
C J> YSe lJ 
~-696 

C006 OHMR 
06bBAMH8HHOrO 

MHCTMTYT8 
RAOPHbiX 

MCCne 0 8HMM 

YfiHa 

13/g- .:; 9 
p II - ~tJ I 

En )I(H,nKOB. H.BJ1ccHHCKHH, T.n KoliKHHa, 

~ E M.Ky~aKos~],.,"J.A CMHpHosa, 6 B.«<leoKTHCTOB 

PAC4ET ~ArHHTHbiX OOJIEH 

[(JIH KOPPEKLIJ1H OPBHT 'JAPfl)Kf~HHhiX 4ACTHU 

B CHHXPO«<lA30TPOHE OH.HH 

979 



Pll - 12374 

E.OJKH,nKos, J1 .BJ1ccHHCKHH, T .n .KoqKHHa , 

IE:M.~~~, JI.A .CMHpHosa , B.B.<I>eoKTHCTOB 

PACqET MArHJ1THhiX OOJIEH 

,IJ;JIH KOPPEKlli1J1 OPBJ1T 3APH)I(EHHhiX qACTJ1U 

8 CJ1HXPO<I>A30TPOHE OJ1HJ1 



~HAKoa E.n. H AP· 

Pac4eT MarH~TH~x noneH An~ KoppeK~HH op6HT 
aap~~eHH~x 4aCTH~ a CHHxpQ$aaoTpoHe OHRH 

Pll - 12374 

AaHHOH pafioTe nOcTasneHa 3aAa4a pac4eTa KOppeKTHpy~~HX TOKOB 
B npOBOAHHKax, pacnonO*eHH~X B npRMOnHHeHH~X npOMe*YTKaX, C 4enb~ 
KOppeK~HH eepTHKanbH~x op6HT 4HPKYnHpy~ero ny4Ka. CoaAaH anropHTM 
peweHHR nocTaeneHHOH 3aAa4H c npHMeHeHHeM Henpep~sHoro aHanora 
MeTOAa Hb~TOHa. nony4eHHWe peaynbTaTW nOKa3~Ba~T 803MO*HOCTb KOp
peK4HH BepTHKanbH~X opfiHT npH B3RTOH KOH~Hrypa4HH MarHHTHOrO nonR 
YCKOpHTenR AO eenH4HH~ MeHee 1 CM, 4TO MO*HO C4HTaTb BnOnHe npHeMne
M~M C T04KH apeHHR AOOYCKOB Ha OTKnOHeHHe op6HT~. 

Pa6oTa B~nonHeHa B na6opaTOPHH B~4HCnHTenbHOH TeXHHKH 
H aaToMaTH3a~HH OHRH. 

Coooweuue Oobenuueuuoro uucrKryra lUlepHbiX KccnenoaauuA. llyoua 1979 

Zhidkov E.P. et al. Pll - 12374 

Calculation of Magnetic Fields to Correct 
Charged Particle Trajectories in JINR 
Synchrophasotron 

The problem of calculating correcting currents in the conduc
tors positioned in the straightsections to correct vertical beam 
dynamics is presented. The algorithm of computer analogue of the 
Newton method is presented. The obtained results demonstrate the 
possibility of correcting vertical trajectories at a taken configu
ration of the synchrophasotron magnetic field up to value less 
than 1 em which could be quite acceptable from the point of view 
of allowance for trajectory deflection. 

The investigation has been performed at the Laboratory of 
Computing Techniques and Automation, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1979 

© 1979 06r.eJlBHeHHblJI BHCTBfYT JI.QepHbiX HCC/18Jl0BBIIJIJI 0.y6Ha 

J1po6JJeMa 00Bbi!U8HIUI 11HT8HCI1BHOCTI1 Oyt!KOB CI1HXp0rpa30TpOHa 

011ffi1 ocTaeTCR aKTYaJJbHol1,11 8 CBR311 c 3Ti1M Be,IJ,.YTCR KaK pacl!eTHb!e, 

Tal< 11 3KCTI8pi1M8HTaJJbH~e pa60Tb!, 

Pa6oTbl, npoBO,ll,i1Bml1eCR B nocJJe,D,Hee· apeMR/I/, noKa3Wli1, l!TO 

OOT8p11 Tiyt!K8 Ha H8l!aJJbHOM CTa,D,I111 JCKOp8HI1!'1 BCe e~e 01.!8Hb B8Jii1KI1 

11 He MOryT Cl!I1T8TbC!'I ,ll,OTIJCTI1MhlMI1, 

Bnepsb!e np111.!11Hb! noTepb nyl!Ka np11 ycKopeH1111 B CI1HXp0~30-

TpoHe 6iiJJH o6McHeH!i n pa6oTe/2/, r,(\e 6b!Jio noKa3aHO, l!~'o cy

~ecTBY~~I1e 11CK~8HI1!'1 MarH11THOrO OOJJ!'I np11BO,ll,l'IT K ,D,e¢QpM8~1111 op611T, 

p830HaHCaM 6eTaTpOHH~ KOJJe6aHI1M 11 0 8 KOH8l!HOM 11TOre,noTepRM B 

JCK0pl'!8MOM Oyt!Ke. 

B .(\8HHot:l pa6oTe nocTaBJJeHa 3a,D,al!a pacl!eTa KOppeKT11p~~11X 

TOKOB B npOBO,ll,Hi1K8X, paCOOJ!Oll\eHH~ B npRMOJI11H8t:\H~ llpOMeJKyTK8X 0 

c ~eJJb~ KOppeK~I111 op6rtT L\i1PKYJJ11p~~ero nyqKa. oTI1 pacl!eTbl BhlOOJJ

HeHb! c nprtMeHeHI1eM aenpepilBHoro aHaJJora MeTo,D,a HbiOTOHa/J/. 

I. ITpegaap11TeJJbHb!e saMel!aHI1R 

I.I. B KaJK,D,OM KBa,D,paHTe CI1Hxpo~soTpoHa Mb! 6epeM ~11JJ11H,D,p11-

qecK~ c11cTeMy KOop,D,11HaT ( 'f, R , c) c Hal!aJJOM a TOI.!Ke OL ( i. =l, 
2,J,4), r,D,e L- HOMep KBa,D,paHTa (cM.p11c.I). 

B K8lK,ll,OM npOM8lKJTKe M8lK,IJ,.Y KB8,IJ,p8HTaMI1 JCKOp11T8Jil'! Mb! 6epeM 

,IJ,e~apTOBJ CrtCTeMy K00p,D,11H8T (X , ~, rD) C H8l!aJJOM B TOI.!Ke 0~,D 

( t,=l,2,J,4), r,D,e ~- HOMep npoMeJK.yTKa. 

Ocrt 2: qrtJJrtH,D,prtl!ecKI1x CliCTeM Koop,D,11HaT 11 oc11 r::D ,D,eKapTo

B~ CI1CT8M KOOp,IJ,rtl-!aT HaTipaBJJeHbl BO BCeX CJ!yti8RX BBepX OT TIJJOC

KOCTI1 qepTelKa. 

EcJJrt 3apaHee HertsseCTHO, r,D,e pacnoJJOJI(eHa TOI.!Ka M ( B KBa,D,

paliTe i1J!i1 B npOMelKJTKe Meli\,IJ,.Y KB8,IJ,paHTaMI1) 1 TO 3TO 06CTORTeJJbCTBO 

6y,IJ,eM 38Tii1Cb!B8Tb T8K: fv1 ( f 1 ~ 1 ") ) 1 3aM8Hl'll'l B )J,aJJbHeMIIleM ( J 1 2 , 
~ ) Ha ( lf, R , 2 ) 11JII1 ( }( , ~ , ~.D) COOTB8TCTBeHHO. 
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J/ • I I -I 

I ! I 0 !:/ 

!I 

PHc.I 

I.2. B npoMe~yTKax Me~ K~paHTaMH paaMe~~TCR nap~ npo
so,nHHKOB, napaJJJJeJibH~ OCH OX. ~aR napa npOBO,nHHKOB HaxO,nHTCR 
B nJJOCKOCTH ~:co~!,H npOBO,nHHKK 3~01! nap~ CKMMeTpHqH~ OTHOCHTeJJb
HO nJJOCKOCTH lD=O. EcJJK B O,nHOM npOBO,nHKKe nap~ CKJ!a TOKa pas
Ha ~ , TO B ,npyroM npoeO,nHKKe CKJ!a TOKa pasHa (- J). TOKH B npo
BO,nHKKaX O,nHOH nap~ He 3aBKCRT OT TOKOB B npOBO,nHHKax JID60A ,npy
ro« nap~. ilOJIO~eHHe nap~ npOBO,nHKKOB 3~aeTCR KOOp,nKHaTaMK 

(X, 'if, :in , r.ne :lJ> ~ 0) KOH~a nposo,nHHKa, Cin~allmero K HaqaJJy Koop
,nKHaT OL,D, H ,nnHHOA l 3Toro npoBO,nHHKa (cM.pKc.2. ). J{JJR 3TO
ro ~e npoeo,nHHKa JKa3HBaeTCR CKJJa TOKa. B K~OM npoMe~yTKe 
pacnono~eHo no qeT~e napH nposo,nHHKOB. 
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j ut1f0/'1t! 'li:!lrnolc 

!I 

1! Jlt<1_9f'l"Jiih1 

P1-1c.2 

I. 3. B pac'leTax, npHBO,nHMHx B HaCTORJlleH paCloTe, .nJUI c.nyqM 
,nBHllteHIDi 'lSCTHI.O:l B .KBa,npSHTax /Cl<OpHTeJIR HCnOJib30BalraCb MO,neJJb 
MarHHTHOro ITOJJR, onHCSHHM B/3 • 

2. ilocTaHOBKa aa8aq1-1 1-1 aJJrop1-1TM ee peweHJ.1R 

ilyCTb 
11 1 1 

'Zf· =<f>.(J.I(,J,~f,Jf)' l 
-"" ( ' ' - (I) )J, --rz. S,'(.L'(l,!\) 

,n1-1~peH~HaJJbH~e ypaBHeHHR ,nBID~teHHR aap~eHHOH qaCTH~~ B MarHHT
HOM none CHHXpO¢a30TpOHa (o,nHoqaCTJ.iqHaR MO,neJJb). 
IlyCTb 

Q=~CP,} _ 
~ = J (~) 

(2) 

(j) 

nepl-1o,nHqecKoe pemeHKe (nepKo,nHqecKaR TpaeKTOpHR, op61-1Ta) CHCTe-
M~ (I) s npoMe~yTKe a .!(, f ~ {, , T • e • Tar<ae pemeHHe 
CHCTeMH (I) , KOTOpoe y,nOBJieTBOpReT KpaeBbiM YCJJOBHHM: 

~(OJ)='( (i>),l 
1 (a.)= I,({,), 

rz'(a.)::: '2'(tJ, 
)'(a-) :: :S' ({,) 

(4) 

r,ne (A.. H b TaKOB~, qTQ pemeHKe (2), (3) C09TBeTCTByeT O,nHOMy 
nOJJHOMY OClopoTy qacTH~ B yCKOpHTeJJe. 
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!1epYLO,IJ,Ylqeci<aR TpaeKTOpHR (2), (3) cor;racHo npoeKTY ycKOpYlTe

JIH ,II,OJIJII:I-!a YlMeTb BYl,II, 

"l n == 'l ( f ) = const , 

~ n "' ) o·) = 0 •J. 
(5) 

(6) 

0,IJ,HaKO yCJIOBYlR (5),(6) YlJIYl O,IJ,HO 113 HY!X, BCJie,IJ,CTBYle OTKJIOHeHY!~ 

MaPHYlTHOPO TIOJIH yCKOpHTeJIH OT npoeKTHOPO, MOPYT He B~OJIHHTbCH. 

PaccMoTpHM c;ryqa~, Kor.u.a yJIOBHe (5) B~OJIHHeTCH, a yc;roaHe 

(6) He B~TIOJIHHeTCR. T.e. 

~ <P = ? 0) = const, 

Jq.=~(JJ¢.0. 
(7) 

(8) 

YTo6~ a~noJIHHJIOCb ycnoa11e (6),H~Ho npoHsBeCTH KoppeKqYL~ MarHHT

Horo TIOJIR yCKOpHTeJIH. 

0,IJ,Y!H Yl3 B03MO*HhlX aapYLaHTOB TaKO~ KOppeKqHYl C TIOMO~b~ Mar

HHTHOPO TIOJIH, C03,IJ,aBaeMOPO TOKaMYl B npOBO,[\HJ.1KaX, pacnOJIOJI(eHHhlX B 

npoMell(yTKax Me~ KB~paHTaMH (cM.pas.u.e;r I.2),KoTopan npHBO~T K 

KOppeKUHH lljPHO~eCK>~ TpaeKTOp~,Te~eCKH peaJIH30BaH Ha CHHXpo
~30TpoHe/4 .Tpy,I~,HOCTb sa~aeTCR B TIO,IJ,6ope KOppeKTHpy~ TOKOB 

B npOBO,HHKaX. ,L\0 HBC'rOH~ero BpeMeHH TOKYl TIO,IJ,6HpaJIHCb MeTO,II,OM 

npo6. B 5/npe,IJ,JlO*eH QHCJieHH~~ MeTO,IJ, TIO,IJ,6opa KOppeKTYlp~~HX TOKOB. 

l1yCTb TOKYl B 11pOBO,II,HYlKaX, pacnOJIOlKeHHhlX B npOMell(yTKaX, 6y,IJ,yT 

'1 , :J 2 ' • • • , J 1' • ((j ) 

flo;raraeM, qTQ B (7) Y( iP =con.rt He 3aBY!CYlT OT napaMeTpoa(9), a :{ 4' 
B(8) RBJIHeTCH HX ¢yHKqYle~ 

r<P =I o, J1,'Jz, ... , :11(.). 

!1ycTb ilJyHKl..\HOHBJJ 

o= t Uni.(JJ-jcpi.(~i.;J1J .. , ... ,J1c)]t-
i.=1 I , J 

,IJ,OCTY!PaeT MYlHHMJMa TipY! CJie~~YlX 3HaqeHYLHX napaMeTpOB( 9 ): 

'1lf- JJ- :111-
" -f ' l.. J t r • J ~G • 

*711paKTYlqecKH ,IJ,OCTaToqHo, qT06bl B (6) ) (i) 

HanpHMep: ) !(~) 1 ~ i (eM). 

6 

6~0 MaJIO. 

(IO) 

(II) 

Tor.u.a ~KTYlqecKaR nepYlO,IJ,YlqecKaR TpaeKTOpYLH 

'l = ~ ( p = con.-St , } 
4> !1- ,. It-

) <f> ::: ~ ( ~ ; J 1 , J .1. • ' '' > J1G) 
6y,IJ,eT 6JIYl3Ka K npoeKTHO~ 

'l. ~ : '2 n : const, ~ _ 

Jc~>=Jn=O J 
H sa.u.aqa KoppeKl..\YlH nepHO,IJ,HqecKo~ TpaeK1'0pYlH pemeHa. 

Ey,IJ,eM POBOpY!Tb, qTQ nepHO,IJ,YlqecKaR TpaeKTOpHR (7),(e) OTITY!MYl-

3HpOBaHa1 eCJIYl HaMeHa Ta.KaR COBOKyTIHOCTb napaMeTpOB J j ( l =f, :_, .. 

.,1G ), )J,JIRKOTOpOt1 (7) COXpB.HReTCR, a ! BypaBHeHHH (8) 

y.n.osJieTBOpReT ycJIOBHD 

liO,:JJ>I~i )J,JIR ;r~6oro JE [a.,f,]. 

3. PesyJibTaT~ B~HCJieHYLH 

PesynbTaT~ B~HcJieHH~ npe.n.cTaBJieHbl B Ta6JIHl..\axi,2,3,4 )J,JIH 

,IJ,Byx peaJibHO B03MO~hlX paCTIOJIOJI(eHHH npOBO,IJ,HHKOB B npoMell(yTKax. 

B Ta6JIHI..\e 4 ( KOJIOHKa 2) npHse.u.eHbl / ~ (I) /Haub- HaH60JibiDHe 

OTKJIOHeHHH OT TIJIOCKOCTYl J=O ¢aKTHqecKY!X nepHO)J,J.IqecKY!X TpaeKTO

pYLH (T.e. TpaeKTOpHA, He TIO)J,BepraBIDHXCR KOppeKl..\HYl ), )J,JIR KOTOphlX 

R pasHa 2740, ••• , 2850 ( CM. KOJIOHKY I) • 

EcJIH B npoMell(yTKax pasMeCTYLTb nap~ npoBO)J,HHKO& KaK 3TO JKa

saHo a Ta6JIYLI..\e I (KOJIOHKH I-6), To, YLcnoJib3YR anropHTM, H3JIOJI(eH

Hbltl B pas,IJ,eJie 2, MOJI(HO OTITYlMH3YlpOBaTb yKa3aHH~e Bblille TpaewropHH. 

!1o;ryqeHHUH npH 3TOM COBOKynHOCTb TOKOB (pa,IJ,H KpaTKOCTH OHa o6o-
3HaqeHa 6yKao~ H ) yKasaHa B cTpoKax KOJIOHKH 7 Ta6JIYLI..\~ I, a 

HaYL60JibiDHe OTKJIOHeHHR OT nJIOCKOCTH I= 0 cooTBeTCTB~~Hx nepHo-

)J,YlqecKHX TpaeKTOpHA npHBe,D,eHhl a KOJIOHKe 3 Ta6JIHI..\hl 4. Ha pHc.3 

H306p~eHbl rpa¢YLKH J = J(j) nepHO,IJ,!fqecKHX TpaeKTOpHt1, COOTBeT

CTB~~YlX R = UOO .n.o onTYLMYLsaqHH (I) YL noc;re (fl). 

B Ta6JIHI..\e 2 npHse.n.eHo HHoe, B cpaaHeHYLYL c npe.n.~HM, pac

no;roll(eHHe npOBO)J,HY!KOB B npoMell(yTKaX. ~R 3TOH CHCTeMbl npOBO)J,HHKOB 

B~YlCJieHO HeCKOJibKO COBOKyTIHOCTeH KOppeKTY!p~~YlX TOKOB ( L , Q , 
f-1 , p , N ) ( CM. Ta6JI. 3) , Kali(,IJ,aR Yl3 KOTOphlX OTITHMH3HpyeT nepY!O,IJ,Yl

qecKHe TpaeKTOpHH, )J,JIR KOTOphlX R Haxo,IJ,HTCR a npoMell(yTKe (2740; 

2850)- CM.Ta6;r.4 • 

!1o;ryqeHHble pesyJibTaT~ TIOKa3~Ba~T B03MO~OCTb KOppeKqHYl Bep

TY!KB.JlbHhlX op6HT npH B3HTOH KOH~Hrypal..\HYl MaPHYlTHOPO TIOJIR )1,0 BeJIH

qY!Hbl MeHee IcM , qTo MOJI(HO cqJ.~TaTb anoJIHe npHeMJieM~ c ToqKH 

speHHR .n.onycKoB Ha oTKJIOHeHYLe op6YLT~. B ,IJ,BJJbHetlrneM .U.B.HHY~ MeTO,IJ,H-
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KJ, OlleBI1)J,H0 7 qeJie Coo6pa3HO np11Mei!RTb )l,JIR onepaTI1BHOI1 KOppeKL\1111 

op611T Ha JCKOp11TeJie 110 Mepe JTOl!HeHI1R 1-!3MepeH11H MarHI1THOrO llOJIR . 

~ (L11) 

3 

2 

t 

f= ~ \ ll 7 ~ \ ..c-.. t; 

- 1 

.l - 2 1'---....--- ~kD ~8 ~ !!. oagpaHm !.!!. k. agp<tlfm ~ k oagpaHm I k8<f9poHm 

Plllc.3 

Ta6JIHLja I 

)fl)f> Ji>JfJ ~OOp)l,HHaTW Hal!aJia ,L\JII1Ha CHJia TOKa KOp-
npoMe npoBO.IJ.- llDOBO.D,HHKa npOBO)l,- peKL\1-111 JJ B 
lKJTKa HI1Ka \j) X ';/ ~fcM)) HI1Ka llQOB08HI1Ke (al 

lCM) (eM) (CM) H 
I 2 j 4 5 6 7 
I I 0 75 20 800 0 ,82398 
2 5 0 75 20 BOO 4 ,544I 
j '<! 0 75 20 800 II, 339 
4 L:J 0 75 20 suo - 29 ,4I5 

I 2 0 25 20 800 - 2, 7097 
2 6 u 25 20 800 - I, 90IO 
j 10 0 25 20 dOO 1,6269 
4 I4 l) 25 20 BOll -12,402 

I 3 0 - 25 20 tlOO - 5 , 1791 
2 7 0 - 25 20 tlUO - 4 , 0:.324 
3 II 0 - 25 20 BOO 1,5723 
4 15 0 - 25 20 t300 - 20,0 

I 4 0 - 75 20 800 - 13 ,896 
2 B 0 - 75 20 800 -12 ,841 
J 12 0 - 75 20 BOO - 2 ,3308 
4 16 0 - 75 20 800 - J5 ,694 

-- --- - -- -------- ----- - -
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N 
npowe-
liYTKa 

I 
I 
2 
3 
4 

I 
2 
3 
4 

I 
2 
3 
4 

I 
2 
3 
4 

... 
npowe-
li)'TK& 

I 
I 
2 
3 
4 

I 
2 
3 
4 

I 
2 
3 
4 

I 
2 
3 
4 

Ta6JII1l!a 2 

N KoopAKHaT~ Haqana npoBO~MKa ,ll,nMHa 
npoBO,I1.- X 'i :l:D 

nposo,o,-
HMKa (j) 

(cw) (cw) (cw) ~1:i 
2 3 4 5 6 
I I85 75 83 430 
5 0 75 66 800 
9 II5 75 86 570 

IJ 0 75 55 800 

2 I85 25 83 430 
6 0 25 6I 800 

IO II5 25 86 570 
I4 0 25 55 800 

3 I85 -25 83 430 
7 0 -25 6I 800 

II II5 -25 86 570 
I5 0 -25 55 800 

4 I85 -75 83 430 
8 0 -75 6I 800 

I2 II5 -75 86 570 
I6 0 -75 55 000 

Ta6JIHga 3 

... TOKK KOppeK~K111 llpOIIO~MKax, nOJIOlleHKe 
npo110f KOTODOI aaixaHo Ta6JIMUell 2 
HK!!a p L Q M p N 

2 3 4 5 6 7 
I I7,22I 0 35,882 0 0 
5 II ,214 0 I9,9I9 0 0 
9 28,I45 I4,703 42,213 I4,563 24,569 

13 -23,146 -32,83& -II,671 -29,023 -46,408 

2 - 2,9371 - 2,9371 -26,039 -26,039 -0,2I820 
6 - I,I290 - 1,1290 -IO,I55 -IO,I55 0,43703 

IO 6,7506 6,7506 - 4,7395 - 4, 7395 -0,094347 
14 -I8,I52 -I8,I52 -33,8?8 -33,8?8 -3,3008 

3 - 2,6548 - 2,6548 -I3,328 -13,328 0,5I685 
7 -3,?994 - 3,?994 - 6,0II4 - 6,0II4 -1,2822 

II II,908 II,908 - 1,6184 - I,6I84 7,5063 
15 -28, 71I -28,71I -I8,763 -18,763 -18,661 

4 -68,557 -68,557 -33,339 -33,339 -65,I68 
8 -26,716 -26,716 -I5,556 -15,556 -24,524 

I2 -26,242 -26,242 - 9,2444 - 9,2444 -13,780 
16 -J8,556 -38,556 -33,848 -33,848 -52,260 

- ---
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Ta6mn-1a 4 

R I 5(f ;Ji)l..,,. /J(LJl)/1/owf 
(eMf KOPAa B:!C 

( Cfvl) ~.i =0 H L Q M p N 
1 2 3 4 5 6 7 8 

2740 2,7 0,88 0,35 0 ,42 O, GJ 0, 49 0,45 
27bU 2,6 0,45 0,41 0 ,48 0 ,52 0 ,38 0 ,45 
2760 2,6 0,49 0 ,44 0,51 0 ,45 0,41 0,40 
2770 2 ,7 0,85 0,45 0,54 0,39 0 , 47 0,34 
2780 2 ,8 0 ,83 0 , 46 0,54 0 ,34 0 ,52 0 ,30 
27':10 J ,O 0 ,36 0 ,44 0,53 0,38 0 ,57 0, 40 
2800 3,2 0,6<.! 0,40 0,51 0 ,42 0 ,63 0,50 
2810 J,5 0,63 0,39 0 ,50 0, 47 0 ,?0 0 ,58 
2tl2U 3,tl 0 ,3? 0,3? 0 ,50 0 ,51 0 , ?? 0,59 
2830 4,9 0 ,44 0 ,3? 0,51 0,53 0,80 0 ,60 
2840 7,0 0 ,44 0 ,34 0 ,50 0 ,4? 0,77 0 ,60 
2850 10,6 0 ,65 0 ,29 0 ,48 0, 28 0 64 0 ,42 • 

I . ID . ~ . De3Hor~x ~ AP · 0~~ . PY- II'JOJ , ~6Ha , 1978. 
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JKeHHb!X qaCT~£.1 nyTeM KOppeKq~~ MaPHJ.ITHOPO llORR CJ.IHXpO<jla30TpOHa 
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PyKOllHCb llOCTynana B H3~aTeRbC~ OT~en 

IO anpenR I979 ro~a. 
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