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[Ipenct BeHbI pe3ysabT Thl UCCIEAOB HHI JIEKB THOCTH IOK 3 HHl HO3UMETP
HEHTPOHOB H OCHOBE OOPHOIO CYETYMK B KOMOWHHPOB HHOM IMOJHITHICHOBOM 3 -
MeJyuTele MOMEHTHOMY ®KBHUB JICHTY J03bl 3 3 mutoil MILI-400 JISIP. Tlok 3 Ho,
YTO MPUOOP MOXET HCIOJIB30B ThCS B K YECTBE H03UMETpP  MOMEHTHOM JO3bI C I0-
TPEITHOCTHIO, He TPEBbINI fomei 25 %, Mpu MPOBEACHUH P OU HOHHOTO KOHTPOJIS H
muksioTpoH x JISP. Cpennee 3H 4yeHue momp BOYHOrO KO(P(HUIMEHT K MOK 3 HHUAM
JO3UMETP 3 3 HIMTOM T KuX yckoputesnei p BHo 0,9.

P 6or Bemonxen B JI 6op Topuu p au HMOHHOM OGuonorun OUSIU.
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The Research of the Correspondence of the Indication of the Neutron

Dosimeter Based on '°B Counter with Moderator to the Ambient Dose

in the Fields of U-400M at LNR

The calculated results of the research correspondence of the indication of dosime-
ter based on the '°B counter with polyethylene moderator to the ambient dose equiv-
alent behind the U-400M are presented. It was shown that the instrument can be
used to measure the ambient dose with the uncertainty 25 % in radiation monitoring
at LNR cyclotrons. Value of correction coefficient for this dosimeter behind the
cyclotron shield is 0.9.

The investigation has been performed at the Laboratory of Radiation Biology,
JINR.
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BBEIEHUE

IIpu p GoTe p 3MUYHBIX SNEPHO-(PU3NUECKUX YCT HOBOK (DY), T KuX, H -
IIPUMEpP, K K YCKOPUTENIH 3 PSAXKEHHBIX Y CTHL, 3 MX 3 IIUTON BO3HUK €T MOHH-
3upymolee U3Ty4eHHe, CoCTodIiee U3 H 60p P 3JIHYHBIX 3I€MEHT PHBIX 4 CTHLI
NPOTOHOB, HEHTPOHOB, ME30HOB, (POTOHOB, BIEKTPOHOB U 1p. Ilepcon i, p 6ot -
IOIIMI H T KHUX YCT HOBK X, ITOABEPr ercs Bo3jeiicTBHUIO 3TUX 4y ctul. Ho B 3 -
BUCUMOCTH OT Byl DY, TN U 3HEpruu reHepupyeMbixX 4 CTHL, KOHGUIYyp LUU
U M TepH J1 OUOJIOrMYECKOH 3 LIMTHI, MECT NpPeObIB HUS IEPCOH J OCHOBHOU
BKJI I B O3y BHOCUT Oojiee Orp HHYEHHBIH KJI CC 4 CTHUL, KOTOPHIH COCTOHT B
OCHOBHOM M3 BTOPHUYHOIO H3JIy4€HHd, BO3HHK lomero B 3 mure. K x mp Buio,
9TO (DOTOHHOE U3NIydeHue U HeUTpOoHHI ¢ aHeprueil o 20 MeB. H nukiorpoH x
JI 6op Topuu simepubix pe Kiwid OUSIU 3 MeTHbI BKJI 1 B 103y PH p OOTE 3TUX
ycT HOBOK (10 50 % oOrieid m03b) BHOCAT HEHUTpPOHBI ¢ sHepruedl mo 20 MaB.
ITpyyem 3 3 IIUTOM ®THX YCT HOBOK B MECT X NpeObIB HUSI MEPCOH J1 mpu p 6o-
T IOLMX YCT HOBK X IOJI HEUTPOHHOIO U3IYYEHUS X P KTEPHU3YIOTCA CHEKTP MH,
y KOTOPBIX CPE[IHAS ®HEPIUd COCT BIISIET HECKOJIBKO COTeH K9B M B OOIBIIMHCTBE
cinyd eB Huxe 1 MaB.

OCHOBHOH oIlep LIMOHHOW BEJIMYMHOM, KOTOp $ ONpesensercs Ipu MpoBese-
HUM HMHCIIEKIMOHHOTO P AW LIMOHHOTO KOHTPOJIS, SIBISEeTCS MOWEHTHBIH DKBU-
B JIeHT 103bl. B coorBerctBun ¢ HopMm My p oM 1IMOHHON 6e30I CHOCTH BT
olep LMOHH ¢ BEIMYMH CIIyXXHT JJI1 KOHCEPB THBHOW OLIEHKH HOPMUPYEMOU Be-
JTUIUHBL — 3¢ (PEKTHBHON TO3HI.

B nosumeTrpun HEHTPOHOB OOJBIIOE P CIPOCTP HEHHE MOIYYHIM MPHOOPEI,
OCHOB HHBIE H HCIIOJIb30B HUM AETEKTOPOB TEIUIOBBIX HEHTPOHOB, NOMEIEHHBIX
B 3 MEUIIIOLIME CPeibl P 3IMYHBIX P 3MepoB M KoHduryp muil. K x mp Buio,
B K YECTBE 3 MeJJIUTeNell UCIONb3yeTcd MOMUATWIEH B (hopMe I POB WM LWIMH-
ApOB, B LEHTPE KOTOPBIX P CHOJ T I0TCA AETEKTOPH! TEIUIOBBIX HEHTPOHOB. DTO
MOryT OBITh KTHBHBIC JAETEKTOPbl — HOHW3 LIMOHHbIE WIM CLUUHTIIIALHOHHbIE,
U II CCHBHBIE — TEPMOJIIOMUHECLIEHTHBIE WM KTHB LHOHHBIE. K HOCTOMHCTE M
T KOTO METOJ PETHCTP LUM HEUTPOHOB OTHOCHUTCS IOBOJIBHO BBICOK Sl UyBCTBH-
TEJILHOCTh, HU3KHH COOCTBEHHBII (hOH, BO3MOXHOCTD UCIIOJIb30B HHUS B MOJISX BbI-
COKOT'0 ypOBHS ()OTOHHOT'O W3JTy4eHHUS ¥ ITIOTOKOB 3 PsDKEHHBIX 4 cTUL. OcobeHHO
B XHBIM JIOCTOMHCTBOM JI HHOTO METOJ SBJSIeTCSd BO3MOXHOCTh U3MEHSATh DHEp-
TeTHYECKYI0 3 BUCHUMOCTh YyBCTBUTETbHOCTH (D3Y) mpuOOpOB, MEHSS TOINIIMHY
3 MEIUIAIOUIETO CJI0A. DTO MO3BOJIAET €030 B Th HpuOOper, D3Y KOTOPBIX COOT-
BETCTBYeT Tpebyemoii 3 Bucumoctu. H npumep, 103UMMETphbl TOM MIIM MHOM O3Bl



WIM P JUOMETPHl HEUTPOHOB C IIOCTOSHHOW YyBCTBUTEIBHOCTBIO B HYXKHOM U -
Il 30HE 9HEPIUN.

JIpyrum TOCTOMHCTBOM T KOTO METOJ PETHCTP LU M CPEICTB U3MEPEHUI H
€ro OCHOBE SBISIETCS OTHOCHUTENBH § IPOCTOT NPUOOPOB, CT OMIBHOCTD UX P -
60Thl B TEUEHWE UTUTEIBHOTO BPEMEHH, JOCTYHOCTb M HEBBICOK S CTOMMOCTb.
Bce aTo cpen j10 T Kue CpeACTB U3MEPEHMH OJHUMM U3 OCHOBHBIX K K B P 1M -
LIUOHHOM KOHTpOJIE, T K U IIpU IPOBEJEHUU P AU LIUOHHBIX UCCIIENOB HHM.

1. TPEBOBAHUS K 934 TO3UMETPOB HEMITPOHOB

IIp BWJIBHOCTH W TOYHOCTH MOJYY €MOHl C P CCM TPHB eMbIX HPUGOPOB HO-
3UMETPHYECKOH MH(OPM LIMHM BO MHOIOM OGYCJIOBIEH cOOTBeTCTBHEM MX D34
Tpebyemoii 3 BucuMocTH. K K CK 3 HO BbIlle, y JIO3UMETPOB, NPeIH 3H YEHHBIX
U M3MEPeHUsl TeX WIM MHBIX BHUIOB [03 HEHTPOHOB (M KCHM JIBHOH OKBHB -
JICHTHOH, MOHEHTHOW, UHAUBUAY JbHOU U Jp.), uX D3Y noimkH ObITh MOJOOH
SHEPreTHYeCKOi 3 BUCHMOCTH 1 HHOW JO3bl H eIMHUYHBIA (UIIOEHC HEeUTPOHOB
oT sHepruu. 3 BucuUMOCTb MOuentHoro h*(10) u unnusuay sbHOrO hy(10) 9KBU-
B JICHTOB 103bI HEUTPOHOB H €MHUYHBIN QuitoeHc H riyoune 10 MM OT sHeprun
it  HTOM B BHIE IUIOCKOH TK HE9KBHB JICHTHOH IUI CTHHBI NPENCT BIE€H H
puc. 1 [1].
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Puc. 1. 3 BuCHMOCTb OT ®Heprud MOHEHTHOTO M WHAWBHJY JIbHOTO 3KBUB JICHTOB JIO3bI H
€IMHUYHBIN (PIIIOEHC HEHTPOHOB

2. TOBUMETP HA OCHOBE BOPHOI'O CHETYHMKA
B KOMBUHUPOBAHHOM 3AMEIJIMTEIIE

B OUSIN 6bit co30 H JO3UMETP HEUTPOHOB [2], cocTosiiuii u3 GOpHOro cueT-
yuk ¢ B (CHM-14), p crofoXeHHOro B KOMOMHMPOB HHOM MOJIM3TUIEHOBOM



3 MEUIUTENe, U BBIHOCHOTO OJIOK C P 3JMYHBIM H OOpOM BIJIEKTPOHHBIX Y3IIOB
(BBICOKOBOJIBTHOTO NPeoOp 30B Telnsl Ul NMUT HUA CUETYMK , YCHJIMTENS U pop-
MHUPOB Tellsl UMITYJIbCOB, NEPECYETHOro Npubop u T.1.). KoHCTpyKums n T4MK
npubop (3 MEIHTENS W CYSTYHK ) MPEACT BIeH H pHc. 2.
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Puc. 2. KoMOMHUPOB HHBIIA 3 MeIIUTENb HEUTPOHOB ¢ 6opHBIM cyeTunkoM CHM-14

D34 posumerp npexact BieH H puc. 3. Ilpuyem 3gech ok 3 H D34 K K
IpPU H JMYMH K IMHEBOW IPOCIONKM BHYTPU 3 MEIIUTENd (CIUIOIIH ¢ JIMHUA),
C KOTOpOW OH HCIOJIb3yeTcs B P AW LIMOHHOM KOHTpOJie, T K M 0e3 K IAMH-
€BOl INpoCNoiKu (IUTPUXIYHKTUP). Puc.3 wutocTpupyer BiaMgHUE K IMUEBOMH
MPOCIONKN H p 60Ty mo3mMmeTp . 3 4 4 MPOCIONKH — MOIIOTHTh TEIIOBBIC
HEUTPOHBI, KOTOpPBIE 0Op 30B JINCh BO BHEIIHHUX CJIOSIX 3 MEUIMTENS OT 3 MepJie-
HHS TIPOMEXYTOYHBIX HEHTPOHOB, YTOOBI OHU HE 3 PETUCTPHPOB JIUCH IETEKTOPOM
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Puc. 3. B3Y cueruuk CHM-14 ¢ KOMOMHUPOB HHBIM 3 MEUTHTESIEM
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TEIUIOBBIX HEUTPOHOB. DTO M03BojgeT pubau3uth D3Y npubop K Tpedyemoii 3 -
BHCHIMOCTH.

K k BupHO u3 puc.3, D34 npubop Bce Xke OTIMY eTcs OT TpeGyeMoi st
UCTIONIb30B HUS €0 B K YECTBE IO3UMETP HEHTPOHOB, UTO MOXET IPUBOIUTH K OT-
JIMYUIO 3 PETHCTPUPOB HHOM MPUOOPOM O3Bl OT €€ JIeHCTBUTENbHOrO 3H YEHUS.
ITpu »TOM CTereHb BTOro OTIUYMs Oy/IeT 3 BUCETh OT CHIEKTP HEHUTPOHOB B MecCTe
n3MepeHnid. BcrencTBrue aTOro BO3HHK €T 3 1 4 KOJWYECTBEHHON OIEHKH Je-
KB THOCTH NOK 3 HMU JI HHOTO IpUOOp H3MEpsSeMOoil BeJIMYMHE — MOUEHTHOMY
DKBUB JICHTY JO3bl. PelleHuo T HHOM 3 J 4u ObLT MOCBAIICH psia p 60T [2-6].
OIH KO B HUX OTCYTCTBYeT MH(OPM Liiss 00 JIeKB THOCTU IIOK 3 HHid MpuOOp
3 3 mUTOH p OOT OIMHUX B H cTofmiee BpeMs HMUKIOTpoHOB JIAP. 11 HH 4 p -
60T BOCHOIHAET TOT IMpoOeT — B HEHl MPEACT BIEHBI Pe3YJIbT THI HCCIEAO0B HUSA

JIEKB THOCTH €ro IoK 3 Huii 3 3 muror MII-400.

3. METOJI UCCJIENJOBAHUMN ATEKBATHOCTH ITIOKA3AHHUM
JTO3UMETPA U UCIIOJIB3YEMBIE CIIEKTPbI HEUTPOHOB
HA MII-400

K k 6buto mok 3 HO Bbie, D3Y rUMOTETHYECKOro Hie JIbHOTO I03UMETP
B UMIL/(HeifT./cM?) OJKH  OBITH MOA06H 3HEPTreTMUYECKO 3 BUCUMOCTH MOM-
€HTHOTO ®KBUB JIEHT [J03bl H €IMHUYHBIN hiioeHe HeiltpoHoB. D3Y go3umertp ,
[OK 3 HHbI€ H PUC. 3, ONpeleNsyiuch 1o dopmysie

s h*(10, E
e(p) = FopeMUOE).

*
Pu—Be

roe h*(10, E) — 3 BUCUMOCTb YHEIBHOrO MOWEHTHOIO BKBHB JIEHT JO03bI OT
9HEpIuH, 3B-cMm? [1]; epu_Be — yyBcTBUTeNbHOCTS CHM-14 B KOMOMHUPOB H-
HOM 3 MetuTene A Pu—Be uctounuk , umi. - Heiitp. ~t- cm?, p BH 4 110 pe3yiib-
T T M rp ayupoBkM 0,47 umi/(HeiTp. - cM?); h}, g, — YOENbHbIA MOUEHTHBIIT
9KBHB JIEHT J103bl HEUTPOHOB 111 Pu-Be-uctounuk , p BHbIA 3,8 - 1010 3. cm2.

Ornuyne MoK 3 HUM MCCIIeIyeMoro npubop B HOJISIX C P 3JMYHBIMU CIIEK-
TP MU HEATPOHOB OT 3H 4YeHHs MOMEHTHOro KBHUB JieHT 036l H*(10) B aTuX
nonsgx Oyner 3 BUCETh OT CHEKTP HEWTPOHOB B MecTe M3MepeHuil. Utobsl 1o-
JIy4UTh YMCIICHHBIE 3H YEHHUS ®TOTO OTIAMYMS ISl P 37IMYHBIX CIIEKTPOB HEHUTPO-
HOB, P CYETHBIM ITyTeM ObLIM ONpeiesieHbl M Cp BHHB JIMChb MeXIy coOoil IBe
BEJTYMHBI:

— MOMEHTHBI ®KBHB JIGHT HO03bI, KOTOPBIH 3 pEerucTpupoB J OBl p ccM -
TPHB eMbIil JO3UMETDP HEATPOHOB C YyBCTBUTEIBHOCTHIO €(E) B mone co crieKTpoM
HeiirpoHos O (F) — H (10);



— JeiCTBUTESIbHBIE 3H YeHHs MOUEHTHOrO 3KBHB JIGHT JIO3bI [UI 3TOrO
cnektp H*(10). 3u uenus H,(10) p ccuntsiB such 1o opmyse

E>
h*
H* (10) = ﬂ/e(E)@(E) dE,
EPu—Be
E4
rae E1 u E2 — I'P HULOBI DHEPreTUYCCKOro Ju II 30H CHEKTp HeﬁTpOHOB;

®(E) — sHepreTMUeCKHil CIEKTP HEHTPOHOB, HeifTp./(MaB - cm?).
IeiicTBUTE IbHBIE 3H Y€HUsT MOUEHTHOTO DKBUB JIEHT [03bl P CCUHUTHIB JIHCh

o ¢opmyie B,

77(10) = /h*(lO,E)cb(E)dE.
B,

Cp Buenue Benuuns H, (10) u H(10) npoBeseHo myTeM p cdeT M H JIu3
Koadpunmentos K 1, npenct BIsOMUX cOOON UX OTHOLICHHMSI.
Koadduuuentr K1 onpenengercs mo ¢opmyie

20 MaB
h*(10, E)®(F)dE
) ody MOOEIEE

~ Hx (10) - . 20 MoB
—Pu-Be e(E)®(E)dE

EPu—Be
0,4 B

K1

Koaddrmmumenr K1 ¢ KTudecku SBISETCS MOMP BOYHBIM KO3(DPHINEHTOM,
H KOTOpbIA HYXHO YMHOXHTb IIOK 3 HUS NMPUOOD , YTOOBI IOJYYUTh NEUCTBH-
TeNpHOE 3H YeHHe MOHEHTHOrO 3KBUB JIEHT 03Bl B 1w 1 30He oT 0,4 3B mo
20 MsB npu u3MepeHusix B I0je HEHTpOHOB ¢ 1 HHbIM criekTpoM $(E). Ecmu
TIONIP BOYHBIA KO()(PHULUUEHT HE HCIOIb30B Th, TO P 30pOC 3H YEHHI DTOro KO-
auIMeHT X p KTepu3yeT JOMOIHHUTENbHYIO MOTPELIHOCTh, C KOTOPOW 1 HHBIN
npubop u3MepseT MOMEHTHBI 9KBHB JICHT O3bl B TOM e OU II 30HE SHEepruil.

B n HHOIT p 60Te p CCUMTHIB JTUCH 3H YeHUS KoapduuueHT K 1 I B3ATHIX
u3 [7] cnekrpos HeiitpoHoB H MII-400 JIAP.

4. UCIIOJIb3YEMBIE CHHEKTPBI HEITPOHOB
3A 3AIIMTOU MII-400 1 PE3YJIBTATBI PACYETOB

H puc.4 noxk 3 Hel Touku usmepenuit 3 3 wurtoid MI-400. Touk 2 p c-
IOJI T J1 Cb B IBEPHOM IIpoeMe OTK THOil aBepu 22 B 3 1 ycKoputensd, TouK 3
H TPOTUB 3 JIOXEHHOro aBepHoro mpoem H25B 3 1 ycKopuTensd 3 TPOTHUBO-
[IOJIOXKHOH 3 IIMTHOM cTeHOl. TouKk 4 H XOmuin Cb 3 OTK THOH IBEpHIO B 3 JI
YCKOpUTEJISl B H IIp BIEHUH BOPOT. TOukK 5 H XOOWI Cb B ABEPHOM IIpoeMe
asepu 21 B 3 J1 yckopuTend B TOM Xe€ Kopujaope, uTo U Touk 2. Bo Bcex



Puc. 4. Toukun usmepenuit 1 MLI-400 JIAP

Pe3yasT THI p cueroB K1 1 MII-400

Ne Howep Cpenusist
- TOYKU Mecro usMepenuit K1 el
n/n sHeprus, MsB
(criexTp )
1 2 MII-400 3 meepwro O22 | 0,76 0,23
2 3 MII-400 3 gsepwio 425 | 1,07 0,39
3 5 MII-400 3 meepwro O21 | 0,84 0,37

YK 3 HHBIX TOUK X U3MEPEHUI MOXET H XOAUThCA MEPCOH J K K IpyHmsl A, T K
u rpymnbl b, LUKnoTpoH p 6OT J1 B peXxuMe YCKOpeHHs HOHOB HEOH Ne;ar (]
aHeprun ~ 53 MaB/HyknoH u BeiBog uOHOB H cen p top AKYJIMHA wu ycr -
HOoBKY KOMBAC.

CrexTpsl B TOUK X M3MEPEHUil oK 3 Hbl H pHuc.S.

Pe3ynbT TBI p cueTOB mpencT BieHH B T Oiuue. B Heill yk 3 HbI HOMep To-
YyeK, B KOTOPBIX [IPOBOAMINCH U3MEPEHHS CHEKTPOB, MECTO U3MEpPEeHUd, 3H YeHUd
Koadpunmentos K1 u cpeiHue sHepriuy CeKTpoB. B T Giuie npuBeieHbl T KXe
Kp TKHE X p KTEpHUCTHKH YCJIOBHI M3MEPEHUs CIEKTPOB.

AH M3 TIOJyYEHHBIX PE3YbT TOB IPEACT BIIEH HILKE.

1. 31 uvennda K13 3 mwmroit MI-400 H XOnITCS B Y3KOM 1M I1 30HE 3H 4e-
auit or 0,76 mo 1,07.

2. Cpennee 3H uenne K1 mna MI-400 p BHo 0,89 mpu M KcuM JIBHOM
OTJIMYMU OT CPENHEro 3H 4eHus uid Bcex touek —0,13 u + 0,18.

T kum o6p 30M, npH BBefeHUH nonp BKH 0,89 B MOK 3 HUA JO3UMETp IIO-
TPEITHOCTh M3MEpPEHHs MOWMEHTHOTO KBHB JIGHT m03bl 3 3 mmuroil MLI-400 ne
npesbicutT 20 %.
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1. Ecnu He BBOAUTH NONP BKY B IIOK 3 HUS JJO3UMETPOB, TO C IOTPELIHOCTHIO,
He MpeBbIlI oleid 25 %, npruoop MOXeT U3MepsATh MOHEHTHbIH 9KBHB JIEHT J03bI
B mojigx 3 3 muroii MII-400.

2. Onuc HHbIE pe3yibT Thl NOJYYEHBI IIPU Ip AyupoBKe 1o Pu—Be-uctounuky
HeliTpoHoB. Ecnu ucnosp308 Th 471 P AyUPOBKM JO3UMETP HCTOYHMKHU HEHTpO-
HOB C MeHbuIeH, yeM y Pu-Be-UCTOYHUKOB, cpelHel ®HEprued, TO yK 3 HHbIE
BBIIIE IIOIPELIHOCTH MOTYT UMETh ApPYrHe 3H UYeHMH.

3. B p 6ote [6] mpeact BieHBI pe3ynbT ThI p cueT K1 mId CrieKTpoB Hei-
TpoHOB 3 3 mmToi Y-300 JISIP. Cpennee 31 uenue xoappurmienT K1 npu aTom
p BHO 0,91. IlomyueHHble pe3yabT Thl MOK 3bIB 10T, YTO Ul LMKJIOTPOHOB JIAP
3H YeHWe 1onp BOYHOro Koaguument K1 moxer ObITh HpUHATO p BHBIM 0,9.
[Tpu ®TOM MOrpemHoCcTh U3MepeHus: MOMEHTHOrO dKBHUB JIEHT JI03bI HE IPEBbI-
cut 20 %.

BBIBO/JbI

1. TTok 3 H BO3MOXHOCTb UCIIOJIb30B HUS IPUOOP H OCHOBE OOPHOTO CYET-
YUK C KOMOWHHPOB HHBIM 3 MEUIUTENEM U1 U3MEepeHHs] MOHMEHTHOTrO ®KBHB -
JIGHT J03bl HEUTPOHOB B NOJIAX M3nydeHud 3 3 wutod MII-400 JISP.

2. Ilpu BBeseHHHM MONpP BKU B IOK 3 HUA A03UMETp , p BHOH 0,89, morpem-
HOCTh M3MEpeHUs MOWEHTHOH 103l He mpeBbill eT 20 % mpHu rp AYHPOBKE IO
Pu—Be-ucTOYHUKY HEUTPOHOB

3. Be3 BBefieHUs MONP BKU 3T IOTPELIHOCTb HE MpeBbIll eT 25 %.

4. Pe3ynpT THl Cp BHEHHMI C JIUTEP TYPHbIMU [ HHBIMU IOK 3BIB 10T, YTO
w1 uukioTpoHoB JISIP 3u venue koadpduuuent K1 MOXeT ObITh IPUHITO P B-
HeIM 0,9.
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