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Ane111H111K0B B.E. 111 AP­ P16-92-36 
OnopHble nonR He111TpoHHOrO 1113ny'leHll1R 
AnR MerponorwiecKoro 06ecne11eH111R paA111au1110HHoro KOHTponR 

On111caH Ha6op onopHblX none~ He111rpOHHoro 1113ny11eH111R, C03AaHHbllll B 

O6beA111HeHHOM 111HCTll1TyTe RAepHblX 111ccneAOBaH111111 AnR uene111 MeTponor11111ec­

KOro nOAAep>t<aHll1R paA111aU1110HHoro KOHTponR. n peAnO>t<eH anrop111TM rpaAyll1-

pOBKll1 pa6011111x cpeAGTB onepaTll1BHOro 111 111HA111B111AyanbHOro KOHTpOnR B 3Tll1X 

nonRx. Ha6op onopHblX none111 nepeKpbIBaer npaKr11111ecK111 Beeb 3Heprer11111ec­

K111~ A111ana30H He111TpoHHOro 1113ny'leH111R, C03AaBaeMoro RAepHO·qlll13111'10CKll1M111 

ycraHOBKaM111 VIHCTll1TyTa (OT 1 er 8 AO COTeH M38) . B Hero BXOART onopHble 

nonR Ha OCHOBe 111CTO'IHll1Ka 2 5 2 Cf B nonll13Tll1(1eHOBblX 3aMeAn111TenRX A111aMerpa­

Mll1 12, 7 111 29,2 CM 111 ABa onopHblX non A Ha 6a3e q>a3orpoHa na6oparop111111 RAep­
HblX npo6neM Ha 3Hepr111t0 660 M38 . MRrKOe none B na6111pll1HTe q>a30TpOHa 06-

pa3yeTCR MHOroKpaTHO pacceRHHblM111 He111TpOHaM111. >KecrKoe none <POPMll1PY· 

IOT He!IITpoHbl yre'IKll1 1113 cnnOWHOIII 6eTOHHOIII 3aLU111Tbl q>a30Tp0Ha, 06ny11ae­
MOIII BTOp111'1HblM 1113ny'leHll1eM 1113 KaMepbl ycKop111renR 111 Mll1WeHHOIII CTaHU111111. 

Pa6ora BbinonHeHa B OrAene p3A111a1.11110HH0111 6e3onacHOCT111111 paA111au1110H­
HblX 111ccneAOBaH111111 Ol/1 fl VI. 

flpenpHHT Om.e,1v1HeHHOro HHCTHryTa 11.!lepHblX HCC.~e;ioeaHHH. Jly6Ha 1992 

nepeBOA aBTOpoB 

Aleinikov V.E. et al. 
Reference Neutron Fields for Metrology 
of Radiation Monitoring 

P16-92-36 

The set of reference neutron fields created in the JINR for metrology of 

radiation monitoring is descirbed. The algorithm for calibration of area moni­
tors and personnel dosimeters in the reference fields is proposed. The set of 

reference fields overlaps practically whole interval of neutron energy generated 
by installation of the JINR (from 10-s up to hundreds MeV) . The set 

comprises reference fields based on Cf-252 in polyethelene moderators with 

diameters 12.7 cm and 29.2 cm and two reference fields based on 660 MeV 

Laboratory of Nuclear Problems phasotron. Soft field is created in labirinth of 
phasotron by scattered neutrons. Hard field is formed by leakage neutrons 

from concrete shield without holes. The shield is irradiated by secondary radia­
tion produced in a~celerator chamber and target station. 

The investigation has been performed at the Department of Radiation 
Safety and Radiation Researches, JIN R. 
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OAHOIII 1-13 Ba>t<He111w1-1x 3aAa'l MeTpOilOrl-11-1 Hell!TpOHHOro l-13Jly'leHl-1A ABJlAeTCA 

o6ecne'leHl-1e npaBl-1/lbHOIII nepeAa'll-1 pa3Mepa eAl-1Hl-1Ubl A03bl OT 3TaJlOHOB K pa6o­

'll-1M cpeACTBaM l-13MepeHl-1A. nepeAa'la pa3Mepos eAl-1Hl-1U 06bl'IHO ocy~eCTBJlAeTCA 

nyTeM rpaAyHpOBKl-1 pa60'll-1X cpeACTB B nOJlAX o6pa3UOBblX l-1CT04Hl-1KOB Hell!Tpo­

HOB, HanpHMep 
239

Pu-Be 1-1 
252 Cf. 8 cospeMeHHblX Hay'lHblX ueHTpax, TaKHX KaK 

OIIIAIII, 111<1>83, YCJ10B1-1A Q)OpMl-1POBaHl-1A Ha AAepHO·Q)l-131-1'leCKl-1X ycTaHO~KaX none111 

Hell!TpOHHOrO 1-13/ly'leHHA 1-1 l-1X xapaKTep1-1CTl-1Kl-1 Bapb1-1PYIOTCA B BeCbMa Wl-1POKl-1X 

npeAenax B 3aBl-1Cl-1MOCTl-1 OT 3Heprn1-1 'laCTl-1U nepBl-1'-lHOrO 1-13/lY'leHHA, KOHQ)Hrypa­

Ul-11-1 61-10J10rl-1'leCKOIII 3a~l-1Tbl, ee KOMnoHeHTHOro COCTaBa 1-1 T,A, Pa6oTaM no Cl-1CTe­

Marn3aUl-11-1 Hell!TpOHHblX none111 3a py6e>t<OM 1-1 B Pocc1-11-1 B nocneAHHe r0Abl YAenAeT­

CA 60JlbWOe BHl-1MaH1-1e. 3TO 06ycJ10BJ1eHo TeM, 'lTO 1-13MepeH1-1e cneKTpOB HelllTpO­

HOB B nOJlAX pacceAHHOrO CMeWaHHOro l-13/lY'leHHA ABJlACTCA AOCTaTO'lHO CJlO>KHOIII 

MeTOAH'leCKOIII 3aAa'lelll 1-1 He MO>KeT 6b1Tb BKJllO'leHO, Hanp1-1Mep, B npOUCAYPY A031-1· 

MeTp1-1yecK1-1x l-13MepeH1-1111. 3Heprern'lecK1-1111 AHana3oH cneKTpanbHb1x pacnpeAene­

Hl-1111 Hell!TpOHOB 3a 3a~l-1TaMl-1 AAepHO·Qll-131-1'leGKl-1X YCTaHOBOK npocrnpaeTCA OT 1 o- 8 

AO COTeH M38. K TOMY >Ke Hell!TpOHHble nonA 'laCTO COAep>KaT 3Ha'll-1TeJlbHYIO np1-1-

MeCb Apyrnx KOMnOHeHTOB ('Y·KBaHTOB, 3apA>KeHHblX 'lacrnu), 'lTO 3aTPYAHACT 

npaBl-1/lbHYIO 1-1HTepnpeTaUl-1IO noKa3aHl-1111 A031-1MeTpOB HelllTpOHOB. EcTeCTBCHHO, 'lTO 

rpaAyl-1pOBKa pa60'll-1X cpeACTB Ha l-130TOnHblX l-1CTO'lHl-1Kax 
2 3 9 

Pu-Be 1-1 
2 5 2 Cf co 

cpeAHHMl-1 3Heprl-1AMl-1 HelllTpOHOB 4,2 1-1 2, 1 MaB He MO>KeT o6ecne'll-1Tb Heo6XOAl-1· 

MYIO TO'lHOCTb l-13MepeHl-1111 A031-1MeTp1-1'1CCKl-1X Belll-1'll-1H BO BCeM aHCaM6Jle peaJlbHblX 

none111 l-13JlY'lCHl-1A, o6ora~eHHblX Hell!TpOHaMl-1. 3TO o6ycnOBl-1JlO noHCK HOBblX nOA· 

XOAOB K MeTponorn'leCKl-1M npo6neMaM A031-1MeTpl-11-1 Hell!TpOHOB Wl-1POKOro 3Hep­

rern'leCKOrD cneKTpa: C03AaHl-1e onopHblX none111 Hell!TpOHOB 1-1 HCCTaHAaprn31-1po­

BaHHblX o6pa3UOBblX cpeACTB l-13MepeHl-1A xapaKTCp1-1CTl-1K 3TIIIX none111. 

noA onopHblM noneM (On) noApa3yMeBaeTCA BblAeJleHHaA B npOCTpaHCTBe 

(yCJlOBHO 1-1/ll-1 Qll-131-l'leCKl-1) 1-1 l-1CCJleAOBaHH8A o6naCTb nonA l-10Hl-131-1PYIO~l-1X 1-13/lY· 

'leHl-1111 C HOPMl-1p0B8HHblMl-1 MeTponorw-tecKHMl-1 xapaKTepl-1CTl-1K8Ml-1, B COBOKynHOC· 

rn co cpeACTB8Ml-1 MOHl-1TOpl-1pOB8Hl-1A npeACT8BJlAI0~8A co60111 o6pa3UOBYIO Mepy 

senl-1.'ll-1H 1-10Hl-131-1pyio~ero 1-13/ly'leHHA AllA npoBeAeHHA MeTpOJ10rl-1'leCKl-1X pa6oT. 

8 On BblnOJlHAIOTCA see He06XOAl-1Mble ~CCJleAOB8Hl-1A Al-1Q)q:>epeHU1118JlbHblX 1-1 1-1H· 

TerpanbHblX xapaKTepl-1CTl-1K nonA 1-1 o6ecne'll-1B8CTCA l-1X BOCnpOl-13B0Al-1MOCTb. Onpe­

AeJ1eH1-1e 3H8'leHl-1111 A031-1MCTp1-1'leCKl-1X Belll-1'll-1H B On npOl-13B0Al-1TCA C noMO~blO l-1X 

K0MnJleKCHblX l-13MepeHl-1111 Ha1-16onee AOCTOBepHblMl-1 MeTOAl-1K8Ml-1 1-1 H8 OCHOBe pac­

'leTOB no l-13BeCTHblM (npeAB8pl-1TCJlbHO 1-131/'lCHHblM) Q)l-131-1'leCKl-1M xapaKTep1-1CTl-1· 

K8M nonA. lllcnOJlb30B8Hl-1C on npeAnonaraeT rpaAyHpOBKy B Hl-1X pa60'll-1X cpeACTB 

oneparnBHOro 1-1 1-1HAl-1Bl-1AYallb,l:1.Q[.9,..,%!.ti1.~filP.lt'!~QCQ,,J~OHTPOJlA, opraHl-138Ul-1IO 
,. .,,,_. .,,-,-..,,.· ·~:, .,, u••-~ , 
• ~;.:,1.(h.-1ik.Hi\.tln!J.1c~ fHJWlu,., .. j 
' '.,·'.·'J.'ll:'1E m:c'le~1;.mumtt ~ 

~,:-tt;:'.,JtMOTEHl\ . 
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E, M3B 

Puc. 1. CneKTp HeiirpoHoe e MRZKOM onopHOM none (jja3orpoHa. 

3Ha 1ieH1t1A K03cpcjm1.11t1eHTOB K2 1,1 Kl onpeAeflAflltlCb nyTeM noAr0HKltl MeT0A0M 

H81t1MeHbWltlX KB8AP8TCB cpyHKLlltlH noTCK0Mepa 1t1 h*(E) cpyHKLlltlAMltl 'IYBCTBltlTeflb­

H0CTltl AeTeKTopa TennoBblX HeHTpOHOB C 3aMeAflltlTeflAMltl 5 1,1 10 AIOHMOB B yKa3aH­

HblX BblWe 3HepreTltl'leCKltlX ltlHTepsanax. K2 = 0,194 ltlMn·cM
2 

"HeHTpOH-l; K1 = 
= 1,47•10

9 
1t1Mn-3s-

1
• 3Ha'leH1t1e K 3 B 1t1Hrnpsane 3Heprn/;i 20-;-1000 M38 np1t1H1t1-

Manocb paBHbl M 3,6 • 1 o- 1 0 
3B. CM

2 
• HeHTpOH-

1
• 

npeABapltlTeflbHblH aHafll-13 "1HcpOpM8l.lltlltl 06 3HepreT1t1'1eCK0M C0CTase none/;i 

HeHTpOHOB B Ov1Av1 noKa3an, 'ITC h*(10) none/;i ltl3MeHAeTCA np1t1MepH0 B npeAenax 

OT 10- l l AO 10- l O 3B •cM2 •HeHTpOH- l. 8 C00TBeTCTBl-11-1 C 3TltlM Ha6op On A0fl>KeH 

BKfll0'18Tb, KaK MltlH"1MyM,nonA C h*(10)i, paBHblMltl (2-3) ·10- 11 ; (5-6) -10- 11 ; 

(9-10) -10- 11 3s·cM 2 "HeHTpOH- 1 • 

MArKoe on 6bino C03AaHo Ha fia3e cpa3oTpoHa na6opaTCp1t11-1 AAepHblX npo6neM 

C 3Heprne/;i np0T0H0B 660 M38 B l.l0K0flbH0M 3Ta>Ke yCK0p1t1TenA (pltlC.1). On cpop­

MltlpyeTCA s pe>KltlMe BblB0Aa ny'IKa np0T0H0B Ha T0flCTYIO 6ep1-1nn1-1esyt0 MltlWeHb, 

pa3Mel.lleHHYIO BHYTPl-1 MltlWeHHOH CTaHLlltlltl B rnaBH0M 3ane yCK0pltlTeflA. lllcTO'IHltl· 

4 

. ''I 

.,, 

tj 

,) 

K0M HeHTpOHOB cny>KltlT BT0pltl'IH0e 1,13ny'leH1t1e 1-13 KaMepbl 11 K0HCTPYKLlltl0HHblX 

3fleMeHTCB yCK0pltlTeflA "1 1-13 MltlWeHHOH CT8Hl.lltlltl. On H8X0AltlTCA B na61-1p1t1HTe TYH· 

HenA n0A ycK0pltlTeneM 1t1 0TAeneH0 OT Hero 60KOBOH 1t1 nOTOflO'IHOH 38lU"1T0H 1-13 

TA>Kenoro 6eTOHa TOfllUltlHOH 2 1t1 1 M coorneTCTBeHH0. B TYHHene npono>KeHbl K0M· 

MYH1t1K81.1ltlltl B0AAHoro oxna>KAeHltlA 3fleKTpoo6opyAOB8HltlA ycK0pltlTeflA. MHoro-

' KP8TH0 pacceAHHble B 3ane YCK0p"1TeflA Hei1Tp0Hbl nonaAalOT B na61t1p1t1HT 'lepe3 

ABa npoeMa B 381.UltlTe. Pa6o'lee noMeLUeH11e c perncTp1t1pyt0LUeH annapaTypoi1 Haxo­

A"1TCA 38 o6sanoBKOH cpa30TpOHa B 20 M OT on. rpaAltleHT nonA B TYHHene A0CTa· 

T0'IH0 sen1t1K, no3TCMY B Ka'leCTBe on Bb16paH qJltlKCltlp0B8HHblH 06beM paAltlYC0M 

40 CM, 'ITC A0CTaT0'IH0 AflA pa3MeLUeHltlA B HeM rpaAy1-1pyeMoi1 annapaTypbl. Xo-. 
powaA BpeMeHHaA paCTA>KKa ny'IKa npltl '18CT0Te BblB0Aa 250 ru 1,1 38MeAneHltle Hei1-

TP0H0B B npouecce MH0roKp8TH0ro pacceAHltlA npltlB0AAT K T0MY, 'ITC on ABnAeT• 

CA np!IKTltl'leCKltl CTal.lltl0HapHblM. 

C1t1CTeMa M0HltlT0pltlp0B8HltlA C0CT0ltlT "13 ABYX Cl.lltlHTltlflflAl.lltl0HHblX C'leT'lltlK0B 

C AeTeKTCpaMltl 1-13 ZnS(Ag) + 1.0 B B oprcTeKne 1,1 38MeAnltlTenAM"1AltlaMeTpOM51,1 

10 AIOHMOB. np1-1 nOCTOAHHOH 3cpcpeKTltlBHOCTltl BblB0Aa ny'IKa (~ 40%) noKa3aHltlA 

M0HltlT0p0B flltlHeHHO CBA38Hbl C T0K0M ny'IKa, ltl3MepAeMblM C n0M0lUblO ltl0Hl-138· 

LlltlOHHOH KaMepbl Ha BblX0AH0M 0KHe KaMepbl yCK0p1t1TenA. npoc'leTbl M0H"1T0p0B 

He Ha6nt0A8IOTCA snn0Tb AO T0Ka BblBeAeHH0ro ny'!Ka ~ 1,5 MKA. C1t1cTeMa 1-13 

ABYX M0HltlTCPHblX C'leT'lltlK0B, ltlMelOLUltlX CyLUeCTBeHH0 pa3flltl'l8IOLUltleCA cpyHKl.lltlltl 

'IYBCTB"1TeflbH0CTltl B pa3flltl'IHblX A"1ana30H8X 3Heprltlltl Hei1TpOHOB, Heo6xOA11Ma AflA 

K0HTp0nA n0CT0AHCTBa cneKTpanbH0ro C0CTaBa on. B Ka'leCTBe TpeTbero M0HltlT0· 

pa ltlCn0flb3yeTCA CTa'-lltlOHapHblH AaT'lltlK 8BTOM8Tltl3ltlpoBaH.HOH CltlCTeMbl paAl-18'-lltl· 

0HHoro K0HTp0nA ycK0pltlTenA. MoLUHOCTb AaHH0ro on M0>KeT MeHATbCA B Wltlp0· 

KltlX npeAenax OT HecK0flbKltlX C0TeH MK3B•'l-l AO~ 10- 2 3B_''l-
1

, 'ITC n03B0nAeT 

1-1cnonb30B8Tb ere AflA o6ny'leHltlA AeTeKT0poB C Hltl3K0H 'IYBCTB"1TeflbH0CTblO. 

CneKTp HeHTpoHOB B cpltlKCltlpoBaHHOH T0'IKe on ltl3MepAnCA cneKTpoMeTp0M 

6oHHepa (C6) c Ha6opoM ccpep1-1'1ecK1t1x non1-13rnneH0BblX 3aMeAfl1t1Tenei1 2, 3, 5, 

10, 12 AIOHMOB.·C6
14 

/ ABnAeTCA 0AHltlM 1-13 0CH0BHblX ltlHCTpyMeHT0B ltlCCfleA0Ba• 

H"1H W"1P0KltlX 3HepreT1t1'1eCKltlX pacnpeAeneHltlH HeHTpOHOB B nonAX CMeWaHH0ro 

pacceAHH0ro 1,13ny'leH1t1A 1,1 npeACTaBflAeT co6o/;i AeTeKT0p MeAfleHHblX Hei1Tp0HOB C 

Ha6op0M 3aMeAflltlTenei1 Hei1Tp0HOB. np1t1HL11t1n pa60Tbl np1-16opa C0CT0ltlT B 38MeAne­

Hltlltl Hei1TpOHOB, naAalOLUltlX Ha nosepXH0CTb wapa, C ltlX nocneAytOLUei1 perncTpa-

1.11-1ei1 AeTeKTCP0M, pacnono>KeHHblM B ere ueHTpe. Ha6op 3aMeAn1t1rnnei1 pa3n1-1'I· 

HblX pa3MepoB n03B0nAeT nony'llt!Tb npe1t1MyLUeCTBeHHYIO 'lyBCTBltlTeflbH0CTb npltl· 

6opa K HeHTpOHaM pa3flltl'IHblX 3HepreT"1'1eCK"1X rpynn. B Ka'lecTBe AeTeKT0pa Hei1-

TP0HH0ro AaT'l1t1Ka 1-1cnonbJ0BancA Kp1t1crnnn 
6 

LiJ(Eu) pa3MepaM1t1 4X4X 1 MM. 

AnA yT0'IHeHltlA cpopMbl cneKTpa s Tennosoi1 o6naCTltl np0B0A"1flltlCb A0nonHltl· 

TenbHble ltl3MepeHltlA Hei1TpOHHblM AaT'lltlK0M 6e3 3aMeAflltlTenei1 B ABYX Bap1t1aHrnx: 

'c LlltlflltlHAPltl'leCKltlM 3Kp8H0M 1-13 KaAM"1A TOfllUltlHOH 0,8 MM 1,1 6e3 Hero. Ha pltlc.2 

np1t1BeAeHbl cpyHKLlltlltl 'IYBCTBltlTeflbH0CTltl C6, paCC'lltlTaHHble B pa6oTe
15 1

• rpaAyltl• 

p0BKa a6cont0THOro 3Ha'leHltlA 'IYBCTBltlTenbH0CTltl C6 0CyLUecTBflAfl8Cb C n0M0LUblO 

o6pa31.10Bb1X ltlCT0'IHltlK0B BT0poro p83pAAa 
2 3 9 

Pu-Be ltl 
2 

S 
2 

Cf (c norpeWH0CTAMltl 
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Puc.2. </JyHKLJUU 'W8CT8UTeflbHOCTU cneKTPOMeTpa 5oHHepa u ce'leHue 
peaKquu 12 C (n, X) 11 C: 1 - oereKrop 6e3 3aMeonurenR; 2 - oereKrop 

6e3 3aMeonurenR e KaoMueeoM 3KpaHe; 3-7 - oereKrop c 3aMeonurenR­
MU ouaMerpaMu 2, 3, 5, 10, 12 010iJM.oe cooreercreeHHo; 8 - ceyeHue peaK­
quu 12 C(n,X) 11 C. 

BblXOAa HeHTPOHOB 7% 11 6% COOTBeTCTBeHHO)' Ha rpaAy11p0B04HOH Jll1HeH Ke. Cl>oH 

HeHTPOHOB, pacceAHHblX B nOMell.leH1111, Y411TblBaJlCA B 113MepeHl1AX C 3KpaH11pyt0-

lJ.ll1M nOJ1113Tl1JleHOBblM KOHyCOM. Pac4eTHble OTKJ111Kl1 C6 C 3aMeAJ111TeJlAMl1 5, 10 

11 12 AIOHMOB onpeAeJlAJ111Cb nyreM csepTKl1 COOTBeTCTBYIOLJ.111X cpyHKLl11H 4YBCTBl1-

TeJlbHOCTl1 co cneKTpaM11 11CT04Hl1KOB 
16 1• 8 06J1aCTl1 BblCOKl1X 3Heprnvi 4YBCTBl1-

TeJlbHOCTb C6 pe3KO CHl1>KaeTCA 11 AllA OUeHKl1 cpnt0eHca HeHTp0HOB C 3HeprHAMl1 

6onee 20 M3B npOBOA11Jll1Cb 113MepeHl1A yrnepOACOAep>Kall.111M aKrnBau110HHblM Ae­

TeKTOPOM (peaKU11A I 2 C (n, 2n) 11 C, CM. p11c.2). AKTHBHOCTb AeTeKTOpa 113MepA­

JlaCb Ha Hl13KOcpOHOBOH ycraHOBKe r·r-coenaAeHl1H. 

BoccTaHOBJleHl1e cneKTpa HeHTpOHOB no noKa3aHl1AM C6 11 aKrnsau110HHoro 

AeTeKTOpa BblnOJlHAJlOCb MeTOAOM CTaTl1CTl14eCKOH peryJ1Ap113au1111 no nporpaM­

Me SBFDS 17 1• AnA yMeHbWeHl1A norpeWHOCTevi np11 411cneHHOM 11HTerp11poeaH1111 

cneKTP BOCCTaHaBJ111BaJlCA B B11Ae <I> (El xE C J10rap11cpMl14eCKl1 paBHOMepHblM 

pa3611eH11eM no JHeprn11. Pewanacb c11cTeMa 113 8 anre6pa11311poeaHHb1x ypaBHe­

Hl1H C y4eTOM CTaTl1CT1140CKl1X norpeWHOCTeH 113MepeHl1H 11 MOHl1TOp11poBaHl1A. 

B0CCTaHOBJleHHblH cneKTp HeHTp0HOB B MAfKOM On npeACTaBJleH Ha p11C.1. no­

rpeWHOCTH cneKTpa COOTBeTCTBYIOT cpeAHeKBaAparn4HblM OTKJlOHeHl1AM <I> (E) xE 

OT Ha116onee eepOATHblX 3Ha4eHl1H. Cornac11e Me>KAY BOCCTaHOBJleHHblM11 11 3aKJla­

AblBaeMblMl1 B nporpaMMY 3KCnep11MeHTaJlbHblMl1 c4eTaMl1 C6 He xy>Ke 5%. CneKTp 

HOpMl1poBaH Ha 3Ha4eH11e TOKa BblBeAeHHoro ny4Ka npOTOHOB 1 MKA. 3HepreTl14eC­

KOe pacnpeAeJ1eH11e cpopM11pyeTCA B OCHOBHOM 11cnap11TeJ1bHblMl1 HeHTpOHaM11 11 

3nl1TenJlOBblM11, o6pa3ylOLJ.111Ml1CA B pe3yJlbTaTe 3aMeAJ1eH11A HeihpoHOB B npouec-

6 

I 

'\ ' ' 

l 

ce MHOroKpaTHOro pacceAH11A. AonA HeviTpoHoB c 3HeprHAMl1 6onee 20 MJB 

COCTaBJlAeT 0, 12% OT nOJlHOro cpmoeHca (4,56 ± 0, 13) • 104 HeHTp0H • CM- 2 ·c- l, 

T.e. 38LJ.ll1Ta na611p11Hra npaKrn4eCKl1 nOJlHOCTblO noAaBJlAeT npAMOe 113Jly4eH1-1e 113 

KaMepbI ycKop11TeJ1A. BcneAcTs11e JToro np11Mecb 3apA>1<eHHoro KOMnoHeHTa e on 

npeHe6pe>Kl1MO Malla (HeCKOJlbKO TblCA4HblX AOJleH npoueHra OT nOJlHOro cpnlOeHCa 

HeHTPOHOB) • ,llOJlA >Ke 'Y·KBaHTOB, o6pa3YIOLJ.111XCA npe11MyLJ.1ecTBeHHO B peaKU11AX 

3aXBaTa TenJlOBblX HeHTpOHOB B OKpy>1<a10LJ.1eM MaTep11aJ1e, BeCbMa CylJ.leCTBeHHa 

(AeCATKl1 npoueHTOB no nornolJ.leHHOH A03e). Moll.lHOCTb aM611eHTHOH A03bl HeH­

TpOHOB H*(10), paCC411TaHHOH no cneKTPY, COCTaBJlAeT (4,71 ± 0,41) M3e•4-l 

(np11 TO Ke BblBeAeHHoro ny4Ka 1 MKA) • BKJlaA HeHTPOHOB C 3Heprnevi 6onee 20 M3B 

B nOJlHYIO A03y COCTaBJlAeT 1,4%. 3Ha4eH11e h*(10) B T04Ke 113MepeH11H pae­

HAeTCA 2,34•10- 11 3e•cM
2

•HeHTpOH- 1 11 xopowo BOCnpOl13B0Al-1TCA OT ceaHca K 

ceaHcy. ,llaHHOe none 06J1aAaeT 3Ha411TeJlbHblM rpaAl-1eHTOM cj)J110eHca HeHTPOHOB 

BAOJlb TYHHeJlA, XOTA cneKTpallbHblH COCTaB nonA MeHAeTCA np11 3TOM cna6o. AnA 

onpeAeneHl-1A AOnycrnMOro o6oeMa on B pavioHe cpl1KCl1POBaHHOH T04Kl-16b1Jl011C­

cneAOBaHO npocTpaHCTBefJHOe pacnpeAeJ1eH1-1e HeHTp0HOB ABYX KpaHHl1X 3Hepre­

Tl-14eCKl1X rpynn - rennOBblX 11 6blCTpb1X. Cl>nlOeHC 6blCTpblX HeHTpOHOB l-13MepAnCA 

CUl1HTl1JlJlAUl10HHblM C4eT411KOM C AeTeKTOPOM ZnS(Ag) B oprcTeKJle (3cpcpeKTHB·. 

HOCTb K TennOBblM HeHTpoHaM -10- 5 %, K HeHTpOHaM 
239

Po-Be l-1CT04Hl1Ka -

0,35%). Ha p11c.3 np11BeAeHbl nony4eHHble pacnpeAeJ1eHl1A no r'peM OCAM (B OTHOCl-1· 

TeJlbHblX eA11H11UaX). B11AHO, 4TO B npeAenax 06beMa paAl-1YCOM 20cM, AOCTaT04HOro 

AllA pa3MeLJ.1eH11A B HeM 11CCJleAyeMOH 11 rpaAy1-1pyeMOH annapaTypbl, rpaA11eH'T nonA 

He npesbIwaeT 20% Aa>1<e no cic11 X. npocTpaHCTBeHHoe pacnpeAeneH11e TennosbIx Hevi­

TpOHOB 11ccneA0BanOCb C nOMOLJ.lblO 

TepMOJllOM11HOCUeHTHblX AeTeKTO· 

pOB TnA-600, 06oraLJ.1eHHblX 
6 Li. 

PacnpeAeneH1-1e TennoBblX HeviTpo­

HOB MO>KHO B yKa3aHHOM 06oeMe 

nonaraTb paBHOMepHblM B npeAe­

nax T04HOCTl1 l-13MepeHl1H (~ 10%). 

· CneAY10LJ.1aA rpynna onopHblX 

noneH 06pa3oeaHa Ha OCHOBe 11c­

T04Hl-1Ka 
2 

S 
2 Cf BTOporo pa3pAAa 

C BblXOAOM (3, 1 ± 0,2) • 10
7 

HeH• 

TpOH • c- 1 (cpeepaJlb 1991 r.). 

6b1Jl0 npeAJlO>KeHO /S / cpopM11p0· 

BaTb Ha OCHOBe 
2 

S 
2 

Cf onopHble 

nonA HeHTpOHOB Hl-13Kl1X 3Heprl-1H 

38 C4eT 3aMeAneHl1A HeHTpOHOB C 

noMOLJ.lblO BOAOPOACOAep>K8lJ.ll-1X 

3aM£iAnl-1TeJleH, BHYTPb KOTOpblX 

noMeLJ.1aeTCA 11CT04H11K. 8 Ka4eCTB,e 

3aMeAn1-1TeneH HaMl-1 1-1cnoJ1b3oea-

-
f,5 

1,Lt 

1.~ 

<t :t,2 
QJ 

i f,i 
~ 

~ i 
a-'"' 

I 

i! 
._ ____ ..,r-· - . -

_ _y_ 

X 

CM 

20 10 0 -10 -20 

Puc.3. llpocrpiJHcreeHHoe pacnpeoeneHue 
6blCTpblX HeiJrpoHoe e MRZKOM onopHOM 

none rpa3orpoHa. 
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Puc.4. ·cneKrp HeiJrpoHoe 2 5 2 Cf e nonu3runeHoeoM 3aMeonurene ouaMeT' 

poM 12,7 CM. rucrozpaMMa - cneKrp HeiJrpoHoe e nonu3runeHoeoM 
3aMeonurene ouaMerpoM 20,3 CM 16 1

• 

nl1Cb non113T11neHOBbIe ccf:>epbl (p = 1,03 r ·cM- 3 ) A11aMerpaM11 29,2 11 12, 7 CM. 

on 06pa3yeTCA B noMel.J..leHl111 5,2X 10,8X3,5 M c y'leTOM pacceAHHblX s HeM Heii­

TpOHOB. 3aMeAn11ren11 C 11CTO'lHl1KOM pa3Me1.J..1a10TCA Ha rpaAy11pOBO'lHOH n11HeHKe. 

on cf:>opM11pyeTCA B TO'lKe Ha pac:cTOAH1111 100 CM OT LleHTpa 11CT04H11Ka. B AaHHOM 

cny'lae Her Heo6XOAl1MOCTl1 B opraHl13al.\1111 cneL111anbHOfO MOHl1TOp11poBaH11A, cne­
Ayer n11Wb coxpaHATb cpOHOBble ycnoBl1A B noMe1.J..1eH1111 rpaAy11p0BO'lHOH 11 Y411Tbl· 

BaTb non pas Ky Ha pacnaA 11CTO'lHl1Ka (T 1/2 = 2,637 fOAa) . Ha p11c.4 11 5 np11BeAeHbl 

113MepeHHble C6 cneKTpbl 
2 5 2 

Cf B 3aMeAnl1TenAX Al1aMerpaM1112,711 29,2 CM COOT· 

BeTCTBeHHO. 3n11rennoBaA 4aCTb cneKTpOB o6ycnosneHa cpOHOM MHOfOKpaTHO pac­

ceAHHblX B noMe1.J..1eH1111 Hei1rpOHOB. Ha p11C.4 npeACTaBneHo TaK>Ke cpaBHeH11e (B 

0TH. eA11Hl1l.\aX) co cneKTPOM HeHTpOHOB OT 2 5 2 Cf B non11:ir11neHOBOM 3aMeAfll1Tene 

A11aMeTpOM 20,32 CM 16 1
• B o6nacrn 3Heprni1, COOTBeT,CTBYIOI.J..leH co6c~Be~HO Hei1rpo­

HaM 11CTO'lHl1Ka, Ha6n10AaercA xopowee cornac11e no cf:>opMe cneKrpa. <l>n10eHcb1 

HeHTpOHOB Ha paCCTOAHl111 1 M OT 11CTO'lHl1Ka cocraBn,AIOT AnA 3aMeAn11renei1 A11a­

MeTpaMl1 12,711 29,2 ,CM (339,2 ± 21,2) 11 (112,6 ± 7,1) HeHTpOH"CM- 2 ·c- 1, a 

aM611eHTHble A03bl Hei1TpOHOB (0, 17 ± 0,009) 11 (0,045 ± 0,003) M3B •4- 1 COOT· 

BeTCTBeHHO. B Heo6XOAl1MOM o6beMe nonei1 BOKpyr cf:>11KCl1pOBaHHOH TO'lKl1 CYI.J..le· 

CTByer 3Ha'll1TenbHblH rpaAl1eHT B paA11anbHOM H8npasneHl111. BKnaA 'Y·KBaHTOB B 

nonHylO norno1.J..1eHHYIO A03Y Bon OTHOCl1TenbHO Hesen11K (~ 15%). 
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Puc.5. CneKTp HeiJTpOHOB 2 5 2 Cf B nonU3TUneH0B0M 38Meonurene ouaMeT­
poM 29,2CM. 

>KeCTKOe On cpopM11pyeTCA Hei1TpOHaM11 yTe'lKl1 113 cnnOWHOH fieTOHHOH 3a-

1.J..111Tbl cf:>a3orp0Ha nRn. Ha 3a1.J..111ry ron1.J..111Hoi1 2 M naAaer srop114HOe 113ny'leH11e 113 

KaMepbl ycKop11renA 11 Ml1WeHHOH CTaHL.11111. none COAep>K11T 3Ha'll1TenbHYIO AOnlO 

BblCOK03HepreTl1'lHblX HeiiTpOHOB 11, KaK cneACTB11e, np11MeCb 3apA>KeHHOro KOM· 

noHeHra ( nOMl1MO 'Y·KBaHTOB). BpeMeHHaA xapaKrep11CTl1Ka non A 11MeeT ABe 

cocrasnAIOI.J..ll1e: M11KpocrpyKTypy, CBA3aHHYIO C norepAMl1 ny'lKa B KaMepe, 11 

MaKpOCTPYKTYPY np11 BpeMeHHOH paCTA>KKe BblBeAeHHOfO ny'lKa C aMnnl1TYAHOH 
. ·9 I 

HeOAHOPOAHOCTblO 25% B Te'leH11e 85% nep110Aa (f = 250 rl.l) I • MoHl1TOp11posa-

Hl1e OCYI.J..IOCTBnAeTCA ABYMA 'c'leT'll1KaMl1 C AereKropaM11 ZnS(Ag) + IO 8 11 3aMeA­

n11renAMl1 5 11 10 AIOHMOB (KaK 11 B MAfKOM On) 11 C'leT'll1KOM C AeTeKTOpOM 113 

nnaCTl1'leCKOro Cl.\11HTl1nnATOpa AnA per11crpaL11111 BblCOK03HepreTl1'lHblX aApOHOB. 

npocrpaHcTBeHHoe pacnpeAeneH11e aApoHos c 3Hepr11ei1 6onee 20 M:iB 11ccneA0Ba­

'nocb C nOMOI.J..lblO yrnepOACOAep>Ka1.J..111X aKTl1Bal.1110HHblX AeTeKTOpOB. 8 npeAenax 

o6beMa paA11yCOM 50 CM BOKpyr (p11KC11pOBaHHOH T04K11 none npaKT11'leCKl1 paBHO· 

MepHO. CneKTp HeHTPOHOB 113MepAnCA C6; AnA YTO'lHeHl1A BblCOK03HepreT11'lec­

KOH 06nacr11 cneKrpa 11cnonb3osan11cb noKa3aHl1A yrnepOACOAep>1<a1.J..1ero aKTl1Ba-

9 
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Puc.6. CneKrp HeiJTpOHOB 8 JKecTKOM onopHOM none rjJa30TPOHa. 

z 

X ~ X 
y 

X 

Puc.7. ,lluazpaMMa HanpaeneH­

Hocru noroKa nporoHoe e 

JKecrKOM onopHoM none rjJa-
3orpoHa. 

LU,10HHOro AeTeKTOpa. BoccTaHOBJJeHHbllli cneKTp np1-1BeAeH Ha p1,1c.6 (HOPMl-1pOBaH 

Ha TOK BblBeAeHHOro ny1.1Ka 1 MKA). <l>moeHC HelliTpOHOB 8 T04Ke on paseH 
(2,67 ± 0,13) •103 HelliTp0H'CM- 2 •c- 1, H*(10) HelliTpOHOB COCTaBnAeT (1,01 ± 
± 0,05) M3B''l- 1; AOflA HeliTpoHos c aHeprnelli 6onee 20 MaB a H*(10) cocras­

nAeT 37%) • 3Ha'leHl-1e h * ( 10) AflA AaHHOrO non A paBHO 8, 7 • 1 er 1 1 3_s• CM2 • He~­
TPOH-1. AnA 1-1ccneAOB8Hl-1A 38pA>KeHHoro KOMnOHeHTa npOBOAl-1fll-1Cb 1,13MepeHl-1A 
yrnosoro pacnpeAeneHl-1A nnOTHOCTl-1 nOTOKa 3apA>KeHHblX '18CTl-1U (s OCHOBHOM, 

npOTOHOB) C noMOIJ..lblO renecKona CUl-1HTl-1flflAUl-10HHblX C'leT'll-1KOB no MeTOAl-1-
Ke /l 

O 
'. Ha pl-1C. 7 np1-1BeAeHa Al-1arpaMMa HanpasneHHOCTl-1 nOTOKa npOTOHOB 8 

AaHHOlli TO'IKe. nnoTHOCTb noTOKa npOTOHOB C 3Heprl-1AMl,1 6onee 40 MaB, nony'!eH-

10 

Ta6nuua. OcHoeHb1e xapaKrepucruKu onopHblX noneiJ HeiJrpoHoe OURU 

none 

<l>nJOeHc 

HelliTpOHOB, 
H 'CM- 2 •c- l 

H*(10), 
M38''1-l 

-----
CpeAHAA 
3HeprnA, 

MaB 

h*(10), 
3s•CM2 •H-I 

MArKoe on 

cpa30TpOHa 

(4,56 ± 0,13) X 
X104 

4,71 ± 0,41 

0,253 

2,3•10-11 

252 Cf s CH 2 

<fi 29,2 CM 

112,6 ± 7,1 

0,045 ± 0,003 

0,742 

6,8•10- 11 

2 52 Cf s CH 2 

<fi 12,7 CM 

339,2 ± 21,2 

0,17 ± 0,009 

0,931 

6,9· 10-11 

>KeCTKOe On 
cpa30TpOHa 

(2,67 ± 0, 13) X 
X103 

1,01 ± 0,05 

12,35 

8,7•10-11 

npuMe</aHue: ,/laHHble H0pMUpoeaHbl Ha TOK 8bl800eHHOZO ny'IKa rjJa3orpoHa 
1 MKA. 

HaA nyreM l-1HTerpl-1p088Hl-1A yrnosoro pacnpeAeneHl-1A, pas Ha ( 13, 1 ± 0,7) npo­
, TOH'CM.; 2 •c- 1 (BKnaA 3apA>KeHHblX '18CTl-1U BO cpnJOeHC 8APOHOB C 3Heprnel16onee 

20 MaB cocTasnAeT (3,7 ± 0,2) %; 'ITO cornacyeTCA c npeAblAYIJ..ll-1Ml-1 l-13MepeH1-1-

AMl-1 38 381.J..1l-1TOlli qJa30TpOHa B nOA06HblX reoMeTpl-1AX). 

B CBOAHOlli Ta6n1-1ue np1-1BeAeHbl OCHOBHble xapaKTep1,1CTl,1Kl,1 on1,1caHHblX BblWe 
onopHblX nonelli. 

B Ka1.1ecTse Ha1-16onee >1<ecTK1-1x on npeAnonaraeTCA 1-1cnonb30BaTb HelliTpoHHb1e 
Tepanesrn1.1ecK1-1e ny1.1K1-1 Kn1-1H1-1Ko-cp1,131,14ecKoro KoMnneKca n An 11 1 ', cpopM1-1py­

eMb1e noA o0 np1,1 06ny'leH1-11-1 M1-1WeHe111,13 9 Be, 1 2 C, 2 7 Al, 6 4 Cu, 2 0 7 Pb npoT0HaM1-1 
c 3Heprnel1 OT ·100 AO 660 M ::iB. 

AnA BbinonHeHl-1A nporpaMMbl no Merponor1-1'leCKOMy 06ecne'leH1-110 paA1-1au1-1-

0HHoro KOHTponA no HelliTpoHaM w1-1poKoro 3HepreTl-1'1eCKOro cneKTpa Heo6xOAl-1-
MO A8flbHelliwee YT0'1HeH1-1e xapaKTepl-1CTl-1K on nyreM cn1-11.1eH1-1lli 8 Hl-1X pa3fll-14HblX 

MeTOAl-1K 1,1 cpeAcTB 1-1ccneAOBaH1-111i cneKTpanbHOro 1,1 KOMnOHeHTHoro cocTasa, 

npocTpaHCTseHHblX 1,1 yrnoBblX pacnpeAeneH1-111i, a TaK>Ke l-13MepeHl-111i norno1.J..1eHH011i 
, l-1 3KBl-1BaneHTHOlli A03 p83fll-14HblX KOMnOHeHTOB nonA. 

B 38KfllO'leHl-1e asTOpbl Bblpa>KalOT 6naroAapHOCTb B.H.6y1.1Hesy, r.A.KacKaHO­
sy, B.A.Kyn1-1Kosy, n.A.nocesoli, A.H.Pe3yH1-1Ky 3a noMOIJ..lb s nposeAeH1-1111 l-13Me­
peH1-1lli l-1 ocpopMneHl-11-1 pe3yflbTaTOB pa6oTbl. 
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