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BBE,L\EH~E 

06HapymeH~e y HeKOTOp~X A~3neKTp~KOB CnOC06HOCT~ per~CTp~

po aa r s THmenble 3apHmeHHbie 4aCT~lIbl / 1-3 / 3Ha4~TenbHO YBen~4~nO 

3<P<PeKT~BHOCTb npOBeAeH~H 3Kcnep~MeHTOB no C~HTe3Y HOBblX 3ne
MeHTOB B peaKII~Hx C THmen~M~ ~OHaM~. C~HTe3 3neM~HTOB ocy~ecTB

nHeTCH aa C4eT nonsoro cn~HH~H 60M6aPA~pYIO~e~ 4aCT~lIbl C HAPOM 

M~weH~ / 4/ . n03TOMY 06pa30BaH~e HOBoro 3neMeHTa HBnHeTCH BeCbMa 

peAK~M npoueccox ~ COOTBeTcTByeT Ce4eHI11O 10- 34 .,..10 -36 CM 2 • YBe

n~4eH~e Z c~HTe3~pyeM~x HAep np~BoA~T K nOH~meH~1O ~x BpeMeH 

m~3H~, np~ 3TOM 3Ha4~TenbHO B03pacTaeT <POH OT KopoTKom~BY~~x 

cnOHTaHHO AenH~~xcH ~30MepoB, 0 6pa 3y~~xCH C 60nbw~M ce4eH~eM 

B pea xua ax MHoroHyKnOHHblX neo enau • 

,L\nR TpaHc<PepM~eBblx 3neMeHTOB xao a x r eouu ABa B~Aa paA~oaK

T~BHoro p acnaAa: anb<pa-pacnaA ~ cn OHT aHHoe AeneH~e. B nRP 

O~R~ ~3Y4a1OT HOB~e 3neMeHT~ no ~X c n OH T a HHo My AeneH~IO. 

n onY4eH~e npen ap a r o a AnH ~3Y4e~t~R C B O ~ C T B C~HTe3~pOBaHHblx 

HA CP C BR3a HO C OTAen eH~eM npoAyKTOB RAepH~x pcaKII~~ OT Be~e CT 

B a M~W CH~. 3a C4 e T 60n bwo r o ~Mnynb c a TRmeno r o ~OHa arOM~ HO

uor o :m e MCH T iI n e T RT n04 T ~ crporo ancoe n • np~ I1cn()Jlb30B()ti~~ 

ronUl~ H b l M~weH~ HC 6 0 n c c ()el1~ 4 ~ H bI n po ficr a MomHO o 6 c c n C4 w r b non

Ho e ~X Bbl f>~n aH~ C . T p YA HOC T b lO ()bIACIlC Il~ Jl COC Ta OHo ro flAP ll RenA

' T CR co s ri a n e u v e H il n p (1 B ll e H~ 11 nune ra COC Tll lH to ro RAP \) 113 M~IU(,HI1 

It ll n p annC lll1 CM I1OHo n. P " fl I1 0 X~ M I1 Lt C C K ~C Mln OA"1 ~t C uccrn a n p~ ro/~

Ithl 11 c wn y ~X He rl0 C ra r ouuo r-o 6hICTPOAc~ CT n l1 J1 . B"'IlCIlCIlI1 C CO C Til n 

uux Ilnc p 11 3 3 0 Hbl nyq Ka npm 131l0/\I1 T Cn 11~ (iO 4~ C TO M C X ,'-lH~qe CK~M 

cnocoti oa , Ilpl1 KO I Op OM .1TO Mh! 0 rIFl q ~ nfi~1lI .1 IOT C n no Il P I l ll l l1lOUll1 11 CII 

A~ C K ~1I~1 IIml r il lOlll y lOCIl n en l' y, 1<0 TOp l,IC n up e u o c nr I1X 1< ncr e xr o p n a , 

n~ (')o rp" I I C Il OP T~ P Y K) r j·l r OMhl 0 r /l .'lq ~l r;I30 1lmt C TP YCH ~l m l npuu anonnr 
p I13I1C "C It ~ ' C C 1l0 MOUI I. 1O :1I1C I< lInlq C C K ~ l X ~1 M j tr" I H1 1'1 11~ X 1l 0/l C~ . n c e MC 
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~l C Il (l ll h :IOU ll I' ll /11111 p c r ~' CT plII ' ~l ~ 1 OCI« I/lI(1l 1l IIC"C II~ I Jl cu u r C :,Hl pY ll MhlX 

Il/lCIl 1\~' :"I CI ( fJ n" lC C KH C /l CT C I<T0 P Io', yc , rll Ul II nu n11II u x II 111( lI<.'ln lol ty lO 

nno c xo c 1'1. ce ll / ' Il l l r o u a • 
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8 PH C. I. C x e M a yCTaHoBKH I ,lJ,H CK H". 

<, UH<pp a MH 0603Ha'leHbl : I - rr yxo x 

HOH OB , 2 - MH w e Hb. 3 - KOnnHMa

TOpbl Hgep o Tp;a<rH • 4 - P;HcK- "Mac

x a '" , 5 - n e p B blH P;H CK-c60 p HHK 

Hp;ep O Tp;a'lH. 6 - BTOp OH AHCK

C60pHH K a rrep o'max a , 7 - r~HnH HAP 

lflapap;efl , nogKnloqCHHbIH K aarc r-p a 
~ TOpy T OKa / 8/ . P HMCKHMH ~ H<PP aM H" , 

I -IV 0 6 03Ha'leHbI Tpe K OBble zre-r ex 

TOpW O CKonKOB p;enC HH fl . 

P HC. 2 . Cx e Ma YCTaliOB KH p;nR 

p e rH CTpa~HH o CKonKoB gen e - ~ 

IIHR CH H T e 3 H p yeMbix R,IJ, e p C T H

)I(e1lbIMH H 011aMH • 

=o.::L*_.. 

'WM OH OLJl1l : l>C.,·I' AhKJI 

PHC . 3. Cx ex a yCTaHoBKH J ~J I JI 

p e rH CTpa~H KOPOTKO~IIIYIl~lIX 

Ill...... . CIlOHT aHHO p;enHIIU1 x CR HW~p . 

11 CHHan OT :lOHIII A OT OK TH p OD<llll-ln, 0 ()I1 Y llClI H1Cb BblB e A CIfHblM 101 3 1~I1K 
nc r poua ny4KOM H OltO Il . n p O/ \YKTbI p O a K I~ 11 1-l BHC/\pnI1H Cb El fl OIJ CPX 

It OC Tb Tpa HCn Op n ':IH I - c t50 P HH K,'1 . 13 Y CI' PO~ C T IJC , I-l:l OGp CIlI< CtlltOM II 

pl1 C. 1, 0 Kil4 CCT IJC C(50 P HI11<i'1 I-lCn 0 11 b 3 0 UDlll-l Ch MC T n n l1l1lt CCIH IO (1IOJll, 

" 11 (AI , C ) , I(OTOPhIC y xp eruuuur cu I i t l IIlJyx II l<1 C IC ~ I X 1\l-l fl MC T p OM 

30 CM , Y CT ilHOll l1Cll llhl X Iwyr :Hl IlP y r o M I H Un n ll \,'lJ lI1 Cb C 0 1\ 1~ I Ul I<O n()H 
C KOnOC T b lO. [J Y CT P Oi1C TIl C P ~t C . 2 ~l CII Cl llh 30 1J.'1I 1t'1 C: h MCHlJ lJ ll1 11 (~ C K tl" 
1I0 tiT 1'I . BGI1T1.IC II C(SOp IH11( II 111H 1 C :Jn llll ltHol1 C I(O pnC: T hlO n cp e u o cu 

m1 Ch I( IIC T c tCTu P ilM, l(Of Ofl hlC p erl1CTpl1pOIJ l'l 11l1 1i X IHl c n N I . 

Ha Pl<1C. 3 npeACTaBl1eHa cxeMa yCTaHOBKI1, npeAHa3Ha4eHHoA 

AIlfl pa60Tbi Ha BHYTpeHHeM nyuxe YCKOpl<1Tel1fl , 4T06bl I-lCn011b30BaTb 

MaKCI-lMal1bHYIO I-lHTeHCI-lBHOCTb nOTOKa yCKopeHHWX 1-l0HOB 141 • nY40K 

n a Aan no KacaTel1bHoA /-120/ K 60KOBOA nOBepXHOCTI-l Bpa~alO~ero

ca U1111 l<1 HAP a , Ha xo ropyo 6bln HaHeceH cl10A aeuiec r aa Ml<1WeHIo1 TOI1

~Io1HOi1 2 +3 Mr/cM 2 • npOAYKTW peaKUIo1l<1 o6pa30BwBa11101cb B MIo1WeHl<1 

101 npa ee Bpa~eHIo1Io1 nepeHOCI111Io1Cb K ne'rexrooax , xo ropue pacnona 
ral1lo1Cb no BceMy neplo1MeTpy MI1WeHIo1 , I1Ct<11104afl 30Hy o6nY4eHl1fl. 

nplo1 Io1cnOl1b 30BaHIo111 B axcnepaaearax Be~eCTB, Io1cnblTbiBalO~HX Bbl " 

HY*AeHHoe AeneHlo1e BTOplo14HWM 1013nY 4eHIo1eM /HeATpOHaMl<1/, MIo1WeHl<1 

Ton ~Io1HoA AO 2 MKM pa c n o naral1lo1 Cb B He n o c p e A c T Be HHo A 6n10130CT l<1 

OT Ulo1nl1HApa, cny)l(l<1 BWe r O C6 0 PHI1KOM flAep OTAa4 101 . 3a C4eT Hat<110

Ha MIo1WeHl<1-c6o p HIo1Ka K n Y4K Y rny6101Ha a6101 B a HHfl OCHOBHOA 4aCT l<1 

fl A ep OTAa4l<1 OKa 3 WBa n a C b cy~ecT BeH HO MeHb we npo 6 e r o B OCKonKO B 

A eneHl<1fl, 4TO n03Bon fl no per lo1 C Tplo1pOBaTb OCKOnKI1 AeneHl<1fl C 3$

<l>eKTI1BHOCTblO - 65%. C KOP OCTH ABlo1lKeHlo1fl C60PHIo1KOB AOCTl1ranl1 103 + 

~ 1 0 4 06./MIo1H. 3 T O n 0 3Bonflno perl1 CTplo1 p OBa Tb pacn aA flAep B Y CT 

poACTBax plo1c .l 60n ee 1 MC, pl<1c.2 - 60nee 20 MC, a pl<1c.3 

60nee 0,4 MC . 

B peaxuu ax CIo1H T e 3a B03HIo1K alOT cnOHTaHHO A cnfl~l1eCfl noony xr s: 
C BpeMCHeM )l(1013Hl<1 6 0 nbwe , 4eM y Io1 CICOMWX . nplo1 BWAen eHIo1l<1 KOp OT 

KO)l( Io1 B y~eA aKTI1BHOC T l<1 Ha $OHe Aon ro )l(l1 a y~eA B Ka 4 e CTB e C6opHIo1K a 

Y CTPOi1CT Bil PI1 C. 2 I1c n o nb~oBan acb n e HT a Anlo1Hoi1 A O 8 0 0 M . 3TO 

3 Ha lllo1TenbHO CHl<1)1(nnO YAe nbHYIO a KT Io1 B HOCT b Aon ro~I1 By~e ro H30Ton a . 

AI1H l<1AC t lTI1 (IIl<1K<lUI1I1 CIo1H T e 3 11 p y eMI"I x 101 3 0 To n o e I1c n OIl b 3 0 13 a n CA M~ 

TO A n e p C Kp CC TH blX 06f1 Y4e tl lo1 ~ , CHIo1 MCl l1l1Cb <!lYH KUIo1Io1 B0 3 Gy lt<ACHl1fl, 

n p lo1MCHHn CA K on 11Io1M aUlo1 o H Hw ~ Me ToA / 41 • B 3 Kc nep Io1 MCH Tn x CI1HT C 3 

nOMO~ b lO A Io1 3 11 CKT p Hll e CKI1X A eTC KT Op O O n o n Yll a IlI1 K0 I1I111C CTIlCHHO 

101 n p OCTp a l i C TllCHHO - Bp e MCHHOC pncn o e n c ncu ae P CA KIo1 X a xron cnou
r a u u o r o A CI1Cl iIo1 H, n O/~o6 HOC TO My , I(O TOP OC , /lnA n pl1M e p a , np e n 

T ClOJ1 CIlO I ta Pl<1 C . I, 141 • I\tW 11101 3 0P CMCHHbIX p Cl Cnp Cl\e n e HIo1 A TP CI (O Il 

npo n OAIo111 cn c o r nnC HO nporp nMMe , p a ap a 6 0TaH Ho A H Cl R 3 WKA 

<l>OP TP I\I! - /, IVl n I\ Cltl HI~ X C Mll 11 0 i1 CT lI T lo1c n l KOH I r,l 

t p,,,,• .. 
.~ ao 

10 t~j", 
1' 11(: . 1I 11 (': ~W IlI I O U Jl II C I II )( '/ ~(~ J I l. I,. ' 

1111(' '1' (\t HI O I I O CI<OJ lI (O Ii (: 110 11'1'/"1 11
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3.	 ~3Y4EHHE BnHRHHR YenOBH~ 06nY4EHHR
 

HA eBO~eTBA aETEKTOPOB
 

A. 3Kcnep~MeHT. B CBH3~ C MaflblM~ ce4eH~HM~ pea K~~~ C~HTe3a 
He 06xOA~MO npoBOA~Tb Afl MTeflbH~e 06nY4eH~H /AO HeCKonbK~X cy

TOKI B BaKYyMe B ycnoB~RX B~COKoro ~OHa paA~a~~OHHoro ~3flY4e
H~H I~HTerpanbH~~ nOTOK ~OHOB Ha M~weHb AOCT~raeT 10~1 np~ 
nOBblweHHO~ rexneparype • Hcnoflb3yeMbie AnH per~CTpa~~~ OCKonKOB 

A eneH~R RAep AeTeKTOp~ AOfl~H~ ~MeTb AOCTaT04HO 60nbw~e nflo~a

A M C OA~HaKOB~M~ M Bocnp OM3B OA~M~M~ CBO~CTBaM~, coxpaHHTb 

An MTenbHoe BpeMA ~ H~opMa~~~ , MMe T b B~COKY~ 3¢~eKT~BHOCTb ~ 

HM 3KY~ 4yBcTB~T eflbHOCTb K p aAMa~ ~OHH OMY ~OHY, H~3K~~ C06CT

B eH H ~~ ~OH, 6~Tb TepMM4eCK~ M paA~a~~OHHO CTO~KMMM. 

aflR perMCTpa~M~ OC KOfl KOB 6~flM B~6paH~ AeTeKT Op~: Cfl~Aa 

MyCKOBMT, ~oc¢aTHoe CT e KflO , nOflM3TMneHTepe¢Tafl aT, nonMKap60

Ha T . n OCfleAHM~ Mcnonb30BanCH AflR onpeAeneH~H 3HepreTM4eCKoro 

M MaccoBoro pacnpeAefleHMR O CKOflKOB A efleHMH C MHTe3~pyeM~x 

HAep / 6 1 . H3Y4afl~Cb 4 YBcrBMTeflbHOCTb M 3¢¢eKT MBHOCTb perMcr

p a~~~ K MHor03apRAHbiM MOH.:lM M OCKOflKaM, a TaK~e MeTOAbl MX 

A M CKp MMMHa~M~. aflR 3Toro npOBOAMflOCb 0 6 n Y 4 e HMe 06pa3~OB MOHa

MM C Z = 2:-30, 32, 36, 40, 42, 54 C 3 Hep r MRMM ]-:·10 M3B/HYKflOH 

nOA P<l3flM4H~MM yrflnMM M OCKOflKaMM AefleHMR RAep yp aHa, K~PMA, 

KanM¢opHMR, ¢CPM~A B B aK YYMHO~ K<lMepe 110-3~10-5 Toppl ~ Ha 

B0 3Ayxe. flo rox 4 ilCTMl\ CO CTaBnRn 102 .;.10 6 / c M 2 . n apTMM 0 6nY4el~
HblX A eT e KTopOB x pa l tl-1 f1MC b Ha B03AYX C M B BaKYYMHoi:1 KaMepe • .00 

n o n u u r ens ao o 6 p a :Hl hl OOJl Y ll<l fl MC b 6 blC TPblMI-1 M r ennoaua« He~TpoHa

MI-1, y -M3n Y4 eHM eM It a so a n y x e ~ B B aKYYM e OT MCT04HMK<I 1:17Cs 
MO~If ()CTblO A03bl O, r; [,pi c ; Y<1>-cB eToM C A. - 320 HM M nOTOKOM K B ,' H

TOB -10 10 
CM- 2 c · 1 H KOMH iHlfblX YCflOBMHX. OT ~Mr 0 6 n Y 4 e lt HbiX otip n a 

~ ()B 11PO BOAM11Cfl [I r epM OC r i lTMp OB iHIHOM c y wMn b HoM wKa¢y lAO 7,000(:1 
M A My<!le n bll oi:1 n c uu C :l l lC l<r p OI IHblM MOAyneM n OAA ep)fWH~R r e -meoa -

1+20C/.r y pu An n T P ;"Jll f ll ~ H L 1 " I-1 Cn Otlb 3 0B anl-1 BOAHblH p a c r aop rM,lI p o 

O KM C ~I H il r p Mfl . H :JMCH IltlM 1«)IfIl CIf T P il~~IO, TeMn epaTYPY M np O,ll()n~M " 
T Cl1b HUC T b . C KOPO C HI rp illlllCHMIl Hc ofif1Y4 eHHoro ne r ex r o p a o n p c n c 

n n nu n o M3M CH CW1 Kl II CCil I I C Tl:K To p a, rO/l~M H bl nncruo- , M3M CH CH\.1Kl 

!\'1,lM C rp a n C p rl CHJI~KYI1lI P H O II XO/ll1 l1lCr o B l1e T eKTOp r p e xa KC CHOHd 

MJ1 M OCK011l(a /1CIlCIlH II . e l( OpOC TI. T Pi'l A IlC H~ R n onMMc p .l anoru, rpC IV l 

V'j' o n p c n c n n n a no T P o'1 Ul l MIJH IIJ1MIt C, O TIt C CCt tHO ':; K C Il ~ H M l\ C IIP CMCIH,I. 

M;I C ()O n I Olll lH t ~ f:' HMI IMCTIH I L-1cll fil H c r pnn ne u u or- o c n o n KOltI1 YI( f OMe, 

P~q C CI(MM MCTOllOM 1 1f'/ , n " I ~H IMC TP hl rp c x o u H 3MCp lt n~ Ch It a On U l 'l C C 

KOM r e n e ElM:.l~ OllH OM ''' ".'11 111 :1.'1Top e MOP Il\ll c T p l-1 " , l l )~t PM ,') P C HX (l P T I ~1 

o n T M4 e C I(O M M~l(p (J CI( On u \,. TCl'l ItOC T'h KI + 0. 3 MKM, I\H llMC T P hl C I( 1l0 :I HI.IX 

l pU Kon - "nY3hIP h l(O tl hIM" MUTOI\OM / 7/ . - II p n CMo Tp IIU H :t<T Up O U fl p n " o 

IIM fl C A C nOMolllhlO 011 f M'l C CI ( O'- O MIf1I(p OCl W ll n nr>~l Y II C fIl 1 \I UIl ~H1 IOOx . 
l{ p OMC X~lMM lI C C « o r u rp ,'I n n e 111111 ~ c n o r u , a o 11 ,' lI to C I. :I/ I C l(r p () X ~1 M ~1I 1 '·' r _ 

Koe / 8 1 B cne~~anbHoM pe~~Me, np~ KOTOpOM He ~CKa~an~Cb BXOA

H~e napaMeTpbl TpeKOB IA~aMeTp, yron BXOAa/. 3TO n03BonHno 

TpeK~ HaAe~HO OTn~4aTb OT ~OHOB~X C06~T~~ . 

6. Pe3YflbTaT~ HCCfleAOBaH~R. B Ta6fl~~e npHBOAHTCR AaHH~e 

o CBo~cTBax AeTeKTopOB, ~cnOflb3yeM~x B 3Kcnep~MeHTax C~HTe3a. 

Pe3YflbTaT~ ~ccfleAoBaH~~, KacalO~~eCH 4YBCTB~TeflbHOCT~, ~36~pa

TenbHOCT~ TpaBfleH~H 3TMX AeTeKTopOB, 6~n~ ony6n~KoBaH~ 18- 181 
B 3TO~ pa60Te OCHOBHoe BH~MaH\f1e YAeflHeTCH BonpocaM ¢aHa 

~ Ae~CTB~~ Ha perMCTpa~MOHH~e CBO~CTBa AeTeKTopOB YCflOB\f1~ 

06flY4eHMH. 

1 .	 e 0 6 C T B e H H ~ ~ ¢ 0 H A e T e K TOP 0 B 

e06CTBeHH~M ¢OHOM AeTeKTopOB MoryT CflY~~Tb npOTpaBfleHH~e 

neoexrs: c rp yxrypu MaTep~afla /uao anaau , pa3fl~4Horo B~Aa BKflIO

4eH~A, A~CllOKa~~~, nY3~pbKM B03Ayxa/ , ~M~T~pYIO~~e TpeK~ M Tpe

KM OCKonKOB cnOHTaHHoro ~fl~ ~HAY~MpOBaHHoro AeneHMH TH~efl~X 

3fleMeHTOB, cOAep~a~~XCR B AeTeKTope ~n~ HaXOAR~~XCR B KOHTaK


Te C ero nOBepXHOCTblO. ~OH n epBoro pOAa BbIHCHHfl~ nyTeM npo


CMOT p il 60nbW~X nflo~aAe~ npOTpaefleHH~X 06pa3~OB Heo6fly4eHHoro
 

M aTep~ana, OH COCTaBflAfl 1 Ae¢eKT Ita 10 ~ CM2• ~OH, HaKon~Bw~~


CR B cn~Ae OT CflOHTaHHoro AefleH~H YPilHa ~ T Op MA 3Cl r eonor~4ec


K~i1 flCP\f10A cyurec r eoe oaaa , y,qanHncR C flOMOll\bKl OT~~ril np~ 600 0 e
 

M AJ1~TCnbHoro TpaBfleHI1R 3- 11 Cy TO K . n p~ KoHTponbHOM npo caorpe
 

o rO~~C H H bI X ofip n auoa C fl a4 aflbHO~ nnOTHO C T b ~ 107 r p .leM e ~ 
nnOII\i1AblO lOa CM e lie o 6 Ha p y lf(e HO H~ o n u o ro C015 b1 T ~ A , ~M~TMpy~~e

ro rpc« ocxonxa . H cnoflb 3 0UilJ1<J Cb ~fIA~ ~ cK aA cnonn , soaon cr KOTO

p()~i 3Ha q~ T C n b flO MCHbWC U0 3P il CT il O T C4 CCT n C IH tI,IX cnon , 

13 c n n :l ~ C B 031l~KII O D CItM CM 1) npOl l C CCC o6n Y ll e lt ~ fl rH~(~JlhIM~ ~o

f I\IM~' f10 'fOKOB f l C~ T pOttOn n p o n onano c s onpen e n e u a e K Ol llI C H T P i.lI l ~ ~ 

np~M C C llbiX Il CJ1H~M X C R /l ,ll e p A A Cf(~KT O p ax ~ K OH CTPYI(l~l-1mHthlX MaT C 

P~ ilJ l1IX YCTpO~ CTa HJI Il o (inY'l CIt HH MC T O/IOM It CL1 TP OHH 0I1 p aA~ o rp ll<l>~~ 

yp a u a • l{mHl eln p a~~1l I11H1MC CIlbiX HAep y p m l.l I) I1CT e K TOIH.l X npe n 

zr a u n e u n B Til (j I1 If1 I~ C . H CflOfl b 30 1) ":ln~ Ch I( OH CTPYKI~1-1 01tItbI C M ('J T cp~ a fl bl, 

II KO I OP IoI X I<OIIII CII r p llll ~ n YP iH1Cl IIC npcuuur u n a 10- 0 r / r . 11 11 P I-1 C . 5 
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g"	 PHC. 5. Yr n o Bo e pacnp eAeneno 

- ty.-c 
~Il'_ 

__ __ 
IJJ	 

~ -~ltll~. ~ HHe / OT ~m lUeHH / xonax e c TBa 
TpeKO B OCKon KOB Aen e HHH HAep 

. I~ 

235.2 38U B yC Ta HoBKe pHC. 
~ 

npH npoBeAeHHH peaKQHH 249Cf+ 
14 C. 

np~MeCHW~	 $OH AeTeKTopOB:.J 
AOnOI1H~TeJlbHO KOHTPOI1~pOBal1., ~J 

g" .. CA npoeMOTpOM 06paTHO~ CTO
pOHW Ae TeKTopa, KOTopaA 6~Jla 

3a~~~eHa OT MaTeplo1ana KOHCTPYK~I1~ naBeaHOBOH nlleHKO~ . np~ no
TOKe lo10HOB _10 17 /CM 2 06~~~ $OH COCTaBJlAll He 60Jlee 1 Tp. Ha 
500 CM 2 AeTeKTopa. 

2. PaAlita~~OHHw~ $OH 

6WCTpwe He~TpOHW ~ a-4aCT~~W np~ B3a~MOAe~CTB~~ C Be~eCT
BOM auauaaor noasneuae AAep OTAa4~, YAenbHaA ~OH~3a~~A KOTO
PblX AnA non~MepHblX AeTeKTopOB npeaeauae r noporoayo . Io1x n'p06er~ 
AO CT~raIOT 3+5 MKM, a w~p~Ha TpeK OB B 2-3 pa3a MeHbwe TpeKOB 
OCKonKOB AeneH~A . He~TpoHHaA 4YB CTB~TcnbHOCTb no AApaM OTAa4~ 

~cnonb3yeMwx Ae TeKTopOB 3K c n cp~MCH T anbHO o n p e Ae n An a Cb Ha no 
TOKa x He~ T poHoB . 10 w ~ COCTa e~na 10-~ + 10-« H~ He~TpoH. An b 
$a-4ye c Te~T cnbH o c Tb o np eA cnAna Cb Me r oAOM paA~ or p a$~~ flACP OT
Aa4~ Ha Kan~6pooaHHoM ~ CT04H~Ke 23BPu /OCAIo1/ ~ CO C T aD~na 

2+4.10-0 Hil u -4 a CT~~Y / c 3 Hep r ~ eA 5.5 M3B/. 
1013 p a C4 CT<l c nC AYCT ; 4T O $ OH C60p H~ Ka aa C4e T (-) Jl b $u- <II<T~ B 

HWX npOAYKTOO. nonY4 alO~~X CA 0 PC3 YJlbTi.l TC HACpHWX p c aK~~~ 

/ c e 4 CHHC 10- efi CM!!./. COCn.lDJlAeT 10+100 u / CMU . OAII<lKO npa ~ C 
nonb 3 0lHlHlo1~ a nb¢!a - a KTlo1 BHbIX M~UlCtle ~ / e z. ... 90/ H<l eGo p Hlo1 K n o n a 
/l il lOT y np y r o pac cenu uu e " APll M~W C.I~. lo1 llJo-;' 1I 0 3P llCTllCT AO 10:l + 
+10 flu /CMl!. C n OMOU\b lO Ae TCKTo p n lo1 3 H~ Tp a T a I ~CJlJlIOJl 0 3hl /M ll1l011yn
Tn~Te l1 h HOrO K DllKYYMHLlM YCI10 Dlo1AM 1 18 1 / Gbl11 113Mcpe H IlJOH 1/ 

4 11 CTlo1 l\ npH np o DCACHlo1 lo1 p ca l< ll ~ lo1 l!4 0 cr I t l!e /yeTpo ~ e T IiI O plo1 C. 1/. 
n plo1 nOTO Ke lo1 0 HOO . 10 17 / CMl!. OH 6 wn p n UCH 2·10 :lu/ CMl!. . COnO CT<l O
J1Cli~C lo1 3Mep cll~ H rw p llMCTPOD TP CKO U, npo acnu uuux 1I11 I(OIlTPOllbHbIX 

4 flX . O~J1 Y4 CHHLlX Hll D03AYXO U - 4 n C T~ ~ nMI1 C E • 5 H3B, n o 
110 , 4 TO TP CKlo1 ICC lo1 3Me 1CH J11it C DO~ X nnp ~l Me Tpo n . 

Tn K~ M 0~P1l 30M , ~OH UAOP o TAn 4 11 D 3 Kc n c p lo1M e HTnx C~H T C 

B OCtlOOllOM 0(5YCI10DI1CIl n OTOl<OM (5 L.IC T p l~X It U ~ Tpmtoll . B(5m1 3 ~ Mlo1 W~ 

Ii'" 0 11 nc crv r ne r l Or. + 107 TP . / CMl! lo1 IHI/I ,'IOT AO 10+50 IU T ./CM !!. 

10 CM OT Mlo1WCIII1. 
I(CIlCPlo1 MOIITllX no Clo1 1lTC3 Y 11 IleH OI< OOMO llPl\11 P YKIUllo1 X 
noc rar a n 10 17 + 10 IS/ e M\!. ~ IO H 1l.'ICCCIlIIIII.IX W I n Op DI>IX 

IU 
II: 

(. 7 



1/1 -.---- - I • PIIC . 6 . 3 aB Hc HM o CTb H3MeH e6 .-: 
HI1 R pera c Tp Hpye MoH B crnon e

§ g nHHbl TpeKa OT TeMnepaTypbI
"~ 

• I'i HOHOB 4OAr (1);4STi (2) ;0'
 

05 ~ I 54Cr (3) ; 56 F e (4 ) H OCKon KOB
 
r05 

g eneHHR Rgep 244Cm (5) . KPH-
Ba H 6 - 3¢¢eKTI1BHOCTb perHCT-I 
paUHH OCKOJIKOB geneHHH HgepI 

I KaK q,YHKI~H H T e Mn e p a TYP bl . 
I ~ .......'" ~ ~
 

Pal :'OJ - UxJ 5{)J 6lJ) r'c 

5 CM OT M~weH~ 3Ha4~TenbHO npeB~wan 10 6/ c M2 , n03TOMY np~ 60nb 
w~ x nOTOKax ~OHOB ~cnonb30Ban~Cb HeopraH~4eCK~e AeTeKTopbl, 
OAHa KO 60nbwoA nOTOK pacceHHH~X ~OHOB C Z > 10 c~nbHO ycno ~HHn 

n O~ CK C 0 6 bI T ~ H ~ CH~~an 3~~eKT~BHOCTb per~CTpau~~ AD 2 pa3. 
np~ 06nY4eH~~ M~weHeA ~OHaM~ C Z ~ 10 AnH A~CKp~M~Hau~~ 

Tp eKOB OCKonKOB AeneH~H RAep OT pacceRHHblX ~OHOB Ha cn~Ae ~c 

no n b30 Ban CR MeTOA ~36~paTenbHoro OT~~ra . B OCHOBe MeTOAa ne~~T 

p a 3n~4~e B YAenbHOH ~OH~3au~~ ~OHOB ~ OCKonKOB . Ha p~c. 6 no
Ka 3 aH~ pe3ynbTaT~ 3Kcnep~MeHTOB no oT~~ry cn~A , 06nY4eHH~x 

~ OH aM~ C 3H epr~RM~ B6n~ 3~ M aKC~ManbHOH ~OH~3au~ ~ Ha KP~BOH 

5p 3r r a ( 0 . 5 ~ 1 . 5 H3B/HYKn, ) ~ OCKonKaM~ Aen eH~H 244Cm ( Ton~~ Ha 
~ CT04H~Ka 1 Mr/ c M2) . 

TpeK~ OCKonKOB AeneH~R 

np~ OT~~re >5000 C coxpaHR~T 

np~ TpaBneH~~ C BO~ x a pa KTe p u: ~IYIO ~OPMY . ~ 3~<t> e KT~BHOCTb 
I'fIl/f T~C per~CTpau~~ He MeHR CTCR. Hi) 

1- JIO 
p~c, 7 npeA CTaBne HtI 3 aB~r.~2- 410
 

J-oMO MOCTb OC T aT 04HO ~ AJI~H~ Tp C
o 4-4_ KOD pa3n~4H~X ~ O H OB B 3 a D~C H 
• - 100 

M(lCT~ OT TCMn ep aTyp bl O T H<~ r i1 . 

HI1Kp()<tl()n)rpi\<t>~A pwc , 8 ACMOfl
c T p~ Pye T p e 3ynbT ar O T~11 

'.60° - 6 q/ ~OtH) B ,)4C r ~ tl l1 ~ 
5 

i /11' 
I'II C. 7 . H ~'M lllI ( lIIl1 l.~ (l C '!' /I '!'(ll l llll i\1," : 

I 

!1l:I 'II C T\l Il\l Y(: MOt\ JUlIllI hl T IlP J(H 

110 11 11 no cn o 0 '1')1(111' 11 1I1l11 \l tl ~I JII I' I 

lio n ' l ' I ~M II " Il"'I ' Y I J(: II ' 1Il III I C IIM()( ; 'I' f1 

l. . J 0'1' Z 1I01 Ul. lill e r-III n T II\!l I ' 1I 

flJ .V __ 41.J IlX) (i II . 'I' \l Il Il J I<.l Ill I O I 'I II I,OX II F • 

PHC. 8. MHKp o¢o Torp a q,HH p a c
c emursix HOHOB 54 Cr B crnon e 
g o OT*Hr a l al H nOCne O T~ra 

16/ . Ha pHC. 86 BHgeH OCKO
nO K g enellHR 3n eMeHTa 106. 

Kp~M~Hau~~ np~ 3TOM pe~~Me 

J OT~~ra OCKonKa AeneH~R HApa 
~3 peaKU~~ 207 Pb + 54Cr /YCT
POHCTBO p~c. 3/. 

np~ OT~~re TpeKOB OCKon
KOB AeneH~H B6~T~X B c60p
H~K Ha onpeAeneHHylO rny6~HY 

COCTaBHblX HAep 3~~eKT~BHOCTb 

perHCTpaUHH MomeT naAaTb . 
AnR Y4eTa 3Toro 3~~eKTa cn~

AAH~e AeTeKTopbl o6nY4anHcb 
OCKonKaM~ AeneH~R HAep 235U, 
TennOB~MH HeATpoHaMH 3a nor 
nOTHTeneM ~3 B~CMYTa pa3n~4

HOH Ton~~Hbl . Ha pa c , 9 ripen
CTa Bn e HO paC4eTHoe pacnpeAeneHHC KonH4eCTBa B6HTblX Ha pa3 n~4

HY~ rny6HHy C6opH~Ka H3 B~CMYT a COCTtl BHblX HAep ~3 peaKl\HH 
20913 i _ fl s Fe H 209 13 , r,o'f! /r~ cTOrp<lMMu 1 ~ 2/, a r axxe oacnpeneI 

neHHe OTHOCHTenbHoro Kon~4C CTBa OT()~~eHH~X lpeKOB OCKonKOB 
A e n eH~A aa nor no rar enex pc1::lnH4HOH T ()n~HHbl . 

4. I 

'''- 
~ , I " 

- I ' 
f I 

IIPII C . 9 , P a CII IH~H (~ Jlt :lII lll Ip Il C  I 

I 
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3.	 Bn~RH~e raMMa-~anY4eH~R. BaKyyMa
 
~ TeMnepaTYPbl
 

~oa~MeTp~4eCK~e ~aMepeH~R HaBeAeHHO~ Y~aKT~BHOCT~ yCTaHoB
K~, ocy~ecTBneHH~e nocne 06nY4eH~R Ha B~BeAeHHOM ny4Ke ~OHOB, 

nOKaaan~, 4TO cyT04HaR Aoaa He npeBb~aeT 1 rp. 
~aBeCTHo, 4TO Kp~T~4ecK~e Aoaw, ~ - ~ anY 4eH~R AnR ~aMeHeH~R 

~a6~paTenbHoCT~ CKOPOCT~ TpaBneH~R B n3T~ HaxoARTCR B pa~oHe 

50 Krp ~ CKOPOCT~ TpaBneH~R caMO~ nneHK~ - 500 Krp np~ 06ny
4eH~~ Ha BoaAyxe '!13/. AnR nK 3T~ aHa4eH~R Ha nopRAOK H~lKe /19 1 . 

3Kcnep~MeHTanbHoe ~aY4eH~e BoaAe~CTB~Ay-~anY4eH~A Ha Ae
TeKTOpw B BaKyyMe nOKaaano, 4TO 3TOT 3~~eKT B~palKeH cna6ee /13 ~ 

np~ pa60Te Ha ny4Kax ~OHOB BHYTP~ YCKop~TenR TPYAHO onpeAen~Tb 

Aoay y - ~ anY4eH~ R BO BpeMR 3Kcnep~MeHTa. ~ononH~TenbHoe ~aMe 

HeH~e AeTeKT~py~~~x CBoAcTB MOlKeT 6WTb B~aBaHO 06nY4eH~eM 

B BaKyyMe np~ nOBwweHHO~ TeMnepaType. 
I1ccneAoBanocb BJi~RH~e s axyyxa Ha CBO~CTBa non~MepHblX Ae- , 

TeKTopOB. ~eTeKTopbl ofinyuanac s B BaKYYMHo~ KaMepe YCKop~TenA, 

Ha BoaAyxe ~ B AeTeKTopHO~ KaMepe YCTpo~cTBa p~c. 3 B Te4eH~e 

2 CyTOK OCKonKaM~ AeneH~A AAep 235, 23BU. I1cnonbaoBan~cb He~T

pOHbl, BoaH~Ka~~~e np~ npoBeAeH~~ peaK~~~ C~HTeaa. KpoMe 3Toro , 
~aY4anOCb Bn~RH~e BaKyyMa np~ xpaHeH~~ AeTeKTopOB nocne OGJ1Y 
4eH~R ~OHaM~ 20Ne C 3Hepr~e~ 46 M3B. 

06nY4eH~ e B BaKyyMe 110-5 Topp /' 8 Te4eH~e 2 CyTOK ~3MeHAno 
~a6~paTenbH ocTb TpaBneH~R OCKonKOB AeneH~R B nK ~ n3T~ np~ 

MepHO B 1,5 paaa , npe6wB~H~e 06nY4eHHwx AeTeKTopOB B T e4eH~e 

46 Cy TOK B BaKYYMHO~ KaMcpe 110-3 Toppl - np~MepHo B 1.7 pa a a. 
3Kcnep~MeHTanbHo on pCAen CHO, 4TO B ~cnonbayeM~x Y CTPO~ CT 

aax r exnep ar yoa He npe aa ur an n 60°C. CJ1Cl.\~ilJlbHO noc r a nne a uu e 
Ol1blTbl no o r sorr y Tf)eKOB OCKonKOB Aen e ~I~A an ep B ~ cnonb3YCMblX 

AC TeKTOp~x nOKa 3 ~n~, 4TO Kp~T~ 4 e CKO~ AnA cn ~Aw ABnRCTCR TCM
ncp aTypn . 7500 e loG c 3 0 0lK~o cJH~ e cn~A~/ , AnR ¢OC¢cJTHoro CTCKn < 
• 2500 e , I\J1H 110J1~M CptibIX - 160 0e np~ 06nY4e H~~ 9 'r C4 C I I ~ C 3 c y
TOK /pa c , 101. Ol\lillKO T P C K ~ Ha4~H~~T YKOP<l4~O cJ T b C Jl flP~ t>once 

HI13KO~ TCMnc pa Typc , 4TO 3r
t ~ n I J TPYAHACT npOCMOTp.
•	 I " 7"J. ,, J ,1 
'0 ..~ 

PIIC. 10. :) 111111C UMO C '1'1, ~lI I M~Q I{ 

' l' U 11 110 (: 'I'll II C I' ll C '1'1> IIIlmi U C I{OJII <C>l1 

OJ )1 (~JWm111 IIH f~ Jl 1!4 -l(;m 0'1' 1I111'Jl OIIII 


1111 11 / lIo c,n f.l Ol'lJIY'IU IlIIIJ/ 1I0JIII
~HI Jl III, IX H Q', 'Q I( 'I'O Jl O II MrllqlO-


IIIOJII . - E( I) II MOJIIlIlll Kl: - 0 (
 
It 11IOl:lllIl'I '1I01'O 1:'l'l.llm a ( J ).
 

fQ	 1111 IJIJ 'I I ~ffl r 't' 

au 

4.	 eeHc~6~n~aa~~R Y~-l1anY4eHl1eM
 
~ 3l!>l!>eKT "cTapeH~R"
 

Y~-~anY4eH~e ~ xpaaeuae o6nY4eHHbix otipaauoa non~MepHblX ne
TeKTopOB Ha soaayxe cnocofiau YCYln~BaTb narexruoe ~a06palKeH~e 

TpeKoB /1 2/. Oc06eHHO BalKHY~ ponb I1rpaeT K~cnopOA BoaAyxa np~ 

XpaHeHYI~ nocne BaKyyMHoro 06nY4eH~R . ~OCTYllKeH~e TaK~X lKe napa
MeTpOB TpeKOB. KaK np~ 06nY4eH~YI Ha BoaAyxe, npO~CXOAI1T AnR 
OCKonKOB AeneH~R aa 15 CyTOK, a AnR ~OHOB Ne C 3Hepr~e~ 

46 M3B - aa 30 CyTOK IpYlc. Ill. 

201 MOl arc

PO 

. ?c n._ PHC. 11. UHa MeTp H ~nHH a TpeKOB 
/ If OCKonKOB ~ en eHHH 244 Cm H 20Ne[D / E	 = 46 M3B/ B MenHH eK C - 0,

I "AIr I	 KaK ~ Y HKUH H 0'1' Bp eMeHH x pa He HH H 
Ha B03~yx e no cne 06nyQeHH H B Ba

/10-5-10-3I Ky yMe Topp/.
[ 5 

npl1 BoaAe~CTBI1~ Ha non~Mep
, ,_ _~ _-.I Hble AeTeKTopbl ~oH~a~py~~ero ~a

o	 ro ~ t ~, nY4eH~R Ha6n~AaeTCR CABl1r KpaR 
onT~4eCKoro nornO~eHI1R C A = 

275 HM B 06Jl aCTb A - 31 0 HM Ip~c. 131. n03TOMY Yl!>-~anY4eH~1e 

C A ~ 315 HM Ae~ cTByeT TonbKO Ha AeCTpYKT~pOBaHHY~ 06n a CTb 
~ He MeHR eT CB O ~CTB Hcofiny4eHHoro n OnYlMep~. 

np~ 0 6nY4eH~~ Y~-C B OTOM paCTCT ~a6~paTenbHOCTb T p a BnC H~ R 

11 np~ onpeAcn CHHo A A03C Yl!>-~anY4CH~R B a a B I1 C ~MO CT~ OT Z ~ E 
4 a CT~l.\bl Ha cTyn acT HnCbl~CH~ C I ll!! , ~OH~ 3 all~ oHHbl e nore pa OCKon 
KO O 3 Ha 4~ T enb HO np CD OCXOAHT nOT OpYl 6oMGa pAlo1 p y~~X 4 11 CT~~. 

n0 3TOMY Y<P - 06nY4CHIo1C ~cnonb3 0 Diln O Cb AnR ynY4UJ eH~R A~ CKp~M~Ha

U~OHHO~ cnoc oG Ho C T ~ ACTCKTOf)n • 
Hc cn CAOO<Ul0 Cb []n~AHlo1 e Y<P -~ 3 ny '~ e H~n ua C CH C~GI1Jl~ 3 1l11~~ n ar e-rr 

H blX TpeKOD no cn o 0 1.'5n Y4CHYl Jl n 1m KyyMC ~ np l1 nouuureuuoa r ca nc pa
Type . nplo1 Yl!> -o Gnyq C ti~~ a r e-rc uae 1 4a C<:l n On~M CpltblX ACTCt<TOPOB 
nOCHe 3- CYTOllltoro O ()IlY4eH~H OCKOI1l([lMI1 Ilc n CHIo1A D uat<yyMC YI I1P~ 

TCMne pDType lUOo e YA~nO C b OO CCTnHOD I1 Tb nHpnMCTpw TPCKO U AO 
ypo nun 06nYllCllIll.IX 11<1 no an yxe , 

U ::> t<c ne pHMC IITDn htlhIX ycno ea nx n p 
un t<yyw l, V - ~ ~ J1 Y ll e tt ~ n H TCMne prlTypl.' W I o llllf>e lq ~ 

p 1lI 1 H~ OCI<OIll<O U He llCI-llo1 l1 1l 0J1Io1M elJlt"".I~ IICT O I<TOP<-lMYI LI y c TPOH 
p~ C . 1- 3. 11 11 (WCb ncpaou 2- CYTOljHOrn O~J1yqC HYl r, IIr'inYl 
/1 101\ p1l6ollYle )\ e T e I< Topl~1 f5 lm~ n OM el1ll~ t ll ,1 OI"i P ll ~ll l hl ll on~ M 

II Y 4 l!lltltl~ C 3t1 PllltCC ~ O H m·l~ «ceu ou e C 3I1c p n H.: i1 - 1 M3 BI 
1I11 1111111UC H It n 1I0 31\YXU n TCMltOT ul ~ u (5p ~1 3 1~ 1 , 1 . It <l KOTOf1hl 

11 



HaKneeHW TOHK~e npenapaTW ypaHa-238. nOA06HWe 06pas4w ~ C3HA
B~~~ C ypaHoM HaXOA~n~Cb B BaKYYMHO~ KaMepe YCKop~TenH BAan~ 

OT nY~Ka ~OHOB , Ha BosAyxe B sane YCKop~TenH ~ B KOMHaTHWX 
ycnoB~HX. nOcne 06ny~eH~H ~OHaM~ (nOTOK -10 17 ICM 2) 1/2 ~aCTb 
Ka~Aoro 06pa34a 3KcnOH~pOBanaCb Y~-cBeToM. ~sMepeH~H nOKa3an~, 

~TO 3~~eKT~BHoCTb per~CTpa4~~ He ~3MeH~naCb no cpaBHeH~~
 

C KOHTponbHWM~ 3Ha~eH~HM~, OAHaKO napaMeTpw TpeKOB Ha 20% OT

n~~an~Cb OT KOHTponbHblX 106ny~eHHblx Ha so snyxe,". 3acBeTKa Y~ 


CB eTOM B Te~eH~e 1 ~aca BOCCTaHaBn~Bana ~s06pa~eH~e.
 
H3y~cH~e CBO~CTB AeTeKTopOB nOKa3ano, ~TO B saB~C~MOCT~ OT 

3aj:\a~~ excnepnxea ra MO~HO Bbl6paTb nom ne r exrop a ~ cnocofiu ero 
06pa60TK~, ~T06w onpeAenHTb c~HTe3~pyeMbl~ 3neMeHT no cnOHTaH
HOMy AeneH~~ C ~YBcTB~TenbHocTb~ _10 - 20 r/r . 

Pa3pa60TaHHw~ MeToA per~cTpa4~~ cnOHTaHHoro AeneH~H A~3neK

Tp~~ecK~M~ AeTeKTopaM~ C Mcnonb30BaH~eM npOBeAeHHWX KOHCTpyK
4M~ yCTaHoBoK nOSBon~n Msy~aTb npoAyKTw HAepHWX peaK4~~ C ce
~eH~eM BblXOAa 2-'-5'10 - 36 CM2 ~ nepvonon nonyp acnaaa ~ 0, It MC. 

C nOMOlI\blO on~caHHoro MeToAa Ha 4~KnoTpoHax nHP O~H~ 6bln0 
npoBeAeHO 60nbwoe Kon~~eC TBO HAepHwx peaK4M~ C~HTe3a C ~cnonb
30BaH~eM M~weHe~ C Z = 8 1-'-98 M HaneTa~~~x MOHOB C Z = 4.;.32/ 1 ! • 

Hacronuia a p afior a HBnne TCR coc ra aaori vac r se IU~p()KOrO l\MKnn 
3KcnepMMeH ToB no c~HTe 3 Y HOBWX 3ne MeHTo B. np O BOn~M~ X 60nbwMM 
K()nneKT~BOM H<JYllHbIX COTPYAHMKOB nHP OHRH. 

C~MT a~ CBOMM non r o« nofina r ona pvr s a K<lAeMMKil r. H. <bncPOBi"l 
M npooec co o a 10.1( . Or a Hecml(-) :l.1 fionsuiyo nOAACpH<Ky, no c ro a-nryo 
nOMOU\b M Il e~lIlbl e CO BCTbl npV1 npOBcAeH~M s ce r o lIMKna p"fi c)T; H(l.Y'I
nux COT P YAH ~ KO O IO.A. n06ilHoo<l. A.r.}lCMMH.l. P.H. C arn~"ilKi1, 

A.K.YTeHK OBQ ~ ~.H.W~ p OKo B cKoro 3a nOMO~b A npO B e "eH~~ fion bwo 
ro Lt ~ Cn il t< OH rp o rn.uux ~ 1< " n~OpO O() ' '' t b I X :) K cnep ~l M e Ii T o ll ua I1Y~K ,l X 

r mscnux ~ OIlO B 101 non ca uu c :1 ;IMC ll a ll ~ n nplo1 auanua c M oop,160 TI< 
l\illtH hlX; ~HH<CH C p On 1<' ~ . MCPI< l-1HY ~ JI. B . /IH(ono c aa oonhulYIO nOMOIl\h 
npl-1 o6 p06o TKC I\CTe KTOpoll , iJ T<l Kf«C r pynny :> KcnnyclT,11\MI1 YCKOpM
TCJ1 11 Y- 300 30 otiecne ucuuc f1 PCII ~1 3~OItHhI X 06n Y ll C II M ~'1 T A H< e n h 'M~ 

l-1 0IliJMl-1. 
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