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1 . BBE.[lEHitlF. 

lt1cnonb30BaHHe npOTOHH~X ny4KOB B ny4eBO~ TepanHH Ha CHHXpO
qHKnOTPOHe 680 M3B B na6opaTOPHH ~AePH~X npo6neM Olt1Hit1 /,[ly6Ha/ 
Ha4anOCb B 1967 rOAY Ill, Ha npoTOHHOM CHHXPOTpOHe 10 r3B 
ltlHCTHTyTa TeopeTH4eCKO~ H 3KcnepHMeHTanbHO~ $H3HKH /MOCKBa/ 
B 1968 rOAY 12/ H Ha CHHXpOqHKnOTPOHe 1 r3B neHHHrpaACKOrO 
HHCTHTYTa ~AePHO~ $H3HKH AH CCCP B 1975 roAy 131 . K HacTo~~eMy 
speMeHH yme HaKonneH 6onbWO~ on~T no KnHHH4eCKOMY npHMeHeHH~ 
3THX ny4KOB B ny4eBO~ TepanHH OHKOnOrH4eCKHX 6onbH~X H B paAHO
He~pOXHpyprHH. 

Bonpoc o nposeAeHHH cpasHHTenbHO~ A03HMeTpHH MeAHqHHCKHX 
npOTOHHbiX ny4KOB B03HHK Ha nepBOM MemAyHapOAHOM CeMHHape no 
HCnOnb30BaHH~ npOTOHH~X ny4KOB B ny4eBO~ TepanHH /MoCKBa, 
1977 roA/ /4/. Bee MeAHqHHCKHe npoTOHHble ny4KH, $yHKqHOHHPY~He 
s HacTo~~ee speM~, oTnH4a~Tc~ APYr OT APYra 3HeprHe~, npocTpaH
CTBeHH~MH H BpeMeHH~MH XapaKTepHCTHKaMH H, COOTBeTCTBeHHO, 
MeTOAaMH A03HMeTPHH. Pa3nH4H~ B Hcnonb3YeM~X pemHMax o6ny4eHH~ 
H pa3Mepax A03HbiX nonei:1 3aTPYAH~~T COnOCTasneHHe KnHHH4eCKHX 
~~~y~oodouo. Y~d~tH~K~ ~~M~Hapa KOHCTaTHposanH, 4T~ B nepsy~ 
04epeAb He06XOAHMO y6eAHTbC~ B COBnaAeHHH a6con~THbiX KanH6pOBOK 
A03bl Ha pa3nH4HbiX ny4Kax, TaK KaK Aame He6onbwHe pacxomAeHH~ 
B A03e MOryT HCKa3HTb aHanH3 pe3ynbTaTOB ne4eHH~. o~no npH3HaHO 
qenecoo6pa3HbiM nposoAHTb peryn~pHo cpaBHHTenbHY~ A03HMeTpH~ 

MeAHqHHCKHX npoTOHHbiX ny4KOB. no HHHqHaTHBe nHn Olt1Hit1 npoBeAeHbl 
qHKnbl cpaBHHTenbH~X A03HMeTpH4eCKHX H3MepeHHi:1 MemAy TpeM~ MeAH
qHHCKHMH npOTOHH~MH ny4KaMH, pe3ynbTaT~ KOTOP~X H H3nomeH~ B 
HacTo~~ei:1 pa6oTe. 

2. XAPAKTEPit1CTit1KA ME.[llt1Uit1HCK1t1X nPOTOHHWX nY4KOB 

ny4KH npOTOHOB, HCnOnb3YeM~e An~ ny4eBOH TepanHH, cy
~eCTBeHHO pa3nH4a~TC~ MemAY co6o~ 3HepreTH4eCKHMH, npOCTpaHCTBeH
H~MH H BpeMeHH~MH xapaKTepHCTHKaMH. 

Bo speM~ nposeAeHH~ cpasHHTenbHOi:1 A03HMeTpHH MeAHqHHCKHi:1 npo
TOHH~i:1 ny40K, cy~eCTBOBaBWHA B na6opaTOPHH ~AepH~X npo6neM Olt1Hit1 
AO peKOHCTpyKqHH YCKOPHTen~, $OPMHPOBanc~ nyTeM TOpMOmeHH~ B~
BeAeHHOrO npOTOHHOrO ny4Ka AO cpeAHeA 3HeprHH npOTOHOB 
- 200 M3B 111 • BpeMeHHa~ CTPYKTypa ny4Ka xapaKTePH3osanacb HanH-
4HeM HMnynbCOB 4aCTHq AnHTenbHOCTb~ 160 MKC, cneAY~~HX APYr 3a 
APYrOM 4epe3 KamAble 6 MC. ny~ Tepa011 8 ~~otm, WHPOKHM 
ny4KOM IAHaMeTpoM 5-10 eM/, ¢p,eAHfVii.,MOUIHOCTb '·A03bl J!l· nY4Ke -2 ~ .. '.. . 
2·10 rp/c. ; . · 
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Ha c~HxpoTpoHe HT3$ AnR ny4eeoi1 Tepan~~ ~cnonbsyeTCR ny40K 
npOTOHOB, 3Hepr~R KOToporo MOmeT 6~Tb e~6paHa OT 70 AO 200 M38. 
BpeMeHHaR CTPYKTypa ny4Ka npeAcTaBnReT co6oi1 ~Mnynbc~ An~Tenb
HOCTb~ OKOno 140 HC, ~HTepean MemAY H~M~ - 2,5 C. ny40K ~MeeT 
nonepe4H~e pasMep~ OT 5 AO 90 MM. Aosa e ~Mnynbce MomeT 6~Tb 
B~6paHa B npeAenax OT COT~X AOneH rp AO HeCKOnbK~X AeCRTKOB rp. 

Ha c~Hxpo~~KnoTpoHe JlH~$ OTAeneH~eM npoTOHHOH Tepan~~ UHHPPH 
AnR ny4eeoi1 Tepan~~ ~cnonbsyeTcR nepe~4H~H ny40K npoToHoe c 
3Hepr~ei1 1 r3B. Tepan~R npoBOA~TCR Y3K~M ny4KOM npoTOHOB w~p~HOH 
7 MM, MO~HOCTb A03~ MomeT nnaBHO peryn~poeaTbCR B W~pOK~X 
nP~Aenax 131 • BpeMeHHaR CTPYKTypa ny4Ka xapaKTep~syeTcR 4aCTOTOH 
MaKpO~MnynbCOB 40 r~, An~TenbHOCTb ~MnynbCOB - 300 MKC. 

3. METOA CPABHHTEJlbHO~ A03HMETPHH 

Ha~6onee YA06HbiM~ AnR npoeeAeH~R cpaeH~TenbHOH A03~MeTp~~ 
RBnR~TCR TepMOn~M~Hec~eHTH~e A03~MeTp~ /TJlA/. noKa3aH~R TaK~X 

9 
A03~MeTpOB He 3aB~CRT OT MO~HOCT~ A03~ BnnOTb ao 10 rp/c AnR 
o6nacT~ A03 AO 10 3 rp 151

• 3TO CBOHCTBO TepMon~M~Hec~eHTH~X A0-
3~MeTpoe noseonReT npoBOA~Tb ~3MepeH~R Ha ny4Kax c cy~ecTBeHHO 
pasn~4HOH epeMeHHOH CTpyKTYPOH. KpoMe TOrO, Man~e pa3Mep~ ~ 
An~TenbHoe coxpaHeH~e A03~MeTp~4ecKoi1 ~H$opMa~~~ noseonR~T • 
TpaHcnopT~POBaTb TaK~e A03~MeTp~ Ha 6onbW~e paCCTORH~R, 4TO 
AenaeT ~x oco6eHHO YA06H~M~ AnR cpaeH~TenbHOH Kan~6poeK~ MeA~
~~HCK~x npoTOHHbiX ny4KOB. AnR npoeeAeH~R cpaeH~TenbHOH A03~MeT-
~!"!!~ ~~-=~~~:..!~~~!~:~~~~ ~:::::--:-:;: :: ::...:;~ :-::, .. ~:~~~ :..;.:.~~ .. -;g~voa .. -.~ICD ~..;;.,:,.,,;,nv t:JbiiiY\...1'\.dt:::

Mble TJlA ABYX T~noe - LiF ~ CaF2 . 
TepMon~M~Hec~eHTH~e A03~MeTp~ LiF npeAcTaenR~T co6oi1 sanon

HReMble nopoWKOM non~3T~neHOBble Kancynbl, ~cnonbsyeMble e KOMnneKTe 
c cep~i1HbiM ~3Mep~TenbHbiM np~6opoM VA-~0 /rAP/. OTHoc~TenbHaR 
cpeAHRR KBaApaT~4HaR norpeWHOCTb np~ ~3MepeH~~ OAH~M TepMon~

M~Hec~eHTHbiM aos~MeTpoM LiF cocTaenReT a "'5%. VA-M-30 - np~6op 
AnR OTHOC~Tenb HbiX ~3MepeH~H A03. AnR npoBeAeH~R a6con~THbiX ~3Me
peH~H oH HYmAaeTCR e Kan~6poeKe.6~no npoeeaeHo nRTb ceaHcoe Ka
n~6poeK~ TJlA Ha ny4Ke npoTOHOB c 3Hepr~ei1 Tp=200 M3B Ha c~Hxpo
~~KnoTpoHe Jla6opaTop~~ RAepH~X npo6neM OH~H c ~cnonb30BaH~eM 
3TanoHHOi1 ~oH~sa~~oHHoi1 KaMepbl A03~MeTpa VA-J-18 /rAP/. B 3TOM 
np~6ope B Ka4eCTBe AeTeKTOPOB ~3ny4eH~R np~MeHR~TCR B03AYWHble 
~OH~3a~~OHH~e KaMep~. Aos~MeTp npeAHa3Ha4eH AnR ~3MepeH~i1 e 
nonRX peHTreHOBCKOrO ~ raMMa-~3ny4eH~H. nony4eHHbiH B 3T~X 
~3MepeH~RX Kan~6poB04HbiH K03$¢~~~eHT ~cnonbsoeancR e AanbHei1weM 
np~ npoBeAeH~~ cpaeH~TenbHOH A03~MeTp~~ Ha MeA~~~HCKOM npoToH
HOM ny4Ke HT3$. 

3TOT me Kan~6pOB04H~H K03$¢~~~eHT MomeT 6~Tb ~CnOnb30BaH ~ 
AnR A03~MeTp~~ npoTOHOB c 3Hepr~ei1 1 r3B. Hesae~C~MOCTb 4YBCTe~

TenbHOCT~ TepMOn~M~Hec~eHTH~X A03~MeTpOB OT 3Hepr~~ npOTOHOB B 
3TOH o6nacT~ 3Hepr~i1 noKa3aHa e ~enoM PRAe pa6oT /5·10/. TaK, 
Hanp~Mep, e pa6oTe 151 noKa3aHo, 4TO e A~anasoHe A03 AO o6nacT~ 
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ceepxn~Hei1HOCT~ 4yBCTB~TenbHOCTb TepMon~M~Hec~eHTH~x A03~MeTpoe 

LiF OA~HaKoea AnR npoTOHOB ~ raMMa-~sny4eH~R- B pa6oTe 161 no
Ka3aHo, 4TO 4YBCTB~TenbHOCTb TJlA OA~HaKoea AnR raMMa-~sny4eH~R 
~ AnR npoTOHOB c 3Hepr~ei1 e~we 20 M3B. B pa6oTax 17 

•81 np~BOART
CR 3aB~C~MOCT~ 4YBCTB~TenbHOCT~ TJlA OT dE/dx, ~3 KOTOp~X TaKme 
cneAYeT, 4TO 4YBCTB~TenbHOCTb TJlA K npoToHaM c 3Hepr~RM~ 200 
~ 1000 M3B OA~HaKoea. Ha c~Hxpo~~KnoTpoHe e AY6He Ha ny4Ke npo
TOHOB c 3~~9r~ei1 600 M3B ~3MepRnacb 4YBCTB~TenbHOCTb pasn~4H~x 
T~noe TJlA ~ 6binO noKasaHo, 4TO 4YBCTB~TenbHOCTb ecex ~c-
cneAOBaew~xcR AeTeKTopoe K n~oToHaM npaKT~4ecK~ pasHa 4YBCTe~
TenbHOCT~ K raMMa-~sny4eH~~ °Co.TaKoi1 me pesynbTaT AnR npoTOHOB 
c 3Hepr~ei1 798 M3B np~BOA~TcR e pa6oTe 1101

• 

TepMon~M~Hec~eHTH~e A03~MeTp~CaF2 ~cnonbsoean~cb e co4eTaH~~ 
c cep~HHbiM ~sMep~TenbHbiM np~6opoM VAM-164/rAP/. TJlA CaF 2 npeA
cTaBnReT co6oA CTeKnRHHY~ Kancyny A~aMeTpOM OKOnO 10 MM, BHyTp~ 
KOTopoi1 Ha npoBOAH~Ke HanpeccoeaH n~M~Ho¢op CaF2 .0THOC~TenbHaR 
cpeAHRR KBaApaT~4HaR norpeWHOCTb np~ ~3MepeH~~ OAH~M A03~MeTpOM 

cocTaenRna a"' 8-10%. 06pa6oTKa T11A-Ao3~MeTpoe npOBOA~nacb 
Hesae~c~Mo Ha ABYX pasn~4H~x np~6opax VAM-164. Kan~6poeKa 3T~x 
np~6opoe no A03~MeTpy VA-J-18 npoBOA~nacb Ha npoTOHHOM ny4Ke 
c 3Hepr~eA 200 M3B eo epeMR 4eT~pex ceaHcoe pa6oT~ Ha c~Hxpo

~~KnoTpoHe Jl~n OH~H. nony4eHH~e B 3T~X ~3MepeH~RX Kan~6pOB04H~e 
K03¢¢~~~eHTbl ~cnonbsoean~cb e AanbHei1weM np~ cpaeH~TenbHOH 
A03HMeTp~~ MeA~~~HCK~x npoTOHH~x ny4KOB HT3¢ ~ JlH~¢ AH CCCP. 

-- -· -- ----· u 
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norpeWHOCT~ ~3MepeH~H onpeAenRn~Cb B COOTBeTCTB~~ C MeTOA~
KOH, on~caHHOH B rOCT 8.207-76 1111 AnR npRM~X ~3MepeH~H C MHO
roKpaTH~M~ Ha6n~AeH~RM~. BeoA~n~cb cneAY~~~e norpewHocT~ ~3Me

peH~H: 
a/ pa36poc noKa3aH~H A03~MeTpOB BOKpyr cpeAH~X 3Ha4eH~H np~ 

o6c4eTe rpynn~ A03~MeTpoe. B KamAOM ceaHce ~3MepeH~R npoBOA~
n~cb rpynnaM~ A03~MeTpOB OT 9 AO 30 WTyK. npeAnonaranocb, 
4TO pas6poc noKa3aH~H AeTeKTopoe on~c~eaeTCR HOpManbH~M pac
npeAeneH~eM, OTHOC~TenbHOe cpeAHeKBaApaT~4HOe OTKnOHeH~e AnR 
KamAOH cep~~ !d3MepeH~i1 Bbl4~cnRnOcb no ¢opMyne: 

n 2 
i ~ l(Xi -A) - 1 

u(A) =-= 
A 

rAe A - cpeAHee 
3Ha4eH~e A03bl B 
rpynne. 

nrn:..1) 
3Ha4eH~e A03~ B AaHHOH cep~~ ~3MepeH~H, Xi 
i -M ~3MepeH~~, n - KOn~4eCTBO A03~MeTpOB B 

3Ha4eH~R ~A) AnR pa3n~4H~X cep~H ~3MepeH~H HaXOA~n~Cb B npe
Aenax: 1,0 - 3,5% AnR LiF ~ 2,5 - 5,0% AllR CaF2i 

6/ norpeWHOCTb OTHOC~TenbHOH Kan~6pOBK~ TJlA no A03~MeTpy 
VA-J-18 cocTaenRna a 1 =1 ,5% AllR LiF ~ a1=3% AllR CaF2; 

e/ norpeWHOCTb ~3MepeH~R a6con~THoro sHa4eH~R A03~ npoTOHOB 
A03~MeTpOM VA-J -18 cocTaenRJla a2=6%; 3 



r/ norpeWHOCTb a6con~THOrO H3MepeHHR A03~ Ha MeAH4HHCKOM 
ny4Ke HT3~ COCTaBnRna Us =8%, Ha MeAH4HHCKOM ny4Ke nHR~ AH CCCP -
us =6%. 

CyMMapHaR norpewHOCTb B~4HCnRnacb no MeTOAHKe, peKoMeHAYeMOH 
e rocT 8.207-76 - no ~opMyne: 

s ei _ j 2 
~ = K . l - + u

2(A), 
1 = 1 3 

rAe ~ - rpaHH4a norpeWHOCTH pe3ynbTaTa H3MepeHHR npH 3aAaHHOH 
AOBepHTenbHOH eepoRTHOCTH; K - K03~~H4HeHT, 3aBHCR~HH oT cooT
HoweHHR cny4aHHOH H HeHCKn~4eHHOH CHCTeMaTH4eCKOH norpeWHOCTeH; 
Oi - rpaHH4a i -H HeHcKn~4eHHOH CHCTeMaTH4eCKOH norpeWHOCTH. 

B pac4eTaX npHHHManocb ei = 2u i • 

5. PE3YnbTAT~ CPABHHTEnbHO~ A03HMETPHH nY4KOB nRn OHRH 
H HT3~ 

CpaBHHTenbHaR A03HMeTpHR ny4Ka HT3~ npoBOAHnacb ABYMR pa3-
nH4H~MH THnaMH TepMon~MHHec4eHTH~x A03HMeTpoe LiF H CaF2 
B pa3nH4H~X reoMeTpH4eCKHX ycnOBHRX npH Ha4anbHOH 3HeprHH npo
TOHOB, BbiBOAHM~X H3 KOnb4a CHHXPOTPOHa T p =200 M3B. CxeMa npo
BeAeHHR o6ny4eHHR e 11y3KOM11 ny4Ke noKa3aHa Ha pHc. 1 a. TnA 
o6ny4anHCb BHYTPH Y3KOrO KonnHMpTOpa AHaMeTpOM 15 MM. reoMeTpHR 
ofinyLH~HI-IR A 111111-1n01<0M11 nyui<P nf"'I<.::O"';:II .. l.::O H;:> r'IAr ln. nyunw r'-"1""1111Ar'Cin-

CR 3a C4eT MHOrOKpaTHOrO KynOHOBCKOrO pacceRHHR B CBHH40BOM 
pacceHBaTene TOn~HHOH 3 MM. 06ny4eHHe TnA npOBOAHnOCb Ha pac
CTORHHH 4 M OT pacceHBaTenR, rAe HeOAHOPOAHOCTb A03bl B o6nacTH 
pacnonomeHHR A03HMeTpoe He npee~wana 5%. Ao3HMeTpbl o6ny4anHCb 
A03aMH -3 rp. 

4M 

.3 .4 ""-..7 
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PHc.I. CxeMa rrpoBegeHHH gosH
MeTpHqecKHX H3MepeHHH Ha MegH
AHHCKOM ITPOTOHHOM rryqKe HT3~. 
a/ reoMeTpHH "ysKoro" rryqKa; 
6/ reoMeTpHH "mHpOKoro" rryqKa. 
I -3 - KOJIJIHMaTOPhi; 4 - HHgyK
AHOHHblli gaTqHK; 5 - Ta6JieT-
Ka ITOJIHCTHPOJia gJIH KaJIH6pOBKH 
ITO HaBegeHHOH aKTHBHOCTH 11C; 
6 - KaCCeTbl C Tfl)l; 7 - pac
CeHBaTeJib I CBHHeg TOJIID;HHOH 3 MM/. 

t) 

• 

l) 

MoHHTOPHPOBaHHe ny4Ka npoH3BOAHnocb HHAYK4HOHHbiM AaT4HKOM. 
AnR a6con~THOH KanH6poBKH A03~ npHMeHRncR aKTHBa4HOHH~H MeTOA 
no peaK4HH 12C(p,pn) 11 C. norpewHocTb H3MepeHHR norno~eHHOH 

8 /12/ 
A03~ TaKHM cnoco60M COCTaBnRna % • 

6~no npoeeAeHo TPH ceaHca o6ny4eHHR TnA Ha MeAH4HHCKOM npo
TOHHOM ny4Ke HT3~. PeaynbTaTbl H3MepeHHH, npHBeAeHH~e B Ta6n.1, 
noKa3~Ba~T,4TO eo ecex Tpex ceaHcax o6ny4eHHR A03HMeTpoe 
B HT3~ B npeAenax norpeWHOCTeH H3MepeHHH nony4eHo coenaAeHHe 
a6con~TH~x A03HMeTpH4eCKHX KanH6poBOK MeAH4HHCKHX npoTOHHWX 
ny4KOB na6opaTOPHH RAePH~X npo6neM OHRH H HT3~. 

Ta6nHga 

PesynoTaTbi cpaBHHTeJibHOH go3HMeTpHH MeAHAHHCKHX 
ITPOTOHHhlX ITY4KOB HT3~ H nHIT OllHH 

HoMep ITHIT 
CeaHca Tfl)l 

reoMeT- KOJIHqeCTBO 
PHH rryqKa geTeKTOpOB 

r~osa OllHH u, oTH. cpegHe-
gosa HT3~ KBagpaT. 

2 

3 

OTKJIOHeHHe 

LiF 

CaF2 

LiF 

CaF2 

LiF 

CaF2 

Y3K. 

mHp . 

Y3K. 
mHp. 

mHp. 

Y3K. 
mHp. 

Y3K. 
mHp. 

Y3K. 
mHp. 

15 

9 

10 
15 

'] 

9 

10 
30 

18 
18 

30 
30 

0,99 

I, 10 

0,85 
I ,08 

1 (\I. .. ,....,-y 

I, 13 

0,99 
I ,05 

0,96 
0,99 

I , I I 
I , I I 

6. PE3YnbTAT~ CPABHHTEnbHO~ A03HMETPHH MEAHUHHCKHX 
nPOTOHH~X nY4KOB nHR~ AH CCCP H nRn OHRH 

0, I I 

0, I I 

0,13 
0,12 

('\ 11 

v,' ' 

0, I I 

0,12 
0,12 

0, I I 
0, II 

0, I 2 
0' 12 

Ha MeAH4HHCKOM npoTOHHOM ny4Ke nHR~ 6~no npoeeAeHo ABa ceaHca 
H3MepeHHH norno~eHHOH AD3bl Ha ny4Ke npoTOHOB c 3HeprHeH 1000 M3B. 
H3MepeHHR npoBOAHnHCb e ycnoBHRX, MaKCHManbHO npH6nHmeHHWX K 
ycnOBHRM npOTOHHOH TepanHH. HOHH3a4HOHHaR KaMepa H TepMOn~MHHec-
4eHTH~e A03HMeTp~ o6ny4anHcb BHYTPH ~aHTOMa H3 oprcTeKna AHaMeT
POM 20 CM H TOn~HHOH OKOnO 20 CM. AnR H3MepeHHH norno~eHHOH 
A03bl HcnonbaoeanHcb TnA LiF H CaF 2 oT OHRH H TnA LiF oT 
UHHPPH lSI. KoHTponb oTnycKaeMoH A03~ npoBOAHnCR no HOHH3a4HOHHOH 
KaMepe A03HMeTpa THna KD-27012 /rAP/. 5 
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PHc.2. CxeMa npoBe~eHHH ~osH
MeTpH~ecKHX H3MepeHHH Ha Me~H
~HHCKOM TIPOTOHHOM ny~Ke ITHR~ 
AH CCCP. I , 2 - KacceTbi c TJl,[l 
LiF; 3 - KacceTa c HOHHsa~HoH
HOH KaMepoH VA-K-252; 4 -
KacceTa c TJl,l:l ~nH HsMepeHHH 
pa~HanbHb~ ~osHb~ pacnpe~ene

HHH; 5 - KacceTa c TJl,l:l LiF 
UHHPPH; 6,7- 6noKH H3 opr
CTeKna. 

CxeMa o6ny4eHHR npHBeAeHa Ha pHc.2 B KacceTe 1 BAOnb ocH ny4-
Ka pacnonaranHCb 4 nonH3THneHOB~e Kancyn~ c rna LiF AHaMeTpOM 
10 MM. B KacceTe 2 pacnonaranocb 5 Kancyn c nopowKoM LiF 
AHaMeTPOM 7 MM. B KacceTe 3 noMe~anacb B03AYWHaR HOHH3a~HOHHaR 
KaMepa VA-K-252- AnR KOHTponR o6ny4eHHR. B KacceTe 4 paAHanbHO 
pacnonaranHCb 33 AeTeKTopa rna UHHPPH, npeAHa3Ha4eHH~e AnR H3-
MepeHHR paAHanbH~X A03H~X pacnpeAeneHHA. B KacceTe 5 BAOnb OCH • 
ny4Ka AnR H3MepeHHR norno~eHHoA A03~ noMe~anocb 10 TepMon~MH
HecueHTH~x AeTeKTopoe UHHPPH AHaMeTpOM no 3,5 MM. nepeA AeTeK
TopaMH ycTaHaenHeancR nornoTHTenb Ton~HHoA 8 CM AnR Toro, 
4T06bl AeTeKTOPbl HaXOAHnHCb B ofinaCTH HaCbl~eHHfl BTOPH4H~MH KOM
nOHeHTaMH o6ny4eHHR. 

anR npoBeAeHHR o6ny4eHHA rna ny40K cne~HanbHO pacwHpRnCR. B 
nepeoM ceaHce $aHTOM o6ny4ancR ny4KOM c nonywHpHHOA 3,2 cM, 
BO BTOPOM - 10 CM. 06a pasa $aHTOM ycTaHaBnHeanCR Ha OCH ny4Ka 
C T04HOCTb~ 1 MM. npoBeAeHHble H3MepeHHR nOKa3anH, 4TO paBHOMep
HOCTb A03Horo nonR e soHe pacnonomeHHR AeTeKTopoe 6~na He xyme 
5%. aosHMeTpbl o6ny4anHCb A03aMH OT 2 AO 6 rp. aosa OTnycKanaCb 
c norpewHOCTb~ 6%. 3Ta norpewHOCTb cKnaAbiBanacb H3 norpewHOCTH 
noeepKH A03HMeTpa KD-27012 /5%/, no KOTOPOMY KanH6poeanHCb 
rna UHHPPH H norpeWHOCTH cepHH H3MepeHHA .PeaynbTaTbl H3MepeHHA' 
npHBeAeHH~e e Ta6n.2, noKa3~ea~T coenaAeHHe e npeAenax norpew
HOCTeA H3MepeHHA aficon~THbiX A03HMeTpH4eCKHX KanHfiPOBOK MeAH
~HHCKHX npoTOHH~X ny4KOB n~n OH~H H nH~$ AH CCCP. 

7. BbiBO,[Ibl 

1 . 0Tpa6oTaHa MeTOAHKa npoeeAeHHR cpaBHHTenbHOA A03HMeTpHH 
MeAH~HHCKHX npOTOHH~X ny4KOB c nOMO~b~ rna LiF H CaF2. To4HOCTb 
cpaBHHTenbHOA A03HMeTpHH B KamAOM ceaHce H3MepeHHA COCTaBnRna 
10-12% /cpeAHeKBaApaTH4HOe OTKnOHeHHe/. 
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PesynbT3Tbi cpaBHHTenbHOI1 ~03Ht-1eTpHH Me~H~HHCKHX 
npoTOHHb~ ny~KOB ITHR~ AH CCCP H JJHIT OHHM 

TaonH~a 2 

HoMep illHPHHa THn TJl,l:l KORH~eCTBO ~osa OHHH (J,OTHOCHTeRbHOe 
ceaHca ny~Ka TJI,[I cpe~HeKBa~p. 

~osa ITHR~ OTKROHeHHe 

3,2 CM LiF 26 0,98 0, I 0 

2 IO CM 
LiF 26 0,98 O,IO 

CaF2 9 I ,OI 0, II 

2. npoeeAeHHe cpaBHHTenbHOA A03HMeTpHH MeAH~HHCKHX npoTOHH~X 
ny4KOB n~n OH~H. HT3$ H nH~$ AH CCCP noKasano coenaAeHHe B npe
Aenax norpeWHOCTeA H3MepeHHA pesynbTaTOB a6con~TH~X H3MepeHHA 
norno~eHHOA A03bl, HeCMOTPR Ha cy~eCTBeHH~e pasnH4HR 3HepreTH4ec
KHX H epeMeHHbiX XapaKTepHCTHK 3THX ny4KOB. 

3. 66nbWY~ T04HOCTb B onpeAeneHHH aficon~THbiX 3Ha4eHHA norno
~eHHOA A03bl Ha KamAOM ny4Ke MOmHO 6yAeT nony4HTb, ecnH npo
BOAHTb cpaeHeHHe C 3TanOHH~M HCT04HHKOM H3ny4eHHR. 

1. n __ . . _ .u . . _ _ . _ _ ... 

'• ""'OJICMc;.VtWCC IIVDDIWc;;n..-tc :f~UDMn IU""'MU\...IVl \..lJCJOMV'IICJIDMUVl 1--\U.,YI 

MeTpHH CBR3aHO C AanbHeAWHM T~aTenbHbiM H3y4eHHeM BKnaAa BTOpH4-
H~X 4aCTH~, o6pa3y~~HXCR B pesynbTaTe RAePH~X B3aHMOAeAcTBHA, 
a TaKme ycnoBHA paBHOBeCHR BTOPH4HbiX 3neKTpOHOB B AeTeKTopax. 
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KapnHH A.n. M AP· 16-82-876 
CpaaHMTen~HaR A03MMeTPMR MeAMQMHCKMX npoTOHHWx ny~Koa nRn OHRH, 
HT3. rKA3 M nM~ AH CCCP 

npo&eAeHO cpaaHeHMe a6COJIOTHWX KanM6poBOK A03W Ha Tpex HeAMQMHCKHX 
npoTOHHwx n~Kax- n.5opaTOPMM RAePHWX nPQ6neM OHRH /AY6Ha/, HHCTMTyTa 
TeOpeTM~eCKoA M 3KcnepMMeHTBn~H0A ~3MKM /MocKaa/ M neHMHrP8ACKOrO HHCTHTy
Ta RAePHoA tMaMKM. HSMepeHMR nor~eHHOA AOaw HB MeAMQMHCKMX npoTOHHWX 
ny~Kax HT3t M nMRt npoaQAMnMC~ c nOMQl~D TePMQnDMMHecqeHTHWX A03MMeTpoa 
LiF M CaF ,npctANJ)MTen~HO OTKanMCSpoea- HB ~MQMHCKOM npoTOHHOM ny~Ke 
nRn OKAM. f~HOCn cpaaHM'ren~HOA AOaMMeTJ)MM a KBJIAOM ceaHce M3MepeHM~ 
COCT8BnRna 10-12l /CpctAHeKNApaTM~HOe OTKnOHeHMe/. 6wno nony~eHO COBnaAeHMe 
a npeAenax norpe&HOCTeA MaMepeHMA a6cOJIOTHWX aHa~eHM~ A03 Ha acex Tpex 
ny~KaX, HeCMOTpR H8 paanM~MR 3HepreTM~eCKMX M 8peMeHHWX xapaKTepMCTMK 
3TMX ny~KOB • 

Pa~oTa awnonHeHa a na~opaTOPMM RAePHWX npo5neM OHRM. 

C~HMe ~~MHeHHOro MHCTMTyTa RAePHWX MccneAoaaHHM. AY~Ha 1982 

Karlin D.L. et al. 16-82-876 
Comparative Dosimetry of Medical Proton Beams of the LNP JINR, 
ITEP and LNPI 

Absolute dose calibration of three medical proton beams (the Laboratory 
of Nuclear Problems (JINR, Dubna), the Institute of Theoretical and Experi
mental Physics (Moscow) and the Leningrad Nuclear Physics lnstltute)are com
pared. Measurements of absorbed dose values of ITEP and LNPI beams were 
performed by means of LiF and CaF2 thermoluminescent dosimeters, that had 
been preliminary calibrate at the LNP JINR medical proton beam. 
The accuracy of comparative dosimetry in each series of measurements were 
10-12% (standard deviation). Absolute dose values of every beam are in 
agreement within the measurement accuracy In spite of the differences of 
energetic and time beam parameters. 

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

Communication of the Joint Institute for Nuclear Research. Dubna 1982 

nepeBQA O.C.BMHOrpaAoaoA. 


