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.QV~HeB .Q. 9 - 12479 

KoppeK4VIH 3aMKHYTOA op6VIT~ THmenoVIOHHoro 
CVIHXpOTpOHa B npOeKTe YCKOpVITenbHOrO KOMnneKca 

PaccMaTpVIBaeTCH BOnpoc 0 KOppeK4VIVI 3aMKHYTOA op6V1Tbl B 
CVIHXpOTpOHax.npeAnaraeTCH anropVITM KOppeK4VIVI op6V1Tbl B Te4e
HVIe 4VIKna YCKOpeHVIH. BVIA $YHK4VIOHana, KOTOp~A nOAnemVIT MVIHVI
MVI3VIPOBaHVI~, B 3TOM anrOpVITMe B~BOAVITCH aHanVITVI4eCKVI VI OTnVI-
4aeTCH OT npVIHHT~x APYrVIMVI asTopaMVI. Ha OCHOBe cneKTpanbHoro 
aHanV~3a cny4aAHbiX $yHK4VIA BbiBOAVITCH BblpameHVIe AnH Ka4eCTBa 
KOppeK4VIVI. 3TVI pe3ynbTaT~ npV~MeHeH~ AnH cny4aH THmenOVIOHHOrO 
CVIHXPOTPOHa /THC/ B npoeKTe YCKOPVITenbHOrO KOMnneKca THmen~x 
VIOHOB/YKTH/.B pa6oTe B~4V~CneHo OTKnoHeHV~e op6VIT~ THC. B~6pa
HO pacnonomeHVIe VI He06XOAVIMaH CVIna KOppeKTVIpy~~VIX AV~noneA 
VI CVIrHanbH~X 3neKTPOAOB. 

Pa6oTa s~nonHeHa B fla6opaTOPVIVI B~COKVIX 3HeprV~A OHRH. 

Coo6weHHe 06bellHHeHHOI"'O HHCTHTyTa llllepHbiX HCcneJIOB8HHI!, .Lly6Ha 1979 

9 - 12479 
Dinev D. 

The Problem of Closed Orbit Corrections in Heavy 
ion Synchrotron of the Accelerating Complex Project 

The problem of closed orbit corrections in synchrotrons 
is considered. 

An algorithm of the correction of the closed orbit during 
the cycle of acceleration is proposed. In this algorithm the 
form of the functional, that has to be minimized, is analyti
cally deduced, and differs from those accepted by other au
thors. On the basis of the spectral analysis of chance func
tions an expression for the quality of correction is drawn. 

These results are used for the heavy ion synchrotron 
(TIS) in accelerating complex project. The deviation of the 

IS closed orbit is calculated. The position and the necessa
ry strength of the correcting dipoles and pickup electrodes 
~re chosen. 

The investigation has been performed at the Laboratory 
pf Theoretical Ph~sics, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubno 1979 
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1. BBE,aEHHE 

0.D;BH 83 OCHOBHhiX BOHpOCOB OHTBMaJlbHOrO ynpasneHBJI yCKO • 

p&Ten.KMB 3ap.alKeHHhiX 'laCTBU • :no KOHTpOnBpOBaH&e B KOppeKTB • 

poaauae 3aMKHyToii op6&Thl. KaK B3BeCTHO, naueapa3oaauuoe 

ypasueuae .D;BBlKeHBJI B nonepe'IHOB nnOCKOCTB .D;nJI CBHXpOTpOHa 

C pa3.u;eneHHhiMB cl>YHKUBJIMB llOBOpOTa B cl>oKyCBpOBKB &MeeT BB.D;: 

2 
~-~- ~ K(s)x ~ F(s) • 
ds 2 

r.u;e x - nonepe'IHaJI, s- npo.u;onbHaJI Koop.u;auaTa. 

K(•) -I 
1/p 2 .u;nJI .u;anoneii 

0 .D;nJI JCoppeKTBPYIOIUBX .u;anoneA 

g ~ ~ ----- (1 - ----) .u;nJI JCBa.u;pynonen 
Bop Po 

1 ~p ~B ~p ----- - ----- ( 1 - ----) 
P Po Bop Po 

.u;nJI .u;anoneii 

F(s) = 
_ ~~-- ( 1 _ -~~-) ,D;nJI KOppeKTBPYJOIUBX 

D 
0 

p p
0 

.u;anoneA 

_ _ !?~-~( 1 _ -~~-) .u;nJI Kaa.u;pynoneu 
Bop Po 

/1/ 

/2/ 

/3/ 
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3.~~;ecb Mbi nonbJyeMc.R cne.D;YJ<>ll.IHMH o6oJHa'leHHJIMH: p - pa.~~;uyc 

KpHBHJHbl B .D;Hnon.Rx, B0 p - MarHHTHa.R JKeCTKOCTb, g - rpa.~~;ueHT 

B xaa.~~;pynon.Rx, ~B = B- B0, ~P= p- p 0 , ~x - CMell.leHue xaa.~~;

pynoneii. 

Y.~~;o6HO BBeCTH HOBble nepeMeHHble -

X 
TJ /4/ 

"1/,8 

. ds 
¢ - I -Q~-, /5/ 

r.~~;e ,B(s) - 6eTa-4JyHKUH.R Taucca, Q - '!Reno 6eTaTpOHHbiX xone-

6aHHH Ja o6opoT. 

B HOBbiX nepeMeHHbiX ypaaHeHHe /1/ npHHHMaeT cne.~~;yroll.IHH 

"crnaJKeHHblii" BH.D; -

2 

-~-2/ __ t- Q27J Q2,8 3/2 F(¢) Q2f(¢), 
d¢2 

f(¢) ,8 312 F(¢). 

/6/ 

/7/ 

Kax HJBeCTHo, JaMxHyTa.R op6uTa .RBn.ReTc.R nepHO.D;H'IHbiM 

c nepuo.~~;oM 2n qacTHbiM peweHHeM ypaaHeHH.R /6/. HcnonbJY.R 

MeTO.D; BapbHpOBaHHJI HHTerpaUHOHHbiX KOHCTaHT, MOJKHO llOJ<aJaTb, 

'ITO: 

Q ¢+ 21T 
TJ(¢)= --------- f f(t)cosQ(¢+77-t)dt. · 

2sin"Q ¢ 

Tax xax f(t) =0 BHe MarHHTHbiX JneMeHTOB H 

B i "TOM MarHHTHOM JneMeHTe, TO MO:>KHO CBeCTH 

MY paaeHCTBy: 

TJ(¢i) I aij o j, 
r.~~;e 

aii -~ cosQ(¢i t-11-¢i)' 

4 

/8/ 

f(t) = fi 

/8/ J< MaTpH'IHO· 

/9/ 

/10/ 

.~~;n.R .~~;unoneii H .D;n.R 
1 V f3 j_~~.L~~_L xoppeKTHPYIOll.IHX ----------

2sin7TQ B0 p .~~;unoneii 

oi 
----~ ______ '{E_lj_~~!L~~l .~~;n.R xaa.~~;pynoneii 

/11/ 

2 sin 7TQ ao p 

~ s i - .~~;nuHa j -Toro MarHHTHoro :meMeHTa . 

BaJKHO OTMeTHTb, 'ITO TJ H 0 - BenH'IHHbl C O.D;HHaKOBOH 

paJMepHOCTblO. 

K ypaBHeHHJO /6/ MOJKHO llO.D;OHTH H Ha OCHOBe rapMOHH'IeCKoro 

aHanuJa. PaJnOJKHM TJ(¢) a p.R.D; ~ypbe: 

u 00 

TJ(¢) = __ Q._ + I (uk cosk¢ + vksink¢), 
2 k= 1 

/12/ 

a TaxJKe f(¢): 

r
0 

oo 

f(¢)= --- + I (fkcosk¢+gksink¢). 
2 k= 1 

/13/ 

Kax YBH.D;HM HHJKe, f 0 =0. HJ ypaaHeHH.R /6/ nonyqaeTc.R cne.~~;yro

ll.la.R CBJI3b MeJK.D;Y J<OJ.P.PHUHeHTaMH ~ypbe: 

uo = ro 

u - Q2 k - -------- f 
Q2- k 2 k 

/14/ 
Q2 

vk 
Q

_2 ____ 2 g k . 

-- k 

CpaJy BH.D;HO, 'ITO caMa.R onacHaJI - JTo 6nHJKaiiwaJI K Q rapMo-
HHJ<a B03MYll.leHHJI . 

KaK cne.~~;yeT H3 /8/, npH HanH'IHH paJHOrO po.~~;a B03MYll.leHHH 

JaMJ<HyTa.R op6HTa OTKnOHJ!eTCJI OT reoMeTpH'IeCKOH OCH BaxyyMHOH 

xaMepbi. HaMepeHHoe aae.~~;eHue BOJMyiUeHuii /xoppexuuii/ .~~;n.R cae

.D;eHHJI 3TOrO OTKnOHeHHJI K MHHHMYMY Ha3biBaeTCJI J<oppeKUHeH 
JaMKHYTOH op6HTbi. 



Cpe,~~;H MHoro'IHcneHHbiX MeTO.D;OB, rrpe,~~;no)l(eHHbiX .D;nll xoppex

QHH 3aMKHYTOH op6HTbi, B HaCTOJIII.{ee BpeMJI CaMOe 60nbWOe 

pacrrpocTpaHeHHe rrony'IHnH .D;Ba - "beam bump" · Me To,~~; H Me To,~~; 

o6II.teii xoppeKQHH. 

"Beam bump"· MeTO,D; • 3TO MeTo.D; noxanbHOii xoppexQHH. 

KoppexTBPYJOII.tBe .D;BrronH rpyrrrrBpyroTCJI no TpB 3neMeHTa 

B03lle TO'IKH, r,~~;e {3 MaKCHManbHO . Me)I(,D;y .D;BYMJI 83 HHX pacrro· 

naraeTCJI CHrHallbHbiH 3lleKTpO,D; , H3MepJIJOII.{HH OTI<llOHeHBe op6HTbl. 

llyCTb 'T/ I • H3MepeHHOe CHrHallbHbiM 3llei<TpO,D;OM OTKllOHeHHe. 

llpH IIOMOII.{H Tpex KOppeKTOpOB MO)I(HO llOKallbHO .D;ecllopMHpOBaTb 

op6HTY Tal<, 'IT06bl CI<OMIIeHCHpOBaTb ee OTKllOHeHHe B CHrHallbHOM 

3lleKTpO,D;e, He H3MeHJIJI II pH 3TOM opfiHTbl BHe o6naCTH KOppeKTO • 

pou . ,lJ;pyrBMH cnosaMH, CMeii.teHHe op6HTbl, Bbl3biBaeMoe Tpoiixoii 

KOppei<TOpOB 'T/ BC(¢), cne,~~;yeT ycnOBHlO 

71Bc<¢i) ~ - .,i' 

"~B c<¢ i + 1 < ¢ < ¢ 1 - 1) = 'T/ ~ c<¢ 1 + 1 < ¢ < ¢1 -· 1 ) = 0· 
1151 

Mo)I(HO rroxa3aTb, 'ITO aeo6xo.D;BMaJI .D;nll 3Toro csna xoppexTo

pou 6y,~~;eT 

{3 i- 1 __ J_~----
8 1 _ 1 = Y --i~--- 2- ; i; rrQ sin ll 

8i 
= - /lj -;i;-;Q-- ctg ll ' 1161 

v {3 i + 1 -----~-~------ ' 
8 i + 1 = --~-~--- 2 sin rrQ sin ll 

r,~~;e ll - Ha6er clla3bl 6i:naTpOHHbiX xone6aHHii. 

0:3 1161 BH,D;HO, 'ITO ODTBMallbHOe paCCTOJIHHe Me)I(,D;y .D;BYMJI 

xoppexTopaMB pauao lo./ 2 , /.. - ,~~;nsHa uonHhl 6eTaTpOHHbiX xone-

6aHBii. llpH 3TOM 8 i == 0. 

llocne XOppeXQBB opfiBTbl B rrepBOM CHrHallbHOM 3lleKTpO,D;e DpH 

IIOMOII.{H rrepsoii TpOHKH KOppeKTOpOB MO)I(HO noxanbHO CKoppeXTBpO • 

BaTb op6BTY B cne,nyroii.{eM CHrHallbHOM 3lleXTpO,D;e, IIpHMeHJIJI ,D;llJI 

3TOrO Tpoixy, COCTaBneHHYJO 83 .!lBYX IIOCne,!lHHX KOppeXTOpOB 
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rrepuoi TpoiixH H rrocne,nyroii.tero B HarrpauneHBH .D;BH)I(eHHJI xoppexTo-

· pa. Taxoii: warouoA rrocne,~~;ouaTenbHOi xoppeKQBeii Mbl CMO)I(eM 

CKOMIIeHCHpOBaTb OTKllOHeHHe op6HTbl BO BCeX CHrHanbHbiX 3neKTpO

,nax. 

'~Beam bump"- MeTO.D; - 3TO MeTo.D; rrocne,~~;ouaTenbHOi xop· 

peKQHH, H II03TOMY OH JIBRJieTCJI OTHOCHTellbHO Me,D;neHHbiM. llpH 

TaKOM MeTO,D;e KOMIIeHCHpyeTCJI CMeii.{eHHe op6HTbl B TO'IKaX, 

r.ne pacrrono)l(eHbl carBanbHble 3nexTpO.D;bl, HO op6aTa, QeHTpHposaH· 

Hall B 2N TO'IKaX, He 06JI3aTellbHO JIBllJieTCJI OIITHMallbHOH C TO'IKH 

3peHHJI ee 06Il{ero OTKllOHeHHJI. 

B MeTo.D;e o6II.tei xoppeKQHH BBO.D;HTCJI (Hereward, Baoonnier) 

cliYHXQHOHan: 

'I' = y 7., ~ + (1- y) T 8 ~Cj 1171 

3aMKHyTaJI op6BTa C'IBTaeTCJI OIITBMallbHOH, ecnH 1{1 HMeeT 

MHHBMyM. B Bblpa)l(eHBB 117 I y JIBn.lleTCJI napaMeTpoM, orrTH· 

ManbHOe 3Ha'leHBe J<oToporo cne,~~;yeT orrpe,~~;enHTb. 

llepBaJI CYMMa B 'I' MBHBMB3BpyeT OTKllOHeHBe op6HTbl B CHr

HallbHbiX 3nexTpo.nax, a BTopall orpaHB'IHBaeT csny xoppexTHpyro

II.tHX ,D;BIIOnei. )J.eno B TOM, 'ITO CaMH KOppeXTOpbl BHOCJIT B03My· 

II.teHHJI B op6BTe . Haxna,nbiBall 3TH B03MYII.teHBJI Ha peanbHYJO op6H

TY, Mbl B COCTOJIHHH IIpH6nH)I(eHHO CKOMIIeHCBpOBa Tb TOllbKO rrepBble 

N rapMOHHK op6BTbl. 3To cne,~~;yeT cpa3y H3 117 I - MHHHMH3Hpo

BaHHe TOnbKO nepuoA cyMMbl I y = 11 03Ha'laeT, 'ITO Mbl aHHynHpo

BanK op6BTy B CBrHanbHbiX 3neKTpo,nax, T.e. B 2N TO'IKaX. 

Ho xpssa.11 QeBTpspoBaHBJI B 3TBX TO'Ixax HMeeT N rrepBbiX rapMo

HBX, nps6nB)I(eHHO paBHbiX Hynro. Cne,~~;ouaTenbHO, B op6HTe ocTa

JOTCJI CYMMa BbiCWBX rapMOHHK peanbHOi op6HTbl B CyMMa BbiCWHX 

rapMOHBK, CBJI3aHHbiX c xoppexTopaMH. Kor,~~;a y =i 1, BTopall 

cyMMa orpaHB'IHBaeT cyMMY BbiCWBX rapMOHHK, Bbi3BaHHbiX xop

pexTopaMB. H3 191 B 117 I cne,~~;yeT, 'ITO 

'I' = Y k (k aij 8Bcj + 71 i ) 2 + (1- Y) ~ 8 icj 
I J J 

1181 

Tor,D;a ODTHManbHaJI op6BTa 6y,D;eT peweHBeM CHCTeMbl ypaBHeHBH: 

2y T a ij ~(a ik 8 BCk + 71 i) + 2(1- Y )8 BCi = O. · 1191 
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06~quo npu paccMoTpeuuu xa~oro xouxpeTHoro ycxopuTenR 

xoppeXI(BR MO,AenupyeTCR Ha 3BM MeTO,AOM MOHTe-Kapno. 

MeTO,A o6meii: XOppeXI(BB nOJBOnReT Ha OCHOBe BJMepeHBH 

cMemeuuR op6BTbi cpaJy onpe.ztenBTb HY)KH~e xoppexl(BB. O.ztuaxo 

MBHBMBJBpyeMbiH !l>YHKI(BOHan 'I' BBO,ABTCR HeCXOnbXO JMnBpBqHo . 

OnTHManbHOe JHaqeuue napaMeTpa y Hy)I(Ho onpe.ztenBTb B npol(ec

ce pacqeTa. 06~quo ueo6xo.ztBMO .ztnBTenbHOe npe.ztBapuTenbHoe 

Mo.ztenupoBauue xoppeKI(BB ua 3BM MeTo.ztoM MoHTe-Kapno . 

HaCTORtnaR pa60Ta nOCBRtneHa npo6neMe XOppeKI(BB JaMKHYTOH 

Op6BTbl B CBHXpOTpOHaX. B HeH nonyqeH pR.zt HOBbiX peJynbTaTOB 

B C,AenaH~ HeKOTOp~e yToqHeHBR peJynbTaTOB ,ApyrBX aBTOpOB . 

Bee JTO npBMeHBTenbHO ,AnR XOHKpeTHOrO cnyqag TR)KenOBOHHOrO 

CBHXpOTPOHa /TMC/, XOTOp~ii: RBnReTCR nepBOH CTyneHbiO pa3pa-

6aTbiBaeMOrO B JIB3 OMJIM npoexTa ycxopuTenbHoro xoMnnexca 

TR)KenbiX BOHOB /YKTlf/ . 0H 6y.zteT YCKOpRTb BOH~ Bcex JneMeHTOB 

BnnoTb .zto ypaHa .zto JHepruu 250 M3B/HYKAOH /no ypaHy/ . BTopaR 

cTyneHb YKTM - cymecTBYIOtnBii: H~He B JIB3 cuuxpo!l>aJoTpoH . 

TMC - JTO cuuxpoTpoH c paJ.zteneHH~MB il>YHKI(HRMH noBopoTa u 

!l>oxycupoBKB . Ero oCHOBH~e napaMeTp~, Heo6xo)lHM~e .nnR .nanb

ueii:wero HJnO)KeHHR, cne.nyromue: 

pa.nuyc KPBBHJHbl op6BTbl B .nunongx 

MarHBTHoe none: 

npH BH)KeXI(HH 

MaXCHManbHOe 

rpa.nueHT B tz, nHHJax: 

npu HH)KeKI(HH 

MaKCBManbHbiH 

rpa.nueHT B ,a nuuJax: 

a 

npH HH)KeKI(BB 

MaKCBManbH~H 

KOnuqecTBO nepBO.II;OB 1'1>0~0 

xonuqecTBO cynepnepuo.noB 

xonuqecTBO .nunoneii: 

xonuqecTBO KBa.ztpynoneii: 

Jll>clJeKTBBHaR .nnuua .nunonR 

Jll>clJexTBBHaR .nnuua KBa.npynonR 

qacTOTa 6eTaTpOHHbiX KOne6aHBH : 

Q x 

Q y 

- 7,538 M 

- 0,2065 T 
- 1,0961 T 

- 1,9202 T/M 
10,1956 T/M 

- 1,9600 T/M 
- 10,4673 T/M 

- 24 

8 

32 

48 

1,48 M 

0,36 M 

5,8 

5,85 . 

2 . CMEII(EHHE 3AMKHYTOit OP EHTM 

IIyc Tb ua BCeM nepuMeTpe y c x op uTenR paJMemeHbi M .nunoneii:, 

K KBa.ztpynon eii: , 2N curuanbH~x JnCKTp o.ztoB u 2N xoppexTu-

pyromux .nunoneii:. IIycTb P - qucno nepu o.noB, a M P, KP u N P

qucno COOTBeTCTBYIOtnHX JneMeHTOB Ja nepHO.II;. 

Ha OCHOBaHHH /9/, HCnOnbJYR OCHOBHble JaKOB~ TeopHH Be 

pOJITHOCTH, MO)KHO nonyqHTb cne.nyromyro !l>opMyny .ztnR .nucnep

cuu op6HT~: 

p .. 1 

2 
UT/ 

/',. s Mp Q cos(a ·· ~ 2rrQ----- )sin2rr Q 
M 2 2 1-' · IJ = ( - - - - - --------) uB l, --L( _______________ R_ ____________ _ 

2B
0 

p sin rr G i = 1 2 . 277Q 
I Pl + 

sm --
p 

( 
p - 1 

ghs KP Q cos a .. ~ 2rrQ----- ) sin 217 Q 
g 2 2 fJ j IJ p 

+ (------------ --) u g l. - - --[------------- --- - - -------------
2B opsinrr Q j = l 2 . 277Q 

sm -----
P 

r.ne 

/20/ 

t- p ], 

aij = 2 Q (¢i ~ rr-¢ j ), 
/21/ 

- .nucnepcHR L\ B, 2 
uB u ~ - .nucnepcug /',. x. 

OTKnoHeHHJI JaMKHYTOH op6HTbl, BoJMymeuuR , BbiJbiBaromue 

MO)KHO o6'be.II;HHHTb B cne.nyromue TpH rpynnbl: 

a/ BOJMyiUeHHJI noCTOJIHHble B TeqeHHe l(HKna ycxopeHHR : 

napaJHTHble nOCTORHHble nonJI, nonR, BbiJbiBaeMble TOKaMH !l>yKO, 

H .11;pyr ue . 3TH BOJMytneHHJI cymecTBeHHbl TOnbKO B Haqane l(BKna 

ycxopeHHJI. 
6/ BoJMymeuuJI , nponopl(HOHanbHble ocHOBHOMY nonro: owu6xu 

rocTupoBxu, owu6xu B IL • napaJHTHble nonJI, nponopl(BOHanbHble 

OCHOBHOM;Y , H .ztpyrue . 
B/ BoJMymeHHJI, noJIBnJiromuecJI npu Bblcoxux nonJix : owu6xu , 

B~JBaHHwe uacwmeuueM. 
~nJI cnyqaJI TMC Mbl npHHHMaeM, qTo BOJMymeHHJI rpynnbl a/ 

paBHbl u B ~ 1 rc; rpynnw B/ paBHbl u B ~ 5 ·1 0 -
4 

B 0 • Owu6KH 

HaCbltneHHJI He 6y.neM yqHT~BaTb . 0wH6KH B IOCTHpOBKe npHHHMaeM 

U/',.x =0,3 MM .ztnJI ropHJOHTanbHOH nnOCKOCTH, U/).y"' 0 , 15 MM - ,AnJI 

9 



BepTHKanbHOH. 0wH6KH B HaKnOHe MarHHTOB npHHHMaeM a a "' 

"' 0,3 Mpao. llpH 3THX ~onyll.leHHJIX no 4JopMyne /20/ nonyqaeM: 

ax =7,7 MM 

a y =2,5 MM. 

3. AJIFOPHTM KOPPEKI.JHH B TEqEHHE I.JHKJIA 
YCKOPEHH.JI 

BoJMYlJ.leHHJI Ll B H Ll x H cMelJ.leHHe op6HTbi .,., - 3To cnyqaii:Hble 

4JyHKJ.lHH 0606lJ.leHHOrO aJHMyTa cf>. 
B peJynLTaTe HJMepeHHJI OTKnoHeHHH op6HTbi npH noMOlJ.lH 

CHrHanbHbiX 3neKTpO~OB 6y~eM 3HaTb He 4JyHKJ.lHID T/(cf>), a nHWb 

ee 3Ha'leHHJI B 2N TO'IKaX: 

.,.,<¢ i) = .,., i (i = 1.2 ....• 2N). /22/ 
3TO HenonHaJI HH4JopMal.lHJI. Ha ee OCHOBe Mbl He MO~eM cy~HTb 0 

Bbl3b1Baroll.lHX ee BOJMyll.leHHJIX. 06bi'IHO M ' K > 2N, H Mbl 

He B COCTOJIHHH pa3peWBTb /9/ OTHOCHTenbHO B03MYll.leHHH o. 
3TO TaK~e CBJIJaHO C TeM 4JaKTOM, 'ITO no 2N TO'IKaM HeB03MO~

HO YJHaTb Bee 4Jypbe-rapMOHHKH op6HTbl. Mbi Mo~eM Bbi'IHCnHTb 

He 6onee, 'leM npH6nH~eHHble JHa'leHHJI nepBbiX N rapMOHHK. )J;n.R 

3TOro MO~HO npBMeHHTb KaKOH-HH6y~b MeTO~ npBKna~HOrO rap

MOHH'IeCKOrO aHanHJa. 3~eCb Mbl 6y~eM annpOKCHMHpOBaTb nepBble 

N rapMOHHK Ko3414JHI.lHeHTaMH Eeccen.R: 

1 
2N 

Uo = -N- . ~ T/ i ' 
1 = 1 

1 2N 
u k = -- ~ .,., cos kef> . ' 

N i ~~ 1 1 1 (k -~ 1, 2 •... ,N), /23/ 

1 
2N 

V = -- ~ .,., . sin kef> . , 
k N i= 1 1 1 

(k = 1. 2 •... , N- 1) . 

CYll.leCTByeT cne~yroll.la.R CBJIJb Me~~Y K03iWJHI.lBeHTaMH liec

cen.R H K03~HJ.lHeHTaMB ~ypbe: 
00 

u = u + 2 L u 2Nj • 
0 0 j = 1 

Uk = Uk t j!- 1 (u2Nj-·k + u 2Nj+k)' /24/ 
00 

Vk = vk + _L (-v2Nj-k+ v2Nj+k). 
J = 1 

10 

CooTHoweHHe /24/ OJHa'laeT, 'ITO Ko3iWJHI.lHeHTbl lieccen.R 

npH6nB~eHHO paBHbl K03~HJ.lHeHTaM ~ypbe C TO'IHOCTbiD ~0 rap

MOHHK Bblcwero nop.R~Ka . 

~yHKJ.lHJI T/(cf>) - HenpepbiBHaJI, H HMeeT HenpepbiBHYID nep-

BYID npoHJBO~Hyro. Cor nacHo /6/, paJpbiBbl HMeroT TOnbKO ee 

BTOpa.R npOH3BO~HaJI, a 3TO 03Ha'laeT, 'ITO KOr~a ''k .. CTpeMHTCJI 

K 6eCKOHe'IHOCTH, K03~HJ.lHeHTbl ~ypbe 6y~yT CTpeMHTbCJI K 

Hynro He Me~neHHee, qeM 1/ k 3. 

3~eCb Mbl 6y~eM nonbJOBaTbCJI HH~eKCOM B ~n.R BenH'IHH, 

CBJI3aHHbiX C ~HnOnJIMH, g - ~n.R BenH'IHH, CBJI3aHHbiX C KBa~pyno

nJIMH H BC - ~n.R BenH'IHH, CB.RJaHHbiX c KoppeKTHPYIDll.lHMH ~Hno

nJIMH . 

Mo~eM JanHcaTb: 

T/= T/B + T/g + T/BC = r/(B+ g)+ T/Bc · /25/ 

PacKna~biBaeM .,., B p.R~ ~ypbe 

N-1 (B+g) (B+g) 

H rpynnBpyeM rapMOHHKH: 

(B+g) 
UN 

.,., [ ~ (u cosk¢ + v sink¢)+ 
k= 1 k k y2 

BC 
N-1 BC 

+ [ ~ (u k cos kef> + 
k = 1 

BC 11 N v sin kef>) + ---- - cos Ncf>] 1 
k - -

..j 2 

cosN¢] 1 

..j2 - 1 BC BC 
00 

BC B C 
-t [( ----:::--)u N cos N¢ + v N sin N¢ + ~ (u k cos k ef> 1 v k sin kef>)] 1 

y2 k = N + 1 , 

/26/ 

..j2- 1 (B+g) (B+g) ::" (B-t g) (B+g) . 
+ [( - - --)uN cosNcf> + VN sinN¢ + ~ (uk coskcf>Hk smkcf>] . 

..j2- k = N+ 1 

llpH nOMOlJ.lH /24/ MO~HO JanHCaTb CyMMY qneHOB B nepBOH 

CK06Ke B /26/ B cne~yiDll.leM BH~e: 
N-1 oo 

[ ----] = ~ [U cask¢-· ~(u ( B+g ) + U (B+ g) )coskcf>t V sink¢ - · 
k = l k j= 1 2NJ-k 2NJ + k k 

u 
- ~ (-v <B+g) t v (B-t g) ) sink¢ ] + --J:l.- cosN¢-

j= 1 2NJ - k 2NJ+ k __ 
..j 2 

1 00 - --- ~ (u (B+g) + (B+g) 
yf2i=1 2NJ · · N U2Nj+ N ) cos.Ncf> . 

/27/ 

11 



K 127 I .D;o6aBBM eme 'IJieH: 

_!(u - 2 i u ( B+g) ) = _!u ( B+g) - 0 
2 0 j= 1 2Nj 2 0 = • 1281 

Tor,IJ;a .D;mr 1261 nony'IBM: 

U N-- 1 BC BC 1 BC.. 
ry = {-- .Q-+ l [(Uk + Uk )oosk¢ + (Vk + Vk )sink¢] + - - - _:-(UN + UN JCOSN¢1+ 

2 k = 1 J2 

../2 - 1 BC BC 
00 

BC BC 
• 1<---- --)uN cosNcf> + vN sinN¢ + l (uk coskcf> + vk sink¢)1 t 

.,j2 k = N + 1 

.,j2 - 1 (B+ g) (B 1 g) . oo (B+g) 
1(-------)u cosN¢ 1 v smN¢ t l (u cosk¢ + 

N N k = N + 1 k ../2 
N- 1 oo 

t v <B + g)sink¢) ·- l u<B+ g)+ l l (u ( B+ g) + U (B + g) )cosk¢-
k j = 1 2NJ k = 1 j = 1 2Nrk 2NJ + k 

N-1 oo oo 
~ ( (B+g) (B+g) . 1 (B+ g) (B+g) I 

- k _l -v2N" - k+v2N"tk)smk¢---- _l (u 2N .-N+u 2N .+ N)cosN¢ = 
k = 1 J~ 1 J J ,fl: J = 1 J J 

= l1 + l2 + la • 1291 

BC 
B awpa>KeHBH 1291 CYMMLI ·l

1 
a l

2 
JaBBCJIT OT 11i a 8i , 

TO CCTL OHB ,IJ;JlJI HaC • BeJJB'IBHLI B3BeCTHLie, B, COOTBeT

CTBeHHO, BX MO>KHO MBHBMB3BpOBaTL. TpeTLJI CYMMa l
3 

COCTaBJJe

Ha B3 BLICWBX rapMOHBJC, CBJI3aHHLIX C B03MymeHBJIMB, B ,IJ;JlJI 

Hac :no - aeJJB'IBHa aea3aecTaa•. ,ZJ;pyrawa cnoaaMa, I
3 

6y,IJ;eT 

TCM OCTaTJCOM B CJCOppeJCTBpOBaHHOi op6BTe, JCOTOpLii DpBCYTCTBy

eT npa mo6oM cnoco6e KoppeKUBB. 

TaK KaK Hac BHTepecyeT OTKJlOHeHBe Op6BTLI B006me, a He TOJlL· 

KO B KOHe'IHOM KOJlB'IeCTBe TO'IeK, TO MLI 3,IJ;eCL BBe,IJ;eM cpe,D;He

KBa,D;pa TB'IHOe OTKJlOHeHBe: 

2 1 
2
" 2 to. = --- J (l1 + l2) d ¢ · 

2rr 0 1301 

12 

Jiy,IJ;eM C'IBTaTL, 'ITO op6BTa ODTBMaJlbHa, CCJJB t-,. 2 BMeeT 

MBHBMyM. 

HcnoJJL3YJI caoii:cTBa opToroHaJJbHOCTB TparoHoMeTpB'IecKax 

f)yHKUBH, MO>KHO DOJJY'IBTb: 

2 1 2N 2 2N BC 2N BC BC 
2!-. = - - . l 17 i + I A pq 11p 8 q + I B pq 8 P 8 q 

N 1 = 1 p,q = 1 p,q= 1 
1311 

r,IJ;e 

N-1 -
A = _?__ l c k cos(¢ - ¢ ) + Y2 

eN cosN¢p cosN¢ q , 
pq N k = 1 P q N 

1321 

Bq=Ic;oosk(¢ - ¢q)' 
p k = 1 p 

/33/ 

2QsinrrQ 
c = --------------

k rr(Q2-k2) 
/34/ 

cl>yHKUBOHan t-. 2 
3aBBCHT oT nepeMeHHbiX 11i I i =1,2, ... , 2NI 

a 8 Tc lj =1, 2, ... , 2N 1. TaK KaK 3TO - He He3aBBCHMble nepe

MeHHLie, a CBJI3aHHwe cooTHOWeHBeM 19 I, TO .D;JJJI Haxo>K,IJ;eHBJI 

MBHBMyMa to,. 2 MLI DpBMeHHM MeTO,IJ; Heonpe,D;eJJeHHbiX MHO>KHTeJJeB 

JlarpaH>Ka. B 3TOM weTo.D;e amyT HYJJB 'laCTHLIX npoB3BO.D;HLIX 

f)yHKUBB 

2 2N . 
<ll= to. + I A . t . 

i= 1 I I ' 
1351 

r.D;e: 
2N 

fi = 11i- l a .. 8BC_ (B+g) 
j = 1 IJ J 1j i 

1361 

B A i - aeonpe,D;eJJeHHLie MHO>KBTena JlarpaH>Ka. 3To aeJJ,eT K cne

,IJ;}'IOJnei CBCTeMe ypaBHCHBi. 

2 2N BC 
-- n . + l A 8 + A = 0 N ., 1 p = 1 rp p r 

2N 2N BC 2N 
l A 17 + l (Bqr + Brq )8 q - . l air Ar = 0 , 

p = 1 pr P q = 1 1 = 1 
1371 

2N BC (B+g) . 
11 . - la .. 8 . - 11 . =0. 

I j = 1 IJ J I 

13 



4. KA qECTBO KOPPEKL{HH 

B03bMeM TOnbKO j -ble no caoeMy pacrronmKeHHJO B rrepHo,D;e 

MarHHTbl /nHH3b1/. Bo3MymeHHe non.11 B 3THX MarHHTax ~B j (¢) 

/COOTBeTCTBeHHO ~X j (cp) ,D;n.ll nHH3/ 6y,D;eT CTa:UHOHapHOH cny

'laHHOH 4JyHK:UHeH o6o6meHHOrO a3HMyTa cp, 'ITO cne,D;yeT H3 rrepHO-

,D;H'IHOCTH f3. HHbiMH cnoaaMH, cnyqaB:Hble rl!YHK:UHH ~B ( ¢) 

H ~X(cp) MO:lKHO rrpe,D;CTaBHTb KaK CyMMbl H3 M p H Kp CTa:UHOHap-

HbiX cny'laHHbiX 4JyHK:UHH: 

M 

~B(¢) = . l ~BJ. (cf>), 
J ~ 1 

~x(¢) = 

'Kp 
. ~ ~X J. (cp) . 
J = 1 

/38/ 

/39/ 

3,D;ecb Mbl 6y,D;eM o6o3Ha'laTb qepe3 M MaTeMaTH'Iecxoe o:lKH,D;a

HHe ,D;n.ll cny'laHHOH aenH'IHHbl . llo CMbiCny OWH60K: 

m~B (cf>) = M[~B(cf>)] = 0, /40/ 

m~x (¢) = M[~x(¢)] = 0 o /41/ 

llyCTb a lfB 03Ha'laeT ,D;HCIIepcHJO ~B. a a !x - ,D;HCIIepcHJO t'!Xo 
PaCCMOTpHM ceii'laC .tJ;ByMepHyJO MOMeHTHYJO 4JyHK:UHJO BTOporo 

rrop.II,D;Ka ,D;n.ll cny'laHHOH 4JyHK:UHH ~B j (cf>). 

IIo orrpe,D;eneHHJO: 

~B· 
m2 l(¢1' ¢2) 

+ oo 

{f ~B j(¢ 1)1\Bj (¢2)w(¢ 1, ¢ 2)dB 1 dB 2 = 

-oo 

M[~Bj (¢ 1) o ~Bj (¢ 2)], /42/ 

r,D;e w (¢ 
1 

, ¢ 2 ) o3HaqaeT nnoTHOCTb aepo.IITHOCTH. H3 I 42/ nerxo 

IIOny'IHTb, 'ITO 

m~B(¢1.¢2) 

14 

2 
/a~B' 

~0. 

,D;ll.ll I¢ 1 - ¢2 I ~ ~¢ M ' 

/43/ 

,D;n.ll 1¢1- ¢2 I> ~cf>M. 

Tax xax 1'1¢ M« 211, cnyqaB:Ha.ll rl!YHKilH.II ~B j (cf>) cna6o cxop

penHpOBaHa, T .e. CTaTHCTH'IeCKa.ll CB.II3b CyiQeCTByeT TOnbKO Me:lK,D;Y 

ee 3Ha'leHH.IIMH B ,D;BYX ,D;OCTaTO'IHO 6nH3KHX TO'IKax. 3aMeHHM TOr,D;a 

~B j (cf>) o- KopenHpOBaHHOH cny'laHHOH 4JyHKUHeii, T. e. 6y,D;eM 

C'IHTaTb, 'ITO: 

m~Bj = s. o(¢2- ¢1 ), 
2 J 

r,D;e 

S. ~ aA2 ~¢ . • 
J oB J 

IIpe,D;cTaBHM .!\B . (¢) 
J 

B BH,D;e p.II,D;a 4>ypbe: 

ao . 
~B (¢) = ---~- r ~ (a kJ. cos kef> ·f b kJ. sin kef>). 

J 2 k= 1 

HMeeM: 

1 217 
a . = -- { ~B (¢ )d¢. 

OJ 11 O J 

/44/ 

/45/ 

/46/ 

/47/ 

TaK KaK ~B j (cp) - CTau;HOHapHa.ll cny'laHHa.II4JyHKilH.II, cornac-

HO 3prO,D;H'IeCKOH TeopeMe ycpe,D;HeHHe no MHO:lKeCTBY peanH3a:UHH 

paBHOCHnbHO ycpe,D;HeHHJO no¢· Cne,D;oBaTenLHo, 

~B· 
a Oj = m 1 J (¢) = 0. /48/ 

TaKHM o6pa30M, B HaWHX 4Jypbe-pa3nO:lKeHH.IIX 6y,D;yT OTCyT

CTBOBaTb nOCTO.IIHHble COCTaBn.IIJOIQHe. 

,D;n.11 .u;HcnepCHH K -blx 4Jypbe -aMnnHTY,D; cor nacHo TeopHH cny

'laHHbiX 4JyHKilHH: 

a2 
r ·kj 

1 217 z 1 1 217 
2!-- r (1- ---) m (z)coskzctz- ---- -- I m (z) sinkzctz./49/ 

11 0 211 2 217k 11 0 2 

CornacHo /44, 45/: 

a2 - 2 2 
ak. - --a~ ~¢ 

J 11 B j 
/50/ 
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f 

u auanoruquo : 

a2 ~ -~a 2 t-,.A.. 
bkj 11 t!B '~-'j • 

Tor~a Ha OCHOBaHHH /3, 14, 37/ ~nH ~HcnepCHH ~ypbe-aMnnHTY~ 
op6HTbl HMeeM: 

Q2 f'l .312 2 2 2 
a 2 ~ L [(------- _..J::::L- ) -- 6.¢ . a + 

uk Q2 k 2 B p 11 J B 
- 0 

Q 2 f3 \312 g . 2 2 2 1 2 /52/ 
+ (-------- __ J_ ___ ~-) --6.¢ . a ] = const (--- - ----- - ) 

Q2 _ k 2 B p 11 J g Q 2 _ k 2 

BBe~eM TaK Ha3b1BaeMOe Ka'leCTBO KOppeKUBB KaK OTHOWeHHe 

cpe~HeKBa~paTH'IHOrO OTKnOHeHHH CKoppeKTBpOBaHHOA: Op6HTbl K 

cpe~HeKBa~paTH'IHOMY OTKnOHeHBID HeKoppeKTHpOBaHHOA: Op6BTbl: 

K = 
a KOp p . 

a HeKopp. /53/ 

llpn paccMOTpeuuu MeTo~a KoppeKUBH B npe~bl~ymeM naparpa

~e B /29/ Mbl MHHHMB3BpOBanB l 1 + L 2 , 'ITO HaM ~aeT OCHOBa

HBe C'IBTaTb, 'ITO B CKOppeKTBpOBaHHOH op6HTe 6y~eT npucyT-

CTBOBaTb TOnbKO l 3 · 

Tor~a MO)I(HO nony'IBTb: 

K 2 

r~e 

A2 

B2 

j_ 

/54/ 

2 "" 1 A ~ L - - - ---
1 N- 1 "" 1 

~ l ---------- -- ~ L l (--------- -------- + 
k = N (Q2 .• k2)2 j oo 1(Q 2-(2Nif)2 k = 1 j = 1 (Q2 - '(2Nj ·- k)~2 

1 1 1 
t - - ------ ---------)- -- ------- --- - I 

(Q 2 -(2Nj + k)2)2 2 (Q2 - N 2) 2 

1 "" 1 1 + -- L ( - ------- - - - ------ ~ - - - - - --------- ---- ) • 
2 j = 1 ( Q 2- (2Nj - N)2)2 (Q 2_(2Nj + N)2) 2 

/55/ 
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B 2 = L _____ _!._ ____ _ 
k = 1 (Q 2 - k 2) 2 

/56/ 

Pe3ynbTaTbl Bbi'IBcneuuH KaqecTBa KoppeKuuu ~nH cny'laH 

THC npe~cTaBneHbl ua puc. 1. 0TMeTBM, 'ITO nonyqeuHbiH 3~ecb 
pe3ynbTaT oTnuqaeTCH OT nonyqeuuoro B ~~ ~nH cnyqag THC 

Mbl Bb16BpaeM 2N =20, 'ITO OTBe'laeT Ha K =8~. 

llpe~naraeMoe HaMB pacnonO)I(eHBe KOppeKTHPYIDIUHX MarHHTOB 

H curuanbHbiX 3neKTpo~oa ~nH THC npe~cTaaneuo B lla6Au~e . 

Ta6Au~a 

Pacnono)l(euue KoppeKTHpyromux ~unoneii: u curuanbHbiX 3neKTpo
~OB B THC. 

J\(o 

. CxeMa paJMeUt,eHuR J.17eMeHmo8 nefJO-
~-K'"" XAO 
u«eK· • ·E3-·£3-C3--

LWIJ CMI CM2 CM3 
~KIJOD C31 Kill 

1 -e- .-. ·• o · -e--e -+- a-
C1J A S/113 Y/'11 5Ml! 

2 -r;r . E? ·-=--+ ~-El- ~ E".- . +-
M a M 

3 -9·~··-El · ·B ··e------- · ------+-
Cf> M ~M2 .a !iM3 M 

Ktl3 C33 
Lt -~~- -+--~ ·£?I · C~lt . le 

5 --w-·1 M I ~-'¥"~I ;:;- J 

6 
c~ J<A4 -w·+===·------=+--- E3- ·~ 

M 11. M 

17 
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C35 Kll5 

7 I -ll]J~IE-~!/C~,=·}-1 -·· -~·__._ · I W:, I 

8 

9 

10 

ff 

f2 

f3 

~~ 

15 

16 

17 

18 

-

t-=-;;==t-

KAIO 1"""""1~. CNJ 
~--.--a 

ll 
• 1 - ·-+-

!JCII 
CSII KJlH 

8--*:=· ~)-I ... ·D • I· · 3-
T- M T M 

C3IZ KQI2 
1;J I . . I e 1;J • I· ·4--

·~ M 
C31J K413 -w-· - · • -~· --·---
ca111 Kllllf 

Cl I· I e -£3· • I · ·--=3--
cp M IJ M 

C315 ICill$ 
EJI· le·-9·~ 
- -~ ll ttl 

19 

20 

21 

22 

23 

2~ 

K,% 

20 

16 

12 

8 

4 

y C3f6 K£116 
•El+-a 

··--
C917 K/l/7 

~- M I ._ E¥ +---f- -M -::;T--

CJI~ KIJ.f8 

-i?. E+ M------=+ ·---p-+ E M ----=+ 

-w -€""6 ·=----+--~.~-~~9 -, -. ·- -~ 
~cs IJ. YC6 

C320 K20 

~-~-£?·1 3-
M 

-w· I M I ~~ ~ ~2-£ · . . ::::J -
M 

e CuzHaA&HI>IU 3AeK11lpoc) 

• KoppeKIIIUPYIOIJIUU c)unoA& 

7 8 9 10 11 12 N 

Puc.J. 3aeUCUMOCIIIb Ka'leC1118a KOppeKIIUU /K/ 0111 'IUCAa KOppeKIIIU
PYIOIJIUX c)unoAeu (2N) c)AJJ cAy'laJr THC jQ =5.8/. 
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5. BhiEOP CHJihl KOPPEKTHPYIOIIJHX AHIIOJIEil 

llpH onpe~eneHHH MaKCHManbHO He06XO~HMOA CHJlhlKoppeKTH· 

PYIO~HX ~HnoneA 6y~eM HCXO~HTb H3: 

2N B C 
Ti. = Ti (B j g) + ~ a .. o . = 0. 

I I j = 1 IJ J 

lh /57 I cne~yeT, qTo: 

2N 
a 2 = ~ a2 a 2 

Ti j= 1 i j B C ,j 

/57/ 

/58/ 

llocne HeKOTOphlX npeo6pa30BaHHH /58/ MOlKHO npHBeCTH K 

cne~yro~eMy BH~y: 

r~e 

N 

a2 ~ ".f A a 2 
Ti k= 1 k B C ,k 

Ak .!'_ + 
2 

1 
-- cos(x 1 
2 

P ·· 1 sin~ --2-- Y) _____ g __ _ 
sin :f_ ' 

2 

X = 2Q (¢ i + TT - ¢ k ), 

y = - 2Q -~
p 

/59/ 

/60/ 

/61/ 

/62/ 

)l;m1 cnyqag THC H3 /59/ nonyqaeM: a 8 c=95 rc ~nJI ropH30H· 

TaJlbHOH nnOCKOCTH, a BC =21 Tc ~nJI sepTHKanbHOA nnOCKOCTH. 

3~ecb Mhl 6y~eM HCllOJlb30BaTb ~nJI OUeHKH MaKCHManbHOrO 

nonJI B KOppeKTopax HHTepsan 2a, qTo OTBeqaeT BepOJITHOCTH 0,95 . 

Tor~a 6y~eM HMeTb cne~yromue MaKCHMan&HMe nonJI B xoppeKTo· 

pax : 

Be =200 rc ~nJI ropH30HTan&uoii nnocxocTH, 

Be= 50 rc ~nJI sepTHKan&uoii nnocxocTH. 

6. K OPPEKaH.JI IIEPBOTO OEOPOTA 

llpe~nO:lKeHHhlH BMWe MeTO~ • 3TO MeTO~ KOppeKUHH B Te'leHHe 

uuxna ycxopeHHJI. Ha nepsoM o6opoTe, T.e. uenocpe~cTBeuuo 

20 

nocne HHlKeKilHH, paBHOBeCHaJI op6HTa e~e He JIBnJieTCJI 3aMKHYTOH 

KPHBOH, H Mhl pacnonaraeM HHclJOpMaUBeH 0 ee OTKllOHeHHH OT OCH 

TOJlbKO Ha qaCTH nepHMeTpa YCKOpHTenJI. 3TO 06CTOJITenbCTBO 

oco6o Bbl~enJieT npo6neMy xoppexuuu nepsoro o6opoTa uuxna 

ycxopeHHJI. CaMMH pacnpocTpaueHHblii MeTo~ xoppexuuu nepsoro 

o6opoTa - 3TO MeTo~ "war 3a waroM", H Mbl 3~ec& 6y~eM ero 

HCllOllb30BaTb. CyTb MeTO~a COCTOHT B TOM, qTo OTKJlOHeHHe 

Op6HTM B i ·OM CHrHanbHOM 3neKTpO~e CBO~HTCJI K Hynro npH 

noMo~ I i ·1/ xoppeKTHpyro~ero ~unonJI. 

Cne~y,. no xo~y nyqxa, npu noMO~H xoppeKTHpyro~ero ~HnonJI 

K)l;O uanpasnJieM nyqox Tax, qTo6M oH npoxo~un B cepe~uue 

K)l;OO. lloTOM npu noMOIUH xoppeKTHpyro~ero ~BnonJI K)l;OO xoM· 

neHCHpyeM OTKllOHeHHe nyqxa B CHrHanbHOM 3neKTpo~e C31; llpH 

noMo~u K)l;l B curHan&HOM 3nexTpo~e C32 H T .~. HaxoHeu, 

nocne~HHii xoppeKTHpyro~uii ~Hnon& K)l;2N uacTpausaeM Tax, 'ITo· 

6bl CHOBa aHHynHpOBanOCb OTKJlOHeHHe B C31. HaqHHaeTCJI BTOpOH 

o6opoT nyqxa. Ecnu npu 3TOM pasHosecHaJI op6uTa ue 3aMKHyTa, 

TO llOKa3aHHJI C32 6y~yT OTnHqHhlMH OT HynJI. 3TO MOlKeT cny'IHTb" 

CJI llpH HeHyneBMX YCllOBHJIX HHlKeKUHH, ~JlJI qero ~Ba KOppeKTHpyro· 

~Hx ~unonJI pacnonolKeHM B o6nacTH HHlKeKUHH - K)l;O H K)l;OO. 

C HX llOMO~blO Mhl BapbHpyeM yron BXO~a llY'IKa B C31 H TeM 

CaMMM ~06HBaeMCJI BhlllOJlHeHHJI ycnOBHJI 3aMKHYTOCTH op6HTM. 

ABTOp BMpa:lKaeT npH3HaTenbHOCTb H.li.HccHHCKOMY 3a BHHMa· 

HHe K HaCTOJI~eH pa60Te. 
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