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10. K. lloctak; A. B. CaxHo, KaHJI. TEXH. HAyK
HanmonanbHbIi TeXHHYECKUH yHUBepcHTeT YKpanHbl « KHueBCKHil NOMTUTEeXHUYECKUI HHCTHTY T

AHAJIN3 PACYETA MOIIIHOCTH A03bl TAMMA-U3JIYUYEHUA
P MIPOEKTUPOBAHUU BUOJIOTMUYECKOM 3AIIUTHI

Obecneuenue s10epHOU U  PAOUAYUOHHOU 0E30NACHOCMU NEPCOHANA HA O0ObEeKMax UCHOLb3VIOUUX
UCMOYHUKYU UOHUSUPYIOWE20 UIYUEHUS U S0epHbLe OeTAUUeCs MAMEPUATbL A6NIAeMCs 0OHOU U3 OCHOGHBIX 3a0ay
Ha 6cex 9Manax JCUSHEHHO20 YUKAA SMux 00vekmos. [[na munumusayuu 003 00OnyueHust NepcoHand, npu
NPOEKMUPOBAHUU  OCHOGHOE — GHUMAHUE YOeIsiom  NPASUIbHOCHU — 8bl60pA  OUONOSUHECKOU  3aUjUbl.
Dpgexmusnocms  buorocureckol  3auumol  OOANCHA ObIMb  NOOMEEPIHCOCHA  PACHemaMU  MOUWHOCMU
IKCNOZUYUOHHOU D03bl 8 MECAX BO3MONCHO20 HAXOMNCOeHUs: nepcoHana. Taxue pacuemvt 00bIMHO HE GKIIOUAIOM
pacuem «ocubarouje2o» MHOZOKPAMHO PACCEssHHO20 2amma-usnyuenus. Ocobvlil unmepec npedcmagisiem
onpeoenenue nPoCMpaHCmMEeHHO20 PACHPedeeHUs NoNell «02ubaowe20» MHOZOKPAMHO PACCEIHHO20 2aMMA-
U3TYYEeHUsL C NOMOWbI0 PACHemHbIX K0008. Pesynomamel pacuemog noxasamu, 4mo 6bloop OnmuMAalbHOU
MOMWUHBL CIEHKU OUOT0SUYECKOT 3aujumbl He0OX00UMO NPOBOOUMb C YUEMOM PACYemos «02ubarue2o
MHO2OKDAMHO PACCEHHO20 2AMMA-UZTYUEHUs], OISl HCOONYWeHUsL NPEGbIUCHUS. OONYCIMUMBIX 00306bIX HASPY30K
Ha nepconan. Takoce, 051 HAOEHCHOU 3AWUMbBL NEPCOHANA SOCPHO-PUBUHECKUX 0ObEKMO8 HeoOX00UMO
VUUMbBLEAMb NPOCMPAHCIEEHHOE PACHPeOeNieHUe MOUHOCIU IKCROZUYUOHHOT 003bL.

Knioueswie cnosa: paccessHHoe raMMa-u3TydeHre, ONOIOrHIeCcKas 3aliTa, HOHH3UPYIOIIee U3TyIeHHE,
siZiepHas ¥ paJnaldoHHas 0€30MaCcHOCTb.

1. BBenenue

OOecnieueHre SOEpHOM W paauallMOHHON OE30IIaCHOCTH IepCcoHAJa Ha OOBEKTaX HCIOJB3YIOMNX
HCTOYHUKU HOHU3HUPYIOIIEro U3JIydeHUs] U SIAEpHBbIE ACISIIMEcs MaTepualibl SBIAETCS OXHOM M3 OCHOBHBIX
3aJia4d Ha BCEX ATaMax XU3HEHHOTO UK ITUX 00bEKTOB.

OIHUMHM U3 OCHOBHBIX IPOCKTHBIX PELICHHH IO 00ECIEUECHHUIO AASPHOI U paJMalliOHHO 0e30MacHOCTH
MIEPCOHAJIA SABJISIFOTCS YCTAHOBIICHUE KOHTPOIUPYEMBIX YPOBHEH U 30HUPOBAHUE MTOMEILCHNH 00bEKTa.

Jns MUHUMU3anMH 103 OONydeHHs IMepCoHaka, NPHU NPOSKTHPOBAHMM OCHOBHOE BHHUMAHHE YAECNSAIOT
NPaBHJIBHOCTH BBIOOpPA OMONIOIMYECKOM 3amMThl. {11 KOPpEKTHOro NPOEKTUPOBAaHUS HEOOXOIMMO YCTaHOBUTD
KPHUTEPHA ONTHUMAaIBHOCTH OUOIOTUYECKO# 3aIHTHI.

Jnst Toro 4ro0GBl TOYHO yKa3aTh B IPOEKTE XapaKTEPHCTHKUA OHOIOrMYECKOH 3alUThI, HEOOXOIMMO
OIIPEJIETINTh XAPAKTEPUCTUKU U YKa3aThb AKTMBHOCTh MCTOYHHWKOB HOHHM3HMPYIOIIETO H3JIy4EHUs, BBIIIOIHUTDH
OLIEHKM MOIIHOCTH J03bl U aKTUBHOCTH PaJUOAKTUBHBIX BEILECTB B BO3[YyX€ M IUIOTHOCTU ITOBEPXHOCTHOI'O
3arpsi3HEHUs 000PYAO0BaHHS, KOHCTPYKLHUH U CTEH.

D¢ dexTuBHOCT, OHONOIMYECKOH 3aIllUTBl YCTAHOBOK, HAa KOTOPHIX IUIAHHPYETCS HCIIONB30BaHHE
HUCTOYHMKOB HOHM3MPYIOIIETO M3JIydeHHUs, JO/DKHA OBITh IOATBEP)KACHA pacieTaMHU  MOIIHOCTH
9KCTIO3ULIMOHHOM 03B B MECTaX BO3MOKHOTO HaXOXJICHUS NepcoHana. Taknue pacueTsl 0ObIYHO HE BKIIFOUAIOT
pacyer «orm0OaroIiero» MHOTOKPAaTHO PACCESIHHOTO raMMa-M3JIydeHHs. JTO KOMIIEHCHPYIOT KOHCEPBATHU3MOM,
3aJI0)KEHHBIM B OCHOBY DPAac4eTOB MOIIHOCTH [03bI 3a OHOJIOTHYECKOM 3alUTON, YTO JIOCTHraeTcs IyTeM
BBeleHMs Kod(duiinenTa 3amaca.

2. AHanu3 my0JuKAaIuii, ucciieJOBaHUI 1 HOPMATUBHOI TUTEPaATyPbI

CormacHo [1], mpoekTHpoBaHHWE CTaMOHAPHON OMOJOrMYECKOW 3alIMTHI OT BHEIIHETO OONyYeHHS
IIepCOHATa HEOOXOIUMO MPOBOJUTE C KOA((PHUIIMEHTOM 3araca Mo ToI0BoH APPEKTUBHOM J03€ PAaBHBIM 2.

B paGore [2] mpencraBieHBl TONyYCHHBIC SKCIIEPUMEHTAIBHBIM ITIyTEM [aHHBIE IO PaCIpeeIICHUIO
«OTHOAIOIIET0» MHOTOKPAaTHO PAaCCETHHOTO TaMMa-HU3IydeHUsI OT YCKOPHUTEIS YacTHIl MOIMHOCTEI0 4 MBT mpu
pabore Ha MoOIHOCTH. [T pErucTpamiy «OrmOaromIero» MHOTOKPaTHO PACCETHHOTO TaMMa-H3JIydeHUs
WCTIONB30BANICS CTEUATIBHBINA MEPEIBIKHON «IIENeBOW» MPHOOP, MO3BOJSIONIMNA ONPENSTUTh HHTEHCHBHOCTD
paccessHHOrO TaMMa-M3IydeHHs C pa3HbBIX HampaBiIeHWH. Taroke MOKa3aHO, 9YTO JONA «OrHOAroIIEeTo
MHOTOKPaTHO PAacCeIHHOTO TaMMa-H3IydeHHE MOXET WMETh CYIIECTBEHHBIM BKJIaJ B MOIIHOCTb
9KCTIO3UIMOHHON 03I O0JIYdEeHHS IePCOHANA. DKCIIEPUMEHTAIBHBIM IIyTEM MOATBEPKACHO, YTO JUISl CHIKEHHS
WHTEHCUBHOCTHU B «IHKAX» PacIpeieNICHHs] paJialiOHHOTO IO He0OX0ANMO T0OUThCs 0oJee paBHOMEPHOTO
pacIipeeNieHus paccessHusl BHYTPH 3aIUThl YCKOPUTETISL.

HccnenoBanne myTeld ONTHMHU3AIMU KOHCTPYKLUH TNPOTHBOPAJMAMOHHOM 3allUThl IPOMBIIUICHHBIX
YCTaHOBOK TpencTaBieHo B pabore [3]. IlokazaHo 4To ¢ ydeToM MeXaHH3MOB (OPMHUPOBAHMS IOJEH
«OTHOAIOIIET0» MHOTOKPAaTHO PACCEHHOTO TaMMa-MU3JIydeHHs! MOXKHO TOJYYHTh OoJiee TOYHBIE JIaHHBIC JUIS
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KOHCTPYHPOBAHUS paJlalliOHHON 3aIIUTHI.

3. Henu u 321244 uccjieI0BAHUA

OKCHepUMEeHTAIbHOE — OMpeeNieHne  MPOCTPAHCTBEHHOTO  paclpesieNeHus TOoNeld  «Orudaromiero
MHOTOKPaTHO PpAacCesTHHOI'O TaMMa-M3JIydeHHE SBISETCS CIOKHOW 3afadeld M TpeOyeT 3HAYMTENbHBIX
BpeMeHHBIX 3aTpar. OcoOblif MHTEpeC MPEJCTaBISIeT ONpeesieHne MPOCTPAHCTBEHHOTO PaCIpEeIeH sl MMoIeH
«OrH0AaroIIero)» MHOTOKPaTHO PACCETHHOTO raMMa-M3JIydeHHE C TOMOIIBIO pacYeTHBIX KOJIOB.

Henpto nmanHOW pa0OTHI SIBISiETCS ONpenelieHHe BKIaJa PAacCesHHOrO ramMMa-H3JIydeHHs B MOIIHOCTh
9KCIIO3UIMOHHO JJO3bI C HCIIOJIB30BaHUEM pacueTHoro koxa MicroSkyshine u onpenenenue 3aBUCHMOCTH 3TOTO
BKJIa/Ia OT TEOMETPUIECKUX XaPAKTEPUCTUK OMOJIIOrMYECKOM 3aHUTHI.

4. Onucanue pacyeTHONH Moaen

B nanHO# paboTe mpeacTaBIeHBI PE3YIbTAaThl WCCIEJOBAHHS TOYEYHOTO HMCTOYHHMKA TaMMa-H3JIydeHUs,
pacriono)xeHHOro 3a OETOHHOM 3alIMTHOW CTeHKOW. lccienoBaHne NPOBOIMIOCH C  HCIIOIb30BAaHHEM
koMnbloTepHbIX KomoB MicroShield u MicroSkyshine.

Koa MicroShield npennasHadeH mis pacdera MOIIHOCTH SKCHO3HUIHOHHON O3Bl OT raMMa-H3IydeHHsI
«mpsMoro mpoctpenay. Pacyerst B kome MicroShield mpoBoaumniich ¢ yueToM (akTopa HAKOIUICHHS B MaTepuase
3alUTHOM CTEHKH. J[i1s pacuera MOIIHOCTH JJ03bI «OTMOAIOIIEro» MHOTOKPATHO PACCESTHHOTO raMMa-U3JTydeHHs
ucnionb3oBaics kox MicroSkyshine. Pacuerst B kome MicroSkyshine mpoBoammuch ¢ yderoM Qakropa
HaKOIUJIeHHUs B Bo3ayxe. ONucaHue NaHHBIX PaCUETHBIX KOJOB MPECTaBIEHEI B [4, 5]

B nmanHoli paboTe paccMaTpHBaeTCs TOUEYHBIH MCTOYHHUK, IMOCKOIBKY OH MPENOCTaBIsiET BO3ZMOXKHOCThH
OLCHKU JUHAMUKHU BKJIaJa PacCEeIHHOI0 raMMa-u3Jryd€Husl B MOIIHOCTb 3KCH03HHHOHHOﬁ JIO35bI ITPU UBMECHCHU U
IMOJIOXKCHUA UCTOYHHKA.

['eomMeTpuyeckast HHTEpIIpETalns pacdeTHOM MOJIeNM Npe/ICTaBlieHa Ha puc. 1. B

B kauectBe wuCTOUHMKAa W3NMydeHHss Obu1 BbiOpan Cs-137, B pesynpTare pacnaga 3 -pacnana
npeBpainatomuiics B Ba-137m (ramma-akTHBHBIN).

Juist orpeneneHusi U3MEHEHUs] BKJaJa «OTHOAOIEro» MHOTOKPATHO PAaCCEsHHOrO raMMa-U3Iyd4eHHs B
MOIIHOCTb 3KCIIO3MIIMOHHOM JI03bI IPH U3MEHEHHN aKTHBHOCTU MCTOYHHKA PacdyeT MOIIHOCTH SKCIIO3UIIMOHHOM
JI03BI IPOBOIMJICA Ha BBICOTE | M OT YpOBHS IOJa, B MHTEpBaJie pacCTOSIHUM 2+10 M OT HCTOUHUKA U3ITYIECHUS C
maroM | M. AKTHBHOCTh HCTOYHHKA M3MeHsIachk B npenenax 0,5 — 3 Ku.
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Puc. 1 'eomerpuueckas cxema pacueTHON MOAETH

5. Pe3yJibTaThI pac4eToB
B Tabn. 1 mpencraBieHbl pe3yNbTaThl MCCIENIOBAHHMA W3MEHEHHS BKJIA/la «OTHOAOIIEr0» MHOTOKPATHO
PaccessHHOr0 raMMa-M3JIy4eHHs] B MOITHOCTb KCIIO3ULOHHOM 103bI IPU U3MEHEHUH aKTUBHOCTH UCTOYHUKA.
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Tabmuma 1
Bxiag paccessHHOro raMMa-u3IIy9eHHsT B MOIITHOCTh 3KCIIO3UIIMOHHOM 1035l IPU M3MCHECHUH aKTUBHOCTH
HWCTOYHUKA
Paccrosiame oT Bxnan paccesHHoro uznydenus, %
HUCTOYHHKA, M 0,5 Ku 1 Ku 1,5Ku 2 Ku 2,5Knu 3 Ku
2 1,0514 1,0514 1,0512 1,0512 1,0512 1,0512
3 1,9849 1,9846 1,9851 1,9850 1,9852 1,9854
4 3,0663 3,0650 3,0644 3,0647 3,0653 3,0653
5 4,2494 4,2503 4,2500 4,2499 4,2511 4,2506
6 5,5092 5,5103 5,5106 5,5103 5,5105 5,5087
7 6,8235 6,8268 6,8260 6,8268 6,8263 6,8268
8 8,1811 8,1829 8,1801 8,1807 8,1812 8,1814
9 9,5616 9,5593 9,5613 9,5593 9,5605 9,5612
10 10,9564 10,9558 10,9613 10,9566 10,9564 10,9563

Juist orpenerneHusi U3MEHEHUs] BKJaJa «OTHOAOIIEro» MHOTOKPATHO PAaCCEsHHOrO raMMa-U3Iyd4eHHs B
MOIIIHOCTh JKCIO3UIIMOHHONW J03bI MPU HU3MEHEHHWH BBICOTHI PACIIONIOKEHHS] MCTOYHHKA PacueT MOIIHOCTH
SKCHO3UILMOHHON J103bI MPOBOAMJICS Ha BbICOTE | M OT YpOBHS NoOja, B MHTepBane paccTosHui 2+10 M ot
UCTOYHHMKA U3IydeHHs c miaroM | M. BricoTa pacmonokeHHs UCTOYHMKA M3MEHsIach B mpeaenax 1+4,5 m.
MorHocts uctounuka 1 Ku.

Ha puc. 2 mpencraBieHbl pe3ysibTaThl HCCIIEIOBaHUS W3MEHEHHs BKJala «OrHOaroliero» MHOTOKPaTHO
PacCesHHOr0 raMMa-MU3Jy4eHUs] B MOIIHOCTh SKCIO3MLIMOHHON O3B! IIPU M3MEHEHUH BBICOTHI PACIONIOKECHUS
HWCTOYHMKA.
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Puc. 2 Bxiran paccessHHOro raMMa-M3JIydeHHs B MOITHOCTS YKCIIO3UITMOHHON JO3BI IIPH W3MEHEHUHT
BBICOTHI PACTIONIOJKEHUS HCTOYHUKA

st ompezeneHusi U3MEHEHUs] BKJIaJa «OTHOAOIIEro» MHOTOKPATHO PACCEeSHHOTO raMMa-U3IyqeHHs B
MOIIHOCTh JKCIO3UIMOHHON JI03bI MPU M3MEHEHHH PACCTOSIHUS OT MCTOYHUKA O BHYTPCHHEW IMOBEPXHOCTH
3aI[UTHOW CTEHKU PAacdeT MOIIHOCTH JKCIO3UIIMOHHOMN J103bl MPOBOIUIICS HA BbICOTE | M OT YpOBHs MOia, B
WHTEpBayie paccTostHUA 2+10 M OT MCTOYHMKA M3NTydeHHs ¢ maroMm | M. PaccTosiHuE OT MCTOYHMKA 0 CTEHKH
m3MeHsutoch ot 0,5 M 110 1,5 M. MomHocTh nerounnka 1 Ku.

Ha puc. 3 mpencraBieHbl pe3yabTaThl MCCICAOBAHUS M3MEHEHHS BKJIANa «OTHOAOMIET0» MHOTOKPATHO
paccessHHOrO TaMMa-U3Ty4eHHS B MOIIHOCTh KCIIO3UITMOHHOMN 03I PH H3MEHEHUH PACCTOSHUSA OT UCTOYHHKA
JI0 BHYTPEHHEH MOBEPXHOCTH 3aIIUTHON CTCHKH
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Puc. 3 Bxknag pacCeaHHOro raMmMa-u3Jjlyd€Hus B MOIITHOCTb JKCMO3ULIMOHHON J03bI TIpyU U3MCHECHUHU
PacCTosIHUA OT UCTOYHUKA 10 CTCHKU

Jns ompeneneHuss M3MEHEHHs BKJIala «OTrHOAioIIero» MHOTOKPAaTHO PAacCESHHOrO raMMa-H3IydeHHs B
MOIIHOCTb 3KCIIO3ULMOHHOM 03Bl IIPH N3MEHEHUH TOJIIMHBI CTEHKH PAacyeT MOLIHOCTH AKCIO3ULIMOHHOMN 1035
MIPOBOJMIICS HA BBICOTE | M OT ypOBHS I0jla, B MHTEpBaje paccTOSHUHA 2+10 M OT MCTOYHHUKA W3Ty4CHHUS C
maroM 1 M. Tonmmna crenku u3mensuiack ot 0,3 M 10 0,8 M. MorHocTs nerounrka 1 Ku.

Ha puc. 4 npencraBieHsl pe3yiabTaThl UCCIENOBAHHUS M3MEHEHUS BKJIala «OrMOAIOIIEro» MHOI'OKPATHO
PaccesHHOro raMMa-H3JIy4eHHUs B MOLIHOCTb 3KCIIO3ULOHHOM JO3BI IPU U3MEHEHHH TOILIMHBI CTEHKH.
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Puc. 4 3aBrucuMocCTh BKJIaZa pacCEIHHOr 0 raMMa-u3JIyd€HHUs OT TOJIIIHUHBI CTEHKH

Juis ompeneneHuss M3MEHEHUS BKJaJa «OTHOArONIET0» MHOTOKPATHO PAacCEsHHOTO raMMa-H3IydeHHs B
MOIIHOCTh HKCIIO3UIMOHHOHN J03bI TIPH W3MEHEHWH BBICOTHI PACIOIOKEHHSI PacdeTHON TOYKH OTHOCHTEIIFHO
TI0JIa pacdyeT MOIIHOCTH 3KCIIO3UIMOHHOM O3Bl MPOBOAMICS B MHTEpBajie paccTosHUil 2+10 M OT MCTOYHMKA
n3aydeHns ¢ marom | M. BpIcoTa pacronokeHHs pacyeTHOH TOYKH OTHOCHTEIBHO II0JIa W3MEHSIAch B
nHTepBane 1+5 M ¢ marom 0,5 M. MomHocTh ncrounnka 1 Ku.

Ha puc. 5 u 6 npencraieHsl pacrpeaeneHus BKIaa «OrHOaoero» MHOIOKPATHO PacCesTHHOIO TaMMa-
M3Ty4eHNsI B MOIIHOCTh 3KCIIO3MIMOHHOM J103BI MPH M3MEHEHWH BBICOTHI PACIIONIOKEHUS! PACUETHONH TOYKH
OTHOCHTEJIBHO TI0J1a JUIS 3aIIUTHBIX CTeHOK ¢ TommuHamu 0,3 M 1 0,7 M COOTBETCTBEHHO.
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Puc. 5 Bxiag «oru6arorero» MHOTOKPATHO PaCcCeTHHOIO raMMa-H3JIyUYeHHUS B MOIITHOCTh 3KCIIO3UITHOHHOM
10361 (6 = 0,3 M)
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Pucynok 6 - Brilax «orubaroniero» MHOTOKpaTHO PACCETHHOTO TaMMa-H3JIy4eHHS B MOIITHOCTh
IKCIO3ULMOHHOM /10361 (& = 0,7 M)

6. AHau3 pe3yabTATOB

U3 npencraBieHHBIX B TaOl. 1 pe3ysbTaToB BUAHO, YTO H3MEHEHNE aKTHBHOCTU MCTOYHHKA U3JIy4eHHS He
BJIMSET Ha BKJIAJ «OTHOAIOMIEr0» MHOTOKPATHO PACCESHHOTO TaMMa-M3Iy4eHHs B MOIIHOCTh SKCIIO3HIIMOHHOM
JI03BI, YTO TIO3BOJISIET YIIPOCTHTH MOJEh U PACCMaTPHBAThH TONBKO CITydail ¢ HICTOYHUKOM, aKTHBHOCTHIO 1 Ku.

W3 puc. 2 BHAHO, 4TO C yBEIWYEHHEM BBICOTHI PACIIOJIOKEHUS MCTOYHHKA OTHOCHTENBHO TIOJIa BKIA[
«OTHOAIOIIET0» MHOI'OKPATHO PACCETHHOTO raMMa-M3JIydeHHUsI B CYMMapHYIO MOIIHOCTD 3KCIO3HUIIMOHHON J03bI
YBEITMYHMBACTCA. JTO CBSI3aHO C TEM, YTO MPH YBEINYEHUN BBICOTHI PACHIONIOKEHNE HCTOYHUKA TOJIIMHA CTEHKU
Ha JIMHUN «TIPSIMOTO MPOCTPENay YBETMYUBAETCS, YTO MPHBOAWUT K CHIDKCHHIO MOIIHOCTH JI03bI B PACUETHOU
TOYKE.

Kak BuaHO U3 puc. 3 M3MEHEHNE pacCTOSHUE OT UCTOYHHMKA /10 3aIIMTHON CTeHKH B npeaenax 0,5+1,5 m He
OKa3bIBa€T O0COOOT0 BIMSHHS Ha BKJIAJ «OrMOArOIIEro» MHOTOKPAaTHO PAaCCEHHOTO TI'aMMa-M3JydeHHs B
CYMMapHYIO MOIIHOCTH 3KCIO3UIIMOHHON JI03bI. DTO CBS3aHO C TE€M, YTO W3MEHEHHE PACCTOSIHAE OT MCTOYHHKA
JI0 3aIIUTHOM cTeHkH B mpenenax 0,5+1,5 M He BHOCHT CyHIECTBEHHOTO M3MEHEHMsS B YroJl HAaKJIOHA JIMHUH
«IIPSIMOTO TIPOCTPETay.

Kak BuaHo w3 puc. 4 W3MEHEHHE TOJIIMHBI 3aIIMTHOM CTEHKHM NPHBOAWT K YBEIMYCHHWIO BKIAJa
«Oru0aromero» MHOTOKPAaTHO PAaCCESTHHOIO TaMMa-M3IydeHHS] B MOIIHOCTh 3KCIO3HMIIMOHHOW 03Bl JTO
YBEITMYCHUE CBA3aHO C YMEHBIICHHEM BKJIAJa TaMMa-M3JIyIEeHHS «IIPSMOTO IPOCTPEay.
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W3 puc. 5 BUIHO, 4TO MpH HEOONBIINX TOJIIMHAX 3AIMUTHBIX CTEHOK BKJIAJl «OrMOAIOIIEro» MHOTOKPAaTHO
PaccestHHOrO raMMa-M3JIy4eHHsI B MOIIHOCTH JKCIIO3UIIMOHHOHM JI03BI B TPHCTEHHBIX y4YacTKaX CYIIECTBEHHO
3aBHCHT OT BBICOTHI TOYKH pacueTa. Ha ompeneneHHOM paccTOSHMM OT BHEUIHEH IMTOBEPXHOCTH 3alUTHOMN
CTEHKH 3HaYEeHHE BKJIaJa BHIXO/IUT Ha ITOCTOSHHBINA YPOBEHb.

U3 puc. 6 BuaHO, 4TO mpH OONBIIMX TOJIIMHAX 3alUTHBIX CTEHOK «orubaromiee» MHOTOKPaTHO
paccesiHHOE raMMa-H3JTydeHHs MOYKET BHOCUTH OCHOBHOH BKJIa/l B MOLIHOCTD SKCITO3UIIMOHHOM JT03bI.

7. BoiBOBI

BeirosiHeHHBIE pacdeThl MOJATBEPIKAAIOT, YTO PACUET PACCESTHHOTO raMMa-M3JTydeHHs SBIISICTCS] aKTyalbHON
3a/aueil Ipu MPOEKTHPOBAHUY SIEPHO-(PU3MIECKUX OOBEKTOB.

W3MeHeHne BBICOTHI CTEHKM OHMOJIOTHYECKOH 3alIMTHl BIHMSET B OCHOBHOM Ha 3Ha4€HHE MOIHOCTH
9KCIIO3UIMOHHON 1036 OT «OTHOAIOIEro» MHOTOKPATHO PACCeSHHOTO TraMMa-H3JIydeHUs, IMpUYeM NpHU
YBEIMYECHUH BBICOTHI CTEHKH, BKJIAJ] OT «OTMOAIOIIEro» MHOTOKPATHO PACCESTHHOTO M3JTy4eHUs] YMEHbBIIACTCS U
HA00OPOT.

V3MeHeHHe TONMIIMHBI CTEHKH OMOJIOIMYECKOM 3allUThl BIHMSET Ha 3HAUYEHHWE MOLIHOCTH DKCIIO3UIIY OHHOW
JI03bI OT TaMMa-M3JIydeHHE «IIPSIMOTr0 MpOCTpeNnay, MPHYEM IPHU YBEIHMYEHWH TONIIIMHBI CTEHKHU BKJIAJ
YMEHBIIAETCS, a TNPU YMEHBIICHWH TOJIIMHBI CTEHKH — YyBelnuuBaercs. [Ipu ompeneneHHOM 3HAuYeHUH
TOJIIMHBI 3aIIUTHOM CTEHKH BKJIAJ] OT FaMMa-M3JIyueHHUs «IIPSIMOTO TIPOCTPENIa» CTAHOBUTCS HACTONBKO MaJlbIM,
YTO JajbHEHIee yBENWYEeHHE TONIIMHBI CTEHKH OWOJOrMYecKOW 3allUThl HE IMPUBOJAUT K YMEHBIICHHIO
MOIIHOCTH 3KCHOBI/IL[I/IOHHOI>1 J03bI 1 3TUM BKJIaJIOM MOXXHO npeHe6peln).

HN3meHeHne BBICOTHI PaCcIioyIOKCHNUs HCTOYHHKA U3JTYYCHHS BJMUIACT Ha 3HAUYCHUE MOIIHOCTH
9KCIO3UIMOHHOMN 03Bl KaK OT «OrMOaroliero» MHOTOKPATHO PacCesHHOTO raMMa-M3JydeHHs, TaKk U ramMma-
U3JIydeHUE «IPSIMOro mpoctpeia». [Ipuuem nmpu yBeNnW4YeHUH BBICOTHI PACIONOKEHHS MCTOYHUKA W3JTYdeHHUs
BKJIa]] «OrHOAIOIIEro» MHOTIOKPATHO PACcCesTHHOTO TaMMa-H3TydeHUs YBETMUUBACTCS, a BKJIAJl FaMMa-U3ITydeHH s
«IIPSMOTO MPOCTpPENa» YMEHbIIAETCS U HA00OPOT.

HN3menenue PacCTosAHUs OT UCTOYHUKA U3JTYUCHHUS 10 CTCHKU 6PIOJ'IOFH‘ICCKOI>1 3alIUTbl B OCHOBHOM BJIMACT
Ha 3HAYCHUE MOIIHOCTU 3KCIIO3MLMOHHOHN 103 OT raMMa-H3IydeHHE «IpsMoro mpoctpena». Ilpuuem mpu
YBEIMYEHUH PACCTOSIHUSI OT UCTOUHMKA M3JIydEHUsI 1O CTEHKH OMOJI0rM4ecKON 3aIlUThl BKIIaJ TaMMa-U3JTydeHUs
«IPSAMOTO MPOCTpeNia» YMEHbIIAeTCs H Ha000pOT.

BriGop ontuManbHOW TONIIMHBI CTEHKH OHOJOTMYECKOW 3aIlUThl HEOOXOAHWMO MPOBOAUTH C YYETOM
pacyeToB «OruOaloIIero» MHOTOKPATHO PAcCeSHHOTO TaMMa-H3JIy4eHHs, Ui HEJOIYLIEHHsS IPEBBIICHUSA
JIOIYCTUMBIX J030BBIX HArPy30K HA MEPCOHAI.

Jns HagexHOM 3auuThl NepCOoHaNa SIepHO-(QU3NYECKMX OOBEKTOB, TAKKe HEOOXOOMMO YYHTHIBATH
IIPOCTPAHCTBEHHOE PACIIpEIeTIeHUE MOIIHOCTH SKCIIO3ULIMOHHON JO3BI.
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AHAJII3 PO3PAXYHKY INIOTYKHOCTI 1031 TAMMA-BUITPOMIHIOBAHHSI ITPA
MMPOEKTYBAHHI BIOJIOTTYHOI'O 3AXHUCTY

3abesneuenns adeproi ma padiayiunoi be3neku nNepPcoHANy HA 00'€Kmax, wjo UKOPUCIOBYIOMb Ocepend
IOHI3YI0U020 BUNPOMIHIOBAHHA MA A0epHI Mamepianu, wo OLIsIMbCA € OOHIEI 3 OCHOBHUX 3a0ad HA 8CiX emanax
AHCUMMEBO20 YUKTY Yux o0'exmie. [[na miHimizayii 003 onpomiHeHHS NepcoHany, Npu NPOeKmy8aHHi OCHOBH)
yeazy npuliisiioms NpasuibHocmi eubopy 6ionoziunozo 3axucmy. Egexmusnicme 6ionociunoeo 3axucmy
NOBUHHA OYymMu RNIOMBEPONCEHA PO3PAXYHKAMU NOMYICHOCMI eKCHOZUYILIHOI 003U 8 MICYAX MOJICTUBO2O0
nepebyeanns nepcounany. Taki po3paxynHku 3a36uyail He 8KI0YAIOMb PO3PAXYHOK «O2UHAIOY020» 6a2amopazoeo
PO3CIAAH020 2amma-8unpominioeanhs. Ocobausuil inmepec NpeoCmMasiae GUHAYEHHSI NPOCHOPOBO20 PO3NOOINY
NONI@ «OSUHAIOHO20» DALAMOPAZ080 PO3CIAHO20 2AMMA-BUNPOMIHIOBAHHS 3d OONOMO20I0 PO3PAXYHKOBUX KOOI8.
Pesynomamu pospaxynkie noxasamu, wo GuOip OnmMuManbHOi MOBWUHU CMIHKU 0i0I02IYHO20 3aXUCTY
HEe0OXIOHO NpoGOOUMU 3 YPAXYBAHHAM DPO3PAXYHKIE «O2UHAIOY020» 0a2amopazoeo pO3CIAH020 2aMMA-
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BUNPOMIHIOBAHHS, O/l HEOONYWEHHSL NePeGUUEHHs. OONYCMUMUX 00308UX HABAHMAIICEHb HA nepconan. Takooic ,
0711 HAOITIHO20 3aXUCTY NePCOHANY s0ePHO-QI3UYHUX 00'€Kmie HeoDXIOHO 8pax08y8amu RPOCMOPOSULl PO3NOOLT
NOMYACHOCME eKCROZUYILHOT 003U.

Knrwouosi cnosa: poscisiHe raMMa-BHIIPOMIHIOBaHHS, O10JIOTIYHMI 3aXHCT, 10HI3yI0Ye BHUIIPOMiHIOBAHHS,
siiepHa Ta pajiamniiiHa Oe3neka.

Y. Shostak, A. Sakhno
National Technical University of Ukraine «Kyiv Polytechnic Institutex»
THE ANALYSIS OF GAMMA DOSE RATE CALCULATION DURING THE BIOLOGICAL
PROTECTION DESIGNING
Nuclear and radiation safety at facilities which using ionizing radiation sources and nuclear fissile material
is one of the main tasks at all stages of these objects life cycle. To minimize personnel exposure, the design are
focusing on the correct choice of biological protection. Effectiveness of biological protection must be confirmed
by calculations of the exposure dose in staff locations. These calculations usually do not include calculations of
"bending" multiply scattered gamma radiation. Particular interest is determination of the spatial field
distributions of "bending™ multiply scattered gamma radiation using computer codes. The calculations results
showed that the selection of the optimal biological protection wall thickness should be carried out with taking
into account the calculations of "bending" multiply scattered gamma radiation, to avoid exceeding the allowable
dose loads on the staff. Also, for the reliable protection of personnel of nuclear physics facilities must be
considered the spatial distribution of the exposure dose.
Keywords: scattered gamma radiation, biological protection, ionizing radiation, nuclear and radiation
safety.
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MEXAHI3MH IOBYAOBU CUCTEMHU MOHITOPUHI'Y
HEBE3IIEYHUX TA HIKIJJJINBUX ®AKTOPIB BUPOBHUYNX
OB’€EKTIB

B cmammi pozenamymi mexawizmu nobyooeu cucmemiu MOHIMOPUHZY HeDe3NeyHux ma WKiOIUGUX
¢axmopie eupoOHUYUX 00 '€Kmig. 3anponoHo8aHO 3ACMOCYBAHHA KOMNIEKCHO20 NiOX00y 00 OYiHIOBAHHS
@yuxyionyeanns cucmem ynpaeninus y cghepi oxoponu npayi. Ilokasano, wo popmysanms NOKA3HUKIE GNIUBY HA
piseHb eghekmusHOCmi OXOpOHU npayi Nnompedye MeXaHi3My OYIHIOBAHHA, AKUU MOJNMCHA  30IUCHUMU 34
donomozoro epagiynoi  modeni emnipuuno2o awanizy, a came oiacpamu Icikasu. Hagedeni ocnosHi ¢hyHkyii
cucmemu MOHIMOPUHSY HeOe3NeUHUX ma WKiOIUSUX haKmopis.

Kntrouosi cnosa: oxopoHa mpari, HeOe3MeUHI Ta IIKiUHBI (PaKTOPH, BUPOOHWYMN 00’€KT, MOHITOPHHT,
YIIPaBIiHHS PU3UKAMH.

Betyn. MoHiTOpHHT HeOE3MeUHNX Ta IIKIITMBUX (PaKTOPiB BUPOOHMUMX 00’ €KTIB 3aiiMae Ba)KJIMBE Micle
y ciepi oxopoHn mpari. IcHye nBa TMOHATTA KaTeropii «MOHITOPHHI»: MEpIIEe - CHOCTEPEKEHHS, OLiHKa Ta
MIPOTHO3; JIPYyre - CHOCTEPEKEHHS 32 JAWHAMIKOIO PO3BHUTKY TIIPOILECIB 3 METOI MPUHHATTS YHNPaBIiHCHKHX
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