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x) 
3.C. CTpyranbCKHll 

OnPEnEJIEHYIE OTHOWEHYIH '-IYICJIA HEMTPOHOB 
K '-IYICJIY nPOTOHOB N. / N0 

HA nEPYI~EPHYI HnPA KCEHOHA 

H anpanne HO B Nuclear Physics 

CoTpyJlHHK HHCTIITyTa smepHb!X IICCJleJlOil8HIIll, nonbwa, Bapwana. 
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HacTo!UilaSI paoOTa BbmonHeHa c uenbiO onpeueneHHSI OTHOIIlaHHSI 'iHCna HellTpOHOB K 

'iHCny npOTOHOB HS nepH¢epHH anpa KC8HOH8. 

KaK yJKe coo6manoch
111

, cpeuH Manony'ieBbiX ( < 6) aaaHMOuellcTaHll TT -M930HOB 

C HMnyllbCOM 9 6sa/c C SIUPSMH KC8HOH8 BSJKHyiO ponb Hl'p810T OUHHO'iHble " -HyKnOHHbl8 

x) 
aaaHMouelicTBHSI • CymecTaoaaHHe HX npoS!BnSieTcSI a pacnpeueneHHH "-- Xe aaaHMoueA-

cTBHll no 'iHCny nyqefi. npoHCXOlKU8HHe X8p8KT8pHOll ¢opMbl 3 T OI'O pacnpeuenaHHSI npH MS­

nbiX ( < 6) 3Ha'ieHHSIX 'iHcna ny'iell M OJKeT obiTb npHnHCaHo nHIIlb pa3HHUe B 'iHCnax HefiTpo­

HOB H npOTOHOB B TOll OonaCTH Slllpa, B KOTOpOfi npOHCXOUSIT BbiiileynOMSIHYTbie 0UHB0'1Hbl8 

B38HMOUelt:TBHSI. MolKHO nOK83 8Tb, 'ITO 3 T8 oonaCTb SIBnSieTCSI n epH¢epHel! Slllpa. 

Jlng pelll8HHSI no CTSBneHHOl! 38U8'iH npOBOUHTCSI ll8TSnbHblil 8HanH 3 pacnpeueneHHSI 

" -Xe B3SHMoueficTBHll no 'IHCny n yqeli a HHTepaane Manoro 'iHCna nyqel!. 

¢>H3 H'i8CKHfi a¢¢eKT, HCnonb30B8HHblfi 3U8Cb, MOlKe T cnylKHTb OCHOBOll unn nony'i8HH!I 

HH¢0pM8UHH 0 COOTHOIIle HBSIX N n / N i> Ha nepu¢epRH Slll8p H U pyl'HX aneMeHTOB. 

MeT o u 

EcnH " -MeaoH c onpeueneHHbiM 3HBKOM aap SIIla (" aaaHMouellcTayeT c SIUPOM 

onpeueneHHoro aneMeHTa (Xe) H B SIUP8 !!MeeT M8CTO TOIIbKO OUHHO'iHOe B38HMOUei\CTBHe 

11 -M930H-HyKnOH, H ace BTOpH'llHhie '18CTBllhl HS6H lOA89Mbi, To ooHapylKHBaeTC SI 'ieTHo-

RnH H91J9THo-nyqeBSSI 3B63U8 B 38BHCHMOCTH OT TOT'01 rtpOH30WnO B38HMOABACTBH 9 ,--Me-

30H8 C npOTOHOM HnH C Hel!TpOHOM Slllpa. ¢>opM8 pacnpeueneHHSI TBKHX Hll88nH3HpOB8HHbiX 

B38HMOUei!CTBHll no 'IHCny nyqel! MOlK8T 38BHC8Tb OT p83 HHUbl B 3H8'i8HHSIX non HbiX C 8 'i8HHll 

" - p H " - n B38HMOU811CTBHI! B Slll'):>e H OT p83HHUbl B 'IHCnax Hei!TpOHOB H npOTOHOB B 

oonaCTH anpa, B KOTOpol! 9TH B38HMOuel!CTBHSI npOHCXOUSIT. B pal!oue 'meprHI! H8CKOnbKHX 

f aa 3Ha'ieHHSI nonHbiX ce'leHHA " - p H "- - n aaauMouellcTaHll Ha caooOUHbiX HyKnoHax 

npaKTH'ieCKH ouHHSKOBb/
1 1, HMeiOTcn cooopaJKeHHSI, cor nacHo KOTOpbiM 3Ha'leHHSI nonHbiX 

ce'leHHA "- N aaaHMou el!cTaHI! ·c HyxnoHaMH a SIUPe H co caooouHbiMH HyxnoHaMH paBHbi 

x) 
OnpeuenHM OUHHO'iBbie " -HyKnOHHbie B38HMOU8it:TBHSI KSK T8KH8 B38HMOUel!-

CTBHSI " -Me30HB C HyKnOHOM anpa, KOTOpb18 He conpOBOlKUBIOTCSI BTOpH'IBbiMH Slll8pHbiMH 

npoueccaMH (HcnapeHHe, nornomeHHe BTopH'IHbiX 'iSCTHU, auyTpuanepsblll xacKau). 

3 



MelKny co6oA
121

• TaKHM o6pa3oM, aa <PoP MY pacnpeneneHHSI no '<Hcny nyqelt TaKHX aneaJIH-

311pOBSHHbiX B38HMOil91tCTBHit fT -Me30HOB C SlllpOM 6yneT BJIHS!Th JlHWh pa3HHUS B 'IHCJIB 

nel!TpOHOB H npOTOHOB 8 06JI8CTH Slllpa, rne B3SHMOil9JiCTBHSI npOHCXOilSIT, L!eM 60JibW9 3TS 

pa3HHna a qacnax N H N p , T9M 6 0JihW9 6yneT pa3HHUS MBlKilY KpHBbiMH, KOTOpbte 

MQ}KHQ ITpOB9CTH OT,llenbHO qepe3 TO'IKH 1 COOTB9TCTBYKHUH9 '19THbiM H H9'19THbiM 3H8'119HHstM 

- x) 
'IHCJla nyqe lt B pacnpeneneHHH no 'IHCJiy nyqelt B3SHMOil91iCTBHit fT -Me30HOB C SlllPOM 

B peanhHbiX aaauMon e licTBHSIX rr -Meaoaoa c SlllPOM pacnpeneneaae ux no qacny 

nyqe li ne¢opMapyeTCH aa-aa anHHHHH Slllpa (nornomeaae BTOpH'IHbiX qacTuu, acnapeaue 

HYKJIOHOB, BHYTPHSIIl9pHblll KBCKSil) H orpaHH'IBHHOli B03MOlKHOCTH ll9T9 KUHH BTOpH'IHbiX • 

'ISCTHU, Cnen oaaTBJlhHO, llJlH nony 'leHHH 3H8'19HHSI OTHOWBHHll N
0 

/ N P B HBKOTOpOI! 06JISCTH 

SlllPB ae o6xonHMO, Y'<HTbiBaH ero BJIHSIHHe (npanoJKeaue 1), nocTpOHT& neltcTauTel!haoe pac-

np en eneaae no qacny nyqelt Toll qaCTH rr -SIIlepHbiX aaauMoneltcTaull, a KOTopoll conep-

>KaTcst onHHO'lHhie "-- N aaauMon eltcTBHSI, C n aur KpHBbiX, npoaeneHHbiX oTnellhHO qepea 

TO'IKH, COOTBBTCTBY!OlliiiB HB'I9THO- II '19THOJIY'I9Bb!M CJIY'ISSIM B aTOM pacnpeneneHHH, naeT 

aenocpeucTae HHO aaaqeaue N. /N
0

, Aaan11a noKaaan (OpunoJKe aue 2), 'ITO onuno'IHbie 

"- - N B38HMOil9llCTBHll npOHCXOilSIT HB nepH¢epHI1 Slllpa, 

xx) 
3KCnB£11M9HTaJI&Hbl8 llBHHble 

B llBOH'IHOM npOCMOTpe CHHMKOB C 24-JIHTpOBOH KCBHOHOBOll ny3blpbKOBOH KaMepbl 

OHHH, o6nyq e HHOi! B n y qKe "- -Me30HOD c HMnyllhCOM 9 raa / c, oT6HpanHCh ace aaaHMo­

aeJ!CTBIISI nepBII'IHbiX nHoaoa, aaxon stwHecg a onpen eneaaoJ! o 6naCTH KaMepbr, Ha 20 000 

c Tepeo¢oTorpa¢HHX 6hrno o 6 aapy >Keao 5689 cnyqaea. B Ka>Kn oM 1!3 HHX onpenensmoc& '<II Cno 

Ha 6nrouae Mhrx aToprr'IHhrx aapHlKeHHhrx 'l aCTHU. MHHl-IMan&aast nnHaa npoeKUIIH aa nnocKocT& 

n n e H KH C1l9Jl. OB 1.18CTHU, K OTOp bl9 M O>K HO 0 6 Hapy>KHTb, OK838fl8Cb BO BC 8 X 3Be3ll8X -s 2 MM 

B MaCWTa6e KaMe p bl , 3TOMY 3Ha'!e HHIO COOTBBTCTBy eT MHHHM8JlhHSSI a He prHH aa6JI IOila9M biX 

npoT OHOB - 15 Mae. 

B o eaaHMOilelicTBHHX c 'IHCJIOM n y q e li ae 6 ollhrne 4 MO>KHO o6HapylKHTh cn~n hr, n nuaa 

!1p09Kll 'IH KOTOp blX cpaBHHMa C ll llaMeTpOM n y3hlp&Ka, T,e, - 0,4 MM B MaCWTa6e KaMepbl, 

3To~ n n 11 11e cooTeeTCTayeT MIIHl-IMBJibHBH a 11e pr 11 H aa 6nron aeMbiX npoToaoa - 5 M an. B Ta­

KHX MBn o n y qeB hiX 3Be3.08X KOpOTKHe Cne.Obi 1 .llflHHOH He 60llblll8 2 MM, npHCYTCTBYIOT, OllH8-

KO , He 6on e e 'IBM B 3% B3 aHMOilB iiCTBIIll, 

Aaanua n aHHbiX a KcnepHMBHTa noKaaan, 'ITO noTepH npu npocMOTpe 3BB31l, aa IICKJito­

'IBHHe M Oll HQ- II llBYXJIY'IBBbiX, npe ne6pe >KHMO MaJibl, 3¢¢eKTHBHOCTh 06Hapy lKe HHll OCTaJI&HbiX 

x) 3To cnen yeT H3 Toro ¢aKTa, 'ITO pacnpenenearre " - N aaaaMoneil<CTBHli aa 

ceo 6 on Hbi X HyKnoaax no qucny ny'le ll onHCbiBaeTcH onaoi\ nnaaaoil KpHaoll / 1 I . 

xx) Ocuo}'aaH qacT& aKcnepHMeHTaTI&HhiX peayn&TaTOB , KOTOpbre anec& aaanH3Hpy roTCH, 

Ony6JIIIKOBaHa 11• 
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CHnbHO 38BHCBT OT rrpHCy TC1 

x) 
38931lY y -KBBHTOB , 0 01 

0oTepH OllHQ- H llBYXJiy 'leBbl 

TOB 3 KCnepHM9 HTa, OTHOC SilUJ 

T 9pSIJIOCh 15% OllHOJIY'IBBbiX 

Ha pac , 1 noKaa a a o pt 

Ha ax c nepHMeHTa1!hHO!Il 

KOJIH'I9C TBO KOpOTKIIX CJlBilOE 

C 'IIICJI OM nyqe!i OT 0 llO 4 . 

a HanorH qHhte p e a ylthTBThl .a 

Ha n oKaa a Haoro aa pHc 

B H.D. H O, l:J:TO 3 K C n epHM9HT8nbH 

npenenea11e MO>KHO xopowo o· 

Hb! X ( nyHKTHpHSH Kpll aas.) H 

KpH Bbi9 p 83 1t iP.I HLI B paHoae 11 

r o 1:J: HC1t8 nyqe~ TO'IKH , COOT E 

COOT B9T C T BYJOlllH9 l.J9THbiM 3H 

T aKasr x apTHHa , KaK 6br 

H O t.tH biX 11- -N B 3 8 HMO.Q9HC T E 

n B CTH Sl.ll pa , r.ae 3 T H B38HMO,C 

C bt , C OIIY T C TBYJOIUHe B3 8 HMO.UE 

W8Tb CH CT9 M8TH'I9C KHfi C,llBH r 

'IBTHblM 'IHCJI OM nyq ei\ no Cpt 

8 hJ.09flHM 0 Jl, HHO't1H hl e TT 

'IHCJIOM nyq eli , 6 b!Jlo ou e He Ho 

aH eprH'IHbJX BTOp!-!'IHbi X 'ISCTH 

pacnpenene HHe OllHHO'IHhtX " 

TaTbi noMeweHbi a Ta6naue 1, 

npOSIBJlHBTCll JlHWh 8 H9 60Jihlll 

B aaeane B paccMaTpHaaeMO!Il 

x) BepoSITHOCT& o·6aapyr. 
paaaa - 85%, 

xx) BaelleHahre nonpaaKH 

qacTnn a 120 aaeanax c 1 ny 

xxx) AaTop 6naronapeu A. 



•ucny nyqeQ TBKHX Hneanu-

RTb nHllib pB3HHUB B 'IHC!IB 

UICXOURT. "ieM OO!IbWB 3T8 

elKJ]y KpHBbiMH, KOTOpb19 

IM H K9'19THbiM 3H8'l9HH51M 

x) 
11 -Me30HOB C R!lpOM • 

peneneHHe ux no '!Hcny 

hlX 'IBCTHU, HCnapeHHB 

neT e KUHH B T OpH'IHbiX 

, / N
0 

B HOKOTOpol! oonBCTH 

JOHTb nellCT BH T e!lbHoe pac-

:TBHl!, B KOTOpOl! COaep-

B eaeHHbiX OT ile!IbHO '!epe3 

•TOM pacnpeneneHHH, aaeT 

! e 2), 'ITO OllHHO'IHbie 

Oll ny3blpbKOBOll KBMepbl 

oToRpanHCb ace B3BHMo­

TH KBMepbi. Ha 20 000 

3 H HX o npenenHnocb lJH Cno 

18 npOBKUiiH HB nnOCK OCTb 

~o acex 3Be3.nax -. 2 MM 

raR a HeprHH ua6nJOaaeMhrx 

5aapyJKHTb cn~abi, n n11ua 

MM B MBClliTBOe KBM9pbt. 

1poToHoa - 5 Mas. B T a -

MM , npHCyTC TBY JOT, 0JlH8-

>CM OTpe 3893,0. 1 38 HCKJlJO-

:Tb ooHapy>KeHHH ocTanhHbiX 

B38HMOJlen~TBHfi HB 

I KpRBOll / 1 I. 

l bl9 3Jl9Cb 8HBnH3HpylOTCH, 

CHJlbHO 38BUCBT OT npHCyTCTBHSI S11eKTpOHHQ-Il03HTpOHHbiX nap KOHBepCHH COITpOBO>K,UBIOlUHX 

x) 
3BB31lY y -KBBHTOB • noTe pH cny'IBBB C y -KBBHT BMH TBKlKB npeHBOpelKHMO MB!Ibi. 

noTepH OUHQ- II UByXnyqeabiX CIIY'IBBB oe3 ·Y -KBBHT OB OU9HHBB!IHCb C nOMOlllbiO peaynbTB­

/3/ xx) 
TOB 3KCnepHM 9 HT8, OTHOCSill{HXCSI K TBKH M CJ1Yl.J8SIM • 0K838110Cb 1 l.ITO npH npOCMOTpe 

TBpSiliOCb I5% OU HOIIY'IOBbiX Cny'!aea H 2% - llBYJUJY'IeBbiX. 

Ha puc . I noKa3aHo pacnpeneneHHe rr -Xe B38HMonelicTaHil no '!Hcny ny'leii. 

Ha 3KcnepHMeHTBnhHOM MBTepuane, aKniO'IBIO:UeM OKono IOOO aaeaa, onper:en<mocb 

KOnH'Ie CTBO KOpOTKHX en enos ( 3HeprHli npoTOHOB He oonbme 30 Mas) so B3BHMOnef!CTIJHID< 

c 'IHCnoM ny'!el! OT 0 ao 4. PeaynhTBT noKa3aH Ha pHcyHKe 2; HB 3TOM pucyHKe np>IaeneHbl 

aaanorH'!Hble peaynbTBTbi nnH 11 - p aaaHMOael!cTaHl! na aoaopoae xxx) 
a nponaHe • 

AaanH3 3KcnepHMeHT811bHbiX naHHhiX 

Yla noKaaauHoro Ha puc. I pacnpeaeneHHli 11 -Xe B3BHMonel!cTaHl! no <JHCny ny<~eA 

BH.lll-10, 'ITO 3KCIIepHM9HT811bHbl9 TO'IKH B H9M He JlO )K8TCSl HB O.llHY ITJlABHYlO KpHByJO . Pac-

npeneneHHe MO>KHO XOpOlilO OilHCBTh C n:OMOUlblO .llBYX IT118BHbiX KpHBbiX, OT.ll911bHO .ll1Hl l.f9T­

HbiX (nyHKTHpH851 KpiiBBH) II He'leTHbiX (cniiOlliHBH Kpi!BBH) 'II!Cen nyqel! B 3Be3ae . 3TR 

Kpi!Bble pa3nR'!Hbl B palioHe MBJlbiX 'IRCen ny'lell II COBfiBJlBIOT npR BbiClliiiX . B oonaCTI! Mano-

ro 'IHC118 nyqei{ T O'IKH , COOT B9T C TBY IOlUH9 H9l.J9TIIbiM 3H8'l.J9HHHM, JlO>KBTCH Bblllle , li9M TOl.{KH, 

COOT BBTCTBYIOlUHB 'lJBTHblM 3H8't{BHHSIM. 

TaKaH Kap THHa, KBK Obino OTMe'!eHo/ I /, MOJKeT ObiTb oobi!CHeHa cymecTBOBBHHeM oaH­

HO'IHbiX 77- -N B3BJIM01l9HCTBHH B R!lpe H pB3HIIUell B 'IHCJlBX 119HTpOHOB H npOTOHOB B 00-

naCTH SUJ.pa, rne aTH B3BHMo.neAcTBHSI rrpoHcxo.oRT. Bo3MO>KHbre BTOpH1.JHbre H.oepubre rrpouec-

Chi, COIIYT C T BYIOIUHe B38HMO.UBfiCTBH 51M " - M930HOB C HyKnOHBMH RJlp8 ,MOf'yT nHWb yMeHb -

lliBTb CHCTeMBTH'!eCKRll CllBIIr B CTOpOHy oonbllii!X 3HB 'I9HHii 'IHCJlB B3BiiMOUeficTBHii C He-

l.f:BTHQIM 'iHCnOM nyqet\ 110 cpaBHBHHIO C 'lJHCJlOM B38HMOJJ,9tfCTBHH C l!BTHbiM lfHCJlOM nyqei{ . 

B &raenHM OJlHHO"'H&re " - N B38HMo.ueHCTBlHI H3 " - Xe B3BHMo.ue i1c TBH ii c MEinbiM 

qucnoM nyqeit . E&rno oue ueuo BJliHIHHe nponeccos ncnapeHHSI npoT OHOB H norJtomeHlHI M.:Jilo-

3HeprH'!HbiX BTOPH'IHbiX 'IBCTHU HllPOM (npunoJKeHHe I) " n ocTpoeHo aellcTaHTenbHOe 

pacnpe.oeneHHe O.OHHO'tfHbiX TT N B3BIIMonellcTaHli c 'IHCIIOM ny<Jell OT 0 ao 4. Pe3ynb-

TBT bi noM emeHbi a Ta6nHne 1. 0HH yKa3biBB10T , t:JTO BJllHIHHe Y1..fHThrsaeMbiX rrpoueccoe 

npOI!BJll!eTCH Jli!Wb B H900nbWOM npoueHT e Cnyqae a II MB!IO 3BBHCJIT OT 'IHCna 

B 3B93Ue B pBC C MBT pHBB9MOM llRBnB30He OT 0 llO 4. 

x) +-
BepoHT H OCTb o·oHapyJKeHH il ·y -KBBHT a a pe3ynbTa T e ero KouaepCHH a e e -napy 

paaua · - 85%. 

xx) BaeaeH Hbie nonpaaKH Obinll nony'!eHbi 113 a3HMyTa nbuoro pacnpeneneHHH aTopH'IHbiX 

'IBCTHU a I20 3Be anax c I ny'IOM H 500 3Be3nax c :.1-M SI nyqaMH/3 / · 

xxx) ABTOP o naroaapeH A.MHx yny 38 3 TH llB H H b i e . 
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'-laerro rry'<en -

'-laerro erryqaee aeaerrpae­

neHnoe 

'-llferro erryqaee aerrpaerreaaoe 

(p0>K)l9HH9 1T -M930HOB ITO 

o6beMy !Ulpa) 

'-laerro erryqaee aenpaerreaaoe 
(pO>K)l9HH9 1T -M930HOB H8 

noBepXHOeTH !l)lpa) 

Ta6rrana 

0 

24 241 

18 176 

19 203 

2 3 4 

266 494 397 

231 462 359 

243 474 381 

C U9llbl0 npoBepKH npaBHrrhHOeTH BB9)l9HHb!X nonpaBOK 6hiiTH nOCTp09Hbl paenpeaerre-

HH!I norry'IeHHb!X ,-- N B38HMO)lel!eTBHH B KeeHOI!e e 'tHerrOM nyqeJ! 0 H 2, 1 H 3, 

2 H 4 H eonoeTBBrr9 Hbl e eOOTBeTeTBYIOUlHMI! paenpeaerreHHSJMH ,-- N B38HMO)le lieTBHJ! 

B soaopoae (0, 2 , 4 rry'IeBbie) H B rrponaae (1, 3 rry'<eBbie )
1 11

• Pe3yrrhTBT noKa3aH aa 

pae. 3. ]1(3 sToro paeyaKa BHJlHO, 'ITO 0 B 2, I H 3-rryqesb!e B3aHMO)lelleTBH!I B Keeaoae 

HM910T paenpe)lerreHH!I H)l9HTH'IHb!9 TBKHM >Ke B38BMO)l9J!eTBB!IM 88 npOTOHBX B B0Jl0p0)l9 

H aellTpoaax B nporraae. AaarrorH'IHhie paenpeaerreHH!I 0 H 4-rry'<eBbiX 3Be3)l B Keeaoae B B 

BO)lOpO)le pa3rrH'I810Te!l npH6rrH3HT9nhHO H8 12%. 

]1(3 BbiW9eK838HHOrO erreayeT, 'tTO 'tHerra Bbl)lerreHHb!X erryqaeB O)lHHO'IHbiX 1T -N B38HMO­

Jl9ileTBH H B Ke9HOH9, B )lH8n830H9 'IHerra nyqeJI 0-3, XOpOWO OT06pa>KBIOT )l9iieTBHTerrhHbl9 

'lfHCRB OJlHHO'tJI{biX " - N B381IMO!leAcTaHA B KCeHOHe. 

CneuaarrbHO npoaeaeHHbiil aaarrH3 noKa3arr, 'ITO STH OJlHHO'<Hhie eaaaMoaelleTBH!I, KOTo­

pbiM p eallbHO eOOTB9TeTByJOT Ha6rrJO)l89Mb!e Marrorry'IeBb!Q 3B93)lbl, npOHeXO)l!IT HB nepB<jlepHH 

!l)lpa Keeaoaa ( ITpurro>Ke HHe 2). 

ITorry'Ieaaoe paenpenerreaae OJlHHO'<HhiX rr - N eaaaMoneltcTeal! a Keeaoae no qaerry 

rryqe JI nOK838HO HB pae. 4. 

6hiiTH onpeaerreHhl K09¢q,HilH9HTbl, 88 KOTOpb19 H906XOllHMO YMHO>KHTb 'IRena erryqaee, 

eoOTBeTeTBYIOUlH9 't9THb! M 'tHerraM rryqeJ! nrr!l Toro, 'tTOfihl OHH ITO>KHrrHeb 88 KpHByJO, OUH­

ehiB810UlYIO B38HMOneJieTBHI! e He'teTHb!M 'IHerrOM rryqeJI, a TBK>Ke KOS¢q,HUH9HT, HB KOTOpb!JI 

He06XO)lHMO p83)l9nHTb 'tHerro enyqaeB OllHOrryqeBhiX, 'tTOfihi OliO rrO>KHrrOCb H8 KpHByJO, OnH­

CbiB810UlYIO qeTHo-rry'<eBhie 3Be3nhi B paenpeaerreHHH aeex B38HMoaelleTBHI1 B n aana3oHe 

qaerra rryqeil 0-4 (pae. 4). P e3ynhTBT npueenea B Ta6rrane 2. ITonyqeaHbie Kos<jl<jlauaeHTbi 

He aaaHCHMbi B rpaHnuax TO'tfHOCTeH: OT q:ncna ny'leH B aaeaae x). 

x) ITpaeeneaawe eTaTHeTH'IeeKae owa6KH ynoaneTBOpHTerrbHO OTpa>KaiOT aeonpeaerrea-
HOeTh nayx n epBb!X 3H8'19HHli k , TpeTbe 83-38 1!9TO'IHOeTH DBeneHHb!X KOppeK!lHJI 06J18Jl&-

eT omu6Koll ..., B 2 pa3a 6oJJh w ell. 
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'-laerro rryqel! 

k = N. / N• 

Vlx epeaaee 3Ha'IeHHe ; 

Ono paeao k = N./N • =I ,47:!:: 

'tTO B rpanauax 11 %-oll owa 

pHH !l)lpa pBBHO 9TOMy OTHO 

KaK erreayeT H3 xap 

HM9Tb MeeTO BrrH!IHHe !l)lpa 

rrorryqeaaoe 3HB'<eHHe N. I 

IToeTpoeaHe paenpea e 

B smpe KC t 

3KenepHM9HT8nhHbl9 )l i 

B3811'-'0JlelieTBHfi B )lH8na30H 

HOB e SHeprHHMH 6orrhW9 5 

VIMen TaKoe aenpaarre> 

yqeeTb BrrHHHHe H8 ero <jlopM 

3TOT npoueee eeneT K nepe 

nyqeJl H )l8eT HeKa >KeHHI! B 

nelieTBHli B !l)lpe. 

Vl3aeeTao
141

, 'ITO npo 

npenerre saeprull 0-200 Ms1 

Kos¢<PuuneHT norrromeHHH p1 

!l)lpe HUH nHWb Ha ero 

saeprall, MeHhWHX 160 Mae 

YnoMsmyThie BhiWe ae1 

eqeT npoueeea norrromeaug 

VI MeeM paenpenerreaae no q 

ayKnoaaMH 
11 1

• Ka>KnoMy '<II 

x) B nelleTBIITerrbHOe1 

npoaexonliT aa KBB3Heao6on 



3 4 

B 494 397 

462 359 

3 474 381 

lH nocTpoeHbi pacnpenene-

nyqel! 0 H 2, I H 3, 

B38HMOJlefiCTBIIJI 

, PeayrrbTBT noKa3aH Ha 

)8HMOA9~CTBHH B KCeHOHe 

ua npoToHax a aonopone 

J9BbiX 3B93A B KCeHOHe H B 

I89B OJlHHQqHLIX 11 -N B38HMQ<r-

o6pa>K810T J]9ilCTBHT91lbHbie 

tHbl9 B38HMOJl9liCTBHSI, KOTo­

bi , npOHCXOJ]IIT HB nepHijlepHH 

:TBHll B KC9HOHe no "'HCny 

YMHOlKHTb 'lHC!lB crryqaea, 

nomHnHCb H8 ~pHBY~ 1 OfiH-

e KOaljl¢HU119HT, HB KOTOpb!l! 

llOlKIIIlOCb HB KpHByJO, Onll-

.iO.n,eHCTBHii B JlH8ll830He 

0ony'I9HHbi9 K031jlljliiUH9HTb! 

:) 

lbHO OTPa>KaJOT HeonpeneneH­

•eueHHbiX KoppeltuHl! o6nana-

, 
./ 

Ta6nHua 2 

4ecno rryqell 2 3 

1,56 :!:. 0,20 1,40 ;!:.0,15 1,52 ;!:.0,15 

Hx cpenHee 3Ha'leHHe nomKHO 6btTb paauo cooTuoweHHIO N n /N • ua nepHcjlepHH smpa. 

0Ho paBHO k=N
0
/N• =1,47:!::0,17. B uerroM Siupe K>::eHoHa N

0
/N• =1,43. 0TCJO!J B cneuyeT, 

'ITO a rpanHuax II %-ol\ owH6KH OTHomeHHe 'IHCrra HeliTpOHOB K 'II!Crry npoTOHOB ua nepuqJe-

pHH SUlpB pBBHO aTOMY OTHOW9HHIO BO BO BCeM li.Ilpe. 

KaK cneuyeT ua xapaKTepa pacnpeneneJEISI ManonyqeahiX cnyqaea, B KOTOpbiX. MO>KeT 

HMeTb MecTo BllHliHHe <!Jlpa ( Ta6mtua I), aaeneHHbte nonpaBKH ue BllBSIIOT cywecTaeuno na 

nonyqeHnoe aHa'leHHe 

OPHnmKEHHE 

00CTp09HH9 pacnpenerreHHli no 'IUCny nyqel! 0J]HH_9'1Hb!X 1T -N B38UM0Jl9HC'!:B_!!~ 

B liJlpe KC9HOH8 B UHTepaarre "'UCilB rryqel! 0-4 

3KcnepnMeHTBilbHbte naHHhte (puc . 2) noaaorrSJJOT onpenenHTb 'IHCrro cnyqaea rr - Xe 

B38U~OU9HCTBUll B JlUBn830H9 'IHC!l8 nyqeil 0-4, B KOTOpbiX OTCyTCTByeT HCnapeHH9 llpOTO­

HOB c aHeprHSIMH 6orrbwe 5 Mas. 

J1MeSI TBKOe HcnpaaneuHoe pacnpenerreHHe cnyqaea no '!Hcny nyqei\, ueo6xonnMo ewe 

y"'eCTb BllHSIHHe HB ero lj>OpMy npouecca nornomeHHSI M9Jlll9HHbiX BTOpH'IHbiX "'BCTliU <lllPOM, 

3TOT npoueCC BeJ]eT K nepeMemeHHIO H861liOJl89MbiX Clly"'B9B OT 60ilbWHX K M9HbWHM 'll!CilllM 

nyqel! H naeT HCK8lK9HHSI B H861li0Jl89MOM pacnpenerreHHH OJlHHO'IHbiX 1T -HyKilOHHbiX B38HMo­

Jl9HCTBHfi B li.Ilpe • 

HaaecTHo
1 41

, 'ITO npouecc nornomeunst TT -M930HOB HJlpOM cyweCTB9H9H lll!Wb B 

npenene aueprHll 0-200 Mas. MaKCHMYM nornomeHHH l!MeeT MeCTO a pafioHe 100-200 Mas. 

Koaljl¢HUII9HT nornomeHHli p83Hbtl! B 38BHCIIMOCTH OT Toro, pOlKJlBIOTCli M930Hbl BO BCeM 

liJlpe HllH rrHWb ua ero noaepxHOCTII /
5

/ . Oornomeuue npoTOHOB cymecTaeHHO B o6JJaCTH 

aueprHll, MeHbWHX 160 Mas. 

YnoMSJHyThte BbiWe HCKa>KeHHli pacnpeuerreHHli aaaHMOJleficTaHll no "'HCny ny'leil aa 

C'leT npouecca nornomeHI!SI BTOpH'lHbiX 'IBCTHU liJlPOM OU9HHBBilHCb Cll9UYIOUIIIM C!lOC060M, 

"
- -·teaoHoB co cao6ouubJMHx) 11MeeM pacnpeueneHHe no "!HCrry nyqel! aaaHMOJ]elicTBHfi .. 

ayKnOHBMH/I/. Ka>KJlOMY '!Hcny nyqell cooTaeTCTayeT '!Hcno B3BHMouellcTBHll A
1 

x) B uefiCTBl!TenbHOCTH a aToM pacnpeueneHl!H He'leTno - nyqeabie aaaHMonericTanst 

npOHCXOUHT HB KB83HCB060UHOM uel!TpoHe, 

7 



Do aBHHblM, KBCB IOITIHMCSI 11 - N B3BHMOaeACTBHli ( HB npOTOHBX BTOMOB BOaopoaa B npo-

X) 
naHe) MOlKHO onpeaenHTb q:ucno cnyq:aea , KOTOpbie coaeplKaT " -MeaoHbi c 9HeprHSIMH, 

MeHbli!HMH 200 M9B H npOTOHbl c aHeprHSIMH, MeHbli!HMH 160 Mas, B naoopaTopaoll: CHCTeMe 

KOOpaHH&T. '-i&CTb CnyqaeB ('; W l-+t _I C onpeaeneHHblM 'IHC:tOM ny'leA, KOTOp8S! nepeMe-

waeTcst Ma-aa nponecca nornomeHHR OT 6onbwsx ttncen K M9HblllHM i- 1 , Bb1p8}1{89T-

CSI cneayJOll!eA <jJopMynoll ; 

t'.Wt-t-1 
I I ' j 

w 1 A 1 n
1
k

17
7]

11 
+(l-w 1 )A

1
l(n

1
-1 )k

11
7]

11
+kP7)P , (1) 

rae WI - OTHOllieHHe 'IHC:tB 17 - N B38HMOaeliCTBHll C 'IHC:tOM :ty'lell H BTOpK'IHblM 

rrpOTOHOM K 'IIIC:ty 9TIIX B3BH MOaei1.CTBI!H C BTOpH'IHblM HeliTpOHOM, n
1 

- MaJ(CHMB:tbHOe 'IHC-

1 
no 38pS1»<.9HHbiX 11 - M930HOB B i -nyqeSbiX 3B93ll.8X, k 

11 
- li8CTb TT - M930HOB C 3HeprBH-

MH, MeHbwe 200 Mas, a i -ny'leBbiX cnyqaroc, '7 
11 

- K09<jJ<jJHUI!eHT nornomeHHSI 17 -MeaoHoa, 

k t - tt8CTb npOTOHOB C 3HeprHstMH, M9Hhill9 
p 

160 M9B, B i -ny'leBhlX aae3aax, '1 -Koa¢­
P 

<jJHUHeHT rror:tOll!eHHSI npOTOHOB. 

DpuMeM, 'ITO oaHHO'IHhie aaaHMoaelkTBHSI " -Meaoaoa c HyK:tOHBMH B 1111pe HMeiOT 

HaeHTR'IUOe pacrrpeaeneHHe no 'IHC:ty :ty'lell KBK B3BHMOaeliCTBHSI 17- -N HB CBOOOaHblX 

HyKnOH8X. Mo>KeM TOrn.a CttllT8Tb, '!TO BblttHCneHHbl9 HCK8>K9HHSI OTHOCSJT CSI H K B38HMO.Ueif-

CTBHHM B KC9HOH9, U TOrna Ha6nJOnaeMbi9 IJHCna B38HMOneiiCTBHH B KC9HOHe A exp B oo­
[ 

naCTH Manony'leBblX 3B93U CBH38Hbl C nefiCTBHT9nhHbiMH l:J:HCRSMH At CneayJOWHM COOTHQ-

W9HH9M: 
exp 

A I = A I + tl w t + 1-+t - /1. w 1-+ t- I 
(2) 

8hl'tHC:teHHbre aHa'leHH<~ A 1 

ue 1. 

an<~ aaaHMoaellcTBHil " - N a KCeHoHe noMemeHhi a TaonH-

KaCKBaHble npouecCbl, KOTOpble MornH Obi ael!CTBOB8Tb B oopaTHOM Hanp aanem!H, He 

y'IH T biBB:ti!Ch . Ha OCHOBBHHH peaynbTBToa, nony'leHHbiX B DpH:tOlKeHHH 2 , C'IHTaeTcn, 'ITO 

B IIHTepecyJOmell HBC 'IBCTH B3BHMOaellCTBHll ORH He oyayT B:tHRTb HB <jJopMy HX pacnpeae­

neHHSI no 'II!Cny ny'!eli. 

DPI1J10)KEHI1E 2 

Onpeaene HH e oonaCTB B HllPB KCeHOH8 , B ltOTopoll npo&CXOUSIT OllHHO'IHble 

B38HMOaeliCTBHH 

DyCTb HB C<jJepH'IeCKOe llllPO C onpene:teHHOI! fl:tOTHOCTbiO HyK:tOHOB ,--N HB paCCTOR­

HHH p(r) OT ero n eHTpB \pHC. 5) naaaeT ny'IOIC BbiCOK03HeprH'IHbiX nHOHOB, DpeanO:tOlKHM, 

'ITO nnoTHOCTb TPBettTopuA naaa10mux nHOHOB nocTOHHH&H a HYlKHOM y'lacTtte npocTpaHCTaa, 

He ylKe nl!aMe!pa l!llpa. 

x) AaT~p 6naronapeH A. MHxyny aa 9TH aaHHhie, 

8 

.. 

Dy'iOK npH npoXOJKlleHIUI 

/2/ 
meHHH 

rae ·pw(r) - nnoTHOCTb, pacc'll 

u- C e'leHHe a&yX'l8CTH'IHOA 

9HeprHH M OlKHO UO:tOlKHTb U 

BepoSITHOCTh Toro, 'ITO ,= -M 

HOCTb 10 Ap 'lA (t) no TpaexTo 

rae s ( ( 

d ~ npuuenbHhiii napaMeTp, 

OnpeaenHM Tenepb aon10 

HhiM 'IHcnoM nyqell. DycTb a 

c HYK:tOHOM llllPB polKaaeTCll I 

n81laeT H& l!llpo. Ha yq:acTK e 

aeliCTByeT 

ny'IKOBbiX 'IBCTHU. B e poSITHOCT 

HB OCTB:tbHOM y'IBCTKe nyTH e 

P _ = C 
0
_( 1- P) n Pi 

tr;n n 

'-!HC:tO nepBH'IHbiX UHOHOB, K£ 

H BTOpH'IIlble npoayttTbl pe8KI 

A' 

D epBH'IHble 11 -Me30Hbl , J<OTO 

npOB3BHMOaellCTBOB8Tb H8 C:t€ 

HOll 

H cpeaHee 'IBC:tO B3BHMOael!CT 

BT OpH'IRbi9 't8CTH[lbi BbiWnH H~ 

A
0

e 

Ha cnea y10mBx y'IBCTKa x 6.>.. 

OORH01:IBbiX B38HMOne.GC T BHi1 nE 

CHMOCTH OT npHUe:tb HOrO napa 

N (d) = A 

x ) B pac'!eTax n- npo 

B3BH MOaellCT B HSIX HB CBOOOilHb 



IX 8TOMOB BOil OPOil8 B npo-

1T -M930Bbl C 3HeprHRMH , 

>B) B ll860p8TOpHOll CHCTeMe 

M nyqel!, KOTOp8!1 nepeMe-

A:9HhlllHM i -1 , B hip8>K8eT-

(I) 

OM lly'!el! H BTOpH'IllbiM 

JM, n
1 

- M~CHM8nhHOe 'fHC­

:Tb TT -M930HOB C 3Hepf'BSI-

HT nornOIUBHlUI 11 -M930HOB 1 

yqesbtX aseaaax, 'I -Kosct>­
• 

HYKllOH8MH B H/lpe BM9IOT 

He cso6oaHhiX 

OTHOCSITCSI H K B38HM01l9H-

U1 B KCe HOHe A exp B o6-
l 

H A l CrreayiOUIHM COOTHo-

~CeHOHB ll0M91Il9Hbl B T86n.H-

:>6p8THOM H8llp8BlleHHH, He 

Tb He <!>opMy HX pacnpeae-

i)'KITOHOB 71- -N H8 p8CCTOSI­

HhiX fiHOHOB. npennonO>KHM, 

HOM y'laCTKe npocTpaHcTaa, 

Oyqo~ npH npoxo~eHKB ~epea HllPO noasepraeTcH ocna6neHK~ c ~os¢$HnHeHTOM norno­

/2/ 
meHHH K(r) = 

rae ·p,}r) - nnOTHOCTb, pacc~BTBHBBII Ha Hy~noH HllepHoro aemecTBB, A - Macc'oaoe 'DICno, 

u - ce'!eHHe a&yx'laCTH'!Holl pe~nHII rr- - N a H!lpe. OpB paccMaTp!laaeMoM 3Ha'!eHHB 

9Hepr11H MO>KHO ITOllOlKHTb U -u - ITOllHOMy Ce~eHHIO pe8l<llHII H8 CB060ilHbiX HyKllOHBX/
2

/. 

BeposrrHOCTb Toro, 'ITO "~ -MeGOH nposaaHMOAel!cTayeT npH npoxo~eHHH a !IApe c nn<>T­

HOCTbiO Ap w (•) ITO Tpae~TOpHII H8 p8CCTOSIHHH d OT ero neHTp8 n yTH /).),. pBBHa/
2 / 

p ~ -~d) 
- e 

rAe +oo 2 2 
S(d) = A f ·p w(y'd +A )IT·dA , 

OnpeaenHM Tenepb AOniO OllHHO'IHbiX B38HMOilelicTalll! cpea11 "-- Xe peaKnHll c llBH­

HbiM '!HcnoM nyqeJI.. OycTb a ~a~oM saaHMOAeliCTBHH n epBH'!Horo HnH aTopii'IHoro MeaoHa 

x) o 
c HYKITOHOM HllPB poJKaaeTCH a cpeAHeM n BTOpH'IHbiX nuoaoa • OycTb A 'IBCTHn 

naAaeT H8 !IApo. Ha yqacTK e nyTH a H!lpe 1'1>.. , KOTopoMy cooTBeTcTsyeT 1'1S, nponaaHMo-

AeliCTByeT 

ny'IKOBbiX 'IBCTHU. B e posrrBOCTb , 'ITO BTOpH'IBbie 

HB OCTBnhHOM y'laCTKe nyTH a !lllpe pasHa 

p _ = C ··.-( l- P) n p n -n = (e-(8-1'18));; 
a;• 

1T -Me30Hbl He npOB38HMOilel!CTBYIOT 

-D<s- 1'18> e 

'-!Keno nepBII'IHbiX nHOHOB, KE>TOpbl e nposaaH M Oile llcTsyiOT HB Y'IBCT~e nyTH s Slllpe 1'1>.. 

H BTOpH'I&bl9 llpOilYKTbl pe8KilHH He npOB3811MOile l!CTByiOT B OCT8llbH9l! '18CTH Slllp8 p8BHO 

Ao(l- e-&; )e-n<S-1'18) 

O epBH'IHbie rr -Me30Hbi, KOTOp bi e He nposaaHMOilellcTaosanH He y'laCTKe 1'1>.. llYTH, MOryT 

npoaaaHMoaellcTaonaTb Ha cneayiOUieM y'laCTKe, TaK JKe paaHOM 1'1>.. , c aepoHTHOCTbiO, p<lB-

HOl! 

H CpeaHee 'IBCITO B38HMOilel!CTBIIll, KOTOpbie np01130lllllll H8 Y'I8CTKe nyTII /).),. - 2/).),. 

BTOpH'IHbie 'I8CTH!lbl Bb!IIlllH H3 HllP8 6e3 B38HMOilellCTBH H, 6yaeT p8BH8 

A o e - 1'1s (1- e ---.1. s) e -i><S _ ~1'1s) 

H HX 

He cneayiOmllx y'laCTKax 1'1>. npouecc npoHcxoaHT aHanorH'IHO. B peaynbTaTe 'IHCno 

OllHHQqHbiX B38IIM0ll9ACTBHA n e paBqHblX 11 - Me30HOB C HyKnOH8MH B st.npe KC e HOH8 B 3&BH-

CHMOCTH OT npH!le llbHOrO napaMeTpa d p8BHO 

k=n.t 
N(d) ~ Ao ~ e-<1'1s (1-e.....1.s )e - n (S(d)-(k+I)I'1S>. 

•~o 

x} B pac'!eTax llpiiHHTO p8BHblM Cpea HeMy 'IHCllY llHOHOB, p 0lKil8eMblX B 

D38HMOileHCTBIISIX H8 CB060ilHbiX npOTOHBX. 

9 
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B <j)opMyne n • n(d} = S{d ) • t.s 
t.s 

- Manaa, MHoro Mellhwe S{d), 

Y'IHTbraa>~ reoMeTpH'IecKue <j)aKTOpbr, onpenenuM nome f( d) 

nOCTOmlH8>1 '18CTb S( d) , 

OJlBHO'IHb!X rr --N a38BMo-

nelicTaHll cpenu rr-- Xe peaxnull , a aaaHCHMOCTH OT npHUel!huoro napaMeTpa d , a aaTeM-

OT paCCTO >IHH>I OT UeHTpa HOpS t • Ecnu none npoeKUBH HOPS e 0 u none KOJlhua 

WHpHHOil l'id ~ 3TO!i npoeKUHK, H8 paCCTOHHHH OT ueHTpa, pa&HO 8 d , TO aa-

BUCUMOCTb f( d) , KOTOpy!O UWeM, paaua: 

8d 

--e;; f( d) = N(d ). 

Ha puc. 6 noKaaauo pacnpeneneuue f( d) (KpuaaH 2). Ha aToM pHCYHKe nauo aua-

norH'IHOe pacnpeneneHHB cnyqaea, B KOTOpb!X BTOpH'!Hble '!SCTHUbl S38HMOUel!CTSYIOT B HOpe 

(KpHBBH I). 

CpaBHHBaH peay llhTBThi, noKa3aHHHe Ha pHc . 6, c npHHHTbiM pacnpeneneuHeM HyKnouoa 

B HOpe KCBHOHa (puc, 5), MO>KBM 38Kn!O'IBTb, 'ITO OllHHO'!Hble rr-- N B3aHMOilBl!CTBHH B HO­

pe npoucxonHT ua ere nepH<j)epuu. 
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nocToRHHas qacTb S(d). 

(d ) OllHHOqHb!X rr --N B3aHMo-

!"'O napaMeTpa d , a aaTeM-

H none ltOJ1blla 

ueHTpa, paBHO 8 d , TO 3a-

• Ha aTOM pucyu.:e uauo aua­

'I!Ubl B3aiiMOilelicTBYIOT B >Ulpe 

,rM pacnpeneneHHeM uyKnouoa 

"-- N aaaHMonellcTBHH a Sill-

a 

·4 (1958). 

~uovo Cim.,l!. 899 ( 1958). 
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=a( d)= 
S(d 

6S 

lSI reoMeTpH 1 

UK 11--Xe pe• 

!1 OT neHTp• 

'i 9TOll 

( d ) , I<OTop: 

6 noKa3aHO 

npeneneHHe < 

IBS! pe3ynbT8' 

HB (pHC. 5), 

T sa ero ne1 

and T .Siemiru 

'iuclear Sizes (Ox 

, JlHCCepTBUH 

R. Bivins, M. Stort 

L.lloff, F.H. Featl 
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B38HMOUellCTBHJ! no qHcny nyqeJ! B KCeHOHe H HB 

syKnosax. 
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OT npHnenbHoro napaMeTpa d 
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