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[Tpubops! Ha OCHOBE CHMHTIIUTSAIMOHHBIX IETEKTOPOB 00IAIAI0T BEICOKOH TyBCTBHTEIHHOCTHIO K (DOTOHHOMY
M3TYYEHUIO U IUPOKO NPUMEHSIOTCS U1 U3MEPEHHS MOILHOCTH /103l FaMMa-U3Ty4eHHsl OKpYy:Katoliei cpenpl. Mo-
ACpHU3alUA UBMCPUTCIIBHOTO TPaKTa I MUHUMU3AIUU TOTPCIIHOCTH U3MEPCHUA OTKJIMKA JCTCKTOpAa HAa raMma-
M3ITydeHUE YK€ JOCTUTIIA CBOETO TEXHOJIOTUIECKOTO MOTOIKA M He TaeT NOIMKHOTO dddekra. bornee nmepcrieKTHBHEI-
MU ISl 9TOM IIEJH SIBJISTFOTCS. METOIIBI 00Pa0OTKH IOIy4aeMOl CIIEKTPOMETpHYECKON HH(popMarwu. Llenbio qaHHoi
paboThI ABISIIACH pa3padOTKa BEICOKOUYBCTBHUTEILHBIX 00Pa3LOBBIX CPEICTB U3MEPEHHI HA OCHOBE CIIUHTHILISIIU-
OHHBIX OJIOKOB JICTEKTHPOBAHMUS C IPUMEHEHHUEM CIIEKTPOMETPHYECKOTO METO/IA PACUETa MOIITHOCTH JO3HI.

B nmanHnoii pabote paccMarpuBaeTcs CHEKTPOMETPUYECKUN METOJ] TO3UMETPUH raMMa- M3Jy4eHUs Ha OCHO-
Be Mpeo0pa30oBaHus M3MEPEHHOTO almapaTypHoro criekrpa. C UCTIoNb30BaHUEM 3apaHee PACCUMTAHHBIX MM M3Me-
PEeHHBIX (DYHKIMI OTKIIMKA AETEKTOpa Ha BO3ACHCTBHE TaMMa-M3IIydIeHHs 3aaHHON SYHEPIHid U TNIOTHOCTH ITOTOKA
ompenensiercs: Hekotopas (GyHKwms ot sHepruu G(E). Vcmomnb3ys 3Ty QyHKIHIO B KauecTBE sApa HHTETPATBHOTO
npeoGpa?,OBaHI/m OT XapaKTCPUCTUKH MOJIA K 103€, MOXKHO MMOJIYYUTh BEJIMYUHY N03bl HENOCPEACTBECHHO M3 TCKYIIC-
ro armaparypHoro criekrpa. [Ipumensist pyakmmio G(E) K SHEpreTH4eckoMy pacipeiesieHuio GrroeHca (POTOHHOTO
U3ITyYCHUSI B OKPYXKAIOIICH cpere, 00IIast MOITHOCTE JJO3bI MOXKET OBITH Ompe/eieHa 0e3 HH(POPMAIIUH O pacIipesie-
JICHUW PaIMOM30TOIIOB B OKPY KaroIei cpee.

Jlis onpenenenust G(E) metogom MonTte-Kapio paccunteiBaroTcs anmaparypHbie (GYHKITUH OTKITMKA CIIAHTHII-
JSIIUOHHOTO JETEKTOpa Ha M3IyYCHHE MOHOIHEPTETUIECKUX (DOTOHHBIX HMCTOYHUKOB, a TAKKE IPYTHE XapaKTepu-
cTukd. Jlanee BeCh SHEPreTHUECKUI TUaNa30H PErHCTPalliK pa3druBaeTCsl Ha SHEPreTHYECKIE HHTEPBAJIbI, ISl KO-
TOPBIX BeraHcIsieTcst GyHKIms G(E) ¢ mpUMEHEHHEM JIMHEHHOH HHTEPIOIISIINH.

PaccmarpuBaeMblii CIIEKTPOMETPUYESCKHI METOJ] pacueTa 1036l ¢ mpuMeHeHrneM (GyHKIuu G(E) mo3BONISET UC-
IIOJBb30BaTh CHUHTUIIAIIMOHHBIC 6J'[OKI/I ACTECKTUPOBAHUA [JI PCHICHUS HIMPOKOIo Kpyra 103MMETPUYCCKUX 3a1ad.
B crarse mpuBesieH criocod BRIMHCICHUS JaHHOW (YHKIMH C ITOMOIIBI0 MeTooB MoHTe-Kapio u onmchiBaroTCst
ocobeHHOCTH ee mpuMeHeHus. [IpencraBineHsl pe3yasTaTsl pacuera GyHkin G(E) ms 6Joka JeTCKTHPOBAHUS C
Nal(Tl) nerekropom (D40 MM, £ = 40 MM) U pe3yNbTaThl €r0 UCIIOIb30BAHUS B Ka4yecTBE OJOKa-KoMIaparopa s
aTTecTaluy HU3KOMHTCHCHBHBIX TIOJICH ()OTOHHOTO M3JTY9EHHMS IT0 MOITHOCTY KEPMBI B BO3IYXC.

KiiroueBble ci10Ba: CUMHTWUISIIMOHHBIA JIETEKTOp, OMEpaTop MpeoOpa3oBaHUs «CHEKTP-103a», MeTon MoHTe-
Kaprno, komnapatop.
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Abstract

Devices based on scintillation detector are highly sensitive to photon radiation and are widely used to
measure the environment dose rate. Modernization of the measuring path to minimize the error in measuring
the response of the detector to gamma radiation has already reached its technological ceiling and does not
give the proper effect. More promising for this purpose are new methods of processing the obtained spec-
trometric information. The purpose of this work is the development of highly sensitive instruments based on
scintillation detection units using a spectrometric method for calculating dose rate.

In this paper we consider the spectrometric method of dosimetry of gamma radiation based on the trans-
formation of the measured instrumental spectrum. Using predetermined or measured functions of the detector
response to the action of gamma radiation of a given energy and flux density, a certain function of the energy
G(E) is determined. Using this function as the core of the integral transformation from the field to dose char-
acteristic, it is possible to obtain the dose value directly from the current instrumentation spectrum. Applying
the function G(E) to the energy distribution of the fluence of photon radiation in the environment, the total
dose rate can be determined without information on the distribution of radioisotopes in the environment.

To determine G(E) by Monte-Carlo method instrumental response function of the scintillator detector
to monoenergetic photon radiation sources as well as other characteristics are calculated. Then the whole
full-scale energy range is divided into energy ranges for which the function G(E) is calculated using a linear
interpolation.

Spectrometric method for dose calculation using the function G(E), which allows the use of scintillation
detection units for a wide range of dosimetry applications is considered in the article. As well as describes
the method of calculating this function by using Monte-Carlo methods and the features of its application.
The results of the calculation function G(E) for the detection unit on the basis of Nal(TI) detector (?40 mm,
h =40 mm) to use it as a comparator for kerma rate in the air certification of low intensee photon radiation
fields.

Keywords: scintillation detector, spectrum-dose conversion operator, the Monte-Carlo method, comparator.
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BBenenue

[TpuGopbl Ha OCHOBE CUUHTHJUISIIMOHHBIX Jie-
TEKTOPOB 001aJaf0T BBICOKOW UyBCTBUTEIBHOCTHIO
K (POTOHHOMY HM3IYYCHHUIO U ITUPOKO MPUMEHSIOTCS
JUTSL I3MEPEHHST MOIIHOCTH JT03BI OKPY’KaIoIIeH cpe-
nel. [IockobKy OHM MMEIOT OOJBIIYIO TIOTHOCTD,
YeM MOHH3alMOHHbIE KaMepbl, HEOOJIbIINE CIMH-
TUUISIIUOHHBIE JAETEKTOPHl MMEIOT COMOCTaBHMYIO
YYBCTBHTEJIBHOCTh C MOHU3AI[MOHHBIMH KaMepaMu
OOIBIINX Pa3MepOB, UYTO TO3BOJIAET CO3ABATh MOP-
TaTHBHBIE BBICOKOYYBCTBHUTENbHBIE MpHOOpHL. Ya-
CTO CHUHTHIUISAIMOHHBIE MPHOOPHI HCIIONB3YIOTCS
B CHEKTPOMETPHUH Uil UICHTU()UKAIMN OTACIBHBIX
PaIMOHYKIIMIOB M OLCHKH UX BKJIa/Ia B CYMMAapHYIO
MOIIHOCTb 703bl. OJJHAKO U3-32 CIOKHOH (POpMBI U
CHWJIBHOM 3HEPreTH4ecKoil 3aBHCHMOCTH (YHKIUN
OTKIIMKA CIMHTWUIAIMOHHBIX IETEKTOPOB, TOCTH-
JKEHHE TIPUEMIIEMOH TOYHOCTH B JIO3UMETpaxX Ha UX
OCHOBE SIBJISIETCS] TPYJHOH 3a/1a4yeid.

Bo3MOXXHOCTH yiydllleHHs] IE€TEKTOPHOW YacTu
WU3MEPUTEIHHOTO TPaKTa C IeJIbI0 YMEHBIIIEHUS T10-
TPEITHOCTH M3MEPEHHsI OTKINKA IETEKTOpa Ha ram-
Ma-u3JIy4eHrne orpaHmdeHbl. [loatomy mis mocTu-
JKCHUS 3TOW 1esn ObLT BBIOpaH IMyTh MOJCPHU3ALINT
METOZI0B 00pabOTKU MOTy4aeMol CIIEKTpOMeTprye-
CKOH HH(pOpMAIHH.

B Snonuu B 1960-1970-x rr. ObLIM pa3padoTa-
HBI HECKOJILKO METOJIOB OIEHKH JIO3bI TT0 aMIUTHTYE
AMITYJTHCOB allapaTypHOTO CIIEKTPa CIIMHTHILISIIN-
OHHBIX AETeKTOpoB. OIWH M3 HUX BBOJAUT HEKOTO-
pyto ¢yuknuto G(E), ¢ MOMOIIbIO KOTOPOH MOXKHO
MOJYYUTh BEIMYMHY J03bI HEMIOCPEICTBEHHO U3 arl-
MapaTrypHOTrO CIEKTpa, UCIONB3yd 3Ty (YHKIHIO B
Ka4ecTBe s/ipa WHTETPAILHOTO MPEoOpa3oBaHUs OT
XapakTepucTuku noss k pose [1, 2, 3]. [Ipeumyie-
CTBO METOJa COCTOMT B BO3MOXKHOCTH W3MEPEHUs
MaJIbIX YPOBHEH raMMa-u3Iy4eHus 61aronaps BbICO-
KOH Y4yBCTBHUTEIILHOCTH NPUMEHSEMBIX CIIMHTHILIS-
[IMOHHBIX NETEKTOPOB [4]. JlaHHBII METOJ MCIOIb-
3yeTcst B paJIalliOHHOM TPUOOPOCTPOCHUH, HO €T0
MIPUMEHEHUE B OCHOBHOM OTPAaHUYMBAETCS CO3/IaHU-
€M CpEeACTB U3MEPEHMs C MOrpemHocTbio 15-25 %
[5-7]. IIpu >TOM BO3MOXXHOCTH METOAAa HAMHOTO
LIMPe U TIO3BOJISIIOT CO3/1aBaTh, HAIIPUMeEp, 00pasLo-
BBIE BBICOKOYYBCTBUTEIIEHBIE CPEICTBA W3MEPEHHS
JUTS aTTECTAIlMY HU3KO HMHTEHCUBHBIX TTONel (DOTOH-
HOTO M3yYEHMsI IT0 MOIIIHOCTH JO3BI.

Hanmpumep, moBepka M KanuOpoBKa J03MMe-
TPUYECKHX YCTAHOBOK (DOTOHHOTO H3IIyUCHHS 10
MOIIIHOCTH KEPMBI B BO3/TyX€ TPOBOIAHUTCS C UCTIONb-
30BaHMEM 3TAJIOHHBIX MOJOCTHBIX MOHU3AIIMOHHBIX
kamep o0bemMoM 10 10 11, HIDKHSS TpaHUIA U3Mepe-

HUI KOTOPBIX COOTBETCTBYET 03¢ MOPSIIKA HECKOIIb-
kux MKIp/4. [[st BBICOKOUYBCTBHTEIBHBIX TO3UME-
TPOB PaJUallMOHHON 3aIUTHl 4YacTO TPeOyeTcs Mpo-
BOOUTH KaJII/I6p0BKy B IMAINIa30HC MOIIIHOCTU KCPMBbI
B Bo3nyxe o 0,1 Mx[p/a. [ToaTomy 1enbio NaHHOI
paboThI sIBISIACH pa3paboTka OIoKa-KoMIaparopa
Ha OCHOBE CIIMHTWJUIAIIMOHHOTO OJOKa ETEeKTHPO-
BaHUS C BO3MOXXHOCTHIO TTOBEPKH OOpPAa3IOBHIX U
paboumx cpeicTB M3MEPEHUH, KanuOpOBKH MOiel
(hOTOHHOTO M3ITyYEHUS] HU3KOH MHTECHCHBHOCTHU I10
MOIITHOCTH KEPMBI B BO3/TyXE.

®Oyukuus G(E)

IIpu npumvenennu ¢ynkmmn G(E) K sHEpreTHye-
CKOMY pacTipenesieHnto GIrroeHca GOTOHHOTO H3ITyde-
HUSI B OKpYXaIolled cpejiec B KauecTBe (QyHKIIMOHAIA
o0Imasi MOIIHOCTH /03Bl MOXET OBITh OmpeesieHa
0e3 uH(pOpMAIIUN O PACHPEICICHUN PaJUOU30TOIIOB
B OKpyxatomieit cpene. CymMMapHasi MOIITHOCTD JIO3bI
W3ITy4eHUs], BbI3BaHHAsT (DOTOHHBIM H3TyYCHUEM, MO-
JKEeT OBITH IToNTydeHa 0e3 CBEICHHA O CICKTPaIhbHOM
pacrpeneieHny Paguonu30TOIOB, €CITU DHEPreTHYe-
cKoe pacnpenenenue QuroeHca (OTOHHOTO H3ITyde-
HUSI TIOJy4eHO B MECTE PACIOJIOKEHHUS ACTEKTOpA.
Ha ocnoBe »t0if mmen B pabote [1] paspaborana
METOJIMKA MPeoOpa30BaHUsl alapaTypHOrO CIIEKTpa
CIMHTHISIIIMOHHBIX JIETEKTOPOB IMyTEM BO3ICHCTBUSI
Ha Hero (hyHKI[MOHATA «CMEKTP-103a», KOTOPhINA 3a-
naercst ¢ynkiueir G(E). DTo MO3BOIWIO TONydYaTh
CYMMapHYIO MOIIHOCTH JI03bI U3JIyYCHHUS] HENOCpe/I-
CTBEHHO I10 JICTCKTUPYEMOMY arlaparypHOMY CIICK-
TPy BHEIIHEro ()OTOHHOTO U3ITyUCHHSI.

IMockoNbKY TONBKO MOJICITMPOBAHUEM CIEKTpPa
BbUMCIUTG (QyHKUMIO G(E) Hemb3s, HEOOXOTMMO
HalTH COCO0 BBIYMCIICHHUS, NCTIONB3YIOIIHI pacipe-
JieJIeHUe aMIUIUTYbl MMITYJIbCOB, (DaKTHYECKH Ha-
OmomaeMoe B JieTekTope. B kadecTBe pacnpeseneHus
CTEKTpa CPaBHEHHS CIIMHTHIUISIIIMOHHOTO JETEKTOPA,
MIPUMEHSIFOIIETOCS B BhruuciaeHnH GyHKmn G(E), uc-
TMOJB3YETCsl CIIEKTP SHEPreTHYECKUX MOTeph JUIA Ia-
paJuIeNIBHOTO My4YKa (POTOHHOTO M3IIy4YCHUsI, Ompe/e-
JICHHBII TEOPETHYECKU C MOMONIBI0 MeTona MoHTe-
Kaprmo [8, 9]. Ins onpenenenust pynkmun G(E) MeTo-
oM MonTte-Kapiio paccuuThIBatOTCS anmnaparypHble
¢byukunr otkimuka cumHTWLIIIOHHOTO Nal(Tl) me-
TEKTOpa Ha U3JTy4YEeHHE MOHOIHEPIETHYECKUX (POTOH-
HBIX UCTOYHHMKOB, a TAKXKE JAPYTUE XapaKTCPUCTUKH.

Hcnonb3ys 3TH pe3yibTaThl, MOKHO pacculTarh
¢yskmuro G(E), OqHAKO HENb3sl HANEATHCS Ha BHI-
YHCJICHUE TOYHBIX €€ 3HAYCHUM, MOCKOIBKY MEKTY
(aKTHYECKUM M TEOPETUYCCKH PACCUYMTAHHBIM pac-
npeneNieHneM uMeeTcsi pacxoxaenue. [loaromy, kak
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MPaBUJIO, SHEPIETUYECKOE PACIIPEACICHUE HaXOIUT-
Csl IyTEeM MHTEPHOJISIUMN TOMYYEHHbIX SKCIIEPUMEH-
TaJBHBIX  TEOPETUUECKUX CIIEKTPAJIbHBIX pacrpere-
JIEHUH.

HcTounnkamu ommoOOK B TaHHOM METOJIE SIBIISI-
IOTCSI:

— OTKJIOHEHHUE JEHCTBUTEIBHOTO PACIIPENCICHUS
AMIUIMTYIbl UMITYJIBCA OT MPEAIONIaracMoro mpsmo-
YTOJIHOTO pacIipeiesICHuUS;

— 3aBuCcUMOCTh (QyHKIMU G(E) OT pacCTOSHUS
MEKTy UCTOYHUKOM H JIETEKTOPOM;

— YIJIOBasl XapaKTePUCTHKA YyBCTBUTEIbHOCTH
CLHMHTWULILMOHHOTO JIETEKTOpa, KOTOpas BaKHa,
B YAaCTHOCTH, NPHU HM3MEPECHUM M3IYUCHHS OKpYKa-
IOILEN CpeNbl.

Kpome Toro, BOSHHKAIOT OIIMOKH, MTOTYYarOIH-
ecsl TIPU DHEPreTUYecKOl KalnOpOBKe MIKaJbl MpH-
0opa 1 U3-3a U3MEHEHUI YCUJICHUS] U3MEPUTEIBHOTO
TpakTa BO BpeMmsi m3Mepenuil. Ho mpu stom meton
no3BossieT 3(dexTrBHO n30erarb HeomnpeaeIeHHO-
CTeH, IMEIOIINX MECTO MPHU KIlacCHYeckoi 00paboTke
CTHEKTPOB MaTPUYHBIM METOJIOM.

MopenupoBaHue 1eTeKTOpa U pacyeT
¢ynkuun G(E)

B wmameit pabore mis ompeneneHus (yHKITUH
G(E) merogom Monte-Kapio ucnonb3oBasics mpo-
rpamMMmHbIi Kommuieke SNEGMONT [10]. A umenHO
pacCUMTHIBAIMCH ammnapaTypHble (YHKIUH OTKIHMKA
UCIIOJIb3yEMOI0  CIIMHTHJUIILIMOHHOTO Onoka  Jie-
TEKTUpOBaHMUA. B pexnMme pacdera ammapaTypHBIX
(GYHKIMH OTKJIMKA IPU MOJEIMPOBAHUM HAKAIUIU-
BAETCS CHEKTP HEPrUH, MOMIOMIEHHON AETEKTHPY-
IOLUM 3JIEMEHTOM, T.€. JUIsl KaKJJOTO JHepreTude-
CKOTO KaHaJla MOJCYUTHIBAETCS KOJIWYECTBO COOT-
BETCTBYIOIINX HMITylbcoB. Ilo 3aBeprinennn MoOH-
TEKapJIOBCKOM 4YacTH IPOrpaMMbl amiapaTypHble
(GyHKIMM OTKJIMKA pas3bIrpbiBatoTcsa mo layccy Ha
OCHOBE PACCUMTAHHBIX YHEPreTUYECKHUX CIEKTPOB
1 3KCIIEPUMEHTAIbHO OIpPEEIIEHHOW 3aBUCUMOCTH
SHEPreTUYECKOT0 pa3perieHust OT SHEPTUH.

IIpu pacuere GyHKUMH OTKIMKA y4deT KOH(H-
ryparuud U 3pdextuBHOCTH peructparuu Nal(Tl)
JETEKTOpa, MCIOJIb3YeMbIX B pacdeTrax, SBISIETCS
OYECHb BaYKHBIM, MOCKOJBbKY CYLICCTBEHHO BIIUSIOT
Ha CIIEKTPalbHYI0 (JOpMY armaparypHOro CIeKTpa.

Pacuetnas reomerpuueckas MOJEIb JETEKTOpa
Bkitouaer B ce0st Nal(Tl) kpucramn ¢ okpysKaromiu-
MU €T0 BHEIIHUMH 000JIOUKAMH, a TAKKE IEMEHTBI
BHEIIHUX KOHCTPYKLMH OJIOKa IETEKTUPOBAHUS H
OKpy»Xaromiei cpeasl. B nannoii pabore paccmarpu-
BaeTCs CUMHTHUIILUOHHBIN ONOK JETEKTHPOBAHUS

Ha ocHOBe Nal(Tl) nerexropa (040 mm, i = 40 Mm).
Nal(Tl) merexrop, oOnanatouyii BHICOKOH YyBCTBH-
TEJILHOCTBIO K (POTOHHOMY H3IYYCHHUIO U HU3KUM
COOCTBEHHBIM ()OHOM, UMEET PSIJI IPEUMYIICCTB MPH
ucrnonb3oBannu pyaknnn G(E), a *MEHHO:

— OTCYTCTBHE JHEPreTHYEeCKOH 3aBUCUMOCTH
IPH OLIEHKE JJ03bI 00TyueHHst (POTOHHOTO M3ITyUYEHUS;

— OIIpeieJIeHUE J103bI 00MyUYEHUs 0e3 CIIeKTpalib-
HOTO aHajM3a W OEeHKU JuddepeHnanbHON O3k
oOydeHus1, BKIIOYas 103y OOIydeHHs] pacCesHHOTO
U3JIy4eHHS CO CIICKTPAJIbHBIM aHAIN30M;

— HETIPOIOJDKUTEIBHOCTD BPEMEHH U3MEPEHHS 1
NpOCTOTA MpOoLecca U3MEPEHHsI [0 CPAaBHEHUIO C HO-
HU3aLMOHHOW KaMEPOH.

C nmomompl  MPOTPAMMHOTO  KOMILIEKCa
SNEGMONT 6bu1n paccunTaHbl anmaparypHbie GyHK-
run otkika Nal(Tl) merexropa (@40 mm, i = 40 Mm)
Ha IMOTOKH MOHOSHEPreTHYECKNX (DOTOHOB C SHEPIHEH
ot 10 10 3000 k3B (pucynok 1). [Ipeanonaranock, 4to
Ha BXOJIHOE OKHO JICTEKTOpa MaaaeT 1o HOPMaJli paB-
HOMEPHBIM NapajuleNbHbIM TOTOK MOHOYHEpreTHye-
CKUX (DOTOHOB C 33JaHHOH MOIITHOCTHIO aMOMEHTHOTO
SKBHMBAJICHTA J103bl Y MOBEPXHOCTH JeTekTopa. Coot-
BETCTBYIOLIAS IIOTHOCTh MOTOKA BBIYUCIIACTCS HPO-
rpaMMOH B IpoLiecce 3aJaHusl MOIb30BaTesieM UCXO/I-
HBIX JIAHHBIX MOJICIIUPOBaHUs. MojenupyemMoe Bpemst
BO3JICUCTBUSI OIIPEAEISUIOCH IO KPUTEPUIO 33JaHHOMI
CTaTUCTUYECKON JIOCTOBEPHOCTH PE3YIIBTATOB.

1000 — 60 B

| — 122 xoB
| 300 xaB
| — 662 3B

—

<

=]
I
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I

vy ey
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T
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Pucynok 1 — Anmnaparypusle ¢pynkuun orkiauka Nal(TI)
nerexropa (040 mm, & = 40 MM) Ha MOHODHEPIEeTHYECKOE
raMMa-u3JyueHrne, pacCyuTaHHble 1O MeToxy MoHTe-
Kapno

Figure 1 — Instrument response functions of the Nal(TI)
detector (040 mm, & = 40 mm) to monoenergetic gamma
radiation calculated by Monte-Carlo method

Ha ocHoBe cMonennpoBaHHBIX (PyHKIHN OTKITH-
Ka JUIsl HECKOJIbKHX JECSATKOB PA3JIMYHbBIX HCXOAHBIX
MOHOJIMHHN TaMMa-U3J1y4eHUH ObUIM pacCUUTAHBI
3(h(heKTUBHOCTH perucTpani U YyBCTBUTEIHHOCTD
JETEKTOpA.
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[Tomydennsie anmaparypHbie QyHKITUH OTKIAKA
Ha MOHOZHEPIeTHYECKOe H3IYYCHHE B JTUara30He
snepruii ot 10 1o 3000 k3B mpencrasnsioT coboit
CHEKTpaJIbHOE pacIipesie]ieHle, COOTBETCTBYIOIEE
napajuieIbHOMY Iy4Ky ()OTOHHOTO H3ITyUeHHS.

AmnmaparypHoe CHEeKTpalbHOE pacIipe/ieeHHe
(horonnoro m3mydenus B kpucramie Nal(Tl) B 00-
JIACTH 3Hepruil MeHee 2 M»1B, rie BiustHIEe 00pazo-
BaHUs JIEKTPOHHBIX AP HEBEJIMKO, 00pa3yercs w3
pacnpe/esneHrs BTOPUYHBIX JIEKTPOHOB € SHEPTHUsi-
MU OT HyJIS 10 KOMIITOHOBCKOTO TOPOTa, MHUKa MoJ-
HOTO TIOTJIONICHHUS, CO3IaHHOTO TJIaBHBIM 00pa3oM
(hOTODIIEKTPUIECKUM TIOTIIONICHUEM, a TaKXKe HHU3-
KODHEPIreTUYeCKOW COCTaBIAIOIIEH, OOYCIIOBJICH-
HOU pacCessHUEM.

Habmromaemoe B ICHCTBUTEILHOCTH aMILTHTY/I-
HOE paclipe/ieJIeHHe UMITYJIbCOB, IUPHHA KOTOPHIX
YBEJIMYMBAETCS KaK MPH MPOXOKIECHUN CITUHTHILIS-
LIMOHHBIX (DOTOHOB OT MeCTa IeHepaluu JI0 BXOJ-
HOTO OKHa ()OTOZIEKTPOHHOTO YMHOXHTENS, TaK U
MIPH YCUJICHUH TOKA SJIEKTPOHOB, 00pa30BaHHBIX B
pesyabrare porodddekra, mpeacTaBisieT coool He-
NpepbIBHBIA criekTp. Jlanee Bech 3HEPreTHYeCcKUi
JMAITa30H PErucTpaIiy pa3OruBaeTcs Ha dHEPTeTH-
YeCKHe MHTEPBAIIBI, /IS KKIOTO U3 KOTOPBIX BhI-
gucisercs pynknus G(E) ¢ mpuMeHEHHEM JTUHEH-
HOW UHTEPTIOJIALUY.

Pacuetsl ¢pynkunu G(E) ynoOHO MPOU3BOIUTH
B cpene MathCAD ¢ MCIONb30BaHUEM WHTEIUICK-
TyalbHOTO alTOPUTMAa, MO3BOJISIONIETO MOAOUpAaTh
SHEPreTHYeCKHe WHTEPBAIbl U MHHHUMHU3HPOBATH
otkionenust ¢pynkuun G(E). Ha pucynke 2 mpen-
CTaBJIEHBl MpHUMEpHl ammapaTypHOro CIeKTpa u
CIIEKTp J103bI, CO37aBaeMble KOJNTMMHUPOBAHHBIM HC-
TOYHHKOM TaMMa-H3JIydeHus **°Ra B cocTaBe 103u-
METPUYECKON YCTAHOBKHU.

CKOPOCTB cueTa (MMr/c)

count rate (cps)

MOLIHOCTb KepMbI B Bo3ayxe (I p/u)
kerma rate in the air (nGy/h)

=
S

=)

=

0,01
1E-3
1E-4
1E-5
1E-6
1E-7
1E-8

CKOPOCTb cueTa (MMIYC),
MOIIHOCTb KEPMBI B Bo3ayxe (HI p/u)

count rate (cps), kerma rate in the air (nGy/h)

0 500 1000 1500 2000 2500

3HEeprus u3nydeHus, k3B
radiation energy, keV
Pucynok 2 — VI3MepeHHBII anmapaTypHBI H pacCaUTaH-
HBIH I030BbIH CIICKTPBI HCTOYHHKA TaMMa-H3JTydeHns 2°Ra

Figure 2 — Measured instrumental and calculated dose
spectra of the gamma radiation source ***Ra

OTMeTHM, 9TO TOYHOCTH U3MEPEHUS MOITHOCTH
JI03bI, OCHOBAaHHOTO HAa HWCIOJBh30BAHUU (DYyHKITUH
G(E), 3aBUCHT OT IIUPHUHBI KaHalla JHEpPreTHde-
CKOM WIKalbl CIEKTPAILHOIO pacnpezaeseHus. J[ins
co3maHusi 00pa3IOBBIX CPEICTB H3MEPEHUS BaX-
HO YUYUTHIBATH AHHBI MOMEHT, TaK KaK OH MOXKET
BHOCHUTbH CYIIIECTBEHHYIO TIOTPEIIHOCTh B BETHUUHY
M3MEPEHHON MOIIHOCTH A03bl. J{Jisl pemeHust 3Toi
3ajjauu  pa3paboTaH airopuT™M pacuera (YHKIHUU
G(E), yauTHIBAIOIUHI peajbHyIO HIMPUHY SHEPreTH-
YECKOTO KaHaJla UCIIOJIBb3YEMBIX OJIOKOB JETEKTHPO-
BaHus. [IpuMeHeHne MaHHOTO ITOIXOMAa ITO3BOJIHIIO
TIOOUTBCST XOPOIIeH CXOMUMOCTH PE3YIIBTaToOB pac-
4yeTa MOIIHOCTH JI03bl ¢ TIoMOMIbl0 QyHKIMU G(E)
Y U3MEPEHHBIX 3HAUCHUN MOITHOCTH J03bI Ha MOBE-
POYHBIX JO3UMETPUUECKUX YCTAHOBKAX.

Hanpags/jieHHOCTB 1eTeKTOpa PU HCI0JIb30-
BaHuu ¢pynkunu G(E)

i perienns 3aiad Mo U3MEPEHUIO MOIIHOCTH
JI03bI OKPY>KaroIe cpeabl HeOOXOMUMO YUHUTHIBATh
MOJIOKEHUE CHUHTWUIAIMOHHOTO JIeTeKTopa TpH
MPOBEACHUU M3MepeHui. B oTiauuue oT MoHM3aIu-
OHHBIX KaMep, CIWHTHUIAIMOHHBIE OJOKH JeTeK-
TUPOBaHHUS WMCIOT BBIPAKECHHYIO XapaKTEPUCTHKY
HanpasiieHHocTH. [lostomy pacuer dyunkimu G(E)
M KaJIMOpPOBKA JOJKHBI BBITIOJIHATHCS JUIsl pabodeit
TCOMETPHUH U3MEPEHHH IpUoOOpa.

C mOMOmBI0  TMPOTPAMMHOTO  KOMITIEKCa
SNEGMONT o6HapyXeHO, YTO CIIMHTHILISIIIHOHHEIC
JIETEKTOPBI C OTHOIIECHUEM IuaMeTpa K BbicoTe 4:3
MMEIOT CaMylo JIYYLIYI0 XapaKTepUCTHUKY Harpas-
neHHoCTH. [Ipu 3TOM B CHMHTWUIAIIMOHHBIX JTETEK-
TOpax, y KOTOPEIX muameTp B 1,5 paza OombIle BBI-
COTHI, caMasi BBICOKAsh YyBCTBHUTEIBHOCTD (IIPHPOCT
cocrapnser +3 %) HaOMOMaeTCs MPH yIiIaxX MajeHus
W3Iy4YeHUs B mipeenax 15° u ganee, mpuOIMKasch K
90°, cHMKEHNE YyBCTBUTENILHOCTHU I0CTUTaeT —6 %.

B mammx wccrmemoBaHHUSX TPUMEHSUICS CIIWH-
TAJUIAIIUOHHBIA JTETEKTOP C PaBHBIMH IO pa3Mepy
JIMaMETPOM U BEICOTOH. B 3TOM citydae o mepe yBe-
JIUYCHUS yIia TaJICHUs] TaMMa-U3Ty4YeHHs 1yBCTBU-
TEIBLHOCTh JACTEKTOpa PACTET U CTAHOBUTCS MAaKCH-
MasbHOH pu yrax 70—-80° (pUpOCT YyBCTBUTEb-
HocTH coctaBisieT +10 % oTHOocuTenpHO paboucit
TOPIIEBOW T€OMETPUHN U3MEPEHHS).

Pa3paborka 6/10ka-koMnaparopa

[Tomyuennusbie 3HaueHus PyHKuu G(E) UCIONb-
30BAJIMCh MPHU OTIAJKe OJOKa JIETCKTUPOBAHUS HA
ocHoBe Nal(Tl) nerexropa (940 mMm, & =40 mm). Ha
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€r0 OCHOBE OBLT CO37aH OJIOK-KOMIIapaTop I arTe-
cTaIu moJeit GOTOHHOTO U3ITYYESHHUS IO MOIITHOCTH
KEpPMBI B BO3yXE€.

Anpobauust O10Ka JETEKTHPOBaHUSI C (yHK-
mueit G(E) B KauecTBe CpelCcTBA M3MEPEHUS MIPOBE-
JIeHa Ha TOBEPOYHOMN JI03UMETPUYECKOM YCTaHOBKE
VIAI-AT110 [11] ¢ wucnonb3oBaHUEM HMCTOYHHUKOB
ramma-u3nydenus **'Am, ’Co, ¥'Cs u “Co. Cpas-
HUTEJIBHBIA aHAJN3 TOJYYCHHBIX SKCIEPHUMCHTAIIb-
HBIX ¥ PACUYCTHBIX aMMapaTypHBIX CIEKTPOB MOKA3ajl
XOPOIIYIO CXOAUMOCTh. [103TOMYy 3Ha4YeHUs] MOIIHO-
CTH J103bl, TIOTyYeHHBIE C MCIOIb30BaHNEM (YHKIHN
G(E), XOpOIIIO COTIIacyIOTCs C IEHCTBUTETHHBIMH 3Ha-
YEHUSIMH MOIIHOCTH J103bI (OTKIOHEHUs] MeHee 3 %)
B HCCIIETyEeMbIX MOJIAX U3y4yeHus. B pesynbrare npo-
BE/ICHHBIX U3MEPEHHH ONpe/ieNIeHbl OCHOBHBIE METPO-
JIOTHYECKHE XapaKTePUCTUKHU OJI0Ka-KOMITapaTopa.

Jns  monTBepKIeHWs METPOJIOTHMYECKHX — Xa-
PaKTepUCTHK OJNIOKa-KoMITaparopa OBUIM ITPOBECHEI
WCCIIC/IOBaHUS, a TIO3KE BBITIONIHEHA KaTMOPOBKA B
OI'VIT «BHUMM um .M. MenaeneeBa» Ha rocy-
JIapCTBEHHbIX ATanioHax Poccuiickoil denepanuu mno
MOIITHOCTH KEPMBI B BO3/yXe: 3TAJIOHHOW YCTaHOBKE
peatrenoBckoro mmyderns YOIl 50-320 u3 cocrasa
I'9T 8-2011, aTanoHHON ycTaHOBKE raMMa-U3IIy4eHUs
YHU33 ¢ ucnonp30BaHUEM HCTOUHUKOB TaMMa-U3Jy-
yenus >'Am, '¥’Cs, ?Ra, ®°Co u3 cocrasa 'BOT 8-2.

3aBUCUMOCTH MOKa3aHUM OJI0Ka-KoMIaparopa ot
MOIIIHOCTH KEPMBI B BO3/IyXe ObLIa HCCIIeJOBaHa B MO~
JISIX TaMMa-H3TyYeHUS PaAHOHYKIHIHBIX HCTOYHUKOB
u3 ¥Cs (662 x3B) B nuamazone ot 0,03 mo 50 ulp/c.
Pesynbrate! nccnenoBaHuil TOKa3any OTKIOHEHHE OT
JIMHEHHOCTH B Tipezenax +3% B yKa3aHHBIX JHara3o-
HaX MOIIHOCTEH KEPMBI B BO3AyXE (PUCYHOK 3).

w
o

1E-9

1E-10

measured value of air kerma rate, Gy/h

1E“10 IE-9 IE-8

M3MEPEHHOE 3Ha4EeHHEe MOLLHOCTH KEpMbl B Bo3ayxe, I'p/c

HEﬁCTBHTEHLHOB 3HA4YCHHUE MOIIHOCTH KEPMBI B BO3AYXE, Fp/C
actual value of air kerma rate, Gy/h

Pucynok 3 — 3aBucHUMOCTb 1OKa3aHui OJI0Ka-KOMIIaparo-
pa OT MOIITHOCTHU KEPMbI B BO3AYXE B IIOJIAX raMMa-nu3J1y4de-
HUS paMOHYKIHIHOTO HeTtounnka ¥7Cs (662 kaB)

Figure 3 — Dependence comparator readings of kerma rate

in the air in the fields of gamma radiation of '*’Cs radionu-
clide source (662 keV)

DHepreTuuecKkas 3aBHCUMOCTH YYBCTBHUTEIb-
HOCTH OJOKa-KomIaparopa Obula HCCIIEOBaHA B
JUana3oHe CpeiHuX dHepruil GotoHoB ot 40 mo
1250 k3B ¢ ucnonbp30BaHNEM PEHTI€HOBCKOTO U I'aM-
Ma-u3JTy4eHU. DHepreThuecKasl 3aBUCUMOCTh 1yB-
CTBUTEIBHOCTH OJIOKa-KOMITapaTtopa B JaHHOM JIHa-
Ma30HE YHEPTHH He TpeBbImaeT +6 % (PUCYHOK 4).
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Pucynok 4 — DHepreTHyeckas 3aBHCHMOCTH YYBCTBH-
TENBHOCTH OJIOKa-KOMIIapaTopa B JAWana3oHe JHEepruu
tdotonos ot 40 1o 1250 xk>B

Figure 4 — The energy dependence of the sensitivity of
the comparator in the photon energy range from 40 to
1250 keV

B ®I'VII «BHUMM um .M. MengaenecBay»
BBINOJIHEHA KaJuOpOBKa OJioKa-KoMIapaTopa, npu-
Hajiexkamero YII «t ATOMTEX», ¢ Beimaueit cep-
trduKkaTa KaauOpoBKH. MakcHMalbHOE 3HAYCHHE
paclIMpPEeHHOH HEONPEAEICHHOCTH MOIYUYCHHBIX
3HAYCHUH KaMOPOBOYHBIX KOA(D(DUIIMEHTOB, MPH
koa¢p¢unmente oxsara k = 2, GiI0Ka-KoMIaparopa
He npesbImaer 4 %.

B Hacrosmee BpeMs HeCKOIbKO TTOJOOHBIX 0J10-
KOB-KOMIIApaTOPOB PEHTI€HOBCKOTO M TraMMa-u3-
Jy4eHHUs TIOCTABJICHBl U YCIEUIHO MCIIONb3YIOTCS B
®OI'VII «BHUUM um .M. MengeneeBa» u B YII
«ATOMTEX».

3ak/oueHue

IIpumenenue  mporpaMMHOIO  KOMILIEKCa
SNEGMONT w y4eT IMHPUHBI SHEPTETUYECKOTO
KaHajla HCIONb3YEMbIX OJIOKOB JETEKTUPOBAHUS
npu pacyere GyHKuH G(E) 00ecrieunBaOT XOpo-
LIYK) BOCIPOU3BOAMMOCTb M JOCTOBEPHOCTbH H3-
MepsieMOl MOIIHOCTH 103bl. [IpencraBineHnsle pe-
3yJIBTaTbl W3MEPEHUN pACHPENEICHUA aMILIUTYL
HMITYJIbCOB, IOJYUYEHHbIX MeTogoM MounTte-Kap-
JIO C WCIONB30BAaHUEM IPOrPaMMHOIO KOMILIEKCa

251



Ipubopul u memoovt uzsmepenuil
2017.—T. 8, Ne 3. — C. 246-253
Jlykawesuu P.B., @okoe I A.

Devices and Methods of Measurements
2017, vol. 8, no. 3, pp. 246-253
Lukashevich R., Fokov G.

SNEGMONT, o0ecreunBarOT OTKJIOHEHHE ITOTOKA
¢oroHoB meHee 4eM B 1 % OT HCTUHHOTO BXOAHOTO
MTOTOKa (DOTOHOB.

MeTon OLEHKH MOLIHOCTH AO3bI IO 3HEPTUU
(D)OTOHOB B CHEKTpPE C HCIOJIb30BaHUEM (DyHKIMH
G(E) sBnsierca Oonee THOKUM, YeM MPUMEHsEMbIE
B HAcCTOsLIIee BPEMsI METOABI, U O0ecleYnBaeT Ha-
JeKHBIE PE3yNbTaThl, COBIAAAIONINE C COBPEMEH-
HOM KOHLENIHMEH pagualOHHOIO KOHTPOJIS, TaK
KaK IpU M3MEPEHMH A03bl NMPUCYTCTBYET ammnapa-
TYPHBIH CIIEKTP M3JIy4EHHUS U AOCTyNHA MH(OpMa-
s 00 3HEPTUN U3ITYUCHHUS.

Pesynbrarel ompeneneHus METPOJOrHYECKUX
XapakTepucTuK n xanmmoposka B OI'VII «BHUMM
umMm JI.1. MenpaeneeBa», CO3JaHHOIO Ha 0a3e CIUH-
THUISILUOHHOTO JETEKTOpa OJ0Ka-KoMIaparopa, mo-
Ka3bIBAIOT, YTO IPUMEHEHHE OIIMCAHHOTO BBILIC O/~
X0Ja TO3BOJISIET MCIOJIb30BaTh paccMaTpUBaEMbIil
OJI0K-KOMIIapaTop B METPOJIOrHU (POTOHHOTO W3-
YeHUs JUId TOBEPKH pabouMx 3TAJOHOB U CPEICTB
HU3MEpPEeHHH, KaTMOPOBKY HOJEeH (POTOHHOTO U3ITyde-
HUSI HU3KOH MHTEHCHBHOCTH 110 MOLIHOCTH KEPMBbI
B BO3/IyXe B MHTepBaje sHepruit oroHoB oT 40 10
1500 3B ¢ norpemnocTsio He 6osee 4—6 %.
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