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OrrHcbrsaeTCSI aa6poc rryqKa rrpoTOHOB aHeprHH 9 Bas Ha MHWeHH 1 OTCTOSIWHe 

HB "'V 70 CM OT ueHTpa KBMepbi CHHXpocpaaOTpoHa. ( PaaMep KaMepbi IIO ropH30HT8JIH 

200 CM 1 IIO sepTHK8JIH - 40 CM ). 

Cn.enaHa IIOIIbiTKB oueHHTb C IIOMOWbiO- BOLI.OpOLI.HOi!: MHWeHH IIOJISipH38UHIO B yrrpy-

rOM p-p-pacceSIHHH 0 nJISI '¥" C.U.Mo = ( 15,4+2,0) IIOJIS1pH38UHSI p = 01 34 :t_ 0,38. 

00JibW8SI OWH6Ka o6ycJIOBJieHa M8JIOH CT8THCTHK0Ho 

I. 3a6poc rry'iKa Ha MHweHb 

06Jiy'ieHHe IIpOTOH8MH CHHXpocpaaoTpOH8 MHWeHei!:, KOTOpbie LI.OJI)KHbi 6biTb paCIIOJIO,.. 

)KeHbi B Hepa6o'iei!: 06JiaCTH KaMepbi yCKOpHTeJISI 1 OTJIH'i8eTCSI OT 06Jiy'ieHHSI IIOLI.BH)KHbiX 

( pOTOpHbiX HJIH IIJiyH)KHpy!OWHX) MHWeHei!:1 paciiOJIO)KeHHbiX B pa6o'iei!: 06JiaCTHo 8 Ha

WHX OIIbiT8X HCIIOJib30B8JI8Cb )KHLl.KOBOLI.OpOD.WlSI MHWeHb1 KOTopaSI He 6biJI8 paCC'iHTBHa 

( 'iT06bi He qpeaMepHO ycJIO)KHSITb ee KOHCTpyKUHIO) Ha 6biCTpOe LI.BH)KeHHe B pa6o'iy10 

o6JiaCTbi OHa 6biJI8 paCIIOJIO)KeHa Ha paCCTOSIHHH 90 CM OT OCH KBMepbi ~HyTpb KOJlbUB 

( ~ = 2710 CM) • BbrBeCTH IIy'iOK 6ea IIOTepb Ha 3TOT paLI.HyC HeJib3SI1 TBK KBK 3LI.ec b 

rroKaaaTeJib crran.a MarHHTHoro rroJIB IV = -21 H 1 cnen.osaTeJibH01 cjloKyCHposKa rryqKa 

IIO aepTHKBJIH OTCYTCTByeT. noaTOMy He06XOLI.HMO aa6paCbiB8Tb ero Ha MHWeHb0 soa-

6y)KLI.8SI B J:OHUe yCKOpeHHSI CHJlbHbie pBLI.HBJlbHbie KOJie6BHHSI 0 nnSI 3TOi!: UeJIH IIpHMeHSI

Jl8Cb1 TaK H83biBBeMBSI MHWeHb - "aa6paCbiB8TeJib' 1 KOTOpBSI C IIOMOIUbiO IIJiyH)KHpy!O

IUei!: MHWeHH BBOLI.HTCSI B IIy'iOKo 8 "aa6paCbiBaTene* 'i8CTHUbl HCIIbiTbiBBIOT HOHHaa

UHOHHbie IIOTepH 1 H HX p8BHOBeCHaSI op6HT8 CMeruaeTCSI K BHyTpeHHei!: CTeHKe K8Mepbi 

yCKOpHTeJISI 1 a C8MH 'i8CTHUbi cosepW810T KOJie6aHHSI BOKpyr 3TOil op6HTbio AMIIJIHTyLI.a 

KOJie6aHHil OIIpeLI.eJISieTCSI aeJIH'iHHOi!: HOHH38UHOHHbiX IIOTepb H yrJIOM MHOrOKpaTHOrO 

paCCeSIHHSI 'i8CTHUbi B "aa6paCbiB8TeJie" • 3THMH )Ke BeJIH'iHH8MH aan.aeTCSI rrepHOLI. KOJie-

6aHHi!:; B HaWeM CJiyqae KOJie6B.HHSI HerapMOHH'ieCKHe 1 H rrepHOLI. CHJibHO 38BHCHT OT 

8MIIJIHTy Ll.blo 

HH*e rrpHBOLI.SITCSI ocHOBHbre aneMeHTbi pac'ieTa TOJIIUHHbi "aa6pacbrBaTeJISI' H 

ero paLI.H8JlbHOi!: H 83HMyT8JlbHOi!: KOOpLI.HH8Tbi OTHOCHTeJibHO HCIIOJib30B8HHOi!: H8 OIIbiTe 

BOLI.OpOLI.HOi!: MHWeHHo PeayJibT8Tbi MoryT 6biTb npHMeHeHbi H K JII060i!: n.pyroil MHWeHH1 

IIO TeM HJIH HHbiM IIpH'iHH8M 1 paCIIOJIO)KeHHOi!: B Hepa6oqei!: 06JiaCTH K8Mepbi yCKOpHTeJISio 
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YpaaHeHHe pa.oHanbHoro .llBH)KeUHH nocne npoxo)K.oeHHH "aa6paCb1BaTensr" MO)KHO 

38fiHC8Tb B BH .oe 

Jt:J 
I1V di;a_ .,. !(;o)=·O 

~ 

,-f!J = ~ - f; = M~- ~ ~r ( I ) 

.li e .. 
3.neCb , - CKOpOCTb '18CTHUbl nocne iipOXO)K.lleHHSI "'aa6p8Cb!B8Tensr' t ~ = "'- JP. -
OTKnOH9HH9 OT pBBHOBecHOA op6HTbl Jf, ; P; H JI; - UeHTp069)KH8H H nopeHUOB8 

CHnbi 1 COOTBeTCTBeHH01 :11 = ~/ill)- MBrHHTHOe none ycKOpHTensr • .Llnsr 

oltNIII. •9 BsB ~~ 11500 raycc. /fJI)- H3BeCTH8SI cPYHKUHH OT II. 
npeo6paayeM ypaaHeHHe (I): 

lit 1) + e !lt:[mve 
e t '/tp 

I ·-A 
- /!A)j =- IJ 

f&peMeHHYIO t y.oo6HO 38MeHHTh H8 83HMyTBnhHYIO nepeMeHHyiO 

Tor.oa 

JIL 
il'- ::. 

,-A. d~ 

i;9.. Ji~ll. 

d~ .fl [ tn1'"t I 
d~t + d t ~p ·~~, - /fll) 1 () 

¢yHKUHH !J= mve ·-'--/!A) 
t {;It) ll . MO)KeT 6b!Tb 38fiHC8H8 K8K 

cPYHKUHH nepeMeHHOA / nocne Bbi6opa paaHoaecHoA op6HTbi ~ 
Bbi60p8 /NY). 

( T.e. nocne 

Cnoco6 onoe.oeneHHSI ,f/p HnniOcTpHpyeTCSI pHc. I, Ha KOTopoM Hao6pa)KeHbi 

lJ1yHKUHH , npH'IeM nocne.oHHH npoae.oeHa TaK, 'ITO nnowa-

~--

/Ill) H m£ · .:!. 
(I &iJ Jf 

.llH " H Yl. paBHbi. Ka)K.OSH H3 STHx nnmua.oeA nponopuHoHanhHa ::~HeprHH pa.oHan&-

HbiX Kone6aHHA, H no::~ToMy paaeHcTao /, = )'L eCTh ycnoaHe Toro, 'ITO qacTHua, 

HS'IBB .llBH)KeHHe c pa.oHyca "aa6pacbiB8TenH" ~ , .oocTHrHeT pa.oHyca MHWeHH Jf,.-
/f~}H -' ;J ToqKa nepeceqeHHSI rpalfJHKOB ,PyHKUHA 

YK83biB8eT HCKOMbiH pa.oHyC p8BHOBeCHOH op6HTbl .1/11 • B HaweM cnyqae OH OKaaancH 

) 
• 
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paBHbiM 2731 CM. Tenepb H3 pHc. 1 nerxo nony<~HTb rpa¢HK ¢YHKUHH 

TH<i9CKH OHa .llOBOnbHO XOpOUIO annpOKCHMHpyeTCSI Bbipa2KeHH9M 

TaKHM o6paaoM, aana<~a caenacb K peureHHIO HenHHeAHoro ypaaHeHHH BToporo nopsraxa. 

0Ho aonycxaeT peureHHe B KBaapaTypax. l1HTerpanbi B3HTbr npH6nH2K9HHbiM MeTO.llOM. 

PeaynhTaT npencTaan~H Ha pHc. 2. J1MeH TpaexTopHH aa6pacbraaeMbiX 'IBCTHU, nerxo 

Bbi<iHCnHTb paaHanbHoe pacnpeaeneHHe ny<~xa, nonaaurero Ha aoaopoaHyiO MHureHb
1 

a 

TaK2Ke oueHHTb ero yrnoaoA paa6poc. Pac<~eTHbie xapaxTepHCTHKH
1 

B OCHOBHOM, coa

nanH C naHHbiMH 9KCIT9pHM9HTa (pH C. 3,4,5) • 

Bbr<~HcneHHe TonmHHbi aa6pacbrBaTenH aocTaTO<~Ho TO<~Ho M02KHo caenaTb no 

¢opMyne 

~ 1£ (l-It) i 

8 HBUieM Cny<iae HOHH3BUHOHHbie ITOTepH B aa6paCblBBTene 6binH 100 Jv'ea. 

3<f:J<f:JeKTHBHO,CTb 3a6poca, T.e. BenH'IHHy f ITOTOK npOTOHOB Ha B080p08HOA MHUI9HH 
ITOTOK ycxopeHHbiX npOTOHOB 

M02KHO Bbi'IHCnHTb1 ecnH peUIHTb ypaBH9HHe BepTHKBnbHOI'O .llBH2K9HHSI 3a6paCbiBaeMbiX 

'IBCTHU .llnSI paanH'IHbiX yrnoB MHOI'OKpBTHOI'O paCC9SIHHSI B 'aa6paCbiBBTene* 

;til+ 
(} 

J /- 9neMeHT paaHanbH":>A TpaexTopHH <~BCTHUbi, It ( ti }- noxaaaTenb en ana nonH 

(eM. Ta6nHua 1) x). YpaaHeHHe peuraeTcH npH6nH2KeHHo ( MeTon illTepMepa). floxaaaHo, 

'ITO Ha nnomanb 100 cM
2 

aa6pacbraaeTcH oxono 10% <~aCTHU1 'ITO cornacyeTcH c 9KCne• 

pHMeHTOM. 

X) ¢yHKUHSI /t-1 Ill) nony<ieHa H3 M.!li'HHTHbiX H3MepeHH1!: Ha CHHXpO<f:JaaoTpOHe 
(<~aCTHoe coo6meHHe A.>Kypaaneaa). 
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11. OueHxa nonBpHaauHH 

l1aseCTH01 qTO 8CHMMeTpHSI G B asoAHOM pacceHHHH CBH38H8 C nonHpH3auHH-

MH B nepBOM (p.f) H BTopqM (P
2

) pacceHHHSIX ( ecnH o6a pacceSIHT.fSI ne}!{aT B oaHOH 

nnOCKOCTH) COOTHOWeHHeM e = p • P2. B. KaqecTse nepsoro pacceHHHSI 6binO Bbl6pa

HO pacceSIHHe Ha soaopoae Ha yron 'f/.alll(" =3,3°. no pSiay npHqHH yao6Hee HCK8Tb 

sTopoe pacceSIHHe He pacceSIHHoro npoToHa, a npoToHa oTaaqH. PacceHsaTeneM cny

}!{HnH Slapa aMynbCHH. B [1} Hayqanacb nonBpHaauHB npoTofbs aHanorHqHoA aHeprHH 

( """ 135 N'es) npH pacceBHHH Ha Hapax aMynbCHH, H aHaqeHHe P 
2 

s ¢opMyne 

E "' p • p 2 H3BeCTHO. CneaosaTenbHO,H3MepHB e H B3SIB H3 [ 1 1 3HaqeHHe p 2' 

MO}!{HO BblqHCnHTb pf • 

CxeMa 3KCnepHMeHTa npHseaeHa Ha pH c. 6. nyqoK npoTOHOI!. UHpKynHpy!OWHA 

s K8Mep~ ycKopHTeng, c noMOWbiO nnyH}!{HpyJOweA MHWeHH T aa6paCbiBaeTcSI Ha 

}!{HaKOBOaopoaHyiO MHWeHb H • npoTOHbl OTaaqH qepe3 OKHO (0,3 MM lilt) B CTeHKE: 

K8Mepbl yCKOpHTeng nonaaaJOT H8 3MynbCHOHHyiO CTOflKY C, qaCTHqHO 38Kpb!TYIO OT 

OCHOBHOro flOTOKa tPOHOBbiX qaCTHU CBHHUOBOA aaWHTOAo 

KoHCTpyKUHSI BHYTPHKaMepHoA :)KHaxosoaopoaHoA MHWeHH npocTa: 6naroaapg 

BbiCOKOMY B8KYYMY B KaMepe yCKOpHTeng MHWeHb npeacTaBnHeT co6oA TOHKOCTeHHbiil: 

cocya H3 Hep:)KaBeJOWeA CTanH ( TOnWHHa OKHa 0,1 MM) 0 repMeTHqeCKH H30nHpOBaHHbiil: 

OT npocTp8HCTB8 K8Mepbi H coeaHHeHHbiH ra300TBOaHWHMH Tpy6KaMH C 8TMOC¢epoil:. 

LlHaMeTp cocyaa 150 MM. 

LlnSI OUeHKH BKnaaa tPOHOBbiX npOTOHOB B nyqOK npOTOHOB OTaaqH nposeaeH 

KOHTponbHbiA onbiT c HeaanonHeHHoA soaopoaoM MHweHbiO_.~ Ha pHcyHKax 7a,6 npea

cTasneHbi HMnynbCFibie cneKTpbi npoTOHOB anSI f)( = 72° ( ~ - yron BbineTa npoToHa 

oTaaq;; ) ang pa6oqeA cTonKH H KOHTponbHoA. Ha pHc. 7-s npHseaeHo pacnpeaeneHHe 

no HMnynbCaM npoToHoB H& pa6oqeA CTOnKe nocne BbiqHTaHHB ¢oHa. Y1MnynbCbi npoTo

HOB onpe.aemmHCb no HX npo6eraM B aMynbCHHo Ha pHC. 8 J!_QCTpOeHbl HMnynbCHbie 

pacnpeaeneHHH npoToHOB anH ~ .. 75° H ~ =73°. CMe weHHe MaKCHMyMos s pacnpe

aeneHHH COOTBeTCTByeT KHHeMaTHKe ynpyroro pacceBHHH. PHc. 7a H 7B noKa3biBaiOT1 

qTo nY.x rrpoToHOB oTaaqH BbiaenSieTCSI Haae}!{HO. BKnaa <PoHOBbix npoTOHOB cocTasnBeT 

(17:!:_5,4)%. 

) 

• 
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llnS! H3MepeHHSI IIOnS!pH38.UHH 6&InH Bbi6paHbl IIpOTOHb! OTnaq!f COOTBeTCTByiOWHe 

pacceSIHHIO rrepaHqHoro rrpoToHa B c.u.M. Ha yron 1'J c.u.M. =(15,4!_2°). 3Ta ToqKa 

S!BnS!eTCH OIITHM8nhHOA IIO nByM IIpHqHHaM: 

1) YMeHbWHTh ¥' c.u.M. Henh3H 1 TaK K.t:IK c yMeHbWeHHeM yrna JP yMeHb

waeTCH 9HeprHH IIpOTOHOB OTnaqH H 1 COOTBeTCTBeHH01 P
2 
~ 0; 

2) llnH yrnoa #: c.u.M. > 0 
15 ceqeHHe yrrpyroro pacceHHHH Mano H, cneno-

B8TenbH0 1 B03p8CT810T TpynHOCTH C H860pOM CT8.THCTHKH H OTneneHHeM cpOH8 0 

npoCMOTpOM onO:Jh cnena OT06paHO 99 pacceHHHil C yrnaMH ~Q~~~ ~ 24° 

H c 8.3HMyTanhH&IMH yrnaMH ~ , ( ~ - yron Me*nY rrnocKoCTHMH I H i1 pacceH

HHA ), ne)K8.ll{HMH B HHTepBanax ~ =(0!_60) 0 
H ~ =(180!_60) 0

, 

AcHMMeTpHH paBHa C •0,09 !_0,1. Via peaynbTaToB pa6oT&I { 1 ] nerKo 

3Aecb jf../'¥4) -pacnpe,ene~e pacce••HA npoToHa OTAa•• •• HApax aMyn•

CHH IIO yrny pacceHHHH ~~ o YqTH ~ 1 BKnan cpOHOBb!X IIpOTOHOB H BenlfqHHY HHTep

Bana A ~, HeTpynHo rronyqHTh 3HaqeHHe rronHpH38.UHH B rrepBoM pacceHHHH 

p .. 0,34 .:!: 0,36. 

fl H T e p a T V p a ... -
1. B. T. Feld and B.C .. Ua~lic. Phys. Rev. Lett. 1, 10,(1958). 

PyKOIIHCh rrocTyrrHna B HanaTenhCKHH oTnen 

17 cpeBpang 1961 rona. 
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Puc. 1. J""pacj:ln: K peweHHIO ypaaHeHHff ( 1). 

I< 
CM 

760 

R. 

~: • ~ ~"':£,/- i1liJ ~· ~ 16 ISO 6H ~,2100 
tOO so 

PJJc, 2, TpaeKTOPHH .llBH>KeHHff 'laCTHU&I, npQwe.oweA 'lepea aa6pac&raaTenb: 

T 0 - -- yron pacceffHHff o(. • 0 , 11 - Ill- yron pacceffHHff 

t/1( .. "":!:.. 4 ~ : &~ - 83HMyT ;O.ll:;,.llHOI MHW9HH, 

-p 

-!;.---

J 
• 



-·---~-----------~---

J 

2 

1 
I 

I 

9 

i .. ts J 
OL'~----~~~~--~--~~R 
2106 JTOI lliD 2112 

PHc, 3, Pa.nHanbHoe pacnpe.neneHHe aa6poweaaoro ny'IKa xaJt ¢Y:HKIUUi eepTHxanb8ol 
KOOP.llHH8Tbl ( .llnH Me.llH8HHOI DnOCKOCTH ~ • 0 CM) • 

~ I 
j 

I 

l7tJ6 J1()1 J1f() J1f2 J1f'l ;7/1 CM 

PHc. 4. nonywHpHH8 yrnosoro pacnpe.neneHHH B P8.llH4nbHOA nnOCKOCTH KAK <PYHXUHH 
p8QH8nbHOI KOopaHH8T~. ~ 



• 

H 

··:tl 

"1'110 gJL~= lJ' ISUl:1 H.LOOXOOUII HQHqUt;>XH.Ldae; a BOHO.LOdii aHHaUal:TadiiOed aOaOU..l_A •g •oHd . 
__ q_. 

G.Jao' 'b t'o l'o 9'o ~0 h'o io t'o J'o Ot1 

9 

I 
·" 

I I 
01 

• 

I 
OJ t 

., 'NJ 

01 



• 

~ 
' 

I 

I 

~¥ 

~ 

eM. 

' i· 
I 

.K 

JO 
28 
26 
2."1 

22 
2.0 

18 

16 
lit 

6 

Jt 
2 

~so 

~-·--· ---~----- ----- --------~ 

II 

PHc. 7 ,a. ViMnynbCHOe pacnpe.aeneHHe DpOTOHOB LlnSI yrna B&ln8T8 RpoTOH8 OT.ll8'1H 4 .. 72°, B pa60'Iel CTODKe, 
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PHc. 76. I-1MnynbCHoe pacnpe.aeneHHe npoToHoB .ans yrna B&JneTa upo·roHa OT.ll8'1H 
tP1 : 72° B KOHTpOnbHOI CTODKe, 
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PHc. 7a. Pacnpe.oeneHHe npoToHOB no HMnynbCaM, BbineTaJOIUHX no.o yrnoM ~ =72°.,.. 
B p-p-B38HMO.lleftCTBHH (nonyqeHO BbJqHT8HHeM KpHBbiX H8 pHC. 2a H 26). 

PHc. 8. Pacnpe.oeneHHe npoTOHOB no HMnynbC:aM Ha pa6oqeft CTonKe .om1 

6{ =75° H tlf =13°. 

• • 
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