( 

2 

iJ 
E 

o"dzJ -i! 2 0 2. 

2l 

•·· 

PRe. 1. 3CKK8 .JillYJ[TOpa. 1 - cepne'IHHK, 2 - BOa6y)l{llaJOIUHA 
BHTOX1 3 - Ka6en& nKT&HKRo 
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EcnH yqecTb, 'iTO HMrrynbc aarrpK>KeHHSI UH 
, !1pHnO)I(9HHbiM K B036y)l(-

JlBIOUleM o6MOTKe HH!lYKTOpa, ypaBHOBelllHBaeTCSI H3MeHSI!OlUHMCSI M8rHHTHblM 

TIOTOKOM cep!le'iHHK8 cl> • TO: 

lk =cl> 
d 

dt 

81 r I rf J --- 2r d · llo 11 !':!.£ fn-
r r = 1--- r

1 -----
rp 

11 
rl 

(4) 

OnpenenHB.H3 (4) H !10!lCT8BHB rrony'ieHHOe Bhlpa)l(eHHe B (3), rrony'iHM: 

2 2 2 
UH l(z+£ )+vrt +(z+r)

2
ll(z-n+vre+(z-£)J ( 5) 

E (O, z) = ----- Pn ---------------------- ------4 r fn .!.L 
rt l ( z + £ ) + y r £+ ( z+ £) 2 J[ ( z- f)+ y r 1

2 + (z-£ ) 
2 

J 

rne Un - aarrpSI)I(eHHe Bo36Y*JleHHSI (B). 

M3 (3) H (5) BH!lHO, 'iTO aarrpSI)I(9HHOCTb BHxpeBoro ycKopSI!O!llero rroni 

E(~z) rrpSIMO rrporropunoaanbHa MarHHTHOi1 rrpoanuaeMoCTH MaTepHana cep-

!l9'iHHK8 IlpH HMilynbCHOM rrepeMarHH'iHB8HHH /lf':J. H orrpenenSieTCSI BenH'iH-

HOM rrpnno)l(eHHOrO K B036Y)I(!l8!0Ul9M o6MOTKe H8!1pSI)I(eHHSI !1 reoMeTpnei1 cep-

ne'iHHKa. 

Dpn HHTerpHpoBaHHH B (3) rrpenrronaranocb, 'iTO 

K8K 9TO H HM99T MeCTO B KOHCTpyKUHS!Xo 

r = const 
I 

H r = const, 
e 

CocTaBnSI!O!UH9 B9KTOp8 B6nH3H OCH MO)I(HO orrpenenHTb O!lHHM !13 CI10C0-

6oB1 orrncaHHbiX B/7 I, aarrpHMep, rro <flopMynaM: 

(-lt+l l2n+l] ( )( r ) 2n+l 
--- E O,z -
n!(n+l)! z 2 

( 6) "" E (r,z)=~ 
r n=O 

( l) n [2 nJ 
E (r,z) = ~ -(-,-)- E (0, z) (~r 

z n=O n. 2 z 2 
( 7) 

Ha pnc. 2,3 rrpHBeneHhl KapTHHhl Ez(~z) rronei1 BHYTPH !lBYX ceKunA 

C pa3nH'iHOM reoMeTpHeM cep!l9'iHHKOB HH!lyKTOpOB (KpHBhl9 ll ) H rronei1 OT-

nenbHhlX HH!lYKTOpOB (1). 

6 

.-

.I 
·I 

i 
t 

rt~' 

I 
.I 
I 

) 

..,.. 

2/•3CN 
'lt •I~ 
2 I •IJtkN 
U"• 16/rl 

Puc. 2. Ycxopsnomee none Ha ocR ycxopHTem;,aoA ceKilBB, BapHaJ 
Kpusa11 1 - none oaaoro HHilyKTopa, KpBBall U - none ceJtUBB •~ 

llYKTOpOBo 
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qecTb 1 'ITO HMIIynbc HarrpmKeHHH UH 1 IIpHn0»<8HHbiH K B036y»<-

OTK8 HHAYKTOpa 1 ypaBHOB8WHB88TCH H3M8HSUOU!HMCSI M8I"HHTHb!M 

pA8'IHHK8 <fl , To: 

d 
dt 

J 
Btrl re 

-_ -- 2f d - . P. o !1 tl En-r- I __ 
17 

___ _s_ __ 'P 

'I 

(4) 

3 (4) H IIOACT8BHB IIOny'IeHH08 Bblp8»<8HH8 B ( 3) 1 IIOny'IHM: 

{JH 
2 2 2 2 

-~~_:_~~~~z+f~-=-~yrf~z-£) ,l 
ro -- £n 

n -'-'-
rl l ( z + £ ) + y r £+ ( Z+ £) 2 J[ ( z- f)+ y r 

1
2 + (z-£ ) 2 J 

aiipH»<8HH8 B036y»<A8HHH (a). 

( 5) 

H (5) BHAH0 1 'ITO H8IIpH»<8HHOCTb BHXpeBOI"O YCKOpHIDUl8I"O IIOnH 

0 IIpOIIOpUHOHanbHa M8I"HHTHOH IIpOHHU88MOCTH M8T8pHana cep-

HMIIynbCHOM rrepeM8I"HH'IHB8HHH /1 ~ H onpeaenHeTcH aenH'IH-

HHOI"O K B036y»<A8IDUl8H o6MOTK8 HaiipH»<8HHH H reoMeTpHeH cep-

TerpHpoBaHHH B (3) rrpearronaranocb 1 'ITO 

MeeT M8CTO B KOHCTpyKUHSIX. 

r = const 
I 

H r = const, 
e 

nSIIDlliH8 B8KTOpa B6nH3H OCH MO»<HO OIIpeaenHTb OAHHM H3 CITOCO

biX a/7/ 1 H8ITpHMep1 ITO cpopMynaM: 

) = :£ ..J..=.l)n+_l_ E l2n+l] 0 r 2n+l ' 
n=O n ! ( n + l) ! z ( ' z )( z) . ( 6) 

n [2n] ~ (-I) 
- --E (O,z)(~ln 

n=O (n!) 2 z 2 ( 7) 

• 2,3 rrpHseaeHhi KapTHHhi E z (0, z ) rroneti BHYTPH asyx ceKuHti 

reoMeTpHeti cepA8'IHHKOB HHAYKTOpOB (KpHBhle ll } H IIoneti OT

yKTOpOB ( J) • 

6 

~' 

-I 

-I 
•I 

Jl 

t{ 
,I 

, I :. 

~ 

2l=3cN 
!t •I~ 
! I •lltJcH 
7&•154 

-k>---- j, -'i l ~ ~ i1' I I ............. I ;a(,.,) 

PHc. 2. YcKopsnomee none aa ocH ycKopHTenEIHOil ceKUHH
1 

sapaaHT A. 
Kpasag 1 - none onaoro HHilYKTopa, KpHBBII U - none ceKUHH H3 12 HH
IlYKTopos. 
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MeTannH~ecKas npoaoasmas o6ono~Ka ceKUHH KOHUeHTp~ 

qecKoe none noao6HO naHUHp~ MarHHTHOA KaTyWKH HnH CTeHI 

pa/8/ TaK, ~To B aToM cny~ae aanps~eHHOCTb BHXpeaoro non! 

paBeHCTBOM 

Ez,BX 
l1i , __ , 
fH 

rae: E z,BX - aanps~eHHOCTb BHXpeaoro aneKTpH~ecKoro no11 

UHH ( --!- ); fH - oceaas anHHa HHayKTopa (M). 

8aeprKs ycKOpSieMbiX ~acTHU, onpeaenHeMaSI Ha ypasHeJ 

dB a =e + E df = e f dt = e UH 
" 

rae: e - aapHa aneKTpoaa (Kyn); a - aaeprHs ~aCTHUbio 

KoacTpyKUHSI HHayKTopa, cxeMaTH~Ho Hao6pa~eaaas aa p11 

3BOnSieT nony~HTb MHHHManbHy~ H CT86HnbHy~ 9MKOCTH B036y~ 

KH OTHOCHTenbHO cepae~HHK8o 

HanpH~eHHOCTb aneKTpH~ecKoro nons a HaonsuHH BHTOK-' 

CTOSIHHOA no paaHyCy TonmHHbl H30nSUHH - .'\H3 

peaenseTCSI p8B9HCTBOM: 

E 
UH 2f 81 ft • 

'•BH 2L\ H3 .'\ H3 

rf 
fo-r 

38BHCHT OT 

rae L\ 
H3 

- TonmHHa HaonsuHH BHTOK-cepae~HHK ( M); E ,,88 -

aneKTpH~ecKoro nons a H3onsuHH ( .A- ) • 
M 

8Ta 38BHCHMOCTb H306pa~eHa H8 pHCo 4B cnnOWHOA nHHH 

HOCTH none A BO BHyTp9HHeA nonoCTH HHayKTopa E BX H B 

coceaHHMH HHayKTopaMH onpeaens~Tcs no $opMyne nnocKoro 

H H306pa~9Hbl B BHae an~p Ha pHCo 46 H 4r. Ha pHC. 4a H306J: 

9 

I ' - .··--···· .... II .• 



~~~l ~-.: t'il 
II II II II 

~N'r.t~ 

8 

.,. 

Q) 
<: 
0 
c:: 
I 

t,; 
<ll 
<0 
:s: 
c. 

::G 

u:i 
!-< 
0: <ll • 
:s: <0 
0.0 
<ll c. 
<0 0 

!-< 
• >: 

:s: >. 
:s: t:! 
::t 0: 
>: :s: 

~r:-
>:S: (') 
0 :s: 
0: 
.ll :s: 
<:: :s: 
Q) ::t 
!-< >: 
:s: Q) 
c.U 
0 
>: Q) 
() <:: 
»§ 
:s: g I -<ll-
0: 

Q) t,; 
<:: <ll 
0 <0 
c:: :s: 

c. 
Q) >: 
Q) s • 
!2 ~ 
t,; 0 
C.!-< 
0 >: 
>: ~ 
() t:! » 0: 

:s: 

c-5 0 
~ 

• 0 
() 0: 
:s: t:! 

0.. 0 

J 

MeTannHqecKaH nposoaHwaH o6onoqKa ceKUHH KOHUeHTpHpyeT aneKTpH

qecKoe none noao6HO naHUHpiD M8rHHTHOft KaTylliKH HnH CTeHK8M pe30H8TO

pa/8/ TaK, qTo s aToM cnyqae aanpg~eHHOCTb BHxpesoro nonH onpenenHeTcH 

paBeHCTBOM 

rae: 

UHH 

rae: 

E - l\i z,BX ---, 

fH 
( 8) 

E z,BX - HanpH~eHHOCTb sHxpesoro aneKTpHqecKoro nonH sHyTpH ceK-

( ___lL_ ) • f H - ocesaH anHHa HHayKTopa ( M). M I 

3aeprxH ycKopHeMbiX qacTHU, onpeaenHeMaH H3 ypaeaeHHH MaKcsenna 

dB 
1:1- .LE df =e J-r.-= eUH ... - e .,. e at ( 9) 

e - sapHa aneKTpoaa (Kyn); E - aaeprHH qacTHUbi, 

KoHcTpyKUHH HHayKTopa, cxeMaTHqao Hso6pa~eHHaH aa pHc. 1 H 4a, no

ssonHeT nonyqHTb MHHHManbHyiD H CT86HnbHYID eMKOCTH B036y~aaroweft 06MOT

KH OTHOCHTenbHO cepaeqHHK8, 

HanpH~eHHOCTb aneKTpHqecKoro nonH s HsonHUHH BHTOK-cepaeqHHK1 no-

CTOHHHOft no paaHycy TOniUHHbl H30nHUHH - ~Ha 

peaenHeTCH paBeHCTBOM: 

E 
UH 2f Bt 't ' 

'•BH 2~ H3 ~ H3 

'e fn-r 

38BHCHT OT paaHyca H on-

{ 10) 

rae ~ 
H3 

- TOnWHH8 H30nHUHH BHTOK-cepaeqHHK ( M); E r,eH- Hanpg~eHHOCTb 

aneKTpHqecKoro nonH s HsonHUHH ( ....!!.- ). 
M 

3Ta saBHCHMOCTb Hso6pa~eaa aa pHc. 4s cnnowaoft nHHHeA. Hanpg~eH

HOCTH noneft BO BHyTpeHHeft nonOCTH HHayKTOpa E BX H B 3830pe Me~y 

coceaHHMH HHayKTopaMH onpeaenHroTcH no ~opMyne nnocKoro KOHaeacaTopa 

H H306pa~eHbl B BRae anrop H8 pHC, 46 H 4r, Ha pHC, 4n H306pa~eHa 38BHCH-
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:s: (1) "' s a. 
i2 I :.: 
til <!l :s: 
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» :s: a. 

\0 a '"' g ~ I 
<!l u t:! 

I :S: • 
~ a. 

E-• » 
~~~ 
~ til :s: 
Q) 0: ll 
t:! 0 "' a. t:: a. 
Q) "' 0 u a. E-

1 i2 ~ 
t:: t:! 

- (1) 0: 
• I :S: 

"' » a. \0 t:! 
~ • iE 
:.: :s: Q) 
» :s: ll 
t:! ::1 
0: :.: Q) 
:s: Q) 0: 

u 0 
>:S: t:: 
Q) :s: 
0: !- I 
0 u 
t:: "' '"' :r 
~ . 
:s: C') 
:.: :s: 

g~~ 
~ (1) "' 
a. I a. 
!- 0 
:.: "'!- • 
Q) :.: <!l 
I:: • ~ 0 
(1) til t:! t: 
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MOCTb pa3HOCTH llOT8HUH8JlOB M8)K.llY pa3JlH'IHbiMH TO'IK8MH BH' 

meA o6MOTKH H C8p.ll8'1HHK0Mo 

HanpSI)KeHHOCTH MarHHTHoro nonSI BHyTpH H BH , Bf 

H BHyTpH B036y)K.llaJOmeA o6MOTKH HH.llYKTopa H H 

CTB8HHO paBeHCTB8MH: 

ln • r' 

HBH = -----, 
2rr·r 2 

n 

In 
H =---, 

B3 2rr•r 

I n 

HH= 2rrr-

onpe.oen! 

r.oe rn - pa.oHyc ny'IKa ( M), H BH• H 83 , H H - HanpH)K8HHO 

llOJlH BHyTpH H BH8 llY'IK8 H BHyTpH HH.llyKTOpa 1 COOTB8TCTB8l 

3nJOpbi noneA Hso6pa)KeHbi Ha pHc. 56, B. 

6) Pac'!eT napaMeTpoB 3KBHBaneHTHoit cxeMbJ 

38MeUieHHJl rpyiTIIbl HHIIYKTOpOB ( ceKUHH) 

3KBHB8J18HTH8H CX8M8 rpyllllhl HH.llYKTOpOB .llOJl)KH8 H8HC 

p8)K8Tb KapTHHY ~H3H'I8CKHX HBJ18HHH1 'ITO oco6eHHO 88)KH0 j 

lli8HH8M BHTKOB1 paBHhlM 8.llHHHU8, C apyroH CTOp0Hhl1 60J1blll08 

Hh!X :omeMeHTOB B CX8M8 npHBO.llHT K Bb!COKHM ll0pSI.llK8M .llH 

ypaBH8HHH H CJlO)KHhlM OKOH'I8T8JlbHhlM cjlopMynaM .llJlH H8ll] 

H BXO.llHOrO COllpOTHBJ18HHSI, C yqeTOM 3TOrO Mhl 6y.oeM pace~ 

B8J18HTHhl8 CX8Mhl 1 1!306pa)K8HHbl8 H8 p!!C, 6 a,6, napaMeTpbl 3Jl 

J18HTHOH CX8Mhl orrpe.ll8J1HIOTCH H3 tPOpMyn 1 flOJly'leHHhlX B pe3yni 

B8HHH 3HeprHH1 38KJ110'18HHh!X B COOTB8TCTBYIOlliHX yqaCTK8X fl 

ee 3HeprHH, 38ll8C8HHOH B COOTB8TCTBY!Olli8H peaKTHBHOCTH, 

THIT8 nl1Y -3 tiJopMyJlhl HMeiOT BH.ll: 
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MOCTb p83HOCTH IIOT9HUHanoB M9*.UY pasnH'IHblMH TO'IK8MH BHTKa B036Y*.08~ 

meft o6MOTKH H C9p.U9'1HHKOM, 

HanpR*eHHOCTH MarHHTHoro nong BHyTpH H
8

H BHe H 83 nyqKa 

n BHyTpH aos6y~a10mefi o6MOTKH HH.UYKTopa H H 

CTB9HHO p8B9HCTB8MH: 

onpenenHIOTCH COOTBeT-

ln • r 

HBH = -----. 
2rr·r 2 ( 11) 

n 

In 
H =---, 

B3 2rr·r ( 12) 

I n 

H H = "'2";;- ' ( 13) 

r.ne rn - panHyc rryqKa (M), H 8 a,H 83 ,H H - HlliTPH*eHHOCTH MarHHTiioro 

8MIIep 
nomi BHYTPH H BHe IIY'IK8 H BHyTpH HH.UYKTopa, COOTBeTCTBeHHO ( ) , 

M 

3rriOpbi rronetl H3o6pa>KeHbi Ha pHc. 56, a, 

6) Pac'leT napaMeTpoB 3KBHBaneHTHoil cxeMbi 

38MeTJJeHHH rpyniibl HHP.yKTOpOB ( CeKI!HH) 

3KBHBaneHTH8H CXeMa rpyiiiibl HH.UYKTOpOB .UOII*HB H8H6onee IIOnHO OT

p8>K8Tb KapTHHY ~H3H'!eCKHX RBneHHfi, 'lTd oco6eHHO Ba>KHO nnR HT c OTHo

llleH.HeM BHTKOB, paBHbiM e.UHH.HUe, C npyrotl CTOpOHbl1 6onblliOe 'IHCIIO peaKTHB

HbiX 9IIeMeHTOB B CXeMe IIpHBO.U.HT K Bb!COKHM IIOpHAKBM .U.H~~epeHU.HBIIbHbiX 

ypaaHeHHfi H CIIO*Hb!M OKOH'!aTenbHblM !flopMynaM AIIH H8IIpH>K€HHH 1 TOKOB 

H BXO.UHOf'O COIIpOTHBneHHH, C yqeTOM 9TOf'O Mbl 6yneM paCCMaTpHB8Tb 9KBH

aaneHTHble cxeMhi, Hso6pa*eHHbie aa pHc, 6 a,6. napaMeTpbi 3neMeHTOB 3KBHBa

neHTHoii cxeMbi orrpenenHIOTCH H3 ~opMyn, rrony'!eHHhiX B pe3ynbTaTe HHTerpHpo

BaHHH 9HeprHfi, 38KIIIO'!eHHhlX B COOTBeTCTBYIOlliHX Y'I8CTK8X ITOIIH H paBeHCTBa 

ee 9HeprHH 1 38IIaCeHHOfi B COOTB9TCTBYIOW9fi peaKTHBHOCTH, llnH HHAYKTOpOB 

THna nHY-3 ~OpMyiibl HMeiOT BHA: 
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PHc. 5. 3mopbl MarHHTHbiX nonefi HHJlYKTOpa. ] - cepne'IHHK 0 2 - BHTOK
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3 - ny'IOK, 

a - 9CKH3 HHAYKTopa, 6 - amopa nonSI a ceqeHHH z= -f- , B - amopa nonSI a ceqeHHH 
Z=O 

.. 

:1:., 
C> = 
:<1 r' 
:S:CD 

_'"'l • 
(I) 

01:11 
Of 

I = Of 
'< C> 

~ 
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<I> 

Of i:: 
I 1!: 

::l ; l;O 
0 l:l 
~'< = :II C> "i 
:<1 0 
:s:"C = C> l:l • 

';1 C> 
"i I 0 

'tJ ::l 
C> 0 . ~ 

I 



17 £ I£ 0 ( rf - r I ) r f + r I r f - r I c - (--+ ---), 
I 4 17 2 

fl H3 

17£ £ (r2 - r 2) 
C = 2 0 e 1 

B3 fl 
3 

~x= 

2 
fT•E'a•E'o•r 1 

f H 

L • 
ll 

llollfl s)K 
-~--· 

L s = lle ll o 
217 

f H r r 0 
(- + f H" fn ...:...L + !l • fn-'- ), 

4 rn 3 rl 

12 p)K • s )I{ 

R b= 

UH 
Rn=y;• 

(14a) 

( 146) 

( 14a) 

( 14r) 

( 14n) 

( 14e) 

( 14>K) 

rne C
1 

- llHHSMHqecKaH 9MKOCTb B036y)K£18~WHX BHTKOB OTHOCHT9/lbHO cep

neqHHKS ( !jl) j CBS - B38HMHSH eMKOCTb M9)KAY HHAYKTOpSMH ( !jl) j C BX - eM

KOCTb. 
1 

SKBHB8119HTHSH BHXp9BOMY !lOll~ BO BHyTp9HH91!: llO/lOCTH ( !jl) j L /l 1 

L 
8 

- HHAYKTHBHOCTH H8M8I"HHqHB8HHH H paCC9HHHH1 COOTB9TCTB9HHO (reHpH)j 

R , R - conpoTHBneHHH, sKHBBaneHTHbie noTepHM ua BHxpeBbie TOKH B cep-
b n 

neqHHKe H nyqKe (oM); fl 3 - B911HqHH8 3830pa M9)KAY HHAYKTopaMH (M); 

£ 1,£ 2 
, £ 

3 
- OTHOCHT9llbHbl9 AHS119KTpHqeCKH9 !lpOHHU89MOCTH H3011HUHi!: cep

neqHHK-06MOTK81 M9)KAY HHAYKTOp8MH H !lpOCTp8HCTB8 B38HMOnei!:CTBHH 1 CO-

l 
OTB9TCTB9HH01 (0 - £1H9119KTpHq9CK8H !lpOHHU89MOCTb BaKyyMa "' 4 17 

• 9 •lO 9' 

( .t_) j d - TOnTl!HHa neHTbl M8I"HHTHOI"O MaTepHana cepneqHHKS ( M} j 
M e 

14 

.,. 

fr - cpeAHSISI rapMOHHqecKaH AIIHH8 M8I"HHTHOi!: /lHHHH ( M) j 

CO!lpOTHB119HH9 M8T9pHana CepaeqHHKS (OMoM)j /l s - MSI"HHTE 

MOCTb !lpOCTpSHCTBa B38HMOA9HCTBHHj S)K - 8KTHBH09 ceqeHJ 

cepaeqHHKa ( M2); 

OnepaTopHbie Hao6pa)KeHIHI BXOAHbiX conpoTHBneHHi!: aKBHBa 

3SM9W9HHH !lO/lHOH (pH Co 6a) H yrrpOUI9HHOi!: ( pHc. 6 6) HM9~T 1l 

2 l 
p(p +--p+ 

~Rn 
z (p )= 

BX1a 

4 l l 3 l l l I c [p +(--+-- )p +(- +---+-- + ---
1 CR C R CL CRCR CL C L 

2n IB 2e IB2n 111 lo 

+ l 
+ ~-- -. 

l 
+(-----+ 

C L C R 
I 11 2 n 

l 1 l 
+ ------- ) p + ------] 

c R B c L c , L C
2 

R c 
1 

L C
2 

L 
l 2 e e n p. s 

p 
Zsx,6(p) = 

c (p2+ p-~--+ 
c C R 

_l_ ) 

C e L 11 c c 

MoaynH qacTOTHbiX xapaKTepHcTHK, nonyqeHitbie H3B9CTI 

H3 ( 16 a,6) t HM9~T BHA: 

Mod Z (w) = 
y[w7 +w~(a 1 a -a 2-/3)+w~~~a 4+a3a )- w/3• 

C
1

Lw 8 w-w 6 (a 2 -2a l+w4 (a 2 -2a -2a a l+ 
I 2 2 4 I 8 

+[w
6 

(a -a)+w4(a a -a /3 -a)+ w 2 (a j3 -a a)]2 
___ 1 2 I 8 8 4 

+w2 (a
2

-2aa )+a
2 J 

8 2 4 4 

w L R 
11 0 

Mod Z 6 (w) = ------------- • 

v'K n-.JL C l+w2 L2 
c 11 0 11 
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€ 0 ( rf - r I ) r f + r I r f - r I 
~__;.. ___ ( -- + --- ), 

~ 4 "2 
H3 

E (r 2 - r 2 ) 
.2 0 e I _, 

~3 

2 
•Ea•Eo•rl 

f H 

" 

f H r r 0 
(- + fH·fn..:.L +~ ·fn_._), 

4 rn 3 rl 

2p)K • s)K 

d
2 

f r 

H 

n 

( 14a) 

(146) 

( 14s) 

(14r) 

( 14a) 

( 14e) 

( 14)1{) 

8MH"'9CK8H 9MKOCTb B036y~a~WHX BHTKOB OTHOCHT9llbHO cep

C 83 - saaHMHaH eMKocTb Me )Kay HH!lYKTopaMH (tlJ); Cax- eM

neHTHaH BHXpeBoMy non~ eo BHyTpeaaea nonocTH ( tP); L p. , 

HBHOCTH H8M8I'HH"'HB8HHH H p8CC9HHHH 0 COOTB9TCTB9HHO (reHpH)j 

OTHBll9HHH 0 :3KHBB8l19HTHbl9 riOTepHM Ha BHXp8Bbl9 TOKH B cep

Ke (OM) j ~ 3 - B8l!H"'HH8 3830pa M8)KilY HHilyKTOp8MH ( M); 

THOCHT8llbHbl8 !lH:3l18KTpH"'eCKHe ripOHHU88MOCTH H30llSIUHA cep

a, M8)K£ly HHilYKTOp8MH H ripOCTp8HCTB8 B38HMOil8ACTBHS11 CO-

l 
E 0 - JJ.H:3l18KTpH"'8CK8SI ripOHHU88MOCTb B8KYYM8 = 

4
" • 

9 
.}O 9·• 

TOnTUHHa neHTbl M8I'HHTHOI'O MaTe pH ana cepae"'HHK8 ( M) j 

14 

~ 

,_I' 

fr - cpeJJ.HHH rapMOHH"'ecKaSJ JJ.llHHa MarHHTHoA nHHHH ( M); p )It" yllenbaoe 

COripOTHBll8HH8 MaTepHana cepJJ.8"1HHK8 (OMoM)j p. e - M8I'HHTHaSI rrpOHHUae

MOCTb rrpOCTp8HCTBa 838HMOJJ.8HCTBHSJj S)K - 8KTHBHOe C8"18HHe MaTepHana 

C8pll8"1HHKa ( M2) j 

0rrepaTopHbl8 H306pa)KeHH5l BXOJJ.HbJX COIIpOTHBll9HHft :3KBHB8ll9HTHbJX CX8M 

38M8W8HHSI riOllHOH ( pHCo 6a) H yrrpomeHHOH ( pHc. 6 6) HM8~T BHil/9/: 

z (p )= 
BX,a 

,, I 
p(p- +-- p + 

c; Rn 

C[ 4(1 l )a(I l l I )2 
p + -- + -- p + - +---- + -- + --- p + 1 CR CR CLCRCR CL CL 

2n IB 2" IB2n lp. Is 

+ l --
~ 

+ 

l 
+(-----+ 

I l 
+ ------- ) p + ------] 

C L C R 
I p. 2 n 

C
1

R
8

C
2
L, 

p 

z 6( p) = l -+ 
ex, C (p 2+ p--

c Co Rc 

C L C R C L C
2 

L 
1 ~ 2 n 1 fl. 1!1 

_I_) 

C e L /l 

( 15a) 

(156) 

MOilYllH qacTOTHbiX xapaKTepHCTHK, rrony"'eH!tbie HaBeCTHbiM crroco6oM 

H3 ( 15 a,6) t HM8~T BHil: 

Mod Z (w) = 
y[w7 +wli..(a 1 a -a 2-,B)+w~~~a 4+a 8a )- w,Ba

4
]

2 

C1 Lw 8 +w 6 (a 2 -2a )+w4 (a 2 -a.a -2a a>+ 
I 2 2 4 I 3 

+[w
6 

(a -a)+w4(a a -a ,B -a)+ w 2 (a j3 -a a)]2 
I 2 I 3 3 4 

+w2 (a
2

-2aa )+a
2 J 

3 2 4 4 

w L R 
p. c 

Mod Z 6 (w ) = -----------. 

ylf O-cJL C) +w2 L2 
c p. 0 p. 

15 

-' 

( 16a) 

( 166) 



3JieCb a , f3 Ha 1 ,a 2 ,a 8 ,a, - K09<iJ<iJHUH9HTb! IIOnHHOMOB 'iHCnHTeng 

H 3H8M9H8Ten51 1 COOTB9TCTB9HHOe 

CoOTBeTCTBYIOIIlHe OpHrHH8nbl BXO.llHb!X COIIpOTHBneHHit ( 15) HM910T BH.ll 

ZBX, a ( l) = t- I A [ e -"1 t 
I 

sin btl 

bl 

8 -at a 
l+ ---li-e 1 (:.l.sinb t +cosb

1
t) J+ 

2 b2 b I at+ I I 

-a2t sh b t F - a<J. a2 
+D(e 2 )+~li-e (bshb

2
t+chb

2
t)J!, 

·b 2 a-b 2 

-a t 
l 8 

Z Bx,6 ( t )... - e sin b t , c b 3 
0 8 

(17a) 

( 116') 

r]le a 1, 2 , 3 ; b 1 , 2 , 3 - Jleii:CTBHTenbHb19 H MHHMb!9 '18CTH KOpHeit IIOnHHOMOB 3H8-

M9H8T9119il: B ypaBH9HHSIX ( 15 a,6) 1 A, B, D, F - cnaraeMbie B 'iHCnHTensx llpo-

6eil: pasnO)K9HH51 - H8XOJlSITCSI M9TOJlOM Heorrpe.oeneHHb!X Ko9(jl!f>HUH9HTOB. 

Ha pHC• 7 -14 rrpHBe.OeHbi rrepexoLIHbie H qacTOTHhie xapaKTepHCTHKH HH

IlyKTopoB THIIa flJ1Y -3 H 9MY IIOJl06Horo, paCC'IHTaHHbie ITO IIpHB9Jl9HHOil: Me

TO.llHK9 JlnSI llBYX BapH8HTOB reoMeTpHH H 9n9KTpH'i9CKHX IIapaMeTpOB
1 

IIpHB9-

.ll9HHb!X B Ta6nHue 1. XapaKTep KpHBb!X IIOK83b!B89T, 'iTO .OnSI 

IIepBoro IIpH6nH)K9HHSI JlOCTaTO'iHO IIOnb30B8TbCSI <jJopMynaMH (15-176)
1 

a JlnSI 

6onee TO'iHhlX pacq~TOB - ( 15-17a). 

Ba*HOit xapaKTepHCTHKoit n106oro 11T SIBnSieTCSI ero BOnHoBoe corrpoTHB-

neHHe P 1 orrpe.oenSieMoe H3BeCTHbiM paBeHCTBoM: 

L~ 
p =v-. < 1s> C B3 

Ha pHc. 15 a rrpHBe.oeHbi rpa<jJHKH saBHCHMOCTeil: BonHoBoro corrpoTHB-

neHHSI p 1 eMKOCTH C53 H HHilYKTHBHOCTH pacceSIHHSI L., OT ocesoro pas-

16 

... 

napa- top-
K8Tp uyna 

' 

a,.te ,, : 

i 
I 

le ' 

\ tu i 

z,., 
LlliJ 
.1J 
E,lt 8 

CtH !4& 
c,J !46 

C~x !4B 

CJ 

~ I4r 

" I4.l 
R., I4z 

((, I4e 

R. 
:!,. 

T8.CSJJMQa I 

Pas- BafHaHT BapMaHT . BaiBaHT 118pY :s ' 
(pacqi!T) (pacqeT) 

CM 3,0 10,0 7,0 
I Cll II,O 5,5 5,5 

CM 26,5 13,5 !7 ,2 . 
CM 5,0 !2,5 9,5 
CM 2,0 !,5 !,2 
CM 0,4 0,5 0,5 
Cll o,8 I,O I,O 

11/11 300 !84 242 
nl(l 3!:3 ,8 45,8 72,9 
nl(l :352,2 56,56 95,2 
n~ 6,73 0,613 0,883 
n~ 672,7 !0:3,0 !69,0 

lllrH 7,38 40,7 :35,5 
Cll 41,88 92,:3 71,9 

I· 

OM 75 92 92 
011 39,6 137,3 !20,0 
011 25,8 55,08 52,0 
011 24,35 53,38 49,65 

17 



H a
1 

, a 
2 

, a 
8 

, a 
4 

- Kos<jJ$HUH9HTbl ITOJIHHOMOB "'HCJIHT9JISI 

COOTB9TCTB9HHO, 

a,.....,.,.Vll"lTTTHe OpHI'HHaollbl BXO):IHb!X COITpOTHBJI9HHft ( 15) HM9lOT BH):I 

I A [e-alt sin b1t 

bl 

B -at a 
] + --- L l- e 1 

( :.l.sin b t +cos b t ) J + 

3 

,3 

2 b2 b I I at+ I I 

F - "2t a2 
) + ---

2 
L 1- e ( -b sh b

2 
t + ch b

2
t ) J I , 

a 2
- b 2 

-a
3 

t 

sin b t , 
3 

( 17a) 

( 176') 

- ):19HCTBHT9ollbHbl9 H MHHMb!9 "'aCTH KOpHeft ITOJIHHOMO~ 3Ha-

eaHHX ( 15 a,6), A, B, D, F - cnai'aeMhie B "'HCJIHTenHx apo

- HaXO):IHTCH MeTO):IOM HeonpeaeneHHbiX KOa<jl$HUH9HTOB, 

7 -14 npHB9):19Hbl nep9XOllHbl9 H "'aCTOTHbl9 xapaKTepHCTHKH HH

nJI!Y-3 H eMy noao6HOI'0 0 paCC"'HTaHHbl9 no npHB9):19HHOtt Me

BapHaHTOB I'90M9TpHH H 8o119KTpH"'9CKHX napaMeTpOB
0 

npHBe-

oiiHU9 1. XapaKTep KpHBbiX noKaabiBaeT. 'ITO anSI 

HHH J:IOCTaTO"'HO ITOJib30BaTbCH <jJopMyJiaMH (15-176), a ):IJISI 

pac"'eToB - ( 15-17a), 

TepHCTHKOH olll060I'O JilT HBJIH9TCH ero BOJIHOBOe conpOTHB

I:meaenHeMoe H3B9CTHbiM paBeHCTBOM: 

C B3 ( 18) 

15 a npHB9):19Hbl I'pa<jJHKH 3aBHCHMOCT9ft BOJIHOBOI'O conpoTHB-

OCTH C83 H HHJ:IYKTHBHOCTH pacceSIHHSI L
8 

OT oceBoi'o paa-

16 

~' 

napa-
KeTp-

a,-2e 
Z;, 

~ 

tu 
z~~. 
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M9pa C9pll9'1HHKa HHilYKTopa az =2 f · 0cTanbHhi9 napaM9Tpbi HHilYKTopa U
11 

, 

r I , i'l H3 o i'l 3 H Jlp. npHHSITbl nOCTOSIHHbiMH, paBHbiMH no B9nH'IHH9 

npHHSITbiM B eapHaHT9 A ( Taon. 1) • .UnSI npyrax 3H8'19HHli napaM9Tpoe 

oHH MoryT OhiTb n9rKo n9p9C'IHT8Hhi no npHB91l9HHhiM ljlopMynaM. 

· Xopowo H3B9CTH01 'ITO anSI H9RCKS)!(9HHoii n9p9Jl8'1H ljlopMbi HMnynbca 

BO BTOpH'IHYIO OOMOTKY JlOn)!(HO Ob!Tb BbinOnHEiH0 1 KpoMe npO'IHX
1 

ycnOBHe 

cornacoeaHHSI conpoTHeneHHSI Harpy3KH ( ny'I:Ka) R n c eonHOBbiM conpoTHB

neHHeM TpaHc¢lopMaTopa p • Ha TOM )1(9 pacyHKe H3oopa)KeHa KpHBaSI anSI 

cornacoeaHHoro TOKa ny'I:Ka In • Ha pac. 15 6 Te )1(9 38BHCHMOCTH H3o6pa-

L p Io C B3 
)!(9Hbl B OTHOCHT9nbHb!X 9JlHHHUax: --5

- 1 - 1 --
1 

-
1 

rn9 

Ls,O Po In,O Ce3o 
38 OCHOBHbi9 ( Hyn9Bb!9) npHHSITbi napaMeTpb! nHY -3 ( Bap. A) • 

Ha pHc. 16a, 5 H3o5pa)KeHhi 38BHCHMOCTH n9pBH'IHhiX napaM9TpoB HHilyK-

Topa R • L • c I B aoconiOTHbiX (a) H OTHOCHT9nbHbiX ( 5) 9JlHHHU8X B /l 

oT oc9eoro pa3Mepa cepll9'1HHKa a =2f. z 

B) PBC'li}T r/JopMbi HMDyllbCOB H8Dpfll!C8HHfl H TOKB 

B 06MOTK8X HHnyKTOpOB H C8KUHH 

Heo6XOJlHMOCTb p~C'I~Ta MrHOB9HHhiX 3H8'19HHii H8llpS1)!(9HHii H TOKOB 

JJ.HKTyeTCSI llBYMSI ¢JaKTOp8MH. 

Bo-n9pBbiX1 npH paccornacoBaHHSIX HT H Harpy3KH c r9H9p~TopoM BTo

pH'IHOe H8ilpS1)!(9HHe M0)!(9T CYW9CTB9HHO OTnH'ISTbCSI OT B030Y~S10Wero 1 
'ITO llpHB91l9T K yBenH'I9HHIO pa3opoca SHeprHli '18CTHU H ll9¢JOKYCHpOBK9 nyq-• 
Ka 38 C'I~T llOSIBneHHSI p83HOCTH SHeprHii H Kone6aHHii nnoTHOCTH no JlnHH9 

ny'I:Ka. 

Bo-BTOpbiX1 Ollp9Jl9n9HH9 MrHOB9HHhiX 3H8'19HHA TOKOB B uenH HMnynbc

HOrO KOHTypa HeOoXOilHMO JlnSI Bb!OOpa KOMMyTHpylOUlHX ilpH5opOB H paC'I~Ta 

¢lopMHPYIOW9ro ycTpoii:cTea. 

B K8'19CTBe KOMMyTHpyiOIUHX npH60pOB B HMnynbCHblX CHCT9M8X yCKO

pHTeneA OObi'IHO HCnOnb3YIOTCSI HMnynbCHbie BOilOPOilHbie THpaTpOHhi
1 

HM910-

WH9 H960nbWH9 3H8'19HHSI C06CTB9HHhlX HHJlyKTHBHOCTeA H Manoe BpeMSI Jl9HO

HH38UHH H ll03BOnSIIOWH9 pa60T8Tb C Bb!COKHMH 3H8'19HHSIMH '18CTOT llOCbinOK 

I 
~ 
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nMnynhcoa. THpaTpOHbi ncnonh3yi6TCSI B npeJJ.enbHbiX no KpyTH3He aHOIJ.HOro 

TOK8 pe)KHM8X1 n09TOMY Mbl BCTpeqaeMCSI C Heo6XOIJ.HMOCTbiO yq~Ta BnHSIHHSI 

co6cTaeHHOA HHIJ.YKTHBHOCTH THpaTpoHa L 1 Ha napaMeTpbi HMnynbca. Bnn-

SIHHe aenH'IHHhl aKTHBHoro conpoTHBneHHSI THpaTpoHa R1 OK83b!B89TCSI 3H8-

'IHTenbHO M9HbW91 ToKe llnSI OlJ.HOrO H3 THpaTpOHOB 1 HanpHMep, HMeeM: 

R1 L1 
-- "' 0,01 « -- "' 0, 125. 
Zap L p. 

DpH paccMoTpeHHH 3all.a'IH npellnonaraeTcSI, 'ITO cornacoaaHHe axoJJ.Horo 

conpOTHBneHHSI ~OpMHpy!OWeil nHHHH C BXOnHbiM conpoTHBneHH9M Harpy3KH 

BbmonHeHo B Te'leHHe acero HMnynbca, T.e. oT Z ( 0) no z ( 0,5 MKCelt). 

3ToT aonpoc SIBnSieTCSI oco6oA 3anaqeft H 3ll9Cb He paccMaTpHBaeTcSI. Pac

q~THbte 4JopMynbi B KOH9'1HOM anne nony'leHbi nnH o6eHx SKBHBaneHTHbiX cxeM 

puc. 6 ~.6,a. B 38BHCHMOCTH oT ueneA pac'I€!Ta MoryT 61>1Tb Hcnonb3oBa\Hl>I 

ynpomeHHaH HnH onsa H3 6onee TO'IHhlX ~opMyn. 

B uenH cnnhHOTO'IHoro HMnynbcHoro KOHTypa (pHc. 16a) 6yKB8MH L 1 , 

L I H L e o6o3H8'1eHbl HHllYKTHBHOCTH nepaoA KaTymKH nHHHH, THpaTpoHa 

H BXona HHnYKTOpOB COOTB9TCTB9HHOo 0603H8'1HB HX cyMMy L v t npeo6pa-

3yeM no TeopeMe o6 SKBHBaneHTHOM reHepaTope cxeMy K anny, noKasaHHo

MY Ha pnc. 166, rne Z ( t) H W0 ( t) - sxonHbte conpoTnaneHHSI HarpysKH 

H 4JopMHpy!OW9it nHHHH 0 COOTB9TCTB9HHO, a ff, enHHH'IHbiit HMnynbc H8-

npSI)K9HHSI
0 

paBHbiit no aenH'IHHe 38pSillHOMy HanpS1)!{9HHIO nHHHHo 

Mso6pa)KeHHe ToKa B uenH c yq€!TOM cornacosaHHH: 

. ( ) {i, (p ) {i, (li) 
I p = =--
a W 

0 
(p) + Z ( p) + p Lv 2 Z ( p) + p L v 

DoncTaBHB C!Oll8 ( 15 6) H BblllOnHHB npeo6pa30B8HHSI, nony'IHM: 

2 l +_l __ ) 

@( p +p CeRe ~~-11-----' 
i ( p) = ----------Lv +2Lfl ) 

2 l + -----
p LV (p +p Cll LVL/1 cc 

e e 

~ 
29 
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/9/ 
OpHrHHBn 9TOrO Bhlpa•eHHR HM99T BHD 

z 
b -ab+f3 

+ 2 

-at -bt f3t aab-{3(a+b) ] 
e + - + --,-;-r--- ' 

ab a b 
&, a2 -aa+f3 

i(t)=-[ 2 ) e 
" Lv a ( b-a b (a- b) 

rae 

a,b=-a+v'a2- Lv+2~ 
L i-c:· 

v fl c 

l 
a=----' 

2C R c c 

f3 =.l-. 
Cc Lp. 

8 HHOM1 B03MO*HO 6onee HarnH~HOM BHJle 

5, 2a(8-f3) -at 2 2 
i (t)= ---lf3t+ [l+e ( ... !!L:: ... !L sinwt-coswt)JI, 

a 8 L 8 
v 

aw 

rae 

8 = 
LV +2Lp. 

L t- C 
v fl c 

w=v'8 -a
2 

, 

( 21) 

( 21a) 

( 216) 

( 21B) 

( 22) 

( 22a) 

( 226) 

2 
ecnH a < 8 

2 
• EcnH 8 <a , pe•HM B uenH anepHODH'IeCKHi!: H TpHroHo-

MeTpH'IeCKHe ~yHKUHH 38MeHR~TCR rHIIep6onH'IeCKHMH. 

Mso6pa•eHHe HaiipH•eHHR Bos6y•aeHHH HHDYKTopa nony'IHM TaK (eM. 

pHCo 17): 

.. 

5, (p)Z(p) 

UBX (p) = 2Z (p) +p LV 

30 

( 23) 

.... 
. ..,. '!:f.~ ,· ·~.+ .. I I 

11~ 

0}. 

'Wo(t} 

~ 

.J6 
J 

r 

Puc. 17, 3KBHBaneHTHaH cxeMa uerru cnnbHoToqaoro nMrrynbc 
XOUH8H 1 6 - npeo6p830B8HH8H, 

31 



/9/ 
0 BhlPB*BHHH HMBBT BRA 

-a a +f3 

b-a) 
c 
-at 

L +2L 
2 v fl 

2 

b -a b+f3 - bt {3 t a ab- {3 t a +b) l 
+ 2 e + -b- + --,-;-r--- ' 

b(a-b) a ab 

a----· 
L L C 

v ll 

0 6onee aarnHAHOM BHAB 

( 21) 

( 2la) 

( 216) 

( 21B) 

2a(o-f3) -at 2 2 ----[ l+e ( ~ sinwt-eoswt) j I, (22) 

2 

0 

2 
• EcnH o <a , 

aw 

( 22a) 

( 226) 

pe>KHM B uenH anepHOAH'lBCKHl!: H TpHrOHO-

~yHKUHH 38MBHHIDTCH rHnep6onH'lBCKHMH. 

>KBHHB aanpH>KBHHH B036y>KABHHH HHAYKTopa nony'lHM TBK (eM • 

. l?J (p)Z(p) ), _____ _ ( 23) 

2Z(p)+pLv 

30 

... 

\Jo(t}'l ¥ 

~~ _16 l&z:(t} 

0}. 
6) 

PHc. 17, 3KBHBaneHTHaH cxeMa uenH cHnbHOToqaoro HMnynbcHoro KOHTypa. a - Hc

XOAHaH, 6 - npeo6pa30B8HHSH, 

31 
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I , 

nocne rroacTaHoBKH (156) rronyqHM opHrHHan: 

b t -at.] ff, la(l-e- )-bO-e I 

u (t)=-- -------
BX ~Co ab(a-b) 

( 24) 

HnH B TpHrOHOMeTpiqeCKOA ~OpMe: 

U BX (t) = 
&L -at a 

ll (1-e (-sinwt+coswt)l. 

Lv+2Lil w 

( 24a) 

Ha pHC. 18-20 H306pa)l{eHbl K[JHBbie HaiTpSI)I{eHHSI H TOKa B uenH nepBHqHOit 

OOMOTKH HHayKTOpa, paccqHTBHHbie ITO nonyqeHHbiM !jlopMynaM, a Ha pHC. 21-

0CUHnnorpaMMbl Tex )l{e HMnynhCOB. llocTaTO'IHO xopomee coBrraaeHHe pesynb

TBTOB, T.e. <flopMbl H BenH'I.IIH HallpSI)I{eHHSI H TOK8 noaTBep)I{UBeT B03MO)I{HOCTb 

HCITOnb30B8HHSI H3nO)I{eHHOA MeTOaHKH anSI paC'I~TOB B nepBOM npH6nH)I{eHHH, 

OpH He06XoaHMOCTH npoBepKH !jlopMbl HMnynbCa BTOpHqHoro HallpSI)I{eHHSI 1 a 

TaK)I{e 6onee TO'!Hb!X · paC'I~TOB rrepBHqHbiX HarrpSI)I{eHHSI H TOKa cneayeT HC

nonb30B8Tb <flopMyny anSI BXOaHoro COllpOTHBneHHSI HHayKTOpa B BHae ( 15a). 

0pH aTOM TOK qepe3 KOMMyTaTop i (p), HallpSI)I{eHHe B030y)l{aeHHSI HHayKTOpa 

U
1 
(p) H HBllpSI)I{eHHe BTOpH'IHOil: OOMOTKH HHayKTopa lh (p) B onepaTopHOM 

BHae COOTBeTCTBeHHO HMeiDT BHa 

l 4 .1( I 1 ) 2( I l l I ) p+p --1---j)J -+--+ +---+ 
2G(JJ) l;,H., C1 H8 l},. C8 L• C 1 H 8 C8 Hn C1 L11 

i ( p) ~ --- ----------------------------------------
pL v 

4 3 I I ,2 2 I l l I 
lp + p ( -- + ----) 1-Jl (-- +---+ --+----+--· )+ 

c1 RB taHn (;1J.v (;11., CBL• C1HBCBH" c1 1./1 

+ p ( __ I __ +--'---- + __ I ___ ) + , 

c 1. r
8
n t

1
H

8
t: 1. t 1 L C 8 B 

I ~ n B 1'1 p. n 
C

1
L

11
C 8 L 

-----------------, 
2 I l I 2 1 

+ p ( ---- + ---- t- ------- + ------) + ----- + ---- J 
CLCH CLCH CLCH CLCH CLCL CLCL 
tvBn B~ln B~"~ IB 1/lBn B~lv IJlB~"~ 

32 

.. 
l 

uti. 

~-~------r--------~----~-----T-

. 1,1. ____ !-
~:-:=:---·--

~I 0,1 ql 4' 

PHc. 18, KpHBtie aanpHlKeHHII H TOKS a nenH nepBH'!HoA o6MoT 
pacc'!HTaHHble no ynpomeHHbiM ljlopMynaM ( 22) H ( 24a), BnHHf 
py3KH aa ljlopMy HMnynbcoa, I,II,ID-i(t); C = 0,6;1,0; 1,4 C 
u(t) Ca,o- eMKOCTb rpyDDbl IIHl!YKTOpOB m1Y-3. 
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OBKH (156) rronyqHM opHrHHan: 

la(l-e -b t )- b 0-e-"'~] 

ab(a-b) 

•~"n"'pH:qecKoA (jJopMe: 

f9 L -at 

/L [l-e 

Lv+2LIL 
(..::._ sinwl + cosw t )]. 

w 

( 24) 

( 24a) 

18-20 H306pa)l(eHbl KPHBb!e H8ITpSI)I(eHHSI H TOK8 B UeiTH rrepB11"IHOH 

, paccqHTaHHhle rro rronyqeHHhlM ~opMynaM, a Ha pHc. 21-

)l(e HMrrynhcoB. ilocTaToqHo xopomee coBrraueHHe peaynh

hi H BenHqHH HBITpSI)I(eHHSI H TOK8 ITOllTBep)l(ll8eT B03MO)I(HOCTb 

H3nO)I(eHHOH MeTOAHKH UnSI pacq~TOB B rrepBOM ITpH6nH)I(eHHH. 

OCTH rrpoBepKH ~OpMbl HMrrynhC8 BTOpHqHoro H8ITpSI)I(eHHSI 1 8 

TOqHb!X. pacq~TOB rrepBHqHb!X H8ITpSI)I(eHHSI H TOK8 cneayeT HC

AnSI BXOUHoro COITpOTHBneHHSI HHllYKTOpa B BHUe ( 15a). 

KOMMyTaTop i (p), H8ITpSI)I(eHHe B036y)I(UeHHSI HHllyKTOpa 

BTOpHqHoH 06MOTKH HHAyKTOpa ~ (p) B orrepaTOpHOM 

HMeiOT FlHA 

l 4 ~( I I ) 2( I 1 l 1 ) 11 t-p --.-I-- 'P -- + -- + +--+ 
C8 H c,n

5 
cL C

8
L c,R 5 C

8
H <.:,L 

n t ·"' 1'1 n J1 ---------·-----~-------------------------
431 I 22 I I 1 'J 

lp + p ( -- + ----) tp (-- +---+ --+------+--· )+ 
c, BB Celln c,Lv L,L, CBL, c,RB<.:BH" c,LI-' 

I +------ +- __ I __ ) + __ I ____ ] 

C,HBCBL, c,L/LCBHn c,LuCB L, 

I I 
I ----- t- ------

I 2 1 
+- ------) + ----- + ---- J 

CI.CR CLCL CLCL 
l/1Bll BI'I!V 1 /lB!II 

C L C H 
B 1'1 1 

C I. C H 
B ~"~ 1 B 
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u i, 

~r-------r-------~------.-------.-------~ 

1,1. 

~-~------
---·-j_ 

~--------~------~--------~--------_.--------~--t 
Qf o,a q1 4• 41 ,._ 

PHc. 18. KpHBbie aanpSilKeHHSI H ToKa e uenH nepeH'!Holl o6MOTKH HHllYKTopa, 
pacc'!HTBHHbie no ynpoweHHbiM !flopMynaM (22) H (24a). BnHSIHHe eMKOCTH aar-
py3KH aa !flopMy HMnynbcoe. I,II,IU-i(t); C = 0,6;1,0; 1,4 Ca,o ; 1,2,3 -
u( t) Ca,o- eMKOCTb rpyofibl HHI!YKTOpOB ni1Y -3. 
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CD 
01 

u i. 

Puc. 19. KpUBbie HarrpHlKeHUH u 
rro yrrporueHHhiM ljlopMynaM ( 22) 

I,U,IIl-i(t); LV = 0,6; 1,0; 1,4 

u L 

---· --
-------·-

0,2 Q3 

TOKB B uerru rrepBU'IHOH OfiMOTKU UHAYKTOpa, paCC'IUTBHHbie 
U ( 24a) • 8nUHHUe HHAYKTUBHOCTU L v Ha ljlopMy HMIIY nbCOB • 

Lv,O 1,2,3-u (t) L UHAyKTUBHOCTb nHY-3. 
v,O 

0~--------~----------~--------~----------~------~~t 
~f 42 QJ ~~ 

Puc. 20. KpuBbie HarrpHlKeHUSI u TOKa a uerru rrepBH'!Jfolt o6MOTKU UHAYKTopa, paccqu-



-

CD 
OJ 

u i. 

---· --
--------·--. 

0,1 0,2 Q3 

P11e. 19. KpiiBbie HaiTpmKeHIISj II TOKa B UeiTII ITepBII'!HOif o6MOTKH HHAYKTOpa, paee'!HTaHHbie 

ITO yiTpomeHHbiM !jlopMynaM ( 22) II ( 24a) • BniiSIHHe HHAYKTIIBHOeTH L v Ha !jlopMy II"!ITYnbeOB. 

I,U,III-i(t); LV - 0,6; 1,0; 1,4 Lv,O 1,2,3-u (t) Lv,O HHAyKTHBHOeTb nHY-3. 

u L 

o~---------a~,,----------0,~2----------~q•----------~o,¥~----~--~t 

P11e. 20. KpiiBhie HaiTpSilKeHIISI If TOKa B ueiTH ITepBH'!HOlt o6MOTKH HHJiyKTOpa, paee'!H

TaHHbie ITO yiTpOIUeHHhiM !flopMynaM ( 22) If ( 24a) • KpHBbie TOKOB If HaiTpSilKeHHlt B eo

rnaeOBBHHOlt ueiTH. 
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PHc. 21. OcuHnnorpaMMbi HMnyn&coB aanpSilKeHHSl H To

Ka B nepBH~HOI O~MOTKe HHAYKTOp8o 

2 l 1 
2 & <r) < r + p rR + r-1 ) 

lJ I ( p) ~ --- • ______ 'B;;.:n__~....:_-• -- • 

L C 4 
v I l p (C H c Bp,L I. L Jl 

B n I v .~ /1 

2 & (p) 

lJ2 ( p) ~ [1{-· ,- . l 4 ( c B cl H b LV I. " Ll' )J 
~ 1 'v '2 '~ J• b n 

Koa<P<PHuHeHT nepeaa<m TpaHc¢opMaTopa Kb (p) 

lJ ~ ( p) 

&; ( p) 

2 

C 
1 

Lv C 
2 

'.~ 2 C 3 L, 3 l p 
6 

( B, C L)] 

t T.e. O'l 

0pHrHH81lbl npHB9ll9HHhiX Bb!p8lK9HHi!: nerKO MoryT 6biTh nc 

M9H9HH9M M9TOilOB onepaUHOHHoro HC'!HcneHHSI. TaK, BbipalKaHI 

¢lHUHeHT8 nepeaaqH TpaHc¢opMaTopa B <lJyHKUHH BpeMeHH 1 

2 3 -"kt sin bk I 
Kb (t) ~ · ~ I Ak c -----+ 

c L c L c L k~l f b k 

·' 2 3 .• a 

B k -akt a k 

+ -
2
--

2
-ll-'"£· (-sin bkt +cosbkt)]j, 

a k + bk h k 

6 
ecnH KOpHH nonHHOMa P ( C, R , L) B 3HaMeHaTene ( 25, 2) 

a a k + j b k - KOpHH il01IHHOM8 3HaMeHaTe11Sio 

AaanorH'!HhiM o6pa30M npH aeo6xoaHMOCTH MoryT 6biTb 

palK9HHSI )l1ISI U 
3 

( t), i ( t ) 



• 21. OcuHnnorpaMMbi HMnynhCOB aanpH)I(eHH.Il H To

a nepBH"'BOA O~MOTKe HHJlyKTOpa. 

( 2 I I 
2~() p + Jl--:;--+~-1 

U 
1 

( p) = -~- • _____ (£!!,.___ Cs~_., __ • 

L C • 
v I [ p ( c H c HBL L L )] 

B nl v.~ 11 

( 256) 

2 li (p) 

l12(p)= -(. ,(-· ,-. l 4 ((' H c H LV L L/1 )j 
~I 'v '2 ~ ~ p ' b n 1 h ~ 

( 25B) 

Kos¢¢HUHBHT nepeaa"'H Tpaac¢opMaTopa Kb (p) 1 T.e. OTHOWBHHB 

u ~ ( p) 

& (p) 

2 

C 1 Lv C 2 1;. 2 C ~ L, 3 l p 
6 

( R, C L)] 

( 25r) 

OpHrHaanbi npHBeaeHHbiX Bbipa*eHHii nerKo MoryT 6biTb nony"'eHbi rrpH

MeaeaaeM MBTOLlOB orrepaUHOHHOI'O HC"'HCnBHHSio TaK 1 Bbip8)1(9HH9 LlnSI K09cjl

cjlHUHBHT8 nep9Jl8"1H TpaaccjlopMaTopa B cjlyHKUHH BpeMBHH HMBBT BHJl 

2 
Kb (t) = 

C L c 
I 

B k -ak t 

+ 2 I 2 ll- .. 
a + 1 

k k 

~ 
sin bk t L I A -"k' 

L C L k=t fk c 
-----+ 

:-:2 3 .~3 

ak 
(-sin hkt t-cosbk""t)]l, 

h k 

b k 

(26) 

6 
ecnH KOpHH nonHHOMa P ( C, R , L) B 3HaMeHaTene ( 25, 2) - MHHMbie, 

a a k + j b k - KOpHH IIOnHHOM8 3H8M9H8TBnH. 

AaanorHqHhlM o6paaoM rrpH aeo6xoaHMOCTH MoryT 6hlTb aaiiaeHhl Bhl-

pa)l(eHHH JlnH U 
3 

( t ), i ( t ) 

86 - 37 



Ha pHc. 22,23 npHseaeHbi pac'I~THaSI a) H sKcnepHMeHTSJibHSSI 6) aMnnH

Ty/lHO-'ISCTOTHbie xapaKTepHCTHKH Kos¢<1lHuHeHTa nepeaa'IH K ( t) • Heaua'IH-

TeJibHOe OTJIH'IHe 9KCnepHMeHT8JibHOA '18CTOTbl cpeaa Wo OT paC'I~THOA 06bSIC-

HSieTCSI0 Bo-nepBbiX1 BJIHSIHHeM noneA pacCeSIHHSI BHyTpH CeKUHH H .BHe ee 1 

a, so-BTOpbiX1 ysenH'IeHHeM HHilYKTHBHOCTH paccesruHsr L., BHYTPH ceKUHH 

H8 C'I~T HeCOBeprneHCTB8 KOHCTpyKUHH 9Kp8H8 ~OKYCHpyrorneA KSTYlliKH H o6-

MOTOK HH/lYKTopa. 

AMfiJIHTYJlH0-'18CTOTHbie X8p8KTepHCTHKH BXO/lHOI'O conpoTHBJieHHSI HH

IlYKTOpa H KO~HUHeHT8 nepe/l8'1H 0 nony'leHHble H8 MSKeTaX, MOI'YT cny>KHTb 

KpHTepHeM K8'1eCTB8 MaKeTOB H B8pH8HTOB KOHCTpyKuHA HHilYKTOpOB. 

npHBe/leHH8SI MeTO/lHK8 fi03BOJISieT T8K>Ke KOJIH'IeCTBeHHO oueHHTb BJIHSI

HHe HH/lYKTHBHOCTH Lv ua llJIHTen&HOCT& ~pouTa H Kone6aHHSI Ha seprnHHe 

HMnyn&ca, KOTopasr o6cy>K)lanac& s/ 11/. 

B aaKnroqeuHe aBTOpbi Bbipa>KaroT 6naronapHOCT& aa BbmonueHHe Bbi'IHC

JIHTen&HbiX pa6oT H.A. EypuesoA, IO.A. KaaaHKHHy, H.B. MaKaposoA, C.H. Pa

JlHHy, a T8K)Ke KonneKTHBy HH)KeHepos OHMY aa ueHHbie aaMe'laHHsr npH 

06Cy)KJleHHH peayn&T8T0Bo 

RHTepaTypa 

1. N.C. Christophilos. "High Current Linear Induction Accelerator for 

Electrons", 

B ct5. 'Tpyabl MeJKQyHapoaHoil KOHI/JepeHllHH no ycKopHTenau s .Qyt:JHe', 

1988 r., ATOMH34BT1 Mocxsa, 1964 r. 

2. A.H. AH8llKHit, o.c. BoraaHos, n.B. Byxaes II ap. RHHeilHbllt HHI1YKllHOHHbllt 

ycKOPIITen&, A3, T. 21, Bb11l. 8, aexa6p& 1988. 

3. H.M. MaTopa. K TeOpHII nHHeilHoro HHQYKllHOHHoro ycKopHTena. l1penpHHT 

OHHH, P9-8184, .Qy6~a, 1987. 

4. O.H. RHTBHHeHKo 11 B.H. CowHIIKOB. 'Teop11sr HeoQH(!(JOilHb!K. nllHHit 11 HK 

npHM9H9HHe B p8QHOT9KHIIK9 ". Cos. Paallo, 1984 r. 
5. H. C. HuxoKH. "HMnyn&cHaR TeKHIIKa "• Cos.Paa11o, Moca:sa, 1949. 

6. M.M. Ail3HHos. l1epexoQHbie npoueccbi s aneMeHTax paa•o;ycTpoltc'l'B. 

"MopcKoil TpaHcnopT", ReHHHrpaa, 1955 r. 
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Puc. 23, SxcnepaMeHTan&Haa A l.JX KoacMmnaeHTa .nepeAS'IB, 
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7. K. lllHMOHH. "'TeopeTH'lecKtUI· aneKrporexHHKB"" aep. c He 

"MHp", MocKBB1 1964. 

B. A.H. AHBUKHH, n.B. ByKBeB H E.n. XBnb'lHUKHH. PBC'li}T 1l 

XBPBKTepHCTHK cepae'lHHKOB H HHIJYKTOpOB nHY. 

"'3neKTpo¢H3H'l8CKBH BIIIIBpBTypa"", 1968 r. 

9. B.A. £1HTKHH1 A.H. llpyaHHKoB. CapBBO'lHHK no oaepauHoH, 

HHI01 MocKBB, 1965 r. 

10. n.H. MarxaHoB. K pacqery ueaeit anH ¢opMHpOBBHHH a. 
HMIIynbCOB. PBIJHOTeXHHKB T. 12, Ni>7, HIOnb 1957 r. 

PyKODHCb DOCTynHna B H3A8TenbCKHA OTAen 

18 Mas 1970 roaa. 
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