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l .TTOCT AHOBKA 3A):lA qJl 
KmmuKo-q,11311tJecKnii K0MnneKc Jia6opaTopnn ,u1epHbIX npo6neM 

npe,nHaJHatJeH .nm1 ny<teBoii Tepamm Ha· ny<1Kax cpa30TpoHa OHRH [I]. 
Ilpoue.o.ypHaJI Ka6Irna N2 l o6opy,noBaHa ,nm1 06ny<1emu1 nauneHTOB co 
3JJOKatJeCTBeHHblMH onyxonRMJJ nm.neao,na, nerKHX 11 06.naCT11 men. Tiornou1eHHaJ1 
A03a a onyxonn Ja omrn ceaHc 06ny<1emU1 06b1tJ110 cocTaBnRCT oKono 4 fp, 
MOIUHOCTh Jl03bl I +4 fplMHH. B CBR311 C TaKIIM Bb!COKIIM ypoBHCM Jl03 Tpe6oeam1R 
pa,nttaUl!OHHOlf 6e3onaCHOCTII HCKJllOlfaIOT npe6b1BaH11e B Ka6nne nepCOHaJTa BO 
epewi o6Jlj"!CHIIR 6oJJbHOro. TaKOlf nonxo.u o6oCHOBaHllO Bblpa6oTaH MHorone-rneii 
npammoii pa,nuoTepamm Ha peHTrettoacK1IX n raMMa-yCTaHoeKax. OmrnKo 
cne!.incpnKa npoT0l,!HbIX nytIKOB (onpeneneHHbitt npo6er, Manoe pacceirnne) 
no3BOJTRCT Ha)lCRTbCll Ha 3Ha'HITCJlbH0 6onee Hlf3KIIII ypoBCHb aM611eHTHOH 
3KBIIBaJTCHTHOII ,ll03hl BHC TeJla nauneHTa no cpaBHCHIIIO C TIY'IKaMII (pOTOHHOro 
H3Jly<ICHHR. 

QeJJblO ,llaHHOII pa6oTbl llBJlllCTCR K0Jll!lJCCTBCHHaH ouenKa pa.u11au110HHOII 
o6CTaHOBKll B Ka6irne N2 l nj'TeM HenocpenCTBeHHbJX 113Mepem,ii M0UIHOCTlf 
aM6neHTHOH 3KBl!BaJTCHTHOIT A03bl npn 06ny<1eHHII cpaHTOMa npOTOHaMH C 3Heprnett 
200M38. 

2. METO,[U-TKA 
B KatJCCTBe ne-reKTopa npn 113Mepemm a111611eHTHOII )l03hl lfCTTOJlb30BaJJaCb 

peK01116imaunonmui KaMepa rnna REM-2 [2] npomeonCTea cpnpMbl POLON 
(Ilonhma), npe,noCTaanenHa.R OT,nenoM pannaunoHHott 6e3onacnocrn OHJUl TaKott 
,ne-reKTop no3eonsie-r H3MepRTb a1116neHTHYJ-O 3KB11ea.r1eHTHY10. Jl03y H * (I 0). 

aM611eHTHYJO nornowemiyJO ,no3y D * (I 0) 11 3<pcpeKTJIBHbIII Kmcpcp11uneHT Ka'!ecrna 

Q CMClll8HliOro 113JJY'ICHll.ll co CJIO)l(Hb!M C0CTaBOM II ump0Kl!M 3Hepre-rHtJCCKIIM 

cneKTpoM 6e1 Heo6xon11MOCTH npoaenemrn cneKTpa.,'lbHbIX mMepeH11il [3,4] . 
TiyqoK npoT0H0B c :meprnett 0K0Jto 200 M38, 11anpaeneHHbitt e Ka61rny M~ I 

(p11c. I), npOX0)lllJJ tJepe3 M0HIITOpHyIO K8Mepy M II 6noK 3aMCJlJllITCJlll nepeMeHHOII 
TOJJIIU!Hbl 3, perynnpyioumtt :meprmo npoTOH0B, n c 3Heprneii 190 MJB nonanan 
Ha cpaHTOM <I> pa3MepaMH 30x30x40 cM3, 3anOJJHCHHblH BOJIOH, rne TT0JlH0CTbJO 
T0pM0311JJCJi. MaKCIIM)'M nOrJTOlQeHHOH Jl03bl (m!K Ep3rra) C00TBCTCTB0Ba.'I 
re0MCTpll'ICCK0M)' ueHTPY cpaHTOMa. )l11aMe-rp ny<tKa COCT8BJil!JJ 0K0Jl0 5CM. YpOBHII 
1130,Q03 B cpaHTOMe npenCT8BJlCHbl Ha pnc.2. PeKOM61!H8Ul!OHHaJI KaMepa 
yCTattaanneanacb nocnenoeaTeJJbH0 a T0'-lKax A 1-A3, naxoMmnxcH comee-rCTeeHtto 
Ha paCCT0l!HJHIX 50, I 00 11 230 CM OT UCHTpa cpaHTOMa BJl0Jlb HanpaBJTCHIIR ny•tKa, e 
T0tJKe A4 - Ha pacCTo.Rmm JOO CM e Hanpaenemm, nepnettm1rym1pHOM ny11Ky II e 
TOtJKe A5 - I00cM no.u yrnoM 135° 0TH0CHTeJlbH0 OCH ny<1Ka. 
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K IlOID1pH3YJOllUIM :meKip0.IlaM peKOM6HHaQHOHHOH KaMepbI npHKJia,l:lbIBaJIOCb 

nooqepe.z:tHO HanpIDKeHne Us = 1200 B, npaKTHtJecKn o6ecnetJHBruomee pe)l(HM 

HaCbIIQeHWI, H Hanp$1)KeHJ1e u R = 41 B, o6ecnetJHBaJOIQee pe)l(HM JIOKa.JlbHOii 

peKOM6HHaQHH HOHOB, npn KOTOpOM 34>4>eKTHBHOCTb co6npaHWI HOHOB B KaMepe, 

o6nyqaeMoii CTaH.z:taPTHbIM raMMa•H3JIY'leHneM,COCTaBJUIJia 95,5% - B 3TOM pe)KHMe 

K03<f><f>n1.1HeHT KalJeCTBa H3JIY'leHWI HBJUleTC.ll 0.IIHOJHa'IHOii <l>YHKQHeii 

3<f><f>eKTHBHOCTll co6npaHHH HOHOB [3,4]. 

lliMepHTeJibHbie 3JieKipO.IlbI peKOM6HHaQHOHHOii KaMepbI IlO.IIKJIIO'laJIHCb 

nocpe,l:ICTBOM 15-MeTpOBOro 3Jiel<TpOMeTpH'leCKOro Ka6eJUI K :meKipOMeTpH'IeCKOMY 

ycnnHTento C IlOJIHOii OTPHQaTenbHOii o6paTHoii CB$13bl0, pa60Ta10IQeMY B pe)l(HMe 

HaKOnneHWI (3apH.II co6npancH Ha eMKOCTb C=lHCl>). KaK TOJibKO Hanp.ll)KeHne u Ha 

BbIXO.Ile 3JieKip0MeTpa ,1:10CTnrano 2,0 B, nponJBO.IIHJIC.ll OTC'leT HanpH)KeHWI, OTC'leT 

HHTerpanbHOro IlOKa3aHWI MOHHTOpa, a Tal()Ke, .IIOilOJIHHTeJibHO, OTC'leT BpeMeHH 

HaKonneHWI 3ap.ll.I1a-.. M (3TO BpeMH o6bilJHO COCTaBJUleT HeCKOJibKO ,1:1eC.llTKOB 

cexyH.z:t). MomuoCTb nornomeHHoii .IIOJbl a <f>aHTOMe B nuKe Jip3rra, D8r , 

H3MepMaCb C nOMOIQblO CTaH,l:laPTHOii annaparypbl, ncnOJib3yeMoii npu 

pa,1:1n0Tepannn. 

MOIQHOCTb aM6HeHTHOH nornomeHHOii .Il03bI onpe,1:1eJU1JiaCb KaK 

D*(IO) = ki(Us), 

r.z:te i(Us) = C(dU I dt)
8 

- TOK peKoMfornaQHOHHOii KaMepb1 B pe)l(HMe HaCblIQeHWI, 

k=360 MKl<n/rp • lJYBCTBHTeJibHOCTb KaMepbI, onpe,1:1eneHHaH nocpe,l:ICTBOM 

rpa.z:tYHpOBKH B none CTaH.z:taPTHOro HCTO'lHHKa raMMa•H3nyqeHWI 
137Cs. 

MOIQHOCTb aM6HeHTHOii 3KBHBaJieHTHOH .Il03bl onpe,1:1eJU1eTCH KaK 

npoHJBe,l:leHne MOIQHOCTH aM6HeHTHOii nornomeHHOii .Il03bI H peKOM6HHaQHOHHOro 

napaMeTpa KatJeCTBa. 

PeKoM6uua1.1uouub1ii napaMeTp KatJeCTBa [2,3] onpe,1:1eID1ncH no <f>opMYJie 

( 
1 J[ (dU!M)Rl 

QR= 1-Jr(UR) l- (dU I M)
8 

' 

r,1:1e fr = 0,955, (dU I M)R,(dU I M)
8 

- OTHoruettue nOKa3auuii 

3JieKipOMeTpa K nOKa3aHWIM MOHHTopa, COOTBeTCTBeHHO, B pe)KHMe peKOM6nua1.1nn 

H B pe)l(HMe HaCbIIQeHWI. 

B Ka)l(,l:IOM pe)l(HMe pa6oTbl KaMepbI H3MepeHWI IlOBTOpMHCb HeCKOJibKO pa3 c 

QeJiblO yMeHbllleHWI CTaTHCTH'leCKOii norpemHOCTH. 

PeKOM6uHaQHOHHbIH napaMeTp Ka'leCTBa QR 'lHCJieHHO npaKTn'leCKH paaeH 

K03<f><f>n1.111eHTy Ka'leCTBa H3JiyqeHWI Q' 'ITO B ,l:laHHOM cnyqae (npH QR <5) 
cnpase.z:tnHBO [4,5] KaK no OTHorueHHIO K II CTapoMY II K03<f><f>111.111eHTy Ka'leCTsa, 

onpe,1:1eJU1eMOMY cornaCHO peKOMeH,l:laQWIM MKP3-21 [5], TaK u K 11HOBOMY11 

K03<f><f>u1.1neHTy Ka'leCTBa, COOTBeTCTByromero peKOMeH,l:laQWIM MKP3-60[6]. 
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3. PE3Y Jib TA Thi H3MEPElilli1: 
IlonyqeHHbie pe:3yJibTaTbI npe.z:tCTaBJieHbI B Ta6nn1.1e. Bo apeMH HJMepeuuii 

MOIQHOCTb nornomeHHOH .Il03bl B nHKe 1ip3rra HJMeHHJiaCb B npe,1:1enax 1,25+ 1,44 

rp/MHH. MomHOCTb aM6neurnoii nornomeHHOii .Il03bl II MOIQHOCTb aM6HeHTHOii 

3KBHBaJieHTHOii .. .II03bl, npe~CTaBJieHHbie B Ta6nn1.1e, npHBe,l:leHbl IC MOIQHOCTH 

nornOIQeHHOU .II03bI B nHKe Jip3rra D8 r =1 rp/MJIH. 

IlorperuHOCTb HJMepettuii aM6HeHTHOii nornomeHHOii .Il03bl OQeHHBaeTC.ll B 

±15%, aM6HeHTHoii 3KBHBMeHTnoii .IIOJbI ±30%. 

TAE~ 

To'lKa D*(I0) QR H*(l0) H*(l0)/DBr TTo.ilOlKCHHC TO'IIIH 

PaccroJIHHe Yro.ilOT 

Mfp/'I MJBfq MK311/rp OT l.lCH1p:l OCH ll)"OOI, 

dJaHTOMa CM ro:u. 
Al 0,83 3,5 2.9 48 50 0 
A2 0,36 3.5 1,26 21 100 0 
A3 0,15 4.0 0.6 IO 230 0 
A4 0.97 2.9 2.8 47 100 90 
AS 0.87 3,9 3.4 57 100 135 

4.BhIBO,[(bl 

OTHorueHHe aM6HeHTHOii 3KBHBaJieHTHOH .Il03bl Ha paCCTOHHHH I M OT 

<f>aHTOMa, o6nyqaeMoro IlYtJKOM npOTOHOB C 3Heprneii 200 M3B, K MaKCHMaJibHOii 

nornomeuuoii ,1:103e B <f>aHTOMe coCTaBJI.lleT ( 40±20) MK3a/rp, npu'leM c6oxy OT 

<f>aHTOMa aM6HeHTHM .II03a BbIIlle,'leM 3a <f>aHTOMOM no HanpaBJieHHIO nepBll'lHOro 

nyqKa (,l:IJIH npOTOH0B c npo6eroM, MeHbillHM TOJIIQHHbl <f>aHTOMa). MoIQHOCTb 

aM6neHTHOii .Il03bl B Ka6uue N!!l HJMeHHeTCH npH6JIH3HTeJibHO o6paTHO 

nponopQHOHaJibHO pacCT0HHHIO OT QeffTPa <f>aHToMa. 

3<f><f>eKTHBHbIH K03<f><l>HI.1HeHT Ka'lCCTBa BTOpH'lHOr0 H3Jiyqemm npaKTH'leCKII 

Il0CTOHHeH B npoCTPaHCTBe BOKpyr <f>aHTOMa 11 COCTaBJUleT 3,6±1. BeJIH'lHHa 

K03<f><f>nQHeHTa Ka'leCTBa CBH,l:leTeJibCTBYeT O npeo6na.z:truoIQeM BKJia,l:le HeifTPoHOB B 

aM6HeHTHYJO .IIOJy. 

PH.IIOM C o6nyqaeMbIM <f>alITOMOM (nnu na1.111eHTOM) aM611eHTHaH 

3KBHBaJieHTHaH ,l:IOJa Ja ceauc o6JJy'lCHHH - nopH,l:IKa HCCKOJlbKIIX COTeH MK3n, 

'ITO, cornacuo Me,K.ZzyHapO.IIHbIM peK0MeH,l:laQWIM [6] II HOpMaM, npHH.llTblM B 

Poccm1 [7], He npeBbIIIIaeT ro,1:10Boro npe,1:1ena 3<f><f>eKTnauoii .II03bl ,l:IJIH JJHLI 

uaceneHW! u He npeBhiruaeT 5% .IIOJ0Boro npe.I1ena .z:tnH npo<f>ecc110Hanbuoro 

o6ny'leHJm. :nu 'lHCJia CJJe,l:lyeT npHHHMaTb BO BHHMaHHe npu paCCMOTPeHHH 

BOJMO)KHOCTH JlOnyIQeHJUI (B 3KCTPeHHblX cnyqamc) npe6b!BaHWI B Kafome JIIIU, He 

HBJIHIOIQHXCH na1.1ne1ITaMH. B TaKHX CJiy'laHJC )l(eJiaTenbHO nposecm ,1:106aBO'lHble, 

6onee TIQaTenbHble HCCJle.IIOBaHHH pa.z:tnaQHOHHOii o6CTaHOBKH H ee JaBHCHM0CTU OT 
napaMeTpOB nyqKa. 
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3enh'IHHCKHfi M. H np. 
AM6HeHTHllil 3KBIIBaJieHTHllil ,U03a B Ka6m1e nm, nyqeBOH TepanHH 
npornmlMH c ::itteprneif 200 M::iB 

Pl6-98-346 

C UeJiblO oueHKH panuauHOHHOH o6cTaHOBKll B Ka6uue TeparreBTH'IeCKOfO 
o6nyqeHH}I rrauHeHTa rrpOTOHaMH BbICOKOH 3HeprnH rrpoBeneHbl H3MepeHH}I .U03HOf0 
ITOJI}J BOKpyr o6nyqaeMOro cpaHTOMa. OTHOIIIeHHe aM6HeHTHOi'I 3KBHBaJieHTHOH .U03bl 
Ha paCCTO}IHHH 1 M OT cpaHTOMa K MaKCHMaJibHO rrornoruennofi .U03e B cpaHTOMe 
COCTaBJI}JJIO (40 ± 20) MK3Bfrp H H3MeHMOCb rrpH6JIH3HTeJibHO o6paTHO rrporropUH
OHaJibHO pacCTO}IHHIO OT uenTPa cpaHTOMa. 3cpcpeKTHBHblH K03q)q)HUHeHT Ka'IeCTBa 
BT0pH'IHOro H3JiyqeHH}I rrpaKTH'IeCKH ITOCTO}IHeH B rrpocTpaHCTBe BOKpyr cpaHTOl\la 
II COCTaBJI}JeT 3,6 ± 1. TaKoe 3Ha'IeHHe K03cpcpnuneHTa Ka'IeCTBa CBU.UeTeJibCTByeT 
o rrpeo6nana10ruefi ponn HeifTpor-10B. 

Pa6orn BblITOJIHena B Jla6opaTOpHH MepHblX rrpo6JieM 0115111. 
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Zielczynski M. et al. 
Ambient Equivalent Dose at the Procedure Room 
with a 200 Me V Proton Beam 
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Dose measurements around at irradiated phantom have been performed 
in the cabine for radiation therapy using high energy protons. The ratio 
of the ambi~11t dose equivalent at I m distance from the phantom to the maximum 
absorbed dose in the phantom is equal to (40 ± 20) µSv/Gy. It is approximately 
proportional to the reciprocal distance from the phantom. The effective quality 
factor of secondary radiation is almost a constant in a space around the phantom, 
its value is equal to 3.6 ± I. This value shows a predominating role of neutrons. 

The investigation has been performed at the Laboratory of Nuclear Problems, 
JINR. 
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