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CospeMeHHoe paasHTHe pa~HOTepanHH xapaKTepHayeTcR see soa
pacTa~~HM HCnOnb30BaHHeM B KnHHH4eCKOH npaKTHKe ny4KOB TRme

nbiX aapRmeHHbiX 4aCTHLI BbiCOKHX :meprHH H HeHTpoHos 1 11 • B Jla6o
paTopHH R~epHbiX npo6neM OH.RH Me~HLIHHCKHH ny4oK npoTOHOB BbJco
KHX 3HeprHH 6bm coa~aH e~e s 196 7 ro~y. ,[lo cepe~HHbl 1974 r. 
/Ha4ana peKOHCTPYKLIHH CHHXPOLIHKnOTpOHa/ Ha HeM npOBO~HnHCb 
perynRpHble ceaHCbl o6ny4eHHR naLIHeHTOB 121 • B nocne~HHe He
cKonbKO neT s Jla6opaTOPHH R~epHbiX npo6neM OH.RH 6blnH coa~aHbl 
TaK>Ke M!=!BHLIHHCKHI~ ny40K OTPHLiaTenbHbiX nH-Me30HOB C 3HeprHeH 
30 M3B 

13 
H ny4oK HelhpoHos co cpe~HeH 3HeprHeH oKono 

350 M3B 
141

• Mo~HOCTb ~03bl s 1979 ro~y s ny4Ke HeHTPOHOB co
CTaBnRna oKono 160 MKrp/ c/- 1 pa~/MHH/, a s nHKe 6p3rra ny4Ka 
OTPHLiaTenbHbiX nH-Me30HOB - OKOnO 500-800 MKrp/c 
I- 3-5 pa~/MHH/. nocne peKOHCTPYKLIHH CHHXPOLIHKnOTpOHa Mo~
HOCTb ~03bl B 3THX ny4Kax 3Ha4HTenbHO ysenH4HTCR H ~OCTHrHeT 
YPOBHR, ~0CTaT04HOrO ~nR npose~eHHR WHpOKHX pa~H06HOnOrH4ec
KHX HCCne~OBaHHH H KnHHH4eCKHX HCnbiTaHHH. 0~HaKo nepe~ TeM, 
KaK ny4KH 6y~yT HCnOnb30BaHbl B Me~HK0-6HonorH4eCKHX HCCne~o
BaHHRX, Tpe6yeTCR npoBeCTH T~aTenbHble HCCne~OBaHHR ¢H3H4eCKHX 
napaMeTpOB ny4KOB 4aCTHLI npH HX B3aHMO~eMCTBHH C aTOMaMH 
TKaHH. no~rOTOBKa H nposepKa MeTO~OB H ~eTeKTOpOB ~R HCCne

~OBaHHR A03HMeTpH4eCKHX napaMeTpOB Me~HLIHHCKHX ny4KOB H3ny4e
HHR BbiCOI<HX 3HeprHA RBnReTCR L!enbiO HaCTORl!leA pafiOTbl. 

¢113114ECKHE 11 ,[10311HETPI14ECKHE nAPAMETPM ME.LIHUHHCKHX nY4KOB 

,[lnR pa~H06HonorH4eCKHX Hccne~osaHHA H ny4esoA TepanHH 
OHKOnOrH4eCKHX 6onbHbiX HaHfiOnbWHH HHTepec npe~CTa BnR~T Cne
~y~~He napaMeTpbl Me~HLIHHCI<HX ny4KOB: 
A. norno~eHHaR ~03a B TJ<aHH HnH B BO~e Ha 3a~aHHOH rnyfiHHe B 
TKaHe3KBHBaneHTHOM nHfiO BO~HOM ¢aHTOMe CTaH~apTHbiX pa3MepOB. 
3Ha4eHHe ~03bl /HnH ee MO~HOCTH/ ~onmHO fibiTb onpeAeneHO B a6-
COniOTHbiX e~HHHL!aX H COnOCTaBneHO C noKa3aHHRMH nOCTORHHOrO 
MOHHTOpa, nponOPLIHOHanbHbiMH norno~eHHOH ~03e npH ~aHHbiX ycno
BHRX o6ny4eHHR. JICenaTenbHaR T04HOCTb Onpe~eneHHR ~03bl B 
pa~HOTepanHH - He xyme 5% 151 

• O~HaKo ~nR ny4KOB HeATpOHOB H 
nH-Me30HOB TaJ<aR T04HOCTb noKa e~e He ~OCTHrHyTa. 
Ei. Pacnpe~eneHHe A03bl no rnyfiHHe ¢aHTOMa /B OTHOCHTenbHbiX 
e~HHHLiax/ H pa~HanbHOe pacnpe~eneHHe ~03bl s cso6o~HOM npo-

®O~~i~rn:'i.~J llilcm;;;-l 
nr.~~LlA r~r~~~e~~n:¥J 
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CTpaHCT8e H Ha onpeAe~eHH~X r~y6HHaX 8 $aHTOMe. 8 4aCTH0CTH, 
o4eHb 8amH~M napaMeTpoM R8~ReTCR no8epxHoCTHaR A03a. r~y6HH
Hoe pacnpeAe~eHHe A03~ 86~H3H no8epXHOCTH ¢aHTOMa o6~4HO 
onpeAe~ReTCR C nOMOil\biO cne~Ha~bHbiX TOHKOCTeHHbiX AeTeKTOP08, 
OT~H4HbiX OT AeTeKTOp08, npHMeHReMbiX Ha OTHOCHTe~bHO 60~bl110H 
r~y6HHe. Cne~Ha~bH~e Ma~ora6apHTH~e H~H TOHKOCTeHH~e AeTeKTO
Pbl Tpe6yiOTCR TaKme A~R 3KcnepHMeHTa~bHoro onpeAe~eHHR r~y6HH
Horo pacnpeAe~eHHR A03~ 8 KOH~e npo6era sapRmeHHbiX 4aCTH~ 
/8 nHKe Eip3rra/, rAe HMet:lT MeCTO 3Ha4HTe~bH~e rpaAHeHTbl A03bl 

no r~y6HHe. 
B. MHKPOA03HMeTpH4ecKHe napaMeTpbl, TaKHe, KaK A0308oe H 4ac-
TOTHOe pacnpeAe~eHHe cneKTpa fln3, napaMeTPbl Ka4eCT8a H3~y4e
HHR /8 4aCTHOCTH, peKOMfiHHa~HOHH~e napaMeTpM Ka4eCT8a

161
/ H 

HX pacnpeAe~eHHe no r~yfiHHe ¢aHTOMa. 
r. PacnpeAe~eHHe n~OTHOCTH xapaKTepH~X RAepH~X peaK~HH~ Ha
npHMep, n~OTHOCTH o6pa308aHHR 3Be3A npH OCTaH08KaX OTPH~a
Te~bH~X nH-Me30H08, n~OTHOCTH RAePH~X 83aHMOAeHCT8HH 8 c~y4ae 

'HeATpOH08 8MCOKHX 3HeprHH H T.n. 3TH napaMeTp~ npeACTa8~RDT 
HHTepec 8 OCH08HOM C T04KH 3peHHR paAHOfiHO~OrH4eCKHX HCC~eA0-

8aHHH. 
.Q. cJlH3H4eCKHe n'apaMeTpbl MeAH~HHCKOrO ny4Ka: 8peMeHHble, 3Hep-
reTH4eCKHe, yr~08Me xapaKTepHCTHKH; COCTa8 4aCTH~ 8 ny4Ke; 
riOCTORHCT80 COCTa8a, 3HeprHH; ¢0KYCHp08KH H AP· ¢H3H4eCKHe 
napaMeTpbl naAaiOillero Ha o6beKT ny4Ka caMH no ce6e He R8~RIOTCR 
A03HMeTpH4eCKHMH napaMeTpaMH, DAHaKo 8 PRAe c~y4ae8 MoryT 
6b1Tb Hcno~b308aHbl A~R pac4eTa A03HMeTpH4eCKHX napaMeTp08 npH 
pa3~H4Hb1X KOH¢Hrypa~HRX o6~y4aeMoro OfibeKTa. 

.QETEKTOPH .QflR OnPE.QEflEHHR .Q03HMETPH4ECKHX nAPAMETPOB 
ME.QHUHHCKHX nY4KOB H PE3YflbTATM HX HCCflE.QOBAHHR 

B HacTORil\el:i pa6oTe AeTeKTOPbl A~R onpeAe~eHHR napaMeTp08, 
ynOMRHYT~X 8 nyHKTaX r H .Q, He paccMaTpH8aiOTCR. 

Bcero 6bmo HCnO~b308aHO 10 AeTeKTopo8 A~R onpeAe~eHHR HX 
pa60TOCnOC06HOCTH H nOMeXOYCTOH4H80CTH 8 pea~bH~X yc~08HRX 
3KCnepHMeHTa Ha CYI1\eCT8YIOI1\HX MeAHKO-fiHO~OrH4eCKHX ny4KaX -
OTpH~aTe~bH~X nH-Me30H08 H HeATpOH08 8~COKHX 3HeprHH flafiopa
TOpHH RAepH~X npo6~eM OHRH 13•41 • Hcc~eA08a~acb 4Y8CT8HTe~b
HOCTb AeTeKTOp08, HX pa604HH AHana30H MOil\HOCTH A03bl, o6~aCTb 
npHMeHeHHR A~R onpeAe~eHHR A03HMeTpH4eCKHX napaMeTp08 AaHHbiX 
ny4K08, onpeAe~R~HCb nonpa804H~e K03~¢H~HeHT~, HeOfiXOAHM~e 
npH HCnO~b308aHHH 3THX H HM nOAOfiH~X AeTeKTOp08. DO~bWHHCT80 
npeACTa8~eHHbiX AeTeKTOp08 6bmo paspa6oTaHo 8 HHcTHTyTe RAep
HbiX HCC~eAo8aHHA 8 C8epKe ;nHP I cne~Ha~bHO A~R lle~eA HCC~eAo-
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Ta6~H~a 1 

napaMeTpbl AeTeKTOP08 

Nh~ + 
~JU{ KR-I~ !,3RT ~-25 T-3 " ') IPIRT K.li ~D-02 Tn 

flaoart.eTo 
,-. .) 

I.M:nepuaJI qyBcTBll-
TeJII>Horo o6:oeMa T3r ~:Jr 1:3oa.r Boa.r T3r po2 ~oa.n Si ~JIMa ~a~ Lt.F 

2,MaT8pll8Jl CT8HOK T3 trn T3 B3 T3 p trn 
3,~BCTBllT8JlbHOCTb: 

-raMMa, HKJI/fp 354 f!.l7 41.~ 50 978 ~73( 39 1/t!l\ll 60 
-raMMa, OTH.e.n. I I I ~ o,oo~ 

-HeHTPQHH 14 MaB I ,02 - I,OI p,o ,03 I 
-HeHTpoHH 350 MaB 1,0<: ,0<: .o~ I,l" 1,02 p,7 0,3 
-MeaoHH n-(IIUK Ep) I I,I.:: I ,.. 0,99 0,2 b,9 

4,EuanaaOH MOmHOCTll 
,UOaH, fp/MRH: 

o-3 ro-f w-3 ro-I -HllJKHlli! npe.ne 11 w-~ w-3 o-4 o-2 

-Bepxaun npe,neJI IOC 30 0 IO BOO 1000 ~000 
5.~BCTBllT8JlbHHi! 

o6:&f!M, CM3 3,E 1,32 ,5 5 ~5 w-3 
6.Me~aJieKTpo,naoe 

paccTomrne, MM I,7E ' 3 5 3,5 p ,8 p,6 
7.Pa6oqee Hanp~e-

HUe, B I-90C 300 250 500 ~00 300 - eoo 
8,TeMHOBOH TOK, ~A 3 5 5 20 f2o 50 - 9000 
9.fa6apurn, MM: 

-.Ull8M8Tp 62 13 16 8 ~8 55 2,5 
-TOJIJJtnHB (,UJlllHB) II 23 16 15 ~15 6 IO 

I O.OcHOBHoe npe.n-
HaaHaqeHUe: 
-norno~eHHBH .noaa + + + + + 
-rny6uHaoe pacnpe-
,neJieHlle .noaH + + + + + 

-pa,nuaJlbHoe pee-
npe.neneHUe .noaH + + + + 

-noBepXHOCTH,,UOaB + + 
-COCTBBJIHD~H ,noaH + + + + + 
-MRKpo,UOallM,napaM, + + 
-cnen. nauaMeTPH + + + 

+ 
06bRCHeHHe coKpall\eHHH: K.Q- KpeMHHe8biH AHDA; T.Q - TpeK08biA 

AeTeKTop; Tfl.Q - TepMo~IOMHHec~eHTHbiH AeTeKTop; T3r - TKaHe-
3K8H8a~eHTH~H ras; T3 - TKaHe3KBH8a~eHTHaR n~acTMacca; 83 -
803AYX03K8H8a~eHTHaR n~aCTMacca; .QH3~ - AH3~eKTPHK. 
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SaHJ.-~R cnOlKHbiX Sl-IAOS paAJ.-~a~Hl-1, XapaKTepH3yeMbiX WHpOKHM cneKTpOM 
11n3. Oco6oe SHHMaHHe 6brno YAeneHo H3y4eHHIO AeTeKTOJ?a aasoA
cKoro l-13rOTOSneHHR VA-J-18 lnpOH3SOACTsa r~PI, HaXOAR~ero 
see 6onee wHpoKoe npHMeHeHHe s ny4eso~ TepanHH. 

KpaTKOe OnHCaHHe AeTeKTOpOS cneAyeT HHlKe, a OCHOSH~e pe
aynbTaT~ HCCneAOSaHH~ C 3THMH AeTeKTOpaMH npeACTasneH~ S Ta6-
nH~e 1 s SHAe nepe4HR PRAa none3H~x napaMeTpos. 

noA napaMeTpOM 11 4YSCTSHTenbHOCTb 11 nOHHMaeTCR OTHOWeHHe 3a
PRAa, co6paHHoro AeTeKTopoM, K A03e, norno~eHHO~ s MRrKo~ 
TKaHH, HaXOAR~e~CR S MeCTe nonolKeHHR 4YSCTSHTenbHOrO 06beMa 
AeTeKTopa. OcHosoM onpeAeneHHR 4YSCTSHTenbHOCTH RSnRnocb 
pac4eTHOe 3Ha4eHHe 4YSCTSHTenbHOCTJ.-1 'OAHO~ 1-13 TKaHe3KSHsaneHT
HbiX l-IOHH3a~HOHHblx KaMep AilR raMMa-H3ny4eHHR. Pac4eT 
npoH3SOAHncR cornacHo TeopHH Eiparra-rpeR. 06beM KaMepbl 

fibln H3MepeH reoMeTpH4eCK!-1M MeTOAOM. 3HeprHR HOH006pa30SaHHR, 
OTHOWeHHe TOpM03H~X CnOCOfiHOCTe~ H APYrHe He06XOAHM~e K03¢
¢H~HeHTbl 6pan~cb H3 nHTepaTypHbiX AaHHbiX. Ha ocHosaHHH onpeAe
neHHo~ TaKHM 06pa30M 4YSCTSHTenbHOCTH fi~na H3MepeHa MO~HOCTb 
norno~eHHO~ A03~ OT HCT04HHKa raMMa-H3ny4eHHR H30TOna ~e3H~-
137 S CTaHAaPTHbiX ycnOSHRX o6ny4eHHR. 3apRA, co6paHHbl~ Ha 
3neKTPOAaX KaMepbl, H3MepRnCR C nOMO~b~ 3TanOHHOro np1-160pa S 
·a6con~THbiX eAHHH~ax. B 3TOM none raMMa"'H3ny4eHHR 6brna onpeAe-
neHa 4yscTSHTenbHOCTb APYrHx HccneAOSaHH~x HaMH AeTeKTopos. 
npHMeHeHHe TaKO~ npo~eAYP~ n03SOnHnO onpeAenHTb 4YSCTBHTenb
HOCTb TKaHe3KSHSaneHTH~X AeTeKTOpOB K raMMa-H3ny4eHH~ C T04-
HOCTb~ He XylKe 4%, 4TO TPYAHO AOCTHlKHMO APYrHMH MeTOAaMH, Ha
npHMep, MeTOAOM rpaAYHPOSKH S none 3TanOHHOro HCT04HHKa 3KC
n03H~HOHHO~ A03~. 

4yBCTBHTenbHOCTb TKaHe3KSHBaneHTH~X KaMep, HaXOAR~HXCR S 
¢aHTOMe, noMe~eHHOM a ny4Kax APYrHx SHAOB H3ny4eHHR, onpeAe
nRnacb pac4eTHbiM nyTeM cor nacHo ¢opMyne :. 

ex Wv LeT. KT K f X Lr KCT Kr Lr K,h 
-=(-L.)p•(-) ·(--) . -·(acT-·--+ar --+aq:-·-L-)x 111 
c y w X L f' y K CT y ( y L CT K T K KT K L q, K T K ' 

rAe: Cy, C x - 4YBCTSHTenbHOCTb KaMepbl K raMMa-Hany4eHHIO H K 

4 

HCcneAyeMOMY SHAY H3ny4eHHR, COOTBeTCTSeHHO; 
W - 3HeprHR HOH006pa30SaHHR; 
L - cpeAHRR MaccosaR TOpM03HaR cnoco6HOCTb; 
K - KepMa; 

f - 3¢¢eKTHBHOCTb COfiHpaHHR HOHOS; 
a - AOnR 3HeprHH 4aCTH~, y4aCTSY~~HX S HOHH3a~HH raaa 

KaMep~ 1-1 o6pa3osaHH~x s pa3J1H4H~x MaTepHanax, 
OKpylKaiiJ~HX 4YSCTSHTenbHbli1 06beM KaMepbl; 

I. 

HHAeKC~ 0603Ha4a~T: 

y - raMMa-H3ny4eHHe; 
X - HCCneAyeMOe H3ny4eHHe IHe~TpOHbl, Me30Hbll; 

r - ra3 s KaMepe; 
TK - MRrKaR TKaHb; 
CT - CTeHKa KaMep~; 
¢ - MaTepHan ¢aHTOMa, 

0THOWeHHe 3HeprHi1 HOH006paaoSaHHR npHHHManOCb paaH~M 

(~) =1+{3(Q-1), 12/ w I' y 

rAe: Q- ¢aKTOp Ka4eCTSa H3ny4eHHR; 
{3- 0,005 AnR fibiCTPbiX He~TpOHOS; 
{3- 0, 01 0 AnR 4aCTH~· BbiCOKO~ 3HeprHH. 

0THOWeHHe KepM~ S TKaHe3KSHSaneHTHOM MaTepHane CTeHOK Ka- • 
Mep~ H S MRrKO~ TKaHH onpeAenRnOCb AnR He~TpOHOS S~COKHX 
3HeprH~ KaK 

u TA 
( _''C_T) = !J1 --I.!5 131 

K n v A ' 
TK CT 

rAe ATK H ACT - 3¢¢eKTHSHbli1 aTOMHbl~ sec MRrKO~ TKaHH H CTe
HOK, COOTSeTCTSeHHO, a AnR nH-MHHYC Me30HOS: 

KcT · 
(-) -= 1+0,015(Q-1). 141 

KTK Tr 

~OnR HOHH3a~HH raaa, C03AaSaeMOM 4aCTH~aMH, npHneTa~~HMH 
J.-13 CTeHOK KaMepbl, OnpeAenRnaCb AnR He~TpOHOS B~COKHX 3HeprHi1 
J.-13 .COOTHOWeHHR: 

a = CT 
D(2d)-D(d) 

D(2q) 151 

rAe D(d) - A03a, norno~eHHaR Ha rny6HHe, paaHoi1 Ton~HHe 
cTeHOK KaMep~, a D{2d)- A03a, norno~eHHaR Ha rny6HHe, pas-
HOi1 ASO~HOH TOn~HHe CTeHKH KaMepbl. 

3¢¢eKTHSHOCTb COfiHpaHHR HOHOS onpeAenRnacb MeTOAaMH 
3KCTpanonR~HH. 0THOWeHHe TOpM03HbiX cnoco6HOCTei1 HaXOAHnOCb 1-13 
Ta6nH4HbiX AaHHbiX, a TaKlKe AaHHbiX HeKOTOpbrx APYrHx pa6oT 17-10~ 

4yBCTSHTenbHOCTb TKaHe3KSHSaneHTH~X KaMep Mane 3aSHCHT OT 
THna H 3HeprHH H3ny4eHHR: SCe 4neHbl npOH3SeAeHHR S ¢opMyne 
I 1 I 6nH3KH K eAHHH~e. 3To onpasAbrsaeT npHMeHeHHe ynpo~eHHbiX 
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Ta6m1~a 2 

nonpaB04Hble K03¢¢11~11eHTbl AJHl pac4eTa 4YBCTBI1Te/lb
HOCTI1 TKaHe3KeHeaneHTHoi1 KaMepbl THna KR-13 K Ha--
11Y4eHI1~M B~COKI1X 3Hepri1H. 

~ T He:llTpolill 350 MsB n - - Me30!ill 

II rn.YOHHa rn.YOHHa llHK 
KOa<'{xlllliD!9HT!l I;5 CM H20 IO CM H20 UllBTO Eparra 

WxfWr I I,OI5+2% I,OI+2% I,OI+2% I,03+3% 

L c./Lr I I I I I 

Kc./~ I I,08+4% I,OB+4% I,OI+3% I,05+4% 

Ixl!y I 0,995 0,995 0,99 

lfpji<TK I 1,0+3% 1,0+3% I,0+3% 0,98+4% I 

LrWLifJ I,035+2% I 0,97+5% ' 

~T I 0,5+0,3 0,4+0,3 o,95+o,m 0,9+0,1 

~ <0,05 0 0 0 O,I 

~ 0 0,5+o,3 0,6+0,3 <O,I <O,I i 
---·--- -- --

npo~eAYP All~ onpeAe/leHI1~ COOTBeTCTBYII)IJII1X nonpaB04HbiX K03¢¢11-
~11eHTOB. nony4eHHOe TaKI1M cnoco60M OTHOWeHI1e 4yBCTBI1Te/lbHOCTI1 
TKaHe3KBI1BaneHTHbiX KaMep All~ 11311Y4eH11H B~COKI>IX 3Hepri1H ClleAY
eT C411TBTb npeABapHTe/lbHbiM. t\11~ nOBbiWeH11~ AOCTOBepHOCTI1 cne
AYeT npoeecTH 3KcnepHMeHTallbHoe HccneAOBaHHe nonpae04H~X 
K03¢¢11~1-1eHTOB HB KOHKpeTHbiX ny4KBX H31ly4eHH~. 

B Ta6n.2 e Ka4eCTBe npHMepanpi1BeAeH~ 3Ha4eHH~ nonpa
B04H~x I<03¢$H~HeHTOB 1111~ 110HH3a~HOHHOH KaMepbl THna, KR-13. 
B TaO/l, 1 npHBeAeHbl OTHOWeHH~ 4yBCTBHTe/lbHOCTI1 Tl<aHe3KBHBa
/leHTHbiX AeTei<TOpOB C yyeTOM BbiWeynoM~HYT~X nonpaB04HbiX K03¢
¢11~HeHTOB. 4yBCTBI1TellbHOCTb Tl<aHe3KBI1Ba/leHTH~X AeTeKTOpOB K 
HeHTpOHaM co cpeAHeA 3Heprl1ei1 350 M3B onpeAeneHa c T04HOCTb~ 
+6%, a K nH-Me30HaM - C T04HOCTbro 5%. 
- 4yBCTBHTe/lbHOCTb APYrHX AeTeKTOpOB /l<peMHHeB~H AHOA, an
Ma3, B03AYX03KB11BalleHTHa~ H rpa¢HTOBa~ 110H113a~HOHHa~ KaMepa, 
Tfl.Q/ onpeAe11~1111Cb 3KcnepHMeHTallbHO nyTeM cpaeHeHI1~ c noKa3a
HH~MH Tl<aHe3KBHBa/leHTH~X KaMep B COOTBeTCTBYroi!IHX ny41<ax 4ac
TH~. 

npeACTaB/leHHOe B Ta611. 1 pa6o4ee Hanp~meHHe onpeAe11~110Cb 

H3 BO/lbT-aMnepH~X xapaKTepHCTHK AeTeKTOpa H xapaKTepi1CTHK 
TeMHOBOro TOI<a, a All~ AeTeKTOpOB 3aBOACKOrO H3rOTOB/leHH~ -
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cor nacHo AaHHbiM KaTanora ·' .QHana30H MOIJIHOCTH A03bl onpeAe-
n~nc~ CHI13Y TeMHOBbiM TOKOM AeTeKTOpa, a ceepxy - 06"beMHOH pe
KOM6HHa~l1eH HOHOB, 11H60 APYri1MH ¢aKTOpaMH, orpaHI14HBa~IJII1MI1 

llHHeHHOCTb np11 MaKCHMa/lbHOM pa6o4eM Hanp~meHHH. npeACTaB/leH
Hble e Tafin. 1 ra6apHTbl Kaca:nc~ pa6o4ei1 4aCTH AeTeKTopa H 
He Y411T~Ba~T pyKo~ToK c noABOA~IJIHMH Ka6en~MI1. 

PEKOM6HHAUHOHHA~ KAMEPA KR-13 

.QeTeKTOP npeACTaen~eT co6oi1 nnocKonapannenbHyro TKaHe3KBH
eaneHTHY~ HOHI13a~HOHHY~ KaMepy, HanO/lHeHHY~ 6yTaAHeHOM (C 4Hs) 
np11 AaeneHI1H 0, 15 Mna, npeAHa3Ha4eHHY~ A1111 ¢aHTOMHbiX 113Mepe
HHi1 A03~, ¢aKTOpa Ka4eCTBa 11 HeKOTOp~X MHKPOA03HMeTpH4eCK11X 
na paMeTpOB, onpeAe/l~eMbiX peKOM6HHa~HOHHbiMI1 MeTOAaMI1 /11,12/ , 

KaMepa OT11H4aeTc~ MallbiM MemAY31leKTPOAHbiM paccTO~HHeM, xopoweA 
reOMeTp11eH 4yBCTBI1Te/lbHOrO 06"beMa /HeOnpeAelleHHOCTb 4yBCTBH
Te/lbHOrO 06"beMa He npeBbiWaeT 0, 3%/ 11 B03MO>KHOCTb~ npl1/lO>KeHH~ 
31leKTpl14eCKOrO non~ 60/lbWOH Hanp~>KeHHOCTH. .QeTeKTOpbl n04TH 
aHa110rH4HOH KOHCTPYK~HI1 6~/lH paHee ycneWHO HCnO/lb30BaHbl HaMH 
np11 ¢aHTOMH~X HCCileAOBaHH~X A03HMeTpl14eCKI1X napaMeTpOB B ny4-
KaX 1131ly4eHI1i1 B~COKHX 3HeprHnll3/, a TaK>Ke npH HCC/leAOBaHH~X 
HHAeKca 3KBHBaneHTHOH A03~/14/ • 

HeAOCTaTI<aMH KaMepbl ~Bil~IOTC~: HeKOTopa~ HeonpeAelleHHOCTb 
AaeneHI1~ ra3a, OTHOCHTellbHO 6onbwHe nonepe4Hble pa3Mepbl 11 He
o6xOAHMOCTb 3KCTpanO/l~~HH TOKa HaC~IJieHH~ np11 onpeAe/leHHH MOIJI
HOCTH nor/lOIJieHHOn A03~ H311Y4eHI1~ C B~COKOH fln3. 

KaMepa KR-13 oKa3anacb HaH6onee YA06HbiM AeTeKTopoM cpeAH 
HCC/leAOBaHH~X HaMI1 All~ onpeAelleHH~ A03~ 11 rny611HHOrO A030BOrO 
pacnpeAelleHH~ B ny4KaX 11311Y4eH11H BbiCOKHX 3HeprHI1, a TaKme All~ 
onpeAe/leHH~ HHTerpallbH~X MHKPOA03HMeTpH4eCI<HX napaMeTpOB. 

nPOT04HA~ TKAHE3KBHBAflEHTHA~ KAMEPA 1,3 RT 

3TOT AeTeK'!OP npeACTaB/l~eT C060H Manora6apHTHylO TKaHe3KBH
eaneHTHYIO KaMepy C ~H11HHAP114eCI<OH reoMeTpHeH 1>1 ~Bil~eTC~ npo
TOTHnOM AeTeKTOpa nonbcKoro TepaneBTI14eCKoro A03HMeTpa. KaMe
pa ycneWHO npHMeH~/laCb npH HCC/leAOBaHHI1 TepaneBTH4eCKOrO ny4-
Ka 6~CTpbiX HeHTpOHOB 1151 • npoT04Ha~ CHCTeMa HanO/lHeHH~ rapaH
THpyeT AOCTOBepHOCTb AaB1leHI1~ 11 COCTaBa ra3a B KaMepe B MO
MeHT 113MepeHH~, a TaKme n03B01l~eT HCn01lb30BaTb l<aMepy All~ 

onpeAeneHI1~ B11H~H11~ cocTaea ra3a Ha pe3YilbTaT 113MepeHI1~ no
rnoiJieHHOH A03bl. KaK B11AHO H3 AaHHbiX, npeAcTaeneHHbiX e Ta6n. 1 , 
0THOWeHI1e 4YBCTBHTellbHOCTH KaMep~ All~ CTaHAapTHOrO ·raMMa-
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~3ny4eH~R ~ AnR He~TPOHOB B~COK~X 3Hepr~~ np~ HanonHeH~~ Ka
Mepbl TKaHe3KB~BaneHTH~M ra30M /6yTaA~eHOM/ TaKoe lKe, KaK aHa
nor~4HOe OTHOWeH~e np~ HanonHeH~~ B03AYXOM. 3TO KacaeTCR n~-
6oro nonolKeH~R KaMepbr a ¢aHTOMe. 

B03AYX03KBHBAflEHTHAR HOHH3AUHOHHAR KAMEPA K-253 

3Ta KaMepa OTn~4aeTCR c¢ep~4eCKO~ reoMeTp~e~ ~ RBnReTCR 

AeTeKTOpOM TepaneBT~4eCKoro A03~MeTpa, ~3rOTOBnReMoro B rAP. 
npeAHa3Ha4eHa AnR ~3MepeH~R 3Kcno3~1..1~0HHO~ A03bl raMMa-~3ny4e-. 
H~R C 3Hepr~e~ AO 3 M38. C np~MeHeH~eM COOTBeTCTBY~~~X npo
l..leAYP MolKeT 6b1Tb ~cnonbaoaaHa AnR onpeAeneH~R norno~eHHO~ AD-
3M raMMa-~3ny4eH~R c 3Hepr~e~ AO 50 M3B/W/. npeACTaBnReT ~H
Tepec npoaep~Tb B03MOlKHOCTb ~ onpeAen~Tb rpaH~I..Ibl np~MeH~MOCT~ 

3TOro AOCTynHoro, cep~~HO np0~3BOA~MOro AeTeKTOpa, B.A03~MeT

p~~ ny4KOB Me30HOB ~ HeRTpOHOB B~COK~X 3Hepr~~. npeABap~Tenb
Hble ~ccneAOBaH~R noKa3an~ nonHyiO np~rOAHOCTb KaMepbr K-253 AnR · 

OTHOC~TenbHbiX ~3MepeH~~ npOCTpaHCTBeHHOro pacnpeAeneH~R A03bl 
B ny4Ke He~TpOHOB BbiCOK~X 3Hepr~~. 0AHaKO 06HapylKeHHOe pa3n~
';l~e /a npeAenax 10-15%/ a6conroTHbiX 4YBCTB~TenbHOCTeH K raMMa
~3ny4eH~~. np~ KOTOpOM npOBOA~TCR rpa~y~pOBKa, ~ K ~3ny4eH~~ 
B MeA~LI~HCK~X ny4KaX 4aCT~LI BbiCOK~X 3Hepr~~ Tpe6yeT A06aao4-
HbiX ~ccneAOBaH~~ a HanpaaneH~~ BbiRCHeH~R· pon~ MaTep~ana CTe
HOK KaMepbl. 

nAPA HOHH3AUHOHHbiX KAMEP T-3 H r-3 

KaMepbr 1171 npeAHa3Ha4eHbl AnR onpeAeneH~R cocTaBnR~~~x A03~ 
B none CMeWaHHOrO ~3ny4eH~R, COCTOR~ero ~3 raMMa-KBaHTOB ~ 

6~cTp~x HeRTpOHOB. KaMepa T-3 - TKaHe3KBHBaneHTHaR, r-3 -
rpa¢~ToaaR, HanonHeHHaR yrneK~cnbiM ra30M noA AaaneH~eM oKono 
1 Mna. Pa3Mepbr ~ KOHCTPYKT~BHoe a~nonHeH~e o6e~x KaMep OA~Ha
KOBbl. 6narOAapR KOnOHHO~ peKOM6HHall~~ HOHOB B KaMepe r-3, 
KaMepa npaKT~4eCK~ He4yBCTB~TenbHa K ~3ny4eH~IO C BbiCOKOR fln3, 
B 4aCTHOCT~, K anb¢a-4aCT~LiaM ~ RApaM OTAa4~, B03H~Ka~~~M np~ 
B3a~MOAe~CTBH~ 6~CTpbiX He~TPOHOB C ra30M ~ 3neKTPOAaM~ Ka
Mepbr1181 . 

KaK B~AHO ~3 AaHHbiX, npeACTaaneHHbiX a Ta6n~l..le, 4yacTa~
TenbHOCTb KaMepbl. K He~TPOHaM C 3Hepr~er:1 14 M38 COCTaBnReT 
acero 1% OT 4YBCTB~TenbHOCT~ K 4aCT~I..IaM C H~3KO~ fln3: 4ya
CTB~TenbHOCTb K He~TPOHaM CO cpeAHe~ 3Hepr~eR 350 M38 OKa3a
nacb TOnbKO Ha 30% MeHbWe 4yBCTB~TenbHOCT~ K raMMa-~3ny4eH~~, 
4TO MOlKeT CB~AeTenbCTBOBaTb 0 npeo6naAa~~eM BKnaAe B A03y 
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4aCT~I..I C H~3KO~ fln3. 6onee nOAP06Hoe TOnKOBaH~e pe3ynbTaTOB 
~3MepeH~~. COCTaBnR~~~x A03M c noMo~b~ nap~ KaMep T-3 ~ r-3, 
Tpe6yeT AeTanbHoro ~ccneAOBaH~R xapaKTep~cT~K 4YBCTB~TenbHoc
T~ AeTeKTOpa r-3 KaK ¢yHK1..1~~ fln3 ~3ny4eH~R. 

TOHKOCTEHHAR HOHH3AUHOHHAR KAMEPA PI RT 

nepeAHRR CTeHi<a KaMepbl BblnOnHeHa ~3 TOHKO~ non~3¢~pHO~ 
¢onbr~,4To AaeT B03MOlKHOCTb npoBOA~Tb ~3MepeH~R noaepxHOCTHO~ 
A03br ~ OTHoc~TenbHoro rny6~HHoro pacnpeAeneH~R A03br a6n~3~ 
noaepxHocT~ ¢aHTOMa. KpoMe Taro, AnR 4a CT~LI BbiCOKO~ 3Hepr~~ TaKaR 
KaMepa MOlKeT 6b1Tb np~MeHeHa a 3Kcnep~MeHTe, onpeAenRIO~eM 
Bn~RH~e MaTep~ana CTeHOK KaMepM Ha 4YBCTB~TenbHOCTb KaMepw 
K onpeAeneHHOMy B~AY ~3ny4eH~R: npeAnonaraeTcR npoaecT~ cpaa
HeH~e noKa3aH~~ KaMepbl, norpylKeHHO~ B TKaHe3KB~BaneHTHY~ lK~A
KOCTb ~ noMe~eHHo~ 3a pa3n~4HMMH MaTep~anaM~. KaK noKa3an~ 
npeABap~TenbHble ~ccneAOBaH~R, Cy~eCTBeHHOe Bn~RH~e Ha nOBTO
pReMOCTb pe3ynbTaTOB ~3MepeH~~ OKa3MBaeT C~CTeMa MeXaH~4eCKO
ro Kp~nne~~R nn~T ~3 pa3n~4HMX MaTep~anoa nepeA KaMepo~. 

KPEMHHEBbiE AHOAbl C 60flbi!JO~ TOflll!HHOtl 4YBCTBHTEflbHOrO CflOR 

A~OAW 3Toro T~na RBnRIOTCR nacc~BHMM~ AeTeKTopaM~, ~cnonb
ayro~~M~ Bn~RH~e paA~ali~OHHOrO noapelKAeH~R Ha ~3MeHeH~e HX 
aonbT-aMnepH~x xapaKTep~cT~K 1191 . Ao c~x nop TaK~e A~OAM ~c
nonbaoaan~cb AnR onpeAeneH~R ¢nroeHca ~ A03bl 6brCTPbiX He~Tpo
HOB. 0AHaKo, KaK noKa3an~ HaCTOR~~e ~ccneAOBaH~R 4yBCiB~Tenb
HOCT~ A~OAOB B ny4KaX B~COKOR 3HeprH~, AHOAM C 60nbWO~ TOn~~
HO~ 4YBCTB~TenbHOro CnOR np~rOAHW TaKlKe B A03~MeTp~~ Tepanea
T~4eCK~X ny4KOB ~3nY4eH~R C BWCOKOR fln3. 

AflMA3HWtl AETEKTOP ED-02 

AeTeKTop npeAcTaanReT co6oR 4~CTbrR anMa3 Ky6~4ecKoi1 ¢opMbl 
CO CTOpOHO~ 0,6 MM. Pa6oTaeT no np~HLI~ny ~OH~3ai..I~OHHO~ KaMe
Pbl. bbln ~ccneAOBaH HaM~ a none raMMa-~any4eH~R, a ny4Ke 
3neKTPOHOB c 3Hepr~eR 10 M3B, a TaKlKe a ny4Ke n~-Me30HOB. AnR 
AeTanbHOrO ~ccneAOBaH~R B ny4KaX 4aCT~LI C BbiCOKO~ fln3 Tpe6y
IOTCR 6onbw~e MO~HOCT~ A03br. AocTO~HCTBOM AeTeKTopa RBnRIOTCR 
ero Manbre pa3Mepbl. KaK AeTeKTOp TBepAOro Tena, OH CB060AeH OT 
OW~6K~, BHOC~MOR ~OH~3ai..I~OHHOR KaMepoR 3a C4eT an~RH~R nonoc
T~. 
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TPEKOB~~ AETEKTOP 

HanH4He nopora perHCTpa~HH sap~meHHMX 4aCTH~, nn3 KOTOPMX 
npeBbiWaeT HeKOTOpyiO Onpe,qeneHHYIO BenH4HHY, 3aBHC~lllYIO OT Ma
TepHana ,[IH3neKTpHKa H ycnOBH~ ero TpaeneHH~, ,qaeT B03MOmHOCTb 
C nOMOlllbiO TaKoro ,qeTeKTOpa BM,qen~Tb Ha ~OHe H3ny4eHH~ C HH3-
KO~ nn3 CHnbHOHOHH3HPYIOlllHe 4aCTH~M. TaKHe ,qeTeKTOPM Ha 6a3e 
,qOCTynHMX ,[IH3neKTpHKOB /HanpHMep, naecaHa/ MOryT npHMeH~TbC~ 
B ~aHTOMHMX HCCne,qoeaHH~X Ha Me,qH~HHCKHX ny4Kax OTPH~aTenbHMX 
nH-Me30HOB H He~TpOHOB BbiCOKO~ 3HeprHH npH onpe,qeneHHH 
COCTaen~IOlllHX ,[103bl OT pa3IlH4HblX KOMnOHeHT H3ny4eHH~, HeKOTOpbiX 
MHKp0,[103HMeTpH4eCKHX napaMeTpOB, a TaKme cne~HailbHMX napaMeT
pOB ny4KOB, TaKHX, KaK n!lOTHOCTb o6pa3oBaHH~ 3Be3,q ,qn~ nH
MHHYC Me30HOB HilH nnOTHOCTb ~,qepHbiX e3aHMO,qe~CTBH~ B cny4ae 
He~TpOHOB BMCOKO~ 3HeprHH. 

TEPMOiliOMHHECLtEHTHbl~ A03HMETP 

PerHcTpa~H~ T~menblX sap~meHHMX 4aCTH~ H He~TpOHOB c no
MOlllb~ IliOMHHO~poe ellle Mana H3y4eHa. TaKHe ,qo3HMeTpM MoryT 
npHMeH~TbC~ B cne~HanbHMX Cily4a~X Ail~ cpaBHHTenbHO~ KanH6poe
KH Me,qH~HHCKHX ny4KOB B pa3HMX na6opaTOpH~X, Ail~ OTHOCHTenb
HMX H3MepeHH~ nornOllleHHO~ ,[103bl B ~aHTOMe npH pOTa~HOHHOM, 
CeKTOpHOM HnH MHOrononbHOM o6ny4eHHH HnH KOHTpOn~ noeepXHOCT
HO~ ,qo3bl o6ny4eHH~ na~HeHTa eo epe~· TepaneeTH4eCKoro ceaHca. 

KaK BH,qHo H3 noily4el-iHbiX ,qaHHbiX, ,qn~ onpe,qeileHH~ ,q03HMeTpH-
4eCKHX napaMeTpOB Me,qH~HHCKHX ny4KOB nH-Me30HOB H He~TpOHOB 

, Ha ycTaHOBKe 11~11 Jla6opaTOPHH ~,qepHbiX npo6neM OH.RH enoilHe npH
ro,qHbl see Hccne,qoeaHHble ,qeTeKTOpbl, npe,qcTaeneHHMe e Ta6n. 1. 
An~ onpe,qeneHH~ a6conY>THoro 3Ha4eHH~ H npocTpaHcTeeHHOro pac
npe,qeneHH~ nornollleHHO~ ,q03bl, cocTaea Hccne,qyeMoro H3ny4eHH~, 
cneKTpOB Jln3, BnH~HH~ MaTepHana CTeHKH KaM~pM MOmHO 060~THCb 
MHHHMYM 4eTMpbM~ ,qeTeKTOpaMH. Afl~ 4HCneHHOrO onpe,qeneHH~ co
OTBeTCTBYIOlllHX nonpaB04HblX K03~~H~HeHTOB npH Onpe,qeneHHH no
rilOllleHHO~ ,[103bl, a TaKme ,qn~ onpe,qeneHH~ MHKp0,[103HMeTpH4eCKHX 
napaMeTpOB - Tpe6yeTC~ BbiCOKa~ T04HOCTb ycTaHOBKH ,qeTeKTOpOB, 

I MOHHTOpHpoeaHH~ H OTC4eTa: Ail~ Taro, 4T06M onpe,qenHTb 3Ha4e
l HH~ nonpaB04HMX K03~~H~HeHTOB C T04HOCTbiO 2% H nony4HTb pac

npe,qeneHHe ,[103M no nn3 C pa3peweHHeM He xyme O,[IHOrO nop~,qKa, 

Tpe6yeTC~ o6ecne4HTb nOBTOp~eMOCTb pesynbTaTOB H3MepeHH~ C 
T04HOCT biO, He xyme 0, 5%. 

npoee,qeHHble Hccne,qoeaHH~ noKa3anH nonHyJO npHro,qHOCTb ,qe
TeKTOpoe 3aBO,[ICKOrO H3rOTOBneHH~ ,qn~ OTHOCHTenbHbiX H3MepeHHW 
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npocypaHcTeeHHoro pacnpe,qeneHH~ nornollleHHO~ ,qo3bl e ny4Kax 
4aCTH~ BMCOKHX 3HeprH~, XOT~ BOnpOCM HX a6coniOTHO~ rpa,qyHpoe
KH B Me,[IH4HHCKHX ny4KaX He~TpOHOB H nH-Me30HOB Tpe6yi'>T ,qanb
He~WHX HCCne,qoeaHH~ B OTHOWeHHH BnH~HH~ XHMH4eCKOrO COCTaBa 
CTeHOK KaMepM. 
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