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B · ocHoBy npe~nml<eHHoro MeTo~a ycKopeHHH ~eiiTpOH08, H~ep 
_ renHH H ~pyrHX. 6onee TH>KenbiX qacTHU Ha CHHXpo$a30TpOHe ·OIUIH 
nono>KeH npHHUHn ~Byx:nanHoro ycKopeHHH B CHHXpOTpOHHOM pe>KHMe 
c~aqana ,Ha BTOpOH, a. 3aTeM Ha nep80H KpaTHOCTHX I I/. llepexo~ co 
BTOpOH KpaTHOCTH Ha nep8yl0 OCyiUeCTBnHeTCH . npH BbiKnroqeHHOM 
ycKOpHIOIUeM HanpH>KeHHH .B pe>KHMe noCTOHHHOrO 80 BpeMeHH MarHHT- . 
Horo non1i·/ I, 2/ . llocne noBTOpHoro 3axBaTa qacTHU so 8Topoii nan 
ycKOpeHHH MarHHTiiOe none ··cHOBa HapacTaeT C npe>KHeH CKOpOCTblO. 
llpu· 3TOM H3 ... 3a oco6eHHoc1'eii cxeMhi no~aBneHHH ny.rlbcauuii I 3/ cue-. 
TeMhl nHTaHHH 3neKTpOMarHHTa nepeXO~HbiH pe>KHM MarHHTHOrO nonH 
OT nOCTOHHHOrO K paCTyiUeMy xapaKTepH3yeTCH HanuqHeM HeKOTOpOrO 
"npo8ana" 8 none "' 20 3pcTe~ H nonBneHHeM 3HaquTenhHbiX nynbcauuii. 
31-oT nepexo~HbiH pe>KHM Bbi3biBaeT pacKaqKy cimxpoTpOHHbiX Kone6a- ·• 
HHH, ... iTo npH80~HT K 3HaquTenbHbiM noTepHM HHTeHCH8HOCTH nyti:Ka I 4/ .. 

,IJ.nn ycTpaHeiiun paci<a>lKH c8HxpoTpOHHhiX Kone6aituii~ Bbi3biBae
Mon· pa3nHqllbiMH .B03MyiUaiDIUHMH $aKTOpaMH, B TOM qucne·H nyn:bca
UHHMH 'MarHHTHOrO rionH,. o6i.IqHO HCnonb3YIOT . CHCTeMbl. llO~aBJieHHH 
KorepeHTHhii CHHXpOTpoHiihli. Kone6aHJfH /s ,_ s/ · B 3THX CHCTeMaX 
curuan, .nponopUHOHanbHbiH palHOCTH 'Me>K~Y paBHOBe CHOU <I>a:ioii yCKO
pnromerd Hanpn>KeHHH · u "$a3oii ueHTpa ''TnmecTH" crycTKa qacTHU, 
perHcTpupye-Moro curHanhHLiMH 3neKTpo~aMH, Mo~ynupyeT nu6o qacTo
TY /51-7/, nu6o $a3y Is/ ycKopxromero Hanpn>KeHHH •. TaK KaK B nepe~ 
XO~HOM . pe>KHMe MarHHTH~ro nonH KOne6aHHH . paBHOBeCHOH $a3bl 
~OCTaTOqHO BenHKH, a KOrepeHTHOCTb BO BHOBb c$opMHp08aHHOM nyqKe 

· npOHBnne:rcn cna6o, TO 3$$eKTHBHOCTb ~~HCTBHH yKa3aHHbiX CHCTeM 

. OKa3biBaeTCH He~ocTaTOqHOH. 
B pa6oTe paccMa TPHBaeTcH. B03MO>KHOCTb ycTpaHeHHH yKa3aHHbiX 

noTepb HHTeHCHBHOCTH nocpe~CTBOM MO~ynHUHH ilJa3bi. H aMnnHTY~bl 
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YCKOpHJOutero HanpH)KeHH~ C llOMOlltbJO HHtfJopMa:QHH 0 CKOpOCTH H3Me
HeHHH MarHHTHOrO llOJUI. 

1. ·,lfUHQMUKa rfl0306020 06UJtCeHUJI 6 nepexoOHOM peJtCUMe 

MQZHUTilHOZO nOAJI 

IIpH ycKopeHHH B CHHxpoTpOHHOM pe)KHMe :meprHH, npHo6peTae
MaH paBHOBe CHOH 'laCTH:QeH 3a O.IJ;HH o6opoT, KOr.IJ;a. BhiCOKO'laCTOTHOe 
ycKopHromee none 3Ha'IHTenLHO npeBLiwaeT 6eTaTpoHHYIO 3.D;C, onpe
.IJ;enHeTCH cooTHowenHeM I 91 

(2rrR 0 1-L)· ZeR 0 .z e V0 cos ¢
0 ·, H', /1/ c 

r.IJ;e: I~ - aMnnHTy.IJ;a ycKopHromero Hanp.JI)KeHHH; ¢ o - paBHOBecHaH 
tfJa3a /tfJa3a YCKOpHJOutero HanpH)KeHHH, npH KOTOpoii paBHOBeCHaH 
qacTH:Qa nponeTaeT ycKop1lromHii npoMe)f(yToK/; R0 - pa.IJ;Hyc op6HTLI; 
L - cyMMapnaH .IJ;nHHa np.JIMOnHHeiiHLIX npoMe)KyTKoB; c · - cKopocTL 
CBeTa; . e - :meMeHTapHbiH 3apH.IJ;; z ·- JapH.IJ; l.JaCTH:Qbl B e.IJ;HliH:QaX 
3neMeHTapuoro 3apH.IJ;a; II - cl<opocTL H3MeHeHHH MarHHTHoro nonH. 

lfJ COOTHOWeliJIH /1/ cne.IJ;yeT, 'ITO paBHOBeCHaH tfJa3a, 3aBHCHI:QaH 
oT a:MnmiTy.IJ;LI ycKopHromero HanpHiKeHHH · H CKopocTn II3MeHeHHH 

. MarH~TliO~O nonH_, MO?J<eT H¥eT·b 3Ha'leHH.JI: a/ 0 < ¢
0 

< 1- ri:piJ: . 
paCTYI:QeM MarHVT~OM none rr ( H > o ); 6/ ¢

0 
= -ff- npH noc:roHHHOM Mar

HHTHOM. none ( H "' O) B/; ? < ¢ 0 ·< rr npH. cna.IJ;aromeM MarHHTHOM 
none (II < 0) . . ~ 

Hn.feHeHHe "II" npHBO.IJ;HT He TonLKo K cMemeHHIO paBHoBecHoii 
tfJa3bi, HO .H' K H3MeHeHHIO pa3MepoB o6naCTH tlla30BOH YCTOH'IHBOCTH. 
Ha ocHoBaHHH nepBoro HHTerpaim tlla3oBbro ypaBHeHHH I 91 MO)KHO 
nony'IHTb ypaBHeHH.JI )];JI.JI cenapaTpHCbl B Tpex cny'laHX: 

e V0 
. 4 

_e_ "' V E • K F (1- n) 2 {3 R . . rrq A 
0 

J (sin¢- ¢cos ¢01 +sin ¢
01

_-¢
0

pos¢
01

), 

npH H >. o 

4 

n~-

p 

Ro 
' e v ' . 

rrqEAK F(l 

!:_ = j, . eV0 

R . rrqEAK F(l · 

+ sin ¢
03

- +(2rr- ¢ "
03 

, r.IJ;e: p 
EA 

pa.IJ;HanbHC 
nonHaH 3Jiepr 

q - ~pa THOCTL YCKOpl 

F 

.- n - noKa3aTenL cna)] 
TenLHaH . CKOpOCTL _'lc 
cp 03 • 3Ha'leHHH paBH' 

Ha pHc. 1 npe.IJ;' 
C ypaBHeHHHMH /2/ )];; 
.IJ;nH ycKopeHHH .IJ;eiiTp 
E A = 1,07 r3B/HyKn1 
q = 1~ t = !J,S/, 1< 

nynLca:QHH B "//" C aJ 
HHH nonH.f hcp = 4.i( 
1 - npH ll = + 1.103 :J 

H3 PHC. 1 cne.IJ;yl 
nOMHMO CMei.QeHHH pal 
a3HMyTanLHLIX H pa.IJ;Hii 
CTBHe 3TOrO qaCTH:QI 
6y.ziyT llOTepHHLI B. nej 
nonaBWHe n 3TY o6nac 
6aHHH, B oco6eHHOCT 
C qacTOTOH O.IJ;HOH H3 T 
HO, 'ITO .IJ;nH npe.IJ;OTBpaJ 



.J:HH 0 CKOpOCTH H3Me-

nepexooHOM pe~uMe 

JHepruH, npuo6peTae
r.D;a'BbiCOKoqacTOTHoe 
l.TpOHHYIO 3,!J;C, onpe-

/1/ 

~; r:/Jo ~· paBHOBeCHaH 
<OTOpOH paBHOBeCHaH 

R0 -. pa.D;uyc op6HTLI; 
YTKOB; c - CKOpOCTb 
qacTHUbl B e.D;HHHUaX 

IHH MarHHTHOrO ITOnH. 

:cnaH clJa3.a; 3aBHCHIUaH 
CKOpOC!H H3M~HeHHH 

' 0 < ¢0 . < T Iipll . 
npH llOCTOHHHOM Mar

la.D;aiOIUeM MarHHTHOM 

..feiUeHHIO pa:imoBeCHOH 
130BOH ycToiiqHBOCTH.' 
fpaaneHHH I 9/ · MO>Kii:o 
yqagx; 

11 
+Sin ¢ -¢ cos¢ J 

. . OI. 0 I . 0 I ' 

npu H '>. 0 

' 

J 
{ 

p 

Ro 

.j e V0 

rrq E A K F ( 1 - n) 2 fJ 4 . 

_!__ _ )' e V0 
- . 2 4 

R rrqEAKF(l-n) fJ 

+sin ¢
0

; +(2rr- ¢ '
03

) cos¢ 03 ] 

z - ·, (1 +sin¢) 
A . 

npu H 0 ' 

z .. /2/ 
~f [sin¢-¢ cos ¢ 03 + 

npu II < 0 

r.D;e: p pa.D;uanLlloe OTKnonenue TpaeKTopuu ·qacTHUbi OT R 0 ; 

E A nonnaH :mepruH qacTHUbi, npux9.D;HIUaHCH na O.D;HH uyKnou; 

q - ~paTHOCTb ycKopenuH; ' K = 1 
n 

+ --· 1- n 

F 

.. n - noKa3aT'enh cna.D;a MaruuTnoro nonH no pa.D;nycy; f:J - OTHocn-
TenLHaH. CKOpOCTb qaCTHUbl; rp - c1Ja3a YCKOpHIOIUero ·ITOnH; ¢ 0 I , 

¢ 
03 

- 3HaqeHHH paBHOBeCHOH clJa3bl. , , 
Ha pHC. 1 npe.D;CTaBneHbl o6naCTH ycToiiqHBOCTH B COOTBeTCTBHH 

c ypaaneHHHMH /2/ .D;nH ueKoToporo qacTnoro cnyqaH, xapaKTepnoro 
.D;nH ycKopeHIIH .D;eiiTpouoa B uaqane BToporo :nana I V0 = 4,2 KB; 
E A = 1,07 r:m/uyKnon; n =·0,67; Ro = 28 M; L = 32 Mj fJ =,0,5; 
q = 1~ j- = !J,5/, KOr.D;a Ha "cTone" MarHHTHOrO nonH ITOHBnHIOTCH 

- nynLcauuu B "II" c aMnnuTy.D;oii ,., 25o/o OT cpe.D;Heii cKopocTu uapacTa-
• 3 . ' 

HHH.ITOnHJII,cp = 4.10 3pCTe.D;/Ce!<f· CenapaTpHCbi,COOTBeTCTBYIOT;. 
1- npu II=+ 1.10 3 3/ceK;2-npu H = 0; 3- npu ~H= -1.10 3 3/ceK. 

lh puc. 1 cne.D;yeT, qTo ·nynbcauuu ua "cTone" MarnuTnoro nonH 

llOMHMO CMeiUeHHH paBHOBeCHOH clJa3bl npHBO.D;HT TaK>Ke K COKpaJUeHHIO 
a3uMyTanhHbiX u pa.D;uanhHbiX pa3Mepoa o6nacTH ycToiiquaocTn. Bcne.D;
CTBHe 3TOrO qacTHUbl, OKa3aBIIJHeCH B 3aiiiTpHXOBaHHOH o6naCTH, 
6y,riyT no'repHHbl B nepeXO.D;HOM pe>KHMe. liy.D;yT llOTepHHbl II qacTIIUbi, 
nonaBIIIIIe B 3TY o6naCTb BCne.D;CTBIIe pacKaqKII CIIHXPOTpOHHbiX KOne-
6aHIIH, B OC06eHHOCTII, ecnn qaCTOTa 3TIIX KOne6aHIIH cpaBHHMa 
C qacTOTOH O.D;HOH 113 rapMOHIIK nynbCaUHH MarHIITHOrO nonH. 0qeBH.D;
HO, qTO .D;nH npe.D;OTBpaJUeHHH yKa3a_HHbiX llOTepb neo6XO.D;HMO llO.D;CTpan-

5 



9-
+ 

.... 
-~ 

"' s?. 
-"='IN 

<# 

... 

~~0~ ;:~ 

9-, 

6 

<I>::S: 
1:;~ 
all=: 
~ I =('I) 
~i 
-=~ = f-!::s: 
0~ 
aS~=: :r 

I 

=c-~ = = ·~ (1>:.: 
~(I> 

'0 0 
:.:-........ 
OC'l 
>-

. "" 
:=0 
§'"":-~ 

.-I 

=+ f-1 
g II 
~·::t:: = :r 
'=-= 0~ 
f-11::: 
0 
>-I ' 

:.: 
. =.-I (I> 

f-1 0 o .. , 
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Of-!o 

,C'l .-I 

• 0 .-I 
.-I 1:-. I 

. &u 
oo = f-<-::t:: 
ll..~ 
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l I 

BaTh . c1Ja3y BbiCOKO'If 
no.n;.n;ep>KHBaH npH .. 3' 

. ITOCTOHHHbiM. . 
llyCTb \{1 ~ . C,D;: 

, 3Ha'leHHH npH ITOCTOR 

06bi'IHO aMITJIHTYAa .y 
clJa3a npH HOpMaJibHO! 
_,.60°. Tor.n;a c TO'IH' 
'ITO 

H c yqeroM /1/ · 

r.n;e a=·· .(2rrRo+L 
c 

MH . YCKOpHTeJIR. H _'IHC 
lil : ypaBHeHHR /5/ 
nponopuHom1neH C!<O 
c.n;BHr. paBHOBecHoii ' .. ' ' ' 

ITO. _OTHOWeHHlO K pl 
noJie: · 

MaKCHMaJibHbiil 
3Ha'leHHu'c~Ja3 

1T 
¢. =· ¢ a··I :-,-~':. 2 

1T 
¢ =: ¢02 =2 

''rr· 
¢ = ¢OJ;= T 
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-.., :•o -., 0 
0..~ 

I 

. . . ·. '1''.· 

.J 

I 

BaTh . 4Ja3y BbiCOKOqaCTOTHOrO ycKOpHIOII.lero JlanpH:>KeHHH no.zt nyqoK, 
nO.D:.D:ep:>KHBaH npH 3TOM, pa,Il;HanLHbiH pa3Mep o6naCTH. YCTOH~HBOCTH 

. noCTOHHHbiM. 
llycTb IJI - C,Il;BHr paBHOBeCHOH <IJa3bi, OTCqHTbiBaeMbiH OT ee 

3HaqeHHH npH nocT.OHHHOM MarHHTHOM none, T.e. 

1T 
¢ =y±'l'. 

0 . 
/3/ 

06LJquo aMnnit:Ty.D:a ycKopHIOII.lero uanpH:meHHH TaKoBa, qTo paBHOBecuaH 
4Ja3a npH aopManLHOM ycKopeHHH B pe:mHMe pacTyii.lero nonH cocTaBnHeT 
..;60°. Tor,Il;a C TOquoCTbiO ,1\0 HeCKOnbKHX npoueHTOB MO:>KHO cqHTaTb, 
qTO 

Cos ¢ "' ± IJI 
0 

/~/ 

H C yqeTOM /1/. 

r.D:e a "' 

0 

H 
- U·•-' 

·. Vo 
/5/ 

(2rrR 0 +L)o300R0 ------·-- Ko34J<iJHu,neuT, onpe.D:enHeMLIH napaMeTpa
c 

MH. ycKopHTenH H qHcneuuo paBHLIH .D:nH cuuxpo<IJa3oTpoua OMRM 0,5_8o 
lh · ypaBuealu /5/ · ciieAyeT, qTo c.ziBnr paBuoBecuoii 4Ja3LI npn{o 
nponopu,uouaileu cKopocTH H3:MeueuHH MarnHTnoroon.on.Ho llpH. k > o 
C.D:BHr. paBHOBecuoii 4Ja3LI .onepe:maiOII.lHH,. a. npH . H <. 0 - .. oTcTaiOII.lHH 
·no oTnoweHHIO K paBHoBecuoii 4Ja3e npu ycKopeHHH H:a rioc:roHHHOM 

none~ 

MaKcHManLHLiii pa3Mep o6nacnl ycToiiqHBOCTH HMeeT Mecro npH 
~uaq~uuu'(tla3 · · .· · · · . 

0 

1T w ¢ = ¢ol· - npu H > 0 
(; '• 

,. 2 ., .. 

¢ ¢02 
1T npH H 0 /6/ = = .' 

2 
0 -. 'rr 

¢ - ¢03 2 +.IJI npu H < 0 
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llo.ticTaBmiH /6/ B /2/, pa_Jnaran <}lyHKUHIO ~os. 'I' B PH.D. H orpa
HUt{UBaHCb .ll.BYMH qneHaMu, a TaK:me yquTLIBaH, <iTo _;in \[I "; 'I' . .. 
6y)l.eM uMeTb )J.nH nw6oro JHaqenun H 

P max I e V · 0 ' . 2 \ z 2(1. 'I' 1T 
rrq E A K F ( 1 - n) 2[3 4 ·A· + 2-- 7l 'I' IJ ' /7/ 

. Ro 

r)l.e: p - MaKcuManhHbiH nonypaJMep o6nacTu ycTOHt{HBOCTu; !0 ax I 'I' I - aoconroTHoe Jnaqeuue 'I' • . 
0603Hat{UB . . 

. . . . .'· 2 4 

P 2 11qKFEA(l-n} f3 :. 
( -!!!3.3) . -

R 2 
0 

A 
z v 

oc 

r)l.e V 0 c - aMnnuTy)l.a YCKOpHIOIIJ;ero HanpH:>KeHHH, COOTBe"I;CTBYIOIUaH 
Ja)l.aHuoii nonywupune o6nacTu ycToiiquBOCTu p npu II == 0 , na 
OCHOBaHuu COOTHOWeHuii /5/ u /7/ nonyquM m_ax 

· V a TT • { ~~ c a rr • 2 a 2 
• 2 

v =~+-1111 +y(-+-]lliJ --rr-11 
0 2 4 2 4 4 

/8/ 

_ . Ha puc. 2 npe)l.cTaBneua JaBucuMoCTb )l.ononnuTenhuoro npupa
me nun aMnnuTY.ll.hl ycKopHIOIIJ;ero nanpn:meuu.R 1'1 V0 == V0 - V o c · , a 

. TaK:>Ke KOMlleHcupyiOIIJ;ero <}JaJOBOro C)l.BHra \{1 k B <}JyHKUHH C_KOpOCTU 
'' lr '' : uJMeHeHuH MarnuTHoro nonn u. npu ycKopeuuu B uaqane I I 3Tana 

)J.nH .ll.BYX cnyqaeB: • • 
a/ KpHBble 1,3 - COOTBeTCTBeHiio /). vo,.= f( H) H 'I' k =<I>( If) npu 

V oc = 2 KB; 6/ KPUBble 2,4 - TaK:>Ke 1'1 V
0 

= F(l/) u 'l'k =' <I> ( l/) npu 
V

0
c = 4 KB. . 

lh' puc. 2. cne)l.ye'i, t{TO Benuquua 1'1 V
0 

P.na6o 3aBucuT. oT 
vocu U3MeHHeTCH npaKTUt{eCKU nponopuuoHanbHO H.B 'To :me BpeMH 
c yBenuqeuueM V oc ynyqwaeTcH nuneiiuocTb <}lynKtiuu . 'I' k = <I> (H). 

· TaKuM o6pa30M, B nepBoM: npu6nu:menuu )J.nH o6ecneqeuun nauMeHbWeii 
pacKat{KU CUHXpOTpOHHbiX KOne6aHHH U3- 3a nynbca:u;uii MarHUTHOrO . • 3 . 
nonn c aMnnHTY.ll.OH H m = 1.10 3/ ceK )l.OCTaToquo MO.IJ.ynupoBa Tb 
<}la3y ycKopnroiiJ;ero minpn:menun npnMo nponopuuonanhHO "H :' /npu 
iJ < 0 )J.on:meu BBO.ll.UThCH onepe.>KaroiiJ;uii C)l.Bur <}la3bi, a npu II > 0 -
OTCTaromuii/, a aMnnUTY.ll.Y YCKOpHIOIIJ;ero HanpH:>KeHUH U3MeHHTb npo
nop:u;uoHanbHO a6coniOTHOMY 3HaqeHHlO CKOpOCTU U3MeHeHUH MarHUT
HOrO nonn I HI . 

8 

.1 
,a 

q 
i} 

.,_~---_ .. ···.··.·.··:··_··.·.·.··.·.· •.. 

. . 

. . 

. . . 

· -A~%1 
":if -3 

%2 
3. . ' 

; . 
' 

Puc. 2. 3aBucuMOCTh .ll.~ 
uanpii:meHHH "1'1 V0 ''lKpuJ 
,, k "/KpUBbie _3 ,4/ B q 
"II': KpuBbie 1, 3 -· Il 

. v = 4 KB I v. = 22 KB/. 
oc . ·. 



. cos 'I' B pH~ H orpa
H, .· qTo ;in'l' ~~ '1'. 

~ I 'I' I J , . /7 I 

ycToifqHBOCTH; 

•c 

H, COOTBeJ;CTBYIOIUaH 
npH II ::= 0 , Ha 

m.ax 

/8/ 

OJIHHTeJILHOrO npHpa
~Vo=Vo-Voc,a 
~· q,yHI(nHH C.KOpOCTH 

m B Haqane I I :nana 

, ·,. 
(II) H. 'I' It = cfl(lf) npH 
) H 'I' It = cfl (II) npH 

.' ' . '·. . 

1 >p_na6o 3aBHCHT. OT 
o II . B ·To me BpeMH 
~YHKUHH . 'I' 1e = cfl (h). 
;neqeHHHHaHMeHLWeH 
nLcanHii ~arHHTHoro 
'ToqHO MO~YJIHpOBa Th 
lHCmanLHO "H :' /npH 
~a3LI, a npH II > o -
K~HHH H3MeHHTh npo-
1 H3MeHeHHH MarHHT· 

·I 
f 

-AIA\J 
-If -3 -2 

-20 

:-

1 
t 

3 

+3 +'t 

PHc. · 2. 3aBHCHMOCTL ~orronHHTeJILHoro npHpallleHHH B. q, yciopHrortiero 
Hanp.!DKeHHH "l!J. V0''lKPHBLie ·1 ,2/ H KOMneHcHpyromero <Pa3oBoro c~BHra 
"'Pie "/KpHBLie 3,4/ B <l!YHKnHH CKOpOCTH H3MeHeHHH MarHHTHOrOJIOJIH 
"i/':KpHBLie f, 3 -npH Voc=2Ka/V =)lKB/;KpHBble2,4•npH 

. v = 4 KB I v .. = 22 KB/. 
oc . ' 
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YcKopsio~ee nanps:>KeHHe V0 o6ecneqHaaeTca BLICOKoqacT~THbl~ 
nanpx:>KeHHeM :B 3a3opax ycKopsro~ero 3neKTPO.Aa. ·v. , s8nsro~erocs 
eMKOCTLID KoneoaTenLnoro KOHTypa BLIXO,AHoro KacKa,Aa )'cKopsro~eii 
cHcTeMLII 1o/. i CooTnowenHe Me:>K.AY' V0 H V, BLipa:>KaeMoe 'iepe3 Ko34J~ 
liJH~HeHT nepe,AaqH "a ';3aBHCHT oT napaMeTpoa ycKopltTens :H onpe,Ae~ 
n.ReTc.R no 4JopMyne I 11/ . ' 

;; Vo 
a = V. "' 2sin rrq (2 rrR

0 
+ L) .19/ 

· r,Ae l • .. ,AflHHa 3flCKTpO,Aa no HanpaaneHHID JJ;BH:lKCHHS nyqKa. ~ns 
CHHxpo4Ja3 oTpona OIUIH I l = 6,1 Ml a 1 = 0, 18 npa ycKopeHHH :Ha ~: 
nepaoii KpaTHOCTH I q .= 11~.JipH TaKoii cpaBHHTenLHO HH3KOH 34J4leKTHB· . 
HOCTH yc:Kopsro~ero 3neKTPO.Aa H HMero~eiics WHpHHe nyqKa B .KOH~e 
nepaoro 3Tana ycKopeHHs ueooxri.AH~fOe npHpa~enHe aMnnHTY.ALI ycKo· 

· ; psro~ero : ilanps:>KeHHs /l V0 a nepexo,AHOM pe:>KHMe. MarHHTHoro nons 
MO:>KeT obiTL H He pea.riu3oaano Ha npaKTHKe npH ycKopeHHH c O.AHHM 
ycKop.RIDIUHM 3neKTPO.AOM H3- Ja orpaiiH-LieHHH 3neKTpH'iecKoii npoquo· 
CTH 3a30pOB. 

.. 2. CxeMa ynpaeAimu.R (Ja3of.i ycKop.Rrowezo.Hanp.RJICeHUJI 

06Liqno B ycTpoiicTaax 4Ja3oaoii MO,Ayns~HH B w:HpoKoii nonoce · 
qacTOT HCnonL3yiOT npH·H~Hn npeo6pa:3oBaHH.II aMnnHTY.AHOH MO,Aymi~HH 
B clJa30ByiD /1i/. 0,AHaKO 3TH ycTpOHCTBa ,AOCTaToqno CflO:lKHLI C ToqKH 
3peHHS pacqeTa H OCOOCHHO Hana,AKH BbiCOKOqacTOTHOrO WHPOKononoc· . 
HOrq 4Ja3<?BpatqaTeJIS .. Ha 90 ?/_H.14f,a; TaK:>Ke HeOOXO,AHMOCrH no,n;aaneHH.II 
aMnnHTY~HOH 'Mo,Ayns~HH .B CHrnane, MO,AynHpOBaHHOM no 4Ja3e. · .. 

. . B, paCCMaTpHBaeMOM 4Ja30BOM MO,Aynuope HCnoJiL3yeTCS 4Ja30· 
BpamaTeiiL, ynpaanseMLIH CHrHanoM oopaTHOH cB.fi3H~' BnoK.·cxeMa 
ycTpoficTBa noKa3aHa Ha pHC •. 3. BbiCOKOqacTOTHbiH CHrHan C ·3a,AaK):; 
~qero reHepaTOpa, nOCTOSHHLIH no aMnJIHTy,Ae H H3MCHSIO~HHCS no 
qac.TOTe B ,AHambone /0,2 f'- 1,441 Mr~, nocTynaeT Ha WHpOKOnonoCHLIH 
TpancliJopMaTOp "TP", C O,AHOH H3 BTOpHqHLIX OOMOTOK KOTOporo 
cHrnan no,AaeTcs na pe3HCTHBno-'eMKOCTHOH MOCTHKOBLiii liJaJoapa~a
TenL/12/. llpH O,AHH~KOBLIX conpOTHBnCHHSX B nneqax MOCTa ( r

0 
)CHrHan 

Ha BLIXO,Ae 4Ja30BpaJtiaTen.R nOCTOSHCH no aMnnHTy,Ae H H3MCHSCTC.II no 
. . 0 . 

4Ja3e no OTHOWCHHIO K BXO,AHOMY CHfHany OT0 ,AO 180 npH ,H3MCHCHHH 

10 

\ ... 

.k·~ . • 

i 

·r 

·; 

J 
'i> 

'·-

.TP, ·.:: . :·{ 

fu7 : 
;j· 

:·"·•· 

~. ( ~ ,. 

PHc. 3.: BiioK·cxeMa 1 
WHPOKOnonOCHLie ycH; 
4 • .AHiiJclJepeH~HanLHh 
noaTopHTenL; T ·:.. BLJ 
WHPOKononocHLIH 1-paH• 

PHc. 4. Oc~HnnorpaM 
MCHCHH.R·MarHHTHOro 
YCKOpSID~ero Hanps:lK 
nons OT nOCTOSHHOrO 



reg BbiCOKoqaCTOTHbiM 
~a V , x:Bnxro~erocx 
KacKaAa ycKopxro~eB: 

a)l{aeMoe qepe3 Ko3<P~ 
" .. ' •' .. 

ycKopJtTenx il .<?npeAe-
. I 

/9/ 
.. •, 

ABU)I{CHUH ny_qKa •. ,lJ;nH 
I, 18 npK ycKopeHUU .Ha 
JibHO HU3KOH 3cPcPCKTifB· 
UIHpUHe nyqKa B KOHUC 
mue aMnTIUTYALI YCKO • 
uMe Marauinoro nonx 
ipU ycKopeHUU C OAHUM 
neKTpuqecKoii npoqHo· 

. · ... ·. 
ezo··HanpJJxeHUJI 

·. ~ ' . 

~uu B wupoKoii nonoce · 
!tlnTIUTYAHOH MO~ynHUUU · 
'ToqHo CTIO)I{Hbl ·c TOqKU 
:TOTHoro wupoKorionoc·. 
XOAUMO(iTU noAaBTICHUH .. 
aHHOM no clJa3e. . . 
pe ucnoriL3Y~Tcx clJa3o·' 
•H CBH3H.' Bno~.- cxeMa 

• u ·' ' .- J 

>THbiU CUrRan C 3aAaiO· 
e U U3MCHHIO~UHCH no 
:ieT Ha WUpOKOn~nOCHbiH 
biX o6MOTOK KOTOporo 
OCTUKOBbiH clJa30Bpa~a
leqax MOCTa (r

0 
)curRan·. 

UTYAC U U3MCHHCTC.H no 
,0180 ° npU.U3MeHeHUH 

J. 
l . 
1 .. 

J 

'I 
j 
., 

l 
1' 
'1 ,. 

. 1 
·.-~ .. 

J 

i ' .. , 

3 J{ 

·lv 

1 
aa.J~OA 
8.4. 

5 

Puc. 3 .. · BiioK·cxeMa wHpoKononocHoro <Pa3oaoro MOAYTIHTopa: 1,2·- ·. 
wupoKononOCHbie ycunuTenu; 3. • 6anaHCHbiH clJa30BbiH AeTeKTOp; 
4 • AUclJciJepeHUUanLHbiH ycHnHTenL; 5 • ·cornacyiO~UH 3MUTTepHbiH 
noBTOpHTenL; T ·- BLICoKoqacToTHLIH TpaH3UcTop Tuna IT313B; Tp- . 
wupoKononoCHbiH TpaHC . 

PHc. 4. OcuunnorpaMMa curHanoa, nponopuuoHanLHLIX c:KopocTu u·3-
MeHeHux MarHUTHOrO nonx "/1nH KOMneHCUpyro~eMY clJa30BOMY CABUry 
yCKOpHIO~ero Hanpg)l{eHUH "IJI1 ';a. nepeXOAHOM pe)I{UMe MarHUTHOrO 
nonx OT TIOCTOHHHOrO K pacTy~eMy. 

II 



" 

; . , 

COllpOTUBneHUH y'l.faCTKa KonneKTOp-3MUTTep TpaHJUCTOpa "T"oT 0 
~o oo * . }lo UJoe:>KaHue HeJIUHeiiublx licR:a:>KeHuii aMnnuTy~a curHana, 
npuKna~hlnaeMoro K ynpannne:MoMy TpaHJUCTopy, ~OJI)KHa obiTh He 
oonee /30 f- 50/ MB. 3TO ooecne'l.fUBaeTCH COOTBeTCTBYIO~UM K03WWU· 
UUeHTOM TpaHc<iJopMaUUU. 

C BhiXOAa <iJaJonparu~ Tenn curHan'nocTynaeT Ha wupoKono.hocHhiH 
ycunuTenh"/ "; KOTOPhiH ooecne'l.fUBaeT Ha BXO~e 6anaHCHoro <iJaJOBOro 
~eTeKTopa "3 "I 16/aMnJiuTy~y curHana nopn~Ka I n.' TaK KaK B curHane 
c ynpannneMoii tlJaJoii • UJ_- Ja <iJaJOBLIX ucKa:>KeHuii B ~cunuTeJie "I" 
llOHBnHeTCH HeynpaBnHeMbiH <iJaJOBhiH C~BUr B JaBUCUMOCTU OT 'l.faCTOTbl 
curHana, TO curHan c onopHoii <iJaJoii; cHUMaeMhiH c ~pyroii ooMOTKU 
TpaHc<iJopMaTopa, nep.e~ no~a'l.feii Ha BTopoii nxo~ <iJaJonoro ~e'teinopa 
TaK:>Ke ycununaeTcH ycunuTeneM "2", u~eHTU'I.fHhiM ycuJIFITeJIIO "I" ... ·. 
KoJ<iJ<iJuuueuT TpaHctlJopM:auuu n KaHane c onopuoii <iJaJoii BhropaH TaKUM, · 
'l.fTOOhi Bhixo~Hhie cnrHanhi ycunuTeneii "I" u "2" 6i.mu npuMepHo 
O~UIIaKOBhiMH no aMnnuTy~e. 

Hanpn:>Keuue Ha Bhlxo~e <iJaJonoro ~eTeKTopa, panHoe Hymo npil: · 
c~nure <iJaJ 90° Me:>K~Y cHrHanaMu c perynupyeMoii u onopHoii <iJaJaMu, 
UJMeHHeT.CH nponOpUUOHclJibHO /c TO'I.fHOCTLIO~O HeCKOnhKUX npoueHTOB/ 
cliaJOBOM.Y c~nury B npe~enax /90 ± 50/ o • . • 

,ll;utlJ<llepeHUUanhHbiH ycunuTenh llOCTOHHHoro TOKa ~'4~•';:yCUJIUBaH 
· paJHOCTh Me:>K~y ynpaBirHIOIUUM HanpH:>KeHUeM ":J{ynp' W .. ~blXO~HbiM 
uanpn:>KeHUeM <iJaJOBOrO ~eTeKTOpa, qepe 3 cornac}'roiuuii 3M,HTTepHbiH 
nonTopuTeJih "5" ynpannneT conpoTun.ri(mueM TpaliJHcTopa "T ': ITpu 
Uynp= 0 cxeMa co3~aeT <iJaJOBhiH c~nur 90 ° Me·~~Y curl!anaMH Ha 
BhiXO~ax ycunuTeneii "I" u "2". qpu .· uynp~. 0 <iJaJOBbiH C~Bur Me)l(~y 
~UrHanaMU oy~e~ UJMeHHTbCH OTHOCUTenhHO 90-rpa~ycuoro C~Bura 
nponopuuoHaJihHO '~U yn~'n npe~enax nuneiinoro yqacTKaxapaKTepucTu-
KU <iJaJOBOro ~eTeKTOpa. ·. ·. . ·· 

'• . .5'" 

3.· 3KcnepuMeHmaA&Hr.. re pe3yAr.mamr.i . \ 

cl>aJOBhiH ~O~YJIHTOp no onucaunoii BLIWe .cxe~e Ohm UCllOJihJOBaH 
npu ycKopenuu ~eiiTpouon. B .Ka'l.fecTae. ynpannnro~ero 'nanpn:>Kenun, 
MO~ynupyJ(;ruero tlJaJy ycKopnio~ero·. nanp~:>KeHHH' HCnonbJ OBaJICH cur
nan c unTerpaTopno:U KaTywKu In!, nponopuuo:Hanb:HI.rii .cKopoc:ruuJMe
nenun'MarnuTnoro·no.i:rn. JfJIJIIOCTpauueii .MO:>KeT CJIY:>KUTh OCUHnnorpaM-

. .. . ··-r. 

* B <iJaJonpa~aTene JByKonoro ~uanaJona qacToT, onucannoM 
B paooTe /15/; B Ka'l.feCTBe ynpaBnHeMoro COJipOTUBJieHUH UCJIOJihJyeTCH 
noneaoii TpaHJUcTop. · · · · 
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Ma puc. 4. Ha o~HOM 
Ka TYWKU, ··a Ha ~pyr 

<iJaJOBOMY C~Bury YCK 
MarnuT~oro nonn: 3a 
MOMeHTOM BhiKJIIO'I.fe~J 

nepeao~a MarnuTnoro 
· Ha puc. 5 npe~c1 

· na nep~oM u na'l.fane B1 
na ocuunnorpaMMax :M1 
3Tana; t, 11 .• - naqanoi 
Ma B MarHUTHOM.JIOJIE 
naqaeT, 'l.fTO ny'l.foK npu 
•pyeTCH,·ll CUCTeMa UJM 
ro KOnhuenoro ny'l.fKa 
BhiKniO'I.feHHOM <iJaJOBO~ 

. HaoniO~aiOTCH JUa'l.fUTI 

. <iJaJOBOrO MO~YJIHTOpa 

. B YCKOpHIOIUee nanpn: 
'/eM. puc;.56/. ·· 

YnpanneHue o):(uc 
nuno JHa'l.fuTenhHO yM 
pe:>KUMe MarHUTHOrO 
"' 60o/o ~eHTpOHOB, YCKI 

B JaKniO'I.fenue aE 
onaro~apnoCTb· r.C~K 
noneJHOe o6cy:>K~eHue 
~eiiTpOHOB. 

1. IO.,l(.Ee3Hozux, JI. 
2. IO.,l(.Ee3Hozux, JI. 
3. A.A. CMupHoa u op 
4. r. C.Ka3aHCKUU, . .) 
. ,l(y6Ha, 1970. 

5. E.J.Rogers. Rev.Sci.lnsl 
6. W.Schne/1. lntern.Conf. 

485 (1959). 
7. IO.C.HeaHoe, A.A 
8. r. C.Ka3aHCKUU, A 



rpaH3HCTopa "T "oT 0 
ff aMnnHTy~a cHrHana, 
:>py, ~OIDKHa 6LITL He · 
BeTCTBYIOI.QHM K03cPcPH· 

eT Ha WHPOKOITOnOCHbiH 
~ 6anaH(moro <iJaJoaoro 
l a:TaK KaK B CHrHane 
eHJiii: a YcHnHTene "I" 
LBHCHMOCTH OT 1.JaCTOTbl 
MbiH c J:(pyroii: OOMOTKH 
~~ <iJaJoaoro ~eteKTopa 
1.JHLIM YCHnJfTeniO "1". 
1ii: <iJaJoii: BLI6paH TaKHM, 
[. "2" ObinH npHMepHO 

:opa, paaHoe Hymo. npll 
liOH H onopHOH <iJaJaMH, 

leCKOnLKHX npoUeHTOB/ 

ro TOKa. :'4~<;y;CHnHBaH 
.i ".Jf.~np~ H · ~blXO~HLIM 
fiaCYioiUHH 3MHTTepHbiH 

TpaH3HCTOpa"T ':II pH 
.Me)K~y CHrHanaMH Ha 
<iJa30BbiH C~BHr Mem~y 
'0-rpa~ycHoro c~aHra 
:1.JaCTKa X~paKTepHCTH· 

:xeMe 6Lm HcnonLJOBaH 
nHIOI.Qero ·HanpH)KeHHH, 
ij, H~nonLJOBancH cHr· 
JI_L!JLIH :cJ<OPOC,TH H3Me • 
:;ny)KHTb OCUHnnorpaM· 

ia. 1.JaCTOT, OITHCaHHOM 
HBneHHH HCDOnLJyeTCH 

Ma pHc. 4. Ha o~HO.M H3 nyqeii: (H) noKaJaH cHrHan c HHTerpaTopHoii: 
KaTyWKH, a Ha ~pyroM ('I',..) Hanpa)KeHHe, nponopuHoHanLHoe 
<iJaJOBOMY c~BHry ycKoparoi.Qero HanpH:>KeHHH,- Jf nepexo~HOM. pe:>KHMe 
MarHHTiiOro nonH. 3anycK ocuHnnorpa<lJa - Henocpe~cTaemio nepe~ 
M.OMeHTOM BbiKnJOtleHHH CHCTeMbl no~aBneHHH nynLCaUHH H Hal.JanoM 
nepeao~a MarHHTHoro nonH H3 nocTOHHHoro B pacTyi.Qee. 

Ha pHc. 5 n.pe~cTaaneHLI ocuH.n:norpaMMLI cHrHana HHTeHCHBHOCTH 
· Ha nepaoM H Hal.Jane BToporo 3Tanax ycKopeHHH ~eii:TpoHOB. YKaJaHHLie 

Ha ocunnnorpaMMax :MoMeHTLI apeMeHH 03Ha1.JaroT:. t 1 - KOHeu nepaoro 
. 3Tana; t 11 - Ha'iano BTOporo :nana; t,.. - Hal.Jano nepexo~Horope~n
, Ma B MarHHTHOM none •. 0TCYTCTBHe CHrHana B HHTepaane t 1 1- t11 03· 
! Hal.JaeT, 1.JTO DY1.JOK npH OTCYTCTBHH yCKOpHiotuero HanpH:>KeHHH ~e6aH1.JH• 
pyeTCH~HCHCTeMaH3MepeHHHHHTeHCHBHOCTHHe"1.JYBCTByeT"cnnOWHO· 
ro KonLueaoro nyl.JKa, UHpKynHpyioi.Qero B KaMepe ycKopHTenH.' Ilpn 
BbiKnroqeHHOM <Pa30BOM Mo~ynHTope /pHc. Sa/ B nepexo~HOM pe)KHMe 
Ha6nro~aiOTCH 3Ha1.JHTenLHLie ITOTepH HHTeHCHBHOCTH. IlpH pa6oTe 

· <lJa30BOrO MO~ynHTOpa H BBe~eHHH KOMDeHCHPYIOI.Qer.o <iJa30BOrO C~BHra 
B YCKOpHIOIUee HanpH)KeHiu! 3TH ITOTepH. cyi.QeCTBeHHO yMeHLWaiOTCH 

:/eM. pHC:. 56/. 
YnpaaneHHe o~Hoii: nHWI> <iJaJoii: ycKoparoi.Qero HanpameHHH noJao

nHno 3Ha1.JHTenLHO yMeHLWHTb ITOTepH HHTeHCHBHOCTH B nepeXO~HOM, 
pe)KHMe MarHHTHoro nonH H ycKopHTL · ~o MaKCHManLHOii: · 3HeprHH 
"'600/o ~eii:TpOHOB, yCKOpeHHbiX K KOHUY I nana /Is/. . 

B JaKni01.JeHHe aaTop Cl.JHTaeT camiM npHHTHLIM ~onroM BLipa3HTL 
6naro~apHOCTb. r.C.Ka3aHCKOMy, IO.,D;.:Se3HOrHX H r.II.IIy1.JKOBY 3a 
none3Hoe oocy*~eHHe peJynLTaTOB Hccne~oaaHHii npH ycKopeHHH 
,IJ;eii:TpOHOB. 
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r. Pnc. 5.· OcunrrrrorpaM• 
/"a"/ H Harrnqn~'/"6" 
nopunoHarrbHoro '11': Mm 
Haqarro I I 3Tana; t 1r. 

none. BpeMeHHoii MaCIII1 



~58/ .. 
:uzeKmpoHUKa", · m . . I, 

I 

3/le.KmpoHuKa ", . m. I, 

mexHuKe ".· CeJ13 &u3oam, 

-Wooy/IJliJUJI. c noMOUib10 

968/.: . . . .. v . : ~! 
K~JI·noocmpoiil<a t~acmo-. 

C~Koe. · .OH.JIH, 9-5821, 

P9-S442;,l{y6ila, 1970. · 

amellbCKUU omoe/1 
)QQ. 

PHC. 5. · 0CU:HJinOrpaMMa. CHrHanoB HHTeHCHBHOCTII ·. npii OTCYTCTBHII 
/"a"/ H HanHqHI(, /"6"/ KOMITeHCHpyiOm;ero 4Ja30BOrO· C,Il;BHra, npo
nopn:HOHanLHOrO '11'~ MoMeHTLI BpeM~HII: t 1 ·- KOHen:. 1 :nana; t 11 -· 
Haqano I I 3Tana; t lc - Haqano nepexo.n;Horo pe:>KHMa B MarHHTHOM 
none. BpeMeHHOH MacwTa6 - 50 M<?eK/:Kn. ·· ·· · · 
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