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B npaKTHKe npoeKTHposaHHB aamuT ycKopliTenell aa BbiCOKHe aaeprua '18CTO soaHH

I<aeT aeo6xoAHMOCTb s C03Aaaaa aamHTbi orpaaa'leaaoll ana MHHHMan&Holl Tomuaab!, KaK 

np8BHI10, aTO AOCTIII"'8eTCB nyTeM npHMeHeHH<I TBlKellb!X 6eTOHOB H8 JKelle3opyAHblX 38ll011-

HHTenBX H CKpane HllH CT811H, 

0AH8KO B aTHX M8Tepaanax B03MOlKHO 3H8'1HT9llbHoe R8KOU/leHHe npOMeJKYTO'IRb!X HeA

TpOROB, KOTopoe H8H00nee npOCTO MOJKHO p8CC'IHT8Tb M9TOAOM TeopHH B03p8CT8, Jlng H3Y'I9HH<I 

npouecca aaKonneaBR npoMeJKyTO'!HhiX aeATpoaos 6hlnll nposeAeRbi aKcnepaMeHTanbHb!e acr:ne

AOBRHHR ocna6neHH!I UOTOKOB aeliTpOHOB Bb!COKHX aaeprHA B JKene30BOAROll CpeJ:te, 

Ocaosoll aKcnepaMeHT8llbHOll ycTaHOBKH !IBil!lllC!I Ha6op CTBnbHbiX nnacTHH paaMepaMH 

980 x980 MM H TOillllHHOll 20 MM, llOMellleHHb!ll B MeTallnH'19CKHll 68K C B&yTp9HHHMH p83Me

p8MH 1000 X 1000 x2000 MM, C BH9l!JH11X CTOpOB 68K HMen 38DlHTy H3 6eTOHHbiX 6nOKOB OT 

pacce!IHHOI"'O aanyqeaJI!I, 06maA BRA ycTaHOBKH noK838H Ha pac. I. 

3KcnepaMeHT8nhH8!1 ycTaHOBK8 H8XOAH118Cb B aane CHHXpOUHKilOTpoaa OIUU1. na!l9B8!1 

nosepXHOCT'b yCT8HOBKH 6b!l18 OpHeHTHpOB8H8 nepneHAHKYilSIJlHO U8J:18!0lll9MY 118 ace ny'IKY 

aeliTpoaos, !"'eHepapyeMbiX npoTOH8MH paaml'IRbiX aaepl' hll aa 6epanm<esoll MJ<!lleHa, Bonee 

noJ:tpo6Ho l"'eOMeTpR!I onbiT8 onacaHa s pa6oTe
11 1

• 

Pei' HCTpauHR HeliTpoaos paanH'IKblX aHep!"'eTH'!eCKHX Ppynn ocymec·rsnBnac& nopoi"'OBblMII 

neTeKT'opaMH ( Ta6n. I); pei"'HCTpauHR 1"'8MMa- nany'!eHHR - <jloTonneai<oll. JleTeKTOpbl a <jlOTo

nneaKa BO speMSI o6ny'!eRBSl yCT8H8BnHB811BCb npll UOMC!ll!f neplK8TE:IlC!I (pBC, 2) I'IJ)'TpH 

aamuTbl 'lepea K8lKJlble 6-10 CM no ee Tonmune. 

DyTeM u aMeHe HII!I paccTORHHll MeJKny nnacTHH8MH BHY1PH 6aKa, aancnHCHHOI"'O son0A, 

R3MeHRJtHCb JinOTHOCTb cpellbl R KOHUCHTp8UliR BO)lbl ( BOllO)JO.ll8) B CMCCH, 

11ccnellOB8nOCh OC~AO/leHHe UOTOKOR Hel!Tp0"0B, !"'e Hepl!py c;,lbiX npOTOH8MII C 9Hepl 11!1-

MH 170, 250, 350, 480 11 660 Mas. Ha pac, 3 npenc.ras neHbl sKcnepHMCHTan:..!IbiC naHI!L!C 

no paC""npe.neneRJ.Iiv llOTOKOB HetfTpOHOB B )Ke~te36 H >K£n£3CBOnH!.I.X CMeCSlXj CneKTp Tl 8'l./'l01UlfX 

>Ill aoumTy uel!TpOHOB cooToeTcTsosan aaepi"'HB rrpOT"HOB 660 11 350 Mas. Aaanoi"'B'Il"''e 

pacrrpeneneHliSI 6billll nony'leHbl npll npyn<x aacpi"'BR:!. rrpoTvHOB. 

3KCflOHeHUliFillbHblt1 XBpR.K'Iep OCil~f.neHHSI ITOTOK/t HeiiTpOJ-fOB Rhlf'0Kl1'X 3Heprlij( 
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( l: > 20 Mas) aa y'lacTxe aamnThi oT 2·10
3 

no 10
4 

xr.M-
2 

noasonan onpenenRTb II11RHY 

p911Bl<CGnHK B )1{911930SOllBb!X CM9CSIX ( T8611. 2) • 

C aToll >Ke nnaaoll penaxcanau ocna6nBtoTcB 6wcTpble aeliTpOHbi u aeliTpOHhi npowe+-< . 
)I{YTO'lHbiX 9HeprHll B >K911930BOllHbiX KOMil03HnRrot , 'ITO ronOpRT 0 pBBHOSOCHll RCC119llOHBR

HbiX auepre1'II'leCI<RX rpynn nel!Tpoaos ua TOJimaue aamHTbl 6onee 2•1 0
3 

xr• M -
2

• B 'IECTOM 

)1{011030 H8 HCC119gOBBHHbiX T 011DlRH8X p8BHOB9CHO MO*llY llOTOXBMR BOiiTpOHOB BbiCOKRX 9 Bep

rH Jl v. pe<JoHa>tCHbiMR aell,..poite.MR ae ycTaHasmmaeTCB. Pac'leTKbJM ny-rew yc-raaosne11o, 

'ITO sTo pasuosecae uac'!'ynaeT aa Tonmaue JKenea tt s 2-2 ,5 M, 

B aacTomneii plli'> 0 1'e 6b!JIR T B.J<.)I{.a paCC'lHTBHbi <jlaxTopu aaxonneHBB npoMeJKyTO'llibiX 

HO~TpOHOII .l\.'HI p a3JIH'lllbllf X OHUOiJ'f·p"[(Hi! BC!i<'PO.Ila B lKOJI030BO)IHbiX 110Mil03HilHBX, 0npeJte-

11H M tjlai:T• >P Hal\onneHBB npoMeJKyTO'<HbiX n e liTpouoa B(u, x) aa 911HHH'lHbll! HHTepnan neTap-

1'1111 u , KB.K OTHOWOH119 <jlyHKnHR pacnpell01l~HHSI 1111 9 llOTOKB npOMOlKYTO'lHh!X aei!TpOHOB 

F ( n,x) K nOToxy Heil-~posos BbiCOKHX aueprsll ~(x) aa Tonmnae aamHTbi x • 

Ta 6JIHll a 

KpaTKBSI xapai<TBpHCTBKB naTB&Topos, acn01lbaonaJIHbiX s onbiTax 

J.faHMBHOBB.HHB 

JlBTOI<TOpa 

noJIRCTHpOJI C no6as

KBMH Tep<j>HIJHJia H POPOP 

<lloc<jlop 

HHnuA s 'lexne Ha 

Kll,llMRSI 

Hcn olibayeMaB 

peal<UBSI 

c12 (n,2n) ell 

p31(n,p) Si 31 

15 116m 
In (n,y) In 
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3<i><l>eKTHSBSSI 
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E > 20 
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-6 
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nnaaa OCna6neBHH .\ ••m noToxa ael!Tpoaos SbiCOKBX saeprall ( E > 20 Mas) , xr!M
2 

KoHUeH- .llnnaa Ana flnOTHOCTb 3aepraa npoTonos, Mas 
Tpauna aeynpyroro CMecu, 
soaopo- S38HMOJJ.ell-

xr/M 
3 170 250 350 480 660 

JJ.B, sec % CTBH!il 
Kr/M 
(pac'leT) 

0 1410 7220:!:.130 1230:!"_106 1630z..74 1820z..l10 1910z..110 1700:!"_65 

0,103 1400 7280:!"_130 - - 1660:!"_75 - 1910z..21 0 

0,245 1390 6730:!"_120 - - - - 1690z..100 

OJ 
0,467 1370 6030z..110 1260:!"_70 - 1630:t_90 1820z..70 1650z..180 

CpeaaeB3serneaaoe ana'leHBe 0,904:t_0,021 1,16:!"_0,05 1,21:!"_0,03 1,34:!-_0,01 1,22:t_0,02 
.\ 

Be lllPUf Hbl "m 
.\in 



11cuollb3yH TeOpBIO D03p8CT8, MOlKHO UOJIY'IHTb .llllSI .ll0CT8TO'IHO 60nblll01\ TOIIIllHHhl 

38111HTbl C119.llYIOIIIQQ Bblp8lKQHHQ .llllSI QlaKTOp8 H8l<Oll118HHSI: 

B(u) 
"' "-in 

~(u) ~.(u) 

2 
exp [ ~ r (u) - h (u) ] • .... (.0 

3)leCb ~in - CQ'IQHHe Heynpyroro D38HMOJleliCTDHSI HQUTpOHOD, ycpe.nHeHHOQ HO CHQJ<Tpy aeii-

TpOHOD DhiCOI<DX aaepnrl\ ( E >20 M:.o); ii_ cpe.naee 'IHCno ucnapaTenbHbiX HeliTpoaoo 

113 SIJlep 9llQMQHTOD 38lliUTbl npa 6oM68pJlHpOBIC6 HX BeliTpOH8MH BbiCOICHX saeprHllj ~ (u) 

cpe.nHenorapa<!>MH'IecJCaSI noTepSI aHepruu; ~ 
8

(u) - ce'leHlle paccenaHSI npoMeJKyTO'JIIbiX ueA-

TpoHoo; ~rem - CQ'IQHllQ BbiBQ.llQHHSI aeliTpOHOB BblCOKHX 9Hepruli; r(u) - B03p8CT Bel!-

TpOHOB; h(u) pe30H8HC Hblli HHTerpan 38XB8T8 38M8.llllSIIOlliHXCSI BQI\TpOHOB, 

<l>aJCTOp H81<0Ull6HHSI UOTOK8 UpOM9lKYTO'IHblX HeiiTpOKOB QCTb 

B(n) = lTB(u) du, 

"o 
rJle u 

0 
cooToeTcTsyeT :.ueprHH 0,85 Mas, uT-=. saepruu 0,025 as. 

<l>aJCTOp B8KOllllQHHSI Jl03bl upOMelKyTO'IHblX He!!TpOBOB 38URIIIQM B Bll.llQ 

(2) 

(.n) 1 uT 
B = - ( f3 (u) B(u) du , (3) 

f3 g uo 

r.ne fJ t - Jl038 aa 1 aeiiTpoH BhiCOKoll aaeprou; f3 (u) - Jl03a aa I npoMell<yTO'IDhiA lleli

Tpon c neTaprHell u 

B Ta6m111e 3 npHBeJleHbl a~tcnepaMei!TanbHble H pac'leTHble aaa'leHBSI <!>aJCTopoo Haxon-

nenHSI 8 (u) Jlllll aeliTpOHOB c aneproel\ 1,44 an. 

Ha ocuooaaau coe.neuHA o cueJ<Tpe HeiiTpOHOB BbiCOKHX saeprul\ B aamHTe
121 

R Jl8RHblX 

/3/ -
06 HCl18pS110111HXC!l H3 >1.1\ep H811TpOROD HX 'IBCilO n Bb16paao paBHbiM 3. 

Xopowee coonaJleHBe pac'leTRblX H 9KCnepHMeHT811bRhiX oenB'IBR B(u ; noaoonHeT 

upe.nnOllOlKHTb, 'ITO .llllH paC'IQT8 QlaKTOpOB H8KOl11lQHH!I HpOMelKYTO'IHblX ael\TpOHOB TeOpRH 

B03p8CT8 11pHMQHHM8, no <jlopMynaM (2), (3) 6blllll p8CC'IRT8Rbl Jl030Bb!Q H UOTOKOBbiQ QlaK

TOpb! HaKonneaHR npoMelKyTO'IHbiX ueiiTponos, BenH'IHHhl <jlaxTopoo naxonneaust npBBelleRbl 

B Ta6nhue 3. 

KaK cne.nyeT H3 Ta6nHnhl, H8KOnJJeuHe npOMelt<yTO'IHbiX Hel\TpOHOB B lKeneae H8CTOnb-

KO BellHKO, 'ITO HCl10Hb30B8Tb ero .llllll 38WH'rbl 6e3 .ll068BOI< H3 nerKHX 91l3MQHTOB Hp81CTR'IQ-

CXH neuenecoo6p83HO, no68Bll!ISI HQKOTOpoe KOnH'IQCTBO BOJlOpO.ll0COA9plK8111QrO MaTepaa-

118 0 MOlKHO llOlly'IRTb 38llll<Ty M6Hbmel! TOllWHHbl , 'IQM 38U!HT8 H3 'IHCTOll CT81lH, H6CMOTpll 

H8 HQICOTOpOe YMQHbWQH!IQ Cpe.naelt UllOTHOCTH, 

npocneAHM, K8K MQHSIQTCSI TOlllliHH8 lKQll630BOAHOli 381UHTbl npB R3MQH9HIIll KOHU€HTp8-

llHll BO!lOPOA8, Tal< K<ll< BK1l8fl raMM8-H3llY'19HHSI B MOlliHOCTb A03bl II llOTOK, a T810Ke BKllAJI: 

6 

] 
l 

1 
.}· 

TQllllODbiX HeiiTpOHOD 

Jl03bl P(x) H HOTOIC8 

p (: 

¢ ( 

r)le p H ¢ - COOTBeT 
I (Jl)l 

(x-0); B
6

-Jl030Bbl 

l<OBblX <i>aKTOpOB H81<0UnE 

(n) 
8~ He 38BHCHT OT BO 

<l>aJ<TOphl H8KOUllQKHSI H) 

<l>aKTOp H8KOHllQHHSI 

B(u 
1
) pac'leTHblii 

Ut_.1,44 9B 9KCuepHMQHT8llb· 

Hbll\ 

B(.n) p8C'I9THblH 

s{n) paO'IQTHbll\ 

3JleCb Mbl llpRHHM8E 

paBHhiM ceqeHHlO Bhtaeneu 

CTBHeM .llOCTOBepHbiX CBQ 

CTBHQM 060CHOB8HHbiX Jl8 

aueprH/
41

• 

Pewast BbipalKeHHSI ( 

x(.n) , 

x( n) 



.TO'IBO 60llbWOA T01!IIlHBbl 

l -

y cpeaaeaaoe no cnexTpy ueA-

BCll8pHT91!bBbiX UeATpOBOB 

a RbiCOt<HX soeprxA; .; (u) 

:ce !IBHB npoMe"'YTO'IBbiX ReA-

ali; r(u) - aoapacT ael!-

'" oeATpOHOB. 

!Tb 

(2) 

,025 sa. 

(3) 

H8 1 llpOMell<yTO'lDb!A !lei!-

19 3H8'leHHH ~81CTOpOB HHICOn-

!eprHA B 381JlHTe/
2 / H AHRHblX 

•o p8BHbiM 3. 

:HR'IBH B(u 1 noaaonHeT 

.TO'IIIbiX 119ATpOHOB TeopKH 

ll030Bble H llOTOICOBble <jlai-

OD H81COll119HHB npHBeAeRbl 

K9HTpOHOB D lKeneae R8CT011h-

nerxax snaMeHTOB npax:TR..-e-

tocoaeplK81Jlero MaTepxa-

'II!CTOil CT81IR, ReCMOTpll 

I rrpH H3Me&eHHK KORUeHTpa-

) 3 bl R nOTOk, 8 T8K)K9 BK.nAA 

1 
I 

' .} 

TennOBbiX HeliTpOHOB B MOIDHOCTb ll03bl npeHa6pe>KBMO M81lbl, OCna6neHK9 MOillHOCTil 

ll03bl P(I) a noToJCa ¢ (x) a aamaTe MOlKBO npa6na>KeHRO npencTaaKTb Bblpall<eKHHMIC 

rAe 

p (I) = p e 

¢ (I) = ¢ 
I 

e 

-I 
rem ( 1+ e<n) + B(n)) 

6 

I,.mx (n) (n) 
( 1+ B I + B ) ' 

p H ¢ - COOTBeTCTB9BHO MOIJlHOCTb ll03bl H llOTOX HeJ!TpOHOB 

' {a)' 
(I= 0) B 

6 
arooa&tA <jlaJCTOp aaxonneaJut 6blcTpbtX ael!Tpoaoa; 

(4) 

(5) 

Bb!COICKX 9KeprHA 

Bin) - CyMM8 llOTQ-

ICOBbiX <jlaJCTOpOB H8XOllHeBHH TellHOBbiX H 6biCTpb!X ael!TpOHOB; npa6nK>KeKHO npKK!IT0 0 '!TO 

Bin) He 38BHCHT OT BOilOPOilOCOAeplK8HH!I. 

~6 ... 1!._l!..E. ~--3-

<llaiTOpbl K8KOnneHHSI npOMelKyTO'!HbiX HeliTpOHOB 88 T01IIIlHHe 38IDHTbl OT 2•10
3 

AO 10
4

1er ;;.
2 

---- ·-
<llaKTOp H8KOll1!9HHSI 

KoaneaTpaaast BOAOpOA8 B CMeCH, aec, % 

0 0,103±_0,017 0,245±_0,020 0,467±_0,017 

5,8 1 '1±_0,17 0,570±_0,04 0,24±_0,01 

nepeMea- 1,13±_0,17 0,55±_0,03 0,29±_0,02 
aasr ae-

0 ~ 1 44 3KCnepKM9HT8Hb-

l ' 
38 

HbiA 

HH'IIIH8 

p8C'l9THbllt 25,6 4,05 1,69 0,83 

e{n) 560 37 16 8 ,7 

3AeCb Mbl llpHRHMBeM Ce'le&He BbiB91l9HHH llHII ll03bl H9liTpOHOD DblCOKKX 9Hepral! 

p8BHblM Ce'leHHlO BbiBe}leHHH AnSI 110TOX:8 HeATpOHOB BhlCOKHX SHeprHA 8 CBSI3H C OTCyT

/2/ 
CTBH9M llOCTOaepllb!X CD91l9HHA 06 H3MeReHHH Cll9KTpa Hel!TpOHOB B 381JlKTe H OTCyT-

CTBHeM 060CHOB8HHbiX ll8HHbiX 0 38DHCHMOCTH ,1103bl OT 9HeprHH HeliTpOKOB Db!COKHX 

/4/ 
s a eprail • 

Peruast Dblp8>K9RHSI (4) H (5) OTKOCKT9 1IbKO , uaxonHM: 

(a) (a) (a) 
( fn k + fn ( 1 + B 0 + B ) 

x a)= (6) 

I'""' 

(1 (7) 

7 



rne k(n) a k(a)- ll:paTBOCTb OCna6neHBSI .[l03bl B noTOJ<8 aeiiTpOHOB COOTB8TCTB8HHO. 

Ha puc. 4 npencTasneabl rpalj>a'leCJ<B aaBBCBMOCTB (6) u (7). 

0nTHManbBOe J<ORB'IeCTBO BO.[lOpO.[la, He06XO.[lHMOe .[lRSI nol!y'leHBll aamHTbl MJIHHMBnb-

BOll TonmHHbl 0 3aBHCBT J<aJ< OT Kp8THOCTH OCRa6neHHSI k , Tal< H TOrO, no KaKOM}' KpHTe-

pHK> aeo6llOilH MO pacc'IHTaTb aamary (no nonycTHMOM}' nOToxy anu noae). HanpaMep, npa 

= I 0 
7 

OnTHM81IbHOe KMH'I8CTBO BOilOPOila B lK8Re30BOilROA CMeCH .[lQnlKBO COCTaBnHTb.: 

npa pac'leTe no nonycTBMOMY noToxy -0,1 %, a npa pac'leTe no nonycTHMoA noae - 0,07% 

no aecy. Onaaxo aTo seaaa'laTefibaoe xonaqecTao sonopona npHBOilHT x cymeCTBeaagMy 

COKpameRHKl TonwHHbl 3amHTbl H X 3B8'1HT8RbHOII 3KOHOMHH CTana: B CpenHeM OKOnO 5000 Jtr 

aa xa>Kilblll KBanpaTHblll MeTp nnomana aamaTbl. 

)l(ene30BOI1Hbl8 3amHTbl aeyno6Rhl B 3KCnnyaT8UHH. noaTOMY B J<a'II>CTB8 BOilOPOilQ

COilGplKamell KOMnOHeHTbl MO>KBO HCn01tb30BaTb runpaTHble paCTBOpbl HRH 6eTOHblo 

B aaxnK>Yeaae aBTOpbl Bblpa>KaK>T rny6oxyK> 6naronapaoCTb B.C.Kaceneay aa noMOmb 

npu pac'leTe lj>aJtTopoB aaxonneaaH npoMe>KyTO'IHbJX aei!Tpoaoa; B.n.Aij>aaacbeBy a B.M.Ha

aaposy 38 np81lOCT8BReHHe B03MO>KHOCTH HCnORb30B8HHSI X8nu6pOB8HHblX .[leTeKTOpOB CBepx-

6biC.Tpb1X H npoMelKyTO'IHbiX HeliTpO!iOB. 

JlaTepaTypa 

1. Jl.H. 3aAuea H np. • ATOMHBH aaeprall', lb 525 ( 1962) . 

2. M.M. KoMO'IXOB, B.C. Cw'lea. • ATOMHAH aa<>prua', 12. 325 ( 1963). 

3. n.A. n eplj>HnOB H .[lp. flnepHbl8 p eB XUHH noll nei!CTBBeM '18CTHU BblCOKHX 3BepraA. 
Han. AH C CCP, M-Jl (1962). 

4. CaKHTapHble npaaana N! 333-60, rocaTOMB3.[18T (1960). 

Pyxonacb noc-ryrrana B aanaTeiibCKHll oTuen 
9 CeNTH6pH 1965 r . 
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Puc . 3a. Ocna6ne aHe noToKon aeliTponon OT 6epHnnHenoll MHWeHH, 6oM6apt!HpyeMoll 
npoToHaMH c aaeprH ell 660 Man. e - KpHBBSI ocn a6neHH51 noToKa nellTpo
HOB BbiCOKliX aaepr ui\ ( E > 20 Mas) B JKeneae, + - KpHnag ocna6n eHHS1 no
TOKB 6biCTpbiX nellTpOHOB ( E =2 - 20 Man) n JKeneae, • - KpHBBSI ocna6-
neHH51 noToKa peaoaaHCHbiX Hei\Tpoaon ( E = 1,44 an) B JKeneae, 0 - KpHBBSI 
ocna6neRH51 noTOKa peaoaaRCHbiX HeATpouon n cpene c coneplKBHHeM nonopo
na 0 , 103% no necy , A - TO JKe c coneplKBRHeM aonopona 0 ,245% no necy, 
•- TO lKe c coneplKaHHeM nonopona 0,467% no necy, 0 - KpHna51 ocna6ne

""" MOIUHOCTH !103bl PBMMB- R3ny't8HH51, 10-
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Puc. 36. Ocna6nemte noToKOB u e i!TpoHOB oT 6epHlllllteBO~ MHJUeHH , 6oM6apnllpyiOI.Uei1 

npoTOHBMH c a Heprlleii 350 M:;B, e - KPHBlHI ocnaGneHHSI uoTOKB He iiTpo

HOB n~>tCOKHX 3Hepruli ( E > 20 M3ll ) o >Ke11e::.e, + - KpHbBH ocllo6neHH>J 

n o TOKB 6btc-rphtX HCATpOIIOH ( E =2 - 20 Msn ) B ll:ane3e; • - Kp t<Bli~ oc

na6nf"HJ.HI n oToKa pc3oHBHC'HI•I X Hei-fTpOHOB ( E ""' 1,44 au ) n ) ;:cJJc3C 1 

0 - KIJ>IBBS! OC.ll361leHll>l TIO'l' OK B pe30118HCHblX HeiiTpOIIOB B cpeLt€ C COLtep

>K8Hi1CM no.uopoaa 0,103% no accy 1 Y - T O )KC c co.a.ep)l ~D .'J-i:eM s onopoAa 

0,407% riO BCCy, Q - Kpl!n n <I OC!lllfiliC HII>! MOWIIOC'r >t !t031 '1 1'8M MB-H3lly

'! ellll", 10- 4 
""p/ccK , B cpeae c cor•ep*BliUeM nonopona 0,\03% no Becy . 
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