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l-1pKerynos A.W., Ypa3aKOB 3.1-1., Wsa4Ka A.6. pg - 12614 
l-13ny4eH~e KOnb~esoro crycTKa c TOKOM, AB~~y~erocH 
BAOnb OC~ nony6eCKOHe4HO~ KOaKC~aflbHO~ C~CTeM~ 

l-1ccneAOBaHO B036Y~AeH~e nony6eCKOHe4HO~ KOaKC~anbHO~ 
C~CTeM~ KOnb~eB~M cryCTKOM C a3~MyTanbH~M TOKOM, AB~~y

~~MCH BAOnb OC~ YCKOp~TenbHOrO TpaKTa. C~CTeMa ABYX napH~X 
~HTerpanbH~X ypaBHeH~~ T~na B~Hepa-Xon$a-¢oKa, K KOTOpO~ 
CBOA~TCH KpaesaH 3aAa4a, peWeHa MeTOAOM ¢aKTOp~3a~~~ MaT
p~~bl HAP~ c~cTeMbl L (2-, 2). PeweH~e nony4eHo nyTeM pa3no~eH~H 
MaTp~~~ L no npoeK~~OHH~M onepaTopaM. npoeKTop~ nocTpOeH~ 
C nOMO~b~ MaTp~~ nayn~. nony4eH~ aHan~T~4eCK~e B~pa~eH~H 

AnH nonH ~3ny4eH~H, nnOTHOCT~ ~ noToKa 3Hepr~~. a TaK~e 

paA~a~~OHHO~ c~n~. Ae~cTBy~~e~ Ha crycTOK. B~nonHeH~ 4~c

neHH~e pac4eT~ Ha 63CM-6 AnH KOHKpeTH~X KOH¢~rypa~~ ~ 
KaHanos. Ha~AeHa 3aB~C~MOCTb noTOKa 3Hepr~~ ~ paA~a~~OHHO~ 
C~n~ OT CKOpOCT~ AB~~eH~H cryCTKa. 

Pa6oTa B~nonHeHa B na6opaTop~~ B~4~Cn~TenbHO~ 
TeXH~K~ ~ asToMaT~3a~~~ OHRI-1. 

npenpHHT 06beQHHeHHOro HHCTHTYTB HQepHhlX HCCneQOBBHHA, ay6Ha 1979 

I rkegulov A.Sh ., Urazakov E.l., Shvachka A.B. pg - 12614 

The Radiation of the Ring Bun ch with Current Moving 
along the Axis of the Semi infinite Coaxial System 

The excitation of the semi infinite coaxial system by 
ring bunch with azimuthal current moving along the axis of 
the accelerating channel was studied. The boundary value 
problem comes to the system of two coupled integral equa
tions of the Wiener-Hopf-Fock type. This system ~as solved 
by facrotization of the matrix kern of the system of i nteg
ral equations. The kern was decomposed over the projective 
matrices and the solution of the system of equations was 
determined by factorization of the eigenvalues of this ex
pansion. The projective matrices were obtained by using 
the Pauli matrices. The analytic expressions for the radia
tion field, energy flux density and the radiative force, 
acting on the ring bunch were found . The numerical simula
tion via computer for the special configuration of the chan 
nel was performed. The energy flux and radiative force 
depending on the speed of bunch along the axis of sy s tem 
were determined. 
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BBEJ{EHHE 

Bo MHOrHX 1IpH60pax CBq-3JieKTpOHHKH, BOJIHOBO~HOH TeXHHKH, 

a TaK)f(e B YCKOpHTeJI.RX /1,2/ ~BH)f(Y~HeCJI cryCTKH C a3HMyTaJib

HbiM TOKOM, 3JieKTpOHHhie IIY"'KH H KOJibUa B3aHMO~eHCTBYIOT C Ha

Be~eHHbiMH IIOJI.IIMH B CJIO)f(HbiX BOJIHOBO~HhiX J<aHaJiaX C HeCKOJib

KHMH pa3pbiBaMH rpaHHU. B CB.113H C 3THM B03HHKaeT He06XO~H

MOCTb OIIpe~eJieHH.II IIOJieH B036y)f(~eHH.II H pac"'eTa IIOTepb 3HeprHH 

JieT.R~ero cryCTKa B HeO~HOpO~HOH BOJIHOBO~HOH CHCTeMe. KoH$H

rypaUH.II IIOJieH HrpaeT cy~eCTBeHHYJO pOJib IIpH perneHHH BOIIpOCOB 

$oKyCHpOBKH, CTa6HJIH3aUHH H yCTOH"'HBOCTH YCKOp.ReMOrO 06beK

Ta; IIO HHTeHCHBHOCTH rrepeXO~HOrO HJIH ~H$paKUHOHHOrO H3Jiy"'eHH.II 

MO)f(HO OIIpe~eJIHTh 3HeprHIO peJI.RTHBHCTCKHX l.JaCTHU. 

B pa6oTe IlpHBe~eH pacl.JeT IIOJieH H3JIY"'eHH.II IIpH ~BH)f(eHHH 

KOJibUeaoro ue 3ap.R)f(eHHoro crycTKa c a3HMyTaJibHbiM rrepeMeH

HbiM TOKOM B~OJib OCH CHCTeMbl, COCTO.R~eH H3 KpyrJibiX KOaKCHaJib

HbiX Tpy6 /CM. pUC. 1/. 

2 . IIOCTAHOBKA 3AJ{A IJH 

PaccMoTpHM 3a~aqy o B036y)f(~eHHH CHMMeTpH"'HbiX 3JieKTpo

MarHHTHbiX BOJIH ~BH)f(Y~HMC.II B~OJib OCH Z .r KOJihUeBhiM cryCT

KOM C a3HMyTaJihHbiM MOHOXpOMaTH"'eCKHM TOKOM 3a~aHHOH l.JaC

TOThl B Heo~Hopo~HOM KaHane I puc. 1/. Tipe~rronaraeTCJI, 'ITO 

tJ>opMa H pa3Mephi crycTKa B rrpouecce ~BH)f(eHH.II He H3MeHJIIOTC.R. 

* Pac"'eT rrpOH3BO~HTC.II B UHJIHH~pH"'eCKOH CHCTeMe KOOp~HHaT 

I r . ¢. z 1. 06o3Ha"'eHH.II cooTBeTCTBYIOT rrpuae~eHHbiM B pa6oTax 
13 ·4 1 . 
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Zt 
at t.6o l. d1 t..d2 '-a2 

dt d2 

Puc. 1. KoH,PuzypaiJUJI 60AH0600HOU cucmeMbl. 
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0CH KOJibUa H BOJIHOBO)J.HOrO TpaKTa COBila)J.alOT. 11CilOJib3YJI pe

WCHHe HCO)J.HOpO)J.HbiX ypaBHCHHB MaKCBenna B 4JopMe 3aila3)J.b1BaJO

WHX IlOTCHUHaJIOB, C IlOMOWblO rrpeo6pa30BaHHJI ~ypbe orrpe)J.CJIHM 

IlOJIJI B036y)I()J.CHHJI BHYTPH H BHC rrony6eCKOHC'IHOB KOaKCHanbHOB 

JIHHHH B BH)J.C Ha6opa BOJIHOBO)J.HbiX IlpOCTpaHCTBCHHbiX rapMOHHK 

C qaCTOTOB w = kc. JarrHWCM rpaHH'IHble yCJIOBHJI Ha IlOBepXHOCTH 

HJJ.eanbnoro npoBOJJ.HHKa H ero rrpoJJ.On)f(CHHH IE tg = 0 rrpu z '>z 1 , 

aHn / ar = 0 rrpH z < z 1 I B HHTerpanbHOB 4JopMe. 3JJ.CCb peweuue 

3a)J.a'IH 0 B036y)I()J.CHHH BOJIHOBO)J.HOB CHCTCMbl CBO)J.HTCJI K pewe

HHlO MaTpH'IHOB CHCTCMbl H3 JJ.BYX rrapHbiX HHTerpaJibHbiX ypaBHCHHH 

Bun epa- Xorrllla -~oKa IBX~I OTHOCHTCJibHO 4Jypbe -KoMrroueHTbi 

14J~K./ IlJIOTHOCTH TOKa F(W) l3l, HHJJ.YUHPOBaHHOrO Ha CTCHKax BOJIHO

BO)J.HOB CHCTCMbl: 

r dw e i w z ci. F + r Jl ) = o 

r dweiwz (F• 1- F• 
011 

-oo 

rJJ.e w 2 = k 2 _ v 2 • . 

4 

0 

npu z > z 1 • 

12.11 

IlpH z '- z 1 1 

3)J.CCb 

L = __ ! ____ _ 
[

(a\,d1)(d1, a2) 

(a~, d ~)(d2, a2) 

(af, d{Hd2, a2 ~ 
(ai, d2Hd2, a2 ~ (a~, a2 ) 

- MaTpH'IHOe JI)J.pO CHCTCMbl 12.11, IlpH 3TOM BBC)J.CHO 0603Haqe

HHC 

(a~ , d'1 ) = J;(va1 )Hb1 )'(vd 1)-J;(vd 1 )H~1 )'(va 1 ), 
rJJ.e J0 (x) , Hb1

l(x) - llJyHI<UHH lieccenJI H Xaui<enJI 1-ro poJJ.a 

uyneBoro nop.RJJ.Ka H BbmonuJieTcJI ycnoBHe a 1 <- b 
0 

< d 1 < d
2 

< a 
2 

. 

B 3THX 0603Ha'!eHHJIX llJ.K. IlOJIJI H TOKa, B036y)I()J,aeMoro Ha CTeH

KaX Tpy6 paJJ.HYCOB d 
1 

H d
2 

. 3ailHCb1BalOTCJI B BH)J.C 

-· 
f Jl 

ca;, ~~) (d\, a2 ) 
( ------ - - -)' 

(d' a' ) 
2' 2 

12.21 

(a~, a;) 

F _ (df,bm) 
011 - - ____ :::::::::_ 

1 
0 ). 12.31 

(a' d') 1, 1 

3)J.CCb 

(a', b) 
2 bmax 

a b , b 2rr i r d , b , b 'b')• ----- (a, ), (a , m) ~ ---- - b b(a, m),(a , m)=(a, J,~.. 
a va - -- c b . 'f' 

In Ill 

llJIOTHOCTb TOKa KOJibUCBOrO HCTO'IHHKa B C06CTBCHHOB CHCTCMC 

KOOp)J.HHa T 3a)J.aeM B BH)J.C 

j = ¢ 

JJJ.CCb 

TOKa B 

10 --a2(z- z )2 -iw t 
o(b-b) --~-e 0 e 0 12.41 0 ---

bo _____ yrr 
2\1.1n 2 a = -- ----- ' r - )J.JIHHa cryCTKa no z ' I 0 - aMilJIHTYJJ.a 

cryCTKee; z
0

, b
0 

- KOOp)J.HHaTbl HCTO'IHHKa B C06CTBCHHOB 

CHCTCMC, w
0 

= k 
0
c. 

3. PEHIEHHE 3A)fA flH 

C IlOMOWblO MOJJ.HilJHUHPOBaHHOrO MCTO)J.a BX~ l3l CBC)J.CM pe

WCHHC CHCTCMbl 12.11 K peweHHlO CHCTCMbl anre6paH'ICCKHX ypaB-
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HeHHH OTHOeHTenbHO nnOTHOeTeH HaBe)leHHbiX TOKOB B TO'{KaX pa3-

pbiBa z " z 1 H z ~ z 2 . llpu z 
1
1 z 2 peweHHe Ja)la'{H JanHebiBaeTe.ll 

B BH)le 3KenoHeH~HanbHO eXOJl.ll~eroe.ll p.ll)la. TaK KaK npH z 1 Z ~ 

noKa3aTena Beex 3KenoHeHT o6pa~aiOTe.ll B Hynb, TO peweHHe 

ypaBHeHHH /2.1/ eBOJlHTe.ll K 4>~KTOPHJa~HH MaTpH'{HOro .IIJlpa L . 
,ll;n.11 3Toro npe)leTaBHM .ll.llPO L B BH)le p.ll)la no npoeK~HOHHbiM 

onepaTopaM. AHanHTHqeeKoe npo)lOn)l(eHHe JneMeHTOB L B Bepx

HJOIO H HH)I(HJOIO nonynnoeKOeTH KOMnneKeHOrO nepeMeHHOrO W 

eBe)leTe.ll K aHanHTH'{eeKOMy npO)lOn)l(eHHIO eKan.llpHbiX <J>yHK~HH, . ~ 

.IIBn.IIIO~Hxe.ll eo6eTBeHHbiMH 3Ha'{eHH.IIMH pa3nO)I(eHH.II .IIJlpa L no 

npoeKTopaM~1 Henonb3Y.II 3Ty npo~e)lypy, HaH.lleM <J>aKTopHJOBaH-
~ ~ ·- 1 ~ - · 1 

Hbie .IIJlpa Li, L 1 , L .. , L .. H 3anHmeM peweHHe /2.1/ B BH.lle 

-f ... ·- 1 • l .... i w z 
F ~ L 1 [At-(w) + B_ (w)]e 1 . /3.1/ 

3)leeb L."~ 1 
- 4JaKTOpH30BaHHOe B BepxHeH nonynnoeKoeTH W .IIJl· 

po L·-1 . llpa JTOM 

- . t 
L . 

1 
(a'1,dil . I 

------ - - ( -. 

\ ' h 1 
2 

11 \ h 1 I 
) . -·------------ - ·------------- ( . 

(a; , d ; ) : · ( d ~ . d ; ) : ·.( d~ , a2 ) ~ 
11 

2 
) ' 

/3.2/ 

r)le 'h (l ± n) - npoeK~HOHHbie MaTpH~bl, BH.ll KOTOpbiX 3aBHeHT OT 

Bbi6opa npoeTpaHeTBeHHOH o6naeTH eHeTeMbl . 

L SI h 1 h iv(a2· at ) S , iv(a2 at! pn. e ( . p)e 

B JTOH <J>opMyne S •· 'h Sp .!-' - eKan.11p Ma TPH~bi L P 
2 ~ 

' \ S - detL 

JlnHHa BeKTopa MaTpH~bi L. 

( 
• 1 . a

1
. a' ) _ (a • a ' ) tv(a 2 --a t> 

2 ± 1' 2 ± e /3.3/ 

<l>yHK~HH h 1 
(a i, a 2 ) ~ H )lpyrHe Bblpa)l(eHH.II TaKoro THna .liB

n.1110Te.11 4>aKTOPH30BaHHbiMH no BX<I> ~HnHHJlPH'{eeKHMH 4>YHK~H.IIMH 

H HX KOMfiHHa~H.IIMH. 0HH HMeJOT eTeneHHOB poeT npH w ' ±r<.o. 
flonyfieeKOHeqHa.ll KOaKeHanbHa.ll nHHH.II ey~eeTBeHHO BnH.IIeT Ha 

H3nyqeHHe aeTO'{HHKa JlO H noene nponeTa ee KOH~a. BonHbi, 

paeee.IIHHbie KOH~aMH, HMeJOT TY )l(e qaeTOTy, '{TO H TOKH Heno)l· 

BH)I(HOrO HJnyqaTen.ll. flpH JlBH)I(eHHH eryeTKa B eany 34><J>eKTa 

6 

)J;onnnepa paeee.IIHHbie BonHbl pa3)len.IIJOTe.ll no '{aeToTaM H B03HH

KaeT nepeXO)lHOe H3ny'{eHHe, KOTOpoe HMeeT MeeTO )la)l(e npH 

nponeTe HeTO'{HHKOB e ltOeTO.IIHHbiMH 3ap.ll)laMH H TOKaMH /6 .'. 

flpe)leTaBHM <J>.K. nnOTHOeTH TOKa HeTO'{HHKa B BH)le j ' j Jl I j II , 

r)le j - ~ , j II - <J>.K. nnOTHOeTH TOKa JlO H noene nponeTa eryeTKOM 

TO'{KH z 1 . B eHeTeMe, eB.II3aHHOH e BOnHOBO)lOM, 

j .rl T -<1> · e 
(

k ·· yk
0 

.2 
- -.. ) 

2y(3a 
jll T -<l> - e 

k yk
0

. 2 .. ( ... -- ) 
2a{1 y /3.4/ 

3.lleeb 

T 
r0 o(b u0 ) 

. -·- -·- . -- <I>+ 

"' 1 
e i -y~-lly(k (3w; k ] () 

z ()(k /1k d 
() 

2rrib
0

c y(k · {1w) - k 
0
± i, /3.5/ 

npH JTOM 

oeH z({:3 
y 

0) ' 

2 ·· 'h 
( 1 ·- {:3 ) , {:3C- eKOpOeTb JlBH)I(eHH.II HeTO'{HHKa B)lOnb 

k 0c - qaeToTa Kone6aHHH ToKa B eryeTKe B eo6-

eTBeHHOH eHeTeMe KOOJ?.llHHaT, , 

3aBHeHMOeTb BenH'{HH A , H n 
j 

11 
!S ! noene HHTerp~poBaHB! 

.IIBHbie Bbipa)l(eHH.II )ln.ll A , H B 

c - eKOpOeTb eBeTa. YqHTbiBa.ll 

/eM. <J>opMyny /3.1// OT j JI H 

no 06beMy HeTO'{HHKa nonyqHM 

A ~ 
e'w11 z 1 

11 o w - w 11 

v (a '1 . brn )(a ~ , a 2) 1 

1- -. 

w vh 1 d(a' . a :· ) 
dv t · 2 

- ( 

d' 
1' a ~ 

d~ . a2 
l I 

w w 
II 

/3.6/ 

/eyMMHpOBaHHe Be)leTe.ll no Hyn.IIM BenH'{HHbl (a; . a2) /, 

3 
1 B. (W). 

~ ... 1 s 

. 
B /3: 7/ 

Ka)l()lOe enaraeMoe B /3.7 I npe)leTaBn.lleT eo6oB. eyMMY no eo6 • 

eTBeHHbiM BOnHaM, BOnHOBbie BeKTOpbl KOTOpbiX eoBna)laiOT e HY

n.IIMH <J>yHK~HH (a~ , d't, (d~.d;), (d~,a '2 ) B 1-H, 2-H H 3-8. o6naeT.IIX 

BOnHOBOJlHOB eHeTeMbl: 

B 
t-

-- iw 7. 
1 "" k1 1 1 

( ) 1 --~ - ----· -- [Y- (a', bm)(a'. d') · (d'. d'), -(d' ,a') ] . 
0 k O W ' Wk W . . . 1 1 1 2 2 2 I W -·- Wk 

/3.8/ 
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~ 

B2-

- iwk z1 L _e ______ _ 

k~ o w 1 wk 

vca;,di) ~·(d; .ct;)~-td2. d2 ): . (d! .Qglj 
----------------------------------

w(dJ., d1)y h-1--~-( dl_, d2) 
dv 

(d1 .ct ;) -, 
) . 

( d;. d2) w = - w k 

/3.9/ 

B 
3-

-i w z , , ) 1 , , ) 1 , ') 1 1 "" e k 1 v(J?!!!J a2)(a1 ,d 1 + ·( d 1 ,d 2 , ·(d2 ,a2 1 ,_ ( ) L ------- [ ------------------------------------1 
0 k = 0 w ~ w -l- d w-- wk 

k w v h --- ( d;, a 2) 
dv /3.10/ 

... F1 
Onpe.IJ;enua F =<F ) 'Haii.IJ;eM non.11 pacce.IIHHblx aonH. Bee KOMnoHeH-

- 2 Tbl noneH pacce.IIHHbiX BOnH Bblpa)l(aiOTC.II qepe 3 HHBapHaHTHYIO KOM-
/.3 4 .. 

6HHal(HIO [r. bm] ' : HanpuMep, 

_, -+ -+ - iwz 1 
H z=-v[ r,bm] = -vdA 1 + B _ ]e 

r.IJ;e 

[,'~ 1 1La~ l r,ct; l a~][a~ l r.d~ l a;li - L ,- 1 N, 

[a; t•.d; ta;J · l (a'1 , r) (d'i, a~) 

(a ~ , d ~ ) (r, a' 2) 

npu 

npu r > 

dil 

d 
1 • 

r < 

/3.11/ 

/3.1 2/ 

)l;n.11 onpe.D;eneHH.II noneii a pa3nH'fHbiX npocTpaHCTBeHHbiX o6nacT.IIx 

BOn HOBO,li;HOH CHCTeMbl BOCnOnb3yeMC.II CBOHCTBaMH npoeKI.(HOHHblX 

MaTpHI.(, BXO,ll;.llll(HX B Bblpa)l(eHH.II .D;n.li <iJaKTOpH30BaHHbiX .II.D;ep . Yqu

TbiBa.ll, 'ITO onepaTOpbl 'lz(I ± n) HMeiOT pa~JIH'fHbiH BH,ll; B CB060.IJ; 

d OM npOCTpaHCTBe H npH HanH'fHH Tpy6, OHH no-pa3HOMy B03.IJ;es

CTBYJOT Ha BeKTOP N' BXO,ll;.llll(HS B Bblpa)l(eHH.II .IJ;n.ll nones: 

( I+ n ), ' ) ... , ' ) ... ------- (a 1, a 2 N = ( a1 , a 2- N , 
2 

B Hyn.IIX (a'1 , a;). 

AHanorH'fHO 

..... .... ..... .... 
I +n-+ I - n -+ -+ 

(---------)N = 0. (--------) N = N 
2 2 

8 

I - n -+ 
(-------)(a ; -,a2 )N = 0 

2 
/3 .13/ 

/3 .14/ 

,, 

B HYnJIX Bbipa)l(eHHH (a'1,d'1), (d;,ct;) H (d2,a2LHcnonb3Y.II COOTHO

WeHH.II /3.1 3/ H /3.14/, nony'fHM 

a/ npu (a '
1 

, a' 
2

) ~ 0 

cl 
l(d' ')1 ivd 

(a' a')l --·- 1'a 2 e 1 
t' 2 - v h1 

-ivr 
e 

6/ npu (a'1 , ct;) = 0 

' Ill 
, hl(a' ) --1vr 
v 1 , r e 
-------- -------
, d ')1 , ')1 (a1, 1 (a1.a 2 ·-

lo. 11 + 

(d' a')l ivd 2 
2' 2 e I , 

' --~~~·-~~~~d 1 ,d 2l .:-(a 1 ,r) 1 e iv (d e r! 
------ ----=--=---:------- --·---- ---- lt, o!. 

(a' d' ) 1 h 1 
1' 1 I V 

/3.15/ 

/3 .16/ 

0TMeTHM , 'ITO nepaoe cnara eMoe npu HHTerpupoaaHHH no w He 

.IJ;aeT BKna.IJ;a a none. 

a/ npu (d;, ct;) -~ 0 

l 
112 

')1(, ')1 d')l - d) (a'1,ct 1 _.ct 2 ,a 2 _- ( 2,r , iv(r -d 1) , elv( 2- r
1 -------------------.=::----- l (d

1
,d

2
)e ,( d

1
,d

2
) , 

( d ,1' d ~) ~- ( d 't·dz) v h 
1 

/3.17/ 

r/ npu cct;. a~) 0 

( !13 

, d, ) 1 (d , d ,) 1 , ) 1 
cal' 1 - 1, 2_(r,a2 
----------------------- eiv(r-d2) lo. 11. 

/3.18/ 
(d;,a;)yh l 

ci> .K . nones a o6nacTH z , z 1 nponopl(HOHanbHbl ablpa)l(eHHIO 

---~1.:"2 ___ e -iwz l 
, , ) 1 

(a t ,a2 -
/3 . 19/ 

A.(w) =A+ lw, j Jl (wn , w nl-1 ~~·. 
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KOTOpoe BXO.D.HT B !l>opMynbi .U.nR noneii HJny'feHHbiX BOnH, .IJ.BH)I(y

ll{HXCR C rpynnOBOH CKOpOCTbiO f3rp {3 IJocne nponeTa HCTO'fHH

KOM TO'fKH Z Zl 3neKTpOMarHHTHOe none B036Y)I(.IJ.aeTCR BO BCeX 

o6naCTRX BOnHOBO.D.HOH CHCTeMbl. HanpHMep 3 

Hz ( w) 

HJIH 

II ( v.) 
z 

vE
1 

lw. j
11 

( wk.wkl-1)! 

II 1 . 2 . :J( w) i w 7. 1 
. e 
' ) 1 (d 'i.dj 

[
:Hl l 

Ill! 

{ 113 

/3 .20/ · iw z 
e 1 

3.necb W k 11 - npO.IJ.OJibHbiH BOnHOBOH BeKTOp B CHCTeMe KOOp.D.HHaT 

HCTO'fHHKa. 

npu (:3
1
.p {-J npO.IJ.OJibHaR KOMnOHeHTa HanpR)I(eHHOCTH MarHHT

HOrO nonR pacceRHHbiX BOnH B !l>ypbe- npe.IJ.CTaaneHHH onpe.nenReTCR 

!l>opMynoH 

JJ Z (W) viA Willi ) \ I3 · lw. jl (wn. wnll ) \1 
iw z 

' :I e ·1 . [w . j (W . 
. I II 

/3.21/ 

If B o6naCTH Z Z 
1 

HMeeT BH.IJ. : 

ll
1
. (z .k) 

iwr < z z 1 ) 
~ Resl ,

1
(w w 1, )!A iw 1 •. j (w. wk li e ./3 .22/ 

I' O · ' .II II II 

3To none npe.ncTaBnReTCR ua6opoM noneii npocTpaHCTBeHHhlX rap 

MOHHK C BOnH<?BhlMH BeKTOpaMH Wp . onpe.nenReMbiMH H3 ycnOBHJl 

(a'1 .a~) o. 
npH Z Z 1 . COr naCHO /3.20/ , HanpR)I(eHHOCTb npo.nonbHOro 

MarHHTHOrO nonR Bbipa)l(aeTCR !l>opMynoH: 

H zs ( z, k) 
"" l ,;11 (W ·· wr) ~ . , ·• • . 1Wp( zz 1) 
L Res c112 (w-wp) B 8 _ [Wp,J 11 (wk,wk~1 )le 

p. 0 

c;l3 (w- wp) /3.23/ 

Cne.nyeT OTMeTHTb, 'ITO BOnHbl, B036Y)I(.IJ.aeMble KOnbU:eBbiM TOKOM 

nocne nponeTa HM paJpbiBa CHCTeMbi a TO'fKe z z 1• ue B03-

6y)I(.IJ.aiOT noaepXHOCTHbiX TOKOB H noneii B o6naCTH Z Z 
1
, 

d
8 

r a 
2

. r.ne HanpR)I(eHHOCTb npO.IJ.OJlbHOrO MarHHTHOrO nonR, 

Bbi'fHCnReMaR no !l>opMyne /3.23/, paaua uyn10. 3Ta o6nacTb ecTb 

o6nacTb "nonuoif TeHH" .nnR B036y)l(.neuuoro nonR. TaxaR JOHa 

CyUieCTByeT B CHCTeMe H npH B036Y)I(.IJ.eHHH BOJIH HenO.IJ.BH)I(HblM 

HCTO'fHHKOM, paCnOJIO)I(eHHbiM Ha OCH KOaKCHana C TeMH )l(e no

nepe'fHbiMH paJMepaMH . Kax cne.nyeT H3 !l>opMyn /3.22/ H /3.23/, 
JaBHCHMOCTb Hanp.ll)l(eHHOCTH noJieH OT 'faCTOTbl Onpe.nen.lleTC.II 

MHO)I(HTeneM 

i 
exp 1-,.,t z

1
i y (k {'lwk) - k

0
1 z

0
(k 

y(~-------------·-
y(k ± {3 w) k 0 ±i t 

y k )I 
0 

3.necb aepXHHH 3HaK OTHOCHTC.II K !l>opMyne /3.22/, HH)I(HHH - K 

/3.23/. npu nepexo.ne K apeMeHHOMY npe.ncTaaneHHIO none .no npo-

neTa HCTO'fHHKOM TO'fKH z
1 

paCC'fHTbJBaeM nyTeM JaMhlKaHH.II 

KOHTypa HHTerpupoaaHH.II B aepxueii nonynnocxocTH KOMnnexcuoro 

nepeMeuuoro k . 

K, (Z t ) 2rri ResiH 
1 

(Z k )I k v · 1(k y{:3wk) . 0 

8 3TOH o6naCTH BhlnOJIH.IIeTCR ycnOBHe 

<: t 

r.ne 

·- 1 
z 1 y 

R z 

_ r ( y{:3) 1 - R 

- 7. 1 

/3.24/ 

/3.25/ 

8xna.n B Hanp.ll)l(eHHOCTb non.11 HJny'feHH.II .naiOT BOnHbl, HCnyll{eH

Hble cryCTKOM B CTOpOHY KOHU:a Z Z 
1

. BonHhl C f3~ · p . {3 pacceuaa

IOTC.II Ha pa3pbiBe B TO'fKe z
1 

TOnbKO nocne nponeTa HCTO'fHHKOM 

3TOH TO'fKH. 8 3TOM cnyqae ycnOBHe Ha BpeMR nponeTa cryCTKa 

HMeeT BH.IJ. 

ct . - 1 
zly P(y{3) ·1 R. /3.26/ 

'ITO H onpe.nenReT BM6op KOHTypa HHTerpHpooaHH.II npu nepexo.ne 

x apeMeHHOMY npe.ncTaaneHHIO noneii HJny'feHH.II. HcnonbJY.II Teo

peMy o Bbi'feTax 5 • nonyqaeM 

l! z(z. t) ·- 2rriReiHz(z.k)!. k Y-- \ko , yf3 wk ). /3.27 I 



llpH B036y)I(,D,eHHH eHeTeMbl npOT.Il)l(eHHbiM HeTO'IHHKOM, ,D,BH)I(Yll{HM

e.ll B6nH3H TO'IKH pa3pb1Ba, non.ll paee'IHTbiBaiOTe.ll O,D,HOBpeMeHHO 

no filopMynaM /3.24/ H /3.27/ , npH'IeM npH f < z
0 

<£.fo Henonb-

3yeM filopMyny /3.24/, a npa f
0 
~ z

0
d - filopMyny /3.27/. Benaqa 

HY Y 0 onpe.nenHM H3 yenoBH.Il 

-1 ( )-1 ct .• z1y - e 0 y{3 I R . 

4. OECY)l(,l1EHHE PE3YJihTATOB 

lJHCJIEHHOTO MO,l1EJIHPOBAHHJI 

MeTO,D,OM 'IHeneHHOrO 3KenepHMeHTa Heene,D,OBaHO noBe,D,eHHe 

nnOTHOeTH H nOTOKa 3HeprHH, a TaK)I(e pa,D,HaQHOHHOH eHnbl, ,D,eH

eTBYIOII{eH Ha eryeTOK, B 3aBHeHMOeTH OT eKOpOeTH eryeTKa {3 • 
)l.n.ll npoBe,D,eHH.Il paeqeTOB Ha Ji3CM -6 Henonb30BaH naKeT npo-

'8 ' rpaMM Ha .113biKe <IIOPTPAH .. • llnOTHOeTb, nOTOK 3HeprHH H pa-

,D,HaQHOHHa.ll eHna Bbi'IHeneHbl e nOMOII{biO Bbipa)l(eHHH ,D,n.ll noneH, 

npHBe,D,eHHbiX BbiWe. 

B pae'leTax aenonh30BaHbl ene.nyiDmHe 3Ha'leHH.Il napaMeTpoB 

eHeTeMbl: k Q • ul O C- 1 = 11 CM ·- 1 ; o6paTHa.ll nonyWHpHHa eryeTKa 

a= 10- 3 ; 0,1; 1; 2; 20 CM - 1 . Pa,D,Hyebl BOnHOBO,D,OB d 1 = 2 CM; 

d2:2,4; 4; 6 CM; pa,D,Hyebi BHyTpeHHeH H BHeWHeH Tpy6 paBHbl eooT

BeTeTBeHHO a 1 = 0 H a 2 = 8 CM. Koop,D,HHaTa neaoro KOHQa nony-

6eeKoHe'IHbiX Tpy6 z 1 = 12 cM, pa.nHye KOnhQeaoro eryeTKa 

b0 = 1,1; 1,5; 1, 9 CM, pen.IITHBHeTeKHH filaKTOp y BapbHpOBane.ll 

B npe.nenax OT 1 ,D,O 10 4 • llpaBHnbHOeTb pae'leTOB KOHTpOnHpOBa

naeb e nOMOII{biO Bbi'IHeneHH.Il eoxpaH.IIIOII{HXe.ll BenH'IHH, npH 3TOM 

OTHOeHTenbHa.ll norpeWHOeTb pae'leTOB He npeBbiWana 1lfo. 
C nOMOII{biO naKeTa nporpaMM 18 / Bbi'IHeneHbl nOTOKH 3Hep-

rHH, o6yenoaneHHble KaK "onepe)l(aiOII{HMH" ( ~''P I '-' 1{31), TaK H 

"3ana3,D,b1Bal0ll{HMH" ( i{j rp i<..! {jj) npoeTpaHeTBeHHbiMH rapMOHHKaMH 

non.ll H3ny'leHH.Il / :l / . KaK noKa3anH pae'leThl, nnOTHOeTb noTOKa 

3HeprHH H3ny'leHH.Il B,D,Onb OeH Z e pOeTOM y yMeHbWaeTe.ll no 

3aKOHy y -2 . llpH 3TOM paeqeTOM npe,D,eKa3biBaeTe.ll H3MeHeHHe 

3HaKa np.IIMOrO nOTOKa 3HeprHH H3ny'leHH.Il (S z f • (3') H MOHO

TOHHOe yMeHbWeHHe BenH'IHHbl o6paTHOrO nOTOKa 3HeprHH H3ny

'leHH.Il e poeTOM y /eM. puc. 2, KpHBble 1 H 2 eOOTBeTeTBeHHO/. 

TaK KaK pa.naaQHOHHa.ll eana; .neileTBYIOma.R Ha eryeToK, onpe

.nen.ReTe.ll KaK np.IIMbiM, TaK H o6paTHbiM noTOKaMH H3nyqeHH.Il, TO 

12 

s;rH 
fO 'f."' 

\ 
\ 
I 
\t 

tit I 
I 
I 
I 
I 

I~ 
I 

,"-------I I r. 
I 7 

fOt tf/1 -{0 fO / 
I I I 
I I 

I I 
I 

-!O-ft I I 
I I 
I I 
\ .._/ 

-{0-!- -5 ;TH 
Puc. 2. 11Aomuocmb nomoKa 3Hepzuu U3Ay~eHUR, pacceRHHOU ua 
pa3pblae aoAHoaoc)oa, KaK (JyHKf4UR cKopocmu czycmKa . 1 - nAom
Hocmb nomoKa 3Hepzuu npu 1f3rp I ·, \{3 1 ; 2 - nAomuocmb nomoKa 

3Hepzuu npu 1f3qJ I < \(3 \. 

npH onpe,D,eneHHbiX yenOBH.IIX OHa MO)I(eT MeH.IITb 3HaK. llaeneHHbiH 

3KenepHMeHT no,D,TBep)I(,D,aeT HanH'IHe o6naeTeH "aBTOyeKopeHH.Il" 

eryeTKa ·71 npa onpe.neneHHhiX 3Ha'leHH.IIX y /puc . 3/. llono)l(e

HHe o6na-cTeH "aBTOyeKOpeHH.Il" eryeTKa Ha OeH y 3aBHeHT OT 

KOHf!lHrypaQHH BOnHOBO,D,HOH eHeTeMbl, a TaK)I(e OT pa3MepOB H no

nO)I(eHH.Il HeTO'IHHKa. 

Kone6aTenbHbiH xapaKTep pa.naaQHOHHOH eanbl /eM. puc. 3/ 
yKa3biBaeT Ha TO, 'ITO BMeeT MeeTO nepe,D,a'la 3HeprHH OT eryeTKa 

non10 B 06paTHO npB pa3nB'IHbiX 3Ha'leHB.IIX y, npB 3TOM eyMMap

Ha.ll 3HeprH.II eryeTKa B non.11 B3ny'leHB.II oeTaeTe.ll HeH3MeHHOH • 

13 



FP 

10 

trl 

tOJ I I I I /\¥"" I 
0 

to 3 • 
10'1 

I I I 1/ 
- fo' 

-tO 

Puc: . 3 . flpOOOAbHQJI paOUQIJUOHHQJI CUAQ, OeiicmeyiOUIQJI HQ KOAb
IJeBOU czycmoK, KaK ¢YHKIJUJI ezo cKopocmu. 

5. 3AKJI/OlJEHJfE 

llpe.D,JJO)I(eHHaJI MeTO.D,HKa peWeHHJI 3a.D,a'IH 06 H3JJy'leHHH KOJJh

ueaoro crycTxa c TOKOM, .LIBH)I(YIUerocJI B.LIOJJh ocu nony6ecxoHe'I

HO~ KOaKCHaJJbHO~ CHCTeMhl, n03BOJJJieT npOH3BeCTH paC'IeThl npH 

a 2 • "' I CHCTeMa B cao6o.D,HOM npocTpaHcTae/, a TaK)I(e Bhi-

'IHCJJHTh 3Ha'leHHJI none~, B036y)I(.D,aeMhiX .D,BH)I(YlUHMCJI HCTO'IHHKOM 

C nOCTOJIHHhiM TOKOM H JapJI.D,OM. 

llepeXO.D, OT orpaHH'IeHHO~ /no pa.D,Hycy/ CHCTeMhl K CHCTeMe 

B CB060.D,HOM npOCTpaHCTBe OCy(UeCTBJJJieTCJI C nOMOlUhiO npe.D,eJJb-

Horo nepexo.D,a a
2 

14 

(d2, a2) 
lim - -·------
a2 ono (a l'a 2) 

' o., ' 

(d2' "") 

(a 1, oJ 

lim _(d 2·:.zl:t (d 2. "-) :!: 
-· - /5.1/ 

a 2 ., ( a J' a2) ± (a 1· "') t 

ilpH HCCJJe.D,OBaHHH B036y)I(.D,eHHJI CHCTeMbl .LIBH)I(YlUHMCJI crycT

KOM C nOCTOJIHHhiM TOKOM H JapJI.D,OM He06XO.D,HMO Bhl'IHCJJHTh 

3Ha'leHHJI ¢aKTOpH30BaHHhiX JI.D,ep npH k O Q. )J;JJJI 3TOrO CJJe.D,yeT 

BOCnOJJb30BaTbCJI npe.D,eJJbHhiM nepeXO.D,OM k O • 0 B Bh!pa)l(eHHJIX 

.D,JJJI ¢aKTOpH30BaHHhiX UHJJHH.D,pH'IeCKHX ¢YHKUH~ H HX KOM6HHaUH~ . 

3ToT npe.D,eJJhHhiH rrepexoa ocymecTBJJJieTCJI c y'leTOM HeH.D,eaJJhHO~ 

llpOBO.D,HMOCTH rpaHHU BOJJHOBO.D,HO~ CHCTeMhl /rpaHH'IHbJe yCJJOBHJI 
3 

JleOHTOBH'Ia/ 

0TMeTHM , 'ITO rrpe.D,JJO)I(eHHaJI MeTO.D,HKa MO)I(eT 6hlTh HCIIOJJh-

30BaHa .D,JJJI peweHHJI 3a.D,a'IH 0 .D,H<IJpaKUHH UHJJHH.D,pH'IeCKHX BOJJH 

Ha pa3phlBaX BOJJHOBO.LIOB . B 3TOM CJJy'lae Bhlpa)l(eHHJI .D,JJJI J J H 

j II rrepeXO.D,JIT B 

[j( w - wn,k) lim ± 
z . + "" 

() 
2rr 

i ( w < w k ) Z 
e n , · o 

wn,k I w 
/5.2/ 

AaTophi Bhipa)l(aiOT 6naro.D,apHOCTh rrpo¢eccopy E.ll.)l(u.D,xoay 

H B. r. MaxaHhKOBY Ja CTHMYJJHPYIOIUHe .D,HCKYCCHH . 
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