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P-1476 

HHKHTHH B.A. 

HeKoTopble MeTO.UH'leCKHe oco6eHHOCTH onbiTa nof"f> ynpyro

MY pacceHHHro C HCnOnb30B8HHeM BHyTpeHHeA MHWeHH CHHXpO 

¢830TpOH8 

B pa6oTe onHCbiBBeTCH MeTo.a MaTeMaTH'leCKoA o6pa6oTKH 3Hep

reTH'leCKHX cneKTpOB npOTOHOB OT.U8'1H 1 H.UYWHX no.a ¢HKCHpOB8HHbiM 

yrnoM C BHyTpeHHeA MHWeHH YCKOpHTenH, 06pa60TK8 ae.aeTCH H8 3BM. 
Pe3ynbT8T Bbi'IHCneHHA - ceqeHHe ynpyroro r-fJpacc eHHHH , 

npenpHHT 06~.QHHeHHOro MHCTMTyTa ll,!\epHbiX HCCJie,nOBRHM~. 
,lly6Ha,l963 . 

Nikitin V,A. 
p- 1476 

Some Technical Details of E lastic pp Scattering 
Experiment Employing an Internal Target, 

' 

A method is proposed for a mathe matical analysis of the 

energy spectra of the recoil protons travelling at a fixed angle 

from the interna l target of the accelerator. The data were ana~ 

lysed on the electronic computer, The purpose of our calculat

tions is to find the magnitude of elastic pp scattering, 

Preprint.Joint Institute for Nuclear Research. 
Duma. 1963. 

OnbiTbi no ynpyroMy P• 

Hf'pSIOT npHHUHnHSnbHYIO pon ! 

pHH - SHSnH3 SMnnHTYllbl pE 

>K9HH!I - nony•!Hno
1 

B 'IBCTHOC 

y npyroMy pSCC9!IHHIO 'ISCTHU. 

HOCTb, ne>K81U8SI B 0CHOB9 D 

M9HTSnbHOf'O 060CHOBSHH!I ~ 

HeaaaHo a pa6oTax 
11 

roro r-P pacceSIHHSI , aaKnlO t 

cpoToaMynbCHH a KS'IeCTBe p • 

acpcpeKTHBHOCTb HOBOf'O MeTO 

Bee aTo nenaeT SKTya 

H 'IBCTH'IHO OnHCSHHOA B pa6 

MaTeMaTH'IecKa 

I . ct>opMynHpoaKa aaa• 

KopOTKO paccMaTpHaae 

H3M9p9HII!I llllcptP9p9HUHSnbHI 

nepBH'IHOf'O npOTOHS 3 i IQ 

I!MnynbC npOTOHOB OTllB'IH ,., 

3 MK - nOM9lll9HS B np!IMOnE 

9MynbC HOHHbtMH CTOOK8MH, ) 

PeaynbTSTOM 3MynhCHC 

HllYllliiX C MHW9HH nOll onp 

KSCKSllHbl9 'ISCTHUbl 113 !Ill9' 

MO>K9T 6biTb 113M9p9H 0Tll91 

'ISCTHU no HMnynbCSM (HnH 

pacce!IHH!I p+p ... P+P . r 



Bee.geHHe 

O nbt T bl no yn p yroMy p acceSJHHlO 'ISCTHU co epeMeH 3HSMeHHTblX onbtTOB Pe3ep¢op.na 

Hrpa!OT npHHuHnHanbHYlO ponb e tPH3HKe aneMeHTapHblX 'IBCTHU. Hoeeawee pa3 BHTH e T eo

pHH - SHBn H3 BMflnHTY.llbl p acCeSIHHSI B KOMnneKCHOII ·nnOCKOCTH MOMeHTS KOnH'IeCTBS .llBH

)I{eHHSI - nony'IHno
1 

B 'IBCTH OCTHI CBOe 3KCUepHMel;ITSnbHOe anpo6HpOBSHHe HB .llBHHblX no 

ynpyroMy pBCCeSIHHlO 'ISCTHU, <l>yH.llSMeHTBnbHBSI f'HnOTe3S C OBpeMeHHOA TeOpHH - npH'IHH

HOCTb, ne)I{81UBSI B OCHOBe .llHCnepcHOHHblX COOTHOWeHHII, Tpe6yeT .nanbHeAwero 3KCne pH

M6HTBnbHOf'O 060CHOBSHHSI nyT eM HCcne.llOBBHHH SMnnHTY.llbl ynpyrOf'O p8CC6HHHH 'IBC THU, 

He.naeHo e pa6oTax 
11 •2 •31 

6bina npe.nno)l{eHa HOBBS! MeTO.llHKB HCc n e .noeaHKH y npy

roro f-P pacceHHHH, 38Knl0'1Sl01UBHCH B HC nOnb30BSHHH BHyTpeHH e ll MHW e HH yCK OpKTen R H 

/ 4/ 
¢oTo3MynhCHH B KB'IeCTee perKcTpaTopa npoTOHOB OT.llS'IH. B pa6o T e . .noKS3 biBSeTC H 

3tPtP6KTHBHOCTb HOBOf'O MBTO.ll8 .llnSI HeorpBHH'IeHHO 60nbWHX 3 H e p r HII nepBH'IHOf'O ny'IKS , 

Bee 3TO .nenaeT SKTyanbHbiM .nanbHeAwee o6ocHOBBHKe MeTo .llHKK, npe.nno)l{ e HH o A 

H 'ISCTH'IHO OnHCSHHOA B pa60TSX /!,2/ 

MaTeMaTK'IBCKBSI otSpa6oTKa pe3ynbTSTOB 3MYnbCHOHHblX H3MepeHKA 

I. cf>opMynHpoeKa 3B.llS'IH 

KopoTKO paccMaTpHBBeMSR MeTO.llHKB 3SKnlO'IBeTCSI e cne.nylOtUeM. PewaeTCR 3a.naqa 

H3MepeHHSI .llK<P¢epeHUHBnbHOf'O Ce'IBHHSI peBKUHH f+f -# p + p e HHTe peane 3Heprnll 

nepeH'IHOro npoToHa 3 i- 10 Baa . Oco6oe BHKMBHHe y.nenSieTCSI M BnbtM yrnaM pacceSIHHSI 

HMnynbC npOT OHOB OTJl8"1H N 70 Mae/c. MI<weHb - nonH3THneHoeag nne uKa TontUHH o A 

3 MK - noMetUeHa B npSIMOnHHeltHbiA y'IBCTOK YCKOpHTenSI, npoTOHbl OT.llB'IH perHCTpHpylOTCSI 

9MynbCHOHHbJMH CTOfiK8MH, y,naneHHhiMH OT MHWeHH H8 p8CCTOSIHHe i'V3 M. 

Pe3ynbTSTOM 3MynbCHOHHbiX H3MepeHHA HBnHeTCH HMnynhC'l.biil cn e KTp 'ISC T HU , 

H.llY1UHX c MHWeHH no.n onpe.neneHHbiM tPHKCHpoeaHH biM yrnoM. B 3 TOT cneKTP .llBlOT BKna.n 

KBCKB.llHbie 'IBCTHUbi H3 H.nep yrnepo.na . KaK noKS3BHO e pa6oTax
1 1

•
31

, yrne p o .nHbiii ¢oH 

MO)I{eT 6biTb H3MepeH OT.llBnbHO H Bbi'ITBH , 0cTBBW66CH nocne Bbl'IHTSHHR pacnpe.nene HH6 

'ISCTHU no HMnynbCSM (HnH npo6eraM) eCTb CneKTp npOTOHOB OT.llB'IH OT p e BKUHH ynpyrOf'O 

paCC6HHHR p+p -+ (.>+P . nonHOe 'IHCnO 'IBCTHU B 3 T OM cneKTpe .A/ nponOpUKOHBnbHO .llHtP-

3 



~epeHUHanbHOMY eeqeHH~ ynpyroro f.Ptb) paeeeRHHR B na6op aTOpHOI! eReTeMe KOOpnHHaT 

{!fif;} n.:: OnHaKo a aenHqKHY .AI Heo6xonHMo aaeeTH HeKoTopble nonpaaKR. 

a) MHweHb HeonHoponHa no TonwHHe (eM. pRe. I). YqaeToK a.., HMeeT TonwHay 

"' 3 MK, yqaeToK Q,.t"' 6 MK. CpenHHI! n po6er npoToHoa oTnaqH a HHTRXI N22 ""' 25 MK, 

a B HHTSIX Nl l epenHHI! npo6er a aaHeHT OT yrna BbifieTa npOTOHa OTnaqH H ne>KHT B npe

nenax 80 -f 140 MK , VfMnynbCHb!e paenpeneneHH SI .npOTOHOB OTnaqH OT pa3Hb!X yqaeTKOB 

MHW9HH no-pa3HOMy aaaHeSIT OT yrna H86n~neHHSI H eyweeTB9H HO paanHqHbl no ~OpMe, 

TaKHM o6p aaoM aoaHRKaeT aanaqa BhiqHemiTb HMnynbCHblA eneKTp npoToaoa oTnaqH, Hny

wHx OT pa3Hb1X yqaeTKOB MHW9HH, H Ha i!TH BKnan yKaaaHHhiX yqaeTKOB B OeHOBHOI! ua6n~

naeMbii! a~~eKT (nneHKa tz.
1 

). 

6) DnR ManbiX HMnynbCOB oTnaqif (npo6er a aMynbCHH -v 50 MK ) ua6n~naeMbi e 

CfieKTpbi CT8HOBSI TCH HBCTOnbKO WHpOKKMH 1 lfTO 38MeTH8SI .llOnSI npOTOHOB nona.aaeT B o6-

naeTb oqeH b Man biX HMnynbCOB ( H npo6eroe), rne perHeTpauHSI seneTeR c nnoxoA a~~eK-
/~ 

THBHOCTb~ H, KpOMe Toro , B9fiHK ~OH HCI18pHT9fibHbiX qaeTHU OT Rnep c , no 3TOI! 

npHqHHfl uenecoo6pa3HO Bbi6paTb OIJTHMafibHY~ rpaHHUY o6 peaaHHSI CI19KTpa eHH3Y, a Ha o.,-

6puLli9HHy~ qaCTb BB9CTH nonpaBKY , 

HH>Ke BbiBOnSITCR ~opMynhi HMny n bCHbiX cneKTpoe npoToHos oTnaqH, 

2. BbiBop ¢opMynhi cneKTpa npoTOHOB oT,qaqH 

nyCTb Ka>KnbiJi 3fi9M9HT MHW 9H H H3nyqaeT qaCTHUbl C KMnynbCOM fl' H yrnOBbiM 

pacnpeneneHK9M ~""" (f/9- &?)• lJ:HCfiO npOTOHOB, nonaBWKX Ha npOCM a TpHBaeMbl l\ yqaCTOK 

:aMynbC HH .~~~ C 3fi9M9HTa MHW 9HH tt.eJeM. pH<:,2), 9CTb 

rk.N = llt jl-~f~- e"')M 
~It)- 6, fl.) ~fl) 

Co seen MHWeHH qHcno npoToHos c HMnynJf&~ f eeTb 

I J (1. , r"!&J~/ 
.H(f1 =a. ~ftJ- @,ftJ] o tit ~rtf"' {~- e~)ttB ' 

a..- paaMep MHW9HH 110 nyqKy, npaKTHqe<:KH HHTepean tJf}::: 19.~·c9., oqeHb Man, TaK 

-:-' 2 MH,noaToMy HMeeM 

/'l _ &.,/e)+~ (e) 
C'l'e - :t, 

KaK yqacTOK npOCMaTpi<B aeMOl\ 3M YI1bCHH ,o4 ~~ 
(1. 

.H(p} = ~ 1 {!"(Be- ~),u 
~ . 

none3HO npoeeeTH H9KOTOpb19 npeo6paaoeaHHSI, 

(I) 
) 

x/Ce q e HH 9 (~) CBR3 aHO 1/tp n .c . 
xopowo HaaeeTHoll ~pMynoll e ceqeHHeM(o£-G ) 

~IJ/ e.u .M ,1 

06biqHO ~HrypHpy~lllH M B T90pHH , 

4 

I ~ 

t 

Vf3 reoMeTpHH HM99M a 
TaK KaK .!!:!. q.f( CM, pHC, 

:;t 

.e .: t + :t-t 

e~.= IVU ~ :r 
@1 .:: IUt/'J 

;t,-(J. 

z 
a.. e ~&() + i:E 

~ 

4.. 
&f ~ 61() - LZ t 

noene npeo6pa30BaHHSI ~Op• 

~ #(?}=.;; ~t9p• 

Tenepb HaAneM sHn ~ 

,a e n e HHe npOTOHOB OT.08'1H, e 

9CTb ~YHKUHR raycca C nHC 

3necb KOHCTSI!Ta 12 M 

21 Mae ) noKS3biB8eT, qTo H 

KpaTHOrO paCC9SIHHSI HS IJIJOCI 

M8Tepuana MHWeHH. C - no1 

HanpHMep, eornacHo pa6oTe 

napcHR nyqKa uepeHqHbiX npG> 

¢yHKUH~ ~ ~1}~-tr

/r- (~- ~)= t J {i. 
KaK noKaaanH KOHKpeTI 

HHTerpanbHbil\ BHn nnst 1/" { 
BO.llHnO K OTnHlfHro OT T OlfHOr 

HHSI peaynbTSTOB pacq~TS C 

Ha COOTB9TCTBY~lllKA HMnyn> 

MSTHKK ynpyroro p-p pac 

3HeprHH nepeHqHoro npoTOHa 



l8TOpHOA CHCTBMB ll00p.llHH8T 

•TOpbiB TIOTip8BKH , 

.8CTOil a., HMBBT TOnlllHHY 

J.8'1H B HHTHX J'>62 """ 25 Mil, 

roaa OT.Il8'1H H ne>KHT a npe-

r.ll8'1 H OT paaHbiX yqacTKOB 

.euao paanH'IHbl no ¢opMe. 

eKTp npoTOHOB OT.Il8'1K, K.lly

y'laCTKOB B OCHOBHOA na6mo-

"" 50 MK ) Ha6nJOJl8BMbiB 

:H npoTonoe nona.llaeT a o6-

IHH BBJlBTCH C nnoxoA a¢¢eK

OT HJlBp C /j• no 3TOA 

~HHR Cll9KTp8 CHH3y , 8 H8 OT-

)HOB OTD.SqH . 

B OTA8'1H 

IMnynbCOM fl' H yrnOBbi M 

1a npocMaTpHaaeMbiA y'laCTOK 

1 

r @,\- (;1 O'IBHb Man, T8K 

TOMY HMBBM 

re)+~fi} 
:t, 

(I) 

ynoli C CB'IBHHBM(_~~) 
Ol.fUI' c.u .M •1 

I 

r 1 

Y!a reoMeTpHH HMeeM 

TBK KSK .!!:!_ q.f( eM . pHc. 2 I. 
:;t 
.e.= t + ;ttl (;/) ) 

e~.= tvU; -r :r. (JIU, ~ (~4 +a) 
e, ::. 11/U ~ ~fl. = a-u,~ (t1 ~ - f:z) 
e~~r;o + ~~ us2. r-, r;,) l 
& ~ () - ..!!:::._ U41. f-tl &,) J 

t o .t,Z 
nocne npeo6pa30B8HHH ¢opMyna (I) HMBBT BH.Il 

~ sf)s. .I 

1 

, 

(2) 

(3) c;;s~p 84 Tl£ f o, -eft J d e ~ 
Tenepb H8ll.lleM BH.Il ¢YHKUHH f'f" {9~- 6'f~J. MbJ npHI;lHMaeM, 'ITO yrnoaoe pacnpe

.n.eneHHe npOTOHOB OT.D.8'1K, Bbl119T8lOWHX H3 TO'IKH MHW9HH , pacnonO>K9HHOA: H8 rny6HH9 t:, 
eCTb <PYHKUHH raycca c JlHcnepcHell ~~ -= '](, (f'11: + o/. L 

·~/..) =[1}, {1-E)N-,Ij~ L = 
IP; 1" ~e tl) 

3JlBCb KOHCT8HT8 12 Maa lBMBCTO H3BBCTHOA KOHCT8HTbl MH01"0Kp8Til01"0 p8CCBRHHR 

21 Maa) UOK83biB8BT, 'ITO H8C HHTepecyeT CpBJlHRH 8pH¢MBTH'IBCK8R npOBKUHR yrna MHOI"O

Kp8THOI"O p8CCBRHHR H8 nnOCKOCTb pe8KUHH ~P-- .. /J-ff> • t.- p8Jlli8UHOHH8H t;HH8 

M8TepH8118 MHll19HH. c - nonp8BK8, KOTOp8SI OT11Ht{H8 OT Hy11SI .Q11R QqeHb M81lbiX • 

/5/ c', 1: -3 :t o 
HanpHMep, cornacao pa6oTe , JlnR ~ , npH - :={() ,£ = 0, /~ j c(. - yrn oaan a"c-

-1;11 
nepcHH ny'IK8 uepBH'IHbiX npaTOHOB. 

<l>yHKUHIO -~~ ( {}-e- Pl")nony'IBBM ' K8K cynepn03HUHIO pacn{le.lleneHHll raycc a 

r ~ · _ (9e- fYeL!:. 
A r~- &. J- .L J "' '"' e .t(:£g..)b ~:~.) 4 
I" e /".-Co {b; V':k,[f")t+«-~ 
KaK noKaaanH KOHKpeTH biB Bbi'IHCneHHH, a Hewell 38Jl8 '1e Heo6xoaHM O 6binO 6paTb 

~HTerpanbHblil BH.Il JlnR II" {tie- t91"} . Y!cnonb30B8HHB npOCTOll <PYHKUHH raycca npH

BOJlHno K OTnH'IHIO OT TO'IHOI"O peaynbT8T8 H8 38MeTHYIO BenH'IHHy. LlnH Yll06CTB8 Cp8BHe

HHR peaynbT8TOB p8C'I~T8 C 3KCne pHMBHTOM noneaHO 38MBHHTb yrnoaylO nepeMeHHyJO ~ 
H8 COOTBBTCTBYIOlllHA HMnynbC i{l)jt,-:0. -3To nHHel!HOB COOTHOWeHH e BbJTeKae T H3 KHHe

M8THKH ynpyroro 'f-p pacceHHHH. Koa¢¢HuHeH T nponopuHoHanbHOCTH l~) aaaHCHT OT 

3H9pi"HH nepBH'IHOI"O npOTOH8. 
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VIHTerpan a n ocne.aHell cj:>opMyne 6epeTc!l n o 'iBCT!IM L /'1• 
{ 

' .t f 'JC,t.(t- .... 7 ltv ()/"')= (:k.fN-t(} j-a/,~ . {.fi ~ - .t,(:f(,flt1-4+«.')j 

~ ~r- ~t't{- H.LJ - *lf-/'l[~r~tJ-NJ-
~~ . ftll/,.t. ~' 

~("il-~1 Hl-.iL (_ric_) ; fPf1=~Je-/J.t4 
r'Jtfr74+4~JJJ :tt:(/'j' l~~~/'1' fii o 

(5) 

C 6eCKOH91.fH O MBnOrO aneM9HT8 MH-

weHH 

3TO 9CTb I!MnynbCHbl ll cneKT p npOTOHOB OT.IlB'iH 

de (Jl = Oe,) . (t - TOn!llHHa MHUJeHH . 

no C p8BH9HH 10 C np9.1lbl.llYLU9ll cpOpMyno JI 3 .1l9Cb 9lU9 .llOnHCBH MHO>KHTenb( f) 
_ j. 1114' , KOTOpbtl! B 06LU9M cny'iB9 9CTb cpyHKUH!I HMnynbCB. 

--
-7(, tJ,~ 

B HaweM c ny'iae ::: o Kaaanocb no'iTH 

COB 5 0 <ff,<. \20. Ha OCHOBBHHH (2) , (3) 

nOCTO!IH HO JI B9n H'iHHOJI B HHTepaane HMnynb

H ( 4) OKOH'iBTenbHO IIM99M cpopMyny Jln!l 

Bhl'IHC neHHH c n e KTp8 npoTOHOB OTa8tJH : 

.#{fj = 1 =~"'~1 '1.1'(1-fJrl1 .,, 
a.. 'l.ll. -It', = 1'- - al e4l$ -,r, ro 
a.. 21. 

p,~, = 1r. + i:fii ~ "1Co ~ 
nepe'i i!CnHM eme p83 npHH!ITbl9 3.1l9Cb 0603HB'i9HH!I:· 

Q.r p83 M9p MHllJ9HH-nneHKH B.ll On b ny'iKB 

:1,- p8CCTO!IHII9 OT MHUJ 9H H .llO 3MynbCHH n o HOpMBnH K ny'iKy; 

(6) 

-11, - MHQ)KHT9nb, C llOMOUl biO KOTOpOrO KHH9M8TH'I9CK09 COOTHOW9HHe yron-HMnyn bC .nnH 

npOTOH8 OT.ll8'Uf MO>KHO 38llHC8Tb B BH.Qe: 

~=e j 
ttl- HMnynbC, o r.pe.aeneHHbtll paaeucTBOM 

~ jt. = -,t (eM. pHc . 2) 

I 

~ (f-/'1 (eM . COOTHOUJ9HH9 (5) ) . 

0TM9TH M , 'iTO CneKTp .AI(p ) npOTOHOB OT.IlB'iH, HB6n!O.Il89Mb!X no.ll cpHKCHpOBBHHb!M 

yrnOM K n e pBH'iHOMy ny'iKY .lln!l MBnblX flo ( J"f'"" 60 M3B), H9CHMMeTpH'i9H H MBKCH

MYM C.llB HHYT OTHOCHT9nbH O Jto B C TOpOHy 6onbUJHX HMnynbCOB, 

6 

t 

3. Bbt'iHcneuHe nonp 

<l>opMyna (6) noaaon11eT 

C !l B n1060l! o6nBCTH MHUJ9HH 

UJ9HH ( a; - OCHOBHB!I MHUJ 9 Hb 

KO *HHTH•) Bbl'iHCn!leTC!I C n~ 

ny'iKB H p eaynbTBTOB B3B9UJI 

.aenHnH T8 tt>Ke nonuoe ttHcno t 

M9p!1!1 H8B9.1l9HHY10 ) - BKTH 

'iH npHB9.1l9Hbl HB pHC. 3 H 4, 

BKnB.ll B C9X OC TBnbHblX Y'<BCT 

H9T01.fHOCTH Bbl tJHCn 9 HHH HHTer 

BW'iHCnHTb nonpBBKY HB HHTH 

TOHOB OT.IlB'iH. KpHBble .AI(~ 
( 

n erKO nony'iHTb cne)ly!O 

. 'f ) Jl::~u~ . ~ 
3.aecb "I!""Tbt cne.ay~He 

.l, .: ~ ".N,"r- + Jp!,..N'' 
t'.¥,tlft-

p!D dO I 
\ - {/~r ~ + J tt-.-v'z;..!-. 
"-'-- [.)/: ~ 
H 

6 
- '<HCno npoTOHC 

Ha.On!O.Il. #D 

.1/::j.N,Jr- +];!_ + -HCKO' 

o ~ E .o 

H=il1 ~ 
3.aecb .i/ KoacpcpHUH9 HT nponc 

ny'iKB. 

0UJH6Ka nonpBBKH t B 

A~.:{z.ll_? r 'i ,A, ') 

6ij = 4Ai .&Ai 



(5) 

OHC8H MHO)f{HTenb( f) 
.wynbCa. 

lH'IHHOA B HHTepaane HMnynb

·enbHO HMeeM cj:JopMyny JlnH 

(6) 

A. pKc.2) 

aeMbiX OOJl cpHKCKp088HHbiM 

H M8KCH-

:: oa. 

3. Bbi'IHCneHHe nonpaBKH K Ha6nJOJl88MOMY 'IHCny npoTOHOB oT.gaqH 

<l>opMyna (6) 003BOnHeT Bbi'!HCnHTb HMnynbCHbiA Cn8KTp npOTOHOB OTJl8'1H, pOJlHBWHX 

C£1 B n1060A o6naCTH MHW8HH (eM. pRe.!) . 0THOCHT8nbHhiA BKnBJl OTJl8nbHbiX o6naCT8A Mil

weHR ( ~- OCHOBH8H MHWeHb, BCe OCT8nbHbl8 '18CTH Mbl H83biB8eM 8 Jl8nbH8AWeM KOpOT

KO •HHTH•) Bbi'IHCnHeTCH c npHaneqeHKeM npocTpaHCTBeHHoro pacnpeJleneHHH ycKopeHHoro 

ny'IK8 H peaynbT8TOB B388WHB8HHH OCHOBHOA MHW8HH II HHTeA H8 MHKpoaecax. M&l onpe

Jl811HnH T8K)f{e nonHOe 'IHCnO B38HMOJl8ACTBIIA nepBII'IHOrO ny'!K8 B MHW81111 H B HHTHX, 113 -

MBpHH HBBeJleHHYIO j& - BKTHBHOCTb & II • THnH'IH&Ie HMnynbCHbie cneKTphl npoTOHOB OTJla

'IH n'pHB8Jl8Hbl H8 pHC. 3 H 4 . .At, - cneKTp OT OCHOBHOA MIIW8HH a, , ~- CyMM8pHbiA 

BKnaJl Bcex ocTBnbH&IX yqacTKOB . HeKoTopaH HeperynHpHOCTh Kpl!aoA Ha pHc.3 o6HaaHa 

HeTO'IHOCTH Bbi'IHCneHHH HHTerpana B cj:JopMyne (6). KaK yKaa&IBanocb Bb!We, Heo6xOJlHMO 

Bbi'IHCnHTb nonp8BKY H8 HHTH H H8 o6pe38HHYIO '!8CTb C08KTp8 K H86nJOJl88MOMy 'IHCny npo

TOHOB OTJl8'1H. Kpi!Bbl8 .AI(/1 003BOnHIOT 3TO CJlenBTb, 

r 
nerKO nony'IHTb cneJlyJOWyJO cpopMyny nonp8BKH; 

J= (7) 

3JleCb ni!HSITbl cneJly~He 0603H8'18HHH; 

- 1 "'.N,~ + 1,.-#,#lft; 
"",- 0 ?-A~,dp-p;:,. If - o6pe38HH8 C08KTp8 OCHOBHOA MHWeHH, 

1~ ~~ +Jt/0 ~ -f",A.IIf, - np8B8H H neB8H rp8HHUbl o6pe38HHH, .,0 

""= () r .....,- l?ttt_:. z;._~ o6pe38HH8 C08KTp8 HHTeA, J__ ~ ~ 
- r.N'z: """' OTHOCIIT8nbHblA BKn8Jl HHTeA -"a= -.:0~----- ) 

1~~ 
(J N - '!Hcno npoTOHOB OTJlB'IH a Ha6nJOJlBeMoA 'IBCTH cneKTpa . 

HB~nJOJl. ,0 

./1-:jJI,+ +f~+ - HCKOM8H B8nH'IHH8, CBSI38HH8SI C Ce'leHH8M ~ 
o , ..0~ I - --,-

H = .II_[ ~ .).!(/") ~ = .II'%, (8) 

3Jlecb K03cpcp11UHeHT nponOpUHOH8nbHOCTH, onpeJlenH8MbiA MOHIITOp11p088HH8M nepBH'IHOrO 

ny'IKB. 

6":. 
'J 

Bbi'II!Cn!leTCH no 06bi'IIIOA cpopMyne 

(9) 

- p . . A ..l A~ . 
- J 'J " i J 



~- M8Tp11U!l OWII60K, .. ~, - OWII6K8 nap aMeTp8 AL , f ij' 06bt'lHO H83bl8810T Koa¢

tPIIUIIeHTOM KOppenliUIIII napaMeTpOS /l~ II ).i, 3 TH s enH'IHHbl T8K>Ke MOryT 6b!Tb OU&H&-

Hbl Ha ocHosaHHII KpHsbtX .K(Jt? . Ow116Ka nap aMeTpos AI 11 A,t.onpe.nenH&TCH owH6-

Koll nono>KeHIIR M8KCHMYM8 aKcnep11MeHT8nbHOll riiCTOrpHMMbl pacnp e.neneHIIH .A'fJ11, 'U.1 

* .A* cne.QOS8TenbHO, TO'Il;IOCTbiO, C KOTOpOi! 113SeCTHbl rp8H11Ubl o6pe38HHR f"o~~ " ,-, . 
B Ta6n11ue I .nn11 llnnJOCTpHUHII oniiC8HHoro MeTo.na npHse.neHbl HeKoTopble uH<flpbt, 

tP8KTH'IeCKII nony'leHHble S O.llHOM 113 HHWHX aKCUepHMeHTOS (aHeprH!I n&pSH'IHOrO ny'IK8 

6 B as) . 

Ta6n11ua 

R. ,.. e• A, A.t, Ai J (tr).N 

HI< Mas c.u . M. --c--

37, 5 5S• , 3 2, 30 0, 366: 0, 052 0,696:0, I9 I , 68I:O,I38 1039_!107 

55 , B 68, 5 2, 50 o, I44 :!:o, oro 0,533:0,037 
0 

I028:59 N I , 235+Q1 Q25 
0 -

75, 8 75 , 7 2, 87 0, 081:!:0, 008 0, 379:0, 009 9~ I, IJ2:0, OIJ I062:56 
l.C'I 

109, 3 8'f , 7 3, I2 0, 067: 0, 007 0, 354:0, 037 ~ I, II3:0, OI6 II09+52 

136 , 0 90, 5 3, 87 0, 062: 0, 004 0, 333: 0, 037 0 I, I04:0, OI3 I284:69 

KaK noKaabtBaeT aTa Ta6nllua, .llnR yrnos {) ~ 3° nonpasKa ce . .llOCTHraeT 
c . u .M ~ 

3H8'1HTen bHO:A aenH.l{HHb1 1 H BblqHCneHHe ee JJ.On>KH O 6biTb c,aenBHO C M8KCHM8nbHOA OCTO p o>K -

HOCTblO. 

Ha116onee cna6btM MeCTOM npHse.neHHbl X a .necb pacqj! Tos liBnsteTC!I npa) HnbHbiA sbl6op 

yrnosoro pacnpeneneHHll MHoroKpaTHO pacce!IHHbiX qacTIIu: tPYHKUIIR ~~ s <flopMyne (I) . 

B Hll.CTORWell pa6oTe Mbl npe.nnono>KHnH, 'ITO yrnosoe pacnpenene1111e nyqKa qacTHu , npo

wenwHx MIIWeHb onpe.neneHHOl! TOnWHHbl -t , eCTb cPfHKUH!I raycca , JliiCnepcHR KOTOpOll 

onpe.nenl!eTcR aKcnepiiMeHTanbHO (oKOH'iaTenbHOe Sblpa>KeHIIe .nnR If" nae TCR <flopMynoA 

( 5), .llllcnepc nR pacn peneneHIIR f/" onpe .nenneTCR napaMeTpoM J< ) . 

O.au aKo SICHO, 'ITO .anst MBnbiX -e H 6onhwHx yrnoa pacce.RHHst qacTHUbi HCllhiTbiBBJOT 

He MH Or OKp8THOO pacCeliHHe , a nocn e.QOB8TenbHOCTb HOCKOnbKHX OJlHOKpHTHblX p8CCeliHHi!, 

B aToM cnyqae c.n onaHHOe HBMH npennono>KeHHe Tpe6yeT nposepKII, 

C 3TOI! u enbJO 6btn cnenaH npH6nii>KeHHhiA pacqj!T n onpasKII ~ , s Ka'lecTse It 
8 

6bln0 HCUOnb30BaHO .nH<fl<fle~ 

Peaep¢op.na I . 3TH oueHKH n 

MO>KeT npe Sb!W8Tb HCTHHHYIC 

4. Bbt'<Hcnef. 

On11caHHhti! sblwe MeTo.O 

WHe H e .O.OC T8TKH: 

a) owH6Ka s nono>KeHIIH 

T8T8; 

6) HeT KpHTepllll npasHn> 

pa.nl!'aUIIOI!HOi! )lniiHbl MaTe pll al 

8) B peaynbTBTe Bbl'ii!Cn< 

qHH8 !!:! no 3H8"1HT9nbHOMY 

paapew~e MeTo.na; 

r) Ko a<fl<PHu HeHThl KOppe n 

Ka llOUpBBKH 4 ] Bbl'IHC!l!leTC! 

3TI! HeJlOCTaTKII Mbl yc 

Tallbll b!X cneKTpOB npOTOHOS OC 

Paano>KHM HCKOMOe ce4 e 

!!!:£.. .:" Oo 
t1fv 

no.QCTaBI!M :;>TO Bbtpa)!{ eH 

no <flopMyne (7 ), Tene p b aaBH• 

.)/(I'?= ,#D ( f",f"',~ J< 

Bee 4eTbtpe napaMeTpa ) 

WIIX KBanpaTOB 113 3KCn epHMe H 

OllTHManbHOrO cneKTpa .N{pjc 
KOnH'IeCTBeHHO no KpHTepHIO 

<flYHKUIIH {/" s <flopMyne ( I ) . 

PeaynbTaTbl Bbl'<HCiieHHR 

TOS HnnJOCTpHpyiOTCR p11C,5 II 6 

B Hac TonweM aKcn e piiMet 

KynuocTH aKcnepHMeHTBnhHhiX . 

11 10 63s
1

K 6btn 11asecTeH c x • 



lL , f ij' 06bt'IHO HB3bt8BIOT KOSqr 

aenH'<HHbl TBK>Ke MoryT 6btTb oueae

>B AI a A,tonpe.llenHeTCII owa6-

paMMbt pacnpe.lleneHHII .A'(J'1. '1(..
1 

llbl o6pe3BHHII 41_* .A_. ,-.., " ,-, . 
lB npHBe.lleHbl HeKOTOpble UHtPphl , 

HTOB (sHeprRII napBH'IHOrO ny'IK8 

,\~ l {tf) N 

9 I ,68I: O,I38 I039;!:I07 

37 
0 

I,2J5: 0,025 (\J I028:59 0 

)9 9, I , 132: 0, OIJ 
U\ 

I062;!:56 

37 ::l I , IIJ:O, 016 II09+52 

!7 0 
I , I04:0, OIJ I284;!:69 

~ 3° nonpaaKa' ~ · .llOCTRraeT 

C.llenaao C MBKCHMBnbHOA OCTOpO>K-

<I! TOB IIBn!leTCII npa)HnbHbtll Bb160p 

l: tPYHKUHII l.p.. a ¢opMyne ( 1) . 

.c npe.lleneHHe ny 'IKB 'IBCTHU, npo

IKUHII raycca, .llHCnepcHII KOTOpOll 

!HIIe .llnll //'- .llBeTCII ¢opMynoA 

~TpOM }( ) ,, 

pacc eH H HR \f:8CTHUbi HCnbiTbiB8JOT 

:>nbKIIX O.llHOKpBTH blX pBCCeiiHHll , 

npoaepKII . 

>npBBKII ~ , B KB'leCTBe ~ 

6bln0 HCnOnb30BBHO .ll HtP¢epeHUHBnbH09 Ce'leHHe KynOHOBCK OrO pacceiiHII!I / ¢opMyna 

Peaep¢op.lla / . 3TH oueHKH noKaaanH, 'ITO ' , Bbt'lncneHHB!I no cpopMynaM /6/, / 7 /, 

MO>KeT npeBbtWBT b HCTHHHYIO nonpaeKy Ha HecKOnbKO npoueHToe .llnll f'-9 < 70 Mae / c. 

4. Bbi'IHcneHne !!:f' no M eTo .lly H8HMeHbWHX KB88p8TOB 

tllfl' 
OnncaHH&IA Bblwe MeTO.Il aee.ll eHHII nonpaeKI! H8 HHTH II H8 o6pe38HI!e HMeeT Cne.lly iO-

lllH9 He.UOCT8TKH: 

8) OWH6Ka B nono>KeHHII rp8HHU o6pe38HHII 3H B'IHTenbHO yeenH'IHBBeT OWH6Ky peaynb-

TBTB~ 

6) HeT KpHT9pH11 npaBHnbHOCTH Bb!60 pa tPYHKUHH ~p. H KOHCTBHTbl pac ceslHHII / linK 

pa.lliiauao uHoA .llnHHht MBTepaana MHWeHH); 

a l..!.._peaynbTBTe Bht'IHcneHHA n onyqaeTCII He c aMo ce'leHHe !Jfi , a cpe.llHllll eena

'IHHa ~ no 3HB'IHT9fibHOMY HHTe peany HMnyn bCOB fCM,(8)/, 'ITO fiHMH THpye T yrnOBOe 

paapew~ite MeTo.lla; 

r) Kos<P¢nuneHThi KoppenHUHH fti e ¢opMynax (9) nnoxo KaeecTHhr, no3T OMY o w«6-

Ka nonpBBKH 4 } Bbl'IHCnlleTCII npH6nH>KeHHO. 

3TH He.llOCTBTKH Mbl yCTpBHHnH, npHMeHHB .llpyroll cnoc o6 06pa60TKH 3KCnepHMeH-

TBnbHbiX cneKTpOB npOTOHOB OT.D.8\fH. 

Paano>K HM HCKOMoe ce'leHHe e Pll .ll Tellnopa , orpaHH'IKBWI!Cb .llBYMH qne HBMII 

no.llCT8BIIM STO Bbrpa>KeH He B ¢opMyny (5) . CneKTp npoTOHOB OT.Il 8 '111, Bbi'IHCnl!eMblll 

no ¢opMyne (7 ), Tene pb 38BHCIIT OT HeCKOnbKIIX napaM e TpOB 

( 10) 

Bee 'leTbrpe n a paMeTpa Jl.• K , cS;, A MoryT 6btTb HBII.IleHbi n o MeTO.Ily HBHMe Hb-

WHX KBB.IlpaToe 113 3 Kcn e pHMeHTanbHOr o cneKTpa .,V /"~\ npoT OHOB OT.IlB'III . C ornac « e 
SKC'rf,'l 

onTHMBnbHoro cneKTpa K(/")c 3Kcn e pHMeHT8nbHOII KpHeoll ..V:Kcn. {/1'} oueHHeaeTCll 

KOnH'IeCTBeHno n o KpHTepHIO j z. . Xopow ee cornacae roeopHT o npael!nbHOCTII Bht6opa 

tPYHKUIIII {/" e ¢opMyne (I). 

Pea ynbTBThi Bhi'!HcneHHll Hauny'lweA KpueoA .#{Mno Me To.lly HBI!MeHbWIIX KBB.Ilpa

TOB HnniOCTpHpyiOTCll pHC,5 H 6. 

B a acTOS!UleM SKcnepHMeHTe napaMe Tp J<. (eM. ¢opMyny (4) ) onpe .llenl!nCll aa c oao

KynHOCTH 3KCnepHMeHT8llbHblX .llBHHblX, nonyqeHHblX np11 SHeprHliX llepBH'IH Or O npOTOH8 6 

H 10 63B,H 6btn H3BecTeH c xopoweA TO'IHOCTblO, napaMe Tp A onpe.llenl!nCll no npe.llaa-

9 



K 
pHTenbHbiM .naHHbJM o ceqeuuu 'iiiji. H TO>Ke 6bm uas ecTeH c .nocTaToquoA TO'IHOCTbJO. 

T8KHM o6p830M, B OKOH'18TenbHOM p8C'i!\Te no M9TO.lly H8HMeHbWHX KB8.llp8TOB B TeopeTH

'IeCKOM cneKTpe ( tO ) TOnbKO .nsa napaMe~pa j"f'J H ~no.nne>Kanu onpe.neneuu10. 3TOT 

NeTo.n pacqeTa oKaaancst secbMa 9<P<!JeKTHBHbiM .nna cneKTpos c -ft.t,~t! O Mss/c. Owu6Ka 

peaynbT8T8 nHWb He3H8'1HT9nbHO npeBOCXO.llHna CT8THCTH'I9CKYJO OWH6Ky 06Wero 'IKCna qac

THU B cneKTpe. Yrnoa~•st paapewaJOwast cnoco6uocTb sKcnepHM9HT8 onpe.nensteTCR owH6KoA 

napaMeTpa ~. CxeMa pac'!!\Ta, onucauuast a nyHKTe 3 , .naeT 3H8'1HTenbHO 6onbwyJO owu6· 

KY .nnst_ cneKTpa, r.ne senuKa nonpaaKa f . CpaBHHTenbHbJe peaynbTBTbJ .naHbl a ·Ta6-

nuue H 

T a 6 n H u a II 

MeTo.n 
R,NK ~ B.() (6',) .N' o6pa60TKH c.u.M. 

MeTo.n 35,7 59 , 2~0,7 2,3:;0, 025 II18+72 
H8HMeHbWHX 55, 8 69 , 2:;0, 5 2,5~0,018 1032+55 
KB8.llp8TOB 

75, 8 76,5:0,4 2,87:0, 014 1070:!;56 

Bae.neuue 35 , 7 59 ,3: 2, 0 2, 3 :0,3 1039:107 
nonpaBKH no 55, 8 68,5~ 1,5 2,5 :0,25 1028:59 
,Pop My ne 16-71 

'75, 8 75,7: J.t2_ 2, 8 :0,21 1062:!;:56 

0TM9THM, 'ITO npHMeHeHHe MeTO.ll8 HBHMeHbWHX KB8.llp8TOB nHWb '18CTH'IHO pewaeT 

BOnpoc 0 npaBHnbHOCTH Bbl6opa cj:JyHKUHK • .[lel!CTBHTenbHO, XBOCTbl 9KCnepHMeHT8nbHblX 

Cn9KTpOB KM910T 6onbWHe CT8TH'IeCKH9 OWK6KHI K cPYHKUKR J~mqero He rOBOpHT 0 CTe

neHH cornacua TeopeTH'I9CKOl! H <> KcnepHMeHTanbHoi! KpuaoA. Mbl .nonycKaeM, 'ITO a uaweJ>,~ 

9KCnepHM9HTe Ha-aa 9TOrO o6cTOSITenbCTB8 B03MO>KH8 CHCTeMaTH'I9CK8Sl OWH6Ka 8 HeCKOnb'" 

KO npoueuToB .nna cneKTpoa c 59 Msa/c ~ ~P ~ 70 Mss/c. 

3 a K n 10 " e u H e 

PeaJOMHpyeM KopoTKO peaynbT8ThJ pa6oTbl. 

OnbJT no ynpyroMy f-p pacceanHJO ua sHyTpeuueA nonusTuneuoaoi! MHWeHH a 6sa

HOA o6nacTH 9Heprlfi! npHBO.llHT K 38.ll8'19 Bbi'IHCnHTb .nu<P<!Jep9HUH8nbHOe Ce'ieHRe ( ~) I'P 
no Ha6nJO.ll89MOMy cneKTpy llpOTOHOB OT.ll8'1H no.n onpe.neneHH biM yrnoM. 

3ToT cneKTP MO>K9T 6biTb y.nosneTaopHTenbHo onucau TeopeTH'IeCKoil cj:JopMynoi! , 

Y'IHTbiBaJOweA cne.nyJO!UHe cj:Ja"Topbl : 

8) MHOrOKp8THOe pacCeSIHHe llpOTOHOB OT.ll8'1H B Be!U9CTB9 BHyTp9HHel! MHWeHH; 

10 

6) reoMeTpHR MHWeHH H 

a) yrnosoA paa6poc nep1 

r) .nmt flo'>200 M9s/c 

B uacTOstWeM onbJTe Mbi 

KY ovl CM. Ka>K.llbll! HMnynbC> 

'V !QQQ '18CTHU (nocne Bbl'IHT81 

nJOqHTb: 

a) o6pa6oTKa cneKTpos 

6) Bbl'IHCn euue (~,pF 
CHCT9M8TH'l9CKylO OWH6Ky 8 H 

a) npoae . .neuue 9KcnepHiv 

.no fle"'BO M9a/c Tpe6yeT uc 

IOWHe HHTH He .llOn>KHbl CO.llei 

HacTostwaa pa6oTa npar 

TeXHHKII . AaTop 6naro.napen c 

11. CMupuoaoi! aa noMOLUb B 1 

BonbWOi! BKna.n a pa6oT 

I. B.Bekker et al 1962 Hig 

2. B.A. HKKHTHH II .np. npe 

3. ll.<l>. Kllpllnnosa H .np. r 
4. B.A. HHKHTHH II .np. )K3T 

5. Barkas UKRL - 8030 ( l 



M9HbWHX KB8.llp8TOB B T90p9TH

l U9>K8nH onpe.aeneHHIO. 3TOT 

10B c "/to-£110 M ae /c. Owu6Ka 

•C KY IO OWH6Ky o6wero 'lHCna 'IBC-

pHMeHT8 onpe.aenii9TCII OWH6Koll 

aeT 3HB'lHTenbHO 6onbWY10 owu6· 

ue peaynbT8Tbl .ll 8Hbl B "Ta6-

II18: 72 
1032::55 
1070:56 

1039::107 
1028::59 
1062: 56 

lpBTOB fiHWb 'lBCTH'lHO peW89T 

XBOC Tbi 3KCIT9pHM9HT8nbH biX 

J~H'lero He r oaopHT o c Te-

a. Mbl .aonycKaeM, 'ITO B Haw eM 

r eMBTH'leCKB!I OWH6KB B HeC KOfib'" 

3a/c . 

UOfiH9THn eHOBOll MKW eHH B 6 sa

>epeHUHBfibHOe Ce'leH Ke ( S!) 
.,~ I'P 

aHH biM yrnoM . 

< TeopeTH'leCKoll tl>opMy noll , 

!CT Be BHyTpeH H e A M HW9 HH ; 

6 ) r eOM9TpH11 MHW9HH H UO.ll.ll9p>KHB810WHX ee HHTell; 

a ) y r noaoa paa6poc nepBH'lHor o ny 'lKa} 

r ) .an11 flo"1'200 Msa/c c TaHOBHTCII aaMeTHbiM c.TparrnHHr a sMynbCHH. 

B H8CTOII WeM OR biTe Mbl pa60T8nH C MHW eHbiO TOn WHHOll ""' 3 MX H paaM epOM no nyq

KY ... 1 CM. K a>K.llbl ll HMnynbC Hhl ll cneKTp npOTOHOB OT.llB'lH c TpoHnCSJ Ha cTaTHCTHKe 

"V' 1000 'l8CTHU ( nocn e Bbi 'IHTSHHII yrn epO.llHOrO tPOHa) . npH 9THX ycnOBHllX Mbl MO>KeM 3 8K-

a) o6pa6oTKa cneKTpoa c p.~ 100 M sa/c He npe.ac TaBnlleT Tpy.aHoc Te ll ; 

6) Bbl 'lHCneHHe {~IP.an11 cneKTpoa 59 M sa/c :5 f•::: 'it> Msa/c MO>KeT co.aep>K BTb 

CHCTeM8TH'l9CKYIO OW H6Ky B H9CKOnbKO npOUeHTOB ; 

B) npoae . .aeHHe 9KCnepHMeHTOB C OTHOCHTenbHOtl TO'lHOCTbiO B ~ 2 f 3% BnnOTb 

.ao ~"'60 M sa/c Tpe6y eT HCOOnb30B8HHll MHW eHH TOnWHHOll ..... I MK. n o.a.aep>KHaa-

IOWHe HHTH He .aon>KHbl co.aep>KBTb ao.aopo.a. 

HacTOHWBll pa6oTa npaKTH'leCKH HeBbmonHHMB 6ea coapeM eHHOll Bbl\Hc n HTenbnoA 

T9XH HKH. AaTo p 6naro.aapeH COTPY.llHHK8M BU OVIHVI T . P bl fi bUOBOll , VI. n onoaoll H 

ll . CMHpHoaoA aa noMOWb B nporpaMMHpoa aHHH. 

E onbwo ll BKna.a a pa6oTy BHecnH B . CaHpH.aoa, ll. K HpHnnoaa H M. W att>p aHoaa. 

Jl H Te p aTyp a 

1. B ,Bekker et al 196 2 H ig h Energy Cont. CERN1 p,5 8 2, 

2. B.A . HHKHTHH H .ap. npenpHHT O VI H VI 1084, .Lly6Ha) 1962 ; nT3 ( a ne'IBTH) . 

3, Jl,<l>. K Hpllnnoaa H .ap. n penpHHT O VIH VI .Ll-1 329, .Lly6Ha) 1963 ; )1(3T<l> ( B ne'IBTH) , 

4 . B,A , HHKHTHH H .ap. )1(3T<l> ( a n e 'IBTH ). 

5, Barkas U K RL- 8030 ( 1958 ). 

PyKonHc b nocTynuna a Ha.aaTenbCKHA oT.aen 

27 HOH6 pll J963r. 
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PHc. 5 H 6, 3KcnepHMeHTBnbHhlll cneKTP no npo6eraM B 9MynbCHH 
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