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AaTo¢a3HpOBKa np11 nepHODH'!eCKOM DBii>KeHIIH 311eKTpOHHD-HOHHoro 

K0Jlbll8 

P8CCMOTpeHa 38il8'18 o nepHOilli'leCKOM ilBH>KeHiili 311eKTpOHHoro K011b­

U8 B HeonHoponHOM M8rH!iTHOM none. H8 OilHOM 113 y'laCTKOB ycKopeHHH 

K011bll0 conep>K!iT HOHbJ. 3HeprHH, nepeil8HH8H liOH8M, KOM11eHC!ipyeTCH 

npH npoxo>KneHiili K011bUO~I pe30H8Topa. OnpeneneHa o6118CTb ycTOfi'IHBOCTH 

il11H p8BHOBeCHOfi ¢83bl, H8llUeHbl aonyCKH H8 ¢nyKTY8lliiH 'IHC118 HOHOB• 

H BMD11HTYilhl IT011H pe30HBTOpa. 

Pa6oTa Bbin011HeHa B 0Tnene HOBbiX MeTonoo ycKopeHIIH OMHH. 

Coo6meHHe 06bellHHeHHOrO HHCTHTyTa HnepHbiX HCCJiellOBaHHH 

Ll,y6Ha 1976 

Iovnovich M.L., Kuznetsov A.B., Rubin N.B., 
Sarantsev V.P. 

pg - 10112 

Phase Stability at Periodic Motion of an Electron­
Ion Ring 

The problem of periodic motion of an electron ring 
in an inhomogeneous magnetic field has been considered. 
The ring gets ions in one of the sections of its path. 
The energy transferred to ions is compensated when the 
ring passes the resonator. The stability region is deter­
mined for equilibrium phase and the allowance has been I 
found for the ion number fluctuations and for the resonatoJ 
field amplitudes. I 

The investigation has been performed at the 
Department of New Acceleration Methods, JINR. 

Communication of the Joint Institute for Nuclear Research 
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<0 1976 06-.ec)uHeHHWU UHC•u•y• Ac)epHWXUCC.IIec)oeaHUU,lb6Ha 

,ll,nH PH.D.a npuno)l(eHHH npe,!J.cTaBnHeT HHTepec cne,!l.yro­

~aH Ja)J.aY.a. KonLu;o, cocTOH~ee H3 Ne 3neKTpouoa, coaep­

rnaeT KOne6aHHH B HeO)J.HOpO,!J.HOM a3HMyTanhHO CHMMeTpHY.­

HOM MarHHTHOM none. MarHHTHOe none paCTeT C nOCTOHH­

HhiM rpa,!J.HeHTOM B o6e CTOpOHhl OT TOY.KH, r,IJ,e pacnonO)I(eH 

pe3oHaTop. Ha O.D.HOM H3 yY.aCTKOB ycKopeHHH KOnhu;o 

co,!l.ep)I(HT Ni uouoa Macchi M, KOTOPLie coJ,!I.aiOT 3neKTpu­

Y.ecKoe none c npo.n.onLuoH: uanpH)I(eHHOCThiO Ei (t), HaMuoro 

6onhille nonepeY.HOH, H TOpM03HT ,II,BH)I(eHHe 3neKTpOHOB. 

3ueprHH, nepe,!J.aHHaH HOHaM, KOMneHCHpyeTCH npH npOXO)I(­

,!I.eHHH 3neKTpOHaMH pe30HaTopa, K KOTOpOMy npHnO)I(eHO 

uanpH)I(eHue V = V0 cos w t . 

HaH,!I.eM nonHylO 3HeprHIO my~ H npo,!J.OnbHYIO CKOpOCTb 

dz 
v = dt B pa3nHY.HhiX TOY.Kax TpaeKTOpHH 3neKTpoua. Bbi.D.e,JIHM 

cne)J.ylOII.J;He TOY.KH: 1 - TOY.Ka BbiXO)J.a KOnhu;a H3 pe30HaTo­

pa npu .D.BH)I(eHHH cnpaaa uaneao, 2 - neaaH TOY.Ka oTpa­

)l(eHHH, 3 - TOY.Ka BXO)J.a B pe30HaTOp nocne YCKOpeHHH 

KOnhu;a C HOHaMH Ha yY.aCTKe /2-'- 3/, 4 - TOY.Ka BbiXO)J.a H3 

pe3oHaTopa npu .D.BH)I(eHHH cneaa uanpaao, 5 - npaBaH 

TOY.Ka OTpa)l(eHHH, 6 - TOY.Ka BXO)J.a B pe30HaTOp npH )J.BH­

)I(eHHH cnpaaa uaneao. B cna6oueo,!I.HOPO.D.HOM MarHHTHOM 

none C nOCTOHHHbiM rpa,!I.HeHTOM 3neKTpOH )J.BH)I(eTCH C no­

CTOHHHbiM ycKopeuueM 1 I I. Ha yY.aCTKe I 17 2/ ypaaueuue 

dv 
)J.BH)I(eHHH 3neKTpOHa: dt- = g , 

r,!l.e h-I >1. BpeMH npoXO)I(,!I.eHHH 

. dv g 
Ha yY.aCTKe /4-:-6/:dt=-!i' 

VI 
yY.aCTKa /17 2/ paBHO g, 

2v4 h 
yY.aCTKa /476/ g-, r)J.e VI, v 4 - CKOpOCTHBCOOTBeTCTByiO­

~HX TOY.Kax. YpaBHeHHH )J.BH)I(eHHH 3neKTpoua ua yY.aCTKe 

/2 7 3/ HMelOT BH,!I.: 
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dqv_ = ~- _ eEi i~-, }-- = _ ~_JCt);-, 111 dt q my 
0 

t my 
0 

c 

r.D.e q=y/y
0

, y
0

- Ha'-!aJihHOe 3Ha'-!enuey. 3.LJ.eCb ucnoJib3o­

BaHo .D.OITOJIHHTeJibHOe npe.LJ.ITOJIO)I(enue, '-ITO E. (t)Mnoro MeHb­
I 

We BeJIH'-IHHhl MarHHTHOrO llOJIH. 

YpaBHeHHH .LJ.BH)I(eHHH 3JieKTpona B pe3oHaTope JanurneM, 

npene6peraH ,LI.eHCTBHeM HeO,LI.HOpO,LI.HOCTH MarHHTHOrO nOJIH, 

B BH,LI.e: 

dq:_ 
dt 

e E(t) 
=---, 

my"· 

dq 
dt 

e E ( t) v =---.,-
my .. c-

121 

r.D.e 3JieKTPH'-!ecKoe none B pe3onaTope .D.JIHHbi L pasno 

E(t)~. V /L. 3aMeHHH Ei(t) u E(t) ux nocToHHHhiMH cpe.LJ.­

HHMH 3Ha'-leHHHMH, '-ITO COOTBeTCTByeT ,LI.JIH £ i npene6pe)l(e­

HHIO OTHOCHTeJibHhiM ,LI.BH)I(eHHeM :JJ1eKTpOHHOrO H HOHHOrO 

crycTKOB, pernuM ypasnenuH I 11 H 121. )J,nH ypasnenuli I 11: 

eEi(z-z0 ) 2 2 -2 [ ( ) eEi ~- d 'l q= 1- ----2--, v = q g z-z - ·- 1 q z . 131 
my c " my z 

o n o 

B nony'-!eHHbiX pernenuHx coxpanuM ).l,Ba nepBbiX '-!nena pa3-

JIO)I(eHHH B PH.D. no MaJioMy napaMeTpy ~J:i ai-
2
'-, r.D.e a - .LJ.JIHHa 

m ·c 0 

y'-laCTKa 12-'-31: } 

2 eE. 2 g(z-z
0

) 

v = 2(g- --1 [ 1 ----- ])(z-z ). 141 
my 2 o 

0 c 
2 L 

CKopoCTb 3JieKTpona B TO '-IKe 3: v = 2 [ g a - _!_ (1- -~) j 
3 " my

0 
c ' 

r.11.e W =eE.a 
I 0 

- noTepu 3Hepruu 3JieKTpona. BpeMH npo-

XO)I(,LI.eHHH y'-laCTKa 12731 HaH,LI.eM C nOMOI.QbiO 141 B BH,LI.e: 

2gz . 2a
0 

W 2ga,.. 
-->l=v-- [1 +---<1---~JL 

c2 g 2my ga 3c2 
0 0 

30 dz eE-
~ t = J -= [ 1 + -~-( 1 -

o 'l/2gz 2my
0 

g 

151 
BeJIH'-IHHa W - 3HepruH, nepe.LJ.aHHaH uonaM, npuxo.D.HI.QaHcH 

N. 2 2·~ v 
3JieKTpou KOJibUa: W = N-'-Mc [(1- {3

3
) · -1](f = -2..). 

e 3 C 
Ha O.LJ.HH 

Bbipa)l(enue .LJ.JIH W nony'-!eno B cornacuu c npe.LJ.nOJIO)I(eHHeM 

0 COBlla,LI.eHHH npO,LI.OJibHbiX CKOpOCTeH 3JieKTpOHOB H HOHOB. 

4 

IIO.LJ.06HbiM o6pa3oM npoHHTerpupyeM ypasneHHH 121. Co­

xpaHHH .D.Ba nepBhiX '-!Jiena fa3JIO)I(eHHH perneHHH B PH.D. no 

MaJioMy napaMeTpy e~ /myc , HaH,LI.eM 3aBHCHMOCTh CKOpo­

CTH Ha BbiXO,LI.e H3 pe30HaTopa OT CKOpOCTH Ha BX0-

.D.e v 
G 

2 ? 2eV 2 
v oc v- t --0- {3 ). 

o myn o 

C llOMOI.QhiO H3BeCTHOrO H3 TeOpHH MHKpOTpOHa MeTO,LI.a 

COCTaBHM peKyppeHTHhle COOTHOllleHHH ,LI.JIH MHOrOKpaTHoro 

,LI.BH)I(eHHH KOJibUa B CHCTeMe, npeHe6peraH llpH 3TOM MaJibi­

MH '-IJieHaMH BTOporo llOpH,LI.Ka. 3Ha'-leHHH y H V B TO'-!Ke 1 
nocne n-oro Kone6aHHH KOJihUa o6o3Ha'-!HM Yn u vn.~a3a 
nOJIH B pe30HaTope B 3TOT MOMeHT BpeMeHH -ch .AMnJIHTy,LI.a 

'n 
2 v 

Kone6anuH KOJibUa npu .LJ.BH)I(eHHH BJieBo an= 2 ;-. BpeMH 

llpOXO)I(,LI.eHHH y'-laCTKa 
2 

12731 ' cornacuo 15~ pasuo 

vn wn fin ' 
-- [ 1 + --- (1- -

3 
-)], r.11.e W = W((3 ). T .K. pa3HOCTbv,, u g my v2 n n ._, 

n n 

v 1 nepsoro nopH.LJ.Ka ManocTu, TO 3.LJ.eCh v
3 

.D.JIH W 3aMeneuo ua vn· B TO'-!Ke 3 
2 2 2Wn 2 

"3 = v - --(1-(3 ) 
n m n . 

Yn 

Ha y'-laCTKe 13741 npoucxo.D.HT H3MeneHHH y 

B Bblpa)l(eHHH 

Wn 
y.3=y ---2, 

n me 

Ha BeJIH'-IHHY 

eV 2w V
11 

--
0

2 cos(¢ + ---) H KBa,LI.paTa CKOpOCTH Ha BeJIH'-IHHy me n g 
2eV 2wv. 
--

0
(1-{32)cos(¢ +~.3Ha'-!eHHH y HV B TO'-!Ke 6 paBHhl 3Ha-

my11 n n g 

'-!eHHHM B TO'-!Ke 4. 

PeKyppeHTHhle COOTHOllleHHH ,LI.JIH BeJIH'-IHH }'
11 

, Vn H ¢
11 

HMeiOT BH,LI.: 

eV 2wv W" 
y =y + --0 -[cos¢ -cos(¢ +--")]--a-, 161 
n+l n mc2 n+l n g mc.c. 

2 
v2 = v2 + 3Q.:-Pn ~ ( e V

0 
[cos¢ n+l- cos(¢

11 n+l n my 
11 

2wv")]-W ), + ·- n 

g /71 
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cpn+l =¢" ~ 

+eV 
0 

{32 

w {1- _,..!!) (1-ri,) 
2cJJVn ll n ___ J __ +h(l- -~[W + 
--- + -- 2 my v2 n 

g 2my v n n 
n n 

( 
2wv n 

cos ¢ + --- )]) 10 
n g 

181 

B 161 H 17 I y•neuo, •no B Te'!euue nepuo,IJ,a Kone6aHHJI 

KOJibQO npOXO,IJ,HT pe30HaTOp ,IJ,Ba*,D,~ B npOTHBOllOJIO*H~X 

uanpaBJieHHJIX 0 YpaBueuHe 17 I MO*HO JaMeHHTh ypaBue­

HHCM, CJIC,IJ,YJOlQHM H3 161 H 171: 
Yn 2 2 

y - y = ----({3 - (i )o 191 
n+l n 2 (1-ff) n+l n 

n 

flOCTOJIHHbiC pelllCHHJI ypaBHCHHH 161-/91 onpe,D,eJIJIJOT paB­

HOBCCHOe ,IJ,BH*CHHC 3JICKTpoua: }'11 =y ,V 11 =V ,f/;11 = 2rrkn+¢;, 
r,IJ,e k - QCJIOe 'lHCJIOo 4aCTOTa 3JICKTpH'lCCKOrO llOJIJI on­

pe,D,eJIJICTCH COOTHOlllCHHCM: 

wv Wu (i 
2 

(1-rl-- 1 1 rrk=-ll+ --(1---z---)+h(l- _:::._j:_·'tw +eV cos¢ 1)!0 10 
g 2rny v 2 J my v 2 ° 0 

n 

PaBHOBecuwe 3Ha'!eHHH CBH3aH~ ycnoBHeM KOMneucaQHH 

noTepb 3HeprHH 3JICKTpoua: 

N. 2 
W = -~- M c ( y . - 1) = e V (cos¢ - cos¢ ) , 

0 N I () () I 111 
(' 

,;z.·'2 217k 
r,IJ,e Y. = (1-p ) , ¢• =¢ f-

1
-- o3,IJ,CCb B Bblpa*CHHH ,IJ,JIJI $a3bl 

1 n +h 
wv rrk 
-- 3aMeHCHO Ha --, T oKo $a3y Ha,IJ,O Bbl'lHCJIJITb TOJibKO 

g l+h 

B HYJICBOM llpH6JIH*CHHHo .IJ.JIH MaJibiX OTKJIOHCHHH OT paB­

HOBCCHbiX 3Ha'!eHHH }'; =}'
11 
-y, {3~ ={3

11 
-,8,¢;~ 4

11
-2rrkn-¢; llOJIY'lHM 

JIHHeapH30BaHHbie ypaBHCHHJio fluueapH3YJI ypaBHCHHC 191, 
nony'!HM ypaBueuue: 

' - '= y_p__ ({3' -{3' ) 1121 
Y n + I Y n 1 _ {3 2 n+ I n ' 

' y {3 I~' 
perueHHe KOTOporo }' 11 = 1--2t-'n ll03BOJIHCT B ,IJ,aJibHCHlllCM 

HCKJIJO'lHTb y~ o fluueapH3YH{3ypaBHCHHJI 161 H 181, llOJIY'lHM 

ypaBHCHHJI: 

6 

J 

' 

I 
J 

{3 ' 1- al {3 ' - a2¢ ' + a3¢ ' I = O, 
n+ n n n+ 

rl..' _hri..' -b {3' -0 
'+'n+l i'+'n 2 n - ' 

/13/ 

114/ 

r,IJ,e a I, a2 , a 3 , b 1 , b 2 3aBHCHT OT paBHOBCCHbiX 3Ha'!CHHHo 

• llo,IJ,CTaBJIJIJI {3 ~ H3 ypaBHCHHH I 141 B I 131' uau,IJ,eM ypaBHe­

HHC ,IJ,JIH MaJihiX OTKJIOHCHHH $a3bl: 

¢' - 2 a¢ ' + b¢ ' = 0, 
n+2 n+l n 115/ 

r,IJ,e 

a= 1- _p ___ rrk p0 (1-{1) . 
2 yy1-f32 y732--( sm¢- sinc,6 0 ), 

MN; eV., 
p = --20 

o me 
b=l-~ ---=' 

yyl-{i2 
P = mN .. 

3,IJ,eCb npe,D,nonaraeTCH, 'ITO p/yc/1° Perueuue ypaBHCHHJI 

1151 npe,IJ,cTaBHM B BH.D.e ¢'=A" 0 Tor,IJ,a A onpe,D,enHeTCH 
n 

ypaBHCHHCM: 

2 
A -2aA+b~Oo 1161 

T oKo MO.D.YJih O,IJ,Horo H3 ,II,CHCTBHTCJibHhiX KOpHCH ypaBHCHHJI 

1161 60JiblllC C,II,HHHQW, TO yCTOH'lHB~e pelllCHHH $a30BOrO 

ypaBHCHHJI onpe,D,eJIHJOTCH KOMllJICKCHO- COllPH*CHHbiMH KOp-

+i@ 
HHMH A 1 ,l!=Re- 0 TaKHe pellleHHH B03MO*Hhi npH ycnoBHH 

sin¢;> sin¢;
0

, KOTOpoe COBMCCTHO C BbiTCKaJOlQHM H3 

ypaBHCHHH I 111 uepaBeHCTBOM cos¢>co&j> 0 npH k=l npHBO.IJ.HT 

K uepaBeHCTBaM cos(¢+
1

: 11)<0, sin(¢+6-)>0,_ OTKy~a onpe­

,IJ,eJIHeTCJI o6naCTh ycTOH'lHBOCTH ,IJ,JIJI paBHOBecuoH $a3~: 

(1-h) ¢ h 
---<-<--0 

2(1+h) 17 1+h 
1171 

B 3Toif o6nacTH cymecTBYJOT JaTyxaJOIQHe Kone6auHH $a3hi: 

n 
¢' = R (Acosn@+ B sinne ), 

n 1181 

7 



r.u.e R
2 

= b< 1, A H B onpe.u.emnoTcH Hal.JaJihHhiMH 3Hal.JeHHHMH 
~a3W H CKOpOCTH. 3aTyXaHHe KOJie6aHHH CBH3aHO C nepe­
.IJ.al.JeH 3HeprHH HOHaM. 

~JIYKTyaQHH l.JHCJia HOHOB B KOJihUe ~Ni H aMllJIHTY.IJ.W 
llOJIH B pe30HaTope ~ V

0 
B pa3JIHY:Hhie nepHO.IJ.hi KOJie6aHHH 

KOJihQa npHBO.IJ.HT K BhiHY:>K.IJ.eHHhiM KOJiefiaHHHM ~a3hl. 3a­

MeHHH B ypaBHeHHHX /6/-/8/ Ni HaNi +L\Nin+l , Vo Ha 
Vo +~ V on+l , llOJIYY:HM ~a30BOe ypaBHeHHe C npaBOH Y:aCThiO, 
nponopQHOHaJihHOH ~JIYKTyaQHHM: 

r.u.e 

¢' - 2a¢' + b¢' = r , 
n+2 n+l n n 

~Nin+2 ~Nin+l ~Von+2 1\Von+l 
rn= A 1 ,.-r---- A 2---- 8 1----- + 8 2 ----, 1\ N i V0 V0 

w cp rJ 2 
A 1=gyf3 (yi-1)[1- 3 -2h(1-f3 )1, 

wcp 7 2 
A2 = --(y. -0(3- --t3 ), 

gy t3 I 3 

B = _2(uCPo.~- (1- 13 2 ) cos¢ 
0 

, 

I gyf3 

2w cp 2 
B = --~(1-f3 )[(1+ h)cos¢-cos¢ ]. 

2 gy t3 0 

/19/ 

PeweHHe ypaBHeHHH /19/ Mo•Ho noJiyY:HTh H3BeCTHWM H3 
TeOpHH ypaBHeHHH B KOHeY:HhiX pa3HOCTHX MeTO.IJ.OM B BH.IJ.e: 

¢'=_1_ n-1 n·k-l n-k-1 

n A,-~ k:l k(AI -A2 ) 1 n-l 
= ~-- L r n-k-l 

R sine k=O t..R X /20/ 

X sin( n-k-1) (). 

BhiY:HCJIHM cpe.IJ.HHH Ksa.u.paT ~JIYKTyauuu ~a3hi: 

8 

--:-2 1 ;-In-,1 __ 2n-2-k-k' 
¢ n = !7~ k:=o k~ork rk' R x sin(n-k-1}0 x 

/21/ 

x sin(n- k '-1) 0 

Ecnu speMH KoppeJIHUHH ~JIYKTyauuH: MaJio no cpaBHeHHIO 

C nepHO.IJ.OM KOJie6aHHH KOJihQa: ~N, :'\N.-k =AN~ o k 
Ill I I 0 

~V~V- = (•~ y2 0 , TO 
on ok o n k 

-- '} 2 
rnrk =[(A~ ~A2)onk -A,A2(on,k+l+on,k-l 

2 ., 

+[(BI +B2)onk -BIB2(on,k+l +On,k-l 

HaH:.u.eM npe.u.enhHoe 3HaY:eHHe cpe.u.Hero 

~:r 
)]~~ 2 -- + 

N. 
I 

2 
)]~ vo 

y2 -
0 

KBa.u.paTa 

/22/ 

npu 

60JihWOM Y:HCJie KOJiefiaHHH: ~ rp 2 ~ limrp ' 2 . flO.IJ.CTaBJIHH /22/ 
n-)l')o,J n 

B Bhipa>KeHHe 

CYMM: 
/21/, npHXO;J,HM K BhiY:HCJieHHIO H3BeCTHhiX 

2 
DO 2 n 1 - R cos 2 0 
L R cos2n0= ---.z--

4 n=O 1-2R cos20+R 

/23/ 

2 . 2 
~ R2n . 2 0 R Sin () ... stn n = --------

n=O 1-2 R2 cos 2 0+ R 4 

----2-
Cor JiacHo ypaBHeHHIO /16/, sin 0 = y 1- -b- H, KaK Mo•Ho 

llOKa3aTh, 
p 

nponopQHOHaJieH MaJIOMY napaMeTpy V-Y, BeJIH­
y 

2 p 
Y:HHa 1-R =--:----.B pe3yJihTaTe, OCTaBJIHH B Bhipa•eHHH 

yyl-~ 
.IJ.JIH cpe.u.Hero KBa.u.paTa TOJihKO nepBhiH Y:JieH pa3JIO.eHHH 
no MaJihiM napaMeTpaM, llOJIYY:HM: 

9 



-- 2 
--- Y'J1-f32 3 2~N. 2 ~v2 
f'..(p2=2( ) [(A -A) --1 +(B

1
-B

2
) .:::..J.I

2 
-]. /24/ 

p I 2 N~ V o 

Ecnu yqecTb paaeHCTBO I 11/: p ( y - 1) = p (cos ¢ - cos ¢ ) ' 

TO 1AI-A21= IBI-821=~ 
yf32 

i 0 c 

(y. -1)(1-t32
). 

I 

TaKHM o6pa30M, cpe.n.Huii Kaa.n.paT <iJnyKTyau.uu <IJa3bi: 

A¢2= - 1Ty0-f32)7 12<~N~ 
N~ 

I 

~v2 
+- 0 ) vz-- . 

0 

/25/ 

Bwpa*eHue /25/ noJaonReT HaiiTH .n.onycK Ha <IJnyKTyau.uu 

'-IHCna HOHOB H aMOllHTY.IJ.hl TIOllR B pe30HaTope: 

~Nr ('.. v~ ~ I pf'..¢2 .1}_2 
(-N f + V!-) '"" v -~ 2 7T k ( Y. ---1 )-(l---f3"f7T4 . /26/ 

HanpuMep, .n.nR 

paaeH 10·2 . 

Humepamypa 

I 

k = 1 , y. =2 , 1\¢2= 10"2 , p/ Y""' 10·2 
.D.OTIYCK 

I 

1. H.H.HeaH06 u op. Ilpo6AeMbl ¢u3UKU 3AeMeHmapHbiX 'lQC­
mut~ u amoMHozo ROpa /3T..JA.Jl/, 1, 391, 1971. 
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THU. )ly6Ha, 1969. 
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no aonpocaM aaToMaTH3aUHH o6pa6oT· 
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