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B nOCneAHee AeC~T~neT~e B 06oeA~HeHHOM ~HCT~TYTe ~AepHbiX 
~CCneAOBaH~H YAen~eTC~ 6onbWoe BH~MaHHe pa 3B~T~~ 3KCnep~MeH 
TanbHOH 6a 3~ penRTHB~CTCKO~ ~AepHO~ $~3~KH. B 1990 r. nna H~

pyeTcA 3aBepWHTb peKOHCTpYK~H~ CHHxpo~a30TpoHa B HYKnOTpOH, 
cnoco6H~~ YCKOPRTb RApa C MaCCOH 60nee 200 a.e.M. AO 3HeprHH 
7 r3B/HYKnoH. npopa6aT~BaeT cR npoeKT C03AaHHR cynepHYKnOTpOHa 
Ha 3Hepr~~ AAep AO 60 r3B/HYKnoH. $H3HKa 3a~HT~ Ha TaKHX yc
KopHTen~x HMeeT PRA oco6eHHocTeH, H cne~H$HKa RAPo-~AepH~X 
cOYAapeH~~ H pa3BHT~R B 3TH X ycnoB~~X Me~RAepHOrO KaCKaAa 
B Be~eCTBe nPHBOAHT K Heo6xOAHMOCTH C03AaH~~ Cne~HanbH~X 
MeTOAOB paC4eTa 6HOnOrH4eCKHX 3a~~T, 06nY4aeM~X nY4KaM~ YCKO
peHH~X RAep /reOMeTp~~ nOBYWKH/ , n~60 eTOp~4HbIM ~3nY4eHHeM, 
reHep~pyeM~M AApaMH B MHweH~X /Ha~6onee paCnpOCTpaHeHHaR 
Ha yCKOp~TenAX 60KOBaR reOMeTpHR/. B O~H~ AnA ~eneH $~3HK~ 

3a~HT~ pa3pa6aT~Ba~TC~ B HaCTOR~ee BpeM~ ABe paC4eTH~e MeTO
A~K~ : $eHOMeHonor~4eCKaR MOAenb onHcaH~A A~$$epeH4~anbH~X ce
4eHHH 06pa30BaH~R He~TpOHoe B RAPO-RAepH~X B3a~MOAeHCTB~RX B 
cOBoKynHocT ~ C nonY3MnHp~4eCK~M MeTOAOM pa C4eTa 3a~~T 11,21 ~ 

KOMnneKC nporpa MM, ~cnonb3~~HX MOAenb $ aHpCTpHK AAPo-RAepH~X 
B3a~MOAeH CTB ~H ~ pa3nH4H~e cnoco6~ peweHHR CHCTeM KHHeTH4e
CKHX ypaBHeH~~ nepe Hoca H3nY4eHH~ B Be~eCTBe/S.61 • anR npo
BepKH MeToA~K paC4eTa 6~n B~nonHeH P~A 3KcnepHMeHTOB Ha ny4
Kax nerKHX penAT~e~CTCK~X RAep CH HXpo$a30TpOHa no HccneAOBa
H~~ A~$$epeH~HanbH~X xapaKTepHCT~K none~ BTopH4Horo H3nY4e
HHA BOKpyr TonCT~X MHweHe~ H none~ pacce~ HHoro H3nY4eHHR 3a 
3a~~TaM~ YCKopHTenR. nepBaR rpyn na 3KcnepHMeHTOB nOAPo6HO 
on~caHa B pa 60Tax / 8.11/. B HaCTOR~eH pa60Te np~BeAeH~ pe
3ynbTa T~ 3a~~TH~x 3KcnepHMeHTOB, B~nonHeH HbiX B Tpex pa3n~4
H~X reOMeTp~Rx npH YCKopeH~H a-4aCT~~ ~ RAep 12C AO 3Hepr~~ 
3,65 r 3B/ HYKno H. 

3a c nnOWHO~ TpexMeT poBo~ 3a~~ToH H3 06~4Horo 6eTOHa ( p 
= 2,35 10 , 12 r/cM3 ) Ka6~H~ 3KcnepHMeHTaTopOB B ~3Mep~TenbHOM 
naB~nbOH e 6~n ~3MepeH ~n~eHC aAPOHOB C 3Hepr~e~ 60nee 20 M3B 
C nOMOWb~ yr.n epOACOAep~a~ero aKT~Ba4~OHHoro AeTeKTopa ~ $n~

eHC He HT poHo B C 3Hepr~eH 60nee 23 H3B nOTOKOMepOM-A03HMeTpOM
cne KTpOMe TpOM He~TpoHOB B~COKO~ 3Hepr~~ /naC/ 112 / • Ha 3a~~TY 
na Aano BTop~4Hoe ~ 3nY4 eH~e H3 TonCTOH I ~ 10 CM, TO~HHa 

13 CM I MeAHO H MHwe HH, YCTa HOBneHHOH B ~oKyce nY4K a Fa' HOH~
TopH pOBaH~e nY4Ka a- 4a cT ~ 4 C 3HeprHe~ 3,65 r3B/ HYKnoH , naAa
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Pac . I. reOMeTpHH a3MepeHHH 3a 
3-MeTpOBOH 9a~TOH Ka6 HHhl 3KC
nepHMeHTaTopOB. 

~38±20 
~~ero Ha MHweHb, ocy~ecTBn~ 
nOCb MHoroceK4HOHHO~ HOHHsa4H~" 
OHHO~ KaMepo~ C norpewHOCTb~ 
MeHee 10%/9/* . reoMeTpHR HS
MepeHH~ npHseAeHa Ha pHC. 1. 
AaHHaR reOMeTpHR xapaKTepHSY
eTCR OTHOCHTenbHO He60nbwHM 
/ HecKonbKo np04eHToB/ sKnaAoM 
sapR~eHHoro KOMnOHeHTa so ~n~
eHC aAPOHOS sa sa~HToH. 4TO 
06ycnosHno xopowee co r naCHe 
pesynbTaTos H3MepeHH~ ABYMR 
pasnH4H~MH MeTOAHKaMH. ~n~eHc 

B~coK03HepreTH4H~x a APOHOB S 
TO'IKA 143ME PE.H .... .:. 

T04Ke H3MepeHH~ COCTaSHn 
( 1,7:!:O,3 ) · 10·8 a , cM- 2 ' a -4acl.l . 
AnR cpaBHeHHR 3aMeTHM, 4TO 

~n~eHc B~COK03 HepreTH4HWX aAPOHOB B TOH *e T04Ke sa sa~HToH 

npH 06nY4eHHH Aa HHo~ MHwe HH npOTOHa MH C 3HeprHeH 3,65 r3B 
COCTaB Vln (4, 0± 2, 5 )· 10·9 a,cM-2 .n poToH-1/13/ . TaKHM 06pa soM, 
~n~eHC H Ao sa aAPOHOS B none pacceRHHoro H3nY4eHHR sa cnnow
HO~ 60KOBO~ sa~HTo~, Ka K H B nonRX BTopH4Horo HsnY4eHHR HS 
MHweHe~/UI , npH6nH*eHHo nponop4V10HanbH~ 4Hcny HYKnOHOB RApa
CHapRAa /no Kpa~He~ Mepe, AnR nerKHX RAep/. 

B paHoHe ~oKyca Fs KaHana Bn-I TpaHcnopTHpOBKH nY4KOB B 
3Kcnep HMeHTaIlbHOM 3ane Kopnyca 2 05 cHHxp~asoTpoHa H3Me pRnVlCb 
~n~e Hcbl VI cneKTpbl He~TpoHoB S ABYX T04Kax 3a cnnOWHO~ 60KOBO~ 
6eTOHHO~ sa~HTo~ Ton~VlHoH 1 M. Ha nY4Ke RAep 12C c 3HeprHe~ 
3,65 r 3B/HYKnoH yCTa HasnHsanaCb TonCTaR MeAHaR MHweHb /CM. 
Bblwe/. Ha pHC. 2 nOKaaa Ha reOMeTpVlR H3MepeHH~ . MOHVlTopHpo saHVle 
nY4Ka RAep ocy~ecTsnFlnocb aKTHsa4HoHH~MH AeTeKTopaMH C I1cnonb
30sa HHeM peaK4H~ 12C(12C,X)l1C H 21M(12C,X)lSF i Ce\.leHHR pe
aK4H~ ( 57 ± 4) M6 H (17,1 ± 1,7) M6 cooTseTcTBeHH0 /G/ . B Ka4e
CTse OTHOCHTenb Horo MOHHTopa sa 3a~HToH HcnonbaOBanCR nponop
4HoHanbHw~ 60PH~H C4eT4HK HeHTpoHoB C saMeAnHTeneM. ~n~eHc~ 

* AonH n pHHeCHbIX 'l aCTH~ C Z/A = 0,5 B n y>lKax HAep He npeBbl
mana 10%. Bpe Me HHasr pa CTf!JIO< a nY'lKOB coc TaBnJUla 0,35 -:- 0,4 c. 
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PHC. 2. f e oMeTpHH H3MepeHHH sa 60K0 90H sa~ToH TOnmHHOH 1 M 
KaHana TpaHc nopTHpOBKH n Y4KOB. 

He~TpOHOS C 3 Hep rHe~ 60nee 20 M3B aa 3a~~ToH ~3MepRn~Cb yrne
pOACOAep~a~HM~ aKT~saUHOHH~M~ AeTeKTo paMH 015xl0 CM, a cneKT
panbH~e pacnpeAeneH~R He HTpOHOB s W~POKOM A~ana30He 3HeprH ~ 

/ 151 cne KT pOMeTpOM DOH Hepa C Ha60pOM H3 nRTH c~ep~4eCKHx 3a
MeAn~Tene~. BOCC TaHOBneHHe c~eKTpos He~TpOHOB no nOKa3aHHRM 
MHoroc~epHoro c neKT pOMeTpa C n pHBne4eH~eM AaHH~X a KT~Ba 4 H 

OHH~X AeTeKTOfos npOBOA~nOCb MeTOAOM CTaTHc TH4eCKOH perynR
p~3a 4HH 116, 17 . CneAye T OTMeTHTb, 4TO S AaHHO~ reoMeTpHH Ha 
aa~HTY naAano KaK BTopH4Hoe H3n Y4eHHe H3 M~weH~, TaK H H3ny

Ta o,nHua 
3HaqeHHR ~nroe HcOB H 3KBHBaneHTHhlX AOS aAPO HOB C sHe p
rHeH fSo ne e 20 M3B (¢> 20 H H> 20) • nOnY'l eH HbIX no no
Ka 3 allHH M aK THBaIJ,HoHHblX AeT <:!K TopOB H 3KB HBaneHTHblX AOS 
HeHTpoHoB mHpOKOr O )J,Ha n aS OHa 3 Hepr liH (H tot ) , non yqeH
HhlX c nOMOmb~ c ne KTp oMeTp a BOHHe pa sa 60KOBOH 6eToH
HOH 3amHTOH TOnmHHoA I M, o 6nyQa e MOH BTO PHqHbM Hsny
q eHHeM H3 Tonc ToH MHIDeHH. 60M6apAHp yeMoH RAPaMH lee. 

TOqK a cP >~o H> 20 
1 Hto t 

H3Mepe HHH a. CM· 2 . HAPo-1 3B'RAPO- 3B' RAPO 
-1 

90° ( 2. 5 ± 0 , 4 ). 10,6 ( 1 ,3 ± O,2 ) .10-15 (2, 4 ± 0 ,6) . 10,15 

166 3° (3,8 ± 0,6) . 10 -6 ( 2, 1 ± 0,3) . 10-15 (3,9 ± 0,8 ). 10 
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4eHHe, pacceRHHoe BHYTPH KaHana TpaHcnopTHpOBKH nY4Ka. OAHaKO 
BcneACTB~e Toro, 4TO cneKTp~ pacceRHHoro ~3nY4eHHR cy~ecTBeH
HO MRr4e cneKTpOB BTopH4Horo, BKnaAOM pacceRHHoro HanY4eHHR 
B $OpM~pOBaHHe nonR 3a aa~HTO~ MO~HO npeHe6pe4b . BKnaA B pe
3ynbTaT~ HaMepeHH~ 3a 3a~HTO~ OT $OHa, 06ycnoBneHHoro nOTepR
M~ nY4Ka BAonb TpaKTa TpaHcnopTHpOBKH AO F6 • Y4HT~BancR C no
MO~b~ OTAenbH~X H3MepeHH~ 6e3 MHweHH ~ COCTaBHn MeHee 15%. 
B Ta6nH4e npHBeAeH~ nony4eHH~e 3Ha4eHHR $n~eHCOa aAPOHOB H 
3KBHBaneHTH~X Aoa He~TpoHoB) HOpMHpOBaHH~e Ha 1 ynaBwee Ha 
MHweHb RAPO 12C /~3MepeH~R nOA yrnoM 90° npoaOAHnHCb ABa~A~ 
B pa3nH4H~X ceaHcax , H B Ta6nHue AaH~ peaynbTaT~. ycpeAHeHH~e 
no 060HM 	 H3MepeH~RM/. 

Oc060e BHHMaHHe 6bln0 YAeneHO ~3MepeHHRM xapaKTepHCTI1K nonR 
pacce RH Horo H3nY4eHHR aa ABYXMeTpOBO~ nOKanbHO~ 6eTOHHO~ aa
~HTO~ /nOBywKO~/ KaHana 6B CHHxpO$aaOTpOHa npH naAeHH~ Ha Hee 
nOA yrnoM, 6nHaKHM K HopMan~,oTHoCHTenbHo Y3Koro ny4Ka RAep 
12C c 3HeprHe~ 3,65 r3B/Hy;moH. reOMeTpl1R 3KcnepHMeHTa nOKaaa
Ha Ha pHC. 3. nY40K HHTeHCI1BHOCTb~ (1 -;- 1,5 ) .107 RAep· c- l $0
KYCHpOBanCR no BepTHKanH MarHHTHo~ nHH30~, OTCToR~e~ OT 3a~H 
Tbi Ha 12,5 M. nOBOpOTHbl ~ Ma rHI1T 6b1n OTKnI04eH. Yr nOBoe paCXOlK
AeHHe ny4Ka oueH~BaeTCR - B 6 MpaA. nOMI1MO nY4Ka Ha 3a~I1TY 
naAano BTopH4Hoe / $OHoBoe/ H3nY4eHHe H3 "J10~HblX" MHweHe~ /Ae
Tane~ perHcTpHpYIO~e~ annapaTYPbl/. cocpeAOT04eHHblX, B OCHOBHOM, 

BHyTpH Ma rH~Ta . ~X CYMMapHaR 
TO~HHa -6,5 r/cM 2 ; MaTepHaJ1 
nonHCTHpon, neHonna CT , AIOpanIOM~ 

HI1H. OTHOCI1TenbHOe MOH~Top~pOBa 

H~e oc~eCTBnRnOCb npo nOP4110
HanbH~M 60PH~M C4eT4HKOM HeHTpo

lKHI>IE
'~TIiiI 	 HOB, pacnono~eHHblX aa aa~HTOI1. 

~HTeHCHBHOCTb nY4Ka 113MepRJ1aCb 
aKTHBaUI10HH~M~ AeTeKTopa MH C 

TCI'f1<A 1'IoUIU  nOMO~blO peaKUHH 12C(12 C,x) l1 C 
I14EHIIR »lEI(
TOP06 I ny~"t 	 /AeTeKTOp~ Ha nOnHCTl1pOna 

1:112C 
~~ y 05,8x1 CMS. 010xO,1 CM S/ H 
o 	 TepMonlOMHHecueHTHblMH AeTeKTopa

x MH Tnn-700 Ha OCHOBe LJF $I1PMbI 
St2°. , Har show /O,31xO,31xO,09 CM S/, 

c06paHHblMI1 B MaTpHubi. C uenblO 
YMeHbweHI1R pa36poca 4YBcTBI1TenbI 

IHeWHAA n08EPlHOCTb HOCTH TnA-700 npeABapHTenbHo OT
S~III~ TbI 

PHC. 3. feOMe TpHR H9MepeHHH sax 
2-MeTp oBoH n osYlIIl<OH ny"lKa. 
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6HpanHCb no peaynbTaTaM HX r paAYHpOBK~ Ha 
60 Co. na HHble HaMe 

peHHR npOBoAHnHCb B nY4Ke HenocpeACTBeHHO a a Ma r HI1TOM H Ha 
BHYTpeHHe~ nOBepXHoCTH 3a~HTbI B T0 4Ke naAeHI1R Ha Hee nY4Ka 
RAep /T04Ka 0' /. Ha PI1C. 4 npl1SeAeHbI pacnpeAe neHHR OTKnHKOS 
Tnn /noKa3aHHI1 npH60pa Harshow-2000A B HaHoKynoHax/ no ropH
30HTanH H BepTHKanl1, xapaKTepl13YIO~He H306pa~eHHe ny4Ka B T04
Ke 0' . nnR onpeAeneHHR ¢oHOBOH npl1MeCH aAPOHOB, naAalO~~X Ha 
3a~HTY, npOBOAHnOCb H3MepeHI1e npOCTpaHCTBeHHoro pacnpeAene
H~R $nlOeHCOB 4aCTH4 no OCH X Ha ee BHy'rpeHHei:1 nOBepXHOCTH 
yrI1epOAOCOAep~a~HMH AeTeKTopaMH. BCneACTBHe Toro, 4TO ce4eHHe 
aKTHBa~HH AeTeKTopOB Ha RApax 12C Bcero nHWb - B 2,5 pa3a 
6onbwe, 4eM Ha aAPOHax, OTKnHK~ yrnepoACOAep~a~HX AeTeKTopOB 
B pa~oHe naAeHHR nY4Ka Ha 3a~HTY 06ycnoBneHbl, nOMHMO RAe p 12C, 
npHMeCH~MH aAPOHaMH nY4Ka ~ anb6eAH blMH aAPOHaMH /He~TpoHa MH/ 
H3 3a~HT~ . 3TO AeMOHcTpHpyeTc~ cpaBHeHHeM HOpM HpOBaHHoro pac
npeAeneH~R OTKnHKOB yrnepoACOAep~a~HX AeTeKTopOB /CKopocTeH 
C4eTa, npHBeAeHH~X K 6ecKoHe4HoMY BpeMeHH 06ny4eH~R n~ / H pac
npeAeneHHR OTKI1HKOB Tnn Ha pHC. 4a. 4YBcTBHTenbHocTb ~e Tnn 

nC 
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X.~ . 	 Y,GM 
HC. 4. Pacnpegen eHHR OTKnHKOB Ta6ne TOK Tnll I HK/ no 

OC1!M X l al Ii Y 161 sa BHYTpeHHeH n oe e pXH OCTIi SaJIU1:Tbl. 
TO~KaMH YKasaHo 	HopMHPoBa HHoe no MaKc HMYMY pacnpeAe
neHHe OTKnHKOB yrnepogcoAep~a~x aKTliBa~HOHHb~ Ae
TeKTop oB 	 In 00 /. 
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Z2 v

K OAH03apRAHbiM aAPOHaM - B pa3 MeHbWe, 4eM K flApaM, a Hel1
TpO H~ OHI1 npaKTI14eCKI1 He perI1CTpl1pY~T, 4TO n03BonAeT C411TaTb 
pacnpeAeneHl1e OTKnl1KOB TnJl aAeKBaTHblM pacnpeAeneHI1~ cl>n~eHcoB 
AAep 12C B nY4Ke. Pa3nl1411e B 4YBCTBI1TenbHOCTRX ABYX MeTOAI1K 
K pa3nH4H~M Tl1naM 4aCTI1~ n03BOnl1nO o~eHHTb 9KnaA aAPOHOB B 
nOKa3aHI1R yrnepoACOAepma~l1x AeTeKTopOB B pa~OHe naAeHHA nY4
Ka AAep Ha 3a~HTY. B~XOA anb6eAH~X He~TpOHOB B 06naCTI1 60x 
x60 CM2 BOKpyr T04KI1 0' COCTaBnfleT (3± 0,5) H:flAPo-l, 4TO co
rnacyeTcR C paC4eTH~M 3Ha4eHl1eM* anb6eAo HeHTpoHoB. nonY4eH 
H~M 113 pa60T~ / 18 / . npl1MeCb aAPOHOB 113 InomHblx" MI1WeHeH B YKa
3aHHO~ 06naCTH O~eHI1BaeTCR B 20% OT 4Hcna flAep. 4TO o6ycnaB
nM3aeT ee He3Ha411TenbHoe Bnl1AHl1e Ha pe3ynbTaT~ 113MepeHI1H 3a 
3a~HToM . TeM He MeHee 6~na npOBeAeHa 3KcnepHMeHTanbHafi npo
aepKa CTeneHI1 I1CKameHI1A nonA 113nY4eHI1R 3a 3a~I1TO~ aAPOHH~M 

$OHOM nYTeM YCTaHOBKH Ha nY4Ke B pa~OHe MarHI1Ta AOnOnHI1Tenb
HO~ MHweH"', npl1MepHO 3KB",eaneHTHOM "nomH~M" M",weHflM. Pe3YllbTa

T~ nOKa3a11H YMeHbweHHe cl>n~eHcoB 
, - ,----, He~TpOHOB 3a 3a~I1TOH Ha Ben"'4"' 

HY. COOTBeTcTBy~~y~ Aone RAep 
12C. B~6bIBWI1X H3 nY4Ka 3a C4eT 
Heynpyr",x B3aHMOAeMCTB"'H B AO

iD-~ 
nOnHI1TenbHOH MHweH"', 4TO nOA
TBeplKAaeT CAenaHH~i1 B~we BbIBOA. 

Ha P"'C. 5 npeACTaBneH~ Allfl 
cpaBHeH"'R npOCTpaHCTBeHHbleT 

o 
" pacnpeAel1eHI1R OTKnl1KOB aK4 
IX 

T"'Ba~"'OHH~X AeTeKTopOB, 113, 
MepeHHble no OC'" X Ha eHYTpeHHeM'u 

t:§ 10-5 /1/ '" BHeWHeM /2/ nOBepXHOCTI1 
3a~I1TbI. OTKn"'KI1 HOpM",pOBaH~ Ha i 

10: 1 RAPO 12C , ynaBwee Ha 3a~I1TY. 

PHC . 5. TIpocTpaHcTBeHHhle pacnpe
AeneHH~ no OCH X OTKnHKOB yrne
pOACOAep~~x aKTHBa~HOHHb~ Ae

10- 6 
TeKTopOB (no<» Ha BHYTpeHHeH / I / 
H BHeroBeH /2/ 1l0BepxHoc TH 33
rtUiTbl. 

* PaClie THbr?1 BblXOA HeHTpOHOB C 3HeprHeH !Sonep 20 M3B B 3 3A
~w norryc~epy H3 ~ene3HOH nOBymKH 0 200xIOO CMS, oOnYli3eMOH 
HAPaMH 12C C 3HeprHei1 3.65 r3B / HYRnOH. paBHHeTCH - 5 HeiiTp. 
x llAPo-1 • 
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PHC. 6. TIpocTpaHcTBeHHoe pacnpeAeneHHe no OCH X $nWeHcoB aA
POHOB C 3HeprHeH !Sonee 20 M3B H3 BHemHeli nOBepXHOCTH 3 311UiTbJ, 
H3MepeHHoe yrnepOACOAep~a~H aKTHBa~HOHHb~H AeTeKTopaMH C 
pa3MepaMH:. -0' 5 ,8xl CMS ;. - Q'15x10 CM3. 1 - 3H3 '1eHHll $rno
eHCOB HeHTp OHoB C 3HeprH~H i50n ee 23 M3B, H3MepeHffiWe naCo 

SHAHO, 4TO pacnpeAeneHHe 3a 3a~HToi1 "'MeeT OCTp~i1 MaKC"'MYM 
B611"'3'" T04K'" 0 '" o6naAaeT He3Ha4HTenbHOM aCI1MMeTp",eH, onpeAe
nReMO~ OTKI10HeH",eM OCH nY4Ka OT HOpMall'" K 3a~HTe. TOT ~aKT, 
4TO B o6nacTH 20 CM < X < -20 CM 3Ha4eHHR OTKnHKOB AeTeKTopoB 
3a 3a~~ToH npeB~wa~T no a6cO~THO~ BenH4"'He OTKnHKH AeTeKTO
pOB AO 3a~"'TbI, TaKlKe CBI1AeTel1bcTByeT 0 TOM , 4TO none "'3IlY4e
HI1R 3a 3a~I1TOH B I1ccneAoeaHHOH 0611aCTH cl>opMl1pyeTcR, onpeAe-
11~~~HM o6pa3OM, Me~~AepH~M KacKaAoM. reHepHpyeM~M nY4KOM 
RAep, a He $OHOM np"'MeCH~X aAPOHOB H3 ' 1110lKH~XII MHWeHel1. 

Ha p"'c. 6. np",eeAeHO npOCTpaHCTBeHHoe pacnpeAeneHHe ~n~
eHCOB aAPOHOB Ha BHeWHe~ nOBepXHOCTI1 3a~I1Tbl, nonY4eHHoe Ha 
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OCHOBe pacnpeAeneH~H OTKn~KOB aKT~Ba~~OHH~X yrnefOAcoAep~a
~~X AeTeKTopOB pa3MepaM~ 05,8x1 CMS J.1 0 15xl 0 eM . Ce4eHI-1e aK
T~Ba ~H~ 5panocb C Y4eTOM BKnaAa 3apH~eHH~X 4aCTJ.1~ B A~ana30
He 23 ~ 26 M5 . Me TOAI-14eCKaR norpeWHOCTb 1-13MepeHJ.1H $nlOeHCOB 
- 10%; T04HOCTb YC Ta HOBKH AeTeKTopoe no OCJ.1 X ±1 CM. Ha aTOM 
~e pJ.1CYHKe AnR T04eK X = 6 CM J.1 150 CM npHBeAeH~ pe3ynbTaTbi 
1-13Me peHJ.1H $flIOeHcoB HeHTpoHoe C 3HeprJ.1ei1 50nee 23 M3B C nOMO
~blO n~c. npOeOA I-1 BWHXCR npH CHJ.1~eHHoi1 - B 10 2 pas ~HTeHCJ.1BHO
CTJ.1 nY4Ka RAep. B pai10He MaKCI-1MYMa npocTpaHcTeeHHoro pacnpe
AeneHJ.1R /T04Ka X = 6 CM/ $nlOeHC aAPOHOB B~COKOH 3HeprJ.1J.1 co
CTaBJ.1n (2 , 2 ± 0,2) · 10.3 a · CM-2 'RAPO-1, a $nlOeHc Hei1TpoHoe 'i 

BbiCOKOH 3HeprHI-1 - (1,69±O ,14).10-S HeHTp, · cM-2 . RAPO-!. B T04
Ke X = 150 CM $fiIOeHC HeHTPoHo B, HSMepeHH~i1 n~c, HeCKonbKO npe
BblwaeT 3Ha4eHJ.1e !/lnlOeHca aAPOHOB, 1-13MepeHHoro aKTJ.1Ba~J.10HHbIM Ae
Te KTo pOM. 3 TO 05bRCHReTCR,Ha Haw BsrnRA, TeM, 4TO, Bo-nepB~X, 

BKnaA 3apR~eHHb1X 4aCTJ.1 11 BO ¢lnlOeHC aAPOHOB naAaeT C YAaneHJ.1eM 
OT MaKCHMYMa npOCTpaHCTeeHHoro pacnpeAeneHJ.1R. a BO-BTOPblX. 
TeM. 4TO n~c HSMepRnCR ¢lnlOeHC Hei1TpoHoB B T04Ke nonR, OTCTOR
~eH OT 3a~HTbI /T.e. OT T04KH X = 150 CM/ Ha 40 CM, n03TOMY 
npH50poM perJ.1CTpJ.1pOBanaCb TaK*e HeKOTopaR 4aCTb HeHTpoHoB, 
npI-1XOAR~aR co CTOPOHbI MaKCHMYMa pacnpeAeneHJ.1R. AKTJ.1Ba~HOHH~e 

*e AeTeKTOp~ pacnonaranJ.1Cb npaKTJ.14eCKH Ha nOBepXHOCTJ.1 3a~J.1T~. 

B MeHe e Bblpa*eHHoH $opMe 3TOT 3$$eKT npORBJ.1nCR J.1 npH J.1SMepe
HHRX $nlOe Hca aAPOHoe aKTJ.1BaIlHOHH~MJ.1 Ae TeKTopaMI-1 50nbwero 05b
eMa /0 15xlO CMS/ B T04Kax X = -69 1-1 81 CM. 

npeACTaeneHHoe Ha pHC. 6 npOCTpaHCTBeHHoe pacnpeAeneHJ.1e 
¢lnlOeHCOB aAPOHOB 3aMeTHO 50nee YSKoe, 4eM aHanOrJ.14HOe pacnpe
AeneHHe $nIOeHca aAPOHOB sa ABYXMeTpoBoH 5eToHHoi1 3a~J.1TOH npl-1 
naAeHJ.1J.1 Ha Hee nY4Ka npOTOHOB C 3HeprJ.1eH 630 M3B!19!. OCHOB
HblMH npJ.14~HaMH 3Toro RBnRIOTCH, nO-B~AHMOMY, cy~ecTBeHHO 50nb
waR 3Hepr~R BTOPl-14HblX 4aCTI-1I1, pO*AalO~I-1XCR B nepBOM nOKOneHI-1H 
npH B3al-1MOAeHCTB I-1 1-1 RAep 12C C RApaMI-1 Be~eCTBa 3a~I-1TbI /4TO npHBO
AHT K YBenJ.14eHHIO aHH30TpOnHI-1 yrnoBbix pacnpeAeneHJ.1i1 Ka CKaAHblX 
4aCTJ.111 B HanpaBneHl-11-1 OCI-1 nY4Ka 1-1 POCTY AonH 3apR*eHH~X 4aCTH~ 
BO ¢lnlOeHce aAPOHOB/, a TaK~e OTnJ.14J.1e B reOMeTp"""" 050""X 3Kcne
pJ.1Me HTOB. CpaeHeHl-1e a5cofilOTHbiX 3Ha4eHJ.1H ¢lnlOeHcoB aAPOHOB B 
MaKCI-1MYMax npocTpaHcTBeHH~x pacnpeAeneHJ.1H B HaCTOR~eM 
3KCne pJ.1Me HTe J.1 3KcnepHMeHTe!19! AeMoHcTp~pyeT CTene Hb 
BnHRHJ.1R Ha pa3BJ.1TJ.1e Me~bRAepHoro KacKaAa B Be~eCTBe 3a
~I-1TbI B HanpaBn eHJ.1J.1 ny4Ka oco6eHHocTei1 RAPo-RAepHblx B3a
HMoAeHCTBJ.1H / $parMeHTalll-1J.1 RAep-cHapRAoB H 3Ha4HTenbHO 
60nee CJ.1nbHOrO npoRBneHHR KYMynRTHBHoro 3¢l$eKTa no 
cpaBHeHJ.11O C HYKnOH-RAe pHblMH B3aHMoAei1cTBHRMH/. TaK, $nlOeHc aA
pOHOB Ha OCJ.1 nY4Ka 3a 3a~J.1TOH TOnll\HHoi1 2 M, npHeeAeHHblH Ha 
1 HYKnOH RA pa 12C. BospaCTaeT no OT HoweHHIO K aHanorH4 HoM BenH
4H He s a TOH *e TO~HHOi1 Sall\J.1TbI, 05nY4aeMoH npoToHaMH, npH5nH
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SHTenbHO B 200 pas npJ.1 YBenH4eHJ.1H 3HeprHJ.1 Ha HYKnOH - B 6 pa3 
/ C 0,63 r3B AO 3.65 raB/. 3TO CBHAeTenbcTByeT 0 He05xOAJ.1MO
CTJ.1 KoppeKTHoro Y4eTa YKaaaHH~X oc05eHHOCTeH RAPO-RAepH~X Baa
HMoAei1cTBHH npH paapa50TKe cne4J.1$~4eCKJ.1X MeTOAOB paC4eTa no
ByweK YCKopHTenei1 penRT~BJ.1CTCKHX RAep /Aa*e nerK~x/. npH pac
4eTax *e aall\J.1T OT BTopH4Horo J.13nY4eH~R. BoaHHKalOll\erO npJ.1 06
nY4eH~~ RApaM~ MHweHeH. 3T~ oc05eHHocTH J.1rpalOT SHa4~TenbHO 
MeHbWYIO ponb, H B nOA05HblX cnY4aAX AonycT~MO AnR o~eHOK HC
nonb30BaHJ.1e AaHHblx, nonY4eHHblX Ha npOToHHblX YCKopHTenAx. 
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BOCCTaHO BJ1eHl1e CneKTpOS Hei:iTpoHoB BblCOKOI1 3Heprl111 MeTOAOM 
CTaTI1C TI14eCKOH perYJ1Hpl13a41111 no nOKa3a HI1HM n~c np0I13BOAI1J10Cb 
AJ1H Tex ~e T04eK 3a 3a~I1TOH, rAe c ero nOMo~b~ 113Mep~J1I1Cb 
$J1~eHC~ HeHTpoHoB IX = 6 CM 11 150 cM/. CneKTp~ n pl1BeAeH~ Ha 
PI1C. 7 B npeACTaBJ1eHI1I1 ~(E)xE • KOPI1AOP~ norpeWHOCTel1 COOTseT
CTB~T cpeAHeKBaApaTI14HbiM OTKIlOHeHI-1RM 3Ha4eHI111 $YHK 41111 '~(E)xE 

OT Hal160Ilee BepORTHblX BeIlI14\11H. 06a cneKTpa I1Me~T xapaKTepHble 
MaKC\IIMYM~ B 06IlaCTI1 3He pnll':i - 270 M3B 11 - 220 M3B AIl~ T04eK 
X = 6 CM 11 150 CM COOTseTCTBeHHO. CneKTp 3a 3a~I1TO~ no HanpaB
J1eHI1~ OCI-1 nY4Ka cy~ecTBeHHO ~eCT4e H 06IlaAaeT n0J10rHM cna AOM 
B 06J1aCTb peJ1RTI1B I1CTCKHX 3HeprHI1 HeI1TpOHoB. 3KBI1BaJ1eHTHaR AO
3a B~COK03HepreTI14H~X Hel1TpOHOB B T04Ke X = 6 CM 3a 3a~\IIT0I1, 
nOIlY4eHHaR nYTeM CBepTK\II cneKTpa Hel1TpOHOB ¢(E) C 3HepreT\II4e
CKO~ 3aB\IICI1MOCTb~ YAeJ1bHOI1 3KBI1BaJ1eHTHOH A03~, COCTaBJ1ReT 
( 1 ± 0 ,2).10-1 2 3B·RAPO -l. 

B 3aKJ1~4eHl1e aBTop~ Bblpa~a~T rJ1y60KY~ 6naroAapHocTb COTPYA
H\IIKaM flB3 A.~.Kl-1pl-1J1IlOBY, C.B. $eAYKoBY, B. H. nep$eeBY, C.A. Xo
P030BY, A.H.XpeHoBY, a TaK~e COTPYAHI1KaM OP611PH A.A.HI1KI-1TI1HY , 
B . r . ~6aHKoBY, A.H.Pe3YHI1KY, B.H.KaJ1~~HoMY, B. A.KYJ1\11Koey 3a 
nOMOIl4b B npOBeAe H111-1 3KCnep\IIMeHTOB 1-1 M.M.KoM04KoBY 3a nOIle3Hbie 
06cY~Ae H\IIR . 
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