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BBEJliHHE 

llpHB0,1UITCSI MftO,It pacqera. ~1>8-IKTOpJIIt IJPO'fOHO B 'ltpe3 

K8rHB'f•Jt~~8X!Op C OJtHOpoXHHM Jl H80)(HOpo,ItBHM UOBeK, XOTOpYR 

npoeHJittCSI )(JIH BHBO,Ita DytiKa HpO'fOHOB Jm CHHXpo<j)a30'l'p0118. JIB3. 

llapauerpw rpaezropzlt Ha BHXO,ItU MBrHKta-,It8$XtKfOp& HCDOR~3y:DT

CJI ,ItJIR Jt&.O.Helmero pl.C'Ieta B <tCHOBHOH DOJI8 YCKOPH'T8IDI (npo

rpmum. 603) \_r j . Pac11em vox11o. npo113Bo;rutn .axa pa.aJIH'lH~:~x 
O'fUOH&Bd H yr1101 tmC'l'Bl4 Ha HX0)(8 MarHK'l'a, pa3JIH11HHX yrJIOB 

no sopom, rpa.;utesroB B no JioxeuHA cawro lml'HBra-,Itetf>Jiezaopa 

OTBOCJiftXaBO npO,JtOAHOIJ OCR RHBO,lOIOro npJIKODH8IHOrO npo:ue

Jry'flta yciWpKTeJia, a ta.Itze c )"tero:u xa•esesu no.u Karsua

-.Jt~Beitropa BO BpeKeHI. 

llpa pacqirax rpaextopRI 1 .u;eqmer:rope wcnonaoBaJIKCi ypaB• 

BeHIIII ,JtB'D8BJUI aapatBllHX 118.C,~Jm B MarHJI1'HOM IIOJI8 J JIDtiHOM 

npB6JIHDBXJI. B mqecrBe gaqa11l•HYX yCJIOUR Ha BXO,Ite Mal'HHTB.• 

-.Jt~Jiexropa B ropHSOHtaHiHOI UJIOCitOCTM Gepyrcs pesyJILtatH 

pa.c11era rpaexropd nporosoB npx napaMerpnecitOM pesoHB.sce [ 2]. 

l. U8.rHJIT-,JttcpJlelt1'0p BLtfi0Jilla8T B CJICT8M8 BHBO,Ita npOTOHOB 

2 tf> ymntu : 

I) COOCS~er DyllitY ,1tOUORB11TeJI~WH yroJI, OTIUIOHSUI ero 

mpyxy ot neatpa ycttopllteJUI; 

2) fPoJtycltP)'8'f IIpO!OBH B ropJI30HTa.JiaHOI D110Clt0 CTB, 'ITOdli 

yYIHltmK'f:D pl.Jtl!Ut.BHI p6.3M8p n;r-tKB. Ha BHXO){e Jl3 It8.118pll 

ycxopneu, npB 3TOM HeDdiJJIU B03HIIlt6.81" .ttelPOKYCJIPOBICa DO 

BepTBRB.JIK. Mai-HKT-,le~Jie:taop pacno .IOXIH B BiBO)(BO:U np&OJIH

Hel!HOJI DpOM8XY'fK8 CJ:HXpo$a.SO'f];)OBa JIB3 ( pxc .I), ItiH'fp 
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uarsata :&aXO.JtKtca HB. nonepe'IHOR om1 npo•exyna '~- ~· • cueli(!B 

OtHOCKftUHO ero npO.D;OJibHOI OCH !~-::(, Ha pacctOIIBK8 cl, KO'fO• 

poe uoxet dNt» ItaK no~OEHTeA»BHu, taR x orpxuareALHa», r.e. 

MarHB'f 1iOX8T dwti ,InCOOJIOEeH lt8Jt C:HapyD, taR I BByTpK OT 

pt.BHOB8CHOlt Op(SK'nl JCltOp:l'f8Jlfl. lloc:KOJU.Ky .D;8$Jl8RT0p ,D;OJIJC8H 

OTBJIOU'fl> DpOTOJIY BB.pyJ:y OT lliH'fpH yCKOpJrfeJUI t HaDp8.BJieHH8 

llOU B Bel& OGpi.THO Ha.Dp&BJI8Bd IIOJUI· B OCHOBHOM llarHKte H 

IXIH'fp JCPIIBK3HW tp&8Et0pltit JI8XHT CF:apyn O'f OCH npsrMOJIJmetiHOrO 

npo118zyna. 'lltoGw rpoxycxpo:ea.tb npo~~ow B ropH30HtaJILuolt nnoc

ltOCtH1noJie B Jl8fPJI8Kt0pe ,D;OJIZHO Ha])8.CTaTL 110 p:I..D;Kycy 

.. ~: (o ) Q 1 ~oo ) n.. 
'j~ f\O~z:::o -: Pool Rc ) 

s,itec:L Reo - Ifl.BBo:secuHR JR.U:IIYC .n:e<fJ.nenopa, 

Boo - no Jte 111 pa:suoBecuou J8.JtJlYCe .»:t~Jiettropa, 

n, - DOD38.!8.1:L DO.U: .lt8Q)Jl8KTOpa t B 118.1181& CJiyqae 

h.- O'fPJ!ll8.!'8JII>HO t \D.\ >/ :i . 
B pesy.I:Ltare pac'letoB .JtBJtzeuxJr nporouo1 c p-10,5934674 ~% 

B ycJoBxax napaueTpxqecxoro pesoui~ca 6YJIJI noxyqeHH napauetpw 

Tpae:atTOpltl llpOTOHOB B ropH30HT8.JfL110ti fiJIOCKOCTH Ha BHXO,Jte 2-ro 

ltBBJtpwtta yc:a:op11te.1s ( pRC .I): o~~UOHeHJie 11acrmu• /J. .Pc 11 yroJI 

d 
0 

( nporpau:Ka 401, asoyr J,I4 ). B nporpa101e 401 OTICJIOHe

HHB ~aCTin pacc.atp11BaDtcS, K8K Cl~meRJIS OTROCJITeBLHO paBBOB8C• 

HOI opdJr.N ycJDplt'fi.U R o • 2800 eM, yro11 D!o - sro yroJl 

leE,lty U.C&te.ILROI K t"JR8ltt0pKlf B )taHHOI T0111t8 K KaCaTe.lt.HOa 

It Oltpy:noctB, npo:ae.-eRBOI 'llp83 ,JtlJ.R!fyJ) TO'IXJ K3 qeHTpa. :xpHBH3-

HH :a:18..n;pa.ura yc:a:opBre.u, t>l = o..1.ci.<} :$' ; s.n;ec:L R x 'f 
TIKYDUUt pa,1r;J4JC H 8.3Dyr Tpa81tTOpJdt B JCKOpHteJie ( nporpauya 

401). Alm.JlGrH'IHWK o6JRso:u onpe.tteJmercs otMOHeHHe • yron B 
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IUUJOUtPRtCKOH CHCTeJit mop)tWBa'l' ll8rHiml-.1tfttPJieK%Opa. llOJIOU

%8.1Jt'IH~ yro11 6y,JJ;~f 10t8f.lt fpieKtOpml, HaDpdB11eHHiit B CTOpoly 
oF-; 

yBtJIH'leHHSI pa.p;wyca 10~ >0 , 3Ht.K yrna H3MeHHTCst npx nepe-

xo,Jte K3 }4WIHH,ll;plf'ltCICOg CHCt8Jili KOOP.lUIBB.T JtBa.l(paHta yCitOPII'l'tJUI 

B IlUIIH,Jtpii'I&CB:yD CKC'l'IJlY IC00p,li;HR8.1 U:8rHH'l'a-,JtelflJieiCtOpa. B 

KOHne xB&.J;paH'l'a ycxopareu ~?c 1 d.. o O'!'C'nttu:sanrcst or 

OCH npSDIOJIJU18JlBOro npoKezyt~ "X-':X. t ItO TOpiSI JIBJISISTCSI B .»;aH

HOU TO'IK8 xacate11LHOI X paBHOB8CHOI op6Bte ycxopurens. 

B aacro~e~ pacqere MarHHt-.lte~JieKTOp paccua'!'pxaaetcs)Kax 

cexropswa. CtpelXBa BXD.ltHOro cpeaa uaruxr.a-;Lte~Jiexropa HaXO.ltBt

cs 11& J8.CCTO.fl HD l o Of BWXORJ. 113 2-ro ICBaJ!:paR'l'a JCKOpllteJUie 

Ey.JJ;eu C'IBtati, •l'ro ,JJ;.noa varHBta n> Jlyre J&BHOsecHoro PJ..JtHyca 

~ JRBHa xop.~;e, crsrJtJBDD{eH 3'fY ;r.yry, 'l'.x. yroJI noaopora B 

M&rHJrte .erl>.l&ltfope J->o 6y.JJ;er nops.u;xa 1°. llhlpaua :warHHTBOI 

;r.opou• B varune-.l8rf>.lerrope 11 • 10 CK. llepec'll'l'aell renepJa 

BB.'IaJI.DHHe ycJIOBHSI Ha BXO)J; Kal'HHT8. ·• ;r.eq,Jiel."l'Opa: 

b.?k~ = 65Jc -+ Lc -l~c:J v 

nocmu.xyJo""' 0,2•ro-2 , ro -~ .. ~d¢ ·~ 

[)~k~:::. ~_?"-+ ldo, (i) 

Hysuo orverft~t, 'lro cpopuyJia (I) npud1IaJreHH8JI r .x.nepece'leHHe 

np0113BO.I.DHOI rpaexropu co cpe30if JnrHB'l'a-,D;e¢JieKrOJn 6y,Jter 

HaXO;Ltlltitcs or BWXO,lta 113 2-ro xaa.n;panra ua pacc'.rOHHIIJI L --::f L-v , 
III.ItCJUia.U.HaH ouchca ~L::: A... Si.-V\ f.>./t· 12, • Ecnx ./J.. = ro cu:, 

- ~ 

j>o -2° , ro 6 L-== 5•0,017 l;:j o,ot;5 cu; npx ~JJoe ua.raxra 

l -120 CK , L o • 340 cu H A L Be npe Bwma.er o, 02~. 
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HarUJ;eu xenep~> A~ b)' H d.. t,). B rtHJJKJUpHtlecxott c~r~creMe KOop.n;HHar 

MarHHta-~e~~eK'l'opa: 

L>~t,,. "'( cLbp-t.)/c&iPok :::::- cl- h. _l)t. 
(2) 

~ k ~ == - ( .d_ 0 + JS:( t:,J 
OrxnoHeHHE • yro~ sa BNXo~e uarHH'l'~ npe.n;craB~DT co6oM peme

HM ypasuesu paJUta.JI:LHoro .It:eitJ:eHu :8 JIHHeRHOM npH6JIHXeHHH [3]. 

llOCltOJILJCy nonyqeHwe ,Pe3y.Jl:&ratH t1y~tYT HCfi0JlJ.30BlHLI )(JJR 

.ztanae~mero JRC'l!ra r}ReK'l'opml B ncute Mai"HHTa ycxopHteJIH no 

npOrJB&e 603, H806XOAJWO Ha~TH XOOp,lUim.I.TLI 'l'paexrOpHH 'lae'l'HULI 

Ha BLtXO,D;e JIRI'HH'l'8-)(ef~J.Ile.Kropa B CHC~:eue ItOOp)(HHat 3TOI npo

r}n:M161, t. e. Hym~o no .nyqHT:& R 603 •1 'f 603 JJ. \:::J( 603 ( pBc. 2) • 

llOJJy'IBK ~ ~.b'fSlx n?. H o(' ~)(, n.p. B CJrcreue xoop;umar BPJIKOJIJJ.Hei

Boro npoKexytxa: 

ll~b., c J.-6 R '(,\\\)\ . ~ S"fa. 0! ~ - b \<_ ,(,~,X ""' 

l ( \ ' ) . ~ ( D( ~ ~- \ . \0 ( 5) 
co-. c;l- c.l-A,Po -olo Lo w~.J- -+i~-~/ 2_/"""' (1', .r 0 ·, 

( . 

d_ kM-<. "\""Jj . " J3 r~ - d -bm'll ·:: ¥.:' ( ct - AJ o ·- "" o L.J.;_,d(F" 
+ ~o + ~;'z.)~ ~. Jo + ~;/~ 
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PacctOaHKe OT It8Htpa BWXO,lJ;HOro cposa :uarBIIT8.-Aecf>JI8IaOpa AO 

oo DpHOI oc m: Itx.11KltAPK'IecxoA-c~ctena mop,D;KHat nporpmnm 60J 

dy,Jter mae 
-, -------------~ 

~b\)~~ ~ L~ +lz&oo + ~? b~·•) J 

(6) 

3.D;8Cit nepeA 31BXOK aretg B3JIT :U!HJC DOTOMy1 111'0 B CI:C1'8118 

KOORlDat oOJ BDpaBO OT DOJIIpHOI CCR a3JDlYT C11HT8.1'1"CS OTpH

It&TIABHM. ~PKYJIW (6) mae npH6JJD8RBHe, T01UIH8 4lOPMJJIJi 

dy)J;yt HYITit ... ( PKC.2): 

R """' ~ J ( L Q-~R 1..". ~ ~ \'>:!z. r- + ~~0 o \- c1 - t,?. 6._,._ <:11, ~1J
1 

2-

L~ -D.~lom)£ .•. ~~~,f->~ 

2 '6 00 + ( J. - /:)~{,\1"1 ,.. ~ )l/;a) 

flpll COCT&BitRHil nporpaMMH yqteHa r.lKXt B03MOZBOC'l"lt K3KIBIRKH 

no.u ,~;.,..ettropa 10 BP••••· Is P'3rJI:r.mro:s JBC11eta Tpaettto

Pd npa na.pa:uetpnecxoK pnoaauce ~:Jie,D;yeT, 'ITO CYJJtect:syet 

HtltO TOpaJJ 38.BJ!CDOC Tla Mex;ty 140M8HT1)14 BJI8Ta l!8.CTBIUi B Aefll118lt• 

top ( Ho:aepou: o6opota JJ B nporpaxxe 40l) 11 yr11ov: ueta. 

Ta.K npH }ll.CII)Jl0E8HJUI lllrHHT& CHapy.&:H OT OC.H 'J(-~ yr011 BJ'Ieta 

OTPJ!U8.TeJiiHOlt H ydtiB8.eT no a0COJIIlTHO£f BeJHitUfHe C pOCTOM J../ t 

npH lBCUOJIO:E8HHH uai'HHta BHJTPH yroJt BJieta flOJIOJCJIT8JIItBHlt H 

raae yCS:w:sa.et c poctou .Jf. Dsll BBH.JteH HeJX> ropLI~ cpe.JtHHM 
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rp8JJ;HeHT fiO.lSI JerHH!'fL-Jt8tflJlEUt'lOpa BO BP81l8HB 0 ~ a0,II429•I0-4; 

<.\ ~\)./ > o Alii! BHYTPeHRero p~.cno.1oa:esu uar~fm 11 t! <0 

.ztAH sapyxHoro. Tor.zta ~puyRH (5) DPIKJT 1~: 

? ~"'' = J._ -(A -~fo--d.L.)w.~.(j»o • ~~ •») ·~ 
+ i, (}c ~ ~) s;_,,~,()3c ;- ~AJJ) ' ('1) 

o( ~"' .~~. = ),{. t ( (3o ~ d~,NA..V[ (c\ - .A fc -d <> La) ~ .. ~' (~J >- f!AJJ) i-

4- (J-o T~o ~ ~ )w,).l.(j'>c~~v'l) + (f3o + cA~l.a.Ji) . 
3,D;ecL AJ.i - Houep o6opom. aa :~toropo.il qacrmta BJieraer a .n;e<fJJiex-

top, ~ . .;.{ )(JISI 1(8.3:Jt01t 'laC'f:lltH CBOe 4 O'fC'lJrtTUBaeTC.IJ OT HOMepa 

odopora qacrmnw, nepaol BJiereBmel B .zte~Ae~trop. 

HaaJteu: renepL seprUBJILHoe OTitJIOHeH 1e ;}::.· Jt :sepru:a.nBKA yroJI 

d 1. Ha BliXO;te »cPJIIKTOpa. BYJtlll C'l:!'l~at:L 1 'ITO )fl.rHKTBaJI Me.JUtaH

Ha.R DJlOCKOCflt M4t.UltTOpa. II ycxopllt8.!l.IJ COBJta)taDT. TiycTL Zo ~ 

11 J. o.L- :aa.ttaJlLHl:le cuentesu • yro11 :-ta ltOBJe ceitropa, aHaJiorJN

no Ha'l8JIL11HI ycllOBIUIM no IR.ltBYCY. Ha. BXO.Jte .ztetf)Jiexropa: 

'1.. t..,. :::. '1 0 ~d. Cl L 'l 

~l~Y. = cl~L ( ~) 

( 9 ) 

14a.rHIIT•.D:8cpJieittop B!i3IiB8.8! ).terpo:ttycHpc>BKY 'l8.CTHU DO B8p'!'JI:rcaJIH1 

HO nocKOJILKY B .ztaJI.bHe ~mev t~actMUbt no na,lf.aJ)T B ptcces.maoe noJie 

ycJtopHteJIJJ, CHJihHO cnt~.Aanll{ee no R [.:'] , ro :aeptua.JI:&mn 
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pasMep nyqxa Ha BHXO,D;e ID cexropa He npeaumaex 3-4 cu. 

\ llOCKOJl:&Ky napa.M:eTHlleCKHI pe30HaHc: vR =l/2 BJlJISeT l'OJILKO Ha 

pa,B;HaJI:&Ho e .ltBHJ:eHme qac r~, aeprmtaJI:&Hlie c B060.JJ;HYe xone6aHu 

npH 31'011 OnHCliBBJ)TCSI <,POpMyJIOI 'l: ~ j ~\~ _k J)(l-6 (:a:ax H B OTCyTCl'BHe 
,..--

pe30HaHca), 3.Itec:& ~ z. =~ 0~,79 ; 0, 79 - pesoHaHcHoe sHat~e-
HHe B CHHxpo<f>a3oTpoHe JIB:3, A ·· aJmJIHty,JJ;a CB060,D;H:WX BepxH-

J.* 
C\o.1. -= R de ( ~0 ) 

Ec.IH A = 2, 5cK, TO )(JLH 1: =l =23° 35 , orcD)(a 

=0, 72•Io
3

• llo.JJ;o6HlUL o6pa3C'M npm Bli6paHHOI &mJIHTy.D;e 

BepTHICaJI.bHHX ICO.Ie6aBBI MOZHO onpE·,IteJIKT.b JID6oe 3HalleHHe. 

llpH yqere K311eHeHWI nocJie .D;e<PJieK1'0pa BO BpeMeHH !llopvyJIH (9) 

npoyr BIU: l 
t~o.,~tz.•Lfll"-' \c~t.' ~,~~ ~)f "';( ~-!;h.¥~ ~,4*t-JJ )lit 

J r o..\JJ . ~ ~" -~ 
1 
~) v \N / 

_/ ( 2 .. t ""(1\\V li). ..... d.~6JI \ . (.. --N r'\ I L. I c\.P.. ) (1t) ou.~~~ . o ~ ~1\l..r ----· SYL ':\\ J~c. ~~ b,JJ) ·+ cx~.£.-n ~z.l ro~d~A.Ai 
EcJJH B3RT.b :MarHilT-.J;e<f>Jiexxo I; c O)(HOpO.l(HHM noJieM, TO ~ =l, 

~ 2- -:;::.. 0 • Tor ,Ita ytlHT:WBaR' ll'lO ~0 ~ 1° H ' 3a.MeHJIR SlM ~0 ':::: po ' 
~ Jr:. ~ 1 , npeo6pasyeM <f>opKyJili ( 5) : 

b~\;U"\~ -=- ~~0 "'"d~ \_,) -\- t l d 0 -~ ~~/,) 

J ~-~ '\'• ~ """ • ss 0 

(1'2.) 

WOpMyJIH ( ) nepei!.D;yT COOTBeTC!BeHHO B : 
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}u.cq CT ,lJ;BLIJi~eHMR npo ft_; HOB IO.F: B Mt:.r !-HfTe C O,nHGpO,Jl;HI.IM DO J!eM 

~opMynh 1~, Ij, 6 ), TaK n c ueo~uopo~HUM noneM \ ~opMynu 

7 ,..tu,6) rll'Ofi13BO).(HJIC.n Ha <)B;,, KJiil.CCu •n-2v. ~laillHHa no.t'Iyl.IUJia R 
'f 6UJ ,s\6U:J 76UJ ~J.60J lUi B~XO~e Mai'HMTa M Ha\!HHCiJ1h 

603' 

MHTerpM:po BaH He no nporpw.nie 60:1 a MarHMTHOM no IW yc:Ew puTeJIS:!. 

il.3HlV!YT Hl::l.lib.JICI. H I~O H:UU n etiUTM B I<Ba.IJ;pUHTe yc IWpHTeJIR yKa3iJ! BUJ1CH 

B HCtliUJildlbi.A YCJIO Bfli.HX. no PH~OK ~ a.rtaHH.H Ha'laJlb HhlX ycJI~ Bl1;: .ll.JIH IJI:LC

l!UTUB no llJ..lOrpaMMe 60J-4 \ MarfMT C O,lJ;HOpO,lUIUM IJOJiet~ ) 11 

6UJ-' \ MarHHT c He0,1tHopo.n;HHM noneM) npHBe.ucH B HPJAJIOJKemtiL;( 

l 11! 2. flop.H.JJ;OR nel.laTM pe3yJ!bTO.T(lB v,ItiiiHO.IWB ,ll;JW cueL1X lil_.Or}lBJ,1M 

VI npvme,.lJ;eH B npMJiu~eHII!H J. Do n~orpaMM.aM 60J-4 L1 6CJ-5 IJJ?OW3Be

,n;emJ Halii:1JI1Hhle pac'leTii no BhlCiOP1 noJioJi\eHt-m, ;~JIMHhl, yr nu rL; Bvl:fi

TG. VI rpCi,i~HeH'ra Mai'HHTa-~e¢JieRTO)U IllH1 6biCTpOM BblBOJLe npOTOHOB 113 
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[ra;n:] 
[I'Lt)Q 

Hat~aJI:OHhl:M ropli'£sc H'.N:l.JIJd·IiJIV: yroJI L pa.n: J 
c1wpocTb :utsMeHeHM Y1'JW. noBopoTa B MhrH~rre [pu,11] 

HatiaJI:&Hoe CMemetn'fe m aepTM:«:aJI~1 [cM1 
~ B=r 1,.. 1 )fMJIYJlbC npuTOHa l /C 

H,., uer· ')""OpOT'~ o:Jw J;l l V u. 

yroJI ITOBOpOTa B MarH~tTe • 
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HU.4i...J1LIIU C CMer:;e H.Vte lL> }·U;U1YC J l CN:] 

Hii4L..JlhHll.1. BepTHitaJibH Jtl yrGJI i_!Ju;~J 

L.3ID..ryr HatiaJia ne'tlaTH [ paA] 

U3~MYT IWHila netiaTM l_paJJ;J 

Ha.4aJILmJY. ropu30HTaJihHl:lF yruJI [ J..c)~] 

CfWlJOCTh Yf3M€HfH11R Jl'J1U IIOBULJOTa B 

vmrH:v.-re lpa)t/o6oporj 

Ha\lUJibHOe CMel.!{eHHe IJC BSIJTMKii.lHi [cE 1 
~~.ev-/c 1 HMTiy JibC npu TO Ha 

3HaK 3hp.H,l{U npOTO Ha 

Hor.mp odopora 

yroJI noBopora B uarnttre l_Pa;T, J 
noKasareJib cna.n:u no JIR B 

J)QCGTOJI!Uie l{eHTfh 3Ei3<'.t--L. uc..rmnn 01' 

TilJO..IJ;O JihHo V. ocPI lll!m.w m:ue vrwro npoueE:yTKU LcM1 
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fl'IIC •..L • h1CllOJIUJ¥Zemxe Marmua-,J,e(1Jl8KTOpn B BUBO).U!U:~l 
Irp.H MOJIHHeHHOH npoMeJ!o:y·n~e ycKo pTIITeJLH. 
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