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YYET CMELUAHHOIO U3JTYYEHUSA NPU UBMEPEHUN PAJMOAKTUBHOIO
3APAXEHUA PA3JIMYHBIX NPEOMETOB B NOJIEBbIX YCJTOBUAX

B cmamve nposedeno ucciedosanue HeoOX00UMOCHU U 603MOICHOCTIU USMEPEHUS MOWHOCTU 003bl CMEULAH-
HO20 2amma u Oema uziyyenus npu 6e0eHUU paouayuoHHOU Pazeeoku i KOHMPOIsL CYWeCmayiomumu npubopamu,
0mepadyupoBaHHbIMU 8 1aO0PAMOPHBIX YCAOBUSIX NO 2AMMA-UZTYYEHUIO.

Knrwouegsle cnosa: s¢hghexmuenas paouayuoHnas momyuna 0emekmopd, CMeuanHoe usiyyeHue.

BBepeHue

[MocTanoBka npob6iaembl. OCHOBHBIM TPeOOBaHHEM
K TOJIEBBIM METOAaM ONPEAEIEHHs 3apaKeHHOCTU SIB-
nsiercst obecrieueHre BO3MOXKHO Oonblield 00beKTHBHO-
CTH TIPH OLEHKH OIACHOCTH 3apa)KeHUsI PaJHOaKTHUB-
HBIMH IIPOJyKTaMH MECTHOCTH, JIMYHOTO COCTaBa, IO-
BEPXHOCTEW Pa3IMYHBIX 00BEKTOB, BOABI U MPOJIOBOJIb-
CTBHSI.

[Tpu 5TOM BIIOJIHE €CTECTBEHHO CTPEMJICHUE H3Me-
PATBH 3apa’k€HHOCTD 110 TOMY BUY H3JIY4EHUsI, KOTOPOE
SIBIISIETCS TOPAXKAFOLIHM.

W3BecTHO, YTO BCE pa3pylIeHUs] B OpraHU3MeE BbI-
3BIBAIOTCS JIMIIL OBICTPHIMH DJICKTPOHAMH (0-3JIEKTPO-
HaMH), KOTOpPBIE POXKIAIOTCS B KJIETKaX OpraHu3Ma, HiIH
raMMa-KBaHTaMU, WK OeTa-4acTHIAMH.

O¢ddextpr ob6mydenus 134 naukBumatopos YADC
MOJYYUBIIUE OCTPYIO JYy4EBYIO 0OOJI€3HB, OCIOXKHSIIUCH
UMEHHO OOIIUPHBIMH Jy4€BHIMH OXKOTaMH KOXH, BBI-
3BaHHBIMH B-U3ITydEHUEM.

[MopaxxeHus: KOKH, OXBAThIBABIINE 3HAYUTEIHHYIO
YacTh MOBEPXHOCTH TeJla, BXOAWIN B Ka4eCTBE OJHOM
W3 BeIyIIMX NPUYUH cMepTH (28 4enoBek) BO BCE CPOKH
mocie obomydenus [8]. MccrmemoBaHus HW30TOIHOIO CO-
CTaBa paJMOAKTHBHOTO 3apaxkeHus mecTHoctd (P3M)
KakK TNpH SIIEpHBIX B3pbIBaX, Tak MpH KatacTpodax Ha
SIIEPHBIX 00bEKTaX, 00BEKTUBHO MOKA3bIBAET, YTO MPHU-
YMHOW CMENIAHHOTO HMOHM3HPYIOUIETO0 W3JIYy4YeHHs B
90% cnyuaeB SIBISIIOTCS UMEHHO OeTa-pacmajipl, MpH
KOTOPOM (POTOHHOE SIBJISIETCSI CONPOBOKIAIONINM H3ITY-
YEHHEM.

OpHaKo, W3TOTOBIATH MPUOOPHI C JETEKTOPOM,
KOTOpBIi OBl y00€H /ISl ITOJIEBBIX U3MEPEHUMH C OJIMHA-
KOBOW  3(Q(EKTHBHOCTBIO  pPErHCTpUpOBan  Oecra-
W3JTydeHUE JIIOOBIX DHHEPrHi, TEXHUYECKH CIIOXKHO.
OwmunOKK BO3pPaAcTalOT, €CIM M3MEPATh PaJANOAKTHBHOE
3apaKeHUE 110 OeTa-U3JIYYeHHI0 TIPH TOBBIIICHHOM
ramMma-(QoHe, T.e. Ha 3apaKEHHOH MECTHOCTH.

Hauunast ¢ 1964 roga creneHp 3apakeHus: OIpe-
JIETISIETCsl TI0 TaMMa-H3JTy4eHUIO OTHOCUTEIBHBIM METO-
JIOM M3MEpSisi MOIIHOCTh SKCIO3UIIMOHHOM JT03bI raMMa-
W3JTy4EeHUsI.

B cBsi31 ¢ TeM, YTO MU TAKOM U3MEPEHNH B KaKOH
TO Mepe aBTOMATHYECKH YYUTHIBAECTCS W3OTOIHBIN CO-
craB npoaykroB SIB (t.e. Bospact no 30 cyTox u co-
Jiep)KaHie B HUX aKTUHHIOB), TO OBUIO MPUHSATO CYH-
TaTh [1] yTo ramma-uznydeHue Oonee 0OBEKTUBHO, YEM
IUIOTHOCTh MOTOKa OeTa-u3iydeHus: (IOBEPXHOCTHAS
AKTUBHOCTb B YACTHIY/CM’'MHH), XapaKTepu3yeT OIac-
HOCTh Pa/IMOAKTHBHOTO 3apayKeHUH, YTO Ha HaII B3TJISL
OLIMO0YHO.

B psine cinydaeB Oera-m3nydeHue B OoJbluel cre-
TIeHH, YeM r'aMMa-U3JIydeHHe BO3JIEHCTBYET Ha UesloBe-
Ka, OCOOCHHO Ha KOXY OTKpPBITHIX yYacTKOB, Ija3a |
OKOJIOTIOBEPXHOCTHBIE TKaHH. [Ipu oJMHAKOBOM KO3(-
¢unuenTe kauecTsa Oeta U raMMa-U3Ty4SHUS U, MaKCH-
MaJbHOM Ipobere B Bo3ayxe Oera-uactuiyio 10-13 w,
pamuanvoHHas pa3BeKa MO MPEKHEMY IPOBOAUTCS
TOJIBKO 110 FAMMAa-H3JyUYEHHIO U PEAKO YYUTHIBAET BO3-
JIEWCTBHE HAPYKHOI'O OeTa-W3JIydeHus, rojarasich Ha
KOHLIETIIIMIO 3HAYUTENFHOTO OcalieHus ero 60OpToBbI-
MU M UHJMBU1YaJIbHBIMU CPEACTBAMH 3aIUTHL.

Lens padotbl. [JanHas pa®oTa MOCBAIICHA HC-
CJIE/IOBAaHUIO HEOOXOIMMOCTH M BO3MOXXKHOCTH H3Mepe-
HUSI MOIIIHOCTH /103l CMEIIAHHOTO TaMMa U Oeta M3iy-
YeHHs NPH BEACHUH PaJUallMOHHOM pa3BelKH M KOH-
TPOJISl CYHIECTBYIOIIUMH MPUOOpaMH, OTTpaJayHpOBaH-
HBIMH B J1a0OpaTOPHBIX YCJIOBHAX [0 TraMMa-H3Jy-
YEHUIO.

OcHoBHOM pa3gen

1. OueHKa cooTHOLWeHUn Mmexay b6eta
M raMmma usnyYyeHusiMmu

Oo6menpunsro [1 — 4], 4To A1 aTOMHOTO 3apsiia
CpEMHsIsl SHEprus raMMa-KBaHTOB U 6eTa-yactun E,(E)
MPOAYKTOB B3pbiBa u3MeHsumch ot 1,7(0,6) mo
0,51(0,32) u ot 0,51(0,32) 1o 0,66(0,4) MsB Bo BpeMme-
HU oT | ¥ 10 5 cyrok u ot 5 g0 100 cyrok, cooTBeTcT-
BeHHO. [l TepmosaepHoro 3apsna E,(E ) usmensercs
or 1,7(0,5) mo 0,3(0,21) u ot 0,3 (0,21) no 0,65 (0,4)
M>bB Bo Bpemenu ot 1 1 10 5 cytok u oT 5 10 100 cy-
TOK, COOTBETCTBEHHO.

Tak B pabote [1] moka3aHo, 4YTO B CMECH paJHOaK-
TUBHBIX HM30TOINOB, KAaKOH SIBIISIETCS OCKOJKH JEIEHHS
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SIB, ucrouHMKH OeTa-u3IydeHHid MMEIOT IIMPOKUI WH-
TepBaJ PHEPTHIL:

pyrenuii-11- 106 mmeet E - ,,,,=0,039 M>B,

pyounuii-88 — E - =5,2 MaB).

Bornblas yacTe M30TONOB, BXOJSIINX B COCTaB OC-
KOJIKOB JIeJICHUs, MpeTepIeBaeT pacnaj ¢ UCIyCKaHHEM

0eTa-yaCcTHIl, YacTO CONPOBOKAAIONIMUCS  ramMma-
n3ayueHueM (puc. 1).
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Bperma nocsg Rzpniaa (uncm)

Puc. 1. Otnomenne 0era-aKTUBHOCTH K TaMMa-
AKTUBHOCTH OCKOJIOYHBIX M30TOIIOB B 3aBUCUMOCTH
OT BPEMEHHU, MPOIIEAIIETo MMocie JeeHus ypaHa-235
Ha TEIUIOBBIX HEHTpOHAX

W3 puc. | BuaHO, 4T0 10 5 AHEH (YTO COOTBETCTBYET
ONTUMAITLHOMY BPEMEHH BEIICHHIO paIHallMOHHON pas-
BEJIKM MECTHOCTH) 3TO OTHOLIEHHE PAaBHO TPUMEPHO 1, K
COTOMY JHIO OHO BO3pacTaeT /0 2; Jainee, K TPETbeMy
TOJy- IOCTHTaeT HAUOONBILIEr0 3HAYEHUS, PABHOTO 3.

VYkazanusie B padore [9, 10] uzorormsr 27 31eMeH-
TOB (C mepuomoM Ioiypacmaga Oombine 1,35 CyToK)
COCTABJISIBIIUX AKTUBHOCTh HACHIIMICHUS B aKTHBHOM
30He peakTopa derBeproro Ojoka (UADC) Ha MOMEHT
aBapuH, UCITyCKallM OeTa-yacTHUIbI, HO JIMIIb MTOJOBUHA
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U3 HUX JIOTIOJHUTENIBHO M3JIydalia ¥ TaMMa-KBaHThL Y
TaKUX M30TOMNOB Kak 1oj-132, nantan-140, nmpazeoaum-
144, pyrenuii-106, uttpuii-90 MakcuManbHas 3HEPrHs
Oera-vacTuIr] mpesbimiact 2 M»dB, uro mo3BoNsAeT MM
IpoJIeTaTh B Bo3myxe Oonee 10 MeTpoB, a B OHOIOrHYe-
ckoit Tkanu 1o 1,5 cm. Ilpu sTOM BenmuuuHa cpenHei
SHEpPIruu OeTa-yacCTHI[ JOCTATOYHA JUIA IPEOMOJICHUS
cinost OMOTKAaHU TOMIMHOM 0,5 CM, YTO B TBICAYH pa3
MIPEBBIIIACT TOJIIUHY 0a3ajJbHOTO CJIOS, PAaBHYIO BCETO
70 mxm. Cpennsisi sHeprusi O6era-yactuil B 1988 romy
paBusutack 0,518 M»B. Tlornomenue 1ByXcOT 4acTHIl C
IOBEPXHOCTH 1 CM’ CO3Ja€T MOIIHOCTH O3Bl B pac-
CMaTpUBAEMOM cjioe OMOTKaHW 2 MK3B/4ac, 4YTO, Kak
BUJIHO U3 pHUC.2, B JIBa pa3a MPEBBIIIAET MOITHOCTH
JI03bI OT BHEIITHEr0 TaMMa-M3JIy4eHHUs B TOM e CII0€.

PanuoaxktuBHOCTH KpoBH B 1986 romy y nukBuaa-
TOpOB, VYCpPEIHEHHas MO0 pe3yJbTaTaM aHaIM30B
242 yenoBeK, cocTaBisdiia 6,24'10'7 Ku/n. U3-3a Toro,
4TO TOXXE UCIyCKaloT Oera-
YaCTHUIIBI, DHEPTUs KOTOPBIX, YCpPEIHEHHas II0 BCEM
Oera-clieKTpaM M IO BCEM H30TOIIAaM, COCTAaBIIsIA
0,172 M»dB, ramma-criekTpoMeTp (UKCHPOBAJ JIHIIb
MTOJIOBUHY M30TOIOB B KPOBHU U3 27 — BCE YUCTHIE Oera-
n3ay4darenu orcyrcTBoBanu. CpenHss sHeprusi Oera-
YaCTHIl OTCYTCTBYIOIIMX B HM3MEPEHHUSX U30TOMOB CO-
crasisaa 0,537 MbaB.

MOIIHOCTD /103bI, 00YCIIOBJICHHASI TaMMa-H3JTyde-
HUEM HICHTU(GUIIUPOBAHHBIX HW30TOIIOB, BBIUHCIICHHAS
yepe3 KepMa-IoCTOsHHbIe, cocTarisuia 10,36 Mk3B/4ac;
0T OeTa-u3JIyueHHs ITUX XK€ U30TOMOB — 2,28 MK3B/Uac;
or OeTa-W3NMy4eHUS  HEYUTCHHBIX  H30TOIOB  —
7,12 mMx3B/4ac.

ramMma-usjiaydaTeiin

---a--- MOWHOCTb AD3bI NDA KOKEN
ot BeTa-4yacTuu, MK3s/yac

—+— MOWHOCTL A03bl OT ramma-
U3nyue-uld, mk3r/uac

— - — PaaMauM0OHHAA HAarpy3Ka Ha
NOAKOMHY IO TKAHb, MK3B/4ac

—+— N OWHOCTb A03bl HA BECH

0,00

CYTKM

OPraHMam, MK3s/4ac

. 2
Puc. 2. I3mMeHeHue paauanonHast 00CTaHOBKA Ha 3arpsi3HEHHON TeppuTopuu ¢ ypoBHeM 10 Ku/km

Takum 00pa3oM, CyMMapHash MOIIHOCTb O3Bl
TOJNIBKO 33 CYET W30TOMOB, 3aXBa4YEHHBIX KPOBBIO, CO-
crapmsuia moytn 20 wmk3B/yac. OOmydenust Oera-
YACTUIIAMH TeNa YelIOBeKa BHOCHT 3HAYUTENBHYIO MO-
MpPaBKy B BENUYUHY, ONpPEACNAIONIYIOCS HA OCHOBE
KJIACCHYECKUX pacueToB ((pakTHYSCKHE IO03BI OTIHYa-
IOTCS B CTOPOHY YBEITUUYCHHUS OT PACUCTHBIX, MONYUYEH-

HBIX 10 CTAHIAPTHBIM METOJMKaM, HE MEHee, YeM B J[Ba
pasa).

JI1s1 moATBEpKICHUS NAHHBIX BBIBOJOB CPaBHUM
YHUCIIO B-4acTUI] U Y-KBAaHTOB C OJMHAKOBOW JHEpruei
(Eg=E,=1M>1B), HeoOXOAUMBIX HJi CO3JaHHS MOIIHO-
ctv 1036l B 1 panx 3a 1 cek. i MATKOH OMOJIOTHYECKOM
Tkanu u=0,003 oM/, Rg=0,48 r/em’. Torna
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® 262510 — 1 —20.10 YOTOR L (1)
! 1,0-0,03-1,0 oM’ - ceK
4 _
, =6,25-10 — 28 _g 57| Pwamon | )
0,4-1,0-1,0 CM” - CeK

TakuMm 00pa3oM, Ha PACCTOSIHUH, CYIIECTBEHHO
MEHBIIIUM TIOJTHOTO Mpodera -4acTHIl B BO3IyXeE, 103a
OT UCTOYHHKA [B-U3JIy4EHHUS B JAECATKU pa3 OOJbIIIe, YeM
OT HCTOYHHKA Y-HU3JTy4EHHS OJMHAKOBOW JHEPIUU U
AKTHBHOCTH.

2. OueHKa 3aWmUTHbIX CBOMCTB MaTepuanoB
oT 6eTa-n3ny4veHus

BaxkneimuM (pakTopoM KOXKHOTO TOpaKEHHs B
1986 romy cuuTanmach amUIMKALUS PagdOAKTUBHBIX
0Ca/IKOB Ha OTKPBITHIE TIOBEPXHOCTH Tena. CUuTanocs,
YTO OJWH CJIOW XJIOM4aToOyMa)KHOM TKaHM (TIopsijika
50 Mr/cmM’) TOYTH IONHOCTHIO 3AIMIAN OT Oera-
W3JIy4eHUs, TaK Kak IOpakeHHus1 OOHapYKUBAIUCH
TOJIBKO Ha COBEPILIEHHO OTKPHITHIX YacTsX Teja, a Oonee
JUTNTENBHOE BPEMsI OHU OCTaBaJIMCh B 00JIACTH KOXKHBIX
ckianok. BoszgelicTBue ramMma-m3aydeHUsT Ha KOXY
OBUTO OTHOCUTENFHO HeOombimM. B [11] ycraHoBIEHO,
4TO OOMYHIMPOBAHUE HE B MOJHON Mepe 00ecreunBaeT
3alIUTy KOXKHBIX MOKPOBOB OT 3arpsi3HEHHs] paJroak-
TUBHOW TMBUIBI0 M Ha KOXKY MOXKET MOMacTtb ot 3% 1o
8% AaKTUBHOCTH OT IUIOTHOCTH PaJUOAKTHBHOIO 3a-
IPSI3HEHUS CAMOT0 OOMYHIUPOBAHUSL.

Takxe NPUHSTO CUUTATh, YTO MOIJIOMICHHE YHEPTHU
Oera-yacTuI] PY NPOXOXKJEHUU Yepe3 BEIIECTBO COCTAB-

nser mopsiaka 2 MaB Ha 1 1/cM’, 1 3alUTa OT H3ITydeHHs
PaTMOHYKIMAHBIX HCTOYHHKOB HE IMPEJCTaBIISET Ipo-
Onem. Onexaa W KOXKHBIA TTOKPOB Teja MOIIOMIAET 10
75% Oera yactun u Tonbko 20 — 25% npoHUKaeT BHYTPb
YEJIOBEUECKOro Telia Ha TIyouHy 20 MM.

B 37001 cBs13M 3acTy’KHUBaeT BHUMaHUSI UCCIIEIOBAHUS
[MennunukoBa B.B. [9, 10] mo oueHku Bo3neHcTBUS
Oera-M3ydeHHs: Ha CUCTEMY MUKpPOLMPKYJISIHH, BKIIO-
yaromeil B ce0sl CeTb KPOBEHOCHBIX U JIMM(ATHYECKHX
KamwusipoB. [IyOMHA pacnonoKeHHst 3TOH CHUCTEMBI B
CpeIHEM COCTaBIAET BCEro 2 MM, T.€. OHA IOJHOCTBIO
JIOCTYTIHA 3JIEKTpOHaM ¢ 3Heprueit yxe 0,5 MaB.

JIyist OLEHKM TIpOHMKAOUIEH CIIOCOOHOCTH OeTa-
M3Ty4eHHs uepe3 WHIUBHIyalbHBIE CPEICTBA 3aIlUTHI
Hamu GbUTH BEIOpans! Sr''-Y* ucrounnk tuma 1-CO-325
¢ akTHBHOCTHIO 1,095428:10° BK ¥ MakCHMAILHOMN SHep-
rueit 2,28 MaB (MakcumanbHas sHeprus Sr''—546 3B u
Y- 2284 x3B) u Cs"’ ncrounnx tuma KUT-1 ¢ aktus-
HocThio 1 Kbk, ¢ sHeprusmu 0,518 u 1,18 M»aB. Perucr-
pauust  OeTa-M3Ny4EeHHSH  COIYTCTBYIOIIEr0 raMma-
usnyaenns or Cs"’ mpoBommIock Ha mepecuéTHO yeTa-
HoBke JII1-100 ToprieBbIM ra3opa3psiiHbIM CUETUYHKOM
MCT-17 (tonmuna domern 4,3 mr/cm’), mpuGOpoM
NM/I-12-4 ¢ m1acTMacCOBBIM CHUHTWLIATOPOM (TIOJH-
CTUPOJIbHAS TUIEHKA TOJIIMHOMN 25 MKM, 3Heprus ot 0,16
10 2,5 MaB) u nmpudopom MKC-Y¢ kpeMHHEBBIM J€TEK-
TopoM (3Heprus ot 0,3 mo 3 MaB).

Pa3znuna B mokazanusix (puc. 3) oObsCHSETCS He
TOJIBKO YyBCTBUTENIBHOCTBIO IE€TEKTOPOB, HO M YPOBHEM
JUCKPUMUHAIIMH CUETHBIX YCTPOHUCTB.
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0
MCT-17 MCT-17 CunHTUAATOR  CUMHTUNATOP KpemHui KpemHuid
<Bepupi(1) | 3,32 1,73 15 19 2,12 1,87
WX/B(2) . 2,08 1,05 2,7 1,23 1,41 1,33
M MepyaTku (3) 2,28 1,21 6 1,77 3,02 1,68
M O3K+X/E (4) 2,35 1,26 7,5 171 3,18 1,73
HMpoTtusoras(5) 2,1 1,25 10 1,86 3,16 1,74

Puc. 3. DxcriepuMeHTaIbHAS 3aBUCUMOCTH K03 durimenTa ocnadaeHus
HH/IMBUYATbHBIMHU CPECTBAMH 3aLIUTHI KOXH OeTa-U3ITyIeHUs]

AHanu3 MOKa3bIBAE€T, YTO HA HE3HAUYUTEIBHBIX
paccrostHuAX (10 3 ¢M) KO PUIUEHT OociIaOiIeHus s

Oera-m3nydeHuid ¢ sHepruedd mo 2,28 M»dB mist Beex
JIETEKTOpOB He mpeBbimaeT 1,9. st sHepruit nmopsaka
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0,51 MsB koadpdunuent moxer mnocturatel0-15. Mu-
HUMaJbHBIH KO3 UIMEeHT ocrnalneHus y XJIomiaTooy-
Ma)KHOH TKaHH, MaKCUMAJIbHBIN Y OepiI.

Takum oOpazom, roBoputb 0 75 % ocrnabieHUH
0eTa M3IIydeHUs], KOPPEKTHO JIMIIb TIPH YKa3aHUU SHEp-
THH U3TydeHus.

3. KoHTponb paguoakTMBHoOro
3apaxeHus

Hcnonp3oBaHne ramMma-mMeTrofa MO3BOIMIO Iie-
PEUTH K U3MEPEHUIO 3apaKECHHOCTH B MP/4, KOTOpOE B
MPaKTHUKE TOJEBBIX U3MEPEHUN IUPOKO UCIOJB3YIOT-
cs Uil OIEHKM YpPOBHEH paaualdd Ha MECTHOCTH.
OO0mmue eIUHULBI U3MEPEHUS, OIMHAKOBBIC CIIOCOOBI
IPaIyupOBKH, YIPOCTWIO OOBEAMHCHHE ITHX MPHOO-
POB B OAWH IIMPOKOJMATIA30HHBIN M3MEPUTETh MOIII-
HocTH 10361 JIII-5B, no3Bosstioniuii ¢ moMoIibo moBo-

POTHOT'O CTaJIBHOT'O 3KpaHa MPOU3BOIUTH OOHApyXke-
HUe Oera- m3nydueHue. [Ipw 3TOM, Kak IMOKa3bIBAIOT
uccnenopanus (puc.4) CIOCOOHOCTH PETHCTPALMH
CMemaHHOro (ramMma u 0era) M3Iy4YeHHSTPU Pa3HBIX
MTOJIOKCHHUSAX TTOBOPOTHOT'O JKpaHa OJIOKa JICTCKTHPO-
BaHus, HaumHas ¢ 20 cM s ne3us-137 u ¢ 10 cm —
s amepunusi-241 mposiBIsieTCsl 3HAYUTENbHBIM BKIIA
B U3MEPSIEMYIO MOIIHOCTh JIO3bI— O€Ta COCTAaBIISAIONICH
pacmana u30TOIIOB.

OCHOBHOU NpHYMHONW OOHapyXeHHs: Oera HM3Iyde-
HUS Ha 3HAYMTEIILHO OJMKHUX PACCTOSHHUSIX YeM MaKCH-
MaJIbHBIN TIpober B Bo3myxe (1o me3uto-137 sto B 92%
ciaydaeB Ry.x=1,6 m mist E-=0,518 M»aB u B 8% cny4aeB
Ruax=4 M ma E-=1,18 M»aB), 1ienecoodpa3Ho cUuTaTh
3¢ GEeKTHBHYIO paJUAIlMOHHYIO TOJINUHY JETEKTOpa
(TONIIMHA CTANBHOTO 3KpaHa) U CIIOCOOHOCTH JECTEKTOpa
00HApYXHMBATh CMEIIAHHOE M3TydeHU (pucC. 4).
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Puc. 4. 3aBucumoctb MOHOIHOCTH A03bl CMEIIAHHOT'O U3JTYUYCHUA OT PACCTOAHUA 10 UICTOYHUKA

HesnauntensHast uyBcTtBUTENbHOCTH JII-5B Kk
amepuuio-241 (¢ E,=0,059 M»sB) oOwscHseTcst orpa-
HUYEHHBIM OSHEPreTHYeCKHUM JWaria3oHoM HpHuOopa
(0,08-1,25 M»aB). Ha paccrostausx mgo 10 cMm, xapakTep-
HBIX NpHU pabOTe JUYHOTO COCTaBa Ha TEXHUKE (KOH-
TPOJIb  PaJAMOAKTHBHOTO JIe3aKTHBALHS
BBT), mpupocT MOIIHOCTH 10361 MOXET COCTaBUTH
nopsiaka 42% (7 mP/4), 4to mpu JOMyCTUMOM 3apa)KeH-
HOCTH JUYHOro cocrasa oT 20 10 50 MP/4, MoKeT cTath
KPUTHUYECKHM.

B ycnoBusx BO3AEHCTBUSI CMENIAHHOTO pa/IloaK-
TUBHOTO H3JIY4EHUs], KOTJla OJHOBPEMEHHO JEWCTBYIOT
HE TOJBKO TaMMa-M3JIydeHUs IHPOKOro CHEKTpa, HO U
M3JIydeHus: Oera-4acTHll, JI0 CHUX II0p, HEBO3MOXKHO
00ecreuuTh OJJMHAKOBBIC TIOKa3aHHsl B OJHOM TOYKE OT

3apaskeHus,

pUOOPOB PA3JIMYHBIX TUIIOB M KOHCTPYKTHBHOTO HC-
MIOJTHEHUS CTOSIIUX Ha BoopyxeHuu Boick PXb 3amu-
ThI, @ 3HAUUT, HEJIb3sI TOBOPUTH O «EAUHCTBE U3MEPEHUI
JUISL CPEelICTB M3MEPEHUIl 3KCIO3UIIMOHHON J03BI U €€
MOIITHOCTH».

OTo OBUIO MOATBEPXKIEHO pe3yNbTaTaMu CilHde-
Huii B 30He YADC u B 30-kM 30He B uroyie-aBrycre 1986
r. UyBCTBUTENBHOCTh K O€Ta-u3IydeHHI0 (MCTOYHHK
BUC-50) nmosumerpor (MA-02, WA-1, WA-11, -2,
JKII-50A) onpenensiiack B padote [2 — 4] U cocTaBis-
na B mpenaenax 0,01-50%. ABTOp HOKa3bIBaeT, uTO
BKIaA Oera-W3NydyeHHs B TOKa3aHUS JIO3UMETPOB C
pamuanroHHol TommmHoi 0,3 — 0,625 r/cM’ MOKeT
OBbITh CYIIECTBEHHBIM, MU B 3aBUCUMOCTH OT BPEMEHHU
nocrie B3pbIBa OT 1 vaca 1o 1 roga OyzneTr U3MEHsITCS OT
3,8 1o 213 pas, a nocne aBapuu peakropa tuna PBMK-
1000 B 20 — 56 pas.

HccnenoBanusi CymecTBYIOLIETO apKa BOHCKOBOI
nosumerpuueckor anmapatypel (BJIA) Ha mnpeamer
YYBCTBUTEIBHOCTH K CMEIIAaHHOMY HM3JTy4€HHIO, OCTaéT-
Csl aKTyaJIbHBIM M B HACTOSIIIIEE BPEMSL.

B Tabn. 1 mpencraBiieHbl pe3ynbTaThl HCCIE0Ba-
HUI 4yBcTBUTEIbHOCTH BJIA k Oera-w3iIydeHHIO HC-
toynukoB b-8, PTUC (BMUC-MHA) u 1-CO-325 ¢ mak-
cuMalibHOM 3Hepruei 2,28 M»aB.
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Tabmuma 1
Pe3ynbTathl uccnenoBanuii 4yBcTBUTENBHOCTH BJIA
K Oera-uznydyenuto ucrounuka b-8, PTUC u 1-CO
DTaJOHHBIC MOLTHOCTH IToxazanus mpuOOpOB
Tun 03B OT Sr°-Y” ucrou-
MOJIOXKCHHE | TIOJIOXKCHUE n, % Jetexrop
npudopa HHUKOB Ha PacCTOSHUU 0e3 sKpaHa
10 oM «I» «b»
LB b-8 7 MP/4 0,04 MP/g 0,5 MP/u 3,5 MP/u 0,57 CEM-20
Ne gl?é 1.5MP/a | 0.5 MP/a IwPia | L7wPu | 033 | Pemierpat
I'66212579
1-CO  |20mP/a | 0,04mP/a | 2 MP/ 16MP/a | 0p | MAMMATHIIVECHIG
B-8 7 mMP/a | 0,025 mpag/a | 2 mpan/u 3 mMpan/4 0,35
UMJL-S STTC CTC-S5
No BUC 1,5 MP/a | 0,5 mpan/u 1,4 mpamg/a | 1,6 mpa/u | 0,33 OeTa-M3ITydeHHUS
H16006328 ( ) or 0,5 MsB
1-CO 20 MP/a | 0,025 mpam/a | 7,5 mpam/a | 11 mpan/a 0,2
b-8 7 MP/u 0,04 mP/g 1,25 MP/u 3,14 mP/u 0,57
CBM-21
UM/JI-1P PI'uC
Ne M160757 (BHC) 1,5MmP/a | 2,85 MP/u 3,17 mP/a | 4,76 MP/u 1,9 CB;;;C?;:;M
1-CO 20 MP/g | 0,21 MP/g 5,2 MP/4 17,01 1,05
B-8 7 MP/u 0,05mP/u - 1,55 MP/u 0,71
CBM-20
UMJI-12 PI'UC
Ne J1160235 (BHC) 1,5MmP/a | 0,50 MP/u - 1,74 MP/ua 33 CB;;;C?;:;M
1-CO 20 MP/g | 0,05 MP/g — 6,15MP/a | 0,25
B-8 7wmP/a | 0,035 MP/u 2,05 MP/g — 0,5
MKC-05
«Teppa» FE?? 8 1,5 MP/a | 0,531 mP/g 0,92 MP/g — 37 CBM-20-1
Ne 0404546
1-CO 20 MP/a | 0,170 MP/u 8,09 MP/u — 0,85
b-8 7 MP/ua 0,029 MP/u - 0,23 MmP/g 0,41
MKC-Y PI'UC
No 0808014 (BHC) 1,5MP/a | 0,61 MP/u - 0,81 MP/u 40 CBM-20-1
1-CO 20 MP/a | 0,032 MP/u — 0,73 MP/a | 0,16
b-8 7 MP/4 6,08 MP/u — — 86,8
JIKC-01 PIIIC CdTe
«CenBucy» BUC 1,5 MP/4 1,14 MP/u - - 76,1 (pasmepom
Ne 0598631 ( ) 4x4x2 MM)
1-CO 20 MP/u 17 MP/u — — 85
b-8 7 MP/u 0,031 mMP/u - 0,227 mP/a 0,4 CbM-20
CBUHIIOBas (oJIbra,
JBI'-06T PTUC B IJTAHUPOBAHHAsA
Ne 1237 (BHC) 1,5MmP/a | 0,726 MP/u 0,829 MP/u 48 onoBom (3 c1os
1-CO |20 MP/a | 0,042 MP/u - 0,808 MP/u | 0,21 Tgf;ﬁf)“

UyBCTBUTENEHOCTh U3MEPHUTEINIEH MOIIHOCTH JI03BI
Kk Oera-m3nmydeHuto MeHsiercss B mnpexenax or 0,16 mo
86,8 % U CyIIeCTBEHHO 3aBUCHUT: OT TOJIIUHBI CTEHOK

O110Ka JACTCKTUPOBAHUA W HAJIMYUC IMOBOPOTHBIX 3Kpa-

HOB «b», or Hamuuus (GUIBTPOB KOPPEKTHUPYIOLINX
SHEPIreTUUECKYI0 YyBCTBUTEIBHOCTh NETEKTOpa K ram-
Ma-U3JIy4eHHIO, a TaKKe OT YyBCTBUTEIBHOCTH CaMOro
JIETEKTOpa K O€Ta-u3Iy4eHHI0 JAHHOTO CIIEKTpa.
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Heo06xoauMo OTMETUTH, YTO KaK TaKOBOW Mapa-
METp TOJIIIUHA CTCHOK OJIOKOB JeTEeKTHpOBaHUS (-
(exTUBHAs paJUalMOHHAsI TONIIUHA), KaK IPaBUIIO,
OTCYTCTBYIOT B TEXHHYECKOM ONHCAHWUU M WHCTPYK-
MU TI0 3KCIuTyaTanuud Ha mpubop [5 — 7]. Kpome
TOT0, HaJU4Me CBUHIIOBHIX (MIIBTPOB MPH MOTEPHU Ha
HUX KUHETHYECKOHW SHEPTHH BHICOKOIHEPTETHYECKOT O
OeTa-u3IydeHHs, MTOPOKIAIOT TOPMO3HOE U3ITydeHHE
(mo 10 — 15%), uro Tarkke MOXKeT (UKCUPOBATDH Je-
TEKTOpP.

HawuGonp1ieit 4yBCTBUTENFHOCTBIO 00JIaaeT MpH-
6op JIKC-01 «CenBuc» ¢ momynpoBOJAHHUKOBBIM JIETEK-
topom CdTe (86,5%), oOmagarommii CHOCOOHOCTHIO
U3MEpSTh U TaMMa U O0eTa COCTaBIISIIOIINE.

HaumeHnbIiei 9yBCTBUTENBHOCTBIO O0JIAAET KOM-
OMHMPOBaHHBIN OJIOK neTekTupoBanus npubdopa MKC-Y
¢ razopaspsaHbiM cuéraukom CbM 20-1.

O4eBUIHO, YTO B CMEIIAHHBIX MOJISIX (POTOHHOIO U
0eTa-u3IydeHui 3TO JOHKHO NPUBOAUTH K CYIECTBEH-
HBIM pa3JIMuusM B TOKa3aHHUAX MPUOOPOB paaualvoH-
HOM pa3BeIKU U KOHTPOJIS.

3apy0OexxHble EPEHOCHBIE U3MEPUTENIN MOIIHOCTH
TIOTJIOMIEHHOM 103bl O€Ta-U3IydeHUI HCIIOIb30BAIUCH
IIpU SKCIepTHOM orieHku B YepHoObute. Tak, maHopam-
HBI HM3MEpUTENbh MOIIHOCTH J03bl anbga-, Oera- u

11000.00 Hrew

ramMMa-m3nydeHus: Victoreen-470A umen ase panua-
nroHHBIE TONMUHBI cTeHKH 17 (Eqp. > 0,10 MaB) u
500 mr/em® (E-max=> 1,0 M3B), 6e3 konmaka 1 ¢ KOJITaKOM.

IIpoBonst wm3Mmepenust ¢ npudopamu, KOTOpPHIE
MMEIOT TOJIIHHY CTEHOK PaBHBIMH: 7 Mr/cM’ (4yBCTBH-
TenbHBI Cc10H Koxkwu), 300 Mr/cM’ (XpyCTaTuK rnas),
500 mr/cm® (MyCKHe roHabl), 5 /e’ (KpacHBIi Koc-
HBIH MO3T), MBI MOKEM TI0 HX ITOKa3aHMSIM HEOCPEICT-
BEHHO OIIEHHUThH [030BblE HArpy3Kd Ha KPUTHYECKHUE
opraHel. Ha puc.5 npeacraBieHsl pe3ynbTaThl UCCIIEN0-
BaHus yyBcTBUTEIbHOCTH neTekTopa CdTe (U, =38B)
K cMemanHomy m3nydenmio (Cs'’-Sr” mcrounmk 06-
mieit axTuBHOCTHIO B 1,095-10° Bk Ha paccTosHuu 4 cM)
oT 3¢ exTHBHON paaUalIMOHHON TOJIEHBI aTFOMUHHE-
BOTO (HUIIBTpA.

AHanu3 mokasai, yTo NP 3aJJaHHOM HaNpsDKEeHUH
MIUTaHHUSI U YPOBHE TUCKPUMUHALIMKM CYETHOTO YCTPOH-
CTBa, B J]AHHOM JETEKTOpE MPOCIICKUBACTCS JIMHEWHAS
CHOCOOHOCTh K M3MEPEHHIO BYX COCTaBIIAIONINX CMe-
IIaHHOT'O W3JTy4eHUsI.

D PEKTUBHOCTh PETHCTPAIMH  OeTa-H3TydeHUS
MEHSIETCS OT TOJIIMHBI amtoMuHHeBoro ¢uibrpa. Jle-
TekTOp ¢ 3(PQEeKTHBHON paaUAIIOHHON TONIMHON
CTEHOK GI0Ka JeTeKTHpoBanus Gonee 0,5 r/cM” MpaKTH-
YEeCKH HE YyBCTBHUTEJNIEH K O€Ta-U3ITy4EeHUIO.
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Puc. 5. 3aBUCHUMOCTH CKOPOCTHU CUETA IETEKTOpa
oT 3¢ GEKTUBHOHN paUaIMOHHOMN TOJIIMHBI ATFOMHHUACBOTO (DHIIBTPA
(TpaHUIlBEI HATPY30K: 1 — Ha KOXKY; 2 — Ha I1a3a; 3 — Ha TOHAJBI; 4 — HA BECh OPTaHU3M )

[Inanupyercs B JajdpHEWIIeM yBEIMYUTh JAAHHYIO
YyBCTBUTEIBHOCTH AerekTopa CdTe 3a cuér onTumans-
HOT'O I0A0O0pa HANPSHKEHHS MUTAHUS M TIOpOra JAUCKPH-
MUHAIUU CYETHOTO YCTPONCTRA.

[Tpu BEIOOpE METPOIOrO-TEXHUYECKUX XapaKTepH-
CTHK pa3pabaThIBaeMBIX Uil apMHH TPHUOOPOB pajana-
LIMOHHOW Pa3BEeIKH M KOHTPOJS, LEJIecO00pa3HO pyKO-
BOJICTBOBATHCSl PEKOMEHAALMSAMHU HALMOHAIBHBIX U
MEXIYHApPOAHBIX  KOHTPOJIMPYIOUIMX  OpraHU3aluif
HKP3, MKP3, MKPE u MAT'ATE o 3amnpere ucmoinb-
30BaHMUs SKCIO3MLMOHHOW J03bI U €€ MOIIHOCTH, a
TaKke aMOMEHTHON SKBUBAJIEHTHOM ZI03bI ¥ €€ MOIIHO-
CTH CO 3HAYCHUSAMHU OSKBHUBAJECHTHOW pagUalliOHHON

TOJIIIUHBI CTEHOK JIETEKTOpa, OTIUYAIOIIUMHUCA OT Be-
nuanssl 1000 Mr/cM?, 1S OIEHKH palvalMOHHBIX Ha-
IPY30K B YCJOBHSIX CMEIIAHHOT'O BHEIIHETO0 HOHU3U-
PYIOLIETO U3TyIEeHHUS.

BbiBOoAbI

1. AHanu3 OTKpBITBIX PAaJUOHYKIHIOB Ha 3apa-
YKEHHOM MECTHOCTH NIpu aBapuu peakropa Tuna PBMK
(UADC), snepHOro M TEepMOSIAEPHOrO B3phIBA IO HX
WHTETpajJbHBIM PaAJUAIMOHHBIM XapaKTEPUCTUKAM IIO-
Ka3bIBaeT, UTO paJUallMOHHBIE XapaKTEepUCTUKU Ompe-
JETAI0IIE COOTHOLIEHHS MOILIHOCTH 103 OeTa ¥ raMmma-
W3JTy4eHUsl, IOJOOHBI ISl TIPOAYKTOB JICIEHHS] PEaKTO-
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po PEMK-1000, BBOP-440 u BBOP-1000, sinepHsIx u
TEPMOSIIEPHBIX B3PBIBOB. 3apa’keHHas MECTHOCTb B
OCHOBHOM XapaKTepu3yeTcs HaluuyueM (QOTOHHOTO
W3JIy4eHUs C SHepruei (POTOHOB OT HECKOJBKHUX K3B 1o
HecKolnbkuX M»aB co cpenneit sneprueit 0,72 MaB u
OeTa-M3NTy4eHHsT ¢ MaKCUMaJIbHON 3Hepruer ot 1,45 mo
3,5 M»3B. B 3Tux ycnoBHsX paAvalliOHHbIE Harpy3KH,
co3aBaeMble OeTa-M3NydeHUsSMUHAa BblcoTe 1 Merpa
Bbime (B 5-20 pa3) paauanMoOHHBIX HAarpy3oK, co3ja-
BAaE€MBIX raMMa-U3IydeHHEM IpU HAXOKICHUU JIMYHOTO
cocTaBa (JIMKBUIATOPOB) HA OTKPBITOH MECTHOCTH.

2. Hanuuue cymiecTBEHHBIX 7103 OeTa-U3IydeHus,
kak mpu SB, Tak u nocne aBapun Ha ADC MPUBOIUT K
HEOOXOANMOCTH PACCMOTPEHUSI BOIPOCa O CO3JMAHHUU U
NIPUHATHUS Ha CHAaO)KeHUe BOWCK W moapasnenenuii PXb
3alUTHl 0eTa JO3MMETPOB.

3. Pe3ynbTaThl NpUBENEHHBIX BBIIIE HCCIENOBA-
HUM MOKa3bIBAIOT, YTO B YCIOBUSAX CMEIIAHHOI'O MOHU-
3UPYIOUIET0 U3TyYeHUs HEBO3MO)KHO OXHIATh €IUHCT-
Ba U3MEpEeHUH I MPUOOPOB UCIONB3YIONIHE B KAYeCT-
B€ €IUHHUIBI M3MEPEHUH SKCIO3MLMOHHOM O3Bl U €€
MOIITHOCTH. YKa3aHHOE PACXOXAECHUE CBA3AHO C TaKOMH,
HEHOPMHPYEMOH 10 CUX TOp XapaKTepHUCTHUKOH Mpuodo-
POB, KaK SKBUBAJIEHTHAs paJualliOHHAs TOJIIMHA «CTe-
HOK JIETEKTOpa», KOTOpas pasiaudaercs s MpuOOpoB
Pa3HOrO THNA U KOHCTPYKTUBHOI'O UCIIOJIHEHUs, a TakK-
K€ 3aBHCUT OT CIEKTpPaJbHbIX dHEPreTHYECKUX Xapak-
TEPUCTUK MOHU3UPYIOLIETO U3TyIESHHUS.

4. ]I KOppEeKTHOW OLEHKH paJUallMOHHBIX Ha-
TPY30K B CMEUIAHHBIX MOJsIX (POTOHHOrO M Oera u3iy-
YEeHUs, MyTEM M3MEPEHUS MOIIHOCTH IIOJIEBOM MO3HI,
Lesecoo0pa3Ho UCIOJIb30BaTh B KAauyecTBE JIETEKTOpa
CdTe ¢ paxuanroHHo# TommumHo# B 1000 Mr/cv?.
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BPAXYBAHHSA 3MILLAHOIO BUMPOMIHIOBAHHA MiA4 YAC BUMIPIOBAHHA
PAOIOAKTUBHOIO 3APAXEHHA PIBHUX MPEOMETIB
Y NOJIbOBUX YMOBAX

LIO. Yepnsascekuii, O.}O. Uepnascekuii, C.A. Iucapes, O.B. I'anak

Y emammi nposedeno 0ocniodcenns neobOXiOHOCmi Ma MOACIUBOCMT BUMIDIOBANHS NOMYICHOCHIE 003U 3MIUAHO20 2AMMA
ma 6ema euUNPOMIHIOBAHHS N0 HaAC 8edenHs padiayitinoi po3gioKu ma KOHMPOIO ICHYIOYUMU NPURAOamMU, SIKI 8102paoyiiosani y

1aOOPAMOPHUX YMOBAX NO 2AMMA-EUNPOMIHIOBANHIO.

Knrouogi cnosa: epexmuena padiayitina moswuna oemexmopa, 3miuiane 6UNPOMIHIO8aAHH.

ACCOUNTING OF MIXED RADIATION DURING THE MEASUREMENT RADIOACTIVE CONTAMINATION
OF DIFFERENT SUBJECTS IN FIELD CONDITIONS

LY. Cherniavskyi, O.Y. Cherniavskyi, S.A. Pysarev, A.V. Galak

This article is based on research of necessity and possibility of dose rate measurement of mixed gamma and beta radiation
during the radiation reconnaissance and control by existing devices, which are graded in laboratory conditions for gamma-

radiation.

Keywords: effective radiation detector thickness, mixed radiation.
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