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BB8,ll~HH9. 

. . CHCTeMa ,KoppeKllHH 6eTaTpoHHHX pesoHaHCOB 2-4 nop.H,l{KOB B 
\ . ;· . t-,. '·; ,. : ' . ' . 

1 HYKJIOTPQHe .l,OllHa o6ecne'IHTI:, 9~KTHBHYIO H, no B03MOXHOCTH, 

He3aBHCHMy1{_peryJ1HpoBKY mHpHH COOTBeTCTBYl>DtHX pe30HaHCOB. 
I - - . - -

HesaBHCHMaH ~OPpeKllHH pe30HaHCa B rpynne O,l{HOT'1nHux:·6eTaTpOH-
)r ff' ) C ' ' •, '• .~ S • •~ '' • ••, • .. 

HHX ·J)e30HaHCOB COCTOHT B OJ(HOBpeMeHHOM H3Me_HeHHH CHJI .B •-- ceMeH-

CTBe KOppeKTOPDB' C,lleJII:,I) MHHHMH3aUHH ero·mHPH~~ ·H.6e3 -:!3~~,IJ.ett

CTBHH -Ha- m'HPHHH OCTaJihHHX pe30HaHCOB B ;r'i>~nnel TaKoii '.n6ixoA _· -

, fl03B0JIHeT, o6J1er'IHTI:, npo~e,l(ypy HacTpottKH CHCTeMH KoppeKl.l~m B · 

c.1y11ae BJIHHHHH _ 0.llH()rD _ ceMeAcTBa KoppeKTOJ)OB : Ha APYr,oe.. PciHee •.. _ 

.. a'a ·cii~xpoTpo~~/Y-7f H~B3111 ·cs~~a pa3pa6oTaH~· ' H ~a~H30B~Hi -

CHCTeMa.HesaBHCHMOH KoppeKllHH pe30HaHCOB 2 H 3 nopH,ltKOB. . , 
B. pa6oTe C,lleJiaHH OlleHKH MHPHH pesoHaHCOB, 6JIHXaAmHX . K · .: 

-pa6oqeA TO'IKe HYKJIOTpoHa; paCCMOTpeHU B03MOXHUe aJiropHTMU Hx· 
. , ' ' . ' 

KOppeKUHH H ,llaHU CTaTHCTH'leCKHe oueHKH CHJI KoppeKTOPQB. Ilpe,1t-

J1araeTC_H MeTo.-; Bbl'IHCJleHHH ynpaBJI.HllDtHX. M~TPHll ,l{JIH He3aBHCHMOH ' 

KoppeKllHH,OTjHl{HUH DT npe.l(JIOXeHHOrO B /1/~ 

. 1. HeaaBHcHMas 1toppe1trtHJ1 . peaoeaacoe; . 
6y){eM HCl10JIL30BaTI:, onpe,l{eJieHHe mHpH~U p~ n m pe30H~HCHOH . 

flOJIOCbl ~HaHca_nXQX+nzQz=m B 
X Z 

COOTBeTCTBHH C /2/: 

Pn ~ m,;,~ n 1Fn n ~I > 
X ,z • X Z X Z · · ··1,'.' 

2 · 2 
- . _ n e +n e [ n .;..2 n -2 = ·xzzx Ex z 22 

Anxnz ~-1Inxll fnzll x ez /(nx+nz>], 

/f.1/; 

/1.2/ 

·' . _L, · -_ . r In 112· ·1~ 112 . - • · . -

1
- -_ . 

~nxnzmTCN-1)dllf3x x. f3z z :~xp[.:..i(nx~+nz:\'_z+ml/R)] ;/1.3/1 

• , r.l{e e -9MHTTaHCbl nY'IKa, Q ·, -.:..qacTOTU 6eTaTpoHHUX KOJie6aHHH~ x,z x,z . -. . . 
.N=ln l+ln I-nopHAOK pesoaaaca. n.:..cpeJJ.HHA paJJ.HYC ycKoPHTeJIH, 

. X Z - , . - , .. 
X - =µ -Q · (1/R) - apryMeHT ~YHKllHH ~JIOKe, f3 , µx·z-aM;-·-x, z x, z x, z .. - - x, z . • 
flJIHTY.lHHe ~YHKllHH TBHCCa.H wasu 6eTaTpoHHUX KOJle6aHHH, 1-ne-· 

peMeHHaH HHTerpHpoBaHHH - ,lJIHHa B,l{OJII:,flepHMeTpa YCKOPHTe.JJH, ' 

K(N- 1>;-CHJla_ KoppeKTOpa'HJIH norpemHOCTH noJIH B CTPYKTYPHHX JJ.H-, 

flOJll,HblX H. KBaAPYflOJII:,HblX MarHHTax: ., 

,_C:,_O&.eJutHCHHLI~ HHCTHJJT ·9,llepuwx 11cCJJClU:' ■aHHA J{y611a. 1992 
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K(N-1)= _1_ { aN-1Bz/oxN-1 
- IBPI aN-1B ;axN-1 

X 

npH tJeTHOM n z , 

npH HetJeTHOM n z 

/1.4/ 

IlyCTL OAHOBpeMeHHOH KoppeKUHH noA~ezaT ·I pe30HaHCOB nop8AKa 
A . 

N. BBeAeM KBaApaTHYIO MaTPHUY M pa3MepHOCTLIO 2Ix2I': 

M
2

. 1 .=Re(Y .. ), M
2

. j=Im(Y .. ), i=1+2I., j=1+2I., 
1- ,J 1J 1, 1J 

1 J In I 12 In . I 12 · IL 51 
Y .. = - ~ xi ~ zi exp[-i(n .x +nix +m.1/R)]dl., 

1J 81. X Z X1 X Z Z 1 
J 

rAe i-nopHAKOBHH HOMep pe3oHaHca., j-nop8AKOBHH HOMep KoppeK
Topa, 8l.-s~eKTHBHa8 ~~HHa j-oro KOppeKTOpa; HHTerpa~ 6epeT-

J ' 
CH no A~HHe KoppeKTOpa. BBeAeM TaKze BeKTOP F, xapaKTepH3YIO-
muH illHPHHH pe30HaHCHHX no~oc, C KOMnOHeHTaMH: 

f 2 i_1=Re(fn n m.>, f 2 i=Im(Fn n m ), i=1+2I., /1.6/ 
xi zi 1 xi zi i 

rAe Fn n m onpeAe~eHH B /1.3/ A~8 norpemHocTeM no~H 6e3 
xi zi i 

yqeTa CH~ KoppeKTOpOB., i-nOPHAKOBHH HOMep pe30HaHCa. 113/1.31, 
/1.5/ H /1.6/ c~eAyeT yc~OBHe KOMneHCaUHH mHpHH I pe30HaHCHHX 
no~oc: 

F+MK=O, Kj=(K(N-1>8l)j, j=1 ••• 2I., /1.7/ 

rAe K-BeKTOP CH~ KoppeKTOPOB. IlpH npaBH~LHOH paccTaHOBKe KOP
peKTOpDB det(M);i!O., H CHCTeMa /1.7/ HMeeT eAHHCTBeHHOe pemeHHe. 

He3aBHCHMYIO pery~HPOBKY Ka:E,!{OM KOMnOHeHTl:J Fn .n m MOSHO 
·· · ,- xi zi i 

ocymecTBHTL OAHOBpeMeHHO,H3M~H8H CH~H BO scex KoppeKTOpax C 
noMOlltliIO ynpaB~8IOllteH MaTPHllH CX. H ynpaB~HI011tero BeKTOpa V: 

A 

K=cx.V. /1.8/ 
KaZAa8 KOMnOHeHTa vj BeKTOpa V AO~ZHa B03AeHCTBOBaTii Ha COOT
BeTCTBYIOlltYIO KOMnOHeHTY fjBeKTOpa F B /1.7/, OCTaB~88 npu 8TOM 
OCTa~IiHHe KOMnoHeHTH F HeH3MeHHHMH. C yqeTOM /1.7/-/1.8/ 8TO ... ..~ 
npHBOAHT K yc~OBHIO: 
AA A 

Mcx.=C, /1.9/ 
A 

rAe B MaTpuue C AO~ZHH 6HTI, OT~HtJHH OT HY~H H npoH3BO~I:,HH 
TO~I:,KO AHaroHaJIIiHHe 8~eMeHTH cjj, j=1+2I. OTKYAa A~H ynpas-

~HI011teH MaTPHllH no~ytJHM: ---------- . 
O!:i1,t1r>,:i • :.; rm:-rarjT I 
"'"''"'_i31•··-.• ·, .. _ .. •·1·•,:,S:!!!li:~ u.,. --r ,c"lf ,~ • \ . ' ;. lia;...- .... ~ 

r:;_;- ,,... l ', -,-1.t A 
~.FJ:J.it·;-...; l .::.nn 

------., --- -



~M-1C HJIH ctij=Mi}cjj'. i,j=1+2I,, /1. 10/ 

r,ll,e M:~-sJieMeHTH o6paTHOH MaTPHUH M-~ saBHCHlllHe OT noJiozeHHH 1J . 
KoppeKT0P0B B K0JlbUe YCK0PHTeJIH H pa6oqeH TQqKH Ha ,ll,HarpaMMe 
Q ..:..Q' ~. ·Ilp0H3B0JIOM B BH6ope C.; MOJCHO n0JI1:,30BaTbCH npH BH6ope 

X Z JJ 
Y.ll.OOHOH H0PMHP0BKH CT0JI6UOB ynpaBJIHIDuteH MaTPHUH. AJIH CHJI B 
KoppeKT0pax noJiyqHM: 

K1=J<M1}cjj)vj= -frMi}fj, /1.11/ 

r,ll,e nocJie,ll,Hee paBeHCTB0 cnpaBe,ll,JIHB0 npH YCJI0BHH K0MneHcau1m: 

fj+cjjvj=0. /1.12/ 

B CJiyqae KOMTTeHCaUHH i-oro pesoHaHca ero IDHPHHa, KaK 
CJie,ll,yeT H; /1.11,/1. 6/ H /1.12/, CBHsami c KOMnoHeHTaMH 
ynpaBJIH~lllero BeKT0pa CJie,ll,ylOlllHM o6pasoM: 

. . · 1/2 
[ · 2 2] Pn n m =7ii n <c2i-1 2i-1v21-1> +(c2i 2iv21> · 11 - 131 

xi zi i xi zi ' . · , ' 

· 2. CHCTeMa Jtoppe~HH pe30HaHCOB B HYJtAOTPOHe 
.. B HYKJI0TP0He hpe,lJ,yCMOTpeim 16 CBepxnpoB0,ll,HlllHX 6eszeJie3-

HHX MYJibTHn0JibHHX KOppeKTOpoa,KaJt,ll,HH H3 K0T0PHX C0,ll,epJtHT 1 
HJIH 2 THna MYJibTHn0JibHHX o6MOTOK,,ll,JIH KoppeKUHH pesoHaHC0B 2-4 
nopH,lJ,K0B, a TaKze 2 ,ll,Hn0JibHHe o6MOTKH ,ll,JIH KoppeK~HH 3aMKHYT0M 
op6HTH B BepTHKaJibHO~ HropH30HTaJibHOH nJIOCKOCT~X- Pacnoiioz~-. ' .. . ' . 

HHe_' K0ppe~T0P0B 0TH0CHTeJII,H0 CTPYKTYPHHX KBa,ll,pyrioJieH noKasaHo 
Ha pHc.1. B Ta6JIHUe 1 npHBe,ll,eHH, a Ha pHc. 2 n01msaHH Ha ,ll,Ha
rpaMMe. Q -Q 6JIHJtaMmHe K pa6oqeA TQqKe JIHHlUf pesoHaHC0B 2-4 

X Z 

nopH,lJ,K0B H H0Mepa C00TBeTCTBYIOlllHX K0ppeKT0P0B ,ll,JIH HX KoppeK-
UHH. B npocTeHmeM cJiyqae KoppeKUHH 0T,ll,eJI1:,Horo pesoHaHca 
n Q +n Q =m HCn0Jib3YIOTCH ,ll,Be napu K0ppeKTopoa: "K0CHHYCHaH" H 

X X Z Z · · • 

"CHHYCHaH". IIyCTI, (K,1)1,3 H (Kl>2,4-CHJIH 1 H 2 nap KoppeKT0-
POB COOTBeTCTBeHH0, 812-aSHMYTaJII,HHH yroJI MeJt,ll,Y (Kl)1H (Kl)2. 
A3HMYTaJibHHH yroJI MeJt,ll,Y K0ppeKTopaMH B nape C0CTaBJIHeT X pa,lJ,. 
H3 /1.3/ CJie,ll,yeT, qTo B ST0M CJiyqae npH 
(Kl) 3=(Kl) 1 H (K1) 4=(Kl) 2 /2.1/ 

KOppeKT0pH B03,ll,eMCTBYIOT T0JII,KO Ha qeTHHe rapM0HHKH m B03MYute
HHM, He B036yz,ll,aH HeqeTHHe, a npH 

,j. 

.~ 

f 
! 

~ -lP1 A1 ~2 A2 ~3 A3 ~4 A-4-
1 H

1 
H

2 
K

1 
K2 

2 H
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H
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K
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K
4 

3 H
5 

H
6 

K5 K6 
4 H7 Hs K7 8 

5 Hg H10 Kg K-:io-
6 811 H12 K11 K12 
7 H13 H14 K13 K-1-4 __________ _ 

8 81s H16 K1s 16 
PHc.1.PacnoJI0JteHHe K0ppeKT0P0B pesoHaHC0B H qacT0T 6eTaTpOH
HHX KOJie6aHHH B K0JibUe HYKJIOTpoHa. 06osHaqeHHH: .If! -HoMep cy
nepnepHo,ll,a, ~1-~4-(p0KYCHPYIDutHe KBa,lJ,pyn0JII,HHe JIHH3H, A~-~4-
,!(etp0KYCHPYIDlllHe KBa,lJ,pynoJibHHe JIHH3H, K1-K16-KoppeKT0PH peso
HaHCOB, H1-H16-KoppeKTopu qacToT, sipipeKTHBHaH ,ll,JIHHa KoppeKT0-
poB 1=30_ CM 

(K1) 3=-(K1)
1 

H (K1) 4=-(K1) 2 · /2.2/ 

-Ha HeqeTHHe, He B036YllC,ll,aH qeTHHX. 3anHmeM YCJI0BHe /1.7/ K0P
peKUHH pesoHaHca: 

{
S13b1+S24b2c~s(me12)+f1:o, 

s24b2sin(m812)+f2-0, 

r,ll,e 

[ 
In 112 In 112] · 

b - J3 X J3 z 1,2- X Z 1,2' 

s13=(Kl)1±(Kl)3, s24=(Kl)2±(Kl)4, 

12~31 

/2.4/ 

/2.5/ 

f1,2-K0CHHYCHaH H CHHYCHaH ID rapM0HHKH B03MYuteHHH, ~TcqeT 
yrJI0B Be,ll,eTCH OT nepaoro K0ppeKT0pa, 3HaK - B /2. 5/' COOTBeT-'i 
CTByeT HeqeTH0MY m, a+ -qeTHOMy. Hs /2.3/ noJiyqHMynpaBJIHIO-

A 

lllYIO MaTpHUY ct H3 /1.10/: 

[
s 1 3) ,., [f 1 ] ,,,. [1 /b 1 -11 c tg( $ > b 1 > ] . 

. S
24 

=CL f
2 

; a.=- o 1/(sin($)b
2

) , $=m812· · /2.6/ 

AJIH pa3H0CTHHX pesoHaHC0B nQ -nQ =0 ycJI0BHe K0ppeKUHH: 
X Z 

5 
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6.9 
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Qi! 
s:+ 
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x Ra ( 6) B0JIH3H IIOJI0JKe-

( a) H.H.H pa601Ie.f! T01IRH 
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HH.FI) If. ROCH!,li1 (rryHI\-. 

THpHa.ff JI.l1HMJI) H8J1HHeK

HOCT.HMI1 MarHMTHoro 

ITOJIR, ). 

'1 
J ,.-1 
5 

Ta6n.1. KoppeKTHpyeMNe pe30HaHCN. a12-a3HMyTaJibHNH,YrOJI Mez~y 
nepB0H H BTOP0H napaMH KOppeKT0P0B, yroJI Mez~y KOppeKTopaMH B 

• ~ , ~ '. s ➔ 

nape paBeH x. HoMepa K9ppeKTOpOB C0OTBeTCTBYIDT PHC.1 •. 

PesoHaHc • THn HeJimieHHOCTH . 

2Q =13 2Q =14 z z npHM0H KBa~pynoJib 

2Q =13 2Q =14 
X · X 

npHM0H:KBa~pynoJib 

Q -Q.=0 
X Z 

Q +Q =13 
X Z 

K0C0H KBa~pynoJib 

3Q =20 2Q +Q =20 
X Z X npHMOH ceKCTynoJib 

2Q -Q =7 
Z X 

3Q =20 2Q +Q =20 
Z X Z KOC0H ceKCTynOJib 

2Q -Q =7 
X Z 

4Q =27 2Q +2Q =21 ·npHM0H_OKTYn0Jib X,Z X Z 
2Qx-2Qz=0 

3Q +Q =27 3Q +Q =27 
X Z Z X KOC0H OKTynoJib 

3Qz-:-Qx=13 

{
S13b1c~s(¢1)+S24b2c~s(¢2)+f1:0, 

S13b1s1n(¢1)+S24b2s1n(¢2)+f2-0, 

r~e . 

HoMepa 
KOppeKTOpOB 

nonanHo 
2-10, 4-12. 

5-13, 7-15 

4-12, 8-16 

3-11, 5-13 

7-15, 8-16 

3-11, 6-14'' 

1-9, 6-14 

b1,2=(~z)~,2' ¢1,2=n(;'(z-Xx)1,2' n=1, 2• 
PemeHHe CHCTeMN /2.7/: 

812 
(.pa~) 

x/4 

x/4 

17x/32 

7x/32 

x/8 

9x/32 

17x/32 

/2.7/ 

/2.8/ 

[
S13]_"o[f1] "o_ _1 [· sin(¢2)/b1 -cos(¢2)/b1] , ... 
8 -a f , a ·--!.--- , /2.9/ 

24 . 2. sin(¢2-¢1) -sin(¢1)/b2 cos(¢1)/b2 
S13 =(Kl) 1+(Kl) 3, S24=(Kl) 2+{Kl) 4• 

, ~ . A . . 

IlYCTb a+H a-- MaTpHUN /2.6/ KoppeKUHH 4eTHOH H He4eTHOH. 
rapM0HHK COOTBeTCTBeHHO, a npH m=0 a.~=a.0 H3 /2.9/. Tor~a. H3_ 

: . , ' 

/2.5/ c~eAYeT. qTo B CJiyqae 4 He3aBHCHMNX CHJI KOppeKTOP0B 
(Kl)i O~H0BpeMeHHaH H He3aBHCHMaH K0ppeKUHH ~OCTHraeTCH npH 

7 



Ta6n.2 Pas6poc B03MY~eHHH <f1,2>~ 

06o3HaqeffHH: <6B>:=(6B/B)~-(1J37B): ~pas6poc norpemHocTeH noJIH 
B AHnOJihHUX MarHHTaX (Ta6JI.3), <6B>L-B KBaApynoJJhHUX JlHH3ax; 
HHAeKc nopHAKa pe3oHaHca N ony~eH. 

Pe30HaHC 2 -2 2 

<!1 2> = f1_2-11,2 E,l.l. 

2Qx=13 2Qx=14 (82.3<6B>u) 2+(17.0<61/l>~) 

2Q =13 2Q =14 z z (82.3<6B>y) 2+( 16'.8<61/1>~). CM0 

Q +Q =13 Q -Q =O 
X Z · X Z 

(73.6<6B>
1
/

2+( 17.2<6B>L) 2 

2Q.-Q =7 2Q +Q =20 
Z X Z X 

(965<6B>u) 2+(244<6B>L) 2 

3Qx=20 (1180<6B>M) 2+(440<6B>L) 2 -1 

2Q -Q =7·2Q +Q =20 (965<6B>y) 2+(239<6B>L) 2 CM 
X Z · X Z 

3Q =20 z (1190<6B>M) 2+(440<6B>L) 2 

4Q =27 (26.6·103 <6B>M) 2+(11.7·103 <6B>L) 2 
X ·, 

4Q =27 (26. 7 · 103 <6B>M) 2+( 1 L 5· 103 <6B>L) 2 
z ..:.2 

2Q +2Q =27 2Q -2Q =0 (18.0·103 <6B>M) 2+(4.11·103 <6B>L) 2 CM 
X Z X Z 

3Q +Q =27 
X Z 

(20.1·103 <6B>y) 2+(6.05·103 <6B>L) 2 

3Q +Q =27 3Q -~=13 
Z X Z 

(20.2·103 <6B>y) 2+(6.00·103 <6B>L) 2 

" HCnOJih30BaHHH ynpaBJIHID~eM MaTPHUU tt P83MepHOCThlO 4x4: 

.... [i+ i-] 1--
tt= "+ ,.._, K=~, /2.10/ 

tt -tt 

rAe K HF onpeAeJieHU B /1.6/-/1.7/. 

3. CTaTMCTMqecKH8 oqe~KH 

Bee nepeqHcJieHHUe B Ta6JI.1 pe30HaHCU C m¢0 B036YZAalOTCH 
pas6pocoM norpemHOCTeH noJIH OTHOCHTeJlhHO CpeAHeH BeJIHqHffll. 
CpeAHHe 3HaqeffHH I1 2 peaJihffliX H MHHMUX qacTeH BeJiffqffff Fn nm 

' X Z 
(CM./1.3/) paBHU HYJI~; AJIH cpe,l.lHeKBaApaTHQHUX aeJIHqHff <f1,2> 
MOZHO nOJIYQHTh: 

8 

~ 

Ta6n.3. C11cTeMaTHqecKHe norpeCIHOCTH noJIH-(~)(N) H HX pas-. 
6poc (CT~H,l.lapT~Oe OTKJIOHeu11e)-<6B/B>(N) ,l{JIH 96 ,l.lHTTOJILHUX,Mar
HHTOB HYKJIOTPOHa Ha pa.l{Hyce HOpMaJIH3aUHH r=4CM. ltOJIOHKa 1 co- -
OTBeTCTBYeT SHeprmi E~250 Msa/H, 2-sHeprHH E~5.4 rsa/11~ 3-Ma-

• l • • 

Kc11MaJihHOe no a6coJIJOTHOH aeJiuqHHe suaqe1rne 3a UllKJI ycKopemm. 
HopMllPOBKa: (6B/B) (N+1)=(a"B /oxN)rN /(Bu! )=K(N+1) ( pr" /NI). 

' ' ' ' ' '· .' z,x ' 

(tiB?B) (N+1) . 104 <6B/B>(N+·1> • 1'o4 

N Tun H8Jll1HeHHOCTH 
.1 2 '. 3. 1 2 3 

2 npHMOW KBa,l{pynOJih 0.09 ·0.05 0.18 0.93 1.45 1.45 
' ' 

2 KOCOH KBa,l{pynoJih -1.8 -1.5 · -L84 ,3.91 4.11 4.14 

3 npHMOH ceKCTYTTOJih :...11.2 21.5 21.5. 0.90 2.41, , 2.41 

3 KOCOH ceKCTynOJih -0.42 0.16 -0.42 1.25 1.92 1: 92· 

4 npHMOH OKTynoJih -0.33 -0.21 -0.33 0.60 
' ' 

1 ~53 t.53 · 

4 KOCOH OKTYnOJih -1.47 -0.90 -1.47 3.67 3.28 3.67 

[ 

2 In I In I ]
1

'
2 

<f >=1 '°'<K(N-1)1> [~ x ~ z] 1,2 2 L j X z j , 
j 

m¢0, /3.1/ 

r.l{e <> o603HaqaJOT CTaH.z{apTHOe OTKJIOHeHlte OT cpe,l{Hero, llH,l{eKC 
j npo6eraeT no aceM MarHHTaM-HCTOqff11KaM B03My~eHHM <K(N-

1
>1>., 

~ 6 J 3HaQeHHH ~-~YHKUHH B KBa,l.lpaTHUX CKO KaX ycpe,l.lHeHU no COOTBeT-

CTBYJO~HM MarHHTaM. 
lJIH pe30HaHCOB Qx-Qz=O H 2Qx-2Qz=O OCHOBHOH BKJia,l.l a·mu-

PHHY /1.1/ ,l.laIDT CHCTeMaTuqecKHe norpemHOCTH noJIH (K(N-
1

>1) .• 
lJIH HeKoppeJIHpoaaHuoro ua6opa cJiyQaMHUX aeJIHQHH a. (a":a.=a~i.' J 1 J 1 J 

np11 i¢j) cnpaae.l{JIHBO paaeHCTao: 

lfajexpi$ j 12= If jexp( 1$ j) 12+ f < a~-a;) . -.-----r- /3. 2/ 

~s /3.2/ 11 /1.3/ AJIH cpe,l.lHero KBa,l.lpaTa jFn-nol2 
cJie.l{yeT: 

IFn-nol 2=IFn-nol
2

+ f<Kl>~(~x~z)j, 
/3.3/ 
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F n-no =I1-t:1I2 =::}:< KI) j [< .f3xt3z> n:' 2exp( in(:tz -:(x)) ].j., n=1,2, /3. 4/ 
J . . 

2 --2 2 
<Kl>j=(Kl)j-(KITj. _ /3.5/ 

B CJJyqae KoppeKUHH OAHOro pe3oHaHca C mtO: 
(KT)i=O, i=1+4, /3.6/ 

a ,!l;JJH cpe.ztHeKBa,l(paTHqHHX __ CHJJ B KOppeKT?pax H3 /2. 6/ MOZHO no-
JJytUfl'l, oueHKy: . ._ 
<Kl> 1", 2;,,,<Kl>3 , i==<f 1>112~ sin('♦fo1 ] 2 

I• . /3i.7/ 

r.l(e <f 1 > - H3 ,/3.1/. IlpH O,!l;HOBl)et.4eHHOH KoppeKUHH t!E!fHOH., ;H ~e
qeTH6R ral)MOHHK c ynpaBJIHIOllleH MaTpuueR /2.10/: 

<Kl>i=[(<K1>;) 2+(<Kl>i) 2] 112, i=1+4, /3.8/ 

r.zte <Kl>i: H <Kl> i -CHJJH H3 /3. 7 /, noJiyqeHHHe ,!l;JJH tieTHOH H He
tieTHOH rapMOHHK COOTBeTCTBeHHO. 

· lJIH pe30HaHCOB CBH3H nQ -nQ =O (n=1,2) cpe.ztHHe 3HatieHHH 
CHJI B KOppeKTOpax 'ux ;,;ucnepc~H <K1>2: 

/3.9/ 
[
(KI) 1] 1"o[i

1
] 2 [ <f1> · ·1

2 
(KI) =t1 i '<Kl>1 2= · , <Kl>3 4=<Kl>1 2' 

2 2 ' 2·sin($ -$ )b • • 
2 1 1,2 

• "o rAe i1,2-H3 13.41, a, $1,2 H b1,2-H3 /2.9/. 

BupazeHHH /3.1/ H /3.3/ 6UJIH pacctJHTaHu .C nOMOllll,IO npo
rpaMMU SYNCEL131.ztJIH MarHHTHOH CTPYKTypu HYKJJOTPOHa C napaMeT
paMH: pa6otiaH TOtJKa - Q =6.80, Q =6.85; s~~eKTHBHUe ,!l;JIHHH ,!l;H-x z 
nOJibHHX MarHHTOB-1M=144 CM, KBa.ztpynOJibHUX-1L=42.5 CM, pa.ztHYC 
KPHBH3HU paBHOBeCHOH op6HTH p=2200 CM. Pe3yJJbTaTH ,!l;JIH /3.1/ 
npHBeAeHH a Ta6JJHUe 2. Ta6JIHUa 3 co;,;epEHT CTaTHCTHtJeCKHe AaH
HUe O.HOPMHPOBaHHUX norpemHOCTHX noJIH (6B/B)(N+ 1 > B ,D;HnOJJbHUX 
MarHHTax (no pe3yJibTaTaM MarHHTHux H3MepettuR): 

'(~B/B)(N+1>=caNB 1axN)rN/(BNl)=K(N+1>cprN/N!), z,X /3.10/ 

r;,;e r=4CM -paAHYC HOPMaJIH3aUHH, B-Be.ztylllee noJie B ,!l;HnOJibHUX 
MarHHTax. 

4. KoppeKqHR pesoaaacoa 2 nopa~xa· 
4.1 KoppeKUHH 2Q =13, 2Q =14 x,z x,z 
HCTOtJHHKaMH B036yz.zteHHH pe30HaHCOB HBJIHIDTCH 13 H 14 a3H-

IO 

k 
\ 

i. I 
1 

·' -~ 

Ta6n.4. IlapaMeTpH ~- H b ynpaBJIHID~HX MaTPHU /2.6/ ,!l;JJH KoppeK-
... ·, -- . 2 

1.um pesoHaHCOB 2 nopH,nKa. 3HatieHHH <Bc/B>~=(Bc/B):-<B7B>M 
noJieR /3.10/ B KoppeKTopax Ha pa,nuyce r=4cM (CM. /3.7/) pac-,· 
CtJHTaHU AJIH <6B/B>M=1.45·10-4 H <lil/l>L=10-3; B-Be.ztym.ee noJie. 

Pe30HaHC $ b <BIB>~ i~1+8 <BIB> ( pa,n) C J. C 

2Q =13 -3:t/4 f3z (15.5<6B/B>M) 2+(3.2<61/l>L) 2 3~9- 10-3 
z 

2Qx=13 -3:t/4 t3x (14.7<6B/B>M) 2+(3.0<61/l>L) 2 3.7·10-3 

2Qz=14 -X/2 t3z (11.0<6B/B>M) 2+(2.3<.61/l>L) 2 2.8· 10-3 

2Qx=14 -X/2 t3x (_10. 4<6B/B>M) 2+(2. 2<.61/l>L) 2 2.6·10-3 

MYTaJibHHe rapMOHHKH pa36poca s~~eKTHBHHX ,!l;JIHH (61/l)L KBaAPY
OOJibHHX JIHH3 H KBa~pynOJibHOA KOMOOHeHTH B .l{HOOJibHHX MarHHTax: 
(.6B/B)M=(BBz/ox)r/B. Pa36poc rpa~ueHTOB B_JI~H3ax <6B/B>L (cM. 
Ta6JI.1) CBH3aH c pas6pocoM <61/l>L: 

<.6B/B>L = <.61/l>L IBBz/ax ILr/B~o. 67<.61/l>L - /4.1/ 

,ll;JIH pa6oqeR TOtJKH Q =6.80, Q =6.85. IlpH <.6l/l>L~1-10-3 JIHH-x z ' 
3H H ,!l;HnOJJbHHe MarHHTH BHOCHT cpaBHHMHH BKJia.zt B IDHPHHH peso-
HaHCHUX noJIOC. 

~JIH KOppeKUHH 4 napaMeTpHtieCKHX pe30HaHCOB HMeeTCH 8 
KOppeKTOPOB (CM.Ta6JI.1 H PHC.1) - AOCTaTOtJHOe qHCJIO ,!l;JIH O,!l;HO
BpeMeHHOH H noJIHOH HX KOMneHcauHH. Hau6oJiee onacHHMH HBJISUOTCH 
pesoHaHCH 2Q =13, nOJJOCH KOTOPUX nepeceKaIOTCH H3-:3a KYJIO-x,z . ' 
HOBCKoro HeKorepeHTHOro pas6poca qacTOT BO apeMH HHZeKUHH H 
Ha HatiaJibHOM STane ycKopeHHH. KoppeKUHH BTOPOH napu c m=14 
o6ecnetJHBaeT yMeHbmeHHe B03MYllleHHH oru6arom.eR nyqKa, BU3BaHHOe 
6JIH30CTbIO pa6oqe£l TOtJKH K noJIOCaM STHX pesoHaHCOB. 3anHmeM 
YP~BHeHHH /1 ~ 7 / O,!l;HOBpeMeHHOH KOMnettcauHH na.pu pesoHaHCOB -
2Q =13 HlH 2Q =14: x,z x,z 

A 

F+MS=O, F=(f1,f2,f3,f4), S=(S1,S2,S3,S
4
), .· /4.2/ 

r,ne: 
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j3z1 t3z1cos( 4>12> t3z3cos(4>13> t3z3cos(4>14> 

M=I O t3z1sin( 4>12> t3z3sin(4>13> t3z3sin(4>14> I, 
/4.3/ 

t3x1cos(-4>13> t3x1cos(-4>23> 13x3 t3x3cos(4>34) 

t3x1sin(-4>13> t3x1sin(--<1>23> 0 f3x3sin(4>34) 

4>ij=m(8J-8i), i,j=1+4, m=13,14, /4.4/ 

e.-a3HMYTa.nbHUe yr.nu KOppeKTOPOB. 
1 . 

,ll.n.R 2Q =13: x,z 

S1=(K1) 1-(Kl) 1 +4, i=1+4,· /4.5/ 

f1=Re(Fo,2,13>,f2=Im(Fo,2,13),f3=Re(F2,o,13>,f4=Im(F2,o,13>, 

4>12='.t+X/4, $13=X+9X/32, 4> 14='.t/2+'.t/32 (pa,lJ,). 

)l.n.fl 2Q =14: x,z 

Si=(Kl) 1+(Kl)i+4, i=1+4, /4.6/ 

f1=Re(Fo,2,14>,f2=~m(Fo,2,14),f3=Re(F2,o,14>,f4=Im(F2,o,14>, 

4>12=-X/2, 4>13=-5'.t/16, 4>14=X+3X/16 (pa,ll,). 

HyMepauHH CH.n KOppeKTOpOB (Kl)i i=1+8 H yr.noB /4.4/ COOTBeT
CTBYeT KoppeKTopaM Ha p~c.1: 

K2,K4,K5,K~,K10 1 K12'K13·,K1s • 14· 71 

,ll.n.fl y;i;o6CTBa OTcqeT yr.noB ,ll,.n.fl f1,2 B /4.2/-/4.3/ npOH3BO,ll,HTC.fl 
OT _1 KoppeKTOpa K2, a ,D;.n.fl f3,4-0T 3 KOppeKTopa Ks- B /4.3/ 
yqTeHO,· qTo 

j3z2=j3z1' j3z4=j3z3' j3x2=t3x1' j3x4=j3x3" 14-81 

qHc.neHHlile 3HaqeHH.fl 13-~YHKUHH (B CM): 
t3z1=1094, j3z3=361, 13~1=321, j3x3=1161. /4.9/ 

3.neMeHTlil He,n;HaroHa.nbHUX 6.nOKOB a /4.3/ onHCUBaIOT B.nH.flHHe KOp
peKTOPOB pe30HaHCOB 2Q H 2Q ;i;pyr Ha ,n;pyra. Hx ae.nHqHHa OT-x z . ·. 
HOCHTe.nbHO ,D;HaroHa.nbHUX s.neMeHTOB - (j3z3/j3z1>~<t3x1/j3x3)~0.3. 
Ec.nH npeHe6peqb STHM B.nH.flHHeM, TO H3 ,D;HaroHa.nbHUX 6.nOKOB 
/4.31 no~¥~HM CXeMU KOppeKU~H /2.6/. IlapaMeTpN ynpaB.n.ffIO~HX 
MaTPHU /2.6/ npHae;i;eHU a Ta6.n.4. 

,ll.n.fl yqeTa B.nH.flHH.ff KoppeKTOPOB ;i;pyr Ha ;i;pyra He06XO,ll,HMO 

12 

.\11 

1 ·l;;l 
,9 

Hcno.nb3oaaTb ynpaa~Hro~yro MaTPHUY pa2MepHOCTbIO 4x4: tt=-M-J H3 
/4.3/-/4.9/ no.nyq11M ;i;.nH 2Q =13: x,z 

-1.100 1.1441 0.058 0.489 

"'13 1 0 1.584 0.381 0.3121, S=tt13p; a. =- /4.10/ 
j3z1 -0.427 0.051 -1.014 1.055 

-0.331 0.406 0.032 1.493 -
,ll;.n.fl 2Q =14: x,z 

r 
-1.100 0 0.190 0.284 

"'14 1 0 1.100 0. 284 -0. 190 I, . 
S=tt14F; a. =- /4·.11/ 

j3z1 0.169 -0.253 -1.037 0 

-0.253 ~0.1691 0 1.037 
", : 

r,ll,e s~eMeHTlil MaTPHU OTHOPMHPOBaHU Ha j3z1" .ll~.fl O,ll;HOBpeMeHHOH 
KOMneHC8UHH 13 H 14 rapMOHHK'C nOMO~b!O 8 KOppeKTOPOB c CH~aMH 
(Kl). i=1+8 MOZHO HCnO.nb30B8Tb M8TPHUY KoppeKUHH,aHa~orHqHyIO 

1 . ' . 

/2.101, pa3MepHOCTb!O 8x8: 

"' [tt 14 a, 1 3] 1" 
a.= a,14-a,13 , K=~- /4.12/ 

Hcno~l>3Y.fl /4.10/-/4.11/ H Ta6~.2, ,ll,~.fl cpe,n;HeKaa;i;paTHqHlilX CH~ 
a KoppeKTopax no~yqwM: 

-[ 2( 2 2 2( 2 2 )]1/2 ( ) <Kl>i- <f1> a.i1+a.i2)+<f3> a.i3+a.i4 / 2t3z1' 

OTKy,ll,a: 

<B /B>.=2.10 ,ll;~.fl m=13, <B /B>.=1.50 ;i;.n.ff m=14, i=1+8; /4.13/ 
C 1 C 1 -

O= [8. 2<ll.B/B>M) 2+( 1. 7 <ll.1/l>L) 2] 112
• · 

4.2 KoppeKUH.ff pe30HaHCOB CB.fl3H Q -Q =0 HQ +Qz=13 
X Z X 

Pe3oHaHClil CB.fl3H B036yz,ll,aIOTC.fl KOCOH KBa,lJ,pyno~l>HOH KOMnO-
HeHTOH no.n.fl (ll.B/B)=(oBX/ox)r/B H npo,ll,O~l>HUM (co.neHOH,ll;a~l>HUM) 
no.neM B. HHTerpa.n F1 -1 

0 
H3 /1.3/ C yqeTOM npo,llO~l>HOro no~.fl 

HMeeT a:,lJ,121 • ' ' 
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F1.-1.o~e~pi{)(z-~){K~[{i- i]-i(i + Jt)JL1, 
,, _ · _ X . Z . X Z r /4.14/ 

r.n;e K=(BBx/Bx)/IBPI, K
5

=B
5

/IBP_l-

0CHOBHllM HCTOtIHHKOM KOCOH KOMnoHeHTll HBJIHIOTCH ,n;HnO.JI.bHlle_Mar
HHTN (CM. Ta6.JI.2 H 3) H omu6Ka yr.Jia ct ycTaHOBKH KBa,!J;pynOJibHllX 
JIHH3 OTHOCHTeJibHO npo,n;OJI.bHOH OCH. n~~HHMaH CHCTeMaTHtieCKYJO 
omH6Ky ~!:,!O, ,ll;JIH cpe.n;HeKBa,n;paTHtIHOH BeJIHtIHHll noJiytIHM: 

<6B/B>L=2<COL(rBBx/Bx)/B!::!1.34<ct>L. /4.15/ 

Ms /3.3/-/3.5/ ,ll;JIH Q -Q =O CJie.n;yeT CTaTHCTHtieCKaH oueHKa: 
X Z 

f~+f~ = I ( 998+154) (EB?B} M 12+ [104<6B/B>M] 2+ [33<ct>L] 2. /4.16/ 

Ms /4.16/ H Ta6JI.3 CJie,n;yeT, tITO OCHOBHOH ~KJia,ll; B mHpHHY peso
HaHca ,n;aeT CHCTeMaTHtieCKaH KOMnOHeHTa B ,n;HnOJI.bHllX MarHHTax. 
IlPH ,n;onycKaX <ct>L!::!10-3 ee ,ll;OJIH COCTaBJIHeT !::!94%. 

AJIH KoppeKUHH pesoHaHCOB npe,n;ycMOTpeHO 4 KoppeKTOpa: 
K 

4 
~ K

8
_, K~ 

2
, K 16 ( pH~. 1 ) , CHJil:l KOTOPllX o6osHa tIHM s,n;ec1> KaK (Kl) i 

i=_1 +4 COOTBeTCTB8HHO. IlpH nonapHOM no,n;KJIJOtieHHH no cxeMe /2.1/ 
B03MOXHa KoppeKUH~ Q -Q =O C ynpaBJIHIOmen MaTpuuen /2.9/, a 

X Z 

npH no,n;KJIIOtieHHH /2.2/- KOppeKUHH Q +Q =13 c yripaBJIHIOmen MaT-x z 
PHUeH /2.6/. AJJH tIHCJieHHOrO pactieTa MaTpHtIHll>. SJieMeHTOB HC-
noJI.b30BaJIHC.b C.Jie,n;yromHe 3HatieHHH f3- H ~-(IJyHKUHH B MeCTaX pac
nOJIOZeHHH KoppeKTOPQB (B CM H pa,n; ): 

f3x 1=354, f3x2=1161, J3z1=1094, f3z2=349; 

b=~, <1>=13812=29X/32; /4.17/ 

<!>1=(~z-~) 1=-0.040, <!>2=(~-~x) 2=0.175; 

3HatieHHH <1>1 2 ,ll;JIH Q -Q =O Tpe6yJOT YTOtIHeHHH npH HaCTPOHKe ye-
, X Z 

KOPHTeJJH. Ms /4.17/ H /2.9/ nOJJYtIHM tIHC.JieHHO ,ll;JIH Q -Q =O: 
X Z 

Ao -3[1.3 -7.4] 1A 0 ct ='-10 - , K=~ F. /4.18/ 
0.3 8.0 

A 

AHaJiorHtIHO H3 /4.17/ H /2.6/ MOZHO paCCtIHTaTb MaTpHUY ct- Jcop-
peKUHH Qx+Qz=13. Bo BpeMH HHZeKUHH B03MOZHO nepecetieHHe o60HX 
pesoHaHCOB. AJIH HX O,ll;HOBpeMeHHOH KoppeKUHH Heo6xo,n;HMO HCnOJib-
30BaT.b MaTPHUY KOppeKUHH /2.10/ H 4 HesaBHCHMlle CH.Jill B KOp
pe1cTopax. 

14 

1 

IlpH MaJillX npo,n;oJibHUX noJIHX B !::!Q ,ll;JIH KOMneHCaUHH 60.n1,meH 
B 

qacTH IDHPHHll pe3oHaHca Qx'-Qz=O ,ll;OCTaT04HO CKOppeKTHPOBaTb KO~ 
CHHYCHYIO KOMnoHeHTY f1 (CM. /4.16/). B STOM c.nyqae MOZHO HC
noJI.b30BaT.b TOJibKO 0,ll;HY H3 ,ll;BYX nap KoppeKTOpOB (JII06y10), npu-

. tieM CHJia B HHX onpe,n;e.n.HeTCH 113 / 4 .18/, no.naraH f 2 =O. IlpH B 
5

, -

cpaBHl1MllX c KOCllMH KBa,n;pynOJI.bHllMH noJIHMH B /4.14~ 0.l(HOH napll 
KoppeKTOPOB He,n;ocTaTOtIHO H Heo6xo,n;HMO HCnOJI.b30BaT.b o6mui1 aJI
ropHTM /4.18/. 

lJJH CHJI B KoppeKTopaj(iJoJJytJi-fM H3 /3.7/-/3.9/ H /4.17/: 

<B
0

/B>~_4'=•(59<6B/B>11)
2 +(19<ct>L) 2 

'- .l(JIH Qx+Qz=13; 

(~) 1, 3=-130(EB7B)M, (~)2 , 4 =-110(1ffi?B)M, /4.19/ 

<B
0
/B>~, 3=( 114<!\B/B>M).2+( 38<ct>L) 2 ,. 

<B
0

/B>~, 4 =(122<hB/B>M) 2+(37<ct>L) 2 
- ,ll;JIH Qx-Qz=O. 

5. YnpaaneHue KoppeKTopaMH 
AJIH nporpaMMHoro ynpaBJieHHH KOppeKTopaMH He06XO,lJ;HMp CBH-

3aT.b CHJill KoppeKTOPOB C KO.l(aMH Ji ynpaBJI8HHH.11CTOtIHl1KaMH nH
TaHl1H. IlyCTb AI 11 AK -KOS(IJ(IJ11u11eHTll npeo6pasoaaHl1H ynpaBJIHIOm11x 
KO,ll;OB B TOKH I .. 11 TOKOB B Cl1Jlll KOppeKTOPOB COOTBeTCTBeHHO: 

~ 

A1=II/JI, A =l(BNB /BxN)(l/p)/II, /5.1/ 
'le z,x 

r,n;e l-s(IJ(IJeKTl1BHaH .l(Jil1Ha no COOTBeTCTBYIOmen KOMnoHeHTe_ noJIH. 
Tor,n;a ,ll;JIH BeKTOpa J ynpaBJIHIOmHx KO,ll;OB: 

J=(B/~AI)K=CF, C=(B/AKAI)(~). /5.2/ 

BeKTOP F 113 /1.6/ s,n;ecb 11rpaeT POJib ynpaBJIHIOmero BeKTopa. Ilo
Jie B sa,n;aeTCH nyTeM KYCOtIHO-Jil1HeHHOH annpOKCl1MaUH11 Ha OCHOBe 
ero 3Ha4eHl1H B pH,n;e BpeMeHHllX TOtieK YCKOPHT8JlbHOro UHKJia. 

BMeCTO ynpaBJIHIOmero BeKTOpa F, KOppeKT11py10mero CHHYCHUe 
H KOCHHYCHlle COCTaBJIHIOm11e B03MymeHl1H, H Jll1HeHHOro npeo6pa30-
BaHl1H /5.2/ MOZHo 11cnoJI1,soaaT.b ynpaa.nHromtte napaMeTpu IFI 11 r 
KOppeKu1111 aMnJIHTY.l(ll 11 (1Ja3ll BO3MYmeHHH. HanpHMep, ,ll;JIH CJiy4aH 
KOppeKUHH O.l(HOro pe3OHaHca: 
f 1=1Flsint, f 2 =1Flcosr, /5.3/ 

OTKy,n;a H3 /2.6/ ,ll;JIH mtO nOJIY4HM: 
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"(Kl) 1=1Flcos(4>-t)/(2b1sin¢), (K1) 2~-IFl/(2b2sin4>); 

,JtJIH m=O H3 /2.9/: 

(Kl) 1= 1Flcos(¢2-t)/(2b1sin(¢2-4>1)), 

(K1) 2=-1Flcos(~1-t.)/(2b2sin(4>2--4!1)), 
.· 

r.ne b1,2, 4>, 4>1,2-napaMeTpH ynpaBJIHIOII\H~ MaTpHI.J.. 

6. KoppeKqHff pe30HaHCOB 3 n~pff~Ka 

6.1 KoppeKU.HH 3Q =20, 2Q +Q =20~ 2Q -Q =7 
X Z X · Z X 

/5.4/ 

/5.5/ 

HcToqHHKaMH B036yx,JteHHH pe3oHaHCOB HBJIHIOTCH 20 H 7 rap-

Ta6n.5. IlapaMeTpU 4> tt b ynpaBJIHIOll(HX MaTpHI.J. /2.6/ )tJIH KoppeK-
-- 2 

U.HH pe30HaHCOB 3 nopH,JtKa. 3HaqeHHH <Bc/B>:=(Bc/B)~-(~)M 
noJieH /3.10/ B KoppeKTopax Ha pa.nHyce r=4cM (cM./3.7/) 
paccqHTaHl:l ,ltJIH r Pe3oHaHC 

3Q =20 
X 

CJiyqas KoppeKI.J.HH 
B03Myll(eHHH <AB/B>y 
B ,ltHTTOJibHliX MarHH
Tax: npHMaH KOMno
HeHTa - 2.4·10-4, 
KOCaH - 1.9•10-4 

(CM. Ta6JI.2,3); 
<AB/B>L=O; B-Be,Jty

2Q +Q =20 
Z X 

2Qz-Qx=7 

3Q =20 z 
2Qx+Qz=20 

ll(ee noJie. 
2Qx-Qz=7 

4>( pa.it>' 

3Xl8 

3xl8 

49X/32 . 
X/2 

'X,/2 

7x/8 

b <Bc/B>1 <B/B>2 
.13312 15· 10-3 2.1 · 10-3 

X . 
.f3 .13112 3.2· 10-3 6.3· 10-3 

Z X 

.f3 .13112 3. 0-10-·3 5.9·10-3 
Z X 

.133/2 11 · 10-3 12· 10-3 
z 

.f3 .13112 3.0· 10-3 3.0·10-3 
X Z 

.f3 .13112 7.8·10-3 7.8· 10-3 
X Z 

MOHHKH npHMOH ceKcTynOJibHOH HeJIHHeHHOCTH ,JtHnOJibHliX MarHHTOB H 
KBa,JtpynOJibHliX JIHH3: (AB/B)=(o2B /ox2)r2/2B (CM. Ta6JI.2 H 3). z . 
B CJiyqae HCnOJib30BaHHH HeCHMMeTpHqHQH cxeMli KOppeKUHH XPOMa-
THqHoCTH c 14 KoppeKTOpaMH (CM. pnc.1) H OTCYTCTByIOII\HMH KOP
peKTopaMH H4 H H10 nepe,Jt JIHH3aMH A1 BO 2 H 5 cynepnepHo,Jtax 
(MeCTO KOTOPliX 3aHHMaIOT ycTpoHCTBa CHCTeMli Me,JtJieHHOro BHBO,Jta) 
KOppeKTOPli TaKze B036yz,JtaIOT 7 rapMOHHKY HeJIHHeHHOCTH. IlpH yc
JIOBHH noJIHOH KOMneHCaU.HH ecTeCTBeHHOH xpoMaTHqHQCTH ~ ~-a~o x,z 

.itJIH cHcTeMaTHqecKOH KOMnoHeHTH jF_1, 2, 7 1 MOZHO noJiyqHTL: 

IF-1,2,71~0.57 CM-112. /6.1/ 
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H3 cpaBHemrn /6.1/ c pe3yJII>TaTat,rn H3_ Ta6JI.2 H 3 BH,ltHO, qTQ 
KoppeKTOPU XPOMaTHqHOCTH HBJIHIOTCH OCHOBHHM HCToqHHKOM B036yx
,JteHHH 7 rapMOHHKH, qTo HBJIHeTCH He,JtOCTaTKOM HeCHMMeTpHqHoH 
cxeMu KOppeKI.J.HH xpoMaTHqHOCTH. Hs6exaTb B036yx.neHHH 7 rapMO
HHKH (a TaKxe 20) MOXHO, HanpHMep, HCKJIIOqHB H3 KoppeKUHH ,JtO
noJIHHTeJibHO KOppeKTOpH H2 H H12, KOTopue C)tBHHYTli no a3HMYTY 
OTHOCHTeJibHO H4 H H10 Ha yroJI X pa,Jt. 

AJIH KOppeKU.HH pesoHaHCOB npe,JtYCMOTpeHO 4 KOppeKTOpa: 
K3,K5,K11'K13 (pHc.1), CHJIH KOTOPHX o6o3HaqnM 3,JteCb.KaK (Kl)i 
i=1+4 COOTBeTCTBeHHO. IIpH nonapHOM no,JtKJIJOqeHHH no cxe~e /2.1/ 
HJIH /2. 2/ B03MOJIHa I<appeKU.HH O,JtHoro H3 pesoHaHCOB c ynpaBJIHIO
ll(HMH MaTpHI.J.aMH /2.6/. IIapaMeTpli ynpaBJIHIOll(HX MaTPHU /2.6/ npu~ 
Be,JteHI:l B Ta6JI. 5. B03MOJtHa TaKJCe O,ltHOBPeMeHHaH KoppeKUHH no. 
cxeMe /2.10/ O)tHOH H3 nap pesoHaHCOB: 

1) 3Q =20 H 2Q -Q =7, 
X Z X 

2) 2Q +Q =20 H 2Q -Q =7. 
Z X Z X 

/6.2/ 

/6.3/ 

Pe30HaHCH 3Qx =20 H 2Qz +Qx =20 nepeceKalOTCH BO .BpeMH HHJteKU._HH. 
0,JtHaKO O,ltHOBpeMeHHaH H noJIHaH HX KoppeKUHH HeB03MOXHa, TaK 
KaK COOTBeTCTBYIOmas CHCTeMa H3 2 nap ypaBHeHHH THna /2.3/ He
paspemHMa. 0,JtHaKO B03MOZHa HX qacTHqHaH O,ltHOBpeMeHHaH KOp
peKUHH B CMliCJie MHHHMaJibHOCTH CYMMli KBa,JtpaTOB JieBliX qacTeH 
/2.3/. KOMITPOMHCC Mex.ny cxeMaMH /6.2/ H /6.3/ (HJIH COOTBeT
CTBYIOll(HMH CXeMal\m 6e3 KoppeKUHH 2Q -Q =7-KaK B Ta6JI.5) ycTa-. 

Z X 

HaBJIHBaeTCH SKCnepHMeHTaJibHO. 
AonOJIHHTeJibHaH KOppeKI.J.HH /6.2/-/6.3/ pe30HaHca 2Qz,-Qx=7 

nosBOJIHeT yMeHbillHTb MO.JtYJIHUHIO orH6arouteH nyqKa, CBH3aHHYIO C 
6JIH30CTblO K JIHHHH pesoHaHca pa6oqeu TOqKH HYKJIOTPOHa. 

oueHKY cpe,JtHeKBa,JtpaTHqHliX CHJI B KOppeKTOpax MOZHO noJiy
qffTb H3 /3.7/, /3.8/ H Ta6JI.2, 5: 

<Bc/B>~, 3=(64<AB/B>u) 2+(24<AB/B>L) 2 , 

<Bc/B>~, 4=(8.6<AB/B>M) 2+(3.2<AB/B>L) 2 - ,ll;JIH 3Qx=20; 

<B /B>2
1 3=(13<AB/B>y) 2+(3.4<AB/B>L) 2 , 

C • /6.4/ 
<Bc/B>~, 4=(26<AB/B>y) 2+(6.7<AB/B>L) 2 - .JtJIH 2Qz+Qx=20; 
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<Bc/B>~, 3=(12<liB/B>M) 2+(3.2<liB/B>L) 2 , · 

<Bc/B>~, 4=(25<liB/B>M) 2+(6.2<liB/B>L) 2 - .!{JI.II 2Qz-Qx=7. 

B pacqeTax HCnOJib30BaJIHCb CJ1e,!{yI011tHe 3HaqeHH.!I ~-~YHKUHH B Mee
Tax pacnOJIO:reHH.!I KOppeKTOPOB (B CM): 

~x1=325, ~x2=1244, ~z1=1281, ~z2=330. 

6.2 KoppeKUHH 3Q =20, 2Q +Q =20, 2Q -Q =7 
Z X Z X Z 

OCHOBHl:lM HCTOqHHKOM B036y:r.neHH.!I pe3oHaHCOB .!IBJl.!IIOTC.!I 20 H 
7 rapMOHHKH KOCOH ceKcTynoJlbHOH HeJIHHeHHOCTH ,!{HnOJlbHl:lX MarHH
TOB: (liB/B)=(B2Bx/ax2)r2/2B, -(cM ... Ta6Jl.2 H 3). B mHpHHY pe- · 
30HaHCOB TaK:re .naIOT He60JlbfilOH BKJla,!{ KBa,!{pynOJlbHl:le JIHH31:l H 
omH6KH YCTaHOBKH yrJla nOBOPOTa a KoppeKTOPOB xpoMaTHqHOCTH 
OTHOCHTeJlbHO npo,!{OJlbHOH OCH. B CJlyqae noJIHOH KOMneHCaUHH xpo
MaTHqHoCTH ,!{06aBKa K <f 1, 2> B Ta6Jl.2 COCTaBJl.!IeT_: <f 1, 2>,c.= 
7.7<a> ,!{JI.II 3Qz=20 H <f1,2>~=3.4<a> ,!{JI.II p~30HaHCOB CB.!I3H. 

~JI.II KOppeKUHH pe3oHaHCOB npe,!{yCMOTpeHO 4 KOppeKTOpa: 
K7,Ka,K15•K16 (pHC~1), CHJll:l KOTOPl:lX 0603HaqnM 3,!{eCb KaK (Kl)i 
i=1+4. Bee CKa3aHHOe B n.7.1 OTHOCHTeJlbHO KoppeKUHH pe30HaH
COB, B036y:r,!{aeMl:lX np.!IMOH ceKcTynOJlbHOH HeJIHHeHHOCTblO, OTHO
CHTC.!I HK KoppeKUHH ,!{aHHl:lX pe30HaHCOB (CM. Ta6J1.5). Heo6XO,!{H~ 
MO J!Hfilb npOH3BeCTH 3aMeHy x<->Z B /6.2/, /6.3/ H APYrHX Bl:lpa
:remmx~ B OTJIHqne OT npe,1J;HAY11tero, o,nHaKo, B03MO:ZHO MHOroKpaT
HOe nepeceqeHHe pe30HaHCa CB.!I3H 2Q ~Q =7 (CM. pHc.2) BO Bpe~ 

X Z 

M.!I HH:ZeKUHH, qTo Mo:reT C,!{eJlaTb cxeMHKOppeKUHH THna /6.2/ 
HJIH /6.3/ Heo6XO,!{HMllMH. 

IlpHBe,IJ;eM oueHKH ,!{JI.II CHJI KoppeKTOPOB,aHaJlornqHUe /6.4/: 

<Bc/B>~, 3=(58<liB/B>M) 2+(22<liB/B>L) 2 , 

<Bc/B>~
04

=(62<hB/B>M) 2~(23<liB/B>L) 2 - AJIH 3Qz=20; 

<Bc/B>~_4=(16<liB/B>M) 2+(5.8<liB/B>L~ 2 - .!{JI.II 2Qx+Qz=20; /6.5/ 

<Bc/B>~_4=(41<liB/B>M) 2+(15<liB/B>L) 2 - AJIH 2Qx-Qz=7. 

3HaqeHH.!I 13-~YHKUHH B MeCTaX pacnoJ10:reHH.!I KqppeKTOpOB (B CM): 

~x1=1214, ~x2=1244,.~z1=330, ~z2=318. 

JU, 

7. KoppeKqHR pesoHaHcoa 4 nopanKa 
7. 1 J{oppeKUHH 4Q =27, 4Q =27, 2Q +2Q =27, 2Q -2Q =O . 

X Z Z X . Z X 
HCT04HHKOM B036y:z,!{eHH.!I CYMMOBl:lX pesoHaHCOB HBJIHeTCH 27 

rapMOHHKa npHMO}I OKTynoJibHOH HeJIHHeHHOCTH ,!{HnOJibHllX MarHHTOB 
H KBa.npynOJibHl:lX JIHH3: (liB/B)=(B3B /ox3)r3/6B (CM. Ta6JI.2 H 3). . z 
PesoHaHC CBH3H 2Q -2Q =O B036y:r.naeTCH CHCTeMaTH4eCKOH H CJIY-z X · , 

4aHHOH KOMnoHeHTaMH 'HeJIHHeHHOCTeH B CTPYKTYPHllX MarHHTax (CM. 
/7.1/), a TaK:re OKTYnOJibHllMH nOJIHMH KoppeKTOPOB saBHCHMOCTH 
qacTOTl:l 6eTaTpOHHl:lX KOJie6aHHH OT aMnJIHTYAN. 06MOTKH nocJie,JJ;HHX 

, I' • , ' 

HaXO,!{HTCH B Tex ze MYJibTHTTOJlbHl:lX KoppeKTOpax, KOTOpue KOppeK-
THPYIOT · xpoMaTH4HOCTb ( cM. pnc.1). B cjJyqae'

1

'HeCHMMeTpH4Horo 
BKJ110t1emrn STHX KoppeKTopoB (n.6.1) OHH 6y)iyT Bos6y:z.naT1,. TaKxe 
27 rapMOHHKY OKTynOJibHOH He.mmeHHOCT.H. 9ueHKa, no,no~HaH 16.11, 
noKa31:lBaeT, 4TO HX BKJia,!{ B mifpHHll BCex qeTupex pesoHaHCOB 
MOJ:eT npeBumaTb BKJia.n OT CTPYKTYPHHX MarHHTO,B. Bo36}z.nemt'H 27 

'.'1 -'. 

'l'a6n.6. TiapaMeTpU 4> H b ynpaBJIHIOlltHX MaTpHU/2~6/ H-/2~91,AJIH 

KoppeKUHH pe30HaHCOB 4 nopH,nKa. 3Ha4eHHH <Bc/B>~=(Bc/B)~ -
( B7B> ~ noJiei1 /3.10/ a KoppeKTopax Ha pa,l\Hyce l~4~M ( cM. 
/3.7/) paCC4HTa
HU ,l\JIH CJiyqaH 
KoppeKUHH B03My-
11teHHH <liB/B> M n 

,l\HnOJibHl:lX MarHH
Tax: npHMa.!I KOM
ncnieHTa-1. 5· 10-: 

·KOCaH-3.7·10 -4 

(vM. Ta6J1.2,3); 
<liB/B>L=O; B-Be
AYl!lee noJie. 

Pe3oHaHC 4>( pa.n;) 

4Q =27 -'13'.t/32 X , 

4Q =27 .. ; .'.:.fax/32 
z 

2Q +2Q =27 -13'.t/32 
X Z 

2Q -2Q =0 
X Z 2t -2~ Z X 

3Q +Q =27 11'.t/32 
X Z 

3Q +Q =27 
Z X 

11'.t/32 

3Q -Q =13 '.lt-3'.t/32 
Z X 

b <Bc~B~1 , <Bc/B>2 
~2. 13· 10-3 ' 1.2· 10-3 
x· 

~2 
z 1. 1 · 10-3 14~ 10-3· 

~x~z 2.6· 10-3 2.8· 10-3 

~x~z 7.5·10-3 7. 9· 10-3 

~3/2~ 14· 10-3 4.5·10-3 
X Z 

~3/2~ 
Z X 

4.2· 10-3 15· 10-3 

~3/2~ 
Z X 

13· 10-3 47.10-3 

rapMOHHKH MOZHO H36ezaTb HCKJII04eHHeM KoppeKTOpOB H2 H H12 H3 
aJiropHTMa KoppeKUHH. BsaHMHOe BJIH.!IHHe KoppeKTOPOB qacTOT H 
KOppeKTOPOB pe3oHaHca 2Qz-2Qx=O MOXHO HCKJII04HTh, HCnOJib3YH 
no.nxo.nHlltHH aJiropHTM KOMneHCaUHH, no.no6HUH aJirOPHTMaM HesaBH
CHMOH KOppeKUHH pesottaHCOB (3,1\eCb He paccMaTpHBaeTCH). 
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H3 /3.3/ )tJJH 2Qz-2Qx=O noJJyqHM: • 

f~+f~ = l(227+i24)·103(liB7E)Ml 2+ 

+ [25.4•103<AB/B>M] 2+[5.8·103<AB/B>L] 2• /7.1/ 

Hs /7.1/ H Ta6JJ.3 CJJe,z,;yeT, qTo CHCTeMaTuqecKaH u CJJyqafiHaH 
COCTaBJJHIO~He HeJJHHeHHOCTH BHOCHT cpaBHHMHH BKJJa,z,; B IDHPHHY 
pesoHaHca. 

. ' .· . 
)lJJH KOppeKl{H~ pesoHaHCOB'npe,z,;ycMOTpeHO 4 KoppeKTOpa: 

K3,K6,K11'K14 (puc.1.>,, .. CHJJH KOTOJ)HX .. 0603HaqHM s.n;ec1, KaK (Kl)i 
i=1+4 COOTBeTCTBeHHO •. IlpH nonapHOM no,z,;KJJJOqeHHH no cxeMe /2.2/ 
c MaTPHL\eH /2. 6/ ~~s~oziia KoppeKL\HH o,z,;uoro us 3 ·pesottaucoa c 
m=27. Koppe~L\HH 2Q '-2Q =O ocy~eCTBJJHeTCH a COOTBeTCTBHH c 

. . ·, X· Z · • · · 

/2.1/ H /2~.9/. IlapaMeTPU ynpaaJJHIOIJtHX r~aTPHL\ /2. 6/ ~/2. 9/ . npu-
ae,z,;eHu B ia.6JJ.6 •. B03MOZHa TaKze.6,z,;HOBpeMeHHaH KOppeKL\HH O,ltHO
ro H3 CYMMOBlilX pe3~HaHCOB H 2Q -2Q =O no c;eMe 12.·101: 

X Z 

1) 4Qx=27 H 2Qx-2Qz~o; 

2) 4Q =27 H 2Q ~2Q =O, 
Z '. X · Z 

3) 2Q +2Q =27 H 2Q ~2Q =O. 
X Z - - X Z 

/7.2/ 

/7.3/ 

/7.4/ 

Bee 4 pes0Ha1.foa -riepeceKalOTCH BO apeMH HH:leKL\HH. KoMnpOMHCC 
Mez,z,;y cxeMa~H /7.2/-/7.4/ (HJJH COOTBeTCTBYIO~HMH cxeMaM11,6e3 

; ', ..•. ,· 'i .•• 

KoppeKL\HH 2Q -2Q =0). YCTaHaBJJHBaeTCH ·· SKCnepHMeHTaJJI,HO. 
. . X Z . , ·. ' ' 
Hs Ta6JJ.6 u /2.9/ noJJyqHM qucJJeHHO )tJJH 2Q -2Q =O: 

. X Z .... 0 -6[ 1. 7 -6. 9] 1 .... 0 a =-10 . , K=~ F 
0.76 7.5 

/7.5/ 

H aHaJJorHqHo )tJJH MaTpHL\ KOppeKL\HH OCTaJJI,Hl,IX pesoHaHCOB. 
)lJJH CHJJ B KoppeKTOpax H3 /3.7/-/3.9/ H Ta6JJ.2,6 CJJe,z,;yeT: 

<Bc/B>~, 3=( 87 <AB/B>M) 2+( 38<tiB/B>L) 2, . 

<Bc/B>~, 4=(8.1<AB/B>M) 2+(3.5<tiB/B>L) 2 - .D;JJH 4Qx=27; 

<Bc/B>~ 03=(7.6<AB/B>M) 2+(3.3<AB/B>L) 2, 

<Bc/B>~, 4=(94<AB/B>M) 2+(40<fiB/B>L) 2 - )tJJH 4Qz=27; 

<BCIB>~, 3=(_17<AB/B>M) 2+(4. O<AB/B>L) 2, . /7.6/ 

<Bc/B>~, 4=(18<AB/B>y) 2+(4.2<AB/B>L) 2 - .D;JJH 2Qx+2Qz=27; 

20 

(~)1,3=-S5(ZIB7B)M, (~)2,4=-13g(ZIB7B)M, 

<Bc/B>·~, 3=( 50<AB/B>M) 2+( 11 <AB/B>L) 2 , 

<Bc/B>~, 4=(53<AB/B>M) 2+(12<AB/B>L) 2 - ,!tJJH 2Qx-2Qz=O. 

B pacqeTax ucnoJJ1,soaaJJuc1, cJJe.n;yJOil(He sHaqemrn .13- H x
~YHKL\HH B MeCTax pacnoJJOZeHHH KoppeKTOPOB (B CM H pa.zt ): 

.f3x 1=354, .f3x2=1161, .f3z1=1196, .f3z2=341; 

$1=2(:t -x >1=-0.100, $2=2(:t -x >2=0.240; 
Z X • Z X 

npuqeM $1 2 ,ll;JJH 2Q -2Q =O Tpe6yJOT YTOqHeHHH npH HaCTPOHKe ye-
' X Z 

KOPHTeJJH. 

7.2 KoppeKL\HH 3Q +Q =27, 3Q +Q =27, 3Q -Q =13 
X Z Z X Z X 

HcToqHHKOM B036yz.zteHHH pesoHaHCOB HBJJHIOTCH 27 H 13 rap-
MOHHKH KOCOH OKTYnOJJbHOH HeJJHHeHHOCTH .zumoJJbHhIX MarHHTOB H 
KBa.ztpynoJJbHhlX JJHH3: (AB/B)=(o3Bx/ox3)r3/6B (CM. Ta6JJ~2 H 3). 

JlJJH KoppeKUHH pesoHaHCOB npe.ztYCMOTpeHO 4 KOppeKTOpa: 
K1,K6,K9,K14 (puc.1), CHJJhl KOTOPhIX o603HaquM s,z,;ecb KaK (Kl)i 
i=1+4 COOTBeTCTBeHHO. IlpH nonapHOM no.n;KJJJOqeHHH no cxeMe /2.2/ 
c MaTPHL\eH /2.6/ (CM. Ta6JJ.6) B03MOZHa KOppeKL\HH O,ltHOro H3 3 
pe30HaHCOB. Bee 3 pe30HaHca nepeceKalOTCH BO apeMH HHZeKUHH. 

TaK ze KaK H B npe.zthl.ltYil(HX CJJyqaHX, B03M0:1Ha qacTHqHaH KOp
peKL\Hfl IDHPHH O)tHOBpeMeHHO 3 pe30HaHCOB. 

)lJJH cpe.n;HeKBa.n;paTHqHl,IX CHJJ B KOppeKTopax noJJyquM H3 
/3.7/-/3.9/ H Ta6JJ.2, 6: 

<Bc/B>~ 3=(39<AB/B>y) 2+(12<AB/B>L) 2, 
. ' . 

<Bc/B>~, 4=(12<AB/B>M) 2+(3.7<6B/B>L) 2 - ,D;JJH 3Qx+Qz=27; 

<Bc/B>~, 3=(11<AB/B>M) 2 +(3.4<AB/B>L) 2, 

<Bc/B>~, 4=(41<AB/B>M) 2+(12<AB/B>L) 2 - AJJH 3Qz+Qx=27; 

<Bc/B>~, 3= (35<AB/B>M) 2 +(10<AB/B>L) 2 , 

<Bc/B>~, 4=(126<AB/B>M) 2 +(38<AB/B>L) 2 
- ,D;JJH 3Qz-Qx=13. 

3HaqeHHH .13-~YHKL\HH B MecTax pacnOJJOZeHHH KOppeKTopoa: 

.f3x1=354, .13x2=1161, .13z1=1196, .f3z2=34_1 (CM). 
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B 3aK~ID4eHHe aBTOPH 6~aroAaPHT A.C.fypeBH4a sa no~e3HHe 
o6cyz~eHHH 3aTpOHYTHX BonpocoB. 
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PaCCMOTpeHbl BO3MO>KHbte cxeMbl H anropHTMbl . KOppeKUHH, BKntO'laA 
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Corr~ctiori of Betatron Resonances in Nuclotron 

· Possible .schemes and algorith~s including independent ones for the correc

tion of stopbands of 2, 3 and4 order betatron reso~ances in Nuclotron.are in
vestigated; Statistical estimations are made for resonance stopbands and correc- · 
tor strengths necessa·ry for their _correction. . 
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