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HpKerynoa A.W., Ypa3aKoa 3.H., Waa4Ka A.6. pg - 12613 

3neKTpOMarHI1THOe B035y)f(AeHI1e A8YX KpyrllbiX nOJly5eCKOHe4HbiX 
KOaKC11allbHbiX 80JlH080A08 HenOA811)f(HbiM pacnpeAeJleHHbiM 
MOAY1111p08aHHbiM TOKOM 

MeTOAOM 11HTerpanbHoro npeo5pa3o8aHI1H ~ypbe c 11CnOJlb308aHI1eM pe
weHI1H CI1CTeM 11HTerpaJlbHbiX ypa8HeH11H BI1Hepa-Xon~a-~oKa peweHa 3aAa4a 
0 8035y)f(AeHI111 C11MMeTpi14HbiX (p = 0) 3JleKTpOMarHI1THbiX 80JlH 8 CI1CTeMe 
KOaKc11allbHbiX nony5ecKoHe4HbiX KpyrllbiX Tpy5 co CA811HYTbiMI1 KOH~aMI1. Hc
T04HI1K 8035Y*AeHI1H - MOHOXPOMaTI14eCK11H KOJlb~e80H TOK /AI1nOJlb/ - pac
nOJlO)f(eH Ha oc11 8011H080AHOH CI1CTeMbl. PaccMOTpeHbl pa3Jli14Hble c11y4a11 no
Kal1113a~l111 11CT04HI1Ka 8036y)f(AeH11H; HaHAeHbl nOJlH, nOTOKI1 11 nllOTHOCTI1 
3Heprl111 3JleKTpOMarHI1THOrO nOJlH 8 80JlH080H 30He. noKa3aHO, 4TO np11 
onpeAeJleHHOM pacnoJlO)f(eHI111 11CT04HI1Ka A11arpaMMa Hanpa8JleHHOCTI1 11MeeT 
OCTpbiH MaKC11MYM np11 rr/ 2 $ o <rr /yrOJl cp OTC411Tbl8a"'TCH OT OCI1 CI1CTeMbl 
npOTI18 4aC080H CTpellKI1/. npo8eAeHO 411CJleHHOe MOAelll1pOBaHHe H~ 38M 
B035y)f(AeHI1H $11KCI1pOBaHHOH BOJlHOBOAHOH CI1CTeMbl MOHOXpOMaTI14eCKI1M TO-
KOM. 

Pa60Ta BblnOJlHeHa B na6opaTOpl111 Bb1411CJ111TeJlbHOH TeXH11K11 11 
aeToMaTH3a~l111 OHRH. 

npenpHHT 06bellHHeHHOrO HHCTHTYTB HnepHblX HCCnenOBBHHH, lly6HB 1979 

lrkegulov A.Sh., Urazakov E.l ., Shvachka A.B. 
pg - 12613 

The Electromagnetic Excitation of the Round Semiinfinite 
Coaxial Waveguldes by the Rest Distributed Modulated Current 

The problem of excitation of the symmetrical (p = 0) electromag
netic waves in the system of semi infinite coaxial round tubes with 
the displacement of the ends was solved by the method of Fourier trans 
for~, which was applied to the system of integral equations of Wi e ner
Hopf-Fock type . The source of the excitation is a ring with monochro
matic current (the magnetic dipole), which was placed on the axis of 
the waveguide system. The problem was solved for different locations 
of source. The values of field, flux and energy density of the electrc 
magnetic field in the wave zone are calculated. It is shown, that the 
diagram of the directiyity of the radiation flux has one maximum for 

angles ,/ 2 ~¢ <- rr (the angle q, is accounted in opposite clockwise from 
the axis of waveguide system) . The excitation of the fixed waveguide 
system by the monochromatic current is simulated via compute r. 

The inves tigation has been performed at the Laboratory of 
Computing Techniques and Automation, JINR. 

• 
Preprint of the Joint Institute for Nuclear Research . Dubna 1979 
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1. BBE,QEHHE 

np~ peWeH~~ npaKT~4eCK~X BOnpOCOB, CB~3aHH~X C HOB~M~ Me-
/ 1/ 

TOAaM~ ycKopeH~~ ~ ~cnonbaosaH~eM np~6opos CB4-paA~o¢~-

3~K~, HeOfiXOA~MO ~MeTb pa3pafiOTaHHY~ MeTOA~KY pac4eTa xa
paKTep~CT~K ~3ny4eH~~ ~ noneH 3neKTpOMarH~TH~X BOnH, B03-
6ymAaeM~X ~CT04H~KaM~ s cnomH~x sonHOBOAH~X c~cTeMax. Boa
H~Ka~lll~e non~ MoryT 6biT b ~cnon b3osaHbl An~ ¢oKyc~posK~, cTa-
6~n~aa~~~ ~ ycKopeH~~ crycTKOB 4acT~~ /2,3 1 . KpoMe Taro, son
HOBOAHa~ C~CTeMa, B036ymAaeMa~ MOHOXpOMaT~4eCK~M TOKOM, MO
meT cnym~Tb nepeAa~lJleH aHTeHHOH, ~Me~lJleH Y3Ky~ A~arpaMMY 
HanpasneHHOCT~; TaK~e ycTpOHCTBa MOryT fi~Tb ~CnOnb30BaH~ B 
TeXH~Ke paA~OCB~3~ Ha csepxs~COK~X 4aCTOTaX. 

MeTOA peweH~~ 3aAa4, cs~3aHH~x c soa6ymAeH~eM sonHOBOA
H~x C~CT eM MOHOXPOMaT~4eC K~M ~CT04H~KOM , Bneps~e 6~n npeAno
me H s pa6oTax A.H.T~xoHosa ~ A.A.CaMapcKoro /4 / ~ paas~T 
n.A . BaHHWTeHHOM ~! . B HaCTO~lJleH pa6oTe c nOMOlJlb~ MeTOAa ¢aK
TOP~3 a ~~~ B~nOnHeH paC4e T 3neKTpOMarH~THOrO B036ymAeH~~ Bon
HOBOAHO H C~CT eM~ B OTKP~TOM npocTpaHCTBe KOnb~ eB~M ~CT04H~
KOM ne pe MeHHOrO TOKa KOH e 4H~X pa3MepOB /CM.p~c.1/. C nOMOlJlb~ 
MeTOAa 4~cneHHoro MOAen~posaH~~ Ha 3BM ~ccneAOBaHa yrnosa~ 
3aB~C~MOCTb noneH, nnOTHOCT~ ~ nOTOKa 3Hepr~~ B BOnHOBOH 30-
He OT nonomeH~~ ~CT04H~Ka non~ B BOnHOBOAHOH C~CTeMe . 

2. nOCTAHOBKA 3A,QA4H 

HcT04H~K non~ /Konb~esoR TOK c 4aCTOToR w0 kc / pacnono
meH Ha OC~ Z KOaKC~anbHOH C~CTeM~, COCTO~lJleH ~3 ABYX Kpyrn~x 
Tpy6 CO CAB~HYTbiM~ KOH~aM~ /cM.p~c. 1/. Oc~ KOnb~esoro ~CT04-
H~Ka TOKa ~ Tpy6 cosnaAa~T. 

nnoTHOCTb TOKa ~CT04H~Ka B ~~n~HAP~4eCKOH C~CTeMe KOOPA~
HaT ~MeeT B~A: 

(r, cp .z,t) ~ _bi!Lo (b --b ) - E- - e- al{ z- zo)2 
0 0 --yTT 

-iw t . e o /2.1/ 
icp 
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-- -1 
rAe b 0 -paAHYC KOnb4eBOrO i-!CT04HI-!Ka TOKa; u v ln 2 .f 
f - AnHHa KOnb4a no Z ; z0 , Z 1 1-1 Z 2 - KOOPAHHaTbl HCT04HHKa 

H KOH40B BHyTpeHHe~ H BHeWHe~ Tpy6 COOTBeTCTBeHHO /pHC. 1/. 
$ypbe-KOMnOHeHTa /$K/ nnOTHOCTH TOKa HCT04HHKa paBHa 

1 Io · iwzo - w24a2 
J. (b, w, k) · --- - -·- --- ---- o(b - b )o(k k )e e /2.21 
¢ ... ./~-- c bo o o 

3AeC b k
0 

W c "
1 

- BOn HOBO~ BeKTOp BOnHbl, H3ny4aeMO~ HCT04-

HHKOM; W!:! npOAOnbHbl~ BOnHOBO~ BeKTOp (w 2 k 2 - V 2 ): C -

CKOpOCTb CBeTa. 

~~ d~-~~ -- --l 

a 6 B 

z2 z 1 

bo < dt < d2 

PHc. 1. KoH$H rypa4H~ sonHOBOAHO~ CHCTeMbl. 

HccneAOBaHHe B035YlKAeHH~ CHMMeTpH4H~X BOnH ( p 0) HenOABHlK

H~M OrpaHH4eHH~M HCT04HHKOM B yKa3aHHO~ BOnHOBOAHO~ CHCTeMe 

CBOAHTC~ K peweHH~ MaTpi-14HO~ CHCTeMbl ypasHeHH~ THna 8HHepa

Xon$a-$oKa /BX4>/ .'6 / : 

r ctweiw z(L 'F. f r;) o. npH z z /2.3/ 

4 

•. 

00 iwz ,... "* -+ 
{ dwe (L F 1 f) 0 npH z < z < z 2 1 

/2.4/ 

00 i wz ,., - ~ _. J dwe (L"F 1 f") =O np~-1 z < z 2 
/2.5/ 

3Aec-:'* 

L l :21 f·,J . f." = 1. 

f.' ['" ''j{"· ,:,l (~\· . ); 
(O,d\)(d2,•l] 

L ~ 

m e21 e 22 (0. d1) ( d 2 ' oo); (0, d 2)(d2, oo) 

/2.6/ 

( x',y') , J~ (vx)H~t)'(vy) - J~(vy)H~1(~x), (O,x') -~ J~ (vx), (y',"") H(01l'(vy). 

MaTPH4bl L ', L H L" YAOBneTsop~~T cneAY~~HM Tpe6osaHH~M: 

L' L'L- 1 - D'+f.:J', f . " - L"L-
1 ~ D" 1 N", 

~ 

N" 

r ctet L111 o J 0, r1 o . 
1
J 

l 0 1 ' ~ p 22 

[ 
o r 12 · f2~J _ N, r o 1 o] 
o o L. P 2 1 r 22 o 

-D' 

MaTPH4bl N' H N, ~Bn~_I~)TC~ r_peyronbHbiMH /HHnbnOTeHTHbiMH/ H . 

sxoA~T B cocTaB ~Aep · L' H L". B ypasHeHH~x /2.3 - 2. 5/ F -
4JK TOKa, HHAY4HPOBaHHOrO Ha nosepXHOCT~X Tpy6; f ', f " H f -
aMnnl-lTYAbl none~ BOnH HCT04HHKOB, pacnonOlKeHHbiX npH 

6 (" -" ) (" ") z z 
2

( "a"), B o nacTH z 
2 

< z < z
1 

o H npH z · z 1 11 co-

OTBeTCTBeHHO. 

' 0603Ha4eHH~ An~ KOM6HHa4H~ 4HnHHAPH4eCKHX 4JYHK4H~ co

OTBeTCTBY~T HCnOnb3yeMbiM B / 6,8~ 
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3.PEWEHHE 3AAA4H 
~ 

AnH HaXOmAeHHH F He06XOAHMO $aKTOpH30BaTb HApa HHT e rpanb
HbiX ypaeHeHH~ /2.3 - 2 . 5/ no Me}OAi' B~Hepa-Xon$a-$~Ka, p~a3-
nomHe HX Ha ABa MHOmHTenH BHAa L = L t L _ , npH 3TOM L 1 1.1 L ~ 1 

He HMe~T oeo6eHHOeTe~ B HHmHe~ nonynnoeKOeTH W H npH W •N 

B 3TO~ nonynnoeKOeTH HMe~T He 6onee 4eM eTeneHHO~ poeT. RA
pa L_ 1.1 L: 1 He HMe~T oeo6eHHOeTe~ s sepxHe~ nonynnoeKoeTH 
W H HMe~T He 6onee 4eM eTeneHHO~ poeT B 3TO~ nonynnoeKOeTH. 
Y4HT~BaH, 4TO non~ea $aKTOPH30BaHH~x HAeP L ± 1.1 L ·±1 eooTseT
eTsy~T nap41.1anbHbiM BOnHaM, nonH KOTOpbiX YAOBneTBOPH~T pa3-
nH4H~M rpaHH4H~M yenOBHHM ~. ?!, eBeAeM eHeTeMy ypaBHeHH ~ 
/2.3 - 2.5/ K eHeTeMe eHHrynHpH~X HHTerpanbH~X ypaBHeHH~ 
OTHOeHTenbHO TOKa, HaBe AeHHOrO Ha eTeHKaX BOnHOBOAHO~ eHe
TeMbl .'8 /: 

... 
.p 1 . o;-1ti <1\ cn..: ·1N' ./

1
l , 

iw( z 1-- z2 J D~' D~ ,- 1N').t. ] ; p 1 1 , 
[e ( I f- - 'f' 2 I 

/3 .1 / 

.p2 D_~ ' - 1 ! ~ ( 2 ) I (D',' .. 1N";2). 

-iw( z c z2 ) (~D" 0~ , - - 1 N " ) . ;: ] 
1 

p I, le _ f- + '~-' 1 -- 2 

f .., ·- iwz 1 .., - iw z2 
¢ 1 e f- ¢2 e • rjJ 1. 2 

~ ·+ 

L¢ 1, 2 

npH yenOBHH j(z 
1 

·- Z 2 )~W j » 1. KOrAa AH$paK~HOHHble o6naeTH 
KOH~OB Tpy6 He BnHH~T APYr Ha APYra, AnH peweHHH eHeTeMbl 
ypaeHeHH~ /3.1/ npHMeHHM MeTOA HTepa411~ . B ypasHeHHHX /3.1/ 
senH4HHbt A < 1) 1.1 A <2> HMe~T BHA: 

_AOJ · (D' - 1f'eiwz 1) 
. t 

A (2) - (D" t eiw z2 ) 
. Jl I 

6 

I (D, f e iw z 1 
I II 

(D" ·- 1 (, iwz 2 
-- e ) 

npH4eM 

D ~ DD = D ·D + - - + 
$aKTOpH30BaHH~e $yHK~HH MOryT 6~Tb 3anHeaH~ B BHAe 

00 

1 
<I> (w) + ·= ± ---.- f 

- 2rrl -oo 
-~(~~ )d!"_' __ . 
w' - w + i f 

B nepsoM npH6nHmeHHH MeTOAa HTepa411~ nony4aeM: 

rAe 

,;:'( 1) =-D' - 1 !A(1) - (I5'- 1N'D' - 1A(1)) I 
'f' 1 + •• + + , 

j;< 1) 
2 

o"- 1 t.A<2> -- cn;- 1 N"o ~·- 1 .A <2>)_ 1. 
/3.2/ 

' (1 ) -- _1!.__1 o(k-ko) r 
A -· 2 0 -oo c 

i w '( z1-zo) 
d~~~-------- (0, b~) 

w'-w -- i f 
[ 

r22 'J (------) ·(d',oo ) 
det L · · 1 

(d 2· "") 
/ 3 .3 / 

iw ' (z ·-z ' 
.., ( 2) " oo dw 'e 2 0' , - 1 
A - - --- I o (k - k d { ---------------( d , oo ) ( P ) _ 

c2 0 -oo w' -- w + i f 2 2 2 

1 
.( 0 l-f3.4/ 

... ( 1) ·+( 1) -->( 1) 
BeKTOP nosepxHOeTHOro TOKa F s~pamaeTeH 4epe3 rjJ 1 1.1 .P 2 

·•( 1) ~ - 1 -->( 1) -- i wz 1 .., ( 1) - i wz2 F L ( rjf 1 e 1 .p 2 e ) /3.5/ 

I detL ,f 0 Ha Bel!leeTBeHHO~ oeH/. 
noene npeo6pa3osaHH~ s~pameHHe /3.5/ npHHHMaeT BHA: 

( -~~~- ) R (1)e ·-i wz 1 

detL + 11 

... ( 1) 
F = ( 1 ) 

P2 1 f 22 (1 ) -1 ( 1) R 22 - iw z2 
H- ----(-- -) t R 11 + e22 R12] t . .. I e 

f 2 2 detL P 22 

/3.6/ 

B 3TO~ •opMyne s~pameHHH 
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r22 
<------) - ( 

detL 1 

(O.d 2) 
--- - --) 

(0, d l) (d l , d 2 ) I 

( r 22 ) , -- [(o.ct;)cct ; ,ov)J _ 13. 71 

npeAcTasn~~T co6oA $aKTOP~3osaHH~e no MeTOAY BX$ $yHK~~~-

X 

Ii <1> 
1 

R ( 1) 
11 
< 1> I 

R 12 

. _ -~- I o (k - k 
0

) I { 
c 2 0 . 

i w ' (Z -- z ) 
ctw'e 1 o co. b0 > 

w ' -- w . i ( 

r22 
( -d~ti:- ) I . (d ~ ,oo) 1 e 

"" dw'(O ,d~)(d:t2L_)_ iw 
0

(Z · z ) 
"' dw"e 

1 0 

(d~, oo) 

" (O,I}o)Cct;, "") ( 1 )1, 
0 

r ----------- --------
4"2_"" (w' -w-- i ,) (0. d ~) 

r---------- - --- ---
-· 0.:0 w, w ·· .. if 

/3.8/ 

fi <1> 
2 

R ( 1) 
2 1 

R (1) 
22 

iw'(z --z ) 

~- f _d~~~~ -----2-~-~ - -- (O.b~)(ct;,oo)(r22) · 
2rri - oo W -- W -- 1 ( 

0 
. ( 1 ). 

/3.9/ 

HHTerpan~, BXOA~~~e B /3.8/ ~ /3.9/, B~4~Cn~eM C nOMO~b~ 
Teop~~ B~4eTOBnO/ , , T.e. ~HTerp~pOBaH~eM no KOHTypy, COAep
ma~eMy BHYTP~ ce6~ oco6~e T04K~. 

3an~weM /3.8/, /3.9/ s B~Ae 

fiO> - i'< 1>(w) • 
1 I 

1 co.ct;_) P22 
( o) I ------- (--- - -) 

(0, d 2) detL 

(1 ,2) 
·I I (W) I , 

R ( 1) ( 0 ) . I (2) (W) . 
2 1 I 

~.i}_::_:: . IooCk - ko). 
Cv 2rr 

8 

2rr~ I 0 o(k k0 ) 

c \2rr 

IIJ 

( 1) 
rAe I 

1 
(w) COOTBeTCTByeT nepsOMY ~HTerpany $OPMYnbl /3.8/, 

B~pameH~e B $~rypH~X CK06KaX eCTb BTOpoij 4neH; I ~) COOT
BeTCTByeT /3.9/. HHTerpan I(~) B~4~Cn~M, 3aM~Ka~ KOHTyp ~H
Terp~posaH~~ s sepxHeA nonynnocKocT~ KOMnneKcHoro nepeMeH
Horo w. OH paseH cyMMe ABYX ~HTerpanos BAOnb n~H~~ pa3pe-
3a $YHK~~~ XaHKen~ cct;' oo): nepBbtA ~HTerpan npeACTasn~eT co-
6oA ~HTerpan T~na Kow~ s npeAenax OT 0 AO k, sTopoA B~4~cn~
eTc~ no 116eperaM11 n~H~~ pa3pe3a BAOnb oc~ Im w • Y4~Tbtsa~, 
4TO 

I <,1. 2> I ( 1. 2> (I (1.2) - I \_1.2)), 

rAe 

I ( 1. 2) 
i W{ Z • Z ) 2 ! 2 

e 1 0 ·(O.b~)(d~ ,oo)e- w ' 4a 

' ( 1 ) BTOpoA 4neH B R 1 np~paBH~BaeM CYMMe B~4eTOB B non~cax $yHK-
~~~ (0, d 2) ~ ~HTerpany no 6eperaM n~H~~ pa3pe3a $YHK~~~ 
(d'1, oo), HHTerpan I (~) Bbi4~Cn~eTC~ aHanor~4HO ~ paseH CYMMe 
~HTerpana no 116eperaM11 n~H~~ pa3pe3a $YHK~~~ XaHKenH 
(d;, oo) ~- Bbt4eTa B T04Ke w' o W, CneAyeT OTMeT~Tb, 4TO np~ 

Bbt4~cneH~~ ~HTerpanos, BXOAfl~~x s BbtpameH~fl R 1 ~ R2 . noAbtH
TerpanbH~e $YHK~~~ ~Me~T non~c~, nema~~e Ha n~H~flx pa3pe3a 
(d;, oo), np~ Bbi4~CneH~~ ~HTerpanOB BHa4ane paCC4~TbtBan~Cb 
Bbt4eTbl B non~cax, 3aTeM KOHTYP ~HTerp~posaH~fl, npOBeAeHHbtA 
no 116eperaM11 n~H~A pa3pe3a $yHK~~~ (d2 'oo), Ae$OpM~posancfl 
TaK~M o6pa30M, 4T06~ B~Aen~Tb nonyOKpymHOCT~ BOKpyr non~COB 
nOAbtHTerpanbHOA $yHK~~~ Ha o6o~x 1'6eperax" n~H~A pa3pe3a. 
nocneAH~A ~HTerpan eCTb ~HTerpan T~na Kow~ OTHOC~TenbHO 
ynOMflHYTbiX non~COB. 

B~4~cn~s nnoTHOCTb nosepxHOCTHoro TOKa, HaAAeM nonH, so3-
6ymAaeMbte ~CT04H~KOM B BOnHOBOA 30He; An~ 3TOrO BOCnOnb3yeM
Cfl ac~MnToT~4eCK~M npeACTasneH~eM $YHK~~A XaHKenH s o6nacT~ 
vr ·' 1. B BbtpameH~~x An~ noneA nOAbtHTerpanbHbte $yHK~~~ He 
~Me~T non~COB, n03TOMY KOHTYP ~HTerp~posaH~fl MOmHO Ae$opM~
posaTb npo~3BOnbHO, He nepeceKafl n~H~~ pa3pe3a. BBOAH, KaK 
o6bt4HO, c$ep~4eCK~e KOOPA~HaTbl R. e no $OpMynaM z R . coso, 
r R -~ne, ~HTerpan np~ 6onbw~x 3Ha4eH~~x R s~4~cnHeM Me
TOAOM nepesana / 10 .' , Bbt6pas s Ka4ecTse T04K~ nepesana T04KY 
(vn k-sinOn' wn - k·cosen >_; B pe3ynbTaTe nony4aeM BbtpameH~~ 
Anfl Hanp~meHHOCT~ nonfl E(z) B BOnHOBOA 30He o6naCT~ 11a 11 OT 
~CT04H~Ka, noKan~3osaHHoro nocneAOBaTenbHO so scex Tpex o6-
naCTflX BOnHOBOAHOA C~CTeM~. 

B Ka4eCTBe np~Mepa np~BeAeM s~pameH~e Anfl KOMnOHeHT~ HanpH
meHHOCT~ nonfl E ¢ (R, e), B036ymAaeMoro KOnb~eBbiM pacnpeAeneH
HbiM TOKOM, pacnonomeHH~M s o6nacT~ ' 1s'': 
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i(kR- 11/2) -i k cosOz2 
E,~. (R, O) . ..;-?.. -~------------ (0, d '1 (k cosO)) e 

"~' 71 R 
X 

/3.10/ 

X L 
- iwi(z2-zo) (O,b') .vi ·(O,d't)+ 

e -------------~--------------
i ~ 0 (wi -1 k cose).d1· (o,d;)r'i 

/CyMMHpOBaHHe BeAeTCR no C06CTBeHHbiM BOnHaM Tpy6bl paAHyca 
d 

1 
/. Ko3$$1-11..1HeHTbl TpaHC$OpMal..ll-11-1 1-1 OTpa>KeHHR BOnHOBOAHbiX 

BOnH, a TaK>Ke nnOTHOCTb 11 3aTeKaiO~HX11 TOKOB /5/ Bbi41-1CnHM ny
TeM nepeXOAa K Z- npeACTaeneHI-110 B Bblpa>KeHI-11-1 AnR • <!>K · nnoT
HOCTI-1 HaBeAeHHOrO Ha noeepXHOCTRX Tpy6 TOKa. BonHbl TOKa f\z), 
pacnpOCTpaHRIOl!ll-1eCR B o6naCTI-1 11

8
11 /HCT04HI-1K HaXOAHTC.fl B TO~ 

>Ke o6nacTH/, HMeiOT BHA: 
0 

F(z)-l i 
~ -· o 

w~ 
-iw. (z-z 1) -iwk(zczJ- ~2 

e 1 (O,d'1L(O,d2)
1
vi oo e e (O,dl)+(d:l,d2)+.\-_______________________ L -----------------------~-----

d ·(O,d') .w ·(d',d') k ~ o (w -w )(O,d') .d .w (O,d') 
2 21 i 1 2+ k i 111 k 2+ 

B npeAene z 1 ·•oo 1-1n1-1 z 2 .. - "" 
. / 5 / 

/ 3.11 / 

<!>OpMynbl /3.10/ 1-1 /3.11/ 

COOTBeTCTBYIOT pe3ynbTaTaM pa60Tbl 0cTanbHble KOMnOHeHTbl 
BeKTOpa Hanp.R>KeHHOCTI-1 nOnR Bbi41-1Cn.RIOTCR aHanOri-14HO. 

4.06CY~AEHHE PE3YfibTATOB 4HCfiEHH~X 3KCnEPHMEHTOB 

AnR HccneAOBaHHR noeeAeHHR none~, nnoTHOCTH 1-1 noToKos 
3Heprl-11-1 B BOnHOBO~ 30He npoBeAeHbl 41-1CneHHble paC4eTbl Ha 
63CM-6 c noMOl!lbiO cnei..IHanbHoro naKeTa nporpaMM n11, HanHcaH
HbiX Ha R3b1Ke <!>OPTPAH. naKeT nporpaMM n03BOnReT HCCneAOBaTb 
3aBHCI-1MOCTb none~ H3ny4eHH.R, nnOTHOCTI-1 1-1 nOTOKOB 3HeprHH B 
BOnHOBOR 30He OT nono>KeHH.fl crycTK~ B BOnHOBOAe. 0TAenbHble 
nporpaMMbl naKeTa noeAHa3Ha4eHbl AnR Bbi4HCneHHR 3Ha4eHH~ <t>aK
TOPH30BaHHbiX no MeTOAY BX<I> 1..1HnHHAPH4eCKHX <I>YHKI..II-1~ 1-1 1-1x KOM-
6HHai..IH~, BXOARIIIHX B Bblpa>KeHH.fl AnR none~. Heo6XOAHMOCTb TaKa
ra pac4eTa o6ycnoeneHa TeM, 4TO apryMeHTbl 1..1HnHHAPH4eCKHX 
<I>YHKI..II-1~ H3MeHRIOTCR C nepeMeHHbiM MaCWTa60M, TaK KaK npeACTae
nRIOT co6o~ npOH3BeAeHHR KOpHe~ 1..1HnHHAPH4eCKHX <I>YHKI..II-1~ Hnl-1 HX 
npOH3BOAHbiX Ha He3aBHCHMYIO nepeMeHHyiO. AJlR Bbi4HCneHHR HHTe
rpanOB Kow~-1 /HHTerpanoe e CMblcne rnaeHoro 3Ha4eHH.R/, exoA.R
liiHX e Bblpa>KeHH.R AnR none~, Hcnonb30eaHa nporpaMMa CAUCHY. 
BXOARlllaR B COCTaB 6H6nHOTeKH CTaHAaPTHbiX nporpaMM 63CM-6. 
Pac4eT HHTerpanbHbiX xapaKTepHCTHK CHCTeMbl /nOTOK 3HeprHH, 
paAHai..IHOHHaR CHna, Ae~CTBYIOlllaR Ha cryCTOK/ OCYl!leCTBnReTCR 
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nyTeM Bbi4HCneHHR HHTerpanoB OT KOM6HHai..IH~ 1..1HnHHAPH4eCKI-1X 
<I>YHKI..IHR no MeTOAY CHMncoHa 19/, KOHTponb T04HOCTH pac4eTOB 
npOH3BOAHnCR nyTeM Bbi4HCneHH.fl COXpaH.RIOl!IHXCR eenH41-1H, npl-1 
3TOM OTHOCHTenbHaR norpeWHOCTb paC4eTOB He npeBbiWana 1%. 

B pac4eTax Hcnonb30BaHbl cneAYIOl!IHe 3Ha4eHHR napaMeTpoe 
rHcTeMbl crycToK-eonHOBOA: ko=woc - 1 • llrM - 1 ; o6paTHaR nony
WHPHHa cryCTKa a ::D <:M- 1 · PaCCTORHHe Me>KAY KOHI..IaMH BOnHo
BOAOB /CM.pHc.1/ /H ZCZ2 eapbHpoeanOCb B npeAenax OT 10 
AO 40 CM, npl-1 3TOM Z 2 12 CM. PaAHYCbl BOnHOBOAOB d 1 - 2 CM, 
d 2 =2,4;4;6 CM.PaAHYC KOnb4eBoro cryCTKa b 0 =0,01; 1 1-1 
1,9 CM. nono>KeHHe cryCTKa 3aAaeTCR KOOPAHHaTO~ Zo, npH4eM 
eenH4HHa zo nocneAoeaTenbHO Bb16Hpanacb pasHa~ 2 eM /o6nacTb 
"a"/, 20 eM /o6nacTb "6"/, a TaK>Ke 35 1-1 100 CM /o6nacTb "e"/. 
PaccTORHHe AO T04KH Ha6niOAeHHR e eonHoeo~ 30He R=50 CM.Be
nH4HHa yrna 0 , OTC41-1TbiBaeMOrO OT OCI-1 BOnHOBOAHO~ CHCTeMbl, 
I-13MeHRnac b B npeAenax OT 11/2 AO 11 • 

Ha pHc.2-4 npHBeAeHbl KPHBble, HnniOCTPHPYIOIIIHe 3aBHCHMOCTb 
OT yrna 0 Hanp.R>KeHHOCTI-1 nonR,nnOTHOCTI-1 1-1 nOTOKa 3HeprHI-1,H3-
ny4aeMO~ CI-1CTeMO~ B BOnHOBYIO 30Hy. BHAHO, 4TO aMnnHTYAa no
nR 1-1 nOTOK 3HeprHH HMeiOT pe3KO Bblpa>KeHHbl~ MaKCHMYM npH 
-~-< 0 -.:: 11. nono>KeHHe MaKCHMyMa onpeAen.ReTCR nOKanH3ai..ll~e~ 
HCT04HHKa B CHCTeMe, a TaK>Ke nonepe4HbiMH pa3MepaMH BOnHOBQ
AOB. 

P1-1c.2. Yrnoeoe 
pacnpeAeneHHe MO
AYnR Hanp.R>KeHHO
CTI-1 3neKTPH4ecKOrO 
non.R B BOnHOBO~ 
30He, eo36Y>KAaeMo
ro HCT04HHKOM,pac
nonO>KeHHbiM e o6-
nacT~-< "a" /E 0 -aM
nnHTYAa nonR; z1 " 

= 3 3 CM j z2 = 12 CM j 
b0 = 0,01 eM; 
Z O a = 2 CM j d 1 = 

2 CM j 1 - d2 = 2, 4 CM j 
2 - d 2 = 4 CMj 
3 - d2 = 6 CM. 

~~ 
1,0 

qg 
0,8 

0,7 

0,6 

0,4 

0,3 

0,2 

O,f 

3 

2 

~~~~~~~~~-------e 

'Jf-j 2 
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1,01 ~~.o~ 
0,9 

f,3 

0,8 

0.7 

0,6 

0,5 

0,4 

0,3 

0,2 

O,f 

0 r-:-:;:-. . . . . ; \ ... e 
JT Jlf2 

-P~e.3. Yrnoeoe paenpeAeneH~e MOAYn~ Hanp~meHHOeT~ 3neKTp~
~ro non~ e eonHOBOH 30He, eoa6ymAaeMoro ~eT04H~KOM, pae-
nonomeHHbiM e o6naeT~ "6" I z o6 = 20 eMI. 

I ial 
0,2 

.j J 2 

0,1 

J[ 1L/2 
e 

P~e.4.Yrnoeoe paenpeAeneH~e MOAYn~ Hanp~meHHOeT~ 3neKTP~4ee

~non~ e eonHoeo~ aoHe, eoa6ymAaeMoro ~eT04H~KOM, paenono
meHHbiM e o6naeT~ "e" I z 08 = 35 eMI. 
12 

B Ta6n~4e np~8eAeHa aa8~e~MoeTb noTOKa IS z I ~ nnoTHOeT~ 

3Hepr~~ 3neKTpOMarH~THoro non~ I W I OT OTHoweH~~ nonepe4HbiX 
ee4eH~H 80nH080A08 a2 / a 1 , 8bl4~eneHHbiX 8 80nH080H 30He np~ 
0 Om ax ( 0 max - yron, np~ KOTOpOM Sz ~ W AOeT~raiOT MaK-
e~MyMal. B pae4eTax ~enonb308aHbl eneAYIOtU~e 3Ha4eH~~ napaMeT
poe: bo = 1 eM; Z1 = 33 eM; Z1 = 12 eM; Zoa = 2 eM, 
Zoo = 20 eM, ZOB = 35 eM; a = 20 eM ' 1 · 

Ta6n~4a 

Qf)na<Tb "a" 06naeTb "6" 06naeTb 11 811 

I .. --- r--·-··- ·-·-·- ·- ·-·-
a2' 0 1 sz w sz w s z w 

1 ,2 4 . 10- 6 7 . 10- 3 2 . 104 
10 5 3 . 10- 3 

5 .. 10 - 2 

2 4 . 10·- 6 7 . 10- 3 2 10 2 103 3 . 10- 3 5 . 10 - 2 

3 4 . 1 d-6 7.5·10- 3 10 5 10 6 3 . 10 . 3 4,5·10- 2 

e 11 11 11/ 2 1112 317/ 5 377/ 5 
max 

KaK 8~AHO ~3 Ta6n~4bl, nnoTHOeTb ~ noTOK 3Hepr~~ ~any4e
H~~ B 80nH080H 30He ~MeiOT HeMOHOTOHHbiH xapaKTep np~ ~3MeHe
H~~ OTHOWeH~~ a

2
1 a 1 8 eny4ae, KUrAa ~eT04H~K paenonomeH B 

o6naeT~ "6". 11eeneAOBaHa TaKme aa8~e~MoeTb S2 ~ W OT OTHo
weH~~ 1'1z K An~ He eonHbl ~any4aTen~. Pae4eT noKaaan, 4TO ee
n~4~Hbl ~z ~ W npaKT~4eeK~ He ~3MeH~IOTe~ np~ eapb~poeaH~~ 
3TOrO OTHOWeH~~ B npeAenax OT 10 AO 200, een~ ~eT04H~K paeno
flO~<eH 8 o6naeT~x "a" ~n~ "a". 

5. 3AKni04EHI1E 

C noMO[UbiO MeTOAa BX$ peweHa Kpaeea~ 3aAa4a 3neKTPOA~Ha
M~K~ 0 B036ymAeH~~ BOnHOBOAHOH e~eTeMbl orpaH~4eHHbiM MOHOXpo
MaT~4eeK~M ~eT04H~KOM e a3~MyTanbHbiM TOKOM. 11eeneAOBaHO B03-

• 6ymAeH~e e~MMeTp~4HbiX MarH~THbiX BOnH B e~eTeMe. 
MeTOAOM 4~eneHHoro MOAen~poeaH~~ Ha 3BM ~eeneAOBaHa yrno-

8a~ 3aB~e~MOeTb noneH, 8036ymAaeMbiX KOnb4e8biM TOKOM 8 BOnHo-
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BOAHO~ CMCTeMe. noKa3aHO, 4TO Hanp~meHHOCTb non~ MMeeT OCT
pyiO AMarpaMMy HanpasneHHOCTM npM rr/ 2 .$ 8 < 11· nonomeHMe MaK
CMMyMa 3aBMCMT OT nonomeHH~ MCT04HMKa M nonepe4H~X pa3MepOB 
BOnHOBOAOB. 

0TMeTMM, 4TO npeAnOmeHH~~ MeTOA peweHM~ 3aAa4M 0 B036ym
AeHHM BOnHOBOAHO~ CHCTeMbl HCT04HHKOM MOmeT 6b1Tb npHMeHeH 
npH MCCneAOBaHMM B036ymAeHM~ OTKpbiTbiX M 3aKpb1TbiX BOnHOBOA
H~X CHCTeM M peweHMM 3aAa4 0 AM$paK~MM 3neKTpOMarHMTH~X M 
aKyCTH4eCKMX BOnH Ha pa3pbiBaX CMCTeMbl. 

AsTop~ s~pamaiOT 6naroAapHOCTb npo$.E.n.mMAKosy M B.r.Ha
xaHbKosy 3a CTMMynMpyiO~Me AMCKyCCHM. 
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