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Bee,ieer.te 
,U.nH ynpaa.nemrn rio.no:s:eHHeM ,,pa6ot1eH TOtlKH . CHHXPOTPOHa B 

nJIOCKOCTH. qacTOT 6eTaTpO_HHUX KOJie6aHHH 11:;yMeH1,meHHH BeJIHtlHHU 
HX pa36poca OTHOCHTeJII,HO BU6paHHOI'O;no.no:s:eHHH pa6ot1eH TOttKH 

• • > ' ' • ' ~ ' • • 

c.ny:s:aT CHCTeMU KBa,l(pynoJII,HOH, ceKCTYnOJII,HOH H OKTynOJII,HOH 
KOppeKUHH qacTOT •. lKeCTKYIO IPOKYCHpoBKY, a TaKJ:e peryJIHPOBKY 
Qx z B YCKOPHTeJie HYKJIOTPOH 06ecnet1HBaIOT 64 KBa,l(pynOJil,HUe '11-
H h-.nHH3U, BXOAHutHe .B cocTaB 8 cynepnep110.n;oe16! no4 ro,no 
HtleHKH B KaJ:,l(OM cynepnepHo,1te. ,UJIH KOppeKUHH KBa,1tpaTHtlHOHH 
KY6Ht1eCKOH HeJIHHeHHOCTeH noJieH npe,l(yCMOTpe~o 16 CBepxnpoBO~ 
,l(Hll{HX 6e3:1e.ne3HUX MYJII,THnOJII,HUX KoppeKTOPOB , CTOHll{HX nepe,I( 
nepBUMH ill- H k-JIHH3aMH B KaJ:,D;OM cynepnepHO,l(e H co.n;ep:s:all{HX , 
o6MOTKH ,ltJIH cos.n;aHH8 ceKCTynOJII,HUX H OKTYnOJII,HUX noJieH. 

B pa6oTe,paccMOTpeHU a.nropHTMU KOppeKUHH qac~T B HYK
JIOTPOHe. ·.·· Iio.n1,mas, BeJIHtfHHa CHJI B ceKCTynOJII,HUX KOppeKTOpax 
xpoMaTH4HOCTH npHBO,ltHT K ueo6xo,1tHMOCTH.yt1eTa151H KoppeKUHH 
sipipeKTOB 2 nopH.n;Ka. Ilpe,1t.naraeTC8 MeTO,I( KOMneHCaUHH STHX sip
illeKTOB. 

1. Perynr.tpoeKa '13CTOT 6eTaTpOHHYX Kone6aHMH M 
XPOMaTM'IHOCTM 

CHCTeMU pery.nHpoBKH 6eTaTpoHHUX qacTOT Q H xpoMaTHq-x,z 
HOCTH ~ =p(OO . /op) 8BJI8IOTC8 OCHOBHUM HHCTPYM8HTOM ynpaB-x,z x,z . . 
JieHHH, a TaK:le HCCJie,JlOBaHH8 6eTaTpOHHOro ,JlBH:18HH8. CTPYKTYP-
HHe fl)- H'.ll-KBa,l(pynoJII,HUe JIHH3lil noc.ne,l(OBaTeJII,HO BKJIIOlleHH B 
,JlBe He3aBHCHMUe uenH nHTaHH8 COOTBeTCTBeHHO. B .1 nop8,l(Ke 
npH6JIH:leHH8,H3MeHeHHe 6eTaTpoHHHX qaCTOT AQ =Q -Qx zo . x,z x,z o, 
OTHOCHTeJII,HO pa6olleH TQqKH Q CB83aHO C H3MeHeHHeM rpa-,.. . xo,zo . ' . . 
.n;HeHTOB B JIHH3aX AGlfl,,.=<G.:;_Go)l),A·. JIHHeHHHM npeo6pa3oBaHHeM: 

AQ = +_iL (AG/IB~l)dl, . /1.1/ 
x,z ~x,z 

r,l(e p -ropH30HTaJILHa2 H BepTHKaJILHa8 aMnJIHTYAHHe WYHKUHH, x,z . . . . 
IBPl-:1ecTKOCTL no.ns B ,JlHnoJ1LHHX MarHHTax, 1-;rtJJHHa B;rto.n1, pae-
uosecttoA op6HTH, 3HaK + COOTBeTCTByeT ropHSOHTaJII,HOH n.DOCKO
CTH. Hs /1.1/ MO:IHO no.nyqHTL )t.D8 rpa;rtHeHTOB: 



[ 
(tiKl)gi) ,.. [tiQ ) ,.. 4x[f3 J.t f3 J.t) 

-(fiKl_))I; ~q fiQ: ., <X.q=RJJ f}~ .f3:gi : D~f}xqlf3z,!(-f3z$f3x,!(" /1. 2/ 

r)te N~=32-tfHCJIO 00,llO-nepHO,ltOB., Bce:3HatfeHHH j3-qJYHKL{HH ycpe,1t-
HeHH no JIHH3aM cynepnepHo)la (tiKl)(Jl,,11;=(tiGl/lBpl)W,.lt" 1=42.5 
CM - S~THBHaH ,,J1;JIHHaKBa,1tpynoJILHHX JIHH3, p=2200 CM -pa)tHYC 
KPHBH3HH paBHOBeCHOH TpaeKTOPHH B .ltHnOJI:bHHX MarHHTax., .llJIH 
y,1to6cTBa a,11.-21 ncno.iJ1,3yeTcs:i aeJIHtfHHa (-tiKl).lt>O • .llJJH pa6o
t1eA TOtfKH Q~0 =6.80,iQz

0
=6~85 ycpe,!(HeHHHe f3-WYHKL{HH paBHH: 

f3x4t1?44, ~~~322,_ f}x,!(=325, f3z)t=1236 [CM ]., /1.3/ 
,li - •• 

OTKy,l(a, tfHCJleHHO: \' 

[ 
( tiGl) g, l ,·. f7. 44_ 1. 97) [tiQx) 

-(tiGl))tj~0- 1·Bt1.94 7.50 tiQZ ~- - ;1. 4; 

.llJIH peryJJHPOBKH xpoMaTHtfHOCTH npe,l(yCMOTpeHO 2 ceMeHCTBa 
KOppeKTOPOB,(no8 KOppeKTOPOB B KaZ,!(OM)., YCTaHOBJieHHHX nepe)t 
nepBHMH-~- H .ll-JIHH3aMH KaZ,l(Oro cynepnepHO)ta. ~- H .ll-KoppeK
TOp!f BKJIIOtfeHH B ,!(Be He3aBHCHMHe 1.tenHnHTaHHH. B 1 nopHJ.tKe 
npH6JIHZeHHH H3MeHeHHe XPOMaTHtfHOCTH ti,c, . =( ,c,-,c, ) OTHOCH-" x,z 0 x,z 
TeJILHO ecTeCTBeHHOH ,C, JIHHeHHO CBH3aHO C CHJiaMH Km ff= 

2 · 2 OX,OZ ~•A 
(( B B '/Bx,) / IBP Dm' ff. ceKcTynoJILHHX •KOppeKTopoe: , 

Z ~•A • 

ti"'x,z= ±~J3x,z(K$),dl., /1.5/ 

r.;e tll-J.tHCnepcHOHHaH ~YHKL{HH., 3HaK + COOTBeTCTByeTropH30H
TaJILHOHnJJOCKOCTH.' AHaJIOrHtfHO /1.2/ H3 /1.5/ nOJIYtfHM .ztJIH CHJI 

K[OppeKTOpoe:[ )'. :'. .. _ :. . /1.6/ 
(Kl)gi _"' ti"'x . "' _ 4X J3zJ.t/tllgi J3xJ.t/t!J(JI . · _ · 

. -( Kl) J<tx rut. • ''x-N~Allzwl*J! fix~/*~. D-fl~z.1cllzwllx.1t• 
' .; . ,. . ", ~ 

r,l(e N =8-tfHCJIO cynepnepHO,ltOB., 1=30CM -sq,ipeKTHBHaH .ztJIHHa sp ,._ .. ·-· . . . .. . ' ·. 
KOppeKTOpOB, HH,lteKCH (JI H J.t COOTBeTCTBYIOT nOJIHM.,, ~~ H j3-qJYHK-
L{HHM B KOppeKTOpax nepe.zt ~- H .ll-JJHH3aMH COOTBeTCTBeHHO. ~HC
JieHHHe 3Hat1eHHH WYHKJ..tHH: 

.· ,·•t·<~ . -

: ~ .. f3x(Jl=1.185., J3zgi=3_51., t!J(Jl,,;265,' 

/ '_'.:'A, =344 A =1151 ,h . =180 [CM ] .,x)t " .,z,JJ; ._ ' "'.Jt ., 

/1.7/ 

OTKY.Jta noJJytfHM. q11cJ1eHHo ,JtJIH noJieH B KoppeKTopax- (BIJl,,lB)= 

2 

. 
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((B2Bz/ax2 )r2 /(2B)J41,1 Ha pa.ztHyce HOpMaJIH3al{HH r=4CM: 

[ Bw] 2 .... [1>.x _3 [3.22 o. 96) [tix ) 
-BJ.t =B(pr /2l)<X.x l>.,c,: !:!B• 10 1.44 4.88 l>.,c,: • /1.8/ 

PacqeTHaH ecTeCTBeHHaH XPOMaTH4HOCT:b HYKJIOTPOHa C yqe
TOM CHCTeMaTuqecKOH ceKCTynoJILHOH KOMnOHeHTH nOJI.ll B J.tHnOJIL-
HUX MarHHTaX 
UiB/B)3M=(pr2 /2) ((B2Bz/ox2 )/IBpl)M., r=4CM , /1.9/ 

COCTaBJIHeT: 

Xx
0
!:!-8.1+2.47· 103(iIB/B) 3JJ, Xz

0
!:!-8.0-2.27· 103(iIB/B) 3M. /1.10/ 

H3 MarHHTHHX H3MepeHHH: (iIB/B)3M!:!-1.1·10-3, KOTOpaH npHMeptto 
noCTOHHHa B ,l(Hanasotte OT atteprHH HHZeKL{HH )tO E!:!4faB/H. IloJia
raH b,c, =-x , H3 /1.8/, /1.10/ noJiyqHM CJie,1tyro~yro OL{eHKY x,z xo,zo . 
xpoMaTH4HOCTH H noJieH B41,J.t: 

(Bm/B)!:!0.040, -CB 11/B)~-0.042 npH X ~-10.8, X !:!-5.5; /.1.11a/ 
~ A · - XO ZO 

( Bq/B) !:!o_. 034, (~,l{/B) ~-o. 051 npH Xxo !:! -8. 1, "-zo ~-8. 0 •. /L 116/ 

.llJIH nporpaMMHOro ynpaBJieHHH JIHHSaMH H KoppeKTOpaMH C no
MOIJ\I,IO 3BM Heo6xo.n;HMO nepeiiTH OT CHJI B /1. 4/ H /1. 6/ K KO,ll;aM 
ynpaaJieHHH HCT04HHKaMH nHTaH_HH. IlyCT:b AK-KOStWlHJ..tHeHT . npeo-
6pasoBaHHH TOKa I a noJie, a AI- ynpaBJIHIOll\ero KO,l(a J B TOK I: 

{ 
l!>.Gl/(pI) I - .JtJIH KBa,l(pyno~I>HHX JIHH3, 11 121 =II/JI, = • 

-½: ~ 11a2B /ox2pII- ,l{JlH KoppeKTOPOB xpoMaTH4HOCTH. z 

.llJIH ynpaBJIHIOII\HX KO,1(OB noJiyq11M: 

[
JqJ) A [fiQ ) [Jql) A [/>,,C, ) A A 

J.l{ =Cq />,Q: H J,n; ~Cx ti,c,:, Cq,x=(B/AK"J:)a.q,x" /1.13/ 

2. OKTYDO~LHaR goppeKQHR saBHCHMOCTH qacTOTU 6eTaTpOH

HUX KO~e6aHMH OT awn~HTY~U 

IlpHCYTCTBHe CHCTeMaTnqecKOH npHMOH OKTynoJILHOH KOMno
HeHTH noJIH K=(B3B /ox3)/IBPI npHBO,n;HT K noHBJieHHro 3aBHCHMocz 
TH qaCTOT 6eTaTpOHHHX KO~e6aHHH OT aMnJIHTYA I : x,z 

bQx=axx1x+a~z1z' 
r,JJ;e 

l>.Q =a I +a 1· , 
Z ZX X ZZ Z 

3 

a =a xz zx' 
/2.1/ 



a = _J,..L2 Kdl, a = -!~ 13 Kdl, I =f.. l2x; /2.2/ xx,zz T6x]'}Jx,z xz Bij· x z x,z x,z 

f.. -8MHTTaHCU (s,necb H ,na~ee B CM). JlpyrHM HCTQqHHKOM sa-x,z 
BHCHMOCTH /2.1/ HB~HIOTCH npHMUe CeKcTyno~bHUe KOMTTOHeHTU no-
~eH ( CM. nn. 3

1 
4). 

C n0Mom~10 nporpaMMU SYNCEL1116u~H BH4HC~eHU HHTerpa~u 
/2.2/ • .ll~H HOPMHPOBaHHOH CHCTeMaTHqecKOH OKTyno~bHOH KOMTTO
HeHTU no~H B ,11.HTTO~bHUX MarHHTax 

cm1B>4u=(pr3/6) ((o3Bz/ox3 )/IBpl)M~ r=4CM, 
no~yqeHU c~e,nyIO~He 3Ha4eHHH KOS!liiPHUHeHTOB /2.2/: 

axx~ 6.18·103(iIB/B) 4M, azz=6.22·103(m/B) 4M, 

axz=~9.90·103 (m/B) 4M [1/CM] • 

H3 MarHHTHUX H3MepeHHH: (m/B)4M=-3.3·10-5 , OTKy,na: 

aM =-0.20, aM =-0.20, aM =0.33 [1/CM], 
. XX ZZ XZ 

r,ne HH,neKCM yKa3UBaeT Ha HCT04HHK - ,l\HnO~bHUe MarHHTU. 

/2.3/ 

/2.4/ 

/2.5/ 

KaK noKa3aHO B /5/,0CHOBHNM HCTOqHHKOM, ,na10mHM BK~a,l\ B /2.1/ 
BO 2 nopH,nKe, HB~HeTCH CHCTeMa KOppeKUHH xpoMaTHqHOCTH. B 
c~yqae no~HOM KOMneHCa~HH X B COOTBeTCTBHH c /1.8/ H xo,zo 
/1.10/ .l\~H Hee no~yqeHo: · 

ac =1.69, ac =0.43, ac =0.54 npn x =-10.8, x =-5.5; /2.6a/ 
XX ZZ . XZ XO ZO 

ac =1.17; ac =0.62, ac =0.81 npH x, = -8.1, x =-8.0, /2.66/ 
XX ZZ XZ -'"XO ZO 

r,ne HH,neKC C yKa3UBaeT Ha HCTOqHHK-KOppeKTOPU xpoMaTHqHOCTH, 
3HaqeHHH K08qlqJHUHeHTOB- B 1/CM. 

.ll~H KOMnettcauirn 3aBHCHMOCTH /2.1/ c K08qlqJHUHeHTaMH /2. 5/ 
H /2.6/ MOZHO HCnO~b30BaTb: 1) OKTYTTO~bHUe KOppeKTOPU,cos,na
romne B COOTBeTCTBHH,c/2.2/ npOTHBOnO~O:IHUe no 3HaKy KOSqJqJH
UHeHTU; 2) 5 H~H Mettee He3aBHCHMUX ceMeHCTB KoppeKTOPOB CH
CTeMU KOppeKUHH xpoMaTHqHOCTH BMeCTO Tpa,J\HUHOHHHX 2 (CM. nn. 
3,4). PaCCMOTPHM 1 ,BapHaHT • .ll~H no~HOHKOMneHCaUHH 3 KOSqJ
qlHUHeHTOB a ,a ,a, He06XO,l\HMO 3 ceMeHCTBa, KoppeKTOPH B 

xx zz xz . · 2 2 
KOTopux ,no~:IHH HaXO,l\HTbCH B6~H3H MaKCHMYMOB flJYHKUHH 13x, 13z, 
13xf3z COOTBeTCTBeHHO. B HYK~OTPOHe HMeeTCH 2 ceMeHCTBa OKTY
no~bHUX KOppeKTOPOB B6~H3H 132 H 132, o6MOTKH KOTOPUX pacno-

x z 

4 

·i 

,. 
ij 

.i 

~ 

r 

~oxeHU BMeCTe c ceKCTyno~bHHMH o6MOTKaMH ,n~H KOppeKUHH xpo
MaTHqHQCTH B 0,l{HHX H Tex ze,Kopnycax MY~bTHTTO~bHHX KOppeKTO
poB. TaKHM o6pa30M, B03MOZHa KOMneHCaUHH ~Hmb 2 H3 3 KOSqJqJH-
UHeHTOB, ~H6o O,l{HOBpeMeHHaH MHHHMH3aUHH CYMMW KBa,npaTOB 3. 
KOSqlqJHUHeHTOB. PaCCMOTPHM B03MOIHUe aapHaHTU. 

1) KoMneHcaUHH a Ha • Hs /2.2/ no~yqnM: xx zz 

[
BID]-A [a~x] A -- A[' 13;,n -13;j~ -3 [-3.2 0.23] B -~1 a0 • ~1- Bu 2 2 - 10 B , 

A zz -13 m 13 0.23 -3.4 
Z~ X 

D-A2 132 132 132 -yxql z,11.- zql x,n' 

/2.7/ 

r,ne A=8xpr3 /(31N ), r=4CM, 1=30CM, N =8, HH,neKCU qi H -.I\ 
sp sp 

COOTBeTCTBYIOT no~HM n 13-flJYHKUHHM a KoppeKTOpax nepe,n ~- n .ll-
~HH3aMH COOTBeTCTBeHHO. IlpH BU6ope no~eA B COOTBeTCTBHH c 
/2.7/ H yqHTHBaH /1.7/, no~yqHM KOppeKUHIO: 

a =a· =O a =a0 +ra0 (13 j3) +a0 (j3 A) ]/(A 13 +13 A ) xx zz • xz xz ~ xx qi ,n z zz qiY,n x Yxqi z,l\ x,l\Yzqi • 
a =a0 +0.54(a0 +a0 )=1.14+0.75=1.89 [1/cMl, /2.8/ xz xz xx zz 
(BW/B)=-3.0·10-3 , (B,n/B)=-1.2·10-3 

,-

r,ne a 0 ,a0 ,a0 -3Ha4emrn KOSqiipH~HeHTOB ,no KOppeKUHH,paBHUe xx zz xz 
CYMMe /2~5/ H /2.66/. 

2) KoMneHcauns a Ha • Hs /2.2/ c~e,nyeT: ,, xx xz 

[:wJ=;
2
[:ix], ;

2
=-Bfi[ 13z,n/13xqi 13x,n/2j3~w]=10_3B[-3.4 -0.46], 

.n xz -13zw/f3x,ll. -13xw/2j3x,ll. 3.~ 6.7 

D=l3xqil3z,n-13zw13x.n• /2.9/ 

r,ne o6osHaqeHHH-KaK B /2. 7/. B pesy~bTaTe KOppeKUHH no~y,qnM: 

a -a -O a -ao +rao (A 13) +ao (A A +A A )/2]/(A A) xx- xz- • zz- zz ~ xx Yqi ,n z xz YxqiYz,n Yx,n~zql YWYA x 
a =a0 +a0 +1.82a0 )=0.42+3.04=3.46 (1/cM l, /2.10/ zz zz xx xz 
( Bqi/B) =-3. 8· 10-3

, ( B,11./B) =11. O· 10-3 • 

.ll~H KOMneHCaUHH a Ha (BapHaHT,nO~HOCTblO aHa~ornqHHH npe-' -~ .. · zz xz . . 
,nu,nymeMy) B /2.9/-/2.10/ Heo6XO,ll.HMO BCIO,ny noMeHHTb MeCTaMH 
HH,11.eKCH x'H z. 

3) MHHHMH3aUHH CYMMH KBa,npaTOB: 

5 



F=(a0 +Aa }2+(a0 +Aa }2+(a0 +Aa }2 /2.11/ xx xx zz zz xz xz , 
r,lle Aaxx,Aazz,Aaxz CBH3aHu C CHAaMH B KoppeKTopax B COOTBeT
CTBHH C /2.2/: 

Aaxx= 286(Bqi/B}+24(B.ll/B}, Aazz=25(Bqi/B}+270(B.ll/B}, /2.12/ 

Aaxz=-169(Bqi/B)-161(B.ll/B) [1/cMJ. 

MHHHMYM /2.11/ ,llOCTHraeTCH npn noAHX B KoppeKTopax, Y.llOBAeT
BOPHID~HX ypaBHeHHHM: 

' 

11 · qi=- AB xx xqJ zz zqJ- xz xql zql, /2.13/ 
[
O 1 ] [: ] ' [a 

O 
f32 +a 

O 
f32 2a 

O 
f3 f3 ] 

1 022 B.ll ~ ao f32 +ao f32 _2ao f3 f3 
. xx x,ll zz z,ll xz x,ll z,ll 

r,lle · 

. 4 · 4 } 2 4 A4 ( A ) 2 011=[f3xqi+f3zqi+( 2flxqif3zip J/012, C22=[f3xA+J-1z.ll+ 2f3x.ll1-'z,!l; J/C12, 

012=<f3xwf3x,ll>
2

+(f3zrpf3z,ll)
2
+4f3xtpf3x,llf3zqif3z,ll" 12•141 

0 yqeTOM /1.7/ nOAY4HM 4HCAeHHO: 

[
B"'] 4 [ 4. 4 -1. 8] [7. Oa

0 
+O. 6a

0 
-4. 1a

0 ·1 ~ =-10- B xx zz xz ~ 

B.ll -1.8 4.9 0.6a0 +6.6a0 -3.9a0 
xx zz xz 

/2.15/ 

IlO,llCTaBAHH KOS!pqJHr.tHeHTll H3 /2.5/ H 12.661, HaM~eM CHAU B 
KoppeKTOpax H CKOppeKTHPOBaHHHe 3Hal.JeHHRKOS!pqJHr.tHeHTOB: 

a =0.64, a =0.65, a =1.20 [1/cMJ, xx zz xz /2.16/ 

( Bqi/B) =-1. 24· 10-3 ,, ( B,n/B) =O. 96· 10-3 ·• 

4) KoppeKr.tHH cpe,llHMX 3Hal.JeHHM tiQ : x,z 
AQ =(a0 +ha )f +(a +Aa0 }T =0, 

X XX XX X .. ~z XZ Z 

hQ =(a0 +ha )I +(a0 +Aa }I =0, 
Z ZZ ZZ Z XZ XZ X 

/2.17/ 

r,lle qepTa 06ostta1.JaeT ycpe,llHeHne no 
ypaBHeHHM /2.17/ H /2.2/ noAyl.JHM: 

pacnpe)leAeHH~ I • Hs x,z 
/2.18/ 

[Bw]=-Bfiff3zif3z.llI:-
2

f3x,ll:x) f3xi
2

f3z~{z -flx,11;:)] [a;x:x +a;z:z], 
B,11; Wzqi< 2f3xip1x-f3zqllz) flxrp<f3xip1x-2f3ztplz) azz1z+axz1x · 

• , < ' •J'",: 

D=2< f3xlllf3z,11;-flzrpflx,11;> (Ixiz < flxrpf3z.ll+f3zrpf3x.ll> 12-I;t3xwflx.ll-I;f3zrpf3z.lll• ,; 

B c~yqae I =I H3 /1.7/, /2.5/ H /2.66/ nau,lleM 1.JHCAeHHo: 
X Z 

6 

/;~ 
') 

1 
V 

[
BIP] 2 [1. 5 1. 9] [a

0 

+a
0 

] B =10- B xx xz, Bqi=0.061B, B.ll=0.067B. 
.ll 2.0 1.6 a~z+a~z 

/2.19/ 

IlpHBe,lleHHHe Bume Or.teHKH noKa3UBaIDT, I.JTO OTCYTCTBHe He
o6XO,llHMoro 4HCAa OKTynOAbHHX KOppeKTOPOB 3Hal.JHT8AbHO orpaHH-
1.JHBaeT B03M03HOCTH KOMneHCar.tHH /2.1/. IlOSTOMY npe,llcTaBAHeT
CH aKTyaAbHOH B03MOZHOCTb HCnOAb30BaHHH KOppeKTOPOB, xpoMa
TH4HOCTH ,ll~H STOM r.te~H (CM. nn. 3,4). 

B saKAIDI.JeHHe/pas.n;eAa Or.teHHM B03MOZHOCTH YMeHbmeHHH 
at11qieKTa /2.1/.nyieM HenoAHoii KoppeKr.tHH xpoMaTHI.JHOCTH. Bae...:, 
,lleM napaMeTp XE[0,1],paBHHH KOS!ll@Hr.tHeHTY riponopr.tHOHaAbHOro 
yMeHbmeHHH CH~ 0,1\HOBpeMeHHOBO BCeX,KoppeKTOpax xpoMaTHI.JHOC
TH. OTHOCHTeAbH

1

~ 'CAy4a8 ee noAHOH K9ppeK1.tHH: X= Bqi. A/B(Do. ,!lo, 

r.lll?Bqio,.llo-H3 /1.8/,/1.10/. Ey,lleMpaccMaTpHBaTL x KaK nepe
MeHHYID npHMHHHMH3ar.tHH IPYHKLtHH qacTOTHoro pas6poca: 

F=w2<x2+:~}>a2+w2 a2 I 2+w2 a2 I 2+w2 a2 0 2+I2) /2.20/ 
.. p X Z XX XX X ZZ ZZ Z XZ XZ X Z , 

r,l\e' l>=(Ap/p)-OTKAOIIeHHe HMny~bCa OT paBHOBeCHOrQ.i_ ~Ta, o6o-
3Haqa.eT ycpe,I\HeHHe no pacnpe,l(e~eHHHM (5 HI ; <52 ,I2 · Hrpa-

. X, Z ,, , X; Z 

IDT POAb BeCOBHX KOS@ilJHr.tHeHTOB, w ,w ,w ,w -,llOnOAHHTeALHUe 
' '"'·' ·, ·: ' . ' . p xx zz xz ·, 

aecoau,e MHO:ZHTeAH. Y4HTHBaH, 1.JTO . '· ,, 
'Y =(1-x)v '\.x, z .• · · '\.ox, oz, 
a =x2ac +aM a =x2ac +aM a =x2ac +aM /2.21/ xx xx xx, zz zz zz, xz xz xz, 
H OT6paCHBaH nOCTOHHHOe CAaraeMoe, H3 /2.20/ fIOAY4Ht.i: 

,., _; ,_ --
F=ax4/4+bx2i2-cx a=2[ac2I 2+ac212+ac2c1 2+I2>] 

, , , ' XX X ZZ Z . XZ X Z , . /2.22/ 
b=[c+2'(ac aM I2+ac aM I2+ac aM (I2+I2) )] c=<'.>2(~2 +~2 ) 

XX XX X ZZ ZZ Z XZ XZ X Z , XO ZO ~ 

r,lle npHHHTO: w =W =W =W =1. KopeHL ypaBHeHHH (oF/ox)=O Ha p xx zz xz 
MHHHMYM F: 

x=%12a+q
1 

+ %12a-q', r,lle q=/cbl3a) 3+(c/2a)
21

; 
/2.23/ 

x=1-1/(3+(b/a)) npn 1-x<1. 

IlpH (5=5·10-4, £ =£ =40X MM•Mpa,ll. c yqeTOM KOSqJ!pHr.tHeHTOB H3 
X Z 

/2.5/,/2.66/ H xpoMaTHI.JHOCTH /1.116/ nOAY4HM: 

x=0.88; ~x=-0.97, ~z=-0.96; /2.24/ 

axx=0.75, a. =0.33, a =0.88 [1/cM J • zz xz 
7 



3. 3~K'l'Y B'l'oporo nopanKa B CHCTeMe KOppeKQMH 
Xpot.ta'l'M'CIHOC'l'H M ux 1toppe1tQHR 

Raa,11,paTnqHast HeJmHei1HocT1:, MarHHTHUX noJiett /1. 8/, ueo6-
xo,11,HMaH ,11,JIH KOppeKI.J,HH xpoMaTHqHOCTH, HBJIHeTCH )J.OCTaT04HO 
60JII:,mOH, H HeJII:,3H{npeHe6peraTI:, 8WWeKTaMH 6oJiee BUCOKHX no
PHAKOB, .qeM 1 .. npH6JIHXeHHe /1.5/. Pac4eTU BO 2 nopH,iJ.Ke TeopHH 
B03MymeHHi113• 41 noKa3UBaJOT, qTo ceKCTynOJII:,Hlle nOJIH cnoco6HU 
BOs6y:1,11,aTI:, pesoHaHCU 2,4,6 nopH,IJ,KOB H npHBO,ltHT K' noHBJiem110 
saBHCHMOCTH /2.1/ 4aCTOT 6eTaTpOHHUX KOJie6aHHH OT aMnJIHTYA
TeopeTHqecKH B03MOJ:Ha noJIHaH KOMneHcaI.J,HH BHOCHMUX B03Myme
HHH c.n0Mom1:,10 OKTynoJII:,HUX KOppeKTOPOB, 0,11,HaKo 8TO noTpe6o
BaJIO · 6u, 22 He3aBHCHMllX ceMettCTBa KOppeKTOPOB, qTo npaKTH- I. 

qecKH HeB03MOJ:Ho13~ C ,apyroii CTOPOHl:J, '-HeT Heo6XO)J.HMOCTH. B'. 
nOJIHOH KOMneHcaI.J,HH acex sqig)eKTOB, H ,IJ,OCTaT04HO orpaHH4HTI:,CH 
KOppeKI.J,Heif HaH60Jiee onaCHl:JX H3 HHX: 3aBHCHMOCTH /2.1/ Hipe-
30HaHCa 2Q -2Q =O (KaK 6JIHXai1mero K noJIOXeHHIO pa6oqei1 T04KH· 

X Z · 

HYKJIOTPOHa). iJIH KOppeKI.J,HH pesoHaHCOB 4 riopH;tKa B HYKJIOTPO-
He HMeJOTCH 8 oKTynoJI»HI:JX KoppeKTOPOB, KOTopue MoryT 61:JTJ:, He-. . . 

nOJII:,30BaHI:J,B·qacTliOCTH,H ,11,JIH KoppeKI.J,HH 2Q -2Q =0. llTO Ka.ca-
',,, ... , _ . X Z. ·,, ·· 

eTCH KOppeKI.J,HH 3aBHCHMOCTH /2.1/, TO, KaK cie,11,yeT H3 n.3, _2 
CeMeHCTBa OKTYnOJIJ:,HllX KoppeKTOpOB He MO~YT OGecne4HTI:, ,11,0CTa
ToqHo s~eKTHBHYIO KoppeKI.J,HIO. IlOSTOMY aJiropHTM ceKCTynOJII:,HOH 
KoppeKI.J,HH J:eJiaTeJJI:,HO noCTPOHTI:, TaK, 4T06U CBeCTH K MHHHMYMY 
ynoMHHYTHe s~eKTl:J,. ' 

PaCCMOTPHM aJirOpHTM KOMneHCaI.J,HH Ha npHMepe KOppeKI.J,HH 
a ,a ,a (yqeT pesoHaHca 2Q -2Q =0121np11B0,11,HT K yaeJIH4e-xx ZZ XZ . , X Z 

HHIO Ha 2 q11cJia ypaBHe~HH /3.2/). BupazeHHH ,ltJIH KOS~WHI.J,HeH-
TOB HMeJOT BH,11,: 

L L+l 

am=Jct1Jd0S(l)S(O)~~(l,s), m=xx,zz,xz, 

0 1 ·• , 
·. ~~cos(F ) cos(3F ) ] 

A =~K((.13 (1).13 (0))2 . x + x , 
xx x x s1n(XQ) sin(3XQ) 

· X X 

/3.1/ 

,,, '\ 

8 

;· :_: tcos( F ) cos( F+) cos( F-) ] 
A =-K✓.13 (1).13 (0).13 (1).13 (O) x +---+--- , 

zz x x · z z sin(xQ) sin(xQ+) sin(xQ-) 
. X ' 

~ -~r2cos(F ) cos(F+) cos(r) ] 
A =2KVJ3 (1).13 (o) 2 . x J3 (l)-[-------].13 (1) , 

xz x z ·· sin( xQ ) x sin( xQ+) sin( xQ-) z. 
X 

K=(2/pr2) 2/64X, F' =µ .. (0)-µ (1)-XQ sgn(o-1), x,z x,z x,z x,z 
F+=F +2F, F-=F -2F, Q+=Q +2Q, Q-=Q -2Q, 

X Z X Z X Z X Z 

r;te S(l)=(a2B /ax2)r2/(2B) - noJIH B KoppeKTopax Ha pa)J.Hyce z . 
HOpMaJIH3aI.J,HH r, µ (1)-Ha6erH was 6eTaTpOHHUX KOJie6aHHi1,'l, x,z : 
0-,11,JIHHU B)J.OJII:, paBHOBeCHOM TpaeKTOPHH, 1-nepHMeTp YCKOPHTeJIH. 
B pa6oTe /5/ noKa3aHO, 4TO BKJia)t CHCTeMaTHqecKOH KBa,11,paTHq

HOH HeJIHHeHHOCTH noJI~ ,11,HnOJII:,HUX MarHHTOB /1.9/ B axx,azz'axz 
COCTa.BJIHeT ~10% OT BKJia;ta, ,11,aaaeMoro KOppeKTOpaMH xpoMaTH4-
HOCTH. TaKHM o6pa30M, MHHHMH3al.l,HH HHTerpaJIOB /3.1/ nosBOJIHeT 
CKOMneHCHPOBaTI:, ~90% 8~~eKTa. ( iJIH Y'-leTa HeJIHHettHOCTett /1. 9/ 
HYJ:HO npoBO,IJ,HTJ:,.,HHTerpHpOBaHHe B /3.1/, BKJII04aH ,11,HnOJII:,Hlle 
MarHHTU.) Y'-IHTUBaH MaJiyJO yrJIOBYIO npOTHJ:eHHOCTI:, KoppeKTOPOB, 
nepew,11,eM B /3.1/ H /1.5/ K CYMMHPOBaHHIO. YCJIOBHH KOMneHCaI.J,HH 
np1-106peTyT BH,IJ,: 

N N 

X = ~hiS.+X =0, X = rhiS +X =0, 
X i~1 X 1 XO Z i=1 Z i ZO 

-N N . . /3.2/ 
a=~ f Aijs.Sj+a0 =O, m=xx,zz,xz, 
~ f,j= 1 m 1 m 

r,11;e hi , Aij=Aji_ COOTBeTCTBy10m11e KOSWWHI.J,HeHTll, l,J-HH,11,eKcll x,z m m 
CeMettCTB KoppeKTOPOB, Nf-4HCJIO HesaBHCHMUX ceMettCTB. K coza-
JieHHJO, CHCTeMa /3. 2/ HBJIHeTCH HeJIHHeHHOH, H ,11,JIH Hee HeJII:,3H ;jc 

noJiy'-IHTI:, COOTHOmeHHH THna /1.8/, KOTOpI:Je 6u o6ecne4HJIH Hesa
BHCHMOCTI:, peryJIHPOBKH Ka:l,ltOH 113 KOMnoHeHT: X ,a ,a ~a ; 

x,z xx zz xz 
iJIH Ka:1,11,oro TaKoro Ha6opa He06XO,IJ,HMO '-IHCJieHHO pemaTI:, CHCTeMy 
/3.2/. B CJiyqae Nf=5 q11cJ1eHHO MO:IHO HattTH .T04HOe pemeHHe CH~ 
CTeMu_/3.2/(eCJIH OHO cymecTBYeT). IlpH Nf<5·cHCTeMa /3.2/ sa
MeHHeTCH WYHKI.1,Heii-xapaKTepHCTHKOH 4aCTOTHoro pas6poca /2.201, 
B KOTOPOH HCnOJII:,3YIOTCH aupaJ:eHHH /3.2/. MHHHMYM WYHKI.l,HH Ha
X0,11,HTCH '-IHCJJeHHO_. 
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,llJIH paspemHMOCTH CHCTeMU /3.2/ BaZHO TO; KaK KoppeKTOPU 
o6~eAHHeHU B CeMeHCT~a. B03MOZHUe BapHaHTU no,n;KJII04eHHH MOZHO 
noJiy4HTb aHaJIH30M aHaJIHTH4eCKHX aupazeHHH /1.5/ H /3.1/. B 
qacTHOCTH, YA06HUM HBJIHeTCH BapHaHT, B KOTOpoM qaCTb KoppeK
TOPOB, CTOHl!.\HX B MeCTaX C OAHHaKOBUMH 3Ha4emrnMH f3 , o6~e-x, z 
AHHeHU B napu H HMeIOT npoTHBOITOJIOZHUe HanpaaJieHHH TOKOB. B 
STOM CJIY4ae OHH He 6YAYT BJIHHTb Ha xpoMaTH4HOCTb, H HX MOZHO 
HCnOJib30BaTb AJIH KOMneHCaUHH a ,a ,a . 0.n;HaKo' nocJie Kax-xx zz xz 
,n;oro H3MeHeHHH B HaCTpOHKe ~ Tpe6yeTCH nepeHaCTPOHKa KOp-x,z 
peKTOPOB axx,azz,axz• 

4. Bo3MO.HW8 aapHaHTW no~KnmqeHHR C8KCTynonLHNX 

1toppe1tTOPOB 
,llJIH BU4HCJieHHH MaTPHU UAij ff H KOSIM!HUHeHTOB "hi.· ·, 

· XX, ZZ, XZ X, Z 

i,j=1+Nf H pemeHHH ypaaHeHHH /3.2/ 6uJia HanHcaHa nporpaMMa 
Ha H3UKe FORTRAN, HCnOJlb3YID~aH 6H6JIHOTe4HUe ITOAnporpaMMU H3 
6H6JIHOTeKH GENLIB: pemeHHH CHCTeMU HeJIHHeHHUX ypaaHeHHH Me
TO)(OM,HbIOTOHa - 0400 H MHHHMH3aUHH CYMMU KBaApaTOB ~YHKUHH -
D507. B Ta6JIHUe npe,n;cTaBJieHU B03MOZHUe aapHaHTU BKJII04eHHH 
KOppeKTOPOB )(JIH CJiyqaeB ITOJIHOH KOMneHCaUHH xpoMaTH4HOCTH: 
~ =O. O,n;HHaKOBUMH UH~paMH o6osHa4eHU KOppeKTopu, OTHOCH-
x,z 

ll!HeCH K O)(HOMY ceMeHCTBY; 3HaK MHHYC nepe,n; UH~pOH yKasuaaeT 
Ha npoTHBOITOJIOZHOe HanpaaJieHHe TOKa B OOMOTKe KoppeKTopa; 
HOJII, o6osHa4aeT OTCYTCTBYID~HH HJIH BUKJIID4eHHUH KoppeKTOP~' 
IlocJie,n;oaaTeJibHOCTb H3 16 KOppeKTOPOB Ha4HHaeTCH co CTOHll!ero 
nepeA nepaoR ,ll-JIHHSOH 1 cynepnepno,n;a. KoppeKTopu., o6osHa4eH
Hue.un~paMH 1 H 2, peryJIHPYIDT xpoMaTH4HOCTb., 3,4,5 - KOSIM!H
uneHTU a ,a ,a .·BTopue npOH3BO)(HUe noJieH B KOppeKTOpax xx zz xz 
Si=<Bc/B)i i=1+5 HOPMHpOBaHU Ha paAHYCe HOPMaJIHSaUHH r=4CM, 
HH,D;eKC i COOTBeTCTByeT,HOMepy ceMeHCTBa. BepXHHe 3Ha4eHHH 
noJieH COOTBeTCTBYIDT KOMneHCaUHH ~ ~-8.1, ~ ~-8.0; HHZHHe-xo zo 
~-~-10.8,~ ~-5.S(CM./1.10/). . 

XO ZO 
H,n;eaJibHUM aapHaHTOM HBJIHeTCH Jit., B KOTOPOM 6.naro,n;apH 

HCITOJlb30BaHHIO CHMMeTPH4HOH KOM6HHaUHH acex 16 KOppeKTOpOB 
y,n;a~TCH ,n;o6HTbCH noJJHOM Koppeltl.JJU'I 3(fl4Jewra. Il04'l'H llOJIHOU KOM·· 

neHCaUHH MOZHO TaKze AOCTHrHYTb c TTOMOll!bIO 4 ceMeHCTB KoppeK-

IO 

( 

Ta6nHqa. CxeMU BKJl~4eHHH ceKCTyno.nbHUX KoppeKTOPOB (riOHCHe
HHH CM. B TeKCTe) 

CHJIU a:KoppeKTopax(x100) ac I ac I ac 
.16 CxeMa BKJII04eHHH xx zz xz 

ti1 ::i2 ti3 ' ti4 ss ( 1/cM) 

112341235', -10. 6.8 -3.9 -3.4 -2.0 o. 0. o. 
1 2-3-4 1 2-3-5 -8.5 8.0 :_3_3 -4.0 0.4 

2 0 2 0 3 1 3 4 5 -20. 13.5 3.3 9~8 -3.1 o: o. o. 
0 2 0-3 1-3-4-5 -17. 16.0 3.9 8.3 -5.2 

1 2 0 3 1 3 4 5 -10. 13.5 -1.5 -1.8 7.8 o. 0.08 0.70 
3 0 2 1-3 1-3-4-5 0.4 

'' ..:.:8.5 16.0 -1.0 8.8 0.01 0.14 0.29 

1 2 0 4 1 2 3 4 .. -'14. 6.7 -0.7 2.7 - 0.04 -0.1 0.12 
4 

, 
0 2-3-4 1 2-3-,4 -12~ 8~0 -1.1 3.0 -· o. -0.3 0.09 

TOPOB, o6~e,D;HHH.ft. 3 H, 4 ceMeHCTBa BapHaHTa Jit. B O)(HQ •. 
IlpH B03MOZHOM OTCYTCTBHH 2-KoppeKTOpOB nepe,n;,ll-JIHH3aMH 

2 H 5 cynepnepno,n;oa no.nHyro KoppeKUHIO o6ecne4HBaeT cxeMa Ji2. 
0,n;HaKO HS-Sa Toro, 4TO AJIH KOppeKUHH ~ HCITOJlb30BaHO ace-x,z 
ro 4 KoppeKTOpa., OHH HCITUTUBaIDT 5-KPaTHYIO neperpy3KY OTHOCH-
TeJlbHO CJJyqaH /1.11/. KoMnpoMHCCHUM aapHaHTOM HBJIHeTCH, no
BHAHMOMY,.164, B KOTOPOM a ,a' Ha CKOppeKTHPOBaHU He no.n-xx zz xz 
HOCTbIO; O)(HaKo HMeeTCH 6 MeHee sarpyzeHHUX KOppeKTOPOB xpo-
MaTH4HOCTH. 

B saKJII04eHHe OTMeTHM, 4TO au6op CHJI B COOTBeTCTBHH C 
Ta6.nnuei1 KOMneHcHpyeT OCHOBHOH HCT04HHK saBHCHMOCTH /2.1/ -
KoppeKTOPU xpoMaTH4HOCTH. EoJiee TOHKaH KOMneHCaUHH. B03MOZHa, 
eCJIH Y4HTUBaTL B ypaaHeHHHX /3.2/ BKia,n; OT CHCTeMaTH4eCKOH 
OKTynOJibHOH KOMITOHeHTU /2.5/ a )(HITOJlbHUX MarHHTaX - aM ,aM 

xx zz 
H aM H ,n;o6aBHTb ,n;onoJIHHTeJibHUe c.naraeMue B )(BOHHUe CYMMU xz 
13.21, onHCUBaro~He CHCTeMaTH4eCKYIO ceKCTYITOJlbHYIO KOMnoHeHTY 
ITOJIH /1.9/ B )(HITOJlbHUX MarHHTaX. 3TO TTPHBO)(HT K He6o~LmOMY 
H3MeHeHHIO CHJI KOppeKTOPOB OTHOCHTeJILHO npnae.n;eHHUX B Ta6JIH
ue. 

II 
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