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B HaCTOSUUee BpeMSI HeT eme, no-BHllHMOMY' llOCTaTO'iHOf'O 

KOJlH'ieCTBa 3KCnepHMeHT~JlbHblX ci>aKTOB, Ha OCHOBe KOTOpblX 

MO)KHO 6b1J10 6bl C03)l8Tb nocne)lOBaTeJlbHYIO TeopHIO B38HMOJleil:

CTBHH 3JleMeHTapHblX 'i8CTHU. 
\ . 

fiosToMy ueJlb HccnenoBaHHii: B cpH3HKe BblCOKHX a_Heprnii:, c 

0/lHOH CTOpOHbl, - OXB8THTb B03MO)KH0 "6onee rrrnpOKHH KJlaCC SIB

neHHH, C npyroii:, - nony'iHTb TO'iHb!e KOJlH'ieCTBeHHbie xapaKTe

pHCTHKH npoueccoB. 

3Ha'IHTeJlblfYIO )lOJllO B38HMO)leii:CTBHH COCTBBJlSIIOT Heynpy

rHe B38HMO)leHCTBHSI, npH KOTOpblX H3MeHSIIOTCSI nepBOHa'iaJlbHble 

BHyTpeHHHe xapaKTepHCTHKH 'iaCTHU. 

Ecnn CTOJlKHOBeHHSI rt -Me30H0l'I C lfYKJlOHBMH cpaBHII

TeJlbHO xopomo H3y'ieHbl /lO 3Heprnii: B HeCKOJlbKO faB, TO )laH

Hbie no HeynpyrHM lfYKJlOH-HYKJlOHHblM npoueccaM B 3TOH o6nac

Tll 3Heprnii: llO CHX nop O'ieHb CKYllHbl. B OCHOBHOM OHH OTHO

CSITCSI K B38HMO)leHCTBHSIM npoTOHOB C npOTOHaMH. 

p a6oT, IlOCBSillleHHblX H3y'ieHHIO Heii:TpOH-npOTOHHblX coyna

pemiii:, HMeeTCSI O'ieHb M8J10 1 XOTSI HCCJlellOBBHHe npoueCCOB C 

HyKJIOHBMH, HBXOASIIIIHMHCSI B pa3Hb!X sapSI/lOBb!X COCTOSIHHSIX, 

MO)KeT /l8Tb cy111eCTBeHHy10 AOITOJlHHTeJlblfYIO HHqiOpM8Ull10 0 Mex~-
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HH3Me B3BHMOJleil:cTanil: · npn ai>1coK11X sHeprnSIX. 3To o6'b5ICH5IeT

c£, . ao-nepBbIX, OTCyTCTBHeM MOHOXpOMBTH'leCKHX ny'IKOB Heil:

TpOHOB; npn pa60Te c KOTOpbIMll MO)KHO · 6bmo 6bi npHMeH5ITb · 

CT8HJl8pTHbie KHHeMaTH'leCKlle MeTO)lbl o6pa6oTKH, BO-BTOpblX, 

OTCyTCTBHeM )leTeKTOpOB, noaaonsnomux C BblCOKOH sqiqieKTllBHO

c TblO perHCTpupoaaTb BTOpll'IHble Heil:TpSnbHble 'ISCTllllbl. 

Mccne)lOBSHIIIO Heynpyrux Heil:TpOH-npoTOHHblX B38HMO)leil:

CTBIIH a o6n_acTu sHepruil: Bbillle 1 MHnnuapJla a.a. nocasimeHo 

nHUlb HeCKOnbKO pa6oT, BblilOnHeHHblX KSMepHOil H qJOT03MYnbCIIOH

HOH MeTO)lllKSMII. 

0CHOBHbie peaynbTSTbl 3TllX pa6oT - YCTSHOBneHne npeHMy

mecTaeHHO nepuqiepH'leCKOI'O xapaKTepa HyKnOH-HyKnOHHhlX B38-

llMO)leHCTBllH H nony'leHne yKa38HllH Ha o6pa30B8HHe HyKnOHHhlX 

uao6ap a STHX npoueccax. 

l1cnonb30BSHH85I HSMll )lnSI H3y'leHHSI Heynpyr11x Dp -aaa

llMO)leHCTBllH nponaHOBSSI KSMepa o6na)laeT PSIJlOM npeuMymecTa, 

O)lHHM 113 KOTOpbiX SIBn5IeTCSI BblCOKllH npoueHT COJlep)KSHHSI BO

)lOpo)la a KaMepe, 'ITO noaaonsieT 6bICTpO Ha6npaTb CTaTHCTHKY 

Hy)KHblX co6b!Tllil:. llpyroe JlOCTOllHCTBO KaMepbl COCTOHT a OTHO

CHTenbHO 6onblllOH C - 10%) sqiqieKTIIBHOCTll perncTpaUHll, y -

KBSHTOB. 

3TH CBOHCTBa nponaHOBOH ny3blpbKOBOH KaMepbl noaaonunu 

HSM ocymecTBHTb uccne)lOBBHHSI a o6nacTu Heynpyrux np -aaa

llMOJleil:cTanil: ll nony'IHTb PS!Jl HOBblX qlll.3ll'leCKllX pe3ynbTSTOB. 

llnccepTSUIISI COCTOllT ll3 'JeTb!peX I'.riaB! 

rnaaa - MeTO)lllKS 3KCnepIIM0HTa; 

II rnaaa 

Ill rnaaa 

paa)lenea11e-Kaaanoa peaKuuu; 

orrpe)leneaue cneKTpa naJJ.aromax aa KaMepy Heil:

Tpoaoa n ceqeauil pa3nR'IHhlX KaHanoa np -aaa

HMO/leil:cT~nfi; 
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Mace 

rnaaa - uccne)loaaaue pacnpe)leneansi a~qieKTIIBHhJX 

N ''" -KoM61rnauufi. 

Hll)Ke KpaTKO H3naraeTCSI _llX CO)lep)K8Hlle. 

I. MeTO/lHKa 3KCnepHMeHTa 

B KaqecTBe MllllleHll ll )leTeKTopa ·cnyqaea DP -B3allMO

/l0HCTBllll acrronbaoaanacb 24-nuTpoaa5I nponaaoaa51 nyab1pbK0-

/1/ 
aa£ KaMepa • KaMepa pacnonaranacb a MarHnTe c noneM 

uanp5I)K8HHOCTb10 15, 12 KI'C Ha paCCT05IHHll 44,4 M OT 6epun

n11eBOH MllllleHH, Cny)l{llBlllE!H llCTO'IHllKOM HeHTpOHOB. 

Mulllellb HSXO)lllnacb auyTpn cuHxpoqiaaoTpoHa. Heil-

C, 
TpOHbl BblXO)llJnll IlO/l yrnoM O K TpaKTOpllll IlpOTOHOB a ycKopu-

Tene. TTy'IOK qiopMupoaanC5I CTanbHb!Mll .KonnuMaTopaMll. 0'!HCT

Ka IlY'IKS OT 38p5I)l{eHHOI'O qJOHa Ilp0ll3B0)lllnacb MSI'HllTHhlM TIO

neM CaMOI'O ycKopuTen5I. llononHll'l'enbH85I O'IllCTKa OT )' -KBaH

TOB ll aneKTpOHOB ocymecTangnacb npll TIOMOlllll CBllHUOBOI'O nor

noTnTen5I. Un£ yMeHbllleHll5I TIOTOKa HeHTpOHOB B KaHan 6hlll no

Mel!JeH 6pycoK na nerKoro MaTepuana JlnHHOIO IM. Cneuuanbao

ro OKHa /ln5I BbIBOi:ta HeHTpOHOB · na BSKYYMHOII KaMepbl ycKopn

Ten5I He /lenanocb. 

3arpyaKa KaMepb1 Hei1:TpoHaMH perynnpoaanacb npn noMo-

• /2/ 
lllll CHCT8Mbl ,, o6paTHOll CBSl3II" ' KOTOpag ocyl!JeCTBn5Ina 

6hICTpblll OTBO/l ny'!Ka npOTOHOB OT MIIlll8Hll, KOI')la KO~ll'I0CTBO 

HeilTpOHOB, na)laIOlllllX Ha KaMepy, OKa3bIBanocb paBHblM 3a)laH

HOMy. 

OnpeaeneHne uanpaaneHn£ ny'!Ka ueilTpanbHhlX 'ISCTIIU oT

HOCnTenbHO KOOP/lllHaTHb!X oceii KaMepbl npOll3BOUHnOCb 3KCne

pnMeHTanbHO TIO KOHBepCllOHHblM aneKTPOH-TI03l!TpOHHhlM napaM 
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OT ,, -KBBHT0B, npncyTCTBYIOlllHX B KaHane. ITornoTnTem, ,, -
/3/ 

KBBHT0B npn 8T0M na KaHana y6npanCSI • 

Bcero 6hmo nony<rnHo 140000 cjJoTorpaqmii. ITpocMoTp nx 

BencH Ha np0CM0TP0BblX CTonax, a e:aMepeHne C06bITHll - Ha 

nonyaBT0MaTaX. nnH lH;lHH0ll pa60Tbl HCnom,aoBaHa nnlllb He6om,

lllaH Jl0nH icero rronytJeHHoro MaTepnana. 

OcHOBHhle JlaHHhie, 0TH0CRlllHeCSI K 8TOll rnaBe, C0Jlep:lKaT-
. i3,4/ 

CH B pa6oTaX 

II. Paa)leneHne KaHanoB peaKunii 

B JlHCcepTaUHH H~no:lKeHhl peayn&TaTbl a_Hannaa co6hITHll 

.Heynpyrnx . n p -BaanM0JleiiCTBHH, C0)lep)KalllHX 3 H 5 aapR:lKeH

HbIX cne)l0B. PeaKUHH C 06paa(?BaHHeM CTpaHHblX 'laCTHU a.nee& 

He e:aytJannc&. 

Bee cnytJaH O.:p -BaanMO)leHCTBHll 6binH paa6HTbl Ha 4 

Knacca: 

1 ) Knacc .. 0,,, a K0T0p0M Bee BT0pH'IHbre 'laCTHUbl aapern

CTpnpoBaHbI. 3TOT Knacc C0Jlep:lKHT T0nbK0 aapSI)KeHHhie 'laCTH- • 

Uhl. CpeJlH HHX HMeeTCSI JlBa np0T0Ha: n p ➔ p p IT-

+ -· np ➔ pplT IT IT 

2 ) Knacc ' IT 
0 

,, - cpeJlH aapsr )KeHHbIX 'laCTHU npncyT-

CTBYIOT JlBa np0T0Ha. O6paayroTcsi: ewe m = 1,2 •• • IT
O 

-Mea0H0B. 

- 0 K TaKHM peaKUHSIM. 0TH0CSITCSI, HanpnMep, n p ➔ pp IT IT , 

+ - - 0 
np ➔ pplTIT IT IT HT.Jl.; 

3) Knacc " n " B aToM Knacce aapSJ)KeHHhie aaperncT

p11poaaHHbie 'IBCTHUbl_ co.i:xep)KaT 0JlllH npoT0H. O6paayeTCSI 0JlllH 

HeaaperHCTpllpOBBHHblli Heii:TpOH C m = 0,1,2, .. IT0 -MeaoHaMH 
. . + - + + 

(HanpHMep, np ➔ np IT IT , np ➔ np IT IT IT rr H T.Jl.); 
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4). Knacc " 2n " B aToM cnyqae BT0pH'IHhie aapH:lKeHHhie 

'laCTHUbl He .COJlep:lK8T np0T0H0B. O6paayIOTCSI JlBa HeperHCTpH-

pyeMblX HeiiTpOHa C 
+ +· 

np ➔ nn1T·11 IT 

m =0,1,2, •• IT -
0 -Me30HBMH {HanpnMep, 

; np ➔ nn IT +IT+ IT +IT -11 -· n T.Jl.) •. 

BbI)leneHne peaKUHll Knacca "O" 0CH0BaH0 Ha MeT0Jle MH

HHMnaaunn cjiyHKUHOHana, C0CTaBneHH?r0 H_3 napaMeTp0B, xapaK

TepnayIOlllHX co6hITHe C nocne)lyIOlllHM npHMeHemi:eM X 2 -TeCTa. 

BbIJleneHne peaKUHll KnaCC0B " O " " n IT. , ,, " 2 n , 

0CH0BaH0 Ha HCCne)lOBaHHU pellleHHll 0TH0CHTenbH0 p n ypaBHe

HHSI 

2 2 ➔ ➔ 
F ( p ) = V p + M + M .;. I El - V ( p - I pl 

D Jl· D p D 

2 2 
) +M

0
=0,(1) 

KOTopoe Bb1pa:1KaeT aaKoH coxpaHemrn aHepr1rn - HMnyn&ca Jl1ISI 
. \ . 

8THX Knaccoa. 3)lec& P -HMnym,c HaneTaromero Heii:TpoHa, 
n . 

p I -HMnyn&c i -o:it aaperncTpnpoBaHHOll 'IaCTHUhl, E I - ee 

aaeprnsr B onpeJleneHH0M .npeJlnono:lKeHnH o Macce tJaCTH_UhI, Mn , 

MP • Mo -MaCCbl He:itTp0Ha, np0T0Ha H yneTeBweii: He3aperncT-

pHpOBaHHOil 'IaCTHUhI. 

nm1 HeK0T0pblX rnnoTea 0 npnHa)l1Ie)KH0CTH co6bITHSI K Ka

KOMy-nn6o Knaccy peaKUHii pe~eHHH ypaBHemrn { 1 ) MoryT oKa-

aaT&CH BHe qinantJeCKOii:. o6naCTH (P > p =10,7 f95/c). Ta-
n n max 

Kne rnnoTeabl 0 co6bITHH OT6paChIBaIOTCSI. 

flpH paaneneHnn rn·noTea npnMeHSinnc& TBK)Ke paami'IHbie 

cnoco6hI nneHTHcjJHK8UHH '18CTHU. 
/5/ 

B pa6oTe . HaMH nonytJeHa cjJopMyna, IT03B0nSIIOlllaSI 

cpaBHHTb BepoSITH0CTH ocymecTBneHHSI nayx rnnoTea B 0.tlH0M 

C06bITHH • l-fa Hee cnenyeT, 'ITO rnnoTeae "0" HaJlO 0T.tl8Tb 

rrpenno'ITeHHe nepen rnnoTeaaMH" ITo 
,, ,, ,, ,, 

n , 
.. ,, .an , ec-

2 
nn X "0' ne)KHT BHYTPH HeK0Toporo, Bb!6paHHOro 8KCnepnMeH-

Tan&H0, Jl0BepHTenbHoro HHTepBana. 
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.Uam,aefirnee pa3neneHHe rHITOTe3 OCHOBaHO Ha HCITOnb30Ba

HHH Toro qiaKTa, "'ITO N .N -B3aHMonefiCTBHSI rrpH STHX SHeprHSIX 

HMeIOT SipKO Bbipa)KeHHbIH rrepHqiepH"'leCKHH xapaKTep. IlpH STOM 

HyKnOHbl B c.u.M. B3aHMonefiCTBHSI pa3neTaIOTCSI B pa3Hbl0 rrony

C<pepbl. 

EcnH rrpH HMrrynbce HefiTpoHa, orrpeneneHHOM H3 perneHHSI 

ypaBHeHHSI ( 1 ) , HyKnOHbl neTSIT B onHy rronycqiepy B c.u.M., TO 

Tpe6yeTCSI BbineT 6onbrnefi, "'leM Mo MSCCbl H8HTpanbHOH "lac-

THUhI. CneAOBaTenbHO, B ASHHOM co6hITHH o6pa30BanHCb ABe Hefi

Tpalll,Hb!e "'laCTHUbl, KOTOpb;e AaIOT H8KOTopy10 sqiqieKTHBHyIO Mac

ey. Ee 3H8"'18HH0 HMO nocTaBHTb B ypaBH8HHe (1) H pemHTh ero 

CHOBa OTHOCHT0nbHO pn • 3Ha"'leHHSI p n. MoryT B STOM cnyqae no

ny"'IHTbCSI BHe qJH3H"'l0CKOH. o6naCTH. TaKHe rHllOT~3bl O co6b!THH 

OT6paChIBaIOTCSI rrpH nanH"IHH npyrHX rrpHeMneMbIX rHITOTe3. 

BenH"IHHhI sq,q,eKTHBHhIX Mace nByx nefiTpanbHhIX "laCTHU Bbl

. BhI6HpanHCb 9KCnepHMeHTanbHO H3 COOTBeTCTBYIOIDHX pacnpeAene

HHH An.II 3apSI)K0HHbIX "ISCTHU. 

B co6b!TH51X, rAe OCTaIOTCSI npHeMneMbIMH HeCKOlll,KO r1mo

Te3, pa3AeneHHe rrpOH3BOAHnOCb nyTeM HCilOlll,30BSHHSI COOTHO

rneHHSI, cneAyIOmero H3 H30TOITH"leCKOH HHBapHaHTHOCTH An.II H3y

"laBlI!HXCSI peaKUHil:: 

~[np ➔ DDIT+IT +,r-(mrr 0 )] aa[np ➔ pp IT+IT-IT-(mlTO) 

m • 0,1,2 ••• 
(2) 

nocne npHMeHeHHSI BCeX H3nO)K8HHb!X MeTOilOB paaneneHHSI 

KaHanoB peaKUHH nony"leHO, "'ITO COOTHOlII0HHe (2) xoporno Bbl

nonHSieTCSI B npenenax CTaTHCTH"leCKHX OlIIH60K. 3TO yKa3bIBaeT 

Ha npaBHlll,HOCTh HCllOnb30B8HHbIX cnoco6oB Bblil_eneHHSI peaKUHH 

pa3nH"IHbIX THllOB. 
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Ilonpo6uoe 113nO)K8HHe MeTonoB pa3neneHHSI KaaanoB peaK

/5 6 7 8/ 
UHH B naHHOM 3KCrrepHM8HTe conep)KHTCSI B pa6oTax • , , 

III • OrrpeneneaHe crreKTpa rranaionrnx Ha 

KaMepy HefiTpOHOB H'Ce"'leHHH pa3nH"'l

HbIX KaHanoB D P -B38HMOileHCTBHH 

Ehmo rrpOCMOTpeHO 4700 CTepeoq,oTorpaq,Hil:. Ha HHX Hail:Ae

HO 1822 Tpex- H 546 llSITHny"leBhlX 3Bean, YAOBneTBOpSIIOIDHX 

npocMoTpoBhIM KpHTepHSIM AnSI n p -B3aHMOAeil:cTBHil:. '-lacTb 

STHX co6h!THH OTHecemi K DC . -B38HMOAeiicTBHSIM rrocne KHHe

MSTH"leCKOH o6pa60TKH, a "ISCTb OKa3anacb H0H3MepHMOii. IlpH 

AanbHeil:rneM· aHanHae Hcrronb30BaHo 1426 .Tpexny"leBhlX _H 306 nSI

THny"leBbIX 3B03A. TipH onpeAeneHHH ce11eHHH npHBneKancSI AOnon-_ 

HHTenbHblH "MaTepHan (1925 llSITHny"leBbIX_ 3Bean). 

Ilocne npHMeH0HHSI BC9X Cll0C060B BhlAeneHHSI KaHanOB pe

SKUHH, OllHCaHHb!X BO BTopoil: rnaBe, rrony"leHbl cneAy10m1:e KOnH

"leCTBeHHbie pacnpeAeneHHSI co6hITHH no KaHanaM. 

'1>,, 

,/ <16 

98 
(6,5%) 

Ta6nHua · 1 

3-ny"leBhle 3B03Ahl 

~ 
- -- -

,,,, 0 ,, ,, n ,, 

,Bcero N , 
r,O ' Bcero N • 

. ,r. 

128 IIS,5 988 514 
(9%) ±86 (68,9%) ::!:,170 
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Bcero N,,o 

222 IOI 1426 
(15.6%) ±.82 
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Ta6mma·2 

5-nyqesble 3B83JlhI 

.!" 

"'O,, 2 "1ro,, .. )( <32 ''n ,., "2n" Bcero 
Bcero • N~o Bcero N.,o 

RnP.T'n N., o 

74 
•· 

60 50,5 I43 .. 69 29 7,2::, 306 
·(24,2% ). (19,6% ±18,7 ( 46, 7%) ±35,4 (9,5%) ±12,3 

IIpoueHThI B Ta6nnuax 1 H 2· npencTasmuoT nomo yKaaaH

Horo KaHana B C06bITHSIX JlBHHOH MHO)K8CTB8HHOCTH BO BCeM JlH

anaaoae HMilylll>COB nanaIOIUHX HefiTpOHOB. 

B rpa(jle N ,,o npnBeJleHo qncno peaKUHH B KaKoM-nn6o 

KaHane, conep)KaIUHX rt o -Me30HbI. KonH'leCTBO. rr0 -M830HOB 

onpenenSieTC51 no Y -KBBHTaM C y11eTOM a<l><!>eKTHBHOCTH pel'HCT-

paunn. 

B Ka)KJlOM KaHane peaKUHH MO)KHO IlOCTpOHTb-pacnpenene

HHe HMnylll>COB H8HTPOHOB, onpeneneHHbIX H3 C06bITHH JlBHHOI'0 

KaHana. 

CyMMHPY51 KonnqeCTBa C06b!THH H3 Bcex KaHanoB B K8K0M

nn6o HMnylll>CH0M HHTepBane H Y'lHTbIBa51 pacnpeneneHH51 HMnym,

COB HefiTpOHOB H3 0JlH0Jiy'ieBbIX 3B83Jl, K0T0pb1e oueHHBaIOTC51 

nyTeM npHBne'leHH51 pac'leTOB no.·cTaTHCTH'l8CKOH Te0pHH H coo6-

pa)K8HHH H30T0llH'leCKOH HHBapnaHTH0CTH, M0)KH0 nonyqHTb 06-
1 

mnfi cneKTp HefiTp0HOB, nanaromnx Ha KaMepy (pnc.1 ). IIpn aToM 

npennonaraeTcSI, 'IT0 nonHoe ce'leHne n P - B3BHM0Jl8HCTBHH 

Il0CT05IHH0 B o6naCTH 8Heprufi OT 2-x Jl0 10 faB H 'IT0 ynpyroe 

/8,10/ 
Ce'leHHe B 8T0M HHTepBane COCTaBnSieT 1/4 OT nonHoro 
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Ce'i8HH51 pa3nH'lHblX KaHanoB nonyqaIOTC51 B peaynbTaTe 

MeneHHSI HMnym,cHbIX pacnpeneneµnn HefiTpOHOB na KaKoro-nn6o 

KOHKpeTHOI'0 Ka?ana Ha o6IUHH cneKTp nanaIOIUHX HefiTpOHOB. OHH 

npencTaBneHbI Ha pnc.2,3,.4. 

b.N 
b.P 

300 

200 

100 

Pn.=7,1s [G&!c] 

-,. 

357911 Pn~ftc] 
Pac.I. 

B sToil: )Ke rnaBe npoBeneH. aHanna anHSIHHSI paann'IHbIX BhI-

6opox, . K0T0pbie MOI'YT B03HHKHyTb na-aa 3Ha'IHTenbHOI'0 KOnH

'leCTBa H8H3MepHMblX C06bI'1;'HH. ,AHanna 0CH0BaH Ha nccnenoaa

HHH yrnOBbIX H HMnynbCHbIX pacnpeneneHHH 'laCTHU B c.u.M. 

B3aHM0Jl8HCTBH51. I1oKa3aHo, 'IT0 HHKaHHX BbI6opoK, HCKa)KaIOIUHX 

peaynhTaT Ha' aenlI'IHHy, npeBbIIUBIOIUYIO CTaTHCTII'l8CKHe oiim6-

KH, H8T. 
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11ccnenoaaHbl aenH'IHHbl norpeIIIHOCTeii, BO3HHKaIOmHX H3-3a 

MeTona nony11enuSI ~lleKTpOB Heil:TpOHOB B pa3nH'IHbIX KaHanax_ H 

H3-3a npennonomeHHii, HCllOllb3OBaHHbIX npH nony11emiH C8'18HHii. 

Y'le_T acex 3THX norpeIIIHOCTeii npHBOnHT K TOMY, 'ITO CTaTHCTH

'18CKHe OIIIH6KH, yKa3aHHbl8 Ha puc.2,3,4, Heo6xonHM(? yaenH'IHTb 

a nayx nepBbIX H nayx nocnenHux HMnynbCHhIX HHTepaanax a 

1,5t- 2 pa3a. 

flpH yaenu11eHu11 o6mero 11uc1ia co6bITHii u yaenu11eii:usr a<p-

tiieKTHBHOCTH perucTpauuu Y -KBBHTOB MO)K:HO CHH3HTb He TOnb-

KO CTBTHCTH'l8CKHe OIIIH6KH, HOH norpeIIIHOCTH MeTona nonyqe

HHSI Ce'leHHH. 

MaTepuanb1, OTHOCSIIUHeCSI K rnaae III MO)K:HO naiiTH B 

6 
/4,11,12/ 

pa OTaX . 

IV • 11ccnenoaaHue pacnpenenenuii acpq>eKTHBHbIX 

Mace N rr rr -KOM6HHaUHii 

B pa3nH'IHblX 3KCll8pHM8HTaX llpOH3BO,flHnCSI llOHCK HyKnOH

HOH H306apbl C H3OTOllH'l8CKHM CllHHOM T =5/2. Bnepahle Ha 

oco6eHHOCTb a pacnpe,fleneHHH acjiifieKTHBHbIX Mace p ,,+ rr + -KOM6H-

u /13/ 
HaUHH 6bmo yKa3aHo B pa6oTe . . • BblllOnHeHHOil: llpH o6ny'le-

+ 
HHH :aonopO/lHOii ny3blpbKOBOii KaMepbl fl -Me3OHaMH C HM-

nym,coM 3,65 faa/c. 

B /lanbHeiimeM 3Ta oco6eHHOCTb B rr -M83OHHb!X o6ny'le-
. /14/ . 

HHSIX 6hma ot5'bSICHeHa KijH8MaTH'l8CKHM aqicjieKTOM . O/lHOBpe-

++ o· . 
M8HHOI"'O o6pa30BBHHSI H306apbl Nr286 H p -M83OHa B_ 

peaKUHH 

+ *+ + 0 + + rr p-+N p -+prr rr rr 
12811 

12 

6[mB] 6[m~ 

t+ 
1B 

nnn•rnr[mTij 16 
14 

:I +-hI-+. 
m =0,1,2 ... n 

fO + np:n:•n-
+ 4- 8 + 6 

+¥+ 4 l 

:I f+W+ 
2 . 

ppn-rr[mTrj :I ++ npn•n:7[mffi m,1,2 ... 
*++ m-1,2 ..• 

+ + z 
10 

: t+r 
9 

8 
7 

6 pp1r : t 
npn •n- [mTii 5 12 +t+.· 

fD :r 4 

3 8 

++#~ 6 'l 
4 

2 

24681012 Pn[riryc] 24684012· p~(r;l{c J 
PHc.2. PHc.3. 

6[m . 
n n 111n+rnr[mnj 

2 I m=o,1,2 ..• 

2 ~ 
+~ 

pprrtrr-1r11° 

+-+· 

~ 1 
+ ppTitIT~.rr-71-

• 
. +. 

':t+++ ii' 

2 l #+ :r 
n PTI+JT+JT" 11-

+ + 

;1 ++ 
n. prrn~n-11-[m nj 

m::1,2... · 

: 1 + n.pn•ntrr·n-[m 11°] 
:Pt'++ m=o,1,2 

:f 
Pn [f3bfl:] 24681012 

Pnc.4. 
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OJlHaKO B NN -B3rutMO)leACTBRSIX H8 npORCXOllRT 3aM8THoro o6pa-

30BaHHSI p O -MesoHa ii noJlo6Hhlfi s4iqJeKT ·He cymecTByeT. OTllll:

qusi )K8 OT.¢asoBOH KpHBOH Ha6nro)laIOTCSI BO BCeX 9KcnepHM~H

Tax, .rJle usyqanucb pacnpe)leneHHSI s4iqJeKTHBHbIX Mace pll'+~+-

+ + -
KOM6HHaIIHA HS peaKIIHH pp ➔ p II' II' II' n • 

C uenbIO BbISICHeHHSI npH'IHHbl BOSHHKHOB8HHSI oco6eHHOCTefi 

B pacnpe)leneHHSIX s4iqJeKTHBHbIX Mace N "" -KOM6HHaUHH B 

JlaHHOH pa60Te 6bmo BblllOnHeHo accne)lOBaHHe peaKIIHH 

n p ➔ n p II' + ir + II' .- II' - (m II' 0 
) • (3) 

IloKaSaHo, 'IT0 9Ta peaKIIHSI np0HCXOJlHT B 0CH0BH0M qepe~ 

PO:lK)l8HH8 .HYKnOHHbIX HS06ap N 1~86 B pasnH'IHbIX sapSIJl0BblX 

COCT0SIHHSI~. _OTHOCHT8nbHaSI nonSI o6paSOBaHHSI HS06apb1 Nill~ + 
➔ pll' 

B peaKIIRH (3) Mano M8HSI8TCSI C yBennqeHHeM HMllynbca na)la-

IOlllHX HeHTpOHOB R C0CTaBnSieT B cpeJlH8M no cneKTpy_(44!5)%. 

vis HSOTOllH'l8CKOH CHMMeTpHH peaKIIHH (3) cneJlyeT, 'IT0 TaK 

:lKe po:lK)laeTCSI aso6apa N~;86 .. n II' O6pasoBaHae nso6a-

pbl N i2~6 .. p II' - H)leT B (10!5) % cnyqaeB peaKIIHH ( 3). 

EcnH y'leCTb BCe KaHanbI peaKIIHH (3) C o6paSOBaHH8M 
I 

HS06ap, TO M0:lKH0 nony'IHTb YJl0BneTBOPHTenbHOe o6~SICHeHHe 

pacnpe)leneHHH 8~8KTHBHbIX MaCC p II' + II'+ + - -· -pll' II' HplT IT 

6es npHBne'leHHSI npe)lnon0:lKeHHSI 06 96pasoBaHHH HSo6apbl C 

T -..s/2 · • vis Hamett CTaTHCTHKH cne)lyeT, 'IT0 BepXHHH npenen 

JllISI o6pasoBaHHSI HS06apb1 C HS0TOllH'leCKHM CllHH0M 5/2 paBeH 

30 MK6. Ms aaanasa pacnpe)leneanA s¢¢eKTHBHbIX Mace p "" ·-

KOM6HHallHH MO:lKH0 Oll8HHTb )l01IIO 0JlHOBpeMeHHoro o6pasoBaHHSI 

6 N•- N*+ + H30 ap 1286 H 1286 
➔ nil' - ➔ p ,r+ 

• OHa 6llll:SKa K HY nro. 
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8KcnepHM8HTanblibie pacnpe)leneHHSI s¢¢eKTHBHbIX Mace 

p 1111' -KOM6HHallHH H pesyllbTaTbl HX onncaHHSI npe)lCTaBneHbl Ha 

pac.5. <l>yHKilHH, F, o603Ha'laIOT ¢f30Bbl8 KpHBbie, 0TH0CSllllHe-

CSI K paSlIH'IHblM KaHanaM peaKIIHH ( 3). 

nP-Pn1rn1rnmn· (m=o.1,2J 
Pn;n·n,rnmn• F, 
N .. •n,rn-nmn• i:-, 
Pn•n•n-t,r-mn• i:-, 
l'J"'n·n· N"'mn• i=-. 

I< ~30 
9tt3l'4 ~F,J~.t•-34 

.X'=36 

K ~27 

.l:'=23 
,:•,,50 

t22 t42 t62 t8Z 2.02 2.22 2.42 isz M[r#j 

Pnc;5. 

IloJlo6HbIM o6pasoM nony'leHo 061,SicHeHn:e BHJla pacnpeJlene

Hn:fi s¢¢eKTHBHblX Mace p rr + rr + -KOM6lrnaun:fi BO Bcex HMero

JllIIXCSI B HaCT0Sllllee BpeMSI 9KCnepIIM8HTaX no p p -BSaIIMO)leii:
. · /15 16,17 / 

CTBIISIM • • 8TH s~cnepIIM8HTbl 0THOCSITCSI K peaKIIHH 

+ +· - ) pp ➔ p rr rr II' n ( 4 II Bblll0nHeHbl npH paSlIII'IHblX 9Hep-. 
rIISIX na)l8IOlllHX npoT0HOB, HaMII H8H)l8HO, 'ITO OT1IH'IH8 OT qiaso-

15 



+ +· BOll KpIIBOll B p r TT -KOM6HH8lllHIX MO}KHQ o6'bSICHHTb B npe-

nenax Ha6nronaBmencsi: cTaTHCTHKH o6pa3oBaHHeM H3o6ap 

N*++ ➔. TT+ 
1286 i' 

N* ➔ nTT-
·1286 

"" 

OTMeTHM, 'ITO npH aHaflH3e K8K H8lliHX naHHblX, TaK H naH

Hh!X npyrnx aBTOpOB Y'lHThIBanacb m1ipHHa mw6apbl N1'2u. 
/18 19/ 

OCHOBHhle BhIBOnhl rnaBhl IV ony6m{KOB8Hhl B , 

KpaTKHe HTOrH nHccepTaUHH 

1. C03n~H KaHan Bb!COK09HeprH'lHhix HeHTpOHOB, npaKTH'leC

KH. CB06onHhlll OT npHM0CH npyr·1-1x 'l8CTHU. 3THMH HefiTpoHaMH 

o6ny'leHa 24--nHTpOBBSI nponaHOBaSI ny3blpbKOB8SI KaMepa. 

2. -Pa3pa6oTaH MeTon, II03BOJIHBlliHH npOH3BeCTH aHaJIH3 He

ynpyrnx n p -B38HMonenCTBHH npH aHeprHH OT 2 no 10 faB. B 

nIIccepTaUHH paccMaTpHB8nlICb B38HMOnenCTBHSI 6e3 y'laCTHSI 

CTpaHHhIX 'l8CTHU, HO 3THM }1{0 MeTonoM MO}KHO anaJIH3HpOB8Tb 

II co6bITHSI co CTpaHHb!MH 'l8CTIIU8MII. 

0611me HneH MeTona -MoryT 6bITb npHMeHeHhl If K npyrHM 

o6ny'leHHSIM, llCnOJib3YIDIIIHM neMOHOXpOM8TH'leCKHe ny'!Kll Hell

Tpa1Ibllh!X 'l8CTHU. 

3. Onpenenen cneKTP nefiTpOHOB, Bb!JleTaIDIIIHX H3 6epHnnHe-

• 00 . BOH MIIllieHH non yrnoM .. K TpaeKTOplill npOTOHOB B CHHXpO-

cpa30TpOHe OlUU1. 

Bbl'llJCJieHhl ce'leHHSI pa3JIH'lllb!X KaHanoB Heynpyrnx n p 

B381IMOnencTBIIll B o6naCTII aHeprnfi OT 2-x no 10 faB. Tionyqe

Hbl 38BHCHMOCTH 3TIIX Ce'leHIIH OT aHepruII. 

4: TionyqeHo ynosneTBopnTenbHoe onncaHIIe pacnpeneneHIIH 

acM>eKTilBHbIX Mace p TT TT -KOM6IIH811Hll B peaKUHII 
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np ~p ,,+,,+TT - ,,-n (m77 °). Haii:neHo, 

npeneneHHll OT CT8THCTH'leCKOro !pOHa 

'ITO OTJlH'lHSI 9THX pac-

06'bSICHSIIDTCSI acpcpeKT8MH 

PO}K!leHliSI H306a~ Ni286 

BepXHHH npenen cetJeHHR 

B pa3nH'lllb!X 3apSIJ:l0Bh!X COCTOSIHHSIX. 

o6pa30B8HHS1 HyKnOHHOll H306apb! C 

H30TOnH'leCKHM CnIIHOM T=5/2, pacnanaromencs,. B 'l8CTHOCTH, 

no cxeMe N •+ +
1 

➔ p 77 + 77 + , paBeH 30 MK6. 
T=5 2 · 

5. TipoBeneH aHann3 Bcex HM0IDIIIIIXCSI B H8CTOSII11ee BpeMSI 

·aKcnepHMeHTOB no pp -B38HMO!l0llCTBHSIM, rne H3y'lancsi: Bon-

poc O cymeCTBOB8HIIH H3o6apbl C T=5/2. 

nenaeTCSI 3aKnID'l0HHe, 'ITO OTJlH'lHSI OT CT8T!{CTH'l0CKOro 

cpona' B pacnpenenennSIX acp9eKTIIBHh1X Mace prr + "+ H3 peaK-

+ + -UHH p p ➔ p TT rt rt n npn pa3nH'lHhIX aneprHSIX nanaro-

IIIHX npoTOHOB o6'bSIC.HSIIDTCSI p0}K!l0HHeM H306ap Ni2a6 
+ -TeMaX ( p ,, ) H ( n ,, ) • 

B CHC-

6. YcTaHOBneno CyllleCTBeHHOe BmrnHHe na pe3ynbTaT 

aHanII3a lliHpHHbl H306apbl N~286 • 

7. Bo BCeX 9KCnepHMeHTax no H3y'leHHID NN -B38HMO.lleiicT

BHil B npenenax nccne.noBaameii:csi: cTaTHCTHKH neT yKa3aHHn Ha 3a

MeTnoe o6pa30B8HHe HyKnOHHOH H306apb1 C H30TOnH'leCKHM cnHHOM, 

paBHblM 5/2. 

0CHOBHhle pe3yJibT8Tbl !lHCCepTaUHH conep)K8TCSI B ny6m1-
/3,4 ,5,6, 7 ,8, l l, 12, 18, 19/ 
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