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1. BBe,gemrn 

. 11/ /2/ 
B pa6oTax Xall:6epra ll Maprnamrn , a TaK)Ke CanTo 11 Cara 11ccneno-

BancSI B Ka'leCTBe pan11aTopa qepeHKOBCKOro C'leT'IHKa BonHh!H paCTBOp nHHaT

pI!eBOH conll aMIIHo-f-KIICnoTbI, rrony'leHHOI! nepeKpl!CTann11sau11ell: TeXHil'le

CKoro nponyKTa. Eb1no ITOK838HO, 'ITO paCTBopeHI!e conl! B Bone yBenll'IHBaeT 

aMITnHTyny l!MITynbCOB C cjioTOYMHO)KllTenSI, 

Hll)Ke OITI!ChlB8eTCSI noporOBhlH 'lepeHKOBCKIIH C'leT'IIIK, pan11aTOpOM KO

Toporo cny)KHT n11cT11nnnpoBaHHaSI Bona. ilnSI cMemeHHSI cneKTpa qepeHKOB

cKoro Hsny'leHHSI B o6naCTb 'lyBCTBI!TenbHOCTII cypbMSIHo-uesneBoro cjloToKa

Tona cjioToyMHO)Kl!TenSI 11cnonhs0Banacb KaK TeXHI!tiecKaSI n11KanHeBaSI conb 

aMI!Ho-r -KHCnOTbl ( nanee 8MIIHO-f -conb) I TaK H CMeCb CB06onuoll: 8MIIHO- r

Kl!CnOTbl C ee MOHOKan11eBoll: conbIO { nanee aMHHO-f-KIICIIOTa )·. AMIIHo-r -KllC

noTa 6bma nony'leHa nByKpaTHbIM nepeoca)KnemieM aM11uo-r -con11 11s 5%-Horo 

pacTBOpa cepHOH Kl!CnOThl C O'll!CTKOR 8KTl!BllpOB8HHhlM yrneM. 

B pa6oTe onpeneneua acjlcjieKTl!BHOCTb per11cTpau1111 qepeuKoBCKI!Mll 

77 -Me30HOB pa3Hb!X aueprllH npll pa3Hb!X no

porax n11cKpl!MIIH8Ullll; ll3ytieuo Blll!SIHI!e yrna Bxona II TO'IKll nonanaHHSI 

'aneKTpoHa ua cpenu1010 aMnn11Tyny l!Mnynbcos neTeKTopa; npo113seneHo 

cpaBHeHHe noporoswx csoil:cTB BOASIHoro 11 nneKc11rnacosor6 ~an11aTopoB 

onHHaKOBb!X pa3MepoB. 
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2. KoHCTPyKµHn qepeHKoBcKoro cqeT~rrn:a 

qepeHKOBCKHH cqeTqHK (pnc. la) npencTaBnSieT co6ou KOHT6HHep ll3 

nneKcl!rnaca C BHyTpeHHIIMH pa3MepaMH 240x 195x44 MM
3

• KOTOpblll 3anon

irneTCSI llHCTHnm1poBaHHOH Bonofi. O6'beM KOHT6ttHepa 2, 1 n. ITonHan Tommi

Ha nneKCHrnacoBbIX CTeHOK no nyqKy qaCTIIU 2 MM. lln1ma CBeToBona 

207 MM. CBeToBon H 60KOBbJe rpaHl! . KOHTettHepa ll3r0T0BnenbI ll3 onHoro 

KYCKa nneKCHrnaca. llnn 3anHBKII B0llbl KOHTettHep l!MeeT nBa 0TBepcTIISI C 

pe3b6ou, K0T0pbie 3aKpb!BaIOTCSI Bl!HTaMu H repMeTH3llpyIOTCSI pe3HH0BblMII 

ynn0THeHIISIMII. ilnn yBenilqeHIISI II ynyqweHUSI paBHo~epHOCTl! CBeToc6opa 
/3/ 

panHaT0p II CBeT0BOll IT0KphlThl anIOMIIHI!p0BaHH0H nneHKOH • 

Hcnonb30BanIICb qJOTOyMHO)Kl!Tenl! <P3Y-30 C TpexcnottHbIM MarJUITHbIM 

3KpaH0M, KOTOpbill C0CTOSill Il3 CTal!bHoro Uillll!Hllpa II cnoeB TpaHC<pOpMa

T0pHoro )Keneaa H 0T0)K)KeHHoro nepMannon. 

3, EnoK-cxeMa ycTaH0BKH 

EbllIO ll3r0TOBl!8HO TpII qepeHK0BCKllX cqeTql!Ka, K0T0pbi8 nccnenoBa-

l!HCb Ha cMewaHHOM nyqKe 1T - II µ -Me30II0B, Ha nyqKe 1r -Meso-

uoB u sneKTponax. O606men11an 6noK-cxeMa ycTaHoBKH nnn nccnenoBaJrnn 

qepeHK0BCKIIX cqeTqHK0B npIIB0llllTCSI Ha pnc. 16. Cl, C2 II C3 - CUIIHTllll-
3 " 

ngunoHHbJe cqeTqnKII paaMepoM lOOx lOOx 10 MM , L: - qepe11KoBcKnfi 

cqeTqnK, cp - <pllllbTp, y ycl!l!HTellb, il - llHCKpIIMH!laT0p, CC 1 II CC2 -

CXf!Mbl COBllllll6llHH, [I[I 1 H [1[12 - nepecqeTHbI6 yCTpOHCTBa. 

3neKTpOHbl C HMITYllbCOM 110 M 3B/ C nonyqanucb Ha µ -Me30HH0M 
/4/ 

TpaKTe MeTonoM, onncaHIIbIM B pa6oTe • <l>IlllbTp B 3TOM cnyqae He nc-

Il0llb30BllJICSI. 

4 



,- HaqanblU,Jil: HMrrynbC CMe!IIaHHOro IIy'iKa TT - H 

paBeH 275 MaBlc. «t>nnhTp cocToHn ns MS./UJbIX n _rronnaTnneHoBbIX rrnacTHH 

H HMen TaKy!O Tonm:HHY, 'ITO MaKCHMy~ OCT8HOBOK TT -MesonoB rrpnxonnn-

CH Ha C'i9T'iHK C3. M3M8HHH COOTHOIIISHHe Me~ny TOnIUHHOll ~HnbTpa no H 

rrocne qepeHKOBCKoro C'ieT'iHKa, MO)KHO H3M8HHTb CKOpOCTb TT -M830HOB, 

rrpoxonHIUHX qepe3 qepeHKOBCKHfi cqeT'iHK, OT 0,818 c .no 0,885 c, 

'ITO COOTBSTCTByeT H3M8H8HHIO 9H8pl"HH TT- -Me30HOB OT 37 no 185 MaB. 

IToporoBaH CKOpOCTb H 9HeprHH 

H 72 M 9B COOTBSTCTBSHHO. 

TT -M830HOB nnH B0nbI paBHbl 0, 75 C 

llnH pa5oTbI Ha cMelliaHHOM rryqKe TT - H /l -M830HOB, a T8K)KS Ha 

aneKTpoHax C'ieT'iHK C3 cTaBnncH B 06bPiHb1fi pe)KHM neTeKTopa rrpoxonHIIIHX 

qacTHU. nnH Bb1neneHHH 1T - -Me30HOB C'ieT'iHK C3 CTaimncH B pe)KHM 
/5/ . . . ·-· ·. . 

3BesnHoro neTeKTopa • B sToM cnyqae rrpoxonm1me qacTHUbI rronaBnHnHCb 

B 1000 paa, OCTaHOBKH /l -Me30HOB B 1300 pas, OCTaHOBKH TT -Meao-

HOB - B 7,3 paaa. OTHOIII8HH8 'iHCna /l -M830HOB K 'iHCny _TT -M830HOB, 

perHCTpHpyeMblX 3Be3nHblM neTeKTOpOM B M8KCHMyMe OCTaHOBOK TT -Meso

--3 
HOB, 5bmo n /l I n TT < IO 

Bo BpeMH pa60Tbl Ha CMe!IIaHHOM IIY'iKS TT - H /l -M830HOB B8Cb 

~HnbTp cTaBnncst Me)Kny qepeHKOBCKHM C'ieT'iHKOM n C'ieT'iHKOM C3. 

8~~8KTHBHOCib qepeHKOBCKOI"O C'ieT'iHKa orrpenenstnach KBK 

OTHOIIIeHne cqeToB T/ =Nc.,:/N., 0 1 rrpn HyneBoM rropore nncKpHMHHaTop11. ITpn 

aToM Koa#nuneHT ycnnennst ycnnnTenH yBenn'inBancH no Tex rrop, _rroKa 

He rrepecTaBano H3M8IUITbCH OTHOIII8HH8 

cny'iaHHb!X COB1Jane1mfi Y'iHTbIBancH. 

T/ • «t>oH 

llnst orrpeneneHHSI aMrrnHTYnbI HMrrynhC0B qepeHKOBCKOI"0 C'i9T'iHKa 

CHHManHCb .ttHCKpHMHHaUHOHHblS KpHBble - 3aBHCHMOCTb C'ieTa N oc2 OT 

rropora· nncKpHMHHaTopa. 3a aMrrnnTyny rrpnHHManach aMrrmrTyna HMrrynhcoB, 

C0OTB8TCTBYIOW:8H TaKOMY rropory nncKpHMHHaTopa, rrpH KOT0pOM T/ = ( /2 -.• 

8To He ·cpenHstst aMrrnnTyna, a MennaHa aMrrnnTynHoro pacrrp_eneneHnst. 
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Mennana o6wqno Mano oTnnqaeTcB oT cpennero aeaqeens n coBrranaeT 

c enM, ecnn pacrrpenenenne cnMMeTpnqno. 

4. XapaKT8PHCTHKH qepeHKOBCKoro cqeTqHKa 

Ha CMemannoM rryqKe rr - n µ -MeGoHoB orrpenensnach acpcpeKTHB-

HOCTh cqeTqUKa c qncTOH Bonofr. OKaaanoch,. qTo acpcpeKTHBHOCTh cqeTqUKa 

6ea ITOKpb!THB paBHa 20%, acpcpeKTIIBHOCTh cqeTqnKa, o6epnyToro BaTMaHOM ,-

60%, o6epeyToro anroMnnnpoBaHHoti cponhroti - 65%. 

Ha cMemanJI0M rryqKe rr - II µ -MeaoH0B nayqanacb aaBHCHMOCTh 

aMITnHTYilbl IIMITynhCOB qepeHKOBCKoro cqeTqIIKa OT KonneHTparmn aMIIHO

f-KIICnOTbl lI aMHHo-f-conn. 

KoHuenTpamrn naMemmach rrocnenoBaTenhHhIM pacTBopeHneM B pann

aTope HaBecoK cpnyopecunpyromnx no6aBoK. PeaynhTBThI rrpnnenenh1 ua pnc. 2. 

AMrrnnTyna nMrrynhcoB cqeTqnKa c qncToti nonoti rrpnnnManach pannoti enn-

1mue, Ho omn6Kn B orrpeneneHmI aTofi BennqnffhI yqnTbIBannch. KpnBaB l oT

nocnTcB K cqeTqnKy 1, B panm;!Tope KoToporo pacTBopsnach aMnJio-f-Knc

noTa. KpHBaB 2 OTHOCHTCB K · cqeT'IHKY 2, n pannaTope KOTOporo paCTBOpB

nach aMHHo-f -conh. 3cpcpeJfrHBHOCTh cqeTqHKa l rrpH yBennqeHUH K0HUeHTpa

unn aMHHo-f-KHCnOTbl 6bICTpO BoapacTaeT OT 65% no 98% ( rrpn KOHU8HTpa

UllH 30 Mr/nnTp). 3cpcpeKTHBHOCTh cqeTqHKa 2 He rrpeBb!lliaeT 96%, X0TB n 

nocTIIraeT 9TOH nemrqHHbl TaK)Ke ITpH HII3KHX KOHUeHTpauHBX no6aBKH. 

KoHuenTpaunn 80 Mr/m1Tp nns aMnno-f-KncnoTbI n 100 Mr/mITp nns 

8MHHO-f-conn 6bmll rrplIHBTbl KaK OITTHManhHbie. ITpu 9TIIX. K0HUeHTpauusx 

cencu6nnnanpyromux no6aBOK 6bmn uaMepeHbI BpeMeHHhie xapaKTepHCTIIKII . 

IIMITynhCOB: nnuTenhH0CTh rrepenHero cppOHTa 0Kaaanach paBH0H 10 HCeK, 

nnHTenhHOCTh na rronyBhICOTe - 35 HCeK. 

3aBIICIIMOCTh acpcpeKTHBHOCTH. qepeHKOBCKoro cqeTquKa, ceHcu6nnnaupo

B8HHOrO aMIIHo-f-conhro, OT CKOpoCTH "- -Mea0H0B /3 uayqanach co 

3B83ilHbIM neTeKTopoM. PeaynhTaTbl rrpnneneHbl na pnc. s.. KplIBbie 1,2,3 
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COOTBeTCTBYIOT ypOBH.IIM o6pe3aHirn aMnn:llTY.llbl HMnynbCOB C'leT'IHKa O;' 1 

H 2 BOllbTa. KBa.npaTaMH 0603Ha'!eHa a¢¢eKTllBHOCTb C'leT'lllK8 1 CeHCll6lll!ll3~-

p0B8HHOro aMllHO-f-KHCl!OTOH: ,llll.11 ypOBH.11 o6peaaHll.lI OB • Kpnaasr 4 cH.11-

Ta Ha C'!eT'lllKe C ,llllCTllllllllpOBaHHOH: Bo.noii. YpoBeHb o6peaaHll.lI TaKme pa-

BeH 0 B • CTpenKoii o6oaHa'!eHa noporoBasr cKopocTb .nnsr '!epeHKOBCKoro 

H3lIY'!eHllSI B Bo.ne. 

Ha pnc. 4 npllBO,llllTCSI 3aBllCllMOCTb a¢¢eKTllBHOCTll 'lepeHKOBCKoro 

C'!eT'lllKa 1 CeHCH6lll!ll3HpOBaHHOrO aMllHO-f-KllCl!OTOH:1 OT CKOpOCTll TT -Me-

30HOB f3 npH TaKOM nopore .llHCKpll_MHH8TOpa, K0TOpblH: C00TBeTCTByeT 

a¢¢eKTHBHOCTH C'leT'IHKa K aneKTpOHaM, paBHOtt.95%. O6pamaeT Ha ce6sr 

BHHMaHHe 3aMeTHasr a¢cpeKTHBHOCTb C'l9T'IHKa K TT -Me30HaM CO CKO-

·poCTSIMH, MeHblllllMH, '!eM noporOBaSI CK0p0CTb. OueHKH noKa3bIBaIOT, '!TO 

9Ta a#eKTHBHOCTb_ o6yCll0Bl!eHa rnaBHb!M o6pa30M 0 -aneKTpoHaMH. 

Ha H3MepeHHOH: 3aBHCHMOCTH a¢¢eKTHBHOCTH '!epeHKOBCKoro C'leT'IHKa OT 

KOHUeHTpaUHH aMHHO-f-KHCl!OTbl npH CKOpOCTH TT -Me3pHOB f3 =0,65 

cne.nyeT, '!TO BKna.n CUHHTllllll.lIUHH: B o6mnfi CBeTOBOH: BbIXO.ll He3Ha'!HTeneli •. 

Ha ny'IKe aneKTpOHOB cpaBHHBanacb aMnl!HTy.na HMnynbCOB ,llll.11 .llBYX 

nonomeHHH: '!epeHK0BCKoro_ C'!eT'IHKa no OTHOllleHHIO K ny'IKY aneKTp0HOB: 

yron O Mem.ny HanpaBneHHeM ny'!Ka ll H0pMal!bIO K 60l!blll0ll rpaHH 

0 0 
C'leT'IHKa paBeH O (aMnlIHTy.na Ao ) n yron O paBeH 30 . (aMnnn-

Ty.na AO ) • .lln.11 Tpex C'leT'IHKOB nony'!eHbl cne.ny10IIme, 3Ha'!eHHSI OTHOllle-

HHSI A0 /Ao : 0,83±.0,05, 0,86±.0,05; 0,83±.0,05. 3To oTHOllleHHe Ha.no cpaB

HHBaTb c cos 30° =0,866. PaBeHcTBo Ao/ Ao =cosO He npoTHBope'!HT npe.n-

nonomeHHIO 06 H30TpOilHH ll3lIY'!eHHSI B ceHCH6Hl!H3HpoBaHHOM '!epeHK0BCK0M 

C'!eT'IHKe. HaoTponH.11 H3lIY'!eHH.11 SIBl!HeTCSI nonomHTenbHbIM Ka'!eCTBOM ,lll!SI 

TeX '!epeHKOBCKliX C'!eT'IHKOB, KOTOpbie HCnOllb3YIOTC.II . ,lll!SI paa.neneHHH '!aC-

THU no f3 B ny'!Kax C 60l!blliOH yrnoBOH: pacxo.nHMOCTblO~ 

B Ta6mrne npHBO,llSITC.11 aMnl!HTY.llbl HMnynbCOB B 0THOCHTel!bHblX e.nn-

H~uax .llll.11 Tpex C'l9T'IHKOB1 CeHCH6HnH3HpOBaHHbIX aMHHO-f-KHClIOTOH:1 B 
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3aBllCIIM0CTll OT MeCTa rrorrat:WHllSI rryqKa :meKTp0H0B B cqeTqnK. MecTO 

rrorra.ua11nsr 0603Haqe110 un¢paMn Ha pnc. la. Pa3Mephl rryqKa orrpe.uensrnnc& 
2 

CUllll'rHnmmnoHHbIM C<JeTqJIKOM lOOxlOO MM • B rrono:lKeHHH 1 6on&masr 

qacT& rryqKa rrpoxo.unna qepe3 cBeToBo.u. Om116Ka H3Mepe1111sr aMrrmITy.u HM

rryn&coB :!;_8%, 

Ta6mma 

ToqKa 1 2 3 4 
rrorra.uamrn 

-
t: 1 1 1,20 1,20 1,20 
" * 
C 2 1 1, 14 1,09 1, 12 

r: 3 1 1,22 1, 19 1, 17 

J.1:3 Ta6nHUbl BIi.OHO, qTo ~nHopo.unocTb CBeToc6opa xopomasr II qTo 

aMrrn11Ty.ua UMIIynbCOB OT CB8T0BO.Ua MeHbme, qeM OT pa.u11aTopa, X0TSI 

cBeToBon pacrrono:lKeH 6nn:lKe K qioToyMHO:lKHTenro. 

Ha rryqKax " -Me30HOB II aneKTpOHOB cpaBHHnanHCb BO.USIHOfi qepeH7 

KOBCKIIH cq§TqnK, ce11c11611m1311poBaHHbIH aMl!Ho-r-con&ro, ll cqeTqnK 113 

rrneKCHrnaca T/lKIIX :lKe pa3~epoB, o6epHyTblH anroMl!HIIpOB0HHOH rrneHKOl1, 

TToporoBoe 311aqe1111e c~opocTn B rrneKc11rnace f3 =0,67, rroporoBasr &Hep-

I'HSI " -Me30HOB E =48 Man. CpaBHeHHe IIpOBO.Ullnocb Ha O.UHOM qioTo-

yMHO:lKIITene rrpn ¢11KCllpOB8HHOM rropore DllCKpl!Ml!HaTopa. 3aBllCl!MOCTb 

a¢¢eKTIIBHOCTll OT /3 .unsr BO.USIHOI'O cq§Tql!Ka (Kpl!BaSI 1) l! cqeTql!Ka l!3 

rrneKr.urnaca ( Kpnnasr 2) rrpnBonnTcSI na pnc. fr. Bnnno, qTo rroporoBbre 

CBORCTBa BO.USIHOI'O cqeTqnKa nyqme, 

Ha pnc. 6 IIpl!BO.USITCH nn¢¢epenunanbHble crreKTpbl aMIInllTYD IIMIIynb

C0!l C'qeT'IllK/l ll3 mrn1,c11rnaca { Kpl1B8SI 1 ) ll BO.USIHOr'O. cqeTqnKa ( KpHBaH 2 ),rrony-
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'leHHb!e Ha rry11Ke :meKTpOIIOB. AMrrnwry.na HMIIynbCOB BOASUIOI'O C'leT'IHKa B 

2 pasa 5onbllle· aMIInHTYAbl HMIIynbCOB c11eT'1HKa H3 rrneKCHI'naca. 

3aMeTHM, 'ITO IIpH pas.neneHHH 9neKTpOHOB H rr -Me30HOB B rry11Kax 

11acTHU C Manofi yrnoBOH pacxo.nHMOCTbro H C HMrrynbCaMH 'IBCTHU MeHbllle 

'leM 200 M 9BI C MO)KJIO HCIIOnb30B8Tb rropOI'OBb!e 11epeHKOBCKHe C'IeT'IHKII 
. /6/ 

11e5onblllHX pasMepoB II3 rrneKCHI'naca 5e3 OTpa)KaIOIUero IIOKpb!THSI • 

B 3aKnro11eHHe aBTOpbi Bb!p8)K8IDT rny5oKyro 5naro.napl!OCTb H,li, ne-. . . 
MIIHy 38 rronyqeane 'IHCTOI'O rrperrapaTa aMHHo-r-KHCnOThl. 

flnTepaTypa 

1, E. Heiberg and J. Marshall~- Rev.Sci.Instr.; ~ 618 (1956), 

2. K, Saito arn;i ~ Sugc3:. Nuovo Cimento, ..!b 600 (1959). 

3, C,A. Heusch, and C.Y. Prescot. Nuclear Instr. _and Meth., ~ 

125 (1964). 

4, B,M, KyTbHH, B.11. TTeTpyxn11, B,M. llyrrKo-:-CHTHHKOB, TTperrpHHT OM.RH, 

13-2677, Ily5Ha, 1966. 

5. A.<l>. IlyHaiiueB, 10.n. TTpOKOlllKHH, TaH CSio-Bett. TTperrpHHT 011.HH, 

Il-469, Ily511a, 1960. 

6, B.11. TTeTpyxna,B.C. norocoB, 10.n. TTpoKOll!KlIH, IO.H. CHMOHOB. 

TTperrpnHT 011Hl1, P13-3328, Ily5Ha, 19,67. 

PyKOIIlICb IIOCTyrruna B ns.naTenbCKHii oT.nen 

20 surnapSI 1971 ro.na. 
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Pnc. 4. 3aEl!Cl!MOCTb 9cp<peKTHBHOCTH BOJlHHOl'(J qepeHKOBCKoro C'leT'll!Kfl, 

ceHcn6nnH3llpOBaHHOro aMHHO-f-KncnoToif, OT CKOpOCTH TT -Me30HOB t 
ITopor AHCKpl!MlIHaTopa COOTBeTCTByeT 95%-HOH 3cpipeKTHBHOCTH perncTpa 

nnn aneKTpoHoB. 
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