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BBeaeHHe 

HayqeHHe aeyrrpyrHx rrpoueccoB B3aHMO)leil:CTBHSI 6b!CTph!X IIPOTOHOB 

C SI)lpaMH K HaCTOSIII!eMy Bp9MeHH JlOCTHrno TaKom ypoBHSI, 'ITO CTano B03-

MO)l(Hb!M C nocTaTO'IHO xoporneil: TO'IHOCTb!O BOCIIpOH3B0JlHTb MHOrHe 8KCII9pH

M8HTanbHb!9 xapaKT9pHCTHKH. YcrrexH, t:lOCTHrHyTbl9 B 8TOM, HarrpaBneHHH, CBSI-

38Hbl C paaBHTHeM MOllenH BHyTpHSI)l9pHhIX KacKanoB/ 1-3/. 0)lHaKO B3aHMO

nefiCTBHe SI)lEp C SIJlpaMH HccnenoBaHO coBeplIIeHHO H0)l0CT8TO'IHO KaK 8KCII9pH

M9HT8nbHO, TaK Ii TeopeTHtJ:9CKH, XOTSI H OIIIYIU89TCSI 6onbIIIaSI Heo5xoJlHMOCTh 

TaKHX HccnenoBaHHfi. B qaCTHOCTH, MO)l(HO yKaaaTb Ha BOilpOChl panHaUHOHHOll 

5eaorraCHOCTH IIpH nnHTenbHhIX KOCMH'l0CKHX rronocax, Korna OCHOBHaSI noaa 

o5nyqeHHSI rrpHXOJlHTCSI Ha non10 SinepHOll KOMIIOH9HTbi KOCMH'leCKHX nyqeu/4/. 

KpoMe Toro MO)l(HO nyMaTb, 'ITO aHanH3 CTonKHOB9HHll SIJlPO + SIJlpO rrpencTaB

m1eT 3Ha'IHT9nbHb!ll caMOCTOSITenbHblft HHTepec nnSI Hi:lepHOll cpH3HKH Bh!COKHX 

aHeprn:fi. 

Uenh10 naHHoil: pa5oTbI HBnSieTCSI nanbHefiIIIee n:aytJ:eHn:e rrpocTefirnero cny

qag - B3aHMOJl0llCTBHSI 6bICTporo )l0HTpoHa C SinpaMH <i>oT08MynbCHH. I1MeHHO 

Ha 8TOM rrpn:Mepe MO)l(ffO IIO'IYBCTBOBaTb Te cno:m:HOCTH, KOTOpb!e B03HHKa!OT 

npn: IIOilbITKe npSIMoro IIpHMeHemrn K c'l'onKHOBeHHSIM JlBYX SI)lep Tex M0TOJlOB, 

KOTOpb!e 6bmH pa3BHTh! JlnSI HyKnOH-SI)lepHhIX B3aHMO)lefiCTBHil:. 

ITocTaHOBKa OIIbITa 

ilnSI rronytJ:eHHSI neiiTpOHOB C 8HeprHell 800 MaB HCIIOnb30BancSI KaHan 

c aneKTpocTaTn:tJ:ecKoil: cerrapaun:eil: (KaHan NY3 nB3 OI1.HI1), qiopMnpy10mn:il: 
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rry'IOK rronO)KllTenbHbIX lJ:aeTHU, o5pa3yIO!UllXeSI B MenHofi Mlllll8Hll ( 4 X 4,6 X 14MM 
3

) 

rrpu B3aUMonefieTBllll e yeKopeHHbIMll rrpoTOHaMll, Yron BbrneTa lJ:aeTHU ll3 Mll

Ill8Hll ·"' 21 °. Pa3Mep ll305pa)KeHUSI B KO Hue KaHana - 6 X 11 MM2, l1HTeH

eHBHOeTI;, eocTaBmma 20 nefiTpOHOB Ha 1 • 10 IO rrpoTOHOB, e5pollleHHbIX Ha Mll

IIIeHb, TTpnMeeb rrpoTOHOB II 77 + - Mes OHOB Obrna He 6onee 10%; pas5poe 

110 IIMrrynbey - :!:.. 1%. 

CTOIIKa oeo5oMenK03epHIIeTofi ¢oT09Mynhellll Tlll1a TTP-2 (TonmnHa enosi 

250 MK) oony'Ianaeb Ha sToM rrylJ:Ke no sarpysKn 0,5• 105 'I_aeTnu/eM2 B 06-

naeTII Han5onbIIIefi rrnoTHOeTJI TpeKOB, 

TTpoeMoTp rrpoBonunesi Ha MHKpoeKorrax ME-3 II M E-1 rrpu yBenII'IeHnn 

9 X 60 rro 11JIOIIIanu BJlOnb rpyIIIIhl enenoB rrepBlllJ:HOI'O rry•IKa rrp!I ?KOpOeTll 

0,50 eM2. sa 6 lJ:aeoB. fpanyupoBKa 5brna BbIIIOnHeHa rryTeM ll3Mepemrn ll0Hll-

38Ullll enenoB rrepBlllJ:HOI'O rrylJ:Ka, a T8K)Ke enenoB lJ:aeTHU, oeTaHaBJillB8101UllX

es:i B ¢oT09Mynbellll, TTpu 9TOM K "eepb!M" JiylJ:aM OTHoeunueb Bee lJ:aeTHUbl 

e snepruefi 6onee 50 M 9B ( een!I elJ:llT8Tb llX 11pOTOH8Mll). 

3a s:inpo OTJl8lJ:ll npHHHM8JIIIeb lJ:aeTIIUbI, llMe!OIUUe enen JlJIIIHOH Menee 

5 MK, EenII T8KIIX enenoB B pae.merrneHIIII ObinO JlBa, TO rrpIIHIIManoeh, 'ITO 

s:inpy np!IHanne)KJIT eaMblH KOpOTKUfi. 

C s¢¢eKTIIBHOeTbIO, onJisKofi K 100%, perneTpupoBanneb' enenyrourne 

eOOb!TIIs:I: 

1) Bee eny1J:au, B KOTOpbIX enen rrepBIIlJ:HOI'O rrylJ:Ka IIMen OTKJIOHetme 

Ha yron 0 > 5°; 

2) Bee enylJ:au, Korna 'IIIeno n106bIX ny'Iefi 5brno OOJibIIIe O)lHOI'O ( B TOM 

lJ:IIene II TpeK sinpa 0Til8'III), 

T aKIIM o5pa30M, II3 paeeMOTpeHHSI neKJI!OlJ:aJIUeb Bee O -ny'IeBbie 3Be3-

ilbl1 eoobITIIs:I TIIna nu¢paKUl!OHHoro paeruerrnemrn nefiTpona, eTpnnmrnr e npo

neToM rrpoTOHa, OTKJIOHIIBIIIeroesi Ha yron 0 > 5° II BblJ18TOM ll3 sinpa TOnbKO 

H8HTPOHOB, Eb!rn OTOpOilleHbl TaK)Ke Bee eny'Iall paeeesimrn Ha Bonopone. 

CTaTHeTUKa, IIeilOJlb3_0B8HHas:i JlJISI rroeTpoeHUSI 9Kerre pIIMeHTaJibHbIX sa

BIIeIIMOeTefi, eoeTaBJis:ieT 500 3Besn. 
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n1rn 8H8llll38 IIOllytieHHbIX 8KC!IepHMeHT8llbHbIX ll8HHbIX Mbl BOCIIOllb3yeM-' 

CSI K8CK81lHOii Moaenb!O Bb!COK08HepreTntiecKHX Jl8iiTpOH-SIJlepHbIX B38HMO

)leHCTBHii/5,6/. EyaeM paCCM8TpllB8Tb )leiiTpOH K8K cna6o CBSl38HHY!O CHCTe

My, "raHTenb" ll3 !Ip0TOHa H HeiiTpoHa, paCCT0SIHHe Me:lKJlY KOTOpbIMH cpHK

cnpoBaHo, a OTHOCHTenbHbIH HM!Iynhc HYKll0H0B B JleiiTpoHe onpenem1M KB81l

paT0M cpypbe-o6pa3a BOllHOB0H cpyHKUHH neiiTpoHa. Ecnn npeHe6petib BHyTpH

SI)lepHb!M ynpyrHM d-N pacceSIHHeM, BKll8Jl OT K0TOporo HeBenHK ll K TOMY 

:lKe 6bICTpO naaaeT C pocTOM 8Heprnn/5/ I TO B 8T0M cnytiae 381l8'I8 CBOJlHT

CSI K pactieTy BHyTpHSIJlepHoro K8CKaJla, HHHUHHpyeMoro cpaay JlBYMSI HYK

noHaMH aefiTpoHHOH raHTenn (nnn OJlHHM H3 HHX, K0I"'ll8 np0HCX0JlHT CTpnn

lIHHI"') • 

PactieT BHyTpllSI)lepHOI"'0 K8CK8Jl8 BbIIIOnHeH C yqeT0M nncpcpy3HOCTH SIJlep-. 
HOH rpaHHUbI. ITnoTH0CTb BHYTPHSIJlepHbIX HyKn0HOB OIIHCbIBanacb pacrrpe)lene-

HHeM Byaca-CaKCOHa C rrapaMeTpaMn, nonytieHHbIMH B O!IbITa:x no pacceSIHH!O 

6biCTpblX aneKTpOHOB. KaK IIOK838H0 B pa6oTe/6/, nonpaBKH Ha nncppaKIJHOHHOe 

n KynOHOBCKOe pacme.imeHne, no-BHllHMOMy, HecymecTBeHHbI. 

neTanH Bbl'IHCneHHH H3llO:lKeHbl B pa6oTax/5,6/ • · 

PactieT BbIII0nHeH JlllSI cpeaHero SIJlpa cpoT08MynhCHH70 Ga, ITpn cpaB

HeHHH C Ollb!TOM cpean paCC'IHT8HHbIX co6b!THH OT6npanncb nHIIIb Te, KOTOpbJe 

COOTBeTCTBOBann aKcnepnMeHTanbHbIM ycnOBHSIM Ha6n101leHHSI. 

O5cy)KJleHHe 8KC!IepHMeHTanbHblX pe3ynbT8TOB 

Y)Ke rre_pBoe cpaBHeHHe KaCK8JlHOii Moaenn nefiTpoH-SIJlepHbIX CTOllKHOBe

HHH C O!Ib!TOM IIOK838ll0 pa3yMHOe cornacne o6mnx xapaKTepHCTHK B38HMO

)leHCTBHH/5, 6/. IToaToMy B Jl8HHbIX ( npeaeapnTenbHbIX) pe3ynbTaTaX 0CHOB

Hoe BHHM8HHe 6hino yaeneH0 TOMy, 'IT061,1 BblSICHHTb, H8CKOnbKO xopollIO K8CK81l

H8SI MOJlenb MO:lKeT B0CIIP0H3B0JlllTb Jl8Tann npouecca. B tiaCTHOCTH, BeCbMa 

"aennKaTHofi" xapaKTepHCTHKOH SIBllSieTCSI KoppatSIUHSI qncna 5bICTpbIX n Me)l

neHHb!X tiacTHU B 3Eieaae. 

Ha pnc. 1 npHBeneHa 38BHCHM0CTb cpe)lHefi MHO:lKeCTB8HHOCTH b -qac

THII, o5paayIOI!IHX qepHbJe TpeKn, OT 'IHCna cepb!X nytiefi B 3Beane. IToCKOllhKY 
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Pnc, 1, Koppem1unsi cpenaero 'lllcna qepHbIX nyqell n qncna cepi,1x 
nyqell B 3Beane, o6pa30B8HHOH B QJOTO 3MynhCllll nellTpOH8Mll C aaep
rnell 600 MaB, Crmournasi KPllB8S! amrpoKCllMllpyeT 3KCrrepllM0HTanb
Hbie 3Ha'!eHllS!, 3a111Tpl!XOB8HH8S! o6naCTb COOTBSTCTByeT ueorrpene
neHHOCTS!M TeopeTll'ISCKOI'O pac'!~Ta nnsi S!llpa 

70 Ga 
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'In:cno b '-'IacTn:u nponopun:oHanbHO aHeprn:n: Bos6y)Knenmr .11npa, a g -ny'In: 

xapaKTepn:syIOT 'In:cno BHyTpn:.11nepHbIX CTOnKHOBeHnfi, TO Mb! BllllllM, 'ITO npu 

o6meM cornacuu B cpopMe KpHBOfi nb (n g ) KacKanHa.11 Monenb saMeTHo saHn

)KaeT aneprn:IO B036y)KneHH.II nn.11 CllnbHO pasBeTBneHHh!X KaCKanoB. H eTO'I

HOCTll pac'IeTa ucrrapnTenbHOll CTanuu B3aUMonefiCTBll.lI He MoryT KOMITeHCHpo

BaTb 8TOro pacXO)KneHn.11. 

MHTepeCHO OTMeTUTb, 'ITO npu 8TOM cornacue B cpenHell MHO)KeCTBeH

HOCTll 6bICTpb!X BTOpll'IHhIX 'IaCTHU MO)KHO rrpnsHaTb BrronHe YAOBneTBopuTenb

HbIM: 8KCnepnMeHTanbHb!0 3Ha'IeHH.II 'IHCna sap.lI)KeHHbIX 'IaCTRU C 8HeprH.IIMll 

BhIII!e 50 u 100 MaB paBHbl COOTBeTCTBeHHO 1,90 :!:. 0,06 u 1,01 :!:. 0,07, 'ITO 

6nn3KO K TeopeTU'IeCKRM 3Ha'IeHH.IIM 1,39 :!:.. 0,04 ll 0,83 :!:. 0,03, HecKonbKO 

xynll!ee cornacue Ha6n10naeTc.11 nn.11 b -ny'Iefi; aKcnepnMeHT u Teopu.11 naioT 

COOTBeTCTBeHHO 3,5 :!:, 0, 1 ll 2, 7 :!:, 0, 1, 

YrnOBbie pacnpeneneHU.II 6b!CTpb!X u MenneHHhIX 'IaCTRU npn:BeneHhl Ha 

pn:c. 2 n: 3. M nmr 8TOH xapaKTepn:CTHKR UMeIOTC.II saMeTHbie paCXO)KfleHII.11 

B neTan.11x pacnpenenenufi. B 'IacTHocTn, B aKcrrepn:MeHTe Ha6n10naeTc.11 6onb

ll!oe 'IHcno 'IaCTHU, Bbin9TaIOIIIHX B o6naCTll yrnoB 0 = 600 - 120°. HeTpyn

HO BHA9Tb, 'ITO HeKoTopa.11 HeonpeneneHHOCTb B pasneneHUll 'IaCTRU Ha 6b!CTpb!0 

ll MenneHHbie He Bnn:.11eT Ha 8TOT BbIBon. 

CnenyeT OTMeTHTb, 'ITO J:ln.lI g -'IaCTRU nono6Hoe paCXO)K):leHn:e MO)KHO 

ycMoTpeTb us aaanusa naHHhIX npu aHepru.11x neiiTpoHa T = 220 u 275 M aB/ 5/, 

onHaKo, npu naHHOM 3Ha'IeHn:n: T = 600 M 8B 8TO pacxo)KneHne CTaHOBRTC.II 

6onee .IIBHhIM. 

3aKl1IO'leHHe 

MccnenoBaHn:e B3aUMonefiCTBllll 600-MaBHhIX nefiTpOHOB C .11npaM1I CflOT0-

8MynbCIIlI noKa3bIBaeT, 'ITO CBeneHIIe Heynpyroro nefiTpOH-.11AepHoro CTOnKHO

B9Hll.lI K ABYM HesaBIICllMbIM HyKnOHHhlM KacKanaM He nepenaeT neTanefi noBe

A9Hll.lI oTnenbHhIX xapaKTepn:cTIIK npouecca, YcTaHoBneHIIe npn:'IIIH pacxo~neHII.11 

Tpe6yeT BCeCTOpOHHero n: TIUaTenbHOro aHannsa. ITo-BIIllllMOMY, MexaHII3M 

BSaHMoneficTBH.11 6onee cno)KeH, 'ITO oco6eHHO saMeTHo npo.11Bn.11eTc.11 B 6onb

·ll!n:X 3Besnax. BosMO)KHO, '!TO B 8TOM cny'Iae Ha pa3BllTUe KaCKannofi "naBHHb!", 
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Bbl3b!BaeMOll onHHM H3 HYKJIOHOB neil:TpOHa, CKa3bIBaeTCSI BJIHSIHHe CTeneHH 

pa3BeTBJieHHOCTH BHyTpnsinepHoro KacKana OT npyroro HyKJIOHa. 3aMeTHM, 'ITO 

nono5Hb!ll scpcpeKT_ HMeeT MeCTO TaK)Ke ilJISI HYKJIOH- n rr -MesoH-sinepHb!X 

BsanMoneficTBHfi, Kor.c:ia MHO:lKecmeHHOCTb BTOpH'IHb!X 'IaCTHll BO BHyTpnsinEp

HbIX 7T N - H NN - CTOJIKHOBeHHSIX nocTaTO'IHO BeJIHKa H 'IaCTHllbl CHJlbHO 

KOJIJIHMHpoBaHbI, a npn SHeprnn nepBH'IHb!X HYKJIOHOB H Me30HOB npnMepHO 

3-5 fsB oKasbrnaeTcsi y)Ke onpenenmomnM na)Ke nnsi cpenHefi MH,o)KeCTBeH

HoCTH n H ii /1,2, 7 /. 
b g 

3aHH:lK8HHbIH TeopeTH'I8CKHH Bb!XOll npoTOHOB B o5nacTH yrnoB 0 "' 600-1200' 
B03MO:lKHO, XOTSI 6b! 'IaCTH'IHO, CBSI3aH C npeHe5pe:lKeHneM npoueccaMH KBa-

3HCBo6onHoro pacceSIHHSI nefiTpOHOB Ha HYKJIOHaX sinpa. 3To npn5nn:lKeHHe 5b!Jl0 

OCHOBaHO Ha MaJIOM BJIHSIHHH naHHoro npouecca Ha cpenHroro MHO:lKeCTB8H-, 

HOCTb BTOpH'IHb!X 'IaCTHU, npH'I8M pac'!eTbl 6bIJIH Bb!IIOJIH8Hbl JIHl!Ib nnsi cnyqasi 

sinpa C pe3KHM KpaeM/5/. 

ilnsi nccnenoBaHnsi MexaHHsMa BsanMoneficTBnsi sinep c sinpaMn, no

BnnnMoMy, 11enecoo6pasHo cpaBHHTb xapaKTepncTHKH nefiTpoH-sinepHoro B3aHMo

neii:cTBHSI C xapaKTepHCTHKaMH npoTOHHbIX peaKUHii:, a TaK:lKe peaKIJHH non neii:

CTBH8M 6onee TSl)Kalb!X sinep (HanpHMep, 3 He HJIH 4 He ) C TOH )K8 9Hep

rneii: Ha HyKJIOH. K CO)KaJieHnro, B nacTOS!Il(ee BpeMSI TaKne xapaKTepncTHKH 

OTCyTCTByroT. 

B saKJiro'IeHne aBTOpbI Bb1pa:lKaro-r npH3HaTen!>HOCTb M.n. MenBeneBoii: 

sa pa6oTy IIO Ha6opy CTaTHCTHKH pacmenneHHH B cpoTonnacTHHKax. 
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