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Ponb 3Kcnep~MeHTanbH~x ~ccneAOBaH~~ s peweH~~ npo6neM 3a
~~T~ OT ~3ny4eH~~ Ha yCKOp~TenRX npOTOHOB 3a nocneAH~e rOAW 
3Ha4~TenbHO B03pocna. CBR3aHo 3TO c 6ypHWM pa3B~T~eM pa3n~4-
HWX pac4eTHWX MeTOAOB, xapaKTep~3y~~~XCR 6onbW~M pa3H006pa3~

eM B nOAXOAe K peweH~~ 3aAa4 pacnpOCTpaHeH~R ~3ny4eH~R B Be
~eCTBe ~ B ~CnOnb3yeMWX Ha6opax RAepHo-$~3~4eCK~X KOHCTaHT. 
no 3T~M np~4~HaM, a TaK~e B c~ny orpaH~4eH~~ pac4eTHWX MeTo
AOB, Tpe6y~~~x ~Aean~3all~~ nocTasneHHbiX 3aAa4, Heo6xoA~Mo~ 
CTaHOB~TCR nposepKa aAeKBaTHOCT~ pac4eTOB 3KCnep~MeHTaM ~ on
peAeneH~R "nonR 11 norpeWHOCTe~ AnR Ka~AOrO MeTOAa pac4eTa. oonb·
woe 3Ha4eH~e np~o6peTa~T 3Kcnep~MeHTanbHble ~ccneAOBaH~R A~$$e
peHLI~anbHWX /no yrny ~ 3Hepr~~/ xapaKTep~cT~K none~ HyKnoHoB 
3a 3a~~TO~, ~H$OpMali~R 0 KOTOPWX He06XOA~Ma He TOnbKO AnR Ha~-
6onee nonHO~ nposepK~ MeTOAOB paC4eTa, HO TaK~e ~ AnR KOppeKT
HO~ ~HTepnpeTall~~ noKa3aH~~ A03~MeTpOB B 3T~X nonRX. 

0CHOBHWM KOMnOHeHTOM, onpeAenR~~~M paA~ali~OHHY~ o6cTaHOBKY 
3a cnnOWHO~ 3a~~TO~ yCKOP~TeneH nnoTOI-U)R '-'='> ~~e;;:-;:;: ,:;c ~ i .;,::; , 
RBnR~TCR HeATpOHW B~COK~X 3Hepr~A /6onee'2Q M3B/, no3TOMY rnas
HOA 4enb~ pac4eTH~X MeTOAOB, KaK npas~no, RBnReTCR nony4eH~e 

AaHHWX 0 HeHTpOHHOM KOMnOHeHTe noneA ~3ny4eH~R. 3Kcnep~MeH
TanbHWe ~ccneAOBaH~R A~$$epeHLI~anbHWX xapaKTep~CT~K noneA HeHT
pOHOB BWCOKOA 3Hepr~~ RBnR~TCR cnO*HOA 3aAa4eA Aa~e B cny4ae 
npOCTOA reOMeTp~~ 3KCnep~MeHTa T~na 1 ~y40K npOTOHOB - TOnCTaR 

M~WeHb"*.TPYAHOCT~ 3Ha4~TenbHO B03pacTa~T np~ ~3y4eH~~ A~$~e
peHLI~anbHWX xapaKTep~CT~K HeHTPOHOB B pacceRHHWX nonRX 3a 3a
~~TOH. oonee YA06HWM AnR 3Kcnep~MeHTanbHOA nposepK~ np~Hll~noe 

H orpaH~4eH~H, 3ano~eHHWX B TeX ~n~ ~HWX MeTOAaX pac4eTa, RB
nReTCR npoTOHHwi1 KOMnoHeHT noneA ~3ny4eHHR. Uenb~ pa6oT~ RB
nReTCR C~CTeMaT~3ali~R CBeAeH~A no H3BeCTHWM 3Kcnep~MeHTanbHWM 
~ccneAOBaH~RM, MeTOAaM pac4eTa noneA ~3ny4eH~A Ha yCKOP~TenRX 
~ cpasHeHHe AaHHWX, nony4eHHWX 3THMH MeTOAaM~, c ~Me~~~M~CR 
pe3ynbTaTaM~ ~3MepeH~A. 

* noA 11TOnCTOA 11 nOApa3yMeBaeTCR M~WeHb, B $OpM~pOBaH~~ nonR 

~3ny4eH~H H3 KOTOpOA Ha4HHaeT ~rpaTb cy~eCTBeHHy~ ponb Me~b-
RAePHWH KaCKaA. ---= .. _,_ .. --, 
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3KCnEPHMEHTAnbH~E HCCnEAOBAHHH 
AH4XI>EPEHL.lHAnbHbiX XAPAKTEPHCTHK 
nonE~ nPOTOHOB HA YCKOPHTEnHX 

nepBble H3MepeHI.Hl AH4Xt>epeHL\HanbHbiX no 3HeprHH nnoTHOCTeH 
noTOKa /cneKTpOB/ npOTOHOB 3a 3a~HTOH YCKOpHTeneA 6blnH Bblnon
HeHbl B 1974-1975 r. B 6epKnH/ 1/ Ha 184-AIOHMOBOM CHHXpOTpOHe 
H B Ay6Hel2/ Ha CHHXPOL\HKnOTPOHe na6opaTOPHH RAepHbiX npo6neM 
OHHH. B nocneAY~He rOAbl nony4eHbl HOBble 3KcnepHMeHTanbHble AaH
Hble 0 AH¢¢epeHL\HanbHbiX xapaKTepHCTHKaX noneA npOTOHOB. 

AnR nposepKH MeTOAOB pac4eTa Heo6xOAHMbl 3KcnepHMeHTbl, sbl
nonHeHHble B HaH60nee 3neMeHTapHbiX H THnH4HbiX reOMeTpHRX H AO
nycKaiO~He npocTyiO HAeanH3al.\HIO. Tpe6osaHHR K nocTaHOBKe TaKHX 
3KcnepHMeHTOB AOCTaT04HO nonHo H3nomeHbl s pa6oTe 13~ Bee HMeJO
~HeCR AaHHble, KaK paC4eTHble, TaK H 3KCnepHMeHTanbHble, MOmHO 
pa3AenHTb Ha ABe rpynnbl. K nepBOH OTHOCRTCR pac4eTbl H 3KCnepH
MeHTbl, BblnOnHeHHble npH HCCneAOBaHHH noneA npOTOHOB, BblneTaJO
~HX H3 ToncToA MHWeHH, o6ny4aeMol1 yaKHM ny4KOM npoTOHOB. TaKaR 
reoMeTpH~ noasonReT MOAenHposaTb peanbHYIO paAHal.\HOHHYIO o6cTa
HOBKy, B03HHKaiO~YIO B paHOHe MHWeHHbiX CTaHL\HH H npH B3aHMOAei1-
CTBHH ny4KOB npOTOHOB C 3neMeHTaMH KOHCTPYKL\HH YCKOpHTenR 
/nHH3aMH, MarHHTaMH, npOTOHOBOAaMH H T.A./. BTopaR rpynna HC
cneAOBaHHH BblnOnHeHa B reoMeTpHRX, MOAenHpy~HX paAHal.\HOHHYIO 
o6cTaHOBKY aa 3a~HTOH ycKOpHTeneei. AnR 3THX reoMeTpHA xapaK
TeoHo HanH4He noOCTOaHCTBf'HHOrO /no nORPnXHOr-TIA ~riii!IAThlf flrlr~ 

npeAeneHHR AH$$epeHL\HanbHbiX /no yrny H 3HeprHH/ nnoTHOCTeei 
nOTOKa npOTOHOB 3a 3a~HTOH. Ha116onee THnH4HbiMH RBnRIOTCR CHTya-
1..\HH, B KOTOpbiX Ha 3a~HTY naAaeT H3ny4eHHe, reHepHpyeMoe B Ton
CTOH MHWeHH. B 3TOM cny4ae, npH AOCTaTo4HO 6onbWOM paccToRHHH 
OT MHWeHH AO 3a~HTbl, nepBH4HOe H3ny4eHHe MOmHO MOAenHpOBaTb 
nnOCKHM MOHOHanpasneHHbiM HCT04HHKOM HYKnOHOB. 

B pa6oTe 141 npHBeAeHbl peaynbTaTbl H3MepeHHR ABOHHbiX AH$$e
peHL\HanbHbiX nnOTHOCTeH nOTOKa BTOPH4Hb1X npOTOHOB B AHana30He 
3HeprHH OT 70 AO 400 M3B, BblneTaiO~HX H3 CTanbHOH MHWeHH TOn~H
HOH 16 CM noA yrnoM 90° npH o6ny4eHHH ee ny4KOM npoTOHOB c 
3HeprHel1 640 M3B. noaAHee TeMH me asTopaMH nony4eHbl cneKTpbl 
npOTOHOB 3a CBHHL\OBbiMH nornOTHTenRMH TOn~HHOH 60 H 65 CM, C 
pa3MepaMH 70x40 CM 2 H 40x40 CM 2 nOA yrnaMH 0 ° H 15,7 ° COOTBeT
CTBeHHO, npH 3HeprHH npOTOHOB ny4Ka 640 M3B 15 •6!B pa6oTe / 5/ HC
cneAOBanOCb TaKme npocTpaHCTBeHHoe pacnpeAeneHHe AH$$epeHL\Hanb
HbiX xapaKTepHCTHK nOnR npOTOHOB no nosepXHOCTH nornOTHTenR nOA 
yrnOM 0°.H3MepeHHR BblnOnHeHbl C nOMO~biO Cl.\HHTHnnRL\HOHHOrO CneKT
poMeTpa no speMeHH nponeTa. Ha p11c. 1 npeAcTasneHbl cneKTpbl npo
TOHOB H3 pa6oTb1 151. B nOA06HOH r~pHH C noMO~biO ~E -cneKTpo
MeTpa 6bln BblnOnHeH 6onbWOH 1..\HKn H3MepeHHH cneKTpOB npOTOHOB, 
reHepHpyeMbiX B MHWeHRX, TOn~HHa KOTOpbiX HeCKOnbKO npeBbiWana 
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PHc. I . BbiXOA npoToHoB • Hc-

nycKaeMblX C llOBepXHOCTfl CBHH

l.IOBOrO nornoTHTeJIH/ 680 r I eM 
2
/, 

Ha pa3J1fi'IHblX paCCTOHHfiHX r OT 

ocH nytiKa nog yrnoM 0° npH 

o6nyqeHHH ero npoToHaMH 
-----------'"'- C../.f"\ 'J.A'.-.D r:J..-.TY"'''""'P"'TF'"rr'\-

1..... ~nc;;.v.1. r.l.\...k..L v,v J.J.-'~. _,_ ......... r ........ -

BaHHble yqaCTKfl - 3KCnepHMeHT, 

JIHHHH - pactieT. 

10_, 10 .... 
100 200 500 loGO 500 

E ,H>f> 

P 2 C npoTOHOB /? ,S/ 
f!C. , neKTpbl 

BbUieTaiO~X nog yrnoM 0 ° H3 

K06aJibTOBOH Mf!WeHf! TOJI~HOH 
128 r/cM: npH o6JiytieHHH ee 

npoTOHaMf! C 3HeprHeH 

160 M3B /1/, H Mf!WeHH TOJI~
.,.,...,-:;. 1 F. c; ,-.I f'M 2 nnu ofinV'IeHHH . -
ee npOTOHaMH C 3HeprHeH 

450 M3B /2/. 

HOHH3al.\HOHHbiH npo6er npOTOHOB ny4Ka, yCKOpeHHbiX AO 3HeprHH 
160 11 450 M3B/7,BI.HeKoTopble pe3ynbTaTbl 3THX H3MepeHHH npHse-

AeHbl Ha pHC. 2. 
3Kcnep11MeHTbl no H3MepeHHIO AH$$epeHL\HanbHbiX no 3HeprHH nnoT-

HOCTeA noTOKOB npoTOHOB aa aa~HTOH 184-AIOHMOBOrO CHHXpOTpo
Ha/1/ B 6epKnH 6blnH npOBeAeHbl C noMO~biO WHpOKOanepTypHOrO 

/9/ B a cneKTpOMeTpa Ha OCHOBe HCKpOBbiX KaMep • 3THX 3KCnepHMeHT X 
HCT0 4 HHKaMH nepBH4HOrO H3ny4eHHR RBnRnaCb BHeWHRR H BHyTpeHHRR 
MHWeHH, ycTaHosneHHble Ha ny4Ke npoTOHOB c 3HeprHeA 7~0 M3B. 
HccneAOBan11 cb cneKTpbl npoTOHOB, sblneTaiO~HX s TenecHbiH yron 
3 cp. 113 4-MeTpOBOH 6eTOHHOH 3a~HTbl nOA yrnOM 90° K ~anpasne
HHIO ny 4 Ka npoTOHOB. K comaneHHIO, peaynbTaTbl H3MepeHHH ony6nH
KosaHbl B OTHOCHTenbHbiX eAHHHL\aX H He nonHOCTbiO KOHKpeTH3HpOBa
Hbl reoMeTpHH H3MepeHHH, 4TO 3Ha4HTenbHO 3aTPYAHReT HCnOnb30Ba
HHe 3 THX AaHHbiX AnR nposepKH MeTo~os pac4eTa. PeaynbTaTbl H3Me
peHHH cneKTpOB npOTOHOB H3 pa60Tbl 11 npHBeAeHbl Ha PHC • 3 · 
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PHc. 3. CneKTPbi npoTOHOB I 11, H3Me
peHHbie 33 4-MeTpOBOH 6eTOHHOH 3a
~HTOH: J/ - JipH TOpMO~eHHH nyqKa 
npoToHoB c 3HeprHeii 750 M3B 
B 6eTOHHOH JIOBymKe (A); 2/ - JIPH 
TOpMO~eHHH 3TOrO nyqKa B TOJICTOH 
MeAHOH MHWeHH (e), a TaK~e 33 
~eJie3HbJM .flpMOM MarHHTa H 3-MeT
pOBOH 6eTOHHOH 3a~TOH npH B3aH
MOAeHCTBHH nyqKa npOTOHOB C 
3HeprHeii 670 M3B c BHyTpeHHeii 
MHWeHbiO YCKOPHTeJI.fl ( 8). 

ItO 60 80 fOO f20 tltO f60 f80 200 220 240 2&0 110 500 
E, Mt!t 

PHc. 4 • .OH<!><PepeHJ.J;HaJibHbie no yrny H 3HeprHH nnoTHOCTH 
JIOTOKa npoTOHOB/ 11 / 3a 2-MeTpOBOH 6eTOHHOH 3a~TOH, 
o6nyqaeMoii nyqKoM npoToHoB c 3HeprHefi 630 M3B, naAaJO
~x Ha 3a~TY JIOA yrJIOM 30°. 

CepHR 3KcnepHMeHToB e~nonHeHa aa 2-MeTpoeoH 6eToHHoH aa~H-
• AG 110111 TOH CHHXPOUHKnoTpoHa B Y He ' . HCT04HHKOM RBnRnCR ny40K 

npoToHoB c 3HeprHeH 640 M3B, naAa~~HH HenocpeACTBeHHO Ha aa
~HTY noA yrnoM 30° /reoMeTpHR 1/ H H3ny4eHHe, reHepHpyeMoe 
ny4KOM B TonCTOH MeAHOH MHWeHH, pacnono~eHHOH Ha pacCTORHHH 
4,8 MOT 3a~HT~ /reoMeTpHR 2/. ~E -cneKTpOMeTpoM H3MepRnHCb 
ABoHH~e AH¢$epeHUHanbH~e pacnpeAeneHHR nnoTHoCTH noToKa npo
TOHoB /pHc.4-6/ B HeCKonbKHX T04KaX nonR /1,2,3/ Ha BHeWHeH 
noeepXHOCTH 3a~HT~ noA yrnaMH 0°, 1] 0

, 30°, 50° OTHOCHTenbHo 
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PHc.5. To ~e, qTo H Ha pHc:4, HO B APYrHX ToKax non.fl 
Ha BHemHeH noBepXHOCTH 3a~HThl. 

x.,-t2 ~~~~-.......... If ,. rf f£0t1llPMA 2, lNlA 2 
.........._.. 

............. ..... ...... . , .. , 
,,,, 

...... ~ ..... , ...... ···-
ul -{ & 

........ :.................. ' 
........... ..., 

": -5d' ................ . ................... . ... 
... , .... '"""' ... , I 

1.0 60 eo 100 120 t1t0 t60 110 200 220 2t4l 2&0 2e0 300 
E,M..& 

PHc. 6 • .QH<P<PepeHUHaJibHbie no yrny H 3HeprHH nnoTHOCTH 
~a npOTOHOB/11/ 3a 2-MeTpOBOH 6eTOHHOH 3a~TOH, 
o6nyqaeMoH aApoHaMH c MaKCHMaJibHOH 3HeprHeii 630 M3B. 

HopManH K HeH. AaHH~e pa6oTbl 1111 npH6nH~eHHo cKoppeKTHpoeaH~ * 
C y4eToM BKnaAa B noKa3aHHR cneKTpoMeTpa npoTOHOB C 3HeprHeH, 

* KoppeKUHR e~nonHeHa coeMeCTHo c A.P.Kp~noe~M. 
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PHc.7. CneKTP npoToHoB 12~ H3MepeH
HbJH 3a 4-MeTpOBOH xene3HOH 3a~TOH, 
o6nyqaeMOH aApOHaMH C MaKCUManbHOH 
3HeprueH 660 M3B 121, H pac'l:eTHhn1 
cneKTp npoTOHoa128/ 3a xene3HOH 

,.. 3alli,HTOH TOnlli,HHOI1 14A,o6nyqaeMOli 
E,M•B HeHTPDHaMH c 3HeprHeH 300 M3B I I I. 

MeHbwe~ np~H~Toro 3HepreT~4ecKoro nopora. KoppeK4~~ np~aena 

K yMeHbWeH~~ 3Ha4eH~~ A~~~epeH4~anbH~x no 3Hepr~~ nnoTHOCTe~ 
noToKa npoTOHOB a6n~a~ nopora. B pa6oTe 12' 3To~ me MeTOA~Ko~ 
~3MepeH cneKTp npOTOHOB noA 0° K BHeWHe~ HOpMan~ 4-MeTpOBO~ 
mene3HO~ 3alli,~Tbl; ~CT04H~KOM ~Bn~nOCb ~3ny4eH~e, o6pa30BaHHOe 
a KaMepe c~HXP04~KnoTpoHa Ha 3Hepr~~ 680 MaB. PeaynbTaT~ npeA
cTaaneH~ B OTHOC~TenbH~X eA~H~4aX /CM. p~c.7/, noCKOnbKY He
onpeAeneH ~CT04H~K naAa~111,ero Ha aalli,~TY ~any4eH~~. 

Ha np~BeAeHHOro o6aopa B~AHO, 4TO Ha~6onee aneMeHTapH~M~ 
reoMeTp~~M~, YA06H~M~ An~ pac4eTa, o6naAaeT nepaa~ rpynna 3Kc
nep~MeHTos'4· 7 •8'. BTopa~ rpynna 3Kcnep~MeHTOB 11 •2•5 ·6,10,11/, 
a~nonHeHH~x aa aa111,~To~, He MomeT npeTeHAOBaTb Ha aneMeHTap
HOCTb ~CXOAH~x An~ pac4eTa napaMeTpoa. Ha~6onee npocTo a He
KOTOp~x MeTOAaX pac4eTa MOmeT 6~Tb CMOAen~pOBaH 3KCnep~MeHT, 
B KOTOpOM ny40K npOTOHOB naAan HenocpeACTBeHHO Ha 3alli,~Ty/ 5 ~•10,11( 

~ ~ - .. 
"1-'"1-1" ~1'-IIVJID-lUt><lMMbiA L.IJ"'I-IL.I 1:> VI->M"'IJ"'HVII<I Hdi1UOnbWe~ 4YBCTB~-

TenbHOCTb~ o6naAaeT cneKTpOMeTp C ~CKpOB~M~ KaMepaM~ 6onbWOro 
o6beMa 191, KOTOpbJ~ MomeT ycnewHo ~cnonbaoaaTbc~ An~ aKcnep~MeH
TOB 3a TOnCTO~ 3alli,~TO~, OAHaKO Henp~rOAeH An~ ~3MepeH~~ A~~~e
peH4~anbH~X no yrny nnoTHOCTe~ noToKa npoTOHOB. Ha~MeHbWe~ 

4yBCTB~TenbHOCTb~ XapaKTep~3yeTC~ cneKTpOMeTp no BpeMeH~ npo
neTa/4-6/ ~a-aa ManocT~ TenecHoro yrna per~cTpa4~~ 4acT~4-
An~ ~ccneAOBaH~~ A~~~epeH4~anbH~x xapaKTep~cT~K none~ npoToHOB 
aa aa111,~To~ np~roAHbJ E- ~n~ ~E -cneKTpOMeTp~ 12•7 •8 ·111, np~4eM 
nocneAH~e o6naAa~T 6onee w~poK~M pa6o4~M A~anaaoHOM 3Hepr~~ 
npoTOHOB. 0AHaKo ace ~cnonbayeM~e MeTOA~K~ ~Me~T nopor no 3Hep
r~~ per~cTp~pyeM~x npoTOHOB a A~anaaoHe 50-70 MaB, 4TO He no
aaon~eT ~ccneAOBaTb ~HTepecHy~ o6nacTb cneKTpoa, ~Me~111,y~ xa
paKTepH~~ cnaA np~ Man~x aHepr~~x npoTOH08, onpeAenReM~~,8 oc
H08HOM, ~OH~3a4~0HH~M~ noTep~M~ ~X 3Hepr~~. 3Ta H~3K03Hepre
T~4Ha~ 4acTb cneKTpa oco6eHHO 8amHa An~ onpeAeneH~~ BKnaAa npo
TOH08 8 3K8~8aneHTHy~ A03y HyKnOH08 aa 3alli,~TO~, nOCKOnbKy C 
yMeHbWeH~eM 3Hepr~~ npoTOH08 pacTeT MaKc~ManbHa~ YAenbHa~ 3K8~-
8aneHTHa~ A03a. 

B Ta6n~4e npH8eAeH~ C8eAeH~~ o6 3KcnepHMeHTanbH~x ~ccneAo-
8aHHHX AH~~peH4HanbH~X xapaKTep~CTHK none~ npOTOH08 Ha YCKO
PI1TenRX, 8~nonHeHH~x 8 nep~OA 1967-1980 rr. 
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: lleTOJl :1ro..l J~~&Ha:.lfte
up<miiiOB : pa'f1Pil 

I : 2 3 ' ; 5 

I . 31tc118pJIIIIB'l'll 
I. Jli'IOit JIPOTOBOB I60 llaB,IIDIJIJl: 

a) Co (!4,4 CM) 
d) CLA (3,6 Cll) 
B) e, i. (4 ,5 Cll) 

r) Ae (IO,O cad 
Jd H,tO (22,2 011) 
e) C (I0,2 CM) 

2. IIJ'IOit JIPO'fOHOB 450 118B, -&: 
Co (I8,5 cad 

3. Jli'IOit JIPO'fOBOB 635 llaB, -: 
Fe (16,0 CM) 

4. IIJ'Icm JIPO'f<llOB 640 llaB, uor.aoD
'NA: 
a) Pe (60,0 cad 
d) pg (65,0 Cll) 

-·-
c~ DO 
~a 

-·-
5. 1Jlq01t ~OB 640 llaB,8811fta: 6 E -cnuorpo-

CieT<Il "\200 Cll) ,J'l'O..I DB,Jt8DII 118'1'P 

JIPO'fOBOB Ba 88llft1 - 3fP 
6, IIJ'IOK !IpO'l'OIIOB 640 JlaB,..-&: 

Cu (~CII)+ 8811ft&: deTOH (200cad, 
J'l'O..I D8Jt8BU u;p<IIOB Ba 88llft1 30° 

-·-

o< 
15,7° 
oo 170 300 sda .• 

7. Kall8pa ycltopne.lll (aJIP<Illl c 0 
f,...,.sao IIIIB), ~a: Fe (400 CM) _ -•- . ~ 0 

a. r&=:v-~~:t 1: ~u;'"~ 9t:P 
+ ~· cFef + dftC8t~ 011 IUIII8:s--

s. IIJ'IOK JIPO'fCIIOB 750 118B, -•-
a) ...... :CU +~:de<ll (400011) 
d)-& +8811ft&;deTOB (300cll) 

n. Pac'la'fli 

-u-

(7) 

(8) 

(4) 

(5) 
(6) 
(H) 

(2) 

(I) 

(I) 

I , n.tocul IIOIIOJ181IP11.BHIDIIII, 
BBI'f»>JDD 300 llaB,8811fta: 

~ ....... :rrc28) 
JPUII8BU Jl'.llll Fe t}I~·I4) Cllllt'l'P 

Ta6nuu;a 

2, Illlocxd IIOBOII8Iij)8RII8HIIIiii • 

seiTPQBH 400 llaB,a~a: 

Pe1118HB8 Klll!eTB- 0-30° , 3Q-60~ ( 20) 
'18CKOro ypaB- 600-90~ 
B8DII mrrerpa.m.-

a)Cu (I ,I6,32,48,64,80CII) 

d) Pe C57 e~~> 
B) AW2 (I26 Cll) 

&Kil DO yi'J1811 
CD8K'l'P 

BeiiTPOIIH 600 llaB, 38lfll!'l'8: 
a) Ae (42,I26,2IO cu) 
d)M~C2(42,2IO Cll) 

3 IlAocult 110B()B81Ip8BJ18IDIIII(Rel!:TPOBH Ali8J1111'B'18CK08 0°, 
' 300, ~ YaB,S8JIIIIT&:A€,Cu 44,88, peiii8BB8 Kliii81'B-

32 '18CKOro ~8-
I CM !IBII, M111'0Jl MoRTe-

(25) 

KaPJlO. 

4 IIJloc!Wi uoaolllliiP8BJI811Hlii! ,aelil-
• TPOHII GOo .t::Jll,3~a: Ae l44,I32, 

-"- -"- HBTerpa.lllo- (26) 
BHil DO Jl""" 

220 CM) 
.11811 CD8K'l'P 
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Pac.7. CneKTp npoToHoB 12~ H3MepeH

HhiH 3a 4-MeTpOBDH ~ene3HOH 3a~TOH, 
D6nyqaeMOH aApOHaMH C MaKCHManbHOH 

3HeprHeH 660 M3B 121, H pacqeTHbiH 

CneKTp npOTOHOB/281 3a ~ene3HOH 
0 !c-0 -~5;;-0 --,,::!:;00:--~,5:;;-0 --:200;;;.-.,,.~0:----.!.,... 3aliiHTOH TOn~Hoii 14..\, o6nyqaeMOH 

E,M•B Hel!TpoHaMH c 3HepraeH 300 M3B I I I. 

MeHbwe~ np~HAToro 3HepreT~4eeKoro nopora. KoppeK~~R np~sena 
K yMeHbweH~~ 3Ha4eH~~ A~~~epeH~~anbH~x no 3HeprHH nnoTHOeTe~ 
noToKa npOTOHOB s6nH3H nopora. B pa6oTe 12' 3TOH me MeTOAHKO~ 
H3MepeH eneKTp npOTOHOB nOA 0° K BHeWHe~ HOpManH 4-MeTpOBO~ 
mene3HOH 3aliiHTbl; HeT04HHKOM ABnAnOeb H3ny4eHHe, o6pa3oBaHHOe 
s KaMepe eHHxpo~HKnoTpoHa Ha 3HeprH~ 680 MaB. Pe3ynbTaT~ npeA
eTasneH~ B OTHOeHTenbHbiX eAHHH~aX /eM. pHe. 7/, noeKOnbKy He
onpeAeneH HeT04HHK naAa~111ero Ha 3alii~TY H3ny4eHHR. 

H3 npHBeAeHHoro o63opa BHAHO, 4TO HaH6onee aneMeHTapH~MH 
reoMeTpHAMH, YA06H~MH AnR pae4eTa, o6naAaeT n~saR rpynna 3Ke
nepHMeHTos14·7·8/. BTopaR rpynna 3KenepHMeHTOB 1.2,5,6,10,111, 
BblnOnHeHH~X 3a 3alii~TO~, He MOmeT npeTeHAOBaTb Ha 3neMeHTap
HOeTb HeXOAH~X AnA pae4eTa napaMeTpOB. Ha~6onee npoeTO B He
KOTOp~x MeTOAaX pae4eTa MOmeT 6~Tb eMOAenHpOBaH 3KenepHMeHT, 
B KOTOpOM ny40K npOTOHOB naAan HenoepeAeTBeHHO Ha 3a1i1HTY/S,6,10,11/ . . 

LpeAH HCnOnb30BaHH~X cpeACTB H3MepeH~~ HaHOOnbWeH 4yBeTBH-
TenbHOeTb~ ofinaAaeT eneKTpOMeTp e ~CKpOB~MH KaMepaMH 60nbWOrO 
06beMa 191 , KOTOpbiH MOmeT yeneWHO Henonb30BaTbeA AnA 3KenepHMeH
TOB 3a TOneTOH 3aliiHTOH, OAHaKO HenpHrOAeH AnA ~3MepeHHR AH$$e
peH~HanbHbiX no yrny nnoTHOeTeH noToKa npoTOHOB. HaHMeHbWeH 
4YBCTBHTenbHOCTb~ xapaKTepH3yeTeA eneKTPOMeTp no BpeMeHH npo
neTa/4-61 H3-aa ManoeTH TeneeHoro yrna perHcTpa~H~ 4aeTH~. 
AnA HeeneAOBaHHH AH$$epeH~HanbH~x xapaKTepHeTHK noneH npoTOHOB 
3a 3aliiHTOH npHrOAHbl E- HnH t1.E -eneKTpoMeTp~ 12·7·8•111, npH4eM 
noeneAHHe o6naAa~T 6onee WHpOKHM pa6o4HM A~anaaoHOM 3HeprHH 
npOTOHOB. 0AHaKO see Henonb3yeM~e MeTOAHKH HMe~T nopor no 3Hep
rHH perHeTpHpyeM~x npoTOHOB s AHana3oHe 50-70 MaB, 4TO He no-
3BOnReT HeeneAOBaTb HHTepeeHy~ o6naeTb eneKTpOB, HMe~~~~y~ xa
paKTepH~H enaA npH Man~x 3HeprHRX npOTOHOB, onpeAenReM~H,B oe
HOBHOM, HOHH3a~HOHH~MH noTepRMH HX 3HeprHH. 3Ta HH3K03Hepre
T~4HaA 4aeTb eneKTpa oeo6eHHO samHa AnA onpeAeneHHA BKnaAa npo
TOHOB B 3KBHBaneHTHy~ A03y HyKnOHOB 3a 3aliiHTOH, noeKOnbKy e 
YMeHbWeHHeM 3HeprHH npoTOHOB paeTeT MaKeHManbHaR YAenbHaR 3KBH
saneHTHaA A03a. 

B Ta6nH~e npHBeAeH~ eBeAeHHR 06 3KenepHMeHTanbH~X HeeneAO
BaHHHX AH$~epeH~HanbH~X xapaKTepHeTHK noneH npOTOHOB Ha yeKo
PHTenRX, B~nonHeHH~X B nepHOA 1967-1980 rr. 
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i lleTOJl 

I ; 2 

I • 3Kcua~lml 
I. IIJ'IOit JIPOTOBOB I60 111111, ....... : 

a) Co (!4,4 OM) 
d) C.u (3,6 OM) 
B) e,~ (4,5 OM) 
r) Ae (IO,O OM) 
Jt) HtO (22,2 011) 

e) C (I0,2 011) 
2. U,.ca JIPOTOBOB 450 118B, -n: 

Co (I8,5 011) 

3, U,.ca JIPOTOBOB 635 llaB, -IIJo i 
Fe (16,0 011) 

4. IIJ'IOit upoT<BOB OW II&B,Dor.llOD
HAi 

a) Ps (60,0 cad 
d) P8 (65,0 011) 

3 

-·-
CllllftiQIH'P 
DO~ 
upoaTa 

-·-
5. JlJ"''ca ~OB OW IIBB,aa..-ra: 6 E -cuu~ 

CleTOB ~200 011) ,Jl'O& mut8BIIII 118TP 

JIPOTOBOB 118 ....., - 30° 
6. Ily<IOK !IpOTOHOB 640 MIIB,-m.: -·-

Cu(~CII)+ aa..-ra: deTou (200cal), 
Jl'O& JDUt8Dil u;pc&OB 118 38lllft'1 30° 

7. KaiiBpa ycaapne.u (IWQDl c 
F,...;=680 111111), ....-ra: Fe (400 cad_ -•-

:1ro.a JIWITa:.lue-
: IJPOTOBOB ipa'f1PB 

• ; 5 

(?) 

(8) 

(4) 

o< (5) 
15,7° (6) 

oo,I7o,30~ (H) 
SOG 

oo,30o,50o (11) 

oo 
(2) 

8 ~ -~ t-ciJINa'~Tl' ' Ca,jpal o E .._... c •CJtl)OIHD 
+ ....,a <F:f + CSfttll ~ 011} ~ 

900 (I) 

(I) 9. Jl7tl01t llpO'l'OBOB 750 118B, -•-
a) ...... :Cu +~:dHcll (400011) 
d) .... m. +aa..-r&:dHOB (300cad 

n. Pac'IHII 

I , Ilaocal MOBOJI8Dl)I.BI8JIIIIII • 
R81TliOJIII 300 IIIII, aa..-ra: 
Fe t}I•·Ii) 

2, Il.JlOCJtd IIOBM'ffiP"BBIAID!Hii, 
R8ITJlOBB 400 llaB,3~a: 

a)Cu (I,I6,32,48,64,80cll) 
d) Pe C57 OM) 
B) Aeo2 CI26 OM) 

=:roBIIR8- =rrc28) 
J11811118Dil 11' .... 

OIIIIL'I'P 
Pemeoe KBR8TII- 0-30° ,3o-60~ (20) 
'18CKOro yp8B- 600-90~ 
R8RU IDIT8rpa.111>-

HHit ao 11'.11811 
caexorp 

Ta6na~a 

R8ll'fPOBB 600 llaB, 3&JIIIIT&: 
a) Ae (42,I26,2IO OM) 
d)A~C2(42,2IO OM) 

3 Il.Jlocltd JIORORBJIP&Bli8RRWitl Rei&TPOBB AllaJDrriA8CK08 0°, (25) 
' 300, ~ llaB,3&JIIIIT&:Af,Cu~44,88, pelll811118 KBR8T•

'18CKOro ~e-
I32 CU !Wi,li8TOJl MoHTe-

4. IIJiOCKllit UORORaiiP&BJISIIIIKii 1Helt
TJlO!Ill sco .t:J.u. 3aJQIITa: Ae ~ «. I32. 
220 OM) 

Kap.uo. 
-"- -"- HRTerpaJIJo- (26) 

BBl1 ao yr-
JISII caeKTP 
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~------------~,~~ ----------
Ta6nH~a /npoAo~eHHe/ l 

_ .. _ _ .. _ -"- (26) 

oo (5) 

-·- -·- Hlrrerpa.n- (2?) 
IIIII uo 
11'.111111 

_ .. _ -·- -·- (2?) 

(20) 

PAC4ET~ CnEKTPOB nPOTOHOB 

Pac4eT pacnpocTpaHeHHA Me*DAAepHoro HyKnOHHoro KacKaAa 
B 3a~HTe yCKOpHTeneH npOTOHOB Ha B~COKHe 3Hepr~H B~nonHAeTCA, 

B OCHOBHOM, MeTOAOM cny4aHH~X CTaTHCTH4eCKHX HCn~TaHHH /MeTOA 
MoHTe-Kapno/112-1 5/H c noMo~b~ peweHHA npH6nH*eHH~MH MeTOAaMH 
CHCTeM~ KHHeTH4eCKHX ypaBHeHHH, OnHC~Ba~~HX nepeHOC H3ny4eHHA 
B Be~eCTBe 3a~HT~ 115•16- 20 •25 - 281 

MeTOA MoHTe-Kapno no3eonAeT pacc4HT~eaTb AH~epeH~HanbH~e 
xapaKTepHCTHKH nonA H3ny4eHHA BHyTpH H 3a 3a~HTOH npaKTH4eCKH 
n~60H KOH$Hrypa~HH H AnA CnO*H~X reoMeTpHH 113a~HTa-HCT04HHK 11 • 
0AHaKO Cy~eCTBeHH~M HeAOCTaTKOM 3TOrO MeTOAa ABnAeTCA 3KCnO
HeH~HanbH~H pOCT epeMeHH pac4eTa Ha 3BM C yeenH4eHHeM TOn~HH~ 
3a~HT~. npH4eM AnA nony4eHHA CTaTHCTH4eCKH AOCTOBepHOH HH<!>op
Ma~HH o AH<!><!>epeH~HanbHbiX xapaKTepHCTHKax nonA npoToHOB 3a 3a
~HTOH TOn~HHOH 6onee HeCKOnbKHX AnHH AO Heynpyroro B3aHMOAeHCT
BHA HyKnOHOB C AApaMH Be~eCTBa 3a~HT~ Tpe6yeTCA, no KpaHHeH 
Mepe, Ha nopAAOK 6onbwe epeMeHH, 4eM AnA pac4eTa Tex *e xapaK
TepHCTHK AnA nonA HeHTpOHOB. 3TO CBA3aHO C orpaHH4eHHOH BenH4H
HOH HOHH3a~HOHHOrO npo6era 3apA*eHH~X 4aCTH~ B Be~eCTBe. 

0CHOBH~MH HeAOCTaTKaMH MeTOAOB pac4eTa, OCHOBaHH~X Ha pewe
HHH CHCTeM~ KHHeTH4eCKHX ypaBHeHHH, ABnA~TCA: He06XOAHMOCTb 
HAeanH3a~HH reoMeTpHH 113a~HTa-HCT04HHK11 H BBeAeHHe ynpo~a~HX 
peweHHe AOny~eHHH. 
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; 

i 

t 

) 

PHc. 8. CpasHeHHe pact~eTHbiX cneKTpOB 
pa;Jiii"t~HOH TOn~HW 3a amoMHHHeBOH 

3a~TOH npH o6nyt~eHHH ee nnocKHM 

MOHOHanpaBneHHb~ ny'IKOM HeHTpOHOB 1o 
c 3HeprHeil 600 M3B; rHcTorpaM- I: ID
Ma - pact~eT MeTOAOM MoHTe-Kapm/

151
; . .. 

nyHKTHpHaH nHHHH - pac'leT H3 't: 
pa60Tbi/2GI; CIIJIOIUHaH nifHHH U 

pact~eT H3 pa6oTbl 1201 . 5 
~ 

PHc. 9. CpasHeHHe pact~eTHbiX 
/20/ 

H 3KCnepHMeHTanhHblX CneKTpOB 

3a 2-MeTpOBOH 6eTOHHOH 3a~TOH 
B ycnOBHHX, MOjJ,enHpYJO~X naAeHHe 

Ha 3a~TY nnocKoro MOHoHanpasneH

Horo nyqKa aApOHOB C MaKCHManbHOH 

3HeprHeil 630 M3B. CneKTpw ycpeA

HeHbi B yKa3aHHbiX HHTepBanax yrnoB, 

~! 

i 
.I ~(cf-&f) 
Ill 

~ 4 
.. 
't) ... 
'x u 

~ 
I 'i & 

20 60 

~ IDS 

f, ~ - 3KcnEPW11!HT 

2,4- SW:4ET 

OrpaHH4eHHOCTb H3BeCTHOH c Heo6xOAHMOH T04HOCTb~ HH<!>OpMa~HH 
o ABOHH~x AH~epeH~HanbH~x ce4eHHAX eaaHMOAeHCTBHA aAPOHOB e~
COKOH 3HeprHH C AApaMH ee~eCTBa 3a~HT~ npH pac4eTe n~~M MeTO
AOM npHBOAHT K 3Ha4HTenbH~M norpeWHOCTAM B pe3ynbTaTaX paC4eTa 
xapaKTepHCTHK nonA H3ny4eHHA 3a OTHOCHTenbHO TOnCTOH 3a~HTOH 
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ycKopHTene~. B cHny yKaaaHH~x npH4HH peaynbTaT~ pac4eToB Aame 
HHTerpanbH~x xapaKTepHCTHK /He rosopR yme o AHeeepeH~HanbH~x/ 
nonR H3ny4eHHR aa peanbHO~ 3alllHTO~ YCKOpHTene~, BblnOnHeHHble 
pa3H~MH MeTOAaMH, 3Ha4H~enbHO pa3nH4a~TCR MemAY C060H /CM., 
HanpHMep, 1211 /. npH4HH~ TaKHX paCXOmAeHH~ H norpeWHOCTH pac-
4eTH~X MeTOAOB B 6onbWHHCTBe cny4aeB KOnH4eCTBeHHO onpeAenHTb 
04eHb TPYAHO. 

B TafinH~e npHBeAeHa HH.OpMa~HR 06 HMe~IJlHXCR B nHTepaType 
pacC4HTaHH~x cneKTpanbH~x pacnpeAeneHHRX npoToHos. Ha pHc. 1,7-9 
npHBeAeH~ HeKOTOp~e H3 3THX pacnpeAeneHHH. KaK BHAHO H3 pHCyH
KOB, cneKTp~ HMe~T MaKCHMYM B pa~OHe 3HeprH~ MeHee 200 M3B.npH 
6onbWHX 3HeprHRX cneKTp~ npOTOHOB npeACTaBnR~T C060H MOHOTOHHO 
cnaAa~IJlHe eyHK~HH. HanH4He MaKCHMyMa B o6naCTH HH3KHX 3HeprHH 
npOTOHOB o6ycnoBneHO, B OCHOBHOM, ABYMR KOHKYPHPY~IllHMH 3<1>¢eK
TaMH: npeHMyiJleCTBeHH~M pOmAeHHeM HH3K03HepreTH4eCKHX npOTOHOB 
B aApOH-RAepH~X B3aHMOAe~CTBHRX H yBenH4eHHeM BepORTHOCTH no
rnOIJleHHR B 3aiJlHTe 3apRmeHH~X 4aCTH~ C yMeHbWeHHeM HX 3HeprHH 
H3-3a pacTa YAenbH~X HOHH3a~HOHH~X noTepb 3HeprHH 4aCTH~. 

Ha PHC. 8 npHBeAeH~ pac4eTH~e cneKTpbl npoTOHOB <ll(E,x) B aa
lllHTe H3 an~MHHHR Ha rny6HHaX ~, 3..\ H 5..\/3AeCb ,\- AnHHa 
npo6era AD Heynpyroro B3aHMOAe~CTBHR HeHTpOHOB C RAPaMH/ AnR 

cny4aR nnOCKOrO MOHOHanpasneHHOrO HCT04HHKa He~TpOHOB C 3Hep
rHe~ 600 M3B Ha rpaHH~e 3aiJlHT~. Pac4eTbl s~nonHeH~ MeTOAOM MoH
Te-Kapno/15~ C nOMOIJlb~ peweHH~ CHCTeM~ KHHeTH4eCKHX ypaBHe-
..... ~. -- .. <=- ..... - ........ - .. -- .. - .... --·- .. ··----- .. /Hl/ ... ____ . ___ _ 
IIP'If"l ll .... t'IV.JI.-IIl\.._.1111011"1 Ul n . .o1..11,.1 /t"l-t\,...'-"R.Io"U"'I t•l'"-' I UHVI"I • 1"1 f"lt; I V""'VI""" IIU\..JIC"""'U 

saTenbH~x cTonKHOBeHHH 20~Ha6n~AaeTCR xopowee cornacHe no eop
Me paCC4HTaHH~X eyHK~H~ <IJ(E,~; 4HCneHH~e 3Ha4eHHR OTHOWeHH~ pac-
4eTHbiX H H3MepeHHbiX BenH4HH <IJ (E,X ), HaXOARTCR B npeAenax K03·
.H~HeHTa 3. 

T04HOCTb TOrO HnH HHOrO MeTOAa paC4eTa MOmHO O~eHHTb, CpaB
HHBaR pac4eTH~e senH4HH~ c 3KcnepHMeHTanbH~MH AaHH~MH. Cpas
HeHHe paCC4HTaHH~X H H3MepeHH~X cneKTpOB npOTOHOB B~nOnHeHO 
B pa6oTaX 127 •20/ H npeACTaBneHO Ha pHC. 1 H 9. 

B1271 cpaBHeHHe BblnOnHeHO AnR cny4aR, KOrAa Ha CBHH~OB~H 
nornOTHTenb TOniJlHHO~ 60 CM naAaeT y3KHH ny40K npOTOHOB C 3Hep
rHeH 640 M3B. PaCC4HTaHH~e cneKTp~ no eopMe npaBHnbHO OnHC~Ba
~T 3KcnepHMeHTanbH~e AaHH~e, no a6con~TH~M senH4HHaM Ha6n~Aa
eTCR YAOBneTBOpHTenbHOe cornaCHe B npeAenax K03<1l¢H~HeHTa 2. 
Pac4eTbl cneKTpos s~nonHeH~ no nporpaMMe, peanH3Y~IlleH MeTOA 
nocneAOBaTenbH~X CTOnKHOBeHHH, npHMeHeHH~~ K paC4eTy MemDRAep
HOro HYKnOHHOrO KaCKaAa B aKCHanbHO•CHMMeTpH4HOH reOMeTpHH/ 221 

B Ka4ecTse HHeopMa~HH o ABOHH~x AHeeepeH~HanbHbiX ce4eHHRX 
B3aHMOAeHCTBHR HYKnOHOB C RApaMH CBHH~a HCnonb30BanaCb CHCTeMa 
KOHCTaHT 123•241. 

B pa6oTe 1201 cpaBHHBa~TCR pacc4HTaHH~e H H3MepeHH~e 1111 cneKT
panbHo-yrnos~e pacnpeAeneHHR nOTOKOB npOTOHOB 3a ABYXMeTpOBOH 
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6eTOHHOH aaiJlHTOH I p = 2,4 r/cM3 / CHHXpO~HKnoTpoHa Ha 3HeprH~ 
680 M3B, npH naAeHHH Ha aaiJlHTY H3ny4eHHR, o6paaosaHHoro B Ton
eTCH MeAHO~ MHWeHH y3KHM ny4KOM npOTOHOB C 3HeprHeH 630 M3B. 
CneKTP HeHTPOHOB, 06pa30BaHH~X B MHWeHH, paCC4HT~BanCR MeTOAOM 
MoHTe-Kapno115~ a npoxomAeHHe ~any4eHHR 4epea aaiJlHTY - Ha ocHo
se peWeHHR CHCTeM~ KHHeTH4eCKHX ypaBHeHHH B nnOCKOH reOMeT
pHH/20~Ha pHc.9 npHBeAeH~ H3MepeHH~e H paCC4HTaHH~e cneKTpanb
Ho-yrnoB~e pacnpeAeneHHR noTOKOB npOTOHOB C eAHHH4HOH nosepx
HOCTH 3aiJlHT~. Pac4eTH~e cneKTP~ npOTOHOB B yrnOB~X HHTepsanax 
0°-30°, 30°-60° cpaBHHBanHCb C ycpeAHeHH~MH no 3THM HHTepsanaM 
H3MepeHH~MH cneKTpaMH/11/, nony4eHH~MH c y4eTOM yrnosoro pac
npeAeneHHR nOTOKa npoTOHOB/ 10~B npeAnOnomeHHH aKCHanbHOH CHM
MeTpHH yrnosoro pacnpeAeneHHR. Ha6n~AaeTcR cornacHe pacC4HTaH
H~X H H3MepeHHbiX BenH4HH B npeAenax K03<1>¢H~HeHTa 2. lionbWHHCT
BO pac4eTOB Bbii)OnHeHO AnR 3aiJlHT~, He npeB~Wa~IJleH 5..\, OAHaKO 
C pOCTOM TOniJlHH~ 3aiJlHT~ HaMe4aeTCR TeHAeH~HR K 11ymeCT04eHHI011 

cneKTpa npoTOHOB. Ha pHc.? npHBeAeH cneKTP npOTOHOB, H3MepeH
H~H 3a mene3HOH 3aiJlHTOH TOniJlHHOH 3000 r/cM 2 ,H cneKTp H3 pa6o
Tbi/2S/ aa mene3HOH 3aiJlHTOH TOniJlHHOH 14..\, paCC4HTaHH~H AnR nnoc
Koro MOHOHanpasneHHOro HCT04HHKa HeHTpOHOB C 3HeprHeH 300 M3B 
s npH6nHmeHHH "npRMo-snepeA"· CneKTP~ HOpMHposaH~ npH 3HeprHH 
140 M3B. BHAHO, 4TO pac4eT npaBHnbHO onHc~saeT xapaKTep nose
AeHHR cneKTpa npoTOHOB, ceopMHPOBaHHOro B nOA06H~X ycnOBHRX. 

BbiBOAbl 

1 . CpasHeHHe pac4eTH~x H H3MepeHHbiX cneKTPOB npoTOHOB aa 
3alllHTOH yCKOpHTeneH H TOnCT~MH nornOTHTenRMH noKa3~BaeT, 4TO 
HCnOnb3yeM~e MeTOA~ pac4eTa n03BOnR~T paCC4HTbiBaTb AH<I>¢epeH
~HanbHble cneKTpbl npOTOHOB C T04HOCTb~ K03--H~HeHTa 2 +3. 

2. B o6nacTH 3HeprHH MeHee 200 M3B B 6onbWHHCTBe pac4eTH~x 
cneKTpOB 3a 3aiJlHTOH HMeeTCR MaKCHMyM, o6ycnosneHH~H, B OCHOB
HOM, ABYMR KOHKYPHPY~HMH 3<1>¢eKTaMH: npeHMYIJleCTBeHH~M pOmAeHH
eM HH3K03HepreTH4eCKHX npOTOHOB B aApOH-RAepH~X B3aHMOAeHCTBH
RX H ysenH4eHHeM BepORTHOCTH nornOIJleHHR B 3aiJlHTe 3apRmeHH~X 
4aCTH~ C yMeHbWeHHeM HX 3HeprHH. npH 6onbWHX 3HeprHRX cneKTp~ -
MOHOTOHHO cnaAa~IJlHe eyHK~HH. 

3. AHanH3 3KCnepHMeHTanbH~x AaHH~x no cneKTpanbHo-yrnos~M 
pacnpeAeneHHRM nOTOKOB npOTOHOB 3a 3aiJlHTOH noKaaan, 4TO HaH60-
nee meCTKHe cneKTp~ npOTOHOB Ha6n~Aa~TCR nOA yrnaMH, 6nH3KHMH 
K MaKCHMYMY eyHK~HH yrnosoro pacnpeAeneHHR nOTOKOB npOTOHOB, 
npH4eM MaKCHMYM B cneKTpe CABHraeTCR B o6naCTb B~COKHX 3HeprHH. 

4. ,[\nR B~RCHeHHR 3aKOHOMepHOCTeH ~pMHpOBaHHR CneKTpOB npo
TOHOB 3a 3aiJlHTOH yCKOPHTeneH He06XOAHMO AanbHeHwee nony4eHHe 
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3KcnepHMeHTanbHOH H pac4eTHOH HH$OpMa4HH, OCOfieHHO AnR 3a~HTbl 

fionbWOH TOn~HHbl H B o6naCTH B03MO>KHbiX nonO>KeHHH MaKCHMyMa cneKT 
pa. 

5. AnR onpeAeneHHR aAeKeaTHOcTr noKa3aHHH A03HMeTpoe 3KBH
eaneHTHOH A03e B nonRX H3ny4eHHH 3a 3a~HTOH YCKOPHTeneH Heo6-
XOAHMO nony4eHHe AanbHeHWeH HH$OpMa4HH 0 cneKTpax npOTOHOB, 
oco6eHHO e o6nacTH 3HeprHH MeHee 100 M3B, nocKonbKy npoTOHbl 
3THX 3HeprHH MOryT npHBOAHTb K 3Ha4HTenbHOMY 3aB~WeHH~ noKa-
3aHHH A03HMeTpOB, OCHOBaHH~X Ha perHCTpa4HH HeHTpOHOB no npo
TOHaM OTAa4H /CM., HanpHMep, pa6oTy 1291/. 

AeTopbl 6naroAaPRT M. M. KoM04Koea H A. P. Kpblnoea 3a none3Hble 
o6cy>KAeHHR pa6oT~. 

JU1TEPATYPA 

1. Mamont-Ciesla K., Rindi A. LBL-3343, Berkeley, 1974. 
2. AneHHHKoe B.E., lePAT B.n., THMoweHKo I.H. A3, 1976, 41, 

c.332. 
3. MawKOBH4 B.n.' u~nHH c.r. A3, 1975, 38, c.398. 
4. Cepoe A . .R., Cbl4eB o.C. B KH.: TPYA~ v Bceco~3Horo coee~a

HHR no ycKOPHTenRM 3apR>KeHH~x 4aCTH4· 11HayKa", M., 1977, 
T. 1, c.210. 

~ r~nnR A~ u nn A~ 19B0, h9, c_123. 
6. Cepoe A . .R., C~4ee I>. C. A3, 1978, 45: c.235. 
7. Wachter J.W., Burrus W.R., Gibson W.A. Phys.Rev., 1967, 

161, p.971. 
8. Wachter J.W., Gibson W.A., Burrus W.R. Phys.Rev., 1972, 

C6, p.1496. 
9. Rindi A. UCRL-19363, Berkeley, 1969. 

10. AneHHHKOB B.·E. H AP· Kernenergie, 1979, 22, p.416; OH.RH, 
P16-11891, Ay6Ha, 1978. 

11. AneHHHKOB B.E. HAP· A3, 1980, 49, c. 188. 
12. oapaweHKOB B.C., Co6oneBCKHH H.M.' ToHeee B.A. A3, 1972, 

32, c.123. 
13. Coleman W., Alsmi ller R. Nucl.Sci .Eng in., 1968, vol.34, 

p. 104. 
14. Moxoe H.B. npenpHHT H$B3 76-64, Cepnyxoe, 1976. 
15. Co6oneBCKHH H.M. OH.RH, 61-2-5458, Ay6Ha, 1970. 
16. Alsmi ller R. et al. Nucl.Sci .Engin., 1969, vol.36, p.251. 
17. lenb$aHA E.K., Cepoe A . .R.' C~4eB o.C. B KH.: TpyA~ PaAHO-

TeXHH4eCKOro HHCTHTyTa AH CCCP, 1974 ~20, c. 136. 
18. AneHHHKoe B.E., Kp~4Koe B.n. OH.RH, P16-8177, Ay6Ha, 1974. 
19. Ka3apHOBCKHH M.B. H AP· A3, 1981, 50, c. 190. 
20. AneHHHKOB B. E. ' oecKpOBHaR Il. r. ' KpblnOB A. p. B KH.: TPYA~ 

VII Bceco~3Horo coee~aHHR no ycKopHTenRM 3apR>KeHHbiX 4aCTH4. 
12 OH.RH, 1981, T.2, c.163. 

21. AneHHHKOB B. E. ' KOM04KOB M. M. ' Kp~4KOB B. n. B KH.: TPYAbl 
IV Bceco~3Horo coee~aHHR no ycKopHTenRM 3apR>KeHHbiX 4ac
TH4. "HayKa", M., 1975, T.2, c.226. 

22. Cepoe A . .R.' lenb$aHA E.K., C~4eB o.C. B KH.: Te3HC~ AOKn. 
BTopoH Bceco~3HOH Hay4HOH KOH$epeH4HH no 3a~HTe oT HOHH-
3HPY~Hx H3ny4eHHH RAepHo-TeXHH4ecKHX ycTaHoeoK. H3A-BO 
MH$M, M., 1978, c.28. 

23. lenb$aHA E.K. HAP· B KH.: Bonpoc~ A03HMeTpHM M 3a~HT~ OT 
M3ny4eHMH. AToM~3AaT, M., 1979, e~n.18, c.160. 

24. Cepoe A . .R., C~4ee 5.C. B KH.: YcKOPMTenH 3apR>KeHH~x 4aCTH4. 
TPYA~ PaAMOTeXHH4ecKoro HHCTHTyTa AH CCCP, 1973, ~14, 
c. 173. 

25. Ka3apHOBCKHH M.B.' Cepe>KHHKOB C. B. npenpHHT H.RH AH CCCP, 
n-oon, 1978. 

26. Ka3apHOBCKHH M.B. MAP· npenpHHT H.RH AH CCCP, n-033, 1980. 
27. lenb$aHA E.K. HAP· A3, 1980, 49, c. 108. 
28. C~4ee o.C. B KH.: Bonpoc~ A03HMeTpHH M 3a~HT~ oT H3ny4eHHH. 

ATOMH3AaT, M., 1968, e~n.8, c.44. 
29. AneHHHKOB B.E., THMOWeHKO I.H. OHRH, 16-81-103, Ay6Ha, 

1981. 

PyKonHCb nocTynHna 
10 H~HR 

B H3AaTenbCKHH OTAen 
1982 roAa. 

13 



AneHHHKOB B.E . , THMOWeHKO r.H . 16-82-443 
AH¢¢epeH4Han b H~e xapa KTepHCTHKH noneH npoToHoa, o6pa3yeM~x a ToncT~x 
MHWeHRX H 3a 3a~HTOH yC KOPHTeneH Ha .3HeprHH AO 1 r3B 

CHCTeMaTH3HpOBaH~ CBeAeHHR 06 3KCnepHMeHTanbH~X HCCneAOBaHHRX AH~$e
peH4HanbH~X /no yrny H 3HeprHH/ xapaKTepHCTHK npOTOHHOrO KOMnOHeHTa noneH 
H3ny4eHHR 3a TOnCT~MH MHWeHRMH H 3a 3a~HTOH yCKOpHTeneH npOTOHOB Ha 3HeprHH 
AO 1 r36, HCnOnb3yeM~X AnR npoaepKH MeTOAOB pac4eTa pacnpOCTpaHeHHR Me*o
RAepHoro HYKnOHHOrO KaCKaAa B Be~eCTBe 3a~HT~ YCKOpHTeneH. PaccMaTpHBa~TCR 

pe3ynbTaT~ CpaBHeHHH pac4eTOB H 3KCnepHMeHTOB; T04HOCTb 60nbWHHCTBa pac4eT
H~X MeTOAOB no a6con~TH~M aenH4HHaM HaXOAHTCR B npeAenax K03¢¢H4He~Ta 2~3. 

Pa6oTa a~nonHeHa a 0TAene paAHa4HOHHOH 6e3onacHOCTH H paAHa4HOHH~x 
HccneAOBaHHH OHRH. 

Al e j ikov V. E. , Timoshenko G. N. • 16-82-443 
The Different ial Character i stics of Proton Fields from Thick Targets 
and Beh ind Sh ieldings of Proton Accelerators wi th Energy up to 1 GeV 

The information abour experimental researches of the proton d if feren
tial (vs . angle and energy) characteristics from thick targets and behind 
shleldings of proton accelerators with.energy up to 1 GeV has been syste
matized. These statistics are necessary for the examination of different 
methods of calculation of intranuclear-cascade in shielding matters . The 
results of comparing calculations with experiments are discussed. The 
accuracy of most of the calculat ion methods is wi thin the coeff icient 
l imi ts 2 + 3 . 

The investigat ion has been pe r fo rmed at the Department of Rad iation 
Safety and Rad iation Resea rches, JINR. 

Commu n ication of the Jo int Institut e for Nuc l ear Research. Dubna 1982 

nepeBOA O. C.BHHOrpaAOBOH . 


