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IIpencraBieHbl pe3yabTaThl KATMOPOBOYHBIX U3MEPEHUI YepEeHKOBCKOTO MOHUTOPA MPOTOHHOTO TyYKa.
IMonyyeHo xopoliiee coriacue u3MepeHuit MOHUTOPA € TTOKa3aHUSIMU MOHU3ALIMOHHOM KaMephl U TUIaCTH-
KOBOTO MOHUTOpPa. YepeHKOBCKUIT MOHUTOP HE PETUCTPUPYET (GOTOHBI U BJEKTPOHBI C DHEPTUEil HMXe
170 k3B, yTO BaxkHO JIsI TTOAABJIEHUSI HU3KOHEPreTUUecKoro hoHa.
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1. BBEAEHHUE

Kanu6poBouyHblie u3MepeHus NIBYX YEPEHKOBCKUX
MoHuTopoB (Chl, Ch2) nporoHHoro nyuyka [1] mpo-
BOIMJIM Ha MEIUILIMHCKOM KaHaje LIeHTpa KOJIeK-
tuBHOTO Tonb3oBanuss UM PAH B cpaBHeHuM C
roHuzalnoHHoi kamepoit (IC) Semiflex Ionization
Chamber Type 31010 [2] o6bemom 0.14 cm?, ucrnionb3y-
€MOI1 COBMECTHO C KIIMHUYECKUM J03uMeTpoM “PTW
Multidos elektrometer” n KaTMOPOBaHHBIM IIACTUKO-
BbIM MoHUTOpOM (RF) “Gafchromic EBT?” [3].

YckopuTteab IIPOTOHOB ¢ 3Heprueit 169—209 MaB
paboraet B nuamna3zoHe yactot 1—50 I11, B mmpokom
Irara3oHe MHTEHCUMBHOCTEH MPOTOHHOTO MydyKa —
OT MaJTbIX UMIYJIbCHBIX TOKOB 0.1 MKA 1o 10 MA, Tipu
5TOM JIMTEJIbHOCTh UMITYJIbCA IIPOTOHOB HAXOIUTCS
B nnana3oHe ot 0.3 mo 100 mxc. YepeHKOBCKMIA MOHM-
TOp MMeeT MPUHIUITNAIIBHYIO BO3MOXHOCTL pab0oTaTh
B OTOM [MAala30He MHTEHCHUBHOCTE IIPOTOHHOIO
My4yKa B YCJIOBUSIX CHUIBHOTO HU3KOIHEPIeTUYECKOro
2JIEKTPOMArHUTHOIro (oHa. M3BecTHBIE NETESKTOPHI,
TaKMe KaK MOHU3alMOHHBIE KaMepbl [4—6] U MHAYK-
MOHHBIE TaTYNKU TOKa [7, 8], He MOTryT paboTaTh B Ta-
KOM IIIMPOKOM JHaIia3oHe MHTeHcuBHoCTel. MoHu3a-
LMOHHEIE KaMePhl XOPOIIIO padoTaloT B 00IaCTU CpaB-
HUTENBHO MaJIBIX TOKOB, 10 10 MKA. Ilpu Gonpimx
TOKaX B MOHU3ALIMOHHBIX KAMEpaxX BOZHUKAIOT HEJIN -
HeliHble 3¢ @dEeKThl, CBSI3aHHBIE C IIPOCTPAHCTBEH-
HBIM 3apsJIOM M peKOMOMHAIIMEd MIOHOB B ra3e Kame-
pbl. UHOYKIIMOHHBIE JATYMKKU TOKAa pabOTAIOT XOPO-
III0 B 00JIACTH CPABHUTEIBHO OOJILIINX TOKOB, BBIIIIE
10 MKA. MoHu3anmoHHasI KaMepa M TJIaCTUKOBBIMN

MOHUTOP U3MEPSIOT MOIIOILIEHHYIO 103y MOHU3BUPY-
Io111ero u3nydyeHusl. YepeHKOBCKUIT MOHUTOP M3Me-
psieT YepeHKOBCKUI CBET, U3JlydaeMblii MPOTOHAMU
B TOHKOM CTEKJISSHHOM panuatope moHurtopa. IIpo-
TOHBI ¢ 3Heprueir 209 M»sB wuznyyalor B cpeaHeM
0.5 ¢porona/mpotoH [1] B 0b6jlacT¥ 4yBCTBUTEIbHO-
ctu cnektpa dotoymMHoXuTeass XP2020. MoHuTop
He perucTpupyeTt (POTOHBI U JEKTPOHBI C SHEPTUEi
Hrke 170 k3B, 4To BaxkHO IS OAABJACHUSI HU3KO-
sHepreTuyeckoro goHa. [MomioleHHas 103a B Bellle-
CTBE JETEKTOPOB M YEPEHKOBCKOE M3JIydeHUE IIpO-
MOPLUMUOHATIbHBI KOJIMYECTBY PETUCTPUPYEMBIX TPOTO-
HOB.

Chl  Ch2 RF

100 MM 50 MM 400 Mmm

Puc. 1. Cxema pacriosioxXeHusl JeTeKTOPOB U BOIHOTO
dantoma MP3-P T41029 Ha nmyuke NpOTOHOB C dHepruei
169 MaB. Chl, Ch2 — yepeHKOBCKHE neTeKTOphl; RF —
KaJIMOpOBaHHBIN ITACTUKOBEIN netekTop; IC — nonunsa-
LIMOHHAs Kamepa.
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Puc. 2. a — 3aBUCUMOCTb aMIUTUTY Bl cuTHaTa Aetekrtopa Chl oT BpeMeHu it TpeX BBIOOPOUYHBIX MMITYTECOB (MaJIOTO, Cpel-
Hero, OOJIBIIIOr0) MPOTOHHOTO MyYyKa 13 ukia D1; 6 — ructorpamma pacrnpeneeHus 3apsiia B KaxKI0M UMITYJIbCe IS LIMKJIa

D1, cocrosiero u3z 140 uMmnynbcoB.

2. KAJIMBPOBOYHbBIE USMEPEHUA
HA ITPOTOHHOM ITYYKE

Cxema pacnoyioXXeHus AeTEKTOPOB Ha My4YKe Mpo-
TOHOB ¢ 3Heprueit 169 M»B mokasana Ha puc. 1.
ITpoTOHHBII MYyYOK MOJTHOCTHIO MOIJIOLIAJICS B BOMI-
HoM ¢paHnTomMe MP3-P T41029 pazmepom 448 x 480 X
X 350 MM, B KOTOpOM B 00JIaCT MaKCHUMAaJIbHOTO
9HEeproBbieSieHUsT (OPATTOBCKUIA TTMK) MPOTOHHOTO
Mmyyka paszMellajiach MOHM3aluoHHass Kamepa IC.
YepenkoBckue Chl, Ch2 u muiactukoBbiit RF MmoHu-
TOPBI YCTaHABIMBAJIMCH IO LIEHTPY MTPOTOHHOTO Ty4-
Ka rnepen (paHTOMOM B BO3AYIIIHOM 3a30pe.

M3MepeHus: MpOBOAMIMCH Ha My4YKe MPOTOHOB C
sHeprueid 169 MsB 1 ¢ ITATETBHOCTHIO MMITYJIbCA
IIPOTOHOB, paBHOM 35 MKC, IJISI TPEX PEXKMMOB pado-
ThI ycKoputelrst: nuki D1 — 140 mmirynbecoB, D2 —
943 nmnynbca 1 D3 — 1561 umnynse. detekropsr 1C
u RF uaMepsioT cyMmMapHylo 103y B LIMKJIE OT BCEX
UMITYJIbCOB TIPOTOHOB. JleTekTopsl Chl u Ch2 u3zme-
PSIIOT UMITYJIbC TOKAa BO BPEMEHU JJII KaXKI0rOo UM-
myJjabca MpOoTOHOB. HTerpupoBaHue UMITYJibCa TOKA

110 BpEMEHU JaeT 3apsil, HPONOPLUMOHATBHBIN YUCITY
MMPOTOHOB, JJIs1 KaXKIOTr0 MMITYJIbCA.

Ha puc. 2a npuBeneHbI 3aBUCUMOCTH aMILIUTYObI
CUTHaJIa OT BpEMEHM JJIsl TpEX BEIOOPOYHBIX UMITYJIb-
coB. AMIuiuTyga curHaia ot aerekropoB Chl u Ch2
n3Mepsiach ¢ romMolnbsio TpeoodpasoBatenss CAEN
DT5720 [9]. TucrorpamMa pacripefefieHusl 4ucia
MMPOTOHOB B KaXIOM MMMyjibce WIS nukia D1, co-
crosiiero u3 140 mMmynbCcoB, MoKa3aHa Ha puc. 20.

PesynbraThl U3MepeHUii MOTIOIEHHON 03kl Je-
tektopamu Chl, IC u RF B Tpex pexnMax pabGoThl
YCKOpUTEJIST MpeacTaBiaeHbl B Tab. 1. MonuzanmoH-
Hasg kamepa [C u mractukoBbiii MoHuTop RF oTka-
JMOpOBaHBI B TPasIX. MI3MepeHHasT 103a YepeHKOB-
CKUM MOHUTOPOM MOJyYyeHa MyTeM UHTeTpUPOBaHUS
MIMITYJIbCA TOKa (CM. puC. 2a) IJIsl OTIpeacaeHUs 3apsi-
J1a B KaXIoM uMiIryiabce (cM. puc. 20). CymmapHbIe
3HauyeHMs 3apsga aetekropa Chl miasg Bcero mukia
u3MepeHuss B Taby. 1 mpeacTaBieHbl B YCJIOBHBIX
eNMHULIAX.

Ha puc. 3a moka3aHbl pe3yabTaThl USMEPEHUI 1O~
3Bl MJIACTUKOBLIM MoHUTOpOM RF B 3aBUcMOCTH OT

Ta6omuna 1. Pe3ynbTaThl MI3MEpeHU MOMIOLIEHHOMN 103bl MOHU3MpYytolero usiydeHus nerekropamu (Chl, IC u RF) B

TpeX pexXuMax paboThl yCKOPUTENS

3apsiz Chl Hosa, I'p, usmepeHHas
Lk Yucno UMITYIbCOB ’
YCII. en. IC RF
D1 140 1.92 1.32 1.0
D2 943 8.37 8.26 8.0
D3 1561 18.9 18.1 17.8
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Hoza (RF), I'p Hoza (Chl), ycn. en.

251 [x/ndf 0.001766/1 (a) 25L [ x?/mndf 0.2165/1 (6)
p0 ~0.3011 + 0.04057 p0 0.3574 + 0.4492
pl 1.001 + 0.003525 pl 1.016 + 0.03902
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15+ 15+
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Hosza (1C), I'p Hoza (1C), I'p

Puc. 3. a — 3aBUCHMMOCTh CyMMAapHOIi 03bl, U3MEPEHHOM IIaCTUKOBBIM MOHUTOPOM RF, OT cyMMapHOii 103bl, U3MEPEeHHOI1
MOHU3ALIMOHHOM KaMepoii; 0 — KaanOpOBOUYHbINM IrpaduK CBSI3U Pe3YJIbTATOB U3MEPEHUI CyMMapHOI 103bl YepPEHKOBCKUM
moHuTopoMm Chl u nonuzaunoHHoit kamepoit IC. CrutolHble JMHUN — Pe3yJIbTaThl MOATOHOK JUHEIHBIMU 3aBUCUMOCTSIMU.

CYMMAapHOM J03bl, W3MEPEHHOW WOHMW3aLMOHHOM
kamepoit IC, B Tpex pexumax paboTbl YCKOPUTEJIS.
CruiolIHOM JTUHWEN TTPEeCTaBIeH pe3yabTar puTta -
HEWHOI 3aBUCUMOCTBIO. Pe3ybTaT IToKa3bhIBaeT XOpo-
11e€ COOTBETCTBUE NAHHBIX, TOJTYYEHHBIX JETEKTOpA-
mu IC u RE. BT0 neMoHCTpUpyeT XOpoIlylo Kajimo-
poBky netektopoB IC u RF. [TosnyyeHHas B peynbrare
duTHpOoBaHUS JUWHEHHas 3aBUCUMOCTb CYMMapHOI

Hoza (Ch2), yci. en.

¥2/ndf 493.4/1559
35F (a) p0 ~0.05771 + 0.05099
pl 0.9201 + 0.002478
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JIO3BI, U3BMEPEHHOMN YepeHKOBCKUM MOHUTOpoM Chl,
OT CyMMapHOM H03bl, MOJYYEHHOI MOHWU3ALMOHHOMI
kamepoit IC, roBopuUT 0 TOM, UTO JE€TEKTOPHI XOPOIIIO
comiacyloTcs Mexmy coboii (puc. 30). Tem cambIM 1o-
Ka3aHO, YTO YEPEHKOBCKMM IETEKTOPOM MOXHO H3-
MEpPSTh 103y B BODTHOM (paHTOME B 00JIaCTU MaKCH-
MaJIbHOTO SHEProBbIIeNICcHUSI (Op3ITOBCKUI IIMK)
NPOTOHHOTIO IMy4YKa.

h2r

“| Entries 1561
| Mean x 20.32
18.63

.| Meany
Std Devx 4.751

4.415

‘| Std Devy

30

Puc. 4. a — 3aBUCUMOCTh CYMMapPHOI 103bl, U3BMEPEHHOM YepeHKOBCKUM MOHUTOPOM Ch2, OT 103bl, U3BMEPEHHOI YePEHKOB-
ckuM MoHnTOpoM Ch 1, CIUTOIITHASI TMHKS — Pe3Y/IbTaT IMOATOHKN TUHEHHON 3aBUCUMOCTBIO; 0 — IByMepHasi THCTOIpaMMa pe-
3ynbTaToB M3MepeHuii Monutopamu Chl u Ch2, neMoHCTpUpyIolasi CTeNeHb KOPPESAIMU U pa3dpoc He3aBUCUMBbIX Pe3YJib-
TaTOB M3MEPEHMIA O3Bl Y€PEHKOBCKUMH MOHUTOPAMHU.
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N3mepenns yepeHkoBcKnMU MouuTopamMu Chl u
Ch2 xopomio coriacyroTcss Mexny coboit (puc. 4).
OTHOCHUTEIBHYIO TOYHOCTh U3MEPEHMIA JO3BI MOHM-
Topa Ch MOXHO OLIEHMTHh IO pa3dpocy TodeK (CM.
puc. 4a) B obnactu 20—25 I'p, ee BeJIMuMHaA paBHaA
~3%.

3. BAKJIIOYEHHE

IMpencraBiaeHbl pe3yabTaThl KATUOPOBOYHBIX W3-
MepeHUil YEepEeHKOBCKUM MOHUTOPOM MPOTOHHOTO
nyuyka. ITonydyeHo xopoiliiee cornacue pe3yabTaToB
W3MEPEHUI MOHUTOPOM C MOKA3aHUSIMU NOHU3ALN-
OHHOI1 KaMephl U TUIACTUKOBOTO MOHUTOpa. YepeH-
KOBCKHWI1 MOHUTOD HE PETUCTPUPYET (POTOHBI U IJIEK-
TPOHBI ¢ 3Heprueit Huxe 170 k3B, 4To BaxkHO 1151 TTO-
NlaBJIeHWSI HU3KOHEepreTuueckoro ¢oHa.
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