
OE"hEnHHEHHblM 
HHCTHTYT 
.HnEPHblX 

VfCCnEnOBAHHM 

ny6Ha 

i 
I 
• 

I 

PI · 3720 

BJ1.KoMapoB, O.B .CaBt-leHKo 

YOPYrOE pHe 4 PACCEHHME HA3A~ 

OPM 3HEPrMM OPOTOHOB 665 M38 

1968 



PI - 3720 

B.l1.KoMapos, O.B.Cast~eHKO 

YTIPYrOE pHe 4 PACCEfliD1E HA3A,ll; 

TIPH 3HEPrl1l1 TIPOTOHOB 665 M3B 

-. . . •. , 

< • 



Ynpyroe pacceHHHe npoTOHOB BhlCOKHX sHeprHI nerKHMH HnpaMH Ha 

MBnbie yrnbi OIHICbiB8eTCH B HMTiynhCHOM IIpH6nH:lKeHHH, Y'IHTbiB810IlleM OD

HOKpBTHOe pacceHHHe HaneTBJOillero IIpOTOH8 HyKnOH8MH Hnpa. C yBenH'!eHHeM 

yrna pacceHHHH Heo6XODHMO Y'IHTbiB8Tb. coynapeHHH 6onee Bb!COKOI KpaTHO

CTH/ 1 < UoCKOnbKY 8MTinHTYDbi HyKnOH-HyKnOHHOrO pacceHHHH H HD9pHbie 

!jlopM-<jlaKTOpbl onpenenHJOTCH B DpyrHX 8KCIIepHM9HT8X H938BHCHMbiM o6pa-

30M, pacCe5!HH9 DpOTOHOB HDpOM C 60nblllOI nepegaqel HMTiynhC8 MO:lKeT 

OK838TbCH neiCTB9HHbiM MeTODOM HCCneAOB8HHH KOppenHUHOHHbiX !jlyHKUHI 

HyKnOHOB B Hnpe. Oco6bii HHTepec rrpencTaBnHeT pacceHHHe 6biCTpbiX rrpo-
8 4 

TOHOB T8KHMH ManoHyKnOHHbiMH CHCTeMaMH , KBK HDIJ8 He H He , T8K 

KaK ocHoBHbie ¢aKTOpbi, orrpenenHIOillHe npouecc pacceHHHH c 6onhlllol nepe

naqel HMTiynhC8, B &TOM cnyqae DOn:lKflbi DpOHBHTbCH B H8H6onee 'IHCTOM 

BHDe. l13y'I9Hlie pacceHHHH DpOTOHOB HDp8MH renHH npegcTaBnHeT HHTepec 

H B npyroM acrreKTe. B H8CTOHillee BpeMH eme He BbiHCHeH MeX8HH3M Bbl-

6HB8HHH DpOTOH8MH nerKHX HDep C &HeprHel, 3H8'IHTenhHO npeBbiill8101Uel 

HX aHeprHIO CBH3H, H3 6onee CnO:lKHbiX HDep. 0DHH H3 B03MO:lKHblX TIODXO

DOB K pellleHH!O 8TOI npo6neMbl 6bin BbiCK838H B pa6oTe ll.H.EnoXHHUeB~/ 2/ 
H COCTOHT B TOM, 'ITO I:ibi6HB8HHe &HeprH'IHblX OCKOnKOB H3 HD9p paCCM8TpH

B8eTCH K8K npouecc B38HMODeiCTBHH HaneT8JOillero HyKnOH8 C ¢nyKTyauHel 

nnoTHOCTH HnepHoro BemecTBa. KonH'IeCTBeHHaH npoBepKa sTol TeopHH Tpe-

6yeT COTIOCT8BneHHH DH$$epeHUH8nbHbiX ceqeHHI pacceHHHH npOTOHOB C 6onb

IllOI nepenaqel HMnynhC8 CB060DHbiM HDpOM ( d , He 
8 

, He 
4 

, Li 
6 

) 

KBK uenbiM C BepOHTHOCTb!O Bbi6HB8HHH COOTBeTCTBYJOIUHX BbiCOKO&HepreTH'I

HbiX OCKOnKOB H3 6onee cnO:lKHblX Hnep. 0DH8KO B H8CTOHIUee BpeMH 8KCne

pHMeHT8nhHbie n_aHHbie o pacceHHHH npoTOHOB c aHeprHel to2 - 10 3 MsB 

BO BCeM HHTepBane yrnOB H3BeCTHbl TOnhKO DnH p d -pacCeHHHH. 3KcnepH-
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MeHThi no pacce51HIUo rrpoTOHOB c sHeprHeli: BhiUJe 150 M SB gnpaMH He • naiOT 
0 

cBeneHH51 0 pacce51HHH Bllepen B HHTepBane yrJIOB OT HYJI51 no 30-60 C.U.H., 

TaK 'ITO ceqeHHe pacce51HH51 Hasan HeH3BeCTHO name ITO IlOp51nKy BeJIH'IHHhi. 

Ha pHc. 1 rrpHBeneHbi H3BeCTHbie H3 JIHTepaTypbi naHHbie no p He 
4 

pacce-

5!HHIOx/, HJIJIIOCTpHpyiOUJHe TOT <jlaKT, 'ITO pacce51HHe II pH 60JiblliHX 3HeprH51X 

H rrepenaBaeMbiX HMIIyJibCBX 51BJI51eTC51 MaJIO H3y'leHHOJi: o6naCTbiO. 

B HacTomueli: pa6oTe 6hmo HsMepeHo nH¢¢epeHuHanbHoe ceqeHHe yrrpyroro 

4 4 
p + He ... p + He (I) 

pacce51HH51 rrpoTOHOB c sHeprHeli: 665 M sB Ha yron 169° c.u.H. ITepenaBaeMhili: 

HMrrynhc, paBHhili: 1865 MsBic, oTnHqaeTc51 oT MaKCHManbaoro 3Ha'leHH51 rrpH 

STOll: SHeprHH Ha 0,5%. 

06ruag cxeMa sKcrrepHMeHTa rrpHBeneaa Ha pHc. 2. BbxBeneHHhili: rry'IOK 

rrpoTOHOB cHHxpouHKnoTpoaa OH HH !jloKycHpoBancg MarHHTHoli: KBanpyrronbHoli: 

JIHH30Ji: HB ra30BYIO MHllleHb ( p = 3,4 aT) H 3aTeM raCHJ!C51 B CBHHUO-
He 

Boll: saUJHTe rrepen OTKJIOH51IOUJHM MarHHTOM. Hnpa renHR, pacce51HHhie Ha yron 

5,4° n.c., BbrneJI51J!HCb rueneBbiM KOJ!JIHMBTOpOM H IIOCJ!e OTKJ!OH51lOTUero Mar

HHTa H BTOporo KOJ!JIHMaTopa (ceqeHHe IUeneli: o60HX naTyHHblX KOJIJ!HMBTOpOB 

paBHO 3 X 5 CM2) IIOCTYIIaJ!H Ha BXOn MarHHTHoro <jloKycHpyiOUlero KaHana/9/ 

H3 7 TpHrrneTHhlX KBanpyiiOJ!bHhlX J!HH3 C arrepTypoJi: 12 CM H o6rueli: nnHHOJi: 

26 M. l1ueHTH<jJHKaUH51 gnep reJIH51 OCyll.leCTBJI51J!aCb CHCTeMoif HX 4-x CUHH

THJIJ!51UHO-HHhiX C'I~T'IHKOB, OT6HpaBU'HX He 
4 

H3 IIOTOKa qacTHU CO CpenHHM 

sHa'leHHeM S(jl<f>eKTHBHoro HMrrynbca 949 M sB/ c H tl pIp = 0,08 no BpeMeHH 

rrponeTa Ha 6ase 13,8 M, ynenbHhiM rroTep51M dE I d x B cuHHTHnn51Tope C'I~T-

'IHKa C • H IIOJ!HOJi: sHeprHH E , Bhrnen51eMoli: B TOJICTOM CUHHTHJIJ!51TOPe 
• . 3 

C'I~T'IHKa C
4

• Pa3Mepbl CUHHTHJIJ!51TOpOB C
1 

H C
2 

- 12x12x0,4CM H C 3 
12x 12x 1 CM3. T')JIIUHHa CUHHTHJIJI51TOpa ITO OCH IIY'IK8 B C 

4 
COCT8BJ!51Jia 10 CM, 

TaK 'ITO rrnpa He 
4 

c sHeprHei!: 430 M sB rrocne rronTopMamHBaHHH B C 1 -C~ 
OCTaH8BJIHB8JIHCb B CUHHTHJ!J!HTope C 

4
• C'I~T'IHKH c

3
c 

4 
6biJIH yCT8HOBneHbl 

38 BTOpOJi: 38IUHTHOJi: CTeHOJi: B HH3KO<jJOHOBOM IlOMeiUeHHH. 

xi /6 1 
He npHBeueHHbie Ha pHc. I gaHHbre np» 315 M aB ' oTHOCHTCH K 

pacceHHH!O anepeu B »HTepaane 8-34 n.c. 

4 

I 
,~>i, 

J.L._.L_ 

BnoK-cxeMa sneKTpoHHKH, co6paaaaH aa rronyrrpoBonHHKOBhiX cxeMax, 

paspa6oTaHHhiX B rpyrrrre IO.K.AKHMoaa B JJHIT, rrpHBeneaa Ha pHc. 3. Ha Bhi

xone cxeMbi ( ITC3) perHCTpHpyeTcH C'I~T, o6ycnoaneHHhii!: qacTHuaMH, oTo6-

paHHhiMH ITO BpeMeHH IlponeTa 6biCTpOJi: CXeMoi!: COBilarteHHJi: CC 1 H Bbl3B8B

ll!HX B C 3 H C 
4 

HMIIYJ!hCbl C aMITJ!HTYLIOJi:, rrpeBbilllaiOIUei!: IIOpOrH LlHCKpHMHHa

UHH B n
1 

H n
2

• 

nnH HaCTpOi!:KH H KBJ!H6pOBKH arrrrapaTypb! perHCTpHpoaanHCb .lleJi:TpOHb: 

H3 peaKUHH 

p + p ... d + ,+ ( 2] 

LlH<jJ<fJepeHUH8J!bHOe Ce'leHHe KOTOpoli: H3B8CTHO H3 pa60Tb/ 11/ ( IIpH STOM 

MHIIIeH b HaiiOJ!H51J!8Cb ra3006pa3Hb!M BOLIOpOLIOM LIO Ll8BJI8HHSI 1,4 8T) • 3aBH

CHMOCTb C'I~Ta rteli:TpOHOB OT TOKB B 06MOTKaX OTKJ!OHHIOIUero MarHHTa IIOK8-

3aHa Ha PHC. 4. Yrto6CTBO HCIIOJ!h30B8HHH peaKUHH (2) COCTOHT B TOM, 'ITO 
0 

.llSli:TpOHhi H3 ( 2) IlO.ll yrnoM 5,4 n.c. HMeiOT HMIIYJ!hC 839 Msa/c, 6nH3KHli: 

K s<fJ<fJeKTHBHOMY HMIIyJibCy He• H3 (1). OTO 06CTOSIT8J!bCTBO, B '18CT• HOCTH, yrrpomaeT KaJIH6pOBKY MarHHTHOrO CIISKTpOMeTpa H Bbl6op TOKB B 

JIHH3BX <boKYCHpyiOEUero KaHana nng perHCTpBUHH He • H3 ( 1) • 

0CHOBHa51 TPYLIHOCTb 9KCI18pHM8HTa COCTOHT B BbiLleneHHH Hnep He 

Ha <fJoHe Ll8Ji:TpOHOB H rrpOTOHOB, HHT8HCHBHOCTb KOTOpbiX COOTB8TCTB8HHO HB 

4 H 6 IIOpHLIKOB Bbllll8 HHTeHCHBHOCTH IIOTOKa He.· l1CTO'IHHK0M 9THX 'laCTHU 

SIBJI518TCSI aeyrrpyroe pacceHHHe rrpoToaoa rrepBH'IHOro rry'IKa SlnpaMII raaa 

MHUJeHH, a T8K)Ke paCC851HH8 HB 60KOBbiX CT8HKBX KOHT8ii:Hepa MHIII8HHi 

( <f>onhrH OKOH MHUJeHH LIJ!H BBOLla H Bb!BOLI8 IlpOTOHHoro IIY'IKa He IlpOCMaTpH

BaJIHCb KOJIJ!HMBTOPBMH OTKJ!OH51IOIII8rO MarHHTa) • TaK KBK BP8M51 rrponeTa 

• IIpOTOHOB B HBIIIHX yCJIOBH51X Ha 37 HC8K M8Hblll8 Bp8M8HH IIpOJ18TB He 

s<f><jleKTHBHB51 LlHCKpHMHHaUH51 IlpOTOHOB ocyll!8CTBJ151J18Cb CX8MOJi: COBIIBLISHHA 

He • C paspell!aiOU eli: CIIOC06HOCTb!O 6 HCSK. n11>1 p83Ll8J18HH51 neATpOHOB H 

LlHCKpHMHHBUHII TOJ!bKO ITO dE/dx HenoCT8TO'IHO, T.K. aeyrrpyroe B3aHMOrteli:-

CTBH8 LlSJi:TpOHOa C B8lli8CTBOM CUHHTHJIJ!HTOpa MO)KeT IlpHBOnHTb K IlOTepe 

9H8prHH B CUHHTHJIJ!HTOpe, Ilp8Bbllll8IOl!I8Ji: IIOTepH HLI8p renHSI. C 3TOi!: TO'IKH 

3p8HHSI nHCKpHMHH8UHH B "E "- C'I~T'IHKe o6nanaeT TSM IIpeHMyrueCTBOM, 

'ITO. <jJOHOBhlli: neli:TpOH C 8HeprHei!: 210 M SB IlpHHUHIIHBJibHO H8 MomeT OCTB-
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r 
BHTb B CUHHTHllll>ITOpe aHeprHJO, rrpeBbilllaJOI.;IYJO 8HeprHJO 380 M 8B, OCT8Bl1SI

eMyJO SILipOM He 4 
• l1HTerpanbHhif:i CIIeKTp B KaHane "E "-C'l~T"'HKa IIpH HaCT

pof:iKe cxeMhl ITO BpeMeHH IIponeTa HB perHCTpaUHIO He' H LlHCKpHM~HaUHH 

nef:iTpOHOB " ~ ~ " -C'lEJT"'HKOM 06HapylKUBBeT rrnaTo, o6yCl10B1IeHHOe S!LlpBMH 

He 
4 

(puc. 5) • l1LieHTI1QJHKBUHSI peaKUHH ( 1) COCT0SillB B Ha6nrolleHHH KHHe

MBTU'leCKOrO fiHKa LlBYX"'aCTH'lHOf:i peaKUHH ( 1) B HMIIYllbCHOM CIIeKTpe BTO-

PH'lHhiX qaCTHU, BbineT810lliHX H3 MHllleHH IIOLI yrnOM 5,4° ( PHC. 6). 

CoiiOCTaBneHHB HHTBHCHBHOCTBf:i C"i~Ta He
4 

H Lief:iTpOHOB H3 pBBKUHH 

( 2) C Y'l~TOM OTHOlliBHHSI 'lHC1IB SILIBp He' H p B MHlliBHSJX, IIOIIpaBOK 

Ha MHOrOKpBTHOB paCCBSIHHB B C"'EJT'lHK8X {0,88~0,08) H 8~~BKTHBHOCTb 

perHCT08UHH C'l~TqHKOM C 4 (0,91~0,09) laBT CllBLlY!OlliBB SH8'lBHHe CB"'BHHSI 

neaKUHH ( 1) B rr.c. : 

~(0 4 
0 -31 2 -1 

=5,4) = (4,6~1,2),10 CM .CTBp. , 
d 0 He 

'ITO COOTBBTCTByBT B C,U,H • 

..!..£:.. ( 0 = 169° ) 
dO 

-31 2 -1 
= (1,2~0,3).10 CM .CTep •• 

Ha pHC, 7 IIPHBBLieHO HSMBPBHHOe SHB'lBHHB BM9CTB C PB3Y1IbTaTaMH 

' pa6oThii7 I no yrrpyroMy P He pac~eSIHHJO rrpH aHeprHH 630 M aB. lleTarrb-

HOB nccnerroBaHne yrnosoro pacrrpenerreHHSI Hasan, rae ceqeHHe aa 6 rro

pS!L!KOB HHlKB CB'lBHHSI paCCBSIHHSI BIIepen, O'leBHL!HO, UB1IBC006paSHO B TOM 

cnyqae, ecnn Monenb KpaTHhiX coyaapeanf:il 1 I 6yaeT pasBHTa anSI ormcaansr 

paCC~SIHF!SI Hasan, 0J.lH8KO YlKB HMeJOUl8SICSI HH~OpMaUHSI IIOSB01ISIBT OUBHHTb 

BepOS!rHOCTb paCCBSIHHSI IIpOTOHa S!LlpOM He
4 

C rrpaKTH'lBCKH M8KCHM811bHOf:i 

rreperra"!ef:i HMrrynbca (9,5 $epMn- 1) n coxpaaeHHBM Hnpa B.CBS!SaHHOM coc-

TOSIHHH. Ilonarag H8 OCHOBBHHH pt)SY1IbTBTOBI
7

1, 'ITO CB"'BHHB KBasnyrrpyroro 

pacceSIHHSI rrpoToHa HyKnOHaMJi He 4 B 1-+ 2 pasa MBHblliB CB'lBHHSI pacce-

SIHHSI I1DOTOHa CB06oa '-Ih!MH HVK1IOH8MH 

( _d q ( 169°)) dl'f pHe 4 

2<~> 
dO Np 

6 

I101IV'iHM 

-8 
"' (4-8). 10 

!lpHBeneHHaSI B pa6oTel21 OUeHKB BepOS!THOCTH $nyKTyBUHOHHOrO C~aTHSI 

S!LIPB He 4 COCTBBllSieT W • 2.10-5, 'ITO ITO I10pS!LIKY BB1IH"'HHhl 61IH3KO 
He 

K Ha6nronaeMoMy saa'lBHHJO. CnenyrolliHM lllaroM B KonH"!eCTBBHHof:i rrpoBepKe 

$nyKTyaUHOHHOf:i TeOpHH llOlllKHO 6biTb HSMBpBHHe BBpOSITHOCTH KBBSHyrrpyroro 

Bbi6HBBHHSI HSOTOI10B rellHSI H3 paSllH'lHhiX SIL!Bp, 'ITO I103B01IHT COIIOCTaBHTb 

3 4 
CB'lBHHe pacceSIHHSI IIpOTOHOB H8 CB060LIHbiX RUpax He , He H COOTBeT-

CTBY!OlllHX KllBCTepax B SILipe IIpH 60l1blliHX rrepe.naBBBMhiX HMIIYllbCaX. 

B saKn10'lBHHe aBTOphi BhipaJKaJOT 6naronapaoCTb !I.M.CopoKo sa HHTB

pec K pa6oTe H rrone3HhiB o6cyJKLIBHHH, a TaKJKe B.A.KncnyxnHy, rrpHHHMaBllleMy 

y"!aCTHe B H3MepeHHSIX. 

' 
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PHc, I. 

Qcq/'1 
: 4 

llH~~epeHUHanbHOe ceqeHHe ynpyroro pHe pacceHHHH npH aHeprHH 
npoTOHOB 30 Maa/3/, 95 Maa/4/, 147 Maa/5/, 630 Maa/71, 665Maa -
aaHHaH pa6oTa, l.faa/8/, CnnowHaH KpHaag- peaynhTaT pacqeTa/10/ 

pHe
4 

- paCCeHHHH B HMITynbCHOM ITpH6nH>KeHHH C yqeTOM TOnbKO Oll
HOKpaTHblX COytlapeHHlt, 

8 

SH 

PHc, 2, 06maH cxeMa aKcnepHMeHTa H pacnono>KeHHH annapaTypbi, CU-cHH-
xpOUHKnoTpoH; OH - OTKnoHH!om·He HacaaKH; P - BbiBeaeHHhiii npo-
TOHHbiil: nyqoK; M!l - MarHHTHaH nHHaa; M - MHllleHb; MK - MOHHTOpH
PYJOIIlBH KaMepa; K - KonnHMaTopbi; OM - oTKnOHHJOliiHii MarHHT; 
BT - aaKyyMHbiil: TpaKT; C 

1 
- C 

4 
- cuHHTHnnHuHoHHbie cqeTqHKH; 

M¢!1 - MarHHTHbie <jloKycHpyJOIIlHe nHH3bi, 
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Puc. 5. HaTerpanbHbie cneKTpbi a KaHane 'E' C'I~T'IHKa C 
4

; I - B OTCYTCTBHe 

aHCKpHMHHauHH no dE I d x ; 2 - aeliTpOHbi llHCKpHMIIHHPYJOTCSI no 
d E/d" B C'I~T'IHKe c3. CTpenKoli "He 4 "yKa3aHo Bbi5paaaoe 31la'!eHHe 

nopora llHCKpHMHHaUHHo 
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Puc. 6. YcnoBHSI ;JerHcTpaUHH Haep He' H3 pHe' .. pHe • ; a - aaBHCH-
MOCTb C'!eTa OT TOKa OTKnOHSIJOmero MarHHTa, H3M9p9HHaSI npH 4 <jlHK
CHpoaaHHOJi HaCTpOJiKe no apeMeHH nponeTa Ha perHCTpaUHSI He ;b - Ta 
*e aaaucHMOCTb, nony'leHHaH npH noacTpoAKe no apeMeHH nponeTa npu 
acex 3Ha'IP.HHHX TOKa. CTpenKaMH yKaaaao pac'!eTHoe aHa'!eHue TOKa 

anSI He ' H3 p He' .. p He ' 
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PHc. 7. llJI(pif>epeHUHanbHOe ce'!eHHe yrrpyroro pHe
4 

pacce51HH51 rrpH aHeprHH 

rrpoToHoB 630 M as17 1 H 665 M aB - ll8HHa51 pa6oTa. 
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