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1 . BBEAEHHE 

B ~AeanbHOH nep~OA~4eCKOH MarH~THOH CTPYKType cy~ecTayeT 
aaMKHYTaR TpaeKTop~R - paaHoaecHaR /aaMKHyTaR/ op6~Ta 1 11. BoKpyr 
op6~T~ 4acT~~~ coaepwa~T 6eTaTpoHH~e ~ paA~anbHo-~aaoa~e Kone-
6aH~R. B peanbHOH MarH~THOH CTPYKType ~a-sa Han~4~R paaHoro POAa 
OW~60K /B03My~eH~H/, KOTOp~e 3apaHee He~3BeCTHbl, paBHOBeCHaR 
op6~Ta Ae~OPM~pyeTCR. Ee MaKC~ManbHOe OTKnoHeH~e OT ~AeanbHOH 
op6HT~ /oHa COBnaAaeT C reoMeTp~4eCKOH OCb~ BaKyyMHOH KaMep~/ 
AOXOAHT AO HeCKOnbKHX AeCRTKOB MHnnHMeTpOB. 3TO OTKnOHeH~e He-
6naronp~RTHO CKa3~BaeTCR Ha pa6oTe CHCTeM YCKOP~TenR - C~CTeMe 
HHmeK~~~. B~BOAa ~ T.A.- ~_HeB~rOAHO C 3KOHOM~4eCKOH T04K~ 
3peH~R. no3TOMy B COBpeMeHH~X yCKOpHTenRX C03Aa~T cne~HanbH~e 
CHCTeM~, npeAHa3Ha4eHH~e AnR CBeAeH~R OTKnOHeHHR op6~T~ OT 
~AeanbHOH K MHH~MyMy. no cy~eCTBy, 3T~ KOppeKT~py~He CHCTeM~ 

BHOCRT B MarHHTHy~ CTpyKTypy B03My~eH~R TOrO ~e X~paKTepa, 
TOnbKO HaMepeHHO. ~aAa4a KOppeK~~H op6HT~ COCTOHT B TOM 0 4T06~ 
nOA06paTb C~ny ~ nono~eHHe 3T~X HaMepeHHO BBOA~M~X B03My~eH~H, 
Ha3~BaeM~X KOppeK~He~, TaK, 4T06~ op6~Ta KaK MO~HO MeHbWe OTKno­
HRnaCb OT caoero ~AeanbHoro nono~eH~R. 

B HacToR~eM o6aope paccMaTp~eaeTCR npo6neMa KoppeK~~~ op6~T~. 
B Ha4ane onHCbiBaeTcR xapaKTep ow~6oK, Bbi3~Ba~~~x Ae~opMa~~~ 

Op6~T~, nOTOM B~BOAHTCR ypaBHeH~e op6~T~ ~ onHC~Ba~TCR MeTOA~ 

ero peweHHR. TaK KaK aoaMy~eH~R ~aaecTH~ TonbKO cTaTHCTH4eCKH, 
TO aHan~3~py~TCR CTaT~CTH4eCKHe xapaKTep~CT~KH B03My~eH~H ~ op-
6~T~. np~BOA~TCR Knacc~~~Ka~~R MeTOAOB KoppeK~~~ op6HT~ ~ noA­
po6HO aHanH3HpyeTCR Ka~A~H MeTOA. 

2. B03MYutEHI1R 

0w~6KH, B~3~Ba~~~e Ae~OpMa~~~ paBHOBeCHOH op6~T~, C~CTeMa­
T~3~pOBaH~ B Ta6n~~e. Ha cy~eCTBy~~~X yCKOp~TenRX OTHOC~TenbHaR 
C~CTeMaT~4eCKaR OW~6Ka MarHHTHOrO nonR - nopRAKa 5· 10- 4.TaKOH 
~e nopRAOK ~MeeT H OTHOC~TenbHaR CTaT~CT~4eCKaR OW~6Ka /cpeA­
HeKBaApaT~4eCKoe OTKnOHeH~e/. Ow~6Ka ~CTHPOBKH- nopRAKa 0,1 MM 
KaK AnR rop~30HTanbHOM, TaK H AnR aepT~KanbHOH nnocKocT~. 
Ow~6Ka ~a-sa AB~~eH~R rpyHTa AnR rop~aOHTanbHOH nnocKocT~ -
nOPRAKa 0,2 MM, a AnR aepT~KanbHOH- nopRAKa 0,1 MM. 
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Ta6mu~a 

I3~T( IIocTORHHHe ITpononn~oHanbHHe TipH MB.KCl:1-
MarH~THOMY ITOJIJO MBJThHOM IIOJ19 

~Pl6K~ KlCTP!DOBKlll 

0rnPJ6K~ B anen'cype 

0rn~6I<~ B T(JI~He 
MariUlTOITDOBO na 

CJ!Y'I aihme Ila'1a3~THHe ~~6K~ B MarH~T- 0mPJ6K~ 

IIOJISI HOft rrpOH~uaeMOCTlll HaCHIII8RPl.R: 

0rnPJ6Kil B 0mPJ6K~ B ITOJIO~eH~~ 
K03DUP!T~B- 06MOTKJII 
HOi!: cPJJie CAII!.16K!.1 1.13-::~a liB VI-

~eHVI.R: rnYHTa 

ITana3YITHHe ~!.16Klll, ITDOJIICXO-
IIOJISI n:.R:ntllle lll3-3a 

3eMHoe Mar-
OC06eHHOCTei!: B 

ClllcTeMaTlll-
HJ.iTHOe noJie 

KOHCTDJKU!.1!.1 
0m~6RPJ MarH~TOB 

'I8CK~e 0rn~6K~ ~3-3a HacwneHPJ.R: 
B:HXD8BHX 
TOKOB 

3. rAMHnbTOHHAH nPH nHHE~H~X B03MYmEHH~X 

CneAYH TpaA~~~oHHOA MeTDA~Ke, MomHo e~eecT~ raM~nbTOH~aH 
nonepe4Horo AB~meH~H np~ Han~4~~ B03My~eH~H T~na on~caHHOro B 
pa3Aene 2. 

AnH ceKTOpHoro MarH~THoro nonH c noKa3aTeneM cnaAa n 
2 2 

H ( 
, , ) 1 , 2 1 , 2 R (1-n) 2 R n 2 

X,X , Z,Z , 8 = 2" + 2z + p 2--r--x + ; 22z + 

2 1\B R
2 

R
2 

+R -x + --:·n 1\xx-- n 1\z z, 
BoP p2 p2 

rAe p - paA~YC KP~B~3H~ e A~ none; R -
MarH~THaH mecTKOCTb. AnH KBaApynonH 

H( 
, , ) 1 ,2 1 ,2 1 g 2 

X,X ,Z,Z,S =-X +-Z --2 -X 
2 2 B0 p 

1 g 2 
+----z' 

2 B 0p 

rAe g- rpaA~eHT. 

B KoppeKT~py~eM A~none, rAe n =0 ~ 1\Be<<Bo • 

H =.Lx'2+}_z'2 + R2 £\Be x 
2 2 BoP 

2 

/1/ 

/2/ 

/3/ 

~ 
I 

4. YPABHEHH~ ABH~EHH~ 

H3 np~BeAeHHbiX e pa3Aene 3 raM~nbTOH~aHOB cneAY~T ypaBHeHHH 
AB~lKeH~H: 

ft+K (s)x 
ds2 x 

Fx(s), /4/ 

rAe 1 A~noneA, -- (1-n) AnH 
p2 

Kx (s) • 0 AnH KOppeKT~py~~HX A~noneA, /5/ 

g 

Bop 
AnH KBaApynoneA, 

1\Bz 1 AHnoneA, ---- -ni\x AnH 
BoP p2 

Fx(a) • 
£\Be AnH KOppeKTHPY~I1X AHnoneA, /6/ 
BoP 

g 1\x AnH KBaApynoneA; 
BoP 

.2 
u £ 

+ Kz(s)z m Fz( s), 
-ds2 171 

rAe n 
A~noneA, 

? AnH 

Kz(s) - 0 AnH KoppeKTHPY1011111X AHnoneA, /8/ 

_g_ AnH KBaApynoneA, 
Bop 

- 1-n£\z 
p2 

AnH AHnoneA, 

F z (s) 
£\Be AHnoneA, /9/ 
BoP 

AnH KOppeKTI1PY~~HX 

g £\?; 

Bop 
AnH KBaApynoneA. 

none3HO OTMeTI1Tb, 4TO AeACTBI1e KOppeKT~py~~ero AHnonH CBOA~T­
CH K noeopa4HBaHH~ TpaeKTop~o~H Ha yron (-£\Be£ I BoP). 
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5. PABHOBECHAH OP6~TA 

PasHosecHaR op6HTa onHc~saeTcR nepHOAH4eCKHM /c nepHOAOM L, 
pasH~M AnHHe op6HT~/ peweHHeM ypasHeHHR ABHmeHHR /4/ H /7/. 

AnR ee aHanHaa YA06Ho ssecTH HOB~e nepeMeHH~e121 : 
o6o~eHH~H a3HMYT ~ 

~ = ( ds 
o Q,S(s) 

H HOpManH30BaHHOe OTKnOHeHHe ~ 

/10/ 

~=x. /11/ 
v~,s 

3AeCb ,9(s)-6eTa-(J>yHK1.4HR TsHcca, paaMepHOCTb ~ - M 112
. 

~Cnonb3YR CBOHCTBa ,9 (s), MOmHO CBeCTH 131 ypasHeHHe ABHmeHHR 
K ypaBHeHH~ B~HYmAeHH~X KOne6aHH~: 

d 2
n 2 2 

~+Q~=Qf(~). /12/ 
d~2 

/13/ 
rAe Q - 4Hcno 6eTaTpoHH~x Kone6aHH~ aa o6opoT. 

~cnonb3YR MeTOA BapbHPOBaHHR HHTerpa1.4HOHH~X 
paBHOBeCHO~ op6HT~ ,MOmHO nony4HTb/ 4 /: 

KOHCTaHT AnR 

~+ 27T 
~ = Q ( f(t)cosQ( ~ + ",.... t)dt. 

2 sin" Q r1. 
/14/ 

/18/ Op6HTy MomHo Ha~TH H 4HCTO rpa(J>H4eCKHM cnoco6oM . AnR Q = 
=5,8 H OAHOrO B03My~eHHR, noKanH30BaHHOrO B T04Ke C a3HMYTOM 
~O' rpa(J>H4eCKH~ MeTOA Hnn~cTpHpyeTCR Ha pHC.1. 

Aanbwe Mbl 6yAeM paccMaTpHsaTb 11crnameHHbl~'' ycKopHTenb, AnR 
KOToporo l<<Q<<p. AnR APYrHx ycKopHTene~ npHBeAeHH~e peaynb­
TaTbl cnpaseAnHB~ TOnbKO npH6nHmeHHO. 

TaK KaK f(~)3Q SHe MarHHTH~X 3neMeHTOB, TO AnR crnameHHOrO 
YCKOpHTenR HHTerpan B /14/ MOmHO CBeCTH K CyMMe: 

M+L 
l fj l'l~l.cosQ(~i +77-</Jl. ). 

j"' 1 
~i 5, ~j 5.4> i + 2" 

/15/ 

3AeCb 4epea M M~ o6oaHa4HnH o6~ee KonH4eCTBo AHnone~, 4epea 
L-KonH4eCTBO KBaApynonbH~x nHH3; 4epTa oaHa4aeT ycpeAHeHHe 

B paMKaX MarHHTHOrO 3neMeHTa. 
PaseHCTBO /15/ YA06Ho aanHcaTb s cneAy~eM MaTpH4HOM BHAe: 

/16/ 

4 

PaaMepHOCTb 8 - M112. 

PHc.I. fpawHqecKHH MeTOA Haxo*­
AeHHH op6HTbl. 

/17/ 

AnR AHnonei1, 
/18/ 

AnR KOppeKTHPY~~HX AHnone~, 

K ypasHeHH~ /12/ MOmHO nOAOHTH H Ha OCHOBe rapMOHH4ecKoro 
aHanHaa. PaanomHM ~(~) s PRA Cl>ypbe: 

u 00 

~(~) = :.IL + l (ukcosk~ + vksin k~). 
2 k=l 

/19/ 

a TaKme B03My~eHHR f(~): 

f "" 
f(~) = ~ + l (fkcosk~ + gksink~). 

2 k=l /20/ 

~3 ypaeHeHHR /12/ cneAyeT CBR3b MemAY K03(J>CI>H1.4HeHTaMH (J>ypbe: 

/21/ 

KoHe4HO, MaTpH4H~~ H rapMOHH4eCKH~ aHanHa ypaeHeHHR op6HT~ 
Aa~T OAHH H TOT me peaynbTaT. 3TO MOmHO nOKa3aTb, HCnonb3yR/5/; 
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/22/ 

6. CTATHCTH4ECKH~ AHAflH3 B03MYmEHH~ H OP6HT~ 

Bo3MYllleHIMI ~B( ¢) 11 ~x( ¢)- CilY4ai1Hble <I>YHKI.IHH o6o6111eHHoro 
a3HMyTa. B yCKOpHTeile OHH ~Bil~~TC~ CYMMaMH 3IleMeHTapHbiX Cily4ai1-
HbiX <)>yHKUHi1 BHAa ~Bifli(cJ>), ~xillj(cJ>), rAe ~Bi , 
~Xi - Cily4ai1Hble BeilH41<1Hbl, a fli(c/>) - eAHHH4Hble np~MoyrOilbHble 

HMnyilbCbl AilHHOi1 ~c/>i • 
Cily4ai1Hble aeilH4HHbl ~Bi 11 ~i HeKoppeilHpoaaHbl, HOpMailbHO pac-

npeAeileHbl C HyileBbiM MaTeMaTH4eCKHM O~HAaHHeM H C AHCnepcH~MH 
a~2B. a~x. OAHHaKOBbiMH Ail~ acex MarHHTHbiX 3IleMeHTOB. 

Pa3IlO~HM ~B(¢) a P~A <l>ypbe: 

a "" 
~B(¢) = :.0 + ~ (akcosk¢ + bksink¢). 

2 k=l 

/23/ 

AMnilHTYAbl <l>ypbe ak 11 b k- Cily4ai1Hble aeilH4HHbl. OHH HMe~T Hy­
IleBble MaTeMaTH4eCKHe O~HAaHH~ 1<1 AHCnepCHH: 

/24/ 

3TH <)>opMyilbl MO~HO ynpOCTHTb, y4HTb1Ba~ CYllleCTBY~Y~ B yCKOpH­
Teile CHMMeTpH~. Pa3AeilHM ace MarHHTbl Ha MP .. M/p rpynn MarHHTOB, 
HMe~HX OAHHaKOBOe pacnOilO~eHHe B Ka~OM nepHOAe. AHailOrH4HO 
cpeAH KBaApynoilei1 BbiAeilHM Lp- L/p rpynn IlHH3. B paMKax Ka~oi1 
rpynnbl f3i = const, ~c/>i = const. TorAa 1<13 /24/ MO~Ho noily4HTb 

D(~) = o!sP ~ ~¢2 • 
2 T7 2 j= 1 J 

/25/ 

TO ecTb 116eilbli1 11 cneKTp. 
AHailorH4Hble pe3yilbTaTbl MO~Ho noilY4HTb 11 Ail~ ~x(¢).Hcnoilb3Y~ 

yCilOBH~ CHMMeTpHH, MO~HO noKa3aTb TaK~e, 4TO M(akbk) =0, TO 
eCTb 4TO &k 1<1 bk CTaTHCTH4eCKH He3aBHCHMbl. 

PaccMoTpHM Tenepb cTaTHCTH4eCKHe caoi1cTaa op6HTbl. H3 /16/ 
CileAyeT, 4TO OTKilOHeHHe op6HTbl B AaHHOH T04Ke ~i pacnpeAeileHO 
HOpMailbHO C HyileBbiM MaTeMaTH4eCKHM O~HAaHHeM H C AHCnepcHei1: 

6. 

;26; 

4T06bl nOilY41<1Tb /26/, HCnOI1b30BaJ11-1 CBOHCTBa CI-IMMeTpi-11<1 yCKOpi-1-
TeJl~ H paccMoTpeH "crna~eHHbli1 11 ycKop!-1Tei1b. CyMM!-1poeaHI-1e eeAeTc~ 
no MarHHTHbiM 3JleMeHTaM, I-1Me~liii-1M OAI-IHaKOBOe nOI10~eH!-1e B Ka~AOM 
nepi-IOAe. 

Qco6eHHO Ba~Hbl CTaTI-1CTI-14eCKI-1e CBOi1CTBa Ma~CI-IMaJlbHOrO OTKJlOHe­
HI-1~ op61-1Tbl ~matMaKCI-1Mai1bHOe OTKI10HeHI-1e op6i-1Tbl Ka~AbiH pa3 nony-
4aeTC~ B pa3HOI-1 T04Ke c/>max 1-1, KOHe4HO, He pacnpeAeJleHO HOpMaJlbHO. 
nony4~~~ ero CTaTI-1CTI-14eCKI-1e CBOHCTBa B 06111eM CI1y4ae 04eHb TPYA-
HO. B AaeTc~ 1-1x oueHKa. 

An~ cny4a~, KOrAa Q o4eHb 6I11-13KO K uenoMy 41-1CI1Y k, 1-13 /21/ 
CJleAyeT, 4TO OnpeAei1~~~~~ei1 6yAeT k-Ta~ rapMOHI-IKa B03MYllleHI-1A. 
Ecn~-1 paccMaTPI-IBaTb TOilbKO Aei1cTBI-1e k-Toi1 rapMOHI-IKI-1 eo3MYllleHI-1A, 
TO AI1A pacnpeAeJleHI-IA MaKC!-1MaJlbHOrO OTKJlOHeHI-IA op6i-1Tbl MO~HO no-
I1Y41-1Tb T04Hoe peweHI-Ie 12 •7 •81 . B 3TOM cny4ae 

~(¢) ~ Acos(QcJ>+ak)' 

rAe 
A~ = u2 + 2 k v k • 

Mo~Ho noKa3aTb, 4TO aMni11-1TYAa A 1-lMeeT pacnpeAeneHI-Ie P3neA: 
A2 

2A - -;;z-
p(A) =--e oA 

(]2 
A 

rAe A1-1CnepCI-1A 

o 2 =2o
2 

=2o
2 

A uk vk 

H3 /25/, /21/, /13/, /6/ cneAyeT, 4TO 

Q2 2 
( 2 2 ) of ' 

Q - k k 

/27/ 

/28/ 

/29/ 

/30/ 
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/31/ 

BepoATHOCTb Toro, 4TO,aMnnHTYAa op6HT~ e k pa3 6onbwe ceoe­
ro cpeAHeKBaApaTH4ecKoro OTKnoHeHHA, pasHa 

- k2 
F (k) = e 

ny4wee npH6nH~eHHe nony4HTCA, ecnH y4HT~eaTb ABe rapMOHHKH 

B03MYllleHHA k<Q < (k+l). TorAa 

T.e. npeACTaBnAeT C060~ rapMOHH4eCKOe KOne6aHHe C MeAneHHO Me­
HA~ll\e~CA aMnnHTYAO~. Mo~Ho, cneAOBaTenbHO, 3anHcaTb 

A2 (¢) = (uk + uk+
1 

cos¢+ vk+ 1 sin¢)
2 

+ (vk- u k+ 1 sin¢ + vk cos¢): 
+ 1 /32/ 

A= max A(¢) r k + r k+ 1 

r 2 
k+ 1 

/33/ 

2 v 2 
u k+1 + k+1 /34/ 

KaK 6blnO y~e cKa3aHo, r, , r , ... , - cny4a~Hble. eenH4HHbl c pac­
npeAeneHHeM P3neA. CTaTHCTH4eCKH OHH He3aBMCHM~. B'b'e~BOAHTCA 
$OpMyna AnA AHCnepCHH MaKCHManbHO~ aMnnHTYA~: 

2 R2 rr 2 
0 A k + 2 RkRk+1 + Rk+1 /35/ 

TO eCTb ABnA~TCA AHCnepCHAMH aMnnHTYA~ npH y4eTe TOnbKO k-To~ 
HnH TOnbKO (k + 1) -~ rapMOHHKH B03MYll\eHHA. 

B' 61 TaK~e noKa3aHO, 4TO eepOATHOCTb TOrO, 4TO aMnnHTYAa 6yAeT 

6onbwe A - F (A), pasHa 

F(A) =2yiT RkRk+1 ~===A:::=====:-e-A/(R~+Ri+t). 
Ri+ R~+l ..JRi + Ri+t 

1361 

KaK noKa3aHo e/6~ xopowee coenaAeHHe aHanHTH4eCKHX pe3ynbTa-
TOB C AaHH~MH MOAenHpoeaHHA op6HT~ Ha 38M nony4aeTCA, ecnH 
Y4HT~BaTb 3 HnH 4 rapMOHHKH B03MYllleHHA.3TOT cny4a~ CBA3aH C 
6onbWHMH MaTeMaTH4eCKHMH TPYAHOCTAMH H AnA Hero a161nony4eHa 
npH6nH~eHHaA Ol.leHKa AHCnepCHH MaKCHManbHOrO OTKnOHeHHA a~ H eepq­
ATHOCTH F(A),4TO 3TO OTKnOHeHHe 6yAeT 6onbWe A: 

8 

,, 

i ~j 

al. (1 +.!!__ 
IR? 2 

J 

m-1 m 
F(A) = (4r) ,-- TI 

j= 1 

A m-1-2i 
X(-=) 

yiR~ 
J 

I R1Rj 
i .J 

) ' IR? 
J 

m-1 
R j -A2/IR2 $-2--

--,.......:_-) e J I 
yiR~ i=O 

J 

rAe m- 4HCnO HCnonb3yeMbiX rapMOHHK. 

(-1) i (m - 1)! 

2 2i i!(m-1-2i)! 

]. KnACCH$HKAUH~ METOAOB KOPPEKUHH OP&HTW 

1371 

X 

/38/ 

06111aA 6noK-cxeMa KoppeKUMH op6HT~ AaHa Ha pHc.2. Ha pHc.3 
AaHa KnaccH$HKaUHA MeTOAOB KoppeKUHH op6HT~. OcHOBHaA oco6eH­
HOCTb KOppeKUHH op6HT~ COCTOHT 8 TOM, 4TO M~ 3HaeM He see B03-
MYll\eHHA AB H A~ a TOnbKO MX 4aCTb. 06~4HO 4Hcno cHrHanbH~x 
3neKTPOAOB HaMHoro MeHbWe 4Hcna AHnone~ M KBaApynone~. CneAoea­
TenbHO ,H3 noKa3aHH~ CHrHanbH~X 3neKTPOAOB Mbl MO~eM y3HaTb TOnbKO 
4aCTb B03MYll\eHH~ - KOppeKUHA B ycnOBHAX HeonpeAeneHHOCTH. 

noKanbH~e MeTOA~ KOppeKUHH KOppeKTHPY~T op6HTY TOnbKO Ha 4ac­
TH nepMMeTpa YCKOPHTenA. 8He 3TOM 4aCTH op6HTa He H3MeHAeTCA. 
06ll\Me MeTOAbl KOppeKL.IHM KOppeKTHPY~T op6HTY no BCeMy nepHMeTpy. 
~~~ j ... jC.,ii\f-10 ~O.:i~~Jif..-.10 nO ~DC CUJicwYIC 1 tJ.Y 111101. MC 1 Ul4bl \... KUJ.)IJt::K4VltV1 

no B03MYll\eHH~ H MeTOAbl C KOppeKt.~MeM no OTKnOHeHM~. 8 nepBOM 
rpynne H3MepA~T 4aCTb B03MYll\eHHM H C03Aa~T TaKMe ynpaenA~ll\He 

B03AeMCTBHA, KOTOPble HX KOMneHCMPY~T. Bo BTOPOM rpynne MeTOAOB 
H3MepA~T OTKnoHeHHe op6HTbl B 2N T04KaX. C~Aa BXOART OAHOWarOBble, 
MHOrOWaroe~e H AHHaMH4eCKHe MeTOA~ KoppeKUHH. 

PHc.2. BnoK-cxeMa KoppeKUHH 
Op6HTbl. 

PHc.3. Kn~ccH~HKaUHH MeTo~oB 
KOppeKUHH op6HThl. 
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H3 /45/ .cneAyeT, 4TO onTHManbHOe paccTORHHe MemAY KoppeKTopa­
MH pa8HO fl.= rr/2, KOrAa l 

2 
.. Q. 

9. rAPMOHH4ECKH~ METOA 

3To MeTOA KoppeKLIHH 1\ 2"141 no 803MYLJleHHIO. H3MepRIOTCR nep8ble 
N rapMOHHK 803MYLJleHHR. AnR 3Toro Hcnonb3YIOTCR noKa3aHHR cHr­
HanbHbiX 3neKTPOA08, H3MepRIOLJlHX op6HTY 8 2N T041<aX: 

TJ(¢i) =TJ 1 (i =1,2, ••• ,2N). /48/ 

Ha OCH08e /48/ MOmHO npH6nHmeHHO onpeAenHTb nep8ble N rapMOHHI< 
~ypbe op6HTbl. B rapMOHH4eCKOM MeTOAe OHH annpoKcHMHPYIOTCR K03~­
~H1..1HeHTaMH 6eccenR: 

1 2N 
uo .. Uo =- ~ T/j 

N i=1 

=_!_ 
2N 

uk "' uk ~ TJ 1 cosk¢1 
/49/ 

N i=l 

1 2N 
uk .. vk ~ 111 sink¢1 N i= 1 

rapMOHHKH 803MYLJleHHR OnpeAenRIOTCR H3 COOTHOWeHH~ /21/. 
Tenepb npH noMOlllH KoppeKTHPYIOlllHX AHnone~ ocyLJleCT8nRIOT KoppeK­

I..IHIO, HMeiOLJlYIO rapMOHHKH ~ypbe, AO N C TO~ me aMnnHTYAO~, HO 
npoTH8ononomHoro 3HaKa. HMeeM 

1 2" BC 
g k = - f f (¢) sink¢d¢ 

1T 0 

K 
.. 2:. ~ 

1T i= 1 
f Dv -1. A 

1 cosk'l' 1 u¢ 1 

1 K B-C 
~ f . sink¢. !':1¢ . 

1T i= 1 1 1 1 

/50/ 

TaK KaK a3HMyTanbHaR npOTRmeHHOCTb KoppeKTopo8 !'J.¢<<2rr; K= 2N -
4Hcno KoppeJ<Topoa. 

TorAa He06XOAHMYIO CHny KoppeKTOP08 f~C MOmHO nony4 HTb H3 

1 2N BC 
- ~ f. !':1¢ . = u 0 
2rr i= 1 1 1 

1 2N BC 
- ~ f. cosk¢. ~¢ . = 
1T i=1 1 1 1 

1 2N 
~ f ~c sink¢ 

1
. ~¢ 

1
. 

1T i = 1 

c /51/ 

k = 1,2, •• ,N, 

Q2 k2 
Q~ vk • k = 1,2, ••• ,(N-1). 

MomHO noKa3aTb, 4TO peWeHHeM 3TO~ CHCTeMbl ypaBHeHH~ R8nRlOTCR 

cneAYIOLJlHe BblpameHHR: 

12 

BC rr N-1 Q2 2 
f 

1 
!':1¢

1
. ""-N u

0 
+.!... ~ _£ (U cosp¢. + VP sinp¢1. ) + 

N p= 1 Q2 p I 

3AeCb cP i - a3HMYTbl KOppeKTOpOB · 
K AOCTOHHCT8aM rapMOHH4eCKOrO MeTOAa MOmHO OTHeCTH ero npoc-

TOTY H 6biCTPOAe~CT8He. HeAOCTaTOI< MeTOAa COCTOHT 8 TOM, 4TO, 
np080AR KOppeKI..IHH, Mbl BHOCHM B Ka4eCTBe 803MYLJleHHR BbiCWHe rapMo­
HHKH (k >N) 3THX KOppeKL~H~. B MeTOAe HX BKnaA He orpaHH4HBaeT-

CR. 

lO.METOA HAHMEHbWHX KBAAPATOB 

3TOT MeTOA KOppeKJ..IHH I 14,17/ MOmHO OTHeCTH K OAHOWar08biM. 
npH HanH4HH KoppeKI..IHH op6HTa npeACTaBnReT co6o~ cyMMY A8YX 

4neHo8; OAHH H3 HHX o6R3aH CBOHM CyLJleCTB08aHHeMB03MYLJleHHRM, a 

APYrO~ - KOppei<I..IHRM TJ (B+g) (¢), TJ BC (¢). 
KaK H npemAe, 6yAeM H3MepRTb op6HTY 8 2N T04Kax npH noMOLJlH 

CHrHanbHbiX 3neKTPOAOB. nycTb eeKTOP COCTORHHR 

~ = ij(B+g)+ ijBC=ij(B+g)+ A, aBC . /52/ 
-+ BC 
0 - eeKTOP 

KOppei<I..IH~. 
R MPT()nP 1-L'IIAMPHhiiiiAX KR<'lflO<'lTOB OnTHMH3HpyeTCR 1..1ene8aR ~yHKJ..IHR: 

2N 
~ TJ ~ = ~ T ~ -+ min • 

/53/ 
i= 1 I 

BamHO OTMeTHTb, 4TO 4Hcno KoppeKTopoe MeHbWe 4Hcna AaT4HK08 
K <2N. MomHo noKa3aTb, 4TO MHHHMYM /53/ HacTynaeT npH npHMeHe-

q 

/54/ 

MHHHManbHOe 3Ha4eHHe q TaK Ha3biBaeMO~ OCTaT04HO~ CyMMbl K8aA­

paTOB paBHReTCR 

= ij(B+g)T ii(B+g) + ~(B+g)T.A.aBC /55/ 
qmin onT . 
QcH08HO~ HeAOCTaTOK MeTOAa COCTOHT B TOM, 4TO MHHHMH3HpyeTCR 

OTKnOHeHHe op6HTbl TOnbKO B CHrHanbHbiX 3neKTPOAaX, TO eCTb 
B 2N T04KaX, a He 06Ulee OTKnOHeHHe op6HTbl. 

11. METOA XEPEBAPAA-6AKOHHE 

3TOT MeTOA TaKme MOmHO OTHeCTH K OAHOWar08biM. B MeTOAe 880-

AHTCR cneAYIOLJlaR 1..1ene8aR ~yHKJ..IHR I 
18

'
211

: 
2N K 

q=y ~ .,.,~+(1-y) ~ 8B02 ... min. /56/ 
1=1 I j = 1 j 

13 



nepBaR eyMMa M~H~M~~~pyeT OTKJlOHeH~e op6~T~ B e~rHaJlbH~X 
3JleKTPOAaX, TO eeTb e2N T04KaX, BTOpaR orpaH~4~BaeT e~ny KOp­
peKTOPOB, TeM eaMbiM ~ BKJlaA BbleW~X /HeeKOMneHe~pOBaHHbiX/ rap­
MOH~K KOppeKTOPOB B op6~Ty. B /56/ y-napaMeTp, OnT~MaJlbHOe 
3Ha4eH~e KOToporo onpeAen~eTeR 3Kenep~MeHTanbHO n~6o MOAen~poea­
H~eM Ha 3BM. 

Henonb3YR /16/ ,Mo~Ho 3an~eaTb 
2N K BC (B+g) 2 K BC2 

qey I (I a 1i 8. +71 1 ) +(1-y) I 8J 
1=1 jel j =1 

TorAa yenoe~R M~H~MyMa q MO~Ho 3an~eaTb KaK 
aq 2N K 

--'--- = 2y I a1J I 
ao~c 1=1 p=l 

J 
3Ty e~eTeMy ypaBHeH~~ MO~HO 3an~eaTb 

(yATA + (1-y)E)SBC=-yAT~ (B+g) . 

3Aeeb no-npe~HeMy 1.1epe3 A o6o3Ha4et-<a MaTPI-1l.la /17 I, a E­
eA~H~4HaR MaTp~t.~a. 

/57/ 

/58/ 

/59/ 

HeAoeTaToK MeTOAa XepeeapAa-5aKOH~e 3aKJ1~4aeTeR e TOM, 4TO 
onT~ManbHoe 3Ha4eH~e napaMeTpa y HaAo onpeAenRTb ADnonH~TenbHO. 

12. HTEPATHBHblt1 "beam-bump,.._ METO,ll 

3TOT MeTOA MO~HO OTHeeT~ K MHOrowaroB~M. Een~ noeneAOBaTenb­
HO nepeMel!laTbeR no nep~MeTpy yei(Op~TeJlR, TO "beam-bump'.<:MeTOA Mo~-
••v ;-;~j,.li·iCi-~i11c .... , "CU'\ MtiU-'-4 uGu.tt::;; KUJ.JJJ~K4V1~ , ...... nn'... B TaK 

Ha3biBaeMOM ~TepaT~BHOM "beam-bump "-MeTOAe eHa4aJla np~ nOMOl!l~ 
nepe~x Tpex KoppeKTopoe noKaJlbHO KoppeKT~pyeTeR op6~Ta e C1 1 
/eM. pa3Aen 8/. noToM nepeMel!laeMeR enpaeo Ha DA~H KoppeKTop. 
np~ nOMOlll~ ~· ~3 ~ KA4noKaJlbHO KOppeKT~pyeM op6~Ty B C12 
~ T.A. 

Ka~A~~ KOppeKTOP OA~H pa3 pa6oTaeT B Ka4eeTBe nepeoro Kop­
peKTOpa TPO~K~ /eM. p~e.4/, OA~H pa3- KaK BTOpO~ ~ OA~H pa3-
KaK TpeT~~. KorAa M~ AO~AeM AD nocneAH€~ TpO~K~ KOppeKTOpOB, 
TO OHa BHeeeT B03MYlll€H~e B op6~TY B T04Ke C31. noKa3aH~R C31 y~e 
He 6YAYT paeH~ HYJl~. no3TOMY Hy~eH el!le OA~H o6opoT yeKOp~TeJlR, 
4T06bl eAenaTb op6~TY eo eeex AaT4~Kax paeHo~ Hyn~. KoHe4HO, 
een~ e~rHaJlbH~e 3JleKTPOA~ paenono~eH~ 04eHb 6n~3KO OT eOOTBeT­
eTBY~~X KOppeKTOPOB, TO B03MYlll€H~e B Cl1 ,BHOe~MOe noeneAHe~ 
TPO~KO~ KOppeKTOPOB, 6yAeT 04eHb Mano ~ TOrAa Bee KOppeKTOP~ 
MO~HO HaeTpa~BaTb OAHOBpeMeHHO. 

KaK 6~no noKa3aHo e pa3Aene 8, onT~ManbHoe paeeToRH~e Me~AY 

KoppeKTopaM~ paeHo ~=~~ 3TOM eny4ae 6YAYT HY~H~ K=4Q KoppeKTo-
2 

poe. 
0eHOBHO~ HeAOeTaTOK MeTOAa - ero OTHOe~TeJlbHO H~3KOe 6~eTpo­

Ae~eTB~e. 
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13. ,llHHAMH4ECKHE METO~ KOPPEKUHH 

B A~HaM~4eeK~X MeTOAaX KOppeKL.I~~ OTKJlOHeH~e op6~T~ paeeMaT­
p~eaeTeR no eeeMy nep~MeTpy, a He TOJlbKO e e~rHaJlbH~X 3JleKTpo­
Aax. BeeAeM KP~Tep~H Ka4eeTea KoppeKL.I~~ KaK $yHKL.I~OHa~ oT 
op6~T~ ~ KoppeKt.~~~. nor~4Hee eeero onpeAen~Tb KP~Tep~~ Ka4eeTea 
K8K 

q - _L 2'/ 712(¢)d¢ . 
2rr o 

TaK KaK rf...¢) RBnReTeR 
TO MO~HO YT04H~Tb /60/: 

1 211' 
q - M(- I 77 2(¢)d¢). 

2rro 

/60/ 

/61/ 

B/22-24/ Ha oeHOBe annapaTa np~KJlaAHOrO rapMOH~4eeKoro 
aHan~3a IU,l&/ noKas~eaeTeR, 4TO /61 I MO~Ho e KOHt.~e KOHL.IOB 
eeeeT~ K eneAY~eH $yHKLI~~ OT noKa3aH~H e~rHaJlbH~X 3JleKTPOAOB 
~ oT e~n KoppeKT~PY~~x A~noneH: 

1 2N II 2N K BC 
2q ,. - I 11 + I I A 11 8 + 

N P-1 
p 1 pq p q pal q-

+ 
K 
I 

K 
I (___;Q:...2-) 2 D • 

Q2-t2 

/30/. 3Aeeb D - A~enepe~R eo3MYl!leH~H 
N-1 

Apq - ..lcc0 + 2 I ct cosk(¢P- ¢ q ) 
N k•l 

/62/ 

to:)! 

/64/ 2QainriQ 

rr(Q2-t2) 

oil .., 
B e ~ + I ell cosk(¢ -¢r ) • cosQI¢ -¢. I + /65/ 

qr 2 k•1 k q q r 

+ sinrrQ ooa (rr - I¢ - ¢. I)Q -
rrQ q r 

¢p- a3~MYT~ve~rHaJlbH~X 3JleKTPOAOB; ¢q,¢r 
PYIOIII~X A~none~. 

H3 /62/ B~AHO, 4TO nepB~H ~ noeneAH~H 4JleH~ B q He 6yAYT 
y4aeTBOB8Tb B onpeAene~~H onTHM8JlbHOH eHJl~ KoppeKTOpOB. 0Ha 
6yAeT onpeAeJlRTbeR ~3 e~eTeM~ ypaeHeHHA. 

K HeAOeTaTK8M MeTOAa MO*HO OTHeeT~ HeKOTOPY~ rpOM03AKOeTb 
e~pa*eH~H A11R K03$$Ht.~~eHTOB A ~ B. 
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14. CI1Y4A~ HEPABHOMEPHOrO PACnOilOlKEHH.R CHrHAilbHbiX 
3IlEKTPOAOB 

MomeT cny4HTbCR TaK, 4TO 6yAeT HeB03MOmHo paccTaBHTb paeHo­
MepHo ece cHrHanbH~e 3neKTPOA~ no Konb4Y· 

C APYrOH CTOPOH~, ~opMyn~ npHKnaAHoro rapMOHH4ecKoro aHanHaa, 
KOTOp~e npHMeHR~TCR B MeTOAaX KOppeK4HH Op6HT~, npeAnonara~T 
3KBHAHCTaHTHOCTb AaT4HKOB. KorAa 3Ta 3KBHAHCTaHTHOCTb HeAOCTHmH­
Ma Ha-aa paaMe~eHHR 6onee eamHoro o6opyAoBaHHR, MO*HO Hcnonbao­
eaTb OAHY H3 HHTepnonR4HOHH~X ~OpMyn AnR cny4aR He3KBHAHCTaHTH~X 
3Ha4eHHH apryMeHTa ~YHK4HH. 4a~e BCero npHMeHR~T HHTepnOnR4HOH­
HY~ ~OpMyny narpaHma: 

t() 
(x-x1)(x-x 2 ) ••• (x- xn_1 ) 

X= Y+ ••• + 
(xO-x1 )(xo-x2) ... (xo-x n-1) o 

/66/ 

3AeCb npeAnOnaraeTCR, 4TO ~YHK4HR f(X) 3aAaHa 3Ha4eHHRMH 
Yo•Y1,. .. ,yn-1 B npOH3BOnbHbiX T04Kax X0,x 1, •••• ,Xn-l .Hcnonb3YR 
/67/, MOmHO B~4HCnHTb 3Ha4eHHe op6HT~ B TOH T04Ke KOnb4a, rAe 
HeB03MOmHO nocTaBHTb CHrHanbH~H 3neKTPOA. 

15. KOPPEKUH.R OP6HT~ nPH nEPBOM 060POTE 

CaMocTORTenbHY~ npo6neMy npeACTaenReT KoppeK4HR nepeoro 
o6opoTa /30·341. npH nepeoM o6opoTe paeHoeecHaR op6HTa MomeT 
He RBnRTbCR 3aMKHyTOH KPHBOH, H Mbl MOmeM pacnonaraTb HH~OpMa-
4HeH 0 ee OTKnOHeHHH OT OCH TOnbKO Ha 4aCTH nepHMeTpa YCKOpH­
TenR. npeAnaraeM HCnOnb30BaTb MHOrowarOB~H MeTOA, KOrAa OTKno­
HeHHe ny4Ka B CHrHanbHOM 3neKTPOAe npHBOAHTCR K Hyn~ npH noMO~H 
KoppeKTopa, pacnonomeHHoro nepeA 3neKTPOAOM, a aaTeM nepe­
Me~aeMcR Ha OAHH KOppeKTOp H OAHH 3neKTPOA Bnpaeo no KOnb4Y· 

noeeAeHHe Ha nepBOM o60pOTe 3Ha4HTenbHO 3aBHCHT OT npaBHnb­
HOrO B~6opa ycnOBHH HHmeK4HH. EcnH Mbl HMeeM HeHynee~e ycnOBHR 
HHmeK4HH OTHOCHTenbHO CMe~eHHOH op6HT~, TO 6YAYT B036ymAaTbCR 
KOrepeHTH~e Kone6aHHR ny4Ka H ny40K MOmeT nOTepRTbCR Ha cneAy~­
~HX o6opoTaX. no3TOMy B 30He HHmeK4HH pacnonara~T ABa KOppeKTO­
pa H ABa CHrHanbH~X 3neKTPOAa. HH~OpMa4H~ 0 TOM, RBnReTCR nH 
B~6op ycnOBHH HHmeK4HH npaBHnbH~M, nony4a~T nyTeM cpaBHeHHR 
noKa3aHHH CHrHanbH~X 3neKTPOAOB Ha nepBOM H Ha BTOPOM o6opoTaX 
ny4Ka. EcnH 3TH noKa3aHHR He COBnaAa~T, TO npH nOM~H KOppeKTO­
poe B 30He HHmeK4HH MeHR~T ycnOBHR HHmeK4HH AO B~paBHHBaHHR 
noKa3aHHH 3neKTPOAOB Ha nepBOM H Ha BTOpOM o60pOTaX. 
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AHHea A.X. KoppeK~HR op6HTW B CHHXpOTPOHaX. 0630p P9-82-504 
PaCCHOTpeHW OWH6KH, BW3WBa~He Ae~OpHa~HO op6HTW, H raHHnbTOHHaH none­

pe4HOrO ABH*eHHR npH HanH4HH 3THX owH6oK . AaHw ypaaHeHHe op6HTw H ocHOBHwe 
HeTOAW ero peweHHR. noAp06HO OnHCaHW CTaTHCTH4eCKHe CBO~CTBa B03Hy~e­
HH~, op6HTW H HaKCHHanbHoro OTKnoHeHHR op6HTW. AaHa KnaccH~HKa~HR HeTOAOB 
KOppeK~HH op6HTW. ''Beam-bump'~HeTOA paCCHOTpeH npH npoH3BOnbHOH pacnono*e­
HHH CHrHanbHWX 3neKTPOAOB H KOppeKTHpy~HX AHnoneH. noApo6HO npoaHanH3H­
poaaHW rapHOHH4eCKHH HeTOA, HeTOA HaHHeHbWHX KBaApaTOB H HeTOA XepeaapAa-
6aKOHHe. PaCCHOTpeH npeAnO*eHHWH a&TOPOH AHHaHH4eCKHH HeTOA KOppeK~HH. 
OnHcaHw TaK*e cny4aH HepaaHOHepHoro pacnono*eHHR CHrHanbHWX 3neKTPOAOB H 
KOppeKTHPY~HX AHnoneH, a TaK*e KOppeK~HR op6HTW npH nep&OH o6opoTe. 

Pa6oTa .~nonHeHa I na6opaTOPHH BWCOKHX 3HeprHH OHRH. 

Dinev D.Ch. Orbit Cv rrection in Synchrotrons. Survey P9-82-504 
The errors giving rise to orbit distortions are pointed out as well as 

the Hamiltonian when these errors are present . The orbit equation and the 
basic methods of its solution are given. The statistical properties of the 
perturbations of the orbit and its maximum distortion are discussed in de­
tails. A classification of the methods of orbit correction is done . The 
"beam-bumb" method is considered at a random disposition of pick-up elect­
rodes and correcting magnets . A detailed description of the harmonic 
method, of the method qf the least square and of the Hereward-Baconnier 
method is given. The dynamic method of correction, proposed by the author, 
Is discussed. The case of irregular disposition of pick-up electrodes and 
the correction of the first turn are considered. 

The investigation has been performed at the Laboratory of High 
Energies, JINR. 
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