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1. Baenen11e 

B CBSI3H C KOHCTpyHpOB8HlleM Cl!nbHOTO'IHbiX renepaTOpOB HeliTpOHOB, a 

• . 
5 

x/ 
T8KlKe B CBSI3H C BOHpOCBMII pannaUI!OHIIOII 3aiUHTbl KOCMI!'leCKIIX KOpa nell 

B nocnennee speMSI aKTyanbnoli CTana 3anaqa nay'IIITbCSI paCC'IIITbiBaTb neynpy

rne B38HMOneliCTBHSI Hnep C S!Ap8MH np11 Bb!COKIIX 9Hepr11SIX, 

Bo MHOI'HX pa5oTaX ObinO HOK838HO, 'ITO B oGnaCTH 9Heprnli, 5onbiUIIX He

CKOHbKIIX necSITKOB Mss, B3ai!MonelicTane nyKnonos 11 Me3onos c SIPpar.m nponc-

/3-6/ 
XOAIIT B OCHOBHOM nyTeM pa3BHTIISI BHyTpHSIPepHOI'O KBCKana (eM, paoOTbl , 

rne npnsenena 5n5nHorpaqlliH). Qqenb sallmo BhiSICHHTb, B KaKoii cTenenn TaKoii 

K8CK8AHbili MeX8JIII3M peaH1!3yeTCSI Hpll CTOnKHOBeHHSIX ObiCTpbiX S!Aep, Korna cpa3y 

HpOHCXOAHT O'leHb OOHbiUOe 'lnCnO B3811MOJJ.eliCTBHli BHyTpHSIAepHblX HYKHOHOB. Ecnn 

9TOT MeXaHI!3M neliCTBI!TenbHO !!MeeT MecTo, TO ncnonb3osanne MeTona MonTe-

x/ /1,2/ 
CM., nanpnMep, pa5oThi , rne MOlKHO naliTn nanbnelimyro 5H5nnorpa-

cp1!10, XOTSI HO OTHOIIIeJIHIO K npOTOHaM SIJJ.epnaSI KOMHOHeHTa KOCMI!'leCKIIX nyqeii 

cocTaBnHeT scero nnlllh necKollbKO nponenTos, panHaunonnhili scjJcjJeKT npn nnnTenb

HbiX noneTaX OnpenenSieTCSI B OCHOBHO~ ( ., · 80%) HMeJIHO 3TOii KOMHOHeliTOli, 

3 



Kapno SIBnnocb 6br aeCbM·a s~J4·eKTHBHhrM cnoco6oM pac'laTa naanMO!teilcTauil SI!tep 

c MlJaMii: 

llayqeaue B38HMO!tei!CTBIIil S!!tep eCTeCTBeHHO Ha'lSTb C Han6onee npOCTOI'O 

cnyqag ltefiTpOH-SI!tepHblX CTO/IKHOBeHnli,. TeM 6onee, 'l_TO Jl/ISI STOI'O cnyqag cei!

qac HMeeTCSI UaHOOllbWee 'liiC/10 SKCnepnMeHTaitbHblX naHHbiX. 
' /8/ 

nepnaSI TaKaS! /10/lblTKa 6hrna npennpuHSITa B pa6oTe • rne MeTO)lOM MonTe-
. M~ 

Kapno nccnenoBanocb BaauMoneliCTBHe neliTpoHOB c. yrneponoM Hfll T d = 280 sa • 

PeaynbTaTbi Bhi'IncneHnli ae npoTnBope'IIrnn npe!tnonmKeHHIO o MexaanaMe BHYTPHSI!tep

Horo KacKana, onnaKo HeTO'lHOCTb TeopeTn'leCKoro pac'IeTa ( 6hrno pacC'lHTano Bcero 

/IHWb 60 p03b!I'pbiWefi B paMKBX KpaliHe ynpomeHHOli MO!Ie/111) II Oe}lHOCTb H3BeCTHOI'O 

B TO BpeMSI 9KCUepuMeHTa/lbHOI'O MaTepuana HCK/110'18/111 B03MOlKHOCTb 6onee onpe

neneHHbiX aaKnJO'lennli. 

Hcnonb30BaHHe OhiCTponeilcTByromux aneKTpOHHbiX Mamua noaaonReT B nacTo

SIIIlee BpeM!I BblllO/IHHTb paC'IGTbl K8CK8ll0B C MHHHM8/IbHbiMII TeOpeTH'IeCKIIMII orpaHH

'leHHSIMH, H8KOH/IeH T8K)Ke 3H8'lHTe/lbHhiU 9KCnepnMeHT8/IbHbJi! MaTepnan Jl/ISI pa3-

/lll'lHbiX Mnweneil. Bee sTo naeT B03MOlKHOCTb nony'lHTb Bnonne onnoana'lHbie 

38K/IJO'IeHHSI 0 xapaKTepe Heynpyr!IX JleilTpOH-SIJlepHbiX B38HMOJlei1CTBHli. 

;2. Monenb II MeTOil pac'IeTa 

Mbl 6y}leM paCC.MaTpHBaTb neilTpOH KBK C/1800 CBSI38HHYIO CHCTeMY, 'raHTenb' 

II3 npOTOH8 II HeilTpoHa, paCCTOSIHHe Me)KJlY KOTOpb!MII tPIIKCHpOBBHO II p8BHO cpenae-

-13 
MY "llll8M8Tpy' ne!iTpOH8 D = 4,3 ·10 CM, HanpaaneHHe CCII TaKOU raHTenn 

H30TponHo pacnpeneneHo B npocTpanCTBe, a rrocKo/lbKY op6nTanbHhlli MOMenT neli

TpoHa paBeH HY/1100 TO ee OpHeHTaUHSI He H3MeHSieTCSI llpll llBHlKeHnH, 3aKpenneHHble 

HYK/IOHbl HMeiOT OTHOCHTe/lbHbifi HMlly/lbC p 

HMHY/IbCa Mbl HCllO/Ib3yeM tPYHKllHIO 

t. a 
d p 

nna oueHKH pacnpeneneana sTore 

W(p)d 3 p = 
rrn P 2Tt2 7n2)~!· 

.xx/3necb 11 aeane nanee T d -KnHeTn'IeCKaSI 9HeprnSI HaneTaiDmero nefiTpoHa 

B na6opaTOpHOH CI!CTeMe KOOpllnHaT, 

4 

... , 

-I 
f; 

I 

I 

. } 

I 
l 

1:, 

npencTaBnSIIOUlyiO KaanpaT ¢ypbe-lto 

neilTpoHa 

'I' (f) 
J2 rr D 

KaK noKaaann pac'IeTbi, neTan 

Ha npnBOllHMbiX HnlKe peaynhTaTax : 

llnS! S!!tpa-MHIDeHIJ 6yneM IJCHC 

KOTOp8S! OObi'IHO ncnonbayeTCSI B 

paOOTe Mbl paCCMOTpnM HallOO/lee I 
1/a -Ia 

(pannyc R = 1,4 A · • 10 cr.~ 

CTBYIOT /IHWb Te nefiTpOHbl, UeHTp ~ 

MHWeHII Ha p8CCTOSIHHH He 00/lbWe 

pa3/IH'lHbiX THHOB ll03BO/IHT HaM Bbl 

¢yaHoCTII nnepHoli rpaHnnbl (HanoMJ 

CTBHli STOli nn<P¢yaHOCTbiO MOlKHO 6 

· Cny'lan, Korna B Sinpo-MHmen 

TepHS!, a BTOpOli rrpOilO/I)KaeT llBII)J(€ 

ca, a;HOCSITCSI K peaKUHII CTpHlllllll 

'laCTHbiil cnyqafi Heyrrpyroro neliTpc 

BK/181l BO BCe rrpHBOJlHMble HIJlKe pe 

CnenyeT, onnaKo, n~ieTb B Bll 

JlO/IlKHO ohiTb HeCKOnbKO aaHnlKeHHh 

TpoHa ero pacmennennSI'MoryT npo 

BpeMSI KaK llHtPtPY3HOCTbiO Sl)lepHOli 

x/ B To lKe apeMSI no cpaBHE 

'leT SIB/ISieTCSI 6onee nonH< 

B03MOlKHOCTb CTpHHITIIHI'a 

HOB rrpOXOllHT SI!IPO 6ea B: 

1111e D I 2 R « 1 • 
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s~J¢·eKTMBHbiM CnOC060M paC'ii!Ta B3aHMOAei!CTBMil SIAep 

ecTecTaeHHO Ha'iaTb c Han6onee npocToro 

TeM 6onee, 'iTO AnSI sToro cnyqag ceil-

npeAnpnHSITa B paooTe , rne MeTonoM MoaTe-
xx/ 

tMonei!cTBne neilTpoaoa c yrneponoM nfn T d = 280 Msa • 

nnn-rRROOe'iMUH npennonmKeHHIO 0 MeXaHH3Me aft'yTpHSinep-

TeopeTM'ieCKOrO pac'ii!Ta (6biUO paCC'iMTBHO BCero 
. ' 

KpailHe ynpomennoil Monenn) II 6ennocTb nsaecTnoro 

MaTepnana ncKniO'iann B03MOlliHOCTb 6onee onpe-

sneKTpOHHbiX M811JHH ll03BOUSieT B HBCTQ-

KaCKaAOB C MMHHManbHhlMH TeOpeTM'ieCKHMH orpaHn-

B03MomnoCTb nony'iMTb anonHe onno3HB'iHbie 

neilTpOH-SIAepHbiX B38MMOAeilCTBHil, 

KBK Cna6o CBSI3aHHYIO CMCTeMy, 'ranTenb' 

S!HHe MeJKAY KOTOpblMH tPMKCMpOBaHO H paBHO Cpenne
-13 

D = 4,3·10 CM, HanpaaneHne OCJI TaKoi! raHTenn 

4 

MOMeHT neil-

nsMeHSieTCSI npn nBnll<eHnn. 3aKpenneaabie 

P • nnSI oneaKH pacnpeneneHHSI sToro 

a 
d p 

p 2 + t2 ID2 )!i..'' 

-KnHeTnqecKaSI sHeprnSI HaneTaiOmero nei!TpoHa 
KoopnHHaT, 

I 
I 

-.l 

.\ 
): 

,j 
' 

_ npellCTBBnSIIOlllYIO KBanpaT cpypbe-JtOMllOHeHTbl npn6nnll<eHHOi! BOUHOBOi! tPYHKilHH 

nei!TpoHa 

-rio 
e 

'l' cfl J2 rr D 

KaK noKasann pacqeTbi, neTann pacnpeneneHnSI w (pl cna6o CKa3bJBaiOTCSl 

HB npnBOAHMblX HHllie pesynhTaTaX pac'ieTOB, 

Llnst Sinpa-MnmeHH 6yneM ncnonh30BBTh Monenh BbipomneHHoro. cpepMn-rasa, 

KOTOpBSl 06bl'iHO HCllOnh3yeTCSl B p8C'ieTaX HyKnOH-SinepHblX KBCKBAOB, 8 ABHHOil 

pa6oTe Mbl paCCMOTpMM Han6onee npOCTYIO Monenh - SinpO C pe3KOii rpaHH!leii 
tla -ta · 

(pan nyc R = 1,4 A . • 10 CM) II 6yneM C'iMTBTh, 'iTO C S!ApOM B3aHMOneii-:-

CTBYIOT nMIIJb Te nellTpOHbl, UeHTp TSiiKeCTH KOTOpblX npOXOAMT OT UeHTpa liJ:tpa-

MnrneHn na paccTo!IHMH ae 6onbrne 'ieM R + D I 2 . CpaBHeHne c sKcnepnMenTaMn 

' 
pa3nM'iHblX TMUOB ll03BOnHT HaM Bbi!ICHHTh, naCKOnbKO BalliHbiM !IBn!leTCSI yqeT na<!J

cpy3HOCTH !lnepHOil rpaHHUhl (nanOMHHM, 'iTO B cnyqae HyKnOH-!IAepHbiX B38HMOneil-
. /4-6/ 

CTBHil STOll llMcpcpy3HOCTblO MOlliHO 6binO npene6pe'ib ) • 

Cnyqaa, Korna B !!Apo-Mnrneab nonaAaeT nnrnh onnn ns nyKnoaoa S!Apa neii

TepaSI, . a BTOpoii npOAOnJKaeT ABHJI(eJIHe npaKTH'ieCKH 6e3 H3MeHeHI!Sl CBOero HMnynh

ca, OTHOCSlTC!I K peaKUHH CTpHllllMHraj STY peaK!liiiO Mbl 6yneM Y'iHTbiBBTh KaK 
J 

qacTHbiil cnyqaii neynpyroro neilTpOH...;Sinepnoro P.3anMoneilcTBH!I n ··BKniO'iaTb ee 

BKnan ao ace npaaonHMbie anme pe3ynhTaTbl Bbl'iHCminail. 

CnenyeT, onnaKo, nMeTh B anny, 'iTO ceqeHne cTpnnmiHra B HarneM pacqeTe 

nonllmo 6biTh necKonhKO 3annmeHHhiM, T.K. acnencTBne Manoii sneprna CB!I3H neil

Tpona ero pacmennennSI'MoryT npoacxonaTh aHa naneKoil nepacpepan 11npa, B TO 
x/ 

apeMst KaK nncpcpysnocTb!O Sinepnoii rpaHn!lhl Mhl npeHe6peraeM , 

I B ' - - c 6 191 
X TO me apeMSI llO CpaBHeHH!O C H3BeCTHOII TeOp!!ell ep epa H811J ·pac-

qi)T SIBnSieTCSI 6onee nonnbiM, T,K. y Hac aBTOMaTI!'ieCKH y'iHTbiBaeTcsr 
B03MOlliHOCTb CTpHlllli!Rra BHyTpH Sinpa (Korna OAHH H3 nei!TpOHHbiX RyKno
HOB npoxonnT SIAPO 6e3 asaaMonei!cTaasr) a He ncnonh30Banocb npn6nnme
nne D I 2 R « 1 • 

1!~·· 
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..... 

HHorna oKaahmaeTclil,· 'ITO nonaaume a lilllPO HyK:JOHhl nei1TepHlil ( o6a HyKnona 

Hllll OllHH 1 KBK '3TO l!MeeT MeCTO B peaKUHII CTpHllllHHra) npOXOillii'I_' 3TO SIAP.O 6ea 

B38HMOAeHCTBHSI; B TBKIIX cny'IBSIX .C'IIIT88TCli!1 'ITO neiiTpOH He B38HMOAeilcTBOB8ll 

C lilllpOM. 

11pn Bhi'IIICneHHSIX 6yneM y'IHThiBBTb cny'!an ynpyroro pacceli!HIBI HaneTarome

ro neiiTpOHB HB BHyTpiiSIIlepHhlX HyKrtOHBX. nnlil paC'!eTa TBKHX CTOliKHOBeHnii HCllOllb-

3YJOTCli! H3BeCTHhle 3KCITepnMei!T8llbHble Ce'!ei!JISI N -d B38JIMOneilCTBJifi. 

TaK KBK ce'!eHue ynpyroro N -d naauMonei1CTBJilil 6biCTpo yMeHhmaeTcSI c 

pocTOM 3HeprnH, TO ynpyroe N- d pacceSIHHe BHYTPH li!Apa a'lellb· cna6o nnnSieT 

HB peay:JbTBTbl Bbl'll!ClleHHii.· 

Mbi 6yneM C'IIITBTh, 'ITO rrp11 HeynpyroM N- d B3BIIMonei1cTBI!I! BHYTPIISinep-

HOe CTOliKHOB8HIIe (n 06:JaCTII 3Hepr1Iil IIOpSIAKB HeCKOllbKIIX COTeH Man 3T0
1 

KBK 

llp8B1Ill0 1 - ynpyroe CTOIIKHOBeHI!e) IICllblTbiBBeT lllllllb Olll!H JI3 HYKliOHOB nefiTepiill
1 

npyroil )1(8 HYKliOH COXp8HlileT CBOU fiMllYIIbC. llanbHeillllee IIOBeneHHe 3THX nyKliOHOB
1 

KaK 11 noaeneHIIe ayKnoHa, nonanlllero n SIApo n peaKUJIH cTpnniiHHra, paccMaTpnna

/4-6/ 
eTCSI B P8cMK8X o6bi'IHOH MOnenn BHYTPIISI!lepaoro KBCKBllB 

llnn onncaHnlil xapaKTepnCTIIK ynpyrnx 11 aeynpyrux p - p n p- n aaanMonell

CTBnll BHyTpU lilnpa, 6yneM IICUOnb30B8Tb COOTBeTCTBYIOlllHS.. 3KCnepH!~18HT8llbHble 

llBHHble. 

Bee KacKanHhle pac'!eThl BhliiOnHeHbl MeTonoM MoaTe-Kapno c y'leTOM npua

UIIna J1ayn11 fl pellllTUBIICTCKOU TpeXMepHOH KUHeMBTifKif; .p83blrpbiB81IUCb T8K)l{8 

aanpaaneaue. ocu aaneTaJOlllero neilTpoHa .n aaa'!eime oTaocuTenbH<?ro uMnynhca 

HYKliOHB B neiiTpOHe p • Cali!Tne noa6y)l{ll8HJISI y Sinpa-ocTaTKa, o6paaoaanllleroclil 

nocne BbineTa 113 SIIlpB-MIIllleHH 6biCTphlX KBCKBilHbiX 'l8CTIIU 1 paCC'll!TbiBBliOCb B paM-

6 u ~ /7/ 11 
KBX 0 bi'IHOH ncnapl!TenbHOn MO!lenn • pi!BelleHHble Hli)K8 peaynhTBTbl OCHOBBHbl 

aa pac'!eTe npHMepno 2000 po3hlrphllllefl nnlil KaJ:,noro SIApa-MnllleHH II KB)KJlOro 

3Ha'!eHnn 3Heprau T d • B oTnenhnhiX cny'!aSix - aanpuMep, npa Bhl'li!CneHIIII 

' 4 
Cll8KTpOB 'IBCTI!ll non onpellenEiHHbiMII yrnaMI! - p8CC'IIITbiB81IOCb CBbiiiJe 10 po-

x/ 
3bii'pbilllel1 • 

....t/BpeMSI OllHOrO p03blrpb!lll8 HB MBIIJIIHe M-20 COCTBBIIHeT B cpenHeM. OK0-

.'10 0,7 CeK. . 

6 

i. 
l 
l 

l 

I 
. ' 

l 
,ii 

I 
I 

·I 

I 
! 

l 
I 

KpoMe riepe'!ncneHJ 

llBIOT BKIIBil TBK)Ke . npoue 

na. · Cao6oAHhle · HyKnOHhl, 

nanee nonacTb a Sinpo n 

nponeTeTb MnMo nnpa. n 
neiiTpoH-SinepHbiX aaanMc 

poro cny'laSI, To ce'!eHnE 

"' 10- 3 z 2 
7o • z . 

Tll)Ke:JbiX li!llep; Ce'!eHI!e 

MO)l{eT 6b!Tb paCC'Il!TBHO 

li!Jlep OliO OK83biB8eTCli! 

a anSI nerKIIX lilnep necb 

neilCTBIIlil. 

3a IICKliJO'IeHIIeM Cl 

HbiMif ll8HHbiMII 1 BKIIBll p 

Horo pacmenneHHfi BKliJO' 

llnepHblX B38UMOnefiCTBlli 

npa:.TH'IeCKif He ljlHKCifpy 

3. Pe 

B Ta6ii. pac'!eTE 

HbiMII SIIlpBMH .CpBBHIIB.Bl< 

3KCUepHM8HT II TeOpHSI 

27 
aHa'l';HHSI (KpoMe AI . 

KaK Mhi yniiilHM Ill 

C '18CTIIUBMH 1 BbJneTaJOD 

npoueccoa TJma cTpiinm 

MIIllleHu, anSI pac'!eTa K' 

B Ta6n. 3 11 2 npi 

p0>;{!18101lli!XCSI 38pSIXCeHH: 

HCIIyllleHHbiX HefiTpOHOB 



B SIJ:(pO HyKnOIIbl .[lefiTepiiSI ( 06a HyKnona 

peaKlliiii'CTpllnnHHra) npOXO.[lSIT 8TO S!.llpO 6e3 

qTQ .[l8llTpOH He B3811MO.llefiCTBOBan 

cnyqan ynpyroro paccenHIISI HaneTarome

nnSI pacq~Ta TaKIIX CTOnKHOBeHIIll IICUOnb-

N -d B3aiiMOJ:tefiCTBIIll, 

aaanMo.lleficTBIISI 6biCTpo yMeHhlllaeTcSI c 

paccena11e aayTpll SI.llpa oqellb cna6o nn11neT~ 

HeynpyroM N - d B3aiiMO.llefiCTBIIH BHyTpiiSI.llep-

H8CKOnhKHX COTeH ~aB aT01 KaK 

nlllllb O.lliiH 113 HyKnOHOB nefiTepHS11 

IIMilynbC, nanbHefilllee nOB8.ll81111e aTIIX HyKnOHOB1 

B S!.llpO. B peaKUIIll CTpllnll!IHra, paCCMaTpiiBa
/4-6/ 

nnnepHoro KaCKa.lla 

p - p 11 p- n aaanMonei!-

COOTBeTCTByiOilllle aKCnepnMeHTanbHhle 

MSTO.llOM ~OHTe-Kapno C yq~TOM npiiH-

KIIHeMaTIIKIIj p83blrpb!Ban11Cb T8KlK8 

l! 3HaqeHIIG OTHOCIITSnbH?rO IIMnynhCa 

KacKanHhtX qacTIIU, paccqiiThiBanocb a paM

npaaeneHHhie HII)Ke peaynhTaTbl OCHOB8Hbl 

nnSI Ka,:·:noro nnpa-MIIIlleHII H Ka>Knoro 

·CnyqaSIX - HanpiiMep, npll BbiqllcneHIIII 

4 
- paccqiiTI>IBanocb CBI>rllle 10 po-

~-20 COCTaBnSieT B CpenHeM OKO-

r 

I 

I 
' 'l 
" •' 

I 

I 
! 

I 
i 
I 

i 

... 

. KpoMe riepeqacneHHbiX Bhiille nponeccoa, a ce'IeHae Heynpyroro paccenHIISI 

naroT aKnan TaK:l!{e nponeccbi KynoHOBCKoro 11 nn~paKnnoHHoro pacmenneHIIfi .[leilTpo

Ha. · Cao6onH~>Ie. HyKnOHhl, Ha KOTOpbte a aToM cnyqae pacmennneTCSI, nefiTpoH, MoryT 

nanee nonaCTb B SIJ:tpO li Bbl3B8Tb SI.[lepHyiO peaKUIIIO ( OJ:IIIH HyKnOH llni! o6a) 11n11 lKe 

nponeTeTb MIIMO nnpa. nepBbtli cnyqafi npaKTIIqeCKII He oTnllqaeTCSI oT Heynpyrnx 

nefiTpOH-SIJ:tepHbiX B3aiiMO.[lei!CTBIIH, 0 KOTOpb!X llllla peqb Bbillie, 'ITO lj:aCaeTCSI BTQ

poro cnyqan, TO ceqe1111e KynoHOBCKoro pacmenneHHSI oqeHb Mana (uKyn /u 1n. ~ 
-3 2 . /10,11/ 

"' 10 Z % , Z - aapSI.ll Sinpa ) 11 .llaeT aaMeTHhrfi· BKnan n11111b nnSI 

TSilKenhiX nnep; ceqeHue llll~paKUHOHHoro pacmenneHIISI Ha Sinpe c poaKoli rpa1111aefi 
Ill/ 

MO)KeT Ob!Tb paccqiiT8HO no ~OpMynaM, npuaeneHHblM B o6aope • nnSI TSilKellbiX 

SI.[lep oHo oKa3biBaeTCSI npHMepHo TaKoro lKe nopSinKa aenaqiiHbi, qTo 11 u 
Kyn. 

a nnn nerKux Sinep aecbMa Mana no cpanHeHHIO c ceqe1111eM Heynpyroro aaaHMO-

nefiCTBIISI, 

3a IICKIIIOqeHHeM cnyqaea, KOr.[la np0113BOJ:IIITCSI cpaBHBHHe C ~OTOaMyllbCIIOH

HblMII naHHbiMH, BKnan paccqiiTaHHbiX TaKIIM o6pa30M KYIIOHOBCKOrO II j:IH~paKUIIOH

HOrO pacmenneHHi! BKniO'IeH BO BCe llpiiBOllHMbie IIII)Ke XapaKTeJ:liiCT!IKII .[lei!TpOII

SI.[lepHb!X B3811MO.[lei!CTBHH (B Ollb!TaX C ~OTOaMyllhCHell npoueCCbl pacmenneHHSI 

npa:{TIIqeCKII He lfJIIKCIIpyroTCSij CM, Hll)l{e), 

3, PeaynhTaTbi pacqi\Ta 

B Ta6n, pacqiiTHhie ceqeHnn aeynpyroro aaauMO.llei!cTBHSI .[lei!Tpoaa c paan11q-

Hb!MII Sl.llpaMH cpaBHIIB.aiOTCSI C COOTBeTCTBYIOilliiMII aKcnepHMeHTallbllbiMII BenuqaHaMH, 

3KCnepiiMeHT ll TeOpiiSI OIIH3KII .llpyr K .llpyry, O.llHaKO Cpe.llHIIe aKCn.epiiMSHTallJ:>Hble 

3HaqeHIISI ( KpOMe A 1 
27 >' CIICTeMaTnqeCKll npeBOCXO.llSIT paC'IiiTHbie. 

KaK Mbl YBII.llHM .llanee, aTo pacXO)I{.lleHHe, no-BII.llHMOMy, caSiaaHo a ocaonHoM 

C qaCTIIU8MII
1 

BbineTaiOilliiMII nOll Mallb!MII yrnaMII, II ero MOlKHO OTnec;:Tn aa Cqi~T 

npoueccoa T11na cTpHnnHHra u pacmenneHIISI .[lei!TpoHa aa .llaneKoil nepri~ei:llm nnpa

MIIrneall, .llnn pacqeTa KOTOpblX Tpe6yeTCSI 6onee .lleTanbHan Mo.[lenb. 

B Ta6n. 3 11 2 npm3e.llellbl pacnpeneneHHSI aeynpyrnx aaanMO.lleilcTBHil no q11cny 

pm:<.llaJOmHXCSI aapsnKeHHbiX qacTHU:, a aa p11c. · 1- aa.BIICIIMOCTh cpenHero q11cna 

HCnyllleHHbiX aeiiTpOHOB OT M8CCOBOrO qncna S!.llpa-Mfllli8HII, naHHble Ta6n, 2 
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xapaKTepuayroT KacKanHyro (nneHeeyro) cTanuro ne~TpoH-nnepHoro eaanMonelicTenn. 

Taon. 3 u pr1c. 1 y'lnTbiearoT u ncrrapnTellbHYID cTannro. B cnyqae aapiDKeHHbiX 

qacTnu HaonronaeTCR Herrnoxoe cornacue aKcrrepuMe HTanbHbiX u pacqeTHbiX eenii'IIlH 

ang OOOKX 3H8'19HI1ll napaMeTpa IInOTHOCTII ypOBHelt B030Y:lKLIOHHOI"O RLipa-oCT8TK8 

a = 0,1 II a = 0,05 Mae -
1

, IICiionb3yeMbiX OObl'lHO ann pac'I!!Ta npouecca Ilcnape-

HKR. Xy:lKe cornacyroTcn aKcnepnMeHT II TeopiinHa p11c. 1. 

npa'lnHa TaKol"o pacxmKneuun a nanHhiX nnR aapmKeHHhiX u ueiiTpanbHhiX 

'18CTnri' OCTaeTCR He BIIOnHe BCHOH, 0T'I8CTU 3TO OoycnoBneHO pa3nll'lli9M MOTonuK, 

/13-15/ . . 
HCIIOnb30B8BIIli!XCR B 3KCIIepllMOHT8X . , 4>oT03MynbCI!OH!lb!H MOTon, IIpllMOHBB-

/13,14/ 
!l!IIHCB B pafioTaX nnn UCCnenOB8HHB 38pBJKOHHbiX '18CTHU, cymeCTBOHHO 3a-

HlllK89T BKnan naneKI!X rrepnljlepH'IOCKHX B3,8HMOnefiCTBHH, IIpll KOTOpb!X Rnpo OCT89TCS! 

B cnafio B030y)!<neHHOM COCTORHHHi T8KI!e COObiTilSI B cpOT03MynbCHH O'IOHb TpynHO 

38p91"11CTpllpOB8Tb 
1

11 3KCIIOpi!MOHT8nbHbie naHHbiO ny'IIIIO COrnacyiDTCR C K8CKanHo

UCII8pHTOnbHOH MOnenbiD, He Y'IIITblB81011leii pacmerrneHHH neliTpOHa, HaooopoT, 

/15/ -
MOTOn pafiOTbl II03BOnRn cpHKCIIpOB8Tb .Bee BTOpH'IHbie HOHTpOHbl 0 B TOM 'IIICne 

11 o6paayromnecg rrp11 nepncpepu'leCKHX B3aHMonelicTBHnx, rne HX 'lllcno cymecTBeHHo 

HIIJKe TOI"0 0 'ITO naroT K8CK8nHbie pac'leTbl, 

To, 'ITO racxomnen11n nelicTBl!Tenbno B ana'lnTenbnoli cTeneua o6ycnoBnenbi 

rrepll<j>Opll'IOCKIIMII B38HMOneliCTBI!SIMII, nonTBOpJK,r.aeTC!i! BllnOM yrnOBbiX II IIMIIynbCI!blX 

pacnpeneneuali BTOpi!'IHblX '18CTHU. HyKnOHbl B ueyrrpyrHX CTOnKHOBOHHHX c oonb

IIIHMH rrapaMeT.p8MII ynapa BbinOT8IDT B OCHOBHOM B o6naCTb ManbiX yrnOB, l!MOHHO 

B 3TOH o6naCTH p8C'IeTHbl9 CIIOKTphl rrnoxo COI"nacyiDTC!i! C 3KCIIOpHMOHT81lbHhiMH 

Kpl!BblMII (pKC, 2); rrpii 3TOM COI"nacKe yxyawaeTC!i! C yMeHbWOHKOM 

y!"na. B TO :lKe speMn pacnpeae·neHII!i!, nonyqeHHbie B ¢oToaMynbCIIOHHhiX 

. naMepeHII!i!X, xopowo .cornacyroTC!i! c TeopKel! (pKc.3,4 K Ta6n11Ubi 4,5). Oco-

6eHHO IIOK838Ten bHbiM B 3TOM OTHOWOHIIII !i!Bn!i!OTC!i! pacnpeaeneH11e 

Ha pKC, 3 8, OTHOC!i!LUeec!i! K OblCTpblM '18CTKU8M 0 IICIIyLUeHHhlM no a 

ManbiMl! yl"naMII 0 ~ 10°, 11 TeM He MeHee xopowo cornacyromeecn c TeopeTII-

'19CKUM, 

8MecTe C T9M IICIIOnb30B8H119 TOnCThiX MHIII9Hefi
1

B CBOID O'lepe.nb )MQ)!<OT 

cny.)lmTb IICTO'IHIIKOM CIICTeMaTII'I9CKl!X Ollll!OOK, CBS!38HHbiX C TpynHOCTbiD rrepe

paC'IeTa' peaynbT8TOB T8KHX 3KCrrepiiMOHTOB Ha 8KT neiiTpoH-nnepHOI"O BaaHMD

neilCTBIIH, 
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Ecna yqecTb 3TH oocTOBTenbcT 

Teopaeli H 3KCIIOpiiMOHTOM BBnlleTCB 

4. 3aKnro.J:eHIIe 

TaKHM oopaaoM, KacKanHhiii Me: 

neliTpOH..;gnepHbiX B38HMoneliCTBIIH, 3 

HyKnOHOB X8p8KTOpH3YIDTCB IIHKOM B 

. as nnpa ohiCTpbiM neiiTpoHoM1 canbE 

3TOI"O neliTpoua. Dpll riepe'xone K oor. 

· ohiCTpbiX HyKnoHoB YIIIHpneTcn, 'ITO c 

HMOnefiCTBHfi, 

B oTnH'IIIe oT B3anMonelicTBHli 

B3811MOneliCTBUfi BOCbMa · CYIIIOCTBOHHC 

Ubi. Ecn11 aTy n11¢¢yaHocTb He y'IHTbi 

cpennue xapaKTepuCTI!KII; Bee BenH'IH 

3biB8IDTCH cymeCTBeHHO 38ltl!JKOHHb1Mf 

n H T e P 

1. The· AECL Siqdy for on lntence Neutron Gen• 

2. B.r.Eo6KoB, B.D.LleMun, H.E.Keiii 

KOBH'I, n.H.CMupeHHbiii, M.A.Cbl'lf 

Kl!X noneTax, AToMuanaT, MocKBa 

3. H.A.nep¢ano5, O.B.noJKKIIH, B.l'~.< 

'ISCTHU BhiCOKHX aHepruii, AH CCI 

4. B.C.Eapl!wenKoB, B.M.ManbUeB, E 

322 {1966). 

5, H.3.ApTbiKOB, B.C.EapaweHKOB, C 
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neii"TpOH-li):IepHOI'O B3811MOJleiicTBJUI, 

SKCrrepiiMe lfl'BnbHI>IX II p8C'leTHhiX aenll'lllH 

nnoTHOCTil ypOBHei! B036y:>KJleHHOI'O HJlpa-oCTBTKB 

pac'leTa npouecca Ilcnape-

B JlBHHl>IX JlnH 38pH}l(eHHbiX II HeiiTpanbHhiX 

sTo o6ycnoBneno pa3nll'llleM MeT-c;JliiK, 

<t>OTOSMynbCIIOHHbiH MeTOJl, IIpiiMeHHB-

3apH:>KeHHbiX 'lBCTIIU, cymeC'TBeHHO 38-

B3.811MO)leHCTBIIH, IIpll KOTOpblX HJlpO OCTaeTCH 

COI'nacyiOTCH C KBCKBJlHD-

pacmennennii neiiTpona. Hao6opoT, 

.Bee BTOpll'lllbie ReiiTpOHhi, B TOM 'lHCne 

B 3Ha'lnTenbnoii cTenenn o6ycnoBnenw 

, IIOJlTBepmnaeTCH BIIJlOM yrnOBbiX II IIMrrynbCHI>IX 

HyKnonw B neynpyr11x cTonKHOBeHnnx c 6onb-

IOT B OCHOBHOM B o6naCTb Mani>IX yrnOB, HMeHHO 

cornacyiOTCH c sKcnepnMeHTanbHl>IMH 

YXYJlWBeTCH C yMeHbWeHKeM 

nonyqeHHhle B cPOTOSMynbCilOHHbiX 

c TeopKeJI (pKc.3,4 K Ta6nKubl 4,5). Oco-

OTHOWeHKK HBnHeTCH pacnpeaenenKe 

fihiCTpbiM 'lBCTKUBM, KcnyweHHI>IM IIOJl 

He MeHee xopomo corlUicyiOmeecll c TeopeTn-

.. MllllieHeii > B CBOIO O'lepe•Jlb )MQ)KeT 

omn6oK, CBl!3aHHbiX c TPYllHOCTbiO nepe

Ha BKT JlefiTpOH-liJlepHOI'O B3811MD-

i\ , 

t 
'I c. 
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Ecn11 yqeCTb STH o6CTOl!TenbcTBa, TO cnet~yeT•npnaaaTb, 'ITO cornac11e Me~llY 

Teopnefi II SKCrrepiiMei!TOM l!BnlieTCH BIIOnHe YllOBneTBopnTen;>HhiM. 

4, 3aKniO'lenae 

TaKIIM 06pa30M, K8CK8llHI>Ifi MeX8H113M OrrpellenlleT OCHOBHyiO 'lBCTb Heyrrpyi'IIX 

t~eiiTpoH-liJlepHI>IX B3anMonellcTBHii. 3nepreTn'leCKHe pacnpeneneHnH pO)KllaiOmnxcg 

HyKnOHOB xapaKTepH3YIOTCH IIIIKOM B o6naCTII T ., T d /2 · 't.{aCTIIIIl>I, BhifiHBaeMI>Ie 

113 llllp8 6I>ICTpblM lleiiTpOHOMI CHnbHO KOnnHMIIpOBBHbl B HanpaBneHHII llBII)!WHIIH 

sToro t~eliTpona. ITpn riepe'xot~e K 6onee THmeni>IM HJlpaM Y~'.TIOBOe pacnpenenen11e 

6I>ICTpbiX HyKnOHOB YlliiiplleTCH, 'ITO CBH3aHO C 6onblliiiM 'll!CnOM BHyTpllllllepHbiX B3a

IIMOJlefiCTBHli. 

B OTnll'llle OT B3811MOlleiiCTBIIli HyKnOHOB C llllp8MII llnH lleiiTpOH-BJlepHI>IX 

B3811MOlleliCTBIIli BeCbMB cymeCTBeHHOH OK83I>IBaeTCll JllltPtPY3HOCTb HJlepHOH rpaHH~ 

Ubi. Ecna STY JllltPtPY3HOCTb He Y'l11Tl>IB8Tb, TO C SKCrrepnMel!TOM COI'nacyroTCll nHllib 

CpeJlll!le XapaKTepnCTIIKIIj BCe BenH'lUHbl, OTHOCliWHeCl! K o6naCTII ManbiX yrnoB, OKa-

3l>IB810TCH cymeCTBeliHO 38llii:>KeHHbiMII, 

nnTepaTypa 

1. The AECL Study for on lntence Neutron Generator; Report AECL- 2600, Chale River, Ontario, 1966. 

2, B.f.Eo6KOB, B.IT • .lleMnH, l1.E.KenpnM-MapKyc, E.E.KoBaneB, A.B.napH'lel'\, B.A.Ca

KOBH'l, n.H.CMnpeHHI>Ili, M.A.CI>I'lKOB, PallHBUIIOHHBH 6eaonaCHOCTb npn KOCMII'leC

KIIX rroneTax, ATOMH3JlaT, MocKBa, 1964. 

3. H.A.ITepljlnnoa, O.B.nomKnH, B,l1.0cTpoyMoB. Ht~epHbie peaKUHH non t~eiicTBneM 

qacTnu Bl>ICOKnx sneprnll, AH CCCP, M-n, 1962, 

4, B.C.EapaweHKOB, B.M.ManbUeB, B • .U.ToaeeB. l13B. AH CCCP, cep. <Pna. ~ 232
1
• 

322 (1966). 

5, l1.3.ApTl>IKOB, B.C.EapaweHKOB, C.M.EnnceeB. H<P, 4, 156 (1966). 
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6, J1.3.ApTbiKOB, B.C. EaparneHKOB, C.M.Enaceen, MaTep. Bcecoroanoro conernanan • 

no <jlaaHKe KOCMH'IeCKnx nyqell, AnMa-ATa, 1966 (JilpenpaHT OIHIH, P2-3005, 1966). 

7, B;.ll.Toneen. 0T'IflT nT<P OHSIH, E1-2740, .lly6na, 19o3, 

8; A.O.)!\nanon, <P.r.nenexnn, TpyAhl PHAH,~ 41 (1959). 

9, R.Serber. Phys. Rev., 72, 1008 (1947). 
I -

10. S.M.Dankofl. Phys. Rev.,.7t, 1017 (1947). 

11~ A.r.CnTenKo. Y<PH, 67, 377 (1959). 
"' -12. G.P.~I. Millburn, W.Birnbaum, W.F.,Crandall, L.Schecter. 

Phys·. Rev.,-2§., 1268 (1954 ). 

13. M.V.K.Appa Rao, P.J.Lavakare. Nuovo Cim., !_9..! 321 (1963). 

14. n.TI.ConoabeB·a. )h3T<P, ill., 1086 (1956), 

15. W.E.Crandall, G.P.Millburn. Jorn. Appl. Phys., !_9_, 698 ( 1958). 

16. L.Schecter, W.E.Crandall. G.P.Millburn, D.A.llicks, A.V.Shelton, 

Phys. Rev.,l!~ 633 (1953). 

17, A.C.IIelmholz,E.M.McMillan, D.C.Sewell. Phys. Rev.,~ 1003 (1947). 

18, E.Gardner, V.Peterson, Phys. Rev.,Z,~ 364 (1949). 

PyKonHCb nocTynnna B nanaTenbCKnii oTnen 

23 MaH 1967 rona. 

10 

I 

Ceqennn neynpyrnx neiiTpOH· 
.Td=)( 

Slnpo OnhiT/12/ 

Al2T I 0,966 ± 0,05 
Cn 68 

I 
1,76 ± O,I7 

Ta 
181 

3,13 ± 0,30 
201 

I 

3,44 ± 0,17 Pb 

Bl 209 3,55 ± 0,18 
u 238 

I 
3,81 ± 0,15 

A - ce'Ienne KaCKaJ:t!lhiX naanMone1 

B - nonnoe ceqenne neynpyrnx na·, 
unonnoro. pacrnennennii (na Sill 

Ornn6Kn n TeopeTn'IecKnx ana~ 

Tat 

Pacnpenerienn~ no 'Incny 6hiCTp 

B aneana~, o6paaoaa!IHhiX B <Po~ 

"lncno 

npOTOHOB OnhiT 

0 47,9 

I I 46,8 

2 5,3 



C,M.Ennceen, MaTep. Bcecoroanoro conemannn 

AnMa-ATa, 1966 (JilperrpnnT OIUIH, P2-3005, 1966). 

• 61-2740, ny6na, 191:l3. 

PHAH,.!1 41 (1959), 

L.Schecter. 

Phys., !9_,_ 698 ( 1958). 

D.A.Hicks, A. V .Shelton, 

Phys. Rev.,_z~. 1003 (1947). 

z.~ 364 (1949) . 

PyKOIIHCb IIOCTYIIlWB B H3.[(8T9IIbCKHH OT.[(eii 

23 Man 1967 roAa. 

10 

.... 

Ta6nnua 1 

Ceqennn neyrrpyrnx AeiiTpoH-!IAepHhJX naanMOAeiicTnnii: a rrpn 
T d = 160 Man ln 6apnax) • In 

.H.r:lpO On hiT 
/12/ Teopnn 

A B 

A12T 0,966 ± 0,05 0~96 ± 0,02 I,04 ± 0,02 
Cn 68 1,76 ± O,I7 1,53 ± 0,03 I,64 ± 0,03 
Ta 181 3,13 ± 0,30 2,70 ± 0,05 2,94 ± 0,05 

20T 3,44 ± O,I7 2,85 ± 0,06 3,10 ± 0,06 Pb 

Dl 209 3,55 ± O,I8 2,87 ± 0,06 3,15 ± 0,06 
u 238 3,8I ± 0,15 3,I3 ± 0,07 3,41 ± 0,07 

----

A - ceqenne KaCKllAHhiX aaanMoAeficTnnii:, pacc'InTannoe MeTOAOM MonTe-Kapno; 

B - rronnoe ce'Ie!me aeyrrpyrnx aaanMo.[(eii:cTnnii c y'IilTOM KynononcKoro n An!jlpaK
nnoanoro pacmerrnennii: (na !I.[(p~ c peaKoii rpannneii). 

Omn6Kn n TeopeTn'IecKnx anaqeannx 'IHCTO cTaT'JCTH'IeCKne. 

Ta6nnna 2 

Pacnpenerienl!e no 'Incny 6hiCTphiX npoTOHOB (c aneprnefi T P > 50 Maa) 

a aneana~, o6paaonaHHhiX B !jloTosMynbcHI! 275 - Msa neii:TponaM.II ln %) 

tf.IICIIO 

IlpOTOHOB 0 /13/ IIbJT Teopnn 

0 47,9 ± 3,5 45,8 ± 3,4 

I 46,8 ± 3,5 0 . + 5 ,3 - 3,6 

2 5,3 ± I,I 3,9 ± I,O 

.;.. 
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Ta6nana 3 

Pacnpeneneaae no ~acny ny~eft B aaeanax,o6paaoaaHHhlX 

IlGfiTpOH8MH B ~OTOaMynbCHH (B %) 

T d~ 220 Mss 
'IHCllO T d= 275 Ms~ 3B 

ny'lell. 

0 
I 
2 
3 
4 
5 
6 
7 
8 
9 

T e o p H Hx/ 

Orrbl/ 14/ 

A 

- 6,0 ± 0,5 
12,s±a,9 22,4 ± 1,0 

+ - + 33,2~1,5 29,9 - 1,9 
"t ± 

22,~1,2 23,8 - 1,5 
16,5±1,0 14,2 ± 1,0 
1o,s±o,8 6,7 ± o,5 
3,o±o,5 2,1 ± o,3 
2,o±o,4 o,6 f 0,1 

0 0,3 ± O,I 

B 

5,0 ± 0,5 
2.1,0 ± 1,1 
26,5 ± 1,8 
22,2 ± 1,1 
15,9 ± 1,0 
8,5 ± 0,6 
3,7 ± 0,4 
1,5 ± 0,2 
0,7 ± 0,1 

OnbiT/13/ 

23,5 ± 5,3 
21,2 ± 5,0 
22,4 ± 5,1 
16,5 ± 4,4 

9,4 ± 3,3 
4,7 ± 2,3 
2,3 ± 1,6 

0 
0 
0 

Teopng 

A B 

10,4 ± 0,7 7,4 ± 0,6 
15,8 ± 0,9 17,0 ± 1,0 
17,5 ± 1,0 23,4 ± 1,1 
22,5 ± 1,1 IH,O ± I,O 
17,5 ± 1,0 15,5 ± 0,9 
10,0 ± 0,7 11,0 ± 0,7 
4,5 ± 0,4 5,2 ± 0,4 
1,3 ± 0,2 1,6 ± 0,2 
0,5 ± 0,1 0,6 ± O,I 

0 0,3 ± 0,1 

Cny~aa .A H E pacc~uTaHbi cooTBeTcTaeaao nng napaMeTpoa nnoTHOCTH 
-1 

ypoa:Ieii a = 0,1 H a= 0,05 Maa 

x/ /14/ · 
B pa60Te He paCCM8TpHB8nUCb co6biTHII, B KOTOphlX o6pa3yiOTCII TOnbKO 

aeiiTpanbHbie '18CT11Ilhl; noaTOMY TeopeTII'IecKne pacnpeneneang aopMnpoaaHbi 

aa nonaoe ~ncno aaean c n > 0 • 

12 

_, 

Ill npaaa yrnoaorc 

npn B3aHMOilel'!cT 

aaeprua T d = 

Z -aTOMHblll I 

z 

13 

73 

32 

92 

T 

9,0 

II,5 

II,6 

12,6 

x/ . 
npuaeneHHbie 3H8~GHll!I COO' 

annpoKCnMnpyrom.eii aK 



Ta6rriuxa 3 

qacrry nyqeii B aaea.ttax, o6paaoaaHHbiX 

«floTOSMYITbCHH (B %) 

T •= 275 Mas 3B 

x/. 

" 
-

E 

/13/ I T e o p H " OnhlT 

1 A E 

-
,o ± 0,5 23,5 ± 5,3 10,4 ± o, 7 7,4 ± 0,6 
,0 ± I,l 21,2 ± 5,0 15,8 ± 0,9 17,0 ± 1,0 
,5 ± 1,8 
,2 ± 1,1 
,9 ± 1,0 
,5 ± 0,6 
'7 ± 0,4 
,5 ± 0,2 
7 ± 0,1 

22,4 ± 5,1 17,5 ± 1,0 23,4 ± 1,1 
16,5 ± 4,4 22,5 ± 1,1 Il:l,O ± l,O 
9,4 ± 3,3 17,5 ± l,O 15,5 ± 0,9 
4,7 ± 2,3 10,0 ± 0,7 II,O ± 0,7 . + 

4,5 ± 0,4 5,2 ± 0,4 2,3 - 1,6 
0 1,3 ± 0,2 1,6 ± 0,2 
0 0,5 ± 0,1 0,6 ± O,I 
0 0 0,3 ± O,I 

COOTBeTCTBeHHO .[liTH rrapaMeTpOB ITITOTHOCTH 
-1 0,05 Msa • 

C0.6b!THSI, B KOTOpbiX o6pa3yiOTCSI TOITbKO 

TeopeTnqecKne pacrrpe.tterreHJIH HOpMnpoBaHbi 

n > 0. 

12 

! ' 

..I 

'J 

Ta6rrnua 4 

IlJ npnHa yrrrOBOI'O pacnpeneneHIISI HeiiTpOHOB, o6pa3yiOIUHXCSI 

rrpn B38IIMO.tteHCTBIIH nefiTpOHOB C pa3rrnqHbiMH H.ttp8MII rrpJI 

sHeprnn T d = 190 Msa. 

Z -aTOMHblll HOMep SI.ttpa-MHllleHu. 

(J y, lrpanycbi) 

z 
Teopug 

OrrbiT 
x/ 

I3 9,0 ± 1,5 9,3. ± 0,5 

73 II,5 ± 1,5 II,4 ± 0,5 

82 II,6 ± 1,5 II,? ± 0,5 

92 12,6 ± 1,5 12,0 ± 0,5 

I 

1~ (0,155 + 0,0006· z ); 
" /17/ 

x/n . • 
pnBe.tteHHble 3HaqeHUSI COOTBeTCTBYIOT UpSIMOH (J. Y, 

arrrrpOKCHMnpyiOIIX.eft SKCUepnMeHT8ITbHbie .tl8HHbie B pa6oTe • 

.13 



0' 
·:. 0 . . . 

0 --- ·30 . 
30 --- 90 , 

90 -~-ISO 

rso -~-rao , I .. 

. 
Td• 

Ta6muxa tl 

3aepreTH'I9CK8SI 38nHCHMOCTb yrnOBhlX pacnpe,a,eneHHA: 38pSDK9HHbiX "18CTHU1 

o6paayroma=:cn npn: ot5ny"'eHHH ¢oTOsMyn&CHH .aeiiTpOHBMH c saeprHelt T d 

35 Mas 

£'2 fT 

·W(Ol= f N(0)dcos0/ f N(0)dcoo0 

0' -· 
T d= 90 Mas T d= 130 Mas 1B 

18 /18/ 118/ 
OnbiT TeopH<I On biT TeopHSI On biT TeopH<I 

37,0 ± 

43,7 ± 

I4,5 ± 

4,8 ± 

2,0 57,7 ± 2,9. 36,2 :!: 2,0 42,7 ± 2,I 33,7 ±r,9 35,2 ±r,7 

2,2 28,4 ± I,4 39,7 ± 2,I 36,4 ± I,8 38,5 ±2,1 42,4 ±2,1 

I,3 II,9 :!: 0,6 I8,0 :!: I,4 I5,2 ± 0,7 2r,o ±r,s !6,3 ±o,a 

0,7 2,0 ± O,I 6,I ± 0,8 5,7 ± 0,3 6,8 ±o,9 6,I ±o,3 

npHB9ll9HHhl9 TeOp8THtt9CKH8 .0.8HHbl9 OTHOCSITCSI K a • 0,1 f B npenenax CTBTHCTH'q8CKHX 

owa6oK OUH cosna.a.aroT c COOTB8TCTBYIOIIlHMH B8JlH'CfHH8MH im.s a Q 0,05. npu. T d -- 35 Mas 

p8C"'~T HM98T JlHWb OpH8HTHpOBO"'HOe 3H8"18HH8 1 T.K. SHeprHSI .a.efiTpOHHhlX HYKJlOHOB 

a STOM cnyqae cocTaanSieT scero numb oKono 12 Mas; TeM ae Meaee paamttiHe Teope

TH~.J:ecxux n' SKCnepHM8HT8JlbHbiX JlBHHbiX OK83bUl88TCst He CJlHJ?KOM_ 60JlbWHM. 

T ,j• 190 Mas MSB 

On biT 
/18/ 

TeopHll 

29,4 ±r,a 30,8 ± I,S 

42,7 ±2,2 45,0 ±2,2 

20,6 ±r,s. I7,7 ±o,9 

7,3 ±u,9 6,5 ± 0,3 
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;:; o = o ~~' Pnc. 1. Cpennee •mcno nel!Tponoa, o6paayroumxcn B neynpyroM nellTpon-nnepHoM 
0 N 1'1'\ C'- :il ~ ,!; ~ ~ : B38HMOAei!CTBHH npu T d ., 160 MaB. A - MBCCOBOe 'IHCnO SIAp8-MIIW8HII. .. .. .. aJ \0 :r f-o Q) ' 

N N H 0 ~ ~ g "' ~ 3awTpi!XOB8HH8SI o6naCTb COOTB8TC~Jj_8T ,3H8'18HIISIM, Bbl'lll<: .. ~eHHbiM AnSI napa-
+1 +I +I +I t:: 

0 
"' '" '" . MeTpoa nnoTnocTn ypoaneli 0,1 Maa ;:: a ;:: 0,05 Maa (c y'I~TOM KY-

q t-: u;_ ~ : .nOHOBCKOI'O II Am}paKUHOHHOI'O pacmennennli). 
1151 

C'- 1'1'\ 4" -:;t- npnB8A8HHbl8 3KCrrepHM8HTanbHbl8 TO'IKII II3 pa60Tbl OTHOCSITCSI K 
"" ""'" H nepBn'IHOMY ny'IKY nei!Tponoa c sneprneii T d = 190 Maa. 0AnaKo ncmiAcT-

0 I t BHe uo'Y~?uuoHHbiX noTepb B TonCTbiX Mnwennx, ncnonb30BaBwnxcn B 
':"\ ~ ~ ~ pa6oTe . , A8HTpOH-SIAepHbl8 B38l!MOA8llCTDIISI llpOIICXOA~WII llpll ' T d 

I I I 'jl 160 Man • .• ' ~ • ' ·I... "I :-
o 0 0 0 

"' 0'\ II) 
H 

14 • •. u, 
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8=7.5.1 . I 11!1 r1 r 8=10· 
200 

I liU~III I 

i hl "' ¥-P-1 ~ j ~ mnml, j 200 ~ I m : t_J : ~ (I I 1 I 

~~ ~ . J dli 100 ~~ . : LJ t, ~ ~ 
~~ , m 11 _ , ~ L-..J ~ 

- . r 

B~ts·1 r 8=20.1 

20 60 100· litO 7pMeV 
B·~ts· 

20 fJO tao· 140 TpMeV 

Puc. 2. 3aepreTu'ieCKl!ii cneKTp npoToaoB, o6paayromnxcn npu B3aHMOJleiicTBHH 
190 MsB JleiiTpoHOB c stJlpOM U 

288 
• 0. - yron BbineTa npoTOHa B na6o

paTopaoii CHCTeMe KOOpJlHHBT. TiyHKTllp-peaynbTBT KBCKBJlHOrO p8C'ieTa 1cnnom
H8ll KpHBBSI JlononHuTenbHO yquThiBaeT BKnaJl n~oueccoB pacmenneHHSI Jleii

Tpoaa B npn6nHJKeHHH pe3KOii: rpaHH~t6JillPB U 
38 

• lllTpHXOBKOii: OTMe'l:eH~I 
Ollll!6KH SKCnepHMeHTBnbHbiX. JlBHHbiX 

·"" 16 

l 

I 

' 

l 

N 

80 

60 

I ·, 

ItO 

20 

20 

0 80 

Puc. 3. 3nepreTn'ieCKI!ii cneKTJ 
. CTBIIH C tjlOTOSMynbCJiel 

T p > 50
0 

MsB, B - n 
0 · ;S. 10 . . '<;;nnowHast 

Ga TO ; . nyHKTllp - 3K 



8=7.5. 8=10· 
200 

.... 

B~ts· B=2o· 

20 60 100· 140 TpMeV 
B·~ts· 

140 Tp MeV 

llpOTOHOS, o6pa3yiOIIlHXCH llpH S38HMOJleHCTSHH 
IPOM . U 

288 
0 - yron ShtneTa npoToaa s na6o-

IIKooonnHaT, nyHKTHp-peaynbTaT KaCK8JlHOI'O pacqeTa,cnnow

yquTbiSaeT sKnan n~oueccos pacwenneHHH nell:
peaKoii rpaaanaJIIlPa u 38 

• lllTpaxosKoii OTMeqeabi 
~ .... ~ nt... ... ,... '"- . ASHHbiX 

16 ·"' 

"- ~ 

'I~ 

I 

'I 

;r' 

N R 

20 

r1 B : I 

I I 
20 

I 
,. 

Ft 
0 60 120 lBO Tp /'1eV 

Pnc. 3. 3nepreTnqecKnii cneKTp 6btCTpbiX npoToaos, o6paayrowaxcH npn saanMonell.:: 
. CTSIIH C ~JOTOaMynbCnell· 220-Mas )leilTpOHOS, A- see npoTOHbl C aneprneil 

T P > 50
0 

Mas, · B - npi:rroilbi c T P >50 Mas, SbtneTaiOIIIHe non yrnaMH 
0 .$ 10 . · CnnoiunaH KpnsaH - pacqeT nnH cpennero Hnpa tfS!!oaMynbcaa 

Ga 
70 

; nyHKTnp - 3KCnepnMenTanbHbJe naHHbie na pa6oThi • . 

17 
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T=2?5MeV 
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go f20 8/grad} 

Pnc. 4. Yrnoahie pacrrpenoneanSI 6hiCTpbiX rrpoToaoa ( T P > 50 MsB), o6paayromuxcSI 
IIpH 6oM6apnHpOBKe ¢oTOSMynhCHH nefiTpOH8MH. 
CrrnomHhie K.PHBhie - pacqeT nnSI cpenaero Sinpa ¢oTosMynbCHH Ga 10 

; 
1 I3 141 

IIYHKTHp - SKCrrepHMOHT8nbHbie !l8HHbiO H3 pa60T ' • 

18 
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