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3aH~es n.H. ~ AP· 16 - 12264 
Hccne~oaaH~e npocTpaHCTBeHH0-3Heprer~~ecKoro pacnpeAeneH~H 
H3I1Y4€HHR B 3I1€M€HTaX CTPYKTypbl BbiCOKJ3H€preTH4€CKHX 

ycKop~TeneH /MaKeTH~A 3KcnepHMeHT/. 4acTb II. XapaKTepHCTHKH 
nonR H3Ily4€HHR npH B3aHMOA€HCT~HH npOTOHOB C TOHKOH 
MHWCHbiO 

C 4€Ilbl0 IOI1Y4€HHR 3KCnepHM€HTai1bHOH HH$0pMaUHH 0 xapaKT€pHCTH

KaX nOilR H3I1Y4€HHR, 803HHKaiO~ero Ha HOHOnpOBOA€ npH B3aHMO~eHCTOHH 

npOTOHHOrO ny4Ka C 3HeprvteH 7,5 r3B C TOHKOH MHW€Hbl0, HCnOI1b3Y€TCH 

3KcnepHM€HTanbHaR ycTaHOBKa, HMHTHPY~~aR AHnonbHW~ MarHHT ycKOPHTenR. 

On~t~caHa MeTOAHKa onpeAeneHHR ,I~03Horo nonR H .<OMnoHeHTHoro 

COCTaBa H3JlY4€HHR, OCHOBaHHaH Ha JlOKdJlbHO~ 01...1€HK€ aAPOHHbiX CnCKTPOB 

Mero~oM MoHTe-Kapno. Bwno.nHeHo cpasHeHHe pe3y.nbraroa pacYeTa c .nH

TepaTypHbiMI-1 AaHHbiMH. Y13MepeHbl pacnpeAeneHHR cPmoeHca Yacn1u, H norno

~eHHO~ ~03W. ~3MepeHHH awno.nHeHw aKTHBaUHOHHbtMH AeTeKTopaMH, repMo
l110MHHecu,eHTHbiMH A03HMerpaMH H HOHH3aU,HOHHbiMH KaMepaMH. CpasHtHHe 

pe3yJ1bTaTOB paC4€Ta H H3MepeHHA no3B0!1R€T HCnO.nb30BaTb paCYeTHy~ Me

TOAHKy Al1R nporH03HpoeaHHR noneH H3Jly4eHHH s ycKopvneJlbHbtx crpyK

Typax. 

Pa6oTa B~nonHeHa B na6opaTop~H BbiCOKHX 3HeprHH 0111111. 

CooomeHHe OobellHHeHHOf'o HHcrHryra HnepHbiX HccnenosaHHli. LlyoHa 1979 

Zaitsev L.N. et al. 16 - 12264 
Investigation of Space-Energy Distributio~ of Radiation 
in Structure Elements of High-Energy Accelerators (Model 
Experiment). Part I !.Characteristics of Radiation Field 
by Interaction of Protons with a Thin Target 

A method of calculating absorbed dose in material of accelera
tor structure has been considered. The partial contribution in dose 
of particle with ~ 20 MeV has been estimated. The comparison of 
results on the radiation field calculation with published data, 
has been performed. 

The results of measurements of the secondary particles flux 
density and absorbed dose are given. The measurements were performed 
by using activation detectors, thermoluminescent dosimeters and 
ionization chambers. Co•,parison of calculation and measurement 
results permits to use calculation methods to predict radiation 
fields in acceleration structures. 

The investigation has been performed at the Laboratory 
of High Energies, JINR. 

Communication of the Joint Institute for Nuclear Re,eorch. Dubno 1979 

© 1979 06&ei/HH8Hh'bt/l HHCTHTyT HJJ.epHbiX HCCh81/0BBHHil J1y6HB 

PaA~a~~OHH~e Harpy3K~ Ha 3neMeHT~ YCKOp~TenbH~X CTpyKTYP 
o6ycnosneHbl noTepHM~ 1.1acT~~ Ha BHYTPeHHea:1 nosepxHOCT~ 
BaKyyMHOa:1 KaMepbl, noTep~ Ha KaMepe B03H~Ka~T BCneACTB~e 
s~6~saH~H neps~'-IH~X 1.1acT~~ ~3 pem~Ma ycKopeH~H, a TaKme 
~3-3a noTepb BTOpVI'-IHbiX '-!aCT~~ nocne B3a~MOAea:1CTB~fl nyi.!Ka 
C M~WeHHM~. 

KaK npas~no, MaKC~ManbH~e paAV~a~~OHH~e Harpy3K~ Ha Ma
Tep~an~ YCKOp~TenbH~X CTPYKTyp ~Me~T MeCTO s6nVI3~ M~WeHea:1. 
B n~TepaType VIMeeTCH VIHcjJOpMa~VIH, KaK pac'-leTHaH, TaK VI 31<Ct1e .. 
p~MeHTanbHaH , OTHOCH~aHCH K onpeAeneH~~ xapaKTep~CT~K nonH 
~3ny'-leHVIH np~ c6poce ny'-IKa B~COK03HepreT~'-IeCKVIX npOTOHOB 
Ha M~WeHb. 0AHaKo 3KcnepVIMeHTanbHOe onpeAeneH~e senVI'-IVIHbl 
3HeprOB~AeneH~fl B~nOnHeHO n~Wb AnH BHeWHea:1 nosepXHOCT~ 
MarH~Tos. B CBH3~ c 3T~M npeACTaBnHeT ~HTepec nposeAeH~e 
pac'-leToB no pa3pa6oTaHHOa:1 HaM~ MeTOA~Ke AnH conocTasneH~H 
c n~TepaTypHbiM~ AaHHbiM~ VI nony1.1eH~H AeTanbHOa:1 3KcnepVIMeH
TanbHO~ VIHcjJOpMa~~VI 0 none ~3ny'-leH~fl BHYTP~ MaTep~ana Mar
H~Ta. 

Pac1.1eT cneKTpos npoTOHOB, Hea:1TpOHOB ~ 3apHmeHHbiX rr -Me-
30HOB c E > E nop /s Haw~x pacl.leTax E = 20 M3B/ ocy~ecT-

- nog 
snHnCH MeTOAOM MoHTe-Kapno np~ V~cnonb3 saH~~ noKanbHOa:1 
O~eHK~ nOTOKa B cjJ~KC~pOBaHH~X TO'-IKaX BHYTP~ Be~eCTBa. 

nporpaMMa MAGNET HBnHeTCH MOA~cl>~~~posaHHbiM sap~aHTOM 

nporpaMMbl /1/, npeAHa3Ha'-leHHbiM AnH pac1.1eTa nonea:1 Vl3ny'-leH~H 
s cnomHoA reoMeTp~~. O~eHKa noToKa 6~cTp~x HeATpOHOB c 3Hep
r~eA 3 S E S 20 M3B npo~3BOA~nacb nyTeM 3KCTpanonH~VI~ pacl.leT
Horo cneKTpa HeATpoHOB s6n~3~ 3HeprVI~ Errop s npeAnonome
H~~, '-ITO cneKTp HeATpOHOB MOmHO annpOKC~M~POBaTb BblpameH~eM 
f(E) - E-{3 . 3Ha'-leH~e napaMeTpa f3 Bbi'-I~CnHnocb ~CXOAH ~3 pac
l.leTHbiX 3Hal.leHVIA cneKTpa HeATpOHOB np~ 3Hepr~HX s6nVI3~ nopo
rOBOrO 3Ha'-leH~H E nop . 

PaccMoTp~M BKnaA s cyMMapHoe 3HeproB~AeneH~e /norno~eH
HY~ A03y/ B se~eCTBe s6n~3~ TO'-IK~ AeTeKT~poBaH~fl r*/p~c. 1/, 
oGycnosneHHOe cneAY~~VIM~ KOMnoHeHTaM~: D1 - 3apHmeHH~MV~ 
1.1acT~~aM~ c E >Erro ; D - 3apH>:<eHH~M~ l.laCTIII~aMIII, pomAeHH~M~ 

- p 2 
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PHc. 1. K pac4eTy 3HeproB~AeneHHR e Bel!lecTse. 

BHe c$epH4ecKoro o6beMa paAHYCOM R. rE ),nPHWeAWHMH 
10rt llOP 

e T04KY AeTeKTHposaHHR c E< Euop ; D3 - SapRmeHHbiMH 4aCTH-
~aMH C E<Enop•o6pa30BaHH~MH B HeynpyrHX B3aHMOAeHCTBHRX 
B~COK03HepreTH4eCKHX 4aCTH~ B npeAenax C$epH4eCKOrO 06beMa 
paAHYCOM R ion (E nop ) ; D 4 - Hei1TpoHaMH c E < E nop . 

B HacTORI!\eM coo6111eHHH paccMoTpeH cnoco6 o~eHKH BKnaAa 
s nornol!leHHY~ A03y HH3K03HepreTH4eCKHx 4aCTH~ c E<Enop• 
nOCKOnbKY HX cneKTp~ He paCC4HT~Ba~TCR HenocpeACTBeHHO Me
TOAOM MOHTe-Kapno. AnR nposepKH npasHnbHOCTI-1 MeTOAH4eCKOro 
nOAXOAa K O~eHKe A0.3bl BblnOnHeHbl TeCTOBble paC4eTbl, B TOM 
4HCne H AnR reoMeTpHI-1 YCTaHOBKH 11MOAenb 11 12/npH B3aHMOAei1-
CTBHH ny4Ka C BHyTpeHHeH MI-'!WeHb~. 

1. PAC4ET 3HEPrOB~AEnEH~R B BEmECTBE 

nycTb H3BeCTHO npOCTpaHCTBeHH0-3HepreT!-14eCKOe pacnpeAe-
-> + 

neHI-'Ie <l>i(E,r*), rAe i=p,7T- c E~Enop· TorAa H3-3a noTepb 
3Hepri-1H Ha HOHI-13a~H~ H B036ymAeHHe aTOMOB Bel!leCTBa: 

4 

Em ax 

D1(7*)= ~ + I <l>i(E,;*,)fJi(E)dE, /1/ 
i =p,7T- Enop 

dE 
rAe fJi(E)=-d;(E)i- TOPM03HaR cnoco6HOCTb Bell\eCTBa. 

Ecm1 B HeKOTOpOH T04Ke BHYTPI-1 Bel!leCTBa 7*, OTCTORI!\eH 
OT T04KI-1 AeTeKTI-'!posaHI-'IR Ha paccTORHI-'!e R /eM. p1-1c. 1/, npo!-1-
3owno B3ai-1MOAeHCTBI-1e B~COK03HepreTI-14eCKOH 4aCTI-1~~ C 3Heprl-1-
ei1 E

0 
C RAPOM Bell\eCTBa, TO BKnaA B CYMMapH~H cneKTP 3apR

meHH~X l.laCTI-1~, Hanp1-1Mep npOTOHOB, OT TaKOrO B3ai-1MOAeHCTBI-1R 
B T04Ke AeTeKTI-1POBaHI-1R r* AnR npOTOHOB c E 1 = E uop Y41-1Tbl-
saeTcR s~pameHI-'!eM 

~<I>P (E t• ~ *) = _ _El_~~2 
f3 (E1) 

d
2

N 
-dEdU-- (Eo' E, 8) <f>(R, E). 121 

d~ u rAe ------- ABOI-'IHOe AH$$epeH~HanbHOe pacnpeAeneHHe npo-
dEdO 

TOHOB; <f>(R,E)- ocna6neHI-1e npOTOHOB C nepBOHa4anbHOH 3Hep-
rHeH E. BenH4HHa E onpeAenReTcR H3 cooTHoweHI-'!R Rion(E) = 
R ion (E 1 )+ R, rAe Ri

0
JE)- HOHH3a~HOHHbiH npo6er 4aCTH~bl c 3Hep

rHel1 E.AHanorH4HOe B~pameHHe MOmHO 3anHCaTb 1-1 AnR 4aCTI-1~ 

c 3HeprHel1 E 2 < E 1 : 

-. * fJ(f: ') d
2 

N , , ~<I> (E , r ) = ------- · ------- (E , E , 8) </> (R, E ), 
P 2 f3(E 2) dOdE 0 

/3/ 

rAe 

Rion (E') = R + Rion(E2). 

Pa3nH41-1e 3HeprHI1 E 1-1 E's $opMynax /2/ H /3/ Heseni-'!KO, 
T.K. npaKTH4eCKH scerAa R»Rion(E1)>Rion<E2).B 3TOM cny1.1ae 
MOmHO 3anHcaTb: 

-~~_p-~~~:_~:~- :: -~~~_!2 /4/ 
L\<1> P(E 1, 7*) f3 (E 2) 

CneAoBaTenbHO, nornol!leHHaR A03a 

D2(7*) ~. ~ ± <l>i (Euop ';*) f3 i (Enop). Enop 
I= p,7T 

/51 

HI-13K03HepreTH4eCKI-1e 3apRmeHH~e 4aCTI-1~~ c E < Enop (p, d, t, 
3He, a) o6pa3y~TCR B OCHOBHOM Ha 1-'!Cnapi-'!TenbHOH CTaAI-11-1 npo
~ecca Heynpyroro B3ai-1MOAei1cTBI-1R s~coK03HepreTI-14eCKI-1X l.lac
TI-1~ c sel!leCTBOM 1-1 HMe~T yrnosoe pacnpeAeneHHe, 6ni-13KOe 
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K ~30TponHOMy, a 3HepreT~4ecKoe - 6n~3Koe K MaKcsennos
CKOMy. none swcoK03HepreT~4eCK~x 4aCT~4 s npegenax c~ep~-
4ecKoro 06beMa pag~yCOM R 10JEno~ MOmHO C4~TaTb nOCTORHHWM 
~ ~HTepnpeT~pOSaTb KaK 06beMHbl~ ~CT04H~K 3apRmeHHbiX 4aCT~4: 

_. _. 1 Emax in • dNlJ 
q(E,r*,Q)::: ___ ~ + ( ~~ (E

0
)<I>

1
(E

0
,r*)----(E

0
,E)dE

0
, 

J in 4rr i = p,n,rr- Enop dE 16 I 
rge ~ 1 (E 0 )-ce4eH~e Heynpyroro S33~MogeeicTs~R 42CT~4 copTa i 

dN. 
c 3Hepr~e~ E 0 ; -d~.l - 3HepreT~4ecKoe pacnpegeneH~e ~cnap~-
TenbHbiX 3apRmeHHbiX 4aCT~4 COpTa j. 

npegnonom~M, 4TO ~MeeTCR 06beMHWCi ~CT04H~K 3apRmeHHWX 
_. f (E) 

4aCT~4 C nnOTHOCTbiO q(E, r) = -----, rge f(E) - HOpM~posaHHOe 
4rr 

Ha 1 3HepreT~4ecKoe pacnpegeneH~e 4aCT~4- Torga nnoTHOCTb 
nOTOKa onpegenReTCR COOTHOWeH~eM 

E ~ax 
-> 1 

<I> (E , r ) = ----- f f(E)dE, 171 
(3 (E) E 

rge E ~ax - MaKC~ManbHoe 3Ha4eH~e 3Hepr~~ 3apHmeHHbiX 4ac
T~4 S cneKTpe f(E). 

norno~eHHaR A03a 6yAeT pasHa: 
Em ax E~ax E ~ax 

oc;)= r dE r rcE)dE= r E·f(E)dE=E. !8! 
0 E 0 

rge E - cpegHRR 3HeprHR 4acT~4 s cneKTpe f(E). 3To 3Ks~ea
neHTHO noKanbHOMy norno~eH~IO 3apHmeHHbiX 4acT~4 s MecTe 
~x o6pa3osaH~R. C y4eTOM SblpameHHCi /7 I, !8! norn~eHHaR 
A03a pasHa: 

Em ax 
-+ ~ in 

D3 (r*)= ~ ± ( <l> 1 (E0 ,r*)~ 1 (E0 ) ~ 11Ej(E
0
)dE

0
,j9/ 

i=p,n~rr Enop _ j=p,d,t, ... 

rge llEj (E0) = Nj (E 0) · Ej (~ 0 ) - KMHeTH4ecKaR 3HeprHR 3apH-
meHHbiX 4aCT~I..I COpTa j; Nj (E0) - cpeAHee KOn~4eCT~_o 4aCT~I..I 

copTa j np~ HeynpyroM B3aHMOgeeicTSH~ c E< Enop ; E j (E 0) -
cpegHRR 3Hepr~R 4aCTHL! COpTa j. 

Ha pHc. 2 npeAcTasneHa 3aSHCHMOCTb eenH4MHbl ._~ i1Ej(E0 ) 
J- p,d, ... 

OT 3HeprHH 4aCTMI..Ibl, HCnbiTaewe~ Heynpyroe S3aHMOAeeiCTBHe 
C RAPOM MeAH /KpMSaR 1/. 3aSHCHMOCTb nony4eHa nyTeM MHTep
nonRL!HH pe3ynbTaTos pac4eTa npo1..1ecca HcnapeHHR~~Ha~6onbWaR 
4aCTb K~HeTH4eCKOCi 3HeprHH 3apHmeHHWX 4aCTH4 YHOCHTCR HCna
pHTenbHWMI-1 npoTOHaMH. Ha pHc. 2 /KpMsaR 4/ noKa3aH sKnaA 
ilEJE0 ) C Y4eTOM HM3K03HepreTH4eCKMX npOTOHOB, HCny~eHHWX 
B KaCKaAHOCi CTaAHH npOI..IeCca. KaK BHAHO 1-13 COnOCTaeneH~R 
KPMSWX /1/ 1-1 /4/, KHHeTH4eCKaR 3HeprHR, YHOCHMaR CnOmHWM~ 
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3HePrlt1SI,M3B 
P~c. 2. 3HepreTH4ecKaR 3aBHCHMOCTb cpegHe~ senH4HHW 3HeprM~ 
3apRmeHHbiX 4aCTHLI c E < 20 M3B, o6pa3oeaHHbiX e aKTe Heynpy
roro e3aHMoge~cTBMR HyKnoHos c RAPOM Fe: 1 - pac4eT no AaHHbiM 
pa6oTbl 121 , 2 -_pac4eT no ~opMyne /10/ c ~cnonb30BaHHeM 
annpoKc~Mai..IM~ ~* ~3 pa60Tbl~~ 3 - pac4eT no ~opMyne 110/ 
c ~cnonb3osaHMeM annpoKc~Mai..IHH &* ~3 pa6oTw 191. 4 - pac4eT 
TOnbKO AnR npoTOHOB c E < 20 M3B 1101 . 
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. 3 ) 
4acn-u~aMY1 (d, t, He, a, eoapacTaeT c pocTOM 3HeprY1Y1 nepB!-14-
HO~ 4aCTY14~ Y1 AOCTYiraeT -40% npYI 3HeprY1Y1 nepBY14HO~ 4aCTY14~ 
E 0 ::. 5 r3B. 

KY1HeTY14ecKaH 3HeprY1H aapHmeHH~x 4aCTY14, yHOCY1MaH e npo-
4ecce Y1cnapeHY1H ._ ~ LlEi (EJ. HenocpeACTBeHHO CBH3aHa co 

J- p,d,t, ... 
cpeAHe~ 3HeprY1e~ eoa6ymAeHY1H HApa-ocTaTKa nocne npoxomAeHY1H 
KaCKaAHO~ CTaAY1Y1 npo4ecca Heynpyroro B3aY1MOAe~CTBY1H. B pac-
4eTaX PaH<tna npeAnonaraeTcH, 4TO eenY14Y1Ha ~LlE/Eo)-: 
COCTaBnHeT OAHY TpeTb cpeAHe~ 3HeprY1Y1 B036Y~AeHY1H ~*(EJ: 

~ - 1 ; ... ..:.. LlE . (E ) - -- 1D (E ). 
·- J 0 3 0 J- p,d,t, ... 

1101 

nocne Toro, KaK onpeAeneHo none He~TPOHOB e6nY13Y1 T04KY1 
AeTeKTY1POBaHY1H <I> n (E, r*), pac4eT norJlOIJ1eHHO~ A03bl MomeT 6b1Tb 
OCy1J1eCTBJleH C Y1CnOJlb30BaHY1eM KepMa-<!JaKTOPOB k n(E) /4 / . 

norJlOIJ1eHHaH A03a OT 6biCTPbiX He~TPOHOB 04eHY1BaeTCH C no-
MOIJ1b10 BblpameHY1H 

Dn(;*) = ( kn(E)<l>n (E, ;*)dE. 111 I 
E<2o M3B 

COOTHOWeHY!e MemAY paCCMOTpeHH~MY1 KOMnOHeHTaMYI no Y1X 
BKJlaAy B norJlOIJ1eHHYIO A03y B Be1J1eCTBe Cy1J1eCTBeHHO 3aBY1CY1T OT 
cneKTpa Y13Jly4eHY1H B T04Ke AeTeKTY1POBaHY1H Y1 COOTHOWeHY1H 
He~TpanbH~x 1-1 aapHmeHH~x 4aCTY14. np~-1 npi-!HHTOM cnoco6e pac
CMOTpeHY1H MexaHY13Ma 3HeproebiAeneHY1H AnH 4aCTY14 c E > E nop 
norno111eHHaH A03a onpeAenHeTcH KOMnoHeHTaMY1 D

1 
1-1 D

3
.BeeAeM 

K03<IJ<IJY14Y1eHT~ nepeXOAa OT nOTOKa K A03e 1-13 COOTHOWeHY1H 

k(E) = _.!;>{~2-. TorAa AJJH aApOHOB c E > E 
<l>(E) nop 

rAe 

k i (E) 

ki 
1 

ki (E)+ k i(E), 
{ l 2 

k~(E), 

1.6 · 10-
8 

{3 i (E) 

. + 
1 = p, 1T -' 

1121 

IPaA. cM
2
14aCTY14a copTa i I, 

IPaA. CM 
2 

l4aCTY14a copTa i I. ki ~ 1,6 · 10-8 ~it (E)· --~ ~Ei (E) 
2 . J-p,d ... 

BeJlY14Y1HY k ~ MOmHO npY16JlY1meHHO C4Y1TaTb He 3aBY1CH1J1eCi OT 
TY1na 4aCTY14~. 1-1cn~Taewe~ Heynpyroe B3aY1MOAe~cTBY1e. 3aeY1CY1-
MOCTb K03<IJ<IJY14Y1eHTOB k \ Y1 ki2 AJlH >KeJle3a npeACTaeneHa Ha 
p1-1c. 3. KaK BY1AHO Y13 p1-1c. 5, eenY14Y1Ha K03<IJ<IJY14Y1eHToe k

1
eo 

MHOrO pa3 npee~waeT BeJlY14Y1Hy K03¢<IJY14Y1eHTa k2 Y1 BKJlaA HAePH~X 
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3HePn-fS1 4acmw~, M3B 
P1-1c. 3. 3HepreTY14ecKaH aaBY1CY1MOCTb K03<!J<IJY14Y1eHTOB nepexoAa 
oT noToKa K A03e e meneae, o6ycnoeneHHO~ Y10HY13a4Y10HH~MY1 no
TepHMYI npOTOHOB Y1 1T -Me30HOB lk l Y1 k ~ COOTBeTCTBeHHOI, 
a TaKme np04eCCOM Heynpyroro HAepHOrO B3aY1MOAe~CTBY1H /k

2
/. 

B 4eHTpe - 3HepreTY14eCKaH aaBY!CYIMOCTb KepMa-<!JaKtopa AJJH 
He~TPOHOB !4!. 

eaaY!MOAe~cTBY1~ e norno111eHHYIO A03y AJJH aapHmeHHbiX 4aCTY14 
C 3HeprY1~ HeCKOJlbKO r3B He npeB~WaeT-30%. 

Ko3<!J<IJY14Y1eHT nepexoAa OT noTOKa K A03e AJJH HeCiTPOHOB 
c E<Enop paeeH KepMa-<!JaKTopy 1-1 TaKme npeACTaeneH Ha pYle. 3. 
Aoaa OT raMMa-KeaHToe no nopHAKY eenY14Y1H~ coenaAaeT c A030~ 
OT He~TPOHOB c E<Enop . 
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CneAyeT OTMeT~Tb, 4TO AD3a oT 6~cTp~x He~TPOH08 ~ raMMa
K8aHT08 8 paccMaTp~8aeM~x HaM~ 3aAa4ax npeHe6pe~~Mo Mana 
no cpa8HeH~~ C A030~ OT C8epx6~CTP~X 4aCT~~. 0AHaKO AnR 
MaTep~ano8 C 6onbW~M COAep~aH~eM 80AOPOAa /6~onor~4eCKaR 
TKaHb, non~3T~neH/ A03a OT 6~CTP~X He~TpOH08 MO~eT 6~Tb 
cp28H~Ma c A03o~ oT c8epx6~cTp~x 4acT~~ ~ Aa~e npe8~WaTb ee. 

2. CPABHEH~E PE3YnbTATOB 3KCnEP~MEHTA ~ PAC4ETA 

Ar!R np08eAeH~R MeTOA~K~ 8bi4~CneH~R norno~eHHO~ A03bl 
8~nonHeH~ TeCT08~e pac4eT~. Ha p~c. 4 np~8eAeHo cpa8HeH~e 
pe3ynbTaT08 Hawero pac4eTa nnOTHOCT~ nOTOKa aAPOH08 
c E>20 M3B ~ norno~eHHO~ AD3~ c pac4eTaM~ PaH$Ta ~~ ~ c AaH
H~M~ 3KCnep~MeHTa, np08eAeHHOrO 8 5pyKXe~8eHCKOA Ha~~OHanb
HOA na6opaTOP~~ np~ Eo= 15 r3B 11il. 0TMe4aeTCR YA08neT 80P~TenbHOe 
cornac~e 8 pacnpeAeneH~~ nnOTHOCT~ noTOK08 aAPOH08, OAHaKO 
3Ha4eH~e norno~eHHDA AD3~ y PaH$Ta c~cTeMaT~4ecK~ 8~we. 

Ha p~c. 5 npeACTa8neH~ pe3ynbTaT~ Haw~x ~3MepeH~A 
~ pac4eTa nnOTHOCT~ nOTOKa 8~COK03HepreT~4eCK~X 4aCT~~ ~ co
OT8eTCT8y~~~e 8en~4~H~ A0308~X Harpy30K Ha paCCTORH~~ 100 CM 
OT TOHKOA M~WeH~ ~3 MeA~· B~BeAeHH~A ~3 C~HXpO$a30TPOHa 

ny40K npOTOH08 C ~MnynbCOM 8,4 r3B/c c6paC~8ancR Ha MeAHY~ 
M~WeHb TOn~~HOA 3 CM ~ A~aMeTpOM 9,8 CM, pacnono~eHHY~ nep
neHA~KynRpHO A8~~eH~~ npoTOHOB. Cpa8HeH~e c AaHH~M~ pa6o
Tbl171 noKa3bl8aeT, 4TO Ha6n~AaeTcR xopowee cornac~e pe3ynbTa
T08 ~3MepeH~A Me~AY co6oA ~ C pac4eTH~M~ Kp~8~M~. ~3MepeH~R 
noporo8~M~ AeTeKTOpaM~ Ha OCH08e cep~ /3$$eKT~8H~A A~ana30H 
per~CTpa~~~ HeATpOH08 3+ 25 M3B/ noKa3~Ba~T, 4TO OTHOC~Tenb
H~R 8KnaA H~3K03HepreT~4eCK~X HeATpOHOB 8 3Hepr08~AeneH~e 
s ~ene3e He3Ha4~TeneH. 

~3 p~c. 56 8~AHO, 4TO ~3MepeH~R TepMOn~M~HeC~eHTH~M~ A0-
3~MeTpaM~ Aa~T 8en~4~Hy, 6n~3Ky~ K 8en~4~He norno~eHHOA A03bl 
B ~ene3e,8~4~cneHHoA no 8~wenp~8eAeHHoA MeTOA~Ke,np~4eM noKa-
3aH~R TnA RBnR~TCR 8epxHeA o~eHKOA paA~a~~OHH~x Harpy3oK 
8 ~ene3e. 

HapRAY c ~3MepeH~RM~ 8 803Ayxe 8~nonHeH~ ~3MepeH~R xa
paKTep~cT~K nonR ~any4eH~R 8 MaTep~ane ycTaH08K~ "MoAenb" Ill. 
YcTaH08Ka ~cT~posanacb TaK~M o6paaoM, 4To6~ ocb ny4Ka co8-
naAana C OCb~ ycTaH08K~ z. TOHKaR M~WeHb /Ta ~e, 4TO ~ 8 npe
A~AY~~X ~3MepeH~Rx I ycTaHa8n~sanacb B ~oHonposoAe Ha pac
CTORH~~ Z= 31 CM OT BXOAa ~ nonHOCTb~ nepeKpbiBana anepTypy 
~OHOnp080Aa. reoMeTp~R ~3MepeH~A npeACTa8neHa Ha p~c. 6a. 
Pac4eTH~e ~ nony4eHH~e nyTeM ~3MepeH~A xapaKTep~cT~K~ nonR 
~3ny4eH~R npeACTa8neH~ Ha p~c. 66-~. Ha6n~AaeTCR YA08neT-
8DP~TenbHOe cornac~e peaynbTaT08 pac4eTa ~ 3Kcnep~MeHTa. 
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P~e. 6. reoMeTp~R o5ny4eH~R yeTaHOBK~ "t1oAenb 11 np~ Han~4~~ BHyTpeHHei:1 M~WeH~ /a/ ~ pae-
npeAeneH~R nnoTHOeT~ noToKa aAPOHOB e E>20 M3B /6,e/, nnoTHOeT~ noToKa Hei:1TpOHOB 
e 3<E<25 M3B /r,A/ ~ norno~eHHOA A03W /e,m/ Ha paan~4HWX paeeTORH~RX OT oe~ yeTaHOBK~ 
B nnoeKOeT~(XZ)-/6,r,e/ ~ (yz)- /B,A,m/. 1- ~OHOnpOBOA; 2- 06MOTKa; 3- RPMO; 4- BHyT
peHH.AR M~WeHb np~ z = 31 eM. p =6 '5 eM; ..... - pae4eT; ! - 32S ; 0 - rna; • - ~OH~3a~~OHHaR 
KaMepa.p3~8,5 eM~--- pae4eT; v -rna;.,- ~oH~3ai..I~OHHaR KaMepa. p=11,5 eM:------ pae-
4eT; '- s ; ~ - rna·. - ~OH~3a~~OHHaR KaMepa p = 16 eM • - . -.- pae4eT" .1.- 32S· A- rna , - 32 . • ' y 'y . 
p=22 eM:----- pae4eT; ,_ S; 0- rna. 



np111 AOCTaT04HO 60!lbWII1X yr!laX pacceftHII1fl 8 _:: rr/2 Ha6!110gaeTCfl 
paCXOlKgeHII1e nOKa3aHII1i1 T n,[l 111 1110HII13al..lii10HHbiX KaMep, KOTOpoe 
o6yc!lOB!leHO, no-BII1AII1MOMy, HII13K03HepreTII14eCKII1MII1 Hei1TpOHaMII1. 
XapaKTepii1CTII1KII1 geTeKTopoe 111 aHa!lll13 pe3y!lbTaToe 1113MepeHII1i1 
norno~eHH~x go3 6ygyT o6cylKgaTbCfl e nocnegHei1 4aCTII1n; 
HaCTOft~ei1 pa60T~. 
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6.,[1.3e!lbA1114Y, E.,[I.Kne~eHKO, H.M.Py6neey 111 IO.B.CeMeHoey 
3a noMo~b np111 npoeegeHII1111 1113MepeHII1i1. 
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