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1. Beepenue

[Ipa pa6oTe ¢ HCTOYHHMKAMH HOHH3HUPYIOLLETO W3AYyHYEHHs He
MOXET OBITb MIONHOCTBIO HCKJIIOUEHA BO3MOXKHOCTb BO3HHKHOBEHHS
pPanualHOHHbBIX aBapm?l, OCHOBHbLIMH IIpPHYHHAMH KOTODbIX SIBJIA-
I0TCA HAapyLUIeHHs NPaBHJ NepeBO3KH, XPAHEHHA H 3KCMJyATaUKH
pPaAHOAKTHBHBIX HCTOUHHKOB.

Hdas paaHauMOHHBIX aBapHil, CONPOBOXAAIOUIHXCH BHEIHUM
00ayyeHHeM J0Jledl OT HCTOYHHKOB TaMMa-H3Jy4YeHHs, THIHYHO
BecbMa HepaBHOMEpPHOe pacmpefeneHHe MO3W [0 OTAEJLHLIM Ya-
cram tesa. Hanbosee cHIbHOE MeCTHOe NOpakeHHe HabJI0faeTCS
B yCJIOBHAX HENOCPEACTBEHHOrO KOHTAKTa TeJ/a 4eJOBeKa ¢ HCTOU-
HHKOM NPH HOLIEHHH ero B PyKaXx, KApMaHax oJeXAHl H np. Takue
caysau o6aydeHHst OOJBIUHMH A03aMH MOTYT BbI3BaTh CEpPhe3Hble
NOCNIEACTBHA AJs1 3A0POBbA NoCTpajlaBuiero. D,JIH OUEHKH CTENneHHu
PalHalLHOHHOIO NOPaXeHHs] U NJAAaHHPOBAHHSI Kypca JIEUEHHSs], eC-
Jii oHO HeoOX0AHMO, TpebyeTcs B KOPOTKHIT CPOK MOJYHHTb AOCTA-
TO4HO TOYHYIO HH(OPMalHIo 0 pacnpeje/leHHH NOJIOLIEHHHX A03
B OpraHax v TKaHsdXx TeJa ycjoBeka. IlpH paccrosHHAX OT HCTOU-
HHKa 10 obOjyyaeMoi 06J1acTH, 3HAYUTEJILHO TIPEBLIIAIOMHX pa3-
MepH HCTOMHHKA H3JIyUeHHs, TNOIJIOIeHHan [03a MOXeT ObTb
paccyHTaHa ¢ MpHMeHeHHeM (OPMYJ AJISi TOUEYHOI'O HCTOUHHKA,
YYHTHIBAIOIIKMX OcJaabJiieHHe NpPsSIMOTO H3JY4YeHHT M JLO30BblH (dak-
TOP HAKONJEHHS PaCcCesIHHOIO uanyuenus B tese uenoseka. Ox-
HaKO, KOTJa HCTOYHHK HaXOAHTCH BIJIOTHYIO HJIH HA PaACCTOSTHHH
HEeCKOJIbKHX MHJIJIMMETPOB OT Tesa, pacyeT NOIJIOLIEHHOH H03H,
BHIOJIHEHHBIH B TIPEANOJIOXEHHH, YTO HCTOYHUK SABJAETCS TOYCY-
HBIM, MaeT OTKJIOHeHHe pacyeTHOH HO3Hl OT ReHCTBHTEJIBHOH A0
HeCKOJNbKHX pa3., PacueTHnlfl MeTOJ peLieHHst 3TOH 3ajauH, yuH-
THIBAIOUIMHA pealibHbie pasMepsl HCTOYHHKA, ABAAETCA AOCTATQYHO
cnoxHbuM. Hanbonee 3dhdexTHBHHM cnocob0M H3yuyeHHS INOJf
A03 Ha MaJblX PACCTOSIHHAX OT HCTOYHHKA SIBJIsIeTCH (DAHTOMHOe
MOJeJHpOBaHHE YCJOBHH OOJyYeHHS C NPHMEHEHHEM TepMOJIo-
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MHHECLEHTHBIX JeTeKTOPOB H3 GTOpHCTOro JHTHS. DBaaropaps
TKAHEIKBHBAJNEHTHOCTH ¥ MaJbiM pa3MepaM 3THX JeTEKTOpPOB
pacnpeyiesieHde NOIJIOMEHHON J03bl B TKAHSX TeJa MOMKHO H3Me-
PHTH ¢ BBICOKHM NpPOCTPalCTBEHHBIM pa3peHleHHeM B HENOCPenCT-
BEHHO{ GJIM30CTH OT HCTOYHHKA H3JIyYeHHS.

Jlanuple MeTOAHYECKHE PeKOMeHAALHH, OCHOBAHHbIE HA TAKHX
GaHTOMHBIX H3MepeHHsX, NaloT BO3MOXHOCTb ONpPENeNsiTb BENH-
YUHY NOTJIOUIEHHOH 03Bl B TKAaHAX TeJa, HAXOASIUIHXCS Ha pac-
crosHHH oT 0,5 MM J0 40 ... 60 MM OT OBEPXHOCTH KOpHyca 3aK-
PBITHIX HCTOYHHKOB raMMa-H3JIyYeHHusl.

PexoMenjaunu npejHa3HayeHbl AJ8 COTPYAHIKOB PajUioNOrH-
YeCKHX TPYNN CAaHHTAPHO-3MUAEMHOJIOTHYECKHX CTaHUMIl, Tepco-
HaJla BeJIOMCTBEHHBIX CJIYX06 pajvanHOHHOK 6e30MacHOCTH, a TaK-
e Bpauell, 3aHHMAIOIHXCS JieYeHHEM NOCTPaJaBLIMX NPH OCT-
pBIX JIYYEBBIX NOpPaXKEHHAX.

2. JIKcnepuMeHTaNIbHOe 060CHOBAHHE PEKOMEHLALH I

PanTOMHOE MOJEJHPOBAHHE MPOBOAHJIOCH C TPHMEHEHHeM
CTaHRAPTHBIX HCTOYHHKOB TaMMa-H3JYYeHHS LHMIHHAPHYECKOI
¢opmbl. MaTepHasibl METOAHYECKHX PEKOMEHI ALl IPUTOAHH AN
pacyeTa J03bl OT NepeyHCIeHHBIX B Tabsa. 1 geBsiTH THHOB HauGo-
Jiee LIHPOKO DacCnpOCTPaHEHHBIX Ha NPaKTHKe HCTOYHHKOB raMMa-
H3JIyYeHHs, BKJIIOYAIOIIHX 48 BapPHAHTOB HCTOYHHUKOB M3 119 Hau-
McHOBaHu#, nocrasasembix B/O ,,M3oton*.

Ta6anua i

Tun 1 pazMepbl paccMaTpUBaeMbiX HCTOYHHKOB TaMMa-H3JyYeHHA

PagHonyKanj THn HCTOYHHKA Pasuep (w)
IHaMerp I BHCOTA

Ko6aabr-60 TUK —1—1 6 7
THUK —1—5 6 7
Kob6anbT-60 TUK —2—1 6 7
TUK —2—18 6 7
le3nii-137 Urn — 1 —3 6 10
eani-137 Ur"l —11 —4 8 12
Le3nit-137 rmn—u—2 8 12
Upnanh-192 HI' — Hp —0 45 5
Wpunui-192 Mg —4 4 5

Usmepenus TOrJIONEHHBIX [03 NPOBOJHIHCH C MOMOIUBIO Tep-
MoJsioMuHecuentasix gerekrpos 4 TJIJ 0—05 u3 ¢propucroro Jan-
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THSL AMAMCTPOM 5 MM H TOJILHHOMH | MM, nOMeuleHHbIX B aHTOM
13 TKaHeSKBHBAJIGHTHOro MarepxaJna. [IBajuarb JeTeKTOpOB VK-
JAABIBANHCh CTONKOM B KaHan & 6 X 20 MM, NpOCBEPJICHHBIH B
($aHTOMe NepNeHJHKYJNSPHO ero noBepxHocTH. Ilunnnapuueckuti
HCTOYHHK TraMMa-usayyenusi (ko6anbr-60, ue3u#-137, upu-
AHiA-192) ycraHaBAMBaJCS Haj CTONKOH JeTEKTOPOB Tak, YTO
{IEHTPH TOPLOB HCTOYHHKA M BEPXHEro JAETEKTOPa COBMellaJtHCh.

B nocieayiomux cepusix H3MepeHHH HCTOUHHK mepeMelnaJics
BIONb TOBepXHOCTH ¢antoma Ha paccrosuuss 5, 10, 15, 20 n
40 MM OT ocH KaHaJa. Bce H3MepeHHS! NOBTOPSAJIHCH IPH BTOPOR
OpHEHTAaLMH HCTOYHHKA, KOTAA B KOHTAaKTe ¢ ()aHTOMOM Oblja ero
HHJIMHApHYECKAs! MOBEPXHOCTh. Tak KaK pe3ysabTaT H3MepeHH:n
COOTBETCTBOBAJ Ji03e, YCPEAHEHHOH! 1m0 06beMy HeTeKropa, H3Me-
PeHHble 3HaYEeHHS 103 ObLIIH OTHECEHBI K TOYKE LEHTPa JAeTeKTopa.
‘TepMosiioMHHECHEHTHbIe AETEKTOPH KaJHOpOBanHCh B noJje 06-
PasUOBOrO HCTOYHHKA raMMa-u3jyuyeHHs, owHub6ka H3MepeHHs
MOLIHOCTH 3KCIIO3HLHOHHOH JO3B KOTOPOro He fpeBbinana +4%.
OrHOCHTENbHAS NOTPEIIHOCTh Pa3bpoca YYBCTBHTENBHOCTH B 11ap-
THH JeTEeKTOpoB Oblia MeHee —+=5%. [ns yMeHbLIeHHS OWIHOOK,
CBA3AHHBIX C FeOMETPHeH pPaCNOJNIOXKEHHsI HCTOYHHKA H3JIyYyeHHs
# JIeTEKTOPOB, H CAYYalHBIX OWIMOOK MOrJOUEHHas! 1032 B KaX-
ZlOH TOUKe M3Mepslack OoT 3 10 5 pas, IPH 3TOM MaKCHMAaJbHbE
OTKJIOHEHHSI OT CPeJHero 3HavyeHHs He npeBbinajn 5%, Takum
00pa3oM, OTHOCHTeJIbHAS MOTPELIHOCTh H3MEPEHHS NOTJIOLIEHHOM
J03BI B KAXA0H TOYKe Gblyia Menee —+109%.

B peaysnbrate usMepeHuil Obia BBelleHa NONpPaBKa, YYHTHI-
Balolas BAHSHHe Pa3JIHYHS J03HMETPHYECKHX JETEKTOPOB H MSAr-
KHX TKaHell MO INJIOTHOCTH H XHMHYECKOMY COCTaBYy, [O3TOMY
OKOHYaTeJbHHE De3yJbTaThl NpeACTaBJeHbl B BHIAE MOILHOCTH
HOIJIOIIEHHOM N03bl B MATKHX TKaHSX.

3. MeroauKa onpeaeseHus NOrJOIEHHBX 103

PegynbTaTh (aHTOMHBIX H3MepeHHH NpejcTaBjeHbl B Tabut.
2, 3, 4, ¢ MOMOILIbI0 KOTOPHIX MOXKHO ONPEJENHTh BEJHYHHY MOT-
Jomersoi fo3ul I B Touke B Tesa, pacnosioxeHHO# Ha riaybune 2
M HAa PACCTOSIHHH R OT OCH CHMMETDHH HCTOYHHKA, HMEIOLIEero B
MOMEHT 0ONyueHHs aKTUBHOCT: A, NpH NPOAO/AKHTENbHOCTH 006-
nyvenust t uacoB {cM. puc. 1).
Ho3a onpepensiercss no gopmyne

I =K-A-t, ulpei,

B KOTODYIO NOJACTABJISIIOT 3HAaYeHHe N030BOro Kossduuuenra K u3
tabn. 2, 3, 4. Ilpu 3rom Heo6XOQMMO YYHTHIBATH CJieAyioliee:
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1. Ecaun B nponecce o6JiyueHHs] HCTOUHHK 3aHHMaJ pasHbie No-
JIOXKEHHST OTHOCHTEJbHO Teja, TO CAeAyeT ONnpelejHTh 3HAYEHHSH
JI03H ISt Ka’KAOTO MNOJIOMKEHHS, 4 3aTeM CJIOXKUTh NOJYYeHHbLIEe
3HAYEHHN H03.

2. EciH HCTOYHMK HaXOIHJCH HAa HEKOTOPOM pPacCCTOSIHHH. OF
TTOBEPXHOCTH TeNa, TO K Z ClefyeT NPHGaBHTb 3TO pPacCTOSHHE.

3. Lns omnpelesieHHs MOIVIOWEHHBIX XO3 B TOYKAX C KOOPAM-
HaTaMH, HMEIOUWHMH TIPOMEXYTOUHble 3HAYEHHS OTHOCHTEJbHO
YKa3aHHbIX B TabJHle, CAeNyeT NPUMEHATh JUHEeHHOe HHTepNoH-
poBaHue; ownbKa He Gyxer npesnimats 4-5%.

4. B 3KcmepHMeHTe YCTaHOBJIEHO, YTO [Jisi HCTOYHHUKOB C OT-
HOLLIEHHEM BBICOTH K AHaMeTpy B mpesenax 1,15 ... 1,50, nepeunc-
JeHHbIX B TabJ. 1, opHEHTaUHs HCTOYHHKA (TNpHJeEraHHe K Teny
TOPLEBON HJH UUJHHJIPHYECKOH TNOBEPXHOCTBIO) B TIpejesax
OuwHOKH H3MepeHUH He BJHSET Ha BeJHUHHY MOTJOLIEHHOH AO03bi
B TOYKAX, PACrnOJIOKEHHBIX Ha paccrosiHin Oosee 5 MM OT HCTOu-
HHKaA.

Makcumaibroe sausHue (orkosno 20%) opuenTauusi HC104YHHKA
okaawiBaer npu R = 0. [lpuBenexHble a1s 3T0r0 CNyvyas g Tabsin-
1le 3HaueHHs K COOTBETCTBYIOT CPEAHHM BEJMYHHAM, TIOJYYEHHBIM
NpH ABYX BapHaHTax OPHEHTAlMH.

5. Ilpy ucnonb30BaHHH NAHHOH METOAMKH HaHOOJBIIHIA BKAAA
B OWHOKY JlaeT HeTOYHOCTb OMNpejesieHHs 2, R H {, no3TOMy ciie-
IYET CTPEMHTbCH K INOJIYYEHHIO BO3MOXHO GoJiee TOYHOH OLEHKH
BEJHYHH YKA3aHHLIX NapaMeTpoB.

CyMmmapHas omin6Ka onpefe/eHus OIJIOUIEHHON J03bl He npe-
Beiuaer +20%, uro ynoBierBopsier MOTPeGHOCTH NMPaKTHUECKOH
JIO3UMETPHH M He YCTYmaeT TOYHOCTH CJIOXKHBIX PAacCUETHHIX METO-
JLOB.

ITpumep pacuyera. Tlpu pacciefoBaHun pajHalHOHHON aBa-
pux OBJIO YCTAHOBJIEHO, YTO NOCTPafaBIUHH JepKal HCTOYHHK
upuausa-192 akrusroctbio 1,036 Thx mexay GoablinM M yKasa-
TeJIbHBIM TajiblieM PyKH B TeueHHe okoso 20 ceKkyuA, a 3aTem no-
JIOXKHUJI €0 B KapMaH OpIOK, Tle HCTOYHHK HaxoAuJcs I uac 45 mu-
#yT. Heo6xoauMo onpenesuTh NOrJOLIEHHBE 103bl B TKAHAX Te-
J1a, PACHOJIOKEHHBIX B 30HE KOHTAKTa.

1. Jlo3a, nojyyeHHasl y4aCTKaMH KOXH KOHEeYHbIX anaur
11aJ1bEB, CONPHKACABIIUMHCS C HCTOUHHKOM:

R = 0; 2= 0,5 mM; ¢ = 20 cex = 0,0055 yaca;
A = 1,036-10° MBx.
mlp
13 tabu. 4 naxosum: K; = 12,2 Tuac . MBx

Iy = 12,2-1,036-108.0,0055 = 69515 mI'p =~ 70 I'p.



2. Jlosa, moayueHHast TKaHSIMH B UeHTpe CyCTaBa mepBoii ¢a-
JIaHTH:

R = 20 MMm; 2 = 10 mm; { = 0,0055 yaca;
A = 1,036-10° MbBx,

K, =024 P __

yac - Mbp ’

Iy = 0,24-1,036-10°-0,0055 = 1368 mI'p ~ 1,4 Tp.
3.. losa, nosyyeHHasi MATKHMH TKaHAMH p 30HE HOITEBOTO
Jo%Ka:
R=0: 2=10 mM; t =20 cex=0,0055 uaca;
A = 1,036-10° MbBx,

1,12 40,95 r
Ky= —2222 =108 —2
2 nac - Mbx

O3 = 1,04-1,036-108-0,0055 == 5926 mI'p =~ 5,9 I'p.

4. J1o3a, nonyvyeHHas TKaHsiMU Gefpa NPH HOLWIEHHH HCTOYHH-
Ka B KapMaHe 6piok. MHHHMalbHOe PAacCTOSIHHE OT NOBEPXHOCTH
HCTOUHHKaZ RO Tesa GHJIo OueHeHo 5 MM, MakcuManbuoe — 20 MM.

Ho3a,- cooTseTcTayOUas MUHUMAALHOMY PACCTOARUIO!
R=0;z=5 mMMm; { = 1,75 yaca;

= 1,036- 106 MBk,

29423 9 ulp
2 ’ yac - Mbk

H4==2,6-1,036-108-1,75 ~ 4,71-106MTp = 4710 I'p.
Hosza, cooreercrayrowan paccroanuo 20 mm:

K5 = 0,32

K4

MIp
qac - MDbx

Hs = 0,32:1,036-10°- 1,75 = 0,58- 10 mI'p = 580 TI'p.

EcqH npeAnosoKHTb, 4TO HCTOYHHK B TeyeHue 1/3 BpeMeHu
HaXOJHJICA Ha PACCTOSHHH O MM, a OCTaJbHOE BpeMsi — Ha pac-
crosnuu 20 MM; TO MakcumasabHasa A03a HAa NoBepxHocTH Oelpa
Gyner:

4710 I'p-1/3 4 580 T'p-2/3 =~ 1955 Tp.

AHanoruyHo MOXeT OBITb PAaCCUHTAHO pacnpeic/ieHHe MOrJo-
HIEHHON N03Hl H JUIS1 APYFHX TOYEK BOJIH3M MeCcTa KOHTaKTa HCTOY-
HHKa C TeJOM.



Ta6nuuga?2

JnadeHnn 1030Boro Kospuunenta K a8 HCTOYHHKOB
ramMMa-uiayqeH1s Kob6aanra-60 akrueHocthio 1 MBbk,
PACNOJIOXEHHBX Ha paccrosiHHgaX R W z oT paccMaTpuBaeMon

TOYKH Teda
K Mlp
z (mp) > yac - MBxk
R=0 |R=5 um|/R=10 sm|R=15 nisg| R =20 MMI R=40 mm
0,5 29 9 3,0 1,44 0,76 0,197
1,5 19,6 7,6 2,9 1,43 0,82 0,22
2,5 12,9 6,1 2,7 1,38 0,81 0,21
3.5 9,4 5,1 2,6 1,30 0,79 0,21
45 72 44 23 1,26 0,76 0,21
5,5 5,8 3,7 2,0 1,17 0,71 0,20
6,5 4,8 3,1 1,79 1,11 0,68 0,20
7,5 3.9 2,7 1,60 1,04 0,66 0,197
8,5 3.2 23 1,44 0,98 0,62 0,195
9,5 2,7 2,0 1,25 0,93 0.61 0,189
10,5 2,2 1,68 1,14 0,87 0,58 0,186
14,5 1,29 1,01 0,79 0,65 0,47 0,173
19,5 0,76 0,68 0,60 0,52 0.35 0,157
Tabanua 3
3HauyeHHUR n030B0Oro KoadbuumeHra K ans MCTOYHMKOR
raMma-i3ayueHus uesun-137 axrusnocrsio 1 MBK,
PACTIOJI0KEHHMX HA PACCTOAHHAX R M 2 OT paccmaTpUBaeMoi
TOUKH Tena
l -~
K, mMlp
z (Mm) yac - Mbx
R=0 iR =5 MM|R= 10 MM[R=15 MM[R:QO MMI R =40 MM
0.5 6,1 2,1 0,76 0,38 0,20 0,055
1,5 39 1,74 0,71 0,38 0,20 0,055
2,5 2,7 1,44 0,63 0,35 0,197 0,055
3.5 2,1 1,19 0,55 0,33 0,192 0,054
4,5 1,71 1,01 0,49 0,33 0,184 0,053
55 1,41 0,84 0,44 0,30 0,176 0,052
6,5 1,13 0,68 0,39 0,28 0,166 0,052
7.5 0,51 0,63 0,36 0,26 0,162 0,051
8.5 0,79 0,52 0,33 0,25 0,154 0,050
9.5 0,65 0,47 0,31 0,23 0,146 0,049
10,5 0,57 0,41 0,26 0,22 0,141 0,048
14,5 0,37 0,25 0,189 0,170 0,114 0,044
19,5 0,192 0,176 0,143 0,122 0,086 0,038




TaGanua 4

3Havenus po3o8oro kKosdhduuuenta K aiAs MCTOUHHKOB
ramMma-u3Jyuyenus upupms-192 aktusroctoio 1 Mbxk,
PACNoJIOAKEHHBLIX Ha PACCTOSHUAX R M 2 OT PacCMaTPHBAEMOI

TOUKH TEeaa
K, Mlp )
z (Mm) yac - Mbk
R=10 IR =5 MM]Rle MM|R=15 MM|R=20 mm| R=40 MM
0,5 12,2 3,5 1,19 0,54 0,33 0,085
1,5 7.7 2,8 1,09 0,62 0,31 0,084
2,5 5,0 2,4 1,01 0,49 0,31 0,083
3,5 3,8 1,98 0,87 0,48 0,30 0,081
4,5 2,9 1,65 0,76 0,44 0,29 0,079
5,5 2,3 1,36 0,68 0,42 0,28 0,078
6,5 1,88 1,15 0,60 0,38 0,27 0,076
7,5 1,52 0,99 0,55 0,36 0,26 0,075
8,5 1,33 0,86 0,49 0,33 0,25 0,074
9,5 1,12 0,75 0,47 0,30 0,24 0,072
10,5 0,95 0,67 0,42 0,28 0,23 0,070
14,5 0,54 0,42 0,33 0,21 0,181 0,064
19,5 0,32 0,28 0,22 0,151 0,138 0,057
YCTLOYHUA
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