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K BOnpOCY 0 I'OJlll AJIb6EIlO 113 KAJlOpl1METpA TEJIECKOnA 
'TAMMA,400" npll pEfl1CTPAUIHt nEI'BWIHOro 

rAMMA-113JIYQEHI1H 

npOBOHlll'CM alla 1111'] BJ1 11Mlll111. <l Jlh6eAlloro lI:tllY'IC I1LlII OT Kil JI OpilMeTpa H:l pa60T y n IMM f\ · 

TClIeCtwna 'T aM M:\ ·400" IIpll pcnIl.1'p'HUII\ ,(-IOHIH'rOfl C :)lIc pnlCii 10- 1000 r3 B U IIpe,'l.JHlnIIO'l'CM 

MC1"On hi CIILl>KCI IIlIi: B! IIIHIIIUI. "JT01'Q It :.I1IY' IC t tIlH Hil pe3yJlhT :lTI>I InMepc llllii. 

13 rar.1Ma -T~ ]I CCKO nax , paJpa6aThlllac Mhlx HJl}l HIHIIla30Ha :)HeprJlI'" HCC~rfKlI - CO'l'Hlf f 2.13, 
pcrHc'rpa UlHl Y- KllatiTOB CY U..lCCTIlC; HH O OCJIO)f( JI>h;TC>I HaJlll'IH~M 8J1b6cJlHOrO JI :mYLlc HI1SI HJl II 

" oGpaTilOro TOKa" (01') 0 '1' KClnopln..:lcT pa IlpH pa3lHITliH 8 HeM 3 !l CKTpm.1HrHlITliblX KaCKUHOU 

OT perUCTpllpYCMblX 'IUCTIiLl. l.laCTII1J,bl OT HIII-HIIOT Ha pa6()TY 1J,CTCKTOPOB, pa CIIOJIO­

)KC HHblX I-l:m Ka JIOplIMCTPOM , B lJaCTHUCTH Mory,. Ubl3hll3(ITb CPUO[lTblBa Hll c a HTI'ICOHIIH ­

H<.1Tt;JlbHbI X HCT CKTOPOIl (AC) , 06bl'-IHO I1CIIOJ1h:JYCMbIX U raMMa-Tel1CCKOIl<:lX J(11 }1 pa :.m c nc HHw 

:.!aP}!)J(CHH bIX t-I<lCTHLl. II Y- KD<l H'rOn, H 6noKHpooaTb 3illlYCK npH6opa. 3 '1'0 11JH I BOIJ,HT K 

"POC tICTY Y- KUalH"On . nplPlc M nOJl }! npOC'leTon p a CTe T C y n CJIWICHHCM 3 Hc pnlll p crllcrpJI ­

pye /'. l h l X Y- Kna WI"O B . 

r"a)o. IM<I -T CJICCKOn "raM~HIAOO", pa:Jpa6oT3HHhl H Alfn KOCMH'lCCKor o nnnapaT3 "HIlKa- l/I " 

II, II npcJV!a:.J HH'-ICHHbUf JVHI pcnlc-rp1H1.l1H KOC Mi-1' !eCKoro r a:o. IM£HtJnY'I CH II5I II n mlll tlJOHt: 

~IlCpnU~1 10-1000 ran, HMCCT BCC O KOJl O 700 K r. 1IJ1 0 H~aH b H3 H6oJ1bUle r O n t:TCKTo pa 

~mOx800 MM2 II COCTOIIT 1I ~ CJ1CHY JOllJ,IIX OCtWnlihlX 3JICMC HTOU: 

- C.J lllllTl·W JI).Il lIIOHJWro aHTHCOlma}l.aT~JlbHOrO nCTc KTopa (AC); 
- CBlllillOlloru KOHllc pTopa ( K ) TOJ!IllllllOrl HO O)J,HOr£ paH~IaUHOHliOH c}.lIlHllql>r ; 

- UPC:o.HlrlPOJ1CTl tOll CIlCTCM hl (S nC). nKJlIo ·l a l o w.e (~f }tu a C I ~mITH JI]I~IJ,HOHHhJX J{CTC KTOP " 

CI3 II CH . pa~ Jl eCellHLlx Ha paCCTO~lllIe 600 MM ; 

- CIICT C,\Il>J KOOPltl-lllaTHhlX .l\CTel<TOpOB (K)]J; 
- K11JlOp H/'.-iCTpa ( K M). 
ra:o. IMH-T CJ1 CC K OIl paG()Tae T CJ1CI\y10llJ,l lI11 oGpa30~1. y-KuHwr 6c:.J 113a1-IMOHc {I CTIIWI lIpOXO­

A liT H~TC KTOp A C, II KmluepTOpc llpco6pa3YCTCH Ii 3 Jl CKTp OIIIIO- 1l0311TPOIlI" YI0 Ila py ( 11.I1B LJ 

KaCK(\n C G6Jl bWHM KOJ1 IflI CCTIlOM l laCTIiIiJ. 06pa30Ba1lHhlt: 3a p}! >KCHll hIC 'lilCTH1lhl pcn l CTpl l ~ 

PYI-DTC5I ,uCT CKTopaM I'1 BnC, KA H KM . B (;OCTan rmn..·I<I-TCI re C KO lla UBCnC Ha CltCTt!:o.la 

P Cl'lIc T p a qHII C06l>I TI-IJt C "ofipaTllblM TOKOr-.( (COT ), KOTopa).! 6 n oKI1py c T nelrcTl3llc A C riP" 
cpaoaT hl na HIHI CI"O 0'1' lla CTHI~ ~T . C llcTcMa C',CMa 1\ :JaIl HCII ItlHi)()PMi.Il.{IH1 Ilpll p c nlC r pa UJlL I 

Y- I.:H<lIITa 3H ll ycKacTc~ CJlC/WIOLl~n M ,\ I ::IC'repBhIM CllrlJaJ1(JM: 

M = BnC" (COT " AC)" KM = I(BnC" AC) v (Bn C "COT) I" KM , 

OIlPCJ\CJI CHlle xapa KTCpI-ICTI-IK OT \I ~\H a JIli3 ero 1l)1l[}!HI-f}! Ha paooTy lIpll60pa IIpOUO~ 
H IL JIHCt. B ~H.JHCJ1 " H hlX 3 Kc Il c pHMewrax C IIOMOI llJ,lO l [pOrpaMMl loro Il<lKCTa GEANT3.14. 

"06paTl lblf! TflK " fiT K(lJI( )P IIMCTpa COJl,Cp>Klrr n OC tl O lJlI OM "'{-KBill-IT b! co c pC}l Hcfi :lIII:: P ~ 

!"I1l': !1 OKO .lIO 1 M :)B (t ll-l eHQ 3 JICKTpOll Oil H<I n Ba 1I0 p}!HKa MCHhU[C). 'II[ I:JIO "'{- KUHIITOU OT, 
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7(J 

PIle;. I . 3aRHCliMOCTb :)(~ (I)eI(TIIIIIIOL--nI pel'ltC1llil llfill Y-K lia IITOR r'-MMa­

ren CCJ.:onOM 'Tat.'Ma -400" OT ~tX :mepnm: 0 - 6eJ K<'l JlOp"Me Tpa . b. ­
nopor AC 100 I(:lB, 0 - " OPOI" A C I M:J1l (C]' Y'I"i! " 6cJ KaJlOpIIMCTPil" 

COOTBt:TCTUYCTOTCyrcTIl LltO " oGp aTlIO I'U TOKa " ) 

KM 

Pile. 2. CXC"ta Rh IltCJI';: IIIUI COG MTllii c " 06pa'1'III.I /loi TOI\O~'" 110 :ia: tCp:+:K C 

'BPCM CIIIl cpa6aTbluailuM ,'lCT C"'TOpa AC UTIIOCI11'C.'lh IIO JJ.e Tt:K1 'OP" <':13 

Uh iJl e T alOw.HX H:J KanopJtMeTpa , pac T c T C ::.lI~ cpntc~1 nCpUWll-lOrO Y-K1HHrr a H CQC','(:IIIJJ}II.:: T 

OKOJIO 30 KuaHTOB ITpH 10 r3B H" 500 npu 1000 r aB (HJ1 H Y- KfWHTOIl OT C 3 11eprlldi 11 ]; 11111.; 

50 K3 B). 31'a :.HWHCItMOCTb OI1UCbllICICTCSI <P YHKUl::l cft NOT '-'""' E/.:.. rHC k == 0,6. l iTO XOPOUIO 

COrJlClcyeTcs:I C PC:.JYJJbTaTaMII paGoTl.> ' [21. 3Hepronbl}:lcnc Hu(' u .u,CTC KTo pe A C " PH 3TOM 

1103paCTaeT C 0,7 M 3B IlpH. 3Hcp rHH nepuwfl-Io r o Y- KoallTa 30 r3 B no g M;jB lIpJl 

1000 r 3B. 
Ha PI1 C. I 1I0 lGnaHa ]aBHCUM OCTb 3cl)(peKTHHH oCTH peruCr paUHH. Y-KU311TOB TC JleCKOllOM 

'T aMM a-4()() " IIpH BbIKJlK)'lelHlOfi CWCTeMC pen1cTpaqwI C06blTlH1 cOT. Jib pHC)' IlK <J IHIJlHO, 

\ITO GC3 JlpJlM ~ HC IHIH cne qHan hHblX Mer pcnICTpallH)l y-K LHHlTO U U03MO)i(Ha TOJlbKO IlO 

;j ll e pnIH :::; 100 r3B. 
Pa:m eJI CIHtC C06blH lii , CDSnamlI.JIX C p en1cTpal-VICH IJ AC JapH>KCII III.JIX (TaCTlIU (1)01-10001'0 

113J1Y'lcmul I1ml CPOTOI:IOB OT, MO>KCT ocyu~eC"rllJ1HThCS-f no CJ1eJ.l.Y IOIJ~H 1\·1 I1pn:.HIaKaM : 

- 110 KOOPA f{H3TaM CUHHTHJIJHI lJ,Hrl u AC ( q)OHOBLle 'JaCTlIlI.LI Ubl:Jb llli.1I 0 T CqHIlTl1JI JT HqHI(J II 

TO' IKe , nC)f(aluei1 ua OCHOBHOM 'l 'peKe C06 bITIHf); 

- 11 0 ,ar.-InJTH'rYJlHM Cl.lHHTHJIJlHlJ,Hti H A C « iK)HOBblC tli.ICTIlLll>1 HalO'!' OO.IlI.llIoe 31lcprouhlllC­
JIl! HHC 13 o):.(uOI'.i TQQKC - 6 M:;>B np ~{ TOJ1 Ll~HlT e AC 3 e M , a 'JaCTiII\hl OT - 3I1cpn>Ub11lt:ncuml 

U HCCKOJlhK II X TOl IK3X 110 == I M 3B Ka>K.Qoe, n p lf'le M ItX CYMf..lapIlOC 3 HCpn) HI~IJ\e JICl lll e }l.0 

:;) lIcpnHI n epUH'ltloro Y- KDaH Ta - 100 r 3B HH.>Ke , 'leM }.lJI)l (pOHO BO ro C06hITIHI.) ; 

- 110 npe MeHH Jana3HblUatll1H U03HH K HonC HlUf Cll l1HTlI J1JIHU,Hi-1 Ii AC OTIIOCHTL! Jl bHO 

HC T CKT opa CB ( HMn yJl bc U AC Il l)}1 (iWIIOOh iX 3apH>t(C HHblX. 'Ic:\CTHl~ 1I0 ' ITH CIlHXPOIl C Il C 

IIMII YJlbCOM u CB, a HJlH lIepUII'IHoro Y-KOaH'l'a C OT Ja.ucp)f\all 11 ("1 UpCMH "pOJI Cnl 

P CJIlo-lTIlIlHCTCKotl qaCTlillbl 0'1' CB HO KM If o6paTHo). 
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PaCCMOTpHM II03 M O)KI'IOCnt IlpnMCn CHHM Ka)KHOrO H] :.:JTIIX MCT0.LtOB: KOOPH I-I ~l aTHOrO, 

<1MIUlliTYJVIOrO Ii npCMCIlIlOrO. 

1l0CKOJlhKY HJUI p e a .IJ ItJalllU1 KOOpHHl"laTHOrO M CTOHa Tpc6YCTC~ 1-l a m·l ' IH (;! 1-IOBOJIhllO 

BblCOKOrO KOOPItHHaTI"IOrO pa:JpCIJICIHUI , c r a p eam-na Hma lIC>Tpc6ye'f CY"lCCTIlCHu oro YCJIO)K­

IIC llm-l IIpHUOpa. A1>.IJlJlH'I'YHHbI11 M CTO,u, KaK 6bIJIO JlOKa3(1HO ll bll.UC. I1 p HMe HC HH b l ~1 caMO ­

CTOWreJl bl-lO. II Cp c.C'rae T pa60TaTJ.., npH Bbl CO KHX OHcpnHlx II t.:PIHI'llIhIX Y- KOaH'I"OB. 1-!aliJIY'I­

lUH X P C3Y!lhTaTOn MO>KHO nOCTHrH YTh, npHMCIHl51 UPCMCHHOi1 MCTOJ1,. 

Ha p HC. 2 npc).lC'raU.ilCHa CXeMa llbIHCJICIIlI51 C06hlTHfi. CU5I3a1HlhI X C P CflICl'pa LJ.HCn y­
KBawro u C 0 6paTllb iM T O KOM. B 3'1'011 CXCMC nCTCKTOP A C mlpMJW C BblCOKOJi 3~)cpeKTH lJ-

1-IOCTbIO (6oJlce 99,999%) JlOJl>KC I-t o6.lIanaTb XOpO UIHM BPCM CI-IHbIM pa'JpcwcHHCM « I He 
Il p l! PC fl-I CTpa ltHIi OJ\H03ap5lAI-lOfl pe.1"f5lTHIHICTCKOI1 'I<lCTI1 Ubl ). CI~HHnJn JI5'lIV10IiHbl e J.{MrlYJlbCb l 

c n~TCKTopa AC nocT YlliJlOT 13 Hila KaUaJl(I , o6,naW:lJOlU,HX p ..HlU hlM I-I 1I0 p Ora1>.IH perllcrpa'-~III1 . 
OJ-lilli ('3 A C) UJIOKHpye T 'l e p e3 CXC-/l-I Y aHT I·l cOI.Hla ,llC HHI~1 CAC2 cpa6uThlll<lIIHC TC!lCCKOll a 

IIpH " PUJICTC ll c pe3 AC 3ap}l>KCHHOi·i 'I<tCTHI(b l. rhopo(1 (KaHan COT) OKJIIO<ICH COHMCCTII O C 

neTeKTopoM CB BO UPCMM fl POJlCTHYIO CUC1'eMY COT H oT611pacT COO bIT JHl , COO'l'UCT CTllytO­

LUlI ~ 3aHep~K(; Cpa6(1.ThlBaHHs-I AC OTHOC IITCJlhHO CB lI a 4 ± 2 HC. TiiKHM 06pa30M , npl l 

"PO)l CT C JapSl)f(CHHOl~1 llaCTIHlb l KaHa n 3 AC cpa6aThiBac T H 6J10KHPYCT Bhlp a6on..:y 

Tp .lrrepHo r o CHI' uaJ1 a. ECJl II 3AC Cpa60T<lJ1 0 '1' llClCTI li l aT, TO Bb l pa6aTbl[laeTC Sf CH r liaJI 

COT. KOTOPblii II CUOIO O 'ICPC}.lb l/ e p C3 CXCMY <HITHCOOnan CHl-I (' CAC l 6 JI OKl--lpyeT c J.{rt-l a J1 C 

3AC, H CHrl-lJJ1 BnC 3a nYCKaCT CHCTCM Y penlC'l'p(l1l~lIl COUhl'nIH r aM1>.13 -T CJlCCKon(l. 

P aOOTa C I1 (,.~refl.-l hl COT YXYHHJaCTCSl C POCTOM :;) Hc pnlll T1CPDH'IHo ro Y- KBC:lH'I'a, TaK K(l K 

Bo:.spac-r acT Homl COObITIH\ 11 KOTOPbl X OHIIOHPCMCIIIW ~I CCKOJTbKO (POTOtiOB aT noml '.\ ~lIOT I.l 

HCTe KTop AC Ii l-I apYIU<110T YCJJOIHl51 HpC~UIKoopHlHlaTH oft KO~lI1eHca l lm". llJJ5I nOBbl W CHIiH 

CTe n CIHI pennC! I CHI-IS-1 (POI-IOHbIX 3apH>KCHHbIX 'IaCTHU It ,),-K(3ellITOB 13 IIPH60pc 'TaMMi:I -400" 

IIpt: rtJlaracTcSI npu "'·f e IHITb KOM6 uHaLJ.lI K> neex Tpe x MeTOJlOB, npJ.1 3 T01>.f n e T e KTop AC 
P<l:.JltCJI5ICTCJI 1-1 (1 HCCKOJlbKO 110JI OC, 'ITO CliH>KaCT 3arpy3Ky K<1>Kllort 113 HI-I X 4>0'1'0 1-1 <1,\-11-1 QT, 
YMc llhulacT ' 1I1 C.T1O CJlyqacli lI ot laH<lHH5I HCCKOJl bKHX (1)0·"01-1013 n O}l l-I Y 1I0 JIOCY nCTCKT OPC:I AC 
II CIIII:.+::aCT <tMIIJIHTYJty HMnY.!1l...co B C OTjlCJlbHblX CC Kqllil AC 0'1' 'l aCTHU OT. npH H<l 3CMI-IOii 

oop aooTK e C06blTilft MO>KHO II p~IMc mlTb n nYMc pliblf1 aJ-l<t JIH3 C06brI'H(1 flO napC:lMcTpaM A- fj,T 
(aM l lJlJITynn - BPCI\·,CIHIOH HHTCPBClJ1 II C OT). (i>OW-H'I oO;lac T c(f lIa HHarpaMMc A- flT, 
cooTBeTcTnY K)UJ.H x ( I)O HOBbIM '!aCT1H~aM 11 'IaCTH ltaM 01', MeIHICTC~ "PJ.{ J.j:.J/o.lelleHIHI ttH Cn<1 

II ()jJOC B neTcKTope AC Ii MO>KeT ObiT!. OIlT ln,·1lf3IipOoal·la. 

3 cpclJe KTHHI-Ioe rb J1eTl~ KTOpa A C M O>KeT 6 blTI. CY lI~CCTUCHHO Tl Q l1blW CUa BBClte UHI,,;M 

UTOPOl"O neT e KTopa ACI, BKIlIO' lC HHoro no "J.1JTJ.1 " C HCTCKT OP OM A C. I-IaJ1WII-lC nnyx 
HI;!T t: KTOPOIJ AC Tl 03UOJIs-t: e T TClKIKC npoueC'J'H lI:JMCPCHI1C ::>cpq)t;":K'I'Hfll-IOC' I'H p e r HCTpa l{nl ! 

C06blTUfi C 1I0MO.ll\htO CI-ICTCMbl COT Ii 06CCliC l IHTh IICP CKP bIT11 C u(c_l"fc if /O.·le>KA Y fl OJIOca .\lII 

OHlloro nCTcKTopa HPyrHM ,uCTC KTOpOM. 

Pa6(Ha BblnOJIl-ISl JIaCh npI! T1 o].U-(ep>KKC PoccHi"lcKoro (pOHJ~a CPYII1F1Me HTH ,l"fbH bl X HCCJICno­

1J" "Hii ( rpaH'!' N, 96-02-188 16). 
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