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B npeACTaeneHHOH pa60re npoeeAeH aHan~3 Bn~RH~R napaMeTpOB 
HH*e KT~pyeMoro nY4 Ka H Ma rH Io1 THoro nonR Ha K03¢¢H~~eHT 3a XBa Ta 
4 a C1H4 AnR CH e r e M H H*eK~HH c 6~CTPOH3MeHR~HMCR MarHHTH~M no neM . 
TaKHe CHCTeM~ HH~eK~HH Hcnonb3Y~TCR B aAr e3ar o pe KOnneKTHBHOro 

l lI 
YCKOPHT eIlR B HIo1 X '-Iacn"Ltbi Io1H)t(eKTl.1pyIOTC .A B MRrKoctloKYC Hpy~ee 
MarHHTHoe nOne aAre3aTopa 4epea HH)t(e KLtHQHHOe conno, OTBOA nY4 Ka 
OT KOTopo r o oc~eCTBn.AeTCR B pe3ynbTare 6~cTpo r o H3MeHeHHR 
8enH 4HH~ Ma rHHT Ho r o n onR, 410 npHBOAHT K 05pa30BaHH~ KOflbUa c 
paAli1ycoM , MeHbW J.1M pa,QHyca HHH<eKUIo1M ny4Ka 11, 2/ . 3axea T 4aC1114 

B KOl1b LlO B HTore o npe A e m'teTCR ycnOB&.1RMI-1 o6xOAa 11tt lKeK4HOHHor o 

conna 4acT HUaMH Ha ne peOM, eTopOM H nOCl1eAY~Hx o60pOTa x . 
nocne Bbll1era 1013 HH*eK~HOHHor o c o nn a 4aCTH~~ B Ma r HHTHOM none 

aAre3aTopa coeepwaOT 6eTaTpOHH~e Kone6aHHR OKo n o paBHoeecHo~ 

Op6HT~ c paAHycoM R s , B CBO~ o4epeAb, senH4 HHa R s YMeH bwaercR 
e npOllecce Da6oT~ HH*e KlIHoHHoi'l CHCTeM~ npH y B emi4e H~H MarHH1'HO
ro nOnR 101 a npe Ae llA e r CH 113 H3BeCTHbiX ypaBHeHHi1 13,4 / . H3MeHeHHe 
Rs BO speMeHH n pHsoAHT K H3MeHeHH~ aMnllHTYA~ H 4aCTO T~ 6eTa
TPOHH~X Korie6aHH~ , n OClleAHHe MorYT 6~ T b onpeAelleH~ C nOM~bO 
H 3seCTH~X aAHa5aTH4eCKHx HHsapHaHToe / S/ , nYCTb B MOMe HT epeMe HH 
ti Al1A ,Io1 H)I(eKTHPyeMbI :< , 4aCT HL.\ paBH o eecHbli1 paAJ.1Yc eCT b R~~. a CKO
poe Tb R ,(t l ) e CTb Rm " 6YAeM npeAno naraTb, 4TO npH BbllleTe "'36' • l 
HH~eKlIHOHHoro con na npeACl asnH~~He T0 4KH ny4Ka Ha nlloe KOCT'" 
ROR 3aHHMaOT nIl~aA b ct3h~ 3/n• orpaHH4eH!'iYIO nOBepHyT~M OTHOCHl 
Tell bHO OC~H KOOPAHHaT 3nllH nC OM. 3AeCb j~ - a6COllIOT H~H 3MHTTaHC 
nY!.IKa, CPO~ - n pOAOllbHa R CKOPOCT b '-IaC Tl1l1 npH t "" t i . )lnH lIeHT
pallbHOH 4aCTH lI~ paAHYC , paBeH r~r . a paAHa n bHaJ! COCTaBnR~~a J! eeK
~~~a CKOPOCTH eCTb r~r. npH4 eM B 06~eM c nY4a e r~r t; RI~i J.1 ' 

r ei 1: O. nY40K n pH 3 TOM HM~eT pa AHanbHbl H pa3Me p 2b,n H pa 36pocl' In 
n o paAHan b H~M CKOPOCTRM 2b ri ICM. PJ.1 C. 1 / . 

CosepwHB B Te 4eHHe npOMe)l(yTKa speMeHIo1 Ti 060POT B nepeMeHHOM 
Mar~HTHoM none , 3TH 4aCTHlI~ 3aHMYT HOBoe nono*eHHe Ha nlloCKoCT~ 

ROR. nYCT b npH t ." t j + T i pasHoBecHblH paA).'I~c AnR HHX paeeH 
Rsi(t j + T j ) . a CKOpOCTb e r a CMetl.l.eHHR eCT b Rsj(t 

i 
+ T j ). B CllY4ae 

n~HeHHblx CHn npeACTaBnR~He T04 KH nY4 Ka 6YAY T 3 aHHMa Tb or paH~4eH

HY~ 3nfllo1nCOM 06nacTb, nn~aAb KOTOPOH Bcn eACTB).'Ie ).'IHSapHaHTHOCT H 
HopManH30BaHHoro 3MHTTaHca 151 pasHa 

In in In/
~Cf30i3'iY I yi (ti+ T i ) , /1 / c tiel 3 , i I _ T I t t 1+ 

r Ae Yj (t) - penRTHB~CTCKHH $aKTOp n p ).'l t 2:: t i AnR 4 a CT H~ , ).'IH*eK 
THpoBa HHbl x B t~OMeHT epeMeHH t j; ylj= Y I (t j). PaA).'Ia nbHblH p a 3Mep 

r-~-
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PHC. 1 . I1ono>t:eHHe. nYQ;K a 
lIa nnOCKOCTH ROR B MO

MellT HIVlCeKLI,HH / 1/ H lIepe3 

OAHII OOOpOT /2/ B Mar

IIHTIIOM none ; 3 - HWk}{JlH 

nnaCTHII,) II11JKeKLUiOll1l0rO 

canna. 

It 

TaKora ny4 Ka paBeH 
2 b d (I, • T,). pa , 6 poc 
n o paAHallblibiM CKOP OC TRM 

ec Tb 26" (I , + T , ). a 
KOOPAHllanJl l.4eHTpa flbHoa:1 

40 CT H1.4b1 paSHbi rC 1(t l + T i )

"'.,(t, +T, ) , B pe'ym -
TaTe CTOI1KHO BeHH R C HH 

~eK~HOHHblM conll0 M npH 

t = t I + T I Ha l1ero BblC3AATCA Bee 40CHH.bI, paAHYC KOTOPblX HC

3aBHCHMO OT HX CKOPOCTVI 60n b we paAHyca HHIKHCH Kp OMK H HH>KeK 1.4 J.1 0H

Haro cann a Ren leM. pHc . l/ . nYCT b KI - OCllH4HHa QTHOWeHH.A 4Hcna 
4aCTH4, n poweAWHX MHMQ HHIKCK4HOHHoro conna , K nOIlHOMY 4H C11Y 
4 aC H11.4 . CneAYA pa60Te / 8 / , t1QIt(HQ C4"HaTb, 4 T O AnA nY4K a c p aBHo

MepH~M pacnpeAefleH~eM 4aCTH4 B $a30BOM npOCTpaHc TBe BenH 4H Ha 
K I pasH,J aeflH4HHe OTHOWeHHf1 nm)luaA~ cer Me lH 0 Me)I(,Q Y Ay ro.:1 3nmmea 
/Sbl n YKflOI1 Sfleeo 11a P~c _1/ H XOPAOH R R 811 K nflOlUaAI-1 3flJll-1nCa_ 

ce rMCHTa / 7 / ~1cnonb3YA ~opMym" AnA nlloutaAeH 3nfll-1nca lit • nOflY4HM 

1 1 x I 1 XI j x, 2 
/2/K I =-+-aresln(--) + -(--) 1 - (-- )


2 TT X mt 
 TT xml xml 

rAe I' , 1 S x ml " 

x ml = b,I(l i + T I); x 1- R,n- 'et(1 I + T ,) , /3/ 

OTMen1M, 4TO B COOTBeTC TBHH C onpeAeneHHeM seIlH4HHa K I ." 1 np&.1 

x 1 ~ x mt &.1 K t = 0 npH x I S - Xmi' HaHAeM BxoAALU",e B /3/ eeIl H4"'-
Hbi B MOMeHT BpeMeHIo1 t I + T • ",cnOnb3YA n apaMeT pbI ny4Ka np &.1 

t 
t ... t l . KaK y)l(e on~e4anOCb Bblwe, 4 aC TI-1Ubl B n epeMeHHOM MarHHTHOM 
none aAre3aTopa COBepwa~T fieTaTpoHHble KonefiaHHA OKon o paBHOBeCHOH 

op6HTbI, aMnn&.1TYA a H 4 aCToTa KOTOPblX 3aB&.1CA T OT a peMe H&.1. n03TOMY 
AJlA ueHTpanbHOH 4aCTI-1Ubl a JlI-1H eHHOM npH6nH*eHVlH n o oTKllOHeHH~ OT 
p a BHOBeCHOH OpfiHTbI MO)l(eM 3anHc aTb 

- 10 in 
r (t) - R (I) + ~ (t) a cos (/';¢ (I) _ ¢ , ) ; 
cl at i c l rl c 

2 

-1 -In . i n 
' el (t) = RSI (I) - ~,(I)cl3el""i a el 8m U~¢'1 (I) -¢el)' 

/ ~ / 

- In in 
r Ae a ci H ~ Ci - Ha4afl b Hbl e aMnJlH TYAa H $a3a p aA &.1allbHblX 6 eTaTpoH
Hbi X KonefiaHHH; 2rr-K rl - MrHoaeHHa A Alll.1Ha SOnHbI, 6.~ tl (t) - Ha6 e r 

~a3b1 AIlA 3THX KonefiaH HI1 : 


t t - 1
6¢ ,i (I) rw,l (I) dl - r etlOI (t);( ,i (t) dt , 

Ii t i 

MHO)l(HTeflb I1I(t) on&.1C blBae T H3MeHeHVle a MnJ1&.1TYAbi fieTaTpoHHblX Kone6a
HHH B c.ooTBeTcT BHH C aAHa6aTH4eC KHM HHBapHa HT oM "31 AnA paA"1anb

HbiX 6 eTaTpoHHblX Kon efiaHHH Y fJ(}i -x-;/ -a: =' jov '" paBeH
I t 

;(" (I) y :n .eJ~ 'h 
~ I (I) ( --'-'---'---'-'  ) 

In /5/ 
.j( ,I YI (I) tI 0 , (I) 

B /4 / B ~opMYJle An A Cc i(l) ony~eHbI 411eHbI , nponOPuHo H811bHble CKO
POCTAM "13MeHeH"1A aMnnHTYA~ H $a 3 b1 K0J1e6aH&.1~, 4TO c n p aSeAJlH80 
s llHHeH HOM npHfillH~eHH~ no OTKnoHeHH~ OT p aeHoee CHOH Op6HT~ npH 
aAHa6aTH4 eCKOM H 3MeHeH~H Mar HHTHoro n OJlR 80 speMeHH . nOCK OllbKY 

n p H t = t l 3aAaHbI Ha4anbH~e CKOPOCTH H nono~e H~ A ~e H TpallbHO~ 

4aC THU~ H pa8H08eCHO~ Op6~TbI /CM . p HC . 1/, TO H3 /4 / nOllY4 aeM 

'nf\' rl 2 . in -i n 2 \I;- 'n «, In _ R In)2 
a cl ( --- ) (, el - R . i ) ) .CI al -+- i n 

etl 8, /6/ 
in ; In RID

;(,1 ) 01 - 81tg ¢ 
ei
'n ( - 

r In R Inctl OI 
in 

cl 8 1 

Hcnonb3YA /4 / VI / 6/, nOJlY4aeM c ornaC HO /3/ CJleAy~ee B~ pa~eHHe 
AllA XI : 

X I "" Ran-R sl(t t + Tt) -~I(ti + TI )[ (r~~- R ~~ )cos2nQrl + 
/71 

o;(ln 
+ ( _'_'_) (~ in R 'n )sin 2nQ »).

8t , \ c!3ln cl8, 

3 
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rAe - Qri - 4L.1 CJ1 0 paAL.1anbHblX Kone6aHL.1H 3a 060POT ; 2rrQ rt _ 
6rjJ rl (t j + T j ) - HaBer ¢a3bl AnR 3 THX Kone6aHHH 3a 06opoT: 

'1+ T i 
2"Q'i -!;.q,rI (I i + T j )- (CflOj(I)K-,l (t)dt. /8/ 

Ii 

AnA o np e AeneHHA X mi ... brl (t 1+ T 1) Hc n Ollb 3yeM cneAYKlI.qee. B Ha

4anbHbl Y! MOMeH T BpeMeHH tl n p eACTaBllFUOtItHe T04KH (r k{t,), 

rk(t l » nY'-lKa ne>Ma T BH YTPYl 311mm ca, nn0utaAb KOToporo cf3 ln ') In,


• - . oI rl a npOeKLtJ1 ,., Ha OC J.1 OR J1 OR COOTseTCTseHHO paBHbI 2bl ~ H2bt lll ICM. 
'I ' 0pHC . 1/ . nOCKOll bKY KOOPAHHan" LteHTpa 311mmca eC Tb V I~ , r In), TO 

Cl c t MO>MeM 3a n HCaT b 

«, (t.) - ,In)b ln )2 + «, (I ) _ il~) b In ) 2_ 
I,: I cl rl k I CI tI 

/9/ 

- 2x (, (I ) _ , inXi (I ) _ ,In) j (binb In )2 _ (Jl.. flln 1 in ) 2 < (Jl.. fl in 3 in) 2 
k i ci k i cl rl ri ,,01 rl _ 17 01 rl 

rAe K = +1 COOT BeT c Ts yeT o pHeH Ta4HA 3nnHn ca, npl1 KOTOPO;' ero 

60l1b UJa R OCb COCTaBnReT nOJlO)'U1 TenbHblH yron C OCblO OR. a K. -= - 1 
OTpl1LtaTe nbHbl11 y r on. HeT PYAHo npOBepHTb, 4TO npH CTporOM paBeH

CTse e /9/ nonY'-l aeM y paB HeHHe 3J1n~nCa, npOeKLtH H KO Toporo Ha oc~ 
KOOPAHHa T e CTb 2b ~~ H 26 ~r . AnA Ka>M.QOH 1013 p aCCMa Tp\.1BaeMbl x '-lacn1Lt 
MomeM e COOTseTCTBHH C /4/ 3anHcaTb 

'k (I) - R.i (I) + " i (I) a~n cos (!;.q,'1 (I) _ q, ~n) ; 

/ 10/ 

( ) 
0 - 1 - In . (. ( ) in)

'. I - R'i (I) - "I(I) cflOI;\; '1 a k sm uq,'i I -q, k ; 

-in in 
r Ae a k H c/> k - Ha'-lanbHble aMnn HTYAa 101 lPa3a 6eTaTpOHHblX Kone6a

HHH. HCn0 J1b 3 YR / 10/, lSI H /4/, HeTPYAHO nonY4HTb cneAYOl!tHe 
COOTHoweHHR : 

in 
in y I -K ri CflOi

' .(I i ) - 'ei = (-·-)"1(1) (-J-)« ' k( 1) - 'ei (I)) (--) cos!;.q, ' i (1)y in c{3 n 
I I "* ri 

- (i. (I) - i . (I)) s in/;.q, I (I)); / 11 /
e' , 

y . cflol'k(t .) _ ~ in 
I ci = (-'I )"I(t)«,.(t) - , I (t»)( --)sinfiq, . (t) + 

y t C *rl 1I 

~ 

+ (r. (I) - 'i ct (,)) cos°t;.q, ' i (I») 0 

n OACTaenRR / 11 / B /9/ H Hcnonb3YR / 1/ H / 5/ , n OJlY4aeM, 4 TO B MO

MeHT BpeMeH~ t npeACTaSflRIOutHe T04KH nY4 Ka ne~aT BHyTpH 3 nn Hnca: 

«r k (I) - r ci ( t)) b'l (I)) 2 + «;. (I) - ;ci (I)) b ,i (t)) 2 

• . • 2 c 2 
- 2. (r . (1) - ' ei (t))(, • ( t) - r el(t)) -oj (b'l (I) b'i (I) - (;;- fl Ol),i) S 

s. ( ~ fl Oi 3 ,I ) 2 • 

nn0utaAb KOToporo p aSHa c{30i'J ri' a n poeKUHH tla 001 KOOPAY1HaT eCTb: 

2 2 ill 2 ~r~' in . 2
b . (I) ~ "I (I) «b . COMq, . (I)) + (-, b . sin/;.q, . (I)) + 

n fI rt Din 1I fl 
C""Oi 

in 

(oIo'i . O ' .L ( I)) j(b i? bOI? ) 2 _ (Jl.. "in ,In ) 2 
+ K . 8m c.o.'P,1 " " '"0. ..olD rr I fl 


CfJ8i 


in / 12/ 

b 2 (t) = 2 (tl( CI%I) 2 «b in sin!;.q, . (t)) 2+ ( 010 ,i b in cos !;.q, . (t)) 2 _ 
n III ri n ct:ltit fI rJ-krj 

_ • /,~ Sin 2/;.¢ . (1)))( b i~ b i~)2 _ (Jl.. fl in 1 in >" ) 
a in rl n f1 11 OJ r1 

c"OI 

~3 /12/ BL.1AHO, 4TO pacxOARuteMYCR npH B~neTe \.13 HH>MeKUHOHHoro 

canna nY4Ky COOTBeTcTByeT K. = +1, a CXOARuteMycA - K == - 1. ctlop-

Mynbl / 12/ np\.1 t ::: t I + T i VI /7/ onpeAenRIOT BXOAA~He B /2/ sem1

4J.1HbI X mi H xi \.tepe3 Hal..laflbHble n apaMeTpbl. n y4Ka nplo1 t == t i' Bse
AeM cneAy~He 0603Ha4eHHR; 

ili~ :: r in _Rio t.\R~ = Ri ? _R . (t. +T . ); ~R =rl~ _b io _ R . 
81 cl 51 5 1 51 51 I I SO CI n sn /13/ 

TorAa AnR x H 8 COOTSeTCTBL.1H C /12/, /7/ H /3/ Mo*eM 3anH
J 

Xmi 
caTb: 

x. a in _ b In + fiR T _ 1'.1< _" . ( I + T . ) x, S I rl sI ell I I I 

5 
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__ 

'n 
x ( ain, cos 211Q . + (-it'i ) 6" _1i")Sin2.Q )

", 

~ 1x " I 

'n'* rl 
+ "(-

Q In 
C,",O, 

in ct 81 tI 

cf30, 
In 

-KI t • 1 2) 'n •(t 1 + T 1 « b ,1 cos2.Q,, ) + (-- br~ sin2"Q,t) + 
f3 'nC Oi 

I 10 . In .2 C a In ' n 2 \0 
sin4rrQ 1 ) ..; ( b , b 1 ) + ( .'"'01 3 ,1) )

f r r 

TaK~M 05pa30M, ~cnonb3y~ /2/ ~ /1~/, Mo~eM on peAen~ Tb Ben~4~HY 
K I • AOJ11O '-lac TIo1I..\, npaweAW"" x 6e3 CT OIlKHoeeHHR C HH)I(eKL\HOHHbIM 

conIlOM n e pBbliiI 060POT, no n a p aMeTpaM nY4Ka B MOMeHT BblneTa 1<13 

HH )I(eKL\HOHHor o canna B Ma r HH THoe nOlle aAreaa Topa. 
Ha pHC. 2 npeAC TaBlleHa 33BHClo1MQCTb K 1 OT BeI11014...,Hbl o n.iQweH""~ 

x 1 Ix mi' 1013 p HCYHKa BMAHO , 4 TO n01l0BHHa 4 a CH-HI. npOXOA""T nepBbl1i1 

060PO T 6ea C TOIlKHOSeHHR C HH)I(eKL\HOHHblM cOnnOM np..., Xi = 0, Tp"" 

4eTS ep TJ.1 43Cn1Lt - np..., (XI /X ) - O .~04, Bee 4 a CHlI..\bl - npH X 2' X ' ml j mi 
B 06~eM cny4ae, KaK 3TO BHAHO ""3 /14 / . Be nH4H Ha QTHOWeHHR 

(1 I I x mi) a3SHCHT OT pAAa n a p aMeT pOB: O ,\elqeH HA paBHO Be C HO~ o p6~
fbi 3a 060POT 6.R T 

s t ' H a4aflbHO~ aMnflHTYAbi paAHa llbHblX 6eTaTpOHHblX 
Kone6aHHH a~~ , 3MVlTT aHCa ny4Ka l~ r H Oplo1 eHTa u,HH ero OTHOCYlTe.nb
HO oceii KOOPA HHaT. Ha6e r a ct>a3b1 3a 060POT 217Q,1 VI ADyrHx napa
MeTpoe nY4Ka, KOTOPble He06xoAHM O Y4HTblBaTb npH pa C4eTe KOHKpeT 
HOM CHcT eMbi HH*eKu,HH. nnR YCTaHoBneHHA OCHOBHblX 3aKOHOMepHOCTeH 
npo~ecc a 06xOAa HH*eK~HOHHoro conna H 3axeaTa 4aCTH~ B KOfl bU, O 
paCCMOT pHM He KoTopble 4aCTHbi e c fly4 aH. 

PaC CM OTpHM HH~eK4H~ cornacosaHHoro ny4Ka B MarHHTHoe n Ofle 

aAr e 3aTopa . B 3T OM cflY4ae 
CTH ROR B MOMeHT HH H<eKu,HH 
31111H ncOM, o p HeHTau,HA oceM 
KOO PAH HaT, TaK 4TO 

(b'n b 'n ), ( ~ f31n)'n)2
r1 n " 01 r l 

If, 
Ul 

• ,» -0.5 ~ ~5 ,» 

/ 1~ / 

npeACTaBnA~He T04 KH ny4Ka Ha n nOCKO 
t , 3aHHMa~T 06nacTb, orpaHH4eHHy~ 
KOToporo c OBnaAaeT C opHeHTau,HeH oc eH 

o. 

• 

PHC. 2. r paq,HK ¢lYHKU,HH".1"•• 
K 1(XI Ix ml )' 

nJ~H4eM paAHallb HblH pa3Mep blri H pa36poc n o paAH a n bHblM CKOPOCTRM 
b ~r HaXOAAT CR B cneAy~eM COOTHoweHHH: 

bin Kr~ "In 

rl 

cf31n

(--) b,l 

01 

AnR cornaCOBaHHoro nY4Ka cornaCHO /14/ HMeeM x mt - J.L J (t I + 11 )~'In" 
nYCTb TaKOH nY40K HH*eKTHpyeTcR n o K3caTenb HoH K KP/llBOH, KO TO
PY~ onHCblBaeT paAHyc-BeKTop, cooTBe~cTBY~~HH paBHoeecHoMY p a 

R () 'n 0 • In R In BAHyCy s1 t, T. e . a sl = H r c1 = st" 3TOM CflY4ae paAHye 
u, e HTpanbHoH 43C H ll,(bI Bcer Aa cOBnaA3eT C Rsi(t) npH t 2 t I . Bee 
4aCH1U,bI nY 4Ka, HHH<eKTHpOeaHHble npH t t I ' npoHAYT nepBblH 060 0:::: 

POT 6e3 CTOfl KHOBeHIo1A C HH)t(eKLtIo10 HHblM con nOM npH x I ~ Xmt t T. e . 
nplo1 T3KOH CMelqeHHH paBHoe eCHOH Op6101TbI 3a 060POT, 4TO SbinOflHAeT
CR HepaBeHCTBO 

T 'n"R'1 ~ (I + ~,(tl + T ,»b ri +"Ran ' / 15/ 

HanOMHHM, 4TO K03$¢U1I.V1eHT IJ. t (t) OnHC blsaeT aAHa6aTH~ ect<oe 1013Me
HeHlo1e nonepe4Hblx pa3Me p OB n Y4K3 . B cooT aeTcTsHIo1 C /5/ AnA 
11 (t + T ) MO)t(eM aanHc aTb1 1 t 

ie' (t, + T 1) ~ 1 (t , + Tl ) c l + 
a in 

01 

rAe 6.3. 01 - H3MeHeHIo1e aMnIlH TYAbi 

6. e, 

aiD 
ci 

6eTaTpOHHblX KOfle6aHIo1H 3a 060pOT . 
n OCKOIlbKY B npo~ec ce pa60TbI Io1H)t(eK~HOHHO~ CIo1CTeMbi M3rHHTHoe none 
ysem14HB aeTCR, TO , K3K npa8Hflo, dael 'SO , T.e. J.L1(t .. T ) s: 1 . 
n03TOMY HepaaeHCTBO /15/ TeM 60nee 6YAe T SbinOIlHATb CR 

i 
nplo1

j 

"R T > 2b
1n 

+ 6R / 16/ I'll - rl en 

HepaseHCTBO /16/ OTpa*aeT TOT H3BeCTHblH ct>aKT, 4TO 4acTHu,bI CO
rflacosaHHoro nY4Ka He HcnblTblBa~T CTOIlKHoseHIo1H C HHH<eKu,HOHHblM 
conn07n eCfllo1 CMe~eHHe paBHoaeCHOH OpfiH TbI 3a 06opoT 60flbwe CYM

Mbi 2b" + AR sn /pa3Mepa nY4Ka B paAHaIlbHOM HanpaSfleHHH H pac
CTOAHHR OT HH*Hei1 KP OMKIo1 nY4Ka AO HHH<He H KPOMKH HH*eK4HOHHoro 
conna, eM . pHc . l/. H3 /15/ ACHO, 4TO AnR YMeHbwe HHA seflH4HHbI 
.1RJJ B n epeylO 04epeAb HeooxoAIo1MO YMeHbwaTb 6R ' 

sn 
PaccMoTplo1M Tenepb HH)t(eKLtIo1IO cornacosaHHoro nY4Ka B HepaBHOBec 

Hoe MarHHTHoe nOfle,KorAa paAHye u,eHTpaIlbH OH 4aeTH4b1 r~ He 
COBna,qae T C paAIo1YCOM p aSHoseCHOH o p6/.1TbI R1: B MOMeHT HHH<eKu,Io1Ht 
t = t I . B 3TOM cnY4ae 05xOA HH)KeK4HOHHoro conna Ha nepsoM 060 
pOTe B03MOH<eH 3a C4e T KorepeHTHbiX paAHanbHblx 6eTa T pOHHblX Kone
6aHHH H np/ll ..1R:1 - 0. o,qHaKO B nOCJ1eAYIO~He MOMeHTbI speMeHH Ha 
OAHOM 1013 06opOTOB 4acTIo1 u,bI HeH36eH<HO norH5HYT Ha HHH<eK4HOHHOM 
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conne. Ha~AeM, npH KaKHX y cnOBHAX Bee 4aCTH~~ ~ H~eKTHpyeMoro 
TaK Kat( J.L i S 1 , TO npVl e< 1 H ,< 1 HMeeM fj ;:: O. Al1f~ TaKHX 8 Hepa 

nY4 Ka 060~AYT conno H 5YAY T 3aXBa4eH~ B Konb~O B HepaBHoeeCHOM 
eeHCTBO /19/ TeM 60nee 6YAeT B~nonHATbCA , ecnVl 

Ma r HVlTHOM n one npl.ot MdI1b1X CMeuteHVlA X paBHoBecHo~ Op 61.1TbI 6.R ~i 3a 

060POT H n pHeMneMbiX pa3Mepax nonepe4Horo ce4eHVlR Konb~a . nyeTb 
sin21TmQrl 2

CMelqeH~e p asHOBeCHOI1 OpBVlTbi 3d 060 POT nocTORHHO VI paSHO 6.R it (1 -,; ) m~ ~ 1 - e sin rrmQ rl _ /20/
HeaaB VICHMO OT HOMepa 0 6 0 pOT a m. AnR ynpQuteHHR BbiKnaAOK 5YAeM 2rrmQ rl 
C4 Io1 TaT b, 4TO Ha6e r $a 3b1 3a m 06opoTOB p aBeH 217(IlQrt . TorAa nY'-IOK 

n pOI1Ae T m 0 60POTOB 6ea CTOJ1KHOBeH I-1 H C I-1H)Ke K ~VlOHHblM connOM. eCI11-1 I 
Hd Ka>KAOM 0 6opOT e x i ~ x mt . C Y '-le TOM CAenaHHblX sblwe npeAnOJ1 Q)Ke

HVli1 VI O'-leSI-1AHblX C006pa)!(eHI-1H 0 BViAe Bblpa)!(e HVl H /14/ n pJ.1 t = ti + mT, 
HaXOAJ.1M, LITO 1-1 3 XI~ X CI1eAyeT

m j 

m6R;i > (1 + " /tl+mTi ))b:~+t.R,n-

- (1 - ". (t . + mT . )cos2.mQ . )a in, + 

I J I rt S /17/ 

*i~ 
rl • in • in . 

+ ". (t. + mT . )( - -)( r I - R .) sm2.mQ .
" 'f3 In c 5 I fI 

C (Ji 

nnR o6eC ne4 e HJ.1R MI-1HJ.1ManbHblX pa3MepoB nonepe4Hor o ce4eHVlR KOI1b

~ a B COOTB e TCTB VlI-1 C /4/ ..., /6/ He o6xOAI-1MO I-1MeT b r' ~i = R~~ . 
06ec ne4V1T b BbinonHeHHe 3Tor o yCI10BHR AnR yrna BneTa 4 aCT VI~ B 

Ma r HVlTHoe none aAre3dTopa B ycnoBVl RX 3Kc nepVlMeHTa , KaK npdS Vlno) 

3a TPYAHVl Tenb Ho. OAHa Ko npVl Ha cTpoi1Ke nY4Ka HeTPYAHO Ao6V1TbC~• in . I 
R si < r (l~ < 0, T. e. 06ecneLl Vl Tb VlH)!(eK~HIO 4aCT VI~ C He60IlbW Vl M yr IlOM 
BHYT Pb /1/ . TorAa 

" .in • in T T 

( (r in _ it i~ ) (1 ___ ) L\R si = ,; __ 
ri r ei __ L\Rsl- -) 

cl 51cf3 In · in 2.Q . 2.0 IROi sl rl T 


rA e a< ~ < 1· BeeAeM c .n eAYlOutVie 0603Ha4eHVlR : 


a In 
AR~i s I 
~ =------ S 

2b in + Ll R bi n + 0 M.R r l sn ri I sn / 18/ 

/) ( b In In 
= 1-" . (t .+ mT ))( ri + asl COs2.mQ . Sin271mQ'1 

I I i n , >(; l. 
2bin ,~R 2.0 .ri sn rr 


C Y4 e TOM / 18/ HepaBeHCTBO /17/ npVlMeT BHA 


sin2n-mQ ri 2 
([ - ,;: ) m~ ~ 1 -. S S ul .111 Q ri - /). / 19/

271mQ ri 

8 

MO~HO nOKa3aTb, '-ITO HepaseHeT BO /20/ AnR OAHOBpeMeHHO MHHHManb

HbiX ~ It! t HMeeT cneAYlOutee peweHHe: 

s in 2"Q r1 - sin2 m1TQ rl 

~~ ~ *(Q rl) 

2 Sin1TQ ri
. 2 Qm 8m 11 ri - sin m1TQ rl + ~ sin (m - l)1TQri sinm1TQ ri 
rrQ ri 

sin 211Q . s :: s*(Qrl) - . ; (1 - (1 _,; n h*(Q .)) /21/
20. rrsm 11Q ri • rr 

rile m=2 npH Q(2-) < Q < Q (2+) m = 3 npH Q(3-) < Q. < Q(2-) HnH 
- t' ' ;=.n-rQ(2 + ) < Q < Qr(3+f ~ T • A., npW-IeM Q(m t-) 1-1 Q v n-) eCT b peweHHRr-rl- r r r 

ypaBHeHVlR 

m sin 2 rn77Q(~±) _ (m _ 1) sin2 (m + 1) 11Q~rn±) _ sin2 T1Q ~m±) + 

. O(rn±) 

sm 1T r -Im+) (m+ )


+ , sin (m - 1) 1Tfelr - sinm1TQ r - = 0; 
1TQ (m±) 


r 


_ 1_ < Q (rn-l:: ..!..; 1 _ ~ < Q (rn +) < 1 _ 1 

m + 1 r m m r m + 1 


OTMeTHM, '-lTO npVl ,-= 0 Q(~+) = 1- Q~m-!nplA Qr j "" 0,6 aenH4 HHbI 

~*(Qri) H (*CQrl )He 3aBVICRT OT (,T . e . yrna Bne T a,4 To COOT BeT 

c T s ye T pe3ynb TaTaM pa60T~ / 8/ . Ha p HC. 3 ~ 4 npHseAeHbI r p a$HKVI 

tPYHKl1H~ ~ = ~* (Q rl) H S= ~*(Q ri ) n pH ,; _0" ,; = 1 , a B Ta6n Hl1e 
seml4V1HbI Q(m± ) • Ha pHC. 4 npeACTasne H rpa¢nlK $YHK ~ VIVI eocQ ri) 
= lISin 2.Qr: · H3 /17/ RCHO, 4TO a~~ = (b:r + O,5t.R'D) ~ o (Q rl ) eCTb 
Ta MHHHManbHaR aMnIlHTYAa KorepeHTHbiX paAHanbHblX 6eTaT poHH~X KO

ne6aHH~ ~eH TpanbHo~ ~laCTH~~, ""H)!(eKTHpOsaHHoH S nOCTORHHoe Mar -

HViTHoe none / 6.R~i "" 0 , J.Ll ." 1 / no KacaTeIlbHoH K OKPY)!(HOC TH C pa-

AH YCOM r~~ /T . e . i~~ = 0 /, n p H KOTOPOH c ornacosaHHblH nY40t( npo

XOAHT nepsblH 060PO T 6e3 CTOI1KHoee HHR C J.1H)!(eK~HOHHblM connOM . 

AnR nOBblweHHR nI10THOCTH 4aCTH 4 B Konb4e He06xoAVlMO, 4T06b1 Be

nH4 HHa ( 6~na no B03MO*HOCT H MVl HHManbHo~. EcnH Or paH""'-l HTb e no 
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,,,, ( " , " 7 
, I ' , I 

I, 
I,, 

I-I 1-""-2 
I 

I " , 
0.5: , I 

, , " 
"I 

o. 0.' Q. " 

Pile . ) . rpa$HKIf $YIIKtVlii 'I ·(Qrl) 
/CllJlOWtlble nHHH ll i II T/m(Q r i ) 

InYHKTlipllble! npl! ~max::: I 
1 - <: = 0; 2 - <: = 1 . 

\[ \~ I:1 1 
" II I 

I 

I / 
/\, Iul ,,, I 

o. 

o. ., Q.. " 

Puc . 4. fpa¢ItKIl (~YIIKIJ.Hn ~ 1' (Qrl ) 

/CIlJIOlllllble J1HII HH / H ' O(Q,I ) 
/nYIlKTupllan!: I - , = 0; 2 
<: = 1. 

TnOnllllil 

<: 0,0 0,5 1, 0 

Q(2-) 0,37500, 
Q(2+) 0,62500r 
Q(3-), 0,27615 

Q(3+), 0,72385 
Q(4-) 0,21768

I 

Q(4+), 0,78233 

Q(t;- ) 0,17933, 
Q(O+) 0, 82067, 

0,38519 

0 , 63177 

0,27981 

0 , 72537 

0 ,21918 

0,78277 

0 , 18004 

0, 82083 

0,39396 

0,63883 

0,28303 

0 ,72695 

O,2205~ 

0, 7~323 

0,18069 

0,82100 
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(max +)
aem14HHe (e:s ema.x ) • TO Ha4HHaR c HeKOTopblX Q I - Bem1YHHbI 

~ H f B COOTBeTCTBHH C /20/ H /21/ 6YAYT onpeAenRTbCR 1-13 COOT-
HoweHMH 

1 - (max siD 21TQ ,I

f =f mu ; ~ ::: ~ m (Q .1) 


sin21TQ rt~ - <: Q9

-" /22/

° < Q < Q(mu-) Q(m.. +) < Q . <1 
- rl - r . r - f1

rAe Q\max ±) eCT b peweHHR ypaBHcHHA 

. 2 Q ( mu ±)
sm 11 f 

(1 - ~ ) 7J" (g(max.t» = 1 _ ~ sin2f1Q (mu:t ) . 
21TQ ~max ±) t ma l: r 

£CI1Io1 ~ rna), = 1 . TO npH , -= 0 HMceM Q~mas.-) .. 1 _ Q(~ax + ).,. 0,30964. 

a npH <: = 1 - Q~max-)~ 0,34727 H Qlmn+)~ 0,70743 . H3 /22/ no
n y4ae M. , 4TO 1J = 0 ,5 n pl-1 ,... Q ~.t). rAe Q (*!:) eCTb p eweHIo1A
Q rl rypaBHeHHR 

~ sin2rrQ(oI;±)

2cf sin 2 11Q (+ ±) "" 1 + ~ • 


mal. t 123 / 21'7Q(· ± ) 

• 
(+-) Ct "+ )

ECfllo1 (, maz - ) , TO nplo1 , ::: 0 Io1MeeM Q r :c I - Q _ O,2S. a npl-1r 
<: ~ 1 - Q('-)" 0, 32289 " Q( " ) ~ 0, 78 169 . Ha pHC 3 npHBeAeH

r • 
rpa¢Io1K ¢YHK UIo1 i1 1J '" " m(Q rI) Ann' ::: 0 101 <: ::: 1 . 113 3Toro . pI-1CYHKa 

• In • It\ 
BHAHO . 4T O nplo1 ManblX Qri 101 HapyweHHIo1 y cnOBHf! rei = R al cyuteCT 

8CHHQ 3arpYAHReTcR oGXOA Io1H)!(CK14HOHHoro conna . T . 0 .• npH a1n < 

} 

in . in . In T in S l 
:... btl + O , 5~R sO V1 Rei < rei " ° MY1HI.1Mal1bHble BeIlY1YIo1Hbl L\Rs1-:..brl +O.5ARsn 
AOCTl-1raI(lTCFI npl.1 0,32 ... Qri< 0,75. n03 TOMY p acnpe,qeneHlo1e Ma rHMT 

Hor o nonA n o paAHYCY cneAye T B~6lo1pa Tb TaKIo1M 06pa30M, YT06~ o6ec 

neYIo1Tb Ha paBH08ecHO~ op6101Te B MOMeHT Io1Hlt(eKU lo1 111 yacnu", 0,32 < 
< Q r ~ 0,75 . B 3TOM Cl1Y4ae AonYCTI-1M yrOl1 BneTa 4aCTH~ B MarHl-1T

. In • In 
Hoe none aArcaaTopa R 61 < r ei < o. 

PacCMOTplo1M Io1H*e K4101~ nY4Ka, AnA KOToporo npOeK~Y1H 3MIo1TTaHca H~ 
OCIo1 KooPAIo1HaT YA08neT8opR~T COOTHoweHH~ 

In 
bin *rl bir: 

rl .1incfJ 
01 

HO He p aseH HYfllO y ron Me*AY OCb~ 31111~nca 101 OC b ~ KOOPAI-1HaT, TaK 

"TO 

_"_ tb in ) 2 ..... l in 

7( In rl rl 


.1 
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- -

B 3TOM CnY4 ae 

.",/n
In _ ( ,I In 2 

. 3)Xmj""Jl.i(t i + T i )b ti 
j +(K sln4"Q ri ) n" (b: ) 2 ,1

i 

Ecn~ Bc e 4a CTH~bI 06XOAAT I-1H*eK~HOHHoe conn~6e3 CTonKHOBeHHA 

C HHM B YBenI-14HBa~eMCR MarHHTHOM none (6R s1 > 0) , TO MHHHManb


Hble aenH4HHbI dR~1 6YAYT nonY4a TbCR npl-1 MHHHManbHblX Xmi, T.e. 

a paCCMaTpHsaeMOM c nY4 ae He06xOAHMO 


K sin4rrQ . < O. /2~/n 

OTC IOAa, ecm1 0,25 < Qtj < 0,5 HIlI-1 0,75 < Qrl < 1 . TO K ) O. TaK 

4TO npl-1 BbineTe 1-13 HH)KeK4HOHHoro conna nY40K Aon*eH 6blTb pacxo

ARutHMCA . ECJ1H 0,5 < Qrl < 0,75 HIlI-1 0 < Q' I< 0,25. TO K < 0 , TaK 

4TO npH SbilleTe ...,3 HH*eKUI-10HHOr O conn a nY40K AOJ1)!(eH 6b1Tb CXOAR 
U\HMCA . 

8 caMOM 06ute M cny4ae n pH HH)!(eKu...,\I1 HecornaCOBaHHor o nY4Ka 

1013 /1~/ HMeeM 


In • In 
In . 2 _ (~ . ~)2)'ml ~ ~ I ( t , + TI )b,1 (1 - (1 sm 217Q ri + 


e/3 In bin 

01 rl 


.,.J,~ bin j
+ K ( ~~ -- b'lln sin4.Q ,I ) 1 _ ( e/3 ~~ 11.n)2)1> 

In 
e/3 0, tl "bin bin " 

tl rl 

npH 8b1n0J1He HHI-1 ycnoBHR /24/ 101 TeX *e co06pa~eHHRX 0 MIo1HHMIo13a~1-11-1 
senH4101HbI CMeU\eHHR 6R;1 nonY'-I aeM 1013 noCneAHero 8blpa)f(eHHA 

In 
*rl ' Inbill > 

,I 
- - b /25/c{3 in r1 ' 


01 


T .e . npH HH)!(eKLlHH HeCornaCOBaHHblX nY4K OB AnR 06ner4eHHR ycnOBH~ 

06xOAa HH)!(eKUHOHHoro conna pa 3 6poc no paAHanbHblM CKOPOCTAM 8 

nY4Ke Aon*eH 6b1Tb n o B03MO*HOC TH MHHHManbHblM. 

Bblwe npeAnonaranOCb, 4TO 8 MOMeHT BpeMeHH tj HH)!(eKTHpyeTcR 

MOH03Hepr eTH4eC KH~ nY40K. PaCCMOTp...,M HH*eKLlHC ny4Ka C pa36poC OM 

no Io1Mn y nbcaM 2Ap in . B 3TOM cnY4ae B MOMeHT apeMeHH tl 4aCTHLle 

c HMnynbcoM Pin cOOT8eTc T8yeT pasHoBeCHaR op6H Ta 

R In _ (p . - ) 'nIn a l(P ) + In -P in rei
R ,I (PIn) ~ /26/1n 

p In Q~I 

12 

r Ae Pin - cpeAHee 3Ha4eH~e HMn ynb ca B HH*eKTHpyeMoM n Y4Ke . 

EC nH SepORTHOCTb 06Ha p y *eHHA 4aCTH~ C HHnynb coM P in xa paKTe pH

3yeTc A ¢lYHKlIHeL:1 ( p(P in ) ' TO senH4HHa OTHoweH HR 41-1 Cn a 4 aC THU , 
npoweAWH X MHMO HH*eKUHOHHoro conna Ha nepBOM o60 p OTe, K nonHO

MY 41-1cny HH)!(eKTl-1pOBaHHbl X npH t = tj 4aCTHLJ, paSHa 

1 
K I (<l.p In ) ~ vrn rfp (PIn) K I (PIn ) dPln ' /27/ 

p 

in 
r Ae V p - noc TORHHaR, KOTopa R HaXOA I-1 TCR \113 YC llOSHA HOPM~pOSKH 

¢l y HKU HH fp (p In) j KI (P In) o npeAellR eTC R Cl!opMynoi;, 12/, a KOT OPOL:1 

c lleAyeT nOn O)!(HT b 

XI (P i.,l 

Xmi 

xl Gi ln ) 

Xml 

, 
- uY I 

P in - Pin 

Pin /28/ 
r in 

<l.y, ~ (1 - ~ I ('I 
01 

+ TI )eos2.Q . )  -
n x . Q 2 

ml r i 

B nocneAHe~ ¢lopMy ne C LJ,enb~ ynpoU\eHH A nOclleAY~lo1x 8 b1K naAOK np lo1 

HRTO , 4TO OT P in aa BIo1 CRT TOnbKO paA I-1 YCbI paBHoseCHbiX Opt)HT B MO
nMeHT Io1H)!(eK LJ, HIo1, a APyrlo1e Be nw·llo1HbI l -k i , tl.R 1'. ..., T .A . / abl4101cnfHOTCR 

_ t l Sl -

An R 4aC THLl C I-1M nynbcoM P in ' Ha~6onee npOC TO K j (6Pin) BbI'-IIo1 CllA eT-

C" AIl" <1lYH K_~"" f p (P'n) -I np" IPln ~ iiin I ~ <l.Pin " fp (P ln )~ 0 
npH IP in - P io I > 6 p i . B 3 TOM CllY4ae V ~n = 2[).p in H? nposeAn 

Io1 HTe rp lo1posaHlo1e 8 / 27 / : :1011Y4aeM 

~(if' ( ' IWl n ) + <l.Pln <l.Y, ) 
K I (<l. p 'n ) • 

2<l.P'n <l.y I Xml P in / 29 / 
, .(P ) <l.pin<l.y I )) ,( _ ' _ _ In- if' 

Xml ji In 

rAe 

y . y > 1 ; 

if' (y) ; y + .l. (yaresiny + ~(l + ..!. y 2 ) Vi _ y 2 ) . Iy I .s 1 ; 
" 3 2 

o. Y < -1.1 

Ha plo1C . 5 npHBeAeHbI ¢lyHK LJ,HH Kj (tl.pin ) OT 6.Yj (\Pinl Pin AnA pa3J1H4Hb1X 


K I <P in)/ X . )13 3 To rq", pHC YHKa BIo1AHO,_ 4TO HMnYIlb C Hbl~ pa35poc np"' 

ml 

BOAIo1 T K yse nl-14eH HIO K i (l\ p in) npH :x i (P in) < a 101 ero YM e Hbwe HIo1Kl npl-1 

Xt W ln) "> O. nOCKOIlbK Y Jl.j (t 1+ T I ) 'S. 1, , TO 101 3 plo1C. 5 AC HO, '-IT O 
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K,r.,..) 

"j : ------=:: 

PMC . S. r pa¢HKH ¢YHKQHH 


K1 (6p in) npH p a3nHl.IHblX 


X I(Pln)! Xml : 1 - - 0, 75; 

2 - - 0,5; 3 - - 0, 25; 4 - 0; 

5 - 0,25; 6 - 0,5; 7 - 0,75. 


H a ~6onee c~nbHO ~Mnynb CH~H 
pa36 poc B nY4Ke 6YA~T CKa3~
BaT beR Ha aeIU14J.1He K i (6.p In) 

npH Q rl .... 0 , Kor Aa tly t MaK

e"Man bHa . np" It.y i t.l!.inl «Pin " 
o. • "!I~ IKIWln) 1 < X ml AnR KI (t.p· ),n

npoaeAR pa3no*e HJ.1R B /29) no 
6.Pin / PIn • MO>KeM 3anJ.1CaT b 

1 XI (ji In) 
K i (t.Pln ) a K I (ji In) - j (xI (PIp) f ) (t.YI ~Pln)2 

xml Pin3" 1 -_:-_ 
xml 

T. 0 . , npH Md1lblX 3Ha4eHHRX 6.Pln / ii in a em141-1Ha KJ (6.Pln) HdXO 


AHTCR B KsaAPdTH 4HOH 3aSJ.1CHMOCTH OT HMnYllbCHOro p a 36poca . no

CKOllb KY np H J.1H>Ke K ~J.1J.1 4 aCT J.14 B dAre3aTOp Ofibl4HO J.1 C nOllb3Y~TCR 


~4K"" · C (.1Ptn/Ptn) < 0,03, TO BKlla,q J.1MnYllbCHo r o pa36poca B 

K, (6Pln) , KaK npaSIo1J10, HeeeJlHK. llnR YMeHb w eHVlR 3Toro BKlldAa 

CJ1eAyeT H36erarb MallblX BenJ.14"1H Qr' • 

PaCCMOTDHM B 3aKll~4eHHe J.1H*eK4J.1~ B MOMeHT BpeMeH~ to MOHO

3HepreT~~eCKoro nY~Ka C An~T enbHOCTblO ~Mnynbca TOKa ~aCT~~ r , 


T . e . to:$: t l~ tO +T. B 3TOM cny~ae OTHOWeH~e ~HCna ~aCT~~, n poweA

WHX 6e3 CTOnKH08eH~A C HH~eK~~OHH~M COnnOM nepB~H , BTOPOH ~ no

cneAy~~e 060POT~ , K n onHOMY 4Hcny HHmeKT~pOBaHH~X 4aCT~~ eC Tb 

K03~~~~eHT aaXBaTa 3neKTpOHOB a Konb ~O, KOTOP~H paaeH 

t o+ T 
1K ( Ki(ti,t.TI)fr(tl )dtlVr 

'0 /30/ 

rAe ~Tj - npOMemYToK apeMeHH, no HCTe4eHHH KOT o poro HHmeKTHpo


BaHH~e npH t = ti 4acTH~~ Y)Ke He 6YAy r Hcn~nwBaTb CTOllKHoaeHHH 


C HHmeK~HoHH~M connOM; K j - K03~H~HeHT 3aXBa Ta HH*eKTHPOBaHH~X 

n pH t ..., t l 4acn,, ~ ; ¢lYHK4HA fT (t l ) xapaKTepH3yeT pacn peAeneH~e 

4aCT~4 B npeAenax T; Vr - nocToAHHaR, KOTopaA HaxoAH TcR ~3 ycno


BHA HOPM/.1POBKH ¢lYHK41.1/.1 fT (t I) ' OnpeAell~M eeIll.141.1HY K03¢l¢H4He HTa 


3aXBaTa B c neAy~eM 4aCTHOM cllY4ae . npeAnonomHM, 4T O B Te4eHHe 


T HeH3MeHH~ naiaMeTP~ nY4Ka np~ 8~neTe H3 HHmeK4HoHH~ro c ann a, 


a BenI.14HH~ ~R 1 TaKoa~, 4TO c TonKHoBeHHA C HHM KamAOH HHmeKTH 
B 

poaa HHoH np lo1 t c: tl 4aCT I1~bI MorYT npoHCXOA/.1Tb TonbKO n p/.1 t "" tl+~' 
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T. e. Ha nepSOM 060foTe. 3TOMY ycnOB/.1~, HanpHMep, MomHO YAO-

eneT8op~ Tb npH .1Rsi 2: b!~ + O,5.6R 60 • 6YAeM npeAnonaraTb. 4TO 

LlR~1 H R~l onpeAeflRIOTCA 4epea COOTBeTCTBY~L4l1e eellH4HHbI npH bto 
C nOM0L4b~ cneAylO~Hx COOTHoweHHH: 

Tt.R 
6\ 

= 
Tt.R 
60 + 

t + tI 9 
T 

t.R on 
flT 

> bin- ro 05t.R+ . 60 

/31/ 
, in 
R ~ RIn -

t - t 
I O. 

.
6R1n 

0 1 so 
rTo 

sr 

rAe 6.R;o - CMeL4eHlo1e paeHoB e cHolII Op611Tb~ aa epeMA ofiopOTa To An.A 

4aCT/.14~. HH*eK THpoBaHHo~ nplo1 t = to ; ~Rln - eenH4HHa 113Me HeHHR 
T sr

6R aa npoMemY TQt( epeMeHH r , npH4eM 6 RIn. HomeT fiblTb KaK n onoso 3T 
)t(H Te nbHoH 

¥ 

. TaK H OTpl-lI."aT enbHOIfl 
¥ 

BenH4HH0J.1. HO B noclleAHeM CllYl..lae 

TaKo~ , I..IT O 6,R;t 2:. b !~ + O,5 ~R sn AnR nlO60ro t i ' BcneAcTBHe y Be 

nJ.1 4 e Ht.1R Ma rH J.1 THoro nonR Ka~AO~ HHmeKT J.1pOBa H HO~ B MOMeHT apeMe HH 

t i 4eH Tpa n bH0 l1 4ac TH4e 6YAeT c o oTBeTCTBoBaTb CBOA Ha4allbHaR 

aMnmnYAa paAHanb H~X 6 e TaTpOHHbi X KOllefiaHHH a ~~ / 4 / . 6 YAeM npe An o

na r aT b , 4TO 

t I - tIn a I n 0 6 .' In 
a . 1 8 0 + T ... ST /32/ 

A In In
rAe - HaMe HeHt.1e aSO aa HHTepBan speMeHH T • 6YAeM TaK)t(eua ST 
npeAno.naraTb . 4TO B Te4e HHe r npHpal1leHHe Ha6er a ¢aabl paAHan bHblx 

6e TaTpOH HbiX KOlle fi aHJ.111 aa 060 POT paBHO 2776Q tn npH4eM
fT' 

t - t 0 AQ in 
Q rl == Q to + 1- U rr /33/ 

B COOTseTC TBHH co CAenaHHblMH npeAnoIlo)t(eHHAM I.1 1013/14/ n Olly4aeM 8 
llHHel1HOH npH6m1 )1(e HJ.1 H n o aR in, 6.a 10 101 aQ In 

S T 8 r r T 

~ .. ~ +~~~YT /34/ 
Xml :lmo r 

r Ae BeeAeHbI cneAYIO~J.1e ofi03Ha4eHHA : 

'0xmo.1y, - axe - (--).1x mo ; 
'mo 

8in277Q ro ).1R tn +.1xo = (I - ,:.to 
21TQ ' 0 ST 
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1371 

axe . ax ax 
+ __ .6.a ln + _ _0_ 6 Q in + __. O_M in 

aa in sr akin rrcJQ " so .0 .0 


ax I ax 

tJ.x ~L\Q D + ~Mtn 


[DO aQ rT C»t In r r 

.0
'" 

Q Min -= -tJ.a in _ k in .6.Q in 
f a rT 57 f a r T 

B COQTBeTCTBHH C 1141 Xo III X rno eCT b: 

T b in ain 
X 0 AR so - .6. Rsn - to + 80 + 

In 
in (-Kro. ) ( ; in _ Ii in + ~ (t • T ) (a cos2"Q + ) sin2"Q );

o 0 0 so fa c{310 co so . 0 
00 

in 
in 2 1rro . In . 

) 2 +
X 100 = 110 (to'" To )«b ro cos21TQro) + (--in- brosm2rrQro 


cfJOo 


-kin 

) V (bin bin ) 2 _ (CfJln "in)2) \6+ d--
' 0 

.- Sin477Qro fa t o -;- 00 J f a 
fJ In 

C 00 

B /34/ lit B <popMYJ1a X AJ1R 6x o H tJ.x. mo nOllO)f(eHO IJ. j (tj+T j ) .. JlJ,to+ ToPJld 
~ Cn0J1b3Y~ 130/ H /2/, nonY4111M AIlA K03$¢H~lIIeHTa 3aXBaTa 4aCTH~ 

t +6.7 
1 ox. x. x . 2J

K r (.!!.. - arcsin(-I-) - (_I) 1 - (_I) ) f. (l.)dt . 1351 
. 2 _ X I I I"v, to X mi xrnl mi 

rAe t j "" to + 6.r - TOT MOMeHT apeMeHH nplll HH>KeK41-1J.1 4aCHlI..I. KorAa 

AnI=! HHX B KOHlle nepBoro 06opoTa Xi "'" x mi+ n03TOMY llr onpeAellR 
e TCH 1013 cneAy~ero ypaBHeHHR: 

X - X 
1 r min(r. mo 0 , ) . /361 

x 1110 /). Y, 

TaKHM 06pa30M , B /351 npeAnonaraeTCH , ~TO ycnoB~H o6xoAa ~H
It(eKu.~OHHoro conIla ~aCHII..aMH 06flerl.jaKlTCH npH t i . to , T. e . 6.y r ::: o. 
BbI~HCIl~M K AIlTl fr(t . ) = ) np~ to .$ t.~ to +, . B ::HOM cIly ~a c 


V, "'" r. nOAcTaB IlfHl /34/ B /35/ ~ y\..l~TblBa.A /36/ , nOIly\..l~M np~, i\y, 0::0, 


I t. 

To e. 11, - , H (x I Ix ml ) - (x 01 x mo ) : 

1 1 x 0 1 Xo Xo )2K - - + -arcsio(--) + - (- ) j l (
2 TT Xmo TT xmo x mo 

npH 6Y t ~ 1- (I o / Xmo ) , T .e. 6.' .$ r 

K ~ 1 1 2 
- -  (

"6.Yr 3 
(l + 1 '0 2 - (- ) ) j l 

2 xm o 

_(~)2 
'010 

1381 
- (~) (~ 

X mo 2 

x
arcsin (_0_ ») 

x 010 

npH o S l1y, < 1 - ('o/ x ) ' T.e. Ar =, : 
mo 

l I lT X r X 0 X 0 
K + --« --) arcsln(-- ) - (--) arcsin (--) + 

2 TT6~ xmo x ma X rno x mo 

2+~u 1 (~ ) )jl _ (~ ) 2 
3 + "2 xmo 1391 

• 010 

Xo 2~(l +~(~ ) 2) j 1 - (- ) )- 3 2 x mo x mo 

rAe x r = xo + x ma6.y , . OTMeT Y1M, 4TO npl-1 x , = Xo ¢ o pM Yfl a /39/ 
All " K npHHHMaeT BHA /37/. a npH Xo ~ X mo <l>OPMYllbl /37/. 1381 H 
/ 39/ AaKlT K = 1 . Ha p HC. 6 n p HBeAeHbI 3aBItICHMOCH1 K03¢>4H1 Ul-1eHTa 

3aXBaTa K OT Ben~~HHbI 6Yr npY1 pa 31lH~Hb1X (xo / xmd ' ~ 3 PI-1C. 6 BVlA

HO . 4TO npl-1 ¢>HKCH p OBaHHOM QTHOwe HHH (x 01 x rna) BeJl~4HHa K p aC Te T 

npH YBeflH4eHI-1H Ay" n p~4eM npH fly , < 1 - (xo/ xmd B eflHl.j ~Ha K 
npaKnt~eC K I-1 m 1HeHHO 3aBHCHT OT 6.Yr . 

K 

~~~:=::
------:::::::::~==== 
P ile. 6. r pa<l>IIK <l>YIIKIlIlIl K(l1y,)'-' 

npH pa3nH4HbiX xo l xmo: I 
- 0,25 ; 2 - 0 ; 3 - 0, 25 ; 

AM ... 4 - 0 , 5; 5 - 0, 75 ; 6 - I.,. • 
17 



npoeeAeM aHaJl\.13 Bblpa)f(eH\.1~ A,M! K B HeKOTOpblX 4aCTHbiX cny"-laRX. 


nyc T b fiR ~nr = 6.a~~ - 6.Q tl~ =- Q . B 3TOM cnY4ae l1y reO \.1 L\R!l = 

T =- :\R "" con s t. T • e. K03 ¢l¢1I·11.1HeHT 3aXBaT a K B~4HCI1ReTC.A no ~OPMYso 

ne /37/ . CornaCHO 1371 K onpeAe nR! fCR TOIlb KO ycnQ BHAMH OCKOAa 

HH>tle Kl.l1010HHOro canna 4aCHIl"aM H npH t "" to + 'I o I n OCKOllb KY B no 

cn eAYIClI.QHe MOMeHTbI epeMeHH B CH!1Y L\at~r = L\Qir°,. "" 0 H L\R ~1 = ~R;o= 
= COnst ycnoB Io1 R 06xOAa HH)t(eK Lt lo10HHOro canna Ta Kl1e )!(e, Ka K H np lo1 

t = to + 'T o. CIo1CT e Ma I-tH)f(eKl.lH H C YKaaaHHblMIo1 CBOHC T 8aMH MO}l(eT 

6 b1 Tb peaIlH30eaHa npH Cne l.l HanbHOM pacnpeAeneHHH no paAHYCY Mar
HHTHoro nonR B aAr eaaTope , KorAa BeJl\.14HHbI nonR H r paAHeH Ta Ha 
p aSHoBecHo i1 Op6 J.1 Te R si (t i) = R ~~ nOCT O.RHHbI B Te4eHJ.1e ,., a OTBCA 

3neKTpOHOB OT HH)t(eKl.l~OHHOro canna 06ecneY ~ BaeTCR B pe 3ynbT a Te 

H3MeHeHHR cpeAHero nOIl fi Ha p a SHoseCHOH Op 6/.1Te / 4 / . 

npeAnOIlO)f( f.1 M, 4TO s Ka}t(AbI~ ~'OMeHT speMe HH t i (to ~ . t i :£ t o + r) 

n Y4 0K flBIlReT CfI cor na cosaHHblM. T . e. x mi ::: x mu ::: 11 0 b ~~ • B 3T OM 

A In 0 E AR In AQ in 0 . In R' In A i n 0
Cn Y4ae LlX mo = . C1lH Ll aT ::: Ll rT "" f.1 r co "" 8 0 ' HO l..l asr > , 

TO X moUY T ... 26a~~ sln2 "Q , o • B pa60Te .' 4/ nOKa3a HO , 4TO Sen f.1 4l-1Ha 


ua ~nr n ponOPllHOHanbHa uD J Bo - OTHOCHTe1lbHOMY H3MeHeHHKl Ma~ Hf.1T

HOrO nonR Ha paAHyce HH)f(eK4Hf.1 H 06paTHo nponOP4J.10HaTl b Ha Q,o ' 


n 0 3TOMY Halo16oIl b WJ.1e 6.Yr npH n oc ToA HHOH SeIlI-14 f.1 He ~B cl B o 6YA YT 


n01lyy aTbCA npH Qro '" 0 • T aK 4TO K0 3<!xlH1 4HeHT 3 a x s aTa 4aCTH4 S 


KOIlb 40 nplo1 np04101 X paSHbiX ycn o s HR X 6YAeT T eM 601l bWe , 4eM MeHbwe 


Q,o ' OAHaKo p a Alo1aIlb Hbl l1 pa3Me p nonepCl,mor o ce4 eHIo1R K0J1b 4 a B 

p aCCMaTplo1saeMOM C1lY4ae nponOPlla.10Hane H x me + & a ~nr ' T. e. n plo1 n o

CTOAHHOH Senlo1 4 1i1He u BaI Be pa3Mep pa CTeT nplo1 Q ro ... O. B pe3ynb Ta

Te nnOTHOCT b 4aCT Hll e KOIlb4 e 6 YAe T YMeHbwaT b CR . n03TOMY T pe6ye 

Mb!e n apaMCTpbI Kone4 AnA KOnneKTHSHoro YCKOpf.1Tenfi AOC THra~ T C A 

Haf.16 oIlee onTHMaIlbHO npa.1 MHHHMafl bHbl X 6a~~ H seIlH4HHe OTHow eHHA 

(x / X ) .. I, T . e, yaenH4eHHR 4f.1Cna 4 aC TJ.1 U a KOIlbue He06xOAHM O 
mo

A06HsaTbcA, 0 6 e cne4HsaA 3axBaT nepsblx Ii1H~eKT f.1pyeMbi x 4 aCTf.14 

cryc TKa. In 

[cnH co6lllOAalOTC fI nepe4HCneHHble s blwe YC1l0Bf.1R , HO ~Q r r !: 0 , TO 

A 2L\ in 2 Q 2 In AQ in . 2 
xmo uY r eo; asrs!n" '0 + "11 0 3 50 ° rT SIn nQ ro . 

riOCKOIlb KY sblwe npeAnOIla r a llOC b, YT O l\y r 2' 0 , TO nOIlY4 aeM 

l\ a in > _ 2"1-1 a ln 6.Ql fI .ctg rrQ . / 40/8 r - 080 rr ro 

6Q lnKaK npaBHIlO , > 0 ' 9 / . B 3 TOM CJ1Y4 ae Hepa e eHCT SO /40/ 3aseAO
lr 

1010 BblnOIlHAe TCA n ~)f.1 Q < 0,6. [CllH Q > 0,5, TO YAO SJ1eTSOpf.1Tbro r o 
Hepa BeHC T SY /40/ npa KTH4eC Kf.1 HeB03MO~HO, T. e. HaJ1H4He HayaflbHblX 

KorepeHTHblX K01le6aHJ.1 H npH > 0,5 XOTR H c noc06cTsye T 06xOAYQ r o 
HH~eKI.lf.10HHOrO con1la npH t _ t 0 + T o, HO B 4eIlOM 3TO He npHBOAH T 

K YBen~yeHHIO 3aX BaTa. eCTlH' yseIlH4H Bae TCA Q,I B Te y e HHe r . 3 TO T 

S~BOA HaXOAHTCfI a cornaC~~ c pe3YJ1bTaTaM~ aHaIlH3a He pase HCTsa 

/17/ H pHC. 3 H 4 . T. o., np~ Q > 0,5 cneAyeT no 8 03MO»CHOC THro 

06eC neYHSaTb 6Q tD .. O. C06nlOAeHHe MaIlOC TH 6Q Ie, OAHaKO, Heo6 

rr r r 
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XOAIi1MO npH 1l~blX Q • A eH CTSIi1Te IlbHO, AIlR 06ecne4 eHHR MHH Ii1 Ma1lb r o 
HbiX pa 3 MCpOB n onepe4HOr O Ce4eHHR KOllb~a S COOTSeT CTBf.1H C /4/

·In • In • • 
H /6/ t-I c 06xOAHMO HMeTb r co .. R 80' n o Kpa HHeH Me p e I ,~~R f!0Bblwe

HHR nnOTHOC TH 4aC TH4 S KOIl b1.4e HeTPYAHO 06ecne4HTb R ao < r ~~ < 0, 
T.e . HH*eKTHpOBaT b 4aC TH4b1 B MarHf.1T HOe nOlle aAreaaTopa C He 

60nbwHM yr1l0M BHYTpb. npli1 c06IlKlAeHHH nocneAHero YC1l0SHA B l\Yr 
• i . In 

H3-3a r c~ - R s o ~ 0 nORBH TCR OTpH4aTeJl bHa A Ao6asKa, KOTopaR no 

a6coIlloTHOH SenH4f.1He nponOP41010HanbHa &Rs~ ' (l\Qr
l
: / Q ro), ManocT b 

3TOH n onpaSKM S l\y r MOH<HO o6eCneYV1Tb TOIlb KO n pH (6.Q,1~ / Q ro) .. O. 

nYCTb, Ha KOHe4, l\R~nr /. o. npJ.1 6.Q!~ .. 0 Ii1MeeM 

sln2"Q '0 )f1R:~ in 2 
x m06Yr + 26a8 r sin rrQro ' • (j - ~o 2"Q ,o 

nOCKOfl b KY 110::: 1, TO K03 ¢>¢H14HeHT nepeA 6R~nr60J1bWe HYIlA, npH4eM 

MHHf.1Ma IleH n pH Qro'" 0, a C POCTOM Q '0 y eeIlH4HBaeTCR . n03TOMY 

MHHf.1Ma1lbHOe BIlHRHHe &R~~ 6YAeT npH MaJ1b1X Qro' oAHaKO HcnOIlb30

saTb 3TOT 3~eKT He1lb3R , TaK KaK npf.1 ManbiX Qro 6b1CTPO yseIlH4HBa 

IOTCR pa3Mepbl Ce4eHHR KOllbLta . 6 0Ilee TOrO, 06b14HO ~R~~ < 0 / 9 / , 

T. e . HaIlH4i1e S l\Yr A06aa K Ii1 C "R~nT OTplo1~aTenb HO CKa3b1BaeTCR Ha 

SellH4HHe K03$¢H4HeHTa 3aXsaTa . n 03TOMY pac npeAeneHHe MarHIo1THOrO 

nOIlR a aAre3aTope Heo6xOAHMO Bbl6Hpa Tb Ta KJ.1 M 06pa30M, 4T06b1 

l\R ~ ~ E O. 3TOMY ycnoBH~ Hali1501lee npOC TO YAOBIleTBOpf.1 Tb npH onpe 

A ene HHOM cOOTHoweHHH T OKoa a KaTywKax, c03Aa~Ii1X nOCTORHHoe H 

nepe MeH Hoe n OllR /TaK Ha3b1BaeMblH onTHMaIlbHbll1 pe~HM / 9/ /. 
HeTpYAHO 0606~HT b noIlY4eHHble ablpaH<eHf.1A AIlA K03~H4HeHTa 3a 

xsaTa MOH0 3HepreTf.1yeCKOrO nY4Ka Ha CIlY4al1 Ii1H~eK1.4HH n Y4Ka C 

AJlHTenbHOCTb~ HMnYIlbca TOKa yaCTH1.4 r 101 Io1M n y1lbCHbiM p a36poC OM 

2I\p In. I\nR 3Toro " /30/ cneAyeT nOAC Ta""Tb KI (I I. f1T I • f1l\nl" CO
OTS e TCT BJ.1H C BblpaH<eHHeM /27/ Ii1 Y4eCTb COOTHoweHHR /26/ H /28/ . 
B p e 3Yllb TaTe, KaK H npH aHaIlf.13e $OPMYIlbi /29/ n OIlYY HM , YTO CIle 

Aye T H36eraTb Ma1lblX e ' 4T0 6b! YMeHbWHTb BIlHRHHe HHnYIlbCHororo 
p a 36po ca Ha K0 3$$HUHeHT 3axa3T3 . 

T a KHM 0 6pa30 M, 1013 aH3Ilf.13a Sblpa H<e HHR AIlA K03$¢H4HeHTa 3a Xaa Ta 

H He p a e e HC TB3 /17 / c IleAye T , 4TO pacnpeAe Ile HHe MarHlo1 THo ro nOIlA 

AllA CHC TCMbI HHH<C KUHH C 6~C TpoH 3MeHH~HMc R Ma rHHTHbiM nOIle M S a A 

r e3aTOpc HC06XOA HMO Dbl6 HpaT b Ta K, 4 T06b1 06ec n e 4f.1saIlOCb 0, 32 < 
~ Q ' 0. 75 H G~nH MH'"1M')Ilb llbi OCllHI,IH, Ib! An. ln 101 hQ In, T . e . AIlA Bcex r II r . rr 

HHH<CKl"HPYl'MhiX ~1;1 C. l l1 ll 0 1 ('ll(' II f.1(' , fi blIlH n OC TORHHbI SCllli141i1HbI cM e U4e

HH A paSttOUt't lt (H1 op(n1 ltJ l>l lIoJGc r a $')3bl p a AH a Ilb HblX 6 eT a Tpo HHblX KO

J1e6aH Hl-l .), '1 ohopo I • 

B 3 ,) IUlM)'-Il' III1I ' .JUTOp C4HTaC T CDOHM npHATHblM AOllrOM Sblpa3HTb 


6JlarOA.1pI IOC1·b H . 11 . l1o <')l~ ooy 3 a n OC TOAHHoe BHIi1MaHHe K p a60Te Ii1 


o6cYMlACIU1 (' PC3YJlbTOTo e . 
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lKa6HUKHH B. M. 
Oco6eHHOCTH saKsaTa 1.{aCTHu, AJ'HI CUCT€M HtDKeKu,HH 

c 6 blC TPOH3M€HRKlII7;HM CR MarHHTHhlM non€M 

P9-83-54 

n peA110Jl€H cnoco6 Bbl1.lHcn €HRR K03<W>Hu,H €HTa 3 aXBaTa 4aCTHl~ Arm 
CHCT€M HHJKeKUHH C t5blcTp o H3MeHRtOIItHMCR MarHHTHbJM nOn €M B aAresa

Tope KO.1lJleKTHBHoro Y CKOPH TeJ1R. Ha OCHOBe rtOJIytleHHbIX Bblp.u:e llHH 

npOaHaJIHSHpODalW BnHRHHe n ap aMeTpOB HJ-a(eKTHpyeMoro nYl.JKa H Mar-' 

HH THor o n onn B aAr esaTOpe Ha y cnOBHR o6xoA a H~eK~HoHHoro ca

nna. HaHAe KW ycnoBHR, npH KOTOPb~ B ee l.J aCTH~ cornaCOBaHHo ro 

nYl.JKa 6YAYT 33XB8l.JeHbI B s n eKTpOllilOe K OJIbU;0 npH OAJIOBpeMeHHO M11 

IDIMaJIbHblX CKOpOCTH oTBOA a n yt.tK8 OT HHJi(eKl1.HOHHoro conna H a MflJIH

TYAe 6 eT3 Tp OlillblX KoneGaHHfl oxono paBHOBeCHOH op5HTbJ. BbUl CHeHbl 

oco6eHlIOC1'II 3axnaTa n y t.tKa C AIIHTeJ1bHOCThlO HMIIynbca TaKa t.taCTl-fU, 

r, KorAa B Te ~I C III(C r H3Me HRIOTCR yCJIOBHR o6xo,c;a H1DICeKUHOHBoro 
c onna. 

Pa60 T3 m>llIOJIIICII.1 B OTAene HODblX Me TOAOB YCKop eHHlI OIDlI1. 

npenp~HT 06~eA~HeHHoro ~HCTH TYTa AAepHWX HccneAoeaHHH. AY6Ha 1983 

Zhabitski j V.M . P9-83-54 
The Pec ul i nr ili ps of t he Beam Capture f o r the I njec tio n 
Syst ems will1 n Fn ~ l - Vory in g Ma gne tic F i e ld 

A wa y or (' ompuL n ti o n o f the fa c t o r of t he parti c l e trapping 

f or th e i n j ec l i o Jl sys t ~ l1l s witll I I fu s t - varyin g ma gn e t i c f i e ld 
i n adheZlllOI o f l'o ll cC' l i v(' oecc- Ie-rato r ha s bec n s ugges t ed . On 
t he ba s(' tl f Il u.' (:)h t n i nr'd ('x prelJtliO n 9 the i n flu e nc e o f the p a

rame t c r s 1)1 lilt,' i njl'CLf'd Iwnm find th e mllgnc ti c (j c ld i n ndhe
zato r o n lhe COlldi I i OIlN o f hy - pMW o r l he i nj ec ti o n s n out a r e 
a na l yze d . Th(' C() Il U ili on ~ ull,.il' r whi c: h .111 lh c parti c l es of lJ 

ma t c hed bellm would 1)(' l l", IPP,-' d in t hl' (' I ec ll"on rin g lIt the s i 

mu ltaneou s l y m i n i mn l vn h H' s o i ll l( ' V(' \ oci l y o f the h Cflm r emova l 
f r om injec ti on snout flll d hCln l r o n (HH' j li n t i o n dmpl i l udc n en r 

t he e qu i librium o r bi t :I r e found ou L. T il l' p l'('uli n rilie s of lhc 
be am cap t u r e with th e pu l s e dllrn li ,l n of : p.lrti c l p (' t1 IT Clll wh e n 

duri n g r t he conditi on s o f by- pa s :~ o f the illj cr l i o n s no u t :l r c 
change d a r e clarified . 

Prep r int of the Joi n t Inst it ute fo r Nu c l ea r Resea r Ch. Oubn3 1983 

PYKOnJ.1Cb nocTyn~na B &.13AaTenb C K J.1~ QTACn 
2 l»eepanR 1983 rOAa . TIe pc uoA O.C .BKHorp aAoBoH . 
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