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1. BBE,LIEHI-1E 

,[\nR ~ccneAOBaH~~ B o6nacT~ penRT~B~CTCKO~ RAePHO~ $~3~K~, 
~3y4eH~R aHOMaDbH~X COCTORH~~ aTOMH~X RAep ~ AP· B fla6opa
TOP~~ BbiCOK~X 3Hepr~~ 01-lfll-1 npoeKT~pyeTCR yCKOP~TeDbHbl~ KOMn-

' 11 neKC TR>KenbiX ~OHOB /YKTI-1/ ' , B KOTOPOM npeAnonaraeTCR yCKO-
pRTb ~OH~ ecex RAeP ennoTb AO ypaHa. CTPYKTypa YKTI-1 AByx
cTyneH4aTaR. nepeaR CTyneHb npeACTaBnReT co60~ TR>Keno~OHH~~ 
c~HxpoTpOH /TI-1C/ Ha 3Hepr~IO 250 M3B/HyKnot, /no ypaHy/, 
BTOpaR CTyneHb - cy~eCTBYIO~~~ B fl83 C~HXpo$a30TpOH, B KOTO
pOM ~OHbl 6YAYT AOYCKOPRTbCR AO 3Hepr~~ 3,4 r3B/HyKnOH, 

B. pa6oTax 12·31 6bm~ paccMOTpeHbl HeKOTOPble eonpocbl KoppeK-
4~~ nonepe4HOrO AB~>KeH~R ~OHOB B TR>KenO~OHHOM C~HXpOTpOHe. 
B HaCTOR~ee epeMR pa3pa6aT~eaeTCR eap~aHT TI-1C c Tp~nneTHO~ 
MarH~THO~ CTpyKTypo~ /p~C. 1/. 

OcHOBH~e napaMeTp~ Tp~nneTHoro eap~aHTa TI-1C: 
napaMeTp n - 154,56 M 
MarH~THaR >KeCTKOCTb B0p 

np~ ~H>KeK4~~ 

MaKC~MaDbHaR 

paA~YC Kp~B~3H~ op6~T~ 

a A~nonRx p 
MarH~THOe none Bo 

np~ ~H>KeK4~~ 

MaKC~MaDbHOe 

rpaA~eHT a ~ n~H3ax g~ 

MaKC~MaDbHbl~ 
rpaA~eHT a ,ll, n~H3ax g A 

np~ J.1H>KeK4J.1J.1 
MaKCJ.1MaDbHbl~ 

KOD~4eCTBO nepJ.10AOB p 
KODJ.14eCTBO AJ.1none~ M 
KODJ.14eCTBO KBaApynone~ K 
3$$eKTJ.1BHaR ADJ.1Ha 
AJ.1none~ l'.s M 
3$$eKTJ.1BHaR AD~Ha ~ 
KBaApynone~ l'.s ~ 
3$$eKTJ.1BHaR AnJ.1Ha ,ll 
KBaApynone~ l'.s g A 

- 1,556 TM 
- 9,874 TM 

- 7,497 M 

- 0,2 T 
- 1, 3 T 

- 1 ,6 T /M 
10,16 T/M 

- 1 ,6 T /M 
10,46 T/M 

- 16 
- 32 

48 

- 1,48 M 

0,36 M 

0,60 M 



4aCTOTa 6eTaTpOHH~X 
KOJle6aHHH 
Qx 

Qz 
- 4,8 
- 3,85 

B HacTO~IJlel:i pa6oTe paccMOTpeHbl sonpocbl KoppeK~HH none
pe4Horo ABHmeHH~ HOHOB B sapHaHTe T~C C TpHnJleTHOH MarHHT
HOH CTPYKTypol:i. 
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2. KOPPEKU~R 3AMKHYTO~ OP6~T~ 

PHc. 1. TpHnneTHa~ MarHHT
Ha~ CTPYKTypa T~C. 

• 

IJO 'I' 

120 

110 

fOO 

90 

0AHH H3 OCHOBHbiX BOnpOCOB OnTHMailbHOH pa60Tbl yCKOPHTeJl~ -
KOHTPOil b 11 KOppeKTHPOBaHHe nOJlO>KeHH~ 3a.MKHYTOH. op611Tbl. 

KaK 113BeCTHO, B HOPMHposaHH~x nepeMeHH~x 

2 

X 

1J = ---=· 111 v/3 
¢=I~ 121 

0 Q{3 

ypasHeHHe ABHmeHH~ B nonepe4HOH nilOCKOCTH npHHHMaeT CileAy~

UlHH "crnameHHbiH 11 BHA: 

d
2 

2 2 
__ TJ_ + Q 1J = Q f(¢), 131 
d ¢ 2 

rAe f( cp )- ¢YHK~H~ , OnHCbiBa~IJla~ B03MYIJleHH~. 3aMKHyTa~ Op6HTa 
~sn~eTc~ nepHOAH4eCKHM lc nepHOAOM 2rr I 4aCTHbiM peweHHeM 
:noro ypasHeHH~. An~ TpHnneTHoro sapHaHTa H1C o6o61JleHHbiH 
a3HMYT cp noKa3aH Ha pHC. 2. 

PHc. 2. 06o61JleHH~i:1 a3HMYT 
TpHnneTHOH CTPYKTyp~. 

~~rpoo") 

0.~ 

0,3 

Q2 

Ql 

-t=3B--8 -ftE3-~ 
"' q, Jl q, "' 

nycTb Ha nepHMeTpe ycKOpHTeil~ pacnonomeHbl M AHnonei:i, K 
KBaApynonel:i, 2N KOppeKTHPY~IJlHX AHnonel:i H 2N CHrHai1bHbiX 

3JleKTPOAOB. 
nycTb p - 3TO KOI1H4eCTBO nepHOAOB, M K N - KO-

p ' ..P ' p I1H4eCTBO COOTBeTCTBy~UlHX 3IleMeHTOB 3a nepHOA. gn~ AHCnepCHH 
3aMKHYTOH Op6HTbl ry( o ) -oJ MO>KHO nony4HTb CI1eAY~UlY~ ¢op-
MyJly: M p-1 

.'\s M 2 2 P {:3. cos(a .. -2 rrG--) sin2rrQ 
11

2
. = [ I OB l _J [ IJ p --- +p]+ 

rp 2B 0 p sinrrQ j = 1 2 sin2rrQ/ p I 4 I 

cos (a .. - 277 Q _P_--1- ) sin2rrQ 
IJ p 

--------- -\ p] ' 

K 
g!\s t! 2 P /3 j 

+ l J a 2 ~ --1 
2B0p sinrrQ g j ~ 1 2 

sin2rrQ/ p 

3 



rAe a .. =2Q(¢.+rr-¢.). 
IJ I J /5/ 

B /4/ c a~ Mbl o603Ha4HJH1 AHCnepCHIO B03MylJ.IeHH~ MarHHTHOro 
nOnR ~8, a C a~ - AHCnepcHIO B03MYlJ.IeHH~ nono~eHHR KBaApy
none~ ~X. 

603My~eHHR MarHHTHOrO nonR, 8~3~BaiOlJ.IHe OTKnOHeHHR 3aMKHy
TO~ op6HTbl, MO~HO 06beAHHHT b 8 cneAYIOlJ.IHe TpH rpynnbl: 

a/ nDCTORHHble 803MylJ.IeHHR, 8bl3bl8aeMble napa3HTHbiMH MarHHT
H~MH nonRMH, TOKaMH eyKO H AP· 3TH 803MylJ.IeHHR CylJ.IeCTBeHH~ 
TOnbKO 8 Ha4ane 4HKna YCKOpeHHR; 

6/ 803MylJ.IeHHR, nponOP4HOHanbH~e 8enM4MHe OCH08HOrO nonR, 
8~3~BaeM~e OWH6KaMM IOCTHPOBKH, 0WH6KaMH 8 ~ napa3HTH~MH no
nRMH M AP·; 

8/ 803MYlJ.IeHHR, nORBnRIOlJ.IHeCR npH BbiCOKHX nonRX, Bbl3b1Bae
Mble OWM6KaMH HaCbllJ.IeHMR, 

AnR THC Mbl npHHHMaeM, 4TO BD3MYlJ.IeHMR rpynnbl a/ paBHbl 
-4 

a B = 1 r c; rpynnbl 6/ - a B= 5x 1 0 B 0. 0wH6KaMH HaCbllJ.IeHMR npH 
3TOM MO~HO npeHe6pe4b. 0wM6KM B IOCTMP08Ke npHHHMaeM aA = 
= 0,30 MM AnR ropM30HTanbHO~ nnOCKOCTH, a~ = 0,20 MM _xAilR 

8epTHKanbHO~. 0wH6KH 8 HaK!lOHe MarHMTOB npJHHMaeM aa= 0, 3 MpaA. 
npH 3THX ADnylJ.IeHHRX H3 /4/ nony4aeM: ax= 5,2 MM; az=3,8 MM. 

BD3MYlJ.IeHHR ~8 H ~X H CMelJ.IeHHe op6HTbl 1) - 3TO C!ly4a~
Hble <!JyHK4HH 0606lJ.IeHHOrO a3HMyTa. 

B pe3y!lbTaTe H3MepeHMR op6HTbl IJ(¢) npH noMOlJ.IH cMrHanb-

HbiX 3IleKTPDA08 HaM M38eCTHa He 8CR <!JYHK4MR l)(rp), a TOilbKO ee 
3Ha4eHMR 8 2N T04KaX. Ha OCHOBe TaKO~ HenonHO~ HH<!JOpMa4HH 
06 Op6HTe Mbl He MO~eM CYAHTb 0 B03MYlJ.IeHHRX, TaK KaK, 06bi4HO, 
M +K > 2N. 3TO C8R3aHO C TeM, 4TO no 2N T04KaM He!lb3R y3-
HaT b see <!Jypbe- rapMOHHKH op6HTbl. Mo~Ho 8bi4HCI1HT b He 6onee 
4eM npM6nH~eHH~e 3Ha4eHMR nep8~x N rapMOHMK. 

Ha OCHOBe CAenaHHOrO B pa6oTe ' 2 / aHa!lH3a npeAnaraeTCR 
3aMKHyTyiO op6HTY C4HTaTb OnTMMa!lbHO~, eC!lM <!JYHK4HOHa!l ~ 2 

MMeeT MMHHMyM: 

2 1 2N 2N 2N 
2~ = - ~ TJ 2 + ~ A TJ aBC+ ~ 

N i=1 I p ,q= 1 pq p q p,q=1 

!""Ae 

B 0 Bc8 BC 
pq p q ' /6/ 

171 
2 N-1 y2 

A q = - ~ ckcosk(¢ -¢ )+--cNcosN¢ cosN¢ 
P N k= 1 P q N P q 

B q = £ c2k cos k ( ¢ - ¢ q) , 
p k = 1 p /8/ 

4 

" 

c = 
k 

2Q sin rrQ 

u(Q2-k 2) 
/9/ 

B /6/ aBC 03Ha4aeT o606lJ.IeHHyiO CHny KOppeKTHPYIOUIHX AHno
ne~: 

l 
1 v ,81\Bi\s 

0 = 2QsinrrQ ~p 
1 y{3g~x~s 

- AnR AMnone~ 
/10/ 

- AnR KBaApynone~. 
2 sinrrQ Bop 

B lt cp - a3HMYTbl CHrHanbH~X 3!leKTPOA08 80 8TOpO~ CYMMe 
p - ,/.. H a3HMYT~ KOppeKTOpOB 8 TpeTbeH CyMMe; 'I' q - a3HMYTbl KOp-

peKTOpOB eo 8Topo~ H TpeTbe~ cyMMe. HMeeM 4N 2 KD3<P<!JH4HeH

TOB A pq H 4N 
2 

K03$<!JH4HeHT08 Bpq . 0nTHMH3a4HIO MO~HO npoeo
AHTb npM nOMOlJ.IH 3BM no 6noK-cXeMe, nOKa3aHHO~ Ha pHC. 3. 

MVHV-

JBM_ 

PHc. 3. 6noK-cxeMa KoppeK4HH 3aMKHyTo~ op6HT~. 

npH 3TOM npeAnDnaraeTCR, 4TO 803MylJ.IeHHR i\8(¢) M ~x(¢) 6YAYT 
AD8D!lbHO MeAneHHO MeHRTbCR 80 epeMeHH. Ka4eCT8D KoppeK4HH 
RBnReTCR OTHOWeHHeM CpeAHeK8aApaTH4HOrO OTKilOHeHHR CKOppeK
THp08aHHO~ op6HT~ K TaKOMy ~e OTKnOHeHHIO HeCKOppeKTHp08aHHO~ 
op6HT~ 

K = 
a Kopp. 

/11/ 
aHeKopp. 

H3 pa6oT~ 12 1 BHAHD, 4TO 
A2 

2 
/12/ K = --, 

B2 

5 



2 - 1 00 1 
rAe A = ~ + ~ ------ + 

k=N(Q 2_k2)2 j= 1(Q2-(2Nj)2)2 

N -1 00 1 1 1 1 
+~ ~ ( + )+-----
k=l j=t (Q2 - (2Nj-k)2)2 (Q2 -(2Nj+k)2)2 2 (Q2-N2)2 

+_!_~( 1 + 1 ), 
2 j = t (Q2 - (2Nj -N)2)2 (Q2-(2Nj+N)2)2 

n2 = ~ __ 1 __ 

k-1 (Q2-k2)2 

/13/ 
+ 

/14/ 

Anf1 Tp~nneTH0.:1 CTPYKTYPbl H1C 3as~c~MOCTb Ka4eCTBa KoppeK
'-1~~ K OT 4~cna t<oppet<Topos 2N not<a3aHa Ha p~c. 4. 

K% 
20 
16 
f2 
8 
~ 

5 6 7 B 9 10 f1 12 N 
P~c. 4. Ka4eCTBO t<oppet<'-1~~ 3aMt<HyTo.:1 op6~T~. 

Mmt<Ho Bbl6paT b 2N = 16, 4TO OTBe4aeT K ~ 5% -:-10%. 
npe,QnaraeMOe pacnonomeH~e t<Oppet<T~py~~~x A~none.:1 ~ c~r

HaJlbHbiX 3Jlet<TpO,QOB npe,QCTaBJleHO B Ta6n. 1. 
,llnf1 04eH1<~ Mat<C~MaJlbH0.:1 C~Ilbl ' KOppet<TOPOB 6y,QeM ~CXO,Q~Tb 

~3 

1) i = 0 (i = 1,2, .. o, 2N) o 

113 ' 2 / 3TOrO YCI10B~f1 Cile,QyeT • 4TO 
Np 

a 2 = ~A a 2 
1)i k = 1 k Be, k ' /15/ 

r.Qe p 1 p-1 sin2nQ 
A = - + -[ cos2Q(¢. +rr-¢ ) - 2rrQ--] ---

k 2 2 1 k P sin2rrQ/ p 
/16/ 

6 

~ 
I . 9 

Ta611~4a 1 

CxeMa pacnonomeH~f1 t<Oppet<T~py~~x 3IleMeHTOB 

2.5c. CHU 

Cllf 

21 Do 
~Cf 

cnz yez 
41 n~ 

$ 

Cff/'18 

6 M 

?~ ~ M f 

~CJ 

10 J 1 Yc• I I 
YC5 

I I 
I OI"W IJM3 

13 0 I II M 1e 

I I CM68 

14 r 

16 '---------{· 

• '::;: - '1J&~Pf:,.~'ft"----
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Ha /15/ cneAyeT a B = 110 rc An~ ropH30HTanbHO~ nnocKo
cTH H UBc= 68 fc- An~ceepTHKanbHO~. 

3AeCb Mbl fiyAeM nonb30BaTbC~ HHTepeanOM 2a /eepO~THOCTb 

0,95/. CneAOBaTenbHO, peKoMeHAyeMa~ cHna KoppeKTHPY~Hx AH
none~ B c = 220 rc - An~ ropH30HTanbHO~ nnocKOCTH, B c = 
= 136 fc - An~ BepTHKanbHO~. 

3. fPAAHEHTHOE CMEmEHHE 6ETATPOHHWX 4ACTOT 

npH HanH4HH OWHfiOK B rpaAHeHTaX nO~Bn~eTC~ CB~3aHHOe 
C HHMH CMe~eHHe fieTaTpOHH~X 4aCTOT / B/ , 

BnH~HHe CHCTeMaTH4eCKHX OWHfiOK OnHCbJBaeTC~ $OpMyno~ 

~Q,x z = + _1_ f {3 ~(aB z/ax) 
· 4

77 
x,z B as . 

o oP 
/17/ 

npH HanH4HH cny4a~H~X OWHfiOK B rpaAHeHTaX An~ cpeAHe
KBaApaTH4HOrO OTKnOHeHH~ CMe~eHH~ fieTaTpOHHbiX 4aCTOT MOmHO 
nony4HTb 

a 1 ~Q = - y !( 
x,z 4rr p 

f3 can / ax) ~ 2 
x, zp z p ll\ 

OJ U~ I ' 

Bop ~;: g 
/18/ 

rA: a~!lg03Ha4aeT CpeAHeKBaApaTH4HOe OTKnOHeHHe OTHOCHTenb
HOH OWHOKH rpaAHeHTa. 

npeABapHTenbH~e O~eHKH OWHfiOK B rpaAHeHTaX An~ T~menOHOH
HOrO CHHXpOTPOHa THC H B~4HcneHHe Ha HX OCHOBe npH nOMO~H 

/17,18/ CMe~eHH~ fieTaTpOHH~X 4aCTOT AaH~ B Tafin. 2. 

Ta6nH~a 2 

CHcTeMBTiftleciute tJP. CJIY'faliHHe ~Q. 
3J!er.eHT OWH6KH CHCTeMB.T~JqeCKOe OWH6KH 

I 'l X z X z X l 

•8/1 •sfg o-.8/8 a-.8(1 
(1 I<B!IlijlynOJil> =Ia-3 =ra-3 - 0,006 t-0,007 =ra-3 =I(J"" o,oorr 0 ,00!2 

•8/~ •'l/9 o-·aJ~ ~~'t ll I<BBl!PYOOJil. =Icr =Ia-3 -0,003 +0,0!4 : !(J"" 0 , 0006 O,<XXl! 

•sfs. •alB• <T.!f/8• <r·'il&• 
.liHnOJil> 4,6 ro-3 4,6 ra-3 -0,0!3 t-0,0!3 :~. 3 ra-3 2 ,3 ro-3 o,oorr 0,00!2 

M-~ M-I 

---

8 

I . • 

• 
• 

4. XPOMATH4HOCTb H CEKCTYnOnbHWE KOPPEKUHH 

6eTaTpOHH~e 4aCTOT~ HepaBHOBeCH~X 4aCTH~ OTnH4a~TC~ OT 
fieTaTpOHHO~ 4aCTOT~ paBHOBeCHO~ 4aCTH~bl . An~ CMe~eHH~ fieTa
TpOHHO~ 4aCTOT~ C HMnynbCOM /T.H. xpoMaTH4HOCTb/ MOmHO no
ny4HTb 'BI : 

/\ Q X 1 · 
-- = - --- J {3 x ds 
i\p/ p 4rrp 2 M 

1 f .!lL y ds -+ - X 

4rr M P 

1 t/1 , 1 as z 
- - f - u x ds - f {3 x --ds , 

/19/ 

2rr M p 4 rri3o p K ax 

'\'iz 1 1/J 1 aBz 
-- = - f - y ds + f {3 --ds . /20/ 
,\pi p 477 M p z 4rrB 0 p K z clx 

~Q ~Q z 
Ha /19/, /20/ MomHo nony4!-1Tb -

1
x = -3,74; --= -7,25. 

~p p L\p/ p 
npeAnonaraeTC~ ycKOpHTb B THC OAHOBpeMeHHO HOH~ Tpex aap~A
HOCTe~- +69, +70, +7J. 3TOMY OTBe4aeT~p/p=2:_1,4% . 0TC~Aa 
cneAyeT, 4TO OmHAaeMOe CMeU\eHHe 4aCTOT An~ pa3HbiX 3aP~AHO
CTei1 6yAeTt\Qx = :t 0,05; ~Qz= :t 0,010. 

An~ KOMneHca~HH xpoMaTH4HOCTH BBOA~Tc~ KOMneHCHPY~~He 

CeKCTynOnbH~e nHH3~, B~3~BaeMa~ HMH XpOMaTH4HOCTb AaeTC~ 

2 
BbJpameHHeM 

~Q x,z =:!:: 1 ft/J(ciBz 
4rri3

0
p c )f3x,zds. /21/ 

1\p/ p 

An~ KOMneHCa~HH XpOMaTH4HOCTH MOmHO HCnOnb30BaTb ABe CHCTe
M~ ceKcTynonbH~x nHH3, KaK 3TO noKa3aHo e Ta6n. 1. H3 /21/ 
MOmHO nony4HTb 

a2s ( ____ z 

ax2 
\= +71 ,2 T/M 2

, 

l s 
ax: )2= -45.9 T/M 

2
• 

B HeKOTOpbiX MeCTaX MOmHO HCnOnb30BaTb KOMfiHHHpOBaHHble 
KOppeKTOp~, KaK 3TO noKa3aHO B Tafin. 1. 
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