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Ja6opaTopna ~epHHX npo6HeM 0~ B TeqeHRe nocxe~Hero ~eCHTH

JieTHJI B~eT HBY'ffiO-HCCXe~OBaTeJir.Cicyll pa60Ty TIO C03,11,8HJIIIO CJii.Jil:r

HOTOqHHX npOTOHHHX UHKn:Hq6CKJIIX YCKOpHTeReA Ha 3HeprJIIJO 700-900 MaR. 

nnR ycxopeHJIIR JiiHTeHCHBHOro npOTOHHoro nyqKa IO-IOO MA c 3HeprJileA 

800 MaB B Jla6opaTOpHJII 6HR npeMOJlteH HOOOA TJIITI YCKOpJiiTCM - UHRJIO

TpOH C EeCTKon ~OKYCHpOBKOA (cynepUJIIKROTpOH)/I/+/2/. 

Ha pHC.l npe~CTaBJI6H ~ YCKOpJIITCRH CBepxy/3/. MarHRTHaR 

CHCTeMa MBWHHH COCTOHT H3 N=8 C - 06pa3HHX MarHHTOB CO CllHpanL

HHMH UO~CHHMH HaKOHe~aMH. Mem~ M8rHJIIT8MJil pacnonaraeTCH 4 B~ 

peSOHaTopa. lfH&eKUWI Ha op6HTY C pa,IUzyCOM Z H =-2, 4 M OCYJil6CTBJI.R:

eTCR oT JIHHeABoro ycxopHTena HenpepHBHoro ~elcTBHH Ha aHeprHD 

npoTOHOB 50 MaB. BHBO~ qacTHU npz IOO%-HoA ~eKTJIIBHOCTJil c op6JIITH 

pa.JJ.HYca Z K =6, 95 M .D.OCT:HraeTCR sa cqeT aq¢exTa pacmHpeHHJI srur 

KHYTHX op6JIIT B nepHO~eCKHX MarHHTHHX llOJIRX/4/. 

B ~aHHOI pa6oTe npe~eCTB6HHO paCCMa~pHBaeTCR COS~aHRe 

Mai'HHTHOit CHCTeMH YCKOpHTena. MarHHTHaR CHCTeMa ~OJIXHa 6HTb Cllpo

eKTHpOBaHa TaK, ~06H Ha Me~aHHOI UJIOCXOCTH B ~anasoHe pa60'DriX 

pa.JJ.HYCOB a5illo\VTanLHo-cpe~ee MarHHTHOe nOJie npJri6JuuteHHO JrlMMO 

~= 
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'lr,.) 

Bo·?: 
B (z)~ VI- ( z:,_o'CJ 2 • 

(I) 

rJI,e napaMeTp B 0 =4050 rc. lb'IR.JJOTpOHHhlil Pa.nHYC e 0 =7. 7273 M. 

IlorrpaBKy [ K 8 ( t), BOBHIDtaDIIYD Sa cqeT IlpOCTpa.HCTBeHHO:i BapHB.UHM 

MBrHHTHOrO ITO~ R He06XOJI.HMYD Ana o6ecrreqeHHH ycnOBHH H30XpOH

HOCTR 

f =. (6,175) ; Tu;, (2) 

rJI,e f -'iaCTOTa 06pBIIleHHH 'iaCTRIJ;, MOliCHO yqeCT:& nyTeM paC'!t;TOB 

TpaeKTOpMH B ITO~C B~a 

B(z,yJ=B('l)[t+% CKN('l)·CDS KN(y- fxN) . (3) 

lJ:aCTOTa CB060,11,HHX BepTmtaJI:&HHX KOJie6a.HRit 'iaCTRIJ; (6es ytJ:eTa a<fl

qJe:KTa rrpocTpa.HCTBeHHoro sapJJ,ll.a) JJ.OJIDa YJJ.OBJieTBopsrr:& yCJIOBirW 

Qz= 1,35 ± o,o5. (4) 

~ pacqeTa reoMeTpHM IIOJIDCHOrO HaKOHe'IHMKa MarHHTa RCIIOJI:&-

30BaJiaC:& JJ.BYMepHaH ceTO'iHBH MeTOJI,mta C ITOCJie~ BOCCTa.HOBJICHH

eM TpeXMepHO:i KOH~SUKH MarHHTHOrO II~ B COOTBeTCTBHR C pa6o

Totf5/. B rrpouecce cepRH :asMeHeHR:i rrapaMeTpoB rrOJIDCa MarHRTa 6an 

HallleH O,li,RH RS BOSMOmlliX BapRaHTOB reOMeTpU, YJI.OBJieTBOpJDllU!ii C 

TO'IHOCT:&D ITpoBeJI,eHHH pacqeTOB Tpe60BaHHHM K MarHHTHOMY ITOJID, ~ec:& 

He06XOJI,RMO yllOMffHYT:&, liTO Ha paaMeph! ITOJIDCHOrO HaKOHe'iHmta HaKJia

JI.hiB8JIOC:& onpeJI,eJieHHOe orpa.HH'ieHRe, CRR3a.HHOe C HeO~XO~OCT:&D OTBe

JI,eWUJ: CB060JI,HOrO IlpOMeJtyTKa MeliA¥ JI,Bywl Mlll'HRTaMH m:apHHOit 60 CM 

AnR pe30HaTOpa B'I.B Ka'l8CTB8 MCXOJI,Hh!X J~,aHHh!X ITpH Bh!6ope ~op~lli no

~DCa 6h!~H rrpMHRThl J~,aHHh!e/3/.CpeJ~,HRR ~HH~ ITO~DCa COCTOHT M3 JI.BYX 

COITpmttCHHhiX Ha paJJ.MJC8 C14 J~,Yr OKpylKHOCTCH, 'fpaBH8HVIC CpCJ~,H8H ~HHVJH 

MOXHO 3aiTHCaTb B B~e 

5 



r.u.e 

2 ct 
fc ( Z. )= 'fH - 8o + Q'lCf0S z,. :!" n H 1 

Co = v ct. + ( z! - c; I 

H 2 'l,·eosdr ' 

lr=P.H, d.r= ri.H 

lr=1(K, d.r=d.K 

IIJll! 

np:& 

CH 8-0 = azccas Co 

'l < CH ' 
l :;:::.(H , 

Yr~oBoi pasMep nomDCa 6KH s~ B Ba,u.e 

1J y =A Z2 + B z + TJ 

(5} 

{6) 

(7) 

(8) 

~eHHHe B pesy~TaTe pac~eTa napaMeTpH nonxca CBe.U.eHH B 

Ta6JIIDI.H I Jd II. 

1. (M) 

~'I" 

tfH =450 

RH =2,4 M 

RK :::6,65 M 

A =0,875 rpaJJj,} 

tfJ =22, 57 II rpa;u. 

2,4 3,4 

12,1 10,8 

CH =4,0 M 

tf.H =II8o 

rl.K ==3Jo 

TMnHI!ft l 

B =-6,45 rpSA/M 

Ta6Jnma II 

4,4 5,4 6,4 1 

II,I 13,3 17,1 

6 

Y(Jt) 

4 

3 
_,~ _, 

c 

~--~~;,_ ____ _ 

0 I r --8-9--IOft--x(M) 
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-2 

-3 

PHc.S. nBa cocenHHX MarHHTa (nJiaH). 
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PJdc.4. PaaaanbHOe pacnpe,u.~eHHe MBKCidManbHoro nona. 
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Pa,IUi8Jll>HOe ce'l.e!Ule MBI'HliTa, a TaiQ:e pacnOJio&e!Ule ;s;Byx Mal'-

IUITOB (IIJJaH) rrpe,D.CT8.BJ.Ielili Ha pHC. 2 .II 3. BBB,D.y ynOM.HH8.Bil!eroca 

a~e reoMeTpH'I.eCKoro orpa.H.II'I.eiUISI Ha aa~a.HDHHH paaMep o6nacT.H 

paCIIOJIOXeHHSI II~a OKa.SanOCb HeBOSMO&HHM cqopM.HpOBa.Tb cpe,D.Hee 

rrOJie rrp:a anocKoM saaope M~ II~aM.H. B pac'l.eTax paccMa.Tp.HBanHcb 

MarH.HTU C li:BYMil Bapltl.a.HTaM.II MHIUIM8.HDHOrO 38.30pa : 2.htmin=J2 CM 

H 2 htmin = 6 CM. He OTBepraa COBCeM BTOpoi Bap.lla.HT, HY&HO CK8.

SaTb, 'ITO IIpH yYeRDweHHOM saaope CHJil>HO BOSpaCTaJJT Tpe6oBa.HRSI Ha 

TO'I.HOCTb BlffiOJIHeHHSI rrpocpwm 2 h 1(7.) B YCJIOBHSIX :aeCTK.IIX Tpe6o-

Ba.HHJ! q.opM.HpoB8.H.IISI :asoxpoHHoro cpe,D.Hero IIOJISI. KpoMe Toro, rrpH 

2_ htmill = 60 CM BOSpaCTa.JlT IIO BeJUI'I.HHe HeJiliHeililie KOMIIOHeHTU 

MarHHTHoro IIOJISI B o6na.CTH UHPKYnHp~ero rry'I.Ka/6/. B CBSISH c 

B~elti.SJIO:ateH!WM BCe ,ll.aHDHeiwee OTHOCHTCSI K BapJtl.a.HTy 2-htmin= 12 CM • 

B Ta6JIHue lli ,D.a.Ha Ha!AeHHaSI Sa.BHCHMOCTb IIOJiy38.30pa OT p~ca, OT

Be'l.aDIIIaSI Tpe60B8.IUISIM It MarH.IITHOM;y IIOJID. 

Ta~ ill 

'l.(M) 2,1 2,225 2,35 2,475 2,6 2,79 

ht(CM) 8,4 8,2 8,0 7,9 7,8 7,6 

Z ( M) 2,00 3,17 3,36 3,55 3,74 3,93 

ht(CM) 7,2 ?,0 6,8 6,6 6,5 6,3 

Z ( M) 4,J2 4,31 7,0 

h1(cM) 6,2 6,0 6,0 
-------------------------

Ha pHc.4 rrpe.D.CTa.BJieHo pacrrpe,D.eJieHHe IIOJISI no cpe,D.Hei JIHHHH 

IIOJIDC8. ~ YK8.38.HHOrO saaopa. O~eHKn IIOK8.SBJIM, 'ITO ~ BOS6~e

H14SI Mai'IUITa Heo6XO,D.HMU .1W Z 105 A- B ~ K~OA IIOJIOB.IIHhl OCHOBHOI 

o6MOTKH. Ha pldc. 5 Idso6pa:ateHo pacrrpe,D.eJie!Ule MarHHTHoro IIOJISI 
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Pxc.5. Pacrrpe.ne.nemm noJISI B Me,D.HallllOi llJIOCROCTH. 
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Pldc. 6. !HaJIJIS no.nyqeHHoro IIOJISI. 
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B llnOCKOCTH ~ =0 MarHHTa, BOCCTaHOBneHHOe Ha OCHOBe pacqeTOB pa

AHanbHOro H a3~MYTanbHOrO ceqeHHi. 

PesyADTaTN pacqeTa cpe~ero MBTHHTHoro nons B , ¢waTTepa F , 
OTKnOHeHHR wasH MaKCHMyMa JV -HOi rapMOHHKH OT Cpe~ei ~HHHH no-

JIDCa 

rf lf : r N - rc ( '{_} 1 

qacTOT CB060~ K~e6aHHi 

fl't~~, 

a~::::. 1-n+F U+l ('l·1rN P 1--. 

r.l{e BBH,l{y MaJIOCTH df cqgTaJIOCl> 

rltfN,... cJ -zt 
d't- 'l·V'tt/'z2 -(z2 +N·f·' 

H llOKaSaTeAD nang B~CH8nCR no 

zt 
n= t t 

'l, - 'Z 
npHBe~eHH Ha pHc.6. 

(9) 

(IO) 

1 
(II) 

(12) 

(13) 

BoSMO.miOCTl> llpHMeHeHHR (10), (II) ,II,IIJ1 pacqcTa qacTOT flz, (/'l 
ocHOBaHa Ha pesyADTaTax pa6oTul?l, r~e aaaneao, ~o norpemHOCTl> 

YKaSaHHHX ~PMY~ no cpaBHeHHD c TpaeKTOpHHMH pacqeTaMH He npe-

BNmaeT / L1 f)z / < O,OS , / IJ(J.r_ / < 0, 01 . 

KaK BH.l{HO HS pBC.6, COS~aHHOe cpe~ee n~e HaxO~TCR C TOqHQCTh~ 

~I% BOHHSH Tpe6yeMOro, qacTOTa BePTHKanl>HNX CB060~ K~e6aHHi 

npH YMOBHH, ~o cpe~ee n~e HMeeT BHA (I), ~e.lU!T B npe.l{Max 

1,27 ~ {}z ~ 1,36. Ha PHC. 7 npe~CTaBneHH pe3yADTaTN TpaeKTOpHHX 

pacqeTOB B llO~eHHOM MarHHTHOM llORe. B ReBoi qacTH pHCYHKa . 
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PHc.7. AaanHs nang npH noMO~ pacqeTOB TpaeKTop~H. 
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PJrlc.8. Pas6HeHJie Ha MHororpaHHHKH MBTHHTa CU. 
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M306pa&eHH paBHOB€CHI:I€ Op6HThl Ha nepldO,JI,e MBI'HHTHOii CI4CT€1W ,JI,1IH 

}.Ulalla30Ha 8HeprMi YCKOpHTeJlll, B rrpaBoa '!aCTH - 3aBHCI4MOCT1> OT pa!UlY-
.qo 
H H 

I 

ca '!aCTOTI:I 06pameHHa 'IaCTKU, llOCTOnHCTBO KOTOpoii o6ecne~eTCR C ~ 

TO"'HOCTl>ll A f =jfJ, 20 l1il'U, H Kpi4Bhl€ 'laC TOT Qz 'Q'L • i 
C") ~ b1 
H H <!) 

I I 

Pac'leTH ceKTOpHoro MBI'HHTa CU t.teTO.JI.OM CeTOK B ,11,BYJ.1€pHOM 
as ~ 0 ~ 

npH~eHHM odn~allT p~oM He.u.ocTaTKOB. B 'laCTHOCTR, oxaai:IBaeTCR E-< N .qo 
I 

H8B03MOlltHOH OUeHKa UOJUI B6Jrn:3H Ha'laJll>HOrO H KOHO"'HOro p~eyCOB. I~ I I ~ I~ en 
H :8 .qo N H I en Eij 

BBH.JI.Y M3B€CTHOii Heorrpe.u.aneHHOCTK 3Ha'leHRH aMll€pBHTKOB 06MOTKH B03- H H H 
I 

6y~eHHR 3aTpyAHHT8A€H BI:I60p OllTMMaJIDHOit KOH!lJm'YPauHM $ij)Ma Mal'- I ~ I~ Cl) 
0 Cl) <!) .qo 

~ 85 
!lRTa. B CBR3ld C 8TI4M BOSIDIKaeT HC06XO,II,HMOCTh Tpex-

H 1:'- ~ N 
I 

MepHoro pac'leTa MarHRTHOro nons cacTeMhl. B HaweM ~ae 6ana c.u.e- LC) 
~ C") I .qo II:'- H 

~aHa UOUI:ITKa npHMeHHTI> ~ pac'leTa M8TO,JI, MHTerpanDHHX ypaBHeHBii/
9{ 

en g 1:'- C") I 
H N tn 
H H N H 

I 

Ha pac. 8 rrpe.u.cT~eHa ynpOl!l€HH8.fl KOH(!JHI'YPauwi MarHRTa cu H <!) N 0 H I ~ ,~ 0 

2ht 
Cl) H N N 0 ~ H 

C UOCTOHHHI:IM 3a30pOM ::l2cu, paa.u.aneHHM .TVUI pac'leTa Ha I2 
H N I 

I 

MHOrorpaHIDIKOB C O.JI.HOpO.JI.HOi HaMa.I'Hld'leHHOCTl>ll B K~OM 113 HHX. 1:'- ~ g H f;; LC) I ~ I~ 0 
N ~ N 

Peay~TaT pacqeTa npH JW =105 AB OWI UOJiy'leH sa 40 MI4H BpeMeHR 
H I H I 

I 

ueHTpani>Horo npoueccopa CAC-6400 qepes 219 HTepauKI. MaKcHNaHI>Hoe <!) ~ C") 
H 0 N 0 I ~ ,~ 1:'-

H H N 1:'- ~ N 

8Ha'leHRe Mai'HRTHOrO llOJUI B MO,ll,BaHHOii WlOCKOCTK ripir! J! =() Z a3l'AflY-
I I 

I 

Tani>HI:Ie pacrrpe.u.aneHHR no~eA ~ pa~ p8.JI.HYCOB npe.u.cT~eHH ~ 
.qo 

tn ~ en I ~ I~ ~ H H LC) 0 
I I <!) I 

Ha pzc. 9. KaK BH,II,HO llS pi4CyHKa, MBKCHMaHI>HOe paC'l8THO€ none 
I 

H LC) 

UOJIY'W.IIOCl> no'lTH B 2 pasa MeHJ>we ommaeMoro, a asRMYTam.HHe pac-
.qo H 0 ~ H <!) I en I~ ~ H H ry 1:'- N 

I N I 

npe.u.aneHir!R, ocooeHHO AHR pB.JI.RYCa Z =6,5 M, HMellT Ir!CKallemwit xa- <!) ..J, 1:'- ;} Cl) 
Cl) LC) en H ~ I ~ I~ 1:'-

pa.KTep. Ha6JJ.:!o,JI,aeMI:Ie stJqJeKTlii ,rro-BH,II,MMOMY, CMSaHI:I C O'leHJ> MaJII:IM 
<!) Cl) H N 

I I 

~ .JI.aHHOro MarHHTa ~CHOM YHOrorpaHHKKOB pas6xeHHR. Pac'leT no- 0 Cl) <!) Cl) 
N 0 ~ <!) ~ Eij 1:'-

,1.\06HOrO Mai'HHTa CO CT~ M8JiliM pa60'<IJ4M sasOpoM H CHJil>HO HCO,JJ,HQ-
<!) H N I~ tn 

I H 
I 

pO.JI.Hi:IM pacnpe.u.eneHHeM HaMarHld'lOHHOCTH B TeHe MarHKTR 
<!) .qo 

H ~ ~ tn C") en <!) 

B03MOllt€H C TO'lHOCTbJO ,11,0 €,11,HHRU llpOUCHTOB JIHWb Ha 3.!J,l KJiaCca 
H H H N I~ 1:'-. N I I 

'0 
I 

Gll.C 7600. :l li H N H N I !II H 

N 

Ami oueHKH '!HCJia llOJlllCHliX OOMOTOK TOHKOI KOppeKU1Dl :U: ,JI,ldana-
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PHc.9. Pesy~TaTu pac~eTa MeTo~oM HHTerp&HDHHX ypasHeHHH. 
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PHc .10. IToJJIDCHHe o6MOTRH ( rrJJaH) • 

SOHa Tpe6yeMHX aMnepBHTKOB 6HHR ~e~aHH pacqeTH KOppeKUKH 

OTKROHeHKS C~ero MBrHBTHOrO nOXH(pHc.6).B pac'leTax paCCMaTpH

BaJIJIC:b aHMOrH'mo /ID/ .JtBa TBna nOJIIlCBBX o6MOTOK (pHc.IO a II}. 

Pacnpe,n;~eHBH nnnel 8TBX 06MOTOK B MeA}faHHOI llnOCKOCTH B~qaCAR

JDICl> c yqeToM l2 oTpa&eHd B nOJIJlCe. Onpe~~eHHe sHaqeHI1ti a;.mep

BRTKOB o6MOTOK ,IVI.H KOppeKUI<m ,!J;BYX TWIOB pacrrpe,n;eJieHHM O'l'.KJIOHeH!Ui 

cpe~ero rroJI.H 

11B1 (t}= K · [ B('l)- B1130xp.{'t)] "' (14) 

AB2 (t J =K [B(zJ-BuMJxp.f'lJ]tOJ(fc. z) (15> 

(r.n;e C. :::{),14 M, B ('l) -/J11301p. (t) ilpHBe~eHO Ha pHC .10 , 

K=O,I - MHO&HT~,Hcn~syeMHI AH.H n~eHH.H ocTaToqaoro cpe~ero 

nong Ha ypoBHe .n;ec.HTKOB raycc} npOHSBOARHOCb MeTo~oM MHK c peryAH

pHsauael B COOTBeTCTBBK C pa60TOI /!I/. MaKCHMaR:DBOe OCTaToqaoe 

OTMOHeHHe IIQXH B nepBOM Myqae 6WIO 1,2 fc • BO BTOpor.t-3,8 fc • 

HaTepBan ~COB Ha~eHBH COCTaB4aH 2 =2,4 M + 6,65 M C WarOM 

0,05 M.ilo~eHHHe 3HaqeHH.H aMII8pBHTKOB ,IVI.H 060RX C~aeB CB8,!{8HH 

B Ta6Jiruzy IY. 
B SaxmDqeBHe He06XQAHMO OTMeTHTb, ~0 B npoB~eHHWX pacqe-

TSX paCCM8TpD8JICJ! l!SOJDlpoBaHHill C-11!8I'HHT Cl!CTeMii. )J..Iu! y'leTa 

B38HMHOro BAHRHl!H MarHHTOB YCKOpl!Ten.H He06XOAHMO npoBecTH pae'leT 

MeTO.ltOM ceToK a8l!MYT8JIDHHX celleHHI 3-x PAAOM pacnMoxeHHHX MarHB

TOB. KaK lllWIO :ll3 pa60Tii /!2/ 0 9qqJeKT BSaDIHOI'O BJDlJ!HHJ! MarHHTOB 

ilpoHBn.HeTCJ! B H8MeHeHilH YJlOBHJ! llOXH Ha BeJD!'IBBY ~ 100 rc , 'ITO 

MO&eT 61iT:b RerKO CKOMU8HCl!pOBaHO HSMeHeRHeM TOKa BOS6~eHHJ! 

MarHHTOB. 

Peay~TaTY AaHHol pa6oTw MOryT cny&aTl> ocHoBOI AH.H Bw6opa 
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rrapaMeTpOB MO~eJJ:l>HOrO Ma.I'IDITa IIPH MO~e.1lllpoBB.HID1 paCClJHTa.!IHOrO 

aapaaHTa KOHWRrYPBURH • llpz BOSHRKHOBeHHM aeodxo~CTH B ~pyrHX 

Hadopax rrapaMeTpOB CI1CT81.W. OHH MOryT dhlTb liOJIYlJ8Hhl Ha OCHOBaHl:Hl 

MeTo~a. HMOJKeHHoro B ~aHHO:i!: padoTe. KpoMe Toro, ,nByMepHhle ceTO'I

Hh!e paclJeTh! ll03BOHRT IIpH 8KCrrepHMeHTaHbHOM MO,neHRpoBBHKR Onpe,ne

AHTb ayxaoe HailpaBJieHHe HSMeHeHHH reOMeTpRH. C llOMO~D 8THX pac

lJ6TOB B03MOJKHO onpe,neneHRe pasMepOB H IIOJIOJKeHHH MarHRTHHX 8JieMeH

TOB TOHKOil: KOppeKI..{RH (HailpHMep ,WHMM I!O 60KOBhlM rpaHHIJ;aM llOJIDCa) • 

ABTOphl Bh!paxaDT rJiy6oKyD 6Jiaro.napHOCTb B.B.KoJibre sa 

MHOrOKpaTHhl8 06Cy~8HHR SaTpOHYTh!X B pa6oTe BOITpOCOB. 
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PRc.II. Pacnpe.neneHRH nOJiei rromocHHX o6MOTOK. 
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